


FOR  THE  PEOPLE 

FOR  EDVCATION 

FOR  SCIENCE 

LIBRARY 

OF 
THE  AMERICAN  MUSEUM 

OF 
NATURAL  HISTORY 







New  York  State  Education  Department 

NEW  YORK  STATE  MUSEUM 

58th  ANNUAL  REPORT 

1904 

VOL.  3 

APPENDIX  3 

TRANSMITTED  TO  THE  LEGISLATURE  FEBRUARY  15,  1905 

ALBANY 
NEW   YORK  STATE   EDUCATION  DEPARTMENT 

1906 



STATE  OF  NEW  YORK 

EDUCATION  DEPARTMENT 

Regents  of  the  University 1904 

With  years  when  terms  expire 

913  Whitblaw  Reid  M.A.  LL.D.  Chancellor  .  .  New  York 
906  St  Clair  McKelway  M.A.  L.H.D.  LL.D.  D.C.L. 

Vice  Chancellor    Brooklyn 
908  Daniel  Beach  Ph.D.  LL.D.   Watkins 

914  Pliny  T.  Sexton  LL.B.  LL.D   Palmyra 
912  T.  Guilford  Smith  M.A.  C.E.  LL.D.      .     .     .  Buffalo 

907  William  Nottingham  M.A.  Ph.D.  LL.D.    .     .  Syracuse 
910  Charles  A.  Gardiner  Ph.D.  L.H.D.  LL.D.  D.C.L.  New  York 

915  Charles  S.  Francis  B.  S   Troy 
911  Edward  Lauterbach  M.A.  LL.D   New  York 
909  Eugene  A.  Philbin  LL.B.  LL.D   New  York 

916  Lucian  L.  Shedden  LL.B   Plattsburg 

Commissioner  of  Education 

Andrew  S.  Draper  LL.D. 

Assistant  Commissloneri 

Howard  J.  Rogers  M.A.  LL.D.  First  Assistant  Commissioner 
Edward  J.  Goodwin  Lit.D.  L.H.D.  Second  Assistant  Commissioner 
Augustus  S.  Downing  M.A.  Third  Assistant  Commissioner 

Secretary  to  tht  Commiisioner 
Harlan  H.  Horner  B.A. 

Director  of  State  Library 
Melvil  Dewey  LL.D. 

Director  of  Science  and  State  Museum 

John  M.  Clarke  Ph.D.  LL.D. 

Chiefs  of  Divisions 

Accounts,  William  Mason 

Attendance,  James  D.  Sullivan 
Examinations,  Charles  F.  Wheelock  B.S.  LL.D. 

Inspections,  Frank  H.  Wood  M.A. 
Law,  Thomas  E.  Finegan  M.A. 
Records,  Charles  E.  Fitch  L.H.D. 

Statistics,  Hiram  C.  Case 
Visual  Instruction,  DeLancey  M.  Ellis 



State  of  New  York 

No.  12. 

IN  SENATE, 

February  15,  1905. 

58th  ANNUAL  REPORT 

OF  THE 

NEW  YORK  STATE  MUSEUM 

To  the  Legislature  of  the  State  of  Neiv  York 

We  have  the  honor  to  submit,  pursuant  to  law,  the  58th  annual 

report  of  the  New  York  State  Museum. 

Whitelaw  Reid 

Chancellor  of  the  University 

A.  S.  Draper 

Commissioner  of  Education 





Appendix  3 

Paleontology  11-14 

Museum  bulletins  81,  82,  92,  90 

Watkins  and  Elmira  Quadrangles 

Geologic  Map  of  the  Tully  Quadrangle 

Guide  to  the  Geology  and  Paleontology  of  the  Schoharie  Region 

Cephalopoda  of  Beekmantown  and  Chazy     Formations  of 

Champlain  Basin 





Published  monthly  by  the 

New  York  State   Education  Department 
BULLETIN  334 

-MARCH  IQO5 

New  York  State  Museum 

John  M.  Clarke  Director 

Bulletin  81 

PALEONTOLOGY   1 1 

GEOLOGY 

OF  THE 

WATKINS  AND  ELMIRA  QUADRANGLES 

ACCOMPANIED  BY  A  GEOLOGIC  MAP 

JOHN  M.  CLARKE  State  Geologist  and  Paleontologist 
AND 

D.  DANA  LUTHER  Field  Assistant 

FACIE 
Introduction   3 
Succession  of  strata   4 
Genesee  shale   4 
Genundewa  limestone   5 
West  River  shale   5 
Cashaqua  shale   7 
Parrish  limestone   10 
Rhinestreet  shale   n 

PACK 
Hatch  shale  and  flags   12 
Grimes  sandstone   14 
West  Hill  flags  and  shale   15 
High  Point  sandstone   16 
Prattsburg  shale   [g 
Chemung  sandstones   20 
Undulations   >^ 
Index   2j 





New  York  State  Education  Department 

New  York  State  Museum 

John  M.  Clarke  Director 

Bulletin  81 

PALEONTOLOGY  1  1 

GEOLOGY 
OF  TTIE 

WATKINS  AND  ELMIRA  QUADRANGLES 

ACCOMPANIED   PY    A   GEOLOGIC  MAP 

BY  JOHN    M.   CLARKE  AND  I).   DANA  LUTHER 

The  detailed  mapping  of  this  area  has  been  carried  out  as  a  con- 

tinuation of  the  work  beginning  farther  to  the  west  and  will  be  found 

to  be  a  pictorial  representation  of  the  upper  series  of  the  formations 

likewise  shown  in  detail  on  the  Canandaigua-Naples  sheet  which 

has  but  recently  been  issued.  The  field  traverses  for  this  map  have 

been  made  by  D.  Dana  Luther,  in  which  he  has  had  the  help,  as  field 

assistant,  of  H.  S.  Mattimore.  An  interval  remains  between  the 

area  here  presented  and  that  covered  by  the  Canandaigua-Naples 

sheet  and  this  is  now  in  process  of  survey  and  will  be  ready  for  pub- 

lication in  the  near  future.  The  large  scale  of  these  maps  has  per- 

mitted the  delineation  of  the  variations  in  the  formations  with  very 

great  exactitude  and  the  basis  of  discrimination  for  these  refined 

subdivisions  has  been  both  a  lithologic  and  a  paleontologic  one. 

Experience  lias  taught  us  that,  in  this  work,  which  now  requires 

patient  effort  and  precise  methods,  a  reliable  basis  of  classification 

can  be  found  in  neither  of  these  elements  alone  and  in  this  entire 

series  of  maps  we  have  employed  the  two  standards  referred  to.  In 

the  determination  of  the  stratigraphic  distinctions  here  represented 

pertaining  to  the  late  Devonic,  obscurities  and  perplexities  increase 

from  Canandaigua  lake  eastward  and  they  have  therefore,  on  the  map 
now  presented,  been  treated  with  the  utmost  caution. 
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SUCCESSION  OF  STRATA 

The  following  formations  are  represented  on  the  map: 

Chautauquan  |  CheimmS  sandstone  and  s
hale '  Prattsbnrg  shale 

''High  Point  sandstone 

West  Hill  flags  and  shale 
Grimes  sandstone 

Hatch  shale  and  flags 

Senecan  -i  Rhinestreet  black  shale 
Parrish  limestone,  in  the 

Cashaqua  shale 
West  River  shale 

Genundewa  limestone 

I  Genesee  shale 

Neodevonic 

Genesee  shale 

The  lowest  formation  exposed  within  the  limits  of  the  northern 

or  Watkins  quadrangle  is  the  Genesee  black  slate  which  outcrops 

slightly  at  the  water's  edge  443  feet  A.  T.,  in  a  low  arch  on  the  west 
side  of  Seneca  lake  south  of  Fir  Tree  point  and  6  miles  from  the 

head  of  the  lake.  Here  are  about  6  feet  of  black  slaty  shale  above 

the  water  level  but  this  is  partially  covered  by  the  cliff  talus.  Toward 

the  west  this  formation  increases  in  thickness  and  is  well  exposed  in 

the  ravines  along  Seneca  lake  at  the  north  and  also  along  the  shores 

of  Canandaigua  lake.  In  the  Genesee  valley  it  is  90  feet  thick  but 

from  there  westward  it  decreases  rapidly  and  on  the  shore  of  Lake 
Erie  at  the  mouth  of  Pike  creek  it  is  but  12  inches  in  thickness. 

Eastward  from  this  meridian  it  decreases  in  thickness  and  the  forma- 

tion of  which  it  is  a  member  is  not  recognized  beyond  Smyrna,  Che- 
nango co.  The  rock  is  nearly  all  densely  black  bituminous  shale, 

some  layers  of  which  are  slightly  argillaceous  or  calcareous  and 

lighter  colored.  Calcareous  concretions  occur  at  intervals,  usually  in 

the  lighter  beds. 

Fossils  are  very  rare  and  none  were  observed  in  these  outcrops. 

Elsewhere  the  following  species  are  found  to  be  highly  characteristic : 

Liorhynchus  quadricostatus,  O  r  b  i  c  u  1  o  i  d  e  a  1  o- 
densis,  O.  minuta,  Lingula  spat  u  lata. 
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Genundewa  limestone 

This  characteristic  layer  taking  its  name  from  exposures  on  Can- 

andaigna  lake  is  here  one  foot  thick  and  divided  in  three  uneven 

layers  separated  by  thin  shaly  seams.  It  is  hard,  compact  or  con- 

cretionary and  unevenly  impure.  The  layers  are  usually  separated 

by  thin  shales,  are  light  bluish  gray,  sometimes  mottled  or  clouded 

and  weather  to  a  brownish  gray.  At  some  exposures  the  limestone 

is  principally  composed  of  the  minute  pteropod  Styliola  fis- 
sure 1  1  a  ,  and  for  this  reason  has  been  commonly  designated  as 

the  Styliola  limestone. 

This  stratum  emerges  from  the  water  of  Seneca  lake  443  feet 

A.  T.,  1  mile  south  of  Fir  Tree  point,  rises  slightly  toward  the  point 
for  one  half  mile  to  about  6  feet  above  the  lake  level  and  then 

as  slightly  descends,  disappearing  under  the  water  on  the  north  side 

of  Fir  Tree  point.  On  account  of  the  eastward  dip  of  the  strata 

the  limestone  is  covered  by  water  on  the  east  side  of  the  lake.  The 

formation  is  better  developed  and  exposed  farther  to  the  west 

specially  at  Genundewa  point  and  other  places  on  Canandaigua  lake ; 

also  at  Bristol  Center  and  near  the  foot  of  Honeoye  lake  in  Ontario 

county;  at  Mt  Morris  below  the  Western  New  York  and  Penn- 

sylvania Railroad  bridge  and  at  the  high  cascade  in  Little  Beards 

creek  at  Moscow  and  other  places  in  Livingston  county.  It  may  be 

traced  still  farther  westward  becoming  thinner  and  more  compact 

but  retaining  its  peculiar  features  to  the  mouth  of  Pike  creek  in  the 
town  of  Evans  on  the  shore  of  Lake  Erie.  It  is  not  known  east  of 

Seneca  lake. 

No  fossils  except  Styliola  fissurella  have  been  found 

in  this  rock  in  this  quadrangle  but  in  Ontario  and  Livingston  coun- 

ties it  contains  a  very  considerable  fauna,  which  is  cited  in  full  in 

Museum  bulletin  63  and  memoir  6. 

West  River  shale 

We  have  elsewhere  made  note  of  the  fact  that  in  the  necessity  of 

subdivision  for  the  purpose  of  more  exact  correlation  of  the  original 
Genesee  slate  of  Professor  Hall  it  has  seemed  best  to  retain  that 

name  in  application  to  the  lower  part  of  the  series  as  exhibited  on 
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the  Genesee  river,  for  the  lower  beds  are  highly  bituminous  and 

regularly  slaty  and  it  was  to  indicate  this  bituminous  character  that 

the  rock  series  was  specially  and  separately  designated.  Regarding 

the  Genundewa  limestone  as  the  boundary  between  the  lower  and 

upper  divisions  we  have  heretofore  introduced  as  the  designation 
for  the  latter  the  term  West  River  shale.  Here  these  shales  are  dark 

blue  gray,  medium  hard,  slightly  calcareous  with  frequent  thin  layers 

of  black  shale.  In  weathered  cliffs  the  mass  has  a  dull  black  appear- 
ance. In  the  exposures  on  this  quadrangle  the  formation  attains  a 

thickness  of  35  feet.  In  it,  15  feet  above  the  Genundewa  limestone, 

is  a  concretionary  calcareous  layer  10  to  12  inches  thick,  sufficiently 

compact  to  appear  as  a  layer  of  soft  gray  impure  limestone;  sym- 
metrical concretions  usually  small  are  common  in  the  upper  beds. 

This  upper  calcareous  layer  was  noted  by  D.  F.  Lincoln  in  his  survey 

of  Seneca  county  as  occurring  in  Lodi  glen. 

Exposures  of  this  West  River  shale  are  found  only  in  the  cliffs 

along  the  lake  shore  on  the  west  side  from  Rock  Stream  point  south- 
ward for  about  3  miles  when  it  dips  under  the  lake.  It  comes  up 

again  at  the  head  of  the  lake  and  the  top  is  slightly  exposed  at  a 

small  culvert  on  the  Northern  Central  Railroad  %  mile  north  of  the 

Watkins  railroad  station  and  6  feet  above  the  lake.  Except  for  a 

few  insignificant  outcrops  it  is  mantled  with  drift  and  talus  on  the 

east  side  of  the  lake  within  this  quadrangle  but  farther  north  the 

series  is  shown  in  the  glen  at  Lodi  and  at  Highland  landing.  (  )n 

Canandaigua  lake  it  is  seen  at  Woodville  and  in  the  ravines  at  the 

north;  also  in  the  bluff  at  the  mouth  of  the  Genesee  gorge  at  Mt 

Morris  and  at  many  places  westward  to  Lake  Erie.  This  division, 

like  those  previously  mentioned,  is  thicker  and  its  characteristic 

structure  more  highly  developed  in  Ontario  and  Livingston  counties; 

thence  westward  it  grows  thinner  but  without  appreciable  change  in 

the  character  of  the  sediment. 

Fossils  are  rare  in  the  shales  ;  L  i  o  r  h  y  n  c  h  u  s  m  U  1 1  i  - 

costa,  Chonetes  lepidus,  Ambocoelia  um- 

b  o  n  a  t  a  ,  P  t  e  r  0  c  h  a  e  n  i  a  f  r  a  g  i  1  i  s  and  B  uchiola 

s  p  c  c  i  o  s  a  occasionally  appearing.  The  concretionary  limestone 

at  the  top  carries  other  fossils  :    X  u  c  u  1  i  t  c  s    o  b  1  0  n  g  a  t  u  .s  , 
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Loxonema  noe,  Bactrites  aciculum,  Manti- 

coceras  pattersoni,  Goniphoceras  cf.  manes, 

Palaeotrochus  praecursor,  P 1 e  u  r  o t  o  m a  r i  a 

i  t  y  1  u  s  ,  P  a  1  a  e  o  n  e  i  1  o  muta,  A  t  r  y  p  a  reticularis, 

C  h  o  n  e  t  e  s    s  c  i  t  u  1  u  s  ,    Li'ngula    s  p  a  t  u  1  a  t  a  . 

Cashaqua  shale 

In  the  Naples  valley  at  the  base  of  these  very  characteristic  beds 

there  are  45  feet  of  shales,  the  larger  part  of  which  is  black  and 

bituminous.  They  constitute  a  distinct  element  in  the  succession 

there  and  have  been  designated  as  the  Middlesex  shale.  Westward 

from  Naples  the  formation  becomes  more  bituminous  and  thinner 

and  the  lighter  shales  disappear.  On  the  shore  of  Lake  Erie,  as 

exposed  at  the  mouth  of  Pike  creek,  it  is  a  band  of  black  slat)'  shale 
6  feet  thick.  Eastward  from  the  Naples  valley  in  Italy  Hollow  and 
on  the  shores  of  Keuka  lake  this  division  becomes  less  bituminous 

and  more  argillaceous  and  on  this  quadrangle  its  position  is  occupied 

by  shales  having  the  character  of  the  typical  Cashaqua  shale  at 

Naples  and  in  the  Genesee  valley.  The  beds  also  contain,  though  in 

very  small  numbers,  the  fossils  of  those  shales.  The  Middlesex 

shales  therefore  do  not  appear  on  this  map. 

The  Cashaqua  shale  here  attains  a  total  thickness  of  207  feet.  At 

its  base  there  are  about  30  feet  of  soft  argillaceous  shale,  dark  bluish 

gray  or  olive  in  color,  in  which  there  are  a  few  thin  seams  of  black 
shale  and  an  abundance  of  small  calcareous  concretions.  Toward 

the  top  are  2  or  3  layers  of  evenly  bedded  bluish  gray  sandstone  4  to 

10  inches  thick.  This  lower  horizon  is  finely  exposed  along  the  lake 

shore  and  in  the  rock  cut  of  the  Northern  Central  Railroad,  443  to 

475  feet  A.  T.  between  Watkins  and  Salt  Point,  where  the  following 

fossils  have  been  found  :  Manticoceras  sp.,  Bactrites  a  c  i  c  u  - 

1  u  m  ,  Orthoceras  sp.,  S  t  y  1  i  o  1  i  n  a  f  i  s  s  u  r  e  1  1  a  ,  P  a  1  a  e  - 

o  n  e  i  1  o  f  i  1  o  s  a  ,  J }  t  e  r  o  c  h  a  e  11  i  a  f  r  a  g  i  1  i  s  ,  Para- 
cardium  d  o  r  i  s ,  Bu  c  h  i  o  1  a  cf .  s  c  a  b  r  o  s  a .  All  these 

fossils  are  rare.  These  lower  shales  are  overlain  by  an  arenaceous 

band  which,  at  the  lowest  rock  exposure  at  the  mouth  of  Watkins 

Glen,  is  composed  of  a  5  inch  sandstone  overlain  by  5  inches  of  dark 
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shale  followed  by  a  sandstone  I  foot,  4  inches  thick  which  is  sep- 

arated by  a  shaly  parting  from  a  compact  gray  sandstone  2  feet,  10 

inches  thick.  The  composition  of  this  sandy  band  as  a  whole  is 

somewhat  variable  but  the  heavy  layer  can  be  traced,  gradually  be- 
coming thinner,  from  a  mile  north  of  Montour  Falls  on  the  west 

side  of  the  valley  for  10  miles,  to  the  north  line  of  the  quadrangle, 
and  for  2  miles  on  the  east  side  near  the  head  of  the  lake.  It  is 

quarried  on  both  sides  and  supplies  the  building  stone  for  Watkins 

and  Montour  Falls.  A  layer  of  rather  soft  sandstone  next  below 

the  heaviest  stratum  in  the  quarry  along  the  Watkins-Montour  Falls 

road  on  the  west  side  of  the  valley,  %  mile  south  of  the  fair-grounds, 
456  feet  A.  T.  contained :  Palaeoneilo  constricta, 

Actinopteria  cf.  eta,  Spirifer  mesacostalis, 

Productella  speciosa,  Camarotoechia  eximia, 

Liorhync.hus  mesacostalis,  Orbiculoidea  m  a  g- 
n  i  f  i  c  a  ,  Agelacrinites  sp.  nov.,  P  1  u  m  a  1  i  n  a  densa. 

This  is  the  lowest  brachiopod  fauna  found  on  this  quadrangle  and 
it  was  not  observed  at  this  horizon  elsewhere.  Bands  of  sandstone 

very  similar  to  this  occur  at  two  horizons  in  the  Cashaqua  shale  at 

Naples  but  they  are  not  known  farther  west.  Above  these  sand- 

stones are  soft  bluish  gray,  olive  and  dark  shales  in  thick  or  thin 

beds  with  thin  sandstones  usually  blocky,  slightly  calcareous  and 

weathering  brown,  but  with  some  hard  even  layers  from  3  to  10 

inches  thick  succeeding  each  other  for  about  75  feet  to  a  2  foot 

sandstone  containing  large  concretions  exposed  at  the  top  of  the 

cascade,  y2  mile  north  of  Montour  Falls.  Above  this  layer  changes 

in  sedimentation  are  somewhat  less  frequent,  the  layers  of  sand- 
stone or  shales  being  thicker,  but  the  general  character  of  the  beds 

remains  the  same.  The  shales  and  sandstones  immediately  over- 

lying the  heavy  sandstones  below  are  almost  barren,  only  a  few 

obscure  fossils  occurring  in  the  clay  shales.  A  layer  of  dark  soft 

shale  exposed  at  the  mouth  of  Havana  glen  500  feet  A.  T.  and  about 

50  feet  above  the  sandstone  contains:  Nucula  sp.  ?,  Buchiola 

speciosa,  Camarotoechia  eximia.  At  565  feet  A.  T. 

P  1  u  m  a  1  i  11  a  p  1  u  m  u  1  a  r  i  a  is  common  in  the  thin  sandstone  ; 

at  625  feet  A.  T.,  in  compact  soft  shales   Ambocoelia  um- 
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b  o  n  a  t  a  ,  Cyrtina  hamiltonensis,  Atrypa  retic- 
ularis, Leptostrophia  mucronata,  Palaeoneilo 

constricta,  P.  cf .  1  a  m  e  1 1  a  t  a  ,  Loxonema  n  o  e  , 

Cladochonus  sp.,  Manticoceras  pattersoni  and  a  small 

un described  Diaphorostoma  occur. 

In  an  old  quarry  at  6io  to  648  feet  A.  T.,  ̂ 4  mile  northwest  of 

Montour  Falls  and  in  the  same  horizon  at  the  top  of  Montour  Falls 

and  also  by  the  roadside  10  rods  farther  north,  the  following  species 

occur :  Manticoceras  pattersoni,  Orthoceras  cf. 

pacator,  $4  y  1  i  o  1  i  n  a  fissurella,  Palaeotrochus 

praecursor ,  Buchiola  retro^  striata,  L  11  nil  1  i  - 
c  a  r  d  i  u  m  hemicardioides,  L.  sp.?,  Schizophoria 

impressa,  Spirifer  mucronatus  poster  us,  Lep- 

tostrophia mucronata,  Productella  speciosa, 

P.  1  a  c  h  r  y  m  o  s  a  ,  Ambocoelia  u  m  b  o  n  a  t  a  ,  C  h  o  n- 
etes  lepidus. 

The  thin  seam  in  shaly  sandstone  at  590  feet  A.  T.  exposed  on  the 

road  from  Watkins  to  Burdett,  Y\  niile  north  of  Excelsior  glen  con- 
tains :  Leptostrophia  mucronata,  Ambocoelia 

umbonata,  Spirifer  mesacostalis,  Atrypa 

reticularis,  Productella  sp.,  Orthis  tioga?  and  a  mass 

of  crinoid  stems,  and  a  similar  layer  at  580  feet  A.  T.,  %  mile  north- 

west from  Glenora  contains  Orthis  impressa?,  Chonetes 

lepidus,  Ambocoelia  umbonata,  Productella 

cf.  speciosa,  and  fragments  of  other  brachiopods  and  small 

lamellibranchs.  It  will  be  noted  that  these  faunules  are  essentially 

unlike,  the  lower  beds  containing  species  which  typify  the  western 

normal  Portage  or  Naples  fauna  while  the  upper  beds  contain  an 

intermingling  with  some  of  these  species  of  the  brachiopods  and 
lamellibranchs  of  the  more  eastern  or  normal  Ithaca  fauna. 

Distinction  between  these  two  faunas  will  be  less  clearly  marked 

in  this  region  which  marks  the  boundary  line  of  the  geographic 

provinces  of  the  two.  In  regions  farther  west  the  brachiopod  fauna 

is  virtually  and  almost  wholly  excluded  from  these  rocks.  In  the 

valley  of  Keuka  lake  the  Ithaca  fauna  makes  its  appearance  in  the 

upper  part  of  the  Cashaqua  beds,  and  emphasizes  the  interlocking 
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or  dovetailing  of  the  east  and  west  faunas  as  has  been  brought  out 

in  previous  discussions  of  these  faunal  relations. 

Exposures.  The  Cashaqua  shales  are  exposed  in  the  Havana  glen 

from  the  lowest  outcrop  upward  for  about  150  feet  to  near  the  base 
of  the  Bridal  Veil  falls.  In  Montour  Falls  ravine  to  the  level  of  the 

first  highway  ridge  ;  along  the  road  from  Montour  Falls  to  Odessa 

up  to  650  feet  A.  T. ;  in  the  ravine  and  quarries  1  mile  east  of  Mon- 

tour Falls;  in  Watkins  Glen  for  175  feet  from  the  lowest  rock  ex- 

posure ;  in  Excelsior  glen  1  mile  east  of  Watkins  and  along  the 

road  to  Btirdett  to  the  first  forks  ;  the  lower  beds  are  shown  along 

the  Northern  Central  Railroad  from  Watkins  to  Salt  point  and  the 

upper  part  in  Rock  Stream  and  Big  Stream  gorges  to  40  feet  below 

the  level  of  the  railroad  tracks ;  also  at  Hector  falls  and  Glen 

Eldredge,  from  the  lake  to  the  highway  bridges.  The  Cashaqua 

shale  is  conveniently  exposed  at  the  following  localities  west  of  the 

Seneca  lake  valley :  in  ravines  and  low  cliffs  along  the  east  and  west 

shores  of  Keuka  lake  south  of  Bluff  point;  in  the  Belknap  gully,  Y> 

mile  north  of  Branchport;  in  Parrish  gully  and  many  other  ravines 

in  the  Naples  valley ;  in  Stony  Brook  glen  at  Dansville ;  along  Cash- 
aqua creek  and  the  Western  Xew  York  and  Pennsylvania  Railroad 

from  Sonyea  to  Tuscarora ;  in  the  Genesee  river  gorge  for  2x/2  miles 

south  of  Mt  Morris;  in  the  ravine  west  of  Wyoming*;  in  the  ravine 
at  Griswold,  6  miles  west  of  Attica;  in  the  bottom  and  sides  of  the 

Eighteen  Mile  creek  gorge  at  North  Evans  and  on  Pike  creek,  ̂ 2 
mile  from  Lake  Erie. 

Parrish  limestone 

We  have  already  applied  this  name  to  an  impure  concretionary 

limestone,  which  in  this  region,  occurs  in  nodular  layers  from  2  to  6 

inches  thick,  separated  by  soft  blue  olive  shales.  This  formation 

can  be  recognized  in  but  few  outcrops  on  this  quadrangle  and  is  not 

yet  known  east  of  the  Seneca  lake  valley.  It  is  continuous  from 

here  westward  as  far  as  the  Naples  valley  where  it  consists  of  a 

single  layer  4  inches  in  thickness,  50  feet,  8  inches  below  the  top  of 

the  Cashaqua  shale.  In  Italy  hollow  the  next  valley  east  of  Naples 

it  is  a  compact  layer  8  inches  thick.  In  the  Belknap  gully  near 

Branchport  it  is  10  inches  thick  and  25  feet  below  the  top  of  .the 
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Cashaqua  shale.   In  the  Waggoner  gully  near  the  village  of  Poultney 

it  is  i  foot.  6  inches  thick  in  two  or  three  layers  and  15  feet  below 

the  top  of  the  Cashaqua  shale.    In  a  small  ravine  west  of  Gibson's 
landing  on  Keuka  lake  it  is  2  feet,  6  inches  thick  in  four  uneven 

nodular  layers,  separated  by  shale.    The  subdivision  of  the  limestone 

into  layers  and  the  thinning  out  of  that  part  of  the  Cashaqua  shale 

above  it  continues  to  the  Big  Stream  gorge  near  the  north  line  of 

this  quadrangle,  where  it  is  exposed  west  of  and  about  50  feet  below 

the  Northern  Central  Railroad.   Here  it  consists  of  seven  thin  layers 

of  concretionary  limestone,  separated  by  shale,  the  entire  band  hav- 
ing a  thickness  of  5  feet  and  it  is  overlain  by  the  black  Rhinestreet 

shale,  the  intervening  light  shales  having  thinned  entirely  out.  The 

horizon  is  exposed  in  the  Rock  Stream  gorge,  ̂ 2  mile  farther 

south  but  here  the  layers  are  less  distinct  and  some  of  them  have 

disappeared.    In  Glen  Eldredge  on  the  east  side  of  the  lake  3  miles 

north  of  Watkins  but  one  layer  of  limestone  appears,  though  the 

adjoining  shales  are  quite  calcareous.     In  its  western  outcrops, 

specially  in  the  Naples  valley  this  rock  is  singularly  profuse  in 

goniatites  and  other  cephalopods.     It  is  there  more  conspicuously 

than  here  tinted  with  shades  of  red  and  green.    The  only  species 

observed  in  it  on  this  quadrangle  are  Buchiola  speciosa, 

P  h  r  a  g  m  o  s  t  o  m  a   n  a  t  a  t  o  r  ,   M  a  n  t  i  coc  e  r  a  s  patter- 
s  o  n  i  ,    C  h  o  n  e  t  e  s    1  e  p  i  d  11  s  ,   Lingula  sp.     The  horizon  is 

shown  not  only  at  the  points  mentioned  but  also  in  the  Big  Stream 

gorge  at  620  feet  A.  T. ;  in  Watkins,  Montour  Falls,  Havana, 

Eldredge  and  Excelsior  glens  at  630  feet  A.  T. 

Rhinestreet  shale 

This  is  a  mass  of  black  compact  shale  which  attains  a  thickness 

of  but  10  to  12  inches.  Like  the  Parrish  limestone  the  formation  is 

not  known  east  of  the  Seneca  lake  valley.  It  increases  in  thickness 

toward  the  west  at  the  average  rate  of  nearly  2  feet  a  mile  and  on 
the  shore  of  Lake  Erie  it  is  185  feet  thick.  In  the  Genesee  river 
gorge  and  westward  it  carries  thin  beds  of  lighter  colored  shale  and 
rows  of  large  septaria.  It  is  exposed  at  the  same  points  as  stated 
for  the  previous  formation.    On  this  quadrangle  the  Rhinestreet 
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shale  is  quite  barren  of  fossils,  but  in  the  Naples  valley  it  carries 

masses  of  terrestrial  plant  remains,  annelid  teeth  and  rarely  L  i  n  - 

g  u  1  a  1  i  g  e  a  ;  fish  remains  have  been  found  in  it  in  some  abun- 

dance at  Sparta,  Livingston  co.  and  near  Mt  Morris.  The  lighter 

colored  layers  in  Erie  county  contain  a  few  of  the  more  common 

species  of  the  Naples  fauna. 

Hatch  shale  and  flags 

Of  this  formation,  which  attains  a  thickness  of  440  feet,  the  lower 

part  is  very  much  like  the  Cashaqua  beds  in  the  character  of  the 

sedimentation,  consisting  principally  of  soft  blue  or  olive  argillaceous 

shale  and  thin  sandstones  that  are  frequently  laminated  or  schistose. 

There  are  occasionally  thin  seams  of  dark  or  black  shale  and  some 

layers  of  sandstone  are  calcareous  and  concretionary,  while  most  are 

silicious,  light  blue  gray  and  hard.  These  flags  are  usually  smooth 

on  the  lower  surface  while  the  upper  is  shaly  or  with  wavy  lamina- 
tions, a  condition  characteristic  of  nearly  all  the  thin  sandstones  in 

the  Hatch  division  farther  west.  The  changes  from  light  to  dark 

and  from  hard  to  soft  are  generally  more  pronounced  in  the  upper 

part  and  in  many  natural  outcrops.  The  frequent  flags  projecting 

beyond  the  soft  shales  produce  a  coarsely  straticulate  appearance. 

In  the  Naples  valley  the  Hatch  shales  are  312  feet  thick.  The  lower 

part  contains  a  few  fossils  common  in  the  Naples  fauna  but  the 

upper  part  is  almost  barren  except  for  obscure  plant  remains.  No 

brachiopods  have  been  found  in  them,  in  that  vicinity  or  farther  west. 

The  lower  beds  of  this  formation  are  exposed  in  Havana  glen 

from  the  Curtain  cascade  upward ;  in  the  Montour  Falls  ravine 

above  the  bridge ;  in  Watkins  glen  above  650  feet  A.  T. ;  in  the  Big 

Stream  and  Rock  Stream  ravines  west  of  the  Northern  Central  Rail- 

road ;  in  Glen  Eldredge  and  the  Hector  falls  ravine  above  the  lowest 

highway  bridge.  The  upper  portion  of  the  rocks  is  seen  at  Odessa 

and  along  the  Lehigh  Valley  Railroad  to  the  north. 

West  of  this  quadrangle  the  formation  is  exposed  in  the  Glen 

brook  at  Hammondsport  and  along  the  dugway  road  on  the  east  side 

of  the  head  of  Keuka  lake ;  at  Naples  at  the  foot  of  Hatch  hill  and 

in  the  lower  part  of  the  Grimes  and  Tannery  gullies;  in  the  cliffs 
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along  the  Genesee  river  between  Smoky  Hollow  and  St  Helena  and 

along  the  shore  of  Lake  Erie  in  the  vicinity  of  Silver  Creek. 

Fossils  are  nowhere  abundant  but  they  are  fairly  common  in  a 

few  horizons  in  the  lower  part.  At  648  feet  A.  T.  on  the  road  from 

Montour  Falls  to  Odessa,  S  p  i  r  i  f  e  r  1  a  e  v  i  s  occurs  in  a  3  inch 
calcareous  sandstone  near  the  bottom  of  the  formation.  At  about 

the  same  horizon  in  Havana  glen  are  Productella  speci- 

osa, Schizophoria  impressa,  Atrypa  reticu- 

laris and  Centronella  j  u  1  i  a  ?  ;  at  730  feet  A.  T.  in  soft 

shales,  Manticoceras  pattersoni,  Loxonema  noe, 

Honeoyea  erinacea;  at  772  feet  A.  T.  Manticoceras 

pattersoni,  Orthoceras,  Atrypa  reticularis,  Cyr- 

tina  hamiltonensis,  Cladochonus ;  at  782  feet  A.  T. 

Manticoceras  pattersoni,  Chonetes  scitulus, 

C.  lepidus,  Productella  spinulicosta,  Strop  h  - 

alosia  truncata,  Leptostrophia  mucronata, 

Spirifer  su  bum  bona,  Cladochonus ;  at  803  feet  A.  T. 

Leptostrophia  mucronata,  Chonetes  lepidus, 

Schizophoria  impressa,  Buchiola  speciosa, 

Honeoyea  erinacea  and  Lunulicardium  o  r  n  a  - 

t  u  m  ;  at  849  feet  A.  T.  Manticoceras  pattersoni;  at 

about  868  feet  A.  T.,  in  the  Rock  Stream  ravine,  occur  M  a  n  t  i  - 

coceras  pattersoni,  Probeloceras  lutheri, 

Tornoceras  uniangulare,  Bactrites,  Buchiola 

speciosa,  Paracardium  doris,  Pterochaenia 

f  r  a  g  i  1  i  s  ,  S  t  y  1  i  o  1  i  n  a  f  i  s  s  u  r  e  1 1  a  ,  Bellerophon 

k  o  e  n  e  n  i  ,  Chonetes  scitulus,  L  i  n  g  u  1  a  cf .  spatu- 

lata.  In  the  quarry  at  Odessa,  1020  feet  A.  T.,  Buchiola 
speciosa,  Paracardium  doris,  Pterochaenia 

f  r  a  g  i  1  i  s  and  Palaeoneilo  sp.  occur. 
It  will  be  observed  from  this  series  of  faunas  that  there  are  dis- 

tinct oscillations  between  the  western  or  true  Naples  fauna  and  the 
eastern  or  brachiopod  fauna  with  some  slight  degree  of  intermingling 
of  the  two.  For  the  most  part  however,  here  as  elsewhere  in  this 
section,  these  two  faunal  elements  are  clearly  distinct. 
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Grimes  sandstone 

This  formation,  which  attains  a  thickness  of  75  feet,  is  an  arenace- 
ous band  in  which  the  sandstones  are  from  an  inch  to  more  than  a 

foot  in  thickness  and  are  separated  by  thin  layers  of  dark  bluish 

gray  shales,  the  greater  frequency  of  the  sandstones  constituting 

the  principal  difference  so  far  as  structure  is  concerned  between  it 

and  the  Hatch  shales  below,  as  well  as  from  the  overlying  beds. 

In  this  quadrangle  the  formation  is  nowhere  very  well  denned  and 

is  much  more  obscure  than  farther  to  the  west;  consequently  the 
thickness  here  ascribed  to  it  and  the  limits  of  the  area  over  which 

it  is  the  surface  rock  are  partly  based  on  data  derived  from  the  ex- 
amination of  the  formation  farther  west  and  by  tracing  it  to  this 

vicinity.  The  rocks  are  exposed  in  the  bed  and  sides  of  the  Johnson 

Hollow  brook  1  mile  west  of  Lower  Pine  valley,  920  to  960  feet  A.T. ; 

at  the  cascade  in  the  upper  part  of  Watkins  Glen,  4  miles  west  of 

Watkins  below  the  second  highway  bridge  west  of  the  New  York 

Central  Railroad ;  the  lower  part  at  the  top  of  the  bank  in  the 

Lehigh  Valley  Railroad  cut,  1  mile  west  of  Odessa.  At  Hammonds- 
port  the  formation  is  well  shown  along  the  highway  on  the  east  side 

at  the  head  of  Keuka  lake  near  the  top  of  the  hill  and  in  a  ravine  near 

the  corner  of  the  road.  In  Grimes  gully  at  Naples  the  sandstones  are 

at  the  crest  of  the  Third  falls,  and  a  4  inch  blocky  sandstone  which  is 

one  of  the  lower  layers,  contains  several  species  of  Ithaca  brachio- 
pods.  This  is  their  first  appearance  in  that  section  above  the  Genesee 

shale  and  the  highest  species  of  the  Naples  fauna  occur  a  few  feet 

lower.  In  the  Genesee  river  gorge  the  sandstones  are  in  the  cliffs 
on  the  west  side  of  St  Helena  and  come  down  to  the  river  level  at 

the  mouth  of  Wolf  creek  but  no  representatives  of  the  Ithaca  fauna 

occur  iu  them  in  that  section.  Still  farther  west  the  sandstones  thin 

out  and  are  hot  easily  recognized  except  at  the  most  favorable  ex- 

posures. They  arc  shown  in  Walnut  creek  ravine  1  mile  south  of 

Silver  Creek  and  in  the  cliff  on  the  Lake  Erie  shore  between  Silver 

Creek  and  Dunkirk.  On  the  Watkins  quadrangle  in  some  small  old 

quarries  in  the  bed  and  sides  of  the  Johnson  Hollow  brook,  I  mile 

west  of  Lower  Pine  valley,  at  920  feet  A.  T.,  the  following  species 
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occur  in  the  shales  and  on  the  lower  surface  of  one  of  the  sandstones : 

Manticoceras  pattersoni,  Orthoceras  sp.,  Phrag- 
mostoma  n  a  t  a  t  o  r  ,  P .  i  n  c  i  s  u  m  ,  P  a  1  a  e  o  n  e  i  1  o 

f  i  1  o  s  a  ,  N  u  c  u  1  i  t  e  s  o  b  1  o  n  g  a  t  u  s  ,  N.  cf.  cunei- 

formis,  Grammysia  sp.  ?,  B  u  c  h  i  o  1  a  speciosa,  S  c  h  i  z  o- 
phoria  imp  res  s  a  ,  Orthis  tioga,  Chonetes 

s  c  i  t  u  1  u  s  ,  P  r  o  d  u  c  t  e  1  1  a  spinulicosta.  They  are  not 

abundant  here  and  were  not  found  at  other  exposures  of  this 
horizon. 

West  Hill  flags  and  shale 

This  division  here  attains  a  thickness  of  315  feet.  Its  rocks  con- 

sist of  numerous  thin,  uneven  flags  2  to  4  inches  thick  and  occa- 

sionally compact  even  blue  sandstones  6  inches  to  1  foot,  6  inches 

thick,  separated  by  dark  soft  bluish  gray  or  olive  sandy  shales. 

Toward  the  west  as  far  as  the  Naples  valley  brachiopods  are  com- 

mon in  these  West  Hill  flags,  specially  at  an  horizon  lying  100  to  150 
feet  above  the  Grimes  sandstone. 

In  a  small  ravine  1  mile  east  of  Hammondsport  a  calcareous  lens 

in  this  formation,  1  foot,  6  inches  thick  and  several  rods  long,  is 

composed  almost  entirely  of  brachiopods,  amongst  which  are 

Orthis  tioga,  A  try  pa  reticularis,  Strop  heo- 

donta  cayuta,  Spirifer  mesacostalis,  Cyrtina 
hamiltonensis  and  A  m  b  o  c  o  e  1  i  a  umbonata.  It  also 

contains  a  few  goniatites  and  orthoceratites.  Brachiopods  are 

common  at  this  horizon  in  the  ravine  south  of  the  village.  At 

Naples  where  the  formation  is  typically  exposed  on  West  Hill,  from 

which  the  name  is  derived,  this  fauna  with  several  additional  species 

appears  at  various  places  but  the  specimens  are  very  much  less 

than  toward  the  east.  Goniatites,  which  also  occur  in  the  Cashaqua 

shale  below,  are  occasionally  seen  but  the  characteristic  lamelli- 

branchs  and  gastropods  of  the  Naples  fauna  have  not  been  found  in 

this  section  at  so  high  a  horizon.  In  the  Genesee  river  section  and 

farther  west  the  fossils  of  this  horizon  arc  exclusively  of  the  Naples 

fauna,  no  brachiopods  being  known  therefrom.  In  the  Watkins  and 

Elmira  quadrangles  both  shales  and  sandstones  are  usually  barren 
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but  at  some  exposures  they  contain  brachiopods  in  large  numbers 

and  occasionally  species  of  the  western  Naples  fauna.  Concretions 

in  sandy  shale  and  thin  sandstones  exposed  at  1060  to  1100  feet  A.  T. 

by  the  side  of  the  road  leading  north  from  Johnson's  hollow,  1  mile 
west  of  Millport,  contain  Liorhynchus  mesacostalis, 

Atrypa  reticularis,  Chonetes  deflect  us,  Pro- 
duct e  1 1  a  lachrymosa,  P.  speciosa,  Orthis 

carinata,  Ambocoelia  umbonata  and  Taxo- 

c  r  i  n  u  s  ithacensis.  In  the  bed  of  the  stream,  1  mile  west 

of  Pine  Valley  at  1045  feet  A.  T.,  are  Orthis  tioga,  O.  i  m  - 

pressa,  Atrypa  reticularis,  Spirifer  mesa- 
costalis. At  1030  feet  A.  T.,  ih^he  small  ravine  at  the  north 

end  of  the  quarry  on  the  east  side  of  Beers  hill,  1  mile  southwest  of 

Pine  Valley,  a  soft  layer  in  the  upper  part  of  this  formation  contains : 

Phragmostoma  natator,  P.  incisum,  Buchiola 

speciosa,  Pie  urotom  aria  itylus.  The  same  light 

soft  shales  at  1080  feet  A.  T.,  near  the  floor  of  the  quarry  contain 

Manticoceras  sp.  Phragmostoma  natator,  Buchiola 

speciosa,  Palaeoneilo  plana,  Pie  urotom  aria 

itylus,  Schizophoria  im  pressa,,  Productella 

spinulicosta.  In  the  upper  part  of  the  formation  in  the  Pratt 

quarry  at  Elmira  fossils  are  exceedingly  rare,  but  imperfect  speci- 
mens of  Manticoceras  pattersoni  occur  in  a  stratum 

of  clayey  shale  at  about  1050  feet  A.  T.  Small  fragments  are  found 

in  small  layers  throughout  the  formation. 

High  Point  sandstone 

This  formation,  which  attains  a  thickness  of  85  feet,  has  some- 

what the  character  of  a  very  broad  lentil  with  its  greatest  thickness 

in  the  meridian  of  the  Genesee  river,  where  it  is  a  homogeneous  mass 

of  light  bluish  gray  sandstone  in  layers  3  to  8  feet  thick  and  aggre- 

gating 185  feet.  It  thins  out  rapidly  and  becomes  softer  toward  the 

west  and  is  hardly  to  be  recognized  on  the  shores  of  Lake  Erie.  It 

contains  no  brachiopods  in  or  west  of  the  Genesee  river  section.  Its 

thickness  also  diminishes  toward  the  east  and  gradually  parts  of  the 

beds  become  shaly.    It  may  be  traced  easily  for  30  miles  from,  the 
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Genesee  river  to  the  west  side  of  the  Naples  valley  where  the  harder 

layers  project  at  the  top  of  the  cliffs  at  the  south  end  of  High  Point.
 

While  the  original  description  of  the  Portage  sandstones  on  the 

Genesee  river  by  James  Hall,  in  his  report  on  the  geology  of  the 

fourth  district,  would  apply  except  as  to  thickness,  to  most  of  the 

layers  of  the  sandstone  here  represented,  there  are  essential  differ- 

ences.   Not  only  are  the  individual  layers  and  the  whole  formation 

thinner  and  softer  but  an  extensive  calcareous  lens  in  the  middle  of 

the  section  at  Naples  contains  23  species  of  brachiopods  and  9  other 

organisms,  none  of  which  belong  to  the  normal  Naples  fauna  but  are 

of  distinctively  later  date.  These  lists  have  been  given  in  various  pub- 

lications more  specially  in  United  States  Geological  Survey  bulletin 

16  and  State  Museum  bulletin  63.  Toward  the  east  the  formation  be- 

comes still  softer  and  more  unlike  the  typical  section,  but  as  the  same 

changes  take  place  in  the  adjacent  beds  above  and  below,  it  still  ap- 

pears as  an  arenaceous  band  composed  of  thin  layers  of  sandstone 

separated  by  hard  blue  shale.    On  these  quadrangles  some  of  the 

sandstones  are  from  1  to  2  feet  thick,  compact  and  durable,  with  the 

characteristic  light  bluish  gray  color  of  the  Portage  sandstones  and 

are  quarried  extensively  in  the  vicinity  of  Elmira.    At  the  bottom 

the  change  from  the  thin  flags  and  soft  shales  of  the  West  Hill  beds 

is  quite  well  defined  but  it  is  more  gradual  at  the  top.    The  forma- 

tion, as  here  limited,  includes  the  strata  up  to  a  horizon  where  soft 

blocky  shales  containing  many  brachiopods  appear. 

The  rock  is  exposed  on  the  hill  east  of  Elmira  at  11 50  to  1200  feet 

A.  T.  and  in  the  cliffs  and  quarries  on  the  south  side  of  the  Chemung 

river  west  of  Elmira  at  1150  to  1200  feet  A.  T. ;  in  the  quarries  at  the 

mouth  of  the  Latta  brook  ravine  920  to  950  feet  A.  T.  and  the 

A^oight  quarry  ̂   mile  farther  south  at  940  feet  A.  T. ;  in  the  old 
quarry  southwest  of  the  station  at  North  Elmira,  930  feet  A.  T. ;  in 

the  Doane  quarry  1  mile  east  of  Horseheads  and  another  Y±  mile 

north  at  950  feet  A.  T. ;  in  the  quarry  near  the  highway  2  miles  north 

of  Horseheads,  950  feet  A.  T.  and  two  hillside  quarries  lj4  miles 

south  of  Pine  Valley,  1080  to  1160  feet  A.  T.  and  in  a  small  ravine 

1  mile  west  of  Sullivanville,  1120  to  1200  feet  A.  T.  Calcareous 

lenses  are  exposed  in  the  East  hill  quarries  at  Elmira  at  1060  feet 



l8  NEW  YORK  STATE  MUSEUM 

A.  T.;  the  Doatie  quarry  at  940  feet  A.  T.  and  near  Sullivanville at  1 150  feet  A.  T. 

In  respect  to  fossils  the  calcareous  lenses  which  are  composed 
wholly  of  brachiopods  are  found  at  several  exposures  of  this  forma- 

tion and  at  different  horizons.  The  shales  also  contain  a  few  brachio- 
pods and  rarely  a  species  which  is  elsewhere  represented  in  the 

Xaples  fauna  but  very  few  of  those  which  give  the  High  Point 
fauna  in  the  Naples  region  its  distinctive  character.  The  more 
common  species  are  the  following: 

Spirifer  mesastrialis  Hall  Leptostrophia  perplana  var.  nervosa 
Atrypa  reticularis  Linne  Hall 
Productella  lachrymosa  Hall  Orthothetes  chemungensis  Conrad 
P.  speciosa  Hall  Tropidoleptus  carinatus  Conrad 
P.  onusta  Hall  Liorhynchus  mesacostalis  Vanuxem 
P.  boydi  Hall  Chonetes  scituliis  Hall 
Schizophoria  impressa  Hall  Lingula  cf.  melie  Hall 
Orthis  tioga  Hall  Lyriopecten  trlcostatus  Conrad 
O.  carinata  Hall  Grammysia  sp. 
Stropheodonta  cayuta  Hall  Manticoceras  pattersoni  Hall 

Orthoceras  cf.  hebryx  Hall 

Prattsburg  shale 

These  are  soft  olive  or  bluish  shales  with -thin  blocky  sandstones 

and  occasional  layers  of  compact  blue  sandstone.  Together  they 
attain  a  thickness  of  250  feet. 

In  the  Genesee  river  section  above  the  typical  Portage  sandstones 

are  strata  to  which  the  above  description  applies,  exposed  in  the 

ravine  at  Wiscoy  and  in  ravines  on  the  east  side  of  the  river  to  Long 

Beards  riffs,  1  mile  south  of  Fillmore  where,  in  a  heavy  calcareous 

sandstone  the  first  brachiopods  above  the  ( renesee  shales  are  found. 

That  is  to  say,  the-Long  Beards  riffs  sandstone  indicates  the  earliest 

appearance  of  the  Chemung  fauna  with  Spirifer  d  i  s  j  unct  u  s  , 

no  evidence  of  the  Ithaca  fauna  being  present  in  that  section.  This 

Wiscoy  shale  in  the  typical  locality  contains  a  few  species  of  lamel- 
libranchs  and  goniatites  which  are  common  to  the  Xaples  fauna 

below  the  Portage  sandstones.    The  Wiscoy  shale  may  be  traced 

westward  to  Lake  Erie  showing  but  little  change  in  lithologic  char- 
acter and  fauna,  but  eastward  the  fauna  is  more  arenaceous  and 

south  of  Dansvillc,  a  distance  of  25  miles  east  from  Wiscoy,  the 
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formation  is  mainly  a  laminated  sandstone  and  is  here  crowded  with 

brachiopods.  So  conspicuous  is  the  development  of  this  formation 

in  the  region  from  Dansville  eastward,  and  so  profuse  and  striking 

its  development  of  the  Chemung  brachiopod  fauna  that  on  the  map 

of  the  Naples  quadrangle  [N.  Y.  State  Mus.  Bui.  63]  it  was  deemed 

advisable  to  apply  to  it  the  term  Prattsburg  sandstone  and  shale  in 

preference  to  employing  here  the  name  Wiscoy,  inasmuch  as  there 

has  been  this  fundamental  change  in  the  nature  of  the  fauna.  In  the 

Cohocton  valley  near.  Atlanta,  the  sandstones  are  still  harder  and  are 

quarried  for  flagging  and  building  stone.  About  Corning  it  has 

become  softer  and  on  the  area  of  this  map  there  is  a  return  to  con- 
ditions very  similar  to  those  at  Wiscoy,  so  far  as  lithologic  character 

is  concerned. 

This  rock  is  exposed  in  the  quarry  near  Pine  City,  11 20  feet  A.  T. 

and  in  that  1  mile  west  of  the  village  of  Southport,  1080  feet  A.  T. ; 

along  Hendy  creek,  from  1  to  3  miles  west  of  the  Chemung  river, 

920  to  1 180  feet  Av  T. :  in  a  ravine  on  the  south  side  of  Hawley 

hill,  960  feet  A.  T.  and  another  iy2  miles  farther  west,  1050  to  1200 

feet  A.  T. ;  at  the  soj.th  end  of  the  bridge  over  the  Chemung  river, 

iJ/2  miles  southwest  from  Big  Flats  at  920  feet  A.  T.  The  lower  beds 
are  shown  in  a  small  ravine  at  1160  feet  A.  T.  along  the  first  road 

leading  north  in  the  Latta  brook  depression  and  the  upper  part  a 

mile  to  the  southwest  by  the  side  of  the  road  leading  from  Maby 

hill;  also  in  an  old  quarry  2  miles  east  of  Horseheads  at  1015  feet 

A.  T.  and  in  a  ravine  on  the  east  side  of  Carr  hill  at  1 1 50  feet  A.  T. 

There  are  field  outcrops  on  the  south  side  of  Johnsons  Hollow  and 

the  rocks  are  also  seen  in  many  small  ravines  on  the  northern  part  of 

the  Elmira  quadrangle. 

Among  the  fossils  occurring  in  the  shales  and  sandstones  of  this 

division  are  the  following: 

Plumalina  plumaria  Hall  P.  speciosa  Hall 
Chonetes  scittilus  Hall  P.  hirsuta  Hall 
Spirifer  mucronatus  posterus  Hall  &     Tropidoleptus  carinatus  Conrad 
Clarke  Liorhynchus  mesacostalis  Vanuxem 

Sp.  mesastrialis  Hall  L.  multicosta  Hall 
Sp.  mesacostalis  Hall  Atrypa  reticularis  Linni 
Productella  lachrymosa  Hall  A.  hystrix  Hall 
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Orthis  impressa  Hall 
0.  tioga  Hall 
O.  carinata  Hall 
Stropheodonta  cayuta  Hall 
S.  inequistriata  Hall 
S.  demissa  Conrad 
S.  perplana  var.  nervosa  Hall 
Athyris  polita  Hall 
Orthothetes  chemungensis  Conrad 
Camarotoechia  eximia  Hall 
C.  cf.  tethys  Hall 
Orbiculoidea  sp. 
Ambocoelia  umbonata  gregaria  Hall 
Lingula  punctata  Hall 
L.  spatulata  Hall 
L.  cf.  nuda  Hall 
Leptodesma  potens  Hall 
L.  maclurii  Hall 
L.  billingsi  Hall 
L.  robustum  Hall 
L.  lichas  Hall 
L.  spinigerum  Hall 
L.  disparile  Hall 
L.  matheri  Hall 
Leptodomus  interplicatus  Clarke 

Paleoneilo  filosa  Hall 
P.  constricta  Conrad 
P.  bisulcata  Hall 

P.  cf.  maxima  Hall 
Lyriopecten  tricostatus  Vanuxem 
Pterinopecten  imbecilis  Hall 
P.  strictus  Hall 
Macrodon  chemungensis  Hall 
Aviculopecten  cancellatus  Hall 
Avicula  sp.? 
Modiomorpha  subalata  Hall 
Mytilarca  carinata  Hall 
M.  umbonata  Hall 
Grammysia  circularis  Hall 
Nucula  sp.? 

Sphenotus  clavulus  Hall 
Conocardium  sp.? 
Schizodus  chemungensis  Hall 
Spathella  sp.? 
Cypricardella  bellistriatus  Conrad 
Glossites  cf.  subtenuis  Hall 
Manticoceras  pattersoni  Hall 
Orthoceras  bebryx  var.  cayuga  Hall 
Phacops  rana  Green 

Chemung  sandstones 

The  term  Chemung  has  been  applied  with  such  a  breadth  of  mean- 

ing in  New  York  stratigraphy  that  faunally  and  stratigraphically  it 

no  longer  meets  the  requirements  of  precise  expression.  The  forma- 
tion has  been,  in  a  general  and  vague  way,  regarded  as  that  mass 

of  arenaceous  deposits  lying  above  the  Portage  of  western  New 

York  and  the  Ithaca  of  central  New  York,  from  which  there  is,  as 

is  now  known,  a  transition  lithologically  so  gradual  as  to  make  a 

separation  a  pure  convention.  In  respect  to  fauna  the  "  Chemung 

group  "  has  been  commonly  regarded  as  well  defined  by  the  pres- 

ence of  a  notable  series  of  species  specially  brachiopods,  lamelli- 
branchs  and  dictyosponges,  all  of  which  have  been  in  a  way  regarded 

as  centered  about  the  species  Spirifer  disjunctus  and  the 

horizon,  as  a  whole,  including  a  thickness  of  from  iooo  to  1500  feet 

of  strata,  regarded  as  the  horizon  of  Spirifer  disjunctus. 

This  conception,  as  we  have  heretofore  explained,  is  misleading, 

vague  and  inaccurate.   The  horizon  of  Spirifer  disjunctus 



GEOLOGY  OF  THE  W ATKINS  AND  ELMIRA  QUADRANGLES  21 

follows  close  on  the  change  from  the  Naples  fauna  in  western  New 

York  at  a  high  altitude  above  the  base  of  the  Portage  formation 

In  central  New  York  there  is  no  such  change  but  the  gradation  from 

the  Ithaca  fauna  out  of  the  Hamilton  fauna  upward  into  the  asso- 

ciation which  carries  species  elsewhere  concurrent  with  S  p  .  d  i  s  - 

j  u  n  c  t  u  s  is  very  easy  and  it  is  extremely  difficult  to  draw  a  divi- 
sion plane  anywhere  except  on  the  basis  of  refined  distinctions  into 

successive  faunules.  Spirifer  disjunctus  in  this  eastern 

region  did  not  appear  till  this  period  of  "  Chemung  "  deposition  was 
well  nigh  over.  For  a  precise  use  of  this  term  Chemung  therefore 

we  are  thrown  back  on  the  original  employment  of  the  name  and 

we  here  cite  the  explanation  of  the  term  as  first  used  by  Professor 

Hall,  taken  from  the  third  report  on  the  fourth  geological  district, 

1839,  pages  322-24. 

Chemung  group.  The  tops  of  the  hills  and  high  grounds  in  the 
towns  of  Erin,  V  eteran,  and  Catlin,  display  a  group  of  rocks  and 

fossils  very  distinct  from  those  last  described.  The  essential  differ- 
ence is  the  lithological  characters  of  the  sandstone  of  this  group  in 

the  absence  of  argillaceous  matter  in  most  of  the  layers,  these  being 
nearly  a  pure  silicious  rock,  harsh  to  the  touch,  and  generally  of  a 
porous  texture ;  while  still  a  large  proportion  of  the  mass  consists  of 
compact  shales  and  argillaceous  sandstones  of  a  softer  texture  than 
those  below.  The  surface  of  the  sandstone  layers  is  rough,  while 
those  below  are  smooth  and  glossy,  and  being  never  rippled,  prove 
that  the  rocks  were  deposited  in  a  quiet  sea. 

A  great  variety  of  beautiful  and  characteristic  fossils  occur  in  the 
sandstone  as  well  as  the  shale;  many  different  from  those  of  the 
group  below,  while  several  species  exist  in  both.  The  principal  ones 
are  a  species  of  Delthyris,  the  shell  on  each  side  extending  into  a 
wing,  (D.  alata?)  a  Leptaena,  Orthis,  and  a  species  of  Avicula 
or  Pterinea,  ribbed  like  the  common  Pecten ;  besides  several  others 
of  genera  and  species  not  before  seen  in  the  upper  rocks. 

The  most  northern  extension  of  this  group  appears  on  the  top 
of  Buck  mountain,  near  Millport,  and  on  the  high  ground  farther 
west;  whence  it  is  traced  in  the  same  direction  to  the  valley  of  Port 
creek,  on  the  western  boundary  of  the  county.  The  same  rocks  are 
found  on  the  hills  in  Erin,  and  loose  masses  from  above  are  scattered 

through  all  the  low  grounds  hence  to  the  Chemung  river. 
At  about  the  latitude  of  Horseheads,  in  the  northern  part  of  the 

towns  of  Elmira,  and  Big  Flats,  this  lower  portion  of  the  Chemung 
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group  approaches  nearly  to  the  level  of  the  valley.  At  May  bee's 
quarry,  a  mile  and  a  half  east  of  Horseheads,  the  rocks  are  quarried 
for  the  sandstone  which  is  used  for  flagging,  step  stones,  etc.  These 
layers  are  highly  silicious  and  compact ;  and  sometimes  contain  a 
few  fossils.  They  alternate  with  thick  masses  of  shale ;  often  several 
layers  of  the  former  separated  by  thin  seams  of  the  latter;  and  again, 
a  thick  mass  of  shale  containing  little  silex  and  no  sandstone.  A 
similar  quarry  has  been  opened  by  Mr  Tuilegar,  4  or  5  miles  east 
of  Elmira;  and  here  the  layers  are  very  uniform,  from  y2  inch  to  2 
inches  thick,  and  dividing  by  the  vertical  joints  into  slabs  from  6 

inches  to  2  or  3  feet  wide,  and  from  4  to  6  feet  long.  The  sand- 
stone contains  a  few  species  of  Orthis,  but  the  greater  proportion  of 

the. fossils  are  found  in  the  shale.  Wisner's  quarry  is  near  the  junc- 
tion of  this  group,  with  the  Ithaca  group  below,  or  rather  in  the 

upper  part  of  the  latter,  which  appears  at  this  point,  the  rocks  rising 
southward  from  Horseheads  to  the  Chemung  river. 

The  rocks  of  this  group,  containing  an  abundance  of  fossils,  occur 

on  a  small  creek  coming  into  the  Chemung  valley  from  the  north- 
west, and  also  on  the  Sing  Sing  creek,  passing  through  the  Big  Flats. 

On  the  south  side  of  the  Chemung  river,  in  Southport,  the  banks  of 
the  valley  exhibit  the  rocks  of  this  group  with  their  peculiar  fossils. 

Between  Elmira  and  Chemung  they  are  seen  at  numerous  points 
but  nowhere  in  the  county  so  well  as  at  the  Chemung  upper  narrows, 
about  11  miles  below  Elmira.  Here  the  excavation  for  the  road 

along  the  margin  of  the  river  has  exposed  more  than  100  feet 
of  rocks,  containing  abundance  of  the  characteristic  fossils,  and  in 
their  greatest  beauty  and  perfection.  At  a  certain  point  in  the  mass 
exposed,  we  find  a  peculiar  coralline  fossil,  confined  to  a  thin  stratum, 
and  extending  along  the  whole  distance  of  the  exposed  rocks ;  it  has 
also  been  found  at  other  localities. 

The  mountain  above  the  rocks  exposed,  at  Chemung  narrows,  rises 
400  to  500  feet,  and  is  probably  capped,  as  some  of  the  hills  in  the 

neighborhood,  by  the  conglomerate,  which  is  the  limit  of  the  Che- 
mung group  upward.  Farther  south,  near  Tioga  point,  rocks  of  the 

same  group  occur  in  the  bank  from  100  to  200  feet  above  the  river, 
and  some  of  the  sandstone  layers  are  3  to  4  feet  thick,  and  highly 

silicious.  I  was  informed  that  on  the  top  of  the  hill  the  conglom- 
erate is  quarried  for  use  on  some  of  the  public  works  below  Tioga 

point. 
At  the  Chemung  upper  narrows,  and  at  several  other  localities 

there  occurs  in  this  group  a  stratum  of  concretionary  sandstone  of 
a  peculiar  character.  In  a  few  instances  only  are  the  concretions 
perfectly  formed,  but  generally  have  one  side  imperfect,  with  a  solid 
nucleus  partially  surrounded  with  concentric  laminae,  which  easily 
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separate  from  each  other;  these  are  used  for  water  vessels,  &c,  the 
concavity  being  often  so  great  as  to  contain  several  gallons. 

In  the  valley  of  Cayuta  creek  the  group  is  exposed  in  a  ravine 
3  miles  north  of  Factoryville,  where  fine  flagstones  could  easily 
be  obtained.  In  the  north  part  of  Barton  are  great  numbers  of  loose 
masses  containing  the  fossils  of  this  group,  probably  washed  down 
from  the  tops  of  the  hills  in  the  vicinity. 

It  will  be  seen  that  the  definition  of  this  formation  is  derived  from 

the  very  region  we  have  here  under  consideration  and  embraces  those 

rocks  to  which  we  are  now  applying  the  term  in  the  original  and 

restricted  meaning.  On  the  Elmira  quadrangle  these  rocks  have 

a  thickness  of  800  feet.  They  are*  light  and  dark  shales  and  light 
blue  gray  silicious  sandstones  in  thin  and  thick  beds.  The  sandstones 

are  compact  or  schistose  or  may  have  thin  wavy  laminations.  Large 

burls  with  the  appearance  of  having  been  rolled  while  soft  are  com- 

mon in  the  lower  beds  and  the  sandstones  are  frequently  lentils  that 
have  but  small  extent.  Some  of  the  sandstones  and  shales  in  the 

upper  part  are  ferruginous  and  when  barren  take  on  a  brick  red  color. 

At  1720  feet  A.  T.,  on  Ashland  hill,  is  a  thin  layer  of  conglomerate 

and  traces  of  it  also  appear  in  the  vicinity  of  Seely  creek.  Calcareous 

lenses  are  very  common  and  some  of  them  in  the  middle  part 

of  the  formation  are  composed  principally  of  Leptostrophia 

p  e  r  p  1  a  n  a  var.  nervosa  in  very  large  individuals  and  these 

lenses  may  be  from  1  to  2  feet  thick  and  extend  for  many  rods.  The 

burls  sometimes  contain  layers  of  fossils  bent  to  conform  to  the 

shape  of  the  concretion.  At  the  base  of  this  formation  is  a  bed  of 

black  shale  in  a  crumpled  condition,  as  exposed  1  mile  west  of  Pine 

City,  overlain  by  uneven  calcareous  sandstones  with  calcareous  lenses 

and  100  feet  higher  an  old  quarry  shows  a  compact  light  gray  sand- 
stone with  masses  of  fossils  and  10  feet  thick. 

•Exposures  of  this  formation  are  seen  in  numerous  roadside  out- 

crops in  the  southern  and  western  parts  of  the  quadrangle  and 

in  a  few  quarries  and  ravines.  Some  of  the  more  favorable  ex- 

posures are  in  the  higher  quarries  at  Rosstown  1120  to  1300  feet 

A.  T. ;  along  a  branch  of  Seely  creek,"i^  miles  northwest  of  Pine 
City  at  1 100  to  1200  feet  A.  T. ;  by  the  side  of  a  road  leading  north 
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from  Mudlick  creek,  2  miles  west  of  Seely  creek  at  1200  feet  A.  T. ; 
in  a  quarry  on  Hawley  hill,  3  miles  west  of  Elmira,  1700  feet  A.  T. 
and  a  roadside  outcrop  1  mile  west,  1450  to  1700  feet  A.  T. ;  at  1100 

to  1200  feet  A.  T.,  along  the  road  leading  from  the  flats  1  mile 

southwest  of  East  Corning  southward  over  the  hill  near  the  west 

line  of  the  quadrangle. 

The  lower  part  of  this  zone  is  highly  fossiliferous  and  both  sand- 

stones and  shales  in  many  places  are  crowded  with  large  brachio- 

pods  and  finely  preserved  lamellibranchs,  for  the  most  part  of  the 

same  species  as  those  in  the  division  below. 

Fossils  are  less  abundant  in  the  upper  part  above  the  horizon  of 

the  conglomerate  but  are  still  quite  common  and  mostly  of  the  same 

species  as  below.    The  following  species  have  been  observed : 

Chonetes  scitulus  Hall 
C.  coronatus  Conrad 
Spirifer  mesacostalis  Hall 
Sp.  cf.  ziczac  Hall 
Sp.  marcyi  Hall  var. 
Sp.  mucronatus    posterus    Hall  & 

Clarke 
Sp.  disjunctus  Sozverby 
Productella  lachrymosa  Hall 
P.  onusta  Hall 
P.  hystricula  Hall 
Liorhynchus  mesacostalis  Vanuxem 
L.  globuliformis  Vanuxem 
Atrypa  reticularis  Linne 
A.  spinosa  Hall 
Orthis  impressa  Hall 
O.  tioga  Hall 
O.  carinata  Hall 
Stropheodonta  cayuta  Hall 
S.  perplana  var.  nervosa  Hall 
S.  mucronata  Conrad 
Athyris  polita  Hall 
Orthothetes  chemungensis  Conrad 
Camarotoechia  eximia  Hall 
C.  cf.  tethys  Hall 
C.  contracta  Hall 
Ambocoelia  umbonata  Conrad 
Leptodesma  longispinum  Hall 
L.  sociale  Hall 
L.  billingsi  Hall 
L.  shumardi  Hall 

L.  spinigerum  Hall 
L.  agassizi  Hall 
L.  disparile  Hall 
L.  matheri  Hall 
Palaeoneilo  filosa  Hall 
P.  constricta  Conrad 
P.  elongata  Hall 
P.  emarginata  Hall 
Actinopteria  cf.  theta  Hall 
Lyriopecten  tricostatus  Vanuxem 
P.  priamus  Hall 
Microdon  sp.? 

M.  cf.  gregarius  Hall 
Liopteria  chemungensis  Hall 
Modiomorpha  subalata  Conrad 
Macrodon  chemungensis  Hall 
Mytilarca  simplex  Hall 
Grammysia  sp.? 
Sphenotus  clavulus  Hall 
Pterinea  chemungensis  Conrad 
P.  sp.? 

Schizodus  oblatus  Hall 
S.  chemungensis  Hall 
Spathella  typica  Hall 
Cypricardinia  indenta  Conrad 
Edmondia  subovata  Hall 
Orthoceras  sp.? 
Pleurotomaria  itys  Conrad  var. 
Streptelasma  sp. 
Hydnoceras  nodosum  Conrad 
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UNDULATIONS 

The  aggregate  thickness  of  geologic  formations  and  parts  of 

formations  represented  on  the  map  of  the  Watkins  and  Elmira  quad- 
rangles is  approximately  2244  feet,  of  which  1443  feet  is  by  reason 

of  the  difference  in  elevation  between  the  Genesee  black  shale  ex- 

posed at  the  level  of  Seneca  lake  443  feet  A.  T.  on  the  south  side 

of  Fir  Tree  point,  and  the  top  of  the  hill  near  the  south  line  of  the 

Elmira  quadrangle  in  the  southeast  corner  of  the  town  of  Southport, 

and  801  feet  is  due  to  the  southern  dip  of  the  strata  between  those 

points,  an  average  of  24^3  feet  a  mile. 

From  Fir  Tree  point  the  dip  is  toward  the  north  and  the  average 

southern  dip  from  the  north  line  of  the  Watkins  quadrangle  to  the 

south  line  of  the  Elmira  quadrangle  is  21  feet  a  mile. 

This  dip,  however,  is  not^constant.  The  heavy  sandstones  exposed 
in  the  quarries  and  ravines  on  the  east  side  of  the  valley  from  Elmira 

to  Horseheads  and  on  the  west  side  to  Pine  Valley,  and  the  thick 

layer  of  similar  character  exposed  on  the  west  side  almost  continu- 
ously from  a  mile  north  of  Montour  Falls  to  the  north  line  of  the 

quadrangle,  show  the  undulations  to  advantage. 

From  the  southeast  corner  of  the  quadrangle  the  strata  rise  toward 

the  north  at  an  average  rate  of  60  feet  a  mile  for  about  6  miles  to  a 

point  near  the  bend  in  the  Chemung  river  east  of  Elmira. 

At  the  south  end  of  the  Pratt  shale  quarry,  Elmira,  the  dip  is  26 

feet  a  mile  north.  In  the  large  quarries  on  the  hill  east  of  Elmira  it 

varies  from  150  to  200  feet  a  mile  north. 

In  the  Voight  quarry  2  miles  farther  north  it  is  52  feet  a  mile 

north,  and  at  the  mouth  of  Latta  brook,  43  feet  a  mile  north. 

The  bottom  of  the  synclinal  is  reached  not  far  from  the  latitude 

of  Florseheads,  the  quarry  1  mile  north  of  the  village,  and  the  shale 

quarry  J/2  mile  farther  north  showing  no  north  or  south  dip  while 
in  the  old  quarry  2  miles  north  of  Horseheads  there  is  an  elevation 

toward  the  north  at  the  rate  of  about  150  feet  a  mile,  and  another 

quarry  2  miles  farther  north  and  other  smaller  outcrops  show  this 

southern  clip  is  continued  to  the  vicinity  of  Millport. 

From  Millport  to  a  mile  north  of  Montour  Falls  the  dip  seems  to 

be  20  to  25  feet  a  mile  south. 
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Along  the  road  leading  from  Watkins  to  Montour  Falls  on  the 

west  side,  there  appears  a  mile  north  of  the  latter  place,  a  compact 

sandstone  2  feet  4  inches  thick,  abundantly  exposed  toward  the 

north,  that  is  the  most  prominent  feature  in  the  stratigraphy  of  the 

lower  rocks  of  this  quadrangle. 

At  the  south  end  of  the  exposure  it  is  450  feet  A.  T.  and  nearly 

level,  but  it  soon  rises  toward  the  north  and  at  the  mouth  of  Watkins 

glen  it  is  exposed  at  480  feet  A.T.  The  top  of  the  anticline  is  reached 

about  opposite  the  railroad  station  at  Watkins  at  490  feet  A.  T. 

Thence  northward  it  descends  rapidly  and  disappears  under  the 

water  of  the  lake  %  mile  north  of  Salt  point ;  after  sinking  to  about 

25  feet  below  the  lake  level  it  rises  again  and  emerges  on  the  south 

side  of  Corbett  point  and  continues  to  rise  to  Fir  Tree  point  where 

it  is  72  feet  above  the  lake;  thence  it  descends  and  reaches  the  lake 

level  again  near  the  north  line  of  the  quadrangle.  There  is  an 

eastern  dip  of  about  25  feet  to  the  east  side  of  the  lake  and  the  undu- 

lations are  not  so  apparent  except  for  2  or  3  miles  at  the  head,  the 

strata  farther  north  being  covered  to  a  large  extent. 

In  the  vicinity  of  Elmira  there  is  a  strong  western  dip.  In  the 

quarry  at  Pine  City  it  is  at  the  rate  of  25  feet  a  mile,  in  the  quarry 

1%  miles  west  of  Southport,  130  feet  a  mile,  and  about  the  same 

at  the  south  end  of  the  bridge  over  the  Chemung  river  2  miles  south- 
west of  Big  Flats.  At  the  mouth  of  Latta  brook  ravine  it  is  22  feet 

a  mile.  In  the  shale  quarry  1  mile  northeast  of  Horseheads  the  strata 

descends  toward  the  west  at  the  rate  of  75  feet  a  mile. 
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Actinopteria  cf.  eta,  8\ 

cf.  theta,  249. 
Agelacrinites  sp.  nov.,  83. 
Ambocoelia  umbonata,  69,  89-9\  9*, 

95,  97,  15°,  163,  24a. 
gregaria,  203. 

Athyris  polita,  202,  24s. 
Atrypa  hystrix,  199. 

reticularis,  f,  91,  9*,  133,  134,  158, 
162,  168,  183,  I93,  24s. 

spinosa,  24'. 
Avicula  sp.,  20s. 
Aviculopecten  cancellatus,  2o\ 

Bactrites,  137. 
aciculum,  71,  7s. 

Bellerophon  koeneni,  137. 
Buchiola  retrostriata,  9*. 

cf.  scabrosa,  f. 

speciosa,  69,  89,  n8,  138,  137,  138, 152, 
164,  165. 

Camarotoechia  contracta,  24s. 
eximia,  84,  89,  20s,  24s. 
cf.  tethys,  203,  24s. 

Cashaqua  shale,  72-ioT. 
Centronella  julia?,  13*. 
Chemung  sandstones,  205-249. 
Chonetes  coronatus,  24*. 

deflectus,  162. 
lepidus,  69,  g\  ga,  118,  13*,  135. 
scitulus,  72,  134,  137,  153,  184,  19', 

24*. Cladochonus,  134,  135. 

SP;  9*. 
Conocardium  sp.  ?,  204. 
Cypricardella  bellistriatus,-  204. 
Cypricardinia  indenta,  24*. 
Cyrtina  hamiltonensis,  91,  T34,  158. 

Diaphorostoma,  9*. 

Edmondia  subovata,  24s. 

Genesee  shale,  4s. 
Genundewa  limestone,  51. 
Glossites  cf.  subtenuis,  204. 
Gomphoceras  cf.  manes,  71. 
Grammysia  sp.,  152,  185,  247. 

circularis,  203. 
Grimes  sandstone,  I41-I5S. 

Hall,  James,  cited,  214. 
Hatch  shale  and  flags,  I23-I39. 
High  Point  sandstone,  i67-i8\ 
Honeoyea  erinacea,  133,  136. 
Hydnoceras  nodosum,  249. 

Leptodesma  agassizi,  244. 
billingsi,  204,  24s. 
disparile,  205,  24s. 

lichas,  204. 
longispinum,  24s. 

maclurii,  204. 
matheri,  205,  24s. 

potens,  204. robustum,  204. 
shumardi,  24°. 
sociale,  24°.  » 

spinigerum,  205,  244. 
Leptodomus  interplicatus,  205. 
Leptostrophia  mucronata,  91,  9',  9", 

I35. 

perplana  var.  nervosa,  183,  23s. 
Lincoln,  D.  F.,  cited,  64. 

Lingula  sp.,  u8. 

ligea,  121. 
cf.  melie,  184. 
cf.  nuda,  204. 

punctata,  20s. 
spatulata,  4°,  f,  137,  208. 

Liopteria  chemungensis,  24?. 
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Liorhynchus  globuliformis,  24s. 
mesacostalis,  84,  162,  184,  19°,  24°. 
multicosta,  6n,  199. 
quadricostatns,  40. 

Loxonema  noe,  71,  9',  133. 
Lunulicardinm  sp.  ?,  9*. 

hemicardioides,  93. 
ornatum,  136. 

Luther,  D.  Dana,  field  traverses  by, 

38- Lyriopecten  tricostatus,  184,  202,  24s. 

Macrodon  chemnngensis,  202,  247. 
Manticoceras  sp.,  7s,  165. 

pattersoni,  71,  9%  9s,  n8,  133,  134, 
136,  I53,  168,  185,  205. 

Mattimore,  H.  S.,  assistance  from, 

39- Micro  don  sp.  ?,  24". 
c/\  gregaritis,  24®. 

Middlesex  shale,  7*. 
Modiomorpha  subalata,  20s,  247. 
Mytilarca  carinata,  203. 

simplex,  24'. 
umbonata,  203. 

Nucula  sp.,  89,  208. 
Nncnlitcs  cf.  cnneiformis,  152. 

oblongatns,  69,  152. 

Orbiculoidea  sp.,  203. 
lodensis,  4°. 
magnifica,  85. 
minuta,  40. 

Orthis  carinata,  t63,  t8s,  20',  24'. 
imprcssa,  9",  163,  201,  247. 
tioga,  9°,  itf,  t5°,  t63,  184,  2o\  24\ 

Orthoceras,  134. 

sp.,  f,  I52,  24°. 
bebryx,  t85. 

var.  cayuga,  205. 
pacator,  98. 

Orthothetes  chemnngensis,  184,  202, 

Palaeoneilo  sp.,  13s. 
bisulcata,  201. 
constricta,  84,  g\  201,  24*. 
clongata,  24*. 
cmarginata,  24". 
filosa,  f,  T5a,  20\  24\ 

Palaeoneilo 

cf.  lamellata,  91. cf.  maxima,  2o\ mnta,  f. 

plana,  i6'\ priamus,  24s. Palaeotrochus  praecursor,  y\  if. 

Paracardinm  doris,  j'\  137,  13s. 
Parrish  limestone,  io7-ii\ 
Phacops  rana,  205. 
Phragmostoma  incisum,  152,  i64. 
natator,  116,  152,  164,  165. 

Pleurotomaria  itylus,  71,  165. 

itys  var.,  24s. 
Plumalina  densa,  85. 

plumularia,  8°,  19s. 
Prattsburg  shale,  i85-205. 
Probeloceras  lutheri,  13*. 
Productella  sp.,  cf. 

boydi,  184. hirsuta,  198. 
hystricula,  24°. 
lachrymosa,  94,  162,  184,  199,  24*. 
onnsta,  184,  24s. 
speciosa,  84,  94,  97,  138,  163,  184,  19s. 
spinnlicosta,  134,  158,  168. 

Pterinea  sp.  ?,  '24s. 
chemungensis,  24s. 

Pterinopecten  imbecilis,  202. 

strictns,  202. 
Pterochaenia  fragilis,  (?,  y9,  T37,  T3". 

Rhinestreet  shale,  Ii8-I2*. 

Schizodus  chemnngensis,  204,  24". 

oblatns,  24s. 
Schizophoria  imprcssa,  94,  13s,  [3', 

T52,  166,  184. 
Spathella  sp.  ?,  204. 

typica,  24s. Sphcnotns  clavnlns,  204,  247. 
Spirifer  disjunctus,  t88,  20*-2t4,  24". 

laevis,  13*. 
marcyi  var.,  24*. 
mesacostalis,  84,  0",  15",  t6",  19', 

24'. 

mesastrialis,  tS5,  19*. 
mucronatns  posterns,  9*,  19',  24*. 
snbnmbona,  135. 
cf.  ziczac,  24". 

Streptelasma  sp.,  24*. 
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Strophalosia  truncata,  135. 
Stropheodonta  cayuta,  158,  185,  201, 

24'. demissa,  202. 
incquistriata,  202. 
mucronata,  24s. 
perplana  var.  nervosa,  202,  247. 

Styliola  fissure] la,  53,  7s,  gs,  137. 
Styliola  limestone,  53. 

Taxocrinus  ithacensis,  168. 
Tornoceras  uniangulare,  137. 
Tropidoleptus  carinatus,  184,  199 

Undulations,  251-267. 

West  Hill  flags  and  shales,  i54-i 
West  River  shale,  5°-72. 
Wiscoy  shale,  189. 
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The  formations  represented  in  this  very  interesting  area  extend 

from  near  the  top  of  the  Siluric  continuously  upward  into  the  Upper 

Devonic.  The  region  is  one  of  many  fine  exposures  and  though  the 

topography  has  been  in  some  measure  modified  by  the  accumulations 

of  the  soil  cap,  yet  here  are  many  typical  and  classical  outcrops  of 

the  New  York  formations.  It  is  moreover  within  easy  reach  of  Syra- 

cuse and  on  this  account  it  is  believed  the  map  will  be  found  specially 

useful  to  the  many  students  of  geology  in  that  city  and  scattered 

elsewhere  over  the  neighboring  country. 

The  units  of  sedimentation  here  described  may  be  grouped  as 
follows : 

f  Ithaca  Ithaca  flags  and  sandstones 

.  (  _  j  Portage        Sherburne  flags 
Neodevonic    -  Senecan  i  ~  ^  ,  , 

(  j  Genesee       Genesee  shale 
[Tully  Tully  limestone 

f  Moscow  shale 

f  Hamilton  <  Ludlowville  shale 

Erian      \  Skaneateles  shale 
Marcellus 

Cardiff  shale 

Mesodevonic  L~  j  Marcellus  shale 
[  Ulsterian  Onondaga     Onondaga  limestone 

Paleo-  [Oriskanian  Oriskany      Oriskany  quartzite 

vonic    !  Helderbergian    Helderberg  *  New  Scotland
  limestone Coeymans  limestone 

fManlius  limestone 

f  Manlius     j  Rondout  dolomite 
Ontaric  or      (  «  (  n  ̂   ,    ,  ...  ,  . 

Siluric         jCayugan^  ( Lobleskill  dolomite 

LSalina       j  Bertie,  dolomite 
/  Camillus  shale 
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SILURIC 

Camillus  shale 

This  term  has  been  applied  to  the  gypseous  shales  lying  above  the^ 
horizon  of  the  salt  and  forming  one  of  the  stratigraphic  integers  of 

the  Salina  group.  It  is  the  lowest  formation  represented  on  the  map 

and  only  the  upper  portion  of  the  shales  to  a  thickness  of  about  40 

feet  is  here  exposed.  The  rock  is  a  soft,  dark  gray  shale  containing  a 

varying  proportion  of  gypsum,  usually  in  thin  uneven  seams  or 

lenses.  It  is  abundantly  exposed  and  has  been  extensively  quarried 

in  the  towns  of  Camillus,  Elbridge  and  DeWitt  in  Onondaga  county, 

Springport  in  Cayuga  county  and  Phelps  in  Ontario  county  and  is 

commonly  known  as  "  piaster  rock."  Though  it  is  present  in  this 
area  it  has  been  excavated  by  erosion  and  then  covered  so  deeply  by 

alluvial  accumulations  through  the  Onondaga  valley  that  at  no  place 

are  the  shales  well  displayed,  and  the  estimate  of  its  thickness  as 

given  is  based  on  data  derived  from  adjoining  regions.  Farther 

north  in  the  town  of  DeWitt  outside  the  boundary  of  this  map,  this 

rock  is  much  thicker  and  at  about  100  feet  below  the  top  of  these 

shales,  near  the  Heard  quarries,  there  are  some  layers  of  limestone 

which  contain  in  considerable  abundance  the  species  L  e  p  e  r  d  i  t  i  a 

s  c  a  1  a  r  i  s  Jones. 
Bertie  dolomite 

This  division  of  the  Salina  group,  taking  its  name  from  its  ex- 
posures in  the  township  of  Bertie,  Ontario,  is  here  composed  of  fine 

dark  gray  waterlime  weathering  to  light  drab,  with  a  brownish  or 

yellowish  shade.  At  the  base  of  the  entire  exposure  which  so  far 

as  exposed  and  calculated,  is  about  15  feet  thick,  11  feet  are  thinly 

laminated.  The  upper  stratum,  4  feet  thick,  is  harder  and  but 

slightly  schistose.  In  the  western  part  of  the  State  the  rock  becomes 

more  compact  and  from  it  is  quarried  the  very  large  amount  of 
waterlime  cement  manufactured  at  Akron  and  Buffalo.  It  is  not 

however  used  for  that  purpose  in  this  vicinity,  the  heavier  layers  of 

cement  rock  higher  in  the  section  being  preferred.  Exposures  of 

this  formation  are  to  be  found  along  Butternut  creek  below  James- 
ville  and  this  is  the  only  place  where  the  rock  appears  to  advantage 
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on  this  quadrangle.  At  the  Heard  gypsum  quarries  in  DeWitt, 

north  of  the  quadrangle  boundary,  they  may  be  seen  overlying  the 

Camillus  shale  and  also  in  the  abandoned  Sweet  quarry,  2  miles  west 

of  Marcellus  station.  The  horizon  is  characterized  by  the  presence 

in  places  of  a  great  abundance  of  the  crustaceans,  Eurypterus, 

Pterygotus,  Eusarcus  etc.  These  singular  creatures  which  appear 

to  have  attained  the  culmination  of  their  development  at  this  period 

in  the  geologic  history  of  New  York  are  not  found  here  so  frequently 

as  at  certain  well  defined  localities  to  the  east  and  west  of  this  area, 

namely  at  Jerusalem  hill,  Herkimer  co.  Union  Springs,  Cayuga  co. 

and  Buffalo.  Besides  the  remains  of  the  Eurypterids  there  is  an 

abundance  ofLeperditia  scalar  i.s  Jones,  a  small  Loxonema 

and  Lingula  sp.  but  these  fossils  all  appear  to  be  of  rare  occurrence. 

Cobleskill  dolomite 

Next  in  order  comes  a  very  hard,  rather  fine  grained  dark  gray 

limestone,  here  little  altered  by  weathering,  but  farther  west  in  the 

State  where  it  is  commonly  known  as  the  "  bullhead  "  ancl  is  less 
pure,  its  color  changes  to  a  yellowish  brown  and  it  has  a  somewhat 

mottled  appearance.  The  shearing  marks  known  as  Siylolites 

and  small  accretions  of  selenite  and  calcite  crystals  are  common 

throughout  the  mass.  In  some  localities  this  formation  is  quite  fos- 

siliferous,  60  species  having  been  reported  by  Hartnagel  from  Scho- 
harie county,  30  from  the  dark  limestone  of  Frontenac  island  in 

Cayuga  lake  and  13  in  the  "  bullhead  "  of  Erie  county.  The  low 
level  of  the  country  over  the  northern  part  of  this  map  affords  no 

favorable  outcrops  of  this  formation  though  it  is  unquestionably 

present  as  indicated  by  the  contour  of  the  topography  and  probably 

attains  a  thickness  of  about  6  feet.  It  appears  however  on  Butternut 

creek  below  Jamesville  and  is  exposed  at  the  top  of  the  section  at  the 

Heard  gypsum  quarry  at  DeWitt  and  at  Browns  falls  on  the  west 

branch  of  Limestone  creek,  i1/*  miles  southwest  of  Manlius.  The 
rock  contains  some  fossils  and  the  characteristic  species  are 

Spirifer  crisp  us  var.  corallinensis  Grabau,  \Y  h  i  t  - 

f  i  e  1  d  e  1 1  a  n  u  c  1  e  o  1  a  t  a  Hall,  Chonetes  jerseyen- 

sis  Weller  and  Strop  heoclonta  bipartita  Hall. 
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Rondout  waterlime 

The  preceding  formation  begins  the  series  which  represents  the 

Manlius  group.  The  deposition  of  waterlimes  continues  and  the 

Rondout  division  is  composed  of  a  thickness  of  about  40  feet  of 

hard,  dark,  blue  gray  dolomitic  limestone  weathering  to  a  light  drab, 

in  layers  of  from  6  inches  to  2  feet  in  thickness,  some  of  which,  in 

the  upper  part,  are  highly  straticulate  in  appearance  on  account  of 

thin  seams  of  waterlime  at  intervals  of  ](\  to  1  inch.  In  some  near-by 
exposures  the  lower  part  is  more  or  less  brecciated  and  contains 

many  irregular  cavities  of  which  a  large  proportion  was  caused  by 

the  dissolution  of  the  little  coral  C  y  a  t  h  o  p  h  y  1 1  u  m  hydrau- 

1  i  c  u  m  Simpson.  These  'beds  are  exposed  but  slightly  in  this 

quadrangle  in  the  vicinity  of  the  Dunlop  limekiln,  1*4  miles  north 
of  Jamesville;  in  the  bottom  of  the  clift  at  White  lake,  iy2  miles 

northeast  of  Jamesville  and  in  a  deep  ravine  in  the  northeast  corner 

of  this  quadrangle.  It  is  more  favorably  exposed  in  many  places 

in  the  vicinity  of  Manlius.  The  fossils  C  y  a  t  h  o  p  h  y  1 1  u  m 

h  y  d  r  a  u  1  i  c  u  m  Simpson  and  L  e  p  e  r  d  i  t  i  a  a  1  t  a,  together 

with  Spirifer  vanuxemi  are  common  and  characteristic  of 
the  horizon. 

Manlius  limestone 

Very  dark  blue  black,  when  fresh  weathering  to  a  light  bluish 

gray,  and  after  long  exposure  having  a  straticulate  appearance  pro- 
duced by  thin  seams  of  impure  limestone  or  waterlime  at  intervals 

of  %.  to  2  inches  or  more.  This  rock  attains  a  total  thickness  of  not 

less  than  74  feet  and  occurs  mostly  in  even  layers  from  6  inches 

to  2  feet  in  thickness,  which  split  easily  along  lines  of  deposi- 

tion, and  some  layers  have  a  smooth  cross  or  "  diamond  "  fracture. 
It  is  very  hard  but  rather  brittle.  At  the  top  this  formation  includes 

two  layers  of  impure  dolomitic  limestone  extensively  quarried  in 

this  vicinity  for  cement.  At  Jamesville  the  lower  layer  is  4  feet,  6 

inches  thick  and  increases  slightly  toward  the  west,  while  the  upper 

is  3  feet,  6  inches  thick  and  decreases  in  that  direction-  These 

are  separated  by  2  feet,  1 1  inches  of  dark  laminated  "  diamond  rock," 

the  quarryman's  term  for  the  rock  above  described.  The  cement 
rock  is  lighter  colored  and  more  compact,  showing  but  faint  lines 
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of  deposition  and  breaking  with  a  conchoidal  fracture.  These  beds 

are  seen,  in  the  lower  part,  along  the  road  leading  south  from  James- 
ville to  the  reservoir  on  the  west  side  of  Butternut  creek  and  in  the 

cement  beds  in  the  Alvord  quarries  opposite  the  north  end  of  the 

reservoir  on  both  sides ;  also  along  the  west  side  of  Onondaga  valley 

in  the  rear  of  the  cemetery  north  of  Dorwin's  Springs,  at  several 
outcrops  on  the  east  side  north  of  the  reservation  quarry,  in  the  cliffs 

at  the  Jamesville,  Green  lake  and  the  White  lakes  and  in  the  ravines 

in  the  northeast  corner  of  the  quadrangle.  In  some  of  the  blue  layers 

fossils  are  quite  abundant  and  of  these  Leperditia  alta, 

S  p  i  r  i  f  e  r  v a  n  u  x  e  m  i ,  Strop heodonta  v  a  r  i  - 
striata  are  most  common.  There  are  also  many  large  masses 

of  Stromatopora  and  Orthothetes  interstriatus, 

Whitfieldella  laevis,  W .  sulcata,  Holopea 

a  n  t  i  q  u  a  and  T  e  ntaculites  gyracanthus  also  occur 

in  this  horizon.  The  two  cement  layers  are  nearly  barren  through- 
out this  region.  Eurypterus  r  e  m  i  p  e  s  has  been  found  at 

Split  Rock  and  at  Manlius  but  has  not  been  reported  from  this 

quadrangle. DEVONIC 

Helderbergian  limestone 

Between  the  top  of  the  Manlius  and  the  Oriskany  sandstone  is  a 

mass  of  limestone  beds  varying  somewhat  in  appearance  and  attain- 
ing a  total  thickness  of  about  40  feet.  These  are  very  dark  blue 

gray  rocks  weathering  light  bluish  or  ashen,  in  layers  from  1  to  iq 

feet  in  thickness,  some  of  these  layers  being  laminated  and  splitting 

readily  along  lines  of  deposition.  Others  are  more  compact  and 

have  no  regular  fracture,  being  composed  largely  of  masses  of 

Stromatopora  and  Favosites.  These  rocks  were  referred  to  the  Hel- 

derbergian  limestones  though  it  is  not  at  present  easy  to  correlate 

them  closely  with  the  subdivisions  of  that  series  as  developed  in  the 

region  of  typical  outcrops  in  eastern  New  York.  The  statement, 

however,  may  be  safely  ventured  that  they  are  the  westernmost  rep- 

resentatives of  the  lower  deposits  of  that  scries,  viz  the  Coeymans 
limestone  and  the  New  Scotland  limestone. 

These  beds  are  exposed  in  the  Alvord  quarries  northwest  of  the 

Jamesville  reservoir,  on  both  sides  of  the  valley;  also  in  the  cliffs  at 
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the  Green  lake,  1^2  miles  west  and  the  White  lake,  2  miles  north- 

east from  Jamesville.  They  are  also  seen  in  the  Onondaga  valley 

in  the  old  quarry  east  of  the  cemetery,  y2  mile  north  of  Dorwin's 
Springs  and  in  several  other  quarries  and  ledges  on  both  sides  be- 

tween the  north  line  of  the  quadrangle  and  the  reservation  quarry. 

The  rock  thins  out  and  disappears  at  Split  Rock  near  the  northwest 

corner  of  this  quadrangle  but  reappears  farther  west  and  is  17  feet, 

9  inches  thick  in  the  Corrigan  quarry  on  the  Skaneateles  outlet. 

Fossils  abound,  specially  Stromatopora,  Favosites  and  Leperditia; 

S  p  i  r  i  f  e  r  cyclopter  us,  Leptocoelia,  Leptostrophia 

becki,  Leptaena  rhomboidalis,  Meristella 

1  a  e  v  i  s  ,  Rhynchospira  f  o  r  m  o  s  a ,  Tentaculit.es 

elonga^us  and  a  few  other  species  have  also  been  recognized 

and  these  occur  most  abundantly  in  the  upper  part  of  the  strata. 

Oriskany  quartzite 

This  formation  is  very  variable  in  thickness,  sometimes  not  more 

than  4  inches  and  sometimes  6  to  7  feet.  It  is  a  light  gray  occa- 
sionally pinkish  granular  quartzite.  The  basal  part  which  is  nodular 

for  a  few  inches,  usually  contains  flattkh  fragments  of  dark  hy- 
draulic limestone.  In  some  of  the  localities  the  sand  grains  are 

well  cemented  and  the  rock  durable,  at  others  it  is  friable  and 

weathers  to  a  dark  rusty  brown.  In  the  northeastern  corner  of  this 

area  it  composes  the  lower  part  of  the  layer  2  feet  3  inches  thick, 

the  upper  part  of  which  is  limestone  into  which  the  transition  is  very 

gradual  Near  Jamesville  it  is  3  feet,  6  inches  thick,  dark  colored 

and  friable  and  on  the  west  side  of  the  Onondaga  valley  opposite 

Onondaga  Castle,  it  is  5  or  more  feet  thick,  light  colored  and  quite 
durable. 

The  rock  is  exposed  in  the  ravines  and  north  of  the  highway  to 

Manlius,  4  miles  east  of  Jamesville,  in  the  cliffs  at  the  White  lakes 

and  the  Green  lake,  in  the  Alvord  quarry  south  of  Jamesville,  in 

the  highway  near  the  Reservation  quarry  and  in  ledges  northward 

on  the  east  side  to  the  jamesville  road.  On  the  west  side  opposite 

Onondaga  Castle  it  is  shown  in  a  prominent  ledge  near  the  highway 

and  extends  for  about  V2  mile,  the  rock  here  being  a  clean  sandstone. 

Many  loose  blocks  are  scattered  along  the  side  of  the  valley  north- 
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ward.  In  the  Solvay  salt  wells  in  Tully  valley  the  Oriskany  sand- 
stone was  found  to  be  15  to  1 8  feet  thick  and  it  is  18  feet  thick  at  the 

Corrigan  quarry  on  the  Skaneateles  outlet.  East  and  west  of  this 

area  the  rock  thickens  and  thins,  sometimes  entirely  disappearing 

from  the  succession  as  at  Split  Rock  quarry  where  it  appears  at  one 

end  of  the  quarry  and  is  absent  at  the  other.  This  succession  of 

lentils  begins  in  the  eastern  part  of  the  State  and  gradually  disap- 
pears westward  and  from  Ontario  county  to  Lake  Erie  it  is  simply  a 

thin  continuous  mantle  of  sand,  sometimes  quartzitic,  which  has  evi- 
dently been  washed  from  a  shelving  and  eroded  shore  extending  as 

far  as  Buffalo. 

The  fossils  of  this  rock  are  those  found  more  abundantly  in  the 

better  development  of  the  sandstone  as  at  Oriskany  Falls  and  Yaw- 

gers  woods.  Union  Springs.  Spirifer  arenosus  is  common 

as  well  as  Leptaena  ventricosa,  Hipparionyx 

proximus,  M  e  r  i  s  t  e  1 1  a  lata  and  a  few  other  forms. 

Rensselaeria  ovoides,  one  of  the  index  fossils  of  the 

horizon,  is  rare  in  this  vicinity. 

Onondaga  limestone 

This  important  limestone  formation  attains  a  thickness  of  65  to  70 

feet,  increasing  slightly  from  east  to  west.  It  is  a  series  of  light 

bluish  gray,  glistening,  semicrystalhne  limestone  strata  in  even  con- 
tinuous layers  from  1  inch  to  2  feet,  6  inches  in  thickness,  separated 

by  thin  seams  of  dark  calcareous  shales.  Many  of  these  layers  are 

highly  pure  limestones  but  others  ndt  confined  to  any  particular 

horizon  are  shaly  and  more  or  less  impure.  Flattened  nodules  of 

dark  blue  or  black  chert,  sometimes  in  continuous  sheets,  occur 

unevenly  distributed  throughout  the  entire  mass,  though  most  com- 

mon in  the  upper  part.  In  the  region  west  of  the  area  under  con- 
sideration the  lower  beds  of  this  limestone  are  usually  comparatively 

free  of  chert  and  are  highly  abundant  in  corals,  these  corals  having 

formed  very  extensive  reefs  along  the  shore  of  the  ancient  continent, 

but  this  is  a  characteristic  not  continuous  throughout  the  sections 

of  the  formation  in  the  State  and  from  here  eastward  the  lower 

layers  contain  considerable  amounts  of  chert,  rather  uniformly  dis- 

tributed through  the  entire  mass  of  the  limestones.    Formerly  the 
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term  Onondaga  limestone  was  applied  to  the  lower  and  purer  layers 

and  the  name  Corniferous  limestone  attached  to  the  chert-bearing 

upper  deposits,  but  this  distinction,  while  an  important  one  locally, 

has  given  way  to  the  application  of  the  term  Onondaga  to  the  entire 
formation. 

Outcrops  of  the  Onondaga  limestone  are  frequent  in  the  vicinity 

of  the  road  leading  from  Jamesville  to  Mahlius.  A  large  quarry  on 

the  east  side  of  the  Jamesville  reservoir^  in  this  rock  and  there  are 

large  exposures  of  it  along  the  creek  above  the  Alvord  quarry  south 

of  Jamesville;  also  on  the  road  from  Jamesville  to  East  Onondaga 

and  along  the  east  side  of  the  Onondaga  valley  in  the  Reservation 

and  other  quarries.  Near  the  highway  south  of  Indian  Village  and 

along  the  west  branch,  of  Onondaga  creek  to  3  miles  northwest  of 

South  Onondaga  it  is  also  well  seen. 

Fossils  are  everywhere  abundant  but  not  always  easy  to  extract. 

The  species  which  the  observer  may  expect  to  find  are  those  of  the 

formation  generally  and  therefore  the  student  is  referred  to  such 

lists  of  these  fossils  and  detailed  descriptions  of  them  as  have  been 

given  in  other  publications  on  this  subject.  The  most  common  how- 
ever are  the  following :  A  try  pa  reticularis,  Leptaena 

rhomboidalis,  Strop  heodonta  con  cava,  S.  i  n  - 

aequistriata,  Spirifer  acuminatus,  S.  divari- 
catus,  and  some  other  brachiopods ;  the  cephalopods 

Cyrtoceras  undulatum,  Gyroceras  trivolve; 

the  trilobites  O  d  o  n  t  o  c  e  p  h  a  1  u  s  s  e  1  e  11  u  r  u  s  and  P  h  a  - 

cops  cristata  var.  p  i  p  a  ;  large  crinoid  columns  are  also 
common  at  some  horizons. 

•   Marcellus  shale 

Including  the  Agoniatites  limestone 

The  term  Marcellus  shale  has  been  generally  applied  heretofore  to 

the  entire  series  of  black,  blue  black  and  blue  gray  shales  lying 

above  the  Onondaga  limestone  and  the  presumptive  base  of  the 
Hamilton  series  of  shales  and  limestones.  The  distinction  between 

this  formation  and  the  shale  formation  of  the  Hamilton  has  always 

been  a  matter  of  pure  convention  as  one  mass  passes  into  the  other 

with  very  gradual  change  in  color  and  equally  gradual  change  in 
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the  fauna.  On  behalf  of  a  more  exact  basis  for  correlation  we  have 

already  proposed  to  restrict  the  term  Marcellus  shale  to  that  part 

of  the  series  best  exposed  in  the  hill  at  Marcellus  village.1  This  is 
the  lower  portion  of  the  mass  and  is  well  defined.  At  the  base  the 

rock  is  a  dark  gray,  somewhat  calcareous  and  bituminous  shale  with 

very  thin  layers  of  impure  limestone.  It  gradually  becomes  less  cal- 
careous and  a  deeper  black  for  a  distance  of  13  feet.  Here  appears 

a  stratum  of  hard  bituminous  limestone  2  feet  and  6  inches  in  thick- 

ness and  this  has  been  generally  known  as  the  Goniatite  limestone 

but  which  for  precision  of  expression  is  better  termed  the  Agonia- 

tites  limestone  on  account  of  the  prevalence  of  the  species  Agonia- 

tites  ex  p  anus  Vanuxem.  This  layer  is  a  lentil  in  the  Mar- 
cellus shales  though  one  of  wide  extent.  Both  below  and  above 

the  Agoniatites  limestone  the  shales  are  densely  black  and  bitumi- 
nous to  the  top  of  the  formation.  In  the  upper  layers  are  occasional 

thin  leaves  of  limestone  and  also  rows  of  symmetrical  subspherical 

concretions  from  a  few  inches  to  2  feet  in  diameter.  At  the  top  this 

shale  mass  gradually  becomes  more  argillaceous  and  lighter  colored 

and  on  the  map  the  line  of  separation  from  the  succeeding  formation 

indicates  the  horizon  at  which  the  black  shale  no  longer  constitutes 

the  larger  proportion  of  the  rock.  The  thickness  of  the  entire  mass  is 
100  feet. 

These  Marcellus  shales  are.  not  well  exposed  in  their  entirety  any- 

where on  this  quadrangle  though  a  small  ravine  on  the  west  side  of 

Onondaga  Valley  1  mile  south  of  the  north  line  of  the  map  shows 

the  base  of  the  section  at  760  feet  A.  T. ;  also  the  Agoniatites  lime- 

stone and  a  part  of  the  upper  black  shales  above.  The  limestone 

outcrops  in  the  Manlius  road  2  miles  east  of  Jamesville  and  the  black 

shales  on  the  east  slope  of  the  same  hill.  There  is  a  small  outcrop 
of  the  limestone  on  the  brook  that  crosses  this  road  at  the  next 

four  corners  about  20  rods  above  the  road.  The  limestone  forms 

the  crest  of  a  small  cascade  40  rods  south  of  the  Manlius  road  in 

Gifford's  glen,  a  small  ravine  near  the  schoolhouse  of  district  no.  8, 
in  the  southwest  corner  of  the  town  of  Manlius,  and  }i  mile  within 

the  east  line  of  this  quadrangle.    The  limestone  here  is  in  three 

*N.  Y.  State  Mns.  Bui.  63.  P.T4. 
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layers,  the  lower  one  i  foot,  the  second  I  foot,  2  inches  and  the 

upper  6  inches  thick  and  is  exposed  for  a  short  distance  in  the  sides 

of  the  ravine,  where  it  contains  the  interesting  fauna  of  the  stratum 

in  excellent  preservation.  It  is  again  seen  on  the  highway  on  the 

west  branch  of  Onondaga  creek  near  the  west  line  of  the  quadrangle, 

together  with  a  small  exposure  of  black  shale.  The  lower  black 

shales  are  exposed  just  above  the  forks  of  the  creek  1  mile  south- 

east from  Indian  Village,  and  the  upper  part  of  the  formation  in 

the  highway  and  cliff  on  the  east  side  of  Onondaga  creek  near  the 
south  line  of  the  Indian  Reservation. 

This  Agoniatites  limestone  can  not  be  traced  very  far  to  the  east 

but  westward  it  is  continuous  to  Union  Springs,  Cayuga  co.  and 

Phelps,  Ontario  co.,  where  it  loses  its  individuality.  In  the  black 

shales  fossils  are  rare  except  at  the  base  of  the  formation  where 

Liorhynchus  1  i  m  i  t  a  r  i  s  is  very  abundant  and  sometimes 

produces  calcareous  lenses.  With  it  are  associated  O  r  b  i  c  u  - 

loidea  minuta,  Chonetes  mucronatus,  Actinop- 

teria  muricata,  Pterochaenia  fragilis,  Stylio- 
lina  fissurella,  O.rthoceras  s  11  b  11  latum  and  a  few 

other  species,  all  of  which  are  of  tenuous  shell  and  rather  diminutive 

size,  indicating  the  deterrent  effect  on  growth  of  the  conditions  in 

which  the  fauna  was  involved.  Occasional  remains  representing  the 
arthrodirous  fishes  have  been  found. 

The  Agoniatites  limestone  is  more  prolific  in  species  which  are  in 

large  part  peculiar  to  it  and  are  often  finely  preserved,  specially  im- 
portant and  significant  here  being  the  assemblage  of  cephalopods. 

The  species  which  one  may  expect  from  this  rock  are  as  follows: 

Mesothyra? 
Proetus  haldemanni  Hall 
Cyrtoceras  alternatum  Hall 
C.  liratum  Conrad 
Gomphoceras  conradi  Hall 
G.  fischeri  Hall 
G.  ovi forme  Hall 
G.  solidum  Hall 
Nephriticeras  bucinum  Hall 
Nautilus  liratus  Hall 
Discites  marcellensis  Vanuxcm 
Parodiccras  discoideum  Conrad 

Agoniatites  expansns  Vanuxcm 
Thoracoceras  wilsoni  Clarke 
Orthoceras  aptum  Hall 
0.  marcellense  Vanuxcm 
O.  constrictum  Conrad 
Enomphalus  planodiscns  Hall 
Loxonema  delphicola  Hall 
Macrochilina  onondagensis  Clarke 
Lunulicardium  enrtum  Hall 
Panenka  vemtricosa  Hall 
Liorhynchus  limitaris  Hall 
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Cardiff  shale 

This  name  has  been  applied  to  the  upper  beds  commonly  embraced 
under  the  unrestricted  term  Marcellus  shales.  These  are  for  the 

most  part  blue  gray  shales  at  the  base,  being  soft  and  argillaceous 

with  frequent  layers  of  darker  shale.  Ascending,  the  mass  becomes 

lighter  in  color  and  near  the  top  are  some  layers  which,  on  exposure, 

become  very  light  gray  and  the  darker  layers  are  thin  and  less  fre- 
quent. Toward  the  top  are  occasional  thin  calcareous  layers  and 

small  concretions.  This  division  maintains  its  general  character  to 
the  east  and  also  westward  but  in  the  latter  direction  becomes 

thinner.   The  thickness  of  this  mass  is  about  175  feet. 

Exposures  are  found  in  two  ravines  on  the  east  side  of  Onondaga 

valley,  iT/$  and  iJ/2  miles  north  of  Cardiff,  at  the  salt  well  1  mile 
south  of  Cardiff,  at  the  mouth  of  the  Bear  mountain  ravine  2V2  miles 

southwest  and  also  along  the  dugway  road  leading  to  Maple  Grove 

3  miles  northwest;  likewise  in  the  ravine  1  mile  south  of  South 

Onondaga;  1  mile  southeast  from  Indian  Village;  iy2  and  2  miles 

southeast  from  Jamesville.  The  contact  with  the  succeeding 
division  is  best  shown  near  the  mouth  of  Bear  mountain  ravine. 

The  fossils  of  this  rock  are  of  infrequent  occurrence  and  poor  in 

preservation.  Toward  the  top  are  found  impressions  ofParodic- 

e  r  a  s  discoideum,  Bactrites  and  Orthoceras  and  some  thin 

layers  contain  Strophalosia  truncata  with  Liorhyn- 

chus  limitaris  and  L.  m  ulticostata  in  large  numbers. 

L.  limitaris  is  by  far  the  most  abundant  species  here  as  it  is  of 
the  darker  shales  below  and  the  horizon  at  which  it  ceases  to  be 

common  and  where  new  forms  not  seen  below  appear,  is  taken  as 

the  upper  limit  of  the  formation. 

Skaneateles  shale 

The  term  Hamilton  group  as  it  has  been  employed  in  the  New 

York  nomenclature  has  been  subject  to  misuse.  The  term  was 

originally  used  by  Yanuxem  in  the  form  "  Hamilton  group  "  to  de- 
scribe certain  beds  of  sandy  and  argillaceous  shales  typically  exposed 

at  West  Hamilton,  Madison  co.  Strictly  speaking,  the  only  proper 

application  of  the  term  is  to  these  beds  and  their  stratigraphic  equiva- 
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lent.  Subsequently  the  formations,  which  were  termed  by  Vanuxem 

and  Hall  Skaneateles  shale,  Olive  shale,  Ludlowville  shale,  Encrinal 

limestone  and  Moscow  shale,  were. grouped  together  under  the  name 

Hamilton  group  and  by  James  D.  Dana  Hamilton  group  was  made 

to  include  the  Marcellus  shale,  Hamilton  shale  and  Tully  limestone. 

YYe  now  find  ourselves  compelled  to  fall  back  on  the  original  nomen- 

clature of  the  units,  and  the  term  Skaneateles  shale  is  here  applied 

to  that  bed  of  strata  for  which  the  name  was  originally  used  by 

Vanuxem.  These  rocks  have  a  thickness  of  335  feet  in  this  quad- 
rangle, decreasing  toward  the  west.  They  are  at  the  base  for  20  feet 

soft  blue  shales  in  which  fossils  are  much  more  abundant  than  in 

beds  of  somewhat  similar  aspect  constituting  the  Cardiff  shale  be- 

low. In  the  Onondaga  valley  these  are  overlain  by  a  compact  blue 

limestone  about  1  foot  thick  which,  in  the  Bear  mountain  and  other 

ravines,  produces  a  cascade.  Above  these  limestones  the  shales  are 

sometimes  light  bluish  gray  but  mostly  quite  dark  and  very  soft. 

Small  concretions  are  abundant  in  the  lower  part  of  the  beds  both 

above  and  below  the  limestone.  Near  the  top  of  the  shales  there  are 

occasional  thin  lentils  of  limestone  composed  of  masses  of  fossils. 

The  most  favorable  exposure  of  these  beds  is  that  in  the  Bear 

mountain  ravine  1  mile  west  of  Tully  Valley  where  the  entire  sec- 
tion of  this  division  is  exposed.  Others  in  the  Onondaga  valley  are 

in  the  ravine  at  Tully  Valley ;  that  east  of  Cardiff ;  that  1  mile  south 

of  South  Onondaga  and  the  Joshua  ravine  1  mile  farther  west.  In 

the  Butternut  creek  valley  along  the  Delaware,  Lackawanna  &  West- 
ern Railroad  in  the  vicinity  of  Onativia  and  northward  and  also 

in  the  lower  part  of  the  Conklin's  falls  ravine  and  several  others  on 
the  east  side  of  the  valley  to  the  Jamesville-Pompey  Hill  road,  there 
are  additional  outcrops  ;  and  the  shales  are  also  to  be  seen  on  the 

north  slope  of  Pompey  hill,        to  5  miles  southeast  of  Jamesville. 
The  shales  at  the  base  of  the  formation  and  the  limestone  contain 

many  brachiopods,  specially  Spirifer,  Productella  and  Liorhynchus 

and  some  cyathophylloid  corals.  In  the  upper  soft  shales  the  brachio- 
pods, lamellibranchs,  Pleurotomarias,  goniatites,  trilobites  and 

crinoids  characteristic  of  the  1  lamilton  fauna  are  distributed  un- 

evenly throughout  the  beds  but  nowhere  in  large  numbers. 



GEOLOGIC  MAP  OF  THE  TULLY  QUADRANGLE 

47 

Ludlowville  shale 

A  large  part  of  this  division  consists  of  beds  of  sandy  olive  shale 

and  laminated  sandstones  which  appear  on  the  sides  of  the  Onon- 

daga valley  south  of  Cardiff  as  escarpments  or  terraces.  There  are 

alternations  of  soft  dark  shales  like  the  Skaneateles  beds  but  the 

sedimentation  taken  as  a  whole  is  much  coarser  than  in  that  division 

or  in  the  horizon  of  the  typical  Ludlowville  shales  on  Cayuga  lake 

and  westward.  The  thickness  of  the  mass  is  350  feet  at  its  maximum, 

thinning  toward  the  west.  The  upper  limit  is  marked  by  an  uneven 

layer  of  hard  bluish  encrinal  limestone  at  some  exposures  quite  com- 
pact and  about  1  foot  thick  but  at  others  in  the  eastern  part  of  the 

quadrangle  concretionary  or  coarsely  nodular.  It  is  continuous  to- 

ward the  west,  appearing  in  the  cliffs  along  Cayuga  lake  south  of 

Aurora  and  in  Ontario  county.  The  entire  section  is  exposed  in  the 

Fellows  falls  ravine  but  is  not  accessible  except  at  times  of  low 

water.  There  are  many  escarpments,  ledges,  field  outcrops  and 

ravines  on  both  sides  of  the  Onondaga  valley  south  of  Cardiff  that 

afford  favorable  exposures  of  all  parts  of  the  formation.  There  are 

extensive  outcrops  Y\  mile  northeast  of  the  village  of  Lafayette,  and 

2  miles  north  and  northeast  of  the  village  of  Pompey ;  also  along* 

the  highway  on  the  hillside  il/>  miles  northeast  of  Apulia  station; 
and  the  terminal  limestone  with  the  underlying  shales  may  be  seen 

in  the  bed  of  the  small  stream  that  crosses,  1  mile  from  the  corner, 

the  road  leading  north  from  the  Apulia- Fabius  highway  3  miles  east 
of  Apulia  station.  This  limestone  is  also  seen  in  the  road  leading 

north  on  the  east  side  of  Kingsley  hill;  1%  miles  west  of  Maple 

Grove,  in  the  town  of  Otisco.  The  sandy  layers  arc  exposed  at  the 

mouth  of  Bucktail  ravine  at  Spafford  valley  and  in  an  escarpment 

on  the  east  side  of  .the  Otisco  valley. 

These  rocks  are  the  most  profusely  fossiliferous  of  any  in  the 

quadrangle  and  some  of  their  localities  and  specially  the  exposure 

in  the  ravine  at  Pratts  falls  just  to  the  east  of  the  quadrangle,  have 

furnished  extensive  collections  for  many  years,  for  paleontologic 

study.  The  series  of  species  is  not  an  extensive  one  but  the  pre- 

dominating forms  are  the  lamellibranchs  and  brachiopods.  Beds  of 

cyathophylloid  or  so  called  staghorn  corals  are  found  in  it,  an  ex- 
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tensive  one  being  exposed  in  the  Fellows  falls  ravine  3  miles  west  of 

Tully.  Here  also  occurs  with  some  frequency  the  large  trilobite 

Homalonotus  dekayi  which  is  very  rare  in  more  westerly 

outcrops  but  even  more  abundant  in  Madison  county.  The  composi- 

tion of  the  fauna  as  a  whole  is  interesting  in  the  extreme  and  no 

more  favorable  collecting  ground  could  be  indicated  to  the  student 

of  fossils  than  the  several  outcrops  of  this  formation. 

Moscow  shale 

In  western  New  York  there  lies  between  the  Ludlowville  and 

Moscow  shales  a  limestone  which  has  usually  been  termed  the  En- 
crinal  limestone  though  it  is  now  recognized  that  this  name  was 

applied  by  the  early  geologists  and  has  been  since,  to  limestones 

lying  at  different  horizons.  This  dividing  limestone  is  now  known 

as  the  Tichenor  and  if  there  is  any  representative  of  it  so  far  to  the 

east  as  this,  it  may  be  the  summit  layer  we  have  just  considered 

under  the  foregoing  caption.  The  Moscow  shales  are  a  soft 

dark  gray  argillaceous  mass  that  weather  to  a  much  lighter  shade 
and  attain  a  thickness  of  180  feet.  There  is  but  little  lime  carbonate 

in  the  rocks,  represented  by  occasional  irregular  concretions  and  thin 
calcareous  lenses.  The  formation  as  a  whole  is  somewhat  darker 

and  less  calcareous  and  also  less  fossiliferous  than  in  its  extent 

westward.  The  upper  limit  of  the  formation  is  the  base  of  the 

Tully  limestone. 

These  rocks  are  seen  in  the  Bucktail  ravine  at  Spafford  valley  and 

in  the  ravines  and  field  outcrops  on  the  east  side  of  the  Otisco  valley ; 

along  the  highway  at  the  foot  of  the  escarpment  on  the  Tully  road, 

1  y2  miles  southeast  of  Vesper ;  along  the  dugway  road  leading  north 

from  Tully  Center ;  in  a  ravine  1  mile  northeast  of  Tully ;  along  the 

highway  and  hillside  1^2  miles  north  from  Tully  station;  along  the 

creek  and  on  the  hillside  3  miles  north  of  Apulia  station  and  at 
Tinkers  falls  in  the  town  of  Truxton. 

Fossils  are  on  the  whole  not  very  abundant  in  the  shales  but  the 

concretions  and  calcareous  lenses  contain  many  brachiopods  and 

small  lamellibranchs.  While  the  fauna  is  a  varied  and  compre- 
hensive one  it  is  less  profuse  and  less  well  preserved  than  that  of 

the  Ludlowville  shales,  from  which  it  differs  only  in  minor  respects. 
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Tully  limestone 

This  is  the  typical  region  of  this  interesting  formation,  and  here 

it  attains  almost  its  maximum  thickness.  The  formation  which  is  a 

very  important  bench  mark  in  the  Devonic  series  extends  from 

here  westward  to  within  y2  mile  of  the  eastern  shore  of  Canandaigua 

lake,  Ontario  co.  and  from  here  eastward  almost  to  the  village  of 

Smyrna,  Chenango  co.  The  formation  is  regarded  as  constituting 

the  basal  element  in  the  New  York  Upper  Devonic,  for  though  its 

species  are  largely  those  of  the  fauna  beneath  yet  there  are  new  ap- 

pearances which  give  to  it  the  distinctive  stamp  of  later  age.  On 

this  quadrangle  the  formation  in  Carr's  quarry,  2l/2  miles  west  of 
Tully  is  23  feet,  4  inches  thick,  in  10  layers,  varying  from  1  foot, 

3  inches  to  3  feet,  9  inches  in  thickness.  The  principal  part  of  the 

rock  is  fine  grained  blue  black  limestone  that  weathers  light  gray, 

very  hard  when  fresh  but  after  long  exposure  inclined  to  crum- 
ble into  a  mass  of  small  angular  fragments.  The  basal  layer  and 

others  higher  in  the  section  are  shaly  to  a  greater  or  less  degree.  In 

its  more  western  exposures  the  limestone  is  purer  and  the  layers 
thicker. 

The  best  exposures  afforded  on  this  quadrangle  arc  in  the  Buck- 

tail  ravine  above  Spafford  valley  and  il/2  miles  east  on  the  east  side 

of  the  Otisco  valley;  also  in  the  highway  over  Kingslev  hill,  il/2 
miles  west  of  Maple  Grove  and  on  Bear  mountain  mile  southeast 

of  Maple  Grove.  This  limestone  is  seen  in  the  ravine  1  mile  south- 

east of  Vesper  and  in  the  escarpment  near  the  highway  from  that 

point  for  ij/2  miles,  including  Carr's  quarry.  It  is  exposed  in  the 
highway  leading  east  up  the  hill  on  the  south  side  of  the  ravine  on 

the  east  side  of  the  valley  y/2  miles  south  of  Tully ;  also  in  the  high- 

way and  in  Ousby's  quarry  1  mile  southeast  of  Tully ;  in  the  ravine 
1  mile  northeast  of  Tully ;  at  Tinkers  falls ;  in  the  highway  on  the 

north  side  of  Shackham  brook  and  3  miles  farther  north  in  the  same 

valley ;  near  the  top  of  the  hill  1  mile  southeast  from  Berwyn  and 

at  the  top  of  the  hill  iy2  miles  from  that  point  toward  the  southeast; 

and  there  are  several  small  exposures  along  the  northern  face  of 

South  mountain  and  the  hill  east  of  Tully. 
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The  characteristic  fossils  of  the  fauna  of  this  limestone  are  the 

trilobite  Bronteus  t  u  1 1  i  u  s  and  the  brachiopods  Hypo- 

thyris  cuboides  and  S  c  h  i  z  o  p  h  o  r  i  a  t.ulliensis, 

all  of  which  serve  to  indicate  definite  progress  in  time  over  the 

immediately  preceding  fauna.  As  before  stated  the  other  species  of 

the  fauna  are  essentially  those  of  the  shales  beneath  and  amongst 

them  S  p  i  r  i  f  e  r  t  u  1 1  i  u  s  ,  S.  s  u  b  u  m  b  o  n  a  ,  A  t  r  y  p  a 

spinosa,  Camarotoechia  congregata,  Chonetes 

aurora  and  other  brachiopods  occur,  and  together  with  them 

masses  of  cyathophylloid  corals  and  some  large  orthoceratites. 

Genesee  shale 

In  the  original  section  of  these  rocks  on  the  Genesee  river  it  has 

been  found  important  to  divide  the  formation,  restricting  the  term 

Genesee  to  the  more  densely  bituminous  beds  at  the  base.  This  is  a 

subdivision  which  applies  wherever  the  formation  is  well  developed 

and  hence  throughout  the  region  of  western  New  York.  To  the 

upper  division  we  have  given  the  name  West  River  shale.  In  Onon- 

daga county  however  and  eastward  to  the  disappearance  of  these 

beds  in  Chenango  county  no  such  subdivision  seems  practicable  at 

present.  Hence  we  include  under  the  term  Genesee  shale  all  these 

dark  or  black  bituminous  slaty  shales  appearing  at  this  horizon 

through  a  thickness  of  75  feet.  In  the  upper  part  there  are  thin 

bands  of  gray  shales  becoming  more  frequent  and  thicker  toward 

the  top  and  these  give  the  beds  a  noticeable  banded  structure.  The 

horizon  at  which  the  sandy  beds  begin  to  predominate  is  taken  as 

the  upper  limit  of  the  formation. 

The  Genesee  shale  is  seen  in  exposures  above  the  cascade  in  the 

Bucktail  ravine  and  in  a  general  way  wherever  the  upper  surface  of 

the  Tully  limestone  .is  presented.  It  is  also  exposed  in  the  upper 

part  of  the  ravine  I  mile  east  of  Vesper ;  in  that  3  miles  west  of 

Tully ;  south  of  Carr's  quarry  ;  in  the  Ousby  ravine  1  mile  southeast 
of  Tully;  above  the  cascade  in  Tinkers  falls  ravine  and  there  are 

several  slighter  outcrops  in  ravines  on  the  north  slope  of  South 
mountain. 
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In  respect  to  fossil  remains  the  formation  is  extremely  barren. 

Plant  remains  are  not  uncommon  in  the  black  shales  and  occasional 

fish  plates  are  also  found  here,  but  though  in  its  westward  extent  the 

rock  carries  a  number  of  species  of  lamellibranchs,  brachiopods  and 

cephalopods,  these  are  apparently  for  the  most  part  absent  here. 

Sherburne  flags 

This  term  was  introduced  by  Vanuxem  in  1840  for  the  arenaceous 

deposits  next  succeeding  the  Black  or  Genesee  shale.  On  this  quad- 
rangle the  division  attains  a  thickness  of  210  feet  and  at  the  bottom 

consists  of  soft  gray  shales  with  thin  layers  of  interstratified  dark 

shale  and  thin  flags.  An  uneven  layer  of  bluish  sandstone  1  to  2  feet 

thick  occurs  25  feet  above  the  top  of  the  Genesee  and  is  overlain  by 

6  to  8  feet  of  sandstone  layers  separated  by  gray  shale;  a  bed  8  feet 

thick  of  gray  and  olive  shale  next  above  is  overlain  by  a  compact  12 

inch  sandstone.  The  remainder  of  the  formation  is  composed  of 

hard  gray  shales  and  thin  sandstones,  the  latter  becoming  more  fre- 
quent and  heavier  toward  the  top.  These  rocks  are  exposed  in  their 

lower  part  at  the  falls  in  the  ravine  1  mile  southeast  of  Vesper  and 

the  upper  beds  are  exposed  in  the  upper  part  of  the  ravine  1  mile 

south  of  Carr's  quarry  west  of  Mud  lake.  The  rocks  are  also  seen 
along  the  road  leading  east  on  the  south  side  of  the  large  gully  3 

miles  south  of  Tully  and  in  the  ravine  and  by  the  roadside  east  of 

Ousby's  old  quarry  and  in  King's  gulf  y2  mile  south  of  Ousby's. 
Also  in  an  old  quarry  on  the  west  side  near  the  head  of  Shackham 

brook  and  in  many  outcrops  along  the  north  slope  of  Labrador  hill 
and  South  mountain. 

Fossils  are  of  very  rare  occurrence  in  this  formation.  In  a  thick 

layer  of  sandstone,  115  feet  above  the  base  and  exposed  in  King's 
gulf,  was  found  a  mass  of  Cladochonus  and  a  few  specimens  of 

S  p  i  r  i  f  e  r  m  esacostalis,  Buchiola  speciosa, 

Tornoceras  u  n  i  a  n  g  u  1  a  r  e  ,  fragments  resembling  M  a  n  - 
ticoceras  pattersoni,  together  with  Palaeoneilo  and 
crinoid  stems.  Spirophyton  and  some  plant  remains  have  also  been 
found  and  some  of  these  species  indicate  the  feeble  extension  of  the 

Intumescens  or  Naples  fauna  eastward.    The  Sherburne  flagstones 
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are  stratigraphically  in  the  position  of  the  beds  of  western  New  York 

(Cashaqua  shale)  which  carry  the  peculiar  Intumescens  fauna  in 

its  highest  development  and  to  the  exclusion  of  the  brachiopod  fauna 
of  central  New  York. 

Ithaca  flags  and  sandstone 

Next  in  succession  and  at  the  top  of  the  rock  series  in  this  area 

are  blue  gray  or  olive  shales,  flags  and  sandstones,  the  latter  some- 

times being  highly  calcareous  owing  to  the  mass  of  fossils  they 
contain. 

These  rocks  constitute  the  upper  portions  of  the  high  hills  in  the 

southern  part  of  the  quadrangle  for  a  thickness  of  450  feet  and  ex- 
posures of  them  are  hence  to  be  sought  in  this  elevated  country. 

They  may  be  seen  in  the  south  branch  of  the  small  gully  that  leads 

west  near  the  north  end  of  Song  lake  and  also  along  the  highway 

on  the  south  side  of  the  ravine  3  miles  south  of  Tully  and  1  mile  east 

of  the  foot  of  the  hill :  also  along  the  road  over  the  hill,  2  miles  south- 
east of  Tully. 

The  formation  contains  fossils  scattered  through  thin  layers  usu- 

ally separated  by  masses  of  barren  measures.  Species  have,  in  a 

very  noticeable  degree,  similarity  with  those  of  the  Ludlowville  and 

Skaneateles  shales  but  toward  the  upper  part  of  the  formation  which 

is-  not  here  completely  represented,  noteworthy  diversities  are  ob- 
servable. The  student  of  these  fossils  will  do  well  to  compare  them 

first  with  care  with  the  species  from  the  formations  cited  which  have 

been  described  in  detail  in  the  volumes  of  the  Palaeontology  of  New 

York  and  then  by  reference  to  lists  of  Ithaca  fossils  which  have  been 

published  on  different  occasions  to  determine  the  degree  of  variation 

presented  by  the  fossils  from  the  predecessors  in  the  earlier  faunas. 

One  may  expect  to  find  brachiopods  and  lamellibranchs  specially 

abundant  and  more  occasionally  gastropods,  corals  and  some  crin- 
oids.  The  species  obtainable  from  these  rocks  are  indicated  in  lists 

given  in  reports  of  the  state  geologist  for  1894  and  1895,  and  spe- 
cially in  that  subjoined  in  the  paper  immediately  following  this. 



ITHACA  FAUNA  OF  CENTRAL  NEW  YORK 

BY  JOHN  M.  CLARKE 

In  connection  with  the  studies  recently  made  and  published  of  the 

western  New  York  fauna  of  Portage  time  and  with  the  publication 

of  the  Tully,  Watkins  and  Elmira  maps  whereupon  the  Ithaca  forma- 
tion is  extensively  represented,  a  more  complete  statement  than  has 

heretofore  been  made  of  the  complexion  of  the  true  Ithaca  fauna  be- 

comes of  special  interest.  The  relations  of  this  fauna  to  contempo- 
raneous faunas  east  and  west  have  been  frequently  stated  by  the 

writer.    Briefly  recapitulated  they  are  thus : 

Portage  time  and  sedimentation  in  New  York  involved  very 

marked  geographic  distinctions;  at  the  east  was,  during  its  earliest 

stage,  a  marine  fauna  quickly  followed  by  a  lagoon  deposition  known 

as  the  Oneonta  sandstone.  Continuous  with  these  beds  through 

Chenango,  Cortland  and  Tompkins  counties  are  the  true  Ithaca  beds 

carrying  the  littoral  marine  fauna  here  set  forth;  these  beds  being 

interleaved  with  the  Oneonta  deposits  eastward  and  the  true  Portage 

or  Naples  beds  westward.  The  latter  contain  an  invading  and  deeper 

water  fauna  having  nothing  in  common  with  that  of  the  Ithaca  beds 

and  its  composition  has  been  set  forth  in  detail  in  the  16th  Annual 

Report  of  the  Neiv  York  State  Geologist  and  Museum  Memoir  6. 

Till  10  or  12  years  ago  a  singular  and  deplorable  misapprehension 

of  the  significance  of  the  Ithaca  fauna  prevailed  and  was  inadver- 

tently countenanced  in  some  of  the  volumes  of  the  Palaeontology  of 

Nezv  York.  Its  fossils,  lying  well  above  the  horizon  of  the  Hamilton 

shales  of  central  New  York  were  in  many  instances  described  as  of 

the  Hamilton  fauna,  and  it  is  to  the  work  of  Prof.  C.  S.  Prosser  that 

we  owe  the  first  rectification  of  these  errors  and  the  return  to 

Vanuxem's  original  conception  of  the  place  of  the  Ithaca  fauna. 
Subsequently  Prof.  Prosser  and  the  writer  at  first  together  and 

afterward  independently  further  exploited  these  rocks,  the  former 

more  specially  east  of  the  Chenango  river  and  the  latter  westward 

therefrom.  Both  have  incorporated,  in  the  several  descriptive  ac- 

counts published  by  them  in  the  reports  of  the  state  geologist,  lists 
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of  the  species  found  by  them  at  the  various  horizons  in  the  rocks 

throughout  the  regions  mentioned,  which  virtually  cover  the  extent 
of  the  formation. 

The  material  on  which  the  identifications  here  following  are  based 

does  not  include  or  have  reference  to  that  collected  either  by  Pro- 

fessor Prosser  or  the  writer.  Some  uncertainties  having  arisen  as  to 

the  exactitude  of  identifications  and  comparisons  and  also  with  ref- 

erence to  the  precise  horizon  of  some  species,  collecting  operations 

were  begun  dc  novo  in  1900  in  this  territory  by  Mr  Luther  and  the 

following  localities  are  those  from  which  material  was  then  acquired. 

The  suite  of  fossils  obtained  was  very  extensive  and  much  of  it  the 

best  in  quality  that  the  rocks  have  afforded. 

It  has  been  well  recognized  and  often  referred  to  in  the  pub- 
lished papers  of  Professor  Prosser  and  the  writer  that  this  fauna 

is  at  first  a  repetitive  occurrence  of  the  Hamilton  fauna  beneath, 

shades  of  difference  in  the  species  above  and  below  the  horizon 

of  the  Tully  limestone  and  Genesee  shale  and  Sherburne  sand- 

stone being  at  first  absent  or  obscure,  but  becoming  more  pronounced 

upward  in  the  series  and  accompanied  by  the  introduction  of  species 

alien  to  the  fauna  below.  Broadly  it  may  be  said  that  the  fauna 

starting  at  the  base  of  the  Ithaca  sedimentation  is  essentially  Ham- 

ilton but  by  degrees,  by  the  addition  of  species  and  through  muta- 
tional and  profounder  variation  from  the  ancestral  species,  puts  on  a 

different  aspect  and  gradually  assumes  that  of  the  higher  or  Che- 
mung fauna.  The  constituents  of  the  fauna  as  here  tabulated  have 

been  made  up  with  the  greatest  care  and  extraordinary  precaution 

with  an  eye  keen  to  the  detection  of  departures  from  the  specific 

types. 

We  have  found  thus  far  no  good  basis  for  a  division  of  these  sedi- 

ments either  on  lithologic  or  faunal  characters,  hence,  for  conveni- 

ence in  indicating  the  relative  position  of  the  species,  have  indicated 

an  upper  and  lower  division  quite  perfunctorily,  taking  as  a  dividing 

line  the  middle  of  the  section  in  the  different  meridians.  The  dis- 

tinction in  elevation  is  noted  in  the  locality  numbers  following  the 

species  names,  the  higher  horizons  being  printed  in  heavier  figures. 

The  fauna  in  point  of  number  is  prevailingly  affiliated  to  that  of  the 



GEOLOGIC   MAP  OF  THE  TULLY  QUADRANGLE 55 

Hamilton  ( Ludlowville  and  Skaneateles  shales)  and  the  names  of  all 

species  antedating  the  close  of  the  Tully  limestone  stage  are  printed 
in  roman. 

LIST  OF  LOCALITIES  OF  ITHACA  FOSSILS 

The  numbers  are  those  of  the  museum  locality  record. 

2446  Ithaca  beds.    Norwich,  Chenango  co.    Sides  of  a  shallow  cut 

of  the  Delaware,  Lackawanna  &  Western  Railroad  ̂ 2  mile 

north  of  railroad  station ;  nearly  the  lowest  exposure  in  this 

vicinity;  about  15  feet  of  shales  and  soft  sandstones  poorly 

exposed.    D.  D.  Luther,  collector.  1900. 

2447  Ithaca  beds.    From  excavation  for  cellar,  near  former  blast 

furnace ;  40  rods  north  of  2446,  including  the  same  strata, 

and  a  few  feet  lower ;  exposure  in  all  about  25  feet.  Nor- 
wich.   D.  D.  Luther,  collector.  1900. 

2448  Ithaca  beds.    "  Breed's  ravine  ",  3  miles  south  of  Norwich  on 
west  side.  Exposure  of  15-20  feet  near  an  old  mill  dam,  ]/2 
mile  from  the  valley  road.  About  200  feet  below  Oneonta. 

D.  D.  Luther,  collector.  1900. 

2449  Ithaca  beds.    Three  small,  old  quarries  on  west  side  of  the 

valley  road  2  miles  south  of  Norwich.  (Clarke's  A)  Hori- 
zon near  middle  of  the  fossiliferous  Ithaca.  D.  D.  Luther, 

collector.  1900. 

2450  Ithaca  beds.    Old  quarry  on  hillside,  west  of  cemetery  1  mile 

south  of  Norwich;  about  150  feet  above  railroad  and  25-50 

feet  higher  than  2449.  Not  many  fossils  except  in  cal- 

careous lens  6  inches  thick,  20  feet  long,  that  contains  many 

large  specimens  of  Grammysia.  D.  D.  Luther,  collector. 

1900. 

2451  Ithaca  beds.    Along  the  bed  of  Canasawacta  creek  in  the 

village  of  Norwich;  about  same  horizon  as  2446  and  2447; 

10  feet  of  shales  and  thin  sandstones  exposed,  D.  D.  Luther, 

collector.  1900. 

2452  Ithaca  beds.    Old  quarry  by  side  of  road  leading  up  the  hill 

west  of  Norwich,  above  where  Preston  road  turns  north- 

ward. 250  feet  or  more  above  creek  bed.  D.  D.  Luther, 

collector.  1900. 
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2453  Ithaca  beds.    Dump  from  a  well,  above  the  corner  of  the 

Preston  road;  west  of  Norwich.  D.  D.  Luther,  collector. 

1900. 

2454  Ithaca  beds.    Vicinity  of  Brookin's  quarry,  on  Preston  road, 
1  mile  northwest  of  Norwich.  About  same  horizon  as  2450. 

D.  D.  Luther,  collector.  1900. 

2455  Ithaca  beds.    Small  ravine  near  Henry  Brown's,  ij4  miles 
southeast  of  Norwich.  Horizon  a  little  lower  than  2450. 

D.  D.  Luther,  collector.  1900. 

2456  Ithaca  beds.    Old  Wilkes's  or  Benedict  quarry,  4  miles  north 
of  Norwich  (2  miles  southwest  of  North  Norwich)  on  hill- 

side, west  side  of  valley.  250  feet  or  more  higher  than 

railroad  and  somewhat  above  the  lower  exposures  at  Nor- 

wich.   D.  D.  Luther,  collector.  1900. 

2457  Ithaca  beds.    Small  quarry  on  Snow  creek  on  east  side  of 

valley,  2  miles  southeast  of  Norwich.  Horizon  about  mid- 

dle (or  little  higher)  of  the  Ithaca.  D.  D.  Luther,  collector. 

1900. 

2458  Ithaca  beds.    Along  Ransford  creek,  in  the  vicinity  of  Ben- 

nett's quarry  (formerly  Mead's),  and  includes  exposure  in 
creek  bed;  about  same  horizon  as  2446,  2447  and  2451, 

making  with  the  quarry  50  feet.  The  exposure  is  directly 

cast  of  Norwich,  east  of  the  river ;  and  there  is  a  fair  section 

exposed  along  the  creek  to  the  waterworks  reservoir,  mak- 
ing 100  feet  or  more.    D.  D.  Luther,  collector.  1900. 

2460  Ithaca  beds.    1  mile  east  of  Norwich,  on  Ransford  creek  near 

Bennett's  quarry  (formerly  Mead's).  D.  D.  Luther,  col- 
lector. 1900. 

2461  Ithaca  beds.    Rock  cut  near  the  reservoir  on  Ransford  creek, 

il/2  miles  east  of  Norwich,  150-75  feet  higher  than  the 
railroad.    D.  D.  Luther,  collector.  1900. 

2462  Ithaca  beds.    Old  quarry  at  top  of  hill,  above  Wilkes's 
quarry ;  2  miles  west  of  Smyrna.  D.  D.  Luther,  collector. 

1900. 
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2463  Ithaca  beds.  Among  shaly  sandstones  that  look  like  Sher- 

burne. Bottom  of  small  valley  y2  mile  west  of  Upperville, 

Chenango  co.    D.  D.  Luther,  collector.  1900. 

2465  Ithaca  beds.    By  roadside  250  feet  above  Wilkes's  quarry, 
Smyrna.  Taken  out  of  gutter.  Top  of  Sherburne  ?  D.  D. 

Luther,  collector.  1900. 

2466  Ithaca  beds.    Old  quarry  on  west  side  of  Canasawacta  creek, 

iy2  miles  northwest  of  Norwich.  D.  D.  Luther,  collector. 

1900. 
2467  Ithaca  beds.    Crandall  quarry  on  side  hill,  south  of  Preston 

road,  iy2  miles  northwest  of  Norwich.  Top  of  fossiliferous 

Ithaca.    D.  D.  Luther,  collector,  1900. 

2468  Ithaca  beds.    Brookin's  quarry  on  Preston  road,  1  mile  north- 
west of  Norwich.    D.  D.  Luther,  collector.  1900. 

2469  Ithaca  beds.    Bed  of  Canasawacta  creek  in  western  part  of 

Norwich.    D.  D.  Luther,  collector.  1900. 

2470  Ithaca  beds.    Old  quarries  by  roadside  2  miles  south  of  Nor- 
wich, on  west  side  of  Oxford  road.  D.  D.  Luther,  collector. 

1900. 
2471  Ithaca  beds.    Ledge  on  side  hill,  1  mile  west  of  Noblesville, 

Otsego  co.;  on  west  side  150  feet  above  valley.  D.  D. 

Luther,  collector.  1900. 

2472  Ithaca  beds.    Small  outcrop  on  hillside  west  of  Noblesville, 

75  feet  above  bottom  of  valley.  D.  D.  Luther,  collector. 

1900. 

2473  Ithaca  beds.    Ravine  east  of  South  Otselic,  Chenango  co. 

About  200  feet  above  bottom  of  section.  D.  D.  Luther, 

collector.  1900. 

2474  Ithaca  beds.    Ravine  east  of  South  Otselic;  from  base  of 

exposed  section.    D.  D.  Luther,  collector.  1900. 

2475  Ithaca  beds.    Ravine  east  of  South  Otselic  100  feet  above 

bottom  of  section.    D.  D.  Luther,  collector.  1900. 

2476  Ithaca  beds.    The  Pitcher  mineral  springs  ravine,  il/2  miles 
north  of  Pitcher,  Chenango  co.  D.  D.  Luther,  collector. 

1900. 
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2477  Ithaca  beds.    Madison's  gulf,  1  mile  north  of  hotel,  South 
Otselic.  Horizon=upper  part  of  Sherburne  (  ?)  D.  D. 

Luther,  collector.  1900. 

2478  Ithaca  beds.    Pharsalia  Hook,  Chenango  co.    Small  ravine 

west  of  the  village.    D.  D.  Luther,  collector.  1900. 

2479  Ithaca  beds.    Hake's  ravine,  1  mile  north  of  Pitcher.    D.  D. 
Luther,  collector.  1900. 

2480  Ithaca  beds.    Burdick  settlement ;  ravine  1  mile  southeast  by 

road  to  South  Otselic.    D.  D.  Luther,  collector.  1900. 

2481  Ithaca  beds.    Ravine  from  Pitcher  mineral  springs  i1/?  miles 

north  of  Pitcher,  on  east  side  of  valley.  D.  D.  Luther,  col- 

lector. 1900. 

2482  Ithaca  beds.    Outcrop  on  hillside  1  mile  west  of  Noblesville 

(New  Lisbon).  In  Sherburne.  D.  D.  Luther,  collector. 

1900. 

2483  Ithaca  beds.    From  loose  block  by  side  of  road,  2  miles  west 

of  Morris,  Otsego  co.    D.  D.  Luther,  collector.  1900. 

2484  Ithaca  beds.    Ravine  1^2  miles  southwest  of  Morris;  west 

side  of  valley.    D.  D.  Luther,  collector.,  1900. 

2485  Ithaca  beds.    St  Mary's  falls,  3  miles  southwest  from  Morris. 
D.  D.  Luther,  collector.  1900. 

2486  Ithaca  beds.    Loose  in  highway,  1  mile  south  of  Noblesville. 

D.  D.  Luther,  collector.  1900. 

2487  Ithaca  beds.    Small  ravine  l/\  mile  east  of  Noblesville.  The 

layer  is  50-75  feet  higher  than  the  road.  D.  D.  Luther, 
collector.  1900. 

2488  Ithaca  beds.    Outcrop  in  highway  3  miles  west  of  Morris,  on 

the  road  to  New  Berlin.    D.  D.  Luther,  collector.  1900. 

2489  Ithaca  beds.    Small  ravine  on  east  side  of  valley,  1^2  miles 

southeast  of  Morris.    D.  D.  Luther,  collector.  1900. 

2490  Ithaca  beds.    Small  ravine  coming  down  from  the  south  on 

the  hill  3/2  mile  northeast  of  Noblesville.  Near  the  base  of 

Sherburne.    D.  D.  Luther,  collector.  1900. 

2491  Ithaca  beds.    McNetts  gulf,  Morris.   D.  D.  Luther,  collector. 

1900. 
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2492  Ithaca  beds.  '  Ravine  1  mile  northeast  of  Morris.    D.  D. 
Luther,  collector.  1900. 

2493  Ithaca  beds.    Field  outcrop  on  hillside  80  rods  southeast  from 

hotel  in  South  Otselic,  and  about  250  feet  above  bottom  of 

valley.  D.  D.  Luther,  collector.  1900. 

J2494    Ithaca.    Sherburne  sandstone.   Ravine  1  mile  east  of  Nobles- 
ville.  D.  D.  Luther,  collector.  1900. 

.2495    Ithaca.    Sherburne  sandstone.    Laurens,  Otsego  co. ;  small 

ravine  in  west  part  of  village.    D.  D.  Luther,  collector. 

1900. 
.2496    Ithaca  beds.    Messengerville,  Cortland  co. ;  along  railroad 

north  of  depot.    D.  D.  Luther,  collector.  1900. 

2497    Ithaca  beds.    Ravine  east  of  Marathon,  Cortland  co.  R.  Rue- 
demann,  collector.  1900. 

J2498    Ithaca  beds.    Along  creek  running  into  the  Otselic,  J/£  mile 

west  of  Cincinnatus,  Cortland  co.   R.  Ruedemann,  collector. 

1900. 
-2499  Ithaca  beds.  Marathon  ;  reservoir.  R.  Ruedemann,  collector. 

1900. 
.2500  Ithaca  beds.  Outcrop  along  first  southerly  brook  running 

into  Trout  creek ;  Cincinnatus.  R.  Ruedemann,  collector. 

1900. 
J2501  Ithaca  beds.  Outcrop  along  creek  running  along  Cortland 

road,  T/i  mile  west  of  Cincinnatus.  R.  Ruedemann,  col- 
lector. 1900. 

^2502  Ithaca  beds.  Messengerville.  Exposure  on  south  branch  of 

Virgil  creek,  100  feet  above  station.  D.  D.  Luther,  col- 
lector. 1900. 

2503  Ithaca  beds.  Messengerville.  Exposure  near  mouth  of  Vir- 

gil creek.    D.  D.  Luther,  collector.  1900. 

-2504    Ithaca  beds.    McGrawville,  Cortland  co.    Pritchard's  ravine. 
1  mile  east  of  the  village.  From  the  sandstone  in  the  middle 

of  the  section.    D.  D.  Luther,  collector.  1900. 

-2505  Ithaca  beds.  McGrawville.  Pritchard's  ravine,  1  mile  east 
of  the  village.  From  the  upper  section  of  the  gully,  150 

feet  above  lowest  exposure.    D.  D.  Luther,  collector.  1900. 
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2506  Ithaca  beds.    McGrawville.    Pritchard's'  ravine,  1  mile  east 
of  village.  From  lower  part  of  section.  D.  D.  Luther,  col- 

lector. 1900. 

2507  Ithaca  beds.    Cincinnatus.    A  small  outcrop  il/2  miles  south- 

west of  village,  by  side  of  railroad ;  80  feet  above  river- 

Fossils  of  any  kind  very  rare.  D.  D.  Luther,  collector. 

1900. 

2508  Ithaca  beds.    Marathon  ;  railroad  cut  near  station.  R.  Ruede- 

mann,  collector.  1900. 

2509  Ithaca  beds.    South  New  Berlin,  Chenango  co. ;  ravine  east 

of  village.  Horizon,  middle  and  lower  Ithaca.  Specimens 

from  upper  part  of  section.    D.  D.  Luther,  collector.  1900. 

2510  Ithaca  beds.    Ravine  west  of  White  Store,  Chenango  co.,  4 

miles  south  of  South  New  Berlin.  Lowest  exposure  (lower 

part  of  upper  Ithaca).    D.  D.  Luther,  collector.  1900. 

25 1 1  Ithaca  beds.    Buttermilk  falls  ravine  near  Phelps  crossing, 

3  miles  north  of  South  New  Berlin.  Base  of  Ithaca  at  top 

of  lower  falls.    D.  D.  Luther,  collector.  1900. 

2512  Ithaca  beds.    South  New  Berlin.     Same  as  25 11.     D.  D. 

Luther,  collector.  1900. 

2513  Ithaca  beds.    Killawog  creek  west  of  Killawog,  Broome  co. 

D.  D.  Luther  and  R.  Ruedemann,  collectors.  1900. 

2514  Ithaca  beds.    Pierce's  ravine,  2)A  miles  west  of  Lisle,  Broome 
co.    D.  D.  Luther  and  R.  Ruedemann,  collectors.  1900. 

2515  Ithaca  beds.    Small  quarry  1  mile  west  of  Lisle,  on  west  side 

of  valley.  D.  D.  Luther  and  R.  Ruedemann,  collectors. 

1900. 

2516  Ithaca  beds.    Rowlands  glen,  a  ravine  1  mile  west  of  Lisle 

station  opening  into  valley  of  Dudley  creek.  D.  D.  Luther, 

collector.  1900. 

2517  Ithaca  beds.    Killawog;  ravine  east  of  village.    R.  Ruede- 
mann, collector.  1900. 

2518  Ithaca  beds.    Harrison's  gulf,  Smithville  Flats,  Chenango 
co. ;  on  west  side,  1  mile  north.  D.  D.  Luther,  collector. 

1900. 
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2519  Ithaca  beds.    Whitney's    Point,    Broome    CO.;  Sullivan's 
quarry,  1  mile  west.  200  feet  above  river.  D.  D.  Luther, 

collector.  1900. 

2520  Ithaca  beds.    Lisle ;  1  mile  north  of  station,  along  east  side 

of  river.  D.  D.  Luther  and  R.  Ruedemann,  collectors.  1900. 

2523  Ithaca  beds.    Roadside  north  of  Emmons,  Otsego  co.,  3  miles 

east  of  Oneonta.  100  feet  below  top  of  Ithaca.  D.  D. 

Luther,  collector.  1900. 

2524  Ithaca  beds.    Highest  beds  of  formation,  Ean's  quarry  r 
mile  east  of  Oneonta.    D.  D.  Luther,  collector.  1900. 

2525  Ithaca  beds.    Upper  layers.    Quarry  on  hillside  north  of 

Emmons.    D.  D.  Luther,  collector.  1900. 

2526  Ithaca  beds  ;  upper  layers.    Quarry  on  hillside  north  of  Em- 
mons.   D.  D.  Luther,  collector.  1900. 

2527  Ithaca  beds.    Cowles   hill,   Greene,   Chenango   co.     D.  D. 

Luther,  collector.  1900. 

2528  Ithaca  beds.   West,  or  Willard's,  hill,  ̂ 4  mile  west  of  Greene, 
and  J4  m^e  north  of  Cowles  hill.  D.  D.  Luther,  collector. 

1900. 
2530    Ithaca  beds.    Juliand  hill,  Greene.    D.  D.  Luther,  collector. 

1900. 
Crustaceans 

Phacops  rana  Green,  2449,  2455,  2460,     Rhinocaris   columbina  Clarke,  2471, 
2461,  2475,  2489,  2492,  251 1,  2512  2474,  2479,  2494,  2495,  2507 

Cryphaeus  boothi  Green,  2484  R.  capsella  Clarke,  2478,  2479 
Homalonotus  dekayi  Green,  2449         j  R.  scaphoptera  Clarke,  2451,  25 n 
Echinocaris  punctata  Hall,  2451,  2480,     R.  ?,  2500 

2494,  2495 

Cephalopods 

Orthoceras  nuntium  Hall,  2473,  251 1  I      2488,  2497,  2501,  2502,  2509,  2513, 
O.  pacator  Hall  ?,  2494 
O.  bcbryx  var.  cayuga  Hall,  2484 
O.  cf.  bebryx  Hall,  2527 
O.  sp.  incert.  2461,  2479,  2481,  2482, 

2516 Bactrites  sp.  nov.  2478,  2516 
Tornoceras  uniangulare  Conrad,  2472, 

2477,  2478,  2482,  2487,  2490,  2494 

Pteropods 

Tentaculites  bellulus  Hall,  2500,  2526 
T.  cf.  spiculus  Hall,  2460,  2473,  2478, 

2497,  2502,  2520 
T.  sp.  incert.  2449,  2466,  2468,  2478, 

2496,  2497,  2499,  2502,  2508 

T.  nov.  2478 

Styliolina  fissurella  Hall,  2464 
Conularia  congregata  Hall  ?,  2479 
C.  cf.  crebristriata  Hall,  2474 
C.  sp.?,  2495 
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Gastropods 
Diaphorostoma,  2492 
Loxonema,  2456,  2461 
Euomphalus  laxus  Hall?,  2459 
Cyclonema  multiliratum  Hall,  2479 
C.  sp.  nov.,  2478 
C.  ?,  2446,  2485 
Macrochilina  sp.  nov.  ?,  2478 
Holopea  sp.  nov.?  2461,  2477,  2478, 

2502 
Cyrtonella  pileolus  Hall,  2484 
C.  sp.  nov.  2512 
Bellcrophon   cf.    maera   Hall,  2516, 

2519,  2528 
B.  cf.  rotalinea  Hall,  2502 

5.  cf.  nactus  Hall,  2519 
5.  sp.  nov.  1.    2446,  2478,  2496,  2506, 

2526 B.  sp.  nov.  2.  2478 
Carinaropsis  ithagenia  Clarke,  2468, 2469 

Murchisonia  sp.  nov.  2478 

Pleurotomaria  suicomarginata  Con- 
rad, 2450,  2451,  2453,  2471,  2484, 

2509,  2512,  2523 
P.  cf.  capillaria  Conrad,  2524 
P.  cf.  itys.  .Hall,  2496,  2524 
P.  sp.  2460 

Actinopteriq  eta  Hall,  2449,2451,2452, 
2460,  2468,  2469,  2473,  2475,  2476, 
2479,  2484,  2491,  2493,  2496,  2497, 
2499,  2500,  2501,  2504,  2505,  2508, 
2509,  2513,  2516,  2526,  2527 

A.  zeta  Hall,  2452,  2460,  2468,  2473, 
2488,  2496 

A.  boydi  Conrad,  2452,  2460,  2468, 
2473,  2479,  2497,  2505,  2510 

A.  theta  Hall,  2479,  2484,  2491 
A.  decussata  Hall,  2513 
A.  prora  Hall,  2513 
Pterinca  chemungensis  Conrad,  2499, 

2513,  2517 
P.  consimilis  Hall?,  2516 
P.  sp.  2510,  2527 
Lyriopecten     tricostatus  Vanuxem, 

2516,  2527 
L.  ?,  2463,  2478,  2484 
L.  sp.  nov.,  2513 
Ectcnodesnia  sp.  nov.,  2527 
Pterinopecten  vertumnus  Hall,  2449, 

2460,  2469 
P.  undosus  Hall,  2451 
Liopteria  sayi  Hall,  2473 
L.  dekayi  Hall,  2478,  2484,  2493,  2496, 

2510 
L.  bigsbyi  Hall,  2496 
Leptodesma  rogersi  Hall,  2449,  2469, 

2479,  2484,  2496,  2501,  2516,  2519 
L.  spinigerum   Conrad,   2449,   245  t, 

2460,  2466,  2469,  2470,  2473,  2484, 
2519,  2523 

Lamellibranchs 

L.  protextum  Conrad,  2492 
L.  naviforme  Hall,  2501,  2519 
L.  sp.  incert.  2469,  2473,  2478,  2496, 

2507,  2520,  2524 
Glyptodesma  erectum  Conrad,  2450, 

2510,  2523 

Goniophpra  chemungensis  Vanuxem, 
2478,  2510,  2523 

G.  rugosa  Conrad,  2450 
G.  sp.  incert.  2449,  2484,  2502,  2510, 

2520 Modiomorpha  concentrica  Hall,  2449, 
2453,  2461,  2476,  2484,  2491,  2492, 
2493.  2496,  2497,  2508,  2509,  2510 

M.  mytiloides  Hall,  2449,  2469,  2476, 
2478,  2484,  2489,  2500 

M.  subalata  Hall?,  2449,  2473,  2479, 
2507,  2513 

M.  subalata  var.  chemungensis  Hall, 
2449,  2479 

M.  sp.  incert.  2450,  2452,  2479,  2500, 
2501,  2509 

Grammysia  bisulcata  Conrad,  2450, 
2457,  2461,  2478,  2479,  2496,  2497, 
2499,  2501,  2510,  2513,  2516,  2518, 
2524 

G.  arcuata  Conrad,  2510,  251 1,  2524 
G.  lirata  Hall,  2509 
G.  magna  Hall,  2503 
G.  cf.  constricta  Hall,  2516 
G.  sp.  incert.  2473,  2507,  251 1,  2513 
Cimitaria  recurva  Conrad,  2451,  2461, 

2462,  2479,  2481 
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C.  elongata  Conrad,  2519,  2526 
a  sp.  ?,  2473 
Mytilarca  cf.  oviformis  Conrad,  2451 
M.  cf.  chemungensis  Conrad,  2517 
M.  sp.  2502,  2506 
Sanguinolitcs,  2453 
Glossites  depressus  Hall,  2479 
G.  ?,  2461,  2527 
Microdon  bellistriatus  Conrad,  2449, 

245  t,  2454,  2469,  2479,  2496,  2499, 
2501,  2502,  2505,  2507,  2508,  2509, 
2510,  2513,  2519,  2520 

Orthonota  parvula  Hall,  2496 
O.  sp.  nov.  2451,  2495,  25 1 1 
Elymella  levata  Hall,  2460,  2462 
Carydium  sp.  2446,  2490 
Pholadella  radiata  Conrad,  2473,  2485 
P.  sp.  2460,  2469 
Phthonia,  25 11 
Tellinopsis    subemarginata  Conrad, 

2470,  2473,  2484 
Schizodus  chemungensis  Conrad, 2504, 

2516,  2528 
S.  cf.  truncatus  Hall,  2501 
S.  quadrangularis  Hall,   2505,  2508, 

2513,  2527 
Nuculites  oblongatus  Conrad,  2449, 

2473,  2500,  2516 
N.  oblongatus  var.  2524 
N.  cuneiformis  Conrad,  2520,  2523, 

2524 

N.  triqueter  Conrad,  2473,  2474,  2475 
N.  sp.  2473 

Nucula  bellistriata  Conrad,  2449, 2496, 

2497,  2500,  2501,  2502,  2510,  2516 
N.  varicosa  Hall?,  2499 
N.   corbuliformis  Hall,   2452,  2485, 2523 

N.  sp.  ?,  2449,  2496,  2497,  2502,  2510 
Palaeoneilo  emarginata  Conrad,  2446, 

245  t,  2452,  2460,  2467,  2469,  2473, 
2476,  2478,  2479,  2481,  2489,  2490, 
2494,  2499,  2500,  2502,  2506,  2510 

P.  maxima  Conrad,  2473 
P.  constricta  Conrad,  2449,  2460,  2484, 

2496,  2501,  2519,  2524 
P.  tenuistriata  Hall,  2466,  2473,  2475, 

2476,  2479,  2481,  2484,  2496,  2499 
P.  iilosa  Conrad,  2451,  2496,  2516, 

2524,  2527 
P.  plana  Hall,  2516,  2528 
P.  angusta  Hall?,  2506,  2516,  2520 
P.  cf.  brcvis  Hall,  2473,  2513 
P.    sp.  incert.  2450,  2473,  2478,  2485, 

2496,  2497,  2499,  2502,  2507,  2510, 
2513,  2516 

Leda  brevirostris  Hall,  2516 
Paracyclas  lirata  Conrad,  2449,  2451, 

2453,  2455,  2456,  2460,  2469,  2473, 
2476,  2479,  2484,  2485,  2506,  2510, 
2511,  2524 

Buchiola,  2494 

Panenka  retusa  Hall,  2473 
Pterochaenia  orbicularis  Clarke,  2474 
P.  fragilis  Hall,  2474 

Lingula  punctata  Hall,  2478 
L.  sp.  2478 
L.  sp.  2460 
Orbiculoidea  cf.  doria  Hall,  2469 
O.  sp.  2469,  2478,  2479,  2509,  2512 
Craniella  hamiltoniae  Hall,  2451,  2489, 

2504,  2506,  2511,  2516 
Rhipidomella  vanuxemi   Hall,  2460, 

2466,  2484,  2509,  251 1,  2512,  2519 
R.  leucosia  Hall,  2473,  2475,  2477,  2512 
R.  penelope  Hall,  2484 
R.  nov.,  2473 
Schizophoria   impressa    Hall,  2499, 

2500,  2513,  2515,  2516,  2517 
5\  cf.  tulliensis  Hall,  2515,  2516 

Brachiopods 

Leptostrophia  perplana  Conrad,  2461, 
2484,  2497,  2502,  2509 

L.  nervosa  Hall,  2513,  2516,  2517 
L.   mucronata   Conrad,   2497,  2499, 

2500,  2501,  2502,  2504,  2506,  2513, 
2516,  2519 

L.  sp.  incert.  2461,  2499,  2506,  2513 
Stropheodonta  cayuta  Hall,  2499 
S.  cf.  demissa  Conrad,  2455,  2497, 

2499,  2513,  2515,  2517,  2527,  2528 S.  sp.  2517 

Orthothetes    chemungensis  Conrad, 
2456,  2460,  2461 

Leptaena  rhomboidalis  Wilckens.  2461, 
2462,  2473,  2474,  2475 
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Chonctcs  sp.  nov.j  2490,  2494,  2495 
C.  scitula  Hall,  2446,  2449,  2450,  2451, 

2452,  2455,  2460,  2461,  2463,  2466, 
2469,  2473,  2478,  2479,  2484,  2485, 
2489,  2493,  2495,  2496,  2499,  2502, 
2509,  2519,  2524. 

Prodnctella  lachrymosa  Conrad  ?,  2499, 
2500,  2509,  2513,  2515,  2516,  2519, 
2527 

P.  dumosa  Hall?,  2446,  2449,  2473, 
2478,  2496,  2513,  2519 

P.  sp.  2516 
P.  sp.  invert.  2460,  2485,  2499 
Anoplia?,  2459 
Spirifer   mucronatus   Conrad,  2.446, 

2449,  2460,  2461,  2466,  2470,  2473, 
2474,  2475,  2480,  2496,  2499,  2500, 
2508,  2509,  2513,  2516,  2526,  2527 

S.  mucronatus  var.  posterus  Hall  & 
Clarke,  2446,  2449,  2450,  2451,  2455, 
2457,  2460,  2461,  2462,  2466,  2468, 
2469,  2473,  2475,  2476,  2477,  2478, 
2489,  2493,  2499,  2500,  2501,  2502, 
2505,  2508,  2509,  2510,  2528 

S.  mucronatus  var.,  2495 
S.  mesastrialis  Hall,  2448,  2449,  2450, 

2452,  2456,  2457,  2458,  2460,  2461, 
2463,  2466,  2478,  2479,  2484,  2485, 
2488,  2489,  2491,  2496,  2497,  2499, 
2500,  2501,  2502,  2504,  2506,  2507, 
2508,  2509,  2510,  2513,  2518,  2519, 
2523,  2526 

vS.  mesacostalis  Hall,  2457,  2485,  2493, 
2496,  2501,  2523,  2526 

S.  subumbona  Hall,  2480 
S.  laevis  Hall,  2499,2504,2516,  2527, 

2528 
S.  sp.  nov.  cf.  asper  Hall,  2442,  2446, 

2460 
S.  sp.  nov.  245T,  2455,  2473,  2493,2509, 

2511,  2516 
S.  sp.  ?  2479 

Atrypa  reticularis  Linne,  2451,  2452, 
2456,  2460,  2461,  2462,  2466,  2469, 
2473,  2475,  2476,  2479,  2480,  2481, 
2484,  2488,  2493,  2496,  2499,  2501, 
2504,  2505,  2506,  2509,  2510,  2513, 
2515,  2516,  2517,  2527 

Ambocoelia  umbonata  Conrad,  2524 
A.  {Cyrtina),  2501 
Cyrtina  hamiltonensis  Hall,  2446,  2468, 

2478,  2496,  2502,  2504,  2505,  2506, 
2508,  2523 

C.  hamiltonensis  var.  recta  Hall,  2449, 
2499 

C.  sp.  nov.  2473,  2480,  2501,  2509,  251 1 
Nucleospira  concinna  Hall,  2460,  2477 
N.  or  Parazyga,  2516 
Camarotoechia    eximia    Hall,  2460, 

2466,  2469,  2478,  2484,  2485,  2489, 
2491,  2496,  2501,  2507,  2509,  2510, 
2516,  2519,  2524,  2526 

C.  congregata    Conrad,    2451,  2456, 

2460 C.  sappho  Hall,  2500,  2519 
Hypothyris  cuboides  Sozverby,  2490 
Pugnax  pugnus  var.  altus  Calvin,  2497, 

2499,  2502,  2508,  2513,  2516,  2527, 

2528 
Liorhynchus  globuliformis  Vanuxem, 

2449,  2451,  2455,  2458,  2460,  2461, 
2465,  2469,  2470,  2473,  2474,  2475, 
2479,  2481,  2484,  2489,  2491,  2497, 
2499,  2500,  2501,  2507,  2509,  25 1 1, 
2513,  2516,  2519 

L.  multicosta  Hall,  2446,  2519 
L.  quadricostatus  Vanuxem?,  2485 
Cryptonella,  2493 
Tropidoleptus  carinatus  Conrad,  2449, 

2457,  2460,  2473,  2476,  2479,  2484, 
2489,  2492,  2510,  2519,  2523 

T.  carinatus  var.,  2449,  2450,  2458, 
2460,  246T,  2510,  2526 

Bryozoans 

Stictopora  gilberti  Hall,  2456,  2479,  1  Plumalina  plumaria  Hall,  2496,  2499, 
2493,  2499,  2501,  2504,  2505,  2506  2501 

Hederella,  2499,  2510,  2513  I 
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'Taxocrinus,  2473,  2488,  2499 
Scaphiocrinus,  2495,  2513 

Crinoids 

j  Arthracanthai  2501 Coelenterates 

Chaetetes  frnticosus  Hall,  2481 
C.  sp.  incert.,  2450,  2456,  2461,  2476, 

2484,  2516 
Romingerina,  2481 
Zaphrentis,  2450,  2476,  2477,  2481, 

2510 

Aulopora,  2460,  2461,  2480,  2499,  2501 
Boring  sponge,  2449,  2450,  2452,  2453, 

2454,  2456,  2461,  2473,  2484,  2488, 
2496,  2499,  2500,  2502,  2504,  2506, 
2508,  2509,  2513,  2526 

Lepidodendron,  2471,  2499,  2519 
Rhachiopteris,  2474 

Plants 

[  Dadoxylon,  2499 
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The  superior  figures  tell  the  exact  place  on  the  page  in  ninths;  e.  g.  2608 
means  page  260  beginning  in  the  third  ninth  of  the  page,  i.  e.  about  one  third 
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Actinopteria  boydi,  62*. 
decussata,  62s. 
eta,  62*. 
muricata,  44s. 

prora,  626. 
theta,  62s. 
zeta,  624. 

Agoniatites  expansus,  44s, 
Agoniatites  limestone,  42s. 
Ambocoelia  (Cyrtina),  642. 

umbonata,  64s. 
Anoplia?,  64s. 
Arthracantha,  651. 
Atrypa  reticularis,  42°,  641. 

spinosa,  50s. 
Aulopora,  6$2. 

Bactrites  sp.  nov.,  61s. 
Bellerophon  sp.  nov.,  621. 

cf.  maera,  62s. 
cf.  nactus,  621. 
cf.  rotalinea,  6t. 

Bertie  dolomite,  36"-374. 
Boring  sponge,  652. 
Brachiopods,  637-64°. 
Bronteus  tullius,  501. 
Bryozoans,  640. 
Buchiola,  63°. 

speciosa,  518. 

Camarotoechia  congregata,  508,  64*. 
eximia,  64*. 
sappho,  64s. 

Camillus  shale,  361. 
Cardiff  shale,  451. 
Carinaropsis  ithaggnia,  62s. 
Carydium  sp.,  6tf. 

Cephalopods,  6l7. 

Chaetetes  sp.,  65s. 
fruticosus,  6s2. 

Chonetes  sp.  nov.,  641. 
aurora,  503. 
jersey ensis,  370. 
mucronatus,  44s. 

scitula,  641. 
Cimitaria  sp.?,  631. 

elongata,  631. 
recur va,  620. Clarke,  John  M.,  Ithaca  Fauna  of 
Central  New  York,  53-65. 

Cobleskill  dolomite,  374. 
Coelenterates,  652. 
Conularia  sp.?,  619. 

congregata,  619. 
cf.  crebristriata,  619. 

Craniella  hamiltoniae,  63s. 
Crinoids,  651. 
Crustaceans,  618. 
Cryphaeus  boothi,  6iT. 
Cryptonella,  64T. 
Cyatliophvllum    hydraulicum,  383, 

385. 

Cyclonema  ?,  62'. 

sp.  nov.,  62s. multiliratum,  622. 
Cyrtina  sp.  nov.,  64s. 

hamiltonensis,  642. 
var.  recta,  643. 

Cyrtoceras  alternatum,  44s. 
lira  turn,  44s. 
undulatum,  42T. 

Cyrtonella  sp.  nov.,  62*. 

pileolus,  62*. 

Dadoxylon,  65*. 
Diaphorostoma,  621. 
Discites  marcellensis,  44s. 
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Echinocaris  punctata,  6i7. 
Ectenodesma  'sp.  nov.,  621. 
Elymella  levata,  63s. 
Encrinal  limestone,  483. 
Euomphalus  laxus,  62". 

planodiscus,  44". 
Eurypterus  remipes,  30/'. 

Gastropods,  621. 
Genesee  shale,  5o'-5i2. 
Glossites  ?,  63-. 

depressus,  63*. 
Glyptodesma  erectum,  62s. 
Gomphoceras  conradi,  44s. 

fischeri,  44". 
oviforme,  44s. 
solidum,  44". 

Goniophora  sp.,  62s. 
chemungensis,  62s. 
rugosa,  62s. 

Grammysia  sp.,  62*. 
arcuata,  62s. 
bisulcata,  62s. 
cf.  constricta,  62s. 
lirata,  62s. 
magna,  62°. 

Gyroceras  trivolve,  427. 

Hamilton  group,  45*. 
Hartnagel,  cited,  37s. 
Hederella,  64s. 
Helderbergian  limestone,  39*-404. 
Hipparionyx  proximus.  414. 
Holopea  sp.  nov.  ?,  62*. 

antiqua,  39*. 
Homalonotus  dekayi,  48',  617. 
Hypothyris  cuboides,  50',  64s. 

Ithaca  fauna  of  central  New  York, 
by  J.  M.  Clarke,  53-65. 

Ithaca  flags  and  sandstone,  522. 

Lamellibranchs,  62*-6j. 
Eeda  brevirostris,  63s. 
Leperditia  alta,  38s,  39s. 

scalaris,  36s,  37*. 
Ecpidodendron,  65s. 
Leptacna  rhomboidalis,  40*,  42",  63° 

ventricosa,  41*. 

Leptocoelia,  403. 
Leptodesma  sp.,  62*. 

naviforme,  62*. 

protextum,  62*. 
rogersi,  62s. 
spinigerum,  62®.  . 

Leptostrophia  sp.,  63s. 

becki,  403. 
mucronata,  63s. 
nervosa,  63*. 

perplana,  631. 
Lingula  sp.,  63*. 

punctata,  63*. 
Liopteria  bigsbyi,  62®. 

dekayi,  62s. 

sayi,  62s. Liorhynchus  globuliformis, 

limitaris,  444,  44®,  45". 
multicosta,  64*. 
multicostata,  457. 
quadricostatus,  647. 

Loxonema,  621. 
delphicola,  44s. 

Ludlowville  shale,  471~482. 
Lunulicardium  curtum,  44n. 

Lyriopecten  ?,  62*. 

sp.  nov.,  627: 
tricostatus,  621. 

Macrochilina  sp.  nov.  ?,  622. 
onondagensis,  44s. 

Manlius  limestone,  389-3Q*. 
Manticoceras  pattersoni,  51s. 
Marcellus  shale,  428-44fl. 
Meristella  laevis,  408. 

lata,  4iB. Mesothyra  ?,  44*. 
Microdon  bellistriatus,  632. 
Modiomorpha  sp.,  621. 

concentrica,  62s. 
mytiloides,  62". 
subalata,  621. 
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PREFACE 

In  the  valley  of  the  Schoharie  creek  the  earliest  systematic 
study  of  the  paleozoic  rocks  of  this  State  and  the  first  successful 
attempt  to  classify  the  strata  according  to  their  fossils  were 
made.  While  Amos  Eaton  was  endeavoring  to  work  out  the  order 

of  the  strata,  chiefly  from  their  rock  characters  in  the  region  ad- 
joining the  Erie  canal,  the  John  Gebhards,  father  and  son,  were 

collecting  fossils  in  the  Schoharie  valley  and  dividing  the  rock 
masses  according  to  differences  and  similarities  in  these  organic 
remains. 

When  the  geological  survey  was  organized  in  1836,  Lieutenant 
Mather,  charged  with  the  work  in  the  first  geological  district 

which  included  Schoharie,  sought  the  assistance  of  John  Geb- 
hard  jr,  who  thus  had  the  opportunity  to  verify  and  complete  his 
classification. 

The  region  is  classic  to  the  student  of  geology.  In  the  brave 
days  when  Professor  Eaton  lectured  on  geology  to  the  Legislature 
of  New  York  and  Governor  Dewitt  Clinton  collected  fossils  in  the 
leisure  of  his  executive  duties,  the  rocks  of  Schoharie  were  a 

source  of  stimulus  and  inspiration  which  have  produced  fine  re- 
sults in  the  history  of  this  science. 

Yet  in  all  its  history  there  has  not  been  a  geologic  map  of  the 
region  prepared  except  on  an  insignificant  scale  and  no  adequate 
account  of  its  formations  and  structure  have  heretofore  been 

given.  It  is  to  meet  this  condition,  to  provide  students  of  geology 
and  paleontology  with  a  suitable  map  and  guide  to  this  attractive 
region  that  I  have  asked  Professor  Grabau  to  prepare  the  work 
that  follows. 

The  Schoharie  valley  presents  a  geologic  section  almost  un- 
equaled  in  this  State  for  its  completeness.  11  begins  low  in  the 

series  with  the  last  stages  of  the  Lowrer  Siluric  (Lorraine)  and 
runs  high  into  the  base  of  the  Upper  Devonic;  its  localities  are 

compactly  assembled  and  easily  accessible.  The  valley  is  beau- 
tiful, fertile,  hospitable  and  well  supplied  with  the  conveniences 

of  living.  The  spot  is  ideal  for  the  pursuit  of  an  intimate  ac- 
quaintance with  a  very  considerable  and  typical  representation  of 

New  York  geology. 
It  is  believed  that  this  work  will  aid  and  stimulate  students, 

clarify  the  geologic  problems  which  the  region  presents  and,  as 
il  is  the  outcome  of  a  careful  resurvey  of  the  region,  advance  our 
knowledge. 

John  M.  Clarke 

State  Geologist 

January  /!>o.~> 
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GUIDE  TO  THE  GEOLOGY   AND  PALEONTOLOGY 

OF  THE 

SCHOHARIE  VALLEY  IN  EASTERN  NEW  YORK 

BY 

A.  W.  GEABAU 

INTRODUCTION 

The  village  of  Schoharie  has  long  been  famous  for  the  fine 

stratigraphic  sections  which  are  exposed  in  its  vicinity.  The 

labors  of  Gebhard,  Mather,  Hall,  Stevenson,  Prosser,  Darton  and 

others  have  outlined  the  general  succession  of  the  strata  and 

their  relation  to  those  of  other  portions  of  the  State.  Recently 

a  careful  study  of  the  Coralline  or  Cobleskill  limestone  of  the 

Schoharie  region  has  been  made  by  Mr  C.  A.  Hartnagel,  the 

results  of  which  are  given  under  the  description  of  that  form- 

ation in  a  succeeding  chapter. 

From  the  accessibility  of  the  Schoharie  valley  and  from  the 

ease  with  which  most  of  the  formations  can  be  studied  in  that 

vicinity,  the  region  has  always  attracted  students  and  teachers 

of  geology  and  paleontology,  and  has  indeed  become  one  of  the 

districts,  a  visit  to  which  forms  part  of  a  geologic  education. 

For  this  reason  it  has  been  felt  that  a  comprehensive  description 

of  the  geology  of  this  region  with  special  reference  to  the  needs 

of  the  student  was  desirable.  In  order  that  this  description 

might  be  of  more  general  usefulness,  even  to  those  who  have  not 

been  trained  in  geologic  work,  it  has  been  deemed  advisable  to 

discuss  principles  freely,  specially  where  these  principles  are  well 

illustrated  by  local  features.  It  may  be  said  that  some  of  the  prin- 

ciples which  have  a  vital  bearing  on  the  geologic  history  of  the 

Schoharie  region  have  not  yet  found  their  way  into  our  current 
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textbooks,  though  they  form  the  basis  of  much  of  the  geologic 
work  of  the  day.  For  this  reason  it  is  believed  that  a  somewhat 

extensive  discussion  of  them  will  be  welcomed  not  only  by  the 
lay  reader,  but  also  by  the  student  of  geology. 

Various  lists  of  the  fossils  characterizing  the  successive 

Helderbergian  divisions  have  been  published,  notably  for 

Countryman  Hill  near  New  Salem,  for  Becraft  mountain,  for  the 

region  about  Kondout  and  for  the  Port  Jervis  region.  It  has 

not  been  deemed  necessary  to  describe  all  the  fossils  found  in  the 

Helderberg  or  higher  strata  of  the  Schoharie  region,  because  in 

the  descriptions  of  these  fossils  in  the  volumes  of  the  Palaeon- 

tology of  New  York,  account  is  taken  of  the  species  from  Scho- 
harie. A  brief  mention  together  with  notation  of  the  essential 

characters  of  the  more  important  species  of  each  formation,  was 

considered  sufficient,  specially  as  the  illustrations  accompanying 

this  notice  will  in  most  cases  suffice  for  purposes  of  identifica- 

tion. In  chapter  7,  lists  are  given  of  the  species  recorded  from 
the  Schoharie  district. 

The  detailed  sections  of  Chapters  5  and  G,  together  with  the  dis- 

cussion of  the  uppermost  Siluric  fauna,  are  addressed  to  the 

student  of  the  Paleozoic  formations,  but  the  other  chapters  are 

primarily  intended  as  a  popular  exposition  of  the  geology  of  the 
Schoharie  district. 

Schoharie  is  reached  from  Albany,  Schenectady  or  Bingham- 

ton  by  the  Delaware  and  Hudson  Railroad,  which  connects  with 

the  Schoharie  Valley  Railroad  at  Schoharie  Junction.  The  town 

is  situated  on  the  east  bank  of  the  Schoharie  river,  on  its  flood 

plain,  though  low  terraces  of  morainal  material  are  found  within 

its  limits.  On  one  of  these  morainal  terraces  is  situated  the 

old  Lower  Fort  of  the  Schoharie  valley,  which  played  a  not  unim- 

portant rote  in  the  early  wars  of  the  colony.  Behind  the  town 

on  the  slopes  of  East  hill  is  a  terrace  formed  by  the  Coeymans 

limestone,  with  Hie  Manlius  beds  at  the  base.  Lasell  park, 

reached  most  easily  by  a  path  through  the  cemetery  behind  the 

courthouse,  forms  a  portion  of  this  terrace,  and  from  it  one  has 

a  comprehensive  view  of  the  valley  and  the  hills  fringing  it  on 
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the  west.  Direetlv  opposite  is  West  hill,  or  Terrace  mountain, 

so  called  from  the  fine  terracing  due  to  alternate  hard  and  soft 

strata.  The  red  barn  of  Mr  George  Acker  forms  a  prominent 
landmark  on  the  second  terrace  near  the  center  of  the  hill.  This 

is  one  of  the  best  stratigraphic  points  of  the  region,  and  there- 

fore deserves  to  he  located  at  the  outset  [see  pl.l].  Next  south 

of  West  hill  is  Dann's  hill,  also  terraced,  but  to  a  less  pronounced 
degree  than  West  hill.  The  terraces  of  the  latter  may  be  traced 

on  Dann's  hill,  where  they  gradually  descend  southward,  till 

a  short  distance  beyond  Gebhard  bridge  which  crosses  the  Scho- 

harie near  the  southern  end  of  Dann's  hill,  the  first  of  the  ter- 
races has  reached  valley  bottom  and  passes  below  it.  The 

summit  of  Dann's  hill  is  composed  of  the  soft  Marcellus  shales 
and  hence  is  rounded,  while  that  of  West  hill  is  flat,  being  formed 

by  a  resistant  limestone  (Onondaga). 

Xext  south  of  Dann's  hill  is  a  long  and  rather  rugged  ridge 
terminating  on  the  north  in  a  prominent  knob.  This  is  Sunset 

hill  and  its  summit  is  composed  of  the  harder  sandy  shales  of 

the  lower  Hamilton  [pi.  2].  Beyond  this  is  South  hill,  still 

more  rugged  and  best  seen  from  the  streets  of  Schoharie,  where 

it  closes  in  the  view  on  the  south.  This  hill  is  almost  entirely 

composed  of  the  arenaceous  Hamilton  shales  and  flags  and  its 

steep  slopes  and  occasional  cliffs  are  due  to  the  resistant  char- 
acter of  the  rock  from  which  it  is  worn.  The  southern  end  of 

this  hill  terminates  in  Vrooman  s  Xose,  a  particularly  distinct 

knob  which  faces  southward  with  a  precipitous  cliff  of  Hamilton 
sandstones. 

A  view  up  the  Schoharie  valley  from  near  Gebhard  bridge  on 

Fair  street  shows  another  and  higher  hill  beyond  Middleburg. 

This  hill,  known  as  Moheganter  hill,  closes  in  the  Schoharie 

valley  on  the  south,  where  this  valley  turns  abruptly  to  the 

west,  and  its  summit,  1500  feet  above  the  valley  bottom,  forms  a 

magro*~ent  viewpoint.  It  may  be  ascended  by  a  road  which 
branches  off  from  the  valley  road  cast  of  the  river,  about  three 

miles  southwest  of  Middleburg,  at  (ho  sclioolhouse  of  District 

no.  11.    T]  •  upper  part  of  I  ho  hill  is  formed  by  the  Oneonta 
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formation,  outcrops  of  which,  and  of  the  Sherburne  and  Hamil- 

ton formations,  are  common  on  this  hill. 

The  physical  geography  of  the  Schoharie  valley  has  been  well 

described  by  Prof.  Arnold  Guyot  (1880)  in  the  following  words: 

The  main  Schoharie  creek  originates  at  the  foot  of  the  Scho- 
harie peaks,  near  the  head  of  the  Plaaterkill  clove,  from  which 

it  is  hardly  separated  by  a  slight  swell  in  the  swampy  valley 
bottom.  It  follows  closely  the  foot  of  the  central  chain  and 
receives  just  below  Tannersville  its  first  affluent,  also  coming 

from  swampy  meadows  near  Haines's  falls,  at  the  head  of  the 
Kaaterskill  clove;  these  two  head  streams  embracing  the  chain 

of  the  High  Peak.  The  creek,  keeping  the  direction  of  the  cen- 
tral chain  to  the  west-northwest,  flows  through  Hunter  village, 

1609  feet,  to  Lexington,  1320  feet,  where  it  turns  with  the  chain 
to  the  northwest,  to  the  mouth  of  the  Beaverkill  creek,  beyond 
Prattsville,  1164  feet. 

Here  it  leaves  the  central  chain,  and,  running  almost  due 
north  to  the  confluent  of  the  Manorkill,  it  enters  the  mass  of  the 

northwestern  plateaus,  cutting  from  Gilboa  1033  feet,  to  Middle- 
burg  640  feet,  a  deep  and  narrow  valley,  the  bottom  of  which 
is  from  1000  to  1300  feet  below  the  general  level  of  the  country 
it  traverses,  while  the  occasional  flat  bottoms  in  it  at  Blenheim, 
Breakabeen,  Fultonham  and  Middleburg, ,  rarely  attain  more 
than  half  a  mile  in  width.  Its  course  from  Blenheim  through 
Middleburg,  Schoharie  and  Central  Bridge,  where  it  received  the 

Cobleskill  creek,  is  alternately  to  north-northeast  and  north. 
From  this  place,  instead  of  following  the  broad  valley  through 
which  runs  the  Albany  and  Susquehanna  Railroad  [Delaware  & 
Hudson  R.B.],  it  leaves  it  and  cutting  its  way  at  right  angles 
through  the  high  hills  which  border  the  Mohawk  it  finally  enters 
thai  river  near  Fori  Hunter,  after  a  course  of  over  76  miles. 

All  the  main  tributaries  of  the  Schoharie  creek  in  the  moun- 
tain region,  the  Eastkill,  the  Bataviakill,  the  Manorkill,  come 

from  the  northeast  border  chain  and  flow  almost  due  west  to 

1  he  central  chain,  on  the  opposite  side,  where  they  enter  the  main 
creek;  the  Fast  kill,  three  miles  above  Lexington,  the  Bataviakill 
just  above  Prattsville,  the  Manorkill  at  Gilboa.  Like  most 
valleys  of  erosion  they  offer,  in  their  upper  and  middle  course, 
a  succession  of  flat  and  open  basins  from  which  they  fall  through 
narrows,  in  rapids  and  cascades,  into  the  valley  of  the  main 
creek.  The  left  affluents  from  the  central  chain,  the  Westkill, 

Little  Westkill,  and  the  Beaverkill,  are  all  inconsiderable  in 

length  and  volume.    In  the  region  of  the  plateaus  another  West- 
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kill,  on  the  west  at  Blenheim,  and  the  Keyserskill  on  the  east, 
at  Breakabeen,  are  hardly  more  than  mere  torrents. 

The  contrast  of  the  broad  open  valleys  between  the  mountain 
chains  above  described  and  the  narrow  and  deep  cut  of  the 
Schoharie  creek  when  passing  through  the  plateau  region  is  a 
feature  to  be  noted. 

This  drainage  which  sends  the  waters  of  the  Catskills  all  the 
way  around  to  the  Mohawk  to  come  back  by  the  Hudson  after 
a  course  of  175  miles,  to  within  10  miles  of  their  starting  point, 
is  certainly  remarkable,  and  betokens  a  very  peculiar  physical 
structure.  This  is  made  more  striking  by  the  fact  that  on  both 
sides  of  these  highlands  the  waters  of  the  valleys  of  the  Catskill 
and  Esopus  creeks  flow,  as  we  might  have  expected,  from  the 
western  plateaus  directly  to  the  Hudson  river.  These  three 
streams  which  are  so  near  each  other,  flow  in  opposite  directions, 
and  it  seems  as  if  this  plateau  of  the  Catskills  had  been  lifted 
up  on  its  eastern  part  to  a  higher  level  from  which  its  waters 

were  sent  in  the  opposite  direction.1 

The  present  discussion  of  the  geology  of  the  Schoharie  region 

is  taken  up  in  the  order  of  the  development  of  the  region.  The 

earlier  chapters  deal  with  the  stratigraphy,  the  character,  mode 

of  deposition  and  fossil  contents  of  each  of  the  strata  found  in  the 

district.  For  purposes  of  comparison  brief  references  to  other 

localities  in  the  Helderbergs  are  frequently  made.  Chapters 

5.  6  and  7  summarize  the  geology  and  paleontology  of  the  region, 

the  first  two  giving  all  the  important  local  sections  and  the  last 

lists  of  the  fossils.  The  development  of  the  surface  features 

since  Paleozoic  time  next  claim  attention  and  finally  the  relation 

of  the  region  to  man  is  discussed. 

In  the  prosecution  of  this  study  I  have  been  greatly  aided  by 

many  friends.  The  state  geologist  and  paleontologist,  Prof. 

John  M.  Clarke,  generously  gave  me  a  free  hand  in  the  develop- 

ment of  the  subject  and  provided  means  for  the  ample  illustra- 
tions. Acknowledgments  are  also  due  to  many  Schoharie  friends 

for  numerous  courtesies,  specially  to  Prof.  Solomon  Sias,  Mr  E.  1!. 

Heck,  Mr  Claude  Mayliam  and  l)r  Charles  Lintner. 

The  following  summary  of  papers  dealing  with  the  Schoharie 

region  aims  to  take  accounl  of  those  only  in  which  the  geology  of 
the  region  has  received  extended  attention. 

'Am.  Jour.  Sci.,  ser.  3.  19:442-43. 
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1834  Emmons,  Ebenezer,  reported  the  discovery  of  strontianite  in 

the  vicinity  of  Ball's  cave,  Schoharie.  (Am.  Jour.  Sci. 
1835.  27:182,183) 

1835  Gebkard,  John,  contributed  an  account  of  the  geology  and 

mineralogy  of  Schoharie  N.  Y.  (Am.  Jour.  Sci.  38:172- 177) 

1837  A  newspaper  article  on  Crinoidea,  or  lily-shaped  animals 

from  Schoharie,  was  republished  in  Am.  Jour.  Sci. 

31:165-167. 

1843  Mather,  William  W.,  in  Geology  of  New  York,  pt  1,  "Geology 

of  the  First  Geological  District ",  published  an  account  of 
the  geology  of  the  Schoharie  region. 

1.853  "An  Account  of  KnopfeFs  Schoharie  Cave  [Ball's  Cave] 
.  .  .  with  the  history  of  its  discovery,  subterranean  lake, 

minerals  and  natural  curiosities  "  appeared  as  a  separate 
publication,  apparently  a  reprint  from  a  newspaper 
account. 

1859  Hall,  James,  in  Palaeontology  of  New  York,  v.  3,  published 

"  descriptions  and  figures  of  the  organic  remains  of  the 

Lower  Helderberg  group  and  the  Oriskany  sandstone  in- 
cluding those  of  the  Schoharie  region. 

1867  Hall,  James,  in  Palaeontology  of  Xew  York,  v.  4,  published 

"  descriptions  and  figures  of  the  fossil  brachiopoda  of 
the  Upper  Helderberg,  Hamilton,  Portage  and  Chemung 

groups     covering  the  Schoharie  region. 

1877  Sherwood,  Andrew,  published  a  "  Section  of  the  Devonian 
Rocks  made  in  the  Katskill  Mountain  at  Palenville; 

Kauterskill  crook.  Now  York".  (Am.  Phil.  Sac.  Pro". 
17:346,347) 

1877  Sherwood,  Andrew  &  (Mark,  published  a  "Section  along 
Schoharie  Creek  in  Schoharie  county,  N.  Y.,  between 

Gilboa  and  Middleburg,  from  the  Catskill  down  to  the 

Upper  Helderberg".    I  Ibid.  p.  347-349) 

1879  Hall.  James,  in  Palaeontology  of  Now  York,  v.  5.  pt  2.  pub- 

lished "descriptions  of  the  Gasteropoda,  Pteropodaand 
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Cephalopoda  of  the  Upper  Helderberg,  Hamilton,  Portage 

and  Chemung  groups  -\  covering  those  of  the  Schoharie 
region. 

1880  Guyot,  Arnold,  published  a  paper  on  the  Physical  Structure 

and  Hypsometry  of  the  Catskill  Mountain  Region,  in 

which  he  discussed  the  physiography  of  the  Schoharie 

valley  [quoted  above].  (Am.  Jour.  Sci.,  ser.  3.  19:412- 443) 

1884  Hall,  James,  published  Palaeontology  of  New  York,  v.  5,  pt  1, 

Lamellibranchiata  I  (Monomyaria)  of  the  Upper  Helder- 

berg, Hamilton  and  Chemung  groups,  including  those  of 

the  Schoharie  region. 

1885  Hall,  James,  published  Palaeontology  of  New  York,  v.  5,  pt  1, 

Lamellibranchiata  II  (Dimyaria)  of  the  Upper  Helder- 

berg, Hamilton,  Portage  and  Chemung  groups,  covering 

those  of  the  Schoharie  region. 

1887  Hall,  James  and  Simpson,  George  B.  published  Palaeon- 

tology of  New  York,  v.  6,  Corals  and  Bryozoa  of  the  Lower 

Helderberg,  Upper  Helderberg  and  Hamilton,  including 

those  of  the  Schoharie  region. 

1888  Hall,  James  &  Clarke,  John  M.  published  Palaeontology  of 

New  York,  v.  7,  Trilobites  and  other  Crustacea  of  the 

Oriskany,  Upper  Helderberg,  Hamilton,  Portage,  Chemung 

and  Catskill  groups,  containing  those  of  the  Schoharie 

region. 

1893  Darton,  N.  H.  published  a  report  on  the  Relations  of  the 

Helderberg  Limestones  and  Associated  Formations  in 

Eastern  New  York  (X.  Y.  State  Geol.  13th  An.  Rep't,  v.  1) 
which  deals  largely  with  the  Schoharie  region. 

1897  Prosser,  Charles  S.  published  Classification  and  Distribu- 

tion of  Hie  Hamilton  and  Chemung  series  of  Central  and 

Eastern  New  York.  pt2  i  N.Y.  State  Geol.  17th  An.  Rep't). 
This  is  replete  with  sections  of  the  higher  strata  in  the 

Schoharie  region,  some  of  which  are  reproduced  in  chap- 
ter 5. 
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1897  Prosser,  Charles  S.  &  Rowe,  Richard  B.  published  Sections 

of  the  Stratigraphic  Geology  of  the  Eastern  Helderbergs 

i  X.  Y.  State  Geol.  17th  An.  Rep'ti  giving  sections  and 
lists  of  fossils  at  Clarksville.  Oniskethau  creek.  New  Salem 

and  Countryman  hill.  Some  of  these  are  republished  in 

chapter  6. 

1 898  Prosser,  Charles  S.  published  Sections  of  the  Formation 

along  the  northern  end  of  the  Helderberg  Plateau  ( X.  Y. 

State  Geol.  18th  An.  Rep't).  In  this  detailed  sections  of 
the  Helderberg  and  other  strata  of  the  Schoharie  region 

are  given  ;  also  characteristic  sections  of  Altamont.  Indian 

Ladder.  Kuoxville  and  other  typical  regions  in  the  Helder- 
bergs.    Most  of  these  are  republished  in  chapter  6. 

1900  Stevenson,  J.  J.  published  a  Section  at  Schoharie  (Geol.  Soc. 

Am.  Bui.  2:07).  comparing  it  with  sections  in  southern 

Pennsylvania  and  Virginia. 

1901  Clarke,  John  M.  discussed  the  Goniatite  limestone  and  asso- 

ciated Marcellus  shales  in  Schoharie  county,  and  gives 

list  of  fossils  and  localities  of  the  Goniatite  stratum  (  X.  Y. 

State  Mns.  Bui.  49.  1001.  p.  123-25).' 
1901  Clarke,  John  M.  mentions  the  occurrence  of  A  mnigenia 

c  a  t  s  k  i  1  1  e  n  s  i  s  in  the  red  sandstones  (Catskill)  on 

the  road  from  Jefferson  to  Gilboa  and  at  the  base  of  the 

hi  lis  south  of  Jefferson,  Schoharie  co.  X.  Y.  He  further 

discusses  the  "Value  of  Amnigenia  as  an  Indicator  of 

Fresh-water  Deposits  during  the  Devonic  of  New  York, 

Ireland  and  the  Rhineland.     i  Ibid.  p.  l!>!>-203) 

1901  Ries.  Heiurich  in  an  "Account  of  the  Lime  and  Cement 

Industries  of  New  York  "  discussed  the  section  at  Howes 
Cave  and  the  production  of  cement  [X.  V.  State  Mus. 
link  44]. 

190]  Eckel,  Edwin  C.  in  "Chapters  on  the  Cement  Industry  in 

New  York  "  gives  an  account  of  the  cement  industry  of 

the  Helderberg  Cement  Co.  at  Howes  Cave  [Ibid.  p.  869- 
70]. 
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1903  Schuchert,  Charles  published  a  paper  on  the  Manlius  forma- 

tion of  New  York  [Am.  Geol.  March  1903]  in  which  he 

gives  the  principal  sections  and  suggests  that  the  Cobles- 

kill  belongs  in  the  basal  portion  of  the  Manlius  formation. 

1903  Prosser.  Charles  S.  published  "  Xotes  on  the  Geology  of 

Eastern  New  York  "  [Am.  Geol.  32:380]  in  which  he  cor- 
rects his  former  sections,  chiefly  in  the  nomenclature. 

1903  Hartnagel,  C.  A.  in  "  Preliminary  Observations  on  the 

Cobleskill  ("Coralline")  Limestone  of  New  York"  gives 
detailed  sections  with  lists  of  fossils  of  the  Cobleskill  of 

the  Schoharie  and  other  regions  [State  Paleontol.  1902, 

An.  Eep't;  X.  Y.  State  Mus.  Bui.  G9,  p.  1109-75],  and 
shows  that  it  is  of  Postsalina  age.  He  considers  it  a  dis- 

tinct formation  which  is  not  to  be  included  as  a  part  of 
the  Manlius. 

1901  Sias,  Solomon  in  "A  Summary  of  Schoharie  County  "  gives 

the  u  Organization,  Geography,  Geology  and  History  "  of 
Schoharie.  The  formations  are  briefly  discussed  and 

localities  where  each  may  be  found  are  given.  The  glacial 

geology  of  the  region  is  also  briefly  discussed. 

1904  Harris,  G.  D.,  in  an  article  on  "  The  Helderberg  invasion  of 

the  Manlius."  published  sections  of  the  Schoharie  and 
Helderberg  regions  and  compared  them  with  other  New 

York  sections  [Am.  Bui.  Pal.  4,  p.  51]. 



SG NEW  YORK   STATE  MUSEUM 

Chapter  1 

STRATIGRAPHY  OF  THE  SCHOHARIE  REGION 

General  characteristics  and  extent  of  formations 

In  the  Schoharie  region  there  are  20  well  defined  geologic 

formations  or  terranes,  13  of  which  are  differentiated  in  the 

accompanying  map.  They  comprise  sandstones,  shales  and  lime- 
stones which  succeed  each  other  in  a  definite  and  ascertained 

order,  and  the  character,  thickness  and  fossil  content  of  indi- 
vidual beds  scarcely  vary  over  the  entire  area  under  discussion. 

A  glance  at  the  map  shows  that  the  outcrops  of  these  strata  are 

deflected  in  loops  up  the  valley  of  each  of  the  three  principal 

streams  of  the  region,  the  Cobleskill,  the  Schoharie  kill  and  the 

Fox  kill.1  Around  the  Schoharie  valley,  the  loops  of  all  the 
strata  appear  complete  on  the  map,  around  the  Cobleskill  valley 

they  are  only  partially  complete,  while  none  of  the  loops  cross 

the  valley  of  Fox  creek  so  far  as  shown  on  the  map.  The  loops 

of  the  Cobleskill  and  the  Fox  kill  valleys  would  appear  complete 

if  the  map  extended  further  west  and  east.  The  looping  of  the 

outcrops  is  principally  due  to  the  fact  that  the  strata  all  incline 

or  dip  towards  the  southwest.  Thus  as  we  follow  up  the  Scho- 

harie valley  or  the  Cobleskill  valley,  higher  and  higher  beds 

approach  successively  the  plane  of  the  valley  and  pass  beneath 

it,  the  cut  edges  of  each  bed  on  opposite  sides  of  the  valley 

thus  joining,  where  the  bed  and  the  valley  floor  intersect.  In 

the  Schoharie  valley,  the  slight  southward  rise  of  the  valley 

floor— from  Gil  feet  at  Schoharie  (Gebhard  bridge)  to  634  feet  at 

Middleburg,  or  only  23  feet  in  four  miles,  i.  e.  G  ft  to  the  mile, 

scarcely  influences  this  looping  of  the  strata  edges  which  is  here 

almost  wholly  due  to  the  dip  of  the  strata.  On  the  other  hand, 

the  more  rapid  rise  of  the  narrower  valley  floor  of  the  Cobleskill, 

irrbe  termination  "  kill  "  is  the  Dutch  for  stream  or  creek.  This  meaning 
is  often  lost  sight  of  and  the  word  creek  added.  Thus  we  have  Cobleskill 
creek,  Catskill  creek,  etc.  while  on  the  other  hand  the  word  kill,  formerly 
used,  has  often  been  replaced  by  creek,  as  Schoharie  kill  by  Schoharie 
creek,  Fox  kill  by  Fox  creek,  etc. 
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from  600  feet  at  Central  Bridge  to  720  at  Howes  Cave  bridge, 

820  at  Barnerville  bridge  and  900  feet  at  Cobleskill,  or  300  feet 

in  8  miles,  i.  e.  37J  feet  to  the  mile,  counteracts  the  diminished 

dip  of  the  strata.  Thus  the  loops  around  the  Cobleskill  valley 

are  not  much  longer  than  those  surrounding  the  Schoharie 

valley,  even  though  the  dip  along  the  axis  of  the  former  valley 

is  only  about  50  feet  to  the  mile  or  approximately  1  foot  in  100, 

whereas  in  the  Schoharie  valley  it  approximates  135  feet  to  the 

mile  or  about  1  foot  in  40.  In  the  case  of  the  Schoharie  valley 

then  we  have  a  nearly  level  river  plane  intersecting  a  strongly 

dipping  stratum  plane;  in  the  Cobleskill  valley,  a  moderately 

dipping  stratum  plane  is  intersected  by  a  rising  river  plane. 

The  results  in  either  case  are  nearly  the  same. 

The  valley  of  the  Fox  kill  differs  from  the  other  two,  in  being 

cut  nearly  parallel  to  the  strike  of  the  strata  or  even  somewhat 

down  the  dip.  This  accounts  for  the  difference  in  the  character 

of  the  outcrops  which  are  nearly  parallel  on  opposite  sides  of 

the  valley.  The  looping  of  the  outcrops  of  the  lower  strata 

around  the  Fox  kill  valley,  which  occurs  some  distance  east  of 

the  limit  of  the  map,  is  here  due  entirely  to  the  rise  of  the  valley 

floor,  which  successively  intersects  the  horizontal  planes  of  the 

strata.  Thus  we  have  three  relations  of  strata  and  river  valley, 

all  of  which  produce  the  effects  of  deflected  outcrops,  namely 

1)  declining  strata  and  horizontal  valley  floor  as  in  the  Schoharie, 

2)  declining  strata  and  rising  valley  floor  as  in  the  Cobleskill, 

and  3)  horizontal  strata  and  rising  valley  floor  as  in  the1  Fox  kill. 
Most  of  the  smaller  streams  of  the  region  have  also  caused  an 

upstream  deflection  of  the  contact  lines  between  formations. 

This  is  due  to  the  fact  that  these  streams  generally  have  their 

origin  in  the  hills  on  either  side  of  the  greater  valleys  and  have 

cut  ravines  of  greater  or  less  magnitude.  In  these  ravines  the 

contact  lines  are  deflected  bu1  where  the  streams  run  across  the 

contapl  lines  in  the  valley  bottom,  no  such  deflection  lakes  place. 

Not  infrequently  the  contad  line  which  lias  the  most  pronounced 

deflection  is  that  which  separates  a  harder  from  an  overlying 

softer  bed.    The  softer  bed  has  been  eaten  away  by  the  stream. 
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while  the  harder  bed  is  scarcely  affected.  This  is  well  illustrated 

by  the  contact  line  between  the  Onondaga  and  lower  Hamilton 

(Marcellus)  formations  wherever  it  is  crossed  by  streams,  the 

Onondaga  being  a  very  resistant  limestone  formation  while  the 

shales  above  it  are  easily  removed. 

Age  and  structural  relations  of  the  strata.  All  the  rock  form- 

ations outcropping  in  the  Schoharie  region  were  deposited 

during  three  of  the  eras  of  Paleozoic  time  namely;  the  Cham- 

plainie,  the  Siluric  or  Ontario  and  the  Devonic.  Only  a  portion 

of  the  Champlainic  and  Ontario  eras  is  represented  by  the  form- 

ations of  this  region,  while  the  lowest  or  Cambric  (Taconic), 

and  the  highest  or  Carbonic  of  the  Paleozoic  eras  are  not  repre- 
sented. The  former  lies  far  below  the  surface,  and  could  only 

be  reached  by  boring,  while  the  latter,  if  it  ever  existed  in  this 

region,  has  long  since  been  worn  away  entirely.  From  what  has 

been  said  regarding  the  southwestward  dip  of  the  strata,  it  will 

be  seen  that  the  lower  beds,  hidden  in  the  Schoharie  region,  will 

appear  from  beneath  their  covering  of  higher  beds  as  we  pass 

northward..  If,  for  example,  we  follow  the  Schoharie  creek 

northward  to  its  junction  with  the  Mohawk  at  Fort  Hunter,  Ave 

find  successively  lower  and  lower  strata  appearing  in  its  bed 
and  banks,  till  on  the  Mohawk  we  have  reached  the  Trenton 

limestone  which  at  Schoharie  is  approximately  3500  feet  below 

the  bottom  of  the  valley.  If  we  proceed  still  farther  north,  we 

find  that  twenty  miles  north  of  the  mouth  of  the  Schoharie  kill 

the  crystalline  rocks  of  Precambric  age  appear,  which  form  the 

Adirondack  mountains,  and  lie  approximately  4000  feet  below 

the  valley  bottom  at  Schoharie.  If,  en  the  other  hand,  Ave  go 

southwestward  we  meet  with  successively  higher  and  higher 

strata,  even  though  we  do  not  rise  much  above  the  level  of  the 

Schoharie  hills.  It  is  not  till  we  near  the  Pennsylvania  line, 

however,  that  we  meet  with  rocks  belonging  to  the  Carbonic 

era,  and  not  till  we  have  passed  the  state  line,  do  we  reach  the 

coal-bearing  strata.  The  significance  of*  (his  fact  will  be  dwelt 
on  more  fully  in  the  discussion  of  the  search  for  coal  in  this 

region.  The  relationship  is  shown  in  the  following  diagram 

[fig.  1]. 
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The  following  table  shows  the  succession  of  formations  in  this 

region,  of  which  those  above  the  Hamilton  of  the  Devonic  and 

those  below  the  Lorraine  of  the  Champlainic  are  not  shown  in 

the  area  covered  by  the  map. 

Carbonic  absent  from  this  region. 

Upper  -j 

GROUP 

f  Chautauquan 

Devonic 
Middle 

[  Lower  -{ 

fcenecan 

Erian 

|^  Ulsterian 

^  Oriskanian 
Heldbergian 

Silnric  or  (  TT  „ 

Ontario    UPPer  Ca-
>'uSan 

STAGE 

Catskill 
Oneonta 
[tliaca 

.  Sherburne 

j  Hamilton /  Ma  reel  lus 

j  Onondaga /  Schoharie 

(  Esopus \  Oriskany 

f  Port  Ewen 
j  Becraft 
]  New  Scotland 

I^Coeymans 
f  Man  1  ins 

|  Rondout I  Cobleskill 

j  Bray  man 

1  Basal  (Binnewater  ?) 
sandstone 

Hiatus  and  stratigraphic  unconformity 

Champlainic 

f  Upper  Cincinnatian 

i 
i  Middle  Mohawkian 

Lower  Canadian 

Cambric  or  TT  c 
m  .  i  Upper  baratosran 
1 aconic  '    1  1  to 

j  Lorraine /  Utica 

(  Trenton 
]  Black  River (  Lowville 
\  Ckazy 

\  Beekmantown 
Potsdam 

Hiatus  and  structural  unconformity 

Crystalline  Archean  and  Algonkian 

A  I  two  levels  in  the  table  a  hiatus  occurs  which  in  each  case 

marks  an  important  physical  break  in  the  series,  and  a  time 
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interval  unrepresented  in  this  region  by  strata,  The  lower  of 

these  breaks  is  a  true  unconformity  as  recognized  in  regions 

of  disturbed  strata ;  the  upper  may  also  be  spoken  of  as  an  uncon- 

formity, but  in  a  limited  sense.  In  cases  to  which  the  term  is 

most  generally  applied  we  have  a  discordance  of  dips  between 

the  two  series,  indicating  a  period  of  folding  and  subsequent 

erosion  which  precedes  the  deposition  of  the  higher  strata.  The 

z     following  diagrams  indicate  this  kind  of  unconformity,  to  which 

Fig-.  2  A-F   Development  of  a  structural  unconformity 

the  term  "structural  unconformity "  may  be  applied  for  pur- 
poses of  definition.  Figure  2  a-d  represents  the  condition  from 

the  deposition  of  the  first  bed  to  the  end  of  the  deposition  of 

the  second  bed,  and  figure  '2  e,  f  the  results  of  another  folding 
and  subsequent  erosion. 

Unconformities  of  this  type  arc  not  show  n  in  the  Schoharie 

region,  bul  they  may  be  observed  in  the  Rondout-Rosendale 

region,  southeast  from  Schoharie.  Figures  :\  a,  b  illustrate  the 

type  of  "  stratigraphic  or  stratic  unconformity"  found  in  this 
region  between  the  Champlainic  and  Siluric  formations  as  shown 
in  the  table. 
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Here  the  strata  are  nearly  or  quite  concordant  though  there 
may  occur  a  discordant  line  of  contact  between  the  two  as 

shown  in  figure  .3  b.  This  latter  type  of  unconformity  is  not 

PTvCrcTTr-i— i e— — —  readily  recognizable, 
and  in  fact  would  not 

be  noticed  except  for 
Fig.  3a  Stratigraphic  unconformity  ■        .     .  ., the  fact  that  a  number 

of  formations  are  missing  between  the  strata  in  question.  In  the 

past  very  many  such  stratic  unconformities  have  been  overlooked, 

with  the  result  that  the  geologic  history  of  the  region  in  which 

they  occur  has  been  misinterpreted.1 
The  time  intervals  represented  by  the  two  unconformities 

indicated  in  the  table  are  considerable.  The  one  at  the  base 

of  the  series  is  by  far  the  greatest,  representing  not  only  the 

Middle  and  Lower  Cambric  but  probably  also  a  considerable  por- 
tion of  late  Algonkian  time.  The  stratic  break  between  the 

Champlainic  and  Siluric  represents  in  this  region  the  time 

interval  during  which  the  Lower  and  Middle  Siluric  strata  were 

deposited  in  other  localities.  The  details  of  this  uncomformity 

will  be  discussed  under  the  chapter  dealing  with  the  Champlainic 
and  Siluric  strata. 

Another  principle  which  is  of 

great  importance  in  the  inter- 

pretation of  the  geologic  history 

of  this  region,  is  that  of  pro- 

gressive overlap  of  the  strata  and  the  attendant  change  in  the 

character  of  the  strata  themselves.  This  principle,  while  gener- 
ally recognized  in  a  tacit  manner,  is  too  often  overlooked  where  a 

direct  application  should  be  made.  A  brief  discussion  and  illus- 

tration of*  tin  principle  may  therefore  be  given,  specific  illustra- 
tions from  this  region  being  deferred  till  the  strata  involved  are 

discussed. 

It  is  a  well  known  fact  that  along  a  normal  seashore  where 

there  is  a  difference  iii  the  texture  of  the  detritus,  the  coarsest 

1  The  author  lias  recently  proposed  the  term  discomformity  for  this  "type 
of  break  in  the  stratigraphic  series  [Science,  n.  s.  22:534]. 

Fig.  3b  Stratigraphic  unconformity 
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material  will  be  deposited  near  the  shore  and  the  finer  at  a  greater 

distance  from  the  shore  in  direct  proportion  to  the  fineness  of  the 

grain.  Tims  the  impalpable  powder  or  rock  flour  may  be  carried 

out  to  a  great  distance.  In  general  Ave  have  close  to  the  shore  the 

rubble  deposits,  which  may  be  angular  or  more  or  less  waterworn 

to  the  condition  of  completely  rounded  and  smooth  pebbles.  In 

size  this  rubble  deposit  may  vary  from  small  pebbles  up  to  boulders 

many  feet  in  diameter.  From  the  consolidation  of  such  material  Ave 

obtain  " :  rubble-rocks. "  At  a  somewhat  greater  distance  from  shore 
the  sands  are  deposited,  which  may  also  vary  in  size  from  less  than 

a  pebble  to  that  of  a  barely  recognizable  fragment,  and  may  be 

either  angular  or  rounded.  Consolidation  of  this  material  pro- 

duces sandstones.  Finally  the  impalpable  rock  flour  is  deposited 

only  in  quiet  water,  and  by  its  consolidation  produces  mudrocks. 

From  what  has  been  said  regarding  the  loci  of  deposition  of  these 

various  rocks  it  will  be  evident  that  the  mudrocks  alone  are  likely 

to  sIioav  uniformity  in  bedding,  thickness  etc.  The  sandrocks  and 

conglomerates,  while  as  a  whole  remaining  of  uniform  thickness 

will  show  considerable  diversity  in  their  individual  beds,  cross- 

bedding,  ripple  marks,  and  lenslike  thinning  and  thickening  of 

beds  being  common  characteristics. 

The  chemical  composition  of  these  types  of  fragmental  or  clastic- 
rocks  is  of  course  determined  by  that  of  the  parent  ledges  from 

which  the  material  is  derived.  It  will  be  .pure  silica  if  all  but 

the  quartz  is  removed,  which,  if  the  texture  is  coarse,  produces 

silicious  conglomerates,  a  type  of  rock  best  represented  by  the 

quartz  pebble  conglomerates,  though  other  quartz  rubble  rocks 

also  occur.  Pure  quartz  sandstones  and  pure  quartz  mudrocks 

are  also  produced  when  the  texture  is  arenaceous  and  muddy 

respectively.  Most  of  the  silicious  rocks  of  the  Schoharie  region 

are  rendered  more  or  less  Impure  by  the  admixture  of  clay  or  iron, 

but  a  nearly  pure  quartz  sandstone  is  found  in  the  basal  Siluric 

sandstone.  When  the  parenl  rock  is  limestone  or  an  organic 

deposit  of  corals  or  shells,  such  as  coral  reel's  growing  at  a  (lis 
lance  from  the  shore,  the  clastic  rock  of  that  locality  may  consist 
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wholly  or  in  large  part  of  lime.  Thus  we  have  lime  rubble  rocks 

represented  in  this  region  largely  by  limestones  carrying  worn 

fragments  of  corals,  lime  sandrocks,  well  represented  by  lime- 

stones composed  of  ground-up  but  not  pulverized  shells,  crinoids, 

corals  etc. ;  and  lime  mudrocks  composed  of  the  limestone  flour, 

deposited  in  quiet  water,  and  having  a  compact  texture,  where 

individual  grains  are  not  recognizable.  This  latter  type  of  rock 

is  well  represented  by  the  waterlimes  and  other  close  textured 

limestones  of  the  Schoharie  region.  When  the  shore  from  which 

clay  or  silica  is  derived  is  near  enough,  impurities  of  these  sub- 

stances may  become  admixed  with  the  lime,  thus  producing 

argillaceous  or  silicious  lime  mudrocks,  etc.1 
From  the  foregoing  it  becomes  apparent  that  fragmental  rocks 

of  varying  texture  and  composition  will  be  deposited  at  the  same 

time,  in  different  parts  of  the  ocean.  Furthermore  the  same  bed 

may  change  in  texture  and  composition  within  a  comparatively 

short  distance.  Thus  a  quartz  conglomerate  at  the  shore  will 

grade  into  a  quartz  sandrock  away  from  the  shore,  and  if  coral 

reefs  or  shell  heaps  are  growing  off  the  shore,  it  will  gradually 

grade  into  a  calcareous  quartz  sandrock  (calciferous  sandrock) 

then  a  silicious  lime  mudrock  (silicious  limerock)  and  finally  a 

more  or  less  pure  lime  sandrock  or  lime  mudrock.  In  section  such 

a.  bed  would  be  thin  at  the  shore  where  the  water  is  shallow, 

rapidly  thickening  seaward  till  the  maximum  is  reached,  and  then 

1li inning  away  gradually  in  the  deeper  water  as  the  material 

becomes  finer,  and  accumulation  therefore  slower. 

Three  lines  of  activity  may  be  considered  in  a  normal  seashore 

where  deposits  of  this  type  are  forming.    First,  the  sea  level  may 

irThe  author  has  recently  proposed  the  terms  rudaeeous,  arenaceous  and 
lutaceous  for  rubbly,  sandy  and  muddy  textures  respectively.  For  clastic 
rocks  of  this  texture,  irrespective  of  composition,  the  terms  rudyte.  arenyte 
and  lutyte  have  heen  proposed.  Where  the  composition  is  pure  the 
chemical  name  may  he  added.  Thus  lime  mudrocks  are  calcihltytes,  lime 
sandrocks  are  calcarenytes  and  lime  rubblerocks  calcirudytes.  See  further 
Geol.  SOC.  Am.  Bui.  14:: 337  and  Am.  Geol.  33:228. 
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be  a  stationary  one.1  In  such  a  case,  where  the  supply  of  material 
is  constant,  the  conglomeratic  and  arenaceous  material  near  the 

shore  will  soon  fill  the  water  and  thus  the  shore  will  migrate  sea- 

ward. Conglomerates  and  sandrocks  will  therefore  gradually 

creep  out  over  the  previously  deposited  offshore  rocks  (clays  and 

calcareous  rocks),  these  beds  thus  becoming  overlaid  by  a  shore 

deposit.  This  explains  the  upward  changes  in  the  character  of 

successive  beds  from  clay  rocks  to  sandstones  or  conglomerates, 

the  transition  being  a  more  or  less  gradual  one. 

In  the  second  case  the  sea  level  may  be  a  falling  one.  Under 

such  conditions  the  shore  would  migrate  seaward,  but  at  a  more 

rapid  rate  than  occurs  in  the  case  of  a  stationary  sea  level.  The 

result  would  be  that  previously  deposited  beds  would  be  subjected 

to  reassortment  by  the  waves,  the  finer  material  being  carried 

further  out,  while  the  coarse  material  will  follow  the  shore  out- 

ward over  the  previously  deposited  finer  material,  if  that  is  not 

all  worn  away.  The  general  effect  will  be  similar  to  that  of  the 

first  case,  except  that  the  deposits  would  decrease  in  thickness 

instead  of  remaining  nearly  the  same.  This,  as  in  the  preceding 

case,  would  result  in  the  change  from  a  finer  to  a  coarser  rock, 

with  this  difference,  that  the  change  would  be  an  abrupt  one,  and 

more  or  less  worn  pebblelike  fragments  of  the  underlying  finer 

rock  would  be  included  in  the  coarse  rock.  Examples  where  "mud 
pebbles  i.  e.  fragments  of  only  partially  lithified  mud  beds,  are 

included  in  sandstones  overlying  the  shales  resulting  from  those 

mud  beds,  are  not  at  all  uncommon  in  the  Schoharie  region. 

The  third  case  and  the  one  of  most  significance,  is  that  of  a 

rising  sea  level,  or  a  subsiding  shore.  Wherever  deposits  of 

great  thickness  accumulate  this  state  of  relative  condition  must 

1The  effect  of  a  stationary  sea  level  is  produced  where  there  is  an  in- 
crease in  sediment  brought  in,  even  though  continued  subsidence  goes  on. 

Likewise  the  condition  of  a  falling  sea  level  is  produced  in  an  area  of 
slow  subsidence  by  a  great  increase  in  the  detritus  supplied.  The  results 
will  be  essentially  the  same  as  they  would  be  in  a  stationary  or  a  falling 
sea  level,  with  a  constant  supply  of  material,  except  that  we  have  an 
upward  gradation  from  line  to  coarse  texture,  [see  A.  W.  G.  Wilson.  Can. 
Rec.  Sci.  July  1903.  v.  0,  no.  2.] 
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obtain,  even  though  temporary  rest  periods  may  intervene.  A 
rising  sea  level  means  a  landward  advancing-  shore  and  this  im- 

plies that  each  later  deposit  reaches  farther  up  on  the  shore  than 
the  preceding  ones.  In  other  words  there  is,  under  normal  con- 

ditions of  deposition,  a  constant  and  progressive  overlapping  of 
the  later  over  the  earlier  layers.  Any  given  formation  will  thin 
shoreward,  but  this  is  due  to  the  fact  that  only  the  later  beds  of 
the  formation  are  involved  in  the  thinning  wedge,  the  thinnest 
portion  far  up  on  the  shore  consisting  only  of  the  highest  beds 
composing  it.   This  is  illustrated  in  the  annexed  diagram  [fig.  4a]. 

c 

Fig-.  4a   Diagram  illustrating  progressive  overlap 

Again,  in  a  normal  series  of  deposits  against  a  shelving  shore 

each  formation  from  the  lowest  up  will  in  turn  come  to  rest  on 

the  old  land,  the  earlier  formations  having  come  to  an  end.  Thus 

in  the  left-hand  portion  of  the  diagram  [fig.  4a]  formation  c  rests 
on  the  old  land  without  the  intervention  of  a  or  b.  Conversely 

away  from  the  shore,  each  formation  becomes  gradually  under- 
laid by  earlier  beds  which  appear  between  it  and  the  old  land. 

It  must  also  be  borne  in  mind  that  apart  from  exceptional  cases 

there  is  a  progressive  shoreward  change  in  the  lithic  character 

of  a  bed  and  (hat  in  any  given  region  tins  change  may  be  uniform 

in  successive  beds.  Tims  a  bed  may  consist  of  silicious  pebbles  at 

the  shore,  become  a  silicious  sand  farther  out.  and  a  calcareous 

sand  or  a  clay  at  a  distance  from  shore.  Each  succeeding  forma- 

tion will  carry  its  pebble  portion  farther  up  on  the  shore,  its  sand 

facies  thus  coming  to  lie  more  or  less  directly  above  the  pebble 

facies  of  the  preceding  bed.  As  the  progressive  advance  of  the 

seashore  may  lie  assumed  to  be  a  uniform  one.  the  pebble  facies  of 

successive  formations  will  have  the  appearance  of  a  continuous 
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bed  parallel  to  the  floor  of  the  old  land  and  the  sand  facies  will 

form  apparently  continuous  beds  parallel  to  the  pebble  beds,  both 

thus  constituting  lithic  beds,  which  extend  diagonally  across  the 

horizontal  planes  that  demark  the  time  limit  of  the  formations. 

This  relation  is  shoAvn  in  the  subjoined  diagram  [fig.  4b.  See  also 

fig.  4a  and  fig.  5].   It  is  evident  that  neither  the  conglomerate  nor 

Fig-.  4b  Diagram  illustrating  progressive  overlap 

the  sandstone  thus  produced  will  be  of  the  same  age  throughout, 

the  age  of  these  beds  becoming  more  recent  in  the  direction  of 

shore  migration.  The  bearing  of  this  fact  on  the  age  of  some  of 

the  Siluric  conglomerates  and  sandstones  of  the  regions  adjoining 

the  Schoharie  district,  will  be  discussed  in  a  later  chapter.  The 

relationships  of  the  strata  to  each  other  and  to  the  old  land  are 

shown  in  the  subjoined  figure  [fig.  5]. 

Fig.  5  Progressive  overlapping  of  formations  on  old  land.  c.  R.  coral  reef :  source  of the  limestones 

Bearing  in  mind  the  conditions  just  discussed,  it  becomes  evi- 

dent that  through  differential  erosion,  conditions  which  are  very 

misleading  may  be  brought  about,  as  indicated  in  the  following 

diagram  [fig.  (i]  where  a  similar  lithic  succession  is  found  on 

opposite  sides  of  the  old  land  axis,  without  correspondence  in  age. 

This  also  explains  why  in  one  section  a  certain  formation,  con- 

stituting at  that  point  the  base  of  the  sedimentary  series,  may  be 

thin,  while  a  short  distance  away  it  rapidly  thickens  without  lithic 
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change.  The  thin  portion  does  not  represent  the  whole  of  the 

thicker  portion  but  only  the  upper  part.  It  likewise  shows  how 

within  a  short  distance  new  members  may  appear  below  the  one 
forming  the  base  in  the  first  section. 

With  the  normal  conditions  thus  outlined  we  are  still  con- 

fronted by  another  fact  which  seems  to  form  a  marked  exception 

■                         Old,  land. 
\ 

Fig".  6 

to  the  general  rule.  We  not  infrequently  find  clastic  limestones 

whose  character,  resting  directly  on  an  old  land  of  silicious  rocks 

on  which  they  were  deposited,  indicates  a  shallow  sea.  Never- 

theless silicious  clastic  material  is  almost  or  quite  absent  from 

these  rocks.  In  such  cases  the  only  explanation  seems  to  be  that 
the  water  was  shallow  a  considerable  distance  from  shore  and 

that  the  shore  was  worn  down  so  low  that  little  or  no  detritus 

could  be  supplied ;  i.  e.  worn  down  to  a  peneplain. 
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Chapter  2 

STRATIGRAPHY  OF  THE  SCHOHARIE  REGION  (continued) 

The   Champlainic   and    Ontario    (Siluric)    formations    and  their 
relationships 

Champlainic  strata.  The  lowest  beds  exposed  in  the  region 

covered  by  the  accompanying  map  belong  to  the  Lorraine  forma- 
tion of  the  Upper  Champlainic  division.  The  portion  accessible 

within  the  area  comprises  fully  six  hundred  feet  of  shales  and 

sandstones.  In  the  deep  well  at  Altamont,  some  miles  northeast 

of  the  eastern  limit  of  the  map,  2880  feet  of  sandstones  and  shales 
were  found  above  the  Trenton  limestone.  This  added  to  about 

600  feet  exposed  on  the  cliff  behind  Altamont  gives  a  total  of  3480 

feet  for  the  combined  thickness  of  the  Lorraine  and  Utica  of  this 

region. 

Continuous  exposures  are  comparatively  rare  in  the  Schoharie 

region,  though  fragments  of  the  sandstones  are  common  every- 

where and  on  account  of  their  flatness  are  extensively  used  in 

stone  fences.  Good  exposures  however  are  found  in  the  gorges  of 

the  Bozenkill.  Xormanskill,  and  the  lower  Schoharie,  but  all  of 

these  are  outside  the  limits  of  the  map.  The  most  accessible  and 

continuous  exposure  of  the  upper  portion  of  these  strata  is  in  the 

longer  of  the  two  small  brooks  which  hav  incised  themselves  in 

the  hillside  on  the  west  bank  of  the  Cobleskill.  and  which  join 

that  stream  halfway  between  Central  Bridge  and  Howes  Cave 

[map  :  VII  i,  20].  In  the  banks  of  this  stream  above  the  road  the 

horizontal  shales  are  exposed.  The  lower  beds  are  chiefly  clay 

rocks,  though  some  beds  are  quite  arenaceous,  with  mica  scales  on 

the  bedding  planes.  All  the  beds  are  traversed  by  two  sets  of 

joints,  which  cause  the  formation  of  rhomboidal  blocks.  Above 

these  micaceous  sandrocks  are  sof1  gray  clay  shales  with  an 

unctuous  feel,  avid  splitting  into  small  fragments.  Arenaceous 

matter  scents  to  be  wholly  absent  from  the  mass  of  these  shales, 

with  the  exception  of  several  one  inch  layers  of  sandstone,  which 

appeal-  at  intervals.    These  shales  are  capped  by  rather  coarse 
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silicious  sandstones  which  appear  abruptly,  without  transition. 

The  first  bed  is  15  inches  thick,  then  follow  1  to  G  inches  of  shale 

like  that  Underlying  the  sandstone  and  then  other  beds  of  sand- 

stone similar  to  the  first  succeed.  The  abrupt  change  from  soft 

argillaceous  shale  to  massive  sandstones  indicates  a  cessation  of 

subsidence,  or  an  elevation  of  the  sea  floor,  and  a  creeping  out  of 

the  shallower  water  conditions  with  their  attendant  sand  deposits 

over  the  region  where  previously  only  muds  were  laid  down. 

There  are  in  all  something  over  a  hundred  feet  of  these  sand- 

si  ones,  though  near  the  middle  of  the  mass  the  beds  have  become 

shaly  again. 
No  fossils  have  been  found  either  in  the  shales  or  the  sandstone. 

Extended  search,  however,  will  undoubtedly  bring  to  light  some 

of  the  characteristic  Upper  Champlainic  species.  Lower  beds  than 

those  exposed  in  the  creek  are  found  on  the  Delaware  and  Hudson 

Railroad  southwest  of  Central  Bridge.  Here  again  heavy-bedded 
sandstones  occur  between  the  shales. 

The  lower  beds  of  the  series  are  exposed  along  the  Schoharie  and 

its  tributaries  north  of  Central  Bridge  and  may  be  traced  as  far 

north  as  the  house  of  Mr  William  Bega,  3  miles  south  of  Mill 

Point,  or  1\  miles  south  of  Tribes  Hill  station,  where  they  are 
seen  to  rest  on  the  Utica  shales  in  the  bank  of  the  creek.  In  the 

bank  of  the  stream  are  exposed  114  feet  of  clear  black  shale  which 

represent  the  Utica  horizon.  Above  this  follow  195  feet  of  grayish 

sandstones  alternating  with  bluish  argillaceous  shales  to  the  top 

of  the  cliff.  These  represent  the  lowest  Lorraine  beds,  the  con- 

tact with  the  Utica  being  a  pronounced  one.1  What  are  probably 

the  highest  beds  of  this  series  are  well  shown  in  the  roadway  lead- 

ing from  Mix  and  O'Beilly's  quarry  at  the  stone  crusher,  in  the 

northeastern  part  of  the  Schoharie  village.  The  lowest  beds  ex- 
posed are  dark  arenaceous  shales,  succeeded  by  a  purplish  gray 

dark  silicious  sandstone  a  foot  in  thickness.  Above  this  are 

aboui  20  feet  of  a  lighter,  yellowish  or  reddish,  somewhat  friable 

1  Prosser,  C.  S.  Notes  on  the  Stratigraphy  of  the  Mohawk  Valley  etc. 
N.  Y.  State  Mus.  Rul.  84,  p.  470. 
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silicious  sandstone,  sometimes  with  a  slight  admixture  of  argil 

laceous  material.  The  texture  is  rather  coarse,  often  somewhat 

pebbly  with  small  flat  pebbles  of  argillaceous  sandstone.  The 

lower  portion  of  this  series  consists  of  thin  beds,  the  upper  of 

more  massive  layers.  They  are  succeeded  by  27  feet  of  the 

pyritiferous  Brayman  shales.  There  is  some  reason  for  regarding 

at  least  the  upper  20  feet  of  sandstones  as  belonging  with  the 

Brayman  shales  rather  than  the  Lorraine.  Before  considering 

this  question,  however,  we  must  discuss  the 

Siluric  strata  of  the  Schoharie  region 

Only  the  Upper  Siluric  beds  are  found  in  the  Schoharie  region 

and  there  is  every  evidence  that  these  are  the  only  ones  which  were 

ever  deposited  here. 

Brayman  shales 

Clinton  shales;  Salina  shales;  of  authors 

These  with  the  exception  of  the  basal  sandstones,  are  the  only 

beds  of  the  Salina  period  occurring  in  this  region.  They  have 

been  variously  described  in  the  literature  as  Clinton  shales, 

pyritiferous  shales,  Salina  shales,  etc.  The  name  Brayman  shales 

is  chosen  for  them  from  the  village  of  Braymanville  on  the 

Cobleskill,  between  which  place  and  Howes  Cave  they  are  well 

exposed.  As  the  shales  have  so  far  proved  unfossiliferous  their 

exact  equivalency  is  somewhat  uncertain.  From  their  position 

immediately  below  the  Cobleskill  limestone  it  may  be  confidently 

inferred  that  they  are  of  Salina  age,  but  whether  they  represent 

the  Bertie  waterlime  of  Buffalo,  which  is  the  immediate  prede- 

cessor of  the  Cobleskill  of  that  region,  or  whether  they  are  of 

somewhat  earlier  age  is  a  question  difficult  to  determine.  That 

there  is  a  slight  hiatus  between  the  Brayman  shales  and  the 

Cobleskill  seems  to  be  indicated  by  the  fact  thai  the  upper  bed  of 

these  shales  is  somewhat  conglomeratic,  with  rounded  or  elongate 

pebbles  of  clay  shale  inclosed  in  a  dark  matrix,  partly  a  calcareous 

sand  and  containing  numerous  scattered  rounded  quartz  grains. 

This  indication  of  wave  activity  at  the  end  of  deposition  of  the 
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Brayman  shales,  and  the  want  of  transitional  beds  between  the 

clay  shale  and  the  lime  sandrock  (Cobleskill)  suggests  that  there 

is  a  short  time  interval  unrepresented.  This  fact,  together  with 

the  distinctive  character  and  local  development  of  these  shales, 

demands  their  description  under  a  separate  name,  as  a  local  mem- 
ber of  the  Salina  series  of  deposits,  whose  exact  equivalent  in 

the  complete  Salina  series  of  Central  New  York  is  doubtful. 

The  main  mass  of  the  Brayman  shale  is  an  olive  or  grayish  clay 

rock  often  alternating  with  bluish  beds  and  weathering  to  a 

lighter  color,  and  having  the  appearance  of  a  solid  mudbank.  Con- 
cretions of  iron  pyrites  are  very  abundant  and  of  all  sizes,  though 

generally  not  much  larger  than  a  man's  fist.  The  pyrite  is  com- 
monly an  aggregate  of  crystals,  often  of  considerable  size,  the 

cube  and  pyritohedron  being  about  equally  represented.  Exposed 

portions  rapidly  oxidize  changing  to  an  ochery  color,  and  com- 

monly stain  the  adjoining  shales.  As  already  noted,  no  fossils 

have  yet  been  found  in  this  formation. 

The  best  exposure  of  these  shales  is  in  the  ravine  of  the  shorter 

of  the  two  streams  which  join  the  Cobleskill  between  Central 

Bridge  and  Howes  Cave.  Here,  at  the  foot  of  a  fall  formed  by  the 

Cobleskill  limestone,  about  20  feet  of  the  shales  are  well  exposed. 

The  constant  play  of  the  water  over  these  shales  keeps  the  ex- 

posure fresh  and  the  true  color  of  the  shales  unaltered.  The 

pyrite  nodules  too  are  mostly  fresh,  oxidation  affecting  the  surface 

of  some,  while  others  remain  perfectly  bright. 

The  most  complete  exposure  of  these  shales  is  along  the  west 

bank  of  the  Cobleskill  between  Braymanville  and  Howes  Cave. 

Aboul  half  way  between  the  two  stations  on  the  road  which  skirts 

the  river  bank,  occurs  a  good  exposure.  A  short  distance  north  of 

Braymanville,  a  strong  stream  of  water  issues  as  a  spring  from 

a  cavity  at  the  base  of  the  Cobleskill.  This  stream  supplies  a 

watering  trough  by  the  roadside  and  is  strong  at  nearly  all  seasons 

of  the  year.  This  illustrates  a  very  characteristic  feature  of  these 

shales,  namely  their  imperviousness,  which  cause  springs  to  issue 

all  along  (he  line  of  outcrop  of  these  strata.  Below  the  cement 

kilns  ;il  Howes  Cave  is  an  exposure  of  over  30  feet  of  these  shales 
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capped  by  the  Cobleskill  limestone.  Hartnagel  holds  that  the 

total  thickness  in  this  region  is  approximately  40  feet.1 

One  of  the  most  accessible  exposures  of  this  formation  is  on  the 

left  bank  of  the  Schoharie,  a  short  distance  above  the  Fair  street 

bridge  (Gebhard  bridge)  on  the  Gebhard  farm.  Here  several 

excavations  have  been  made  in  search  of  ore,  and  the  upper  part 

of  the  shales,  together  with  the  overlying  Cobleskill,  are  well  ex- 

posed. This  locality  has  long  been  known  for  the  pyrite  crystals 

which  can  here  be  obtained,  while  the  upper  beds  have  yielded 

arsenopyrite.2 

Near  Mix  and  O'Reilly's  quarry  northeast  of  Schoharie,  Hart- 

nagel's  measurement  showed  27  feet  of  these  shales.  This  gives 
a  decrease  of  13  feet  in  a  distance  of  five  miles.  At  this  point, 

near  the  crusher,  the  contact  Avith  the  underlying  sandstone  is 

well  exposed,  the  two  series  of  strata  being  absolutely  conform- 
able. The  surface  of  the  sandstone,  exposed  for  several  hundred 

yards,  appears  to  be  a  perfectly  normal  deposition  surface,  and  no 

trace  of  erosion,  such  as  we  might  expect  if  there  was  an  interval 

covering  Lower  and  Middle  Siluric  time,  is  visible.  Moreover  the 

sandstone  is  pyritiferous  like  the  shale,  and  no  fragments  of  the 

lower  rock  are  found  in  the  Brayman  shales.  Neither  does  the 

surface  of  the  top  sandstone  layer  show  traces  of  Aveathering 

before  the  deposition  of  the  Brayman  shales. 

It  is  inconceivable  that  the  surface  of  this  sandstone, even  if  Avorn 

down  to  a  uniform  stratum,  should  be  swept  absolutely  clean 

before  the  shales  Avere  deposited,  so  that  no  fragments  of  sand- 

stone are  found  in  the  shale.  It  is  clear  that  all  the  facts  point 

to  the  intimate  relationship  between  the  upper  beds  of  sandstone 

and  the  Brayman  shales,  making  these  sandstones  of  Upper 

Siluric  (Salina)  age.  The  unconformable  contact  between  these 

sandstones  and  the  Champlainic  beds  (Lorraine)  must  be  looked 
for  some  distance  down  in  the  sandstone  series. 

The  most  easterly  extension  of  the  Brayman  shales.  s<>  far  as 

has  been  observed,  is  according  to  Hartnage]    .    .    .  "near 

JLoc.  cit.  p.  114. 
2This  information  was  hirnished  me  by  Prin.  Solomon  Sias  of  Schoharie. 
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Gallupville.  5  miles  east  of  Schoharie,  showing  that  the  extreme 

eastern  extension  of  the  great  Salina  beds  of  New  York  can  not 

be  far  from  the  town  of  Knox,  Albany  co.,  at  which  place  it  is 

quite  likely  that  the  Cobleskill  slightly  oyeiiaps  the  Salina.  Both 

of  these  formations  are  absent  at  Altamont,  a  few  miles  farther 

east,  and  the  Rondout  is  seen  resting  directly  on  the  Lorraine 

beds."1 
The  age  of  the  shales  here  considered  has  been  variously  judged. 

The  name  pyritous  or  pyritiferous  shales  was  applied  to  this 

formation  by  the  elarly  geologists,  and  since  it  occurred  below 

the  Coralline  or  Cobleskill  limestone,  which  was  regarded  as  of 

Niagara  age,  and  above  the  Shawangunk  grit,  which  was  supposed 

to  be  the  equivalent  of  the  Oneida  conglomerate  of  central  New 

York,  its  age  was  assumed  to  be  Clinton.  Recent  investigations, 

by  Ulrich  and  Schuchert,  and  by  Hartnagel,  have  shown  that  the 

formation  in  question  is  of  late  Siluric  age,  the  former  authors 

regarding  it  as  a  part  of  the  Cobleskill  and  including  it  within  the 

Manlius  scries,  while  Hartnagel,  Clarke  and  others  regard  it  of 

Salina  age.  As  will  be  shown  presently,  it  is  probably  the  partial 

equivalent  of  the  lower  cement  bed  of  Rosendale  which  in  turn 

represents  a  part,  but  probably  not  the  whole,  of  the  Bertie  water- 
lime  series  of  western  New  York. 

The  Cobleskill  limestone 

Resting  immediately  on  the  Braynian  shales  in  the  Schoharie 

valley  we  find  a  heavy  bedded,  semicrystalline,  fossiliferous  lime- 

stone, in  places  largely  com/posed  of  fragments  of  shells,  crinoids 

and  corals  and  with  the  texture  of  a  sandroek,  while  other  por- 

tions are  more  muddy,  consisting  largely  of  impalpable  water- 
limes.  The  formal  ion  has  been  most  thoroughly  studied  by  Mr 

C.  A.  Hartnagel  to  whose  important  paper  the  reader  is  referred 

for  details.2    This  bed  has  long  been  known  as  the  "Coralline 

^Loc.  cit.  p.  114-15. 
Preliminary  Observations  on  the  Cobleskill  ("Coralline")  Limestone 

of  New  York,  by  C.  A.  Hartnagel.  N.  Y.  State  Paleontol.  An.  Rep't.  for 
1D02;N.  Y.  State  Mus.  Bui.  69,  p.  1109-75. 
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limestone/'  which  name  was  given  to  it  by  John  Gebhard  Esq.. 
who  early  in  the  19th  century  began  the  study  of  the  formations 

of  the  Schoharie  region.  Till  recently  it  has  been  regarded  as  the 

eastern  extension  of  the  Niagara  formation  of  western  New  York, 

under  which  designation  it  is  referred  to  in  all  American  text- 

books of  geology  and  in  geologic  literature  generally.  The  fossils 

of  this  rock  were  described  by  Prof.  James  Hall  in  1852,1  25 

species  being  recognized  in  all.  Though  the  fossils  resembled  only 

in  a  general  way  those  found  in  the  typical  Niagara  beds  of 

western  New  York,  yet  this  resemblance  together  with  the  fact 

that  it  was  the  only  fossiliferous  limestone  between  the  Lorraine 

shales  and  the  waterlimes,  was  considered  sufficient  to  gain  ac- 

ceptance for  this  correlation.  The  recent  investigations  in  the 

stratigraphy  of  the  State  of  New  York,  carried  on  largely  under 

the  direction  of  the  present  head  of  the  survey.  Prof.  John  M. 

Clarke,  have  thrown  a  flood  of  light  on  the  difficult  problems 

of  the  correlation  of  beds  within  the  State,  ft  became  apparent 

that  the  time-honored  correlations  of  the  Coralline  with  the 

Niagara  could  no  longer  be  held  and  that  the  Coralline  limestone 

represented  a  distinct  and  not  hitherto  recognized  member  of  the 

New  York  Siluric  series.  Since  the  name  Coralline  was  inappro- 
priate as  a  formation  name,  that  of  Cobleskill  was  substituted  for 

it  by  Professor  Clarke,  by  which  name  this  formation  will  hence 

forth  be  known.  The  finding  of  a  Cobleskill  fauna  above  the 

Salina  waterlimes  in  the  Niagara  region  (North  Buffalo),  though 

its  significance  Avas  at  first  misunderstood,  established  a  definite 

scale  of  succession  in  a  region  where  sedimentation  had  been  con- 

tinuous and  uninterrupted.2  The  problem  was  finally  attacked 
by  Prof.  Charles  Schuchert  and  Mr  0.  A.  Eartnagel  from  different 

points  and  though  their  conclusions  arc  dissimilar  in  some 

respects,  the  main  fact  of  the  Postsalina  age  of  the  Cobleskill 

limestone  was  clearly  demonstrated  by  both. 

'Pal.  X.  Y.  2:321-38,  pi. 72-78. 
2Grabau,  A.  W.  Siluro-Devonic^Contact  in  Erie  oo.  N.  Y.  Geol.  Soo. 

Am.  Bui.    11 :347-7G. 
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The  best  exposure  of  this  rock  is  on  the  road  along  the  left  bank 

of  the  Cobleskill  and  a  short  distance  west  of  Howes  Cave  [pi. 

4].  Here  the  rock  is  seen  capping  the  Brayman  shales,  with  a 

thickness  of  about  six  feet,  and  is  in  turn  succeeded  by  the 

cement  beds  of  the  Rondout.  As  before  stated  the  line  of  contact 

between  the  Brayman  shale  and  the  Cobleskill  is  marked  by  a 

somewhat  conglomeratic  layer,  indicating  a  certain  amount  of 

wave  activity.  The  Cobleskill  itself  is  a  normal  lime  sand- 

rock,  more  or  less  crinoidal,  and  showing  a  certain  amount  of 

crystalline  character.  The  main  portion  of  the  rock  consists  of 

fragments  of  shells  and  crinoid  joints,  Avith  masses  of  coral 

scattered  through  them,  these  latter  not  uncommonly  overturned. 

From  below  the  limestone,  springs  issue  at  several  points,  some 

of  them  forming  deposits  of  calcareous  tufa  over  the  underlying 
shales. 

Another  good  locality  for  seeing  the  contact  of  the  Brayman 

shales  and  the  Cobleskill  is  at  the  old  pyrite  mine,  a  short  distance 

south  of  the  Gebhard  bridge  across  the  Schoharie  [map :  IX  1,  15]. 

The  Cobleskill  is  seen  capping  the  Brayman  shales,  and  shows  here 

a  marked  jointing,  which  causes  the  rock  to  split  into  long  and 

narrow  blocks,  the  width  of  which  is  often  much  less  than  the  thick- 

ness [pi.  6].  Several  exposures  of  the  Cobleskill  are  seen  in  the 

face  of  Dann's  hill  and  West  hill  north  of  this  point,  one  easily 

accessible  being  at  the  mouth  of  Clark's  cave,  or  Gebhard's  cave  as 
it  is  commonly  called  [see  p.  251].  The  Cobleskill  is  well  exposed 

at  the  head  of  the  shorter  of  two  streams  between  Howes  Cave 

and  Central  Bridge  [map  :  VII  h,  19]  Avhere  it  causes  a  fall,  owing 

to  the  undermining  of  the  Brayman  shale.  Large  fallen  blocks 
here  show  the  massive  character  of  the  bed.  In  the  hillsides  of 

I  his  vicinity  the  bed  crops  out  and  again  northward  from  here  on 

I  lie  road  to  Grovenor  Corners  above  Central  Bridge.  The  bed  is 

again  seen  in  the  hillside  east  of  Schoharie.  It  appears  first  on 

both  sides  of  the  street  leading  east  from  Schoharie  postoffice  ;  on 

the  south  of  the  road  it  crops  out  in  ledges  while  just  north  of  the 

read  it  was  formerly  quarried  in  the  old  Brown  quarry  [for  sec- 
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tious  here  see  p.  237].  The  thickness  of  the  Cobleskill  at  the 

latter  point  is  5  feet  and  4  inches  according  to  the  measurements 

made  by  Mr  Hartnagel.  Northward  from  this  the  Cobleskill  can 

be  traced  in  the  hillside  and  along  the  road  as  far  as  Mix  and 

O'Reilly's  quarry  at  the  stone-crusher  in  the  northeastern  part 
of  the  village  [map :  XI  c,  42].  In  none  of  these  places,  however, 

is  the  rock  readily  accessible  except  at  the  Brown  quarry.  There 

are  a  few  other  exposures  north  of  the  stone-crusher  along  the  west 

face  of  East  hill,  the  best  one,  by  far,  being  that  on  the  hillside  just 

south  of  Seth  Stevens's  house  at  Shutters  Corners  [map :  XHI-i. 

40].  To  reach  this,  follow  the  road  behind  the  Stevens  house  up- 

hill to  where  you  see  on  the  right  a  clump  of  bushes  across  a  field. 

Here  the  ledges  are  found  which  have  yielded  the  richest  collec- 
tions of  Cobleskill  fossils,  Mr  HartnagePs  list  including  45  species. 

This  investigator  concludes  that  "  the  appearance  of  the  coral 
masses  in  this  rock  .  .  .  indicates  that  this  was  their  original 

place  of  growth ;  and  thus  a  locality  favorable  for  the  existence  of 

these  types  of  life  .  .  }  He  found  T  r  o  c  h  o  c  e  r  a  s  g  e  b  • 

h  a  r  d  i  and  large  gastropods  resting  on  the  summit  of  the  coral 

heads,  and  that  these  shells  in  turn  served  for  the  attachment  of 

new  corals  and  coralline  growths  which  often  embedded  the  shells. 

In  the  lower  portion  of  the  rock  is  a  bed  containing  an  abundance 

of  Chonetes  jersey  ensis  Weller.  The  characteristic 

Xiagara  trilobite  Caljmmene  niagar  ensis  has  been 
found  associated  with  these  fossils. 

From  the  abundance  of  the  corals  at  this  point  it  seems  not 

unlikely  that  we  have  here  one  of  the  local  coral  reefs  which 

have  supplied  much  of  the  lime-sand  and  mud  from  which  the 

main  mass  of  the  Cobleskill  was  built  up.  In  the  more  evenly 

stratified  portions  of  the  other  exposures  the  corals  are  more 

often  fragmentary,  being  worn  or  dissolved,  and  rolled  about 

considerably  before  they  were  embedded  in  the  lime-sand  matrix. 

It  is  somewhat  surprising  that  more  actual  Cobleskill  reefs  have 
not  been  discovered. 

lLoo.  cit.  p.  1118. 
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Of  the  60  species  listed  by  Hartnagel  from  the  Cobleskill  of 

Schoharie  county  a  comparatively  limited  number  may  be  re- 

garded as  diagnostic  of  the  formation.  Among  the  corals  and 

hydrocorallines  the  genera  Favosites  and  Stromatopora  must  be 

regarded  as  of  chief  importance.  The  former  is  represented 

by  a  species  intermediate  between  F.  ni  a  gar  ens  is  and 

F  .  helderbergiae,  which  was  described  by  Schuchert  as  a 

variety  of  the  latter  under  the  varietal  name  p  recedens 

[fig.  7].    Its  chief  distinction  is  in  the  smaller  size  of  the  heads. 

Among  the  brachiopods  may  be  mentioned  O  r  t  h  o  t  h  e  t  e  s 

interstriatus  [fig.  8],  a  small  finely  striated  species; 

Chonetes  j  e  r  seyensis  [fig.  !)]  characterized  by  curved 

s1  riae  in  the  adult ;  Spirifercorallinensis  [fig.  10]  and 

S.  eriensis  [fig.  11].  both  small  species,  the  former  with 

obsolescent,  the  latter  with  few  coarse  rounded  plications; 

VV  h  i  t  f  i  e  1  de  1 1  a  nucleolata  [fig.  12],  a  small  smooth 

and  nearly  circular  species ;  C  a  m  a  r  o  i  o  e  c  1>  i  a  ?  1  a  m  e  1 1  a  t  a 

[fig.  13],  a  broad  species  with  deep  sinus  and  lamellose  striae; 

and  C  a  m  a  r  o  t  oe  chia  1  i  t  c  h  f  iel  de  n  s  i  s  .  [fig.  14],  a 

more  robust  form,  with  fewer  and  coarser  plications. 

Among  tin1  pelecypods,  Pterinea  securif  ormis  and 

T  e  1  1  i  n  o  ni  y  a  e  qui]  a  t  e  r  ;i  [  tig.  15]  are  most  abundant. 

The  former  is  a  large  smooth  aviculoid,  the  other  a  nearly  sym- 
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O  0 
Fig.  10  Spirifer  coralli  nensis Fig.  11  S p  i  r  i  f  e  r  e  r  i  e  n  s  i  s 



Fig.  17  Trochoceras  gebhardi,  two  thirds  natural  size 
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metric  bivalve.    The  eephalopods  are  represented  by  T  r  o  c  h  - 

oceras     gebhardi     [fig.  ̂  — ,,   .?,:-rx 

16,  17]  which  coils  so  as  to    (     "  J\  / 

ter  with  a  sAvelling  on  the  hinge  (enlarged) 

margin  not  found  in  L  .  j  o  n  e  s  i  .   Trilobites  (Calymmene,  Dal- 
manites,  Lichas  etc.)  are  also  found. 

The  Cobleskill  bed  is  succeeded  by  a  series  of  more  or  less 

uniformly  and  finely  bedded  lime  mudrocks  with  occasional  lime 

sandrocks  which  form  a  deposit  averaging  60  feet  in  thickness 

in  the  Schoharie  region.  The  name  Rondout  limestone  is  applied 

to  the  lower  portion  from  the  extensive  cement-mining  opera- 
tions which  are  carried  on  in  this  formation  near  Rondout  K.  Y. 

At  that  locality  the  upper  beds  included  in  the  formation  are 

not  used  for  cement.  They  show  a  remarkable  series  of  mud- 
crack  structures  of  pentagonal  form  which  very  clearly  indicate 

that  this  rock  was  a  fine  lime  mud,  probably  exposed  at  low 

tide  to  the  drying  influence  of  the  sun.  Though  not  common  at 
Schoharie  this  structure  has  been  found  in  blocks  of  Rondout 

limestone  on  West  hill. 

The  only  place  in  the  Schoharie  region  where  the  cement  beds 
of  the  Rondout  are  mined  is  at  Howes  Cave.  ITere  the  lowest 

<»  feet  of  the  Rondout  formation  arc  mined  in  tunnels  by  the 

Hcldcibcrg  (Vnient  Co.  for  the  manufacture  of  natural  or  Rosen- 

dale  cement  [pi.  7].  The  application  of  the  latter  term  to  tin1 
cement  here  mined  is  merely  a  commercial  practice;  the  bed 

mined  is  not  the  strat  igraphic  equivalent  of  the  Rosendale 

cement  bed  (the  lower  bed  mined  at  Rosendale)  but  of  the  upper 

or  the  one  to  which  the  name  Rondout  is  applied.   At  Howes  Cave 

resemble  a  large  gastropod. 

Crustacea  are  represented 

chiefly  by  the  two  large  spe- 

cies of  ostracods  L  e  p  e  r  - 
d  i  t  i  a  j  o  n  e  s  i  and  L  . 

scalar  is  [fig.  18],  the  lat- Fig.  18  Leperditia  scalaris 
("enlarged ) 

The  Uondoivt  and  Manlius  limestones 
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the  rock  is  a  banded  lime  mudrock,  rather  massively  bedded  and 

breaks  with  a  conchoidal  fracture.  It  is  bluish  gray  when 
fresh  but  weathers  brownish.  In  the  lower  portion  are  frag- 

ments and  small  heads  of  Favosites  h  e  1  d  e  r  b  e  r  g  i  a  e 

var.  precede ns  [fig.  7],  which  have  passed  up  from  the 

Cobleskill.  Above  the  cement  bed  are  12  feet  of  strata,  mostly 
lime  mudrocks,  but  with  frequent  layers  of  a  more  arenaceous 

texture.  Many  of  the  beds  are  very  shaly,  partaking  almost  of 

the  character  of  paper  shales  and  containing  a  considerable 

amount  of  argillaceous  material.  On  weathering  they  leave 

much  clay  behind.  These  beds  are  considered  worthless  in  the 

manufacture  of  cement.  They  are  succeeded  by  13^  feet  of 

Manlins,  which  is  here  quarried  for  Portland  cement,  containing 

on  the  average  from  9.3  to  94$  of  calcium  carbonate.  The  beds 

are  mostly  thin  and  irregularly  bedded  calcareous  mudrocks, 

the  lowest  portion  being  of  the  type  often  called  ribbon  lime- 

stones. They  are  similar  to  the  underlying  beds  but  of  a  purer 

composition.  A  few  heavy  bedded,  somewhat  more  arenaceous 

layers  occur  which  are  known  by  the  name  of  "  curly  "  layers.1 
The  thinner  bedded  strata  are  often  rich  in  Tentaculites 

g  y  r  a  c  a  n  t  h  u  s  [fig.  25]  and  S  p  i  r  i  f  e  r  vanuxemi  [fig. 

21]  and  Leperditia  alta  [fig.  21a]  are  also  common  in 

some  layers  [pi.  8,  20]. 

The  term  Manlius  was  applied  by  Clarke  and  Rchuchert  to  the 

uppermost  formation  of  the  Siluric,  which  has  long  been  known 

by  the  name  of  Tentaculite  limestone,  from  the  abundance  of  the 

small  pteropod,  Tent  a  c  u  1  i  t  e  s  g  y  r  a  c  a  nthus,  which 
often  covers  the  weathered  surfaces  of  the  slabs  of  this  rock.  It 

is  chiefly  a  rock  composed  of  impalpable  lime  mud.  Most  of  the 

beds  are  very  firm  and  when  si  ruck  with  a  hammer  emit  a  ringing 

sound).  There  arc  usually  alternating  heavy  strata,  in  which 

fossils  are  rather  rare;  and  thin  bedded  layers,  in  which  the  three 

fossils  Tentaculites  g  y  r  a  c  a  nthus,  Spirifer  van- 

u  x  e  m  i  and  L  e  p  e  r  d  i  t  i  a  all  a  are  common,  though  gener- 

^See  section  p.  259. 
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ally  only  one  of  these  species  is  abundant  on  a  given  slab  of  the 

rock.  At  intervals  beds  of  a  more  arenaceous  texture  occur,  the 

material  being'  a  moderately  coarse  lime  sand.  Such  beds  show- 
much  less  of  even  bedding  than  do  the  mudrocks,  and  ripple 

marks,  cross  bedding  and  other  features  so  characteristic  of 

silicious  sandrocks,  are  found,  though  the  rock  is  entirely  free 

from  quartz  grains.  Shaly  beds,  or  beds  of  more  or  less  cal- 
careous clay  mudrock  also  occur,  though  not  very  commonly  nor 

of  great  extent.  They  generally  fill  the  interstices  between  lens- 
like masses  of  lime  sandrocks  or  lime  mudrocks. 

In  the  Schoharie  valley  the  best  exposures  of  the  Rondout  and 

Manlius  beds  are  in  the  various  quarries  opened  along  the  base  of 

East  hill,  east  of  the  village  of  Schoharie.1  The  lowest  beds  of 

the  series,  i.  e.  those  following  immediately  on  the  Co'bleskill,  are 

best  exposed  in  the  Vrooman  quarry,  southeast  of  Schoharie  post- 

office.  They  are  heavy  bedded  lime  mudrocks,  occasionally  show- 

ing a  somewhat  arenaceous  texture,  and  containing  worn  frag- 
ments of  Favosites  and  Stromatopora.  Complete  heads  of  these 

corals  are  also  found  in  the  more  argillaceous  parting  shales.  The 

next  higher  beds  are  found  in  the  Becker  quarry  below  Laselle 

park,  just  east  of  Schoharie  aud  in  the  lower  Mix  and  O'Reilly 
quarry  at  the  stone  crusher  in  the  northeastern  part  of  the  village. 

Here  the  thickness  of  the  Rondout  formation  has  been  reported  to 

be  17  feet  [pi.  8,  10]. 2 
In  this  locality  some  of  the  massive  beds  of  the  Rondout  series 

contain  scattered  geodes  of  calcite  and  of  celestite.  These  geodes 

are  found  occasionally  in  the  stone  fences  in  the  northeastern  part 

of  the  village,  and  they  are  also  well  shown  on  the  northern  face 

of  West  hill,  where  mining  operations  for  the  strontium  mineral 

were  formerly  carried  on  for  some  time. 

The  higher  Rondout  beds  are  shown  in  the  Mix  and  O'Reilly 
quarry  where  they  are  succeeded  by  the  fossiliferous  Manlius. 

These  Manlius  strata  are  also  shown  in  the  Becker  quarry  and  in 

the  old  quarry  behind  the  cemetery  easl  of  Schoharie  court  house. 

'For  the  details  of  these  sections  see  chapter  •">. 
2See  section  ch.  5,  p.  239. 



114 NEW  YORK   STATE  MUSEUM 

From  the  top  of  the  Mix  and  O'Reilly  quarry,  transitional  beds 
from  the  Manlius  to  the  Coeymans  extend  to  the  foot  of  the 

Coeymans  ledge  which  crops  out  in  the  wood  behind  the  cemetery. 

These  beds  are  covered  in  the  interval,  but  are  well  shown  in  The 

quarry  next  south  in  the  hillside,  where  the  Coeymans  is  also 

quarried  for  road  metal. 

The  total  interval  from  the  top  of  the  Cobleskill  to  the  base  of 

the  transition  beds  is  59  feet,  6  inches.  The  transition  beds  which 

may  be  classed  with  the  Manlius,  since  they  partake  more  of  the 

character  of  this  rock  than  of  the  Coeymans,  have  a  thickness  of 

12  feet  and  G  inches,  making  a  total  for  the  Rondout  and  Manlius 

limestones  at  Schoharie  of  72  feet.  This  is  somewhat  less  than 

the  measurement  at  Howes  Cave,  where  the  same  formations 

have  a  combined  thickness  of  91  feet.  This  appears  to  be  due 

to  the  more  argillaceous  character  of  the  lower  or  Rondout  beds 

of  the  series  at  Howes  Cave,  though  similar  argillaceous  beds  are 

found  in  the  outcrops  on  West  hill  and  presumably  exist  in  the 

covered  portions  of  this  formation  in  Schoharie. 

The  fauna  of  the  transition  beds  is  very  interesting,  since  it 

represents  oscillating  conditions  between  the  Manlius  and  the 

Coeymans.  They  contain  at  intervals  a  pure  fauna  of  S  p  i  r  i  f  e  r 

v  a  n  u  x  e  m  i  [fig.  24]  and  Tentaculites,  or  again  beds  with  abun- 
dant S  t  r  o  p  h  e  o  d  o  n  t  a  v  a  r  i  s  t  r  i  a  t  a  [rig.  23] .  and  others 

with  a  variety  of  C  a  m  a  r  o  t  o  e  c  h  i  a  semiplicata  [fig. 

27],  with  a  very  angular  anterior  portion,  and  other  typical  Hel- 
derbergian  species. 

The  number  of  fossils  characterizing  the  Rondout  and  Manlius 

in  this  region  is  not  very  great.  Some  of  the  corals  and  brachio- 
pods  of  the  Cobleskill  extend  upward  into  the  Rondout  and  some 

even  reappear  in  the  Manlius  limestone.  Among  these  are  Favo- 

sites  h elder bergi  a  v  var.  precedens,  S  t  r  o  m  a  - 

topor  a  cf.  a  n  t  i  q  u  a  ,  C  a  m  a  r  o  t  o  e  <•  h  i  a  1  a  m  e  1 1  a  t  a 

[fig.  13]  S  pi  r  i  I  e  r  eriensis  [fig.  1 1  ]  and  S  .  c  o  r  a  1 1  i  n  - 

ensis  [fig.  10],  There  are  no  Stromatopora  beds  in  the  Man- 

lius of  this  region  as  there  are  in  tin1  Hudson  valley.-  At 
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Fig.  19  Spirifer  eriensis  var. 

pedicle  valve 
Fig.  21   Camarotoechia  hudsonica 

Fig.  24a  Leperditia 
Fig.  23  St  ropheodonta  varistriata  alt  a 

Fig.  22  Stroma  topor  a  cf.  antique  Fig.  24  Spirifer  vanuxemi 
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Rondout  two  beds  filled  with  heads  of  Stromatopora  occur  be- 

tween 12J  and  25J  feet  below  the  top  of  the  formation.  Asso- 

ciated with  these  is  a  rich  gastropod  fauna  of  which  a  partial 

list  is  given  by  van  Ingen  and  Clark  in  their  report  on  that 

region.1  Similar  beds  are  found  in  the  upper  part  of  the  Manlius 
at  Becraft  mountain,  the  uppermost  of  which  lies  just  below 

the  Coeymans  limestone.    This  highest  Stromatopora  bed  was 

Fig-.  25  Tentaculites  gyracanthus 

found  to  contain  a  modified  Cobleskill  fauna,  with  S  p  i  r  i  f  e  r 

eriensis  var.  [fig.  10] ,  S  p  .  c  o  r  a  1  1  i  n  e  n  s  i  s  [fig.  20] 

and  C  a  m  a  r  o  t  o  e  c  h  i  a  h  u  d  s  o  n  i  c  a  ,  [fig.  21] ,  the  latter  a 

close  relative  of  C  .  1  i  t  c  h  f  i  e  1  d  e  n  s  i  s  ,  predominating.  It 

is  interesting  that  the  first  two  species  are  not  recorded  from 

the  Cobleskill  of  the  Hudson  valley,  though  they  are  abundant 

and  characteristic  of  this  formation  in  the  Schoharie  valley  and 

west  ward. 

The  thickness  of  the  combined  Rondout  and  Manlius  forma- 

tions along  the  Eelderberg  escarpmenl  is  as  follows:  Eosendale 

about  55  ft;  Rondout  OH  ft;  Becraft  mountain  57  ft;  New 

Salem  5U  ((U  ft  being  waterlime  at  the  base);  Indian  ladder 

51  ft  m  ft  of  the  basal  portion  belonging  to  the  Rondout); 

'X.  Y.  State  Paleontol.  An.  Rep't  lor  L902 ;  X.  V.  State  Mus.  Bui.  69, 
p.  1183. 
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Altamont  40  ft  [1  to  2  ft  at  base  may  be  Rondout] ;  Schoharie 

72  ft;  Howes  Cave  91  ft.  In  the  sections  at  Becraft  mountain, 

New  Salem,  Indian  Ladder  and  Altamont  the  diminished  thick- 
ness is  due  to  the  absence  of  several  members  near  the  base, 

there  being  an  overlap  of  the  higher  members  which  come  to  rest 
on  the  Lorraine. 

Fig.  26  MonotrypellaV  arbusculus 

The  more  characteristic  fossils  of  these  two  formations  are 

as  follows: 

Corals  and  hydrocorallines :  Favosites  helder- 

bergiae  var.  p  recedens  [fig.  7]  and  S  t  r  o  m  a  t  o  p  o  r  a 

cf.  antiqua  [fig.  22],  species  which  have  already  been  noted 
under  the  Cobleskill. 

Brachiopods  :  Stropheodonta  v  a  r  i  s  t  r  i  a  t  a  [fig.  23] , 

a  small  nearly  flat  species  with  fine  striae  which  are  sometimes 

strongly  alternating,  and  Spirifer  v  a  n  u  x  e  m  i  [fig.  24], 

characterized  by  few  but  pronounced  plications.  Two  other 

common  fossils  are  the  pteropod  Tent  a  c  u  1  i  1  e  s  g  y  r  a  c  a  n- 

thus  [fig.  25]  and  the  small  smooth  bivalved  ostraeod  L  e  p  e  r  - 

d  i  t  i  a  alt  a  [fig.  24a],  which  sometimes  covers  the  surface  of 

the  slabs.  A  small  branching  bryozoan  M  o  n  0  t  r  y  p  e  1 1  a  ? 

arbusculus  [fig.  2(5]  also  occurs  at  times  in  considerable 
abundance. 

Description  of  C  a  m  a  r  o  t  o  e  c  h  i  a  s  e  m  Lpl  i  c  a  t  a  (Con- 

rad) var.  a  li  »•  n  1  a  1  a  var.  now  as  represented  in  Hie  Transition 
beds  [fig.  27  a-h]. 



118 NEW   YORK  STATE  MUSEUM 

Shell  subtriangular  in  outline  with  the  valves  nearly  equally 
and  moderately  convex.  Pedicle  valve  with  the  beak  over- 

arching that  of  the  brachial  valve,  more  strongly  arched  in  the 

posterior  than  in  the  anterior  portion.  Greatest  width  about 

two  thirds  the  distance  from  the  beak  to  the  anterior  margin. 

Fig.  27  Camarotoechiasemiplicata  var.  any  u lata  var.  nov.  (much enlarged) 

Anterior  third  to  half  only,  marked  by  broad  rounded  plications, 

which  become  angular  toward  the  front  in  the  adult.  These 

plicae  arise  gradually  from  the  nonplicate  surface.  Two  plica- 
tions near  the  center  border  a  narrow  median  depression  in 

which  there  is  a  median  faint,  rounded  plication.  Two  to  three 

fainter  plications  occur  outside  those  bounding  the  sinus,  on 
each  side. 



GEOLOGY  AND  PALEONTOLOGY  OF  THE  SCHOHARIE  VALLEY  119 

Brachial  valve  scarcely  less  arched  than  the  pedicle  valve, 

with  a  median  longitudinal  flattening  or  faint  depression  on  the 

smooth  portion.  Anterior  portion  alone  marked  by  a  rather 

pronounced  median  elevation  which  is  gently  grooved  at  the 

center.  Three  rounded  marginal  plications  occur  on  either  side, 

decreasing  in  size  away  from  the  center  and  becoming  pro- 
nounced and  angular  toward  the  front  in  the  adult  shell. 

Surface  marked  by  fine  lines  of  growth  which  are  faint  on  the 

smooth  umbonal  portion  but  lower  down  including  equidistant 

stronger  ones,  which  give  the  surface  a  lamellose  aspect.  Faint 

radiating  lines  are  visible. 

A  young  specimen  aV  inch  long  [fig.  27  c,  d]  has  the  plications 

just  appearing  in  the  form  of  a  wavy  margin.  The  brachial 

valve  in  this  is  less  convex,  rather  flattened  and  marked  by  a 

median  depression.  A  slightly  younger  shell  is  perfectly  smooth 

except  for  the  well  developed  concentric  striae  [fig.  27  a,  b]. 

In  adult  individuals  [fig.  27  f-h]  the  plications  are  strong  and 

angular  at  the  front  and  the  median  depression  profound  with 

the  central  plication  in  it  rather  strong. 

A  comparison  with  specimens  from  the  Coeymans  limestone 

shows  this  variety  to  be  narrower,  thicker,  with  a  more  sharply 

depressed  sinus,  in  which  the  fold  is  less  pronounced,  and  with 

more  angular  plications.  The  difference  is  shown  by  the  follow- 

ing measurements  of  two  characteristic  specimens. 

TRANSITION  COEYMANS 
VARIETY  VARIETY 

Length   5.5  nun  6.5  id m 
Width   4.5  nuD  t>  mm 

Depth    3.7  mm  3.5±mm 

The  Rondout  and  Manlius  are  the  cavern  formations  of  the 

region,  for  in  them  arc  found  Howes  cave  on  the  Cobleskill; 

Ball's  cave  on  Barton  hill  (though  here  the  entrance  is  through 

a  fissure  in  the  overlying  Coeymans),  Clark's  or  Gebhard's  cave, 
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the  mouth  of  which  is  just  above  the  CobleskiU,  and  Becker's 
cave  below  Lasell  park,  the  entrance  to  which  is  in  the  Manlius 

above  the  waterlime.  Numerous  other  caves  occur  in  this  rock 

in  eastern  Xew  York.  Caverns  are  much  less  frequent  in  the 

coarser  grained  limestone,  though  fissures  of  considerable  width 

are  common.  They  generally  open  to  the  surface  however.  It 

seems  that  the  lime  mudrocks  are  more  readily  dissolved  than 

the  lime  sandrocks  which  generally  are  more  or  less  crystalline 
and  that  furthermore  the  thin  bedded  character  of  the  rock  is 

more  favorable  to  the  passage  of  underground  water  than  is  the 

coarse  massive-bedded  lime  sandrock  of  the  higher  formations. 

In  the  western  part  of  the  State  of  Xew  York  the  Siluric 

(Ontaric)  section  is  as  follows,  the  thicknesses  given  being  those 

found  in  the  Niagara  section. 

Devonic    Onondaga  limestone 

iluric 

or 
Ontaric 

Hiatus 

f  CobleskiU1  (Bullhead)  limestone Bertie  waterline  
J  Camillus  shale   

Cayugan  A  &yY„  beds  i  Vernon  shale  ) 
LPittsford  shale  j 
fGuelph  dolomites  | 
J  Lockport  dolomite  \ 
)  Rochester  shale  
[  Clinton  beds  

[  Medina  sandstones  
{  Medina  shales  and  sandstones .  . 
L  Oswego  sandstone  

JS  iagaran 

Oswegan 

FEET 

7-8 60 

15o 35 

200 

200 

75 

40 

125; 
1U0: 75; 

( Jhamplainic    Lorraine  shales 

In  central  New  York  the  Oswego  sandstone  merges  into  the 

Oneida:  a  pure  white  quartz  pebble  conglomerate.  At  Washing- 
ton Mills,  Oneida  CO.  this  conglomerate  rests  directly  on  the 

'The  name  (Jreenfiold  limestone  has  been  used  by  the  author  for  this 
western  type  ot  Ihe  CobleskiU,  from  Greenfield  ().,  where  it  is  well  .de- 

veloped.   Science,  Dec.  2,  ISDN.    v.s.  no.205,  p.800. 
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Lorraine  shales,  the  succession  being  an  abrupt  one.  The  source 

of  the  pebbles  of  this  conglomerate  could  only  have  been  in  the 

crystalline  highlands,  i.  e.  the  Adirondack®,  and  the  Appalachian 

protaxis  of  New  York,  Pennsylvania  and  the  Southern  States, 

for  we  know  of  no  other  source  for  the  quartz  pebbles  than  these 

crystallines.  That  all  the  material  except  the  indestructible 

quartz  has  been  removed,  indicates  that  these  beds  mast  have 

been  repeatedly  worked  over  by  the  waves.  The  sudden  suc- 
cession of  these  conglomerates  on  the  soft  shales  in  central  New 

York  is  explained  by  the  condition  outlined  in  chapter  1.  A 

stationary  or  a  gently  rising  sea  floor  will  cause  the  shore  to 

migrate  seaward  and  carry  with  it  the  shore  deposits  which  will 

gradually  creep  out  over  the  sand  deposits  of  what  was  formerly 

deeper  water.  If  the  recession  of  the  shore  is  a  slow  one  the 

thickness  of  the  shore  deposit,  i.  e.  the  conglomerate,  is  mostly 

uniform.  On  the  other  hand  a  rapid  recession  of  the  shore  will 

result  in  a  progressively  thinner  and  thinner  accumulation  of 

the  shore  deposits  over  the  deeper  water  beds.1 
If  we  picture  to  ourselves  the  condition  of  deposition  during 

Lorraine  time,  we  must  realize  that  the  edge  of  the  Lorraine 

sea  touched  the  crystalline  shore,  from  which  the  sands  and 

clays  were  derived.  That  being  the  case  the  Lorraine  deposits 

naturally  overlapped  the  preceding  Champlainic  deposits,  a 

result  we  would  expect  where  a  progressive  subsidence  of  the 

sea  bottom  takes  place.  Along  the  shore  the  deposits  must 

have  been  conglomerates  and  coarse  sandstones  and  at  intervals 

some  of  these  must  have  spread  out  over  the  finer  deposits,  thus 

giving  us  the  abrupt  alternations  commonly  seen  [fig.  28A].  At 

the  end  of  Lorraine  time,  a  gradual  rise  of  the  shore  and  a  conse- 

quent retreat  of  the  sea  margin  appears  to  have  taken  place,  ac- 
companied in  the  Appalachian  region  by  considerable  folding  and 

'Rivers  from  the  rising  Green  mountain  chain  no  doubt  formed  a  power- 
ful agent  aiding  the  waves  in  carrying  the  pebbles  westward  and  in 

thoroughly  rounding  them.  The  red  sands  and  muds  of  the  Medina,  de- 
rived from  the  oxidized  crystallines  were  probably  also  in  part  subaerial 

in  origin. 
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crumpling.1  This  resulted  in  a  westward  migration  of  the  shore 
and  a  consequent  working  over  of  the  Lorraine  shore  deposits 

and  their  gradual  westward  spread  over  the  soft  Lorraine  beds, 

constituting  some  of  the  beds  referred  to  the  Oneida  conglom- 
erate which  farther  out  merge  into  the  Oswego  sandstone.  It  is 

highly  probable  that  daring  this  time,  i.  e.  while  the  Oswego  beds 

were  creeping  out  westward,  the  highest  Champlainic  beds  of  the 

Fig.  28  A-C  A=Diagram  of  the  strata  of  New  York  at  the  beginning  of  Upper  Silurie 
time;  B=at  time  of  maximum  retreat  of  the  sea;  C=at  end  of  Salina  time. 

interior,  i.  e.  the  Richmond  shales  were  deposited  [fig.  28B].  By 

the  time  that  Oswego  deposition  had  been  completed  the  eastern 

shore  was  well  out  of  water,  and  the  Lorraine  and  earlier  strata 

of  that  region  were  undergoing  folding  and  erosion  simultane- 

ously. When  the  shore  had  migrated  westward  to  the  limit  indi- 

cated by  the  extent  of  the  conglomerates,  a  reversal  of  conditions 

lrrhe  student  must  be  careful  here  not  to  confound  this  crumpling  with 
the  later  folding  of  the  strata  which  has  produced  the  Appalachians.  The 
folding  here  spoken  of  affected  only  the  Lorraine  and  earlier  beds  and 
occurred  before  the  deposition  of  the  Silurie  and  later  beds.  It  resulted 
in  the  formation  of  the  Green  mountain  chain,  and  is  hence  commonly 
spoken  of  as  the  Green  mountain  revolution. 



GEOLOGY  AND  PALEONTOLOGY  OF  THE  SCHOHARIE  VALLEY 123 

took  place,  subsidence  of  the  sea  floor  and  consequent  advance  of 

the  shore  taking  the  place  of  elevation  and  retreat  of  the  shore. 

This  advance  of  the  shore  brought  with  it  a  second  working 

over  of  the  conglomerates  which  gradually  crept  on  to  the  shore 

again,  covering  the  previously  eroded  surfaces.  While  this  took 

place  the  finer  material,  much  oxidized,  was  carried  seaward, 

i.  e.  westward,  and  deposited  above  the  Oswego  sandstone  as 

the  red  Medina  mud,  wmich  now  constitutes  the  shale  1100  feet 

thick  in  western  New  York.  Now,  while  the  deposition  of  these 

shales  went  on  the  shore  gradually  advanced  and  with  it  the 

conglomerates.  But  obviously  these  advancing  conglomerates, 

though  continuous  with  the  Oneida  conglomerate,  became  of  later 

and  later  age,  and  corresponded  in  time  to  the  red  Medina  shales 

of  western  New  York  [fig.  28C].  It  is  thus  evident  that 

these  later  conglomerates  can  not  be  called  the  Oneida,  as  is 

generally  done,  since  they  are  of  Postoneida  age.  The  term 

basal  conglomerates  or  Shawangunk  conglomerate,  the  latter 

being  applied  to  a  portion  of  the  basal  conglomerate  in  the  Shaw- 

angunk mountains,  wmich  is  most  certainly  of  Salina  age,  may 

be  used  in  a  general  discussion  of  this  lithic  but  not  stratigraphic 

unit.  Toward  the  end  of  the  deposition  of  the  1100  feet  of 

Medina  shales  there  was  another  spreading  out  of  the  shore 

strata,  which  caused  the  formation  of  the  quartzose  bed  that 

abruptly  overlies  the  Medina  shales  at  Niagara.1  Then  came 

the  deposition  of  the  Medina  sandstones,  which  indicates  shallow 

water,  an  idea  borne  out  by  Hie  ripple  marks  and  wave  marks  on 

these  rocks.  To  the  west  of  Lake  Michigan  the  Medina  and 

Osw  ego  are  both  absent  or  bnt  slightly  represented.  This  may  be 

due  to  the  existence  of  land  conditions  in  thai  region,  in  which 

case  we  should  expect  shore  deposits  in  Hie  thin  western  edge  of 

the  Medina.  Or  the  Mayville  lime  sandrock  may  have  accumu- 

lated during  Medina  time  in  Hie  western  purer  water.   This  seems 

l8ee  Geology  and  Paleontology  of  Niagara  Falls  and  Vicinity.  N.  Y. 
State  Mus.  Bui.  45.    1901.    p.  88. 
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a  not  unlikely  case,  as  this  limestone,  so  far  as  known,  follows 

conformably  on  the  upper  Champlainic  strata.1 
Even  at  the  typical  locality  in  Oneida  county  the  conglomerate 

appears  to  be  not  earlier  than  the  Medina  but  rather  the  equiva- 

lent of  the  upper  Medina,  corresponding  in  age  to  a  part  of  the 

upper  hundred  feet  of  the  Medina  of  western  New  York.  At  least 

this  is  true  of  the  upper  part  of  this  conglomerate  which  appears 

to  belong  to  the  advancing  instead  of  the  retreating  shore  line 

phase.  This  is  indicated  by  the  fact  that  the  Medina  sandstones 

overlying  the  conglomerate  are  less  than  100  feet  thick  in  Oneida 

county.  It  is  true,  of  course,  that  we  may  have  a  slower  sub- 
sidence here  than  in  western  New  York  and  therefore  a  smaller 

deposition.  If  that  is  the  case,  Ave  might  expect  coarser  deposits, 

unless  indeed  the  shore  by  this  time  was  far  removed.  There 

might  also  be  an  hiatus  in  the  middle  of  the  sandstone  series. 

In  Montgomery  and  parts  of  Herkimer  counties  however,  we 

find  a  conglomerate  between  the  Clinton  and  Lorraine  with  a 

total  absence  of  the  Medina  sandstones.  Here'  the  conglomerate 

certainly  represents  the  upper  Medina,  and  belongs  to  the  advanc- 
ing phase  of  the  Medina  seashore.  At  Rosendale  and  in  the 

Shawangunk  mountains  the  conglomerate  rests  on  the  folded  and 

eroded  shales  whose  age  may  be  Lorraine  or  earlier.2  The  thick- 

ness of  the  conglomerate  is  something  over  200  feet  in  the  Shaw- 
angunk mountains  but  thins  away  northeastward,  disappearing 

near  Binnewater.  Locally  the  conglomerate  often  becomes  a 

coarse  quartz  sand.  Above  the  conglomerate  in  the  Shawangunk 

region  are  shales  (—High  Falls)  and  sandstones  (Binnewater) 
commonly  but  erroneously  referred  to  the  Medina  or  Clinton.  They 

Ml'  no  unconformity  exists  between  the  upper  Richmond  and  the  May- 
ville  beds  and  it  (he  latter  are  of  the  age  of  the  Clinton  of  New  York,  the 
lower  .Medina  shales  of  the  Niagara  region  resting  upon  the  Lorraine,  must 
be  of  Richmond  age.  The  upper  Medina,  however,  has  a  marine  fauna 
closely  linking  it  with  the  (Minion. 
2The  Champlainic  is  almost  wholly  represented  by  shales  and  sandstones 

in  the  northern  Hudson  valley.  These  shales  are  the  Hudson  shales  in"  the 
modern  acceptation  of  the  term,  their  age  ranging  from  Upper  Cambric 
(Dictyonema  beds)  to  Lorraine. 
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average  40  feet  in  thickness  in  the  cement  district,  but  south  of 

Kosendale  give  way  to  argillaceous  and  ferruginous  sediments 

(Longwood  shales).  The  sandstone  phase  of  this  series  overlaps 

the  conglomerate  north  of  Binnewater,  indicating  a  more  rapid 

subsidence  which  prevented  the  formation  of  the  conglomerate. 

The  highest  bed  of  the  series,  a  white  quartzite,  laps  over  all  the 

lower  ones,  appearing  as  far  north  as  Wilbur  bridge  across  the 

Kondout,  where  it  rests  directly  on  the  Hudson  river  slates.  This 

formation  appears  thus  to  be  much 

later  than  the  Clinton  and  if  the  con- 

glomerate is  early  Salina,  this  bed  too 

is  Salina.  It  is  followed  by  the  Salina 

waterlimes  (Rosendale  bed)  with  an 

abrupt  succession  indicating  a  rapid  or 

even  sudden  subsidence,  so  that  only 
the  fine  calcareous  muds  of  which  these 

rocks  are  composed  could  be  depos- 
ited. That  the  surface  of  the  floor 

formed  by  these  Shawangunk  sand- 
stones was  not  a  level  one  is  shown 

by  the  varying  thickness  of  the  first  or    .  ̂ .20  Haiy sites  catenu- ^  «/»  latus  var. 
Rosendale  cement  bed,  which  at  Rosen- 

dale  is  20  feet  thick,  but  at  one  point  near  Binnewater  thins  down 

to  4  feet,  though  quickly  increasing  again.  At  the  West  Shore 

railroad  bridge  across  Rondout  creek  at  Wilbur,  the  thickness  of 

this  lower  bed  is  10^  feet.  In  many  places  the  base  of  the  Rosen- 
dale cement  is  formed  of  a  more  or  less  crystalline  lime  sandrock, 

a  few  feet  in  thickness.  This  has  been  called  the  Wilbur  lime- 

stone by  Hartnagel.  It  contains  a  modified  Niagaran  fauna. 

Throughout  the  cement  region  the  Rosendale  bed  is  succeeded  by 

a  limestone  bed  varying  from  L0  to  L5  feet  in  thickness,  which 

Hartnagel  lias  identified  with  the  Oobleskill  limestone.  This  rock 

is  mostly  ;i  lime  sandrock  with  large  heads  of  II  a  1  y  sites 

c  a  t  e  d  11 1  a  t  11  s  var.  [fig.  29],  F  avosites  11  i  a  g  a  rensis 

[fig.  30]  and  Stromatopora  sp.,  besides  brachiopods,  many 

of  which  are  of  NiagaraD  affinities. 
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Regarding  the  identity  of  the  Cobleskill  of  the  cement  region 

as  established  it  becomes  apparent  that  the  Brayman  shales  are 

the  approximate  stratigraphic  equivalents  of  the  Eosendale  cement 

bed.  As  before  noted  however,  the  indication  of  an  hiatus  at  the 

top  of  the  Brayman  shales  makes  absolute  equivalency  doubtful. 

The  Rosendale  cement  bed  of  eastern  New  York  appears  also  to  be 

the  stratigraphic  equivalent  of  the  Bertie  formation,  or  at  least  a 

part  of  it  in  western  New  York.   That  formation  averages  60  feet 

in  thickness  at  Buffalo,  though  only  the  upper  8  or  10  feet  carry 

the  Eurypterus  fauna.  It  is  therefore  probable  that  the  Rosen- 
dale  bed  corresponds  only  to  the  upper  part  of  the  Bertie,  while 

the  underlying  sandstones  and  conglomerates  (Shawangunk  beds) 

probably  are  the  equivalent  of  the  lower  part  of  the  Bertie,  as  well 

as  part  of  the  remaining  Salina  beds.1 

irriie  impropriety  of  considering  the  Shawangunk  grit  basal  Silnric  in 
age  will  he  apparent  when  we  consider  that  it  rests  unconfoifnably  on 
the  folded  Hudson  river  strata  in  which  are  included  the  Lorraine  or 
Upper  Champlainic  beds.  It  would  be  necessary  to  assume  that  the  folding 
and  extensive  erosion  which  the  Hudson  river  beds  suffered  after  Lorraine 
time  was  all  accomplished  during  the  interval  represented  by  the  Richmond 
beds  of  the  west.  Thus  very  little  time  is  allowed  for  the  folding  and 
erosion  of  the  Champlainic  beds,  if  the  succeeding  beds  are  considered 
basal  Silnric,  i.  e.,  Premedina  as  is  the  general  practice.  If  however  we 
consider  the  Shawangunk  grit  of  Salina  age,  the  folding  and  erosion  of  the 
Champlainic  beds  could  have  been  accomplished  during  Palaeo-  and  Meso- 
Siluric  time. 

V 

Fig.  30  Favosites  niagarensis 
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Under  the  description  of  the  Brayman  shales  it  has  been  pointed 

out  that  the  contact  with  the  underlying  sandstone  has  all  the 

character  of  a  normal  conformable  contact,  there  being  absolutely 

no  indication  in  the  exposures  of  a  break  in  the  series.  Further- 
more the  sandstones  are  different  in  lithic  character  from  those 

commonly  found  in  the  Lorraine  and  have  characteristics  in  com- 
mon with  the  Brayman  shales.  To  place  the  long  time  interval 

between  the  Champlainic  and  Upper  Siluric  at  this  level  seems 

wholly  unwarranted ;  indeed,  the  nature  of  the  contact  forbids  it. 

We  must  look  lower  down  for  this  Siluro-Champlainic  contact, 

and  consider  the  sandstones  immediately  in  contact  with  the 

Brayman  shales  as  the  equivalent  of  the  Binnewater  sandstones 

in  the  cement  region.  That  the  contact  between  these  sandstones 

and  the  Hudson  river  (Lorraine)  beds  has  not  been  found  need 

create  no  surprise  when  it  is  remembered  that  the  upper  Lorraine 

beds  are  also  sandstones  and  that  therefore  the  contact  would  not 

be  a  pronounced  one;  and  furthermore,  that  there  is  nowhere  in 

this  region  a  good  continuous  exposure  where  this  contact  could 

easily  be  traced. 

Northeastward  from  Schoharie  the  basal  beds  progressively 

thin  away.  At  the  Albany  county  line  both  the  basal  sandstones 

(Binnewater)  and  the  Brayman  shales  have  disappeared,  being 

overlapped  by  the  Cobleskill.  At  Altamont  the  Cobleskill  is  also 

absent,  together  with  the  greater  part  of  the  Rondout,  only  about 

2  feet  of  the  latter  occurring  between  the  Manlius  and  the  Lor- 

raine. Northward  from  the  cement  region  of  Ulster  county  a 

similar  dying  away  of  lower  and  overlapping  of  higher  beds 

occurs.  At  Catskill  the  Cobleskill  rests  on  the  Lorraine,  while  at 

Becraft  the  Manlius,  or  at  any  rate  the  upper  Rondout  beds,  rest 

on  the  Lorraine.  At  New  Salem  fU  feet  of  the  Rondout  occur, 

separated  by  a  transition  basal  sandstone  of  10  inches  which  prob- 
ably represents  the  arenaceous  clastic  accumulations  on  (lie  old 

erosion  surface  of  Hudson  river  rocks.1    At  Indian  Ladder  the 

Grosser  &  Rowe.  Stratigraphy  of  the  Eastern  Helderbergs.  X.  V. 
State  Geol.  17th  An.  Rep't,  p.338.    Sec  also  Schuchert.    Am.  (Jonl.  lM  :173. 
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thickness  of  the  Rondout  wateflime  is  I  feet  G  inches.  It  rests 

directly  and  unconformable  on  the  Lorraine  shales  and  is  fol- 

lowed conformably  by  normal  Manlius  with  typical  fossils. 

From  the  foregoing  it  becomes  apparent  that  there  was  a 

continuous  northward  and  eastward  transgression  of  the  interior 

or  Mississippian  sea  from  the  beginning  to  the  end  of  Siluric 

time.  The  origin  of  the  lime  mudrocks  forming  the  Avaterlimes 

and  the  Manlius  limestone  needs  a  brief  consideration.  They 

have  been  considered  as  chemical  precipitates,  but  all  the  char- 

acteristics of  the  rock  are  against  such  an  assumption  and  point 

rather  to  a  clastic  origin.  Considering  this  origin  as  the  most 

likely,  the  lime  mud  must  have  resulted  either  from  the  grinding 

up  of  organic  deposits,  such  as  shell  heaps  or  coral  reefs,  or 

through  the  mechanical  erosion  of  earlier  limestones.  So  far 

the  direct  derivation  of  the  lime  mud  from  organic  deposits  has 

little  evidence  to  support  it.  It  is  true  that  there  may  still  exist 

coral  reefs  or  shell  heaps  of  this  period  which  have  not  yet  been 

exposed  by  erosion,  and  that  others  may  have  been  entirely 

worn  away.  Yet  in  view  of  the  fact  that  these  deposits  are 
uniform  over  such  wide  areas  and  that  no  remains  have  been 

found  in  them  from  which  such  lime  flour  could  be  derived,  we 

are  hardly  justified  in  entertaining  this  supposition.  If  on  the 

other  hand  we  consider  that  these  lime  mudrocks  were  largely 

formed  from  the  lime  mud  derived  from  the  Trenton  and  older 

limestones,  we  must  postulate  (bat  these  limestones,  which  un- 

doubtedly reached  far  up  on  the  crystalline  old  land,1  were 
covered  by  Utica  and  Lorraine  sediments  at  the  end  of  Lorraine 

time;  that  these  silieions  sediments  were  gradually  eroded  during 

early  Siluric  time,  and  that  at  the  beginning  of  the  waterlime 

'The  Trenton  limestones  may  actually  have  covered  the  Adirondacks,  but 
Kemp  is  inclined  to  believe  that  this  was  net  the  ease,  Cushing,  in  a 
recent  paper  [N.  V.  State  Mns.  Bill.  77.  L905.  p.52  ei  seq.]  concludes  that 
there  was  a  progressive  overlap  of  the  early  limestones  on  the  crystallines, 
capped  by  Utica  shale  which  may  have  extended  to  or  above  the  summit 
of  the  entire  massive.  Wilson  cites  several  cases  where  Black  river  corals 
grew  mi  the  crystallines  in  the  neighborhood  of  Kingston  Ont. 



Plate  10 

Rock  shelter,  Coeymans  limestone,  South  Schoharie.    The  weathering  occurs 
along  the  Siluro-Devonic  contact   mainly  in  the  transition  beds 
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deposition  the  shore  was  abruptly  advanced  over  the  eroded 

sandstone  ledges  which  formed  the  shore  and  supplied  detrital 

material,  to  the  newly  uncovered  limestone  ledges  [sec  fig. 

31  A-B]. 

That  there  probably  Avas  a  sudden  deepening  of  the  water  and 

a  consequent  sudden  advance  of  the  shore  seems  to  be  indicated 

by  the  abrupt  change  from  quartz  sandroek  to  lime  mudrock 

which  we  see  in  the  sections  of  the  cement  region  southeast  from 

Fig.  31  A-B  Diagrams  explaining  the  sudden  change  from  coarse  silicious  to  fine  cal- careous sediment  owing  to  sudden  advance  of  the  sea 

Schoharie.  That  there  was  an  interval  of  elevation  into  dry 

land,  accompanied  by  erosion,  between  the  deposition  of  the 
Binnewater  sandstones  and  that  of  the  Rosendale  cement  bed,  can 

not  be  held,  on  account  of  the  total  absence  of  erosion  of  the  sand- 

stones in  any  of  the  sections  exposed.  The  bed  preceding  the 

cement  is  uniformly  the  same  in  all  sections,  but  has  the  aspect 

of  having  been  partially  consolidated  before  the  waterlimes  were 

deposited.  Irregularities  in  the  thickness  of  the  cement  bed  are 

due  to  irregularities  in  this  floor  bed,  these  irregularities  being 
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structural  and  not  erosional.  At  Binnewater  such  an  uncon- 

formity of  deposition  without  erosion  is  seen  near  the  old  cement 

tunnels.    The  following  diagram  illustrates  it  [fig.  32]. 

In  the  Schoharie  region  this  change  brought  with  it  the  depo- 

sition of  the  Brayman  shales,  indicating  that  the  source  from 

which  the  Schoharie  region  was  supplied  was  still  in  large  part 

a  silicious  shore;  the  ledges  of  Lorraine  had  apparently  not  been 

wholly  covered  by  water  to  the  north  of  Schoharie.  Eventually 

however  the  shore  advanced  to  the  limestone  region,  which  may 

have  been  where  now  is  the  Mohawk  valley,  25  miles  or  more 

dance  as  to  form  the  greater  part  of  the  limestones.  When  at 

any  time  the  conditions  became  favorable,  corals  began  to  grow, 

and  their  destruction  helped  to  form  the  lime  sandrocks  found 
at  intervals  in  these  Siluric  beds. 

The  shore  equivalents  of  the  waterlimes  and  the  Manlius  were 

most  probably  lime  sandrocks  and  lime  rubblerocks  which  have 

long  since  l)een  removed  by  the  extensive  erosion  to  which  this 

legion  was  subjected  in  Postpaleozoic  time,  as  discussed  in 

chapter  8.  The  basal  irregularity  of  these  deposits,  i.  e.  the  thin- 
ning out  in  some  places  of  basal  members,  is  due  to  irregularities 

of  the  old  ocean  floor,  composed  of  the  already  consolidated 

and  in  places  strongly  folded  and  eroded  Hudson  slates  and 
sandstones. 

north  of  Schoharie.  This 

great  distance  of  the 

shore    explains    the  fine- 

Fig-.  32  Irregularities  in  deposition  of  Rosendale cement 

ness  of  the  material, 

which  was  carried  out  to 

this  region,  and  the 

scarcity  of  organic  re- 
mains which  are  chiefly 

restricted  to  pelagic  ani: 

nials,  some  of  which  dur- 

ing later  Manlius  time  ac- 

cumulated in  such  abun- 
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The  sudden  transition  from  Hudson  sandstones  to  limestones 

of  Upper  Silurie  age,  lias  been  frequently  noticed  by  writers.  The 
absence  of  clastic  silicious  material  at  the  base  of  the  limestones 

has  been  particularly  commented  on.  Van  Ingen  and  Clark 

record  the  presence  of  boulders  of  sandstone  in  the  "  Coralline  m 
limestone  near  the  contact  with  the  upturned  and  strongly 

eroded  Hudson  river  sandstones  at  Rondout,  but  these  boulders 

are  overgrown  with  Bryozoa  and  corals,  showing  that  they  did  not 

form  a  part  of  an  actively  eroded  shore.  Had  the  shore  gradu- 

ally advanced  landward,  there  must  of  necessity  have  been  formed 

a  deposit  of  silicious  elastics,  derived  from  the  underlying  beds. 

In  certain  cases  such  an  accumulation  of  clastic  material  actually 

occurred  as  shown  by  the  basal  beds  at  New  Salem.  As  a  rule 

however  such  beds  are  absent,  indicating  a  sudden  deepening, 

so  that  offshore  deposits  could  accumulate  on  the  silicious 
basement. 

This  sudden  advance  of  the  seashore  seems  to  have  produced 

a  breach  in  the  barrier  which  separated  the  Atlantic  waters  from 

those  of  the  interior  continental  or  Mississippian  sea.  Through 

this  breach  the  Atlantic  fauna  found  an  entrance,  so  that  in  the 

deposit  of  this  time  we  have  a  mingled  Atlantic  and  Mississippi 

sea  fauna.2 

The  fauna  of  the  Cobleskill  of  Schoharie  seems  to  be  a  com- 

posite of  the  fauna  of  the  lower  Manlhis  of  the  interior  (Green- 

field limestone  fauna)  and  that  of  the  Atlantic  province  of  Silurie 

time.  We  know  from  the  Silurie  deposits  in  the  Atlantic  province 

that  species  which  in  the  interior  were  confined  to  the  Niagaran 

beds  continued  in  the  open  ocean  practically  throughout  the 

Silurie.  With  the  invasion  of  the  Atlantic  waters,  we  would  expect 

these  species  to  make  their  way  into  the  interior  basin  again  but  to 

xTbe  Coralline  limestone  of  Rondout  lias  born  correlated  by  Hartnagel 
witb  tbe  Wilbur  limestone,  a  name  applied  by  him  to  the  basal  bed  of  lime 
sandrock  found  in  many  places  between  the  Kosendale  cement,  and  the 
Binnewater  sandstone.  There  is  some  reason  to  believe  however  thai  tins 
Rondout  Coralline  is  the  Cobleskill.  whicn  here  rests  directly  on  a  knob  of 
Hudson,  around  which  the  Rosendale  beds  were  deposited.    [See  p.  312] 

'-'See  Hartnagel.  loc.  cit.  p.  1155. 
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be  more  abundant  in  the  eastern  deposits  of  the  region  than  in  the 

western  where  the  species  from  the  interior  would  hold  sway. 

Halysites  catennlatus  is  one  of  these  species,  which  is 
extremely  characteristic  of  the  Cobleskill  of  the  Rosendale  cement 

region,  but  Hartnagel  records  it  from  only  one  locality  in  the  Scho- 

harie region,  i.  e.  northeast  of  Howes  Cave.  Again  some  of  the 

characteristic  western  species,  such  as  Spirifer  eriensis, 

S.  c  o  r  a  1 1  i  n  e  n  s  i  s ,  Trochoceras  g  e  b  h  a  r  d  i  and 

Leper  ditia  scalar  is,  while  common  in  the  Schoharie 

region,  are  absent  in  the  Cobleskill  of  the  Hudson  valley.  S  . 

c  o  r  a  1 1  i  n  e  n  s  i  s  and  S .  eriensis  occur  however  in  the 

uppermost  Manlius  of  Bee-raft  mountain,1  showing  that  by  the 
end  of  Manlius  time  these  species  had  made  their  way  east  to  the 

Hudson  valley. 

xGrabau.  Stratigraphy  of  Becraft  Mountain.  N.  Y.  State  Paleontol.  An. 
Rep't  for  1902;  N.  Y.  State  Mus.  Bui.  69,  p.  1042 







■GEOLOGY  AND  PALEONTOLOGY  OF  THE  SCHOHARIE  VALLEY 
133 

Chapter  3 

STRATIGRAPHY  OF  THE   SCHOHARIE   REGION  (continued) 

The  Lower  Devonic  rocks  of  the  region 

The  Schoharie  region  has  long  been  famous  for  the  clear 

differentiation  and  normal  succession  of  the  rocks  of  the  Helder- 

berg series  and  their  immediate  successors  up  to  the  base  of  the 

Onondaga  limestone.  The  rocks  now  classed  as  Helderbergian 

[see  table]  were  formerly  included  in  the  upper  part  of  the 

Siluric,  under  the  name  of  Lower  Helderberg  group.1  The  Tenta- 
culite  or  Manlius  limestone  was  included  in  the  Lower  Helder- 

berg group,  for  it  was  generally  held  that  sharp  division  lines  are 

necessary  to  separate  formations.  It  is  only  within  the  last  few 

years  that  the  Devonic  age  of  the  higher  portions  of  the  Lower 

Helderberg  group  has  been  established,  chiefly  by  the  paleontologic 

labors  of  Clarke  and  Schuchert,  and  that  the  dividing  line  between 

Upper  Siluric  and  Lower  Devonic  was  definitely  established  at 

the  top  of  the  Manlius  limestone.  Till  recently  the  formations 

under  consideration  have  been  known  by  the  names  given  them 

by  the  early  geologists,  among  whom  John  Gebhard  esq.  and 

Lieut.  W.  W.  Mather  were  specially  concerned  with  the  Helder- 

berg rocks.  Paleontologic  naimes  were  largely  selected  for  the 

formations  by  these  geologists,  but  these  have  since  been  replaced 

by  names  selected  from  typical  localities,  mostly  in  the  Hud- 

son valley.  The  following  table  shows  the  Lower  Devonic 

formations  with  the  present  and  former  names,  the  highest  beds 

being  placed  at  the  top  of  the  table  and  the  current  nomenclature 
at  the  left. 

JTbe  Upper  Helderberg  group  included  the  Esopus  and  Schoharie  grits 
and  the  Onondaga  limestone. 
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Oriskanian J  Esopns  grit  Cauda-galli  grit 
I  Oriskany  formation      Oriskany  sandstone 

"  Port  Ewen  limestone    Upper  shaly  lime-" stone  (in  part) 

Upper    Pentamerus,  o 

Helderbergian 

(  Lower  Pentamerus  or  £ 

Coeymans  limestone  •<     Pentamerus  lime-  | 
(  stone  hi 

Manlius  limestone        Tentacu lite  limestone  „ Upper  Siluric 

The  Coeymans  or  Lower  Pentamerus  limestone 

This  formation  has  a  thickness  of  about  50  feet  in  this  region. 

It  is  mainly  a  rather  coarse  semicrystalline  limestone  composed 

of  fragments  of  shells,  crinoids  and  corals.  At  intervals  the  rock 

is  a  nearly  typical  shell  limestone  or  coquina,  with  the  brachiopod 

shells  composing  it  largely  in  a  perfect  state  of  preservation. 

These  weather  out  in  relief  on  the  exposed  edges  of  the  rock  and 

with  care  may  be  collected  from  these  surfaces.  Even  when  per- 
fect shells  are  abundant,  the  main  mass  of  the  rock  is  nevertheless 

formed  of  fragments,  and  this  fact  renders  the  rock  a  very  com- 

pact, hard  limestone  of  very  uniform  grain,  and  generally  of  a 

dark  color,  the  color  being  due  not  so  much  to  impurities  as  to 

the  manner  in  which  light  is  reflected  from  the  innumerable 

cleavage  surfaces  of  Hie  small  calcite  grains. 

No  coral  reef  structure  has  been  observed  in  this  rock  in  any 

of  its  exposures,  though  heads  of  corals,  specially  F  a  v  o  s  i  t  e  s 

h  e 1 de  r be  r  g  i  a  e  arc  often  quite  common,  more  particularly 

in  the  lower  part  of  the  formation.  These  corals  often  appear  to 

be  in  the  place  where  they  grew,  in  which  case  they  are  repre- 

sented by  perfect  head®.  Not  infrequently  however  coral  frag- 
ments alone  are  present  or  are  mingled  with  the  unbroken  heads. 

In  such  cases  even  the  perfect  heads  are  found  overturned,  while 

the  fragments  lie  in  all  positions. 



GEOLOGY  AND  PALEONTOLOGY  OF  THE  SCHOHARIE  VALLEY 135 

1 

1 

mi 

The  lower  beds  of  the  Coeymans  formation  are  generally  massive 

limestones,  while  the  npper  ones  are  more  thin  bedded  and  gener- 

ally show  a  transition  to  the  overlying  New  Scotland  formation. 

This  relative  character  is  maintained  throughout  the  Helderberg 

region,  and  is  also  found  in  the  outliers  east  of  the  Hudson, 

Mt  Becraft  and  Mt  Bob.  Topographically  this  is  expressed  by 
a  cliff  wherever  the  massive 

beds  are  exposed  and  by  a 

slope  above  this,  formed  by 

the  thinner  bedded  strata. 

The  cliff  of  the  lower  Coey- 

mans is  conspicuous  every- 

where in  this  region,  being 

particularly  prominent  on 

both  sides  of  \Yest  moun- 

tain and  on  the  south  face 

of  Barton  hill  along  the  Fox 

kill.  The  cliff  not  infre- 

quently overhangs  owing  to 

the  recession,  by  weather- 

ing, of  the  transition  layers 

befrveen  it  and  the  Man- 

lius.  Thus  there  is  generally 
a  cavernous  recession  at 

the  base  of  the  Coeymans, 

which  in  many  places  forms  an  adequate  rock  shelter  [sec 

pi.  11].  It  is  at  the  base  of  this  rock  that  the  remarkable 

crinoid  Me  1  o  <•  r  inns  p  a  c  h  y  d  a  c  t  y  1  u  s  [fig.  33]  has  been 
found,  the  locality  furnishing  most  of  the  specimens  obtained, 

being  the  cliff  east  of  Schoharie  courthouse.  The  thickness  of 

the  formation  at  Rondout,  New  Salem  and  at  Indian  Ladder  is 

the  same  as  at  Schoharie,  i.  e.  50  feet,  while  at  Mt  Becraft  its 

thickness  is  45  feet.  There  is  generally  much  elici  t  in  1  he  upper 

portion  of  this  formation,  but  this  appears  to  be  wanting  entirely 

in  the  exposures  of  the  Schoharie  region.    A l  Howes  Cave  the 

Fig.  33  Melocrinus  each  y  d  a  c t y  1  u s 
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lower  portion  is  quarried  together  with  the  Manlius  and  manu- 

factured into  Portland  cement.  In  composition  it  is  similar  ta 

the  Manlius,  though  in  texture  it  is  always  a  sandrock. 

The  most  accessible  exposure  of  the  Coeymans  in  the  Schoharie 

region,  is  in  "  the  rocks  "  which  extend  in  a  cliff  from  behind  the 
cemetery  at  Schoharie  southward  till  they  cross  the  Middleburg 
road  about  a  mile  south  of  Schoharie  courthouse.  The  rock  has 

been  quarried  at  two  places  for  road  metal,  one  in  the  cliff  back 

of  Schoharie  courthouse,  and  the  other  at  the  northern  end  of 

Lasell  park.  Though  the  formation  is  well  exposed  on  West  hill^ 

only  the  upper  layers  can  be  examined,  as  the  lower  25  to  30  feet 

forms  an  almost  inaccessible  perpendicular  or  overhanging  cliff. 

On  the  road  leading  up  West  hill,  however,  a  short  distance  be- 

yond the  point  where  it  branches  off  from  the  East  Cobleskill 

road,  a  good  section  of  the  formation  is  found.  The  lowest  beds 

exposed  in  the  cliff  along  the  roadside  are  the  upper  Manlius  bedsr 

of  which  about  33  feet  are  shown.  These  are  succeeded  by  about 

32  feet  of  massive  Coevmans,  part  of  which  is  quarried  by  the 

roadside.  Above  this  are  about  20  feet  more,  forming  low  ledges 

in  the  field,  and  then  follows  a  slope  of  Xew  Scotland  [sec  section 

fig.  198].  Southward  good  outcrops  are  found  behind  the  Gebhard 

farm  in  cliffs  below  the  road  [map:  IX  h,  46].  Good  cliffs  of 

lower  Coeymans,  rich  in  fossils,  are  also  found  south  of  the  Cobles- 
kill,  between  Braymanville  and  the  Howes  Cave  road  [map: 

VI  f,  32]  and  again  halfway  between  Braymanville  and  Barner- 

villc  [map:  V7  b,  30]  where  ledges  of  Coevmans  traversed  by  wide 
master  joints,  project  into  the  Cobleskill  for  some  distance.  At 

Barnerville,  ledges  of  Coeymans  with  fossils  are  well  exposed  in 

the  village  and  on  the  south  banks  of  the  stream.  On  Barton  hill 

good  exposures  of*  tlx1  Coeymans  are  found  in  low  (dill's  which 
almost  encircle  the  hill. 

Fossils  of  the  Coeymans 

The  following  are  sonic  of  the  more  characteristic  species. 

Crinoids.    M  e  1  o  c  r  i  n  u  s     p  a  c  h  y  d  a  c  t  y  1  u  s     [fig.  33]. 

This  large  and  beautiful  species  was  found  in  the  shaly  layers 
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at  the  base  of  the  Coeymans  in  the  cliffs  in  the  eastern  part  of 

the  village.  It  is  one  of  the  first  crinoids  found  in  this  region, 

and  one  of  the  most  beautiful.  L  e  p  a  d  o  c  r  i  n  n  s  geb- 

hardi  [fig.  34]  is  also  abun- 
dant in  this  formation,  the 

tapering  steins  being  frequently 

found.  The  nutlike  head,  com- 

posed of  irregular  plates,  is 

easily  recognized.  The  species 

belongs  to  the  group  of  the 

Cystoids. 

Among  the  brachiopods, 

Stropheodonta  v  a  r  i  s  - 
t  r  i  a  t  a  [fig.  35]  is  the  most 
abundant  and  characteristic  of 

the  lower  beds.  It  is  fre- 

quently larger  than  in  the 
Manlius.  Other  characteristic 

brachiopods  are  :  G  a  m  a  r  o  - 

t  o  e  c  h  i  a  s  e  m  i  p  1  i  c  a  t  a 

[fig.  36],  a  small  species,  smooth  in  the  upper  portions  and  with 

a  few  small  plications  near  the  base;  very  abundant  in  some  of 

the  layers  and  represented  by  a  variety  [see  fig.  27  a  h]  in  the 

transition  beds  at  the  top  of 

the  Manlius  ;  U  n  c  i  n  u  1  u  s 

m  u  t  a  b  i  1  i  s  [  tig.  37],  a 

robust,  rounded  form  with 

numerous  rather  faint  and 

rounded  plications,  and  pro- 
nounced anterior  emargination, 

often  occurs  in  considerable 

abundance ;  A  t  r  y  pa  r  e  t  i  C  u  1  a  r  i  s  [tig.  38],  generally 

robust  and  easily  recognized  by  the  unequal  convexity  of  the 

valves  and  the  reticulated  surface  markings,  and  Si eh  e  re  11  a 

galeata  [fig.  3!)],  easily  recognized  by  its  form,  the  strong 

overarching  beak  of  the  pedicle  valve  and  the  strong  rounded 

Fig-.  34   Lepadocrinus  gebhardi 

Fig-.  35  Stropheodonta  varistriata 
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Fifr.39  Sieberella  galeata 
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plications  which  however  may  become  faint  or  even  wanting  in 

some  individuals,  which  then  resemble  S  .  pseud  ogaleata 

[fig.  74]. 

Besides  the  species  mentioned,  which  may  be  regarded  as  the 

diagnostic  fossils  of  this  formation,  there  are  a  number  of  other 

brachiopods,  as  well  as  trilobites,  which,  however,  are  also 

found  in  the  Xew  Scotland.   These  are  all  listed  in  chapter  7. 

New  Scotland  beds 

Delthyris  shaly  limestone ;  Catskill  shaly  limestone ; 
Lower  slialy  limestone ;  of  various  authors 

This  formation,  which  immediately  succeeds  the  Coeymans 

limestone,  is  not  so  well  exposed  in  the  Schoharie  region  as  it 

is  in  other  parts  of  the  Helderberg  escarpment.  This  is  due  to 

the  fact  that  the  rock  weathers  readily,  and  hence  forms  soil- 

covered  slopes,  which  are  commonly  utilized  for  grazing  pur- 

poses, being  in  most  cases  too  steep  for  profitable  tilling.  Hop 

and  grain  fields  are  however  by  no  means  uncommon  on  this 

rock  when  its  outcrops  form  gentle  slopes.  More  continuous 

and  satisfactory  outcrops  of  this  formation  are  found  in  New 

Scotland  township  in  Albany  county  which  has  given  the  name 

to  the  formation,  and  at  Becraft  mountain  in  Columbia  county 

and  Rondout  in  Ulster  county. 

In  the  Schoharie  region  as  in  most  places  along  the  Helderberg 

escarpment  the  Coeymans  limestone  grades  upward  into  the 
New  Scotland  beds  and  it  becomes  difficult  to  draw  the  line 

between  the  two  formations.  The  upper  Coeymans  beds  grad- 

ually become  more  thin  bedded,  and  impure  layers  containing 

much  argillaceous  and  silicious  material  make  their  appearance. 

These  gradually  increase  in  proportion  till  there  remains  but 

a  comparatively  small  portion  of  the  limestone.  At  intervals 

hard  calcerous  beds  appear  which  generally  crop  out  on  the  hill 

slopes,  but  for  the  most  part  the  rock  seems  to  disintegrate 

readily  and  form  clays.  These  disintegrated  masses  may  often 

be  sirn  along  the  roadsides  and  form  interesting  sources  for 

!li<'  collection  of  weathered-out  fossils.    The  more  resistant 
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layers  generally  break  up  into  blocks  or  slabs  of  moderate  size 

and  are  commonly  found  resting  on  the  surface  of  the  slope  under- 

lain by  this  rock.  These  fragments  generally  have  their  surface 

covered  with  weathered-out  fossils,  chiefly  brachiopods  and  brvo- 

zoanSj  and  in  the  majority  of  localities  in  the  Schoharie  region 

they  form  the  only  available  source  of  the  fossils  of  this  rock. 

Very  often  these  fragments  are  used  in  the  construction  of 

stone  fences  where  however  they  are  associated  with  other  rock 

masses  from  higher  or  lower  strata.  One  of  the  best  places 

for  the  collection  of  the  fossils  of  the  upper  portion  of  this  rock 

is  along  the  line  of  contact  with  the  overlying  Becraft  lime- 
stones. There  is  generally  some  weathering  back  along  this 

contact,  the  more  massive  Becraft  limestone  overhanging  and 

sometimes  forming  rock  shelters.  Behind  the  house  of  Mr  Sam 

Clark,  on  Dann's  hill  opposite  Schoharie,  one  of  these  rock  shel- 
ters has  been  formed,  the  projecting  ledge  being  supported  by 

a  pillar  of  New  Scotland  [see  pi.  12].  Near  by  is  a  small  cavern 

worn  along  the  Becraft-New  Scotland  contact  line  by  a  small 

stream  which  runs  dry  during  the  summer  months.  In  the  floor 

and  arch  of  the  shelter  many  weathered-out  specimens  of  well 

preserved  fossils  may  be  obtained.  At  this  point  the  slope 

underlain  by  the  Newr  Scotland  beds  is  very  steep,  and  numerous 
broken  fragments  of  the  harder  beds  of  this  series,  together  with 

slabs  of  the  lower  Becraft,  formerly  covered  the  surface,  but 

have  been  gathered  and  piled  up  in  fences  behind  which  the  soil 

of  the  slope  is  retained.  From  these  fragments  many  good 

fossils  may  be  obtained. 

Farther  north,  on  the  slope1  of  West  or  Terrace  mountain, 

below  the  house  of  Mr  George  Acker,  other  good  opportunities 

for  collecting  fossils  from  this  horizon  are  offered.  In  fact,  with 

the  exception  of  a  few  outcrops  on  East  hill  above  Schoharie, 

specially  near  the  Mix  and  O'Reilly  quarries,  the  best  oppor- 
tunity for  the  collection  of  the  fossils  from  this  formation  is  in 

West  and  Dann's  hills,  between  the  Coeymans  cliff  below  and 
the  Becraft  cliff  above.  The  nearest  good  collecting  ground  for 
these  fossils  in  the  ITelderberg  is  on  the  slopes  of  High  Toint; 
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above  the  Coeymans  cliff  about  a  mile  south  of  Altamont,  while 

other  good  exposures  are  found  at  Indian  Ladder,  New  Salem, 

Becraft  mountain  and  on  North  hill  near  Kingston. 

The  thickness  of  the  New  Scotland  beds  in  the  Schoharie  region 

averages  115  feet.  At  New  Salem  it  is  120  feet  thick ;  near  Clarks- 

ville,  127  feet.  At  Becraft  mountain  from  70-75  feet  occur  while 

at  Kingston  the  thickness  is  estimated  at  100  feet. 

Fossils  of  the  New  Scotland  beds 

As  will  be  seen  from  the  list  of  fossils  in  chapter  7,  this 

formation  is  one  of  the  richest  of  the  Helderberg  series.  Only 

a  few  of  the  most  typical  species  can  be  mentioned. 

Fig.  40  R  h  i  pid  omell  a  oblata 

Brachiopods.  R  h  i  p  i  d  o  m  e  1  1  a  obi  a  t  a  [fig.  II)  and  40a.] 

This  species  may  be  recognized  by  its  broadly  rounded  outline, 

shorl  hinge  area,  the  greater  convexity  of  the  brachial  valve  and 

the  line  radiating  surface  striae1.    It  is  a  common  species, 

Dal  in  a  n  e  1  1  a  p  ere!  e  g  a  n  s  [fig.  41  ]  and  1 )  .  s  u  b  c  a  r  i  - 

nata  [fig.  42]  are  also  characteristic  species,  and  can  be  dis- 

tinguished from  the  preceding  by  the  shallower  brachial  valve, 

which  generally  lias  a  depression  down  the  center,  while  the 

pedicle  valve  is  strongly  convex.  Of  the  two  species  the  first 

has  ;i  more  sloping  hinge  area  and  a  more  strongly  convex 
brachial  valve. 
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Fig.  4")   O  r  1  ho  t  li  e  t  c  s    \v  o  o  1  w  o  r  t  h  a  n  U  s 



Fig.  49 Uncinulus  n u c  1  e o  1  a t u s 
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Strophonella  headleyana  [fig.  43],  Leptostro- 

phia  becki  [fig.  44]  and  Orthothetes  woolworth- 

aniis  [fig.  45]  are  the  most  characteristic  strophomenoid  shells. 

Of  these  the  first  two  are  characterized  by  a  crenulated  hinge 

line,  the  first  having  the  convexity  of  the  valves  reversed  while 

L  .  becki  is  normal,  often  almost  flat,  and  not  infrequently 

with  concentric  wrinkles;  the  spreading  muscular  impressions 

are  also  very  characteristic.  O.  woolworthanus  likewise 

has  the  convexity  of  the  valves  reversed,  but  has  a  broader  hinge 

area  than  S .  headleyana  and  no  crenulations. 

Fig-.  50  Uncinulus  abruptus 

L  e  p  t  a  e  n  a  r  h  o  m  b  o  i  d  a  1  i  s  [fig.  46]  one  of  the  common- 

est brachiopods  of  this  horizon,  is  easily  recognized  by  the  strong 

concentric  wrinkles  and  the  abrupt  anterior  deflection. 

Among  the  Spirifers  S  .  p  e  r  1  a  m  e  1 1  o  s  u  s  [fig.  47]  is  readily 

recognized  by  its  rounded  plications  and  strong  lamellose  con- 

centric striae;  while  S  .  mac  r  o  p.  leu  r  a  [fig.  4S],  the  most 

characteristic  species  of  this  horizon,  may  be  known  by  its  la  rue 

size,  few,  very  broad  and  gently  rounded  plications  and  numerous 

fine  radiating  striae. 

Among  the  rhynchonelloid  shells  Uncinulus  n  u  c  1  e  o  - 

latus  [fig.  49]  U.  abruptus  [fig.  50]  and  U.  velli- 

catus  [fig.  51]  occur,  all  of  which  are  robust  and  readily  dis- 

tinguished by  the  characters  shown  in  the  illustrations. 
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Fig.  51  Uncinulus  v e  1 1  i c a t u s 

Fig.  bi  S  t  e  n  o  s  c  h  i  s  m  a  formosum 

Fig.  52  Stenoschisma  altiplicatum 

Fig.  54  Eatonia  medial  is 
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Stenoschisma  altiplicatum  [fig.  52]  is  readily  dis- 
tinguished by  the  abrupt  anterior  emargination  due  to  the  deep 

folding  sinus.  It  is,  however,  not  so  readily  distinguished  from 

Stenoschisma  f  o  r  m  o  s  u  m  [fig.  53],  which  is  a  broader 

and  less  triangular  shell. 

E  a  t  o  n  i  a  in  e  d  i  a  1  i  s  [fig.  54]  is  a  rhynchonelloid  with  an 

abrupt  and  marked  anterior  deflection,  and  rounded  plications 

chiefly  at  the  anterior  margin. 

Among  the  smooth  brachiopods  are  Meristella  laevis 

[fig.  55],  M.  a  rcuata    [fig.  56  and  56a]  and  M.  princeps 

Fig.  55   Meristella  laevis 

[fig.  57],  which  are  readily  distinguished  from  one  another  by 

their  form  and  proportion  and  from  the  other  brachiopods  of  this 

horizon  by  the  absence  of  surface  striae  or  plicat  ions. 

A  try  pa  reticularis  [fig.  38]  is  abundant  in  this  as  in 
the  other  formations. 

A  number  of  pelecypods  occur  in  this  horizon,  but  on  the 

whole  they  are  not  common  or  well  preserved.  One  of  the  most 

readily  recognized  is  A  c  t  in  apt  eri  a  textilis  [fig.  58], 
which  is  very  oblique,  with  a  strong  posterior  wing,  and  sharp 
radiating  striae  cancellated  by  concentric  lines.    A.  securi- 
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Fig-,  fil   Platyceras  get)  hard 
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for  m  i  s  [fig.  59],  a  less  oblique  species,  is  also  common  in  this 
and  other  horizons. 

The  gastropods  are  well  represented  by  the  type  Platyceras 

which  is  represented  by  species  showing  various  degrees  of  non- 
coiling.  P .  ventricosum  [fig.  60]  and  P.  gebhardi 

[fig.  61]  are  the  most  closely  coiled  and  easily  distinguished  from 

each  other  by  the  ventricosity  of  the  first  species.    A  few  of  the 

'  Fig.  67  Dalmanites 
p  1  e  n  r  o  p  t  y  x 

Fig.  66   Phacops  log  ani 

more  characteristic  species  with  slight  coiling  are  represented  in 

the  illustrations  [figs.  62-64]  and  they  give  an  idea  of  the  in- 

stability of  the  form  of  this  very  variable  gastropod. 

Various  species  of  Orthoceras  occur  in  this  and  in  the  preceding 

horizon.  They  are  generally  poorly  preserved.  O.  helder- 

b  e  r  g  i  a  e  may  be  given  as  an  example. 

Among  the  pteropodous  mollusea,  C  o  n  u  1  a  r  i  a  h  u  n  t  i  a  n  a 

[fig.  65]  may  be  cited.  The  species  is  easily  recognized  by  its 

form  and  peculiar  surface  markings. 

Trilobites  are  not  uncommon  in  Hi  is  formation,  but  perfect 

specimens  are  not  easily  obtained.  P  li  a  c  ops  1  o  g  a  n  i  [fig.  66] 

is  one  of  the  most  abundant  and  readily  recognized  by  its  strong 
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and  pustulose  glabella,  the  position  of  the  eyes  and  the  general 

outline  of  the  body  as  shown  in  the  illustration.  Dalmanites 

p  1  e  u  r  o  p  t  y  x  [fig.  67]  is  characterized  by  a  deeply  lobed  gla- 

bella, which  widens  rapidly  toward  the  front;  by  the  strongly 

I1  ! 

Fig-.  68  Dalmanites  nasutus 

cresccntic  outline  Of  the  head,  with  the  moderate  lateral  spines, 

and  by  the  large  triangular  pygidium.  Another  species,  D.  nasu- 

tus [fig.  68],  is  characterized  by  a  bifurcating  anterior  exten- 
sion of  the  head,  longer  and  sharper  genal  spines,  and  a  pygidium 

furnished  with  a  long,  narrow  spine  or  telson. 



Plate  13 

Becraft  limestone  showing  weathered  surfaces  with  shells  and  crinoid  frag- 
ments in  relief.    Quarry  on  East  hill  above  Schoharie  [see  p]  14] 
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Becraft  limestone 

Scutella  and  Eucrinal  limestones  [Vanuxein  etc.],  Sparry  limestone 
[Gebhard],  Upper  Pentamerus  limestone,  Upper  member  of  the  Delthyris 
shaly  limestone  [Mather],  Upper  limestone  of  Becraft  mountain 

This  limestone  was  included  by  Mather  in  his  Delthyris  shaly 

series,  but  has  always  been  treated  by  subsequent  authors  as  a 

separate  formation.  Its  best  exposure  is  on  Becraft  mountain 

near  Hudson,  where  it  is  15  feet  thick  and  extensiyely  quarried  at 

the  present  time  and  manufactured  into  Portland  cement. 

Lithically  the  rock  is  a  coarse-grained  crystalline  lime  sand- 

rock,  densely  packed  with  brachiopod  shells,  so  that  not  infre- 

quently it  has  the  character  of  a  shell  rock  or  coquina.  This  char- 
acter is  well  shown  on  the  weathered  edges  of  the  rock,  where 

the  shells  stand  out  in  relief,  as  shown  in  the  photographs 

[pi.  13,  11].  The  rock  is  massive  bedded,  compact  and  hard,  and 

when  fresh  of  a  dark  gray  color,  but  weathering  creamy  or  white. 

The  lower  part  is  rich  in  joints  of  crinoid  columns,  which  are 

also  frequent  throughout  the  mass.  The  basal  portion  of  a  large 

crinoid,  Aspidocrinus  s  c  u  t  e  1 1  i  f  o  r  m  i  s  is  common  in 

the  lower  part.  The  fancied  resemblance  of  these  fossils  to  the 

echinoid  Scutella  has  given  rise  to  the  term  "  Scutella  limestone  ". 

These  calyx  bases  are  from  one  to  two  inches  in  diameter,  gen- 

erally flatly  bowl-shaped,  though  sometimes  having  more  the 

shape  of  a  very  flat  cone,  with  an  apical  aperture.  The  whole 

shield  is  rendered  crystalline  by  secondary  infiltration  of  calcic 

carbonate,  as  is  usual  in  echinoderm  remains,  and  the  cleavable 

calcite  masses  thus  produced  are  very  characteristic  and  easily 

recognizable.  They  form  a  good  index  to  the  formation.  On  the 
weathered  surfaces  these  basal  shields  often  stand  out  in  relief 

and  in  such  cases  their  true  form  and  character  can  be  well  seen. 

In  the  lower  and  middle  portions  of  the  rock  the  shells  composing 

it  are  mainly  Spirifers  and  rhynchonelloid  brachiopods.  In  the 

upper  portion  however  S  i  e  b  e  r  e  1  1  a  pseudogalea  I  a 

[fig.  71],  the  index  fossil  of  this  formation,  predominates. 

From  its  resistant  character  this  limestone  mostly  forms  cliffs, 

which  are  often  very  pronounced  and  generally  project  above  the 
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New  Scotland  beds  as  rock  shelters,  owing  to  rapid  disintegration 

of  the  underlying  beds  at  the  contact  line  [see  pi.  12].  The 

heavy  beds  of  rock  are  traversed  by  joint  cracks,  which  by  solu- 

tion frequently  become  widened  into  fissures  of  considerable 

extent. 

Exposures  are  numerous  in  the  Schoharie  valley  but  less  fre- 

quent and  accessible  in  that  of  the  Cobleskill.  On  both  West  and 

East  hills  and  on  Dann's  hill  good  cliffs  of  this  rock  extend  for 
miles  above  the  New  Scotland  slope.  One  of  the  best  exposures 

is  in  front  of  the  home  of  Mr  George  Acker  on  West  hill,  where  a 

cliff  of  15|  feet  of  the  limestone  may  be  seen  extending  for  some 

distance  just  below  the  road.  Above  this  are  5|-  feet  of  similar 

rock,  after  which  the  limestones  become  somewhat  finer  grained, 

darker  and  more  compact,  with  fewer  organic  remains.  These 

upper  beds  with  a  thickness  of  10-15  feet  may  represent  a  part 

of  the  Port  Ewen  or  Upper  Shaly  bed  series,  which  is  otherwise 

unrepresented  in  this  vicinity.  At  any  rate  they  are  lithically 

identical  with  beds  occupying  a  similar  position  at  Becraft  moun- 
tain and  which  there  represent  the  Tort  Ewen  beds. 

Including  these  beds  with  the  Becraft,  from  which  they  scarcely 

differ  lithically,  we  have  about  30  feet  of  strata  between  the  New 

Scotland  and  the  Oriskany.  At  Countryman  hill  near  New  Salem 

the  Becraft  has  a  thickness  of  only  17  feet  and  is  at  once  suc- 

ceeded by  2  feet  of  Oriskany.  At  Clarksville,  a  mile  farther 

south,  it  is  20  feet  thick  and  is  succeeded  by  1  foot  of  Oriskany. 
At  Becraft  mountain,  where  the  thickness  of  the  Becrafl  is  45 

feet,  there  are  from  20  to  25  feet  of  Pori  Ewen  between  it  and 

the  Oriskany.  the  transition  being  apparently  a  gradual  one. 
At  Rondoul  on  1  he  other  hand,  where  the  Becraft  has  a  thickness  of 

aboul  35  feet,  it  is  succeeded  by  110  feet  or  more  of  Port  Ewen  or 

Upper  Shaly  beds.  The  great  thickness  of  the  Port  Ewen  beds 

here  is  mainly  due  to  a  difference  in  the  material  of  which  it  is 

made,  this  being  in  a  large  measure  argillaceous  and  silicious 

elastics,  whereas  at  Becrafl  mountain  it  is  mainly  a  deposit  of 
lime  sandrocks. 
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These  facts  point  to  an  hiatus  or  stratigraphic  unconformity 
between  the  Becraft  and  the  Oriskany,  which  may  be  due  merely 
to  nondeposition  in  the  Schoharie  and  Helderberg  region,  without 
much  erosion  of  previously  deposited  rocks. 

The  Becraft,  though  a  very  good  limestone,  is  quarried  only  in 

two  places  in  the  Schoharie  valley.   One  is  on  the  slopes  of  East 

hill  on  the  road  which  leads  up  the  hill  northeast  from  Schoharie 

[map :  XI  g,  44],  and  the  other  about  half  a  mile  east  of  Frisby's 
mills  in  a  field  between  the  Middleburg  road  and  the  railroad 

track  [map:  IX  j,  62]. 

Fossils  of  the  Becraft  limestone 

While  this  limestone  is  almost  entirely  composed  of  fossils,  the 

number  of  species  is  limited.  The  crinoids  are  mainly  repre- 

sented by  Aspidocrinus  scutellif  ormis,  of  which 

only  the  broad,  shieldlike  base  is  preserved.  This  is  very  abun- 
dant in  the  lower  Becraft  and  the  upper  Xew  Scotland,  for 

which  reason  this  portion  of  the  formation  was  formerly  called 
the  Scutella  limestone.  This  fossil  varies  from  one  to  two  inches 

in  diameter,  and  in  convexity,  from  low-rounded  to  subcorneal. 
It  is  always  crystallized  and  the  calcite  cleavage  is  a  very 
characteristic  feature. 

The  brachiopods  are  the  most  characteristic  fossils  of  this 

horizon.  Among  the  orthid  shells  Schizophoria  m  u  1 1  i  - 
striata  [fig.  69]  Avith  its  strongly  convex  valve,  and  sharp, 

fine  surface  striae,  predominates.  Spirifer  c  o  n  c  i  n  n  u  s 

[fig.  70]  is  generally  represented  by  small  individuals  with  faint 

rounded  plications  and  shallow  rounded  sinus.  It  is  the  only 

common  species  of  the  genus.  On  large  specimens  the  fold  of  the 

brachial  valve  shows  incipient  plications.  The  rhynchonelloid 

shells  are  represented  by  Stenoschisma  f  o  r  m  o  s  u  m  [fig. 

53]  already  noted  in  the  Xew  Scotland  ;  W  i  1  s  o  n  i  a  vent  r  i  - 
cosa  [fig.  71],  a  small  round,  extremely  ventricose  species, 

wii  li  low  rounded  plical  ions  ;  U  n  c  i  n  u  1  us  c  a  m  p  be  1  1  a  n  n  s 

[fig.  72]  and  U  .  nob  i  li  s  [fig.  73]  easily  distinguished  by  their 

form  and  plications.  Meristella  princeps  [fig.  57] 

and   Airy  pa   reticularis    [fig.   38]    also   occur    in  this 
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Fig.  74   Sieberella  pseudogaleat  a 
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horizon.  By  far  the  i^ost  characteristic  and  abundant  species  is 

Sieberella  pseudogaleata  [fig.  74] ,  easily  distin- 

guished from  S  .  g  a  1  e  a  t  a  by  its  more  elongated  form  and 

absence  of  plications.  As  already  stated  the  upper  portions  of 

this  limestone  are  sometimes  entirely  composed  of  this  species. 

A  number  of  gastropods  occur  but  they  are  not  abundant. 

Oriskany  formation 

Resting  on  the  Bee-raft  limestone  or  on  the  darker  limestones 
which  in  some  places  succeed  the  Becraft  and  represent  the  Port 

Ewen  beds  of  the  central  Hudson  region,  Ave  find  in  a  great  many 

localities  in  this  district  a  dark,  silicious  and  very  fossiliferous 

limestone.    This  is  the  representative  of  the  Oriskany,  which  at 

Oriskany  Falls,  Oneida  co.,  its  type  locality,  consists  of  20  feet 

of  nearly  pure,  white  fossiliferous  quartz  sandrock.    The  ro-ek  of 
the  Schoharie  region  appears  to  be  a  mixture  of  quartz  and  lime 

sand  grains.    The  latter  are  commonly  dissolved  out  in  the  ex- 

posed rock,  which  then  changes  from  a  dark  bluish  gray  very 

compact  rock,  in  which  the  fossils  are  distinguishable  with  diffi- 

culty, to  a  brown  porous  sandrock  with  the  fossils  represented  b\ 

both  external  and  internal  molds,  which  are  beautifully  preserved 

and  show  every  detail  of  marking  characteristic  of  the  original 

which  has  been  dissolved  away.   The  upper  member  of  the  forma- 

tion is  a  compact  quartzite,  which  forms  an  even  and  level  floor, 

marked  only  by  peculiar  wave  marks,  which  resemble  in  a  genera] 

way  the  markings  found  in  the  Esopus  shale  next  above,  and  are 

known   by   the    name    of    Spirophyton  (Taonurus) 

<•  a  u  d  a  -  g  a  1 1  i .  This  upper  surface  of  the  Oriskany  is  so  marked 
that  it  is  readily  recognized  at  a  glance.    It  has  been  noticed 

throughout  the  Helderberg  region,  retaining  its  marked  surface 

everywhere.   From  the  hardness  of  this  surface  layer  and  the  soft- 

ness of  the  overlying  Esopus  shales  it  follows  that  erosion  is 

largely  concerned  witli  the  removal  of  the  overlying  soft  beds. 

Thus  the  Oriskany  forms  a  level  platform  or  terrace  wherever  the 

beds  are  nearly  horizontal,  a  feature  which  may  be  observed  in  a 

great  many  places  in  the  Helderberg  region.   Near  Schoharie  this 

may  be  seen  on  both  West  and  East  hills  above  the  village,  the 



158 NEW   YORK   STATE  MUSEUM 

best  localities  being  at  the  house  of  Mr  George  Acker  on  West 
mountain,  where  a  reel  bain,  visible  from  Schoharie,  stands 

directly  on  this  surface;  and  on  East  mountain  above  the  Fox  kill, 
where  the  road  for  some  distance  runs  on  this  stratum. 

The  two  places  just  mentioned  furnish  the  best  localities 

for  collecting  the  Oriskany  fossils  of  this  region.  The  fossils 

are  best  obtained  from  the  loose  blocks  which  are  found  plenti- 
fully scattered  about  the  fields  or  piled  up  in  fences.  The 

weathered  rock  is  easily  shattered  by  the  hammer,  and  care  must 

be  taken  to  get  the  fossils  without  injuring  them. 

On  the  eastern  side  of  West  hill  there  appear  to  be  from  5  to  6 

feet  of  the  Oriskany,  but  owing  to  the  imperfect  sections  exposed, 
no  accurate  determinations  could  be  made.  On  the  west  side  of 

this  hill,  however,  this  formation  appears  to  be  much  thinner,  and 

in  some  places  not  represented  at  all.  This  is  again  the  case 

farther  southwest  along  the  road  leading  to  Howes  Cave  between 

Dann's  and  Sunset  hills  but  on  the  north  slope  of  the  latter  hill 
a  good  exposure  is  found  [see  section  in  eh.  5].  On  the  whole* 

the  Oriskany  sandstone  is  not  Avell  exposed  in  the  Cobleskill  val- 
ley, and  it  is  not  impossible  that  it  is  absent  over  part  of  this 

area.  On  East  hill  the  thickness  appears  to  be  not  over  one  or 

two  feet,  the  highest  beds  being  represented. 

While  the  lack  of  outcrops  can  not  of  course  be  accepted  as 

conclusive  evidence  of  the  absence  of  this  formation  in  portions 

of  this  region,  yet  the  fact  that  the  Oriskany  is  so  eminently  fitted 

to  produce  extensive  outcrops,  or  at  least  to  influence  the  topog- 
raphy, lends  color  to  the  supposition  that  where  the  outcrops  are 

wanting,  other  conditions  being  favorable,  this  formation  is  either 

absent,  or  so  thin  that  it  can  not  exert  its  normal  influence  on  the 

progress  of  erosion.  If  then  we  accepl  the  facts  as  indicating  an 

irregularity  in  1he  thickness  of  this  formal  ion,  we  have  additional 

evidence  pointing  to  an  hiatus  between  the  Becraft  and  Oriskany 

formations  of  Hi  is  region.  We  may  therefore  assume  that  during 

early  Oriskany  time  the  Schoharie  as  well  as  the  northern  llelder- 

berg  regions  were  above  water  and  subjeci  to  a  certain  amount  of 

erosion  during  which  the  Toi  l  Ewen  beds  and  in  places  also  por- 

tions of  the  upper  Becraft  were  removed,  with  the  exception  of 

the  remnant  of  the  former  formation  found  on  West  hill.  During 
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this  period  the  near  shore  sand  and  pebble  beds  of  the  lower 

Oriskany  were  deposited  in  the  Rondout  region  and  southward 

and  the  lower  Oriskany  beds  of  Becraft  mountain  Avere  deposited 

probably  at  a  greater  distance  from  the  shore,  so  that  the 
silicious  element  in  them  became  much  reduced.  As  has  been 

shown  elsewhere1  the  Oriskany  of  Becraft  mountain  is  a  continu- 

ous series  writh  the  Helderbergian  series,  the  calcareous  Port 
Ewen  beds  of  that  locality  forming  a  complete  transition  from  the 
one  to  the  other. 

Fossils  of  the  Oriskany  formation 

Brachiopods  are  the  most  characteristic  fossils  of  this  forma- 

tion. One  of  the  most  striking  is  H  i  p  p  a  r  i  o  n  y  x  proximus 

Fig.  75   Hipparionyx  proximus 

[fig.  75]  with  its  extremely  convex  brachial  and  nearly  Hat  pedicle 

valves,  the  latter  with  strong  muscular  impressions,  which  have 

stratigraphy  of  Becraft  mountain. 
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Fig.  ;:> 
Spirifer  urcnosus 
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been  compared  with  the  impression  of  a  colt's  foot.  R  h  i  p  i  d  o  - 
m  e  1 1  a  musculosa  [fig.  76]  is  a  smaller  type,  with  less 

marked  muscular  impressions.  L  e  p  tostrophia  m  a  g  - 

nifica  [fig.  77],  a  large  nearly  flat  species,  with  pronounced 

divergent  muscular  impressions  and  fine  radiating  striae,  is  like- 

wise common,  together  with  several  other  species  of  the  genus. 

Spirifer  m  u  r  chisoni  [fig.  78]  and  8  .  arenosus  [fig. 

79]  are  the  most  characteristic  brachiopods  of  this  formation,  the 

former  distinguished  by  its  broad 

rounded  plications,  and  smooth 

fold  and  sinus,  the  other  by  its  nu- 
merous low  rounded  plications 

which  also  extend  across  the  fold 

and  sinus.  Internal  molds  of 

these  two  species  are  character- 

ized by  strong  elevations  in  the 
Fig-.  80  Eatonia  peculiar  is  ,  . , .  _  .  ,  , . . 

rostral  cavities,  which  are  dif- 

ferently marked  in  the  two  species,  as  shown  by  the  illus- 

trations. Eatonia  peculiaris  [fig.  80],  a  small  species 

with  a  strong  anterior  deflection,  and  the  surface  marked 

only  by  fine  radiating  striae  is  common.  Several  huge 

rhynchonelloids  occur  of  which  P  1  e  t  h  o  r  h  y  n  c  h  a  bar- 

randei  [fig.  81]  is  the  most  striking.  Others  are  IMetho- 

r  h  y  n  <•  h  a  p  1  e  i  o  p  i  e  u  r  a  [fig.  82] ,  'C  a  m  a  r  d  t  o  e  c  h  i  a 

oblata  [fig.  83]  and  C.  fitch  an  a  [fig.  81].  Lepto- 
coelia  flabellites  [fig.  85]  is  not  uncommon  and  is  the 

only  small  plicated  shell  with  flat  brachial  ami  moderately  convex 

pedicle  valve.  Oik1  of  the  most  characteristic  species  of  this 

horizon  is  the  large,  elongate,  robust  Rensselaeria 

o  v  o  i  d  e  s  [fig.  S6]  readily  known  by  its  convexity  and  regular 

surface  striation.  With  it  occurs  the  smaller,  gently  convex 

V  e  g  a  I  a  n  1  oris  o  v  a  1  i  s  [fig.  87] ,  in  which  the  surface  striae 

seldom  appear. 

The  peleeypods  are  chiefly  represented  by  the  large1  Pterinea 
text  i  li  s  var.  a  re  n  a  r  i  a  [tig.  88],  with  its  sharp  striations; 

and   P  t  .  ge  b  h  a  r  d  i   [fig.  89],  with  flat,  rounded  plications. 
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J* 

Fig-.  s;>  Pie thorny noha  pleio pleura 
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Fig.  8G   Hcnsselaeria  ovoides 
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Fig-.  87  Mega  la  uteris  oralis 

Fig.  88   Pterinea  text  i  lis  var.  arena  ri  a 
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Fig. 92  Platyoeras  nodosum 
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Among  gastropods  the  close  coiled  and  extremely  rotund 

Diaphorostoma  ventricosa  [fig.  90]  and  Stroph- 
ostylus  expansns  [fig.  91]  are  the  most  characteristic. 

A  number  of  species  of  Platyceras  also  occurs,  P  .  nodosum 

[fig.  92]  being  the  most  striking. 

Esopus  shales 

Cauda  galli  grit,  cocktail  grit 

Besting  on  the  wave-marked  surface  of  the  upper  quartzite  bed 
of  the  Oriskany  of  this  region  we  find  a  dark  brown  or  black 

silicious  or  gritty  shale  of  very  uniform  character  and  virtually 

barren  of  organic  remains.  This  formation  is  well  exposed  in  the 

Esopus  creek  below  Saugerties,  from  which  locality  it  derives  its 

name.  Throughout  the  Helderberg  region  it  maintains  a  very  uni- 

form character,  commonly  splitting  into  small  rectangular  frag- 
ments, which  cover  the  slopes  of  the  hillside  underlain  by  it.  In 

the  disturbed  region  south  of  Saugerties  this  formation  is  strongly 

affected  by  slaty  cleavage,  which  entirely  obliterates  all  traces  of 

the  original  bedding,  but  in  the  Schoharie  region  the  bedding  is 

readily  discernible,  specially  in  fresh  exposures  of  the  rock. 

There  are  few  exposures  of  this  formation  in  the  Schoharie 

region,  the  only  opportunity  of  seeing  the  lower  beds  being  where 
artificial  excavations  have  been  made.  Such  an  excavation  is 

seen  occurring  on  East  hill,  on  the  road  which  ascends  the  hill 

northeast  of  Schoharie,  near  Avhere  it  passes  from  the  Becraft 

onto  the  Oriskany  [see  map].  As  usual  a  brief  exposure  has 

caused  the  checking  of  this  rock  so  that  it  is  mainly  a  slope  of 

loose  material.  Near  the  summit  however  along  the  line  of  con- 

tad  with  the  Schoharie  and  Onondaga  beds,  large  slabs  are  often 

found  covered  with  the  peculiar  markings  which,  on  the  supposi- 

t  ion  that  they  were  seaweeds  and  owing  to  the  fancied  resemblance 

of  the  marking  as  a  whole  to  a  rooster's  tail,  have  been  named 
Spirophyton  (Taonurus)  c  a  u  d  a  -  g  a  1 1  i  [fig.  93] . 

Prom  this  structure  the  rock  has  received  the  early  name  of 

( !auda-galli  grit.  It  is  highly  probable  however  that  the  structure 

in  questioD  is  inorganic,  representing  wave-marks  of  a  peculiar 
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Fig. 93  Spirophy t on  Taonurua  cauda-galli 
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type.  As  already  noted,  similar  ones  are  found  on  the  surface 

of  the  upper  quartzite  of  the  Oriskany. 

The  thickness  of  the  Esopus  on  West  hill  is  scarcely  over  90 

feet,1  while  on  East  hill  the  measurements  give  only  about  80  feet. 

At  Countryman  hill  near  New  Salem  the  thickness  of  this  forma- 

tion is  121  feet ;  at  Clarksville  121  feet ;  at  Becraf t  mountain  and 

at  Rondout  about  300  feet  including  the  Schoharie,  and  at  Port 

Jervis  about  700  feet.  Except  the  structure  described  as 

Spirophyton  (Taonurus)  cauda-galli  no  fossils 
have  been  found  in  the  Esopus  shales  of  this  region. 

Sequence  of  events  during  Lower  Devonic  time 

With  the  completion  of  the  deposition  of  the  Manlius  limestone, 

i.  e.  at  the  end  of  Siluric  time,  there  appears  to  have  been  a  gen- 

eral elevation  of  the  North  American  continent  into  dry  land,2 
with  the  exception  of  a  long  narrow  sea,  which  extended  along  the 

western  border  of  the  old  Appalachian  continent  ( Appalachia) 

and  between  it  and  the  newly  elevated  continent  on  the  west.  In 

this  sea  which  has  been  named  the  Cumberland  basin,3  the  Hel- 

derbergian  strata  were  deposited,  resting  directly  on  the  Manlius 

formation  and  continuous  with  it  in  the  central  portion  of  the 

basin.  Western  New  York  and  the  whole  Mississippi  region,  be- 

ing above  sea  level  at  that  time,  were  actively  eroded,  till  at  the 

beginning  of  Oriskany  time,  only  7  feet  (the  Cobleskill  member) 

of  the  Manlius  remained  in  western  New  York ;  from  300-400  feet 

in  Michigan;  and  not  over  30  feet  in  southeastern  Wisconsin 

where  it  rests  directly  on  the  Guelph.4  Westward  from  this  point 

the  Manlius,  if  once  present,  was  entirely  removed  by  erosion,  and 
farther  west  the  whole  Siluric  is  wanting.  The  fact  that  late 

Devonic  rests  on  late  Lower  Siluric  in  some  localities  suggests 

1  These  measurements  are  made  by  careful  leveling  from  the  top  of  the 
Oriskany  to  the  base  of  the  Schoharie  or  the  Onondaga  [see  sections  in 
ch.  5].  The  thicknesses  heretofore  published  for  this  formation  in  the 
Schoharie  region  are  mostly  too  large. 

2  The  Cayugan  emergence  of  Ulrich  and  Schuchert. 
3Ulrich  &  Schuchert.    Paleozoic  Saas  and  Barriers  in  Eastern  North 

America.    N.  Y.  State  Paleontol.  An.  Kept  for  1901.  p.G47. 
4 These  dolomites  (Monroe)  may  in  part  represent  the  Salina. 
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that  the  Silurie  was  present  and  was  removed  by  erosion  before 

the  deposition  of  the  Devonic.  Thus  it  would  appear  that  as 

Helderberg  deposition  went  on,  and  a  gradual  westward  migra- 

tion of  the  shore  took  place,  beyond  the  limits  of  the  old  Cumber- 

land trough  higher  and  higher  members  of  the  Helderberg  series 

came  to  rest,  not  merely  on  the  upper  Manlius  as  would  have 

been  the  case  had  there  been  no  erosion,  but  on  lower  and  lower 

beds  of  the  Manlius  progressively  or  on  even  lower  formations. 

How  far  westward  in  New  York  the  Helderberg  invasion  ex- 

tended is  not  known.  The  present  extent  of  the  formation  is  of 

course  no  index  to  its  former  maximum  extent,  for  subsequent 

erosion  may  have  removed  a  large  portion  of  this  series  of  forma- 
tions. No  actual  shore  deposits  have  been  located  in  any  of  the 

present  typical  outcrops  of  the  Helderberg  in  New  York,  either 

east  or  west,  and  from  this  we  may  argue  that  the  former  shores 

of  the  Cumberland  basin  were  at  a  considerable  distance  east  and 

west  from  the  present  extent  of  the  formation.  If  the  higher 

members  of  the  formation,  i.  e.  the  beds  of  Becraft  and  Port  Ewen 

age,  ever  extended  over  central  New  York  they  were  entirely 

removed  by  erosion  before  Onondaga  time,  for  the  Onondaga 

formation  rests  on  the  Manlius  at  Cayuga  lake  with  only  a  rep- 

resentative of  the  Oriskany  intervening.  On  the  whole  it  seems 

that  the  Helderberg  transgression  could  not  have  been  a  very 

markedly  westerly  one,  inasmuch  as  the  evidences  for  westward 

overlap  are  meager. 

Examples  of  overlap  of  the  Helderberg  beds  on  lower  forma- 
tions are  known  from  only  a  few  localities  within  the  State  of 

New  York.  One  of  them  is  a  short  distance  north  of  Warwick  on 

the  Lehigh  and  Hudson  River  railroad  in  southern  Orange  county. 

Here  Kemp  and  Hollick1  record  a  purplish  shale  resting  on  cherty 

Cambro-Champlainic  limestone,  and  containing  fossils  possibly  of 

New  Scotland  age.  South  of  Cornwall  station  on  the' Erie  rail- 
road in  Orange  co.  highly  fossiliferous  New  Scotland  shales  rest 

on  the  Longwood  (Salina)  shales.    The  possibility  of  a  fault  in 

X.  Y.  Acad.  Sci.  Ann.  7:650. 
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this  region  must  however  be  considered.1  These  two  examples 
represent  overlaps  on  the  eastern  shore  of  the  central  Helder- 

bergian  sea  (Cumberland  channel).2 

In  the  northern  region  a  good  example  of  overlap  is  seen  in 

the  Helderberg  outlier  of  St  Helen's  island  in  the  St  Lawrence 

river,  opposite  Montreal.3  Here  a  limestone  with  upper  Helder- 

bergian  (Becraft-Port  Ewen)  fossils  rests  directly  on  the  Utica 
beds.  The  fauna  of  this  limestone  is  in  part  suggestive  of  the 

Oriskanv,  thus  showing  these  beds  to  be  very  late  HelderbergTian. 

This  overlap  marks  the  neighborhood  of  the  western  shore  of 

the  Helderberg  sea  in  that  region.  Schuchert  thinks  that  "  there 
is  no  clear  evidence  that  the  Albany  county,  X.  Y.,  area  ever 

connected  with  Montreal  by  way  of  the  Champlain  valley,  as 

was  supposed  by  Logan  and  Dana  to  be  the  case."  4  No  real 
reason  is  known  to  me  why  these  areas  need  be  considered  dis- 

tinct, since  the  Champlain  region  has  been  peneplained  down  to 

the  Champlainic,  and  any  Helderbergian  beds  formerly  existing 

here  would  be  removed  by  erosion.  The  similarity  between  the 

St  Helen's  Island,  and  New  York  Helderberg  faunas  suggests 
a  direct  connection;  the  elements  of  difference  between  these 

faunas  indicate  that  the  connection  was  by  a  narrow  channel. 

The  fauna  of  the  Square  lake  limestone  of  Aroostook  county. 

Me.5  suggests  a  relationship  with  the  upper  beds  of  the  Helder- 

bergian of  the  New  York  areas.  However,  several  species  un- 
known in  the  New  York  Helderberg  are  found  here,  and  link 

the  fauna  more  closely  with  that  of  Gaspe.  Whether  the  fauna) 

difference  is  such  as  to  require  placing  this  eastern  fauna  in  a 

separate  basin,  or  whether  the  difference  of  the  faunas  is  to  be 

1  See  Ries,  N.  Y.  State  Geol.  15th  An  Rep't,  p.  427.  I  am  indebted  to  Mr 
C.  A.  Hartnagel  for  calling  my  attention  to  this  and  the  preceding  occurrence. 

2 The  .Rensselaer  grit  of  eastern  New  York  may  represent  the  over- 
lapping clastic  margin  of  the  Helderberg  rocks  resting  on  upturned  and 

eroded  Cambric  and  Champlainic  hods. 
3  Schuchert.    Am.  Geol.    1901.  27:245. 
1  More  recently  Professor  Schuchert  has  expressed  the  helief  in  a  channel 

in  the  Connecticut  valley  region  (Private  letter). 

*See  Billings.  Portland  Sue.  Nat.  Hist.  Proc.  v.  1.  '18C3 ^Williams,  H.  S. 
U.  S.  Geol.  Sur.  Bui.  105. 
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explained  by  difference  in  the  character  of  the  water  bodies — 

the  northeastern,  an  embayment  from  the  open  sea;  the  more 

southern,  a  long  narrow  channel — is  a  problem  still  unsolved. 

Studies  now  in  progress  of  these  northern  faunas  by  the  state 

geologist,  promise  to  clear  up  these  obscure  points.1 
In  eastern  and  central  Pennsylvania  the  Stormville  shales  and 

sandstones  replace  the  upper  part  of  the  Helderberg  limestones. 

They  rest  on  the  Stormville  limestone,  which  represents  the 

Manlius,  and  in  part  the  Coeymans,  as  indicated  by  the 

abundance  of  Sieberella  galeata  in  the  upper  beds. 

Between  the  two,  there  is  a  marked  break,  generally  indicated 

by  conglomeratic  beds  at  the  base  of  the  overlying  series.  These 

often  become  nearly  pure  quartz  conglomerates.  On  the  north 

branch  of  the  Susquehanna  in  central  Pennsylvania  (Grove 

quarry  "section),  the  Stormville  limestone  is  succeeded  by  1  feet 
of  quartz  conglomerate  and  this  by  100  feet  of  Stormville  shales 

containing  a  Xew  Scotland  fauna.  The  Stormville  limestone 

here  appears  to  represent  the  Manlius  and  lower  beds  to  the 

base  of  the  Decker  Ferry  series.  We  have  therefore  an  overlap 

of  the  Xew  Scotland  on  the  Manlius.  About  100  miles  east  of 

this  section,  at  Stormville,  near  the  Delaware  river,  the  Storm- 

ville shale  160  feet  thick  and  containing  a  Xew  Scotland  fauna, 

rests  on  a  calcareous  sandstone  with  quartz  pebbles,  below  which 

are  fragmental  beds  largely  calcareous,  but  frequently  contain- 

ing quartz  pebbles.  In  some  of  these  beds  Sieberella  gal- 

eata abounds,  while  the  limestone  below  also  contains  this 

species  in  abundance  near  the  top.  Here  the  Stormville  lime- 

stone includes  a  part  of  the  Coeymans  as  well.  Farther  north- 

east, near  Hainesville  X.  J.,  the  Stormville  sandstone  is  a  thin 

bed  at  the  top  of  the  Coeymans. 

In  Perry  county,  Pa.,  the  Tentaculite  limestone  (Manlius)  is 

overlain  by  nearly  00  feet  of  Hint  shales,  the  upper  10  feet  of 

Which  carry  Xew  Scotland  fossils.    Above  this  lies  the  Oriskany. 

1  Clarke,  John  M.   Terce.   N.  Y.  State  Paleontol.  An.  Rep't  for  100.°.. 
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This  therefore  must  be  considered  not  far  from  the  southern 

boundary  of  the  Helderberg  sea. 

What  appears  to  be  another  case  of  overlap  of  the  upper 

beds  to  the  east,  is  found  near  Big  Stone  Gap  and  other  portions 

of  southwestern  Virginia.    Here  a  coarse  sandstone  is  suc- 

ceeded by  70  feet  of  limestone,  silicious  at  the  base  but  porous 

upward,  when  a  bed  with  Leperditia  occurs.    This  is  probably 

the  Manlius.    Above  this  are  coarse  grained  calcareous  sand- 

stones made  up  largely  of  O  r  t  h  i  s   oblata,   C  a  m  a  r  o  - 

toechia  ventricosa  and  Meristella.    This  appears  to  be 

late  New  Scotland,  which  here  rests  by  overlap  on  the  Manlius. 

Above  the  sandstones  are  cherty  limestones  (the  Hancock  lime- 

stone of  the  Estillville  and  Bristol  folios)  with  crinoid  stems, 

A  s  p  i  d  o  c  r  i  n  u  s  s  c  u  t  e  1 1  i  f  o  r  m  i  s  ,  Chaetetes,  Favosites, 

A  t  r  y  p  a   reticularis,   Leptaena  r  h  o  m  b o  i  d  a  1 i  s  , 

Stropheodonta,     Spirifer     c  y  c  1  o  p  t  e  r  u  s  ,  Meristella, 

Camarotoechia  nucleolata,  Orthis  oblata  and 

others.   This  also  represents  late  New  Scotland  or  early  Becraft 

time.   The  thickness  of  these  two  beds  is  not  much  over  150  feet. 

Above  them  lie  35-40  feet  of  coarse  reddish  sandstone  of  Oriskany 

age,    containing    H  i  p  p  a  r  i  o  n  y  x    p  r  o  x  i  m  u  s  ,  Meris- 

tella lata,  etc.1 

Near  Perryville  Tenn.  the  Linden  limestone  rests  on  the  Menis- 

cus limestone  or  Brownsport  bed.2  The  Linden  contains  a  fauna 

suggestive  of  New  Scotland  or  later  age  and  is  succeeded  by  the 

Camden  chert  of  Oriskany  age.  The  base  of  the  Linden  shows 

no  marked  unconformity  so  far  as  known,  but  appears  to  be  a 

crinoidal  lime  sandrock.  The  Brownsport  may  be  the  equiva- 

lent of  the  Decker  Ferry  and  other  beds  of  Salina  age,  and  in 

part  may  also  represent  the  Manlius. 

In  southeastern  Illinois  and  in  Missouri  the  upper  part  of  the 

Clear  Creek  limestone  contains  an  upper  Helderbergian  fauna, 

1  Stevenson.    Am.  Phil.  Soc.  Proc.    1880-S1.    19:98,  234. 
2Foerste,  A.  F.    Jour.  Geol.    11:581,  G80. 
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the  lower  portion  being  most  probably  the  equivalent  of  the 

Brownsport  of  Tennessee.  No  unconformity  has  been  reported 

between  these  two  members,  but  it  probably  exists. 

In  Indian  Territory,  in  the  region  of  the  McAllister  coal  field, 

limestones  apparently  of  the  age  cf  the  New  Scotland  are  found 

resting  on  a  bed  with  a  Niagaran  fauna.  No  unconformity 

is  recorded  between  the  two,  but  here,  too,  one  probably  exists. 

Besides  the  New  Scotland  species  which  this  region  has  in  com- 
mon with  New  York,  other  species  unknown  in  the  northern 

region  occur.  Some  of  these  have  also  been  found  in  the  Linden 

beds  of  Tennessee,  with  which  these  beds  are  closely  related. 

Considering  all  the  evidence  adduced,  it  appears  that  the 

southwestern  region  was  not  covered  by  the  Helderberg  sea  till 

late  Helderbergian  time,  while  perhaps  the  Becraft  and  Port 

Ewen  beds  were  deposited  in  the  New  York  area.  The  southern 

element  of  the  fauna  unknown  in  New  York,  suggests  a  probable 
southward  connection  with  the  Atlantic  ocean.  North  of  the 

area  depicted,  the  western  shore  line  may  have  extended  north  of 

the  Gaspe  peninsula  and  across  the  North  Atlantic  along  what 

has  been  termed  the  Hercynian  chain  of  elevation,  which  thus 

connected  the  American  seas  with  those  of  early  Devonic  time  in 

Europe. 

At  the  end  of  Helderbergian  time  there  appears  to  have 

occurred  another  elevation  of  unknown  magnitude  which  brought 

portions  of  the  Helderberg  series  above  water  level,  when  they 

became  subjected  to  erosion.  The  succeeding  early  Oriskany  sea 

was  therefore  restricted  to  the  eastern  portion  of  the  Helderberg 

sea.  When  the  westward  transgression  of  the  Oriskany  sea 

occurred  the  subsiding  land  surface  Avas  more  or  less  irregular 

and  not  everywhere  made  by  the  same  formation.  Thus  while 

in  the  east  the  lower  Oriskany  beds  rest  on  the  Port  Ewen, 

the  upper  member  of  the  Helderbergian,  in  the  Schoharie  region 

and  the  northern  Helderbergs,  higher  Oriskany  strata  rest  on 

the  Becraft.  At  Litchfield  in  Herkimer  county  they  rest  on 

the  Coeymans  (?),  in  central  New  York  on  the  Manlius,  and 
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in  western  New  York  and  Canada  on  the  Cobleskill.  In  western 

Maryland  the  Oriskany  is  350  feet  thick,  and  rests  on  the  New 

Scotland  which  itself  is  only  64  feet  thick,  while  the  Becraft  is 

absent  altogether.  In  many  localities  in  New  York  and  elsewhere 

the  unconformity  at  the  base  of  the  Oriskany  is  emphasized  by 

the  fact  that  the  lower  beds  are  conglomeratic  and  contain  frag- 

ments of  the  underlying  limestones.1 
Clarke  has  suggested  that  the  Oriskany  of  Becraft  mountain 

is  merely  the  deeper  water  facies  of  the  normal  Oriskany  which 

is  typically  developed  in  the  northern  Helderbergs  and  the  Scho- 

harie region.  The  fossils  of  the  type  locality,  Oriskany  Falls 

N.  Y.  are  considered  by  Clarke  as  not  indigenous,  the  character 

of  the  deposit  indicating  a  habitat  unfavorable  for  the  large 

brachiopods  found  in  the  rock.  In  the  townships  of  Oneida  and 

North  Cayuga  Out.,  50  miles  west  of  Buffalo,  a  remarkable  assem- 
blage of  fossils  occurs  in  the  Oriskany  beds,  which  Schuchert 

has  regarded  as  forming  a  typical  late  Oriskany  fauna  (Decew- 
ville).  The  strata  here  rest  unconformably  on  the  Lower  Manlius 

which,  as  at  Buffalo,  is  traversed  by  sandstone  dikes,  and  they 

are  immediately  succeeded  by  the  Onondaga  limestone.  The 

corals  of  the  latter  are  mingled  with  the  fossils  of  this  phase 

of  the  Oriskany  in  such  a  manner  that  except  for  the  lithic  dis- 

similarity of  the  two  formations,  they  could  not  be  separated. 

Out  of  the  71  species  found  in  these  Decewville  beds  "  not  less 

than  12  pass  up  from  the  lower  horizon  into  the  Onondaga."2 

On  account  of  the  marked  Onondaga  aspect  of  the  fauna,  Schu- 
chert holds  that  it  is  unwise  to  call  these  Ontario  beds  Oriskany 

any  longer,  and  has  proposed  the  name  Decewville  for  it,  from 

the  nearest  village,  which  in  turn  bears  the  name  of  the  early 

describe r  of  these  beds,  John  DeCew. 

The  absence  of  the  normal  (Schoharie  county)  Oriskany  in 

western  New  York  and  at  Cayuga  Ont.  is  readily  explained  by 

l8ee  Rogers,  W.  B.  Am.  Jour.  Sci.  1842.  43:181,  for  examples  of  pro- 
nounced unconformity  and  evidence  of  erosion  at  the  base  of  the  Oriskany 

in  Pennsylvania. 
2  Schuchert.    Loc.  cit.    1902.    p.  C53. 
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the  progressive  westward  overlapping  of  higher  and  higher  Oris- 

kany strata,  the  highest  of  which  only,  with  its  modified  fauna, 

reached  this  western  region,  long  after  the  normal  Oriskany 

fauna  had  died  out  in  eastern  New  York.  Clarke1  has  described 

the  character  of  these  deposits  across  Xew  York  State  as  lenses 

of  sand  spread  upon  a  comparatively  even  sea  floor.  In  one  lens, 

the  thickness  reached  is  18  feet,  in  other  localities  the  formation 

has  thinned  away  altogether.  This,  as  Clarke  has  shown,  is  in  con- 

formity with  the  characteristics  of  an  advancing  shore  line.  The 

absence  of  upper  Oriskany  beds  with  a  fauna  corresponding  to 

that  of  the  Decewville  beds  in  the  east,  is  more  difficult  to  ex- 

plain, unless  we  regard  the  Esopus  shales  as  their  stratic  equiva- 

lents, though  representing  an  Appalachian  type  of  deposit  in 

which  the  Oriskany  fauna  could  not  exist.  The  Decewville  and 

Esopus  deposits  would  thus  represent  two  distinct  subprovinces 

of  the  late  Oriskany  sea,  the  first  a  deeper  water  and  the  second  a 

shallow  water  type  of  deposit.  If  we  accept  this  as  the  true 

explanation  we  can  understand  the  absence  of  the  Esopus 

throughout  the  west,  which  otherwise  is  explainable  only  by  an 

hiatus.  It  also  does  away  with  the  necessity  of  supposing  that 

there  is  an  unrepresented  hiatus  between  the  Oriskany  and  the 

Esopus  in  the  Schoharie  and  Helderberg  regions  which  marks 

the  time  during  which  the  Decewville  beds  were  laid  down.  There 

certainly  is  no  evidence  of  an  erosion  interval  between  the  Oris- 

kany and  Esopus  of  this  region,  for  everywhere  the  surface  of  the 

Oriskany  is  formed  by  the  same  hard  quartzite.  Nor  is  there 

any  apparent  evidence  of  a  break  between  the  Oriskany  and  Onon- 

daga in  the  Cayuga  Ont.  region;  the  association  of  the  two  faunas 

is  so  intimate.  We  might  of  course  assume  that  ihe  Oriskany 

faunas  (i.  e.  of  Becraft  Mt,  Schoharie  and  Decewville)  were  con- 

temporaneous, but  flourished  in  separate  provinces  of  the  interior 

sea.  In  that  case  the  absence  of  the  Esopus  from  the  western 

region  must  be  explained  by  assuming  a  stratic  unconformity 

between  the  Decewville-Oriskany  and  Onondaga.    On  the  whole 

lAmer.  Ass.  Adv.  Sci.  Proc.  49:188. 
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with  our  present  knowledge  of  the  facts,  the  theory  here  set 

forth,1  which  regards  the  Esopns  of  any  given  region  as  the  time 

equivalent  of  the  Oriskany  from  the  Decewville  formation,  (in- 

cluding perhaps  as  Schuchert  suggested,  the  typical  Schoharie 

as  a  late  eastern  phase  of  the  Decewville)  down  to  the  phase  of 

Oriskany  represented  at  the  region  in  question,  seems  the  most 

satisfactory.  Thus  at  Becraft  mountain,  where  about  200  feet 

of  Esopus  succeed  the  Oriskany,  which  here  is  lower  Oriskany 

as  shown  by  stratigraphy2  and  paleontology,3  the  Esopus  repre- 

sents all  of  the  later  Oriskany  to  the  top  of  the  Decewville.'  But 
where,  as  at  Schoharie,  the  Esopus  rests  on  typical  middle  Oris- 

kany, it  represents  only  the  upper  part  of  the  Esopus  of  Becraft 

mountain,  as  is  further  shown  by  the  diminished  thickness 

(90  ft).4 
These  facts  do  not  do  away  with  the  formational  name  Esopus, 

or  Schoharie,  any  more  than  the  name  Marcellus  can  be  abolished 

as  a  formational  one,  although  westward  it  is  represented  by  the 

upper  Onondaga  and  lower  Hamilton.  The  same  relationship  is 

again  seen  in  the  Oneonta  sandstone  and  the  Portage  shales  and 

in  the  Catskill  sandstones  and  shales  and  the  Chemung  shales. 

1  Professor  Clarke  has  called  my  attention  to  the  fact  that  Freeh  (Lethaea 
Palaeozoica  II,  p.  208-9)  has  previonsly  outlined  this  general  concep- 

tion. Freeh  however  represents  the  Lower  Oriskany  as  existing  in  the 
western  region,  where  judging  from  his  diagram  (p.  200),  he  makes  his 
shore  zone  throughout  Oriskany-Onondaga  time,  his  formations  being 
mostly  clastic  (sandstones,  etc.)  in  the  west,  and  shading  off  through  the 
argillaceous  Esopus  and  Schoharie  to  calcareous  deposits  in  the  east.  The 
Schoharie  is  considered  by  Freeh  to  be  the  shore  equivalent  of  the  Onon- 

daga. Ulrica  and  Schuchert  likewise  believe  in  the  general  equivalency  of 
the  Decewville  and  Esopus  (N.  Y.  State  Mus.  Bui.  52,  p.  658,  tab.). 

2Grabau,  A.  W.    Stratigraphy  of  Becraft  Mountain. 
3 Clarke,  J.  M.    Oriskany  fauna  of  Becraft  Mountain. 
4 If  the  Cnmden  Oriskany  is  of  an  earlier  type  than  the  Oriskany  of 

Becraft  mountain,  it  must  represent  an  early  Oriskany  invasion  while  late 
Helderbergian  (Tort  Ewen)  deposits  were  still  laid  down  in  the  northern 
part  of  the  Cumberland  sea,  since  there  is  no  faunal  or  stratic  break 
between  the  Oriskany  and  Port  Ewan  of  Becraft  mountain,  nor  between 
the  Port  Ewan  and  Becraft  formations  of  the  same  locality. 
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The  relationship  here  suggested  is  shown  in  the  following 

diagram  [fig.  94]. 

a'  6'  C 

Fig'.  9i  Diagram  of  the  relationship  of  the  Champlainic.  Siluric  and  early  Devonic 
strata  of  New  York.  a=Beekmantown,  «'=Deep  kill  shales,  7>=Black  river-Trenton, 
£>'=Normanskill  shale,  c=Utica  shale,  d,  d'=Lorraine,  e,  e'=Oneida-Shawangunk  trans- gressional  conglomerate,  /—Medina  shales.  r/=Medina  sandstones,  ft=Clmton-Niagara, 
f'=Salina-Bertie-Rosendale,  ./=Cobleskill-Rondont,  /f=Maulius,  7=Coeymans.  »i=New 
Scotland,  /i=Becraft,  o=Port  Ewen,  p=Oriskany.  p'=Decewville.  c/=Esopus,  r=Scho- 
harie  grit,  r'=Schoharie  shale,  s,  s'==Onondaga  limestone 
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Chapter  1 

STRATIGRAPHY   OF   THE   SCHOHARIE   REC-ION  (continued) 

Middle  and  Upper  Devonic  strata 

The  succession  of  the  Devonic  formations  above  the  Esopus 

shale  is  as  follows  in  this  region: 

(  Catskill  (Chemung) 
Upper  Devonic  <  Oneonta     )  ,p  . 

(  Sherburne  \  *         °  J 
{  Hamilton 

Ar  -  j  n   -r,       .    j  Marcellus 
Middle  Devonic  -  0 

I  Onondaga 
[  Schoharie 

Lower  Devonic    Esopus,  etc. 

These  will  be  described  in  ascending  order: 

Schoharie  grit 

This  formation  is  characteristically  developed  only  in  the 

Schoharie  valley  and  at  several  points  along  the  northern  Helder- 

bergs.  It  is  a  silicious  limestone,  compact,  mud-textured  when 
fresh  and  of  a  dark  bluish  gray  color,  somewhat  like  the  Upper 

Oriskany.  It  effervesces  readily  with  acid  and  weathers  by  solu- 
tion of  the  lime  into  a  brown  porous  sandrock  not  affected  by  acid 

and  in  which  the  fossils  remain  as  molds.  Fragments  of  this  rock 

are  commonly  found  scattered  about  on  the  Esopus  slope  but  out- 

crops of  this  formation  are  rare.  The  best  opportunity  for  the 

study  of  this  rock  is  found  on  the  northern  end  of  both  West  and 

East  hills,  the  latter  being  the  most  accessible.  The  best  exposures 

are  found  above1  the  road  which  runs  along  the  northern  slope  of 
East  hill  near  the  cross  road  which  turns  down  the  hill  to 

Shutter's  Corners  [ma]):  XII  g,  43].  Some  portions  of  the  rock 
are  rather  shaly  and  sparingly  fossiliferous.  No  measurements 

of  the  thickness  are  possible  with  the  present  imperfect  exposures; 
the  best  estimate  that  can  be  made  is  5  or  G  feet.  Eastward,  beds 

carrying  the  fossils  of  the  Schoharie  are  much  thicker.  At 
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Becraft  mountain  150  to  200  feet  of  strata,  lithically  similar 

to  the  Esopus,  but  more  cleaved,  are  referred  to  the  Schoharie 

formation,  since  some  of  the  characteristic  fossils  have  been  found 

in  them. 

Fossils  of  the  Schoharie  grit 

In  chapter  7,  123  species  of  fossils  are  listed  from  this  forma- 

tion.   Of  these  103  species  have  been  found  in  the  Schoharie 

Fig.  95  R  a  i  p  i  d  o  m  e  1 1  a  a  1  s  a 

region,  the  remainder  being  from  Albany  county.  Of  the  total 

number,  13  pass  upward  into  the  Onondaga  and  sometimes 

higher,  leaving  a  total  of  77  species  confined  to  this  horizon.  Of 

these  the  mollusks  are  the  most  striking,  particularly  the  cephalo- 

pods,  of  which  a  total  of  43  species  are  in- 
cluded in  the  list.  39  of  which  have  not 

been  recorded  from  higher  horizons. 

Among  the  brachiopods  the  following 

may  be  noted  :  Rhipidomella  a  1  s  a 

[fig.  95],  distinguished  by  its  long  hinge 

line,  more  convex  brachial  valve  with  de- 

pression down  the  center,  and  bifurcating 

si  riae;     S  t  r  o  p  h  e  o  d  o  n  t  a      parva     Fig.  96  stropheodonta 

pa  r  v a [fig.  1)0],  characterized   in   the  mold  by 

strong  subangnlar  costae,  which  become  grooved  and  in- 

creased by  intercalation  on  the  lower  part;  Leptostro- 

phia  perplana  [fig.  97];  recognized  by  its  Hat  sur- 

face, tine  striae  and  diverging  depressed  lines  in  the 

mold   of   the   beak    of    the    pedicle    valve;    St  r  o  ]>  li  o  noil  a 
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Fig.  98  Strophonella  amp  la 
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a  m  p  1  a  [fig.  98],  the  largest  of  these  brachiopods,  characterized 

by  its  reversed  form  and  strong  rugose  striae ;  Meristella 

nasuta  [fig.  99],  abundantly  represented  by  molds  of  the 

interior  in  which  the  muscular  scar  and  the  marks  of  the  strong 

dental  plates  are  most  conspicuous  ;Pentamerella  a  rata 

[fig.  100],  marked  by  the  overarching  beak  of  the  pedicle  valve 

and  the  strong  angular  plications  and  Atrypa  impressa 

[fig.  101],  an  extremely  convex  form  with  a  flattening  on  the 

center  of  the  ventricose  brachial  valve,  with  bifurcating  radii,  and 

strongly  marked  muscular  impression  shown  in  the  internal  mold, 

the  most  common  condition  of  preservation  of  the  shell. 

The  pelecypods  are  represented  by  a  number  of  species.  Among 

these  are  G  o  n  i  o  p  h  o  r  a  p  e  r  a  n  g  u  1  a  t  a  [fig.  102] ,  charac- 

terized by  an  extremely  sharp  umbonal  ridge,  above  which  the 

shell  is  concave ;  C  o  n  o  c  a  r  d  i  u  in  c  u  n  e  u  s  [fig.  103] ,  recog- 

nized by  its  form  and  sharp  radii ;  and  Panenka  d  i  c  h  o- 

toma  [fig.  104],  characterized  by  a  prominent  beak  and  often 

by  bifurcating  radii. 

The  common  gastropods  are  :  P  1  e  u  r  o  t  o  m  a  r  i  a  a  r  a  t  a 

[fig.  105],  chiefly  represented  by  internal  molds,  and  readily 

recognized  by  their  form,  low  spire,  depressed  rounded  whorls 

and  deep  and  large  umbilicus ;  Bellerophon  c  u  r  v  i  1  i  n  - 

eat  us   [fig.  106],  with  a  discoidal  form,  sharp  peripheral 

Fig.  99  Meristella  nasuta 



184 NEW    YORK    STATE  MUSEUM 

Fi^.  101   Atrypa  impressa 
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Fig.  106  Bellerophon  ourvili  neatu.s 
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carination  and  strongly  backward  curving  lines  of  growth;  and 

B.  pel  ops  [fig.  107]  with  a  broadly  rounded  but  keeled 

periphery. 

The  cephalopods  are  specially  well  represented  in  the  Schoharie 

grit,  the  orthoceratites  being  most  characteristic. 

With  the  passage  of  this  rock  into  a  limestone  (the  Onondaga) 
the  occurrence  of  orthoceratites  almost  entirely  ceases,  at  least  in 
the  eastern  part  of  the  state. 

Notwithstanding  the  number  of  species,  and  the  great  number 
of  individuals,  a  very  small  proportion  of  the  whole  preserves  the 
surface  markings.  They  are  almost  invariably  in  the  condition 
of  casts  of  the  interior,  the  shell  having  been  dissolved  by  the 

Fig.  107   Bellerophon  pel  ops 

percolation  of  water  through  the  coarse  material  of  the  rock. 
In  some  examples,  where  the  rock  is  less  charged  with  arenaceous 
[silicious]  matter,  the  matrix  adheres  so  closely,  seemingly 
cemented  to  the  fossil,  that  no  satisfactory  evidence  of  surface 
markings  can  be  obtained.  It  is  rarely  possible  to  determine  the 
character  or  thickness  of  the  exterior  shell  of  the  orthoceratites  in 

the  Schoharie  grit.  The  septa  are  extremely  thin,  often  broken  or 
distorted,  through  the  process  of  filling  with  sediment,  while  the 
external  form  of  the  shell  is  preserved.  The  siphuncle,  though 
usually  well  marked  in  its  passage  through  the  septa,  is  rarely 
to  be  found  in  the  intermediate  space,  and,  in  the  best  examples, 
is  only  partially  preserved.  Specimens  which  have  been  cut 
longitudinally  directly  through  the  siphuncle,  as  shown  on  the 
septa  at  the  two  extremities,  preserve  no  evidence  of  that  organ 
in  its  passage  through  the  chambers,  and  only  a  simple  mark 
or  notch  in  the  intermediate  septa.  We  can  account  for  this 
absence  only  upon  the  supposition  that  the  tube  has  been  so 
thin  that  its  walls  have  been  dissolved  or  broken  away  during 
the  process  of  filling  the  cavity  with  the  surrounding  sediment. 
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Fig-.  108  Orthoceras  pelops 
Fig".  Ill  Orthoceras 

pravum 
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In  many  cases  it  appears  as  if  the  siphuncular  tube  may  have 
been  absorbed  or  otherwise  removed  before  the  filling  of  the 

cavity  began.1 

Among  the  more  abundant  species  are : 

Orthoceras  pel  ops  [fig.  108],  a  large  robust  species 

with  nearly  or  quite  central  siphuncle  and  strongly  convex  septa; 

Fig.  1 13  C  y  r  t  o  c  eras  e  u  g-  e  □  i  u  m 

O  .  (Acti  nocer  a  s?)  1  u  x  u  m  [fig.  109],  the  most  abundant 

species,  characterized  by  moderately  tapering  form,  close-set 
septa  and  expansion  of  siphuncle  between  the  septa,  as  well  as 

interseptal  organic  deposits;  O.  sty  lus  [fig.  110],  easily  recog- 

1  Hall,  James.    Palaeontology  of  New  York.    v. 5,  pt2,  p.228. 
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Fig.  115 Troc b o ce r as  c  1  i o 
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nized  by  its  almost  cylindric  and  very  slender  form ;  O.  pravum 
[fig.  Ill],  distinguished  from  the  preceding  by  its  larger  size  and 
widely  separated  septa  and  O.  (Cycloceras  ?)  thoas 
[fig.  112],  a  cylindric  annulated  species,  with  deep  camerae  and 
moniliform  siphuncle. 

Among  the  cyrtoceratites,  or  curved  cephalopods,  Cyrto- 
ceras  (Rhizoceras)  eugenium  [fig.  113]  easily  ranks 

Gyroceras  spinosum  [fig.  114],  which  is  easily  known  by 

the  spinose  ventral  ridges  and  the  additional  row  of  tubular 

spines  on  either  side  of  the  venter.  The  torticones,  finally,  or 

those  in  which  the  coil  is  not  in  a  single  plane  are  represented 

among  many  others  by  T  r  o  c  h  o  c  e  r  a  s  c  1  i  o  [fig.  115],  a  left- 
handed  or  sinistral  loose  coil  of  about  three  volutions  which 

enlarge  gradually  and  leave  a  moderate  umbilicus  at  the  base, 

while  the  surface  is  marked  by  numerous,  rather  faint,  rounded 

annulations  crossed  in  well  preserved  specimens  by  sharp  longi- 

tudinal sirlae.  T  r .  (Pteroceras?)  eugenium  [fig.  116], 

in  which  the  whorls  expand  more  rapidly  than  in  the  preceding 

and  the  surface  is  free  from  crenulation,  is  also  among  the  more 

common  species  of  this  type. 

Fig-.  116  Trochoceras  eugenium 

first  in  point  of  abundance.  It 

is  a  long,  slender  form  with  a 

gentle  curvature  and  slightly 

elliptic  cross-section.  The  sur- 

face is  marked  by  regular  and 

prominent  foliate  ridges  or  ex- 
pansions of  the  shell  which 

are  strongly  deflected  back- 
ward in  a  hyponomic  sinus  on 

the  ventral  or  outside  surface 

of  the  curved  shell.  Between 

the  folds'  are  fine  transverse 
and  longitudinal  striae.  The 

gyroceracones  or  loose-coiled 
nautiloids  are  represented  by 
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Trilobites  are  well  represented  in  the  Schoharie  grit.  C  a 1  y  m  - 

meiie  p  1  a  t  y  s  [fig.  117],  the  last  and  the  largest  of  the  genns, 

differs  so  little  from  its  predecessor  in  the  Niagaran  that  differ- 

Fig.  117  Calymmene  platys 

ence  in  size  is  almost  the  only  notable  character.  The  hypostomae 

of  the  two  species  are,  however,  quite  distinct.  Another  charac- 

teristic type  is  Phacops  cristata  [fig.  118],  distinguished 

from  other  species  of  the  genus  by  the  axial  row  of  spines  which 

Fig.  118  Phacops  cristata 

extend  as  far  as  the  pygidium,  the  short  stout  spines  on  the  genal 

angles,  the  strongly  protuberant  glabella,  and  the  dichotomous 

division  in  the  annulations  of  the  pygidium.  I)  a  1  m  a  n  i  t  e  s 

a  n  c  h  i  o  p  s  var.  a  r  m  a  t  u  s  [fig.  119]  is  largely  represenl  ed  by 

pygidia,  the  form  of  which,  together  Avith  the  upcurving  basal 

spine,  is  characteristic.    The  head  or  cephalon  when  well  pre- 
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■ 

7 

served  shows  a  coarsely  pustulose  glabella,  which  has  a  very 
wide  anterior  lobe  and  is  sub- 

pentagonal  in  outline;  promi- 

nent crescentic  eves,  stout  genal 

spines  and  a  strong  moderately 

long  central  or  occipital  spine 

are  further  characteristics. 

P  r  o  e  t  u  s  c  r  a  s  s  i  m  a  r  g  i  - 

natus  [fig.  120]  is  likewise 

chiefly  represented  by  pygidia, 

the  small  size,  regular  curva- 
ture and  marginal  rim  of  which 

easily  characterize  it.  The 

large,  smooth  glabella  with  very 

small  posterior  lobes  is  also 

rea d i  1  y  distin gui shed . 

Schuchert  has  suggested  the 

possible  equivalency  of  the 

Schoharie  grit  with  the  Decew- 

vllle  beds  of  the  Upper  Oris- 

kanv  of  Cayuga,  Out.  He  holds- 

thai  a  careful  analysis  of  the  fauna  may  show  an  intermingling 

of  derived  Oriskany  with  normal  Onondaga  species.  In  the  list  of 

species  from  the  Scho- 
hari<  given  in  chapter 

in 

beds  are 

double1 
dagger  (J).  Of  the  L23 

Schoharie  species  only 
17  arc  so  far  recorded 

Prom    the  Decewville 

beds,  and  of  these,  L2  are  also  found  in  the  normal  Onondaga.  It 

will  be  noticed  that  the  cephalopod  element  is  a  new  feature  in 

the  Devonic  faunas  of  North  America,  and  this  is  so  far  unknown 
in  the  I  decewville  beds. 

Fiji.  119  Dalmanites  anchiops 
var.  a  rin  at  us 

7,  those  also  found 

1  decewville 

designated  by  a 

"\g.\2Q  Proetus  or  assi  margin  at us 
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Onondaga  limestone 

The  Schoharie  grit  passes  upward  by  imperceptible  stages  into 

a  moderately  pure  limestone  of  grayish  color  and  arenaceous  or 

muddy  texture.  Chert  nodules  are  common  but  fossils  are  not 

very  abundant  in  the  outcrops  of  this  formation  about  Schoharie. 

The  rock  is  usually  thin  bedded,  specially  in  its  lower  portion, 

but  massive  strata,  producing  good  quarry  stone,  are  not  uncom- 
mon. The  most  extensive  quarrying  operations  in  this  formation 

are  within  the  limits  of  the  village  of  Cobleskill,  but  only  the 

upper  beds  of  the  formation  are  exposed  here.  Perhaps  the  best 

exposure  of  the  formation  is  along  the  bed  of  the  small  stream 

which  cuts  the  northern  face  of  Sunset  hill  at  East  Cobleskill. 

The  total  thickness  here,  according  to  the  measurements  of  Pro- 
fessor Prosser,  is  95  feet,  but  only  something  over  60  feet  of  this 

thickness  is  exposed  in  the  bed  of  the  stream.  Numerous  falls 

are  caused  by  the  heavier  beds,  while  joint  fissures  everywhere 

traverse  the  rock.  These  fissures  are  frequently  widened  by 

solution,  and  along  them  the  stream  is  in  places  drawn  off  into 

underground  drainage.  Other  good  exposures  of  the  rock  are 

on  the  summit  of  West  hill,  where  from  20  to  30  feet  of  this 

formation  remain.  Though  heavily  forested,  the  ledges  are  well 

exposed,  and  are  generally  broken  into  huge  blocks  by  the 

numerous  widened  fissures  which  traverse  it.  Along  the  road 

between  Dann's  hill  and  Sunset  hill,  ledges  of  the  Upper  Onon- 
daga crop  out  abundantly.  Near  the  northeastern  end  of  the 

outcrop  the  rock  lias  the  characteristics  of  a  coral  reef  with 

species  of  Favosites,  Zaphrentis  and  Eridophyllum  occurring  in 
abundance..  The  coral  reef  structure  is  characteristic  of  this 

formation  in  other  parts  of  the  State,  and  it  is  most  probable 

that  in  tins  region  numerous  other  reefs  occur,  which  were  the 

source  of  the  lime  sand  and  mud  from  which  these  clastic  lime- 

stones were  made.  (Joort  exposures  of  this  limestone  are  also 

found  on  the  small  creek  which  descends  the  east  face  of  the 

depression  between  Sunset  hill  and  South  hill,  opposite  Fris- 

hy's  mill  and  again  on  the  slope  of  East   mountain,  where 
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nearly  100  feet  are  exposed  in  successively  outcropping  ledges 

above  the  Esopus  shales.  At  Borst  Mills,  a  mile  above  Middle- 

burg,  the  Onondaga  crosses  the  Schoharie  kill,  producing  a  low 

fall  with  ledges  visible  along  the  bank. 

Fossils  of  the  Onondaga  limestone 

A  complete  list  of  the  Onondaga  fossils  found  in  the  Schoharie 

region  is  given  in  chapter  7.  A  few  of  the  more  characteristic 

may  be  noted  here.  Of  the  corals 

making  up  the  reefs,  only  a  few 

are  cited  here  and  in  the  list, 

since  no  complete  study  of  the 

coral  fauna  of  the  New  York 

Onondaga  has  been  made.  The 

following  are  abundant :  F  a  v  o  - 
sites  basalticus  [fig.  121, 

122],  most  readily  recognized 

by  the  single,  rarely  double,  row 

of  large  mural  pores  in  each  wall 

of  the  coral  lite  s ;  F  .  epider- 
matus  with  two  or  more  rows 

of  mural  pores  on  each  face  of 

the  corallite  separated  by  faint 

elevated  ridges ;  Zaphrentis  prolifica  [fig.  123] ,  a 

short  curved,  hornlike  species  with  the  septa  slightly  twisted  at 

the  center ;  Cyathophyllum  robustum,  a  large, 

robust,  cylindric  species  with  numerous  thin  septa  and  an  abun- 
dance of  dissepimental  tissue.  With  these  occur  several  species 

of  Dendropora,  slender,  more  or  less  cylindric  and  branching 

stems  with  the  corallites  opening  in  circular  or  oval  apertures 

superficially  far  apart. 

Among  the  brachiopods  the  following  may  be  noted :  Ortlio- 

t  h  e  t  e  s  pandora  [fig.  124],  a  reversed  strophomenoid  shell, 

slightly  unsymmetric,  with  the  pedicle  valve  moderately  concave 

anteriorly  and  with  radiating  striae  increased  by  intercalation 

and  crenulated  by  concentric  striae;    Le  p  t  a  e  n  a    r  h  o  m  - 

Fig-.  ]26  Stropheodonta 
inequiradiata 
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b  o  i  d  a  1  i  s  [fig.  125]  ;  Stropheodonta  inaequiradi- 

a  t  a  [fig.  126],  a  very  convex  species  witk  skarp  striae,  alternat- 
ingly  coarse  and  fine;  8.  kemispkerica  [fig.  127],  a  large, 

robust  and  strongly  convex  species  and  Str-opkonella 
a  m  p  1  a  [fig.  9S],  already  noted  in  the  account  of  the  Sckokarie 

grit  fossils. 

Among  tke  Spirifers  are :  S  p  i  r  i  f  e  r  duodenarius  [fig. 

128],  recognized  by  its  extended  kinge  line  and  broadly  rounded 

plications,  togetker  witk  well  marked  concentric  lamellose  lines 

wkick  are  strong  however  in  tke  best  preserved  specimens  only. 

Tke  species  is  also  abundantly  represented  by  molds  in  tke  Scko- 
karie grit.  S  p  .  acumi  n  a t  us  [fig.  129],  one  of  tke  large  and 

most  robust  species  in  tins  formation  witk  a  very  prominent  and 

skarp  sinus  in  tke  pedicle  and  corresponding  strong  elevation  in 

tke  brachial  valve4,  forming  a  pronounced  anterior  deflection  witk 

plications  flatly  rounded  and  with  a  depression  down  tke  center  ; 

and  S  p  .  d  ivaricatus  [fig.  130],  still  larger  tkan  tke  pre- 
ceding and  with  tke  plications  extending  over  tke  sinus  and  tke 

indistinct  fold. 

Other  common  brackiopods  in  this  formation  are:  Meris- 

t  e  1 1  a  n  a  s  u  t  a  [fig.  131],  recognized  by  its  subquadrangular 

outline,  strongly  incurved  beak  of  pedicle  valve  and  pronounced 

anterior    nasute    extension;    rent  ago  nia    uni  sulcata 

Fig.  127  Strop heodouta  hemisph erica 
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Fig.  129  Spirifer  acuminatus 
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Fig.  132  Pentagon ia  unisulcata 

[fig.  132],  easily  recognized  by  its  peculiar  form;  A  try  pa 

reticularis  [fig.  133],  generally  quite  robust;  and  Pen- 
tamerella  a  rat  a  [fig.  100],  a  pentameroid  shell  with 

strongly  arching  beak  as  in  Gypidula,  but  with  sinus  in  the 

pedicle  valve  and  cor- 

responding fold  in  the 

brachial  valve,  though 

these  are  not  always 

pronounced.  Strong 

bifurcating  rounded 

plications  cover  all  ex- 

cept the  upper  part  of 

the  beak.  Finally 

among  the  more  com- 
mon species  should 

be    named  Amplii- 

g  e  n  i  a  e  1  o  n  g  a  t  a  [fig.  131] ,  which  when  full 

large,  terebratuloid  shell  not  unlike  Rensselaeria  but  proportion- 

ally wrider.   The  internal  characters  are  pentameroid  and  the  sur- 
face is  covered  with  fine 

radiating  striae. 

Among  the  gastropods 

the  following  are  com- 
mon and  characteristic : 

Plat  veer  as  dumo- 

sum  [fig.  135],  an 

extremely  spinose  shell, 

with  the  apex  enrolled. 

The  form  varies  from  sub- 

cylindric  in  the  adult  to  extremely  ventricose.  Diaphoros- 

toma  line  a  turn  [fig.  136],  a  close  coiled,  nonumbilicate, 

low-spired  shell,  with  uniformly  enlarging  suborbicular  aperture, 

and  fine  spiral  striae  cancellated  by  the  lines  of  growth. 

Euomphalus  decewi  [fig.  137],  a  flat  coiled  shell  with 

the  whorls  enrolled  in  nearly  the  same  plane  and  barely  touch- 

ing, and  with  a  strong  carina  on  the  upper  part  of  the  last  whorl, 

Fig.  133   Atrypa  reticularis 
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marking  a  marginal  slit  or  notch;  surface  with  fine  lines  of 

growth ;  and  F  h  a  n  e  r  o  t  i  n  u  s  1  a  x  u  s  [fig.  138],  a  very  loose 

coiled  shell  with  widely  separated  wmorls  gradually  enlarging 

toward  the  subcircular  aperture  and  coiling  nearly  in  the  same 

plane. 

Fjg".  134  Amphigenia  el  on  gat  a 

The  pteropods  are  represented  byTentaculites  scalari- 

f  or  mis  [fig.  139],  a  strongly  and  regularly  annulated,  elon- 
gated cone,  with  the  subequal  interspaces  marked  by  fine,  even,, 

transverse  striae. 

Among  the  cephalopoda  occur :  Cyrtoceras  eugenium 

[fig.  113],  already  described  under  the  Schoharie  grit;  Gyro- 
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Pig.  137   Euomphalus  decewi Fig,  138  Phanerotiuus 1  a  x  n  s 



Fig.  141  Gyroceras  trivolve   (side  view) 
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ig.  143  Gy  roc  eras  undu  latum 
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c  e  r  a  s  t  r  i  v  o  1  v  e  [fig.  140,  141],  similar  to  the  preceding  but 

more  strongly  coiled,  with  similar  surface  markings,  evidently  the 

direct  successor  of  the  first  species;  G.  mat  her  i  [fig.  142], 

like  G.  trivolve,  but  with  more  prominent,  distant,  irreg- 
ular, concentric  ridges,  which  are  extended  about  10  mm  beyond 

the  shell,  and  a  symmetric  cross  section;  G.  undulatum 

[fig.  1.43],  a  closer  coiled  species  than  the  preceding,  with  strong, 

Fig.  144   Gyroceras  paucinodum 

distant  undulations;  and  G  .  paucinodu  m  [fig.  144],  like  G  . 

undulatum,  but  with  the  undulations  replaced  by  nodes 

along  the  lateral  margins  of  the  coil. 

The  trilobites  arc  represented  by  Da  I  m  ani  t  e  s  (0  d  o  n  t  o  - 

c  e  p  h  a  1  u  s)  selenurus  [fig.  145],  of  which  the  pygidia  are 

most  common,  and  readily  recognized  by  the  double  prongs  of  the 

base,  while  the  cephalon  may  be  known  by  the  anterior  crest  and 

the  form  of  the  glabella;  D  .  calypso  [fig.  140],  easily  identi- 
fied by  the  form  of  the  glabella,  short  cheek  spines,  crescentic 

eyes,  and  large  pygidium  rounded  at  the  base,  and  with  an  axial 

row  of  flattened  spines;  Lie  has  (Conolichas)  eriopis 
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Fig.  149  Proetus  clarua 
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[fig.  147],  marked  by  the  strongly  trilobed  and  pustulose  central 

portion  of  the  head  and  a  strongly  spinose  pygidium;  Proetus 

f  o  1 1  i  c  e  p  s  [fig.  148]  and  P.  clams  [fig.  149],  the  former 

distinguished  by  its  rounded  cardinal  angles,  tumid,  faintly  fur- 

rowed glabella  and  rounded  pygidium  without  marginal  fold;  the 

latter  by  long  cardinal  angles,  glabella  without  lobes,  and  short 

crescentic  pygidium  with  marginal  fold. 

Marcellus  shale 

In  all  the  hills  bounding  the  Schoharie  valley  between  Scho- 

harie and  Middleburg,  with  the  exception  of  West  hill,  the  Onon- 

daga limestone  is  succeeded  by  about  180  feet  of  black,  fissile 

shales,  which  split  up  into  thin  leaves  and  become  more  or  less 

rusty  on  exposure.  These  are  the  Marcellus  shales,  which  repre- 

sent the  mud  deposits  succeeding  the  coral  reefs  of  the  Onondaga 

period.  They  are  not  extensively  exposed  in  this  region,  for  on 

all  the  hillsides  they  have  weathered  so  much  that  the  out- 

crops are  covered  with  soil.  They  form  the  gentler  slopes  above 

the  limestone  terrace,  and  are  surmounted  by  the  steeper  slopes 

of  the  arenaceous  Hamilton  beds  overlying  them. 

One  of  the  few  accessible  localities  where  the  Marcellus  shales 

can  be  examined  is  on  the  eastern  base  of  South  hill,  northwest 

of  Middleburg.  North  of  the  farm  of  Mr  Henry  V.  Pindar  and 

between  it  and  a  point  opposite  Borst  Mills  (at  which  locality 

the  lop  of  the  Onondaga  forms  the  river  bed)  several  exposures 
occur  in  the  bottoms  of  small  streamlets  which  incise  the  slope 

of  1he  hill.  Some  of  the  beds  are  exposed  along  the  road, 

where  it  descends  to  the  flats  of  the  river.  The  highest  beds  are 

bcsl  shown  about  a  quarter  of  a  mile  north  of  Mr  Pindar's 
house,  where  an  unsuccessful  attempl  has  been  made  to  mine  the 

upper,  layers  for  coal  [ma]):  VIII  i,  87].  This  locality  is  best 

approached  by  a  path  which  branches  from  the  road  where  this 

has  reached  the  level  of  the  Hals.  At  the  "coal  mine"  the  shale 

is  very  black  and  carbonaceous,  the  upper  four  feet  having  suf- 
fered some  crushing  and  internal  shearing  owing  lo  the.  pressure 

of  the  overlying  rock  and  the  yielding  character  of  these  car- 
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bonaceous  beds.  This  sliding  lias  resulted  in  the  production  of 

numerous  sliding  planes  or  "  slickensides  "  which  show  by  parallel 
striations  the  direction  of  movement.  The  mass  has  thus  assumed 

the  superficial  aspect  of  coal,  which  has  led  to  the  exploitation 

of  these  beds.  The  slickensided  layers  are  succeeded  by  heavy 

bedded,  arenaceous  strata,  chiefly  limestones,  which  belong  to  the 

Hamilton  beds.  Fossils  here  are  mostly  rare,  but  the  little 

pteropod,  IS  t  y  1  i  o  I  i  n  a  f  i  s  s  u  r  e  1 1  a  and  some  small 

brachiopods  are  not  infrequently  met  with  in  the  black  shales. 

The  upper  beds  of  the  Marcellus  formation  are  seen  along  the 

northern  slope  of  Sunset  hill  above  the  road  which  crosses  the 

col  connecting  that  hill  with  Darin's  hill.  The  outcrops  are 

mainly  found  on  the  edge  of  the  woods,  though  occasionally  in 

the  fields.  Dark,  often  rusty,  fissile  shales,  containing  S  t  y  1  i  o  - 
lina  f  i  s  s  u  r  e  1 1  a  in  abundance,  are  seen  below  the  sandstones 

of  the  Hamilton  group.  Not  far  below  the  top  of  the  formation 

are  some  thin  limestone  layers,  which  are  almost  wholly  com- 

posed of  two  minute  brachiopod  shells,  Lior  h  y  n  c  h  u  s 

m  y  s  i  a  and  S  t  r  o  p  h  a  i  o  s  i  a  t  r  u  n  c  a  t  a  ,  the  former  pre- 

dominating. With  these  occur  rarely  Liorhynchus  1  i  m  i  - 
tar  is.  These  same  beds  are  again  seen  in  the  slope  of  East 

hill,  southeast  of  Schoharie,  where  the  surface  for  50  to  60  feet 

above  the  Onondaga  is  covered  with  blocks  of  this  limestone, 

which  is  also  largely  used  in  the  construction  of  stone  fences. 

The  shales  with  Styliolina  continue  to  about  75  or  80  feet  above 

the  road,  and  are  capped  by  the  Hamilton  sandstones.  Prosser 

reports  15  feet  of  black  argillaceous  shales  in  the  bank  of  Mill 

creek  on  the  north  end  of  Vroman's  Nose.  These  shales  contain 

C  h  o  n  e  t  e  s  mucronatus?  [fig.  150] ,  Styliolina  fis- 
sure! la  [fig.  1531 ,  O  r  t  h  o  C  e  r  a  s  s  u  b  u  1  a  turn  ?  ,  and 

crinoid  segments.  The  locality  is  over  a  mile  above  Borst's 
dam  where  the  base  of  the  Marcellus  stands  at  the  level  of  the 

river.  Willi  a  dip  of  about  L35  feet  bo  the  mile,  the  base  of  the 

Marcellus  would  be  carried  more  than  that  depth  below  the  river 

level.  Furthermore  as  the  outcrop  is  from  75  to  80  feet  above  the 
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river  level,  this  would  make  the  total  thickness  of  the  Marcellus 

something  over  225  feet,  which  is  greater  than  that  found  in  other 

sections.  It  is  possible  that  the  dip  here  is  less  than  in  other 

portions  of  the  valley.  A  good  exposure  of  the  Marcellus  beds  is 

found  in  the  bed  and  banks  of  Stony  brook1  southeast  of  Schoharie. 

At  the  "  Three  Corners  "  just  above  the  1000  foot  contour  line, 
on  the  road  leading  up  the  hill  along  the  banks  of  the  brook,  is  a 

cascade  over  the  upper  beds  of  the  Onondaga  limestone.  About 

50  yards  above  the  bridge  near  the  confluence  of  the  two  branches 

occurs  an  outcrop  of  "  about  20  inches  of  dark  gray,  impure  lime- 
stone with  Orthoceras  marcellense  [fig.  154]  and 

other  fossils  which  usually  accompany  Agoniatites  ex- 

it a  n  s  u  s  ,  though  that  species  has  not  been  observed  ".2  This  is 
the  eastern  extension  of  the  Goniatite  (Agoniatite)  limestone, 
which  is  a  characteristic  member  of  the  Marcellus  formation  in 

central  New  York.  The  elevation  of  this  bed  above  the  top  of  the 

Onondaga  is  at  the  most  30  feet. 

For  16  feet  above  this  the  section  is  covered,  then  follows  a  con- 

tinuous exposure  of  Marcellus  shale  for  nearly  a  mile,  to  Borst's 
sawmill,  which  is  180  feet  above  the  limestone.  The  upper  beds 
in  this  section,  though  retaining  their  dark  blue  gray  or  blackish 

color,  carry  Spirifer  and  Chonetes  and  in  this  respect  suggest  cor- 
respondence with  the  upper  beds  in  western  sections  which  have 

latterly  been  regarded  as  pertaining  to  the  Marcellus. 

Typical  Hamilton  sandy  shales  are  exposed  just  above  Borst's 
mill.  No  limestone  beds  were  observed  in  the  section  above  the 

basal  limestone  .  .  .  The  evidence  in  this  section  clearly  indi- 
cates the  rapid  extinction  of  the  Agoniatites  limestone  eastward 

from  Otsego  county  and  at  points  east  of  that  here  mentioned  no 
outcrops  of  the  horizon  or  evidence  of  its  index  fossils  have  been 

recorded.3 

Other  exposures  of  (lie  Agoniatite  limestone  are  found  on  the 

Lanioroaux  farm,  one  mile  southwest  of  Schoharie  village,  and 

on  the  Burton  farm,  one  mile  si  ill  farther  south.    "At  these  places 

*Not  Stony  creek,  which  is  east  of  Middleburg.    This  more  northern 
st renin  occupies  the  depression  between  Easl  hill  and  Hartman's  hill. 

aClarke,  J.  M.    X.  Y.  State  Mus.  Bui.  41).  p.123. 
Clarke.    Loc.  cit.  p.  1  '28-24. 
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the  limestone  lies  just  below  the  surface  and  has  been  taken  out 

for  the  construction  of  farm  walls,  but  no  exposure  is  afforded 

which  defines  the  position  of  the  beds  in  the  rock  section."1  It  is 
from  these  exposures  that  the  fossils  credited  to  the  Goniatite 

limestone  of  Schoharie,  in  the  Palaeontology  of  New  York,  were 

probably  obtained. 

Characteristic  fossils  of  the  Marcellus  beds 

Among  the  brachiopods  characteristic  of  the  shales  is  Clio- 

n  e  t  e  s  mucro  n  a  t  u  s  [fig.  150] ,  recognizable  by  its  coarse 

plications  and  spines  parallel  to  the  hinge  line;  Stropha- 

1  o  s  i  a  t  r  u  neat  a  [tig.  151] ,  readily  recognized  by  the  small 

size,  strongly  convex  pedicle 

valve  with  truncated  apex,  and 
surface  covered  with  faint 

spines,  and  slightly  concave 

spine-covered  brachial  valves,  %150  Chonetes  raueronatu 
occurring  abundantly   in  the 

calcareous  beds  of  this  formation  about  Schoharie;  and 

Liorhynehus  my  si  a  [fig.  152],  a  small  shell  readily 

distinguished  from  other  species  by  its  circular  form,  and  few 

strong  plications  which  reach  half  way  from  the  margin  to  the 

beak,  and  occurring  with  the  preceding  species  in  the  limestone 

bed  in  the  Upper  Marcellus,  but  generally  more  numerous  than 

that  species. 

Among  the  pteropods,  Styliolina  fissure  11a  [fig. 

15:;  |  is  the  most  prominent.  It  is  easily  recognized  by  the  minute 

needlelike  form,  and  the  depressed  central  line  in  the  compressed 

specimens  on  the  shale. 

The  cephalopoda  are  most  characteristic  of  the  Agoniatite  lime- 

stone. Orthoceras  marcel  lease  [fig.  154],  of  slender 

form  witli  excentric  siphuncle  and  fine  concentric  surface  striae 

and  faint  longitudinal  ridges,  is  one  of  flic  most  characteristic 

With  this  occurs  G  o  m  p  h  o  c  e  r  a  s  oviforme  [tig.  L55],  a 

small,  short  (ibreviconic)  exogastric  species,  with  large  trilobate 

1  Clarke.   Loc.  cit.  p.  123. 
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Fig.  153  S t y  1  i oli na;  Has u r o  1 1  a 
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aperture  and  the  surface  marked  by  fiue  lines  of  growth  and 

longitudinal  lines,  strengthened  at  regular  intervals. 

The  nautiloids  are  represented  by  Nautilus  (D  i  s  c  i  t  e  s) 

m  a  r  c  e  1 1  e  n  s  i  s  [fig.  156],  characterized  by  an  angularity 

of  the  umbilical  margin  of  the  whorl,  by  a  noded  outer  or  ventro- 
lateral margin,  and  by  a  suture  having  a  broad  lateral  lobe,  with 

angular  saddles  on  the  umbilical  and  ventrolateral  margins,  and 
a  rounded  lobe  on  the  venter. 

The  goniatites  of  this  limestone  are  represented  by  the  large 

and  characteristic  Agoniatites  expansus  (Vanuxem) 

[fig.  157]  (Goniatites  vanuxemi  Hall).  This  species 

when  adult  is  a  foot  or  more  in  greatest  diameter,  with  a  large 

living  chamber,  which  has  flattened  sides  and  a  rounded  venter. 

In  the  earlier  stages  of  development  the  venter  is  flattened  and 

margined  by  ventrolateral  ridges.  The  surface  is  furthermore 

ornamented  by  sinuous  ridges.  The  suture  is  simple,  with  a 

narrow  ventral  or  siplional  lobe.  Parodiceras  dis- 

co id  eum  [fig.  158]  is  a  smaller  smooth  species,  with  the  um- 

bilicus closed,  owing  to  the  close  coiling  of  the  shell.  This  char- 

acter is  shown  even  in  the  young  specimens.  - 

Hamilton  shales 

The  Marcellus  shales  are  succeeded  by  arenaceous  beds,  chiefly 

more  or  less  impure  quartz  sandstones  alternating  with  silicious 

clay  mudrocks  which  often  become  shale.  In  the  coarser  sand- 
stones, brachiopods  not  infrequently  occur,  chiefly  as  molds, 

S  p  i  r  i  f  e  r  g  r  a  n  u  1  o  s  u  s  predominal  ing.  The  lower  beds 

of  this  series  are  shown  in  the  cliff  of  Vroman's  Nose,  which  rises 
some  GOO  feet  above  the  level  of  the  Schoharie  river.  The  lower 

beds  here  are  (lark  gray  shales  and  thin  sandstones,  the  former 

becoming  more  blocky  toward  the  top.  In  the  coarser  beds, 

S.pirifer  g  r  a  n  u  1  o  s  u  s  is  common  together  with  the 

curious  marking  know  n  as  Spirophyton  and  already  represented 

in  the  Ksopus  shales. 

Another  cliff  of  Lower  Hamilton  strata  is  seen  in  the  south- 

western portion  of  J  lart  man's  hill,1  east  of  Middle-burg.  These 

*So  named  from  one  of  the  early  settlements  of  the  Palatines  at  the  foot 
of  this  hill,  which  was  called  Hartman's  Dorf. 
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cliffs  are  capped  by  the  harder  sandstones  of  the  series  and  like 

that  of  Vroman's  Nose,  are  kept  vertical.  Higher  beds  of  this 
series  are  found  in  ascending  the  hill  by  the  road  leading  east 

from  Davis  Crossing.  Other  exposures  of  the  Hamilton  shales 

are  found  in  the  valleys  of  Stony  creek  and  the  Little  Schoharie, 

and  at  numerous  points  along  the  lower  slopes  of  Moheganter  hill, 

south  of  Middleburg.  The  total  thickness  of  the  Hamilton  beds 

of  this  region  is  about  1500  feet1  exclusive  of  the  180  feet  of 
Marcellns.  The  series  consists  mainly  of  sandstones  and  arenace- 

ous shales,  and  the  fossils  in  these  beds  are  generally  preserved 

only  in  the  form  of  molds.  In  the  upper  beds  of  the  series 

flagging  stones  are  not  infrequently  found. 

Only  a  few  corals  have  been  obtained  from  these  beds,  the 

most  common  being  Ceratopora  intermedia  (Nichol- 

son) [fig.  159],  composed  of  irregular  cylindric  branches,  with  a 

coarse  cystoid  structure  internally. 

depression  and  surface  covered  with  gran-  // 

ules  or  fine  postules ;  S  p  .  m  u  c  r  o  n  a  t  u  s    rig-.  159  ceratopora 

[fig.  161]  generally  extremely  mucronate 

with  a  faint  plication  in  the  median  sinus  and  a  depression  in  the 

fold ;  C  h  o  n  e  t  e  s  c  0  r  0  n  a  t  u  s  [fig.  1G2],  a  large  species 

characterized  by  fine  radial  striae,  and  five  or  six  short  oblique 

tubular  spines  on  each  side  of  the  beak,  a  strong  cardinal  process 

and  median  septum  in  the  brachial  valve;  0  h  .  m  u  c  r  0  n  a  t  u  s 

[fig.  150],  readily  recognized  by  its  coarse,  rounded  plications 

and  outward  bending  spines,  parallel  to  the  hinge  area;  (Mi. 

deflect  us  [fig.  103],  a  convex  species  with  numerous  line 

striae  and  abruptly  outward-curving  cardinal  spines;  A  I  h  y  r  i  s 

Fossils  of  the  Hamilton  beds 

Among  the  common  braehiopods  are : 

Spirifer  granulosus  [fig.  1G0 ]  a 

larae  robust  species  with  moderate  hinge 

area,  broad  rounded  sinus,  fold  with  median 

inter  m  e d i  a 

iProsser  figures  out  a  thickness  of  1685  feet  for  the  Hamilton  and  Mar- 
cellns.   N.  Y.  State  Geol.  17th  An.  Rep't,  p.  190. 
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spiriferoides  [fig.  104],  a  large  rotund  smooth,  species 

with  valves  nearly  equally  convex  and  a  median  depression  in 

the  anterior  portion  of  the  pedicle  valve ;  C  r  y  ptonella 

lincklaeni  [fig.  105],  a  terebratuloid  shell  with  strongly 

incurved  beak,  angular  umbonal  slopes,  punctate  shell  structure 

and  comparatively  small  and  gibbous  form ;  T  r  o  p  i  d  o  1  e  p  t  u  s 

carinatus   [fig.  100],  a  strophomenoid  shell  with  coarse. 

Fig.  160  Spirifer  granulosus 

rounded  plications  strongest  in  the  center;  C  a  in  a  r  o  toe  c  h  i  a 

prolifica  [fig.  107],  a  rhynchonelloid  shell  with  slender 

angular  plications,  shallow  median  sinus  which  is  gently  curved 

upward  in  front,  with  nearly  straight  or  slightly  carved  beak, 

and  of  nearly  equal  length  and  breadth  in  young  specimens. 

Among  the  common  pelecypods  are:  Nucula  belli- 
striata  [tig.  168],  characterized  by  the  regular  curve  of  the 

ba.sal  margin,  the  position  of  the  beak,  one  fourth  the  length 
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Fig.  161  Spirifer  mucronatus 

Fig.  102   Chonetes  coronatus 
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Fig.  163  Chonetes  dcflectus  Fig-.  165  Cryptonella 

Fig.  1()4  Athyris  spiriferoides 
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Pig.  174    P 1  e  u  r  o  t  o  m  a  r  i  a 
c  a  p  i  1 1  a  r  i  a  .  \2 

Fig.  17t£  Bellerftph  on  patulus 

Fig.  175  Pleu  rotomaria  subcomarginata.  z2 
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from  the  margin  of  the  shell,  and  fine,  regular,  uniform,  con- 

centric striae,  together  with  the  hinge  structure  characteristic 

of  the  genus ;  C  y  p  r  i  c  a  r  d  e  1 1  a  tenuistriata  [fig.  169] , 

a  shell  of  subrectangular  outline  with  a  pronounced  umbonal 

Fig.  178  Phacops  rana 

Yig.  177  Homalonotus  d e k a y i 

angulation  and  extremely  fine,  tenuous,  concentric  striae; 

Actinopteria  boydi  [fig.  170],  an  oblique  winged  shell 

with  the  wing  not  strongly  defined,  a  marked  anterior  ear  and 

strong  surface  markings  with  concentric  striae,  which  however 

do  not  interrupt  the  radii;  Nyassa  a r gut a  [fig.  171],  a 

modioloid  shell  with  numerous  small  teeth  beneath  the  beak,  arcu- 
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ate  cardinal  line,  and  rounded  to  angular  umbonal  slope, 

anterior  of  which  there  is  a  faint  oblique  depression ;  Gram- 

my  s  i  a  a  1  v  e  a  t  a  [fig.  172],  a  large  coarse  shell  with  strongly 

forward-pointing  beak,  coarse  subregular  concentric  folds  which 
become  obsolete  on  the  posterior  portion  of  the  shell ;  Pterinea 

flabellum  [fig.  173],  an  oblique  shell  with  convex  left  and 

Fig.  179  Spirophyton  velum 

flat  right  valve,  large  and  well  defined  wing  and  strong  coarse 

radiating  striae  increased  by  repeated  intercalations  of  finer  ones. 

Among  the  commoner  gastropods  are  :  Pleuroto  m  a  r  i  a 

cap  i  1  1  a  ]•  i  a  [fig.  174],  a  strongly  sculptured,  high  spired  spe- 
cies in  which  the  intersections  of  the  lines  of  growth  and  the 

spirals  are  spinose;  P.sulcomarginata  [tig.  175],  another 

sculptured  form,  in  which  the  upper  portion  of  the  whorl  is  flat, 

so  as  to  produce  a  conic  spire,  with  the  band  on  (ho  outer  margin 



NEW  YORK  STATE  MUSEUM 

of  the  whorl;  Belle  rophon  patulus  [fig.  176],  charac- 

terized by  a  broadly-flaring,  nearly  circular  aperture  and  a  faint 
median  deflection  of  the  lines  of  growth. 

The  trilobites  are  represented  by  Homalonotus  d  e  k  a  y  i 

[fig.  177],  a  large  elongate,  linguiform  species,  with  faintly  marked 

pygidium,  rectangular  glabella,  subtriangular  cephalon,  and 

thorax  scarcely  trilobate;  P  li  a  cops  r  a  n  a  [fig.  178],  charac- 
terized by  the  broad  subpentagonal,  strongly  pustulose  glabella, 

prominent  eyes,  and  nearly  semicircular  pygidium. 

The  problematical  marking,  Spirophyton  velum  [fig. 

179],  which  differs  from  the  species  in  the  Esopus  chiefly  by  its 

smaller  size,  is  also  common  in  the  sandy  layers  of  the  Hamilton. 

Sherburne  formation 

The  Hamilton  sandstones  grade  upward  into  a  series  of  bluish 

sandstones  and  greenish  shales  which  constitute  the  Sherburne 

formation  of  Vanuxem.  West  of  Schoharie  county,  from  the 

Chenango  valley  to  the  meridian  of  Cayuga  lake,  where  this  for- 
mation passes  horizontally  into  the  Naples  shales  of  the  Portage, 

it  is  separated  from  the  Hamilton  beds  by  the  Tally  limestone 

and  the  Genesee  shales.  In  eastern  New  York  these  formations 

are  absent  as  lithic  units,  and  the  Sherburne  directly  succeeds 

the  Hamilton.  Its  thickness  is  250  feet  or  over,  and  its  fossils 

when  not  merely  plant  remains,  constitute  together  with  those 

of  the  succeeding  Ithaca  beds  a  modified  Hamilton  fauna,  which 

gradually  disappears  westward.  In  Greene  and  Ulster  counties, 

this  formal  ion  is  unfossiliferous  with  the  exception  of  scattered 

planl  remains  and  probably  includes  the  horizon  of  the  "North 
river  bluestone." 

The  mosl  accessible  locality  for  the  examination  of  this  rock  is 

in  the  upper  slopes  of  Moheganter  hill  as  described  in  the  sections 
in  chapter  5. 

In  the  Schoharie  river  valley  region  the  line  of  separation 
between  (lie  Hamilton  and  Sherburne  formations  is  not  as  clearly 
shown  for  part  of  the  distance  as  it  generally  is  farther  west. 
This  is  due  largely  to  the  heavy  mantle  of  drift  covering  the 
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slopes  of  part  of  the  hills,  also  the  valley  near  North  Blenheim, 
where  the  characters  of  the  two  formations  blend.1 

The  Ithaca  formation 

The  Sherburne  flags  are  succeeded  by  a  series  of  shales  and 

sandstones  averaging  500  feet  in  thickness.  These  constitute  the 

Ithaca  formation,  the  age  of  which  in  this  section  is  middle  Port- 

age. It  contains  a  modified  Hamilton  fauna,  which  in  some  sec- 

tions made  its  first  appearance  in  the  Sherburne.  Tropido- 

1  e  p  t  u  s  carina  t  us  is  often  abundant,  as  is  also  S  p  i  r  i  f  e  r 

m  u  c  r  o  n  a  t  u  s  .  Other  characteristic  fossils  are  Spirifer 

m  e  s  a  s  t  r  i  a  1  i  s  [fig.  180] ,  characterized  by  radiating  striae  on 

the  rounded  fold  and  sinus  as  well  as  on  the  flattened  plications 

of  the  rather  large  valves ;  Orthonota  undulata  [fig.  181] , 

a  pelecypod  shell  of  elongate  form,  with  long  and  straight  hinge 

line  parallel  to  the  basal  margin,  and  with  strong  undulations  or 

wrinkles  in  the  posterior  portion,  which  is  delineated  by  a  pro- 

nounced umbonal  ridge  ;  S  p  h  e  n  o  t  u  s  t  r  u  n  c  a  t  u  s  [fig.  182] , 

a  ismall  elongated  pelecypod  with  angular  umbonal  ridge,  trun- 

cated posterior  end,  and  fine  surface  striae,  and  S  p  h .  c  line- 

a  t  u  s  [fig.  183],  a  larger  species  with  more  pointed  anterior  and 

more  rounded  posterior  end,  and  an  additional  pronounced  ridge 

above  the  umbonal  one.  With  these  are  other  but  rarer  species 

as  given  in  the  list  in  chapter  7. 

This  formation,  like  the  Sherburne,  passes  westward  into  the 

Naples  beds,  this  change  being  effected  beyond  the  meridian  of 

Cayuga  lake.  In  this  western  region  the  Ithaca  fauna  extends 

also  much  higher  up,  occupying  most  of  the  remaining  Portage 
beds. 

East  of  Schoharie  county  the  typical  Ithaca  conditions  dis- 

appeared earlier,  and  along  the  eastern  front  of  the  Helderbergs 

the  Oneonta  beds  rest  directly  on  the  Sherburne  if  not  on  the 

upper  Hamilton.  Thus  the  lower  Oneonta  beds  of  the  east  are 

the  equivalents  in  time  of  the  Ithaca  beds  of  the  Schoharie  region 

and  farther  west,  while  the  higher  Oneonta  beds  replace  (lie  upper 

Grosser,  loc.  cit,  p.205.    See  also  map  accompanying  Prossn-'s  article. 
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Fig.  18:?   S  phenol  us t  runca  tus Fig.  183 Sphenotns  cuneatus 
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Ithaca  beds  in  the  Schoharie  region,  this  replacement  however 

not  extending  beyond  central  New  York. 

In  Blenheim  township  about  500  feet  of  this  formation  has 

been  noted  by  Prosser,  but  northeast  from  this  in  Moheganter 

hill,  the  Ithaca  is  scarcely  represented,  the  Oneonta  beds  follow- 

ing almost  immediately  on  the  Sherburne.  This  shows  that  the 
source  of  the  nonmarine  sediments  was  to  the  northeast. 

The  Oneonta  beds 

From  the  Chenango  valley  eastward  the  Ithaca  is  capped  by 
the  Oneonta  formation  which  is  composed  of  red  and  green  shales, 
reddish  sandstones  and  coarse  grained  grayish  to  greenish  gray 
sandstones.    These  rocks  are  nearly  unfossiliferous,  containing 

J  Fig-.  181   Archanodon  catskillen  sis 

only  an  occasional  specimen  of  Archaeopteris  and  Archan- 
odon catskiHensis  (Van.)  [fig.  181:] .  The  formation  has 

a  thickness  of  550  feet  in  the  Chenango  valley,  and  as  the  physical 
conditions  under  which  the  Oneonta  was  deposited  appeared 
earlier  to  the  eastward  it  gradually  thickens  in  that  direction,  till 
in  Albany  and  Greene  counties  it  completely  replaces  the  Ithaca 
formation.1 

The  fern  Archaeopteris  jaeksoni  [fig.  185]  may  be 

recognized  by  its  bipinnate  frond  and  obovate  pinnules,  which 
narrow  toward  and  are  Recurrent  at  the  base.  The  mussel 

Archanodon  catskillensis  [fig.  184]  is  elongated  and 

not  unlike  Anodonta  of  the  present  time.  Clarke  has  shown  its 

significance  as  an  indicator  of  fresh  or  brackish  conditions.2 

1  Prosser.  loc.  cit.  p.  313-14. 
2 Clarke,  J.  M.    N.  Y.  State  Mus.  Bui.  49,  p.  199-203. 
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Fig.  185  A  rchaeopte  ris  j  a  c  k  so  n  i  Dawson.   Oneonta  sandstone,  Otego  N.  Y. 
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In  Moheganter  hill  the  red  shales  and  sandstones  of  the  One- 

onta  make  their  appearance  between  1200  and  1300  feet  above 

the  level  of  the  Schoharie  river.  The  most  easily  reached  out- 
crops of  these  beds  are  on  the  bare  knoll  which  rises  to  a  height 

of  about  2000  feet  above  sea  level  behind  the  house  of  Mr  John 

Vroman  on  the  road  leading  up  Moheganter  hill  from  the  school- 
house  of  district  no.  11,  3  miles  southwest  of  Middleburg. 

Catskill  series 

This  formation  succeeds  to  the  Oneonta  beds  in  the  eastern 

Helderbergs  and  the  Catskill  mountains.  It  represents  the  time 

interval  during  which  the  marine  Chemung  strata  were  deposited 

in  western  New  York  and  elsewhere.  Like  the  Oneonta,  it  is  a 

nonmarine  or  estuarine  formation  and  consists  chiefly  of  red 

rock.  Xo  representatives  are  found  in  the  region  bordering 

the  lower  Schoharie,  but  in  the  upper  gorges  of  that 

stream,  and  its  tributaries,  good  exposures  of  these  rocks  are 

found.  Their  general  character  is  indicated  in  the  section  from 

the  Catskills  to  Middleburg.  given  in  chapter  5. 

Sequence  of  events  during  Middle  and  Upper  Devonic  time 

As  shown  in  the  preceding  chapter,  the  marine  invasion  of 

Oriskany  time  reached  Ontario  towards  the  end  of  that  period, 

when  the  Decewville  beds  were  deposited,  embedding  their  com- 

mingled Oriskanian  and  Onondagan  types.  The  depositional 

equivalent  of  these  beds  in  the  eastern  region  appears  to  be  found 

in  the  Esopus  shales. 

The  character  of  this  formation  is  such  as  to  indicate  unfavor- 

able conditions  for  the  existence  of  the  Decewville  fauna  in  the 

eastern  region,  and  it  was  not  till  the  end  of  this  period  that 

this  fauna  could  invade  the  eastern  region  and  become  that  of  the 

Schoharie  grit.  A  comparison  of  the  two  faunas,  i.  e.  the  Scho- 

harie and  the  Decewville,  brings  out  this  probable  relationship.1 
The  origin  of  the  Onondaga  fauna  is  a  question  of  considerable 

interest.    Thai   il   was  not  derived  from  the  I  Ielderbergian  DOr 

1See  dh.  7,  p.  325. 



228 NEW    YORK    STATE  MUSEUM 

the  eastern  Oriskany,  is  apparent  on  comparison  of  the  faunas 

of  the  several  beds.  While  the  New  York  Oriskany  and  the 

Helderbergian  faunas  are  intimately  related,  the  Onondaga  fauna 

with  its  wealth  of  corals  appears  to  be  quite  distinct.  From 

comparative  tables  published  by  Weller,  it  appears  that  in  the 

brachiopod  element  alone,  the  two  faunas  appear  to  be  related, 

while  the  most  conspicuous  differences  are  in  the  coral  and 

mollusk  elements.  These  latter  characteristics  of  the  fauna  led 

Weller  to  say :  "  Both  in  its  coral  element  and  in  its  cephalopod 
element,  as  well  as  in  the  remaining  mollusks,  there  is  a  strong 

suggestion  in  the  Corniferous  [Onondaga]  of  a  recurrence,  with 

profound  modifications  to  be  sure,  of  the  more  ancient  Niagaran 

fauna,  which  had  occupied  the  same  province  at  an  earlier  period."1 

He  further  thinks  that  "  it  is  altogether  probable  that  the  Cor- 
niferous [Onondaga]  fauna  was  in  large  part  truly  an  evolution 

product  from  the  Niagaran,  after  that  fauna  had  withdrawn 

from  the  interior  and  had  become  isolated  in  some  province  upon 

the  border  of  the  continent  after  the  close  of  Silurian  time  ".2 

The  new  faunal  element  thus  introduced  first  makes  its  appear- 

ance during  late  Oriskany  (Decewville)  time  in  the  northwestern 

part  of  the  Onondaga  sea.  During  this  time,  as  we  have  seen, 

the  Esopus  muds  were  deposited  over  all  the  eastern  region, 

representatives  having  been  found  as  far  north  as  Lake  Mem- 

phremagog.3  Thus  the  Oriskany  fauna  became  extinct  in  the 
eastern  portion  of  the  interior  Mediterranean  sea,  but  continued 

in  the  northwestern  region  where  many  of  the  old  species  became 
modified. 

During  this  period  there  occurred  the  invasion  of  the  new  or 

Onondaga  fauna,  which  first  became  mingled  with  the  surviving 

Oriskanian  species  to  constitute  the  Decewville  fauna.  Where 

this  fauna  came  from  is  an  unsettled  point.  Weller  holds  that 

its  source  was  in  the  Arctic  regions,  but  Schuchert  thinks  the 

1  Jour.  Geol.  1902.  10:425-27. 
2Loc.  cit.  p.  428.  * 
3  Ami,  quoted  by  Schuchert.    Am.  Geol.  1903.  32:151. 
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evidence  points  to  an  invasion  from  the  south,  through  the 

u  Indiana  basin       [*Syec  map,  fig.  186]. 
Clarke  says  in  regard  to  this  fauna  i1 

The  east  presents  in  the  arenaceous  beds  of  the  Cauda  galli 
[Esopus]  and  Schoharie  grit  a  facies  which  is  not  elsewhere  seen. 
In  clastic  character,  there  is  excellent  reason  for  associating 

Fig.  186  Paleogeographic  map  of  Onondaga  time.    (After  Schuchert) 

these  beds  directly  with  the  deposition  of  Oriskany  sediments  as  a 
closing  stage  thereof,  and  indeed  several  elements  of  the  striking 
Schoharie  fauna  indicate  derived  relations  to  the  Oriskany. 
This  might  be  predicated  of  the  trilobites  specially,  of  the 
brachiopods  and  lamellibranchs  in  part,  but  not  of  the  most 
conspicuous  element  of  the  fauna,  the  cephalopods.  For  the 
origin  of  the  latter  we  have  jei  to  search;  t  hey  may  have  entered 
New  York  from  the  west  with  the  fauna  of  the  limestone  and 

]N.  Y.  State  Mus.  Bui.  52.    1902.    p.  GG7. 



230 NEW    YORK    STATE  MUSEUM 

have  wandered  into  the  shallow  waters  where  Schoharie  sedi- 
ment was  depositing;  they  may  have,  on  the  other  hand,  come 

in  from  some  source,  northeast  or  southeast,  as  yet  unknown 
to  us.  and  hence  be  related  ancestrally  to  similar  forms  of  the 
overlying  Onondaga  limestone.  Present  evidence  seems  to  favor 

the  former  conclusion  without  disparagement  to  the  genetic  re- 
lations of  these  cephalopods  to  those  of  the  Onondaga.  It  seems 

justifiable  however  to  assert  that  the  fauna  of  the  Onondaga 

period  as  a  whole,  with  its  noteworthy  coral,  trilobite,  cephalo- 
pod  and  gastropod  facies  unequally  developed  locally,  is  a  com- 

plex congeries,  largely  from  the  western  reaches  of  the  Ap- 
palachian gulf,  but  freely  inoculated  with  elements  genetically 

from  the  northeast.  The  latter  may  have  come  in  directly, 
geographically  and  genetically,  through  the  Oriskany  province 
of  eastern  New  York  or  indirectly  into  the  western  limestones, 
after  migration  from  New  York  southward  to  the  end  of  the 
barrier  and  thence  into  the  heart  of  the  gulf.  The  latter  seems 
specially  probable  of  the  gastropod  element. 

As  the  eastern  waters  cleared,  the  new  fauna  could  migrate 

eastward  and  so  become  the  Schoharie  fauna.  At  this  time  a 

channel  which  extended  northward  along  what  is  now  the 

Connecticut  valley  and  thence  by  way  of  the  St  Lawrence 

to  the  North  Atlantic  formed  au  outlet  for  the  Onondaga  sea 

to  the  northeast.  Since  black  mud  strata  were  deposited  in  this 

channel  till  Schoharie  time,  no  migration  of  pure  water  species 

from  the  Atlantic  could  take  place  till  just  before  the  beginning 

of  Onondaga  time.  But  with  this  channel  open,  Eurasian  types 

which  had  migrated  along  the  shore  of  "Atlantis?',  a  North 

Atlantic  continent,  could  enter  the  Mississippian  sea  of  eastern 

North  America.  Schuchert  believes  that  a  portion  of  the  Onon- 

daga fauna  at  least  came  into  the  interior  sea  by  this  channel, 

while  another  portion  came  from  the  Brazilian  region  by  way 

of  the  southern  or  Indiana  channel.  It  seems  not  unlikely  that 

the  (-cplm lojjod  element  of  the  Schoharie  entered  the  Appalachian 

gulf  from  the  northeast  by  the  Connecticut  channel,  and  mi- 

grated westward,  appearing  either  as  the  same  species  or  in 

modified  form  in  the  Onondaga  of  the  western  region.  The  same 

thing  appears  to  be  true  of  the  trilobites,  though  some  as 

C  a  1  y  m  m  e  n  e  plat  y  s  appear  earlier  or  at  the  same  time  in 
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the  western  district,  i.  e.  in  the  Decewville  beds.  The  brachio- 

pods  on  the  other  hand  seem  to  have  appeared  first  in  the  Decew- 
ville beds  of  the  western  area  and  migrated  eastward,  reaching 

the  Schoharie  region  in  Schoharie  time.1 
Toward  the  end  of  Onondaga  time  came  the  invasion  of  the 

black  muds  which  produced  the  Marcellus  beds  and  with  these 

the  diminutive  fauna  characteristic  of  these  beds.  Clarke  holds 

that  the  Marcellus  fauna  invaded  this  territory  "  from  the  south- 

east along  the  inner  or  Appalachian  face  of  the  interior  sea".2 
The  fauna  together  with  the  black  mud  sediments  appeared  in 

eastern  New  York  before  the  sedimentation  of  the  Onondaga 

Fig.  187    Diagram  showing  relation  of  Onondaga  and  Marcellus  beds.    (After  Clarke) 
.  a,  a',  b,  Onondaga  limestone;  c,  lower  Marcellus  shale;  d,  d\  Agoniatite  limestone; 

e,  e',  middle  Marcellus  shale;  /,  Stafford  limestone;  y,  (/',  upper  Marcellus  shale 

type  was  completed  in  western  New  York.  In  other  words  the 
lower  50  feet  of  the  Marcellus  of  eastern  New  York  is  the 

depositional  equivalent  of  the  upper  Onondaga  of  western  New 

York.  Near  the  end  of  Onondaga  sedimentation  in  western  New 

York,  the  eastern  region  over  which  black  mud  was  depositing, 

was  invaded  by  the  last  of  the  Onondaga  species,  followed 

directly  by  the  "  prenuncial  cohorts  of  the  Hamilton  fauna  ".3 
The  sedimentation  accompanying  this  invasion  produced  the 

Agoniatite  limestones  of  the  Marcellus,  which  in  the  western  part 

of  the  State  is  a  direct  successor  of  the  upper  Onondaga  [fig.  187]. 

This  goniatite  fauna  flourished  in  the  east  central  district  for 

a  time,  after  which  it  was  overwhelmed  by  the  recurrent  black 

lrnul  deposits,  which  were  again  characterized  by  the  typical 

-Marcellus  fauna.    A  second  invasion  of  Hamilton  (vim  s  occurred 

xThe  recent  discovery  of  the  Schoharie  fauna  in  northern  Michigan 
shows  the  extensive  transgression  of  the  sea  at  that  time. 

2  Clarke,  J.  M.    N.  Y.  State  Mus.  Bui.  19.    ]».  1 L5. 
3  Clarke,  loc.  cit.  p.  L37. 
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somewhat  later,  producing  the  Stafford  limestone  of  western 

New  York.  "  This  invasion,  too,  was  unsuccessful,  reaching  no 

farther  eastward  than  the  eastern  part  of  Ontario  county n.1 
The  third  invasion  into  New  York  of  the  Hamilton  fauna,  which 

had  come  into  existence  by  slow  modification  of  the  Onondaga 

species,  in  the  northwestern  portion  of  the  interior  sea,  proved 

Fig-.  188  Paleogeographic  map  of  Hamilton  time.    (After  Sehuchert) 

at  last  successful  and  permanent  and  was  accompanied  by  the 

sedimentation  which  has  given  us  the  typical  Hamilton  beds. 

By  this  time  the  interior  Palaeozoic  sea  had  increased  in  size 

as  shown  on  Schuchert's  map  [fig.  188]  and  a  new  channel  across 
what  is  now  eastern  Wisconsin  and  central  Illinois  was  opened, 

which  connected  the  eastern  or  Mississippian  sea  with  the 

Dakota  sea  to  the  west  of  the  present  Mississippi  river.  From 

1  Clarke,  loc.  cit. 
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this  sea  a  few  migrants  were  added  to  the  fauna  which  had 

developed  from  the  Onondaga  fauna;  other  migrants  continued 

to  arrive  from  the  seas  covering  South  America,  by  way  of  the 

Indiana  passage,  while  European  arrivals  continued  to  enter  the 

sea  through  the  Connecticut  channel.1  Whatever  the  value  of 

the  eastern  channel  may  have  been  during  Onondaga  time,  its 

efficiency  as  a  transmitter  of  foreign  invaders  was  greatly 

diminished  during  Hamilton  time,  and  before  the  end  of  that 

period  ceased  entirely.  This  will  be  realized  when  the  nature 

of  the  Hamilton  sediment  in  the  northeastern  portion  of  the 

Mississippian  sea  is  considered,  for  it  indicates  conditions 

which  would  hardly  admit  of  the  introduction  of  any  except  the 

most  hardy  shallow  water  types  from  that  quarter. 

At  the  beginning  of  Portage  time,  Laurentia,  the  northern 

continent,  and  Appalachia,  the  southeastern  continent,  were 

again  united. 

The  apex  of  the  Appalachian  gulf  during  the  earlier  part  of 
Portage  time,  must  have  reached  to  Albany,  the  northern  shore 
approximately  following  the  line  of  the  Mohawk  river  and  the 
southern  shore  coming  in  from  the  southwest  along  the  inner 

margins  of  the  Appalachian  ridges,  the  two  meeting  in  a  narrow7 
curve  which  gave  to  this  inward  projection  of  the  sea  but  rela- 

tively slight  breadth.  A  shoaling  of  the  water  at  this  end  of  the 

gulf,  a  differential  movement  raising  the  crust  in  this  region,  com- 
menced when  Portage  time  was  well  under  way,  and  produced 

banks  which  must  have  become  a  more  or  less  efficient  land 

barrier,  throwing  the  interior  coast  line  well  to  the  west,  and 
for  a  while,  probably  for  the  remainder  of  Portage  time  and 
perhaps  through  all  the  subsequent  epoch,  excluded  forms  of 
marine  life  from  these  almost  landlocked  waters.  This  was  the 

place  and  such  the  origin  of  the  Oneonta  sands.  Ai  the  head 

of  the  gulf,  where  the  waters  were  earliest  affected  by  the  bar- 
rier, these  lie  close  on  the  very  basal  layers  of  the  marine  con- 

temporaneous Portage  sediments  and  rise  ever  higher  in  the 
section  as  they  encroach  southward  on  the  gulf  by  the  outward 
extension  of  the  barriers.  Having  become  shut  off  from  free 
access  to  the  salt  water  by  land  bars  over  which  the  sea  entered 
only  at  times  of  stress  or  when  the  barrier  was  parted  for  a 

'Schuchert.    Am.  Oeol.  32:162. 
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while,  this  apical  or  Albany  segment  of  the  gulf  was  gradually 
purified  by  heavy  land  drainage  and  became  a  large  brackish  or 

fresh-water  lagoon  in  which  no  true  marine  organisms  could 
flourish  [fig.  189] 

Fig.  189  Paleogeogxaphic  map  of  Portage  time.   (After  Clarke) 

During  the  early  period  of  the  Oneonta  deposition  in  eastern 

New  York,  marine  sediments  enclosing  a  somewhat  modified 

Hamilton  fauna,  were  laid  down  in  central  New  York.  These 

conditions  prevailed  in  the  southwestern  part  of  the  Schoharie 

region  and  westward,  forming  the  Ithaca  beds.  The  fauna  of 

these  beds  was  at  first  separated  by  the  Sherburne  sand  barrier 

1  Clarke,  J.  M.  N.  Y.  State  Mus.  Mem.  (3,  p.  204-5.  The  possibility  that  the 
sediments  in  question  are  of  continental  origin,  i.  e.  accumulated  above  sea 
level  by  river  wash  and  occasional  ponding,  must  not  be  overlooked.  In 
either  case,  these  red  rocks  would  be  the  lithic  equivalent  of  the  Old  Red 
sandstone  of  Great  Britain. 
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from  a  new  fauna  arriving  from  Eurasia  by  way  of  a  passage 

opened  to  the  Pacific  across  the  northwestern  states  and  terri- 
tories; but  later  it  was  forced  into  competition  with  that  same 

fauna.  This  was  the  European  Intumescens  fauna,  rich  in 

goniatites,  cardioconchs  and  other  types.1  The  beds  carrying 

this  fauna  have  been  named  the  "  Naples  beds  "  by  Clarke.  They 
are  not  found  in  the  Schoharie  region  where  the  Sherburne  and 

Ithaca  beds  represent  them.  The  latter  are  succeeded  in  this 

region  by  the  red  sediments  of  the  Oneonta.  Going  westward 

these  covering  red  beds  appear  later  and  later,  the  beds  with  the 

Ithaca  fauna  continuing  higher  till  the  whole  of  the  marine 

Portage  is  present.  Marine  sedimentation  continued  in  the 

southwestern  part  of  New  York  beyond  the  close  of  Chemung 

time,  when  the  nonmarine  red  phase  of  deposition,  which  in  the 

eastern  region  resulted  in  the  formation  of  the  Catskill  beds, 

finally  reached  that  district  probably  after  Pocono  beds  had  been 

forming  for  some  time  in  the  Appalachian  district. 
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Atlantic,  but  the  character  of  the  sediments  in  the  east  shows  that  this 
could  not  have  been  the  case,  since  the  deposits  are  all  of  the  shallow  water 
and  continental  type,  indicating  a  continuous  shore  line  along  the  east 
and  south. 
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Chapter  5 

CHARACTERISTIC  SECTIONS  IN  THE  SCHOHARIE  REGION 

The  following  sections  are  given  to  bring  out  the  detail  of  the 

stratigraphy  of  the  Schoharie  region. 

Several  of  the  sections  have  previously  been  published,  among 

these  the  detailed  section  of  the  Hamilton  and  Upper  Devonic 

strata  made  by  Prosser.  This  indefatigable  worker  in  the  Pale- 

ozoic stratigraphy  of  eastern  United  States  has  put  all  students  of 

that  subject  under  lasting  obligations  by  his  extensive  and  de- 

tailed investigations  of  the  succession  of  strata  and  the  distri- 
bution of  species  in  these  regions. 

Prosser's  sections  are  freely  reproduced  in  this  chapter  with 
such  slight  modifications  as  were  desirable  to  bring  them  into 

harmony  of  arrangement  with  the  general  plan  of  this  work1. 

1  Section  of  the  old  Brown  quarry  of  Schoharie  - 

This  abandoned  quarry  is  in  the  hollow  between  the  cemetery 

and  the  road  leading  east  from  Schoharie  postoffice.  The  quarry 

wall  described  is  just  to  the  north  of  the  road  and  wholly  below  it. 

Near  the  Brown  quarry.  1.4  mile  southeast  of  the  Schoharie  post- 
office,  the  Salina  (Brayman)  shales  are  exposed  by  the  roadside. 
In  the  quarry  there  is  exposed  the  basal  member  of  the  Cobleskill, 
38  inches  thick.  This  layer  is  hard  and  compact  and  except  where 
weathered,  fossils  can  be  obtained  from  it  only  with  difficulty. 
This  layer  is  followed  by  one  16  inches  thick,  locally  known  as  the 
marble  layer  on  account  of  the  beautiful  polish  which  it  takes. 
The  marble  layer  is  followed  by  thin  layers  1  to  3  inches  thick, 
having  a  somewhat  sandy  texture  and  quite  fossiliferous. 

The  faunas  from  the  different  layers  vary  somewhat.  In  the 
thin  layers  at  the  top  C  a  m  a  r  otoe  c  h  i  a  ?  I  a m  e  1 1  a  t  a  is 
very  abundant  and  an  undetermined  species  of  Beyrichia  occurs 

in  large4  numbers.  Chaetetes  sp.  and  Tentacmlites 
sp.  mulct,  are  also  found  in  the  thin  layers.  From  the  basal  layer 
a  single  specimen  of  Leptaena  rhomboidalis  has  been 

obtained.  This  species  was  also  found  at  Clarke's  cave  west  of 
Schoharie.  It  is  however  very  rave  in  the  Cobleskill  of  Schoharie 

county.2 

1Prof.  Prosser  lias  most  courteously  revised  all  his  sections  for  this  work 
so  as  to  embody  the  results  of  his  latest  studies. 

2Hartnagel,  C.  A.    X.  Y.  State  Mus.  Bui.  CO.    1903.    p.  1120-21. 
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The  following  section  will  show  the  relation  of  the  Cobleskill 
to  the  overlying  rock  as  it  is  exposed  in  the  nearly  vertical  wall 
of  the  Brown  quarry. 

Section  of  Brown  quarry  modified  from  HartnageVs  section 

Rondout  Feet  Inches 

e7  Thin  bedded,  light  colored  waterlime   10 

e  6  Blue  lime  mudrock  with  corals  in  fragment   2  1 

e  5  Blue  limestone  with  corals  (like  e  6)   2  1 

e  4  Fine,  somewhat  argillaceous  lime  sandrock 

weathering  earthy,  with  Favosites  and  Stro- 
ma top  or  a,   and  with   C  a  m  a  r  o  t  o  e  c  h  i  a  ? 

1  a  in  e  1 1  a  t  a  and  other  fossils   1  2 

e3  Clayey  weathered  layer  with  Favosites   4 

e2  Argillaceous  lime  mudrock  with  Favosites  and 
C  a  m  a  r  o  t  o  e  c  h  i  a  ?  1  a  m  e  1 1  a  t  a   1  10 

el  Shaly  and  clayey  layers   10 

Cobleskill 

d  3  Thin  limestone  layer  somewhat  arenaceous  in 
texture   10 

d2  Limestone  (marble  layer)   1  4 

d  1  Highly  crystalline  crinoidal  lime  sandrock  with 

conglomeratic  character,  due  to  fragments  of 

Favosites  and  Stroma topora.    Xo  complete 
heads  were  observed   3  2 

Total  Cobleskill    5  4 

Brayman  shales  (c)  exposed  on  roadside   1 

2  Section  in  Vroman's  quarry 

This  is  from  400-500  feet  south  of  the  point 
where  the  Cobleskill  crops  out  on  the  road  leading 

easl    from    Schoharie    postoffiee.  The 

quarry  lias  been  opened  in  the  terrace 

formed  by  the  Cobleskill  and  Tx>wer  Ron- 
doul  beds  and  in  the  lower  part 

of  which  i  lie  BrowD  quarry  is 
Fig-.  190  Section  of  Vroman's  quarry 

situated.  The  beds  exposed  in 

this  quarry  belong  to  the  Rondont  scries  km.  beds  el,  e2  and  e3 

being  absenl  here,  but  exposed  in  the  Brown  quarry. 
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The  section  [fig.  190]  is  as  follows:  _      _  _ °  J  Feet  Inches 
Till,  with  numerous  boulders   2 

Eondout  waterlime 

e9  Weathered  lime  mudrock,  somewhat  arenaceous 

in  texture   1  3 

e8  Weathered  lime  mudrock  similar  to  the  preced- 

ing. [This  and  the  next  lower  bed  belowT 
the  soil  become  porous  through  weathering, 

changing  to  a  soft,  friable  and  rotten  rock.]         1  6 

e  7  Lime  mudrock  weathering  brownish  in  thin  lay- 

ers separated  by  shaly  streaks  which  are  dis- 
continuous, the  whole  varying  in  thickness 

from  16  to  20  inches   1  6 

e6  Dark  lime  mudrock  containing  many  small  frag- 
ments of  Favosites  and  Stromatopora.  Some  of 

these  are  overturned  and  all  are  fragmentary, 

showing  much  wearing.  Stromatopora  is  more 

abundant  than  Favosites.  The  fragments  are 

equally  common  in  the  upper  and  the  lower 

portion  of  the  bed.  and  they  are  almost  abun- 

dant enough  to  make  the  rock  a  lime  conglom- 
erate with  the  corals  forming  the  pebbles  held 

in  a  muddy  paste   1  9 
e5  A  bed  of  somewhat  more  arenaceous  texture  but 

a  very  pure  limestone  in  composition.   It  con- 

tains large  heads  of  Favosites  and  Stroma- 

topora, but  most  of  them  appear  to  be  frag- 

mentary or  overturned.   Between  this  and  the 

preceding  higher  bed  are  some  shaly  layers 

containing   small    but    complete    heads  of 

F  a  \ o  s  i  t  e  s    h  e  1  d  e  r  b  e  r  g  i  a  e    p  r  e  c  e- 

dens  and  Stromatopora.    With  them  occur 
C  a  in  a  r  o  t  o  e  C  h  i  a  ?     I  a  m  e  1  1  a  t  a  and 

Leper  ditia  cf.  j  one  si.    The  thickness  - 
varies  from  18  to  21  inches   1  8 
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Feet  Inches 

e  4  More  or  less  arenaceous  lime  mudroek  similar 

to  bed  5.  It  is  rubbly  from  the  presence  of 

coral  fragments.  It  is  thin  bedded  with  the 

bedding  planes  well  marked.  Contains  F. 

h  e  1  d  e  r  b  ergiae  precedent,  often 

overturned.    To  base  of  quarry   1 

From  the  lower  three  beds  Hartnagel  obtained  the  following 

Cobleskill  fauna,  which  is  thus  seen  to  extend  up  into  the  Ron- 
dout. 

1  Favosites  helderbergiae  precedens 
2  Stroniatopora  cf.  antiqua 
3  Cainarotoec-hia  litchfieldensis 
4  Orthothetes  interstriatus 
5  Camarotoeohia  ?  lamellata 
6  Spirifer  corallinensis 
7  Whitfieldella  nucleolata 
8  Pterinea  securiformis 
9  Orthoceras 
10  Beyrichia 
11  Leperditia  cf.  jonesi Feet  Inches 

Total  exposure  of  Rondout   8  8 

Twenty  feet  higher  in  the  field  are  quarried  2  feet  and  6  inches 

of  dark  lime  mudroek,  the  upper  6  inches  of  which  contain 

Spirifer  v  a  liuxemi,  Leperditia  a  1  t  a  ,  etc.  The 

rock  lias  a  ringing  sound  when  struck  with  a  hammer,  and  be- 

tween the  layers  are  found  occasional  shaly  streaks.  It  belongs 
to  the  Manlius  beds. 

3  Section  of  lower  part  of  East  hill  at  Mix  and  O'Reilly's  quarry 
Plate  16 

The  section  begins  at  the  road  above  the  quarry  and  continues 

downward  to  the  lowest  exposures  near  the  si  one  crusher. 

Coeymans  inches 

h  1         Coeymans  limestone,  about   15 

Transition  beds 

g  4-7      Covered   4-5 
g  3         Lime  nindrock  bed   6 

g  22       Covered   3 
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Feet  Inches 

g  2j_  Very  fine  lime  sandroek,  almost  a  mud- 

rock,  with  Stropheodonta  v  a  r  i  - 
striata   6 

g  1        Covered.   Transition  beds,  about   3 

Manlius 

f  13       Manlius,  about    5 

Top  of  quarry 

f  12       Massive  bed,  like  f  10,  forming  topmost 

layer  of  quarry    1 

f  11  Thin  bedded  dark  fossiliferous  lime  mud- 
rocks  like  f  9   4 

f  10  Massive  finely  stratified  dark  but  rather 

argillaceous  lime  mudrocks  with  S  p  i  r  i  - 
f  e  r    v  a  n  u  x  e  m  i   1  9 

f  9  Thin  bedded,  irregular,  finely  arenaceous 

beds  and  some  mudrocks  full  of  the  com- 
mon fossils    3  G 

f  8        Fine  lime  mudrocks  similar  to  f  G  but  in 

several  thin  and  thick  beds.   3  4 

f  7        Lime   mudrocks,    occasionally  arenaceous 

in  texture  and  in  part  shaly   3 

f  6  Very  fine  grained,  fossiliferous  lime  sand- 

rocks,  the  upper  portion  nearly  a  solid 
mass  of  Tentaculites   9 

f  5  Thin  bedded,  irregular  lime  mudrocks,  with 
the  usual  fossils  on  weathered  surfaces. 

T  e  n  t  a  cull  t  e  s  g  y  r  a  c  a  n  thus  is 

the  most  abundant  but  Leper ditia 

a  1  t  a  and  S.p.  i  r  i  f  e  r  v  a  n  u  x  e  m  i 
also  occur   1  3 

f  4         Massive,  like  f.2  a  single  bed   2  G 

f  3        'Similar  to  f2  but  thin  bedded  and  the  beds 

varying  in  thickness   3 

f  2  Compact,  massive,  almost  black  lime  mud- 
rock,  somewhat  arenaceous  conchoidal 

and  fossiliferous   3  2 
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Feet  Inches 

f  1  Dark  gray,  irregularly  bedded  lime  mud- 
rocks    8 

Total  Manlius                                     30  2 

Rondout  waterlimes 

e  15  Massive  lime  mudrocks  with  irregular  but 

extremely  fine  bedding.  These  irregu- 
larities are  like  those  found  in  the  sec- 

tion of  a  mud  bank.  Sometimes  portions 

are  squeezed  out  into  little  humps,  some- 
times the  laminae  become  irregular  and 

curly  or  wrinkled.  Small  black  sub- 
angular  fragments  of  the  underlying 

lime  mudrocks  are  frequently  common  in 

the  layers  but  they  are  so  small  that 

they  are  readily  overlooked.  In  some 

cases  these  pebbles  are  most  abundant 

in  layers   1  6 

e  14         Similar  to  (el2)  in  two  layers   1  6 

e  13  Massive  lime  mudrocks  with  fine  banding 

on  both  fresh  and  weathered  surface. 

Oscillation  ripple  marks  are  shown  in 

the  upper  part  of  the  section   9 

e  12  Thin  bedded,  gray,  fine  layered  lime  mud- 

rock  becoming  shaly  when  weathered.  .  .  9 

ell  Dark,  nearly  black  lime  mudrock,  rather 
massive  bedded,  in  several  tiers  with 

splintery  or  conchoidal  fracture,  thin 

bedded  on  weathered  surfaces  but  not 

shaly   3 

e  10  Lime  mudrocks  mostly  covered  and  form- 

ing the  floor  of  the  quarry   5 

e  9  to  e  1  Lime  mudrocks,  mostly  covered  [  sec  sec- 

tion 2]   , . .  .  12 

Total  Rondout  (e)   24  G 
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Cobleskill  Feet  Inches 

d  1  to  d  3  Cobleskill  limestone  in  several  beds,  not 

well  exposed   6 

Brayman 

c  Brayman  shales,  the  higher  beds  exposed 

on  the  roadway  leading  up  to  the  quarry, 

the  lower  in  contact  with  the  basal  sand- 

stones shown  below  the  crusher — on  rail- 

road track.  Thickness  as  measured  by 

Hartnagel   27 

Binnewater 

b  Basal  sandstones,  a  quartz  sandstone  of 

yellowish  and  reddish  color,  consists 

generally  of  almost  pure  quartz  grains 

though  some  beds  are  slightly  argilla- 
ceous. Lower  beds  thin,  the  upper  thick 

bedded  but  saccharoidal  and  containing 

much  pyrite  like  the  overlying  shales. 
Thickness  estimated   20 

Stratigraphic  unconformity. 

Lorraine 

a  Lorraine  sandstones  ( ?)  dark  grayish  or 

purplish  silicious  sandrock  resembling 
the  normal  Hudson  river  sandrock  of 

the  Helderberg  region,  and  resting  on 

shales  which  have  the  appearance  of 

the  normal  Hudson  river  shales  in  other 

parts  of  the  Helderbergs.  These  beds 

are  very  unlike  the  more  friable  look- 
ing sandstones  which  underlie  the 

Braynfan  shales  conformably.  This  and 
the  resemblance  to  the  Hudson  river 

bods  are  the  only  evidence  so  far  obtained 

that  the  lowest  beds  of  this  section  are 

Hudson  river.    They  may  however  be- 
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3< S/3 

f/Jt 

long  to  the  basal  sandstone  in  which 

case  the  great  stratic  unconformity  be- 
tAveen  the  higher  Champlainic  and  late 

Siluric  beds  is  probably  below  the  level 

of  the  Schoharie  valley  at  this  point. 

4  Section  of  city  quarry  behind  the  Lutheran  cemetery, 
Schoharie 

Fig.  191  and  pi.  17 

This  section  extends  to  the  top  of  the  cliff  at  the  stairway 

leading  to  the  park  behind  the  cemetery. 

y^ft  Coeymans 

/si 

Feet  Inches 

Fig.  191  Section 
of  city  quarry 

h  1  Typical  Coeymans,  coarse  lime  sandrocks 

with  typical  fossils,  forming  ledge  in  the 

Avoods  above  the  cemetery.  At  the  base 

the  cliff  is  Aveathered  back  in  a  rock  shel- 

ter, and  it  is  here,  in  the  lowest  layers 

that  Melocrinus  pachy  dacty  1- 
u  s  Avas  found. 

Thickness  approximately   15 
Transition  beds 

g  4-7  Covered   slope   Avith   exception   of  small 
outcrops  of  fine  lime   sandrocks  with 

Stropheodonta   v  a  r  i  s  t  r  i  a  t  a .  .  5 

g3  Very  fine  lime  saudrock  almost  I i me  mud- 

rocks  with  S  t  r o  p  h  eodont  a    v  a  r  - 
istriata    1 

g  2  CoA7ered  slope   5 
ae 

upper    portion  of 

gl  Irregularly  bedded  lime  sandrocks  and  lime 
mudrocks 

quarrv  Avail 

forming 

Total  transition    12 
Manlius 

f  13  Irregular  beds  passing  into  those  above  and 

forming  cliff  with  it  .  ...  .   4 
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Feet  Inches 

f  12  Compact  even  lime  mudrocks  in  two  tiers 

with  fine  uniform  banding   4 

f  11  Irregularly  bedded  mostly  thin  lime  sand- 

rocks  and  lime  mudrocks  with  S  p  i  r  i- 

f  e  r  vanuxemi,  in  tAvo  tiers   4 

f  10  Dark  lime  mudrocks,  fossiliferous  and  some- 

what arenaceous  in  texture,  with  S  p  i  r  i  - 
f  e  r  vanuxemi.  It  forms  a  single 

massive  bed  and  where  weathered  shows 

fine  bedding  lines   2 

f  9  Massive  lime  mudrocks  with  layers  of  lime 

sandrocks  made  of  shell  fragments  and 

whole  shells,  showing  the  irregular  struc- 
ture given  in  the  annexed  diagram  [fig. 

192]  in  the  lower  parts   2 

Fig-.  192  Irregularity  of  strati- fication in  Manlius.  a,  lime 
mudrock;  J),  lime  sandrock 

f  8  Thin  bedded  lime  mudrocks  and  lime  sand- 

rocks  much  like  f  5.  On  weathered  sur- 

faces Tentaeulites  is  very  abundant.  In 

the  upper  pari  the  beds  become  somewhat 
thicker  and  some  are  sandrocks  made  of 

shell  fragments.  Most  of  the  beds  are 

fossiliferous  and  unlike  the  usual  type 

found  in  the  Manlius  farther  east.  Some 

of  these  beds  show  irregularity  of  bedding 

on  the  weathered  surfaces.  Extremely 

fine  cross  bedding  is  seen,  and  some  of  the 

layers  swell  out  and  then  thin  again  as 

seen  in  fine  sandstones  generally.  Some 
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Feet  Inches 

of  the  beds  thin  out  altogether,  and  at 

other  times  there  is  a  rhythmic  swelling 

and  thinning,  suggestive  of  oscillation 

ripples.  A  careful  examination  of  the 

weathered  edges  of  these  strata  will  give 

one  a  good  impression  of  the  clastic  char- 

acter of  these  deposits.  The  wave  action 
is  almost  as  marked  in  these  beds  as  in 

Fig.  193  Ripple  structure  in  Maniius.   n,  lime  mudrock;  b,  lime  sandrock 

any  modern  deposit  of  fine  sand  exposed 

in  road  cuttings.1  The  bedding  of  the  fine 
lime  mudrocks  is  such  as  to  fill  in  by 

horizontal  layers  the  depression  in  the 

lime  sandrocks  as  shown  in  the  annexed 

diagram  [fig.  193].  Layers  of  lime  mud- 
rocks  are  eroded  to  form  ripples  as  shown 

in  figure  194. 

Thickness  of  f  8   4 

Tig.  194  Ripple  structure  in  Maniius  lime mudrock 

f  G  &  f  7  Lime  sandrock.  in  places  almost  made  up  of 

Tentaculites ;  Spirifer  v  a  n  u  x  e  m  i  , 

with  rounded  and  not  very  strong  ribs 

occurs,  approaching  in  character  S.  eri- 
e  n  s  i  s   11 

'Some  walls  of  the  quarry,  however,  do  not  show  this  feature  because 
they  are  coated  with  a  layer  of  calcite,  formed  there  while  the  wall 
bounded  a  joint  fissure,  by  lime  brought  in  in  solution. 
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Feet  Inches 

f  5  Thin  bedded  lime  mudrocks  weathering  gray 

and  averaging  an  inch  or  less  in  thick- 

|  ness.     Tentacnlites     g  y  r  acan- 
thus is  abundant  on  the  surfaces  of  the 

thin  layers,  when  weathered,  and  this 

is  one  of  the  best  places  for  collecting  this 

fossil.  With  it  occur  Spirifer  v  a  n  - 

uxemi  and  Monotrypella  a  r  - 
busculus   1  3 

f  4  Lime  mudrock  somewhat  arenaceous  in 

texture  with  Leperditia  a  1 1  a  and 

a  few  other  fossils   2 

f  3  Dark  lime  mudrock,  of  sufficiently  arena- 

ceous texture  to  be  rough  on  the  weathered 

surfaces,  and  showing  fine  stratification 

on  exposed  edge,  continuing  below  the 

floor  of  the  quarry    1  6 

Total  Manlius  exposed   26  10 

5  Section  in  Becker's  quarry  below  Lasell  park 
Plate  18 

This  section  begins  at  the  highest  outcrops  of  limestone  in  the 

bed  of  the  small  stream  which  traverses  the  park.    The  succession 

is  as  follows  [fig.  195]  : 

CoeymanS  Feet  Inches 

h  2-hx  Lime  sandrocks  with  fossils,  exposed  at  in- 
tervals in  low  ledges  in  the  park,  chiellv 

thin  bedded  and  mostly  covered   33 

h  1  Crystalline  lime  sandrock  forming  a  cliff 

and  con1  aining  Sieberella  gale- 

a  la,  Orthothetes  and  other  brachio- 

pods,  together  with  numerous  crinoid 

joints   17 

Total  Coeymans    50 
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Transition  Feet  Inches 

g  2-g  7  Thin  bedded  lime  sandrocks  and  lime  mudrocks, 

with  shaly  argillaceous  beds,  the  whole  weath- 

ering back  in  a  slope,  with  the  Coeymans  over- 

Fig.  195  Section  in  Becker's  quarry 

g  1-g  2  Thin  bedded  limestones  mostly  weathering  into 

a  sloping  bank  and  merging  into  the  beds  be- 

low and  above.    Approximately   7 

Total  transition    12 
Manlius 

f  13  Beds  similar  to  gl  and  not  readily  separable 
from  them    6 

Fig-.  196  Lenses  of  lime  mudroek  (a)  n lime  sandrock  (b).  Manlius 

fl2  Lime  sandrocks  like  f  10  in  two  beds,  2  feet 

each,  with  a  thin  shaly  parting   4 

f  11  Irregularly  bedded  Him  Layered  lime  sandrock 

with  lenses  of  lime  mudroek  [fig.  196],  The 

main  mass  of  lime  sandrock  composed  of 

shells  and  shell  fragments   5 
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Feet    Inche s 

f  10  Compact,  irregularly  bedded  lime  sandrock 

forming  a  single  bed  and  very  fossiliferous. 

Spirifer  vanuxemi  predominates. 
With  f  11  and  f  12  this  forms  a  solid  cliff.  . .  2 

f  9-f  8  Lime  sandrock  showing  composition  of  shell 

fragments  on  the  weathered  edge  and  rather 

thin  bedded  in  appearance  when  weathered.      6  3 

f  7-f  6  Heavy  bedded  lime  sandrock,  fossiliferous  and 
chiefly  made  up  of  shell  fragments   1  3 

f  5  Shaly  lime  mudrock  with  thin  beds  of  Tenta- 

culite  limestone  at  the  middle.  Also  con- 

tains Leperditia    1  3 

f  4-f  3  Dark  heavy  bedded  lime  mudrock.  The 

smooth  weathered  cross-section  of  the  rock 

has  a  curious  granular  structure  like  grains 

of  sand,  which  weather  slightly  in  relief. 

They  give  the  rock  an  oolitic  appearance, 

which  however  is  less  apparent  on  fresh 

fracture.  This  feature,  though  shown  in  f  1 

and  2,  is  eminently  characteristic  of  this 

bed.  In  it  also  occur  Leperditia 

a  1 1  a  and  Spirifer  vanuxemi 

though  less  commonly.  Tentaculites 

gyracanthus   also  occurs   4  0 

f  2-f  1  Dark  heavy  bedded  lime  mudrocks  with  some 

of  the  layers  banded.  Contains  Leper- 

ditia a  1  t  a  and  Spirifer  van- 
uxemi   in  abundance   3 

Total  Manlius  exposed   33  3 
Rondout 

e  12  Compact  dark  lime  mudrock.  exposed  in  the 

road,  and  apparently  the  bed  forming  the 

base  of  the  quarry   1 

ell-el  Concealed  mostly    22 

Cobleskill 

d  Exposed  in  the  road   1 
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6  Section  of  syndicate  quarry  in  the  hillside  behind  Vroman's  quarry 
Figure  197  and  plate  20 

Soil 

Coeymans  Feet  Inches 

h  1  b  Dark  tough  lime  sandrock  showing  where  wea- 

thered innumerable  Sieberella  gale- 
a  tus.  These  sometimes  cover  the  weathered 

surfaces  or  edges,  but  are  difficult  to  separate. 

Large  fragmentary  masses  of  Favosites 

helderbergiae  are  common  and  not  in- 

frequently lie  overturned   15 

Fig-.  197  Section  of  Syndicate  quarry 

h  1  a  Lime  sandrock  with  large  heads  of  Favosites 

helderbergiae  and  Stromatopora  appa- 
rently in  place  

Transition  beds 

g  7  Limestone  bed  Largely  made  up  of  Strop  hoo- 
d  o  n  t  a  v  a  r  i  s  t  r  i  a  t  a   

g6  Crinoidal  lime  sandrock   

g5  Dark  gray  lime  mudroeks  in  lenslike  masses  cm- 

bedded  in  shale  and  separated  by  slialv  layer 
from  g6.    The  shales  contain  an  abundance  of 
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Feet  Inches 

Strop  heodonta  varistriata,  also 

Strophoneila  punctulifera,  P  t  e  r- 

i  n  e  a  t  e  x  t  i  1  i  s  and  occasionally  U  n  - 

c  i  n  u  1  n  s  m  n  t  a  b  i  1  i  s  and  Tentaculites. 

The  limestone  lenses  contain  Caniarotoe- 

c  h  i  a  s  e  m  i  p  1  i  c  a  t  a  var   10 

g  -4  Fine  lime  sandrock  with  numerous  crinoid  joints 
which  weather  in  relief   10 

g  3  Shale  with  mud  lenses,  the  latter  with  C  a  in  a  - 

rotoechia  semiplicata  var   6 

g2  Lime  sandrocks  and  lime  mudrocks,  alternating, 

thin  bedded,  mostly  dark  gray  in  color.  Fos- 
sils most  common  are  Cam  a  rotoechia 

semiplicata  var.,  in  the  mudrocks  and 

crinoid  joints  in  the  sandrocks.  Other  species 

are  Stropheodonta  varistriata, 

Spirifer  vanuxemi  and  var.  C  a  ni  a  - 

rotoechia  ventricosa,  Fenes- 
t  e  1 1  a  sp.,  Dalmanites  sp.  To  base  of 

quarry   5  6 

gl  Thin  bedded  gray  lime  mudrocks,  somewhat  are- 
naceous in  the  upper  part,  with  occasional 

crinoid  joints  and  with  Stropheodonta 

varistriata.  and  occasional  Spirifer 
vanuxemi    4  8 

Total  transition  beds   13  2 
Manlius 

f  13  Lime  mudrock  with  Spirifer  v  a  n  u  x  e  m  i 

in  abundance  (upper  part  of  bed)   8 

f  13  Lower  part,  to  f  5.    Mostly  covered,  exposures 

are  found  at  intervals   20 

f  4  (approximately).  Ledges  of  a  dark  lime  mud- 
rock  are  quarried  in  the  field  half  way  between 

Vroman's  and  the  Syndicate  quarries.  The 

rock  has  a  ringing  sound  when  struck  with  a 
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Feet  Inches 

hammer,  occasional  shaly  streaks  occur  be- 
tween the  layers.  The  upper  6  inches  contain 

abundant    Spirifer    vanuxemi  and 

Leper ditia   alta   2  6 
f  3  to  f  1  Covered  about   7 

Total  Manlius    30  2 
Rondout 

el5-el0  Covered    14  8 

e  9-e  1  Beds  of  Vroman's  quarry  [section  2]  and 

Brown's  quarry  [section  1]  total   14  6 

Total  Kondout  about   29  2 

The  total  thickness  of  the  Kondout  and  Manlius  of  this  section 

was  found  by  careful  leveling  with  due  correction  for  the  dip  to 

be  59  feet  and  4  inches.  In  the  Mix  and  O'Reilly  section  the 
Manlius  was  30  feet  and  2  inches,  which,  if  no  change  has 

occurred  in  that  formation,  makes  the  Rondout  here  29  feet  and 

2  inches.  The  Manlius  may  be  thicker  here  in  which  case  the 

Rondout  is  thinner.  That  the  Manlius  is  not  thinner  is  shown  by 

the  exposure  of  nearly  27  feet  in  the  city  quarry  [section  4] . 

7    General  section  of  East  hill 
Feet  Inches 

q  Hamilton  fine  grained  sandstones  and  sandy 

shales  with  Stropheodonta,  Spirifer  and  pele- 

cypods  to  top  of  East  hill  (A.  T.  1940  ft) 

forming  a  steep  slope  mostly  wooded.  Ap- 
proximately   750 

p     Marcellus  shale  showing  on  Stony  brook  : 

p  5  Black  fissile  shales  with  the  usual  fossils,  in- 
cluding Styliolina  f  i  s  s  u  r  e  1 1  a ,  dark 

blue  gray  or  blackish  in  the  upper  part  with 

Spirifer  and  Chonetes.   About   140 

p  4  Limestone  layers  composed  of  L  i  o  r  h  y  n  c  h  u  s 

m  y  s  i  a  and  Strophalosia  truncata 
occur  here   1 

p  3  Covered  -   15 
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Feet  Inches 

p2  Agoniatite  (Goniatite)  limestone,  a  dark  gray, 

impure  limestone  with  Orthoceras  mar- 
cellense  and  other  fossils   2 

p  1  Mostly  covered.    Approximately   22 

Total  Marcellus   180 

Forming  a  gentle  cultivated  slope,  the  con- 

tact with  the  overlying  Hamilton  forming  a 

pronounced  change  of  angle. 

o  Onondaga  limestone  forming  a  succession  of 

rather  steep  slopes  with  frequent  outcrops. 

The  upper  beds  are  cherty   105 

n  Schoharie  grit,  mostly  covered,  but  weathered 

fragments  are  found  on  the  slope  of  Esopus 

below  [estimated]   G  ? 

m  Esopus  shales.  Chocolate-colored  gritty  shales 

much  checked  by  weathering  and  mostly  cov- 

ered. Spirophyton  cauda  -  g  a  1 1  i  in 
some  of  the  higher  beds   85 

1  Oriskany  sandstone.  Silicious  limestone  wea- 
thering to  a  brown  porous  sandrock  in  which 

the  numerous  fossils  are  preserved  as  molds. 

It  forms  broad  terraces  and  fields  along  the 

hill.    Approximately   2  4 

k     Port  Ewen  limestones.  (?)Gray  crystalline  lime- 

stones, not  well  exposed,  grade  downward  into 

the  Becraft.    Estimated  thickness  about   0 

j  Becraft  limestone.  Best  exposed  in  the  upper 

Mix  and  O'Reilly  quarry  and  in  the  cliffs  below 
the  highway  to  the  north  of  this.  Highly  crys- 

talline calcarenyte  and  often  a  shell  rock  or 

coquina.  On  the  weathered  surfaces  the  fossils 

si  and  out  in  relief.  Spirifer  concin- 

n  n  s  ,  S  i  e  b  e  r  e  1 1  a  p  s  e  u  <1  o  g  a  1  e  a  f  a  , 

A  s  p  i  (1  o  c  r  inns  scutellif  o  r  m  i  s,  etc.  15 
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Feet  Inches 

i  New  Scotland  beds,  mostly  covered  but  occasion- 

ally cropping  out.  Form  sloping  bank.  Ap- 
proximately   115 

h  Coeymans,  forming  a  slope  above  and  a  cliff  part 

of  which  has  been  quarried  in  the  middle  Mix 

and  O'Reilly  quarry  and  about  15  feet  of  which 
is  exposed  in  the  cliff  above  the  lower  quarry. 

Total   50 

g    Transition  beds.    Mostly  covered.    About   12 

f     Manlius  as  exposed  in  lower  quarry  [section 

3].   Approximately   30 

e    Rondout,  only  the  upper  half  of  which  is  exposed 

in  the  quarry   24  6 

d    Cobleskill,  shown  along  the  road  opposite  the 
stone  crusher    6 

c    Brayman  shales,  exposed  along  the  road  and  on 
the  track  below  the  crusher   27 

b  Basal  sandstones  (Binne water)  exposure  esti- 

mated, since  the  contact  with  the  Lorraine 

beds  is  not  exposed   20 

a    Lorraine  sandstones  and  shales,  lowest  exposure 

on  the  hill   ?  5-10 

Total  rock  section  in  East  hill  1114 

8   General  section  of  West  hill 

Fig.  198 

The  section  of  West  hill  is  the  most  complete  and  most  satis- 

factory. Some  of  the  beds  can  best  be  studied  along  the  road 

leading  up  to  West  hill  along  Dann's  hill.  The  road  begins  at 

the  point  where  the  East  Cobleskill  road  branches  off,  and  climbs 

to  the  Coeymans  terrace  on  Dann's  hill  by  a  cut  in  the  upper 
Manlius  and  lower  Coeymans.  T(  continues  on  this  terrace  to 

a  short  distance  beyond  the  stream  which  divides  Dann's  hill 

from  West  hill,  and  then  turns  sharply  to  the  left,  climbing  the 
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New  Scotland  slope  to  the  Becraft  Oriskany  terrace,  which  is 

reached  by  a  final  ascent  over  Becraft  ledges.    On  this  terrace 

it  continues  to  the  home  of  Mr  George  Acker,  near  which  the 

following  section  is  made.    A  section  of  this  hill  was  published 

by  Prosser.1  The  present  section  is  largely  based  on  that  but 
rs  - some  corrections  of  measurement  are  made. 

Feet  Inches 

o  Onondaga  limestone,  forming  the  upper  lime- 
stone cliffs  and  the  top  of  the  hill  which  is 

wooded.  From  11  to  15  feet  are  shown  in  the 

cliffs.  The  total  thickness  present  is,  accord- 
ing to  Prosser   56 

n  Schoharie  grit,  not  exposed  on  this  side  of  the 

hill,  estimated    6-8 

m  Esopus  shale,  not  exposed,  except  at  the  top 

where  large  slabs  with  Spirophy  ton 

c  a  u  d  a  g  a  1 1  i  occur  but  forming  with  the 

Schoharie  a  continuous  steep  slope  from  the 

Oriskany  terrace  to  the  cliff  of  Onondaga2.  .  .  95 
1  Oriskany  sandstones,  well  exposed  in  the  yard 

of  George  Acker.  The  red  barn  visible  from 

Schoharie  stands  on  the  top  of  this  bed,  where 

the  upper  hard  surface,  marked  by  Spirophy- 

tonlike  tracings,  have  been  laid  bare  by  ero- 
sion of  the  Esopus.  Fossils  numerous  and 

easily  obtained  from  the  loose  blocks  lying 

everywhere   6  3 

k  Port  Ewen  limestones,  a  dark  rather  fine  crin- 

oidal  lime  sandrock  resembling  the  Ooey- 

nians.    Approximately    9  3 

j  Becraft  limestone,  forming  a  cliff  below  the 

road  in  front  of  Mr  Acker's  house,  15ij  feel 

1  X.  Y.  State  Geol.  18th  An.  Rep't.  1899. 
2 Prosser  writes  me  that  his  section  included  the  (5  feet  of  Schoharie  grit. 

For  that  interval  the  barometer  gave  108  feet;  but  it  was  leveled  with  a 
hand  level  by  an  engineering  student  who  reported  121  feet  and  that  thick- 

ness w  as  used  in  his  section. 
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Feet  Inches 

high.   Above  this  is  a  slope  comprising  5  feet 

of  the  uppermost  Becraft   21 

i  New  Scotland  beds.  Shaly  limestones  forming 

the  middle  covered  slope  of  the  hill.  On  the 

surface  are  numerous  fragments  of  weathered 

rock  on  which  the  fossils  stand  out  in  relief. 

This  is  as  good  a  collecting  ground  of  this  for- 

mation as  any  in  the  Schoharie  region.  The 

upper  beds,  consisting  of  a  series  of  argilla- 
ceous mudrocks  with  alternating  layers  of 

concretionary  limestone,  are  shown  better 

along  the  rock  shelters  and  at  the  arch  above 

Sam  Clark's  house  on  Dann's  hill  [fig.  199]. 
Along  the  contact  line  with  the  Becraft  here 
as  well  as  at  Ackers  characteristic  fossils  are 

found.  The  upper  layers  are  very  calcareous 

and  contain  A  s  p  i  d  o  c  r  i  n  u  s  s  c  u  t  e  1 1  i  - 

form  is  [pi.  12]   128 

h  Coeymans  limestone,  massive,  dark  gray  lime- 
stone, chiefly  a  lime  sandrock.  The  lower 

27-1  feet  form  an  overhanging  cliff,  from  which 

a  fine  view  of  the  valley  below  may  be  ob- 
tained. The  remainder  forms  a  slope,  rising 

about  25  feet  in  125  horizontal  distance.  The 

upper  beds  are  full  of  fossils  which  may  be 

obtained  from  the  outcropping  ledges.  Thick- 
ness of  Coeymans   53 

g  Transition  beds.  Weathering  back  and  causing 

the  Coeymans  to  overhang.  Prosscr  finds  8 
feet  in  this  section.  While  the  Manlius  is 

correspondingly  thicker,  the  two  have  a  thick- 
ness of  44J  feet  as  against  43  feet  on  East 
hill    8 

f  Manlius  limestone  with  S  pi  r  i  f  e  r  v  a  n  u  x  - 
e  m  i  in  the  highest  beds  and  shaly  beds  with 
Tentacnlites  and  other  fossils   36  6 
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Feet  Inches 

e  Rondout  waterlime,  thin  bedded  drab  colored 

impure  limestones,  forming  upper  part  of  the 
waterlime   10 

At  the  old  strontium  mine,  J  mile  farther 

north,  the  following  succession  occurs  [pi. 

24]: 

eh  Massive  beds  

eg  Shaly  gray  beds  with  much  clay  and  much  de- 

composed.  Split  up  thin.   About   8 

ef  Gray  thin  bedded  lime  mudrocks   8 

ee  Dark  massive  lime  mudrocks  forming  a  single 
bed   2  2 

eel  Thin  bedded  impure  lime  mudrocks  weathering 

into  a  yellowish  argillaceous  chalky  rock. 

L  e  p  e  r  d  i  t  i  a  cf .  j  o  n  e  s  i  was  found  here.  3 

ec  Dark  lime  mudrocks  in  heavy  beds  and  without 

the  thin  bedding  of  the  lower  beds.  Numer- 

ous large  geodes  filled  with  calcite  in  crystals 

or  massive,  and  strontianite  in  the  white  mas- 

sive form,  occur.   Some  of  the  geodes  appear 

to  have  replaced  heads  of  Stromatopora   5 

el  Gray  thin  bedded  waterlimes  often  quite  argil- 

laceous and  showing  fine  stratification.  Typi- 
cal waterlime   4 

ea  Dark  gray  massive  lime  mudrocks  with  con- 
choidal  fracture.   Lowest  beds  exposed   2 

e,  eg  and  eh  probably  are  the  same  as  the  10 

foot  bed  exposed  in  the  section  below  Acker's. 
e  to  a  Mostly  covered  slope  from  the  creek  level  to  the 

base  of  the  prominent  cliff.  The  Cobleskill 

limestone  (d)  is  exposed  at  several  places  on 

the  lower  slope,  but  the  other  beds  are  covered 

by  talus.  About  100  feet  below  the  base  of  the 

cliff  occur  ledges  of  sandstone,  probably  in  the 
Lorraine    200 

Total  of  scci  ion  approximately   Ton 
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9  Section  of  north  slope  of  Sunset  hill 
Prosser 

To  the  south  of  Howe's  cave  and  Cobleskill  creek  is  a  steep  hill, 
rising  about  1000  feet  above  the  level  of  the  creek.  This  is  the 

northern  slope  of  Sunset  hill,  and  it  affords  a  fair  section  of  the 

formations  in  this  region.  The  following  gives  their  approximate 
thickness. 

Feet  Total 
p-q  Marcellus  and  Hamilton  formations  from  the 

highway  to  the  top  of  the  hill ;  but  the  slope  is 

mostly  covered.  Fine  pieces  of  Marcellus 

shale  occur  on  the  lower  part  of  this  slope,  and 
thin  Hamilton  sandstones  were  seen  toward 

the  top  of  the  hill   528-965 

0  Onondaga  limestone;  massive,  light  gray  lime- 
stone forming  low  ledges  to  the  level  of  the 

highway   05-437 
n  Schoharie.   Covered,  included  in  preceding 

m  Esopus  black  shales,  which  weather  to  a  grayish 

color ;  mostly  covered,  but  8  feet  showing  in  an 
excavation  south  of  the  old  house  and  about 

35  feet  above  their  base   100-342 

1  Oriskany  sandstone,  very  fossiliferous;  upper 

part  a  very  dark  gray  to  blackish  quartzose 

sandstone;  lower  part  lighter  gray.  Well  ex- 
posed, in  contact  with  the  subjacent  shaly 

limestone,  just  west  of  an  old  house,  where  it 

is  from  H  to  2  feet  thick   2-242 

k  Port  Eiren  shaly  limestone ;  rather  thin  bedded, 

light  gray  limestone  in  which  there  are  fossils.  11-240 

j  Becraft;  massive,  light  gray  limestone,  forming 

a  steep  ledge  from  15  to  possibly  18  feet  in 

thickness    15-229 

i  New  Scotland  shaly  limestone;  mostly  a  covered 

slope  with  only  a  little  of  the  limestone  shown 

at  the  top  of  the  formation   95-214 
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Feet 

h  Massive  Coeymans  limestone,  the  lower  ledge 

22|  feet  thick;  then  a  covered  slope  Avith  a 

shattered  ledge  at  the  top   53-119 

d  to  g  Covered  from  the  level  of  the  Cobleskill  to  the 

base  of  the  lowest  massive  limestone,  which  is 

apparently  about  at  the  junction  of  the  Man- 

lius  and  Coeymans   60-66 

10  Section  of  strata  at  the  quarries  of  the  Helderberg  Cement  Co. 

near  Howes  Cave 

Plates  4.  7,  8  and  20 

15  Coeymans  Feet  Inches 
Manlius 

14  Thin  bedded  lime  mudrocks   12 

13  Massive  dark  gray  lime  mudrock  "  upper  curly  bed  "3  8 
12  Thin  and  irregularly  bedded  lime  mudrocks  like 

bed  8   5  10 

11  Massive  dark  gray  lime  mudrocks  in  a  single  bed. 

This  is  known  as  the  lower  curly.     It  does  not 

split  on  the  bedding  plane  but  has  a  conchoidal 

fracture.    It  varies  in  thickness  from  3J  feet  in 

one  part  of  the  quarry  to  nearly  5  feet  in  another. 

In  some  portions  it  is  arenaceous  in  texture. 

Average   4 

10  Dark  lime  mudrocks  in  beds  from  1  inch  to  a  foot, 

irregularly  bedded,  sometimes  rather  shaly,  to 

quarry  floor   10 

9  Thin  bedded  ribbon  lime  mudrocks   7  3 

Total  Manlius   42  9 

Rondout 

8  Shaly,  highly  argillaceous  lime  mudrocks   10 

7  Massive  bluish  lime  mudrocks   4 

6  Shaly  argillaceous  Lime  mudrocks  to  railroad  track 

(main  line)   6 

5  Concealed,  about    12 
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Feet  Inches 

4  Verv  thin  bedded  lime  mudrocks,  in  layers  often  a 

quarter  of  an  inch  or  less  in  thickness.    They  are 

finely  stratified  and  contain  much  clay,  and  oc- 
casionally lenslike  masses,  a  few  inches  thick,  of 

lime  sandrock.    Weathers  gray  and  brown.  No 
fossils.    About    10 

3  Cement  bed.'  Lime  mudrocks  with  fragments  of 
Favosites,  also  small  heads  in  the  lower  portion. 

The  rock  has  a  conchoidal  fracture,  is  bluish  gray 
when  fresh  but  weathers  brownish   6 

Total  Kondout    48 

2  Cobleskill   6 

1  Brayman  shales  exposed   30 

Total   126  1) 

11  Section  of  north  end  of  Moheganter  hill 
Prosser 

On  the  eastern  side  of  the  river  one  mile  south  of  Middleburg 
and  about  east  of  the  prominent  hill  on  the  western  side  of  the 

river  known  as  Vroman's  Nose,  are  ledges  of  sandstone  and  shales 
along  the  lower  slope  of  the  northern  part  of  the  Moheganter  hill. 

The  base  of  these  rocks  is  approximately  160  feet  above  the  Scho- 
harie river  at  Middleburg  and  200  feet  of  the  section  was  studied, 

the  upper  ledge  being  a  heavy  sandstone  stratum.  The  dip  is 

heavy,  being  2^°  s.  85°  w.  in  one  place  thai  was  measured  and 
on  another  ledge  2J°  s.  50°  w.  The  lowest  rocks  are  not  very 
coarse  but  rather  argillaceous  shales  in  which  fossils  are  rare. 
Then  the  shales  change  to  a  coarse  texture,  are  more  arenaceous, 
Spirifer  g  r  a  n  u  1  o  s  u  s  (Con.)  Hall  is  common  and  a  few 

other  species  occur.  Above  is  a  bluish,  blocky  sandstone  suc- 
ceeded by  arenaceous  shales  in  which  Chonetes  coro- 

natus  (Con.)  Hall  is  common.  And  so  the  slope  of  the  hill  is 
terraced  by  ledges  of  sandstone  and  coarse  shales  which  dip  quite 
rapidly  to  the  south.  In  the  lower  arenaceous  shales  and  blocky 
sandstones  fine  specimens  of  S  p  i  r  o  p  li  y  1  o  n  v  e  1  n  m  (Van.) 
Hall  are  common.  These  rocks  are  all  in  the  Hamilton  forma- 

tion and  probably  in  its  lower  half.    The  fossils  are: 
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1  Spirifer  acuminatus  (Con.)  Hall  rr 
2  S.  granulosus  (Con.)  H.  &  C.  a 
3  S.  mucronatus  (Con.)  Bill,  c 
4  S.  audaculus  (Con.)  H.  &  C.  rr 
5  S.  tullius  Hall  rr 
6  Chonetes  coronatus  (Con.)  Hall  e 
7  C.  deflectus  II all  rr 
8  C.  mucronatus  Hall  rr 
9  Orthothetes  chemungensis  (Con.)  II.  <.(•  C.  var. 

arctostriatus  Hall  rr 
10  Athyris  spiriferoides  (Eaton)  Hall  r 
11  Stropheodonta  perplana  (Con.)  Hall  rr 
12  Cainarotoechia  congregata  ((7o».)  i?.  <€  C.  rr 
13  Liorliynchus  multicostum  Hall  rr 
14  Paracyclas  lirata  (Con.)  Hall  r 
15  Goniophora  rugosa  (Con.)  Miller  rr 
16  Modiomorpha  concentrica  (Con.)  Hall  rr 
17  Glyptodesina  erectum  (Con.)  Hall  rr 
18  Spirophyton  velum  (Van.)  Hall  r 

12  Section  along"  the  Little  Schoharie  creek,  in  the  southern  part  of 
Middleburg  and  the  northwestern  part  of  Broome  township,  from 

2^  to  3  miles  south  of  the  village  of  Middleburg  and  on  the 

eastern  side  of  Moheganter  hill 

Prosser,  section  D 

The  first  rocks  studied  are  those  of  a  small  stone  quarry  [D2] 
in  the  southern  part  of  the  township  about  2J  miles  south  of  the 
village.  According  to  the  barometer  the  quarry  is  some  830  feet 
higher  than  the  Schoharie  river  at  Middleburg.  At  the  base  of 
it  are  6  feet  of  blue  sandstone  covered  by  15  feet  of  shales  with 

some  thin  layers  of  sandstone.  In  the  shales  are  plenty  of  Ham- 
ilton fossils;  specially  in  the  thin  layers  and  in  some  that  have 

a  rather  concretionary  structure.  The  rocks  of  this  quarry  are 
in  the  Hamilton  formation  and  the  following  fossils  were 
collected : 

1  Spirifer  granulosus  (Con.)  H.  &  C.  (?)  c 
The  specimens  are  poorly  preserved.  Some  show  impressions  of  the  pustules 

and  one  shows  fine  striae;  but  in  form  and  general  appearance  they  are  like  the 
above  species. 

2  Cainarotoecnia  congregata  (Con.  H.  d  C.)  r 
3  Spirifer  mucronatus  (Con.)  Bill,  c 
4  Chonetes  coronatus  (Con.)  Hall  r 
5  Athyris  spiriferoides  (Eaton)  Hall  rr 
6  Palaeoneilo  maxima  (Con.)  Hall  r 

.7  P.  emarginata  (Con.)  Hall  rr 
8  P.  tenuistriata  Hall  rr 
9  Nuculites  triqueter  Con.  r 

10  Nucula  bellistriata  (Con.)  Hall  c 
11  N.        randalli  Hall  rr 
12  Paracyclas  lirata  (Con.)  Hall  r 
13  Modiomorpha  subalata  (Con.)  Hall  (?)  rr 

Small  specimens. 
14  M.  mytilodd.es  (Con.)  Hall  rr 
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15  Goniophora  liamiltonensis  (Hall)  Miller  rr 
16  G.  truncata  Hall  rr 
17  Cimitaria  elongata  (Con.)  Hall  r 
18  Tellinopsis  subemarginata  (Con.)  Hall  (?)  rr 
19  Sphenotus  solenoides  Hall  (?)  rr 

There  are  no  vascular  lines  on  the  posteriorpart  of  the  shell. 

20  Microdon"  (Cypricardella)  tenuistriatus  Hall  c 21  Schizodus  appressus  (Con.)  Hall  r 
22  Actinopteria  boydl  (Con.)  Hall  c 
23  Pterinea  fiabellum  (Con.)  Hall  rr 
24  Limoptera  niacroptera  (Con.)  Hall  rr 
25  Pterinopecten  undosus  Hall  (?)  rr 
26  Aviculopecten  princeps  (Con.)  Hall  (?)  rr 
27  Ortkoceras  crotalum  Hall  rr 
28  Orbiculoidea  (Lindstroeinella)  aspidium  H.  &  C.  rr 

Approximately  340  feet  above  the  stone  quarry  and  south  of  the 

highway  up  the  hill  in  northwestern  Broome,  just  over  the  town- 
ship line,  is  a  small  excavation  showing  blue  sandstone  (D4)  which 

splits  into  rather  thin  layers.  No  fossils  were  found  in  the  bed 

rock;  though  there  are  plenty  in  loose  pieces  of  stone  on  the  sur- 
face which,  however,  probably  came  with  the  drift.  On  the  high- 
way just  after  it  turns  south  in  the  northwestern  corner  of  Broome 

and  145  feet  above  D4  are  green  shales  and  thin  sandstones  (D6) 
which  are  in  the  Sherburne  formation.  On  the  highway  30  feet 
higher  near  the  turn  to  Franklinton  are  red  and  green  mottled 

shales  and  sandstones  (D8).  Another  prominent  terrace  of  gray- 
ish, slightly  reddish  and  greenish  shaly  sandstone  (D10)  appears 

65  feet  higher.  Below  this  terrace  along  the  highway  are  shales 
which  are  mainly  red.  At  the  top  of  the  ridge  is  grayish  and 

greenish  gray,  coarse  grained,  thin  bedded  sandstone  (D12).  In 
the  field  plenty  of  loose  red  sandstone  is  found.  The  summit  of 
the  hill  in  the  eastern  part  of  Fulton  township  is  only  about  35 
feet  higher  and  this  summit  according  to  the  barometric  section 
is  1500  feet  above  the  Schoharie  river  at  Middleburg. 

The  rocks  from  D8  to  the  top  of  Moheganter  hill  have  in  general 
the  lithologic  characters  of  the  Oneonta  formation  to  which  they 
would  ordinarily  be  referred.  The  reds  and  greenish  gray  rocks 
on  this  hill,  however,  appear  stratigraphically  much  lower  than 
the  base  of  the  Oneonta  sandstone  in  the  Susquehanna  valley  or 

even  in  the  western  part  of  Schoharie1  county,  so  that  they  have 
nearly,  if  not  completely,  replaced  the  rocks  of  the  Ithaca  form- 

ation. This  fact  will  be  shown  still  more  clearly  by  the  section 
of  the  western  side  of  the  Moheganter  hill  in  the  eastern  part  of 
Fulton  township.  This  section  southeasl  of  Middleburg  and  up 
the  eastern  side  of  Moheganter  hill  is  shown  in  the  following 
diagram. 
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Summary  of  the  section  up  the  Little  Schoharie  creek 

1500' 

1465' 

1430' 

1365/ 

1335' 

1190' 

850'  I 

830' 

315' 

0' 

35' 

35' 

Top  of  Moheganter  hill  at  corners 

D12  Grayish  and  greenish  sandstone 

D10  Grayish  and  greenish  sandstone 

Oneonta 

D8  Eed  and  green  mottled  sandstone  and  shale 

D6  Green  shales 

145'  Sherburne 

  D4  Thin  blue  sandstone 

65' 

30' 

515' 

340'      D3  Covered 

20'      D2  Quarry  of  blue  sandstone  and  shale 
Hamilton 

Dl  Mainly  covered 

Bridge  across  creek  2J  miles  s.  e.  of  Middleburg 

315'      D1  Covered 

 Schoharie  river  at  Middleburg 

13  Section  of  western  slope  of  Moheganter  hill 

Prosser,  section  C ;  fig.  200 

Three  miles  southwest  of  Middileiburg  village,  near  the  school- 
house  of  district  no.  11,  the  face  of  the  hill  is  cut  by  a  small  brook 
and  at  this  locality,  a  road  leaves  the  river  road  and  climbs  to  the 
top  of  the  high  hill.  A  section  was  measured  from  the  level  of 
the  Schoharie  river  along  the  brook  and  highway  to  the  top  of 
the  hill  at  this  locality,  which  from  a  geological  standpoint  is  a 
very  interesting  study.  The  section  is  near  the  Middleburg- 
Fulton  township  line  being  partly  in  each  township,  and  ils  base 
is  about  opposite  Watsonville  on  the  western  side  of  the  river. 
The  lower  200  feet  are  covered,  largely  by  sand;  but  then  a  Ledge 
of  coarse,  arenaceous  shales  and  thill  sandstones  (C2)  is  reached. 
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Fig.  200  Section  of  west  slope  of  Moheganter  hill.    (Alter  Prosser) 
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This  ledge  is  in  the  woods  where  it  forms  a  cliff  30  feet  high.  The 

dip  is  between  H°  and  2C  s.  70°  w.  The  rocks  contain  abundant 
Hamilton  fossils  and  belong  near  the  middle  part  of  the  formation. 
The  following  fauna  was  obtained: 

1  Spirifer  mueronatus  (Con.)  Bill,  c 
2  S.  granulosus  (Con.)  H.  &  C.  rr 
3  Athyris  spiriferoides  (Eaton)  Hall  c 
4  Camarotoechia  congregata  (Con.)  H.  &  C.  r 
5  Microdon  (Cypricardella)  tenuistriatus  Hall  (?)  rr 

Imperfect  and  worn. 
6  Cbonetes  mucrouatus  Hall  c 

Specimens  larger  than  the  figures  of  this  species. 
7  Cbonetes  defleetus  Hall  c 
8  Palaeoneilo  tenuistriata  Hall  rr 
9  Maerodon  hamiltoniae  Hall  rr 

10  Grammysia  bisuleata  (Con.)  Hall  r 
11  Tellinopsis  subemarginata  (Con.)  Hall  rr 
12  Pterinea  flabellum  {Con.)  Hall  rr 
13  Cyrtolites  (Cyrtonella)  pileolus  Hall  rr 

From  the  top  of  this  ledge  for  135  feet  to  the  sckoblhouse  at  the 
road  corners  there  are  occasional  outcrops  of  arenaceous  shales, 
and  then  for  305  feet  along  the  road  and  brook  the  rocks  are 
mostly  covered.  By  the  side  of  the  highway  just  above  the  house  of 
Mr  George  P.  Bouck  and  about  one  mile  above  the  river  road  is  an 

outcrop  of  from  8  to  10  feet  of  Hamilton  shales  (C4).  Those  at 
the  base  are  rather  fine  but  the  upper  ones  are  coarser.  The  shales 
are  mainly  argillaceous  and  contain  numerous  Hamilton  fossils. 
The  list  is  : 

1  Spirifer  mueronatus  (Con.)  Bill,  r 
2  Cryptonella  (Eunella)  lincklaeni  Hall  c 
3  Athyris  spiriferoides  (Eaton)  Hall  rr 
4  Productella  dumosa  Hall  (?)  rr 
5  Camarotoechia  prolifica  (Hall)  H.  &  C.  rr 
6  Goniophora  hamiltonensis  (Hall)  Miller  rr 
7  Nuculites  oblongatus  Con.  rr 
8  Palaeoneilo  eonstricta  (Con.)  Hall  rr 
9  Ciinitaria  elongata  (Con.)  Hall  (?)  rr 

Tin  perfect. 
10  Actinopteria  boydi  (Con.)  Hall  c 

75  feet  higher  and  755  feet  above  the  Schoharie  river  are  very 

thin,  bluish,  argillaceous  shales  (C6).  In  a  layer  of  somewhat 
coarser  shales  is  an  abundance  of  specimens  of  Nyassa 
arguta  Hall;  while  a  little  higher  are  some  thin  layers  of 
concretionary  sandstone.  These  shales  are  referred  to  the  llamil 
ton  formation  and  the  following  fossils  were  collected. 

1  Cryptonella  (Eunella)  lincklaeni  Hall  c 
2  Athyrlsspiriferoid.es  (Eaton)  Hall  a 

Abundant  in  a  layer  of  thin,  shaly  rock. 
3  Camarotoechia  prolifica  (Hall)  If.  <C-  O.  a 

Abundant  in  same  layer  as  above. 
4  Spirifer  mueronatus  (Con.)  Bill,  rr 
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5  Nyassa  arguta  Hall  aa 
6  Paracyclas  lirata  (Con.)  Hall  rr 
7  Goniophora  hamiltonensis  (Hall)  Miller  rr 
8  Pterinea  flabellum  (Con.)  Hall  rr 
9  Liopteria  bigsbyi  rr 

10  Cyrtolites  (Cyrtonella)  mitella  Hall  rr 

By  the  roadside  240  feet  higher  and  995  feet  above  the  Schoharie 
river  are  thin,  greenish,  argillaceous  shales  and  some  that  are 

arenaceous  (C7).  These  shales  are  referred  to  the  Sherburne 
formation  which  they  closely  resemble  in  lithologic  appearance. 
For  the  succeeding  125  feet  the  rocks  are  well  covered  though  there 
is  an  occasional  outcrop  of  the  greenish  shales;  then  a  coarse 

grained,  greenish  gray  sandstone  (C8)  with  cross-bedding  is 
reached.  Then  the  slope  for  115  feet  is  partly  covered  with  an 
occasional  outcrop  of  the  grayish  to  greenish  sandstone.  55  feet 

above  the  lowest  ledge  of  these  sandstones  are  thinner  gray  sand- 
stones, and  in  some  rather  shaly  layers  a  few  imperfectly  pre- 

served fossils  were  found — a  remnant  of  the  Ithaca  fauna — which 
at  that  locality,  by  the  changed  conditions  of  deposition  had 
narrowly  escaped  extermination.  At  1235  feet  above  the  river 

level  is  a  thick,  unusually  hard  ledge  of  reddish,  indurated  sand- 
stone. Above,  the  slope  though  partly  covered,  shows  frequent 

outcrops  of  red  and  greenish  shales.  95  feet  above  the  top  of  the 
reddish  sandstone  at  the  top  of  the  brow  of  the  hill  are  soft, 
argillaceous  red  shales.  On  the  highway,  about  20  feet  higher 

are  grayish,  shaly  sandstones  (C11)  and  50  feet  higher  is  another 
outcrop  of  coarse  grained,  greenish  gray  sandstone.  The  bedding 
is  somewhat  irregular  but  not  thick  and  there  is  a  layer  of  breccia. 

The  only  fossils  found  in  place  in  these  upper  deposits  were  frag- 
ments of  plant  stems.  By  the  side  of  the  road,  in  loose  pieces 

above  the  red  shales,  specimens  of  Tropidoleptus  c  a  r  i- 
natus  (Con.)  Hall,  S  p  i  r  i  f  e  r  m  u  c  r  o  n  a  t  u  s  (Con.)  Bill, 
and  C  a  m  a  rotoechia  p  r  o  1  i  f  i  c  a  (Hall)  H.  &  C.  were 
found.  It  is  not  probable,  however,  that  these  fragments  came 
from  1li is  part  of  the  hill,  but  they  were  undoubtedly  left  by  the 
ice  sheet  near  the  summit  of  Moheganter  hill.  On  a  stone  wall 
in  this  vicinity  large  flat  blocks  of  sandstone  were  seen  which 
contained  the  following  species,  the  first  one  occurring  in  large 
numbers : 

1  Chionetes  coronatus  (Con.)  Hall  aa 
2  Tropidoleptus  carinatus  (Con.)  Hall  a 
:i  Camarotoechia  prolifica  Hall  c 
4  Spdrifer  mucronatus  (Con.)  Bill,  r 
5  Athyris  spdriferoides  (Eaton)  Hall  r 

From  this  lasl  outcrop  to  the  top  of  the  hill  at  the-  corners, 
mentioned  in  seel  ion  of  eastern  slope  of  this  hill,  is  40  feet,  which 
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makes  it  1440  feet  above  the  level  of  the  Schoharie  river  at  its 

base.  The  barometric  section  from  Middleburg  village  up  the 
Little  Schoharie  and  the  eastern  slope  of  the  Moheganter  hill  to 
the  road  corners  made  it  1500  feet;  so  in  the  elevations  there  is 
probably  not  a  very  serious  error  in  the  case  of  either  section. 

 On  account  of  the  covered  slope  it  is 
not  possible  to  indicate  closely  the  line  of  division  between 
the  LTamilton  and  Sherburne  formations.  There  are  at  least 
755  feet  of  rocks  above  the  level  of  the  Schoharie  river 

belonging  in  the  Hamilton,  and  probably  part  of  the  succeed- 
ing covered  240  feet  belongs  in  the  same  formation.  The  240 

feet  above  the  covered  zone  to  the  base  of  the  heavy  red  sandstone 
is  referred  to  the  Sherburne  and  Ithaca  formations,  the  thickness 

of  which  probably  should  be  increased  by  a  portion  of  the  under- 
lying zone.  The  rocks  from  the  base  of  the  red  sandstone  (C9)  to 

the  summit  of  the  hill  are  referred  to  the  Oneonta  formation.  It 

is  clearly  recognized  that  to  the  west  of  the  Schoharie  river,  rocks 
at  this  horizon  are  not  red  and  are  not  called  Oneonta  but  are 

referred  to  the  Ithaca  formation.  A  little  farther  east,  however, 

along  the  Schoharie-Albany  county  line  and  to  the  eastward,  the 
red  rocks  near  this  horizon  and  still  lower  have  been  mapped  and 

correlated  with  the  Oneonta  formation.  In  that  region  it  is  im- 
possible to  follow  any  line  of  division  between  the  Ithaca  and 

Oneonta  formations,  for  the  Oneonta  has  replaced  the  Ithaca  in 

the  same  manner  as  the  Oatskill  replaces  the  Chemung  in  Dela- 
ware county,  and  the  author  [Professor  Prosser]  considers  it 

advisable  to  follow  the  precedent  of  the  state  survey  and  so  apply 
the  term  Oneonta  formation  to  these  rocks  though  it  is  quite  true 
that  they  are  synchronous  with  rocks  which  in  the  Susquehanna 
valley  are  referred  to  the  Oneonta,  Ithaca  and  upper  Sherburne 
formations. 

14  Section  of  Vroman's  Nose 
Prosser 

To  the  southwest  of  Mill  creek  is  Vroman's  Nose  which  rises 
some  000  feet  above  the  level  of  the  Schoharie  river.  The  lower 

part  of  the  southern  face  has  a  steep  slope  largely  covered  by 
debris  from  the  upper  part  of  the  hill,  while  the  upper  portion  is 
;i  perpendicular  cliff  composed  mainly  of  coarse  arenaceous  shales 
and  sandstones.  It  is  certainly  a  commanding  hill  when  seen 
from  its  foot  or  at  Middleburg,  and  when  seen  from  the  much 
higher  hills  to  the  southwest  it  looks  like  a  hill  blocking  the 
Schoharie  valley.  A  picture  of  this  hill  which,  unfortunately, 
like  photographs  since  taken  does  noi  give  a  very  distinct  impres- 

sion appears  in  Emmons's  Agriculture  of  New  York.    The  hill  was 
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studied  in  a  rather  hurried  manner  but,  approximately,  250  feet 
above  the  river  is  the  base  of  the  rocks  which  continue  for  370  feet 

to  the  top  of  the  hill  ( A4) .  The  lower  rocks  are  dark  gray  shales 
above  which,  toward  the  top  of  the  hill,  are  rather  blocky  shales 
and  thin  sandstones.  Hamilton  fossils  occur  in  the  shales  in 

moderate  abundance  while  in  some  of  the  coarse,  shaly  sandstones 
there  are  numerous  specimens  of  Spirophyton  and  S  p  i  r  i  f  e  r 
granulosus  (Con.)  H.  &  C.  These  rocks  all  belong  in  the 

lower  part  of  the  Hamilton  formation  and  according  to  the  Sher- 
wood measured  section  there  are  372  feet  exposed  in  the  hill, 

below  which  are  about  200  feet  covered.1  On  the  bare  sandstone 
ledge  at  the  summit  of  the  hill  are  conspicuous  glacial  striae, 

some  of  them  quite  deep,  which  run  w.  10°  s. 
The  following  is  an  approximate  section  of  Vroinan's  Nose. 

Section  of  Vroman's  Nose 

Top  of  hill 
Arenaceous  shales  and  sandstones 

Hamilton 

A* 

Shales 

A3  Covered 

A2  Approximate  position  of  the  15'  of  Marcellus shale  on  Mill  creek 

A1  Covered 

Schoharie  river 

15  Section  along  Panther  creek  from  the  Schoharie  river  to  about 
two  miles  below  West  Fulton  and  then  up  the  hill  to  the 
southwest  of  the  creek 

Prosser,  section  X,  fig.  201 

For  about  90  feet  along  the  lower  part  of  Panther  creek  the 

rocks  are  mostly  covered  when  the  foot  of  the  gorge  ait  Bouck's 
falls  is  reached.  This  narrow  glen  is  lined  by  cliffs  of  coarse 

shales  and  thin  sandstones  (X1)  which  are  apparently  over  100 
feet  in  height.  Picture  rock,  on  the  southern  bank  a  little  below 
the  falls  is  some  85  feet  above  the  creek  level  below  the  falls;  to 

610' 

250/ 

90' 

75/ 

0'
 

150' 

15' 

75' 

lAm.  Phil.  Soc.  Proc.  17:348.    [See  section  18  beyond] 
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Bluish  SHALES. 
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HAM  IL  TON 
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Fig.  201  Section  on  Panther  creek 
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The  top  of  the  shales  under  the  hotel  is  approximately  130  feet,  or 
fome  220  feet  above  the  Schoharie  river  level.  The  gorge  is 
narrow,  indicating  its  recent  formation  and  has  been  cut  from 
rocks  of  Hamilton  age.  Some  distance  farther  up  the  creek  and 
perhaps  not  much  higher  than  the  top  of  the  shales  in  the  cliff 

at  Bouck's  falls  is  the  upper  end  of  the  gorge.  The  rocks  (X2) 
consist  of  shales  and  sandstones,  some  of  the  latter  being  quite 
massive.  On  the  northern  side  of  the  creek  the  exposure  is  some 
25  to  30  feet  in  height  and  is  labelled  Blarney  stone.  The  dip  is 

apparently  heavy,  being  about  4°  s.  30°  w.  Some  of  the  shales 
contain  numerous  specimens  of  Spirifer  granulosus 
Con.  and  other  Hamilton  fossils.  On  the  underside  of  a  sand- 

stone stratum  just  above  the  creek  are  large  numbers  of  the  very 
mucronate  form  of  Spirifer  m  u  c  r  o  n  a  t  u  s  (Con.)  Bill, 
associated  with  Chonetes  coronatus  Con.  The  fossils 

and  the  stratigraphic  position  of  the  zone  show  that  it  is  in  the 
Hamilton  formation.  The  species  listed  below  were  collected  at 
this  locality: 

1  Spirifer  granulosus  Con.  r 
2  S.  mucronatus  (Con.)  Bill,  r 
3  Tropidoleptus  carinatus  (Con.)  Hall  it 
4  Oamarotoechia  prolifica  (Hall)  H.  &  C.  c 
5  Nyassa  arguta  Hall  r 
6  Orthonota  undulata  Con.  it 
7  Chonetes  coronatus  (Con.)  Hall  c 

Above  the  rocky  gorge  just  described,  well  toward  West  Fulton, 
Panther  creek  flows  in  a  deep  gorge,  but  the  sides  are  covered 
with  drift,  clay  and  boulders  of  all  sizes  so  that  the  bed  rocks  are 

concealed.  At  the  three  corners,  perhaps  1-J  miles  below  West 
Fulton,  the  section  leaves  the  valley  of  Panther  creek  and  follows 
the  highway  turning  westerly,  which  ascends  the  steep  hill  that 
rises  to  the  south  of  the  creek  valley.  The  road  corners,  by  the 

barometer,  are  some  190  feet  higher  than  the  glen  at  X2  and  the 
slope  of  the  hill  for  over  800  feet  is  pretty  generally  covered  by 
drift.  There  are  a  few  exposures  along  (he  highway  in  this  800 

feet  of  elevation,  as  for  example  (X4)  145  feel  above  the  corners 
where  flite,  bluish,  argillaceous  shales  and  somewhat  greenish 
sandstones  occur.  Again,  550  feet  higher,  toward  1  he  top  of  the 
hill  anc?  west  of  the  first  road  turning  to  the  south,  is  a  ledge  of 

rather  coarse  grained  somewhal  greenish  gray  sands! one  (X5) 
which  has  been  referred  to  the  Sherburne  formation.  About  145 

feet  higher,  or  by  the  barometer  some  1280  feel  above  the  level  of 

the  Schoharie  river  a  I  I  Ik1  bridge1  below  Breakabeen,  are  the 
bluish,  argillaceous  shales  of  X6.  This  locality  is  w^ell  toward  the 
summit  of  this  part  of  the  plateau  and  is  to  the  west  of  the  second 
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road  turning  to  the  south.  It  is  an  important  outcrop,  for  some 
of  the  thin  layers  of  the  bluish  shales  contain  abundant 

specimens  of  a  few  species  of  fossils.  S  p  i  r  i  f  e  r  mesa- 
s  t  r  i  a  1  i  s  Hall  is  a  common  species  and  this  zone  is  in  the 
Ithaca  formation  which  covers  the  high  part  of  the  plateau  to  the 
south  of  Panther  creek  and  west  of  the  Schoharie  river  in  the 

southern  part  of  Fulton  township.  In  coarser  shales  above  the 
bluish  ones  the  fossils  are  not;  so  common.  The  following  species 
were  collected  in  a  few  minutes  and  a  thorough  search  would 
undoubtedly  materially  increase  the  number. 

1  Spirifer  mucronatus  (Con.)  Bill,  a 
2  S.  mesastrialis  Hall  c 
3  Ortbonota  undulata  Con.  c 
4  Sphenotus  truncatus  (Con.)  Hall  a 
5  Schizoclus  appressus  (Con.)  Hall  rr 
6  S.  cf.  ellipticus  Hall  r 
7  Grammysia  ( Spbenomya )  cuneata  Hall  (?)  r 

Specimens  broken  and  imperfectly  preserved. 
8  Palaeonello  cf.  plana  Hall  rr 
9  Liopteria  bigsbyi  Hall  r 

10  Atbyris  spiriferoides  (Eaton)  Hall  rr 
11  Orbiculoidea  cf.  media  (Hall)  H.  &  C.  r 

The  pedicle  passage  seems  to  be  wider  than  in  the  figures  'of  this  species  and scarcely  connected  at  margin. 

About  45  feet  higher,  lacking  but  10  feet  of  the  summit  on  the 

highway  or  approximately  1335  feet  above  the  level  of  the  Scho- 
harie river,  is  a  coarse  grained  somewhat  greenish  gray  sandstone 

(X7).  On  the  next  ridge  to  the  west,  at  the  same  level  as 
X7,  is  another  outcrop  of  the  coarse  grained,  massive  sandstone 
on  which  glacial  striae  are  well  preserved,  their  direction  being 
from  the  n.  e.  toward  the  s.  w. 

16  Section  up  Panther  creek  from  West  Fulton  to  its  head  in  the 
western  part  of  Fulton  township  and  then  to  the  summit  of 
the  divide  in  the  eastern  part  of  Summit  township 

Prosser,  Section  C 

Rather  more  than  one  half  mile  west  of  the  village  is  a  small 
quarry  on  the  northern  side  of  the  highway  which  has  furnished 
a  part  of  the  foundation  stone  used  in  West  Fulton  and  there 
are  also  layers  of  blue  (lagging  stone  of  fair  quality.  Sonic  of 
the  rather  irregular  sandstones  contain  numerous  specimens  of 
Spirifer  granulosus  (Con.)  H.  &  C.  associated  with  other 

Eamilton  species.  The  quarry's  elevation  above  Panther  creek 
at  West  Fulton  was  not  determined,  but  it  is  clearly  several  hun- 

dred feet  below  the  (<>p  of  the  Hamilton  formation  in  (lie  lower 
part  of  the  zone  called  C1  of  this  section. 
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Three  and  one  fourth  miles  w.  n.  w.  of  West  Fulton  in  school 

district  no.  7  the  main  branch  of  Panther  creek  turns  sharply  to 
the  north;  but  the  section  follows  the  highway  toward  Summit 
and  the  smaller  branch  of  the  creek  up  the  hill  to  the  west.  Some 
490  feet  higher  than  West  Fulton,  on  the  south  side  of  the  road 
after  crossing  the  west  branch  of  Panther  creek  and  passing  the 
road  on  which  the  schoolhouse  is  located,  are  quite  thin,  bluish, 

argillaceous  shales  (C2)  certain  layers  of  which  contain  abundant 
specimens  of  the  very  mucronate  form  of  Spirifer  m  u  c  r  o  - 
n  a  t  u  s  (Con.)  Bill,  associated  with  C  h  o  n  e  t  e  s  eoronatus 

(Con.)  Hall.  These  shales  are  clearly  in  the  Hamilton  forma- 
tion.   The  following  species  were  collected : 

1  Chonetes  eoronatus  (Con.)  Hall  a 
2  Spirifer  inucronatus  (Con.)  Bill,  a 
3  Cyrtina  hamiltonensis  Hall  rr 
4  Cainarotoeehia  congregata  (Con.)  H.  d  C.  rr 
5  Maerodon  hamiltoniae  Hall  (?)  rr 

Imperfectly  preserved. 
6  Orthonota  undulata  Con.  rr 
7  Prothyris  laneeolata  Hall  rr 

For  50  feet  the  hillside  is  covered,  when  another  outcrop  of 

coarser  and  more  arenaceous  shales  (O8)  are  reached  which  also 
contain  abundant  Hamilton  fossils.  The  shales  are  capped  by 
very  thin  bedded,  even  sandstones  and  the  zone  is  clearly  in  the 
Hamilton. 

1  Spirifer  granulosus  (Con.)  H.  &  C.  rr 
2  S.  audaculus  (Con.)  H.  d  C.  c 
3  Camarotoeehia  congregata  (Con.)  H.  d  C.  c 
4  Pterinea  flabellum  (Con.)  Hall  rr 
5  Liopteria  bigsbyi  Hall  (?)  r 

Broken  and  poorly  preserved. 

On  the  hillside  55  feet  above  C3,  or  approximately  595  feet 
higher  than  West  Fulton,  are  thin,  bluish  gray  sandstones  (C4) 
in  which  a  few  fossils  occur.  This  ledge  is  about  on  a  level  with 

the  small  cemetery  on  the  north  side  of  the  road,  and  is  appar- 
ently in  the  Hamilton  formation.  40  feet  higher  is  a  ledge  of 

thin  bedded,  bluish  gray  sandstone  five  feet  in  thickness.  A  little 
below  this  stratum  are  loose  fossils  which  seem  to  have  come  from 

this  outcrop  and  apparently  show  its  Hamilton  age.  At  the  edge 
of  the  woods  on  the  south  side  of  the  road  are  ledges  of  rather 

coarse  grained,  thin  bedded,  grayish  sandstone  (C5).  There  are 
from  15  to  20  feet  of  these  sandstones  exposed,  which  apparently 
occur  on  the  north  side  of  the  road  at  a  little  higher  elevation. 
No  fossils  were  found  except  plant  stems;  but  there  are  numerous 
clay  pebbles  in  some  of  the  layers.  This  zone  is  probably  near 

the  dividing  line  between  the  Hamilton  and  Sherburne  forma- 
tions and  it  is  a  matter  of  some  uncertainty  to  which  formation 
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it  should  be  referred.  On  the  highway  50  feet  higher  or  825  feet 

above  West  Fulton  are  bluish  to  greenish  argillaceous  shales  (C6) 
and  bluish  gray  flagging  stone.  No  fossils  were  found  and  in 
lithologic  characters  these  rocks  closely  resemble  those  of  the 
Sherburne  formation  to  which  they  are  referred.  Just  south  of 
the  turn  on  the  first  road  turning  south  toward  Eminence  are  thin 

bedded,  bluish  gray,  flagging  stones  (C7)  below  which  are  smooth, 
bluish,  argillaceous  shales  weathering  to  an  olive  tint  and  con- 

taining some  concretionary  nodules.  These  shales  are  about  45 
feet  above  those  of  C6. 

On  the  highway  1-J  miles  east  of  Summit,  in  the  eastern  part 
of  Summit  township,  on  the  divide,  is  a  layer  of  rather  irregular 

sandstone  (C8)  which  contains  a  few  fossils.  There  are  also 
fossils  in  bluish,  argillaceous  shales  occurring  just  above  the 
sandstone.  On  each  side  of  the  summit  20  feet  below  the  fos- 
siliferous  sandstone  are  smooth,  bluish  shales  which  weather 

olive  and  some  grayish  green  flagging  stone  in  which  fossils  were 
not  found.  This  fossiliferous  zone  is  regarded  as  indicating  the 
appearance  of  the  Ithaca  fauna,  succeeding  the  barren  sandstones 
and  shales  of  the  Sherburne  formations  and  it  is  referred  to  the 

Ithaca  formation  although  the  hasty  search  for  fossils  did  not 
yield  specimens  of  Spirifer  m  e  s  a  s  t  r  i  a  1  i  s  Hall.  The 
list  of  fossils  is  as  follows : 

1  Spirifer  mucronatus  (Con.)  Bill,  c 
2  S.  tullius  Hall  r 
3  Tropidoleptus  carinatus  (Con.)  Hall  r 
4  Mierodon  (Cypricardella)  bellistriatus  Con.  rr 
5  M.  (C.  )  gregarius  Hall  rr 
6  Sphenotus  cuneatus  (Con.)  Hall  rr 
7  Schizodus  appressus  (Con.)  Hall  rr 

On  the  south  side  of  the  road  farther  east  near  the  Summit- 
Fulton  township  line  along  the  upper  course  of  one  of  the 
branches  of  the  Westkill  are  coarse,  grayish  sandstone  and 

thinner  blue  shales  (C8).  This  ledge  is  140  feet  lower  than  the 
fossiliferous  zone  of  O8  and  is  probably  near  the  top  of  the  Ham- 

ilton. Fossils  occur  rather  sparingly,  the  three  following  species 

having  been  collected  during  a  few  minutes'  search : 
1  Tropidoleptus  carinatus  (Con.)  Hall  v 
2  Spirifer  sp.  rr 

Fragments 
3  Nueulites  oblougatns  Con.  rr 

Large  specimen— 35  mm  long1  and  19  high 

On  the  western  side  of  the  divide  going  down  into  the  second 
valley,  sands! one  and  coarse  shales  containing  abundant  Hamil- 

ton fossils  were  found  120  feet  below  the  zone  C8.  Between  the 
two  fossiliferous  zones  are  exposures  of  sandstones  and  smooth 
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bluish  to  olive  shales  which  closely  resemble,  lithologically,  those 
of  the  typical  Sherburne  formation.  To  the  north  of  the  road 
and  northeast  of  Summit  is  a  high  rounded  hill,  known  as  Cobble 

hill,  on  which  are  plenty  of  these  fine  shales,  the  Sherburne  forma- 
tion apparently  capping  the  hill. 

The  section  described  above  may  be  represented  diagrammat- 
ically  in  the  following  manner. 

Summary  of  section  up  Panther  creek  from  West  Fulton  to  the 
divide  tcest  of  ̂ Ycst  Fulton 

950' 

945' 

870' 

825' 

775' 

755' 

640' 

635' 

595' 

540' 

490' 

0'
 

75'
 

45' 

50' 

5' 

40' 

55' 

490' 

Divide  on  road  1J  miles  east  of  Summit 

C8  Shales  and  sandstones  containing  fossils Ithaca 

C7  Bluish  to  olive  shales  and  sandstones  on  Emi- 
nence road 

C6  Greenish  shale  and  thin  bedded  sandstone 
Sherburne 

2Q/      Q5  Thin  bedded,  grayish  sandstone 

115'  Covered 

50' 

Bluish  gray  sandstone ;  loose  fossils 
Hamilton 

Thin  sandstones  with  a  few  fossils 

C3  Coarser  Hamilton  shales 

C2  Fine  Hamilton  shales 

Quarry  £  mile  west  of  West  Fulton 
Hamilton 

Panther  creek  at  West  Fulton 
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17  Section  of  Devonian  rocks  made  in  the  Catskill  mountains  at 

Palenville  ;  Kaaterskill  creek.  New  York 

By  Mr  Andrew  Sherwood  in  1S741 
Round  Top  of  the  Catskill  mountains 

152  SS.  coarse,  gray  sandstone  4  Mi 
151  Concealed 
150  SS.  coarse,  gray  US 
140  Concealed  130 
148  SS.  coarse,  gray  32 
147  Concealed  53 
140  SS.  coarse,  gray,  with  many  pebbles  scattered  through  it  200 
145  Shaly  rock,  red  27 
144  Concealed  37 
143  SS.  coarse,  gray ;  scattered  pebbles  23 
142  Concealed  340 
141  SS.  coarse  gray  19 
140  Concealed  20 
139  Shaly  rock,  red  50 
138  Concealed  15 
137  SS.  coarse,  gray  33 
136  Shaly  rock,  red  14 
135  SS.  coarse,  gray  35 
134  Shaly  rock,  red  2 
133  SS.  coarse,  gray  5 
132  Concealed  50 
131  Conglomerate,  coarse  16 
130  SS.  reddish  10 
129  Shaly  rock,  red  11 
128  SS.  coarse,  gray  03 
127  Conglomerate,  coarse  152 
126  Shaly  rock,  red  47 
125  SS.  coarse,  gray  ;  pebbles  8S 
124  Shaly  rock,  red  37 
123  SS.  coarse,  gray ;  scattered  pebbles  38 
122  Concealed  480 
121  SS.  coarse,  gray  20 
120  Concealed  210 
119  SS.  coarse,  dark  gray  15 
118  Shaly  rock,  red  22 
117  Concealed  60 
11G  SS.  coarse,  dark  gray  12 
115  Concealed  14<> 
114  SS.  gray,  reddish  towards  the  top  40 
113  SS.  red  and  gray  ;  beds  of  red  shaly  rock  103 
112  Shaly  rock,  red  103 
111  SS.  gray ;  fish  bone  bed  1  foot  near  the  bottom  of  the  103  ft  8 

'Am.  Phil.  Soc.  Proc.   1877.  17:340-40. 
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110  Shale  greenish  and  dark  hlue  (some  fish  bones)  4 
109  SS.  gray  20 
108  Shaly  rock,  red  6S 
107  Fish  hone  bed,  6  to  S  inches  1/2 
10G  Shaly  rock,  red,  mottled  with  green  iy2 
105  Fish  bone  bed,  G  to  12  inches  % 
104  Shaly  rock,  greenish  2 
103  SS.  bluish  gray  G 
102  Shaly  rock,  red,  somewhat  mottled  green  7 
101  Shaly  rock,  greenish  G 
100  SS.  bluish  gray  9 
99  Shale,  greenish  gray  3 
98  Shaly  rock,  rubbly,  variegated,  considerable  percentage  of  per- 

oxid  of  iron  3 
97  SS.  bluish  gray  47 
96  Shales,  red  and  green  G 
95  Shaly  rock,  gray  and  greenish  10 
94  Shaly  rock,  red  and  green  6 

SS.  bluish  and  gray  ;  of  great  thickness  at  the  village  of  Palen- 
ville  (Continued  downwards  in  the  following) 

18  Section  along  the  Schoharie  creek  in  Schoharie  county,  N.  Y. 

between  Gilboa  and  Middleburg,  from  the  Catskill  down  to 

the  upper  Helderberg 

By  Andrew  and  Clark  Sherwood1 
(Continued  from  the  above) 

94  Red  shaly  rock.    (This  is  supposed  to  be  the  same  bed  no.  94, 
which  bottoms  the  Catskill  section  of  1S74)  12 

Top  of  Manor  Kill  cataracts  at  Sawmill 
93  Bluish  gray  SS. 15 

92  Gray  shaly  rock 

10 

91  Gray  SS. 
14 90  Gray  shale 2 

89  Gray  shale  SS. 15 

88  Red  shaly  rock,  with  green  bands 
12 87  Thick  bedded  gray  SS. 

17 

8G  Thin  bedded  gray  SS. 

20 

85  Thin  bedded  gray  SS.  with  plants 9 

S4  Hard  (false  bedded,  some  of  it)  gray SS. 

20 

83  Gray  SS. 
54 82  Unknown  to  foot  of  cataracts 

30 
81  Gray  SS. 

25 

80  Dark  sandy  shale 2 

79  Gray  SS.  (at  Gilboa)  stumps,  leaves, stems 8 
78  Dark  shale 6 

77  Gray  SS. 10 

lLoc.  cit. 
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76  Gray  and  bluish  shale  and  shaly  rock  14 
75  Red  and  green  mottled  shale  4 
74  Reddish  hard  SS.  2 
73  Gray  SS.  (the  top  makes  the  Gilboa  falls)  40 
72  Gray  SS.  40 
71  Unknown  ? 
70  Hard  gray  SS.  (with  sharp  s.  w.  dip)  40 
69  Unknown  25 
68  Gray  SS.  20 
07  Unknown  50 
66  Coarse  flaky  gray  SS.  (Makes  top  of  Little  Manor  Kill  fall)  10 
65  Unknown  36 
64  Gray  SS.  22 
63  Gray  shaly  rock,  fossils  in  upper  part  27 
62  Gray  shaly  SS. ;  top  is  conglomeratic,  some  fossils  17 
61  Unknown  60 
60  Gray  flaky  SS.,  fossil  plants  16 
59  Gray  slate  and  SS.  24 
58  Gray  SS.  9 
57  Unknown  10 
56  Hard  gray  SS.  4 
55  Gray  and  bluish  sbale,  a  few  fossils  33 
54  Gray  SS.  8 
53  Dark  shale  9 
52  Unknown  34 
51  Gray  SS.  ? 
50  Unknown  36 
49  Gray,  greenish  shale,  shaly  rock,  few  fossils  30 
48  Gray  SS.  13 
47  Greenish  shale  15 
46  Gray  SS.  (some  false  bedded)  14 
45  Gray  SS.  and  shaly  rock  20 
44  Greenish  rubbly  rock  4 
43  Gray  SS.,  false  bedded  (makes  Patchen  Hollow  rapids)  15 
42  Unknown  14 
41  Massive  gray  SS.,  marked  horizon  35 
40  Dark  shaly  rock  21 
39  Thin  bed  gray  SS.  8 
38  Unknown  20 
37  Coarse  gray  SS.  28 
36  Unknown  34 
35  Gray  SS.  (part  concretionary)  8 
34  Unknown  42 
33  Dark,  and  gray  sbaly  rock  (fossils,  spirals  towards  top)  :?<; 
32  Unknown  50 
31  Gray  SS.,  dark  shale  in  the  upper  part  of  it  (makes  top  of  the 

Wauhalla)  some  fossils  72 
30  Dark  shaly  rock  23 
29  Gray  SS.  g7 
2S  Dark  shaly  SS.,  few  fossils  e 
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27  Gray  SS.  8 
26  Dark  shale  4 
25  Bluish  gray  SS.                                        .  fi 
24  Gray  and  dark  sandy  shaly  rock  41 
23  Unknown  44 
22  Thin  bed  gray  SS. ;  a  little  of  it  false  bedded  ;  some  concretionary  50 
21  Gray  sandy  shaly  rock  48 
20  Thin  bed  gray  SS.  27 
19  Gray  concretionary  rock  4 
18  Gray  shaly  SS.  (base  of  Wauhalla  mountain)  183 
17  Bluish  gray  SS.  20 

16  Gray  and  dark  bluish  black  shale  ("Tow-path"  road)  70 
15  Bluish  black  and  gray  shaly  rock  25 
14  Unknown  16 
13  Dark  gray  and  blackish  shaly  rock,  fossils  lower  part  23 
12  Gray  and  dark  blue  shaly  SS.   (lower  end  of  towpath  road. 

Probably  part  of  bed  at  top  of  Vroman's  Nose)  29 
11  Gray  shaly  SS. ;  top  of  Vroman's  Nose,  passes  under  water  at 

lower  end  of  towpath  road  (inclination  581  feet  in  2  miles, 
making  no  allowance  for  fall  of  Schoharie  crook  )  49 

10  Blackish  shale  11 
9  Gray  shale  and  shaly  SS.  28 

8  Dark  gray  shale  (Vroman's  Nose),  fossils  most  abundant  in 
upper  part  284 

7  Unknown  up  to  ledge  on  Vroman's  Nose.    Surface  covered  with 
dark  gray  shale.    10  feet  of  black  shale  is  exposed  by  road  cut 

half  a  mile  west  of  Vroman's  Nose ;  and  supposed  to  come  in 
this  interval  of  205  feet  205 

6  Unknown  in  Middleburg  village  100 
5  Black  shale  2 
4  (Black  shale?)  judging  by  the  surface  21 
3  Black  slate  2 
2  Unknown  15 
1  Helderberg  limestone  (Onondaga)   ]-2  a  mile  below  Middleburg. 

at  gristmill  (makes  falls  in  the  Schoharie) 
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Chapter  6 

CHARACTERISTIC   SECTIONS   IN   THE  HELDERBERGS 

The  following  characteristic  sections  of  well  known  localities 

in  the  Helderbergs  are  here  added,  partly  for  comparison  with 

sections  at  Schoharie,  and  partly  for  the  purpose  of  making  this 

guide  useful  for  a  wider  region  than  the  Schoharie  valley.  This 

is  possible  because  the  strata  involved  scarcely  vary  in  lithic 

composition  and  fossil  contents  over  the  region  here  covered.  As 

before,  extensive  use  has  been  made  of  published  sections,  specially 
those  of  Professor  Prosser. 

19  Section  near  Knox 

Prosser 

About  4  miles  southwest  of  Altamont  and  1%  miles  northeast 

of  Knox,  at  a  locality  known  as  "  the  Rocks  "  are  interesting  ex- 
posures of  the  Helderberg  limestones  and  specially  of  the  Oriskany 

sandstone.  This  is  also  an  excellent  place  for  collecting  Oris- 
kany fossils,  and  the  formation  forms  the  bed  of  the  Altamont- 

Knox  highway  for  some  distance.  The  following  section  begins 
on  the  lower  road  at  the  Armstrong  house,  near  the  foot  of  the 

hill,  and  extends  to  its  top.  The  section  is  here  given  in  descend- 
ing order. 

Feet  Total 
B6  Onondaga  light  gray  limestone  capping  the  hill. 

The  dip  on  the  face  of  this  ledge  is  2°  s.  38°  av. 
B5  Esopus  shale,  largely  covered  on  the  slope  to  the 

south  of  the  road  but  showing  fairly  well  in 
small  gullies.  One  fourth  of  a  mile  to  the 
east  is  a  small  quarry  in  the  lower  part  of  the 
shale1   ,   83-245 

B4  Very  fossiliferous  Oriskany  sandstone  underly- 
ing 1  lie  road.  On  top  of  the  sandstone,  along 

I  he  road  are  large  numbers  <>f  impressions  of 
S  p  i  r  o  p  h  y  t  o  n  c  a  u  d  a  g  a  1 1  i    2-1 62 

B3  Beorafl  limestone  but  a  little  below  I  lie  Alla- 
niont-Knox  road    10-1G0 

•This  thickness  is  probably  loo  small  duo  to  the  considerable  horizontal 
distance  and  strong  southerly  dip.    C.  S.  P. 
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B2  Mostly  covered  slope,  with  occasional  exposures 
of  shaly  limestone  [New  Scotland.]  These 
shales  are  very  fossiliferous,  and  many  species 
may  be  obtained  in  some  of  the  small  gullies, 
where  the  following  were  collected  

1  Spirifer  macropleura  (Conrad)  Castelnau  a1 
2  S.  perlamellQSus  {Hall)  c 
3  S.  cyclopterus  Hall  a 
4  Eatonia  uiedialis  (Vanuxem)  Hall  c 
5  Leptaena  rhomboidalis  (Wilckens)  H.  &  C.  c 
6  Stropheodonta  becki  Hall  rr 
7  Stropbonella  punctulifera  (Con.)  Hall  r 
8  S.  cavumbona  (Hall)  H.  &  C.  rr 
9  Meristella  laevis  (Van.)  Whitfield  a 

10  Treinatospira  globosa  Hall  r 
11  T.  multistriata  Hall  rr 
12  Dalmanella  planoconvexa  (Hall)  II .  &  C.  a 
13  D.  subcarinata  (Hall)  H.  &  C.  c 
14  D.  perelegans  (Hall)  H.  &  C.  rr 
15  Rhipidomella  oblata  (Hall)  H.  &  C.  r 
16  Atrypa  reticularis  (Lin.)  Dal.  rr 
17  Uncinulus  vellicatus  (Hall)  H.  d  C.  rr 
18  Stenoscbisuia  forinosum  Hall  rr 
19  Lingula  centrilineata  Hall  rr 
20  Platyceras  ventricosum  Con.  rr 
21  Streptelasma  strlctum  Hall  rr 

B1  Massive  ledges  of  Coeymans  limestone.  Prob- 
ably the  lower  part  of  this  zone  is  transitional 

to  the  Manlius  limestone  below ;  but  the  latter 
is  not  shown  at  this  place  

20  Altamont  section 
Prosser 

Tbe  section  is  given  in  descending  order 

Oriskcmy.  At  the  top  of  the  second  terrace,  about 
If  miles  southwest  of  High  Point,  on  the  farm  of 

Hiram  Olickman,  is  a  ledge  of  massive  rock  fre- 
quently exposed  about  the  edge  of  the  hill,  com- 

posed of  the  Becrafl  limestone  and  Oriskany  sand- 
si  one.  The  northern  end  of  the  hill  was  partly 
covered.  The  Oriskany  sandstone  is  rather  dark 

gray,  weathering  to  a  brownish  color,  quite  cal- 
careous, and  contains  many  specimens  of  fossils. 

The  thickness  varies  from  1|  to  2  feet   2 -730 

The  following  fossils  were  found  in  it: 
1  Uensselaeria  ovoides  (Eaton)  Hall  c 
2  Spirifer  murchisoni  Cast,  c 
:i  S,  arenosus  (Con.)  Hall  c 

Feet  Total 

1)5-160 

05-05 

1  a— abundant,  c=common,  r rare,  rr=very  rare. 
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4  Eatonia  peculiaris  (Con.)  Hall  r 
5  Rhipidoraella  musculosa  (Hall)  H.  &  C.  (?)  r 
6  Metaplasia  pyxidata  (Hall)  H.  &  C.  r 
7  Hipparionyx  proximus  Van.  r 
8  Meristella  lata  (Hall)  H.  &  C.  rr 

There  are  frequent  exposures  of  this  and  the  next  lower  forma- 
tions along  the  highway  running  southeast  to  the  Indian  Ladder 

road,  and  at  various  places  one  or  the  other  forms  the  bed  of  the 
road  for  a  distance  of  several  rods. 

Feet  Total 
Becraft.  Ten  feet  of  the  Becraft  limestone  was 

found,  but  it  is  probably  somewhat  thicker,  and 
the  Oriskany  sandstone  rests  immediately  on  top. 
The  contact  is  finely  shown  at  several  places  in  the 
woods  at  this  locality,  the  sandstone  resting  on 
the  massive  limestone,  so  that  there  are  no  beds  of 

shaly  limestone  [Port  Ewen]  between  these  forma- 
tions, as  at  Schoharie  and  Howes  Cave.  The  lime- 
stone is  light  gray  and  rather  crystalline  with  the 

usual  lithologic  characters  of  the  Becraft   12±-734 

New  Scotland.  On  the  partly  covered  slope  south  and  west  of 
the  Pentamerus  [Coeymans]  terrace  are  occasional  ledges  of  the 
thicker  layers  of  the  shaly  limestone  [New  Scotland  beds]  and 
outcrops  of  the  very  much  weathered  and  decomposed  calcareous 
shales.  These  shales  contain  abundant  fossils,  and  frequently  on 
the  surface  of  the  slope  many  nearly  perfect  shells  may  be  found. 
A  hasty  collection  from  such  an  exposure  gave  the  following 
species : 

1  Spirifer  raacropleura  (Con.)  Castelnau  c 
2  S.  perlameilosus  Hall  c 
3  S.  eyolopterus  Hall  c 
4  Trematospira  multistriata  Hall  r 
5  T.  globosa  Hall  rr 
6  Leptaena  rkornboidalis  (Wilckens)  H.  cC-  C.  c 
7  Eatonia  medialis  (Tan.)  Hall  a 
8  E.  singularis  (Van.)  Hall  rr 
9  Meristella  laevis  (Van.)  Whitfield  a 

10  Orthis  (Dalmanella)  subcarinata  Hall  r 
11  O.         (D.  )  perelegans  Hall  rr 
12  O.         (D.  )  planoconvexa  Hall  r 
13  Orthothetes  woohvorthanns  (Hall)  H.  &  C.  rr 
14  Stropheodonta  punctulifera  (Con.)  Hall  rr 
15  Lingula  centrdlineata  Hall  rr 
16  Uncinulus  campbellanus  Hall  rr 
17  U.  vellicatus  Hull  rr 
18  U.  nucleolatus  Hall  rr 
10  Platyeeraa  temriliratum  Hall  rr 
20  P.  glbbosum  Hall  rr 
21  Streptelasma  strictum  Hall  rr 
22  Monotrypella  colliculata  Hall  rr 
2?>  Favositos  ooniens  //(///  rr 
24  Favosites  helderberglae  Hall  r 
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Feet  Total 
Coeymans.  At  the  top  of  the  High  Point  cliff  there 

are  27  feet  of  Pentanierus  [Coeymans]  limestone, 
and  a  little  to  the  south  10  feet  more  is  shown. 

This  limestone  forms  the  top  of  the  terrace,  which 
extends  nearly  one  mile  to  the  south  of  the  cliff 
before  the  shaly  limestone  [New  Scotland]  is 
reached,  but,  on  account  of  the  heavy  dip,  it  is  not 

possible  to  give  its  entire  thickness   37-722 
Manlius.  The  lower  part  of  the  cliff  is  composed 
mainly  of  thin  bedded,  dark  blue  limestones,  having 

the  metallic  ring  of  those  composing  the  Tentacu- 
lite  [Manlius]  formation,  and  in  the  lower  part  are 

abundant  specimens  of  Tentaculite  s  g y  r  a- 
c  an  thus  (Eaton)  Hall.  By  the  side  of  the 
High  Point  path  there  is  38  feet  of  this  rather 
thin  bedded  limestone,  in  all  of  which  S  p  i  ri  f  er 
vanuxemi  Hall  is  common,  even  to  the  top. 
The  Tentaculites  was  not  found  in  these  upper 
layers.  At  this  horizon  there  is  a  lithologic 
change;  the  upper  beds  are  more  massive,  breaking 
with  an  irregular  fracture,  and  P  e  n  t  a  m  e  r  u  s 
[S  i  e  b  e  r  e  11  a]  g  a  1  e  a  t  u  s  (Dal.)  Hall  occurs 
near  their  base,  so  that  the  line  of  division  between 

the  Tentaculite  [Manlius]  and  Pentamerus  [Coey- 
mans] limestones  was  considered  to  be  represented 

here    3S-685 

The  fossils  found  in  this  were: 

1  Tentaculites  gyracanthus  diatom  Hall  aa 
2  Spirifer  vanuxemi  Hall  a 
\\  Leperditia  alta  (Con.)  Hall  v 
4  Mddiolopsis  dubia  Hall  rr 
5  (?)  Tellinomya  nucleiformis  //<///  rr 
<;  Stropheodonta  varistriata  (Con.)  Hall  r 
7  Chaetetes  (Monotrypella)  arbusculus  Hall  e 

Rondout.  In  places  at  the  base  of  the  cliff  1  to  V/2 
feet  of  dark  gray,  impure,  thin  bedded  limestone  is 
exposed,  which  resembles  the  upper  layers  of  the 
waterlime  a!  Schoharie  and  Howes  Cave,  to  which 
formation  it  is  referred   1-047 

S  trai  if/ raphic  unconformity 
Lorraine  beds.  To  (he  south  of  Altamont  is  a  con- 

spicuous point  of  the  llelderbergs  known  as  High 
Point,  where  (he  general  trend  of  the  escarpment 
turns  from  a  northwesterly  to  a  westerly  direction. 
The  lower  646  feet  of  the  point,  according  to  the 
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Feet  Total 

measurement  of  Ashburner1  from  the  Delaware 
and  Hudson  Railroad  station  to  the  base  of  the 

Rondout  water-lime  belong  in  the  Lorraine  beds. 
This  thickness,  added  to  the  2880  feet  of  shales 

and  thin  sandstones  passed  through  in  the  Alta- 
mont  well  before  reaching  the  top  of  the  Trenton 
limestone,  gives  a  thickness  of  3475  feet  for  the 
Lorraine  and  Utica  formations  at  this  locality. 
Along  the  small  brook  in  which  the  gas  well  is 
located  there  are  exposures  of  the  Lorraine  beds, 
consisting  of  bluish  to  grayish  argillaceous  shales, 
with  an  occasional  sandstone  stratum  ;  but  the 

upper  part  of  the  zone  is  covered  around  the  slope 

of  High  Point   646-646 

About  3^  miles  southwest  of  Altamont,  on  the  road  from  Alta- 
mont  to  Knox,  is  a  conspicuous  ledge  of  the  Pentamerus  [Coey- 
mans]  limestone  ...  to  the  east  of  the  road,  which  at  this 
locality  is  very  fossiliferous,  and  the  weathering  and  fires  have 

so  decomposed  parts  of  the  massive  cliff  that  it  makes  an  excel- 
lent place  for  collecting.  Along  the  road  from  Altamont  there 

are  alternating  exposures  of  sandstones  and  shales,  sandstones 
predominating,  with  a  thickness  of  635  feet  by  the  barometer 
without  allowing  for  the  dip,  which  would  increase  the  amount; 
then  210  feet  are  covered  when  this  Pentamerus  [Coeymans] 
ledge  is  reached,  845  feet  higher  than  Altamont.  It  is  not  clear 
whether  the  base  of  the  Pentamerus  [Coeymans]  is  shown  or  not, 
but  the  Tentaculite  [Maul ins]  is  covered,  and  only  30  feet  of  the 
Pentamerus  [Coeymans]  is  exposed.  The  following  species  were 
collected  at  this  place. 

1  Sieberella  galeata  ( Dal. )  H.  &  C.  aa 
2  Atrypa  reticularis  (Lin.)  Dal.  a 
3  Strophonella  punctulifera  (Con.)  Hail  c 
4  Stropheodonta  varistriata  (Con.)  Hall  r 
5  Spirifer  perlamellosus  Hall  r 
6  Uncinulus  mutabilis  (Tfall)  11.  &  C.  r 
7  U.  pvramidatus  (Hall)  H.  d-  C.  rr 

21  Indian  Ladder  section 

Prosser 

Near  the  northern  end  of  the  Belderberg  mountains,  about 
south  of  Meadowdale,  on  the  Susquehanna  division  of  the  Dela- 

ware and  Hudson  railroad,  is  the  highway  known  as  the  Indian 

lThe  railroad  station  (formerly  Knowersvllle)  is  459  feet  A.  T..  and 
Ashburner  gave  the  altitude  of  the  gas  well's  mouth  as  510  A.  T..  and  the base  of  the  Lower  Helderberg  limestones  as  596  feel  vertically  above  the 
mouth  of  the  well  [Am.  lust.  Min.  Eng.  Traus.  L6:961J. 
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Ladder  road  and  the  only  one  climbing  these  precipitous  cliffs 
between  New  Salem  and  Altamont.  The  Tentaculite  [Manlius] 
and  Pentamerus  [Coeymans]  limestones  form  the  prominent 
cliff  which  extends  from  New  Salem  around  the  northern  end 

of  the  mountains  to  Altamont;  but  on  the  higher  terraces  and 
hills  to  the  south  the  later  formations  are  found,  and  their 

distribution  is  shown  on  the  "  Preliminary  Geologic  map  of 
Albany  County,  N.  Y.",  by  N.  H.  Darton.1  Along  the  Indian 
Ladder  road  are  exposures  of  the  upper  part  of  the  Lorraine  beds, 
with  magnificent  cliffs  of  Tentaculite  [Manlius]  and  Pentamerus 

[Coeymans]  limestones  ;  while  to  the  east  and  south  the  succeed- 
ing hills  show  the  later  formations  up  to  the  lower  part  of  the 

Hamilton,  which  forms  the  upper  part  of  Signal  station  hill.2 
The  section  from  Meadowdale  to  the  top  of  Signal  station  hill  is 
as  follows  [in  descending  order]  : 

Feet  Total 

Hamilton;  arenaceous  shales  to  thin  sandstones  at 
the  base;  but  mainly  shales  to  the  top  of  Signal 

Station  hill.  Some  specimens  of  the  small  Ham- 
ilton lamellibranchs,  as  Palaeoneilo  con- 

st r  i  c  t  a  (Con.)  Hall ;  N  u  c  u  1  a  b  e  1 1  i  s  - 
t  r  i  a  t  a  (Con. )  Hall ;  Nuculites  triqueter 
Con. ;  N .  oblongatus  Con.  and  others,  are 
found  in  the  shales  in  the  upper  part  of  this  hill. 

Exposed    130-1495 
Covered    20-1365 

Marcellus  shale;  black  argillaceous  shales  exposed 
along  the  road  up  the  hill  to  the  south  of  the  New 
Salem  road  and  in  the  gullies  on  the  northwestern 
side  of  the  hill   170-1345 

Onondaga  limestone;  well  shown  in  the  upper  part  of 
the  terrace  to  the  north  of  the  New  Salem  road. 

The  upper  part  of  the  formation  forms  the  floor 

of  this  road  for  nearly  two  miles  on  the  plateau. .  98-1175 
Schoharie  grit;  shown  on  a  south  road  at  the  base 

of  the  light  gray  Onondaga  limestone   3J-1077 
Esopus  shale;  finely  exposed  along  the  road  to  the 

cast  of  the  brook  and  house.  Another  excellent 

exposure  occurs  in  the  glen  to  the  east  of  tlie 
eastern  north  and  south  road  which  on  the 
plateau  connects  the  Indian  Ladder  and  New 

Salem  roads   100-1 073J 

XN.  Y.  State  Gool.  15tb  An.  Rep't  1895; 
2Tlie  station  was  called  Helderberg  and  is  1823  feet  A.  T.  (Final  results 

of  the  Trian-nhition  of  the  X.  Y.  State  Survey.   1887.  p.iii). 
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Feet  Total 

Orishany  sandstone  occurs  in  the  woods  on  top  of 
the  hill  south  of  Indian  Ladder  cliff,  where  there 
are  numerous  weathered  blocks.  Again  it  is  well 
shown  to  the  east  of  this  hill  on  the  ridge  west  of 
the  house  and  brook  mentioned  above.  Its  thick- 

ness in  these  outcrops  varies  from  1  foot  to  1 

foot,  4  inches   1-973^ 

Above  the  house  on  the  eastern  side  of  the  brook  the  top  of 
the  Becraft  limestone,  capped  by  the  Oriskany  sandstone,  is 
well  shown.  The  shaly  limestone  may  also  be  seen  to  excellent 
advantage  along  the  banks  of  Black  creek  to  the  north  of  the 
Indian  Ladder  road. 

Feet  Total 

New  Scotland  and  Becraft.  Largely  covered  slope  to 
the  south  of  the  cliff  and  east  of  the  stream  and 

road.  In  the  field  are  various  outcrops  of  the 

thicker  beds  of  the  [New  Scotland]  shaly  lime- 
stone, and  in  the  edge  of  the  woods  the  top  of 

Becraft  limestone  is  shown.  Much  better  out- 
crops of  the  shaly  limestone,  however,  occur  to 

the  east  of  these  woods  in  the  field  and  along 
the  western  bank  of  a  small  stream  furnishing 

an  excellent  collecting  place.  The  following  spe- 
cies were  obtained  at  this  locality   160-972^ 

1  Spirifer  rnacropleura  (Con.)  Cast,  c 
2  S.  perlamellosus  Hall  c 
3  S.  cyclopterus  Hall  a 
4  Leptaena  rbornboidalis  (Wilckens)  H.  cC-  C.  c 
5  Stropbonella  cavumbona  (Hall)  H.  &  C.  rr 
6  Ortbotbetes  woolwortbanus  (Hall)  II.  &  C.  rr 
7  Meristella  laevis  (Van.)  Whitfield  c 
8  Nucleospira  ventricosa  Hall  r 
9  Parazyga  deweyi  (Hall)  H.  &  C.  rr 

10  Trematospira  globosa  Hall  r 
11  Uncinulus  vellicatus  (Hall)  H.  &  C.  r 
12  Rhipidomella  oblata  (Hall)  H.  &  C.  r 
13  Cypricardinia  lamellosa  Hall  rr 
14  Platyceras  ventricosnm  Con.  rr 
15  P.  retrorsum  Hall  (?)  rr 
1G  Dalmanites  pleuroptyx  (Green)  rr 
17  Favosites  couicus  Hall  it 
18  F.  spbaericus  Hall  rr 
19  Streptelasma  strictum  Hall  rr 

Coeymans  limestone;  the  massive  strata  forming  t lie 
upper  part  of  the  vertical  cliff.  Beautifully 
shown  in  the  cliff  on  the  western  side  of  the  road 
.  .  .  The  measurements  along  this  cliff  vary 
from  49  to  52  feet  for  the  thickness  of  the  Pen- 

tamerus  [Coeymans]   52-812J 
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Feet  Total 

Transitional  beds  from  the  Manlius  to  the  Coeymans. 
Tent  a  c  u  I  i  t  e  s  g  y  r  a  cant  h  n  s  Eaton  has 
not  been  noticed  in  this  zone,  which  is  a  little 

below  the  middle  of  the  cliff,  but   S  pi  r  i  f  e  r 
v  a  n  u  x  e  m  i  Hall  reaches  well  toward  its  top. .  .  14J-70>0£ 

Manlius;  thin  bedded  limestone,  forming  lower 
part  of  vertical  cliff.    Some  of  the  layers  contain 

immense  numbers  of   Teutaculites    g  y  r  a  - 
c  a  n  t  h  u  s  Eaton    3H-746 

Rondout  waterlime  (f);  best  exposure  near  the  base 
of  the  cliff  at  the  waterfall.  The  measurements  of 

different  parts  of  the  zone  vary  from  3|  to  4J 

feet1   4^-714  J 
St  rati  graphic  unconformity 

Lorraine  beds.  Partly  covered;  shales  and  thin 
sandstones  of  the  Hudson  river  beds  exposed 
along  the  road.  At  the  top  a  massive  sandstone 
30  or  more  feet  in  thickness  shown  at  the  base 

of  the  cliff  to  the  east  of  the  road,  which  may  be 
called  the  Indian  Ladder  cliff,  at  the  waterfall. 

Mr  Waleott  reported  "  About  300  feet  of  the  Hud- 
son "  in  this  section,  and  found  specimens  of 

O  r  t  h  i  s      testudinaria      and      T  r  i  n  n  - 
c  1  e  u  s   concentricus.2   400-710 

Lower  Hudson  rivdr  beds.    Covered  from  the  station 

to  a  point  near  the  base  of  the  steep  part  of  the 
hill  on  the  Indian  Ladder  road   310-310 

22  Section  of  Countryman  hill,  near  New  Salem 
Prosser  and  Rowe,  fig.  202 

The  following  section  begins  at  the  foot  of  the  steep  cliff  a  little 
north  of  west  of  New  Salem  and  continues  to  the  top  of  the  hill. 
Tt  is  given  in  descending  order. 

Feet  Total 
Hamilton  and  Marcellus   425-1247 
Top  of  Countryman  hill  composed  of  rather 

arenaceous  shales  that  contain  very  few  fossils. 

On  the  top  are  loose  glacial  boulders  of  Cornif- 
erous  [Onondaga]  limestone.  Near  the  base  of 
this  upper  ridge  are  fine,  argillaceous  shales  of 

'This  zone  consists  partly  of  pyritiferous  shales  which  fithologically  differ 
from  the  waterlime  and  Professor  Harris  compares  them  with  the  Brayman 
(Salina)  shales  below  the  Cobleskill  limestone  at  Howes  Cave  (Bnl.  Am. 
Pal.  no.  19.  p.  25)  C.  S.  P.  These  beds  represent  the  basal  layer  of  an  over- 

lapping series,    a.  w.  g. 
2Geol.  Soc.  Am.  Bui.    1890,  1:345. 
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the  Marcellus  shown  in  small  draws,  but  the 
greater  part  of  the  slope  is  covered  by  soil  so 
that  it  is  impossible  to  determine  the  line  of 
division  between  the  Marcellus  and  Hamilton 

formations.  Again  in  the  Helderberg  regioD 
there  is  a  gradual  change  in  the  lithologic  char- 

acters from  the  Marcellus  to  the  Hamilton,  and 

tin*  Marcellus  shales  have  a  greater  thickness 
than  in  central  and  western  New  York.  It  is 

probable  that  the  upper  part  of  the  hill  belongs 
in  the  Hamilton  formation.  To  the  southwest 
across  one  of  the  head  branches  of  the  Onis- 
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kethau  creek  is  the  highest  ridge  of  the  Helder- 
bergs  which  is  composed  of  slightly  arenaceous 
shales  containing  abundant  Hamilton  fossils. 

Onondaga  limestone  
Cliff  of  massive  limestone,  the  top  of  which  forms 

the  upper  terrace  due  to  the  erosion  of  the  Mar- 
cellus  shale.  The  rock  is  light  gray  in  color, 
contains  in  places  a  considerable  amount  of 
chert  and  is  not  very  fossiliferous,  most  of  the 
species  being  corals. 

Schoharie  grit  
An  impure,  dark  gray  limestone  which  weathers 

to  a  buff,  porous  sandrock,  shown  in  places  at 
the  base  of  the  Onondaga  limestone  on  the  cliff 
south  of  west  of  the  house  of  Mr  K.  P.  Parrish, 

where  a  thickness  of  2'  10"  was  measured. 
Esopus  shales  

Blackish,  somewhat  arenaceous  shales  which  con- 
tain specimens  of  Spirophyton  ca  u  da- 

gal  1  i  (Van.)  Hall. 

Oriskany  sandstone  
Very  dark  gray  quartzite  sandstone  which 

weathers  to  a  brownish  color  and  contains 

abundant  fossils.  The  upper  surface  of  this 

sandstone  is  generally  covered  with  mark- 
ings of  Spirophyton  caudagalli, 

and  it  forms  the  upper  part  of  the  lower  ter- 
race.   The  fossils  are: 

1  Spirlfer  arenosns  (Con.)  Hall  a 
2  S.  murchisoni  Cast,  a 
3  S.  pyxidatus  Hall  r 
4  Rensselaeria  ovoides  (Eaton)  Hall  c 
5  Eatonia  peeuliaris  (Con.)  Hall  c 
0  Meristella  lata  Hall  r 
7  Leptocoelia  flabellites  (Con.)  Hall  r 
8  Ortbis  (Rhipidomella)  musculosa  Hall  c 
1)  ELipparionyx  proximus  (Van.)  H.  &  C.  (?)  r 

Small  specimens,  probably  young  individuals. 
10  Platyostoma  ventricosum  Con.  r 
11  Orbiculoidea  ampla  (Hall)—  Discina  grandis  (Hall)  H.  &  C.  r 
12  Ortbis  sp.  V 

13  Stropheodonta  cf.  m'agniventra  Hall  r 14  Platyeeras  nodosum  Con.  r 
Becraft  limestone1   17-596 

Ledge  of  massive,  light  gray,  fossiliferous  lime- 
stone which  is  well  exposed  some  distance 

1  Corrected  measurements  for  this  and  the  New  Scotland  beds  were  given 
by  Prosser  in  Am.  Oeol.  1003.  32:380. 

Feet  Total 

100-822 

3-722 

121-719 

2-598 
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above  the  highway  in  the  vicinity  of  the  house 
of  Mr  K.  P.  Parrish.    The  fossils  are: 

1  Spirifer  concinnus  Hall  a 
2  Sieberella  pseudogaleata  (Hall)  H.  &  C.=  Pentamerus  pseudogaleatus 

Hall  a 
3  Atrypa  reticularis  (Linn.)  Dal.  a 
4  Wilsonia  ventricosa  (Hall)  H.  &  C.=  Rhynchonella  ventricosa  Hall  r 
5  Rhynchonella  (Uncinulus)  nobilis  Hall  c 
6  (Uncinulus)  campbellanus  Hall  r 
7  Orthis  (Schizophoria)  multistriata  Hall  c 
8  O.         (Rhipidomella)  oblata  Hall  r 
9  Spirifer  cyclopterus  Hall  (?)  r 

10  Leptaena  rhomboidalis  (WilcJcens)  H.  cC-  G.  r 
11  Orthothetes  cf.  woolworthanus  (Hall)  H.  &  C.  r 
12  Aspidoerinus  scutelliformis  Hall  a 
13  Lichenalia  torta  Hall  r 
14  Strep telasma  strictum  Hall  r 
15  Favosites  sphaericus  Hall  r 
16  Bryozoa  sp. 

Feet  Total 

New  Scotland  beds   116-579 
Grayish  calcareous  shales  and  shaly  limestones. 

The  shales  contain  great  numbers  of  fossils 
many  of  which  are  nicely  preserved.  This 
formation  constitutes  the  lower  part  of  the  first 
terrace  to  the  west  of  New  Salem  and  has  the 

most  gentle  slope  of  any  of  the  formations  com- 
posing this  part  of  the  hill  until  the  talus  at 

its  base  is  reached.    The  fossils  are: 

1  Stropheoclonta  ( Leptostrophia )  becki  Hall  c 
2  Spirifer  perlamellosus  Hall  a 
3  Leptaena  rhomboidalis  ( WilcJcens)  H.  cC-  C.  a 
4  Trematospira  globosa  Hall  c 
5  Spirifer  cyclopterus  Hall  c 
6  S.  macropleura  (Con.)  Hall  c 
7  Stenoschisma  formosum  (Hall)  H.  t(-  C  — Rhynchonella  formosa  H.  r 
8  Atrypa  reticularis  (Linn.)  Dal.  r 
9  Meristella  nivuata  Hall  r 

10  Orthis  (Dalmanella)  planoconvexa  (Hall)  II.  &  C.  r 
11  Nucleospira  ventricosa  Hall  r 
12  Strophonella  punctulifera  (Con.)  H.  &  C.  c 

Some  of  these  specimens  seem  to  lie  the  species  called  S.  ca  v.'u  rabo'na  II. : 
but  it  is  said  to  be  identical  with  S.  p  u  nc t  i  1  ife ra  (Con.)  II.  &  (  '..  in Paleontology  of  New  York,  v.  8,  pt  l,  p.  391. 

13  Tentaculites  elongatus  Hall  r 
14  Streptelasma  strictum  Hall  r 
15  Fenestella  sp.  c 
16  Dalmanites  pleuroptyx  (Green)  Hull  r 
17  Crinoid  segments 
38  Uncinulus  vellicatus  (Hall)  II.  &  C.^=  Rhynchonella  vellicata  Hull  r 
19  Lichenalia  torta  Hull  v 
20  Uncinulus  abruptus  (Hall)  if.  &  G.=  Rhynchonella  abrupta  //'///  r 
21  Favosites  sphaericus  Hall  v 
22  Batonia  medialis  (Van.)  Hall  r 
23  Rhynchonellii  transversa  //'///  (?)  r 
24  Orthoceras  sp. 
25  Trematospira  multistriata  //'///  r 
26  Avicuia  tenuilamellata  Hall  (?)  r 
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Feet  Total 

Coeymans  limestone   50-463 
Massive,  bluish  gray  limestone  forming  the  upper 

part  of  the  conspicuous  cliff  to  the  west  of  New 
Salem.  This  limestone  forms  the  upper  part 
of  the  prominent  cliff  which  may  be  followed 
from  southwest  of  New  Salem  around  the  north- 

eastern and  northern  ends  of  the  Helderbergs 
to  Altamont.1    The  fossils  are : 

1  Sieberella  galeata  (Bah  )  H.  &  C—  Pentamerus  galeatus  Hall  a 
2  Uneiniilus  mntabilis  (Hall)  H.  c(-  C. 
3  Atrypa  reticularis  (Linn.)  Dal. 

iProfessor  Harris  has  recently  given  the  thickness  of  the  Coeymans  lime- 
stone on  Countryman  hill  as  32  feet  [Am.  Pal.  Bui.  19,  p.  26]  and  that  of 

the  Manlius  limestone  in  the  neighborhood  of  the  Indian  Ladder  as  63.7 
feet  [ibid.,  pi.  1,  fig.  8].  The  total  thickness  for  the  two  formations  in 
Professor  Harris's  section  is  95.7  feet  and  in  mine  96  feet,  which  shows  that 
there  is  scarcely  any  difference  in  the  sections  except  that  Professor  Harris 
drew  the  line  of  separation  between  the  Manlius  and  Coeymans  limestones 
at  a  higher  horizon  than  I  did  between  the  transitional  Tentaculite  and 
Pentamerus  limestones.  In  my  Helderberg  sections  it  was  attempted  to 
divide  this  part  of  the  limestones  into  the  Tentaculite  and  Pentamerus  as 
originally  classified  by  Gebhard  [see  Mather.  Geol.  N.  Y.  1st  Dist.  1810, 
p.  237,  238].  It  was  called  Tentaculite  limestone  as  high  as  Tentacu- 

lite s  g  y  r  a  c  a  n  t  h  u  s  ,  S  p  i  r  i  f  e  r  vanuxemi  or  L  e  p  e  r  d  i  t  i  a 
a  1 1  a  occur  and  then  the  first  lithologic  break  above  was  considered  the 
base  of  the  Pentamerus  limestone.  It  is  probable,  however,  that  according 
to  this  delimitation  the  top  of  the  Tentaculite  limestone  is  not  synchronous 
with  the  top  of  Vanuxem's  "Manlius  water  lime  group"  [ibid..  Geol.  X.  Y. 
3d  Dist.  p.  376.  This  formation  was  vaguely  defined  by  Yanuxem  in  his 
Third  An.  Rep't.  1839,  p.  272  under  the  heading  "  Water  Lime  "  as  "  the 
water  lime  group  of  Manlius"],  and  after  an  examination  of  the  typical 
Manlius  section  I  incline  to  the  opinion  that  the  top  of  the  Manlius  lime- 

stone is  stratigraphically  higher  than  what  was  considered  the  top  of 
Gebhard's  Tentaculite  limestone  of  the  Helderbergs.  In  his  final  report 
Mather  stated  that  "The  Pentamerus  limestone  is  a  mass  of  rock  some  fifty 
feet  in  thickness  "  which  "  forms  a  continuous  stratum  from  the  west  line 
of  Schoharie  county  eastward  to  the  Helderberg  mountains  in  Berne  and 
Bethlehem."  [Geol.  N.  Y.  pt  I,  1813,  p.  317]  and  in  a  general  way  Mather's description  and  thickness  were  accepted  by  me  in  delimiting  the  Pentamerus 
limestone.  Mather,  however,  did  not  clearly  state  the  thickness  of  the 
Tentaculite  limestone  which  he  called  the  upper  member  of  the  "  Water- 
lime  group"  and  stated  that  "The  upper  part  of  the  tentaculite  limestone is  a  black  and  dark  grey  slaty  compact  (in  some  layers  subcrystalline) 
limestone,  in  layers  from  an  inch  to  a  foot  thick.*'  while  the  middle  part  he 
gave  as  "  composed  of  slaty  black  layers  of  compact  limestone,  containing 
an  abundance  of  the  Tentaculites  o  mat  us  [T.  gyra- 
canthusj,  Cytherina  a  1 1  a  [L  e  p  e  r  d  i  t  i  a  a  1 1  a],  O  r  t  h  i  s 
plica  t  a  [Spirifer  vanuxemi],  and  some  of  the  Avicula 
rugosa.  These  are  characteristic  species"  [ibid.,  p.  350].  It  was 
thought  that  in  a  general  way  the  upper  part  of  Mather's  Tentaculite  lime- 

stone corresponded  with  what  I  called  the  transitional  Tentaculite;  but 
perhaps  it  represents  the  zone  which  Professor  Harris  has  indicated  be- 

tween the  limestones  containing  the  Tentaculite  fauna  and  the  overlying 
Coeymans  or  Helderbergian,  in  his  sections  from  Manlius  to  the  Helder- 

bergs [loc.  cit.,  pi.  1,  fig.  8-8].  Charles  S.  J'r'osser 
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Feet  Total 
Transition  beds 12-413 

Thinner  bedded  limestones  than  the  above  which 

are  transitional  in  lithologic  and  faunal  char- 
acters from  the  Pentamerns  [Coeymans]  to  the 

Tentaculite  [Manlius]  limestone. 
Ma nl ins  limestones 31-101 

Dark  blue,  thin  bedded  limestones,  the  layers  of 
which  are  generally  from  one  to  three  inches  in 
thickness  and  break  with  a  ringing  sound. 
These  thin  limestones  form  the  lower  part  of 
the  vertical  cliff  from  Xew  Salem  around  the 

northern  end  of  the  Helderbergs  to  Altamont. 
The  fossils  are: 

1  Tentaculites  gyracanthlis  (Eaton)  Hall  aa 
2  Spirifer  vanuxeiui  Hall  aa 
3  Leperclitia  alta  {Con.)  Hall  aa 
4  Megambonia  ayiculoidea  Hall  v 
5  Modiolopsis  (?)  dvtbia  Hall  r 
6  Chaetetes  (Monotrypella)  arbnseulns  Hall  r 

Covered  by  soil  and  talus   10-367 
Lorraine  beds   57-357 

Bluish   gray,   fairly   massive   sandstones  which 
alternate  with  dark  colored  argillaceous  shales. 

Covered  by  soil,  drift  and  talus  to  the  foot  of  the 

In  the  above  section  the  contact  of  the  Lorraine  beds  and  the 

overlying  limestones  is  covered,  but  in  a  small  glen  west  of 

the  house  of  Kensselaer  Markel  -|  mile  south  of  Xew  Salem  the 
contact  is  clearly  shown.  The  section  of  this  glen  is  as  follows 
[descending  order]  : 

hill 300-300 

23  Section  south  of  New  Saiem 

Prosser  and  Rowe 

Feet  Total 
Coeymans  (partly  exposed) 3S-1S0 

Massive  limestone  forming  cliff  at  the  head  of  the 
run  which  is  the  southerly  continuation  of  the 
lower  cliff  directly  west  of  Xew  Salem. 

Transitional 12.1-142 

Transitional  layers  from  the  Pentamerns  [Coey- 
mans] to  the  Tentaculite  [Manlius]  limestone, 

containing  Spirifer  va  nuxem  i  Hall  and 
Leperditia    alta   (Con.)  Hall. 
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Feet  Total 
Manlius  

Thin  bedded  dark  blue  limestone. 

32|-129J 

Rondout  waterlimc  

Drab,  impure  limestone,  well  exposed  in  the  run 
6^-97 

at  the  foot  of  the  cliff. 

Basal  clastic  beds  of  Rondout  
Greenish  sandstone  to  coarse  arena*  eons  shale 

containing  plenty  of  iron  pyrites,  10  inches  in 
thickness. 

Stratigraph  ic  unconformity 
Lorraine  shales 90-90 

Dark  blue  to  olive  tinted  argillaceous  shales  well 
exposed  in  the  steep  banks  of  the  brook. 

24  Cla^ksville  and  Oniskethau  creek  section 

Prosser  and  Rowe,  fig.  203. 

This  section  begins  about  two  miles  east  of  Clarksville  near  Mr 

Bradford  Allen's  about  one  quarter  of  a  mile  north  of  the  Dela- 
ware turnpike  and  ends  at  the  top  of  Wolf  hill  nearly  two  miles 

west  of  the  village.   The  section  comprises  in  descending  order : 

Brownish  arenaceous  shales  and  sandstones  in 

upper  part.  The  lower  200  feet  or  more  of  black 
arenaceous  shales  which  weather  to  a  brownish 

color,  and  brownish  sandstones,  are  well  ex- 
posed in  the  several  gullies  of  Wolf  hill.  The 

upper  part  of  the  hill  is  mostly  covered  though 
here  and  there  ledges  may  bo  seen.  About  200 
feet  above  the  base  of  the  formation  fossils  begin 
to  appear  in  quite  large  numbers  and  at  about 
400  or  450  feet  they  become  very  abundant.  The 
fossils  are  as  follows: 
Found  about  200  feet  above  base  of  Hamilton. 

1  Lingula  punctata  H.  (?)  rr 
2  Chonetes  deflectns  77.  c 
:;  Newberria  claypolii  //.  (?)  rr 
4  Pentamerella  pavijionen&is  H.  (?)  rr 
5  Camarotoechia  congregata  (Con.)  H.  <&  C.—  Rhynchonella  congregate 

(Con.)  H.  rr 
Found  over  400  feet  above  the  base  of  Hamilton. 

1  Spirifer  acuminatus  I  Con. )  //.  a 
2  S.  mucronatus  (Con.)  Bill,  c 
'A  Tropidoleptus  carinatus  (Cod.)  H.  rr 4  Athyris  spiriferoides  (Eaton)  11.  rr 
5  ( Jhonetes  deflectus  If.  c 
6  Strophalosia  cf.  truncata  (Hall)  U.  &  C.  r 

Feet  Total 
Hamilton  shales 490-1261 
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7  Pteriuea  flabelluni  (Con.)  H.  r 
8  Nyassa  arguta  H.  aa 
9  Leptodesma  rogersi  H.  rr 

10  Actinopteria  subdecussata  H.  rr 
11  Liopteria  dekayi  H.  rr 
12  L.  bigsbyi  H.  rr 
13  Palaeoneilo  maxima  (Con.)  H.  rr 
14  p.  constriota  (Con.)  H.  r 
15  Modiomorpha  concentrica  (Con.)  H.  rr 
16  Tentaculites  bellulus  H.  (?)  rr 

oj      I  Sea  Level    _ 

Fig.  203  Section  of  escarpment  near  Clarksville.    (After  Prosser) 
Feet  Total 

Marcellus  shales   300-771 

Black  argillaceous  shales  with  dark  slightly  cal- 
careous sandstones.  In  a  gully  in  the  rear  of  the 

house  of  Elias  Mathias  the  upper  200  feet  of 
this  formation  are  well  exposed  as  well  as  its 
gradual  transition  to  the  arenaceous  shales  of 
the  Hamilton.  The  lower  100  feet  or  more  of 
this  formation  are  covered,  after  that  there  are 

about  80  feet  of  black,  argillaceous  shales,  then 
about  30  feet  of  shales  of  this  character  inter- 

spersed frequently  with  layers  of  slight lv  cal- 
careous, dark  sandstone,  above  which  are  85 

feet  of  dark,  argillaceous  shales.    It  is  rather 
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difficult  to  distinguish  the  line  of  division  be- 
tween this  formation  and  the  Hamilton.  At  the 

point  where  the  division  has  been  made  the 
shales  suddenly  become  more  arenaceous  in 
character  though  they  still  retain  their  black 
color,  except  that  when  exposed  they  weather 
brown.   The  fossils  are  : 

1  Chonetes  inucronatiis  H.  a 
2  Glyptocardaa  speciosa  H.  a 
3  Coleolus  tenuicinctum  H.  v 
4  Goniatites  discoideus  H.  c 

Feet  Total 

Onondaga  limestone   85—471 
A  massive  gray  limestone  in  which  large  quan- 

tities of  chert  may  be  found  in  thin  layers. 
According  to  the  statement  of  Mr  H.  Ingraham, 
who  drilled  a  well  through  this  formation  about 
a  quarter  of  a  mile  south  of  Clarksville,  the 
upper  nine  feet  are  entirely  clear  of  chert,  below 

this  are  15  feet  in  which  the  chert  is  very  abun- 
dant. In  the  lower  part  of  the  formation  chert 

was  encountered  but  in  rather  small  quantities. 
There  is  an  outlier  of  this  formation  which 

forms  the  top  of  the  ridge  east  of  the  village, 
and  when  the  Oniskethau  creek  cut  through  this 
ridge  the  outlying  area  was  cut  off  from  the  rest 
of  the  formation.  This  outlier  was  mentioned 

by  Mr  Darton  who  noted  the  infrequency  of 
such  outliers  in  this  formation.1  The  measure- 

ment of  this  formation  was  taken  at  the  foot  of 

Bennett  rather  than  Wolf  hill,  because  the  ex- 
posure there  permitted  it  to  be  more  accurately 

done.    The  fossils  are  : 

1  Meristella  unisulcata  (Con.)  II.  r 
2  Leptaena  rhomboidalls  (Witch.)  II.  &  C.  r 
3  Atrypa  reticularis  (Lin.)  Dal.  an 
4  A.         spinosa  //.  a  a 
5  Pentamerella  arata  (Con.)  II.  c 
<;  Stropheodonta  coneava  //.  r 
7  S.  tcxtilis  //.  rr 
8  Spirifer  duodenarius  //.  ;i 
9  S.  maorus  //.  (?)  rr 

10  Dalmanites  (Coronura)  aspectans  (Con.)  II.  rr 
11  Phacops  criartata  /•'//-.  pipa  //.  rr 12  Platyceras  duniosun]  Con.  c 
13  Cyrtooeras  sp.  rr 
14  Zaphrentis  gigantea  (LeSueur)  Edw.  &  If.  rr 
15  Z.  cornioulum  (LeSueiir)  Edic.  &•  H.  rr 16  Fenosiclla  biseriata  H.  rr 

JN.  Y.  State  Geol.  13th  An.  Rep't,  p.  242. 
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Feet  Total 

Schoharie  grit   3-380 
A  dark,  impure  limestone  which  weathers  to  a 

buff,  porous  sandstone.  The  erosion  of  the  On- 
ondaga limestone  has  left  this  formation  well 

exposed  at  Clarksville  both  at  the  foot  of  the 
upper  gorge  and  the  top  of  the  lower  and  fossils 

may  easily  be  collected  from  it.  Among  the  fos- 
sils found  here  are : 

1  Stropbonella  ampla  (Hall)  H.  &  C.  r 
2  Atrypa  reticularis  (Lin.)  Dal.=  Atrypa  impressa  H.  aa 
3  Pentamerella  arata  (Con.)  H.  a 
4  Meristella  (Pentagonia)  unisulcata  (Con.)  H.  it 
5  M.  nasuta  (Con.)  H.  aa 
6  Centronella  glans-fagea  II.  r 
7  Ortbis  (Rhipidomella)  peloris  H.  (?)  rr 
8  0.         (R.  )  alsns  H.  r 
9  O.         (Scbizophoria)  propinqua  H.  (?)  rr 
10  Spirifer  raricosta  (Con.)  H.  r 
11  S.  duodenarius  H.  rr 
12  S.  fimbriates  (Con.)  Bill,  rr 
13  Ortbotbetes  pandora  (Bill.)  H.  &  C.  rr 
14  Chonetes  hemispbericus  H.  r 
15  Cyrtiua  bamiltonensis  H.  rr 
16  Stropbeodonta  perplana  (Con.)  II.  rr 
17  S.  inaequiradiata  H.  rr 
18  S.  demissa  (Con.)  H.  r 
19  Coelospira  Camilla  H.  r 
20  Amphigenia  elongata  (Van.)  H.  rr 
21  Cypricardinia  planulata  (Con.)  H.  r 
22  Conocardiiun  cuneus  (Con.)  8.  A.  Miller  c 
23  Phacops  cristata  H.  r 
24  Dalmaiiites  anchiops  (Ghreen)  H.  r 
25  Ortboceras  zeus  H.  (?)  rr 
26  O.  sp.  c 
27  Gyrtoeeras  cf.  eugenium  H.  rr 
28  Zaphrentis  sp.  a 

External  iraprossinn. 
29  Streptelasma  sp.  c 

External  impression. 

Esopus  shales  

Blackish,  arenaceous  shales  with  S  p  i  r  o  p  b  y  - 
ton  caudagalli  (Van.)  Hall.  The  upper 
five  or  six  feet  of  this  formation  is  a  very  heavy 
sandstone,  somewhat  calcareous,  which  seems  to 
gradually  pass  into  the  Schoharie  grit.  Only 
that  however,  which  contains  fossils  has  been 
referred  to  the  Schoharie. 

Oriskany  sandstone  
A  brownish  black,  crystalline  sandstone  which 

weathers  i<>  a  lighl  brown  porous  sand-stone.  In 
the  creek  aboul  a  mile  below  the  village  tins  rock 
is  n  1  most  black  and  at  the  same  distance  north 

121-383 

1-262 
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of  it  numbers  of  the  weathered  blocks  may  be 
found,  while  about  one  mile  northeast  of  the  vil- 

lage it  forms  the  floor  of  a  terrace  from  a  quar- 
ter to  a  half  mile  in  width. 

Bccraft  limestone  
A  massive  light  gray  limestone  containing  many 

fossils  among  which  are  large  numbers  of 
A  s  p  i  d  o  c  r  i  n  u  s  s  c  u  t  e  1 1  i  f  o  r  m  i  s  Hall. 
As  this  formation  was  not  well  exposed  in  the 
line  of  the  regular  section,  the  measurement  was 
taken  about  half  a  mile  north  of  it  at  Mr  Gilbert 
Kniffens.    The  fossils  are: 

1  Aspidoerinus  scutelliformis  11.  aa 
2  Stropheodonta  becki  II.  rr 
3  Leptaena  rhomboidalis  (Wilck.)  11.  &  C.  rr 
4  Spirifer  coiicimius  II.  rr 
5  Stropbonella  punetulifera  (Con.)  II.  d  C.  a 
6  Atrypa  reticularis  (Lin.)  Dal.  c 
7  Ortbis  (Rbipidomella)  discus  H.  rr 
8  0.        (R.  )  oblata  H.  r 
9  O.         (Dalmanella)  planoconvex  a  H.  (?)  rr 

10  Ortbotbetes  Avoolwortbanus  (Hatt)  H.  d  C.=Stropbomena  woolwortbana 
H.  rr 

Feet  Total 

Xew  Scotland  beds   127-241 

A  gray,  shaly  fossil  if  erous  limestone  with  occa- 
sional beds  of  massive  limestone  forming  a  gen- 

tle slope.  On  account  of  the  shaly  character  of 

this  formation  a  good  exposure  is  seldom  ob- 
tained.  The  fossils  are: 

1  Spirifer  inacropleiira  (Con.)  H.  aa 
2  S.  cyclopterus  H.  a 
3  S.  perlamellosus  //.  r 
4  Leptaena  rbomboidalis  (Wilck.)  II.  &  C.  c 
5  Leptaenisca  concava  (Hall)  H.  ct  C.  c 
C>  Stropbeodonta  (Leptostropbia )  becki  II.  a 
7  S.  varistriata  rar.  arata  //.  rr 
8  Eatonia  medialis  (Van.)  II.  r 
i)  E.  singularis  (Van,)  II.  rr 

10  Stropbonolla  punetulifera  (Con.)  H.  d  C.  c 
11  Ortbis  (Dalmanella)  subcarinata  //.  rr 
12  O.         (D.  )  planoconvexa  II.  r 
13  O.        (D.  )  perelegans  //.  rr 
14  O.         (Rbipidomella)  oblata  II.  rr 
15  O.         (Ortbostropbia)  stropbomenoides  //.  rr 
16  Meristella  laevis  (Van.)  Whitfield  r 
17  M.  bella  //.  (?)  rr 
18  M.  arcuata  (Hall)  II.  &  C.  rr 
19  Atrypina  imbricata  (//(///)  //.  &  C.  rr 
20  Uncinulus  nucleolatus  (Hall)  II.  &  C.=  Rhynchonella  nucleolata  //.  rr 
21  U.  vol  Meatus  (Hall)  11.  d  C.  rr 
22  U.  abruptus  (Hall)  H.  <(•  C.  rr 
23  II.  pyramidatus  iJ/ull)  It.  d  C.  rr 

Feet  Total 

20-261 
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24  StenOchisma  formosum  (Hall)  H.  &  C—  Rhynchonella  formosa  H.  rr 
25  S.  altiplicatum  (Hall)  H.  &  G.  rr 
26  Orthotbetes  woolworthanus  (Hall)  H.  d-  C=Strophomena  woolworthana H.  r 
27  Coelospira  eoncava  (Hall)  H.  &  C.  r 
2S  Orbicnloidea  discus  (Hall)  H.  &  C.  (?)  rr 
29  Tremiatospira  sp.  rr 
30  Avicula  communis  H.  r 
31  Conocardium  sp.  rr 
32  Dalmanites  pleuroptyx  (Green)  H.  c 
33  Phacops  logani  Hall  (?)  rr 
34  Platyeeras  of.  gebhardi  Con.  rr 
35  P.  ventricosum  Con.  rr 
36  Streptelasma  strictum  i/.  a 
37  Favosites  sphericus  H.  rr 
3S  Chaetetes  (Monotrypella)  arbusculus  i/.  rr 
3^  O.  colliculatus  H.  rr 
40  Tentaculites  elongatus  //.  rr 
41  Ptilodictya  nebulosa  £T.  rr 
42  Fenestella  sp.  r 
43  Licbenalia  sp.  rr 

Feet  Total 

Coeymans  limestone   36-114 
A  massive  dark  gray  limestone  which  breaks  into 

very  irregular  blocks.  Fossils  are  not  very  plen- 
tiful and  are  very  difficult  to  obtain  unless  the 

rock  has  been  slightly  burned.  This  formation 
is  not  as  conspicuous  here  as  it  is  farther  north 
and  the  dividing  line  between  it  and  the  shaly 
[New  Scotland]  above  is  not  well  shown.  The 
fossils  are : 

1  Sieberella  galeata  (Dal.)  H.  &  C.=  Pentamerus  galeatus  (Dal.)  r 
2  Strophonella  puuctulifera  (Con.)  H.  &  C.  r 
3  Stropbeodonta  (Bracbypriou)  varistriata  (Con.)  H.  <X-  C.  r 
4  Spirifer  vanuxemi  H.  a  a 
5  S.  perlamellosus  H.  rr 
6  Atrypa  reticularis  (Lin.)  Dal.  r 
7  Uncinulus  mutabilis  (Hall)  H.  cC-  GJ=  Rhynchonella  mutabilis  H.  p 
8  Rhynchonella  semiplicata  (Con.)  H.  r 
9  Meristella  laevis  H.  rr 

10  Ortbis  (Ortbostropbia)  stropbomenoides  Hall  (?)  rr 
11  O.        sp.  rr 
12  Auastropbia  verneuili  (Hall)  H.  &  C.  (?)  rr 
13  Favosites  belderbergiae  H.  rr 

Transitional  beds   12-78 

Limestone  which  in  appearance  and  fracture  is 
much  like  the  Pentamerus  [Coeymans]  but 
which  contains  a  mixture  of  Pentamerus  and 

Tentaculite  faunas,  and  is  transitional  between 
these  two  formations.    Sonic  of  the  fossils  are: 

1  Leperditia  aita  (Con.)  Hall  aa 
2  Spirifer  vanuxemi  If.  r 
3  Pterinea  communis  //.  rr 
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Feet  Total 
Ma nl i us  limestone   4()-6(> 

Dark  blue  thin  bedded  limestone  which  breaks 

into  almost  regular  blocks.    The  fossils  are : 
1  Tentaculites  gyracanthus  {Eaton)  Hall  aa 
2  Spirifer  vamixemi  Hall  a 
3  Stroplieodonta  (Brachyprion)  varistriata  (Con.)  H.  v 
4  Megambonia  aviculoidea  H.  (?)  c 
5  Leperditia  alta  (Con.)  H.  c 
6  Chaetetes  (Monotrvpella)  arbusculus  H.  c 

Covered  by  soil   2(3-20 

25  Summary  of  the  stratigraphy  of  Becraft  mountain  and  vicinity 
near  Hudson  N.  Y.1 

In  structure  Becraft  mountain  is  a  synclinorium, 
the  axes  of  which  pitch  southward  except  near 
the  southern  end  where  they  rise  again,  through 
faulting,  thus  forming  a  basin  structure. 
Along  the  eastern  side  the  dip  of  the  strata 
averages  about  12  degrees  into  the  mountain, 
but  the  western  side  shows  a  number  of 

asymmetric  anticlinal  folds  with  steep,  often 
overturned  western  limbs.  The  structure  is 

furthermore  complicated  by  a  number  of  faults 

of  which  21  have  been  definitely  located.  Sev- 
eral of  these  faults  present  interesting  over- 

thrust  features  while  repetition  of  the  strata 

is  of  common  occurrence.  The  following  forma- 
tions occur: 

Feet  Total 

Onondaga  limestone   20-25 
This  is  found  only  in  a  synclinal  trough  forming 

the  high  ground  in  the  southeastern  part  of  the 
mountain.  It  is  a  dark  gray,  finely  crystalline 
lime  sandrock;  rare  in  fossils.  Those  recorded 
arc : 

Chonophyllum  Spirifer  varicosus 
Favosites  Atrypa  reticularis 
Stromatopora  Leptaena  rhomboidalis 
Zapbrentis  sp.  Orthothetes  pandora 
Odontccepbahis  selenurus  Euomphalus  sp. 
Spirifer  ruricosta 

This  is  the  highest  formation  of  Becraft  moun- 
tain. 

'(irnhnu.  A  W.  Stral  iirraphv  of  Reeraft  Mountain.  Columbia  Co..  N.  Y. 
N.  Y.  State  Paleontol.  Rep't.    1903.    p.  1030-70. 
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Feet 

Esopus  and  Scholia rie  grits   300 
These  are  practically  indistinguishable  except  by 

the  fact  that  the  Schoharie  member  (about  200 

feet  thick)  shows  good  cleavage  while  the 

Esopus  "  checks  "  readily  into  small  fragments. 
Good  exposures  of  both  formations  are  found 
along  the  Newman  road  which  crosses  Becraft 

mountain  longitudinally.  Both  are  dark  silici- 
ous  muds  with  scarcely  any  fossils  and  much 
affected  by  cleavage.  The  following  fossils  have 
been  listed  from  the  Schoharie : 

Dalmanites  anchiops 
Phacops  cf.  bomibifrons 
Coelospira  cf.  Camilla 
Chonetes  cf.  areuatus1 

Oriskany  quartzite   1-2 
These  are  silicious  limestones  and  quartzite  beds 
which  weather  brown  leaving  the  fossils  as 
molds.  Much  chert  is  present.  Few  exposures 
in  situ  are  met  with,  the  best  one  being  on  the 
Newman  road  before  it  ascends  the  knoll  of  Eso- 

pus shales.  In  the  meadows  bordering  the 
swamps  around  this  knoll  are  loose  fragments 
of  this  rock  from  which  the  characteristic  fossils 

may  be  obtained.    The  commoner  species  are  : 

Cyrtolites  expansus  Hall 
Diaphorostoma  (lesmatum  Clarke 
D.  ventricosum  Conrad 
Pterinopecten  proteus  Clarice 
Rensselaeria  oroides  Eaton 
Megalanteris  oralis  Hall 
Coelospira  dichotoma  Hall 
Leptocoelia  flabellites  Conrad 
Spirifer  arenosus  Conrad 
Sp.        murchisoni  Castelnau 
Chonetes  hudsonicus  Clarke 
Anoplia  nucleata  (Hall) 
Orthotlietes  becraftensis  Clarke 
Leptostrophia  oriskania  Clarke 
Brachyprion  majus  Clarke 
Leptaena  rhouiboidalis  (Wilckens) 
Crania  pulchella  Hall  &  Clarke 

The  total  number  of  species  listed  from  this  fauna  by  Clarke 
is  113.  Of  these  25  are  Helderbergian,  24  occur  in  the  normal 
Oriskany  of  Schoharie  and  the  Helderbergs,  10  arc  found  in  the 
Onondaga  and  1  in  the  Hamilton.  The  remainder  arc  peculiar 
to  it. 

1  Clarke.  J.  M.  Oriskany  Fauna  of  BeCrftfl  Mountain.  Columbia  Co.  X.  Y. X.  Y.  State  Mus.  Mem.  8. 
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Feet 

Port  Eiccn  limestone   25 

This  is  a  dark  lime  sandrock  resembling  closely  the 
Coeymans,  and  like  it  containing  chert.  The 
beds  are  transitional  from  the  Becraft  to  the 

Oriskany  both  lithically  and  faunally.  The  best 
exposures  are  on  the  wood  road  which  leads 
southward  from  the  Jones  quarries  across  the 
top  of  the  hill.  Among  the  common  fossils  are : 
Monotrypella  tabu  lata  (Hall)  and 
Spirifer  concinnus  Hall  (lower  and 
middle  beds),  bnt  such  characteristic  Oriskany 

species  as  C  1  a  d  op  o  r  a  s  t  y  p  h  e  1  i  a  ,  Or- 
thothetes  becraftensis,  Stropheo- 
d  o  n  t  a  magnifica  and  E  a  t  o  n  i  a  pe- 

culiar i  s  also  occur. 

Becraft  limestone   40-50 
This  is  the  type  locality  for  this  formation.  It  is 

abundantly  exposed  in  the  quarries  on  the  moun- 
tain, being  extensively  used  at  present  in  the 

manufacture  of  Portland  cement.  The  rock  is  a 

coarsely  crystalline  lime  sandrock  of  light  gray 
color  passing  locally  into  a  shell  rock  or  coquina. 
The  most  abundant  fossils  are: 

Aspidocrinus  seutelliformis  Hall  (in  the  lower  bed) 
Spirifer  coneinnus  Hall 
Sieberella  pseudogaleata  Hall 
Uncinulus  camipbellanus  (Hall) 
Atrypa  reticularis  (Linn.) 

Neto  Scotland  si  talc   70-75 
These  are  thin  bedded  calcareous  and  silicious  clay 

mudrocks  sometimes  approaching  to  impure 

limestones.  They  represent  a  nearer  shore  de- 
posit than  the  corresponding  beds  of  Schoharie, 

though  (heir  thickness  is  less  than  in  that  region. 
Fossils,  though  abundant,  are  generally  only 
preserved  as  molds.  The  following  species  arc 
common  : 

Orthothetes  woolworthanus  Hall 
StropheodK>nta  becki  Hall 
Stroplionclla  hieadleyana  Hall 
Leptaena  rhoinboidalis  (Wilckens) 
Spirifer  macropleura  (Conrad) 
s.  perlamellosus  Hall 
Eatonia  medialis  Vanuxem 
Dalmanites  micrurus  Qrcen 
D.  nasurus  Conrad 

The  best  exposures  are  In  the  quarry  at  the  crusher 

near  Joneslmrgh  and  above  Ihe  cliff  on  the  east- 
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era  part  of  the  mountain.  Numerous  boulders 

are  scattered  or  piled  up  in  fences  on  the  moun- 
tain and  from  these  the  fossils  may  be  obtained. 

Feet 

Coeymans  limestone   42-45 
This  is  a  compact,  finely  crystalline,  generally 

dark  colored  lime  sandrock  with  many  fossils, 

chief  among  which  are  Atrypa  reticu- 
laris and  Sieberella  galeata.  Layers 

of  chert  are  not  infrequent  and  in  some  outcrops 
form  a  constant  and  characteristic  feature.  The 

lower  layers  are  rich  in  Favosites  hel- 
derbergiae  and  are  well  exposed  in  the  city 
quarry.  The  formation  generally  makes  a  cliff 
which  is  one  of  the  characteristic  features  of 

the  mountain.  Above  the  cliff  is  a  sloping  bank 
formed  by  the  thinner  bedded  upper  Coeymans 

strata,  which  are  transitional  to  the  New  Scot- 
land.   The  common  species  here  are: 

Fistulipora  torta  Hall 
Leptaena  rhoniboidalis  (Wilckens) 
Stropheodonta  varistriata  arata  Hall 
Spirifer  perlarnellosus  Hall 
Atrypa  reticularis  Linne 
Sieberella  galeata  {Conrad) 

With  these  are  other  species  more  characteristic 
of  the  higher  beds. 

Manlius  limestone   55 

This  rests  unconformably  on  the  upturned  Hud- 
son river  slates,  the  contact  being  exposed  at  the 

northern  end  of  the  mountain  near  the  old 

Greenport  tavern,  at  the  place  where  the  great 
spring  of  the  Hudson  aqueduct  issues.  The  rock 
is  throughout  a  banded  lime  mudrock  and  fossils 
are  extremely  rare,  Leperditia  a  1 1  a  alone 
occurring  at  intervals.  Several  Stroma topora 
beds  occur  in  the  upper  part  of  the  scries,  the 
highest  of  them  forming  the  terminal  member 
of  the  Manlius.  In  it  occurs  a  modified  Cobles- 
kill  fauna,  the  following  species  having  been 
found  : 

Stroniatopora  (Syringostroma)  sp.  cc 
Spirifer  vanuxemi  Hall  c 
S.  corallinensis  Grdbau  r 
S.  eriensis  Grdbau  var.  c 
Camarotoechia  hudsonica  Grabaa  c 
Rhynchospira  excavata  Oraban  rr 
Wliitfieldella  cf.  nitida  If  all  rr 
Gastropod 
Leperditia  alta  c 
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The  transition  to  the  Coeymans  is  abrupt.  These 
higher  beds  are  best  exposed  in  the  city  quarry 
near  the  Hudson  cemetery. 

Hudson  river  beds.    The  lowest  beds  exposed  in  this  region  are 
the  Hudson  river  shales  and  sandstones.    These  are  best  shown 

at  the  northern  end  of  Mt  Moreno,  just  south  of  the  city  of 
Hudson.    A  quarry  at  the  extreme  northern  end  of  the  hill  shows 

mudrocks  and  sandrocks,  forming-  a  pitching  anticline.    Some  of 
the  beds  are  carbonaceous  and  in  these  graptolites  of  lower  Cham- 
plainic  or  Beekmantown  age  occur.    The  following  species  are 
common : 

Phyllograptus  angustifolius  Hall 
P.  postremus  Rued. 
Trigonograptus  ensiforinis  Hall 
Cliniaccgraptus  imn^ens  lined. 
Djplograptus  dentatiis  Bcogn. 

These  beds  represent  according  to  Kuedemann,  the  third  Deep 
kill  zone  of  the  lower  Hudson  river  faunas. 

Cambric  strata  have  been  reported  from  Mt  Moreno  but  they 
have  not  been  definitely  located.  Higher  up  on  the  northern 
face  of  the  hill  is  a  quarry  in  shales  with  a  Xormanskill  or  middle 

Trenton  graptolite  fauna  comprising  C  o  e  n  o  g  r  a  p  t  u  s  g  r  a  - 
c  i  1  i  s  Hall,  D  i  d  y  m  ograptus  s  a  g  i  1 1  a  r  i  u  s  Hall,  D . 
tenuis   Hall,  and  other  species. 

Burden  conglomerate.  A  calcareous  conglomerate  in  which  the 

pebbles  are  chiefly  limestones  cemented  by  a  more  or  less  calca- 
reous cement  is  exposed  east  of  Mt  Becraft  on  a  small  tributary 

of  Claverack  creek.  Fragments  of  it  are  found  scattered  over 
Mt  Becraft,  and  it  also  occurs  at  the  Burden  iron  mine  five  miles 
south  of  Hudson.    Its  age  is  probably  lower  Champlainic. 

26  General  section  of  the  strata  of  the  southern  Helderbergs  and  the 

cement  region  of  Ulster  county,  N.  Y.1  p^ 
Catskill   1725 

White  conglomeratic  sandstone,  forming  the  summit 
of  Slide  mountain.  It  is  a  coarse  grained  heavy 

bedded  moderately  bard  sandstone  containing  dis- 
seminated pebbles  of  quartz  or  light  colored  quart- 

zite,  and  streaks  of  conglomerate.  Greatest  thick- 
ness on  Slide  mountain   350 

1Darton,  X.  II.    Geology  of  Ulster  County  X.  Y.    X.  Y.  Slate  Geol.  13th  An. 
Rep't.    1894.    v.  L,  p.  297  et  seg. Prosser,  Charles  S.    Classification  and  Distribution  of  the  Hamilton  and 
Chemung  Scries  of  Centra]  and  Eastern  X.  v.,  pi  2,  X.  Y.  State  Geol. 
ITtli  An.  Rep't  and  X.  Y.  State  Mas.  5ls1  An.  Rep't.     1899.  v.2. 

Van  Ingen,  <J.  and  Clark.  I'.  E.    Disturbed  Fossiliferous  Rocks  in  the 
Vicinity  of  Rondout  X.  Y.    X.  V.  State  Paleontol.  Rep't  1002.  1003. 1>.  1 177  et  seq. 
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Feet 

Red  conglomeratic  sandstone.  Coarse  heavy  bedded 

sandstone  of  dull  brownish  hue,  containing  dis- 
seminated pebbles  and  conglomeratic  streaks, 

differing  from  the  overlying  beds  chiefly  in  color, 
In  both  series  the  pebbles  and  conglomeratic 
streaks  are  scattered  and  irregular,  while  the  sands 

are  often  coarsely  cross-bedded.  Thin  layers  of 
red  shale  occur,  and  locally  gray  sandstones.  The 

rocks  have  much  more  the  aspect  of  a  conti- 
nental formation  than  of  an  estnarine  formation, 

and  may  very  well  represent  the  accumulations  on 
the  flood  plains  and  deltas  of  large  rivers,  at  a 
moderate  level  above  the  sea.  Thickness  of  con- 

glomeratic sandstone   1375 

Oneonta  (Upper  flagstone  series  )    3000 
Thin  and  thick  bedded  sandstones  from  20  to  200  feet 

thick  with  intercalated  red  shales  up  to  30  feet 
thick.  The  sandstones  are  chiefly  light  gray  to 

gray  brown  in  color,  and  contain  many  beds  suit- 

able for  flagstones  or  "  blue  stone.''  Heavy  cross- 
bedded  layers  occur,  and  occasional  dark  shale 
layers.  Local  occurrences  of  conglomerates.  The 
formation  is  best  exposed  in  the  upper  Esopus  and 
Kondout  valleys. 

Sherburne  (Lower  flagstone  series)   HOO 
Thin  bedded  sandstones,  with  intercalated  beds  of 

dark  shale.  The  sandstones  are  in  masses  from  a 

few  inches  to  40  feet  in  thickness,  greenish  gray  to 

light  bluish  gray  or  dark  gray  in  color  and  are  ex- 
tensively quarried  as  flagstones.  Occasional  thin 

streaks  of  quartz  conglomerate  occur. 
Hamilton  shales   000 
Dark  gray  to  black  or  brown  shales  with  thin 

arenaceous  beds  in  the  upper  part.  The  best  ex- 
posure is  in  Mount  Marion,  southwest  of  Sanger 

ties.1  The  following  species  are  recorded  by  Gros- 
ser from  this  locality.2 

lMt  Marion  station  is  on  the  West  Shore  Railroad  about  S  miles  north  of 
Kingston.  The  host  locality  for  collecting  fossils  is  in  a  cliff  loo  feet  high 
on  the  west  hank  of  the  [Maaterskill,  where  this  stream  is  crossed  by  the 
highway  west  of  .Mt  Marion  station. 

'Prosser,  Charles  s.  classification  and  Distribution  of  the  Hamilton  and 
Chemung  Series  of  Eastern  X.  V.,  pi  2.  x.  V.  state  Mus.  ">lst  An.  Etep't 1899.  v.2. 
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1  Bellerophcm  sp.  rr 
2  Nyassa  arguta  Hall  rr 
3  N.  recta  Hall  rr 
4  Ortbouota  parvula  Hall  r 
5  Paracyclas  lirata  (Con.)  Hall  r 
6  Spirifer  granulosus  Hall  a 
7  S.  mucronatus  (Con.)  J3/77.  r 
8  Orthis  ( Schizopboria )  impressa  #(///  r 
9  Chonetes  scitulus  Hall  r 

10  C.  cf.  setigerus  Hall  r 
11  C.  coronatus  (Con.)  Hall  rr 

12  Pleurotomaria  rotalia  H"aZZ  (?)  rr 13  Orthoceras  sp.  rr 
14  Palaeoneilo  plana  flaZZ  rr 
15  Xuculites  oblongatus  (Con.)  Hall  rr 
16  N.  triqueter  Cow.  rr 
17  Nucula  corbuliformis  IZa?/  r 
18  N.        bellistriata  (Con.)  Hall  r 
19  Plant  stems  rr 
20  Modiomorpha  concentrica  (Con.)  Hall  r 
21  Granirnysia  sp.  rr 
22  Dignomia  alveolata  (Hall)  H.  and  C.  rr 
23  Lingula  densa  Hall  r 

Onondaga  limestone   

Light  bluish  gray  dense-textured  and  massively 
bedded  limestone  with  much  chert  in  thin  beds  and 

elongated  lenses,  most  frequently  in  the  upper  bed. 
The  basal  beds  are  often  silicious  or  argillaceous 
lime  sandrocks  forming  passage  beds  from  those 

below.  The  commoner  fossils  occur  in  it, -specially 
A  t  r  y  p a  retieulari s,  Leptostrop  hia 
per  plana,  P  1  a  t  y  c  e  r  a  s  d  u  m  o  s  u  m , 
Lep  taena  rlio  m  b  o  i  d  a  1  i  s ,  etc. 

Schoharie  and  Esopus  

Argillaceous  quartz  sandrock  to  silicious  clay  mud- 
rock,  dark  colored  often  black  when  fresh  and 
commonly  much  cleaved,  seldom  shaly.  On 
weathered  surfaces  it  breaks  up  into  small 

irregular  checkers.  S  p  i  r  o  p  h  y  t  o  n  c  a  u  d  a  - 
galli  occurs  on  some  surfaces.  In  the  upper 
layers  occur  Lepitocoelia  a  c  u  t  i  p  1  i  c  a  t  a, 
A  t  r  y  p  a  s  p  i  n  o  s  a,  and  an  Orbiculoidea  ?. 
These  layers  become  more  calcareous  and  merge 
into  the  overlying  Onondaga. 

Oriskany  
Quartz  conglomerates,  and  sandstones  or  quartzites, 

calcareous  quartz  sandrock  and  silicious  lime 
sandrock.  Fossils  are  abundanl  and  in  the  decom- 

posed portions  weather  in  relief  making  specimens 
of  great  beauty.    Van  Tngen  and  Clark  list  94 
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species  from  Gleu  Erie,  20  of  which  are  also  New 
Scotland  species.     The  abundant  and  common 
species  are : 

Monotrypella  sphaerica  Hall  a 
Edriocriuus  sacculus  Hall  c 
Pholidops  terminalis  Hall  a 
P.  ovata  Hall  c 
Rbipidoniella  oblata  Hall  c 
R.  musculosa  Hall  a 
Dalinanella  perelegans  Hall  c 
D.  planoconvexa  Hall  a 
D.  ventricosa  Hall  a 
Brachyprion  schiicbertanum  Clarke  c 
B.  majus  Clarke  c 
Leptostropbia  becki  Hall  c 
L.  magnifica  Hall  a 
L.  magniventer  Hall  a 
L.  oriskania  Clarke  c 
Ortbotbetes  becraftensis  Clarke  a 
O.  woolwortbanus  Hall  c 
Hipparionyx  proxhnus  Vanuocem  c 
Cbonostropbia  couiplanata  Hall  c 
Cbonetes  budsonicus  Clarke  c 
Anoplia  nucleata  J2a7Z  a 
Plethorhyncba  pleiopleura  c 
P.  fltcbana  Hall  e 
Camarotoecbia  oblata  Hall  a 
Eatonia  peculiaris  Conrad  a 
Coelospira  dicbotoma  £Ta/?  a 
C.  concava  Ifa?^  c 
Leptocoelia  flabellites  Conrad  a 
L.  acutiplicata  Conrad  c 
Cyrtina  rostrata  Hall  a 
Spirifer  arenosus  Conrad  c 
S.  murcbisoni  Castelnau  a 
S.  tribulis  J?a??  a 
S.  cyclopterus  H all  a 
S.  saffordi  Hall  a 
S.  modestus  Hall  c 
Metaplasia  pyxidata  Hall  c 
Ambocoelia  sp.  nov.  c 
Meristella  lentiformis  Clarke  c 
M.  lata  Hall  c 
Nucleospira  ventricosa  Hall  c 
Parazyga  deweyi  J/a/Z  c 
Oriskania  navicella  Hall  and  Clarke  c 
Megalanteris  oralis  Hall  c 
Beacbia  suessana  Hall  c 
Rensselaeria  ovoides  Eaton  c 
Actinopteria  arenaria  Hall  c 
Tentaculites  elongatus  Hall  c 
Diapborostoma  desmatum  Clarke  c 
D.  ventricosum  Conrad  a 
Platyceras  gebbardi  Hall  c 
P.  nodosum  Conrad  a 
P.  reflexum  Hall  c 
Dalmanites  pleuroptyx  Green  c 
D.  stemmatus  Clarke  c 
Spirophyton  caudagalli  Vanuxem  c 
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Port  Eiven   30-150 

Silieio  argillaceous  lime  sandroeks  and  lime  mud- 
rocks,  often  pyritiferous.  A  well  marked  concre- 

tionary (or  conglomeratic  ?!  structure  is  seen  in 
the  typical  locality  on  the  cut  of  the  West  Shore 
railroad  near  the  Wilbur  bridge.  These  nodules 
of  lime  mark  the  bedding  plane  and  they  readily 
weather  away  leaving  large  cavities.  In  these 
hollows  silicified  fossils  are  often  found.  Among 
the  commoner  species  are : 

Leptaena  rboinboidalis  (Wilck.)  c 
Atrypa  reticularis  Linnc  a 
Strophonella  leavenwortbana  Hall  c 
Dalmanella  perelegans  Hall  c 
Ortbothetes  woohvorthanus  (Hall)  c 
Spirifer  perlamellosus  Hall  c 
Rhipidomella  oblata  Hall  c 
Meristella  laevis  (Vanuxem)  c 
Uncinulus  campbellanus  (Hall)  c 
Phaeops  logani  Hall  c 
Chaetetes  sp.  ?  c 
Hindia  fibrosa  (Roemer)  c 
Tentaculites  elongatus  Hall  c 
Anastrophia  cf.  verneuili  (Hall  I 
Spirifer  concinnus  Hall  c 
Acidaspis  tuberculatus  Hall  c 

The  maximum  thickness  is  at  Port  Ewen.  * 
Bee  raft  limestone   40 

Massive  bedded  light  colored  lime  sandrock.  often 
becoming  a  shell  limestone  of  great  purity  and 
consisting  of  brachiopod  shells  and  crinoids.  The 
lower  beds  are  more  argillaceous,  being  a  transition 
from  the  New  'Scotland  below.  The  middle  IS  or 

20  feet  range  from  94  to  97$  calcium  carbonate. 
The  last  recorded  outcrops  of  this  rock  are  below 
High  Falls.  From  the  Bondout  region  van  Ingen 
and  Clark  record  the  following  species: 

Upper  portion 
Siclierella  pseudogaleata  //(///  a 
Atrypa  reticularis  Linnc  a 
Spirifer  concinnus  Hall  a 
Rhipidomella  oblata  Hall  c 
Crinoid  fragments  a 
Stropheodonta  arata  Hall  r 
Leptaena  rhomboidalis  (Wilck.)  c 
Nucleospira  ventricosa  Hall  c 
Spirifer  perlamellosus  //"//  c 
Oriskania  (?)  sp.  ?  r 

Middle  portion 
Aspidocrinus  scutclliformis  Hall  aa 
Spirifer  concinnus  Hall  aa 
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Atrypa  reticularis  Linne  c 
Lichenalia  sp.  ?  c 
Meristella  sp.  7  e 
Rbipidomella  oblata  Hall  c 
Sieberella  pseudogaleata  Hall  a 
Kensselaeria  aequiradiata  {Conrad)  c 
Uncinulus  nobilis  Hall  c 
U.  campbellanus  (Hall)  aa 
Stropbeodonta  becki  Hall  a 
Stenosebisina  formosum  Hall  r 
Cainarotoecbia  transversa  Hall  c 
Scbizopboria  multistriata  Hall  c 
Pbacops  logani  Hall  r 
Stropbeodonta  cf.  varistriata  (Conrad)  c Feet 

New  Scotland  shaly  limestone   GO- 100  ? 
Dark  gray  shaly  limestone,  mudrocks  and  sand- 

stones alternating-  and  occasionally  silicions  sand- 
stones occurring.  Much  chert  occurs  in  the  lower 

portion,  while  the  upper  contains  more  limestone 
bands;  grading  up  into  the  Becraft.  The  fossils 
recorded  by  van  Ingen  and  (Mark  from  the  ex- 

posures about  Rondout  are : 

Upper  New  Scotland 
Spirifer  cyclopterus  Hall  aa 
Rbipidomella  oblata  Hall  c 
Proetus  sp.  7  rr 
Stropbeodonta  sp.  ?  r 
Camarotoechia  transversa  Hall  aa 
Spirifer  coneinnus  Hall  c 
Ostracods,  several  species  c 
Dalmanites  pleuroptyx  (  Green )  r 
Kensselaeria  nmtabilis  Hall  r 
Actinopteria  textilis  //(///  r 
Sieberella  pseudogaleata  Hall  r 
Stropbeodonta  becki  Hall  c 
Aspidocrinus  scutelliformis  Hall  aa 
Atrypa  reticularis  Linne  c 
Ortbotbetes  woolwortbanus  Hall  c 
Steuoscbisma  forinosuin  Hall  a 
Meristella  sp.  7  r 
Uncinulus  campbellanus  Hall  c 
Spirifer  perlamellosus  Hall  r 

Middle  New  Scotland 
Leptaena  rbomboidalis  (WilcJc.)  a 
Ortbotbetes  woolwortbanus  (Hall)  an 
Stropbonella  radiata  (Vanvxem)  an 
Dalmanella  perelegans  Hall  c 
Anoplotbeca  concava  (Hall)  c 
Aeidaspis  tuberculatus  {Conrad)  c 
Spirifer  perlamellosus  Hall  c 
Dalmanites  pleuroptyx  {Green)  r 
Uncinulus  vcllicatus  //(///  r 
Cyrtoceras,  small  species  it 
Meristella  sp.  indet.  r 
Phacops  logani  Hall  v 
Eatonia  medialis  Hall  c 
Pholidops  */>.  ?  r 
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Actinopteria  textilis  (Hall)  r 
Chonetes  sp.  ?  r 
Lichenalia  torta  Hall  c 
Chaetetes  sphaericus  Hall  (branching  form)  c 
Platyostoma,  2  species  r 
Strophonella  punctulifera  (Conrad)  r 
Stropheodonta  arata  Hall  c 
S.  becki  Hall  c 
Cainarotoechia  bialveata  Hall  r 
C.  inntilis  Hall  r 
Strophonella  cavnmbona  Hall  c 
Anoplia  nucleata  Hall  r 
Isochilina,  small  c 

Lower  New  Scotland 
Orthothetes  woolworthanus  Hall  a  a 
Strophonella  punctulifera  (Conrad)  c 
Rhipidomella  oblata  Hall  c 
Crinoid  stems  aa 
Isochilina,  minnte  species  aa 
Monotrypella  sphaerica  Hall  c 
Stropheodonta  becki  Hall  aa 
Leptaena  rhoniboidalis  (Wilck.)  aa 
Phacops  logani  Hall  c 
Dalmanites  pleuroptyx  ( Green  )  c 
Spirifer  cyclopterus  Hall  c 
S.  macropleura  (Conrad)  c 
Proetus  protuberans  r 
Eatonia  medialis  (Vann.rem)  c 
Acidaspis  tuberculatum  (Conrad)  r 
Actinopteria  textilis  (Hall)  c 
Platyostoma  sp.  ?  r 
Eatonia  peculiaris  (Conrad)  c 
Meristella  laevis  (Vanuxem)  c 
Dalmanella  perelegans  £Ta?i  c 
Spirifer  perlamellosus  Hall  c 
Hindia  fibrosa  (Roemer)  c 
Strophonella  si).  ? 
Lichenalia  torta  //«77  c 
Atrypina  imbricata  Hall  c Feet 

Coeymans  limestone   30-00 
Dark  lime  mudroeks,  sometimes  argillaceous  and 

with  much  flint  in  the  middle  portion.  In  the 
Delaware  avenue  quarry  at  Rondout,  the  following 
subdivisions  are  made  by  van  Ingen  and  (Mark  : Feet  Inches 

f  25  Shaly  limestone   4 
I  24  Shaly  limestone   11  6 

rA  Pn  o    ,    K  .    i        23  Cherty  limestone   12  1 
Coeymans  50  feet,  5  inches  <{  22  Chert£  Hmestone    n 21  Hard  limestone   7 

20  Basal,  marly,  transition   4  10 

From  the  highest  bed  (25)  they  obtained  the  follow- 
ing species : 

Sieberella  galeata  Dalman  aa 
Atrypa  reticularis  Linne  a 
Uncinulus  nucleolatus  Jlnll  c 
Atrypina  imbricata  Hall  c 
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Spirifer  perlamellosus  Hall 
Bilobites  varica  {Conrad)  c 
Dalmanella  perelegans  Hall  c 
Nucleospira  ventricosa  Hall  r 
Parazyga  deweyi  Hall  r 
Lichenalia  torta  Hall  r 
Platyceras  sp.  ?  r 

From  bed  24  they  obtained : 
Sieberella  galeata  Dal  man  aa 
Leptaena  rbomboidalis  (Wilck.)  c 
Atrypa  reticularis  Linne  a 
Stropbeodonta  varistriata  (Conrad)  c 
Hinclia  fibrosa  (Rocmer)  c 
Leptaenisca  concava         (?)  r 
Rbynchospira  globosa  Hall  r 
Spirifer  cyclopterus  Hall  r 
Ortbotbetes  sp.  ? 
Dalmanella  perelegans  i^c/ 7?  c 
Uneinulus  nueleolatus  JEfaZi 
Licbenalia  torta  Hall 
Spirifer  octocostatus  Hall  (?) 
Monotrypella  spbaerica  Hall 
Stropbonella  punctulifera  (Conrad) 
Rbipidoinella,  small  species. 
From  bed  23  they  obtained: 
Atrypa  reticularis  Linne  a 
Hindia  fibrosa  (Rocmer)  a 
Sieberella  galeata  Dalman,  a  pauciplicate  form 
S.  galeata,  large  form  with  coarre  bifurcating  plications 
Anastrophia  verneuili  Hall  r 
Dalmanella  perelegans  Hall  c 
Stropbonella  punctulifera  (Conrad)  v 
From  bed  22 : 
Atrypa  reticularis  Linne  a 
Sieberella  galeata  Dalman  c 
Hindia  fibrosa  (Roemer)  a 
Favosites  belderbergiae  Hall  c 
Uneinulus  nueleolatus  Hall  c 
Sponge,  n.  gen.  et.  sp.  ? 
From  bed  21 : 
Licbenalia  torta  Hall  c 
Dahnanites  micrurus  (Green)  c 
Sieberella  galeata  Dalman  c 
Actinopteria  toxtilis  (Hall)  c 
Lamellibranch,  large,  gen.  et       nor.  ? 
From  bed  20 : 
Licbenalia  torta  Hall  a  a 
Spirifer  cyclopterus  Hall  c 
S.  concinnus  Hall  <• 
S.  perlamellosus  //'///  r 
Rbipidomella  oblata  Hall  c 
R.  oblaia  emarginata  //'/// 
TTnciimlus  mutabilis  //'///  C 
Stropbonella  punctulifera  <  Conrad)  c 
S.  varistriata  {Conrad)  c 
Sieberella  galeata  i  l><t/ui<t» )  c 
Monotrypella  spbaerica  c 
Meristella  laevis  ( \'<inn.r<'m )  r Stenoscbisma  formosum  (Hall)  r 
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Rbyncbospira  globosa  Hall  r 
Rhynchospira  sp.  nov.  c 
Orthothetes  woolworthanus  Hall  r 
Spirifer  macropleura  {Conrad)  r 
Mega  inborn  a  sp.  ?  c 
Stropbonella  leavenworthana  r 
Leptaena  rhomboidalis  (Wilck.)  c 
Atrypa  reticularis  Linne  r 

Small  individuals  with  regular  fine  radial  ribs. 
Actinopteria  textilis  (Hall)  r 
Stropheodonta  becki  Hall  r 
S.  cf.  planulata  Hall  r 
Dalmanella  subcarinata  Hall  r 
Favosites  helderbergiae  Hall 

Common  in  the  very  lowermost  portion. 
Pholidops  sp.  ?  r 
Camarotoechia  semiplicata  Conrad  c 
Bron teus  barrandii  Hall  r 
Proetus  protuberans  Hall  c 
Dalmanites  pleuroptyx  (Green)  c 
D.  micrurus  (Green)  r 
Phacops  logani  Hall  c 
Nucleospira  sp.  ?  r 
Cyrtina  dalmani  Hall  r 
Orthoceras  sp.  V  r 

Annulated  type. 
Bryozoa  and  some  ostracods,  unidentified 

Feet 

MunUus  l)cds   20-42 
Lime  mudrocks  and  lime  sandrocks  generally  quite 

pure  and  fossiliferous  at  intervals.  Some  beds 
are  argillaceous  and  very  dark  colored.  They  are 
mostly  thin  bedded.  Van  Ingen  and  Clark  make 
the  following  subdivision  in  the  Spring  street 
quarry  at  Rondout : 

Feet  [nchea 

f  19  Hard  dove,  massive   (5  4 
I  18  Light  gray,  compact   <>  3 
|  17  Stromatopora,  upper  bed   7  6 

Manlius  limestones  4')  feet  I  16  Stromatopora,  bottom   5
  5 

Mannus  limestones  4.  ieet    lg  Dark  blue  with  gmy  seams  5  8 I  14  Dark  blue   3  10 
|  13  Thin  banded   2  5 
1 12  Gray  band   4  6 

The  lower  beds  (12-16)  contain  the  common  species: 

Leperditia  a  1 1  a  ,  Spirifer  v  a  n  n  x  - 
e  m  i  and  S  t  r  o  p  h  c  o  d  o  n  l  a  v  a  r  i  - 
striata.  Bed  16  contains  some  Stromatopora 
and  the  following  fauna  : 

Loxonema  fitchi  Hall  c 
Holopea  pervetusta  (Conrad)  c 
H.  subconica  Hall  c 
Loxonema  sp.  V 
Murchisonia  minuta  Hall 
Hormotoma,  small  species 
Modiolopsis  dubia  //'/// 



GEOLOGY  AND  PALEONTOLOGY  OF  THE  SCHOHARIE  VALLEY  311 

Holopea  elongata  Hall 
Laevidentaliuni  */>.  ? 
Spirifer  vanuxemi  Hall  v 
Leperditia  alta  Conrad  c 
Holopea  antiqua  (Vantcxem) 
Zaphrentis  sp.  ? 

Bed  IT  is  a  veritable  Stromatopora  reef.  Bed  18 
contains  in  the  lower  part  the  following  fauna : 

Spirifer  vaimxemi  Hall  c 
Tentaculites  gyracanthus  (Eaton)  c 
Stropheodonta  varistriata  Conrad  c 
Leperditia  alta  Conrad  c 
Ostraeocls,  numerous  specimens  of  two  or  three  species 
Hormotoma,  small  species 
Holopea  elongata  Hall 

Both  faunas,  above  and  below  the  Stromatopora  bed 
are  specially  characterized  by  the  occurrence  of 
gastropods. 

Feet 

Rondout   20-31 
Chietiy  lime  mudrocks,  mostly  unfossiliferous.  and 

containing  beds  of  workable  cement.  At  Rondout 
the  following  subdivision  has  been  made  by  van 
Ingen  and  Clark : 

Feet  Inches 

Upper  with  gray  cement 
beds  19  feet,  6  inches 

'11  Paving  block  or  mud  crack   3  8 10  Prismatic  or  five  point   4  4 
9  Leperditia  bed   2  1 
8  Curly,  variable   8-19 
7  Soft  gray  cement   3  3 
6  Hard  gray  cement   5 
5a  Middle  ledge   7 

Lower  or  dark  cement  beds  (   5  Hard  black  cement   4  8 
9  feet,  7  inches  to  11  feet,  \   4  Soft  black  cement   4  5 
2  inches  3  Footled°re   6"  to  2 

Hartnagel  and  van  Ingen  and  Clark  have  suggested  that  the 

upper  beds  (6-11)  alone  represented  the  Rondout  and  that  the 
lower  beds  3-5,  represented  the  Rosendale  cement  beds,  the  seven 
inch  middle  ledge  (5a)  representing  the  Cobleskill.  I  believe 
however  that  the  whole  scries  here  represents  the  Rondout  and 

that  the  underlying  5-7  feet  of  "  Coralline  limestone''  which  rests 
directly  on  the  upturned  Hudson  river  sandstones  in  this  region, 
is  the  Cobleskill,  while  the  Rosendale  cement  bed  ami  the  Wilbur 
limestone  are  absent  altogether.  Both  of  these  appear  at  the 
Wilbur  bridge  seel  ion  and  south  of  Wilbur,  where  the  Cobleskill 
is  10-15  feet  thick,  which  thickness  it  retains  ;ts  far  as  Rosendale 
or  beyond.  The  Rondout  cement  above  it  is  1!)  feet  thick  at  the 
Wilbur  bridge  exclusive  of  the  mud  crack  layer  or  five  point  bed. 
At  Eddyville  the  same  bed  is  7  feet  thick  exclusive  of  the  five 
point,  the  Cobleskill  being  10  feet. 
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Beds  11  and  10  of  the  Rondout  section  show  mud  crack  struc- 
ture of  different  sizes.  These  features  have  been  seen  in  other 

regions  as  well,  though  the  beds  showing  them  do  not  necessarily 
belong  to  the  same  zone  everywhere.  Occasionally  ripple  marks 
are  shown  as  in  the  Wilbur  Bridge  section.  Bed  9  is  filled  with 
Leperditia  a  1 1  a  ,  containing  also  Beyrichia  sp.  ?, 
Modiolopsis  dubia  and  Spirifer  vanuxemi.  This 
is  a  Manlius  fauna  and  reference  of  these  beds  to  the  Rondout 

appears  to  be  wholly  on  lithic  grounds.  Since  the  two  for- 
mations are  so  closely  related,  it  does  not  matter  much  where 

the  line  between  them  is  drawn.  The  middle  ledge  (5a)  contains 
Orthothetes  interstriatus  and  C  a  m  a  r  o  t  o  e  c  h  i  a  ? 

lameliata,  two  typical  Cobleskill  species,  but  also  found  in 
the  Rondout  in  the  Schoharie  region  [see  Section  2]. 

Cobleskill   

Dark,  often  impure,  fossiliferous  lime  sandrock,  with 
an  abundance  of  Halysites.  At  Binnewater  it  is 
14  feet  thick,  while  at  the  section  near  Wilbur 
bridge  it  is  nearer  18  feet.  In  both  of  these  locali- 

ties it  is  underlain  by  the  Rosendale  cement  bed, 
but  at  Rondout  this  latter  is  absent,  if  my  interpre- 

tations are  correct,  and  the  upper  5  to  7  feet  of  the 

Cobleskill  rest  directly  on  the  Normanskill  sand- 
stones. Northward  the  Cobleskill  disappears  and 

is  overlapped  by  the  Rondout  as  shown  by  Hart- 
nagel.  The  relationship  of  the  strata  at  Rosen- 

dale  and  Rondout  are  shown  in  the  following- 
diagram  [fig.  204]. 

Feet 

14-18 

V.  B. 

Fig.  201  Diagram  showing-  relationship  of  Champlainic  and  Siluric  strata  in  Ulster county.  R  =  Rosendale,  B  Binnewater.  W  Wilbur  bridge,  V.B.  ■  Vlightberg,  Kings- 
ton, a-a',  Normanskill  shale,  b,  Shawangunk  conglomerate,  c,  High  Falls  shale, 

d,  Binnewater  sandstone,  (  Wilbur  limestone,  /-/',  Rosendale  waterlime,  y-y',  Cobles- 
kill, //-/(',  Rondout  waterlime,  i-i  ,  Manlius 

Rosendale  cement  

Fine  bedded  gray  lime  mudrocks  with  the  proper  ad- 
mixture of  silica  to  make  it  a  natural  cement  rock. 

At  Rosendale  22  feet  are  quarried,  while  near  Wil- 

10-21 
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bur  there  are  not  much  over  1 0  feet.  At  one  point 
near  Binnewater  the  thickness  decreases  to  I  feet, 
though  its  maximum  here  is  15  feet  [see  ante,  fig. 
331.  In  age  this  formation  is  approximately 
equivalent  to  the  Drayman  shales  of  Schoharie, 
and  the  Bertie  of  Western  New  York. 

Wilbur  limestone  
Fossiliferous  lime  sandrock  like  the  Cobleskill. 

H  a  1  y  s  i  t  e  s  eaten nlatus,  Leptaena 

r  h  o  m  b  o  i  d  a  1  i  s  and  A  t  r  y  p  a  reticu- 
laris characterize  it.  On  Rondout  creek  the 

Wilbur  rests  directly  on  the  Binnewater  quartzites, 

but  at  Whiteport  and  Binnewater  itself  this  lime- 
stone is  wanting.  It  thus  appears  to  be  only  a 

local  phase  of  the  base  of  the  Rosendale  cement, 
the  argillaceous  lime  niudrocks  being  deposited  in 
portions  of  the  region,  while  in  others  Silurie 
organisms  were  able  to  gain  a  foothold  and  flourish 
for  a  time,  adding  their  debris  as  lime  sandrock 
to  form  the  Wilbur  limestone.  At  the  Wilbur 

bridge  section,  a  foot  or  two  of  the  Wilbur  lime- 
stone underlies  the  Rosendale  cement  bed,  and 

grades  downward  into  the  Binnewater. 
Binnewater  sandstone  

Light  gray  to  buff  and  brown  quartz  sandrocks  often 
becoming  quartzitic  and  generally  in  thin  layers. 

Minute  cross-bedding  is  found  in  many  of  the  beds. 
At  Binnewater  and  northward  to  Rondout  the 

Binnewater  sandstones  rest  directly  on  the  Hudson 
river  shales  and  sandstones  while  southward  the 

Shawangunk  conglomerate  and  the  red  shales  in- 
tervene between  them. 

High  Falls  shale   0-25 
In  the  vicinity  of  Rosendale  and  westward  red  shales 

lie  just  below  the  Binnewater  sandstone  and  above 
the  conglomerate.  At  Rosendale  Darton  records 
25  feet  of  the  red  shales  and  22  feet  of  the  quartz 
ites  above  the  conglomerate.  These  shales  were 
called  by  Darton  and  others  the  Medina  shales,  but 
Hartnagel  has  shown  them  to  be  of  Salina  age.  and 

used  i lie  term  High  Falls  shale,  from  their  expos- 
ure at  that  locality.1 

Feet 

0-8? 

0-22 

1N.  Y.  State  Palcontol.  An.  Kept.  100.",. 
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flhawangunk  grit  

Silicified  quartz  conglomerate, making  its  first  appear- 
ance in  the  Binnewater  region  and  becoming  most 

prominent  southward,  where  it  forms  the  summit 
of  the  Shawangunk  range.  The  pebbles  are  mostly 
well  worn,  generally  small  or  of  moderate  size,  the 
matrix  being  a  quartz  sand  and  silicious  cement. 

Locally  it  passes  into  a  quartz  sandstone  or  quartz- 
ite.  Darton  records  45  feet  near  Rosendale  and 

100  feet  in  the  ridges  to  the  south.  At  Lake 
Mohonk  he  finds  160  feet;  at  Peterkill  falls  210 
feet,  while  near  Ellenville  it  is  about  200  feet, 

which  is  its  average  thickness  in  the  Shawangunk 
ranee  [tig.  205]. 

Fig.  205 

Feet 

0-210 
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Fig-.  206  Section  at  the  north  end  of  the  fifth  Binne water,  Ulster  co.  (After  Darton) HR=Hudson  river  shales,  S=Shawangunk,  Cl=High  Falls  shale  and  Binnewater  sand- 
stone, C— cement  beds  (tiosendale  and  Rondout,  with  Cobleskill  between),  P— Manlius 

and  Coeymans,  LS=New  Scotland  beds,  US=Becraft  and  Port  Ewen,  CG=Oriskany  and Esopus 

Fig.  207  Section  of  the  cement  district  1  mile  south  of  Whiteport  station,  Ulster  co. 
(After  Darton)  H— Hudson  river  shales,  S=Shawangunk,  M=High  Falls  shale,  C=Bin- 
ne water  sandstone,  LC=R,osendale  cement,— Cobleskill,  UC=Rondout  cement,  T= 
Manlius,  P=Coeymans,  LS=New  Scotland 

Fig.  208  Section  of  North  hill,  Kingston,  showing  strata  as  originally  folded,  positio: 
of  thrust  plane  (upper)  an<*  present  character  after  thrust  and  erosion  (lower*. 

n 
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Unconformity  (covering  the  interval  from  about  Middle  Cham- 
plainic  to  Upper  Siluric  (Salina). 

Hudson  river  strata  ranging  in  age  from  Normanskill  (Middle 
Trenton)  or  earlier  to  Lorraine,  and  of  unknown  thickness. 

In  structure  the  cement  region  is  a  series  of  symmetric  anti- 
clines and  synclines  of  the  Appalachian  type  [fig.  206-7].  This 

has  been  described  by  Lindsley1,  Dale2,  Davis3,  Darton4,  and  for 

the  northern  region  by  van  Tngen  and  Clark"'.  Tn  the  Kingston 
region  the  structure  is  further  complicated  by  faults  which  have 
been  worked  out  with  much  care  by  van  Ingen  and  Clark.  One 
of  the  most  important  of  the  faults  is  the  great  overthrust  on 
North  hill,  Kingston,  by  which  many  of  the  strata  are  repeated, 
the  Eondout  waterlime  resting  on  the  lower  Port  Ewen  beds 

[fig.  208].   

1  Poughkeepsie  Proc.  Soc.  Nat.  Sci.  2  : 44-48. 
2  Am.  Jour.  Sci.  ser.  3.   16  :293-95. 
3Mus.  Comp.  Zool.  Bui.  7:311-29;  and  Am.  Jour.  Sci.  ser.  3.  26:389-95. 
4N.  Y.  State  Geol.  13th  An.  Rep't.  1:291-372. 
5N.  Y.  State  Paleontol.  An.  Rep't  .1902;  N.  Y.  State  Mus.  Bui.  G9.  p.  1176- 1227.  190a 
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Chapter  1 

XISTS  OF  FOSSILS  FOUND  IN  THE  FORMATIONS  OF  THE  SCHOHARIE  REGION 

These  lists  have  been  compiled  from  all  available  sources. 

The  volumes  of  the  Palaeontology  of  New  York  have  furnished  a 

large  portion  of  them  and  the  lists  published  by  Prosser  in  his 

numerous  sections  of  this  region  have  been  used  freely.  Hart- 

nagePs  list  of  Cobleskill  fossils  has  been  reproduced  with  a 

few  alterations  and  finally,  collections  made  during  the  study 

of  the  region  have  been  used  as  a  basis  for  these  lists.  They 

are  by  no  means  complete,  but  incomplete  as  they  are  they  will 

serve  a  useful  purpose  to  the  student  of  this  regiou. 

A  Fossils  of  the  Cobleskill  limestone  of  the  Schoharie  region 

After  Hartnagel 
€orals 

1  Acervularia  ?  inequalis  Hall 
2  Diplophylluui  coralliferuru  Hall 
3  Enterolasma  caliculus  Hall 
4  Cyathophyllum  hydraulic-vim  Simpson 
5  Favosites  helderberglae  var.  precedens  Scliuchert 
6  Halysites  catenulatus  Linne 
7  Stromatopora  cf.  antiqua  Nicholson  &  Murray 
8  S.  constellata  Hall 

Bryozoa 
9  Chaetetes  sp. 

10  Fenestella  sp. 
11  Hederella  sp. 
12  Licbenalia  cf.  concentrica  Hall 
13  Trematopora  sp. 

Crinoids 

11  Thysanocrinus  sp. 
Brachiopods 

15  Atrypa  reticularis  Linnaeus 
10  Camarotoechia  litchfieldcnsis  Scliuclicrt 
17  Chonetes  jcrseyeusis  Wellcr 
18  Leptaena  rhomboidalis  WilcJccns 
19  Orthotlietes  interstriatus  Hall 
20  Camarotoechia  ?  lame! lata  Hall 
21  C.  pisum  Hall  &  Whitfield 
22  Spirifer  corallinensis  Gh'abau 23  S.  eriensis  Qrabau 
24  Stropheodonta  bipartita  Hall 
25  S.  textilis  Hall 
2€  Whatfieldella  nucleolata  Hall 
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Pelecypoda 
27  Ilionia  cf.  canadensis  Billings 
28  I.         galtensis  Whiteaves 
29  I.         sinuata  Hall 
30  Mytilarca  sp. 
31  Pterinea  securiformis  Hall 
32  P.  subplana  Hall 
33  P.  subreeta  Hall 
34  Tellinomya  eqnilatera  Hall 

Gastropoda 
35  Bellerophon  auriculatus  Hall 
36  Bucania  sp. 
37  Murchisonia  ?  terebrans  Hall 
38  Pleurotomaria  ?  subdepressa  Hall 
39  P.  sp. 
40  Polenmita  cf.  crenulata  Clarke  &  Ruedemann 

Vermes 
41  Spirorbis  sp. 

Cephalopoda 
42  Trochoceras  gebbardi  Hall 
43  T.  turbinatum  Hall 
44  Cyrtoceras  sp. 
4r»  Gyroceras  sp. 
40  Kionoceras  darwini  Billings 
47  Oncoceras  trusituni  Clarke  &  Ruedemann 
48  Orthoceras  expansum  Hall 
49  O.  (large  sp.) 
50  Pbragnioceras  corallophilum  Clarke 

Pteropoda 

."l  Gornulites  arcuatus  Conrad 
52  Tentacnlites  sp. 

Ostracoda 

53  Beyrichia  (2  si»n-h'si 
Trilobita 

54  Calymmene  camerata  Coiirad 
55  C.  niagarensis  Hall 
56  Dalmanites  sp. 
57  Homalonotus  sp. 
58  Leperditia  jonesi  7/'/// 
59  L.  scalaris  Jones 
00  Lichas  (Dicranogmus)  ptyonnrus  Hall 
01  Proetus  sp. 

B  Fossils  of  the  Rondout  beds  of  the  Schoharie  region 

1  Halysites  catenularia  rar.1 
2  Favosites  lielderbergiae  precedens  Sch n chert 
3  Stromatopora  cf.  antiqua  Nicholson  &  Murray 
4  Cainarotoeehia  litcbrieldensis  Schuchert 
5  Stropheodonta  bipartita  Hall 
0  Orthothetes  interstriatus  //«// 
7  Rhynchonella  Iamellata  EfaM 
8  Spirifer  corallinensds  Gralyau 
9  S.  eriensis  Chrabau1 

lReported  by  Schuchert  from  the  "cement  rock  at  Scbobarie".  Am. Geol.  31:104. 
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10  Wbitfieldella  lmcleolata  Hall 
11  Pterinea  securiform  is  Hall 
12  Ortboceras  sp. 
13  Reyrichia  sp. 
14  Leperditia  cf.  jonesi  Hall 
15  Gastropod  sp. 

C  Fossils  of  the  Manlius  limestone  of  the  Schoharie  region 
Crinoidea 

1  Homocrinus  scoparius  Hall 
2  Camarocrinus  stellatus  Hall 

Vermes 
3  Spirorbis  laxus  Hall 

Bryozoa 
4  Chaetetes  (Monotrypella)  arbusculus  Hall 
5  Monotrypa  ?  spinulosa  Hall  &  Simpson 

Brachiopoda 
0>  Stropbeodonta  varistriata  (Conrad) 
7  Spirlfer  vanuxemi  Hall 

Pelecypoda 
8  Megambonia  aviculoidea  Hall 
9  ?  M.  ovoidea  Hall1 

10  Modiolopsis  ?  dnbia  Hall 
11  Avicula  obscura  Hall 
12  Tellinomya  nucleiformis  Hall 

Gastropoda 
13  Holopea  ?  elongata  Hall 
14  Murebisonia  extenuata  Hall1 
15  Loxonema  fitchi  Hall 

Pteropoda 
10  Tentaeulites  gyracanthus  (Eaton) 
17  T.  irregularis  Hall 

Ostracoda 
18  Beyricbia  notata  Hall 
19  Leperditia  alta  (Conrad) 

D  Fossils  of  the  Manlius-Coeymans  transition  beds  of  the  Schoharie 
region 

Crinoid  segments 
Bryozoa 

1  ( 'baetetes  (Monotrypalla)  arbusculus  Hall 2  Fenestella  sp. 
Brachiopoda 

3  Stropbeodonta  varistriata  (Con.) 
4  Stropbonella  punctulilVra  (Con.) 
5  Spirifer  vanuxemi  Hall 
6  Meristella  laevis  (  Van.) 
7  Camarotoechia  ventricosa  //'///  V 
8  C.  semiplicata  (Con.)  vav. 
9  Unoinulus  mutabilis  /lull 

Pelecypoda 
10  Megambonia  aviculoidea  Hall 
11  Pterinea  textilis  (Con.  | 

1  Schoharie  county ;  exad  locality  qoI  known. 
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Pteropoda 
12  Tentaculites  gyracanthus  (Eaton) 

Vermes 

13  Spirorbis  laxus  Hall 
Ostracoda 

14  Leperditia  alta  (Con.) 
If)  Beyrichia  trisulcata  Hall 
16  B.  notata  Hall 

E  Fossils  of  the  Coeymans  limestone  of  the  Schoharie  region 

Corals 
1  Pavosites  belderbergiae  Hall 
2  Alveolites  explanatus  Hall 

Crinoidea 

3  Homocrinus  scoparius  Hall 
4  Melocrinus  pachydactylus  (Conrad) 
5  Lepadocrinus  gebhardi  (Conrad) 

Bryozoa 
G  Monotrypella  abrupta  (Hall) 

Brachiopoda 
7  Lingula  perlata  Hall 
8  Stropheodonta  varistriata  (Conrad) 
9  S.  plarmlata  Hall 

10  Strophonella  punctulifera  (Conrad) 
11  S.  (?)  conradi  Hall 
12  Leptaena  rhornboidalis  (Wiiefcews) 
13  Deltliyris  perlamellosa  (Hall) 
14  Camarotoechia  semiplicata  (Conrad) 
15  Uncinultis  mutabilis 
10  Atrypa  reticularis  (Linnaeus) 
17  Sieberella  galeata  (Dalman) 

Pelecypoda 

18  ?  Cypricardinia  concentrica  Hall1 
19  Megambonia  aviculoidea  //r/// 
20  Avicula  (V)  naviformis  Conrad 
21  A.         umbonata  flaZZ1 
22  A.  man-ticula  Conrad1 
23  A.  obliquata 

Gastropoda 
24  Loxonema  V  obtusuifl  //'/// 
2.1  L.  ?  compactum  //f///1 
20  L.  planogyratnni  Hall1 

Cephalopoda 

27  Orthoeeras  longicameraturn  Hall1 28  O.  sub  textile  //'/// 
29  <>.  clavatum  Hall 
30  O.  ? 
31  o.  helderbergiae  Hall 
33  O.  rude  HaH 
:u  ( ).  pauciseptum  Hall 

'Schoharie  county,  exacl  locality  not  known. 
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Pteropoda 

35  Conularia  pyramidalis  Hall1 
Trilobita 

36  Bronteus  barrandii  Hall1 
37  Praetus  protuberans  Hall1 
38  Dalmanites  pleuroptyx  (Green) 
39  D.  micTiims  (Green) 
40  ?  Lichas  pustulosus  Hall1 

Ostracoda 

41  Beyricbia  oculina  Hall1 

F  Fossils  of  the  New  Scotland  beds  of  the  Schoharie  region 

Corals 

1  Streptelasma  strictum  Hall 
2  Aulopora  schobariae  Hall 
3  A.  tubula  Hall 
4  Michelinia  lenticularis  Hall 
5  Favosites  helderbergiae  Hall 

Bryozoa 
6  Monotrypa  ?  helderbergiae  Hall 
7  Ortbopora  rhoinbifera  (Hall) 
8  Callotrypa  macropora  (Hall) 
9  Pbaenopora  tenuis  (Hall) 1 10  Fenestella  bestia  Hall 

11  Icbtbyoracbis  nereis  Hall 
Crinoidea 

12  Mariacrinus  stoloniferus  Hall 
13  Platycrinus  tentaeulatus  Hall 
14  Bracbiocrinns  nodosarins  Hall 
15  Aspidocrinus  seutelliformis  Hall 
16  A.  eallosus  #a/Z 
17  A.  digitatus  Hall 
18  Coronocrinus  polydactylus  Hall 
19  Diotyocrinus  squamifer  Hall 

Brachiopoda 
20  Ldngula  perlata  Hall 
21  L.  recti latera  Hall 
22  L.  spathata  Hull 
23  Rbipidomella  oblata  flaZJ 
24  R.  eminens  Hull 
25  Dalmanella  perelegans  Hall 
26  D.  subcarinata  Hall 
27  Bilobites  various  (Conrad) 
28  Strophonella  headleyana  //r/// 
29  S.  cavumbona  Hall 
30  S.  punetnlifera  (Conrud) 
31  Stropheodonta  becki  Hall 
32  Orthothetes  woolworthanus  Hall 
33  Leptaena  rhomboidalis  (WiJc/cena) 
34  Spirifer  cyclopterua  Hall 
35  Delthyris  perlamellosa  (Hull) 
36  Spirifer  macropleura  {Conrad) 
37  Cyrtina  dalmani  (Hall) 
3S  Trematospira  multistriata  HaZl 

'Schoharie  county,  exact  locality  not  known. 
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39  Nucleospira  ventricosa  Hall 
40  Uncinulus  nucleolatus  Hall 
41  U.  abruptus  Hall1 
42  U.  vellicatus  Hall1 
43  Camarotoechia  altiplicata  Hall1 
44  C.  acutiplicata  Hall 
45  Stenoscbisma  formosuni  (Hall) 
46  Eatonia  medialis  (Vanuxem) 
47  E.  singularis  (Vanuxem) 
48  Anoplotheca  concava  (Hall) 
49  Atrypina  imbricata  //(/// 
50  Meristella  laevis  (Vanuxem)1 
51  M.  bella  (Hall) 
52  M.  subquadrata  Hall 
53  M.  arcuata  Hall 
54  M.  prinoeps  Hall 
55  Atrypa  reticularis  (Linnaeus) 
56  Rensselaeria  elliptlca  Hall1 
57  Anastrophia  verneuili  (Hall) 

Pelecypoda 
58  Cypricardinia  crassa  IhtV 
59  Megambonia  obscura  //'/// 1 60 M. 

lata  Hall1 61 M. 
oblonga  Hall1 62 

M. 
?  cordiformis  Hall1 63 M. subofbicularis  Hall 

64 M. rhomboidea  HalV 
65 Pterinea tenuilamellata  Hall1 66 P. 

schobariae  H all 1 67 P. aequiradiata  Hal/1 68 P. communis  11  all 
(!!> P. pauciradiata  Hall 
70 

P. textilis  HalV 
71 P. bellula  Hall 
72 P. securiform  is  Hall 

Gastropoda 

7.';  Diaphorostoma  depressum (Hall) 74  Strophostylus  elegans  Hall 
75 Platyceras ventricosum  ('on fad 76 P. gebhardi  Conrad 
77 

P. robustum  HalV 
78 P. sinuatum  Hall 
79 trilobatum  Hall 
80 

j  > 

multisinuatum  HalV S1 p] retrorsum  HalV 
82 retrorsum  abnorme  HalV 
8S intermedium  HalV 
84 unguiforme  HalV 
85 V. sulcoplioatum  HalV 
86 P. tenuiliratum  HalV 
87 perplicatum  HalV ss p] plicatile  HalV 89 P. 

platystoma  HalV 90 P. platystojna  alveatum  Hall 91 P. bisulcafum  HalV 
92 

j  > 

pileiforme  HalV 93 
perlatum  Hall' 94 P 
spirale  //'///'■ 95 P. 
incile  HalV 

1  Schoharie  county,  exacl  locality  not  known. 
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96  P.  latyceras  plicatum  (Conrad)1 
07  P.  elongatum  Kail1 
08  P.  elongatum  V  vm\  Hall1 
99  P.              pyramidatum  Hall1 

100  P.  arcuatum  Hall1 
Cephalopoda 
101  Orthoeeras  helderbergiae  Hall 
102  O.  perstriatum  Hall 
103  O.  rude  Hall 
104  O.  pauciseptum  Hull 
Pteropoda 

105  Conularia  pyramidalis  Hall1 
106  C.  buntlana  Hall1 

Trilctita 
107  Phaeops  logani  Hall 
108  Dalmanites  pleuroptyx  (Green) 
109  D.  micrurus  (Green) 
110  D.  tridens  Hall 
111  D.  nasutus  (Conrad) 
112  Lichas  bigsbyi  Hall 
113  L.         pustulosus  #<//Z 
114  Ceratocephala  tuberculata  (Conrad)1 
115  Dicranurus  hamatus  Con  rad  L 

(r  Fossils  of  the  Becraft  limestone  of  the  Schoharie  region 

Crinoidea 
1  Aspidocrinus  scutelliformis  Hall 
2  Mariacrinus  macrbpetalus  Hall 

Pteropoda 
3  Tentaculites  elongatus  Hall 

Brachiopoda 
4  Rhipidomella  assimilis  Hall 
5  Schizopnorla  multistriata  Hall 
6  Spirifer  concinnus  Hall 
7  Stenoschisma  formosuni  (Hall) 
8  Camarotoecbia  ventricosa  Hall 
9  Uncinulus  campbellanus  Hall 

10  U.  nobilis  Hall1 
11  Meristella  princeps  Hall 
12  Atrypa  reticularis  (Linnaeus) 
13  Rensselaeria  aequiradiata  (Conrad) 
14  Sieberella  pseudogaleata  (//a/0 

Pelecypoda 

1.")  Avieula  subequilatera  II all' 
Gastropoda 

16  Elolopea  ?  elongata  //'/// 
17  Platyceras  obesum  Ihill 
18  P.  clavatum  Hair 
19  P.  ciirviroslrum  Hall1 
20  P.  agreste  HaZZ2 
21  Pleurotomaria  labrosa  ihill 
22  Euomphalus  dlsjunctns  Hall 
23  Bucania  profunda  //"// 
24  Strophostylus  ?  rotundatus  ETaZZ2 

1  Schoharie  county,  exact  locality  not  known. 
2Carlisle,  Scholia rio  county. 
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Additional  species  from  the  Lower  Helderberg  series  of  the 

Schoharie  region,  the  exact  horizon  of  which  is  not  given.  Most 

of  the  species  are  probably  from  the  New  Scotland  beds. 

Corals 
1  Aulopora  elongata  Hall 
2  Vermipora  serpuloides  Hall 
3  V.  robusta  Hall 
4  Favosites  sphaericus  Hall 
5  F.  proximus  Hall 

Bryozoa 
6  Monotrypa  colliculata  (Hall) 
7  M.  monticulata  (Hall) 
8  Chaetetes  (Monotrypella)  ?  arbuseulus  (Hall) 
9  Monotrypella  ?  abrupta  (Hull) 
9  M.  ?  abrupta  (Hall) 

10  Lioclenia  ponderosum  (Hall) 
11  Fistulipora  ?  triloba  Hall  &  Simpson 
12  F.  ?  crassa  (Hall) 
13  F.  torta  (Hall) 
11  F.  distans  (Hall) 
15  Ceramopora  ?  maculata  Hall 
16  Palescbara  ?  dissimilis  (Hall) 
17  Polypora  lilaea  Hall 
18  Iseiiadites  squamifei*  Hall 

Pteropoda 
19  Tentaculites  elongatus  Hall 

Trilobita 

20  Cyphaspis  coelebs  Hall  &  Clarke 

H  Fossils  of  the  Oriskany  bed  of  the  Schoharie  region 
Brachiopoda 

1  Hipparionyx  proximus  Vanuxem  1 
2  Rnipidiomella  musculosa  Hall1 
3  Strop] leodonta  magniventra  Hall1 
4  S.  magnifica  Hall1 5  S.  lincklaeni  Hall 

6  Leptaena  rboniboidalis  ventricosa  Hall1 
7  Chonostropbia  complanata  Hall1 
8  Spirifer  murcbisoni  Castelnau 
9  S.  arenosus  (Conrad) 
10  Metaplasia  pyxidata  Hall1 
11  Meristella  lata  Hall1 
12  Eatonia  peculiaris  (('onrad) 13  Camarotoecbia  oblata  Hair 
14  C.  pleiopleura  (Conrad)1 
15  C.  barramlei  Hall1 
L6  Plethorhyncha  Gtcbana  Hair 
17  Leptocoelia  flabellites  (Conrad)' 
18  Rensselaeria  ovoides  (Eaton)1 
1!»  Megalanteris  oralis  //a//1 

Pelecypoda 
20  Avieula  textilis  arenaria  Hair 
21  A.  gebbardi  Conrad1 

1  Schoharie  county,  exact  locality  not  known. 
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22  Megambonia  bellistriata  Hall1 
23  M.  lamellosa  Hall1 
24  Palaeopinna  flabellum  Hall 

■Gastropoda 
25  Diaphorostoma  ventricosum  Conrad^ 
26  Strophostylus  expansus  Conrad1 
27  Platyceras  tortuosum  Hall1 
28  P.  nodosum  Conrad1 
29  P.  subnodosnm  Hall1 
30  Cyrtolites  ?  expansus  Hall1 

Tteropoda 
31  Connlaria  lata 

Cephalopoda 
32  Orthoceras  arenosum  Hall 

I  Fossils  of  the  Schoharie  grit 

A  large  number  of  specimens  described  from  the  Schoharie  grit 

in  the  Palaeontology  of  New  York,  were  obtained  from  outcrops 

near  Clarksville  and  Knox  in  Albany  county.  At  Clarksville.  and 

for  several  miles  in  that  vicinity,  are  found  the  best  exposures  of 

the  formation.  It  consists  of  "  a  very  impure  limestone,  which 

weathers  at  the  surface  to  a  dark  buff  spongy  sandrock,  contain- 

ing an  abundance  of  characteristic  fossils.''2  It  is  quite  sharply 
separated  from  the  Esopus,  but  grades  upward  into  the  Onondaga. 

Of  the  following  list  only  those  starred (*)  have  been  listed  from 

the  Schoharie  region.  Those  marked  with  a  dagger  (f)  pass  up- 
ward into  the  Onondaga  limestone  or  higher.  The  double  dagger 

(|)  indicates  that  the  species  is  also  known  from  the  Decewville 
beds  of  Canada. 

Bryozoa 

1  Ptiloporina  sinistralis  (Hall  i(-  Simpson) 
2  Ischadites  bursiformis  Hall 

Brachiopoda 
3  Lingula  ceryx  Hall 
4  Crania  aurora  Hall 
5  Pholidops  areolata  Hall 
6  Rhipidomella  peloris  Hall 
7  *Rh.  alsa  Hall 
8  *Rh.  mitis  Hall 
9  $*fOrthothetes  pandora  (Billings) 
10  JfLeptaena  rhomboidalis  (  WilcJcens) 
11  jfStropheodonta  demissa  (Conrad) 
12  S.  alveata  Hall 
13  S.  callosa  rar.  Hall 

1  Schoharie  county,  exact  locality  not  known. 
2Darton,  N.  H.    N.  Y.  State  Geol.  L3th  Rep't.    1*(.U.  1:243-41. 
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14  *Stropheodonta  parva  Hall 
15  *S.  crebristriata  (Conrad) 
16  t|*S.  inaecpiiradiata  Hall 
17  v  :::s.  patersoni  Hall 
18  :|:v-::s.  hemispherica  Hall 
19  Jt*S.  perplana  (Conrad) 
20  Jt*Strophonella  ampla 
21  *Chonetes  hemisphericus  JETaZZ 

'Spirifer  duodenarius  (Hall) 
;:S.  macer  7/  r/// 

99 
— o 

24  f*S.  raricosta  (Conrad,) 
25  tS.  grieri  Hall 
20  t*Retienlaria  fimbriata  (Conrad) 

(  Also  in  the  Oriskany) 
27  f*Cyrtina  biplicata  Hall 
28  t*C.  hamiltonensis  Hall 
2'.>  t*Nucleospira  conciiina  Hall 
30  f*Meristella  nasuta  (Conrad) 
31  f*M.  doris  HaZZ 
32  t*Atrypa  reticularis  inipressa  Hall 
33  ii*rentamerella  arata  (Conrad) 
34  ̂ fAniphigenia  elongata  (Vanuxem) 
35  tt*Centronella  glans-fagea  (Hall) 

Pelecypoda 
36  Lyriopecten  parallelodontus  ZZaZZ 
37  *Actinopteria  eximia  7/r/// 
38  *Plethomytilus  arenaceus  Hall 
39  *Mytilarca  pyramidata  Hall 
40  *Modiomorpha  schohariae  J I  all 
41  *M.  regularis  Hall 
42  *M.  putilla  Z27/7Z 
43  *Goniophora  perangulata  (Hall) 
44  *G.  ?  alata  £Z«/7 
45  *Grammysia  praecursor  Hall 
40  f *Ck>nocardium  cuneus  (Conrad) 
47  *Panenka  dichotoma  ZZaZZ 
48  *Schizodus  v  fissus  JTaZZ 
41)  $*Cypricardinia  planulata  (Conrad) 

Gastropoda 

50  *Diaphorostoma  aplatum  Hall 
51  *Strophostyliis  unicus 
52  "'( "allonema  (V)  pri niaevum  i/a// 
53  *Cyclonema  doris  ZJaZZ 
54  :J:*Loxonema  ?  subattenuatum  Hall 
55  1:::L.  robustum  Hall 
50     *L.              solidum  //"// 
57  *Straparollus  inops  Hall 
58  t*S.  clymenioides  ffaZZ 
59  f *Pleurotomaria  arata  Hall 
60  *BellerophoD  curvilineatus  Conrad 
61  t*B.  pelops  //"// 

Pteropoda 

62  t*Hyolithus  lige'a  //"// <i3     *H.  principalis  Hall 
Cephalopoda 

64  *< >rthoceras  pelops  //'/// 
65  O.  zeus  Hall 
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66 *Ortboceras  niasculum  Hall 
67 

*o. 
fluctnm •68 

*0. 

einguluni  £TaM 69 

*o. 
tantalus  Hall 

70 

*o. 
vastator  Hall 

71 

*o. 
luxum  Hall  (most 

72 

*0. 

oppletum 73 

*0. 

procerus  Hall 
74 

*0. 

tetricum  Hall 
75 

*o. 

col  la  turn  Hall 
76 

*0. 

stylus  Hall 
77 

*o. 

medium  Hall 
78 

*o. 

pravum  Hall 
79 

*o. 

pervicax  Hall 
80 

*0. 
carnosum  Hall 

81 

*0. 

rarum  Hall 
82 

*o. 

erion  Hall 
83 t*o. tboas  Hall 
84 

*o. 
multicinctum     a  11 

85 

*0. 
duramen  Hall 

86 *Gompboceras  fax  Hall 87 

*G. 
illaenus  Hall 

88 G. clavatum  Hall 
89 t*G. absens  Hall 
yo 

*G. 

beta  Hall 
*G. 

rude  Hall 
*G. 

?  crucifer  Hall 
93 t*Cyrtoceras  morsum  Hall 
94 f*C. eugenium  Hall 
95 

*C. 

aemulum  Hall 
96 

*c. 

jason  Hall 97 *Gyroceras  spinosum  (Conrad) 
98 

*G. 
validum  Hall 

»9 ♦Trochoceras  clio  Hall 
100 

*T. 

discoideum  Hall T. biton  Hall 
102 

*T. 

eugenium  Hall 
103 t! or  ion  Hall 
104 

*T. 

barrandei  Hall 
105 pandion  Hall 
106 

*t! 

obliquatum  Hall 
107 expansum  Hall 

Trilobita 

108  t*Calymmene  platys  Green 
109  t*Pbacops  cristata  Hall 
110  t*Hausmannia  concinna  Hall  &  Clarke 
111  Dalmanites   (Coryeephalus)  regalis  Hall 
112  tf*D.  (Synphoria)  ancbiops  Hall 
113  t*D.  (Synphoria)  anchiops  var.  armatus  Hall 
114  *D.  (Synphoria)  ancbiops  var.  sobrinus  Hall  d'  Clarke 
115  fAcidaspis  callicora  Hall  &•  Clarke 
116  f*Lichas  (Terataspis)  grandis  Hall 
117  tL.         (Conolicbas)  bispidus  Hall  d  Clarke 
1  is     *Proetns  conradi  //'/// 
119  *p.         angustifrons  Hall 
120  *P.         hesione  Hall 
121  $t*P.         crassimarginatus  Hall 
122  f*Cordani«i  arenicohis  //'///  awl  Clarke 
123  t*(  'ypluispis  minuscula  Hall 
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J  Fossils  of  the  Onondaga  limestone  of  the  Schoharie  region 
Anthozoa 

1  Favosites  basalticus  Goldfuss 
2  F.  epidermatus  Rominger 
3  F.  beinispbericus  distortus  Hall 
4  Zaphrentis  prolifica  Billings 
5  Cyatbopbyllum  robustmn  Hall 

Bryozoa 
6  Monotrypa  tabulata  (Hall) 
7  Tbarnniscus  multi ramus  Hall 
8  Ptiloporina  pinnata  (Hall  &  Simpson) 

Brachiopoda 
9  Ortbotbetes  pandora  (Billings) 

10  Leptaena  rbomboidalis  (Wilckcns) 
11  Stropbeodonta  inaequiradiata  Hall 
12  S.  patersoni  Hall 
13  S.  beinispberica  Hall 
14  Stropbonella  ampla  Hall 
15  Productella  navicella  Hall 
16  Spirifer  duodenarius  (Hall) 
17  S.  raricosta  Conrad 
18  S.  acuminatus  (Conrad) 
19  S.  divaricatus  Hall 
20  Reticnlaria  fimbriata  (Conrad) 
21  Cyrtina  bamiltonensis  Hall 
22  Atbyris  spiriferoides  (Eaton) 
23  Meristella  nasuta  (Conrad) 
24  Pentagonia  unisnlcata  (Conrad) 
25  Atrypa  reticularis  (Linne) 
26  A.         psendomarginalis  Hall 
27  Pentamerella  arata  (Conrad) 
28  Ampbigenia  elongata  (Vanuxem) 
29  Collospira  Camilla  Hall 

Pelecypoda 
30  Aviculopecten  pectiniformis  (Conrad) 

Gastropoda 
31  Platyceras  dumosum  Conrad 
32  P.  nodosum  Conrad 
33  P.  undatum  Hall 
34  P.  crassum  Hall 
35  Diapborostoma  lineatum  (Conrad) 
36  D.  unisulcatum  (Conrad) 
37  D.  turbinatum  (Hall) 
38  Euompbalus  decewi  Billings 
39  Pbancrotinus  laxus 

Pteropoda 
40  Tentaculites  scalariformis  Hall 

Cephalopoda 
41  Cyrtoceras  eugenium  //(/// 
42  C.  cit urn  Hall 
43  C.  jason  Hall 
44  Gyroceras  trivolve  (Conrad) 
45  G.  matheri  (Conrad) 
46  G.  undulatum  (Vanuxem) 
47  G.  paucinodum  Hall 



GEOLOGY  AND  PALEONTOLOGY  OF  THE  SCHOHARIE  VALLEY  329 

Trilobita 
48  Dalmanites  (Coronura)  diums  {Green) 
49  D.  (Coronura)  myrmecophorus  {Green) 
50  D.  (Odontocephalus)  selenurus  {Eaton) 
51  D.  calypso  Hall 
52  D.  (Coronura?)  inacrops  Hall 
53  Lichas  (Conolichas)  eriopis  Hall 
54  L.         (Ceratolichas)  gryps  Hall  cC-  Clarke 
55  L.         (Ceratolichas)  dracon  Hall  &  Clarke 
56  Proetus  folliceps  Hall  d  Clarke 
57  P.  clarus  Hall 

K  Fossils  of  the  Marcellus  shales  and  calcareous   beds  of  the 

Schoharie  region 

1  Chonetes  mucronatus  Hall 
2  Strophalosia  truncata  Hall 
3  Liorhynchus  mysia  Hall 
4  L.  limitaris  (Vanuxem) 
5  Lunulicardium  marcellense  Vanuxem 
6  Tentaculites  gracilistriatus  Hall 
7  Styliolina  flssurella  Hall 
8  Orthoceras  vicinus  Hall 
9  O.  thestor  Hall 

10  O.  subulatum  Hall  ? 
11  Bactrites  clavus  Hall 
12  Nautilus  oriens  Hall 

L  Fossils  of  the  Agoniatites  limestone  of  the  Schoharie  region 

1  Liorhynchus  mysia  Hall 
2  Panenka  ventricosa  Hall 
3  Lunulicardium  rude  Hall 
4  Orthoceras  fustis  Hall 
5  O.  marcellense  Vanuxcm 
6  Cyrtoceras  alternatum  Hall 
7  Gomphoceras  conradi  Hall 
8  G.  oviforme  Hall 
9  Goniatites  ( Agoniatites)  expansus  Ya int. rent 

10  G.  (Parodiceras)  discoideus  Conrad 
11  Nautilus  (Discites)  marcellensis  Vanuxem 

M  Fossils  of  the  Hamilton  sandstones  of  the  Schoharie  region 

Brachiopoda 
1  Spirifer  acuminatus  (Conrad) 
2  S.  granulosus  (Conrad) 
3  S.  mucronatus  (Conrad) 
4  S.  audaculus  (Conrad) 
5  S.  tullius  Hall 
C>  Chonetes  coronatus  (Con.) 
7  C.  defleotus  Hall 
8  C.  mucronatus  Hall 
9  Orthothetes  chemungcnsis  rar.  arctostriatus  II all 

10  Athyris  spiriferoides  (Eaton) 
11  Stropheodonta  perplana  (Conrad) 
12  Camarotoochia  congregata  (Conrad) 
13  C.  prolifica  (Hall) 
14  Liorhynchus  multicostum  Hall 
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15  Orbiculoidea  (Lindstroemella)  aspidiurn  Hall  <(•  Clarke 
16  O.  randalli  Hall 
17  Cryptonella  (Eunella)  lincklaeni  Hall 
18  Productella  duinosa  Hall  ? 
19  Tropidoleptus  carinatus  (Conrad) 
20  Ambocoelia  umbonata  (Conrad) 
21  Strophalosia  traneata  (Hull) 
22  Cyrtina  haniiltonensis  Hall 
23  Oehlertella  exilis  (Hall) 
24  Lingula  punctata  /Zr//7 
2.1  L.  densa 
26  Dignoniia  alveolata  Hall 
27  Oentronella  glaueia  Hall 

Pelecypoda 
28  Aviculopecten  formio  Hall 
29  A.  princeps  (Conrad) 
30  A.  phorus  ffdli 
31  A.  fasciculatus  HaZZ 
32  A.  idas  ff«ZZ 
33  Lyriopecten  interradiatus  Hall 
34  Pterinopecten  vertumnus  Hall 
35  P.  undosus  77 «// 
36  Pterinea  flabellum  (Conrad) 
37  Actinopteria  boydi  {Conrad) 
38  Glyptodesnia  erectum  (Conrad) 
39  Liopteria  bigsbyi  7/^/7  - 
40  L.  mitchelli  Hall 
41  L.  troosti  Hall 
42  L.  leai  F/aZZ 
43  L.  greeni  ffaZZ 
44  Leptodesma  rogersi  Hall 
4.*>  Pletbomytilus  oviformis  Conrad 
46  Gosseletia  triquetra  (Conrad) 
47  Modiamorpha  areuata  Hall 
48  M.  mytiloides  (Conrad) 
49  M.  subalata  (  Conrad) 
50  M.  concentrica  (Conrad) 
51  Goniophora  haniiltonensis  7/^77 
f>2  (i.  rugosa  Conrad 
53  (J.  glauca  HaZZ 
54  G.  truncata  HaZZ 
55  Cypricardella  gregaria  //f/77 
56  C.  tenuistriata  Hall 
57  C.  complanata  2?dZZ 
58  Microdon  bellistriatus  (Conrad) 
59  Nucula  randalli  //<//7 
60  X.         bellistriata  i  Conrad) 
»>1  Nuculites  cuneiformis  Conrad 
•  ;2  N.  triqueter  Conrad 
<;::  \.           oblongatus  Conrad 
64  Leda  diversa  ffoZZ 
65  L.      brevirostris  EFaH 
66  L.      obscura  //</// 
67  Palaeoneilo  constricta  (Conrad) 
08  P.  maxima  (Conrad) 
09  P.  einarginata  (Conrad) 
7<>  P.  perplana  //<>// 
71  P.  tenuistriata  Hall 
72  Macrodon  hamiltoniae  Hall 
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73  Nyassa  subalata  Hall 
74  N.         recta  Hall 
75  N.         arguta  Hall 
76  Grammysia  bisulcata  (Conrad) 
77  G.  erecta  Hall 
78  G.  cireularis  Hall 
79  G.  obsoleta  Hall 
SO  G.  alveata  (Conrad) 
81  G.  lirata  Hall 
82  G.  globosa  Hall 
83  G.  zonata  Hall 
84  G.  arciiata  (Conrad) 
85  G.  coaastricta  Hall 
86  Sphenotus  truncatus  (Conrad) 
87  S.  cuneatus  (Conrad) 
88  S.  suMortuosus  Hall 
89  S.  solenoides  Hall  (?) 
90  Scbizodus  appressus  (Conrad) 
91  Prothyris  lanceolata  Hall 
92  Tellinopsis  subeinargiuata  (Conrad) 
93  Cimitaria  elongata  (Conrad) 
94  Pboladella  radiata  (Conrad) 
95  Ortbonota  undulata  Conrad 
96  O.  carinata  Conrad 
97  O.  ensiforniis  Hall 
98  O.  (?)  parvula  Hall 
99  Palaeosolen  siliquoidens  Hall 

100  Elymella  levata  Hall 
101  Protomya  oblonga  £/Y//7 
102  Limoptera  macroptera  (Conrad) 
103  Paracyclas  lirata  (Conrad) 

Gastropoda 
104  Pleurotomaria  filitexta  Hall 
105  P.  capillaria  Conrad 
106  P.  sulconiarginata  Conrad  (?) 
107  P.  trilix  Hall 
108  Belleropbon  patulus  Hall 
109  B.  rudis  Hall 
110  B.  otsego  Hall 
111  B.  crenistriatus  Hall 
112  Cyrtonella  mitella  Hall 
113  C.  pileolus  Ho7/ 

Pteropoda 
114  Coleolus  tenuicinctus  Hall 
115  Tentaculites  bellulns  Hall 
116  Conularia  continens  var.  rudis  £TaZ2 

Cephalopoda 
117  Nautilus  bucinum  Hall 
118  Orthoceras  erotalum  Hall 

Trilobita 

119  Phacops  rana  (Crccn) 
120  Ilomalonotus  dekayi  (Green) 
121  Crypbaeus  bootbi  var.  calliteles  On  <  n 
122  Proetus  rowi  (Green  l 
Incertae  sedis 

123  Spiropbyton  velum  {Vanuxem) 
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N  Fossils  of  the  Ithaca  and  the  Sherburne  beds  of  the  Schoharie 

region 
Brachiopoda 

1  Orbiculoidea  cf.  media  (Hall) 
2  Spirifer  ruucronatus  (Con.) 
3  S.  mesastrialis  Hall 
4  S.  tullius  Hall 
5  S.  fimbriatus  (Con.) 
6  Tropidoleptus  carinatus  (Con.) 
7  Arobocoelia  innbonata  (Con.)  ? 
8  Athyris  spiriferoides  (Eaton) 

Pelecypoda 
9  Orthonota  undulata  Con. 
10  Microdon  bellistriatus  Con. 
11  M.  gregaria  Hall 
12  Sphenotus  truncatus  ( Con. ) 
13  S.  cuneatns  (Con.) 
14  Goniophora  sp. 
15  Schizodus  appressus  Con. 
16  S.  cf.  ellipticus  Hall 
17  Paracyclas  tenuis  Hall 
18  Grammysia  ( Spbenomya )  enneata  Hall  (?) 
19  G.  subarcuata  Hall 
20  Palaeoneilo  cf.  plana  Hall 
21  P.  emarginata  (Con.) 
22  Liopteria  bigsbyi  Hall 
23  L.  dekayi  Hall 

Gastropoda 
24  Belleropbon  patulus  Hall 
25  B.  acutilira  Hall  (?) 
26  Cyrtolites  (Cyrtonella)  pileolus  Ha??  (?) 
27  Tentaculites  sp.   
Note.  The  foregoing  lists  will  serve  to  indicate  to  the  student  the 

species  that  may  reasonably  be  looked  for  in  the  different  Schoharie  forma- 
tions. It  is  not  desired  to  convey  the  impression  that  all  the  fossils  named 

have  been  recorded  from  this  locality. 
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Chapter  8 

PHYSIOGRAPHY  OF  THE  SCHOHARIE  REGION 

We  have  hitherto  spoken  of  the  hills  of  the  Schoharie  region 

as  the  most  dominant  topographic  feature  of  the  district  And 

so  they  appear  when  looked  at  from  the  point  of  view  of  the 

ordinary  observer  in  the  valley  bottoms.  To  the  inhabitants  of 

this  region,  since  the  days  of  its  occupancy  by  the  Indian,  the 

broad  bottom  lands  margining  the  principal  streams  have  been 

the  chief  attraction,  partly  because  of  their  great  fertility,  and 

partly  because  of  the  ease  with  which  communication  between 

settlements  could  be  established  on  the  level  country.  The  hill- 

sides and  uplands  are  the  last  conquered  portion  of  the  region, 

and  even  now  have  only  been  partially  subjugated.  The  diffi- 

culty of  maintaining  the  roads,  which  of  necessity  follow  the 

streams  by  which  the  hillsides  are  dissected  and  which  are 

therefore  subject  to  continual  washouts  by  strong  rains  or  by 

the  streams  themselves,  was  a  potent  factor  in  the  retardation 

of  the  hillside  settlement.  This  difficulty  can  be  readily  appre- 
ciated if  one  follows  the  little  frequented,  and  therefore  poorly 

mended  roads  which  lead  up  over  some  of  the  hillsides,  or  the 

abandoned  roads  which  not  infrequently  have  become  stream  beds. 

Settlements  being,  then,  in  the  valley  bottoms,  or  more  sparingly 

along  the  valleys  of  streams  laterally  incising  the  hills,  it  is  not 

surprising  that  the  Schoharie  region  is  generally  conceded  to 

have  a  mountainous  topography.  Yet  if  one  climbs  to  the  sum- 

mits of  some  of  the  higher  hills,  where  a  comprehensive  view  of 

the  uplands  may  be  obtained,  the  surprise  of  a  moderately  undu- 

lating high  plateau  is  met  with.  So  uniform  is  the  altitude  to 

which  the  apparently  irregular  hilltops  rise,  and  so  relatively 

inconspicuous  are  the  incisions  in  Ihis  upland,  that,  provided  the 

observer  stands  high  enough,  the  sky  line  will  appear  a  nearly 

level  one.  This  is  specially  noticed  if  one  looks  from  a  sufficient 

altitude  across  the  valley  to  the  opposite  line  of  liills.    Only  one 
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great  exception  to  this  evenness  of  the  upland  plateau  is  notice- 
able to  the  south  where  the  high  peaks  of  the  Catskills  rise 

abruptly  above  the  general  level.1  A  prolonged  inspection  of 
the  country  from  such  a  vantage  point,  impresses  the  beholder 
with  the  fact  that  it  is  the  plateau  or  even  upland  which  is 
the  dominant  topographic  feature  of  the  region,  and  that  the 
hills  seen  from  the  low  ground,  are  merely  the  carved  edges  of 
this  plateau  where  it  has  been  deeply  incised  by  the  three  prin- 

cipal streams  of  the  region,  the  Schoharie  kill,  the  Cobleskill  and 

the  Fox  kill.  The  deeply  sunken  valleys  of  these  streams  are, 
next  to  the  plateau,  the  most  prominent  topographic  element  of 

the  landscape,  and  one  might  not  inaptly  emphasize  this  fact  be- 
speaking of  the  region  as  a  valley  country  rather  than  a  hill 

country. 

In  the  vicinity  of  Middleburg  and  northward  the  average 

altitude  to  which  the  hills  rise  is  2100  feet,  though  westward  in 

Petersburg  mountain  the  elevation  is  as  high  as  2300  feet. 

Northward  from  Middleburg  the  level  falls  to  about  2000  feet 

and  still  farther  north  to  1900,  and  then  1800  feet.  The  hills 

immediately  bordering  the  larger  valleys  rise  to  less  than  the 

average  hight  as  might  be  expected.  Thus  West  mountain  is 

1200  feet,  Dann's  mountain  nearly  1400  feet  and  Sunset  hill 
1000  feet.  Northward  there  is  a  gradual  descent  of  the  upland 

region,  the  average  upland  elevation  being  little  over  1000  feet 

in  the  Mohawk  region. 

^ne  of  the  best  localities  for  observing  the  features  here  described  is 
on  the  summit  of  Moheganter  hill,  which  rises  to  the  south  of  Middleburg. 
apparently  hemming  in  the  valley  on  the  south  as  seen  from  Schoharie. 
About  three  miles  southwest  of  Middleburg,  on  the  south  side  of  the  river, 
a  small  stream  has  cut  the  northwestern  face  of  Moheganter  hill,  and  here 
at  the  schoolhouse  of  district  no.  11  a  road  branches  off  from  the  main 
Schoharie  valley  road  and  climbs  the  hill.  Behind  the  house  of  Mr  John 
Vroman,  the  second  inhabited  bouse  on  the  road,  is  a  bare  knoll  which 
rises  above  1900  feel  A.T.  From  the  summit  of  this  knoll  a  splendid  view 
of  the  even  upland,  the  Catskills  and  the  deep  Schoharie  valley  may  be 
obtained.  Other  good  views  are  found  farther  along  on  the  road.  Interest- 

ing outcrops  of  Hamilton,  Sherburne  and  Oneonta  strata  are  found  along 
this  highway. 



Plate  21 

Kruin's  falls 8  miles  south  of  Schoharie 
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It  lias  already  been  noted  that  the  strata  of  this  region  dip 

southward  at  about  135  feet  to  the  mile,  or  approximately  one 

foot  in  40.  Thus  it  appears  that  the  eYen  upland  surface,  which 

in  fact  gently  rises  southward,  beYels  across  the  strata,  the 

surface  and  dip  being  discordant,  and  the  plateau  therefore  not 

due  to  the  strata  composing  it.  In  other  words  the  surface  of 

the  upland  is  an  erosion  surface  which  passes  obliquely  across 

the  strata,  instead  of  being  determined  by  a  hard  stratum  at 

that  level,  which  might  have  largely  prevented  the  degradation 

below  that  general  horizon.  If  thus  the  level  is  an  erosion  level 

why  did  it  stop  so  generally  at  a  uniform  hight,  so  as  to  give 

the  appearance  of  a  level  plateau,  when  this  checking  of  erosion 

was  not  determined  by  a  uniform  hard  stratum  which  every- 

where protected  the  summits  at  that  level?  The  only  adequate 

answer  to  that  question  is:  that  when  erosion  had  reached  the 

level  in  question,  it  could  go  no  farther  because  at  that  time  the 

base  level  of  erosion  practically  had  been  reached.  In  other  words 

the  sea  level  at  the  period  during  which  the  ancient  surface 

was  worn  down  to  the  plateau  level,  was  about  2000  feet  higher 

in  this  region  than  now,  or  the  land  stood  so  much  lower  with 

reference  to  the  sea.  All  the  valleys  which  cut  below  that  level 

were  made  subsequently  to  it,  when  a  relative  change  in  the 

land  and  sea  levels  took  place,  the  former  rising  or  the  latter 

falling.  The  more  or  less  even  surface  near  sea  level,  which 

characterized  the  end  of  this  earlier  cycle  of  denudation,  was 

due  wholly  to  the  working  of  subaerial  agencies  and  not  to 

marine  erosion,  there  being  absolutely  no  evidence  of  the  occu- 
pancy of  this  region  by  the  sea,  in  Postpaleozoic  time.  Thus 

this  approximate  plane  of  erosion  falls  under  the  type  to  which 

the  name  "peneplain"  is  applied  by  physiographers,  while  the 
high  peaks  of  the  Catskills  which  dominate  this  peneplain  fall 

under  the  type  known  as  "  monadnocks."  As  just  stated,  the 
Schoharie  and  other  valleys  cut  into  this  upland  are  of  later 

origin  and  therefore  belong  to  the  present  cycle  of  erosion,  of 

which  they  represent  the  initial  effects. 
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Let  us  iioav  inquire  into  the  condition  of  the  early  surface  of 

the  region  and  the  method  of  erosion  which  has  produced  the 

peneplain  surface,  after  which  we  may  discuss  more  in  detail  the 

erosion  accomplished  during  the  present  cycle. 

The  Paleozoic  coastal  plain.  In  discussing  the  origin  of  the  vari- 
ous geologic  formations  of  this  region  it  has  already  been  pointed 

out  that  each  of  the  more  extensive  ones  at  any  rate  must  have 

been  deposited  over  the  entire  region,  overlapping  the  earlier  ones, 

and  extending  up  on  the  old  shore  which  was  then  formed  by  the 

Precambric  and  early  Paleozoic  rocks.  The  later  formations  spe- 

cially, such  as  the  Hamilton,  Sherburne,  Oneonta  and  Catskill 

sandstones  were  made  of  material  directly  derived  from  the  crys- 

talline rocks  of  the  Adirondacks  and  Laurentides,  and  the  meta- 

morphic  sediments  of  the  Appalachian  old  land.  It  is  easily  seen 
that  there  is  no  other  likely  source  of  these  sediments  and  that 

hence  each  one  must  in  turn  have  overlapped  the  preceding  ones 

and  come  to  rest  directly  on  the  shelving  surface  of  the  old  land. 

With  their  present  dip  of  135  feet  to  the  mile  the  base  of  the 

first  red  sandstones  of  this  region  ( the  Oneonta )  would  be  car- 
ried 5000  feet  above  the  sea  in  the  region  of  the  Mohawk  and  more 

than  15,000  feet  in  the  central  Adirondack  region.  As  the  present 

dip  of  the  strata  is  probably  much  greater  than  the  original  dip 

of  deposition  and  as  the  Adirondack  region  has  suffered  much 

erosion  in  Postpaleozoic  time,  there  is  no  reason  to  believe  that 

the  Adirondacks  were  wholly  covered  by  the  Oneonta  and  Catskill 

strata,  though  they  probably  reached  far  up  on  them.  A  clear 

comprehension  of  the  former  extent  of  the  strata  of  this  region 

helps  one  to  realize  the  enormous  amount  of  erosion  which  the 

region  has  suffered  since  Paleozoic  time,  as  well  as  the  length  of 

the  lime  consumed  in  the  process.  Compared  with  this  tremen- 
dous erosion  the  formation  of  the  Schoharie  valley  during  the 

present  cycle  of  erosion  is  a  very  insignificant  result,  scarcely  more 

than  a  scratch  on  the  surface  of  the  ancient  peneplain. 

Development  of  drainage  lines.  After  the  coastal  plain  of  Paleo- 

zoic strata  emerged,  by  the  southward  and  westward  retreat  of 
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the  seashore,  a  simple  type  of  drainage  soon  became  established 

on  it.  Those  streams  which  had  formerly  brought  the  material 

from  which  the  coastal  plain  was  built,  now  continued  their  way 

across  this  plain,  following  the  slope  of  the  land,  and  entered  the 

sea  somewhere  in  the  region  of  the  present  Mississippi  valley.  To 

simple  streams  of  this  type  the  name  "  consequent  streams  "  is 
applied,  since  they  are  consequent  on  the  slope  of  the  surface  on 

which  they  originate.  Streams  of  this  type  cut  downward,  mak- 

ing valleys  for  themselves,  which  in  depth  are  proportional  to  the 

distance  from  shore,  the  slope  and  hardness  of  the  strata  and  the 

velocity  of  the  current.  At  first  these  streams  have  no  tributaries, 

but  these  are  gradually  formed  out  of  the  gullies  which  are  cut 

into  the  sides  of  the  valley  of  the  consequent  stream.  Such 

streams,  mot  controlled  by  original  structural  features,  form  the 

type  denominated  "  insequent  streams."  Some  of  these  will  in- 
variably outstrip  the  others,  and  they  will  generally  be  the  ones 

near  the  old  land,  since  here  the  river  is  higher  above  the 

sea  than  elsewhere  below  and  can  cut  its  channel  deeper; 

hence  the  tributary  insequents  would  have  a  greater  slope  and 

therefore  cut  deeper  trenches.  In  time  these  insequents  will  out- 
strip their  brethren  which  are  farther  down  the  course,  and  so 

develop  into  the  "  subsequent  "  type,  which  near  the  upper  end  of 
the  coastal  plain  opens  up  a  valley  or  inner  lowland  by  removing 

the  strata  immediately  adjacent  to  the  old  land.  The  valley  thus 

formed  will  have  on  one  side  the  hard  crystallines  of  the  old  land, 

while  on  the  other  there  will  be  most  generally  a  cliff  of  the  sedi- 
mentaries.  The  topographic  element  thus  formed  has  come  to  be 

known  as  a  cucsta1  and  may  be  defined  as  a  portion  of  a  coastal 
plain  which  has  been  separated  by  the  normal  processes  of  stream 

erosion  from  the  old  land  against  which  it  originally  lapped.  The 

essential  features  of  the  normal  cuesta  are  a  gentle  surface  slope 

to  the  sea,  and  a  steep  escarpment  or  "inface,"  the  precipitous- 
ness  of  which  will  be  in  proportion  to  the  resistance  of  the  sur 

1A  name  of  Spanish  origin,  and  proposed  by  Trot*.  W.  M.  Davis  Cor  the 
topographic  type  described,    rrononnce  k  west  a. 
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face  stratum  and  the  weakness  of  the  underlying  beds.  Between 

the  inface  of  the  cuesta  and  the  old  land  lies  the  stripped  belt,  or 

"inner  lowland"  which  has  been  opened  up  by  the  subsequent 
streams.  The  diagrams  [fig.  209]  show  the  beginning  of  the  drain- 

age system  on  a  coastal  plain  and  [fig.  210]  the  completed  simple 

cuesta.  It  will  be  perceived  that  the  inner  lowland  is  widened 

by  the  gradual  seaward  retreat  of  the  inface  of  the  cuesta.  By 

this  process  the  altitude  above  sea  level,  of  the  upper  edge  of  the 

Fig-.  209    Diagram  of  simple  coastal  plain  after  elevation,  showing-  simple  consequent drainage 

Fig.  210  Coastal  plain  after  erosion  and  formation  of  cuesta  topography 

cuesta,  gradually  diminishes  owing  to  the  gentle  seaward  dip  of 

the  strata.  At  the  same  time  the  hight  of  the  inface  of  the  cuesta 

may  increase,  for  by  its  seaward  retreat  lower  and  lower  strata  are 

uncovered,  the  edges  of  which  become  incorporated  in  the  basal 

portion  of  the  inface  of  the  cuesta.  As  before  stated,  if  the  upper 

layer  is  very  resistant,  while  the  basal  strata  are  easily  eroded, 

the  inface  of  the  cuesta  will  be  steep  and  rugged.  This  is  essen- 
tially the  case  with  the  front  of  the  Helderberg  escarpment  at  the 

Indian  Ladder,  which  for  purposes  of  illustration  may  be  com- 

pared with  a  normal  cuesta  front  or  inface,  while  the  Hudson 

valley  between  it  and  the  old  land  of  the  Taconic  region  repre- 
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sents  the  inner  lowland.  As  will  be  seen  presently  this  region 

does  not  represent  a  cuesta  in  its  primitive  condition,  but  rather 

a  revived  cuestalike  topography. 

If,  with  continued  recession  of  the  inface  of  the  cuesta,  and  a 

widening  of  the  inner  lowland,  a  second  hard  stratum  is  discov- 
ered beneath  the  soft  one,  the  inner  lowland  may  for  a  time  be 

Fig.  211   Diagram  of  simple  escarpment  formed  by  exposed  hai-d  stratum  (3)  overlying  a. soft  stratum 

floored  by  this  stratum.  Gradually  however  this  stratum  will 

also  be  cut  through  and  if  another  softer  one  is  discovered  be- 

neath, a  second  inface  will  soon  come  into  existence,  the  cuesta 

now  becoming  a  double  one  [fig.  211,  212].  The  retreat  of  both 

cliffs  may  be  uniform  or  there  may  be  a  differential  retreat.  In 

the  first  case  the  two  cliffs  will  never  Iw  far  apart,  in  the  second 

Fig.  212  Compound  escarpment  produced  by  two  hard  strata  after  recession  to  dotted line  in  fig.  211 

cast  they  will  either  approach  each  other,  the  lower  one  gaining  on 

the  upper,  or  become  more  and  more  separated,  the  upper  one 

retreating  faster.  Cliffs  of  differential  retreat  are  well  illustrated 

by  the  terraces  on  AVest  hill  (plate  1). 

Where  there  is  a  regular  alternation  of  hard  and  soft  strata 

several  times  repeated,  the  cuesta  front  will  be  terraced,  but  it 

will  be  essentially  one  cuesta  front  or  in  face,  just  as  the  eastern 

face  of  West  hill  is  a  single  one,  though  composed  of  several 
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terraces.  This  we  may  assume  to  be  the  norm  for  it  is  not  likely, 

except  in  rare  cases,  that  the  upper  cliff  will  retreat  so  rapidly 

that  the  space  between  the  two  becomes  broad  enough  to  have  the 

characters  of  a  second  inner  lowland,  separating  two  cuestas. 

Conditions  of  multiple  cuestas  exist,  as  for  example  the  two 

cuestas  of  the  ancient  (Postpaleozoic)  coastal  plains  of  central 

Fig.  213  Outcrops  of  hard  strata  (2  &  3)  after  peneplenation  to  dotted  line  in  fig-.  212 

England,  described  by  Davis1,  or  the  Niagara  and  Onondaga  cues- 

tas of  western  New  York.2  Such  conditions  are  explainable  in 
one  of  two  ways.  Peneplenation  obliquely  across  the  strata  and 

recarving  of  the  valleys  on  the  softer  beds.  This  appears  to  have 

been  the  method  which  has  given  rise  to  the  repeated  cuestas  of 

Fig.  214    Two  escarpments  resulting  from  erosion  on  soft  strata  after  peneplenation 
(compare  dotted  lines  of  fig.  213) 

western  New  York.  This  method  is  illustrated  in  the  above 

diagrams  [fig.  213,  214]  and  will  be  more  fully  discussed  below. 

A  partial  elevation  of  the  coastal  plain  may  occur  and  while  a 

cuesta,  topography  is  gradually  carved  out  of  the  strata  of  this 

plain,  a  new  coastal  plain  may  be  deposited  with  the  older  one  for 
its  shore  and  old  land.  Then  on  a  second  elevation  the  cuesta 

topography  may  be  carved  out  of  the  later  coastal  plain  as  shown 

'Textbook  of  Physical  Geography. 
2Grabau.    Geology  of  Niagara  Kails.    N.  Y.  State  Mus.  Bui.  45.    p.  44. 
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in  the  diagrams  [fig.  215,  216].  This,  according  to  Davis,  appears 

to  have  been  the  origin  of  the  cuestas  of  central  Englana. 

Continuous  seaward  retreat  of  the  edge  of  a  simple  cuesta 

eventually  brings  the  inner  lowland  to  the  point  where  the  top 

of  the  soft  stratum  passes  below  the  level  at  which  erosion  takes 

place.    Then  the  cliff  will  slowly  be  degraded  by  atmospheric 

Fig.  215  Diagram  showing-  formation  of  escarpment  by  erosion  of  soft  stratum  under  a, and  formation  of  coastal  plain  strata  b 

erosion  till  it  too  has  been  reduced  to  the  level  of  erosion,  when 

peneplenation  will  be  accomplished  [fig.  217,  218].  The  same  fate 

awaits  the  terraced  cuesta  unless  a  new  lease  of  life  should  be 

given  by  a  renewed  elevation.  Otherwise  the  lowest  terrace  is 

first  doomed  to  extinction,  the  others  following  in  succession  from 

below  upward  till  the  whole  region  is  peneplaned  [fig.  219-221]. 

Fig.  216    Two    escar-pments  due  to  subsequent  erosion  of  soft  stratum  under  hard stratum  fr,along  dotted  line  in  fig.  215 

This  condition  of  peneplenation  can  readily  be  recognized  by 

the  beveled  appearance  of  the  strata  at  the  successive  outcrops, 

the  thickness  decreasing  toward  the  old  land  from  the  moment 

they  pass  out  from  under  (he  protection  of  the  overlying  stratum. 

Thai  this  thinning  is  not  the  thinning  natural  to  strata  as  we 

approach  the  old  shore,  is  shown  by  the  fai  t  (hat  the  lithic  char- 
acter of  the  bed  remains  unchanged,  which  would  certainly  not 

be  the  case  if  we  had  reached  (he  former  shore,  and  furthermore 

by  the  fact  that  the  lowest  bed  of  each  stratum  is  the  one  found 

at  the  thin  end  of  the  wedge  [tig.  222]-,  whereas  if  (he  thinning 
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were  due  to  deposition  on  a  shelving  shore  the  thin  edge  should 

be  made  of  the  upper  beds  of  the  stratum  only  [fig.  223]. 

When  elevation  of  the  peneplain  takes  place  streams  naturally 

become  adjusted  on  the  softer  strata  and  so  carve  out  again  the 

cuesta  topography  by  working  along  the  softer  beds.  This 

revived  topography  is  not  readily  distinguishable  at  first  sight 

from  the  original  cuesta  topography.    The  revived  cuestas  how- 

Fi°-  222  Thinning  away  of  strata  by  overlap  on  x-(a,  h)  and  through  erosion  (peneplena- tibn-  c-n.   In  the  latter  case  the  lower  portion  of  each  bed  extends  beyond  the  upper 

ever  are  much  further  removed  from  the  old  land  than  were  their 

predecessors. 

That  this  has  been  the  history  of  the  Helderberg  and  Schoharie 

regions  seems  to  be  indicated  by  the  correspondence  of  all  the 

features  of  the  region  with  those  outlined  in  the  theoretic  dis- 

cussion of  cuesta  development  on  a  coastal  plain  of  the  type 

formed  bv  these  old  Paleozoic  strata.    The  first  cuesta  formed 

Fisr  2*3  Thinning  of  strata  through  overlap  on  x.   Upper  portion  of  each  bed  extends beyond  the  lower  portion 

was  probably  that  of  the  Catskill  and  Oueonta  sandstones  and 

the  inner  lowland  between  it  and  the  old  land  was  probably  at 

first  somewhere  north  of  the  present  Mohawk  valley.  As  the 

escarpment  was  pushed  southward  and  westward,  lower  and 
lower  members  of  the  Paleozoic  series  were  discovered  and  the 

cuesta  front  probably  began  to  take  on  the  terrace  form.  It  must 
be  remembered  that  the  old  land  at  this  time  formed  a  semicircle, 

extending  along  the  north  and  along  the  west  and  southwest. 

What  the  original  drainage  was  can  of  course  only  be  conjee- 



NEW    YORK    STATE  MUSEUM 

^kw^ifi  nevertheless  the  general  direction  of  these  ancient  streams 

can  be  indicated  with  a  fair  approach  to  accuracy.    Davis1  has 
XiHfll&IIMl  some  of  the  probable  drainage  lines  of  this  early  period 

$fk$ tileCiVnnsvlvania  region  and  his  assumptions  may  be  regarded 

^Texjgfef&fing  the  conditions  of  that  time  as  accurately  as  the 

}ffe«eM'teVnTence  will  permit.    After  the  formation  of  the  Appa- 
ra^Uaftt^Jldsb  then  much  more  pronounced  than  now.  the  syn- 

clinal valleys  were  occupied  by  longitudinal  consequent  streams. 

Aj%sHTdraIuaiHio  lakes  filling  the  lower  basin-shaped  depressions 
ee«_Ji]£_-ri4ges.    Some  of  these  were  drained  northwestward 

by  the  master  stream  of  the  region  which  Davis  has  named  the 

A^^hr^crt^ '.rfv^i' which  he  locates  not  far  from  the  present 

Susquehanna.  This  river  joined  the  ancient  Ohio,  which  then  as 

'now  TfMlnfVr^^sV^W^  to  the  Mississippi  gulf.  Other  small 
streams  flowed  from  the  northwestern  faces  of  the  "  Nittany  high- 

and  likewise  became  tributary 

¥o^ti^lg6niS?flef)^I0  ̂ lm,'•,  9*  ̂ 
'siV:'re¥{ur^^  the  drainage  development 

e5mair|^Mteo^  entirely  changed  the  normal 
es^n^art  of  this  area,  was  the  folding 

of  the  strata  into  the  Appalachian  anticlines  and  synclines  which 

Rjukj  place-  during  late  Permian  Time,  and  the  magnitude  and 

remnants  found  at  present  in  the  folded  district.    From  the  west 
ebnaJxo  bad  ilono  io  noij-jotf  -loqrfJ   .x  no  qitlisvo  rfi>i 
ernmost  slopes  of  thes^iJmifi)mT[^tPrife,','rt>he  drainage  flowed  north 

westward,  but  the  drainage1  of  the  other  slopes  was  carried  along 

W  ̂ i1^mr^m^§^MiM^t%^or  was  deprived  of  this 
achian  continent  to 

'VdV  3&uthl&H#.7  iff^M«§a%e(ItS^sl&ea1n¥»  flowing  northwest 
tfflmWW**1  ne^^te^ffieft^ota^S^ga  HveVennuch  smaller  than 

^>s^¥oihi>i<^^^  to  carry 

^^ti(niuiuigio^)l)  )^Tlia>i>g^!p;irrt  -oft);  H  fox  J  <DBQfttfl$,dBdid  land  into  the 

. Mississippi;  foBArroinemtij  b&B  be  rnsiintbltJieilmwfoifi'in  the  north- 

.fta$ta±fctroBegji)B  teswrl  eHJtvgnfcbenbiiBudHianoBd  tpgonbnnced,  even 

ania.  Nat. 
Geog.  Mag.  v.  1,  no.  3. 
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though  the  slopes  were  steeper  on  the  southeast.  It  was  prob- 

ably not  till  the  end  of  Mesozoic  time  that  the  peneplain  on  the 

sedimentary  rocks  was  completed,  the  Catskills  alone  remaining 

as  remnants  of  the  higher  lands  which  were  almost  entirely  re- 

moved by  erosion.  That  this  peneplanation  did  not  necessarily 

include  the  old  land  will  be  clear  from  the  discussion  of  the 

maimer  of  formation  of  the  peneplain.  Nevertheless  we  may 

safely  assume  that  these  harder  crystalline  rocks  also  suffered 

considerable  erosion  during-  the  interval  from  the  end  of  the 
Paleozoic  to  the  beginning  of  the  Cenozoic  (Tertiary)  time.  Some 

portions  indeed  may  actually  have  been  reduced  to  peneplain  con- 

dition, as  was  the  case  with  the  crystalline  rocks  of  New  Eng- 
land. Even  the  folds  of  the  Appalachians  were  worn  down  till 

that  region  of  varied  rocks  was  reduced  to  a  comparatively  level 

portion  of  the  great  Cretacic  peneplain,  with  the  rivers  lazily 

wandering  across  the  region  without  regard  to  the  underlying 
rock  structure. 

With  the  beginning  of  Tertiary  time  the  whole  of  the  north- 
eastern continent  appears  to  have  been  elevated,  whereupon  all 

drainage  lines  at  once  became  revived  and  began  actively  to  cut 

valleys  in  the  upland  plateau. 

There  is  reason  for  believing  that  the  laud  stood  very  much 

higher  at  the  beginning  of  the  Tertiary  than  it  does  at  present. 

If  the  slope  of  the  surface  of  the  peneplain  in  this  region  was 

northward  at  that  time  as  it  is  now  (judging  from  the  gradual 

northward  decrease  of  altitudes)  it  is  easy  to  understand  how 

such  rivers  as  the  Schoharie  could  begin  to  flow  northward,  and 

cut  a  valley  such  as  we  find  it,  across  the  strain.  But  there  is 

evidence  which  leads  us  to  suppose  that  the  surface  of  the  pene- 

plain, if  not  horizontal,  was  sloping  south  westward.1   If  this  was 

1The  evidence  for  this  is  found  in  the  apparent  course  of  the  provincial 
Streams  which  carved  the  valleys  of  the  present  Lakes  Ontario,  Erie  and 
Huron.  The  Tertiary  consequents  of  this  region  flowed  In  all  probability 
southwest  ward  into  the  Mississippi  gulf  as  did  the  Cretacic  consequents. 

EY>r  a  diseusion  of  this  problem  see  the  author's  Guide  to  the  Geology 
of  Niagara  Falls,  etc.  and  a  paper  entitled  "  Physical  Geology  of  Central 
Ontario"  by  Dr  Alfred  W.  G.  Wilson.    Can.  Inst.    Trans.  L901.    7:139  86 
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the  case  the  course  of  the  Schoharie  and  its  two  branches,  the 

Cobleskill  and  Fox  kill,  must  be  explained  in  another  manner. 

They  must  then  be  regarded  as  belonging  to  that  type  of  inse- 
quential  drainage  which  eats  its  way  backward  from  that  valley, 

in  this  case  the  Mohawk  river  valley,  which  takes  the  place  of 

the  inner  lowland  in  front  of  the  normal  cuesta.  As  these  streams 

flow  in  the  opposite  direction  to  that  of  the  principal  stream  of 

the  coastal  plain,  to  which  they  are  nevertheless  tributary,  they 

have  received  the  appropriate  name  of  "  obsequent "  streams. 

As  has  been  shown  by  Chamberlin1  the  divide  between  the 
Mohawk  and  a  westward  flowing  river  (the  Ontario)  was  at 

Little  Falls  N.  Y.  From  this  point  the  Mohawk  flowed  eastward 

as  a  revived  subsequent  stream  between  the  old  land  on  the  north 

and  the  sediments  on  the  south.  Commencing  its  new  term  of 

life  on  a  peneplain  surface  on  which  it  formed  the  master  stream 

of  that  region,  it  incised  its  bed  without  much  selection.  More- 

over as  the  region  had  suffered  faulting  it  is  not  surprising  to  find 

that  the  bed  of  the  Mohawk  does  not  continuously  follow  the  out- 

crop of  the  same  formation.  The  Mohawk  joined  the  Hudson 

then  as  now,  the  latter  stream  at  that  time  undoubtedly  receiving 

a  plentiful  supply  of  tributaries  from  the  Adirondack  region, 

which  probably  stood  several  thousand  feet  higher  then  than  now. 

Tributaries  from  the  region  east  of  the  Adirondacks,  which 

eventually  carved  the  Champlain  valley,  were  also  received  by 

the  Hudson,  though  some  portions  of  this  valley  were  probably 

carved  by  streams  flowing  northward  and  becoming  tributary  to 

the  Tertiary  St  Lawrence,  which  at  that  time  headed  near  the 
Thousand  Islands. 

We  must  assume  that  during  the  Cretacic  peneplanation  the 

crystalline  belt  lying  east  of  the  present  Helderbergs,  which  may 

or  may  not  have  been  covered  by  the  sediments  during  Paleozoic 

time,  was  planed  down  sufficiently  to  allow  the  Hudson  to  cut 

across  it  as  the  shortest  route  to  the  sea  in  Tertiary  time.  This 

1  Chamberlin,  T.  C.  Preliminary  Paper  on  the  Terminal  Moraine  of  the 
Second  Glacial  Epoch.    U.  S.  Geol.  Sur.  3d  An.  Rep't.  p.  302. 
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would  require  that  the  summit  of  the  crystallines  now  constituting 

the  Hudson  Highlands  should  have  been  on  a  somewhat  lower 

level  than  that  of  the  peneplain  to  the  north,  east  or  west.  Thus 

the  Hudson  slowly  cut  its  gorge  through  the  hard  crystallines 

while  at  the  same  time  the  valley  above  was  widened  in  the  more 

easily  eroded  strata.  Above  the  Highlands  the  Hudson  has  the 

habitat  of  a  subsequent  stream,  but  at  that  point  it  changes  its 

entire  character,  becoming  at  once  an  abnormal  type  of  stream, 

such  as  could  only  be  produced  by  superposition,  either  on  a 

peneplain  or  through  the  intermediation  of  coastal  plain  strata 

which  formerly  covered  the  crystallines.  Of  these  two  views  the 

first  appears  to  be  the  correct  one. 

Minor  erosion  features  of  the  Schoharie  region.  Though  the  three 

principal  streams  of  this  region  have  cut  their  valleys  without 

much  regard  to  the  character  and  position  of  the  strata,  for 

reasons  already  discussed,  all  the  minor  erosion  features  are  fully 

in  accord  with  the  character  of  the  beds  from  which  they  are 

carved.  The  prominent  terraces  of  West  hill  or  Terrace  mountain 

are  a  striking  example  of  the  control  which  the  strata  exert,  for 

here  each  hard  bed  has  formed  a  prominent  cliff,  while  the  softer 

beds  have  produced  slopes  between  the  cliffs.  The  retreat  of  the 

cliffs  is  largely  due  to  the  weathering  of  the  softer  strata,  through 

which  the  support  for  the  limestones  is  removed,  whereupon  the 

latter  break  down  in  blocks,  leaving  a  vertical  cliff.  Good  ex- 

amples of  this  retreat  may  be  seen  on  the  cliff  of  West  hill,  and 

on  the  road  leading  up  Barton  hill  from  Shutter's  Corners. 

Among  the  most  interesting  results  of  rock  weathering  in  this 
region  is  the  formation  of  rock  shelters  at  the  base  of  the  heavy 
limestone  beds.  These  shelters  are  often  of  fair  size,  and  will 
easily  protect  a  small  party  during  rainstorms.  They  are  com- 

mon along  the  contact  line  between  the  Manlius  and  Coeymans 
and  between  the  New  Scotland  and  Becraft,  the  best  examples 
being  found  on  Dann's  hill  [see  pi.  10-12].  One  of  the  mosl 
interesting  of  these  shelters  is  behind  (he  house  of  Mr  Samuel 

Clarke  on  Dann's  hill,  and  aboul  a  hundred  feet  above  the  road. 
It  is  worn  along  the  New  Scotland-Becrafl  contact  line,  the 
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Becraft  forming  a  strong  projection.  A  pillar  of  upper  New  Scot- 

land supports  the  most  projecting  portion  of  the  Becraft  and  so 

produces  an  arch  4  feet  high  [pi.  12]. 
Caves.  A  considerable  number  of  limestone  caverns  have  been 

found  in  the  Schoharie  region  but  none  have  reached  more  than 

local  celebrity.  The  two  best  known  are  Ball's  cave  on  Barton 

hill  [map :  XIIIc,  12]  and  Howe's  cave  near  the  station  of  that 
name  on  the  Delaware  and  Hudson  Railroad.  Only  the  latter  has 

been  made  accessible  to  the  public,  though  in  recent  years  it  has 

been  much  neglected  and  is  scarcely  any  longer  visited.  It  is  of 

the  nature  of  a  long  narrow  fissure  in  the  Manlius  limestone 

occasionally  widening  into  chambers  of  some  considerable  extent, 
the  walls  and  roof  of  which  are  incrusted  with  stalactites  and  the 

floor  covered  with  stalagmite  deposits.  The  entrance  to  the  cave 

is  at  the  side  of  the  hill  and  continues  mostly  on  the  same  level. 

It  clearly  represents  an  ancient  underground  river  channel  which 

was  probably  tributary  to  the  Cobleskill,  and  is  almost  wholly 
dissolved  out  of  the  Manlius  limestone.  The  entrance  to  this 

cavern  is  shown  in  plate  22.  It  was  discovered  in  1842.  Ball's 
cave  was  first  explored  in  1831  and  was  at  that  time  one  of  the 

few  caverns  known  in  this  country.  Originally  discovered  by  Mr 

Ball,  the  proprietor  of  the  land,  it  subsequently  passed  into  the 

hands  of  W.  H.  Knoepfel,  who  announced  his  intention  of  opening 

the  cavern  to  the  public  in  1854.  The  project  however  was 

abandoned  and  the  condition  of  the  cavern  is  today  what  it  was 

75  years  ago.  It  is  most  readily  approached  from  the  road  which 

ascends  Barton  hill  north  of  the  limestone  outcrops.  Just  after 

crossing  the  Schoharie--Schenectady  boundary  line  a  private  road 
leads  southward  to  the  house  of  Mr  Charles  H.  Van  Pelt.  From 

here  a  wood  path  of  about  half  a  mile  in  length  brings  one  to  the 

cave  entrance.  This  is  merely  a  rather  wide  fissure  in  the  Ooey- 

mans  beds  which  everywhere  in  this  region  are  strongly  fissured. 

The  main  cavern  is  dissolved  out  of  the  Manlius  strata,  its  greatest 

depth  being  about  00  feet.  Sink  holes  are  numerous  in  the  region 

about  the  cave.    The  following  description  of  the  exploration  of 



Plate  22 

How  es  ( !ave  enl  ranee 
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this  cave  was  published  in  the  American  Journal  of  Science,  1835, 

27:368-70,  by  Dr  Charles  U.  Shepard  of  Yale  University.  (Com- 

pare fig.  221  and  225.) 

Notice  of  Ball's  cave,  Schoharie  N.  Y. 

The  first  intimation  of  the  existence  of  the  cave  is  derived  from 

Mr  Ball  npon  whose  land  it  occurs.  He  had  observed  a  conical 
depression  in  the  soil  to  the  depth  of  12  feet,  which  terminated 
in  an  irregular  perpendicular  fissure  in  the  lime  rock  10  feet  in 
length  and  6  in  breadth.  In  September  1831  Mr  John  Gebhard, 
a  gentleman  to  whom  the  taste  for  mineralogy  and  geology  in 
his  neighborhood  appears  to  be  principally  due,  in  company  with 
Mr  Hubbard  and  Mr  Branch  made  arrangements  for  ascertaining 
the  extent  of  the  cavern.  The  two  latter  gentlemen  were  lowered 
by  ropes  down  a  perpendicular  descent  to  the  distance  of  75  feet ; 
when  the  opening  assumed  an  oblique  direction  to  the  south, 

although  it  still  continued  somewhat  precipitous.  Having  dis- 
engaged themselves  from  the  ropes,  and  prepared  the  necessary 

lights,  they  descended  about  55  feet  through  a  passage  varying  in 
width  from  four  to  10  feet.  Here  the  descent  became  perpen- 

dicular for  15  feet,  after  which  they  proceeded  as  before  about  30 
feet,  when  they  reached  the  bottom.  The  cavern  here  is  only 
about  10  feet  in  width,  but  of  great  hight,  on  one  side  of  which 
is  a  small  stream  of  pure  and  limpid  water,  running  in  a  southerly 
direction.  Passing  under  an  arch  so  low  as  scarcely  to  enable 
them  to  stand  upright,  they  followed  the  stream  about  20  feet, 
when  they  penetrated  by  an  opening  just  large  enough  to  admit  a 
man  of  ordinary  size,  into  an  apartment  20  feet  in  diameter,  anc] 
above  100  in  hight.  Its  sides  were  covered  by  crystalline  masses 
of  calcareous  spar  and  the  roof  by  stalactites,  dripping  with  water. 
The  effect  of  the  torches  upon  this  apartment  is  described  as  being 

veiry  brilliant.  The  skeleton  of  a  fox  (as  it  is  supposed)  was  sub- 
sequently found  in  this  place;  it  must  have  fallen  through  the 

opening  above  and  found  its  way  here,  where  it  probably  perished 
from  hunger.  Leaving  this  apartment,  they  pursued  the  course 
of  the  stream  for  about  20  feet,  through  an  opening  from  eight  to 
10  feet  in  width,  when  their  progress  was  checked  by  a  consider- 

able body  of  water,  into  which  the  brook  emptied.  These  ad- 
venturers were  now  compelled  to  return  to  the  surface. 

In  October,  the  investigation  was  renewed  by  .Mi-  Gebhard,  Dr 
Foster  and  Mr  Bonny,  who  had  prepared  a  boat  to  navigate  the 
water  which  had  checked  the  progress  of  the  first  expedition. 
Fixing  a  light  upon  the  prow,  they  commenced  their  voyage  by 
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passing  through  an  arched  passage  in  the  rock  so  low  as  not  to 
admit  of  their  standing  erect  in  the  boat.  Having  proceeded 
about  50  feet  in  a  southerly  direction,  they  altered  their  course 
to  the  left  around  an  angle  in  the  rocky  passage,  and  found  them- 

selves in  water  about  30  feet  in  depth,  and  so  limpid  that  the 
smallest  object  might  be  seen  at  the  bottom.  The  course  of  the 

water  was  varied  by  the  projections  of  the  passage,  which  gradu- 
ally expanded  to  20  feet  in  width,  being  of  a  bight  sometimes 

not  discoverable,  and  at  others  only  sufficient  to  enable  them  to 
pursue  their  way.  They  thus  proceeded  about  300  feet,  when  they 
arrived  at  a  rugged  shelving  ascent,  on  the  right  shore  of  the  lake, 
and  beneath  which  its  waters  disappeared.  Leaving  the  boat, 
they  landed  upon  this  sloping  ascent,  and  advancing  20  feet  they 
entered  an  aperture  in  the  rock  resembling  a  door,  Avhen  they 
found  themselves  within  an  amphitheater,  perfectly  regular  and 

circular  in  form.  Its  diameter  is  100  feet,  and  its  hight  is  sup- 
posed to  be  still  greater.  The  floor  descends  on  all  sides  gradually 

to  its  center,  while  the  roof  is  apparently  horizontal.  Its  walls 

are  described"  as  rich  in  stalactitic  decorations.  Great  numbers 
of  bats,  disturbed  by  the  intrusion  of  the  adventurers,  were  seen 
flying  about  the  cavern. 

Subsequent  visits  led  to  the  discovery  of  five  additional  apart- 
ments, communicating  with  the  amphitheater,  all  of  which  how- 

ever are  small  and  none  remarkable,  excepting  one  in  which  the 
circulations  of  currents  of  air  or  of  water,  or  probably  of  both, 
produces  sounds  like  the  Aeolian  harp. 

Returning  to  the  lake,  where  the  adventurers  landed,  it  was 
noticed  that  upon  the  north  side  of  the  perpendicular  entrance  to 
the  amphitheater  there  existed  a  low  and  narrow  aperture,  through 
which  a  small  stream  issued.  The  opening  above  the  surface  of 
the  waiter  was  only  14  inches  high;  but  its  dimensions  were  seen 

to  be  greater  within.  A  boat  was  constructed  to  suit  this  open- 
ing, through  which  it  was  pushed  containing  a  single  person  in 

a  recumbent  posture.  After  a  few  feet,  the  passage  enlarged 
enough  to  allow  the  navigator  to  assume  an  upright  position;  and 
he  proceeded  to  the  distance  of  a  quarter  of  a  mile,  the  width  of 

the  passage  varying  from  5  to  20  feet.  Here  the  water  was  30' 
feet  in  depth,  and  losing  sight  of  the  light  he  had  left  at  the  com- 

mencement of  his  voyage,  in  consequence  of  a  turn  in  the  passage, 
he  advanced  in  a,  new  direction  for  about  GO  feet,  when  he  en- 

countered a  semicircular  dam  of  calcareous  tufa,  over  which  the 

water  broke  with  a  slight  ripple.  Drawing  his  boat  over  the  ob- 
struction he  proceeded  as  before,  when  he  soon  met  a  similar 

barrier.    In  this  manner  he  passed  14  of  these  dams,  which  varied 
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in  night  from  2  to  12  inches  above  the  surface  of  the  water.  The 

obstructions  being -passed,  he  soon  reached  the  extremity  of  the 
water,  where  quitting  the  boat,  he  entered  a  low  and  narrow 
passage,  which  soon  became  connected  with  a  spacious  room,  at. 
least  50  feet  square.  The  rock  is  represented  as  here  passing  into 
a  kind  of  greywacke,  in  consequence  of  which  few  incrustations 
were  visible  in  this  apartment.  The  floor  was  covered  by  large 
masses  of  rocks,  which  had  been  apparently  precipitated  from  the 
roof;  and  the  sound  of  a  distant  waterfall  was  heard  from  this 

place. 

A  sectional  view  [fig.  224]  and  ground  plan  [fig.  225]  of  this 

cave  are  herewith  given.  They  are  redrawn  with  some  omissions 

(of  designed  but  never  perpetrated  <k  improvements  ")  from  old 

woodcuts  in  Knoepfel's  article  already  referred  to. 
Two  other  small  caves  are  found  in  the  vicinity  of  Schoharie; 

Clark's  or  Gebhard's  cave,  on  the  lower  slopes  of  Dann's 
hill  a  short  distance  north  of  the  bridge  across  the  Schoharie 

[map :  Xg,  25]  and  Becker's  cave  under  Lasell  park  behind  the 

Lutheran  cemetery  in  Schoharie.  The  entrance  to  Clark's  cave 
is  in  the  Rondout  beds,  a  short  distance  above  the  Cobleskill 

[see  section,  fig.  199].  A  stream  issues  from  it,  falling  over  the 

Cobleskill  and  following  a  ravine  of  some  depth.  Becker's  cave 
is  in  the  thin  bedded  Manlius  and  opens  directly  in  the  face  of 

the  cliff  [see  pi.  23].  Stalagmitic  deposits  of  considerable  size 

and  some  beauty  have  been  taken  from  this  cave. 

Glacial  phenomena.  The  last  of  the  many  pronounced  changes 

which  the  Schoharie  region  has  suffered  was  due  to  the  invasion 

of  the  ice  of  the  glacial  period.  Great  erosive  power  is  often 

ascribed  to  the  ice,  and  it  has  even  been  suggested  that  the 

Schoharie  and  Cobleskill  valleys  were  the  result  of  glacial  ero- 

sion. We  have  seen  however  that  the  normal  processes  of  stream 

erosion  are  fully  capable  of  accomplishing  such  results,  and  there 

is  practically  no  evidence  that  ice  was  the  agent  which  cut  these 

valleys.  Some  erosion  was  done  by  the  ice,  as  is  seen  by  the 

smooth  and  striated  surfaces  of  the  harder  rocks  wherever  ex- 

posed. But  this  erosion  was  more  of  the  nature  of  a  sand 

papering  off  after  the  main  work  of  cutting  the  valley  was 
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accomplished  by  the  streams.  The  deposits  of  till  or  ground 

moraine  which  were  left  in  portions  of  the  valley  bottoms  and 
which  now  serve  as  sites  for  cemeteries,  constitute  the  chief 

topographic  features  due  to  the  ice.  On  the  upland  this  deposit 

of  ground  moraine  is  very  characteristic  and  in  the  region  be- 

tween Central  Bridge  and  Cobleskill  it  mantles  most  of  the  out- 

crops. The  surface  of  the  country  has  here  the  peculiar  rolling 

topography  due  to  morainal  deposits.  Deposits  of  stratified 

sands  appear  to  be  very  rare  in  the  Schoharie  region,  but  they 

are  of  marked  character  farther  north  in  the  Mohawk  valley.1 
The  direction  of  the  glacial  striae  and  furrows  on  East  hill  were 

found  to  be  n.50°e.,  and  on  Woman's  Xose  n.80°e.  [Prosser]. 

JFor  an  account  of  the  topography  and  glacial  deposits  of  the  Mohawk 
valley  see  A.  P.  Brigham,  Geol.  Soc.  Am.  Bui.  9:183-210. 



Plate  23 

Entrance  to  Becker's  cave,  below  Lasell  park 
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Chapter  9 

THE  SCHOHARIE  REGION  IN  ITS  RELATION    TO  MAN 

Economic  geology 

The  industrial  development  of  the  inhabitants  of  any  given 

region  is  in  a  very  large  degree  influenced  by  the  geologic  con- 

ditions of  that  region.  This  is  particularly  true  of  rural  com- 
munities, and  is  well  expressed  in  the  history  of  the  settlement 

of  the  Schoharie  region.  The  flat  valley  bottom,  rich  in  agricul- 

tural possibilities,  afforded  a  haven  of  refuge  for  the  persecuted 

Palatines  who  settled  in  the  Schoharie  valley  in  1713.  They  built 

seven  villages  or  Dorfer,  which  extended  from  the  mouth  of  the 

Cobleskill  to  the  mouth  of  the  Little  Schoharie  near  the  present 

village  of  Middleburg.  The  springs  of  pure  water,  so  abundant 

along  all  the  contacts  of  impervious  and  pervious  strata,  the 

easy  mode  of  communication  both  by  land  and  by  the  stream, 

and  the  waterpower  of  the  hill  streams  might  well  have  been 

additional  sources  of  attraction  to  the  early  settlers,  specially 

as  the  Indians  were  ready  to  live  on  friendly  terms  with  them.1 
As  in  all  isolated  communities,  agriculture  was  almost  the 

only  pursuit  of  the  early  inhabitants,  and  it  has  remained  so 

to  a  large  extent  down  to  the  present  time,  though  manufacturing 

is  engaged  in  in  all  the  larger  towns  along  the  railroads. 

The  economic  geologic  deposits  of  the  Schoharie  reigion  are 

almost  wholly  confined  to  the  Paleozoic  rocks.  The  various  lime- 

stones are  among  the  most  important  economic  products  of  the 

region,  and  they  have  been  exploited  to  a  considerable  degree 

though  by  no  means  to  the  extent  we  may  look  for  in  the  future. 

The  lowest  of  these,  the  Cobleskill,  has  been  quarried  on  a  small 

scale,  for  building  purposes,  a  small  church  in  the  northeast  cm 

portion  of  the  town  being  built  from  stone  quarried  in  place. 

Brown's  quarry,  about  a  fourth  of  a  mile  east  of  Schoharie  post- 

'For  a  concise  account  of  the  early  history  of  this  region  see  Prof. 
Solomon  Sias's  admirable  "  Summary  <>f  Schoharie  county." 
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office  is  the  only  one  in  which  this  rock  has  been  quarried  to  any 

extent.  Being  of  a  rather  coarse  grain,  it  serves  well  for  founda- 
tions and  will  dress  readily.  Some  of  the  beds  are  of  sufficient 

thickness  to  form  good  blocks.  The  strata  immediately  above  this 

bed  are  quarried  a  short  distance  south  by  Mr  Yronian,  the  rock 

having  been  used  for  foundation  in  the  new  Schoharie  schoolhouse. 

Somewhat  higher  up  in  the  field  the  higher  Rondout  beds  are 

taken  out.  The  only  locality  where  the  Eondout  waterlime  is 

extensively  quarried  in  this  region  is  at  Howes  Cave,  where  the 

Helderberg  Cement  Company  uses  this  rock  for  the  manufacture 

0|f  natural  or  Rosendale  cement.  The  stratum  used  lies  just  above 

the  Cobleskill  and  is  six  feet  thick.  An  analysis  of  this  lime- 

stone gave  :a 

Lime  carbonate   55.17 

Magnesium  carbonate   19.71 
Silica    12.89 

Ferric  oxid  and  alumina   11.15 

Water  66 

Loss  12 

Total    100. 

At  this  locality  the  beds  immediately  succeeding  the  cement 

bed  and  for  nearly  50  feet  above  it  are  not  utilized.  Above  this 

about  36  feet  of  Manlius  and  about  30  feet  of  Coeymans  occur. 

These  are  quarried  together  and  manufactured  into  Portland 

cement.  While  the  natural  cement  rock  has  been  used  for  a  long 

period  of  time  for  the  manufacture  of  natural  cement,  the  Tort- 

land  cement  industry  only  began  here  in  1898.  It  was  com- 
menced on  a  small  scale,  but  rapidly  grew  as  the  demand  for 

Portland  cement  increased.  In  1900  a  new  plant  with  a  nominal 

capacity  of  1500  barrels  a  day  was  erected.  The  process  of  manu- 
facturing the  cement  is  as  follows: 

The  limestone  is  crushed  and  mixed  with  the  proper  amount  of 

clay  in  the  presence  of  water  by  what  is  known  as  the  "  wet 
process".    This  is  done  in  cylindric  tanks  in  the  center  of  each 

^lies.    N.  Y.  State  Mns.  Bui.  44,  p.  817. 
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of  which  is  a  revolving  shaft  carrying  a  wooden  frame  with 
scrapers.  This  frame  makes  about  20  revolutions  a  minute  and 
stirs  and  thoroughly  mixes  the  ground  limestone  and  clay.  The 

thoroughly  mixed  material  is  then  transferred  to  a  large  revolv- 
ing iron  cylinder  whose  axis  of  revolution  is  slightly  inclined 

from  the  horizontal.  The  mixture  after  having  been  dried  "  is 
charged  at  the  upper  end  of  the  cylinder  and  oil  or  gas  fuel  blown 
in  at  the  lower,  the  gases  of  combustion  passing  through  the 
chamber  and  out  at  the  upper  end,  while  the  cement  mixture 

slowly  passes  down  through  it,  the  burned  clinker  being  dis- 
charged at  the  lower  end."1  It  is  very  essential  that  the  tem- 

perature should  be  regulated,  so  that  the  burning  may  not  be 

overdone,  in  which  case  the  cement  will  not  "  set "  properly.  The 
changes  produced  in  burning  are,  1)  driving  off  of  the  mechan- 

ically combined  water,  2)  driving  off  the  C02,  and  3)  fusing  to- 
gether the  silica,  alumina,  lime  and  iron,  all  of  which  except  the 

lime  are  chiefly  obtained  from  the  clay  which  has  been  added. 
The  clinker  is  finally  subjected  to  repeated  grindings  till  it  is 
of  the  proper  degree  of  fineness,  when  it  is  packed  in  bags  or 

barrels  and  marketed  as  "  Helderberg  "  brand  of  Portland  cement. 

Analyses  of  the  limestones  used  gave  the  following  results.2 

The  clay  used  in  the  process  was  formerly  obtained  from 

Howes  cave.  The  accumulation  on  the  floor  of  the  cave  repre- 

sents the  impurities  left  behind  during  the  solution  of  the  lime- 

stone in  the  process  of  formation  of  the  cave.  At  present  the 

glacial  clay  from  the  Cobleskill  valley  near  Howes  Cave  is  used. 

In  the  Schoharie  valley  the  Manlius  and  Coeymans  limestones 

have  been  quarried  for  lime,  for  crushed  stone  and  for  building 

purposes.  The  Manlius  was  formerly  burned  in  the  quarries 

below  Lasell  park,  but  at  present  no  lime  is  manufactured  in  this 

region.  Extensive  quarrying  operations*  are  however  carried  on 
by  Messrs  Mix  &  O'Reilly  in  the  northeastern  part  of  the  village. 
Here  the  Rondout  and  Manlius  are  taken  out  and  crushed  for 

road  metal.    The  Coeymans  limestone  has  been  quarried  for  the 

^ies.    hoc.  cit.,  p.  711. 

'Eckel,  Edwin  C.    N.  Y.  State  Mus.  Bui.  44.    apx.  p.SGO. 

Manlius  .. 

Coeymans 

Si02  CaC03 

1.48  95.75 

4.12  93.68 
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same  purpose  in  the  cliff  southeast  of  the  Lutheran  cemetery  in 

Schoharie.  Near  Barnerville  the  Coeymans  is  extensively  quar- 

ried for  building  purposes.  Rocks  for  foundations  have  also  been 

obtained  from  the  heavy  bedded  Manlius  in  the  various  quarries 

behind  Schoharie,  but  all  such  work  is  carried  on  at  present  only 

on  a  small  scale.  The  Becraft  limestone,  the  purest  and  best  of 

the  region  has  scarcely  been  utilized. 

A  quarry  has  been  opened  in  the  Becraft  by  Mix  &  O'Reilly,  on 

the  slope  of  East  hill  above  Schoharie,  and  another,  now  aban- 
doned, is  found  where  this  rock  has  reached  the  lowland  level 

near  Frisby's  Mills.  No  analysis  of  the  rock  has  been  obtained, 
but  judging  from  its  similarity  to  that  of  Becraft  mountain  and 

other  localities  in  the  Helderbergs,  it  would  appear  that  it  is 

admirably  fitted  for  use  in  chemical  works,  or  for  the  manufac- 
ture of  Portland  cement. 

The  Oriskany  rock  has  been  used  for  stone  fences  and  locally 

to  a  slight  extent  for  foundations,  but  it  is  not  well  adapted  to 

building  purposes  on  account  of  the  readiness  with  which  it  dis- 
integrates. The  Esopus  has  been  used  locally  for  road  mending 

but  with  little  success.  It  disintegrates  however  into  good  soil 

and  has  yielded  a  local  covering  of  soil  for  the  Oriskany  quart- 
zite.  The  Onondaga,  though  outcropping  on  all  the  hillsides 

above  Middleburg  and  Oobleskill,  has  not  been  exploited  to  the 

extent  one  would  expect.  At  the  town  last  mentioned  are  exten- 

sive quarries  of  the  rock  though  mostly  abandoned.  Some  quar- 
rying operations  in  this  rock  have  also  been  carried  on  along  the 

banks  of  the  small  stream  which  joins  the  Schoharie  kill  at  Davis 

crossing. 

The  Hamilton  sandstones  are  locally  used  for  foundations,  but 
on  the  whole  not  much  material  of  value  is  obtained  from  this 

formation  in  the  Schoharie  region.  In  Albany  county  however 

several  extensive  flagstone  or  bluestone  quarries  have  been  opened 

in  the  upper  beds  of  this  formation.  The  nearest  are  in  the  vicin- 
ity of  Reidsville,  South  Berne  and  Kensselaerville. 

The  Sherburne,  Ithaca,  Oneonta  and  Catskill  formations  have 

also  yielded  flagstones,  or  sandstones  for  building  purposes  but 
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all  the  quarries  in  these  rocks  are  too  far  removed  from  the 

Schoharie  region  to  be  here  considered. 

Economic  deposits  other  than  limestones  or  sandstones  are  not 

found  in  the  Schoharie  region  in  paying  quantities,  though  unsuc- 

cessful exploitation  of  various  mineral  deposits  has  been  carried 

on.  The  most  prominent  of  these  are  the  strontium  deposits  in 

the  Rondout  beds,  the  iron  pyrites  in  the  Brayman  shales  and  the 

bituminous  shale  or  "  coal  "  of  the  Marcellus. 

Strontium.  The  strontium  deposits  at  one  time  bade  fair  to 

become  of  considerable  importance.  In  18291  John  Gebhard  jr, 

discovered  a  locality  of  acicular  strontianite  in  the  waterlime 

strata  not  far  above  the  Cobleskill  limestone,  in  the  cliff  east  of 

Schoharie  village,  near  where  Mix  &  O'Reilly  have  opened  up 
their  lower  quarry.  At  first  he  regarded  the  mineral  as  calcareous 

spar,  but  the  discovery  of  another  locality  behind  the  courthouse, 

where  massive  strontianite  and  heavy  spar  occurred,  led  to  the 

recognition  of  the  acicular  crystals  as  strontianite.  Further  ex- 
ploration was  carried  on  by  tracing  the  waterlime  bed,  which 

carried  the  strontianite  along  the  hillsides,  and  several  localities 

along  both  sides  of  Fox  kill  were  discovered.  A  locality  on  the 

northeastern  face  of  West  hill,  discovered  some  15  years  before, 

and  known  as  the  "  Marble  quarry  "  was  reexamined  by  Mr  Geb- 

hard and  others,  and  the  rock  found  to  be  the  same  as  that  carry- 

ing the  strontianite  on  East  hill.  This  led  to  the  recognition  of 

the  white  massive  mineral  in  these  ledges  as  strontianite,  which 

identification  was  confirmed  by  analysis.  This  is  the  only  locality 

which  has  been  worked  for  the  strontium  minerals,  mining  opera 

tions  having  been  carried  on  formerly,  on  the  steep  hillside  at 

the  base  of  the  cliff,  and  the  product  lowered  by  buckets  along 

;i  wire  cable.  The  locality  is  familiarly  known  as  the  "Stron- 

tium mine."  It  may  be  approached  by  a  steep  zigzag  path  which 
ascends  the  talus  slope  from  a  point  about  opposite  where  the 

Schoharie  makes  a  right-angled  bend  just  before  it  is  joined  by  the 

Fox  kill.   A  stream  descends  the  liill  here,  but  ils  bed  is  hidden 

1  Gebhard,  John.    Am.  Jour.  Sci.  1835.  28:175. 
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in  the  dense  brushwood.  When  dry,  as  it  is  during  the  summer 
season,  the  stream  bed  may  be  recognized  where  it  leaves  the  wood 

and  enters  the  flats,  by  the  presence  of  much  calcareous  tufa. 

The  mine  may  also  be  approached  by  a  steep  path  from  above. 

This  begins  as  a  wood  road  on  the  terrace  about  100  feet  below 

the  red  barn  of  Mr  George  Acker  on  West  hill.  The  path  descends 

over  the  cliffs  about  two  thirds  of  a  mile  beyond  Mr  Acker's  place. 
The  mine  is  in  the  form  of  a  fissurelike  tunnel  [sec  pi.  24]  and 

the  mineral  may  be  seen  in  the  beds  on  both  sides  of  the  tunnel 

in  large  geodic  masses  of  a  milk  white  color.  Some  of  these  have 

the  aspect  of  having  replaced  heads  of  Stromatopora  or  other 

fossils.  This  mineral  was  formerly  known  as  "  marble,"  which  it 
resembles.  Calcite,  often  in  the  form  of  nailhead  spar,  is  found 
in  some  of  the  geodes. 

The  discovery  of  the  strontianite  was  announced  by  Prof.  Ebene- 

zer  Emmons  in  1835.1  It  was  at  that  time  the  only  known  deposit 
of  this  mineral  in  the  United  States. 

The  following  description  of  the  varieties  is  by  Dr  C.  U.  Shep- 

ard  of  Yale  University.2 

The  most  obvious  variety  is  that  in  acicular  crystals,  and  mas- 
sive in  long,  straight,  divergent  individuals.  It  occurs,  occupying 

irregular  cavities,  from  half  an  inch  to  several  inches  across;  the 
crystals  and  fibrous  masses  being  implanted  upon  a  dark  blue 

calcareous  spar  which  is  granular  in  large  individuals,  or  crystal- 
lized in  obscure  scattered  dodecahedra,  whose  apexes  are  replaced 

by  three,  six,  nine  or  12  faces.  The  envelope  of  calcareous  spar 
is  sometimes  of  considerable  thickness,  and  is  itself  often  included 

within  the  layer  of  heavy  spar,  maisisive  in  large  lamellar  individ- 
uals, some  of  which  penetrate  the  calcareous  spar.  But  the  stron- 

tianite constantly  reposes  upon  the  latter  mineral.  The  crystals 
are  often  %  of  an  inch  in  length,  and  from  the  diameter  of  a 

pin  to  that  of  a  hair.  The  aggregated,  columnar  individuals  fre- 
quently exhibit  at  the  extremity  where  they  diverge  most,  crystal- 

line faces.  Some  of  these  fibrous  aggregations  are  two  inches  in 
length,  and  bear  a  striking  resemblance  to  certain  varieties  of 
aragonite.  Minute  crystals  of  iron  pyrites,  crystallized  in  the 
form  of  pentagonal  dodecahedrons,  are  scatlered  here  and  there 

'Am.  Jour.  Sri.  1S.T>.  27  :1S2. 
2 Am.  Jour.  Sri.  1835.  27:304-67. 



Plate  24 

The  Strontium  mine.    A   fissure  in  the  Rondout   and   Manlius  on  Terrace 
mountain 
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through  the  calcareous  spar.  The  color  of  the  strontianite  is 

white,  or  slightly  tinged  with  grey  or  blue;  and  it  is  semitrans- 
parent  or  translucent. 

A  second  variety  quite  different  in  general  appearance  from  the 
first  ....  is  massive,  indistinctly  lamellar,  and  approaching 

to  impalpable.  'Color,  milk  white,  rarely  with  a  delicate  and 
almost  imperceptible  shade  of  green.  This  variety  occurs  in 

veins,  from  a  quarter  of  an  inch,  to  two  inches  wide,  and  is  em- 
braced directly  by  clayey  limestone.  Barely,  it  is  traversed  by 

large  lamellae  of  heavy  spar,  which  are  easily  distinguishable  by 
their  crystalline  texture.  Very  small  quantities  of  calcareous 
spar  attend  this  variety  occasionally,  but  it  is  not  of  a  blue  color. 
The  circumstances  of  its  deposition  appear  to  have  been  different 
from  those  of  the  first  variety  

A  third  and  more  interesting  variety  appears  to  form 
a  vein  of  considerable  size,  the  mass  of  which  resembles  the  last 

variety  in  structure  and  color,  as  well  as  being  traversed  occasion- 
ally by  lamellae  of  heavy  spar.  But  upon  one  side  of  the  masses, 

tabular  crystals  of  strontianite  single  and  compound,  an  inch  in 
length,  and  one  third  of  an  inch  wide,  are  thickly  implanted  on  a 
surface  of  transparent  crystals  of  calcareous  spar.  The  calcareous 
spar  is  in  large  crystals  of  the  form  of  the  metatastique.  The 
strontianite  is  partially  coated  by  a  white  powder,  as  if  it  were 

suffering  decomposition,1  and  the  crystals  of  calcareous  spar  are 
covered  completely  by  little  fissures  and  cavities,  where  the 
strontianite  once  penetrated  them.  It  is  observable  however,  that 
the  large  crystals  of  strontianite  still  remaining  are  connected 

among  themselves,  as  also  to  the  mass  of  massive  strontianite  be- 
low. Small  transparent  crystals  of  quartz  are  also  disseminated 

through  the  calcareous  spar,  but  no  iron  pyrites  is  present.  .  . 
Still  another  variety  of  strontianite  comes,  apparently  from  the 

same  place.  It  occurs  in  cavities  or  geodes,  surrounded  by  bluish 
calcareous  spar,  but  without  the  heavy  spar;  and  offers  the  largest 
and  the  best  pronounced  crystals.  .  .  They  are  an  inch  in 

length,  and  nearly  half  an  inch  in  thickness;  color,  bluish  or  red- 
dish grey;  translucent. 

The  most  singular  crystallization,  and  one  most  likely  to  be 
overlooked  from  the  smallness  of  the  crystals,  and  their  want  of 
luster,  is  that  in  octahedra  with  rectangular  bases,  the  longer 
edges  of  the  base  being  to  1he  shorter  as  five  to  one.    The  smaller 

1Tho  only  suggestion  that  offers  itself  to  my  mind  in  explanation  of  this 
incipient  decomposition  is,  that  sulfuric  acid  may  have  been  produced 
from  the  oxidation  of  the  sulfur  in  the  iron  pyrites,  and  have  formed  a 
slight  coating  of  sulfate  of  strontia  upon  the  crystals  of  the  strontianite. 
[C.  U.  S.] 
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pyramidal  faces,  I  take  to  be  the  lateral  planes  of  the  primary 
form,  and  the  broader  ones  to  be  the  secondary  faces,  arising  from 
the  truncation  of  the  oblique  angles  of  the  primary  crystal.  These 
crystals  vary  in  length  from  i  to  J  of  an  inch,  are  dull,  grayish 
white,  and  with  rough  faces,  often  covered  by  crystals  of  iron 
pyrites.  They  are  so  thickly  disseminated  through  the  clayey 
limerock  as  to  form  two  thirds  of  its  mass,  and  render  it  very 

difficult  of  fracture.  The  form  of  its  crystal  can  scarcely  be  de- 
tected, except  at  the  surface  of  those  masses  which  have  been 

weathered,  when  their  rough  and  dull  faces  appear.    .  . 
The  last  and  the  most  interesting  variety,  if  we  consider  the 

ambiguity  its  determination  presents,  and  the  immense  quantity 
in  which  it  exists,  is  the  milk  white,  massive  variety.  .  .  And  T 
confess  I  should  have  been  slow  to  pronounce  it  strontianite.  ex- 

cept that  the  cleavage  indications  of  heavy  spar  and  of  celestine 
were  both  wanting,  and  that  it  closely  resembled  a  massive  variety, 

accompanying  the  compound  crystals  above  described.  It  some- 
what resembles  the  purest  white  variety  of  petalite,  although  the 

particles  of  composition  are  occasionally  arranged  in  a  manner 
to  give  a  broad  reflection,  and  its  luster  is  more  resinous  than 
vitreous.    Specific  gravity  =  3.5. 

I  could  not  detect  with  the  microscope  the  smallest  particle  of 
calcareous  spar,  or  heavy  spar,  or  indeed  any  other  substance, 
intermingled  with  the  mass.  But  to  make  sure  of  the  absence  of 

the  latter  mineral,  a  small  fragment  was  pulverized  and  intro- 
duced into  a  glass  flask,  upon  which  dilute  muriatic  acid  was 

affused.  It  was  immediately  dissolved  with  effervescence,  with- 
out leaving  the  slightest  residue. 

"A  fibrous  heavy  spar  in  delicate  parallel  fibres  about  half  or 

three  quarters  of  an  inch  long  "  has  been  found  in  the  south- 
east corner  of  the  town  of  Carlisle,  seven  miles  northwest  of 

Schoharie  Court  House.  The  exact  locality  has  not  been  re- 

corded, but  is  near  the  hamlet  of  Grovenor  Corners.  It  is  said  to 

occur  in  "  a  blue  gray  slate  beneath  the  limestone".  This  may 
be  the  Brayman  shale,  but  it  is  more  likely  that  the  mineral 

occurs  in  the  shaly  Rondout  beds.  Associated  with  this  is  a 

fibrous  aragonite,  in  which  the  fibres  are  of  the  same  diameter,  but 

of  double  the  length. 

A  deposit  of  blue  gray  celestite  in  tabular  crystals  has  been 
obtained  in  considerable  abundance  from  the  waterlime  in  the 

cliff  east  of  Schoharie.    Loose  specimens  are  found  in  the  stone 
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fences  and  may  be  recognized  by  their  color,  crystal  form  and 

great  weight.  The  mineral  was  examined  chemically  by  Dr  V.  J. 

Chambers  of  Columbia  University,  who  found  it  to  be  strontium 

sulfate,  with  some  barium  sulfate  admixed.  From  this  analysis 

it  appears  that  the  mineral  is  in  reality  barytocelestite.  The 

occurrence  of  this  mineral  on  the  north  end  of  East  hill  was 

noted  by  John  Gebhard  esq.,1  who  speaks  of  it  as  a  variety  of 

the  strontianite.  He  describes  the  mass  as  "  chiefly  an  aggre- 
gation of  crystals,  and  so  slightly  cohering  as  with  difficulty 

to  be  removed  from  its  bed".2 

Other  minerals  found  in  the  waterlimes  are  fluorite,  arag- 

onite,  satin  spar  and  calcite  in  various  crystal  forms. 

Iron  pyrites  is  an  abundant  mineral  in  the  Schoharie  region, 

occurring  everywhere  in  the  Brayman  shales.  Crystals  of  the 

pyritohedron  or  pentagonal  dodecahedron  are  common  but  the 

usual  occurrence  of  the  mineral  is  in  globular  masses  made  up 

of  small  crystals,  and  in  size  varying  up  to  that  of  a  man's  fist. 
The  mineral  has  been  exploited  to  some  extent  for  iron  and 

sulfur,  and  the  exposure  on  the  river  bank  above  the  Gebhard 

residence  is  often  referred  to  as  the  old  iron  mine.  In  the  upper 

beds  of  the  Brayman  shale  at  this  place  arsenical  pyrites  has 
been  found. 

Coal.  By  far  the  most  hopeless  of  all  the  search  after  valuable 

mineral  deposits  in  this  region  has  been  that  for  coal,  despite 

the  fact  that  ever  since  the  geologic  structure  of  the  State 

has  been  understood,  it  has  become  a  common  dictum  that 

search  for  coal  in  New  York  State  was  fruitless.  Disregarding 

the  frequent  warnings  of  the  geologists^  expensive  excavations 

for  coal  have  been  repeatedly  made.  Mr  Gebhard  records  the 

fact  that  a  hole  was  drilled  early  in  the  last  century  near  the  pyrite 
mine  in  the  vain  search  for  coal  in  the  Lower  Siluric  shales. 

Within  the  last  few  years  an  opening  has  been  made  and  a  drill 

hole  put  down,  on  the  slope  of  South  hill,  less  than  a  mile 

'On  the  Geology  and  Mineralogy  of  Schoharie,  X.  Y.,  by  John  Gebhard, 
esq.    Am.  Jour.  Set.    1835.  28:172. 

2Loc.  cit.  p.  173. 
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northeast  of  Middleburg.  The  opening  was  made  in  the  upper 

Marcellus  black  shale,  just  below  a  covering  of  coarse  Hamil- 

ton sandstone.  The  bed  supposed  to  be  coal  is  four  feet  thick. 

It  is  a  strongly  carbonaceous  shale  much  slickensided  or  broken 

by  the  pressure  of  the  overlying  rock  mass,  which  has  caused  a 

certain  amount  of  shearing  movement  within  the  mass.  The 

resultant  product  might  be  mistaken  for  coal  by  one  who  had  no 

knowledge  of  the  mineral  character  of  anthracite  or  bituminous 

coals,  but  could  hardly  deceive  the  experienced.  Other  excava- 
tions for  coal  have  been  made  in  this  formation  at  Cobleskill, 

Punch  brook  and  near  Middleburg.1 
While  thus  the  economic  heritage  of  the  Schoharie  region  is 

chiefly  derived  from  the  Paleozoic  age.  the  other  ages  of  the 

earth's  history  have  also  left  their  stamp  on  this  district,  and 
the  results  of  the  dynamic  activities  during  these  later  ages 

have  become  potent  factors  in  its  industrial  development.  It 

was  during  the  Secondary  or  Mesozoic  era  of  the  earth's  history 
that  the  extensive  denudation  occurred  which  reduced  this 

region  to  the  condition  of  a  peneplain.  Since  this  peneplain 

bevels  the  strata,  the  lower  beds,  formerly  buried  under  thou- 

sands of  feet  of  upper  Devonic  sandstones,  became  exposed  and 

thus  accessible.  The  Tertiary  or  Cenozoic  era  witnessed  the 

cutting  of  the  valley  system  which  now  dissects  this  ancient 

peneplain,  uplifted  into  a  plateau,  and  which  is  the  primary 

element  in  the  diversified  topography  of  this  district.  Last  of 

all  the  Quaternary  or  Psychozoic  era  brought  the  ice  invasion 

thus  covering  the  hillsides  and  uplands  with  the  glacial  drift, 

which  constitutes  the  soil  of  otherwise  barren  districts  and 

which  also  is  the  source  of  all  the  gravel  sand  and  clay  deposits 

of  the  region.  This  same  era,  finally,  has  witnessed  the  advent 

of  man,  and  the  wonderful  changes  due  to  him,  at  once  one 

of  the  weakest,  and  also  one  of  the  most  powerful  factors  which 

influence  the  development  of  the  surface  of  the  earth. 

1  Mather.    Geol.  1st  Dist.  p.  323. 
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GLOSSARY  OF  TECHNICAL  TERMS 

acicular — needlelike 
aggrade — to  build  up  to  the  condition  of  grade,  as  in  a  river 
annulated — ringed,  generally  encircled  by  raised  rings 
annulations — raised  rings 
anterior — front 
aragonite — orthorhombic  calcium  carbonate,  a  common  mineral 
arcuate — arched 
arenaceous — of  the  texture  of  sand  i.  e.  composed  of  visible  sand  grains 

irrespective  of  chemical  composition 
argillaceous — composed  of  or  containing  clay  or  hydrous  silicate  of  alu- 

minium 

arsenicopyrites  or  arsenopyrite — a  mineral  of  a  pale  brass  or  almost  silvery 
color  and  in  composition  sulfld  and  arsenid  of  iron 

barytocelestite — the  compound  sulfate  of  barium  and  strontium,  a  com- 
bination of  the  minerals  barium  and  strontium 

beak — in  pelecypod  or  brachiopod  shells,  the  point  of  beginning  of  growth 
of  the  valves 

bifurcating — dividing  in  two  :  forking 
bivalve — possessing  two  valves,  as  a  pelecypod,  a  brachiopod  or  an  ostracod 

crustacean 

brachial  valve — in  the  brachiopods,  the  valve  which  supports  the  brachidia 
or  arms ;  it  is  generally  the  smaller  of  the  two 

brachiopods — a  class  of  marine  invertebrates,  with  bivalve  shells,  the 
valves  symmetric  about  a  median  line  drawn  from  beak  to  base  of 
each.    A  brachial  and  a  pedicle  valve  are  distinguishable 

breviconic — forming  a  short  stout  cone  as  in  Gomphoceras 
bryozoan — a  class  of  invertebrates  building  compound  coral-like  structures 

either  cylindric,  with  the  cells  radiating  from  a  median  axis,  or  leaf 
or  fernlike  with  cell  openings,  generally  on  one  side  only.  The  spread- 

ing types  often  incrust  seaweeds,  shells  or  other  objects 

calyx — the  cup  or  living  cavity  in  corals ;  the  "  head  "  of  crinoids 
camerae — the  air  chambers  in  the  cephalopod  shell 
cancellated — marked  by  two  sets  of  intersecting  ridges  or  grooves 
carbonaceous — carbon  or  coal-bearing 
cardinal — appertaining  to  the  region  of  the  hinge  in  bivalve  shells 
cardioconehs — peloeypods  of  the  type  of  structure  of  the  cockle  shell 

(Cardium) 
carina  or  carination — an  elevated  ridge 
celestine — see  celestite 
celestite — the  mineral  form  of  sulfate  of  strontium 
cephalon — head  of  Crustacea  (trilobites) 
eephalopods — a  class  of  marine  mollusks  typically  with  a  shell  straight, 

curved  or  coiled,  divided  into  chambers  or  camerae  by  partitions  or 
septa,  which  latter  are  pierced  by  holes  drawn  out  into  more  or  less 
perfect  tubes — the  siphuncle 

cyrtoceracone — a  cephalopod  shell  curved  without  coiling  ns  in  Cyrtoeeraa 
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checking — breaking  up  into  small  checkerlike  square  fragments  character- 
istic of  some  mudrocks 

chert — the  amorphous  or  irregular  form  of  silica  occurring  in  limestones 
(flint) 

clastic  rocks — rocks  composed  of  fragments  of  older  rocks — e.  g.  sand- 
stones, conglomerates  etc. 

cleavage — (mineral)  the  property  of  splitting  along  certain  planes  deter- 
mined by  the  crystalline  structure 

(rock)  splitting  into  parallel  sheets  as  in  the  case  of  roofing  slates 
coastal  plain — the  level  plain  composed  of  horizontal  or  gently  sloping 

strata  of  clastic  material  fronting  the  coast  and  generally  representing 
a  strip  of  recently  emerged  sea  bottom 

col — the  low  saddle  connecting  two  hills  or  peaks 
conchoidal — with  a  curved  surface  marked  by  lines  resembling  the  lines  on 

a  clam  shell ;  the  type  of  fracture  found  in  glassy  rocks  or  shown  in 
thick  glass 

concretion — a  rock  mass  of  varying  form  resulting  from  the  segregation 
of  mineral  matter  from  all  portions  of  the  parent  rock  in  favorable 
spots  within  this  parent  rock.  The  form,  composition  and  mode  of 
formation  varies  greatly 

conformation — having  a  parallel  position  with  reference  to  each  other,  as 
two  strata  or  beds 

conglomerate — a  clastic  rock  composed  of  waterworn  pebbles  embedded  in 
a  matrix  of  varying  composition 

conseciuent  stream — the  type  of  stream  resulting  from  the  flow  of  water 
down  a  constructional  slope  or  land  surface 

coralline  limestone — limestone  composed  of  or  containing  many  corals  or 
coral-like  remains,  specifically  the  Cobleskill  limestone 

corallite — one  of  the  members  or  tubes  of  a  compound  head  of  coral,  as  in 
Favosites 

correlation — determination  of  the  equivalency  or  relative  age  of  geologic 
formations  in  separated  localities 

costae — ribs  on  the  surface  of  shells  or  other  organisms 
coquina — a  rock  composed  entirely  of  shells,  generally  but  little  broken 
crenulations — fine  ridges  or  toothlike  markings 
crinoids — a  class  of  marine  invertebrates  of  the  division  Echinoderniata. 

consisting  typically  of  a  body  or  calyx  composed  of  more  or  less  regular 
scries  of  plates,  set  generally  on  a  jointed  stalk  or  stem,  and  bearing 
arms.    A  "  sea  lily  " 

cross-bedding — the  variable  angle  of  the  layers  or  beds  within  a  stratum 
of  rock  produced  by  strong  currents,  specially  in  rivers 

cuesta — a  topographic  form  resulting  from  the  normal  erosion  of  coastal 
plain  strata  of  varying  hardness,  and  comprising  a  steep  escarpment 
or  inface  facing  the  old  land  and  separated  from  it  by  a  parallel  valley 
and  a  gently  sloping  upper  surface  formed  by  a  resistant  stratum. 
See  illustration  in  body  of  text,  figure  210 

cycle  of  erosion— the  interval  during  which  a  land  surface  newly  uplifted 
either  as  plain  or  mountain  is  worn  down  to  the  level  of  the  sea  (base 
level) 

cystoid — a  class  of  organisms  related  to  the  crinoids,  but  with  the  calyx 
composed  of  irregular  plates 
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degrade — to  wear  down  to  the  condition  of  grade — as  in  a  river 
dental  plates — plates  or  brackets  supporting  the  hinge  teeth  in  the  brach- 

iopod  shell 
dichotomons — branching  in  a  bifurcating  or  forking  manner 
dip — the  relation  which  an  inclined  stratum  bears  to  a  horizontal  plain 
discoidal — disklike 
disintegrate — break  up  by  the  combined  action  of  chemical  and  mechanical 

forces 

dissepiment — small  discontinuous  connecting  plates  between  the  septa  of 
corals 

dodecahedron — the  crystal  form  in  which  12  equal  diamond-shaped  faces 
occur — example,  garnet 

dodecahedron — pentagonal — the  crystal   form    ( hemi-tetrahexahedron)  in 
which  12  equal  faces,  each  of  the  form  of  a  regular  pentagon  occur. 
Characteristic  of  pyrite. 

dorsal — pertaining  to  the  back  or  dorsum 
dynamic — pertaining  to  or  involving  forces 

ear — the  anterior  division  of  the  hinge  of  pelecypods 
elevation,  median — see  fold 
emargination — marginal  notch 
estuarine — appertaining  to  an  estuary  or  the  mouth  of  a  river 
exogastric — in  coiled  cephalopod  shells  with  the  ventral  sinus  on  the 

arched  external  side 

fault — displacement  of  strata  with  reference  to  each  other  on  opposite 
sides  of  a  fracture  line 

fauna — the  sum  total  of  animal  life  of  a  given  region,  a  given  formation 
or  a  given  time 

ferruginous- — iron-bearing 
fissile — splitting  into  thin,  more  or  less  papery  sheets 
fluorite — the  mineral  form  of  calcium  fluorid 
fold — a  bend  in  the  strata 
fossils — remains  of  animals  and  plants  or  direct  evidence  of  their  presence 

preserved  in  the  rocks  of  the  earth 
fragmental  rocks — same  as  clastic  rocks 
furrows,  glabellar — the  transverse  depressions  on  the  central  portion  or 

glabella  of  the  trilobite  head 
furrows,  lateral — side  depressions  bounding  the  glabella  of  the  trilobite 

head 

furrows,  occipital — basal  depression  separating  glabella  from  last  ring  of 
head  of  trilobite  (occipital  ring) 

gastropods — a  class  of  invertebrate  mollusks,  typically  will)  a  coiled  shell 
as  in  the  snails 

genal  angles — the  angles  of  the  cheeks  or  lateral  angles  of  the  head  of 
trilobites 

genal  spines — the  lateral  or  cheek  spines  of  the  trilobite  head 
geodes — hollow  concretions  lined  with  crystals  or  massive  mineral  matter 
gibbous — thick,  bulging 
glabella — the  central  portion  of  the  head  <»t  trilobites 
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goniatites — a  group  of  cephalopod  mollusks  with  a  coiled  shell  in  which 
the  margins  of  the  septa  or  sutures  are  complicated  by  simple  lobes 
and  saddles.    It  is  not  a  natural  group 

greywaeke — an  old  name  for  gray  arenaceous  and  argillaceous  rocks — not 
much  used 

grit — a  silicious  sandrock  with  coarse  grains — something  between  a  sand- 
stone and  a  conglomerate.    It  is  often  loosely  used  for  either 

gyroceracone — a  conic  shell  (cephalopod)  coiled  in  a  loose  spiral  in  a 
single  plain,  as  a  watch  spring 

hiatus — an  unrepresented  interval 
hinge  area — the  flattened  area  margining  the  hinge  of  brachiopod  or  pele- 

cypod  shells 
horizon — position  in  the  geologic  time  scale 
hydrocorallines — a  group  of  marine  organisms  building  coral-like  struc- 

tures, but  lacking  some  of  the  essential  structural  characters  of  corals 
hyponomic  sinus — the  marginal  sinus  or  depression  in  the  rim  of  the  living 

chamber  of  cephalopod  shells  corresponding  to  the  position  of  the 
swimming  organ  or  hyponome 

hypostoma — the  lip  or  movable  plate  of  varying  form  attached  to  the  under 
rim  of  the  trilobite  head,  and  behind  which  is  situated  the  mouth 

impervious — impenetrable  to  water 
incise — cut  down  into,  as  a  river  cuts  into  a  plateau 
index  fossil — fossils  which  mark  a  special  horizon  irrespective  of  the  nature 

of  the  sediment 
inface — the  cliff  portion  of  a  cuesta  i.  e.  the  part  facing  the  old  land 
inner  lowland — the  belt  of  lowland  or  valley  country  lying  between  the 

inface  or  front  of  the  cuesta  and  the  old  land 

insequent  stream — streams  beginning  as  runs  over  the  edges  of  a  cliff, 
where  they  cut  a  gully  which  gradually  becomes  elongated 

intercalation — insertion  between 
inter  septal — occurring  between  the  septa 
interspaces — spaces  between 
iron  pyrites — sec  pyrite 

joints — natural  planes  along  which  rock  masses  separate  into  more  or  less 
regular  blocks 

keeled — bearing  a  keel 
kill— Dutch  for  creek 

lamellar — in  the  form  of  plates 
lamellibranchs — a  Hass  of  mollusks  with  a  bivalve  shell,  the  valves  being 

right  and  left  and  each  unsymmetric  in  itself — pelecypods,  ex.  clam, 
mussel 

lamellose — platelike 
lateral — pertaining  to  the  side 
lime  mudrock — a  rock  composed  of  impalpable  lime  mud  (example,  litho- 

graphic limestone)  ;  also  called  calc;lutyte 
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lime  rubblerock — a  rock  composed  of  broken  or  worn  fragments  or  pebbles 
of  limestone  or  organic  fragments  (sbells,  corals  etc.)  ;  also  called 
calcirudyte 

lime  sandrock — a  rock  made  up  of  lime  sand ;  also  called  calcarenyte 
lines  of  growth — the  lines  on  the  shell  marking  the  progressive  increase 

in  size 

lithic — pertaining  to  the  nature  of  rock 
living  chamber — the  last  and  largest  chamber  of  the  cephalopod  shell,  in 

which  the  animal  lives 

lntaeeous — of   an    impalpable   or   mudlike   grain    invisible   to   the  eye 
lobe — the  backward  projecting  portion  of  the  suture  line  in  the  Goniatites 

and  Ammonites 

lobes,  of  glabella— the  parts  of  the  glabella  of  the  trilobite  isolated  by  the 
various  depressions  or  furrows.  They  comprise  anterior,  lateral  and 
posterior 

marginal  rim — in  trilobites  the  rim  surrounding  the  front  of  the  head 
shield 

master  stream — the  principal  stream  of  the  region 
metamorphic — altered;  there  are  three  types  of  metamorphism :  static,  or 

by  a  process  of  aging ;  dynamic,  or  by  disturbing  forces  as  mountain 
folding,  etc. ;  thermic,  or  by  contact  with  heated  bodies  as  dikes,  flows 
or  sills 

monadnoek — an  erosion  remnant  projecting  above  the  level  of  a  peneplain 
moniliform — beadlike 
moraine,  ground — the  material  carried  along  frozen  into  the  bottom  of  a 

glacier  and  deposited  on  the  melting  of  the  ice 
mould,  external — the  impression  made  by  a  shell  or  other  body  in  the  sand 

or  mud  in  which  it  is  buried — impression  of  exterior 
mould,  internal — the  impression  received  by  the  sand  or  mud  filling  a  shell 

or  other  hollow — impression  of  interior 
mucronate — having  slender  projecting  ends 
mudcracks — the  cracks  formed  by  the  drying  up  of  beds  of  mud.  They 

commonly  surround  polygonal  plates 
mural  pores — the  pores  in  the  walls  of  the  corallites  of  Favosites  and  re- 

lated forms 

muscular  impressions,  muscular  scar — scars  on  interior  of  shells,  etc. 
made  by  attachment  of  the  opening  and  closing  muscles 

nasute — noselike 

nautilicone — coiled  shell  with  whorls  impressing  each  other  as  in  Nautilus 
nautiloid — resembling  or  related  to  Nautilus 
noded— -bearing  knobs  or  nodes 
□oncoiling — not  possessing,  or  losing  the  power  to  coil 
nonmarine — not  formed  by  deposition  in  the  sea — continental 
nonumbilical — not  haying  a  hollow  or  depression  at  the  base  of  the  axis 

of  coiling  (umbilicus) 

obsequent  stream — streams  flowing  down  the  liiface  of  the  Cuestfl  in  the 
direction  opposite  to  that  of  the  consequent  st  reams 

occipital  spine— spine  on  the  hasal  or  occipital  ring  of  the  head  of  trilobites 
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octahedron — crystal  form  with  eight  equal  faces,  each  an  equilateral  tri- 
angle 

old  land — that  portion  of  land  behind  the  coastal  plain  which  supplied  the 
material  of  which  the  strata  of  the  coastal  plains  were  formed 

orthid — resembling  or  related  to  the  brachiopod  Orthis 
orthoceracone — a  straight  conelike  shell  like  that  of  Orthoceras 
orthoceratites — belonging  or  related  to  the  genus  Orthoceras 
outcrop — intersection  of  rock  mass  with  the  surface 
outlier — erosion  remnant  left  in  a  valley  at  a  distance  from  the  plateau 

or  upland  with  which  it  was  previously  continuous 
ostracods — a  group  of  marine  Crustacea  generally  minute,  inclosed  in  a 

bivalve  shell  which  does  not  show  concentric  lines  of  growth 
overlap — extending  beyond  an  underlying  stratum 

pedicle  valve — that  valve,  generally  the  larger,  of  the  brachiopod  shell 
which  gives  emission  to  the  pedicle  or  supporting  organ.  This  valve 
also  contains  the  teeth  by  which  the  hinging  of  the  valves  is  accom- 
plished 

pelecypods — the  class  of  bivalve  mollusk  or  ianiellibranchs  to  which  the 
clam  belongs 

peneplain — the  nearly  level  surface,  almost  a  plain,  resulting  from  the 
erosion  of  an  uplifted  region  by  subaerial  agents,  to  a  condition 
approaching  sea  level 

pentameroid — related  to  the  genus  Pentamerus  among  the  brachiopods 
periphery — the  margin  of  the  circumference 
pervious — penetrable  by  water 
petalite — a  complex  silicate  of  aluminum  with  sodium,  potassium  or  lith- 

ium 

plications — folds  or  flutings 
posterior — pertaining  to  the  hinder  end 
prenuncial — announcing  beforehand,  heralding  the  coming  of 
protuberant — projecting  outwards 
pteropods — a  class  of  marine  mollusks  floating  on  the  surface  of  the  water 

and  having  delicate  generally  transparent  shells,  needlelike  in  the 
commonest  forms 

punctate — marked  by  spots  or  shallow  pits 
pustules — small  elevations  or  tubercles 
pustulose — covered  with  pustules 
pygidium — the  posterior  portion  of  the  body  of  the  trilobite,  erroneously 

called  tail 

pyrite — the  mineral  form  of  bisulfid  of  iron  Fe  S2 
pyritiferous — containing  or  bearing  pyrite 
pyritohedron — the  pentagonal  dodecahedron  (which  see)  a  form  commonly 

assumed  by  pyrite  crystals 

quartz — the  mineral  form  of  oxid  of  silicon  (Si02) 
quartzite — a  rock  resulting  through  the  metamorphic  change  of  a  quartz 

sandstone,  the  quartz  grains  become  closely  united  by  a  paste  or 
matrix  of  quartz 

radii — radiating  lines,  such  as  are  found  on  the  surfaces  of  many  shells 
revived  stream— streams  resuming  activity  owing  to  elevation  or  other 

causes 
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rhynchonelloid — related  to  or  resembling  the  brachiopod  genus  Rhyn- 
chonella 

ripple  marks — wavelike  elevations  formed  in  sand  or  mud  in  shallow 
water  or  by  wind  on  drifting  sand 

rostral  cavity — cavity  under  the  beak  of  bivalve  mollusks  or  brachiopods 
rubble — coarse  broken  rock  material 
rudaceous — consisting  of  coarse  fragments ;  rubbly 
rugose — rough  surfaced 

saddle — in  ammonites  the  forward  bending  portion  of  the  suture  line  i.  e. 
bending  towards  the  aperture 

scutella — a  shield ;  flattened  shieldlike  remains  of  crinoids 
septa — the  radiating  plates  in  the  cup  of  a  coral 
septum — a  supporting  bracket  in  brachiopod  shells ;  one  of  the  septa  of  a 
coral  _ 

shearing — cutting  and  displacement  along  the  cut  plain  by  violent  means 
silicious — composed  of  or  containing  silica 
sinistral — left-handed 
sinus — a  median  depression  on  the  brachiopod  shell,  generally  the  pedicle 

valve 

siphonal  lobe — the  lobe  in  the  suture  of  the  goniatite  or  ammonite  shell 
which  passes  over  the  siphuncle 

siphuncle — the  tube  passing  through  all  the  septa  of  the  shells  of  cephalo- 
pods 

slickensides — a  smooth  striated  surface — commonly  coated  with  mineral 
matter,  resulting  from  the  friction  produced  by  two  rock  masses  sliding 
past  each  other 

spar — a  general  term  applied  to  minerals  cleaving  with  smooth  surfaces 
spar,  heavy — barite 
spar,  nail  head — the  flat  form  of  calcite  crystals 
spar,  satin — fibrous  gypsum 
stalactite — pendant  structures  of  calcium  carbonate  or  other  minerals  de- 

posited on  the  roofs  of  caves,  etc. 
stalagmite — the  structure  on  the  floor  of  the  cave  corresponding  to  and 

growing  up  to  meet  the  stalactite 
stratigraphic — pertaining  to  the  strata  or  the  science  of  the  strata 

(stratigraphy) 
stratum — the  bed  of  rock  composed  throughout  of  the  same  material  or 

texture 

striae — fine  lines  or  markings  such  as  occur  on  the  surfaces  of  shells,  etc. 
strontianite — the  mineral  form  of  carbonate  of  strontium 
strontium — one  of  the  earth-alkaline  elements 
strophomenoid — resembling  or  related  to  the  brachiopod  genus  Strophomena 
subcylindric — approaching  to,  but  not  attaining,  the  cylindric  form 
suborbicular — approaching  a  spheric  form 
sub] icnt agonal — approaching  a  pentagonal  or  five-Sided  form 
subquadrangular — approaching  a  four-sided  or  quadrangular  form 
subrectangular — approaching  a  right  angle 
subsequent  stream — the  stream  which  cuts  out  the  inner  lowland  between 

the  cuesta  front  and  the  old  land 
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suture — the  line  made  by  the  junction  of  the  septum  with  the  shell  in 
the  Cephalopoda.  Visible  when  the  cavities  of  the  shell  are  filled  with 
rock  matter  and  the  shell  removed,  the  common  condition  seen  in 
fossils.  Also  the  line  of  junction  between  the  coils  or  whorls  of  a 
gastropod  shell. 

talus — the  accumulation  of  rock  debris  at  the  foot  of  a  cliff 
telson — the  spine  at  the  end  of  the  tail  of  crustaceans 
tenuous — drawn  out  finely 
terebratuloid — related  to  or  resembling  the  brachiopod  genus  Terebratula 
texture — the  grain  of  rocks 
till — the  unassorted  material  left  by  the  melting  ice  sheet  of  the  glacial 

period.  It  is  generally  full  of  boulders  and  contains  much  clay  and 
rock  flour 

torticone — a  twisted  cone  as  in  snail  shells  (gastropods)  or  certain  cepha- 
lopoda (Trochoceras) 

transgression — encroachment  on.  as  the  sea  advancing  over  the  land  which 
it  submerges 

trilobate — three  lobed 
trilobite — a  class  of  Crustacea,  longitudinally  divisible  into  three  parts  or 

lobes  and  having  a  head  or  cephalon  with  a  central  glabella,  com- 
pound eyes  and  lateral  or  free  cheeks  separated  from  the  rest  of  the 

head  by  the  facial  sutures:  a  body  or  thorax  divided  into  a  number 
of  rings  and  a  pygidium  or  abdomen  consisting  of  a  single  grooved 
piece.    The  class  is  confined  to  the  Paleozoic  rocks 

tufa,  calcareous — a  deposit  of  porous  lime  carbonate  formed  by  certain 
springs  or  streams 

tumid — swollen 

umbilicus — the  basal  cavity  in  the  axis  of  circling  of  gastropod  and  cepha- 
lopod  shells 

umbonal — pertaining  to  the  beak  or  umbo  of  bivalve  shells 
unconformity — discordant  relation  of  strata 
unconformity,  stratigraphic — an  unconformity  marked  by  absence  of 

certain  intermediate  formations  without  discordance  of  strata  (dis- 
co n form ity ) 

unconformity,  structural — a  true  unconformity  with  discordance  of  strata 
The  first  scries  is  folded  and  eroded  before  the  second  is  deposited  [see 
text] 

venter — underside  of  the  body.    In  coiled  cephalopod  sliells  it  is  mostly  the 
outside  of  the  coil 

ventral — pertaining  to  the  underside  of  the  body 
ventricose — bulging 
vermes — the  class  of  worms 
vitreous  luster — (he  luster  of  fjlass 

waterlime — limestone  Which  on  burning  will  form  natural  cement 
whorls — fbe  coils  of  a  gastropod  or  coiled  cephalopod  shell 
wing — in  certain  pelecypods  flic  posterior  or  larger  portion  of  the  hinge 

region;  fbe  anterior  or  smaller  portion  is  the  ear 
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2983-3026. 

Bellerophon  sp.}  3041. 
acutilira,  3325. 
auriculatus,  3183. 
crinistriatus,  33 17. 
curvilineatus,   183".   326s;  figures, 

185. 

otsego,  33 16. 
patulus,  2221,  33 16,  3323;  figures, 219. 

pelops,  1861,  3268;  figures,  186. 
rudis,  331°. 

Bertie    formation,    1262;  thickness, 
1205,  1266. 

Beyrichia,  239\ 

sp.,  236s,  3122,  318°,  3191. 
notata,  3196,  3202. 
oculina,  32 13. 
trisulcata,  3202. 

Billings,  cited,  1729. 
Bilobites  various,  3091,  321s. 
Binnewater  sandstone,  124s,  1276,  2424, 

2535,  3136. 
Brachiocrinus  nodosarius,  32F. 

Brachyprion  ma  jus,  299s,  3053. 
sclmchertanum,  3053. 
varistriata,      see  Strophcodonta 
(Brachyprion)  varistriata. 

Brayman  shales,  1014-4°,  126\  1276, 
1302,  2  3  66,  2422,  2535,  2604;  line  of 
contact  with  Cobleskill,  106J;  iron 

pyrites,  361* 
Brigham,  A.  P.,  cited,  3524. 
Bronteus  barrandii,  3  1  03,  3211. 
Brown  quarry  of  Schoharie,  section 

of,  236-"'-377. 
Brownsport  bed,  1747. 
Bryozoa,  3105. 

sp.,  2893. 

Bucania  sp.,  3183. 

profunda,  3239. Bullhead    limestone,    see  Cobleskill 
(Bullhead)  limestone. 

Burden  conglomerate,  3025. 

Calcite,  1137. 
Callonema  (?)  primaevum,  3267. 

Callotrypa  macropora,  32 15. 
Calymmene  camerata,  318G. 

niagarensis,  1077,  3187. 
platys,  19 11,  2309,  32  7T;  figures,  191. 

Camarocrinus  stellatus,  31 92. 
Camarotoechia  aeutiplicata,  322\ 

altiplieata,  3221. 
barrandei,  324s. 
bialveata,  308J. 
congregata,  2613,  261s,  2652,  2724, 

2726,  2928,  3299. 
fitchana,  1627;  figure,  164. 
hudsonica,  1166,  30 19;  figure,  115. 
inutilis,  308J. 
lamellata,  108s,  1149,  2368,  2373, 

2374,  2389,  2394,  3123,  3179;  figure, 109. 

litchfieldensis,  108s,  1167,  239\  317% 
318s;  figure,  109. 

nucleolata,  1745. 
oblata,  1627,  3055,  324s;  figures,  163. 

pisum,  3179. 
pleiopleura,  324s. 
prolifica,  214s,  265°,  2659,  26G7.  2669, 

2705,  3299;  figures,  217. 
semiplicata,  114°.  T375,  310\  319°, 

3206;  figure,  138. 

var.,  2502,  2503,  2504. 
var.  angulata,  1 1 7:> ;  figure,  lis. 

transversa,  3072,  3075. 
vontricosa,  1743,  2505,  319s,  3237. 

Camden  chert,  1748. 
Camillus  shale,  thickness, .  1208. 

Catskill  formation.  227*,  235"',  3021 ; 
uses,  3569. Catskill  mountains,  section  of  Devo- 

nian rocks  made  in,  275'-764. 
Catskill  shaly  limestone,  1393. 
Cauda  galli  grit,  1683,  22  92. 
Caves,  1199,  3482-491. 
Celestite,  1137,  360°. 
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Centronella  glans-fagea,  2953,  32G4. 
glaucia,  3303. 

Ceramopora  ?  maculata,  3244. 
Ceratoeephala  tuberculata,  3234. 
Ceratolichas  dracon.  329-. 

gryps,  3292. 
Ceratopora  intermedia,  2133;  figures, 

213. 

Chaetetes  sp.,  236s,  30G\  317T. 
(Monotrypella)    arbusculus,    1 1 7  ̂ , 

2463,  2827,  2914,  2973,  2982,  31 93, 
3I97,.3243;  figure,  117. 

colliculatus,  2973. 
sphaericus,  3081- 

Chamberlin,  T.  C,  cited,  346\ 

Champlainic  formation,  992-1324. 
Chonetes  sp.,  3081. 

cf.  arcuatus,  2994. 
coronatus,   2137,   260s,   26 12,  2618, 

2668,  2704,  2703,  2  7  23,  3042,  329s; 
figures,  215. 

deflectus.    2139,    2612,    2653,  292s, 
2929,  3298;  figures,  216. 

hemisphericus,  2954,  3262. 
hudsonicus,  2997,  3053. 
jerseyensis,  1076,  1087,  317s ;  figure, 

109. 

mucronatus,  207s,  2  093,  2  1  3s,  2612, 
2653,  2  942,  32  93,  3  2  9°;  figures.  209. 

seitulus,  3042. 
cf.  setigerus,  3042. 

Chonophyllum,  298s. 
Cbonostrophia  complanata,  3054,  3247. 

,    Cimitaria  elongata,  2621,  2657,  3314. 
Cladopora  styphelia,  3003. 
Clark,  P.  E.,  cited,  1162,  1312,  3029, 

3049,  3067,  3074,  3087,   310G,  311s, 
3117,  3162. 

Clarke,  John  M.,  acknowledgments  to, 

81s;  cited,  83°,  84%  1043.  105%  1127, 
1739,  1763,  .1772,  178°,   178s,  208°, 
2099.   2259,   2292,   23 12,   232y,  234'', 
2352,  235°,  299s,  2999;  mentioned, 
133*. 

Clarksville  section,  2924-982. 
Clastic  rocks,  93°. 
Clear  Creek  limestone,  1749. 
<  limaoograptus  pungens.  3023. 

Clinton  beds,  thickness,  1207. 
Clinton  shales,  see  Brayman  shales. 

Cobleskill  limestone,  1047-114,  1259, 
2  3  66,  2  3  75,  24  89,  2534,  25  79,  2  604, 
311s,  3124;  line  of  contact  with 
Brayman  shales,  1062;  thickness, 

1071,  1203;  fossils',  131°,  2393,  301s, 
3173-187;  quarries  in,  353". 

Cobleskill  valley,  rise  of,  863-87\ 
Cocktail  grit,  1683. 
Coelospira  Camilla,  2953,  2994,  328°. 

concava.  2972,  3056. 
dichotoma,  2997,  3053. 

Coenograptus  gracilis,  3023. 
Coeymans  limestone,  1141,  1344-36% 

2398,  2434,  2467,  2492,  253^,  250', 
2591,  2  5  93,  2  803,  2  821,  2  8  34.  2  8  41, 
285s,  2901,  2918,  2974,  3012,  3021, 
3087-104;  analyses,  3556;  fossils, 
1369-392,  3197-212;  thickness  1344, 
1358,  2903;  quarries.  3547,  3557. 

Coleolus  tenuicinctum,  2943,  33 17. 
Conglomerates,  changes  of  beds  from 

clay  rocks  to,  953. 
Conocardium  sp.,  2972. 

cuneus,    1837,   2956,   3266;  figures, 185. 

Conolichas  eriopis,  2049,  3292;  figures, 205. 

hispidus,  327s. 
Contact  lines  between  formations,  de- 

flection of,  877. 
Conularia  continens  rar.  rudis  331s. 

huntiana,  1518,  3233;  figures.  150. 

lata,  3253. 
pyramidalis,  3211,  3232. 

Coralline    limestone.    1049-5S  1312, 

13 18. Corals,  1077. 
Cordania  arenicolusj  3279. 
Corniferous  limestone.  286". 
Cornulites  arcuatus.  318°. 
Coronocrinus  polydactylus.  3216. 

Coronura  aspectans,  294s,  329'. 
macrops,  3292. 
myrmecophorus,  3291. 

Corycephalus  regal  is,  32 7 \ 
Countryman  hill,  section  of.  2869-91\ 
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Crania  aurora.  325s. 

pulehella,  299s. 
Crinoid  segments,    289s,    300*,  3083, 

3197. 
Crumpling  in  Lorraine  time,  1221. 
Cryphaeus  boothi  var.  calliteles,  33P. 
Cryptonella      (Eunella)  lincklaeni, 

2141,  205°,  2G5°,  3301;  figures.  210. 
Cuesta,  337s. 
dishing,  cited,  128°. 
Cyathophyllum  hydraulic-urn,  317G. 

robustum,  1957,  3282. 
Cycloceras  ?  thoas,  1901,  3273;  figures, 

188. 

Cyclonema  doris,  32G7. 
Cyphaspis  coelebs,  3245. 

minuscula,  3279. 
Cypricardella  bellistriatus,  273s,  332s. 

complanata,  3"307. 
gregaria,  273°,  3307,  3323. 
tenuistriata.  2202,  2G22,  2G52,  3307; 

figures,  218. 

Cypricardinia  concentrica.  320''. 
crassa,  322*. 
lamellosa,  2857. 
planulata,  295s,  32G". 

Cyrtina  biplicata,  32G3. 
dalmani,  3  1  04,  321°. 
hamiltonensis,  2724,  295s,  3263,  328s, 

3302. 
rostrata,  3056. 

Cyrtoeeras  sp.,  294°,  307'',  3184. 
aemulum,  327  '. 
alternatum,  329". 
eitum,  328°. 
(Rhizoceras)  eugenium,  190',  200°, 

2956,  3275,  328°;  figures,  188. 
jason,  3273.  328°. 
morsum,  3273. 

Cyrtolites  expansus,  299°,  3252. 
(Cyrtonella)  mitella.  2662,  3317. 
pileolus,  265s,  331 7,  332". 

Cyrtonella  mitella,  200-',  3317. 
pileolus.  265",  33P,  332". 

Cytherina  alta,  290s. 

Dale,  cited,  31G2. 
Dalmanella    perelegans,    see  Orthis 

( Dalmanella )  perelegans. 

Delmanella.  planoconvexa,  2803,  2818, 
2897,  296%  2907,  3053. 

subcarinata,    see    Orthis  (Dalma- 
nella )  subcarinata. 

ventricosa,  3053. 
Dalmanites  si).,  250",  3 IS7. 

( Synphoria )    anchiops,   2956,  299", 

327s. 
var.  armatus,  19P,  327s;  figure, 

192. 

car.  sobrinus,  327s. 
(Coronura)  aspectans,  294s. 
calypso,  2049,  3292;  figure,  205. 
(Coronura)  diurus,  3291. 
(Coronura  ?)  macrops,  3292. 
micrurus,  3009,  3097,  3104,  32P,  3231. 
(Coronura)  myrmeeophorus,  329'. 
nasutus.    1529,  300°,  ,3234;  figures, 

152. 

pleuroptyx,  1521,  285s.  289s,  2972, 
3059,  307",  3079,  308'.  310',  3*2 P. 
32  33;  figures,  151. 

(Ckuycephalus)  regal  is.  327s. 
( Odontocephalus )  selenuru?,  204s,. 

298s,  3291;  figures.  205. 
stemmatus,  3059. 
tridens,  323*. 

Dann's  hill,  793. 
Darton,  X.  H..  cited,  837.  2S42.  204". 

302s,  313s,  314s,  31G2,  3259. 
Davis,  cited,  3  Hi2,  340\  34P. 

Decewvillc  beds.  17G\  170s.  L92',  227  \ 
23P,  325":  fauna.  228°. 

Decewville  time,  228°. 
Delthyris  perlamellosa,  320".  321°. 
Delthyris     shaly     limestone,  139s; 

upper,  1531. 
Devonie,  dividing  line  between  Siluric 

and.  133";  lower,  f333-79*;  middle 

and  upper,  1802-235i1. 
Diaphorostoma  aplatum,  3267. 

depressum,  322". 
desmatum,  2!)!)".  305s. 
lineatuin,  199s,  32S7 figures  201. 
1  urbinatum,  3287. 
unisulcatum,  32S7. 
ventricosum,  L681,  299'.  305".  325'; 

figures.  100. 
Dicranognius  ptyonurus,  318. 
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Dicranurus  hamatus,  323*. 

Dictyocrinus  squamiter,  321". 

iJidymograptus  Sagittarius,  302'. 
tenuis,  3025. 

Dignomia  alveolata,  30  44,  3303. 

Diphyphyllum  sp.,  193T. 

Diplograptus  dentatus,  3024. 

Diplophyllum  coralliferum,  31 73. 
Discites  marcellensis,  2121,  329T;  fig- 

ure, 211. 

Disconformity,  term,  929. 

Drainage  lines,  development  of,  3369- 
47*. 

East  hill,  78s;  section  of  lower  part 
of,  2397-432;  general  section,  2516~ 
537. 

Eatonia   medialis,    1472,   2802,   28 1', 
289°,  29  67  ,  300",  307",  308\  3222; 
figures,  146 

peculiaris,    162%   28  P,    288\  300f, 
3055,  3085,  32  4s;  figures,  162. 

singularis.  2817,  296s,  3222. 
Eckel,  Edwin  C,  cited,  84°,  3559. 
Economic  geology,  3  5  32-62°. 
Edriocrinus  sacculus,  3052. 
Elymella  levata,  33 13. 
Emmons,  Ebenezer,  cited,  821,  3583. 
Encrinal  limestones,  1531. 
Enterolasma  caliculus,  3175. 
Erosion  features  of  the  Schoharie  re- 

gion, 3474-48\ 
Esopus  shales,  1682-703,  1774,  22 7 \ 

252\  2554,  258\  2797,  284s,  2884, 
2957,  209*,.  304";  thickness,  1702; 
uses,  3565. 

Eunella  lincklaeni,  214\  265°,  2659, 
3301;  figures,  210. 

Euomphalus  sp.}  298s. 
decewi,  199°,  3288;  figure,  201. 
disjunctus,  3239. 

Eavosites,  108'-,  298s. 
sp.,  1937. 
basalticus,  195*,  328';  figures.  194. 
conicus,  281°,  2858. 
epidermatus,  195",  3282. 

Favosites   helderbergiae,    134  s,  249 
2497,  281°,  297s,  3013,  309",  310 

320s,  32 14. 
var.  precedens,  1082,  1122,  114 

117°,    238s,    23  92,    2  393,    3  1  7 
318s;  figure,  108. 

hemisphericus  distortus,  3282. 
niagarensis,  125°;  figure,  126. 

proximus,  3242. 
sphaericus,   285s,   2893,  289°,  297 

3242. Fenestella  sp.,  250"'.  289s,  2974,  .317 

319s. biseriata,  2949. 
hestia,  3215. 

Fistulipora  ?  crassa,  324*. 

distans,  3244. 
torta,  3014,  3244. 
?  triloba,  324*. 

Foerste,  A.  F.,  cited,  174°. 
Folding  in  Lorraine  time,  121s. 
Formations,  succession  of,  901. 
Fossils,  lists  published,  78% 

Fox  kill  valley,  874. 
Fragmental  rocks,  93°. 
Freeh,  cited,  178". 

Gastropod  sp.,  301°,  3192. 
Gebhard,  John,  jr,   cited.  822,  105 

1337,  3573,  36 13,  361s. 
Genesee  shales,  222°. 
Glacial  phenomena,  3517-524. 
Glyptocardia  speciosa,  2942. 
Glyptodesma  erectum,  2613,  330\ 
Gomphoceras  absens,  327*. 

beta,  327*. 
clavatum,  3274. 
conradi,  329°. 
?  cruciferum,  3273. 

fax,  32 74. 
illaenus,  3274. 
oviforme,  20  99,  32  9°;  figures,  211. 

rude.  327'. Goniatite     (Agoniatite)  limeston< 
see  Agoniatite  limestone. 

Goniatites   (Parodiceras)  discoideus 
2125,  2943,  3297;  figure.  211. 

(Agoniatites)  expansus,  208*,  212 
3297;  figures,  following  211, 

vanuxemi,  212  . 
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Goniophora  sp.,  332% 

alata,  3266. 
glauca,  3307. 
hamiltonensis,  262%  265-.  2661,  330'. 
perangulata,    1837,    3266;  figures, 

185. 

rugosa,  2613,  3306. 
truncata,  2621,  3307. 

Gosseletia  triquetra,  330 !. 
Grabau,  A.  W..  cited,  105°,  132',  178s, 

2989,  3409. 
Grammysia  sp.,  3044. 

alveata,  22P,  33P;  figures,  218. 

arcuata,  331-. 
bisulcata,  2653,  33 11. 
eircularis,  33 12. 
constricta,  33 13. 
(Sphenomya)  cuneata,  27 14,  332*. 
erecta,  33  P. 
globosa,  33  P. 
lirata,  33P. 
obsoleta,  33  P. 

praecursor,  3266. 
subarcuata,  3325. 
zonata,  33 P. 

Greenfield  limestone,  1209. 
Guelph  dolomites,  thickness,  120". 
Guyot,  Arnold,  on  physical  geography 

of  the   Schoharie  valley,  802-814; 
cited,  832. 

Gyroceras  sp.,  318*. 
matheri,  2041,  3289;  figure,  203. 
paucinodum,    2047,    328°;  figures, 204. 

spinosum,  190%  3273;  figures,  189. 
trivolve,  2009,  2  04%  3289;  figures, 202. 

undulatum,  2042,  20  47  .  32  8'';  figure, 203. 

validum,  327°. 

Hall,  James,  cited,  82\  82:'-83',  S33, 
1053,  1889. 

Halysites  catenularia  var.,  318s. 
catenulatus,  1321,  313s,  317,;. 

var.,  125°;  figure,  125. 
Hamilton   formation,   207',  212"-131, 

25P,   25  83,   2  723,   27  4",  2844,  286s, 

'ATE  MUSEUM 

2879.  2925-932,  3037-44;  thickness, 
2132;  fossils,  2134-234,  23P,  261°, 
2G51,  2G82,  2739,  2881,  3297-3P; 

quarries,  356s. Hamilton  time,  paleogeographic  map, 232. 

Hancock  limestone,  1744. 
Harris,  G.  D.,  cited,  85%  2869,  2903. 
Hartnagel,  C.  A.,  cited,  853,  1031, 

1039-42,  1044,  1049,  1058,  1072,  1081, 
125s,  131s,  13P,  1322,  172s,  236'. 
2393,  31 P,  313',  3173;  mentioned, 

239s. Hausmannia  concinna.  3277. 
Heck,   E.   H.,   acknowledgments  to, 8  P. 

Hederella  sp.,  3177. 
Helderberg   Cement   Co.,    section  of 

strata  at  quarries  of,  2593-60\ 
Helderberg  formation,  1334,  17 13. 
Helderbergs,  characteristic  sections  in, 

2792— 3165 ;    southern,   general  sec- 
tion of  strata,  3027-164. 

High  Falls  shale,  124s,  3137. 
Hindia  fibrosa,  3  065,  308%  3093,  30  9% 

309°. Hipparionyxs  proximus,    1594,  1746, 
28P,  288s,  3054,  3  246;  figures,  159. 

Hollick,  cited,  171s. 
Holopea  antiqua,  31  P. 

elongata,  31 P,  31  P.  3195,  323s. 

pervetusta,  31 09. 
subconica,  3109. 

Homalonotus  sp.,  3187. 
dekayi,  2222,  33 P;  figure,  220. 

Homocrinus  scoparius,  3192,  3204. 
Hormotoma  sp.,  310'*,  311\ 
Hudson  river  beds,  13P,  286%  302% 

3161. Hyolithus  ligea,  32<>'. 
principalis,  3269. 

Ichthyorachis  nereis,  32 15. 
Ilionia  cf.  canadensis,  3181. 

galtensis,  3181. 
sinuata,  3181. 

Indian  Ladder  section,  283s-86a. 

Ingraham,  H.,  cited,  2944. 

Iron  pyrites,  36P-629. 
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Ischadites  bursiformis,  3257. 

squamifer,  3245. 
Isochilina  sp.,  3083,  3084. 
Ithaca  formation,  2232-252,  234s, 

2673,  27P,  2  7  35,  274*;  thickness, 
223%  fossils,  332%  uses,  356». 

Kaaterskill  creek,  section  of  Devon- 
ian rocks  made  in,  275x-764. 

Kemp,  cited,  1289,  17  P. 
Kionoceras  darwini,  3 IS5. 
Knox,  section  near,  2794-S06. 

Laevidentalium  sp.,  3 ll1. 
Lamellibranch,  3097. 
Leda  brevirostris,  330s. 

diversa,  3308. 
obscura,  330s. 

Lepadocrinus    gebhardi,    137\  3204; 
figure,  137. 

Leperditia  alta,  1125,  1129,  117% 
2396,  2  40s,  2464,  2486,  25  P.  282T, 
2905,  290s,  29  P,  29 19,  297''.  2982, 
30P,  3019,  310s,  3111,  3113,  3-122, 
3196,  320%  figure,  115. 

jonesi,  1112,  238°,  239%  257\  3187, 
3191. 

scalaris,    1113,   1323,  3187;  figure, 
111. 

Leptaena  rhomboidalis,  1457,  1745, 
1959-96\  236s.  2803,  28 17.  2858, 
2  8  93,  2896,  29  47,  2  9  64,  2967,  2  98% 
299s,  300s,  3014,  3  046,  306\  306\ 
307s,  3084,  3-092,  3102,  313\  317% 
320s,  3219,  3259,  328%  figures,  144, 
194. 

ventricosa,  3247. 
Leptaenisca  concava,  2967,  3093. 
Leptocoelia  acutiplicata.  304s,  3056. 

flabellites,    1627,    28S7,   2997,  305'', 
324%  figures,  164. 

Leptodesma  rogersi,  2931,  3305. 
Leptostrophia  becki,  see  Stropheodon- 

ta  (Leptostrophia)  becki. 

magnifica,  1621,  305';  figures,  160. 
magniventer,  3054. 
oriskaniaj  299s,  3054. 
perplana,  181°,  304°;  figures,  182. 

Lichas  bigsbyi,  3234. 
(Ceratolichas)  dracon,  3292. 
(Conolichas)    eriopis,   2049,  329% 

figures,  205. 

(Terataspis)  grandis,  327s. 
(Ceratolichas)  gryps,  3292. 
(Conolichas)  hispidus,  327s. 
(Dicranogmus)  ptyonurus,  3187. 
pustulosus,  32 12,  323\ 

Lichenalia  sp.,  2973,  3071. 
cf.  concentrica,  3177.  1 
torta,  2  893,  2  8  9s,  3081,  308%  309% 

3094,  3097,  309s. 
Lime  mudrocks,  origin,  1283. 

Limoptera  macroptera,  262-.  331"'. 
Linden  limestone,  1747. 

Lindsley,  cited,  3162. 
Lindstroemella  aspidium.  2623.  3301. 
Lingula  centrilineata,  2804,  281s. 

ceryx,  325s. 
densa,  304%  3302. 
perlata,  3205,  32 17. 
punctata,  292s,  3302. 
rectilatera,  32 17. 

spathata,  32 17. 
Lintner,    Charles,  acknowledgments 

to,  819. Lioclema  ponderosum,  324  . 

Liopteria    bigsbyi,    266'.   271%  272% 
2932,  3303,  3325. 

dekayi,  2932,  3325. 

greeni,  3303. leai,  230% 

mitchelli,  3305. 
troosti,  330% 

Liorhynchus  limitaris,  207°,  3294. 
multicostum,  2613,  329% 
mysia,  2075,  2096,  2519,  3294,  329% 

figures,  210. 
Little  Schoharie  creek,  section  along,. 

26P-63% 

Lockport  dolomites,  thickness.  120". 
Longwood  (Salina)  shales.  125',  171°. 
Lorraine   beds,    993,    121%  242°-43% 

253°,    282°-83T,     2842,    286',    29  P. 
292s;  thickness,  99*. 

Lower  Helderberg  group.  133%  De- 
vonic  age  of  higher  portions,  1335- 
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Lower    Pentamerus    limestone,  see 

Coeymans  limestone. 
Lower  shaly  limestone.  1393. 
Loxonema  sp.,  3109. 

compactum,  320s. 
fitchi,  3109,  3195. 
obtusum,  320s. 
planogyratum.  320s. 
robustum,  32GT. 
solidnm,  326s. 
subattenuatum,  32(i7. 

Lnnnlieardium  marcellense,  329*. 
rude,  3296. 

Lutaceous,  term,  94s. 
Lutheran  cemetery,  section  of  city 

quarry  behind.  2432-463. 
Lutyte,  term,  949. 
Lyriopecten  interradiatus,  330*. 

parallelodontus,  32  65. 

Macrodon  hamiltoniae,  2653,  2  7  2*, 

3309. 
Manlius  limestone.  11P-32*.  133*, 

1365,  1743,  2402-4P,  2439-46\  247c- 
48s,  250S-5P.  2533,  256°,  259*.  136\ 
2823,  2841,  2862,  2  906,  29 P.  2921, 
2981,  30P-21,  3  1  03-123;  thickness, 
1143,  116s,  2903;  fossils,  3192; 
quarries,  3547,  3557;  analyses,  355*. 

Marcellus  shale.  2063-92,  23  P.  25 17, 
2523,  2583,  284°,  286s,  2S77,  2937-943; 
thickness,  2081 :  fossils,  20  93-123, 
3293:  bituminous  shale  or  coal, 

3621. 
Mariacrinus  macropetalus,  323". 

stolaniferus,  32 15. 
Mather.  William  W.,  cited.  S23,  133T, 

1532,  2905,  290°,  3029. 
Mayham,    Claude,  acknowledgments 

to,  8  P. 

Medina  sandstones,  123s,  1237,  124s; 
thickness,  1207. 

Megalanteris  ovalis.  162s,  29  97,  305s, 
3249;  figures.  165. 

Megambonia  sp.,  3101. 
aviculoidea,  29P,  2982,  3  1  9*,  3  1  9s. 

32  07. 
bollistriata,  3251. 
cordiformis,  322*. 
lamellosa,  325'. 

Megambonia  lata.  322*. 
oblonga,  322*. 
obscnra,  322*. 
ovoidea.  319*. 
rhomboidea,  3225. 
suborbicularis,  322*. 

Melocrinus  pachydactylus,  135\  1309, 
2435,  320*:  figure,  135. 

Meniscus  limestone,  1747. 
Meristella,  174\  1745. 

sp.,  3071,  3077.  3079. 
arcuata,    1473,    28  97,    29  69,    3  2  2"; 

figures,  148. 

bella,  2969,  322\ 

doris,  3263. 
laevis,  1473,  2  803.  28 P,  2S57,  296s. 

2  9  77,  30  64,  308*,  3  099.  3  1  9s,  322- 
figures,  147. 

lata.  174°,  28 P,  288\  3057,  3247. 
lentiformis,  3057. 
nasuta,  183\  1969.  295\  3  2  63,  32S3; 

figures,  183.  198. 

princeps,    1473,    loo9,    3223,  323:. 
figures,  148. 

subquadrata,  322\ 

(Pentagonia)  unisulcata,  196'.  2!»4:. 
2953,  32S3;  figures.  199. 

Metaplasia  pyxidata.  281 ,  3057,  3247. 
Michelinia  lenticularis.  321*. 
Microdon    (Cypricardella )  bellistri- 

atus,  273'\  3307,  332\ 
gregaria,  273°,  3307.  332\ 
tenuistriatus,  2203,  2  622,  2652,  3307. 

figure,  218. 
Mix  and  O'Reilly's  quarry,  section  of 

lower  part  of.  2397-432. 
Modiolopsis   dubia,  2827,  29 P,  310'. 

312%  3193. 
Modiomorpha  arcuata.  3306. 

concentrica,  20P.  2932,  3044.  331V. 
mytiloides,  261°.  330". 
put  ilia.  320\ 

regularis,  3265. 
schohariae,  3265. 
subalata,  26P,  330". 

Moheganter     hill.     79s;     section  of 
north  end  of,  2605-6P;  section  of 
western  slope,  2637-677. 

Monotrypa   Colliculata,  324*-. 
?  helderbergiae,  321*. 
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Monotrypa  monticulata,  3243. 
?  spinulosa,  3193. 
tabulata,  32  82. 

Monotrypella  abrupta.  3204,  3243. 
arbusculus,    see  Chaetetes  (Mono- 

trypella) arbuscuhis. 
colliculata,  281°. 
sphaerica,  3052,  3084,  3094,  309°. 
tabulata,  3003. 

Mudrocks,  934;  origin,  1283. 
Murchisonia  extennata.  3195. 

minuta,  310°. 
?  terebralis,  3183. 

Mytilarca  sp.,  3182. 
pyramidata,  326s. 

Naples  beds,  2237,  235-. 
Nautilus  bucinum,  331s. 

(Discites)  marcellensis,  2121,  3297; 
figure,  211. 

oriens,  3295. 
New  Salem,  section  south  of,  29 16- 

923. 
New  Scotland  beds,  1366,  1393-412, 

1719,  1744,  2531,  2561,  2589,  2801, 
28 15,  2822,  2  8  54,  28  9 l,  2963-974,  3009^ 
I1,  3073-86;  thickness,  1412;  fossils, 
14P-529,  32P-234,  3241. 

Newberria  claypolii,  292s. 
North  river  bluestone,  222s. 
Nucleospira  sp.,  3104. 

concinna,  3  2  63. 
ventricosa,  2857,  28  97,  3057,  306', 

309\  3221. 
Nucula  bellistriata,  2149,   26 19,  2845, 

3043,  330s;  figures,  217. 
corbuliformis,  3043. 
randalli,  26 19,  3307. 

Nuculites  cuneiformis,  330s. 
oblongatus,  2657,   2738,   2845,  3048, 

330s. 
triqueter,  261°,  2845,  3043,  330s. 

Nyassa  argnta,  2209,  2658,  2661,  270s, 
2931,  3041,  33T;  figures,  218. 

recta,  3041,  331*. 
subalata,  33 P.. 

Odontocephalus  selenurus,  204s, 
298s,  3291 ;  figures,  205. 

Odontochile  calypso,  2049 ;  figure,  205. 
Oehlertella  exilis,  3302. 
Oncoceras  trusitum,  3185. 

Oneida  conglomerate,  120s. 
Oneonta  beds,  2239,  2253-272,  2338, 

2347,  2353,  2627,  2674,  303*;  thick- 
ness, 2257;  uses,  3569. 

Oniskethau  creek  section,  2  9  24-982. 
Onondaga  limestone,  1766,  ̂ ^S*, 

2523,  2553,  2584,  2797,  2847,  2868, 
2882,  2943,  2987,  3044;  thickness, 
1204,  1934;  fossils,  1952-2062,  3281- 
292;  origin  of  fauna,  2279;  quarries, 

35  66. 
Onondaga  time,  paleogeographic  map, 

229. 

Ontario  formation,  992-1324. 
Orbiculoidea  ?,  304s. 

ampla,  288s. (Lindstroemella)    aspidium,  262% 

3301. discus,  2972. 
of.  media,  2715,  3322. 
randalli,  3301. 

Oriskania  sp.,  3069. 
navicella,  305s. 

Oriskany  beds,  1572-593,  1739,  174«, 
1758,  1763,  2526,  2556,  2586,  2798, 
2  8  07,  2851,  2885,  2958-962,  2994,  3049- 
59;  fossils,  1593-682,  2795,  3246-253; 
thickness,  1761,  1772;  absence  in 
western  New  York,  176s;  uses,  3565. 

Orthis  sp.,  288s,  2977. 
(Rhipidomella)    alsus,  18P,  2954, 

3258;  figures,  181. 

discus,  2964. 
(Schizophoria)  impressa,  304\ 
multistriata,  2S9\ 

(Rhipidomella)     musculosa,  1621, 
28P,  2887,  30.V.  324'5;  figures, 160. 

oblata,  14P,  1743,  1745,  2804,  285T, 
2892,  2904,  296s.  305-,  3064, 
3068,  307\  30  7\  30b",  309% 
32P;  figures,  141,  142. 

emarginata,  309s. 

peloris,  2954,  325s. 
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Orthis  (Dalmanella)  perelegans,  141s, 
2804,  2817,  296s,  3053,  3064,  307s, 
3086,  3091,  3094,  3095,  3217; 
figures,  142. 

planoconvexa,  2  803,  281s,  289T, 
296%  2967,  305s. 

plicata,  290s. 
( Schizophoria )  propinqua,  295\ 
( Orthostropliia )  strophomenoides. 

2968,  2977. 
(Dalmanella)    subcarinata,  141s, 

2  8  04,    2817,    2  96s,     3  1  03,  321s; 
figures,  1422. 

testudinaria,  2865. 
Orthoceras,  2395,  3209. 

sp.,  2899,  2958,  3043,  3104,  318"',  3191. 
arenosum,  325s. 
carnosum,  3273. 
cingulum,  3271. 
clavatum,  3209. 
collatum,  3272. 
crotalum,  2623,  331s. 
duramen,  32  74. 
erion,  32 73. 
expansum,  3185. 
fluctum,  3271. 
fustis,  3296. 
helderbergiae,  15 18,  3209,  3232. 
longicameratum,  320s. 
(Actinoceras?)   luxum,  188s,  327J; 

figures,  187. 
marcellense,  2083,  209s,  2521,  329"; 

figures,  210. 
masculum,  32 71. 
medium,  3273. 
multicinctum,  3274. 
oppletum,  3272. 
pauciseptum,   320°,  323J. 
pelops,  1882,  3269;  figure,  187. 
perstriatum,  3209,  3232. 
pervicax,  3273. 
pravum,  1901,  3273;  figure,  187. 
procerus,  32 V. 
rarum,  3273. 
rude,  320",  3232. 
stylus,  1889,  3272;  figure,  187. 
subtextile",  320*. 
subulaturn,  20  78,  329*. 
tantalus,  3271. 
tetricum,  3272. 

Orthoceras  thestor,  3294. 
(Cycloceras  ?)    thoas,   1901,  327s; 

figures,  188. 

vastator,  3272. 
vicinus,  329*. 
zeus,  295'5,  326°. 

Orthonota  carinata,  33 14. 
ensiformis,  3314. 
parvula,  3041,  33 1\ 
undulata,    2234,    2705,    27 13,  2724, 

33 14,  3323;  figures,  224. 

Ortliopora  rhombifera,  32 14. 
Orthostropliia    strophomenoides,  see 

Orthis  (Orthostropliia)  strophom- 
enoides. 

Orthothetes  sp.,  3093. 
arctostriatus,  2612. 
bccraftensis,  299s,  3003,  3  05*. 
chemungensis,  26 12. 

var.  arctostriatus,  3299. 
interstriatus,  108',  2394,  3123,  317s, 

3189;  figure,  109. 

pandora,  195s,  2954,  298s,  3258,  3283; 
figures,  194. 

woohvorthanus,    1451,    1453,  281s, 
2857,  2  8  93,  29  65,  2  9  71,  30  0s,  3054, 
3064,  3077,  307s,  3  0  83,  3  1  01,  3218; 
figures,  143. 

Ostracods,  3076,  3103,  3  ll3. 
Oswego  sandstone,  thickness,  120s. 
Overlap  of  strata,  927-985. 

Palaeoneilo  constricta,    2657,  2845, 

2932,  3309. 
emarginata,  261s,  3309,  3328. 
maxima,  26 18,  2932,  3309. 

perplana,  3309. 
plana,  27 14,  3043,  3324. 
tenuistriata,  261s,  2653,  3308. 

Palaeopinna  flabellum,  3251. 
Palaeosolen  siliquoideus,  33 P. 
Palenville,  section  of  Devonian  rocks 

made  in,  275'-764. 
Paleozoic  coastal  plain,  3362. 
Paleschara  ?  dissimilis,  324'. 
Panenka  dichotoma,  183s,  3266;  figure, 

185. 

ventricosa,  32 9a. 
Panther  creek,  sections,  2687-749. 



INDEX  TO  GEOLOGY  AND  PALEONTOLOGY  OF  SCHOHARIE  VALLEY   3 SI 

Paracyclas    lirata,    2613,  26 19,  2661, 
3041,  3315. 

tenuis,  332\ 

Parazyga  deweyi,  2S57,  3057,  3091. 
Parodiceras    discoideum,   2125,  2943, 

3297;  figure,  211. 
Peneplanation  of  region,  341s. 
Pentagonia    unisulcata,    1963,  2947, 

2953,  32  85;  figures,  199. 
Pentamerella  arata,  1832,  1991,  294s, 

2953,  3264,  3286;  figures,  184. 
pavilionensis,  292s. 

Pentamerus     ( Sieberella )  galeatus, 

2825. 
Pentamerus     limestone,     2821  2S34, 

2841,  2S59,  2906;  upper,  1531.' 
Phacops  cf.  bombifrons,  2  993. 

cristata,  191%  295s,    3277;  figures, 
191. 

var.  pipa,  2949. 
logani,  1519,  2972,  3064,  3073,  3079, 

3084,  3104,  3  2  33;  figures.  151. 
rana,  2222,  331s;  figures,  220. 

Phaenopora  tenuis,  32 15. 
Phanerotinus  laxus,  2001,  328s;  figure. 201. 

Pholadella  radiata,  33 P. 

Pholidops  sp.,  3079,  3103. 
areolata,  325s. 
ovata,  3052. 
terminalis,  3052. 

Phragmoceras  corallophilum,  3185. 
Phyllograptus  angustifolius,  3023. 

postremus,  3  023. 
Physiography    of      the  Schoharie 

region,  3332-52\ 
Pittsford  shale,  thickness,  120". 
Platyceras  sp.,  3092. 

agreste,  323°. 
arcuatum,  3231. 
bisulcatum,  3229. 
clavatum,  323s. 
crassum,  3287. 
curvirostrum,  323°. 
dumosum,    1997,   294°,   3046,  328:; 

figures,  201. 
elongatum,  323'. 

?  var.,  3231. 

Platyceras  gebhardi,  1512,  2972,  3059, 
3227;  figures,  149. 

gibbosum.  28 19. 
incile,  3229. 
intermedium,  322s. 
multisinuatum,  3227;  figures,  150. 
nodosum,    1682,    288s,    3059,  3252, 

3287;  figure,  167. 

obesum,  323s. 

perlatum,  3229. 
perplicatum,  322s. 
pileiforme,  3229. 
platystoma,  322s. 

alveatum,  322s. 

plicatile,  322s. 
plicatum.  3231 :  figure,  150. 

pyramidatum,  3231. 
reflexum,  3059. 
retrorsum,  285s,  3227. 
abnorme,  3227. 

robostum,  3227. 
sinuatum,  3227. 
spirale,  3229;  figure,  150. 
subnodosum,  325\ 

sulcoplicatum,  322s. 
tenuiliratum,  28 19,  322s. 
tortuosum,  3252. 
trilobatum,  3227. 
undatum,  3287. 
unguiforme,  322s. 
ventricosum.  1512,  2  8  03,  2  8  57,  29  7s, 

3226;  figures,  149. 
Platycrinus  tentaculatus.  32 1\ 

Platyostoma  sp.,  3  081,  3085. 
ventricosum,  288s. 

Plethomytilus  arenaceus,  3263. 
oviformis,  330°. 

Plethorhyncha  barrandei,  162° ;  figure, 
163/ 

fitchana,  305\  324s. 

pleiopleura,  162°,  305"';  figures,  163. 
Pleurotomaria  sp.,  3  IS3. 

arata.  1S3\  3268j  figures,  185. 

capillaria,  221s,  331* j  figure,  219. 
filitexta,  331°. 

labrossa,  3239. 
rotalia,  304*. 
?  subdepressa,  318s. 
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Pleurotomaria   sulcomarginata,  22 19, 
33 16;  figures.  219. 

trilex,  331°. 
Pocono  beds,  2353. 
Poleumita  cf.  crenulata,  3183. 
Polypora  lilaea,  32  44. 
Port  Ewen  limestones,  2527,  255s,  258s, 

300%  3061. 
Portage  beds.  235*. 
Portage  time,  paleogeographic  map, 

234. 

Portland  cement  industry,  3547. 
Productella  dumosa,  2656,  3301. 

navicella,  328*. 
Proetus  sp.,  3075,  318T. 

angustifrons,  327^. 
clarus,  206\  3293;  figure,  205. 
conradi,  32T9. 
crassimarginatus,    1922,   3279;  fig- 

ures, 192. 

folliceps,  2  061,  3292;  figure,  205. 
hesione,  3279. 
protuberans,  3083,  3103,  32 12. 
rowi,  33 19. 

Prosser,  Charles  S.,  cited,  83s,  841, 
852,  1009,  1279,  2077,  2139,  2239,  2252, 
2259,  2  363,  23G9,  2552,  255\  255", 
2676,  279*,  2889,  29  09,  3029,  3  03s, 
3173. 

Prothyris  lanceolata.  272*.  33 13. 
Protomya  elongata,  33 13. 
Pterinea  aequiradiata,  3223. 

bellula,  3226. 
communis,  297°,  3223. 
flabellnm,   22 12,   2G22,    2G53,  266', 

272°,  2931,  330*;  figures,  219. 
gebhardi,  1629;  figure,  1GG. 
pauciradiata,  3223. 
schohariae,  32  25. 
securiformis,  1089,  2  3  93,  3  1  82,  3  1  9', 

322°. 
subplana,  3182. 
subrecta,  3182. 

tenuilamellata,  322"'. 
textilis,  2501,  3  1  99,  32  2°. 

var.  arenaria,  1G29;  figure,  165. 
Pterinopecten  proteus,  299°. 

undosus,  2G23.  330*. 
vertumnus,  330*. 

Pteroceras  ?  eugenium.  1909,  327°. 
Ptilodictya  nebulosa,  297s. 
Ptiloporina  pinnata,  32  83. 

sinistralis,  3257. 

Red  conglomerate  sandstone,  3031. 
Rensselaeria  aequiradiata,  3072,  3237. 

elliptica,  3223. 
mutabilis,  3076. 
oroides,  162s,  2809,  2887,  2996,  305% 

324s;  figures,  164. 
Reticulata  fimhriata,  3263,  3283. 

Rhipidomella  sp.,  309*. 
alsa,  1ST,  295%  325s;  figures,  181. 
assimilis,  3236. 
discus,  2964. 
eminens,  32 17. 

mitis,  325s. 
musculosa,   1621,  2811,  2  8  87,   3  052, 

3246;  figures,  160. 
oblata.  see  Orthis  (Rhipidomella) 

oblata. 

peldris,  see  Orthis  (Rhipidomella) 

peloris. Rhizoceras  eugenium,  see  Cyrtoceras 
(Rhizoceras)  eugenium. 

Rhynchonella    (Uncinulus)  campbel- 
lanus,  1559,  28 19,  2892,  300°,  306*, 
3072,  3077,  3237;  figures,  156. 

congregata,  292s. 
formosa,  2971. 
lamellata,  318°. 
(Uncinulus)     nobilis,    1559,  2892, 

3072,  3237;  figures,  156. 
nucleolatus,  1459,  281s,  2969,  3089, 

309*.  3096,  3221;  figures,  144. 

semiplicata,  2977. 
transversa,  2899. 
(Uncinulus)  vellicatus,  1459,  280*, 

281s,  2857,  289s,  29  69,  3079,  3221; 
figures,  146. 

Rhynchospira  sp.,  3101. 
excavata„  30 19. 

globosa,  3093,  3101. 
Richmond  shales,  1227. 
Ries.  Ileinrich,  cited,  84s,  172s,  3549, 

3559. Rochester  shale,  thickness.  1207. 
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Rogers,  W.  B.,  cited,  1769. 
Rondout  waterlime,  lll4-324,  237% 

2379,  2382-39T,  2412-42%  248s,  25P, 
253*,  2571,  259s-605,  2  827,  2  8  63.  2  92% 
3  ll4;  thickness,  1136,  114%  116s, 
1281;  fossils,  318s-192;  quarries, 
3543,  3559;  strontium  deposits,  3572. 

Rosendale  cement,  1254,  31 17,  3127- 
132;  thickness,  125";  irregularities 
in  deposition  of,  130;  manufacture, 
3543;  analysis,  354% 

Howe,  Richard  B.,  cited,  841,  127°. 
Rubble  rocks,  933. 
Rudaceous,  term,  94s. 
Rudyte,  term,  94% 

Ruedemann,  cited,  3024. 

Salina  beds,    1254,   236%     See  also 
Brayman  shales;   Longwood  (Sa- 

lina) shales. 
Sandstones,    changes    of   beds  from 

clay  rocks  to,  953. 
Schizodus  appressus,  2622,  27 13,  273', 

3313,  33 14,  3324. 
cf.  ellipticus,  27 14,  3324. 
?  fissus,  3266. 

Schizophoria    impressa,    see  Orthis 
( Schizophoria )  impressa. 

multistriata,  1556,  3073,  3236;  fig- 
ures, 156. 

propinqua,  see  Orthis  (Schizopho- 
ria) propinqua. 

Schoharie,  how  reached,  787;  situa- 
tion, 787. 

Schoharie  creek,  section  along,  276"'- 
787. 

Schoharie  grit,  178%  180s-81%  2279, 
2292,  2  524,  25  54,  2  585,  284s,  288% 
295%  299%  304°;  thickness,  1809; 
fossils,  18F-929,  230%  3253-279. 

Schoharie  region,  erosion  features, 
347*-481;  list  of  fossils  found  in. 
3172-32«j  physiography  of,  802-81% 
3332-524;  in  its  relation  to  man. 
3532-629;  rise  of  valley,  867 ;  char- 

acteristic sections,  236'-787;  stra- 
tigraphy of,  86^-236". 

Schuchert,  Charles,  cited,  85%  104% 
105%  108%  112%  170%  172%  172% 
176%  176%  176%  178%  178%  192% 

228%  230%  233%  235%  235%  3189; 
mentioned,  133% 

Scutella  limestone,  153%  155% 
Sections  in  the  Schoharie  region, 

characteristic,  2361-78% 
Shawangunk  grit,  123%  3141;  age, 126% 

Shawangunk  mountain,  stereogram 
of,  314. 

Shepard,  Charles  U.,  cited,  349%  358s- 60% 

Sherburne  formation,  2224-23  %  262° 
266%  267%  273%  274%  3036;  thick- 

ness, 2226;  fossils,  3321;  uses,  356% 
Sherwood,  Andrew,  section  of  Devo- 
niac  rocks  made  in  the  Catskill 

mountains  at  Palenville;  Kaaters- 

kill  creek,  New  York,  275x-764. 
 Andrew  &  Clark,  section  along 

the  Schoharie  creek,  2763-787;  cited, 82% 

Sias,  Solomon,  acknowledgments  to, 
81s;  cited,  85%  103%  353% 

Sieberella  galeata,   137%   157%.  173% 
173%  246%  249%  283%  290%  297% 
301%  301%  308%  309%  30U%  309% 

309%  309%  3206;  figures,  138. 
pseudogaleata,  139%  153%  157%  252% 

289%  300%  306%  307%  307',  323T; 
figures,  156. 

Siluric   and   Devonic,   dividing  line, 
133% 

Siluric  formation,  see  Ontario  forma- tion. 

Siluro-Champlainic  contact,  127% 
South  hill,  79% 

Spar,  360% 
Sparry  limestone,  153% 
Sphenomya  cuneata,  271%  332% 
Sphenotus  cuneatus,  223%  273%  33 1% 

3323;  figures,  224. 
solenoides,  262%  33 1% 
subtortuosus,  33 1% 

truncatus,  223%  271%  331%  3323;  fig- 
ures, 224. 
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Spirifer  sp.,  273s. 
aeuminatus,  1967,  261\  292",  328', 

329s;  figures,  197. 
arenosus,    162%    280',    288T,  299% 

305°,  3247;  figures,  161. 
audaculus,  261%  272°.  329s. 
concinnus,    155%   2529,   2891,  296% 

3003,  300°,  306%  3  06s,  306%  307', 
309s,  323°;  figures,  156. 

corallinensis,  1087,  114".  U6%  132% 
239%    3-0  Is,    317°,    318°;  figures, 
109,  115. 

cyclopterus,  174%  280%  28 16,  285°, 
2893,  2  8  9°,  2907,  305°,  3075,  308% 
309%  309s,  32 P. 

divaricatus,  19GS,  32S4;  figures,  198. 
duodenarius,  196%  294s,  295%  326% 

328%:  figures,  197. 

eriensis,  1087,  114°.  132%  2459,  301% 
3179,  3189;  figure.  109. 

var.,  1166;  figure.  115. 
fimbriatus,  295%  3322. 
granulosus,  2127.  2128,  213%  2G0S, 

2611,  2617,  2652,  26S%  2703.  2705, 
2719,  272%  3042,  329s;  figures.  214. 

grieri,  32  G3. 
macer,  294s,  326% 
macropleura,  145s,  2802,  281°,  285% 
2896,  29G°,  300s,  308%  310%  32 13; 
figures,  144. 

mesastrialis,  2233,  271%  27 13.  3327; 
figures,  224. 

modestus,  3057. 
mucronatus,  2137,  2243.  2611,  2G18, 

2652,  2G5G,  2G59,  26G7,  2669,  270% 
270%  27 13,  2723.  273".  2929,  3042, 
329s,  3322;  figures,  215. 

murchisoni,  162s,  2809,  288%  2997, 
3056.  3247;  figures,  161. 

octocostatus,  309\ 

perlamellosus,  1457,  280%  281%  283% 
285°,  289",  29G7,  2977,  300%  3013, 
306%  306%  3077,  307\  308%  309% 
309s:  figures,  144. 

pyxidatus,  2887. 
raricosta,  295*.  298s,  32G2,  328*. 
saffordi,  305°. 
tribulis,  3056. 
tullius,  2G11,  273°,  329s,  3322. 

Spirifer  vanuxemi,  112%  112%  114%  11 77 
2396,  240%  240s.  244%  245s,  2463 
2  481,  2  486,  2487,  250%  2507,  2  50s, 
25 11,  25G9,  2824,  2827.  280J.  290s, 
290s,  291*  29 19,  297°,  297%  2982, 
301s,  310s,  311%  311%  3122,  319% 
319s;  figure,  115. 

varicosus,  298s. 
Spirophyton  (Taonurus)  eaudagalli 

1577,  1689,  1703,  2525,  2553,  279% 
2885,  2886,  2957,  3047.  305%:  fig- 

ures, 169. 

velum,  222%  2609,  2613,  331°;  fig- 
ure, 221. 

Spirorbis  sp.,  318'. 
laxus,  3193,  3202. 

Sponge.  3097. Square  lake  limestone  of  Aroostook 

county,  Me.,  1 72s. 
Stafford  limestone,  232'. 
Stenoschisma  altiplicatum,  1471.  2971; 

figures,  146. 
formosum,   1472,   155s,   280*,  239% 

2971,  3072,  3077,  309%  322%  3238; 
figures,  146. 

Stevenson,  J.  J.,  cited.  84%  174% 
Storm  ville    shales    and  sandstones, 

1732. 
Straparollus  clymenioides,  32G% 

inops.  326s. Strata,  age  and  structural  relations, 
882-985. 

Stratigraphy  of  the  Schoharie  region, 861-235% 

Streptelasma  sp.,  2957. 
strictum.  2805,  281%  285s,  2893,  289% 

2973,  321s. 
Stromatopora  ( Syringostroma  ) .  10S% 

298s. sp.,  1259,  3018. 
cf  antiqua,   114s,  117s,  239*,  317% 

31 87:  figure.  115. 
constellata.  317°. 

Strontium,  3573-61\ 
Strophalosia    truncata,    207%  209% 

251%  2929.  329%  3302;  figures,  210. 
Stropheodonta,  174% 

sp.,  307% 
alveata,  3-25% 
a  rata,  306%  3082. 
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Stroplieodonta  (Leptostrophia)  becki, 
1451,  1452,  2803,  2896,  2964,  2967, 
300s,  3053,  3072,  3076,  3082,  3084, 
3102,  321s;  figures  ,  143. 

bipartita,  3179,  3189. 
callosa  var.,  3259. 
concava,  294s. 
crebistriata,  32G1. 
deinissa,  2955,  3259. 
hemispherica,  1961,  326-,  32S4;  fig- 

ures, 196. 

inaequiradiata.  1961,  2955, 3261, 32S3 ; 
figures,  195. 

lincklaeni,  3247. 
magnifica,  3003,  3247. 
magniventra,  288s,  324°. 
cf.  panulata.  3102. 
parva,  181s,  3261;  figures,  181. 
patersoni,  3261,  3283. 
perplana,  26 1J,  2953,  32  6-,  329*. 
planulata,  3  2  05. 
punctulifera,  281s. 
textilis,  294s,  3179. 
(Brachyprion)     varistriata,  114\ 

1177,  137*,  2401,  2436,  2437,  249s, 
2501,  2503,  2507,  2827,  2837,  2976, 
2983,  3073,  3093,  310s,  3113,  319% 
319s,  3205;  figures,  115,  137. 

var.  arata,  2967,  3015. 
Strophomena  woolworthana,  2971. 
Strophonella  sp.,  3086. 

ampla,  18 19,  1962,  2953,  3262,  3284; 
figures,  182. 

cavumbona,  2803,  2858,  3082,  321s. 
?  conradi.  3205. 
headleyana,  1451,  1453,  300s.  321s; 

figures,  143. 
leavenworthana,  30  63,  310-. 
punctulifera,  2501,  2803,  2837,  2897, 

296*  296s,  297°,  308\.  3083.  3  094, 
3098,  3099,  319s,  3205,  321s. 

radiata,  3078. 
varistriata,  3099. 

Strophostylus  elegans,  3229. 
oxpansus,  1681,  3252;  figure,  167. 
?  rotundatus,  32 39. 
unicus,  3267. 

Structural  relations  of  strata,  882-98». 
Styliolina  fissurella,  2073.  2074,  207s. 

2097,  2518,  3294;  figures,  210. 

Sunset  bill,  795;  section  of  north  slope 

of,  2  5  81-593. Synpboria  ancbiops,  see  Dalmanites 
(Synphoria)  ancbiops. 

Syracuse  beds,  thickness,  120°. 
Syringostroma  sp.,  1259,  301s. 

Taonurus  caudagalli,  1577,  1689,  1703, 
2525,   2555,   2799,  288%  288°,  2957, 
3047,  3059;  figures,  169. 

Tellinomya  equilatera,  108°,  318- ;  fig- 
ure, 109. 

nucleiformis,  2827,  3193. 
Tellinopsis  subemarginata,  2621,  2653, 

331s,  3314. 
Tentaculite  limestone,  1127,  1334,  173s, 

2841,  290s. 
Tentaculites,  2502. 

sp.,  236s,  3186,  3326. 
bellulus,  2  932,  33 1T. 
elongatus,    289s,    2  9  73,    305s,  306', 

3236,  3243. 
gracilistriatus,  3294. 
gyracanthus,  1126,  1127,  112y,  117s, 

2  407,  2462,  248s,  2823,  2S26,  2861, 
2862,  2  9  05,  29  08,  29 14,  29S2,  3  ll2, 
3196,  3201;  figure,  116. 

irregularis,  319°. 
ornatus,  290s. 
scalariformis,    200s,    328s;  figure, 

202. 

Terataspis  grandis,  see  Lichas  (Tera- 
taspis)  grandis. 

Terrace  mountain,  791. 
Thamniscus  multiramus,  3283. 
Thysanocrinus  sp.}  3177. 
Transition  beds,  2399-402,  2436,  2471, 

2498-50T,  2533,  256s,  2861,  2911,  291s, 

2973. Trematopora  sp.,  3177. 
Trematospira  sp.,  2972. 

globosa,  2803,  28 17,  2  857,  289°. 
multistriata,  2803,  2817,  2  8  99.  3219. 

Trenton  limestones.  128s. 
Trigonograptus  ensiformis,  302s. 
Trinucleus  concentricus,  286'. 
Trocboceras  barrandci,  327". 

biton,  3279. 
clio,  1907,  3278;  figures,  189. 
discoideum,  327". 
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Trochoceras     (Pteroceras    ?)  euge- 
nium,  1909,  327%  figure,  190. 

expansum,  3277. 
gebhardi,  1075,  1111,  1323,  3184;  fig- 

ures, 110. 

obliquatum,  3277. 
orion,  327G. 
pandion,  3276. 
turbinatum,  3 18*. 

Tropidoleptus   carinatus,   2142,  2233, 
2667,  2  66s,  2705,  273°,  273s,  292", 
3303,  3322;  figures,  217. 

Tully  limestone,  2226. 

Ulrich,  cited,  1044,  1709,  178s,  235s. 
Uncinulus  abruptus,  145°,  289s,  2969, 

3221;  figures,  145. 
campbellanus,  1559,  28  P,  2892,  300°, 

30  64,   3072,   3077,   3237;  figures, 
156. 

mutabilis,  1377,  2502,  2837,  2903, 
2977,  3099,  3199,  3206;  figures, 
138. 

nobilis,  1559,  2892,  3072,  3237;  fig- 
ures, 156. 

nueleolatus,  145°,  281s,  2969,  3089, 
309*,  309°,  3221;  figures,  144. 

pyramidatus,  2837,  296°. 
vellieatus,  1459,  2804,  2"8P,  2857, 

289s,  296°,  3079,  322%  figures, 
146. 

Unconformities,  9 P. 

Upper  Helderberg  group,  1339. 
Utica  formation,  thickness,  994. 

van  Ingen,  G.,  cited,  1162,  13 P,  3029r 
3049,   3067,  3074,   3087,  3108,  311% 

31P,  3162. 
Vanuxem,  cited,  290". 
Vermipora  robusta,  3242. 

serpuloides,  3242. 
Vernon  shale,  thickness,  1206. 
Vromans  Nose,  79%  section  of.  2077- 

687. 
Vroman's  quarry,  section  in,  2377— 

397;  section  of  syndicate  quarry  ira 

the  hillside  behind,  2491-5P. 

Walcott,  cited,  286\ 

Waterlimes  1283. 

Weller,  cited,  22  82,  228s. 
West  hill,  791;  general  section.  2537- 

579. 

Whitfieldella  cf.  nitida,  30P. 

nucleolata,  108s,  2  393,  3179,  3  1  91,-. 
figure,  109. 

Wilbur  limestone,  125s,  13P,  3132. 
Williams,  H.  S.,  cited,  1729. 
Wilson,  Alfred  W.   G.,   cited,  128% 

3459. 
Wilsonia  ventricosa,  155s,  2892;  fig- 

ures, 156. 

Zaphrentis  sp.,  1937,  2956,  298s,  31 1% 
corniculum,  2949. 

gigantea,  294°. prolifica,  1957,  3282;  figure,  194. 
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PREFACE 

The  faunas  of  the  older  New  York  formations  have  never  re- 

ceived adequate  consideration.  The  invaluable  determinations  made 
by  Prof.  James  Hall  in  the  first  volume  of  the  Palaeontology  of 
New  York  were  based  on  the  material  collected  chiefly  from  the 
central  and  western  skirts  of  the  Adirondacks  during  the  progress 

of  the  geological  survey  of  1836-43  or  brought  together  from  still 
older  collections  belonging  to  private  individuals  or  to  the  Albany 
Institute.  Although  this  great  work  laid  the  foundation  of  all  our 
knowledge  of  these  early  faunas  in  America  yet  as  the  years  passed 
on  its  distinguished  author  realized  its  incompleteness.  The  Siluric 
region  of  the  Lake  Champlain  basin  was  then  an  unopened  field 

to  the  paleontologist.  The  profusion  of  its  fossil  remains,  which 

far  exceed  in  abundance  those  of  the  region  from  which  the  origi- 
nal collections  were  assembled,  was  not  recognized  and  it  was  not 

till  the  later  years  of  Professor  Hall's  long  life  that  explorations 
in  this  basin  began  to  reveal  the  inadequacy  of  his  early  work.  It 
was  one  of  his  unrealized  purposes  of  this  later  period  to  revise 

and  amplify  the  volume  referred  to.  Though  it  did  not  fall  to 
him  to  see  this  important  work  executed  yet  he  may  be  credited  with 
having  initiated  the  undertaking.  Explorations  having  for  their 

end  a  more  exact  knowledge  of  the  stratigraphy  of  the  region  w  ere 

inaugurated  by  him  and  at  his  instance  Professors  J.  F.  Kemp  and 
H.  P.  Gushing  commenced  their  study  of  the  geology  of  Essex  and 
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Clinton  counties  which  have  now  been  so  fruitful  in  setting  forth 
with  clearness  the  relations  and  extent  of  the  lower  formations. 

Somewhat  earlier  than  this  Professors  Brainerd  and  Seely  of  Mid- 
dlebury  College,  Vermont,  had  exhumed  and  R.  P.  Whitfield  had 
described  the  rich  fauna  of  the  Beekmantown  formation  at  Fort 

Cassin  Vt.  and  this  work  gave  a  new  impetus  to  investigations  of 
the  faunas  on  the  New  York  side  of  the  Lake  Champlain  basin. 
During  the  period  from  1890  onward.,  collecting  was  done  here  for 

the  State  Museum  in  a  desultory  way  by  Dr  Carl  Rominger  and 
Jacob  Van  Deloo  but  it  was  not  until  1899  that  the  acquisition  of 
fossils  was  taken  up  seriously  by  the  State  Paleontologist.  At  that 
time  Mr  Gilbert  van  Ingen  entered  the  field,  carrying  on  operations 
in  a  systematic  and  refined  manner.  He  was  thereupon  joined 
by  Dr  Ruedemann  who  has  since  continued  the  work  alone.  The 

result  of  these  operations  for  several  seasons  has  been  the  acquisi- 
tion of  very  extensive  collections  upon  which  the  present  work  is 

chiefly  based.  Meanwhile  some  writings  have  appeared  which  bear 

upon  the  composition  of  these  faunas ;  we  may  note  especially  a 
recent  paper  issued  in  the  Report  of  the  State  Paleontologist  for 
I9°3  by  Prof.  George  H.  Hudson  on  Chazy  fossils  from  Valcour 
island  and  a  treatise  on  the  trilobites  of  these  rocks  by  Percv  E. 

Raymond.  The  present  work  deals  exclusively  with  the  cephalo- 
pod  fauna  of  the  Beekmantown  and  Chazy  formations  of  the  Cham- 
plain  valley.  The  study  of  these  objects  involves  peculiar  difficulties, 
their  preservation  is  not  always  good,  the  determinations  of  their 
organic  relations  have  been  rendered  somewhat  complicated  by 
recent  labors  on  fossil  cephalopods  and  yet  being  the  most  highly 

organized  mollusca  at  this  period  of  the  earth's  history  and  of 
primary  importance  in  determining  the  stratigraphic  values  of  the 
formations  concerned,  the  unraveling  of  their  ontogeny  and  genetic 

relations  constitutes  a  definite  advance  in  New  York  paleontology. 
In  the  preparation  of  this  work  the  author  has  received  utmost 

consideration  from  coworkers  in  this  field  and  makes  acknowledg- 
ment especially  to  Prof.  H.  M.  Seely  of  Middlebury  College, 

Prof.  G.  H.  Perkins  of  Burlington  I  niversity  and  Prof.  G.  H. 

Hudson  of  Plattsburg,  to  Dr  J.  F.  Whiteaves  of  Ottawa,  Dr  F.  D. 
Adams  of  Montreal  and  Prof.  R.  P.  Whitfield  of  New  York  for 

the  opportunity  to  consult  the  collections  in  their  charge,  and  to 
Dr  F.  W.  Sardeson  of  Minneapolis  and  Mr  R.  S.  Bassler  of 

W  ashington  for  the  loan  of  specimens. 

John  M.  Clarke 
State  Paleontologist 
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INTRODUCTION 

i  Statement  of  previous  investigations 

The  status  of  our  present  knowledge  of  the  Cephalopoda  of  the 

Champlain  basin  may  be  understood  from  the  following  data.1  Hall 
has  described  in  his  volume  i  of  the  Palaeontology  of  New  York 
two  species  of  cephalopods  from  the  Beekmantown  limestone,  both 

from  small  fragments,  showing  neither  siphuncle  nor  living  cham- 
ber, and  one  only  the  surface ;  and  four  species  from  the  Chazy 

limestone,  from  but  one  of  which  the  siphuncle  is  known,  from 

another  only  the  surface  and  from  the  remaining  two  only  acci- 
dental sections. 

On  the  other  hand,  Billings  has  distinguished  no  less  than  49 
cephalopods  from  the  Beekmantown  formation  of  Newfoundland, 

Quebec  and  Philipsburg,1  only  a  small  number  of  which  have  been 
figured,  and  has  also  added  10  species  of  Chazy  limestone  cepha- 

lopods to  the  five  made  known  by  Hall. 
Barrande  also  has  made  us  acquainted  with  six  species  from  the 

Beekmantown  formation  of  Canada  and  Newfoundland  and  Whit- 

field has  carefully  described  and  well  illustrated  an  excellently  pre- 
served upper  Beekmantown  limestone  fauna  from  Fort  Cassin  in 

Vermont,  but  unfortunately  has,  under  the  misapprehension  that  the 

beds  were  of  the  age  of  the  Lowville  (Birdseye)  limestone,  com- 

pared them  rather  with  Trenton  limestone  forms  than  with  Billings's 
Beekmantown  limestone  species.    The  same  author  has  also  de- 

1  See  bibliography  at  end. 
1  In  regard  to  the  fauna  of  the  Beekmantown  beds  at  Philipsburg, 

Missisquoi  eo..  which  lie  at  the  northeastern  terminus  of  Lake  Champlain 
in  the  Province  of  Quebec,  we  had  no  desire  to  enter  the  domain  of  the 
paleontologist  of  the  Canadian  survey  in  charge  of  the  invertebrate 
faunas,  hoping  that  he,  having  the  advantage  of  the  use  uf  the  first 

collections  from  this  locality,  of  Billings's  types  and  of  a  thorough 
knowledge  of  the  Canadian  cephalopods,  will  himself  undertake  the 
needed  revision  and  elaboration  of  the  Beekmantown  cephalopod  fauna 
of  this  region.  It  is  specially  desirable  that  the  considerable  number  of 
species  of  Orthoceras,  described  by  Billings  from  that  locality,  without 
figures,  should  be  redescribed,  referred  to  their  proper  genera,  and  above 
all  figured,  to  make  them  available  for  comparison  with  those  of  other  Beek- 

mantown faunas. 

We  have  only  cited  here  [p.  508]  the  cephalopod  species  recorded  from 
Philipsburg  by  Billings  and  Barrande;  and  in  the  ease  of  the  species  of 

nautiloid  forms  described  by  Hyatt,  inserted  the  descriptions.  Hyatt's  new 
"pedes  of  Philipsburg  nautiloids  have  not  yet  been  illustrated  nor  described 
in  all  their  characters. 
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scribed  four  species  from  the  Beekmantown  beds  at  Beekmantown. 

These  and  the  Fort  Cassin  fossils  had  been  secured  by  Professors 
Seely  and  Perkins,  the  untiring  collectors  of  the  fossils  of  the 
Champlain  basin. 

H.  Schroder  [1891]  has  had  occasion  to  discuss  the  generic  rela- 
tions of  some  of  the  Fort  Cassin  cephalopods ;  and  Hyatt  has  used 

the  large  collection  of  Fort  Cassin  fossils  deposited  in  the  National 

Museum  and  his  own  collections  to  elaborate  the  phylogenetic  rela- 
tions of  the  greater  number  of  the  coiled  forms  [1894]. 

Hyatt  has  considerably  increased  the  number  of  nautiliconic 

species  of  the  Nautiloidea  from  the  Lower  St  Lawrence  region  and 

Newfoundland,  has  laid  open  the  lines  of  evolution  of  the  Cepha- 
lopoda by  his  penetrating  investigations  into  their  phytogeny,  and 

supplied  a  new  system,  which  is  here  adopted. 
It  may  be  stated  here  that  this  system  so  far  as  the  nautiloid 

cephalopods  are  concerned  may  be  indeed,  as  we  believe  it  is,  a  true 
expression  of  the  natural  relationship  of  the  forms  and  therefore  be 
considered  as  an  important  improvement  on  the  former  artificial 

arrangement  by  the  degree  of  curvature  of  the  conch  ;  yet  anyone 
who  seriously  attempts  to  distribute  a  series  of  cephalopods  of 
average  preservation  in  this  system  can  not  fail  to  observe  that  its 
fundamental  criteria  of  division,  as  the  character  of  the  funnels  or 

septal  necks  and  the  internal  structure  of  the  siphuncle  are  so  diffi- 
cult of  observation  and  fail  so  frequently  of  preservation  or  are 

so  obscured  that  a  positive  decision  as  to  the  relation  of  the 

specimens  in  hand  to  the  larger  divisions  and  thereafter  to  the 
families  is  in  a  great  number  of  cases  impossible.  And  again 
where  these  have  been  recognized,  it  becomes  apparent  that  if  the 

principles  of  Hyatt's  division  are  to  be  followed  out,  the  number  of 
genera  established,  large  as  it  is,  is  yet  by  no  means  sufficient ;  and 
that  the  generic  diagnoses,  often  construed  on  theoretic  grounds, 

frequently  do  not  occupy  contiguous  sections  in  the  uninterrupted 
phylogenetic  series,  thereby  leaving  wide  gaps  between  the  hitherto 
denned  genera. 

It  is  for  these  various  reasons  that  such  a  considerable  number  of 

the  species  here  described  are  considered  as  not  yet  conclusively  deter- 
mined genetically.  In  several  cases,  rather  than  create  new  genera, 

we  have  placed  the  species  with  the  nearest  genus,  leaving  the  task 
of  filling  the  gaps  in  the  generic  series  to  him  who  will  undertake 

the  work  —  as  difficult  as  it  is  meritorious  —  of  continuing  the  in- 
vestigation where  Hyatt  unfortunately  had  to  leave  it. 
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2  Sections  for  reference 

Since  the  majority  of  the  cephalopods  here  described  have  been 
obtained  from  the  shore  at  Yalcour,  south  of  Plattsburg,  we  insert 

here  for  reference  a  brief  section  of  the  exposures  in  which  the  cepha- 
lopods both  of  the  upper  Beekmantown  and  lower  Chazy  are  found 

to  occur  more  profusely  and  better  preserved  than  in  any  other 
locality  on  the  west  shore  of  the  lake,  known  to  the  writer.  A  fuller 
discussion  of  the  important  Yalcour  section  is  necessarily  deferred 
until  the  investigation  of  the  Beekmantown  and  Chazy  faunas  has 
been  completed.  The  major  part  of  this  material  has  been  jointly 
collected  by  Prof.  G.  van  Ingen  and  the  writer  during  the  summer 
of  1899;  a  number  of  valuable  specimens  have  also  been  obtained 
by  Professor  van  Ingen  during  the  field  season  of  1901,  and  the 
specimens  cited  from  Beekmantown,  Chazy  and  Yalcour  were  mostly 

collected  by  the  writer  during  the  summer  of  1903. 
The  exposure  of  the  Beekmantown  beds  on  the  Yalcour  shore 

begins  about  one  half  mile  north  of  the  mouth  of  the  Little  Ausable 
river,  in  front  of  the  farmhouse  of  W.  H.  Ayers  (Lake  Yiew  farm) 
and  continues  with  some  interruptions  to  the  Yalcour  dock  (Port 
Jackson)  where  a  fault  separates  it  from  the  exposures  of  Lower 

Chazy  rocks,  which  thence  continue  northward  around  Day's  point. 
The  Beekmantown  beds  have  been  provisionally  distinguished  as 

2065  A^-Ag1  and  the  Chazy  beds  as  2066  B^Bg. 

Section  of  the  Beekmantown  beds  at  Vale  our  in  ascending  order 

A1  is  a  four  foot  bed  of  hard  bluish  gray,  gritty  dolomite.  Strike, 

n.  30  e. ;  dip,  50  s.  e. 
A2  begins  100  feet  north  of  end  of  A1.  3  feet.  Bluish  gray 

dolomite,  with  lenses  of  lighter  dolomite ;  the  latter  very  fossiliferous. 

A..,  exposed  about  300  feet  north  of  A2.  6  feet.  This  division 
is  shaly  at  the  base,  compact,  gray  or  black  at  the  middle  and  shaly 
and  black  at  the  top.  the  whole  weathering  yellowish.  The  gray 
portion  is  a  mass  of  fossil  fragments  derived  from  crinoids,  trilobites. 

cephalopods,  gastropods  and  brachiopods,  and  contains  small  rounded 
pebbles  or  concretions.  The  shaly  portion  at  the  top  is  a  valuable 
depository  of  cephalopods  (nautilicones  and  orthoceracones). 

1  This  A  is  not  identical  with  the  division  A  of  the  Beekmantown  of 
Brainerd  and  Seely,  nor  is  B,  Chazy,  identical  with  their  Chazy  B.  On 
the  contrary  the  Beekmantown  beds  at  Valconr  are  undoubtedly  equiva- 

lent to  a  part  of  the  Fort  Cassin  beds  and  therefore  probably  to  be  placed 
at  the  top  of  their  Group  D  [see  section  on  p.  399]  and  the  Chazy  beds 

correspond  to  Brainerd  and  Seely's  upper  A  of  the  Chazy. 
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A4  is  a  mass  of  rocks  exposed  for  a  considerable  distance  along 
the  shore  and  consisting  of  an  irregular  series  of  beds  of  gray  brown 

and  bluish  black  sandy  dolomite  with  thin  intercalations  of  very  fos- 
siliferous  limestone.  The  surfaces  of  the  strata  are  characteristically 
marked  by  an  entangled  mass  of  vermiform  ridges  suggesting 
fucoids,  and  by  channels,  such  as  are  formed  on  sandy  beaches  at 
low  tide.  These  channels  are  filled  with  a  bluish  gray  limestone, 
contrasting  with  the  sandy  rocks  and  choked  with  fossils,  specially 

orthoceracones,  which  lie  in  the  longitudinal  direction  of  the  chan- 
nels. The  channels  run  slightly  north  of  east.  Systems  of  large 

ripple  marks  extend  over  some  of  the  rock  surfaces.  Thickness  not 
obtained. 

A5.  rock  exposed  on  north  side  of  Sibley  point,  exposures  begin- 

ning behind  Pacno's  barn,  where  a  dolomite  bed,  4^  feet  thick 
rests  upon  A4.  This  is  followed  by  a  cross-bedded  impure  lime- 

stone containing  numerous  cephalopods  (nautilicones)  and  other 
fossils. 

Ac,  6  feet  of  a  purer,  blue  limestone,  which  is  irregularly  bedded 
and  contains  seams  of  black  shale. 

AT,  a  heavy  bed  (7  feet)  of  blue  sandy  limestone,  weathering 

yellow,  exposed  at  top  of  bank,  at  east  end  of  Sibley  point. 
A 8,  separated  by  a  concealed  interval  from  A7  and  consists  of 

about  25  feet  of  heavy  bluish  limestone  strata,  which  weather  gray, 
are  barren  and  contain  some  geodes.  This  bed  ends  at  the  Valcour 

dock.    Strike  n.  40  w. ;  dip,  150  s.  w. 

Section  of  the  Charjy  beds  at  Valcour  in  ascending  order 

The  Chazy  beds  at  Valcour  form  a  low  anticline. 

B1?  a  hard,  compact,  gray  limestone,  exposed  at  water  edge,  on 
land  of  Ezra  Day.    2  feet  of  its  top  exposed. 

B2,  same  rock.    6  inches. 

B3,  gray,  shaly  impure  limestone  with  mud  scams;  very  fossilifer- 
ous.    1  foot  4  inches. 

B4,  more  crystalline  limestone  with  darker  shaly  intercalations. 

1  foot  10  inches.  Contains  numerous  small  bryozoan  reefs  and  other 

fossils;  also  many  cephalopods  in  its  upper  layer  (just  north  of 
fence  dividing  lands  of  George  and  Ezra  Day). 

B5,  darker,  impure  shaly  limestone.  1  foot  6  inches.  Contains 
some  large  nautiloids. 

B,;,  a  gray  shaly  limestone.  3  feet,  containing  a  rich  fauna  (Bol- 
boporites,  Malocystites,  brachiopods,  trilobites). 
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B7,  series  of  heavier,  dark  gray  beds  with  abundant  plates  of 
Palaeocystites. 

7a-io  inches,  barren;  /b-14  inches,  in  lower  3  inches  full  of 

trilobites ;  7C-3  feet  6  inches,  heavy,  crystalline  bed,  full  of 

Palaeocystites ;  7^-24  inches,  barren ;  7c2-8  inches,  hard  crystal- 
line gray  limestone  with  trilobites. 

B8,  5J/2  feet  of  dark  shaly  limestone,  nearly  bluish  gray  and  very 
fossiliferous,  containing  orthoceracones. 

Since  we  can  do  no  better  than  base  our  future  stratigraphic  work 

on  the  larger  lithologic  divisions  recognized  by  Brainerd  and  Seely 
in  the  Beekmantown  formation  at  East  Shoreham  Vt.  and  in  the 

Chazy  formation  at  Chazy  village,  we  refer  the  fossils  obtained 
at  other  places  than  the  Valcour  shore  provisionally  to  those 
divisions. 

The  Beekmantown  beds  have  been  divided  by  these  authors 

[1890,  p.  2]  into  five  divisions,  termed  A-E. 

Section  at  East  Shoreham  in  ascending  order 

Division  A.  Dark  iron  gray  magnesian  limestone,  usually  in  beds  one 
or  two  feet  in  thickness  more  or  less  silicious,  in  some  beds  even  ap- 

proaching a  sandstone.    Fossils  none.    Thickness  310  feet. 
Division  B.  Dove  colored  limestone,  intermingled  with  light  gray 

dolomite,  in  massive  beds.  Fossils:  Orthoceras  p  r  i  m  i  g  e  n  i  u  m, 
Cryptozoon  steel  i.    Thickness  295  feet. 

Division  C.  In  succession  gray,  thin  bedded,  fine  grained,  calciferous 
sandstone;  magnesian  limestone  in  thick  beds,  weathering  drab;  sand- 

stones, sometimes  pure  and  firm,  but  usually  calciferous  or  dolomitic; 
magnesian  limestone  like  no.  2,  frequently  containing  patches  of  black 
chert.  Fossils,  none,  except  S  c  o  1  i  t  h  u  s  minutus  Wing.  Thickness 
350  feet. 

Division  D.  In  succession  blue  limestone,  in  beds  one  or  two  feet  thick, 
breaking  with  a  flinty  fracture;  the  weathered  surface  with  a  rough, 
curdled  appearance;  drab  and  brown  magnesian  limestone;  sandy  lime- 

stone in  thin  beds;  blue  limestone  in  thin  bands.  Fossils:  Ophileta 
c  o  m  p  1  a  n  a  t  a,  M  a  c  lure  a  a  f  f  i  n  i  s,  L  i  t  u  i  t  e  s  .  e  a  t  0  n  i, 
A  s  a  p  h  u  s  can al  i  s  and  species  of  Cryptozoon,  Bathyurus,  Maclurea, 
Murchisonia,  Orthoceras,  Cyrtoceras.    Thickness  375  feet. 

Division  E.  Fine  grained  magnesian  limestone  in  beds  one  or  two  feet 
in  thickness,  weathering  drab,  yellowish  or  brown.  Fossils:  B  u  c  a  n  i  a 
t  r  i  p  1  a,  Murchi  s  0  n  i  a  c  0  n  f  u  s  a,  B  a  t  h  y  u  rus  e  x  t  a  n  s  ?  var., 
Primitia  scelyi  and  species  of  Lingula,  Maclurea?,  Murchisonia, 
Orthoceras,  Bathyurus,  Cheirurus?  and  enerinal  columns.  Thickness  470 
feet. 

Hrainerd  and  Seely  as  well  as  Cushing  and  the  writer  have 
observed  that  also  on  the  west  side  of  Lake  Champlain  these  greater 
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divisions  of  the  Beekmantown  beds  at  East  Shoreham  can  be 

recognized,  as  a  rule,  by  their  lithologic  characters. 

The  section  at  Chazy  village  [Brainerd  &  Seely.  1888,  p.  323] 
is,  for  several  reasons,  to  be  considered  as  the  type  section  for  the 
Chazy  formation.  Xot  only  did  Professors  Hall  and  Emmons  name 
the  formation  after  this  locality,  but  it  is  here  also  exposed  more 
perfectly  than  anywhere  else  in  the  Champlain  valley,  with  the 
possible  exception  of  Valcour  island,  only  small  portions  at  the  top 

and  bottom  being  concealed;  and  better  opportunities  for  collect- 
ing the  fossils,  bed  for  bed,  are  offered  here  than  elsewhere.  Pro- 

fessors Brainerd  and  Seely  have  carefully  mapped  the  neighborhood 
of  Chazy  village  and  elaborated  the  section.  They  found  a  total 
thickness  of  732  feet  of  Chazy  rocks.  These  were  conveniently 
divided  into  a  lower  group  (Group  A),  a  middle  one  (Group  B) 

and  an  upper  one  (Group  C).  Group  A  is  largely  characterized  by 
the  presence  of  Orthis  costalis;  group  B  by  Maclurea 
m  a  g  n  a  ,  while  group  C  is,  at  least  in  some  beds,  replete  with  shells 

of  Rhynchonella  plena.  The  three  groups  have  been  sub- 
divided, on  lithologic  grounds,  into  a  considerable  number  of  minor 

divisions.  Some  of  these  appear  to  be  recognizable  in  distant 
localities;  as  the  red  spot  stratum  of  As  with  Bolboporites 
americanus,  which  is  also  found  on  Valcour  island  and  on  the 
Valconr  shore.  The  writer  has  made  extensive  collections  from 

every  stratum  of  this  type  locality.  These  collections,  when 
studied,  will  it  is  hoped,  afford  the  means  of  recognizing  distinct 
fossil  horizons  and  of  establishing  the  sequence  and  life  zones  of 

the  Chazy  faunules.  Since  we  shall  for  the  present,  refer  the 

cephalopods  from  the  Chazy, here  described, to  Brainerd  and  Seely 's 
subdivisions,  we  reprint  here  in  full  their  careful  section. 

Measurements  at  Chazy  in  ascending  order 

GROUP  A  FEET 
1  Iron  gray,  fine  grained  dolomitic  limestone,  in  beds  one  or 

two  feet  in  thickness,  weathering  drab  with  fine  yellowish 
streaks  at  right  angles  to  plane  of  bedding;  containing 
Orthis   costalis   and  crinoidal  fragments   no 

2  Tolerably  fine  limestone,  filled  with  fragments  of  crinoids, 
containing  Orthis  and  Strophomena   20 

3  Measures  concealed    4° 
4  Impure  limestone,   filled  at   bottom   with   Orthis,   thin  bedded 

when  long  exposed  to  weather,  the  upper  six  feet  abound- 
ing in  crinoidal  fragments   -  3° 

5  Fine    grained,    massive    limestone    containing     Seal  it  es 

a  n  g  u  1  a  t  u  s,   Raphistoma  and  fragments  of  trilobites.  .  .  25 
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FEET 

6  Impure  limestone,  abounding  in  Orthis   10 
7  Measures  concealed   25 
8  Massive,  gray  limestone,  largely  made  up  of  crinoidal  re- 

mains, having  red  spots  in  a  stratum  about  10  feet  from 
the  top;  abounding  near  the  middle  of  the  strata  with 
gastropods.  Bellerophon,  Raphistoma,  Metoptoma,  A  s  a- 
phus  marginalis,  Stenopora  fibrosa,  Bol- 
boporites    a  m  erica  n  us,  Retepora  gracilis.  50 

310 

GROUP  B 

1  Thick  bedded,  nodular,  dark  colored  limestone,  containing 
M  a  c  1  u  r  e  a    magna    50 

2  Massive,  pure  limestone,  gray,  fine  grained,  often  oolitic, 
abounding     in     crinoidal     remains     and  Stenopora 
fibrosa    20 

3  Massive,  bluish  black,   tolerably  pure,   nodular  limestone, 
containing    Maclurea    mag  n  a    and  masses  of  black 
chert    45 

4  Similar  to  no.  3,  but  containing  in  addition  to  Maclurea, 
various  species  of  Orthoceras  and  large  masses  of  Stroma- 
tocerium   90 

5  Less  massive  limestones,  quite  impure  and  often  disintegrated 
into  nodules  as  though  shaly   60 

265 

GROUP  C 

1  Dark,  iron  gray,  dolomite,  weathering  yellowish   1 
2  Blue,  compact,  fine  grained,  pure,  limestone,  containing  fine 

lines  of  calcite   6 

3  Dove  colored,  compact,  brittle,  perfectly  pure  limestone  con- 
taining small  nodules  of  calcite   5 

4  Iron  gray  dolomite    3>2 
5  Like  no.  3,  only  containing  larger  nodules  of  calcspar   4lA 
6  Dark  gray,  fine  grained  compact  limestone  somewhat  impure, 

having  a  mottled  aspect  when  weathered,  containing  sev- 
eral undetermined  species  of  Murchisonia,  Orthoceras  and 

usually  enveloped  in  Strephochetus    2 
7  Iron  gray  dolomite    1 
8  Blackish,  impure  limestone,  abounding  in  R  h  y  n  c  h  0  n  e  1  1  a 
plena    3^K" 

9  Dark  or  light  gray,   massive  coarsely  granular  limestone. 
mostly  made  up  of  crinoidal  fragments  which  are  some- 

times red,  containing  Rhynchonella    26^2 
10  Same  as  no.  8    32 
11  Measures  concealed    7 

12  Tough,  impure  dolomite   8 
13  Concealed    24 

157 

Total  thickness  of  A,  B  and  C   732 
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Terminology 

In  employing  Hyatt's  system  in  this  group  it  is  necessary  also  to 
adopt  his  terminology  with  some  alterations  and  additions  proposed 
by  Holm  and  others.  The  less  common  of  these  technical  terms  are 
here  briefly  defined. 

The  word  conch  is  used  for  the  entire  shell ;  this  may  have  a 
nepionic  bulb  (or  preseptal  cone)  which  is  a  conical  part  at  the 
apical  end,  formed  before  septation  took  place  and  appears  as  an 
apical  dilation  of  the  siphuncle.  The  septate  part  is  termed  the 

phragmoconc.   It  consists  of  cameras  or  chambers  and  the  siphuncle. 

The  phragmocone  may  be  an  orthoceracone,  which  is  "  the  older 
stage  of  a  straight  form,  and  is  nearly  or  quite  straight  on  both 

venter  and  dorsum  "  {see  below)  ;  or  a  cyrtoceracone,  which  is  a 

shell  "  curved  like  Crytoceras  on  both  venter  and  dorsum  " ;  or  a 
gyroceraconc,  curved  in  a  loose  spiral-like  Gyroceras  ;  or  a  nautili- 
cone,  which  is  a  closely  coiled  shell  having  an  impressed  zone.  The 
impressed  zone  is  the  longitudinal  impression  formed  in  the  dorsum 
by  the  contact  of  the  whorls.  A  persistent  dorsal  furrow  occurs  in 
the  free  senile  whorls  of  some  shells,  and  is  a  remnant  of  the 

impressed  zone. 
The  venter,  ventral  side  or  abdomen  is  the  side  on  which  the 

hyponomic  sinus  or  ventral  sinus  is  situated.  "The  latter  is  a  single 

median  bend  in  the  apertural  margin  for  the  "  ambulatory  funnel  " 
or  hyponome  of  the  animal.  It  locates  the  ventral  side  (and  not 

the  siphuncle  as  usually  assumed).  Its  former  position  can  be 
recognized  by  the  corresponding  bend  in  the  growth  lines  of  the 

conch.  To  avoid  using,  in  cases  where  the  position  of  the  hypo- 
nomic sinus  is  not  known,  the  terms  ventral  and  dorsal  in  their  old 

conception  as  determined  by  the  position  of  the  siphuncle,  we  will 

in  such  cases  denote  the  sides  by  the  self-explanatory  terms 
siphonal  and  antisiphonal,  Exogastric  shells  are  those  which  have 
the  ventral  sinus  on  the  arched,  external  side  (the  great  majority 

of  the  forms)  ;  endo gastric  shells,  those  which  have  it  on  the  con- 
cave, internal  side.  The  opposite  side  of  the  venter  is  the  dorsum 

or  dorsal  side  (mostly  the  inner  side). 

The  longitudinal  areas  of  the  w^ior1  are  termed  .cones  {dorsal, 
ventral,  lateral  zones)  ;  when  they  become  ilat  they  are  called  faces. 
The  junctions  of  the  lateral  faces  and  the  abdomen  are  termed 
abdominal  angles  and  those  of  the  lateral  faces  and  the  inner  faces 

umbilical  shoulders.  The  lines  of  involution  are  the  outer  bound- 
aries of  the  impressed  zone. 
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The  conch,  if  not  circular  in  section,  may  be  either  compressed 

(when  the  transverse  diameter  has  been  shortened)  or  depressed 
(when  the  dorsoventral  diameter  lias  been  shortened). 
The  direction  of  the  conch  is  designated  as  apicad  (in  apical 

direction),  orad  (in  oral  direction),  dorsad  and  ventrad. 

The  apertural  margin  frequently  possesses,  besides  the  hyponomic 
sinus,  lateral  expansions,  termed  crests  or  lappets. 

The  siphuncle  is  the  calcareous  tube  containing  the  fleshy  siphon. 
It  may  be  tubular  or  nummuloidal  (moniliform)  ;  i.  e.  inflated  in 
the    interseptal    spaces.  The 

Subventran 

Propioventran 
Ext  rac  e  nt  rovent  ran 

Cent  rove  ntran 
Int  rac  ent  rove  ntran 

Ventrocentren 
Centren 

Dorsocentren 
Int  rac  e  nt  rod  or  san 
Centrodorsan 
Extracentrodorsan 

Propiodorsan 
Subdors&n 

position  of  the  siphuncle  with- 
in the  phragmocone  can  be 

precisely  stated  by  the  use  of 

the  terms  given  in  the  ap- 
pended diagram  [text  fig.  i]. 

The  cctosiphuncle  is  the  ex- 
ternal wall  of  the  siphuncle ; 

the  endosiphuncle  comprises 
all  structures  within  the  same. 

The  anterior  or  upper  part 

of  large  siphuncles  remains  un- 
obstructed and  was  doubtless 

occupied  by  an  extension  of 
the  mantle  cavity.  This  part 

of  the  siphuncle  is  here  term- 

ed endo sip ho  cylinder  (Hyatt's 
endoconal  or  siphuncular 
chamber). 

It  is  followed  apicad  by  the  endo sipho cone,  a  conical  extension  of 

the  same  cavity,  bounded  by  the  endo  sipho  sheath  (Hyatt's  endocone). 
The  endosiphocone  is  continued  in  forms  with  organic  deposits  in 

a  tube  to  the  apex;  this  tube  is  the  endosiphotube  (endosiphuncle 

Hyatt,  prosiphon  Zittel).  Sometimes  a  wider  broad  flat  tube,  clos- 
ing apicad  into  a  double  plate,  extends  apicad  from  the  endosipho- 

cone. This  is  the  cndosiphocolcon.  The  endosiphotube  and  endosi- 
phocoleon  may  be  suspended  by  membranes  (endosiphoblades) . 

The  siphuncular  wall  or  ectosiphuncle  consists  originally  entirely 
of  the  septal  necks  or  funnels,  which  arise  from  the  bending  of  each 
septum  apicad  into  a  funnel  around  the  point  of  origin  of  the 
siphon.  In  most  forms  the  septal  necks  are  short  and  continued  in 

apical  direction  by  a  more  or  less  porous  wall  (the  septal  segments) 

Fig 

Diagram  to  explain  the  terminology  used 
in  describing  the  position  of  the  siphuncle. 
(Copy  from  Hyatt) 



404 NEW   YORK  STATE  MUSEUM 

to  the  next  septal  neck  or  beyond.  The  inside  of  this  siphuncular 
wall  is  sometimes  still  covered  by  another  layer  of  organic  deposit, 
the  endosipholining. 

Forms  in  which  the  ectosiphnncle  is  composed  only  of*  septal 
necks  are  called  holochoahitic  (order  Holochoanites)  ;  those  in  which 
the  septal  necks  are  short  but  straight,  orthochoanitic  (order  Ortho- 
choanites)  and  those  in  which  the  septal  necks  are  short  and  bent 
outward  or  crumpled,  cyrtochoanitic  (order  Cyrtochoanites). 

Order  XAUTILOIDEA 

Suborder  A  HOLOCHOANITES  Hyatt 
Division  II  EXDOCERATIDA 

Family  endoceratidae 

Genus  cameroceras  (Conrad)  emend.  Hyatt 

This  genus  was  defined  by  Conrad  in  the  following  diagnosis  : 

Straight ;  siphuncle  marginal ;  a  longitudinal  septum,  forming  a 
roll  or  involution  with  the  margin  of  the  siphuncle. 

Hall  recognized  the  genus  stating  that  he  found  no  evidence  of 
the  longitudinal  septum  and,  seeing  its  generic  character  in  the 

"  oval  form  of  the  shell  restricted  the  term  to  Conrad's  genotype 
Cameroceras  tren  tone  use  erecting  a  new  genus  Endoc- 
eras  for  the  many  similar  forms  of  the  Trenton  with  a  different 
section.  The  latter  name  has  found  very  wide  acceptance  and 

Cameroceras  treated  as  a  synonym  of  Endoceras  [see  Foord,  1888, 
p.  1 29 1  ;  while  others,  inclined  to  recognize  the  right  of  priority, 
have  referred  the  whole  group  of  forms  with  long  septal  necks  and 
endosiphuncular  organic  deposits  to  Cameroceras  [see  Clarke,  1897, 

P-  7751  - 
Hyatt  has  from  the  beginning  [1884,  p.  266]  held  that  three 

genera  could  be  differentiated  in  this  group  of  obviously  closely 
related  forms,  viz  Yaginoceras  (Hyatt),  Endoceras  (Hall)  and 
Sannionites  (Fischer  de  Waldheim).  The  latter  term  he  has  later 

on  replaced  by  Cameroceras.  The  principal  diagnostic  characters  of 
Yaginoceras  are  seen  in  the  posterior  extension  of  the  septal  necks 

beyond  the  next  preceding  septum  and  the  great  number  of  endo- 
siphosheaths ;  those  of  Endoceras  in  the  posterior  extension  of  the 

septal  necks  to  the  next  septum  only,  the  smaller  number  of  endo- 
siphosheaths  and  the  absence  of  an  internal  lining  layer  in  the 

siphuncle  (endosipholining)  ;  those  of  Cameroceras  in  the  presence 
of  one  large  thick  walled  sheath  only  in  connection  with  the  living 
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chamber,  the  extension  of  the  septal  necks  to  the  preceding  septum 
and  the  presence  of  the  endosipholining. 

YYe  adopt  here  these  genera  since  we  have  had  occasion  to  observe 

the  varying  lengths  of  the  septal  necks  and  the  presence  of  the 
endosipholining  in  some  forms  and  its  apparent  absence  in  others. 
As  to  the  endosiphosheaths  we  infer  from  our  material  that  they 

are  present  in  all  these  genera  in  like  close  arrangement  and  fre- 
quency, but  not  in  equal  preservation,  becoming  in  some  more  calci- 

fied than  in  others.  Indeed  the  diagram  given  by  Hyatt  in  Zittel 

Eastman's  textbook  shows  them  in  great  number  in  Endoceras. 
while  that  genus  had  been  defined  as  possessing  but  few.  The 
statement  in  regard  to  Cameroceras  is  due  to  the  formation  of  a 
thick  final  endosiphosheath  by  the  senile  cephalopod.  Drawings, 
distinctly  showing  this  thick  sheath  as  well  as  the  endosipholining 

of  Cameroceras,.  have  been  given  by  the  writer.1 
The  assertion  made  by  Whitfield  [1881,  p.  25,  fig.  2]  in  regard  to 

the  genotype,  V.  m  u  1 1  i  t  u  b  u  1  a  t  u  m,  that  the  endosiphosheaths 

are  continuous  with  the  septal  necks  in  Yaginoceras,  needs  veri- 
fication, for  the  endosiphosheaths  have  certainly  no  connection 

with  the  septal  necks  in  the  other  two  genera  nor  could  any  such 

connection  be  inferred  from  Holm's  careful  sections  of  Endoc- 
eras b  e  1  e  m  n  i  t  i  f  o  r  m  e  [1895,  pi.  22,  fig.  9]  ,2  which  species 

is  referred  to  Yaginoceras  by  Hyatt.  The  septal  necks,  which  in 
that  species  reach  beyond  the  preceding  septum,  are  represented  as 

gradually  thinning  out  upon  the  older  septal  necks.  This  condi- 
tion corresponds  to  that  found  in  the  other  genera. 

The  siphuncular  structures  of  the  endoceratid  forms  of  the 

Trenton  which  are  the  types  of  these  genera  need  further  investi- 

gation before  the  relations  of  the  latter  can  be  considered  as  being- 
cleared  up. 

Cameroceras  (Proterocameroceras)  brainerdi  Whitfield  (spj 
Plate  1,  figure  5,  6  ;  plate  2,  figure  1 

Orthoceras    brainerdi  Whitfield.    Am.  Mus.  Xat.  Hist.  Bui.  lSvS. 

v.  1,  no.  8,  p.  319,  pi.  27.  fig.  14-16 
Orthoceras  e  x  p  1  o  r  a  t  o  r    (  Billings)  Whitfield.    Am.  Mus.  Xat   1 1  st 

Bui.    1890.    v.  3,  no.  1,  p.  33.  pl-  2,  fig-  3 

'An.  Rep.  State  Paleontol.  for  1903.  X.  V.  State  Mus.  Bui.  80.  1905.  pi.  9. 
fig.  2. 

2Copy  in  An.  Kep't  State  Paleontol.  for  1903.  X.  V.  State  Mas.  KuV  80. 
3905.    text  li",.  19. 
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Cameroceras  (Proterocameroceras)  brainerdi,  Rue- 

demann.  An.  Rcp't  State  Paleontol.  for  1903;  N.  Y.  State  Mus.  Bui.  80. 
1905.    p.  296ft 

The  attention  of  Professor  van  Ingen  and  the  writer  was,  at 
the  time  of  their  collecting  in  the  Fort  Cassin  beds  at  Valcour,  at 

once  attracted  to  large,  very  gradually  tapering  orthoceratites 
which  frequently  attained  a  length  of  a  foot  and  a  half  or  more 
and  were  piled  up  in  mud  channel  fillings  of  the  Beekmantown 

rock,  together  with  Ophiletas  and  other  gastropods.  Comparison 
with  the  original  description  and  types,  and  with  material  from 

Fort  Cassin  in  the  State  Museum  has  demonstrated  the  identity  of 
these  shells  with  Orthoceras  brainerdi,  a  species  described 
by  Whitfield  from  the  original  Fort  Cassin  beds.  To  the  careful 
description  of  the  septa,  sutures,  position  and  size  of  the  siphuncle 
by  the  author  of  the  species,  we  have  little  to  add.  Our  material 

from  Valcour  and  specimens  from  Fort  Cassin  have  however  al- 
lowed us  to  make  out  the  endosiphonal  structures  and  the  char- 

acters of  the  apical  end,  both  of  which  proved  to  be  of  great  interest 
and  have  been  made  the  object  of  a  separate  investigation  since 

they  invited  a  fuller  discussion. 1 
Description.  Orthoceracones  of  large  size ;  specimens  measured 

had  attained  a  length  of  il/2  feet  (45cm)  with  the  greater  part  of 
the  apical  portion  missing,  and  hence  must  have  reached  at  least  4 
feet  and  probably  considerably  more.  The  conch  expanded  very 

gradually,  the  rate  of  growth  being  about  1 130  (15  mm  in  450  mm). 
Diameters  of  60  mm  in  the  septate  portion  have  been  observed. 

The  section  is  elliptic,  the  ratio  of  the  major  and  minor  diameters 
as  7 :  9. 

Surface  smooth  and  only  provided  with  growth  lines. 

The  living  chamber  was  apparently  of  moderate  size  and  lacking 

apertural  contractions.  In  a  specimen  having  a  diameter  of  more 
than  50  mm  at  the  base  of  the  living  chamber  it  has  a  length  of 

135  mm  or  not  quite  three  times  the  width  of  its  base.  Its  surface 
was  marked  with  faint  transverse  lines  (growth  lines). 

Cameras  shallow,  their  depth  about  one  fifth  the  width;  septa 

closely  arranged,  3  to  4  mm  distant  from  each  other  (7  in  the  space 
of  one  inch  or  of  25  mm  in  the  mature  parts  of  the  conch)  each 

running  up  along  the  outer  shell  to  the  base  of  the  succeeding  sep- 
;um  ;  sutures  undulating,  showing  a  narrow,  often  acute  siphuncular 

1  State  Paleontol.  An.  Rep't  for  1903.  N.  Y.  State  Mus.  Bui.  80.  1905. 
p.  296ff. 
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or  ventral  saddle  (sometimes  absent  when  the  siphuncle  is  sepa- 
rated a  little  more  from  the  outer  wall,  as  on  plate  2,  figure  1), 

which  is  flanked  on  both  sides  by  broad  lobes,  passing  into  still 
broader  saddles,  which  are  separated  by  a  low  lobe  approximately 
opposite  the  siphuncle. 

Siphuncle  tubular,  of  roundish  oval  section  similar  to  that  of 
the  conch,  but  as  a  rule  flatter  on  the  side  next  to  the  conch ; 

very  large,  approximately  one  third  the  diameter  of  the  conch ; 
in  contact  with  the  latter  and  lying  on  the  flatter  side  of  its 
ellipse.  The  surface  is  characteristically  marked  by  strong 
transverse  ribs  which  on  the  outer  or  ventral  side  curve  abruptly 
upward  on  account  of  the  direction  of  the  septa,  its  apical  part 

projecting  beyond  the  chambered  shell  for  a  distance  of  about 
75  mm ;  gradually  expanding  from  the  blunt  apical  end,  which 

here  has  a  diameter  of  about  3  mm  to  11.5  mm  at  the  begin- 
ning of  the  phragmocone,  where  it  contracts  to  10  mm  and 

then  gradually  expands  again.  The  anterior  third,  roughly 

stated,  of  the  siphuncle  is  empty  (endosiphocylinder) .  the  re- 
mainder filled  with  calcite,  containing  the  endosiphosheaths,  which 

like  the  endosiphocone  possess  an  apical  angle  of  not  quite  200. 
The  endosiphocone  has  a  subtriangular  section,  one  side  of  which 
corresponds  to  the  flatter  side  of  the  siphuncle.  A  conchiolinous 

flattened  tube  (endosiphocoleon)  proceeds  apicad  from  the  interior 

of  the  endosiphocone.  It  attains  a  width  of  10  mm  behind  the  endo- 

siphocone, but  gradually  tapers  to  the  width  of  the  enclosed  endo- 
siphotube,  becoming  apicad  more  and  more  indistinct  by  a  loss  of 

conchiolinous  matter  and  replacement  by  organic  calcite.  The  endo- 
siphotube  is  a  fine  subcentral  tube  with  conchiolinous  walls,  circular 
section  and  a  diameter  not  surpassing  one  half  mm.  It  continues 

to  the  apical  end,  diminishing  slightly  in  diameter.  The  endosipho- 
coleon and  endosiphotube  are  suspended  by  three  membranes  (endo- 

siphoblades)  arranged  like  ail  inverted  T.  In  some  specimens  a 
longitudinal,  strongly  impressed  (muscular?)  line  passes  along  the 
outer  wall  directly  above  the  siphuncle. 

Position  and  locality.  Very  common  in  the  Fort  Cassin  beds  at 
Yalcour,  along  the  shore  of  Lake  Champlain  (2065  A3  and  A4  of 

our  section)  and  also  at  Fort  Cassin  Yt,  from  where  it  was  origi- 
nally described.  As  a  rule  only  the  solid  calcified  apical  portions 

of  the  siphuncles  are  observed. 
Observations.  Whitfield  has  assigned  smaller  orthoceracones 

from  Fort  Cassin  to   Orthoccras  explorator   Billings,  a 
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species  from  the  "  Quebec  group  "  of  Newfoundland.  The  greater 
rate  of  growth  of  the  conch,  closer  arrangement  of  the  septa,  smaller 
size  and  different  position  of  the  siphuncle  in  the  Newfoundland 
form  forbid,  however,  this  identification;  while  on  the  other  hand 

these  smaller  fragments  correspond  in  their  rate  of  growth,  relative 
size  and  position  of  the  siphuncle  and  the  undulating  character  of 
the  sutures  sufficiently  well  with  C  .  b  r  a  i  n  e  r  d  i  to  permit  their 
reference  to  that  species.  It  is  true  the  depth  of  the  chambers  is  in 

the  large  type  of  C  .  b  r  a  i  n  e  r  d  i  and  the  fragments  in  question 
nearly  the  same,  but  since  also  other  forms  show  sometimes  hardlv 

any  increase  in  chamber  depth  with  advancing  age,  it  is  not  neces- 
sarily to  be  inferred  that  the  later  growth  stages  of  the  fragments 

must  have  possessed  deeper  chambers. 

Cameroceras  tenuiseptum  Hall  (sp.) 
Plate  3,  figure  i,  2  ;  plate  4,  figure  1  ;  plate  5,  figure  5,  6  ;  plate  6,  figure  2 

Orthoceras  tenuiseptum   Hall.    Pal.  N.  Y.    1847.    1 135.    pi.  7, 
fig.  6 

Orthoceras  tenuiseptum   Raymond.    Am.  Pal.  Bui.  1902.  v.  I, 
no.  14,  p.  19 

The  original  description  of  this  species  is : 

Cylindrical,  gradually  tapering,  straight ;  surface  smooth ;  section 
cylindrical;  septa  very  thin,  gently  arched,  approximate  about  1/25 
the  diameter  ;  siphuncle  small  ? 

Only  fragments  of  this  shell  have  been  found  in  this  limestone, 
and  therefore  all  its  characters  can  not  be  ascertained.  It  corre- 

sponds in  many  respects  with  O  .  primigeniu  m  of  Vanuxem 
[pi.  3,  fig.  11]  ;  but  the  specimens  of  that  fossil  attain  only  a  small 
size,  while  this  one  is  very  large.  Another  difference  will  be  ob- 

served in  the  concavity  of  the  septa,  which  are  less  arched  in  the 
specimen  under  consideration. 

Position  and  locality.  Chazy,  Clinton  CO.,  in  the  dark  limestone, 
associated  with  M  a  c  1  u  r  e  a  m  a  g  n  a  .  The  specimens  appear  on 
the  surface  of  the  strata,  and  are  all  more  or  less  weathered. 

The  description  and  the  figure  of  the  type  which  is  deposited  in 
the  New  York  State  Museum  [no.  4026  of  type  catalogue]  show 
that  this  species  has  been  based  upon  the  oblique  section  of  a 

fragment,  which  fails  to  show  either  siphuncle,  living  chamber 
or  rate  of  growth.  Nevertheless,  we  feel  that  we  do  not  go  amiss 
when  we  refer  one  of  the  most  common  larger  cephalopods  of  the 

Chazy  formation  of  New  York  to  Hall's  species,  partly  because  there 
is  little  danger  of  error,  for  no  other  equally  large  and  equally  closely 

septate  cephalopods  occur  in  otir  Chazy  formation  and  partly  be- 
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cause  Hall's  statement  expressly  implies  that  the  form  is  very  com- 
mon in  the  middle  Chazy  beds,  which  is  the  case  with  the  material 

here  referred  to  C.  tenui  septum.  From  more  complete  ma- 
terial we  derive  the  following  description : 

Description.  Large,  slender  orthoceracone,  with  closely  arranged 
septa  and  very  large,  ventren  siphuncle.  The  conch  attains  at 

least  a  size  of  ̂   m  as  indicated  by  our  largest  specimen.  Its 
rate  of  growth  is  13  mm  in  100  mm;  the  largest  section  has  a 
diameter  of  105  mm.  The  section  of  the  conch  is  circular,  with  a 
slight  flattening  on  the  ventral  side,  where  the  siphuncle  is  in  contact 
with  the  outer  wall. 

The  cameras  are  extremely  shallow,  7  cameras  being  found  in  the 
space  of  20  mm.  The  septa  are  exceedingly  thin,  very  concave,  their 
depth  attaining  thrice  that  of  the  cameras.  The  sutures  are  slightly 

undulating;  they  are  provided  with  a  narrow,  low,  ventral  saddle 
and  wider  low  lateral  lobes.  The  living  chamber  is  large  ;  its  full 
extent  and  the  aperture  have  not  been  observed. 

The  siphuncle  is  large,  its  diameter  more  than  one  third  that  of 

the  phragmocone  in  younger  and  fully  one  half  of  the  same  in  older 
specimens;  circular  in  section,  at  least  in  the  earlier  stages;  ventren 
in  position,  though  not  in  absolute  contact  with  the  outer  side,  for 
the  sutures  of  the  septa  form  a  high,  sharp  saddle  upon  the  ventral 

side  of  the  siphuncle  and  a  correspondingly  deep  lobe  on  the  oppo- 
site side  [sec  pi.  5  fig.  6]  ;  the  septal  necks  reach  apicad  to  the 

preceding  septum  but  no  farther.  A  large  (ephebic)  portion  of 
the  siphuncle  remains  continuously  open,  that  of  the  earlier  stages 

is  solidly  filled  with  organic  deposits,  which  exhibit  distinct  endo- 
siphosheaths  and  an  endosiphotube.  A  nepionic  bulb  [pi.  5,  fig. 

5l  which  had  become  entirely  or  mostly  incorporated  into  the 
phragmocone  and  hence  is  not  visible  from  the  outside  is  present. 
It  attains  a  greatest  width  of  13  mm  and  the  siphuncle  shrinks 
directly  anteriorly  again  to  a  diameter  of  9  mm. 

The  surface  is  marked  with  fine  engirdling  lines. 

Position  and  locality.  This  species  is  common  in  the  dove-col- 
ored Chazy  limestone  near  Little  Monty  bay  near  Chazy  village  and 

has  also  been  obtained  from  dove-colored  limestone  (Q)  of  Yalcour 
island  and  of  Isle  La  Motte  and  from  the  Strephochetus  bed  (CG) 

at  Chazy  village;  in  the  latter  place  in  poorly  preserved  specimens 
of  somewhat  doubtful  reference.  Raymond  cites  it  from  the  beds 

with  M  aclnrea  m  a  g  n  a  at  t own  Point  and  Hall's  type  came 
from  the  dark  Maclurea  nrigna  limestone  of  Chazy. 
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Observations.  This  common  and  characteristic  cephalopod  of  the 
Chazy  formation  of  New  York  is  so  similar  in  its  form,  dimensions, 
position  and  character  of  siphuncle,  suture  etc.  to  C.  brain  e  r  d  i 
from  the  Upper  Beekmantown  beds  of  the  same  region,  that  a  direct 
genetic  connection  between  the  two  species  suggests  itself  very 
strongly;  and  there  is  no  doubt  that  if  a  continuous  series  of  forms 

from  the  Beekmantown  to  the  Upper  Chazy  types  could  be  obtained, 
interesting  facts  in  regard  to  the  developmental  tendencies  of  this 

race  of  cephalopods  could  be  ascertained.  If  the  primitive  char- 
acters resting  in  the  presence,  relative  size  and  development  of  the 

nepionic  bulb  are  taken  in  consideration  as  indicators  of  de- 
velopment, the  Chazy  form  had  not  progressed  materially  beyond 

the  Beekmantown  species,  the  principal  progress  consisting  in  the 
partial  incorporation  of  the  nepionic  bulb  into  the  phragmocone. 
The  group  of  large  Trenton  forms,  comprised  under  the  specific 
name  Endoceras  protei  forme,  which  also  has  the  aspect 
of  being  a  member  of  the  same  stock,  has  proceeded,  as  far  as 

present  evidence  goes,  to  a  complete  incorporation  of  the  apical  por- 
tion of  the  siphuncle  within  the  phragmocone,  or  in  other  words 

to  the  formation  of  cameras  in  the  nepionic  stage. 

Billings  [1865,  p.  173]  has  described  as  Orthoceras  velox, 

a  large  cephalopod  with  nearly  identical  characters  —  notably  in  the 

small  depth  of  the  chambers,  the  rate  of  growth  and  size — from  the 
Chazy  formation  of  the  Mingan  islands,  the  islands  of  Montreal  and 
Bizard.  The  most  important  difference  between  the  two  similar 

species  I  find  to  consist  in  the  different  relative  width  of  the  si- 
phuncles  which  in  C.  tenuis  c  p  t  u  m  is  about  one  half  of  the 
width  of  the  phragmocone  in  mature  specimens,  in  O  .  velox 
only  one  third.  Besides,  in  O.  velox  the  conch  is  slightly 
curved,  probably  a  difference  of  little  import. 

Numerous  specimens  of  C  .  tenuiseptu  m  ,  specially  those  oc- 
curring near  Little  Monty  bay,  appear  to  be  much  more  closely 

septate  than  they  actually  are.  This  misleading  impression  is  due 
to  the  fact  that  the  incrustation  proceeding  from  both  the  upper 
and  lower  walls  of  the  cameras,  produces  a  sharp  division  line  in 
the  middle  of  the  same,  which  has  the  appearance  of  a  further 

septum.  The  extension  of  the  septal  necks  to  the  preceding  septum 
only  and  the  observation  of  the  endosipholining  in  the  apical  conch 
warrants  the  reference  of  the  form  to  the  genus  Cameroceras,  as 
emended  by  Hyatt. 
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Camcroceras  curvatum  sp.  nov. 
Plate  2,  figure  6,  7 

Description.  Medium  sized  cyrtoceracones  with  extremely  closely 

arranged  septa  and  large,  marginal  siphuncle.  The  size  attained 
by  the  mature  conch  is  unknown ;  the  fragment  which  is  the  type 

of  the  species  has  a  length  of  62  mm  but  its  rate  of  growth  which 
is  8  mm  in  62  mm  (17  mm  at  smaller  diameter  and  25  mm  at 
larger  diameter)  indicates  a  missing  apical  portion  of  120  mm, 
and  the  living  chamber  is  also  missing.  The  type  specimen  can  be 
said  to  have  had  a  length  of  approximately  200  mm.  The  curvature 

is  slight  (the  hight  of  the  arc  of  the  fragment  is  3  mm)  and  a 
little  stronger  in  the  apical  than  in  the  anterior  part  of  the  conch. 
The  section  of  the  conch  is  circular. 

The  cameras  are  exceedingly  shallow ;  there  being  counted  9  of 
them  in  the  space  of  20  mm  in  the  type  specimen.  The  sutures 

have  been  observed  only  in  part  and  a  narrow  high  saddle  on  the 
inner  side  of  the  conch  has  been  noticed.  The  septa  are  very  thin, 
advancing  considerably  on  the  convex  side  of  the  phragmocone 
and  their  depth  is  thrice  that  of  the  cameras.  The  shell  is  thin  and 
not  only  the  siphuncle  but  also  the  chambers 

appear  to  have  become  partly  filled  with 

organic  deposit. 
The  siphuncle,  which  is  tubular  and  exactly 

two  fifths  the  width  of  the  phragmocone,  is  in 
contact  with  the  wall  at  the  inner  side  of  the 

curve   [see  text  fig.  2I.    The  endosiphocone  . L  1  Fig.  2  Lameroceras 
is  very  long  and  slender  (^0  mm)   and  the     curvatum  sp.  nov. -7  fe  \0  /  Transverse  seen  n.    x  r9„ 
endosiphosheaths    are    correspondingly  long 
conical  in  shape.    The  endosiphotube  is  well   developed.  The 

septal  necks  end  upon  the  geniculations  of  the  preceding  septa.1 
Position  and  locality.  In  the  dove-colored  Chazy  limestone  (Q) 

of  Isle  La  Motte  (loc.  215,  Professor  Perkin's  coll. ;  type  in  the 
collection  of  Burlington  University).  Its  presence  in  the  same  hori- 

zon at  Valcour  and  Chazy  in  New  York  can  hardly  be  doubted,  but 
the  fragility  of  the  shell  renders  it  one  of  rare  observation. 

Observations.  This  peculiar  form  shows,  if  we  disregard  the 
curvature,  an  extreme  development  of  some  of  the  characters  of 

1  The  structure  of. the  siphitncular  wall,  described  under  E.  opple- 
t  u  m,  is  also  here  observable;  notably  the  presence  of  a  slight  interspace 
between  each  septum  and  the  termination  of  the  septal  neck  of  the  fol- 

lowing septum. 
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C  .  tenuiseptum,  specially  in  the  frequent  septation  and  the 
thinness  of  the  septa.  On  the  other  hand  its  siphuncle  does  not 
attain  the  large  relative  width  of  that  of  the  latter  species.  Also 
from  (  O  .  )  v  e  1  o  x  Billings,  to  which  it  bears  considerable 

similarity  in  its  curvature,  closeness  of  septa  and  marginal  position 
of  the  relatively  large  siphuncle,  it  can  be  distinguished  by  the  still 
closer  arrangement  of  the  septa  and  the  smaller  size  of  the 

siphuncle. 

It  appears  that  in  this  form  as  in  C  .  t  e  n  u  i  s  e  p  t  u  m  the  fre- 
quency of  the  septa  is  correlated  to  their  extreme  thinness ;  and  that 

the  organic  deposits  of  the  cameras  served  in  part  the  purpose  of 
counteracting  a  lack  of  strength  in  the  septa. 

Genus  vaginoceras  Hyatt 

The  genus  Vaginoceras  Hyatt,  with  V .  multitubulatu  m 

Hall  (sp.)  as  type  was  originally  defined  by  Hyatt  [1884,  p.  266] 
as  follows : 

The  funnels  extend  posteriorly  beyond  the  next  septum  to  that 
from  which  they  originated.  The  sheaths  are  very  numerous,  and 
continuous,  according  to  Whitfield,  with  the  funnels.  Endosiphon 
unknown. 

The  diagrammatic  section  of  Endoceras  by  the  same  author  in 

Zittel-Eastman's  textbook  as  well  as  the  reference  of  Endoceras 
b  e  1  e  m  n  i  t  i  f  o  r  m  e  of  Holm  to  Vaginoceras,  indicates  that  Hyatt 

did  no  longer  support  Whitfield's  view  as  to  the  direct  connec- 
tion of  the  septal  necks  and  endosiphosheaths.  This  point 

can,  however,  be  cleared  fully  only  by  an  investigation  of  the 

genotype,  V.  m  u  1 1  i  t  u  b  11  1  a  t  u  m ,  a  form  of  which  it  is  difficult 
to  obtain  specimens  suitable  for  this  work.  We  have  here  referred  a 
single  form  to  Vaginoceras  and  this  reference  requires  explanation. 

The  enlarged  section  of  the  ectosiphuncle  of  this  form,  reproduced 

in  plate  4,  figure  3,  shows  that  each  septal  neck  extends  to  the  second 

preceding  septum  where  it  rests  on  the  septal  neck,  the  place  being 
marked  by  a  white  spot  that  contrasts  with  the  black  carbonaceous 
substance  of  the  ectosiphuncle.  There  appears  to  have  remained 
just  above  the  end  of  the  septal  neck,  a  vacant  ring  which  later 
on  has  been  filled  with  infiltrated  white  calcite. 

A  like  vacant  ring  has  been  indicated  by  Hyatt  in  a  diagrammatic 
section  through  the  siphuncle  of  Endoceras  p  r  o  t  e  i  f  o  r  m  e  , 

given  in  Zittel-Eastman's  textbook.  The  presence  of  this  vacant 
space  and  the  observation  of  a  collarlike  extension  of  the  lumen  of 
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the  camera  between  the  septal  necks  (appearing  in  plate  4,  figure  3, 

as  tonguelike  processes  and  noted  more  fully  under  V  .  o  p  p  1  e  - 
t  u  m  )  in  one  species  of  Vaginoceras  suggests  that  we  might  have 

here  a  condition  like  that  represented  by  Hyatt  in  the  above  men- 

tioned diagram,  where  each  sep- 
tal neck  extends  only  to  the  next 

preceding  one  and  supplementary 
pieces  are  intercalated  between 
the  adjoining  septal  necks.  Hyatt 
has  not  mentioned  this  structure 

in  the  text,  as  far  as  I  am  aware 

and  I  have  here  [see  text  fig.  3] 

reproduced  an  enlargement  of 
a  portion  of  the  drawing  in 

question  to  bring  out  more  dis- 
tinctly this  peculiar  structure. 

Since  the  species  here  referred 
to  Vaginoceras   shows  in  some 
parts  of  the  section  distinctly  the  continuation  of  the  septal  necks 
though  in  others  it  might  easily  lead  to  a  reconstruction  of  the 

siphuncular  wall  like  that  given  in  the  diagram  of  Endoceras 
proteiforme,  I  have  preferred  to  adopt  the  former  view  as 
the  simpler  one  and  as  the  one  more  liable  to  be  correct. 

Fig.  3    Endoceras   proteiforme  H; 
(Copy  from  Hyatt) 

Vaginoceras  oppletum  sp.  now 
Plate  4,  figure  2,  3  ;  plate  5,  figure  1-4  ;  plate  6,  figure  1  ;  plate  o,  figure  1-3 

Description.  Large  orthoceracone  which  must  have  attained  a 

size  of  1  m  and  more.  Imperfect  specimens  45  cm  long  and  with 
a  diameter  of  10  cm,  which  at  the  rate  of  growth  of  this  species 
would  correspond  to  a  length  of  120  cm,  have  been  observed.  The 
rate  of  growth  is  very  slow  (one  conch  was  found  to  expand  10  mm 

in  the  distance  of  117  mm,  or  1  in  12;  another  6  in  57  mm)  and  de- 
creases slightly  with  advancing  age.  The  section  of  the  conch  is 

subcircular  or  but  slightly  elliptic  (major  and  minor  diameters  58 

and  51  mm;  respectively  55  and  50  in  another,  but  from  the  ellip- 
tic sections  of  the  siphuncles  in  these  specimens  it  is  probable  that 

the  conchs  are  slightly  compressed).  The  living  chamber  attained 
a  large  size  but  its  proportions  are  not  fully  determined  owing  to 
the  imperfection  of  the  specimens.    The  aperture  is  unknown. 

The  cameras  are  shallow,  slightly  and  regularly  increasing  in 
depth  to  the  living  chamber,  there  being  counted  four  in  the  space 
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of  20  mm  in  the  mature  phragmocone  and  five  in  the  same  space 

"in  the  apical  portion  of  the  shell.  The  sutures  appear  undulat- 
ing; they  are  provided  with  a  ventral  saddle,  whose  hight  is  in 

some  measure  proportional  to  the  nearness  of  the  siphuncle  to 
the  wall  of  the  phragmocone;  this  saddle  is  flanked  by  broad,  low 
lobes,  which  are  followed  by  broad  and  higher  lateral  saddles,  which 

on  the  dorsal  side  inclose  a  short  low  lobe.  The  septa  are  mod- 
erately convex,  about  one  and  a  half  times  as  deep  as  the  cameras. 

The  siphuncle  is  circular  in  section,  large  (two  fifths  th 
width  of  the  conch)  ;  subventran  in  position,  but  not  in  eontact 

with  the  outer  shell  and  distant  from  the  latter  by  one  fourth 
of  its  diameter  (5  mm  when  its  width  is  20  mm).  In  the  apical 
region  it  forms  a  nepionic  bulb  [pi.  5,  fig.  1]  having  a  length 
of  about  35  mm  from  the  apex  to  the  widest  point  and  a  maximum 

width  of  10.5  mm,  protruding  beyond  the  chambered  shell  in  its 
posterior  part.  A  large  portion  of  the  siphuncle  is  filled  with  long 
conical  endosiphosheaths  which  leave  open  a  fine  endosiphotube 
[see  pi.  4,  fig.  2].  In  the  cameras  of  the  older  parts  of  most  larger 
specimens  organic  deposits  are  found  which  frequently  reach  the 
outer  walls  and  completely  fill  the  cameras  [see  pi.  6,  fig.  1  ;  pi.  9, 

fig-  I_3l-    The  surface  is  smooth. 
Position  and  localities.  This  species  is  very  common  in  the  dove- 

colored  limestone  of  Isle  LaMotte  (Cx)  and  Valcour  island  and  in 

the  like  beds  exposed  near  Little  Monty  bay  south  of  Chazy 
village.  It  has  also  been  observed  in  the  lower  Chazy  of  the  Valcour 
shore  (123  B4). 
Observations.  The  most  striking  character  of  this  species  is  the 

organic  deposit  in  the  chambers.  Its  character  and  appearance  on 
the  septa  and  siphuncle  vary  greatly  in  the  same  individual,  the 
variation  depending  upon  the  distance  from  the  living  chamber. 

The  organic  deposit  is  heaviest  in  the  apical  region  of  older  indi- 
viduals and  diminishes  in  apertural  direction.  It  appears  to  have 

been  formed,  as  a  rule,  slightly  in  advance  of  the  filling  of  the 

siphuncle  by  the  endosiphosheaths  and  is  hence  absent  in  the  greater 
(anterior)  part  of  the  phragmocone.  It  also  is  frequently  more 
developed  on  the  antisiphuncular  side  than  on  the  opposite 
one  and  appears  to  have  been  heavier  and  more  developed  in 
the  specimens  of  one  locality  than  in  those  of  another. 
It  is  most  strikingly  developed  in  the  specimens  from  the  east  side  of 
Valcour  island  and  but  weakly  in  those  from  Isle  La  Motte  and 
Little  Monty  bay  and  not  at  all  in  the  specimens  from  the  Lower 
(  hazy  of  the  Valcour  main  shore,  referred  to  this  species. 
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SS' 

The  deposit  has  an  irregular  mammillary  surface  [see  pi.  6,  fig.  I  ; 

pi.  9,  fig.  2,  3]  ;  the  larger  nodular  parts  are  again  composed  of 
smaller,  more  or  less  indistinct  segments  of  spherules.  Sections 
demonstrate  that  it  consists  of  successive  layers.  These,  however, 
do  not  lie  concentrically  around  the  siphuncle,  as  one  would  expect, 

or  fill  the  chambers  by  growing  progressively  from  all  sides  toward 
the  interior  but  are  arranged  symmetrically  to  a  diagonal  plane, 
extending  in  the  section  [see  pi.  9,  fig.  1,  and  text  fig.  4] 
from  the  lower  inner  corner  of  the  camera  to  its  upper  outer  corner. 
Where  the  cameras  had  not  yet  been  filled  entirely  and  the  mud  was 
able  to  enter  them  at  the  time 

of  the  entombment  of  the  shell, 

the  upper  inner  corners  have 
become  filled  with  it  or  rarely 

with  anorganic  deposits,  and 
the  outer  lower  corners,  which 

also  remained  empty,  with  sec- 
ondary anorganic  deposits. 

Previous  to  the  gerontic  stage 
the  cameras  became  filled  with 

organic  deposit  to  the  extent 
of  solidifying  the  entire  shell, 
and  all  this  deposit  arranged 

itself  symmetrically  to  the  diagonal  plane  of  the  cameras. 
This  mode  of  deposition  can  only  be  understood  if  the  former 

presence  of  diagonal  membranes  is  assumed,  which  served  as  a 
base  for  the  deposits.  These  membranes  were  of  the  character  of 

the  "  pseudosepta  "  observed  by  Dewitz,  Holm  and  others.  The 
pseudosepta  themselves  are  not  preserved  in  this  species  ;  they  prob- 

ably were  of  a  similar  frail  character  as  the  septa  themselves  which 
are  also  lost  in  a  great  number  of  the  specimens  on  account  of  their 
great  thinness. 

Holm  has  on  the  occasion  of  his  description  of  perfect  pseudo- 
septa and  additional  structures  in  the  species  of  Ancistroceras  fur- 

nished a  historical  sketch  of  the  views  of  different  authors  on  these 

membranes  and  also  attempted  to  give  an  explanation  of  their 

origin.1  From  this  review  we  learn  that  Woodward  had  first  noted 
the  presence  of  a  membrane  within  the  cameras  of  Ortho- 
ceras,  and  that  the  organic  origin  of  this  structure  was  disputed  by 
Barrande,  but  reasserted  and  described  more  fnllv  from  several  other 

Fig.  4  Vaginoceras  oppletum  sp.  nov. 
Diagram  to  show  ihe  relation  of  the  anorganic 
deposits  to  the  pseudosepta  ( />s) :  j=septa,  w— 
outer  wall  of  conch,  ,w=septal  necks,  /^spaces 
in  cameras  free  from  organic  deposit 

lPaL  Abhandl.  1886-87.   3:i8ff,  25ff. 
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forms  by  Dewitz  and  Noetling.  American  paleontologists  have  thus 

far  paid  no  attention  to  the  intracameral  structures  of  the  cephalo- 
pods  and  it  is  to  be  expected  that  the  study  of  our  large  Lower 
Siluric  cephalopod  faunas  will  furnish  important  additional  data 
bearing  on  this  problem. 

Holm  does  not  adopt  Dewitz's  view  that  the  pseudosepta  were 
"  Hilfskammerwande  "  formed  by  the  animal  during  a  pause  in  its 
advance  in  the  shell,  but  rather  concurs  with  Woodward's  older  view, 
that  they  were  a  sort  of  cast-oft  membranes,  though  he  does  not  as- 

sume with  the  latter  author  that  they  originated  through  con- 
traction of  the  layer  lining  the  inner  walls  of  the  chambers.  He  holds 

that  they  formed  a  membranous  double  bag  which  was  not  coales- 
cent  with  the  mantle  and,  covering  its  posterior  part,  was  cast  off 
and  left  behind  when  the  animal  left  the  old  chamber,  and  later 

became  calcified.1 

In  the  European  forms  the  pseudosepta  are  described  as  extend- 
ing from  the  upper  margin  of  the  chambers  to  the  middle  of  the 

siphuncular  segment.  From  the  structure  of  the  organic  deposits 

in  A7  .  o  p  p  1  e  t  u  m  we  conclude  that  here  the  pseudosepta  ex- 
tended from  the  upper  outer  margins  of  the  chambers  to  their 

lower  inner  margin  or  the  neighborhood  of  the  beginning  of  the 

septal  necks.  The  structure  of  the  siphuncular  wall,  which  is  here 
that  of  a  Vaginoceras  would  suggest  that  the  pseudosepta  extended 

through  or  caused  the  collarlike  interspace  which  enters  between 
the  septum  where  it  bends  into  the  septal  neck  and  the  septal  neck 
of  the  next  younger  septum  which  at  this  point  also  bends  slightly 
outward  [see  pi.  4,  fig.  3]. 

The  observation  of  the  extremely  heavy  deposit  of  organic  car- 

bonate of  lime  in  the  chambers  and  siphuncles  of  this  species  natu- 

rally invites  inquiry  into  its  function.  Barrande,2  I  believe,  observed 

the  first  organic  deposit  in  the  chamber  of  orthoceratites  and, 

pointing  out  that  it  appears  to  be  analogous  to  that  in  the  large  and 

complicated  siphuncles  of  Endoceras,  Huronia  and  Actinoceras,  sug- 

gested that  it  was  secreted  by  the  animal  to  give  strength  and  weight 
to  the  shell. 

'The  peculiar  "  Pseudoseptalfalten "  observed  by  Holm  in  the  species 
of  Ancistroceras,  do  not  seem  to  exist  in  this  species  of  Endoceras,  nor 

have  they  been  found  by  Holm  in  the  two  species  of  Orthoceras  from 
which  he  records  the  presence  of  pseudosepta. 

*  Syst.  Sil.  du  centre  de  la  Boheme,  v.  2,  t.  4,  p.  280. 
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Later  on,  Hall  and  Beecher1  had  occasion  to  observe  the  filling  of 
chambers  by  organic  deposit  in  several  species  of  Orthoceras  from 
the  Schoharie  grit.  They,  in  following  the  suggestion  that  the  shells 
of  Orthoceras  and  other  related  genera  were  probably  carried  in  a 

vertical  position,  concluded  that  "  the  volume  of  the  septate  or  cham- 
bered portion  being  considerably  in  excess  of  the  chamber  of  habita- 
tion, and  the  external  shell  comparatively  thin,  a  deposit  on  the 

interior  of  the  chambers  would  afford  the  required  strength  and 

gravity  ". 
Two  years  ago  Jaekel2  advanced  a  number  of  very  suggestive 

theses  on  the  mode  of  existence  of  the  cephalopods.  One  of  these 
holds  that  the  orthoceratites  were  sessile  in  such  a  fashion  that  their 

chambered  shell  grew  upward  from  a  bell-shaped  fixed  embryo 
chamber  and  throughout  life  retained  flexible  connection  with  this 

by  means  of  conchioline  secretion.  In  a  translation  of  a  part  of 

Jaekel's  paper  by  the  present  writer3  the  ground  was  taken  that  the 
orthoceratites  probably  allowed  themselves  to  sink  or  actively  buried 

themselves  in  the  bottom  deposits.  Among  other  arguments  in  sup- 
port of  this  view  the  complete  filling  of  the  chambers  of  the  Scho- 
harie grit  species  cited  above  was  named.  Certain  facts  ascertained 

in  regard  to  V.  o  p  p  1  e  t  u  m  and  Endoceras?  h  u  d  s  o  n  i 
[see  p.  422]  would  seem  to  support  our  contention ;  i.  e.  that  there 
exists  a  difference  in  the  amount  of  deposition  of  organic  carbonate 
of  lime  in  different  localities,  and  that  the  deposition  is  heaviest 

where  the  irregular  sedimentation  and  the  presence  of  large  masses 
of  coralloid  forms  indicate  coral  reef  conditions  but  is  more  or  less 

absent  where  the  presence  of  more  regularly  bedded,  argillaceous 
calcareous  shale  points  to  deposition  in  deeper  and  less  turbulent 
water.  This  mode  of  occurrence  and  that  of  the  Schoharie  forms 

lead  to  the  inference  that  the  deposition  in  the  siphuncle  and 

chambers  served  principally  as  a  safeguard  for  the  fragile  conchs 
against  destruction  by  being  thrown  against  the  reefs  and  as  a 
device  to  safely  anchor  the  shell  to  the  bottom.  This  view  is  also 
supported  by  the  observation  that  the  younger  shells,  which  harbored 

the  younger  and  more  active  animals  have  only  the  large  siphuncles 
filled  with  endosiphosheaths  which  were  sufficient  to  weigh  down 
the  shell,  that  older  conchs  however  are  liable  to  have  also  the 

1  Pal.  N.  Y.  1879.    v.  5,  pt.  2,  text,  p.  247ft. 
2Zeitschr.  d.  Deutsch.  Geol.  Gesell,  1902.  54:67-101. 
3  Am.  Geol.  1903.  31:199. 
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entire  phragmocone  filled  solidly.  It  must  have  been  impossible 
for  the  latter  to  move  to  greater  distances  and  they  must  have  lived 
much  as  the  recent  octopus  which  prefers  to  sit  in  cavities  of  the 
rocky  bottom,  and  thence  to  extend  its  arms  in  all  directions  in 
search  of  prey. 

The  complete  filling  of  the  cameras  of  some  individuals  and  the 
absence  of  the  deposition  in  others  is  at  variance  with  the  view  that 

the  deposit  served  to  counteract  the  buoyancy  of  the  air  supposed 

to  have  been  in  the  air  chambers1  and  to  give  strength  to  the  shell. 
Xor  can  we  see  how  these  heavy  unwieldy  shells  could  have  been 

carried  in  a  vertical  position  without  making  the  animal  top-heavy. 
On  the  other  hand  it  is  readily  understood  what  advantage  this  solid 

block  of  lime  that  could  be  driven  into  the  ground  like  a  post,  would 
have  offered  to  the  animal  in  turbulent  water. 

From  the  similar  Cameroceras  tenuiseptum  Hall,  this 

species  is  distinguished  by  the  greater  depth  of  the  chambers  and 
the  smaller  size  of  the  siphuncle. 

Genus  endoceras  (Hall)  emend.  Hyatt 

Endoceras  (?)  champlainense  sp.  nov. 
Plate  t,  figure  1-4 

In  the  Beekmantown  beds  D  at  Beekmantown  I  have  collected 

several  orthoceracones  and  siphuncles,  which  were  at  first  thought 
to  belong  to  O  .  p  r  i  m  i  ge  n  i  u  m  .  the  only  species  of  Orthoceras 
thus  far  described  from  the  Beekmantown  formation  of  Xew  York. 

Subsequent  study  and  comparison  with  the  types  of  that  species  have 
shown  that  the  present  form  is  readily  distinguishable  from  the  long 
known  O.  primigenium  by  its  deeper  chambers  and  larger 

siphuncle. 

Description.  Conch  of  rather  small  size,  straight,  very  gradu- 
ally expanding,  at  the  rate  of  about  I  mm  in  15  mm.  The  apertural 

diameter  of  the  largest  specimen  observed  about  25  mm;  and  the 

corresponding  length  of  the  conch  about  275  mm  ;  the  latter  esti- 
mate being  somewhat  conjectural  and  based  upon  the  rate  of  expan- 
sion. Cross-section  elliptic  ( ?)  ;  minor  and  major  diameters  in  liv- 

ing chambers  14  mm  and  24  mm  respectively,  but  conch  probably 
slightly  compressed.  The  surface  apparently  smooth,  and  in  the 
ephebic  stage  provided  with  transverse  lines  only. 

1  The  writer  has  in  the  paper  cited,  adduced  evidence  for  the  conten- 
tion that  the  cameras  became  filled  with  gas  only  after  the  death  of  th^ 

animal  or  when  it  was  brought  to  the  surface  of  the  water. 
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Septa  rather  strongly  concave  (depth  about  one  third  of  width), 
sutures  apparently  regularly  transverse ;  cameras  short.  7  to  9  being 
counted  within  20  mm,  where  the  diameter  is  about  20  mm. 

Siphuncle  large,  nearly  half  as  wide  as  the  phragmocone ;  mar- 
ginal, in  contact  with  the  outer  shell ;  flatter  on  the  outer  marginal 

side  than  on  the  opposite;  not  projecting  apicad  beyond  the  cham- 
bered portion  of  the  conch.  Its  apical  part  mostly  solid,  apparently 

by  organic  deposition  of  carbonate  of  lime. 
Position  and  locality.    All  specimens  were 

obtained  at  the  so  called  Spelman  ledge  near  /'}.-! 
Beekmantown  station.   This  belongs  to  Brainerd  \ 

and  Seely's  division  D  of  the  Beekmantown 
formation.  1  A 

Observations.    There   have   been   described  r  '  \M 
no  less  than  27  species  of  "  Orthoceras  "  from 
the  Beekmantown  formation  of  Canada  and  New- 

foundland. Many  of  these  are  based  on  very 

imperfect  specimens,  or  even  on  nothing  but 
siphuncles  and  the  majority  are  not  figured; 
circumstances  which  render  their  recognition 
quite  difficult.  By  a  process  of  elimination  we 

have  concluded  that  our  form  approaches  the 

following  species :  O.  explorator,  flav- 

i  u  s  ,  ordinatum  and  s  a  y  i ,  and  differs  ^y 
from  all  the  others  either  bv  not  being  annulated  Fis-  5  Endoceras  (?) 0  champlainensesp. 
or  bv  the  depth  of  its  chambers.  O  .  e  x  p  1  o  r  -     nov-  Fragment  of  com- 1  r  pressed  siphuncle,  the 
a  t  o  r  tapers  faster  and  has  a  smaller  siphuncle     most  J  frequently  ot>- r  r  served  part  of  the  shell. 
which  lies  midway  between  center  and  margin ;     Beekmantown  x.  v. o      '       Xat.  size 
O  .  flavins,  of  which  the  surface  and  rate  of 

tapering  are  unknown,  has  clearly  a  smaller  siphuncle ;  in  O  . 
ordinatu  m  the  siphuncle  lies  nearer  to  the  center ;  and  O  . 
s  a  y  i  is  described  as  being  rapidly  tapering. 

This  form  is  quite  representative  ol  several  peculiarities  which 
any  one  who,  after  collecting  orthoceratites  in  young,  specially 
Devonic  beds,  engages  in  gathering  up  these  earliest  representatives 
of  the  straight  coned  cephalopods  can  not  fail  to  observe.  ( )ne  of 

these  is  that  he  finds  more  frequently  the  siphuncles  than 
the  phragmocones  of  the  earlier  forms,  while  in  passing  to 
younger  beds,  gradually  the  entire  phragmocones  begin  to 
prevail.  Another  is  that  in  these  older  forms  the  siphuncles  are 
throughout  much  larger  in  relation  to  the  size  of  the  conchs  than 
in  the  later  orthoceracones. 
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That  in  the  species  of  Cameroceras,  as  in  C  .  brainerdi,  the 

siphuncles  are  met  with  so  frequently  where  the  phragmocone  has 
been  destroyed,  is  not  to  be  wondered  at  as  they  have  become  filled 
with  organic  deposits  of  carbonate  of  lime ;  but  in  Endoceras 

champlainense,  as  an  example,  we  also  find  the  empty  portions 
of  the  siphuncles  more  frequently  than  the  phragmocones.  This  is 
due  to  the  relatively  stouter  walls  of  the  siphuncles  of  these  earlier 

species  and  to  the  fact  that  in  them  the  siphuncular  necks  or  fun- 
nels reach  still  from  each  septum  to  the  preceding  one,  thus  forming 

a  completely  closed  and  stout  tube,  while  in  later  forms  these  necks 
become  reduced  and  only  secondary,  frequently  but  membranous 
annuli  or  siphuncular  segments  complete  the  tube.  The  larger  size 

and  more  complete  sheathing  of  the  siphuncles  of  the  earlier  ortho- 
ceracones  leave  no  doubt  of  the  greater  importance  of  the  siphuncle 
or  of  its  contents  to  the  animal  in  Lower  Siluric  time,  than  at  any 

later  period.  These  siphuncular  chambers  were  doubtless  occupied 
by  an  extension  of  the  mantle  and  where  they  have  such  relatively 

large  dimensions  as  in  Cameroceras  brainerdi  they  con- 
tained undoubtedly  also  portions  of  the  viscera.  Whatever  the  origi- 

nal function  of  the  fleshy  siphuncle  may  have  been,  if  it  had  any,  it 

was  clearly  in  a  retrograde  condition,  and  Zittel's  suggestion  [Hand- 
buch,  p.  349 1  that  it  had  no  physiologic  function  but  was  merely  a 
remnant  to  be  explained  by  the  evolutionary  history  of  the  animal, 
appears  to  be  quite  acceptable. 

E  .  (?)  champlainense  would,  by  its  appearance,  be  readily 
taken  for  an  Orthoceras  and  we  had  to  compare  it  with  several 

Canadian  species  of  Orthoceras,  thereby  using  the  latter  term  in  its 
old  sense  ;  but  it  is  evident  that  this  species  like  probably  nearly  all  of 

the  earlier  species  which  have  been  referred  to  Orthoceras,  can  not 
belong  to  the  genus  in  the  restricted  scope  given  to  it  by  Hyatt, 

or  even  to  the  Orthoceratidae,3  for  the  reason  that  the  mode  of 
preservation  of  the  siphuncles  indicates  that  the  septal  neck  extended 

always  from  one  septum  at  least  to  the  next  preceding.  This,  how- 

ever, is  the  diagnostic  character  of  Hyatt's  suborder  Holochoanites, 
while  in  the  later  Orthochoanites  to  which  the  Orthoceratidae  be- 

long, the  funnels  have  become  short  and  reduced  and  the  siphuncle 

1  Hyatt's  more  precise  and  detailed  delimitation  of  the  genera  of  the 
earlier  orthoceracones  invites  an  investigation  of  the  numerous  species 
of  Orthoceras  described  from  the  Lower  Siluric  in  regard  to  their  generic 

relations.  Orthoceras  primigenium  for  instance  is,  as,  the  pre- 
vailing preservation  of  its  solid  apical  cone  indicates,  not  a  true  Orthoceras 

[see  p.  505!- 
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more  central  in  position.  There  is  hence  little  doubt  that  this  species 

is  also  a  member  of  the  Endoceratidae  and  probably  referable  to 
Endoceras.  Since  we  have  not  been  able  to  establish  whether  the 

funnels  extend  only  to  the  preceding  septum  or  to  the  second  next 

in  apical  direction,  a  conclusive  reference  has  been  impossible. 

Neither  have  we  observed  any  "  darts  "  or  endosiphocones  indicat- 
ing the  formation  of  endosiphosheaths  within  the  wide  siphuncle. 

Yet  the  solid  character  of  the  apical  siphuncle  would  serve  to  indi- 
cate that  such  a  formation  may  have  taken  place  there,  though.it  was 

still  in  an  inceptive  stage  and  did  not  extend  very  far,  the  greater 
portion  of  the  siphuncle  being  still  used  throughout  lifetime  as  a 
siphuncular  chamber. 

E.  consuetum  Sardeson,  from  the  Shakopee  formation  near 

Pickett's  Station  Wis.,  is  very  closely  related  to  this  species.  It 
possesses  the  same  rate  of  growth,  depth  of  septa  and  relative  width 

of  siphuncle,  differing  only  in  having  the  septa  more  closely  arranged 
by  about  one  fourth.  The  obliquity  of  the  sutures  in  the  type  of  the 

western  form  is  largely  or  entirely  caused  by  compression  and  some- 
what exaggerated  in  the  original  drawing ;  it  can  not  be  held  to 

constitute  a  specific  difference. 

Endoceras  (?)  hudsoni  sp.  nov. 
Plate  7,  figure  1 

The  following  description  is  based  on  a  single  specimen  which, 
however,  well  exhibits  the  principal  diagnostic  characters  of  this 

type  of  cephalopods. 
Description.  Large,  very  slightly  curved,  gradually  expanding 

cyrtoceracone.  The  length  of  the  specimen  is  22  cm;  its  minor  (not 
complete)  width  65  mm;  the  major  104  mm.  The  curvature  of  the 

conch  is  very  slight1  (the  hight  of  the  inner  arc  5  mm),  though 
apparently  not  accidental.    The  rate  of  growth  is  20  mm  in  100  mm. 

The  living  chamber  has  not  been  observed.  The  cameras  are 
relatively  deep,  the  septa  being  10  mm  distant  in  the  specimen  ;  the 
septa  are  moderately  concave,  their  depth  equal  to  that  of  three 
cameras.    The  sutures  have  not  been  observed. 

The  siphuncle  is  of  excessive  size,  its  major  diameter  at  the  upper 

end  being  55  mm,  its  minor  43  mm  ;  so  that  it  appears  to  have 
occupied  one  half  of  the  interior  space  of  the  shell.    Its  position  is 

1  It  is  probable  that  the  actual  curvature  would  be  found  to  be  some- 
what larger  if  measured  along  the  siphuncular  side,  which  in  this  specimen 

is,  on  account  of  weathering,  unsuited  for  this  measurement.  The  section 
[see  text  fig.  6]  apparently  elliptic,  is  not  very  well  established. 
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marginal,  at  the  inner  side  of  the  curvature.  It  is  tubular  and  empty 
in  the  fragment  at  hand.  The  septal  necks  did  not  extend  beyond 
the  preceding  septum,  if  we  infer  properly  from  the  character  of  the 
ridges  upon  the  siphuncle.  The  cameras  are  solidly  filled  with 

organic  deposit.  The  apical  part  of  the  conch  has  not  been  ob- 
served. The  surface  appears  to  have  been  smooth  and  only  pro- 

vided with  faint  growth  lines. 
Position  and  locality.  A  single  specimen  has  been  obtained 

by  Professor  Hudson  from  the  dove-colored  limestone  (Cx)  of  Val- 
cour  island. 

Fig.  6    Endoceras(?)  hudsoni  sp.  now    Transverse  section,    x  jn0 

Observations.  E  .  ?  hudsoni  shows  on  one  hand  relations  to 

E  .  o  p  p  1  e  t  u  m  and  on  the  other  to  E.  m  agister;  to  the 
former  by  the  character  and  amount  of  the  organic  deposit  in  the 
cameras  which  exhibits  the  same  peculiar  disposition  on  both  sides 

of  the  pseudoseptal  plane ;  and  to  the  latter  in  the  considerable 

depth  of  the  cameras  and  the  rate  of  growth.  It  is  nevertheless  im- 
possible to  unite  this  species  with  either  of  the  two  similar  forms, 

since  from  the  former  it  differs  by  the  curvature  of  the  conch,  the 

greater  rate  of  growth  and  the  greater  depth  of  the  cameras,  while 
from  E.  magi  st  er  it  is  distinguished  by  the  considerably 

smaller  depth  of  its  chambers,  holding  in  this  featurea  position  mid- 
way between  Vaginoceras  o  p  p  1  e  t  u  m  and  E  .  magister. 
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As  far  as  observation  of  the  ectosiphuncle  is  possible  in  the  type 

specimen,  it  appears  that  the  septal  neck  did  not  reach  beyond  the 
preceding  septum  and  that  an  endosipholining  is  absent,  hence  the 
reference  by  exclusion  of  the  genera  Yaginoceras  and  Cameroceras, 
to  Endoceras,  with  some  doubt. 

Endoceras  magister  sp.  now 
Plate  8,  figure  1 

Description.  Very  large  orthoceracone  with  large  ventral  siph- 
uncle  and  extremely  deep  cameras.  The  fragment  here  figured  has 
a  length  of  250  mm  and  attains  a  width  of  106  mm ;  its  rate  of 

Fig.  7    Endoceras  magister  sp.  now    Transverse  section,    x  /0 

growth  is  20  mm  in  100  mm.  The  cameras  are  very  deep,  the 
septa  in  the  average  22  mm  apart  and  very  concave,  their  concavity 

being  as  large  or  greater  than  the  depth  of  the  cameras.  The  living 

chamber  has  not  been  observed.  The  siphuncle  is  large,  circu- 

lar (?)  in  section,1  its  maximal  width  in  the  specimen  47  mm;  the 
septal  necks  do  not  extend  beyond  the  preceding  septum.  The 
surface  is  smooth. 

Position  and  locality.  In  the  lower  Chazy  (B4  of  our  section) 
at  the  Valcour  shore  of  New  York. 

Observations.  This  imposing  cephalopod  is  easily  the  master  of 

the  rest  of  the  Chazy  species  by  its  dimensions  and  specially  the 
depth  of  its  chambers  and  the  width  of  the  siphuncle.  No  other 
form  has  been  described  from  the  Chazy  of  either  New  York  or 

1  The  section  figured  [text  fig.  /!  shows  that  the  specimen  is  com- 
pressed and  the  original  sections  of  conch  and  siphuncle  not  any  more 

-ascertainable. 
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Canada  that  even  approaches  this  in  the  distance  of  the  septa.  The 
species  from  the  Black  river  limestone  of  Henderson  bay,  Jefferson 

co.  X.  Y.  which  has  been  described  by  Hall  as  E  .  g  e  m  e  1  - 
1  i  p  a  r  u  m  —  under  the  assumption  that  foreign  cephalopods  which 
had  entered  the  extremely  wide  siphuncle,  were  young  ones  —  pos- 

sesses cameras  of  exactly  the  same  depth  and  like  gigantic  dimen- 
sions, but  its  siphuncle  is  so  large  (greatest  diameter  6o  mm),  that 

the  phragmocone  is  reduced  to  a  narrow  ring.  On  account  of  the 

latter  fact  we  have  refrained  from  identifying  our  form  with  this 
remarkable  species  from  the  Black  river  beds.  If  they  are  not 
identical  their  closest  relationship  can  not  be  doubted.  On  account 
of  the  absence  of  an  endosipholining  and  the  restriction  of  the  length 
of  the  septal  necks  to  that  of  one  interseptal  space,  we  have  referred 
this  species  to  the  genus  Endoceras. 

Endoceras  montrealense  Billings  (sp.) 
Plate  9,  figure  8 

Orthoceras   montrealen  sis   Billings.     Can.    Nat.    &   Geol.  1859. 
4:363;  p.  361,  fig.  nc-e 

Orthoceras   sordidum   (Billings)  Whitfield.     Am.  Mus.  Nat.  Hist. 
Bui.  1890.    3:34,  pi.  2,  fig.  4 

Professor  Whitfield  has  referred  an  orthoceraconic  form  from  the 

Fort  Cassin  beds,  characterized  by  very  closely  set  septa  and  mar- 
ginal siphuncle  to  O  rthoceras  sordidum  Billings,  a  species 

from  the  White  limestone  of  the  Mingan  islands.  He  argues  that 

O  .  depressum  and  O  .  montrealensis  Billings  are  prob- 
ably only  variations  of  that  species,  since  in  examples  of  different 

sizes  of  his  material  the  septa  vary  in  their  distances. 
We  have  received  some  additional  material  of  this  Fort  Cassin 

form  through  the  kindness  of  Professor  Perkins.  This  has  allowed 
the  cutting  of  sections  and  thereby  cleared  up  the  doubt  as  to  the 
character  of  the  siphuncle  [sec  text  fig.  8].  The  latter  suggested  at 

once,  by  its  relative  size,  that  this  supposed  representative  of  O  . 
s  o  r  (1  i  (1  u  m  should  be  more  properly  identified  with  O  . 
montrealense  which  differs  from  O.  sordidum  less  by 

the  relative  distance  of  the  septa  than  by  the  relative  size  of  the 

siphuncle.  In  the  latter  feature  however  as  well  as  in  the  rate  of 
growth  of  the  conch,  the  specimens  from  Fort  Cassin  agree  exactly 

with  O  .  m o n t  r  e  alense  -1    The  further  fact  that  the  type  of 

1  Billings  states  under  0.  sordidum,  that  it  differs  from  O.  mon- 
trealense in  being  a  more  slender  speeies  and  having  the.  siphuncle 

smaller.  It  is  exactly  in  these  characters  that  our  material  also  differs  from 
0.    s  o  r  d  i  d  u  m  . 
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the  latter  species  comes  from  the  neighborhood  of  Montreal  (village 
of  St  Eustache)  and  hence  from  the  northern  extension  of  the 

Champlain  basin  instead  of  the  lower  St  Lawrence  gulf,  as  O  . 
s  o  r  d  i  d  11  m  does,  is  a  further  argument  for  the  identity  of  the  Fort 
Cassin  material  with  O.  montrealense. 

Billings  has  given  the  following  description  of  the  form  in 

question : 

Section  circular,  smooth,  tapering  at  the  rate  of  about  one  line 
to  the  inch;  septa  very  convex,  18  or  20  to  the  inch  at  a  diameter 
of  8  lines;  siphuncle  cylindrical,  marginal,  seven  sixteenths  the  whole 
diameter  of  the  shell ;  surface  unknown. 

Whitfield  has  added  the  observation  that  the  form  has  a  smooth 

shell ;  and  we  are  enabled  to  state  that  the  submarginal  siphuncle 

is  tubular  in  form,  with  slight  interseptal  con- 
strictions,  produced  by  the  incurving  septal 
necks,  each  of  which  closes  the  space  from  one 
septum  to  the  next  preceding.  The  septa  are 
very  convex,  their  depth  amounting  to  twice 
that  of  the  chambers ;  the  sutures  possess  a 

rather  deep  ventral  lobe  with  an  apparent  small 

median  saddle  opposite  the  siphuncle  [see  pi.  9, 
fig.  8] .  The  living  chamber  and  aperture,  as 

well  as  the  apex  of  the  conch  have  not  yet  been 
observed. 

The  marginal  position  and  larsre  size  of  the     „.    n  „ 0  r  0  Fig.  8  Endoceras 
siphuncle,  as  well  as  the  structure  of  the  si-       ™°  n, 1  real  en se 1  Bill,  (sp  )  Longitu- 
phuncular  wall  leave  no  doubt  that  we  have  here       d.inal  section-  Nat- A  size 
before  us  one  of  the  primitive  forms  belonging 

to  the  Endoceratidae.  It  is  not  certain  whether  the  siphuncle  con- 
tained the  internal  structures  usually  found  in  forms  of  this  group, 

bnt  the  section  given  by  Billings  [ibid.  fig.  lie]  would  suggest  the 
presence  of  an  endosiphocone  in  that  specimen.  The  extension  of 

the  septal  necks  to  the  preceding  septa  only,  excludes  this  species 

from  the  genus  Yaginoceras,  and  the  apparent  absence  of  the  endo- 
sipholining  from  Cameroceras ;  by  exclusion  we,  hence,  infer  that 
at  present  it  may  be  best  referred  to  Endoceras. 

Genus  suecoceras  Holm 

Suecoceras  marcoui  Barrande  (sp.) 

Endoceras    marcoui    Barrande.     Svsteme  Siluricn  du  Centre  de  la 
Boheme,  v.  2,  t.  3,  p.  748,  pi.  431,  fig.  11-13. 
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Suecoceras  marcoui  Holm.    Geol.  For.  i  Stockholm  Forh.  1896. 
18:403,  414 

Barrande  has  described  in  his  monumental  work  as  Endoceras 

marcoui  (in  the  explanation  of  the  plate  termed  "  O  r  t  h  o  - 

ceras"  marcoui)  a  fragment  of  a  cephalopod.  which  had  been 
collected  by  Jules  Marcou  in  the  Beekmantown  beds  at  Philipsburg 

and  sent  to  him.  We  insert  here  copies  of  Barrande's  original 
figures  [text  fig.  9-1 1].  These  show  us  at  once  that  the  specimen 
is  one  of  the  interesting  inflated  apical  parts  of  a  conch,  for  which 

Fig.  g,  10,  11  Suecoceras  marcoui  Barrande  (sp.)  Three  views 
of  a  nepionic  bulb.  Fig.  g=-lateral  aspect  ;  fig.  io^=side  which 
approaches  the  external  wall;  fig.  i i=transverse  section.     Nat.  size 

the  term  preseptal  cone  has  been  used  by  Clarke  and  nepionic  bulb 
by  Hyatt  and  the  phylogenetic  meaning  of  which  has  been  discussed 
by  the  present  writer  in  another  paper  [1904]. 

While  Barrande,  with  his  characteristic  keenness  recognized  the 
very  imperfect  specimen  as  belonging  to  the  Endoceratidae  and  stated 

that  "  it  is  the  only  specimen  in  his  possession  which  shows  the 
initial  part  of  the  conch  of  an  Endoceras,"  he  erred  in  mistaking1 
the  surface  of  the  fragment  for  the  external  surface  of  the 
shell  and  in  describing  the  rings  as  annulations.  They  are  but 
the  impressions  of  the  septal  necks  and  the  fragment  is  only 
the  inflated  apical  portion  of  the  siphuncle.    The  central  tube  filled 

1  This  mistake  was  more  than  natural  before  Holm  and  Clarke  had  recog- 
nized, from  more  complete  material,  the  actual  structure  of  these  apica  3 

portions  of  the  conchs. 
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with  darker  material,  which  is  termed  by  Barrande  the  siphuncle 
of  the  specimen,  is  probably  the  elongate  endosiphocone.  The  outer 
and  older  endosiphosheaths  which  filled  the  siphuncle  are  distinctly 
shown  in  the  transverse  section  of  the  fragment  figured  by  Barrande. 

A  specially  interesting  feature  of  the  specimen  is  to  be  seen  in  the 

fact  that  the  impressions  of  the  septal  necks,  which  show  the  char- 
acteristic forward  angulation  on  the  side  of  the  siphuncle  nearest 

to  the  outer  wall  of  the  conch,  extend  to  the  tip  of  the  siphuncle, 

thereby  indicating  that  the  nepionic  bulb  had  been  completely  incor- 
porated into  the  phragmocone.  This  condition  is  found  in  the  sub- 

genus Suecoceras  of  Endoceras  and  Holm  has  therefore  cited 
Endoceras  marcoui  as  belonging  to  his  subgenus.  We 
refrain  from  describing  the  fragment,  since  all  its  characters  and 
dimensions  are  fully  shown  by  the  drawings. 

Genus  nanno  Clarke 

Nanno  noveboracum  sp.  nov. 
Plate  g,  figure  6,  7 

Our  collection  contains  a  single  specimen  which  demonstrates  the 
presence  of  the  remarkable  and  much  discussed  genus  Nanno  in  the 

Chazy  beds  of  New  York.  This  is  the  apical  portion  of  a  conch. 
It  exhibits  the  characteristic  preseptal  cone  or  nepionic  bulb  of  this 
genus,  which  while  in  the  whole  representing  a  rapidly  expanding 
cone,  is  asymmetric  in  such  a  fashion,  that  viewed  from  the  siphonal 
or  antisiphonal  sides  it  appears  as  a  symmetric  cone  [see  fig.  6], 
having  a  length  of  19  mm  and  expanding  from  3  mm  at  the  rounded 
truncate  apex  to  a  width  of  13  mm  at  the  beginning  of  the  first 
cameras;  while  viewed  laterally,  it  is  asymmetric,  the  piofile  of  the 

siphonal  side  (marked  by  the  contact  of  the  siphuncle  and  outer 

wall  of  conch)  being  straight,  with  a  geniculation  at  the  beginning 
of  the  third  camera,  and  the  antisiphonal  wall  diverging  from  the 

siphonal  under  an  angle  of  nearly  200  to  a  point  21  mm  from  the 
apex,  where  a  sudden  contraction  takes  place,  to  the  middle 

of  the  phragmocone,  which  measures  8  mm  in  dorsoventral  direc- 
tion. The  nepionic  bulb  is  solidly  filled  with  a  gray  crystalline 

calcite  showing  traces  of  endosiphosheaths.  A  small  subcircular 

cicatrix  or  aperture  with  slightly  raised  margin  is  situated  upon  the 
middle  of  the  apex,  wherefrom  radiate  a  few  obscure  impressed 

lines.  Of  the  phragmocone  only  a  short  portion  of  six  chambers  is 
retained  upon  the  specimen.  The  phragmocone  is  subcircular  in 
section  ;  its  ventral  side  is  distinctly  flattened.   The  cameras  are 
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moderately  deep,  the  septa  3  mm  distant  and  but  little  concave,  the 
septal  necks  extending  about  one  fourth  of  the  interseptal  space 

beyond  the  preceding  septum.    The  siphuncle,  upon  emerging  from- 
the  nepionic  bulb,  rests  against  the  wall  of  the  conch,  is  tubular, 
with  circular  section  and  a  very  slight  interseptal  inflation. 

Position  and  locality.  In  the  coral  facies  of  the  dove-colored 
Chazy  limestone,  exposed  2  miles  west  of  Little  Monty  bay  near 
Chazy  village. 

Observations.  The  relations  of  Nanno  to  Caineroceras  and 

Vaginoceras  have  been  fully  discussed  by  the  writer  in  the  Report 
of  the  State  Paleontologist  for  1904  [p.  322].  It  suffices  therefore  to 
state  here  why  we  have  preferred  to  associate  this  form  with  Nanno 

rather  than  with  Vaginoceras.  After  the  publication  of  Clarke's 
observations  on  Nanno  a  u  1  e  m  a  ,  Holm  referred  several  forms 

with  like  nepionic  bulbs,  one  of  which  he  had  before  described  as 

Endoceras,  to  Nanno,  treating  the  latter  as  a  subgenus  of  Endo- 
ceras  [1896,  p.  404].  Hyatt,  however,  has  placed  Endoceras 
V  N  a  n  n  o  )  b  e  1  e  m  n  i  t  i  f  o  r  m  e  Holm  with  Vaginoceras  [1895, 

p.  9]  and  based  the  genus  Nanno  on  the  presence  of  the  endosi- 
phuncle  only  at  the  apical  end,  and  on  the  absolute  contact  of 
siphuncle  and  conch  on  one  side.  Nanno  noveboracu  m  also 

possesses  this  absolute  contact,  the  septal  funnels  "or  necks  entirely 
disappearing  upon  the  contact  side.  As  to  the  presence  of  the  endo- 
siphuncle  in  the  apical  portion  only  we  have  not  been  able  to  satisfy 
ourselves  as  fully  as  in  regard  to  the  other  critical  characters,  but 

the  filling  of  the  nepionic  bulb  with  grayish  calcite  showing  traces 

of  endosiphosheaths  and  of  the  siphuncle  with  white  calcite  of  some- 
what coarser  texture  without  any  traces  of  endosiphosheaths  seems 

to  us  to  make  the  absence  of  the  endosiphuncle  the  more  legitimate 
conclusion.  We  will  add  that  in  N  a  n  no  novebo  r  a  c  u  m  the 

siphonal  necks  or  funnels  clearly  extend  beyond  the  preceding 

septum  and  hence  have  the  Vaginoceras  structure,  but  that  after  in- 

spection of  Clarke's  types  of  N  a  n  n  o  a  u  1  e  m  a  we  have  no  doubt 
tiiat  a  similar  condition  prevails  in  that  genotype,  and  that  also 
there  the  septal  funnels  are  slightly  overlapping. 

N  a  n  no  nove  b  o  r  a  c  u  m  differs  from  Nanno  a  u  1  e  m  a  in 

the  plumper  form  of  the  nepionic  bulb,  which,  while  having  the  same 
length,  is  wider  by  one  third  just  before  the  contraction;  its  apex 
is  also  blunter. 
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Family  piloceratidae 

Genus  piloceras  Salter 

Pilcceras  explanator  Whitfield 
Plates  10  and  1 1 

Piloceras  explanator  Whitfield.    Am.  Mus.  Nat.  Hist.  Bui.  1886. 

v.  1,  no.  8,  p.  323,  pi.  28,  fig.  1-4 
Piloceras  explanator  Foord.    In  Cat.  Foss.  Ceph.  Brit.  Mus.  pt  r. 

1888.    p.  162. 
Piloceras  explanator  Clarke.    Geol.  of  Minn.  Pal.    1897.  3:769, 

pi.  2. 
Piloceras   explanator   Ruedemann.    An.  Rep't  State  Paleontol. 

for  1903;  N.  Y.  State  Mus.  Bui.  80.    1905.    p.  329,  pi.  10-13. 

We  have  found  in  the  Fort  Cassin  beds  at  Valcour  (A3  of  section) 

a  truly  gigantic  Piloceras  which  has  proved  to  be  identical  with  the 
form  which  has  been  so  carefully  described  and  fully  illustrated  by 
Whitfield  as  P.  explanator  from  the  Fort  Cassin  beds  at  their 

type  section. 

In  regard  to  the  character  of  the  conch,  the  cameras,  living  cham- 

ber and  siphuncle,  we  refer  to  Whitfield's  description  drawn  from 
the  excellent  material  of  the  Seely  collection.  The  internal  struc- 

ture of  the  siphuncle  of  this  species  which  has  not  been  described 

by  Whitfield  has  been  given  in  detail  by  the  writer  in  the  above  cited 
report  of  the  State  Paleontologist,  to  which  we  also  refer  for  the 
sake  of  avoiding  repetition.  From  the  large  specimen  which  is  here 
reproduced  in  outline,  it  follows  that  Whitfield  was  also  correct  in 
assuming  that  the  shells  attained  at  least  10  inches  in  length,  for 
this  one  measured  as  much  with  the  entire  living  chamber  missing. 

This  species  is  probably  closely  related  to  P  .  t  r  i  t  o  n  Billings 
from  the  Newfoundland  Beekmantown  beds  and  we  thought  for  a 

time  that  the  two  might  be  identical  until  we  saw  the  type  of 

Billings's  species. 
The  dimensions  of  the  siphuncles  as  well  as  the  distances  of  the 

septa  agree  fully  in  P  .  triton,  P .  explanator  and  the 
specimens  from  Yalcour.  The  elliptic  shape  of  the  section  of  the 

siphuncle  of  P.  triton,  which  can  be  inferred  from  Billings's 
measurements  furnishes  also  intrinsic  evidence  of  the  lateral  com- 

pression of  the  entire  conch  of  Billings's  type  such  as  is  described 
of  P.  explanator.  If  we  further  take  into  account  that 

Billings  would  place  his  divisions  H  and  I  near  the  boundary  of  the 

Beekmantown  and  Chazy  formations,  it  will  be  seen  that  the  New- 
foundland and  Lake  Champlain  forms  are  found  in  beds  which  are 

equivalent   or   very   nearly   so.   Billings's   type,   which   is  in  the 
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museum  of  the  Canadian  Geological  Survey  at  Ottawa,  proved  to 
be  a  rather  poor  fragment  of  a  siphuncle.  It  shows  a  greater  rate 
of  growth  than  that  of  P  .  explanator  and  is  not  so  flat  in 
section  as  the  latter. 

Family  cyrtendoceratidae 
Genus  cyrtendoceras  Remele 

Cyrtendoceras  (?)  priscum  sp.  nov. 
Plate  2.  figure  2-5 

I  obtained  in  the  dolomite  of  the  Beekmantown  beds  D  at  the 

Spelman  ledge  at  Beekmantown  half  a  dozen  specimens  of  a  small 

gyroceran  cephalopod,  that  has  the  distinction  of  being  the  earliest 

coiled  form  known  from  this  State,  and  of  possessing  very  primi- 
tive characters  which  correspond  to  its  early  appearance. 

Description.  Small  gyroceracones  attaining  a  diameter  of  but  13 
mm  consisting  of  about  two  volutions  which  grow  at  a  rapid  rate 
(diameter  of  second  volution  4  mm),  possess  circular  sections  without 

impressed  zone  and  though  but  leaving  a  small  interspace  are  ap- 
parently not  coming  into  actual  contact.  Living  chamber  short, 

not  more  than  one  half  volution.  Aperture  protracted  along  the 

dorsal  line  and  provided  with  low  lateral  lappets.  Cameras  very 
shallow,  five  in  the  space  of  5  mm  in  the  ephebic  volution  ;  septa 
quite  convex,  their  depth  equal  to  that  of  the  cameras  ;  sutures 

apparently  straight  all  around.  Siphuncle  large,  fully  one  third  the 
width  of  the  conch,  tubular,  subdorsan  in  position,  filled  with 
organic  deposits  (?).  Surface  without  sculpturing  except  that 
provided  by  faint  growth  lines. 

Observations.  Unfortunately  all  specimens  which  we  were  able 

to  obtain  are  preserved  only  as  molds,  the  conchs  having  been  dis- 
solved and  the  interspaces  filled  with  a  sandy  matrix,  the  result  of 

the  disintegration  of  the  sandy  dolomite.  While  this  mode  of  preser- 
vation gives  good  sculpture  casts  of  the  surface  and  of  the  aperture 

it  has  left  us  in  sonic  doubt  about  the  siphuncle.  The  figures  show 

that  a  wide  empty  space  is  left  between  the  fillings  of  the  chamber- 
spaces  and  the  dorsal  wall,  which  can  only  have  been  occupied  by 

the  siphuncle,  since  there  is  no  trace  of  a  smaller  siphuncle 
perforating  the  septal  fillings.  Since  in  this  rock  all  mollusk  shells 
are  dissolved,  while  the  interspaces  are  always  found  to  be  filled 
with  the  dolomitic  matrix,  we  have  concluded  that  the  siphuncle 

which  here  is  dissolved  out  entirely  must  have  been  filled  with  or- 
ganic carbonate  of  lime. 
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On  account  of  the  dorsal  position  of  the  siphuncle,  its  large  size, 

apparent  tubular  segments  and  its  supposed  filling  with  organic 
carbonate  of  lime,  we  have  brought  this  species  under  Cyrtendoceras 

which  according  to  Hyatt  is  the  only  genus  containing  holochoanitic 
cephalopods  with  coiled  conchs.  The  characters  of  the  early 
volutions  of  this  primitive  and  interesting  species  are  unfortunately 

not  sufficiently  well  preserved  to  allow  satisfactory  investigation. 
This  cephalopod  bears  in  its  general  appearance  considerable 

similarity  to  a  gastropod  that  is  very  common  in  the  same  beds 
and  has  been  identified  by  Whitfield  with  Ma clurea  sordida 

Hall.  It  can,  however,  always  be  distinguished  from  the  latter  by 
its  evenly  rounded  volutions. 

Suborder  D.  ORTHOCHOANITES  Hyatt 
Division  I.  ORTHOCERATIDA 

Family  orthoceratidae 
Genus  baltoceras  Holm 

Baltoceras  (?)  pusillum,  sp.  nov. 
Plate  9,  figure  4,  5 

A  single  specimen  of  this  form  was  obtained  which  has  furnished 
us  the  data  for  the  following  description. 

Description.  Small  orthoceracone  (length  of  imperfect  speci- 
men 32  mm),  which  expands  very  gradually  (rate  I  mm  in  n  mm), 

section  subcircular  or  slightly  elliptic  (?).  Septa  straight,  trans- 
verse, relatively  distant  (6-7  in  the  space  of  10  mm),  little  convex, 

(curvature  of  septa  not  more  than  one  fourth  the  depth  of  the  cham- 
bers). Siphuncle  very  wide,  one  half  the  width  of  the  conch,  begin- 

ning with  a  slightly  curved  apical  portion,  which  is  completely  in- 
closed within  the  phragmocone,  situated  excentric  (subventran  ?) , 

its  walls  composed  of  very  short  funnels  and  long  tubular  siphuncu- 
lar  segments.  Living  chamber  not  known  ;  the  surface  appears  to 
have  been  smooth. 

Position  and  locality.  In  bed  A3  (Fort  Cassin  beds)  of  Yalcour 
section. 

Observations.  This  little  form  of  which  we  unfortunately  have 

not  been  able  to  secure  sufficient  material  for  more  complete  in- 
vestigation, is  remarkable  for  two  features.  These  are  the  great 

width  of  the  siphuncle  and  its  excentric  position.  In  both  of  these 

characters  the  species  differs  from  a  typical  Orthoceras  and 

shows  its  more  primitive  state  of  development.  It  would  by  its 
wide  siphuncle  suggest  its  relationship  to  the  Endoceratidae,  but  the 
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longitudinal  section  fails  to  show  any  but  rudimentary  septal  necks, 
though  we  must  concede  that  we  have  been  unable  to  fully  satisfy 
ourselves  upon  this  point.  If  the  funnels  are  indeed  short  as  in 

Orthoceras  then  this  form  would  be  one  of  the  primitive  Orthocera- 
tidae,  for  which  Holm  has  established  the  genus  Baltoceras.  The 
essential  difference  of  this  genus  from  Orthoceras  is  according  to 
Hyatt  the  wide  siphuncle.  Holm  states  that  it  has  the  habit  of  an 
Endoceras  but  the  siphuncular  walls  of  an  Orthoceras. 

Genus  orthoceras  (Breyn.)  emend.  Hyatt 

The  term  Orthoceras  which  practically  had  been  applied  to  all 

orthoceraconic  forms  with  the  exception  of  those  referred  to  Endo- 

ceras, and  therefore,  as  a  perusal  of  Barrande's  work  will  show, 
has  included  a  most  astonishing  variety  of  forms  ranging  through 

all  possible  variations  in  surface  sculpture,  rate  of  growth  and  posi- 
tion of  siphuncle,  has  been  greatly  restricted  by  Hyatt,  indeed  so 

much  that  he  stated  in  1884  [p.  275]  he  knew  only  of  two  species 
in  Xorth  America. 

The  cyrtochoanitic  forms  (those  with  short,  outward  curving 
septal  necks)  have  been  brought  under  the  families  Loxoceratidae 
and  Rizoceratidae ;  the  annulated  and  longitudinally  ridged  forms 

have  been  distributed  among  the  families  Cycloceratidae  and  Kiono- 
ceratidae,  and  other  orthoceraconic  forms  with  compressed  oval 

section,  impressed  zone  and  ventren  position  of  the  siphuncle  are  to 
be  referred  to  new  genera  which  are  not  yet  defined  and  are  to  be 
placed  under  the  Tarphyceratidae. 

Finally  only  the  simplest  patternlike  forms  of  Orthoceras  with 

open  apertures,  uncontracted  living  chambers  and  small  tubular,  sub- 
centrally  located  siphuncle  are  left. 

These  have  still  been  subdivided  into  Orthoceras  (Breyn.), 

Geisonoceras  (Hyatt)  and  Protobactrites  (Hyatt). 
In  the  earliest  definitions  of  the  first  two  genera  [1884,  P-  275l 

Orthoceras  was  conceived  as  comprising  the  smooth  longicones  and 

Geisonoceras  the  banded  longicones,  the  transverse  markings  of  the 

latter  being  considered  as  leading  to  the  Cycloceratidae.  In  Zittel- 

Eastman's  textbook  emphasis  is  laid  on  the  long  tapering  form  of 
Orthoceras,  the  larger  size  of  its  siphuncle  and  the  more  rapidly 

spreading  sides  of  Geisonoceras.  Protobactrites  is  proposed  for  the 

long  pencil-shaped  orthoceracones. 
It  will  be  easily  understood  that  an  infinite  number  of  transi- 

tional forms  between  these  genera  are  possible,  whose  differences 
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are  largely  those  of  degree  of  development  of  certain  features ;  and 
indeed  there  exist  apparently  as  many  transitional  as  typical  forms. 
Of  the  species  here  referred  to  the  Orthoceratidae,  O .  lentum 
and  O  .  progress  um  can  be  placed  with  little  hesitation  to 

Orthoceras  s.  str. ;  in  regard  to  O  .  vagum  some  doubt  is  pos- 
sible on  account  of  the  long,  uniformly  thin  shape  which  suggests  a 

reference  to  Protobactrites.  Since  the  latter  is  defined  as  having  a 
tubular  siphuncle  and  our  form  has  a  slightly  nummuloidal  siphuncle 
we  have  preferred  to  leave  it  with  Orthoceras.  Geisonoceras 
s  h  u  m  a  r  d  i  has  been  referred  to  that  genus  on  account  of  its 
somewhat  larger  rate  of  growth  and  relatively  smaller  size  of 

siphuncle. 
Orthoceras  lentum,  sp.  nov. 

Plate  14,  figure  1-3 

This  species  is  based  upon  two  fragments  representing  different 
growth  stages  of  the  conch.  These  show  certain  characters  so 

greatly  different  from  those  of  the  other 
Chazy  orthoceracones  that  we  have  little 
hesitation  in  seeing  a  new  type  in  them. 

Description.  Slender  gently  curved 
conch.  Length  of  type  specimen  only  26 

mm  but  its  small  rate  of  growth  (but  Fig  m  0rthoceras  len. 
y2  mm  in  15  mm)  indicates  the  attain-  ^L^' ^'^^^^ 
ment  of  considerable  length  in  considera- 

tion of  the  width  of  the  specimen  (18  mm)  ;  curvature  of  the  frag- 
ment very  small,  the  hight  of  the  arc  not  quite  amounting  to  1  mm. 

Section  circular.  Cameras  shallow  (6  in  the  space  of  20  mm)  ; 
sutures  nearly  straight  transversal ;  septa  thin  and  little  concave, 
their  depth  a  little  more  than  two  thirds  that  of  the  cameras. 

Siphuncle  centren,  small,  1  mm  in  the  smaller  and  2  mm  in  the 

larger  fragment  (one  ninth  the  width  of  the  conch)  ;  the  septal 

necks  very  short,  ringlike ;  the  interseptal  segments  slightly  expand- 
ing, nearly  tubular. 

Deposits  of  carbonate  of  lime  which  do  not  seem  to  be  due 

to  secondary  incrustation  form  a  cylinder  around  the  siphuncle 
and  extends  thence  along  the  septa  thinning  out  near  the  outer  wall. 
The  living  chamber  has  not  been  observed.  The  surface  appears  to 
have  been  smooth. 

Position  and  locality.  The  type  specimens  have  been  collected 

by  Prof.  G.  H.  Hudson  in  the  dove-colored  Chazy  limestone  ex- 
posed along  the  east  shore  of  Yalcour  island. 
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Observations.  This  species  is  one  of  the  few  Chazy  cephalo- 
pods  which  on  account  of  their  slender  form,  the  character  of  their 

septal  necks  and  siphuncular  walls,  can  be  referred  to  the  genus 
Orthoceras  in  the  restricted  scope  given  to  it  by  Hyatt. 

As  similar  forms  from  the  Chazy  beds  suggest  themselves  O  . 
(  ?  )  vagumsp.  nov.  and  Geisonoceras  s  h  u  m  a  r  d  i .  The 
former  has  more  distant  septa  and  a  wider  siphuncle  but  may  have 
been  nearly  related.  G  .  s  h  u  m  a  r  d  i  is  a  straight  form,  has 
deeper  cameras  and  a  greater  rate  of  growth. 

Orthoceras  progressum  sp.  nov. 
Plate  12,  figure  5,  6 

The  fragment  of  a  phragmocone  on  which  this  species  is  based 
permits  the  elucidation  of  the  following  characters :  a  medium  or 

large  sized  orthoceracoue  (fragment  has 

a  largest  diameter  of  34  mm)  with  cir- 
cular section  and  slow  rate  of  growth  (as 

1  to  8).  Cameras  short  (6  mm  deep 
where  the  couch  has  a  diameter  of  34 

!  mm)  ;  sutures  nearly  straight,  transversal, 
_    .  septa  moderatelv  concave,  the  depth  equal 

Fig.  13    Orthoceras  pro-  1  -  1  1 
gressum  sp.  nov.  Section     t0  tjie  leneth  of  the  cameras. of^siphuncle.    x  1.5  & 

Siphuncle  relatively  wide  (5.5  mm  in 
this  specimen)  centren  in  position;  the  septal  funnels  short;  but 

slightly  bent  inward.  The  siphuncular  segments  thin,  perfectly 

straight  in  section  [see  text  fig.  13].  No  organic  deposits  observed. 
Living  chamber  and  apical  part  not  observed.    Surface  smooth. 

Position  and  locality.  In  the  dove -colored  limestone  of  Yalcour 
island  [  Prof.  G.  H.  Hudson  coll.]. 

Observations.  The  specimen  in  hand  preserves  in  most  excellent 

condition  the  extremely  delicate  sculpture  of  the  "  Runzelschicht  "  or 
second  layer  of  the  outer  wall,  which  consists  of  a  system  of  very 
fine  anastomosing  lines  passing  obliquely  across  the  shell. 

This  species  differs  from  ()  .  lentum  by  its  straight  conch, 

straight  siphuncular  segments  and  greater  width  of  siphuncle  (rela- 
tively to  width  of  conch  and  absolutely). 

The  centren  position  of  the  siphuncle.  the  great  reduction  of  the 

siphuncular  necks  and  the  corresponding  strong  development  of  the 

secondary  siphuncular  segments  indicate  the  progressed  state  of  this 
orthoceracoue  when  compared  with  the  majority  of  the  other  straight 
shelled  ccphalopods  of  the  same  formation. 
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Orthoceras  (?)  vagum  sp.  nov. 
Plate  13,  figure  1-3;  plate  q,  figure  9 

Description.  Very  slender  gently  and  irregularly  bending  conch, 

attaining  a  length  of  250-f  mm  and  a  width  of  more  than  20  mm. 
Its  rate  of  growth  is  but  3  mm  in  the  space  of  50  mm;  its  section 
circular.  The  cameras  are  relatively  deep,  there  being  five  in  the 
space  of  20  mm  where  the  width  of  the  conch  is  13  mm.  and  four 
in  the  same  space  where  it  is  18  mm.  The  septa  are  strongly  convex, 

their  depth  being  nearly  equal  to  that  of  the  cameras.  The  sutures 

pass  straight  transversely.  Length  of  living  chamber  and  char- 
acter of  aperture  have  not  been  observed.  The  siphuncle  is  centren, 

slightly  nummuloidal,  one  fourth  the  width  of  the  conch,  and  ap- 
pears to  have  remained  empty.  The  shell  is  thin,  its  surface  smooth 

or  only  marked  with  faint  transverse  growth  lines. 
Position  and  localities.  Two  specimens  of  this  type  have  come  to 

our  notice;  one  of  these  is  from  the  dove-colored  limestone  of  Val- 
cour  island  [collected  by  Prof.  G.  H.  Hudson]  ;  the  other  [in  the 
American  Museum  of  Natural  History]  is  from  the  same  horizon 

of  Isle  La  Motte  in  Lake  Champlain  [coll.  by  Prof.  H.  M.  Seely]. 
Observations.  The  most  striking  character  of  this  species  is  the 

irregular  bending  of  the  conch.  This  is  but  slightly  though  dis- 
tinctly shown  in  the  specimen  from  Isle  La  Motte,  a  photograph  of 

which  has  been  kindly  taken  for  me  by  Dr  Hovey  [pi.  13,  fig.  3]. 
In  the  other  specimen  from  Valcour  island,  which  I  have  been  able 
to  free  entirely  from  the  rock,  the  bending  is  very  obvious  and 
clearly  not  caused  by  fractures  or  folding  in  the  rock  for  it  takes 

place  in  different  planes  [sec  fig.  2],  is  nowhere  abrupt  and  the 
septa  are  arranged  slightly  closer  on  the  inner  side  of  the  curves 
than  on  the  outer,  exactly  as  in  the  regularly  curved  phragmocones 
of  Cyrtoceras  etc.  Xor  do  the  orthoceracones  associated  with  this 
species  in  the  same  bed  or  (as  in  the  Amer.  Mus.  specimen)  even  on 

the  same  slab  show  any  trace  of  secondary  bending  with  the  in- 
cluding matrix. 

Speculations  as  to  the  cause  of  this  peculiar  aberrancy  naturally 
urge  themselves  upon  the  observer  of  the  irregular  orthoceracone. 

The  assumption  that  weakening  physical  conditions  of  the  environ- 
ment, such  as  are  found  in  the  lagoon  of  a  coral  reef  affecting  the 

regularity  of  the  volutions  of  gastropods  might  have  produced  this 

form,  seems  to  be  refuted  by  the  character  of  the  associated  fauna 

which  is  largely  one  of  straight  gigantic  cephalopods  and  stromatop- 
oroid  corals,  suggesting  that  the  dove-colored  limestone  was  formed 
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in  a  shallow  but  open  sea,  the  floor  of  which  was  studded  with  small 

coral  reefs.  The  excellent  state  of  preservation  of  the  two  speci- 
mens notwithstanding  the  thin  shell  and  the  fact  that  the  larger  and 

coarser  cephalopod  shells  in  the  same  bed  are  frequently  much 
macerated,  the  rarity  of  the  form  and  the  long  tubular  shape  in 

combination  with  the  bending  of  the  conch  would,  however,  indi- 
cate that  this  species  was  burying  itself  or  actively  burrowing  in 

the  mud.  The  central  position  of  the  siphuncle,  the  circular  section 
of  the  conch  and  the  absence  of  any  impressed  zone  indicate  that 
it  is  derived  from  some  orthoceraconic  form.  As  to  its  generic 

position  we  have  remained  in  doubt,  but  consider  it  as  being  closely 
related,  if  not  properly  referable,  to  the  genus  Orthoceras  s.  str. 

O .   ?  vagura  bears  aside  from  its  bending  a  considerable  simi- 
larity to  O  .  s  h  u  m  a  r  d  i  Billings,  a  straight  pencil-like  form  from 

the  Chazy  of  the  Mingan  islands  from  which 
it    can    be    distinguished   by   its  considerably 

.  deeper  cameras. 

sp.  now 
Orthoceras  modestum 

Plate  12,  tig-lire  1-3 
Description.  Small,  slender  orthoceracones 

with  circular  section  which  judging  from  our 

specimens  may  have  attained  a  length  of  130 
mm  and  a  width  of  15  mm.  The  rate  of  growth 

is  very  small,  about  1  mm  in  30  mm.  Frag- 
ments of  this  stage  of  the  conch  appear  pencil- 

like, and  in  the  ephebic  stage  the  conch  appears 
to  have  become  cylindric  [see  text  fig.  14  and 

pi.  12,  fig.  2].  The  cameras  are  moderately 
deep,  5  cameras  occupying  the  space  of  10  mm 
in  the  ephebic  stage ;  the  septa  are  very  shallow, 
their  concavity  amounting  to  about  half  of  the 
depth  of  the  cameras.  The  living  chamber  is 
long  (about  80  mm),  hardly  expanding  and 

provided  with  one  or  several  constrictions;  the 

aperture  is  apparently  straight  transverse.  The 
siphuncle  is  small,  a  little  more  than  1  mm 

wide,  tubular,  centren.  The  surface  is  marked  with  equal  raised 

transverse  lines  which  are  separated  by  equal  interspaces  and  are 
so  fine  that  they  can  not  be  seen  with  the  naked  eye  (11  in  the  space 
of  1  mm). 

Fig.  14  Orthoceras 
modestum  sp.  nov. 
Natural  section.  Nat- ural size 
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Position  and  localities.  We  have  seen  two  specimens  from  the 

dove-colored  limestone  of  Valcour  island ;  two  from  that  of  Isle 
La  Motte  and  two  from  the  upper  Chazy  (C0)  of  the  neighborhood 
of  Chazy  village. 

Observations.  This  is  the  plainest  cephalopod  shell  which  we 
have  observed  in  the  Chazy  rocks  of  New  York ;  nor  are  we  aware 
of  any  other  Chazy  orthoceraconic  form  with  which  this  one  could 
be  confounded  since  its  slow  rate  of  growth  and  small  siphuncle 
serve  to  distinguish  it  from  other  small  orthoceracones.  It  bears 

however  some  similarity  to  O  .  recticameratu  m  Hall,  a  Low- 
ville  (Birdseye)  limestone  form  from  Watertown  and  the  Mohawk 

valley.  In  view  of  the  fact  that  also  some  other  Chazy  fossils 
continue  into  the  Lowville  and  Black  river  limestones  a  closer  com- 

parison of  the  two  forms  became  desirable.  This  has  shown  that  O  . 

recticameratum  is  still  somewhat  more  rapidly  expanding, 

has  slightly  deeper  cameras  (4  in  10  mm)  and  possesses  somewhat 
angular  septa  from  which  it  derives  its  name. 

Genus  geisonoceras  Hyatt 

Geisonoceras  shumardi  Billings  (sp.) 
Plate  12,  figure  4 

Orthoceras  shumardi  Billings.    Can.  Nat.  &  Geol.  1859.  4:460 

Original  description.  Elongate,  cylindrical,  section  circular, 
tapering  at  the  rate  of  a  little  more  than  half  a  line  to  the  inch,  septa 
rather  strongly  convex,  distant  nearly  half  the  diameter;  siphuncle 
about  one  fifth  the  whole  diameter,  and  with  its  center  distant  from 
the  center  of  the  transverse  section  half  its  own  diameter.  Sur- 

face unknown. 
In  a  specimen  8  inches  long  the  diameter  of  the  larger  extremity 

is  10  lines  and  of  the  smaller  5  lines  and  it  tapers  therefore  at  the 
rate  of  ̂ 8  of  a  line  to  the  inch.  At  the  larger  end  there  are  2  septa 
in  9  lines,  and  at  the  smaller  2  in  4  lines.  The  siphuncle  is  cylind- 

rical and  but  slightly  inflated  between  the  septa  ;  its  diameter  at  its 
passage  through  the  septum  at  the  large  end  one  line  and  a  half, 
and  between  the  septa  about  two  lines. 
We  have  no  species  with  which  this  Orthoceratite  can  be  com- 

pared except  O .  amplicame.ratu  m  ( Hall) ,  from  which  it 
differs  in  having  the  septa  proportionally  a  little  more  distant,  and 
the  siphuncle  a  little  larger  and  not  so  excentric. 

Position  and  localities.  The  type  specimen  came  from  the  Chazy 
limestone  of  the  Mingan  islands.  The  specimen  which  we  refer  to 
this  species  came  from  a  Strephochetus  bed  of  the  middle  Chazy 
division  B2  at  Chazy  village. 
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Observations.  Our  specimen  represents  but  the  apical  portion  of 
this  form  which  has  been  described  by  Billings  from  more  mature 

parts.  Nevertheless  there  can  be  but  little  doubt  of  its  identity 

with  Billings's  species  in  view  of  the  like  rate  of  growth,  character- 
istic great  depth  of  the  cameras,  strong  convexity  of  the  septa  and 

small  siphuncle.  The  dimensions  of  our  specimen  are :  length  34 

mm;  smallest  width  4  mm;  greatest  width  7  mm;  rate  of  growth 
1  mm  in  10  mm;  3  cameras  in  space  of  10  mm;  depth  of  septum 
one  third  that  of  camera;  width  of  siphuncle  one  sixth  that  of 
conch.  In  the  Chazy  specimen  the  siphuncle  is  entirely  tubular 
while  Billings  describes  it  as  very  slightly  nummuloidal,  but  since 
it  frequently  begins  tubular  and  becomes  more  or  less  nummuloidal 
in  later  growth  stages,  this  difference  can  not  be  considered  as  of 

great  importance. 

Family  cycloceratidae 

Genus  protocycloceras  Hyatt 

The  genus  Protocycloceras  has  been  proposed  by  Hyatt  to  receive 

the  most  primitive  cycloceratids.  It  is  defined  as  consisting  of  annu- 
lated  orthoceracones  and  cyrtoceracones  without  longitudinal  ridges 

and  with  large  sipmmcles.  As  genotype  the  form  described  in  the 
following  pages  is  named  which,  from  its  occurrence  in  the  middle 
Beekmantown  beds  of  New  York,  can  be  considered  as  the  earliest 
or  one  of  the  earliest  annulate  forms  known. 

The  establishment  of  this  genus  and  the  arrangement  of  the 
succeeding  genera  of  the  Cycloceratidae  presuppose  the  antecedence 
of  the  annuli  or  of  the  transversal  portion  of  the  surface  sculpture 

(annuli  and  frills)  to  the  longitudinal  portion  (ridges  and  lines). 
While,  in  apparent  harmony  with  this  view,  sculpture  casts  from  the 

Beekmantown  dolomite  fail  to  show  any  traces  of  longitudinal  sculp- 
ture lines,  there  has  been  found  associated  with  them  a  fragment 

of  a  shell  in  the  neanic  stage  [pi.  15,  fig.  6],  which  lias  no  other 

ornamentation  but  strong  longitudinal  ridges.  In  view  of  the  asso- 
ciation of  this  conch  with  the  annulated  ones  and  the  failure  to  ob- 

serve other  species  of  orthoceracones  or  of  slightly  curved  cyrtocera- 
cones in  this  bed,  the  reference  of  this  little  shell  to  the  nepionic 

stage  of  the  annulated  form  offers  itself  as  the  most  plausible  con- 
clusion. The  latter  is  supported  by  our  finding  among  the  material 

collected  by  Professor  Rominger  from  the  Fort  Cassin  beds  at  Fort 
Cassin  a  fragment  of  a  young  conch  of  this  species  exhibiting  both 
annulations  and  sharp  continuous  longitudinal  lines  in  excellent 
preservation  [pi.  16,  fig.  1  |. 
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It  may  be  mentioned  in  this  connection  that  Hall  has  already 

described  and  figured  in  the  Palaeontology  of  New  York,  volume  I, 
as  Orthoceras  1  a  q  u  e  a  t  u  m  an  apical  part  of  a  conch  with 
strong  longitudinal  ridges  or  flutings ;  the  specimen,  though  found 

loose  in  the  drift,  undoubtedly  coming  from  the  Beekmantown  for- 
mation, as  we  could  convince  ourselves  on  inspection  of  the  same 

which  is  deposited  in  the  State  Museum  [3909  of  the  type 
catalogue]  from  the  character  of  the  dolomite  matrix.  There  are 

hence  two  longitudinally  fluted  conchs  known  from  the  Beekman- 
town formation,  and  both  of  these  represent  the  apical  parts  of  larger 

conchs.  Since  it  has  been  found  that  in  later  annulated  forms 

(as  in  O  .  b  i  1  i  n  e  a  t  u  m  from  the  Trenton  by  Clarke,  O  . 
a  n  e  1 1  u  s  from  the  same  formation  by  Ruedemann,  and  O  . 

c  rota  1  urn  from  the  Hamilton  by  Hall)  a  smooth  or  longitudi- 
nally striated  stage  precedes  the  annulated  stage  of  the  conch,  it  is 

proper  to  conclude  that  also  the  two  small  fluted  conchs  from  the 
Beekmantown  represent  the  early  stages  of  forms  with  annulated 
conchs  in  the  adult  condition.  We  have  also  found  last  summer 

such  young  fluted  conchs  belonging  to  annulated  forms  in  the 

Chazy  formation.  There  apparently  persisted  from  the  Beekman- 
town into  the  Hamilton  a  whole  branch  of  annulated  orthoceracones 

and  cyrtoceracones,  all  of  which  retained  a  fluted  sculpture  in  the 

apical  portion  of  their  conchs.  The  oldest,  judging  from  Hall's 
C  .  1  a  q  u  e  a  t  u  m  ,  retained  the  longitudinal  surface  sculpture 
longer  than  the  latest,  as  O  .  crotalum.  All  of  these  facts 
tend  to  demonstrate  that  the  longitudinal  sculpture  in  these  forms 
is  in  a  retrocessional  condition  and  that  therefore,  not  as  Hyatt 
assumes  the  purely  annulated  forms  precede  in  this  family  those 

with  both  transverse  and  longitudinal  markings,  but  that  also  phy- 
logenetically.  as  in  the  ontogeny  of  the  forms  mentioned,  a  group  of 
forms  with  purely  longitudinal  sculpture  preceded  the  annulated  and 

frilled  forms,  at  least  of  this  one  branch  of  species.  The  inter- 
esting ancestors  with  longitudinal  sculpture  only,  would  have  to 

be  sought  in  the  lower  Beekmantown  beds  which  thus  far  have  not 

furnished  any  fossils.  In  a  long  series  of  forms  extending  from  the 

Champlainic  to  the  Carboniferous  the  longitudinal  sculpture  mark- 

ings 'persist  upon  the  annulations  into  the  ephebic  state.  For  these 
the  generic  term  Spyroceras  has  been  proposed  by  Hyatt  while  in 
others  the  annulations  following  upon  the  longitudinal  ridges 
disappear  again  before  ephebic  age  is  reached  (Kionoceras). 
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The  development  and  repression  of  the  longitudinal  ridges  before 
that  of  the  annulations  already  in  early  Beekmantown  time,  hence 
near  the  very  starting  point  of  the  whole  class  of  Cephalopoda  is  an 
interesting  illustration  of  the  principle  that  types  are  evolved  more 
quickly  and  changes  take  place  more  rapidly  near  the  point  of  origin 
of  a  stock  of  organisms  than  at  any  later  period  of  their  existence. 

Smooth,  fluted  and  annulated  conchs  appear  in  the  oldest  cephalo- 
podiferous  beds  known  to  us,  and  the  faster  or  slower  suppression 
of  the  successive  stages  together  with  the  reappearance  of  the  earliest 
characters  in  reversed  order  in  the  phylogerontic  condition  of  the 
class  supply  all  the  variety  of  sculptural  modification  of  the  later 
forms  without  the  addition  of  any  new  essential  element. 

In  view  of  this  much  accelerated  development  of  the  annulated 

cephalopods  we  doubt  that  the  divisions  proposed  by  Hyatt 

and  based  on  the  presence  or  absence,  continuity  or  discon- 
tinuity of  the  longitudinal  ridges  can  be  maintained.  The  case  of 

the  species  here  under  discussion  can  be  cited  as  a  very  instructive 
example.  Orthoceras  lamarcki  is  cited  by  Hyatt  as  a  type 

of  his  genus  Protocycloceras  which  comprises  "  annulated  ortho- 
ceracones  and  cyrtoceracones  without  longitudinal  ridges  "  while 
another  presumably  phylogenetically  successive  genus  Cycloceras  is 

proposed  for  "  annulated  orthoceracones  and  cyrtoceracones  with  dis- 
continuous longitudinal  ridges."  Forms  with  annulations  and  con- 

tinuous longitudinal  ridges,  either  in  early  or  ephebic  stages  are  put 
even  under  a  different  family,  the  Kionoceratidae.  We  find  now 

however  that  this  type  of  the  genus  Protocycloceras  not  only  does 

not  fail  to  be  without  any  longitudinal  ridges  —  as  the  definition  of 
Protocycloceras  requires  —  but  has  them  even  continuous  and  would 
hence  also  have  to  be  excluded  from  Cycloceras  and  from  the 
whole  family  Cycloceratidae.  We  believe  therefore  that  the  generic 
distinctions  of  the  Cycloceratidae  and  Kionoceratidae  here  involved 
are  based  too  largely  on  theoretic  considerations  to  be  maintainable. 

If  Protocycloceras  lamarcki  is  not  so  primitive  in  its 
surface  sculpture  as  Hyatt  supposed,  it  still  shows  its  primitive  nature 
corresponding  to  its  very  early  appearance  in  the  structure  of  its 
siphimcle ;  for  the  septal  necks  are  not  as  in  all  later  annulated  forms, 
or  orthoceratites  generally,  short  and  incomplete,  but  complete  and 
extending  from  one  septum  to  the  plane  of  the  preceding  one, 
a  feature  only  found  in  the  earliest  growth  stages  of  the  later 
forms,  and  in  the  ephebic  stage  of  such  primitive  forms  as 

Nanno.     These  funnels  grow  first  toward  the  interior  of  the  si- 
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phuncle  and  then  again  outward  thus  producing  contractions  of  the 
siphuncular  space  between  the  septa.  The  siphuncular  segments  or 
an  endosipholining  however  covers  these  funnels  in  such  a  way  as 

to  leave  a  perfectlv  cylindric  lumen  of  the  siphuncle  [see  text  fig. 
iSl- 

Hyatt  has  placed  his  genus  Protocycloceras  under  the  suborder 

Orthochoanites  (with  the  Cycloceratidae).  If  the  above  stated  ob- 
servation of  the  structure  of  the  ectosiphuncle  of  P  .  1  a  m  a  r  c  k  i 

is  correct,  that  form  is  to  be  referred  to  the  Holochoanites  and  to 
be  considered  as  an  annulated  endoceratid.  Since  we  have  found 

exactly  the  same  condition  of  the  siphuncle  in  other  annulated  forms 
from  the  Beekmantown  described  below  as  P  .  w  h  i  t  f  i  e  1  d  i  we 

have  no  doubt  that  the  endoceratid  condition  of  the  ectosiphuncle 

still  prevailed  among  these  early  annulated  forms  ;  but  that  the 
formation  of  endosiphosheaths  had  already  ceased  among  them. 

We  have  then  before  us  the  alternative  of  either  referring  these 

forms  to  Endoceras  which  according  to  Hyatt's  definition  embraces 
M  smooth  and  annulated  orthoceracones  "  and  to  let  the  genus  Pro- 

tocycloceras stand  for  orthochoanitic  forms  still  to  be  discovered  or 

since  P  .  lamarcki  has  expressly  been  pointed  out  as  the  type 

of  that  genus  to  alter  the  definition  of  the  latter  to  suit  the  type  speci- 
men and  other  obviously  closely  related  species  and  thus  transfer  the 

term  Protocycloceras  to  the  annulated  Endoceratidae.  We  would 

propose  the  latter  procedure  as  the  one  least  liable  to  create  con- 
fusion. 

Protocycloceras  lamarcki  Billings  (sp.) 
Plate  15,  figure  1-6;  plate  16,  figure  1,  2 

Orthoceras    lamarcki    Billings.     Can.  Nat.  &  Gcol.    1859.    4 1362, 
fig-  f,  g- 

Orthoceras    lamarcki  Billings.     Geol.  of  Can.  Pal.  Foss.  1865. 
1:255,  347,  fig.  336. 

Protocycloceras   lamarcki   Hyatt.    In  Zittel-Eastman.  Text-book 
of  Palaeontology.    19CO.    1  1518. 

Annulated  orthoceratites  appear  already  in  rocks  of  the  Spelman 

ledge  at  Beekmantown  which  belongs  to  Seely's  D  of  the  Beek- 
mantown formation.  Unfortunately  only  sculpture  casts  are  re- 

tained in  the  crusts  of  friable  sand  which  are  left  after  weathering 

of  the  dolomite,  while  the  latter  in  its  fresh  state  though  extremely 
hard  and  brittle  shows  but  faint  traces  of  these  cephalopod  remains. 
The  specimens  found  belong  all  to  middle  sized  individuals. 

In  the  subcircular  section,  rate  of  expansion  (about  I  mm  in  20 

mm)  and  slight  curvature  of  the  conch,  the  character  of  the  annu- 
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lations  (which  are  concentric,  prominent  narrow  ridges  separated 
by  concave  transverse  interspaces,  twice  the  width  of  the  ridges), 
their  closeness  of  arrangement  (8  in  20  mm  where  the  width  of  the 
conch  is  8  mm;  7  where  it  is  10  mm  and  6  in  the  same  space  where 

it  is  13  mm),  they  fully  agree  with  the  figure  and  description  of 

O  .  lamarcki  as  furnished  by  Billings.  A  conclusive  identifica- 
tion of  these  specimens  whose  septa  and  siphuncle  are  unknown  is 

however  impossible. 
Better  material  of  a  form  which  is  identical  in  external  characters 

has  been  secured  in  the  uppermost  beds  of  Beekmantown  age  ex- 
posed at  the  Valcour  shore  south  of  Plattsburg.  These  beds  are 

equivalent  to  the  Fort  Cassin  beds  of  Vermont.  The  specimens 

obtained  there  [see  pi.  15,  fig.  2-5]  retain  the  septa  as  well  as  the 
siphuncle  and  have  furnished  a  basis  for  the  following  description 
of  the  species. 

Description.  Conch  of  but  moderate  size  (greatest  length  ob- 
served 120  mm.  greatest  width  observed  25  mm),  very  slightly 

relative  distance  of  the  annulations  increase  slightly  toward 
the  aperture  (the  latter  more  than  the  former)  ;  the  average 

width  is  about  1  mm  and  that  of  the  concave  interspaces  a  little 

more ;  there  being  9  in  the  space  of  20  mm  where  the  diameter  is 

8  mm  and  but  4  within  the  same  space  in  the  widest  specimen  ob- 
served. The  surface  ornamentation  of  the  adult  conchs  has  not  been 

distinctly  discerned  but  seems  to  have  consisted,  on  the  interspaces 
at  least,  of  transverse  lines. 

Siphuncle  with  fusiform  segments ;  large  (averaging  one  third 
the  width  of  the  conch),  propiocentren,  more  excentric  in  the 
ephebic  conch  than  in  the  preceding  stages,  being  finally  distinctly 

Fig.  15  Protocyclo- ceras  lamarcki 
Billings  (sp.)  Longi- tudinal section.  Nat- 

ural size 

curved  (the  hight  of  the  arch  formed  by  a  frag- 
ment 58  mm  long  is  but  2  mm),  the  curvature 

apparently  somewhat  increasing  toward  the  ma- 
ture part  of  the  conch ;  very  gradually  expanding 

(within  50  mm  from  a  diameter  of  8  mm  to  one 

of  11  mm,  or  not  quite  1  mm  in  20  mm)  ;  cross- 
section  subcircular.  Surface  in  the  apical  part 
provided  with  sharp  longitudinal  lines  which  in 
more  advanced  stages  of  the  conch  are  replaced 

by  annulations.  These  increase  in  strength  to 
the  ephebic  conch  where  they  are  prominent, 
narrowly  rounded  ridges  which  pass  straight 
transversely  around  the  shell.    The  width  and 
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dorsocentren  (situated  just  dorsad  of  the  center  or  towards  the  con- 
cave side  of  the  conch).    Xo  regular  deposits  observed. 

The  cameras  are  shallow,  the  sutures  regularly  transverse.  The 
septa  show  approximately  the  same  closeness  of  arrangement  as  the 
annulations  and  the  same  relation  to  the  width  of  the  conch. 

Position  and  localities.  Xot  infrequent  in  the  dolomite  beds  be- 
longing to  D  of  the  Beekmantown  formation  at  the  Spelman  ledge 

near  Beekmantown  and  in  A3  of  the  Valcour  shore  section  which 
corresponds  to  a  part  of  the  Fort  Cassin  beds.  Billings  records  this 
form  as  occurring  in  the  calciferous  sandrock  of  the  Mingan  islands, 
the  township  of  Godmanchester,  counties  of  Leeds  and  Granville ;  in 
forms  referred  with  some  doubt  to  this  species  from  various  localities 

in  Newfoundland,  namely  Cape  Norman,  divi- 
sion G;  Pistolet  bay  on  Schooner  island,  in  di- 

vision H ;  and  at  the  river  of  Ponds  in  G. 

Divisions  G  and  H  are  supposed  to  represent  the 

upper  part  of  the  formation  in  Newfoundland.     Fig.  .6  Protocycio- _ 1         1  ceras  lamarcki 
Billings  states  in  regard  to  these  Newfoundland       Billing  (sp.)  Trans- "  °  verse  section,    x  T90 
specimens  [p.  255]  that  they  agree  with  his 
types  of  O.  la  m  a  r  c  k  i  in  all  surface  characters  and  the  rate  of 

tapering  but  that  the  majority  of  the  specimens  possess  a  somewhat 

narrower  siphuncle  which  is  only  *4  the  width  of  the  conch;  some 
siphuncles  however  also  attaining  the  full  width  of  the  typical  speci- 

mens. On  the  Mingan  islands  the  species  is  recorded  to  be  found  in 

a  limestone  intervening  between  the  typical  Calciferous  sandrock 
and  the  overlying  Chazy.  It  seems  therefore  that  this  species  may 
range  through  the  entire  upper  Beekmantown  formation. 

Protocycloceras  whitfieldi  sp.  now 
Piate  15,  figure  7 

O  r  t  h  o  c  e  r  a  s   b  i  1  i  n  e  a  t  u  m   Whitfield.    Am.  Mus.  Nat.  Hist.  Bui. 
1890.    v.  3,  pl.  2,  fig.  5 

Professor  Whitfield  has  referred  a  closely  annulated  cephalopod 
from  the  Fort  Cassin  beds  to  the  Black  river  species  O  .  b  i  1  i  n  - 
eat  urn,  arguing  that  a  comparison  of  the  Fort  Cassin  material 
with  the  forms  from  Watertown  (Black  river)  and  from  the  dove- 
colored  limestone  of  Isle  La  Motte  (Chazy)  has  not  furnished  any 
criteria  by  which  they  can  be  distinguished.  Such  a  forcing  of  forms 
of  the  Beekmantown,  Chazy  and  Trenton  formations  into  one  species 
is  however  only  possible  on  the  assumption  of  extreme  variability 
on  the  part  of  that  species;  and  this  indeed  is  claimed  by  that  emi- 
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nent  author.  Our  own  observations  do  not  warrant  such  con- 

servatism but  demonstrate  the  Fort  Cassin,  as  well  as  the  annu- 
lated  Isle  La  Motte  types  to  be  different  from  O  .  b  i  1  i  n  e  a  t  u  fn  . 

As  a  matter  of  fact  they  even  belong  to  different  genera.  In  describ- 
ing here  the  Fort  Cassin  form  as  new  we  take  particular  pleasure 

in  naming  it  after  Prof.  Whitfield,  who  has  so 

carefully  described  and  figured  the  Fort  Cassin 
fauna. 

Description.    Slender  orthoceracone  of  rather 

small  size.   The  specimen  figured  by  Prof.  Whit- 

field has  a  length  of  84  mm,  but  lacks  living- 
chamber  and  apical  portion  and  indicates  an 
original  length  of  the  individual,  at  least  three 
times  that  of  the  fragment.    The  greatest  width 
of  the  fragment  is  25  mm.    The  rate  of  growth 

of  the  conch  is  very  small,  1  mm 
in  12  or  13  mm.    The  section  is 

.CJ^;  circular.    The  outer  wall  possesses concentric  annulations  which  are 

mostly  rather  oblique  or  undulat- 
/  ing,  in  exfoliated  specimens  they 

(  appear   as    ridges    with  rounded 

edges,  but  on  the  surface  the}-  were 
more  sharply  elevated  and  angular. 
They  are  closely  arranged,  exactly 
corresponding  in   interval  to  the 
depth  of  the  chambers,  the  sutures 
falling  into  the  interspaces,  which 

are  of  equal  width  with  the  ridges  and  uniformly  concave.  There 

are  5  of  these  annulations  in  the  space  of  20  mm,  where  the  diam- 
eter of  the  conch  is  approximately  20  mm. 

The  cameras  are  very  shallow,  there  being  counted  5-6  in  the  space 
of  20  mm,  the  sutures  pass  obliquely  or  undulating  around,  the 
same  as  the  annulations;  the  septa  are  fiat,  their  depth  mostly  not 
icaching  and  never  surpassing  that  of  the  cameras.  The  living 
chamber  has  not  been  observed.  The  siphuncle  is  large,  one  third 

the  width  of  the  conch,  tubular  and  situated  slightly  excentrically  in 
such  a  way  that  its  inner  margin  coincides  approximately  with  the 
axis  of  the  conch  [see  text  fig.  17]. 

The  surface  on  the  fragments  observed  is  marked  with  fine  en- 
circling lines  only  and  lacks  longitudinal  ridges. 

Position  and  locality.    In  the  Fort  Cassin  beds  at  Fort  Cassin. 

Fi Protocycloceras  whit- 
sp.  nov.  Longitudinal  section. 

Natural  size.  Fig.  17/*  Enlargement  of 
the  ectosiphuncle  of  the  same.  X3 

eld 
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Observations.  The  large  size  of  the  siphuncle  marks  this 
species  as  one  of  the  very  primitive  forms  of  the  Cycloceratidae 
for  whose  reception  Hyatt  has  erected  the  genus  Protocycloceras. 

From  Spyroceras  bilineatum  this  form  is  readily  distin- 
guished by  its  greater  siphuncle  and  the  absence  of  the  longitudinal 

surface  sculpture. 

Protocycloceras  (?)  cf.  furtivum,  Billings  (sp.) 
Plate  16,  figure  3 

Orthoceras    furtivum    Billings.    Geol.  of  Can.  Pal.  Foss.  1865. 
1:348,  fig.  337 

There  occurs  at  the  Spelman  ledge,  in  Beekmantown  formation  D, 
another  type  of  annulated  conchs,  in  which  the  annulations  do  not 

pass  straight  transverse,  but  obliquely  around  the  conch.  It  agrees 
in  this  character  and  the  somewhat  wider  intervals  between  the 

annulations  (7  in  20  mm,  where  the  conch  has  a  width  of  8  mm), 
with  the  above  cited  Beekmantown  form,  described  by  Billings,  to 
which  we  refer  it  here  with  doubt,  owing  to  our  failure  to  observe 
either  septa  or  siphuncle.  In  P.  (  ?  )  furtivum,  the  siphuncle 
is  described  as  tubular  and  in  contact  with  the  conch ;  the  septa 

are  unknown.  The  only  specimen  on  which  Billings  based  his  de- 
scription came  from  the  Beekmantown  beds,  exposed  in  the  rock 

cutting  of  the  Brockville  &  Ottawa  Railway  in  the  township  of 
Kitley. 

Family  kionoceratidab 

Genus  spyroceras  Hyatt 

Spyroceras  clintoni  Miller  (sp.) 
Plate  14,  figure  4  ;  plate  16,  figure  5-7 

Orthoceras  s  u  bare  u  at  urn   Hall.    Pal.  N.  Y.    1847.    v.  1:34,  pi. 
7,  fig.  3  (lower  part  of  drawing) 

Orthoceras   s  11  b  a  r  c  11  a  t  11  ra    Billings.    Can.  Nat.  &  Geol.  1859. 

4:461 
Orthoceras   clintoni   Miller.    Am.  Pal.    1877.    P-  2^4 

Hall  was  the  first  to  describe  the  common  annulated  cephalopod 
from  the  Chazy  rocks  here  under  consideration.  Unfortunately  his 
type  specimen  which  is  at  present  in  the  American  Museum  of 

Natural  History  is  composed  of  fragments  of  two  different  species ; 
for  an  inspection  of  the  same  after  it  had  been  taken  out  of  its 

plaster  packing  revealed  the  fact  that  the  anterior  part  is  a  frag- 
ment of  a  strongly  annulated  arcuate  form  while  the  posterior  one 

belongs  to  a  smooth  straight  form.  The  two  fragments  do  not  fit 

together  properly.  We  have  for  this  reason  redrawn  this  composite 
original  specimen  [pi.  14,  fig.  4]. 
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It  is  evident  that  Hall  wrote  his  brief  description  mainly  from 
the  anterior  fragment  while  the  draftsman  extended  the  surface  and 

septal  characters  of  the  posterior  smaller  fragment  to  the  whole  speci- 
men. As  a  result  of  these  different  viewpoints  the  description  and 

figure  disagree. 
Only  the  anterior  annulated  fragment  can  be  regarded  as  the  type, 

the  other  fragment  belonging  to  Loxoceras  monilif  or  m  e  . 
To  increase  the  troubles  of  this  species  S.  A.  Miller  in  1877 

pointed  out  that  Hall's  name  was  preoccupied  and  substituted  in 
its  place  the  rather  undesirable  name  Orthoceras  clintoni, 
which  however  has  to  stand. 

Hall  describes  the  species  as  follows : 

Cylindrical  gradually  tapering,  slightly  arcuated,  marked  by 
angular  ridges  which  are  equidistant  and  alternating  with  the  septa ; 
surface  of  shell  smooth?;  septa  distant  from  one  fourth  to  one  fifth 

the  diameter;  siphuncle  not  visible. 

As  position  and  locality  are  given  the  "  central  dark  limestone, 
associated  with  Maclurea  magna  at  Chazy,  Clinton  co." 

Billings  records  the  form  from  the  Chazy  on  the  island  of  Mon- 

treal and  near  Cornwall,  adding  "  the  surface  characters  are  not 
well  known,  but  one  of  the  specimens  exhibits  the  siphuncle  which 
is  strongly  moniliform,  and  situated  halfway  between  the  center 

and  the  outside.    All  the  specimens  that  I  have  seen  are  curved  ". 
From  our  own  material  we  are  able  to  give  the  following  addi- 

tional data : 

The  size  attained  by  this  species  in  the  Champlain  basin  has  been 
considerable.  We  have  obtained  at  Yalcour  (B3)  an  incomplete 
specimen  which  has  a  length  of  57  cm  and  a  greatest  width  of 
75  mm.  Its  living  chamber  is  22  cm  long.  The  aperture  of 
this  specimen  is  straight.  The  curvature  is  irregular  and  the  initial 
fourth  is  as  a  whole  curved  more  strongly  than  the  later  portions  of 

the  shell  and  often  bends  somewhat  abruptly  in  one  place,  the  pre- 
ceding and  following  portions  of  the  conch  being  less  curved.  In 

the  large  specimen  mentioned  above  the  arc  attains  a  hight  of  not 
moie  than  10  mm.  The  rate  of  growth  of  the  conch  is  small,  but 

increasing  gradually.  Where  the  width  of  the  conch  is  15  mm,  it  is 
only  1  :20 ;  where  the  conch  has  expanded  to  36  mm  it  is  as  1  \y.  The 

surface  sculpture  is  also  variable;  the  apical  portion  bears  nothing 

but  sharp  longitudinal  striae  as  in  most  other  annulated  forms.1 

1  We  have  not  observed  any  specimen  with  the  transition  from  the  .non- 
annnlated  longitudinal  sculpture  to  the  annulated  but  the  fact  that  near  Little 
Monty  bay  where  S.  clintoni  occurs  very  freely  and  is  the  only  annulated 
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These  are  increased  by  interplantation  and  are,  with  the  exception  of 
a  few  intercalated  smaller  ones,  all  sharply  elevated  and  of  uniform 
size.  There  are  about  six  of  them 

in  the  space  of  3  mm.  They  are 
continuous  over  the  edges  of  the 
annulations  as  stated  by  Billings. 

In  very  well  preserved  specimens 
there  are  about  10  in  the  space  of 
one  line  as  noted  by  Billings  but 
these  are  so  fine  that  they  are 

hardly  noticeable  to  the  naked  eye 
while  lines  about  1  mm  distant 

from  each  other  are  so  prominent 

that  they  alone  appear  to  consti- 
tute the  longitudinal  sculpture  of 

the  conch.  It  is  quite  apparent  that 
the  characters  of  the  longitudinal 
lines  are  variable  in  different 

growth  stages  of  the  conch.  The 
annulations  are  rounded  in  our 

specimens  as  they  were  described 

by  Billings  though  they  often  ap- 
pear acute  in  natural  sections  on 

account  of  the  obliquity  of  the  lat- 
ter. In  old  age  they  become  rela- 

tively low  and  indistinct.  The 

interspace  is  always  uniformly  con- 
cave. The  annulations  and  septa 

correspond  in  arrangement. 
The  cameras  are  shallow  ;  where 

the  conch  is  15  mm  wide  there  are 
counted  y/2  of  them  in  the  space  of 
10  mm  ;  where  the  conch  has  grown 

to  a  diameter  of  55  mm  the  cam- 
eras are  8  mm  deep.  The  septa  are 

shallow,  at  the  former  place  their 
depth  is  half  that  of  the  cameras, 
at  the  latter  place  it  is  equal  to  that 
of  ij/2  cameras. 

form  observed,  it  is  associated  with  small  longitudinally  striated  conchs 
[see  pi.  16,  fig.  7],  which  in  the  other  specific  characters  fully  agree  with  this 
species,  appears  to  us  as  fair  evidence  of  the  nonannulatcd  character  of  the 
earliest  stages  of  the  conch. 

Spyroceras  clintoni  Mil- 
ler (sp.)'  Natural  section,    x  \ 



448 
NEW  YORK  STATE  MUSEUM 

The  living  chamber  is  large,  about  one  third  the  length  of  the 
entire  conch. 

The  siphuncle  is  small,  about  2.5  mm  wide  where  the  conch  is 
15  mm;  somewhat  variable  in  its  position  between  the  center  and 
the  convex  (ventral  ?)  side  of  the  shell  but  mostly  ventrocentren 
and  notably  so  in  the  mature  part  of  the  shell ;  inflated  to  not  quite 
double  its  width  in  an  oblique  direction  [see  pi.  16,  fig.  5  and  text 

fig.  18]. 
Position  and  localities.  In  the  lower  Chazv  (B-  and  B3  of 

Valcour  section)  near  Chazv  and  on  Yalcour  island  ;  especially  com- 
mon in  the  dove-colored  limestone  of  Little  Monty  Bay,  Isle  La 

Motte  and  Yalcour. 

Observations.  Billings  has  compared  his  species  with  Ortho- 
c  e  r  a  s  anellus,  a  Trenton  form  with  angular  sharp  annulations 

but  also  angular  interspaces.  Two  other  species  with  similar  annula- 
tions have  been  described  by  Billings  himself,  viz,  O.balteatum 

and  O  .  perannulatum,  both  from  the  Lower  Siluric  of  Anti- 
costi  [1857.  p.  318,  319].  But  neither  of  these  is  figured  and  the  de- 

scriptions given  are  insufficient  for  closer  comparison. 
\Ye  have  long  doubted  whether  this  form  should  not  be  properly 

united  with  the  species  described  by  Billings  as  O  .  maro  from 

the  Chazv  of  the  Mingan  islands.1  which  name  would  then  have 

precedence  over  Miller's  substitute  for  O  .  subarcuatu  m  ;  and 
indeed  we  know  that  geologists  who  have  collected  and  .studied 
the  faunas  of  the  Chazy  of  the  Champlain  basin  have  unhesitatingly 

referred  all  their  curved  annulated  shells  to  O  .  maro,  natu- 

rally not  being  aware  that  Hall's  incorrect  drawing  of  O  .  s  u  b  - 
arena  turn  has  just  such  an  annulated  form  as  a  partial  basis. 
Careful  comparisons  of  the  measurements  of  the  depth  of  the 
cameras,  distance  and  hight  of  annulations,  convexity  of  septa  and 

amount  of  curvature  between  my  own  material,  Hall's  type  and 
Billings's  types  of  O.  maro  have  demonstrated  that  these  meas- 

urements would  not  bring  out  sufficient  differences  for  a  specific  dis- 
tinction but  that  a  difference  which  at  present  can  not  be  neglected 

is  found  in  the  position  and  character  of  the  siphuncle.  The  lat- 
ter, in  (  ).  m  a  r  o  is  situated  near  the  center  but  in  Spyrpceras 

cl  i  n  t  oni  though  somewhat  variable,  nearer  to  the  convex 
margin  and  in  mature  specimens  directly  submarginal ;  in  the 
former  species  I  have  also  found  it  to  be  narrower  and  with  but 

slightly  inflated  segments  while  in  S  .  c  1  i  n  t  o  n  i  the  segments 
are  nummuloidal. 

1  Can.  Nat.  &  Geol.    1859.  4:461. 
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Billings  himself  distinguished  in  the  above  cited  publication  be- 
tween the  two  species  though  I  am  not  certain  that  the  form  which 

he  considers  there  as  O  .  subarcuatum  is  indeed  referable  to 

that  species  since  Hall's  drawings  and  descriptions  would  give,  with- 
out recourse  to  the  original  specimen,  a  wrong  conception  of  the 

species. 
Spyroceras  bilineatum  Hall  (sp.) 

Orthoceras  bilineatum  Hall.    Pal.  N.  Y.    1847.    1  -2oo 

This  species  is  cited  here,  because  it  has  been  repeatedly  recorded 
as  occurring  in  the  Beekmantown  and  Chazy  rocks.  Hall  figured 

a  specimen  referred  to  this  Trenton  species  among  the  Chazy 

forms  [/.  c.  pi.  17,  fig.  4,  4a],  stating  that  it  was  given  to  him 
by  Dr  Emmons  as  coming  from  the  Calciferous  sandstone  of  a 

locality  six  miles  east  of  Albany  (Rysedorph  hill),  but  was  recog- 
nized by  him  to  be  a  Trenton  form. 

Billings  has  also  cited  Orthoceras  bilineatum  as  occur- 
ring in  the  Chazy  at  Alingan  (and  also  in  the  Black  river  limestone 

and  Hudson  river  group  of  Canada1)  and  Whitfield2  has  described 
and  figured  a  Fort  Cassin  form  as  O  .  bilineatum  Hall.  The 

latter  is  described  here  as  a  new  species  (Protocycloceras 

whitfieldi).  We  have  not  found  any  annulated  orthocera- 
cones  in  either  the  Beekmantown  or  Chazy  formation  which  could 

be  properly  identified  with  the  well  known  Trenton  form  S  .  bili- 
neatum. 

Genus  Orygoceras  gen.  now 

Etymology:  Oryx,  an  antelope  ;  ceras  horn 

Orthoceracones  with  subcircular  to  depressed  oval  section ;  in- 
ternally annulated  and  externally  smooth  shell ;  empty,  tubular, 

orthochoanitic  siphuncle  which  is  situated  outside  of  center. 

Genotype  :    Orygoceras  cornu  -  or  y  x   Whitfield  (sp.) 
Inability  to  refer  Whitfiela s  species  Orthoceras  cornu- 

oryx  from  the  Fort  Cassin  beds  to  any  of  the  genera  of  ortho- 
ceracones enunciated  by  Hyatt  in  his  elaborate  system  of  fossil  Ceph- 

alopoda, or  even  to  any  of  the  families  which  comprise  the  orthocera- 
conic  forms,  as  the  Endoceratidae,  Orthoceratidae  and  Cyclocera- 
tidae  has  compelled  us  to  propose  a  new  genus  for  the  reception  of 
this  most  peculiar  form. 

The  orthochoanitic  character  of  the  siphuncle  will  prohibit  a  ref- 
erence to  the  first  named  family,  the  marginal  position  of  the  si- 

phuncle and  internal  annulations  dismiss  the  form  from  the  Ortho- 

1  Can.  Nat.  &  Geol.    1859.  4:462. 
2  Am.  Mus.  Nat.  Hist.  Bui.    1890.    3:35,  pi.  2,  fig.  5. 
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ceratidae  and  the  scope  of  none  of  the  genera  of  the  Cycloceratidae 
could  be  extended  wide  enough  to  receive  the  species  in  question. 
Nor  are  we  at  all  sure  that  the  family  Cycloceratidae  will  be  the 
proper  receptacle  for  this  genus,  in  view  of  the  marginal  position  of 

the  small  orthochoanitic  siphuncle  and  the  character  of  the  annula- 
tions,  and  consider  it  possible  that  it  may  be  a  primitive  member  of 
the  Tarphyceratidae.  Under  the  latter  caption  it  is  stated  by  Hyatt 

[Zittel-Eastman,  p.  519],  "  Orthoceracones  represented  by  genera  at 
present  undescribed ".  This  may  be  one  of  these  hitherto  unde- 
scribed  genera. 

The  appearance  of  costae  in  several  forms  of  the  Tarphyceratidae, 
which  leads  to  the  annular  costae  of  the  Plectoceratidae  may  be  in 
line  with  the  annulations  of  the  shell  here  under  consideration.  The 

placing  of  Orygoceras  with  the  Cycloceratidae  is  for  these  reasons 

only  provisional. 
The  peculiar  restriction  of  the  annulation  to  the  inner  side  of  the 

outer  wall  of  the  shell  is  more  fully  described  under  the  type  species. 
Its  bearing  upon  the  explanation  of  the  probable  origin  of  annulation 

in  the  cephalopod  shell  will  be  discussed  in  a  later  paper.  The  struc- 
ture of  the  siphuncular  wall  shows  this  genus  to  belong  to  the 

Orthochoanites.  The  wall  like  that  of  the  Orthoceratidae  is  com- 
posed of  short  straight  septal  necks  and  connecting  sheaths. 

Orygoceras  cornu-oryx  Whitfield  (sp.) 
Plate  14,  figure  5-8 

Orthoceras   cornu-oryx   Whitfield.    Amer.  Mus.  Nat.  Hist.  Bui. 
1886.    1:320,  pi.  27,  fig.  1,  2,  6 

Description.  Short,  stout  orthoceracone,  attaining  a  length  of 

60+mm  expanding  at  the  rate  of  I  mm  in  5-7  mm  and  attaining  a 
greatest  width  of  20  mm.  Section  of  conch  depressed,  elliptic  (the 
minor  and  major  diameters  in  the  ratio  of  6  7),  but  sometimes  nearly 

circular.  Outer  shell  thick ;  smooth  exteriorly  but  provided  with  in- 
ternal ringlikc  thickenings  which  give  to  the  casts  an  annulated 

appearance;  the  apparent  annuli  increase  in  strength  in  apertural 
direction,  are  broad,  flat  and  little  elevated  and  separated  by  about 

equally  broad  flat  depressions  ;  their  width  increases  from  2.5  to  3.5 

mm  in  the  specimens  investigated.  Living  chamber  large,  about  one 

third  the  length  of  the  whole  conch.  Aperture  as  a  rule  straight, 

transverse.  Cameras  very  shallow,  there  being  7  in  the  space  of  10 

mm  in  the  apical  phragmocone  and  5  in  the  mature  portion;  sutures 

sightly  undulating,  with  broad  shallow  lateral  saddles  and  a  similar 

antisiphonal  lobe.    Septa  little  convex,  their  depth  about  twice  that 
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of  the  cameras.  Surface  smooth,  internal  surface  of  outer  wall 

marked  with  fine  engirdling  lines. 
Position  and  localities.  Frequent  in  the  Fort  Cassin  beds  at 

Fort  Cassin;  rare  in  the  same  beds  at  Valcour  N.  Y.  (A3  of 
section). 

Observations.    This  species  is  one  of  great  mor- 
phologic and  phylogenetic  interest  in  many  respects. 

The  most  important  of  these  is  the  presence  of  in- 
terior  annulations    (or   constrictions)    upon  the 

conch  which  have  not  yet  had  any  effect 

upon  the  outer  side  of  the  conch,  the  lat- 
ter showing  only  in  exceptional  cases, 

faint  transverse  elevations  upon  the  liv-       19  20 

ing  chamber  [see  fig.  7,  8].    These  in-  w°^fs°^ns^/e™; 
ternal  constrictions  have  been  mistaken  f^^^J^J^ 
by  Whitfield  for  external  annulations  of 
the  conch  and  the  species  described  as  strongly  annulated.  The  form 
of  the  supposed  annulations  as  they  appear  upon  the  inner  cast  of 

the  conch  is  however  greatly  different  from  that  of  the  true  annu- 
lations of  most  orthoceratites  and  has  led  to  the  specific  name. 

Note  on  the    nautilicones   of  the  Beekmantown  and  Chazy 
formations 

Professor  Whitfield  has  described  among  the  Fort  Cassin  fossils 

two  species  of  Nautilus,  viz,  Nautilus  k  e  1 1  o  g  g  i  and  N  .  ? 
champlainensis  .  Since  we  have  a  considerable  number  of 
specimens  from  the  Valcour  outcrops,  which  clearly  fall  within  the 
boundaries  of  these  species,  we  have  to  occupy  ourselves  with  the 

vicissitudes  of  the  latter.  Schroder  pointed  out  soon  after  the  pub- 
lication of  the  species  [1891,  p.  27]  that  the  original  description 

and  the  drawings  of  the  first  named  one  do  not  agree  with  each 
other  and  that  it  is  to  be  inferred  that  specimens  which  have  not 
been  figured  were  used  for  the  description.  Since  the  former  of 

these  drawings  [I.e.  pi.  30,  fig.  1]  which  represents  a  large  and 
perfect  specimen  is  designated  as  illustrating  the  type  specimen 
in  the  explanation  of  the  plate,  the  other  two  have  to  be  considered 

as  belonging  to  another  species.  They  have  been  made  by  Hyatt 
the  types  of  his  new  species  Eury stomites  rotundus 

[1894,  p.  443].  In  the  last  cited  work  there  is  described  still  a 
third  form,  viz,  Eu  ry  stomites  virginianus  as  probably 

comprised  by  Whitfield's  original  description,  but  as  not  being 
figured  by  him.  We  have  therefore  altogether  probably  three 
species  in  the  Fort  Cassin  beds  which  were  originally  described 
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as  Nautilus  k  e  1 1  o  g  g  i  ,  viz  :  Eurystomites  k  e  1  - 

1  o  g  g  i  Whitfield  ( sp. ) ,  E  .  rotundus  Hyatt  and  E  .  v  i  r  g  i  n  i  - 
anus  Hyatt.  The  first  of  these  species  has  been  redescribed  by 
Schroder,  the  other  two  by  Hyatt.  They  are  all  three  referred 
to  or  can  be  said  to  constitute  at  present  the  genus  Eurystomites,. 

which  according  to  Schroder  has  the  following  diagnostic  char- 
acters (translated). 

Shell  completely  coiled  in  a  spiral.  Aperture  expanded,  with  a 
simple  hyponomic  sinus.    Sipho  centriventral  to  ventral. 

Nautilus?  c  h  a  m  p  1  a  i  n  e  n  s  i  s  was  also  referred  by  Schrod- 
er to  his  genus  Eurystomites,  but  has  been  brought  by  Hyatt  [1894, 

p.  435]  together  with  Lituites  seelyi  Whitfield,  another  Fort 

Cassin  form,  under  Tarphyceras,  while  Lituites  eatoni  Whit- 
field, which  was  referred  by  Schroder  to  Discoceras  has  been  made 

by  Hyatt  a  member  of  his  new  genus  Schroederoceras  and  Litu- 
ites internestriatus  Whitfield,  a  fourth  Fort  Cassin  species,, 

also  a  Discoceras  according  to  Schroder,  is  considered  by  Hyatt  a 
typical  Trocholites. 

Later  [1897,  p.  182]  Professor  Whitfield  described  still 
another  nautiliconic  form  from  Fort  Cassin,  viz,  N  .  p  e  f  k  i  n  s  i . 
This  differs  from  Tarphyceras  champlainense  only  in  the 
stronger  development  of  the  oblique  undulations  of  the  surface,  but 

agrees  with  it  in  all  other  important  characters.  - 
Of  these  genera  of  nautiliconic  forms  from  New  York  and  Ver- 

mont, Eurystomites  and  Tarphyceras  belong  to  the  family  Tar- 
phyceratidae.  This  is  characterized  by  the  compressed  oval  section, 
the  venter  of  which  is  narrower  than  the  dorsum  ;  the  smooth  or 

nearly  smooth  shell  and  the  empty  and  tubular  siphuncle,  which  is 
situated  ventrad  of  the  center.  The  genera  Schroederoceras  and 
Trocholites  are  brought  under  the  Trocholitidae,  which  are  described 
as  follows : 

As  a  rule  they  have  excessively  broad  volutions  with  reniform 
section,  and  an  impressed  zone  at  a  very  early  age;  the  siphuncle  is 
then  ventrad  of  the  center,  but  in  the  ephebic  stage  it  is  tubular  and 
dorsad  of  center. 

Since  the  original  descriptions  of  W  hitfield  were  partly  emended 

by  Schroder  and  greatly  enlarged  by  I  [yatt's  elaborate  investigation 
of  the  growth  stages,  based  upon  the  large  collection  of  the  United 
States  National  Museum,  we  can  restrict  ourselves  here  to  an  enum- 

eration —  with  a  few  supplementary  remarks  —  of  the  species  which 
have  been  identified  in  the  material  from  the  beds  at  Valconr. 

To  facilitate  the  understanding  of  the  somewhat  complicated 
generic  references  of  these  nautiliconic  forms,  we  insert  here  two 

synoptic  tables. 
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2    Synoptic  table  of  the  nautilicones  of  the  Chazy  formation  in  New 
York  and  Canada 

SPECIES  DESCRIBED 
BY  BILLINGS 

SPECIES  DESCRIBED  BY 
HYATT 

SPECIES  NOTED  IN  NEW  YORK 
BY  THE  AUTHOR 

Nautilus  natator.  . 

N.  tyrans 

Barrandeoceras  natator.. 
B.  minganense 

Plectoceras  jason  

Barrandeoceras  natator 

Tarphyceras  multicameratum 
Deltoceras  van  ingeni 
Plectoceras  jason 

Division  II.  PLECTOCERATIDA 

Family  tarphyceratidae 
Genus  barrandeoceras  Hyatt 

This  genus  has  been  diagnosed  in  the  Genera  of  Fossil  Cephalo- 
pods  [1884,  P-  299]  as  follows: 

Gyroceran  and  nautilian  shells  with  very  large  umbilical  perfora- 
tions, and  compressed,  slightly  costated  or  smooth  whorls,  generally 

without  an  impressed  zone,  though  this  is  sometimes  present.  The 
venter  is  narrower  than  the  dorsum,  the  siphon  near  but  above  the 
center,  septa  deeply  concave,  and  sutures  with  ventral  saddles,  lateral 
lobes  and  dorsal  saddles,  without  annular  lobes.  Type,  Barr. 
(Naut.)  natator  sp.  Bill.  Living  chamber  is  about  one  half 
of  a  volution  in  length  ;  it  is  about  three  fourths  of  a  volution  in 
length  in  the  type  species. 

Later  on  [1894]  it  has  been  added  that  the  lobation  here  described, 
is  only  found  in  forms  having  the  gyroceran  mode  of  coiling,  but 
not  in  those  which  have  the  closer  nautilian  form.  Since  we  are 

here  concerned  with  the  genotype  only,  which  is  a  gyroceran  form, 
we  need  not  enter  upon  these  variations  of  lobation. 

Barrandeoceras  natator  Billings  (sp.) 
Plates  1,2  and  33 

Nautilus  n  a  t  a  t  0  r  Billings.    Can.  Nat.    1859.    v.  4,  no.  6,  p.  466 
Barrandeoceras   natator  Hyatt.     Bost.  Soc.  Nat.  Hist.  Proc.  1884. 

22:299 

Barrandeoceras  natator  Hyatt.    Am.  Phil.  Soc.  Proc.  1894.  32:452 

Hyatt's  description  of  this  species,  which  contains  most  of  the 
essential  characters,  is  this  : 

This  species  has  volutions  compressed  oval  in  section,  the  dorsum 
somewhat  broader  than  the  venter;  siphuncle  is  extracentroventran, 
even  in  the  neanic  stage  ;  septa  deeply  concave  ;  sutures  with  dorsal 
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and  ventral  saddles  and  the  lateral  lobes  as  in  other  species  of  this 

genus. 
The  volutions  are  in  contact,  but  no  contact  furrow  was  formed 

at  any  age.  The  contact  takes  place  as  in  the  young  of  Estonio- 
ceras  perforatum  [fig.  9,  pi.  7]  on  the  venter  of  the  para- 
nepionic  volution. 

The  volution  in  the  neanic  stage,  dorsoventral  diameter  13  mm, 
has  a  much  narrower  venter  in  proportion  to  the  dorsum  than  in  the 
adult.  The  venter  was  rounded  at  all  stages  and  also  the  dorsum. 
The  ananeanic  and  nepionic  stage  were  not  present  in  the  original 
specimen  in  the  Museum  at  Ottawa,  but  in  following  out  the  same 
lines  it  is  easily  ascertained  that  the  umbilical  perforation  must  have 
been  enormous,  at  least  15-17  mm  in  diameter.  TheTiving  chamber 
was  somewhat  over  one  fourth  of  a  volution  in  length.  The  whole 
diameter  was  about  108  mm.  It  was  reported  as  having  been  found 
in  the  Chazy  limestone. 

A  large  gerontic  specimen  which  we  have  collected  on  the  east 

shore  of  Valcour  island,  in  the  dove-colored  Upper  Chazy  lime- 
stone, furnishes  the  following  additional  data. 

The  conch,  which  on  the  whole  seems  to  be  well  characterized  by 

Billings  in  being  described  as  "  discoid  planorbiform  is  composed 
of  not  more  than  four  volutions,  if  the  umbilicus  has  the  large  size 
inferred  by  Hyatt,  and  it  attains  a  diameter  of  165  mm  or  more. 

The  whorls  are  very  slender  and  gradually  expanding,  the  rate  of 

growth  being  1  :2.2  in  one  volution ;  the  dorsoventral  diameter  in- 
creasing from  10  mm  to  22  mm.  The  siphuncle  is  also  very  slender 

or  narrow  (1.4  mm  in  third  volution).  The  living  chamber  ap- 
parently reaches  one  half  of  a  volution  or  more,  and  becomes 

slightly  evolute  in  the  gerontic  growth  stage.  The  cameras  are 
shallow,  their  depth  being  4  mm  at  the  end  of  the  second  volution 
and  5.5  mm  at  the  end  of  the  third  volution ;  the  septa  are  very 
concave,  their  depth  equalling  that  of  Ij4  cameras. 

The  surface,  which  is  not  shown  in  the  type,  is  exposed  on  the 
third  and  fourth  volutions  of  our  specimen.  The  third  volution 
shows  strong  ribs  or  costae  like  those  of  Plectoceras ;  they  curve 
forward  on  the  sides  and  disappear  toward  the  end  of  the  third 
volution,  so  that  the  last  volution  possesses  fine  growth  lines  only. 

From  their  appearance  at  the  beginning  of  the  third  volution, 
there  is  no  doubt  that  the  second  volution  bore  also  ribs  on  its 

greater  part. 
From  Plectoceras  jason,  another  costated  nautiloid  of  the 

Chazy  rocks,  this  species  can  be  readily  distinguished  by  the  more 
slender  volutions,  the  gyroceran  form  of  involution,  the  volutions 

being  only  in  contact  and  the  earlier  cessation  of  costation ;  in  sec- 



45^  NEW   YORK  STATE  MUSEUM 

tions  by  the  different  position  and  smaller  size  of  the  siphuncle. 
The  early  appearance  and  disappearance  of  the  costation  on  the 
whorls  suggest  that  it  was  here  again  in  a  retrogressive  stage. 
Neither  the  type  nor  any  other  representative  of  the  species  has  as 
yet  been  figured ;  the  specimen  here  reproduced,  while  a  little  more 

imperfect  in  the  center  than  the  type  of  Billings's  and  Hyatt's  de- 
scriptions, is  more  perfect  otherwise  ;  and  we  have  no  doubt,  after  in- 

spection of  the  type  specimen  at  Ottawa  and  the  observation  of 
complete  equality  in  the  relative  dimensions  of  the  two  that  the 
specific  reference  is  correct. 

Genus  eurystomites  Schroder  emend.  Hyatt 

The  genus  Eurystomites  has  been  established  by  Schroder  [1891, 

p.  26]  to  comprise  forms  which  while  in  most  characters  like  Not- 

ling's  genus  Estonioceras  still  differ  in  the  amount  and  character  of 
involution.    He  defines  Eurystomites  thus  [translation]  : 

"  Shell  completely  involute.  Aperture  enlarged,  with  simple  ven- 
tral sinus.  Siphuncle  centriventral  to  ventral  "  ;  and  includes  in  his 

genus  Nautilus  kelloggi  Whitfield  and  N  .  c  h  a  m  - 
p  1  a  i  n  e  n  s  i  s  Whitfield.  Hyatt  has  later  [1894,  p.  433]  separated 
the  genus  Tarphyceras  from  Eurystomites  [for  differences  see 
p.  464]  and  referred  the  last  cited  species  to  his  new  genus.  N  . 
k  e  1 1  o  g  g  i  as  emended  by  Schroder  and  here  described  is  the 

genotype  of  Eurystomites. 

Eurystomites  kelloggi  Whitfield  (sp.)  emend.  Schroder 

Plate  17,  figure  i ;  plate  18,  figure  i 

Nautilus  kelloggi  Whitfield  (pars).    Am.  Mus.  Nat.  Hist.  Bui.  1886. 
v.  i,  no.  8.  p.  328,  pi.  30,  fig.  t;  not  pi.  31,  fig.  4,  5 

Eurystomites  kelloggi  Schroder.  Pal.  Abh.  herausg.  von  Dames 
und  Kayser.    1891.    B.  5,  Heft  -I.  p.  27. 

Eurystomites    kelloggi    Hyatt.     Am.    Phil.   Soc.    Proc.  1894. 
32:442,  pi.  5,  iig.  4,  5 

The  synonymy  of  this  species,  which  is  the  genotype  of  the  genus 
Hurvstomites,  is  extremely  involved.  Its  original  description  and 
figures  contain  alien  elements  which  have  been  eliminated  by 
Schroder  who  emended  the  species,  basing  his  description  upon  the 

first  drawing  given  by  W  hitfield  [op.  cit.,  pi.  30].  The  other  form 

originally  comprised  under  Nautilus  kelloggi  [pi.  31,  fig. 

4.  5  I  has  been  described  by  Hyatt  asE.rotundus.  E  .  k  e  1  - 
I  o  g  g  i  has  not  been  redescribed  by  Hyatt. 
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Since  Schroder  has  shown  that  Whitfield  based  his  description 

partly  upon  the  specimens  which  are  now  the  types  of  E  .  ro- 

tund u  s  ,  we  must  accept  Schroder's  diagnosis,  based  on 

Whitfield's  first  figure,  as  the  only  valid  one. 
Since  however  Schroder  had  not  the 

type  specimen  in  hand  and  Whitfield  lias 

figured  neither  longitudinal  nor  transverse 
sections  of  the  type  it  is  evident  that  that 

portion  of  Schroder's  diagnosis  which  gives 
the  interior  characters  can  not  be  reliable. 

It  is  clearly  copied  from  Whitfield's  de- 
scription, which  in  its  turn  refers  again  to 

the  smaller  specimen,  or  the  present  E. 

rotundus.  It  is  probably  on  this  ac- 
count that  Hyatt  queries  the  correctness  of 

Schroder's  diagnosis  [1894,  p.  442].  Be- 
sides the  internal  characters,  the  material 

from  Yalcour  furnishes  other  additional 

diagnostic  characters  not  obtainable  from 

the  type  specimen.  We  have  for  these  rea- 

sons and  also  because  Schroder's  diagnosis 
is  probably  not  everywhere  readily  acces- 

sible inserted  here  a  full  description  of  the 

species  drawn  from  Professor  Wmitfield's 
specimen,  and  from  our  material  obtained 
at  Yalcour. 

Description.  Conch  a  rather  closely 

coiled  nautilicone  up  to  gerontic  age,  when 
the  living  chamber  becomes  free,  but  does 

not  straighten  and  only  unfolds  into  an 

arc  with  a  larger  radius,  4-5  volutions,  giv- 
ing the  conch  a  diameter  of  170  mm.  Yolu- 

tions  slightly  compressed,  elliptic  in  section 
in  the  ephebic  stage  and  subcircular  in  the 

nepionic  and  neanic  stages  [see  text  fig.  21]  ;  ratio  of  hight  to  width 

of  volution  where  the  latter  has  a  hight  of  27  mm  approximately  as 
9:8  and  where  it  has  a  hight  of  40  mm  as  10:8.  Xo  lateral  zones 

differentiated ;  a  ventral  zone  indicated  by  a  slight  flattening ;  the 

impressed  (dorsal)  zone  slight  but  continuous  upon  the  free  geron- 

tic volution  ("persistent  impressed  zone").  Growth  of  conch 
quite  rapid,  the  shell  doubling  in  hight  and  width  within  the  length 

/ 

Fisr 

Knrystomites  k  e  1  - 
loggi  Whitf.  (sp.'  trans- verse section.    X. aural  size 
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of  one  volution  ;  involution  moderate,  whorls  embracing  about 

their  hight.    Umbilical  aperture  relatively  large. 
Living  chamber  occupying  three  fourths  of  a  volution.  Aperture 

not  very  well  known  but  judging  from  the  growth  lines  provided 

ig.  22    Eurystom  ites  kelloggl    Whitf.  (sp.)   Weathered  natural  section  fromValcour. (A3)    Natural  size 

with  a  deep  hyponomic  sinus  [see  pi.  18,  fig.  i]  and  expanding, 

as  indicated,  by  the  periodical  undulations  and  roughnesses  of  the 

shell.  Cameras  shallow,  attaining  an  average  depth  in  the  ephebic 

part  of  the  conch  of  9  mm.    Septa  little  concave,  their  concavity 
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equal  to  about  one  half  the  depth  of  the  cameras  [see  plate  17]  ; 
sutures  straight  transverse  with  a  broad  and  low  ventral  saddle 
which  is  divided  by  a  faint  median  lobe.  Shallow  broad  lateral  lobes 
developed  in  the  ephebic  portion. 

Siphuncle  tubular,  large  (one  fifth  the  hight  of  volution),  sub- 
ventren  in  nepionic  and  neanic  growth  stages,  extracentroventren 

in  ephebic  stage  [see  text  fig.  22]. 
Shell  smooth  in  ephebic  stage,  slightly  costated  in  the  neanic  stage 

[fide  Hyatt]  and  undulated  in  gerontic  stage. 
Position  and  localities.  Fort  Cassin  beds  at  Fort  Cassin  Vt.  and 

Valcour  N.  Y. 

Observations.  This  large  sized  nautiloid  can  be  distinguished 
from  all  other  involute  associates  except  E .  rotun  dus  and  E  . 

accelerans  by  its  great  rate  of  growth.  E.  rotun  dus  dif- 
fers from  E  .  k  e  1 1  o  g  g  i  according  to  Hyatt  by  its  more  rapid  in- 

crease in  the  growth  of  the  dorsoventral  diameter  and  the  retaining 
of  the  siphuncle  near  the  venter  for  a  longer  time.  Whitfield  had 
placed  this  form  under  Nautilus  rather  than  under  Lituites  as  he 

had  no  evidence  indicating  that  the  last  whorl  becomes  free  and 
the  position  of  the  siphuncle  was  more  suggestive  of  Nautilus.  Hyatt 

however  gives  the  outline  of  a  specimen  which  shows  a  dorsal  mar- 
gin of  a  free  gerontic  whorl  and  we  have  three  specimens  which 

leave  no  doubt  of  the  evolution  of  the  last  whorl. 

Schroder  infers  from  the  original  drawing  of  the  type  specimen 
that  the  latter  retains  the  apertural  margin  and  also  Hyatt  states 

[p.  442]  that  "  the  aperture  as  figured  by  Whitfield  has  lateral  crests 
which  are  most  prominent  opposite  the  centers  of  the  lateral  zones, 

receding  into  sinuses  on  the  umbilical  zones."  The  retention  of  the 
aperture  is  however  improbable  in  view  of  the  short  portion  which 
is  retained  of  the  living  chamber ;  nor  does  Whitfield  mention  the 
observation  of  the  aperture.  Inspection  of  the  type  specimen  leaves 
no  doubt  that  the  aperture  is  not  preserved,  and  the  apparent 

aperture  is  but  an  accidental  fracture  which  does  not  even  run  par- 
allel to  the  growth  lines.  I  am  not  aware  that  the  aperture  has  been 

observed  in  an.}'  other  representative  of  this  species.  From  the  di- 
rection of  the  growth  lines  and  undulations  we  can  infer,  how- 

ever, that  lateral  crests  were  present  similarly  as  in  T  a  r  p  h  y  - 
c  e  r  a  s  c  h  a  m  p  1  a  inense. 

A  small  collection  of  cephalopods  from  the  Shakopee  formation 
in  Minnesota,  in  the  possession  of  Dr  Sardeson,  contains  an  involute 
form,  preserved  in  the  mold  of  the  first         volutions,  the  living 
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chamber  and  the  preceding  chamber.  The  specimen  was  obtained 

at  Pickett's  Station  [now  called  Dill],  Wise.  It  is,  in  its  rate  of 
growth,  absolutely  identical  with  E  .  k  e  1 1  o  g  g  i ,  nor  does  it  ap- 

pear to  differ  sufficiently  in  section,  position  of  siphuncle  and  depth 
of  septa  to  warrant  specific  differentiation. 

Eurystomites  accelerans  sp.  nov. 
Plate  18,  fig.  2,  3 

We  have  a  specimen  from  A3  of  the  Fort  Cassin  beds  at  Yal- 
cour,  which  in  the  rate  of  growth  of  the  conch,  the  section  of  the 

whorls  and  position  of  the  siphuncle  fully  agrees  —  at  least  at  a 

certain  stage,  represented  by  the  last  whorl  of  our  fragment  —  with 
E  .  k  e  1 1  o  g  g  i  ;  but  differs  from  that  species  by  the  very  marked 
flat  ventral  zone,  the  closer  position  of  the  septa  (5  in  20  mm  where 

the  hight  of  the  volution  is  23  mm,  against  4  under  the  same  con- 
dition in  E  .  k  e  1 1  o  g  g  i  )  and  their  stronger  forward  curvature 

near  the  line  of  involution.  In  the  fiat  ventral  zone,  the  closer  ar- 
rangement of  the  septa  and  the  dorsal  direction  of  the  sutures,  this 

form  suggests  the  genus  Tarphyceras  as  represented  by  T  a  r  p  h  y  - 
c  e  r  a  s  champ  lainense,  but  the  rate  of  growth  of  the  whorl 
prohibits  a  reference  to  that  species  or  to  the  genus  Tarphyceras. 
There  is  little  doubt  that  this  is  a  new  form  which  represents  a  more 
advanced  stage  in  the  phylogenetic  development  of  the  Eurystomites 

race  than  E  .  k  e  1 1  o  g  g  i  .  This  is  shown  specially  in  the  early  ap- 
pearance of  the  ventral  zone  and  the  greater  amount  of  curvature 

of  the  suture  which  here  in  the  neanic  stage  is  already  much  greater 
than  that  in  the  ephebic  stage  of  E  .  k  e  1 1  o  g  g  i  .  A  certain  amount 
of  acceleration  in  the  development  of  the  characters  as  compared 
with  the  latter  species  has  therefore  taken  place. 

E  .  Virginian  us  also  has  more  numerous  sutures  than  E  . 

k  e  1  1  o  g  g  i  ,  but  these  are  described  as  straighter  than  those  of 
E.   kelloggi   in  all  stages.    In  this  particular  character  it  is 

cameras,  which  is  greater  in  E.  accelerans  (at  end  of 

2  volutions,  4  cameras  in  space  of  10  mm  against  5  in  E.  vir- 

Fijr.  23  Eurysto- mites acceler- 
ans sp.  nov.  Trans- verse section.  x,"0 

hence  the  direct  opposite  of  E.  accelerans. 

A  direct  comparison  of  the  type  of  the  latter 
species  with  those  of  E.  virginianus, 
kindly  forwarded  by  the  United  States  National 
Museum,  has  shown  that  the  two  forms  differ 

in  their  rates  of  growth,  E.  virginianus 
having  the  greater  rate;  in  the  depth  of  the 
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g  i  n  i  a  n  u  s  ;  at  end  of  2Y/2  volutions,  2.  ̂/2  cameras  against  3^2 
in  E  .  virgi  nianus)  and  the  amount  of  involution ;  in  E  .  v  i  r- 
ginianu  s  the  volutions  being  hardly  impressed  on  the  dorsal 
side. 

Unfortunately  our  material  does  not  permit  to  trace  the  ontoge- 
netic development  of  this  form  which  probably  would  present  in- 

teresting facts. 

E.  accelerans  possesses  in  fragments  some  similarity  writh 
Tarphyceras  c  h  a  m  p  1  a  i  11  e  n  s  e  Whitfield  (sp.) .  It  can, 
however,  in  such  examples  still  readily  be  distinguished  by  the 

greater  rate  of  expansion  and  more  convex  venter. 

Eurystcmites  amplectens  sp.  nov. 
Plate  18,  fig.  4-7 

Description.  Conch  a  closely  coiled  nautilicone  (also  in  gerontic 

age  ?)  of  three  (or  more)  volutions;  of  moderate  size,  a  conch  of 

three  volutions  having  a  diameter  of  about  70  mm.  Volutions  sub- 
circular  in  nepionic  and  neanic  stages,  in  ephebic  stage  reniform  with 

a  higher  and  narrower  ventral  region  [see  pi.  18,  fig.  4].  Ven- 
tral zone  indicated  on  ephebic  whorl  by  a  slight  flattening ;  the  im- 

pressed zone  appearing  on  first  whorl  and  increasing  steadily  in 
depth  to  living  chamber.  Involution  considerable,  increasing  steadily 
(one  fourth  within  first  whorl,  one  third  of  second  whorl  projecting 
on  first,  one  half  of  third  on  second).  Growth  of  conch  uniform, 

rapid,  the  hight  doubling  (16  to  32  mm)  within  the  last  volution. 
Umbilical  opening  extremely  small  or  absent. 

— .   1  vol. 

Fig.  24   Eurystomites  amplectens  sp.  nov. Sutures  x  % 

Length  of  living  chamber  and  character  of  aperture  unknown. 
Cameras  shallow,  3^2  being  counted  within  the  space  of  20  mm  on 
the  ephebic  whorl  (counting  along  the  middle  of  the  lateral  side). 

Septa  possessing  considerable  convexity,  being  about  as  deep  as  the 

cameras  ;  sutures  straight  transverse  in  the  nepionic  stage,  with  very 
low  ventral  saddle  and  shallow  lateral  lobe  in  neanic  stage,  broad 

and  high  ventral  saddles  and  corresponding  deep  lobes  in  the  ephebic 
stage,  where  the  sutures  also  arch  strongly  forward  near  the  line  of 
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involution  (see  diagram  fig.  24).  Siphuncle  tubular,  small,  extra- 
centroventran.    Surface  unknown. 

Position  and  locality.   In  A5  of  the  Fort  Cassin  beds  at  Yalcour. 

Observations.  Only  a  single  specimen  has  been  found  which  rep- 
resents this  interesting  species.  From  the  smaller  depth  of  the  last 

chamber  we  conclude  that  this  specimen  had  already  passed  its 
ephebic  stage.  With  none  of  its  congeners  in  the  Fort  Cassin  beds 
could  it  be  confounded.  It  differs  from  the  associated  E .  rotun- 

d  u  s ,  to  which  it  bears  considerable  superficial  similarity,  in  pos- 
sessing a  much  greater  involution  of  the  whorls  and  less  rapid  rate 

of  growth,  while  from  E  .  k  e  1 1  o  gg  i  it  distinguishes  itself  by  the 
closer  arrangement  of  the  septa  (6  against  5  in  the  first  whorl  and 
4  against  3  in  the  second),  much  greater  involution,  specially  in  the 
third  whorl  and  more  central  position  of  the  siphuncle. 

In  the  great  amount  of  involution  of  the  last  volution  this  species 

resembles  E  .  undatus  from  the  Trenton.  In  the  strong  develop- 
ment of  the  impressed  zone  it  differs  from  all  other  congeners,  ex- 

cept the  last  named  later  form,  and  the  early  appearance  of  the  im- 
pressed zone  (in  this  species  already  upon  the  first  whorl)  is  not 

found  in  any  other  member  of  the  Tarphyceratidae,  but  is  a  char- 
acter of  the  later  Trocholitidae,  which  this  species  also  approaches 

in  the  reniform  section  of  the  inner  portion  of  the  ephebic  whorl 

and  the  smaller  siphuncle.  On  the  other  hand  in  the  Trocholitidae 

the  siphuncle  is  only  in  the  younger  stages  ventrad  of  the  center 
and  later  on  passes  dorsad  of  the  center. 

We  have  for  these  reasons  retained  this  form  among  the  Tarphy- 
ceratidae, but  believe  that  it  is  well  advanced  on  the  road  toward 

the  Trocholitidae,  the  appearance  of  the  impressed  zone  having  by 
accelerated  development  been  already  pushed  into  the  nepionic 
stage,  while  the  siphuncle  still  retains  its  ventral  position. 

The  strong  and  increasing  involution  of  the  whorls,  the  absence 

of  an  umbilical  perforation  and  the  early  appearance  of  the  im- 

pressed zone,  resulting  from  the  strong  involution,  serve  all  to  indi- 
cate a  strong  tendency  in  this  form  toward  a  progressively  closer 

coiling,  which  contrasts  with  the  tendency  to  gerontic  uncoiling 
shown  by  the  other  species  of  Eurystomites.  The  close  coiling  of 
the  paranepionic  stage  [sec  fig.  5]  is  to  such  degree  found  only 
in  Trocholites,  though  in  Tarphyceras  it  may  be  approached,  while 

typical  Eurystomites-forms  have  a  wide  umbilical  perforation. 
In  the  depth  of  the  septa  and  the  strong  forward  curvature  of 

the  lateral  sutures  (sharp  dorsal  saddles),  the  sloping  of  the  sides 
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of  the  whorls  and  in  other  features,  this  form  bears  much  resem- 
blance to  E.  gibbosu  s,  a  species  described  (but  not  figured)  by 

Hyatt  [1894,  p.  443]  from  the  Beekmantown  of  Port  au  Choix, 
Newfoundland.  This  latter  type  is  described  however  as  not  being 
very  involute. 

The  type  specimen  exhibits  the  first  chamber  with  the  cicatrix  and 
a  faint  surface  sculpture,  consisting  of  concentric  and  radiating 
lines  [see  pi.  18,  fig.  6,  7]. 

Eurystomites  rotundus  Hyatt 

Nautilus   kelloggi    Whitfield    (pars).  Am.    Mus.    Nat.    Hist.  Bui. 
1886.    v.  1,  110.  8,  p.  328,  pi.  31,  fig.  4,  5 

Eurystomites    rotundus    Hyatt.  Am.   Phil.   Soc.   Proc.  1894. 
32:443,  pi.  5,  fig.  21-25  , 
The  probable  presence  of  this  species  in  the  Valcour  rocks  (A3) 

is  indicated  by  a  small  fragment  only,  which,  on  account  of  its 

rotundity,  large  size  and  close  position  of  the  siphuncle  to  the  ventral 
side,  may  be  more  safely  referred  to  this  species  than  to  E  . 
kelloggi. 

E  .  rotundus  has  been  separated  from  E  .  k  e  1 1  o  g  g  i  by 

Hyatt  on  account  of  the  presence  among  the  figured  types  in  the 

American  Museum  of  specimens  which  "  increase  more  rapidly  in 
the  growth  of  the  ventrodorsal  diameters  than  in  kelloggi  and 
retain  the  siphuncle  near  the  venter  for  a  longer  time  during  the 
growth.  This  may  be  due,  however,  to  the  difference  in  the  size 
and  not  a  matter  of  age,  since  in  large  whorls  it  assumes  a  similar 

position  to  that  of  kelloggi." 
Sections  through  the  center  and  early  whorls  have  brought  out 

the  fact,  which  is  illustrated  by  Hyatt's  figures,  of  "  the  large  size 
of  the  umbilical  perforation  and  the  correlative  rotundity  of  the 

dorsi  of  the  meta-  and  paranepionic  substages." 
This  form  is  apparently  very  rare  in  the  Beekmantown  beds  of 

the  Champlain  basin  and  complete  specimens  have  not  yet  come 
under  observation.  The  types  of  the  species  come  from  the  Fort 
Cassin  beds  at  Fort  Cassin  Vt. 

Eurystomites  virginianus  Hyatt 

Eurystomites   virginiana    Hyatt.    Am.  Phil.  Soc.  Proc.  1804. 
32:444 

Hyatt  states  under  the  description  of  this  species,  the  types  of 

which  were  found  near  Lexington  Ya.,  that  "  there  is  a  young  speci- 
men in  the  American  Museum  under  the  name  of  k  e  1 1 0  g  g  i , 
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from  Fort  Cassin.  that  appears  to  belong  to  this  species,  having 

similar  sutures,  form  of  whorl  and  involutions." 

E  .  Virginia  n  u  s  is  characterized  as  having  "  more  cylindrical 
whorls  and  more  numerous  and  straighter  sutures  at  all  stages  than 

in  k  e  1 1  o  g  g  i  /'  We  have  not  observed  any  adult  specimens  ref- 
erable to  this  species  in  the  collections  from  the  Champlain  basin. 

Genus  tarphyceras  Hyatt 

This  genus  has  been  separated  from  Eurystomites  Schroder  by 
Hyatt  [1894,  p.  433].  The  latter  author  states  the  relation  of  the 
two  genera  as  follows : 

This  genus  has  heretofore  been  confounded  with  Eurystomites 
by  Schroder,  the  species  being  found  together  and  resembling  each 
other  in  general  aspect.  It  differs,  however,  from  that  genus  in 
having  a  more  discoidal  form,  more  numerous  and  more  slowly 
growing  whorls,  in  length  of  living  chamber,  in  form,  aperture  and 
other  characters. 

As  to  the  differences  in  the  length  of  the  living  chamber,  it  has 

been  asserted  later  on  [p.  442]  by  Hyatt  that  the  living  chamber 

in  Eurystomites  is  very  variable  in  length,  shorter  than  in  Tarphy- 
ceras in  the  adult  E .  ke  1 1  o  gg  i ,  and  in  the  aged  specimens  very 

long.  The  length  of  the  living  chamber  can,  therefore,  hardly  be 
relied  upon  for  generic  distinction. 

The  aperture  of  Eurystomites  has  prominent  lateral  crests,  at  least 
in  E  .  k  e  1 1  o  g  g  i  ,  while  in  Tarphyceras  the  aperture  is  more  as 
in  Trocholites  and  has  a  deep  broad  hyponomic  sinus  encroaching 
upon  the  lateral  zones ;  the  latter  having  but  low  and  broad  crests. 
The  amount  of  involution  is  also  greater  in  the  ephebic  stage  of 

Eurystomites  than  is  usual  in  Tarphyceras,  and  the  contact  furrow 
is  deeper. 

The  genus  Tarphyceras  can  be  truly  considered  as  attaining  the 
climax  of  its  development  in  the  Beekmantown  formation,  for  there 
are  here  described  from  the  Fort  Cassin  beds  no  less  than  four  species 

(  one  of  them  new  ) ,  while  another  one  (  T.  f  a  r  n  s  w  o  r  t  h  i  Bill.) 
is  cited  by  Hyatt  from  Philipsburg  in  the  Champlain  basin.  Three 
more  species  occur  in  Newfoundland,  one  in  Lexington  Ya..  and 

one,  doubtful  in  its  generic  position  (T.  con  volvcns,  Angelin 
and  Lindstrom  )  in  Europe.  We  have  added  here  a  species  from  the 

Chazy  beds  (  T  .  m  u  1  t  i  c  a  m  e  r  a  t  u  m  )  ,  which  in  some  char- 
acters appears  already  as  a  phylogerontic  form  [see  p.  473]- 
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Tarphyceras  farnsworthi   (Billings  (sp.)  pars)  Hyatt  emend. 

Lituites  farnsworthi   Billings  (pars).    Pal.  Foss.  1861.  1:21 
Tarphyceras   farnsworthi   Hyatt.    Am.  Phil.  Soc.  Proc.  1893. 

32:435 

Hyatt,  while  investigating  the  nautiloid  cephalopods,  found  that 

Billings's  species  Lituites  farnsworthi  from  the  Beekman- 
town  formation  at  Philipsburg  on  Missisquoi  bay  of  Lake  Cham- 
plain,  consisted  really  of  several  distinct  species,  one  of  which  he 
referred  to  Tarphyceras  and  two  others  to  the  genus  Aphetoceras 
(  A  .  farnsworthi  and  A  .  a  t  t  e  n  u  a  t  u  m  )  . 

The  first  species  is  described  by  him  as  follows : 
It  has  an  elliptical  or  oval  whorl  in  the  ephebic  stage,  the  dorsum 

a  little  broader  than  the  venter.  There  is  a  contact  furrow  in 
the  neanic  and  ephebic  stages.  The  sutures  have  ventral  saddles, 
with  probably  slight  dorsal  lobes  in  the  zone  of  involution,  and  a 
free  living  chamber  over  one  half  of  a  volution  in  length.  The 
siphuncle  is  subventran  in  the  ananeanic  substage,  becoming  pro- 
pioventran  in  the  paraneanic  and  ventrocentren  in  the  metephebic 
substage.  The  diameter  of  the  largest  specimen,  somewhat  com- 

pressed, was  140  mm  by  146  mm  ;  the  estimated  longest  diameter 
of  this  through  the  free  living  chamber  was  about  160  mm. 

Tarphyceras  seelyi  Whitfield  (sp.) 

Plate  iq,  figure  1,2;  plate  20,  figure  5  ;  plate  21  ;  plate  24,  figure  3 

Lituites  seelyi  Whitfield.    Am.  Mus.  Nat.  Hist.  Bui.  1886.    v.  1,  no.  8, 
P-  330,  pi.  31,  fig-  2;  pi.  32,  fig.  3 

Tarphyceras    seelyi    Hyatt.    Am.    Phil.    Soc.    Proc.    1894.  32:435. 

The  mature  stage  of  T  .  seelyi  has  been  described  very  care- 
fully by  the  author  of  the  species.  This  type  belongs  evidently  to  the 

more  common  and  characteristic  forms  of  the  beds  at  Fort  Cassin  ; 

and  is  also  well  represented  in  the  corresponding  beds  at  Valcour. 

In  referring  to  the  original  description  we  will  only  state  that,  in 
a  general  way,  the  species  is  characterized  by  the  small  rate  of 
growth  and  the  subcircular  section  of  the  volution,  the  small  amount 
of  involution  and  the  subcentral  position  of  the  small  siphuncle. 
The  septa  are  closely  arranged  and  quite  concave. 

The  ontogeny  of  the  species  has  not  yet  been  investigated,  or  at 

least  described,  while  that  of  the  very  similar  T  .  c  h  a  m  plain- 

ense  has  become  well  known  by  Hyatt's  researches.  One  of  our 
specimens  retained  the  early  volutions  so  well  preserved  that  we 
were  able  to  break  out  the  first  whorls  successively  and  thus  obtain 
the  characters  of  the  nepionic  and  neanic  growth  stages.  It  may  be 
stated  that  they  are  also  similar  to  those  of  T.  c  h  a  m  pi  a  i  n  e  n  s  e. 
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The  nepionic  stage  [see  text  fig.  25]  has  a  very  small  umbilical 

perforation,  which  is  curved  and  widening  outward.  The  ana- 
nepionic  stage  is  not  clearly  exposed,  the  apex  of  the  first  whorl 
being  broken  off ;  the  metanepionic  stage  possesses  a  transversely 
oval  section  with  a  more  prominent  dorsum  and  flatter  venter  [see 

pi.  19,  fig.  1]  ;  while  in  T.  champlainense  both  are  about 
equally  prominent.  The  siphuncle  lies  propioventran.  In  the  other 

congener  it  is  supposed  by  Hyatt  to  be  situated  centren.  The  early 
paranepionic  stage  is  here  characterized  apparently  by  a  still  more 
abrupt  curvature  than  in   T.   c  h  a  m  p  1  a  i  n  e  n  s  e    [see  text  fig. 

Fig.  25  Tarphyceras  seelyi  Whitf  (sp.)  Section 
showing  the  umbilical  perforation,  and  early  whorls. Natural  size 

25].  Its  section  is  kidney-shaped  and  shows  a  strong  develop-) 
ment  of  the  impressed  zone.  Also  the  ventral  saddle  of  the  sutures 
is  already  well  developed. 

In  the  neanic  stage  the  volution  becomes  higher  than  in  the  pre- 
ceding stage,  but  not  so  rapidly  and  to  such  an  extent  as  in  T . 

cha  m  plainense  and  the  siphuncle  wanders  more  rapidly  toward 
the  center  and  becomes  subcentren  ;  also  the  abdomen  is  already 

distinctly  flattened,  while  in  T.  champlainense  a  slight  flat- 
tening does  not  appear  until  ephebic  age.    In  -the  latter  stage  the 
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dorsoventral  diameter  has  become  equal  to  the  other  one  and  the 

conch  is  subcircular  in  section.  The  sutures  pass  nearly  straight 
transversely  in  both  the  nepionic  and  neanic  stages,  the  lateral  lobes 
being  still  undeveloped,  and  the  ventral  saddle  very  shallow.  They 
begin,  however,  in  the  neanic  stage  to  turn  markedly  forward  near 
the  line  of  involution,  indicating  the  presence  of  a  high  dorsal  saddle. 

j&^-v  :     ;  ':
'.y 

Fig  26   Tarphyceras  seelyi  Whitf.  (sp  )    Section  showing  the  livin chamber.    Natural  size 

This  forward  curvature  of  the  dorsal  sutures  is  in  our  specimens 
developed  much  stronger  than  either  Whitfield's  drawings  or  de- 

scription would  indicate  for  the  type  specimen.  The  latter,  however, 
showed  on  inspection  the  same  feature. 
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The  dorsal  saddle  remains  low  and  broad  also  in  the  ephebic  stage. 
The  surface  has  been  observed  in  the  neanic  and  ephebic  stages. 

In  both  of  them  fine  growth  lines,  very  often  but  not  regularly  in- 
terrupted after  each  fifth  or  sixth  line  by  a  stronger  one,  were  ob- 

served. They  indicate  a  sharp  hyponomic  sinus,  the  depth  of  which 
in  the  neanic  stage  is  about  equal  to  that  of  a  chamber.  The  low 

costae  observed  by  Hyatt  on  the  ananeanic  stage  of  T .  c  h  a  m  - 
plainense  do  not  seem  to  appear  upon  the  conch  of  this  species. 

The  differences  in  the  development  of  the  conchs  of  T.  cham- 

plainense  and  T  .  s  e  e  1  y  i  consist  principally  in  the  earlier  ap- 
pearance (and  stronger  development)  of  the  ventral  flattening  and 

the  earlier  and  more  rapid  turning  of  the  siphnncle  toward  the 
center  in  the  latter.  The  ephebic  and  gerontic  volutions  of  the  two 
forms  differ  principally  in  the  development  of  later  zones  in  T  . 
seelyi,  for  though  in  the  original  description  of  the  species  it  is 

stated  that  a  section  of  the  tube  is  nearly  a  circle,  T  .  c  h  a  m  - 
plainense  is  described  as  different  from  T  .  s  e  e  1  y  i  in  being 
less  compressed  laterally. 

We  give  here  [pi.  21,  fig.  1]  the  outline  of  a  very  large  speci- 
men with  a  diameter  of  175  mm  which  shows  that  even  in  the 

gerontic  stage  the  last  volution  does  not  uncoil.  The  living  chamber 

in  this  specimen  occupies  about  ̂ 2  volution.  The  aperture  had  a 

deep  hyponomic  sinus  but  seems  to  have  lacked  any  larger  expan- 
sion and  possessed  but  very  low  lateral  crests. 

Position  and  localities.  At  Valcour  this  species  has  been  found 

in  the  beds  A3  and  A5  of  the  section.  Its  original  locality  is  at 
Fort  Cassin  Vt. 

Tarphyceras  champlainense  Whitfield  (sp.) 

Nautilus    ?    champ lainensis    Whitfield.     Am.  Mus.  Nat.  Hist. 
Bui.  1886.    1:329,  pi.  3T,  fig.  1,  3 

Eurystomites  champlainensis  Schroder.    Pal.  Abhandl.  1891. 
Bd.  5,  Heft  4,  P-  28 

Tarphyceras    c  h  a  m  p  l.ainense    Hyatt.     Am.  Phil.   Soc.  Proc. 

1894.    32:438,  pi.  4-  fig-  4-1 1- 

The  description  and  figures  of  the  mature  form  of  T  .  c  h  a  m  - 

p  lainense  by  Whitfield  and  the  very  extensive  illustration 

and  description  of  the  ontogenetic  stages  of  the  same  by  Hyatt  do 

not  require  any  further  descriptive  remarks  upon  this  species  which, 

moreover,  has  not  been  observed  in  any  other  place  but  at  Fort 

Cassin,  the  original  locality,  or  seen  in  better  specimens  than  those 
which  have  before  been  described  and  figured. 
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The  differences  in  the  development  of  this  species  and  the  very 
similar  T  .  s  e  e  1  y  i  have  been  pointed  out  by  us  under  the  latter 
species.  The  adults  differ,  according  to  the  original  descriptions  of 

this  species  and  that  of  T .  s  e  e  1  y  i  ,  "  in  having  a  smaller  number 
of  volutions  in  the  finished  shell,  and  in  their  being  very  slightly 
more  expanding  and  less  compressed  laterally.  But  the  principal 

distinction  and  the  only  one  which  can  be  relied  upon  for  the  sepa- 

ration, is  the  expanded  aperture."  In  the  absence  of  this  feature, 
it  is  added  by  the  same  author,  that  "  it  is  barely  possible  to  distin- 

guish '  the  species  '  ".  As  we  have  noted  before,  the  development  of 
the  two  forms  is  different.  The  earlier  appearance  and  stronger 
development  of  the  ventral  flattening,  as  well  as  the  earlier  and  more 
rapid  turning  of  the  siphuncle  toward  the  center  in  T  .  s  e  e  1  y  i 
appear  to  suggest  that  this  is  the  more  advanced  form  and  T . 
champlainense  the  more  primitive  of  the  two.  Also  the 
stronger  development  of  lateral  zones  in  the  ephebic  whorl  of  T  . 
s  e  e  1  y  i  would  point  to  the  same  inference. 

Tarphyceras  perkinsi  Whitfield  (sp.) 

Nautilus    perkinsi  Whitfield.     Am.  Mils.   Nat.  Hist.    Bui.  1897. 
9:182,  pi.  5,  fig.  1,  2 

This  species,  which  has  been  described  a  considerable  time  after 
the  other  cephalopods  of  the  Fort  Cassin  form,  is  based  upon  two 

specimens.  I  have  not  observed  any  more  representatives  of  the 
same  in  the  collections  which  have  come  under  my  notice  and  have 
therefore  nothing  to  add  to  the  original  description. 

It  is  stated  in  the  latter  that  "  this  species  is  somewhat  closely 
related  to  Nautilus  champlainensis  from  the  same  beds, 
but  differs  principally  in  the  presence  of  the  oblique  undulations  of 

the  surface."  Since  lower  undulations  are  also  found  on  the  mature 
living  chamber  of  T  .  champlainense  and  both  forms  agree 
completely  in  rate  of  growth,  amount  of  involution  and  depth  of  the 
chambers,  the  presence  of  strong  ribs  upon  the  type  specimen  of  T  . 
perkinsi  is  evidently  to  be  looked  upon  as  constituting  merely  a 

further  development  of  the  corresponding  character  of  T  .  c  h  a  m  - 
p  1  a  i  n  e  n  s  e  ;  and  the  difference  is  one  of  grade  only  and  would  not 
appear  to  be  of  more  than  varietal  value.  The  sutures  in  the 
types  of  T  .  perkinsi  are  straight  transverse  and  in  that  of  T  . 
champlainense  arching  forward  upon  the  dorsal  side  ;  but  still 
this  difference  is  not  absolute  since  in  the  former  species  the 
sutures  in  the  earlier  volutions  also  possess  a  stronger  dorsal  saddle. 
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which  soon  disappears,  and  in  the  other  species  the  dorsal  saddle 

is  likewise  little  developed  in  the  last  sutures.  It  is,  hence,  evi- 
dent that  also  this  apparent  difference  is  due  to  a  little  earlier 

development  of  a  feature  in  one  of  the  forms. 

In  view  of  the  slight  differences  between  T  .  p  e  r  k  i  n  s  i  and  T  . 

champlainense,  which  consist  only  in  the  somewhat  stronger 

and  earlier  development  of  features  present  in  both,  a  specific  sepa- 
ration of  the  two  would  seem  unwarranted,  were  it  not  for  the  fact 

that  these  differences  apparently  happen  to  lie  along  lines  of  phy- 
logenetic  development  to  a  new  group,  or  express  a  tendency  to  a 
development  of  a  new  group  and  thereby  gain  greater  phylogenetic 
importance  and  invite  recognition. 

The  tendency  to  greater  prominence  of  the  costae  and  the  tachy- 
genetic  pushing  back  of  the  time  of  their  appearance  on  the  whorls 
distinctly  points  to  the  Plectoceratidae.  The  prevalence  of  the  strong 

ribs  in  T.  p  e  r  k  i  n  s  i  might  even  suggest  the  assignment  of  this 

variety  to  the  genus  Plectoceras.  Since,  however,  the  Plectocera- 
tidae are  diagnosed  by  Hyatt  as  forms  in  which  the  annular  costae 

appear  in  the  neanic  stage  and  here  they  are  not  observed  earlier 

than  in  the  ephebic  stage,  this  form  still  falls  within  the  confines  of 
Tarphyceras. 

Tarphyceras  clarkei  sp.  nov.  , 

Plate  22 

Description.  Conch  a  loosely  coiled  nautilicone  which  in  the 

gerontic  age  becomes  uncoiled,  the  evolute  portion  separating  but 
little  (about  its  own  night  at  the  aperture)  from  the  rest  of  the  conch. 

4-5  volutions  are  found  in  the  adult  form  giving  the  conch  a  diam- 
eter of  170  mm  or  more.  Volutions  in  early  stages  subcircular,  in 

ephebic  and  gerontic  stages  compressed  elliptical  with  somewhat  nar- 
rower abdomen  [see  text  fig.  28-31],  ratio  of  hight  to  width  at  end 

of  third  volution  approximately  as  6:5,  in  second  whorl  as  8:7. 
Ventral  zone  indicated  by  lower  convexity  in  later  whorls,  impressed 

zone  by  a  slight  flattening,  which  persists  on  greater  portion  of  free 

whorl  (or  throughout  ?).  Rate  of  growth  of  conch  slow  (that  of 

hight  about  one  third  within  one  whorl).  Umbilical  perforation  not 
observed. 

Living  chamber  occupying  one  half  of  one  volution  in  type  speci- 
men, but  probably  longer,  free  in  gerontic  age.  Aperture  not  known, 

by  indications  from  growth  lines  much  advanced  in  dorsal  region, 

and  uniformly  receding  in  ventral  direction.    Cameras  shallow, -at- 



BEEKMANTOWN  AND  CHAZY  FORMATIONS  OF  CHAMPLAIN  BASIN  47I 

taining  an  average  depth  of  4.5  mm  in  the  ephebic  stage.  Septa  quite 
concave,  their  concavity  equal  to  the  depth  of  the  cameras ;  sutures 

pass  nearly  straight  transversely,  with  hardly  any  trace  of  a  ventral 

Fig-.  27    Tarphyceras  clarkei  sp.  nov.    Section  of  type  (pi.  22).  Natural 

Fig.  28  Fig.  2q  Fig  30  Fig.  31 
Fig.  28-31    Tarphyceras  clarkei  sp.  nov.   Transverse  sections  \ 
Fig.  28   Section  through  2d  volution  ;  tig.  29,  section  at  end  of  3d  vol.  ;  rig.  30,  section  at  begin- 

ning of  living  chamber  ;  fig.  31,  section  through  middle  of  living  chamber 

saddle  in  the  ephebic  and  gercntic  stages,  or  even  a  slight  recession 
of  the  suture  in  the  early  ephebic  stage  upon  the  abdomen. 



4/2 
NEW   YORK  STATE  MUSEUM 

Siphuncle  tubular,  large,  one  fifth  the  hight  of  the  volution, 
propioventran  in  the  last  whorl.  Shell  smooth,  growth  lines  strong, 
receding  on  sides ;  living  chamber  with  low  ribs. 

Position  and  locality.  In  A3  of  the  Fort  Cassin  beds  of  the  Yal- 
cour  section. 

Observations.  This  species  is  most  closely  related  to  T  .  e  x  - 
t  e  n  s  u  m  Hyatt,  a  species  which  occurs  in  the  Beekmantown  beds 
of  Port  au  Choix,  Newfoundland.  Both  forms  have  in  common  the 

rate  of  growth  and  the  sections  of  the  volutions,  the  position  and 
size  of  the  siphuncle,  but  T  .  c  1  a  r  k  e  i  can  be  readily  distinguished 
from  the  Newfoundland  type  by  the  more  concave  septa  and  their 
iess  close  arrangement  (one  half  as  close  as  in  T  .  extens  u  m  )  . 

Also  the  paragerontic  volution  is  more  rapidly  evolving  and  straight- 
ening in  the  other  form.  Still  the  two  species  are  so  similar  by  the 

identity  of  their  principal  characters  that  a  close  relationship  seems 
evident.  From  T  .  s  e  e  1  y  i ,  to  which  it  also  bears  some  similarity, 
it  differs  in  the  uncoiling  of  the  last  volution,  greater  rate  of  growth 
and  wider  and  more  ventrally  situated  siphuncle.  Also  the  cameras 
are  somewhat  deeper  in  this  species  (ratio  of  the  number  of  septa 
within  a  certain  space  in  the  two  species  as  4:3). 

Tarphyceras  multicameratum  sp.  nov. 
Plate  19,  fig.  3  ;  plate  23,  fig.  2 

Description.  Small  sized  nautilicone,  composed  of  three  slender 

but  little  involute  volutions,  the  last  of  which  becomes  slightly  un- 
coiled. Diameter  of  conch  about  100  mm.  Volutions  in  early  stages 

subcircular,  in  ephebic  and  gerontic  stages  compressed  elliptical,  with 
subequally  narrow  abdomen  and  dorsal  sides.  Ratio  of  hight  of 
volution  to  its  width  in  the  third  volution  as  8:7.  Ventral  zone 

little  developed,  impressed  zone  a  slight  flattening,  appearing  from 
the  second  whorl  onward.  Rate  of  growth  of  conch  rapid,  the  hight 
increasing  to  double  size  within  one  volution.  Umbilical  perforation 
large.  Living  chamber  free  in  gerontic  age,  its  relative  length  not 
known.    Aperture  not  observed. 

Cameras  very  shallow,  attaining  but  an  average  depth  of  3  mm  in 
the  ephebic  stage.  Septa  slightly  concave ;  their  depth  4  mm  in  the 
last  volution  ;  sutures  nearly  straight  in  the  dorsal  half  of  the  lateral 

side  and  strongly  bending  forward  in  the  ventral  half;  apparently 
without  any  ventral  saddle  in  the  ephebic  stage.  Siphuncle  tubular, 
small  (3  mm  in  the  ephebic  conch,  which  has  a  diameter  of  25  mm) 

propioventran  in  position  in  the  last  whorl,  a  little  nearer  to  the  cen- 
ter in  the  earlier  volutions,  but  nowhere  centren.    Shell  smooth. 
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Position  and  localities.  In  the  dove-colored  Chazy  limestones, 
exposed  two  miles  west  of  Little  Monty  bay  near  Chazy  N.  Y. ;  on 
Isle  La  Motte  and  on  Valcour  island.  In  the  first  locality  it  has 
been  observed  in  several  specimens  by  the  writer  bnt  only  in  a  poorly 
preserved  or  fragmentary  state  of  preservation.  The  second  locality 

has  furnished  the  type  specimen  of  the  species  [coll.  by  Professor 
Perkins  and  now  in  the  collection  of  Burlington  University.  Vt.] 
and  from  the  third  a  specimen  has 
been  secured  by  Professor  Hudson. 

Observations.  This  is  the  first 

representative  of  the  genus  Tarphy- 
ceras  that  becomes  known  from 

rocks  younger  than  the  Beekman- 
town  formation.  It  is  easily  dis- 

tinguished from  all  of  its  Beekman- 
town  congeners  by  its  much  shal- 

lower cameras  (or  more  closely 

arranged  septa),  and  also  by  its 

greater  rate  of  growth.  In  the  lat- 
ter character  it  approaches  the 

genus  Eurystomites  without  how- 
ever fully  attaining  the  rapid 

growth  of  the  typical  representa- 
tives of  that  genus.  It  reminds  also 

of  the  latter  genus  in  its  great  umbilical  perforation  and  the  posi- 
tion of  the  siphuncle  close  to  the  ventral  side.  The  latter  position 

of  the  siphuncle  already  in  the  first  volution,  the  close  arrangement 
of  the  septa,  the  early  attainment  of  maturity  and  the  beginning  of 
evolution  at  the  third  whorl  give  this  species  the  aspect  of  a 
phylogerontic  form,  when  compared  with  the  congeners  from 

the  preceding  formation. 

Fig.  33 

Fig.  32     Tarphyceras  multi- cam  e  r  a  t  u  m  sp.  nov.  Transverse section  of  type.  x% 
Fig.  33    Same.    Section  at  beginning of  living  chamber.  xT% 

Genus  aphetoceras  Hyatt 

Aphetoceras  farnsworthi  (Billings  (sp.)  pars)  Hyatt  emend. 

Lituites    farnsworthi    Billings  (pars).     Pal.  Foss.  1861.     1 :2I, 
fig.  24 

Aphetoceras   farnsworthi   Hyatt.    Am.  Phil.  Soc.  Proc.  1803. 
32:448 

Of  this  species  it  is  stated  by  Hyatt : 
This  species  probably  belongs  to  a  distinct  genus,  and  is  cited 

here  provisionally  under  this  name  because  it  may  be  merely  a 
highly  degenerate  species  of  Aphetoceras.    It  is  also  coiled  in  the 
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neanic  stage,  but  apparently  the  whorls  are  not  in  very  close  con- 
tact. .  .  .  The  type  is  that  figured  by  Billings,  and  this  had  the 

living  chamber  free  and  deviating  strongly  from  the  spiral.  It  was 
91  mm  long  on  the  dorsal  surface  and  more  than  one  half  of  a 
volution  in  length  when  this  measurement  was  applied  to  the  coil 

Fig.  34    Aphetoceras    farnsworthi    Bill,  (sp.)    Copy  of 
original  drawing.  Xi90 

of  the  preceding  whorls.  The  siphuncle  in  the  ephebic  stage  was 
propioventran  and  the  septa  much  closer  together  than  is  usual  in 
this  genus. 

Position   and   locality.     Beekmantown   beds   at  Philipsburg, 
Missisquoi  co.  Can. 
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Aphetoceras  attenuatum  Hyatt 

Lituites  farnsworthi  Billings  (pars).    Pal.  Foss.  1861.    1 :2i 
Aphetoceras    attenuatum    Hyatt.    Am.  Phil.  Soc.  Proc.  1893. 

32:449 

The  original  description  of  this  species  is : 

This  species  is  founded  upon  the  specimen  described  by  Billings 
on  page  21  of  his  Paleozoic  Fossils  as  having  first  two  whorls  in 
•contact  and  making  a  coil  an  inch  across.  These  whorls  are,  how- 

ever, not  in  contact  on  his  specimen,  if  my  drawing  of  this  is  cor- 
rect. The  specimen  is  of  nearly  the  same  size  as  the  type  of  Aphe- 

toceras farnsworthi,  but  one  and  a  quarter  volutions  are 
free,  so  as  to  leave  a  gap  of  8  mm  before  the  completion  of  the  first 
quarter  of  the  septate  part  of  the  eccentric  volution,  and  at  the  end 
of  the  same  this  gap  has  increased  to  13  mm,  and  in  the  next  quarter, 
at  the  end  of  the  living  chamber,  it  is  25  mm.  The  departure  of 

the  free  whorl  of  farnsworthi  increases,  as  shown  in  Billings's 
drawing,  in  less  than  one  half  of  a  volution  to  40  mm. 

The  septate  part  of  the  eccentric  volution  in  this  specimen  is 
58  mm  long,  the  living  chamber  is  88  mm  long.  The  former  would 
occupy  about  three  fourths  of  a  volution  if  it  followed  a  regular 
open  spiral  curve,  and  the  latter  would  be  about  one  half  of  a  volu- 

tion, estimated  in  the  same  way. 
The  septa  are  similar  to  those  of  farnsworthi.  The  frag- 

ment of  the  siphuncle  observable  in  the  neanic  stage  changes  in  the 
length  of  10  mm  from  nearly  subventran  to  propioventran. 

Position  and  locality.  Beekmantown  formation  at  Philipsburg, 
Missisquoi  co. 

Family  trocholitidae 

Genus  schroederoceras  Hyatt 

This  genus  has  been  separated  by  Hyatt  [1894,  p.  458]  from  Dis- 
coceras,  because  the  latter  as  defined  by  Schroder  and  Remele 
has  been  used  for  the  smooth  forms,  having  a  tetragonal  section 
of  the  whorl  and  a  dorsal  siphuncle,  as  well  as  for  the  costated  shells. 

These  smooth  shells  have  in  the  neanic  stage  decided  costation  with 

the  same  aspect  and  contour  as  in  the  adult  of  the  genotype  of  Dis- 

eoceras  (  D  .  antiquissimum).  But  as  Hyatt  holds  :  "  Simi- 
lar species  having  costations  throughout  life  can  not  be  included  in  the 

same  genus  with  those  that  have  them  only  in  the  neanic  and  earlier 

stages  of  growth  "  and  he  adds  that  "  the  large  number  and  great 
variety  of  form  of  these  smooth  species,  while  still  maintaining  this 
difference  of  the  later  stages  of  growth,  shows  that  this  separation 

indicates  a  natural  distinction  ". 
The  species  here  described,  would,  as  far  as  shown  by  material 

we  have  had  opportunity  to  study,  seem  to  be  entirely  smooth  in  all 
stages. 
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Schroederoceras  eatoni   Whitfield  (sp.) 

Plate  20,  figure  3,  4  ;  plate  23,  figure  1 

L  i  t  u  i  t  e  s  eatoni   Whitfield.    Am.  Mus.  Nat.  Hist.  Bui.  1886.    v.  1, 

no.  8,  p.  331,  pi.  28,  fig.  5-7;  pi.  32,  fig.  1 
Discoceras  eatoni  Schroder.    Pal.  Abhandl.  von  Dames  &  Kay- 

ser.    1891.    Bd.  5,  Heft  4,  p.  22. 
Schroederoceras     eatoni     Hyatt.    Am.  Phil.  Soc.  Proc.  1894. 

32:470,  pi.  6,  fig.  28-35;  pl-  7,  rig-  7~8 

Our  material  of  this  small  species  from  the  west  side  of  the  Cham- 
plain  basin  is  only  fragmentary.  Moreover,  since  the  mature  form 

has  been  fully  described  by  Whitfield  and  the  growth  stages  elabo- 
rately worked  out  and  figured  by  Hyatt,  it  will  suffice  here  to  state 

that  this  type  is  present  in  the  Valcour  beds  A3  and  A5,  though 
by  no  means  very  common  there. 
We  figure  here  transverse  and  longitudinal  sections  which  will 

serve  to  show  the  slightly  depressed  character  of  the  volutions,  the 
propiodorsan  position  of  the  rather  large  siphuncle  and  the  close 
arrangement  of  the  quite  concave  septa.  From  the  most  complete 
material  of  Fort  Cassin,  it  has  also  been  concluded  that  this  species 

does  not  attain  large  size,  that  the  living  chamber  comprises  nearly 
three  fourths  of  a  volution  and  that  in  the  gerontic  stage  the  last 

portion  of  the  living  chamber  becomes  uncoiled.  The  beautifully 

preserved  specimen  reproduced  here  on  plate  23,  figure  1  exhihits 
these  characters  very  perfectly  and  shows  that  the  evolute  gerontic 
whorl  does  not  become  deflected  in  a  straight  line,  as  the  author  of 

the  species  suggested,  but  merely  describes  a  considerably  flatter 
curve  than  the  preceding  volutions. 

Position  and  localities.  At  Fort  Cassin  and  in  A3  and  A5  of 
the  Fort  Cassin  beds  at  Valcour. 

Schroederoceras  cassinense  Whitfield  (sp.) 

Plate  20,  figure  r,  2 

Lituites  eatoni  var.  cassin  en  sis  Whitfield.    Am.  Mus.  Nat.  Hist. 
Bui.  1886.    v.  1,  no.  8,  p.  332,  pl.  32,  fig.  2 

S  c  h  ro  ed  e  r'o  c  eras  cas  s  i  n  e  n  s  e  Hyatt.    Am.  Phil.  Soc.  Proc.  1894. 
^^2:47^.  j)l.  6,  fig.  36-38;  pl.  7.  fig-  4-6 
( )nly  a  few  specimens  in  our  Valcour  collections  represent  this 

type  which  was  originally  described  as  a  variety  of  the  more  com- 
mon S  .  e  a  ton  i  ,  but  later  on  given  full  specific  rank  by  Plyatt. 

The  latter  author  states  regarding  the  relations  of  this  species,  which 
he  had  occasion  to  study  from  both  the  collections  in  the  American 
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Museum  of  Natural  History  and  the  United  States  National 
Museum : 

This  is  a  distinct  species,  the  sutures  being  straighter  in  the 
ephebic  stage  than  in  true  eatoni,  the  venter  and  sides  are  more 
decidedly  flattened,  and  the  relative  proportions  of  the  last  whorl 
at  the  same  age  different.  The  ventrodorsal  and  transverse  diam- 

eters are  about  equal,  whereas  in  eatoni  the  transverse  is  con- 
siderably longer  than  the  ventrodorsal  in  the  mesal  plane.  The 

amount  of  involution  in  eatoni  and  the  depth  of  the  contact 
furrow  in  the  ephebic  stage  is  also  greater. 

Fig.  35  Fig.  36 
Fig.  35    Schroederoceras  cassinense  Whitf.  (sp.) Transverse  section.    Natural  size 
Fig.  36   Schroederoceras  cassinense  Whitf.  (sp.) 
Enlargement  (x  5.4)  of  portion  of  longitudinal  section,  show- 

ing the  structure  of  the  siphuncle  (siphuncular  segments dotted) 

We  have  referred  several  specimens  to  this,  species  rather  than  to 
S.  eatoni  on  account  of  their  straight  sutures  and  the  section  of 

the  ephebic  volution,  which  possesses  about  equal  transverse  and 
dorsoventral  diameters.  In  one  specimen  which  we  figure  here  the 

ventral  and  lateral  faces  are  so  strongly  developed  that  very  well 
marked  abdominal  angles  on  both  sides  of  the  ventral  zone  or 

abdomen  are  formed  [see  pi.  20,  fig.  1].  A  transverse  section 

of  the  same  specimen  which  is  also  figured  here  show  s  the  char- 
acteristic low  broad  volution  of  the  neanic  stage  and  a  higher  whorl 

of  the  anephebic  stage. 
A  special  interest  attaches  to  another  specimen,  also  here  figured, 

on  account  of  its  retaining  the  finer  details  of  the  siphuncular  struc- 
ture. The  siphuncle  which  is  propiodorsan  in  position  exhibits  very 

short  straight  septal  necks  \sce  text  fig.  36],  which  are  not  longer 
than  about  one  eighth  of  the  depth  of  the  cameras,  the  siphuncle 

wall  being  formed  almost  entirely  by  the  secondary  siphuncular 
segments. 

Position  and  localities.  At  Fort  Cassin  Yt.  and  A.  of  the 
Fort  Cassin  beds  at  Valcour. 
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Genus  trocholitoceras  Hyatt  1894 

Hyatt's  definition  of  the  genus  reads : 
This  genus  has  been  framed  to  include  forms  which  are  essentially 

similar  to  Trocholites,  but  have  the  siphuncle  ventrad  of  the  center 
in  the  earlier  substages  of  development. 

The  forms  stand  in  development  and  adult  characters  between 
Litoceras  and  Trocholites. 

Type  is  Trocholitoceras  walcotti. 

Trocholitoceras  walcotti  Hyatt 

Trocholitoceras   walcotti  Hyatt.    Am.  Phil.  Soc.  Proc.  1894. 

32:480,  pi.  6,  fig.  12-20 
This  form,  which  is  cited  as  coming  from  Fort  Cassim  has  not  been 

observed  by  us  in  the  Fort  Cassin  collections.  Its  ontogeny  and  adult 
characters  have  been  fully  described  and  illustrated  by  Hyatt  in  the 
above  cited  publication. 

The  appended  transverse  section  [text  fig.  37] 
shows  well  its  characteristic  features,  i.  e.  the 

broad  whorls  of  the  young,  which  are  kidney- 
shaped  in  section  while  they  become  helmet- 
shaped  in  section  in  the  mature  stage ;  and  the 

close  approximation  of  the  siphuncle  to  the  dor- 
si1  m  in  the  neanic  stage. 
The  living  chamber  occupies  at  least  the 

greater  part  of  one  half  of  a  whorl  and  the 
gerontic  whorl  does  not  become  evolnte. 

Genus  trocholites  Conrad  emend.  Schroder 

The  term  Trocholites  has  had  an  extremely 

checkered  career  in  its  application  to  nautiliconic 

to    cephalopods.    It  was  first  defined  by  Conrad1  in 

Hyatt3    Traverse  l838;  tnen  m  l842~  lllc  first  definition  was  re- 
fromHyattf*  (C°py  ylSQd  n.v  tne  same  author.    Both  diagnoses  lack 

in  precision  and  the  term  has  therefore  been 
afterwards  applied  here  and  specially  in  Europe  to  a  great  number 
and  variety  of  forms. 

Remele  [1889,  p.  246]  was  the  first  to  propose  a  restriction  of  the 
application  of  the  term  to  forms  having  the  characters  of  the  genotype 

1  N.  Y.  State  Geol.  An.  Rep't  1838.    p.  118. 
2  Acad.  Nat.  Sci.  Phil.  Jour.  8:274. 
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T  .  am  m  onius  ;  while  Hyatt  at  first  [1884,  p.  267]  inclined  to 

extend  the  diagnosis  so  far  as  to  include  all  forms  hitherto  desig- 

nated in  Europe  as  "  Imperfect  Lituites  "  with  dorsal  or  subdorsal 
siphuncles. 

Schroder  in  1891  [p.  5  fr]  restricted  the  genus  to  its  original 
limits  and  fully  defined  it;  and  Hyatt  adopted  [1894,  p.  482]  this 
definition  which  we  insert  here  in  translation  as  the  correct  one  : 

Conch  symmetrically  involute.  Living  chamber  completely  con- 
tiguous with  preceding  volutions,  occupying  about  three  fourths  of 

a  volution.  Section  always  wider  than  high.  Aperture  expanded, 
with  ventral  sinus.  Sutures  simple  or  little  lobed.  Siphuncle  dorsal, 
or  subdorsal. 

The  ontogeny  which  had  already  been  investigated  by  Holm  and 

the  generic  relations  of  Trocholites  are  fully  discussed  in  Hyatt's 
above  cited  publication. 

Trocholites  internestriatus  Whitfield  (sp.) 
Plate  24,  figure  2 

Lituites  internastriatus    Whitfield.    Am.  Mus.  Nat.  Hist.  Bui. 

1886.    v.  1,  no.  8,  p.  332,  pi.  29,  fig.  5-8 
Discoceras    internestriatum    Schroder.     Pal.  Abhandl.  von 
Dames  und  Kayser.    Bd  5,  Heft  4,  p.  23. 

Trocholites    internastriatus  Hyatt.    Am.  Phil.  Soc.  Proc.  1894. 
32:485,  pi.  4,  fig-  25 

This  single  representative  of  the  genus  Trocholites  in  the  Beek- 
mantown  fauna  has  not  been  observed  in  the  beds  at  Yalcour  or 

anywhere  else  on  the  west  shore  of  Lake  Champlain  and  is  thus  far 
restricted  to  the  outcrop  at  Fort  Cassin. 
We  have  figured  a  specimen,  which  has 
been  collected  by  Professor  Perkins  and 
which  exhibits  the  absence  of  ribs  on  the 

nepionic  stage  and  their  somewhat  abrupt 
appearance  at  the  end  of  this  stage  better 

than  any  other  specimen  that  we  have  ob- 
served.   It  also  shows  well  the  relatively 

large  size  of  the  umbilical  perforation,  a 

feature  in  which  this  sbecies  differs  from  its       Fi?-  38  Trocholites 1  internestriatus 

later  congeners  [sec  pi.  24,  fisr.  2,  and  en-  Whilf:  isp.)  Kniarge- 0  L       1       t>    a     >  ment  (x  2)  of  first  two  vo- 
lar ^vment  of  central  part  in  text  fi<r.  ̂ 81 .  lutions  to  show  changes 0  1  o   o    J  of  sculpture 
Whitfield  saw  the  most  distinctive  fea- 

tures of  the  form  in  the  surface  undulations  and  striae  and  specially 
in  the  internal  striations.  The  markings  resemble  those  of  Trocho- 

lites according  to  Hyatt  with  which  genus  it  also  has  in  common 
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the  transverse,  depressed,  elliptic  section  of  the  whorl  throughout 
life  and  the  development  of  the  siphuncle  which  becomes  rapidly 

propiodorsan. 

"  The  sutures  of  the  earlier  stages,  which  are  straight  are  trocho- 
litean  in  aspect,  with  well  marked  dorsal  lobes,  as  is  also  the  form 

and  ornamentation  of  the  young  whorls,  which  are  slightly  costated.'* 
In  the  adult  stage  the  sutures  (of  the  fourth  whorl)  are  stated  to 
have  well  marked  lateral  lobes  and  dorsal  lobes  in  the  contact 
furrow. 

The  tendency  of  the  last  whorl  to  become  free,  described  by  Whit- 
field, has  not  been  observed  by  Hyatt,  the  contact  furrow  being  well 

defined  at  the  termination  of  the  whorls  of  Whitfield's  type. 

Genus  deltoceras  Hyatt 

This  genus  has  been  erected  by  Hyatt  for  several  species  from 

the  Quebec  group  (Beekmantown)  of  Newfoundland,  only  one  of 
which  has  thus  far  been  described.  It  is  stated  to  be  represented  by 
shells  similar  to  Aphetoceras  but  just  one  grade  more  complicated. 
The  whorls  are  compressed  in  section,  the  dorsum  wider  than  the 

venter,  and  the  dorsoventral  diameter  much  larger  than  the  trans- 
verse one,  in  both  genera,  but  in  this  one  they  grow  more  rapidly  in 

ventrodorsal  direction.  The  whorls  are  in  contact,  but  no  impressed 
zone  has  been  found  at  any  stage  and  the  gerontic  or  sometimes  the 
entire  ephebic  stage  is  free.  In  the  neanic  stage  the  sutures  have 
ventral  and  dorsal  saddles  and  broad  lateral  lobes  and  in  the  ephebic 
and  gerontic  stages,  slight  ventral  lobes.  The  siphuncle  is  stated  to 
be  in  some  species  very  large  and  ventral.  All  or  nearly  all  of  these 
features  will  be  found  to  be  typically  represented  in  the  species  from 
the  Champlain  basin  here  described. 

Deltoceras  vaningeni  sp.  nov. 

Plates  25-28 

Description.  Gyroceracone  of  about  three  volutions  wdiich 
are  in  contact,  without,  however,  developing  an  impressed  zone ;  only 

the  greater  portion  of  the  gerontic  living  chamber  departing  gradu- 
ally from  the  coil.  Rate  of  growth  considerable,  the  conch  increas- 

ing its  diameter  about  23^  times  within  the  last  volution  and  attain- 
ing a  total  diameter  of  165  mm  where  the  volutions  are  still  con- 

tiguous. Whorls  subcircular,  the  ventral  side  a  little  narrower  than 
the  dorsal  one  and  becoming  strongly  flattened  on  the  gerontic  whorl, 
while  the  dorsal  side  remains  round  and  gibbous.  No  impressed 
zone  present. 
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Cameras  shallow,  about  8  mm  distant  in  their  middle  portions 
in  the  ephebic  stage  of  the  conch.  Septa  very  concave,  their 

depth  equal  to  that  of  two  cameras.  Sutures  nearly  straight 
transverse,  with  but  very  slight  indications  of  lateral  lobes  and  hardly 

any  of  the  ventral  saddles,  while  the  dorsal  saddles  are  more  dis- 
tinct.   Living  chamber  incomplete  in  all  specimens ;  where  most 

lgs.  39,  40, 41  D  e  1 1  o  c  e  r  a  s  v  a  n  i  n  g  e  n  i  sp.  no  v.  Transverse  sections  at  the  begin- ning of  the  living  chamber;  fig.  3g  from  the  type  (pi.  25),  x  yK  ;  fig.  40  from  the  specimen reproduced  on  pi.  27,  x  X  ;  fig.  41  from  that  reproduced  on  pi.  28,  x  T90 

perfect  attaining  the  length  of  half  a  volution  ;  in  the  gerontic  stage 
becoming  free  in  the  best  preserved  specimens. 

Siphuncle  large  (about  8  mm  just  before  the  living  chamber), 
tubular,  subventran  in  the  last  volution.  Surface  smooth,  bearing 
nothing  but  fine  growth  lines. 

Position  and  locality.  One  specimen  each  from  beds  B8,  B, 
and  C-  (Lower  (/hazy)  of  the  Yalcour  section. 
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Observations.  Owing  to  the  rather  short  generic  diagnosis  of 
Deltoceras,  which  states  but  certain  differences  from  Aphetoceras 
and  to  the  lack  of  any  illustrations  of  the  one  species  representing 
the  genus  Ave  have  been  unable  to  arrive  at  a  conclusive  reference 
of  our  species  to  the  latter.  At  the  same  time  we  do  not  doubt  that 

this  species  has  more  nearly  attained  the  plane  of  development  of 
Deltoceras  than  of  any  other  genus.  It  fully  agrees  with  the  picture 
that  is  drawn  of  Deltoceras  by  Hyatt  in  the  rapid  growth  of  the 
whorls,  the  loose  coiling,  the  sutures  and  the  large  size  and  ventral 

position  of  the  siphuncle,  while  in  the  amount  of  the  flatten- 
ing of  the  abdomen  and  its  relative  great  width  upon  the  last  whorl 

(gerontic  stage  ?)  it  would  seem  to  differ  from  or  go  beyond  the 
conception  of  the  genus. 

Billings  has  made  known  three  species  of  Nautilus  from  the  Chazy 
limestone  of  the  Mingan  islands.  One  of  these,  Nautilus 

tyrans,  appears  to  have  borne  some  similarity  in  its  habit  to  our 
form.  This  is  however  not  figured  and  the  description  being  drawn 

from  a  single  incomplete  specimen,  is  insufficient  to  permit  a 

definite  recognition  of  that  form ;  nor  has  Hyatt  reinvestigated  or 
even  again  mentioned  it ;  but  an  inspection  of  the  type 
specimen  of  N  .  tyrans  in  Ottawa  has  shown  us  that  the  volutions 
are  nowhere  in  contact,  that  its  rate  of  growth  is  slower  and  that  it 

possesses  shallower  cameras.  From  all  other  nautiloids  of  the  Chazy 

formation  D  .  vaningeni  is  distinguished  by  the  more  rapid  ex- 
pansion of  its  conch. 

We  have  three  specimens  which  come  from  three  different  beds 

of  the  Chazy  at  Valcour.  The  type  specimen  (from  bed  B3)  has 
retained  part  of  the  adult  or  gerontic  living  chamber  and  shows  that 
this  became  evolute. 

We  take  great  pleasure  in  naming  this  stately  form  after  Prof. 
Gilbert  van  Ingen,  of  Princeton  University,  to  whose  enthusiastic 

collecting  the  State  Museum  owes  so  much  of  its  Champlain 
material. 

Family  plectocekatidae 

Genus  plectoceras  Hyatt 

Hyatt  has  erected  this  genus  [1884,  p.  268]  to  include  the  cos- 
tated  forms  similar  to  Discoceras  [see  under  Schroederoceras],  but 

having  the  siphuncle  ventrad  of  the  center. 
The  original  diagnosis  of  the  genus  is : 

Plectoceras,  nobis,  includes  Silurian  species  having  costae  curved 

posteriorly  on  the  sides  and  crossing  the  abdomen  as  in  Trocholites 
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and  sutures  similar,  but  with  ventral  saddles.  The  whorls  quadrate, 
the  abdomen  narrower  than  the  dorsum  and  the  sides  convergent  out- 

wards. The  siphons  are  ventral  and  holochoanoidal.  The  young 
are  precisely  similar  in  form,  smoothness  of  the  shell  and  striae  of 
.growth,  and  in  sutures  to  the  straight  sutured  form  of  Trocholites. 
Type :   P  1  e  c  t .  (  Naut.)  Jason  sp.  Bill. 

To  this  first  diagnosis  it  has  later  [Hyatt  1894]  been  added  that 
the  mode  of  coiling  may  be  quite  close  and  regular,  with  perhaps  a 
slight  impressed  zone  or  flattened  dorsum,  or  the  coiling  may  be 

open,  and  sometimes  very  irregular;  that  the  umbilical  perforation 

is  large ;  the  impressed  zone  absent  until  the  whorls  come  into  con- 
tact and  invariably  absent  in  gerontic  whorls. 

The  genus  Plectoceras  has  then  further  been  made  the  type  of  the 
family  Plectoceratidae.  A  comparison  of  the  latter  with  the  family 
Tarphyceratidae  will  show  that  the  essential  difference  lies  in  the 

presence  of  "  annular  costae  from  the  neanic  stage  until  late  in  life  ". 
Since,  however,  costation  becomes  already  quite  strong  among  the 

Tarphyceratidae,  as  in  T  .  p  e  r  k  i  n  s  i  —  a  form  which  on  account 
of  the  prominence  of  the  costae  was  separated  by  Whitfield  from  T  . 

champlainense  —  it  is  quite  apparent  that  a  sharp  separa- 
tion between  the  forms  of  the  two  families  will  frequently  be  quite 

difficult  or  even  impossible.  Indeed  Whiteaves  has  lately  [1903, 

p.  121]  suggested  that  the  frequently  cited  Black  river  form, 
Nautilus  undatus  Hall,  should  be  referred  to  Plectoceras 

rather  than  to  Eurystomites  as  Hyatt  had  done.  We  agree  with 

Whiteaves  that  the  adults  of  N .  undatus  do  not  show  any  dif- 
ferences of  generic  rank  from  Plectoceras.  Moreover,  it  is  conceded 

"by  Hyatt  himself  that  also  in  N .  undatus  the  costae  appear  al- 
ready in  the  neanic  substage. 

According  to  the  phylogenetic  principles  followed  by  Hyatt  in  his 
classification  we  would  have  to  see  in  Plectoceras  a  group  of  forms 
advanced  beyond  the  Tarphyceratidae,  an  assumption  which  is  in 

accordance  with  the  geologic  range  of  the  genus,  for  while  the  Tar- 
phyceratidae are  prevailingly  of  Beekmantown  age,  Plectoceras  does 

not  begin  until  Chazy  time  with  the  species  here  described,  ranges 
through  the  Black  river  stage  with  P .  h  a  1 1  i  and  is  still  recorded 
from  the  Niagaran.  From  the  species  known  thus  far  it  would 
appear  that  the  genus  is  restricted  to  the  American  basin. 
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Plectoceras  jason  Billings  (sp.) 
Plates  29-31 

Nautilus  jason  Billings.    Can.  Nat.  and  Geol.  1859.  4:464 
Plectoceras  jason  Hyatt.      Bost.  Soc.  Nat.  Hist.  Proc.  1884.  22:268 
Plectoceras  jason  Hyatt.    Am.  Phil.  Soc.  Proc.  1894.  32:499 
Plectoceras  jason  Whiteaves.     The  Ottawa  Naturalist.    1903.  17:120 

The  Chazy  bed  B4  of  the  Valcour  section  has  furnished  five  speci- 
mens of  a  coarsely  costate,  middle  sized  nautiloid  which  we  have 

found  to  be  identical  with  a  form  described  by  Billings  in  1859  from 
the  Chazy  limestone  of  the  Mingan  islands  in  Canada  as  Nautilus 

jason  and  which  later  on  was  made  the  type  of  the  genus  Plecto- 
ceras by  Hyatt. 

Description.  Conch  a  nautilicone  which  as  a  rule  is  quite 
closely  coiled ;  consists  of  three  to  four  volutions,  and  attains  in  a 
specimen  of  not  quite  three  volutions  a  diameter  of  125  mm.  Rate 

of  growth  moderate,  the  dorsoventral  diameter  attaining  its  double 
length  within  one  volution.  Sections  of  early  volutions  subcircular, 
the  two  diameters  about  equal,  the  abdomen  slightly  flattened,  the 

dorsum  slightly  impressed  and  the  sides  rounded ;  in  the  ephebic 

stage  and  still  more  so  in  the  gerontic  stage,  the  section  is  sub- 
quadratic,  the  abdomen  and  the  dorsum  being  broad  and  flat,  the 

latter  more  so  than  the  former  and  the  sides  -  slightly  convergent 
outward. 

Figs.  42,  4^    Plectoceras  jason   Bill,  (sp.) 
Fig.  42  Transverse  section  through  the  living  chamber  of  the  speci- 

men reproduced  on  pi.  29,  x  %  ;  rig.  43  view  of  last  septum,  at  base 
of  living  chamber  reproduced  on  pi.  30,  somewhat  deformed  by 
lateral  pressure,  natural  size 

Living  chamber  less  than  one  half  volution,  in  gerontic  species 

slightly  uncoiled.  Aperture  with  very  deep  hyponomic  sinus,  the 

ventral  margin  in  the  ephebic  stage  receding  behind  the  dorsal  mar- 
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gin  by  almost  the  length  of  the  dorsoventral  diameter,  sides  of  aper- 
ture with  low  crests.  Cameras  very  shallow,  the  middle  depth  of 

the  cameras  being  4  mm,  where  the  volution  has  a  diameter  of  21 

mm ;  7  mm  where  the  diameter  is  34  mm ;  sutures  nearly  straight 
in  the  early  volutions,  but  developing  a  high  ventral  saddle  and 
shallower  lateral  lobes  upon  the  later  whorls.  Septa  deep,  their 

depth  being  equal  to  that  of  one  chamber  in  the  second  whorl  and 
equal  to  that  of  two  chambers  in  the  third  whorl. 

Siphuncle  large  (about  one  sixth  of  the  diameter),  tubular,  propio- 
ventran  from  an  early  stage  onward. 
The  surface  of  the  first  volution 

marked  with  strong  growth  lines ;  on  the 
second  volution  appear  rounded  costae, 

which  pass  the  sides  very  obliquely, 

swinging  backward  from  the  line  of  in- 
volution toward  the  abdomen.  Where 

the  dorsoventral  diameter  of  the  whorl 

is  35  mm,  the  distance  of  the  crests  of 
the  costae  is  10  mm.  Both  the  costae 

and  the  concave  interspaces  bear  a  sys- 
tem of  strong  raised  lines,  running  par- 
allel to  the  costae. 

Position  and  localities.  Not  uncom- 

mon in  the  lower  Chazy  (bed  B4)of  the 

Valcour  section.  Billings's  original  came 
from  the  Chazy  limestone  of  the  Mingan  island 

the  "  Calciferous  of  the  Mingan  islands  "  and  states  that  there  are 
similar  forms  in  the  same  horizon  in  Newfoundland.  Whiteaves  has 

lately  [1903,  p.  120]  remarked  that  Hyatt  was  in  error  in  placing 
the  species  m  the  Beekmantown  formation.  Raymond  [1902,  p.  20] 

cites  a  "  L  i  t  u  i  t  e  s  undatus  (?)"  from  the  Chazy  beds  with 
Maclurea  magna  at  Crown  Point,  which  presumably  is  a  rep- 

resentative of  this  species.1 
Observations.  Since  neither  Billings  nor  Hyatt  has  figured 

this  species  and  the  latter  author  gives  but  a  short  note  about  the 
form,  identification  of  our  material  with  the  Mingan  form  had  to 

rest  primarily  upon  a  comparison  with  the  original  description  and 

it  can  not  be  overlooked  that  in  such  a  proceeding  important  dif- 
ferences may  fail  to  be  recognized.  A  comparison  of  our  drawings 

with  authentic  Canadian  material  in  the  museum  at  (  >ttawa  has 

F igr.  44  Plectoceras  jason 
Bill,  (sp.)  Secdon  or  first 
whorls,  x  V, 

Hyatt  cites  it  from 

1  Mr  Raymond  informs  me  that  the  specimen  is  a  small  weathered  frag- ment. 
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however  shown  the  correctness  of  the  identification.  Hyatt  asserts 

that  this  form  is  sometimes  quite  irregular  in  its  mode  of  coiling  and 
one  of  our  specimens  appears  to  indicate  something  of  the  same  kind. 

Hyatt  made  the  following  observation  in  regard  to  this  irregu- 
larity of  the  mode  of  coiling: 

In  several  specimens  of  Jason  the  first  whorls  may  touch,  the 
ephebic  volution  may  be  open  and  free  and  yet  the  extremity  of  the 
living  chamber  again  come  in  contact. 

In  regard  to  the  earliest  whorl  it  is  stated  by  Hyatt  that  the  "  um- 
bilical perforation  is  large  and  the  impressed  zone  is  absent  until 

the  whorls  come  in  contact  "  and  that  it  is  invariably  absent  in 
gerontic  whorls.  Our  text  figure  44  gives  a  section  of  the  earliest 

whorls  of  a  specimen  from  Valcour.  This  shows  the  large  um- 
bilicus, rapid  growth  of  the  first  whorl,  absence  of  costae  on  the 

latter  and  their  beginning  on  the  second. 

Suborder  E.   CYRTOCHOANITES  Hyatt 
Division  I.  AN  NULO  SIPHON  ATA 

Family  loxoceratidae 

Genus  loxoceras  McCoy 

This  genus  was  originally  described  by  Hyatt  as  Sactoceras  [1884, 
p.  273]  and  based  upon  Orthoceras  richteri  Barrande  as 

type.  Later  on  [1900,  p.  527]  McCoy's  term  Loxoceras,  which 
had  been  proposed  in  1844  for  Carboniferous  forms  but  not 
recognized,  was  adopted. 

The  diagnostic  characters  of  the  genus  are  to  be  seen,  in  the  ortho- 
ceraconic  or  cyrtoceraconic,  more  or  less  longicone  form,  the  highly 

nummuloidal  segments  of  the  siphuncle  in  later  stages  and  its  posi- 
tion in  the  center  or  near  the  center  of  the  phragmocone ;  and  in  the 

still  irregular  character  of  the  endosiphuncular  deposits  in  distinc- 
tion from  those  of  the  Actinoceratidae.  Thus  defined  the  genus  is 

said  to  range  from  the  Lower  Siluric  into  the  Carboniferous.  The 
reference  of  the  genus  to  the  Cyrtochoanites  demands  that  the  septal 

necks  shall  be  "  as  a  rule  bent  outward  and  crumpled,  and  generally 

short  "  and  its  being  placed  under  the  Annulosiphonata  requires 
that  the  endosiphuncular  deposits  "  when  present  are  always, 

gathered  about  or  encrusting  the  septal  necks." 
Tbe  faunas  here  described  contain  only  one  species  of  which  it 

could  be  asserted  that  it  belongs  here.  This  form  (  L  .  m  o  n  i  1  i  - 
forme)  is  clearly  in  all  its  characters  a  close  relative  of  O. 

richteri,  the  genotype,  though  of  smaller  size,  and  with  a  little 
more  excentric  position  of  the  siphuncle. 
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Loxoceras  moniliforme  Hall  (sp.) 

Plate  34,  fig.  6-9 

Orthoceras    moniliforme    Hall.    Pal.  N.  Y.  1847.    l:35,  pi.  7> 
fig-  5 

Orthoceras  subarcuatum  Hall.    Pal.  N.  Y.  1847.    v.  t,  pi.  7,  fig. 
3  (apical  part  of  type  specimen) 

Description.  Slender  orthoceracone  of  circular  section  and  mod- 
erate size,  attaining  a  length  of  100  mm  or  more  and  a  width  of 

17  mm;  the  rate  of  growth  being  3  mm  in  the  space  of  20  mm. 
The  cameras  are  relatively  deep,  the  septa  being  4  mm  apart  where 
the  conch  has  a  width  of  12  mm;  2.5  mm  apart  where  it  is 

8  mm  wide.  A  slight  organic  deposit  is  found  in  the  apical 
cameras  [see  fig.  9].  The  living  chamber  was  large  and  may 
have  occupied  fully  one  half  or  more  of  the  conch.  The  aperture 

is  not  known.  The  septa  are  shallow,  their  concavity  not  amount- 
ing to  one  half  the  depth  of  the  cameras  and  decreasing  in 

depth  in  apertural  direction.  The  sutures  appear  to  be  straight 

transverse.  The  siphuncle  is  large,  its  greatest  width  being  nearly 

one  fourth  that  of  the  conch,  propiocentren,  nummuloidal,  the  inter- 
septal  segments  spherical  and  empty  as  far  as  observed.  The  surface 
was  smooth  or  marked  with  growth  lines  only. 

Position  and  localities.  Hall  records  his  specimen  to  have 
been  obtained  from  the  limestones  at  Chazy  with  M  a  c  1  u  r  e  a 

magna  ;  our  specimens  were  collected  at  Chazy  in  B4  (the  upper 
part  of  the  middle  Chazy  or  Maclurea  beds)  ;  one  was  also  found 
by  Prof,  van  Ingen  at  Plattsburg  in  the  Saranac  river  and  one  has 

been  obtained  in  the  upper  Chazy  (CG)  at  Chazy  village. 
Observations.  The  original  drawing  of  this  species  is  very 

poor,  for  the  siphuncle  is  drawn  incorrectly  and  the  septa,  which  in 

the  type  are  well  shown,  have  been  left  out  altogether.  We  have  for 
this  reason,  with  the  kind  permission  of  Prof.  Whitfield,  refigured 
the  type  which  is  in  the  American  Museum  of  Natural  History. 

It  represents  a  natural  section  which  in  the  apical  region  passes 
near  the  ventral  margin  and  therefore  intersects  the  siphuncle,  and 
in  the  middle  part  of  the  fragment  crosses  obliquely  to  the  dorsal 
margin.  To  this  oblique  fracture  the  subparallel  margins  of  the 

upper  portion  of  the  type  are  due.  The  siphuncular  segments  are, 
as  our  drawing  shows,  considerably  more  inflated  than  in  the  original 
figure  and  agree  well  with  those  of  the  fossils  referred  to  this 

species  on  plate  34.  Since  also  the  rate  of  growth  and  the  depth 

of  the  chambers  are  identical,  there  can  be  no  doubt  of  the  correct- 
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ness  of  our  identification.  In  this  case,  our  specimens  demonstrate 

that  the  siphuncle  is  not  central  in  position,  as  it  appears  from  the 
original  drawing,  but  submarginal  [see  pi.  34,  fig.  8]. 

The  posterior  part  of  the  type  of  Orthoceras  subar- 
cuatum  Hall  [pi.  7,  fig.  3]  is  also  a  fragment  belonging  to  this 
species  [see  p.  445]. 

Orthoceras  diffidens,  a  species  made  known  by  Billings 
from  the  Chazy  limestone  of  the  Mingan  islands  is  closely  related  to 
this  form  and  may  be  even  identical  with  it.  Its  rate  of 

growth,  the  depth  of  the  cameras,  the  character  and  position  of  the 
siphuncle  are  almost  the  same  as  in  our  specimens  and  only  the 
siphuncle  is  relatively  smaller  (one  third  of  the  width  in  our  form, 
one  fifth  in  O  .  diffidens). 

Another  similar  form,  which  has  been  neither  figured  by  Bill- 
ings nor  described  in  all  its  details  so  fully  as  to  exclude  any  doubts 

of  a  correct  identification,  isO.allumettense.  Of  the  latter 

species  it  is  stated  that  it  closely  resembles  O.  diffidens,  both 
internally  and  externally  but  that  it  has  a  wider  siphuncle.  In  the 

relative  dimension  of  the  latter  it  agrees  completely  with  L .  moni- 
1  i  f  o  r  m  e  ;  but  the  same  is  less  symmetrical  than  in  our  form 

and  the  cameras  are  markedly  deeper. 

Family  actinoceratidae 

Genus  cyrtactinoceras  Hyatt 

Our  collection  of  Chazy  cephalopods  contains  two  cyrtoceraconic 

forms  with  highly  nummuloidal  siphuncles  filled  with  organic  de- 
posits. The  latter  proved  to  be  arranged  as  rosettes  or 

obstruction  rings  around  the  septal  necks.  This  character  shows 

that  the  species  belong  to  the  division  Annulosiphonata,  while  the 

highly  nummuloidal  form  of  the  siphuncular  segments  and  the  ex- 
tent and  regularity  of  the  filling  of  the  siphuncle  place  them 

in  the  family  Actinoceratidae.  Also  the  filling  of  the  cameras  with 

organic  deposits  —  which  filling  in  Actinoceras  often  goes  to  such 
an  extent  as  to  solidify  the  entire  shell  in  old  age  —  is  here  very 
noticeable  and  in  one  species,  the  small  Cyrtactinoceras 
c  h  a  m  p  1  a  i  n  e  n  s  e  ,  carried  almost  as  far  as  in  the  large  typical 
species  of  Actinoceras  from  the  Lower  Siluric  of  the  Lake  Huron 

region. 

Still  when  compared  with  the  typical  Actinoceras  with  its  exces- 
sively nummuloidal  siphuncles  as  it  prevails  in  and  after  the  Black 
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river  and  Trenton  periods,  our  forms  appear  to  be  somewhat  primi- 
tive, partly  in  the  relatively  smaller  and  less  nummuloidal  siphuncle 

and  partly  in  the  restriction  of  the  organic  deposits  to  the  earlier 
growth  stages,  at  least  in  one  of  the  two  species. 

A  reference  to  the  subgenus  Paractinoceras  Hyatt,  that  is  described 
as  exhibiting  a  similar  restriction  of  the  rosettes  in  its  middle  stages 

as  suggested  in  our  material,  is  excluded  by  the  long  and  slender 
form  of  the  species  of  that  genus. 

Another  genus,  Cyrtactinoceras,  has  been  erected  by  Hyatt  in  the 

chapter  on  cephalopods  in  Zittel-Eastman  but  not  described  and 
based  on  the  citation  of  Cyrtoceras  rebelle  Barrande  as 

genotype.  That  form  proves  to  be  a  cyrtoceraconic  species  with  de- 
pressed section,  rather  closely  arranged  septa,  moderately  nummu- 

loidal siphuncle  which  shrinks  somewhat  in  old  age,  is  filled  in- the 
middle  stages  with  rosettes,  located  near  the  convex  side  of  the  conch 

but  somewhat  variable  in  position  and  approaching  the  center  again 

in  old  age.  To  this  species  the  forms  here  brought  under  the  Actin- 
oceratidae  approach  in  the  somewhat  stout  form  of  the  conchs, 

their  depressed  sections,  and  the  characters  of  the  siphuncles,  nearer 

than  to  any  other  group,  and  we  have,  therefore,  united  them  under 
the  same  generic  term. 

Cyrtactinoceras  boycii  Whitfield  (sp.) 

Plate  35,  figure  1-4 

Cyrtoceras   boycii  Whitfield.    Am.    Mus.   Nat.    Hist.    Bui.  1886. 
1:326,  pi.  29,  fig.  4 

From  the  original  description  and  our  own  material  the  follow- 
ing diagnosis  can  be  given  for  this  interesting  form : 

A  rather  stout,  strongly  convex  cyrtoceracone  with  depressed 
elliptic  section,  the  major  and  minor  diameters  of  which  have  an 

approximate  ratio  of  6:7;  expanding  rather  rapidly  (at  the  rate  of 

1  mm  in  3  mm),  while  its  curvature  decreases  slightly  with  advanc- 
ing age ;  the  hight  of  an  arc  of  30  mm  in  the  apical  portion  being 

5  mm  and  in  the  mature  portion  but  2  mm. 

The  cameras  are  shallow,  specially  so  in  the  apical  portion,  where 

"20  may  be  counted  within  the  space  of  20  mm,  but  increase  some- 
what fast  in  depth  in  apertural  direction  and  in  the  most  advanced 

stage  observed  only  9  were  found  in  the  same  space.  The  living 

chamber  has  been  observed  only  in  one  specimen,  where  it  is  ex- 
panding rapidly  and  has  a  length  of  36  mm,  though  probably  not 

quite  complete,  and  a  basal  width  of  25  mm.  The  aperture  has  not 
been  seen. 
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The  sutures  are  apparently  straight  transverse  or  nearly  so ;  the 
septa  very  shallow,  their  concavity  only  two  thirds  as  much  as  the 
depth  of  the  cameras  notwithstanding  their  slight  forward  arching 
on  the  convex  side  of  the  phragmocone. 

The  siphuncle  is  highly  nummuloidal.  centren  in  position,  and 
possesses  a  width  of  5  to  7  mm.  In  the  early  stages  it  is  filled  with 

rings  of  organic  deposits,  forming  around  the  septal  necks  and  leav- 
ing but  a  narrow  endosiphotube  open,  which  widens  in  oral 

direction.  The  septal  necks  are  very  short.  The  septal  walls,  adjoin- 

ing the  siphuncle  are  thickened  by  radiating  deposits  in  correspond- 
ence to  the  internal  deposits  of  the  siphuncle.  The  surface  is 

smooth  or  only  possessed  with  such  faint  sculpture  as  the  growth 
lines  furnish. 

Position  and  localities.  The  type  specimen  comes  from  the 

dove-colored  Chazy  limestone  (cited  in  the  original  description  as 
the  dove-colored  limestone  of  the  Birdseye)  at  Isle  La  Motte,  Lake 

Fig.  45  Fig.  46  Fig.  47 
Fig.  45    Cyrtactinoceras  boycii   Whitf.  (sp.)     Section  of  fragment,  showing 

part  of  living  chamber.    Valcour  Island.    Natural  size. 
Fig.  46   Cyrtactinoceras   boycii   Whitf.   ̂ sp. )     Longitudinal  section  of  frag- ment showing  siphuncle.  x% 
Fig.  47    Cyrtactinoceras  boycii  Whitf.  (sp.)    Transverse  section.  x^0 

Champlain.  I  have  found  another  specimen  from  the  same  horizon 
in  the  Perkins  collection  of  Isle  La  Motte  fossils  in  Burlington 

University;  and  one  from  the  dove-colored  limestone  of  Yalcour 
island  is  figured  here.  I  have  also  collected  three  specimens  in  the 
Strephochetus  beds  of  B4  and  of  C6  at  Chazy  village. 
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Observations.  This  species  is  characterized  as  a  primitive 
Actinoceras  by  the  confinement  of  the  filling  of  the  siphuncle  to  the 
apical  and  middle  portions.  The  thickening  of  the  septa  around  the 

siphuncle  observed  here  occurs  also  in  Paractinoceras  can- 
ad  e  n  s  e  Whiteaves.  C  .  b  o  y  c  i  i  has  in  the  depth  of  the  cham- 

bers, the  depressed  form  of  the  conch  and  the  nummuloidal  char- 
acter of  the  siphuncle  some  similarity  to  Cyrtoceras  sub- 

turbinatum  Bill,  from  the  Lower  Siluric  of  the  Mingan  islands, 
but  differs  in  the  subcentral  position  of  the  siphuncle  and  greater 
curvature  of  the  conch. 

Cyrtactinoceras  champlainense  sp.  now 

Pjate  34,  figure  3  ;  plate  36,  figures  1,  2 

Description.  Conch  a  small,  but  slightly  arcuate  cyrtocera- 
cone,  which  expands  moderately,  the  transverse  diameter  increasing 
within  a  length  of  20  mm  from  9  mm  to  1 5  mm  in  one  specimen ; 
the  rate  of  expansion  itself  increasing  somewhat  from  the  nepionic 

part  of  the  conch  to  the  ephebic.  The  largest  specimen  observed 
measures  44  mm  with  the  greater  portion  of  the  living  chamber  and 

Fig.  48  Fig.  49  Fig.  50 
Fig.  48  Cyrtactinoceras  champlainense  sp.  now  Transverse  section 
showing  the  circumsiphuncular  organic  deposit,  the  siphuncular  deposit  and  the 
endosiphotube.  \2% 

Fig.  49  Cyrtactinoceras  champlainense  sp.  now  Longitudinal  sec- tion showing  the  extent  of  the  organic  depositions  in  the  cameras  and  siphuncle  ; 
the  endosiphotube  in  the  lower  part  of  the  siphuncle  and  the  tubuli  in  the 
upper.  X3 

Fig.  50  Cyrtactinoceras  champlainense  sp.  nov.  Transverse  section 
of  the  living  chamber  of  the  specimen  reproduced  on  plate  36,  figure  1,  2. 
Natural  size 

about  10  mm  of  the  apical  portion  missing.  The  section  is  slightly 
depressed,  the  outer  side  being  slightly  flattened,  and  the  dorsoventral 
diameter  smaller  by  about  one  sixth  than  the  transverse  diameter. 

Cameras  very  shallow,  there  being  9  counted  in  5  mm  in  the  apical 
portion  and  the  same  number  in  10  mm  in  the  ephebic  portion,  filled 

more  or  less  by  organic  deposits  in  the  form  of  rings  or  heart- 
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shaped  disks  concentric  to  the  siphuncle.  Septa  very  flat,  their  depth 
not  quite  equal  to  that  of  the  cameras.  Living  chamber  observed 

only  in  its  posterior  portion.  Aperture  not  seen,  the  hyponomic 

sinus  either  extremely  shallow  or  situated  on  the  inner  side  (endo- 
gastric  shell),  for  the  growth  liner  are  straight  transverse  on  the 
outer  side. 

Siphuncle  centren,  highly  nummuloidal  in  all  parts  of  the 
phragmocone,  about  2  mm  in  the  interseptal  expansion,  rilled 
by  organic  deposits  arranged  in  rosettes  around  the  septal  necks  and 
leaving  open  an  endosiphotube  and  radiating  tubuli.  The  surface  is 
smooth. 

Position  and  localities.  This  form  has  been  found  most  com- 

monly in  the  exposure  of  the  dove-colored  limestone  near  the  cross- 
ing of  the  Chazy  turnpike  and  Little  Monty  bay  road,  2  miles 

south  of  Chazy.  Fragmentary  sections,  which  are  referable  to  this 
species,  have  also  been  obtained  by  Prof,  van  Ingen  in  the  Saranac 
river  at  Plattsburg. 
Observations.  This  cyrtoceracone  is  readily  distinguished 

from  other  forms  of  the  Chazy  and  Trenton  periods  by  its  rapid 
expansion,  the  centren  position  and  nummuloidal  character  of  its 

siphuncle  ;  from  the  preceding  species  with  which  it  is  associated 
and  with  whose  young  it  might  be  confounded,  it  differs  mainly  in 
its  smaller  curvature  and  relatively  smaller  siphuncle. 

Genus  gonioceras  Hall 

In  the  first  volume  of  the  Palaeontology  of  New  York 

[1847,  P-  54]  Kail  erected  the  genus  Gonioceras  for  a  cephalopod 
from  the  Black  river  beds  at  Watertown,  which  offered  a  very 

peculiar  aspect.  Later  on  the  same  author1  described  another  species 
from  the  Trenton  of  Wisconsin  and  these  are  the  only  two  species 

of  the  genus  which  have  thus  far  become  known.  A  third  species, 

which  had  been  announced  by  Whiteaves  from  the  Trenton  of  Mani- 

toba, has  later  been  referred  by  Clarke  to  Triptoceras.  The  last 

named  author,  who  has  also  recorded  the  presence  of  the  two  species 
of  Gonioceras  in  the  Trenton  of  Wisconsin,  Minnesota  and  Illinois, 

gives  the  following  diagnosis  of  the  genus  [1897.  p.  794]. 

Broad,  flat,  straight  shells,  extremely  compressed  dorsoventrally, 
and  with  extended  lateral  flanges  into  which  the  septa  are  continued. 

The  shells  are  subcqually  biconvex  with  regular  concave  dorsal  and 

1  Report  of  Progress,  Wis.  1861. 
2  Roy.  Soc.  Can.  Proc.  1891.  v.  9,  section  4,  p.  86. 
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ventral  lobes,  large  moniliform  siphonal  beads,  perforated  with 
radiating  canals. 

The  principal  features  of  the  structure  of  Gonioceras  are  the  ex- 
treme depression  of  the  shell  and  the  extended  lateral  flanges.  Hyatt, 

in  his  first  publication  on  the  classification  of  the  cephalopods  [1884] 

thought  this  genus  extraordinary  enough  to  erect  a  separate  family 

for  its  reception,  adding  that  its  features  warrant  his  "assuming  this 
as  probably  one  of  the  passage  forms  from  the  compressed  Ortho- 
ceratites,  above  described,  to  the  true  Sepioidea,  and  possibly  a  more 
or  less  remote  ally  of  Paleoteuthis  d  u  n  e  n  s  i  s  Roem.  of  the 

Devonian.''  In  regard  to  this  view  it  has  been  stated  by  Foord 
[1888,  p.  323]  that  the  shell  of  Gonioceras  was  certainly  external, 
while  that  of  the  sepioids  is  internal.  Hyatt  himself  has  later  on 
advanced  to  another  hypothesis  on  the  derivation  of  the  sepioids 

and  placed  Gonioceras  [1900.  p.  528]  at  the  end  of  the  Actinocera- 
tidae,  evidently  considering  it  as  an  aberrant  group,  related  to 
Actinoceras,  with  which  genus  it  is  connected  by  the  structure  of  its 
siphuncle. 

This  genus  is  not  only  odd  in  its  structure  but  equally  peculiar 
in  its  distribution.  It  is  restricted  to  the  American  basin,  where  it 

has  thus  far  been  observed  to  have  spread  in  the  Trenton  period 
from  Xew  York  to  Wisconsin.  In  Xew  York  it  has.  however,  only 

been  found  in  one  locality,  viz.  at  Watertown,  where  the  genotype 

occurs  not  infrequently  in  the  Black  river  beds.  In  Europe  it  is 

entirely  absent  and  it  belongs  therefore  to  the  most  characteristic 
forms  of  the  American  basin  of  the  Lower  Siluric  era.  In  the  rocks 

deposited  in  this  basin  it  again  has  thus  far  been  found 
to  be  restricted  to  those  of  Trenton  age,  and  it  has  not  been  found 

in  the  Trenton  rocks  of  the  Appalachian  basin.  In  view  of  this 

remarkably  restricted  geologic  and  geographic  distribution  of  the 

two  species  of  Gonioceras,  the  finding  of  a  third  species  in  the  pre- 
ceding Chazy  beds  and  in  an  exposure  lying  within  the  Appalachian 

basin  is  of  special  interest,  not  only  indicating  a  possible  center  of 
origin  for  the  genus,  but  also  in  regard  to  the  relation  of  the  Chazy 

Appalachian  basin  to  the  Trenton  American  basin.  We  shall  have 

occasion  to  recur  to  this  relation  in  the  chapter  on  the  distribution 

of  the  Cephalopoda. 
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Gonioceras  chaziense  sp.  nov. 

Plate  36,  figure  3,  4 

On  account  of  the  great  interest  attaching  to  the  appearance  of 

this  genus  in  the  Chazy  beds  and  in  the  Appalachian  basin,  we  de- 
scribe here  this  species,  though  we  possess  but  two  specimens  which 

are  retained  as  natural  sections  upon  weathered  rock  surfaces. 

Another  large  specimen  was  observed  by  the  writer  in  an  early 
reconnoitering  trip  near  Chazy  village  and  in  the  same  horizon  as 
those  described  and  figured  here  but  could  not  be  located  again 
when  the  proper  tools  for  collecting  were  at  hand. 

The  natural  section  exposes  the  septa,  which  are  closely,  arranged, 
there  being  10  of  them  counted  within  the  space  of  20  mm ;  each 
septum  rises  within  the  body  of  the  shell  to  about  the  hight  of  five 
cameras,  forming  broad  and  low  saddles  in  the  lateral  flanges,  and 
becoming  slightly  deflected  backward  towards  the  outer  margin  of 
the  flanges.  Their  central  portions  are  much  thickened  by  secondary 
deposits.  The  outer  conch,  which  according  to  Hall  is  also  in  the 

other  species  of  Gonioceras  excessively  thin,  is  not  preserved ;  the 
greatest  width  of  the  phragmocone,  as  indicated  by  the  septa,  is  a 
little  over  70  mm.  The  phragmocone  appears  to  have  been  at  least 

as  rapidly  expanding  as  that  of  G .  anceps.  The  siphuncle  is 

very  large  (its  diameter  7  mm),  strongly  nummuloidal,  filled  with 
organic  deposits  which  leave  open  but  a  narrow  endosiphotube. 
From  the  latter  radiate  horizontal  tubuli  as  in  the  other  congeners. 
We  have  not  been  able  to  ascertain  the  transverse  section  of  the 
conch  and  the  surface  is  unknown. 

Position  and  locality.  The  specimens  were  obtained  from  the 
middle  Chazy  beds  (B3)  near  Chazy  village,  X.  Y. 

Observations.  This  species  is,  according  to  the  character  of 
the  saddles  in  the  lateral  flanges,  more  closely  related  to  G . 

anceps  than  to  G  .  occi  den  tale,  which  seems  but  natural 
since  also  in  time  of  appearance  it  is  nearer  to  that  form,  a  Black 
river  species,  than  to  the  later  G.  occi  den  tale. 

Subdivision  ACTINOSIPHOXATA 

Family  ooceratidae 

The  Beekmantown  and  Chazy  beds  have  furnished  a  small  group 

of  five  cyrtoceraconic  species,  three  of  which  can  be  positively  placed 
with  the  Actinosiphonata  by  the  internal  structure  of  their  siphuncles, 

while  the  other  two  though  not  showing  this  structure  belong,  ac- 
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cording  to  their  general  habit  and  the  form  and  position  of  their 
siphuncles,  more  probably  to  this  than  to  any  other  division. 

We  have  placed  all  five  with  the  genus  Ooceras  Hyatt,  though  only 
two  of  them,  O  .  s  e  e  1  v  i  and  O  .  1  a  t  i  v  e  n  t  r  u  m  ,  are  good 

representatives  of  that  genus,  as  last  defined  in  Zittel-Eastman's 
textbook.  Of  the  others,  O.  (  ?)  perkinsi  shows  distinctly  the 

radiating  lamellae  of  the  siphuncle  [see  text  fig.  55],  characteristic 

of  the  xActinosiphonata  and  is  most  probably  a  primitive  representa- 
tive of  the  Ooceratidae,  while  the  remaining  two  (O  ?  kirbyi 

and  O.  ?  r  a  e  i  )  though  unknown  in  their  internal  siphuncular 
structures  can  hardly  belong  to  any  other  group  on  account  of  the 
ventral  marginal  position  of  their  nummuloidal  siphuncles.  Besides 

0  .  ?  k  i  r  b  y  i  possesses  in  its  strongly  compressed  conch  and  closely 
set  septa  additional  characters  which  are  developed  in  the  genus 
Ooceras  and  make  this  reference  appear  fairly  correct.  Also  the 
faint  annulations  of  O  ?  r  a  e  i  are  repeated  in  several  Bohemian 

species  cited  by  Hyatt  as  typical  members  of  the  genus.  Since  of 
the  last  named  species  only  one  or  two  fragments  are  known  and 
these  come  from  the  excessively  hard  Beekmantown  dolomite  of  the 

"  Kirby  ledge  "  at  Beekmantown,  little  hope  for  the  collection  of 
additional  material  can  at  present  be  entertained. 

The  most  striking  feature  of  many  (or  the  typical  ?)  Ooceratidae 
lies  in  their  septal  necks  which  are  hooklike  in  section  and  confined 
to  the  dorsal  (or  inner  side)  of  the  conch.  This  character  is  well 

shown  in  two  of  the  specimens  here  described  [see  text  fig.  52  and 
Pi.  38.] 

Genus  ooceras  Hyatt 

Ooceras  kirbyi  Whitfield  (sp.) 

Cyrtoceras    kirbyi    Whitfield.    Am.  Mus.  Nat.   Hist.   Bui.  1889. 
2:57,  pi.  10,  fig.  4-7 
Description.  Medium  sized,  slender  cyrtoceracone.  The  type 

of  the  species,  a  fragment,  incomplete  at  both  ends,  measures  70  mm 
and  indicates  an  individual  of  at  least  twice  that  length  ;  its  largest 

diameter  is  34  mm.  The  conch  is  strongly  compressed  ;  its  section  a 
narrow  ellipse  with  subacute  dorsal  and  ventral  sides ;  the  ratio  of 
the  diameters  of  the  section  is  about  4:7.    The  rate  of  growtli  is 
1  mm  in  65  mm.  The  curvature  is  moderate,  an  inner  arc  with  a 
cord  32  mm  long  has  a  hight  of  3  mm. 

The  length  of  the  living  chamber  and  the  character  of  the  aperture 
are  unknown.  The  cameras  are  strongly  curved  and  very  shallow, 

there  being  counted  6  of  them  in  the  space  of  10  mm.    The  sutures 
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possess  an  acute  and  high  ventral  (outer)  and  a  lower  and  narrower 

dorsal  saddle.  The  septa  are  moderately  concave,  their  depth  being 
twice  that  of  the  cameras. 

The  siphuncle  is  small,  slightly  nummuloidal,  marginal  at  the 
ventral  side  and  in  contact  with  the  ventral  wall.  The  composition 
of  the  siphuncular  wall  has  not  been  seen. 

The  outer  surface  is  smooth. 

Position  and  locality.  Very  rare  in  the  bed  of  bluish-gray 
crystalline  Beekmantown  limestone  (D)  below  the  lower  Ophileta 
bed  at  Beekmantown  N.  Y. 

Observations.  The  strongly  compressed  form  of  the  conch, 

the  close  arrangement  and  the  rapid  rising  of  the  septa  on  the  ven- 
tral side  and  the  marginal  ventral  position  of  the  siphuncle  leave 

little  doubt  that  this  form  is  an  Ooceras  or  belongs  to  a  closely 
related  genus. 

Ooceras  (?)  raei  Whitfield  (sp.) 

Cyrtoceras  raei  Whitfield.    Am.  Mus.  Nat.  Hist.  Bui.  1889.  2:58, 
pi.  10,  fig.  8,  9 

All  that  we  know  of  this  species  which  is  based  on  a  single  frag- 
ment collected  by  Professor  Seely  at  Beekmantown  is  contained  in 

the  original  description,  since  no  additional  material  has  been 
obtained. 

The  fragment  exhibits  a  short  ventral  portion  only  and  fails  to 

furnish  sufficient  data  for  satisfactory  generic  reference.  All  that 
can  be  said  is  that  the  form  possessed  a  cyrtoceracone  with  depressed 
section,  low  annulations  or  undulations  of  the  outer  shell,  rather 

shallow  chambers  (3^  in  the  space  of  10  mm  in  the  specimen), 
sutures  with  a  distinct  ventral  saddle,  and  a  subventran  marginal 
siphuncle,  which  is  nummuloidal. 

The  rate  of  growth  of  the  conch,  the  characters  of  the  living 
chamber  and  of  the  aperture,  of  the  dorsal  side  and  apical  portion 
and  those  of  the  surface  of  the  conch  are  not  known  and  presuppose 

the  discovery  of  new  material  for  their  elucidation. 

Ooceras  seelyi  sp.  nov. 

Plate  38,  figure  7-11 

Description.  Small,  breviconic  cyrtoceracone.  Length  of 

largest  fragment  40  mm  ;  indicating  that  the  complete  specimen  pos- 
sessed at  least  the  double  length.  The  rate  of  growth  of  the  form 

is  very  great,  one  conch  expanding  from  1 5  to  29  mm  within  32  mm ; 
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the  section  slightly  compressed  oval  with  very  little  difference  be- 

tween the  minor  and  major  diameters  (14  and  15  mm  in  one  speci- 
men) ;  the  ventral  side  being  a  little  narrower  than  the  dorsal.  The 

largest  diameter  observed  is  about  40  mm  at  the  base  of  the  living 
chamber;  the  curvature  is  strong,  an  arc  of  35  mm  having  a  hight 
of  4  mm. 

Only  the  base  of  the  living  chamber  has  been  observed  and  the 
apical  part  of  the  conch  is  missing.    The  cameras  are  very  shallow, 
there  being  4  of  them  in  the  space  of  10  mm ;  they  are  curved, 

strongly  arching  forward  on  the  convex  (ventral  ?) 
side ;  the  sutures  nearly  straight  transverse  with  a 
broad  lobe  on  the  convex  side ;  the  septa  flat  (their  1 

depth  is  about  iy2  that  of  the  cameras)  and  bend- 
ing orad  on  the  ventral  side. 

The  siphuncle  is  large,  strongly  nummuloidal,  Fisge^lyf  °penoav! 
expanding  to  twice  its  width  (one  eighth  the  width     ̂ "Natural SX 
of  the  shell)   in  the  cameras.    Septal  neck  only 

present  on  dorsal  side ;  the  interseptal  segments,  which  are  of  disk- 
like shape,  marginal  in  position  on  the  convex  side  of  the  conch. 

Position  and  localities.  In  the  dove-colored  limestone 

(Chazy  Q)  of  Isle  La  Motte,  and  of  the  outcrops  north  of  the  road 

to  Little  Monty  bay  south  of  Chazy  village.  One  specimen  was  col- 
lected by  Professor  Hudson  in  the  lower  Chazy  of  the  neighbor- 

hood of  the  normal  school  at  Plattsburg  N.  Y.,  where  it  is  asso- 
cited  with  Rhynchonella  acuticostris,  Scalites 

angulatus,  Harpes  antiquatus,  etc. 
Observations.  The  most  striking  characters  of  this  species, 

which  is  a  typical  Ooceras,  are  found  in  the  structure  of  the  si- 
phuncle and  the  section  of  the  conch.  In  the  siphuncle  the  septal 

necks  are  absent  on  the  ventral  (outer)  side  [see  fig.  11],  but 
strongly  developed  on  the  dorsal  side  where  they  are  bent  outward 
and  hooklike  in  section.  This  is  one  of  the  diagnostic  features  of 
the  Ooceratidae. 

Ooceras  (?)  lativentrum  sp.  nov. 

Plate  35,  figure  7-10 

Description.  Slender,  medium  sized  cyrtoceracone.  The 
largest  specimen  observed,  which  lacks  aperture  and  apical  part, 

measures  90  mm,  and  may  have  attained  twice  that  size  when  com- 
plete. The  largest  aperture  has  a  diameter  of  31  mm.  The  rate  of 

growth  is  1  mm  in  6  mm  in  the  dorsoventral  plane.    The  section  is 
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depressed  elliptic,  the  ratio  of  the  dorsoventral  diameter  to  the  trans- 
verse one  as  8  :g  in  the  earlier  and  later  parts  of  the  conch.  The 

conch  is  strongly  curved  and  may  have  approached  the  gyroceraconic 
condition  ;  an  inner  arc  of  50  mm  has  a  hight  of  8  mm. 

The  living  chamber  attains  apparently  about  one  third  the  length 
of  the  total  conch.  The  aperture  is  not  contracted,  the  margin  nearly 
straight.  The  growth  lines  indicate  that  the  hyponomic  sinus  is 
shallow  and  situated  on  the  arched  external  side  (exogastric  shell). 
The  cameras  are  shallow  (6  to  8  in  the  space  of  10  mm)  ;  the  sutures 
straight  transverse  with  a  faint  lobe  on  the  ventral  side,  the  septa 

very  concave,  their  depth  twice  that  of  the  cameras. 
The  siphuncle  is  small,  its  width 

one  eighth  the  diameter  of  the  shell ; 

nummuloidal,  propioventran  in  po- 
sition. The  septal  necks  are  bent 

outward  and  developed  on  the  dor- 
sal side  only;  thereby  giving  the 

siphuncular  segments  an  asymme- 
tric section.    The  surface  is  smooth. 

Position  and  localities.  Fre- 

quent in  the  dove-colored  limestone 

(Chazy  Q)  of  Isle  La  Motte  and 

also  occurring  in  the  same  horizon 
at  Yalcour  island. 

Observations.  In  the  characters 

and  position  of  the  siphuncle,  nota- 

bly in  the  restriction  of  the  develop- 
ment of  the  curved  septal  necks  to 

the  dorsal  side,  this  species  is  a  typi- 
cal member  of  the  Ooceratidae  and 

specially  of  Ooceras,  wherewith  it 

also  has  in  common  the  close  septa- 

lion  and  the  rapid  rising  of  the 

septa  on  the  ventral  side.  A  differ- 

ence of  as  yet  unknown  importance 

appears  to  lie  in  the  direction  of  the 

compression  of  the  conch  ;  the  shell  of  Ooceras  being  compressed 

and  that  of  this  species  depressed.  This  depressed  section  may  sug- 

gest a  closer  relationship  to  the  original  Cyrtoceras  Gold  fuss,  than  to 
Ooceras. 

A  form  which  in  the  longitudinal  section  as  also  in  its  curvature, 

rate  of  growth,  position  and  character  of  the  siphuncle  bears  a 
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remarkable  similarity  to  this  species,  is  Cyrtoceras  1  a  t  i  - 
curvatum  Whiteaves  [1897,  p.  224]  from  the  Galena-Trenton 
beds  of  the  vicinity  of  Lake  Winnipeg.  Still  the  latter  species  is 
slightly  more  curved,  has  also  deeper  cameras  and  is  described  as 
compressed  in  transverse  section. 

Ooceras  (?)  perkinsi  sp.  nov. 
Plate  34,  figure  4,  5 

Description.  Slender,  small  cyrtoceracone  with  circular  sec- 
tion; attaining  in  the  most  complete  specimen  observed  (type  speci- 

men) a  length  of  75  mm  —  with  the  apical  end  and  the  living  cham- 
ber missing  —  and  a  width  of  20  mm;  its  rate  of  growth  is  1  mm 

in  7.5  mm.  Its  curvature  is  slight  and  decreasing  in  apertural  di- 
rection ;  the  hight  of  the  arc  of  the  type  specimen  is  4  mm  and  its 

apex  is  situated  at  about  one  third  of  the  length  of  the  fragment.  An 
impressed  zone  is  absent  and  the  living  chamber  has  not  been 
observed. 

The  cameras  are  relatively  shallow ;  their  depth  is  3  mm  at  the 
smaller  end  of  the  specimen  and  5.5  mm  at  the  larger,  indicating  a 

rather  rapid  increase  in  depth ;  the  sutures  are  straight  and  trans- 
verse ;  the  septa  shallow,  their  depth  amounting  to  one  half  that  of 

the  cameras  and  not  arching  forward  to  any  appreciable  amount 
upon  the  convex  side  of  the  conch. 

The  siphuncle  is  nummuloidal,  the  interseptal  segments  more 

convex  on  the  outer  than  on  the  inner  side;  its  greatest  width  one 
fifth  that  of  the  conch  and  twice  as  large  as  the  septal  perforations. 
It  is  distant  from  the  outer  side  by  its  own  width  in  the  apical 

portion  of  the  conch,  but  approaches  the  center  in  anterior 
direction.  The  septal  necks  are  short  and  curved  outward  assuring 

thereby  the  position  of  this  form  among  the  Cyrtochoanites.  The 
interior  of  the  siphuncle  is  filled  with  organic  deposits,  arranged  in 
vertical,  radiating  lamellae ;  through  its  center  passes  a  distinct 
tubular  endosiphotube  with  conchiolinous  walls  \scc  text  fig.  55]. 

The  shell  is  thick  and  the  surface  smooth. 

Position  and  locality.  Professor  Perkins,  who  collected  the 
type  specimen,  informs  me  that  there  is  some  doubt  in  regard  to  the 

exact  horizon  and  locality  of  the  same.  It  was  found  in  a  lot  of  fos- 
sils from  the  dove-colored  limestone  of  Isle  La  Motto  and  presumably 

comes  from  that  horizon  though  the  adhering  matrix  differs  some- 
what from  that  of  the  other  specimens.  We  have  observed 

fragments  of  what  we  believe  to  be  the  same  species  in  the 
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dove-colored  limestone  of  Yalcour  island,  and  of  the  neighborhood 
of  Chazy. 

Observations.  This  form  is  in  amount  of  curvature  of  the 

shell,  rate  of  growth,  depth  of  chambers  and  character  and  position 

of  siphuncle,  sufficiently  similar  to  Hall's  evasive  species  O.  sub- arc  u  a  t  u  m  that  I  should  have  identified  it  with  the  same  if  the 

latter  were  not  described  by  Hall  and  Billings  as  being  sharply 
annulated. 

/ 

Fig.  53  Fig.  54  Fig.  55 
Fig.  5 1    Ooceras  (?)   perkinsi  sp.  now     Longitudinal  section of  the  type.    Natural  size 
Fig.  54   Ooceras    (?)   perkinsi   sp.   now    Transverse  section 

of  the  type,    x  T9P 
Fig.  55   Ooceras  (?)  perkinsi  sp.  now  Enlargement  (x  2.7)  of 
siphuncle  to  show  the  endosiphotube  and  sections  of  vertical  lamellae 

From  L  o  x  o  c  e  r  a  s  111  o  11  i  1  i  f  o  r  111  c  it  can  be  distin- 

guished by  its  curvature  and  the  relatively  smaller  size  of  the 

siphuncle.  L  .  c  ha  m  p  1  a  i  u  e  11  s  e  has  considerably  shallower 
chambers. 

Family  oncoceratidae 
Genus  cyclostomiceras  Hyatt 

This  new  genus  is  proposed  in  Zittel-Eastman's  textbook  and 
based  upon  the  species  described  next  as  genotype.    Its  diagnosis  is : 

Slender,  short,  exogastric  orthoceracones  and  cyrtoceracones,  cir- 
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cular  or  compressed  in  section.  Living  chamber  as  compared  with 
camerated  part  longer  and  larger  than  in  most  forms,  less  contracted 
and  with  open  aperture  in  gerontic  stage. 

The  genus  is  stated  to  persist  from  the  Lower  Siluric  to  the 
Devonic. 

While  distinctly  phylogerontic,  it  still  represents  an  earlier  stage 
of  the  family  than  the  genera  Oncoceras  and  Melonoceras,  since 
its  aperture  has  not  yet  become  contracted  to  any  appreciable 
amount  and  remains  open  throughout  life. 

Hyatt  describes  the  genus  as  exogastric  ;  the  excellent  material  of 
the  genotype  we  have  in  hand  shows  that  form  to  be  endogastric. 

Cyclostomiceras,  as  represented  by  its  genotype,  would  then  appa- 
rently not  lead  to  the  Poterioceratidae  but  to  the  Phragmoceratidae. 

The  exogastric  forms,  now  referred  to  Cyclostomiceras,  must 
eventually  be  brought  under  a  new  generic  designation. 

Cyclostomiceras  cassinense  Whitfield  (sp.) 

Plate  37,  figure  1-3  ;  plate  38,  figure  5,  6 

Gomphoceras  cassinense  Whitfield.    Am.  Mus.  Nat.  Hist.  Bui. 
1886.    v.  I,  no.  8,  p.  322,  pi.  29,  fig.  1-3 

Cyclostomiceras  cassinense  Hyatt.    Zittel's  Textbook  of  Pal. tr.  by  Eastman.    1900.    1  1530 

The  collecting  zeal  and  liberality  of  Prof.  G.  H.  Perkins  have 

placed  in  my  hands  representatives  of  this  species  which  are  more 

perfect  than  its  originals.  Since  they  allow  the  elucidation  of  im- 
portant additional  characters  and  since  the  species  has  gained  con- 

siderable importance  by  having  been  made  the  type  of  a  new  genus, 

we  avail  ourselves  of  the  opportunity  of  redescribing  it  and  fur- 
nishing drawings  of  the  best  of  the  specimens. 

Description.  Conch  a  middle  sized  subfusiform  endogastric 
orthoceracone,  which  attains  a  size  of  105  mm  or  more  and  a  greatest 

width  of  about  40  mm  in  the  middle  of  the  living  chamber  of  geron- 
tic specimens.  Its  rate  of  growth  is  large  and  amounts  to  33  mm 

within  the  space  of  40  mm  up  to  the  widest  part  of  the  living  cham- 
ber, whence  it  decreases  at  a  smaller  rate.  The  section  is  circular 

in  the  younger  stages,  but  later  on  the  dorsal  side  becomes  more 
convex  than  the  ventral. 

The  living  chamber  is  relatively  large,  nearly  half  the  length  of 
the  individual,  with  wide  open  aperture  in  the  young  and  mature 

stages  and  slightly  contracted  aperture  in  the  gerontic  stage,  the 
contraction  being  greater  on  the  dorsal  and  lateral  sides  than  on  the 

ventral    [pi.   37,   fig.   3].    Apertural   margin  straight,  transverse, 
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with  a  shallow  wide  hyponomic  sinus.  Cameras  very  shallow,  in- 
creasing to  more  than  double  width  from  the  earlier  stages  to  the 

ephebic  stage  (  10  in  10  mm  in  nepionic  stage  and  4  in  the  same 
space  in  the  ephebic  stage)  ;  sutures  provided  with  a  narrow,  low 
dorsal  and  a  faint  broad  ventral  saddle,  in  young  specimens  straight. 

Septa  shallow,  their  concavity  approximately  equal  to  the  depth  of 
the  cameras. 

Siphuncle  large,  5  mm  wide  in 

-■  -  --^  the    septal    perforations,  slightly 
contracting  between  the  septa,  pro- 
piodorsan  in  position ;  without  any 

organic  deposits. 
Position  and  locality.  In  the 

Fort  Cassin  beds  at  Fort  Cassim 

Observations.  This  interesting 

form  was  referred  by  its  author  to* 
Gomphoceras  but  the  very  slight 

development  of  the  lateral  contrac- 
tion of  the  apertural  margin,  dis- 

tinctly shown  in  our  material, 
proves  it  to  be  of  a  more  primitive 
character  than  Gomphoceras,  and 
the  Phragmoceratidae  in  general. 
Hyatt  has  made  it  a  genotype  and 

referred  the  new  genus  to  the  Oncoceratidae ;  describing  it  as 

consisting  of  exogastric  forms.  Since  our  specimens  have  the  hypo- 
nomic sinus  on  the  flat  or  less  arched  side,  this  form  seems  to  have- 

relations  to  or  could  be  conceived  to  lead  to  the  endogastric  genus. 
Phragmoccras. 

The  position  of  the  hyponomic  sinus  on  the  flatter  side  indicates 
that  the  animal  carried  the  conch  very  much  in  the  position  given 

to  it  in  the  lateral  view  [pi.  37,  fig.  3]. 

Fig.  56  Cyclostomiceras  c  a  s  - sinense  Whitf.  (sp.)  Longitudinal 
section  of  fragment  showing  the 
living  chamber,  siphuncle  and  depth 
of  septa,    x  % 

Cyclostomiceras  minimum  Whitfield  (sp.) 
Plate  35,  tigure  5,  6 

Gomphoceras  minimum  Whitfield.  Amer.  Mus.  Nat.  Hist.  BuL 
•  1886,  v.  1 ,  no.  8.  p.  321,  pi;  27,  fig.  3-5. 
Observations  made  on  specimens  in  the  collection  of  Burlington- 

University  verify  the  statement  contained  in  the  original  description,, 

that  this  form  had  an  open  aperture,  the  margins  of  which  were  not 
contracted.    It,  therefore,  can  not  be  referred  to  Gomphoceras  but 
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striction  just  posteriorly  of  the  aperture,  which  is 

produced  by  a  ringlike  thickening  of  the  apertural        tudinaf  sSn 

margin.    Also  two  parallel  vertical  carinae  of  un- 

must  be  assigned  to  a  genus  with  more  primitive  characters  than 

Gomphoceras  has ;  and  is  evidently  a  member  of  Hyatt's  genus 
Cyclostomiceras. 
The  hyponomic  sinus  is  shallow  and  narrow, 

and  situated  opposite  to  the  marginal,  tubular,  nar- 
row siphuncle.  The  slight  contraction  of  the  living 

chamber  is  largely  due  to  a  thickening  of  the  shell 
in  apertural  direction  [see  text  fig.  57],  evidently  a 
gerontic  feature.  On  casts  of  the  living  chamber 

one  observes  as  in  C  .  cassinense  a  deep  con-      Fi&-  57  cj  cl°- 
minimum Whitf.  (sp.) 

Part  of  longi- tudinal section 
showing  thick- ening of  shell 

equal  strength  may  be  seen  passing  along  the  si-  ?J?end\  3aper~ 
phuncular  side  of  the  cast. 

The  species  has  not  yet  been  observed  outside  of  the  beds  at  Fort 
Cassin. 

Genus  oncoceras  Hall  emend.  Hyatt 

Oncoceras  pristinum  sp.  nov. 
Plate  34,  figure  i,  2 

Description.  Small,  very  breviconic  cyrtoceracone,  which  is 
but  slightly  curved,  the  arc  described  by  the  outer  margin  having  a 
hight  of  7  mm,  when  the  length  of  the  conch  is  30  mm ;  compressed, 

the  dorsal  side  rounder  than  the  ventral ;  the  greatest  diameter  — 
which  is  the  dorsoventral  one,  at  about  the  first  half  of  the  living 

chamber  —  is  18  mm,  the  transverse  diameter  at  the  same  place  is 

about  14  mm.  The  living  chamber  slightly  and  gradually  con- 
tracting in  the  last  half  ;  not  quite  occupying  one  half  of  the  conch. 

Aperture  apparently  not  contracted.  Cameras  shallow,  9  within  the 
space  of  10  mm  in  the  ephebic  part  of  the  conch;  the  septa  but  little 
concave,  their  depth  being  about  equal  to  that  of  one  chamber, 
rising  toward  the  outer  side  of  the  conch.  Siphuncle  very  slightly 
nummuloidal,  1  mm  wide,  marginal  at  the  outer  side  of  the  conch, 
without  deposits.    Surface  smooth. 

Position  and  locality.  Of  quite  frequent  occurrence  in  C6 
(Strephochetus  bed)  at  Chazy  village,  but  not  observed  in  other 
parts  of  the  section  at  Chazy  village.  Also  obtained  by  Prof, 
van  Ingen  in  three  specimens  from  the  Chazy  beds  in  the  Saranac 
river  at  Plattsburg. 

Observations.  We  arc  not  aware  of  any  eyrtoceracones 
hitherto  described  from  the  Chazy  rocks  of  New  York  or  Canada, 
with  which  this  one  could  be  compared,  none  of  the  others  being 
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similarly  breviconic  and  rapidly  expanding;  nor  do  any  of  the 

Trenton  species  of  the  State  invite  comparison  with  the  possible  ex- 
ception of  the  genotype  of  Oncoceras,  O.  constrictum, 

which,  however,  is  readily  distinguished  by  the  much  greater  con- 
striction of  its  living  chamber.  O.  e  x  i  g  u  urn  Billings  (sp.),  a 

Canadian  Black  river  form,  is  much  more  slender  and  less  curved. 

Not  any  of  the  species  of  Oncoceras  from  the  western  Trenton,  made 

known  partly  by  Hall  and  partly  by  Clarke,  bear  any  similarity  with 
O  .  p  r  i  s  t  i  n  u  m  . 

This  is  a  true  Oncoceras  in  the  short,  small  form  of  the  shell, 

as  well  as  in  the  position  and  character  of  the  siphuncle.  The 

living  chamber  however  is  distinctly  contracted  in  apertural  direc- 
tion, but  the  aperture  appears  to  have  remained  open. 

While  in  its  congeners  the  apical  part  of  the  phragmocone  as  a 
rule  is  missing  and  probably  has  been  cast  off  by  the  animal,  in  this 
form  the  phragmocone  is,  with  the  exception  of  the  last  two  cameras, 

filled  solidly  with  calcite  —  sometimes  to  the  degree  of  obscuring  all 
structure  —  and  in  such  a  fashion  that  a  solidifying  of  this  part  of 
the  shell  by  organic  deposition  of  carbonate  of  lime  suggests  itself. 

The  habitat  of  this  small  peculiar  form  seems  to  have  been  the 

sponge  fields  for  it  is  found  most  frequently  associated  with  species 

of  the  common  Chazy  sponges  of  the  genus  Strephochetus,  which 
almost  alone  compose  certain  layers  of  the  Chazy  formation  and 
which  also  have  constantly  overgrown  the  shells  of  this  cephalopod. 
Among  these  sponge  masses  the  diminutive  cephalopod  would  seem 
to  have  found  favorable  conditions  of  shelter  and  preying. 

FORMAE  INCERTAE  SEDIS 

Orthoceras  (?)  primigenium  (Vanuxem)  ?  Whitfield 

Orthoceras   primigenia  Vanuxem.    Geol.  N.  Y.  3d  Dist,  1842. 
p.  36,  fig.  4 

Orthoceras    primigenium   Hall.    Pal.  N.  Y.  1847.    1  :i3,  pi.  3, 
fig.  it,  11a 

Orthoceras   primigenium   Whitfield.    Am.  Mus.  Nat.  Hist.  Bui. 
1889.    v.  II,  no.  2,  p.  56,  pi.  10,  fig.  1 

Orthoceras  primigenium  Cleland.    Am.  Pal.  Bui.  1900.    no.  13, 

p.  20 
Vanuxem  figured  a  small  orthoceratite  among  the  fossils  of  the 

Calciferous  group,  and  stated  in  a  short  note  that  its  chambers  are 
numerous  and  near  to  each  other,  that  the  terminal  parts  are  solid 
and  that  it  is  found  in  considerable  number  in  the  quarry  opposite 
Fort  Plain  in  the  Mohawk  valley.  Hall  in  his  first  volume  of.  the 
Palaeontology  of  New  York  figured  a  group  of  similar  apical  parts 
of  the  conch  and  also  a  fragment  of  a  more  anteriorly  situated 
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portion  of  the  phragmocone,  which  he  refers  to  Vanuxem's  species. 
From  this  material  he  extracted  the  following  description : 

Elongated,  terete,  gradually  tapering  to  an  obtuse  point;  surface 
smooth  ?,  section  circular,  septa  thin,  deeply  concave,  closely  ap- 

proximated, being  distant  only  one  twenty-fifth  the  diameter; 
siphuncle  ?. 

It  is  stated  that  this  species  is  found  in  the  higher  calcareous  por- 
tion of  the  Calciferous  (Beekmantown)  formation  in  the  Mohawk 

valley,  near  Fort  Plain,  and  that  it  occurs  also  in  a  brecciated  mass 
near  the  same  place. 

Prof.  Whitfield  has  assigned  to  this  species  a  specimen,  consist- 
ing of  a  longitudinal  section,  which  had  been  obtained  by  Professor 

Seely  at  Beekmantown.  He  concedes  that  the  septa  in  the 

same  are  not  so  closely  arranged  as  in  Hall's  type,  nor  are  they  so 
deeply  concave,  but  adds  that  it  agrees  with  a  fragment  of  Ortho- 

ceras  which  lies  on  the  same  block  with  Hall's  type  of  M  a  c  1  u  r  e  a 
matutina  from  the  Mohawk  valley.  His  material,  like  that  of 

the  preceding  observers,  failed  to  show  either  the  extent  of  the 
living  chamber  or  the  character  of  the  siphuncle. 

Prof.  Cleland  only  states  the  presence  of  a  few  imperfect  speci- 
mens in  the  Fort  Hunter  section. 

While  the  specimen  compared  by  Whitfield  with  Hall's  original  of 
O  .  p  r  i  m  i  g  e  n  i  u  m  differs  from  the  latter  by  its  deeper  cham- 

bers, it  agrees  well  in  this  character  with  the  original  figure  given 

by  Vanuxem.  It  is  probable  that  Hall's  figure  [/.  c,  fig.  n]  repre- 
sents a  species  different  from  that  which  Vanuxem  had  in  hand.  If, 

however,  the  siphuncle  of  Whitfield's  original  has  indeed  been  small 
and  subcentral,  as  is  suggested  by  that  author,  then  his  O  .  p  r  i  m  i  - 

geniu  m  is  quite  surely  a  different  form,  for  the  O  .  p  r  i  m  i  - 
g  e  n  i  u  m  of  the  Mohawk  occurs  prevailingly  and  in  great  numbers 
in  the  form  of  the  solid  apical  ends  which  are  evidently  the  preseptal 
or  nepionic  bulbs  and  indicate  a  species  with  a  wide  siphuncle, 
such  as  a  Cameroceras  or  Endoceras  had. 

These  considerations  invite  a  preliminary  separation  of  the  forms 

from  Beekmantown  and  from  the  Mohawk  valley  as  a  safer  pro- 
cedure until  more  complete  material  of  both  the  former  and  latter 

has  been  secured.  The  species  from  the  Champlain  valley  is  prob- 
ably nearer  related  to  O.  deparcum  Billings  from  the  White 

limestone  (Beekmantown)  of  the  Mingan  islands. 
From  the  associated  form  here  described  as  Endoceras  ? 

champlainense,  it  differs  in  its  more  closely  arranged  septa, 
greater  rate  of  growth  and  perhaps  also  in  the  position  of  the 

siphuncle. 
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Cycloceras  ?  (Spyroceras  ?)  rectiannulatum  Hall 

Orthoceras   rectiannulatum   Hall.    Pal.  N.  Y.  1847.    1  -.34,  pL 
7,  fig.  2,  2a 
This  species,  which  is  stated  by  its  author  to  occur  in  the  gray 

crystalline  central  portions  of  the  limestone  at  Chazy,  Clinton  co.„ 
is  based  upon  a  single  specimen.  The  latter  though  recorded  in  the 

original  description  as  being  in  the  Hall  collection  has  not  been  lo- 
cated. Xor  have  we  observed  any  other  specimens  with  the  char- 

acters of  this  species.  From  Spyroceras  s  u  b  a  r  c  u  a  t  u  m  it 
would,  according  to  the  description  and  figure,  differ  in  its  straight 
conch  and  more  distant  annulations.  Its  surface  is  unknown  and 

hence  a  conclusive  reference  to  any  of  the  genera  of  the  Cyclocera- 
tidae  or  Kionoceratidae  impossible. 

(Cyrtoceras)  beekmanense  Whitfield 

Cyrtoceras    beekmanensis    Whitfield.     Am.  Mus.   Nat.  Hist- 
Bul.    1889.    2:57,  pi.  10,  fig.  2,  3 

This  species  is  based  upon  a  fragment  too  incomplete  for  a  deter- 

mination of  its  position  in  Hyatt's  system  of  the  Cephalopoda  and 
no  additional  material  has  been  secured.   The  original  description  is : 

Shell  of  moderate  size,  nearly  straight,  the  arcuation  being  not 
more  than  ]/§  of  an  inch  in  a  length  of  three  inches,  or  one  twenty 
fourth  of  the  length ;  tube  laterally  compressed,  giving  a  very  slightly 
oval  section,  the  lateral  diameter  being  somewhat  less  than  the  dorso- 
ventral.  Septa  numerous,  seven  chambers  occur  within  the  space 
of  half  an  inch  on  the  side  of  the  tube  near  the  upper  end  of  the 
septate  portion,  not  greatly  arcuated  and  of  but  shallow  depth,  rather 
strongly  advanced  on  the  inner  side  of  the  tube.  Siphon  unknown. 
Outer  chamber  quite  long.    Surface  of  the  shell  apparently  smooth. 

It  is  reported  as  coming  from  the  crystalline  limestone  layer  of 

the  Beekmantown  below  the  lower  Ophileta  bed,  at  Beekman- 
town  (D). 

The  form  can  be  distinguished  from  the  few  other  cyrtoceraconic 

species  of  the  Beekmantown  by  its  shallow  chambers  with  the  ex- 
ception of  Cyrtoceras  kirbyi,  which,  however,  is  more 

strongly  arcuate  and  compressed. 

(Cyrtoceras)  confertissimum  Whitfield 
Plate  38,  figure  1-4  . 

Cyr'toceras  confertissimum  Whitfield.    Am.  Mus.  Nat.  Hist. 
Bui.  1886.    v.  1,  no.  8,  p.  327,  pi.  27.  figs.  7-9 
A  single  specimen  of  this  small  form  was  obtained  in  A6  of  the 

Fort  Cassin  beds  at  Valcour.    This  we  have  used  to  ascertain  the 
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•characters  of  the  siphuncle  and  specially  the  extension  and  form  of 
the  septal  necks,  in  order  to  establish  as  far  as  possible  the  relation 

■of  the  species  to  the  sub-orders  distinguished  by  Hyatt. 
The  specific  characters  of  C  .  c  o  n  f  e  r  t  i  s  s  i  m  u  m  are  briefly 

the  following :  conch  small,  attaining  a  length  of  40  mm  ;  curved  thus 

that  an  arc  20  mm  long  has  a  hight  of  2.8  mm ;  expanding  gradually 

at  a  rate  of  1  :(i8)  in  the  lateral  direction  and  of  1  :ii  in  the  dorso- 
ventral  direction.  Section  depressed  elliptic,  the  two  diameters  at 

the  lower  end  of  our  specimen  approximately  in  the  ratio  of  3  4,  the 
dorsal  (inner  side)  flatter  than  the  ventral  one. 

Septa  uniformly  convex,  depth  one  fourth  the  width.  Sutures 
straight  transverse.  Cameras  shallow,  1  mm  deep  (10  septa  within 
the  space  of  10  mm).  Extent  of  living  chamber  and  aperture 
imknown. 

Siphuncle  very  small,  not  more  than  one  twelfth  the  minor  diam- 

eter of  the  conch,  empty,  situated  propioventran,  consisting  of  short* 
septal  necks  and  nearly  tubular  (very  slightly  contracted)  siphun- 
cular  segments. 

Surface  provided  with  bands  of  fine  transverse  lines. 
Position  and  localities.  Fort  Cassin  beds  at  Fort  Cassin  Vt., 

and  Valcour  N.  Y.  (Ari). 
Observations.  We  have  found  it  impossible  to  ascertain  with  the 

material  available  the  exact  generic  position  of  this  form.  As  Whit- 

field has  rightly  pointed  out,  this  form  is  remarkable  for  its  "  trans- 
versal form  "  (depressed  section).  This,  combined  with  the  closely 

arranged  septa  and  marginal,  ventral  position  of  the  siphuncle.  would 

indicate  that  the  form  is  not  so  primitive  as  the  majority  of  its  ortho- 
ceraconic  and  cyrtoceraconic  associates.  The  structure  of  the  si- 

phuncle would  also  seem  to  bear  this  out,  for  it  is  not  only  very 
small  and  much  reduced  in  size,  but  its  septal  necks  are  also  short 

and  the  greatest  part  of  the  siphuncular  wall  is  formed  by  the  siphun- 
cular  segments.  The  septal  necks  are,  as  far  as  we  were  able  to 
observe,  straight  and  short  and  would  indicate  the  position  of  the 
form  in  question  among  the  Orthochoanites.  There  has,  however, 
no  genus  been  erected  for  orthochoanitic  cyrtoceraconic  forms  with 
such  distinctly  depressed  section,  as  far  as  I  am  aware,  and  typically 
depressed  cyrtoceraconic  conchs  appear  only  among  the  much  more 
specialized  genera  of  the  order  Cyrtochoanites.  Whether  our  form 
represents  a  primitive  member  of  one  of  the  latter  will  have  to  be 

decided  by  future  discoveries  of  the  whole  conch  with  living  cham- 
ber and  aperture. 
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The  single  other  Beekmantown  species  with  which  this  form  bears 

some  similarity  has  been  described  by  Professor  Dwight  [1884, 

p.  255]  as  Cyrtoceras  ?  dactyloides  from  the  Beekman- 
town at  Rochdale  in  the  Wappinger  valley  near  the  Hudson.  That 

species  has,  however,  a  relatively  much  larger  siphuncle. 

(Cyrtoceras)  acinacellum  Whitfield  (sp.) 
Cyrtoceras  acinacellum  Whitfield.     Am.  Mus.  Nat.  Hist.  Bui. 

1886.    1:327,  pi.  27,  figs.  10-13 
This  interesting  small  form  of  which  we  have  so  far  seen  only 

the  type  from  the  Fort  Cassin  beds  at  Fort  Cassin  is  char- 
acterized by  the  compressed  section  of  the  very  slowly  expanding 

curved  small  conch,  the  relatively  distant  septa  (10  in  the  space  of 
10  mm)  which  are  very  concave  and  show  an  abrupt  high  ventral 
and  a  lower  dorsal  saddle.  The  siphuncle  is  small,  tubular,  with 
short  septal  necks  and  long  straight  segments  and  subventran  in 
position.  The  outer  shell  is  smooth  or  only  possesses  such  sculpture 
as  the  growth  lines  provide. 

From  its  section,  the  position  and  character  of  the  siphuncle,  Ave 

surmise  that  this  species  may  represent  one  of  the  primitive  cyrto- 
ceraconic  genera  of  the  Tarphyceratidae  for  which  generic  terms 
have  not  yet  been  proposed. 

SPECIES  RECORDED  FROM  PHILIPSBURG,  CANADA 

Besides  . 
Sueceras  marcoui  Bavrandc  (sp.) 
Tarphyceras  farnsworthi  (Billings  sp.)  Hyatt 
Aphetoceras  farnsworthi  (Billings  sp.)  Hyatt  and 
Aphetoceras  attenuatum  Hyatt 

there  have  been  described  by  Billings  from  the  Beekmantown  beds 
at  Philipsburg  in  Missisquoi  county,  Canada,  at  the  north  end  of 
Lake  Champlain  the  following  species,  whose  generic  position  is 
uncertain. 

Lituites  imperator.    Pal.  Foss.  1:23 
Nautilus  pomponius.    Ibid.    p.  26 
Orthoceras  repens.    Ibid,    p.  312 
O.  catulus.    Ibid.    p.  313 
O.  perseus.   Ibid.   p.  313 
O.  missisquoi.    Ibid.    p.  314 
O.  cato.    Ibid.    p.  3T4 
O.  catalina.    Ibid.    p.  315 
O.  sayi.    Ibid.    p.  315 
O.  xerxes.    Ibid.    p.  316 
O.  tityrus.    Ibid.    p.  316 
O.  aristides.    Ibid.    p.  316 
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SYNOPTIC  TAXONOMY   OF  THE  CEPHALOPODA   OF    THE  BEEKMANTOWN 
AND  CHAZY  STAGES  OF  THE  CHAMPLAIN  BASIN 

Order  NAUTILOIDEA 

Suborder  A.    HOLOCHOANITES  Hyatt 

Division  II.  ENDOCERATIDA 

Family  endoceratidae 

Genus  cameroceras  (Conrad)  emend.  Hyatt 
Cameroceras  ( Proterocameroceras)  brainerdi  Whitfield  (sp.) 
C.  tenuiseptum  Hall  (sp.) 
C.  curvatum  sp.  nov. 

Genus  vaginoceras  Hyatt 
Vaginoceras  oppletum  sp.  nov. 

Genus  endoceras  (Hall)  Hyatt  emend. 
Endoceras  (?)  champlainense  sp.  nov. 
E.  (?)  hudsoni  sp.  nov. 
E.  magister  sp.  nov. 
E.  montrealense  Billings  (sp.) 

Genus  suecoceras  Holm 

Suecoceras  marconi  Barrande  (sp.) 

Genus  nanno  Clarke 

Nanno  noveboracum  sp.  nov. 

Family  piloceratidae 
Genus  piloceras  Salter 

Piloceras  explanator  Whitfield 

Family  CYKTExnoci^KATiDAE 
Genus  cyrtendoceras  Remele 

Cyrtendoceras  (?)  priscum  sp.  nov. 

Suborder  D.     ORTHOCHOANITES  Hyatt 

Division  I.  ORTHOCERATIDA 

Family  orthoceratidae 

Genus  baltoceras  Holm 
Baltoceras  (?)  pusilhim  sp.  nov. 

Genus  orthoceras  (Breyn.)  Hyatt  emend 
Orthoceras  lentum  sp.  nov. 
O.  progressum  sp.  nov. 
O.  vagum  sp.  nov. 
O.  modestum  sp.  nov. 

Genus  geisonoceras  Hyatt 
Gcisonoceras  shumardi  Billings  (sp.) 
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Family  cycloceratidae 

Genus  protocycloceras  Hyatt 
Protocycloceras  lamarcki  Billings  (sp.) 
P.  whitfieldi  sp.  nov. 
P.  (?)  cf.  fuftivum  Billings  (sp.) 

Genus  spyroceras  Hyatt 
Spyroceras  clintoni  Miller  (sp.) 

Genus  orygoceras  gen.  nov. 

Orygoceras  cornu-oryx  Whitfield  (sp.) 
Division  II.  PLECTOCERATIDA 

Family  tah i > 1 1 ycekatida 
Genus  barrandeoceras  Hyatt 

Barrandeoceras  natator  Billings  (sp.) 

Genus  eurystomites  Schroder  emend.  Hyatt 
Eurystomites  kelloggi  Whitfield  (sp.)  emend.  Schroder 
E.  accelerans  sp.  nov. 
E.  amplectens  sp.  nov. 
E.  rotundus  Hyatt 
E.  virginianus  Hyatt 

Genus  tarphyceras  Hyatt 
Tarphyceras  farnsworthi  Billings  (sp.)  emend.  Hyatt 
T.  seelyi  Whitfield  (sp.) 
T.  champlainense  sp.  nov. 
T.  perkinsi  Whitfield  (sp.) 
T.  clarkei  sp.  nov. 
T.    multicameratum  sp.  nov. 

Genus  aphetoceras  Hyatt 
Aphetoceras  farnsworthi  Billings  (sp.)  emend.  Hyatt 
A.  attenuatum  Hyatt 

Genus  deltoceras  Hyatt 
Deltoceras  vaningeni  sp.  nov. 

Family  trocholitidae 
Genus  schroederoceras  Hyatt 

Schroederoceras  eatoni  Whitfield  (sp.) 
S.  cassinense  Whitfield  (sp.) 

Genus  trocholitoceras  Hyatt 
Trocholitoceras  walcotti  Hyatt 

Genus  trocholites  Conrad  emend.  Schroder 
Trocholites  internestriatus  Whitfield  (sp.) 

Family  plectoceratidae 
Genus  plectoceras  Hyatt 

Plectoceras  jason  Billings  (sp.) 
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Suborder  E.     CYKTOCI IOAMTES 

Division  I.  ANNULOSIPHONATA 

Family  loxoceratidae 

Genus  loxoceras  McCoy 
Loxoceras  moniliforme  Hall  (sp.) 

Family  actinoceratidae 

Genus  cyrtactinoceras 
Cyrtactinoceras  boycii  Whitfield  (sp.) 
C.  champlainense  sp.  nov. 

Genus  gonioceras  Hall 
Gonioceras  chaziense  sp.  nov. 

Division  II.  ACTINOSIPHONATA 

Family  ooceratidae 

Genus  ooceras  Hyatt 
Ooceras  kirbyi  Whitfield  (sp.) 
O.  (?)  raei  Whitfield  (sp.) 
O.  seelyi  sp.  nov. 
O.  lativentrum  sp.  nov. 
O.  (?)  perkinsi  sp.  nov. 

Family  oncoceratidae 

Genus  cyclostomiceras  Hyatt 
Cyclostomiceras  cassinense  Whitfield  (sp.) 
C.  minimum  Whitfield  (sp.) 

Genus  oncoceras  Hall 

Oncoceras  pristinum  sp.  nov. 

Formae  incertae  sedis 

(Orthoceras)  rectiannulatum  Hall 
(O.)  repens  Billings 
(O.)  catulus  Billings 
(O.)  perseus  Billings 
(O.)  missisqnoi  Billings 
(O.)  cato  Billings 
(O.)  cataline  Billings 
(O.)  sayi  Billings 
(O.)  xerxes  Billings 
(O.)  tityrus  Billings 
(O.)  aristides  Billings 
(Cyrtoceras)  beekmanense  Whitfield 
(C.)  confertissimum  Whitfield 
(C.)  acinacellum  Whitfield 
(Lituites)  imperator  Billings 
(Nautilus)  pomponius  Billings 
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SYNOPTIC  TABLE  OF  THE  DISTRIBUTION  OF  THE  CEPHALOPODA  OF  THE 
BEEKMANTOWN  AND  CHAZY  STAGES  OF  THE  CHAMPLAIN  BASIN 

The  capital  letters  denote  the  localities  as  follows:  B  Beekmantown;  C  Chazy; 
F  Fort  Cassin;  I  Isle  La  Motte;  P  Philipsburg;  V  Valcour. 

NAME  OF  SPECIES BHF.K- 
MAN- 
TOVVN STAGE 

1  Cameroceras  brainerdi  Whit/.  (sp.).. .  F,V 
2  C.  tenuiseptum  Hall  |  , 
3  C.  curvatum  Rued.  
4  Vaginoceras  oppletum  Rued  
5  Endoceras  (?)  champlainense  Rued... 
6  E.  (?)  hudsoni  Rued  
7  E.  magister  Rued  
8  E.  montrealense  Bill.  sp  

Suecoceras  marcoui  Barrande  sj>,  ., Nanno  noveboracum  Rued  
Piloceras  explanator  Whit/  
Cyrtendoceras  (?)  priscum  Rued  
Baltoceras  (?)  pusillum  Rued  , 
Orthoceras  lentum  Rued  
O.  progressum  Rued  
O.  vagum  Rued  
O.  modestum  Rued    
Geisonoceras  shumardi  Bill.  sp.. 
Protocycloceras  lamarcki  Bill.  sp. . 

20  P.  whitfieldi  Rued  
ai  P.  (?)  c/.  furtivum  Bill,  sp  
22  Spyroceras  clintoni  Miller  sp  
23  Orygoceras  cornu-oryx  Whit/,  sp  24  Barrandeoceras  natator  Bill,  sp  
25  Eurystomites  kelloggi  Whit/  (sp.) — 26  E.  accelerans  Rued  
27  E.  amplectens  Rued  
28  E.  rotundus  Hyatt  
29  E.  virginianus  Hyatt   
30  Tarphyceras  farnsworthi  Bill.  (sp.). . . 
31  T.  seelyi  Whit/,  sp  
32  T.  champlainense  Whit/  (sp.)  
33  T.  perkinsi  Whit/  (sp.)   
34  T.  clarkei  Rued  
35  T.  mulucameratum  Rued  
36  Aphetoceras   farnsworthi    (Bill,  sp.) 
Hyatt  

37  A.  attenuatum  Hyatt  
38  Deltoceras  vaningeni  Rued  
39  Schroederoceras  eatoni  W hi/,  (sp.)  . . 
40  S.  cassinense  Whit/  (sp.)  
41  Trocholitoceras  walcotti  Hyatt  
4a  Trocholites  internestriatus // 'hit/  (sp.) 43  Plectoceras  jason  Bill,  (sp.)  

B 

F,  V B 
V 

B,  V 

CHAZY  STAGE 

C,  V 

F,  V 

44  Loxoceras  moniliforme  Hall  (sp.)  
45  Cyrtactinoceras  boycii  Whit/,  (sp.) . . 
46  C.  champlainense  Rued  
4  yGonioceras  chaziense  Rued  
48  Ooceras  kirbvi  Whit/  (sp.)  
49  O.  (?)raei  Whit/,  (sp.)  
50  O.  seelyi  Rued..   
51  O.  lativentrum  Rued  
52  ().  (?)  perkinsi  Rued  
53  Cyclostomiceras cassinense l('hit/.(sp.) 54  C.  minimum  Whit/,  (sp.)  
55  Oncoceras  pristinum  Rued  

F,V 
V 
V 

F,V 
F  (?) 

P 

F,  V F 
F 
V 

F,  V 
F,  V F 
F 

Incertae  sedis 
56  (Orthoceras)  rectiannulatum  Hall , 
57  (O.)  repens  Bill  
58  (O.)  catulus  Bill  
59  (O.)  perseus  Bill  , 

C,  V 

C(?) 

C,  V I 
C,V,I 
V 

V 
V 

V,  I 
c,v,i 

OTHER  LOCALITIES 

Also  Crown  Point 

Beekmantown  beds  near  Mon- 
treal 

c,v,i 
"v" 

C,V,I 

c 
CV,I c 

C,  I 

V,  I 

I(?) 

Chazy  of  Mingan  islands Beekmantown  beds  of  Mingan 
islands,  Newfoundland,  etc. 

Ontario,  Can. 
Chazy  of  Mingan  islands 
Chazy  of  Mingan  islands 
Shakopee  of  Wisconsin 

Lexington  Va 

Chazy  of  Mingan  islands  and Newfoundland.  M.  Chazy  of 
Crown  Point 

Chazy  of  Plattsburg 
AlsoSaranac  river  at  Plattsburg 

Also  Saranac  river  at  Plattsburg 

horizon  unknown 
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SYNOPTIC  TABLE  OF  THE  DISTRIBUTION  OF  THE  CEPHALOPODA-(««f/«^) 

NAME  OF  SPECIES BEEK- 
MAN- 
TOWN 
STAGE 

CHAZY  STAGE 
OTHER  LOCALITIES 

A B C 

60  (Orthoceras)  missisquoi  Bill  P 
P 
P 
P 
P 
P 
P 
B 
F 
F 
P 
P 

<53  (O.)  szyi  Bill   1  
€4  (O.)  xerxes  Bill  
65  (O.)  tityrus  Bill  
66  (O.)  aristides  Bill  
67  (Cyrtoceras)  beekmanense  Whit/.,.. 
68  (C.)  confertissimum  Whit/.  
6g  (C.)  acinacellum  Whit/.  

SYNOPTIC  TABLE  OF  THE  DISTRIBUTION  OF  SOME  OF  THE  GENERA 

Heavy  print  means  present  in  greater  number  of  species.    *  Present,  B  =  Beek- 
mantown,  Ch  =  Chazy,  L  =  Lowville,  Bl  =  Black  river,  T  =  Trenton,  U  =  Utica 

NAME  OK  GENUS BALTIC  
BASIN 

BOHEMIAN  
MEDI- 
TERRANEAN 

BASIN 

ATLANTIC  
BASIN 

NEWFOUNDLAND 

BASIN 

CHAMPLAIN  
BASIN 

< K 
Z < 
x 

a. 

(A 

ts> 

$ 

NOTES 

Nanno   
Ch 

L * B Philipsburg 
Also  China 

Ch 
L,  Bl B Piloceras  B B 

B,  Ch B * 
B,  Levis  channel Also  B  of  Virginia 
Also  B  of  Virginia 

Eurystomites B 15 
B,  Bl,  T Tarphyceras  

*  ? 

B B,  Ch 
Aphetoceras  B B 
Deltoceras  B 

Ch Barrandeoceras * 
Ch Ch 

Bl 
Schroederoceras . * B 
Trocholites  * ■■•>•••• 

*(Bala) 
B B1?T,U 

Litoceras   B 
Trocholitoceras B 
Plectoceras   Ch,  Bl 

B Ch 
Extends  to  Niagaran  of  Mis 

sissippian  sea Lituitidae  ** 

RELATIONS  OF  THE  CEPHALOPOD  FAUNAS  OF  THE  BEEKMANTOWN  AND 
CHAZY  FORMATIONS  OF  THE  CHAMPLAIN  BASIN  TO  THE  FAUNAS  OF 
OTHER  REGIONS 

The  elucidation  of  the  phylogenetic  relations  of  the  Cephalopoda 

by  Hyatt  and  the  resulting  erection  and  precise  determination  of 
numerous  genera  of  small  compass  have  made  this  important  class  of 
fossils  exquisitely  adapted  to  furnish  important  data  bearing  on  the 
paleogeography  of  the  Siluric  era,  which  could  not  be  hoped  for  as 
long  as  the  majority  of  these  organisms  were  associated  under  such 

loose  and  polvphyletic  groups  as  Orthoceras,  Cyrtoceras,  Gyroceras 

and  Nautilus.    We  present  here  a  few  such  data  which  can  be  de- 
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rived  from  a  part  of  the  limited  fauna  described  in  this  paper.  On 

account  of  a  lack  of  uniform  application  of  Hyatt's  systematic  prin- 
ciples to  the  taxonomy  of  the  paleozoic  cephalopod  faunas  of  other 

countries,  it  is  as  yet  impossible  to  survey  the  distribution  of  all 
genera  cited  here.  Moreover  it  is  apparent,  that  some  of  the  larger 

or  dominating  genera,  as  Endoceras,  are  of  such  general  distribu- 
tion, that  only  a  close  scrutiny  of  their  species  would  promise  any 

results.  For  these  reasons  we  restrict  ourselves  to  a  discussion  of 

the  involute  forms,  which  have  been  the  subject  of  Hyatt's  investi- 
gation in  the  Phytogeny  of  an  Acquired  Characteristic  and  to  the 

aberrant  and  highly  specialized  genera  which,  by  their  very  nature, 
will  be  bound  to  more  limited  areas  of  distribution  and  hence  more 

readily  yield  clews  to  the  former  connections  of  the  oceanic  basins. 
It  is  true  and  must  not  be  here  overlooked  that  the  very  aberrancy 
and  specialization  of  these  forms  may  indicate  that  they  were  adopted 
to  special  peculiar  conditions  and  to  a  very  limited  facies  and  the 
failure  to  find  them  over  large  areas  might  for  this  reason  be  simply 
due  to  a  failure  of  exposure  of  the  special  facies  to  which  they  are 
bound.  But  this  is  the  case,  in  a  more  general  way,  with  all  the 
Cephalopoda,  in  our  paleozoic  formations  at  least,  for  the  scarcity 
of  cephalopods  in  both  the  Beekmantown  and  Chazy  formations  and 

in  the  Trenton  as  well  —  in  most  localities  and  in  large  sections  — 
and  their  profuse  appearance  in  certain  beds  or  localities,  as  at  Fort 
Cassin  (Beekmantown)  and  Little  Monty  bay  (Chazy)  and  the 
Black  river  beds  of  Watertown,  is  sufficient  evidence  of  their  former 

rather  restricted  distribution  in  the  paleozoic  seas  and  of  their  char- 
acter as  facies  animals.  The  probability  of  a  former  much  wider 

distribution  of  the  aberrant  and  specialized  forms  than  their  fossil 
representation  would  indicate,  is  further  diminished  to  some  extent 
by  the  fact  that  such  forms  are  as  a  rule  eagerly  sought  by  collectors. 

In  discussing  the  paleogeographic  distribution  of  the  cephalopods 

of  the  Champlain  basin  we  follow  Freeh1  in  distinguishing  between 
a  Bohemian-Mediterranean  basin,  Baltic  basin,  North-Atlantic  basin 

and  Pacific-American  basin.  The  North- Atlantic  basin  is  supposed 

to  have  had  an  important  northwestern  embayment,  the  Newfound- 
land embayment,  which  comprises  the  present  maritime  provinces  of 

Canada,  New  Brunswick,  Nova  Scotia  and  Newfoundland.  From 

the  eastern  portion  of  the  Pacific-American  basin,  the  Mississippian 

sea.  there  was  separated,  according  to  Ulrich  and  Schuchert2  a  long 
basin,  extending  over  the  area  of  the  present  Appalachian  system. 

1  Lethaea  Paleozoica.    1897.  2:88. 
2  See  An.  Rep't  State  Paleontol.  for  1901. 
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During  the  Beekmantown  age,  these  authors  assert,  the  Mississip- 
pian  sea  was  connected  with  the  Atlantic  basin  by  means  of  the 
St  Lawrence  channel,  which  was  formed  by  the  northern  part  of 

the  restricted  Appalachian  trough.  During  the  Chazy  age  this  north- 
ern part  of  the  Appalachian  trough  had,  in  their  opinion,  become 

divided  by  means  of  the  Quebec  barrier  into  two  subparallel  basins, 

the  Chazy  basin  to  the  northwest  of  the  barrier  and  the  Levis  chan- 
nel to  the  east.  The  former  passed  through  the  greater  part  of  the 

present  Champlain  valley  into  the  Ottawa  basin,  the  latter  formed  a 
narrow  channel  between  the  Quebec  and  Green  mountain  barriers 
and  extended  as  far  as  Newfoundland. 

The  present  writer  has  differed  somewhat  from  this  view  in  cor- 
relating the  greater  part  of  the  Levis  graptolite  shale  with  the  Beek- 

mantown formation.  To  avoid  entering  upon  this  difference  of  view 

we  will  here  distinguish  but  the  four  grand  marine  divisions,  recog- 
nized by  Freeh  and  besides,  the  Mississippian  sea,  the  Newfound- 

land embayment  and  the  Champlain  basin. 

The  study  of  the  relations  which  exist  between  the  cephalopod 

faunas  of  the  Champlain  basin  and  the  Mississippian  sea  is  greatly  em- 

barrassed by  the  barrenness  of  the  latter  basin  in  well  preserved  'fos- 
sils of  the  Beekmantown  and  Chazy  formations.  The  Beekmantown 

age  has  furnished  but  few  cephalopods  in  the  Shakopee  for- 
mation described  by  Sardeson  and  the  Chazy  formation  is  in  the 

central  Mississippi  basin  represented  by  the  St  Peter  sandstone,  in 
which  the  fossils  are  so  poorly  preserved  that  altogether  only  two 
cephalopods  from  this  formation  have  been  described  by  Sardeson 

[1896]  and  by  Clarke  [1897].  We  are  here,  therefore,  largely  re- 

stricted1 to  an  investigation  of  the  relations  of  the  Champlain  basin 
in  Beekmantown  and  Chazy  time  to  the  Newfoundland  embayment 
and  the  Atlantic  and  Baltic  basins,  but  can  properly  draw  certain 

indirect  inferences  from  the  Mesochamplainic  faunas  of  the  Missis- 
sippian sea. 

A  perusal  of  the  table  of  distribution  of  a  number  of  cephalopod 

genera,  that  precedes  this  chapter  [p.  513]  leads  plainly  to  the  infer- 

lMr  E.  P.  Berkey  [see  "  The  Paleogeography  of  Mid-Ordovicic  Time  "  in 
Science,  n.  s.  1905,  21:989]  has  lately  advanced  the  view  that  the  St  Peter 
sandstone,  as  well  as  each  of  the  most  important  sandstones  below,  represents 
"  an  extensive  retreat  and  readvanceof  the  sea."  If  this  contention  that  the 
St  Peter  sandstone  represents  largely  material  reworked  by  the  sea  and  the 
wind  is  true,  then  there  is  little  hope  of  ever  obtaining  a  satisfactory  suite  of 
cephalopods  from  these  beds,  since  the  shell-bearing  cephalopods  have,  as  a 
class,  generally  kept  well  out  to  sea. 
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ences  that  the  Champlain  and  Newfoundland  basins  have  the  greatest 
number  of  genera  in  common ;  further,  that  a  considerable  number 

of  the  genera  characteristic  of  these  basins  is  present  in  the  subse- 
quent formations  in  the  Mississippian  sea  and  that  finally  from  the 

extra-American  basins  the  Baltic  basin  appears  to  have  a  greater 
number  of  genera  in  common  with  the  American  basin  than  either 
the  Atlantic  or  Bohemian-Mediterranean  basins.  On  the  whole  these 

inferences  are  verified  by  an  analysis  of  the  separate  genera  in  regard 
to  their  more  or  less  restricted  distribution  and  relative  importance 
for  paleogeographic  investigations. 

The  genera  which  we  here  have  in  mind  as  being  of  more  re- 
stricted distribution  on  account  of  the  aberrant  or  specialized  char- 

acter of  their  component  species  are:  Nanno,  Piloceras,  Gonio- 
ceras  and  Bathmoceras.  The  genus  Nanno  has  been  erected  by 
Clarke  for  a  species  from  the  Black  river  group  (Ctenodonta  bed) 
of  Minnesota.  The  principal  diagnostic  character  of  the  genus 
was  seen  in  the  presence  of  a  large  preseptal  cone  or  nepionic 
bulb.  Holm  possessing  several  species  of  lower  Siluric  cephalopods 

with  like  nepionic  bulbs,  referred  them  also  to  Clarke's  genus. 
Hyatt,  however,  subsequently  restricted  the  genus  to  forms, 

which  like  the  species  from  Minnesota,  develop  but  a  few  endosipho- 
sheaths  and  have  the  siphuncle  in  absolute  contact  with  the  external 
wall.  Thus  determined  the  genus  became  again  restricted  to  one 
species.  If  now  the  form  from  the  Chazy  of  New  York,  which  in 
the  present  paper,  is,  as  we  believe,  on  good  ground  referred  to 
Nanno,  is  correctly  placed,  we  have  in  the  Champlain  basin  an 
earlier  representative  of  the  genus  present  in  Trenton  time  in  the 
Mississippian  sea.  On  the  other  hand,  the  genus  Suecoceras  Holm, 

with  an  apical  structure  similar  to  that  of  Nanno,  is  represented,  ac- 
cording to  its  author,  by  six  species  from  the  Lower  Siluric  of  the 

Baltic  basin  and  one  from  the  Champlain  basin. 
The  characters  of  the  genus  Gonioceras  are  so  striking  that  it 

can  not  fail  to  be  readily  recognized  wherever  it  is  present.  The 
first  species  of  this  genus,  G.  anceps,  was  found  in  the  Black 
river  formation  at  Waterto vvn,  near  the  outlet  of  Lake  Ontario.  It 

occurs  also  in  the  Black  river  beds  of  Canada,  and  has  been  described 

by  Clarke  from  the  Lowville  limestone  (Stones  river  group)  of 
Wisconsin  and  Minnesota,  and  is  also  recorded  [in  correlation  table 

of  Paleontology  of  Minnesota]  from  the  same  formation  in  Ten- 
nessee. Another  species,  G  .  occi  den  tale,  has  been  described 

by  Hall  from  Wisconsin,  where  it  is  also  found  in  the  Stones  river 
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group.  Clarke  records  the  species  also  from  Illinois  and  the  corre- 
lation table  referred  to  from  the  same  formation  in  Tennessee. 

These  are  all  the  species  of  Gonioceras  hitherto  known.  The  genus 

was  hence  well  established  in  the  Mississippian  sea  and  its  trans- 
gression areas  in  early  Mohawkian  time.  The  species  here  described 

shows  that  the  genus  existed  earlier,  viz,  in  Middle  Chazy  time  in 
the  Champlain  basin.  It  is  entirely  missing  in  Europe  and  is  hence 

to  be  considered  as  a  typical  form  of  the  American-Pacific  basin. 
Crick  has  lately  [1903]  announced  the  occurrence  of  Gonioceras 

in  a  series  of  Lower  Silurian  fossils  from  Kiachow  in  North  China, 

together  with  Actinoceras  (Ormoceras)  (iff.  tenui- 
f  i  1  u  m  Hall  and  brachiopods  of  the  same  age.  This  exceedingly  in- 

teresting observation  extends  the  habitat  of  the  genus  Gonioceras 
across  the  entire  Pacific- American  basin  and  furnishes  further  evi- 

dence of  its  having  been  characteristic  of  this  very  ancient  oceanic 
basin. 

As  in  the  case  of  Xanno,  which  to  our  present  knowledge  is  also 
restricted  to  the  American  basin,  the  distribution  of  Gonioceras 

would  indicate  either  an  immigration  of  these  genera  from  the  Chazy 
basin  into  the  Mississippian  sea  at  the  time  of  the  beginning  of  the 

Trenton  transgression  or,  which  is  more  probable,  an  earlier  con- 
nection of  the  two  marine  expanses  and  an  origin  of  these  forms  in 

a  western  region  which  as  yet  has  furnished  no  fossils  of  early 
Siluric  age. 

Some  very  interesting  facts  are  presented  by  the  distribution  of 
the  species  of  the  genus  Piloceras.  This  genus  is  so  peculiar  in  its 
characters  that  Hyatt  erected  a  separate  family  for  its  reception, 
and  that  it  is  not  liable  to  be  overlooked  wherever  occurring.  There 
have  been  described  five  species  from  the  Beekmantown  beds  of  the 
Newfoundland  embay ment.  One  species  has  been  recorded  from 
the  corresponding  beds  of  Scotland  and  one  is  known  from  the  Fort 
Cassin  beds.  A  small  form  has  been  described  by  Sardeson  and 

another  modified  type  by  Clarke,  both  from  the  Shakopee  formation 
of  the  west.  The  Shakopee  is  regarded  by  Winchell  as  probably 
equivalent  in  part  to  the  Beekmantown  formation  of  eastern  North 

America.  The  present  evidence  points  hence  distinctly  to  the  north- 
western Atlantic  as  the  center  of  distribution  of  this  localized  form, 

whence  it  reached  the  British  embayment  of  the  Atlantic  basin  in 

one  species  and  on  the  other  side  entered  the  St.  Lawrence  chan- 
nel and  reached  the  Mississippian  sea. 

A  genus  which  may  with  propriety  be  cited  here,  though  wo  have 

not  found  it  in  the  Champlain  basin,  is  Conoceras  Bronn  (Bathmo- 
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ceras  Barrande).  This  genus,  which  by  its  split  septal  necks  and 

semiconical  rings,  closing  the  siphuncle  walls,  holds  the  position  of 
an  aberrant  group,  has  been  found  by  Dwight  to  be  well  represented 
in  the  Beekmantown  beds  of  the  neighborhood  of  Poughkeepsie 

N.  Y.,  in  the  southern  portion  of  the  "  Levis  channel."  It  is  well 
known  from  the  Lower  Siluric  rocks  of  the  Bohemian  and  Baltic 

basins  and  represents  a  decidedly  foreign  element  on  the  American 
continent,  which  can  be  supposed  to  have  entered  the  channel  by  way 
of  the  Newfoundland  embayment. 

In  regard  to  the  remaining  orthoceraconic  and  cyrtoceraconic 

cephalopods  it  can  only  be  said  that  all  of  the  genera  here  cited  ap- 
pear as  well  represented  in  the  eastern  basin  (Bohemian-Medi- 

terranean, Atlantic  and  Baltic  basins)  as  here;  that  there  are  no 
identical  species,  such  as  we  later  find  in  the  Trenton  and  that  hence 
a  direct  connection  of  the  Champlain  basin  and  these  eastern  seas 
can  not  be  assumed  for  the  periods  here  under  consideration.  There 
are,  however,  several  species  cited  in  the  above  given  synoptic  list 
from  the  Champlain  basin  which  are  known  from  the  Mingan  islands 
and  Newfoundland  and  therefore  would  indicate  more  or  less  of  a 

connection  between  the  Champlain-Canadian  and  Newfoundland  em- 
bayments.  These  are  Protocycloceras  lamarcki  from 

the  Beekmantown  beds,  Geisonoceras  s  h  u  m  a  r  d  i  ,  S  p  y  - 
roceras  clintoni  and  Plectoceras  jason  from  the 

Chazy  beds.  Their  number,  held  against  the  sum  total  of  species 

known  from  the  Beekmantown  beds  of  the  Mingan  islands  and  New- 
foundland on  one  hand  and  the  Champlain  basin  on  the  other,  ap- 

pears, however,  so  small  that  this  evidence  in  regard  to  a  possible 
connection  of  the  two  embayments  is  to  be  considered  more  negative 
than  positive.  We  have  here  cited  57  species  of  cephalopods  from 
the  Champlain  basin,  out  of  which  number  these  four  are  identical 
with  Newfoundland  and  Mingan  island  species.  On  the  other  hand, 

Billings  describes  31  cephalopod  species  from  the  Beekmantown  and 
Chazy  beds  of  Newfoundland  and  the  Mingan  islands,  only  six  of 
which  he  cites  as  found  either  in  the  Canadian  or  Champlain  basin 

(  O .  multicameratum,  O.  bilineatum,5  O  .  sub- 

1  In  studying  the  orthoceracones  and  cyrtoceracones  of  the  Beekmantown 
and  Chazy  formations  of  the  Champlain  valley  one  cannot  fail  to  be  impressed 
with  the  fact  of  the  extreme  similarity  of  some  Chazy  and  Beekmantown 
species.  In  the  case  of  Cameroceras  brainerdi  (Fort  Cassin  beds)  and 
Cameroceras  tenuiseptum  (Chazy)  this  similarity  has  been  pointed 
out  in  the  description  of  the  latter  species.  It  is  therefore  probable  that  certain 
Chazy  forms  were  indigenous,  being  directly  derived  from  Beekmantown  forms 
which  formerly  occupied  the  same  area. 
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arcuatum  (—  clintoni),  O.  allumettense,  O.  1  a  - 
marcki,  Piloceras  canadense)  ;  two  of  them  (  O  . 

multicameratum,  O.  bilineatum)  again  are,  to  my 
knowledge,  known  only  from  the  Black  river  and  Trenton  stages  of 

the  Canadian  and  Champlain  basins,  and  are  hence  not  strictly  co- 
existant  in  both  basins  in  the  Beekmantown  and  Chazy  stages. 

Orthoceras  s  u  bare  u  at  um  (=  Spyroceras  clin- 
toni) and  Protocycloceras  la  marcki  are  among  the 

four  common  species  cited  by  us  before ;  there  are,  hence,  altogether, 

six  cephalopod  species  common  to  the  Newfoundland  and  Canadian- 
Champlain  basins  as  against  76  species  named  in  the  two  mentioned 
lists,  which  are  not  common  to  the  two  embayments.  To  this  must 
be  added  a  number  of  other  forms  described  from  Canada  and  not 

known  from  Newfoundland  and  the  15  or  more  new  nautiloid  Beek- 
mantown forms,  from  Canada  and  Newfoundland,  described  by 

Hyatt,  none  of  which  appears  to  go  out  of  its  province. 

From  these  figures  giving  the  number  of  identical  species  of  ceph- 
alopods  of  the  Champlain  and  Newfoundland  basins  but  one  infer- 

ence could  be  drawn,  i.  e.,  that  during  the  Beekmantown  and  Chazy 

periods  the  cephalopod  faunas  of  the  Newfoundland  and  the  Cham- 
plain-Canadian  basins  did  not  mingle  to  any  noteworthy  degree. 
But  we  shall  see  later  [see  p.  525]  that  this  inference  based  on  com- 

parison of  beds  that  are  not  exactly  equivalent,  should  not  be  given 
great  weight. 

Of  the  relations  of  the  orthoceraconic  and  cyrtoceraconic  Cham- 
plain cephalopods  to  those  of  the  corresponding  western  horizons, 

we  can  get  no  more  than  a  faint  glimpse  from  the  few  forms  which 
are  at  present  known  from  the  Shakopee  formation.  One  of  these, 

Endoceras  (  ?)  consuetum  Sardeson  is  so  closely  related 
to  one  of  our  Beekmantown  types,  that  we  could  have  ventured  to 

refer  the  latter  tentatively  to  this  western  form.  Another,  as  yet  un- 
described,  extremely  closely  septate  cyrtoceracone  from  the  Oneota 

formation  at  Blanchardville  Minn.,  is  strikingly  similar  to  Endo- 
ceras montrealense  Billings,  possessing  the  same  chamber 

depth,  position  and  relative  size  of  siphuncle,  though  still  differing 
in  a  somewhat  greater  rate  of  growth  and  greater  curvature.  An 
undescribed  Cyrtocerina,  which  appears  to  be  quite  common  in  the 
Shakopee  formation  at  Dresbach  Minn.,  is  plainly  a  close  relative  to 
the  Point  Levis  form  Cyrtocerina  mercurius  Billings, 
with  which  it  has  the  curvature  and  chamber  depth  in  common. 

We  will  now  turn  to  the  relations  of  the  nautiloid  genera. 
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The  genus  Eurystomites  may  be  said  to  be  typically  American, 

since  of  the  eight  species  referred  to  it,  one  comes  from  Newfound- 
land, five  from  the  Fort  Cassin  beds  of  the  Champlain  basin  (one 

of  the  latter  also  occurring  in  the  west  and  one  at  Lexington  Va.), 
the  seventh,  E  .  undatus,  is  a  Black  river  limestone  form  of  the 

northeastern  Mississippian  sea  (Watertown)  and  perhaps  of  the 

Champlain  basin,1  and  the  eighth,  E.  p  lie  at  us ,  Whiteaves,  a 
Galena-Trenton  limestone  form  from  the  Lake  Winnipeg  region. 

As  Whiteaves  has  lately  [1903,  p.  163]  stated  that  the  true 
I  n  a  c  h  u  s  undatus  of  Emmons  has  been  found  only  in  the 
Black  river  limestone  at  Kingston  Out.  (Mississippian  sea)  and  the 
forms  currently  referred  to  that  species  from  the  Province  of  Quebec 

are  either  Plectoceras  halli  (Foord)  or  undetermined  or  un- 
described  forms,  it  is  probable  that  the  L  i  t  u  i  t  e  s  undatus  of 

White  is  referable  to  one  of  the  latter  species  and  Eurysto- 
mites  undatus  is  restricted  to  the  Mississippian  sea. 

The  western  type  of  E  .  undatus  has  been  described  by  Hall 
as  a  separate  variety,  viz,  E  .  undatus  var.  occiden  talis. 
It  is  stated  by  Clarke,  that  this  has  a  more  general  distribution  than 
the  eastern  form  and  the  correlation  table  of  the  Minnesota  report 

lists  it  as  occurring  in  the  Stones  river  group  (Lowville  limestone). 
A  fact  that  is  worthy  of  special  notice  here  is  the  identity  of  the 

single  nautiloid  yet  found  below  the  Black  river-Trenton  beds  in  the 
west  with  our  most  common  species  of  Eurystomites  in  the  Fort 

Cassin  beds  of  the  Champlain  basin,  viz,  E  .  k  e  1  1  o  g  g  i  , 
[see  p.  460].  There  is,  hence,  no  doubt  that  the  genus  Eurystomites 

occupied  already  in  Beekmantown  time  the  Mississippian  or  epicon- 
tinental American  sea  and  persisted  there  into  Trenton  time. 

In  summing  up  we  may  say  that  Eurystomites  finds  its  principal 
development  in  the  Beekmantown  formation  of  the  Champlain  basin 
and  extended  in  that  period  far  south  in  the  Appalachian  trough, 
northward  into  the  Newfoundland  embay ment  and  also  occupied 
the  Mississippian  sea ;  that  is,  it  held  the  American  epicontinental 

sea  into  Trenton  time  when  it  was  carried  by  the  Trenton  encroach- 
ment to  Baffin  Land,  whence  Schuchert  [1900,  p.  173]  records  an 

Eurystomites  (  p  1  i  c  a  t  u  s  Whiteaves  ?) . 

1  See  List  of  Champlain  Upper  Ordovicic  Fossils,  published  or  circulated  by 
Th.  G.  White  in  1898. 

The  "Lituites  u  n  d  a  t  u  s  "  cited  by  P.  E.  Raymond  from  .the 
Chazy  of  Crown  Point  is  probably  a  Plectoceras,  of  the  group  of 
P.  j  a  s  o  n  ,  since  E  u  r  y  s  t  o  111  i  t  c  s  u  n  d  a  t  u  s  is  in  the  east  strictly  a 
Black  river  form. 
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The  genus  Tarphyceras  has  a  distribution,  which  in  Pretrenton 
time  is  identical  with  that  of  Eurystomites.  It  is  represented  by 

three  species  in  the  Newfoundland  embayment,  by  four  in  the  Cham- 
plain  basin  (one  from  Philipsburg),  and  by  one  in  the  Appalachian 
trough  in  Virginia.  It  has  hence  the  center  of  its  development 

approximately  in  the  Champlain  basin  and  extends  into  the  New- 
foundland embayment,  and  the  middle  Appalachian  trough.  A  later 

form  (Discoceras  convolvens  ?  Angelin  and  Lindstrom) 

from  the  Baltic  basin  is  referred  by  Hyatt  with  doubt  to  this  genus. 

The  genus  Deltoceras  is  known  by  one  species  from  the  Beekman- 
town  formation  of  Newfoundland  and  one  from  the  lower  Chazy  of 
the  Champlain  basin. 

The  genus  Barrandeoceras  is  present  with  two  species  in  the 

Chazy  formation  of  the  Mingan  islands  (Newfoundland  embay- 
ment), one  of  which  extends  into  the  Champlain  basin  ;  with  three  in 

the  Bohemian  basin  and  it  persisted  in  L  i  t  u  i  t  e  s  convolvans 
Hall  into  the  Black  river  formation  of  the  Alississippian  basin.  Its 
distribution  points  to  a  previous  marine  connection  between  the 

Bohemian-Mediterranean  sea  and  the  Newfoundland  embayment  by 
way  of  the  Atlantic. 

A  genus  of  the  Tarphyceratidae  which,  though  not  observed  in 
the  Champlain  basin  of  New  York  and  Vermont,  invites  mention,  is 
Aphetoceras.  This  is  known  in  two  species  from  the  Beekmantown 

of  Philipsburg  and  in  two  more  from  the  same  formation  in  New- 
foundland. 

The  genus  Schroederoceras  is  distinctly  Baltic  in  its  distribution, 
for  it  is  there  represented  in  the  Lower  Siluric  with  no  less  than 

eight  species  against  but  two  in  the  Champlain  basin. 
The  genus  Trocholites  is  again  quite  suggestive  in  its  distribution. 

Even  in  its  restricted  scope  it  has  a  very  wide  range  and  geographic 
distribution,  when  compared  with  the  other  nautiloid  groups  here 
described.  Besides  the  two  forms,  originally  referred  by  Conrad  to 

this  genus  (  T  .  am  m  o  n  i  u  s  and  planorbiformis)  , 
Schroder  recognizes  10  species  in  the  Lower  Siluric  of  the  Baltic 

basin  (mostly  from  the  Echinosphaeriten-Kalk) ,  and  Hyatt  refers 

to  this  genus  —  besides  the  Fort  Cassin  form  described  in  this  paper 

—  a  Canadian  species  from  the  Falls  of  Montmorency,  another  from 
the  Cincinnati  group  (besides  one  previously  made  known 

by  Miller  and  Dyer)  and  two  more,  published  by  Blake  from  the 
Lower  Siluric  of  England.  Trocholites  ranges  therefore  through 
the  whole  Lower  Siluric  and  is  found  in  both  Europe  and  America. 
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It  will,  however,  be  noted  that  not  only  the  greatest  number  of 
species  occur  in  Europe,  but  also  that  it  does  not  appear  in  the 
American  continental  basin  proper  until  Cincinnati  time,  though  in 
the  Champlain  basin  it  was  already  present  during  the  Beekmantown 
age  and  around  the  Adirondack  region  in  Trenton  time.  It  is  not 
cited  from  the  Pretrenton  Newfoundland  embayment. 

Trocholites  is  phylogenetically  connected  with  the  more  primitive 
genus  Litoceras  by  the  genus  Trocholitoceras,  which  is  represented 
by  one  species  from  the  Fort  Cassin  beds  (  T  .  w  a  1  c  o  1 1  i  Hyatt) 
and  a  doubtful  congener  from  the  Baltic  basin.  Litoceras  is  re- 

stricted to  the  Newfoundland  embayment.  Present  evidence  would 
hence  indicate  that  this  race  originated  in  the  northwestern  Atlantic 

sea,  but  spread  with  the  appearance  of  the  genus  Trocholites  to  both 
the  British  embayment  and  the  Baltic  sea. 

The  genus  Plectoceras  finally  existed  in  one  species  in  Chazy  time 
in  the  Newfoundland  embayment  and  Champlain  basin,  persisted  in 
Trenton  time  in  the  same  region  and  in  Niagaran  time  reached  the 
Mississippian  sea. 

In  regard  to  the  Lituitidae,  Hyatt  [1894,  p.  504]  makes  the  fol- 
lowing interesting  statement : 

All  of  these  forms  known  to  me  occur  in  the  Orthoceran  and 
Vaginatus  limestones  of  northern  Europe  and  Niagara  limestones 
and  Quebec  faunas  in  this  country.  They  seem  to  be  absent  from 
more  southern  faunas  of  the  same  stages. 

Foord  doubts  the  appearance  of  true  Lituites  in  the  rocks  of  Great 
Britain,  and  I  think  he  could  have  positively  denied  their  appearance 
there  since  L .  ibex  sp.  Sowerby  certainly  has  none  of  the  usual 
characteristics  of  any  of  this  family. 

Hyatt  does  not  cite  any  representatives  of  the  Lituitidae  from 

the  Champlain  basin,  nor  have  we  observed  any  in  either  the  Beek- 
mantown or  Chazy  beds  of  that  region.  He  describes,  however,  in 

C  y  c  1  o  1  i  t  u  i  t  e  s  americanus,  from  the  Gargamelle  cove 
in  Newfoundland,  a  lituitid  from  the  Newfoundland  basin,  and  in 

Ancistroceras  (?)  dyeri  from  the  Niagaran  near  Chi- 
cago and  R  h  y  n  c  h  orthoceras  (?)  d  u  b  i  u  m  from  the  same 

group  in  Indiana,  two  later  representatives  of  that  family  from  the 
American  basin.  In  Europe  the  family  is  absent,  or  nearly  so,  from 

the  Atlantic  and  Bohemian-Mediterranean  basins,  but  remarkably 
well  represented  in  the  Lower  Siluric  of  the  Baltic  basin  by  the 

genera  Cyclolituites,  Lituites,  Angelinoceras,  Holmiceras,  Ancistro- 
ceras and  Rhynchorthoceras. 

Hyatt's  suggestion  that  the  Lituitidae  are  ■  "  absent  from  more 
southern  faunas  of  the  same  stages  "  would  seem  to  hint  at  climatic 
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factors  in  the  distribution  of  the  family.  Its  more  northern  distribu- 
tion is,  in  my  opinion,  the  rather  accidental  result  of  its  restriction  to 

certain  marine  basins,  notably  the  Baltic  basin,  whence  it  reached, 
in  Lower  Siluric  time,  the  Newfoundland  embayment  along  a  route 
at  present  not  quite  apparent. 

The  absence  of  the  Lituitidae  from  the  Champlain  and  Mississip- 
pian  basins  during  Champlainic  or  Lower  Siluric  time  is  quite  sug- 

gestive as  indicating  a  lack  of  free  communication  between  the  Baltic 

and  Mississippian  basins  in  that  era,  such  as  is  claimed  by  some 
geologists,  apparently  on  good  grounds,  for  the  Upper  Siluric  time 
by  way  of  the  Arctic  regions. 

If  we  sum  up  the  evidence  furnished  by  this  analysis  of  the  distri- 

bution of  the  cephalopod  genera,  we  find  that  one  genus  (Trocholito- 
ceras)  is  restricted  to  the  Champlain  basin,  one  (Litoceras)  to  the 
Newfoundland  embayment,  two  (Nanno  and  Gonioceras)  are  found 
only  in  the  Champlain  basin  in  Chazy  time  and  persisted  in  the 

Mississippian  sea  (in  the  case  of  Gonioceras  in  the  Pacific- American 
basin)  ;  further,  that  Tarphyceras,  Deltoceras  and  Plectoceras 
(and  probably  also  Aphetoceras)  are  restricted  to  the  Newfoundland 
embayment  and  Champlain  basin  (extending  in  the  two  first  named 
into  the  central  Appalachian  trough)  ;  that  Piloceras  and 
Eurystomites  find  their  principal  development  in  the  Newfoundland 
embayment  and  Champlain  basin,  but  that  while  the  former  in  one 
species  also  reached  the  British  embayment,  the  latter  is  entirely 

restricted  in  Beekmantown  and  Chazy  times  to  the  Newfoundland 
embayment,  the  Appalachian  trough  and  Mississippian  sea.  On  the 
other  hand,  the  Lituitidae  flourished  in  the  Baltic  basin  in  Lower 

Siluric  time,  reached  the  Newfoundland  embayment  with  but  one 

or  a  few  representatives,  and  are  not  known  from  either  the  Appa- 
lachian trough  or  the  Mississippian  sea.  The  genera  Schroedero- 

ceras  and  Trocholites  also  attained  plainly  their  maximal  develop- 
ment in  the  Baltic  basin ;  the  former  found  its  way  into  the  Cham- 
plain basin  in  Beekmantown  (Fort  Cassin)  time  with  two  species 

and  the  latter  with  one,  and  the  genus  Barrandeoceras  ex- 
tended from  the  Bohemian-Mediterranean  basin  to  the  Newfound- 

land embayment  and  Champlain  basin. 

We  have  hence  from  their  geographic  distribution  in  Beekman- 
town and  Chazy  times  four  larger  groups  of  cephalopod  genera : 

1  Those  which  are  known  only  in  the  Champlain  basin  and  later 

are  also  found  in  the  Pacific- American  basin :  Nanno,  Gonioceras, 
Trocholitoceras. 
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2  Those  which  are  restricted  to  the  Newfoundland  embayment 
and  Champlain  basins :    Tarphyceras,  Deltoceras  and  Plectoceras. 

3  Those  which  have  their  principal  development  in  the  Newfound- 
land embayment  and  Champlain  basin  (or  Appalachian  trough),  and 

are  not  known  in  Europe,  but  extended  also  to  the  Pacific- American 
basin :  Eurystomites.  A  more  complete  knowledge  of  the  cephalo- 

pod  faunas  of  the  earliest  Lower  Siluric  of  the  west  would  prob- 
ably bring  some  or  all  of  the  genera  cited  under  2  into  this  group. 

4  Those  which  are  better  represented  in  Europe  than  in  the  Cham- 
plain or  Newfoundland  basins :  the  family  Lituitidae,  and  Schroed- 

eroceras,  Trocholites  and  Barrandeoceras. 

Besides  these  the  small  genus  Litoceras  is  thus  far  restricted  to 
the  Newfoundland  basin  and  Piloceras  which  centers  in  the  New- 

foundland and  Canadian  basins  has  reached  the  Mississippian  basin 
on  one  side  and  England  on  the  other. 

The  existence  of  these  groups  of  genera  leads  to  the  recognition 

of  the  following  components  of  the  cephalopod  faunas  of  the  Cham- 
plain basin  in  early  Lower  Siluric  time : 

1  A  Pacific-American  element,  foreign  to  the  European  seas,  and 
in  part  also  to  the  Newfoundland  embayment. 

2  A  Newfoundland-Champlain  element  which  may  be  a  part  of 
the  former  group. 

3  An  Atlantic-Bohemian  element,  extending  into  the  Newfound- 
land embayment. 

4  A  Baltic  element  which  in  very  small  parts  has  reached  the 
Newfoundland  embayment  and  Champlain  basin. 

An  attempt  to  weigh  off  accurately  the  relative  importance  of 
these  elements  in  the  composition  of  the  Champlain  faunas  would, 

with  our  insufficient  knowledge  of  the  western  faunas  and  the  omis- 
sion of  the  orthoceraconic  and  cyrtoceraconic  forms,  be  premature 

and  wholly  unwarranted  by  the  data  at  hand.  Still  so  much  is  sug- 
gested by  the  foregoing  analysis  that  the  Pacific-American  element 

in  the  Champlain  basin  fauna  may  turn  out  to  be  greatly  more  im- 
portant than  the  European  one.  This  is  indicated  by  the  distribution 

of  the  genera  Eurystomites,  Gonioceras  and  Trocholitoceras,  dis- 
cussed before,  and  quite  strongly  supported  by  the  presence  of 

E  u  r  y  s  t  o  mites  k  e  1  lo  g  g  i  in  both  the  Appalachian  trough 

(including  Champlain  basin)  and  the  American  epicontinental  or 

Mississippian  sea.  It  is  further  suggested  by  the  fact  that  the  At- 
lantic-Bohemian element  is  practically  absent  in  the  Champlain  basin 

and  apparently  not  so  strongly  represented  in  the  Newfoundland 
embayment  as  one  should  expect. 
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As  to  the  connection  of  the  Champlain  basin  and  Newfoundland 

embayment.  in  Beekmantown  time,  we  have  curiously  enough  two 
entirely  different  and  apparently  militating  groups  of  facts.  On 
one  hand  the  Fort  Cassin  fauna  of  the  Champlain  basin  of  New 

York  and  Vermont  has  no  species  in  common  with  the  Newfound- 
land Beekmantown  fauna,  though  a  considerable  number  of  genera 

are  restricted  to  the  two  faunas.  On  the  other  hand,  Billings  has 

made  the  following  positive  statements  [1865,  p.  376]  : 

No  one  could  compare  the  collections  from  Cow  Head  (New- 
foundland) with  those  of  Point  Levis  and  Philipsburg  (Lake  Cham- 

plain) without  some  feeling  of  astonishment,  that  in  localities  nearly 
a  thousand  miles  distant  from  each  other,  there  should  be  such  a 
perfect  identity,  not  only  in  the  fossils,  but  also  in  the  character  of 
the  rock. 

Out  of  the  34  species  collected  at  Cow  Head,  23  are  perfectly 
identical  with  those  collected  at  Point  Levis,  Bedford,  Philipsburg 
and  other  tyoical  localities  of  the  formation. 

Billings's  conclusion  and  ours  can  be  easily  reconciled  by  the  fol- 
lowing consideration.  The  Beekmantown  faunas,  which  Billings 

here  has  in  mind  and  which  alone  were  known  to  him,  viz,  those  of 

Philipsburg  and  Point  Levis,  are  entirely  different  from  the  Fort 
Cassin  fauna  and  represent  other  subdivisions  of  the  Beekmantown 
age  than  the  Fort  Cassin  fauna.  All  evidence  goes  to  show  that  the 
Philipsburg  beds  like  the  typical  beds  at  Beekmantown  are  older 
than  the  Fort  Cassin  beds.  In  the  age,  or  ages  represented  by  the 
former  beds,  there  existed  undoubtedly  an  open  marine  channel  from 

the  Champlain  basin  to  the  Newfoundland  embayment.1 
The  Fort  Cassin  fauna  is  not  yet  known  from  the  St  Lawrence 

channel  and  Newfoundland.  Since  the  Newfoundland  Beekman- 

town limestone  is  well  developed  and  its  faunas  have  been  fully  de- 
scribed by  Billings  and  later  on  searched  for  cephalopods  by  Hyatt, 

the  fact  that  no  Fort  Cassin  forms  have  as  yet  been  recorded  from 

there,  does  in  some  measure  indicate  their  absence  in  the  Newfound- 
land basin,  and  thereby  an  interruption  of  the  connection  between  the 

Newfoundland  embayments  and  the  Champlain  basins,  for  the  Fort 
Cassin  stage  at  least.  We  may  mention  here  that,  in  another  place 
[1904,  p.  503]  we  have  concluded  from  the  distribution  of  the 

graptolite  G  o  n  i  o  g  r  a  p  t  u  s  thure  au  i  —  which  is  found  in 
Australia,  New  York  and  Quebec,  but  has  not  entered  the  Atlantic 

and  Baltic  basins  —  that  the  Champlain  basin  (as  part  of  the  Appa- 

1  It  is  in  this  connection  quite  significant  that  one  of  the  few  cephalopods 
found  at  Beekmantown  itself,  viz,  P  r  o  t  o  c  y  c  1  o  c  e  r  a  s  lam  arc  ki 
Billings,  is  also  known  from  the  Mingan  islands  and  Newfoundland. 
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lachian  trough)  in  part  of  the  Beekmantown  stage  stood  in  closer 
marine  connection  with  the  Pacific  basin  than  with  the  Atlantic. 

In  the  Chazy  rocks  proofs  of  a  closer  connection  between  the 

Champlain  basin  and  Newfoundland  embayment  become  more  fre- 
quent among  the  Champlain  cephalopods  and  the  faunas  of  the 

Champlain  basin,  the  St  Lawrence  channel  and  the  Mingan  islands 
have  in  common  a  number  of  forms  other  than  cephalopods.  Of  the 
24  species  of  Chazy  cephalopods  here  described,  4  are  known  from 
the  Mingan  islands. 

Freeh  [1897,  p.  93,  100]  has  inferred  from  an  analysis  of  the 
trilobite  genera  and  species  of  North  America  and  Europe,  that 

the  Mississippian  sea  and  Appalachian  valley  trough  had  no  con- 
nection with  the  Atlantic  sea,  the  Bohemian-Mediterranean  and 

the  Baltic  basins  during  the  earlier  Lower  Siluric  era  and  that 
an  exchange  of  species  did  not  begin  until  the  Trenton  period.  The 
inferences  to  be  drawn  from  the  distribution  of  the  cephalopods  here 
described  would  seem  to  corroborate  this  view. 

On  the  other  hand  the  Newfoundland  embayment  does  not  seem 
to  have  stood  in  such  open  and  direct  connection  with  the  Atlantic 

sea,  as  Freeh's  chart  [op.  cit.  chart  II]  would  indicate.  We  have 
before  pointed  out  that  the  common  possession  of  the  important 
genera  Eurystomites,  Tarphyceras,  Deltoceras  and  Plectoceras  by 

the  Newfoundland  and  Canadian-Champlain  basins  and  their  absence 
in  the  Atlantic  basin  in  the  early  Lower  Siluric  could  only  be  ac- 

counted for  by  the  assumption  of  a  connection  of  the  Newfound- 
land basin  with  the  Amer  ican  basin  closer  than  that  with  the  Atlantic 

basin  at  some  time  previous  to  the  Fort  Cassin  stage.  It  must,  how- 
ever, be  conceded  here  that  in  the  great  number  of  genera  of  ortho- 

ceraconic  and  cyrtoceraconic  forms,  which  have  been  excluded  from 
the  discussion  for  reasons  before  stated,  many  may  be  contained 
which  are  common  to  the  Atlantic  basins  and  Newfoundland 

embayment. 

A  like  restriction  as  that  here  placed  on  the  inference  of  a  separa- 
tion of  the  Newfoundland  embayment  and  Atlantic  basin  would  have 

to  check  a  conclusion  of  a  closer  connection  between  the  Champlain- 
Newfoundland  sea  and  Baltic  basin,  which  apparently  follows  easily 
from  the  greater  number  of  common  genera,  listed  in  the  synoptic 
table  on  page  513,  the  checking  being  necessary  on  account  of  the 

fact  that  the  important  family  of  the  Lituitidae,  which  is  so  char- 
acteristic of  the  Baltic  basin,  failed  entirely  to  reach  the  Champlain 

basin  and  is  known  from  the  Newfoundland  embayment  in  but  one 
species.    It  is  different  with  the  evidence  in  regard  to  a  connection 
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of  the  Champlain  basin  and  Mississippian  sea.  Here  the  lack  of 
knowledge  of  organisms  from  the  latter  is  the  chief  obstacle  to  a 

positive  conclusion,  but  the  few  cephalopods  obtained  from  the  west 
point  all  to  but  one  inference,  namely  that  of  a  closer  connection  of 
these  marine  expanses. 

The  presence  of  the  genera  Nanno  and  Gonioceras  which  in  the 
Champlain  basin  are  restricted  to  the  Chazy,  in  the  next  formation, 
the  Lowville  limestone  in  the  Mississippian  sea  would,  combined 

with  the  fact  that  the  Lowville  limestone  is  not  present  in  the  Cham- 

plain basin,  suggest  that  these  genera  may  have  existed  before  Low- 
ville time  in  the  Mississippian  sea  and  persisted  there  into  that 

period,  thus  indicating  a  connection  before  Lowville  time.  This 

inference  receives  strong  support  from  the  occurrence  of  Gonio- 
ceras in  China,  in  the  far  western  part  of  the  Pacific- American 

basin,  of  Eurystomites  k  e  1 1  o  g  g  i,  and  of  two  species  of 

Piloceras  in  the  small  known  fauna  of  the  Shakopee  formation. 
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Endoceras  (?)  champlainense  sp.  now 

Page  418 

1  Fragment  of  siphuncle,  showing  the  smooth  area  of  contact  with 
the  external  wall 

2  Fragment  of  shell,  seen  from  the  same  side,  showing  the  rate  of 
growth  of  the  siphuncle 

3  Specimen,  showing  the  chambers  and  the  position  of  the  si- 
phuncle. The  curving  of  the  siphuncle  is  accidental  and  the 

septa  are  slightly  more  convex  than  represented  in  the  figure 

4  Fragment  retaining  a  partial  cast  of  the  living  chamber  and  show- 
ing the  depth  of  the  septa 

The  originals  are  all  from  the  Beekmantown  beds  at  the  Spelman 

ledge  (D)  at  Beekmantown  N.  Y.  and  now  in  the  New  York  State 
Museum. 

Cameroceras  (Proterocameroceras)  brainerdi  Whitf.  (sp.) 

Page  405 

See  pi.  2,  fig.  1 

5  Section  through  siphuncle  showing  its  marginal  position,  thick 
endosipholining  and  endosiphocoleon 

6  Fragment  showing  the  slight  saddles  of  the  sutures  opposite  the 
siphuncle 

The  originals  come  from  the  Fort  Cassin  beds  (A3)  at  Valcour 
N.  Y.  and  are  now  in  the  New  York  State  Museum. 
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Cameroceras  (Proterocameroceras)  brainerdi  Whitf.  (sp.) 
Page  405 

See  pi.  1,  fig.  5,  6 

1  Fragment  showing  the  broad  lateral  saddle  of  the  suture 

The  original  is  from  the  Fort  Cassin  beds  (A3  of  section  on  page 
397)  at  Yalcour  N.  Y.  and  now  in  the  New  York  State  Museum. 

Cyrtendoceras  (?)  priscum  sp.  nov. 
Page  4*o 

2  Specimen  showing  the  septa  as  empty  spaces  between  the  fillings 
of  the  chambers  and  the  siphuncle  on  the  inside  of  the  curved 
conch 

3  Specimen  which  retains  an  earlier  volution  than  the  preceding 
type.     The  chambers  are  represented  as  too  large 

4  Cast  from  a  mold  of  a  fragment  of  a  volution,  showing  its  circu- 
lar section 

5  Specimen  retaining  the  chambers  and  siphuncle  space  in  a  later 
volution.    The  apparent  evolute  form  of  the  conch  is  due  to 
imperfect  preservation  of  the  inner  volutions 

The  originals  come  from  the  Beekmantown  beds  D  of  the  Spelman 
ledge  at  Beekmantown  N.  Y.  and  are  in  the  Xew  York  State 
Museum. 

Cameroceras  curvatum  sp.  nov. 

Page  a  1 1 

6  Exterior  of  the  type  of  the  species 
7  Section  of  the  same,  showing  the  closely  arranged  cameras,  large 

siphuncle.    endosipholining.    endosiphocone.  endosiphosheaths 
and  endosiphotube 

The  type  is  from  the  dove-colored  Chazy  limestone  of  Isle  La  Motte 
and  now  in  the  museum  of  Burlington  University. 
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Cameroceras  tenuiseptum  Hall  (sp.) 

Page  408 

See  pi.  4,  fig.  1  ;  pi.  5,  fig.  5,  6  ;  pi.  6,  fig  2 

1  Fragment  of  large  specimen,  retaining  the  outer  shell  on  the 
lower  part  and  showing  the  sutures  on  the  upper  part.  Section 
of  the  same  represented  on  plate  4,  figure  1 

2  Natural  section  of  a  specimen,  showing  the  cameras,  the  depth 

of  the  septa,  the  siphuncle  with  endosipholining  and  endosi- 
photube.  The  septa  are  drawn  too  straight  in  the  lithograph 

The  original  of  figure  1  is  from  the  dove-colored  Chazy  limestone 
of  Isle  La  Motte,  Vt.  and  now  in  the  museum  of  Burlington 

University  and  that  of  figure  2  is  from  the  dove-colored  Chazy 
limestone  near  Little  Monty  bay,  south  of  Chazy  village,  N.  Y. 
and  now  in  the  New  York  State  Museum. 
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Cameroceras  tenuiseptum  Hall  (sp.) 

Page  408 
See  pi.  3,  fig.  1,  2;  pi.  5,  fig.  5,  6;  pi.  6,  fig.  2 

1  Section  of  the  specimen  represented  in  plate  3,  figure  1. 

Vaginoceras  oppletum  sp.  nov. 
Page  413 

See  pi.  5.  fig-  i-4;  pi.  6,  fig.  1;  pi.  9,  fig.  1-3 

2  Section  of  fragment,  showing  the  apical  end  of  the  endosiphocone, 
and  the  endosiphosheaths 

3  Enlargement  of  part  of  the  siphuncular  wall  of  the  last  specimen 
to  show  its  structure,    x  5 

The  original  is  from  the  dove-colored  Chazy  limestone  near  Little 
Monty  bay,  south  of  Chazy  N.  Y.,  and  now  in  the  New  York 
State  Museum. 
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Vaginoceras  oppletum  sp.  nov. 
Page  413 

See  pi.  4,  tig.  2,  3  ;  pi.  6,  fig.  1  ;  pi.  9,  fig.  1-3 

I  Apical  portion  of  a  specimen,  showing  a  natural  section  of  the 

nepionic  bulb 
2,  3,  4  Three  views  of  a  septum  to  show  its  lobation 

The  original  of  figure  I  is  from  B4  of  the  lower  Chazy  of  the  Val- 
cour  section,  that  of  figures  2,  3,  4  from  the  clove-colored  Chazy 
limestone  west  of  Little  Monty  bay  near  Chazy  village.  Both 
are  now  in  the  New  York  State  Museum. 

Cameroceras  tenuiseptum  Hall  (sp.) 

Page  408 
S,e  pi.  3.  fig.  1,  2  ;  pi.  4,  fig.  1  ;  pi.  6,  fig.  2 

5  Section  of  fragment  of  the  apical  portion,  showing  the  nepionic 
bulb  and  early  endosiphosheaths 

f)  View  of  siphuncle  showing  saddles  of  the  septa  on  the  siphonal 
side 

1  he  originals  of  figures  5,  6  are  from  the  dove-colored  limestone  of 
Isle  La  Motte  and  now  in  the  museum  of  Burlington  University. 
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Vaginoceras  oppletum  sp.  nov. 
Page  413 

See  pi.  4,  fig.  2,  3;  pi.  5,  fig.  1-4 

1  Specimen  showing  the  external  confluent  surface  of  the  deposits 
in  the  chambers 

Cameroceras  tenuiseptum  Hall  (sp.) 
Page  408 

See  pi.  3,  fig.  1,  2;  pi.  4,  fig.  1  ;  pi.  5.  fig.  5,  6 

2  Natural  section  through  the  ventral  side  of  a  large  specimen. 

Owing  to  a  slight  obliquity  of  the  section  the  outlines  of  the 
specimen  are  more  rapidly  spreading  than  in  the  other  figures 

The  original  of  figure  I  is  from  the  dove-colored  Chazy  limestone 
of  the  east  shore  of  Valcour  island  ;  that  of  figure  2,  from  the 
same  bed  of  the  north  shore  of  the  same  island.    The  originals 
are  in  the  New  York  State  Museum. 
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Endoceras  (?)  hudsoni  sp.  now 
Page  421 

I  Natural  section  of  type  specimen  showing  the  siphuncle  in  the 
lower  end,  the  chambers  and  the  organic  deposits  in  the  upper 
At  the  lower  right  side  the  mammillate  surface  of  the  deposits 
is  shown,  in  the  upper  part  of  the  section  the  extent  of  the 
organic  deposition  within  the  chambers.    The  middle  lines  in 
the  chambers  are  the  pseudosepta 

The  original  is  from  the  dove-colored  Chazy  limestone  of  the  east 
shore  of  Yalcour  island,  N.  Y.  and  now  in  the  Xew  York  State 
Museum. 
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Endoceras  magister  sp.  nov. 
Page  423 

I  Natural  section  of  the  type  specimen,  showing  the  size  and  mar- 
ginal position  of  the  siphuncle  and  the  depth  of  the  chambers 

and  septa 

The  original  is  from  the  lower  Chazy  beds  of  the  Valcour  shore 
(B4  of  the  section  described  on  page  398)  and  now  in  the  New 
York  State  Museum. 
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Vaginoceras  oppletum  sp.  now 
Page  413 

See  pi.  4,  fig.  2,  3;  pi.  6,  fig.  1 

I  Enlarged  section  (x  2)  of  the  cameras  and  siphuncular  wall, 
showing  the  extent  and  structure  of  the  organic  deposits  and 
the  pseudosepta 

2,  3  Two  views  of  a  fragment  of  a  larger  specimen  exhibiting  well 
the  irregularly  mammillate  surface  of  the  organic  deposits  filling 
the  cameras 

The  originals  are  from  the  dove-colored  Chazy  limestone  (Q)  at 
the  east  shore  of  Valcour  island  and  now  in  the  New  York  State 
Museum. 

Baltoceras  (?)  pusillum  sp.  nov. 
Page  431 

4,  5  Two  views  of  the  type,  a  natural  section ;  figure  4  an  enlarge- 
ment (x  3)  of  the  apical  end,  showing  the  wide  siphuncle 

The  original  is  from  the  Fort  Cassin  beds  (A3  of  the  section  on 

page  397)  at  Valcour  N.  Y.  and  now  in  the  New  York  State 
Museum. 

Nanno  noveboracum  sp.  nov. 
Page  427 

6,  7  Two  views  of  the  type ;  the  former  showing  the  form  and  sur- 
face of  the  preseptal  cone  or  nepionic  bulb ;  the  latter  the  si- 

phuncle (seen  from  the  outside)  and  early  cameras,  seen  in 
section 

The  original  is  from  the  dove-colored  Chazy  limestone  west  of  Little 
Monty  bay  near  Chazy  and  now  in  the  New  York  State  Museum. 

Endoceras  montrealense  Billings  (sp.) 
Page  424 

8  A  specimen  showing  the  rate  of  growth,  marginal  position  of 
siphuncle,  sutures,  and  depth  of  cameras  and  of  septa 

The  original  is  from  the  Fort  Cassin  beds  at  Fort  Cassin,  and  now 
in  the  museum  of  Burlington  University. 

Orthoceras  vagum  sp.  nov. Page  435 

Sec  pi.  13,  fig.  1,  2,  3 

9  Section  of  a  portion  of  the  specimen  represented  on  plate  13, 
figures  1,  2  to  show  the  character  of  the  siphuncle  and  the  depth 
of  the  cameras  and  of  the  septa. 
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Piloceras  explanator  AVhitfield 
Page  429 

See  pi.  i  t 

I  A  large  specimen  retaining  the  apical  portion,  which  is  broken 
lengthwise  and  exhibits  a  section  of  the  siphuncle ;  the  latter 

being  filled  with  calcite.    Above  this  the  break  shows  the  ex- 
terior of  the  siphuncle  with  the  septal  ribs.    The  upper  part 

retains  the  smooth  exterior  of  the  shell  on  the  left  side ;  and 

on  the  right  side  a  marginal  section  with  the  septa  is  shown. 

The  apparent  irregularity  of  the  septa  is  due  to  that  of  the  break, 
producing  the  section.    A  natural  section  of  this  specimen  is 
reproduced  on  the  next  plate. 

The  original  is  from  the  Fort  Cassin  beds  at  Valcour  N.  Y..  and 
now  in  the  New  York  State  Museum. 
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Piloceras  explanator  AYhitfield 
Page  429 

See  pi.  10 

I  Natural  section  of  the  specimen  reproduced  on  plate  10,  showing 
the  siphuncle  and  part  of  the  endosiphocone 
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Orthoceras  modestum  sp.  nov. 
Page  456 

1  A  natural  section  showing  the  siphuncle  and  the  depth  of  the 
cameras 

2  Specimen  retaining  a  cast  of  the  living  chamber  and  one  camera. 
Shows  the  size  of  the  living  chamber,  its  anterior  contraction, 
the  depth  of  the  septa  and  of  the  cameras 

3  A  living  chamber  with  part  of  the  outer  wall,  which  is  not  con- 
stricted 

The  original  of  figure  1  is  from  the  upper  Chazy  (C6)  of  the 
neighborhood  of  Chazy ;  those  of  figures  2  and  3  are  from  the 

dove-colored  Chazy  limestone  (Q)  of  the  east  shore  of  Valcour 
island.    They  are  now  in  the  Xew  York  State  Museum. 

Geisonoceras  shumardi  Billings  (sp.) Page  437 

4  A  natural  section  showing  the  siphuncle  and  cameras 

The  original  is  from  the  middle  Chazy  (B2)  of  the  neighborhood 
of  Chazy  X.  Y.,  and  now  in  the  Xew  York  State  Museum. 

Orthoceras  progressum  sp.  nov. Page  4i4 

5,  6  Two  views  of  the  type ;  the  former  showing  the  rate  of  growth 
and  the  sutures ;  the  latter,  in  a  section,  the  siphuncle,  the  depth 
of  the  cameras  and  of  the  septa 

The  original  is  from  the  dove-colored  upper  Chazy  limestone  on 
the  east  shore  of  Valcour  island,  and  now  in  the  New  York  State 
Museum. 
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Orthoceras  vagum  sp.  nov. Page  4S5 

See  pi.  9,  fig.  9 

I,  2  Two  views  of  the  type  specimen  showing  its  irregularly  curv- 
ing form,  rate  of  growth,  suture  and  depth  of  chambers 

3  Natural  section  of  another  specimen,  showing  the  siphuncle  and 

depth  of  septa 

The  original  of  figures  I,  2  is  from  the  dove-colored  Chazy  lime- 
stone of  the  east  shore  of  Valcour  island  and  now  in  the  New 

York  State  Museum ;  that  of  figure  3  is  from  the  same  horizon  on 
Isle  La  Motte  Vt.,  and  now  in  the  American  Museum  of  Natural 

History  in  New  York. 
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Orthoceras  lentum  sp.  nov. 
Page  433 

I,  3  External  view  and  section  of  the  type 
2  Part  of  the  section  (x  2)  to  show  more  distinctly  the  character 

of  the  siphuncular  elements 

The  original  is  from  the  dove-colored  Chazy  limestone  of  Little 
Monty  bay  and  now  in  the  Xew  York  State  Museum 

Spyroceras  clintoni  Miller  (sp.) 
Page  445 

See  pi.  16,  fig.  4-7 

4  Redrawing  of  Hall's  type  of  Orthoceras  subarcuatum 
(=  Spyroceras  clintoni)  figured  in  Palaeontology  of 
New  York,  volume  I,  plate  7,  figure  3.  Shows  the  composition 
of  the  type  specimen  of  fragments  of  two  different  species. 
The  original  is  in  the  American  Museum  of  Natural  History  in 
New  York. 

Orygoceras  cornu-oryx  "Whitfield  (sp.) Page  450 

5  Fragment  showing  the  regular  internal  constrictions  of  the  wall 
of  the  conch,  its  rate  of  growth  and  the  depth  of  the  cameras 

6  A  specimen  with  slightly  different  character  of  the  constrictions 

7,  8  Specimen  showing  the  smooth  nonannulated  outside  of  the  wall. 
The  originals  of  figures  5,  7,  8  are  from  the  Fort  Cassin  beds  at 

Fort  Cassin  and  now  in  the  museum  of  Burlington  University ; 
that  of  figure  6  is  from  the  same  formation  (A3)  at  Valcour  N.  Y. 
and  now  in  the  New  York  State  Museum. 
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Protocycloceras  lamarcki  Billings  (sp.) 
Page  441 

See  pi.  16,  fig.  1,  2 

1  Fragment  with  narrow  annulated  and  relatively  wide  interspaces. 

Drawn  from  a  gutta-percha  squeeze 
2j  3  Two  views  of  a  specimen  retaining  in  part  the  wall  and  show- 

ing the  position  and  relative  size  of  the  siphuncle 
4  Natural  section  of  a  specimen.    The  septa  are  slightly  curved  in 

the  original. 

5  Specimen  showing  a  slight  curvature  of  the  conch  and  a  more 
central  position  of  the  siphuncle  in  the  section  than  the  original 
of  figure  3. 

6  A  longitudinally  striated  fragment  of  a  conch,  found  associated 
with  this  species  and  presumably  representing  the  apical  part  of 

the  same.  Drawn  from  a  gutta-percha  squeeze 
The  originals  of  figures  1  and  6  are  from  the  Beekmantown  beds  of 

the  Spelman  ledge  at  Beekmantown ;  those  of  figures  2-5  from 
the  Fort  Cassin  beds  at  Valcour,  figures  2,  3,  4  from  A3  of  the 

section,  figure  5  from  A-.  Originals  are  now  in  the  New  York 
State  Museum. 

Protocycloceras  whitfieldi  sp.  nov. 
Page  443 

7  The  type  of  the  species.    A  section  of  the  same  is  reproduced  in 
text  figure  17. 

The  original  is  from  the  Fort  Cassin  beds  at  Fort  Cassin  and  now 
in  the  museum  of  Burlington  University. 
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Protocycloceras  lamarcki  Billings  (sp.) 
Page  441 

See  pi.  15,  fig.  1-5 

1  A  specimen  retaining  the  surface  sculpture 

2  Enlargement  (X3)  of  a  portion  of  the  sculpture  of  the  same 
specimen  to  show  the  alternation  of  striae 

The  original  is  from  the  Fort  Cassin  beds  at  Fort  Cassin  and  now 
in  the  New  York  State  Museum. 

Protocycloceras  (?)  cf.  furtivum  Billings  (sp.) Page  445 

3  A  fragment  showing  the  oblique  direction  of  the  annulations. 

Drawn  from  a  gutta-percha  squeeze 
The  original  is  from  the  Beekmantown  beds  at  the  Spelman  ledge 

near  Beekmantown  N.  Y.  and  now  in  the  New  York  State 
Museum. 

Spyroceras  clintoni  Miller  (sp.) Page  445 

See  pi.  14.  fig-  4 

4  Natural  section  of  a  fragment,  showing  the  curvature  of  the  conch 
and  the  depth  of  the  cameras  and  of  the  septas.  The  siphuncle 
is  shown  in  the  lower  part 

5  Natural  section  of  a  fragment  showing  the  position  of  the  si- 
phuncle and  the  oblique  direction  of  its  inflations 

6  Surface  sculpture  of  a  fragment.    Faint  alternating  longitudinal 
lines  are  not  brought  out  in  the  drawing 

7  Apical  part  of  a  conch 

The  originals  of  figures  4,  6,  7  are  from  the  dove-colored  Chazy 
limestone  near  Little  Monty  bay;  that  of  figure  5  is  from  the 
middle  Chazy  beds  of  the  west  shore  of  Valcour  island.  All  are 
now  in  the  New  York  State  Museum. 
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Eurystomites  kelloggi  Whitfield  (sp.) 
Page  456 

See  pi.  18,  fig.  1 

I  Section  of  a  mature  specimen 
The  original  is  from  bed  A3  of  the  Fort  Cassin  beds  at  Valcour 

N.  Y.,  and  now  in  the  New  York  State  Museum. 
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Eurystomites  kelloggi  Whitfield  (sp.) 
Page  456 

See  pi.  17,  fig.  1 

1  Fragment  of  shell  showing  the  coarse  striae  and  rugae  of  the 
surface.  The  fragment  is  in  a  crushed  condition.  It  comes 
from  bed  A3  of  the  Fort  Cassin  beds  (Beekmantown  formation) 
at  Valcour,  and  is  now  in  the  New  York  State  Museum. 

Eurystomites  accelerans  sp.  nov. 
Page  460 

2  Lateral  view  of  the  type 

3  View  of  a  part  of  the  flat  ventral  side  of  the  same  specimen 

The  original  is  from  the  Fort  Cassin  beds  (A3)  of  the  Valcour  sec- 
tion and  now  in  the  New  York  State  Museum. 

Eurystomites  amplectens  sp.  nov. 
Page  46i 

4,  5  Two  views  of  the  type.   Figure  4  slightly  restored  in  the  lower 

part 6,  7  Two  views  of  the  first  chamber  with  the  cicatrix  and  surface 
sculpture 

The  original  is  from  the  Fort  Cassin  beds  (A5)  of  the  Valcour  sec- 
tion and  now  in  the  New  York  State  Museum. 
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Tarphyceras  seelyi  W  hitfield  (sp.) 
Page  465 

See  pi.  20,  fig.  5;  pi.  21;  pi.  24,  fig.  3 

1  Transverse  section  of  a  specimen,  obtained  by  fracturing  and 

showing  the  septa  and  siphonal  perforations.  ■  A  lateral  view 
of  this  specimen  is  shown  on  plate  24,  figure  3. 

2  Lateral  view  of  a  living  chamber.    The  posterior  part  is  partly 
crushed 

The  originals  are  from  the  Fort  Cassin  beds  (A3)  of  Valcour  N.  Y., 
and  now  in  the  New  York  State  Museum. 

Tarphyceras  multicameratUm  sp.  nov. 
Page  472 

See  pi.  23,  fig.  2 

3  The  early  volutions  of  the  type  specimen,  the  other  side  of  which 
is  shown  on  plate  23,  figure  2 

The  original  is  from  the  dove-colored  Chazy  limestone  of  Isle  La 
Motte  and  now  in  the  museum  of  Burlington  University. 
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Schroederoceras  cassinense  Whitfield  (sp.) 
Page  476 

I,  2  Ventral  view,  showing  the  strong  development  of  the  ventral 
and  lateral  faces  and  section  of  the  same  specimen 

Schroederoceras  eatoni  Whitfield  (sp.) 
Page  476 

See  pi.  23,  fig.  1 

3  Longitudinal  section  of  a  specimen 
4  Transverse  section  of  a  fragment 

Tarphyceras  seelyi  Whitfield  (sp.) 
Page  465 

See  pi.  19,  fig.  1,  2;  pi.  si,  fig.  1;  pi.  24,  fig.  3 

5  Lateral  view  of  a  well  preserved  specimen  showing  the  earlier 
volutions 

All  originals  of  this  plate  are  from  the  Fort  Cassin  beds  (A3)  of 
Valcour  N.  Y.  and  now  in  the  New  York  State  Museum. 
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Tarphyceras  seelyi  Whitfield  (sp.) 
Page  465 

See  pi.  19,  fig.  1,  2;  pi.  20,  fig.  5;  pi.  24,  fig.  3 

I  Exterior  view  of  a  large,  mature,  somewhat  weathered  specimen, 
showing  the  absence  of  gerontic  evolution  of  the  whorls  and 
the  rate  of  growth 

The  original  is  from  the  Fort  Cassin  beds  at  Valcour  N.  Y.  (A3  of 
section  on  page  397)  and  now  in  the  New  York  State  Museum. 
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Tarphyceras  clarkei  sp.  no  v. 
Page  470 

I  Exterior  view  of  the  type,  showing  its  rate  of  growth,  smooth 
exterior  and  evolute  gerontic  volution 

The  original  is  from  the  Fort  Cassin  beds  at  Valcour  N.  Y.  (A3  of 
the  section  on  page  397)  and  now  in  the  New  York  State 
Museum. 
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Schroederoceras  eatoni  Whitfield  (sp.) 
Page  476 

See  pi.  20,  fig.  3,  4 

1  Lateral  view  of  a  perfect  specimen  showing  the  entire  phrag- 
mocone,  the  gerontic  living  chamber  and  the  surface  sculpture 

The  original  is  from  the  Fort  Cassin  beds  at  Fort  Cassin  and  now 
in  the  museum  of  Burlington  University. 

Tarphyceras  multicameratum  sp.  nov. 
Page  472 

See  pi.  19,  fig.  3  ' 

2  Natural  section  of  the  type,  retaining  part  of  the  gerontic  living 
chamber  and  part  of  the  exterior.    The  inner  volutions  of  this 

specimen  are  shown  on  plate  19,  figure  3. 

The  original  is  from  the  dove-colored  Chazy  limestone  of  Isle  La 
Motte  and  now  in  the  museum  of  Burlington  University. 
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Plectoceras  jason  Billings  (sp.) 
Page  484 

See  pi.  29 ;  30  ;  31 

1  Ventral  view  of  a  specimen  showing  the  recurving  costae  and 
transverse  lines 

The  original  is  from  the  lower  Chazy  beds  at  Valcour  (B4  of  sec- 
tion) and  now  in  the  New  York  State  Museum. 

Trocholites  internestriatus  Whitfield  (sp.) 
Page  479 

2  Lateral  view  of  a  specimen  which  shows  the  surface  sculpture 
of  the  first  volution  of  the  smooth  shell  of  the  earliest  nepionic 
stage,  the  transverse  striation  of  the  later  nepionic  stage  and 

the  abrupt  appearance  of  the  ribbing  with  the  neanic  stage 
[see  text  fig.  38] 

The  original  is  from  the  Beekmantown  (Fort  Cassin  beds)  of  Fort 

Cassin  and  now  in  the  museum  of  Burlington  University. 

Tarphyceras  seelyi  Whitfield  (sp.) 
Page  4^5 

See  pi.  19,  fig.  1;  pi.  20,  fig.  5;  pi.  21 

3  Specimen  retaining  part  of  the  outer  wall.    A  transverse  section 
of  this  specimen  is  shown  on  plate  19,  figure  1 

The  original  is  from  the.  Beekmantown  (Fort  Cassin  beds  A3)  of 

Valcour  N.  Y.,  and  now  in  the  New  York  State  Museum. 
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Deltoceras  vaningeni  sp.  nov. 

Page  480 
See  pi.  26,  27,  28 

I  Exterior  view  of  the  type ;  showing  the  rate  of  growth,  the  depth 

of  chambers,  direction  of  sutures  and  evolution  of  the  gerontic 
living  chamber 

The  original  is  from  the  lower  Chazy  limestone  (B4  of  the  section 
on  page  398)  at  the  Valcour  shore  and  now  in  the  New  York 
State  Museum. 
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Deltoceras  vaningeni  sp.  nov. 

Page  480  ;  . 
See  pi.  25,  27,  28 

I  Section  of  the  type,  reproduced  on  plate  25,  showing  the  depth 
of  the  chambers  and  septa ;  and  the  final  position  and  size  of 
the  siphuncle 
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Deltoceras  vaningeni  sp.  nov. 

Page  480 
See  pi.  25,  26,  28 

I  Living  chamber  with  adhering  siphuncle  of  the  preceding  volution 
showing  the  marginal  position  of  the  same 

The  original  is  from  the  lower  Chazy  limestone  (Q  of  section  on 
page  398)  at  the  Valcour  shore  and  now  in  the  New  York  State 
Museum. 
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Deltoceras  vaningeni  sp.  nov. 

Page  480 
See  pi.  25,  26,  27 

I  A  specimen  exhibiting  part  of  an  inner  volution  in  somewhat 
oblique  section  and  showing  the  position  of  the  siphuncle 

The  original  is  from  the  lower  Chazy  limestone  (B7  of  the  section 
on  page  398)  at  the  Valcour  shore  and  now  in  the  New  York 
State  Museum. 
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Plectoceras  jason  Billings  (sp.) 
Page  484 

See  pi.  30;  31 

I  Exterior  view  of  a  large  specimen,  exhibiting  the  rate  of  growth 
and  costae 

The  original  is  from  the  lower  Chazy  limestone  (B4  of  the  section 
on  page  398)  at  the  Valcour  shore  and  now  in  the  New  York 
State  Museum. 
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Plectoceras  jason  Billings  (sp.) 
Page  484 

See  pi.  29  ;  31 

I  Exterior  view  of  a  gerontic  living  chamber  with  very  distant 
costae 

The  original  is  from  the  lower  Chazy  limestone  (B4  of  the  section 
on  page  398)  at  the  Valcour  shore  and  now  in  the  New  York 
State  Museum. 
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Plectoceras  jason  Billings  (sp.) 
Page  484 

See  pi.  29,  30 

I  Section  of  the  specimen  reproduced  on  plate  29,  showing  the 
position  of  the  siphuncle  and  the  depth  of  the  cameras  and  septa. 
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Barrandeoceras  natator  Billings  (sp.) 
Page  454 
See  pi.  33 

I  Exterior  view  of  a  large  specimen,  showing  the  rate  of  growth, 
the  costation  of  the  younger  stages  and  the  evolute  direction 
of  the  gerontic  volution 

The  original  is  from  the  dove-colored  Chazy  limestone  on  the  east 
shore  of  Valcour  island,  and  now  in  the  New  York  State  Museum. 





592 

I  Extei 

the 

of 
The  ori 

shore 



PLATE  33 



594 NEW  YORK  STATE  MUSEUM 

Barrandecceras  natator  Billings  (sp.) Page  454 

See  pi.  32 

I  Section  of  the  specimen  reproduced  on  plate  32,  showing  the 
depth  of  the  cameras  and  of  the  septa,  and  the  size  and  position 
of  the  siphuncle.  Crushed  septa  extend  imthe  original  as  far  as 
the  single  septum  in  the  middle  of  the  last  volution  where  the 
living  chamber  apparently  began. 
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Oncoceras  pristinum  sp.  nov. 
Page  503 

1  Natural  section  of  specimen  showing  cameras,  siphuncle  and  liv- 
ing chamber 

2  Natural,  slightly  oblique  section  of  another  specimen 
The  originals  are  from  the  upper  Chazy  limestone  (C6  of  Brainerd 

and  Seely's  section)  at  Chazv  village,  and  now  in  the  New  York State  Museum 

Cyrtactinoceras  champlainense  sp.  nov. 
Page  491 

See  pi.  36,  fig.  1,  2 

3  Section  of  a  specimen,  showing  the  shallow  chambers  and  septa 
and  the  small  nummuloidal  siphuncle.    The  straight  bounding 
lines  of  the  siphuncle  have  been  drawn  in  by  error 

The  original  is  from  the  dove-colored  Chazy  limestone  west  of  Little 
Monty  bay,  south  of  Chazv  N.  Y.,  and  now  in  the  New  York 
State  Museum. 

Ooceras  (?)  perkinsi  sp.  nov. Page  4  9 

4,  5  Two  views  of  the  type  (see  section  of  same  in  text  figure  53). 

The  original  is  supposed  to  have  come  from  the  dove-colored  upper 
Chazy  limestone  (see  page  401)  of  Isle  La  Motte  and  is  now  in 
the  museum  of  Burlington  University. 

Loxoceras  moniliforme  Hall  (sp.) 
Page  487 

6  Reproduction  of  the  type  of  the  species,  illustrated  in  Palaeontol- 

ogy of  AVta'  York,  volume  1,  plate  7,  figure  5,  where  the  septa 
are  not  shown  and  the  siphuncle  is  wrongly  figured 

7  A  specimen  showing  the  exterior  of  the  wall  and  the  submarginal 
position  of  the  siphuncle 

8  A  specimen  exhibiting  the  sutures  and  in  its  section  the  depth  of 
the  cameras  and  of  the  septa,  and  the  siphuncle 

9  Natural  section  of  a  younger  portion  of  a  conch  exhibiting  a  some- 
what closer  arrangement  of  the  septa 

The  type  of  figure  7  is  from  the  upper  Chazy  (Ct!)  near  Chazy 
N.  Y.,  that  of  figure  8  from  the  middle  Chazy  (B4)  near  Chazy 
N.  Y.  and  that  of  figure  9  was  found  loose  in  the  Saranac  river 
and  is  from  an  unknown  horizon  of  the  Chazy  formation.  The 
originals  of  the  last  three  mentioned  are  in  the  New  York  State 
Museum. 
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Cyrtactinoceras  boycii  Whitfield  (sp.) 
Page  489 

i  External  view  of  a  specimen  to  show  its  rate  of  growth  and 
curvature 

2,  3  Natural  weathered  sections  in  different  directions,  showing  the 
character  and  position  of  the  siphuncle  and  the  depth  of  cameras 
and  septa 

4  Enlargement  (x  3)  of  a  portion  of  the  siphuncle  of  figure  3 

The  original  of  figure  1  is  from  the  dove-colored  upper  Chazy  lime- 
stone of  Isle  La  Motte  and  now  in  the  museum  of  Burlington 

University;  that  of  figure  2  is  from  the  upper  Chazy  (C6)  west 
of  Chazy  village,  that  of  figures  3  and  4  from  the  middle  Chazy 
(B±)  of  the  same  locality.  The  two  last  mentioned  originals  are 
now  in  the  New  York  State  Museum. 

Cyclostomiceras  minimum  Whitfield  (sp.) 

Page  502 

5  Specimen  showing  the  living  chamber,  hyponomic  sinus,  apertural 
contraction  and  the  sutures 

6  Another  specimen  showing  a  thickening  of  the  shell  that  corre- 
sponds to  the  contraction  of  the  living  chamber,  and  the  longi- 
tudinal striations  of  the  cast 

The  originals  are  from  the  Fort  Cassin  beds  at  Fort  Cassin  and  now 
in  the  Museum  of  Burlington  University. 

Ooceras  lativentrum  sp.  nov. 
Page  497 

7,  8,  9  Lateral,  ventral  and  sectional  view  of  the  type 
10  Lateral  view  of  a  fragment  of  a  younger  portion  of  the  conch 

The  originals  are  from  the  dove-colored  upper  Chazy  limestone  of 
Isle  La  Motte  and  now  in  the  museum  of  Burlington  University. 
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Cyrtactinoceras  champlainense  sp.  nov. 
Page  491 

See  pi.  34,  fig.  3 

I.  2  Two  views  of  the  type,  showing  its  rate  of  growth,  curvature, 

depth  of  chambers  and  of  septa  and  the  character  of  the  si- 
phuncle.    The  living  chamber  is  incompletely  preserved. 

The  original  is  from  the  dove-colored  upper  Chazy  limestone  near 
Little  Monty  bay,  and  now  in  the  Xew  York  State  Museum. 

Gonioceras  chaziense  sp.  nov. Page  494 

3  Fragmentary  natural  section  showing  the  character  and  size  of 
the  siphuncle  and  depth  of  cameras 

4  The  type,  a  natural  slightly. oblique  section,  showing  the  siphuncle 
and  the  extension  of  the  conch  with  recurved  septa 

The  original  of  figure  3  is  from  the  middle  Chazy  (Bx)  near  Chazy 
X.  Y.,  and  that  of  figure  4  from  the  middle  Chazy  between  Chazy 
and  West  Chazy ;  both  are  now  in  the  Xew  York  State  Museum. 
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Cyclostomiceras  cassinense  Whitfield  (sp.) 

Page  501 
See  pi.  38,  fig.  5,  6 

I,  2,  3  Ventral,  dorsal  and  lateral  views  of  a  nearly  perfect  speci- 
men, showing  the  living  chamber,  hyponomic  sinus,  rate  of 

growth  and  the  sutures.  In  figure  3  the  specimen  is  placed  in 
the  position  which  the  animal  probably  maintained  during  life. 

The  original  is  from  the  Fort  Cassin  beds  at  Fort  Cassin  and  now 
in  the  museum  of  Burlington  University. 
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(Cyrtoceras)  confertissimum  Whitfield 

Page  506 

I,  2,  3,  4  Views  of  a  specimen  from  the  Fort  Cassin  beds  (A5  of 
section  on  page  397)  at  Valcour  N.  Y. ;  figures  1  and  2  showing 
the  form  of  the  conch ;  figures  3  and  4  the  form,  character  and 

position  of  the  siphuncle.  The  original  is  in  the  New  York 
State  Museum. 

Cyclostomiceras  cassinense  Whitfield  (sp.) 

Page  501 
See  pi.  37,  fig.  1-3 

5,  6  Lateral  and  ventral  views  of  a  young  specimen  retaining  the 
living  chamber  and  apertural  margin  and  showing  the  depth  of 
the  septum.  The  specimen  is  somewhat  compressed  laterally, 
the  lateral  view  too  wide  and  the  other  correspondingly  too 
short 

The  original  is  from  the  Fort  Cassin  beds  at  Fort  Cassin  Vt.  and 
now  in  the  museum  of  Burlington  University. 

Ooceras  seelyi  sp.  nov. 
Page  4Q6 

7,  8,  9  Three  views  of  the  type ;  showing  the  curvature  and  rate  of 
growth  of  conch,  depth  of  chambers  and  position  of  siphuncle 

10,  11  Another  specimen,  seen  from  the  siphonal  side  and  in  section, 
the  latter  exhibiting  the  hooklike  funnels  or  septal  necks  on 
the  inner  (dorsal)  side  of  the  siphuncle 

The  originals  come  from  the  dove-colored  upper  Chazy  limestone  of 
Isle  La  Motte  and  are  now  in  the  museum  of  Burlington  Uni- 
versity. 
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Endoceras,  404,  405,  416,  418-25,  509. 
(Nanno)  belemnitiforme,  40^,  412, 

428. 

champlainense  sp.  nov..  418-21,  505, 

509,  512. explanation  of  plate,  530. 
figure,  419. 

consuetum,  421,  519. 
gemelliparum,  424. 
hudsoni  sp.  nor.,  417,  421  23,  509, 

512. 

explanation  of  plate,  542. 
figure,  422. 

magister  sp.  nov.,  422,  423-24,  509, 

512. 

explanation  of  plate,  544. 
figure,  423. 

marcoui,  425,  426,  427. 
montrealense,  424  25>  5°'),  512,  519. 

explanation  of  plate,  546. 
figure,  425. 

oppletum,  411,  422. 
proteiforme,  410,  412,  413. 

figure,  413. 

Endoceratida,  404-28,  509. Eurystomites,  483. 
Estonioceras  perforatum,  455. 
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Eurystomites,  452,  456,  464,  510,  513, 
520,  523,  524,  526. 

SP;  453- 

accelerans  sp.  nov.,  453,  459,  460- 
61,  510,  512. 

explanation  of  plate,  564. 
figure,  460. 

amplectens  sp.  nov.,  453,  461-63, 
5io,  512. 

explanation  of  plate,  564. 
figure,  461. 

champlainensis,  453,  468. 

kelloggi,  452,  453,  456-60,  462,  463, 
464,  510,  512,  520,  524,  527. 

explanation  of  plates,  562,  564. 
figures,  457,  458. 

plicatus,  520. 
rotundus,  451,  452,  453,  456,  457, 

459,  462,  463,  510,  512. 
undatus,  462,  520. 

var.  occidentalis,  520. 
virginianus,  451,  452,  453,  460,  461, 

463-64,  510,  512. 
Explanation  of  plates,  529-604. 

Foord,  A.  H.,  cited,  493,  522,  527. 
Fort  Cassin,  fauna,  395,  396,  407,  429, 

431,  438,  443.  444,  449,  45i,  452,  459, 
460,  462,  464,  468,  469,  472,  476,  477, 
478,  479,  5oi,  506,  507,  508,  514,  520, 
522,  525, 

Fort  Hunter,  fauna,  505. 
Freeh,  F.,  cited,  514,  515,  526,  528. 

Geisonoceras,  432,  437-38,  509. 
shumardi,  433,  434,  437"38,  509,  512, 

5i8. explanation  of  plate,  552. 
Gomphoceras  cassinense,  501. 
minimum,  502. 

Gonioceras,  492-93,  5",  5i3i  5*6,  523, 
524,  527- 

anceps,  494,  516. 
chaziense  sp.  nov.,  494,  511,  512. 

explanation  of  plate,  600. 
occidentale,  494,  516. 

Goniograptus  thurcaui,  525. 

Hall,  James,  work  of,  393;  cited,  395, 
400,  404,  417,  424,  439,  445,  446,  449, 
487,  492,  500,  504,  516,  527- 

Harpes  antiquatus,  497. 
Holm,  G.,  cited,  405,  415,  416,  426,  427, 

428,  432,  516,  528. 
Holmiceras,  522. 
Holochoanites,  404,  441,  509. 
Hovey,  mentioned,  435. 
Hudson,  George  H.,  paper  by,  394; 
acknowledgments  to,  394 ;  cited, 
422;  collections  by,  433,  435,  497- 

Hudson  River  group,  fauna,  449. 
Huronia,  416. 
Hyatt,  Alpheus,  cited,  395,  396,  402, 

404,  405,  410,  412,  413,  420,  426,  428, 
432,  434,  438,  439,  440,  44i,  445,  449, 
450,  451,  452,  454,  455,  456,  457,  459, 

463,  464,  465.  466,  468,  470,  473-74, 
475,  476,  478,  479,  480,  482,  483,  485, 
486,  489,  493,  495,  501,  502,  513,  514, 
516,  517,  521,  522,  525,  528. 

Inachus  undatus,  520. 
Indiana,  fauna,  522. 
Isle  La  Motte,  fauna,  409,  411,  414, 

435,  437,  443.  444,  448,  473,  490,  497, 
498,  499- 

Jaekel,  cited,  417. 

Kemp,  J.  F.,  study  of  geology  of 
Essex  and  Clinton  counties,  393-94. 

Kingston,  Out.,  fauna,  520. 
Kionoceratidae,  432,  440,  445-52. 

Lingula,  399. 

Little  Monty  bay,  fauna,  409,  414,  428, 
446,  448,  492,  497,  514. 

Litoceras,  478,  513,  522,  523,  524. 
ibex,  522. 

Lituites,  459,  522. 
convolvans,  521. 
eatoni,  399.  452.  453-  476. 

var.  cassinensis,  453,  476. 
farnsworthi,  465,  473.  $75. 
imperator,  508,  51  t,  513. 
internastriatus,  479. 
inlernestriatus,  452,  453. 
seelyi,  452.  453.  465. 
undatus,  485,  520. 

Littiitidae,  513.  522,  523,  524,  526. 
Lowville  limestone,  516,  520. 
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Loxoceras,  486,  511. 
champlainense,  500. 

moniliforme,  446,  486,  487-88,  500, 
5ii,  5i-'- 

explanation  of  plate,  596. 

Loxoceratidae,  432,  486-88,  511. 

Maclurea,  399,  401. 
affinis,  399. 
magna,  400,  401,  408,  409,  485,  487. 
matutina,  505. 
sordida,  431. 

Marcou,  Jules,  collections  by,  426. 
Melonoceras,  501. 
Metoptoma,  401. 
Miller,  S.  A.,  cited,  446,  521,  527. 
Mingan  islands,  fauna,  437,  443,  448, 

449,  482,  484,  485,  488,  505,  518,  521, 

5^5- 
Mohawk  valley,  fauna,  505. 
Murchisonia,  399,  401. 

confusa,  399. 

Nanno,  427-28,  509,  513,  516,  523,  527. 
aulema,  428. 
belemnitiforme,      see  Endoceras 

(Nanno),  belemnitiforme. 

noveboracum  sp.  nor.,  427-28,  509, 

512. 
explanation  of  plate,  546. 

Nautilicones,  451-54. 
Nautiloidea,    396,    404-508,  509-11; 

relations,  519-20. 
Nautilus   ?  champlainensis,  451,  452, 

453-  456,  468,  469. 
jason,  see  Plectoceras  (Nautilus) 

jason. 
kelloggi,  451,  452,  453.  456,  463. 
natator,  454. 
perkinsi,  452,  453,  469. 
pomponius,  508,  5 II,  513. 
tyrans,  454,  482. 
undatus,  483. 

Newfoundland,  Beckmantown  for- 
mation, 395;  fauna,  518.  521. 

Newfoundland  embayment,  connec- 
tion with  Champlain  basin  in  Beek- 

mantown  time,  525. 
Noetling,  cited,  416. 

Oncoceras,  501,  503-4,  511. 
constrictum,  504. 
exiguum,  504. 

pristinum  sp.  not'.,  503-4,  511,  512. 
explanation  of  plate,  596. 

Oncoceratidae,  500-8,  511. 
Oneo  ta  formation,  519. 

Ooceras,  495-500,  511. 
kirbyi,  495-96,  Sli,  512. 
lativentrum  sp.  nov.,  495,  497-99, 

511,  512. explanation  of  plate,  598. 
figure,  498. 

perkinsi  sp.  nov.,  495,  499-500,  511, 

512. 

explanation  of  plate,  596. 
figure,  500. 

raei,  495,  496,  511,  512. 
seelyi  Sp.  nov.,  495,  496-97,  511, 

512. 

explanation  of  plate,  604. 
figure,  497. 

subarcuatum,  500. 

Ooceratidae,  494-500,  511. 
Ophileta  complanata,  399. 
Ormoceras  aff.  tenuifilum,  see  Actin- 

oceras  (Ormoceras)  aff.  tenuifilum. 
Orthis,  400,  401. 

costalis,  400. 

Orthoceras,  399,  401,  432-33,  509. 
allumettense,  488,  519. 
amplicameratum,  437. 
anellus,  439,  448. 
aristides,  508,  511,  513. 
balteatum,  448. 
bilineatnm,  439,  443,  449,  518,  519. 
brainerdi,  405,  406. 
cataline,  508,  511,  513. 
cato,  508,  511,  513. 
catulus,  508,  511,  512. 
ciintoni,  445-  44°\  5T9- 
cornu-oryx,  449,  450. 
crotalum,  439. 

deparcum,  505. 
depressum,  424. 
diffidens,  488. 
explorator,  405.  407.  4l9 
flavins,  419. 
furtivum,  445- 
lamarcki,  440,  44^  442,  519. 
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laqueatum,  439. 
lentum  sp.  nov.,  433~34>  509,  5T2- 
explanation  of  plate,  556. 
figure,  433. 

marcoui,  426. 
maro,  448. 
missisquoi,  508,  511,  513. 
modestum  sp.  nor.,  436~37>  509,  5 12. 

explanation  of  plate,  552. 
figure,  436. 

moniliforme,  487. 
montrealense,  425. 
montrealensis,  424. 
multicameratum,  518,  519. 
orclinatum,  419. 
perannulatum,  448. 
perseus,  508,  511,  512. 
primigenia,  504. 

primigenium,  399,  408,  418,  504-5. 
progressum  sp.  nor.,  433,  434,  509, 

512. explanation  of  plate,  552. 
figure,  434- 

rectiannulatum,  506,  511,  512. 
recticameratum,  437. 
repens,  508,  511,  512. 
richteri,  486. 
sayi,  419,  508,  511,  513. 
shumardi,  436,  437. 
sordidum,  424. 
subarcuatum,   445,   448,   487,  488, 

518-19. 
tenuiseptum,  408. 
tityrus,  508,  511,  513. 

vagum  sp.  nov.,  433,  434,  435-36, 
509,  512. 

explanation  of  plates,  546,  554. 
velox,  410,  412. 
xerxes,  508,  511,  513. 

Orthoceratida,  431-54,  509-10. 
Orthoceratites,  493. 

Orthochoanites,  431-86,  507,  509-10. 
Orygoceras  gen.  nov.,  449-50,  510. 

cornu-oryx,  449,  450-51,  510,  512. 
explanation  of  plate,  556. 
figure,  451. 

Paleogeographic     distribution  of 
cephalopods,  514. 

Paleoteuthis  dunensis,  493. 

Paractinoceras,  489. 
canadense,  491. 

Perkins,  G.  H.,  acknowledgments 
to,  394,  424;  collections  by,  396, 
473,  479,  490,  499,  501. 

Philipsburg,  Beekmantown  formation, 
395 ;  fauna,  474,  475.  508,  521,  525. 

Phragmoceratidae,  501. 
Piloceras,  429-30,  509,  513,  5 16,  $17, 

523,  524,  527- 
canadense,  519. 

explanator,  429-30,  509,  512. 
explanation  of  plates,  548,  550. 

triton,  429. 

Piloceratidae,  429-30,  509. 
Plates,  explanation  of,  529-604. 
Plattsburg,  fauna,  503. 

Plectoceras,  470,  482-83,  510,  513,  522, 

523,  524,  526. halli,  483,  520. 
(Nautilus)    jason,   454,   455,  483, 

484-86,  510,  512,  518,  520. 
explanation  of  plates,  576,  586, 

588,  590. figures,  484,  4S5 

PlectoceiLtida,  454-86,  510. 
Plectoceratidae,  450,  470,  482-86,  510. 
Point  Le\H,  fauna;  525. 
Poughkeepsie,  fauna,  518. 
Previous  investigations,  statement  of, 

395-96. 
Primitia  seelyi,  399. 
Proterocameroceras    brainerdi,  see 
Cameroceras  (Proterocamero- 

ceras) brainerdi. 
Protobactrites,  432,  433. 

Protocycloceras,  438-41,  440,  441,  510. 
cf.  furtivum,  445,  510,  512. 

explanation  of  plate,  560. 

lamarcki,  440,  441-43,  510,  512,  518, 
519,  525. 

explanation  of  plates,  558,  560. 
figures,  442,  443. 

whitfieldi  sp.  nov.,  44 r.  443  45,  440, 

510.  512. explanation  of  plate,  558. 
figure,  444. 

Quebec,    Beekmantown  formation, 

395;  fauna.  520. 
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Raphistoma,  400,  401. 
Raymond,  Percy  E.,  on  trilobites,  394; 

cited,  409,  485,  520,  528. 
Remele,  A.,  cited,  475,  478,  527. 
Retepora  gracilis,  401. 
Rhynchonella,  401. 

acutirostris,  497. 
plena,  400,  401. 

Rhynchorthoceras,  522. 
dubinm,  522. 

Rizoceratidae,  432. 
Rochdale,  fauna,  508. 
Rominger,  Carl,  collections  bv,  394, 

438. 
Rnedemann,  Rudolf,  collections  by, 

394,  397;  cited,  399,  428,  429,  439, 

528. 
Rysedorph  hill,  fauna,  449. 

Sactoceras,  486. 
St  Peter  sandstone,  515. 
Sannionites,  404. 
Sardeson,   F.  W.,  acknowledgmenis 

to,  394 ;  collections  by,  459 ;  cited, 
515.  517.  528. 

Scalites  angulatns,  400.  497. 
Schroder,  11..  cited,  396,  451,  452,  456, 

457.  459-  475.  479.  521.  528. 
Schroederoceras,  452,  475,  482,  510, 

513,  521,  523,  524. 
cassinense,  453.  476-77,  5 10,  512. 

explanation  of  plate,  568. 
figure,  477. 

eatoni,  453,  476,  477,  510,  512. 
explanation  of  plates,  568,  574. 

Schuchert,   Charles,  cited,   514,  520, 

528. 
Scolithus  minutus,  399. 
Sections  for  reference,  397. 
Seely,  II.    M..  acknowledgments  to, 

394;  work  of,  394;  collections  by. 
396,  435,  496.  505;  cited,  399,  400, 
527.  528. 

Sepioidea,  493. 
Shakopee  formation,  459.  515,  517, 

5T9.  527. 
Spelman  ledge,  fauna,  419,  430.  441, 

443.  445- 
Spyroceras,  439,  445-49,  510. 

bilineatum,  445,  449. 

clintoni,  445~49,  5 10,  512,  518,  519. explanation  of  plates,  556,  560. figure.  447. 

rectiannulatum,     see  Cycloceras? 
(Spyroceras?)  rectiannulatum. 

subarcuatum,  506. 
Stenopora  fibrosa,  401. 
Stones  River  group,  516,  520. 
Strephochetus,  401. 
Stromatocerium,  401. 
Strophomena,  400. 

Suecoceras,  425-27,  509,  513,  516. 
marcoui,  425_27,  508,  509,  512. 

figure,  426. 

Synoptic    table    of    distribution  of 

Cephalopoda,  512-13. 
Synoptic  taxonomy,  509-11. 

Tarphyceras,  452,  456,  464,  510,  513, 
521,  523,  524,  526. 

champlainense,  452,  453,  459,  460, 

461,  465,  466,  468-69,  470,  483.. 

510,  512. 
clarkei  sp.  nov.,  453,  470-72,  510, 

512. 

explanation  of  plate,  572. 
figure,  471. 

convolvens,  464. 
extensum,  472. 

farnsworthi,  464,  465,  508,  510,  512. 
multicameratum,  sp.  nov.,  454,  464, 

472-73,  510,  512. 
explanation  of  plates,  566,  574. 
figure,  473. 

perkinsi,  453,  469  7°,  483.  510,  512. 
seelyi.  453,  465  68,  469,  472,  510, 

512. 

explanation  of  plates,  566,  568, 

570.  576. figures,  466,  467. 

Tarphyceratidae,  432,  450,  452,  454- 
75.  483.  5o8.  510.  521. 

Taxonomy,  synoptic,  509-11. 
Terminology,  402-4. 
Triptoceras,  492. 
Trocholites,  452,  478-79,  5io,  513,  521, 

522,  523,  524. 
ammonius,  521. 
internastriatus,  479. 
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internestriatus,    453,    479-80,  510, 

512. explanation  of  plate,  576. 
figure,  479. 

planorbiformis,  521. 
walcotti,  522. 

Trocholitidae,  462,  475~82,  510. 
Trocholitoceras,  478,  510,  513,  522, 

523.  524- 
walcotti,  453,  478,  510,  512. 

figure,  478. 

Ulrich,  E.  O.,  cited,  514,  528. 

Vaginoceras,  404,  412-13,  509. 
multitubulatum,  405,  412. 

oppletum  sp.  nov.}  413-18,  422,  509, 

512. explanation  of  plates,  536,  538, 
540.  546. 

figure,  415. 
Valcour  island,  fauna,  407,  409,  41  t, 

414,  422,  423,  429,  433,  434,  435,  437, 
442,  443,  446,  448.  451..  452..  455,  460, 
462,  468,  472,  473-  476,  477-  481,  484, 
485,  498,  500,  506,  507. 

Valcour  section,  397-99. 
Van  Deloo,  Jacob,  collections  by, 

394- 
van  Ingen,  Gilbert,  acquisition  of  fos- 

sils, 394;  collections  by,  397,  503; 
acknowledgments  to,  482;  cited, 

487,  492. Vanuxem,  cited,  504,  505. 

Watertown,  fauna,  514,  516,  520. 
White,  T.  G.,  cited,  528. 
Whiteaves,  J.  F.,  acknowledgments 

to,  394;  cited,  483,  485,  492,  520,  528. 
Whitfield,  R.  P.,  work  of,  394; 
acknowledgments  to,  394;  cited, 
395,  405,  406,  407,  424,  425,  429,  443- 
449,  451,  452,  457,  459,  476,  479,  480, 
483,  505,  507,  527,  528. 

Winchell,  cited,  517. 
Winnipeg  lake,  fauna,  499,  520. 
Woodward,  cited,  415,  416. 

Zittel,  K.  A.,  cited,  405,  412,  420, 

432,  450,  489,  495,  500,  527. 







J 

/ 





i  8 

/  *0 



















I 



Erratum.    For  Wilis  limestone  read  Pnrrish  limestone 








