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ABSTRACT

This  p a p e r  i s  the  f i r s t  a t tem p t a t  re g io n a l  in v e s t ig a t io n  of the 

o c c u r re n c e  in  t im e  and d is t r ib u t io n  in  sp ace  of faunas of s m a l l e r  

F o r a m in i f e r a  in  any  P a le o z o ic  s y s te m  in  N orth  A m e r ic a .  The investi-  ' 

ga tion  has been  d i re c te d  upon the M is s is s ip p ia n  sy s te m , p a r t ic u la r ly  

a im e d  a t ex am in a tio n  of the  L ow er M is s is s ip p ia n  sequence  which I have 

long  known to con ta in  r a th e r  w ell developed  fo ra m in i f e ra l  a s se m b la g e s .

G eologic sec t io n s  w e re  m e a s u re d  and co l lec tio n s  m ad e  f ro m  89 

g eo g rap h ic  lo c a l i t ie s  in  so u th e rn  Indiana, Kentucky, n o r th e rn  T e n n e sse e ,  

and s o u th -c e n t ra l  Ohio. The sh a le  beds  w e re  found to  con ta in  m o re  

F o ra m in i f e r a l th a n  the  l im e s to n e s ,  thus e m p h a s is  was p laced  upon 

th e s e  fo s s i l i f e ro u s  sh a le s .

D uring  th is  study, s m a l l e r  F o r a m in i f e r a  w e re  reco g n ized  fo r  the  

f i r s t  t im e  f ro m  Ohio and T e n n e sse e .  P re v io u s  to th is  study, only one 

M is s is s ip p ia n  fo rm a tio n  in  K entucky was known to con ta in  s m a l l e r  

F o r a m in i f e r a  (Conkin, 1954); du ring  th is  s tudy  m o s t  of the  M is s is s ip p ia n  

fo rm a tio n s  w e re  found to  con ta in  s m a l l e r  F o r a m in i f e r a  in  g r e a t e r  o r  

l e s s e r  arpounts. This p a p e r  d e s c r ib e s  th e se  M is s is s ip p ia n  faunas and 

a t te m p ts  to  rec o g n iz e  u se fu ln e ss  of c e r ta in  g e n e ra ,  s p e c ie s ,  and faunal 

a s se m b la g e s  in  s t r a t ig ra p h y  and c o r re la t io n .
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T he F o r a m in i f e r a  h e re in  d e s c r ib e d  a r e  a l lo t ted  to  12 f a m il ie s ,  one 

of w hich, the  M ilio lidae ,  is  new to the  M is s i s s ip p ia n  sy s te m ;  to 18 

g e n e ra ,  sev en  of w hich a r e  new to the  M is s is s ip p ia n  sy s te m ;

A g a th am m in a , C l im a c a m m in a , C r i th io n in a ,  P ro te o n in a ,  S tach e ia ,  

T h u ra m m in o id e s , and T ro c h a m m in a ; to  38 sp e c ie s ,  18 of w hich a r e  

d e s c r ib e d  as  new s p e c ie s .  One genus, T h u ra m m in o id e s  i s  re m o v e d  f ro m  

th e  fa m ily  S accam m in id ae  and p laced  in  the  fa m ily  A s t ro rh iz id a e .  Two 

g e n e r ic  re v is io n  a r e  included; H y p e ra m m in a  and T h u ra m m in o id e s . A 

p ro p o s a l  is  in tro d u ce d  to fo rm a l iz e  the  em endation  of H y p e ra m m in a  

by Conkin in  1954. One sp ec if ic  r e v is io n  is  inc luded  ; T h u ra m m in o id e s  

sp h a e ro id a l is  P lu m m e r .  One genus, Lugton ia  C um m ings , 1955 and

one s p e c ie s ,  T h u ra m m in o id e s  t e ic h e r t i  ( P a r r ) , (  C r e s p i n , 1958) a r e11 ■  »' ■■■■ — ........

p la c e d  in  synonomy.

A p r a c t i c a l  sch e m e  of c la s s i f ic a t io n  of w all  s t r u c tu r e  of M is s is s ip p ia n  

F o r a m in i f e r a ,  b a se d  on and m odified  a f te r  the  c la s s i f ic a t io n  of H. B, 

B ra d y ,  1876, H. J .  P lu m m e r ,  1939, and R. H. C u m m in g s , 1955 is  

p r e s e n te d  h e r e .  The M is s is s ip p ia n  F o r a m in i f e r a  a r e ,  by  th is  i n t r o ­

duced  c la s s i f ic a t io n ,  d iv ided  in to  fo u r  l a r g e  g roups:

A ren aceo u s  .

c a lc a r e o u s -  ex tran eo u s  g ra in s  in  c a lc a re o u s  a n d /o r  

fe r ru g in o u s  cem en t.

x
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s i l ic e o u s -e x tr a n e o u s  g ra in s  in  s i l ic e o u s  c e m e n t  

G ra n u la r  c a lc a re o u s -e q u id im e n s io n a l  g ra in s  of c a lc i te

em bedded  in  c r y s ta l l in e  c a lc i te  

c a lc i te  g ra n u le s  s e c r e te d  by  the  p ro to p la s m ,  e m ­

bedded  in  c r y s ta l l in e  c a lc i te ?  

c a lc i te  g ra n u le s  ^derived f r o m  a s u p e r s a tu r a te d  l im y  

s e a  b o tto m  by  the  s e le c t io n  of e x t r a n ­

eous c a lc a r e d u s  m a t e r i a l  by  the  

p r o to p la s m ?

Com pound w all

in n e r  w a ll  l a y e r  of f ib ro u s  c a lc i te ;  o u te r  w all  l a y e r  

of m ic r o g r a n u la r  l a y e r  of c a lc i te ,  o r  

a l t e r e d  f r o m  c a lc i te  

A m o rp h o u s  c a lc i te ,  o r  im p e r f o r a te  c a lc a re o u s  

P a le o z o ic  s m a l l e r  F o r a m in i f e r a  a r e  r a th e r  c o n s e rv a t iv e  in  th e i r  

evolu tion; n e v e r th e le s s ,  c e r t a i n  g e n e ra  a r e  found to  p o s s e s s  enough 

b io log ic  change  to p e r m i t  t h e i r  u se  in  d iv is io n  of the  M is s i s s ip p ia n  

seq u en ce  on a  s e r i e s  lev e l .

The m o s t  im p o r ta n t  genus in  s t r a t ig r a p h ic  d iv is io n  of th e  L ow er 

M is s i s s ip p ia n  is  H y p e ra m m in a . E v idence  fo r  the  evolu tion  of one 

s p e c ie s  of H y p e ra m m in a , H. ken ti ickyensis  f ro m  an o th e r ,  H, r o c k -  

f o rd e n s is  is  p r e s e n te d ,  and th e  t im e  of m u ta t io n  is  r a th e r  c lo se ly  

d e te rm in e d  to  be  d u r in g  U p p er  C o ra l  R idge t im e  (L ow er O sag ian).

xi
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D iv is ion  of the  M is s i s s ip p ia n  s y s te m  in to  s e r i e s  c h a r a c te r iz e d  by 

c e r t a in  species ',  g e n e ra ,  o r  fau n a l a s s e m b la g e s  of F o r a m in i f e r a  as  

fo llow s:
»

C h e s te r ia n -z o n e  of M il le re l la ;  en d o th y rid s ,  C lim acam m ina i,
*

y  E a r la n d ia , and H em ig o rd iu s

M e ra m e c ia n -z o n e  of en d o th y rid s ;  E a r la n d ia
$ .
* O sa g ia n -z o n e  of H y p e ra m m in a  ken tu ck y eris is1, and la r g e

T h u ra m m in o id e s  s p h a e ro id a l i s ; th is  zop.e'ls 

d iv ided  in to  s ix  subzones  

K in d e rh o o k ian -zo n e  of abundant Invoiu tina  with r a r e

o c c u r r e n c e  of T h u ra m m in o id e s  sp h a e ro id a i is  

A ttem p ts  w e re  m ade  to i n t e r p r e t e  the  p a leo eco lo g y  of the  ind iv idual 

s p e c ie s  and to g ive in fo rm a t io n  c o n c e rn in g  the m ode of d ep o s it io n  of 

the  se d im e n ts  in  w hich the  F o r a m in i f e r a  occu r .

The enduring  v a lu e  of th is  p a p e r  l ie s  in  i ts  p r e s e n ta t io n  of d e ta i le d  

d e s c r ip t io n  of a l l  the  s p e c ie s ,  bo th  p re v io u s ly  known ones a s  w ell as 

new sp e c ie s  ( sp e c ie s  d e s c r ip t io n s  f ro m  o th e r  geologic p e r io d s  and 

o th e r  g eo g rap h ic  a r e a s  can  not be  u se d  to exem plify  the  g ene tic  co m p lex  

of a  M is s i s s ip p ia n  fo rm , even  if  of th e  s a m e  sp e c ie s ) ;  in  th e  g e n e r ic  

r e v is io n s ;  in  th e  co m m e n ts  on g e n e ra  and sp e c ie s ;  in  the reco g n it io n  

of fau n as ,  g e n e ra ,  and s p e c ie s  which a r e  r e s t r i c t e d  to de f in ite  p o r tio n s
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of the  M is s is s ip p ia n  sequence ; in  th e  de ta iled  m e a s u re m e n t  of 

geologic  sec t io n s  and a c c u ra te  p la c e m e n t  of ind iv idual sp e c ie s  

w ith in  the  M is s is s ip p ia n  sy s te m .

x i i i
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DEPOSITION OF TY PES

A ll f igu red  sp e c im e n s  a r e  d e p o s ited  in  the  C ushm an

F o r a m in i f e r a l  C o llec tion , U nited  S ta tes  N ationa l M useum ,

W ashington 25, D. C.

A b b rev ia tio n s  used  in r e f e r r in g  to in s t i tu t io n s  in  which types

a r e  d ep o s ited  a r e :

C. F .  C. - C ushm an  F o r a m in i f e r a l  C o llec tion , U. S. N ationa l 
M useum , W ashington 25, D. C.

P .  R. I. - P a le o n to lo g ic a l  R e s e a r c h  In s t i tu te ,  I th a ca ,  New 
York.

U. C. - E )epartm ent of Geology M useum , U n iv e rs i ty  of 
C incinnati ,  C inc innati  21, Ohio.

U. N. D. - D e p a r tm e n t  of Geology, U n iv e rs i ty  of N o tre  D am e, 
N o tre  D am e, Ind iana

B. M. (N, H . ) - B r i t i s h  M useum  (N a tu ra l  H istory) C ro m w ell  
Road, London 7, S, W. , England.
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INTRODUCTION

P u r p o s e

T h is  p a p e r  p r e s e n t s  the  f i r s t  b ro a d  pa leo n to lo g ic  and s t r a t ig r a p h ic  

c o v e ra g e  of s m a l l e r  F o r a m in i f e r a  in  the  M is s is s ip p ia n  s y s te m  of 

N o r th  A m e r ic a .  The p u rp o s e s  of th is  w ork  a r e  s e v e ra l :  to d e s c r ib e  

the  faunas  found in  the  M is s i s s ip p ia n  seq u en ce  in  K entucky (a l l  th r e e  

s id e s  of the  C inc inna ti  a rc h ) ,  so u th e rn  Ind iana, n o r th e rn  T e n n e s s e e ,  

and s o u th - c e n t r a l  Ohio; to  g ive g e n e r ic  and sp e c if ic  r e v is io n s  w h ere  

n e c e s s a r y  and to  co m m e n t  upon g e n e ra  and  s p e c ie s ;  to  d e m o n s t r a te  

the  u se fu ln e s s  of F o r a m in i f e r a  and f o r a m in i f e r a l  faunas  fo r  zonation  

of the  M is s is s ip p ia n ;  to a t te m p t  re c o g n i t io n  of ev o lu t io n a ry  seq u en ce  

of faunas ;  to p r e s e n t  a  n u m b e r  of m e a s u re d  s e c t io n s ;  and to  a t te m p t  

in te r p r e ta t io n  of the  p a leo eco lo g y  of the  M is s is s ip p ia n .

P re v io u s  w ork

V e ry  l i t t l e  e ffo r t  h as  b e e n  expended upon M is s is s ip p ia n  F o r a m in i f e r a  

in  N o r th  A m e r ic a  w ith  th e  excep tion  of the  g e n e ra ,  E n d o th y ra  and 

M il le r e l l a  ( th e se  two g e n e ra  a r e  excluded  f ro m  th is  s tudy  in a sm u c h  as 

they  a r e  by  defin ition  not s m a l l e r  F o ra m in i f e r a ) .

Only a few p a p e r s  have  b een  p u b lish ed  on M is s is s ip p ia n  s m a l l e r  

F o r a m in i f e r a  of N o r th  A m e r ic a .  T he  f i r s t  p a p e r  con ta ined  Dawson's
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(1868, p. 285, te x t- f ig .  82) d e s c r ip t io n  of E a f la n d in i ta  p r i s c i l i a  

(Dawson) f ro m  Nova Scotia . C. L. C o o p e r 's  (1947) d e s c r ip t io n  of 

fo u r  g e n e ra  of s m a l l e r  F o r a m in i f e r a  (G lo m o s p i r a , H y p e ra m m in a ,

P a le o te x tu la  r i a , and T r e p e i lo p s is ) f ro m  the  C h e s te r ia n  Kincaid 

fo rm a t io n  of I l l in o is  c o n s t i tu te s  th e  f i r s t  r e c o rd  of M is s is s ip p ia n  

s m a l l e r  F o r a m in i f e r a  in  the  U nited S ta te s .  Only c u r s o r y  r e c o rd s  

of F o r a m in i f e r a  in  the  M is s i s s ip p ia n  have  b e e n  no ted  by a handful 

of w o rk e rs  s in ce  C o o p e r 's  p a p e r .  C o ry e l l  and R ozansk i (1942) 

r e p o r te d  one s p e c ie s ,  S p iril l ir ia  obduxa, f ro m  the  Glen D ean l im e s to n e  

in  H ard in g  County, I l l in o is .

The M e ra m e c ia n  has  h e re to fo re  not y ie ld ed  s m a l l e r  F o ra m in i f e r a .  

S pec ies  of Eridbthyra of c o u r s e  a r e  abundant in  the  M e ra m e c ia n  b ed s .

The f i r s t  lo w e r  M is s is s ip p ia n  s p e c ie s  of s m a l l e r  F o r a m in i f e r a  

in  N o r th  A m e r ic a ,  H y p e ra m m in a  k e n tu c k y e n s is ,  was d e s c r ib e d  by  

C o n k in (1954 , p. 166 , 167, p i. 31, fig. 1-6), f ro m  sou thw est 

J e f f e r s o n  County, Kentucky. Conkin (1957, p. 1889) r e p o r te d  the  

f i r s t  L o w er M is s is s ip p ia n  s m a l l e r  F o r a m in i f e r a  f ro m  Ohio and 

Indiana,' and re c o g n iz e d  the  s t r a t ig r a p h ic  v a lu e  of the  In v o lu tin a - 

do m in a ted  K inderhook ian  B edfo rd  sh a le  and the H y p e ra m m in a - 

T h u ra m m in o id e s  d om ina ted  Osagian. b ed s  in  Ohio, Kentucky, and 

so u th e rn  Indiana. In 1959, G u tsch ick  and T re c k m a n  pub lished  the
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f i r s t  c o m p re h e n s iv e  w ork  on M is s is s ip p ia n  f o ra m in i f e ra l  fauna, f ro m  

the  K inderhook ian  R ockford  l im e s to n e  of n o r th e r n  Indiana.

G u tsch ick  (p e rso n a l  com m unication) has  a c o m p re h e n s iv e  rev iew  

of M is s is s ip p ia n  m ic ro p a le o n to lo g y ,  includ ing  the  h i s to r y  of w ork  

on M is s is s ip p ia n  F o r a m in i f e r a  in  N o r th  A m e r ic a ,  in  p r e s s  ( In te rn a t ­

io n a l G eologic C o n g re s s ,  I960), so no f u r th e r  c o m m e n ta ry  w i l lb e  

p r e s e n te d  h e re .

P r e s e n t  W ork

T h is  p a p e r  i s  b a se d  on co llec tio n s  f ro m  m e a s u re d  sec t io n s  a n d /o r  

s t r a t ig ra p h ic a l ly  p la c e d  ou tc ro p s  f ro m  89 lo c a l i t ie s  in  so u th e rn  

Indiana, Kentucky, n o r th e rn  T e n n e s s e e ,  and s o u th - c e n t r a l  Ohio.

S am ples  w e re  tak en  f ro m  the  sh a le s  and s i l ty  sh a le s  of the  L ow er 

M is s is s ip p ia n ,  f ro m  the  l im e s to n e s ,  sh a le s  and san d sto n es  of the 

C h e s te r ia n  b ed s ,  and f ro m  the v e r y  c a lc a r e o u s  M e ra m e c ia n  sequence . 

G re a te s t  sam p lin g  was done in  the  Lower. M iss is s ip p ia n .

L im e s to n e s  in  the M is s is s ip p ia n  of the  s tud ied  reg io n  seem i 

to co n ta in  v e r y  few o r  no s m a l l e r  F o r a m in i f e r a ,  w ith the  excep tion  

of the  K inderhookian  R ockford  l im e s to n e .  In the O sag ian , the  l im e s to n e s  

r a r e l y  produceca  few f ra g m e n ts  of T h u ra m m in o id e s  and H y p e ra m m in a , 

w ith  the  excep tion  of the  F lo y d s  Knob fo rm a tio n ,  w hich in  i t s  sh e l l
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b r e c c i a  fa c ie s  p ro d u c e s  p ro l i f ic  n u m b e rs  of w ell p r e s e r v e d  and 

g ra c e fu l ly  s le n d e r  H y p e ra m m in a  k e n t i ic k y e n s is .

In  th is  w ork, s m a l l e r  F o r a m in i f e r a  a r e  d e s c r ib e d  f ro m  the 

M is s is s ip p ia n  of Ohio and T e n n e s s e e  fo r  the  f i r s t  t im e .  P re v io u s  

to  th is  p a p e r ,  only one sp e c ie s  of s m a l l e r  F o r a m in i f e r a ,  H y p e ra m m in a  

k e n tu c k y e n s is , was known to o c c u r  in  K entucky (and th is  o c c u r re n c e  

in  only one fo rm a tio n ,  the F loyds  Knob). R e su l ts  of th is  study 

d e m o n s t r a te  the  o c c u r re n c e  of s m a l l e r  F o r a m in i f e r a  in  n e a r ly  a l l  

fo rm a tio n s  of the  L o w er M is s is s ip p ia n  of K entucky (as w ell as of 

Indiana) and the  o c c u r re n c e  of s m a l l e r  F o r a m in i f e r a  in  the  M e ra m e c ia n  

and C h e s te r ia n  seq u en ces  to l e s s e r  d e g re e .

The te n ta t iv e  c o r r e l a t io n  h e r e in  m ad e  w ith  the  type L ow er 

M is s is s ip p ia n  of M is so u r i  a r e  b a se d  on v e r y  co m p le te  sam p lin g  of 

the M is s is s ip p ia n  seq u en ce  in  20 coun ties  in  M isso u r i .  The s m a l l e r  

F o r a m in i f e r a  of the  M is s is s ip p ia n  fo rm a tio n s  of M is so u r i  a r e  now 

in  the  p r o c e s s  of d e s c r ip t io n  fo r  pub lica tion .
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STRATIGRAPHY

L is t  of L o c a l i t ie s

The geograph ic  p o s it io n s  of 89 lo c a l i t ie s  f ro m  which sec tio n s  

w e re  m e a s u re d  a n d /o r  s a m p le s  c o l le c te d  in  Kentucky, s o u th e rn  

Ind iana , n o r th e rn  T e n n e sse e ,  and s o u th -c e n t r a l  Ohio a r e  p r e s e n te d  

h e re .  The lo c a l i ty  n u m b e rs  u sed  th roughou t the p a p e r  a r e  p re c e d e d  

by  the  in i t ia l  of the s ta te  in  which they  o c c u r  (excep t on Map 1 w h ere  

sp a c e  did not allow th e i r  inc lusion ) ,  and a r e  co n secu tiv e ly  n u m b ered  

within  each  s ta te .  See Map 1 fo r  g e o g rap h ica l  d is t r ib u t io n  of lo c a l i t ie s

Kentucky

J e f f e r s o n  County

K - l .  Section  m e a s u re d  down ra v in e  below  f i r s t  lookout on ro ad

up Jaco b s  H ill,  I roquo is  P a r k ,  s o u th e rn  L ou isv il le .

°  oL o u isv i l le  W est Q uad ran g le ,  L a t.  38 9 ' 22" N, Long. 85 

47' 8" W.

K -2. Section  m e a s u re d  on n o r th w e s t  s id e  of Kenwood H ill, e a s t  

of Jaco b s  Hill, so u th e rn  L o u isv i l le .

L o u isv i l le  W est Q uadrang le , Lat.  38° 9 ' 22" N, Long. 85° 

46' 10" W.
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M ap 1. Location of counties, m easured sections, and 
collecting sites in Kentucky, southern Indiana, 
northern Tennessee, an d  south-central Ohio
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J |J»  IOWAN

NOSON
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TENNESSEE IOO
M ILES

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



9

K -3. Sec tion  m e a s u r e d  on sou th  s ide  of Kenwood H ill ,  e a s t  of 

J a c o b s  H ill,  s o u th e rn  L o u isv il le .

L o u isv il le  W est Q u ad ran g le ,  L a t.  38 9' 7" N, Long. 85°

46' 13:" W.

K -4 . S ec tion  m e a s u r e d  in  e a s t  q u a r r y  of the  C o ra l  R idge B r ic k  

and T ile  C orp . , C o ra l  Ridge.

B ro o k s  Q u ad ran g le ,  L a t.  38° 5' 25" N, Long. 85 43' 20" W.

K -5. S am ple  f ro m  the F lo y d s  Knob fo rm a t io n  (Bed 1) a t  old q u a r r y  

on M itche ll  H ill  Road, . 2 m i le s  f ro m  top of h il l .

V a lley  S ta tion  Q u ad ran g le ,  L a t.  38° 4 ' 40" N, Long. 85° 46' 12" 

W.

B u ll i t t  County

K -6. Section  m e a s u re d  on w es t  s ide  of B utton  Mold Knob, e a s t  of 

County Road 1020, one m ile  sou th  of the  n o r th e rn  B u ll i t t  

County line .

B rooks  Q u ad ran g le ,  L a t.  38° 4 ' 40" N, Long. 85 42 ' 35" W.

K -7. S am p les  f ro m  th e  B utton  Mold Knob m e m b e r  (Bed 1) and 

the  lo w es t  sh a le  bed  in  the  Kenwood san d s to n e  m e m b e r  

(Bed 2) of the New P ro v id e n c e  fo rm a tio n ,  and f ro m  the  

F loyds  Knob fo rm a t io n  (Bed 3) on ro a d  up B ro o k s  H ill
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about one m ile  w est of B ro o k s .  (S tockdale , 1939, p. 141) 

B ro o k s  Q uad ran g le ,  L a t.  38° 3 1 20" N, Long. 85 43' 30" W.

K -8. S ec tion  m e a s u re d  in  ro ad  cut w h ere  S ta te  Highway 61 and 

County Road 1020 jo in  a t  G ap-in -K nob .

B ro o k s  Q uadrang le ,  L a t.  38 1' N, Long. 85° 4 2 ’ 15" W.

K -9. S am ples  f ro m  w ith in  the  B rodhead  fo rm a tio n  6" to  10" (Bed 1) 

and 16' to 33' above ro a d  le v e l  in  ro ad  cut n o r th  of Knob 

C re e k  C h u rch  on S ta te  H ighw ay 44 about 9 m ile s  w es t  of 

Sh eph exd s V i l l  e .

o o
K o sm o sd a le  Q u ad ran g le ,  L a t.  38 55' N, Long. 85 53'

15" W.

K-10. Sec tion  m e a s u re d  on w es t  s lope  of knob on n o r th w e s t  edge of 

Lebanon  Junction .

o
L ebanon  Ju n c tio n  Q u ad ran g le ,  L a t.  37 54' 24" N, Long.

85° 44' 15" W.

N elso n  County

K - l l .  Sec tion  m e a s u re d  in  road  cut along U. S. Highway 62, .5  

m ile s  sou thw est of Boston .

o
L ebanon  Ju n c tio n  Q u ad ran g le ,  L a t.  37 47' 8" N, Long.

85° 40 ' 30 ” W.
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K-12. Section  m e a s u re d  in  ro ad  cu t along U. S. Highway 3 IE ,

. 5 m i le s  sou thw est of Balltow n.

New Haven Q uadrang le ,  L a t.  37° 44' 7" N, Long. 85° 30' 20" 

W.

K -13. S ection  m e a s u re d  a t B lue Gap, 2 . 65  m ile s  n o r th  of RR 

tracks  a t  New H aven on U. S. Highway 3 IE .

New H aven Q uadrang le ,  L a t.  37° 41’ 20" N, Long. 85°

33' 55" W.

Larue^ "County

K -14. S ection  m e a s u re d  along s e c o n d a ry  ro ad  lead ing  w est up 

h i l l  .25  m ile s  n o r th  of A th er to n v il le .

New H aven Q uadrang le ,  L a t.  37° 38' 22" N, Long. 85°

36' 38" W.

K-15. Section .m easuredra lp lng  ILcS. Highway 31E at M uldraugh 

E s c a rp m e n t  ju s t  no rth -east of White City; b a se  of s e c t io n  

about 3 m ile s  sou thw est of A th er to n v il le .  (M odified a f te r  

S tockdale , 1939, p. 208)

H odgenville  Q uadrang le , Lat. 37° 35' 32" N, Long. 85°

39' 35" W.

K -16. S am ple  f ro m  up p er  p a r t  of S o m e rs e t  s h a le  m e m b e r  (Bed 1) 

of S a lem  l im e s to n e  along road  lead ing  up h i l l  n o r th w e s t  of
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old G inseng P o s t  Office, a c r o s s  W est F o r k  of O tte r  C reek ,

10 m ile s  so u th e a s t  of H odgenville .

H ow ardstow n Q u ad ran g le ,  L a t,  37 30’ 27" N, Long. 85°

35' 15" W.

M ario n  County

K -17. Section  m e a s u re d  a c r o s s  f ro m  c h u rc h  on County Road 457 

at Holy C ro s s .

L o re t to  Q uadrang le ,  L a t.  37 40' 22" N, Long. 85° 26' 52" W. 

K-18. Section  m e a s u re d  in  ro ad  cut 2. 5 m i le s  e a s t  of M a rio n -

N elson  County l ine , w es t  of R ayw ick on S tate  Highway 84. 

Rayw ick Q uad ran g le ,  L a t.  37° 33' 45" N, Long. 85° 29' W.

K -19. Sam ples  tak en  f ro m  F a l l in g  Run m e m b e r  (Bed 1) of

S an d e rso n  fo rm a t io n  and lo w e r  6" to 1' (Bed 2) and 2' to 

3' (Bed 3) of New P ro v id e n c e  fo rm a tio n  in  ro ad  cu t ju s t  

a c r o s s  f ro m  St. Jo sep h  C hurch .

Rayw ick Q uadrang le , L a t.  37° 31' 20" N, Long. 85° 23'

22" W.

K -20. S am ples  taken  f ro m  the  6 foot fo s s i l i f e ro u s  sh a le  in  Caney 

C re e k  m e m b e r  of the  B ro d h ead  fo rm a tio n  (Bed 1), f ro m  

n e a r  th e  top of the  B ro d h ead  fo rm a tio n  (Bed 2), and f ro m  

the F lo y d s  Knob fo rm a tio n  (Bed 3) along S ta te  Highway
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55, 8. 5 m i le s  s o u th -so u th w e s t  of Lebanon, j u s t  n o r th  of 

T a y lo r  County l in e  n e a r  F in d le y  P o s t  Office. (S tockdale ,

1939, p. 159)

o o
Spurling ton  Q u ad ran g le ,  L a t .  37 27' 45" N, Long. 85

20' 10" W.

T a y lo r  County

K-21. S am ple  tak en  f ro m  S o m e rs e t  sh a le  m e m b e r  (Bed 1) of the 

S a lem  l im e s to n e  a t  Willowtown, 3. 5 m i le s  n o r th w e s t  of 

So lom a and up h i l l  f r o m  Good Hope B a p t is t  C hurch .

(S tockdale , 1939, p. 210)

S olom a Q u ad ran g le ,  L a t.  37° 26' 30" N, Long. 85° 24' 45" W. 

C aldw ell County

K -22. S am ple  tak en  f ro m  the  R enau lt  l im e s to n e  (shale)  (Bed 1), in  

ro ad  cu t a t  F ly n n  C re e k  a t e a s t  edge of P r in c e to n  on U, S. 

H ighway 62.

Olney Q u ad ran g le ,  L a t.  37° 7' 34" N, Long. 87° 50' 22" W.

K -23. S am ples  tak en  f ro m  the  P a in t  C re e k  (Bed 1), C y p re s s  (Bed 2), 

M enard  (Bed 3), and K incaid  (Bed 4) fo rm a t io n s  a t W alches 

Cut on I l l in o is  C e n t r a l  RR t r a c k  about 1. 9 m i le s  e a s t - n o r t h ­

e a s t  of S c o ttsb u rg .

P r in c e to n  E a s t  Q u ad ran g le ,  L a t.  37° 6' N, Long. 87° 47' W.
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K -24. Sam ple  f ro m  sh a le  in  P a in t  C re e k  l im e s to n e  (Bed 1) w es t  of 

f a r m  n o r th  of Sand L ick  Road about 2. 5 m i le s  e a s t  of B a ld  

Knob.

P r in c e to n  E a s t  Q uad ran g le ,  L a t.  37° 4' 20" N, Long. 87 

45 ' 25" W.

B re c k e n r id g e  County

K -25. S am ple  f ro m  the  G len  D ean l im e s to n e  (Bed 1) in  old

abandoned q u a r r y  w es t  of c r e e k  a t  G len Dean.

o ^
G len  D ean  Q u ad ran g le ,  L a t.  37 39' 10" N, Long. 86

32' 30" W.

G ra y so n  County

K -26. S am ple  f ro m  G len  D ean  l im e s to n e  (Bed 1) one m ile  sou th

of G ra y so n  S p rin g s  on S ta te  H ighway 88.

o oC la rk so n  Q u ad ran g le ,  L a t.  37 26' 50" N, Long. 86 13'

25" W.

M etca lfe  County

K -27. S am ple  ta k e n  f ro m  t r a n s i t io n  b e tw een  New P ro v id e n c e  and 

B ro d h ead  fo rm a t io n s  (Bed 1) in  ro a d  cu t on n o r th  s id e  of 

E dm onton  ju s t  sou th  of South F o r k  of L i t t le  B a r r e n  R iv e r ,  

on S ta te  H ighway 80.

Edm onton  Q u ad ran g le ,  L a t.  36° 58' 50" N, Long. 85° 36' 

47" W.
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C um b erlan d  County

K -28. Section  m e a s u re d  on b ig  h il l  on S ta te  Highway 90 n o r th w es t  

of B u rk e sv il le .

W aterv iew  Q uad ran g le ,  L a t.  36 47' 37" N, Long. 85

22' 32" W.

PuI'asKi C ounty

K -29. Sam ple  f ro m  the  Glen D ean l im e s to n e  (Bed 1 - on RR cut 

ju s t  e a s t  of Sloans V alley  a t  Sloans V a l le y  Tunnel.

B u rn s id e  Q uadrang le ,  L a t.  36° 56' 40" N, Long. 84° 33'

30" W.

K -30. Sam ple  f ro m  u p p er  16. 5 fee t  of P enn ing ton  sh a le  (Bed 1) 

above 6 foot s i l ts to n e  bed, 1. 5 m ile s  n o r th w e s t  of tu rnoff  

to Sloans V alley  on U. S. 27.

B u rn s id e  Q uadrang le ,  La t.  36° 57' N, Long. 84° 34' W.

K -31. Sam ples  f ro m  the top of the  Golconda l im e s to n e  (Bed 1) a t  

top of q u a r r y  and f ro m  the H a rd in sb u rg  sh a le  (Bed 2) at 

T a te sv i l le  Q u a r ry ,  . 5 m ile s  sou th  of T a te sv i l le  on U .S .

Highway 27.
o o

B u rn s id e  Q uadrang le ,  La t.  36 56' 45" N, Long. 84 34' 40" W.

K -32. Section  m e a s u re d  a t  F ish in g  C re e k ,  L ake  C u m berland , w es t  

of S o m e rs e t .

o oP e lm e r  Q uad ran g le ,  L a t.  37 3 ' 55" N, Long. 84 41' 20" W.
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C asey  County

K -33. Sam ples  f ro m  the  s i l t s  in  the  F lo y d s  Knob fo rm a tio n  (Bed 3), 

the  upper  10 fee t  of the  B ro d h ead * fo rm atio n  (B ed 2), and f ro m  

the  McKinney Knob s i l t s to n e  m e m b e r  (Bed 1) of the B ro d h ead  

fo rm atio n , about 7 m i le s  n o r th w e s t  of L ib e r ty  along State  

Highway 49 a t  s tee p  h il l  f ro m  p la te a u  to v a l le y  of M art in s  

C reek ,  (S tockdale , 1939, pp. 210-211)
g

B ra d fo rd s v i l le  N E  Q uadrang le ,  L a t.  37 25' 15" N, Long.

85° 0> 2. 5" W.

K-34. Sam ple  f ro m  w ithin  lo w e r  80 fe e t  of the  New P ro v id e n c e  

fo rm a tio n  (Bed 1) in  ro a d  cut on State  Highway 78 w es t  of 

junction  of 78 and County Road 906 a t T urkeyfoo t Gap, one 

m ile  w es t  of county line .

E l l isb u rg  Q uadrang le ,  L a t.  37 27' 55" N, Long. 84° 52'

45" W. -•

Boyle County

K-35. Section  m e a s u re d  a t e x p o su re s  on s lo p es  behind  f a rm  on

n o r th  s id e  of County Road 300, w es t  of Ju n c tio n  City , and

1. 4 m ile s  w es t  of S ta te  Highway 35.

o
Junc tion  C ity  Q uad ran g le ,  Lat.  37 35' 22. 5" N, Long.

84° 48' 15" W.

L inco ln  County 

K -36. Sam ples  f ro m  the  lo w e r  2 -3 "  of the  New P ro v id e n c e
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fo rm a t io n  (Bed 1); f r o m  the  u p p e r  40 .fe e t  of the  New 

P ro v id e n c e  fo rm a t io n  (Bed 4); f ro m  the  lo w e r  (Bed 2) and 

u p p e r  (Bed 3) p a r t  of the lo w e r  70 fee t  of the New P ro v id e n c e  

fo rm a tio n ;  f ro m  sh a ly  s i l t s to n e  -with c a lc a re o u s  c o n c re t io n s  

about 70' below  the  F lo y d s  Knob in th e  B ro d h ead  fo rm a t io n  

(Bed 5); and f ro m  the  F lo y d s  Knob fo rm a t io n  (Bed 6); along 

U. S. Highway 27, a t  H alls  Gap, 4. 5 m i le s  s o u th - s o u th e a s t  

of S tanford . (S tockdale , 1939, pp. 162, 163)

H alls  Gap Q u ad ran g le ,  L a t.  37° 27' 40" N, Long. 84° 38' W.

K -37. S am ple  f ro m  the lo w e r  2 fee t  of the  New P ro v id e n c e  fo rm a t io n  

3. 3 m i le s  w es t  of C ra b  O rc h a rd  on the  H alls  Gap Road.

C ra b  O rc h a rd  Q uadrang le ,  L a t.  37° 25' 45" N, Long. 84°

32' 30" W.

K -38. S ec tion  m e a s u re d  in  ro ad  cu t on e a s t  s ide  of U .S . Highway 

150, a t  county line  of R o c k c a s t le  and L inco ln  co u n tie s ,

2. 6 m i le s  sou th  of in te r s e c t io n  of 150 and S tate  H ighway 

39. B ro d h ead  Q uad ran g le ,  L a t.  37° 26’ N, Long. 84° 27'

58" W.

K -39. S am ples  tak en  f ro m  the  B ro d h ead  (Bed 1) and th e  F lo y d s  

Knob (Bed 2) fo rm a tio n s ;  s e c t io n  m e a s u re d  f ro m  the  New 

A lbany  th ro u g h  the  New P ro v id e n c e  fo rm a t io n s ;  a t  C ru z e s
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Gap, 3. 2 m ile s  sou th  of C rab  O rc h a rd  on S ta te  H ighw ay 39. 

C rab  O rc h a rd  Q u ad ran g le ,  L a t.  37° 25' N, Long. 84 30' 

30" W.

R o c k c a s t le  County

K -40. S am ple  f ro m  th e  lo w e r  p a r t  (Bed 1) of the  New P ro v id e n c e  

fo rm a tio n ,  about 1. 5 m i le s  so u th e a s t  of B ro d h ead  on U. S.I

Highway 150.

B ro d h ead  Q uad ran g le ,  L a t.  37 23' N, Long. 84° 24' 55" W.

K -41. S am ples  tak en  f ro m  the  u p p e rm o s t  p a r t  (Bed 1) of the 

B ro d h ead  fo rm a t io n  and the  W ildie s i l t s to n e  m e m b e r  

(Bed 2) of the  M uld raugh  fo rm a tio n ,  ju s t  sou th  of R en fro  

V a lley  on U. S. H ighw ay 25.

o °
W ildie Q u ad ran g le ,  L a t.  37 23' N, Long. 84 19' 50" W.

K-42. S am ple  f ro m  the  P a in t  C re e k  l im e s to n e  (shale) (Bed 1) a t  

top of ro ad  cut a t  top of h i l l  about 4 m i le s  n o r th  of R en fro  

V a lley  on U .S . Highway 25.

W ildie Q u ad ran g le ,  L a t.  37° 25’ N, Long. 84 \ 19’ W.

K -43. S am ple  f ro m  the  P enn ing ton  m a r in e  l im e s to n e  (Bed 1), 

on U. S. Highway 25, 1. 1 m i le s  n o r th  of th e  R o ck c as t le  

R iv e r .  2. 6 m i le s  sou th  of L iv ings ton .

B e rn s ta d t  Q uad ran g le ,  L a t.  37° 14' 40" N, Long. 84° 13' 

15" W.
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M adison  County

K -44. S ection  m e a s u re d  a t Boone Gap, along U. S. Highway 25,

3. 5 m i le s  so u th -so u th w e s t  of B e re a .

B e r e a  Q uadrang le ,  L a t.  37° 31' 40" N, Long. 84° 19' 10" W.

K -45. Section  m e a s u r e d  along U. S. Highway 421 a t Big H ill, about 

5 m i le s  so u th e a s t  of B e re a .

Big H ill  Q uadrang le ,  L a t.  37° 32' 10" N, Long. 84° 12' 45" W. 

J a c k so n  County

K -46. S am ples  tak en  f ro m  the  h o r iz o n  of the  Big Clifty  san d s to n e

(Bed 1) and f ro m  sh a le  in  the  H a rd in sb u rg  sandstone  (Bed 2), 

a t  C la rk s  S ta tion  Q u a r ry ,  2. 4 m i le s  south  of M o ril l  on U. S. 

Highway 421.

°  oJo h n e tta  Q uadrang le ,  L a t.  37 29' 55" N, Lpng. 84 8'

52. 5 " W.

E s t i l l  County

K - 4 7 . . S am ples  tak en  f ro m  the  T ro u sd a le  fo rm a tio n  (Bed 2) and 

u p p er  1. 75 fee t  pf the  P o r tw o o d  fo rm a tio n  (Bed 1) on S ta te  

Highway 52 a t e n t r a n c e  to the  M cKaughlin fa rm , one m ile  

e a s t  of Waco. (C am pbell,  1946, p. 866)

M o b erley  Q uadrang le ,  L a t.  37° 34' 15" N, Long. 84° 7'

40" W.
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X-48. S am ple  tak en  f ro m  lo w er  4 fee t  of New P ro v id e n c e

fo rm a tio n  (Bed 1) at c liff  along n o r th  s id e  of L&N RR 

t ra c k ,  ju s t  e a s t  of Cow C re e k  w h ere  i t  jo ins the  Kentucky 

R iv e r ,  2 .5  m i le s  so u th ea s t  of I rv in e .  (S tockdale , 1939,

p. 121)

I rv in e  Q uadrang le ,  L a t.  37 40' 55" N, Long. 83 56' 30" W.

K-49. S am ple  tak en  f ro m  the  Conway s i l t s to n e  (Bed 2) and the  lo w er  

p a r t  of the  New P ro v id e n c e  fo rm a tio n  (Bed 1) along S tate  

Highway 52 below  E s t i l l  County Q u a r ry  a t  s teep  h ill  

about 4 m i le s  e a s t  of I rv in e .  (S tockdale , 1939, p. 168)

I rv in e  Q uadrang le ,  L a t.  37° 42’ 30" N, Long. 83° 53’ 30" W.

K -50. Section  m e a s u re d  in  L&N R.R cut, . 5 m i le s  n o r th  of H a rg e t t ,

6 m ile s  n o r th w e s t  of I rv in e .  (M e a su re d  by C am pbell,  1946,

p. 866)

P a lm e r  Q uadrang le ,  L a t.  37° 47' 7" N, Long. 84 O' 53" W. 

P ow ell  County

K -51. Section  m e a s u re d  on P o m p e ii  H ill up f ro m  q u a r ry ,

. 4 m ile s  n o r th e a s t  of C lay  City.

C lay  C ity  Q uadrang le ,  L a t.  37° 51' 45" N, Long. 83° 54' 40" W.

K -52. Section  m e a s u re d  in  ro a d  cut on County Road 213, 7. 4 m ile s  

sou th  of J e f fe rso n v i l le .
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M en ifee  County

K -56. S am p les  f ro m  the  F re n c h b u rg  f r e e s to n e  (Bed 1) and the  

H a ld em an  s i l t s to n e  (Bed 2) a t  F r e n c h b u rg  Q u a r ry ,  . 5 

m i le s  w es t  of F re n c h b u rg  on U .S . H ighw ay 460, and 

300 y a rd s  n o r th  of the  highway.

F re n c h b u rg  Q u ad ran g le ,  L a t .  37° 57' 2. 5" N, Long.

83° 38' 22" W.

B ath  County

K -57 . S ec tion  m e a s u r e d  along "Old V irg in ia  S ta te  R oad", . 25

m i le s  w es t  of O lym pia  S p rin g s .

o o
O lym pia  Q uad ran g le ,  L a t.  38 3 ' 37" N, Long. 83 40'

45" W.

Rowan County

K -58. Section  m e a s u r e d  in  ro a d c u t  on U .S . H ighw ay 60, . 4 m i le s  

e a s t  of B lu es to n e ,  5. 5 m i le s  w es t  of M o rehead , ju s t  n o r th ­

e a s t  of RR t r a c k .  (A fte r  fig. 7, Geol. Soc. K entucky F ie ld  

T r ip  Guidebook, 1955)

o o
F a r m e r s  Q u ad ran g le ,  L a t.  38 8' 55" N, Long. 83 30'

15" W.

K -59 . S am p les  f ro m  the  F a r m e r s  s i l t s to n e  (Bed 2) and the  New

P ro v id e n c e  fo rm a t io n  (B ed 1), in  ro a d  cu t on U. S. Highway 

60, . 5 m i le s  so u th w est  of in te r s e c t io n  of 60 and County 

R oad  519, so u th w est  of M orehead .
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M oreh ead  Q uad ran g le ,  L a t.  38° 9 ' 50" N, Long. 83° 26'

50" W.

K -60. S am ple  f ro m  the  R othw ell sh a le  (Bed 1), on M orehead

Lookout T ow er ro a d  about 1. 5 m i le s  in  s t r a ig h t  l ine  e a s t  

of M orehead .

M oreh ead  Q uadrang le ,  Lat. 38 10' 25" N, Long. 83° 24'

25" W.

K -61. S ection  m e a s u re d  in  road  cut on S ta te  Highway 32, 1. 85 

m i le s  south  of H ilda  P o s t  Office.

H aldem an  Q uadrang le ,  L a t.  38° 111 N, Long. 83° 30' W.

F le m in g  County

K -62 . S ection  m e a s u re d  along S ta te  Highway 32, extending . 7

m ile s  w e s t -n o r th w e s t  of Rowan County line ,  9 m i le s  so u th ­

e a s t  of G oddard . (M e a su re d  by  S tockdale , 1939, p. 96)

o
P lu m m e r s  Landing  Q uadrang le ,  L a t.  38 15' 45" N,

Long. 83° 31' 45" W.

K -63 . Sec tion  m e a s u re d  along county  ro a d  lead in g  f ro m  W allingfo rd  

to P o s to n  School, a t  h i l l  one m ile  n o r th e a s t  of W allingford . 

(M odified a f te r  S tockdale , 1939, pp. 96, 97)

B u r to n sv i l le  Q uadrang le , L a t.  38° 24' 30" N, Long. 83° 35' 45" 

W,_

C a r t e r  County
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K -64. Sam ple  f ro m  the  u p p er  6 fee t  of the Rothw ell sh a le  (B ed 1), 

in  ro ad  cut on U .S . H ighway 60, 2. 75 m ile s  sou thw est of 

O live H ill.  (S tockdale , 1939, p. 218)

O live H ill  Q uadrang le ,  L a t.  38° 17' 30" N, Long. 83° 13' 15" 

W.

L ew is  County

K -65. S am ple  f ro m  g re e n  g ra y  sh a le  (Bed 1) in  b lack  sh a le  a t 

ro ad  le v e l  and above 40 fee t  of b lack  sh a le  in  ro ad  cu t  

2 m ile s  w es t  of V an ceb u rg  and . 3 m i le s  sou thw est of 

b r id g e  o v er  Sa lt  L ick  C re e k ,  on S ta te  Highway 10.

V an ceb u rg  Q uad ran g le ,  La t.  38 35' 20" N, Long. 83°

21' 5" W.

K -66. S ec tion  m e a s u re d  along ro a d  f ro m  V an ceb u rg  to T annery ,

a t  n o r th  s id e  of G an d e rs  B ran ch ; b o tto m  of s e c t io n  1. 25 m ile s  

sou th  of C&O RR s ta t io n  a t V anceburg ; s ec t io n  con tinues  e a s t -  

so u th e a s t  up h i l l  fo r  . 75 m ile s .  (M e a su re d  by  S tockdale , 1939, 

pp. 98, 99)

V an ceb u rg  Q uadrang le ,  La t.  38° 35' 5" N, Long. 83° 19' W. 

K -67. Sec tion  m e a s u re d  along p o o r  s e c o n d a ry  ro ad  at head  of

M on tgom ery  C re e k ,  lead ing  up s te e p  h i l l  to  G reenup  County 

line ; top of s e c t io n  5 m ile s  so u th e a s t  of G a r r is o n ;  bo ttom  of
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se c t io n  2 m ile s  along ro a d  sou th  of R exton  P o s t  Office. 

(M e a su re d  by  S tockdale . 1939, pp. 187, 188)

B r u s h h a r t  Q uad ran g le ,  L a t .  38° 33’ 15" N, Long. 83 6'

30" W.

G reen u p  County

K-68. Sec tion  m e a s u re d  n e a r  sou th  end of Ohio R iv e r  b r id g e ,

along  s e c o n d a ry  ro a d  a scen d in g  bluff, in  s te e p  r a v in e  and 

on h i l ls id e .  (M e a su re d  by  S tockdale , 1939, p. 181)
o

P o r ts m o u th  Q u ad ran g le ,  L a t.  38 43 ' 15" N, Long. 82

59' 40" W.

Ind iana

P e r r y  County

1-1. S ection  m e a s u re d  in  K unk ler  Q u a r ry ,  on U. S„ Highw ay 460,

1. 3 m ile s  w est of Uniontown P o s t  Office. (A fter  fig. 7,

Geol. Soc. K entucky F ie ld  T r ip  Guidebook, 1952)

L at. 38° 14' N, Long. 86° 42' W.

C la rk  County

1-2. S am ples  f ro m  the  B utton  Mold Knob m e m b e r  (Bed 1) of the

New P ro v id e n c e  fo rm a t io n  along se c o n d a ry  ro a d  1. 25 m ile s  

n o r th  of Carw ood.

Speed Q uad ran g le ,  L a t.  38° 27' 30", Long. 84° 52' 30" W.
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1-3. S am p les  f ro m  the  C o ra l  R idge (Bed 1) and Button  Mold Knob 

(Bed 2) m e m b e r s  of the  New P ro v id e n c e  fo rm a tio n  a t  the 

L o u isv il le  C em en t C om pany  Q u a r ry ,  on S ta te  H ighw ay 60,

2. 6 m i le s  n o r th w e s t  of the  in te r s e c t io n  of Highway 60 and

U. S. H ighway 31W, about 8 m i le s  n o r th  of New Albany.

o °
Speed Q u ad ran g le ,  L a t.  38 24' N, Long. 85 38' W.

F lo y d  County

1-4. S am ples  f ro m  the  J a c o b s  C hapel sh a le  (B ed 1), R ockford

l im e s to n e  (B ed 2), and the  lo w e r  3 fee t  of the  New P ro v id e n c e  

fo rm a t io n  (Bed 3), one m ile  n o r th w e s t  of J aco b s  C hape l 

C h u rch  and U .S . H ighw ay 31W, w h ere  c r e e k  c r o s s e s  C hapel 

L ane  Road.
o o

Newr A lbany  Q u ad ran g le ,  L a t.  38 21' 55M N, Long. 85 47'

35" W.

1-5 S am ple  f ro m  the F lo y d s  Knob fo rm a tio n ,  a t  S p ic k e r t  Knob, 

along  ro a d  up th e  e s c a rp m e n t ,  3. 5 m i le s  n o r th w e s t  of New 

Albany.

o °New A lbany Q uad ran g le ,  L a t.  38 19' 53", Long. 85 51' W.

1-6. Sec tion  m e a s u re d  a t G oetz  Q u a r ry ,  . 5 m i le s  w es t  of New 

A lbany c i ty  l im i t s  on U. S. Highway 460.

New A lbany Q u ad ran g le ,  Lat. 38° 16' 30" N, Long. 85° 50' 

35" W.
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T ennessee

D avidson  County

T - l .  Sample from the Maury shale {Bed 1) at Bakers, a 

station on the L&N RR. {Campbell, sec . 43, 1946,

•p. 887)
o o

Ridgetop Quadrangle, Lat. 36 22' N, Long. 86 17* W.

Sumner County

T -2 . Section m easured 200 yards north of G arretts Creek

Church, north of W estmoreland. {After Campbell, sec . 37, 

1946, p. 885)

Lat. 36° 33* 30" N, Long. 86° 14* 30" W.

Macon County

T -3. Section m easured in road cut on State Highway 52, 8 m iles

w est of Red Boiling Springs. {After Campbell, sec . 42, 1946,

p. 887)

Red Boiling Springs Quadrangle, Lat. 36° 30’ 8M N,

Long. 85° 57* 20" W.

Clay County

T -4 . Section m easured along State Highway 52, 4 m iles southeast

of Celina. {After Campbell, sec . 41, 1946, p. 887)

L illy d a le , Kentucky, Quadrangle, Lat. 36 30* 20" N,

Long. 85° 27* 30" W.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



28

Ohio

Scioto County

O - l .  Section m eai tred  a t c liffs  n o r th  of B uena  V is ta ,  on U. S. 

Highway 52 (Modified a f te r  Hyde, 1953, pp. 196, 197)

Buena V is ta  Q uadrang le ,  L a t.  38° 37' 45" N, Long. 83 15'

45" W.

0 - 2 .  Section m e a s u re d  beh ind  G rey s to n e  M otel on U .S . Highway 

52, ju s t  w es t  of P o r tsm o u th .

Pond Run Q uad ran g le ,  L a t.  38° 43* 47" N, Long. 83 2' 30" W.

0 - 3 .  Section m e a s u re d  in  ro a d  cu t a t  h i l l  3 m i le s  n o r th  of 

P o r ts m o u th  on U. S. Highway 23.

Scio toville  Q uadrang le ,  L a t.  38° 45 ' N, Long. 82° 57' W.

0 - 4 .  Section m e a s u re d  on s e c o n d a ry  ro ad  lead ing  n o r th  f ro m  

State Highway 73 a t  H enley, up h i l l  n o r th e a s t  of H enley.

Otway Q uadrang le ,  L a t.  38° 51' N, Long. 83° 9 ' 15" W.

P ik e  County

0 - 5 .  Section m e a s u re d  a t b r id g e  o v e r  B e a v e r  C reek ,  . 75 m ile s  

so u th ea s t  of P ike ton .

o ®W averly  Q uadrang le ,  Lat. 39 3' 30" N, Long. 82 59' 50" W.
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0 - 6 .  Sec tion  along County Road 772, south  of N ipgen and ju s t  

sou th  of R o s s - P ik e  County line .

Nipgen Q uadrang le ,  L a t.  39° 11' 14" N, Long. 83° 9* W. 

R oss  County

0 - 7 .  Section  m e a s u re d  along J e s t e r  H il l  Road, 1. 5 m i le s

sou th  of U .S . Highway 50 a t B a in b r id g e .  Sunbury  sh a le  

a t  s h a rp  bend  in  ro ad  w h ere  p o o r  ro a d  i n t e r s e c t s  J e s t e r  

H ill Road. S am ple  of B ed fo rd  s h a le  ta k e n  one m ile  sou th  

-i of Highway 50 on J e s t e r  H ill  Road.

B a in b r id g e  Q uadrang le ,  L a t.  39° 12’ 25" N, Long. 83 16'

12"  W.

0 - 8 .  Section  m e a s u re d  on N&W RR t r a c k ,  one m ile  n o r th  of 

Higby.

o o
W averly  Q uadrang le ,  L a t.  39 11' 30" N, Long. 82 52' W.

F a i r f i e ld  County

0 - 9 .  Sam ple  f ro m  sh a le  in  the  M axville  l im e s to n e  (Bed 1), Rush 

C re e k  L im e s to n e  C om pany  Q u a r ry ,  R ushv il le .

T h o rn v il le  Q uadrang le ,  L a t .  39 45' 30" N, Long. 82° 27'

45" W.
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F ra n k l in  County

0 - 1 0 .  S am ple  f ro m  t r a n s i t io n  b e d  be tw een  B edford  sh a le  and 

Ohio sh a le  (Bed 1), a t  so u th e a s t  s id e  of d am  at C e n t ra l  

College.

oW e s te rv i l le  Q u ad ran g le .  L a t.  40 46' 15" N, Long.

82° 52’ 50" W.

Wayne County

O - l l .  S am ple  f ro m  s h a le  bed  no. 4 in  the lo w e r  5 fee t  of the 

B lack  Hand san d s to n e  (Bed 1) a t A rm s tro n g .

W est S a lem  Q uad ran g le ,  Lat.  40° 54' 40" N, Long.

82° O' 30" W.
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C o r re la t io n  C h a r ts

C h a r t  1 shows the c o r r e la t io n  of U pper D evonian and L o w er 

and M iddle M is s i s s ip p ia n  fo rm a tio n s  in  so u th e rn  Indiana, 

Kentucky, n o r th e rn  T e n n e s s e e ,  and s o u th - c e n t r a l  Ohio. In 

g e n e ra l ,  only th o se  n a m e s  of fo rm a tio n s  and m e m b e r s  a r e  

u sed  in  w hich F o r a m in i f e r a  w e re  found. E ach  co lum n is  

g e n e ra l iz e d  f ro m  the  m e a s u r e d  sec t io n s  a t the  lo c a l i t ie s  

in d ic a te d  a t  the  top of the  co lum n.

C h a r t  2 c o r r e l a t e s  the  U pper M is s i s s ip p ia n  (C h es te r ian )  

fo rm a tio n s  of so u th e rn  Ind iana, and w e s te rn  and  so u th e rn  

Kentucky.
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C h a r t  1 . C o r r e la t io n  of U pper Devonian and L ow er and N 
F o r m a t io n s  in so u th e rn  Indiana, Kentucky, nor  
and s o u th - c e n t r a l  Ohio (a f te r  S tockdale , 1939, i 
C am p b e ll ,  1946, P la t e  2).

Southern  K entucky 
K -20, 21, 27, 28, 

32-41
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T h ic k n e ss  of beds is 
g e n e ra l iz e d .  T h ick n ess  
of th in n e s t  units is  
e x a g g e r a te d .

S o u th e a s te rn  
Kentucky 
K -44, 45, 47-5

N o r th e rn
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T -1-4
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/
/
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/
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St. Louis
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? T3
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jOwer and M iddle M is s i s s ip p ia n  
ntucky, n o r th e rn  T e n n e s s e e ,  
a le ,  1939, P la te  6, and

h e a s te rn  
tucky 
4, 45, 47-50

N o r th e a s te rn  
K entucky  and 
s o u th e rn  Ohio 
K -6 5 -6 8 ,  0 -1 ,

c t e r i  R othw ell
F lo y d s  Knob'

H ald em anE a s t e r n  
K entucky 
K-51-64

sxaugh
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C h a r t  1
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C h a r t  2 .  C o r re la t io n  of C h e s te r ia n  fo rm a tio n s  in  w e s te rn  Kentucky 
and so u th e rn  Indiana with the  C h e s te r ia n  fo rm a tio n s  in 
so u th e rn  Kentucky.

Sou thern  Indiana and 
w e s te rn  Kentucky 

1-1, K -22-26

Kincaid

Degonia

C lo re

P a le s t in e
Sou thern  K entucky

M enard

W a lte r sb u rg

V ienna
Penning ton

T a r  Springs

Glen DeanGlen Dean

H a rd in sb u rg H a rd in sb u rg

GolcondaGolconda

Big C liftyC y p re s s

P a in t  C re e kP a in t  C re e k

Sam ple

R enau lt
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M e a s u re d  Sections

B ed s  in  w hich  F o r a m in i f e r a  w e re  found a r e  in d ic a te d  b y  a n  

a s t e r i s k  b e fo re  th e  bed  n u m b e r .  Not a l l  o th e r  b ed s  w e re  sam pled , 

b u t m o s t  w e re ,  and  thus b ed s  w ithout an  a s t e r i s k  m a y  g e n e ra l ly  

b e  ta k e n  to  be  u n fo ss i l i f e ro u s  a s  r e g a r d s  F o r a m in i f e r a .

M ost of the  se c t io n s  w e re  m e a s u r e d  b y  m e; m an y  of th e m  in 

K entucky  and  s o u th e rn  In d ian a  w e re  b a s e d  on S to ck d a le ’s (1939) 

lo c a t io n s  and  d e te rm in a t io n s  as  to  s t r a t ig r a p h ic  lev e l ,  and a  few 

of the  se c t io n s  a r e  g iven  as  m e a s u re d  b y  S tockdale . The s e c t io n s  

in  T e n n e s s e e  a r e  b a s e d  on C a m p b e l l ’s (1946) w ork  as  to  lo c a t io n  

and s t r a t ig r a p h ic  p la c e m e n t .  The s e c t io n s  in  Ohio a r e  l a r g e ly  

b a s e d  on H yde’s (1953) lo ca t io n s  and  s t r a t ig r a p h ic  d e te rm in a t io n s ,  

b u t m o s t  w e re  m e a s u r e d  by  m e.

S am p les  w e re  ta k e n  th roughou t 5. 5 foot in t e rv a ls ,  a n d /o r  

f ro m  l i th o lo g ic a l ly  a n d /o r  s t r a t ig r a p h ic a l ly  d is t in c t  un its  

th in n e r  th an  5. 5 fee t .
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LOCALITY K - l
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6" /  {— \  13. S i l ts to n e .
6*6" r ~*— ~  *12. Shale , oli

8'
14. Shale , o live g ra y ;  c o v e red  above.

_6
6
1 '9 " ^

olive g ray .
* 11. Shale  with two th in  s i l t s to n e  l a y e r s .

n '6 "

2. 5 'a J | ~

*10. Shale , o live g ra y .

/ X S ilts to n e .

7 '6 ’ *8. Shale , olive g ray ; no l a rg e  i ro n s to n e  
c o n c r e t io n s .________ _______________

* 7. Shale , olive g ra y ,  s i l ty  a t  v a r io u s  
h o r i z o n s ; l a r g e  iro n s to n e  
c o n c re t io n s ,  r a r e r  in u p p e r  
17 fee t.

73'

* 6. Shale , olive g ray ;  w orm  m a rk in g s ;  
C o n u la r ia  in  float.

* 5. Shale , b lue g ray .
fH

X I

S
0)
60•O•H
Oh
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4. Double i ro n s to n e  c o n e - in -c o n e .

* 3 .  Shale , o live g ray ;  w o rm  m a rk in g s .

* 2. I ro n s to n e  le n s e s .
*1. Shale , b lue g ray ;  t r a n s i t io n a l  to  olive 

g r a y  in u p p e r  p a r t ;  c o v e re d  below .
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LOCALITY K-2

m

F  a iling  
Run

& © © @

8. Sandstone, buff; m idd le  bed with 
i ro n s to n e s ;  olive g ra y  sh a le s  
be tw een  san d sto n e  b eds .

7. Shale, olive g ra y .

6. Shale , d iv e  g ra y ,  w ith i ro n s to n e  
c o n c re t io n s ;  no m e g a fo s s i ls .

5. Shale , o live g ray ,  with i ro n s to n e
c o n c re t io n s ;  Button Mold Knob feuna.

4. Shale , o live g ra y ,  w ith f o s s i l i f e ro u s  
l im e s to n e  le n s e s .

—- *3. Shale , olive g ra y ,  with r a r e  l im e -
_in v  s tone le n se s ;  c o n e - in -c o n e  la y e r  ;

<X3> - _______C o ra l  Ridge fauna.________________
* 2 .  Shale , olive g ra y ,  m o s tly  co v e re d .

'  1. Shale, o live g ra y ,  w ith phosphatic
nodu les; not m e a s u re d .
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LOCALITY k -3
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* 6. S i l ts to n e ,  s a n d s to n e ,  and sh a le ;  buff 
to o live g ray .
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17 *9'
* 5 .  S hale , o live g ray ;  no rr .eg a fo ss ils .

28'

:—  * 4 .  Shale , b lu ish  g ra y ,  i ro n s to n e
c o n c re t io n s ;  no m e g a fo s s i ls .

52'

52'

* 3 .  Shale , b lu ish  g ray ;  v e ry  r a r e  Button 
Mold Knob fauna.

* 2 .  S hale , b lu ish  g ray ;  c o n e - in -c o n e
l a y e r s ,  k idney i ro n s to n e  c o n c re t io n s ;  
C o ra l  Ridge fauna.

* 1„ Shale , o live g ray ;  no m e g a fo s s i ls ;  
co v e re d  below.
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LOCALITY K -4
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*8. S hale , o live g ra y ,  soft;  fo s s i l i f e ro u s  
l e n s e s ,  c r in o id a l  c o n c re t io n s ;  
l a r g e  i ro n s to n e  c o n c re t io n s .

5 • 6'
7. C o v e re d .

11'

5' 6'

~  * 6 .  S ha le ,  o live g ra y ,  so ft ,  fo s s i l i f e ro u s ,

5. C overed ,

■■■--------* 4 .  Shale , b lue  g ra y ,  soft; m any  fo s s i ls ,

2 0 '

15'10'

* 3 .  S hale , b lue  g ra y ;  r a r e  fuco ids; no 
o th e r  m e g a fo s s i ls  noted .

* 2 .  Shale , b lue  g ray ; s m a l l  k idney i r o n ­
s to n e s ;  c o n e - in -c o n e  la y e r s  a t top 
and b a s e  of unit; C o ra l  Ridge fauna.

m
5' 9'

*1. Shale , g ra y  b lue; no m e g a fo s s i l s  noted.
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* 8. Sandstone  and s i l t s to n e .

91'

17' Y 391

15*7'

51171
(̂ X D ~

16'1'

— i
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* 7 .  Shale , o live g ra y ;  r a r e  Button 
Mold Knob fauna.

* 6 .  Shale , o live g ra y ;  c r in o id a l
l im e s to n e  p a tc h e s ;  Button Mold 

 ______ Knob fauna._________ ;___________ _
* 5 .  Shale , o live g ray ;  c r in o id a l  l i m e ­

s tone  p a tc h e s :  l a rg e  i ro n s to n e  
_______ c o n c re t io n s :  Button Mold Knob f

* 4 .  Shale , o live g ra y ,  w ith l im e s to n e  
le n se s  and i ro n s to n e s .

* 3 .  Shale , o live g ra y ;  k idney ironstones; 
m o s t ly  covered-.

*2. Shale , o live  g ra y ;  no m e g a fo s s i ls .

F a l l in g  Run 1. Shale w ith phospha tic  nodu les .
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* 9 .  S h a l e ,  b l u e - g r a y ,  g r e e n - g r a y ,
p a r t l y  c o v e r e d ;  c o v e r e d  a b o v e ;  
k i d n e v - i r o n s t o n e s  t h r o u g h o u t .

. C o n c - i n - c o n e  l a y e r  a n d  c o p r o l i t e s ,

i— 7 S h a l e ,  b l u e - g r a y .

4 ' 7

^ ^ 6 .  I r o n s t o n e  n o d u l e s ,  1" t h i c k  le 'd g e T

*5 .  S h a l e ,  b l u e - g r a y ;  s c a t t e r e d  
c o p r o l i t e s .

5 1 5

* 4 .  S h a l e ,  b l u e - g r a y ,  w i t h  t h r e e
l a y e r s  of  C o r a l  R i d g e  n o d u l e s .

* 3 .  S h a l e ,  b l u e - g r a y

n o t  
m e a s  
u r e d

\* Z . S h a l e ,  o r a n g e - o l i v e - g r a y ,  \vi 
\  p h o s p h a t i c  n o d u l e s  a t  b a s e

I. S h a l e ,  b l a c k ,  f i s s i l e .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



41

L O C A L I T Y  K - 1 0

D y
h 2  22 '  
Z O  
OH 
Z  w

w s

c o v e red  above.

Shale , s i l ty ,  o live  g ra y ;  buff in

u p p e rm o s t  p a r t ;  p a r t ly  fo s s i l i f e ro u s .

45
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*5. S i l ts to n e  and sh a le ;  not m e a s u re d .

10 *6 '

* 4 .  Shale , b lue  b ro w n  g r a y  to  b lue  g ray ;  
b ro w n e r  a t  b a s e .

12 '6 '

i7 s\,

* 3 .  Shale , g r e e n  g ray ;  one B e lle ro p h o n  
noted.

*2 .  Shale , g re e n  g ra y ;  g lau co n it ic  in 
up p e r  p a r t .

/1. S ha le ,  g re e n  g ra y ,  w ith  p h o sp h a tic  
n o d u le s .
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*5. Shale ,  g r e e n  g ray ;  p a r t l y  to m o s t ly  
c o v e red .

Shale ,  g r e e n  g ra y ;  s o m e  kidney i ro n s to n e  
nodules ;  l e s s  f o s s i l i f e r o u s  than  below; 
p a r t ly  c o v e re d .

I—I

* 3 .  Shale ,  g r e e n  g r a y ,  f o s s i l i f e r o u s ;
in f requen t  kidney i ro n s to n e s ;  c r in o id  
s t e m s  r e p la c e d  by l im oni te .

*2. Shale ,  soft ,  g r e e n  g ray .

* 1. Shale ,  h a r d ,  g r e e n  g r a y ,  with phospha t ic  
n o d u l e s .
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5*6'

1616 '

*12. Shale ,  olive g ray ;  f req u en t  i ro n s to n e
ch ip s ,  but no l a r g e  i ro n s to n e s  noted;  
c o v e re d  above.

II. I ro n s to n e  bed.

*10. Shale ,  olive g ray .

y * * 8* \  9. I ro n s to n e s ,  l a r g e ,  in d iscon t inuous  band.

“  * 8 . Shale ,  b lue  g ray ;  C o n u la r ia  in an
i ro n s to n e  chip.

7. I ro n s to n e s ,  l a rg e .

— * 6 . Shale ,  b lue g ray .

A

*5. Shale ,  b lue g ray ;  f requen t  kidney i r o n ­
s to n es ;  com m o n  c o p ro l i t e s ;  C onu la r ia ,  
one B em bex ia  e l lenae  noted.

*4 .  Shale ,  b lue  g r a y  to olive g ray .

2
—  ~  / *  3. Shale ,  olive g ray ,  with two thin c a l c a r -  

eous  bands  with inc ip ien t  c o n - in -c o n e  
s t r u c t u r e .<Z 5 Z szsz

1 0 '

2 "

—  . *2 .  Shale ,  ol ive g ray .

~  /*  1. Shale ,  ol ive g ray ,  with phospha t ic  
■— /  nodules .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



45

L O C A L I T Y  K - 1 4

BROD-
HEAD

£
OH-4
H
<
2
aj
O
k
w
u
2
w
QHH
>
O
Qi
A

£
W
£

F ai l ing  
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5' 6 '

1' 6 '

*10. S i l t s tone ,  sha ly ;  not m e a s u re d .

9. C overed ;  not m e a s u r e d .

* 8 . Shale ,  sandy,  olive g r a y ,  s lum ped ,  
w ea th e red  to  red  clay;  g r a v e l  on 
su r fac e .

* 7. Shale ,  olive g ra y ,  c layey .

6 . Covered

* 5 .  Shale ,  olive g ra y  to b lue  g ray .

4. Shale ,  not sam pled .

* 3 .  Shale,  olive g r a y  to b lue  g ra y .

j  * 2 .  Shale,  h a rd ,  olive g ray ,  with l a r g e
_______ phosphatic  nodules .______________

1. Shale,  b lack ,  f i s s i l e ;  not m e a s u r e d .
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LOCALITY K-15

6 . L im e s to n e ,  fine g r a in e d  to d e n s e ,  b lue  
g ray .1 0 '

t/i O ^

* 5. L im e s to n e ,  f o s s i l i f e r o u s ,  b lue  g r a y .

30'

l-H

*4 .  Shale ,  with l im e s to n e  l e n s e s ;  
b ry o z o a n s .

25'

3. L im e s to n e ,  m a s s i v e ,  c r in o id a l ;  
b r y o z o a n s .

*2 .  Shale, c r in o id a l  s t r e a k s ;  b r y o z o a n s .

1. L im e s to n e ,  m a s s i v e ,  g ra y ;  b r y o z o a n s .
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5' 6 '

*5 .  Shale ,  g r e e n  g ray ,  p a r t l y  co v e red .

F A L L ­
ING

RUN

NEW 
ALBANY

11 '

* 4. Shale ,  g r e e n - g r a y .

5 '5 "

* 3 .  Shale ,  g ray  g reen ;  a t  top, co m m o n  
c o p ro l i t e s  and one s h a r k ' s  tooth.

I*2. Shale ,  g r e e n  g ray ,  with phospha t ic  
n o d u l e s .

1. Shale ,  b lack ,  f i s s i l e ;  not m e a s u r e d ,
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25'
*14. S i l t s tone ,  h a r d ,  b lue  g r a y ,  with r a r e  

sha ly  spo ts ;  c o v e re d  above.

. Shale ,  s il ty .

>. *12. S i l t s tone ,  m a s s i v e ,  m e d iu m  to fine
gra ined ;  r a r e  geodes  noted.

45'
f o  •• •'

yO-.-.O- *11. S i l t s tone ,  h a rd ,  g r a y  b lue ,  c a l c a r e o u s ;  
22 ' yO-Q.: • *_ f re q u e n t  q u a r t z  geodes .

10. S i l t s tone ,  ha rd ,  g r a y ,  c a l c a r e o u s ,
m a s s i v e ,  w e a th e r s  l ike sh a le ;  r a r e ,  
i m p u re  l im es to n e  s e a m s .

*9. Shale ,  h a rd ,  b lue  g ray ;  r a r e ,  i m p u re  
l im e s to n e s  about 1 foot th ick.

CE> 8 . Shale ,  h a rd ,  blue g r a y ,  with i rons tone-  
______c h e r t y - c r i n o i d a l - l i m e s t o n e  s e a m s .

4'6" r" 7. Shale .
 r l —I—T   -------------------------------------------1' jV 1—j  f— \  6 . L im e s to n e ,  c r in o id a l .

5. Shale ,  m o s t ly  c o v e red .
8 ' 6 '

2 ' 31 4. L im e s to n e  and sha le ;  3 inch l im e s to n e  
bed a t  b a s e .__________________________

"\Cl .-L-L—L s h a le ,  g r e e n  yellow g r a y ,  with phospha t ic

3. 5"J

bed n e a r  m iddle ;  r a r e  nodules .
2. Shale ,  b rpw n,  with phosphat ic  nodu les .  

1. Shale ,  b lack ,  f i s s i l e ;  not  m e a s u r e d .
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19'
*14. S i l t s tone ,  b lu i sh ,  w e a th e r in g  b rown;  

f o s s i l i f e r o u s .

£•1* •.-.I'-
v 1- • I: - "F L im e s to n e ,  c h e r t y  and s i l ty . V 1 I: I----------------------------------------11 /gar vi 12. L im e s to n e ,  c r in o id a l ,  oUlitic

44'
* 11. L im e s to n e ,  c h e r t y  and s i l ty ;  c r in o id a l  

in u p p e r  p a r t ;  r a r e  c lay  s e a m s .

*10. Shale ,  s i l ty ,  soft ,  b lu ish ;  f o s s i l i f e r o u s ,
26'

75'

* 9. S i l t s tone  and sh a ly  s i l t s to n e ;  no f o s s i l s  
no ted . in  upper  p a r t ;  lo w er  p a r t  with 
a r g i l l a c e o u s  l im e s to n e  ledges ;  r a r e  
c r in o id a l  l im e s to n e  l e n se s  n e a r  b a s e ;  
low er  o n e - fo u r th  f o s s i l i f e r o u s .

a >
8 . C o v e red .

5*6" 1 f  ■° i>'

17'

* 7 .  Shale ,  f o s s i l i f e r o u s ;  th in  l im e s to n e  l e n s e s  

6 . C o v e red .

16 ' 6 ' <H>
* 5. Shale ,  f o s s i l i f e r o u s ;  c o m m o n  c r in o id a l  

l im e s to n e  l e n s e s  up to 1 .5 '  th ick .

5 '6"  * 4. Shale  with s i l t s to n e  l a y e r s . ____________ _

—  * 3 .  Shale ,  f o s s i l i f e r o u s ,  with thin  c r in o id a l
l im e s to n e  l e n s e s ,  1- 2" th ick ,  in 
upper  p a r t .39 J -J T I Z

Falling
Run , _ L

* 2. Shale ,  g r e e n  g r a y ,  with i ro n s to n e  
______ nodules ;  s n a i l s ? . _______________

*1. Shale ,  g r e e n  g r a y ,  with phospha t ic  
1________ nodules ;  New Albany  sha le  below.
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10 '

2 ' 6 1

* 7. Shale ,  o l ive g ray ;  c o v e re d  above.

&

Fall ing 
Run A

6 . C o v e red .

* 5. Shale ,  ol ive g ray .

■----  * 4. Shale ,  ol ive g r a y  to yel low, m ixed .

BE D -
FORD
S an d er ­
son

J

* 3. Shale ,  ol ive g ra y ,  with phospha t ic  
 ______ nodules  conta ining f o s s i l s .______
* 2. Shale ,  g r a y ,  with p lant  f o s s i l s .

1. Shale ,  b lack ,  f i s s i l e ,  with m any  
nodu les ;  not m e a s u r e d .
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5 '  6 *

5'6 '

5*6'

3' 6 '

* 8 . Shale ,  b lue  g r a y ,  p a r t ly  c o v e red  at  top;
r a r e  c o p ro l i t e ?  s t r u c t u r e s  throughout .

*7 .  Shale ,  b lue  g ray ,  with r e g u l a r - s i z e d  
k idney i ro n s to n e s  in m iddle  por t ion;  
c o p ro l i t e ?  s t r u c t u r e s  of l im oni te .

* 6 . Shale ,  b lue  g r a y ,  s o f t e r  than  below; 
no k idney i ro n s to n e s  noted .

*5 .  Shale ,  with r a r e  kidney i ro n s to n e s  which 
a r e  l a r g e r  than  usual .

* 4. Shale ,  b lue g ra y ;  p a r t ly  c o v e red .

B E D ­
FORD
N. A.

*3 .  Shale,  o live  g r a y ,  with phosphatic  
\ ________ nodules .  ______________

* 2. Shale,  ha rd ,  g ra y ,  with so m e  b lack  
_______ sha le  in m iddle .___________________
1. Shale ,  b lack ,  f i s s i l e ;  not m e a s u re d .
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8 . S i l t s tone ,  buff to  ol ive g r a y ,  i ro n  
s ta ined  y e l lo w -o ran g e .

*7.  Shale,  buff to olive g r a y ,  s i l ty .

6 . L a rg e  i ro n s to h e  c o n c re t io n s  in  s ing le  bed.

*5.  Shale ,  olive g ray ,  with  s o m e  k idney 
i r o n s t o n e s .

2 0 '

4. Covered .

3. Shale ,  g r a y  to  buff to  olive g ra y ,  with 
phospha t ic  nodules ;  T a s m a n i t e s .

ED -
ORD ;\ * 2 .  Shale ,  olive g r a y  to b row n.

notm e a s  - 
u red

NEW
ALB. 1. Shale ,  b lack ,  f i s s i l e .
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11 . S i l t s tone ,  l ight  g r a y  to buff;  w o rm  
m a r k in g s  and T a o n u ru s  .

50'

►—t

10. S i l t s tone ,  ol ive g ray .10 '

9 . Shale ,  g r a y  to d a r k  g r a y ,  v e r y  s i l ty .
15'

8 . L im e s to n e ,  d en se ,  g ray .

* ?.  Shale ,  s i l ty ,  b lue  g ray .

 /  3 .  S i l t s tone  l en s ,  c layey .

" * 2 .  Shale ,  ol ive g ra y ,  c layey .

New Albany 1. Shale ,  b lack ,  f i s s i l e ;  not m e a s u r e d .
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* II. Shale ,  buff to  olive g r a y ,  s i l ty ;
with l a r g e  i r o n s to n e  c o n c re t io n s ;  
c o v e re d  above .

17'
CiJO *(-4
u  W

10. C o v e red .

33'

* 9 .  Shale ,  olive g ra y .11 '

8 . Shale ,  olive g r a y ,  p a r t l y  b lue  g r a y  
s i l ty ;  r a r e  s m a l l  m e d iu m  s iz e d  
i ro n s to n e s  a t  top.

33'

7. C o v e red .

2 2 '

* 6 . Shale ,  b lue  g r a y  to  o l ive  g r a y .

5. C o v e red .

* 4. Shale,  b lue  g r a y  to  o l ive g r a y ,  s i l ty  
. c layey .

• * 3 . Shale ,  ol ive g r a y ,  p a r t ly  c o v e r e d .

• 2. C o v e red .

N. A. 1. Shale ,  b lack ,  f i a s i l e ;  hot  m e a s u r e d .
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H am il ton
l im e s to n e

10'

* 13. Shale ,  b lac k  and g r a y  l a y e r s  in te r -  
bedded.

*12. Shale ,  b lack ,  f i s s i l e ;  with Schizobolus  
c o n c e n t r i c u s  , O rb icu lo ide s
l o d i e n s i s .

*11. Shale ,  g ray ,  c a l c a r e o u s ,  with ha rd  
sha le  l a y e r s .

10. Shale ,  s u b f i s s i l e ,  b lack ,  c a l c a r e o u s ;  
L ingu lopora  w i l l i a m s a n a  .

11 I
9. L im e s to n e .

3" —  8 . Shale ,  f i s s i l e ,  b lack ;  no f o s s i l s .

9" ) * 7. L im e s to n e  and c a l c a r e o u s  sha le .
<J_LJ

J
V V

z z ^ * 6 . Shale ,  c a l c a r e o u s ,  b lack .

*5 .  Shale ,  e a r th y ,  g r e e n i s h  to b lack .

*4 .  L im e s to n e ,  b rown.

1 1  ̂ *3 .  L im e s to n e ,  sha ly ,  g r a y  to b lack .

* 2 .  L im e s to n e ,  b rown.

1. L im e s to n e .
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New
Albany

* 9. Shale ,  g r e e n  g ray ,  with s o m e  s m a l l  
i ro n s to n e  nodules;  co v e re d  above.

—. \  8 . I rons tone  bed.

* 7. Shale ,  g r e e n  g r a y  in p a r t ,  r ed  to 
p u rp le  in pa r t ;  p a r t ly  h a r d  s i l ty  
beds ;  k idney  i ro n s to n e  nodules ;  
f u c o id s .

24'9 '

* 6 . Shale,  g r e e n  g ray ,  with so m e  d a r k e r  
sha le ;  p a r t ly  co v e red .

SUN-
BURY

* 5. S i l ts tone .

4. Shale.

3. Shale,  b lack ,  f i s s i l e ,  with so m e  
s o f te r  b row n and d a r k  g r a y  
c lay  sha le .____________________

2. Shale ,  g r a y  to olive g ray .

Shale ,  b lack ,  f i s s i l e ,  with so m e  soft 
yel low b row n sha le ;  not m e a s u r e d .
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9. S i l t s tone  ledge;  c o v e re d  above.

i—i w

W O ^  
z  OS w

& Q

* 8 . Shale ,  g r e e n  g ra y .

Fall ing
Run

*7. Shale ,  g r e e n  g r a y ,  with phospha t ic  
n o d u le s .

* 6 . Shale ,  b l a c k  f i s s i l e ;  th in  white  s an d s to n e  
l a y e r s  with ca rb o n a c e o u s  s t r e a k s  in 
u pper  2 fee t .

1. Shale ,  b lack ,  f i s s i l e ;  not m e a s u r e d .
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*10. Shale ,  g r e e n  g r a y  to  buff, c o v e r e d  
above.

\ 9. S i l t s tone ,  s ing le  bed ,  g r a y  to  d r a b ,
s ta ined  b ro w n  to  b lack ;  no f o s s i l s .

3 '2 '

\
8 . 5"

* 8 . Shale ,  g r e e n  g r a y  to  buff, c layey ,  
i r o n  s ta ined .

. Shale ,  h a r d ,  g r e e n i s h ,  with phospha t ic  
«S________ nodu les .  ______________________ _

*6 . Shale ,  h a rd  to  soft ,  b row n .

5 '10'

5"-15'

0 - 10 ' A

5. Shale ,  b lack ,  f i s s i l e ;  phospha t ic
nodules  with L ingu la  and Qrbiculo idea .

V4. Shale ,  g r a y i s h  ye l low to g r a y ,  w e a th e re d ;  
no f o s s i l s .

3. Shale ,  b lack ,  f i s s i l e .

* 2 .  Shale, s i l i c e o u s ,  b r i t t l e ,  ol ive  g r a y  to  
________ja lu ^ g ra y ;  6 f ee t  long, wedge in Sun-

1. Shale ,  b lack ,  f i s s i l e ;  u p p e r  2 fee t  
s am p led .
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* 8 . S h a l e ,  g r e e n  g ray .

, _  *7. Shale ,  g r e e n  g ray ;  no nodules ;  
ZZ s o m e  b ro w n  sh a le .

* 6 . Shale ,  g r e e n  g ray ;
no nodules  noted.

_ - * 5. Shale ,  g r e e n  g ra y ,  s o m e  brown;  no
_  " nodules  noted.

~ w 4. Shale ,  h a r d ,  g r e e n  g ray ;  phos.  nodulef
2 Shale ,  h a r d ,  b row n ,  s o m e  g r a y  b row n  

so m e  soft sha le .
= r 2. Shale ,  soft ,  b row n  g ra y ,  c layey .

1. Sha le ,  b l ack ,  f i s s i l e .
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SUNBURY
SHALE

.BEDFORD
SHALE

W

<;

w

<;
«

<
£
w

\
= r  *9. Shale ,  c layey ,  g r e e n  g ray ;  

not  m e a s u r e d .

1'6" 8 . S i l t s tone ,  c a l c a r e o u s ,  h a r d ,  buff.

9 '6 '

3*2'

47'

• : ' 7. Shale,  c layey ,  buff g ra y ,  w e a th e re d
4 '6"  -  yel low.

J

6 . Shale,  b lack ,  f i s s i l e ;  upper  foot 
w ea th e red  sof t ,  co f fe e -c o lo re d .

\ * 5 .  Contac t  s e a m ;  w ea th e re d  sh a le ._____
* 4 .  Shale ,  sandy,  s e m i - f i s s i l e  in  p a r t ;  
_______ c layey ,  ol ive g r a y  to buff at  b a s e .

3. Shale ,  b lack ,  f i s s i l e ;  upper  5 fee t  
and low er  1 foot s a m p led .

f\ * 2 .  Shale,  c layey ,  olive  g reen ,

1. Shale ,  b lack ,  f i s s i l e ;  not 
m e a s u r e d .
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* 9 .  S i l t s t o n e ,  sha ly .

18'

* 8 . Shale ,  olive g ra y ,  with i ro n s to n e  
c o n c r e t i o n s .

14'

5' 4'

48'

7. Shale ,  b lack ,  f i s s i l e ;  so m e  s o f t e r  g r a y  
and brow n sha le  in low er  3 feet .

*6 . Shale,  g r a y  to buff b row n,  gandy, 
•••' c a l c a r e o u s .

5. Shale,  b lack ,  f i s s i l e .

!/* 4. Shale,  g ray .

3. Shale,  b lack ,  f i s s i l e .
Shale,  c layey ,  g r a y  to ol ive.

1. Shale ,  g r a y  to b lack ,  s e m i - f i s s i l e .
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* 5 .  S i l t s to n e  with s h a le ,  b lue  g ray .

26'

* 4. Shale ,  s i l ty ,  b lue  g r a y  to g ray .

* 3 .  Shale ,  c layey ,  b lue  g r a y ,  with th in  
s i l ty  l a y e r s .

2. Shale ,  b lack ,  f i s s i l e .

16'

1. Shale ,  soft ,  s t i ck y ,  yel low to buff to 
g r a y ,  so m e  b lack ;  s p o r e s ;  not 
m e a s u r e d .
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3. S i i t s tone ,  in sm ooth ,  even b ed s ,  with

in te r c a la te d  s h a le s ,  gray* g re e n ,

and p u rp le .

2 0 '

* 2. Shale ,  olive g r a y  to b lue  g r a y ,  c layey ;

s i l ty  in upper  p a r t ,  and g r a y  to buff;

middle  p a r t  w ea th e red ;  s a m p le s1 0 '

taken  f r o m  u ppe r  2. 5' and low er  2 ' .

* 1. Shale ,  b lack ,  f i s s i l e .1 0 '

W 
D J  
«  < 
Z EC
ID to
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8 . Shale,  v e r y  s il ty .

6 . Shale and s i l t s to n e ;  no s a m p le s  
taken .

85'

5. S i l t s tone ,  in sm oo th  even beds
s e p a r a t e d  by  sh a le  par t ings; .g ray to 
buff; i ro n s to n e  c o n c re t io n s ;  
T a o n u r u s .

30'

■ mJ. M .  Shale ,  c layey ,  olive g ray ;  s a m p le  
■JtIL /  t aken  f ro m  upper  2. 5 fee t .

-“3. Shale ,  b lack ,  f i s s i l e .Sunbury
sha le

2. Shale ,  p a r t ly  a r e n a c e o u s ,  b lue  g r a y ,  
with p y r i te .

35'

New 
A lbany 1. Shale ,  b lack ,  f i s s i l e ;  not m e a s u r e d .
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m

SUN-
BURY

C overed .

y  11. S i l t s tone ,  g r a y  to buff, in s ingle  bed.

*10. Shale ,  c layey ,  s l igh t ly  s i l ty ,  g r a y  to 
d r a b ,  with i r o n s to n e  c o n c r e t io n s .

* 9. S i l t s tone ,  sm oo th  even b e d s ,  s e p a r a t e d  
by  sha ly  p a r t in g s ;  p a r t ly  co v e re d .

* 8 . Shale ,  c layey;  p a r t ly  c o v e re d .

7. Shale ,  f i s s i l e ,  b lack .

6 . Shale,  p a r t ly  a r e n a c e o u s , b lue  g r a y  to 
ol ive g ray ;  i n t e r c a l a t e d  b la c k  f i s s i l e  
sh a le s  in low er  p a r t .

5. Shale,  b lack ,  f i s s i l e .

*4. Shale ,  g r e e n  g ra y .

3. Shale ,  b lack ,  f i s s i l e .

Shale,  g r e e n  g ray .

1. Shale,  b lack ,  f i s s i l e ;  m o s t ly  c o v e re d .
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SUNBURY
SHALE

25 '3"

* 9. Shale ,  v e r y  s i l ty ,  l ight g ray ;  w o rm  
m a r k i n g s .

* 8 . S i l t3tone in sm o o th  even beds  up *— - 
t-Viirk o m v  to  d r a b ,  s e p a r a t e d  by

to 3'
th ick ,  g r a y  to  a r a o ,  s e p a r a t e a  
sh a le  p a r t in g s  up to 1" th ick;  
T a o n u r u s .

7. S i l t s tone  and sh a le ,  c layey ,  d r ab ;  
T a o n u r u s .

6 . S i l t s tone ,  d r a b ,  evenly bedded ,  with 
_______ s h a le  p a r t in g s .____________________

5. C o v e red .

4. Shale ,  c layey ,  ol ive to m a ro o n .

3. Shale ,  b lack ,  f i s s i l e ;  sof t ,  w ea th e red  
________to  g r a y  b row n  in upper  p a r t ._______

2. Sands tone ,  g r a y  to brown;  r ip p le  
m a r k s .

Shale ,  sandy in u p p e r  6 fee t ,  in
i r r e g u l a r  b e d s ,  l ight g r a y  to  buff; 
l ight to m e d iu m  g ra y ,  sof t ,  s t icky ,  
p l a s t i c  sh a le  in  low er  p a r t ;  lower  
15 feet  c o v e re d .
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ROTH.WELL 
SHALE

thin  
s t r e a k

FLOYDS 
KNOB FM.

* 8 . Shale ,  c layey ,  olive  g r a y  and 
m aroon .

Shale ,  s i l ty ,  g laucon i t ic ,  g r e e n i s h  
b la c k  to olive g ray .

S i l t s tone ,  l im e s to n e  l e n s e s ,  and 
s i l ty  sh a le ,  o l ive g r a y  and m aro o n ;  
f o s s i l i f e r o u s ; p a r t l y  c o v e re d .

S i l ts tone  with sh a ly  zones ;  
f o s s i l i f e r o u s .

Shale and s i l t s to n e ,  g r a y  to d rab ;  
p a r t ly  c o v e red .

S i l t s tone ,  m a s s i v e ,  g r a y  to d rab ;  
s am p le d  in lower  p a r t .

2. S i l t s tone ,  sha ly ,  i r o n  s ta ined ;  w o rm  
_______m a r k i n g s .___________________________

*1. Shale ,  olive g ra y ,  s i l ty ,  i ro n  s ta ined ;  
i ro n s to n e  l e n s e s ;  w o rm  m a r k in g s .
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* 6 . S i l t s tone  and sh a ly  s i l t s to n e ,  b lue  g r a y  
to  ol ive g ra y ,  s h a l i e r  in low er  p a r t ;  
T ao n u ru s  and w o rm  m a r k in g s .

5. S i l t s tone ,  m a s s iv e ,  buff to d rab ._______

* 4. S i l ts tone ,  sha ly ,  b lue g r a y  to  olive
g ray ;  T a o n u ru s  and w o rm  m a r k in g s .

3. S i l t s tone  to sands tone ,  m a s s i v e ,  d a r k  
g ray ,  w ea the r ing  brown;  w o rm  
m a rk in g s .

2. Shale ,  s i l ty ,  d a r k  g r a y ,  w e a th e r in g
 brown._____________________

*1. Shale,  s i l ty ,  d a r k  g ray ,  with th in  s i l t ­
s tone l a y e r s ;  c o v e re d  below.
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8 . Shale ,  d a r k  g r a y ,  m ic a c e o u s ;  
n o n - m a r i n e .

L- *7 .  Shale ,  c layey ,  b ro w n ish  buff to olive 
g r a y  to g ray ;  f o s s i l i f e r o u s .

6 . L im e s to n e .

5. C overed .

— *4 .  Shale ,  buff to g ray .

2 ' "** I 3. L im e s to n e ,  sha ly ,  l ight  ol ive g ray ,
— i.l —  — — w e a th e r s  o ch e ro u s .

2. Shale;  no s a m p le  taken .

6 '  -

*1. L im e s to n e ,  sha ly ,  l ight  o l ive g ray .
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27'

 — * 10. Shale,  o l ive g ra y ,  p a r t l y  co v e red ;
- r a r e  i ro n s to n e  c o n c re t io n s ;  i ro n s to n e

— chips  on s u r f a c e .

5*6’ 9 .  C o v e red .

33*6'

8 . Sha le ,  olive g ra y ,  p a r t ly  co v e red ;
f req u en t  l a r g e  i ro n s to n e  c o n c re t io n s ,  
6" - l '  in d iam .  ; i ro n s to n e  chips on 
s u r f a c e ;  f r a g m e n t s  of B em bex ia  
e l len ae  on s u r f a c e ,  r a r e  segm en ted  
w o rm  m a r k in g s .

- f e

Si l t s tone ,  sha ly ,  b rown;  no m eg a fo s s i l s .

6'6" r * 6 . Shale ,  b row n;  no m e g a f o s s i l s .

5*6’

2 2 '

12 '

A

   * 5 .  Shp.le, b ro w n ish  g ray ;  r a r e  kidney
 i r o n s to n e s ;  no m e g a f o s s x l s ._____

* 4. Shale ,  ol ive g r a y  to b lue  g ra y ;  no 
m e g a f o s s i l s .

3. C o v e red .

/ 2. C o n e - in - c o n e  l a y e r ;  q u a r r y  f loor .

*1. Shale ,  g ray ;  not m e a s u r e d .
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* 4 .  L im e s to n e  and s i l ty  l im e s to n e ,
light g r e e n i s h  g ray ,  with ol ive 
g r a y  sha le  p a r t in g s .

t—»

13'

HH

*2 .  Shale ,  du ll  ol ive g ray ,  with l a y e r  
of nodules  a t  b a s e .

1. Shale ,  b lack ,  f i s s i l e .

1 0 '
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*4. L im e s to n e ,  c h e r ty ,  with thin sha le
CD

s e a m s ;  not m e a s u re d ;  s a m p le

f ro m  low er  5 feet .O

oo

t-4 O

O

O

* 3 .  Shale,  g r a y  to g r e e n  g ray ;  phosphatic

nodules  and g lauconi t ic ,  c a l c a r e o u s ,
12.5

sha le  a t  top.

2. Shale,  ha rd ,  g ray ;  upper  6 inches  with

10 " l a r g e  phosphat ic  nodules ;  s o m e  g r e e n

g ra y  shale ;  no f o s s i l s  noted.

1. Shale,  b lack ,  f i s s i l e ;  not m e a s u re d .

H U J  
H O < 
<  O X
X  *  w
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SHALE

S O C

1*91

g g s ?

L

* 4. Shale , c h e r ty ,  g re e n  to  o ra n g e  to 
g ray ;  with so m e  phospha tic  
n o d u le s .

3. Shale , h a rd ,  g ray ; no p hospha tic  
n o d u le s .

* 2 .  Shale , g re e n  g ra y ,  with la rg e  
phosphatic  nodu les .

1. Shale , b lack , f i s s i l e ;  not m e a s u re d .
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3. S hale , f i s s i l e ,  b lack .
15'

* 2 .  S ands tone , buff to ta n  to  ligh t g ra y ,

f ine  g ra in e d ,  even ly  bedded , with

s i l t s to n e s  and s i l ty  sh a le ;  so m e

b ed s  m ic a c e o u s .

118'

27' 1. S ha le ,  b lack ,  f i s s i l e ;  c o v e re d  below.
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* 9. Shale , s i l ty ,  b ro w n ish  g ray .

* 8. S ha le ,  g ra y ,  p la ty ; s m a l l  i ro n s to n e s .

7. S i l ts to n e .

* 6. Shale , s i l ty ,  with th in  s i l t s to n e s .

* 5. S i l ts to n e ,  in  th r e e  b e d s ,  with two 
2 inch  sh a le  b r e a k s .

* 4 .  S h a le ,  g ra y  g re e n .

11 '

3. S i l ts to n e ,  m a s s iv e .

* 2. S i l ts to n e ,  sh a ly ,  g re e n  g ra y ;  p a r t ly  
c o v e re d .

* 1. S i l ts to n e s  and san d s to n es  up to  2. 5 fee t  
th ic k ,  with in te rc a la te d  g r e e n  g ra y  
s h a le s  up to 6 in ch es  th ick .

17'6
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*6.  S i l ts to n e ,  b lue  g ra y ,  g ray ,  th in  to 
m ed iu m  bedded , with s i l ty  sh a le .

* 5 ^ S h a le ,  b lue  g ra y .

64'

4. C overed  by s lum p.

60'

  * 3 .  Shale , b lue  g ray .

1 0 0 '

* 2 . Shale , b lue  g ra y ,  with th in  s i l t s to n e s .

1. Shale , not s a m p le d .
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* 7 . Sandstone, light g ra y  to b lu e  g ray ;  
beds co n to r ted ; not m e a s u re d .

6. Shale , not m e a s u re d  o r  s a m p le d .

5. Shale, c lay ey , g ra y  to  yellow buff.

* 4. Shale, c layey , g ra y  to  yellow  buff.

* 3. Shale , c layey , g ra y  to  yellow  buff.

* 2. Shale , g ra y  to  d a rk  g ray ;  s p o re s ;  not 
_______ m e a s u re d ,  t r a n s i t io n  zone.________

1. Shale , b lack , f i s s i l e ;  not m e a s u re d .
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1' C  ' ' • ' '• S i l ts to n e ,  g r ay; c o v e re d  above.
   Vw ■■ ■■■ ' ■ - -   -   _ __----

2 ' 6 '

*2. Shale , b lu e  g ra y ,  o live g ra y ,  buff, and 
re d d ish ;  c layey ; t h i n  s i l t s to n e s .

m

1. C o v e red .

5 '6 "

R iv e r  lev e l .
-9-
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* 10. S hale , g r a y  to  b lue  gray 
~ r - r  c lay ey , s l ig h t ly  s i l ty .

2 2 '

9. S hale , b lack ,  f i s s i l e ,  b ecom ing  
m o re  c la y e y  and b ro w n e r  
upw ard .

8. C o v e red .11'

7. S hale , g ra y ,  p a r t ly  c o v e re d .  
^ 6. Shale , b la c k ,  f i s s i l e .

5. S ands tone , m a s s iv e .

4 '6

*4. S hale , th in .

3. S andstone , m a s s iv e
2. S hale , th in .

1. S andstone , m a s s iv e .

45'

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



81

LOCALITY 0 - 7

* 0 .  S h a l e ,  g r e e n i s h - g r a y ,  c l a y e y ;
s o m e  m a r o o n  s h a l e  in u p p e r  
p a r t ;  c o v e r e d  a b o v e .30 'b

5. S i l t s t o n e ,  bu f f  t o  g r a y ;  " B u e n a  V i s t a " .

* 4 .  S h a l e ,  g r a y ,  y e l l o w i s h ,  bu f f ,  t o  
r e d d i s h ,  c l a y e y .

* 3 .  S h a l e ,  b l a c k ,  f i s s i l e ;  r o a d  i n t e r s e c -  
________ t i o n  a t  b a s e  o f  S u n b u r y  s h a l e . _____

S U N -
B U R Y

I .  S a n d s t o n e ;  m e a s u r e m e n t  f r o m
w e l l  on L e s t e r ' s  C r a b t r e e  F a r m .

100

n o t
s o u t h  of  H i w a y  50 on  J e s t e r ' H i l l  Rd .m e a s u  r  -

ed
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* 5 . Shale , g ra y ,  c lay ey , with a few th in  
sa n d s to n e s ;  c o v e red  above.

4. Sands tone , m ed ium  g ra in e d ,  re d  b row n.11"

*3 . Shale , g ra y ,  s i l ty  and c layey .

2. S andstone , m ed ium  g ra in e d ,  r e d d ish  
b row n.

1. Shale , g ra y ,  c lay ey  with th in  sa n d s to n e s ;  
s a m p le  f ro m  u p p er  2 fee t.

14'
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STRATIGRAPHIC PA LEO N TO LO G Y

C o m p o s it io n  of the  F a u n a s  

A co m p le te  l i s t  of a l l  M is s is s ip p ia n  s m a l l e r  F o r a m in i f e r a  

r e p o r te d  in  th is  s tudy  fo llow s:

O rd e r  F o r a m in i f e r a  d 'O rb ig n y ,  1826 

F a m i ly  A s t ro r h iz id a e  H. B. B ra d y ,  1881 

Genus C 'rithioriiaa G Bes, 1894 

C. p a la e o z b ic a ,n. sp.

Genus T h u ra m m in o id e s  P lu m m e r ,  1945 em end.

T .’ sp h a e rb id a l is  P lu m m e r ,  1945 em end .

F a m i ly  S a c c a m m in id a e  C u sh m an , 1927

Subfam ily  S a c c a m m in in a e  C ushm an , 1927 

Genus P ro te o n in a  W ill iam s  on, 1858 

P .  c u n ib e r la n d ia e , n. sp.

P.' w a l l in g fo rd e n s is , n. sp.

F a m i ly  H y p e ra m m in id a e  E im e r  and F ic k e r t ,  1899 

Subfam ily  H y p e ra m m in in a e  C ushm an , 1910

Genus H y p e ra m m in a  B ra d y ,  1878 em end. Conkin, 1954

H.' c a s t e r i ,  n. sp.

H. k eh tu ck y e iis is  Conkin, 1954

H. ro c k fo rd e n s is  G u tsch ick  and T re c k m a n ,  1959
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F a m i ly  E a r la n d i id a e  C u m m in g s ,  1955

Genus Eafrlandia P lu m m e r ,  1930 

E. c o n s te rn a t io , n. sp .

F a m i ly  R eophac idae  C ushm an , 1927

Subfam ily  R eo p h ac in ae  C u sh m an , 1927 

Genus R eophax  M o n tfo r t ,  1808

R. cf. R. a r e n a tu s  (C u sh m an  and W a te rs ) ,  1927 

R. a s p e r  C u sh m an  and W a te r s ,  1928 

R. k u n k le r e n s i s , n. sp .

R. cf. R. l a c h ry m o s u s  Guts ch ick  and T re c k m a n ,  1959 

R. m cdona ld i ,  n . sp.

R. cf. R. m in u t i s s im u s  P lu m m e r ,  1945 

F a m i ly  T o ly p am m in id ae  C ushm an , 1929 

Subfam ily  Invo lu tin inae  C u sh m an , 1910

Genus Invo lu tina  T e rq u e m , 1862, em end . L o e b lich  and Tappan, 

1954

I. e x s e r t a  (C ushm an), 1910

I. lo n g e x s e r ta  Guts ch ick  and T re c k m a n ,  1959

I. s e m ic o n s t r i c t a  (W a te rs ) ,  1927 

Genus G lo m o sp ira  R zehak , 1888

G. a r t i c u lo s a  P lu m m e r ,  1945
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Genus L ituo tuba  R h u m b le r ,  1895 

L. s e m ip la n a , n. sp.

Genus T o ly p am m in a  R h u m b le r ,  1895

T. bo tonunca  Guts ch ick  and T re c k m a n ,  1959 

T. cyc lops  G u tsch ick  and T re c k m a n ,  1959 

T. ja c o b s c h a p e le n s is ,  n. sp.

T. laoco ttn , n. sp.

T . to r tu o s a ,  Dunn, 1942 

Genus A m m o v e r te l la  C ushm an, 1928

A. cf. Â , in c lu s  a  (C ushm an and W ater^ , 1927 

A. la b y r in th a  I re la n d ,  1956 

A. cf. _A. p r im ap a rv a i I re la n d ,  1956 

Genus T re p e i lo p s is  C ushm an  and W a te rs ,  1928

T. g lo m o sp iro id e s  G u tsch ick  and T re c k m a n ,  1959\

T. re c u rv id e n s  G u tsch ick  and T re c k m a n ,  1959 

T. sp i r a l i s  G u tsch ick  and T re c k m a n ,  1959 

F a m i ly  L itu o lid ae  R e u s s ,  1861

Subfam ily  H a p lo p h ra g m iin a e  C ushm an, 1927 

Genus A m m o b a c u l i te s ,C ushm an , 1910 

A. g u tsc h ic k j , n. sp.

F a m i ly  T e x tu la r i id a e  d 'O rb igny , 1846

Subfam ily  T e x tu la r i in a e  d ’Orbigny, 1846
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Genus C lim a c a m m in a  B’rad y ,  1873 

C. mi's s is  s ip p ia n a , n. sp .

F a m i ly  M ilio lidae  d 'O rb igny , 1846

Genus A gath 'am m ina N eu m ay r ,  1887 

A. m is  s is  s ipp iana , n. sp.

F a m i ly  O pthalm id iidae

Genus H em ig o rd iu s  S chuber t ,  1908 

H. m o r i l l e r i s i s , n. sp.

F a m i ly  T ro c h a m m in id a e  C ushm an, 1929

Genus T ro c h a m m in a  P a r k e r  and Jo n e s ,  1959 

T, oh ioeris is , n. sp.

F a m i ly  P la c o p s i l in id a e

Subfam ily  P o ly p h rag m in ae

Genus S tach e ia  B rad y ,  1876 

S. c ic a t r ix ,  n. sp.

S. nebp u p o id es , n. sp.

S. t r e p e i lo p s i f o r m is , n. sp.

The F o r a m in i f e r a  p re se n te d  in  the  above faunal l i s t  a r e  a l lo tted  

to tw elve fa m il ie s ,  one of which, the  M ilio lidae , i s  new to the 

M is s is s ip p ia n ;  to e igh teen  g en e ra ,  sev en  of which a r e  new to the  

M iss is s ip p ia n :  A g a th a m m in a , C l im a c a m m in a , C rith io n in a , P ro te o n in a ,
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S ta c h e ia , T h u ram m in o id .e s , and T ro c h a m m in a ; to 38 s p e c ie s ,  

e ig h teen  of which a r e  d e s c r ib e d  as  new sp e c ie s :  A g a th am m in a  

m is  s is  s ipp iana , A m m o b a c u l i te s  g u ts c h ic k i , C l im a c a m m in a  m i s s i s * 

s ip p ia n a , C r i th io n in a  p a la e o z o ic a ,  E a r la n d ia  c o n s te r h a t io , H em ig o r  

d ius  m o r i l le i i s is ,  H y p e ra m m in a  c a s t e r i , L ituo tuba  s e m ip la n a , 

P r o te o n in a  c u m b e r la n d ia e , P .  w a l l in g fo rd e n s is , R eophax k u n k le r - 

e n s is ,  R. m cdoria ldi, S tach e ia  c ic a t r ix ,  S. n eb p u p o id es , S. t r e p e i l ­

o p s ifo rm is ,  T o ly p am m in a  ja c o b s c h a p e le n s is ,  T. la o c d b n , and 

T ro c h a m m in a  o h io e iis is .

G e n e ra  and S pec ies  Im p o r ta n t  in  S t r a t ig r a p h y  D iv is ion

H yper  a m m in a

T h re e  sp e c ie s  of H y p e ra m m in a  o c c u r  in  the s tu d ied  a r e a .  

F r a g m e n ts  of H y p e ra m m in a  a r e  co m m o n  to abundant, m any  id e n t i ­

f iab le  as  to  sp e c ie s .  S p ec im en s  with p ro lo c u lu s  a r e  not uncom m on.

The m o s t  co m m o n ly  o c c u r in g  sp e c ie s  is  H y p e ra m m in a  c a s t e r i ,  

which is  e s p e c ia l ly  c h a r a c t e r i s t i c  of the  lo w e r  New P ro v id e n c e  and 

lo w e r  Cuyahoga w h ere  H y p e ra m m in a  k en tuckye iis is  i s  lack in g , bu t

H. c a s t e r i  o c c u rs  in  l e s s e r  n u m b e rs  a t  m an y  o th e r  levfels f ro m  the  

U pper  D evonian  P o r tw o o d  fo rm a t io n  to the  C h e s te r ia n  P enn ing ton  

sh a le ,  and p o s s ib ly  th e  M en ard  l im e s to n e .  J i .  c a s t e r i  ra n g e s  highe 

up in  the  New P ro v id e n c e  fo rm a tio n ,  and is  abundant a t  th is  lev e l ,
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f ro m  s o u th e a s te rn  K entucky to  s o u th e rn  Ohio w h e re  H y p e ra m m in a  

k en tu ck y en s is  i s  a b se n t  o r  p r e s e n t  only  in  the  u p p e r  p a r t  of the 

New P ro v id e n c e .  In e a s t e r n  K entucky  the  u p p e r  New P ro v id e n c e  

w as not s a m p le d  and thus the  lo w e r  ra n g e  of H y p e ra m m in a  k e n tu c k y ­

e n s is  and the  u p p e r  ra n g e  of abundant H y p e ra m m in a  c a s t e r i  w e re  

not d e te rm in e d .

H y p e ra m m in a  k en tu c k y e n s is  is  h igh ly  c h a r a c t e r i s t i c  of and  

r e s t r i c t e d  to  the  O sag ian  of K entucky, o c c u r r in g  m o s t  abundan tly  

in  the F lo y d s  Knob and M iddle and U pper  New P ro v id e n c e  fo rm a t io n s .

H y p e ra m m in a  ro c k fo rd e n s is ,  l ik e  H. c a s t e r i ,  o c c u r s  in  the 

lo w e r  New P rov id en ce^an d  lo w e r  C uyahoga fo rm a t io n s ,  bu t le s s  

abundantly ; un like  H. c a s t e r i ,  H. r o c k fo rd e n s is  does not o c c u r  above 

the  lo w e s t  p a r t  of the m id d le  New P ro v id e n c e  fo rm a t io n  (L ow er 

B u tton  Mold Knob m e m b e r ) .  H. r o c k fo rd e n s is  ra n g e s  dow nw ard 

th ro u g h  the  K inderhook ian  to the  U pper D evonian  B la c k is to n  fo rm a tio n .

Invo lu tina

In abundance , Invo lu tina  s e m ic o n s t r i c t a  and I. e x s e r t a  a r e  

c h a r a c t e r i s t i c  of the K inderhook ian  and lo w e s t  O sag ian . I. lon g ex -  

s e r t a  a p p a re n t ly  i s  r e s t r i c t e d  to th is  zone but i t  does  not o c c u r  

abundantly . Invo lu tina  was not found in  the  M e ra m e c ia n ,  bu t 

c o l le c t in g  was r e s t r i c t e d  in  th is  s e r i e s .  I. ' s e m ic o n s t r i c t a  o c c u rs
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com m only , but lo c a l ly  in  w e s te rn  K entucky and s o u th e rn  Indiana, in  

the  P a in t  C re e k  sh a le  and  in  the  sh a ly  p a r t  of the  M en ard  l im e s to n e  

(asso c ia ted  w ith I. e x s e r ta ) ;  the  sp e c ie s  is  l e s s  com m only  o b se rv e d  

in  the  K incaid  l im e s to n e .

P ro te o n in a

Of the  two sp e c ie s  of P ro te o n in a  found in  th is  study, P .  c u m b e r - 

la n d ia e  o c c u rs  m o s t  com m toniy  in  n o r th w e s te rn  and so u th w e s te rn  

K entucky and in  so u th -c e n tra l  Ohio, while P I  w a ll in g fo rd en s is  o c c u rs  

m o s t ly  f ro m  s o u th e a s te rn  K entucky to so u th e rn  Ohio. Both  sp e c ie s  

a r e  often found to g e th e r  a t  the  s a m e  loca li ty ,  how ever.

P ro te o n in a  c i im b e rla n d ia e  o c c u rs  e s p e c ia l ly  in  the lo w er  and 

m id d le  New P ro v id e n c e  fo rm a tio n ,  and in  the  lo w e r  p a r t  of the 

Cuyahoga fo rm a tio n .  P .  w a ll in g fo rd e n s is  is  m o s t  abundant in  

the L o w er New P ro v id e n c e  and L o w er Cuyahoga and in  the Middle 

Cuyahoga fo rm a tio n .

T h u ra m m in o id e s  sp h a e ro id a l is

T h is  lo n g -ra n g in g  s p e c ie s  in  the  M is s is s ip p ia n  of the  s tud ied  a r e a  

is  p a r t i c u la r ly  c h a r a c t e r i s t i c  of and abundant in, the New P ro v id e n c e  

and Cuyahoga fo rm a t io n s .  The sp e c ie s  a lso  o c c u rs  in  m o d e ra te  

n u m b e rs  in  the B ro d h e a d  fo rm a tio n .  It ran g es  th roughout the
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M is s is s ip p ia n  in  the  s tu d ied  a r e a  and h as  b e e n  found in  the B lack is to n  

fo rm a tio n  of U pper D evonian  age. T. sp h a e ro id a l is  f ro m  the S i lu r ia n  

and Devonian of K entucky was r e p o r te d  by  Conkin and Conkin (I960, p. 8). 

T he sp ec ie s  was o r ig in a l ly  d e s c r ib e d  f ro m  the  P en n sy lv a n ia n  of T exas  

and h as  b een  id en tif ied  in  the  P e r m i a n  of A u s t ra l i a  ( C re sp in ,  1958 ).

T re p e i lo p s is

T h re e  sp e c ie s  of T re p e i lo p s is  w e re  found du rin g  th is  study. T hey  

had p re v io u s ly  b een  d e s c r ib e d  by G u tsch ick  and T re c k m a n  ( 1959 ) f ro m  

the Rockford  l im e s to n e  of n o r th e rn  Ind iana. The m o s t  com m on of the 

t h r e e  sp e c ie s  is  T. s p i r a l i a  w hich o c c u rs  p a r t i c u la r ly  in  the lo w er  

p a r t  of the New P ro v id e n c e  fo rm a tio n  and Cuyahoga fo rm a tio n  of 

K entucky and Ohio re sp e c t iv e ly ,  and in  the K inderhookian; how ever ,

T. s p i r a l i s  ra n g e s  up in to  the M uldraugh  fo rm a tio n ,  and down to the 

U pper Devonian P o rtw o o d  fo rm a tio n .  T . r e c u rv id e n s  o c c u rs  e s p e c ia l ly  

in  th e  lo w er  p a r t s  of the  New P ro v id e n c e  and Cuyahoga fo rm a t io n s ,  but 

i t  a lso  ran g es  upw ard  in to  the B ro d h ead  fo rm a tio n .

T re p e i lo p s is  g lo m o sp iro id e s  was found in  the R ockford  l im e s to n e  

of so u th e rn  Ind iana  and in  the lo w e r  p a r t s  of the  New P ro v id e n c e  and 

Cuyahoga fo rm a tio n s .
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A m m o v e r te l la

F ra g m e n ts  of A m m o v e r te l la  w e re  found f ro m  the  K inderhook ian  

to the  M iddle C h e s te r ia n ;  id en tif iab le  s p e c ie s  a r e  th re e :  A. cf. A. 

in c lu sa ,  which ra n g e s  f ro m  the  B ed fo rd  to the  B rodhead  fo rm a tio n ;

A. la b y r in th a . , which w as found only in  the  lo w e r  p a r t  of the  New 

P ro v id e n c e  fo rm a tio n ;  and A. cf. A. p r im a p a r v a  w hich o c c u rs  in  the 

K inderhook ian  E ulie  sh a le  of T e n n e sse e ,  the  R ockfo rd  l im e s to n e  of 

so u th e rn  Ind iana , and the  lo w e r  p a r t  of the New P ro v id e n c e  and 

Cuyahoga fo rm a t io n s .  Thus, A m m o v e r te l la  is  e s p e c ia l ly  co m m o n  

in  the  K inderhook ian  and lo w e s t  O sagian .

A m m o b acu li te s

One sp e c ie s  of A m m o b acu li te s  , A. gu tsch ick! , was found in  the  

s tud ied  a r e a .  This  sp e c ie s  r e p r e s e n t s  the  th i rd  id en tif ied  sp e c ie s  of 

the  genus in  the  M is s is s ip p ia n  of N o rth  A m e r ic a .  A. g u tsc h ic k i '  was 

found in  the  K in d erh o o k ian  E u lie  and F a l l in g  Run s h a le s ,  ra n g e s  up 

th ro u g h  the  up p er  O sag ian  B ro d h ead  fo rm a t io n  and c o r r e la t iv e s ;  

ho w ever ,  A. g u tsch ick i o c c u rs  com m only  only in  the  lo w e r  p a r t  of 

the  New P ro v id e n c e  fo rm a t io n  in  e a s t e r n  and n o r th w e s te r n  K entucky.

A g a th am m in a

One sp e c ie s  of A g a th am m in a  , A. m is  s is  s ip p ian a  , was found in  

th is  s tu d y  to  o c c u r  r a r e l y  and in  v e r y  few lo c a l i t i e s ;  the  sp e c ie s  has
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a s t r a t ig r a p h ic  ran g e  f ro m  the  b a s e  of the  O sag ian  to the  top of the  

M iddle C h e s te r ia n .  At p r e s e n t  i t  h as  not b een  found com m only  enough 

to  have r e a l  s t r a t ig ra p h ic  va lu e ,  bu t i t  does  r e p r e s e n t  the  e a r l i e s t  

o c c u r re n c e  of the genus in  N o r th  A m e r ic a ,  and indeed , of the  fam ily  

M ilio lidae .

H em ig o rd iu s

H em ig b rd iu s  m o r i l l e n s i s  was found only in  the  C h e s te r ia n  beds  

of the  s tud ied  a r e a ,  e s p e c ia l ly  in  the  sh a ly  beds  of the G len  Dean 

l im e s to n e  in  w e s te rn  K entucky. T he  sp e c ie s  was a lso  found in  the 

P a in t  C re e k  and K incaid  l im e s to n e s  and the  Big C l i f ty -C y p re s s  

sa n d s to n e s ,  but does not o c c u r  in  n u m b e rs  a t  any  sa m p le d  lo c a l i ty .

E a r la n d ia

The lo w es t  known E a r la n d ia  , E. c o n s te rn a t io  , was found in  the  

C h e s te r ia n  and M e ra m e c ia n ,  but not below the  S o m e rs e t  sh a le  m e m b e r  

of the  S a lem  l im e s to n e .  E. c o n s te rn a t io  is  e s p e c ia l ly  co m m o n  in the 

P a in t  C re e k  sha le  in  w e s te rn  Kentucky.
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Range C h a r ts

C h a r ts  3 th ro u g h  10 show the o c c u r re n c e  of sp ec ie s  

a c c o rd in g  to  lo c a l i ty  n u m b e r  and bed  n u m b e r .  The bed  n u m b e r  

is  the  s a m e  as  th a t  on the  m e a s u re d  s e c t io n s .  W here  no 

m e a s u r e d  s e c t io n  is  g iven, the bed  n u m b e r  r e f e r s  to  the  bed  

n u m b e r  in  the  l i s t  of lo c a l i t i e s .  A so lid  b la c k  s q u a re  in d ic a te s  

th a t  the  s p e c ie s  o c c u r r e d  com m only  to abundantly  in  th a t  bed.

An "X" in d ic a te s  tha t  a  sp e c ie s  was found, but not com m only , 

in  th a t  bed .

C h a r ts  11 th ro u g h  21 show the ra n g e  of sp e c ie s  in  the 

v a r io u s  m o re  o r  l e s s  d is t in c t  l i tho log ic  p ro v in c e s .  A wide 

ra n g e  l in e  in d ic a te s  com m on  o r  abundant o c c u r re n c e  of th a t  

s p e c ie s .  A th in  l in e  in d ic a te s  o c c u r re n c e  of th a t  s p e c ie s ,  but 

r a r e l y  o r  i n  s m a l l  n u m b e rs .  A given sp e c ie s  m ay  o c cu r  a t  

only  one lo c a l i ty  in  a  p a r t i c u la r  m e m b e r  o r  fo rm a & m ; th e se  

c h a r t s  in d ic a te  the  su m  to ta l  of o c c u r re n c e s  a t a l l  the  lo c a l i t ie s  

on each  c h a r t .

C h a r t  22 shows the range  of the  sp e c ie s  in  the U pper Devonian 

and  M is s is s ip p ia n  fo rm a tio n s  in  w hich F o r a m in i f e r a  w e re  found. 

A gain  the  th ick  l in e s  in d ic a te  com m on to abundant o c c u r r e n c e s ,  

and the  th in  l in e s ,  r e la t iv e ly  r a r e  ones . The p r e s e n c e  of a  g iven 

sp e c ie s  in  any fo rm a t io n  o r  m e m b e r  r e p r e s e n t s  the su m  to ta l  

of o c c u r re n c e s  of th is  s p e c ie s  a t a l l  lo c a l i t ie s .
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T he  ra n g e  of the  g e n e ra  in  t e r m s  of the  type M is s is s ip p ia n  

s e c t io n  is  g iven  on C h a r t  23. In the  c a s e  of A m m o v e r te l l a , 

H y p e r a m m in a , T o ly p a m m in a , and  T re p e i lo p s is  , the  in d ic a te d  

ra n g e  is  p a r t ia l ly  b a s e d  on f ra g m e n ts  not iden tif iab le  a s  to 

s p e c ie s .
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C h a r t  3 . O c c u r r e n c e  of s p e c i e s  by loca l i ty  and bed  n u m b e r

(L o ca l i t i e s  1 -2 -6 ,  T - l - 4 ) .

A m m o b a c u l i te s  g u tsch ick i  
A m m o v e r te l la  cf. A. j n c lu s a  
A. cf. A. p r im a p a rv a
H y p e ra m m in a  c a s t e r i____
H. k en tu ck y en s is_________
H. ro c k fo rd e n s is________ _
Involu tina  e x s e r t a ________
I. lo n g e x se r ta ____________
I. s e m ic o n s t r i c ta _________
L ituo tuba  se m ip la n a ______
P ro te o n in a  c u m b e r la n d ia e
Reophax a sp e r .  
S tach e ia  c i c a t r ix
T h u ra m m in o id e s  s p h a e ro id a l is  
T o ly p am m in a  botonunca
T . cyclops
T . ja c o b s c h a p e le n s is
T . laocobn 
T. to r tu o s a  
T re p e i lo p s is  g lo m o sp iro id e s
T. s p i r a l i s __________________
A m m o v e r te l la  f ra g m e n ts  
H y p e ra m m in a  f ra g m e n ts  
T o ly p am m in a  f ra g m e n ts  
T re p e i lo p s is  f ra g m e n ts  
P ro te o n in a  w a l l in g fo rd e n s is

xxxx
EX
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C h a r t  4 .  O c c u r r e n c e  of sp e c ie s  by lo ca l i ty  and b e d .n u m b e r  (L o c a l i t i e s  K - l -9 ) .

K - l K-2  K-3

A m m o b a c u l i te s  g u tsc h ic k i
5 3 3.2 6 5 4 3 2

K-4 K-5

8 6 4 3 2 1

K-6

8 7

A m m o v e r te l la  cf. A . in c lu sa
p n m a p a r v a

C r i th io n in a  p a la e o z o ic a
G lo m o s p i ra  a r t i c u lo s a  
H y p e ra m m in a  c a s t e r i
H. k e n tu c k y e n s is
H. ro c k fo rd e n s is  
Invo lu tina  e x s e r t a
I. s e m ic o n s t r i c t a
P ro te o n in a  c u m b e r la n d ia e  
P .  w a l l in g fo rd e n s is_______
S ta c h e ia  c i c a t r i x 
S. neopupo ides

Xm  * m i*  
■Ml I X I

xT o ly p a m m in a  cyclops
T. ja c o b s c h a p e le n s is

T r e p e i lo p s is  r e c u rv id e n s x
i.. .,1 —-rTr

| |XJ
T. s p i r a l i s X x j~ f§ 1 E X El
A m m o v e r te l la  f ra g m e n ts x ■ i
H y p e ra m m in a  f ra g m e n ts X K X $ X XT o ly p a m m in a  f ra g m e n ts r i
T r e p e i lo p s is  f ra g m e n ts " Z ji \2
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s by lo ca l i ty  and bed  n u m b e r  (L o c a l i t i e s  K - l -9 ) .

m v K i

x m m
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C h a r t  5 .  O c c u r r e n c e  of sp ec ie s  by loca l i ty  and bed n u m b e r  (L o c a l i t i e s  K-10-19).

A g a th a m m in a  m is s i s s ip p ia n a  
A m m o b a c u li te s  g u tsch ick i  
C r i th io n in a  p a laeo zo ica
E a r la n d ia  c o n s te rn a t io
H y p e ra m m in a  c a s t e r i_____
H. k en tu ck y en s is__________
H. ro c k fo rd e n s is __________
Involu tina  e x s e r t a _________
I. lo n g e x se r ta _____________
I. s e m ic o n s t r i c ta _________
P ro te o n in a  c u m b e r la n d ia e
P .  w a ll in g fo rd en s is
S tach e ia  c ic a t r ix

T o ly p am m in a  cyclops J
T re p e i lo p s is  s p i r a l i s IS 1
A m m o v e r te l la  f ra g m e n ts
H y p e ra m m in a  f ra g m e n ts
T o ly p am m in a  f ra g m e n ts
T re p e i lo p s is  f ra g m e n ts i
A m m o v e r te l la  la b y r in th a Z1 j

K-10 K-12 K-13 K-14

I  -0 I

I

: i :====a
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d n u m b e r  (L o c a l i t i e s  K - 1 0 -1 9 ) .

K-13 K-15 K-17K-14 K-18

m m

I -

M .
K
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C h a r t  6. O c c u r r e n c e  of s p e c ie s  by loca l i ty  and bed n u m b e r

(L o c a l i t i e s  K-20,  21, 27, 28, 32-41).

K -20 K-21 K-27 K- 28 K--32

- 3 2 1 1 1 14 13 12 11 9 3 14 12 11 10 9 7 5 4 3 2
A g a th am m in a  m is s i s s ip p ia n a X
A m m o b a c u l i te s  g u tsch ick i

( x
A m m o v e r te l la  cf. A. in c lu sa X
A . la b y r in th a x
G lo m o sp ira  a r t i c u lo s a X X
H y p e ra m m in a  c a s t e r i X X XXX xm
H. k e n tu c k y e n s is ■ X H H
H. ro c k fo rd e n s is | [X
Involu tina  e x s e r t a 1

'I. s e m ic o n s t r i c t a f J
P ro te o n in a  c u m b e r la n d ia e jJ 12 HS
P .  w a l l in g fo rd e n s is ~1
S tach e ia  c i c a t r ix Xk
S. neopupoides J

_______

_ _ j x
S. t r e p e i lo p s i fo r m is X
T h u ra m m in o id e s  sp h a e ro id a l is ZX£ X X XX 1 >4 I HX)
T re p e i lo p s is  re c u rv id e n s 1
T. s p i r a l i s X
A m m o v e r te l la  f ra g m e n ts
H y p e ra m m in a  f ra g m e n ts X X X XX X X 5? X x
T o ly p am m in a  f ra g m e n ts X X VTis \y
T r e p e i lo p s is  f ra g m e n ts 2
Involu tina  lo n g e x se r ta z X
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f lo c a l i ty  and bed n u m b e r  

, 28, 32-41).

.-20 K-21 K-27 K-28 K -32 | K-33 K -34 K-35 k -:

2 l 1 1 14 13 12 11 9 3 14 12 11 10 9 ' 5 4 3 2 3 2 i 1 . 7 5 4 3 2 6 5
X y

x A *
X
X

X X
)( X XX XXX XU m Wx >Ix IMggllBlHHBM ? X

1

c

X X X■
r a j 1 HI 1 r®

u IS< X
__ x x ; i
_ _ j xi X L I

;e X X X XX nx m m
X X■r >x[_ X X XX X X x;<x XX X, X >
X xx>j

IXa
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<-33 K -34 C-35 K-36 K-37 K-38 K-39 K -40 K-41

4 3 2 n . 3 2 I . 7 5 1 3 2 6 f 4 :\ 2 ] 1 8 7 <> 5 1̂ 3 > 10 9 'I 5 2 1 2 i
X > X

> ><
— - --- __ — -- _ _____ _

y
--- ------

5T
--- — < — —

1

J__ ■ < > ><X)(HSHHHHBHffllHXl H ij IX' ( s --------:■ r -v7~ __ -—
~ —■ - \ ---_I>

w m -------- — --- —
11 1 H B 1

>< > :e: :z> r m r
XX « >

X _
_ ■ i m x>i t IT r : xx> ( X X

X X
>i z : t

-XX x>< X _]< >IT:&< X & <x XXL
XJ - - — ---— — —---— — _ — —
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C h a r t  7.  O c c u r r e n c e  of sp ec ie s  by loca l i ty  and bed n u m b er

(L o ca l i t i e s  1-1, K -22-26 ,  29-31, 42, 43, 46).

I-■i K-22 K-■ 23 K-24 K-25 K-26 ^ - 2 9 K-3(

7 4 1 1 4 3 2 1 1 1 1 1 1
A g a th am m in a  m is  s is  s ipp iana X
C lim a c a m m in a  m is  s is  s ipp iana
E a r la n d ia  c o n s te rn a t io . . 1 1
H em ig o rd iu s  m o r i l l e n s i s X X X X
H y p e ra m m in a  c a s t e r i 7 X
Involu tina  e x s e r t a
I. s e m ic o n s t r i c ta m X I
R eophax k u n k le re n s is ■
T h u ra m m in o id e s  s p h a e ro id a l is X 7
A m m o v e r te l la  f ra g m e n ts X ,
H y p e ra m m in a  f ra g m e n ts ■ X >< X
T o ly p am m in a  f ra g m e n ts n X
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by loca l i ty  and bed n u m b er

:6, 29-31, 42, 43, 46).

1-1 K-22 K-23 K-24 K-25 K-26 ^ - 2 9 K -30 K-31 K-42 K-43 K-46

7 4 1 1 4 3 2 1 1 1 I 1 1 2 1 1 1 2 1
X

X X
X

X X X
? X

X I

X 7 X ><
X

X x X X X X X X
X X
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C h a r t  8 .  O c c u r r e n c e  of sp e c ie s  by loca l i ty  and bed n u m b e r  (L o c a l i t i e s  K-44,

47-50) .

K-44 K-■45 K-47 K-48 K-491x - ■ 50 !

7 5 4 2 n 9 8 6 £ 3 2_1 1 3 2 i _13 12. u [7 6
Am m obaculites gutschicki X X X X
Hyperammina caster i X X i n E
H. kentuckyensis i ? I
H. rockfordensis i

X
Involutina sem icon stricta mBaBBa
Proteonina w allingfordensis
Thuramminoides sphaeroidalis 1 1 1X1 ■ 1in H 11 x 2X z :
T repeilopsis sp ira lis I > T x 1

Hyperammina fragm ents X X V X X %x x 12 X K E
Tolypammina fragm ents XX

i
T repeilopsis fragm ents Xj
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u r r e n c e  of s p e c ie s  by loca l i ty  and bed n u m b e r  (L o c a l i t i e s  K-44, 45,

50).

K-44 K--45 K-47 K-48 K-491 k -i ■ 50 t '.

7 5 4 2 n9 8 6 4_3 2_1 1 3 2 i 13 12. u 2 6.
i
i£ !4 2 2

es gutschicki 5? X X X
l caster i 2 w m m XHXi 1 X m n X r-
nsis i 1
nsis i X
niconstricta HB SBa

allingfordensis % X
des sphaeroidalis X 2X 2 X
sp ira lis x
i fragm ents Z )n x x K 2 X X &
fragm ents

fragm ents 'A -JM M
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C h a r t  9 . O c c u r r e n c e  of s p e c i e s  by  lo ca l i ty  and bed n u m b e r  (L o c a l i t i e s  K-51-64).

K-51 K-52 K-53 K-54 K-55 K-56 Ik -5

9 7 6 5 8 7 6 5 3 2 10 8 7 6 2 8 7 6 5 9 5 4 2 2 1 9. 8_
^Agathammina m ississipp ian a
’Am m obaculites gutschicki X XX E
A m m overtella cf. A. inclusa E X
G lom ospira articu losa
Hyperammina caster i BillXI m BX U p XE E E
H. kentuckyensis 2
H. rockfordensis XX 9
Involutina exserta  * 1J I Hi i n
I. longexserta ■

B
XT

1. sem iconstricta n■ i n i l IProteonina cumberlandiae y X X
■ n

P . 'Wallingfordensis X X X " I E L A XReophax m inutissim us “ ■MM L J

Stacheia c icatrix XS. neopupoides dCl A

Thuramminoide8 sphaeroidalis — fl 1E X n m E rm E E XT repeilopsis glom ospiroides XX □ r  . I L A

T. recurvidens c i
i S?

T. sp ira lis X XX XXE E E XA m m overtella fragm ents x y C _

Hyperammina fragm ents X X E X E XE&57EEEK
— XTolvpammina fragm ents X f  J> u L A , V U J L A L A

T repeilopsis fragm ents X i_i ~“ “ T" * LmA

L ituo tuba  s e m ip la n a ___I _ X - T
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Lumber (L o c a l i t i e s  K-51-64).

K -64K -54 K-56 K -57K-55 K-58 K-6Q K-61 K -62 K-63

mmmvmx i

% I K

X X K

X S .

g f e :
x : i k

X
►K I

x
K

x : ? i :

H i—

X
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C h a r t  10. O c c u r re n c e  of s p e c ie s  by lo ca l i ty  and bed n u m b er  

(L o c a li t ie s  K -6 5 -6 8 ,  0-1-11).

K-65 K-66 |K-67 K -68 |0 -1 0 - 2 jO-3 0 - 4

1 9 8 1 8 7 6 1 6 4 1 2 9 8 6 5 4 2 1 65 3 2 7 4 3
A g a th am m in a  m is s i s s ip p ia n a
A m m o b acu li te s  g u tsch ick i
A m m o v e r te l la  cf. A. in c lu sa s
A. cf. A. p r im a p a rv a
G lo m o sp ira  a r t ic u lo s a X X
S tache ia  c ic a t r ix
H y p eram m in a  c a s t e r i >(X X X x m x X

$
j j 1H )

H. ro c k fo rd e n s is n
Involu tina  e x s e r t a 1 H y

■ 1I. s e m ic o n s t r i c ta HHMI I
P ro te o n in a  c u m b e r la n d ia e XX X“L
P .  w a ll in g fo rd en s is ‘ xlX ■ u X
Reophax cf. R. a r e n a tu s -d i T
R. cf. R. la c h ry m o su s i
R. m cdonald i M ~j
S tache ia  neopupoides . 1 ><r ~J
T h u ra m m in o id e s  sp h a e ro id a l is n r X X XBB
T o ly p am m in a  cyclops n
T re p e i lo p s is  g lo m o sp iro id e s
T . re c u rv id e n s n
T. s p i r a l i s n x E K
T ro c h a m m in a  o h ioensis
A m m o v e r te l la  f ra g m e n ts
H y p e ra m m in a  f ra g m e n ts
T o ly p am m in a  f ra g m e n ts
T re p e i lo p s is  f ra g m e n ts
H v p e ra m m in a  k en tu ck v en s is X * 7 ■)
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>y loca l i ty  and bed n u m b e r

- 1 - 11) .

K-67 K-68 0-10
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C h a r t  11. Range of s p e c ie s  in  so u th e rn  Indiana  (L o c a l i t i e s  (1-2-6).

F loyd  8 Knob
B rodhead  
(not sam p led

s Kenwood
Button
Mold
Knob

Ja c o b s  C hape l
e n ry v i l le
nderw ood
a il ing  Run
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New P ro v id e n c e head

A m m o b a c u l i te s  g u tach ick i 
Am m o v e r te l la  cf. A . i n c lu sa  

cf. A. p r im a p a rv a  
C r i th io n in a  p a la e o z o ic a  
G lo m o sp ira  a r t i c u lo s a  
H y p e ra m m in a  c a s t e r i
H. k e n tu c k y e n s is
FT ro c k fo rd e n s is  
Invo lu tina  e x s e r t a  
I. s e m ic o n s t r i c t a  
P ro te o n in a  c u m b e r l and iae  
P .  w a l l in g fo rd e n s is  

H S tach e ia  c i c a t r ix
T o ly p a m m in a  cy c lo p s  
T. j a c o b s c h a p e le n s is
T h u ra m m in o id e s  s p h a e ro id a l i s
T r e p e i lo p s i a r e c u rv id e n s  
T . s p i r a l i s  
A m m o v e r te l la  f r a g m e n ts  
H y p e ra m m in a  f r a g m e n ts  
T o ly p m a m m in a  f r a g m e n ts  
T r e p e i lo p s is  f r a g m e n ts
E a r la n d ia  c o n s te rn a t io  
Invo lu tina  lo n g e x s e r ta

C
hart 

12. 
R

ange 
of 

species 
in 

northw
estern 

K
entucky 

(L
ocalities 

K
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C h a r t  13. Range of s p ec ie s  in so u th w e s te rn  Kentucky (L o ca l i t ie s

K-20,  21, 27, 28, 32-41).

S o m e rs e t
H a r ro d sb u rg
Muld raugh

Wlldie
F loyds  Knob

Caney
C re e k

M cKinney 
Knob

M aury
F a i l in g  Run

Bedford
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C h a r t  14. Range of s p e c ie s  in so u th e rn  Indiana (L oca l i ty  I -

w e s t e r n  Kentucky (L o ca l i t i e s  K -22-26) .
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K incaid 1 1 1
Degonia
C lo re
P a le s t in e
M enard 7 I Kail 1 Si
W a lte r sb u rg  
V ienna 
T a r  S p rings

•

G len Dean I I I
H a rd in sb u rg
G olconda
C y p re s s |
P a in t  C re e k 918 ■
Sam ple #

R enau lt I

*

, and in
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C h a r t  15. Range of s p e c ie s  in  s o u th e r n  Kentucky (L o c a l i t i e s  K-29-31,

42, 43, 46).
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Glen Dean 1

H a rd in sb u rg

G olconda

Big Clifty 1 1 1 1
P a in t  C re e k 1 1
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A m m o b a c u li te 8  g u tsc h ic k i
A m m o v e r te l l a  c f .  A. in c lu sa
A. cf. A. p r im a p a r v a
G lo m o s p i r a  a r t i c u lo s a
H y p e ra m m in a  c a s t e r i
H. ro c k fo rd e n s is
Invo lu tina  e x s e r t a
I. lo n g e x s e r ta
I. s e m ic o n s t r i c t a
T h u ra m m in o id e s  s p h a e ro id a l i s
T r e p e i lo p s is  s p i r a l i s
T o ly p a m m in a  to r tu o s a
A m m o v e r te l l a  f r a g m e n ts
h y p e ra m m in a  f r a g m e n ts
T o ly p a m m in a  f r a g m e n ts
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C h a r t  17. Range of s p e c ie s  in  s o u th e a s t e r n  Kentucky (L o ca l i t ie s

K-44,  45, 47-50).

St. Louis

M uldraugh

F lo y d s  Knob

Indian

Conway 
Out

Sunbury

e r so n

T ro u sd a le
Portw ood
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C h a r t  18. Range of s p e c ie s  in e a s t e r n  Kentucky (L o ca l i t i e s  K -51-64) .
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C h a r t  19. Range of s p e c ie s  in n o r th e a s t e r n  Kentucky (L o c a l i t ie s  K -6 5 -6 8 ) ,  

and in so u th e rn  Ohio (L o c a l i t ie s  0 -1 -2 ) .
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C h a r t  20. Range of s p e c ie s  in  so u th e rn  Ohio (L o c a l i t ie s  0 - 3 - 5 ) .
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C h a r t 23. S tra t ig ra p h ic  range  of g e n e ra  in so u th e rn  Indiana, Kentucky, 
n o r th e rn  T e n n e s s e e ,  and s o u th -c e n t r a l  Ohio in t e r m s  of the 
N orth  A m e r ic a n  type M is s is s ip p ia n .
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A n aly s is  of M is s i s s ip p ia n  and U p p er  D evonian  F au n as

U pper D evonian

L im ite d  sam p lin g  of the  U pper D evonian  sh a le s  in  co n nec tion  w ith  

the  p r e s e n t  s tudy  of the  M is s is s ip p ia n  s y s te m  has  re v e a le d  th e  p r e ­

se n c e  of a  s p a r s e  fauna of s m a l l e r  F o r a m in i f e r a  in  the  le n s e s  of 

g r e e n  to g r a y - g r e e n  to  buff-ye llow  sha le ;  th e se  le n s e s  a r e  i n t e r ­

c a la te d  in  the  lo w e r  p a r t  o f 'th e  New A lbany sh a le .  T he  fauna 

c o n s is ts  of the  following re c o g n iz e d  s p e c ie s :  Invo lu tina  e x s e r ta ,

I. s e m ic d r i s t r ic ta , H y p eram m iiia  c i s t e r v ,  H. r o c k fo r d e n s i s , 

P ro te o n in a  w a l l in g fo rd e n s is , T h u ra m tn in o id e s 1 s p h a e ro id a l i s , and 

T re p e i lo p s is  s p i r a l i s . I t  is  now known th a t  th e  M iddle D evonian 

l im e s to n e s  of K entucky a lso  co n ta in  so m e  s m a l l e r  F o r a m in i f e r a .  

Conkin and Conkin (I960 , p. 8) l i s t  the  following sp e c ie s  f ro m  the  

following D evonian  fo rm a tio n s :

New A lbany sh a le

P o r tw o o d  fo rm a tio n

Beechw ood l im e s to n e  

S e l le r s b u rg  l im e s to n e

Th\ii am m iribid  es s p h a e ro id a l is  

and H y p era ih m in a  spp.

H y p erd m m in a  spp. , P r o te o n in a 's p .  , 

T h u ra m m in o id e s  s p h a e ro id a l i s  

R h ab d am m in a  ? sp.

L ituo tuba  sp. , P s a m m o s p h a e r a  sp . , 

Invo lu tina  s p . , H y p e ra m m iiia  spp.
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K inderhook ian

T w en ty -o n e  s p e c ie s  of s m a l l e r  F o r a m in i f e r a  w e re  fo u n l to 

o c c u r  in  th e  K inderhook ian , f r o m  s o u th e rn  Ind iana  th ro u g h  K entucky 

and n o r th e rn  T e n n e s s e e  to  s o u th - c e n t r a l  Ohio (excep t in  s o u th e a s te rn  

K entucky  w h e re  the  K inderhook ian  w as not sam p led ) .  Two s p e c ie s ,  

Invo iu tina  s e m ic o n s t r i c t a  and  I. e x s e r t a ,  w e re  found to  be  abundant 

th roughou t th is  a r e a  ( a s s o c ia te d  w ith th e s e  two sp e c ie s  , T re p e i lo p s is  

s p i r a l i s  w as found in  abundance  bu t a t  few lo c a l i t ie s ;  in  addition, 

f ra g m e n ts  of A m m o v e r te l la ,  T o ly p am m in a  and T re p e i lo p s is  occu r) .  

O c c u r r in g  l e s s  f re q u e n t ly  and a t  v a r io u s  lo c a l i t ie s  w e re  18vother 

sp e c ie s ;

A m m b b a c u li te s  g u tsc h ic k i , A m m o v e f fe l ia  cf; A. in c lu sa ,  A', c f .

A. p r im a p a r v a , G lo m o sp ira  a r t ic u l 'o s a , H ypera 'm fniha c 'a s te r i ,

H. ro c k fo rd e i i s i s , Invo lu tina  lo n g e x s e r ta ,  Lituotubai sen iip lah a ,  

P rb teb 'n iha  cu m b e r l 'a h d ia e , P .  w a l l in g fo rd e n s is , S tach e ia  n eo p u p o id es , 

T h u fam m iiib id es  s p h a e r o id a l i s , T o ly p am m in a  bbtbhurica, T. cyc lops ,

T. j ac ob s c hap e l e’ns i  s , T. laocoHn, JTj to 'r tu o sa , and g lo m o s p i ro id e s .

N o tab ly  a b se n t  in  th e  K in derhook ian  bed s  i s  th e  O sag ian  forrrr, . 

H y p e ra m m in a  k e n tu c k y e n s is ;  a l s o  H. c a s t e r i  and T h u ra m m in o id e s  

sp h a e ro id a l is  a r e  only m o d e ra te ly  w ell  developed  in  th e se  beds .
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L o w est O sag ian

T he  m o s t  p r o l i f i c  M is s is s ip p ia n  f o r a m in i f e r a l  fauna in  the  s tud ied  

re g io n  is  found in  the  lo w e s t  p a r t  of the  O sag ian , below th e F e r n  G len -  

B urM ngton  c o r r e la t iv e ,  th e  B utton  Mold Knob m e m b e r  of the  New 

P ro v id e n c e  fo rm a tio n .  T h e se  v e r y  e a r ly ,  p e rh a p s  the  e a r l i e s t  known 

O sag ian  beds  in  N o r th  A m e r ic a ,  w e re  re c o g n iz e d  and d es ig n a te d  as  

the  C o ra l  R idge m e m b e r  of the New P ro v id e n c e  fo rm a t io n  by Conkin 

(1957). On the b a s is  of a  m e g a fo s s i l  fauna, the  C o ra l  R idge fauna of 

Conkin (1957), the  u p p e r  C o rh l  R idge m e m b e r  was d e te rm in e d  to  b e  

s l ig h t ly  younger than  known K inderhook ian  b ed s  and s lig h tly  o lder  

th an  known O sag ian  b e d s .  N o n e th e le s s ,  an  O sag ian  age fo r  th e  C o ra l  

R idge fauna is  c o m p le te ly  p ro v e n  by  the  p r e s e n c e  of such  c h a r a c te r i s t i c  

O sag ian  g e n e ra  a s :  O r b i t r e m i t e s , B e y r i c h o c e r a s , M e ro c a n i te s ,  

P e r ic y c lu s  (T o u rn a is ia n  of Europe) and W a c h s m u th ic r in u s . No 

m e g a fo s s i ls  a r e  found in  the L o w er C o ra l  R idge m e m b e r  so  tha t 

th is  unit m igh t b e  e i th e r  O sag ian  o r  K inderhook ian  w ith  age d e t e r ­

m in a tio n s  b a s e d  on m e g a fo s s i ls ;  h o w ev er ,  in fo rm a tio n  ga ined  f ro m  

fo ra m in i f e r a l  faunas  len d s  so m e  r a t h e r  tenuous ev idence supporting  

a K inderhook ian  age fo r  th is  u n i t : (L o w er  C o ra l  R idge m e m b e r ) .

In the  p r e s e n t  s tudy , the f o r a m in i f e r a l  faunas  of the L o w er New 

P ro v id e n c e  fo rm a t io n  (C o ra l  R idge, C lay  C ity , F a r m e r s ,  and H enley
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m e m b e r s  of Kentucky) con ta in  26 sp e c ie s  of s m a l l e r  F o ra m in i f e r a ,  

•while the  lo w er  Cuyahoga of Ohio (H enley sh a le  m em b er)  con ta ins  

18 s p e c ie s .

F r o m  so u th e rn  Ind iana  to  e a s te r n  Kentucky, and in  s o u th - c e n t r a l  

Ohio, the  . low est O sag ian  faunas  c o n s is t  of abundant H y p e ram m in a  

c a s t e r i  , Involu tina e x s e r ta ,  I. s e m ic o n s t r ic ta ,  and T h u ra m m in o id e s  

sp h a e ro id a l is ,  w ith m o re  o r  l e s s  abundant a c c u r r e n c e s  of A m m o b acu -  

l i te s  gu tsch ick i,  H y p e ram m in a  r o c k fo rd e n s i s , T re p e i lo p s is  s p i r a l i s ,  

and  f ra g m e n ts  of T o lypam m ina  and T re p e i lo p s is .  O c c u rr in g  le s s  

f req u en tly ,  and a t  v a ry in g  lo c a l i t ie s ,  12 o th e r  sp e c ie s  w e re  found: 

A g a th am m in a  m is s i s s ip p ia n a , A m m o v e r te l la  cf. A. in c lu sa ,  A. laby - 

r in th a , A. cf. A. p r im a p a r v a , C rith io n in a  p a la e b z o ic a , ,  G lo m o sp ira  

a r t i c u lo s a , H y p e ram m in a  k e n tu c k y e n s is , S tache ia  c ic a t r ix ,  S. neo- 

pupoides , T o lypam m ina c y c lo p s , T re p e i lo p s is  g lo m o sp iro id e s  , and 

T r e c u r v id e n s . R a re ly  L ituo tuba  sem ip lan a ,  Reophax cf. R. l a c h ry -  

m o s u s , R. m in u t i s s im u s , and T oy lpam m ina  ja c o b sc h a p e le n s is  a r e  

found in  the  low est O sag ian  (L ow er New P ro v id e n c e  and L ow er C u y a­

hoga fo rm a tio n s) .
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O sag ian

Tw enty -one  sp e c ie s  of s m a l l e r  F o r a m in i f e r a  w e re  found in  the  

O sag ian  (ex c lu s iv e  of the  low est p a r t ) .  In K entucky e igh teen  sp e c ie s  

o c c u r  in  th e  M iddle and U pper New P ro v id e n c e  fo rm a tio n ,  th i r t e e n  

sp e c ie s  o c c u r  in  the  B rodhead  fo rm a tio n ,  th r e e  in  th e  F lo y d s  Knob 

fo rm a tio n ,  seven  in  the; Rothw ell a n d /o r  W ildie m e m b e rs  of the  

M uldraugh  fo rm a tio n .  In Ohio, f ive  sp e c ie s  a r e  found in  th e  M iddle 

and U pper Cuyahoga fo rm a tio n  (nine in  the  B lack  Hand sandstone) .  

Abundant T h u ra m m in o id e s  sp h a e ro id a l is  and H y p e ra m m in a  

k en tu ck y en s is  a r e  e sp e c ia l ly  c h a r a c t e r i s t i c  of the  M iddle  and  

U pper New P ro v id e n c e  fo rm a tio n  f ro m  s o u th e rn  Ind iana to  so u th ­

e a s te r n  Kentucky. P ro te o n in a  c u m b e r la n d ia e  and Involu tina  

s e m ic o n s t r i c ta  o c c u r  com m only  in  n o r th w e s te rn  Kentucky. 

A m m o b acu li te s  g u tsc h ic k i , G lo m o sp ir a  a r t ic u lo s a ,  H y p e ra m m in a  

c a s t e r i , Involu tina  e x s e r ta ,  P ro te o n in a  w a ll in g fo rd e n s is ,  and 

T re p e i lo p s is  s p i r a l i s  a r e  of l e s s  co m m o n  o c c u r re n c e  f ro m  so u th e rn  

Ind iana  to  so u th w e s te rn  Kentucky.

In n o r th w e s te rn  K entucky and so u th e rn  Ohio, T h u ra m m in o id e s  

sp h a e ro id a l is  and H y p eram m in a . c a s t e r i  a r e  com m only  o c c u r r in g
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s p e c ie s  in  the  M iddle and U pper C uyahoga. L e s s e r  n u m b e rs  of 

G lo m o sp ira  a r t ic u lo s a ,  P ro te o n in a  w a l l in g fo rd e n s is , and  T r e p e i l ­

o p s is  s p i r a l i s  a ls:o  o c c u r  in  th e s e  b ed s .  H yperam m ina. k e n tu ck y en s is  

i s  r a r e l y  found in  n o r th e a s t e r n  K entucky, and the  sp e c ie s  in  not found 

in  Ohio o r  T e n n e s s e e .

A lo c a l iz e d  fauna c o n s is t in g  of n ine sp e c ie s  w asrfound in  th in  

s h a le s  in  th e  lo w e r  f ive  f e e t  of the  B la c k  Hand san d s to n e  a t  A r m s t r o n g  

(L o c a l i ty  0-11) in  c e n t r a l  Ohio. T h is  B lack  Hand fauna c o n s is ts  of 

co m m o n  Trofcham m ina o h io e n s is ,  w ith  l e s s  co m m o n  A g a th am m in a  

m is  si's s ip p ia h a , A m m o b a c u l i te s  g u ts c h ic k i , A rrimove r  t  e l la  cf.

A. i n c lu s a , G lo m o sp ira  a r t i c u lo s a , Ihvolutiiia  e x s e r t a , L s e m i - 

c 'o h s tr ic ta 1, P ro te o h ir ia  c iin iberl 'ah 'd iae, R eophax  m c d o h a ld i , and 

T h u fa m m ir io id e s  s p h a e ro id a l i s ;  in  add ition , f ra g m e n ts  of H y p e ra m m in a  

and T o ly p am m in a  o c c u r .  The only  o th e r  known o c c u r re n c e  of 

R.' m cd o h a ld i  is  in  the  C hurn  C re e k  m e m b e r  of the  New P ro v id e n c e  

of n o r th e a s te r n  Kentucky.

T he  B ro d h e a d  fo rm a t io n  of K entucky and the  L ogan fo rm a t io n  of 

Ohio w e re  not e x te n s iv e ly  sa m p le d ,  bu t H y p e ra m m in a  c a s t e r i ,

H. kent'u'ck'yehsi s and T h u rd m m in o id e s  s p h a e roidaiis o c c u r  in  the  

B ro d h e a d  of n o r th w e s te rn  to  n o r th e a s t e r n  Kentucky. The following 

s p e c ie s  w e re  l e s s  co m m o n ly  o b s e rv e d  in  the  B ro d h ead  of n o r th w e s te rn
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to  e a s t e r n  K entucky: A m m o b a c u li te s  g u tsch ick i ,  A m m o v e r te lla '  cf.

A. in c lu sa ,  G lo m o sp ira  a r t ic u lo s a ,  Invo lu tina  e x s e r t a 1, I', s e m ic b n -  

s t r i c t a ,  P ro te o n in a  c u m b e r la n d ia e ,  P .  w a l l in g fo rd e n s is , S tach e ia  

c ic a t r ix ' , T re p e i lo p s is  r e c u rv id e n s ,  and  T. s p i r a l i s .

In  the  L ogan  fo rm a t io n  of Ohio, only  Thuram m iribid 'es s p h a e ro i - 

d a l is  and f ra g m e n ts  of H y p e ra m m in a  w e re  found.

The F lo y d s  Knob fo rm a t io n  is  e s p e c ia l ly  c h a r a c te r iz e d  by  

abundan t and w ell d eve loped  H y p e ra m m in a  k e n tu ck y en s is ,  with 

l e s s e r  H. c a s t e r i  and T h u ra m m in o id e s  s p h a e r  o id a l i s . The F lo y d  

Knob fo rm a t io n  is  not p r e s e n t  in  Ohio.

In the  M uld raugh  fo rm a tio n ,  F o r a m in i f e r a  w e re  found in  the 

Wiltlie s a n d s to n e  and the  RothweU sh a le  in  so u th w e s te rn ,  e a s t e rn ,  

and n o r th e a s te r n  K entucky, bu t n o w h ere  in  abundance. Seven sp e c ie s  

w e re  id en tif ied  f r o m  the  M uldraugh: A g a th am m in a  m iss is 's ip p ia r ia , 

G lo m o sp ira  a r t ic u lo s a ,  H y p e ra m m in a  c a s t e r i , H. k e n tu c k y e n s is , 

R eophax  cf. JR.' a r e n a t u s T h u r a m m i n o i d e s  sphaero idailis , and 

T r e p e i lo p s is  s p i r a l i s .

M e ra m e c ia n

Only f ive  s p e c ie s  of s m a l l e r  F o r a m in i f e r a  w ere  found in  the 

M e ra m e c ia n ,  bu t th is  m a y  b e  due p a r t ly  to r e s t r i c t e d  sam p lin g  

w hich  in  tu rn  was due to the  abundance  of l im e s to n e  in  the  s e r i e s
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( l im e s to n e s  w e re  found not to  be s ig n if ican tly  p ro d u c tiv e  of s m a l le r  

F o ra m in i f e r a ) .  H ow ever, am ong th e se  five  sp e c ie s  is  the  o ldest 

known o c c u r re n c e  of E a r la n d ia ,  E. c o n s te rn a t io .

The S o m e rs e t  sh a le  m e m b e r  of th e  S a lem  l im e s to n e  in n o r th ­

w e s te rn  Kentucky y ie lded  E. c o n s te rn a t io ,  H y p e ra m m in a  c a s t e r i ,  

P ro te o n in a  w a ll in g fo rd e n s is ,  and T h u ra m m in o id e s  sp h a e ro id a l is .  In 

th e  S o m e rs e t  sh a le  of so u th w e s te rn  K entucky only T. sp h a e ro id a l is  

and f ra g m e n ts  of H y p e ra m m in a  w e re  o b se rv e d .

S m a l le r  F o r a m in i f e r a  a r e  known f ro m  the St. Louis l im e s to n e  

a t  only one lo ca l i ty ,  in  R o c k c a s t le  County, K entucky, w h ere  

T h u ra m m in o id e s  sp h a e ro id a l is  was found, p o o r ly  developed. No 

S te . G enevieve s m a l l e r  F o r a m in i f e r a  w e re  enco u n te red ; how ever,  

in  the  S te .  G enevieve c o r r e la t iv e  in  Ohio, the  M axville  l im e s to n e ,  

one s p e c ie s ,  P ro te o n in a  c u m b e r la n d ia e ,  was found in  the  th in  g reen  

s h a le s  which a r e  in te rc a la te d  b e tw een  the  l im e s to n e  l a y e r s .

C h e s te r ia n

Nine sp e c ie s  of s m a l l e r  F o r a m in i f e r a  w e re  found in  the  C h e s te r ia n  

s e r i e s ;  two of w hich, C l im a c a m m in a  m is s i s s ip p ia n a  and H em ig o rd iu s  

m o r i l i e n s i s ,  w e re  not found in lo w er  b e d s .  C o llec ting  was g e n e ra l ly  

r e s t r i c t e d  to  the s h a l ie r  fo rm a tio n s  and as  a r e s u l t  the r e c o rd s  of 

o c c u r re n c e s  of F o r a m in i f e r a  in the C h e s te r ia n  a r e  r a th e r  s c a t te re d

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



124

s tr a t ig ra p h ic a l ly .  The m o re  com m only  o c c u r r in g  s p e c ie s  w ere  

E a r la n d ia  c o n s te rn a tio , H em ig o rd iu s  m o rille n s is ',  and In v o lu tin a  

se m iC o n s tr ic ta . L e ss  com m only  o b se rv e d  sp e c ie s  w e re : A g a th am m in a  

m is s is s ip p ia n a , C lim ac am m in a  m is s is s ip p ia n a , H y p e ra m m in a  ’c a s te r i ,  

In v o lu tin a  e x s e r ta ,  ah.difEhura3ro3MrioidjBb:'isphaer.bidaliis R eophax  

k u iik le re n s is  is  p r e s e n t  only in tth e  sh a ly  p o r tio n  of th e  M en ard  

lim e s to n e  in  P e r r y  County, In d iana , F ra g m e n ts  of H y p e ra m m in a , 

A m m o v e r te lla , and T olypam riiina w e re  found in  s e v e ra l  fo rm a tio n s  

a t v a r io u s  lo c a l i t ie s  in  th e  C h e s te r ia n  fo rm a tio n s .

S tra tig ra p h ic  D iv is io n  of th e  M is s is s ip p ia n  

B a se d  on S m a lle r  F o ra m in ife ra  

I t h as  b een  a s su m e d  by  m any  fo ra m in ife ra lo g is ts ,  p a r t ic u la r ly  

th o se  who have w orked  on th e  m ag n ifice n t R ecen t, T e r t ia r y ,  and 

M esozo ic  fau n as , o r  even  by  th o se  who c o n c e n tra te  upon th e  fu su lin id s , 

th a t a re n a c e o u s  F o ra m in if e r a  in  g e n e ra l  a r e  so  c o n s e rv a tiv e , s lo w ly  

evolv ing , and of su ch  s im p le  m ak eu p , th a t th ey  w ould b e  of l i t t le  u se  

in  s tr a t ig ra p h ic  pa leo n to lo g y  and c o r re la t io n .  I t  w as though t th a t 

th e i r  u se fu ln e ss  la y  p r im a r i ly  in  th e i r  being  in d ic e s  fo r  ty p es  of 

d e p o s itio n a l en v iro n m e n t, o r  in  e s s e n c e , s tro n g ly  c o n tro lle d  by 

fa c ie s .

T h is  c o n se rv a tiv e  p ic tu re  of th e  a re n a c e o u s  F o ra m in if e r a  h a s  b een  

fo s te re d  by  th e  p ro v in c ia l n a tu re  of the  w orks on P a le o z o ic  s m a l le r
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F o ra m in if e r a ,  W o rk e rs  have b e e n  o v e r ly  o ccu p ied  w ith  the  

d e s c r ip t io n  of faunas in  s m a ll  g e o g rap h ic  a r e a s  (o ften  one o f  two out^ '. 

c ro p s)  and u su a lly  f ro m  s m a ll  in te rv a ls  in  geo log ic  t im e , o ften  a 

m e m b e r  of a  fo rm a tio n , o r  fo rm a tio n . S e v e ra l faunas of s m a l le r  

F o r a m in if e r a  have b e e n  d e s c r ib e d  f ro m  th e  O rd o v ic ian  to  th e  P e rm ia n  

of th e  U nited  S ta te s , bu t no r e a l  e f fo r t  h as  b een  e x s e r te d  to  a tte m p t 

re c o g n itio n  of the  e co lo g ica l re q u ire m e n ts  of th e  faunas in  a  h o r iz o n ta l  

d im en sio n  o r  th e  re c o g n itio n  of evo lu tion  in  a  v e r t ic a l  d im e n sio n  w ith  

tim e . No b ro a d  m o n o g rap h ic  w ork  h as  b e e n  a tte m p te d  to  c o r r e la te  

th e  v a r io u s  fau n as o v e r  d if fe re n t re g io n s  of th e  co u n try , and  to  c ite  

any  s tr a t ig ra p h ic  s ig n if ic a n c e  of th e  a re n a c e o u s  F o ra m in if e ra ,

I t  i s  q u ite  t ru e  th a t a re n a c e o u s  F o r a m in if e r a  in  g e n e ra l  a r e  

c o n s e rv a tiv e  and s low ly  evo lv ing  fo rm s , and  th a t th ey  a r e  of v a lu e  

in  the  re c o g n itio n  of fa c ie s  and  in te rp r e ta t io n  of en v iro n m e n t of 

d ep o sitio n ; h o w ev er, i t  is  p o s s ib le  to  d e m o n s tra te  change w ith in  a ren a tt . 

ceo u s F o r a m in if e r a  in  th e  M is s is s ip p ia n  and  to  re c o g n iz e  s p e c ie s , 

g e n e ra , and faunas w hich a r e  r e s t r i c t e d  to  c e r ta in  p a r t s  of th e  sy s te m , 

s u re ly  not by fa c ie s  c o n tro l a lo n e . I t can  b e  fu r th e r  show n th a t the 

F o ra m in if e r a  in  the  M is s is s ip p ia n  c a n  b e  u sed  a s  b a s is  fo r  rtecognition  

of s tr a t ig ra p h ic  zones w ithin- the  s y s te m  and fo r  s tr a t ig ra p h ic  d iv is io n  

and  c o r re la t io n  w ith in  a region, if  no t b e tw een  re g io n s .
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B a se d  on th e  in fo rm a tio n  d e r iv e d  f ro m  th is  study , I in tro d u c e

a  fo ra m in ife ra l  zo n a tio n  of th e  M is s is s ip p ia n  as  fo llow s:

S tra tig ra p h ic  n am e Zones (sp e c ie s , g e n e ra , faunas)

C h e s te r ia n M il le r e l la , C lim a c a m m in a , H em igdrd ius, 

E a rla n d ia , and en d o th y rid s

M e ra m e c ia n E n d o th y rid s  and E a rla n d ia

O sag ian H y p eram m in a  k en tu ck y erisis  and

T h u rd m m in o id es  s p h a e rb id a l is ; in c lu d es

M uldraugh  to  th e  b a s e  of th e  C o ra l  R idge 

m e m b e r  of th e  New P ro v id e n c e ; th is  

zone is  d iv ided  in to  s ix  su b zo n es:

Subzone

1. M u ld rau g h -p o o r d ev e lo p m en t of 

Hyperdm m iiiai. k en tu ck y eh s i  ̂  and 

T h u ram m iiio id es  s'phae r 'o idali's1

2. F lo y d s  K n o b -ex ce llen t dev elo p m en t

of H y p eram m in a  k eh tu ck y en 's is j r a r e

T h u ram m iiib id es ' s p h a e rb id a l is 8

a l l  fo rm a tio n s  f ro m  the  top  of the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



127

3. B ro d h e a d -p o o r dev elo p m en t of 

H y p eram m in a  ken 'tuckyeiisis and 

m o d e ra te  dev elo p m en t of T h iira m - 

m in o id es  s p h a e ro id a lis ;  r a r e  o th e r 

F o ra m in ife ra ,  ex cep t lo c a lly  a 

fauna is  p re s e n t  w hich re se m b le s  

th a t in  the  New P ro v id e n c e  below

4. U pper C uyahoga-U pper New 

P ro v id e n c e  (B lack  H an d -C h u rn  

C reek -K enw ood  m e m b e rs ) -  Reo'phax 

m c d o n a ld i-a  p o s s ib le  m a r k e r?

5. B u tton  M old m e m b e r  of New 

P ro v id e n c e  fo rm a tio n ; d iv ided  

in to  two p a r ts :

5a. U pper B utton  M old K nob- 

com m on o c c u rre n c e  of 

sh o r t ,  stubby , H y p e ra m ­

m ina ken tuckyen 'sis  com m on; 

T h u ram m ih o id es  sp h h b rb id a lis  

so m e tim e s  a s s o c ia te d  w ith 

the B u tton  M old Knob fauna
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5 b .L ow er B utton  M old K nob- g e n e ra l 

ab se n c e  of B utton  Mold Knob 

fauna; h ig h es t o c c u r re n c e  of 

H y p eram m in a  ro c k fo rd e n s is ;  

com m on and  la r g e  T h u fam m in o id es  

sp h a e ro id a lis  .

6 C o ra l R idge m e m b e r  of Ney?- P ro v id e n c e  

fo rm a tio n -  H en ley  s h a le  m e m b e r  of 

C uyahoga fo rm a tio n  - m o st p ro lif ic  

s m a lle r  fo ra m in ife ra l  fauna  in  the 

M is s is s ip p ia n ; d iv ided  in to  two p a r ts :

6a. U pper C o ra l  R idge - c a r r i e s  r a r e ,  

s h o r t ,  s tu b b y  H ype t am m in a  

k e n tu c k y e n s ls  ; f re q u e n t to  com m on, 

la rg e  T h u ram rriin o id es  sp h a e ro id a lis  ; 

a s s o c ia te d  in  J e f fe rs o n , B u llitt, and 

N elson  c o u n tie s , K entucky, and C la rk  

C ounty, In d ian a  w ith  th e  C o ra l  R idge 

fauna of lo w es t O sag ian  age.
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K in d erh o o k ian

U pper D evonian

6b. L o w er C o ra l  R idge m e m b e r-  

a b se n c e  of H yper am m in a  

k en tu ck y en s i s ; f re q u e n t to  

com m on o c c u r re n c e  of 

la rg e  T h u ram m in o id es  

sp h a e ro id a lis

V a rio u s  fau n as w ith  m uch  the  sa m e  F o r a ­

m in ife ra  a s  in  th e  U pper D evonian; com m on 

o c c u r re n c e  of In v o lu tin a ; r a r e  and s m a ll  

T h u ram m in o id e ’s1 s p h a e ro id a l is ; com m on 

T o iypam m i'na : and  A m m o v e r te lla ; r a r e  

o c c u r re n c e  of th e  la n d  s p o re  T a sm a h ite s

F au n a s  m uch  lik e  th e  K inderhook ian , but 

s p a r s e r ,  w ith  le s s  s p e c ie s  and in d iv id u a ls ; 

le s s  T h u ra m m in o id e s  s p h a e ro id a l is , 

In v o lu tin g  T o ly p am m in a , and A m m o v e r­

te l la 1; f re q u e n t T a sm a h ite s  and o th e r  s p o re s
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PALEOECOLOGY

. In te rp re ta t io n  of ecology of th e  in d iv id u a l s p e c ie s  h as  b een  

a tte m p te d  in  th e  S y ste m a tic  P a leo n to lo g y  p o r tio n  of th is  p a p e r .  M ore 

g e n e ra l  c o n s id e ra tio n s  a s  to  th e  re la tio n sh ip s  b e tw een  th e  fau n as and 

th e  lith o lo g y  of b eds is  p re s e n te d  h e re .  L itho logy  r e p re s e n ts  th e  

fo s s i l iz e d  en v iro n m e n t. Id e a lly  th en , i t  m ay  b e  p o s s ib le  under 

fa v o ra b le  cond itions of p r e s e rv a t io n  to  r e c o n s tru c t  th e  life  re la tio n s  

of o rg a n ism s  to  th e ir  c h e m ic a l, p h y s ica l, and b io lo g ica l env ironm ent,/

U pper D evonian

T he "b lack  s h a le s"  of th e  U pper D evonian  co n ta in  no F o ra m in ife ra ;  

th is  is  in  keep ing  w ith  th e  c h e m ic a l and p h y s ic a l cond itions of fo rm a tio n  

of d a rk  o rg an ic  m uds (s ta g n a te  w a te r s ,  red u c in g  co n d itio n s , la c k  of 

oxygen, low  pH, s ta te  of in co m p le te  ox idation  of o rg an ic  m a tte r ) ;  

su ch  e x tre m e ly  r e s t r i c te d  en v iro n m en t could  be  ex p lo ited  only by 

fo rm s  of life  cap ab le  of liv in g  in  a  n e a r ly  a n a e ro b ic  s ta te ,  and 

e i th e r  p r im it iv e  (u n sp e c ia liz e d ) , o r  h igh ly  sp e c ia liz e d  fo r  life  in  

su ch  r e s t r i c t e d  en v iro n m e n t.

T h e re  a r e  h o w ev er, s m a ll  and th in  g re e n  to g r e e n -g ra y  sh a le  

la y e r s  in te rc a la te d  b e tw een  th e  b lack  sh a le  b ed s  in  th e  lo w er p a r t  

of th e  New A lbany  sh a le  and the  O lentangy sh a le ; th e s e  g re e n  sh a le s  

c a r r y  a  r a th e r  s m a ll  fauna of a re n a c e o u s  F o ra m in ife ra .  In g e n e ra l,
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th e  t e s t  s iz e  is  sm a ll, and s im p le  in  s t r u c tu r e ,  w ith  ex cep tion  of 

T h u ra m m in o id e s1 sp h a e ro id a lis .  T h is D evonian  fauna c o n s is ts ' of 

a  s m a ll  co sm o p o litan  g roup  w hich p o s s e s s e d  w ide ra n g e  of to le re n c e  

fo r  v a r io u s  k inds of en v iro n m en t.

K inderhook ian

T he b lack  and b ro w n  sh a le s  of the  S unbury  c a r r y  no F o ra m in ife ra ,  

b u t in te rc a la te d  s m a ll le n se s  of g ra y  to  g ra y -g re e n  sh a le s  w hich c a r r y  

a s m a ll  fauna of five g e n e ra  and sev en  s p e c ie s .

T he Jaco b s  C hapel sh a le , so ft, c lay ey , g r e e n is h -g ra y  co n ta in s  

only  fo u r g e n e ra  and s ix  s p e c ie s , b u t a  Id rg e  n u m b er of in d iv id u a l 

sp e c im e n s . The s m a ll  a r e a l  d is tr ib u tio n , th e  f in e -g ra in e d , c lay ey  

m u d s, and the  d im in u tiv e  n a tu re  of th e  m e g a fo ss ils  o c c u r r in g  in  

th e  fo rm ation , m ay  in d ic a te  lag o o n a l co nd itions w hich b e c a u se  of 

th e  g en tlen e ss  of th e  w ave ac tio n  m igh t p ro m o te  th e  g row th  of 

su ch  f ra g i le  fo rm s  a s  T o lypam m ina w hich a r e  found in  th is  unit 

in  n u m b e rs .

T he K inderhook ian  b ed s  g e n e ra lly  c o n s is t  of f in e -g ra in e d , e i th e r  

g ra y  to  buff to  g re e n is h -g ra y  s h a le s ; h o w ev er, so m e f in e -g ra in e d  l im e ­

s to n e s  a r e  p re s e n t ,  su ch  a s  the  R ockfo rd  lim e s to n e , In  th e se  f in e ­

g ra in e d  sed im en ts  , w ith v e ry  l i t t le  f in e  s i l t  p r e s e n t  fo r  th e  c o n s tu rc -  

tio n  of a re n a c e o u s  t e s t s ,  so m e  F o r a m in if e r a ,  such  a s  Ihvolu tiiia
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s e m ic o n s tr ic ta  and I. e x s e r ta  so m e tim e s  b u ilt  sm o o th  t e s t s  w ith 

few s i l t  g ra in s  and abundant cem en t (th is  type  of t e s t  is  h e re in  

c a lle d  V a r ia n t  1); in  o th e r  b ed s  w hich c a r r y  su ff ic ien t f in e -g ra in e d  

s i l t  th e se  two sp e c ie s  a r e  o ften  p re s e n t  a s  V a r ia n t 2 w hich has a 

c o a r s e  te x tu re  to  th e  te s ts  and only  a  s m a ll  am o u n t of cem en t 

c o m p a re d  to  V a r ia n t 1.

A ty p ic a l f in e -g ra in e d  lim e s to n e  of K in d erh o o k ian  age  is  the 

R o ck fo rd  lim e s to n e  of so u th e rn  Ind iana . The R o ck fo rd  is  a  d en se , 

g lau co n itic  and fe rru g in o u s  lim e s to n e  w hich m ay  have  b een  la id  

down in  a r e s t r i c te d  en v iro n m e n t of a  lagoon; i t  co n ta in s  a high 

c o n c e n tra tio n  of to ly p a m m in id s ; I have  o b se rv e d  th a t to ly p am m in id s  

a r e  r a th e r  c h a r a c te r is t ic  of f in e -g ra in e d  se d im e n ts , p a r t ic u la r ly  

d en se  lim e s to n e .

The p h o sp h a tic  nodules and the  g re e n  g la u c o n itic ?  m a t te r  of 

such  b eds as  the  M aury  sh a le  in  T e n n e sse e , th e  F a llin g  R un of 

so u th e rn  Ind iana  and  K entucky, and even  th e  R o ck fo rd  lim e s to n e , 

p ro b a b ly  in d ic a te  n e a r  shore co n d itio n s.

T ra n s itio n  B etw een  K inderhook ian  and O sag ian

The C o ra l R idge m em b er, is  t ra n s i t io n a l  ( in  i t s  lo w er p a rt)  

b e tw een  the K inderhook ian  and O sag ian ; no m e g a fo ss ils  a r e  found 

in  th e  lo w er p a r t ,  bu t the C o ra l R idge fauna is  p re s e n t  in  the
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u p p e r  p a r t ;  a s s o c ia te d  w ith  th e  C o ra l  R idge fauna a r e  s m a ll  nodules 

of iro n s to n e  in d ic a tin g  so m e c o n c re tio n  of c a rb o n a te s  in  th e  m uds a t 

th e  tim e  of d ep o sitio n . I t  is  in te re s t in g  to  no te  th a t th e  g r e a te s t  

ab undance  of g e n e ra , s p e c ie s , and. th e  g r e a te s t  n u m b er of in d iv id u k l; 

F o x a m in ife ra  o c c u r  in  th e  lo w e s t p a r t  of th e  New P ro v id e n c e  f o rm a ­

tio n  in  th e  C o ra l  R idge m e m b e r , o r  in  th e  lo w er few  fe e t of th e  New 

P ro v id e n c e  fo rm a tio n  w h ere  th e  C o ra l  R idge m e m b e r  is  not r e c o g ­

n ized . The m o s t abundan t fo ra m in if e ra l  fauna in  Ohio o c c u rs  in  th e  

lo w e r  few  fe e t of th e  H en ley  s h a le , a t  th e  b a s e  of B ed 10, a t N ipgen 

(L o c a lity  0 -6 ) ,  and in  the  lo w er few fe e t of th e  C uyahoga fo rm a tio n  

a t  J e s t e r  H ill (L o ca lity  0 -7 ) .

T he M iddle New P ro v id e n c e  co n ta in s  th e  nex t m o st abundan t 

fauna; in  p la c e s  i t  c o n ta in s  c r in o id a l  b io s tro m e s  and fo s s il if e ro u s  

sh a le s  c a r ry in g  the  B utton  M old Knob fauna.

The U pper p a r t  of the  New P ro v id e n c e  b eco m es  s il ty  and the  

Kenwood san d s to n e  and i ts  e q u iv a len ts  a r e  too s i l ty  and sandy  to  

p ro m o te  even m o d e ra te  n u m b e rs  of F o ra m in ife ra .

The B ro d h ead  fo rm a tio n  is  too  san d y  to  su p p o rt s ig n if ic an t 

am o u n ts  of F o ra m in ife ra ;  h o w ev er, in  so m e  lo c a l i t ie s  th e  B ro d h e a d  

m ay  c o n ta in  s h a l ie r  beds w ith  a  f a i r  d ev e lo p m en t of F o ra m in ife ra .

T he F lo y d s Knob fo rm a tio n  is  a  v e ry  v a r ia b le  lith o lo g ic  un it, 

ran g in g  f ro m  a s h e ll  b r e c c ia  to  o b litic  l im e s to n e  to  s il ts to n e  to  s il ty  

sh a le , a l l  g lau c o n itic . The F lo y d s  Knob sed im e n ts  m u s t h ave  b ee n  

d ep o s ited  in  v e ry  sha llow  w a te rs  w ith  lan d  n ea rb y ;
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v e ry  m in o r u n co n fo rm ity  is  ev idenced  b y  the  g laucon ite  g ra in s  and 

o c ca s io n a l e ro s io n a l s u r fa c e s ,  so m e tim e s  w ith  a  n u m b er of 

lim e s to n e  peb b les  in  th e  b a s a l  b ed s  of the  fo rm a tio n . Only th re e  

sp e c ie s  of F o ra m in ife ra  w e re  found to  o c c u r  in  the F loyds Knob: 

v e ry  r a r e  H ypbram m iria  c a s t e r i ' , abundant and w ell p r e s e rv e d  

H .’ k en tu ck y en sis  , and v e ry  r a r e  T h u ram m in o id es  spha e r  o id a li s .

H. kerituckyen'siS is  b e au tifu lly  developed  and v e ry  abundant 

th roughou t the fo rm a tio n , w ith  b e s t  d ev e lo p m en t in  the lim e s to n e s , 

b u t i t  is  p re s e n t  in  so m e  n u m b e rs  ev en .in  th e  s il ts to n e s .

O nly one s p e c ie s , T h u ram m in o id es  sp h a e ro id a lis  has b een  

found in  th e  H a rro d s b u rg  (W arsaw ) l im e s to n e . The lim e s to n e s  

of th e  M e ra m e c ia n  w e re  not ex te n s iv e ly  ex am ined , but ev idence 

d e r iv e d  f ro m  th e  s a m p le s  s tu d ied  in d ic a te s  th a t the  h igh ly  

c a lc a re o u s  n a tu re  of th e  sed im en ts  m ili ta te s  a g a in s t n u m b ers  of 

a re n a c e o u s  F o ra m in if e r a  hav ing  occup ied  th e  W arsaw  s e a s .  An 

id e a l  en v iro n m en t fo r  p ro m o tio n  of a re n a c e o u s  F o ra m in ife ra  would 

b e  one of c lay ey  m u d s, w ith  f in e -g ra in e d  s i l t  p re s e n t  in  q u an titie s  

su ffic ien t fo r the c o n s tru c tio n  of t e s t s .  The a re n a ce o u s  F o ra m in ife ra  

w e re  not adap ted  to  l iv e  in  h igh ly  c a lc a re o u s  sed im en ts  in  the  

ab se n c e  of f in e -g ra in e d  s i l ts  o r  f in e -g ra in e d  sand . M era m e c ia n  se a s  

w e re  do m in a ted  by  c a lc a re o u s  te s ts  (g ra n u la r  c a lc a re o u s  and 

com pound w alled ; th a t i s ,  fo rm s  lik e  E a rla n d ia  and E n d o th y ra ).
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T h e se  fo rm s  liv ed  in  the sh o a l a r e a s  of a  lag o o n  o r  sha llow  s e a , 

w h ere  th e  w a te r  w as s a tu ra te d  w ith  c a lc iu m  b ic a rb o n a te .

T he g ra n u la r  c a lc a re o u s  E a rla ftd ia  had  i ts  lo w est o c c u r re n c e  

in  th e  S o m e rs e t sh a le  m e m b e r  of the  S alem  lim e s to n e . In  the 

St. L ou is lim e s to n e  (sha le) only  T h u ram m in o id es  sp h a e ro id a lis  

h as b een  found am ong th e  a re n a c e o u s  fo rm s . In sh a le  s tr e a k s  in  

th e  M axv ille  lim e s to n e  (Ste. IG enevieve c o r re la tiv e )  one sp e c im e n  

of P ro te o n in a  is  re p o r te d . I t is  of c o u rs e  t ru e  th a t n e a r ly  a l l  

M e ra m e c ia n  beds co n ta in  en d o th y rid s  in  g r e a te r  o r  l e s s e r  

n u m b e rs .

T he C h e s te r ia n  b eds a r e  d o m in a ted  by M ille re lla  and  the 

e n d o th y rid s . O th er F o ra m in ife ra  a r e  r a r e  w ith only sev en  

g e n e ra  and  n ine  s p e c ie s  h e re  re p o r te d  f ro m  th e  s tu d ied  reg io n .

One genus, C lim a c a m m in a , is  unknown in  the beds below  the 

C h e s te r ia n . H em ig o rd iu s  m o r i l le n s is , C lim acam rriiha  m is s i ’s s ip p ian a , 

and R eophax k u n k le re n s is  , a r e  r e s t r i c te d  to  the  C h e s te r ia n . 

H em ig o rd iu s  m o ril le n s is  is  an  am o rp h o u s c a lc a re o u s  fo rm ; 

C lim ac am m in a  m is  s is  s ip p ian a  is  a  c a lc a re o u s  fo rm  w ith  a 

com pound w all. N ote than  th a t fo rm s  r e s t r i c te d  to  and  c h a r a c te r is t ic  of 

the  C h e s te r ia n  have c a lc a re o u s  te s t s .

Thus i t  se em s th a t the  o c c u rre n c e  and d is tr ib u tio n  of s m a l le r  

F o ra m in ife ra  in  th e  M is s is s ip p ia n  beds is  not co m p le te ly
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c o n tro lle d  fa c ieo lo g ica lly , bu t th a t e v o lu tio n a ry  change can  be  

o b se rv e d  w ith in  th e  g e n e ra  of F o ra m in if e r a  (H y p e ra m m in a , 

fo r  exam ple), and w ith in  g roups - faunas re p la c in g  one an o th e r  

v e r t ic a l ly  in  tim e .

In  su m m a ry , m o st M is s is s ip p ia n  s m a l le r  F o ra m in ife ra  

o c c u r  in  c lay ey  sh a le s  w hich  co n ta in  m uch  s i l t  a n d /o r  f in e ­

g ra in e d  san d  w hich is  n e c e s s a r y  fo r  c o n s tru c tio n  of an  

a re n a c e o u s  te s t .  B eds w hich b e s t  ex em p lify  th is  type of 

lith o lo g y  a r e  in  th e  lo w e r  O sag ian  and K ind erh o o k ian  s e r ie s .

S andstone b ed s  do no t c a r r y  F o ra m in ife ra  u n le ss  th e re  

a r e  sh a ly  o r  c la y e y  s il ts to n e s  in te rb e d d e d  in  th em .

In  the  p u re  lim e s to n e  se q u e n c es , a s  in  th e ,M e ra m e c ia n , 

a re n a c e o u s  F o ra m in ife ra  a r e  n e a r ly  a b se n t. The b e s t  

dev e lo p m en t of s m a lle r  F o ra m in ife ra  in  l im e s to n e  is  in  the  

im p u re , a rg illa c e o u s , and s i l ty  l im e s to n e s .

The C h e s te r ia n  b eds of w e s te rn  K entucky p ro v id e  a  b e t te r  

en v iro n m e n t fo r s m a lle r  F o ra m in if e ra  in  th e i r  a l te rn a tio n  of 

sh a le s  and san d s; F o ra m in if e r a  o c c u r  m o s tly  in  the c a lc a re o u s  

sh a le s  .
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W ALL STRU CTU RE

D e ta iled  d is c u s s io n s  of p ro b le m s  of w all s t r u c tu r e  and 

co m p o sitio n  a r e  in c lu d ed  u n d e r g e n e r ic  and sp e c ific  d e s c r ip tio n s  

in  th e  S y s te m a tic  P a leo n to lo g y  p o r tio n  of th is  p a p e r  (u n d e r th e  g e n e ra  

H y p eram m in a , A m m o b a c u lite s , R eophax, and  E a rla n d ia ) ; h o w ev er, 

a  few  g e n e ra l  s ta te m e n ts  a r e  p r e s e n te d  h e re .

P r im a r y  c o n c e rn  h e re  is  w ith  the  s m a l le r  F o ra m in ife ra ;  i . e. , 

th o se  F o ra m in if e r a  w hich can  b e  id e n tif ie d  w ithout sec tio n in g ; t h e r e ­

fo re ,  w all s t r u c tu r e  in  l a r g e r  F o ra m in if e r a  is  not c o n s id e re d .

A p r a c t ic a l  c la s s i f ic a t io n  of w a ll s t r u c tu r e  and w all co m p o sitio n  

of P a le o z o ic  s m a l le r  F o r a m in if e r a  is  p re s e n te d  h e re  ( in fo rm a tio n  

tak en  p a r t ia l ly  f ro m  P lu m m e r , 1930; C um m ings, 1955; and St. J e a n  

1957):

A re n ac e o u s

c a lc a re o u s -e x tra n e o u s  g ra in s  in  c a lc a re o u s  a n d /o r  

fe r ru g in o u s  cem en t 

s i l ic e o u s -e x tra n e o u s  g ra in s  in  s il ic e o u s  cem en t 

G ra n u la r  c a lc a re o u s -e q u id im e n s io n a l g ra in s  of c a lc ite

em bedded  in  c ry s ta l l in e  c a lc i te  

c em en t (su b a re n a c e o u s  w all of 

B rad y , 1876)
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c a lc ite  g ran u le s  s e c re te d  by  the p ro to p la sm ,

em bedded  in  c ry s ta l l in e  cailcite 

c e m e n t?

c a lc i te  g ran u le s  d e r iv e d  f ro m  a  s u p e rs a tu ra te d

lim y  s e a  b o tto m  by  th e  se le c tio n  

of ex tran eo u s  g ra in s  of c a lc a re o u s  

m a te r ia l  by  the  p ro to p la sm ?

Com pound w all

in n e r  w all la y e r  of f ib ro u s  c a lc ite ;  o u te r  w all 

la y e r  of m ic ro g ra n u la r  c a lc ite ;’ o r  

a l te r e d  f ro m  c a lc ite  

A m orphous c a lc ite ,  o r  im p e rfo ra te  c a lc a re o u s

C o n tro v e rsy  o v er w all s t r u c tu r e  and w all co m p o sitio n  rev o lv es  

a ro u n d  q u es tio n s  of o r ig in a l m ic ro s t ru c tu r e  of the  t e s t  w all and 

co m p o sitio n  of th e  cem en tin g  m a te r ia l  (w h e th er o r ig in a lly  c a lc a re o u s , 

f e r ru g in o -c a lc a re o u s ,  s il ic e o u s ; o r  w h e th e r w h o lesa le  re p la c e m n n t 

by  s i l ic a  of o r ig in a l  c a lc a re o u s  o r fe r ru g in o -c a lc a re o u s  te s ts  has 

tak en  pld.ce). S eco n d ary  d isp u ta tio n  co n c e rn s  the  s o u rc e  of th e  

g ra in s  th a t a r e  in c o rp o ra te d  in to  and  a r e  a p a r t  of th e  te s t  w all, 

w h e th e r the  g ra in s  m ay  be  s e c re te d  by  the  p ro to p la sm , o r a r e  

ch o sen  by  th e  p ro to p la s m  f ro m  ex tran eo u s  p a r t ic le s  (o rg an ic  o r
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in o rg a n ic  frag m e n ts )  on the  s e a  b o ttom . Involved a lso  in  th e se  

d isc u s s io n s  is  the  q u es tio n  a s  to  th e  tim e  of o r ig in  of th e  v a rio u s  

ty p es  of te s t s ,  and  w hich ty p es  of te s ts  a r e  p r im itiv e  and  w hich 

advanced .

M ost P a le o z o ic  s m a l le r  F o ra m in if e ra  have b een  thought to  be  

a re n a c e o u s ; h o w ev er, th e re  a r e  a n u m b er of U pper P a le o z o ic  

s m a l le r  F o ra m in ife ra  w ith  c ry s ta l l in e  c a lc a re o u s  te s ts  w hich 

p o s s e s s  an  in n e r  w all la y e r  of f ib ro u s  c a lc ite ,  such  as  N o d o sin e lla  

(C um m ings, 1955, p . 224). P e rh a p s  the  fib ro u s  w all s tr u c tu r e  

evo lved  in  D evonian  t im e s ; a t  l e a s t  I', know of no e a r l i e r  r e c o rd  

of th is  type of w all m ic ro s t ru c tu r e .

I can  not a c c e p t th e  p ro p o s itio n  advanced  by  so m e  w p rk e rs  th a t 

a l l  P a le o z o ic  a re n a c e o u s  F o ra m in ife ra  a r e  a c tu a lly  th e  r e s u l ts  of 

s e c o n d a ry  re p la c e m e n t by  s i l ic a  of an  o r ig in a l c ry s ta l l in e  c a lc ite  

te s t .  Such a  p ro p o sa l  se e m s  u n re a so n a b le  fo r  s e v e ra l  re a so n s ;

(1) no d e fin itiv e , co m p ellin g  p e tro g ra p h ic  w o rk  on the  t e s t  m ic ro ­

s t r u c tu r e  has b een  p re s e n te d  w hich em bodies co m p reh en siv e  th in -  

sec tio n in g  of r e p re s e n ta t iv e s  of a l l  a re n a c e o u s  fa m ilie s , R ecen t 

and fo s s il ,  (2) t r u ly  a re n a c e o u s  F o ra m in ife ra  a r e  r e p re s e n te d  in  

Q u a te rn a ry , T e r t ia r y ,  and M eso zo ic , and (3) id e a s  b e a r in g  on 

ph y lo g en e tic  co n tin u ity  of g e n e ra  w hich obv iously  have s tr a t ig ra p h ic
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ra n g e s  f ro m  P a le o z o ic  to  R ecen t (a s  in  th e  H y p e ram m in a ) w ould 

b e  h o p e le s s ly  con fu sed , fo r  th e  type of H y p e ram m in a  ( a  re c e n t  

sp e c ie s )  h as  a  t r u e  a re n a c e o u s  w all.

A s a  b a s is  fo r  c le a r  u n d e rs ta n d in g  of w all s t r u c tu r e  and  w all 

c o m p o sitio n  of f o s s i l  a re n a c e o u s  F o ra m in ife ra ,  R ecen t a re n a c e o u s  

fo rm s  shou ld  f i r s t  b e  e x a m in e d ,fo r  m u ch  m o re  d e ta il  of w a ll s t r u c tu r e  

c an  b e  se en  in  th e m  th an  in  th e  P a le o z o ic  fo rm s . The P a le o z b ic  

F o ra m in if e r a  o ften  have th e i r  w all s t r u c tu r e  and c h e m ic a l c o m p o sitio n  

a L te re d  in  m any  in s ta n c e s  by  w e a th e rin g  and  v a r io u s  ty p es  of 

re p la c e m e n t, i .  e. , s i l ic if ic a tio n , d o lo m itiz a tio n .

T he te rm in o lo g y  of th e  te x tu re  of th e  w all of s m a l le r  F o ra m in if e r a  

i s  d is c u s s e d  in  th e  S y s te m a tic  P a le o n to lo g y  p o rtio n , bu t ad d itio n a l 

n o tes  m ay  b e  added  h e re  as  to  u sa g e  of the  te rm , a re n a c e o u s . In  

o p p o sitio n  to  so m e p re s e n t  w o rk e rs , b u t in  a g re e m e n t w ith  H. J . 

P lu m m e r , 1930, I c o n s id e r  the  te rrr i a re n a c e o u s  to  be  a v e ry  good 

one to  d e s c r ib e  the  g ra n u la r  n a tu re  of s m a l le r  fdT am in iferad  te s t s .

F u r th e r ,  I se e  no o b jec tio n  to  th e  u se  of the  te r m  a re n a c e o u s  

m e re ly  b e c a u se  i t  happens to  be a  te^rm^used in  d e sc r ib in g  g ra in  

s iz e  in  s e d im e n ta ry  ro c k s . C an n o t a  w o rd  have m o re  th an  one 

m ean in g , p a r t ic u la r ly  w hen the  t e r m  a p p e a rs  in  two r a th e r  d if fe re n t 

d is c ip lin e s . A b e t te r  su b s titu te  te rm in o lo g y  h as no t b een  d e v ise d .
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C e r ta in ly  te rm s  such  as  s il ta c e o u s , lu ta c e o u s , o r  th e  lik e  w ould 

b e  su b je c t to  the  sa m e  in e x a c tn e s s  as is  th e  t e r m  a re n a c e o u s . 

D e sc rip tio n  of w all te x tu re  in  n u m e r ic a l  te r m s  (m e a su re m e n t of 

in d iv id u a l g ra in s)  is  an  e x e rc is e  in  p r e c is e n e s s ,  bu t su ch  m ethod  

w ould have q u es tio n ab le  ad v an tag es . A d e ta ile d  stu d y  of g ra in  s iz e  

b y  p r e c i s e  m e a s u re m e n ts  of in d iv id u a l g ra in s  would be  a  v a lid  lin e  

of r e s e a r c h ,  but c e r ta in ly  shou ld  not b e  d ire c te d  so ley  fo r  the  

p u rp o se  of in v a lid a tin g  th e  w ell e x tab lish e d , te x tu ra l  te r m , a re n a c e o u s  

(w hich  w hen u se d  in  th e  r e s t r i c t e d  s e n se  of P lu m m e r , 1930 is  qu ite  

e x a c t) .
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SYSTEMATIC PALEONTOLOGY

O rd e r  F o ra m in ife ra  d 'O rb ig n y , 1826 

F a m ily  A s tro rh iz id a e  H. B. B rad y , 1881 

G enus C r ith io n in a  G Bes, 1894

C rith io n in a  GBSs, A. , 1894, K ongl. Svensk. V et. A kad. , H andl. , 

v. 25, no. 9, p. 14; id e tn , 1896, M us. Com p. Zool. B u ll . ,  

v. 29, p. 24; R h u m b le r, L . , 1903, A rch . P ro tis k .  , v. 3, 

p . 229; C ushm an , J . A. , 1910, U nited  S ta tes  N atl. M u s .,

B u ll. 71, pp. 53-57.

C rith io n in a  ? M o rem an , W. L . , 1930, J o u r. P a le o n t. , v. 1, 

no. 4, p. 45.

T ype sp e c ie s ; C rith io tiin a  m a m il la 'G o ^s, 1894.

T he g e n e r ic  d e fin itio n  of C rith io n in a  a s  g iven  by  C ushm an  

(1910, p. 53) fo llow s:

" T e s t  sp h e rica l, le n t ic u la r ,  o r  v a r io u s ly  

shaped , in te r io r  e i th e r  la b y r in th ic  o r  w ith  

a  s in g le  ch a m b e r , a p e r tu re s  s m a ll  and 

s c a t te re d  o r in d is t in c t ,  w all th ick , co m posed  

of sponge, sp ic u le s  o r  v e ry  fin e  sand , often 

chalky  in  a p p e a ra n c e . "
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C r ith io n in a  seem s to  b e  a  genus com pounded of two d is tin c t 

t e s t  ty p e s : one such  as  G. ta&xrirtiilla' GUSs, 1894 and C‘. irotuxidsit'a' 

C ushm an , 1910 a r e  la b y r in th ic  in te rn a lly ;  th e  o th e r  type of t e s t  

is  co m p o sed  of a  la rg e  to  r a th e r  la r g e  hollow  in te r io r  su rro u n d e d  

by  a  r e la t iv e ly  th ick  w a ll co m p o sed  of sand , sponge sp ic u le s , 

sh e lls  of o th e r  o rg a n ism s , m ic a  f la k e s , w ith  an  i r r e g u la r  and 

in te r s t i t i a l  a p e r tu re .

I have s tu d ied  th e  ho lo type of C rith io n in a  rotiiiidata ' and  find  

th a t th e  in te rn a l  la b y rin th ic  s t r u c tu r e  is  no t as  r e g u la r  a s  

d ep ic ted  b y  C ushm an  (1910, p. 57, fig s . 64, 65). F o r  th is  

re a so n ,th e n , th e  P a le o z o ic  genus T h u ram m irio id es ; (w ith  a 

r e g u la r ly  a r ra n g e d  in te r io r )  is  not co n g e n e ric  w ith  C rith io n in a 1.

T he geo log ic  ra n g e  of C rith io n in 'a  has  b e en  g iven  a s  S ilu r ia n  to  

R ecen t (C ushm an , 1948, p. 71). C u sh m an ’s r e c o rd  of th e  P a le o z o ic  

o c c u rre n c e  of the genus w as b a s e d  on M o rem an ’s (1930, p. 45, 

p i. 5, f ig s . 7, 11) r e p o r t  of C'. r a r a  f ro m  the  S ilu ria n  C him ney  

H ill l im e s to n e  of O klahom a and on P a r r ’s (1942, p. 107, f ig s . 9, 10) 

re c o rd  of C. te ic h e r t i  f ro m  th e  P e rm ia n  of A u s tra lia .

C T ith iohina r a r a  M o rem an , 1930 is  in  doubt; i t  m ay  b e  a  sp e c ie s  

of T h u ram m irto id es1, p e rh a p s  T. s p h a e ro id a l is ; h o w ev er, in a sm u c h  

a s  th e  ty p es  of C. r a r a  a r e  u n av a ilab le  and  no d e s c r ip tio n  o r  f ig u re s  

of th e  in te rn a l  s tr u c tu r e  of th e  s p e c ie s  w as given, th e  g e n e r ic
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a ffin itie s  m u s t r e m a in  i n  q u e s tio n  and the  p r e s e n t  w r i te r  can  not 

accep t. M o re m a n 's  fo rm  as  co n g en e ric  w ith  C rith ion ina '. C. t 'e lc h e r ti  

P a r r  h as  b e e n  r e f e r r e d  to  ThU ram m inoi'd'e’s by  C re s p in  (1958, p. 41, 

p i. 3, f ig s . 12, 13). T. te ic h e r t i  (P a r r )  is  h e re in  c o n s id e re d  a  

ju n io r  su b je c tiv e  synonym  of T . sp h a e ro id a lis ' (See d isc u s s io n  of 

T\ s p h a e ro id a lis ) .

I have found in  th is  s tu d y  two sp e c im e n s  of a  fo rm  w hich  p e r fe c t ly  

f it  th e  g e n e r ic  co n cep t of C rith io n in a  a s  ex em p lified  by  R ec en t s p e c ie s ,  

in c lu d in g  th e  type s p e c ie s , C. m a m illa . T he new s p e c ie s , C r i th io n in a ’ 

p a la e o z o ic a  i s  the f i r s t  undoubted f o s s i l  s p e c ie s  of C rith io n in a ' y e t 

re p o r te d , o ld e r  th an  M iocene.

C rith io n in a  p a la e o z o ic a , n. sp.

Pl.HL, fig . 9; F ig . 19

D e sc rip tio n . - T e s t  f r e e ,  sub g lo b o se , a  rounded  to  tu m id ly  

e ll ip tic a l  m a s s ,  w ith  a  hollow  c e n tr a l  c h a m b e r  the  d ia m e te r  of w hich 

is  o n e - th ird  to  o n e -h a lf  th e  d ia m e te r  of th e  e n t ire  te s t ;  t e s t  w a ll is  

th ick  and c a v e rn o u s , about . 5 m m  th ick , c o n s is tin g  of p a s s a g e s ,  

i r r e g u la r ly  c o n to r te d  and p r o g re s s in g  f ro m  the  c e n tr a l  c a v ity  to  the  

s u r fa c e  of the  t e s t  w h ere  th e  p a s s a g e s  in te r s e c t  the  s u r fa c e  of th e  t e s t
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to  fo rm  a p e r tu r e s ;  so m e  p a s s a g e s  a r e  l a r g e  {som e up to  . 34 m m  

in  d ia m e te r)  and o th e rs  a r e  s m a ll  (so m e  a s  s m a ll  a s  . 03 m m ); 

v iew ed  f ro m  w ith in  th e  c e n t r a l  cavity, th e  p ro x im a l ends of the  

p a s s  ages, vapp e a r  to  fo rm  on a l l  s id e s  a  n e t-w o rk  o r  m e sh -w o rk , 

s p h e r ic a l  su rfa c e ; thus th e r e  is  r a th e r  d e fin ite  r e g u la r i ty  to  th e  

in te rn a l  labyarinthic s t r u c tu r e  and th e  te x tu re  of th e  t e s t  w a ll in  

c r o s s - s e c t io n  looks v e ry  m u ch  l ik e  th e  te x tu re  of a  b a th  sponge; 

th e  t e s t  w all is  a re n a c e o u s , c o n s is tin g  of a g g lu tin a ted  fine  s il ic e o u s  

s i l t  g ra in s  in  s il ic e o u s  c e m e n t ( r e g a r d le s s  of th e  o r ig in a l  w a ll 

co m p o sitio n ); th e  c o lo r  is  w h ite  to  o ran g e -b u ff .

M eastirerrieiits '. - See T a b le  1 fo r m e a s u re m e n ts  of C rith io n in a ’ 

p a la e o z o ic a  and fo r  c o m p a r iso n  of m e a s u re m e n ts  of C. ro tufidatd  

C ushm an , 1910.

C o m p ariso n  and1 a f f in it ie s . - C r ith io n in a  p a lae o z o ic  a  is  s tr ik in g ly  

s im i la r  to  C. ro tu n d a ta  C u sh m an , 1910 in  th a t: (1) th e  la b y r in th ic  

s t r u c tu r e  is  a r ra n g e d  to  fo rm  a  r a th e r  r e g u la r  n e tw o rk , (2) bo th  

sp e c ie s  p o s s e s s  v e ry  s im i la r  s t r u c tu r e  (p a ssa g e s  ex tend ing  fro m  

th e  c e n tr a l  hollow  to  and p ie rc in g  th e  s u rfa c e  of the  t e s t  to  fo rm  

a p e r tu re s  of v a r io u s  s iz e s ) ,  (3) th e  la b y r in th ic  w all i s  v e ry  th ick  

occupying  abou t o n e - th ird  of th e  d ia m e te r  of th e  te s t ,  and (4) the  

c e n tr a l  c h a m b e r  w all ( th e  in n e r  m a rg in  of th e  t e s t  w all) fo rm s  a 

s p h e r ic a l  n e tw o rk  s u rfa c e  en c lo s in g  the  c e n tr a l  hollow .
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T ab le  1. M e a su rem e n ts  of C rith io n in a  p a la e o z o ic a , n . sp . in  m m , 

amdl c o m p a r iso n  w ith  C. ro tu n d a ta C u sh m a n , 1910.

sp e c im e n  n u m b er m ax . m in . d iam . of d iam . of lo c a l i ty  n u m b er,
d iam . d iam . in te r io r  c a n a ls  fo rm a tio n , add  b ed  no. 

sp ace

1, ho lo type, P I. 3, 1 .4 0  1 .2 0
fig . 9

2 .8 1  .2 5

.9 0  .43

34 .0 3 - .  34 K -13 , New P r o v i ­
d en ce , bed  4

.0 8 - .  34 K -13 , New P r o v i ­
d en ce , b ed  5

.0 3 - .  08 K -3 , New P ro v id e n c e ,
b ed  2

4

C. ro tu n d a ta ,
U .S . N .M . no. 
8259; P I . 3, f ig s . 

1 0 , 11

.91 .4 3

.3 0 -  

. 60
A lb a tro s s  Sta.
D4327 off San D iego, 
C a lif . , 263-330 
fa th o m s
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C rith io n in a ' p a la e o z o ic a  is  a lso  s im ila r  to  the  o th e r  sp ec ie s  of 

C rith io n in a  w hich p o s s e s s  a la b y r in th ic  te s t  w all en c lo sin g  a  hollow  

in te r io r ,  such  as  C. le n s  G d^s, 1903 and the type sp e c ie s , C. m ’a m illa  

G tfes, 1894.

T he e x te r io r  of th e  ho lo type of C. p a laeo zo ica ' i s  s im ila r  to  the  

e x te r io r  of C. ru g o sa  G des, 1896 w hile the  s u rfa c e  of th e  p a ra ty p e s  

of C. p a la e o z o ica  a r e  s im i la r  to  the  s u rfa c e  of C.  leh£  GdSs, 1903.

C rith io n in a  p a la e o z o ic a  d iffe rs  f ro m  C:. ro tu n d a ta  in; (1) being  

m uch  s m a lle r  (C. ro tu n d a ta  is  2. 1 to  4. 3 t im e s  l a r g e r  than  

C. p a la e o z o ic a ), (2) hav ing  the  la b y r in th ic  s t r u c tu r e  of the  te s t  

w all som ew hat m o re  r e g u la r  th an  in  C. ro tunda ta ', and (3) d iffe re n t 

t e s t  co m p o sitio n  (the  ho lo type of C.' ro tu n d a ta  i s  only  s lig h tly  

cem en ted  w ith  m in u te  s i l t  p a r t ic le s ,  m u sco v ite  f la k e s , and sh e lls  

of o th e r  a n im a ls , w h e re a s  the  t e s t  of C. p a la e o z o ic a  is  r a th e r  

r ig id  and com posed  of s il ic e o u s  s i l t  g ra in s  in  s ilic e o u s  cem en t 

( re g a rd le s s  of the  o r ig in a l co m p o sitio n  of the cem en t).

In asm u ch  as  C rith io n in a  ro tun d ata  is  R ecen t, and only two 

s p e c ie s , C .1 pisUrri (C olom , 1945, p. 4) and C. sp. ( P a r r ,  1942, 

p. 78), bo th  of w hich a r e  M iocene, a r e  h e re to fo re  known in  th e  

fo s s i l  fo rm , the fo u r above c h a ra c te r s  a r e  c o n s id e re d  of sp ec ific  

im p o rta n c e . E volu tion  would not have p r e s e rv e d  the  v e ry  sam e  

sp e c ie s  fo r 200 m illio n s  of y e a rs  in a sm u c h  a s  m u ta tio n s  o c c u r  a t
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r a th e r  co n s ta n t r a te s  w ith in  p a r t ic u la r  g ro u p s  of o rg a n ism s . W ith 

su ch  an  im m e n se  la p s e  of tim e , the  g en e tic  co m p lex  of a  sp e c ie s  

a lm o s t c e r ta in ly  would have b een  tra n sm u te d  in to  o th e r  s p e c ie s .

Type Ideality; - B lue  Gap onU . S. H ighw ay 3 IE , 2. 65 m ile s  

n o t th  of New H aven, N elson  County, K entucky  (L o c a lity  K -13).

The ho lo type is  f ro m  th e  C o ra l R idge m e m b e r  of th e  New P ro v id e n c e  

fo rm a tio n , 22 fe e t to  27 1 /2  fe e t above th e  F a llin g  Run m e m b e r  of 

th e  S a n d e rso n  fo rm a tio n  (B ed 4).

T ype d ep o sitio n . - H olo type and u n fig u red  p a ra ty p e s  a r e  

d ep o s ited  in  th e  U. S. N atl. M useum  (C, F . C . );

H olotype no.

U nfigured  p a ra ty p e  nos.

S tra tig ra p h ic  b c c h r te n c e ;  - G 'rithi'ohina p a la e o z o ic a }is  know n 

to o c c u r  only  in  the  B utton  M old Knob and C o ra l R idge m e m b e rs  of 

th e  New P ro v id e n c e  fo rm a tio n  in  K entucky. (See C h a r ts  4, 12, and 

22 . )

E co lo g y . - C rith io n in a  pa laeozo ica . is  know n to  o c c u r  only  in  th e  

o l iv e -g ra y  to  b lu e -g ra y , so ft and  p la s t ic  sh a le s  of th e  New P ro v id e n c e  

fo rm a tio n , and in  lo ca tio n s  w h e re  th e se  sh a le s  do not have m e g a fo s s il  

faunas o r  t ru e ly  c a lc a re o u s  b ed s .
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R ecen t sp e c ie s  of C rith io riin a  a r e  know n f ro m  coo l to  co ld  w a te rs  

and f ro m  m o d e ra te ly  deep w a te rs  (C ushm an , 1910, pp. 53-57). Thus 

the  lo w e r Nev.' P ro v id e n c e  b ed s  m ay  have b een  la id  down in  cool 

w a te rs  of m o d e ra te  depth; a t le a s t ,  no ev idence  fo r  d e fin a te ly  w arm , 

shallow  w a te rs  teem in g  w ith  in v e r te b ra te  l ife  h as  b een  p re s e n te d  

a t  th e  s tu d ied  lo c a l i t ie s .

R e m a rk s . -  C rith io ftin a  p a la e o z b ic a  d e r iv e s  i t s  nam e f ro m  th e  

P a le o z o ic  seq u en ce  of ro c k s  in a sm u c h  a s  th is  is  th e  f i r s t  defini.t'ely  

known sp e c ie s  of C rith io riin a  to  be  r e p o r te d  f ro m  the  P a le o z o ic .

G enus T h u ram m in o id es  P lu m m e r , 1945, em end.

T huram m inofides P lu m m e r , H. J . , 1945, U niv. T e x a s , P u b l.

4401, pp. 218, 219, p i. 15, fig s . 4 -10 ; C re sp in , I. , 1958, 

A u s tra l ia  B u r. M in e ra l R es . , G eol. and G eophys. , B ull.

48, pp. 40 -42 , p i. 3, f ig s . 9 -13 ; p i. 31, f ig s . 1 ,2 .

Type sp e c ie s : T h u ram m in o id es  sp h a e ro d a li^  P lu m m e r , 1945 

(m onotyp ic  genus).

T h u ra m m in o id e s  w as e re c te d  by P lu m m e r  (1945, pp. 218,219) 

o f t 'm a te r ia l  f ro m  the  P en n sy lv an ia n  (L o w er S traw n  shale) in  

San Saba County, T e x a s . O nly the  type s p e c ie s  i s  known.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



150

P lu m m e r 's  o r ig in a l d efin itio n  of T h u ram m in o id es  (1945, p . 218) 

fo llow s: "T h e  e x te rn a l c h a r a c te r s  of th is  g lobose  u n ilo c u la r  t e s t  a r e  

l ik e  th o se  of T h u ram m in a , bu t in te rn a lly  i t  i s  la b y r in th ic . "

T he d efin itio n  of T h u ram lrtin a  B rad y , 1879 (fro m  C ushm an , 1948, 

p. 80) follow s:

" T e s t  ty p ic a lly  f re e ,  u su a lly  n e a r ly  sp h erica l, 

so m e tim e s  c o m p re sse d ; c h a m b e rs  ty p ica lly  

s in g le , o c c a s io n a lly  d iv ided; w all th in , ch itin o u s, 

w ith fine  sand ; ap ie rtu res  s e v e ra l  to  m any, 

a t  the  end of n ip p le - lik e  p ro tu b e ra n c e s  f ro m  

the s u rfa c e , o c c a s io n a lly  w anting. "

T he o r ig in a l g e n e r ic  d e fin itio n  of T hU rahirn ino ides P lu m m e r, 1945 

is  h e re b y  em ended on the  b a s is  of topo types (P lu m m e r 's  S ta tio n  205- 

T -148) f ro m  the T ex as  P e n n sy lv a n ia n  and sp e c im e n s  c o lle c te d  f ro m  

the  M is s is s ip p ia n  b ed s  h e re in  stud ied :

T he o r ig in a l shap e  of th e  t e s t  w as s p h e r ic a l ,  bu t m o s t sp ec im e n s  

have  b een  d is to r te d  in to  d isc o id a l o r  le n t ic u la r  fo rm s , so m e tim e s  

b ro k e n , T he b ico n cav e , c o m p re s s e d  te s ts  of ThdraLmhciiiioid'e s ’ often  

r e se m b le  red  blood c o rp u sc le s . T he e x te r io r  su rfa c e  is  sm oo th  

to  m o d e ra te ly  rough  w ith  a th ick  te s t  w all co m p o sed  of q u a r tz  sand 

em bedded in  s ilic e o u s  cem en t. T h e re  is  no ev idence  of se c o n d a ry
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re p la c e m e n t of th e  s il ic e o u s  cem en t o r  q u a r tz  g ra in s  of th e  t e s t  w all 

in  any  of th e  h u n d red s  of sp e c im e n s  of T h u ram m in o id es  s tu d ied .

T h e re  a r e  no c h a r a c te r is t ic a l ly  a s tro rh iz o id  a p e r tu re s  p r e s e n t  in  

T h u ra m m in o id e s , bu t th e r e  a r e  m u ltip le  tu b u la r  openings of two s iz e s  

in  the  t e s t  w all. V e ry  few to  few s m a ll  p ro tu b e ra n c e s  a r e  r a r e ly  

s e e n  on th e  e x te r io r  of th e  te s t ;  th e se  a r e  not c o n s id e re d  to  b e  a p e r tu r e s .

The in te r io r  of T h u ram m in o id es  is  not r e a l ly  la b y r in th ic  as  

O riginally  d e sc r ib e d . T he te s t  w a ll s u rro u n d s  a  m o d e ra te -s iz e d  

hollow  s p h e re  (p ro lo cu lu s  ?);. The te s t  w all i t s e l f  is  occup ied  by 

c e n tr ip e ta l  tu b es  w hich ex tend  f ro m  the  b o u n d ary  of th e  hollow  s p h e re  

to w a rd  the  s u rfa c e  of th e  te s t ;  in  som e in s ta n c e s ,  th e  c e n t r ip e ta l  tu b es  

p ie r c e  the  e x te r io r  s u rfa c e  of th e  te s t ;  w all. In  m o st c a s e s ,  h o w ev er, 

th e  c e n tr ip e ta l  tu b es  do not p e r fo ra te  th e  su rfa c e c o f  the  te s t .  In 

add itio n , th e re  a r e  s m a ll  tu b e le ts  in  th e  o u te r  p a r t  of th e  t e s t  w all 

w hich do not a lw ays ru n  p e rp e n d ic u la r  to  the s u rfa c e  of the t e s t  w all; 

th e se  tu b e le ts  p ie r c e  the su rfa c e  of th e  te s t  in  a  g re a t  n u m b er of 

in s ta n c e s . C arb o n aceo u s m a t te r  is  so m e tim e s  o b se rv e d  in  the  

in te r io r  of T h u ram m in o id es  w h ere  the  in te r io r  c e n tr ip e ta l  tu b u la r  

s t r u c tu r e  is  not p re s e n t .  In c a s e s  w h e re  th e  c e n tr ip e ta l  tu b u la r  s t r u c ­

tu r e  is  a b so rb e d  o r  d e s tro y e d , th e re  se e m s  g e n e ra lly  to  b e  s m a ll 

to  m e d iu m -s iz e d , p i t - l ik e  pb lygonal to  ro u n d ed  d e p re ss io n s  

on the  in te r io r  p a r t  of the  te s t  w all.
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T h u ram m in o id e s  h as a f f in itie s  to  th e  genus C rith io n in a , a  genus 

w hich in c lu d es  the  " la b y rin th ic  s p e c ie s "  C .‘ IfehS :G56s and  C . ' rb thndh ta ' 

C ushm an , 1910. C. ro tu n d a ta  C u sh m an  (1910, pp. 64, 65) is  

e sp e c ia lly  c lo se  to  T h u ram m in 'o id es . T he d e s c r ip tio n  of Cj ro tu n d a ta  

w as g iven  by  C u sh m an  (1910, pp. 56, 57):

" T e s t  f re e ,  s u b sp h e r ic a l, co m p o sed  of 

lo o se ly  ag g lu tin a ted  sand  g ra in s ;  s u r fa c e  w ith  

m any  p o re s  lead in g  by  can a ls  th ro u g h  the  th ic k  

w alls  to  th e  s im p le  c e n tr a l  c h a m b e r  w ith  m an y  

c i r c u la r  o r  ro u g h ly  po lygonal openings w hich  

ra m ify  in to  c a n a ls  lead in g  to  th e  su rfa c e ; 

w all of th e  c e n tr a l  c h a m b e r  and  c a n a ls  is  

f i r m e r  th an  th e  r e s t  of the  t e s t ,  u su a lly  show ing 

in  th e se  f i r m e r  p o r tio n s  a  re d d ish -b ro w n  

cem en t; c o lo r  d a rk  g ra y ish  b row n . D ia m e te r  

3 -6  m m . "

T he in te r io r  I1 la b y r in th ic "  p a r t  of th e  t e s t  ( i r r e g u la r  tu b u la r  

s tru c tu re )  of C rith io n in a  is  not r e g u la r  enough fo r  th is  genus to  be  

co n g en e ric  w ith  T h u ra m m in o id e s . The c e n tr ip e ta l  tu b u la r  s t r u c tu r e

in f T h u ram m in o id e s  ra d ia te s  out eq u a lly  and v e ry  r e g u la r ly  in  a ll 

d ire c tio n s  on a  d e fin ite  g e o m e tr ic  p lan , lik e  a su n b u rs t of tu b es  

f ro m  a  hollow  s p h e re .
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T h u ra m m in o id e s  m ay  have a ff in itie s  to  H a u e s le r 's  (1890, p. 69) 

genus T h u ra m m in o p s is  f ro m  th e  J u r a s s i c  of S w itze rlan d . T h u ra m -  

m in o p s is  i s  a p p a re n tly  a re n a c e o u s  and p o s s e s s e s  a n e tw o rk  of 

tu b u la r  s t r u c tu r e s  on th e  in te r io r  s id e  of th e  t e s t  w all (th is  n e tw o rk  

in d ic a te s  a  " la b y r in th ic "  in te r io r  to  th e  te s t ) .

T he c e n tr ip e ta l  tu b u la r  s t r u c tu r e  of T h u ra m m in o id e s  is  s in g u la r ,  

and such  s t r u c tu r e  is  not o b se rv e d  w ith in , n o r  does th e  fam ily  

d e fin itio n  a llow  in c lu s io n  of su ch  fo rm s  w ith in  th e  F a m ily  S accam m i- 

n id a e . H o w ever, T h u ram m in o id e s  w as e r ro n e o u s ly  r e f e r r e d  to 

th e  S a c ca m m in id a e  by  P lu m m e r ,  and l a t e r  w o rk e rs  h av e  fo llow ed 

h e r  lead ; th e  s im i la r i ty  of th e  in te rn a l  s t r u c tu r e  of T h u ram m in o id es  

to  C rith io n in a , a  m e m b e r  of th e  F a m ily  A s tro rh iz id a e ,  h as  not 

b e e n  re c o g n iz e d  p re v io u s ly . T h u s , T h u ram m in o id e s  can  no t be  

r e ta in e d  in  th e  F a m ily  S accam m in id ae  in a sm u c h  a s  th e  fa m ily  does 

no t e m b ra c e  te s t s  w ith  la b y r in th ic  o r  c e n tr ip e ta l  tu b u la r  in te rn a l  

s t r u c tu r e .  T h u ram m in o id e s  is  h e re b y  rem o v ed  f ro m  th e  S a c c a m ­

m in id ae  and p la c e d  in  th e  F a m ily  A s tro rh iz id a e .  The A s tro rh iz id a e  

in c lu d e  in  i ts  d e fin itio n  th o se  a re n a c e o u s  g e n e ra  w hich h ave  e ith e r  

la b y r in th ic  o r  c e n tr ip e ta l  tu b u la r  in te r io r s .

S tra t ig ra p h ic a l ly  T h u ram m in o id e s  is  known in  the U nited  S ta te s  

f ro m  th e  ro c k s  of M iddle S ilu r ia n  th ro u g h  M iddle P e n n sy lv an ian  

p e r io d s . In  A u s tr a l ia ,  th e  only o th e r  co u n try  in  w hich T h u ra m m in o id e s  

h as  b een  r e p o r te d , th e  genus in  known f ro m  P e rm ia n  s t r a ta .
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A fte r  P lu m m e r ’s e re c t io n  of th e  genus f ro m  th e  M iddle 

P e n n sy lv a n ia n  sh a le s  of T e x a s , T h u ram m in o id e s  w as no t r e p o r te d  

in  any o th e r  b ed s  o r a r e a s  u n til C onkin‘(1957, p. 1884) c i te d 'a  

T h u ra m m in o id e s -H y p e ra m m in a  zone f ro m  th e  O sag ian  ro c k s  of 

K entucky  and Ohio. Conkin (1958, p. 17) re co g n iz ed  T h u ram m in o id es  

in  th e  L o w er M is s is s ip p ia n  New P ro v id e n c e  fo rm a tio n  (C o ra l R idge 

m em b er) and th e  U nderw ood sh a le  a t th e  Gap in  Knob se c tio n , n o r th  

of S h e p h e rd sv ille , B u llitt  County, K entucky. (See C h a rt 23 fo r 

ra n g e  of T h u ram m in o id es  in  th e  M is s is s ip p ia n  a s  d e te rm in e d  in  

th is  s tu d y .)

C re s p in  (1958, pp. 40-42) d e m o n s tra te d  th e  p re s e n c e  of 

T h u ram m in o id e s  in  th e  P e rm ia n  of A u s tr a l ia ,  re c o g n iz e d  T . sp h a e - 

ro id a l is ,  and p laced  C rith io n in a  te ic h e r t i  P a r r  in  T h u ram m in o id e s .
1 1 A  * '  .

T . te ic h e r t i  (P a r r )  is  c o n s id e re d  in  th is  w o rk  a ju n io r  su b jec tiv e  

synonym  of T^ s p h a e ro id a l is .

C onkin and C onkin (I9 6 0 , p . 8) in  d isc u s s in g  th e  d isc o v e ry  of 

S ilu r ia n  and D evonian  F o ra m in if e ra  in  K entucky, re co g n iz ed  fo r  th e  

f i r s t  t im e  th e  o c c u rre n c e  of T , s p h a e ro id a lis  in  th e se  two s y s te m s .

I t is  in te re s t in g  to  r e c a l l  th a t M o rem an  (1930, p. 45, p i. 5, 

f ig s . 7, 11) re p o r te d  a  new  sp e c ie s  of F o ra m in if e r a  u n d er the  

n am e of C rith io n in a  r a r a .  M o re m a n 's  sp e c ie s  m ay  be  a  t r u e  

C rith io n in a , o r  m ay  b e  th e  f i r s t  r e fe r e n c e  to  a T h u ram m in o id e s .
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In asm u ch  a s  th e  ty p es  of .& .ra ra  a r e  n o t a v a ila b le , th is  sp e c ie s  

w ill re m a in  of doubtfu l g e n e r ic  p o s itio n .

it;

T h u ram m in o id es  sp h a e ro id a lis  P lu m m e r , 1945, em end .

P I. 1, f ig s . 1-10; F ig . 1.

T h u ram m in o id e s  s p h a e ro id a lis  P lu m m e r , H. J . , 1945, Univ.

T e x a s , P u b l. 4401, pp. 218, 219, p i. 15, f ig s . 4 -1 0 ;

C re s p in , I. , 1958, A u s tra l ia  B u r . M in e ra l R es . , G eol. 

and G e o p h y s ., B u ll. 48, pp. 40, 41, P I .  3, f ig s . 9 -1 1 ; 

p i. 31, f ig s . 1 ,2 ; Conkin, J .  E . , and C onkin, B. M. , I960 ,

G eol. Soc. A m e r ic a , S.. E . S e c t . , A b s tr a c ts ,  p. 8.

T h u ram m in o id es  te ic h e r t i  ( P a r r ) ,  C re s p in , I. , 1958,

A u s tra l ia  B u r. M in e ra l R e s . , G eol. and G eo p h y s ., B u ll.

48, pp. 41, 42, p i. 3 , f ig s . 12, 13..

D e sc r ip tio n  (S pecific  em endation ). -  T e s t  f r e e ,  u n ilo c u la r; t e s t  

Shape s p h e r ic a l  in  life ; fo s s ils  m ay  r e ta in  o r ig in a l s p h e r ic i ty , b u t 

u su a lly  a r e  p r e s e rv e d  as  f la tte n e d , d isk -sh a p e d  to  le n s - s h a p e d  m a s s e s  

w hich ra n g e  in  s iz e  f ro m  . 118 m m  to 2. 15 m m  in  the M is s is s ip p ia n  

fo rm s , and  up to  2. 50 m m  in  C re s p in 's  A u s tra l ia n  P e rm ia n  fo rm s ; 

t e s t  a re n a c e o u s  w ith  fine  to  m e d iu m -s iz e d  q u a r tz  san d  g ra in s
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em bedded  in  a  m o d e ra te  to  la r g e  am oun t of s il ic e o u s  c e m en t; w hen 

in  e x c e s s , c em en t g iv es  th e  t e s t  a  g lo s s y  a p p e a ra n c e  e x te rn a lly ; 

in te rn a lly ,  the  s p e c ie s  is  no t lab y irin th ic , b u t c o n s is ts  of m any  

c e n tr ip e ta l  tu b es  w hich  occupy th e  t e s t  w a ll and  r a d ia te  o u tw ard  f ro m  

th e  c e n tr a l  ho llow  sp h e re  to w ard  th e  s u rfa c e  of th e  te s t ;  so m e  of th e  

c e n tr ip e ta l  tu b es  p ie r c e  th e  s u r f a c e ,  m o s t of th e  tu b e s  do no t;

tu b e le ts  p ie r c e  th e  s u r fa c e  b u t o th e rs  do no t; th e  t e s t  w a ll is  

m o d e ra te ly  th ic k  to  th ick ; c a rb o n a c e o u s  m a te r ia l  is  so m e tim e s  

o b se rv e d  in  th e  in te r io r  of th e  t e s t  w hen th e  c e n tr ip e ta l  tu b u la r  

s t r u c tu r e  h as  no t b e e n  p r e s e rv e d ;  in  su ch  in s ta n c e s ,  th e r e  a r e  

v e s tig e s  of th is  c e n tr ip e ta l  tu b u la r  s t r u c tu r e  on th e  in te r io r  

s u r f a c e  of th e  t e s t  w a ll in  th e  fo rm  of s m a ll  to  m e d iu m -s iz e d , 

p i t - l ik e  po lygonal to  ro unded  d e p re s s io n s ;  d is t in c t  a s tro rh iz o id  

a p e r tu re s  a r e  lack in g ; r a r e ly  a  few , s m a ll  p ro tu b e ra n c e s  a r e  

p r e s e n t  b u t th e s e  a r e  not r e g a rd e d  a s  n eck s  of a p e r tu r e s ;  th e  two 

s e ts  of tu b es  (th e  c e n tr ip e ta l  tu b u la r  s t r u c tu r e s  and  th e  s m a l le r ,  

e r r a t i c a l ly  o r ie n te d  tu b le ts )  a p p a re n tly  fu n c tio n ed  a s  m u ltip le  

a p e r tu r e s ;  no ev id en ce  of d im o rp h ism  is  in d ic a te d  a s  m ic ro s p h e r ic  

and m e g a lo sp h e r ic  fo rm s  a r e  not d is tin g u ish e d ; c o lo r  of t e s t  is  

v a r ia b le ,  ran g in g  f ro m  w hite  to  g ra y  to  buff to  o ran g e  and  b row n .
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A su m m a ry  of th e  e s s e n t ia l  e le m e n ts  of th e  em en d a tio n  of th e  

sp e c ie s  T h u ra m m in o id e s  sp h a e ro id a lis  fo llow s:

T opo types of T h u ra m m in o id e s  s p h a e ro id a lis  w e re  found n o tito  

be  la b y r in th ic  in  th e  in te r io r  a s  d e s c r ib e d  by  P lu m m e r  (1945, p . 219); 

th e  in te r io r  of th e  t e s t  is  ho llow , su rro u n d e d  by  a  th ic k  t e s t  w a ll 

w hich  p o s s e s s e s  c e n tr ip e ta l  tu b u la r  s t r u c tu r e  id e n tic a l  to  th a t  

p o s s e s s e d  by  th e  M is s is s ip p ia n  sp e c im e n s  of th e  s p e c ie s ;  th e s e  

la r g e  tu b e s  m ay  o r  m ay  not p ie r c e  th e  s u r fa c e  of th e  te s t .  In  

ad d itio n , th e  o u te r  p a r t  of th e  t e s t  w a ll co n ta in s  m any  s m a l le r  

tu b e le ts  w hich  a r e  i r r e g u la r ly  a r r a n g e d ,  b u t m o s t p ie r c e  th e  s u r fa c e  

of th e  te s t .  No ty p ic a l  a s t ro rh iz o id  a p e r tu r e s  p r e s e n t ,  b u t a p e r u t r e s  

a r e  m u ltip le .

M e a s u re m e n ts . -  See T ab le  2 fo r  m e a s u re m e n ts  of p r e s e n t  

sp e c im e n s  of T h u ra m m in o id e s  s p h a e ro id a lis  arid T ab le  3 fo r  ra n g e  

in  m e a s u re m e n ts  of T . sp h a e ro id a lis  and  fo r  c o m p a r iso n  of th e  

ra n g e  of m e a s u re m e n ts  of P lu m m e r 's  P e n n sy lv a n ia n  and  C re s p in 's  

P e r m ia n  s p e c im e n s .

C o m p a riso n  and  a f f in i t ie s . -  T he M is s is s ip p ia n  sp e c im e n s  of 

T h u ra m m in o id e s  s p h a e ro id a lis  a g re e  in  a l l  r e s p e c ts  w ith  to p o ty p es  

ddllect.ed .by  m e r i r id ,  exh ib it a l l  f e a tu re s  show n in  P lu m m e r 's  

p u b lish ed  f ig u re s . In  g e n e ra l ,  th e  M is s is s ip p ia n  sp e c im e n s  a r e
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T a b le  2. M e a s u r e m e n t s  of T h u r a m m in o id e s  s p h a e r o id a l i s  P l u m m e r  

in  m m .

s p e c im e n  n u m b e r  m in .  m a x .  t h ic k -  l o c a l i t y  n u m b e r ,  f o r m a t io n ,  and
d ia m . d ia m . n e s s b e d  n u m b e r

1, P i .  2, f ig .  1 1. 50 1. 55 . 4 0 K -3 6 , B r o d h e a d ,  b e d  5

2, P I .  1, f ig .  4 . 47 . 52 . 10 K -7 ,  B r o d h e a d

3 .4 0 . 47 . 15 O - l l , B la c k  Hand, b e d  1

4 . . 19 . 22 . 10 K -3 6 , N e w  P r o v i d e n c e , b e d  4

5 . 3 8 . 42 . 12 i i

6, F I .  1, f ig .  7 . 81 . 82 . 42 i t

7 . 55 . 62 .17 11

8, P I .  1, f ig .  9 1. 20 1. 85 . 25 1 -2  B u tto n  M old  K nob, b e d  1

9, PI- 1, f ig- 8 . 60 . 70 .1 6 8 2  K -1 3 , N e w  P r o v i d e n c e , b e d  10

10 1. 65 1. 70 . 50 K -4 , B u tton  M old  Knob, b e d  6

11, P I .  1, f ig . 6 . 75 . 75 . 17 1 -6 ,  B u tto n  M old  Knob, b e d  8

12, P I . 2, f ig . 4 .9 8 1. 00 . 19 n

13, P I . 2 , f ig . 2 . 85 .9 0 . 25 0 - 8 , C uyah oga , b e d  5

14 . 40 . 42 . 12 K -4 9 , N ew  P r o v i d e n c e , b e d  1

15, P I .  1, f ig . 5 . 90 .9 0 . 25 K - 5 1 , C la y  C ity ,  b e d  5

16, PI . 1, f ig . 3 . 47 . 487 . 34 K -1 3 , N e w  P r o v i d e n c e , b e d  8

17, P I .  1, f ig . 10 . 85 . 86 . 25 K -6 3 , H e n le y ,  b e d  8

18, P I . 2, f ig . 3 1. 65 U  65 . 45 K -1 9 , N ew  P r o v i d e n c e , b e d  3

19 2. 15 2 . 15 . 50 K -1 3 , N ew  P r o v id e n c e , , b e d  2

20, P I .  1, f ig . 1 . 70 . 70 . 55 11

21 . 67  . 74  . 27  K -3 7 ,  N ew  P r o v i d e n c e ,  b e d  1

22, P I .  1, f ig .  2 . 3 7  . 3 9  . 3 7  0 - 1 1 ,  B la c k  Hand, b e d  1
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T ab le  3. R ange in  d ia m e te r  of T h u ram m in o id es  s p h a e to id a l is ' in  m m .

P e rm ia n  (A u s tra lia ): 

P en n sy lv an ia n  (T ex as):

B ig C lifty  san d sto n e :

G len  D ean lim e s to n e :

P a in t C re e k  lim es to n e : 

B lack  H and san d sto n e : 

B ro d h ead  fo rm a tio n : 

C uyahoga fo rm a tio n : 

H enley  sh a le :

B u tton  M old Knob m e m b e r  
and eq u iv a len ts:

C o ra l R idge m em b e r and 
eq u iv a len ts :

Sunbury  sh a le :

F a llin g  Run m em b er:

New A lbany sh a le :

.3 9 -2 .5 0

. 70-1. 60

.4 0 3 - .  550 (3 sp ec im e n s) .

1 .00  (1 specim en)

. 1 1 8 -.2 1 0  (4 sp ec im en s)

. 3 77 -. 993 (8 sp ec im en s)

.3 6 9 - .  487 (4 sp ec im en s)

.4 8 7 - .  900 (8 sp ec im en s)

. 6 50 -. 850 (2 sp ec im en s)

. 218-2 . 00 p lu s  (44 sp ec im en s)

. 235-2 . 15 (27 sp ec im en s) 

.2 4 4 - .  420 (5 sp ec im en s)

. 2 35 -. 900 (4 sp ec im en s)

. 2 35 -. 285 (4 sp ec im en s)
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m u ch  b e t te r  p r e s e r v e d  th a n  P lu m m e r 's  P e n n sy lv a n ia n  m a te r ia l .

T he M is s is s ip p ia n  c o lle c tio n s  co n ta in  m an y  w e ll p r e s e rv e d  

s p h e r ic a l  sp e c im e n s  (P lu m m e r  p o s tu la te d  an  o r ig in a l  s p h e r ic a l  

sh ap e  fo r  h e r  sp e c im e n s  a lthough  none w as c lo se  to  this]. M ost 

of th e  M iss is s ip p ia n . ex am p les  a r e  f la tte n e d  as  w e re  P lu m m e r 's  

and  C r e s p in 's .  A ll p r e s e n t ly  know n S ilu r ia n  and D evonian  fo rm s  

of th e  sp e c ie s  a g re e  w ith  th e  M is s is s ip p ia n  ones and a lso  w ith  

P lu m m e r 's  ty p e  f ig u re s  and  topo type m a te r ia l .

C re s p in 's  new  n a m e , T h u ra m m in o id e s  t e ic h e r t i  ( P a r r ) ,  b a s e d  

on C rith io n in a  te ic h e r t i  P a r r ,  1942 (C re sp in , 1958, pp . 41 , 42 , 

p i. 3, f ig s . 12, 13) is  in v a lid  in a sm u c h  a s  th is  sp e c ie s  i s  c o n sp e c ific  

w ith  T . s p h a e ro id a l is .  T . te ic h e r t i  p e r fe c t ly  e x e m p lif ie s  e v e ry  

c h a r a c te r is t ic  of T . s p h a e ro id a lis  a s  show n by ex am in a tio n  of 

to p o ty p es  of T . s p h a e ro id a lis  and  by th e  M is s is s ip p ia n  sp e c im e n s  of 

th e  s p e c ie s ,  as  w e ll a s  th e  f e a tu re s  th a t  a r e  show n by  P lu m m e r 's  

p u b lish ed  f ig u re s  of th e  ty p e s  of T . s p h a e ro id a l is ;  in  ad d itio n  

T . te ic h e r t i  p e r fe c t ly  f its  th e  em en d a tio n  of T . s p h a e ro id a l is . a s  

p re s e n te d  h e re .

D ep o sitio n  of ty p e s . -  F ig u re d  to p o ty p es  and  hypo types a r e  

d e p o s ited  in  th e  U. S. N atl. M useum  (C. F . C . ):

F ig u re d  h y p o ty p es , nog.
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In ad d itio n , u n fig u red  hypo types a r e  d e p o s ite d  in  the  

fo llow ing  in s t i tu t io n s :

P . R . I . , no.

U. C . , no.

U. N. D. , no.

B. M . (N. H . ) , no.

S tra t ig ra p h ic  o c c u r re n c e . -  T he s tr a t ig ra p h ic  ra n g e  of th e  

s p e c ie s  T h u ra m m in o id e s  s p h a e ro id a lis  is  th e  sa m e  a s  th e  g en u s , 

th a t  i s ,  M iddle  S ilu r ia n  to  P e rm ia n .  (See C h a r ts  3 -18  and 22 fo r  

o c c u re n c e  of T . s p h a e ro id a lis  in  th e  M is s is s ip p ia n ) .

E co lo g y . -  T he s m a lle s t  ex am p le  of T h u ra m m in o id e s  s p h a e ro id a lis  

o c c u r  in  th e  D evonian  p a r t  of th e  New A lb an y  sh a le . T he sp e c ie s  

g e n e ra lly  in c r e a s e s  in  s iz e  w ith  d e c re a s in g  geo log ic  age a lthough  

th e r e  a r e  ex cep tio n s  due to  th e  n a tu re  of th e  en c lo sin g  se d im e n ts  

(N ote m e a s u re m e n ts  on T ab le  2). T he l a r g e s t  fo rm s  of th e  s p e c ie s  

a r e  found in  th e  P e rm ia n  of A u s t r a l ia  (C re sp in , 1958, p . 40) w h e re  

th e  l a r g e s t  sp e c im e n  is  r e p o r te d  to b e  2. 5 m m  in  d ia m e te r .  The 

P e n n sy lv a n ia n  fo rm s  of P lu m m e r  ex h ib ited  a  m ax im u m  s iz e  of 1. 6 m m  

(P lu m m e r , 1945, p. 219). T he l a r g e s t  M is s is s ip p ia n  sp e c im e n s  

of th e  s p e c ie s  o c c u r  in  th e  C o ra l R idge and  B u tton  M old Knob m e m b e rs  

of th e  New P ro v id e n c e  fo rm a tio n  in  w hich  b ed s  the  s p e c ie s  r a r e ly  

r e a c h e s  a  d ia m e te r  of 2. 15 m m . A bove th e  .B rbdhead  fo rm a tio n
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h o w ev er, th e  s iz e  of th e  t e s t  d e c re a s e s  w ith  d e c re a s e  in  geo log ic  

age . T he m o s t fa v o ra b le  en v iro n m en t fo r g row th  and p ro life ra tio n  

of T h u ram m in o id e s  s p h a e ro id a lis  in  th e  M is s is s ip p ia n  e x is ted  

d u rin g  d ep o s itio n  of th e  fine  s i l t - b e a r in g ,  p la s t ic  sh a le s  of the 

C o ra l R idge and B utton  M old Knob m e m b e rs  of th e  New P ro v id e n c e  

fo rm a tio n  in  K entucky and  so u th e rn  Ind iana . T he a b sen ce  of 

m e g a fo ss ils  in  m o s t C o ra l  R idge m e m b er o u tc ro p s  in d ic a te s  th a t 

T . s p h a e ro id a lis  could  f lo u r is h  in  e n v iro n m e n ta l cond itions w hich 

w e re  n o t con d u siv e  to  th e  p ro m o tio n  (o r p re se rv a tio n )  of p ro lif ic  

in v e r te b ra te  l ife  in  g e n e ra l .  Y et, T . s p h a e ro id a lis  w as to le ra n t  

of c a lc a re o u s  m ud and m uddy w a te r  en v iro n m e n t a s  i s  show n by 

i ts  abundance in  th e  c a lc a re o u s  sh a le s  of the  B utton  M old Knob 

m e m b e r  of th e  New P ro v id e n c e  form ation ,;in  O hio, th e  C uyahoga fo rm  

a tio n , co n ta in s  m uch  s m a lle r  fo rm s  of T. s p h a e ro id a l is ; th is  

s m a lln e s s  of t e s t  and p o o r dev e lo p m en t of th e  sp e c ie s  in  th e  

C uyahoga fo rm a tio n  is  c o r re la te d  w ith m o re  and c o a r s e r  s i l t  and 

san d  g ra in s  on th e  e a s t  s id e  of th e  C in c in n a ti a rc h  in  Ohio. The 

New P ro v id e n c e  b ed s  in  e a s te rn  K entucky, a l l  along th e  s tr ik e  of th e  

M is s is s ip p ia n  b e d s , ag a in  show  s m a lle r  te s t s  and m uch  m o re  

m e a g e r  d ev e lo p m en t of T . s p h a e ro id a lis  due to  d ep o s itio n  of 

se d im en ts  u n d er en v iro n m e n ta l cond itions m uch  lik e  .those .of th e  

sh a le s  in  th e  Ohio G uyahogan seq u en ce .
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T h u ram m in o id es  sp h a e ro id a lis  h as  not b een  found in  th e  

s t r i c t ly  san d sto n e  b e d s ; th e  s p e c ie s  is  p re s e n t  in  th e  B lack  Hand 

san d sto n e  of e a s te rn  Ohio only in  th e  th in  in te rc a la te d  p la s t ic  

s h a le  u n its . T h u s , T . s p h a e ro id a lis  " p r e f e r r e d 11 c lay ey  sh a le s  

in  w hich th e r e  w e re  su ff ic ien t s m a ll  s i l t  g ra in s  to  allow  

c o n s tru c tio n  of an  a re n a c e o u s  t e s t ,  o r  p o ss ib ly  th e  a re n a c e o u s  

s e ttin g  w as not conducive  to  p r e s e rv a t io n .

F a m ily  S accam m in id ae  C u sh m an , 1927 

S ubfam ily  S accam m in in ae  C ushm an , 1927 

G enus P ro te o n in a  W illiam so n , 1858

P ro te o n in a  W illiam so n , W .C .,  1858, R ec . F o ra m . G re a t 

B r i ta in ,  London, p. 1; C u sh m an , J .A . , 1948, F o ra m in ife ra , 

C am b rid g e , p . 78. (non P ro te o n in a  T e rg u e m , O. , 1875,

Soc. G eol. F ra n c e  M e m ., s e r .  2, v. 10, p. )

R eophax M o n tfo rt, B ra d y ,H . B . , 1879, (p a rs ) ,  Q uat. J o u r .  

M ic ro s . S c i . , v . 19, p . 51, p i. 4 , f ig s . 3a , 3b; id em ,

1884, R ep t. V oyage C h a lle n g e r , Zool. , v. 9, p . 289, 

p i. 30, f ig s . 1 -5 ; R h u m b le r , L . , 1895, Kbn. G ese ll. W iss . 

G ttttin g er, N a c h r . , p. 82. (non R eophax M o n tfo rt, D . , 1808, 

C onch. S y st. v . 1, p. 331)
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D ifflug ia  L a m a rk , E g g e r , J .  G. , 1895, (p a r s ) , Kbn. bay .

A kad. W iss . M tlnchen, v . 18, p. 251. (non D ifflug ia  

L e c le rg ,  . , M us. H is t. N at. , M em . , v. 2, p . 474)

S accam m in a  S a r s ,  E im e r ,  G. H. T . , and F ic k e r t ,  C. , 1899,

(p a rs ) , Z e its c h r . W iss . Zool. , v . 65, pp. 671, 672. (non 

S ac ca m m in a  S a r s ,  M . , 1869, F b rh . V id en sk . -S e lsk . 

C h r is t ia n ia ,  p. 248. (nom en  nudum )

T ype s p e c ie s :  P ro te o n in a  fu s ifo rm is  W illiam so n , 1858 

(o r ig in a l d es ig n a tio n ; R ec en t, G re a t B rita in )

The g e n e r ic  d e fin itio n  of P ro te o n in a  w as g iven  by C ushm an  

(1948, p. 73):

" T e s t  f r e e ,  a  fu s ifo rm  o r  f la s k -s h a p e d  

undiv ided  c h a m b e r; w all a  th in  c h itin  la y e r  

on w hich a r e  c e m e n te d  sand  g r a in s ,  m ic a  

f la k e s , o th e r  t e s t s ,  e tc . ; a p e r tu re  u su a lly  

c i r c u la r ,  o ften  w ith  a s lig h t n eck  w hich m ay  

b eco m e  e lo n g a te . "

The M is s is s ip p ia n  s p e c ie s  of P ro te o n in a  have te s ts  co m p o sed  

of s ilic e o u s  g ra in s  in  s il ic e o u s  c e m e n t ( r e g a r d le s s  of th e  co m p o sitio n  

of th e  o r ig in a l  t e s t  w all).

T he a ff in itie s  of P ro te o n in a  W illiam so n , 1858, L a g en am m in a  

R h u m b le r, 1 9 H , and S a ccam m in a  S a r s ,  1869 a r e  o b sc u re .
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L a g en am m in a  and p a r t  of S a c c a m m in a  (the  f r e e ,  s in g le  c h a m b e re d  

fo rm s)  m ay  be long  to  th e  genus P ro te o n in a .

The genus P ro te o n in a  ra n g e s  s tr a t ig ra p h ic a l ly  a t l e a s t  f ro m  th e  

S ilu r ia n  to  th e  R e c en t (See C h a r t 23 fo r  th e  ra n g e  of P ro te o n in a  in  

th e  M is s is s ip p ia n ) . T he g enus is  undoubted ly  p r im it iv e ,  and 

c o n s e rv a tiv e  in  i ts  ev o lu tio n .

P ro te o n in a  c u m b e r la n d ia e , n. sp .

P I. 3, f ig s . 1 -3 ; P I . 10, f ig s . 4 ,5 ;  F ig s .  2, 3.

D e s c r ip t io n . - T e s t  c o n s is ts  of a  s in g le  c h a m b e r  w ith  a  

ta p e r in g  n eck  w hich  is  b ro k e n  off so m e  sp e c im e n s ; a p e r tu re  

c i r c u la r ,  a t open end of n eck ; c h a m b e r  te a rd ro p  to  a v o c ad o ­

sh ap ed , f ro m  1 .3  to  2 .5  t im e s  lo n g e r  th a n  b ro a d ; t e s t  m o re  o r  

l e s s  c o m p re s s e d  in  p r e s e n t  sp e c im e n s  so  th a t o r ig in a l  p ro p o rtio n s  

of t e s t  w e re  m o re  s le n d e r ;  n e c k  r a th e r  s le n d e r  and f ro m  about 

o n e - th ird  to  o n e -h a lf  th e  len g th  of th e  c h a m b e r; w all of f in e  s il ic e o u s  

g ra in s  in  s il ic e o u s  c e m e n t; c o lo r  of t e s t  lig h t g ra y  to  y e llo w ish  

g ra y .

j,; :; M e a s u re tn e n ts . -  See T a b le  4 fo r  m e a s u re m e n ts  of P ro te o n in a  

c u m b e r la n d ia e , T a b le  5 fo r  th e  ra n g e  in  m e a s u re m e n ts  in  th e
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s p e c ie s ,  and T ab le  8 u n d er P .  w a llin g fo rd en s is  fo r  c o m p a riso n  

of th is  sp e c ie s  w ith th o se  to  w hich i t  is  s im ila r .

C o m p a riso n  and a f f in i t ie s . - See d is c u s s io n  u n d er P ro te o n in a  

w alling f o r  d e n s is .

Type lo c a l i ty . -  H ill s id e  along ro ad  on s id e  of F ish in g  C re ek , 

L ake C u m b erlan d , n e a r  S o m e rs e t ,  P u la s k i C ounty, K entucky 

(L o ca lity  K -32). The ho lo type is  f ro m  th e  New P ro v id e n c e  

fo rm a tio n , 8. 5 to  25 fe e t above th e  F a llin g  Run m e m b e r  of the  

S an d e rso n  fo rm a tio n  (B ed 2).

T ype d e p o s itio n . -  H olotype and  f ig u re d  p a ra ty p e s  a r e  

d e p o s ite d  in  U. S. N atl. M useum  (C . F .  C . ):

H olo type, no.

F ig u re d  p a ra ty p e s ,  no s .

In ad d itio n , u n fig u red  p a ra ty p e s  a r e  d ep o s ited  in  the  

fo llow ing in s ti tu tio n s :

P . R. I., no .

U. C . , no.

U. N. D. , no.

B. M. (N. H .), no .

S tra tig ra p h ic  o c c u r re n c e . - P ro te o n in a  c u m b e rla n d iae  o c c u rs  

in  th e  S unbury  sh a le  of d a s te rn  K entucky, th e  K inderhook ian
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T ab le  4. M e a su re m e n ts  of P ro te o n in a  cum berlarid ia 'e ', n . sp . in  m m .

s p e c im e n  le n g th  le n g th d ia m . d ia m . d ia m . l o c a l i t y  n u m b e r ,  f o r m a ­
n u m b e r of

t e s t
o f  o f  

c h a m b e r  c h a m b e r
of
b a s e
of
n e c k

of
end
of

n e c k

t io n ,  and b e d  n u m b e r

1, P I .  3, . 4 6 0 . 352 . 218 . 067 . 050 0 - 9 ,  M a x v i l le ,  b e d  1
f ig .  3

2, P I .  3, . 806 . 806 . 545 . 118 •  • • * O - l l ,  B la c k  Hand, b e d  !
f ig .  1

3 . 386 . 269 . 218 .126 . 0 84 K -6 ,  N ew  P r o v id e n c e ,  
b e d  5

4 . 503 . 302 . 201 . 118 . 101 K -6 ,  N ew  P r o v id e n c e ,  
b e d  4

5 . 386 . 252 . 218 . 118 . 067 0 - 3 ,  C u yahoga , b e d  3

6 . . 403 . 319 . 201 . 0 8 4 . 067 0 - 3 ,  C uyah oga , b e d  3

7 . 235 .168 .151 . 067 . 033 K - 6 ,  N e w  P r o v id e n c e ,  
b e d  4

8 .3 6 9 . 252 . 210 . 067 . t)50 1 -3 ,  N ew  P r o v id e n c e ,  b  

b e d  2
9 . 537 . 537 .4 2 0 . 101 . . . . 0 - 2 ,  V a n c e b u r g ,  b e d  6

10 . 554 . 554 . 352 . 0 84 . . . . "  , b e d  8

11 . 521 .  386 . 3 1 9 . 101 . 0 84 K -5 9 ,  F a r m e r s ,  b e d  2

12 .  453 . 335 .  285 .  084 . 050 i t

13 .  369 .  269 .  218 .  067 .  033 i i

14 . 360 . 2 44 . 235 . 0 84 . 050 ■ t

15 .4 3 6 . 335 . 285 . 118 .  101 1 - 3 ,  B u tto n  M old Knob, 
b e d  2

16 .  586 . 4 4 0 . 3 5 2 . 151 .  134 K -3 9 ,  N ew  P r o v id e n c e ,  
b e d  7

17 .  386 .  302 .  252 . 118 . 067 i i

18 . 436 . 285 . 2 4 4 . 134 . 0 8 4 0 - 7 ,  C uyah oga , b e d  4

19, h o l o ­
ty p e ,  P I .  
■3, f i g .  2

. 436 . 277 . 252 . 075 . 067 K -3 1 ,  N e w  P r o v i d e n c e ,  
b e d  2

20 .3 1 9 . 235 .185 . 067 . 033 i t  •

21 . 352 .  269 .  185 . 067 .  042 1 -2 ,  B u tto n  M old  
K nob, b e d  1

22 .  302 .  218 .  193 .  0 84 . 059 1 -3 ,  C o r a l  R id g e ,  
b e d  1

23 .  503 . 503 . 352 . 101 . . . . K -3 8 ,  N ew  P r o v id e n c e ,  
b ed  6

24 . 554 . 386 . 302 . 168 . . . . K -3 6 ,  N e w  P r o v id e n a e ,  
b e d  1

25 . 369 . 335 . 201 . 084 . 075 K -3 3 ,  F a l l in g  Run, bee  
3
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T a b le  5. R ange in  m e a s u re m e n ts  of P ro te o n in a 'c u m b e rla n d ia e  , n . sp . 

in  m m .

L en g th  of te s t ; . 2 3 5 -. 806

L eng th  of c h a m b e r: .1 6 8 -. 806

D iam . of c h a m b e r: .1 5 1 - .5 4 5

D iam . of b a s e  of neck : . 067-.168

D iam . of end of n eck ; . 033 -.134
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F a ll in g  Run m e m b e r  o£ th e  S an d e rso n  fo rm a tio n , th ro u g h o u t th e  

O sag ian  New P ro v id e n c e  fo rm a tio n  in  K entucky  and  so u th e rn  

In d ia n a , sp a r in g ly  in  th e  B ro d h ead  fo rm a tio n , and in  th e  O sag ian  

C uyahoga fo rm a tio n  of O hio, inc lud ing  th e  H en ley / Y an ceb u rg , and 

B lack  H and m e m b e rs ;  one sp e c im e n  w as found in  a  sh a le  b re a k  

in  th e  M e ra m e c ia n  M ax v ille  l im e s to n e . (See C h a r ts  3 -6 , 9 -1 3 ,

18, 21, and 22 fo r  d e ta ils  of o c c u r re n c e .)

E co logy . -  P ro te o n in a  c u m b e rla n d ia e  undoub ted ly  h ad  m uch 

th e  sa m e  e co lo g ica l r e q u ire m e n ts  a s  d id  P .  w a llin g fo rd e n s is .

T he  s p e c ie s  is  know n to  o c c u r  only  in  s i l t - b e a r in g  sh a le s  and 

sh a le  b re a k s  in  san d sto n e  and  l im e s to n e . T hus P .  c u m b e rla n d ia e  

" p re fe r re d "  m uddy s e a  b o tto m s w ith  s i l t  and  f in e -g ra in e d  sand , 

in  w hich th e r e  g e n e ra lly  w as an  a b se n c e  of c a lc a r e o u s - r ic h  

s e d im e n ts .

P ro te o n in a  w a llin g fo rd e n s is , n . sp .

P I. 3, f ig s . 4 -8 ; P i .  10, fig . 6; F ig s .  4 , 5.

D e s c r ip tio n . - T e s t  c o n s is ts  of a  s in g le  c h a m b e r  w ith  a  

ta p e r in g  neck ; t e s t  sh ap ed  lik e  a  F lo re n c e  f la sk , w ith  c h a m b e r
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o r ig in a lly  n e a r ly  s p h e r ic a l  (c o m p re s se d  in  m o s t sp e c im e n s) , o r  

in  in s ta n c e s  s lig h tly  o b la te ; neck  about o n e -s ix th  to  o n e -h a lf  the 

len g th  of th e  c h a m b e r , and  about o n e -fo u r th  to  tw o-fifths th e  

d ia m e te r  c£ the c h a m b e r  a t th e  a p e r tu ra l  end  of th e  neck ; w all 

of fine s ilic e o u s  g ra in s  in  s ilic e o u s  cem en t; c o lo r  of w all w hite 

to  lig h t g ra y  to  y e llo w ish  g ra y .

M e a su re m e n ts . -S ee  T a b le  6 fo r  m e a s u re m e n ts  of P ro te o n in a  

w a llin g fo rd e n s is , T ab le  7 fo r  ran g e  in  m e a s u re m e n ts  of th e  sp e c ie s , 

and  T ab le  8 fo r  c o m p a riso n s  of th e  sp e c ie s  w ith  th o se  to  w hich 

i t  is  s im i la r .

C o m p a riso n  and' a f f in it ie s ’. -  T he two sp e c ie s  of P ro te b n ih a  

found in  th is  s tu d y  a r e  d is tin g u ish ed  f ro m  each  o th e r  a s  show n 

on T ab le  8. In asm u ch  a s  P ro te b n in a  is  a  v e ry  s im p le  fo rm  even 

am ong  s m a l le r  F o ra m in ife ra ,  i t  is  in  in s ta n c e s  d iff icu lt to  

d is tin g u ish  v a r io u s  s p e c ie s . F u r th e rm o re ,  the g e n e ra  L agebam m iha  

a n d Saicfeamrriiria in c lu d e  so m e  sp e c ie s  w hich a r e  not c le a r ly  

d is tin g u ish a b le  f ro m  P ro te o n in a . A ll th re e  g e n e ra  have b een  

re p o r te d  f ro m  the  S ilu ria n  to  R ecen t. T he re la tio n sh ip s  of th e se  

g e n e ra  is  o b sc u re , as  no ted  by  Dunn (1942, p . 327), L ag en am m in a  

and  the  s in g le -c h a m b e re d  and  f r e e  fo rm s  of Saccanafrii'na m ay  belong
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Table €>. Measurements o£ Proteonina wallingfordensis n. s-p- in

■specimen length length diam. diam. diam. locality numb, ex-, formation, 
 ̂ --*■ —x- a/nd bed numberaaiaaanbear o£

te s t
of o£ o£
chain- cbtam- ba.se

of 
exad

■* . 43 6

bear 

. 285

bear of of
neck neck

. 319 - 185 - 118 K-IO, New Providence,

2 .411 - 319 . 302 - 109 . lOl
bed 2

EC-T, USTew Providence,

3 . 369 . 302 . 302 -118 . 067
bed 1

0 —3, Oia.yaJb.og3., bed 3

4 _ 4ST . 335 . 403 . 201 . 168 1C—6, New Providence,

5 . 23 5 - 201 . 201 . 0 84 . 06T
bed 5

K-7, IsTe-w providence,

6 - 369 . 252 . 310 . 134 . 067
bed 1

0  — 3, Cuyahoga, bed 3

T . 43 6 . 302 . 328 . 168 . 084 EC—32, New Providence,

8 . 43 6 - 269 . 302 . 185 . lO!
bed 5

0  — 3, Cuyahoga, bed 3

9 . 285 - 201 _ 218 . lOl . 084 0-3  ”

lO . 4TO . 386 . 386 . 151 - 143 K-32, New Providence,

11 . 369 . 269 . 252 . 118 . 092
bed 3

X—3, Button Mold Knob,

12 . 302 . 252 . 23 5 - 059 . 04T
bed 2

K-IS, New Providence,

13 . 4ST , 302 _ 369 . 252 - 134
bed 5

EC-2, New Providence,

14, IEP1- IQ. . 762 . 521 . 5 54 - 252 . 134
bed 3

IT

15
6

. 302 . 226 . 269 . 118 - lOl EC—4, Button Mold ECaaob,

16 _ 445 . 302 .310 - 151 . OT5
bed 3

EC—6, B utton Mold Knob ,

IT . 403 . 302 . 285 . 151 _ 084
bed 3

EC—4, Button Mold ECaaob,

IS . 521 . 403 - 420 . 23 5 . 1X8
bed 8

X—6, Button Mold Knob,

19, 3=>1- 3 ,. 586 . 436 .43 6 .201 .168

bed 6

EC—63, F a rm e rs , bed 9
fig- 4 

20, holo- . 3 52 . 269 . 319 - 118 . 067 EC-63
type, X=>1.
3, fig. T 
21 , IF*!. 3 , . 43 6
fig- 6 

22, >̂1- 3 ,. 369 
fig- S

. 36923

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

. 604

. 5 54 

. 43 6 

. 3 86 

. 43 6

- 453 

. 403 

. 5S6 

. 510

- 386 

. 335 

. 5 54 

. 470 

. 386

- 570

39, 3P1. 3, 1. 00 0 
fig- 5

- 319

. 302 

_ 302 

. 521 

. 420

- 369 

. 302 

. 352

- 352 

. 302 

. 453

- 43 6 

. 335 

, 252 

. 503 

. 352 

.319

352

T20

- 352

. 319 

_ 3.022. 

. 503 

. 43 6 

. 420

- 285

- 360

- 369 

. 319

- 420 

. 450 

. 335 

. 269 

. 4TO

335 

319 

43 6 

840

. 193 

. 118 

. 118 

. 143 

.201  

. 151 

. 176 

_ 134 

. 134

- 151 

. 235 

. 151. 

. 118 

. 126 

. 134

- 151 

. lOl

- 252 

. 360

- lOl

. 088 

. 0 84 

. 118 

. 168 

. 118 

. 134 

_ 084 

. 090 

. lO!

. 168 

. 126 

. lOl 

. 084 

126 

-118 

- 092 

, 134 

. 240

New
bed 2 

K-l ,  New
■bed 3

K-8, New Providence, 
bed 9

1 — 3, New.Providence, 
bed 1

1C—35, New Providence 
bed T

1C—58, New Providencc 
"bed 5

1C—39, New Providence, 
bed 5

1 — 6, 1STe-w Providence, bed
4

1C—2, Coral Ridge, bed 2

New
bed 2

EC—2, New Providence, 
bed 2

1C—35, IB'aUiixg Run, bed 3 

O—l,  IBedford, bed 2
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T ab le  7, R ange in  m e a s u re m e n ts  of P r o t  eon ina  w a llin g fo rd e n s is , n. sp . 

in  m m .

L eng th  of te s t :  . 235-1. 000

L eng th  of c h a m b e r: . 201-. 720

D iam . of c h a m b e r: . 201-. 840

D iam . of b a s e  of neck : . D59-. 360

D iam . of end of neck ; . 0 4 7 -. 240
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T a b le  8. C o m p a riso n  of s e v e ra l  sp e c ie s  of P rb te o h in a , L ag en am m in a , 
and S accam m in a  w ith  P . cu m b erla rid ia 'e , n. sp . and 
P . w a llin g fo rd e iis is , n. sp .

shape  of c h a m b e r  sh ap e  of neck  m in im um  len g th  of n e c k /
diam . of len g th  of ch am b er
n eck / d iam . 
of c h a m b e r

P ro te o n in a  w a llin g fo rd e n s is s p h e r ic a l  to  
n e a r ly  s p h e r ic a l

ta p e r in g ,
m o d e ra te ly
long

1 /4  to  2 /5 1 /6  to  1 /2

P . cn ttib e rla n d ia e te a rd ro p  to  
avocado  sh aped

ra th e r  long, 
s le n d e r

1 /6  to  1 /3 1 /3  to 1 /2

P . c6 rv iJc ife raG S ish m an  
and  W a te rs , 1928

rounded , s to u t c y lin d ric a l, 
s to u t, co n ­
s tr ic te d

1 /3  to  1 /2 1 /4  to  2 /5

L agaiid rnm ina  s till 'a  M o rem an , 
1930

m o re  o r  le s s  
e llip so id a l

sh o rt,
r a th e r  po in ted

1/12 1 /4

L . s p h a e r ic a  M o rem an , 1930 a lm o s t p e r fe c t ly  
s p h e r ic a l

elongate ,
s le n d e r

1 /9 2 /5

-i i

Sac'cam rriiha a s p e ra  S tew a rt 
and  P r id d y , 1941

s u b -s p h e r ic a l ,  
ob la te

sh o rt,
n a rro w

1/9 1/6

S: m b re ir ia h i 'I re la n d , 1939 s p h e r ic a l sh o rt 1 /4 H  8
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amrtiina,

neck  m in im um  len g th  of n e c k / len g th  and d ia m e te r
diam . of len g th  of c h a m b e r  of t e s t  in  m m
n eck /  d iam . 
of c h a m b e r

1 /4  to  2 /5  1 /6  to  1 /2  . 235x. 201 to
ely l.OOOx. 840

mg, 1 /6  to  1 /3  1 /3  to 1 /2  ,235x,151 to
. 8 0 6 x .545

:a l, 1 / 3 to  1 /2  1 /4  to  2 /5  . 5 to  1.1 long
jn - . 9x. 65

1 /12  1/4- ,4 4 x . 28
oin ted

1 /9  2 /5  . 6 5 x .38

i

1/9  1 /6  . 3 3 x .32

1 /4 1 / 8 8 6 x . 7 7 -

ag e  and  lo c a tio n  of ho lo type

O sag ian , K entucky

O sag ian , K entucky

M iddle P en n sy lv a n ian , 
T exas

S ilu ria n , O klahom a 

S ilu ria n , O klahom a 

S ilu ria n , Ind iana  

S ilu ria n , O klahom a
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in  P ro te o n in a ; su ch  P a le o z o ic  fo rm s  of th e s e  two g e n e ra  f ro m  th e  

U nited  S ta te s  a l l  a r e  co m p o sed  of s il ic e o u s  g ra in s  in  s il ic e o u s  

c e m e n t, and a p p a re n tly , in  th e i r  fo s s i l iz e d  s ta te  a r e  w ithout th e  

ch itin o u s b a s e  of R ecen t fo rm s .

T ab le  8 g iv es  a  c o m p a riso n  of th e  p r e s e n t  sp e c ie s  of P ro te o n in a  

and  of s e v e ra l  P a le o z o ic  s p e c ie s  of P ro te o n in a , L a g e n a m m in a , and 

S accam m in a  w hich a r e  som ew hat s im i la r  to  th e  two sp e c ie s  of 

P ro te o n in a  h e re in  d e s c r ib e d . A s se e n  on T a b le  8, P . w a llin g fo rd e n s is  

and  P .  cu m b e rla n d ia e  a r e  d is t in c t  f ro m  th e  sp e c ie s  w ith  w hich th ey  a r e  

c o m p a re d . JP. w a llin g fo rd e n s is  w ith  its  s p h e r ic a l  ch am b e r is  

s im i la r  to  Lag en am m in a  s p h a e r ic a ,  S accam m in a  a s p e r a ,

P .  c e r v ic i f e r a , and S. m o re m a n i. H ow ever, th e  n eck  of 

P . w a llin g fo rd en s is  d if fe rs  f ro m  th e  n eck  of a l l  th e se  o th e r  s p e c ie s  

in  th a t i t  is  b ro a d e r  th an  th e  n eck  of S. a s p e ra  and L . s p h a e r ic a ,  

lo n g e r  th an  th e  n eck  of S. m o re m a n i, and m o re  s le n d e r  and m o re  

ta p e r in g  than  th e  n eck  of P .  c e r v ic i f e r a .

P ro te o n in a  c u m b e rla n d ia e  d if fe rs  f ro m  L ag en am m in a  s t i l la  

in  hav ing  h -b ro a d e r  and lo n g e r  n eck , and f rp m IL , s p h a e r ic a ,  th e  

n eck  of w hich is  s im ila r ,  in  no t having  a  s p h e r ic a l  c h a m b e r bu t 

r a th e r  a  te a rd ro p  to  a v o ca d o -sh ap e d  c h a m b e r .

P ro te o n in a  c u m b e rla n d ia e  and P .  w a llin g fo rd e n s is  d if fe r  f ro m  

each  o th e r  in  th a t th e  c h a m b e r  of P .  w a llin g fo rd en s is  is  s p h e r ic a l
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r a th e r  th a n  te a rd ro p  of a v o c ad o -sh a p e d  and i ts  n eck  is  s h o r te r  

and s to c k ie r .

T ype lo c a lity . -  One m ile  n o r th e a s t  of W allin g fo rd , a long  h i l l  

ro a d  lead in g  to  B o sto n  S choo l, F le m in g  County, K entucky  (L o c a lity  

K -6 3 ). T he ho lo type is  f ro m  th e  F a r m e r s  s il ts to n e  (B ed  9).

T ype d e p o s itio n . - H olo type and f ig u re d  p a ra ty p e s  a r e  

d ep o s ite d  in  th e  U. S. N atl. M useum  (C. F .  C . ):

H olo type, no.

F ig u re d  p a ra ty p e s ,  n o s .

In  ad d itio n , u n fig u red  p a ra ty p e s  a r e  d ep o s ite d  in  th e  

fo llow ing in s ti tu tio n s :

P . R. I . , no .

U. C . , no.

U. N. D. , no.

B. M. (N. H . ), no .

S tra tig ra p h ic  o c c u r re n c e . -  L ik e  P ro te o n in a  c u m b e r la n d ia e ,

P .  w a llin g fo rd e n s is  o c c u rs  in  th e  K in d erh o o k ian  F a llin g  Run 

m e m b e r  of th e  S a n d e rso n  fo rm a tio n , th ro u g h o u t th e  O sag ian  New 

P ro v id e n c e  fo rm a tio n  of K en tucky  and  so u th e rn  In d ian a , and  th ro u g h - 

oipct th e  O sag ian  C uyahoga fo rm a tio n  of O hio. A bove the O sag ian
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P . w a llin g fo rd e n s is  w as found in  th e  S o m e rs e t  sh a le  m e m b e r  of th e  

S a lem  l im e s to n e . U nlike P .  c u m b e r la n d ia e , P .  w a llin g fo rd e n s is  

o c c u rs  a ls o  in  th e  B la c k is to u ,B e d fo rd , and M au ry  s h a le s , a s  w ell 

a s  in  s h a le  in  th e  B e re a  san d s to n e . (See C h a r ts  3 -6 , 8 -1 3 , 17-22 

fo r  d e ta ils  of o c c u r re n c e .)

E c o lo g y . -  R ec en t s p e c ie s  of P ro te o n in a  a r e  r a th e r  w idely  

d is tr ib u te d  in  co o l to  co ld  and  r a th e r  deep  to  deep  w a te r s .  P ro te o n in a  

is  not r e s t r i c t e d  to  co ld  a n d /o r  deep  w a te r ,  h o w ev er, fo r  sp e c ie s  of 

th e  genus a r e  found in  o th e r  e n v iro n m e n ta l s itu a tio n s  w h ere  

p a r t ic u la te  m a te r ia l  (g e n e ra lly  s il ic e o u s  sand  and s ilt)  a r e  a v a ila b le  

fo r  c o n s tru c tio n  of t e s t s .  I have re c o v e re d  R ecen t sp e c im e n s  of 

P ro te o n in a  fro m  b a y  b o tto m  m uds in  C orpus C h r is t i  B ay , N ueces 

C ounty, T e x a s , a s s o c ia te d  th e re  w ith  s i l t  a n d /o r  s a n d -b e a r in g  

m u d s.

P ro te o n in a  w a llin g fo rd e n s is  o c c u rs  m o s t often  in  the  a r e a  

f ro m  s o u th e a s te rn  K entucky  to  so u th e rn  Ohio in  th e  s il ty  sh a le s  of 

th e  New P ro v id e n c e  and C uyahoga fo rm a tio n s , w hile P .  c u m b e rla n d ia e  

is  m o re  abundan t in  n o rth w d stg y n  and so u th w e s te rn  K entucky  and in  

n o r th - c e n t r a l  Ohio in  the  le s s  s il ty  sh a le s  of th e  New P ro v id e n c e  and 

lo w er C uyahoga fo rm a tio n s .
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F a m ily  H y p e ram m in id a e  E im e r  and F ic k e r t ,  1899 

Subfam ily  H y p eram m in ae  C ushm an , 1910 

G enus H y p eram m in a  B rad y , 1878, em end . Conkin, 1954

H y p eram m in a  B rad y , H. B . , 1878, A nn. M ag. N at. H i s t . ,

( s e r .  5), v . 1, pp . 433, 434, p i. 20, f ig s . 2a , 2b; id e m ,

1884, R ep t. V oyage C h a llen g e r , Zool. , v . 9, pp . 257-260, 

p i. 23, f ig s . 4, 7-10; C ushm an , J . A . , and W a te rs , J .A . ,  

1930, Univ.. T e x a s , B u ll. 3019, p . 33; P lu m m e r , H. J .  , 1945, 

U niv. T e x a s , P u b l. 4401, pp. 219, 220; Conkin, J . E . , 1954, 

C ushm an  L ab . F o ra m . R e s e a rc h . , C o n tr. v . 5, p t. 4, 

pp . 167, 168; C um m in g s, R. H. , 1955, M icropaleon to logy , 

v . 1, no. 3, pp. 233, 234.

N odosine lla  B rad y , C ushm an , J .A .  , (p a r s ) , 1927, C ushm an 

L ab . F o ra m . R e s e a rc h , C o n tr . , v . 3, p t. 3, p . 147, p i. 26, 

f ig s . 4, 5a, 5b. (non N o d o sin e lla  B rad y , H. B . , 1876, P a l .  

Soc. M o n ., v. 30, p. 102)

H y p eram m in e lla  C ushm an, A. , and W a te rs , J .A . , 1928, 

C ushm an  L ab . F o ra m . R e s e a rc h , C o n tr . ,  v . 4, p t. 2, 

p . 36, p i. 4, f ig s . 3, 4. (non H y p e ra m m in e lla  de F o lin ,

1881, Soc. H is t. N at. T ou lo u se , B ull, annee 15, p . 140. 

nom en nudum)
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H yperam m inoid .es C ushm an , J .A .  , and W a te rs , J .A . , 1928, 

C ushm an  L ab . F o ra m . R e s e a rc h , C o n tr . ,  v .4 ,  p. 112. 

(JNew g e n e r ic  n am e su b stitu tio n )

Type sp e c ie s : H y p eram m in a  e lo n g a ta  B rad y , 1878 (o r ig in a l 

d es ig n a tio n ; R ecen t, A tlan tic  O cean).

Conkin (1954, p . 167) su m m a riz e d  B ra d y 's  g e n e r ic  con cep t of 

Hyp e r  a m m in a :

"H. B . B ra d y  (1878, pp. 433, 434, p i. 20, 

f ig s . 2a, 2b) f i r s t  defined  H y p eram m in a  

w ith  H. e longata  a s  th e  geno type, and in  

1884 (pp. 257-260 , p i. 23, f ig s . 4, 7-10) 

em ended h is  o r ig in a l d e fin itio n . . . . B rad y  

c o n s id e re d  H y p eram m in a  to  h av e: an 

a re n a c e o u s  t e s t ,  f r e e  o r  a d h e re n t, |a tta c h e d  

te s ts  have s in ce  b een  r e f e r r e d  to  o th e r  genera] 

w ith an  e longate  tu b u la r ,  s in g u la r  o r  b ran ch in g , 

second  c h am b er; a p e r tu re  open o r  only s lig h tly  

c o n s tr ic te d ; in te r io r  sm ooth ; e x te r io r  rough ly  

o r sm oo th ly  f in ish e d  w ith t e s t  ta p e r in g  to w ard  

the  a p e r tu re ;  and a p ro lo c u lu s  of v a ry in g  

b u lb o sity  and shape . "
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T he g e n e ra l  co n cep t of H y p eram m in a  and  i ts  re la t io n s h ip  w ith  

H y p eram m in o id e s  C u sh m an  and W a te rs , 1928 w as d is c u s s e d  by 

C onkin  (1954, p p . 167, 168); th is  d is c u s s io n  am o u n ted  to  a  

g e n e r ic  em en d a tio n  of H y p e ram m in a  a lthough  no fo rm a l s ta tem en t; 

of em en d atio n  w as m ad e  in  th e  1954 p a p e r .

I now  fo rm a lly  p ro p o se  th a t th e  1954 (pp. 167, 168) d is c u s s io n  

of the  g e n e r ic  co n cep t of H y p eram m iria  be  re c o g n iz e d  a s  c o n s titu tin g  

g e n e r ic  re v is io n  of H y p e ram m in a . To th is  end, I r e p e a t  the 

e s s e n t ia l  e le m e n ts  of m y  g e n e r ic  em en d a tio n , w hich b r in g s  B ra d y 's  

d e fin itio n  of H y p eram m i'n a  up to  d a te  and cap ab le  of e m b ra c in g  

a l l  a p e c ie s  of H y p e ra m m in a  and  H y p eram m ih6 ide 's :, a s  in fo rm a lly  

s ta te d  in  1954 (pp. 167, 168):

"(1) th e  seco n d  c h a m b e r  m ay  b e  n o n tap e rin g , 

m ay  ta p e r  to w ard s  th e  p ro lo c u lu s , o r  in  a 

few  s p e c ie s  ta p e r  to w ard  bo th  th e  a p e r tu re  

and th e  p ro lo c u lu s  ( 'h o u rg la s s  ta p e r in g ') ;

(2) a p e r tu r e  m a y b e  m o d e ra te ly  o r  s tro n g ly  

c o n s tr ic te d ;  and (3) e x te r io r  m ay  be  m a rk e d  

i > by  • t r a n s v e r s e  c o n s tr ic t io n s  of v a ry in g

s tre n g th  . . . .  No c le a r  g e n e r ic  d e fin itio n  

is  p o s s ib le  fo r  e i th e r  H y^^ram m lria  o r 

H y|5eram 'm iiibides a s long  a s  H ypd^am rniiia  is  

a c c e p te d  a s  a  v a lid  g enus. Hyp6 ram m iiid id es ',
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th e r e fo r e  should  b e  s u p p re s s e d  in  fa v o r of 

H y p e ra m m in a . The th r e e  c h a r a c te r s  c o n s id ­

e re d  d ia g n o stic  of H y p eram m in o id e s  by 

C u sh m an  and W a te rs  (c o n s tr ic te d  a p e r tu re ,  

s il ic e o u s  te s t ,  and ta p e r in g  shape of te s t)  

and  th e  one c h a r a c te r  c o n s id e re d  d iag n o stic  of 

H y p eram m in o id e s  by  P lu m m e r  (the  ra p id ly  

expanding  n a tu re  of th e  seco n d  ch am b er) a r e  

h e r e  c o n s id e re d  only  of sp e c if ic  v a lu e . A ll 

th e  above c h a r a c te r s  a r e  ex h ib ited  in  v a ry in g  

d e g re e s  by  sp e c ie s  of H y p eram m in a . "

C o n s id e ra b le  m isu n d e rs ta n d in g  a s  to  th e  n a tu re  of th e  te s t  

w a ll in  H y p e ram m in a  h as  a r i s e n .  C u sh m a n 's  t r e a tm e n t  of the  

t e s t  w all is  q u ite  vague and h is  te rm in o lo g y  is  no t p r e c is e .  

G e n e ra lly , in  d e sc r ib in g  s p e c ie s  of H y p e ra m m in a , C ushm an  

r e f e r r e d  to  th e  t e s t  w a ll a s  " a re n a c e o u s"  o r  "ag g lu tin a te d " . 

A re n a c e o u s , o r  ag g lu tin a te , to  C ushm an  m ean t e x tra n e o u s  

g ra in s  in  a s e c re te d  cem en t; th e  c em en t could  b e  fe rru g in o u s , 

c a lc a re o u s ,  o r  r a r e ly  s il ic e o u s , u su a lly  w ith  an in te r io r  ch itinous 

lin in g . T h u s , w hen C ushm an  u sed  th e  t e r m  a re n a c e o u s  w ithout 

co m m en t, he  ta c i t ly  a s su m e d  th a t th e  t e s t  w all co n ta in ed  e ith e r  

fe r ru g in o u s  o r  c a lc a re o u s  ce m en t. W hen C u sh m an  d e a lt  w ith
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P a le o z o ic  H y p e ram m in a , a s  w e ll a s  w ith  m any  o th e r  P a le o z o ic  

g e n e ra , h is  ta c i t  a s su m p tio n  a s  to  th e  n a tu re  of th e  t e s t  w all 

w as not a lw ays w e ll-fo u n d ed , as  in  a ll  in s ta n c e s  he a p p a re n tly  

m ade no r e a l  d e te rm in a tio n  as  to  th e  c h e m ic a l n a tu re  of the  

c em e n t, and in  m an y  in s ta n c e s  d id  not d e s c r ib e  th e  c h em ica l 

co m p o sitio n  of th e  ag g lu tin a ted  g ra in s .

C ushm an and W a te rs  d e s c r ib e d  s e v e ra l  fau n as f ro m  th e  

P en n sy lv an ian  of T ex as  (1927, 1928, 1930) in  w hich th e  t e s t  w all 

co m p o sitio n  w as s ta te d  to  b e  a re n a c e o u s ; th e se  s ta te m e n ts  by 

C ushm an and W a te rs  w e re  a ssu m p tio n s  b a se d  on p rec o n c e iv e d  

id eas  a s  to  th e  t e s t  w all co m p o sitio n . H ow ever, C ushm an  and 

W a te rs  (1928, P .  36) b a se d  th e ir  g e n e r ic  d e fin itio n  of H y p e ra m ­

m ino ides on the  fa c t th a t i t  had  s ilic e o u s  cem en t (w hich cem en t 

th ey  c o n s id e re d  to  be  o r ig in a l) .

P lu m m e r  c le a r ly  u n d e rs to o d  th e  u n n e c e s sa ry  d iff ic u ltie s  

a ttend ing  la c k  of p re c is io n  in  th e  n o m e n c la tu re  and d e sc r ip tio n  

of th e  n a tu re  of th e  t e s t  w a ll in  s m a lle r  F o ra m in if e ra .  Am ong 

P lu m m e r 's  co n trib u tio n s  to  the  n o m e n c la tu re  of a re n a ce o u s  

fo rm s  w as th e  p ro p o sa l to  adopt (1930, p. 7):

. . . th e  w ord  'a d v e n tit io u s ' a s  a  s a tis fa c to ry  

c o m p reh e n s iv e  te r m  to  d e s c r ib e  a ll  sh e lls  

com posed  of an  ex tra n e o u s  m a te r ia l  bound
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em ployed  s t r ic t ly  a cc o rd in g  i ts  e tym ology , 

th a t i s ,  fo r  t e s t s  co m p o sed  of m in e ra l  g ra in s  

obv iously  s e le c te d  f ro m  th e ir  su rro u n d in g s  

and cem en ted  in to  a f i r m  in v e s tm e n t by a 

p ro to p la sm ic  s e c r e t io n ."

P lu m m e r  (1945, p . 219) d e s c r ib e d  th e  t e s t  w a ll co m p o sitio n  in  

P e n n sy lv a n ian  H y p e ra m m in a :

"T h e  sh e ll of th e  T ex as  P e n n sy lv a n ian  sp e c ie s  

in  th is  g e n e r ic  g roup  H y p eram m in a  c o n s is ts  

of a ilic e o u s  g ra in s  bound by an  in so lu b le  

s ilic e o u s  ce m e n t, w hich is  g e n e ra lly  

su b o rd in a te  enough to  le a v e  th e  s u rfa c e  d is tin c tly  

d u ll and ro u g h  b u t com m only  of fin e  te x tu re .  . . . i1 

T he t ru e  n a tu re  of th e  w all c o m p o sitio n  of th e  ty p e -s p e c ie s  of 

H y p e ra m m in a , H. e longata  B rad y , a  R ecen t s p e c ie s , w as not known 

u n til C um m ings (195.5, pp. 233, 234) ex am ined  th e  type m a te r ia l  

in  th e  B r i t is h  M useum  (N a tu ra l H is to ry ) and r e p o r te d  th a t th is  

m a te r ia l  h a s  a

. c a lc a re o u s  of f e r ru g in o -c a lc a re o u s  

ce m en t, w h e re a s  th e  w all of H y p eram m in o id es  

is  s ta te d  to  h ave  a  s il ic e o u s  ce m e n t. Such a
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fu n d am en ta l d iffe re n c e  of s e c re to r y  a c tiv ity  

in  th e  c y to p la sm  can  not be  re g a rd e d  a s  m e re  

sp e c if ic  v a r ia t io n , a s  C onkin w ould su g g est.

H o w ever, t e s t s  of H y p eram m in a  o ften  undergo  

s e c o n d a ry  a l te r a t io n  by s il ic if ic a tio n  in  

P a le o z o ic  s e d im e n ts . T h is  h as  b een  no ted  in  

s e v e ra l  p o p u la tio n s  of H y p eram m in a  n e o g la b ra  

Conkin f ro m  d if fe re n t lo c a li t ie s  in  th e  B r i t is h  

C a rb o n ife ro u s . H y p e ram m in o id e s  is  th e re fo re  

in c lu d ed  w ith in  th e  genus H y p e ra m m in a , in  th e  

p r e s e n t  w ork , on th e  g rounds th a t th e  fo rm e r  is  

b a se d  on s e c o n d a r ily  s il ic if ie d  sp e c im e n s  of 

the  l a t t e r . 11

C onkin  (1956, p. 193) a tte m p te d  to  c la r i fy  C u m m in g s ' 

m isu n d e rs ta n d in g  of h is  co n cep t of th e  w a ll s t r u c tu r e  in  H y p eram m in a  

and i ts  Jun io r su b jec tiv e  synonym  H y p e ra m m in o id e s :

" . . . . I w ould not su g g e s t th a t cem en t 

s e c re te d  by  th e  p ro to p la s m  of a fo ra m in ife ra  is  

of m e re  sp e c if ic  v a lu e . U ntil D r . C u m m in g s ' 

an n o u n cem en t, I knew  of no r e fe r e n c e  to  

{Paleozo ic] H y p e ram m in a  p o s s e s s in g  c a lc a re o u s  

o r  fe r ru g in o -c a lc a re o u s  c e m e n t s e c re te d  by
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n o r  a  sp e c if ic  c h a r a c te r  . . . . T h e  am ount 

of in c r e a s e  in  w idth  of th e  t e s t  is  s u re ly  

sp ec if ic  r a th e r  th a n  a g e n e r ic  c h a r a c te r ,

(2) P lu m m e r  (1945) r e m a rk s  th a t th e  t e s t s  

of H y p e ra m m in a  a r e  m o s tly  m uch  lo n g e r  th an  

th o se  of H y p e ra m m in o id e s . E v idence  ag a in s t 

th is  v iew  is  show n in  the tw o sp e c ie s  d e s c r ib e d  

by  P a r r  (1942) f ro m  W e s te rn  A u s tr a l ia .  The 

te s t s  of h y p e r a m m in o id e s 1 a c ic u la  a r e  up 

to  20 m il l im e tr e s  long; th e  g r e a te s t  leng th  

of H y p e ram m in a  co ley i is  g iven  a s  9 

m illlm fetr'e's>j-and (3) C um m ings (1955) 

found th a t th e  t e s t  of H y p eram m in a  had  

c a lc a re o u s  o r  f e r ru g in o -c a lc a re o u s  cem en t, 

bu t no s p e c ie s  w ith  c a lc a re o u s  cem e n t w ere  

found d u rin g  th e  p re s e n t  in v e s tig a tio n . The 

te s t s  w e re  p e r s is te n t ly  s il ic e o u s , a s  found by 

C onkin (1956). A s a lre a d y  co m m en ited  h e re ,  

t h e r e  s e e m s  to  b e  l i t t le  o r  no ev id en ce  of 

s e c o n d a ry  s il ic if ic a tio n  of a re n a c e o u s  te s ts  

in  th e  A u s tra l ia n  P e rm ia n  o r in  th e  ro c k s  

in  w hich th e  fo ra m in ife ra  a r e  found. "
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th e  cy to p la sm ; in d eed , th e  g e n e r ic  defin ition  

of b o th  H y p eram m in a  and h y p e ra m m in o id e s  

jh e re  th e  w r i te r  w as follow ing P lu m m e r 's  

d e s c r ip tio n  of th e  c h e m ic a l n a tu re  of th e  

cem en t in  H y p eram m in a  in a sm u ch  as  B rad y  had  ■ 

not defined  i t  p r e c i s e ly j  had  c le a r ly  re q u ire d  

th a t th e s e  two g e n e ra  p o s s e s s  s ilic e o u s  c em e n t. 

T h e re fo re , the  sp e c ific  v a r ia t io n  to  w hich I 

r e f e r r e d  w as not a  v a r ia t io n  b e tw een  s ilic e o u s  

c em en t [^ re g a rd le ss  of o r ig in : o r ig in a l  o r  

a l te r e d  J  and c a lc a re o u s  f e r ru g in o -c a lc a re o u s  

c em en t, bu t w as a  v a r ia tio n  in  th e  p ro p o rtio n  

of s ilic e o u s  cem en t [ re g a rd le s s  of o rig in : 

o r ig in a l o r  se c o n d a ry  J  to  cem en ted  g r a in s ."

C re sp in  (1958, p. 35) in  a stu d y  of th e  P e rm ia n  h y p e ra m m in id s  

of A u s tra l ia  d is c u s s e d  th e  re la tio n sh ip  b e tw een  H y p eram m in a  and 

H y p e ra m m in o id e s , and concluded:

"A fte r  studying  in n u m e ra b le  t e s t s ,  I a g re e  

w ith C onkin in  u s in g  H y p eram m in a  r a th e r  

than  H y p eram m in o id e s , fo r  th e  fo llow ing 

re a s o n s :  (1) The d iffe re n c e  in  th e  shape  of 

th e  p ro lo c u lu s  is  n e ith e r  a  d e fin ite  g en e r ic
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P lu m m e r  (1945, p . 223) p la c e d  c o n s id e ra b le  im p o rta n c e  on 

th e  p ro p o rtio n  of cem en tin g  m a te r ia l  to  a re n a c e o u s  g ra in s  in  

th e  c o n s titu tio n  and te x tu re  of th e  t e s t  of th e  tw o g e n e ra , thus in  

d isc u s s in g  H y p eram m in o id es  P lu m m e r  re m a rk e d :

"T h e  s tro n g  sh e ll  w all is  co m p o sed  of fin e , 

s ilic e o u s  ce m e n t . . . .  M ost of th e  sp e c ie s  

exh ib it such  an abundance of s ilic e o u s  

cem en t in  th e  s h e ll  w a ll, th a t th e  s u rfa c e

is  v e ry  sm oo th  and even  g lo ssy , bu t
«

su ffic ien t v a r ia tio n  e x is ts  in  bo th  g e n e ra  to  

re n d e r  th is  f e a tu re  too  u n s ta b le  to  s e rv e  a s  a 

g e n e r ic  c h a r a c t e r . "

I r e i te r a t e  h e re  m y b e lie f  th a t  th e  am ount of cem en t (w h eth er 

o r ig in a lly  f e r ru g in o -c a lc a re o u s  o r  s ilic e o u s )  is  a t m o s t of only 

sp ec ific  v a lu e . In  m any in s ta n c e s  i t  is  doubtfu l w h e th e r the  

p ro p o rtio n  of ce m en t to  cem en ted  g ra in s  is  of -any taxonom ic  

v a lu e . T he cem en t is  d e fin ite ly  c o n s id e re d  to  b e  s e c re te d  by the  

p ro to p la s m  and th e  kind of cem en t should  not v a ry  w ith in  a  sp e c ie s  

o r  genus. A c tu a lly  i t  is  c o n s id e re d  th a t g e n e ra  in  any su b fam ily , 

and p e rh a p s  th e  g e n e ra  of a  fa m ily , shou ld  p o s s e s s  th e  sa m e  k ind  

of cem en tin g  m a te r ia l .  Som e fa m ilie s  of F o ra m in if e ra  a s  p re s e n tly  

co n ce iv ed  do no t h ave  th e  sa m e  t e s t  co m p o sitio n  d isp la y ed  in  a l l
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th e  g e n e ra  w ith in  th e  fa m ily . M any fa m il ie s  undoub ted ly  co n ta in  

u n n a tu ra l g ro u p in g s  of g e n e ra .

I t  is  known th a t so m e  P ro to z o a  do s e c r e te  s il ic e o u s  t e s t  

m a te r ia l  and I can  se e  no in h e re n t d iff icu lty  in  b e liev in g  th a t 

so m e  P a le o z o ic  F o ra m in if e r a  m ay  habe u se d  s i l ic a  a s  c e m e n t. 

A c tu a lly  M ilia m m in a , and  o th e rs  of th e  S ilic in id a e  (C re ta c e o u s  

and R ecen t), p o s s e s s  s il ic e o u s  c e m e n t, a lthough  ad m itte d ly  

su ch  s ilic e o u s  g e n e ra  a r e  few  and r a th e r  r a r e .

C um m ings (1955, p . 234) r e p o r ts :  "U su a lly , r e p re s e n ta t iv e s  

of th e  genus H y p e ra m m in a  a r e  found in  th e  B r i t i s h  C a rb o n ife ro u s  

in  an  u n a lte re d  cond ition . " H o w ev er, in  th e  P en n sy lv a n ia n  of 

T e x a s  (P lu m m e r , 1945, p . 261), u n a lte re d  E a rla n d ia  (w ith  

c a lc a re o u s  cem en t) o c c u r  in  th e  sa m e  b ed s  and a t  the  sa m e  

lo c a l i t ie s  a s  does H y p e ra m m in a . T he  p re s e n c e  of H y p e ram m in a  

(w ith  s il ic e o u s  cem ent) and u n a lte re d  E a r la n d ia  (w ith c a lc a re o u s  

cem en t) in  th e  sa m e  b ed s  a t  th e  s a m e  lo c a li t ie s  len d s  su p p o rt 

fo r  th e  p o s s e s s io n  of an  o r ig in a l  s il ic e o u s  cem en t by H y p e ra m m in a . 

If th e r e  h as  b e e n  se c o n d a ry  re p la c e m e n t of the  H y p eram m in a  th en  

th e  s i l ic if ic a tio n  w ould h ave  b ee n  e x tre m e ly  s e le c tiv e , leav in g  

E a r la n d ia  c o m p le te ly  u n a lte re d .

S t. J e a n  (1957, p . 41) e x p re s s e s  th e  fo llow ing su sp ic io n :
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" B e c a u se  of th e  t r a n s v e r s e ly  f ib ro u s  type 

of w a ll found in  th e  d iv e r s e  s p e c ie s  of the 

fauna  [^Pennsy lvan ian  S tan ton  fauna f ro m  D ubois 

C o . , In d ian a] , i t  is  su sp e c te d  th a t a l l  P a le o z o ic  

F o ra m in if e r a  r e f e r r e d  to  th e  genus H y p eram m in a  

a re -a c tu a lly  lE a r la n d ia . "

If a l l  P a le o z o ic  H y p e ra m m in a  o r ig in a lly  p o s s e s s e d  a  c a lc a re o u s  

t e s t  a s  h as  b een  ad v o ca ted  by  S t. J e a n  (1957), th en  H y p eram m in a  

w ould b eco m e  a ju n io r  su b je c tiv e  synonym  fo r  E a r la n d ia  P lu m m e r , 

1930 only if  H y p e ram m in a  and E a r la n d ia  bo th  p o s s e s s  g ra n u la r  

c a lc i te  t e s t s ,  a s  S t. J e a n  b e lie v e s  (1957, p . 41). H ow ever, i t  

is  no t y e t d e fin ite ly  e s ta b lish e d  w h e th e r E a r la n d ia  w as " a re n a c e o u s"  

in  th e  s e n se  of P lu m m e r  (1930, p . 7) th a t i s ,  w h e th e r th e  

c a lc a re o u s  g ra n u le s  w e re  " s e le c te d "  f ro m  th e  c a lc a re o u s  m a te r ia l  

on th e  se a  b o tto m  in  w a rm , sh a llo w  s e a s ,  h igh ly  c h a rg e d  w ith 

c a rb o n a te s , o r  w h e th e r th e  c a lc a re o u s  g ra n u le s  in  th e  c a lc ite  

cem en t w e re  s e c re te d  by  th e  p ro to p la s m  of th e  fo ra m in ife r .

If we w e re  to  e n te r ta in  h y p o th e tica lly  th e  a s s ig n m e n t of 

H y p e ram m in a  to  th e  g ra n u la r  c a lc a re o u s  E a rla n d iid a e  C um m ings, 

1955, th en  w hat is  th e  p h y lo g en e tic  re la tio n s h ip  of th e  P a le o z o ic  

H y p eram m in a  and th e  R ecen t H y p e ra m m in a ? E ven  th e  m o st a rd e n t 

a d v o ca te  of o r ig in a l  c ry s ta l l in e  c a lc a re o u s  w all c o n s titu tio n
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could  h a rd ly  m a in ta in  th e  r e s t r ic t io n  of th e  genus H y p eram m in a  

to  th e  R ecen t. In  e s se n c e , S t. J e a n  ad v o ca tes  ju s t  such  r e s t r ic t io n  

of H y p e ram m in a  w hen h e  s u sp e c ts  th a t P a le o z o ic  H y p e ram m in a  

a r e  a c tu a lly  E a r la n d ia . S t. J e a n  (1957, p . 41) re c o g n iz e s  th e  

ty p e  sp e c ie s  of H y p e ra m m in a , H. e lo n g a ta  B ra d y , 1878 to  be  

a R ec en t a re n a c e o u s  fo rm , bu t ta k e s  no n o tice  o f C u m m in g s ' 

w o rk  (1955, p. 233) w hich  d e m o n s tra te d  th a t th e  type s p e c ie s  

h as  an  a re n a c e o u s  t e s t  of sand  g ra in s  in  c a lc a re o u s  o r  f e r ru g in o -  

c a lc a re o u s  c em en t.

In asm u ch  a s  th e  type  sp e c ie s  of H y p eram m in a  i s a re n a c e o u s , 

th e r e  m ay  w ell b e , in  the  P a le o z o ic  b e d s , s il ic if ie d  E a r la n d ia  

w hich th u s  com e to  "m im ic "  H y p e ra m m in a , b u t th e  a re n a c e o u s  

H y p eram m in a  can  not b e  s e c o n d a r ily  c a lc if ie d  to  "m im ic "  

E a r la n d ia  (w hich genus p o s s e s s e d  a  f ib ro u s  c ry s ta l l in e  c a lc i te  

w all).

F u r th e r ,  I b e lie v e  th a t  St. J e a n  (1957, p . 41) h as m ad e a  

fu n d am en ta l m is in te rp re ta io n  of e v o lu tio n a ry  thought in  h is  

d is c u s s io n  of E a rla n d ia  b u lb o sa  (w hich in  r e a l i ty  is  m o s t lik e ly  

a new  sp e c ie s  of E a r la n d ia , no t H ypleram m ina b u lb o sa .

"A s i t  s e e m s  u n lik e ly  th a t th is  genus 

H y p eram m in a  w ould b e  so  f a r  ra n g in g , th e  

P en n sy lv an ian  H y p eram m in a  b u lb o sa  is  p la c ed  

u n d er the  genus E a rla n d ia . "
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A lthough  th e  ex ac t zo o lo g ica l r e la tio n s h ip s  b e tw een  P a le o z o ic  

and R ecen t H y p eram m in a  a r e  unknown, p r im it iv e  and s im p le  

fo rm s  of l ife  p o s se s s in g  w ide to le ra n c e s  fo r  and  p o te n tia li te s  

fo r  ad ap ta tio n  to  v a r io u s  c h e m ic a l, p h y s ic a l, and  b io lo g ica l 

f a c to rs  of en v iro n m e n t, should  have long  geo log ic  ra n g e s , 

e s p e c ia lly  i f  th e  l ife  fo rm s  a r e  ad ap ted  to  liv e  in  an  en v iro n m e n t, 

w hich  h as  p e r s i s te d  b a s ic a l ly  unchanged  th ro u g h o u t im m e n se  len g th s  

of geo log ic  tim e .

A fu r th e r  d iff icu lty  m ay  be invo lved  in  th e  c o r r e c t  i n t e r ­

p re ta t io n  of w all s t r u c tu r e  and co m p o sitio n  a s  C um m ings 

m en tio n ed  (1955, p . 234):

"A s P lu m m e r  (1945) n o ted , co m p le te  sp e c im e n s  

of H y p e ra m m in a  a r e  r a r e ,  and  fra g m e n ts  a r e  

d iff icu lt to  d is tin g u ish  f ro m  m e m b e rs  of th e  

R h iz a m m in id a e . Som e re c o rd s  of th e  l a t t e r  

g roup  in  th e  U pper P a le o z o ic  m ay  b e  th e  

r e s u l t  of in co m p le te  p r e s e rv a t io n  of 

H y p eram m in id a e . "

F ra g m e n ts  of so m e of th e  m e m b e rs  of th e  R h izam m in id ae  

o c c a s io n a lly  m ay  be m is ta k e n  fo r  f ra g m e n ts  of H y p e ra m m in a ; 

m any  sp e c ie s  of H y p eram m in a  a r e  d e s c r ib e d  f ro m  f ra g m e n ta l 

m a te r ia l  (lack ing  th e  p ro lo c u lu s ) . It is  in te re s t in g  to  no te  th a t
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a t  l e a s t  so m e  of th e  s p e c ie s 'o f  th e  R h izam m in id ae  a r e  r e p o r te d  

to  have  an  o u te r  c a lc a re o u s  la y e r  (C u sh m an , 1948, p . 73).

T he fo reg o in g  d is c u s s io n  of p o s s ib le  s il ic if ic a tio n  and  o r ig in a l  

c a lc a re o u s  te s t  co m p o sitio n  and s t r u c tu r e  h as  no t con v in ced  m e 

th a t  a l l  O rd o v ic ian , S ilu r ia n , D evon ian , M is s is s ip p ia n , and 

P e n n sy lv a n ia n  H y p e ra m m in a  in  th e  U nited  S ta te s  and  a l l  A u s tra l ia n  

P e r m ia n  H y p e ra m m in a  a r e  s e c o n d a r ily  s il ic if ie d .

M uch m o re  w o rk  n eed s  to  b e  done on th e  w a ll s t r u c tu r e  of 

P a le o z o ic  F o ra m in if e r a  along th e  lin e s  of C u m m in g s ' co n tr ib u tio n . 

N ot enough fau n as h ave  b een  d e s c r ib e d , and no t enough c o n c e rn  

h as  b een  g iven  to  th e  co m p o sitio n  of th e  t e s t  w all; p e rh a p s  

s il ic if ic a t io n  h a s  b e e n  e x tre m e ly  s e le c tiv e  in  re p la c in g  only 

c e r ta in  ty p es  of F o ra m in if e r a ,  o r  en v iro n m e n ta l cond itions 

d iffe r in g  so  m uch  in  v a r io u s  a r e a s  have p ro m o te d  s i l ic if ic a tio n  

in  one a r e a  and no t in  a n o th e r .

A t p re s e n t  s ta te  of know ledge of w a ll s t r u c tu r e  and co m p o sitio n  

of P a le o z o ic  s m a l le r  F o ra m in if e r a ,  no sw eep ing  co n c lu s io n s  

shou ld  be  a tte m p te d  w hich b e a r  upon th e -n o m e n c la tu re  of g e n e ra  

and id ea s  of phylogeny . A ssu m p tio n s  a s  to  w all s t r u c tu r e ,  a s  y e t 

u n v e r if ie d , can  not b e  u se d  a s  g u id es in  s y s te m a tic  s . I b e lie v e  th a t 

p ro b le m s  of w all co m p o sitio n  and  s t r u c tu r e  a r e  m uch  m o re  co m p lex  

th an  g e n e ra lly  re c o g n iz e d  and th a t  th e  v e ry  foundations of
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fo ra m in ife ra l  s y s te m a tic s  is  w eakened  b y  o u r la c k  of ex ac t know ledge, 

m o s t p a r t ic u la r ly  am ong a d v en titio u s  F o ra m in ife ra .

H y p e ram m in a  c a s t e r i , n . sp .

P I. 4, f ig s . 1 ~ 18; P I . 10, f ig s . 7, 8; F ig s .  6, 7.

d e s c r ip t io n . - M eg a lo sp h e ric  fo rm : t e s t  c o n s is ts  of a  p ro lo c u lu s  

of v a ry in g  sh ap e  (o b la te  to  s p h e r ic a l  to  so m ew h at po in ted  p ro la te  to  

ro u n d ed  p ro la te )  and  a  s tr a ig h t  to  n e a r ly  s tr a ig h t  second  c h a m b e r 

w hich  g ra d u a lly  and m o re  o r  le s s  r e g u la r ly  expands f ro m  a  d ia m e te r  

le s s  th an  th a t  of th e  p ro lo c u lu s  to  a  d ia m e te r  g r e a te r  th an  th a t  of 

th e  p ro lo c u lu s ; in  a  few  in s ta n c e s ,  th e  t e s t  ta p e r s  to w ard  th e  a p e r tu r e  

a f te r  having  expanded  s lig h tly  in  th a t  d ire c tio n ; m o st t e s t s  show  fa in t 

to  m o d e ra te  e x te rn a l  c o n s tr ic t io n s  a t i r r e g u la r  in te rv a ls ;  t e s t  s iz e  

v a r ie s  g re a tly , w ith  so m e  sp e c ie m n s  a s  m uch  a s  th re e  t im e s  l a r g e r  

th an  o th e rs  and w ith  a l l  sb z e s  b e tw een  re p re s e n te d  by yet o th e r  

sp e c im e n s ; n e a r ly  a l l  sp e c im e n s  a r e  f la tte n e d  so  th a t m e a s u re m e n ts  

o th e r  th an  len g th  a r e  e x a g g e ra te d  about o n e -a n d -o n e - th ird  t im e s  th e i r  

o r ig in a l  s iz e ;  a p e r tu r e  fo rm e d  by s lig h tly  to  m o d e ra te ly  c o n s tr ic te d  end 

of tu b e ; a p e r tu r a l  end of m o s t sp e c im e n s  b ro k en ; te s t  w a ll opaque to
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t r a n s lu s c e n t  and g e n e ra lly  r a th e r  sm oo th  w ith  la rg e  p ro p o rtio n s  of 

s ilic e o u s  ce m en t, b u t w a ll m ay  be  r a th e r  g ra n u la r  w ith  a  l e s s e r  

p ro p o rtio n  of cem en t; c o lo r  of w all v a r ie s  f ro m  w hite to  c re a m  

to  g ra y .

M ic ro sp h e r ic  fo rm : t e s t  c o n s is ts  of a  tin y  po in ted  p ro lo c u lu s  

and a  r a th e r  ra p id ly  expanding seco n d  c h am b er w hich c e a s e s  to  

expand a f te r  ach iev ing  c o n s id e ra b le  len g th ; th e  g e n e ra l  shap e  of th e  

t e s t  i s  th a t of an  e lo n g a ted  cone; th e  p ro lo c u li of so m e sp e c im e n s  

a r e  e x tre m e ly  long and po in ted ; th e  po in ted  tip s  of th e  tin y  p ro lo c u li i  

a r e  b ro k e n  off of m any  sp e c im e n s ; a p e r tu re  fo rm e d  b y  s lig h t 

c o n s tr ic t io n  of open end of cone, h o w ev er, th e  a p e r tu r a l  end is  

u su a lly  b ro k en ; n e a r ly  a l l  sp e c im e n s  a r e  f la tte n e d  as  in  the 

m e g a lo sp h e ric  fo rm ; m e a s u re m e n ts  of len g th  of t e s t  c o r re c te d  

fo r  d is to r t io n  show  th a t th e  t e s t  w as about th re e  tim e s  to  s ix  t im e s  

lo n g e r  th an  b ro ad ; a  few  te s t s  show  le s s  ex pansion  of th e  second  

c h a m b e r and have th e  len g th  about sev en  t im e s  lo n g e r th a n  th e  w idth; 

in  o th e r  r e s p e c ts  th e  m ic ro s p h e r ic  fo rm  c lo se ly  r e s e m b le s  th e  

m e g a lo sp h e ric  fo rm .

M e a su re m e n ts . -  See T ab le  9 fo r  m e a s u re m e n ts  of th e  m e g a lo sp h e ric  

fo rm  and T a b le  10 fo r m e a s u re m e n s t of th e  m ic ro s p h e r ic  fo rm  of 

H y p eram m in a  c a s t e r i . T ab le  11 show s the  ran g e  in  m e a s u re m e n ts
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of H. c a s t e r i , a c o m p a r iso n  in  th e  ra n g e s  of th e  m e a s u re m e n ts  of 

H. c a s te r i  a nd H. g la b ra , and the  ra n g e s  of th e  m e a s u re m e n ts  of th e  

t e s t s  of H. c a s te r i  w hich have  b een  h y p o th e tic a lly  r e s to r e d  to  th e i r  

o r ig in a l  d im e n s io n s , b e fo re  f la tte n in g  o c c u r re d .

C o m p a riso n  and  a f f in i t ie s . -  T h e  m e g a lo sp h e r ic  fo rm  of H y p eram m in a  

c a s t e r i  i s som ew hat s im i la r  to  th e  m e g a lo sp h e ric  fo rm  of H. g la b ra  

C u sh m an  and W a te rs  (1927, p . 146); h o w ev er, H. c a s te r i  is  

p ro p o rtio n a lly  b ro a d e r ,  w ith  a m ax im u m  d ia m e te r  (fo r a  g iven  

length) a tta in in g  n e a r ly  th re e  t im e s  th a t of JEL g la b ra  and a  p ro lo c u lu s  

d ia m e te r  ran g in g  to  n e a r ly  tw o -a n d -o n e -h a lf  t im e s  g r e a te r  th an  

th a t of H. g la b ra .

T he m ic ro s p h e r ic  fo rm  of H y p e ram m in a  c a s t e r i  is  d is t in c t  f ro m  

a ll  fo rm s  of H y p eram m in a  in .:th ,erpresent s tu d y  b e c a u se  of i ts  co n ic a l 

sh ap e ; h o w ev er, th e  m ic ro s p h e r ic  fo rm  is  s im i la r  in  i ts  c o n ic a l 

sh ap e  to  H. expansus (P lu m m e r)  (1945, pp. 223, 224). H. ex pansus 

expands a t a  m uch f a s te r  r a te  th an  does H. c a s t e r i  and in  g e n e ra l  

h as  a l a r g e r  p ro lo c u lu s . P lu m m e r  did not g ive m e a s u re m e n ts  fo r  

th e  p ro lo c u lu s  of H^ ex p a n su s , b u t th e  p ro lo c u li  of th re e  topo types 

(fro m  P lu m m e r 's  L o c a lity  No. 128) ran g e  f ro m  .042  to  .067  p irn  

in  d ia m e te r .  A lso , th e  m ic ro s p h e r ic  fo rm  of H. c a s t e r i  r e s e m b le s  

H. jo h n sv a lle y e n s is  H a rlto n  (1933, p . 8). T he m ic ro s p h e r ic  fo rm  of
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Table 9- M easurements of Hyperammina caste ri , 
spheric form, in mm.

ix. sp. , megalo-

number diam. length. max. min. locality- number, forma- 
o£ of diam. diam. tion and bed number
proloc. tost

1 - . 168 . 545 . 155 . 126

2, PI. 4, figs. 
14, 15

. 335 2. 100 . 420. . 302

3 . 425 1. 150 . 325 . 300

4 . 233 - 950 . 225 . 153

5 ----- . 750 . 335 . 302

6 . 250 . 900 . 260 . 225

7 .201 . 940 . 244 . 198

S . 252 . 872 .23 54 . 185

9 . 185 . 790. . 193 . 151

lO, F I. 4, fig 5 -193qt . 704 . 193 . 138

11 ----- 1. 042 . 260 . 193

12. FI. 4, fig. 18 . 450 1. 625 . 450 . 350

13, FI. 4, fig. 17 . 250 1. 550 . 300 . 190

14 . 300 1. 650 . 3 50 . 250

1 5 ----- 1. 650 . 650 . 450

16 . 176 .73 8 . 160 . 118

17 . 134 . 760 . 134 . 092

18, FI. 4, fig. 7 . 120 . 840q . 151 . 080

19 ___ 1. 172 .319 . 244

K-66, Rothwell, bed. S

EC—13, Brodhead, bed. XO

EC—31, New Providence, 
bed. XO

Y *

0 —3, Cuyahoga, bed 3

EC—31, New Providence, 
bed 5

EC—5, New Providence, 
bed 4

EC—38, New Providence, 
bed T

EC—3, New Providence, 
bed 2

EC—31, New Providence, 
bed 2,

EC —3T, New Providence, 
bed 7

EC—36, New Providence, 
bed 5

EC—34, New Providence, 
bed 7

20 ----- 1. 006 . 252 . 193

21 . 185 . 554 . 201 . ISO

22 . 168 . 521 . 151 . 120

23, FI. 4, fig.. 9 . 244 1. 126 . 270 . 210

24 ----- 1. 376 . 269 .218

25 . 176 . 670 . 201 . 151

26 . 350 1. lOO . 300 . 275

27 . 250 2. 325 . 400 . 200

28, FI. lO, fig. 7 . 225 1. 350 . 300 . 200

29 ----- 1. 475 . 500 .350

30, FI. 4, fig. 3 . 134 . 924 . 164 . 109

31 ----- 1. 042q . 23 5 . 176

32 . 252 . 790 . 235 . 168

33 ----- 1. 208 .201 .118

34 ___ . 670 . 134 . 088

K—34, New Providence, 
bed 7

1—3, New Providence, bed 
1

EC—16, New Providence, 
bed 3

EC-13, New
bed 5

EC—31, New Providence, 
bed 2.

EC—12, New Providence, 
bed 2

EC—36, New Providence, 
bed 2

EC—11, New Providence, 
bed 2

EC—17, New Providence, 
bed 3

EC—5, Palling Run, bed 1
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Table lO. M easurements of Hyperammina casteri,' rx_ sp. , 
m icrospheric form , in mm.

specimen number diam. dength max. min. locality  number, form a -
of of diam. diam. tion, and bed number
proloc. test

1 y- —  — . 840 . 285 . 025

2 -------- . 670 .235 . 025

3 - - r .53 7 . 269 . 067

4 -------- . 772 .218 . 084

5 -------- . 586 . 201. . 050

6 -------- . 521 . 260 . 050

7 . 025 . 503 . 185 . 025

S . 018 . 319 . 134 . 018

9 -------- . 740 . 201 . 067

102 -------- .335 . 168 . 033

11 ----- . 622 . 252 . 084

12 . 075 . 688 . 151 . 075

13 ----- . 740 .319 . 059

14, PI. 4, fig. 6 . 025 . 780 . 218 . 025

15 -------- . 640 . 151 . 033

16, PI. 4, fig. 16 --------- 1. 260 . 425 . 142

17 -------- . 940 . 470 . 168

18 . 033 . 487 . 218 . 033

19 . 025 .355 . 151 . 025

20 ----- . 658 . 269 . 134

21, PI. 4, fig. 8 -------- . 604 . 168 . 025

22, PI. 4, fig. 11 . 075 . 806 . 252 . 075

23, PI. 4, fig. lO ----- . 746 . 319 . 168

24 . 050 . 924 . 151 . 050

25 -------- . 560 . 185 . 067

26 ----- . 490 . 190 . 042

27 ----- . 688 . 168 . 067

28 ----- . 521 . 218 . 028

29, FI. 4, fig- 1, 
holotype

. 033 1. 140 . 285 . 033

30, PI. 4, fig. 2 . 050 . 772 . 302 . 050

31 ----- . 607 . 386 . 176

32 . 033 . 487 . 105 . 030

33 . 025 . 670 . 193 . 025

34, PX. 4, fig. 4 ----- . 570 . 302 . 067

35 . 050 . 487 . 126 . 042

36 .. 025 . 640 . 218 . 025

37, PI. 4, fig. 13 .018 .586 . 201 . 018

38 _____ ___ . 604 . 244 . 055

EC—43, New
bed 5

0  — 3, Cuyahoga, bed 3

EC—44, -New Providence, 
bed 6

0 —7, Cuyahoga, bed 6

EC—43, New Providence, 
bed 4 

EC—50, New 
bed 6 

EC-62, New 
bed lO 

EC-3, New 
bed 2

0  — 2, Vanceburg, bed 6 

0-2  ”

EC—3 7, New Providence, 
bed 7

EC—34, New IProviderce, 
bed 7

1—3, New Providence, 
bed X

EC—11, New Providence, 
bed 5

EC—57, New Providence, 
bed 3

EC—16, New 

bed 3

EC—62, Henley, bed S

EC—6 0, Henley, bed 2

0  — 6, Henl ey, bed lO

EC-IS, New Providencf 
bed 4

X —4, New Providence, 
bed 3

C> — 6, Henley, bed lO

EC—60, Henley, bed 2

EC—36, New Providence, 
bed 1

0 —7, Cuyahoga, bed 4

EC—13, New Providence, 
bed 3

EC—5, Falling Run, bed 1

EC—64, Bedford, bed 1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



197

T ab le  11. R ange in  m e a s u re m e n ts  of H y p e ra tn ta in a  c a s t e r i , n . sp . 
in  m m , and c o m p a r iso n  w ith  H, g la b ra  C ushm an  and 
W aters.-: r. ■

H y p eram m in a  c a s t e r i  H, g la b ra
m e g a lo sp h e ric  m ic ro s p h e r ic  m e g a lo sp h e ric

D iam . of p r o lo c . : . 120-. 450 .0 1 8 -. 075 .150

L en g th  of te s t :  up to  2. 30 up to  1. 26 up to  3. 00

M axim um  d iam . : . 134-. 650 .1 0 5 -. 470 .1 2 0 -. 200

M inim um  d ia m .: . 0 8 0 -. 350 .0 1 8 - .  075 ----

R e s to re d  ra n g e s

D iam . of p r o lo c . : .1 2 0 -. 360 .0 1 5 -, 060

M axim um  diamet* .1 0 7 -. 520 . 0 8 4 -. 380

M inim um  d ia m .: .0 8 0 - .  280 .0 1 5 - .  060

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission



198

H. c a s t e r i  s u p e rf ic ia lly  r e s e m b le s  R eophax  b u c in n a  G u tschbck  and 

T re c k m a n  (1959, pp . 239, 240), b u t R . b u c in n a  h as  a  m u ch  l a r g e r  

p ro lo c u lu s  (. 08 to  .10  m m ), and i ts  t e s t  is  p a r t ia l ly  c o n s tr ic te d  

in te rn a lly .  The g e n e r ic  p o s itio n  of R . b u c in n a  is  in  doubt.

T he m e g a lo sp h e ric  and m ic ro s p h e r ic  fo rm s  of H y p eram m in a  

c a s t e r i  tak en  to g e th e r  a r e  ro u g h ly  s im i la r  in  a p p e a ra n c e  to  

th e  m e g a lo sp h e ric  and m ic ro s p h e r ic  fo rm s  of H. e leg an s  (C u sh m an  

and W ate rs) (1928, p . 36). H ow ever, H^ e leg an s  is  v e ry  m uch  

l a r g e r  (up to  5 m m  long and 1 m m  in  d ia m e te r )  and is  m o re  s tro n g ly  

c o n s tr ic te d .

T y p e  locality .;-- . Ones m ile  ovest oR. JacobpaG hap.el* C la rk . Coj.1; T n d . 

{^Locality 1-4). T he ho lo type is  f ro m  the  lo w e r  3 fe e t of th e  New 

P ro v id e n c e  fo rm a tio n  (B ed 3).

Type d ep o s itio n . -  H olotype and f ig u re d  p a ra ty p e s  a r e  

d e p o s ite d  in  th e  U. S. N atl. M useum  (C. F .  C . ):

H olo type, no .

F ig u re d  p a ra ty p e s , n o s .

In  ad d itio n , u n fig u red  p a ra ty p e s  a r e  d e p o s ite d  in  the  follow ing 

in s ti tu tio n s :

P . R . I . , n o ; .

U. C . , no.
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U .N .D . , no.

B .M . ( N .H .) ,  no.

S tra tig ra p h ic  o c c u r re n c e . -  H y p e ram m in a  c a s t e r i  h as  a w id e r 

s tr a t ig ra p h ic  ran g e  th an  do th e  o th e r  sp e c ie s  of th e  genus e n c o u n te red  

in  th is  s tudy . T he s p e c ie s  ra n g e s  in  K entucky  f ro m  th e  U pper D evonian  

p a r t  of th e  New A lbany  b la c k  sh a le  up w ard  and th ro u g h o u t th e  K in d e r - 

h ook ian  and O sag ian ; in  th e  M e ra m e c ia n  th e  sp e c ie s  h as  b e e n  found 

only  in  th e  S o m e rs e t  s h a le  m e m b e r  of th e  S a lem  lim e s to n e ; in  th e  

C h e s te r ia n  H. c a s te r i  o c c u rs  in  th e  u p p er p a r t  of th e  P en n in g to n  

sh a le , w hile  q u e s tio n ab le  sp e c im e n s  of H. c a s te r i  w e re  found in  

th e  sh a ly  p a r t  of th e  P a in t  C re e k  and M en ard  l im e s to n e . T he 

s p e c ie s  o c c u rs  in  th e  K in d erh o o k ian  and O sag ian  of so u th e rn  

In d ia n a . In O hio, H. c a s t e r i  h as  b een  found in  th e  O sag ian  C uyahoga 

fo rm a tio n . H. c a s t e r i  o c c u rs  r a th e r  o ften  (in  th e  K in d erh o o k ian  and 

th e  lo w er O sagian) in  a s s o c ia t io n  w ith  II. ro c k fo rd e n s is  and le s s  

o ften  in  a s s o c ia tio n  w ith  H. k e n tu c k y e n s is , w ith in  th e  O sag ian  

se q u en ce . (See C h a r ts  3 -2 2  fo r  d e ta ils  of o c c u r re n c e  of H. c a s t e r i  

in  th e  M is s is s ip p ia n .)

E c o lo g y . - H y p e ra m m in a  c a s t e r i  oc c u rs  in  a  w ide v a r ie ty  of 

sh a le s  (c a lc a re o u s  and  n o n -c a lc a re o u s ) ,  sh a ly  s i l ts to n e s ,  and sh a ly  

s a n d s to n e s ; th u s , lik e  In v o lu tin a  s e m ic o n s tr ic ta  th e  s p e c ie s  a.;
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w as to le ra n t  of a  w ide ra n g e  of e n v iro n m e n ta l co n d itio n s . T h e re  is  no 

g ra d u a l change in  s iz e  w ith  d e c re a s in g  geo log ic  ag e , n o r  a p p a re n tly  

any  o th e r  change in  th e  m o rp h o lo g y  w hich  can  b e  c o r re la te d  w ith  

s tr a t ig ra p h ic  le v e l.  V a rio u s  s iz e d  sp e c im e n s  a r e  found even  in  

th e  s a m e  sa m p le . T he g r e a t  v a r ie ty  in  s iz e  and shape  a s su m e d  by 

H . c a s t e r i  m ay  in d ica te  th a t p o ly m o rp h ism  e x is ts  w ith in  th e  sp e c ie s  

r a t h e j  th an  th e  s p e c ie s  hav ing  s im p le  a lte rn a t io n  of m ic ro s p h e r ic  

and m e g a lo sp h e r ic  g e n e ra tio n s .

R e m a r k s . -  T h is  new  s p e c ie s  is  n am ed  in  h o n o r of D r . K. E . C a s te r ,  

P r o f e s s o r  of G eology a t th e  U n iv e rs ity  of C in c in n a ti.

H y p e ram m in a  k en tu ck y e n s is  Conkin, 1954

P I . 5, f ig s . 139r P I . 10, fig . 9; F ig . 8

H y p e ra m m in a  k en tu ck y en s is  Conkin, J .  E . , 1954, C ushm an  

F ound . F o ra m . R e s e a rc h , C o n tr . , v . 5, p t. 4, pp. 166, 167, 

p i. 31, f ig s . 1 -6 .

D e s c r ip t io n . - Conkin gave th is  sp ec ific  d e s c r ip tio n  of 

H y p e ra m m in a  k e n tu c k y e n s is :
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"M eg a lo sp h e ric  fo rm  show s an ob la te  

p ro lo c u lu s  and a  m o d e ra te ly  c u rv ed , undiv ided  

second  c h a m b e r , ta p e r in g  in itia lly  to w a rd  th e  

a p e r tu re ,  th e n  expanding to w ard  the  a p e r tu re  

th e  re m a in d e r  of the  t e s t ,  p ro d u c in g  a  neck ing  

a t the  p o s itio n  of r e v e r s a l  of d ire c tio n  of r 

ta p e r in g  (th is  double ta p e r in g  of th e  e a r ly  

p a r t  of th e  seco n d  c h a m b e r is  h e re in  te rm e d  

'h o u rg la s s  ta p e r in g ') ;  t e s t  m o d e ra te ly  

c o n s tr ic te d  e x te rn a lly  a t i r r e g u la r  in te rv a ls ;  

p a r t  of t e s t  b e tw een  l a s t  c o n s tr ic tio n  and 

m o d e ra te ly  c o n s tr ic te d  a p e r tu re ,  s lig h tly  

in fla ted  fo rm in g  a  d is tin c t lip  w hich ran g e s  

up to  16 p e rc e n t of th e  to ta l  len g th  of the 

te s t ;  w all c re a m  c o lo re d  and sm oo th ly  

f in ish e d , co n s is tin g  of m inu te  s ilic e o u s  

g ra in s  in  s il ic e o u s  cem en t; r a r e ly  a  sp ec im e n  

ap p ro a ch e s  a  c y lin d r ic a l  shape . . . .  bu t 

th is  is  m e re ly  an  in d iv id u a l a b b e ra tio n  

w ith in  the  s p e c ie s .

"M ic ro sp h e ric  fo rm  s h o r te r ,  s to u te r ,  and 

le s s  cu rv ed  th an  m e g a lo sp h e ric  fo rm ; p ro lo c u lu s  

of a l l  m ic ro s p h e r ic  fo rm s  b ro k en
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off; v e ry  e a r ly  p a r t  ( le s s  th an  10 p e rc e n t of 

to ta l le n g th  of seco n d  ch am b er) n a rro w , and 

v e ry  g ra d u a lly  expanding , fo llow ed  by a ra p id  

expansion , and th e r e a f te r  ap p ro ach in g  a 

c y lin d r ic a l  shafxe, b u t a lw ays re ta in in g  a  d e fin ­

i te  expansion ; . . . .  a p e r tu re  s lig h tly  con­

s tr ic te d ;  l ip  as  in  m e g a lo sp h e ric  fo rm ; 

w all s a m e  as  in  m e g a lo sp h e r ic  fo rm ; b p il 

th ic k e r  e"

M e a su re m e n ts . - See C onkin (1954, p. 166) fo r  m e a s u re m e n ts  

of type sp e c im e n s , T ab le  12 (th is  p ap er)  fo r  m e a s u re m e n ts  of h y po- 

type s , and T ab le  13 fo r  ra n g e  in  th e  m e a s u re m e n ts .

C o m p a riso n  and a f f in i t ie s . - H y p e ram m in a  k en tu ck y en s is  

w as o r ig in a lly  co m p a re d  to  H. g la b ra ' C ushm an  and W a te rs ,

1927, a s  fo llow s (Conkin, 1954, p . 167);

"T h e  m e g a lo sp h e r ic  fo rm  of H y p eram m in a  

ken tU ckyensis d if fe rs  f ro m  th e  m e g a lo sp h e ric  

fo rm  of H. g la b ra ' in  hav ing  ; (1) n u m ero u s  

m o d e ra te ly  d ev elo p ed , though d is t in c t ,  e x te rn a l 

c o n s tr ic t io n s , (2) p ro n o u n ced  ’h o u rg la s s ' t a p e r ­

ing  of the e a r ly  p a r t  of th e  seco n d  c h a m b e r , (3) 

d is t in c t  lip  s t r u c tu r e ,  and (4) o b la te  p ro lo c u lu s . . .  .
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Table 12. M easurements o£ Hypex*ammina lg.eTrtiaclcyeiisls Conkin,
19 54, 

specimen number

in mTn. 

diam. length. max. xnin. locality number,

1, PI. 5, fig. 2

of
proloc .

. lOl . 781

diam.

.118

diam. 

. 084

formation, and. bed 
number

K-5, Floyds Knob,
topotype 

2, PI. 5, fig. 1 . 067 1. 208 . 087 . 050
bed 1 

«■

topotype 
3, PI. 5, fig. 3 . 092 . 915 . 112 . 084 Tf

topotyp e 
4 -------- 1. 629 . 226 . 185 xx

5 . 105 . 554 .09 5 . 067 K—20, B rodhead,

6 -------- . 675 . 118 . 067
bed 2 
>x

7 -------- 1. 260 . X26 . 075 rf

8 -------- 1.118 . 252 . 142 «t

9 _____ . 974 .185 . 084 K—33, B rodhead,

lO, PI. 5, fig. 9 . 126 . 858 .109 . 075
bed 2

X—2, Button Ivlold Knob,

11 . 143 . 604 . 105 . 092
bed 1

XX

12 -------- . 525 . 118 . 050 XX

13, PI. 5, fig. 7 -------- . 604 . 118 . 060 XX

14 . 109 . 586 . 092 . 075 K—32, New Providence,

15, PI. 5, fig. 5 . 120 . 850 . 118 . 084
bed 5

XX

1 6 . 151 . 850 . 126 . 105 *t

17 . 137 .43 6 . lOl . lOl II

18, PI. 5, fig. 6 -------- 1. 083 . 134 . 055 II

19 -------- . 974 . 218 . 168 fl

20, PI. 5, fig. 4 -------- 1. lOO . 134 . 067 XX

21, P I. 5, fig. 8 . 126 . 704 . 105 . 069 K—6, Button h/f old

22 . 109 . 570 . lOl . 075
Knob , b ed 5

IX

23 -------- . 849 . 134 . 067 XX

24 . 151 . 780 . 151 . lOl K—2, Button Mold

25 . 176 . 850 . 134 . lOl
Knob, bed 4
XI

26 . 109 .49 6 . 092 . 080 K—2, Button Id old

27 . 168 . 554 . 126 . 118
Knob, bed 2 

K—2, Coral Ridge,

28 .168 . 688 . 160 . 120
bed 1

I X

29 ___ . 53 7 . 10 5 . 067 I X
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T ab le  13. R ange in  m e a s u re m e n ts  of H y p eram m in a  k e n tu ck y en s is  
Conkin, 1954, in  m m .

D ia m e te r  of p ro lo c u lu s : .0 6 7 - .  176

L en g th  of te s t :  . 4 3 6 -. 629

M axim um  d ia m e te r ;  . 0 9 2 2 5 2

M inim um  d ia m e te r :  . 0 5 0 1 2 0

D ia m e te r  of lip : . 0 8 7 2 4 4

D ia m e te r  of a p e r tu re :  ,0 2 5 - .  134
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The m ic ro s p h e r ic  fo rm  of H y p eram m in a  

k en tu ck y en sis  h as  no c lo se  a ff in itie s  to  any 

known m ic ro s p h e r ic  fo rm  of H y p e ram m in a . "

G u tsc h tc k  and T recjcm an  (1959, p . 238) d e s c r ib e d  a  hew  s p e c ie s , 

H y p eram m in a  ro c k fo rd e n s is , a s  hav ing  v e ry  c lo se  a ffin itie s  to  

H. e leg an s R a u s e r -C e rn o u s so v a  and R e it l in g e r , 1937 and to  

H. k en tu ck y en sis  Conkin, 1954.

In  th e  p re s e n t p a p e r  (u n d er H y p eram m in a  ro c k fo rd e n s is ) I 

docum ent th e  d e r iv a tio n  of H^ k en tu ck y en sis  f ro m  H ^ ro c k fo rd e n s is  

(o r s ta te d  an o th e r w ay, the  tra n s fo rm a tio n  in  tim e  of H. re c k fo rd -  

e n s is  in to  H. k e n tu c k y e n s is ) .

A lthough th e  two sp e c ie s  a r e  in tim a te ly  r e la te d  and H y p eram m in a  

k en tu ck y en sis  is  d e r iv e d  f ro m  H. ro c k fo rd e n s is , H . k en tu ck y en sis  

d iffe rs  f ro m J L  ro c k fo rd e n s is  in  having: (1) d is t in c t  h o u rg la ss  

ta p e r in g , (2) the  second  c h a m b e r  expanding m o re  rap id ly , (3) d is tin c t 

c o n s tr ic t io n s , and (4) r a th e r  le s s  g ra n u la r i ty  to  th e  t e s t  w all.

T ype lo c a li ty . - T h is  sp e c ie s  w as d e s c r ib e d  by Conkin (1954, 

pp . 166, 167) f ro m  th e  M is s is s ip p ia n  (u p p er O sagian) F lo y d s 

Knob fo rm a tio n  (B ed 1) on the  n o rth  s id e  of M itch e ll H ill in  

so u th w e s te rn  J e f fe rs o n  County, K entucky (L o c a lity  K -5).
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Type d e p o s itio n . - The o r ig in a l ty p es  of H y p e ra m m in a  k en tu c k y en s is  

w e re  d ep o sited  in  20 in s titu tio n s  in  th e  U. S. , inc lud ing  th e  U. S.

N ational M useum , C ushm an  F o ra m in if e r a l  c o lle c tio n , ho lo type  

no. 64548 and five p a ra ty p e s  n o s . 64549-64553. P a ra ty p e s  w e re  

a lso  d ep o s ite d  in  in s titu tio n s  in  s ix  fo rie g n  c o u n tr ie s .  (See C onkin, 

1953, pp. 166, 167) fo r  in s titu tio n s  and type  n u m b ers)

H ypotypes a r e  d ep o s ited  in  th e  U. S. N atl. M useum  (C . F .  C . ):

F ig u re d  h y p o ty p es , n o s .

In add itio n , u n fig u red  h y p o ty p es  a r e  d e p o s ite d  in  th e  fo llow ing 

in s ti tu tio n s :

P . R . I. , no.

U. C . , no .

U. N. D. , no.

B. M. (N. H . ), no.

S tra tig ra p h ic  o c c u r re n c e . - H y p e ram m in a  k en tu c k y e n s is  is  

r e s t r i c te d  to  b eds of O sag ian  age in  K entucky and so u th e rn  In d ian a; 

th e  sp e c ie s  is  not known f ro m  th e  M is s is s ip p ia n  of Ohio o r  T e n n e ss e e . 

(See C h a rts  3 -6 , 8, 9, 11 -13 , 17-19 and 22 fo r d e ta ils  of o c c u r re n c e .)

E co lo g y . - H y p e ram m in a  k en tu c k y en s is  i s b e s t  dev e lo p ed  and m o st 

abundant in  th e  coqu inas of th e  F lo y d s  Knob fo rm a tio n  a s  p re s e n te d  

a t  th e  ty p e  lo c a lity . The n a tu re  of th e  F lo y d s  Knob fo rm a tio n  h as  

n e v e r  b een  s tu d ied  in  d e ta il  ex cep t fo r  th e  t ra c in g  of i ts  d is tr ib u tio n
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and s ig n if ic a n c e  a s  a  d a tu m  w ith in  th e  O sag ian  ro c k s  of K entucky  

and so u th e rn  In d ian a  (S to ck d a le , 1931), T he u n iv e r s a l  p r e s e n c e  of 

g lau co n ite  g ra in s  o r  p e l le ts ,  coup led  w ith  th e  p re s e n c e  in  so m e  

p la c e s  of ro u n d ed  to  a n g u la r  p eb b les  of lim e s to n e  n e a r  th e  b a s e  o r 

w ith in  th e  fo rm a tio n , s tro n g ly  su g g e s ts  u n co n fo rm ity , o r  c e r ta in ly  

n e a r  s h o re  d e p o s itio n . T h is  co n c lu s io n  is  f u r th e r  su p p o rte d  by  th e  

co q u in a  of abundan t b rac h io p o d  f ra g m e n ts  and o th e r  in v e r te b ra te  

f ra g m e n ta l  r e m a in s .  S ig n ifican t p o r tio n s  of th e  fo rm a tio n  a r e  in  

p la c e s  co m p o sed  of b ed s  of o tilitic  l im e s to n e s .  T he o r ig in  of and 

th e  c h e m ic a l and p h y s ic a l en v iro n m e n t of d ep o s itio n  of oBlilic b ed s  

is  w e ll know n. O d lites  to d ay  a r e  fo rm e d  in  m a r in e  w a te rs  th a t a r e  

of h igh  a lk a lin ity  (and  th u s  s u p e r s a tu ra te d  w ith c a lc a re o u s  s a l ts ) ,  

h igh  pH, t ro p ic a l  te m p e r a tu re ,  and sh a llo w  dep th , a s  in  sh o a l 

a r e a s  w h ere  a g ita tio n  of w a te r  by  w aves c a u se s  th e  fo rm a tio n  of 

c o n c e n tr ic  bands of c a lc iu m  c a rb o n a te  a ro u n d  so m e  fo re ig n  p a r t ic le  

a s  a n u c le u s . (F o r  e c o lo g ic a l s ig n if ic a n c e  of oB litic l im e s to n e s ,  

s e e  H enson , 1950, pp . 215-238 , and  C onkin and C onkin, 1958, 

p . 151.)

In m o s t a r e a s ,  th e  F lo y d s Knob fo rm a tio n  is  a  g lau co n itic  

l im e s to n e  a n d /o r  s i l ts to n e . W here  th e  l im e s to n e  is  a b se n t o r  

p o o rly  developed , t e s t s ,  of H y p e ram m in a  k en tu ck y en s is  a r e  d is to r te d  

in  a p p e a ra n c e  and g e n e ra lly  s m a l le r  in  s iz e . A m ong th e s e  a p p a re n tly
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d e p a u p e ra te  fo rm s  th e re  is  o c c a s io n a lly  found a  "g ian t"  (T ab le  12, 

sp ec im e n  no. 8).

H y p eram m in a  k en tu ck y en s is  is  known to  be  w ell d ev e lo p ed , but 

of s m a lle r  s iz e , in  th e  New P ro v id e n c e  fo rm a tio n , (p a r t ic u la r ly  in  

th e  c a lc a re o u s  sh a le s  of th e  B u tton  M old Knob m e m b e r); th e  sp e c ie s  

is  v e ry  r a r e  in  th e  C o ra l R idge m e m b e r  of th e  New P ro v id e n c e  

fo rm a tio n  in  w hich b eds th e  tra n s fo rm a tio n  f ro m  H. ro c k fo rd e n s is  to  

H. k en tu ck y en s is  o c c u r re d . T he s p e c ie s  is  le s s  w ell dev e lo p ed  in  th e  

s lig h tly  c a lc a re o u s  s il ts to n e s  of th e  B ro d h ead  fo rm a tio n . V e ry  

p ro b a b ly  th e  w a te r  w as coldeir in  New P ro v id e n c e  and B ro d h ead  tim e s  

th a n  in  F lo y d s  Knob tim e .

R e m a rk s . - H y p eram m in a  k en tu ck y en s is  is  p ro b ab ly  the  f i r s t  

s p e c ie s  of s m a l le r  F o ra m in if e r a  to  be  d e s c r ib e d  f ro m  th e  L ow er 

M is s is s ip p ia n  of N orth  A m e r ic a .

O nly a few  §peicixxrens:rjflthevs.everal h u n d red  s tu d ied  ex am p les  of 

H y p eram m in a  k en tu ck y en sis  ex h ib it s lig h t e f fe rv e sc e n c e  w ith  s tro n g  

h y d ro c h lo r ic  a c id . T h is  e f fe rv e sc e n c e  m ay  in d ic a te  th e  o r ig in a l 

p re s e n c e  of c a lc a re o u s  ce m e n t in  th e  t e s t  of H . k e n tu c k y e n s is . The 

ty p es  of H. k e n tu ck y en s is  d e s c r ib e d  f ro m  th e  lim estone^ofuthe F lo y d s 

Knob fo rm a tio n  in  J e f fe rs o n  C ounty , K entucky (C onkin, 1954) w e re  

r e c o v e re d  f ro m  a c id  re s id u e s .  A ny c a lc a re o u s  m a te r ia l  o r ig in a lly  

p r e s e n t  in  th e  t e s t  would have b een  d isso lv e d  b e fo re  th e  sp ec im e n s  

w e re  re c o v e re d .
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H y p eram m in a  ro c k fo rd e n s is  G uts chi, ck  and T re c k m a n , 1959

P I. 5, f ig s . 10-13; P I. 10, fig . 10; F ig . 9.

H y p e ram m in a  ro c k fo rd e n s is  G u tsc h ic k , R. C . , and T re c k m a n , J . F .  , 

1959, J o u r .  P a le o n t . , v. 33, no. 2, p . 238, p i. 34, f ig s . 1-5, 

te x t- f ig s .  1A -1C .

D e s c r ip t io n . -  T e s t c o n s is ts  of a  p ro la te  to  s p h e r ic a l  p ro lo cu lu s , 

th e  d ia m e te r  of w hich is  equal to  o r  g r e a te r  th an  th e  m ax im u m  

d ia m e te r  of the  second  c h a m b e r , and a s tr a ig h t  o r  n e a r ly  s tr a ig h t  

undiv ided  second  c h a m b e r  w hich e n la rg e s  only  s lig h tly  d is ta lly  so 

th a t  th e  a p e r tu ra l  reg io n  of th e  seco n d  ch a m b e r  is  only s lig h tly  

la r g e r  in  d ia m e te r  th an  th e  in i t ia l  p o rtio n  of th e  second  c h a m b e r; a  

s lig h t am ount of h o u rg la s s  ta p e r in g  is  no ted  on so m e  te s t s ;  t e s t  

s lig h tly  c o n s tr ic te d  e x te rn a lly ; a p e r tu r a l  end is  b ro k e n  off of a l l  

p r e s e n t  sp e c im e n s ; w all c o n s tru c te d  of fine  s il ic e o u s  g ra in s  in  

s il ic e o u s  cem en t; w a ll co lo r  w hite to  buff to  g ra y .

M e a su re m e n ts . - See T ab le  14 fo r  m e a s u re m e n ts  of p re s e n t  

sp ec im e n s  of H y p eram m in a  ro c k fo rd e n s is  and T a b le  15 fo r  ran g e  

in  m e a su re m e n ts  of th e  s p e c ie s .
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T ab le  14. M e a su re m e n ts  of H y p e ra m m in a  ro c k fo rd e n s is  G u tsch ic k
and T re c k m a n ,  1959, in  m m .

sp ec im e n  n u m b er d iam . le n g th  m ax . m in . lo c a li ty  n u m b er,
of of d iam . d iam . fo rm a tio n  and b ed  no.

1

p ro lo c . 

. 126

te s t

.4 3 6 .1 0 0 .0 8 4 K -3 , C o ra l R idge,

2 . 101 . 335 . 084 . 067
b ed  2 

K -39 , New P r o v i ­

3 . 118 . 403 . 084 . 070
d en ce , bed  5 

1-3, C o ra l R idge,

4 . 109 .3 6 9 . 050 . 050
bed  1 

K -58 , New P r o v i ­

5 . 134 .411 .0 7 5 .0 7 5
d en ce , b ed  3

i t

6 . 138 .3 6 9 . 084 . 084 it

7 . 105 . 328 . 067 . 055 i t

8 . 109 .3 6 9 . 067 .0 5 9 !l

9 . 134 .4 3 6 . 080 .0 7 0 ii

10, P I . 10, fig . . 105 . 521 .059 . 050 K -17 , New P ro v id e n c e ,

11
10

. 110 . 503 . 067 . 054
b ed  3

i t

12 . 126 . 420 . 084 . 070 i t

13 . 140 . 640 .101 .101 i t

14 . 112 .3 6 9 . 059 .0 5 9 K -57 , New P ro v id e n c e ,

15
1

. 118 . 420 . 075 .0 6 7
b ed  8  

i i

16 . 118 . 487 . 084 . 067 K -3 , Mew P ro v id e n c e ,

17 . 118 .4 3 6 . 092 . 084
b ed  2

K -13, New P ro v id e n c e ,

18 . 109 . 521 . 067 . 055
b ed  2

K -18, New P ro v id e n c e ,

19 . 126 . 658 . 092 . 067
b ed  3

K -12 , New P ro v id e n c e ,

20 . 151 .6 5 8 . 118 . 084
b ed  2

K -14 , New P ro v id e n c e ,

21 . 160 . 670 . 118 . 109
b e d  3

K -13 , New P ro v id e n c e .
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T ab le  15. R ange in  m e a s u re m e n ts  of Hyp e ra m m in a  ro c k fo rd e n s is  
G u tsch ick  and T re c k m a n , 1959 in  m m .

A s m e a s u re d  R e s to re d  O rig in a l types

D iam . of p ro lo c . . 0 9 2 -. 160 .0 9 2 - .  128 .1 1 0 - .  130

M axim um  d iam . .0 5 0 - .  118 . 0 4 0 -. 094 .0 9 0 - .  110

M inim um  d iam . . 0 5 0 -. 109 . 0 4 0 -. 087 .0 7 0 - .  090
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C o m p a riso n  and a f f in it ie s .  -  H y p eram m in a  ro c k fo rd e n s is  h a s  its  

c lo s e s t  a ff in itie s  to_H. k e n tu c k y e n s is , b u t II. ro c k fo rd e n s is  d if fe rs  

f ro m  IK k en tu ck y en s is  in  hav ing : (1) only s lig h t h o u rg la s s  ta p e r in g  

in  so m e  sp e c im e n s , (2) th e  seco n d  ch a m b e r  expanding only s lig h tly  

f ro m  th e  p ro x im a l to  th e  d is ta l  end so  th a t th e  p ro lo c u lu s  p o s s e s s e s  

th e  g r e a te s t  d ia m e te r  o b se rv e d  in  th e  w hole t e s t  (o r  a t  l e a s t  a  

d ia m e te r  equaled  only by  th e  g r e a te s t  d ia m e te r  of th e  second  

c h a m b e r) , (3) a  t e s t  only s lig h tly  to  m o d e ra te ly  c o n s tr ic te d  ( if  a t 

a ll) ,  and (4) r a th e r  m o re  g ra n u la r i ty  to  th e  t e s t  w all.

I t  a p p e a rs  th a t H y p e ram m in a  ro c k fo rd e n s is  is  the  a n c e s t r a l  

s to c k  f ro m  w hich H. k en tu ck y en s is  w as d e r iv e d . T his b e lie f  is  

b a se d  on s e v e ra l  c o n s id e ra tio n s . H. ro c k fo rd e n s is  h as  i ts  c lo s e s t  

a ff in itie s  to  H. k en tu ck y en s is  and is  d ire c t ly  su cceed ed  in  tim e  

by  H. k en tu ck y en s is  (H. k en tu ck y en s is  does not o cc u r  below  the  

O sag ian  and H. ro c k fo rd e n s is  is  ty p ic a lly  a  K inderhook ian  a p ec ie s  

known only  f ro m  th e  lo w er O sag ian ). The t ra n s i t io n  f ro m  H. r o c k ­

fo rd e n s is  to  H. k e n tu ck y en s is  o c c u r re d  in  C o ra l R idge tim e  

in a sm u c h  a s  few  sp ec im e n s  of H. ro c k fo rd e n s is  w e re  no ted  in  the 

B utton  M old Knob m e m b e r  and H. k en tu ck y en sis  is  in freq u e n tly  

en co u n te re d  in  th e  lo w er p a r t  of th e  C o ra l R idge m em b e r of th e  

N ew P ro v id e n c e  fo rm a tio n .
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The m o rp h o lo g ic a l  f e a tu re s  of H y p e ra m m in a  ro c k fo rd e n s is  

could be ,  w ith  m o d e ra te  ex ag g e ra t io n ,  m ad e  to  c o r re s p o n d  on a 

sp e c if ic  le v e l  to  the  m o rp h o lo g ic a l  f e a tu re s  of_H. k e n tu c k y e n s is . 

Indeed , r a r e l y  a  s p e c im e n  s e e m s  to  fit in e i th e r  sp e c ie s  and can  

be  id en tif ied  only  by  i ts  a s so c ia t io n  with d is t in c t iv e  fo rm s  of one 

o r  the  o th e r  s p e c ie s .  T hus ,  I b e l iev e  th a t  th e  m a te r ia l  p r e s e n te d  

in  the  K inderhook ian  H, ro c k fo rd e n s is  and the  lo w er  O sag ian  f o rm s  of 

H. k en tu ck y en s is  exh ib its  a s  w ell  a s  can  b e  hoped fo r  am ong 

P a le o z o ic  s im p le  a re n a c e o u s  F o r a m in i f e r a  the  t r a n s f o rm a t io n  of 

one sp e c ie s  in to  a n o th e r .  T he geologic  r a n g e ,  the  t im e  of f i r s t  

a p p e a ra n c e  of H. k e n tu c k y e n s is , the  t im e  of l a s t  o c c u r r e n c e  of 

H. r o c k fo r d e n s i s , and the  m o rp h o lo g ic a l  a f f in i t ie s  of the  tw olspiecies 

a r e  c o n s is te n t  with th e  in te rp re ta t io n  of th e  evolution of .H. k en tu ck y ­

en s is  from_H. ro c k fo rd e n s is .

Type deposit ion . - F ig u re d  hypotypes a r e  d ep o s ited  in 

the  U. S. N atl. M useum  (C. F .  C . ):

F ig u re d  hypo types, no s .

In addition , un figu red  hypotypes a r e  d ep o s ited  in  the  following 

in s t i tu t io n s :

P„ R. I. , no.

U. C . , no.
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U. N. D. , no.

B. M. ( N .H . ) ,  no.

, S t ra t ig ra p h ic  o c c u r r e n c e . - H y p e ra m m in a  ro c k fo rd e n s is  is  known

f r o m  the  K inderhook ian  R o ck fo rd  l im e s to n e  of n o r th e rn  Ind iana

(Gutschfcck and T re c k m a n ,  1959). The s p e c ie s  i s  h e r e in  re c o g n iz e d

f r o m  th e  U pper D evonian  B la c k is to n  fo rm a tio n ;  in  the  K inderhook ian , f r o m

th e  E u lie  and M aury  s h a le s  of T e n n e s s e e ,  the  F a l l in g  Run m e m b e r  of

the  S a n d e rso n  fo rm a t io n  and th e  J a c o b s  C hape l sh a le  of s o u th e rn

Ind iana . H. ro c k fo rd e n s is  was found to  o c c u r  e s p e c ia l ly  in  th e

C o ra l  Ridge m e m b e r  of th e  New P ro v id e n c e  fo rm a t io n  ii id -in  the' lo w er

few fe e t  of th e  New P ro v id e n c e  fo rm a t io n  w h e re  th e  C o ra l  R idge

m e m b e r  is  not re c o g n iz e d .  T he  sp e c ie s  o c c u r s  r a r e l y  in  th e  lo w e r  Button

Mold Knob m em b er;,  of th e  New P ro v id e n c e  fo rm a t io n  and in  th e  H enley

sh a le  of Ohio. The age  of the  v e r y  lo w es t  b ed s  (L ow er  C o ra l  Ridge m e m b e r)  . ..

of the  New P ro v id e n c e  fo rm a t io n  is  in  doubt. The L o w er  p a r t  of the

C o ra l  R idge m e m b e r  d o es  not con ta in  a  m e g a fo s s i l  fauna  and m ay

be p a r t ia l ly  K inderhook ian  in  age . Conkin (1957) ad eq u a te ly

d e m o n s t r a te d  a low O sag ian  age fo r  th e  o ld es t  known m e g a fo s s i l

ia iina f ro m  the  U pper p a r t  of th e  C o ra l  R idge m e m b e r  in  J e f f e r s o n

and B u lli t t  c o u n tie s ,  K entucky and C la rk ,  County, Ind iana . (See

C h a r ts  3 -6 ,  8 -13 , 16-18 , 21, and 22 fo r  d e ta i ls  of o c c u r r e n c e  ;of

H. ro c k fo rd e n s is  in  the  M is s i s s ip p ia n . )
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E c o lo g y . - In K entucky, m o 'sb sp ec im en so f  H y p e ra m m in a  

ro c k fo rd e n s is  a r e  found in  the  C o ra l  R idge m e m b e r  of th e  New 

P ro v id e n c e  fo rm a t io n ,  o r  equ iva len t p a r t s  of th e  New P ro v id e n c e  

fo rm a t io n ;  th e  c h a r a c t e r i s t i c s  of th e  C o ra l  R idge  m e m b e r  w e re  

g iven  by  Conkin (1957, p .  116):

"u p p e r  p a r t :  Shale , g r e e n - g r a y  to  b lu e -  

g ra y ,  w ith  i ro n s to n e  l e n s e s ,  i ro n s to n e  c o n e -  

in -c o n e s ,  f la t ,  v a r io u s ly  shaped , d a r k  g ra y  

to b lu e - g ra y ,  s m a l l  i ro n s to n e  n o d u les ,  so m e  

phosp h a tic  n o c u le s ,  r a r e  and th in  fe r ru g in o u s  

and fo s s i l i f e ro u s  l im e s to n e  l e n s e s ;  p y r i t iz e d ,

m a r c a s a t i z e d ,  and s i l ic i f ie d ,  C o ra l  R idge
" (

f a u n a . "

" lo w e r  p a r t :  Shale , g r e e n - g r a y ,  v i r tu a l ly  

f r e e  of i ro n s to n e s  of even  the  s m a l l e s t  s iz e ,  

w ith w o rm  m a rk in g s ;  no m e g a fo s s i ls  no ted . "

In a sm u c h  as  H y p e ra m m in a  ro c k fo rd e n s is  o c c u rs  in  the  C o ra l  

R idge  m e m b e r  of the  New P ro v id e n c e  fo rm a t io n  and in  the  R ockford  

l im e s to n e ,  we m u s t  c o n s id e r  th e  ec o lo g ic a l  cond itions  ex is t ing  

d u r in g  th e  d ep o s it io n  of the  C o ra l  R idge m e m b e r  and the  R ockford  

l im e s to n e  in  o r d e r  to hope to  p r e s e n t  so m eth in g  of the  ecology of 

th e  s p e c ie s .
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T he fo s s i ls  of the C o ra l  R idge fauna  a r e  p y r i t iz e d ,  m a r c a s a t i z e d ,  

and  so m e  ind iv idua ls  a r e  re p la c e d  p a r t i a l ly  by s i l ic a ;  the  fauna is  

a s s o c ia te d  w ith  a  l a r g e  n u m b er  of s m a l l  l e n s - s h a p e d  i ro n s to n e  nodules  

and  beds  of i ro n s to n e  c o n e - in -c o n e  l a y e r s ;  ph o 9pha]tic-fe.rr.ugin.ohs 'th in  

le n s e s  a r e  p r e s e n t  a t  Kenwood H ill  (L o c a li ty  K-3).

It s e e m s  as  i f  the C o ra l  R idge fauna is  a  b io co en o s is  in  tha t 

(1) m o s t  sp e c ie s  p r e s e n t  co m p le te  g row th  s e r i e s  f ro m  young to adu lt

t

in d iv id u a ls ,  (2) f r a g m e n ta r y  s p e c im e n s  a r e  r a r e ,  (3) no r e a l  

ev idence  of c u r r e n t s  i s  p r e s e r v e d  in  the fine, c layey , p la s t ic  

s h a le s ,  and (4) the  pe lecy p o d s  a r e  p r e s e r v e d  with bo th  v a lv es  

t ig h tly  c lo sed . The g re a t  am ount of i r o n  su lph ide  in  the s e d im e n ts  

m a y  in d ic a te  the  sudden dea th  of the  fauna en m a s s e  b e c a u s e  of 

re d u c in g  conditions and  the r e le a se ,  of po isonous  su lph ides .  The 

p r e s e n c e  of abundant co p ro l i te - l ik e  s t r u c tu r e s  m a y  a lso  in d ic a te  

cond it ions  of in c o m p le te  oxidation, bu t the p r e s e n c e  of the  l a r g e  

n u m b e r  of im p u re  c a lc a re o u s  i ro n s to n e s  and  the  a b se n c e  of 

c a rb o n a c e o u s  m a te r i a l  in  the  s e d im e n ts  would s e e m  to in d ica te  

sha llow  w’a t e r  deposition ; n e v e r th e le s s ,  the  p r e s e n c e  of s e v e r a l  

g o n ia ti te  g e n e ra  (M eroC aiiiteS , P e t- ic y c lu s , and B e y r ic h o c e ra s )  

does  not r e s t r i c t  the  e n v iro n m e n t to  shallow  w a te r .  H y p e ram m in a  

ro c k fo rd e n s is  i s  p r e s e n t  in  the  L o w er  p a r t  of the C o ra l  Ridge 

m e m b e r  w h ere  no m e g a fo s s i ls  (ex cep t w o rm  t r a i l s ? )  a r e  known.
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In  a l l  even ts ,  i t  is  d e m o n s t ra te d  th a t  ro c k fo rd e n s is  " p r e f e r r e d "  

m uddy bo ttom s in  w hich th e r e  was su ff ic ien t am ounts  of fine s i l t  

to allow c o n s tru c t io n  of a  f a i r ly  th ick  a re n a c e o u s  te s t .

The R ockford  l im e s to n e  l i tho logy  was c h a r a c te r iz e d  by  G u tsch ick  

and T re c k m a n  (1959, pp. 230, 231) as  a:

. . y e l lo w -g re y  f in e -g ra in e d  a rg i l la c e o u s  

c r in o id a l  l im e s to n e  with s m a l l  b la c k  rounded 

p hospha tic  p ebb les  in  i ts  b a s a l  p a r t .  T h e re  

a r e  a lso  1 to  2 inch  in te rb e d s  of c a lc a re o u s  

fo s s i l i f e ro u s  sh a le .  The HC1 ac id  r e s id u e s  a r e  

l a r g e ly  m ad e  up of fine  s i l ty  g r a n u la r  s i l ic eo u s  

p o ro u s  a g g re g a te s ,  undoubtedly  a rg i l la c e o u s ,  

and a re n a c e o u s  F o r a m in i f e r a  in  abundance.

T h e re  a r e  so m e  q u a r tz  sand g ra in s ,  s i l ic if ie d  

f ra g m e n ta l  f o s s i l  m a te r ia l ,  p y r i te ,  r a r e  

g lauconite , and o c c a s io n a l  r a d ia l  a g g re g a te s  

of fine n e e d le - l ik e  c r y s ta l s  of m i l le r i t e .  "

G u tsch ick  and T re c k m a n  continue by  d is c u s s in g  the  fauna of 

the  Rockford  l im e s to n e ,  m ention ing  the  s e v e r a l  cephalopods which 

a p p a re n t ly  w ere  found in  the  sh a le  un its .

. O ther  l a r g e  fo s s i ls  a r e  s c a r c e  b e c a u se  

of l im i te d  e x p o su re s ,  bu t inc lude  bo th  l a r g e
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and d im inu tive  fo rm s  of b ra c h io p o d s ,  c o r a l s ,  

b ry o z o a n s ,  g a s tro p o d s ,  t r i lo b i te s ,  abundant 

e c h in o d e rm  d e b r is  and f i s h  f ra g m e n ts .

"T h e  m ic ro fa u n a s  in c lu d e  conodonts, 

h o lo th u r ia n  s c l e r i t e s ,  m ic ro c r in o id s ,  

o s t r a c o d e s ,  w o rm  tu b e s ,  and o th e r  m a te r ia l .

M ost, if  not a l l ,  a r e  c a lc a r e o u s  o r  phospha tic  

and a r e  found in  the  w a te r  w ash ings of the 

c a lc a re o u s  sh a le  in te rb e d s .  . . . The m a jo r  

p o r t io n  of the  fauna  of the  R ockford  is  

d im inu tive  which s u g g e s ts  so m e  r e s t r i c t io n s  

in  g e n e ra l  n o r m a l  m a r in e  cond itions . "

The a c id  r e s id u e s  of the R o ck fo rd  l im e s to n e  of so u th e rn  Ind iana  

c o n s is t  of v e r y  fine m u d s , p lus  a re n a c e o u s  g ra in s ,  foklsils, and 

fo s s i l  f ra g m e n ts .  The p r e s e n c e  of g laucon ite  .and p ebb les  of 

ph o sp h a te  m u s t  in d ic a te  n e a r  s h o re  env iro n m en t.

The p o s s ib i l i ty  th a t  the  R ockfo rd  l im e s to n e  r e p r e s e n t s  

lag o o n a l d ep o s its  should  a t l e a s t  b e  c o n s id e re d .  The f in e -g ra in e d  

m u d s ,  the  p r e s e n c e  of d im inu tive  e le m e n ts  of the  fauna, the  

th in n e ss  of the  R ockfo rd  l im e s to n e ,  i t s  p o s it io n  in  an  u n s ta b le  

f ra m e w o rk  of sed im e n ta t io n  ( f a i r ly  quick c h a n g e s  in  e n v iro n m e n ts  

a s  p r e s e n te d  by v a r io u s  d if fe re n t  l i th o lo g ie s  in  r a th e r  th in  b ed s
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below  and above) m a y  in d ic a te  d e p o s its  la id  down n e a r  a  f luc tua ting  

s e a  sh o re .

In co n c lu s io n , i t  can  b e  r e m a r k e d  th a t  Hyp e r a m m in a  ro c k fo rd e h s is  

was w e ll  a d ap ted  to  f in e -g r a in e d  s e d im e n ts  w h e re  soft m uddy 

b o tto m s  w e re  the  ru le ,  bu t w h e re  t h e r e  w as su ff ic ien t  am ount of 

fine s i l t  to  a llow  c o n s t ru c t io n  of a  f a i r l y  th ic k  a re n a c e o u s  te s t .

The s p e c ie s  did no t r e q u i r e  c a lc a r e o u s  s a l t s  fo r  i t s  e x is ta n c e ;  

n e v e r th e le s s ,  as  i s  show n b y  i t s  o c c u r r e n c e  in  the  R ockfo rd  l im e s to n e ,  

th is  s p e c ie s  w as to le r a n t  of c a lc a r e o u s  m u d s .

F a m i ly  E a r la n d i id a e  C u m m in g s ,  1955 

G enus E a r la n d ia  P lu m m e r ,  1930

N o d o s in e lla  B ra d y ,  H. B. , 1876, (p a r s ) , P a le o n t .  Soc. , v. 30,

p. 66

E a r la n d ia  P lu m m e r ,  H. J .  , 1930, Univ. of T e x a s ,  Bull. 3019, 

pp. 12, 13; C u sh m an , J .  A . ,  1948, F o r a m in i f e r a ,  C a m b rid g e ,  

p . 86; C u m m in g s ,  R. H. , 1955, M ic ropa leon to logy , v. 1, 

no. 3, p. 228.

Type s p e c ie s :  E a r la n d ia  p e r p a r v a  P lu m m e r ,  1930 (o r ig in a l  

d es ig n a tio n ; b y  P lu m m e r ,  1930).
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D e sc r ip t io n .  - H. J .  P lu m m e r  (1930, pp. 12, 13) d e s c r ib e d  

Earlandia . f r o m  the  P e n n sy lv a n ia n  Brown-wood sh a le  a t  B r id g e p o r t ,  

W ise County, T exas:

" T e s t  f re e ,  v e r y  e longa te ,  com p o sed  of a 

g lo b u la r  o r  su b g lo b u la r  p ro lo c u lu s  and an  elongate, 

n o n sep ta te ,  second  c h a m b e r ;  sh e l l  w all of m inu te  

c ry s ta l l in e  c a lc a re o u s  g ra n u le s  bound by  a 

c a lc a r e o u s  c e m e n t ,  im p e r f o r a te ,  sm ooth ly  

f in ished ; a p e r tu r e  a b ro a d  c i r c u l a r  opening 

a t  the  end of the  tube. . . . The s a l ie n t  d i s t in ­

gu ish ing  c h a r a c t e r  of E a r la n d ia  n, gen. is  the  

c o n s ti tu t io n  of th e  sh e l l  w all, which is  id e n t ic a l  

w ith th a t  of E n d o th y ra ' and N o d b s in e lla . H yperartim ina  

is  i t s  m o rp h o lo g ic a l  equ iva len t w ith a  ty p ica l ly  

adven ti t ious  t e s t  (a re n a c e o u s  in  P e n n sy lv a n ia n  

s t r a ta ) .  H y p eram m in o id  e s synonym  of H y p e r ­

a m m in a  B rad y ,  1876 a n o th e r  v e r y  c lo se ly  a l l ie d  

s t r u c tu r e  i s  co m p o sed  of fine s i l ic e o u s  jaarid. g ra in s  

sm o o th ly  f in ish ed  with m uch  s i l ic e o u s  c em en t and is  

e s p e c ia l ly  c h a r a c te r iz e d  by the  c o n s t r ic te d  a p e r tu r e  

a t  the  end of the  e n la rg in g  second  c h a m b e r .  "
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C um m ings (1955, p. 227) e r e c te d  the  new fa m ily  E a r la n d i id a e  

to  e m b ra c e  th o se  g e n e ra  which a r e ,  " T u b u la r  o r  u n i s e r i a l  t e s t s  

in  w hich  the w all is  co m p o sed  of eq u id im en sio n a l g ra n u le s  of 

c a lc i te  bound by  c a lc iu m  cem en t.  " C um m ings  p la c e d  E a r la n d ia  

P lu m m e r ,  1930, E a r la h d in e l la  C u m m in g s , n. g. (1955, p. 230), 

and Lugt'onia C um m ings , n. g. (1958, p . 231) in  the  E a r la n d i id a e .

In E urope , E a r la n d ia  r a n g e s  s t r a t ig r a p h ic a l ly  f ro m  the  Middle 

T o u rn a s ia n  in to  the  L o w er  P e r m i a n  (C um m ings, 1955, p. 235, 

tex t- f ig .  10). In  A u s t r a l i a  E a r la n d ia  i s  r e p o r te d  f ro m  the  P e r m ia n  

(C re sp in ,  1958, pp. 58, 59). E a r la n d ia  has b e e n  r e c o rd e d  f ro m  

N o rth  A m e r ic a  only in  the  P en n sy lv an ian ;  h o w ever ,  th is  p a p e r  

ex tends  the  s t r a t ig r a p h ic  ra n g e  of E a r la n d ia  dow nw ard in to  the  

M iddle M iss is s ip p ia n .

T he  re la t io n sh ip s  of E a r la n d ia  and  P a le o z o ic  sp e c ie s  of 

H y p e ra m m in a  in  r e g a rd s  to  g e n e ra l  m orpho logy  and w all  s t r u c tu r e  

is  d is c u s s e d  in  th is  w o rk  u n d e r  the genus H y peram m ina ' and the 

sp e c ie s  H. k 'ehthckyfehsis. Som e w o rk e r s ,  as  P lu m m e r  (1930, 1945), 

and Conkin (1954), have he ld  (o r  ta c i t ly  a ssu m ed )  tha t  P a le o z o ic  

sp e c ie s  of H y p e ram m in a  a r e  c o n g e n e r ic  w ith R ecen t H y p e ram m in a ;  

bu t o th e r s ,  as  St. J e a n  (1957), b e l ie v e  th a t  a l l  P a le o z o ic  sp e c ie s  

of H y p e ra m m in a  a r e  in  r e a l i ty  sp e c ie s  of E a r la n d ia  w hich have
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b een  s e c o n d a r i ly  r e p la c e d  and r e c r y s ta l l i z e d .  T he l a t t e r  g roup  

of w o rk e rs  hold th a t  P a le o z o ic  H y p e ra m m in a  a r e  not c o n g e n e r ic  

with  R ecen t H y p e ra m m in a .  I a d m it  tha t  so m e  P a le o z o ic  H y p e ra m m in a  

with sm ooth , - p o rc e l le n o u s  a p p e a r in g  t e s t s  and w ith  m an y  e x te rn a l  

g row th  l in e s  (e x te rn a l  co n s tr ic t io n s)  m a y  even tua lly  p ro v e  to be  

E d r la n d ia ;  n e v e r th e le s s ,  I can  not a c c e p t  th e  th e s is  th a t  a l l  

P a le o z o ic  H y p e ra m m in a  a r e  m e r e ly  r e p la c e d  and  r e c r y s t a l l i z e d  

Earland ia . . .

E a r la n d ia  c o n s te rn a t iO , n. sp.

P I. 5, f ig s .  14-16; PI. 10, fig. 11; F ig .  10.

D e s c r ip t io n / - T e s t  m o d e ra te  s iz e d ,  e longate ; p ro lo c u lu s  (b roken  

off oof a l l  spec im ens)  fo llow ed by an  undiv ided  ta p e r in g  and s l ig h tly  

a r c u a te  second  c h a m b e r ;  t e s t  c o n s t r i c te d  a t r a th e r  r e g u la r  in te rv a ls ;  

t e s t  w a ll  of c a lc iu m  c a rb o n a te  p a r t i c le s  in  c r y s ta l l in e  c a lc i te  

cem en t;  w all im p e r f o r a te ;  a p e r tu r e  fo rm e d  by  s l ig h tly  c o n s t r ic te d  

open end of second  c h a m b e r ;  p ro m in e n t  l ip  p r e s e n t ;  t e s t  sm o o th  with 

te x tu re  of ung lazed  p o rc e la in ;  c o lo r ,  p a s te l  g ray .

M e a s u r e m e n ts . - See T ab le  16 fo r  m e a s u re m e n ts  of E an land ia  

c 'o 'nsternatib  and T ab le  17 fo r  ra n g e  in  m e a s u re m e n ts  of
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E. c o n s te rn a t io  and  c o m p a r iso n  with E . p e r p a r v a  P lu m m e r ,  1945. 

See T ab le  13 fo r  c o m p a r is o n  w ith  H y p e ra m m in a  k e n tu ck y en s is ;

C o m p a iiso i i  arid, a f f in i t i e s . - E a r la n d ia  c d n s te rn a t io  is  s im i l a r  

to the  type sp e c ie s  of E a r la n d ia  , E. p e r p a r v a , b u t E. c o n s te rn a t io  

has  a; m o r e  c o n s t r i c te d  a p e r tu r e ,  i s  l e s s  e longa te  ( r a th e r  m o re  

c y c l in d r ic a l  than  E. p e r p a r v a ) , and is  l a r g e r .

E a r la n d ia  c o n s te rn a t io  is  v e r y  s im i l a r  to H y p e ra m m in a  kentUcky- 

e n s is  in  i t s  m orpho logy , but th e  t e s t  of E. c o n s te rn a t io  is  l e s s  

p ro m in a n t ly  c o n s tr ic te d ;  f u r th e r m o re ,  th e  t e s t  of E. c o n s te rn a t io  

is  co m p le te ly  c a lc a r e o u s .

T ype lo ca l i ty .  - F a r m  off of Sand L ick  Road, C aldw ell County, 

K entucky (L o c a l i ty  K -24). The ho lo type  is  f ro m  sh a le  in  the  P a in t  

C re e k  l im e s to n e  (Bed 1).

Type d epos it ion . - T he  holo type and f ig u re d  p a ra ty p e s  a r e  

d e p o s ite d  in  the  U. S. N a tl ,  M useum  (C. F .  C. );

H olotype, no.

F ig u re d  p a ra ty p e s ,  nos.

In  addition , u n f igu red  p a ra ty p e s  a r e  d e p o s i te d  in  the  following 

in s t i tu t io n s :

P .  R. I. , no.

U. C . , no.
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U. N. D, , no.

B. M. (N .H .) ,  no.

S t ra t ig ra p h ic  o c c u r r e n c e . - E a r la n d ia  c o n s te rn a t io  i s  known 

only f ro m  two C h e s te r ia n  fo rm a tio n s ;  the  P a in t  C re e k  and G len  

D ean l im e s to n e s ,  and  one M e ra m e c ia n  fo rm a tio n ,  the  S o m e rs e t  

sh a le  m e m b e r  of the  S a lem  l im e s to n e .  (See C h a r ts  5, 7, 14, 15, 

and 22 fo r  d e ta i ls  of o c c u r re n c e  of E. c o n s te rn a t io  in  the  

M is s i s s ip p ia n . )

Ecology  - E a r la n d ia  c o n s te rn a t io  o c c u rs  only in  c a lc a r e o u s  and 

f o s s i l i f e ro u s  sh a le s .  S eem ing ly  then, the  sp e c ie s  r e q u i re d  an  

en v iro n m e n t in  which the  w a te r  was c h a rg e d  with c a lc iu m  b ic a rb o n a te .  

In asm u ch  as  the t e s t s  a r e  r a th e r  d e l ic a te ,  the  s p e c ie s  should  be , and 

has  b een  found to be , r e s t r i c t e d  to f in e -g ra in e d  se d im e n ts .

R e m a rk s .  - T he r e m a rk a b le  s im i la r i ty  w hich e x is ts  be tw een  

E a r la n d ia  c o n s te rn a t io  and  H y p e ra m m in a  k en tu ck y en s is  e i th e r  

in d ic a te s  the p e r fe c t io n  of i s o m o r p h is m  b e tw een  analogous g e n e ra  

of F o r a m in i f e r a ,  o r  i t  m a y  in d ic a te  th a t  H. 'ken tuckyensis  i s  a  

s i l ic if ie d  E a r lan d ia .

The t r i v i a l  nam e is  p ro p o se d  b e c a u se  of the  s u rp r i s in g  

s im i la r i ty  -which e x is ts  b e tw een  E a r la n d ia  c o n s te rn a t io  and 

H y p e ra m m in a  k en tu ck y en s is .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



226

F a m i ly  R eophac idae  C ushm an , 1927 

Subfam ily  R eophac inae  C ushm an , 1927 

Genus R eophax M ontfort, 1808

Reophax M ontfort, D. , 1808, Conch. Syst. , v. 1, p. 331;

B rad y ,  H. B. , 1884, (p a r s ) , Rept. Voyage C h a l le n g e r ,  Zool. , 

v. 9, p. 289; Chapm an, F .  , 1902, (p a r s ) , T he F o r a m in i f e r a ,  

London, p. 137; C ushm an , J ^ A f*  1930, Univ. T e x a s ,  B u l l . ,  

no. 3019, p. 37: idem ; 1948, F o r a m in i f e r a ,  C a m b r id g e ,  

p. 90, pi. 3, f igs . 27, 28; C u m m in g s , R. H. , 1955, 

M ic ropa leon to logy , v. 1, no. 3, pp. 234, 235, p i.  1, f igs .

7, 8, 13, 16, 18, te x t - f ig s .  8, 9. non R eophax , R h u m b le r ,  L . ,

1895, N ach r .  K. G ese ll .  W iss .  GBttinger, p. 82

Haplo 'stiche Schw ager, C. , 1865, V e r ,  V a te r l .  Nat. W U rttem burg ,

J a h re s h .  , v. 21, p. 92, f ig s .  2 a -2 c .  (non’ H ap lo s tich e  

R e u ss ,  A. E. , 1861, K. B6!hmen G ese ll .  W iss . , S i tz b e r .  , 

v. 1, p. 15)

N odulina R h u m b le r ,  L. , 1859, K. G ese ll .  W iss. G ottingen, N ach r.  , 

pp. 85, 86.

P r o to s h i s t a  ? E im e r  G. H. T. , and F ic k e r t ,  C. , 1899, Z e i ts c h r .  

W iss. Zool. , v. 65, pp. 677, 678, te x t-f ig ,  21.

L ug ton ia  ? C um m ings , R. H, , 1955, M icropa leon to logy , v. 1, 

no. 3, p. 231, pi. 1, f ig s .  9 -12 , 20, tex t- f ig .  6; C re s p in ,  I . ,
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1958, A u s t r a l i a  B u re a u  M in e ra l  R es .  , Geol. and G eophys. , 

Bull. 48, pp. 65, 66, p i. 7, f ig s .  6, 7.

Type sp e c ie s :  R eophax ' s c o rp iu ru s  M ontfort,  1808.

The g e n e r ic  defin itionof R eophax  a s  g iven  by  C u sh m an  (1930, 

p. 37) follow s:

" T e s t  f r e e ,  e longa te ,  c o m p o se d  of s e v e r a l  

undiv ided  c h a m b e r s ,  rang ing  f ro m  o v er lapp ing  

to r e m o te ly  s e p a ra te d  ones co n n ec ted  by  s to lo n ­

l ik e  n e ck s ,  in  a  s t r a ig h t  o r  c u rv e d  l in e a r  s e r i e s ;  

w all s in g le ,  of ag g lu t in a ted  m a te r i a l ,  f i rm ly  

cem en ted ,  san d  g ra in s ,  m ic a  s c a le s ,  sponge 

sp ic u le s  o r  o th e r  fo ra m in i f e ra ;  a p e r tu r e  s im p le  , 

t e r m in a l ,  s o m e t im e s  with a  s l ig h t  neck . "

C u sh m a n 's  g e n e r ic  defin ition  fo r  R eophax  (1948, p. 90) d if fe rs  

e s s e n t ia l ly  f ro m  h is  1930 g e n e r ic  d e f in it io n  only in  the  m en tio n  of 

a  ch it inous  b a s e  fo r  the  t e s t  w all.

C um m ings  (1955, pp. 231, 232) d iv ided  R eophax  in to  two g e n e ra .  

R eophax  was r e ta in e d  by  C um m ings fo r  th o se  fo rm s  which a r e  

ag g lu tin a te  and p o s s e s s  s to lo n - l ik e  n eck s ,  w hile a  new genus Lugtonia , 

b a s e d  on Nodosin 'ella  co nc inna  B rad y ,  1876 as  the  type s p e c ie s  was 

e r e c te d  w ith the  p u rp o s e  of e m b ra c in g  th o se  fo rm s  which have 

su cceed in g  c h a m b e rs  o v er lap p in g  p re c e d in g  c h a m b e rs  and a t e s t
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w all  of o r ig in a l  g ra n u le s  of c a lc iu m  c a rb o n a te  in  c a lc a r e o u s  cem en t,  

C um m ings  p la c e d  L ug ton ia  in  h is  new fa m ily  E a r la n d i id a e  which he 

defined  in  the  following m a n n e r  (1955, p. 227): " T u b u la r  o r 

u n i s e r i a l  t e s t s  in  w hich the  w all  i s  c o m p o se d  of eq u id im en s io n a l  

g ra n u le s  of c a lc i te  bound by  c k lc a re o u s  cem en t,  "

C u m m in g s ' b a s is  fo r  the  genus L ug ton ia  was so m e  450 sp e c im e n s  

f r o m  th e  B r i t i s h  L ow er C a rb o n ife ro u s ,  a l l  of w hich a r e  s i l ic if ie d .

Thus, in  r e a l i ty ,  L ug ton ia  was e r e c te d  only on the  b a s is  of i ts  

p o s s e s s io n  of o v e r lap p in g  c h a m b e r s  in  c o n t r a s t  to  the p r e s e n c e  

of s to lo n - l ik e  n eck s  connecting  th e  c h a m b e rs  in  the  genus Reophax  s .  sJ ; 

C um m ings  no ted  (1955, p. 231) th a t ,  " ]~Lugtonial m u s t  b e .d i s t in ­

g u ish ed  on the  b a s is  of c h a m b e r  fo rm ,  . " o r ig in a l  m ic r o s t r u c tu r e

of w all  unknown . . . "  C um m ings  has  a s s u m e d  without conc lu s iv e  

ev idence  th a t  the  w all  of Lu'gtonia is  s e c o n d a r i ly  a l t e r e d  f ro m  an 

o r ig in a l  w all  of c a lc a re o u s  g ra n u le s  in  c a lc a r e o u s  cem en t.

While d is c u s s in g  h is  sp e c im e n s  of H y p e ra m m in a ,  C um m ings 

(1955, p. 234) noted: "U sua lly ,  r e p re s e n ta t iv e s  of the  genus 

H y p e ra m m in a  a r e  found in  the  B r i t i s h  C a rb o n ife ro u s  in  an u n a l te re d  

s ta te .  " I t  s e e m s  s t r a n g e  th a t  in  the  B r i t i s h  C a rb o n ife ro u s  a l l  

Lug ton ia ,  and R eophax to a v a ry in g  d e g re e ,  s h o u ld  b e  co m p le te ly  

s e c o n d a r i ly  r e p la c e d  by  s i l i c a  while the  H yperam rhiria  of tha t  re g io n  

a r e  u s u a l ly  u n a l te re d ,  ag g lu t in a te  t e s t s  w ith f e r r u g in o - c a lc a r e o u s
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cem en t.  It b e c o m e s  s in g u la r  when we r e m e m b e r  th a t  N orth  

A m e r ic a n  M is s is s ip p ia n  and P e n n sy lv a n ia n  and A u s t r a l ia n  P e r m ia n  

H y p eram m in a  a r e  r e p o r te d  to p o s s e s s  s i l ic e o u s  cem en t.  F u r th e r ,

I a m  not convinced  th a t  a l l  re o p h a c iid s  w ith  o v er lap p in g  c h a m b e rs  

a r e  o r  w ere  o r ig in a l ly  com posed  of c a lc a r e o u s  g ra n u le s  in 

c a lc a re o u s  cem en t.  Reophax w ith  o v er lap p in g  c h a m b e rs  d e s c r ib e d  

in  the  p r e s e n t  p a p e r  a r e  co m p o se d  of q u a r tz  g r a in s  in  s i l iceo u s  

cem en t,  not of c a lc a r e o u s  g ra n u le s  in  c a lc a re o u s  cem en t.

C r e s p in 's  (1958, p. 65) new sp e c ie s  w hich was r e f e r r e d  to 

L u g to n ia ,  L. th o m a s i  , does not fit C u m m in g s ' g e n e r ic  defin ition  

in  th a t  L. th o m a s i  C re s p in  (1958. p. 65) was d e s c r ib e d  as :  "W all 

th ick , f ine ly  a re n a c e o u s ,  com posed  ch ie f ly  of r e g u la r  s ize d  q u a r tz  

g ra in s  in  c o n s id e ra b le  c em en t,  giving the  t e s t  a  sm ooth , po lished  

a p p e a ra n c e .  " C re s p in  reco g n ized  the  d iff icu lt ie s  in  r e f e r r in g  h e r  

new sp ec ie s  to Lugtonia; she noted (1958, p. 35):

" T e s t s  of c e r t a in  fo ra m in i f e ra  f ro m  W e s te rn  

A u s t ra l ia  have b een  r e f e r r e d  to the new genus 

Lugton ia  of C um m ings  (1955). A ll f e a tu re s  a r e  

s im i l a r  to th is  fo rm , but the  w all of the  te s t  

though po lished  is  d e f in ite ly  a re n a c e o u s ,  q u a r tz  

g ra in s  of v a ry in g  s iz e  be ing  se t  in  a s i l ic eo u s  

cem en t.  C um m ings
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p la c e d  the  genus in  h is  new fa m ily  E a r la n d i id a e  

a s  he r e g a rd s  the  p r e s e n t  s i l ic e o u s  t e s t  as 

s e c o n d a ry  to  g r a n u la r  c a lc a re o u s  s t r u c tu r e .

H ow ever, fo r  th e  p r e s e n t  the  W e s te rn  

A u s t r a l ia n  s p e c im e n s  a r e  in c luded  in  the  

R eophacidae . 11

F u r th e r ,  C re s p in  (1958, p. 35) no ted  in  h e r  d is c u s s io n  of the  

genus H yperam rriina ;

"A s a l r e a d y  c o m m en ted  h e re ,  th e r e  s e e m s  to  

b e  l i t t l e  o r  no ev idence  of s e c o n d a ry  s i l ic i f ic a t io n  

of a re n a c e o u s  t e s t s  in  th e  A u s t r a l i a n  P e r m ia n  o r  

i n  the  ro c k s  in  which th e  f o r a m in i f e r a  a r e  

found. n

I t  is  c e r t a in  th a t  the  only b a s is  fo r  d if fe re n t ia t io n  of Lugton ia  as  

a  d is t in c t  genus is  in  the  la c k  of s to lo n - l ik e  necks  which co nnec t the  

c h a m b e rs  in  R eophax s. s. and  the  p o s s e s s io n  of overlapp ing  c h a m b e rs  

in  L ug ton ia . The o v er lap p in g  of the  p re c e d in g  c h a m b e rs  by s u c ­

ceed ing  c h a m b e rs  m a y  o r  m a y  not b e  of g e n e r ic  s ig n if ican ce . U ntil 

the  R eophax s'. 1. of the  w orld  a r e  s tu d ied  as  to w all s t r u c tu r e ,  and 

the  fo rm s  w ith overlapp ing  c h a m b e rs  a r e  found to  in v a r ia b ly  p o s s e s s  

o r ig in a l  c a lc a re o u s  g ra n u le s  in  c a lc a r e o u s  ce m e n t,  I have no c o u r s e  

bu t to  u se  R eophax s. 1. and  to  c o n s id e r  L ugton ia  as  of doubtful g e n e r ic  

s ta tu s .
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If i t  b e  found th a t  the  o v e r lap p in g  n a tu r e  of the  c h a m b e r s  is  

t r u l y  of g e n e r ic  va lue , th en  Lugtonia ' cou ld  b e  c o n s id e re d  a  v a l id  

genus only i f  i t  b e  re m o v e d  f ro m  the  F a m i ly  E a r la n d i id a e  and  p la c e d  

in  th e  R eo p h ac id ae ,  a  f a m ily  of a r e n a c e o u s  F o r a m in i f e r a .

C um m ings  in d ic a te d  in  t e x t - f ig u r e  10 (1955, p. 235) th a t  L ug tbn ia  

is  known in  th e  B r i t i s h  I s l e s  f r o m  the  u p p e r  p a r t  of th e  Y ise a n  and 

N a m u r ia n ,  w ith  so m e  s p e c ie s  r e s t r i c t e d  to  the  N a m u rian .  H ow ever, 

he r e c o r d s  R eophax s. s. ( in  th e  u p p e r  P a leo zo ic )  th roughou t the  

C a rb o n ife ro u s  and P e r m ia n .  In  the  r e s t  of the  w orld ,  t r u e  L u g to n ia ’ 

has  not y e t  b e e n  re c o g n iz e d ,  bu t Rfeophax'g.T. w ith  o v er lap p in g  

c h a m b e r s  a r e  found a lm o s t  u n iv e r s a l ly  in  the  geologic  co lum n  f ro m  

P a le o z o ic  to  R ecen t.  T hus , s e e m in g ly ,  Lugtonia. has  no wide 

s t r a t ig r a p h ic  s ig n if ican ce .  (See C h a r t  23 fo r  s t r a t ig r a p h ic  ran g e  

of R eophax  s. 1. in  the M is s i s s ip p ia n  as  d e te rm in e d  in  th is  s tu d y . )

R eophax  cf. R. a r e n a tu s  (C u sh m a n  and  W a te rs ) ,  1927 

P I .  5, fig . 19; P L  10, fig . 12; F ig .  11.

N o d o s in e lla  a r e n a ta  C u sh m an , J . A . ,  and W a te rs ,  J . A. , 1927,

C u sh m an  Lab, F o r a m .  R e s e a r c h ,  v. 3, p. 147, pi. 26, f ig s .  2, 3.

N o d o s in e lla ?  a r e n a ta ,  W arth in ,  A. S. , 1930, Okla. G eol, Surv . ,

B ull. 53, p. 28, p i.  2, fig. 8.
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R eophak  a r 'e n a tu s ; P lu m m e r ,  H. J .  , 1945, Univ. T e x a s ,  P ub l.

4401, pp. 225, 226, p i. 17, f ig s .  1-3 .

D e sc r ip t io n .  - T e s t  s tocky , c o n s is t in g  of a  g lo b u la r  p ro lo c u lu s  

and a  seco n d  d is t in c t ly  p y r i f o r m  c h a m b e r  of a  g r e a t e r  d ia m e te r  than  

the  p ro lo c u lu s ;  a p e r tu r e  a t  open end of ta p e r in g  n eck  of second  

c h a m b e r ;  w all  c o m p o se d  of r a t h e r  fine  q u a r tz  g ra in s  in  a  m o d e ra te  

am ount of s i l ic e o u s  ce m e n t.

Meksurerrierit's’. - See  T a b le  18 fo r  m e a s u re m e n ts  of R eophax  cf, 

R .’ 'a reha tuS .

C briipa'ri son  'arid a f f in i t ie s '. - The p r e s e n t  sp e c im e n s  v e r y  c lo se ly  

r e s e m b le  P l u m m e r 's  f ig u re d  s p e c im e n s  of R eophax  a rena tuS  (1945, 

pi. 17, f ig s .  1, 3). Only two sp e c im e n s  w e re  found in  the  p r e s e n t  

study, thus  the  ra n g e  of v a r ia t io n  of R eophax cf. R.' a r ’enatus  in  the  

M is s is s ip p ia n  s y s te m  is  not known.

Type d ep o s it io n . - The two hypotypes of R eophax  cf. RJ a re n a tu s  

a r e  d e p o s ite d  in  the  U. S. N atl.  M u seu m  (C. F ,  C . ):

F ig u re d  hyp o ty p e , '<■ no.

U nfigu red  hypotype, no.
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S tra t ig ra p h ic  o c c u r re n c e .  - Reophax  cf. R .1 a reh a t t is  h as  b e e n  found 

only in  the  Rothw ell sh a le  m e m b e r  (Bed 8) of the  M uldraugh  fo rm a t io n  

a t  G a r r i s o n ,  L e w is  County, K entucky  (L o ca li ty  K-67).

Ecology. - The sp e c im e n s  of Reophax  cf. K . areneitus a r e  f ro m  

a  v e r y  soft, c layey , p la s t ic  when wet, o l iv e -g ra y  to  m a ro o n  sh a le .

T h is  sh a le  con ta ins  only  s m a l l  am oun ts  of f ine  to m ed iu m  s iz e d  s i l t  

g r a in s .  No m a c ro fo s s i l s  w e re  o b se rv e d .  T he ab se n c e  of in v e r te b ra te  

g roups  (o th e r  than  F o ra m in i f e r a )  would in d ic a te  ah  e n v iro n m e n t of 

d ep o s it io n  not su itab le  fo r  the  p ro m o tio n  of m a r in e  life .

B ra d y  (1884, p. 289) no ted  the  wide depth  to le ra n c e  of Redphhx:

"T he  genus R eophax is  c o sm o p o li tan  and i ts  

b a th y m e tr ic a l  ra n g e  ex tends f ro m  a lm o s t  the 

d e e p e s t  p o r t io n  of the  s e a -b o t to m  yet exp lo red  

£as d e te rm in e d  by  the  Voyage of the  C h a llen g e r  

1873-1876^] to  the  sha llow  w a te r s  of the 

L a m in a r ia n  zone. "

The la c k  of shallow  w a te r  a n im a l  g ro u p s ,  and the ab se n c e  of 

p ro m in e n t  c h a r a c t e r i s t i c  shallow  w a te r  s e d im e n ta ry  s t r u c tu r e s  m ay  

in d ic a te  off s h o re  conditions of m o d e ra te ly  deep , cool w a te r s .  H ow ever, 

the  p r e s e n c e  of som e m a ro o n  sh a le s  m ay  su g g e s t  w ell  a e r a te d  conditions  

on a m uddy  s e a  bottom . P e r h a p s  d ep o s it io n  o c c u r re d  v e r y  n e a r  s h o re  in
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a r e a s  with p re v a i l in g  ec o lo g ic a l  conditions  in im ic a l  to  i n v e r te b ra te  

l ife . N e v e r th e le s s ,  i f  the  R othw ell sh a le  w e re  la id  down in  shallow  

w a te r s ,  som e c h a r a c t e r i s t i c  faunal,  f lo r a l  o r  p h y s ic a l  e lem en ts  

of shallow  w a te r  d ep o s it io n  should  be  p re s e n te d .

R eophax a s p e r  C u sh m an  and W a te rs ,  1928

P I. 5, fig. 24; F ig .  115."/-. 5 1; P i / .  11

R eophax a s p e ru s  C ushm an , J .  A. , and W a te rs ,  J . A. , 1928, 

C ushm an  Lab. F o r a m .  R e s e a rc h ,  C o n tr ,  , v. 4, p. 37, pi. 4, 

fig. 7.

R eophax a s p e r  C ushm an , J .  A. , and W a te rs ,  J . A. , 1930,

Univ T e x a s ,  B ull.  , no. 3019, pp. 37, 38, pi. 2, fig. 10.

D e sc r ip t io n .  - T e s t  e longa te , v e r y  c o a r s e  g ra in ed ,  co n s is t in g  

of five c h a m b e rs  w hich a r e  som ew hat o b s c u re  in  outline due to 

ru g o s i ty  of t e s t  wall; c h a m b e rs  ob la te  and g ra d u a l ly  expanding in  

d ia m e te r ;  l a s t  c h a m b e r  rough ly  p y r ifo rm ;  w all co m p o sed  of a n g u la r  

q u a r tz  g ra in s  in  a  s m a l l  am ount of s i l ic e o u s  cem en t.

M e a su re m e n ts .  - See T a b le  19 fo r  m e a s u re m e n ts  of Reophax a s p e r .
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T ab le .  IB). M e a s u re m e n ts  of Reopjiax a re n a tu s  (C u sh m an  and
W ate rs ) ,  1927 in  m m .

sp e c im e n  n u m b e r  le n g th  m ax. len g th  of no. of d iam . of
d iam . l a s t  c h a m b e rs  p ro lo c .

c h a m b e r

1, P I .  5, fig. 19 .7 4 6  .403 .453  2 .369

2, P I .  10, fig. 12 .6 5 8  .302  .403  2 .201

T a b le  19. M e a su re m e n ts  of R eophax  a s p e r  C u sh m an  and 
W a te rs ,  1928.

sp e c im e n  n u m b e r  le n g th  m ax . leng th  of no. of d iam . of
d iam . l a s t  c h a m b e rs  plroloc. 

c h a m b e r

1, P I .  5, fig. 24 .5 7 0  .226  .2 5 2  5 .0 8 4
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C o m p a r iso n  and a f f in i t ie s .  -  The p r e s e n t  s p e c im e n  is  r e m a rk a b ly  

s im i l a r  to  the  f ig u re d  type of C u sh m an  and W a te rs  (1930, p i. 2, 

fig. 10), but is  s l ig h tly  s m a l l e r  and a p p a re n t ly  has  one l e s s  c h a m b e r .  

R eophax  a'sp'er is  d is t in c t iv e  am ong the  a p e c ie s  of Reiophax c o n s id e re d  

in  th is  p a p e r  b e c a u s e  of the  ru g o s i ty  of th e  te s t .

Type deposit ion . - The s in g le  f ig u re d  hypotype is  d e p o s ited  in  the 

U .S .  N atl. M u seu m  (C. F .  C . ), no.

S t t a t i  g rap h ic  o c c u r r e n c e . - The f ig u re d  sp e c im e n  was found in  the

B utton  Mold Knob m e m b e r  (Bed 2) of the  New Providencfe fo rm a t io n  

a t  the  L o u isv il le  C e m e n t Co. Q u a r ry ,  C la rk  Co. , Ind iana  

(L o c a l i ty  1-3).

The sp e c ie s  w as o r ig in a l ly  r e p o r te d  b y  C u sh m an  and W a te rs ,

1930 f r o m  the  U pper P e n n sy lv a n ia n  of T e x as .

E c o lo g y . - R eophax  a sp e n  p ro b a b ly  had  eco lo g ica l  r e q u i re m e n ts  

s i j n i l a r  to  o th e r  s p e c ie s  of R eophax  of th is  s tudy , bu t R.' a ’sp 'e r1 

a p p a re n t ly  ’’p r e f e r r e d 11 a  m uddy  b o tto m  in  w hich th e re  w e re  

su ff ic ien t q u a r tz  san d  g ra in s  a v a i la b le  fo r  c o n s tru c t io n  of a  te s t .

High c o n c e n tra t io n s  of c a lc a r e o u s  s a l t s  c e r ta in ly  w e re  not r e q u i r e d  

in a sm u c h  as the  sp e c ie s  o c c u rs  in  th e  lo w e r  p a r t  of the  B utton  Mold 

Knob m e m b e r  of th e  New P ro v id e n c e  fo rm a t io n  which a t  th is  lo c a l i ty  

i s  no t c a lc a r e o u s  and  does no t co n ta in  c a lc a r e o u s  m e g a fo s s i ls .
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R eophax k u n k le r e n s i s , n, sp,

P I. 5, f ig s .  20-23; P I .  10, fig . 14; F ig .  12.

D e s c r ip t io n . - T e s t  s m a l l ,  r a th e r  s le n d e r ,  s t r a ig h t  to  gently- 

cu rv e d ,  co n s is t in g  of s m a l l  p ro lo c u lu s  and a s u c c e s s io n  of 7 to  9 

m o d e ra te ly  in f la ted  c h a m b e rs  w hich expand in  d ia m e te r  quie t evenly  

un til  th e  l a s t  c h a m b e r ;  l a s t  c h a m b e r  is  as  b ro a d  as  o r  only s l ig h tly  

b r o a d e r  than  p re c e d in g  c h a m b e r ,  and up to  3 .6  t im e s  b r o a d e r  in  

d ia m e te r  than  the  f i r s t  c h a m b e r ;  l a s t  c h a m b e r  lo n g e r  than  

p re c e d in g  c h a m b e rs  due to  the  ta p e r in g  n eck  of the  a p e r tu r e  and 

of a  p y r i f o r m  shape; l a s t  c h a m b e r  a s  b ro a d  as  long o r  n e a r ly  so, 

while p re c e d in g  c h a m b e rs  a r e  about 1. 5 to  1. 6 t im e s  b r o a d e r  

than  long; w all co m p o se d  of r a th e r  c o a r s e  q u a r tz  g ra in s  in  a  s m a l l  

am ount of s i l ic e o u s  cem en t;  p ro lo c u lu s  ra n g e s  in  s iz e  f ro m  . 03 to 

. 05 m m ; no d im o rp h is m  is  evident.

M e a su re m e n ts .  - T a b le  20 gives the  m e a s u re m e n ts  of Reophax 

k U n k le re n s is , and T a b le  21 the  ra n g e  in  m e a s u re m e n ts  of the  

sp e c ie s .  See T a b le  25 u n d er  d e s c r ip t io n  of R. m inu tiss im U 's 'fo r  

c o m p a r iso n  of R ^  k u n k le re n s is  w ith  th a t  sp e c ie s .

C o m p a r iso n  a n d • a f f in i t i e s . - Reophax k u n k le re n s is i s  s im i l a r

to  R. miriutisSirtvus P lu m m e r ,  1945; h ow ever ,  R. k i in k le ren s i’s'
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T ab le  20. M e a su re m e n ts  of R eophax k u n k le ren s is ,  n. sp. in  m m .

s p e c im e n  n u m b e r  leng th  m ax. len g th  no. of d iam . of
d iam . of l a s t  c h a m b e rs  p ro lo c .

c h a m b e r  (o r  f i r s t
cham ber)

1, B1.5, fig. 20 . 503 . 143 . 118 7 .5 . 050
holo type

2 . 503 .134 . 134 7 (.059)

3, P1.1G, fig. 14 . 529 . 130 . 101 8 (.042)

4 . 537 . 151 . 143 7 (.092)

5, P I .  5, fig. 22 . 570 . 134 . 134 9 . 037

6, P I .  5, fig. 23 . 590 . 134 . 134 9 . 042

7 . 521 . 126 . 134 6 (.084)

8, P I .  5, fig. 2 .420 . 118 . 118 7
t

. 033

T ab le  21. Range in  m e a s u re m e n ts  of R eophax  kurikler’en 's is , n. sp. 
in  m m .

L ength  of te s t :  . 420-. 590

Max. d i a m . :  .1 1 8 - .  151

L eng th  of l a s t  c h a m b e r ;  . 101-. 143

N u m b er  of c h a m b e rs :  7-9

D iam . of p ro lo c :  .0 3 3 - .  050
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is  s h o r t e r  and  m o r e  s le n d e r  and has  m o r e  c h a m b e r s  th an  does 

R.' m iriuti s s i  mu's.

R eophax  k u n k le re n s is  d if fe rs  f ro m  R. n icdona ld i  in  th a t  

R. k u n k le re n s is  i s  s h o r t e r ,  h as  m o re  c h a m b e r s  (and th e se  c h a m b e rs  

l e s s  rounded), i s  m o r e  s le n d e r ,  and expands m o r e  f ro m  the 

p ro lo c u lu s  to  the  l a s t  c h a m b e r .

Type lo c a l i ty :  - K unk le r  Q u a r ry ,  on h i l l  s id e ,  sou th  s ide  of 

U .S . H ighway 460, 1. 3 m i le s  w e s t  of Uniontown P o s t  Office,

P e r r y  County, Ind iana  (L o c a l i ty  1-1). T ypes  a r e  f ro m  the  u p p e r  

s h a le  (Bed 7) of the  M e n a rd  l im e s to n e .

D epoSition  of ty p e s . - H olotype and f ig u re d  p a ra ty p e s  a r e  

d ep o s ited  in  th e  U. S. N atl. M u seu m  (C. F ,  C . ):

H olo type, no.

F ig u re d  p a ra ty p e s ,  nos .

S t ra t ig rd p h ic ’ occuirfdncfej - R eophdk kurik l 'e rehsis  i s  known to 

o c c u r  only  in  th e  lo w e r  t h r e e  fe e t  of the  u p p e r  sh a le  p o r t io n  of the 

M e n a rd  l im e s to n e ,  ju s t  above the  n in e -a n d -o n e -h a l f  foot q u a r r ie d  

l im e s to n e .  The l im e s to n e  un its  w e re  m e r e ly  spo t checked  fo r  

F o r a m in i f e r a  b y  ac id a t io n .
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Ecology. - T he lo w e r  th r e e  fee t  of th e  u p p e r  sh a le  i s  a  m a r in e ,  

soft, p la s t i c  when wet, buff to  ta n  to  b row n , c a lc a re o u s  and v e r y  

f o s s i l i f e ro u s ,  th in -b ed d e d  unit. T h is  fo s s i l i f e ro u s  sh a le ,  ly ing  

im m e d ia te ly  above the  m a in  l im e s to n e  unit of the  formationr.'axid 

ly ing  im m e d ia te ly  below  m o re  than  10 fee t  of d a rk  g ray , non - 

fo s s i l i f e ro u s  s h a le s ,  r e p r e s e n t s  a  d ep o s i t io n a l  en v iro n m e n t p e rh a p s  

t r a n s i t io n a l  f ro m  ty p ic a l  m a r in e  w a te r s  to  qu ie t  m uddy w a te r s  of 

lagoons.

R eopha* k u n k le re n s is  h as  a  m o d e ra te  am oun t of c e m e n t  (at 

p r e s e n t  s i l ic e o u s ,  r e g a r d l e s s  of i t s  o r ig in a l  c h e m is t ry )  and  a  

c o n s id e ra b le  am ount of s i l t  p a r t i c l e s  in  i t s  t e s t .  R. k u n k le re n s is  

was ad ap ted  to  l iv e  in  v e r y  f in e -g r a in e d  c a lc a r e o u s  m uds  w hich 

co n ta in ed  only s m a l l  am oun ts  of s i l t .

T he in v e r te b r a te  fauna  is  r e s t r i c t e d  in  the  n u m b e r  of i n v e r ­

t e b r a te  a n im a l  g ro u p s  p r e s e n t .  T he dom in an t g roups  r e c o v e re d  f ro m  

the  sh a le  a r e  th e  c r in o id s  (m an y  wing p la te s  of P te ro to c r in U s ' 

m e n a r d e n s i s ), the  b rach io p o d s  (th in  va lv ed  D e rb y a ) , f e n e s t r a t e  

b ry o z o a n s ,  and r a r e  s o l i t a r y  lophophy llid  c o r a l s .  The i n v e r te b r a te  

f o s s i l  sh e l ls  a r e  m o s t ly  c o m p le te  (i, e. , bo th  v a lv e s  of th in - s h e l le d  

b ra c h io p o d s  a r e  co m m o n ly  in ta c t) .  Som e f ra g m e n ta t io n  o c c u r re d  

as  a  r e s u l t  of p o s t-d e p o s i t io n a l  c o m p a c t io n  of the  sh a le ;  l i t t l e  b r e c c ia  

i s  p r e s e n t ;  th u s ,  w ave ac t io n  was not p ronounced .
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The fo ra m in i f e ra l  fauna of the  M enard  l im e s to n e  c o n s is t s  of a  

r a t h e r  s m a l l  a r r a y  of a re n a c e o u s  g e n e ra  which c h a r a c t e r i s t i c a l l y  

l iv e  in  s i l ty  o r  aandy  m u d s: H y p e ra m m in a , Invo lu tina , and Reophax;,

R e in a rk s .  -  R eophax k u r ik le ren s is  d e r iv e s  i ts  n am e f ro m  the  

K unk ler  Q u a r ry ,  w es t  of Uniontown P o s t  Office, P e r r y  County, 

Indiana.

R eophax cf. R. la c h ry m o su s  G u tsch ick  and T re c k m a n ,  1959 

P I .  5, f ig . 18; P I .  10, fig . 13; F ig .  13.

R eophax  lachry irioaug  G u tsch ick , R. C . , and T re c k m a n ,  J . F . , 

1959, J o u r .  P a l e o n t . , v . 33, no. 2, pp. 240, 241, .pi. 34, 

f igs . 20-25 , tex t- f ig .  2A, 2B.

D e s c r ip t io n . - T h is  s p e c ie s  i s  r e p re s e n te d  in  the  p r e s e n t  m a te r ia l  

by  only two f ra g m e n ta r y  s p e c im e n s  which c o n s is t  of two c h a m b e rs  

each; th e s e  c h a m b e rs  a r e  e longa te  and p y r ifo rm ;  the  l a s t  c h a m b e r  

has  a len g th  1. 36 and 1. 4 t im e s  g r e a t e r  than  the  b read th ;  p r e s e n t  

s p e c im e n s  f la t ten e d  on one s ide ;  s u r fa c e  of t e s t  f ine ly  g r a n u la r ,  of 

f a i r l y  s m a l l  q u a r tz  g ra in s  in  a  m o d e ra te  am ount of s i l ic e o u s  cem en t;  

c o lo r  of t e s t  w hite and g ray .
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, M easu rem en ts '.  - See T ab le  22 fo r  m e a s u re m e n ts  of Rebfthak cf.

R.' lS.chrym.oSus.

Com pa risO h ' and a f f in i t ie s . -  The p r e s e n t  sp e c im e n s  a r e  v e ry  

s im i l a r  to  the  l a s t  two c h a m b e rs  of G u tsch ick  and T re c k m a n 's  

p a ra ty p e  of Reophax la c h ry m o su s  (1959, pi. 34, fig. 23), bu t-the  

p r e s e n t  sp e c im e n s  a r e  p ro p o r t io n a l ly  a l ig h t ly  b r o a d e r .  R . : lachrymo's-us ' 1 

i s  s im i l a r  to R. b en d en s is  P lu m m e r ,  1945, a s  G u tsch ick  and T re c k m a n  

po in ted  out (1959, p. 240); how ever,  R.' b e n d e n s is  i s  g e n e ra l ly  m uch  

l a r g e r .  P lu m m e r  (1945, p i. 17, fig. 8) shows a  youthful s p e c im e n  

of a  s iz e  n e a r ly  th a t  of R. la c h ry m o su s ;  h o w ever ,  the  p r e s e n t  

sp e c im e n s  a r e  som ew hat b r o a d e r  than  R. b en d e n s is  which has 

c h a m b e rs  about 2. 3 t im e s  lo n g e r  th an  b ro ad .

Type d ep o s it io n . - The two f ig u re d  hypotypes a r e  d e p o s ited  in  the 

U .S . N atl. M useum  (C. F .  C . ), nos.

S t ra t ig ra p h ic  o c c u r r e n c e . - Reophax  cf. JRj 'la c h ry m o s t is  i s  h e r e in  

re c o rd e d  f ro m  the  lo w e r  New P ro v id e n c e  fo rm a t io n  of K entucky and: 

the  lo w e r  3 fe e t  of the  Cuyahoga fo rm a tio n  in  Ohio. This  sp e c ie s  was 

o r ig in a l ly  d e s c r ib e d  f ro m  the  R ockfo rd  l im e s to n e  of n o r th e rn  Indiana.

(See C h a r ts  10, 21, and 22 fo r  d e ta i ls  of o c c u r re n c e  of R. cf. R. lach ­

ry m o su s  in  the  s tud ied  a r e a .
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T a b le  22. M e a su re m e n ts  of R eophax  cf. R. la c h ry m o su s
G u tsch ick  and T re c k m a n ,  1959, in  m m .

sp e c im e n  n u m b e r  leng th  d ia m . of le n g th  d iam . Id e a l i ty  n u m b e r ,
of f i r s t  f i r s t  of l a s t  of l a s t  fo rm a t io n  and
c h a m b e r  c h a m b e r  c h a m b e r  c h a m b e r  bed  n u m b e r

1, P I .  5, fig. 18 .268  .180  .2 3 5  .1 8 5  K -58, New
P ro v id e n c e ,  
bed  3

2, P I .  10, fig. 13 .235  .168  .252  .168  0 - 7 ,  C u y a ­
hoga, b ed  4
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E cology . - T he sp e c im e n s  of th is  s p e c ie s  w e re  found only  in  

so ft, p la s t ic  w hen w et, s h a le s . T h u s, the  s p e c ie s  w as ad ap ted  to  

l iv e  in  m uddy en v iro n m en ts  w ith  only  s m a ll  am o u n ts  of s m a l l  s i l t  

g ra in s  p re s e n t .

R eophax  m cd o n ald i, n. sp .

P I. 5, f ig s . 25 -30 ; P i .  10, f ig . 15; F ig s .  14, 16.

D e sc rip tio n . - T e s t  s m a ll ,  r a th e r  s to ck y , s tr a ig h t  to  s lig h tly  

c u rv e d , w ith a  f a i r ly  la r g e  p ro lo c u lu s  and a  s u c c e s s io n  of up to  5 

m o d e ra te ly  in fla te d  c h a m b e rs  yvhich e n la rg e  in  d ia m e te r  only  s lig h tly  

in  so m e  sp e c im e n s , b u t w hich  in  m o s t sp e c im e n s  e n la rg e  g ra d u a lly  

up to  tw ice  the  d ia m e te r  of th e  f i r s t  c h a m b e r; c h a m b e rs  about 1. 2 

to  1. 5 t im e s  b ro a d e r  th a n  long , ex cep t th e  l a s t  c h a m b e r  w hich  is  

a s  long a s  i t  is  b ro a d  o r  n e a r ly  so , due to  th e  ta p e r in g  n eck  of the  

a p e r tu r e  w hich g ives the  l a s t  c h a m b e r  i ts  b ro a d  p y r ifo rm  a p p e a ra n c e ; 

t e s t  c o a r s e  te x tu re d , co m p o sed  of q u a r tz  g ra in s  in  a  m o d e ra te  am ount 

of s il ic e o u s  cem en t.

M e a su re m e n ts . - See T a b le  23 fo r  m e a s u re m e n ts  of R eophax 

m c d o n a ld i, and T ab le  24 fo r  ra n g e  in  the  m e a su re m e n ts  of the  s p e c ie s , 

and  fo r  c o m p a r iso n  w ith  R. tu m id u lu s  P lu m m e r.
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T a b le  23. M e a su re m e n ts  of R eophax  m cdonald i', n. sp . in  m m .

sp e c im e n  n u m b er le n g th  m ax . len g th  no. of d iam . of
d iam . of l a s t  c h a m b e rs  p ro lo c . 

c h a m b e r  (o r  f i r s t
ch am b er)

1, P I. 5, fig. 25 . 640 . 269 . 235 5 . 151
holo type 

2, P I . 5, fig . 26 . 678 . 269 .319 3 '.1 5 1

3, P I. 5, fig . 30 . 738 . 302 . 302 3 -4 (.151 )

4 . 704 . 230 . 269 4 (.118)

5, P I . 5, fig. 28 . 658 . 235 . 235 4-5 (.1 1 8 )

6 . 678 . 285 .319 3 (.193)

7 (lost) . 840 .319 .302 4 (.235)

8, P I. 5, fig. 29 . 704 . 319 . 470 3 (.2 2 6 )

9 . 622 . 252 . 277 3 (. 168)

10 . 740 . 369 . 453 2-3 (.226)

11 . 554 . 269 . 235 3 -4 (. 160)

12, P I. 5, fig . 27 . 622 . 252 . 285 3 (.134)

13 .4 4 0 . 201 . 185 3 (. 143)
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T ab le  24. R ange in  m e a su re m e n ts  of R eophax m cdonald i , n . sp.
and  co m p a riso n  w ith  R. tu m idu lus P lu m m e r , 1945.

L eng th  of R. m cdonald i R. tum idu lus

L eng th  of te s t:  . 554-. 840 1 .0 5

M ax. d iam . : . 201-. 369 .40

L eng th  of l a s t  .1 8 5 - . 470 - - -
ch am b er:

No. of c h a m b e rs : 3 -5  4

D iam . of p ro lo c . : . 151 .030

T ab le  25. M e a su re m e n ts  of R eophax cf. R. m in u tis s im u s  P lu m m e r , 

1945, in  m m .

sp ec im e n  n u m b er len g th  m ax . m in . len g th  of
d iam . d iam . la s t

ch a m b e r

1, P I. 5, fig . 17 .487  .2 5 2  .0 8 4  .252
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C o m p a riso n  arid a f f in i t ie s . - R eophax  m cd o n a ld i m o s t c lo se ly  

re s e m b le s  R. tu m id u lu s  P lu m m e r , 1945 (p. 231, p i. 17, fig . 31). 

H ow ever, R. m cd o n a ld i h as  m o re  c h a m b e rs , i s  s h o r te r ,  l e s s  b ro a d , 

and expands m o re  th an  R. tu m id u lu s . R. m cdonald i' d if fe rs  f ro m  

R. k u n k le re n s is  in  b e in g  l a r g e r ,  b ro a d e r ,  and in  expanding le s s  

and hav ing  fe w er c h a m b e rs .

Type lo c a lity : - R oad cu t a long  V a n c e b u rg - -  T a n n e ry  Road, 1. 25 

m ile s  sou th  of Y a n ceb u rg , L ew is C ounty, K en tucky  (L o c a lity  K -66), 

H olotype and a l l  f ig u re d  m e a s u re d  sp e c im e n s  on T ab le  23 a r e  f ro m  

the  C hurn  C re e k  sh a le  m e m b e r  of th e  New P ro v id e n c e  fo rm a tio n  (B ed  $).

Type d ep o sitio n . - H olo type and f ig u re d  p a ra ty p e s  a r e  d e p o s ited  

in  th e  U. S. N atl. M useum  (C. F . C . ):

H olo type, no.

F ig u re d  p a ra ty p e s ,  n o s .

In  add ition , u n fig u red  p a ra ty p e s  a r e  d e p o s ite d  in  th e  follow ing 

in s ti tu tio n s :

P . R. I. , no.

U. C . , no.

U. N. D. , no.

B .M . (N .H .) ,  no.
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St'r'atigraphi'c o c c u r re n c e . - R eophax  m cd o n a ld i is  a p p a re n tly  

r e s t r i c t e d  to  th e  O s a g ia ^ o c c u r in g  only  in  th e  C h u rn  C re e k  s h a le  

m e m b e r  of th e  New P ro v id e n c e  fo rm a tio n  in  K entucky and in  sh a le  

in  th e  B lack  H and sa n d sto n e  of O hio. (See C h a r ts  10 and  19-22 fo r  d e ta i ls  

of o c c u r r e n c e .)

E cology. - R eophax m cd o n a ld i is  know n only in  sh a ly  s il ts to n e  

and  sh a le  in  san d sto n e . T he n a tu re  of th e  t e s t  r e f le c ts  th is  s p e c ie s ’ 

’’p r e f e r e n c e ” fo r  s i l ty  o r  san d y  en v iro n m e n ts  by  having  i t s  t e s t  w all 

c o n s tru c te d  of m o d e ra te  to  c o a r s e - g r a in e d  s i l t  o r  sand , w ith  a  s m a ll  

to  m o d e ra te  am ount of s il ic e o u s  ce m en t. No m e g a fo ss ils  a r e  p r e s e n t  

in  th e  en c lo s in g  se d im e n ts  ex cep t fo r  ”w p rm  m a rk in g s ” (w hich I 

b e lie v e  to  b e  p o o r ly  p r e s e r v e d  specim ens of S c a la r itu b h ). T hus,

R. mcdonaldi w as ca p ab le  of liv in g  in  m uddy, sandy , w a te rs  w h e re  

a n im a ls  o th e r  than  ’’w o rm s ” w e re  a p p a re n tly  unab le  to  e s ta b lis h  

th e m se lv e s .

R e m a rk s . - T h is  new  s p e c ie s  of Reop h ax  is  n am ed  fo r  M r. D onald  

M cD onald, C u ra to r  of the  G eology M useum  a t the  U n iv e r s i ty  of 

L o u isv ille .
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R eophax cf. R. m in u tis s im u s  P lu m m e r, 1945 

P I . 5, fig . 17.

R eophax  m in u tis s im u s  P lu m m e r , H. J . , 1945, Univ. T e x as ,

P u b l. 4401, pp. 230, 231, p i. 17, f ig s . 25-30 .

D e s c r ip tio n . - T e s t  s m a ll  (p ro lo cu lu s  m iss in g ) c o n s is tin g  of 4 

even ly  and  r a th e r  ra p id ly  expanding c h a m b e rs ; f i r s t  th re e  ch a m b e rs  

a r e  m o d e ra te ly  in f la te d  and  1. 7 to  2. 7 t im e s  b ro a d e r  th an  long; l a s t  

c h a m b e r  as  long  as  b ro a d  and  p y r ifo rm ; len g th  of te s t  is  1. 94 tim e s  

lo n g e r  th an  w idth; t e s t  c o a r s e  g ra in e d , of q u a r tz  g ra in s  in  s ilic e o u s  

cem en t.

M eaSufem eiits '. - T a b le  25 g iv es  m e a s u re m e n ts  of R eophax cf.

R. 'miriuti s s i m u s .

C o m p a riso n  an d  a f f in itie s  \ - T h is sp e c im e n  c lo se ly  re s e m b le s  

P lu m m e r 's  f ig u re d  p a ra ty p e  (1945, p i. 17, fig . 26) of R eophax 

m iiiu tis s im u s r. T he p re s e n t  sp e c im e n  is  som ew hat b ro a d e r  th a n ‘ 

P lu m m e r 's  f ig u red  :sp:ecimens'>3 b u t th is  m ay  be  due to  in c o m p le te n e ss  

of th e  p r e s e n t  sp e c im e n  (only  fo u r c h a m b e rs  a r e  p re se rv e d )  and 

c e r ta in ly  one sp e c im e n  cou ld  h a rd ly  exem plify  a  a p e c ie s .
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Type d ep o sitio n . - The one f ig u re d  hypotype is  d ep o sited  in  the 

U .S . N atl. M useum  (C. F . C . ), no.

S tra tig fa p h ic  o c c u rre n c e . - A s in g le  sp ec im e n  of R eophax  cf.

R. m iiiu tis s iiiiu s ' w as found in  the  b a s a l  p a r t  of th e  H enley  sh a le  

m e m b e r  (B ed 2) of the  C uyahoga fo rm a tio n  (New P ro v id en c e  fo rm a tio n ) , 

one ot two fe e t above the S unbury  sh a le  a t L o c a lity  K-61 (sou th  of 

H ilda  P o s t  O ffice, Row an County, Kentucky),

E co logy . - The H enley  sh a le  m e m b e r  of th e  C uyahoga fo rm a tio n  

is  a  so ft, p la s t ic  w hen w et, o liv e -g ra y  sh a le  w ith  s m a ll am ounts of 

fine  to  m ed iu m  s iz e d  s i l t  g ra in s . The a b se n c e  of m a g a fo ss ils  in  the  

b a s a l  p o r tio n  of the  H en ley  sh a le  a t L o c a lity  K -61 , and the re c o v e ry  

of only  one sp e c im e n  of R eophax cf. _R. m in u tis s itn u s  m ay  in d ica te  

th a t en v iro n m e n ta l cond itions w e re  f a r  f ro m  op tim um  even fo r  

th is  sp e c ie s .

F a m ily  T o ly p am m in id ae  C ushm an . 1929 

Subfam ily  In v o lu tin in ae  C ushm an , 1910 

Genus In v o lu tin a  T e rq u e m , 1862, 

em end. L o eb lich  and T appan , 1954

AmmodiScUS R e u ss , A. E. , 1862 (p a r s ) , A kad. W ass. W ian, S itz , , 

m ath . -natw . C l . , J a h rg . 44, A bt. 1, p. 365.
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Involu ting  T e rq u em , O . , Aca'd. Im p. Metzi, M e m ., ann. 42 

( s e r .  2, ann. 9), 1860-1861. pp. 450, 451.

Invo lu tina1 T e rq u e m , O. , em end, L o e b lic h  A. R. , and T appan  H. , 

1954, W ashington  A cad. S c i., J o u r . ,  v . 44, no. 10, pp. 308- 

310, fig s . 2a, 2b.

Type s p e c ie s : Involutinasj.lifccS9-T erq u em , 1862 (m onotyp ic  genus).

T he em ended  g e n e r ic  d e fin itio n  of In v o lu tin a  T e rq u e m , 1862 as  

g iven  by  L o eb lich  and  T ap p an  (1954, pp. 308, 309) fo llow s:

" T e s t  f r e e ,  d isc o id a l, w ith  p ro lo c u lu s  

fo llow ed by  an  undiv ided  p la n is p i r a l  tu b u la r  

c h a m b e r , w hich  s lig h tly  o v e r la p s  p re c e d in g  

w horls  a t th e  l a t e r a l  m a rg in s , o c c a s io n a l 

i r r e g u la r  s u r f ic ia l  c o n s tr ic t io n s  p o s s ib ly  

denoting  s ta g e s  of g row th , bu t w ithout 

in te rn a l  se p ta ; w all f in e ly  ag g lu tin a ted , 

of sand  g ra in s  w ith c o n s id e ra b le  cem en t; 

a p e r tu re  a t  th e  open  end of', the  tu b e . "

L o eb lich  and T appan  (1954, p. 308) have  show n th a t A m m b d iscu s  

R e u ss , 1862 is  a  ju n io r  synonym  of S p i r i l l in a 'E h re n b e rg , 1843 and 

th a t th e  g e n e r ic  n am e Am m odiScius should  be  su p p re s se d . T he type 

sp e c ie s  of Invo lu tina , I.siliiceaL T e rq u e m , 1862 w as found to  b e  an
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ag g lu tin a te  fo rm , c o m p le te ly  und iv ided  in te rn a lly  and thus cap ab le  

of e m b ra c in g  a l l  s p e c ie s  f o rm e r ly  re le g a te d  to  th e  genus A m m o d isc u s , 

o th e r  th a n  th o se  fo rm s  w hich  p o s s e s s  a  h y a lin e  c a lc a re o u s  t e s t .

T he em ended  d e fin itio n  o f In v o lu tin a  by  L o eb lich  and T appan  did 

no t m ak e  a  d e fin ite  r e fe r e n c e  to  th o se  fo rm s  of "A m m o d isc u s11 

w hich , in  ad d itio n  to  b e in g  ag g lu tin a te  and  undiv ided  in te rn a lly , 

p o s s e s s  a f in a l r e c t i l in e a r  p o r tio n  (neck) su ch  as In v o lu tin a  ( fo rm e r ly  

A m m o d iscu s) e x s e r ta .  I b e lie v e  th a t su ch  m ean in g  w as in p lie d  

w hen L o e b lich  and T appan  (1954, p . 308) co n c lu d e : "T h u s the  

s p e c ie s  p re v io u s ly  c o n s id e re d  a s  A m m odiscii's w ill fa l l  in  the  

s a m e  genus Ihvo ltitina . "

L o e b lich  and  T appan  (1954, p . 308) rem onred th e  genus In v o lu tin a  

T e rq u e m , 1862 f ro m  the  F a m ily  S ilic in id a e  and re le g a te d  i t  to  th e  

F a m ily  T o ly p am m in id ae  C u sh m an , 1929 and th e  su b fam ily  

In v o lu tin in ae  C ushm an , 1910.

C h a r t 23 g ives th e  ra n g e  of In v o lu tin a  in  th e  M is s is s ip p ia n  a s  

d e te rm in e d  in  th is  s tudy .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



253

Invo lu tina  e x s e r ta  (C ushm an), 1910

P I . 6, f ig s . 4 -6 , 8; P I . 10, f ig s . 16, 17, 19; F ig . 21.

A m m o d iscu s  e x s e r tu s  C ushm an , J ,  A .,  1910, U nited  S ta tes  

N a tl. M us. , B ull. 71, p t. 1, pp. 75, 76, f ig s . 97a, 97b 

(in  tex t).

In v o lu tin a  e x s e r tu s  (C ushm an), Gutschick,;-.R'j C. , and 

T re c k m a n , J . F . , 1959, Jo u r . P a le o n t. , v. 33, no. 2, 

p . 241, p i. 35, f ig s . 8, 9.

D e sc rip tio n . - T e s t b ico n cav e , c o n s is tin g  of a  s m a ll  p ro lo c u lu s  

and  a  second  ch a m b e r p la n is p ir a l ly  co iled , of two to  s ix  v o lu tio n s, 

b eco m in g  uncoiledcand a lig n ed  a t n e a r ly  a  r ig h t an g le  to  p re c e d in g  

■whorls, and  in  th e  sam e  p lan e  a s  p re c e d in g  w h o rls ; a p e r tu re  fo rm ed  

b y  open end of tu b lu la r  second  c h a m b e r; t e s t  rough , w ith  m e d iu m ­

s iz e d  g ra in s  in  a m o d e ra te  am ount of cem en t (V a ria n t 2, s e e  C o m p ariso n  

and  a ffin itie s ) ; in  a  few c a s e s  th e  te s t  is  c le a r  and g lo ssy  and  m ade up 

la rg e ly  of ce m en t (V a ria n t 1); c o lo r  of t e s t  w hite to  g ra y  w hite to  ru s ty .

M e a s u re m e n ts ; - See T ab le  26 fo r  m e a s u re m e n ts  of Invo lu tina  

e x s e r ta  and  T ab le  27 fo r  th e  ra n g e  in  m e a s u re m e n ts  of th is  s p e c ie s .
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T ab le  26. M e a su re m e n ts  of In v o lu tin a  e x s e r ta  (C ushm an), 1910
in  m m .

sp e c im e n  n u m b er w idth  len g th  th ic k -n o . of d iam . lo c a li ty  n u m b er
n e s s  w h o rls  of fo rm a tio n , and 

p ro lo c . b ed  n u m b er

1, P I . 10, fig. 19 .6 0 4  .622 .1 1 8 3 ? K -6 , New P r o v i ­
d en ce , bed  4

2 . 269 . 386 . 084 3. 5 . 016 K - l ,  New P r o v i ­
dence , bed  3

3 .3 3 5  .4 0 2 . 050 3. 5 . 016 K -6 , New P r o v i ­
den ce , bed  3

4 .3 5 2  .4 5 3 . 050 3. 5 . 016 i t

5 . 335 .521 . 101 3. 5 ? K - l ,  New P r o v i ­
den ce , bed  2

6 .2 5 2  .420 . 039 6 . 016 0 - 7 ,  Cuyahoga, 
b ed  4

7 .2 7 7  .319 . 033 4 . 016 t i

8 .2 8 5  .436 . 033 5 . 016 m

9 . 3BS . 433 . 084 2. 5 .ote K-.17, New P r o v i ­
den ce , bed  3

10 .3 7 7  .453 . 101 2. 5 . 016 t i

11 .386  .529 . 118 2. 5 . 025 II

12, P I. 10, fig. 16 .269  .369 .042 3 . 016 0 - 6 ,  H enley, 
bed  10

13 .319  .3 7 7 . 050 3 . 012 K -14, New P r o v i ­
d en ce , bed  3

14 .3 3 5  .420 . 050 5. 5 . 016 O - l ,  B ed fo rd , 
b ed  2

15 .2 8 5  .369 . 050 4 . 016 K -65, B ed fo rd , 
b ed  1

16, P I. 6, fig . 4 .3 3 5  .562 . 067 3 . 017 K -14, New P r o v i ­
d en ce , bed  5

17, P I. 6, fig. 5 .-2 77 .3 0 2 .067 2. 5 ? i i

18 .3 8 6  .521 . 067 3 ? i i

19 . 470 . 570 . 067 5 ? 0 - 4 ,  B edfo rd , 
b ed  3

20. P I. 10, fig . 17 . 570 . 586 . 084 3. 5 ? ii

21 .2 3 5  .3 3 5 . 067 2 . 016 T -2 , E iilie ,
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T ab le  27. R ange in  m e a s u re m e n ts  of Invo lu tina  e x s e r ta
(C ushm an), 1910 in  m m .

D ia m e te r  of p ro lo c u lu s : 

W idth of te s t ;

L eng th  of te s t :  

T h ick n e ss  of te s t :

. 0 1 2 - .025 

.2 3 5 - .3 8 6  

. 3 1 9 - .622 

. 03 3 -. 118
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C o m p aris  on and  a f f in itie s , - B y re fe r e n c e  to  T a b le s  27 and 31_____

i t  w ill be  s e e n  th a t the  in f ra s p e c if ic  v a r ia t io n  is  as  g re a t  w ith in  

Ih v o lu tin a  e x se r ta ' a s  i t  is  withinJfc.’ sem ic 'onstric t'a '.

T he fo rm s  in  th e  p r e s e n t  s tu d y  r e s e m b le  so m e of th o se  found 

in  th e  R o ck fo rd  lim e s to n e  by  G u tsch ic k  and T re c k m a n  (1959, p . 241, 

p i. 35, f ig s . 8, 9); n e v e r th e le s s ,  m o s t of th e  p r e s e n t  fo rm s  v a ry  

c o n s id e ra b ly  f ro m  th e  R o ck fo rd  sp ec im e n s  in  hav ing  m o re  ru g g ed , 

c o a r s e r  g ra in e d  te s t s  and l a r g e r  s iz e  (h e re in  c a lle d  V a r ia n t 2). The 

w h o rls  in  the  p r e s e n t  m a te r ia l  a r e  u su a lly  p a r t ly  o r  co m p le te ly  

o b scu red  by  th e  ro ugh  w all te x tu re . A c o m p a r iso n  of two m o rp h o ­

lo g ic a l  f e a tu re s  of s e v e ra l  p r e s e n t  sp e c im e n s  of In v o lu tin a ' e x s e r ta  

and of s e v e ra l  of G u tsch ick  and  T rec k m a n "s  fo rm s  (1959, p. 241) 

f ro m  the R o ck fo rd  l im e s to n e  fo llow s:

len g th  d ia m e te r
of t e s t  of t e s t

P r e s e n t  sp e c im e n s  . 430 m m  . 362 m m

R ockford  sp e c im e n s  . 410 m m  . 330 m m

One v a r ia t io n  of the  s p e c ie s  (h e re in  c a lle d  V a r ia n t 1) is  co m p o sed  

la r g e ly  of ce m e n t w ith v e ry  l i t t l e  ag g lu tin a ted  m a t te r .

T ype d e p o sitio n . -  F ig u re d  hypotypes a r e  d ep o s ite d  in  the 

U .S . N atl. M useum  (C. F . C . ):

F ig u re d  hypo types, nos.
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In  ad d itio n , u n fig u red  p a ra ty p e s  a r e  d ep o s ited  in  th e  follow ing 

in s ti tu tio n s :

P . R. I. , no.

U. C. , no.

U. N. D . , no.

B. M. (N .H .) ,  no.

S tra t i  g ra p h ic ' o c c u r re n c e . -In v o lu tin a  e x s e r ta  is  known fro m ; 

th e  S ilu r ia n  (M o rem an , 1930, p. 58*, Dunn, 1942, p. 338); th e  

M is s is s ip p ia n  K inderhook ian  b ed s  of In d ian a  (G u tsch ick  and 

T re c k m a n , 1959, p. 241); and th e  R ecen t (the  ho lo type is  f ro m  

the  s e a  off Japan ).

F ro m  th e  s tr a t ig ra p h ic  in fo rm a tio n  c o l le c te d  in  th is  s tudy , 

IhvC lutina e x se rt 'a ’ a p p e a rs  to  be e sp e c ia lly  abundant in  the K in d e r­

hook ian  and lo w e r O sag ian  b e d s . No sp ec im e n s  w ere  found in  the 

M e ra m e c ian . W ith the ex cep tio n  of an  is o la te d  o c c u r re n c e  in  the 

b row n , p la s t ic  sh a ly  p a r t  of th e  M en ard  lim e s to n e , no sp ec im e n s  

w e re  found in  the  M is s is s ip p ia n  above th e  O sag ian  B rodhead  

fo rm a tio n  of K entucky, n o r  above the  m id d le  O sag ian  B lack  Hand 

san d s to n e  of Ohio.

V a r ia n t  1 h as  b een  found only  a t th e  follow ing lo c a li te s  and in  

th e  fo llow ing  s tr a t ig ra p h ic  u n its :
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N ipgen, Ohio (L o c a lity  0 -6 ) ,  C uyahoga fo rm a tio n , H en ley  sh a le  

m e m b e r , lo w e r  one foot f ro m  th re e  to  4. 5 fe e t (B ed 10).

J e s t e r  H ill, B a in b rid g e , Ohio (L o ca lity  0 -7 ) ,  C uyahoga f o rm a tio n , 

H en ley  sh a le  m e m b e r , lo w er 11 fe e t (B ed 4).

A rm stro n g , Ohio (L o c a lity  0 -1 1 )  p la s t ic  sh a le  in  lo w e r 5 feet 

of th e  B lack  H and san d sto n e  (B ed 1).

(See C h a rts  3 -7 , 9 -1 4 , 16, and 18-22 fo r  d e ta ils  of o c c u rre n c e .

E co logy . - A p p a re n tly  Invo lu tiiia  exs e r ta  had  m uch  th e  s;ame 

eco lo g ica l re q u ire m e n ts  as_L s e m ic o n s tr ic ta  in a sm u ch  as  the  two 

sp e c ie s  a r e  in  so m e  in s ta n c e s  a s s o c ia te d  w ith  one a n o th e r  in  the 

sam e  b ed s , bu t I: e x s e r ta  g e n e ra lly  o c c u rs  in  m o re  a re n a c e o u s  

sed im en ts  w h ere  fine  to  m ed iu m  s i l t  g ra in s  a r e  av a ila b le  in  su ffic ien t 

q u an tity  to  c o n s tru c t  th e  r a th e r  s to u t ag g lu tin a te  t e s t  (V a rian t 2).

Invo lu tina  longexs'ex ta  G u tsch ick  and  T re c k m a n , 1959 

P I. 6, f ig s . 7, 9,;; P L  10, fig . 18; F ig . 22.

Invo lu tina  lo n g e x se ^ ta  G u tsch ick , R. C. , and T rec k m a n , J . F . , 

1959, J o u r . P a le o n t. , v. 33, no. 2, pp. 241, 242, p i. 35 

fig s . 10-14.
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T ab le  28. M e a su re m e n ts  of In v o lu tin a  lb n g e ic se rta  G u tsch ick
and  T re c k m a n , 1959, in  m m .

sp e c im e n  n u m b er w idth  le n g th  th ic k -  no. of lo c a lity  n u m b er,
n e s s  w h o rls fo rm a tio n  and bed no.

1 . 470 . 570 . 067 3? K -32, New P ro v id e n c e  
b e d  3

2 . 403 .899 . 134 2? K -13, C o ra l  R idge, 
bed  2

3 . 335 . 655 . 067 2? i t

4, P I. 10, fig . 18 . 335 . 739 . 109 2? i t

5, P I. 6, fig . 9 . 404 . 720 . 084 2? i t

6 .3 3 5 . 394 .059 ? K -12, New P ro v id e n c e  
bed  4

7 . 335 . 503 . 059 3? K -18 , New P ro v id e n c e  
bed  4

8 . 310 . 554 . 042 2? K -12, New P ro v id e n c e  
bed  2

9 . 403 . 706 . 067 2? K -52 , Sunbury , b ed  5

10 . 302 . 763 . 033 2 K -57, B ed fo rd , b ed  6

11, P I. 6, fig . 7 . 269 . 554 . 067 2? i t

12 . 352 . 604 .033 2? i t

T a b le  29. R ange in  m e a s u re m e n ts  of In v o lu tin a  lo n g e x se r ta  
G u tsch ick  and T re c k m a n , 1959, in  m m .

W idth: .2 6 9 - .  470

L eng th : . 3 94 -. 899

T h ic k n e ss : .0 3 3 - .  134
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c o a r s e ly  a re n a c e o u s  w all s tr u c tu r e  w ith le s s  cem en t th an  do th e  ty p es .

In  th e  p r e s e n t  m a te r ia l ,  the  in te rn a l  co iled  p o r tio n  is  a lm o s t co m p le te ly  

o b sc u re d , bu t enough can  b e  o b se rv e d  to  a s c e r ta in  th e  p re s e n c e  of 

only  a  s m a ll  n u m b er of w h o rls . As to  th e  g e n e ra l sh ap e  of th e  t e s t  

in  th e  p r e s e n t  m a te r ia l ,  th e  co iled  p o r tio n  is  l e s s  c i r c u la r  in  ou tline  

th an  th a t  of the  ty p es , a lthough  two sp e c im e n s  (10 and 12)' do r e s e m b le  

th re e  of the  R ockfo rd  ty p es (G u tsch ick  and T re c k m a n , 1959, p i. 35 

f ig s . 12-14) inc lud ing  th e  ho lo type. None of the  fo rm s  in  the  p r e s e n t  

m a te r ia l  a tta ins th e  m ax im u m  len g th  of th e  R ockfo rd  sp ec im e n s  ( .9 1  m m ); 

h o w ev er, so m e of th e  p r e s e n t  m a te r ia l  c lo se ly  ap p ro ac h e s  th is  

d im en sio n . On the o th e r  hand, the d ia m e te r  of the  co iled  p o rtio n  of 

th e  p r e s e n t  sp e c im e n s  v a r ie s  f ro m  . 269 to  . 470 m m  w hile the 

d ia m e te r  of th e c o ile d  p o r tio n  of th e  o r ig in a l ty p es  of I. lohgejcsfeirta 1 

ra n g e s  only  f ro m  . 210 to  . 270 m m .

The ra n g e  of v a r ia t io n  w ith in  In v o lu tin a  lo n g e x se r ta  can  re a d ily  

b e  a p p re c ia te d  f ro m  th e  above s ta te m e n ts  and by  re fe re n c e  to  T able28,

D ep o sitio n  of ty p es . - F ig u re d  hypotypes a r e  d e p o s ite d  in  the  

U .S . N atl. M useum  (C. F . C . ):

F ig u re d  h ypo types, nos.

In ad d itio n , u n fig u red  hypotypes a r e  d ep o s ited  in  the fo llow ing 

in s ti tu tio n s :
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P . R. I. , no.

U. C. , no.

U. N. D. , no.

B .M . (N .H .) ,  no.

S tra tig ra p h ic  'o c c u rre n c e . ' - In v o lu tin a  lo n g e x s e r ta ’w as o r ig in a lly  

d e s c r ib e d  f ro m  the  R ockford  l im e s to n e  of n o r th e rn  Ind iana  (G u tsch ick  

and T re c k m a n , 1959).

As d e te rm in e d  in  th is  study , I. longexserta h as  a  s tr a t ig ra p h ic  

ran g e  f ro m  the U pper D evonian  New A lbany sh a le  to  th e  lbw er'.N ew  

P ro v id e n c e  fo rm a tio n . (See C h a r ts  3, 5, 6, 9, 11-13, 16, 18 and 22 

fo r  d e ta ils  of o c c u r r e n c e .)

E co logy . - A p p a re n tly  Invo lu tina  lo n g e x s e r ta 1 r e q u ire d  m u ch  the  

sa m e  type  of en v iro n m en t as  d id  bo th  I . ' e x s e r ta  and  Ij sd m ic o n s tr i 'c ta ; 

T he s p e c ie s  o c c u rs  m o re  f re q u e n tly  in  th e  fine  to  m ed iu m  g ra in ed , 

s i l t - b e a r in g  New P ro v id e n c e  sh a le s  th an  in  the  le s s  s i l ty  K inderhook ian  

sh a le s ;  th is  coup led  w ith the o b se rv a tio n  th a t th e  p r e s e n t  te s ts  of 

I. lo n g g x se r ta  a r e  of m ed iu m  c o a r s e  a re n a c e o u s  te x tu re  w ith a 

m o d e ra te  am ount of cem en t, s e e m s  to  in d ic a te  an  in h e re n t " p re fe re n c e "  

fo r  an  a re n a c e o u s  en v iro n m en t.

G u tsch ic k  and  T re c k m a n 's  ty p es  of Involu tina ' lo n g ex s e r t a  p o s s e s s  

a c l e a r e r  and  m o re  g lo ssy  te s t  th an  do th e  sp e c im e n s  o b se rv e d  in
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th is  study. T he f in e -g ra in e d  te x tu re  of th e  R o ck fo rd  t e s t s  is  p ro b a b ly  

due to  th e  m o re  c a lc a re o u s  and le s s  s il ty  n a tu re  of the se d im e n ts  

in  th e  R ockfo rd  lim e s to n e .

In v o lu tin a  s e m ic o n s tr ic ta  (W a te rs ), 1927 

P I . 6, f ig s . 1 -3 ; P I . 10, fig . 20; F ig . 20.

A m m o d iscu s  s e m ic o ils tr ic tu s  W a te rs , J .  A. , 1927, J o u r .

P a le o n t. , v. 1, p. 132, p i. 22, fig. 1.

A m m o d iscu s  s e m ic o n s tr ic tu s  v a r .  r e g u la r is  W a te rs , J ^ A . ,

1927, J o u r . P a le o n t . ,  v. 1, p. 132, p i. 22, fig . 2.

C o m u s p ira  s e m ic o n s tr ic tu s ,  H a rlto n , B .H . , 1933, J o u r .

P a le o n t. , v . 7, pp. 9, 10, p i. 2, f ig s . 2a, 2b.

In v o lu tin a  s e m ic o n s tr ic tu s  (W a te rs ) , L o eb lich  A. R , , and 

Tappan , H . , 1954, W ashing ton  A cad. Sci. , J o u r . , v. 44, 

no. 10, p . 306.

D e s c r ip tio n . - T e s t  p la n is p ir a l ,  c i r c u la r ,  b ico n cav e ; t e s t  in  

so m e  in s ta n c e s  e l l ip t ic a l  a s  a  r e s u l t  of s e c o n d a ry  d is to r tio n ; d ia m e te r  

of t e s t  . 210 to  . 594 m m ; p ro lo c u lu s  v e ry  s m a ll ,  . 008 to  . 028 m m  

in  d ia m e te r ,  s p h e r ic a l  to  e l l ip t ic a l  in  fo rm ; seco n d  c h a m b e r  tu b u la r  

p la n is p ir a l ,  of 3 to  8 w h o rls , and m o d e ra te ly  c o n s tr ic te d  e x te rn a lly ;
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a p e r tu r e  c i r c u la r  in  c r o s s - s e c t io n ,  fo rm e d  by  open end of tube; 

m ed iu m  s ize d  sp e c im e n  h as  an  a p e r tu r a l  d ia m e te r  of . 37 m m ; w all 

co m p o sed  of s ilic e o u s  g ra in s  in  s il ic e o u s  cem en t; c o lo r  of w all g ra y  

to  o ra n g e  buff to  w hite .

Two g e n e ra l  v a r ia t io n s  in  t e s t  co m p o sitio n  a r e  re c o g n iz e d  in  the  

M is s is s ip p ia n  fo rm s  of In v o lu tin a  s e m ic o n s tr id ta ; V a r ia n t 1, c le a r  

and g lo s sy  and d o m in an tly  of c e m e n t w ith  v e ry  l i t t le  a g g lu tin a te  m a te r ia l ;  

V a r ia n t 2, m o re  ro b u s t  t e s t  w ith  m uch  m o re  ag g lu tin a te  m a te r ia l  and 

le s s  cem en t. T h e se  v a r ia n ts  a r e  d is c u s s e d  u n d e r eco logy .

M e a su re m e n ts . - See T ab le  30 fo r  m e a s u re m e n ts  of s e v e ra l  

M is s is s ip p ia n  sp ec im e n s  and  T ab le  31 fo r  ra n g e  in  m e a s u re m e n ts  

and  c o m p a r iso n  w ith  P e n n sy lv a n ia n  fo rm s .

C o m p a riS o n 'and a f f in i t ie s . -  I  h av e  ex am in ed  sp e c im e n s  f ro m  

P lu m m e r ’s P e n n sy lv a n ian  lo c a l i t ie s  in  T e x as  and a g re e  w ith  h e r  

(1945, p . 232) in  c o n s id e r in g  In v o lu tin a  s e m ic o n s tr ic ta  v a r .  r e g u la r is  

(W ate rs) to  be  synonom ous w ith  I. s e m id o n S tr ic ta (w a te r s ) . H ow ever, 

P a m  not conv inced  th a t I. s e m ic o n s tr ic ta  var r e g u la r is  is  a  ju v en a l 

fo rm  of I. s e m ic o n s t r ic ta ; r a th e r ,  I b e lie v e  th a t th e  re la tio n s h ip s  

b e tw een  the  d ia m e te r  of t e s t ,  th ic k n e ss  of te s t ,  n u m b er of w h o rls , 

and « is e ' of p ro lo c u lu s  in d ic a te  w ide in d iv id u a l v a r ia t io n  in  ad u lt fo rm s  

in  r e g a rd  to  th e s e  a n a to m ic a l f e a tu re s .  T he w ide in f ra s p e c if ic  

v a r ia t io n  in  I. s e m ic d iis tr ic ta  can  b e  a p p re c ia te d  by  r e fe r e n c e  to 

T a b le  30.
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T ab le  30. M e a su re m e n ts  of In v o lu tin a  s e m ic o n s tr ic ta  (W ate rs ),
1927, in  m m .

sp e c im e n  n u m b er m ax . th ic k -  no . of d iam . of lo c a lity  n u m b er,
d iam . n e s s  w h o rls  p ro lo c . fo rm a tio n , and bed  no.

1 .369 .025 5 ? K -23 , K incaid , bed  4

2 .252 .017 5 .5 .0 1 2 1!

3 .252 .0 5 0 3 .5 .008 1-1, M en ard , bed  7

4 .453 .0 6 7 5 .003 ii

5, P I . 6, f ig . 2 .537 .0 9 2 5 .021 K -23 , P a in t  C re e k , 
b ed  1

6 .369 .0 6 7 3 .0 1 6 n

7 .386 .025 5 .0 0 8 K -3 , New P ro v id e n c e , 
b ed  2

8 .335 .0 1 7 5 .016 0 - 7 ,  H enley , bed  4

9 .411 .025 6 .020 11

10 . 352 .050 5 .016 K -18 , New P ro v id e n c e , 
bed  4

11 . 352 .033 4 .050 0 - 8 ,  C uyahoga, bed  3

12, P I .  6, fig . 1 .420 .033 8 .016 1-4, Jaco b s  C hape l, 
bed  1

13 .436 .046 5 .016 M

14, P I . 10. fig . 20 .330 .067 6 .016 1-4 , R o ck fo rd , bed  2

15 .403 .050 7 .5 .016 11

16 .403 . 101 4 .5 .020 K-66^ B edford, bed  1

17 .5 9 4 .075 7 .020 0 - 4 ,  B ed fo rd , bed  3

18 .210 .050 3 .008 T -2 , E u lie , b ed  2

19 .3 7 4 .059 6 .  5 .016 It

20 .260 .033 5 .5 .008 11
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T ab le  31. R ange in  m e a s u re m e n ts  of in v o lu tin a  s e m ic o n s tr ic ta
(W a te rs ) , 1927, in  m m .

P r e s e n t  sp e c im e n s  P e n n sy lv a n ia n  fo rm s

M axim um  d ia m e te r :  .2 1 0 -. 594 .3 9 3 -1 .5 2 5

T h ic k n e ss : .0 1 7 - .  101 .0 5 9 - .  166

No. of w h o rls : 3 -8  5-10

D iam . of p ro lo c u lu s : .0 0 8 - .  050 .0 0 8 - .  055
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By m e a s u re m e n t and stu d y  of th e  v a r io u s  a n a to m ic a l f e a tu re s  

of Invo lu tina '1 d em ico n stitic ta  a tte m p ts  w e re  m ad e  to  u n co v e r ev idence  

of change w ith in  th e  s p e c ie s  w ith  tim e . T h e re  se e m s  to  b e  a  t re n d  

to w a rd  in c r e a s e  in  the t e s t  d ia m e te r  w ith  d e c re a s in g  geo lo g ic  a re .

T he D evonian  b ed s  w ere  found to  y ie ld  the  s m a l le s t  know n te s t s  of !

I: s e m ic o n s tr ic ta ;  the  l a r g e s t  re c o rd e d  te s t s  of th e  s p e c ie s  a r e  

found in  th e  P en n sy lv an ian . W ithin  th e  M is s is s ip p ia n  seq u en ce , the 

C h e s te r ia n  I. s e m ic o n s tr ic ta  a r e  the  s m a lle s t ,  w ith  th e  K in d erh o o k ian  

n ex t l a r g e s t  and th e  O sag ian  fo rm s  s t i l l  l a r g e r ,  b u t s m a l le r  th an  

th e  P e n n sy lv a n ia n  fo rm s . T he s m a ll  a v e ra g e  s iz e  of th e  C h e s te r ia n  

sp ec im e n s  p re s e n ts  th e  ex cep tio n  to  th e  g ra d u a l in c r e a s e  in  s iz e , 

and m ay  b e  the  r e s u l t  of in su ff ic ie n t sa m p lin g  of C h e s te r ia n  b ed s ; 

th e  C h e s te r ia n  b ed s  sam p led  in  th is  s tu d y  y ie ld ed  few s m a l le r  

F  o ra m in ife ra .

As re g a rd s  th e  n u m b er of w h o rls  p e r  t e s t ,  th e  P e n n sy lv a n ian  

fo rm s  p o s s e s s  th e  l a r g e s t  n u m b er (as  m any  a s  10 w h o rls ) . In  the  

M is s is s ip p ia n  m a te r ia ls  s tu d ied , th e  K in d erh o o k ian  fo rm s  of 

Invo lu tiiia  s e m ic o n s tr ic ta  have  th e  g r e a te s t  n u m b er of w h o rls  

(up to  8); th is  n u m b er of w h o rls  is  co m p arab le  to  th a t w hich I 

o b s e rv e d  ixl m e d iu m -s iz e d  sp e c im e n s  of I. d e im c o n str i 'c td  f ro m  

P lu m m e r 's  P en n sy lv an ia n  m a te r ia l .  T he C h e s te r ia n  fo rm s  p o s s e s s  

th e  l e a s t  n u m b e r of w h o rls  (up to  5) w hile th e  O sag ian  and  D evon ian

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



2 6 8

fo rm s  p o s s e s s  l e s s  (up to  6 1 /2  and  7) th an  th e  K in d erh o o k ian  fo rm s , 

b u t m o re  th an  the  C h e s te r ia n  fo rm s .

T ype d ep o sitio n . - F ig u re d  hypotypes a r e  d e p o s ited  in  th e  

U .S . N atl. M useum  (C. F . C . ):

F ig u re d  h y p o ty p es, nos.

In  ad d itio n , u n fig u red  hypo-types a r e  d ep o s ite d  in  th e  follow ing 

in s ti tu tio n s :

P . R. I. , no.

U. C. , no.

U, N. D. , no.

B. M. (N .H .) ,  no.

S tra tig ra p h ic  o c c u r re n c e . - In v o lu tin a  s e m ic o U str ic ta  h a s  a 

r a th e r  w ide s tr a t ig ra p h ic  d is tr ib u tio n  in  the  N o rth  A m e ric a n  U pper 

P a le o z o ic  seq u en ce . T he S p ec ies  ivas f i r s t  d e s c r ib e d  f ro m  th e  

P en n sy lv a n ia n  of O klahom a (W a te rs , 1927); P lu m m e r  (1945 re p o r te d  

the  s p e c ie s  f ro m  th e  P e n n sy lv a n ia n  of T ex as; G u tsch ick  and  T re c k m a n  

(1959) found i t  in  th e  K in d erh o o k ian  R o ck fo rd  lim e s to n e  of n o r th e rn  

In d ian a .

In v o lu tin a  s e m ic o n s tr ic ta  is  h e re in  re c o g n iz e d  f ro m  U pper 

D evonian , K in d erh o o k ian , O sag ian , and C h e s te r ia n  b ed s . I t . i s  

e s p e c ia lly  abundan t in  th e  K in d erh o o k ian  and lo w e r  O sag ian  b ed s .
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T he h ig h e s t known O sag ian  ex am p les  of I . s e m ic o h s tr ic ta  a r e  in  

the  f in e -g ra in e d  o l iv e -g ra y  sh a le  s tr e a k s  in  th e  B lac k  H and san d sto n e  

of Ohio, No M e ra m e c ia n  fo rm s  w e re  found. (See C h a rts  3 -14  

and 16-22 fo r  d e ta ils  of o c c u r re n c e .)

E cology . - In v o lu tin a  s e m jic b n s tr ic ta  i s  ^ recorded  d o m in an tly  

f ro m  so ft, f in e -g ra in e d , p la s t ic  sh a le s  w hich  h av e  v e ry  fine  to 

m e d iu m -s iz e d  s i l t  g ra in s ;  th e s e  b ed s  u su a lly  have a  p a u c ity  of 

m a r in e  m e g a fo s s i ls .  I. s e m ic o n s tr ic ta  is  in  so m e  in s ta n c e s  (a s  in  

th e  B ed fo rd  sh a le ) found in  a s s o c ia tio n  w ith  c a rb o n a ce o u s  m a t te r  

and c h itin iz e d  land  s p o re s  of th e  genus T a sm a n ite s  and o th e r  s p o re s .

I; s e m ic o n s tr ic ta  i s  a ls o  know n to  the  w r i te r  f ro m  the  s e m i- li th o g ra p h ic  

lim e s to n e  of th e  Louisiaiiks l im e s to n e  a t L o u is ia n a , M is so u r i. T hus, 

i t  s e e m s  w e ll ex ta b lish e d  th a t th e  sp e c ie s  " p re f e r r e d "  f in e -g ra in e d  

se d im e n ts .

T he v a r ia t io n  in  th e  co m p o sitio n  of th e  ag g lu tin a ted  te s t  is  

b e lie v e d  to  b e  due to  e c o lo g ic a l cond itions p r e s e n t  on th e  s e a  b o tto m  

a t th e  t im e  of d e p o s itio n  of th e  se d im e n ts . F o r  ex am p le , in  th e  

U pper D evonian  p a r t  of the  New A lbany sh a le  of K entucky, th e  E u lie  

sh a le  (New A lbany  equ ivalen t) of T e n n e sse e , th e  K in d erh o o k ian  R ockfo rd  

l im e s to n e  and  J a c o b s  C h ap e l sh a le  of so u th e rn  Ind iana, the  B ed fo rd  

and S unbury  s h a le s  of e a s te rn  K entucky, the  b a s a l  few fe e t of th e  

O sag ian  H en ley  sh a le  of O hio, and  th e  sh a le  in  th e  B lack  Hand
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san d sto n e  of Ohio, Invo lu tina  s e m ic o n s tr ic ta  is  p r e s e n t  in  th e  fo rm  

of V a ria n t 1, a  c le a r  and  g lo ssy  t e s t  w ith  a  g re a t  p ro p o rtio n  of cem en t 

and l i t t l e  ag g lu tin a ted  m a te r ia l .  In  th e se  a fo rem e n tio n ed  se d im e n ts  

only s m a ll  am ounts of and v e ry  s m a ll  g ra in -  s ia e d  m a te r ia l  is  

a v a ila b le  fo r  bu ild ing  an  ag g lu tin a te  te s t .  F o r  th e se  re a s o n s ,  the  

c em en t s e c re te d  by  the  p ro to p la s m  m ak es  m o s t of the  te s t ,  thus 

p ro d u c in g  a  d ep a u p e ra te  te s t .  Two sp e c im e n s  of V a ria n t 1 w ere  

a lso  re c o v e re d  f ro m  the  d a rk , so ft sh a le s  of the  C h e s te r ia n  K incaid  

fo rm atio n .

In a  s tudy  of the  U pper P e n n sy lv a n ia n  (V irg ilian ) m ic ro fau n a  of 

the  D e e r  C re e k  fo rm a tio n  of K an sas  and n o r th e rn  O klahom a,

Invo lu tina  s e m ic o n s tr ic ta  w as the  only  sp e c ie s  of F o ra m in ife ra  

found in  the  s t r i c t ly  b la c k  f is s i le  sh a le  m e m b e r  (L a r s h -B u r ro a k  

sha le ) (Conkin, B. , 1954, p. 16); th e se  b lack  sh a le s  in  th e  

P e n n sy lv an ia n  cy c lo th em s a r e  se em in g ly  s im i la r  lith o lo g ic a lly  

to  the D evonian  b lack  sh a le s .

The o c c u r re n c e  of In v o lu tin a  s e m ic o n s tr ic ta  in  the  M id -C on tinen t 

P e n n sy lv an ian  b lack  sh a le s  and in  the  s m a ll  g ra y -g re e n  sh a le  le n s e s  

w ith in  the  D evonian  "B lack  sh a le "  d e m o n s tra te s  the  a b ili ty  of th is  

sp e c ie s  to  l iv e  un d er u n fav o rab le  e n v iro n m e n ta l co n d itio n s. R educing  

co n d itio n s, low pH (w ith  co n seq u en t u n a v a ilab ility  of c a lc a re o u s  and 

fe rru g in o u s  - c a lc a re o u s  s a lts  fo r  c em e n ta tio n  of a re n a c e o u s  g ra in s
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to  m ak e  an  ag g lu tin a te  te s t)  w ould m il i ta te  a g a in s t su p p o rt of a l l  

l ife  ex cep t the  m o s t h a rd y  and u n sp e c ia liz e d  fo rm s  (o r fo rm s  

p a r t ic u la r ly  sp e c ia liz e d  to  liv e  in  s tag n a n t red u c in g  co n d itio n s).

In  m o re  a re n a c e o u s  b ed s  and in  b e t te r  a e r a te d  w a te r s ,  su ch  as  

th o se  found in  the O sag ian , th e  te s ts  of In v o lu tin a 's e m ic b n s t i ic ta  

a r e  found to  b e  m o re  ro b u s t, to  h av e  a m o re  g ra n u la r  appearance^ 

and to  have a  s m a l le r  p e rc e n ta g e  of c e m e n t c o m p a re d  to  a re n a c e o u s  

m a te r ia l .

T hus, th e  o c c u rre n c e s  of In v o lu tin a  s e m ic o n s tr ic ta  in  v a r io u s
*

k inds of se d im e n ts  ( f is s i le  b la ck  s h a le s ;  su b lith o g ra p h ic  lim e s to n e ; 

g re e n  g ra y , blue, g ray , and buff p la s t ic  s h a le s ;  g ra y  and s p o re -  

b e a r in g  ca rb o n ac eo u s  s h a le s ; s il ty  s h a le s ;  and so ft p la s t ic  g re e n  

g ra y  sh a le s  w ith in  b la c k  f is s i le  sh a le s)  d e m o n s tra te d  e loquen tly  

the  v e r s a t i l i ty  of th e  sp e c ie s  in  ad ap tin g  to  v a r io u s  eco lo g ica l 

cond itions e x is tan t in  d iv e r s e  s i te s  of s e d im e n ta ry  d ep o sitio n .

T he m o re  c o n se rv a tiv e , the  m o re  u n sp e c ia liz e d  n a tu re  of the  

sp e c ie s  would a lso  acco u n t fo r  the  geo log ic  lo n g ev ity  of 

I. se m ic o n s tric ta ^
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G lb rtio sp ira  R zehak , 1888

T ro ch am m in a  J o n es , T. R. , and P a r k e r ,  W. K, , 1880, (p a r s ) , 

Q u a rt. Jo u r . G eol. Soc. , v . 61, p. 304.

Glorn.bsi>ira R zehak , A .,  1888, V erb . k. k. G eol. R e ich s . , 

p . 191; C ushm an , J . A. , 1928, C u sh m an  L ab . F o ra m .

R e s e a rc h , S p ec ia l P u b l. no. 1, p. 102.

G o rd iam triin a  R h u m b le r, L . , 1895, N ach r. G es . W iss.

GBttingen, p . 84.

Type sp e c ie s ;  T rocham 'm iria  g b rd ia lis  Jo n es  and P a r k e r ,  I860 

(m ono typ ic  genus).

C u sh m a n 's  (1948, p. 96) g e n e r ic  d e fin itio n  of G l'om osp ira  fo llow s; 

" T e s t  f re e ,  w ith  a p ro lo c u lu m  and long, 

tu b u la r , und iv ided , seco n d  c h a m b e r  w inding 

about i ts  e a r l i e r  c o ils  in  v a r io u s  p la n e s ; 

w all a re n a c e o u s  w ith  m uch  cem en t; a p e r tu re  a t 

the  end of th e  tu b a"

A ll sp e c im e n s  s tu d ie d  in  th is  p a p e r  w e re  co m p o sed  of 

q u a r tz  g ra in s  in  in so lu b le  s i l ic a  cem en t.

C h a rt 23 show s the  ra n g e  of G lo m o sp ira  in  th e  M is s is s ip p ia n  

a s  d e te rm in e d  in  th is  s tudy .
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G lo m o sp ira  a r t ic u lo s a  P lu m m e r , 1945 

P I . 6, fig . 10; P I . 11, fig . 1; F ig . 17.

G lo m o sp ira  a r t ic u lo s a  P lu m m e r, H. J , , 1945, Univ. T e x as ,

P u b l. 4401, p . 233, p i. 16, f ig s . 21-25 ; I re la n d , H. A. ,

1956, J o u r . P a le o n t. , v. 30, no. 4, p . 847, te x t- f ig . 4, 

f ig s . 7 -10 ; G u tsch ick , R. C. , and T re c k m a n , J . F . , 1959,

Jo u r . P a le o n t . ,  v . 33, no. 2, pp. 242, 243, p i. 35, f ig s . 17-19.

D es c r ip t io n . -  T e s t  c o n s is ts  of a  p ro lo c u lu s  (u su a lly  no t v is ib le ) , 

and  a  g ra d u a lly  expanding  tu b u la r  second  c h a m b e r  w hich c o ils  

i t s e l f  a ro u n d  in  a  h a p h a z a rd  m a n n e r so a s  to  fo rm  a tig h tly  wound 

knot of v a ry in g , b u t a lw ays co m p ac t, sh ap e ; a p e r tu re  a t open end 

of tube ; w a ll v e ry  fin e  g ra in e d  w ith s il ic e o u s  g ra in s  in  s il ic e o u s  

cem en t; c o lo r  of w a ll w hite  to  g ra y  to  vellow  g ra y .

M easu rem en ts .' -  See T a b le  32 fo r  m e a s u re m e n ts  of G lo m o sp ira  

a r t ic u lo s a .

C o m p a riso n  and  a f f in i t ie s . - B e c au se  of v a r ia b il i ty  w ith in  th e  

s p e c ie s  no two sp e c im e n s  look  ex ac tly  a lik e ; h o w ev er, the  p r e s e n t  

sp e c im e n s  a r e  c o n sp ec if ic  w ith  th e  sp e c im e n s  f ig u red  by  P lu m m e r  

(1945, p. 233) and  by  G u tsch ick  and T re c k m a n  (1959, pp. 242, 243).
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T a b le  32. M ea su rem e n ts  of G lo m o sp ira  a r t ic u lo s a  P lu m m e r ,
1945, in  m m .

sp e c im e n  n u m b er m ax . d iam . knax. d iam . lo c a lity  n u m b er, f o rm a -
of t e s t  of tube titan, and b ed  n u m b er

1 .740  .280  K -56 , H aldem an , b ed  2

2 . 780 .3 0 0  "

3 .8 0 6  .250  "

4 , P I .  6, f ig . 10 .5 2 0  . 150 K -32 , New P ro v id e n c e ,
b ed  3

5 .5 5 4  .120  K -4 0 , New P ro v id e n c e ,
b ed  1

6 . 554 .130  K -17 , New P ro v id e n c e ,
b ed  4

7 .310 .080  0 - 6 ,  H en ley , bed  10

8 .390  .110

9, P I .  11, f ig . 1 .470  .200  Q -7 , C uyahoga, bed  4

10 .8 0 6  .370  0 - 6 ,  H en ley , b ed  10

11 .503  .120  "

12 .436  .080  K -32 , New P ro v id e n c e ,
bed  2

13 .335  .100  "

14 .370  .080  K -5 4 , New P ro v id e n c e ,
bed  6

15 .3 2 0  . 100 1-4 , R ockfo rd , b ed  2

16 .335  .100  T -2 , E u lie , bed  2
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T he p re s e n t  ex am p les  of G lo m o sp ira  a r t ic u lo s a  a r e  in  g e n e ra l  of 

th e  sa m e  s iz e  as  th o se  f ig u re d  by  G u tsch ick  and T re c k m a n  (1959) 

and by P lu m m e r  (1945), b u t a  few sp e c im e n s  a r e  l a r g e r  th an  m o st 

m e m b e rs  of the s p e c ie s ; I r e la n d 's  (1956, te x t- f ig , 4, f ig s . 7-16) 

f ig u red  sp ec im e n s  a r e  g e n e ra lly  s m a lle r .

D eposition  of types'. - F ig u re d  hypotypes of G lo m o sp ira  

a r tic u lo s a ' a r e  d ep o sited  in  the  U. S. N atl. M useum  (C. F . C . ):

F ig u re d  h ypo types, n o s .

In add ition , u n fig u red  hypo types a r e  d ep o s ite d  in  th e  follow ing 

in s titu tio n s :

P . R. I. , no.

U .C . ,  no.

U .N .D . , no.

B .M . (N .H .) ,  no.

S tra tig ra p h ic  o c c u r re n c e ; - G lo m o sp ira  a r t ic u lo s a  w as re c o rd e d  

by  P lu m m e r  (1945, p. 233) f ro m  th e  L ow er and M iddle P e n n sy lv a n ia n  

of T e x as ; th e  sp e c ie s  w as r e p o r te d  f ro m  th e  U pper P en n sy lv an ian  

of K ansas by  I re la n d  (1956, p. 847). G u tsch ick  and T re c k m a n  

(1959, p. 242, 243) r e p o r te d  the  sp e c ie s  f ro m  the  R ockford  

lim e s to n e  of n o r th e rn  Ind iana.
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In  th e  p r e s e n t  w ork , G lo m o sp ira  a r t ic u lo s a  w as found in  the  

K in d erh o o k ian  and O sag ian  b e d s , b u t no t s tr a t ig ra p h ic a l ly  above 

th em . (See C h a r ts  4, 6, 9 -1 3 , 16 and  18-22 fo r  d e ta ils  of 

s t r a t ig ra p h ic  o c c u r r e n c e . )

E cology. - G lo m o sp ira  a r t ic u lo s a  o c c u rs  in  th e  M is s is s ip p ia n  

of th e  s tu d ie d  re g io n  p r im a r i ly  in  c lay ey , p la s t ic  sh a le s  w ithout 

s ig n if ic a n t c a rb o n a te s . H ow ever, G.' a r t ic u lo s a  w as ad ap ted  to  

liv e  in  th e  c a lc a re o u s  m ud en v iro n m e n t th a t  e x is te d  on the  s e a  

b o tto m  d u rin g  d ep o s itio n  of th e  R o ck fo rd  l im e s to n e . T he p o s s ib i l i ty  

of the  R o ck fo rd  lim e s to n e  hav ing  b ee n  d e p o s ited  in  a  lag o o n  is  

d is c u s s e d  in  th e  se c tio n  of H y p eram rn in a  r o ’c k fo rd e h s is .

C u sh m an  n o ted  (1928, p . 102) th a t R ec en t sp e c ie s  m o s t 

com m o n ly  o c c u r  in  co o l w a te r .  P e rh a p s  th e  sh ap e  (co ile d  lik e  a  

b a l l  of tw ine, th e  "G o rd ia n  K not" of P lu m m e r , 1945) w as an  

ad ap tio n  (not in  L a m a rc k ia n  sen se )  w hich  a ffo rd ed  c o n s id e ra b ly  

m o re  s tre n g th  and r e s is ta n c e  to  b re a k in g  of th e  t e s t  in  the  

m o d e ra te ly  a g ita te d  w a te rs  of a  lag o o n , o r  p e rh a p s  shallow  

sh o a l a r e a .  In  any  even t, a ib a l l-o f - tw in e - l ik e  co ilin g  of th e  

tu b u la r  seco n d  c h a m b e r  w ould o ffe r  g r e a te r  p ro te c tio n  in  

in s ta n c e s  w h ere  th e  a n im a l w as u n a ttach ed .
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L itu o tu b a  R h u m b le r, 1895

L itu o tu b a  R h u m b le r, L . , 1895, N ach r. Kbngl. G ese ll. W iss. 

GB'ttingen, p. 83,

" T ro c h a m m in a  B rad y , H. B . , 1879, Q u art. J o u r . M ic ro s .

Sci. , (N. S . ), v. 19, p. 59, p i. 5, fig . 6.

T ype s p e c ie s . - T ro c h a m m in a  litU rifo rm is  H. B . B ra d y , 1897 

(d e s ig n a ted  by C ushm an , 1910).

R h u m b le r 's  (1895, pp. 83, 84) d e s c r ip tio n  of th e  genus 

L itu o tu b a  fo llow s:

"Ich  v e re in ig e  in  d ise m  G enus a lle  

d ie jen ig en  b ifo rm e n  A rte n  d e r  von B titsch le  und 

N enw age schon  a ls  c h a o tisc h  e rk a n n te r  O rdnung 

T ro c h a m m in a , d e re n  A nfang s p ir a l  e in g e ro llt ,  

d e re n  Ende a b e r  noch  g e ra d e  g e r s t r e c h t  i s t .

H ie rh e r  a lso ; L itu o tu b a  (T ro ch am m in a) filu m  

Schm id; L itu o tu b a  c e n tr ifu g a l (B rady); L . ' l i tu i - 

fo trn is  (B rad y ). E o s s i l  in  K ohlenkalk . "

C h a rt 23 show s th e  s tr a t ig ra p h ic  ra n g e  of L ituo tuba1 in  the 

M ississ ip p i.an  of the  s tu d ie d m re a .
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L itu o tu b a  sem iplan.a, n. sp.

P I . 6, f ig s . 11, 12; P I . 11, fig . 2; F ig . 18

D esc rip tio n . - T e s t  f r e e  c o n s is tin g  of a  s p h e r ic a l  p ro lo c u lu s  

and tu b u la r  undiv ided  second  ch am b er w hich co ils  in  n e a r ly  the  

sam e  p lan e  fo r  2 1 /4  to  2 1 /2  w h o rls , th en  u n co ils  and  b eco m es  

r e c t i l in e a r ,  w ith th e  r e c t i l in e a r  p o r tio n  in  n e a r ly  the  sa m e  p lan e  

and d i r e c te d  a t r ig h t an g les  to  th e  p re c e e d in g  p a r t  of th e  second  

c h am b er; a p e r tu re  c i r c u la r ,  som ew hat c o n s tr ic te d ; w all of second  

ch am b er w ith  s lig h t c o n s tr ic t io n s  ex te rn a lly !  w all of fine  s ilic e o u s  

g ra in s  in  s ilic e o u s  ce m e n t; c o lo r  w hite to  g ray .

Me a su re m e n ts '. -  See T ab le  33 fo r  m e a s u re m e n ts  of L ituottiba  

s e tn ip lan a  and c o m p a r iso n  w ith L . 1 e x e r t  a  M orem an , 1930.

C o m p a rlso h  arid affihiti'e 's '. -  L itu 'otuba S em ip lana  has c lo se  

a ff in itie s  to  Lj 'e x e r ta  M orem an , 1930 bu t d if fe rs  fro m  L . ' e x e r ta  

in  having (1) n e a r ly  p la n is p ir a l  c o ils , (2) l e s s e r  n u m b er of w horls  

(about 2 1 /2  in  L . s e m ip la n a , bu t 4 to 5 in  L , ' e x e r ta ) , (3) s lig h t 

e x te rn a l c o n s tr ic t io n , and (4) s m a l le r  s iz e .

Type lo c a l i ty ; - N o rth  of G a r r e t t  C re e k  C h u rch , n o r th  of 

W estm o re lan d , S u m n er County, T e n n e sse e  (L o c a lity  T -2 ) . T h e  

holotype" is  f ro m  the  E u lie  sh a le  (B ed 4).
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T ab le  33. M e a su re m e n ts  of L itu o tu b a  se m ip lan a  , n . sp . in  m m ,
and c o m p a riso n  w ith L . e x s e r ta  M o rem an , 1930.

sp ec im e n  n u m b er d iam . of max;, d iam . len g th  m ax . m ax . m in . d iam .
p ro lo c . of tu b e  d iam . d iam . d iam . of

of of aper~.
n eck  n eck  tu r e

1, P I . 6, fig . 11 .0 2  
ho lo type

2, P I . 6, fig . 12 .03

3, P I . 11, fig . 2 .0 5

08 .269  .20  .0 8  .0 7  .03

07 .290  .2 0  .1 0  .0 6  .03

07 .2 9 0  .2 4  .1 0  .0 7  .0 3

L . e x s e r ta  M o rem an , P I . 7, f ig s . 5, 6 .3 4 -
.48
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T ype d ep o s itio n . - H olo type and  f ig u re d  p a ra ty p e s  a r e  d e p o s ite d  

in  th e  U. S. N atl. M useum  (C. F . C . ):

H olo type, no.

F ig u re d  p a ra ty p e s ,  nos.

S tra tig ra p h ic  o c c u rre n c e . - L itu o tu b a  s e m ip la h a  h as  b een  

re c o v e re d  f ro m  th e  K in d erh o o k ian  E u lie  s h a le  of T e n n e sse e  (L o c a lity  

T -2 , B ed  4) and  th e  lo w e r  O sag ian  New P ro v id e n c e  fo rm a tio n  in  

K entucky. (L o c a lity  K -52 , B ed  8; L o c a lity  K -6 , B ed  2).

Ecology. - L itu o tu b a  se lr iip lan a  o c c u rs  in  th e  n o n -c a lc a re o u s  

p a r t s  of the  E u lie  and lo w e r  N ew  P ro v id e n c e  s h a le s , w h e re  

in v e r te b ra te  m e g a fo s s il  a s s e m b la g e s  a r e  a b se n t. T he s p e c ie s  

re q u ire d  a  se d im e n t w ith  fin e  s il ic e o u s  g ra in s  w ith  w hich to  

c o n s tru c t  i t s  te s t .

G enus T o ly p a in ln in a  R h u m b le r , 1895

Hyperdmniina B rad y , H. B . , 1879, (p a ts ) ,  Q u a rt. J o u r .  M icr. 

Sci. , v. 19, p. 33; id e m , 1884, ( p a r s ) , R ept. V oyage 

C h a lle n g e r , Zool. , v. 9, pp. 260, 261.

T o ly p am n iin a  R h u m b le r, L . , 1895, N ach r. Ktin. G es. W i^s. 

G b ttingen , p. 83; C u sh m an , J . A . , 1910, U nited  S ta te s  N atl.
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M us. , B ull. 71, p. 66; id em , 1928, T he F o ra m in ife ra ,  

C am b rid g e , p. 98.

Serpulell&  E im e r , G. H. T. , and F ic k e r t ,  C. , 1899, Z e its c h r , 

W iss. Zool. , v. 65, p. 674.

T ype s p e c ie s : H y p e ra m m in a  v ag an s  B rad y , 1879 (o r ig in a l 

d es ig n a tio n , by  R h u m b le r , 1895, p. 83).

D e s c r ip tio n . - R h u m b le r 's  (1895, p . 83) o r ig in a l d e s c r ip tio n  

of T o ly p am m in a  fo llow s th e  d e fin itio n  of h is  S ubfam ily  G drvanellinae  

(now o b so le te ):

"G ehS use m e h r  o d e r  w en ig e r fe s tg ew ach sen , 

m it k u g lig e r  o d e r o v a le r  A n fan g sk am m er, 

so n s t e in e  g le ich  w eite  R b h re  d a rs te l le n d , 

w elche s ic h  in  u n re g e lm tls s ig e n  H in -und  

H erw indungen  aufknM uelt. 11

T he g e n e r ic  d e fin itio n  of T o ly p am m iila  a s  g iven  by C ushm an  

(1910, p. 66) fo llow s:

’’T e s t  ty p ic a lly  a d h e re n t by  i t s  un d er 

s u rfa c e , b u t m ay  b e c o m e  f re e ,  c o n s is tin g  of 

an  e lo n g a te  oval"pcrdloculum -and a  lbng  i r r e ’gvilar 

tube, u n b ran ch ed , co m p o sed  of san d  g ra in s  

and re d d ish  b row n  c em e n t. "
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T h e re  h as  b een  som e doubt as  to  the re la tio n s h ip  be tw een  

T b ly p am tn in a  and A m m  o v er t e l la . The s a lie n t g e n e r ic  c h a r a c te r ­

is t ic s  of th e  two g e n e ra  have b e e n  c r i t ic a l ly  rev iew ed  and  co m m en ted  

upon by I re la n d  (1956, p. 838):

MThe te s t  of T o ly p am m in a  is  g e n e ra lly  a  f r e e  

tube c i r c u la r  in  c r o s s - s e c t io n  and a tta c h ed  

only  in  th e  in i t ia l  s ta g e  and a t v a rio u s  

po in ts  in  the  l a t e r  s ta g e  w h ere  su p p o rt of 

th e  long tube is  needed . G row th  of th e  tube 

is  alw ays in  ran d o m  d ire c tio n s . T he lo w er 

w all of th e  tube, w h ere  a ttach ed , is  

g e n e ra lly  of ag g lu tin a ted  p a r t ic le s ,  

though in  so m e  c a s e s  th e  s u rfa c e  of the  

ob jec t of a tta c h m e n t is  u sed  a s  p a r t  of 

the  lo w er w all. T he in i t ia l  s ta g e  m ay  be 

s tra ig h t,  s lig h tly  co iled , o r  w ith  one

o r  two w h o r ls .............. A tnm oV ertella ' is

g e n e ra lly  a tta c h e d  th roughou t the  len g th  of 

the  tube, but th e  te rm in a l  p o r tio n  m ay  be 

u n a ttach ed  and c i r c u la r  in  ou tline .

G row th  f ro m  the  p ro lo cu lu s  is  s in u o u s, b ack  

and fo r th  in  a p lan e  w ith  the t e s t  g e n e ra lly
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en la rg in g  in  the  sa m e  d ire c tio n . In the  

f in a l s tag e  th e  tube m ay  m ake a  p a r t ia l  

o r  co m p le te  e n c irc le m e n t of th e  e a r ly  p o r tio n  

of th e  te s t .  A lo w er w all is  not found 

b e c a u se  th e  s u rfa c e  of a tta c h m e n t s e rv e s  as 

the  b o tto m  of th e  te s t ;  and  th e  c r o s s -  

se c tio n  of th e  tube is  s e m i- c i r c u la r ,  

f la t  on the b o tto m  and  convex on top. Tubes 

b en t b ack  o v e r th e  top of th e  t e s t  u se  

the  o ld e r  p o r tio n s  of th e  tube  a s  a  

b o tto m  su rfa c e . 11 

I re la n d  a p p a re n tly  o v erlo o k ed  th a t p a r t  of C u sh m an ’s d e s c r ip tio n  

of A m m o v e rte lla  (1928, p. 98) in  w hich th e  e a r ly  p la n is p ir a l  

p o r tio n  of th e  tube is  m en tioned . T h u s, l ik e  T o ly p am m in a , 

A m m o v e rte lla  m ay  o r  m ay  not b e  p la n is p ir a l ly  co iled  in itia lly .

G en e ric  d iffe re n tia tio n  b e tw een  T o ly p a tn m in a  and A m m o v e rte lla  

u su a lly  h a s  b een  m ade upon th e  b a s is  of su m m atio n  and a n a ly s is  

of th e  n a tu re  of: (1) a tta c h m e n t (o r  n o n -a tta c h m e n t o r  d e g re e  of 

a tta ch m en t) , (&) w inding of the  second  c h a m b e r , (3) p re s e n c e  o r  

a b se n c e  of lo w er w all (and m eth o d  of c o n s tru c tio n ) , and (4") c r o s s -  

s e c tio n a l shape  of the p ro lo c u lu s  and seco n d  ch am b er; n e v e r th e le s s  

th e r e  a r e  in s ta n c e s  of g ra d a tio n  b e tw een  th e  two g e n e ra , and  in
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so m e  c a s e s  i t  h as  b e e n  d iff ic u lt to  m ak e  g e n e r ic  a llo c a tio n  of 

doubtfu l s p e c ie s .

G u tsch ick  and T re c k m a n  (1959, p. 241) have re c o g n iz e d  the  

p ro b le m s  invo lved  in  d if fe re n tia tio n  of s p e c ie s  of T o ly p am m in a  and 

A m m o v e rte lla , a s  fo llow s:

"W e a r e  fo llow ing the  d iag n o sis  ou tlined  

by  I re la n d  (1956, p . 838) fo r  the  c h a r a c te r ­

i s t ic s  of th is  genus fT o ly p a m m in a ]. I t  m u s t be 

re c o g n ize d  th a t su c h  v e rm ic u la r  a d n a sc e n t te s ts  

show g re a t  v a r ia t io n  w hich m ak es  i t  d ifficu lt 

tax o n o m ica lly . We find  th a t so m e  R ockfo rd  

to ly p am m in id s  c o n tra d ic t  so m e  of I r e la n d 's  

c r i t e r i a  fo r  d is tin g u ish in g  b e tw een  T o ly ­

p a m m in a  and A m m o v e r te lla . T he s e m i- c i r c u la r  

'  . c t o s s -s 'e t t io n 'o f l th e  tu b e  i s  l ik e  A m m b v e r te lla ; 

the p r e s e n c e  of an  a g g lu tin a te  f lo o r  w all is  

l ik e  T o ly p am m in a . C o iling  in  th e  e a r ly  s ta g e s  

is  c h a r a c te r is t ic  of T o ly p am m in a ; ^ H e re ,  as  

I re la n d , G u tsch ick  and T re c k m a n  m ak e  no m en tio n  

of th e  p la n is p ir a l  n a tu re  of the  e a r ly  p o r tio n  

of A m m o v e rte lla  a s  o r ig in a lly  d e s c r ib e d  by 

C ushm an . I h o w ev er when the  fo rm s  have one o r

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



2 8 5

two w h o rls  in  the e a r ly  s tag e , a  s e m i- c i r c u la r  

seco n d  c h a m b e r , and  m ay  o r  m ay  not have a 

w all a long  the  s u r fa c e  of a tta c h m e n t, i t  is  

d iff icu lt to  d ec id e  to  w hich genus th ey  

belong . T he a tta c h e d  t e s t s ,  e a r ly  d ev e lo p ­

m en t of co ilin g , and th e  la te  unco iling  

in to  s im p le  tu b e , not w rith in g , s e e m s  to 

fa v o r th e i r  a s s ig n m e n t w ith  T o ly p am m in a , M

A p r a c t ic a l  m ethod , and  I b e lie v e  the  b e s t  m ea n s , of d iffe re n tia tio n  

b e tw een  T o lyparn rh iha  and  A m m o V erte lla  is  o ffe red  h e re .  T he b a s is  

fo r  g e n e r ic  d if fe re n tia tio n  l ie s  p r im a r i ly  in  th e  c o n fig u ra tio n  of 

th e  seco n d  c h a m b e r , w ith  o th e r  c h a r a c te r s  c o n s id e re d  of s e c o n d a ry  

s ig n if ic a n c e .

The second  c h a m b e r  of Tdlypam m i'ria is  s inuous and to rtu o u s  but 

bu t does not wind in  th e  s a m e  g e n e ra l  p lan e , and  the  w indings of the 

seco n d  c h a m b e r  do not fu se  in to  a p lanoconvex  un it. T o ly p am m in a  

is  m o re  o r  le s s  f r e e  of a tta c h m e n t, w ith the  tu b u la r  seco n d  c h a m b e r 

ro u n d ed  in  c r o s s - s e c t io n  w hen f r e e ,  and s e m ic i r c u la r  in  c r o s s - s e c t io n  

w h ere  a ttach ed .

In  c o n tra s t  to  T o lypam m ina; A m m o v e r te lla 'e x h ib its  a  s in u o u s, 

to r tu o u s , (back  and fo rth ) m aze  of w indings of th e  second  ch am b er 

in  th e  sa m e  g e n e ra l  p lan e ; th is  m a z e  of w indings is  fu sed  in to  a
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planoconvex  unit. T he f lo o r  of th e  t e s t  (if  :pres.'eht)ds m o re  o r le s s  

fla t; depending  on the  n a tu re  of s u rfa c e  to  w hich i t  is  a ttach ed ; the 

s id e s  and top of th e  t e s t  a r e  convex. The l a t t e r  p o r tio n  of th e  seco n d  

c h a m b e r  m ay  u til iz e  the e a r l i e r  p o r tio n s  a s  b a s e s  fo r a ttach m en t.

In  su m m a ry  then , the p r in c ip le  g e n e r ic  c h a ra c te r is t ic :  of 

A m m o v e rte lla  is  c o n s id e re d  to  be th e  w inding b ack  and fo r th  of th e  

seco n d  ch am b e r in  th e  sa m e  g e n e ra l  p lan e  w ith  th e  fu sio n  of th e  

w inding tube in to  a p lanoconvex  un it; in i t ia l  p o r tio n  of th e  tube  m ay  

b e  p la n is p ira l .

In asm u ch  as  l i t t l e  is  known co n cern in g  th e  t e s t  w all of a re n a c e o u s  

F o ra m in ife ra ,  I am  unw illing  to  u n d e rta k e  a  d e ta ile d  sp ec u la tio n  oh 

the  o r ig in a l w all co m p o sitio n  of P a le o z o ic  T o lypam m ina  and A m m o v er- 

te lla ; T he p r e s e n t  sp ec im e n s  a r e  a re n a c e o u s , co n s is tin g  of s ilic e o u s  

g ra in s  in  s ilic e o u s  cem en t ( r e g a rd le s s  of o r ig in a l co m p o sitio n ). A 

m o re  d e ta iled  c o n s id e ra tio n  of the  o r ig in a l w all co m p o sitio n  and 

s t ru c tu re  would c lo se ly  follow  the  lin e s  of the  d isc u ss io n s  of w all 

co m p o sitio n  and s tr u c tu r e  of H yp'er'am m ina (Conkin, 1954; C um m ings, 

1955; and Conkin, 1956); such  c o u rse , a t p re s e n t  s ta te  of know ledge 

of w all s tru c tu re  of P a le o z o ic  F o ra m in ife ra ,  m o st l ik e ly  would be 

u n fru itfu l.

C h a rt 23 show s the s tr a t ig ra p h ic  ra n g e  of T o ly p am m in a  in  the 

M is s is s ip p ia n  as  d e te rm in e d  in  th is  study.
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T 6lyparftm irta ' b otoriuricsi, G u tsch ick  and  T re c k m a n  

P I . 6, fig . 13; F ig . 24.

Tdlyfikm m in'a bdtonUnciis G u tsch ick , R. C. , and T re c k m a n , J . F . , 

1959, J o u r . P a le o n t. , v. 33, no.. 2, p. 245, p i. 36, f ig s . 15, 16.

D e sc rip tio n . - T e s t  a tta ch e d , c o n s is tin g  of a  bulbous p ro lo c u lu s , 

fo llow ed by  a  tu b u la r , und iv ided , seco n d  c h a m b e r  (w ith  a  th in  flo o r 

w all); seco n d  c h a m b e r  c o ils  a ro u n d  and c lo se ly  e m b ra c e s  the 

p ro lo c u lu s  fo r  a b o u t 3 /4  w horl, th en  n a r ro w s  and  bends a lm o s t 

a t  a  r ig h t angle,th ten f in a lly  un co ils  to  fo rm  a  s tra ig h t tube w hich 

expands g rad u a lly ; p ro lo c u lu s  only  m o d e ra te ly  e lev a ted  above the 

le v e l  of th e  3 /4  p la n is p i r a l  w h o rl of th e  seco n d  ch a m b e r; c r o s s -  

s e c tio n  of th e  seco n d  c h a m b e r r a th e r  t r ia n g u la r  (c o n tro lled  b y  m ode 

of a tta ch m en t) ; w all f in e ly  a re n a c e o u s  w ith  s ilic e o u s  s i l t  in  s ilic e o u s  

cem en t ( r e g a r d le s s  of o r ig in a l co m p o sitio n  of th e  t e s t  w all); c o lo r  

of t e s t  g ra y  to  w h ite -g ra y .

M e a su re m e n ts . - See T ab le  34 fo r  m e a s u re m e n ts  of p re s e n t  

sp ec im e n s  of T o ly p am m in a  bo tonunca and  c o m p a r iso n  w ith  G u tsch ick  

and T re c k m a n 1 s ty p es  of th e  s p e c ie s .
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C o m p ariso il arid a ffin itie s '. - G u tsch ick  and T re c k m a n  (1959, p. 245) 

d isc u s s e d  th e  s p e c ie s  T o ly p am m ih a  bo tonunca:

"T h e  s p e c ie s  i s  c h a ra c te r iz e d  

by  i t s  b u tto n -h o o k  sh ap e  w ith  le s s  

th an  one w h o rl of th e  seco n d  c h a m b e r , 

c o n s tr ic tio n ; a t  its,1 bend , and l in e a r  

p o r tio n  of th e  m a tu re  p a r t  of th e  te s t .

I t  is  s im i la r  to  T o ly p am m in a  c y c lo p s , 

n_sp. , bu t does not h av e  th e  co m p le te  

c o il a ro u n d  th e  p ro lo c u lu s , is  s m a lle r ,  

and  m o re  u n id ire c ti‘onal.!V 'r 

T h e  p re s e n t  sp e c im e n  c o m p a re s  v e ry  w ell w ith  the o r ig in a l
i

d e s c r ip t io n  of th e  s p e c ie s  by  G u tsch ick  and T re c k m a n  (1959, p . 245); 

th e  only  d iffe re n c e s  n o ted  w e re  th a t th e  p r e s e n t  hypotype,vhas g e n e ra lly  

s m a l le r  s iz e , l e s s e r  h e ig h t to  th e  p ro lo c u lu s - -n o t  p ro je c tin g  m uch  

above the  le v e l of th e  3 /4  p la n is p i r a l  w h o rl, a  t r ia n g u la r  c r o s s - s e c t io n  

of th e  seco n d  c h a m b e r , and  a s m a ll  i r r e g u la r  w edging to  th e  seco n d  

c h a m b e r .

Type d e p o s itio n . - F ig u re d  hypotype of TO lypam m ina' 

bo tonunca is  d ep o s ite d  in  th e  U. S. N atl. M useum  (C. F . C . );

F ig u re d  hypotype, no.
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S tra ti 'g rap h ic  o c c u r re n c e . - T o ly p am m in a  bo tonunca is f 'd u n d  only in. 

th e  K in d erh o o k ian  R o ck fo rd  l im e s to n e  of n o r th e rn  In d ian a  (G u tsch ick  

and T re c k m a n , 1959, p. 245) and  in  th is  s tu d y  f ro m  th e  R o ck fo rd  

l im e s to n e  of so u th e rn  In d ian a  (L o c a lity  1-4 , B ed 2).

Ecology^ - A p p a ren tly  T o ly p am m in a  bo tonunca had  m u ch  the  

s a m e  e co lo g ica l r e q u ire m e n ts  a s  th e  o th e r  sp e c ie s  of Tolypam m ina^

R e m a rk s . - O nly one sp e c im e n  of th is  s p e c ie s  w as found in  th is  

s tudy.

T o lypam iriina  cy c lo p s  G u tsch ic k  and T re c k m a n , 1959 

P I . 6, f ig s . 14, 15; P I . 11, fig . 3; F ig . 25.

T o ly p am m in a  cyc lops G u tsch ic k , R. C. , and T re c k m a n , J . F . ,

1959, J o u r . P a le o n t. , v . 33, no. 2, pp. 245, 246, p i. 36, 

f ig s . 1, 2, 4, 6, 7, 10-14 .

D e sc r ip tio n -. - T e s t  a tta c h e d , co m p o sed  of a  s p h e r ic a l  p ro lo c u lu s  

and  a  tu b u la r  seco n d  c h a m b e r , s e m i- c i r c u la r  in  c r o s s - s e c t io n ;
t

sec o n d  c h a m b e r  c o ils  a  l i t t le  m o re  th an  one tim e  aro u n d  th e  

p ro lo c u lu s  b e fo re  unco iling ; u n co iled  p o r tio n  d e s c r ib e s  a sinuous 

p a th ; he ig h t of p ro lo c u lu s  g r e a te r  th an  th e  seco n d  c h a m b e r  and
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p ro je c ts  above the  le v e l of the  co iled  p o rtio n ; seco n d  c h a m b e r 

p a r t ia l ly  flo o red  w ith  a th in  la y e r  of a re n a c e o u s  m a te r ia l  of s ilic e o u s  

g ra in s  in  s ilic e o u s  cem en t; w all of t e s t  co m p o sed  of s ilic e o u s  

g ra in s  in  s ilic e o u s  cem en t; co lo r  of t e s t  w hite  to  lig h t g ray .

M easu re m en t's . - See T ab le  35 fo r  m e a s u re m e n ts  of hypotypes 

of T o ly p am m in a  cy c lo p s .

C o m p ariso n  and a ff in itie s . -  The th re e  p r e s e n t  sp ec im e n s  c lo se ly  

r e s e m b le  G u tsch ick  and T re c k m a n 's  sp e c ie s  and two of th e m  fit 

w e ll w ith in  the ra n g e  of m e a s u re m e n ts  g iven  fo r  the  ty p es  of 

T o ly p am m in a  cy c lo p s . T he th ird  sp e c im e n  of th e  p re s e n t  m a te r ia l  

h o w ev er, is  m uch  l a r g e r  th an  th o se  f ig u re d  by  G u tsch ick  and T re c k m a n  

(1959, p i. 36, f ig s . 1, 2, 4, 6, 7). T he f ig u re s  10-14 on p la te  36 

of G u tsch ick  and T re c k m a n  a r e  of v e ry  la r g e  s iz e ; n e v e r th e le s s , 

the  th ird  sp ec im e n  of the p re s e n t  m a te r ia l  is  s t i l l  l a r g e r .

D ep o sitio n  of type 's. - F ig u re d  hypotypes a r e  d ep o sited  in  the 

U .S . N atl. M useum  (C. F . C . );

F ig u re d  h ypo types, nos.

S tra t i  g ra p h ic ’ o c c u rre n c e . - T o ly p am m in a  cyclops w as o r ig in a lly  

d e s c r ib e d  f ro m  the  R ockford  lim e s to n e  of n o r th e rn  Ind iana. T . cyclops 

w as found s p a r in g ly  in  th e  R ockford  lim e s to n e  and Jaco b s  C hapel
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T ab le  34. M ea su rem e n ts  of T o ly p am m in a  bo tonunca in  m m , and
c o m p a riso n  w ith ho lo type and p a ra ty p e  of G u tsch ick
and  T re c k m a n , 1959 (p. 245).

P I . 6, fig . 13 H olotype P a ra ty p e

L eng th  of te s t : 1 .02 ID00• 1 .20

D iam . of p r o lo c . : . 12 .1 5 .1 4

D iam . of w horl: . 18 .2 4 .2 2

M in. d iam . of tube: • 07 • o 00 • o 00

M ax. d iam . of tube: . 16 . 14 . 13

T ab le  35. M e a su re m e n ts  of T o ly p am m in a  cyclops G u tsch ick  
and T re c k m a n , 1959, in  m m .

sp e c im e n  n u m b er d iam . len g th  d iam . of d iam . of lo c a lity  n u m b e r,
Of of co iled end of fo rm a tio n , anc
p ro lo c . te s t p o rtio n tube b ed  n u m b e r

1, P I . 11, fig . 3 .0 8 4 .403 . 168 .092 1-4, R o ck fo rd , 
b ed  2

2 ,  P I . 6, fig . 14 .101 1.450 . 252 . 151 If

3, P I . 6, fig . 15 . 235 .692 . 570 .252 1-4, Jaco b s
C hape l, b ed  1
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sh a le  in  so u th e rn  In d iana , and in  th e  lo w e r  New P ro v id e n c e  and  

C uyahoga fo rm a tio n s . (See C h a r ts  3 -5 , 10-12 , 21 and 22 fo r  d e ta ils  

of o c c u r r e n c e .)

Ecology. - T h is  s p e c ie s  undoub ted ly  had  m uch  the  s a m e  

e co lo g ica l r e q u ire m e n ts  as  T o ly p am m in a  ja ’co b sch ap e le fts ig .

T o ly p am m in a  ja c o b s c h a p e le n s is ,  n. sp.

P I . 6, f ig s . 16-21; P I . 11, fig , 5; F ig . 23.

D e sc rip tio n . - T e s t  c o n s is ts  of an  a tta c h e d  p ro lo c u lu s  and  a 

seco n d  c h a m b e r  in  th e  fo rm  of a  long , a im le s s ly  s inuous tube, 

s e m i- c i r c u la r  in  c r o s s - s e c t io n ,  and  a tta c h e d  th ro u g h o u t i t s  len g th , 

o r  b eco m in g  u n a tta c h e d  n e a r  i ts  end; p ro lo c u lu s  in  the sh ap e  of h a lf 

a-n  egg and u su a lly  so m ew h at po in ted  a t th e  in i t ia l  l a r g e r  end, though 

in  so m e in s ta n c e s  th e  in i t ia l  end is  rounded ; a p e r tu r a l  end b ro k e n  off 

a l l  sp e c im e n s ; the  s u rfa c e  of a tta c h m e n t of the p ro lo c u lu s  and  the 

tu b u la r  seco n d  ch a m b e r  m ay  b e  p a r t ia l ly  o r  e n t ire ly  c o v e re d  w ith 

a  th in  f lo o r , o r  the  f lo o r  m ay  b e  a b se n t a lto g e th e r ; tube u su a lly  

e n la rg e s  g ra d u a lly , b u t m ay  m a in ta in  i ts  in i t ia l  d ia m e te r  w hich  is  

f ro m  about 6 n e -h a lf  to  th re e - fo u r th s  th e  d ia m e te r  of th e  p ro lo c u lu s , 

o r  r a r e ly  the  tube m ay  d im in ish  in  d ia m e te r ;  w all f in e ly  g ra n u la r ,
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co m p o sed  of q u a r tz  g ra in s  in  s il ic e o u s  c em en t; c o lo r  of t e s t  w hite , 

r a r e ly  re d d ish -o ra n g e .

M eh£urferrieiit’s ;. - M e a su re m e n ts  of T o lypam m iria  ja c o b sc h a p e le n s is  

a r e  g iven  in  T ab le  36, and th e  ra n g e  in  th e  m e a s u re m e n ts  of th is  

new  s p e c ie s  and  c o m p a r iso n  w ith  T . cyc lops a r e  g iven  in  T ab le  37.

.C .om parison  ahd' a ff in itie s  J - T o ly p am m in a  ja 'c b b sch a p e le h s is  is  

som ew hat s im i la r  to  T'« cyb ldps G u tsch ick  and  T re c k m a n , 1959 f ro m  the 

R ockfo rd  lim e s to n e  of n o r th e rn  In d ian a , b u t the  second  c h a m b e r  of 

T . ja c o b sc h a p e le n s is ' does not c o il a ro u n d  th e  p ro lo c u lu s , and th e  

p ro lo c u lu s  of T'. j hd ob s c h a p e le n s is  is  u su a lly  p o in ted  a t i ts  tip  

r a th e r  than  b e in g  c o m p le te ly  s p h e r ic a l;  f u r th e rm o re ,  th e  p ro lo c u lu s  

of T . ' jdc6b66hajie l’e tis is  'i s  a tta c h e d , w hile th a t of T ’ cyclops ' is  

u n a ttach ed .

T ype lo c a l i ty , - C am p b e llfs  (1946, p . 856) type  lo c a li ty  fo r  the  

Jaco b s  C hapel sh a le , onfe m ile  w e s t of Ja co b s  C hape l, C la rk  C ounty, 

In d ian a  (L o c a lity  1-4). The ho lo type is  f ro m  the  R o ck fo rd  lim e s to n e  

(B ed 2).

D ep o sitio n  o f 'ty p es '. - T he ho lo type and f ig u re d  p a ra ty p e s  a r e  

d ep o sited  in  th e  U. S. N atl. M useum  (C. F . C . );

H olo type, no.

F ig u re d  p a ra ty p e s ,  n o s .
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T ab le  36. M e a su re m e n ts  of T o ly p am m in a  ja c o b sc h a p e le n s is  , n . sp .
in  m m .

sp e c im e n  n u m b er d iam .
of

p ro lo c .

len g th
of
p ro lo c .

d iam .
tube
n e a r
p ro lo c .

d iam .
end
of
tube

leng th
of
t e s t

1 . 168 .201 . 101 .201 1.350

2 . 185 .235 . 109 .2 5 2 .850

3, P I . 6, fig . 18 .0 8 4 . 101 .050 .2 5 2 2 .0 0 0

4 .210 .2 5 2 . 134 . 101 1.050

5 .235 .269 .151 . 151 1.100

6, P I . 6, f ig . 17 .151 . 185 .0 8 4 . 134 1.500

7 .2 5 2 .269 .151 . 134 1 .400

8, P I . 6, f ig . 16 
ho lo type

.1 3 4 .201 . 101 . 193 1 .500

9 .1 3 4 .201 .0 8 4 . 105 . 700

10 . 151 . 185 . 101 . 134 1.200

11 . 168 .2 3 5 . 134 .218 1. 150

12 . 168 .201 . 134 .2 3 5 1.050

13 . 126 . 143 .075 .0 0 4 .550

14 .168 . 180 . 101 . 109 1 .350

15 . 168 .218 . 084 . 101 .800

16 . 126 . 160 . 075 . 109 . 850

17, P I . 6, fig . 20I .269 .285 . 118 . 134 .800

18 .218 . 201 .109 . 134 .700

19, P I /  6, f ig . 21 .2 5 2 .3 8 6 .201 .2 8 5 2. 100
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T ab le  37. R ange in  m e a s u re m e n ts  of T o ly p am m in a  ja c o b s c h a p e l­
en s is  , n . sp . in  m m , and c o m p a riso n  w ith  T . cyc lops
G u tsch ick  and T re c k m a n , 1959 (p. 246).

Z* j a c o b sc h a p e le n s is  T . cyclops 

D ia m e te r  of p ro lo c u lu s : .0 8 4 - .  269 .0 7 5 - .  150

L eng th  of p ro lo c u lu s : . 1 0 1 -.2 8 5  .0 9 - .  15

D iam . of tube n e a r  p r o lo c . : .0 5 0 - .  201

D iam . of end of tube: . 0 8 4 -. 285 .0 6 - .  20

L eng th  of te s t :  up to  2. 10 up to  c a . 2 .0

T ab le  38. M e a su re m e n ts  of T o ly p am m in a  la o c o b n , n . sp . in  m m .

P I . 6, fig . 23, holo type 

L eng th  of te s t :  . 76

D iam . of p r o lo c . : .10

D iam . of co iled  p o rtio n : . 23

L eng th  of co iled  p o rtio n : . 21

M in. d iam . of tube: . 08

M ax. d iam . of tube: . 13
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In  add ition , u n fig u red  p a ra ty p e s  a r e  d ep o s ite d  in  the  fo llow ing 

in s titu tio n s :

P . R. I. , no.

U. C. , no.

U. N. D. , no.

B. M. (N .H .) ,  no.

S tra tig ra p h ic  o c c u r re n c e . - T o ly p am m in a  ja c o b s c h a p e le n s is  has 

b e e n  found only  in  th e  R o ck fo rd  l im e s to n e  in  so u th e rn  In d ia n a  and in  

the  lo w e r New P ro v id e n c e  fo rm a tio n  in  n o r th w e s te rn  K entucky. (See 

C h a r ts  3, 4, 11 , 12, and 22 fo r  d e ta ils  of o c c u r re n c e .)

E cology. - T he en v iro n m e n t of d ep o s itio n  of the se d im e n ts  of 

the  R ockfo rd  l im e s to n e  is  d is c u s s e d  in  the  p r e s e n t  w ork  u n d e r the 

e co lo g ica l p o r tio n  of H y p eram m in a  ro c k fo rd e n s is .

The Jac o b s  C hape l c a lc a re o u s  sh a le  b e a r s  a d im in u tiv e  

m a c ro fa u n a  of r a th e r  v a r ie d  g ro u p s of o rg a n ism s , in c lu d in g  

m ic ro b la s to id s , b ra c h io p o d s , s n a ils ,  e tc . ; h o w ev er, th e  o s tra c o d e s  

and F o ra m in ife ra  do not sh o w  s ig n s  of "d w arfin g " .

B oth  th e  R o ck fo rd  lim e s to n e  and the  Ja c o b s  C hape l s h a le  have 

d im in u tiv e  fau n a l e le m en ts  w hich  a r e  r e m in is c e n t  of the  "d w arf"  

m a c ro fa u n a  of th e  L ou isian 'a  l im e s to n e  of M isso u ri;J tb u s ,l i t  sfeems 

c le a r  th a t the R ockfo rd  lim e s to n e  and Jac o b s  C hape l sh a le  p r e s e n t
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ev idence  of som ew hat r e s t r i c t e d  en v iro n m e n ta l co nd itions of d ep o sitio n , 

p e rh a p s  se d im e n ta tio n  in  c a lc a re o u s  m uddy lag o o n s, o r  d e p o s itio n a l 

s i te s  v e ry  c lo se ly  a s s o c ia te d  w ith  su c h  lag o o n s. In  lag o o n a l 

en v iro n m e n ts , w a te r  dep th  w ould be  sha llow  and the  w a te r  should  

b e  s lig h tly  a g ita te d . T he la n d  c lo se  a t  hand cou ld  a c t  as  a  s o u rc e  

fo r  th e  g re e n  p h o sp h a tic  s u b s ta n c e  w hich m o ttle s  th e  R o ck fo rd  

lim e s to n e .

I have o b se rv e d  th a t M is s is s ip p ia n  s p e c ie s  of T o ly p am m iiia  a r e  

found m o s tly  in  d en se  ( f in e -g ra in e d  to  s e m i- li th o g ra p h ic  lim e s to n e s ) ,  

so m e tim e s  a s s o c ia te d  w ith  a lg a l  l im e s to n e s .

In  so m e b e d s , such  a s  the  G re e n b r ie r  l im e s to n e  of W est V irg in ia , 

T o ly p am m in a  is  p r e s e n t  a lm o s t to  the  e x c lu s io n  of o th e r  F o ra m in if e r a  

and  thus p re su m e d ly  w as ab le  to  l iv e  u n d e r en v iro n m e n ta l co n d itio n s  

u n fav o rab le  to  o th e r  F o ra m in ife ra .  O nly one o th e r  genus of 

F o ra m in ife ra ,  C lim aca 'm m ina ', h as  b een  r e p o r te d  f ro m  th e  G re e n b r ie r  

lim e s to n e  of W est V irg in ia  (F lo w e rs , 1956, p. 10).

N e a r  W hite S u lphur S p rin g s , G re e n b r ie r  C ounty, W est V irg in ia ,

I c o lle c te d  T o ly p am m in a  in  abundance  f ro m  d e n se  l im e s to n e  in  the 

u p p e r and m id d le  p a r ts  of th e  G re e n b r ie r  l im e s to n e . T he a s so c ia tio n  

of T o ly p am m in a a t th is  lo c a l i ty  w ith  w ell p r e s e rv e d  d a sy c la d a c e a n  

a lg a e  is  p ro o f  of shallow  w a te r . © iflites a r e  ab u n d an tly  p te s e n t  

w hich  in d ic a te s  a t l e a s t  s lig h tly  a g ita te d  w a te r . I t  fo llow s n e c e s s a r i ly  

f ro m  the l im e s to n e  lith o lo g y  of o tflites and th e  g re e n  c a lc a re o u s  a lg a e , 

th a t th e  s e a  w a te r  was a lk a lin e  and  s u p e r s a tu ra te d  w ith c a lc iu m  

b ic a rb o n a te .
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T he m o stly  a tta c h e d  and e n c ru s tin g  n a tu re  of the  T o ly p a m m in a ’ 

m ay  acco u n t fo r the  a b ili ty  of su ch  an im a ls  w ith seem in g ly  d e lic a te , 

s in u o u s, long and tu b u la r  te s ts  to  m a in ta in  th e m se lv e s  in  shallow , 

s  om ew hat a g ita te d  w a te r .

T o ly p am m in a  is  thus seerr to  be a s s o c ia te d  w ith  c a lc a re o u s  

sh a le s  and a rg illa c e o u s  l im e s to n e s , in  n e a r  s h o re  w arm  w a te rs  of 

shallow  depth. The a s s o c ia te d  d im in u tiv e  fau h a l e lem en ts  len d  

ev idence  fo r  a  som ew hat r e s t r i c t e d  en v iro n m e n t, not p ro m o tin g  

developm ent?;of m a c ro fo s s i l  a s se m b la g e s  of ro b u s t o r  even  n o rm a l 

s ize d  in d iv id u a ls ; th e  d e p o s itio n a l s ite  m ay  have b een  a  lag o o n a l 

o r  sh o a l a re a .

R e m a rk s . - T h is  new sp e c ie s  is  nam ed  fo r  the  type lo c a li ty  of 

the  Jaco b s  C hapel sh a le  of C am p b ell and thus is  b ased  on a 

g eo g rap h ic  nam e.

T o ly p am m in a  laocodn  . sp * ;

P I .  6, f ig . 23; F ig . 26

D e s c r ip tio n . - T e s t  f re e  (a t l e a s t  in  i ts  e a r ly  portion) c o n s is tin g  

of a  la rg e  s p h e r ic a l  p ro lo c u lu s  follow ed by  a to r tu o u s ly  co iled  

(g lo m o sp iro id ) undiv ided , r a th e r  tig h tly  e m b rac in g , second , tu b u la r
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c h a m b e r; th e  co ilin g  is  in  th is  m a n n e r; f ro m  the  p ro lo c u lu s  the  

seco n d  ch a m b e r d e s c r ib e s  a  sm a ll  and  tig h t U -sh ap ed  loop) " 

tu rn s  b a c k  .tow ard the  p ro lo c u lu s  and p a s s e s  b e n ea th  th e  p ro lo c u lu s  

and a p a r t  of th e  U -sh ap ed  loop; th e  second  c h a m b e r th en  con tinues 

in  a  tig h t co il a ro u n d  the  p ro lo c u lu s  fo r  th e  d is ta n c e  of one w h o rl 

(n e a r ly  p la n is p ir a l ly  c o i le d - - th e  f i r s t  fo rm e d  loop  w as u sed  a s  p a r t  

of the  a ttach m en t); th e  loop and end of th e  s p i r a l  c h a m b e r a r e  in , o r  

n e a r ly  in  con ju n c tio n  one w ith  a n o th e r; th e  co il th en  a b ru p tly  bends 

dow nw ard and  p r o g re s s e s  to  the  o th e r  s id e  of th e  t e s t  (o r  le f t) , then  

con tinues a c ro s s  th e  d ia m e te r  of th e  c r o s s - s e c t io n  of te s t ;  th e  

re m a in in g  p o r tio n  of the  second  c h a m b e r  th en  a b ru p tly  bends dow nw ard 

and  f in a lly  tu rn s  upw ard  to fo rm  a  g ra d u a lly  e n la rg in g  l in e a r  and 

rou n d ed  tube; s h e ll  r a th e r  ro b u s t; t e s t  w all f in e ly  a re n a c e o u s  of 

s ilic e o u s  g ra in s  in  s ilic e o u s  cem en t ( re g a r d le s s  of o r ig in a l com position ); 

a p e r tu r a l  lend of tube b ro k e n  off; c o lo r  of w all w h ite  to  g ra y -w h ite .

M e a su re m e n ts . - See T ab le  38 fo r  m e a s u re m e n ts  of T o l^ a m m ih a ' 

labcoOn. See T ab le  34 u n d er T . ' bo tonunca  fo r  c o m p a riso n  w ith  

m e a s u re m e n ts  o f .th a t sp e c ie s .

C o m p a riso n  and a ff in itie s . -  T o ly p am m in a  la o co a n  has  no c lo se  

a ff in itie s  to  any know n T o ly p am m in a . A lthough su p e rf ic ia lly  

som ew hat s im i la r  to  T . bo tonunca G u tsch ick  and T re c k m a n , 1959,
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T. lao co d n  d if fe rs  f ro m  T . b o tonunca  in  th a t i t;  (1) is  f r e e  (u n a ttach ed  

a t  le a s t  in  e a r ly  p o r tio n , (2) h as  a  ro u n d ed  tu b u la r  second  ch a m b e r , 

and (3) has  a  g lo m o sp iro id  c o n fig u ra tio n  in  th e  in i t ia l  p o r tio n  of 

the  second  ch a m b e r .

Type lo c a li ty . - Ja co b s  C hape l, so u th e rn  In d ian a  (L o c a lity  1-4); 

type lo c a li ty  fo r  Ja c o b s  C hape l sh a le ; ho lo type is  f ro m  th e  R ockford  

lim e s to n e  (Bed 2).

T ype d ep o s itio n . - T he ho lo type is  d e p o s ite d  in  the  U. S. N atl. 

M useum  (C. F . C . ):

H olotype, no.

S tfra tig rap h ic  o c c u r re n c e . - T o ly p am m in a  labcoBn is  refcorded  only 

f ro m  th e  R o ck fo rd  l im e s to n e  a t i t s  type  lo c a lity , Ja c o b s  Chap e l, Ind iana.

Ecology^ - T o ly p am m in a  laocoB n a p p a re n tly  " p re f e r r e d "  f in e -g ra in e d  

sh a le s  and c k lc a re o u s  m u d s. T he u n a ttach ed  m ode of l ife  m ay  

in d ic a te  th a t th e  sp e c ie s  liv e d  in  l e s s  a g ita te d  w a te rs  th a n  m o s t sp e c ie s  

of T olypafrim iha;

R e m a rk s ; -T o lypam m ina  laocoB n is  n am ed  b e c a u s e  of th e  s e rp e n t in e ­

lik e  co ilin g  of th e  e a r ly  p o r tio n  of th e  second  c h a m b e r .
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T o ly p am m in a  to r tu o s a  Dunn, 1942 

P I . 6, fig . 22; P I . 11, fig . 4; F ig . 27

T o ly p am m in a  to r tu o s a  Dunn, 1942, J o u r. P a le o n t. , v. 16 no. 3, 

p . 341, p i. 44, f ig s . 19-21 , 32.

D e sc rip tio n . - T e s t  m o s tly  a tta c h e d , (so m e  p o rtio n s  a r e  freehand 

o c c a s io n a lly  have ro u n d ed  tu b u la r  p o r tio n s  to  th e  seco n d  ch am b er); 

p ro lo c u lu s  la rg e ,  e lev a ted  above he ig h t of second  c h a m b e r; p ro lo c u lu s  

is  su rro u n d e d  by  the  seco n d  c h a m b e r  fo r  th re e  - fo u r th s  of a  w horl, th en  

the second  c h a m b e r  c o ils  and bends in  a  to r tu o u s  m a n n e r, not a lw ays 

in  the  s a m e  p lan e ; t e s t  g e n e ra lly  w ith  a f lo o r  w all, o c c a s io n a lly  not; 

tu b es  o ften  crow ded  and  som ew hat in te r tw in e d ; the  o v e ra ll  shape  

of the  t e s t  is  d e te rm in e d  by  th e  m ode of a tta c h m e n t; t e s t  -wall of 

fine  s il ic e o u s  g ra in s  in  s il ic e o u s  cem en t; c o lo r  of te s t  w hite .

M e a su re m e n ts . - See T a b le  39 fo r  m e a s u re m e n ts  of T o ly p am m in a  

to r tu o s a  in  m m .

C o m p a riso n  and a f f in it ie s .  - T he p re s e n t  sp ec im e n s  s e e m  to  b e  

co n sp e c ific  w ith  T o ly p am m in a  to r tu o s a  Dunn, 1942 f ro m  the  

S ilu ria n  B ra s s f ie ld  l im e s to n e  of M isso u ri.
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T ab le  39. M e a su re m e n ts  of T o ly p am m in a  to r tu o s a  Dunn, 1942,
in  m m .

sp ec im e n  n u m b er

1

2, P I . 6, f ig . 22

d ia m . tain,,, m ax . lo c a lity  n u m b e r , fo rm a tio n ,
of d iam . d ia m . and bed  n u m b er
p ro lo c . of of

tu b e  tube

.0 7  .1 0  .1 5  1-4 , R o ckfo rd , bed  2

.0 8  .0 5  .1 7  "
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T ype deposition . - F ig u re d  hypotypes a r e  d ep o s ited  in  th e  U. S. N atl.. 

M useum  (C. F . C . ):

F ig u re d  hypo types, nos.

St r  a ti  g rap h ic  be c u r r e n c e . - T o ly p am m in a  to r tu o a a  is  know n to

o cc u r in  the  m iddle  S ilu ria n  and th e  L ow er M iss is s ip p ia n . T he s p e c ie s

was found in  the K ind erh o o k ian  R ockford  lim e s to n e  (Bed 2) a t Jaco b s

C hapel, Ind iana (L o ca lity  1-4) and in  the E u lie  s h a le  (Bed 2) n e a r

W estm o re lan d , n o r th e rn  T e n n e sse e , (L o ca lity  T -2 ).
/

E cology. - T o lypam m ina  to r tu o s a  undoubtedly  liv ed  in  m uch 

the  s a m e  en v iro n m en t as  d id  o th e r  V tolypam m inids.

R em arks '. - F iv e  sp ec im e n s  of th e  sp e c ie s  w ere  re c o v e re d .

G enus A m m o v e rte lla . C ushm an  1928

P? am m ophis S chellw ien , E. , 1898, P a la e o n to g ra p h ia , v. 44,

pt.s. 5 -6 , p. 265 (non' P sam 'm oph is  B oie, 1827 (fide  C ushm an, J . A. , 

1948, F o ra m in ife ra ,  C am b rid g e , p. 98)

A m m o v e rte lla  C ushm an , J . A. , 1928, C u sh m an  Lab, F o ra m . 

R e se a rc h , C o n tr . , v. 4, p. 8; id em  1948, F o ra m in ife ra  

C am b rid g e , p. 98.

T ype species; P sa m m o p h is  in v e r s a  S chellw ien , E. , 1898.
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D e sc rip tio n , - The g e n e r ic  d e fin itio n  of A m m o v e rte lla  w as g iven

by  C u sh m an  (1948, p. 98):

" T e s t  a tta ch ed , w ith  p ro lo c u lu m  and 

long, tu b u la r  seco n d  c h a m b e r , e a r ly  p o r tio n  

p la n is p ira l ,  l a t e r  and l a r g e r  p o r tio n  bending  

b ack  and fo r th  bu t p ro g re s s in g  fo rw a rd  in  

one g e n e ra l  d ire c tio n ; w all c le a r ly  a r e n a ­

ceous w ith  m uch  cem en t; a p e r tu re  a t end of 

the  tu b e .-P e n n sy lv a n ia n  to  R ecen t. S chellw ien  

p ro v ed  the  a re n a c e o u s  c h a r a c te r  of th e  w all 

by  te s t  w ith p o la r iz e d  lig h t. "

T he s a lie n t  f e a tu re s  of th e  genus A m m o v e rte lla  a s  I co n ce iv e  

th em  have a lre a d y  b een  g iven  in  th e  s e c tio n  devo ted  to  th e  genus 

T o ly p am m in a . A su m m a ry  of th e  g e n e r ic  c h a r a c te r s  of A m m o v e rte lla  

w ill su ffice  h e re :  A m m o v e rte lla  p r e s e n ts  a  s in u o u s, to rtu o u s  (back  

and forth ) m a z e  of w indings of th e  seco n d  c h a m b er in  th e  sa m e  

g e n e ra l  p lan e ; th is  m a z e  of w indings is  fu sed  in to  a p lanoconvex  

m a s s .  T he f lo o r  of th e  t e s t  ( if  p re se n t)  is  m o re  o r  le s s  f la t;  the  

s id e s  and top of the  t e s t  a r e  convex . T he l a t e r  p o r tio n  of th e  second  

c h a m b e r  m ay  u ti l iz e  th e  e a r l i e r  p o r tio n s  as  b a se s  fo r a tta c h m e n t.

T he  in i t ia l  p o r tio n  of th e  seco n d  c h a m b e r  m ay  o r m ay  not fo rm
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i t s e l f  in to  one o r  a  v e r y  few p la n i s p i r a l  c o i ls .  In  e s s e n c e  then , the  

p r in c ip a l  g e n e r ic  c h a r a c t e r  of A m m o v e r te l la  is  c o n s id e re d  to  be  

th e  winding b ack  and fo r th  of the  second c h a m b e r  in  the s a m e  g e n e ra l  

p lan e  w ith  fu sion  of the  w inding tube in to  a  p lanoconvex  m a s s .

A ll t e s t s  of A m o v e r te l la  in  the  p r e s e n t  m a t e r i a l  a r e  co m p o se d  

of s i l ic e o u s  g ra in s  in  s i l ic e o u s  c em en t ( r e g a r d l e s s  of o r ig in a l  

w all  com position ) .

C h a r t  23 shows the  ra n g e  of A m m overtfe lla  in  the  M is s is s ip p ia n  

a s  d e te rm in e d  in  th is  study.

A m m o v e r te l la  cf. A. in c lu sa  C ushm an  and W a te rs ,  1927 

P I .  7, fig . 8; P I .  11, f ig s .  6 -9 ,  F ig .  29.

P sa m m o p h is  in c lu sa  C ushm an , J. A. , and W a te rs ,  J . A. , 1927 

C u sh m an  Lab. F o r a m .  R e s e a rc h ,  C on tr .  , v. 3, p. 148, 

p i. 26, fig. 12.

A m m ov  e 1t e l la  in c lu  s a  (C u s hm an, J . A. , and W a te rs ,  J . A . , )  1930 

Univ. T e x a s ,  Bull. 3019, pp. 44, 45, pi. 7, fig. 13; I re la n d ,  A . ,  

1956, (p a r s ) , J o u r .  P a le o n t .  , v. 30, no. 4, pp. 853, 854, 

te x t - f ig s .  5-12  non' A m m o v e r te l la  inc luS a  (C ushm an , J . A. , and 

W a te rs ,  J. A.), I re la n d ,  A. , 1956, J o u r .  P a le o n t .  , v. 30, no. 4, 

pp. 853, 854, tex t- f ig * .  5—6-11, 13, 14 .
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D e sc r ip t io n .  - T e s t  a t ta c h e d ,  c o n s is t in g  of a  p ro lo c u lu s  and a 

g ra d u a l ly  expanding tu b u la r  second  c h a m b e r  w hich is  p la n is p i r a l ly  

co iled  fo r  one o r  two vo lu tions  in  the p r e s e n t  sp e c im e n s ,  then  

m e a n d e r s  in  the  s a m e  g e n e ra l  p lan e  b ack  and fo r th  and  p a r t ia l ly  

e m b ra c e s  the  co iled  p o r t io n s ;  in  so m e  sp e c im e n s  the  tube la p s  

b a c k  oh top of p re v io u s  p o r t io n s  of the  t e s t ;  c r o s s - s e c t i o n  of tube 

s e m i - c i r c u l a r ;  tu b u la r  p o r t io n  fu se d  to g e th e r  to  f o rm  a  p lanoconvex  

m a s s ;  w all  of t e s t  c o m p o se d  of f ine  s il ic e o u s  g ra in s  in  s i l ic e o u s  

cem en t;  c o lo r  of w all  w hite  to  g ra y  to  y e llo w ish  g ray .

M e a s u re m e n ts . - T a b le  40 gives m e a s u re m e n ts  of A m m o v e r te l la  

c£, A. in c lu sa ;  T a b le  41 g ives  the  ra n g e  in  m e a s u re m e n ts  of the  

sp e c ie s  and the  m e a s u re m e n ts  of C u sh m an  and W aters* holotype.

C oiftphrisdn  a n d  a f f in i t i e s : - T he  p r e s e n t  sp e c im e n s  a r e  only 

c o m p a re d  to  A m m overte lla .  in'cltisa. in a sm u c h  as  the  i l lu s t r a t io n  given 

by  C u sh m an  and W a te rs  (1930, pi. 7, fig. 13) show s only th e  upper  

convex  s id e  of the te s t ;  how ever,  C u sh m an  and W a te r s '  d e s c r ip t io n  

of th e  t e s t ; a llow s' c o m p a r is o n  of the p r e s e n t  m a te r i a l  with A. in 'c lusa .

T he  fo rm  w hich  .'Ireland d e s c r ib e d  (1956, pp. 853, 854, te x t - f ig .

5 -----6 -11 , 13, 14) a s  A m m o v e r te l la  in c lu sa  does not s e e m  to be

c o n sp ec if ic  w ith  A. in c lu s a  in a sm u c h  as  I r e la n d 's  sp e c im e n s  a p p a re n t ly  

la c k  the  p la n is p i r a l ly  co iled  e a r l y  p o r t io n  of the second  c h a m b e r ;  only
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T ab le  40. M e a su re m e n ts  of A m m o v e r te l la  cf. A. in c lu sa
(C ushm an  and W a te rs ) ,  1927, in  m m .

sp e c im e n  n u m b er  leng th  width  m in . m ax . lo c a l i ty  n u m b e r ,  f o rm a  -
of of d iam . d iam . t ion , and bed  n u m b e r
te s t t e s t  of of

tube tube

1, P I .  7, fig. 8 .480 .440 .033 .092 K -2 , New P ro v id e n c e ,  
bed  2

2 .710 .436 • • • . 101 1-2, Button Mold Knob, 
bed  1

3, P I .  11, fig . 6 .521 .335 .033 . 101 K -2 , New P ro v id e n c e ,  
bed  2

4, P I .  11, fig. 7 .554 .420 • • • .118 K -32 , New P ro v id e n c e ,  
bed  2

5,. .537 .403 .033 .084 tl

6 . 521 .302 .084 fl

7, P I .  11, fig. 9 . 503 .420 .033 .101 It

8 .460 .285 .033 .067

9 .328 .2 9 4 .033 .084 It

10 .570 .453 .033 . 134 0 - 6 ,  H enley , b ed  10

11 .319 .285 .025 .067 ii

12 .537 .403 a • • .118 K -51 , New P ro v id e n c e ,  
bed  6

13 .302 .252 • • • .059 K -32, New P ro v id e n c e ,
bed  2
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T ab le  41. Range in  m e a s u re m e n ts  of A m m o v e r te l la  cf. A . in c lu s a
(C u sh m an  and W a te rs ) ,  1927, in  m m . and c o m p a r is o n
w ith  th e  ho lo type .

L eng th  of t e s t :  

Width of t e s t :

.3 0 2 - .7 1 0  

.2 5 2 - .  453

M in. d iam . of tube : .0 2 5 - .  033

Max. d iam . .of tu b e : .0 6 7 - .  134

holo type  (a l l  bu t leng th  
a r e  e s t im a te d  f ro m  o r ig in a l
f ig .)

.850 

. 540

.063  ( e a r l i e s t  p a r t  
not v is ib le )

. 2 2 0

T ab le  42. M e a su re m e n ts  of A m m o v e r te l la  la b y r in th a  I re la n d ,  
1956, in  m m .

P I .  7, f ig . 9

D iam . of p ro lo c :  .0 8 4

D iam . of tube: . 0 5 - .  08

D iam . of t e s t : .79
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one f ig u re  ( tex t  fig. 5 -----12b) shows a p la n i s p i r a l  co il.  In  o th e r

r e s p e c t s  th e se  fo rm s  c lo se ly  r e s e m b le  the  f ig u re  of the  holo type 

of A .  ihclusa^

D ep o s itio n  of ty p es .  -  F ig u re d  hypotypes a r e  d e p o s ited  in  the  

U .S . N atl. M useum  (C. F .  C . ):

F ig u re d  hypo types , nos.

In addition , u n f ig u red  p a ra ty p e s  a r e  d e p o s ite d  in  the  following
»

in s t i tu t io n s :

P .  R. I. , no.

U. C. , no.

U. N. D. , no.

B. M. ( N .H .) ,  no.

S tra t ig ra p h ic  o c c u r r e n c e . - C u sh m an  and W a te rs  (1930, pp. 44,

45, pi. 7, fig. 13) d e s c r ib e d  Am m oveartdlla in c lu sa  f ro m  the  U pper 

P e n n sy lv a n ia n  of T e x a s .  I r e la n d  (1956, pp. 853, 854, te x t- f ig .  5 ----

6-14) r e p o r te d  the sp e c ie s  f ro m  th e  U pper P e n n sy lv a n ia n  of K an sas .
i

The p r e s e n t  sp e c im e n s  w e re  found as  r a th e r  s c a t te r e d  o c c u r re n c e s  

f ro m  the  B ro d h ead  sh a le  to  the  lo w e r  p a r t  of th e  B ro d h ead  fo rm a tio n .  

See C h a r ts  3, 4, 6, 9 -13 , 16, 18, 19, 21, and 22 fo r  d e ta i ls  of 

o c c u r re n c e .
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Ecology1. - A m m o v e r te l la  c£. A.; infciudai is  r e c o rd e d  in  th is  

w o rk  only in  soft, b lu e - g r a y  to  o l iv e -g ra y ,  p ld s t ic  when wet sh a le s  

w hich co n ta in  f in e -g ra in e d  s i l t ,  and a r e  in  in s ta n c e s ,  c a lc a r e o u s  w ith  

w ell  deve loped  m e g a fo s s i l  faunas  (su c h  as  the  B utton  Mold Knob 

m e m b e r  of th e  New P ro v id e n c e  fo rm ation-  w hich  c a r r i e s  the 

B utton  Mold Knob fauna  ).

No sp e c im e n s  of A m m o v e r te l la  have b een  o b s e rv e d  in  s t r i c t l y  

s i l t s to n e  o r  san d s to n e  beds  in  the  s tu d ied  a^ea .  T hus ,  i t  s e e m s  

th a t  A m m o V erte lla  cf. A. in c lu sa ,  and p ro b a b ly  A m m o v e r te l la  

in  g e n e ra l  " p r e f e r r e d ” a  soft, m uddy s e a  bo ttom . This  s p e c ie s  could 

l iv e  in  c a lc a r e o u s  o r  n o n -c a lc a re o u s  s e d im e n ts ,  w ith  o r  without 

a  w ell  developed  m egafauna . W here  m eg afau n as  w e re  p r e s e n t ,  the 

s p e c ie s  would u t i l iz e  the l iv in g  o rg a n is m s  o r  h a r d  f ra g m e n ta l  p a r t s  

of d ead  o rg a n is m s  as  ob jec ts  of a t tach m en t.

The hab it  of a t ta c h m e n t  m a y  have  b e e n  ad ap ta t io n  to  an  ag ita ted  

en v iro n m e n t of deposition . A m o d e ra te ly  sh a l lo w -w a te r  en v iro n m e n t 

i s  ev idenced  by  the  a s s o c ia t io n  of th e  s p e c ie s  w ith  the B utton  Mold 

Knob fauna and n e a r  s t r a t ig r a p h ic  p ro x im ity  of the  dom inan tly  

m o l lu sc a n  C o ra l  R idge fauna. The a lk a l in i ty  of th e  w a te r  m u s t  have 

b e e n  f a i r l y  h igh in  o r d e r  to  allow fo rm a t io n  of th e  c a lc a re o u s  sh a le s  

and c r in o id a l  b io h e rm s  w ith in  the c a lc a r e o u s  s h a le s  of the  B utton Mold 

Knbb m e m b e r .
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A m m b v e r to l la  la b y r in th a  I re la n d ,  1956 

P I .  7, f ig . 9; P I .  11, fig . 10; F ig .  28.

A m m o v er te lla ' la b y r in th a  I re la n d ,  H .A . , 1956, Jo u r .  P a leo n t .  

v. 30, p. 854, te x t - f ig s .  6 --1 , 2.

D e s c r ip t io n . - T e s t  c o n s is t s  of a  to r tu o u s  la b y r in th ic  m a z e  of 

in te r tw in in g  tu b es ,  p a r t ia l ly  a t ta c h e d  a t  the  b a s e  of th e  fu sed  unit to 

a  s u b s t r a tu m ,  and p a r t ia l ly  f r e e  o r  a t ta c h e d  to  o th e r  tubes ;  p r e s e n t  

sp e c im e n s  only f ra g m e n ta ry ;  t e s t  w all  g r a y  to dull tan .

M e a su re m e n ts .  - See T ab le  42 fo r  m e a s u re m e n ts  of A m m o v e r te l la  

la b y r in th a .

C o m p a r iso n  and a f f in i t ie s . - P r e s e n t  sp e c im e n s  s e e m  to f it  w ell 

the  d e sc r ip t io n s  and  f ig u re s  g iven fo r  A m m o v e r te l la  la b y r in th a  

by  I re la n d  (1956, p. 854, te x t - f ig s .  6 --1 , 2).

Type deposition . - F ig u re d  hypotypes a r e  d ep o s ited  in  the 

U .S .  N atl .  M useum  (C. F . C . ) :

F ig u re d  hypo types, nos.

S t ra t ig ra p h ie  o c c u r r e n c e . - A m m o v e r te l la  lab y r in th a  is  known 

to  o c c u r  in  the P en n sy lv an ian  and P e r m i a n  of K an sas .  H e re in  the
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s p e c ie s  is  r e p o r te d  f ro m  th e  lo w er  p a r t  of the  New P ro v id e n c e  

fo rm a t io n  (11 fee t  to 16 1 /2  fee t  above the  New A lbany sh a le ,  n e a r  

A th e r to n v il le ,  L a ru e  County, K entucky (L o c a l i ty  K-13) and  in  the  

lo w e r  2 1 /2  fee t  to 5 1 /2  fe e t  of th e  New P ro v id e n c e  fo rm a t io n  a t 

F ish in g  C re e k  n e a r  S o m e rs e t ,  P u la s k i  County, K entucky (L o ca li ty  

K-32).

E co logy . - A p p a ren tly  A m m o v e r te l la  la b y r in th a  had m uch  the  

s a m e  eco log ica l r e q u i re m e n ts  a s  o th e r  a m m o v e r te l l id s .

A m m o v e r te l la  cf. A. p r im a p a r v a  I re la n d ,  1956 

P I .  7, f ig . 10; P I .  11, f ig . 11; F ig .  31.

A m m o v e r te l la  p r im a p a r v a  I re la n d ,  H. A. , 1956, J o u r .  P a le o n t . ,  

v. 30, no. 4, p. 854, te x t - f ig .  6 - -8 -1 2 .

D es c r ip t io n . - T e s t  a t tach ed ,  c o n s is t in g  of a  t iny  p ro lo c u lu s  

and a  g ra d u a l ly  expanding tu b u la r  seco n d  c h a m b e r  which m e a n d e r s  

b ack  and fo r th  in  a  p lan e  and u su a l ly  p r o g r e s s e s  in  rough ly  the  s a m e  

d i re c t io n ;  ad jacen t  w alls  a r e  fu sed  so  th a t  the  whole t e s t  fo rm s  a 

p lanoconvex  m a s s ;  tube  m a k e s  up to  4 b ack  and f o r th  bends  fo r  four  

co m p le te  m e a n d e rs )  in  the  p r e s e n t  sp e c im e n s ;  c r o s s - s e c t i o n  of the
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tu b e  s e m i - c i r c u l a r ;  a s  no ted  by  I r e la n d  (1956, p .  854), th e  l a t e r  

m o r e  ra n d o m ly  winding p o r t io n  of th e  seco n d  c h a m b e r  i s  r e a d i ly  

b ro k e n  off and  i t  i s  not p r e s e r v e d  in  th e  p r e s e n t  sp e c im e n s ;  w all  

c o m p o se d  of s i l ic e o u s  g r a in s  in  s i l ic e o u s  ce m e n t;  co lo r  of w all  

w h ite  to  l ig h t  y e llo w ish  g ra y .

M e a s u r e m e n ts . -  T a b le  43 g ives  th e  m e a s u re m e n ts  of 

A m m o v e r te l la  cf .  j k .  p r im a p a r v a  ; T a b le  44 g ives  th e  ra n g e  in  

m e a s u re m e n ts  of A . cf .  A . p r im a p a r v a  and m e a s u re m e n ts  of 

I r e l a n d 's  ty p es  of th e  s p e c ie s .

C o m p a r iso n  and  a f f in i t ie s .  -  The p r e s e n t  sp e c im e n s  a r e  

f r a g m e n ta r y ,  and fo r  th is  r e a s o n  a r e  c o m p a re d  w ith  A m m o v e r te l la  

p r im a p a r v a ;  h o w ev er ,  th e  sp e c im e n s  of th is  p a p e r  c lo se ly  

r e s e m b le  te x t - f ig .  frr.8, 9 , and 11 as  g iven  by  I re la n d  (1956).

A m m o v e r te l la  p r im a p a r v a  i s  s im i l a r  in  i t s  m e a n d e r in g  m a n n e r  

of th e  second  c h a m b e r  to  th e  ty p e  s p e c ie s  of A m m o v e r te l l a ,  A. 

i n v e r s a  (Schellw ien), 1898, but A . p r im a p a r v a  does not p o s s e s s  

th e  p la n is p i r a l ly  co iled  in i t ia l  p o r t io n  of th e  seco n d  c h a m b e r .  A. 

p r im a p a r v a  d if fe rs  f r o m  A. in c lu sa  (C u sh m an  and W a te rs ) ,  1927 

in  lack ing  th e  p la n i s p i r a l ly  co iled  p o r t io n  of th e  second  c h a m b e r  

a n d  in  having  th e  e a r l i e r  p o r t io n  of th e  t e s t  l e s s  e m b ra c e d  by the 

m e a n d e r in g  of th e  second  c h a m b e r .

D ep o s itio n  of ty p es  . -  F ig u re d  hypotypes  a r e  d e p o s ited  in  the  

U n ited  S ta te s  N atl .  M u seu m  (G, F .  C , ):

F ig u re d  hypo ty p es ,  n o s .
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T a b le  43. M e a s u re m e n ts  of A m m o v e r te l la  cf. A. p r im a p a rv a
I re la n d ,  1956, in  m m .

sp e c im e n  n u m b e r  w idth.length no. of d iam . lo c a l i ty  n u m b e r ,
of of m e a n d e r s  of fo rm a tio n ,  and
te s t  t e s t tube  bed  n u m b e r  

( m i n . )

3

4

.319  .386 4 .067 K -2 , New P ro v id e n c e ,
bed  2

.335  .386 7 .033 0 - 6 ,  H enley , b ed  10

.2 9 4  .269 4 .042 K-32 New P ro v id e n c e ,
b e d  2

.453 .369 8 .017 1-4, R ockford , b ed  2

.352  .386 ' 7 .063 II

T a b le  44. Range in  m e a s u re m e n ts  of A m m o v e r te l la  cf .  A . p r i m a ­
p a rv a  I re la n d ,  1956, and m e a s u re m e n ts  of I r e la n d 's  
holo type of the  s p e c ie s ,  in  m m .

P r e s e n t  sp e c im e n s  holotype

W idth of t e s t :  . 2 9 4 - .  453 .25  ( low er par t)

L eng th  of t e s t :  . 2 6 9 - .  386 ( low er  par t)  .60  (whole te s t)

No. of m e a n d e r s :  .up/to-four th re e

D iam . of tube , m in . :  . 0 1 7 - .  067 .02
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S tra t ig ra p h ic  o c b u r r e n c e . -  I r e la n d  (1956) d e s c r ib e d  A m m o v e r te l la  

p r im a p a r v a  f ro m  the  U pper  P e n n sy lv a n ia n  of K a n sa s .  T he p r e s e n t  

s p e c im e n s  a r e  d e r iv e d  f r o m  the  K inderhook ian  Eulie  sh a le  of T e n n e s s e e  

and th e  R ockford  l im e s to n e  of so u th e rn  Indiana, the  lo w e r  p a r t  of the 

O sag ian  H en ley  sh a le  (Cuyahoga fo rm ation)  of Ohio, and  the  lo w e r  

p a r t  of the  O sag ian  New P ro v id e n c e  fo rm a t io n  of K entucky. See 

C h a r ts  3, 4, 10, 12, 16, 21, and 22 fo r  d e ta i ls  of o c c u r re n c e .

Ecology. - A m m o v e r te l la  cf. A. p r im a p a rv a  v e r y  l ik e ly  had 

eco lo g ica l  r e q u i re m e n ts  s im i l a r  to  th o se  of A m m o v er t e l l a  cf. A', i riclusa', 

excep t A. cf. A .  p r im a p a r v a  has  b e e n  found in  the  R ockfo rd  l im e s to n e .

As d i s c u s s e d  u n d e r  H y p e ra m m in a  ro c k fo rd e n s is  and T o ly p a m m in a  

ja c o b s c h a p e le n s is ,  the R ockford  l im e s to n e  m ay  r e p r e s e n t  d ep o s it io n  

in  a  lag o o n a l  en v iro n m en t.

T re p e i lo p s is  C u sh m a n  and W a te rs ,  1928

T u r r i t e l l e l l a  C ushm an , J . A. , and W a te rs ,  J . A . ,  1927 

C u sh m an  Lab. F o r a m .  R e s e a rc h ,  C on tr .  v. 3, p.

(non T u r i te l l e l l a  R h u m b le r ,  L. , 1903, A rch iv .  P r o t ,  , 

v. 3, p. 283).

T re p e i lo p s is  C ushm an , J . A. , and W a te rs ,  J .  A . , 1928,

C u sh m an  Lab, F o r a m .  R e s e a rc h ,  C o n tr . ,  v. 4, p. 38.
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Type sp e c ie s :  T re p e i lo p s is  g ran d is  (C u sh m an  and W a te rs ) ,  1928 

(o r ig in a l  des igna tion ) .

C u sh m a n 's  g e n e r ic  de f in it io n  (1948, p. 99) of T re p e i lo p s is  

i s  a s  follows:

" T e s t  a t ta c h e d  to  P ro d u c tu s  sp in e s ,  w ith 

a proloculurm 'arid  long , tu b u la r ,  second  c h a m b e r ,  

e a r ly  p o r t io n  s p i r a l ly  co iled , l a t e r  bending 

b a c k  and m aking  n e a r ly  a  s t r a ig h t  tube ov er  the  

e a r l i e r  w h o r ls ;  w a ll  f ine ly  a re n a c e o u s  with 

m u ch  cem en t;  a p e r t u r e  a t  the  end of th e  tube. "

T h e re  is  so m e  q u es tio n  a s  to t h e  re la t io n s h ip  b e tw een  

T re p e i lo p s is  C u sh m an  and W a te rs ,  1928, and T u x r i te l le l la '  

R h u m b le r ,  1903.

I would b ro a d e n  the  g e n e r ic  defin ition  of T re p e i lo p s is  m o r e  than  

did C ushm an  and W a te rs .  The g e n e r ic  def in it ion  of T re p e i lo p s is  as  

I view  i t  should  r e q u i r e  th a t  s p e c ie s  of T re p e i lo p s is  be a t ta c h e d  to  

so m e  ob jec t,  b ra ch io p o d  sp in e ,  l a r g e  sponge sp icu le ,  o r  such; the  

f ina l  p o r t io n  of the  seco n d  c h a m b e r  m a y  o r  m a y  not r e c o i l  b a c k w a rd  

o v e r  the  e a r l i e r  p a r t  of the  seco n d  c h a m b e r .

T u x r i te l le l la  would have  g e n e r ic  c h a r a c t e r s  v e r y  s im i l a r  to 

T re p e i lo p s is  ex cep t the  t e s t  m u s t  b e  f r e e  (unattached) and  m a y  not
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have  th e  l a t t e r  p o r t io n  of th e  seco n d  c h a m b e r  r e c o i l  b a c k w a rd  o v e r  the  

in i t ia l  p a r t  of the  seco n d  cham ber.

A m ong th e  t r e p e i lo p s id s  th e r e  a r e  so m e  s p e c ie s ,  su c h  as 

T r e p e i lo p s is  s p i r a l i s  G u tsch ic k  and  T r e c k m a n  w hich  se e m in g ly  fit 

the  g e n e r ic  defin ition  of T u r r i t e l l e l l a ;  h o w ev e r ,  G u tsch ic k  and 

T re c k m a n  (1959, p. 244) i n t e r p r e t s  th e i r  R ockfo rd  T. s p i r a l i s  as  

a  T re p e i lo p s is  w hich was wound a ro u n d  a  c a lc a r e o u s  c y l in d r ic a l  

sp ine  w hich h as  b e e n  d is s o lv e d  leav in g  a  hollow  e n c lo se d  by  w indings. 

Such so lu t io n  of a  ca lc a re o u s  sp in e  would m a k e  the  t e s t  s u p e r f ic ia l ly  

l ik e  T u r  r i t e l l e l l a .

It m a y  b e  added  h e r e  th a t  a  t e s t  in  q u e s tio n  m u s t  show  defin ite  

ev id en ce  of a t ta c h m e n t  on the  in n e r  s id e  of the  seco n d  c h a m b e r  o r  

th e  ex am p le  should  n o t b e  relVgakeilto T r e p e i lo p s i s . C h a r t  23 shows the  

r a n g e  of T re p e i lo p s is  in  the  M is s i s s ip p ia n  a s  d e te rm in e d  in  th is  study.

T r e p e i lo p s is  g lo m o sp iro id e s  G u tsch ic k  and T re c k m a n ,  1959 

P I .  7, f ig s .  1, 2; P I .  11c fig . 13; F ig s .  32, 33.

T re p e i lo p s is  g lo m o sp iro id e s  G u tsch ick , R. C. , and  T re c k m a n ,  J .  F .  , 

1959, J o u r .  P a le o n t .  , v. 33, no. 2, pp. 243, 244, p i. 35, f ig s ,  

29-31 .
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D e sc r ip t io n .  - T e s t  a t ta c h e d  to  a  sp ine , sp ic u le  , o r  s im i l a r  

ob jec t;  t e s t  c o n s is t s  of a  p ro lo c u lu s  (b ro k en  off of a l l  p r e s e n t  sp ec im e n s)  

and a  g ra d u a l ly  e n la rg in g  tu b u la r  second  c h a m b e r  which winds t igh tly  

and s p i r a l ly  a ro u n d  the  o b jec t  of a t ta c h m e n t fo r  about 5 to 7 co ils  

( in  p r e s e n t  sp ec im e n s)  and th en  winds in  a  g lo m o sp iro id  fa sh io n  o v e r  the  

l a t e s t  co ils  and  the  end of the  ob jec t of a t ta c h m e n t;  a p e r tu r e  fo rm e d  

by  open end of tube; w all  of v e r y  fine  g ra in e d  s i l ic e o u s  s i l t  in  s il ic e o u s  

cem en t;  c o lo r  of w all w hite  to  y e llo w ish  g ray .

M e a s u re m e n ts . - See T a b le  45 fo r  m e a s u re m e n ts  of p r e s e n t  

sp e c im e n s  of T re p e i lo p s is  g lo m o sp iro id e s  and T a b le  46 fo r  ran g e  

in  m e a s u re m e n ts  of the  sp e c ie s .

C o m p a r iso n  and  iaffihities. - The p r e s e n t  sp e c im e n s  a r e  in  

g e n e ra l  s l ig h tly  s m a l l e r  th an  G u tsch ick  and  T r e c k m a n 1 s ty p es  of 

the  s p e c ie s ,  but o th e rw ise  a r e  id e n t ic a l  w ith  them .

D ep o s itio n  of ty p es .  -  F ig u re d  hypotypes a r e  d ep o s ited  in lth e  

U. S. N atl. M useum  (C. F .  C . ):

F ig u re d  hypo types, nos.

S t ra t ig ra p h ic  o c c u r re n c e .  T re p e i lo p s is  g lb th o sp iro id e s  was 

o r ig in a l ly  d e s c r ib e d  f ro m  th e  R ockford  l im e s to n e  of n o r th e rn  Indiana.

T .‘ g lo m o sp iro id e s  w as found in  th is  s tudy  to  o c c u r  in  the  R ockford
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T ab le  45. M e a su re m e n ts  of T re p e i lo p s is  g lo m o sp iro id e s
G utsch ick  and T re c k m a n ,  1959, in  m m .

sp e c im e n  n u m b e r  leng th  no. of m ax . lo c a l i ty  n u m b e r ,  fo rm a tio n ,
c o ils  d ia m . and b ed  n u m b e r

1 .475 5 .252 0 - 7 ,  Cuyahoga, b ed  6

2, P I .  7, f ig . 1 ' .650 7 .302 K -51 , New P ro v id e n c e ,  
b ed  6

3 .450 7 .218 K -53 , New P ro v id e n c e ,  
b ed  8

4, P I .  7, fig . 2 .425 7 .235 1-4, R ockford , bed  2

5, P I .  11, fig. 13 .550 5 .226 11

T a b le  46. R ange in  m e a s u re m e n ts  of T re p e i lo p s is  g lo m o sp iro id e s  
G u tsch ick  and T re c k m a n ,  1959, in  m m .

L ength : .4 2 5 - .  650

No. of co i ls :  5-7

M ax. d ia m . :  .2 1 8 - .  302
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l im e s to n e  of s o u th e rn  Ind iana, the lo w e r  New P ro v id e n c e  fo rm a t io n  

of Kentucky, and lo w e r  Cuyahoga fo rm a tio n  of Ohio. See C h a r ts  3,

9 -11 , 18, 21 and 22 fo r  d e ta i ls  of o c c u r re n c e .

Ecology. - T re p e i lo p s is  g lo m o sp iro id e s  i s  known to  o c c u r  only 

in  d en se  (fine -g ra in ed )  l im e s to n e s  and in  f in e -g ra in e d ,  c a lc a re o u s  

o r  n o n -c a lc a re o u s  p la s t ic  s h a le s .  T^ g lo m o sp iro id e s  has not b een  

o b se rv e d  in  m ed iu m  to  c o a r s e  g ra in e d  l im e s to n e s .  I t  is  b e l ie v e d  th a t  

the  sp e c ie s  l iv ed  on a  a rg i l la c e o u s  o r  c a lc a r e o u s - a r g i l l a c e o u s  m uddy 

bo ttom , in  qu ie t w a te r s ;  the  R ockford  l im e s to n e  has  a l r e a d y  b een  

in te r p r e te d  as  p o s s ib ly  lag o o n a l (See d is c u s s io n  u n d e r  H y p eram m iiia  

r 'o 'ckfbrdehsis). The lo w e r  p a r t  of the  New P ro v id e n c e  fo rm a tio n  

(the C o ra l  Ridge m e m b e r)  in  so u th e rn  Ind iana  and J e f f e r s o n  and 

n o r th e rn  B u ll i t t  c o u n tie s ,  Kentucky, p o s s e s s e s  a  shallow  w a te r  

fauna (the C o ra l  R idge fauna), d e s c r ib e d  by Conkin 1957.

T re p e i lo p s is  re c u rv id e n s  G u tsch ick  and T r e c k m a n , '  1959 

P I .  7, f ig s .  3, 4; P I .  11, fig. 12.

T re p e i lo p s is  r e c u rv id e n s  G utsch ick , R. C. , and T re c k m a n  , J . F .  , 

1959, J o u r .  P a leo n t.  , v. 33, no. 2, p. 244, pi. 35, f ig s .  25, 26.
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D e sc r ip t io n .  - T e s t  a t ta c h e d  to a sp ine ,  sp icu le ,  o r  s im i l a r  

ob jec t;  t e s t  c o n s is t s  of a  p ro lo c u lu s  (b ro k en  off of p r e s e n t  sp e c im e n s)  

and  a  g ra d u a l ly  en la rg in g  tu b u la r  seco n d  c h a m b e r  w hich s p i r a l s  t ig h tly  

a ro u n d  the  o b jec t  of a t tachm en t fo r  6 to  8 c o i ls ,  th en  u n co ils  and tu rn s  

b a c k  o v e r  th e  p re c e d in g  c o ils  in  a  b ro a d ly  winding p a th  d i r e c te d  to w ard  

the  p ro lo c u lu s ;  a p e r tu r e  a t  open  end of tube; w all  v e r y  f ine  g r a i n e d , 

of s i l ic e o u s  s i l t  in  s i l ic e o u s  ce m e n t;  c o lo r  of t e s t  l ig h t  g ra y .

M e a s u re m e n ts .  -  See T a b le  47 fo r  m e a s u re m e n ts  of T re p e i lo p s is  

r  e c u rv id e n s .

C o m p a r iso n  and a f f in i t ie s .  -  The p r e s e n t  sp e c im e n s  c lo se ly  

r e s e m b le  the  f ig u re d  sp e c im e n s  of T re p e i lo p s is  r e c u rv id e n s  

G u tsch ic k  and T r e c k m a n  (1959, pi. 35, f igs , 25, 26) and u n fig u red  

p a ra ty p e s  of th is  sp e c ie s  in  m y  p o s s e s s io n .  G u tsch ic k  and T re c k m a n  

give . 90 m m  as the  len g th  of th e  holo type. U nfigured  p a ra ty p e s  of 

the  sp e c ie s  m e a s u r e  . 60 to  . 75 m m  in  length .

T re p e i lo p s is  r e c u rv id e n s  d i f fe r s  f ro m  T. m is  s is  s ip p ia n a  C ooper,  

1947 (p. 87, pi. 20, f ig s .  34-41) in  be ing  m o re  r e g u la r ly  co iled .

D ep o s i tio n  of ty p es .  -  F ig u re d  hypotypes of T re p e i lo p s is  r e c u rv id e n s  

a r e  d e p o s i te d  in  the  U. S. N atl.  M u seu m  (C. F .  C . );

F ig u re d  h ypo types ,  nos.
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T a b le  47. M e a su re m e n ts  of T re p e i lo p s is  r e c u rv id e n s  G u tsch ic k
and T re c k m a n ,  1959, in  m m .

sp e c im e n  n u m b e r  leng th  no. of m ax . lo c a l i ty  n u m b e r ,  fo rm a tio n ,
co ils  d ia m . and bed  n u m b er

1, P I .  11, fig . 12 .675  7 .420  K -56 , H aldem an , b ed  2

2, P I .  7, fig . 4 .625  6 .319  0 - 7 ,  Cuyahoga, b ed  6

3 .500  6-7  .252  0 - 6 ,  H enley, b ed  10

4, P I .  7, f ig . 3 .700  7-8 .269  0 - 7 ,  Cuyahoga, bed  6
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S tra t ig ra p h ic  o c c u r re n c e .  - T re p e i lo p s is  r ecu rv id en s  was originally- 

d e s c r ib e d  f ro m  the R ockford  l im e s to n e  of n o r th e rn  Indiana. The 

s p e c ie s  was found to o c c u r  (in the p r e s e n t  study) in  the  Cuyahoga 

fo rm a t io n  u n d if fe re n t ia te d  and in  the  H enley  sh a le  m e m b e r  of 

the Cuyahoga fo rm a t io n  in  Ohio; in  K entucky th e  sp ec ie s  o c c u r s  in  

the  B utton  Mold Knob m e m b e r  of the  New P ro v id e n c e  fo rm a t io n  and  

in  the  H a ld em an  s i l t s to n e  m e m b e r  of the  B ro d h e a d  fo rm a tio n .  See 

C h a r ts  4, 6, 9, 10, 12, 13, 18, 21 and 22 fo r  d e ta i ls  of o c c u r re n c e .

Ecology. - T re p e i lo p s is  r e c u rv id e n s  w as found only in  c lay ey  

sh a le s  of the  lo w e r  p a r t  of the  Cuyahoga fo rm a t io n ,  the  p la s t ic  

H en ley  sh a le ,  in  the  c a lc a re o u s  sh a le s  of the  Button  Mold Knob 

m e m b e r ,  and in  the  o live g ra y  to d ra b  g ra y  sh a le  b re a k s  in  the  

H a ld em an  s i l t s to n e  m e m b e r .  T. r e c u rv id e n s  s e e m s  to have  l iv e d  

on soft, c a lc a re o u s  o r  n o n -c a lc a re o u s  muddy, s e a  b o tto m s .  T his  

spec ies , and T re p e i lo p s is  in  g e n e r a l  shary® n d t tb e e n io b se rv e d  in  

s t r i c t l y  s i l t s to n e  o r  s an d s to n e  b ed s .  S pecies  of T re p e i lo p s is  in  

g e n e ra l  w e re  a t ta c h e d  to and co iled  a ro u n d  s p in e s o r  s p ic u le s ,  o r  

o th e r  e longate  o rg an ic  f ra g m e n ts .  Sponge sp ic u le s  a r e  v e r y  often 

u sed  fo r  su p p o rt  and a t tach m en t.  A lthough, eco log ica lly ,  the  sponges 

today  a r e  m o s t  abundant in  w a te r  ju s t  below tid e  lev e l ,  r e p re s e n ta t iv e s  

of the  P o r if e ra  a r c  known to b e  w idely  d is t r ib u te d  even a t  g r e a t  dep ths  

of the  ocean .
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T re p e i lo p s is  s p i r a l i s  G u tsch ick  and T re c k m a n ,  1959 

P I .  7, f ig s .  5 -7 ; P I .  11, fig. 14; F ig .  34,

T re p e i lo p s is  s p i r a l i s  G utsch ick , R. C. , and T re c k m a n ,  J . F . ,

1959, Jo u r .  P a le o n t .  , v. 33, no. 2, pp. 244, 243, pi. 35, 

f igs . 20-24.

D e s c r ip t io n . - T e s t  a t ta c h e d  to  a  sp ine ,  sp icu le ,  o r  s im i l a r  ob ject; 

t e s t  c o n s is t s  of a  p ro lo c u lu s  (b ro k en  off of p r e s e n t  sp ec im en s)  and a 

tu b u la r  second  c h a m b e r  w hich winds t igh tly  and s p i r a l ly  a ro u n d  

the  ob jec t of a t ta c h m e n t ,  g ra d u a l ly 'e n la rg in g ,  and  c o n s is t in g  in  

p r e s e n t  sp e c im e n s  of about 6 to  about 12 co ils ;  a p e r tu r e  f o rm e d  by 

open end of tube; w all  of v e r y  fine  g ra in e d  s i l t  in  s i l ic e o u s  cem en t;  

c o lo r  of w all  white to  g r a y  to  ru s ty .

M e a su re m e n ts .  - See T ab le  48 fo r  m e a s u re m e n ts  of T re p e i lo p s is  

s p i r a l i s  and T ab le  49 fo r  ra n g e  in  m e a s u re m e n ts  of the  s p e c ie s .

C o m p a r iso n  and a f f in i t ie s . - The p r e s e n t  sp e c im e n s  a r e  id e n t ic a l  

w ith G u tsch ick  and T r e c k m a n 's  f ig u re d  sp e c im e n s  and with u n figu red  

p a ra ty p e s  in  m y  p o s se s s io n .
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T a b le  49, R ange in  m e a s u re m e n ts  of T re p e i lo p s is  s p i r a l i s

G u tsch ic k  and T re c k m a n ,  1959, in  m m .

L eng th  of t e s t :  .5 0 0 -1 .  100

N u m b e r  of c o i ls :  6-12

M ax. d ia m . of t e s t :  .1 5 1 - .  386
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D eposition  of ty p es .  - F ig u re d  hypotypes of T re p e i lo p s is  s p i r a l i s  

a r e  d ep o s ited  in  the  U. S. N atl. M useum  (C. F .  C . ):

F ig u re d  hypotypes, nos.

In  addition, u n f igu red  p a ra ty p e s  a r e  d ep o s ited  in  the following 

in s t i tu t io n s :

P .  R. I. , no.

U. C . , no.

U. N. D. , no.

B. M. (N .H .) ,  no.

I S t ra t ig ra p h ic  o c c u r r e n c e . - T re p e i lo p s is  s p i r a l i s  o c c u rs  in  the

E ulie  sh a le  of T e n n e sse e ;  the  R ockford  l im e s to n e  and Jaco b s  Chapel 

sh a le  of s o u th e rn  Indiana; the  B ed fo rd  sh a le ,  the  New P ro v id e n c e  

fo rm a tio n ,  the  Conway Cut and the  H aldem an  s i l ts to n e  m e m b e r s  of 

the  B ro d h ead  fo rm a tio n ,  and  the  R othw ell sh a le  m e m b e r  of the 

M uldraugh  fo rm a t io n  of K entucky. See C h a r ts  3 -6 ,  8 -13 , 16-19,

21 and 22 fo r  d e ta i ls  of o c c u r re n c e .

E cology . - T re p e i lo p s is  s p i r a l i s  o c c u rs  in  soft, p la s t ic  sh a le s ,  

in  sh a le  b reak d  w ithin  s i l t s to n e  and in  f in e -g ra in e d  l im e s to n e ,  

p o s s ib ly  lagoonal.  T he e co lo g ica l  r e q u i re m e n ts  fo r  the  s p e c ie s  w e re  

p ro b a b ly  m uch  like  th o se  of T;, re c u rv id e i is  and T. g lo m o sp iro id e s .
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F a m ily  L itu o lid ae  R e u s s ,  1861 

Subfam ily  H a p lo p h rag m iin a e  C ushm an , 1927 

Genus A m m o b acu li te s  C u sh m an , 1910

Spirolina- d ’O rbigny, A . ,  1846, (p a rs )  F o r a m .  F o s s ,  B a s s ,

T e r t ,  V ienne, p. 137,

H ap lo p h rag m iu m  B rad y ,  H. B. , 1884, (p a rs ) ,  Rept, Voyage 

C h a llen g e r ,  Zool. , v. 9, pp. 301, 302.

A m m o b acu li te s  C ushm an , J .  A . , 1910, U nited  S ta tes  Natl. M us, , 

Bull, no. 71, pp. 114, 115.

Type sp e c ie s :  S p iro l in a  agg lu tinans  d ’O rb igny , 1846 (o r ig in a l  

d es igna tion , by C ushm an , 1910; M iocene, A u s tr ia ) .

T he g e n e r ic  de f in ition  of A m m o b a c u li te s  was g iven  b y  C u sh m an  

(1910, p. 114) as  follows:

" T e s t  f r e e ,  c h a m b e re d ,  e a r ly  p o r t io n  c lo se  

coiled  in  one p lane , l a t e r  p o r t io n  unco iled  

and m ade  up of a  m o r e  o r  l e s s  l i n e a r  s e r i e s  of 

c h a m b e rs ;  w all c o a r s e ly  a r e n a c e o u s ,  f a i r ly  thick; 

a p e r tu r e  s in g le  a t  the  c e n te r  of the  t e r m in a l  

face  of the unco iled  p o r tio n ,  bu t in  the  

co iled  p o r t io n  a t  the  b a s e  of the  a p e r tu r a l  

face . "
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G u tsch ick  and  T re c k m a n  (1959, pp. 247-249) d e s c r ib e d  th e  th r e e  

o ld e s t  know A m m o b a c u l i te s : A. le p to s  (pp. 247, 248, pi. 37, f ig s .  12, 

13), A. p y r i f o r m is  (pp. 248, 249, pi. 37, f igs . 1 4 ,-1 7 ,1 9 ,  2 4 -2 5 ,  

te x t - f ig s .  3a, 3b) and A. ? sp. (p. 249, pi. 37, f igs . 18, 20, 26, 27) 

f ro m  th e  K inderhook ian  R ock fo rd  l im e s to n e .  T he  sp e c ie s  d e s c r ib e d  

in  the  p r e s e n t  s tudy , A. g u ts c h ic k i , is  t h e r e f o r e  the  fo u r th  known 

s p e c ie s  f ro m  th e  M is s is s ip p ia n  s y s te m .  C h a r t  23 shows th e  ra n g e  

of A m m o b acu li te s  in  th e  M is s is s ip p ia n  as  d e te rm in e d  in  th is  study.

G u tsch ick  and T r e c k m a n  (1959, p. 249) no ted  co n ce rn in g  

A m m b b ab h li te s  ? sp. :

"S p ec im en s  r e c o v e re d  f ro m  a c id  r e s id u e s  a r e  ■ 

v e s ic u la r  and  in d ic a te  th a t  the  a n im a l  m u s t  

hav e  fo rm e d  i t s  t e s t  of ag g lu t in a te  l im e  

san d  g ra in s  c e m e n te d  to g e th e r  w ith  a  s i l ic eo u s  

p a s te .  I t  is  the  s i l ic e o u s  m a t e r i a l  w hich is  

p r e s e r v e d .  "

A gain  quoting G u tsch ic k  and  T r e c k m a n  (1959, p. 249) 

c o n c e rn in g  w a ll  com posit ion :

"C o m p o s it io n  and n a tu re  of w all  s t r u c tu r e  

have  b e c o m e  im p o r ta n t  c r i t e r i a  fo r  c la s s i f ic a t io n  

of the  F o r a m in i f e r a .  If we a r e  to  r e g a r d  th e s e  as 

im p o r ta n t  g e n e r ic  c h a r a c t e r i s t i c s  and re c o g n iz e
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i s o m o r p h is m  as  v a l id  ( Ire lan d ,  1956; C u m m in g s ,

1955), th en  thficEiOcklfoiDd-form-.iv’ould: kecorne a 

new genus r e l a t e d  to  the  ag g lu tin a te  s i l ic a  

g ra in e d  A m m o b a c u l i te s  and th e  c a lc a re o u s  

t e s t  E n d o th y ra n e l la . M 

Again, in  A m m o b a c u li te s  the  s p e c to r  of w all  s t r u c tu r e  and  w all  

co m p o s it io n  a r i s e s .  Som e w o r k e r s  on P a le o z o ic  F o r a m in i f e r a  would 

ho ld  to  s t r i c t  i s o m o r p h is m  in  F o r a m in i f e r a .  T h u s , i t  h a s  b e e n  

co n ce iv ed  th a t  A m m o b a c u l i te s  a n d E n d o th y ra n e l la  a r e  i s o m o rp h s .  

A c co rd in g  to  so m e  w o r k e r s ,  A m m o b a c u l i te s  would be c o n s id e re d  

to  have  s i l ic e o u s  g ra in s  in  s i l ic e o u s  c e m e n t  w hile E n d o th y ran e lla  

would be  c o n s id e re d  tq -have c a lc a r e o u s  g ra in s  (w hether  e x tra n e o u s  

o r  s e c r e t e d  by the  p ro to p la sm )  in  c a lc i te  c em en t;  o th e rs  c o n s id e r  

E ndo thyrarie lla  to have  a c o m p le te ly  f ib ro u s  c a lc i te  s t r u c t u r e  and 

co m p o sit io n . H ow ever,  C u sh m an  in  h is  o r ig in a l  g e n e r ic  def in it ion  

of A m m o b acu li te s  (1910, p. 114) d e s c r ib e d  the  w all  as  c o a r s e ly  

a re n a c e o u s  (a re n a c e o u s  to  C u sh m an  p re s u m e d ly  m ean t  g ra in s  of 

v a r io u s  co m p o s it io n  em bedded  in  f e r rh g in o u s ,  c a lc a r e o u s ,  of" 

f e r r u g in o -c a lc a r e o u s  cem en t) .

I b e l ie v e  th a t  th e  c r u x  of th e  w all  p ro b le m  re v o lv e s  p r im a r i l y  

a ro u n d  the  n a tu re  of the  c e m e n t .  If a l l  F o r a m in i f e r a  (sav e  a  m inu te  

n u m b e r ,  as in  the  F a m i ly  S il ic in idae)  o r ig in a l ly  had c a lc a r e o u s ,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



331

fe r ru g in o u s ,  o r  f e r ru g in o -c a lc a re o u s  cem en t,  and if  n e a r ly  a l l  

s i l ic e o u s  c e m e n t  r e p re s e n ts  s e c o n d a ry  rep lacem en t of o r ig in a l  

f e r ru g in o u s ,  c a lc a r e o u s ,  o r  f e r r u g in o -c a lc a r e o u s  cem en t,  then  : ;

I c a n  not a c c e p t  the  p r in c ip le  of i s o m o rp h ism ;  th a t  i s ,  I would 

b e  qu ite  h e s i ta n t  to  s a y  th a t  g e n e ra  of F o r a m in i f e r a  a r e  so 

s e le c t iv e  in  the  type of ex tran eo u s  p a r t i c l e s  which they  in c o rp o ra te  

in to  th e i r  t e s t  w a ll  th a t  su ch  s e le c t io n  of ex tran eo u s  p a r t i c le s  would 

co n s ti tu te  a  v a lid  b a s is  fo r  g e n e r ic  d iffe ren t ia t io n .

St. J e a n  (1957, pp. 1819) d isavow s the  p o s s e s s io n  of an  a re n a c e o u s  

t e s t  by  any P a le o z o ic  F o ra m in i f e r a .  In  l in e  w ith th is  a ssu m p tio n ,

St. J e a n  (1957, p. 41) su sp e c te d  tha t:

". . . a l l  P a le o z o ic  F o r a m in i f e r a  r e f e r r e d  to  the  

genus H y p e ra m m in a  a r e  a c tu a l ly  E a r la h d ia .  The 

type of H y p eram m in a ,  H . ' e lo n g a ta  B ra d y  (1878, 

p. 433, pi. 20, fig. 2) i s  a  R ecen t a re n a c e o u s  fo rm  

f ro m  the  A rc t ic  Sea. "

Thus, St. J e a n  a s s u m e s  the  g r a n u la r i ty  in  the  t e s t s  of HyperammiiiS. 

to  be  due to se c o n d a ry  r e c ry s ta l l i z a t io n  of an  o r ig in a l  c a lc i te  te s t .

W hat a r e  the re la t io n sh ip s  b e tw een  P a le o z o ic  H y p e ra m m in a  and 

R ec en t  H y p e ra m m in a  (which a r e  undoubtedly  a re n a c e o u s )?  I would 

th ink  th a t  the  phylogeny of R ecen t H y p e ra m m in a  extends b a c k  to 

th e  P a le o z o ic  H y p e ram m in a ,  a lthough  su ch  a  p ro p o s i t io n  is  d iff icu lt
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of p roof, as  is  a lso  ( it  m a y  be noted) the  n eg a tio n  of the  s ta te m e n t .  

A f te r  a l l ,  no one s e r io u s ly  b e l ie v e s  the genus Lirigula am ong  the  

in a r t i c u la te  b rach io p o d s  does not have  a  s t r a t ig r a p h ic  ra n g e  f ro m  

C a m b r ia n  to R ecen t. C e r ta in ly  i t  i s  a d m it te d  th a t  the  s m a l l e r  

F o r a m in i f e r a  have r e la t iv e ly  s im p le  t e s t  sh ap es  and thus th e r e  

a r e  not a  g r e a t  n u m b er  of s t r u c tu r e s  w hich can  b e  u sed  fo r  sp ec if ic  

and g e n e r ic  c r i t e r i a .

In a n o th e r  vein, i f  a re n a c e o u s  (agg lu tina te)  o r  adven tit ious  (in the  

s e n se  of P lu m m e r ,  1930, p. 7) F o r a m in i f e r a t a r e  known in  the 

P a le o z o ic  (a p ro p o s i t io n  n e a r ly  a l l  w o rk e rs  in  the  p a s t  have  a g re e d  

to), th en  the  cem en t in  any given genus m a y  have  been: (1) o r ig in a l ly  

f e r ru g in o u s ,  c a lc a r e o u s ,  o r  f e r r u g in o -c a lc a r e S u s ,  l(2) siliceausVi o r  

(3)-o H g ih a l ly  f e r ru g in o u s ,  c a lc a r e o u s ,  o r  f e r r u g in o -c a lc a r e o u s  and 

s e c o n d a r i ly  r e p la c e d  by  s i l ic a .  If a l l  P a le o z o ic  a re n a c e o u s  t e s t s  

w e re  o r ig in a l ly  c a lc a re o u s  fe r ru g in o u s ,  o r  f e r r u g in o -c a lc a r e o u s ,  

th en  I would d isavow  is o m o rp h ism ;  thus A rrim obaculities  would be 

c o n g e n e r ic  with E n d o th y ran e lla  (the c h e m ic a l  n a tu r e  of the  e x tran eo u s  

g ra in s  is  not h e r e  c o n s id e re d  of g e n e r ic  im p o r ta n c e ) .  If so m e  

P a le o z o ic  F o r a m in i f e r a  o r ig in a l ly  p o s s e s s e d  s i l ic e o u s  c e m e n t  

( s e c r e t e d  of c o u r s e  b y  the  p ro to p la sm ),  th en  I would ad m it  the 

p r in c ip le  of i s o m o rp h is m  and then  P a le o z o ic  A m m o b a c u l i te s  (a t 

p r e s e n t  w ith  s i l iceo u s  cem ent)  and E n d o th y ra n e lla  would b e  d is t in c t  

g e n e ra .
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I can  s e e  no r e a s o n  to  b e l ie v e  th a t  th e  n a tu re  of th e  e x tra n e o u s  

p a r t i c le s  in  a re n a c e o u s  F o r a m in i f e r a  (in  the  s e n s e  of P lu m m e r ,  1930, 

p. 7) would of n e c e s s i ty  c o n s t i tu te  a  ctit&i^oriofor-rgendric, - o r , .eyen 

sp ec if ic  d if fe re n t ia t io n .  I t  has  b een  m a n i fe s t ly  d e m o n s t r a te d  th a t  

a re n a c e o u s  g e n e ra  can  u s e  p a r t ic le s  of m an y  m a t e r i a l s  to  in c o rp o ra te  

in to  t h e i r  t e s t  w a ll  in  in s ta n c e s  w h e re  the  " p r e f e r r e d ” p a r t i c le s  a r e  

not a v a ilab le .  Of c o u r s e ,  so m e  F o r a m in i f e r a  a r e  m o re  s e le c t iv e  

th an  o th e r s  in  th e i r  " c h o ic e "  of e x tra n e o u s  p a r t i c le s  to  in c o r p o ra te  

in to  th e i r  t e s t  wall; so m e  s p e c ie s  a r e  e x t r e m e ly  "d em an d in g "  in  

t h e i r  s e le c t io n  of p a r t i c l e s  fo r  t e s t  co n s tru c t io n .

In  conc lus ion , u n ti l  th e  Q u a te rn a ry ,  T e r t i a r y ,  M esozo ic ,  and 

P a le o z o ic  F o r a m in i f e r a  have  b e e n  th o ro u g h ly  m o n o g ra p h ed  as  to 

th e i r  w a ll  s t r u c tu r e  and c o m p o s i t io n  (w ith  B a s ic  in v e s t ig a t io n  d i r e c te d  

a t  adequate r e d e s c r ip t io n  of the  a v a i la b le  types  of s m a l l e r  F o r a m in i f e r a ,  

a s  w ell  a s  s tudy  of eco logy  of R ec en t  F o r a m in i f e r a  and  p a le o -e c o lo g y  

of f o s s i l  F o r a m in i f e r a ) ,  m o s t  s ta te m e n ts  co n c e rn in g  the  n a tu re  of 

w all  s t r u c tu r e  of s m a l l e r  F o r a m in i f e r a  a r e  c o n je c tu ra l .  Indeed , we 

know v e r y  l i t t le  about w a ll  s t r u c tu r e  and w all  c o m p o s it io n  of 

F o r a m in i f e r a  in  g e n e ra l .  The o b s c u re  r e f e r e n c e s  to  a re n a c e o u s  

t e s t s ,  w ithout c l e a r  s ta te m e n ts  a s  to  the  t r u e  n a tu re  of the  cem en tin g  

m a te r ia l ,  and to  l e s s e r  ex ten t the  n a tu re  of e x tra n e o u s  p a r t i c le s  

(in  adven ti t io u s  te s t s )  h av e  s e rv e d  m a g n if ic e n tly  to  confound and
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delude p r e s e n t  w o rk e rs  in  th e i r  s tudy  of the  F o r a m in i f e r a .  C u r re n t ly ,  

the  n a tu re  of the  t e s t  w all in  F o r a m in i f e r a  is  so  bec lo u d ed  th a t  no 

w o rk e r  can  r e m a in  unconfused  w hen d is c o u r s in g  on th e  w all  s t r u c tu r e ,  

c h e m ic a l  co m p o s it io n ,  and th e i r  r e la t io n s h ip s  to  e le m e n ts  of taxonom y, 

c la s s i f ic a t io n ,  and phylogeny  of the  F o r a m in i f e r a .

A riim obaculite  s gut s Chicki, n. sp.

P I .  7, f ig s .  11-12; P I .  11, fig . 15; F ig .  35.

D e sc r ip t io n .  - T e s t  c o n s is t s  of p l a n i s p i r a l  and  r e c t i l i n e a r  

p o r t io n s ;  p la n i s p i r a l  p a r t  in d is t in c t  in  in n e r  p o r tio n ,  bu t o u te r  

w horl  com posed  of th r e e  to  f iv e -a n d -o n e -h a l f  g ra d u a l ly  en la rg in g  

in f la ted  c h a m b e r s ;  r e c t i l i n e a r  p o r t io n  c o n s is t s  of as m an y  as  five 

s l ig h tly  e n la rg in g  ob la te  and in f la te d  c h a m b e r s ;  f in a l  c h a m b e r  of 

r e c t i l i n e a r  s e r i e s ,  su b eq u a lly  long as  b ro a d  and p y r i f o r m  due 

to ta p e r in g  n eck  of a p e r tu r e ;  t e s t  w all m o d e ra te ly  c o a r s e  g ra in e d  

with m o d e ra te  am ount of s i l ic e o u s  cem en t;  t e s t  g e n e ra l ly  som ew hat 

c o m p re s s e d ;  c o lo r  of t e s t  w hite  to  r e d d is h  o ran g e .

M e a s u r e m e n ts . - See T a b le  50 fo r  m e a s u re m e n ts  of A m m o b ac u l i te s  

guts ch ick i and T a b le  51 fo r  ra n g e  in  m e a s u re m e n ts  of the  s p e c ie s  and 

c o m p a r is o n  with A. p y r i f o r m is  G u tsc h ic k  and T re c k m a n ,  1959.
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T a b le  50. M e a su re m e n ts  of A m m o b acu li te s  guts c h ic k i , n . sp.
in  m m .

s p e c im e n  n u m b e r  leng th  d ia m .n o .  of len g th  d iam . no. of lo c a l i ty
of ch am . of of r e c t i -  n u m b e r ,
co il  in  r e c t i -  r e c t i -  l in e a r  fo rm a tio n ,

l a s t  l in e a r  l in e a r  ch am . and b ed
w horl p a r t p a r t n u m b er

1, P I .  7, fig . 12 .670 .369 5 .403 .201 2 K -13 , New
P r o v .  , 10

2, P I .  7, fig . 14 .670 .2 4 4 4 .470 .218 3 I I

3 .503 .235 4 .319 . 168 3 I t

4, P I .  7, fig. 13 .537 . 176 3 .386 . 185 3-4 n

5, P I .  7, fig. 22 « — .440 5 .5 -  - • .  - _  _ 0 - 7 ,  C u y a ­
hoga, 6

6, P I .  7, fig . 19 .537 .252 4 .5 . 285 . 155 2 K -17 , New
P r o v .  , 5

7 .640 .235 5 .369 .201 3 1-3, New
P r o v . ,  2

8 . 530 . 201 4 .369 . 160 3 K - l l ,  New
P r o v .  , 4

9 .604 .218 4 .386 . 185 3 1-6, C o ra l
R idge , 1

10 . 640 .260 5 .403 . 168 3 K -10 , New
P r o v . , 1

11 .622 .2 4 4 4 .5 .436 . 185 3 K -17 , New
P r o v .  , 3

12 .658 .319 5 .335 . 185 2 II

13, P I .  7, fig.. 16 .688 . 277 4 .5 .470 . 252 3 K -1 2 , New
P r o v .  , 4

14 . 521 .2 4 4 4 .352 . 193 3 K -18 , New
P r o v .  , 4

15 .453 .285 5 .218 . 176 1 I t

16 . 622 . 352 5 .352 . 252 2 K -17 , New
P r o v .  , 3

17, P I .  7, fig . 17 . 604 .252 4 .403 .210 3 II

18 .658 .218 4 .453 . 218 3 K -14 , New
P r o v .  , 5

19, P I .  7, fig,. 15 . 386 .260 5 .269 . 175 2 K -1 3 , New
P r o v . , 2

20 . 586 .235 5 319 . 168 2 K -13 , New
P r o v .  , 2
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T a b le  51. Range in  m e a s u re m e n ts  of A m m o b a c u li te s  g u tsc h ic k i  , 
n . sp . in  m m , and c o m p a r iso n  w ith  A . p y r i fo rm is  
G u tsch ic k  and T re c k m a n ,  1959.

A. g u tsch ick i  

L eng th  of t e s t :  . 386 -.  688

D iam . of co iled  p o r tio n :  .1 7 6 - .  440

No. of c h a m b e rs  in  o u te r  w horl:  3 -5 .5

L ength  of r e c t i l i n e a r  p a r t :  . 277-. 658

D iam . of r e c t i l i n e a r  p a r t :  .0 9 2 - .  252

No. of r e c t i l in e a r  c h a m b e r s :  1-5

A. p y r i fo rm is  

.7 5 0 -1 .0 5 0  

.2 5 0 - .2 8 0  

4-6
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C o m p a r iso n  and a f f in i t ie s .  - A m m b a c u l i te s  g u tsc h ic k i  has  i ts  

c lo s e s t  a ff in i t ie s  to  A. p y r i f o r m is  G u tsch ic k  and T r e c k m a n  (1959,

-pp. 248, 249, p i. 37, f igs . 14-17, 19, 21-25), e s p e c ia l ly  in  the 

n a tu re  of the  co iled  p o r t io n  of the  t e s t ,  bu t A. g u tsch ick i  d if fe rs  

m a rk e d ly  in  th a t  the  r e c t i l i n e a r  p o r t io n  has  fe w e r  c h a m b e rs  (up to  

five) than  A.' p y r i f o r m is  (w hich h as  s ix  o r  m o re  r e c t i l i n e a r  c h a m b e rs ) ;  

in  add ition , the  r e c t i l i n e a r  c h a m b e r s  of_A. g u tsch ick i  a r e  ob la te  

r a t h e r  th an  p r o la te  ais>are:the re 'd t i l in e a r  ch am h ers - in  ^ .p y r i f o r m is .

Type lo c a l i ty . - B lue  Gap, 2. 65 m ile s  n o r th  of New Haven,

N e lso n  County, K entucky (L o c a l i ty  K-13) on U. S. H ighw ay 3 IE . 

Holotype f ro m  the  New P ro v id e n c e  fo rm a tio n ,  44 to 49. 5 fe e t  above the 

F a l l in g  Run m e m b e r  of the  S a n d e rso n  fo rm a t io n  (Bed 10),

Type deposit ion . - Holotype and f ig u re d  p a ra ty p e s  a r e  d e p o s ited  

in  the  U. S. N atl. M u seu m  (C. F .  C . ):

H olotype, no.

F ig u re d  p a r a ty p e s ,  nos.

In  add ition , u n f ig u red  p a ra ty p e s  a r e  d e p o s ite d  in  the  following 

in s t i tu t io n s :
1

P . R. I. , no.

U. C. , no.

U. N. D. , no.

B .M . (N .H . ) ,  no.
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S tra t ig ra p h ic  o c c u r re n c e .  - A m m o b a c u li te s  g u tsch ick i  i s  found 

in  the  F a l l in g  Run m e m b e r  of the  S a n d e rso n  fo rm a tio n ,  in  the  New 

P ro v id e n c e  fo rm a tio n ,  e s p e c ia l ly  in  the  lo w e r  p a r t  (C o ra l  R idge 

m e m b e r  and equ iva len t beds) in  K entucky and s o u th e rn  Ind iana , in  

the  B ro d h ead  fo rm a t io n  in  K entucky  and l e s s  f re q u e n t ly  in  the  

C uyahoga fo rm a t io n  in  Ohio. T he  sp e c ie s  a lso  o c c u r s  in  the  E u lie  

sh a le  of n o r th e rn  T e n n e s s e e .  T hus , A. g u tsch ick i  is  known to 

o c c u r  only in  th e  K in d erh o o k ian  and O sag ian . See C h a r ts  3 -6 ,

8-13 , 16-18, 21 and 22 fo r  d e ta i ls  of o c c u r re n c e .

Ecology. - A m m o b a c u li te s  g u tsch ick i  o c c u rs  e s p e c ia l ly  in  the  

soft, p la s t ic  when wet, b lu e - g r a y  and o l iv e -g r a y  sh a le s  of the 

New P ro v id e n c e ,  and, in  the  som ew lia t m o r e  s i l ty  sh a le s  of the 

B ro d h ead  and Cuyahoga fo rm a t io n s ;  t h e r e  a r e  r a t h e r  s m a l l  to 

m o d e ra te  am oun ts  of s i l t  in  th e s e  beds  and the  s i l t  is  u s u a lly  of 

s m a l l  to  m e d iu m  s ize .

R e m a rk s .  - T h is  new s p e c ie s  is  n am ed  fo r  D r.  R aym ond C. 

G utsch ick , H ead  of th e  Dept, of Geology a t  the  U n iv e rs i ty  of 

N o tre  D am e in  re c o g n i t io n  of h is  p io n e e r in g  w ork  on L ow er 

M is s i s s ip p ia n  s m a l l e r  F o r a m in i f e r a .
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F a m ily  T e x tu la r i id a e  d 'O rb ig n y , 1846 

Subfam ily  T e x tu la r i in a e  d 'O rb igny , 1846 

Genus C l im a c a m m in a  B rady , 1873

T e x tu la r ia  D e fra n c e ,  B rad y ,  H. B. , 1871, (p a r s ) , Geol, Soc.

Glasgow , T r a n s . ,  v. 3, suppl. , p. 13. (n om en  nudum )

C lim a c a m m in a  B rad y ,  H. B. , 1873, Geol. Surv. Scotland,

M e m .,  Expl. Sheet 23, p. 94; i d e m , 1876, P a le o n t .  Soc.

Mon. , v. 30, pp. 67, 68; C ushm an , J. A. , 1948, F o ra m in i f e r a ,  

C a m b rid g e ,  p. 120.

B ig e n e r in a  d 'O rb ig n y , B rad y ,  H. B ., 1884, (p a rs )  Rept. Voyage 

C h a lle n g e r ,  Zool. , v. 9, pp. 371, 372.

Type s p e c ie s :  T e x tu la r ia  an tiqua  B rad y ,  1871 (m onotypic genus).

C u sh m a n 's  (1948, p. 120) g e n e r ic  defin ition  of C l im a c a m m iiia 

follow s:

" T e s t  f r e e ,  e a r ly  p o r t io n  b i s e r i a l ,  l a t e r  u n is e r ia l ;  

w all a re n a c e o u s ,  m o s t ly  of fine f ra g m e n ts  but includ ing  

c o a r s e r  ones , c e m e n t  c a lc a re o u s ;  a p e r tu r e  in  the  b i s e r i a l  

p o r t io n  te x tu la r ia n ,  in  the u n is e r ia l  p o r t io n  i r r e g u l a r l y  

c r ib r a t e ,  t e r m in a l  . . . .  I have exam ined  B ra d y 's  

sp e c im e n s  of C l im a c a m m in a  an tiqua  as  w ell as  d u p lica tes
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w hich have b e e n  t r e a te d  w ith  ac id . The 

c e m e n t i s  c a lc a r e o u s ,  bu t the  a re n a c e o u s  

f ra g m e n ts  a r e  of v a r io u s  s o r t s  and 

s iz e s .  T he t e s t  i s  t r u ly  a re n a c e o u s  as 

s ta te d  by  B ra d y  in  h is  o r ig in a l  d e s c r ip t io n  

of the  genus. T he o r ig in a l  sp e c im e n s  

show the  c h a r a c t e r i s t i c  d is to r t io n  

and c o lla p s in g  so  f re q u e n t ly  s e e n  in 

the T e x tu la r i id a e .  "

T he s t r a t ig ra p l i ic  ran g e  of C l im a c a m m in a  was c o n s id e re d  by 

C ushm an  (1948, p. 120) to be  C arb o n ife ro u s  to P e r m ia n .  H ow ever, 

C ushm an  (1928, p. 120) r e p o r te d  the  ran g e  of the genus to  be 

"C a rb o n ife ro u s  to P e r m ia n  . . . .  T e r t i a r y  and R ecen t ( ? ) ,  and 

noted:

"T h e  B ig e iie r in a  ro b u s ta  H. B. B ra d y  

r(.Rep. Voy; Ghallelnger,- £oology, vol. 9, 

p. 1884, p. 371, p i. 45, f igs . 9-16) 

and  so m e  T e r t i a r y  sp e c ie s  have  e s s e n t ­

ia l ly  the  c h a r a c t e r s  of C lir r iaca m m in a , 

b u t th e r e  s e e m s  to  be  a v e r y  wide gap
l

w h e re  no r e p re s e n ta t iv e s  of the  genus 

a r e  known if  th e s e  a r e  the  s a m e  as the 

P a le o z o ic  fo rm s .  "
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C h a r t  23 shows the  ra n g e  of C l im a c a m m in a  in  the  M is s is s ip p ia n  

as  d e te rm in e d  in  th is  study.

T h e re  has  b e e n  so m e  doubt a s  to  th e  r e la t io n s h ip s  be tw een  

C l im a c a m m in a  and  B ig e h e r in a .  B ra d y  (1876, pp. 371, 372) 

r e je c te d  the  genus C l im a c a m m in a ;  h o w ev er ,  C lim a c a rn m in a  was 

c o n s id e re d  v a lid  by  C u sh m an  (1948, p. 120).

T he  sp ec if ic  de f in it io n  of the  R ec en t  B ig e h e r in a  ro b u s ta  B ra d y  

(1881,p. 53) was g iven  as  fo llow s:

" T e s t  e longa te ,  c o m p r e s s e d  in  i ts  

e a r l i e r  (b is e r ia l )  p o r t io n ,  c y l in d r ic a l  

in  i t s  l a t e r  (u n is e r ia l )  g row th . U n i­

s e r i a l  s e g m e n ts  n u m e ro u s ,  s h o r t ,  s o m e ­

what i r r e g u l a r ,  o ften  v e n t r ic o s e  a t 

th e i r  p e r ip h e ry .  A p e r tu r e  s im p le  and 

T e x tu la r ia n  in  the  b i s e r i a l  s e g m e n ts ,  

b eco m in g  m u lt ip le  and p o ro u s  in  the 

u n i s e r i a l  p o r tio n ,  th e  p o re s  e i th e r  

a r r a n g e d  in  a  r in g  o r  i r r e g u l a r l y  

d is t r ib u te d  in  the  c e n t r a l  p a r t  of the  

ex p o sed  fa c e  of the  t e r m in a l  c h a m b e r .

In te r io r  n o n - ia b y r in th ic .  Length , about 

1 /5  in ch  (4, 8 m m  ). "
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C lim a ca m m in a  m is  s i  s s ipp i ana  , n. sp.

P I .  8, f ig s .  1-6; F ig s .  41-43 .

D e s c r ip t io n . - T e s t  e longate , a p p ro x im a te ly  five  t im e s  longe r  

th an  b ro a d ;  t e s t  c o n s is ts  of two p o r t io n s ,  the  e a r l i e r  p o r t io n  c o n s is t in g  

of about 11 b i s e r i a l  te x tu la r ia n  c h a m b e rs ,  fo llow ed by a  s e r i e s  of 

th r e e  u n is e r ia l  c h a m b e rs ;  the  te x tu la r ia n  s e r i e s  has  in f la ted  cham bers  

talcing on a rounded  wedge shape; the  u n is e r ia l  s e r i e s  has  n e a r ly  

c y l in d r ic a l  c h a m b e rs ;  the l a s t  (o r  th ird )  u n i s e r i a l  c h a m b e r  b eco m es  

rounded  and only s l ig h t ly  b lu n tly  p o in ted  a t  the  m id d le  of the  a p e r tu r a l  

face ;  the  u n is e r ia l  c h a m b e rs  p o s s e s s  c r i b r a t e  a p e r tu r e s ;  the 

a p e r t u r a l  face  of the  u n i s e r i a l  c h a m b e r  i s  p ie r c e d  by eight o r  

p o s s ib ly  s lig h tly  m o re ,  p a r t ia l ly  t r i a n g u la r  a p e r tu r e s  (the two p r e s e n t  

sp e c im e n s  a r e  im p e r f e c t ly  p r e s e r v e d ) ; s u tu re s  o r ig in a l ly  d is t in c t  and 

d e p re s s e d ,  but bo th  sp e c im e n s  exhib it ev idence  of w ea r ;  in te rn a l ly  the  

t e s t  w all  i s  s e e n  to  be  co m p o se d  of two l a y e r s ,  bo th  c a lc a r e o u s ,  the 

in n e r  l a y e r  is  c r y s ta l l in e  c a lc i te  c o m p le te ly  s e c r e te d  by  the p ro to p la s m  

of the  fo ra m in i fe r ,  w hile the  o u te r  w all  l a y e r  i s  a re n a c e o u s  with 

c a lc i t e  cem en t.  (See figv.-43)y. »

M e a su re m e n ts .  - T ab le  52 g ives  the  m e a s u re m e n ts  of C l im a c a m m in a  

m is s i s s ip p ia n a  and a c o m p a r iso n  w ith  the  m e a s u re m e n ts  of C. c y l in d r ic a  

C u sh m an  and W a te rs ,  1928.
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T ab le  52. M e a su re m e n ts  of C lim acam m in a  m is  s is  s ipp iana, n . sp .
in  m m , and c o m p a riso n  w ith  C. c y lin d ric a  C ushm an
and W a te rs , 1928.

C. m i s s i s s ip p ia n a , n. sp. C . c y l in d r ic a
holotype p a ra ty p e
P I .  8, f ig s .  1 ,2 , P I .  8, f ig s .
6 3, 4, 5.

L ength  of t e s t :  .971 .5 5 4  2 .000

L ength  of u n i­
s e r i a l  c h a m b e rs :  3 -  .193  .210

2 -  .118  .118
1- .118  .118

D iam . of u n i­
s e r i a l  c h a m b e rs :  3 -  .462  .436  .600

2 -  .470  .369
1- .403  .360

L eng th  of b i s e r i a l
c h a m b e rs :  5 -  . 185

4 -  .101
3 -  .084
2 -  .075
1 -  . 0 6 8

D iam . of b i s e r i a l
c h a m b e rs :  5 -  .252

4 -  .252
3 -  .160
2 -  .1 3 4
1- .118

D iam . of p ro lo c u lu s :  .1 1 8 ?

T h ick n e ss  of o u te r  w all:  .080

T h ick n e ss  of in n e r  w all:  . 050
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C o m p a r iso n  and a f f in i t ie s .  -  C l im a c a m m in a  m is  s is  s ip p ia n a  has 

i ts  c lo s e s t  a f f in it ie s  to  C. c y l in d r ic a ; h o w ev er ,  C: m is  s is  s ip p ian a  

d i f fe r s  f ro m  C. c y l in d r ic a - in  hav ing : (1) s m a l l e r  n u m b e r  of b i s e r i a l  

c h a m b e r s ,  (2) s m a l l e r  n u m b e r  of u n i s e r i a l  c h a m b e r s ,  ( th r e e  in s te a d  

of fo u r  as  in  C. cy l in d r ic a ) ,  and (3) s iz e  only about o n e -h a l f  th a t  

of C. c y l in d r ic a .

Type lo ca l i ty .  - C la r k 's  S ta tion  Q u a r ry ,  2. 4 m ile s  sou th  of M o ri l l  

on H ighway 421, J a c k s o n  County, K entucky  (L o c a l i ty  K -46). Holotype 

is  f ro m  the  h o r iz o n  of the  Big C lif ty  san d s to n e  (Bed 1).

Type deposition . - Holotype and  the  f ig u re d  p a ra ty p e s  a r e  

d e p o s ited  in  the  U. S. N atl .  M u seu m  (C. F .  C. ):

Holotype, no.

F ig u re d  p a r a ty p e s ,  Nos.

S tra t ig ra p h ic  o c c u r re n c e .  - C l im a c a m m in a  has  b een  r e p o r te d  f r o m  

the  P e r m ia n  of T e x as ,  the  P e n n sy lv a n ia n  of T ex as  (C u sh m an  and 

W a te rs ,  1930, p. 56), and  the  P e n n sy lv a n ia n  of O klahom a (W arth in , 

1930, p. 31). The only r e c o r d  of C l im a c a m m in a  in  th e  M is s is s ip p ia n  

of N o r th  A m e r ic a  i s  th e  r e p o r t  of a  C l im a c a m m in a ? zone in  the  

G r e e n b r i e r  l im e s to n e  (top of th e  Reynolds l im e s to n e )  in  W est V irg in ia  

(F lo w e rs ,  1956, pp. 7, 8). T he  s p e c ie s  of C l im a c a m m in a  ? of
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F lo w e r s  is  a  t r u e  C l im a c a m m in a ;  I have  c o l le c te d  s a m p le s  and 

p r e p a r e d  th in  se c t io n s  of the  G r e e n b r ie r  l im e s to n e  which y ie ld ed  

sp e c im e n s  of C l im a c a m m in a 1 klong w ith  T o ly p am m in a  spp. and 

d a s y c la d a c e a n  a lg ae  in  the  p iso l i t ic  l im e s to n e  p o r t io n s  of th e  up p er  

G r e e n b r i e r  in  G r e e n b r i e r  County n e a r  White Su lphur S p r in g s ,  W est 

V irg in ia .

In  E u ro p e , C l im a c a m m in a  is  known to ra n g e  f ro m  the  P e r m i a n  

dow nw ard  in to  the  L o w er C a rb o n ife ro u s .  In  R u s s ia ,  C l im a c a m m in a  

an tiq u a  (B rady), 1876 has  b een  r e p o r te d  f ro m  the  L ow er C a rb o n ife ro u s  

a ro u n d  L e n in g ra d  (M ikhailov , 1939, p. 62, p i. 4, f igs . 17, 18).

In the  p r e s e n t  s tu d y  C l im a c a m m in a  was found in  the  L o w er 

C h e s te r ia n  P a in t  C re e k  l im e s to n e  and  Big C lif ty  san d sto n e ; thus 

th e  geo log ic ;t:ange  of C l im a c a m m in a  is  d e f in i te ly  ex tended  dow nw ard  

to  the  U pper M is s i s s ip p ia n  in  N o r th  A m e r ic a .

E co logy . - Of the  two s p e c im e n s  of C l im a c a m m in a  m is s i s s i p p i a n a , 

found in  th is  s tudy , one i s  f ro m  th e  c a lc a r e o u s ,  c lay ey  and fo s s i l i f e ro u s  

s h a le  of th e  up p er  p o r t io n  of the  P a in t  C re e k  l im e s to n e  (B ed 1), 

so u th  of Mt, V e rn o n  in  R o c k c a s t le  County, K entucky (L o c a l i ty  K-42) 

and  the  o th e r  s p e c im e n  i s  f ro m  a m a r in e  sh a le  a t  the  h o r iz o n  of 

th e  B ig  C lif ty  sa n d s to n e  (Bed 1) a t  M o ril l ,  J a c k so n  County, K entucky  

(L o c a l i ty  K -45); T h e se  two lo c a l i t ie s  a r e  about 17 m ile s  a p a r t ,  M o r i l l  

be in g  lo c a te d  n o r th - n o r th e a s t  of Mt. V e rn o n  in  R o c k c a s t le ,  County.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



3 4 7

F lo w e r s  co m m en ted  on th e  s e d im e n ts  w ithin which the  C l im a c a m m in a  

zone o c c u rs  in  the  G r e e n b r ie r  l im e s to n e  of W est V irg in ia  (1956, p .  8): 

"T h e  C l im a c a m m in a ? faunal zone can 

n e a r ly  a lw ays b e  found in  w ells  having 

l i t t le  c la s t ic  m a te r i a l  in  the  upper  p a r t  

of th e  G r e e n b r i e r  l im e s to n e .  In so u th e a s te rn  

W est V irg in ia  th e r e  i s  a l a r g e  in c r e a s e  

in  c la s t ic  m a te r i a l  a t  th e  loca tio n  of 

th is  zone. B oth  the  G r e e n b r ie r  and the 

M auch Chunk a r e  u n iv e r s a l ly  th ick  in  th is  

a r e a ,  m ak ing  i t  d iff icu lt  to  lo ca te  with 

any c e r ta in ty  e i th e r  the  s t r a t ig ra p h ic  

p o s it io n  of th e  R eynolds l im e s to n e  oi  the  

top of the  G r e e n b r ie r  l im e s to n e .  W here  th is  

is  the  c a s e ,  the  p o s it io n  o f the C lim a c a m m in a ?  

zone cannot a lw ays be  d e te rm in e d .  "

The o c c u r re n c e  of C lim ac  arbmina' m is  s is  s ipp iana  in  the  c a lc a re o u s  

sh a le  of the  P a in t  C re e k  l im e s to n e  is  quite in  keeping  with the 

c a lc a r e o u s  n a tu re  of th e  t e s t ,  but the  o c c u r re n c e  of C‘. m is  s is  s ip p ian a  

in  the l e s s  c a lc a re o u s  sh a le s  a t  the  h o r iz o n  of the  B ig C lif ty  san d sto n e  

r a i s e s  q u es tio n s  as  to  w h e th e r  the  Big Clifty  sp e c im e n  m igh t have  b een  

r e w o rk e d  f ro m  one of th e  lo w er  l im e s to n e s  o r  c a lc a re o u s  sh a le s .
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C lim acam rriina  in  g e n e ra l  f lo u r ish e d  in  the  w a rm  and sha llow  s e a s  

of high c a rb o n a te  a lk a l in i ty  as  ev idenced  by  i t s  o c c u r re n c e  in  the 

G r e e n b r ie r  l im e s to n e  in  a s s o c ia t io n  with the  c h a r a c t e r i s t i c a l ly  w a rm  

and shallow  w a te r  in d ic a t iv e  s e d im e n ta ry  s t r u c tu r e s ,  the  o d li te s  and 

p iso l i te s .  N e v e r th e le s s ,  C l im a c a m m in a  m is s i s s ip p ia n a  o c c u r s ,  so 

f a r  as  i s  known, in  c a lc a re o u s  sh a le s  in  Kentucky, d e m o n s tra t in g  tha t 

the  sp e c ie s  of C l im a c a m m in a  a r e  not r e s t r i c t e d  to the o d l i t ic -p is o l i t ic  

l im e s to n e  fa c ie s .

R e m a rk s .  - The c r i b r a t e  a p e r tu r e  and the  la b y r in th ic  in te r io r  of 

C l im a c a m m in a  m is s i s s ip p ia n a  c l e a r ly  d is t in g u ish es  i t  f ro m  any 

su p e r f ic ia l ly  s im i l a r  s p e c ie s  of B ig e h e r in a  d 'O rb igny , 1826. Thus.

C.' m is s i s s ip p ia n a  b e c o m e s  the f i r s t  M is s i s s ip p ia n  a p ec ie s  of the 

genus to  b e  d e s c r ib e d  f ro m  N o r th  A m e r ic a .

F a m i ly  M ilio lidae  d 'O rb igny , 1846 

Genus A g a th am m in a  N eu m ay r ,  1887

S erp u la  G ein itz , H. N. , 1846, (p a r s ) , Y e r s te in .  D eutsch . 

Z e c h s te in g e b irg e  und R oth liegenden , H eft 1, p. 6, pi. 3, 

f igs . 3 -6  (fide C ush m an , J . A. , 1948, F o ra m in i f e r a ,

C am b rid g e ,  p. 177)
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A gatham m ina: N eu m ay r ,  M. , 1887, S i tz b e r .  K. Akad. W iss .  Wein, 

M a th . -N a tu r iv .  C l . ,  v. 95, pt. 1, p. 171; C ushm an , J .  A. , 1927, 

C ushm an  Lab, F o ra m .  R e s e a rc h ,  C on tr .  , v. 3, p t. 4, p. 188; 

id e m , 1928, C ushm an  Lab. F o r a m .  R e a e a rc h ,  Spec. Publ. no. 1, 

pp. 145, 146.

Type sp e c ie s :  S e rp u la  p u s i l la  G ein itz , 1848 (su b seq u en t d es ig n a tio n  

by C ushm an , 1927, p. 188).

The type d e s c r ip t io n  of A g a th a m m in a  was given  by  N e u m a y r  (1887, 

p. 171):

" Ich  f a s s e  u n te r  d ie su m  N am en  F o r m e n  

z u s a m m e n  m it  u n rege lm & ssig  m il io l id e s  

A ufro llung , u n v o llk o m m en d er  K am m eru n g  

und Sand iger  Schale  m i t  k a lk igens  

cem en t.  V orw iegend  c a rb o n is c h e  und 

p e r m is c h e  A rten . "

C u sh m a n ’s (1928, p. 146) g e n e r ic  def in it ion  of A g a th a m m in a  

follow s:

" T e s t  tu b u la r ,  undivided, winding about 

an  e longate  ax is ;  w all  im p e r f o r a te ,  c a l ­

c a r e o u s ,  with a re n a c e o u s  m a t e r i a l  a t  

the su rfa c e ;  a p e r tu r e  fo rm e d  by  th e  open 

end of the tu b u la r  c h a m b e r .  "
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in a sm u c h  as  th e  s t r u c tu r e  of the  t e s t  w all  of P a le o z o ic  adven ti t ious  

F o r a m in i f e r a  i s  in su f f ic ie n tly  known to allow conc lus ive  ju d g em en t 

as  to  the  q u es tio n  of o r ig in a l  w all  s t r u c tu r e  v e r s u s  r e p la c e m e n t  

and the  r e a l  n a tu r e  of i s o m o r p h is m  am ong F o r a m in i f e r a .

A g a th am m in a  m is s i s s ip p ia n a ,  n. sp.

P I .  7, f ig s .  23-25; P I .  11, fig. 18; F ig .  36.

D e s c r ip t io n . -  T e s t  co n f ig u ra t io n  v a r i e s  f ro m  n a r ro w ly  sp in d le -  

sh ap ed  in  the e a r ly  one co i l  s ta g e  to b ro a d ly  oval (shaped  l ik e  a 

Quinqueld culi'na or  Spiro l 'oculina) in  the m a tu re  two co il  s tag e ;  t e s t  

c o m p re s s e d ;  t e s t  c o n s is t s  of a  v e r y  l a r g e  s p h e r ic a l  p ro lo c u lu s , .  

fo llow ed by an  undivided, tu b u la r  second  c h a m b e r  d isp o se d  in  two 

c o ils ;  w horls  p la n i s p i r a l ly  o r  n e a r ly  p la n is p i r a l ly  co iled  a ro u n d  the 

p ro lo c u lu s  p ro d u c in g  the  m il io l in e  a p p e a ra n c e  of the  m a tu re  te s t ;  

the ends of the  e longate  ax is  s l ig h tly  po in ted  and a r e  fo rm e d  by  the 

Sharp bending of the  second  c h a m b e r  a t the ends of the e longate  

a x is ;  a l l  w h o rls  a r e  s l ig h t ly  invo lu te  but p a r t s  of a l l  w h o rls  and  the 

p ro lo c u lu s  a r e  v is ib le ;  len g th  of t e s t  a t ta in s  a  s iz e  as m uch  as  2. 9 

t im e s  the width, but the  a v e ra g e  r a t io  of leng th  to  width is  s lig h t ly  

l e s s  than  2 to  1; a p e r tu r e  t e r m in a l ,  rounded, fo rm e d  by  the  

c o n s t r ic te d  end of the  open tu b u la r  second  c h a m b e r ;  t e s t  opaque to
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t r a n s lu c e n t ,  white to  g ra y  to  o ra n g e -b u ff  in  c o lo r ;  t e s t  w all  co m p o sed  

of f in e -g ra in e d  s i l ic e o u s  s i l t  g ra in s  in  in so lu b le  s i l iceo u s  cem en t.

C o m p a r iso n  and a f f in i t ie s . -  A g a th a m m in a  m is  s is  s ip p ian a  is  

s im i l a r  to  A. pirotea C ushm an  and W a te rs ,  1928 in  th a t  ; (1) the  

m e a s u re m e n ts  of A. p ro te a  given by  C u sh m an  and W ate rs  {1928, 

p . 43) fa l l  w ell  w ithin the  a v e ra g e  d im en s io n s  of_A. m is s i s s ip p ia n a ,

(2) a  p ro m in e n t  m il io l in e  shape  is  p o s s e s s e d  by  the  m a tu re  fo rm s  of 

bo th  s p e c ie s ,  (3) r a t io  of leng th  to w idth of t e s t  is  about 2 to 1 in  both 

s p e c ie s ,  (4) both  sp e c ie s  have fo rm s  w hich  v a r y  f ro m  n a r ro w ly  

e longate  to  b ro a d ly  e longate  shape , and (5) bo th  sp e c ie s  a r e  n e a r ly  

p la n i s p i r a l ly  coiled .

Although A g a th am m in a  m i s s i s s ip p iah a  has c lo s e s t  a ff in it ies  to 

A. p r o t e a , A. m is s i s s ip p ia n a  d if fe rs  s p e c i f ic a l ly  f ro m  A. p r o t e a 1 

in  having: (1) v e r y  l a r g e  p ro lo c u lu s ,  (2) l e s s  n u m b e r  of co ils  (two 

in  A. m is s i s s ip p ia n a  c o m p a re d  to  five to  s ix  in_A. p ro te a ), and (3) a 

m o re  rounded  a p e r tu r e  th an  the  s u b tr ia n g u la r  a p e r tu r e  of A. protea^

A g a th am m in a  m is s i s s ip p ia n a  is  a lso  som ew hat s im i la r  to 

A. pU silla , the type sp e c ie s  of the  genus. G allow ay and R y n ik e r  (1930, 

p. 8) b e l ie v e d  that_Aj p r o te a  C u sh m an  and W a te rs ,  1928 is  con sp ec if ic  

with_A. pus i l i a . H ow ever, I c o n s id e r  A. p ro te a  to v a r y  s ign if ican tly ,  

and  c e r ta in ly  sp e c if ic a l ly ,  f ro m  A. p u s i l la  in  having m uch  m o re  

r e g u la r  and p la n is p i r a l  co iling. *

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



353

M e a su re m e n ts . - See T ab le  53 fo r  m e a s u re m e n ts  of A g a th am m in a

m is  s is  s ip p ian a  and  fo r  c o m p a r iso n  w ith  A. p r o te a .

Type lo c a l i ty . -  Road cu t a long U. S. H ighw ay 3 IE ,  . 5  m i le s  

sou thw est of Balltow n, N e lso n  County, K entucky, (L o c a li ty  K - 12).

The holotype is  f ro m  the lo w e r  2 fe e t  to  5 1 /2  fe e t  of the  New 

P ro v id e n c e  fo rm a t io n  (Bed 4).

Type deposition . - H olotype and  f ig u re d  p a ra ty p e s  a r e  d ep o s ited  

in  the U. S. Natl. M useum  (C. F . C . ):

H olotype , no.

F ig u re d  p a r a t y p e s , nos .

S tra t ig ra p h ic  o c c u r r e n c e . - A gatham m iiia  m is s i s s ip p ia n a  o c c u rs  

in  the O sag ian  of K entucky in  the lo w e r  New P ro v id e n c e  fo rm a t io n  

and the Rothw ell sh a le  m e m b e r  of the  M uldraugh  fo rm a tio n ;  in  the 

C h e s te r ia n  i t  o c c u rs  in  the  G len  D ean  fo rm a tio n .  In Ohio, the  s p e c ie s  

i s  r e c o rd e d  f ro m  only  the O sag ian  B lack  Hand san d s to n e .  See C h a r ts

5-7 , 9, 10, 13, 14, 18, 21, and 22 fo r  d e ta i ls  of o c c u r re n c e .

T h is  is  the  f i r s t  known r e f e r e n c e  to A g a th am m in a  in  the  M issi& sipp ian  

S ystem . Thus the  t im e  of o r ig in  and l in e a g e  of the  fa m ily  M ilio lidae  

i s  ex tended  b a c k w a rd  in  t im e  one geologic  p e r io d .
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T a b le  53. M e a su re m e n ts  of A g a th am m in a  m is s is s ip p ia n a , n . sp .
in  m m .

s p e c im e n  n u m b e r  leng th  w idth  th ic k n e s s  lo c a l i ty  n u m b e r ,  f o r m a ­
tio n , and bed  n u m b e r

1, P I .  7, fig . 24 .657 .420 . 185 K -25 , G len  D ean, bed  1

2, P I .  7, fig. 25 .9 2 4 . 503 . 193 P - l l , B lack  Hand, bed  1

3 . 630 . 420 . 185 K -32 , New P ro v id e n c e ,
b ed  3

4, P I .  7, fig . 23 .453 . 260 . 176 K -35 , New P ro v id e n c e ,
bed  7

5 . .369 . 126 . 101 tt

6 . 537 .335 .1 3 4 K -12 , New P ro v id e n c e ,
b ed  4

7 . 570 . 252 . 143 K -37, New P ro v id e n c e ,
b ed  1

T a b le .  54. M e a s u re m e n ts  of H e m ig o rd iu s  m o r i l le n s is ,  n . sp .
iii m m , and c o m p a r iso n  w ith  H. c a lc a r e a  C u sh m an  
and W a te r s ,  1928.

s p e c im e n  d ia m . of d iam . a x ia l  d ia m . no. of no. of lo c a l i ty
n u m b e r  ju v e n a r iu m  of w idth of w h o r ls  p la n i -  n u m b e r ,

t e s t  of p ro lo c .  in  s p i r a l  fo rm a t io n
t e s t  juven . w h o r ls  and bed  no.

2, P I .  7, 
f ig . 26 
holo type

3

07

10

02

H. c a l c a r e a  .1 4

.16  .03

30 .0 8

30 .03

.35 ?

.01  3
m ic ro .
. 03 2
m eg .

.0 2  none 
m eg .

1 .75  K -26 , Glen
D ean , bed  1 

2. 5 K -46 , Big
C lif ty , bed 1

4 K -24 , P a in t
C re e k ,  bed  1

1 .5  P  e nn s y lv a n ia n ,
T e x as
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Ecology. - A g a th am m in a  m is s i s s ip p ia n a  w ith  only one known 

ex cep tio n  is  r e s t r i c t e d  eco lo g ica lly  to  soft, p la s t ic  s h a le s ,  d o m in a n t!^ /  

w ith  no l a r g e  am ount of c a rb o n a te s  p r e s e n t .  Thus the  s p e c ie s  was 

a p p a re n t ly  b e s t  adap ted  fo r  l i fe  on a  soft m uddy s e a  b o tto m  w h ere  

fine  s i l t  g ra in s  w e re  av a ilab le .

The m e m b e r s  of the  fa m ily  M ilio lidae  a r e  c h a r a c t e r i s t i c  of 

sha llow  w a te r .  T he s t r i c t l y  c a lc a r e o u s  im p e r f o r a te  (p o rce llan eo u s)  

fo rm s  su ch  as  the  genus M ilio la  w h ere  they  a p p e a r  in  p le th o ra  a r e  

c h a r a c t e r i s t i c a l ly  a s s o c ia te d  with r e e f s ,  as  in  sha llow  w a te r  

e n v iro n m e n t of lag o o n s ,  f o r e - r e e f  sh o a ls ,  o r  bank  r e e f s .  The 

eco logy  of the  E ocene  M ilio la  l im e s to n e s  of the  m idd le  E a s t  was 

c o n s id e re d  by  H enson  (1950, p. 230):

"T y p ic a l  M ilio la  l im e s to n e s  o c c u r  in  

sha llow s of b a r r i e r - r e e f  lagoons and in  

l i t t o r a l  sh o a l a r e a s  of f r in g in g - re e f s .

Along f la t ,  f o r e la n d 's h o r e s  and in  a n a ­

logous sh a l lo w -w a te r  e n v iro n m e n ts  w here  

r e e f  d eve lopm en t of in  p a tch es  r a th e r  

th an  b e l t s ,  the r e e f  and b a c k - r e e f  

f a c ie s  m a y  be in t r i c a te ly  in te rm in g le d .  . . ,

M ilio la  l im e s to n e s ,  re c o g n iz a b ly  m odified  

b y  m ix tu re  w ith o th e r  m a te r ia l ,  m ay  a lso  

b e  fo rm e d  in  open l i t t o r a l  zones . "
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F u r th e r ,  Conkin and Conkin (1956, p. 895) d is c u s s  the  eco lo g ica l  

s ig n if ican ce  of the  N um m blocu lina  l im e s to n e s  f ro m  the  L ow er 

C re ta c e o u s  of th e  S i e r r a  M adre  O r ie n ta l  of M exico, sou thw est and 

e a s t  T e x as ,  L o u is ian a ,  and  c e n t r a l  F lo r id a  as  follows:

" T h e re  i s  ex ce l len t  ev idence  fo r  a  la g -  

oonal o r ig in  of so m e  of the  su b su r fa c e  

L ow er C re ta c e o u s  l im e s to n e s  of sou thw est 

T exas  and the  o th e r  a r e a s  a s  noted 

above in  th a t  they: (1) a r e  dense ,  

g ra y  to  d a rk -c o lo re d ,  o rg an ic  l im e s to n e s  

conta in ing  c a rb o n aceo u s  m a t t e r ,  hydrogen  

su lph ide  gas , and in  so m e  p la c e s  

an h y d rite ,  w ith f req u en t  to abundant 

m il io l id s  (to the n e a r -e x c lu s io n  of o th e r  

fo ss i ls )  and (2) a l t e rn a te  w ith r e e f  

nucleus  ro c k s  and fo s s i ls  (a lgae ,  r e e f  

fo ra m in i f e r s ,  ru d is t id s  and o th e r  

m o llu sk s  with s m a l l e r  am ounts  of c o ra ls  

and b r y o z o a n s . .  . . . F r o m  c o n s id e ra t io n  of 

th e i r  ecology i t  is  c l e a r  th a t  m il io l id s  

occu rin g  in  abundance a r e  fa c ie s  

fo ra m in i f e r s  c h a r a c t e r i s t i c  of b a c k -  

r e e f  and i n t e r - r e e f  en v iro n m e n ts ,  "
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I do not, of c o u r s e ,  im p ly  r e e f  cond itions  e x is te d  in  a r e a s  w h e re  the  

p r e s e n t  sp e c im e n s  w e re  found (in fa c t  i t  i s  c l e a r  th a t  no r e e f s  w e re  

p r e s e n t ) ,  bu t i t  i s  d e s i r a b le  to  e s ta b l i s h  th e  fac t  th a t  m il io l id s  have  a 

p ro p e n s i ty  fo r  shallow  w a te r  en v iro n m e n ts .  It is  w ell  know n th a t  

m il io l id s  a r e  f re q u e n t ly  found on sandy , l i t t o r a l  s e a  b o t to m s .  I 

have o b s e rv e d  the  dom inance  of m il io l id s  in  the  R ecen t b e a c h  and 

v e r y  n e a r  s h o re  sands  s e a w a rd  f ro m  P a d r e  I s la n d  in  N ueces  C ounty  

n e a r  C orpus  C h r is t i ,  T ex as .  A gain , i t  is  w ell e s ta b l is h e d  th a t  

m il io l id s  l iy e  in  the  shallow  and  so m ew h at b r a c k i s h  w a te r  of b a y s .

Thus th e r e  i s  e x ce l len t  ev idence  fo r  b e liev in g  th a t  the  p r e s e n t  

A g a th am m in a  - b e a  r in g  beds  o r ig in a te d  in  sha llow  w a te r ,  n e a r  s h o re ,  

s i l ty  m ud en v iro n m e n t,  w ith  no s ig n if ican t  c o n c e n tra t io n  of c a lc a re o u s  

s a l t s .  P e r h a p s  the  e n v iro n m e n t of d ep o s it io n  was s im i l a r  to th a t  

in  w hich the  p r e s e n t  day M il ia m m in a  th r iv e .  The a b se n c e  o r  n e a r  

a b se n c e  of m e g a fo s s i l  a s s e m b la g e s ,  excep t in  the  G len  D ean  

l im e s to n e  a t  L o c a li ty  K -25, in d ic a te s  tha t the  e n v iro n m e n t of 

d ep o s it io n  was not fa v o ra b le  fo r  p ro m o tio n  of abundance of n o r m a l  

m a r in e  in v e r te b ra te  life ; h ow ever ,  the  o c c u r re n c e  of one s p e c im e n  

of A 'gatham m ina m is  s is  s ip p ian a  in  the  G len  D ean  l im e s to n e  in d ic a te s  

th a t  th e  s p e c ie s  could  adapt i t s e l f  to  a  c a lc a re o u s  m uddy b o tto m , and 

could  l ive  in  a s s o c ia t io n  w ith  n o r m a l  m a r in e  in v e r te b ra te  l ife .  The 

c o m p le te ly  s i l ic e f ie d  G len D ean  sp e c im e n  of A g a th a m m in a  (co m p o sed
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of chalcedony) o c c u re d  w ith  o th e r  s i l ic i f ie d  i n v e r te b r a te s ,  e .g .  , a  

v e r y  l a r g e  P en tre im ite s  sp ic a tu s  was r e c o v e re d  in  ac id  r e s id u e  of 

th e  s a m e  sam p le ;  h o w ev er ,  th e  bu lk  of th e  fauna  a t  the  G len  D ean  

type  lo c a l i ty  is  not s il ic i f ie d .

F a m i ly  O p tha lm id iidae  

Genus Hem igordiusi S ch u b e r t ,  1908

C o rr iu sp ira  S chu ltze , Howchin, W. , 1895, Roy. Soc. South 

A u s t r a l ia ,  T r a n s . ,  v. 19, pp. 195, 196, pi. 10, f igs . 1-3. 

(non Schu ltze , M. , 1854, O rg a n ism u s  P o ly th a l .  , L e ip z ig ,  

p. 40)

H e m ig o rd iu s  S ch u b ert ,  J .  R. , 1909, J a h rb .  K. K. Geol. R e ich s .  , 

fo r  1908, v. 58, p. 381; C ushm an , J . A. , 1928, C u sh m an  

Lab. F o r a m .  R e s e a rc h ,  Spec. P ub l.  No. 1, p. 161.

Type s p e c ie s :  C o rn u s p ir a  s c h lu m b e rg e i  Howchin, 1895.

C u sh m a n 's  g e n e r ic  defin ition  (1948, p. 192) of H em ig o rd iu s  

fo llo w s :

" T e s t  f r e e ,  e a r ly  co ils  not e n t i r e ly  

p la n i s p i r a l ,  l a t e r  p la n i s p i r a l  and c o m p le te ly  

invo lu te , bu t not unbonate; w all  c a lc a r e o u s ,  

im p e r f o r a te ;  a p e r tu r e  fo rm e d  by  the  open
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end of th e  tube. -C a rb o n ife ro u s  and P e rm ia n . . .

I  have  topotypes  of th e  type  s p e c ie s ,  and i t  i s  

c e r t a in ly  c lo se  to C o rn u s p ira .  "

C h a r t  23 shows the  ra n g e  of H em ig o rd iu s  in  the  M is s i s s ip p ia n  as 

d e te rm in e d  in  th is  study.

H em ig o rd iu s  m o r i l l e n s i s , n. sp.

P I .  7, f ig . 26; P I .  11, f ig . 17; F ig .  30.

D e s c r ip t io n . - T e s t  f r e e ,  d isc o id a l ,  c i r c u l a r  in  outline; ju v e n a r iu m  

c o n s is t s  of a  p ro lo c u lu s  and 2 to 3 n o n - p la n is p i r a l  w h o r ls ;  d ia m e te r  

of ju v e n a r iu m  m ak in g  up as m u ch  as  45 p e r c e n t  of the d ia m e te r  of the 

tu b u la r ,  und iv ided  second  c h a m b e r ;  ju v e n a r iu m  succeeddd-byaasrm uchaas 

fo u r  p l a n i s p i r a l  w h o r ls ;  m e g a lo sp h e r ic  f o rm  m a y  be co m p le te ly  p la n i ­

s p i r a l ;  t e s t  not c o m p le te ly  invo lu te  w ith  p o r t io n s  of p re c e d in g  w horls  

v is ib le ;  e x te r io r  of t e s t  r a r e l y  p o s s e s s e s  s e c o n d a ry  d e p o s its  which 

o b s c u re  the  n a tu re  of the  in te rn a l  co iling ; a p e r tu r e  rounded; w all 

c a lc a r e o u s  and im p e r fo ra te .

M e a s u r e m e n t s . - See T ab le  54 fo r  m e a s u re m e n ts  of H em ig o rd iu s 

m o r i l l e n s i s  and fo r  c o m p a r iso n  w ith  H. h a r l to n i  of C re s p in  (1958, 

pp. 79, 80, pi. 16, f igs . 1-6; pi. 31, fig. 6).
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C o m p a r iso n  and a f f in i t ie s .  - H em ig o rd iu s  m o r i l l e n s i s  s e e m s  to 

b e  s im i l a r  to H. c a lc a r e a  C u sh m an  and W a te rs  1928; u n fo rtu n a te ly  

the  f ig u re s  of H. c a lc a r e a  a r e  v e r y  poor. The only  o r ig in a l  

m e a s u re m e n t  given fo r  H. c a l c a r e a  was thie d ia m e te r .  I have 

p r e p a r e d  the m e a s u re m e n ts  of_H. c a l c a r e a  in  T ab le  54 f ro m  

ex am in a tio n  of pi. 6, f igs . 1-2 of C u sh m an  and W aters /1928 .

H em ig o rd iu s  m o ri l len s 'is  s e e m s  to  d if fe r  f ro m  H^ c a lc a r e a  in  

having; (1) w horls  m o re  p la n i s p i r a l ly  a r r a n g e d ,  (2) l e s s e r  n u m b e r  

of w h o rls  in  the ju v e n a r iu m , and (3) a  p ro n o u n ced  m ic ro s p h e r ic  

fo rm .

Type lo c a l i ty , - C la rk  S ta tion  Q u a r ry ,  M o ril l ,  J a c k so n  County, 

K entucky (L oca li ty  K-46). The holotype is  f ro m  th e  sh a le  a t  the 

h o r iz o n  of the  Big C lif ty  san d sto n e  (Bed 1).

v
Type deposition . - Holotype and f ig u re d  p a ra ty p e s  a r e  d ep o s ited  in  

the  U. S. Natl. M useum  (C. F .  C . );

Holotype, no.

F ig u re d  p a r a ty p e s , nos.

St r a t i  g rap h ic  o c c u r r e n c e . - H em ig o rd iu s  m o r i l le n s is  i s h e re in  

r e p o r te d  only f ro m  the  C h e s te r ia n  b e d s ,  o ccu r in g  in  K entucky in  the 

c a lc a re o u s  sh a le s  of the  P a in t  C re e k  l im e s to n e ,  b a s a l  sh a le s  of the
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Big C l i f ty - - C y p r e s s  san d s to n e , the  c a lc a re o u s  sh a le  of the  G len  D ean  

l im e s to n e  and in  th e  K incaid  sh a le .  See C h a r ts  7, 14, 15, and  22 

fo r  d e ta i ls  of o c c u r re n c e .

Ecology. - H em ig o rd iu s  m o r i l l e n s i s  o c c u r s  p r im a r i l y  in  c a lc a r e o u s  

sha le .  The t e s t  i s  c o m p le te ly  c a lc a re o u s  c ry s ta l l in e .  T he a b se n c e  

of the  sp e c ie s  in  n o n -c a lc a re o u s  sh a le  and i t s  p r e s e n c e  on l im y  m ud 

b o tto m s  d e m o n s t r a te s  the  eco lo g ica l  r e s t r i c t io n  of th is  s p e c ie s  to 

a  c a lc a r e o u s  en v iro n m en t.

R e m a rk s .  - T h e re  is  no ev idence  of r e p la c e m e n t  of the  c a lc a r e o u s  

c ry s ta l l in e  te s t .

F a m i ly  T ro c h a m m in id a e  C ushm an , 1929 

Genus T ro c h a m m in a  P a r k e r  and Jo n e s ,  1859

N autilus  Montagu, . ,  1808, (p a rs ) ,  T e s ta c e a  B r i ta n ia ,  Suppl. , 

p. 81, pi. 18, fig. 3.

R o ta lin a  d 'O rb igny , W ill iam s, W .C . ,  1858, (p a rs ) ,  F o r a m in i f e r a  

G re a t  B r i ta in ,  F o l .  , London, p. 50, pi. 4, f igs . 93, 94. (non 

Rotalina:.d 'O rbigny, A. , 1846, F o r a m in i f e r e s  f o s s i le s  du B a s s in  

t e r t i a r i e  de V ienne, P a r i s ,  p. 149)
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T ro ch 'am m in a  P a r k e r ,  W. K. , and  Jo n e s ,  T. R. , 1859, Ann. 

and Mag, Nat. H is t.  ( s e r .  3), no. 4, p. 347; B ra d y ,  H. B . ,

1879, Q u art ,  J o u r .  M ic ro s .  Sci. , v. 19, p. 54.

L itu o la  L a m a rc k ,  P a r k e r ,  W. K. , and  J o n e s ,  T . R. , 1865,

(p a r s ) , P h i lo s .  T r a n s . ,  p. 325. (non L itu o la  L a m a rc k ,  J .  B . ,

1804, Ann. M us. , v. 5, p. 243)

H ap loph 'ragm ium  R e u ss ,  S iddall,  . ,  1879, ( p a r s ), (fide

C u sh m an , J . A . ,  1948, F o r a m in i f e r a ,  C a m b r id g e ,  p. 106);

(non H ap lo p h rag m iu m  R e u s s ,  A. E. , 1860, Akad. W iss. Wien,

S itz . , v. 40, p. 218)

A m m ogldb ig 'e r ina  E i m e r , G. H. T. , and  F ic k e r t ,  C. , 1899, Z e i ts c h r ,  

fu r  W isse n sc h a f t l ic h e  Zoologie, v. 65, no. 4, p.

Type s p e c ie s :  N au tilus  in f la tu s  Montagu, 1808 (m onotypic  genus).

B ra d y  (1879, p. 54) p r e s e n t s  a  v e r y  c o m p le te  and c l e a r  accoun t 

of the  v is s ic i tu d e s  of the genus T ro c h a m n iih a  and  gives the  g e n e r ic  

d efin ition  of T ro c h a m m ii ia  P a r k e r  and J o n e s ,  1859 in  the  r e s t r i c t e d  

s e n se  of B rad y :

’’T he  genus T rb c h a m m ir ia  was e s ta b l is h e d  

b y  M e s s r s .  P a r k e r  and Jo n es  (A nnals and Mag.
• r-* ''

Nat. H is t.  , 1859, s e r .  3, vol. IV, p. 347), 

fo r  a  g roup  of a re n a c e o u s  fo ra m in i f e ra
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c h a r a c te r iz e d  p r im a r i l y  by  th e i r  th in , sm ooth  

f in e ly -c e m e n te d  t e s t s .

’’A lthough the  n a m e  was o r ig in a l ly  app lied  

to  a  ro ta l id  s h e l l  (N autilus  in f la tu s  Montagu,

1808, T e s t .  B r i t . ,  S u p p l . , p. 81, pi. 18, .. 

fig. 3 - R o ta l ih a  ih f la ta  W ill iam so n , 1858,

R ec . F o r .  Gt. B r .  , p. 50, p i. 4, f ig s .  93,

94), the  au th o r  p r e f e r s  to  r e g a r d  the  trochoid , 

o ften  a d h e re n t  v a r i e ty  ( T r .  sq u a m a ta  J .  and P . ) ,  

a s  the  type of th e  genus. The ten u ity  and 

fine te x tu re  of the  a re n a c e o u s  in v e s tm e n t  

r a t h e r  th an  th e  m e r e  g e n e ra l  co n to u r  has  

v e r y  p r o p e r ly  b e e n  a c c e p te d  a s  the  e s s e n t ia l  

d is t in c t io n ,  and f r e s h  fo rm s  p o s s e s s in g  th is  

c h a r a c t e r  have  one by one b een  added  to  the  

genus un ti l  i t  has  co m e to  inc lude  a s e r i e s  

having  a  v e r y  w ide ra n g e  of m o rp h o lo g ic a l  

v a r ia t io n .  Not only  have we t ro c h o id  and r o t -  

a l i fo rm ,  bu t nau tilo id ,  m il io l in e ,  s p i r i l l in e  , 

and as we sh a l l  p r e s e n t ly  s e e ,  la g e n ifo rm  

and n o d o s a r ia n  m o d if ica t io n s  of the type,

In add ition  to  th e s e  th e r e  a r e  c e r t a in  s im p le
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a d h e re n t  o rg a n is m s ,  d e s c r ib e d  by  d 'O rb ig n y  

under  the  n a m e  W ebbina (F o ra m .  C a n a r ie s ,  

p. 125), w hose n a tu ra l  a ffin ity  is  w ith  the 

sam e  group; in  poin t of fac t  the  t e r m  T ro ch am - 

m in a , w ith th e se  r e p e a te d  add it ions ,  has  com e 

to co m p re h e n d  an  a s se m b la g e  of fo rm s  having 

the d im en sio n s  of a  fa m ily  r a th e r  than  a  genus. 

The s e r i e s  i s  now a l to g e th e r  too bu lky  and 

d iv e r s e  to be  zoo lo g ica lly  conven ien t,  and
l

i t  is  n e c e s s a r y  to c o n s id e r  w h e th e r  i t  m a y  not 

be  subd iv ided  w ith  advantage. P ro f .  von R eu ss  

m akes  a d is t in c t  genus of the  s p i r i l l in e  non- 

se p ta te  fo rm s  to  which he gives the  n am e 

A m m o d isd u s , and th e i r  t e r m  has b e e n  g e n e ra l ly  

adopted  by  G e rm a n  a u th o rs .  If we accep t 

Webbina to d is t in g u ish  the  s im p le  a d h e re n t  

v a r ie t ie s  and Ammodi'scu's fo r  the  f r e e ,  non- 

s e p ta te  fo rm s ,  and l im i t  the  ap p lica tio n  of 

T to c h a m m in a  to the  w ell d i f fe re n t ia te d  sep ta te  

m odifica tions  of the type, to which i t  was 

f i r s t  app lied , th e r e  only r e m a in s  the  N o d o sa r ia -  

l ike  sp e c ie s  to  be  p ro v id ed  fo r ,  and fo r  th e se
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the  t e r m  H o r ih o s in a  ( f ro m  o'f>/tos, a  neck lace)

■would be  a  su i ta b le  g e n e r ic  o r  su b g en e r ic  

appe lla tion . "

T fo c h a m m in a  o h io e n s is , n. sp.

P I .  7, f ig s .  27, 28; P I .  11, fig. 16; F ig .  38.

D e sc r ip t io n .  - T e s t  t ro c h o id ,  m o d e ra te ly  c o m p re s s e d ,  e a r l i e r  

c h a m b e rs  m o re  g lobose , c h a m b e r s  of l a s t  w h o r l  m o d e ra te ly  in f la ted  

and the  l a r g e s t  in  s iz e ;  t e s t  of th r e e  w h o r ls .  T he  l a s t  w h o r l  

c o n s is ts  of th r e e  to fo u r  c h a m b e r s ;  s u tu re s  on bo th  d o r s a l  and 

v e n t r a l  s id es  n e a r ly  s t r a ig h t ,  o r  s l ig h t ly  cu rv ed ;  a p e r tu r e  on 

the v e n t r a l  s id e  of t e s t ,  ex tending  to  the  m id -p o in t  of the  a p e r tu r a l  

face ,  a t  the b a s e  of the  l a s t  c h a m b e r ;  a p e r tu r e  s l i t - l ik e  and r a th e r  

re c ta n g u la r ,  . 84 m m  in  len g th  and . 25 m m  in  height; t e s t  u su a lly  

som ew hat d is to r te d ,  c ru sh e d ;  w all c o a r s e ly  a re n a c e o u s  of s il ic e o u s  

g ra in s  in  s i l ic e o u s  cem en t.

M e a s u re m e n ts . -See T ab le  55 fo r  m e a s u re m e n ts  of Tro 'cham m ina ' 

o h io en s is  and T ab le  56 fo r  r a n g e  in  the  m e a s u re m e n ts  an d  for 

c o m p a r iso n  w ith T  ̂ a r e n o s a  C u sh m an  and W a te rs ,  1927.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



3 6 6

T a b le  55. M e a su re m e n ts  of T ro c h a m m in a  o h io e n s is , n. sp . in  m m .

sp e c im e n  n u m b e r  m a x im u m  m a x im u m  no. of c h a m b e rs  in
d ia m e te r  w idth o u te r  w horl

d o r s a l  v e n t r a l

1, ho lo type, PI. .50  .2 4  3 3
7, fig. 27

2 .3 7  .23

3 .4 2  .29  4 4

4 . 52 . 13 4 4

5 .4 7  .2 4  4?  3

6 .4 5  .2 4  3? 3?

7 .4 5  .25  3? 3?

8 .4 5  .2 4  3?  3?

9, P I .  7, fig. 28 . 60 .28  4?  3?
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T ab le  56. R ange in  m e a s u re m e n ts  of T ro c h a m m in a  o h io e n s is , n.

in  m m , and c o m p a r is o n  with T. a r e n o s a  C u sh m an  and 

W a te rs ,  1927.

T . o h io en s is  T. a r e n o s a

M axim um  d iam e te r ;  . 37 - .. 60 .6 5

M axim um  width: .1 3  - . 29 .18

No. of c h a m b e rs  in
o u te r  w horl ,  d o r s a l :  3 - 4  4

v e n tra l :  3 - 4  4
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C o m p a r iso n  and a f f in i t ie s .  - T ro c h a m m in a  oh ioensis  is  s t r ik in g ly  

s im i la r  to T. a re n o sa ,  but T. oh ioensis  d if fe rs  f ro m  T. a r e n o s a  in  

having m o re  in f la ted  c h a m b e r s ,  m uch  c o a r s e r  q u a r tz  sand  g ra in s  

in  s i l iceo u s  c em en t and g e n e ra l ly  s m a l l e r  te s t .

U nfortuna te ly  the  shape  and d im en sio n s  of the  a p e r tu r e  in 

T ro c h a m m in a  a r e n o s a  a r e  unknown, T. a r e n o s a  is  b a s e d  on one 

sp ec im en ; how ever, the  sp e c ie s  is  r e p o r te d  (C ushm an  and W ate rs ,

1927, p. 152) as  being  "co m m o n "  in  the P en n sy lv an ian  of T exas . Thus, 

p r e su m a b ly  a  c h a r a c t e r i s t i c  fo rm  was f igured ; n e v e r th e le s s ,  the 

ran g e  of ind iv idual v a r ia t io n  r e m a in s  unknown.

Type lo ca l i ty .  - A ll sp e c im e n s  a r e  f ro m  sh a le  s t r e a k s  in  the B lack  

Hand sandstone  (Bed 1), a t  A rm s t ro n g ,  Ohio (L o ca li ty  0 -1 1 ) .

Type deposition . - Holotype and f ig u re d  p a ra ty p e s  a r e  depo s ited  

in  the U. S. N atl. M useum  (C. F .  C . ):

Holotype, no.

F ig u re d  p a ra ty p e s ,  nos.

St ra t i  g rap h ic  o c c u r r e n c e . - T ro c h a m m in a  oh ioensis  is  known only 

f ro m  the O sag ian  B lack  Hand Sandstone of Ohio.

Ecology, - The o c c u r re n c e  of T ro c h a m m in a  oh ioensis  only in  the 

s i l ty  and sandy  sha le  of the  n o n -c a lc a re o u s  B lack  Hand san d sto n e  and
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i t s  ab sen ce  e ls e w h e re  m a y  in d ic a te  the  " p r e f e r e n c e ” of_T. o h io en s is  

fo r  a  sandy, m uddy e n v iro n m e n t of deposition .

R e m a rk s .  - T ro c h a m m in a  oh ioensis  i s  the  f i r s t  sp e c ie s  of T ro c h a m m in a  

re p o r te d  f ro m  the M is s is s ip p ia n  of the s tu d ied  a r e a .

F a m i ly  P la c o p s i l in id a e  

Subfam ily  P o ly p h ra g m in a e

Genus S tacb e ia  H. B. B rad y ,  1876

S tache ia  B rad y , H. B. , 1876, P a le o n t .  Soc. Mon. 30, p. 107j

C ushm an, J .  A. , 1927, C ushm an  Lab. F o r a m .  R e s e a rc h ,  C o n tr .  , 

v. 3, pt. 1, p. 42; id em , 1927, C u sh m an  Lab. F o ra m .  R e s e a rc h ,  

C on tr ,  , v. 3, p t. 4, p. 189; id em , 1928, C ushm an  Lab. F o r a m .  

R e s e a rc h ,  Spec. P ub l.  No. 1, p. 178.

S tache ia  B rad y ,  H. B. , em end. Chapm an, F , , 1895, Ann. and Mag.

Nat. H is t.  ( s e r .  6), v. 16, p. 321.

Type sp e c ie s ;  S tach e ia  m a rg in u lo id e s  H. B. B rad y ,  1876, f i r s t  

sp e c ie s  ( su b seq u en t  des igna tion ; by  C ushm an , 1927).

B ra d y 's  (1876, p . 107) defin ition  of S tach e ia  follow s:

" T e s t  (norm ally )  a d h e re n t ,  com p o sed  

e i th e r  of n u m ero u s  seg m e n ts  subd iv ided  in  th e i r  

in t e r io r ,  o r  of an  a c e rv u l in e  m a s s  of c h a m b e r le t s ,
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s o m e t im e s  a r r a n g e d  in  la y e rg  , s o m e t im e s  

confused . T e x tu re  s u b a re n a c e o u s ,  im p e r f o r a te .  " 

C h ap m an  (1895, p , 321) em ended  S ta c h e ia  B rad y ,  1876;

• 'T e s t  a d h e re n t  o r  f r e e ;  co m p o se d  of n u m e ro u s  

se g m e n ts  subd iv ided  in  th e i r  i n t e r io r ,  o r  of a n ' 

a c e rv u l in e  m a s s  of c h a m b e r le t s ,  so m e t im e s  

a r r a n g e d  in  l a y e r s ,  s o m e t im e s  confused , o r  

of a  th ic k -w a l le d  t e s t  w ith  a c e rv u l in e  o r  

la b y r in th ic  s t r u c tu r e  and  w ith  the  in t e r io r  

.subdiv ided  in to  n u m e ro u s  e longa te  s inuous 

c a v i t ie s  (the l a t t e r  c h a r a c t e r s  e s p e c ia l ly  

apply ing  to  the  R h ae tic  r e p r e s e n ta t iv e s  of 

the  genus). A p e r tu re s  s im p le ,  bu t i r r e g u l a r ,  

t e r m in a l  o r  s c a t te r e d  o v e r  the  s u r f a c e  of the  

t e s t .  T e x tu re  su b a ren ace o u s ,  c o m p o se d  of 

fine sand , s o m e t im e s  ad m ix ed  w ith  c o a r s e r  

m a te r ia l ,  and with a  c a lc a r e o u s  o r  ch itinous 

cem en t;  im p e r f o r a te  . . . .  In  h is  'M onograph  

of the  C a rb o n ife ro u s  and P e r m i a n  F o r a m in i f e r a '  

D r.  B ra d y  la y s  p a r t i c u la r  s t r e s s  upon the 

fa c t  th a t  in  the C a rb o n ife ro u s  s t r a t a  S tach e ia  

is  a lw ays  p a r a s i t i c  (a d h e ren t) ;  and  su ch  is
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undoubtedly  th e  c a s e  w ith s p e c im e n s  f ro m

th a t  fo rm a tio n .  In  th e  R h ae tic  a s s e m b la g e
*■ y

the  t e s t s  a r e  m o re  often  p e r f e c t ly  f r e e  in 

t h e i r  m ode of g row th . T he  f la t  co m p lan a te  

o r  f ro n d o se  fo rm  (S. d isp an sa )  i s  by  f a r  the  

b e s t  r e p r e s e n t e d  s p e c ie s ,  in  po in t  of n u m b e rs ,  

in  the  R hae tic  w ash in g s ;  and th is  f o rm  a p p e a rs  

to  have  f lo u r ish e d  on the  s e a -b o t to m ,  sp re a d in g  

h o r iz o n ta l ly  and g row ing  so  n u m e ro u s ly  as 

to  m ak e  a  s e p a ra t io n  b and  a t f re q u e n t  in te rv a ls  

in  the  c la y  d e p o s i ts .  "

M ost of the  p r e s e n t  S ta c h e ia  a r e  a d h e re n t ,  u su a lly  e i th e r  to sponge 

sp ic u le s  o r  b ry o z o a n  f r a g m e n ts .  A p e r tu r e s ,  u su a lly  not o b se rv e d j  

openings a t  the d is ta l  p o r t io n  of the  e longate  fo rm s  m a y  con ta in  the  

a p e r tu r e s .  T e s t  sm o o th  o r  m o d e ra te ly  sm o o th  con ta in ing  fine  s i l iceo u s  

g ra in s  in  m u ch  s i l ic e o u s  c e m e n t .  P e r h a p s  the  s i l i c a  c e m e n t  in  th e se  

a re n a c e o u s  fo rm s  in d ic a te s  r e p la c e m e n t  of o r ig in a l  c a lc a r e o u s  cem en t.  

M ost sp e c ie s  of S tach e ia  exh ib it  r a th e r  wide la t i tu d e  of ind iv idua l 

v a r ia t io n ;  the  sp ec if ic  c h a r a c t e r i s t i c s  a r e  not s t ro n g ly  p ronounced . 

M any of the  sp e c im e n s  a r e  a d h e re n t  and thus  the  co n fig u ra t io n  of 

the  t e s t  is  som ew hat c o n tro l le d  by th e i r  m ode of a t ta c h m e n t  and 

by  the  sh ap e  of th e  o b jec t  to  w hich th ey  a r e  a ttach ed .  The f r e e  liv ing
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fo rm s  a lso  exhibit i r r e g u l a r i t y  in  the  shape of th e i r  t e s t s .  The 

a d h e re n t  m ode of l ife  and the  a re n a c e o u s  n a tu re  of the  t e s t  would 

s e e m  to c a u se  the  sp e c ie s  of S tache ia  to  be p ro v in c ia l  in  th e i r  

d is t r ib u t io n .  W ider g eo g rap h ic  d is t r ib u t io n  m igh t have b een  

a t ta in e d  if  the  genus had  been  a d h e re n t  to f loa ting  a lg a l  m a s s e s ;  

how ever,  the  a re n a c e o u s  n a tu re  of the  t e s t  would s e e m  to r e s t r i c t  

the  genus to the ben thos.

S tra t ig ra p h ic a l ly ,  S tach e ia  has b e e n  r e p o r te d  f ro m  the S ilu r ia n  

and the  P e n n sy lv a n ia n  of N o r th  A m e r ic a .  This  is  the f i r s t  r e c o r d  

of the  genus in  M is s is s ip p ia n  ro c k s .  C h a r t  23 shows the ra n g e  of 

S tach e ia  in  the M is s is s ip p ia n  a a  d e te rm in e d  in  th is  study.

S tach e ia  C ica tr ix , n. sp.

P 1 .9 ,  f ig s .  1-3; P I .  11, f ig s .  20, 21; F ig .  37.

D e s c r ip t io n . - T e s t  a d h e re n t ,  fo rm in g  m ed iu m  to l a r g e  s ized  

i r r e g u l a r l y  to  p o o r ly  rounded , c o m p re s s e d ,  s e m i-g lo b u la r  to  d isco ida l ,  

o r  l e s s  often  i r r e g u l a r  m a s s e s ,  a l l  fu sed  into a  un it (g lobu la r ,  oval, 

o r  i r r e g u l a r  in  shape); a t ta c h e d  g e n e ra l ly  to sponge sp ic u le s  and 

b ry o z o a n  f ra g m e n ts ;  t e s t  a re n a c e o u s  with s i l ic e o u s  g ra in s  in  s i l iceo u s  

ce m e n t ( r e g a r d le s s  of o r ig in a l  com posit ion  of cem en t) ;  co lo r  of t e s t  

g r a y  to buff-w hite .
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M e a su re m e n ts .  - See T ab le  57 fo r  m e a s u re m e n ts  of S tach e ia

c i c a t r ix  and T ab le  58 fo r  ra n g e  of m e a s u re m e n ts  of S. c i c a t r i x 'and

c o m p a r iso n  with S. a c e r v a l i s .

C o m p ar iso n  and a f f in i t ie s . - S tach e ia  c i c a t r ix  r e s e m b le s  S. a c e rv a l i s  

B ra d y ,  1876 in  g e n e ra l  a p p e a ra n c e .  In a sm u c h  as l i t t le  in te rn a l  

s t r u c tu r e  is  d i s c e rn a b le  in  th in  s e c t io n s  of the p r e s e n t  sp e c im e n  o r  in  

the  o r ig in a l  m a te r i a l  of B ra d y  (1876, p. 16, p i. 9, figs 6-8) and  

in a sm u c h  as S tache ia  is  a  g e n e ra l iz e d  genus, p r e c i s e  defin ition  of 

sp e c ie s  of S tache ia  is  d iff icu lt.  S. c i c a t r i x  d if fe rs  f ro m  S. a c e rv a l i s  

in  having: (1) m o re  r e g u la r ly  rounded  ind iv idua l m a s s e s  fu sed  in to  

a unit,  (2) s t r o n g e r  a m a lg a m a tio n  of the  ind iv idua l rounded  m a s s e s ,  

and (3) a l a r g e r  s iz e  to the fu sed  m a s s .
•

Type lo ca li ty .  - N o r th w es t  s id e  of Kenwood H ill, so u th e rn  

L o u isv i l le ,  J e f f e r s o n  County, K entucky (L o ca li ty  K-2). The holotype 

is  f ro m  the  C o ra l  Ridge m e m b e r  (Bed 2) of th e  New P ro v id e n c e  

fo rm a tio n .

Type d ep o s it io n . - Holotype and f ig u re d  p a ra ty p e s  a r e  d ep o s ited  

in  the  U. S. N atl. M useum  (C. F .  C . ):

Holotype, no.

F ig u re d  p a ra ty p e s ,  nos .
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T ab le  57. M e a su re m e n ts  of S tach e ia  c i c a t r i x , n. sp. in  m m .

s p e c im e n  n u m b e r  m a x im u m  m a x im u m  lo c a l i ty  n u m b e r ,  fo rm a tio n ,
len g th  d ia m e te r  and bed  n u m b e r

1 1 .40 .9 0

2, P I .  9, fig. 1 1. 70 . 82

3, P I .  9, fig. 2 1.30 1. 20

4 .9 9 .3 5

5 1. 40 . 87

6 1 .20 .6 9

7 2. 50 1 .40

8, ho lo type, P I. 1. 60 . 84
9,

9
fig. 3

. 84 . 37

10,, P I .  11, fig. 21 1. 10 . 89

K -20 , C aney  C re e k ,  b ed  1 

K -2 ,  B utton  Mold Knob, b ed  4 

1-2, B utton  M old Knob, b ed  3 

K -4 ,  B utton  Mold Knob, b e d  4 

K -3 2 , New P ro v id e n c e ,  bed  3 

K -4 ,  B u tton  Mold Knob, bed  3 

K -32 , New P ro v id e n c e ,  bed  2 

K -2 , New P ro v id e n c e ,  b ed  2 

K -14 , New P ro v id e n c e ,  bed  5 

K -4 , C o ra l  R idge, bed  2
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T ab le  58. Range in  m e a s u re m e n ts  of S tach e ia  c i c a t r i x , n. sp. in  m m

and c o m p a r is o n  w ith  S. a c e r v a l i s  B rad y ,  1876.

S. c i c a t r i x  S. a c e rv a l i s

M axim um  leng th : . 84 - 2. 5 . 8

M axim um  d ia m e te r :  .3 5  - 1 . 4
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In addition , u n f igu red  p a ra ty p e s  a r e  d e p o s ited  in  the following 

in s t i tu t io n s :

P .  R. I. , no.

U. C. , no.

U. N. D. , no.

B. M. (N. H . ), no.

S tra t ig ra p h ic  o c c u r re n c e .  - S tach e ia  c i c a t r i x  has  been  found only 

in  the  O sag ian  New P ro v id e n c e  and B ro d h ead  fo rm a tio n s  and in  

the  M e ra m e c ia n  S o m e rs e t  sh a le  m e m b e r  of the S a lem  l im e s to n e  in  

Kentucky. The sp e c ie s  is  m o s t  abundant below  the  B rodhead  fo rm atio n , 

e s p e c ia l ly  in  the  lo w e r  and m idd le  p a r t  of the  New P ro v id e n c e  

fo rm a tio n .  In Ohio, the  sp e c ie s  i s  known only f ro m  the  O sag ian  

H en ley  sh a le  (Cuyahoga fo rm atio n ) .  See C h a r ts  3-6 , 9 -13 , 18, 21, 

and 22 fo r  d e ta i ls  of o c c u r re n c e .

Ecology. - S tach e ia  c i c a t r ix  a p p a re n t ly  was r e s t r i c t e d  to c a lc a re o u s  

and sh a ly  beds  which con ta in  m e g a fo s s i l  r e m a in s ,  in a sm u c h  as  the 

sp e c ie s  was p r im a r i l y  a d h e re n t  in  i ts  l iv ing  hab it  (spongfe: sp icu les

o r  b ry o z o a n  f ra g m e n ts ) .  The g e n e r ic  defin ition  of S tacheia  r e q u i re s  

th a t  i ts  sp e c ie s  p o s s e s s  c a lc a re o u s  ce m e n t.  S', ^cicatrix  con ta ins  

no c a lc a r e o u s  cem en t.  I t  is  p o s s ib le  tha t  the  t e s t s  of S, c i c a t r ix  

have  been  re p la c e d  by  s i l ic e o u s  m a te r ia l .  In any  event, I am
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unwilling to e r e c t  a  new genus b a s e d  on th is  sp e c ie s  in a sm u c h  as  

our  la c k  of p r e c i s e  in fo rm a tio n  co n ce rn in g  o r ig in a l  w all  s t r u c tu r e  

and c h e m ic a l  co m p o sit io n  of P a le o z o ic  F o r a m in i f e r a  and p r o c e s s e s  

of p o s s ib le  r e p la c e m e n t  of th e se  an c ien t fo rm s  p re c lu d e s  such  action,

R e m a rk s .  - The t r i v i a l  n a m e  fo r  th is  new sp e c ie s  i s  d e r iv e d  

f ro m  the re s e m b la n c e  of the  t e s t  to  a  s c a r .

S tach e ia  neopupoides , n, sp.

P I .  9, f ig s .  4, 5; P I .  11, fig. 19; F ig .  40.

D esc r ip t io n .  - T e s t  a d h e re n t ,  e longate , s m a l l  to m o d e ra te  s ized ; 

e x te rn a l ly  the  t e s t  a p p e a r s  as  a  m a s s ,c y l in d r i c a l  to som ew hat 

ta p e r in g ,  com p o sed  of an  i r r e g u l a r  s e r i e s  of in d is t in c t ,  cu rv ed  

c h a m b e rs ;  t e s t  d e l ic a te ,  u su a lly  a t ta c h e d  to a  sponge sp icu le ;  t e s t  

te x tu re  f in e -g ra in e d  o r  sm ooth ; t e s t  w all of fine s il ic e o u s  g ra in s  in  

s il ic e o u s  cem ent; color,, g ra y  to  l ig h t  yellow -gray .

M e a s u re m e n ts . - See T a b le  59 fo r  m e a s u re m e n ts  of S tache ia  

neopupoides and fo r  c o m p a r iso n  with S. pupoides B ra d y  1876 and 

S. co n g e s ta  B rad y , 1876,
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T a b le  59. M e a su re m e n ts  of S ta c h e ia  neopupoides , n .  sp . in  m m ,
and c o m p a r is o n  w ith  a v a i la b le  m e a s u re m e n ts  of
S. pupoides  B ra d y ,  1876 and S. c o n g e s ta  B ra d y ,  1876.

sp e c im e n  n u m b er leng th d ia m e te r lo c a l i ty  n u m b e r ,  fo rm a t io n

1 .9 7 .37

and b ed  n u m b er

K -6 ,  New P ro v id e n c e ,  b ed  4

2, P I .  9 , f ig . 5 .89 . 30 K -4 ,  New P ro v id e n c e ,  bed  6
holo type

3, P I .  11, fig . 19 . 66 .30 K -32 , New P ro v id e n c e ,

4 . 77 .29
b ed  3

0 - 7 ,  Cuyahoga, b ed  4

5, P I .  9 , fig. 4 .9 4 .45 K-61, New P ro v id e n c e ,

6 .50 .25
bed  2

O - l ,  B e d f o r d -B e re a ,  bed  2

S. co n g e s ta  B ra d y ,
1876, p}. 9, fig. 
1-5 . . 7 - 1 . 5 C a rb o n ife ro u s ,  Sco tland

S. p iipoides B rad y ,  
1876, p i.  8, fig.
17. 1 .0 C a rb o n ife ro u s ,  Sco tland
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C o m p a r iso n  and a f f in i t ie s . - S tache ia  neopupoides h as  c lo s e s t  

a f f in it ie s  to  S. pupoides B rad y ,  1876 and  S .; coiiges'ta B rad y ,  1876.

I t  i s  w ith so m e  r e lu c ta n c e  th a t  a  new sp e c ie s  i s  e r e c te d  in  v iew  of 

the  s im i la r i t i e s  be tw een  the  p r e s e n t  sp e c im e n s  and S. c o n g e s ta  and 

S. pupoides H ow ever, in a sm u c h  as  S. c o n g e s ta  and S. pupoides a r e  

p r im a r i l y  E u ro p e a n  s p e c ie s  (S, pupoides has b e e n  r e p o r te d  by 

C u sh m an  and  W a te rs ,  1930, p. 73, pi. 7, f igs . l a ,  1 b; p i. 12, 

fig. 8 f ro m  the P e n n sy lv a n ia n  of Texas) and the  genus S tache ia  

was undoubtedly  an  a r e n a c e o u s ,  and e n c ru s t in g  o r  a t ta c h e d  fo rm ,

I f e e l  th a t  the  p r e s e n t  m a te r i a l  is  not co n sp e c if ic  with e i th e r  S. co n g e s ta  

o r  _Ŝ_ pupo ides.

S tach e ia  neopupoides se e m in g ly  has  c lo s e s t  a ff in it ies  to S.: pupoides; i t  

id i f fe rs  f ro m  S. pupoides  in  having  m o re  p ro m in e n t  s u tu re s  and l e s s  

fu s i fo rm  te s t .

Type lo ca l i ty .  - E a s t  Q u a r ry  of the C o ra l  R idge B r ic k  Com pany, 

a t  C o ra l  R idge, s o u th w e s te rn  J e f f e r s o n  County, K entucky (L o c a l i ty  

K -4). Holotype is  f ro m  the Button Mold Knob m e m b e r  (Bed 6) of the  

New P ro v id e n c e  fo rm a tio n .

Type deposition .-  H olotype and f igu red  p a ra ty p e s  a r e  d e p o s ited  

in  the U. S. N atl. M u seu m  (C. F .  C . ):

H olotype, no.

F ig u re d  p a ra ty p e s ,  nos.
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S tra t ig r a p h ic  o c c u r r e n c e . - S tach e ia  neopupoides o c c u rs  in  the 

L o w er O sag ian  beds  of Kentucky and e a s t e r n  Ohio and in  the  K in d e r - 

hook ian  B e d f o r d ^  h a le .  See C h a r ts  4, 6, 9, 10, 13, 18, 19, 21, 

and 22 fo r  d e ta i ls  of o c c u r re n c e .

E co logy . - S tach e ia  neopupoides s e e m s  to have  b e e n  ad ap ted  to 

l iv e  in  f in e -g ra in e d ,  s l ig h tly  c a lc a r e o u s  m uds.

R e m a r k s . - S tach e ia  neopupoides r e c e iv e s  i t s  t r i v i a l  n a m e  f ro m  

i ts  s im i la r i ty  to  S. p u p o id es .

S tach e ia  t r e p e i lo p s i f b r n i i s , n. sp.

P I .  9,  f ig s .  6, 7; F ig .  39.

D e sc r ip t io n .  - T e s t  a d h e re n t  to sp in e s ,  ro d s ,  o r  o th e r  c y l in d r ic a l  

o b je c ts ;  e a r ly  p o r t io n  a p p a re n t ly  c o n s is t in g  of a  s e r i e s  of u n i s e r ia l  

o r  n e a r ly  u n i s e r i a l  (p e rh ap s  s l ig h tly  tro ch o id ) ,  m o d e ra te ly  in f la ted  

se g m e n ts  (two to  th ree )  w hich a r e  fu se d  in to  a  bx^oad c o n e -sh a p e d  

m a s s ,  the  p ro x im a l  p o r tio n  of w hich is  poin ted; no ev idence of 

a t ta c h m e n t  found a t the b a se ;  the fu sed  m a s s  su ceed ed  by  th r e e  n e a r ly  

r e c t i l i n e a r  l a r g e  s e g m e n ts ,  the  l a s t  of which exh ib its  over lapp ing  

of se g m e n ts  a t  r ig h t  ang les  to the  s e c t io n  s u tu re s ;  c e n t r a l  ro d  o r
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sp ine d isso lv ed ,  leav in g  rounded  o r  oval opening; w all a re n a c e o u s  

with c a lc i te  cem en t;  no ev idence  of re p la c e m e n t .

M e a su re m e n ts .  -  See T ab le  60 fo r  m e a s u re m e n ts  of S tach e ia  

t re p e i lo p s i fb rm is  and fo r  c o m p a r iso n  with S. pupoides B rad y ,  1876.

C o m p a r is  on and a f f ih i t ie s . - S tach e ia  t re p e i lo p s i fo rm is  has  i ts  

c lo s e s t  a ff in it ies  to S. pupoides B rad y ,  1876, bu t S^ t  r  ep eilop s if  o r  m i S. 

d if fe rs  fromjEL pupoides in  having l e s s e r  n u m b e r  of seg m e n ts  p e r  . 

t e s t  leng th , and in  add ition , the  t e s t  of S. t re p e i lo p s i fo rm ia  is  g e n e ra l ly  

l e s s  ra p id ly  expanding d i s ta l ly -p ro x im a l ly  than  S.' p u p o id es ; how ever, 

th is  is  not alw ays the  c a s e  (B rad y , 1876, p i. 8, figs. 20, 26).

Type lo c a l i ty . - F ish in g  C re e k ,  L ake  C um berland , w es t  of 

S o m e rse t ,  P u la s k i  County, K entucky (L o ca li ty  K-32). Holotype is 

f ro m  the up p er  p a r t  of the  New P ro v id e n c e  fo rm a tio n ,  167 1 /2  

to 175 fee t  above the  F a l l in g  Run m e m b e r  of the S an d e rso n  fo rm a tio n  

(Bed 10).

Type d e p o s it io n . - Holotype is  depo s ited  in  the  U. S. N atl. M useum  

( C . F . C . ) :

Holotype, no.

S tra t ig ra p h ic  o c c u r r e n c e . - S tach e ia  t r  epeilop s if o r  rrii's has  been  

found only as  a s ing le  sp e c im e n  in  the  up p er  p a r t  of th e  New P ro v id e n c e
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T a b le  60. M e a su re m e n ts  of S tach e ia  t r e p e i lo p s i fo r m is , n. sp . in  m m

and c o m p a r is o n  w ith  S', pupoides ' B ra d y ,  1876.

s p e c im e n  n u m b e r  len g th  d i s ta l  . poyiximal Icicaldlfcy num ber, fo rm a tio n ,
d ia m e te r  d ia m e te r  and bed  n u m b e r

1, holo type, P I. 1 .0  .3 5  .1 8  K -32 , New P ro v id e n c e ,
9, f ig s .  6, 7 bed  10

e

S. pupoides 1 .0  - - C a rb o n ife ro u s  of G re a t
** B r i ta in
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fo rm a t io n  in  s o u th e rn  K entucky in  an  a r e a  w h e re  the  New P ro v id e n c e  

fo rm a t io n  p ro b a b ly  co n ta in s  bed s  younger th an  F e r n  G len -B u r l in g to n .

Ecology. - S ta c h e ia  t r e p e i lo p s i fo r m is  is  an  a re n a c e o u s  c a lc a r e o u s  

fo rm  and i s  found in  c a lc a r e o u s  sh a le s  in te r c a la te d  b e tw e e n  s i l ic e o u s  

s i l t s to n e s .  I t  i s  d iff icu lt  to  p r e s e n t  m uch  co n ce rn in g  the  eco lo g ica l  

r e q u i re m e n ts  of a  s p e c ie s  f ro m  o b se rv a t io n  of one sp ec im e n ; 

n e v e r th e le s s ,  the  s e d im e n ts  in  w hich the  s p e c im e n  o d cu rs  in d ic a te s  

the  e x is te n c e  of a  c a lc a r e o u s  m a r in e  m ud e n v iro n m e n t in  c lo se  

p ro x im i ty  to s i te s  of s i l t  and san d  depos it ion ; the  p au c ity  of fo s s i l s  

in  the  s e d im e n ts  m a y  in d ic a te  r e s t r i c t e d  m a r in e  en v iro n m e n t in  

n e a r  s h o re  shallow  w a te r s  w h e re  sh a ly  beds  w e re  i n t e r s p e r s e d  

w ithin  d e l ta ic  s i l t s .
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F ig u re s  1-19

1, T huram m inoid .es  s p h a e ro id a l is  P lu m m e r ;  2, 3, P ro te o n in d  

c u m b e r la n d ia e , n. sp. ; 4, 5, P ro te o n in a  w a l l in g fb rd en s is ,  n. sp. ;

6, 7, H y p e ra m m in a  c a s t e r i ,  n. s p . ; 8, H y p e ra m m in a  kentuckyerisi's 

Conkin; 9, H y p e ra m m in a  ro c k fb rd e n s is  G u tsch ick  and T re c k m a n ;

10, E a r la n d ia  c o n s te rn a t io ,  n. sp . ; 11, Reophax cf. R. a r e n a t u s ' 

(C u sh m an  and  W ate rs ) ;  12, Reophax k u n k le r e n s i s , n. sp . ; 13, 

R eophax cf. R. lach ry rt io su s  G u tsch ick  and T re c k m a n ;  14, 16, 

R eophax m cdonald i,  n. sp . ; 15, Reophax  a s p e r  C ushm an  and W a te rs ;  

17, G lo m o sp ira  a r t ic u lo ’sa  P lu m m e r ;  18, Litiiotuba' s e m ip la n a , 

n. sp . ; 19, C r i th io n in a  p a laeo zo ica ,  n. sp.
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F ig u r e s  20-36

20, Invo lu tina  s e m ic o r i s t r ic ta  (W aters),  21, Invo lu tina  e x s e r t a  

(C ushm an); 22, Invo lu tina  lo n g e x s e r ta  G u tsch ic k  and  T re c k m a n ;  

23, T o ly p am m in a  j a c o b s c h a p e le n s i s , n. sp . ; 24, T o ly p am m in a  

b'otohunca G u tsch ic k  and  T re c k m a n ;  25, T o ly p am m in a  cyc lops  

G u tsch ic k  and T re c k m a n ;  26, T o ly p am m in a  l a o c o d n , n. sp .  ;

27, T o lypam m ina  to r tu o s a  Dunn; 28, A m m o v e r te l la  l a b y r in th a '

I re la n d ;  29, A m m o v e r te l la  c f . A. in c lu s a  (C u sh m an  and W ate rs ) ;
1

30, H em ig o rd iu s  m o r i l l e n s i s , n. sp . ; 31, A m m o v e r te l la  cf. A. 

p r im a p a r v a  I re la n d ;  32, 33, T rep e il 'o p s is  g lo m o sp iro id e s  

G u tsch ic k  and T re c k m a n ;  34, T r  epe ilops is ' s p i r a l i s  G u tsch ic k  

and  T re c k m a n ;  35, A m m o b a c u li te s  g u tsch ick i;  n. sp . ; 36,

A gatham m in 'a  m is  s is  s ip p ia n a , n. sp .
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F ig u re s  37-43

37, S tach e ia  c i c a t r i x , n. sp . ; 38, T ro c h a m m in a  o h io e n s is , n. sp. ; 

39, S tach e ia  t r e p e i lo p s i fo r m is ,  n. sp. ; 40, S tache ia  neopupoides, 

n. s p . ;  41-43, C l im a c a m m in a  m is s i s s ip p ia n a ,  n. sp.
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F ig u re

1 - 1 0 .

E xplana tion  of P la te  1 

A ll f ig u re s  X 50

Thuram rninoid.es s p h a e ro id a l is  P lu m m e r .  . .

1. S p h e r ic a l  te s t  showing s u r fa c e  con - 
con f ig u ra tio n  of c e n t r ip e ta l  tu b es .  
S pec im en  20, T ab le  2.

2. S p h e r ic a l  t e s t  with o u te r  w all d e s tro y e d ,  
showing c a s ts  of tube ends. S pecim en  
22, T ab le  2.

3. S p h e r ic a l  t e s t ,  s l ig h tly  c ru sh e d ,  show ­
ing  ends of l a r g e  c e n t r ip e ta l  tu b es .  
S pec im en  16, T ab le  2.

4. B ro k e n  sp e c im e n  showing in t e r io r  of 
t e s t .  Tube s t r u c tu r e  d e s tro y e d .
S pec im en  2, T ab le  2.

5. B ro k e n  t e s t  showing rounded  p its  on 
i n t e r io r  w all w h ere  tubes  p ie r c e  su rfa c e .  
S pec im en  15, T ab le  2.

6. F la t te n e d  te s t  w ith in te rn a l  tu b u la r  
s t r u c tu r e  v is ib le  th rough  t ra n s lu c e n t  
o u te r  wall. S pec im en  11, T ab le  2.

7. S m all c o l la p se d  t e s t  w ith  shape  like  
a  re d  blood c o rp u sc le .  S pec im en  6,
T ab le  2.

8. F la t te n e d  t e s t  with s e v e r a l  p ro tu b e ra n c e s ,  
not ta k e n  to b e  a p e r tu r a l  n e c k s .  S pecim en  
9, T ab le  2.

9. L a rg e  f la t ten e d  t e s t  w ith  p ro tu b e ra n c e s .  
S pec im en  8, T ab le  2.

10. T e s t  of the m o s t  com m on  v a r ie ty ,  with a '  
low p ro tu b e ra n c e .  S pec im en  17, T ab le  2.

P a g e
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F ig u re

1-4 .

E x p lan a tio n  of P la te  2

A ll f ig u re s  X 50

T h u ram m in o id es  s p h a e ro id a lis  P lu m m e r . .

1. L a rg e  te s t  of ty p ic a l a p p e a ra n c e . D ark  
f illin g  v is ib le  th ro u g h  t ra n s lu c e n t  
o u te r  -wall. S p ec im en  1, T a b le  2.

2. T e s t  w ith  l a r g e  low  p ro tu b e ra n c e s . 
S p ec im en  13, T ab le  2.

3. L a rg e  b ro k e n  te s t  w ith  in te rn a l  s t r u c tu r e  
d e s tro y e d . S p ec im en  18, T ab le  2.

4. A ty p ic a l f la tte n e d  te s t .  S p ec im en  12, 
T ab le  2.

P a g e  
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E xp lana tion  of P la te  3 

A ll f ig u re s  X 50 

F ig u re  P ag e

1-3 . F ro te o n in a  cu m b e rla n d ia e , n. sp .....................  165

1. L a rg e  sp ec im e n  w ith  neck  m iss in g .
. S pecim en  2, T ab le  4.

2. H olotype, show ing te a rd ro p  sh ap e .
T e s t c o m p re ss e d . S pec im en  19,
T ab le  4.

3. T e s t m o re  e longate  th an  u su a l.
S pecim en  1, T ab le  4.

4 -8 . P ro te o n in a  w allin g fo rd eris is  , n . s p ................... 169

4. 6 , 8 . T e s ts  show ing ty p ic a l round  to  
ob la te  c h a m b e r  and s to c k y .ta p e r in g  
n e c k . S pecim ens 19, 21, and 22,
T able  6 .

5. L a rg e  sp e c im e n  of ty p ic a l sh ap e .
S pecim en  39, T ab le  6 ,

7. H olotype. S pecim en  20, T ab le  6.

9. C rith io n in a  p a la eo zo ic a  , n. s p ...............................144

H olotype, show ing spongey te x tu re  of 
te s t  w all. S pecim en  1, T ab le  1.

10, 11. C rith io n in a  ro tu n d a ta  C ushm an , 1910  ........... 146

F ra g m e n ts  of the ho lo type. Shows le s s  
re g u la r i ty  to  t e s t  w all th an  in  C r ith io -  
n ina  p a la eo zo ic a , n. sp . T ab le  1.
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F ig u re

1-18.

E x p lan a tio n  of P la te  4 

A ll f ig u re s  X 50

P ag e

H y p eram m in a  c g .s te r i , n. s p .................................192

1. H olotype, m ic ro s p h e r ic 'f o rm . T e s t 
b ro k e n  a t a p e r tu r a l  end, but w ell 
d ev e lo p ed  o th e rw ise . S p ecim en  2 9 ,’

' T ab le  10. •

2. M ic ro sp h e r ic  fo rm , b ro k e n  a t 
a p e r tu r a l  end. S p ec im en  30, T a b le  10.

3. M eg a lo sp h e ric  fo rm , s lig h tly  c o n s t r ic ­
ted . S p ec im en  30, T a b le  9.

4. M ic ro sp h e r ic  fo rm , s lig h tly  c o n s tr ic te d , 
w ith  p ro lo c lu s  m is s in g . S pecim en  34,
T ab le  10.

5. 7, 12. M eg a lo sp h e ric  fo rm s  w ith  
a p e r tu r a l  ends b ro k e n  off. S pec im ens 
10, 18, and 34, T ab le  9.

6 . M ic ro sp h e r ic  fo rm  w ith  e x tre m e ly  long 
and p o in ted  tip . A p e r tu ra l  end b ro k e n  
off. S pec im en  14, T ab le  10.

8 , 11. M ic ro s p h e r ic  fo rm s , le s s  co n ica l 
th an  m o s t. S p ecim ens 21 and 22, T ab le  
10 .

9. M e g a lo sp h e ric  fo rm , a p e r tu r a l  end 
b ro k e n . P ro lo c u lu s  som ew hat po in ted . 
S p ec im en  23, T ab le  9.

10. M ic ro sp h e r ic  fo rm  show ing a p e r tu r a l  
end w ith  s lig h tly  c o n s tr ic te d  a p e r tu re .  
S p ec im en  23, T ab le  10.
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E x p lan a tio n  of P la te  4 (continued)

F ig u re

13. M ic ro sp h e r ic  fo rm . A ty p ic a l s m a ll  
sp e c im e n . S pecim en  37, T ab le  10.

14, 15. F ra g m e n ts  of a  v e ry  la r g e  m e g a lo -  
s p h e r ic  fo rm . S pec im en  2, T ab le  9,

16. L a rg e  m ic ro s p h e r ic  fo rm . P ro lo c u lu s  • 
m is s in g . S pec im en  16, T ab le  10.

17. L a rg e  m e g a lo sp h e ric  fo rm . A p e r tu ra l  
end p a r t ly  b ro k e n . S pecim en  13, T ab le  9.

18. L a rg e  m e g a lo sp h e ric  fo rm  w ith  ob la te  
p ro lo c u lu s . A p e r tu ra l  end b ro k en . 
S p ec im en  12, T ab le  9.
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E xp lan a tio n  of P la t e  5 

A ll f ig u re s  X 50

F ig u re  P ag e

1- 9 . H’-p e ram m in a  k en tu ck y e n s is C o n k in ..................'. 2<D0

. • 1. Topotype show ing s le n d e r , c o n s tr ic te d
*■„- . t e s t ,  h o u rg la ss  ta p e r in g  of e a r ly  p a r t

o‘f .secpnd  c h a m b e r , and o b la te  p ro lo c u ­
lu s .  S p ecim en  2, T a b le " 0 0

•• . •  ^ *.• • :

2, 3. T opo types. Specim ens- i and 3, T ab le
12 .

4 -9 . M ore o r  le s s  w e ll developed  sp e c im e n s , 
a l l  show ing c h a r a c te r is t ic  c o n s tr ic t io n  of 
t e s t  and d ev e lo p m en t of l ip  a t a p e r tu ra l  
end. P ro lo c u lu s  m is s in g  on f ig u re s  4, 6 , 
and  7. S pecim ens 20, 15, 18, 13, 21, and 
10, T ab le  12.

10-13. H y p e ram m in a  ro c k fo rd e n s is  G u tsch ick  and
T r e c k m a n ................    209

T e s ts  show ing r a th e r  c y lin d r ic a l  second  
ch am b er w ith few fa in t c o n s tr ic t io n s .
S pecim ens 23, 24:, 21, and 22, T ab le  14.

14-16. E a rla n d ia  c o n s te rn a tio  , n. s p .................. 222

14. H olotype, p ro lo c u lu s  m iss in g . Shows 
ta p e r in g  n a tu re  of te s t .  C o n s tr ic tio n s  
le s s  p ro m in e n t th an -in  H y p eram m in a  
k e n tu ck y en s is  , b u t o th e rw ise  shape
o f-te s t is  s im i la r .  S p ecim en  4, T ab le  16.

15, 16. S m all and la rg e  sp e c im e n s . P r o -  
lo c u li m iss in g . S p ecim ens 5 and  3,
T ab le  16.

17. R eophax cf. R. m in u tis s im u s  P l u m m e r  249

S p ecim en  1, T ab le  25.
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E x p lan a tio n  of P la te  5 (continued)

F ig u re  P a g e

18. R eophax  cf. R. la c h ry m o su s  G uts ch ick
and  T r e c k m a n ................................................................ 241

B ro k en  sp ec im e n . S pec im en  1, T ab le  22. 

R eophax a re n a tu s  (C u sh m an  and W ate rs) . . .  .231
o o ° °

* SpeCimen- -l’.,.-.T.„abre.-i'.8.

. R eophax  k u n k le re n s is  , n. sp . . . . . . .  . . . . . .237

20. H olo type, show ing ty p ic a l  s le n d e r  
te s t  w ith  o b la te  o v e rlap p in g  c h a m b e rs . 
S p ec im en  1, T ab le  20.

21 -23 . S p ec im en s 8 , 5, and 6 , T ab le  20.

Reop haac ja sp e r  C ushm an  and W ate rs  . . . . . .  .234

S p ec im en  1, T ab le  19, show ing ru g o se  
w all of a n g u la r  q u a r tz  g ra in s .

25-30 . R eophax  m c d o n a ld i, n. s p ........................................244

25. H olo type. S p ec im en  1, T ab le  23.
Shows ty p ic a l s to ck y  te s t  w ith in fla ted , 
o b la te , o v e rlap p in g  c h a m b e rs  and 
p y r ifo rm  l a s t  ch a m b e r.

26 -30 , T e s ts  show ing v a r ia t io n  of fo rm  
w ith in  the  s p e c ie s . S pecim ens 2 , 1 2 ,
5, 8 , and 3, T ab le  23.

19.

20-23

24.
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E xp lan a tio n  of P la te  6

A ll f ig u re s  X 50

F ig u re P ag e

1 -3 . In v o lu tin a  s e m ic o n s tr ic ta (W a te rs ) 263

1. V a r ia n t 1. D e lic a te  te s t  com posed  
of m uch  cem en t. S pecim en  10,
T ab le  30.

e

e 2. V a ria n t 2. R obust t§ s t  com posed  of
m uch  s i l t  and  ^re la tive ly  S’m a ll  am oun t,

* •  ’  •  V .  .of-.cement. S p ec im en .5,. T ab le  30.

3. V a ria n t 1. S p ec im en  21, T ab le  3 Q-.

4 -6 , 8 . Invo lu tina  e x s e r ta  (C ushm an) . . . . . . . .  . . . . 253

A ll sp ec im e n s  a r e  V a ria n t 2, w ith 
la rg e  p ro p o rtio n  of s i l t  and l i t t le  
c em e n t. S pecim ens 16, 18, 17, and
5, T ab le  26.

5. S p ec im en  w ith  n eck  b ro k e n  off

7 ,9 .  In v o lu tin a  lo n g e x se r ta  G uts ch ick  and
258

S p ec im en s 1:1. and  5 > T ab le  28

10 v G lb m o sp lra  a r t ic u lo s a  P lu m m e r •  •  f  •  • 273

S p ec im en  4, T ab le  32.

11, 12. L itu o tu b a  sem ip lan a  , n. sp 278

11. H olotype. M ic ro sp h e ric  fo rm . 
S pecim en  1, T ab le  33.

12. M eg a lo sp h e ric  fo rm . S pecim en  2, 
T ab le  33.
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E x p lan a tio n  of P la te  6 (continued)

F ig u re  . P ag e
e

o

13. T o lypam m ina  bo tonunca G uts ch ick  and 
T r e c k m a n ...................................   287

S p ec im en  1, T ab le  34.
o

14, 15. ..T o ly p am m in aecy c lo p soG u tsch ick  and o ° ° °
■:T:E.eckrngJn./%._.ô .fc .^..y...,, 4: * • -  v.Vr./.: 2§9̂ -

14. S pecim en  2, T ab le  35.

15. F ra g m e n t of ex cep tio n a lly  la rg e  
sp ec im en . S pecim en  3, T ab le  35.

16-21. T o ly p am m in a  ja c o b sc h a p e le n s is ,  n. sp  292

16. H olo type, show ing p a r t ia l ly  w alled  
f lo o r  of te s t ,  and  p ro lo c u lu s  shaped  
lik e  h a lf  an  egg w ith  p o in ted  end.
S p ecim en  8 , T ab le  36.

17, 18. S pecim ens w ith  p o in ted  p ro lo c u li. 
S pecim ens 6 and 3, T ab le  36.

19, 20. S pecim ens w ith  rounded  p ro lo c u li.
F ig u re  19 show s u n d er s id e  of te s t  w ith 
a tta c h e d  p ro lo c u lu s . S pec im ens 22 and 
17, T ab le  36,

21. L a rg e  sp e c im e n  w ith  p o in ted  p ro lo c u ­
lu s .  S pecim en  19, T ab le  30.

22. T o lypam m ina  to r tu o s a Dunn . . . . .  ..... . . . . . . .  301

Specinpen 2 , T ab le  39. "

23. T o ly p am m in a  laoco ttn  , n . sp . . . .* ; .  . 2^8

S p ec im en  1, T ab le  38, show ing winding 
of e a r ly  p o rtio n  of seco n d  c h a m b e r .

6
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4 1 2

E x p lan a tio n  of P la te  7

A ll f ig u re s  X 50 ex cep t w h ere  no ted

F ig u re  . _  P ag e

1, 2. T re p e ilo p s is  g lo m o sp iro id e s  G u tsch ick  o
and T r e c k m a n .................................... ..........................317

S pecim ens 2 and 4, T ab le  45, show ing 
g lo m o sp iro id  w inding of l a s t  p o r tio n  of 

~ „ seco n d  c h a m b e r .' , " '

3, 4. ' Tr-e“p% ilopsis /re b u ^ ifd e h s 'f iu tsc h ic k  °G ° ° * •»
and T r e c k m a p    . . . .  -320

S p ec im en s 4 and 2, T ab le  47, show ing 
la s t  p o r tio n  of seco n d  c h am b er r e tu r n ­
ing  to w ard  p ro lo c u lu s .

5 -7 . T re p e ilo p s is  s p ir a l i s  G u tsch ick  and
T re c k m a n   ............  324

S p ec im en s 13, 19, and 7, T a b le  48.

8. A m m o v e r te lla  c f. A. in c lu sa  (C u sh m an  and
W ate rs) . .  . . .  , . . .  . ... . . . . .  . .  . . . .  . .  . . .  . . .  «. 305

S p ec im en  1, T ab le  4Q, show ing u n d e rs id e  of 
t e s t ,  e a r ly  p la n is p ir a l  p o r tio n , and l a t e r  
e m b ra c in g  w indings of seco n d  ch a m b e r .

9. A m m oy e rt.e lla  la b y r ip th a  I r  e land  . .?■■■; . ;■■■■;.... 311

. .:;S^eeijsn’en‘4', ■rTable 42,;‘ show ing m a z e  of 
fu se d  w indings of tu b u la r  d h am b er.

10. A m m o v e rte lla  cf. A. p r im a p a rv a  I re la n d  . . .  .312

S p ec im en  2, T a b le  43, show ing r a th e r  
r e g u la r  w inding of e a r l i e r  p o r tio n  of 
te s t .  L a te r  m o re  i r r e g u la r ly  w inding 
p o r tio n  is  m iss in g .
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E xp lan a tio n  of P la te  7 (continued)

F ig u re  P ag e

11-22. A m m o b acu lite s  g u tsch ick i , n. s p .......................... 334

11. H olotype. S p ec im en  22, T able  50,
’ show ing o b la te  r e c t i l in e a r  c h a m b e rs  

and  p y r ifo rm  l a s t  c h a m b e r.

12-22 . S pecim ens show ing v a r ia t io n  
w ith in  the  s p e c ie s . S pecim ens 1, 4,
2, 19, 13, 17, 24, 6, 27, 26,’ and 5,
T ab le  50. E ig u re  22 show s a  b ro k en  
t e s t  of u n u su a lly  la rg e  s iz e .

* 23-25 . A g ath am m in a  m is s is s ip p ia n a  , n. s p ........................351

O 0 0
o . • 0 O o 

  .
23. H olo type. S p ec im en  4, T ab le  53 ,4 

* X 28. <
O o

■ •24,.°‘5pecim fen 1,® T ab le  53. • e »:f
•• .  o * ® . , .  : :

Speclrpdn ‘Zp T ab le  54^, show ing r a th e r
. o •

I.’;' -.v •

• . i« rreg u la rrly ^ in tlin g  e a r ly  p o rtio n  and .* r. . 
-- . .p ia n is p ira l  l a te r  po rticn  of tu b u la r  „• a, ‘

Jc h am b b r. * ® * • ,
<» «• *  <*, •

2“7, 28. T ro ch am m in a  o h io en sis  , n. s p ............................  365

27. D o rsa l  view  of ho lo type. S pecim en  
1, T ab le  55.

28. V e n tra l v iew  of f la tten e d  sp ec im en .
S pecim en  9, T ab le  55.
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F ig u re

1 - 6 .

E x p lan a tio n  of P la te  8 

A ll f ig u re s  a p p ro x im a te ly  X 90

C lim a c a m m in a  m is  Sis s ip p ia n a , n. sp

1, 2. H olo type. S p ec im en  1, T ab le  52. 
A p e r tu ra l  and  l a t e r a l  v iew s.

3 -5 . B ro k e n  sp e c im e n  show ing only the 
u n is e r ia l  p o r tio n . S p ec im en  2, T ab le

• ;  5Z. / :  c t ^

6 . .P .o lish ed .g e6t io n <of holot-yp'e:show ing ° <= 
b i s e r ia l - u n is  e r i a l  c h a m b e r  a r r a n g e - 

■ nhbht.

P a g e

343

O

o

0
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*=® E xp lan a tio n  of P la te  9

A ll f ig u re s  X 50 4

*F ig u re  f  • P ag e
o

1-3 . S tach e ia  c ic a tr ix ,  n. sp . ? .................* ................ 372

S p ec im en s 2, 3, and  8 , T ab le  57.

3. H olotype.

4, 5. S tach e ia  neopupoides", n. s p .................................377
o O _  O . q OO o  0

O o O S pecim ens 5 and 2, T ab le  59. .

0 ”• - * ° ° H o l o t y p e ,
o’.**- . •*.•*.•-.* *'. •

\6\~z ?7 StachgTa.=;treperlop 'si-form rsy ft. sp ; . , . . . . .  . 3380

. O

r  *•  Two v i e w s  oJf ho lo type, S p ecim en
1, P la te  60.

C ) Q
»<

O •

o
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J a  Oi  Q O

0 ?•« - © *Oq O *
O f l J  o °  <p o

© o  £  0
® O c& 0®° p® ra

E x p lan a tio n  of P la te  10

A ll f ig u re s  X 50
<&

F ig u re  P a g e

T h u ram m in d id e s  sp h a e ro id a lis
P lu m m e r   .................................................................  155

T h in  se c tio n s  show ing c e n tr ip e ta l  * 
tu b e s , cu t lo n g itu d in a lly  n e a r  edge 
of t e s t  and t r a n s v e r s e ly  n e a r  c e n te r .
3. D a rk  m a te r ia l  in  c e n te r  a p p e a rs  

ch itin o u s.

4, 5. P ro te o n in a  c u m b e rla n d ia e  , n. s p .................  165

T h in  se c tio n s .

6 . P ro te o n in a  w a llin g fo rd en g is  , n . s p ........................169

T hin  se c tio n  o f  sp e c im e n  14, T ab le  6 .

7%*8. H y p e ram m in a  c a s te r i ,  n. s p ....................................192

° as r © o°" 7. T hin  se c tio n  of m e g a lo sp h e r ic
> o fo rm , S p ec im en  28, T ab le  9.
D ° C  a  ' V -  -

* ' 8 . Thin s e c tio n  of m ic ro s p h e r ic  fo rm
w ith  p ro lo c u lu s  m is s in g .

.9 .  H y p e ram m in a  k e n tu ck y e n s is  C o n k in ....................200

T hin  se c tio n .

10. H y p e ra m m in a  ro c k fo rd e n s is  G u tsch ick  and
T r e c k m a n ..........................................................................209

T hin  s e c tio n  show ing th ick en in g  of w all a t 
ju n c tio n  of p ro lo c u lu s  and seco n d  c h a m b e r .

11. E a r la n d ia  c o n s te rn a t io , n. s p ................................... 222
©

Thin s e c tio n  of sp e c im e n  w ith  p ro lo c u lu s  
m is s in g .
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E x p lan a tio n  of P la te  10 (continued)

F ig u re  P a g e

12. R eophax cf. R. a re n a tu s  (C ushm an
and W a t e r s ) ................................................................... 231

6

T hin  s e c tio n  of S p ec im en  2, T ab le  18, 
show ing oVSrTapping n a tu re  of second  
c h a m b e r .

13. R eophax  cf. R. lach ry rtio su s  G u tsch ick
and T r e c k m a n ...............................................................241

e*
Thin  s e c tio n  of S p e c im e n  2, T a b le  22.

14. R eophax k u n k le re n s is , n. s p ...................................237

T hin  s e c tio n  of S p ec im en  3, lia b le  20, 
show ing o v erlap p in g  n a tu re  of c h a m b e rs .

15. R eophax  m cd o n ald i , n . s p ........................................244

T h in  s e c tio n  show ing o v e rlap p in g  
c h a m b e rs . i

16. 17, 19. In v o lu tin a  e x s e r ta  (C u s h m a n ) .....................253

T hin  se c tio n s  of S p ec im en s 12, 20, and 
1 , T ab le  26 .

18. In v o lu tin a  lo n g e x s e r ta G u tsc h ic k  and
T r e c k m a n ................................................................   258

T hin se c tio n  cf S p ec im en  4, T ab le  28.

20. In v o lu tin a  s e m ic o n s tr ic ta  ( W a te r s ) ..................... 263

T hin  s e c tio n  of S p e c im e n  16, T a b le  30,
V a ria n t 1.

O
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4 2 2

F ig u re

1.

2 .

3.'

4.

5.

6 -9 .

E xp lan a tio n  of P la te  11 

A ll f ig u re s  X 50

P ag e

G lo m o sp ira  a r t ic u lo s a  P l u m m e r ...................... 273

Thin s e c tio n  of S p ecim en  9, T able
32, show ing i r r e g u la r  w inding in  
tig h t kno t of tu b u la r  c h am b e r.

L itu o tu b a  s e m ip la n a , n. s p ...........................  278

T hin  s e c tio n  of S p ec im en  3, T ab le
33, m e g a lo sp h e ric  fo rm , show ing 
n e a r ly  p la n is p ir a l  co ilin g .

T o lypam m ina  cyc lo p s  G u tsch ick  and 
T r e c k m a n .......................................................................... 289

l

Thin s e c tio n  of S p ec im en  1, T ab le  35.

T o ly p am m in a  to r tu o s a  D u n n ..................................   ^01

T hin  s e c tio n  show ing in te rtw in in g  of 
tu b u la r  ch a m b e r .

T o ly p am m in a  ja c o b s c h a p e le n s is , n. s p ..............

Thin  s e c tio n  show ing p o in ted  tip  of 
p ro lo c u lu s  and p a r t ia l  f lo o r  w all.
S p ecim en  20, T ab le  36. O

A m m o v e rte lla  cf. A. in c lu s a (C ushm an
and W a te r s )   ............................................................

Thin  se c tio n s  of S pecim ens 3, 4, 5, and 
7, T ab le  40, show ing w inding tube fu sed  
in to  a un it. «
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E x p lan a tio n  o£ P la te  11 (continued)

F ig u re  P a g e

10. A m m o v e r te lla  la b y r in th a  I r e l a n d ......................311

T hin  s e c tio n  show ing c o m p lic a te d  
m a z e  of w indings of seco n d  c h a m b e r .

11. A m m o v e r te lla  cf. A. p r im a p a rv a  I re la n d  . 31 2

T hin  s e c tio n  of S pec im en  5, T ab le  43, 
show ing r e g u la r  w inding of tu b u la r  
c h a m b e r .

12. T re p e ilo p s is  r e c u rv id e n s  G u tsch ic k
and T r e c k m a n ................................................................320

T h in  s e c tio n  of S p ec im en  1, T a b le  47.

13. T re p e ilo p s is  g lo m o sp iro id e s  G u tsch ick
and  T r e c k m a n ..................................................................317

I \

T h in  se c tio n  of S p ec im en  5, T ab le  45, 
show ing i r r e g u la r  w inding abou t u p p er 
end of s p ir a l .

14. T re p e ilo p s is  s p ir a l i s  Gut s ch i ck  and
T re c k m a n   ..........................................................................324

«

T hin  se c tio n  of S p ec im en  2, T ab le  48, 
show ing sp in e  o r  sp icu le  about w hich 
tube is  wound.

15. A m m o b ach lite s  guts ch i q k i  ̂ n . s p .............................334

T hin  sec tio n , show ing p la n is p ir a l  
c o ilin g  of e a r ly  p o r tio n  and r e c t i l in e a r  
a r ra n g e m e n t of l a t e r  p o r tio n .

A
16. T ro c h a m m in a  o h io e n s is , n. s p ................................. 365

T h in  se c tio n  show ing c h a m b e r  °
a r ra n g e m e n t*  °
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E x p lan a tio n  of P la te  11 (continued) ^

F ig u re  6,0 P a g e

17. H em ig o rd iu s  m o r i l le n s is , n . s p ...............................359

© _ T hin  s e c tio n  show ing p la n is p ir a l
co ilin g  of o u te r  w h o rls .

18. A g a th am m in a  m is  s is  s ip p ia n a  , n. s p ........................351

T hin s e c tio n  show ing i r r e g u la r  co iling ; 
m uch  a l te re d . * c 4

19- S tach e ia  n eo p u p o id es , n. s p ................. ; ..............  . . 377
•t:

T hin  se c tio n  of S pec im en  3 , T ab le  59. '
' t, <*i *' f

20, 21. S tach e ia  c ic a t r ix  , n. s p . ' ..................................... 3 7 2
„  . . . ”   ■- ■ • =

21. T h in  section*of S p ec iln en  10, Tsfble 57.

.* * * * *

<P

© ©9
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