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L a t e  U p p er  O r d o v i c i a n  S o l i t a r y  Rugose  C o r a l s  
o f  E a s t e r n  N o r t h  A m er ica

1
R o b e r t  J ,  B la a s  

ABSTRACT

L a t e  U pper  O r d o v i c i a n  s o l i t a r y  r u g o s e  c o r a l s  o f  e a s t e r n  

N o r th  A m er ica  a r e  a s s i g n e d  t o  t h r e e  p r o v i n c e s  d i s t i n g u i s h e d  

on t h e  b a s e s  o f  a s s e m b l a g e s  and  c h a r a c t e r i s t i c  s p e c i e s .  The 

d i s t r i b u t i o n  o f  t h e s e  p r o v i n c e s ,  a s  w e l l  a s  t a x a  w i t h i n  

them ,  was d e t e r m i n e d  by r e g i o n a l  e n v i r o n m e n t a l  p a r a m e t e r s  

r e l a t e d  to  p a l e o g e o g r a p h y ,  The Richmond P r o v i n c e  o c c u p i e d  

a n a r r o w  b e l t  e x t e n d i n g  n o r t h w a r d  f rom  t h e  N a s h v i l l e  Dome o f  

T e n n e s s e e ,  a l o n g  t h e  C i n c i n n a t i  A rch  r e g i o n  o f  K e n t u c k y -  

I n d i a n a - O h i o ,  t o  M a n i t o u l i n  I s l a n d ,  O n t a r i o ,  and  e a s t w a r d  

t h r o u g h  s o u t h e r n  O n t a r i o  and  Quebec,  I t  c o i n c i d e d  w i t h  a  

c a r b o n a t e  p l a t f o r m  a t  t h e  m a r g in  o f  an  e p i c o n t i n e n t a l  s e a  

w h ich  was r e c e i v i n g  c l a s t i c  s e d i m e n t s  f rom  t h e  Q u e e n s to n  

d e l t a  ( O n t a r i o ,  New Y ork ,  P e n n s y l v a n i a ,  O h i o ) ,  S o l i t a r y  

c o r a l  d i v e r s i t y  was low ,  b u t  v a r i a b i l i t y  w i t h i n  s e v e r a l  

s p e c i e s  was g r e a t .  T h i s  p r o v i n c e  was i s o l a t e d  by t h e  

p o s i t i v e  C a n a d ia n  S h i e l d ,  l a c o n i c  u p l a n d ,  an d  N a s h v i l l e  

Dome, a n d  by d e e p e r  w a t e r  i n  which  t h e  M aquoke ta  s h a l e  was 

d e p o s i t e d  ( u p p e r  M i s s i s s i p p i  v a l l e y ) .

S o l i t a r y  c o r a l s  o f  t h e  M aquoketa  Group an d  c o n t i n e n t a l  

m a r g in  b e l o n g e d  t o  t h e  Red R i v e r - S t o n y  M o u n ta in  P r o v i n c e ,

 ̂ P r e s e n t  a d d r e s s :  D e p a r tm e n t  o f  f a x t h  S c i e n c e s ,  U n i v e r s i t y

o f  M a n i t o b a ,  .Vinni peg, M a n i to b a ,  Canada R3T 2N2,
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which included most of North America during the Late 
Ordovician. The vast continental interior portion was 
occupied hy shallow, interconnected epicontinental seas, 
whereas normal open marine environments were present at the 
continental margins. The Maquoketa Subprovince was 
characterized by the paucity and very low diversity of 
solitary corals in carbonate beds within shales of the 
Maquoketa Group. The diverse assemblage associated with 
carbonate sequences in the Maritime Subprovince (Anticosti 
Island and Gaspe Peninsula of Quebec, northern Maine) 
included typical continental interior species together with 
genera characteristic of North American continental margins 
and the Baltoscandian Province.

At the close of the Richmondian Stage, regression of 
the eastern North American epicontinental sea resulted in 
extinction of corals in the Richmond Province and Maquoketa 
Subprovince. The latest Ordovician (? Gamachian Stage) 
Edgewood Province coincided with a carbonate sequence 
deposited in normal open marine environments during a 
transgression into the continental interior (upper 
Mississippi valley). The solitary corals resembled those 
previously restricted to continental margins, and 
foreshadowed the cosmopolitan Silurian fauna.

Key words: Ordovician, North America, corals, taxonomy,
paleoecology, biostratigraphy, biogeography, lithofacies, 
paleogeography.
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INTRODUCTION

T h i s  s t u d y  c o m p r i s e s  a  c o m p r e h e n s i v e  t a x o n o m i c ,  

p a l e o e c o l o g i c , b i o s t r a t i g r a p h i c ,  a n d  b i o g e o g r a p h i c  a n a l y s i s  

o f  l a t e  U pper  O r d o v i c i a n  (E ic h m o n d ia n - G a m a c h ia n  -  

A s h g i l l i a n )  s o l i t a r y  r u g o s e  c o r a l s  o f  e a s t e r n  N o r t h  A m e r ic a  

( T e x t - f i g s .  1, 2 ) .

T e x t - f i g u r e  1 . — T i m e - s t r a t i g r a p h i c  s u b d i v i s i o n s  o f  t h e  

U p p e r  O r d o v i c i a n  f o r  N o r t h  A m e r ic a  ( T w e n h o f e l ,  et_ a l , 

1554) a n d  E u ro p e  ( Ingham  an d  W r i g h t ,  1 5 7 0 ) ,  i n c l u d i n g  

i n f o r m a l  s u b d i v i s i o n s  o f  t h e  R ic h m o n d ia n .

T e x t - f i g u r e  2 . — L a t e  U pper  O r d o v i c i a n  p a l e o g e o g r a p h y ,  

l i t h o f a c i e s ,  and  s o l i t a r y  r u g o s e  c o r a l  l o c a l i t i e s  i n  

e a s t e r n  N o r t h  A m e r ic a  ( c o m p i l e d  f ro m  many s o u r c e s ) .  

L o c a t i o n s :  1. C i n c i n n a t i  A rc h  r e g i o n ,  OH-IN-KY; 2 .

B u r k e s v i l l e ,  KY; 3 .  G o o d l e t t s v i l l e - G a l l a t i n ,  TN; 4 .

L i t t l e  S t u r g e o n  Bay,  WI; 5 .  L i t t l e  Bay de  Noc,  MI; 6 .  

Drummond I s l a n d ,  MI; 7 .  M a n i t o u l i n  I s l a n d ,  O n t . ;  8 .  

M e a fo r d ,  O n t . ;  5 .  S t r e e t s v i l l e ,  O n t . ;  10.  M o n t r e a l ,  Q u e . ;

11 .  Lake  S t .  J o h n ,  Q u e . ;  12.  N3 Io w a ;  13 ,  S3 Iowa-NE 

I l l i n o i s ;  14. T h e b e s ,  I L ;  15. A r b u c k l e  M o u n t a i n s ,  OK;

16.  Cape G i r a r d e a u  C o . ,  MO; 17. P i k e  C o . ,  MO; 18 .  W i l l  

C o . ,  I L ;  15.  P e n o b s c o t  C o . ,  ME; 2 0 .  A s h l a n d ,  ME; 21 .  

P e r c e ,  Q u e . ; 22 .  A n t i c o s t i  I s l a n d ,  Que.
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T e x t - f i g u r e  1 . — T i m e - s t r a t i g r a p h i c  s u b d i v i s i o n s  o f  t h e  U pper  

O r d o v i c i a n  f o r  K o r t h  A m e r ic a  ( T w e n h o f e l ,  et_ a l ,  1934) and  

l u r o p e  ( Ingham  and  W r i g h t , 1 S 7 0 ) , i n c l u d i n g  i n f o r m a l  

s u b d i v i s i o n s  o f  t h e  R ic h m o n d ia n .
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T e x t - f i g u r e  2 . — L a t a  Upper  O r d o v i c i a n  p a l e o g e o g r a p h y ,  

l i t h o f a c i e s ,  and  s o l i t a r y  r u g o s e  c o r a l  l o c a l i t i e s  i n  e a s t e r n  

N o r t h  A m e r ic a  ( c o m p i l e d  f rom  many s o u r c e s ) .  L o c a t i o n s :  1.

C i n c i n n a t i  A rc h  r e g i o n ,  CH-IN-KY; 2 .  E u r k e s v i l l e ,  KY; 3»

C - o o d l e t t s v i l l e - C - a l l a t i n ,  TN; -4. L i t t l e  S t u r g e o n  L a y ,  WI;

5. L i t t l e  l a y  de Noc, MI; 6 .  Drummond I s l a n d ,  MI; 7 .  

M a n i t o u l i n  I s l a n d ,  O n t . ;  8 .  M e a fo r d ,  O n t . ;  9 .  S t r e e t s v i l l e ,  

O n t . ;  10. M o n t r e a l ,  Q u e . ;  11. Lake S t .  J o h n ,  Q u e . ;  12.

N3 Iow a;  13. S3 Iowa-KE I l l i n o i s ;  14. T h e b e s ,  I L ;  18.

A r b u c k l e  M o u n t a i n s ,  OK; 16. Cape G i r a r d e a u  C o . ,  110; 17.

P i k e  C o . ,  MO; 18. W i l l  C o . ,  IL ;  19.  P e n o b s c o t  C o . ,  M3;

20 .  .A sh land ,  113; 21 .  P e r c e ,  Q u e . ;  22 .  A n t i c o s t i  I s l a n d ,

Que.
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F i e l d  work i n  M i s s o u r i ,  T e n n e s s e e ,  K e n tu c k y ,  I n d i a n a ,

O h io ,  n o r t h e r n  M ic h i g a n ,  an d  s o u t h e r n  O n t a r i o  i n  t h e  summers 

o f  1977  an d  1978 p r o v i d e d  e x t e n s i v e  c o l l e c t i o n s  a s  w e l l  a s  

p a l e o e c o l o g i c  and  s t r a t i g r a p h i c  d a t a .  I n  o r d e r  t o  e n s u r e  

s t r a t i g r a p h i c  c o n t r o l ,  a l l  s e c t i o n s  exam ined  h a v e  b e e n  

d e s c r i b e d  i n  t h e  l i t e r a t u r e ,  o r  a r e  n e a r  d e s c r i b e d  s e c t i o n s  (see 

L o c a l i t i e s  and t h e  t e x t ) .  The l i t h o l o g y  an d  b i o t a  were  

o b s e r v e d  a t  e a c h  l o c a l i t y ,  and  a n  e x t e n s i v e  s e a r c h  f o r  

s o l i t a r y  c o r a l s  was made.  Where p r e s e n t ,  t h e i r  e x a c t  

s t r a t i g r a p h i c  p o s i t i o n  was r e c o r d e d .  R e l a t i v e  a b u n d a n c e  

was e s t i m a t e d  q u a l i t a t i v e l y  ( r a r e ,  s p a r s e ,  uncommon, common, 

a b u n d a n t ) ,  w i t h  r a r e  m e a n in g  one t o  s e v e r a l  c o r a l l i t e s  were  

f o u n d  a n d  a b u n d a n t  m e a n in g  t h e y  were  so  p r o l i f i c  i t  was n o t  

f e a s i b l e  t o  c o l l e c t  a l l  t h e  s p e c i m e n s .  When p o s s i b l e ,  

o r i e n t a t i o n  on b e d d i n g  s u r f a c e s  was n o t e d .  A l l  c o r a l l i t e s  

s e e n  were  c o l l e c t e d .  A t  t h e  few  h o r i z o n s  w here  t h e y  w ere  

a b u n d a n t ,  t h e  s e a r c h  was t e r m i n a t e d  when a  r e l a t i v e l y  

l a r g e  num ber  h ad  b e e n  f o u n d .  A lm o s t  one t h o u s a n d  s p e c i m e n s  

w ere  c o l l e c t e d  f o r  t h i s  s t u d y .

I n  t h e  C i n c i n n a t i  A rc h  r e g i o n ,  34 l o c a l i t i e s  were  

e x am in ed  i n  o r d e r  t o  p r e p a r e  14 c o m p o s i t e  s e c t i o n s  ( T e x t -  

f i g .  3 ) .  D a t a  f o r  h o r i z o n s  n o t  s e e n  i n  t h i s  s t u d y  were  

o b t a i n e d  f ro m  t h e  l i t e r a t u r e .  F o u r  l o c a l i t i e s  n e a r  

B u r k e s v i l l e ,  K e n t u c k y ,  an d  t h r e e  i n  t h e .  C - o o d l e t t s v i l l e -  

G a l l a t i n  a r e a  o f  T e n n e s s e e  p r o v i d e d  d a t a  f o r  c o m p o s i t e  

s e c t i o n s  15 an d  16 ( T e x t - f i g .  3 ) .  C o m p o s i te  s e c t i o n  17 a t
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L i t t l s  Bay de Noc,  M ic h i g a n ,  i s  b a s e d  on t h r e e  l o c a l i t i e s  

a n d  t h e  l i t e r a t u r e  ( T e x t - f i g .  1 8 ) .  S t r a t i g r a p h y  a t  

Drummond an d  M a n i t o u l i n  I s l a n d s  i s  shown i n  c o m p o s i t e  

s e c t i o n  18 -19  ( T e x t - f i g .  1 8 ) .  T h r e e  s e c t i o n s  were  s t u d i e d  

on Drummond I s l a n d .  Of 25 e x p o s u r e s  s e e n  on M a n i t o u l i n  

I s l a n d ,  s i x  h a v e  i m p o r t a n t  s o l i t a r y  c o r a l - b e a r i n g  h o r i z o n s .

I n  e a s t e r n  M i s s o u r i ,  s e c t i o n s  2 0 a ,  b i n  Cape G i r a r d e a u  Co. 

a n d  s e c t i o n s  2 1 a ,  b i n  P i k e  Co. w ere  exam ined  ( T e x t - f i g .  2 1 ) .

A p p r o x i m a t e l y  one t h o u s a n d  c o r a l l i t e s  f ro m  many o f  

t h e  a b o v e  a r e a s  a n d  f ro m  c o l l e c t i o n s  made e l s e w h e r e  i n  

e a s t e r n  N o r t h  A m e r ic a  w ere  o b t a i n e d  on l o a n .  Most s p e c i m e n s  

f ro m  t h e  C i n c i n n a t i  A r c h  r e g i o n ,  M i c h i g a n ,  O n t a r i o ,  a n d  

Quebec w ere  c o l l a t e d  by A .P .  F o e r s t e .  Y/.H. Twenhof  e l*  s 

e x t e n s i v e  c o l l e c t i o n  was t h e  m a j o r  s o u r c e  o f  m a t e r i a l  f ro m  

A n t i c o s t i  I s l a n d ,  Q uebec ,  S o l i t a r y  c o r a l s  f ro m  M aine  w ere  

c o l l e c t e d  by R .B.  Neuman (U .S .  G e o l o g i c a l  S u r v e y ) .

C o m p o s i t e  s t r a t i g r a p h i c  s e c t i o n s  f o r  a r e a s  n o t  s e e n  i n  t h i s  

s t u d y  a r e  b a s e d  on l i t e r a t u r e  c i t e d  i n  t h e  t e x t  ( T e x t - f i g s .  

18 ,  21 ,  2 2 ) .

M o r p h o l o g i c a l  a n d  d e s c r i p t i v e  t e r m i n o l o g y  u s e d  h e r e i n  

f o l l o w s  E l i a s  ( 1 9 7 6 ,  p .  1 1 - 1 3 ) .  I n  o r d e r  t o  d e t e r m i n e  

i n t e r n a l  m o r p h o lo g y ,  m os t  c o r a l l i t e s  w ere  s e c t i o n e d  

t r a n s v e r s e l y  i n  s e v e r a l  p l a c e s  a n d  a  r e l a t i v e l y  s m a l l  

number  w ere  s e c t i o n e d  l o n g i t u d i n a l l y .  T h i n  s e c t i o n s  o f  

more t h a n  300 c o r a l l i t e s  h a v e  b e e n  p r e p a r e d .

R e p o s i t o r i e s  o f  s p e c i m e n s  a r e  a b b r e v i a t e d  a s  f o l l o w s :
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GSC ( G e o l o g i c a l  S u r v e y  o f  C an a d a ,  O t t a w a ) ,  LU ( L a u r e n t i a n  

U n i v e r s i t y ,  S u d b u ry ,  O n t a r i o ) ,  ROM (R o y a l  O n t a r i o  Museum, 

T o r o n t o ) ,  SIU ( S o u t h e r n  I l l i n o i s  U n i v e r s i t y ,  C a r b o n d a l e ) ,  

SUI ( S t a t e  U n i v e r s i t y  o f  I o w a ) ,  UCGM ( U n i v e r s i t y  o f  

C i n c i n n a t i  G e o l o g i c a l  Museum),  UI ( U n i v e r s i t y  o f  I l l i n o i s  

a t  U r  t a n a -C h a m p a  i  g n ) ,  UI/IMP ( U n i v e r s i t y  o f  M ic h i g a n  Museum 

o f  P a l e o n t o l o g y ) ,  USGS (U .S .  G e o l o g i c a l  S u r v e y ,  S m i t h s o n i a n  

I n s t i t u t i o n ,  W a s h in g to n ,  D . C . ) ,  USNM (U .S .  N a t i o n a l  Museum, 

S m i t h s o n i a n  I n s t i t u t i o n ,  W a s h i n g to n ,  D . C . ) ,  YPM (P eab o d y  

Museum, Y a l e  U n i v e r s i t y ) .
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I  e x t e n d  my s i n c e r e  t h a n k s  t o  K e n n e th  3 .  C a s t e r  

( m a j o r  a d v i s o r ) ,  D av id  L. M eyer ,  an d  P a u l  Edwin P o t t e r  o f  

t h e  U n i v e r s i t y  o f  C i n c i n n a t i ,  u n d e r  whose s u p e r v i s i o n  t h i s  

P h .D .  d i s s e r t a t i o n  was w r i t t e n .  I  am g r a t e f u l  t o  t h e  

f o l l o w i n g  f o r  p r o v i d i n g  i n f o r m a t i o n  on s t r a t i g r a p h i c  

s e c t i o n s  i n  t h e  a r e a s  i n d i c a t e d :  K en tu ck y  -  R .C.  K e p f e r l e ,

R.Q. L e w is ,  S r . ,  "/. L. P e t e r s o n ,  an d  Vv’C Sw ad ley  (U .S .  

G e o l o g i c a l  S u r v e y ) ;  M i s s o u r i  -  I . R .  S a t t e r f i e l d  ( M i s s o u r i  

G e o l o g i c a l  S u r v e y ) ,  P.M. S h e e h a n  (M ilwaukee  P u b l i c  Museum);  

I l l i n o i s  -  T. G u e n s b u rg  ( U n i v e r s i t y  o f  I l l i n o i s  a t  U r b a n a -  

C h a m p a i g n ) ; M a n i t o u l i n  I s l a n d ,  O n t .  -  P.  C opper  ( L a u r e n t i a n  

U n i v e r s i t y ) ;  A n t i c o s t i  I s l a n d ,  Que. -  T .E .  B o l t o n  

( G e o l o g i c a l  S u r v e y  o f  C a n a d a ) ;  P e r c e ,  Que. -  P . J .

L e s p e r a n c e  ( U n i v e r s i t y  o f  M o n t r e a l ) ;  M aine  -  R .B .  Neuman 

(U .S .  G e o l o g i c a l  S u r v e y ) .  The f o l l o w i n g  l o a n e d  s p e c i m e n s  

f ro m  t h e  r e p o s i t o r i e s  i n d i c a t e d :  T .E .  B o l t o n  (GSC), P.

C o p p e r  (LU),  J .  Y /adding ton  (ROM), T. G u e n s b u rg  ( S I U ) ,  H .L .  

S t r i r n p l e  ( S U I ) ,  D .B .  B l a k e  ( U I ) ,  R.V.  K e s l i n g  (UKMP), V/.A. 

O l i v e r ,  J r . - a n d  R .B .  Neuman (USGS), F . J .  C o l l i e r  (USNM),

J . S .  LavwLess (YPM)» I  t h a n k  P e r - E r i k  L i t z  ( U n i v e r s i t y  o f  

C i n c i n n a t i )  f o r  p r e p a r a t i o n  o f  t h i n  s e c t i o n s .  V/.A. O l i v e r ,  

J r . ,  i n  c o o p e r a t i o n  w i t h  F . J .  C o l l i e r ,  s u p e r v i s e d  

s e c t i o n i n g  o f  USNM an d  m o s t  USGS s p e c i m e n s .

T h i s  s t u d y  w ould  n o t  h a v e  b e e n  p o s s i b l e  w i t h o u t  t h e  

f o l l o w i n g  g e n e r o u s  f i n a n c i a l  s u p p o r t :  G e o l o g i c a l  S o c i e t y

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



1 2

o f  A m er ica  G r a n t  ( 1 9 7 7 ) ,  Sigma Xi  G r a n t - i n - A i d  ( 1 9 7 7 ) ,  U .S .  

n a t i o n a l  Academy o f  S c i e n c e s  J . H .  Bache  Fund G r a n t  ( 1 9 7 7 ) ,  

U n i v e r s i t y  o f  C i n c i n n a t i  Summer R e s e a r c h  F e l l o w s h i p s  (1 9 7 7 ,  

1 9 7 8 ) ,  U n i v e r s i t y  o f  C i n c i n n a t i  D e p a r t m e n t  o f  G e o lo g y  Funds  

( 1 9 7 7 ,  1 9 7 8 ) .
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Tho L a t e  0:. do . i c i a n  L a c o n i c  F o u n t a i n s  a l o n g  t h e  

c o n t i n e n t a l  r n ;  t i n  o l  No: t h  Arne: i c a  wore t h e  s o u r c e  o f  t h e  

R i c h m o n d ia n  c l a s t i c  wodga d e p o s i t e d  on t h e  c r a t o n  (R .B .  

Neuman, 1S 7 6 ; D a n n ie  on ,  1576) ( T e x t - f i g .  2 ) .  N e a r e s t  t h e  

u p l i f t ,  t h e  J u n i a t a  f o r m a t i o n  c o m p r i s e s  c o n t i n e n t a l  c h a n n e l  

and  over  l a n k  s a n d s t o n e s  v/it lr some s i l t  s t o n e s  said s h a l e s .

D i e t  a l l y ,  i t  c o n s i s t s  o f  l o ’.ver d e l t a  p l a i n  r e d b e d s  w h ic h  

g r a d e  i n t o  t h e  g i a y i s h  r e d  d e l t a i c  s h a l e s  an... s i l t s t o n e s  o f  

t h e  Q u e e n s t o n  F o r m a t i o n .  The S e q u a t c h i e  F o r m a t i o n  and  

Richmond Group c a r h o n a t e  l o c k s  and  s h a l e s ,  and  t h e  i l a q u o k e t a  

G roup  s h a l e s  were  d e p o s i t e d  i n  a n  e p i c o n t i n e n t a l  s e a .  The 

Richmond Group t h i n s  an d  i t s  d o l o m i t e  a n d  a r e n a c e o u s  c o n t e n t  

i n c r e a s e s  a l o n g  t h e  C i n c i n n a t i  A r c h ,  w h ich  was p r o b a b l y  a  

s u b t l e  p l a t f o r m ,  t o  t h e  p o s i t i v e  N a s h v i l l e  Dome. The 

c a r b o n a t e  a n d  a r e n a c e o u s  c o n t e n t  o f  t h e  M aq u o k e ta  Group 

i n c r e a s e s  an d  i t s  t h i c k n e s s  d e c r e a s e s  t o w a r d  t h e  

T r a n s c o n t i n e n t a l  an d  W i s c o n s i n  A r c h e s  a n d  t h e  O za rk  Dome, 

w h ic h  w ere  s l i g h t l y  p o s i t i v e .  I n  g e n e r a l ,  R ic h m o n d ia n  

s e d i m e n t a t i o n  i n  e a s t e r n  N o r t h  A m e r i c a  was a f f e c t e d  by 

p o s i t i v e  s t r u c t u r e s  r a t h e r  t h a n  w e l l  d e f i n e d  s u b s i d i n g  

b a s i n s .  The t y p i c a l l y  r e g r e s s i v e  s t r a t i g r a p h i c  s e q u e n c e s  

may r e f l e c t  a  e u s t a t i c  s e a - l e v e l  d r o p  a c c o m p a n y in g  L a t e  

O r d o v i c i a n  g l a c i a t i o n  c e n t e r e d  i n  A f r i c a  ( B e r r y  a n d  B o u c o t ,

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



1 4

1973; D e n n i s o n ,  1 9 7 6 ) .

F o l l o w i n g  a  p e r i o d  o f  p o s t - M a q u o k e t a  e r o s i o n ,  a  t h i n  

u n i t  o f  u p p e r m o s t  O r d o v i c i a n  c a r b o n a t e  r o c k s  f o rm e d  i n  t h e  

A r t u c k l e  M o u n ta in  a r e a  o f  Oklahoma,  i n  e a s t e r n  M i s s o u r i -  

w e s t e r n  I l l i n o i s ,  a n d  n o r t h e r n  I l l i n o i s .  T h e s e  d e p o s i t s  

r e p r e s e n t  t h e  i n i t i a l  s t a g e  o f  a  t r a n s g r e s s i o n  p o s s i b l y  

r e l a t e d  t o  d e g l a c i a t i o n .

On t h e  c o n t i n e n t a l  m a r g i n ,  a  t h i c k  c a r b o n a t e - s h a l e  

s e q u e n c e  was d e p o s i t e d  a t  A n t i c o s t i  I s l a n d ,  and  a  c a r b o n a t e -  

m u d s to n e  u n i t  fo rm ed  a t  G asps  P e n i n s u l a .  T h e se  c a r b o n a t e  

r o c k s  g r a d e  i n t o  a  v e r y  t h i c k  s e q u e n c e  o f  p o l y m i c t  

c o n g l o m e r a t e s ,  g r a y w a c k e s ,  an d  s i l t s t c n e s  i n  n o r t h e r n  M a i n e . 

L a t e  Upper O r d o v i c i a n  c o n g l o m e r a t e s ,  g r a y w a c k e s ,  q u a r t  s i t e s ,  

s l a t e s ,  and  v o l c a n i c  r o c k s  a r e  p r e s e n t  i n  Nova S c o t i a  and  

N e w fo u n d la n d .  L l a c k  g r a p t o l i t i c  s h a l e  o f  t h e  P o l k  C re e k  

F o r m a t i o n  o c c u r s  i n  t h e  O u a c h i t a  M o u n ta i n s  o f  A r k a n s a s  an d  

ioma.

L a t e  Upper" O r d o v i c i a n  s o l i t a r y  r u g o s e  c o r a l s  a r e  f o u n d  

a l m o s t  e x c l u s i v e l y  i n  c a r b o n a t e  r o c k s .  They a r e  m o s t  common 

i n  t h e  P ichmond C ro u p ,  i n  c a r b o n a t e s  o f  t h e  c o n t i n e n t a l  

m a r g i n ,  and  i n  t h e  u p p e r m o s t  O r d o v i c i a n  c a r b o n a t e  u n i t  

o v e r l y i n g  t h e  M aquoke ta  Group ( T e x t - f i g .  2 ) .  S o l i t a r y  c o r a l s  

a r e  s p a r s e  i n  car  D o n a te  b e d s  w i t h i n  t h e  1 ' Iaeuoke ta .  They a r e  

a s s o c i a t e d  w i t h  c a l c a r e o u s  d e b r i s  i n  t h e  c l a s t i c  s e q u e n c e  o f  

n o r t h e r n  M aine .
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The Richmond C: oup fo im c  a  n a n  ov, c a r b o n a t e  b e l c  

e x t e n d i n g  f :: on t h e  l i a s l i v i l l a  Dome i n  T e n n e s s e e  a lo n : ,  t h e  

C i n c i n n a t i  A rch  a c t i o n  o f  " a n t u c ky - I n d i a n a  —Ohio t o  n o r t h e r n  

M ic h i g a n  and I f a n i t o u l i n  I  e l a n d ,  C n ta i  i o  ( T e x t - f i g .  2 ) .  I t  

v/as d e p o s i t e d  a t  t h e  mac g i n  o f  an  o p i c o n t i n e n t a l  s e a  b e tw e e n  

t h e  Q u e e n s t o n  d e l t a i c  s h a l e s  an d  Maquoketa m a r i n e  s h a l e s .

I n  g e n e i  a l , t h e  g i o u p  cornpi i s e s  a  r e g r e s s i v e  s e q u e n c e  

i n c l u d i n g  c h a i a c t e c i s t i c  i n t e c b e d d e d  c a r b o n a t e s  and  s h a l e s ,  

c a r b o n a t e  u n i t s ,  and  h o i - i r o n s  o f  a b u n d a n t  c o l o n i a l  c o r a l s  anc 

s t i  om atopo i  o i a s .  An i n c u r s i o n  o f  t h e  Richmond C-rouc o c c u r s  

a t  t h e  t o p  o f  t h e  M aq u o k e ta  i n  t h e  G re e n  Bay,  W i s c o n s i n ,  

a r e a .  I n  t h e  v i c i n i t y  o f  M e a f o r d ,  S t r e e t s v i l l e ,  an d  

M o n t r e a l  i n  s o u t h e r n  O n t a r i o  an d  Q uebec ,  t h e  Richmond Group 

i s  o v e r l a i n  by  s e d i m e n t s  o f  t h e  p r o g r a d i n g  Q u e e n s t o n  d e l t a .  

An o u t l i e r  i n c l u d i n g  Richmond s t r a t a  i s  p r e s e n t  a t  Lake  S t .  

J o h n ,  Q uebec .  A l t h o u g h  t h e  Richmond Group i s  s e ld o m  

l i t h o l o g i c a l l y  d i s t i n c t  f r o m  t h e  u n d e r l y i n g  D d e n i a n -  

M a y s v i l l i a n " s e q u e n c e ,  t h e  t e r m  i s  r e t a i n e d  h e r e i n  f o r  

r e f e r e n c e  t o  t h i s  b e l t  o f  R i c h m o n d i a n  s t r a t a  h a v i n g  a  

s i m i l a r  d e p o s i t i o n a l  h i s t o r y  a n d  f a u n a .
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S t :  a t i ;  t w h y  

?; i o i  t o  I 9 6 0 ,  s t i a t i g . i a p h . i c  s u b d i v i s i o n  o f  t h e  

Richmond Gi oup i n  t h e  C i n c i n n a t i  Ai cli r e g i o n  ( T e x t - f i g .  2,  

n o .  1) was h a s  3d on f a u n a l  s a n a t i o n ,  an d  r e s u l t e d  i n  

: e c o g n i t i o n  o f  t h e  Ai n h e im ,  Y / a y n e s v i l l e ,  L i b e r t y ,  Y d i i t a w a t e r , 

and  d l k l i o m  f o r m a t i o n s .  The h i s t o r y  o f  d e v e l o p m e n t  o f  t h i s  

c l a s s i f i c a t i o n  was r e v i e w e d  by V.'eiss and  Norman ( 1 5 6 0 ) .

T h e s e  d i v i s i o n s  a r e  now v i e w e d  a s  i n v a l i d  r o c k - s t r a t i g r a p h i c  

u n i t s ,  b u t  h a v e  commonly t e e n  u s e d  i n  t h e  s e n s e  o f  t i n e -  

s t r a t i g r a p h i c  s u b d i v i s i o n s  o f  t h e  h i c h n o n d i a n  S t a g e .  They a r e  

u s e d  i n f o r m a l l y  a s  s u c h  he r  e i n  ( T e x t - f i g .  1 ) .

S i n c e  1561, when t h e  Cods o f  S t r a t i g r a p h i c  N o m e n c l a t u r e  

was p u b l i s h e d  by t h e  A m e r i c a n  Com m iss ion  o f  S t r a t i g r a p h i c  

i l o m e n c l a t u i  e , a t t e m p t s  h a v e  b e e n  made t o  s u b d i v i d e  t h e  

C i n c i n n a t i a n  s e q u e n c e  l i t h o s t r a t i g r a p h i c a l l y . I n  I n d i a n s . ,  

t h i s  h a s  t e e n  done  by  Pox  ( 1 5 5 2 ) ,  I ro v .n  an d  L i n e b a c k  ( 1 5 6 6 ) ,  

and  Gray ( 1 9 7 2 ) .  S u b d i v i s i o n  by Gray  (1 9 7 2 ,  t a b l e  1) i n t o  

t h e  D i l l s t o r o  f o r m a t i o n  an d  V .h i t e w a te r  F o r m a t i o n  w i t h  S a l u d a  

member i s  f o l l o w e d .  R i c h m o n d ia n  s t r a t a ,  on t h e  n o r t h e a s t e r n  

s i d e  o f  t h e  C i n c i n n a t i  A rc h  r e g i o n  a r e  l i t h o l o g i e a l l y  

s im i l a r -  t o  t h o s e  i n  I n d i a n a ,  an d  G r a y ’ s c l a s s i f i c a t i o n  i s  

h e r e i n  e x t e n d e d  i n t o  O h io .  I n  K e n t u c k y ,  t h e  Richmond Group 

h a s  b e e n  l i t h o s t r a t i g . i a p h i c a l l y  s u b d i v i d e d  t h r o u g h  t h e  

m a p p in g  pi ogram o f  t h e  U . S .  G e o l o g i c a l  S u r v e y  i n  c o o p e r a t i o n  

w i t h  t h e  K e n tu c k y  G e o l o g i c a l  S u r v e y .  T h e se  u n i t s  h a v e  b e e n
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d e s c r i b e d  on U .S .  G e o l o g i c a l  S u rv e y  Q u a d r a n g l e  Maps, and  

d i s c u s s e d  by Weir-, G r e e n e ,  a n d  Simmons ( 1 9 6 5 ) ,  Peck  ( 1 9 6 6 ) ,  

Simmons a n d  O l i v e r  ( 1 9 6 7 ) ,  an d  P e t e r s o n  ( 1 9 7 0 ) .

The PLichmond Group o f  t h e  C i n c i n n a t i  A r c h  r e g i o n  i s  

o v e r l a i n  by t h e  M id d l e  H a n d o v e r i a n  (Lower  S i l u r i a n )

B r a s s f i e l d  F o r m a t i o n .  The c o n t a c t  i s  g e n e r a l l y

d i s c o n f o r m a b l e ,  b u t  a  p a r a c o n f o r m i t y  e x i s t s  i n  t h e  e a s t e r n

p a r t  o f  t h e  r e g i o n  (G ray  a n d  B o u c o t ,  1972,  p .  1 3 0 1 ) .

S o u t h e a s t . On t h e  s o u t h e a s t e r n  s i d e  o f  t h e  C i n c i n n a t i  A rch  

r e g i o n  ( T e x t - f i g .  3 ,  s e c t i o n s  6 - 9 ) ,  t h e  A s h l o c k  F o r m a t i o n ,

T e x t - f i g u r e  3«— O h io ,  I n d i a n a ,  K e n t u c k y ,  an d  T e n n e s s e e :  

Richmond Group s t r a t i g r a p h i c  s e c t i o n s  t o  s c a l e  an d  

d i s t r i b u t i o n  o f  s o l i t a r y  r u g o s e  c o r a l s  ( S t r e p t e l a s m a  and  

G r e w i n g k i a ) ( s e e  L o c a l i t i e s ) .

w h i c h  i s  p a r t l y  m a y s v i l l i a n  i n  a g e ,  i s  o v e r l a i n  by t h e  

D r a k e s  F o r m a t i o n .  The T e r r i l l  Member o f  t h e  A s h l o c k  F o r m a t i o n  

c o n s i s t s  p, imar i l y  o f  e v e n l y  l a m i n a t e d ,  g r e e n i s h  g r a y ,  

d c l o m i t i c  m u d s t o n e ,  h i p p i e  m a rk s  an d  mud c r a c k s  3 .1  3 l o c a l l y  

common. E r y o r o a n s  a n d  b r a e h i o p o d s  a r e  o c c a s i o n a l l y  s p a r s e  

a t  t h e  b a s e ,  and  s m a l l  s t r o m a t o l i t e s  a r e  so m e t im e s  fo u n d  

n e a r  t h e  t o p  o f  t h e  member ( h e i r ,  G r e e n e ,  and  Simmons, 1965, 

p .  1 3 ) .  The u n i t  i s  s i l t y  i n  t h e  v i c i n i t y  o f  s e c t i o n s  7 and 

8, and  becomes  more s h a l y  t o  t h e  n o r t h  a t  s e c t i o n  9. The
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T e x t - f i g u r e  3 . — O h io ,  I n d i a n a ,  K e n t u c k y ,  a n d  T e n n e s s e e :  

Richmond Group s t r a t i g r a p h i c  s e c t i o n s  t o  s c a l e  an d  

d i s t r i b u t i o n  o f  s o l i t a r y  r u g o s e  c o r a l s  ( S t r e p t e l a s m a  an d  

G r e w i n g k i a ) ( s e e  L o c a l i t i e s ) .
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b a s a l  p o r t i o n  o f  t h e  o v e r l y i n g  Reba Member, A s h l o c k  F o r m a t i o n ,  

c o n s i s t s  o f  g r a y ,  m i c r i t i c  l i m e s t o n e  w i t h  s p a r s e  o s t r a c o d s  and  

a b u n d a n t  c y l i n d r i c a l  b u i r o w s  p e r p e n d i c u l a r  t o  b e d d i n g  p l a n e s  

i n  s o u t h e r n  l o c a l i t i e s .  The u p p e r p o r t i o n  i s  w a v y -b e d d e d ,  

s i l t y ,  medium ': m ined  l i m e s t o n e  t h a t  gener  a l l y  becomes  

a r g i l l a c e o u s  t o w a r d  t h e  t o p  and c o n t a i n s  a b u n d a n t  h i y o r o a n s  

and  hi a c h i o p o d e  ('.Voir , G r e e n e ,  and  Simmons, 1$6p,  p .  1 3 ) .

The Rowland i.dember f o rm s  t i re  lo v /e r  p a r t  o f  t h e  

over  l y i n g  b r a k e s  F o r m a t i o n .  I t  c o n s i s t s  o f  l a m i n a t e d ,  

gr e e n i s i r  g r a y , d o l c m i t i c  or l i m y ,  s i l t y  m u d s t o n e .  The u n i t  

becomes l e s s  s i l t y  b u t  inca  e a s i n g l y  d o l o m i t i c  and  a r g i l l a c e o u s  

t o  t h e  n o r t h .  L e a d i n g  s u r f a c e s  s o m e t im es  h a v e  r i p p l e  m arks  

or mud c r a c k s .  M e g a f o s s i l s  a r e  a b s e n t  t o  r a r e  (V/eii ,

G r e e n e ,  and  Simmons, 1263,  p .  1 7 ) .  The u p p e r m o s t  R ic h m o n d ia n  

u n i t  i s  t h e  Pr e a c h e r  s v i l l e  Member o f  t h e  br  a k e s  For m a t i o n .

I t  i s  s i m i l a r  t o  t h e  howl an d  Member', b u t  c o n t a i n s  a r g i l l a c e o u s  

d o l o m i t e  and  d o l o m i t i c  l i m e s t o n e  i n  i e s i s t a n t  t e d s  t h a t  a r e  

commonly t h i c k e r  n e a r  t h e  b a s s  o f  t h e  member and  i n c r e a s e  i n  

a b u n d a n c e  n o r t h w a r d .  P o o r l y  p r e s e r v e d  b r y o s o a n s  a n d  s p a r s e  

b r a  c h i  o pods  occu r  i n  some b e d s  (Y/eir ,  G r e e n e ,  and  Simmons,

1563,  p.  1 8 ) .  The C t t e :  C re a k  c o r a l  t e a  i s  l o c a l l y  p r e s e n t  

a t  t h e  b a s e  o f  t h e  P r e a c h e r s v i l l e  Member i n  t h e  v i c i n i t y  o f  

s e c t i o n s  6 .and 7 (Simmons and  O l i v e r ,  1 5 6 7 ) .  I t  i s  u s u a l l y  

l e s s  t h a n  a  meter  t h i c k ,  and  c o n s i s t s  o f  g r a y ,  g e n e r a l l y  

medium g r a i n e d ,  a i  g i l l a c e o u s  l i m e s t o n e  w i t h  a b u n d a n t  c o l o n i a l  

c o r a l s  o f  t h e  g e n e r a  C a l a n o a c i a ,  F o e r s t e c h y  111; n , and
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T e t r a d i u m . A lso  common a r e  s o l i t a r y  c o r a l s ,  c y l i n d r i c a l  

s t r o r n a t o p o r o i d s ,  and  b r a c h i o p o d s .

b o a t  i n v e s t . Cn t h e  s o u t h w e s t e r n  s i d e  o f  t h e  C i n c i n n a t i  A rch

2 e< i o n  ( T e x t - f i t . . 3, s e c t i o n s  3, 4 ) ,  t h e  G r a n t  Lake  L i m e s t o n e  

i s  o v e r l a i n  by t h e  b r a k e s  f o r m a t i o n .  The t y p e  G i a n t  Lake 

L i m e s t o n e  on t h e  e a s t e r n  s i d e  o f  t h e  C i n c i n n a t i  A rch  i s  

I C a y s v i l l i a n  i n  ay e  (Peel '; , 1955, p .  14, 1 6 ) ,  b u t  on t h e

; o u t h w e s t a x n  s i d e  i t  e x t e n d s  i n t o  t h e  k i c h m o n d i a n .  The u n i4 -i- 0

c o n s i s t s  o f  i i r e g u l a r  l y  bedded,,  s i l t y  and  a r g i l l a c e o u s ,  y r& y , 

f o s s i l i f e r o u s  l i m e s t o n e ,  and  s h a l e  i n  d i s c o n t i n u o u s  b e d s  and 

p a r t i n y  s .  T h i c k  c. o s s - t a d d e d  r o n e s  o f  l i m e s t o n e  occur  

l o c a l l y .  Ik a c h i o p o d s  and  b r y o r o a n s  a : a  a b u n d a n t , e s p e c i a l l y  

i n  t h e  l i m e s t o n e .  To t h e  s o u t h ,  t h e  p o r t i o n  o f  G i a n t  Lake 

L i m e s t o n e  a t  t h e  b a s e  o f  t h e  k i c h m o n d i a n  yia.de:, i n t o  t h e  

G i l b e r t  I-I ember o f  t h e  A s h l o c k  f o r m a t i o n  ( ’.Veil", G r e e n e ,  and  

Simmons, 1953,  p.  1 2 ) .  T h i s  member, i n - ' t h e  v i c i n i t y  o f  

s e c t i o n  4 ,  c o n s i s t s  o f  e v e n l y  t o  w a v y - b e d d e d ,  y r n y ,  

f o s s i l i f e : o u s  l i m e s t o n e  w i t h  y i a y  s h a l e  par  t i n y s  and  

i n t a i b e d s .  I t  c o n t a i n s  b r a c h i o p o d s  and y a s t i o p o d s ,  w i t h  

s t r o r n a t o p o r o i d s  n e a r  t h e  t o p .

The Lowland Id so b e r  a t  t h e  b a s e  o f  t h e  D r a k e s  f o r m a t i o n  

i s  s i m i l a r  t o  t h e  member on t h e  s o u t h e a s t e r n  s i d e  o f  t h e  

a r c h ,  b u t  i s  more c a l c a r e o u s  an d  f o s s i l i f  ex o u s .  The 

o v e r l y i n y  L a r d s t o w n  II ember - c o n s i s t s  o f  y r a y ,  s i l t y  and  

a i  y i l i a c s o u s  l i m e s t o n e  i n  d i s c o n t i n u o u s  and  l e n t i c u l a r  b e d s ,  

w i t h  s p a r s e  t o  a b u n d a n t  f o s s i l s  and  f o s s i l  f r a g m e n t s
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( P e t e r s o n ,  1 9 7 0 ) .  Common f o s s i l s  i n c l u d e  b r a c h i o p o d s ,  

b r y o z o a n s ,  s o l i t a r y  c o r a l s ,  and  m o l l u s c s .  The c o l o n i a l  c o r a l s  

T e t r  a d i u n , f o e r  s t o p h y l l u m , i ' a u i s t i n a , and  C a l a r o e c i a  fo rm  

pi o rn inen t  .‘.o n es .  The S a l u d a  D o lo m i t e  Id ember o c c u r s  a t  t h e  

t o p  o f  t h e  D r a k e s  P o i n a t i o n .  At  i t s  b a s e ,  t h e  d o l o m i t e  i s  

t h i n l y  b e d d e d ,  c a l c i t i c ,  s i l t y ,  and  a r g i l l a c e o u s .  Above t h i s ,  

i t  a p p e a l s  m a s s i v e  i n  o u t c r o p  and  i s  g e n e r a l l y  u n f o s s i l i f e r o u s . 

I n  t h e  upper- p a r t ,  i t  i s  l o c a l l y  f i n e l y  l a m i n a t e d  and  

t u n  owed.  At t h e  t o p  o f  t h e  member, l i m e s t o n e  o r  d o l o m i t e  

and s h a l e  a r e  s o m e t im e s  p r e s e r v e d ,  and  l o c a l l y  c o n t a i n  t h e  

c o l o n i a l  c o r a l  T e t :  a d i u n , or o s t r a c o d . s  an d  g a s t r o p o d s .

f a s t .  On t h e  e a s t e r n  s i d e  o f  t h e  C i n c i n n a t i  Arc-h r a v i o n

( T e x t - f i g .  3,  s e c t i o n s  1, 1 0 ) ,  t h e  I-.ichmond Croup c o m p r i s e s  

t h e  B u l l  T o rk  and  o v e r l y i n g  D r a k e s  f o r m a t i o n s .  The B u l l  F o r k  

f o r m a t i o n  c o n s i s t s  o f  a l t e r n a t i n g  s h a l e  a n a  l i m e s t o n e .  The 

y r a y  s h a l e  c o n t e n t  i n c r e a s e s  f ro m  a b o u t  20 p e r c e n t  a t  t h e  

b a s e  t o  a b o u t  80 p e r c e n t  n e a r  t h e  t o p  o f  t h e  u n i t .  The 

g e n e r a l l y  f o s s i l i f e r o u s  l i m e s t o n e  f o rm s  e v e n  t o  wavy and  

i r r e g u l a r  t e d s  t h a t  a r e  o c c a s i o n a l l y  r i p p l e  m a r k e d . Beds 

o f  s p a r s e l y  f o s s i l i f e r o u s  m i c r i t i c  l i m e s t o n e  w i t h  l o c a l l y  

common o s t r a c o d s  i n c r e a s e  i n  a b u n d a n c e  s o u t h w a r d ,  w h e r e a s  

e v e n l y  b ed d e d  t o  c ro ss« “b ed d ed  g r a i n s t o n e  i s  more common 

n o r t h w a r d .  Er a c h i o p o d s  and  b r y o r o a n s  a r e  t h e  m o s t  a b u n d a n t  

f o s s i l s ,  b u t  c o r a l s ,  t r i l o b i t e s ,  m o l l u s c s ,  c i i n o i u s ,  and  

o s t r a c o d s  a r e  l o c a l l y  a b u n d a n t .  I n  t h e  v i c i n i t y  o f  s e c t i o n  

1, a  ;;one o f  a b u n d a n t  s o l i t a r y  c o r a l s  i s  p r e s e n t  n e a r  t h e
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m i d d l e  o f  t h e  f o r m a t i o n  ( P e c k ,  1966,  p .  1 6 - 2 2 ) .  The S u n s e t  

Member o c c u r s  a t  t h e  b a s e  o f  t h e  B u l l  F o r k  F o r m a t i o n  i n  t h e

v i c i n i t y  o f  s e c t i o n  10. The membei i s  p i e d c m i n a n t l y  

a ; l i l i a c e o u s  t o  s i l t y  l i m e s t o n e ,  w i t h  t h e  r e m a i n d e r  b e i n ^  

ii&y s h a l e .  B r a c h i o p o d s  a r e  c o m e t i n e s  fo u n d  n e a r  t h e  b a s e ,  

and  s t r o m a t o p o r o i d s  a r e  l o c a l l y  pi e s e n t ,  e s p e c i a l l y  n e a r  t h e  

t o p .

O v e r l y i n y  t h e  l u l l  F o i l : ,  t h e  D r a k e s  F o r m a t i o n  

c o m p r i s e s  a noi  t h e m  e x t e n s i o n  o f  t h e  u p p e r  p a r t  o f  t h e  

Pi ea  che i  s v i l l e  I/I em ber .  I t  c o n s i s t s  o f  c a l c a r e o u s  t o  d o l o m i t i c  

m u d s to n e  w i t h  minor s p a r s e l y  f o s s i l i f e r o u s  d o l o m i t e  and  

l i m e s t o n e  i n t e r - b e d s  and  l e n s e s .  The m u d s to n e  i s  g e n e r a l l y  

y i a y i s h  y r e e n ,  b u t  i s  l o c a l l y  r e d d i s h  p u r p l e  near- t h e  t o p ,  

a s  a t  l o c a l i t y  1c.

'.Vest. On t h e  w e s t e r n  s i d e  o f  t h e  C i n c i n n a t i  A r c h  ( T o x t - f i y .

3, s e c t i o n  2 ) ,  t h e  l u l l  F o r k  I o r  n a t i o n  i n t e r t o n y u e s  w i t h  t h e  

upper- G r a n t  Lake L i m e s t o n e  o f  t h e  s o u t h w e s t .  I n  t h e  v i c i n i t y  

o f  s e c t i o n  2, t h e  F.ichmond Group compr i s e s  t i re  u p p e r  p a r t  o f  

t h e  l u l l  F o r k  F o r m a t i o n  an d  t h e  o v e r l y i n g  D r a k e s  F o r m a t i o n .

The l u l l  F o . k  F o r m a t i o n  i s  l i t h o l o y i c a l l y  s i m i l a r -  t o  t h e  t y p e  

a r e a  on t h e  e a s t e r n  s i d e ,  o f  t h e  a r c h .  The Howland member a t  

t h e  b a s e  o f  t h e  D r a k e s  F o r m a t i o n  c o n s i s t s  o f  a r g i l l a c e o u s ,  

m i c - r i t i c  l i m e s t o n e  i n  e v e n  t o  n o d u l a r  b e d s  up  t o  a  m e t e r  

t h i c k ,  w i t h  m u d s to n e  i n t e r  b e d s .  The member- i s  n o t  d o l o m i t i c ,  

a s  i t  i s  t o  t h e  s o u th .  C o lo n ia l  c o r a l s  a r e  a b u n d a n t  i n  l o c a l  zo n es ,  

and  b r a c h i o p o d s  and  b r y o z o a n s  a i e  s c a t t e r e d  i n  t h e  u n i t .  The
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M a rb le  K i l l  bed  o f  t h i s  a r e a  i s  i n c l u d e d  i n  t h e  Rowland 

Member and  c o n s i s t s  o f  g a s t r o n o d a l  l i m e s t o n e  and  b i o c l a s t i c  

Lr a i n s t o n e s  (Sv. a l l e y ,  1 9 7 7 ) .  The o v e r l y i n L. L a r d s  town Member 

c o n s i s t s  o f  f o s s i l i f  a; ous  l i m e s t o n e  i n  t h i n ,  e v e n  t o  i r  r e y u l a i  

b e d s ,  w i t h  {.way s h a l e  i n t e r  b e d s .  Li a c h i o p o d s  and  b r y o u o a n s  

a i  9 a b u n d a n t ,  t o g e t h e r  w i t h  s o l i t a r y  c o r a l s ,  m o l l u s c s ,  

c r i n o i d s ,  and  t : i l o b i t e s . The s h a l e  c o n t e n t  i s  y r e a t e r  t h a n  

t o  t h e  s o u t h .  The l a r d s t o w n  t h i c k e n s  i m m e d i a t e l y  n o r t h  o f  

s e c t i o n  2 w here  t h e  l o w l a n d  Member- p i n c h e s  o u t ,  and  i s  

i n d i s t i n g u i s h a b l e  f ro m  t h e  u n d e r l y i n g  b u l l  lor:-: F o r m a t i o n .

The over l y i n y  S a lu d a  D o l o m i t e  Member o f  t h e  D r a k e s  F o r m a t i o n  

i s  t h e  u p p e r m o s t  R ic h m o n d ia n  u n i t  i n  t h i s  a r e a .  I n  t h e  b a s a l  

p o r t i o n ,  t h i n  b e d s  o f  a r y i l l a c e o u s  l i m e s t o n e  c o n t a i n i n g  

b r a c h i o p o d s  and  b r y o s o a n s  o ccu r  i n  a r g i l l a c e o u s  d o l o m i t e .  The 

upper  p a r t  o f  t h e  member- i s  y e n o r a l l y  u n f o s s i l i f e r - o u s ,  t h i c k l y  

b e d d ed  d o l o m i t e .  A t h i n  bed  o f  f o s s i l i f e r o u s  l i m e s t o n e  i s  

r a r e l y  p r e s e n t  a t  t h e  t o p .

Nor t h w e s t . Cn t h e  n o r t h w e s t e r n  s i d e  o f  t h e  C i n c i n n a t i  Ar ch 

r e y i o n  i n  I n d i a n a  ( T e x t - f i t • 3> s e c t i o n s  11, 3,  1 2 ) ,  t h e  

M a y s v i l l i a n  t o  R i c h m o n d ia n  D i l l s b o r o  F o r m a t i o n  i s  o v e r l a i n  bj 

t h e  upper  K ic h m o n d ia n  vYhit ev /ater  f o r m a t i o n ,  w h ich  i n c l u d e s  

t h e  S a l u d a  member . T h e se  f o r m a t i o n s  c o i l - e s p e n d  t o  t h e  L u l l  

F o r k  f o r m a t i o n  an d  S a l u d a  D o l o m i t e  Member, D r a k e s  F o r m a t i o n  

o f  K e n t u c k y .  The D i l l s b o r o  F o r m a t i o n  ( e q u i v a l e n t  t o  t h e  

Tanner  s Cr e ek  F o r m a t i o n  o f  P o x 9 1962,  p.  6 2 6 - 6 2 8 ) ,  c o n s i s t s  

o f  t h i n l y  i n t e r  b e d d e d  a r g i l l a c e o u s  l i m e s t o n e  and  c a l c a r e o u s

d
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s h a l e .  F o s s i l s  a r e  g e n e r a l l y  common t o  a b u n d a n t ,  and  

i n c l u d e  b r y o z o a n s ,  b r a c h i o p o d s ,  a n d  t r i l o b i t e s .  S o l i t a r y  

C o . a l s  a : e  s o m e t im e s  common i n  t h e  u p p e r  D i l l e b o r  o i n  

s o u t h e r n  l o c a l i t i e s  such a s  s e c t i o n  1 1 and  t h e  C l i f t y  Power 

P l a n t  s e c t i o n  o f  H a t  t i n ,  ejt a l  ( 1 9 6 1 ,  p.  3 1 2 - 2 3 1 ) .

L i m e s t o n e  b ed s  a r e  much mo:e  f o s s i l i f a i o u s  t h a n  t h e  s h a l e s .

The b i o s t :  a t i g :  ap h y  was d i s c u s s e d  by To;; ( 1 5 5 2 ) .  F a u n a l  

d i s t i  i b u t i o n  and a b u n d a n c e  h a s  b e e n  shown f o r  n o : i r o n  5a 

(Hay,  1577, f i g .  1 - 1 0 )  and  ho i  i r o n s  51-5  t o  9 (Hay, 1977,  

f i g . 1 - 8 ,  L i b e r t y  F o i m a t i o n ) .

The o v e r l y i n g .  W h i tew a te r  F o r m a t i o n  i s  composed 

p r e d o m i n a n t l y  o f  a v a r i e t y  o f  t h i n  and  o f t e n  r u b b l y  bed d ed

a r g i l l a c e o u s  l i m e s t o n e s ,  w i t h  some s h a l e  an d  d o l o m i t e  (Fox ,

1952,  p.  622 :  !•: own and  L i n e b a c h ,  1956, p.  1 0 2 2 ) .  S h a l e

i n t e r v a l s  occur toward t h e  top o f  t h e  f o r m a t i o n  a t  n o r t h e r n  l o c a l i t i e s .  

F o s s i l s ,  e s p e c i a l l y  b r y o s o a n s ,  b r a c h i o p o d s ,  s o l i t a r y  c c r a l s ,  

and  m o l l u s c s ,  a r e  a b u n d a n t  i n  t h e  l o w e r  Y/hite w a t e r  F o r m a t i o n  

i n  t h e  n o i t h .  F a u n a l  d i s t : i b u t i o n  an d  a b u n d a n c e  h a s  b e e n  

shown f o :  ho :  i r o n s  12a-1 t o  2 (Hay,  1S77, f ig : .  1 - 6 )  and 

h o :  i r o n s  5&-1 t o  5 ( n a y ,  1977, f i g .  1 - 8 } .  The uppe :  W h i t e w a t e r  

i s  u n f o s s i l i f e r o u s  t o  s p a r s e l y  f o s s i l i f e r o u s . E i c s t r a t i g r a p h y  

o f  t h e  f o i m a t i o n  was d i s c u s s e d  by Fox  ( 1 9 5 2 ) .  The S a l u d a  

i.Iembe: i n  I n d i a n a  i s  a  n o r t h w a r d - t h i n n i n g  wedge o f  d o l o m i t e ,  

d o l o m i t i c  l i m e s t o n e ,  an d  d o l o m i t i c  m u d s to n e  w i t h  a. c o l o n i a l  

c o r a l  ro n e  n e a r  i t s  b a s e  (Erov.n and  L i n e b a c h ,  1966,  p .  1021, 

1 0 2 2 ) .  The Saluda,  o c c u r s  a t  t h e  b a s e  o f  t h e  W h i t e w a t e r
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F o r m a t i o n  i n  t h e  s o u t h  ( C l i f t y  Power P l a n t  s e c t i o n  o f  H a t t i n ,  

e t  a l ,  1 9 6 1 , p.  3 2 6 - 3 3 1 ;  s e c t i o n  1 1 ) ,  an d  w i t h i n  t h e  

V/hite w a t e r  t o  t h e  n o r t h .  The d o l o m i t i c  c o n t e n t  d e c r e a s e s  

n o r t h w a r d ,  a n d  a t  s e c t i o n  5 n e a r  t h e  n o r t h e r n  l i m i t  o f  t h e  

member , t h e  c o l o n i a l  c o r a l  zone  i s  o v e r l a i n  by g e n e r a l l y  

t h i c k l y  b e d d e d  l i m e s t o n e .  E x c e p t  f o r  t h e  c o l o n i a l  c o r a l  

z o n e ,  t h e  S a l u d a  Member c o n t a i n s  v e r y  few  f o s s i l s  o t h e r  t h a n  

o s t r a c o d s .

N o r t h e a s t . The Richmond Group on t h e  n o r t h e a s t e r n  s i d e  o f  

t h e  C i n c i n n a t i  A r c h  r e g i o n  i n  Ohio ( T e x t - f i g .  3 ,  s e c t i o n s  

13» 14) i s  l i t h o l o g i c a l l y  s i m i l a r  t o  t h e  g r o u p  i n  I n d i a n a ,  

b u t  s h a l e  i s  more a b u n d a n t  i n  t h e  W h i t e w a t e r  F o r m a t i o n ,  an d  

t h e  S a l u d a  Member i s  n o t  p r e s e n t .
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l e o o s i t i o u ' - l  f n v i :  onmentcI Jl I M. ■ ' ■ ■ ■ !■ I ■ I — II l—ll. I ■■■■.!!»»■

? ‘ a'. io'-C wo: To;-: (1262)  s t u d i e d  t h e  c o m p o s i t i o n ,  t e x t u i e ,

and E t i -u c tu j  a o " c e d i m e n t n .  y r o c k s  a s  ’.vail  arj t h e  b i o t a  o f  t h e  

P . ichnond G ioup  i n  I n d i a n a .  iio c o n c l u d e d  t h a t  t h e  D i l l s t o r o  

F o i m a t i c n  vac  d e p o s i t e d  i n  a s t a b l e  m a r i n e  env i : -onm ent  bolon- 

e f f e c t i v e  wave b a s e .  Ha f o u n d  e v i d e n c e  o f  s h o a l i n g  w i t h  some 

s u b a e i  i a l  expoeu:  e i n  t h e  W h i te w a te i  P o i n a t i o n  i m m e d i a t e l y  

b e lo w  and  above  t h e  b a lu G a  Membei, w h ic h  fo rm ed  i n  a  l a g o o n  

t h a t  was p e r i o d i c a l l y  s u b a e i - i a l l y  e x p o s e d .  A n o t h e r  e p i s o d e  

o f  s h o a l i n g  o c c u r i  eel d u r i n g  l a t e i  " V .h i t e w a te r "  t i n e .  Pox 

( 1 9 6 8 ), on t h e  b a s i s  o f  t h e  spax i t e - n i c - r i t e  r a t i o  i n  l i m e s t o n e s ,  

i n t e r p r e t e d  t h e  D i l l s b o r o  a s  a  r e g r e s s i v e  seopience i n t e r r u p t e d  

by  a  t r a n s g r e s s i v e  p h a s e  n e a r  t h e  e n d .

S e o t f o r d  (1 9 6 5 )  s t u d i e d  t h e  s h a l e  p e t r o l o g y  o f  t h e  

" I V a y n e s v i l l e "  i n  t h e  C i n c i n n a t i  A r c h  r e g i o n  an d  f o u n d  s a n d  

a n d  s i l t  d o m in a n t  i n  t h e  s o u t h ,  a n d  c l a y  more  a b u n d a n t  t o  

t h e  n o r t h .  Kohut  a n d  Sweet  (1 9 6 8 )  n o t e d  t h a t  t h e  Hichmond 

G roup  i s  more a r g i l l a c e o u s  t o w a r d  t h e  s o u t h  a n d  g r a d e s  i n t o  

s h a l e s  a n d  l i m e s t o n e s  n o r t h w a r d ,  w h e re  t h e y  b e l i e v e d  

d e p o s i t i o n  o c c u r r e d  i n  d e e p e r  w a t e r .  They r e c o g n i z e d  

s o u t h e r n  a n d  n o r t h e r n  c o n o d o n t  f a u n a s  p r o b a b l y  r e l a t e d  t o  

d e p t h .

H a t f i e l d  (1 9 6 8 )  s t u d i e d  t h e  l i t h o s t r a t i g r a p h y  a n d  

p a l e o e c o l o g y  o f  t h e  l e n t i c u l a r  S a l u d a  Member on t h e  w e s t e r n  

s i d e  o f  t h e  C i n c i n n a t i  A rc h  r e g i o n  i n  I n d i a n a  a n d  K e n t u c k y .

The u n i t  was d e p o s i t e d  i n  a  q u i e t ,  s a l i n e ,  v e r y  s h a l l o w  t o
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p e r i o d i c a l l y  s u b a e r i a l l y  e x p o s e d  l a g o o n  t h a t  was i s o l a t e d  

by e n c o m p a s s i n g  c o l o n i a l  c o r a l - s t r o m a t o p o r o i d  b a n k s .

On t h e  b a s i s  o f  l i t h o l o g y , A n s t e y  and  F o w le r  (1952)  s t a t e d  

t h a t  w a t e r  d e p t h  was a t  a  maximum dui ing  " A i n h e i n - V / a y n e s v i l l e "  

t i m e ,  a t  a minimum du: i n g  S a l u d a  homi er d e p o s i t i o n ,  and  o f  

i n t e r m e d i a t e  d e p t h  - in  t h e  " L i t e r  t y "  and  "Y /h i t e w a t s r  " .  l iar t i n  

( 1 S7 u , 1 9 7 7 ) s t u d i e d  t h e  c o m p o s i t i o n ,  t e x t u r e ,  s t r u c t u r e ,  

and  b i o t a  o f  Richmond Cn oup l i n e s t o r . e s  i n  In d ia n a  an d  Ohio. He 

c o n c l u d e d  t h a t  t h e  H i l l s b o r o  F o r m a t i o n  was d e p o s i t e d  i n  a  

s h a l l o w ,  gener  a l l y  low  e n e r g y ,  o f f s h o r e  e n v i r o n m e n t .

F o l l o w i n g  S a l u d a  d e p o s i t i o n ,  t h e  Y.hite w a te r  F o r m a t i o n  was 

d e p o s i t e d  i n  more n o r m a l  m a r i n e  c o n d i t i o n s .  Afte:.  s l i g h t  

d e e p e n i n g ,  a  slow-' r e g r e s s i o n  p r o c e e d e d  f ro m  o f f s h o r e  t h r o u g h  

n e a r s h o r e  t o  f i n a l l y  p e r i o d i c a l l y  s u b a e r i a l l y  ex p o sed  

e n v i r o n m e n t s .

Hay (1977)  d i s c u s s e d  t h e  R ic h m o n d ia n  l i t h o f a c i e s  

s e q u e n c e  i n  I n d i a n a ,  a n d  s u g g e s t e d  a  r e g r e s s i v e  p e a k  w i t h  

p o s s i b l e  u n c o n f o r m i t y  a t  t h e  end o f  "Arnhe im "  d e p o s i t i o n .

The t r a n s g r e s s i o n  t h a t  f o l l o w e d  c u l m i n a t e d  i n  t h e  

" u p p e r  W a y n e s v i l l e - l o w e r  L i b e r t y " ,  and  t h e  f i n a l  r e g r e s s i o n  

w i t h  some o s c i l l a t i o n  o c c u r r e d  d u r in g ,  t h e  "upper- L i b e r t y -  

f t h i t a v o a t e r - H l k h o r n "  i n t e r v a l .  The "Arnlie im’' h o r i a o n  m arks  

t h e  u p p e r  l i m i t  o f  a  s m a l l  number o f  c o n o d o n t s  - c h a r a c t e r i s t i c  

o f  t h e  E u r o p e a n  f a u n a  t h a t  a r e  more c o n s p i c u o u s l y  r e p r e s e n t e d  

i n  p r e - I . i a y s v i l l i a n  O r d o v i c i a n  s t r a t a ,  o f  t h e  C i n c i n n a t i  A rc h  

r e g i o n  (K ohu t  an d  S w e e t ,  1 2 6 8 ) .  D u r i n g  l a t e  " W a y n e s v i l l e "
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t i m e ,  an  u p p e r  Richmond c o n o d o n t  fauna m i g r a t e d  i n t o  t h e  

r e g i o n  and  r e a c h e d  i t s  c l i m a x  i n  t h e  " W h i t e w a t e r " .

P r e s e n t  S t u d y . Most  s t r a t i g r a p h i c ,  s e d i m e n t o l o g i c ,  an d  

p a l e o n t o l o g i c  work on t h e  Richmond Group i n  t h e  C i n c i n n a t i  

A r c h  r e g i o n  h a s  b e e n  done  i n  I n d i a n a ,  w i t h  v e r y  f ew  s t u d i e s  

c o n s i d e r i n g  t h e  e n t i r e  r e g i o n .  E x c e p t i o n s  a r e  t h e  work on 

s h a l e  p e t r o l o g y  by S c o t f o r d  (1 9 6 4 ,  1965)  an d  B u t l e r  an d  

S c o t f o r d  ( 1 9 7 3 ) ,  a n d  t h e  c o n o d o n t  s t u d y  o f  Kohut  a n d  Sweet  

( 1 9 6 8 ) .  The n a t u r e  o f  t h e  Piichmond Group i s  s e e n  i n  t h e  14 

s t r a t i g r a p h i c  s e c t i o n s  a r o u n d  t h e  C i n c i n n a t i  A rc h  r e g i o n  

e x am in ed  i n  t h e  p r e s e n t  s t u d y  ( T e x t - f i g .  3 ) .  The f o l l o w i n g  

c h a r a c t e r i s t i c s  a r e  d e m o n s t r a t e d :

1. The Richmond Group t h i c k e n s  f ro m  a b o u t  45 m i n  t h e  s o u t h  

t o  a b o u t  9 0  m i n  t h e  n o r t h  on b o t h  e a s t e r n  a n d  w e s t e r n  s i d e s  

o f  t h e  a r c h .

2 .  The a r g i l l a c e o u s ,  s i l t y ,  an d  d o l o m i t i c  s e d i m e n t s  o f  t h e  

s o u t h  g r a d e  n o r t h w a r d  i n t o  i n t e r b e d d e d  s h a l e s  an d  l i m e s t o n e s .

3 .  S e c t i o n s  on t h e  e a s t e r n  s i d e  o f  t h e  a r c h  c o n t a i n  more  

s h a l e  a n d  d o l o m i t e  t h a n  t h o s e  on t h e  w e s t ,  w here  l i m e s t o n e  

i s  more common.

4. F o s s i l s  g e n e r a l l y  i n c r e a s e  i n  a b u n d a n c e  n o r t h w a r d ,  a n d  a r e  

m ore  common on t h e  w e s t e r n  s i d e  t h a n  on t h e . e a s t e r n  s i d e

o f  t h e  a r c h .

5. On t h e  e a s t e r n  s i d e  o f  t h e  a r c h ,  d o l o m i t i c  s h a l e  o f  t h e  

P r e a c h e r s v i l l e  Member o c c u r s  a t  t h e  t o p  o f  t h e  Richmond
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G roup ,  w h e r e a s  t h e  l e n t i c u l a r  S a l u d a  D o l o m i t e  I.'ember i s  

p r e s e n t  a t  o r  n e a r  t h e  t o p  on  t h e  w e s t  s i d e  f ro m  s e c t i o n  5 

s o u t h w a r d .

6 .  C o l o n i a l  c o r a l  h o r i z o n s  o c c u r  on t h e  s o u t h e a s t e r n  s i d e  

o f  t h e  a r c h  i n  t h e  O t t e r  C r e e k  c o r a l  b e d ,  an d  a r e  p r o m i n e n t  

on t h e  w e s t e r n  s i d e  p a r t i c u l a r l y  i n  a s s o c i a t i o n  w i t h  t h e  

S a l u d a  Member.

I t  i s  a p p a r e n t  f ro m  l i t h o l o g i e s  a n d  t h i c k n e s s e s  t h a t  

t h e  R ic h m o n d ia n  e p i c o n t i n e n t a l  s e a  became p r o g r e s s i v e l y  

d e e p e r  t o  t h e  n o r t h ,  w i t h  d e p o s i t i o n a l  s t r i k e  o r i e n t e d  

e a s t - w e s t .  On t h e  e a s t e r n  s i d e  o f  t h e  C i n c i n n a t i  A rc h  

r e g i o n  n e a r e s t  t h e  Q u e e n s t o n  d e l t a ,  m a r i n e  e n v i r o n m e n t s  w ere  

more  r e s t r i c t e d  a n d  t e r r i g e n o u s  i n p u t  was g r e a t e r  t h a n  t o  

t h e  w e s t .  L e s s  r e s t r i c t e d  e n v i r o n m e n t s  p r e v a i l e d  on t h e  

w e s t e r n  s i d e  w h ic h  f a c e d  t h e  m a in  body  o f  t h e  e p i c o n t i n e n t a l  

s e a ,  a l t h o u g h  i n  l a t e r  R i c h m o n d ia n  t i m e  t h e  d e v e l o p m e n t  o f  

c o l o n i a l  c o r a l  b a n k s  r e s u l t e d  i n  S a l u d a  d e p o s i t i o n  w i t h i n  a  

r e s t r i c t e d  l a g o o n .

A t  some s e c t i o n s ,  a  r e g r e s s i v e  p e a k  majr h a v e  b e e n  

f o l l o w e d  b y ' t r a n s g r e s s i o n  n e a r  t h e  b a s e  o f  t h e  Richmond 

G ro u p .  Such a  p e a k  may b e  r e p r e s e n t e d  by t h e  t o p  o f  t h e  

"A rnhe im "  i n  I n d i a n a  a n d  t h e  t o p  o f  t h e  T e r r i l l  Member, 

A s h l o c k  F o r m a t i o n ,  i n  t h e  s o u t h e a s t e r n  p a r t  o f  t h e  C i n c i n n a t i  

A r c h  r e g i o n .  G e n e r a l l y  s p e a k i n g ,  t h e  Richmond Group 

r e p r e s e n t s  a  r e g r e s s i v e  s e q u e n c e .

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



31

Til2 C i n c i n n a t i  A: ck ,  w h ic h  e x t e n d s  no: th w a r d  11 on  t h e  

h a  sir . i l l o  h o n e ,  v;ac d e f i n i t e l y  a  p o s i t i v e  s t r u c t u i  2 i n  t h e  

k i d d i e  S i l u :  i n n  r e l a t e d  t o  s u b s i d e n c e  01 t h e  I l l i n o i c  B a s i n  

011 t h e  w e s t  and Ohio B a s i n  on t h e  e a s t .  The C i n c i n n a t i  A rch  

h i  I 'm e a t e d  i n t o  t h e  H ankakee  and  H i n d l a y  a r c h e s  m a r k i n g  t h e  

s o u t h e r n  rnai g i n  o f  t h e  s u b s i d i n g  LCichigan B a s i n  (Shavex , 1974,  

f i g .  6 ) .  T h e se  p o s i t i v e  a r e a s  c o n t r o l l e d  t h e  l o c a t i o n  a n d  

d e v e l o p m e n t  o f  car b o n a t e  b a n k s  an d  r e e f s .

The h i s t o :  y o f  s t u d i e s  d e a l i n g  w i t h  t h e  t i m e  o f  i n i t i a l  

r e l a t i v e  u p l i f t  o f  t h e  C i n c i n n a t i  A rc h  was su m m ar ized  by 
S c o t f o r d  ( 1 9 6 4 ) .  Pew a u t h o r s  h av e  c o n s i d e r e d  t h e  s t r u c t u r e  

t o  be e a r l i e r  t h a n  S i l u r i a n  i n  a g e .  S c o t f o r d  (1964)  ex am ined  

t h e  p r o b le m  on t h e  b a s i s  o f  O r d o v i c i a n  s h a l e  p e t r o l o g y  i n  

t h e  C i n c i n n a t i  A rch  r e g i o n .  S h a l e  p a r a m e t e r s  i n  t h e  

"Wayne s v i l l e "  v a r y  i n  a  n o r t h - s o u t h  r a t h e r -  t h a n  e a s t - w e s t

d i r e c t i o n ,  i n d i c a t i n g  t h a t  t h e  a r r i s  o f  t h e  a r c h  was n o t  a

b a r r i e r  t o  s e d i m e n t a t i o n .  T h i s  v a r i a t i o n  w ould  be  e x p e c t e d  

w i t h  a n  e a s t - w e s t  d e p o s i t i o n a l  s t r i k e  and, n o r t h w a r d  d i p .

A t  t h e  t o p  o f  t h e  Richmond G roup ,  s i x  o f  e i g h t  

s i g n i f i c a n t  s h a l e  p a r a m e t e r s  d i f f e r  on t h e  o a s t  a n d  w e s t  

s i d e s  o f  t h e  a r c h .  S c o t f o r d  (1 9 6 4 ,  p .  436)  s t a t e d  t h a t  t h e s e  

d a t a  " s u g g e s t  t h e  p o s s i b i l i t y  t h a t  s. weak b a r r i e r  may h a v e  

b e e n  d e v e l o p i n g  a l o n g  t h e  a x i s  o f  t h e  a r c h ,  b u t  i t s  i n f l u e n c ex  iw- C—• 7

on t h e  c h a r a c t e r  o f  t h e  s h a l e s  on o p p o s i t e  s i d e s  o f  t i re  a x i s  

was m i n o r " .  Ha f e l t  t h a t  t h e  C i n c i n n a t i  A r c h  s h o u l d  n o t  be
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a s s i g n e d  a n  r.L a er -  l i e :  t h a n  C i l u r  i o n .

I f  t h e  C i n c i n n a t i  A: ch  ; a pi s c e n t s  a  hi o a d ,  n e a r l y  

13'. 'e l  yr latfo..  i:i v - i t h o v t  a d e f i n i t e  a x i s  (Ci eon ,  1 9 6 1 ) ,  

l i t h o l o g i o s  o f  t h e  a: ch  r e g i o n  gcj z w ho le  s h o u l d  he conpnr  od 

w i t h  t h o s e  t o  t h e  e a s t  and  w e s t  i n  o r d e r  t o  d e t e r m i n e  e f f e c t s  

o f  t h e  s t r u c t u r e  on s e d i m e n t a t i o n .  Dui ing: h i c h r n o n d iu n  t i n e ,  

t h e  h i c lm o n d  C: oup was d e p o s i t e d  i n  a  n a r r o w  ::ono e x t e n d i n g  

f ro m  t h e  p o s i t i v e  h a s h ,  i l l e  Done noi  t  Inward a l o n g  t h e  

C i n c i n n a t i  A: ch  r e g i o n  ( T e x t - f i g .  2 ) .  I t  f o rm e d  a  c a r b o n a t e  

D o l t  ce  p a r  a  t in y ,  t h e  Q u o e n s to n  s h a l e s  on t h e  e a s t  and 

I . Ia :uoko ta  s h a l e s  on  t h e  w e s t .  i n t e n s i v e  c o l o n i a l  c o r a l  

Danhs d e v e l o p e d  along:  t h e  s o u t h w e s t e r n  m a r g i n  o f  t h e  

r . i ch n o n d  Ci oup f a c i n g  t h e  m a in  Dody o f  t h e  e p i c o n t i n e n t a l  

s e a .  C o i n c i d e n c e  o f  t h e  h i c h n o n d  C roup  and  C i n c i n n a t i  A r c h  

s u g g e s t  t h a t  t h e  s t r u c t u r . e  was a  s u b t l e ,  b r o a d  p l a t f o r m  

s l o p i n g  s l i g h t l y  t o  t h e  no; t h  and  i n f l u e n c i n g  c a r b o n a t e  

s e d i m e n t a t i o n  an d  o r g a n i c  b u i l d u p s  d u r i n g  t h e  id ichm ond ian  

S t a g e  ( T e x t - f i g .  4 ) .

T e x t - f i g u r  e ?P. — m i d d l e  :: i  c h m o n d ian  ( " L i b e r t y " )  p a l  s c  g e o g r a p h y
2

an d  l i t h o f a c i e s  o f  a  90,000 km a r e a  c e n t e r e d  on t h e  C i n c i n n a t i  

A r c h  r e g i o n  ( s h a d e d ) ,  s e e n  f r o m  t h e  p r e s e n t  n o r t h w e s t .  

V e r t i c a l  s c a l e  g r e a t l y  e x a g g e r a t e d .  C o l o n i a l  c o r a l  b u i l d u p s  

shown i n  t h e  s o u t h w e s t e r n  C i n c i n n a t i  A r c h  r e g i o n .  A r row s  

i n d i c a t e  c u r r e n t  d i r e c t i o n s .  B a s e d  on d a t a  i n  T e x t - f i g s .  2,  

3,  3, and  C ray  ( 1 9 7 2 ) .
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T e x t - f i g u r e  . — H i d d l e  I . ich rn o n d ian  ( " L i t e ■ t y " ) p a l  e o £ e o £ r  aph ;
O

a n d  l i t h o f a c i e s  o f  a  90,000 km n a a  c e n te r e d ,  on t h s  C i n c i n n a t i  

Ax ch  l e g i o n  ( s h a d e d ) , s e e n  f ro m  t h e  p r e s e n t  n o r t h w e s t .  

V e r t i c a l  s c a l e  yx e a t l y  e x a g g e r a t e d .  C o l o n i a l  c o r a l  b u i l d u p s  

slio'.vn i n  t h e  s o u t h w e s t e r n  C i n c i n n a t i  Ax ch x e y i o n .  Ari-ov/s 

i n d i c a t e  c u r r e n t  d i r e c t i o n s .  L a s e d  on d a t a  i n  T e x t - f i y s .  2,  

3,  5,  an d  Gray  ( 1 S 7 2 ) .
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Q U E E N S T O N

G R O U P

T e x t - f i g .  4
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S o l i t a r y  Rugose  C o r a l s  

Tv.’o s p e c i e s  o f  s o l i t a r y  c o r a l s ,  G r e w i n r k i a  c a n a d e n s i s  

( f i l l i n g s ,  1862)  an d  S t r e p t e l a s m a  c l i v a r i c a n s  ( R i c h o l s o n ,  

1 8 7 5 ) ,  a r e  p r e s e n t  i n  t h e  Richmond G roup o f  t h e  C i n c i n n a t i  

A r c h  r e g i o n .  T h e i r  d i s t r i b u t i o n  a n d  r e l a t i v e  a b u n d a n c e  a r e  

shown i n  T e x t - f i g .  3»

A. G r e w i n g k i a  c a n a d e n s i s  ( B i l l i n g s ,  1862) 

S t r a t i g r a p h i c  D i s t r i b u t i o n . G r e w i n g k i a  c a n a d e n s i s  g e n e r a l l y  

o c c u r s  w i t h i n  a n d  on  l i m e s t o n e  b e d s  c o n t a i n i n g  common t o  

a b u n d a n t  b r a c h i o p o d s  a n d  b r a n c h i n g  b r y o z o a n s .  The e a r l i e s t  

o c c u r r e n c e  o f  t h e  s p e c i e s  a t  t h e  b a s e  o f  t h e  " W a y n e s v i l l e "  

i n  t h e  v i c i n i t y  o f  s e c t i o n s  11 an d  2 on  t h e  w e s t e r n . s i d e  o f  

t h e  C i n c i n n a t i  A r c h  r e g i o n  an d  s e c t i o n  1 on t h e  e a s t  s u g g e s t s  

i n t r o d u c t i o n  d u r i n g  a n  e a r l y  R ic h m o n d ia n  t r a n s g r e s s i o n .

The i n i t i a l  d i s t r i b u t i o n  a l o n g  d e p o s i t i o n a l  s t r i k e  a b o u t  

h a l f  way b e t w e e n  t h e  d e e p e r  n o r t h  a n d  s h a l l o w e r ,  p e r i o d i c a l l y  

s u b a e r i a l l y  e x p o s e d  s o u t h e r n  e n d s  o f  t h e  r e g i o n  i n d i c a t e s  

p r e f e r e n c e  f o r  " n o r m a l "  m a r i n e  wa. ter  i n  t h e  " i n t e r m e d i a t e "  

d e p t h  r a n g e  w here  c a l c i u m  c a r b o n a t e  s e d i m e n t s  a c c u m u l a t e d  

an d  b r a c h i o p o d s  a n d  b r y o z o a n s  t h r i v e d .  The s p e c i e s  

m i g r a t e d  t o  t h e  n o r t h  a n d  s o u t h  a s  f a v o r a b l e  e n v i r o n m e n t a l  

c o n d i t i o n s  a p p e a r e d  e l s e w h e r e ,  a n d  i s  m o s t  w i d e l y  

d i s t r i b u t e d  i n  t h e  " L i b e r t y - l o w e r  W h i t e w a t e r " . G. c a n a d e n s i s  

d o e s  n o t  o c c u r  i n  t h e  r e s t r i c t e d  S a l u d a  l a g o o n ,  o r  i n  v e r y  

s h a l l o w  e n v i r o n m e n t s  o f  t h e  f i n a l  r e g r e s s i o n  a t  t h e  t o p  o f  

t h e  Richmond G ro u p .
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O r i e n t a t i o n  o f  C o r a l l i t e s . . Growth  l i n e s ,  s e p t a l  g r o o v e s ,  

an d  i n t e r s e p t a l  r i d g e s  a r e  r a r e l y  p r e s e r v e d  on c o r a l l i t e s  

o f  G r e w i n g k i a  c a n a d e n s i s t an d  t h e  o u t e r  p o r t i o n  o f  t h e  

s t e r e o a o n e  i s  g e n e r a l l y  a b s e n t .  T i p s  o f  t h e  c o r a l l i t e s  a r e  

a l m o s t  a l w a y s  r o u n d e d ,  and  t h e  r i m  o f  t h e  c a l y x  was 

s o m e t im e s  b r o k e n  p r i o r  t o  d e p o s i t i o n  ( P l a t e  5,  f i g s .  17,

3 2 ) .  C o r a l l i t e s  o r i e n t e d  w i t h  t h e  c a l y x  a p p r o x i m a t e l y  

h o r i z o n t a l  an d  f a c i n g  u p ,  p r e s u m a b l y  i n  g r o w t h  p o s i t i o n  

( W e l l s ,  1 9 5 7 ) ,  a r e  e x t r e m e l y  r a r e .  Of more t h a n  500 

c o r a l l i t e s  c o l l e c t e d ,  two a t  h o r i z o n  5c-1  (UCGM 45288)  an d  

one  a t  h o r i z o n  14b-1 (UCGM 454 6 5 )  w ere  p r e s e r v e d  i n  t h i s  

way.  A l l  o t h e r s  w ere  l y i n g  on t h e i r  s i d e s  when b u r i e d  ( P l a t e  

2 ,  f i g .  1 6 ) .  Of 143 c o r a l l i t e s ,  7-6 p e r c e n t  a r e  o r i e n t e d  i n  

t h e  m o s t  s t a b l e  p o s i t i o n  w i t h  a n  a l a r  s i d e  f a c i n g  u p  ( i s .  

p l a n e  o f  c u r v a t u r e  h o r i z o n t a l ) ,  an d  o n l y  15 p e r c e n t  a n d  9 

p e r c e n t  w ere  d e p o s i t e d  w i t h  t h e  c o u n t e r  and  c a r d i n a l  s i d e s  

u p ,  r e s p e c t i v e l y  (App. 1 ) .  T h e se  f e a t u r e s  i n d i c a t e  t h a t  t h e  

c o r a l l i t e s  were  a b r a d e d  an d  t r a n s p o r t e d  p r i o r  t o  f i n a l  

d e p o s i t i o n  an d  b u r i a l .

The d i r e c t i o n a l  o r i e n t a t i o n  o f  G_. car.ad.ensi s  c o r a l l i t e s  

l y i n g  on b e d d i n g  s u r f a c e s  was m e a s u r e d  a t  s e v e n  s e c t i o n s  i n  

t h e  C i n c i n n a t i  - Ai ch  1 o g i o n  ( T e x t - f i g .  5 ) .  The d i s t r  i b u t i o n s

T e x t - f i g u r e  5 . — 0: evvingkia  c a n a d e n s i s  ( B i l l i n g s ,  1 8 6 2 ) :  

d i r e c t i o n a l  o r i e n t a t i o n s ,  Richmond Croup  ( s e e  App. 2 ) .

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



T e x t - f i r m  3 — Gi evvinrls ia  c a n a d e n s i s  ( f i l l i n g s ,  1C  ̂no o 2

d i r e c t i o n a l  o: i e n t a t i o n s ,  r.iclirnond Group ( s e e  App. 2)

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



wu-3. *
u p p e r  m b r . ,  
G e o r g i a n  S a y  Fm .

ONT
UJ 1 0

W h i te w a te r  Fm.

13b-3Û 
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s u g g e s t  p r e f e r e n t i a l  o r i e n t a t i o n  due  t o  p r e d o m i n a n t  c u r r e n t  

d i r e c t i o n s .  A u n i d i r e c t i o n a l  d i s t r i b u t i o n  would  be  e x p e c t e d  

i f  c o r a l l i t e s  w ere  o r i e n t e d  w i t h  t h e  t i p  f a c i n g  t h e  c u r r e n t .  

A s y m m e t r i c a l  d i s t r i b u t i o n  w i t h  p e a k s  180 d e g r e e s  a p a r t  

c o u l d  be  p r o d u c e d  i n  a n  o s c i l l a t i n g  c u r r e n t ,  o r  i f  t h e  

c y l i n d r i c a l  c o r a l l i t e s  were  r o l l e d  p e r p e n d i c u l a r  t o  t h e  

c u r r e n t  o r  p a r a l l e l  t o  w a v es ,  w i t h  t i p s  f a c i n g  e i t h e r  way 

( N a g l e ,  1 9 6 7 ) .  A c u r r e n t  f r o m  t h e  s o u t h  i s  s u g g e s t e d  a t  

s e c t i o n s  4 a n d  p o s s i b l y  11 on t h e  w e s t e r n  s i d e  o f  t h e  

C i n c i n n a t i  A r c h  r e g i o n .  The d i s t r i b u t i o n s  a t  s e c t i o n s  5 

a n d  12 on t h e  n o r t h w e s t e r n  s i d e  o f  t h e  r e g i o n  a r e  somewhat 

b i l a t e r a l l y  s y m m e t r i c a l .  T h i s  c o u l d  r e f l e c t  o s c i l l a t i n g  

s o u t h w e s t - n o r t h e a s t  a n d  s o u t h e a s t - n o r t h w e s t  c u r r e n t s  a t  

s e c t i o n s  5 a n d  12, r e s p e c t i v e l y .  I f  t h e  c o r a l l i t e s  w ere  

r o l l e d  p e r p e n d i c u l a r  t o  t h e  c u r r e n t ,  i t  may h a v e  b e e n  f ro m  

t h e  s o u t h e a s t  o r  n o r t h w e s t  a t  s e c t i o n  5 , a n d  s o u t h w e s t  o r  

n o r t h e a s t  a t  s e c t i o n  12 .  On t h e  n o r t h e a s t e r n  s i d e  o f  t h e  

r e g i o n  a t  s e c t i o n s  1 3 , 1 4 , a n d  1 , c o r a l l i t e  

oi i e n t a t i o n s  s u g g e s t  c u r r e n t s  f ro m  t h e  s o u t h  an d  w e s t .

I n f o i  t u n a t e l y , few  p a l s o c u r r e n t  d a t a  f o r  t h e  U pper  O r d o v i c i a n

a n a  p a r t i c u l a r l y  t h e  Richmond C roup  o f  t h e  C i n c i n n a t i  A rc h
1 _r e g i o n  a r e  a v a i l a b l e  f o r  c o m p a r i s o n .  R o t t e r  an d  r e t t i j o m i

( 1 9 6 3 , f i g .  4 - 1 3 ) f o u n d  t h a t  m e g a r i p p l e s  i n  l i m e s t o n e s  o f  

t h e  C i n c i n n a t i a n  S e r i e s ,  i n c l u d i n g  a  s m a l l  p r o p o r t i o n  f ro m  

t h e  Richmondian Stage i n  t h e  v i c i n i t y  o f  s e c t i o n  1, g o n e ,  a l l y  

s t r i k e  appi. o n i m a t e l y  nor  t h - s o u t h .  The a v e r a g e  c r o s s - b e d d i n g
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'B ucher  (19 1 9 * ,  f i s : .  14h -k )  p r e s e n t e d  a s m a l l  number  o f  

p a r  a - : - i p  p i e  i k e  d i r e c t i o n s  i n  t h e  Richmond Group .  The 

pj e d o m in a n t  d i r e c t i o n  i n  I n d i a n a  i s  e a s t - n o r t h e a s t , ‘bu t  t h e  

s i g n i f i c a n c e  o f  t h i s  i s  u n c e r t a i n  b e c a u s e  l o c a l i t i e s  f rom  

w hich  d a t a  v. 3 : o com't in e d  a r c  v i a  s l y  s e p a r a t e d .  S t r i k e  

d i r e c t i o n s  i n  Oldham C o . ,  K e n tu c k y ,  a r e  p : i e d o m in a n t ly  

e a s t - v a s t .  T h i s  i s  c o n s i s t e n t  w i t h  s o l i t a r y  c o r a l s  f a c i n g  

t o  t h e  non t h  a t  s e c t i o n  4 . S t r i k e  d i r e c t i o n s  i n  Adams C o . ,  

O h io ,  and  F lem in g  C o . ,  K e n tu c k y ,  a r e  p r e d o m i n a n t l y  n o r t h -  

n o r t h w e s t  and  n o r t h - s o u t h ,  r e s p e c t i v e l y .  T h e se  t r e n d s  a r e  

c o n s i s t e n t  w i t h  s o l i t a r y  c o r a l s  f a c i n g  e a s t  a t  s e c t i o n  1.

* E u c h e r , ’V. II.

1 9 1 9 , On r i p p l e s  and r e l a t e d  s e d i m e n t a r y  s u r f a c e  fo rm s  

and  t h e i r  p a I s o  g e o g r a  p h i  c i n t e r p r e t a t i o n .  Am. J ,  

S c i . , y c I . 47 ,  pp. 1 4 9 - 2 1 0 ,  2 4 1 - 2 6 9 ,  6 t h i s . ,

14 f i g s .
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d i r e c t i o n  i s  t o  t h e  we s t ,  a l t h ou r ;h  d i r e c t i o n s  i n  q u a d r a n t s  

c o n t a i n i n g  ’Richmond i nn  s t r a t a  a r e  t o  t h e  n o r t h ,  s o u t h ,  and

..I"., so: . r . f :  or; t m  n u t: rrri no:: r e c y a e  t iv ::! ;/

UM».

a t t a c h m e n t ,  and c l u s t e r s  g ro w in g  i n  l a t e r a l  c o n t a c t  a r e  

v e r y  r a r e  ( V I a t e  6 , f i g *  3 ) .  C o r a l l i t e s  a r e  c e r a t c i d  ( P l a t e  

.r i g s .  - 3 1 ?*•) t o  t r o c h o i d  ( P l a t e  5, f i r .  17) and  a r e  

g e n e r a l l y  ve ry  w eakly  c u r v e d  i n  e a r l y  t o  i n t e r m e d i a t e  

s t a r e s ,  becom ing  c y l i n d r i c a l  i n  l a t e  s t a g e s  ( P l a t e  3 , f i g s ,  

16, Pi ) ,  They can  be l o n g e r  t h a n  13 c;n. T h i s  g ro w th  form 

s u g g e s t s  t h a t  t h e  c o r a l s  l i v e d  i n  lev/ e n e r g y ,  s t a b l e  

onv i r t r raa r ln i  • c o n d i t i o n s  i n  which t h e  e o r a l l i i e  s lowly  s a n k  

v e r t i c a l l y  i n t o  t h e  s a c d n e n t  duo t o  ad d ed  w e i g h t  d u r i n g  

g ro w th  ( h e l l : ; ,  I f d T ) .  The c o r a l  l i t  os w ere  o v e r t u r n e d ,  

abrade,-] f --md 1w-or s p o r t e d  i n  h i g h e r  ?n e r, y  c o n d i t i o n s  b e f o r e  

f i n a l  d e c o r  i t i o n .
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Co; a l l i t e  S i v a : Lan.; i n , Tiio l e n ;  th - - f  ro'-.uvncy d i s t r i b u t i o n

o f  d: ewing k i n  c a n a d e n s i s  cor a l l i t e s  i n  t h e  r ic h m o n d  Grout ' ,  

C i n c i n n a t i  A; ch ;. og io r . ,  i s  bimoda.1 w i t h  p eak s  a t  22 -5  and 

5 7 .5  an; ( T e x t - f i g , .  5 ) .  T h i s  g e n e r a l  d i s t r  i b u t i o n  i s  

i n d e p e n d e n t  o f  a t  t a  t i f. a p h i c  ho; i s  on or g e o g r a p h i c  l o c a t i o n  

( T e x t - - f i g s .  6 , 7 )-  A s i m i l a r  d i s t r i b u t i o n  o c c u r s  a t

T e x t - f i n ; :  o 6 . — Ci owingkia.  c a n a d e n s i s  ( B i l l i n g s ,  1 8 6 2 ) :  

l e n g t h  o f  co; a l l i t e s  (1 )  i n  t h e  Pichinond Group and  two 

ho; i c o n s  w i t h i n  i t ,  C i n c i n n a t i  A; ch r e g i o n  ( s e e  App., 3; 

T a b le  t ) .

T e x t  ~ f  Ira;-  e 7.-—G; ewin, ' ;k ia  c a n a d e n s i s  ( B i l l i n g s ,  1 8 6 2 ) :  

l e n g t h  o f  c o r a l l i t e s  (1 .  ran) ,  i-ichmond Group s e c t i o n s  ( s e e  

T e x t - f i g s .  t .  1 8 ; App. 3 ) .

Drummond I s l a n d ,  M ic h i g a n .  C o l l e c t i n g  b i a s  i s  t h o u g h t  t o  

c o n t : i b u t e ,  a t  l e a s t  i n  paj t ,  t o  low f r e q u e n c y  v a l u e s  o n l y  

f o ;  l e n g t h s  l o s s  t h a n  10 o r  20  mm.

The 1 e n g t h - f r e c u e n c y  d i s t r i b u t i o n  o f  £ .  c a n a d e n s i s  

c a n n o t  be u n d e r s t o o d  c o m p l e t e l y  b e c a u s e  b i o l o g i c  f a c t o r ' s  

s u c h  a s  b i r t h  r a t e ,  g r o w th  r a t e ,  and  d e a t h  r a t e  a r e  unknown.  

The b im o d a l  d i s t r i b u t i o n  o f  t h e s e  c o r a l l i t e s ,  w h ic h  were  

t r a n s p o r  t e d  bel'or e b u r i a l , c o u ld  be due  t o  c u r - r en t  s o r t i n g  

i n v o l v i n g  pa; t i a l  r em o v a l  o f  t h o s e  l e s s  t h a n  a b o u t  5 7 .5  nira 

and  e s p e c i a l l y  a b o u t  3 7 .3  mm l o n g  ( T e x t - f i g .  7 a ) .  Changes
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T e x t - f i g u r e  6 . — C-rewingkia  c a n a d e n s i s  ( B i l l i n g s ,  1 8 6 2 ) :  

l e n g t h  o f  c o r a l l i t e s  (1 )  i n  t h e  Richmond Group a n d  two 

h o r i z o n s  w i t h i n  i t ,  C i n c i n n a t i  A r c h  r e g i o n  ( s e e  App.  3 ;  

T a b l e  4 ) .
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Terc’t - f i t . ' u i  s 7 . — Ci e r - i n r k i a  c a n a d e n s i s  ( B i l l i n a s ,  1 8 6 2 ) :  

l e n g t h  o f  c o r a l l i t e s  (1 ,  rain), Richmond Group s e c t i o n s  ( s s 3 

T e x t - f i ^ s .  3 ,  18; App. 3 ) .
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i n  e x t e r n a l  f o im  an d  d e g r e e  o f  s e p t a l  d i l a t i o n  d u r i n g  

o n t o g e n y  d e t e r m i n e d  s u r f a c e  a r e a  and  w e i g h t ,  w h ic h  would  

h a v e  a f f e c t e d  t h e  b e h a v i o r '  o f  d i f f e r e n t  s i z e d  c o r a l l i t e s  i n  

a  p a r t i c u l a r  c u r r e n t .

I f  the-  b im o d a l  d i s t r i b u t i o n  i s  due t o  r e m o v a l  o f  

c o r a l l i t e s  f ro m  a n  i n i t i a l  p o p u l a t i o n  by c u r r e n t s ,  t h e y  m us t  

h a v e  b e e n  d e p o s i t e d  e l s e w h e r e .  The l e n g t h - f r e q u e n c y  

d i s t r i b u t i o n s  f o r  G. c a n a d e n s i s  c o r a l l i t e s  i n  h o r i z o n s  16a-1 

a n d  16c-1  a t  G o o d l e t t s v i l l e - G a l l a t i n ,  T e n n e s s e e ,  and  

h o r i z o n s  19a t o  e a t  M a n i t o u l i n  I s l a n d ,  O n t a r i o ,  a r e  

u n i m o d a l  w i t h  p e a k s  a t  35 mm ( T e x t - f i g .  7 ) .  T h i s  c o r r e s p o n d s  

t o  t h e  lov; f r e q u e n c y  a r e a  o f  t h e  b i m o d a l  d i s t r i b u t i o n  

( T e x t - f i g .  7 a ,  b ) .  The v e r y  lo w  f r e q u e n c y  a t  60 mm 

c o r r e s p o n d s  t o  t h e  maximum l e n g t h  o f  c o r a l l i t e s  t h o u g h t  t o  

h a v e  b e e n  rem oved  f ro m  t h e  i n i t i a l  p o p u l a t i o n .  T h ese  

f e a t u r e s  s u g g e s t  t h a t  c o r a l l i t e s  d e p o s i t e d  i n  t h e s e  h o r i z o n s  

a t  G o o d l e t t s v i l l e - G a l l a t i n  an d  M a n i t o u l i n  I s l a n d  were  

rem o v ed  by c u r r e n t s  f ro m  a n  i n i t i a l  p o p u l a t i o n .  F u r t h e r  

e v i d e n c e  o f  e x t e n s i v e  t r a n s p o r t a t i o n  w i l l  b e  p r e s e n t e d  i n  

t h e  s e c t i o n s  on G o o d l e t t s v i l l e - G a l l a t i n ,  T e n n e s s e e ,  an d  

M a n i t o u l i n  I s l a n d ,  O n t a r i o .  I t  i s  n o t e w o r t h y  t h a t  t h e  

u n i m o d a l  d i s t r i b u t i o n s  o c c u r  i n  n e a r - s h o r e  a r e a s  a t  

e x t r e m i t i e s  o f  t h e  g e o g r a p h i c  r a n g e  o f  G. c a n a d e n s i s . The 

r a p i d l y  d e c r e a s i n g  f r e q u e n c i e s  b e lo w  a b o u t  35 mm i n  t h e  

u n i m o d a l  d i s t r i b u t i o n  may i n d i c a t e  t h a t  a l l  c o r a l l i t e s  

r em o v ed  f ro m  t h e  i n i t i a l  p o p u l a t i o n  w ere  n o t  d e p o s i t e d
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t o g e t h e r .  The s m a l l e s t  s i z e  f r a c t i o n s  c o u l d  h a v e  b e e n  

t r a n s p o r t e d  e l s e v / h e r e ,  p e r h a p s  e v e n  c l o s e r  t o  s h o r e .  A 

p o s s i b l e  exam ple  w i l l  be d i s c u s s e d  i n  t h e  s e c t i o n  on 

S t r  e e t s v i l l e ,  O n t a r i o .

I t  i s  c o n c l u d e d  t h a t  t h e  b im o d a l  l e n g t h - f r e q u e n c y  

d i s t r i b u t i o n s  f o r  G. c a n a d e n s i s  i n  t h e  C i n c i n n a t i  A rc h  

r e g i o n  w ere  p r o d u c e d  by c u r r e n t  s o r t i n g .  The s i m i l a r i t y  o f  

t h e s e  d i s t r i b u t i o n s  g e o g r a p h i c a l l y  a n d  s t r a t i g r a p h i c a l l y  

i n d i c a t e s  u n i f o r m  c o n d i t i o n s  d u r i n g  p e r i o d s  o f  h i g h  e n e r g y .  

P r e d o m i n a n t  p a l e o c u r r e n t  d i r e c t i o n s  t o  t h e  n o r t h  a n d  e a s t  

s u g g e s t  t h a t  c o r a l l i t e s  rem oved  f ro m  t h e  C i n c i n n a t i  A r c h  

r e g i o n  may h a v e  b e e n  d e p o s i t e d  n o r t h  o f  t h e  p r e s e n t  o u t c r o p  

a r e a  an d  s h o r e w a r d  n e a r  t h e  e x t r e m i t y  o f  t h e  Richmond Group 

t o  t h e  e a s t .

I f  t h e  c o r a l l i t e s  rem oved  by c u r r e n t s  c o u l d  be  a d d e d  t o  

t h o s e  l e f t  b e h i n d ,  i t  w ou ld  be  p o s s i b l e  t o  r e c o n s t r u c t  t h e  

l e n g t h - f r e q u e n c y  d i s t r i b u t i o n  o f  t h e  i n i t i a l  G. c a n a d e n s i s  

p o p u l a t i o n .  A c o m b i n a t i o n  o f  t h e  d i s t r i b u t i o n s  i n  T e x t - f i g .  

7 a  an d  b s u g g e s t s  t h a t  t h e  i n i t i a l  d i s t r i b u t i o n  may h a v e  

b e e n  u n i m o d a l ,  f o l l o w i n g  t h e  s o l i d  c u r v e  i n  7 a .  Such  a  

d i s t r i b u t i o n  would  r e s e m b l e  t h o s e  f o r  S t r e p t e l a s m a  d i v a r i c a n s  

a n d  G r e w i n g k i a  p u l c h e l l a , w h ic h  w ere  b u r i e d  i n  g r o w t h  

p o s i t i o n  o r  f o l l o w i n g  v e r y  l i t t l e  t r a n s p o r t a t i o n  ( T e x t - f i g s .  

14, 2 3 ) .

D i a m e t e r . The r a t e  o f  c o r a l l i t e  e x p a n s i o n  i s  com pared  

u s i n g  t h e  d i a m e t e r  a t  a  h e i g h t  o f  45 t o  55 mm ( T e x t - f i g .  8 ) .
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T e x t - f i g u j  e 8 . — G r e w i n g k i a  c a n a d e n s i s  ( B i l l i n g s ,  1 8 6 2 ) :  

c o r a l l i t e  d i a m e t e r s  ( d ,  mm) a t  h e i g h t s  (h )  b e t w e e n  45 an d  

55 mm, Richmond C-roup s e c t i o n s  ( s e e  T e x t - f i g s .  3,  18;

App. 4 ) .

A t  s e c t i o n s  2, 3> a n d  4 i n  t h e  s o u t h w e s t e r n  C i n c i n n a t i  A rc h  

r e g i o n ,  a l m o s t  a l l  c o r a l l i t e s  m e a s u r e d  a r e  b e t w e e n  33 and  

40 mm i n  d i a m e t e r .  E l s e w h e r e  i n  t h e  r e g i o n ,  v i r t u a l l y  a l l  

h a v e  a  d i a m e t e r  b e t w e e n  22 an d  32 mm. The s i g n i f i c a n c e  o f  

t h i s  d i s t r i b u t i o n  w i l l  be  d i s c u s s e d  i n  t h e  Summary o f  t h e  

C i n c i n n a t i  A r c h  r e g i o n .
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T e x t - f i g u r e  8 . — Gi ey / in r - i i a  c a n a d e n s i s  ( B i l l i n a s ,  1652) : 

co:. a l l i t e  d i a m e t e r  s ( d ,  ran) a t  h e ig h ts  (n )  t o t ’.vcen 45 anc 

55 rant, I.ichrnond C-i oup s e c t i o n s  ( s e e  T e x t - f i r s . 3, 16;

App. 4 ) .
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d p i f a u n a . Z p i f a u n a l  o r g a n i s m s  on G r e w i n g k i a  c a n a d e n s i s  

c o r a l l i t e s  c o m p r i s e  b r y o z o a n s ,  s o l i t a r y  c o r a l s  o f  Strexvtelasma 

d i v a r i c a n o , and c o l o n i a l  c o r a l s  (App. 5 ) .  d p i f a u n a l  bryozoans 

w ere  n o t e d  on 2813 o f  529 c o r a l l i t e s  (54 p e r c e n t )  i n  t h e  

Richmond Group o f  t h e  C i n c i n n a t i  A rch  r e g i o n  ( P l a t e  6 ,  f i g *  

4 ) .  T h i s  p e r c e n t a g e  i s  a p p r o x i m a t e l y  t h e  same a t  a l l  s e c t io n s  

Of 36 c o r a l l i t e s  f o r  w h ich  t h e  s i d e  f a c i n g  u p  on t h e  bedding 

s u r f a c e  a t  t h e  t i m e  o f  f i n a l  d e p o s i t i o n  i s  known, 39 

p e r c e n t  h a v e  e p i f a u n a l  b r y o z o a n s  on or' m o s t l y  on t h e  upper- 

s i d e ,  36 p e r c e n t  on or m o s t l y  on t h e  l o w e r  s i d e ,  11 p e r 'c e n t  

on l a t e :  a l  s i d e s ,  and  14 per c e n t  h a v e  b r y o z o a n s  e v e n l y  

d i s t r i b u t e d  a r o u n d  t h e  e x t e r i o r .  T h i s  u n i f o r m  d i s t r i b u t i o n  

on t h e  u p p e r  e x p o s e d  an d  lower- b u r i e d  s i d e s  s u g g e s t s  t h a t  

b r y o z o a n s  became a s s o c i a t e d  w i t h  t h e  h o s t  c o r a l l i t e s  b e f o r e  

t h e y  we: e d e p o s i t e d  a n d  p r o b a b l y  w h i l e  t h e y  w ere  a l i v e  i n  

g r o w t h  p o s i t i o n ,  b u r i a l  a f t e r -  d e p o s i t i o n  was a p p a r e n t l y  

r a p i d ,  n o t  a l l o w i n g  t i m e  f o r  e p i f a u n a  t o  c o l o n i s e  t h e  

e x p o s e d  c o r a l l i t s  s u r f a c e .  F i v e  h u n d r e d  t h i r t e e n  c o l o n i e s  

or  g r o u p s  o f  c o l o n i e s  o f  e p i f a u n a l  b r y o z o a n s  on 279 c o r a l l i t e s  

a r e  o r i e n t e d  a s  f o l l o w s :  37 p e r c e n t  on t h e  c o u n t e r  s i d e ,  38

p e r c e n t  on a n  a l a r  s i d e ,  and  25 p e r c e n t  on t h e  c a r d i n a l  sdcle.  

I i y o z o a n s  do n o t  show a s t r o n g  p r e f e r e n c e  f o r  a  p a r t i c u l a r  

s i d e  o f  t h e  h o s t .  T h i s  i s  a l s o  t r u e  o f  e p i f a u n a l  b r y o z o a n s  

on s o l i t a r y  c o r a l l i t e s  o f  t h e  S e l k i r k  Member, Red L i v e r  

F o r m a t i o n  ( l a t e  M id d le  o r  Upper O r d o v i c i a n ) ,  s o u t h e r n  

M a n i t o b a  ( T l i a s ,  1976, p.  2 6 - 2 8 ) .
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J p i f a u n a l r*
kj # d i v a r i c a n s  c o r a l l i t e s  a r e  p r e s e n t  on

s e v e n  o f  529 5 .  c a n a d e n s i s  c o r a l l i t T h e s e  o c c u r  a t

d i v a r i c a n s  a r e  more a b u n d a n t  t h a n  u s u a l  ( T e x t - f i g .  3 ) .

P o u r  e p i f a u n a l  c o r a l l i t e s  o c c u r  on t h e  c o u n t e r  s i d e  o f  t h e  

h o s t ,  two a r e  on a n  a l a r  s i d e ,  an d  one i s  on t h e  c a r d i n a l  

s i d e ,  5 .  d i v a r i c a n s  may h a v e  p r e f e r r e d  t h e  c o u n t e r  s i d e .  

P p i f a u n a l  c o r a l l i t e s  o c c u r  a t  a n y  h e i g h t  a b o v e  t h e  h o s t ’ s 

t i p .  Two were  worn down t o  t h e  b a s e  o f  a t t a c h m e n t  b e f o r e  

b u r i a l ,  s u g g e s t i n g  t h a t  t h e y  l i v e d  on t h e  h o s t  b e f o r e  i t  

was  a b r a d e d  d u r i n g  t r a n s p o r t a t i o n .  One c o r a l  t h a t  g rew  

u p r i g h t  f rom  t h e  i n n e r  an d  o u t e r  r i m  o f  t h e  h o s t ' s  c a l y x  

p r o b a b l y  became e p i f a u n a l  a f t e r  d e a t h  o f  t h e  G. c a n a d e n s i s  

p o l y p  b u t  w h i l e  t h e  c o r a l l i t e  was s t i l l  i n  g r o w t h  

o r i e n t a t i o n .  USNM 42517 shows £3. d i v a r i c a n s  c o r a l l i t e s  

t h a t  became e p i f a u n a l  on G. c a n a d e n s i s  a f t e r  d e p o s i t i o n  o f  

t h e  h o s t  on a  b e d d i n g  s u r f a c e  ( P l a t e  2 ,  f i g .  1 5 ) .

Only  one o f  529 G. c a n a d e n s i s  c o r a l l i t e s  h a s  a n  

e p i f a u n a l  c o l o n i a l  c o r a l  on i t s  c o u n t e r  s i d e .  I t  was f o u n d  

a t  h o r i z o n  1 2 a - 2 .
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S n d o b i o t a .  O rg an ism s  t h a t  b o r e d  i n t o  G r e w i n g k i a  c a n a d e n s i s.— ^  ~  -  ■■■ ■ ^  — ■■ JL.I* ■ ■ .... ■■ ■ ■ I . .

c o r a l l i t e s  c o m p r i s e  a n n e l i d s ,  b r y o z o a n s ,  a n d  a l g a e .  S p i o n i d  

p o l y c h a e t e  a n n e l i d s  p r o b a b l y  b o r e d  f o r  p r o t e c t i o n  (Cameron,  

1969b,  p .  690 ,  6 9 8 ) .  The b o r i n g s ,  a s s i g n e d  t o  V e r m i f 01-i c h n u s  

c f .  V. c l a r l c e i  Cameron,  1969a> a r e  s t r a i g h t  t o  s l i g h t l y  

c u r v e d  w i t h  a  c i r c u l a r  c r o s s - s e c t i o n  ( P l a t e  5, 

f i g s .  17, 3 2 ) .  T h e i r  d i a m e t e r - f r e q u e n c y  d i s t r i b u t i o n  i n  

c o r a l l i t e s  o f  t h e  Richmond C-roup, C i n c i n n a t i  A r c h  r e g i o n ,  i s  

s i m i l a r  t o  t h a t  i n  b r a c h i o p o d s ,  b r y o z o a n s ,  a n d  s o l i t a r y  c o r a l s  

o f  t h e  " W a y n e s v i l l e "  n e a r  s e c t i o n  14, a s  d e t e r m i n e d  by Cameron 

(1 9 6 9 b )  ( T e x t - f i g .  9 a ,  b ) .  T h e se  b o r i n g s  h a v e  a n  a v e r a g e

T e x t - f i g u r e  9 . — V e r m i f o r i c h n u s  c f .  V. c l a r k e i  Cameron,  

1 9 6 9 a :  d i a m e t e r  o f  b o r i n g s  ( d ,  mm), a ,  B o r i n g s  i n  178

G r e w i n g k i a  c a n a d e n s i s  c o r a l l i t e s  a n d  2 S t r e p t e l a s m a  

d i v a r i c a n s  c o r a l l i t e s ,  Richmond G r o u p ,  C i n c i n n a t i  A r c h  

r e g i o n  ( s e e  App. 6 ) ;  b ,  b o r i n g s  i n  45 H e b e r t e l l a  i n s c u l n t a  

s h e l l s ,  6 s o l i t a r y  c o r a l s ,  a n d  21 b r y o z o a n s ,  " W a y n e s v i l l e "  

s t r a t a ,  Richmond G roup ,  n e a r  W a y n e s v i l l e ,  Ohio ( f r o m  

Cameron,  1969b,  f i g .  5 c ) ;  £ ,  b o r i n g s  i n  2 I - I e l i c e l a s m a , 1

G r e w i n g k i a , an d  1 L o b o c o r a l l i u m  c o r a l l i t e ,  W h i te  H ead  F m . , 

n e a r  P e r c e ,  Quebec ( s e e  App. 6 ) ;  d ,  b o r i n g s  i n  108 

G r e w i n g k i a , H e l i c e l a s m a , a n d  D e i r a c o r a l l i u m  c o r a l l i t e s ,  

S e l k i r k  M b r . ,  Red R i v e r  F m . , s o u t h e r n  M a n i t o b a  ( f r o m  E l i a s ,  

1976,  f i g .  1 7 ) .
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T e x t - f i g u r e  9 * — Ve r  m i  f  o r  i  chnu.s c f .  V. c l a r k e i  Cameron,  1969a :  

d i a m e t e r  o f  b o x i n g s  (d ,  mm). a ,  B o x in g s  i n  178 Gr e v / i n r k i a  

c a n a d e n s i s  c o r a l l i t e s  and  2 S t r e p t e l a s m a  d i v a r i c a n s  

c o r a l l i t e s ,  Richmond C ro u p ,  C i n c i n n a t i  Ax ch. r e g i o n  ( s e e  App. 

6 ) ;  b ,  b o r i n g s  i n  45 H e b e r t e l l a  i n s c u l p t a  s h e l l s ,  6 s o l i t a r y  

c o r a l s ,  and  21 b r y o z o a n s ,  ’'W a y n e s v i l l e "  s t r a t a ,  Richmond 

Group n e a r  W a y n e s v i l l e ,  Ohio ( f r o m  Cameron,  1969b,  f i g .  5 c ) ;  

£ ,  box i n g s  i n  2 H e l i e e l a s m a , 1 C r s w i n g k i a , an d  1 

L o b o c o r a l l i u m  c o r a l l i t e ,  W h i te  Head Fm. n e a r  P e r c e ,  Quebec 

( s e e  App. 6 ) ;  d_, b o r i n g s  i n  108 C - r e w in a k ia , H e l i e e l a s m a ,

an d  D e i r a c o x a l l i u m  c o r a l l i t e s ,  S e l k i r k  M b r , ,  l ied R i v e r  F m . , 

s o u t h e r n  M a n i to b a  ( f ro m  H l i a s ,  1976,  f i g .  1 7 ) .

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



co

rx
»o

O

S'?

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.

d( 
mm

 
T

ex
t-

fi
g

*



5 7

d i a m e t e r  l a r g e r  t h a n  t h o s e  o f  t h e  W hite  Head F o r m a t i o n  

(Aria  i l l i a n )  n ea r  l e -  c e ,  Quebec,  h u t  s m a l l 22 t h a n  t h o s e  o f  

t h e  d e lh i r - i :  Hemhe: , • ed h i / e :  F o r m a t i o n  ( l a t e  h i d d l e  0 : L p p e r  

0 . d o r i c i a n ) , s o u th e r  n  h a n i t o h a  ( I l i a c ,  1576,  f i f .  17) ( T e x t -  

f i L . 9 c,  d ) . V0 :. mi for  i c h i m e  ho: ing;s were  s o o n  i n  38  p e r c e n t  

o f  455 C_. c a n a d e n s i s  co: a l l i t s e  f ro m  t h e  C i n c i n n a t i  A: ch 

r e g i o n .  T h i s  p e r c e n t a g e  i s  ap p i  o x im a t  o l y  t h e  same a t  a l l  

s e c t i o n s .  The l o c a t i o n  o f  1124 b o r i n g s  i n  174 c o r a l l i t e s  i s  

a s  f o l l o w s : AS r e :  c e n t  i n  t h e  c o u n t e r  s i d e ,  35 p e r c e n t  i n

a n  a l a r  s i d e ,  and  15 p e r c e n t  i n  t h e  c a r d i n a l  s i d e  (App. 6 ) .

I f  a l l  ho: ing:s wo: e p r o d u c e d  a f t e r  d e p o s i t i o n  o f  t h e  c o r a l l i t e s ,  

m o s t  would  he e x p e c t e d  i n  a n  a l a r  s i d e ,  w h ich  u s u a l l y  f a c e d  

u p .  P r e d o m i n a n c e  i n  t h e  c o u n t e r  s i d e  m us t  he due  t o  p r e f e r e n c e  

o f  t h e  b o r i n g  o r g a n i s m  when t h e  c o i a l l i t e  was i n  g r o w th  

o: i e n t a t i o n ,  a s  i n  t h e  S e l l c i .  k  I.iember, h a d  h i r e r -  F o r m a t i o n ,  

s o u t h e r n  M a n i t o b a  ( f l i a s ,  1975,  p .  2 3 -2 5 )*  I n  26 c o r a l l i t e s  

fo_ w h ic h  t h e  s i d e  f a c i n g  u p  on t h e  b e d d i n g  s u r f a c e  a t  t h e  time 

of  f i n a l  d e p o s i t i o n  i s  known,  61 per  c e n t  h a v e  bor  i n g s  i n  o r  

m o s t l y  i n  t h e  u p p e r  s i d e ,  31 p e r c e n t  h a v e  b o r i n g s  u n i f o r m l y  

d i s t r i b u t e d  a r o u n d  t h e  c o r a l l i t e ,  a n d  i n  8 p e r c e n t  t h e  

b o r i n g s  a r e  i n . or  m o s t l y  i n  t h e  l o w e r  s i d e .  T h i s  i n d i c a t e s  

t h a t  some b o : i n g  o c c u r r e d  a f t e r  d e p o s i t i o n  o f  t h e  c o r a l l i t e s .  

F i c h a r d s  an d  Shabic-a  ( 19-6 9 ) f o u n d  t h a t  Ve: m i f 0r i c h n u s  b o r i n g s  

i n  h r a c h i o p o d s  o f  t h e  " A : n h e i m - W a y n e s v i l l e "  i n  t h e  v i c i n i t y  

o f  s e c t i o n  5 wer e p r o d u c e d  s u b s e q u e n t  t o  d e p o s i t i o n  o f  t h e  

s h e l l s .
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B o r i n g s  produced,  by c t e n o s t o m a t e  b r y o z o a n s  o c c u r  i n  

o n l y  t h r e e  c o r a l l i t e s  f rom  t h e  " ' w a y n e s v i l l e 1’ a t  s e c t i o n  14 

( P l a t e  6 ,  f i g .  4 ) .  I n  UCGM 45468 ( h o r i z o n  14U-1) t h e y  a r e  

p r e s e n t  i n  t h e  c a r d i n a l  s i d e ,  a n d  i n  UCGM 454 69 ( h o r i z o n  

1 4 b -1 )  an d  45470 ( h o r i z o n  1 4 b -2 )  t h e y  b o r e d  i n t o  a l l  s i d e s .

O r d o v i c i a n  a l g a l  b o r i n g s  were  d i s c u s s e d  by U l i a s  (1 8 7 6 ,  

p .  1 3 4 - 1 3 6 ) .  B o r i n g s  a s s i g n e d  t o  D e n d r o i c h n u s  U l i a s ,  1976 

f o rm  a  f i n e  d e n d r i t i c  n e t w o r k  a l o n g  t h e  s u r f a c e  an d  

p e n e t r a t i n g  v e r y  s h a l l o w l y  i n t o  t h e  c o r a l l i t e  w a l l .  They 

a r e  p r e s e n t  i n  t h e  c a r d i n a l - a l a r  s i d e  o f  a  s i n g l e  c o r a l l i t e  

f ro m  h o r i z o n  11b-1 (UCGM 4 5 3 0 4 ) .

M i c r o s c o p i c  a l g a l  b o r i n g s  a r e  v e r y  common i n  G. 

c a n a d e n s i s  c o r a l l i t e s .  They a r e  g e n e r a l l y  f i l l e d  w i t h  

b l a c k  m a t e r i a l  a n d  p e n e t r a t e  p e r p e n d i c u l a r l y  a  s h o r t  

d i s t a n c e  i n t o  t h e  h o s t  ( P l a t e  6 ,  f i g .  5 ) .  T h a t  t h e y  were  

p r o d u c e d  by  a l g a e  i s  b e a u t i f u l l y  d e m o n s t r a t e d  by t h e  

p r e s e n c e  o f  m odern  a l g a l  b o r i n g s  i n  UCGM 45302 ( P l a t e  6, 

f i g .  6 ) .  The s p e c i m e n  was c o l l e c t e d  i n  a  s t r e a m  b e d  a n d  

t h e  e x p o s e d  s u r f a c e  o f  t h e  c o r a l l i t e  was c o v e r e d  with,  a  

g r e e n  a l g a l  " f i l m .  T h i n  s e c t i o n s  r e v e a l  v e r y  f i n e  b o r i n g s  

f i l l e d  w i t h  g r e e n  m a t e r i a l  p e n e t r a t i n g  a  s h o r t  d i s t a n c e  

p e r p e n d i c u l a r  t o  t h e  c o r a l l i t e  e x t e r i o r .  U n l i k e  t h e  

O r d o v i c i a n  b o r i n g s ,  t h e y  p e n e t r a t e  m i c r i t e  an d  s e c o n d a r y  

c a l c i t e  c r y s t a l s  f i l l i n g  Y e r m i f o r i c h n u s  b o r i n g s .  They a r e  

s i m i l a r  i n  m o rp h o lo g y  b u t  a r e  f i n e r  t h a n  t h e  O r d o v i c i a n  

b o r i n g s .  A lm o s t  a l l  O r d o v i c i a n  a l g a l  b o r i n g s  a r e  i n  t h e
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o u t e r  c o r a l l i t e  w a l l ,  b u t  i n  two s p e c i m e n s  t h e y  p e n e t r a t e  

s e p t a  f ro m  t h e  i n t e r s e p t a l  ch am b e rs  a n d  i n  one o f  t h e s e  

t h e y  a l s o  e n t e r  t h e  c o r a l l i t e  f ro m  a  V e r m i f o r i c h n u s  b o r i n g  

T h e se  b o r i n g s  w ere  p r o b a b l y  p r o d u c e d  a f t e r  d e a t h  a n d  d e c a y  

o f  t h e  p o l y p .  The p o s i t i o n  o f  m i c r o s c o p i c  a l g a l  

t o : i n g . s  i n  3C c o r a l l i t e s  i s  a s  f o l l o w s :  33 p e r c e n t  h a v e

b o r i n g s  i n  a l l  s i d e s ,  13 p e r c e n t  i n  t h e  c o u n t e r  s i d e ,  2 p o r e  

i n  a  c o u n t e r - a l a r  s i d e ,  1 0 .3  p e r c e n t  i n  an  a la r -  s i d e ,  £ 

p e r c e n t  i n  a  c a r d i n a l - a l a r  s i d e ,  an d  1 0 . 3  p e r c e n t  i n  t h e  

c a r d i n a l  s i d e  (App. 7 ) .  The a l g a e  show no p r e f e r e n c e  f o r  a  

p a r t i c u l a r  l o c a t i o n  i n  t h e  c o r a l l i t e s ,  an d  a r e  g e n e r a l l y  

p r e s e n t  i n  a l l  o n t o g e n e t i c  s t a g e s  o f  t h e  h o s t .  T h i s ,  

t o g e t h e r  w i t h  t h e i r  common o c c u r r e n c e  b e n e a t h  e p i f a u n a l  

b r y o s o a n s ,  s u g g e s t s  t h a t  bor  ing, o c c u r  r ed v e r y  s o o n  a f t e r  

s e c r e t i o n  o f  t h e  c o r a l l i t e  w a l l  w h i l e  t h e  c o r a l  was i n  grow 

p o s i t i o n ,  f ' i c r  o s c o p i c  a l g a l  b o r i n g s  a r e  p r e s e n t  i n  33 o f  3 

c o r a l l i t e s  f r  om s e c t i o n s  1 t o  5 and 10 t o  14 f o r  w h ic h  t h i n  s e c t i  

w ere  e x a m in e d .  The only  sec t io n s  a t  which a l l  c o r a l l i t e s  do no t  

have borings a r e  3 , 1 2 , an d  13 i n  t h e  n o r t h e r n  p a r t  o f  t h e  

C i n c i n n a t i  A rc h  r e g i o n .  A l g a l  b o r i n g s  a r e  b e s t  d e v e l o p e d  

( i e .  maximum d i a m e t e .  a n d  l e n g t h )  a t  s e c t i o n  4 i n  t h e  

s o u t h w e s t ,  and  a r e  m os t  w e a k l y  d e v e l o p e d  ( i e .  f i n e r  and  v e r  

s h o r t )  a t  s e c t i o n s  1 2 , 1 3 , an d  14 i n  t h e  n o r t h ,  m odern  

b o r i n g  a l g a e  f l o u r i s h  i n  i n t e r t i d a l  e n v i r o n m e n t s  an d  n a y  be 

a b u n d a n t  t o  a  d e p t h  o f  a b o u t  20 t o  23 m (B ro m ley ,  1970,  p .  

3 4 ) .  T h e i r  d e v e l o p m e n t  an d  d i s t r i b u t i o n  i n  t h e  C i n c i n n a t i  

A r c h  1 eg i o n  may r e f l e c t  a n  i n c r e a s e  i n  water- d e p t h  n o r t h w a r
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A l g a l  b o r i n g s  o f  t h e  same t y p e  a s  t h o s e  i n  s o l i t a r y  c o r a l s

w ere  d e s c r i b e d  i n  b r a c h i o p o d  s h e l l s  f ro m  t h e  Richmond Group
-1

i n  Ohio  (K o b lu k  an d  R i s k ,  1277 ) .  The b o r i n g s  a r e  empty,  

o r  p a r t i a l l y  t o  e n t i r e l y  f i l l e d  w i t h  p y r i t e .

"^Kobluk, D. R . , an d  R i s k ,  M. J .

1977 .  A l g a l  b o r i n g s  a n d  f r a m b o i d a l  p y r i t e  i n  U pper  

O r d o v i c i a n  b r a c h i o p o d s .  L e t h a i a ,  v o l .  10, 

PP. 1 3 5 -1 4 3 ,  6 f i g s .
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Int. :  ■".rv.'ocific- "r.: j u t i o n :  I..':..' rr o f  b o o t? , . A / one: a l  i n c r  e a s e

i n  t h e  numl 3; o f  m.ajo: s e p t a  a t  a  pa: i i c r l u :  c o r a l l i t e

dizm-etej w i t h i n  owin- k iw c-annf.one i s  o f  t h e  Richmond Group 

i n  t h e  C i n c i n n a t i  A rc h  r e g i o n  i s  i n d i c a t e d  t y  c o m p a r in g  v a l u e s  

f o r  known " Y / a y n e s v i l l e " , " L i t e r t y " ,  and  " Vth . i t e w a t e r - h l k h o r n "  

s t r a t a  ( T e x t - f i g : .  1 0 ) ,  A t  s e c t i o n  1, h o w e v e r ,  t h e r e  i s  no

T e x t - f i g u r  e 1 0 . — Gr ewinglc ia  c a n a d e n s i s  ( E i l l i n g s ,  1 8 6 2 ) :  

r e l a t i o n  b e tw e e n  num ber  o f  m a j o r  s e p t a  (n )  a n d  c o r a l l i t e  

d i a m e t e r  (d )  f o r  t h r e e  h o r i z o n s  i n  t h e  Richmond G roup ,  

C i n c i n n a t i  A rc h  r e g i o n .  Numbers i n d i c a t e  i r e o u e n c y  o f  a  

p o i n t  i f  g r e a t e r  t h a n  one ( s e e  T e x t - f i g ; .  3 ;  App. 8 ;  T a b l e  4 ) .  

C u r v e s  a r e  a v e r a g e  f o r  Richmond G roup ,  . C i n c i n n a t i  A r c h  

r e g i o n  ( s e e  T e x t - f i g .  3 6 ) .

c h a n g e  t h r o u g h o u t  t h e  R ic h m o n d ia n ,  and  d i s t r i b u t i o n s  a t  a l l  

h o r i z o n s  r e s e m b l e  t h o s e  f o r  " L i b e r t y "  s t r a t a  e l s e w h e r e  

( T e x t - f i g .  1 1 ) .  T h i s  i s  t h e  o n l y  a r e a  i n  t h e  C i n c i n n a t i  A r c h

T e x t - f i g u r e  ' 1 1 . — G r e w i n g k i a  c a n a d e n s i s  ( B i l l i n g s ,  1 8 6 2 ) :  

r e l a t i o n  b e tw e e n  number- o f  m a j o r  s e p t a  (n )  an d  c o r a l l i t e  

d i a m e t e r  (d )  f o r  f i v e  c o l l e c t i n g  h o r i z o n s  a t  s e c t i o n  1,

Richmond G roup,  C i n c i n n a t i  A r c h  r e g i o n .  Numbers  i n d i c a t e  

f r e q u e n c y  o f  a - p o i n t  i f  g r e a t e r  t h a n  one ( s e e  T e x t - f i g .  3 ;  App.  

8 ;  T a b l e  4 ) .  C u r v e s  a r e  a v e r a g e  f o r  Richmond G roup ,

C i n c i n n a t i  A r c h  r e g i o n  ( s e e  T e x t - f i g .  3 6 ) .
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Tex t- f ig .u . .  e 1 0 . — G r e w i n g k i a  c a n a d e n s i s  ( B i l l i n g s ,  1 8 6 2 ) :  

r e l a t i o n  b e tw e e n  number  o f  m a j o r  s e p t a  (n )  and  c o r a l l i t e  

d i a m e t e r  (d )  f o r  t h r e e  h o r i z o n s  i n  t h e  Richmond G roup ,  

C i n c i n n a t i  A rc h  r e g i o n .  Numbers i n d i c a t e  f r e q u e n c y  o f  a  

p o i n t  i f  g r e a t e r  t h a n  one ( s e e  T e x t - f i g .  3 ;  App.  8 ;  T a b l e  4 ) .  

C u r v e s  a r e  a v e r a g e  f o r  Richmond C-roup, C i n c i n n a t i  A rc h  

r e g i o n  ( s e e  T e x t - f i g .  3 6 ) .
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T e x t - f i g u r e  1 1 . — G r e w i n g k i a  c a n a d e n s i s  ( B i l l i n g s ,  1 8 6 2 ) :  

r e l a t i o n  b e t w e e n  number  o f  m a j o r  s e p t a  (n )  an d  c o r a l l i t e  

d i a m e t e r  (d )  f o r  f i v e  c o l l e c t i n g  h o r i z o n s  a t  s e c t i o n  1 ,

Richmond G roup ,  C i n c i n n a t i  A r c h  r e g i o n .  Numbers i n d i c a t e  

f r e q u e n c y  o f  a  p o i n t  i f  g r e a t e r  t h a n  one ( s e e  T e x t - f i g .  3; App. 

8 ; T a b l e  4 ) .  C u r v e s  a r e  a v e r a g e  f o r  Richmond G roup,

C i n c i n n a t i  A r c h  r e g i o n  ( s e e  T e x t - f i g .  3 6 ) .
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r e g i o n  w here  t h e i  s a r e  no  m a jo r ’ l i t h o l o g i c  c h a n g e s  w i t h i n  

t h e  I Richmond Group,  e x c e p t  f o r  a n  u pw ard  i n c r e a s e  i n  s h a l e  

p r o b a b l y  r e l a t e d  t o  p r o g r a d a t i c n  o f  t h e  Q u e e n e to n  d e l t a  

( T e x t - f i g .  2 ) .  The i n c r e a s e  i n  t h e  number' o f  s e p t a  t h a t  

o c c u r r e d  e l s e w h e r e  m u s t  h a v e  b e e n  t h e  r e s u l t  o f  e n v i r o n m e n t a l  

c h a n g e .  P e r h a p s  i t  was r e l a t e d  t o  a  d e c r e a s e  i n  w a t e r  d e p t h ,  

a s  s u g g e s t e d  " V / a y n e s v i l l e " , " L i b e r t y " ,  and  " Y v h i t e w a te r -  

B l k h o r n "  l i t h o l o g i e s  ( s e e  B e p o s i t i o n a l  E n v i r o n m e n t s ) .

A x i a l  R e g i o n . The d e g r e e  o f  v a r i a t i o n  o f  t h e  a x i a l  

r e g i o n  i n  l a t e r  o n t o g e n e t i c  s t a g e s  w i t h i n  C-rewingkia  

c a n a d e n s i s  s p a n s  t h e  g e n e r a  G r e w i n r k i a , H e l i c e l a s m a , and  

B o r e l a s m a  ( s e e  S y s t e m a t i c  P a l e o n t o l o g y  a n d  T e x t - f i g ,  2 6 a ) ,  

G r e w i n g k i a  i s  c h a r a c t e r i s e d  by a  co m plex  a x i a l  s t r u c t u r e ,  

H e l i c e l a s m a  n o r m a l l y  h a s  a  v e r y  s i m p l e  a x i a l  s t r u c t u r e ,  o r  

t h e  m a j o r  s e p t a  may e x t e n d  t o  t h e  a x i s  w i t h o u t  f o r m i n g  a  

s t r u c t u r e .  The m a j o r  s e p t a  do n o t  r e a c h  t h e  a x i s  i n  

B o r e l a s m a . I n  o r d e r  t o  com pare  t h e  a x i a l  r e g i o n  o f  

c o r a l l i t e s ,  a  c o m p a r a t i v e  s c a l e  was p r e p a r e d  u s i n g  21 

c o r a l l i t e s  a s s i g n e d  v a l u e s  o f  0 , 5 . . . 1 0 0  on  t h e  b a s i s  o f  

d e c r e a s i n g  a x i a l  r e g i o n  c o m p l e x i t y  ( P l a t e  4 ,  f i g s .  3 3 - 5 3 ) .  

O t h e r  c o r a l l i t e s  w ere  a s s i g n e d  v a l u e s  u s i n g  t h i s  s c a l e .

The a x i a l  r e g i o n  c o m p a r a t i v e  s c a l e  v a l u e - f r e q u e n c y  

d i s t r i b u t i o n  f o r  G. c a n a d e n s i s  o f  t h e  Richmond G roup  i n  t h e  

C i n c i n n a t i  A r c h  r e g i o n  h a s  a  p e a k  a t  35 ,  i n d i c a t i n g  t h a t  

m o s t  c o r a l l i t e s  h a v e  m o d e r a t e l y  co m p lex  a x i a l  s t r u c t u r e s  

c h a r a c t e r i s t i c  o f  G r e w i n g k i a  ( T e x t - f i g .  1 2 ) .  A l t h o u g h
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T e x t - f i g u r e  1 2 . — G r e w i n g k i a  cr.nad s n s  i  s ( f i l l i n g s ,  1 8 6 2 ) :  

a x i a l  r e g i o n  c o m p a r a t i v e  s c a l e  v a l u e s  f o r  t h e  Richmond 

Group an d  t h r e e  h o r i z o n s  w i t h i n  i t ,  C i n c i n n a t i  A rc h  r e g i o n  

( s e e  P l a t e  4 ,  f i g s .  3 3 - 6 3 ;  App. 9 ) .

r e l a t i v e l y  few  v a l u e s  a r e  a v a i l a b l e  f o r  t h e  " 7 / a y n e s v i l l e " , 

t h e  d i s t r i b u t i o n  h a s  a  p e a k  a t  35  w i t h  f a i r l y  low  f r e q u e n c y  

b e l o w  25 a n d  v e r y  low  f r e q u e n c y  a b o v e  4 5 .  The d i s t r i b u t i o n  

f o r  " L i b e r t y "  c o r a l l i t e s  h a s  a  p r o n o u n c e d  p e a k  a t  35> an d  

f r e q u e n c y  b e lo w  25 an d  a.bove 45 i s  lo w .  F o r  t h e  " W h i t e w a t e r —

S l l c h o rn " ,  t h e  s t r o n g e s t  p e a k  i s  a t  6 5 .  T h e r e  was a p p a r e n t l y

a  t r e n d  i n  G. c a n a d e n s i s  t o w a r d  p r e d o m i n a n t l y  s i m p l e r  a x i a l  

r e g i o n s ,  a l t h o u g h  t h e  t o t a l  r a n g e  i n  v a r i a b i l i t y  o f  t h e  

a x i a l  r e g i o n  r e m a i n e d  a p p r o x i m a t e l y  c o n s t a n t  d u r i n g  t h e  

R i c h m o n d i a n .  T h i s  t r e n d ,  l i k e  t h e  i n c r e a s e  i n  t h e  number

o f  s e p t a ,  may h a v e  b e e n  r e l a t e d  t o  d e c r e a s i n g  w a t e r  d e p t h .

Too f ew  d a t a  a r e  a v a i l a b l e  t o  d e t e r m i n e  i f  t h i s  t r e n d  a l s o  

o c c u r r e d  i n  t h e  v i c i n i t y  o f  s e c t i o n  1 .
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T e x t - f i g u r e  1 2 . — Gi a w i n g k i a  c a n a d e n s i s  ( B i l l i n g s ,  1 8 6 2 ) :  

a x i a l  r e g i o n  cotr.par a t i v e  s c a l e  v a l u e s  f o r  t h e  Hichmond C-roup 

and  t h r  ee ho i  i r o n s  w i t h i n  i t ,  C i n c i n n a t i  A r c h  r e g i o n  ( s e e  

P l a t e  4 ,  f i g s .  3 3 - 5 3 ; App. 9)«

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



6 9

O
CM

o

o
O  i

o
CO

o

o
-M-

0 )

" o
u
</> CM

*—

0 ) •
> U )

•rl
O
u -

' H
I

0
- P
X
<Da

E

0
u

EH

o
CM

o

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



7 0

B. S t r e p t e l a s r n a  d i v a r i c a n s  ( K ic h o l s o n ,  18713)

S t r a t i g r a p h i c  D i s t r i b u t i o n . The d i s t r i b u t i o n  o f  S t r e p t e l a s m a  

d i v a r i c a n s  g e n e r a l l y  p a r a l l e l s  t h a t  o f  G rew ingk ia  

c a n a d e n s i s , b u t  t h i s  s p e c i e s  i s  n o t  a s  a b u n d a n t  ( T e x t - f i g .

3 ).

O r i e n t a t i o n  o f  C o r a l l i t e s . Y/hereas G. c a n a d e n s i s  c o r a l l i t e s  

fo rm ed  a  t r a n s p o r t e d  c o n s t i t u e n t  w i t h i n  a n d  on c a r b o n a t e  

b e d s ,  S_. d i v a r i c a n s  was e p i f a u n a l  on s t a b i l i z e d  c a r b o n a t e  

s u b s t r a t e s  d u r i n g  p e r i o d s  o f  n o n - d e p o s i t i o n .  S e p t a l  g r o o v e s  

an d  i n t e r s e p t a l  r i d g e s  a r e  commonly p r e s e r v e d ,  i n d i c a t i n g  

l i t t l e  a b r a s i o n  ( P l a t e  1, f i g s .  20 ,  27* 30 ,  33 ;  P l a t e  2,  

f i g s .  1, 1 7 s ) .  E n e rg y  c o n d i t i o n s  r e m a i n e d  lo w ,  an d  

s u b s e q u e n t  g e n e r a l l y  a r g i l l a c e o u s  s e d i m e n t s  b u r i e d  many 

c o r a l l i t e s  i n  an '  u p r i g h t  p o s i t i o n ,  a p p a r e n t l y  i n  g r o w t h  

o r i e n t a t i o n  ( P l a t e  2 ,  f i g .  7 ) .  Some were d e p o s i t e d  on t h e i r  

s i d e s  a n d  a  few  a t  s e c t i o n s  12 a n d  13 a r e  o r i e n t e d  w i t h  t h e  

c a l y x  f a c i n g  down, i n d i c a t i n g  t r a n s p o r t a t i o n  b e f o r e  f i n a l  

b u r i a l .

The a t t a c h m e n t  s i t e s  c e n t e r e d  on t h e  c a r d i n a l  s i d e  o f  

59 c o r a l l i t e s  a r e  a s  f o l l o w s :  68 p e r c e n t  e n c r u s t i n g  an d

b r a n c h i n g  b r y o z o a n s ,  17 p e r c e n t  b r a c h i o p o d s  ( P l a t e  2 ,  f i g s .  

12,  1 3 s ,  1 4 s ) ,  8 p e r c e n t  G r e w i n g k i a  c a n a d e n s i s  c o r a l l i t e s  

( P l a t e  2 ,  f i g .  1 6 ) ,  5 p e r c e n t  c o l o n i a l  c o r a l s  ( P l a t e  2 ,  

f i g .  1 5 ) ,  a n d  2 p e r c e n t  p e l e c y p o d s  (App. 1 0 ) .  L a r v a e  

f r e q u e n t l y  a t t a c h e d  t o  l i v i n g  b r y o z o a n s ,  a s  d e m o n s t r a t e d  by
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upward  g r o w th  o f  b r y o z o a n s  t o  s u r r o u n d  c o r a l l i t e s  ( P l a t e  2, 

f i g .  9 s ) .  The c o r a l l i t e  w a l l  i s  s o m e t im e s  a b s e n t  a t  t h e  

s i t e  o f  a t t a c h m e n t  a n d  s e p t a  a r e  c o n n e c t e d  d i r e c t l y  t o  t h e  

b r y o z o a n  ( P l a t e  2,  f i g .  1 1 ) .  The s e p t a  o f  S_. d i v a r i c a n s  

a r e  g e n e r a l l y  u n d i l a t e d ,  b u t  i n  UCGI.T 45018 a n d  45128  t h e  

s e p t a  a r e  m o d e r a t e l y  d i l a t e d  w here  t h e  c o r a l l i t e s  a r e  

s u r r o u n d e d  by b r y o z o a n s  ( P l a t e  1, f i g s .  4 2 - 4 5 ) .  D i l a t i o n  

may b e  a. r e s p o n s e  t o  s t r e s s .  The l o c a t i o n  o f  S_. d i v a r i c a n s  

on b r a c h i o p o d s  i s  shown i n  T a b l e  1. R i c h a r d s  (1 9 7 2 ,  p .  4 0 1 ,

T a b l e  1 . — S t r e p t e l a s m a  d i v a r i c a n s  ( N i c h o l s o n ,  1 8 7 5 ) :  

a t t a c h m e n t  s i t e s  on b r a c h i o p o d s ,  C i n c i n n a t i  A r c h  r e g i o n  

( d a t a  f ro m  R i c h a r d s ,  1972,  u n l e s s  s p e c im e n  num ber  i s  g i v e n ) .

f i g .  10) s t a t e d  t h a t  "many o f  t h e  c o r a l s  a r e  l o c a t e d  [ o n  

R h y n c h o t r e m a  d e n t a t u m  a n d  L e p id o c y c l u . s  c a p a x ] so  t h a t  t h e  

p o l y p  w ou ld  h a v e  b e e n  b a t h e d  by t h e  e x h a l e n t  c u r r e n t .

P e r h a p s  t h e  C o r a l  f e d  on  f o o d  o f  a  s i z e  o r  t y p e  s y s t e m a t i c a l l y  

r e j e c t e d  by t h e  b r a c h i o p o d " .  A t  h o r i z o n  4 - 2 ,  S. d i v a r i c a n s  

c o r a l l i t e s  a r e  s i t u a t e d  a t  t h e  u p p e r m o s t  p o i n t s  on c o l o n i a l  

c o r a l s ,  some o f  w h ic h  h a d  b e e n  o v e r t u r n e d  b e f o r e  

c o l o n i z a t i o n .  The s p e c i e s  a p p a r e n t l y  f a v o r e d  e l e v a t e d  

p o s i t i o n s  on s t a b i l i z e d  s u b s t r a t e s  i n  lo w  e n e r g y  c o n d i t i o n s .

d i v a r i c a n s  was n o t  f o u n d  i n  t h e  B u l l  F o r k  F o r m a t i o n  a t  

s e c t i o n  1, a l t h o u g h  G. c a n a d e n s i s  i s  common ( T e x t - f i g .  3)»

T h i s  i s  t h e  o n l y  a r e a  i n  t h e  C i n c i n n a t i  A rc h  r e g i o n  where
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T a b l e  1 . — S t r e p t e l a s r n a  d i v a i i c a n s  ( N i c h o l s o n ,  187!;):  

a t t a c h m e n t  s i t e s  on b r a c h i o p o d s ,  C i n c i n n a t i  Ai-ch r e g i o n  ( d a t a  

f ro m  R i c h a r d s ,  1972,  u n l e s s  s p e c im e n  number  i s  g i v e n ) .
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TABLE 1

Rhynchoti  ema cl en ta tu m  

9 on f o l d  

9 o f f  f o l d

L e p i d o c y c l u s  caoax

2 on " b rach ia l  v a l v s ,  a n t e r i o r  (UCGIv: 49066, USNM 40086) 

8 on f o l d

L e o t a e n a  r i c h m o n d e n s i s

2 on g e n i c u l a t e  p a r t  o f  p e d i c l e  v a l v e

R a f i n e s c u i n a  a l t e r n a t a

1 on p e d i c l e  v a l v e ,  a n t e r i o r  (USNM 135767)

H o l t e d a h l i n a  s u l c a t a  

1 on a n t e r i o r
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p r o m i n e n t  l i t h o l o g i c  c h a n g e s  a r e  n o t  p r e s e n t  i n  t h e  

Richmond G ro u p .  P e r h a p s  d e p o s i t i o n  was more c o n t i n u o u s  

an d  u n i f o r m ,  n o t  a l l o w i n g  S. d i v a r i c a n s  a n  o p p o r t u n i t y  t o  

c o l o n i s e  s t a b i l i z e d  s u b s t r a t e s .

S. d i v a r i c a n s  c o r a l l i t e s  g e n e r a l l y  o c c u r  i n d i v i d u a l l y ,  

b u t  26 p e r c e n t  fo rm  c l u s t e r s  o f  two o r  more ( T e x t - f i g .  1 3 J 

P l a t e  1, f i g .  27 ;  P l a t e  2,  f i g s .  1,  8 s ) .  The maximum

T e x t - f i g u r e  13*— S t r e o t e l a s m a  d i v a r i c a n s  ( N i c h o l s o n ,  1 8 7 5 ) :  

s o l i t a r y  c o r a . l l i t e s  an d  num ber  o f  c o r a l l i t e s  c o m p r i s i n g  

p s e u d o c o l o n i e s  an d  c o l o n i e s ,  Richmond G roup ,  C i n c i n n a t i  A r c h  

r e g i o n  ( s e e  App. 10) .

num ber  o f  c o r a l l i t e s  s e e n  i n  a  s i n g l e  g r o u p  i s  13» Most 

c l u s t e r s  a p p a r e n t l y  r e p r e s e n t  p s e u d o c o l o n i e s ,  w i t h  t r u e  

c o l o n i a l i t y  b e i n g  r a r e  ( s e e  S y s t e m a t i c  P a l e o n t o l o g y ) .  T h i s  

g r e g a r i o u s  h a b i t  i s  p r o b a b l y  due  t o  m u l t i p l e  s e l e c t i o n  o f  

f a v o r a b l e  a t t a c h m e n t  s i t e s .
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T e x t - f i g u r e  1 3 . — S t r e n t e l a s m a  d i v a r i c a n s  ( N i c h o l s o n ,  1 8 7 5 ) :  

s o l i t a r y  c o r a l l i t e s  and  number  o f  c o r a l l i t e s  c o m p r i s i n g  

p s e u d o c o l o n i e s  and  c o l o n i e s ,  Richmond G roup,  C i n c i n n a t i  A rc h  

r e g i o n  ( s e e  App. 1 0 ) .
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75,

5 0

n = 189 solitary corall ites,
pseudocolonies, and colonies

number of corall i tes

T e x t - f i g .  13
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C o r a l l i t e  S i z e . The l e n g t h - f r e q u e n c y  d i s t r i b u t i o n  f o r  

S t r e p t e l a s m a  d i v a r i c a n s  o f  t h e  Richmond G roup ,  C i n c i n n a t i  

A r c h  r e g i o n ,  i s  shown i n  T e x t - f i g .  14. C o l l e c t i n g  b i a s  i s

T e x t - f i g u r e  1 4 . — S t r e p t e l a s m a  d i v a i i c a n s  ( N i c h o l s o n ,  1 8 7 5 ) :  

l e n g t h  o f  c o r a l l i t e s  ( 1 ) ,  Richmond G roup ,  C i n c i n n a t i  A rc h  

r e g i o n  ( s e e  App. 3 ) .  C o l l e c t i n g  b i a s  i s  t h o u g h t  t o  

c o n t r i b u t e ,  a t  l e a s t  i n  p a r t ,  t o  low  f r e q u e n c i e s  b e lo w  10 mm.

t h o u g h t  t o  c o n t r i b u t e ,  a t  l e a s t  i n  p a r t ,  t o  p r o g r e s s i v e l y  

lo v / e r  f r e q u e n c i e s  b e lo w  10 mm. The e f f e c t s  o f  b i o l o g i c  

f a c t o r s  s u c h  a s  b i r t h  r a t e ,  g r o w t h  r a t e ,  an d  d e a t h  r a t e  a r e  

unknown.  The d i s t r i b u t i o n  ab o v e  10 mm p r o b a b l y  r e f l e c t s  

t h e  p o p u l a t i o n  b e c a u s e  many c o r a l l i t e s  w ere  p r e s e r v e d  i n  

g r o w t h  p o s i t i o n  a n d  f ew  show s i g n s  o f  e x t e n s i v e  

t r a n s p o r t a t i o n .

The l o n g e s t  c o r a l l i t e s  o f  Si. d i v a r i c a n s  o c c u r  a t  

s e c t i o n  4 on t h e  s o u t h w e s t e r n  s i d e  o f  t h e  C i n c i n n a t i  A rc h  

r e g i o n .  The s i g n i f i c a n c e  o f  t h i s  i s  d i s c u s s e d  i n  t h e  

Summary o f  t h e  C i n c i n n a t i  A r c h  r e g i o n .

B p i f a u n a . B p i f a u n a l  o r g a n i s m s  a r e  v e r y  r a r e  on S t r e p t e l a s m a  

d i v a r i c a n s , p r o b a b l y  b e c a u s e  o f  s m a l l  c o r a l l i t e  s i z e .  

B r y o z o a n s  o c c u r  on s e v e r a l  l a r g e r  c o r a l l i t e s  a t  h o r i z o n s  

4 - 3 ,  4 - 5 ,  and  1 2 a -9  (App. 5 ) .
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T e x t - f i g u r e  1 4 . — S t r e p t e l a s m a  d i v a r i c a n s  ( N i c h o l s o n ,  1 8 7 5 ) :  

l e n g t h  o f  c o r a l l i t e s  ( 1 ) ,  Richmond Group ,  C i n c i n n a t i  A rc h  

r e g i o n  ( s e e  App. 3 ) .  C o l l e c t i n g  b i a s  i s  t h o u g h t  t o  

c o n t r i b u t e ,  a t  l e a s t  i n  p a r t ,  t o  lo w  f r e q u e n c i e s  b e lo w  10 mm.
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Zn do b i o t a  . V e r m i f o r i  c h n u s  b o r i n g s  w ere  s e e n  i n  o n l y  two 

S t r 5 n t e ].asma d i v a r i c a n s  c o r a l l i t e s  a t  h o r i z o n  4-5 (App. 6 ) .  

I . l i c r o s c o p i c  a l g a l  b o r i n g s  a r e  p r e s e n t  i n  3? o f  45 c o r a l l i t e s  

f ro m  t h e  C i n c i n n a t i  A rc h  r e g i o n  f o r  w h ic h  t h i n  s e c t i o n s  w ere  

e xam ined  (App.  7 ) .  C o r a l l i t e s  w i t h o u t  s u c h  b o r i n g s  a r e  n o t  

r e s t r i c t e d  t o  t h e  n o r t h e r n  p a r t  o f  t h e  r e g i o n ,  a s  t h e y  a r e  

f o r  G r e w i n r k i a  c a n a d e n s i s . A l g a l  b o r i n g s  a r e  m os t  w e a k ly  

d e v e l o p e d  a t  s e c t i o n s  12, 1 3 , and  14 i n  t h e  n o r t h e r n  

C i n c i n n a t i  A r c h  r e g i o n ,  p o s s i b l y  r e f l e c t i n g  g r e a t e r  w a t e r  

d e p t h .  The low  f r e q u e n c y  o f  e n d o b i o t a  i n  S_. d i v a r i c a n s  

may be  r e l a t e d  t o  s m a l l  c o r a l l i t e  s i z e  an d  t h e  f a c t  t h a t  

l i v i n g  b r y o z o a n s  f r e q u e n t l y  s u r r o u n d e d  t h e  c o r a l l i t e  so o n  

a f t e r  s e c r e t i o n ,  t h e r e b y  p r o t e c t i n g  i t .
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I n t :  a s u e c i f i c  Vn; i a t i o n . The n u n t s i  o f  m a jo i  s e p t a  a t  a 

pa i  t i c u l a r  co: a l l i t s  d i a r n c t e i  i s  h i g h l y  v a r i a b l e  w i t h i n  

S t i  e p t e l a s m a  d i v a i  i c a n s  o f  t h e  h ichm ond  Group ,  C i n c i n n a t i  

A rch  r  ef. i o n .  U n l i k e  G-r ewin ;  k i a  c a n a d e n s i s , t h e r e  i s  no 

a p p a r e n t  d i f f e r e n c e  i n  v a l u e s  f o r  c o r a l l i t e s  i n  " L i b e r t y ” 

and  " W h i te w a te r  - d l k h o r n "  s t r a t a  ( T e x t - f i g .  1 5 ) .

T e x t - f  i g u i  e 1 5 . — S t  r  e a t  e las rna  d i v a r  i  c a n s  ( N i c h o l s o n ,  1 8 7 5 ) :  

r e l a t i o n  b e tw e e n  number  o f  m a j o r  s e p t a  (n )  an d  c o r a l l i t e  

d i a m e t e r  (d )  f o r  two h o r i r o n s  i n  t h e  Richmond C-roup,

C i n c i n n a t i  A rc h  r e g i o n .  Numbers i n d i c a t e  f r e q u e n c y  o f  a  

p o i n t  i f  g r e a t e r  t h a n  one ( s e e  T e x t - f i g .  3 ;  App o ;  T a b l e  4 ) .  

C u rv e s  a r e  a v e r a g e  f o r  Richmond G roup ,  C i n c i n n a t i  A r c h  r e g i o n  

( s e e  T e x t - f i g ; .  2 8 ) .

The d e g r e e  o f  v a r i a t i o n  o f  t h e  a x i a l  r e g i o n  i n  l a t e r  

o n t o g e n e t i c  s t a g e s  w i t h i n  S. d i v a r i c a n s  s p a n s  t h e  g e n e r a  

S t r e p t e l a s m a  a n d  C-rewingkia  ( s e e  S y s t e m a t i c  P a l e o n t o l o g y  a n d  

T e x t - f i g .  2 6 a ) .  I n  S t r e p t e l a s m a , t h e  m a j o r  s e p t a  a r e  

w i t h d r a w n  f ro m  t h e  a x i s  o r  e x t e n d  t o  t h e  a x i s  w i t h o u t  

f o r m i n g  a n  a x i a l  s t r u c t u r e .  C -rew ingk ia  i s  c h a r a c t e r i z e d  by 

a  c om plex  a x i a l  s t r u c t u r e .  I n  o r d e r  t o  com pare  t h e  a x i a l  

r e g i o n  o f  c o r a l l i t e s ,  a  c o m p a r a t i v e  s c a l e  s i m i l a r  t o  t h a t  

f o r  G. c a n a d e n s i s  was p r e p a r e d ,  u s i n g  19 c o r a l l i t e s  a s s i g n e d  

v a l u e s  o f  5,  1 0 . . . 9 5  on t h e  b a s i s  o f  d e c r e a s i n g  a x i a l  r e g i o n  

c o m p l e x i t y  ( P l a t e  1, f i g s .  1 - 1 9 ) .  O t h e r  c o r a l l i t e s  w ere
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T e x t - f i g u r e  1 5 . — S t  r  e ~o t  e 1 asraa d i v a r i c a n s  ( N i c h o l s o n ,  1 8 7 5 ) :  

r e l a t i o n  b e tw e e n  number  o f  m a j o r  s e p t a  (n )  and  c o r a l l i t e  

d i a m e t e r  (d)  f o r  two h o r i z o n s  i n  t h e  Richmond G roup ,  

C i n c i n n a t i  A rc h  r e g i o n .  Numbers  i n d i c a t e  f r e q u e n c y  o f  a  

p o i n t  i f  g r e a t e r  t h a n  one ( s e e  T e x t - f i g .  3;  App. 8 ;  T a b l e  4 ) .  

C u r v e s  a r e  a v e r a g e  f o r  Richmond G roup ,  C i n c i n n a t i  A r c h  r e g i o n  

( s e e  T e x t - f i g .  2 6 ) .
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a s s i g n e d  v a l u e s  u s i n g  t h i s  s c a l e .  The a x i a l  r e g i o n  

c o m p a r a t i v e  s c a l e  v a l u e - f r e q u e n c y  d i s t r i b u t i o n  f o r  S_. 

d i v a r i c a n s  o f  t h e  Richmond Group i n  t h e  C i n c i n n a t i  A r c h  

r e g i o n  h a s  a  peak  a t  65 ,  i n d i c a t i n g  t h a t  i n  m os t  c o r a l l i t e s  

t h e  m a j o r  s e p t a  e x t e n d  t o  t h e  a x i s  w i t h o u t  f o r m i n g  a n  a x i a l  

s t r u c t u r e ,  a s  i s  t y p i c a l  o f  S t r e p t e l a s m a  ( T e x t - f i g .  1 6 ) .

T e x t - f i g u r e  1 6 . — S t r e p t e l a s m a  d i v a r i c a n s  ( N i c h o l s o n ,  1 8 7 5 ) :  

a x i a l  r e g i o n  c o m p a r a t i v e  s c a l e  v a l u e s  f o r  t h e  Richmond Group 

a n d  two h o r i z o n s  w i t h i n  i t ,  C i n c i n n s - t i  A r c h  r e g i o n  ( s e e  

P l a t e  1, f i g s .  1 - 1 9 ;  App.  9 ) .

The d i s t r i b u t i o n  f o r  c o r a l l i t e s  o f  t h e  " L i b e r t y "  h a s  a  

b r o a d  p e a k  c e n t e r e d  a b o u t  t h e  v a l u e  6 5 .  F o r  t h e  o v e r l y i n g  

" Y /h i t e w a te r—S l k h o r n " ,  a  s h a r p  p e a k  i s  p r e s e n t  a t  65 a n d  

f r e q u e n c i e s  a t  v a l u e s  b e lo w  40 a r e  l o w e r  t h a n  i n  t h e  

" L i b e r t y "  d i s t r i b u t i o n .  As i n  G. c a n a d e n s i s , t h e r e  was 

a p p a r e n t l y  a  t r e n d  t o w a r d  p r e d o m i n a n t l y  s i m p l e r  a x i a l  

r e g i o n s ,  a l t h o u g h  t h e  t o t a l  r a n g e  i n  v a r i a b i l i t y  o f  t h e  

a x i a l  r e g i o n  r e m a i n e d  a p p r o x i m a t e l y  c o n s t a n t  t h r o u g h  t h e  

R i c h m o n d ia n .  The a x i a l  r e g i o n s  o f  c o r a l l i t e s  w i t h i n  

p s e u d o c o l o n i e s  an d  c o l o n i e s  a r e  t h e  same o r  s i m i l a r  (App.

9 ) .  I n  t h e  c a s e  o f  p s e u d o c o l o n i e s ,  t h i s  c o u l d  r e f l e c t  t h e  

s i m i l a r  e n v i r o n m e n t  s h a r e d  by  t h e  c o r a l l i t e s .  S i m i l a r i t y  

w i t h i n  c o l o n i e s  c o u l d  be  e n v i r o n m e n t a l l y  o r  g e n e t i c a l l y  

c o n t r o l l e d .  I f  t h e  t r e n d  t o w a r d  p r e d o m i n a n t l y  s i m p l e r
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T e x t - f i g u r e  1 6 . — S t  r  e p t  e I  a  sma d i  v a r  i  c a n  s ( N i c h o l s o n ,  1 8 7 5 ) :  

a x i a l  r e g i o n  c o m p a r a t i v e  s c a l e  v a l u e s  fox' t h e  .Richmond Group 

and  two h o r i z o n s  within i t ,  C i n c i n n a t i  A rc h  r e g i o n  ( s e e  

P l a t e  1, figs. 1 -19; App. 9 ) .  .
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a x i a l  r e g i o n s  i s  e n v i r o n m e n t a l l y  c o n t r o l l e d ,  i t  may 

r e l a t e d  t o  d e c r e a s i n g  w a t e r  d e p t h .
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I n  g e n e r a l ,  t h e  Richmond Group o f  t h e  C i n c i n n a t i  A rch  

r e g i o n  r e p r e s e n t s  a  xe g r e s s i v e  s e q u e n c e ,  p o s s i b l y  f o l l o w i n g  

a t r a n s g r e s s i o n  n e a r  i t s  b a s e .  W a te r  d e p t h  became p r o g r e s s i v e l y  

g r e a t e r  n o r t h w a r d ,  w i t h  d e p o s i t i o n a l  s t r i k e  o r i e n t e d  e a s t - w e s t .  

The a r g i l l a c e o u s ,  s i l t y ,  and do lomit ic  sedimaitary  ro c k s  of t h e  south 

g r a d e  n o r t h w a r d  i n t o  i n t e r b e d d e d  s h a l e s  an d  l i m e s t o n e s .  Cn 

t h e  e a s t s : n  s i d e  o f  t h e  r e g i o n  n e a r e s t  t h e  Q u e e n s t o n  d e l t a ,  

m a r i n e  e n v i r o n m e n t s  were  more r e s t r i c t e d  and  t e r r i g e n o u s  

i n p u t  was g r e a t e :  t h a n  on t h e  w e s t e r n  s i d e ,  w h ic h  f a c e d  t h e  

m a in  body o f  t h e  e p i c o n t i n e n t a l  s e a .  I n  t h e s e  l e s s  r e s t r i c t e d  

e n v i r o n m e n t s ,  e x t e n s i v e  d e v e l o p m e n t  o f  c o l o n i a l  c o r a l  b a n k s  

p r o d u c e d  a  t e m p o r a r y  r e s t r i c t e d  l a g o o n  i n  l a t e r  P . ichm ondian  

t i m e .  On t h e  s o u t h w e s t e r n  s i d e  o f  t h e  C i n c i n n a t i  A r c h  r e g i o n ,  

c o l o n i a l  c o r a l  r o n e s  a r e  m o s t  p r o m i n e n t  (E row ne ,  1S64, p .  3 8 S ) ,  

C-rewingkia  c a n a d e n s i s  c o r a l l i t e s  a r e  b r o a d e s t ,  S t r e a t e l a s m a  

d i v a r i c a n s  c o r a l l i t e s  a r e  l o n g e s t ,  an d  e n d o f a u n a l  a l g a e  a r e  

b e s t  d e v e l o p e d .  T h i s  a r e a ,  on t h e  s h a l l o w ,  o p e n  s h e l f  

edge  o f  t h e  Richmond Group c a r b o n a t e  b e l t ,  m u s t  h a v e  b e e n  

a n  a r e a  o f  h i g h  p r o d u c t i v i t y  t h a t  was e s p e c i a l l y  f a v o r a b l e  

f o r  c o r a l s .  The C i n c i n n a t i  A r c h  was p r o b a b l y  a  s u b t l e ,  

b r o a d  p l a t f o r m  s l o p i n g  s l i g h t l y  t o  t h e  n o r t h  a n d  i n f l u e n c i n g  

c a r b o n a t e  s e d i m e n t a t i o n  a n d  o r g a n i c  b u i l d u p s  d u r i n g  t h e  

R i c h m o n d ia n  S t a g e .

G r e w i n g k i a  c a n a d e n s i s  ( B i l l i n g s ,  1862) a n d  S t r e p t e l a s m a  

d i v a r i c a n s  ( N i c h o l s o n ,  1875)  a r e  t h e  o n l y  s o l i t a r y  r u g o s e
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c o r a l s  known from t h e  C i n c i n n a t i a n  S e r i e s  o f  t h e  C i n c i n n a t i  

Arch  r e g i o n .  They f i r s t  a p p e a r e d  a t  t h e  b a se  o f  t h e  

"Vv'aynesville" i n  t h e  Richmond Group, s u g g e s t i n g  i n t r o d u c t i o n  

d u i i n g  a  lows:  R ichm ondian  t r a n s g r e s s i o n .  B o th  s p e c i e s  have 

a s i m i l a r  s t i a t i g r a p h i c  d i s t r i b u t i o n ,  and f a v o r e d ’horrnal" m ar ine  

w a t e r s  o f  " i n t e r m e d i a t e "  d e p th  where c a lc iu m  c a r b o n a t e  s e d im e n ts  

a c c u m u la te d  and b r a c h i o p o d s  and b r y o r o a n s  t h r i v e d .  G. 

c a n a d e n s i s  p r o b a b l y  l i v e d  i n  s t a b l e ,  low e n e rg y  e n v i r o n m e n t s ,  

b u t  t h e  c o r a l l i t e s  were t r a n s p o r t e d  i n  h i g h e r  e n e rg y  c o n d i t i o n s  

b e f o r e  f i n a l  d e p o s i t i o n  and r a p i d  b u r i a l .  Many c o r a l l i t e s  

l e s s  t h a n  a b o u t  60 mm and e s p e c i a l l y  a b o u t  39 mm lo n g  were 

removed from t h e  r e g i o n .  Y/hereas G. c a n a d e n s i s  c o r a l l i t e s  

formed a c l a s t i c  c o n s t i t u e n t  w i t h i n  and on c a r b o n a t e  b e d s ,

S. d i v a r i c a n s  was e p i f a u n a l  on s t a b i l i s e d  c a r b o n a t e  s u b s t r a t e s  

d u r i n g  p e r i o d s  o f  n o n - d e p o s i t i o n .  The c o r a l s  commonly 

a t t a c h e d  to  e l e v a t e d  a r e a s  e s p e c i a l l y  on b r y o z o a n s .  Dnergy 

c o n d i t i o n s  r em a in e d  low, and s u b s e q u e n t  g e n e r a l l y  

a r g i l l a c e o u s  s e d im e n t s  o f t e n  b u r i e d  t h e  c o r a l l i t e s  i n  g row th  

p o s i t i o n .  I n  b o t h  G. c a n a d e n s i s  and  S_. d i v a r i c a n s  t h e r e  was 

a  t r e n d  to w a rd  p r e d o m i n a n t l y  s i m p l e r  a x i a l  r e g i o n s ,  a l t h o u g h  

t h e  t o t a l  r a n g e  i n  v a r i a b i l i t y  r e m a in e d  a p p r o x i m a t e l y  

c o n s t a n t .  The a v e r a g e  number o f  s e p t a  i n  G. c a n a d e n s i s  

g e n e r a l l y  i n c r e a s e d  d u r i n g  R ichm ondian  t i m e ,  b u t  r e m a in e d  

c o n s t a n t  i n  t h e  v i c i n i t y  o f  s e c t i o n  1 where e n v i r o n m e n t a l  

c o n d i t i o n s  were a p p a r e n t l y  r e l a t i v e l y  u n i f o r m .  These  t r e n d s  

may be r e l a t e d  t o  d e c r e a s i n g  w a t e r  d e p t h .  D u r in g  t h e  f i n a l
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s t a g e s  o f  r e g r e s s i o n  o f  t h e  e p i c o n t i n e n t a l  s e a  a t  t h e  end 

o f  t h e  Kichmondian S t a g e ,  G_. c a n a d e n s i s  and S_. d i v a r i c a n s  

became e x t i n c t .
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2.  BLJufJSYILLH, KENTUCKY 

I n  t h e  v i c i n i t y  o f  Ltu k e s v i l l e  ( T e x t - f i g .  2,  n o .  2) ,  

t h e  Uichmond Group i s  i ep. e s o n t e d  by t h e  6 t o  40 m t h i c k  

C um ber land  F o i m a t i o n ,  w h ich  i s  pi e d o m i n a n t l y  u n f o s s i l i f e r o u s ,  

f i n s  g r a i n e d  d o l o m i t e  ( T e x t - f i f .  3 ) .  The d o l o m i t e  i s  f ; e n e r a l l y  

m a s s i v e ,  b u t  b u r io w s  and  v e r y  f i n e  l a m i n a e  (?  s t r o m a t o l i t e s )  

a r e  a l s o  p r e s e n t .  The f o r m a t i o n  was p r o b a b l y  d e p o s i t e d  i n  

r e s t r i c t e d ,  v e r y  s h a l l o w  m a r i n e  e n v i r o n m e n t s .  N e a r  t h e  b a s e ,  

a  t h i n  zone  o f  l i m e s t o n e  w i t h  s h a l e  i n t e r b e d s  o c c u r s  l o c a l l y .  

T h i s  was t e r m e d  E u r k e s v i l l e  l i m e s t o n e  by J i l l s o n  ( 1 9 5 1 ) .  

C a l c a r e o u s  m u d s to n e  w i t h  b i r d s e y e  s t r u c t u r e s  i s  

p r e s e n t , a s  w e l l  a s  w a c k e s t o n e  c o n t a i n i n g  a  few  b r a c h i o p o d s ,  

b r a n c h i n g  b r y o z o a n s ,  and  g a s t r o p o d s .  This p r o b a b l y  r e p r e s e n t s  

a  b r i e f ' h o r m a l '  m a r i n e  i n c u r s i o n .  J i l l s o n  (1 9 5 1 ,  p .  13, 14) 

l i s t e d  a  d i v e r s e  f a u n a  t h a t  p o i n t e d  " r a t h e r  c o n c l u s i v e l y  t o  

t h e  W a y n e s v i l l e  a g e  o f  t h e  E u r k e s v i l l e  l i m e s t o n e " .  N e a r  t h e  

t o p  o f  t h e  C um ber land  F o r m a t i o n ,  l o c a l  l i m e s t o n e  l e n s e s  a n d  

s h a l e  i n t e r b e d s  a r e  a l s o  p r e s e n t .  A t  h o r i z o n  15b,  one m e t e r  

o f  l i m e s t o n e  i s  o v e r l a i n  by 0 . 2  m o f  s h a l e .  The l i m e s t o n e  

i n c l u d e s  w a c k e s t o n e  w i t h  some b r a n c h i n g  b r y o s o a n s ,  

b r a c h i o p o d s ,  and g a s t r o p o d s ,  an d  p r o b a b l y  r e p r e s e n t s  a  s h o r t ,  

"n o rm a l1 m a r i n e  i n t e r v a l .  A l s o  p r e s e n t  i s  l i m e s t o n e  p e b b l e  

c o n g l o m e r a t e  and  f i n e  l a m i n a e  s u g g e s t i n g  v e r y  s h a l l o w  m a r i n e  

t o  p o s s i b l y  s u b a e r i a l  c o n d i t i o n s .  J i l l s o n  (1953)  d e s c r i b e d  

t h e  H a g g a rd  l i m e s t o n e  f ro m  t h i s  a p p r o x i m a t e  i n t e r v a l  a t  

h o r i z o n  15d.  He l i s t e d  a  s o l i t a r y  c o r a l ,  t h e  c o l o n i a l
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c o , ' a l e  P a v i s t i n a , C a l a o o e c i a , an d  T a t i  a d i u m , a s  w e l l  a s  

b r a c h i o p o d s ,  b r y o r o a n s ,  and. a  few  o t h e r  f o s s i l s  t h a t  

d i s t i n g u i s h  t h i s  l i m e s t o n e  " i n d i s p u t a b l y  a s  a  c o r r e l a t i v e  o f  

t h e  L i b e r t y  d i v i s i o n  o f  t h e  Richmond" ( J i l l s o n ,  1993, p.  9 ) .

A l l  e x p o s e d  b e d r o c k  s e e n  a t  t h i s  h o r i z o n  i s  u n f o s s i l i f e r o u s  

d o l o m i t e .  Loose  b l o c k s  o f  f o s s i l i f e r o u s  w a c k e s t o n e ,  p a c k s t o n e ,  

an d  g r a i n s t c n e  w i t h  b r a c h i o p o d s ,  b r y o z o a n s ,  and  t y p i c a l  

Richmond Group c o l o n i a l  c o r a l s  were  f o u n d .  S o l i t a r y  r u g o s e  

c o r a l s  w ere  n o t  s e e n ,  an d  t h e  t r u e  i d e n t i t y  o f  t h e  s p e c im e n s  

J i l l s o n  r e f e r r e d  t o  a s  S t r e p t s l a s m a  r u s t i c u m  r e m a i n s  unknown.  

The p r e s e n c e  o f  " L i b e r t y "  s t r a t a  a b o u t  10 m b e lo w  t h e  t o p  o f  

t h e  C um ber land  F o r m a t i o n  s u g g e s t s  t h a t  l i t t l e  was rem oved  by 

p o s t - R i c h m o n d i a n  -  p r e - D e v o n i a n  e r o s i o n .

F o e r s t e  (1912a,  p. 447)  r e p o r t e d  s o l i t a r y  c o r a l s ,  

c o l o n i a l  c o r a l s ,  and s t r o m a t o p o r o i d s  e a s t  o f  E u r k e s v i l l e  i n  

Wayne County, K en tu ck y .  He s t a t e d  t h a t  t h i s  h o r i z o n  

p r o b a b l y  c o r r e l a t e s  w i t h  t h e  b a s a l  " L i b e r t y " .
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3. G 0 CDL TTT£VILL3 -C-ALLATIN, TdNNDSSDJ

The N a s h v i l l e  Dome i s  lcnov.ii t o  h av e  t e e n  p e r i o d i c a l l y  

p o s i t i v e  s i n c e  t h e  e a r l y  M id d le  O r d o v i c i a n  (C.W* W i l s o n ,

1 9 3 3 ) .  I t  was u p l i f t e d  ab o v e  s e a  l e v e l  d u r i n g  t h e  l a t e  

K a y s v i l l i a n ,  and  i ernained so e x c e p t  l o c a l l y  u n t i l  t h e  

K i s s i s s i p p i a n .  R ic h m o n d ia n  s e d i m e n t s  o f  t h e  A rnhe im  

a n d  o v e r l y i n g  F e r n v a l e  f o r m a t i o n s  were  d e p o s i t e d  on t h e  w e s t  

an d  n o r t h  s i d e s  o f  t h e  dome ( E a s s l e r , 1932,  p.  1 2 0 -1 3 0 ;  C.

\7. V / i l so n ,  1S49, p .  2 0 1 - 2 0 7 ,  2 1 2 - 2 1 9 ) .  C l a s t i c  and  

c a r b o n a t e  s e d i m e n t s  forming:  t h e  S e q u a t c h i e  F o r m a t i o n  t o  t h e  

e a s t  (C .W .  V,:i l s o n ,  1949,  P. 205-21 1 ) i n t e r  t o n g u e  w i t h  

v a r i o u s  h o r i s o n s  i n  t h e  A r n h e i m - F e r n v a l e  on t h e  n o r t h  s i d e  

o f  t h e  N a s h v i l l e  Dome. The Richmond Group i s  o v e r l a i n  by 

t h e  K i d d l e  L l a n d o v e r i a n  (Lower  S i l u r i a n )  B r a s s f i e l d  F o r m a t i o n ,  

w h ic h  h a s  a b u n d a n t  s o l i t a r y  c o r a l s  a t  i t s  b a s e  n o r t h  o f  

C - a l l a t i n  ( l o c a l i t y  1 6 c ) .

I n  t h e  G o o d l e t t s v i l l e - G a l l a t i n  a r e a  n o r t h  o f  N a s h v i l l e  

( T e x t - f i g .  2,  n o .  3 ) ,  t h e  Richmond Group v a r i e s  f ro m  a b o u t  6 

t o  39 m i n  t h i c k n e s s  ( T e x t - f i g .  3 ) .  The A rnhe im  F o r m a t i o n  

c o n s i s t s  o f  ' r u b b l y  b e d d ed  a r g i l l a c e o u s  l i m e s t o n e  w i t h  g r a y  

s h a l e  i n t e r b e d s .  The f a u n a  was d i s c u s s e d  by F o e r s t e  ( 1 9 1 2 a ,

P .  4 4 6 , 447),  and  l i s t e d  by B a s s l e r  ( 1932,  p .  124) an d  C.W. 

W i l s o n  (1 9 4 9 ,  p .  2 0 7 ) .  B r a c h i o p o d s  a r e  m os t  a b u n d a n t ,  a n d  

s o l i t a r y  c o r a l s  a r e  common. The F e r n v a l e  F o r m a t i o n  c o n s i s t s  

o f  t h i c k e r  and  more e v e n l y  b e d d e d  c r i n o i d a l  p a c k s t o n e s ,  

g r a i n s t o n e s ,  and  l e s s e r -  f i n e l y  l a m i n a t e d  w a c k e s t o n e - m u d s t o n e ,
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w i t h  s h a l e  i n t e r  b e d s .  B r a c h i o p o d s  and  b r y o s o a n s  a r e  common, 

b u t  s o l i t a ; y  cor a l s  a r e  i a r c .  F o s s i l s  f ro m  t h e  s h a l e  

e q u i v a l e n t  o f  t h e  F e r n v a l e  w ere  l i s t e d  by C.'.Y. W i l so n  

( 1 9 4 9 ,  ?• 2 1l). A w e s t e r n  t o n g u e  o f  t h e  S e q u a t c h i e  F o r m a t i o n  

o c c m  s a t  t h e  t o p  o f  t h e  Richmond C-r oup i n  t h e  G o o d l e t t s v i l l e -  

G a l l a t i n  a r e a .  I t  c o n s i s t s  p r i m a r i l y  o f  m a s s i v e ,  

v a a f o s s i l i f e r o u s ,  a r g i l l a c e o u s  s a n d s t o n e  w i t h  o c c a s i o n a l  

b u r r o w s  a n a  f i n e  l a m i n a e .  A few t h i n  b e d s  o f  w a c k e s t o n e  and  

m u d s to n e  w i t h  b i r d s e y e  s t r u c t u r e s  and  f i n e  l a m i n a e  a r e  

p r e s e n t  l o c a l l y .  5 e v e r a . l  v e r y  t h i n  l e n s e s  o f  f o s s i l s  i n c l u d i n g  

common s o l i t a r y  c o r a l s  and  b r a c h i o p o d s  o c c u r  i n  t h e  s a n d s t o n e .

The R i c h m o n d ia n  s e q u e n c e  on t h e  n o r t h e r n  m a r g i n  o f  t h e  

N a s h v i l l e  Rome a p p e a r s  t o  be r e g r e s s i v e .  The A rn h e im  was 

d e p o s i t e d  i n  f a i r l y  lo w  e n e r g y  c o n d i t i o n s ,  a s  i n d i c a t e d  by 

t h e  l i t h o l o g y  (Howe, 1969, p .  1 3 3 4 ) .  The F e r n v a l e  s e d i m e n t s  

s u g g e s t  a h i g h e r  e n e r g y  s h o a l  (Howe, 1969,  p .  1 3 3 3 ) .  The 

l i t h o l o g y  and  s e d i m e n t a r y  s t r u c t u r e s  o f  t h e  S e q u a t c h i e  

t o n g u e  i n d i c a t e  v e r y  s h a l l o w  m a r i n e  t o  p o s s i b l y  o c c a s i o n a l l y  

s u b a e r i a l  e n v i r o n m e n t s .

E a s s l e r ' ( 1 9 3 2 ,  p.  122,  124) n o t e d  t h a t  b r a c h i o p o d s  o f  

t h e  A rn h e im  F o r m a t i o n  o f  T e n n e s s e e  a r e  c h a r a c t e r i s t i c  o f  t h e  

"A rnhe im "  i n  O h io ,  t u t  some o f  t h e  b r a c h i o p o d s  a n d  o t h e r  

f o s s i l s  a r e  a l s o  t y p i c a l  o f  t h e  " W a y n e s v i l l e " . Howe (1 9 6 9 ,  

p.  1339,  1336) s t a t e d  t h a t  t h e  f a u n a  o f  t h e  A rn h e im  F o r m a t i o n  

i n d i c a t e s  a  R i c h m o n d ia n  a g e ,  b u t  d o e s  n o t  w a r r a n t  p r e c i s e  

c o r r e l a t i o n  w i t h  t h e  t y p e  Richmond o f  t h e  C i n c i n n a t i  A r c h
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: e g i c n .  Cn t h e  b a s i c  o f  s t r a t i g r a p h i c  p o s i t i o n ,  t h e  Arnheim 

F o r m a t i o n  o f  T e n n e s s e e  may be  e q u i v a l e n t  t o  t h e  " A r n h e i n -  

w a y n e s v i l l e " . I f  t h e  lo w e r  A rn h e im  F o r m a t i o n  p r o v e s  t o  be 

"A in h e im "  i n  a y e ,  i t  c o n t a i n s  t h e  o l d e s t  s o l i t a r y  c o r a l s  i n  

t h e  Richmond Gaoup. The s t r a t i g r a p h i c  p o s i t i o n  and  

p r e d o m in a n c e  o f  l i m e s t o n e  i n  t h e  F e r n v a l e  F o r m a t i o n  n e a r  

G o o d l a t t s v i l l e  s u g g e s t  c o r r e l a t i o n  w i t h  t h e  " L i b e r t y " .  The 

u p p e r  t o n g u e  o f  t h e  S e c u a t c h i e  F o r m a t i o n  may c o r r e s p o n d  t o  

t h e  " V v n i t e w a t e r - S l k h o r n " . Howe (1969» p .  1335) f o u n d  t h a t  

d i a g n o s t i c  Richmond C-roup b r a c h i o p o d s  o c c u r  i n  t h e  

A r n h e i m  . an d  b a s a l  F e r n v a l e  f o r m a t i o n s ,  w h e r e a s  U a c u o k e t a  

Group b r a c h i o p o d s  a r e  r e s t r i c t e d  t o  h i g h e r  h o r i c o n s .

G r e w i n g k i a  c a n a d e n s i s  ( B i l l i n g s ,  1862) i s  t h e  o n l y  

s o l i t a r y  c o r a l  known f ro m  t h e  Richmond Group i n  t h e  

N a s h v i l l e  Dome a r e a .  The c o r a l l i t e s  w ere  a b r a d e d  ( P l a t e  6,  

f i g .  7)  a n d  d e p o s i t e d  on t h e i r  s i d e s  b e f o r e  b u r i a l  (App.  1) .  

F p i f a u n a l  b r y o z o a n s  a r e  v e r y  r a r e ,  a n d  w ere  s e e n  on o n l y  

twfo o f  more t h a n  t h r e e  d o z e n  c o r a l l i t e s  (App. 5 ) .

V e r m i f o r i c h n u s  b o r i n g s  a r e  r a r e  (App. 6 ) .  M i c r o s c o p i c  

a l g a l  b o r i n g s  w ere  s e e n  i n  o n l y  one  o f  n i n e  c o r a l l i t e s  f o r  

w h ic h  t h i n  s e c t i o n s  w ere  e x a m in e d ,  b u t  t h e  s t e r e o z o n e  i s  

p o o r l y  p r e s e r v e d  i n  s p e c i m e n s  f ro m  t h i s  a r e a  (App.  7 ) .

The l e n g t h - f r e q u e n c y  d i s t r i b u t i o n  f o r  c o r a l l i t e s  i n  t h e  

A rn h e im  F o r m a t i o n  s u g g e s t s  t h a t  m o s t  i f  n o t  a l l  w ere  

t r a n s p o r t e d  f ro m  e l s e w h e r e ,  a s  p r e v i o u s l y  d i s c u s s e d  u n d e r  

G. c a n a d e n s i s  o f  t h e  C i n c i n n a t i  A r c h  r e g i o n  ( T e x t - f i g .
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7 ) .  The s o u r c e  r e m a i n s  unknown b e c a u s e  p a l e o c u r r e n t  d a t a  

a r e  n o t  a v a i l a b l e  fo r  t h i s  a r e a .  D i s t r i b u t i o n  o f  t h e  number 

o f  major  s e p t a  a t  a  p a r t i c u l a r  d i a m e t e r  s u g g e s t s  t h a t  t h e  

c o r a l s  l i v e d  i n  an  e n v i r o n m e n t  s i m i l a r  t o  t h a t  d u r i n g  

" Y . ' a y n e s v i l l e 1' t i m e  i n  t h e  C i n c i n n a t i  A rc h  r e g i o n  ( T e x t - f i g s .  

17, 1 0 ) .  V a l u e s  for '  c o i a l l i t e s  i n  t h e  F e r n v a l e  F o r m a t i o n  a r e

T e x t - f i g u r e  1 7 . — G r • s w i  n / ;k i  a  c a n a d e n s i s  ( B i l l i n g s ,  1 8 6 2 ) :  

r e l a t i o n  b e t w e e n  number  o f  m ajor  s e p t a  (n )  and  c o r a l l i t e  

diameter  (d) fo r  fo u r  h o r iz o n s  i n  t h e  Richmond Group, G ood le t t sv i l le -  

G a l l a t i n  a r e a ,  T e n n e s s e e .  Numbers i n d i c a t e  f r e q u e n c y  o f  a  

p o i n t  i f  g r e a t e r -  t h a n  one ( s e e  T e x t - f i g .  3 ;  App. 8 ) .  Curve 

i s  a v e r a g e  f o r  Richmond G roup ,  C i n c i n n a t i  A rch  r e g i o n  ( s e e  

T e x t - f i g .  3 6 ) .

s i m i l a r  t o  t h o s e  i n  t h e  " L i b e r t y "  o f  t h e  C i n c i n n a t i  A rch  

r e g i o n .

C o r a l l i t e s  i n  a  t h i n ,  f o s s i l i f e r o u s  l e n s  i n  t h e  

S e q u a t c h i e  F o r m a t i o n  ( h o r i z o n  1 6 b -2 )  a r e  u n u s u a l l y  l o n g  and  

b r o a d  (CCGt.C "45517,  455 1 8 ,  45521 ) .  They e x c e e d  60 mm i n  l e n g t h ,  

w h ic h  i s  t h o u g h t  t o  be t h e  maximum s i z e  o f  c o r a l l i t e s  t h a t  

w e re  r em oved  by c u r r e n t s  f ro m  a n  i n i t i a l  p o p u l a t i o n  ( T e x t -  

f i g .  7)*  T h e se  c o r a l s  may h a v e  l i v e d  i n  t h e  C - c o d l e t t s v i l l e  

a r e a .  V a l u e s  f o r  t h e  number o f  m a j o r  s e p t a  a t  a  p a r t i c u l a r  

d i a m e t e r  a i  e t y p i c a l  o f  t h e  " V f a i t e w a t e r - B l k h o r n "  i n  t h e  

C i n c i n n a t i  A rc h  r e g i o n  ( T e x t - f i g s .  17, 1 0 ) .  C o r a l l i t e s  i n
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T e x t - f i g u r e  1 7 . — C r  e w i n g k i a  c a n a d  ens  i  s ( B i l l i n g s ,  1 8 6 2 ) :  

r e l a t i o n  B e tw e en  num ber  o f  m a j o r  s e p t a  (n )  and  c o r a l l i t e  

d i a m e t e r  (d )  f o r  four '  h o r i z o n s  i n  t h e  Richmond Group,  

G o o d l e t t s v i l l e - C a l l a t i n  a r e a ,  T e n n e s s e e .  Numbers i n d i c a t e  

f r e q u e n c y  o f  a p o i n t  i f  g r e a t e r  t h a n  one  ( s e e  T e x t - f i g .  3; 

App. 8 ) .  Curve  i s  a v e r a g e  f o r  Richmond G roup ,  C i n c i n n a t i  

A r c h  r e g i o n  ( s e e  T e x t - f i g .  3 6 ) .
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n
□ 34 0

□ □
□  S e q u a t c h i e  F m ( 1 6 c - 1 )  17 s e c t i o n s  I r o m  1 0  c o r . i l h l e

O  F e r n v a l e  F m  

x  A r n h e i m  F m20

403020
d, mm 
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a n o t h e r  s i m i l a r  l e n s  w i t h i n  t h e  S e q u a t c h i e  F o r m a t i o n  (horizon

1 6 c - 1 ) h a v e  a l e n y t h - f r e o u e n c y  d i s t r i b u t i o n  s u g g e s t i n g  t h e y  

w ere  t r a n s p o r t e d  f ro m  e l s e w h e r e ,  a s  p r e v i o u s l y  d i s c u s s e d  

( T e x t - f i g .  7 ) .  Two o f  t h e  16 c o r a l l i t e s  c o l l e c t e d  a t  t h i s  

h o r i s o n  h a v e  t h e  s t e r e o s o n e  c o m p l e t e l y  rem o v ed ,  i n d i c a t i n g  

e x t e n s i v e  a b r a s i o n .  V a l u e s  f o r  t h e  number' o f  m a j o r  s e p t a  a t  

a  p a r t i c u l a r ’ d i a m e t e r  a r e  t y p i c a l  o f  t h e  A rn h e im  F o r m a t i o n  o f  

T e n n e s s e e  an d  " W a y n e s v i l l a "  o f  t h e  C i n c i n n a t i  A r c h  r e g i o n  

( T e x t - f i g s .  17, 1 0 ) .  T h e se  c o r a l l i t e s  may h a v e  b e e n  r e w o r k e d  

and  d e p o s i t e d  i n  t h e  c l a s t i c  S e q u a t c h i e  t o n g u e .  They a r e  

n a r r o w ,  having;  a  d i a m e t e r - h e i g h t  r a t i o  s i m i l a r  t o  t h o s e  o f  

t h e  A rn h e im  F o r m a t i o n ,  a n d  t h e  n o r t h w e s t e r n  an d  e a s t e r n  

C i n c i n n a t i  A r c h  r e g i o n  ( T e x t - f i g .  8 ) .  One s p e c i m e n  (UCC-M 

49533)  c o m p r i s e s  t h r e e  s m a l l  c o r a l l i t e s ,  b u t  i t  i s  n o t  known 

i f  t h e s e  r e p r e s e n t  a  p s e u d o c o l o n y  o r  c o l o n y .
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D i l i c i f i e d ,  p o o r l y  p r e s e r v e d  c o r a l l i t e s  o f  G r e w i n g k i a  

c a n a d e n s i s  ( B i l l i n g s ,  1862) (USGS 347V.’) a n d  t y p i c a l  

R ichmond Group  c o l o n i a l  c o r a l s  (USCS 433K) a r e  p r e s e n t  i n  

d o l o m i t e  a t  t h e  t o p  o f  t h e  I . iaquoketa  Group  a t  L i t t l e  

S t u r g e o n  Bay ( T e x t - f i g s .  2 ,  n o .  4 ;  1 8 ) .  C h a m h e r l i n ,  e t  a l

T e x t - f i g u r e  1 8 . — W e s t e r n  a n d  n o r t h e r n  o u t c r o p s :

R ic h m o n d ia n  s t r a t i g r a p h i c  s e c t i o n s  t o  s c a l e  and  

d i s t r i b u t i o n  o f  s o l i t a r y  r u g o s e  c o r a l s  ( S t r e p t e l a s m a , 

H e l i c e l a s m a , G r e w i n g k i a , a n d  B i g h o r n i a ) ( s e e  L o c a l i t i e s ) .  F o r  

l e g e n d  o f  s y m b o ls  s e e  T e x t - f i g .  3 .

( 1 8 8 3 ,  p .  171) r e p o r t e d  t h a t  c a r b o n a t e  b e d s  i n  t h i s  a r e a  

g r a d e  i n t o  s h a l e s  t o w a r d  t h e  s o u t h  a n d  w e s t .  T h i s  zone  

a p p e a r s  t o  r e p r e s e n t  a n  i n c u r s i o n  o f  t h e  Richmond Group  

a s s o c i a t e d  w i t h  f i n a l  r e g r e s s i o n  o f  t h e  e p i c o n t i n e n t a l  s e a  

a t  t h e  end  o f  t h e  R ic h m o n d ia n  S t a g e .
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T e x t - f i g u r e  1 8 . — W e s t e r n  a n d  n o r t h e r n  o u t c r o p s :  R ic h m o n d ia n

s t r a t i g r a p h i c  s e c t i o n s  t o  s c a l e  a n d  d i s t r i b u t i o n  o f  s o l i t a r y  

r u g o s e  c o r a l s  ( S t r e p t e l a s m a , H e l i c e l a s m a , G r e w i n g k i a , and  

B i g h o r n i a ) ( s e e  L o c a l i t i e s ) .  F o r  l e g e n d  o f  s y m b o ls  s e e  T e x t - f i g .  

3.
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I n  no: t h e j  n  M i c h i g a n ,  t h e  Richmond Gr oup i s  e x p o s e d  i n  

t h e  p e n i n s u l a  b e tw e e n  L i t t l e  and  L i s  l a y  da Koc ( T e x t - f i g s .

2,  n o .  R; 1 8 ) .  The b a s a l  t e d s  o f  t h e  12 m t h i c k  Bay de Koc 

memtei o f  t h e  S t o n i n g t o n  F o r m a t i o n  a r e  c o n s i d e r e d  K a y s v i l l i a n  

i n  a g e  ( L i b e r t y  an d  S h e l d e n ,  1368, f i g .  8,  p .  2 8 ) .  The 

R ic h m o n d ia n  p o r t i o n  c o n s i s t s  o f  r u t t l y  b ed d ed  a r g i l l a c e o u s  

l i m e s t o n e  w i t h  g r a y  s h a l e  i n t e r b e d s  ( H u s s e y ,  1326,  p.  143;

1950,  p.  16, 1 7 ) .  The c a r b o n a t e  c o n t e n t  and  f r e q u e n c y  o f  

f o s s i l s  i n c r e a s e  u p w a r d .  A t  l o c a l i t y  17b,  a. few  p e l e c y p o d s  

a n d  t r i l o b i t e s  occur- i n  t h e  l o w e r  p a r t ,  and  b r a c h i o p o d s  and 

some b r y o z o a n s  a r e  p r e s e n t  i n  t h i n  l e n s e s  and  z o n e s  i n  

l i m e s t o n e  h i g h e r  i n  t h e  member . H u s se y  (1 9 5 0 ,  p .  17. 18) 

l i s t e d  t h e  f a u n a .  F o e r s t e  (1 9 1 8 ,  p .  99) fo u n d  a  s o l i t a r y  

c o r a l ,  r e f e r r e d  h e r e i n  t o  S t r e p t e l a s m a  d i v a r i c a n s  ( R i c h o l s o n ,  

1 8 7 5 ) ,  t h r e e  m e t e r s  b e lo w  t h e  t o p .  The s p e c im e n  c o n s i s t s  o f  

two a d j a c e n t  c o r a l l i t e s  near- t h e  a n t e r i o r  m a r g i n  o f  t h e  p e d i c l e  

va lve  of R a f in esq u in a  (ELate 2, f i g .  18s).  F o e r s t e  a l s o  found s o l i t a r y  

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

t h e  t o p  o f  t h e  member . The P ay  de  Koc Member i s  p r o b a b l y  a  

s h a l l o w i n g  upw ard  s e q u e n c e  d e p o s i t e d  i n  a  “normal"  m a r in e  

e n v i r o n m e n t .  F o e r s t e  (1 9 1 8 ,  p .  125, 126) s u g g e s t e d  t h a t  

f o s s i l s  o f  t h e  Pay  de Koc Member ( h i s  " a r g i l l a c e o u s  Richmond 

l i m e s t o n e " )  "may r e p r e s e n t  a  l a t e  s t a g e  o f  t h e  W a y n e s v i l l e  

f a u n a  o r  a n  e a r l y  s t a g e  o f  t h e  p o s t - W a y n e s v i l l e " . H u ssey  

( 1926,  p.  144) n o t e d  t h a t  t h e  p r e s e n c e  o f  many " v / a y n e s v i l l e "
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and  "vYhitewats :  *• f o s s i l s  t o f  e t h e i  w i t h  " H lk h o r n "  fo rm s  

made p o s i t i v e  co i  r e l a t i o n  u n w i s e ,  t u t  s u g g e s t e d  t h a t  t h e  u p p e r  

p a r t  o f  t h e  Bay de  Noe Member may be " V .h i t e w a te r "  i n  a g e .

The p o s i t i o n  o f  t h e  Bay de Koc Member a t  t h e  c a s e  o f  t h e  

s t r a t i f y  a p h i c  s e c t i o n ,  t h e  g e n e r a l  l i t h o l o g y  an d  a b u n d a n c e  o f  

s h a l e ,  an d  t h e  i a : : i t y  o f  s o l i t a r y  c o i a l s  s u g g e s t  i t  may 

c o n  e l a t e  w i t h  t h e  ’'A r n h e i m - Y / a y n e s v i l l e 1' .

The ove i  l y i n g  C f o n t s  Membei o f  t h e  S t o n i n g t o n  F o r m a t i o n  

i s  1 t o  6 m t h i c k  and  c o n s i s t s  o f  c h e r t y  m i c r i t i c  l i m e s t o n e  

an d  w a c k e s t o n e  w i t h  a r g i l l a c e o u s  m a t e i i a l  i n  i r r e g u l a r  t a n a s  

a n a  l e n s e s .  An i n t r a f o i n a t i o n a l  c o n g l o m e r a t e  o f  i r r e g u l a r  

n o d u l e s  an d  t h i n  s l a t s  o f  O g o n tz  l i m e s t o n e  i s  p r e s e n t  n e a r  

t h e  t o p  o f  the member' (H u s s e y ,  1926,  p.  1 3 5 -1 3 8 ;  1950,  p.  1 7 ) .

H u s s e y  (1 9 5 0 ,  p .  19, 20)  l i s t e d  t h e  f a u n a .  C o r a l l i t e s  o f  

G r e w i n g k i a  d e l t e n s i s  a r e  common on some s u r f a c e s  o f  O gon tz  

l i m e s t o n e ,  ’where t h e y  t e n d  t o  o c c u r  i n  g r o u p s  i n  a s s o c i a t i o n  

w i t h  s m a l l  g a s t r o p o d s  a n d  some b r a c h i o p o d s .  The c o r a l l i t e s  

w ere  a b r a d e d  an d  t i p s  r o u n d e d  b e f o r e  b u r i a l  ( P l a t e  6 , f i g s .

35 ,  4 5 ) .  Two c o r a l l i t e s  w e re  b u r i e d  w i t h  t h e  c o u n t e r  s i d e  

u p ,  s i x  h a d ' a n  a l a r  s i d e  u p ,  a n d  one  h a d  t h e  c a r d i n a l  s i d e  

u p  (App. 1). G. d e l t e n s i s  c o r a l l i t e s  a r c  t r o c h o i d ,  

m o d e r a t e l y  c u r v e d ,  a n d  a t t a i n  l a r g e  s i z e .  They r e s e m b l e  

c o r a l l i t e s  o f  G r e w i n g k i a  i n  t h e  pLed R i v e r  F o r m a t i o n  ( l a t e  

M id d l e  o r  U p p e r  O r d o v i c i a n )  o f  s o u t h e r n  M a n i t o b a ,  a n d  were  

p r o b a b l y  o r i e n t e d  d u r i n g  l i f e  w i t h  t h e  co n v e x  c a r d i n a l  s i d e  

i n  t h e  s e d i m e n t  a n d  c o u n t e r  s i d e  f a c i n g  u p w ard  ( E l i a s ,
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1976,  p.  3 1 - 3 4 ) .  None o f  t h e  s p e c i m e n s  c o l l e c t e d  h ad  

e p i f a u n a  o r  V e r m i f o r i c h n u s  " b o r in g s .  B o th  s p e c i m e n s  f o r  

w h ic h  t h i n  s e c t i o n s  were  e x am in e d  h a d  O r d o v i c i a n  m i c r o s c o p i c  

a l g a l  b o r i n g s ,  an d  one a l s o  h a d  s i m i l a r  R e c e n t  b o r i n g s  

p r o d u c e d  by  a l g a e  i n  Lake  M ic h i g a n  ( P l a t e  6 , f i g .  38;  App.

7 ) .  The O gon tz  Member was d e p o s i t e d  i n  a  s h a l l o w  m a r i n e  

e n v i r o n m e n t  w i t h  l i t t l e  t e r r i g e n o u s  i n f l u x ,  p o s s i b l y  

i n  a  s h e l t e r e d  l a g o o n  a s  s u g g e s t e d  b 5r t h e  m i c r i t i c  c o m p o s i t i o n  

a n d  common g a s t r o p o d s .  The i n t r a f o r m a t i o n a l

c o n g l o m e r a t e  may i n d i c a t e  a  p e r i o d  o f  s u b a e r i a l  e x p o s u r e  riea-’ 

t h e  end o f  Ogontz  d e p o s i t i o n .  The r e l a t i v e l y  p u r e  m i c r i t i c  

l i m e s t o n e  c h a r a c t e r  i z i n g  t h e  O gon tz  Member i s  n o t  f o u n d  

e l s e w h e r e  i n  t h e  Richmond G roup .  F o e r s t e  (1 9 1 8 ,  p .  125) 

p r o v i s i o n a l l y  co r r  e l a t e d  t h e  O gon tz  ( h i s  " c h e r t y  Richmond 

l i m e s t o n e " )  w i t h  t h e  " p o s t - Y / a y n e s v i l l e "  cn  t h e  b a s i s  o f  f a u n a ,  

H u s s e y  (1 9 2 6 ,  p .  144) s u g g e s t e d  t h a t  i t  nay be  e q u i v a l e n t  t o  

t h e  " Y / h i t e w a t e r " . The p o s i t i o n  o f  t h e  O gon tz  IIember i n  t h e  

s t r a t i g r a p h i c  s e q u e n c e ,  t h e  p r e d o m in a n c e  o f  l i m e s t o n e ,  an d  

t h e  common o c c u r r e n c e  o f  s o l i t a r y  c o r a l s  s u g g e s t  i t  may 

c o r r e l a t e  w i t h  t h e  " L i b e r t y " .

O v e r l y i n g  t h e  S t o n i n g t o n  F o r m a t i o n  i s  t h e  38  m t h i c k  E i g  

H i l l  F o r m a t i o n .  I t  c o n s i s t s  o f  d o l o m i t e  w i t h  some s h a l e  

p a r t i n g s  ( H h l e r s ,  K e s l i n g ,  an d  S l a u g h t e r ,  1967, p .  2 2 5 ) .  I n  

a  q u a r r y  n e a r  t h e  b a s e  o f  t h e  f o r m a t i o n  a t  l o c a l i t y  1 7 c,  b u r ro w s  

a n d  p l a n a r  l a m i n a e  a r e  p r e s e n t .  H u s se y  (1 9 5 0 ,  p .  21 ,  22) 

l i s t e d  t h e  f a u n a .  A b u n d a n t  c o l o n i a l  c o r a l s  o f  P a l e 0 p h y l lu m
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a n d  C a t e n i n o r a  a n d  n u m ero u s  b r y o z o a n s  o c c u r  t h r o u g h o u t  

( B i l l e r s ,  K e e l i n g ,  and  S l a u g h t e r ,  1967,  p .  2 2 6 ) .  N e a r  t h e  

b a s e ,  t h e  t y p i c a l  I-ichmond Group c o l o n i a l  c o r a l s  C a l a p o e c i a ,

P a l e o r h y 1 l u m , F a v i s t i n a , and  C a t s n i r o r a  o ccu -  i n  a b u n d a n c e  

( H u s s e y ,  1926, p.  149;  1990,  p .  2 1 ) .  IT e a r  t h e  t o p ,

P a l e o p h y l l u m  and  C a t e n i p o r a  vvei e r e p o r t e d  ( d h l e r s ,  Ke s l i n g ,  

and  S l a u g h t e r ,  1967, p .  229)* S o l i t a r y  c o r a l s  a r e  r a r e  t o  

common i n  a s s o c i a t i o n  w i t h  c o l o n i a l  c o r a l s  a t  l o c a l i t y  17d 

n e a r  t h e  b a s e  o f  t h e  f o r m a t i o n ,  b u t  a r e  t o o  p o o r l y  p r e s e r v e d  

f o r  i d e n t i f i c a t i o n .  Ehlers ,  X e s l i n g ,  and  S l a u g h t e r  (1 9 6 7 ,  p.

225)  r e p o r t e d  s o l i t a r y  c o r a l s  b e lo w  t h e  v e r y  f o s s i l i f e r o u s  

c o l o n i a l  c o r a l  zone  a t  t h e  t o p  o f  t h e  f o r m a t i o n .  The l i t h o l o g y  

an d  s e d i m e n t a r y  s t r u c t u r e s  o f  t h e  B i g  H i l l  F o r m a t i o n  s u g g e s t  

d e p o s i t i o n  i n  p e r i o d i c a l l y  s e m i - r e s t r i c t e d ,  s h a l l o w  m a r i n e  

e n v i r o n m e n t s ,  p e r h a p s  f r e q u e n t l y  i n  l a g o o n s  b e h i n d  c o l o n i a l  

c o r a l  b a n k s .  The f o r m a t i o n  r e s e m b l e s  t h e  S a l u d a  D o lo m i t e  

Member o f  t h e  w e s t e r n  C i n c i n n a t i  A r c h  r e g i o n .  H u s s e y  (1 9 2 6 ,  

p .  1 4 8 -1 5 0 )  c o n s i d e r e d  c o r r e l a t i o n  o f  t h e  Big: H i l l  F o r m a t i o n  

• u n c e r t a i n ,  b u t  s u g g e s t e d  i t  may be  n e a r  t h e  " W h i t e w a t e r -  

F l k h o r n " .  i t s  s t r a t i g r a p h i c  p o s i t i o n  ab o v e  t h e  O gontz  Member 

b u t  b e lo w  t h e  Mormon C r e e k  F o r m a t i o n ,  t h e  d o l o m i t i c  c o m p o s i t i o n ,  

an d  t h e  p r e s e n c e  o f  c o l o n i a l  c o i a l  z o n e s  and  s o l i t a r y  c o r a l s  

s u g g e s t  c o r r e l a t i o n  w i t h  t h e  " V / h i t e w a t e r " .

The 36 m t h i c k  Mormon C r e e k  F o r m a t i o n  o v e i l i e s  t h e  B ig  

H i l l  F o r m a t i o n  ( K e s l i n g ,  1975, p .  5 - 7 ) .  I t  c o n s i s t s  o f  

t h i n l y  b e d d ed  d o l o m i t e  a l t e r n a t i n g ;  w i t h  b a n d s  o f  s h a l e ,  and

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



1 0 7

c o n t a i n s  gypsum a n d  o c c a s i o n a l  h o p p e r—s h a p e d  h a l i t e  m o ld s .

One s p e c i e s  o f  o s t r a c o d  i s  a b u n d a n t  on some b e d d i n g  p l a n e s ,  

and  ce :  t a i n  u n i t s  c o n t a i n  t r a c e  f o s s i l s ,  h e s l i n g  (1 9 7 5 ,  p.

6) c o n s i d e r e d  t h e  f o r m a t i o n  t o  h a v e  b e e n  d e p o s i t e d  i n  a  

b r i n e - f i l l e d ,  3 e s t r i c t  o cl a  s i n .  Rvapoi i t e - p r o d u c i n g  e n v i r o n ­

m e n t s  d i d  n o t  occur- e l s e w h e r e  i n  e a s t e r n  F o r t h  A m e r ic a  d u r i n g  

t h e  l a t e s t  O r d o v i c i a n .  The p o s i t i o n  o f  t h e  Ilormon C re e k  

F o r m a t i o n  a s  t h e  f i n a l  s t a g e  i n  a  r e g r e s s i v e  s e q u e n c e  a t  t h e  

t o p  o f  t h e  R i c h m o n d ia n  s t r a t i g r a p h i c  s e c t i o n  s u g g e s t s  t h a t  i t  

may c o r r  e l a t e  w i t h  t h e  " d l k h o m " .
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6 .  d i u k i i o n d  i s l a n d ,  k i c k i g a n

The Richmond Group i s  e x p o sed  on t h e  n o i ' t h  s h o r e  o f  

Drummond I s l a n d  ( T e x t - f i g s .  2, n o .  6 ;  1 8 ) .  S o u t h  o f  l o c a l i t y

18a,  H u s se y  ( 1 9 5 2 ,  p .  4 9 ,  50) r e p o r t e d  a  s t i o m & t o p o r o i d  

" r e e f "  e x t e n d i n g  u n d e r  t h e  v / a t e r , over  l a i n  by 2 ni o f  s an d y  

d o l o m i t i c  l i m e s t o n e ,  f o l l o w e d  by an o th e r -  s t r o m a t o p o r o i d -  

c o l o n i a l  c o r a l  " r e e f " .  T h e se  " r e e f s "  a r e  e q u i v a l e n t  t o  t h e  

s t r o m a t o p o r o i d - c o l o n i a l  c o r a l  r o n e s  a t  t h e  t o p  o f  t h e  Keaford 

beds on Manitoulin I s l a n d ,  Ontar io .  H u ssey  termed t h e s e  s t r a t a  

" V r h . i t e w a t e r  member" ,  and  l i s t e d  t h e  f a u n a .  At l o c a l i t y  18a,  

O.p m o f  r u b b l y  l i m e s t o n e  w i t h  uncommon t o  common s o l i t a r y  

c o r a l s  and  a  few b r a c h i o p o d s  ( h o r i z o n  I 8 a - 1 )  i s  o v e r l a i n  by a  

0 . 3  m t h i c k  c o l o n i a l  c o r a l  zone  w i t h  t h e  t y p i c a l  Richmond 

Group c o l o n i a l  c o r a l s  F a n i s t i n a  and  C a l a p o e c i a  (many 

o v e r t u r n e d )  and uncommon s o l i t a r y  c o r a l s  ( h o r i z o n  l 8 a - 2 ) .

T h i s  zone i s  o v e r l a i n  by 0 . 6  rn o f  more  m a s s i v e  l i m e s t o n e  

c o n t a i n i n g  a b u n d a n t  s o l i t a r y  c o r a l s  and  s p a r s e  b r a c h i o p o d s  

a t  t h e  t o p  ( h o r i z o n  l 8 a - 3 ) .  O r i e n t a t i o n  o f  t h e  s o l i t a r y  

c o r a l s  i s  shown i n  T e x t - f i g .  5. At  l o c a l i t y  18b, t h e  

r u b b l y  b e d d e d  a r g i l l a c e o u s  l i m e s t o n e s  and  s h a l e s  o f  t h e  

M e a fo rd  b e d s  a - e  e x p o s e d  (H u s s e y ,  1952,  p .  50, 5 1 ) .  H e a r  t h e  

b a s e  o f  t h e  s e c t i o n ,  s e v e r a l  f o s s i l i f e r o u s  s u r f a c e s  w i t h  

b r a c h i o p o d s ,  b r a n c h i n g  b r y o z o a n s ,  and  uncommon t o  common 

s o l i t a r y  c o r a l s  a r e  p r e s e n t .  The f a u n a  was l i s t e d  by H u ssey  

( 1 9 5 2 ,  p.  5 1 ) .  N o r t h  o f  l o c a l i t y  18c,  H u ssey  (1952, p .  50) 

r e p o r t e d  K e a f o r d  b e d s  and  l i s t e d  t h e  f a u n a .  At l o c a l i t y  18c,
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m a s s i v e ,  t h i c k l y  bedded ,  vuggy d o l o m i t e  w i t h  b r a n c h i n g  

b r y o z o a n s  r e p r e s e n t s  t h e  o v e r l y i n g  Kagawong b e d s  o f  

r . l a n i to u l i n  I s l a n d .  S o l i t a r y  c o r a l s  were n o t  s e e n  i n  t h i s  

u n i t .

G r e w i n g k i a  c a n a d e n s i s ( B i l l i n g s ,  1862) i s  t h e  o n l y  

s o l i t a r y  r u g o s e  c o r a l  known f ro m  Drummond I s l a n d .  The 

c o r a l l i t e s  were  a b r a d e d  b e f o r e  f i n a l  b u r i a l  ( P l a t e  6 ,  f i g .  

2 1 ) .  A t  h o r i z o n s  I 8 a - 1  t o  3 a n d  I 8 b - 1 ,  s i x t e e n  o f  19 

c o r a l l i t e s  w ere  o r i e n t e d  a t  t h e  t i m e  o f  f i n a l  b u r i a l  w i t h  

a n  a l a r  s i d e  u p ,  two h a d  t h e  c o u n t e r  s i d e  u p ,  a n d  one had  

t h e  c a r d i n a l  s i d e  u p  (App. 1 ) .  The l e n g t h - f r e q u e n c y  

d i s t r i b u t i o n  i s  b i m o d a l ,  s u g g e s t i n g  t h a t  some c o r a l l i t e s  

w ere  rem oved  f ro m  t h e  a r e a  a s  p r e v i o u s l y  d i s c u s s e d  u n d e r  G. 

c a n a d e n s i s  o f  t h e  C i n c i n n a t i  A r c h  r e g i o n  ( T e x t - f i g .  7 ) .

V e r y  l o n g  c o r a l l i t e s  a r e  more  common t h a n  u s u a l  i n  t h e  

s o l i t a r y  c o r a l  zo n e  a t  h o r i z o n  l 8 a - 3 .  The d i a m e t e r - h e i g h t  

r a t i o s  a r e  s i m i l a r  t o  t h o s e  a t  t h e  n o r t h w e s t e r n  a n d  e a s t e r n  

C i n c i n n a t i  A r c h  r e g i o n  an d  r . l a n i t o u l i n  I s l a n d  ( T e x t - f i g .  7 ) .  

The d i s t r i b u t i o n  o f  t h e  num ber  o f  m a j o r  s e p t a  a t  a  p a r t i c u l a r  

d i a m e t e r  f o r  c o r a l l i t e s  f ro m  h o r i z o n s  I 8 a - 1 ,  2 ,  a n d  18 b —1 

i n  t h e  u p p e r  M e a fo rd  b e d s  o f  Drummond I s l a n d  i s  s i m i l a r  t o  

t h a t  f o r  t h e  " Y / a y n e s v i l l e "  i n  t h e  C i n c i n n a t i  A rc h  r e g i o n  

( T e x t - f i g s .  19> 1 0 ) .  V a l u e s  i n  t h e  h o r n  c o r a l  zone

T e x t - f i g u r e  1 9 . — G re w in g k ia  c a n a d e n s i s  ( B i l l i n g s ,  1 8 6 2 ) :  

r e l a t i o n  be tw een  number o f  m a jo r  s e p t a  (n)  and c o r a l l i t e
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d i a m e t e r  (d )  f o r  h o r i z o n s  i n  t h e  u p p e r  M e a fo rd  b e d s ,  u p p e r  

member , G e o r g i a n  Bay F o r m a t i o n ,  Drummond I s l a n d ,  M i c h i g a n  

( s e e  App. 8 ) .  C urve  i s  a v e r a g e  f o r  Richmond G ro u p ,  

C i n c i n n a t i  A rch  r e g i o n  ( s e e  T e x t - f i g .  3 6 ) .

( h o r i z o n  l 8 a - 3 )  t e n d  t o  be  h i g h e r ,  p o s s i b l y  r e f l e c t i n g  

s h a l l o w e r  w a t e r  c o n d i t i o n s .  A l t h o u g h  t o o  few  a x i a l  r e g i o n  

c o m p a r a t i v e  s c a l e  v a l u e s  a r e  a v a i l a b l e  f o r  a c c u r a t e  

c o m p a r i s o n ,  t h e  f r e q u e n c y  d i s t r i b u t i o n  p e a k  a t  35 i s  s i m i l a r  

t o  t h a t  f o r  t h e  Richmond G roup  i n  t h e  C i n c i n n a t i  A r c h  

r e g i o n  ( T a b l e  2 ;  T e x t - f i g .  1 2 ) .  E p i f a u n a l  b r y o z o a n s  an d

T a b l e  2 . — G r e w i n g k i a  c a n a d e n s i s  ( B i l l i n g s ,  1 8 6 2 ) :  a x i a l

r e g i o n  c o m p a r a t i v e  s c a l e  v a l u e s  f o r  M e a fo rd  b e d s ,  u p p e r  

member , G e o r g i a n  Bay F o r m a t i o n ,  Drummond a n d  M a n i t o u l i n  

I s l a n d s  ( s e e  P l a t e  4 ,  f i g s .  3 3 - 5 3 ;  App.  9 ) .

V e r m i f o r i c h n u s  b o r i n g s  a p p e a r  t o  be  r a r e  a t  Drummond I s l a n d  

(A p p s .  5, 6 ) .  M i c r o s c o p i c  a l g a l  b o r i n g s  a r e  p r e s e n t  i n  a l l  

f i v e  c o r a l l i t e s  f o r  w h ic h  t h i n  s e c t i o n s  w ere  e x a m in e d  

(App.  7 ) .
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T e x t - f i g u r e  IS *— C-r e w i n g k i a  c a n a d e n s i s  ( B i l l i n a s ,  1 6 6 2 ) :  

r e l a t i o n  b e t w e e n  number o f  m ajor  s e p t a  (n )  and  c o r a l l i t e  

d i a m e t e r  (d )  f o r  h . o r i r o n s  i n  t h e  u p p e r  Id ea fo rd  b e d s ,  upper  

member , C-eoi g i a n  Bay F o r m a t i o n ,  Drummond I s l a n d ,  M i c h i g a n  

( s e e  A p r .  8 ) ,  Curve  i s  a v e r a g e  f o r  Richmond C-roup, 

C i n c i n n a t i  A rc h  r e g i o n  ( s e e  T e x t - f i g .  3 6 ) .
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T a b l e  2 . — G: e v / in g k ia  c a n a d e n s i s  ( B i l l i n a s ,  1 8 6 2 ) :  a x i a l

r e g i o n  c o m p a r a t i v e  s c a l e  v a l u e s  for- M e a fo rd  b e d s ,  u p p e r  

member,  C-eoryian  Bay F o r m a t i o n ,  Drummond an d  L i a n i t o u l i n  

I s l a n d s  ( s e e  P l a t e  4 »  f i g s .  3 3 “ 53;  App.  9 ) .
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7 .  KANITOULIN ISLAND, ONTARIO 

The R ic h m o n d ia n  s t r a t i g r a p h y  an d  f a u n a  o f  N a n i t o u l i n  

I s l a n d  ( T e x t - f i g s .  2 ,  n o .  7 ;  18) were  d e s c r i b e d  by F o e r s t e

( 1 5 1 2 b ; 1916,  p .  9 7 - 1 2 7 ;  1924,  p .  53 ,  54) and  C a l e y  

( 1 5 3 o ) .  The G e o r g i a n  Bay F o r m a t i o n  i s  T . I a y s v i l l i a n  

t h r o u g h  e a r l y  R i c h m o n d ia n  i n  a g e  ( L i b e r t y  a n d  S h e l d e n ,  1968, 

p .  28 ,  30 ,  31;  L i b e r t y ,  1969,  p .  7 3 - 7 S ) .  The u p p e r ,  

R i c h m o n d ia n  p o r t i o n  o f  t h e  4 5 t o  100 rn t h i c k  lo w e r  member 

( V/ekwemikongsing; b e d s )  c o n s i s t s  o f  s h a l e ,  w i t h  a  few  t h i n  

d o l o m i t e  i n t e r b e d s  t o w a r d  t h e  t o p .  B r a c h i o p o d s ,  b r y o z o a n s ,  

p e l e c y p o d s ,  and  g a s t r o p o d s  a r e  t h e  d o m in a n t  f o s s i l s .  S o l i t a r y  

c o r a l l i t e s  o f  G r e w i n g k i a  c a n a d e n s i s  ( B i l l i n g s ,  1862) o c c u r  

i n  a  d o l o m i t e  b e d  n e a r  t h e  t o p  ox t h e  V/ekwemikongsing b e d s  

a t  l o c a l i t y  1475. The d i s t r i b u t i o n  o f  t h e  number  o f  s e p t a  a t  

a  p a r t i c u l a r '  c o r a l l i t e  d i a m e t e r  i s  s i m i l a r  t o  t h a t  f o r  

" L i b e r t y "  s t r a t a  o f  t h e  C i n c i n n a t i  A r c h  r e g i o n  ( T e x t - f i g s .

20 ,  1 0 ) .  The l o w e r  member o f  t h e  G e o r g i a n  Bay F o r m a t i o n

T e x t - f i g u r e  2 0 . — G r o w in g k ia  c a n a d e n s i s  ( B i l l i n g s ,  1 8 6 2 ) :  

r e l a t i o n  b e t w e e n  number- o f  m a j o r  s e p t a  (n )  a n d  c o r a l l i t e  

d i a m e t e r  (d )  f o r  h o r i z o n s  i n  t h e  C -eo ig lan  Bay F o r m a t i o n ,  

M a n i t o u l i n  I s l a n d ,  O n t a r i o .  Numbers i n d i c a t e  f r e q u e n c y  o f  a  

p o i n t  i f  g r e a t e r  t h a n  one  ( s e e  T e x t - f i g .  18; App. 8 ) .

C u rv e  i s  a v e r a g e  f o r  Richmond C-roup, C i n c i n n a t i  A r c h  r e g i o n  

( s e e  T e x t - f i g .  3 6 ) .
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T e x t - f i g u r e  2 0 . — Gi evvinykia  c a n a d e n s i s  ( B i l l i n g / s ,  1 8 5 2 ) :  

r e l a t i o n  b e t w e e n  number  o f  m a j o r  s e p t a  (n )  and  c o r a l l i t e  

d i a m e t e r  ( a )  f o r  h o r i r o n s  i n  t h e  G e o r g i a n  Bay f o r m a t i o n ,  

L l a n i t o u l i n  I s l a n d ,  O n t a r i o .  Numbers i n d i c a t e  f r e q u e n c y  o f  a 

p o i n t  i f  g r e a t e r  t h a n  one ( s e e  T e x t - f i g .  18; App. 8)®

Curve  i s  a v e r a g e  f o r  Richmond Group,  C i n c i n n a t i  A r c h  r e g i o n  

( s e e  T 3 x t - f i g .  3 5 ) .

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



1 1 7

6 0

.•2

02
n 4 0

1 9  s e c t i o n s  f r o m  1 3  c o r a l l i t e s•  M c a f o r d  B e d s  ( 1 9 a ,  c . d  D  

O  ’* "  ( M 6 1 a ,  G S C  8 5 3 0 )  19

□  W e k w e m i k o n g s i n g  B e d s  C M 7 5 )  4
20

O 10 20  30
d, mm

T e x t - f i g .  20

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



118

a p p e a r s  t o  h av e  b e e n  d e p o s i t e d  i n  a  " n o r m a l "  m a r in e  

e n v i r o n m e n t ,  an d  t h e  upw ard  i n c r e a s e  i n  t h e  number  o f  

c a r b o n a t e  b e d s  and  f o s s i l s  may i n d i c a t e  a  s h a l l o w i n g  

s e q u e n c e .  The s t r a t i g r a p h i c  p o s i t i o n  o f  t h e  u p p e r  p o r t i o n  

o f  t h e  l o w e r  member a n d  t h e  a b u n d a n c e  o f  s h a l e  s u g g e s t  i t  

may c o r r e l a t e  w i t h  t h e  " A r n h e i m - W a y n e s v i l l e "  o f  t h e  

C i n c i n n a t i  A rc h  r e g i o n .

The o v e r l y i n g  I . leaford  b e d s  o f  t h e  upper- member, C-eorgian  

Eay F o r m a t i o n ,  c o n s i s t  o f  a b o u t  15 m o f  r u b b l y  b e d d e d  

a r g i l l a c e o u s  l i m e s t o n e  w i t h  g r a y  s h a l e  i n t e r b e d s .

B r a c h i o p o d s  and  b r a n c h i n g  b r y o z o a n s  a r e  t h e  m os t  common 

f o s s i l s .  T y p i c a l  Richmond Group c o l o n i a l  c o r a l - s t r o m a t o p o r o i d  

z o n e s  o c c u r ’ n e a r ’ t h e  b a s e  and  t o p  o f  t h e  u n i t .  The 

f a u n a  an d  l i t h o l o g y  s u g g e s t  d e p o s i t i o n  i n  a  s h a l l o w ,  '•normal"• 

m a r i n e  e n v i r o n m e n t  w i t h  c o l o n i a l  c o r a l - s t r o m a t o p o r o i d  b a n k s  

d e v e l o p i n g  a t  t h e  b e g i n n i n g  and  end o f  d e p o s i t i o n .  The 

upw ard  i n c r e a s e  i n  l i m e s t o n e  a t  l o c a l i t y  19d may i n d i c a t e  a  

s h a l l o w i n g  s e q u e n c e .  F o e i s t e ( 1916,  p .  104;  1924,  p .  51)

c o n s i d e r e d  t h e  f a u n a  o f  t h e  S le a fo rd  b e d s  t o  be  u p p e r  

" Y r a y n e s v i l l e " .  The s t r a t i g r a p h i c  p o s i t i o n  a n d  p r e d o m in a n c e  

o f  l i m e s t o n e  s u g g e s t  c o r r e l a t i o n  w i t h  t h e  " L i b e r t y " .

G rew ' ingk ia  c a n a d e n s i s  i s  r a r e  t o  common a t  s e v e n  o f  t e n  

I . leaford  b ed  e x p o s u r e s  t h a t  were  e x a m in e d .  C o r a l l i t e s  occur most 

f r e c u e n t l y  n e a r  t h e  b a s e  an d  t o p  o f  t h e  u n i t ,  an d  a r e  

u s u a l l y  a s s o c i a t e d  w i t h  b r a c h i o p o d s  an d  b r a n c h i n g  b r y o z o a n s .

A t  h o r i z o n  19a t h e y  o c c u r  w i t h  g a s t r o p o d s  and  b r a c h i o p o d s .
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S o l i t a r y  c o r a l s  a r e  g e n e r a l l y  a b s e n t  i n  c o l o n i a l  

c o r a l - s t r o m a t o p o r o i d  z o n e s ,  b u t  a r e  r a r e  i n  t h e  F a v i s t i n a  

zone  a t  t h e  t o p  o f  t h e  M e a fo rd  b e d s  a t  h o r i z o n  1 9 d - 3 .  

E p i f a u n a l  b r y o z o a n s  a n d  Ver m i f o r i c h n u s  b o r i n g s  a r e  n o t  

common (A pps .  5 ,  6 ) .  M i c r o s c o p i c  a l g a l  b o r i n g s  a r e  p r e s e n t  

i n  s i x  o f  e i g h t  c o r a l l i t e s  f o r  w h ic h  t h i n  s e c t i o n s  w ere  

ex am in ed  (App. 7 ) .  The c o r a l l i t e s  a t  l o c a l i t i e s  19a t o  e 

w e re  a b r a d e d  b e f o r e  f i n a l  b u r i a l  ( P l a t e  6 ,  f i g .  3 0 ) .  The 

l e n g t h - f r e q u e n c y  d i s t r i b u t i o n  a t  t h e s e  l o c a l i t i e s  s u g g e s t s  

t h a t  t h e  c o r a l l i t e s  w ere  t r a n s p o r t e d  f ro m  e l s e w h e r e ,  a s  

p r e v i o u s l y  d i s c u s s e d  u n d e r  G. c a n a d e n s i s  o f  t h e  C i n c i n n a t i  

A r c h  r e g i o n  ( T e x t - f i g .  7 ) .  The d i a m e t e r - h e i g h t  d i s t r i b u t i o n  

i s  s i m i l a r  t o  t h a t  f o r  Drummond I s l a n d  a n d  t h e  n o r t h w e s t e r n  

a n d  e a s t e r n  C i n c i n n a t i  A r c h  r e g i o n  ( T e x t - f i g .  8 ) .  

D i s t r i b u t i o n  o f  t h e  num ber  o f  m a j o r  s e p t a  a t  a  p a r t i c u l a r  

d i a m e t e r  i s  s i m i l a r  t o  t h a t  f o r  " L i b e r t y "  s t r a t a  i n  t h e  

C i n c i n n a t i  A r c h  r e g i o n  ( T e x t - f i g s .  20 ,  1 0 ) .  A l t h o u g h  t o o  

few  a x i a l  r e g i o n  c o m p a r a t i v e  s c a l e  v a l u e s  a r e  a v a i l a b l e  f o r  

a c c u r a t e  c o m p a r i s o n ,  t h e  f r e q u e n c y  d i s t r i b u t i o n  p e a k s  a t  35 

a n d  65 a r e  s i m i l a r  t o  t h o s e  f o r  t h e  Richmond G roup  i n  t h e  

C i n c i n n a t i  A r c h  r e g i o n  ( T a b l e  2 ;  T e x t - f i g .  1 2 ) .

L a r g e  c o r a l l i t e s  o f  G. c a n a d e n s i s  g e n e r a l l y  sh o w in g  

l i t t l e  e v i d e n c e  o f  a b r a s i o n  o c c u r  i n  t h e  M e a fo r d  b e d s  t o  

t h e  e a s t  o f  l o c a l i t i e s  19a t o  e a t  L la n i to w a n in g  ( l o c a l i t y  

M 61a; C-SC 8530 ,  a ,  e - j ) ,  C la y  C l i f f s  (GSC 8 5 2 8 ,  a - d ;

85 2 9 b ,  c ;  8 5 7 3 a - c ) ,  a n d  Cape S m i th  (C-SC 1982,  a - g ,  i - 1 )
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on r . l a n i t o u l i n  I s l a n d  ( P l a t e  6 ,  f i g s .  24 ,  2 9 ) .  T h e se  

c o r a l l i t e s  a r e  t h o u g h t  t o  be p a r t  o f  a n  i n i t i a l  p o p u l a t i o n  

t h a t  d i d  n o t  u n d e r g o  e x t e n s i v e  t r a n s p o r t a t i o n .  The 

d i s t r i b u t i o n  o f  t h e  num ber  o f  m a j o r  s e p t a  a t  a  p a r t i c u l a r  

d i a m e t e r  f o r  t h e s e  c o r a l l i t e s  i s  s i m i l a r  t o  t h a t  f o r  t h e  

" V / a y n e s v i l l e "  s t r a t a  i n  t h e  C i n c i n n a t i  A rc h  r e g i o n  ( T e x t -  

f i g s .  20 ,  1 0 ) .  T h e se  c o r a l l i t e s  may h a v e  l i v e d  i n  s l i g h t l y  

d e e p e r  w a t e r  t h a n  t h o s e  e l s e w h e r e  i n  t h e  M e a fo r d  b e d s  o r  i n  

t h e  u p p e r m o s t  VVekwemikongsing b e d s .

E x c e p t  f o r  a  s i n g l e ,  s m a l l  s p e c i m e n  o f  G r e w i n g k i a  

r u s t i c a  ( B i l l i n g s ,  1858)  f o u n d  i n  t h e  b a s a l  M e a fo rd  b e d s  a t  

l o c a l i t y  19b ( P l a t e  7 ,  f i g .  1 5 ) ,  t h e  s p e c i e s  i s  known o n l y  

f ro m  Lake  S t .  -John, Q u ebec .  The c o r a l l i t e  may h a v e  b e e n  

t r a n s p o r t e d  t o  r . l a n i t o u l i n  I s l a n d  f r o m  t h e  e a s t .  S t r e p t e l a s m a  

d i v a r i c a n s  ( N i c h o l s o n ,  1875) c o r a l l i t e s  a t t a c h e d  t o  

b r y o z o a n s  a r e  r a r e  n e a r  t h e  b a s e  o f  t h e  M e a fo rd  b e d s  a t  

l o c a l i t y  M61a ( P l a t e  2 ,  f i g s .  2 0 s ,  2 1 s ,  2 7 ) .  The a b s e n c e  

S.* d i v a r i c a n s  t o  t h e  w e s t  c o u l d  be a c c o u n t e d  f o r  i f  

f a v o r a b l e  s u b s t r a t e s  w ere  s e ld o m  s t a b i l i z e d  d u r i n g  p e r i o d s  

o f  n o n - d e p o s i t i o n .

C o p p e r  a n d  G r a w b a r g e r  (1 9 7 8 )  s t u d i e d  t h e  p a l e o e c o l o g i c a l  

s u c c e s s i o n  l e a d i n g  t o  a  l o w e r  M e a fo r d  b i o s t r o m e  on e a s t e r n  

M a n i t o u l i n  I s l a n d .  S o l i t a r y  c o r a l s  w ere  n o t  o b s e r v e d  i n  

t h e  ’’l e v e l  b o t to m "  community  o c c u p y i n g  a  muddy s u b s t r a t e ,  

b u t  w ere  r e p o r t e d  i n  t h e  "wave b a f f l e  m a r g i n " ,  " p r o t e c t e d  

s u b t i d a l " ,  an d  b i o s t r o m a l  "wave b a f f l e "  c o m m u n i t i e s  w here
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c a r b o n a t e  s e d i m e n t s  were  d e p o s i t e d .

O v e r l y i n g  t h e  M e a fo rd  t o d s ,  t h e  ILagawong b e d s  o f  t h e  

u p p e r  member , G e o r g i a n  Lay F o r m a t i o n ,  c o n s i s t  o f  a b o u t  30 m 

o f  {_ ene:- a l l y  m a s s i v e  d o l o m i t e ,  d c l o m i t i c  l i m e s t o n e ,  and  

l i m e s t o n e .  Burr  owed r o n e s  and  b r a n c h i n g  b r y o z o a n  h o r i z o n s  

a r e  p r e s e n t .  C - r o s s -b o d d in g ,  p lana r -  f i n e  l a m i n a e ,  and  

r a s t r  o p o d - p e l e c y p o d  z o n e s  a r e  l e s s  common. S t r o r n a t o p o r o i d -  

c o l o n i a l  c o r a l  z o n e s  o ccu r  n e a r  t h e  b a s e  and  t o p  o f  t h e  u n i t .  

S t r  e o t e l a s m a  d i v a r i c a n s  i s  r a r e ,  and  was f o u n d  a t  o n l y  two 

o f  13 Kagav.ung bed e x p o s u r e s  e x a m in e d .  A t  l o c a l i t y  1 9 f ,  i n  

t h e  m i d d l e  o f  t h e  u n i t - ,  S_. d i v a r i c a n s  i s  r a r e  t o  uncommon i n  

a s s o c i a t i o n  w i t h  b r a n c h i n g  b r y o z o a n s  an d  b r a c h i o p o d s .  One 

c o r a l l i t e  was a t t a c h e d  t o  a  p e l e c y p o d .  The l i t h o l o g y ,  f a u n a ,  

an d  s t r u c t u r e s  s u c h  a s  b u r r o w s  and  p l a n a r  f i n e  laming.e  

s u g g e s t  d e p o s i t i o n  i n  a  p e r i o d i c a l l y  s e m i - r e s t r i c t e d ,  

s h a l l o w  m a r i n e  e n v i r o n m e n t ,  p e r h a p s  o c c a s i o n a l l y  b e h i n d  

c o l o n i a l  c o r a l - s t r o m a t o p o r o i d  b a n k s .  C r o s s - b e d d e d  z o n e s  

i n d i c a t e  p e r i o d s  o f  h i g h e r  e n e r g y  c o n d i t i o n s .  The 

a s s o c i a t i o n  o f  b r a c h i o p o d s ,  b r y o z o a n s ,  a n d  r a r e  s o l i t s . r y  

c o r a l s  s u g g e s t s  t h a t  m ore  " n o r m a l "  m a r i n e  c o n d i t i o n s  

e x i s t e d  d u r i n g  m id-Kagawong d e p o s i t i o n .  F o e r s t e  (1 9 1 6 ,  p .  

104;  1924,  p .  52)  a n d  Ca' ley (1 9 3 6 ,  p .  43)  c o n s i d e r e d  t h e

ICagawong b e d s  t o  be  " S a l u d a "  o r  " W h i t e w a t e r "  i n  a g e  on  t h e  

b a s e s  o f  f a u n a  a n d  l i t h o l o g y .  The s t r a t i g r a p h i c  p o s i t i o n  

a t  t h e  t o p  o f  t h e  Kichmond Group s u g g e s t s  c o r r e l a t i o n  w i t h  

t h e  " V / h i t e w a t e r - S l k h o r n " .
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8 .  MEAFORD, ONTARIO

F r i t z  (1926)  d e s c r i b e d  t h e  O r d o v i c i a n  s t r a t i g r a p h y  and  

p a l e o n t o l o g y  i n  t h e  v i c i n i t y  o f  M e a fo rd  ( T e x t - f i g s .  2 ,  n o .

8 ;  1 8 ) .  F o e r s t e  (1 9 1 6 ,  p .  129,  130) l i s t e d  s o l i t a r y  c o r a l s

t o g e t h e r  w i t h  s t r o m a t o p o r o i d s  a n d  t h e  c o l o n i a l  c o r a l s  

T e t r a d i u m , F a v i s t i n a , a n d  C a l a p o e c i a  f ro m  t h e  r i c h l y  

f o s s i l i f e r o u s  l i m e s t o n e  a n d  s h a l e  ( V i n c e n t  Member o f  F r i t z ,  

1926,  p .  93 ,  94 ;  u p p e r  G e o r g i a n  Bay F o r m a t i o n  o f  L i b e r t y ,

1969» p .  7 3 - 7 9 )  i m m e d i a t e l y  b e n e a t h  t h e  Q u e e n s t o n  F o r m a t i o n  

r e d  s h a l e s .  One o f  h i s  s p e c i m e n s  (GSC 8531)  h a s  b e e n  

s e c t i o n e d ,  and  i s  Gr e w i n g l c i a  c a n a d e n s i s  ( B i l l i n g s ,  1 8 6 2 ) .  

B r y o z o a n s  were  e p i f a u n a l  on GSC 8 5 3 1 a  a n d  e n d o f a u n a l  i n  

GSC 8531h ,  ROM 12325 o c c u r s  i n  p a c k s t o n e ,  a s s o c i a t e d  w i t h  

b r y o z o a n s  a n d  b r a c h i o p o d s .  F o e r s t e  c o n s i d e r e d  t h i s  h o r i z o n  

t o  be  " W a y n e s v i l l e ” i n  a g e ,  b u t  i t s  p o s i t i o n  i n  t h e  

s t r a t i g r a p h i c  s e c t i o n  a n d  t h e  p r e s e n c e  o f  s o l i t a r y  a n d  

c o l o n i a l  c o r a l s  s u g g e s t  i t  may be  e q u i v a l e n t  t o  t h e  " L i b e r t y -  

V / h i t e w a t e r " .  The Q u e e n s t o n  d e l t a  p r o g r a d e d  o v e r  t h e  

Richmond Group i n  t h i s  a r e a .  S t r a t i g r a p h i c  p o s i t i o n  o f  t h e  

Q u e e n s t o n  F o r m a t i o n  s u g g e s t s  i t  may c o r r e l a t e  w i t h  t h e  

" v V h i t e w a t e r - E l k h o r n " . L i b e r t y  (1969» p .  81)  n o t e d  a  s t r o n g  

p a l e o n t o l o g i c a l  c o r r e l a t i o n  w i t h  t h e  h i g h e s t  " V / h i t e w a t e r "  

a n d  S a l u d a .

On B r u c e  P e n i n s u l a  n o r t h w e s t  o f  M e a f o r d ,  s e v e r a l  

c o l o n i a l  c o r a l  b i o s t r o m e s  o c c u r  w i t h i n  t h e  Q u e e n s t o n  

F o r m a t i o n  ( L i b e r t y  a n d  B o l t o n ,  1971 ,  p .  2 5 - 2 8 ) .  T h e s e  a r e
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t h o u g h t  t o  c o r r e l a t e  w i t h  t h e  Kagawong b e d s  o f  T . I a n i to u l in  

I s l a n d .  L i b e r t y  a n d  B o l t o n  (1 9 7 1 ,  p .  126) l i s t e d  s o l i t a r y  

c o r a l s  f ro m  s e v e r a l  l o c a l i t i e s .
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9 .  STREETSVILL3, ONTARIO 

D y er  (1 9 2 5 a ,  b) d e s c r i b e d  t h e  O r d o v i c i a n  s t r a t i g r a p h y  

and  p a l e o n t o l o g y  i n  t h e  v i c i n i t y  o f  S t r e e t s v i l l e ,  n e a r  

T o r o n t o  ( T e x t - f i g s .  2 ,  n o .  9 ;  1 8 ) .  F o e r s t e  (1 9 1 6 ,  p .  133)

r e p o r t e d  r a r e ,  v e r y  s m a l l  s o l i t a r y  c o r a l s  i n  a  l o c a l  

i n c u r s i o n  o f  Richmond Group  l i m e s t o n e  a n d  s h a l e  ( C o lu m n a r i a  

r e e f ,  Meadowvale  Member o f  D y e r ,  1925b,  p .  125;  u p p e r  

G e o r g i a n  Bay F o r m a t i o n  o f  L i b e r t y ,  1969,  p .  7 3 - 7 9 )  a  s h o r t  

d i s t a n c e  b e n e a t h  t h e  Q u e e n s t o n  F o r m a t i o n  r e d  s h a l e s .  A 

s m a l l ,  p o o r l y  p r e s e r v e d  c o r a l l i t e  w i t h  d i l a t e d  s e p t a  i s  

h e r e i n  r e f e r r e d  t o  G r e w i n g k i a  ? s p .  (ROM 335HR). I f  t h e s e  

s m a l l  c o r a l l i t e s  a r e  G_. c a n a d e n s i s , t h e y  may r e p r e s e n t  t h e  

s m a l l e s t  s i z e  f r a c t i o n  t r a n s p o r t e d  f a r t h e s t  t o w a r d  s h o r e  

f ro m  t h e  i n i t i a l  p o p u l a t i o n ,  a s  d i s c u s s e d  p r e v i o u s l y  u n d e r  

11* c a n a d e n s i s  o f  t h e  C i n c i n n a t i  A r c h  r e g i o n .  F o e r s t e  a l s o  

r e p o r t e d  o c c a s i o n a l  s p e c i m e n s  o f  t h e  c o l o n i a l  c o r a l  

C a l a p o e c i a , a s  w e l l  a s  b r y o z o a n s  a n d  g a s t r o p o d s .  He s t a t e d  

t h a t  t h e  f a u n a  s u g g e s t e d  " W h i t e w a t e r "  a f f i n i t i e s  t o  E .O.  

U l r i c h .  D y e r  (1 9 2 5 b ,  p .  125) s u g g e s t e d  c o r r e l a t i o n  w i t h  

t h e  S a l u d a  o r  " W h i t e w a t e r " .  On t h e  b a s i s  o f  s t r a t i g r a p h i c  

p o s i t i o n ,  t h i s  h o r i z o n  may be  e q u i v a l e n t  t o  t h e  " L i b e r t y " ,  

w i t h  t h e  " Y / h i t e w a t e r - E l k h o r n "  r e p r e s e n t e d  by t h e  Q u e e n s t o n  

F o r m a t i o n .

R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.



1 2 5

10. i :oi;t k o a l , cusfhc

R ic h m o n d ian  s t r a t i g i a p h y  i n  t h e  v i c i n i t y  o f  L i o n t r e a l  

( T e x t - f i ;  c .  2,  n o .  10: 18) h a s  t e e n  s u m m ar ized  by C l a r k  and  

S t o a v n  ( 1 9 G3, p .  4 0 ) .  The 48 n  t h i c k  F o n t g r a v e  F i v e r  

F o r m a t i o n  comp; i c e s  c a l c a r e o u s  m a r i n e  s h a l e  a n d  l i m e s t o n e .  

The o v e r l y i n g  Eecancou:-  F : iv e r  F o r m a t i o n  i s  m ors  t h a n  600 m 

t h i c k ,  and  c o n s i s t s  o f  t h e  b a s a l  15 m t h i c k  Carm el  F i v e r  

Member non-mar  i n e  g r a y  s h a l e ,  w i t h  r e d  an d  g r e e n  n o n - m a r i n e  

s h a l e  an d  s a n d s t o n e  o f  t h e  Q u e e n s t o n  f a c i e s  a b o v e .

F o e r s t e  (1 9 1 6 ,  p .  153, 155) r e p o r t e d  s o l i t a r y  c o r a l s  

f ro m  t h e  f o s s i l i f e r o u s  " V / a y n e s v i l l e "  b e d s  ( P o n t c r a v e  R i v e r  

F o r m a t i o n )  b e n e a t h  t h e  Q u e e n s t o n  r e d  s h a l e s  ( B e c a n c o u r  R i v e r  

F o r m a t i o n )  a t  S t .  H i l a i r e  an d  S t .  H u g u e s .  At  S t .  H i l a i r e ,  

b r a c h i o p o d s ,  p e l e c y p o d s ,  a n d  g a s t r o p o d s  w ere  a l s o  l i s t e d .

The c o r a l s  a r e  a s s o c i a t e d  w i t h  b r a c h i o p o d s  a t  S t .  I iu g u e s ,  

and  o c c u r  i n  g l a c i a l  e r r a t i c s  p r o b a t l y  f ro m  a  n e a r b y  s o u r c e .  

F o e r s t e  ( 1 9 1 6 ,  p .  145) f o u n d  one s o l i t a r y  c o r a l  a s s o c i a t e d  

w i t h  b r a c h i o p o d s  i n  a  s e q u e n c e  t e r m e d  " V / a y n e s v i l l e "

( P o n t g r a v e  F i v e r  F o i m a t i o n )  i n  t h e  N i c o l e t  Rive;-  s e c t i o n .  

R i c h m o n d ia n  s o l i t a r y  c o r a l s  f ro m  t h e  v i c i n i t y  o f  M o n t r e a l  

w ere  r e f e r r e d  t o  S t r e p t e l a s m a  r n s t i c u m  by F o e r s t e ,  b u t  t h e i r  

i d e n t i t y  i s  u n c e r t a i n  b e c a u s e  s p e c i m e n s  h a v e  n o t  b e e n  

l o c a t e d  f o r  s e c t i o n i n g .
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11. la::.] s t . JOHN, lull sc

At  S nake  I s l a n d ,  Lake  S t .  J o h n  ( T e x t - f i g s .  2,  n o .  11;

18) c o l i t a i y  i ^ o s e  c o i a l e  a r e  " th ro v .n  up  i n  g r e a t  n u m b e rs  

by t h e  waves  f» ora some L l i m e s t o n e ]  s t r a t u m  b e lo w  w a t e r - l e v e l "  

( r o e r s t e ,  1924,  p.  6 5 ) .  F o e r s t e  ( 1 9 1 6 ,  p .  1 96 -198)  l i s t e d  

t h e  f a u n a  i n c l u d i n g  s o l i t a r y  c o r a l s ,  t h e  t y p i c a l  Richmond 

C-roup c o l o n i a l  c o r a l s  F a . v i s t i n e , , C a l a p o e c i a , L y o n o r a , and  

T'etr a d i u m , and  s t r o m a t o p o r o i d s  f ro m  i n  s i t u  s t r a t a  a t  w a t e r  

l e v e l .

G r e w i n y k i a  r u s t i c a  ( B i l l i n g s ,  1898)  i s  t h e  o n l y  s o l i t a r y  

c o r a l  known f rom  Lake  S t .  J o h n .  The s p e c i e s  i s  e x t e r n a l l y  

v e r y  s i m i l a r  t o  G. c a n a d e n s i s , b e i n g  c e r s t o i d  t o  t r o c h o i d  

and  s t r a i g h t  t o  v e r y  w e a k ly  c u r v e d  i n  e a r l y  t o  i n t e r m e d i a t e  

s t a g e s ,  a n d  c y l i n d r i c a l  i n  l a t e r  s t a g e s  ( P l a t e  7 ,  f i g s .  5,

9 ) .  The c o r a l l i t e s  a r e  w a t e r - w o r n ,  b u t  t h i s  may be  a t  l e a s t  

p a r t l y  o f  r e c e n t  o r i g i n .  E p i f a u n a l  b r y o z o a n s  o c c u r  on f i v e  

o f  18 c o r a l l i t e s ,  w i t h  f o u r  on t h e  c o u n t e r  s i d e ,  t h r e e  on a n  

a l a r  s i d e ,  an d  f o u r  on t h e  c a r d i n a l  s i d e  (App.  5 ) .

V e r m i f o r i c h n u s  b o r i n g s  a r e  p r e s e n t  i n  s e v e n  o f  18 c o r a l l i t e s ,  

a n d  m os t  a r e ' ‘i n  t h e  c a r d i n a l  s i d e  (App.  6 ) .  M i c r o s c o p i c  

a l g a l  b o r i n g s  a r e  p r e s e n t  i n  a l l  f i v e  c o r a l l i t e s  f o r  w h ic h  

t h i n  s e c i o n s  were  ex am in ed  (App. 7 ) .  They may b e  O r d o v i c i a n  

a n d / o r  R e c e n t  i n  a g e  ( P l a t e  7 ,  f i g .  1 4 ) .  They a r e  g e n e r a l l y  

v e r y  f i n e ,  a n d  a p p e a r  t o  be  d i f f e r e n t  t h a n  t h o s e  o f  t h e  

C i n c i n n a t i  A.rch r e g i o n .

F o e r s t e  (1 9 1 6 ,  p .  156) p r o v i s i o n a l l y  c o r r e l a t e d  t h i s  

h o r i z o n  a t  Lake S t .  J o h n  w i t h  t h e  " W h i t e w a t e r " .
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ii. ::acuoi:zta G--:our 
in teolncticn

Phe He r u o k e t a  Group ( T e x t - f i t *  2) i s  B o s n i a n  t i n  ouyh 

( T e m p l e t o n  and  ' .Villman, 1953, p.  130,

1 3 1 ) .  T h i s  m a r i n e  c l a s t i c -  wedge s p r e a d  f  i orr. t h e  e a s t ,  and  

r a p i d l y  t h i n s  f ro m  n e a r l y  300 ra i n  e a s t e r n  I n d i a n a  ( i n c l u d i n g  

t h e  Richmond Group a t  t h e  t o p )  t o  a b o u t  60 ni i n  w e s t e r n  

I n d i a n a  (G ra y ,  1972, p.  1, 4 ) ,  I l l i n o i s  (V/i l lman and  

E u s c h b a c h ,  1975,  ? .  8 2 ) ,  an d  Iowa (L ad d ,  1929, P. 331)  ( s e e  

G u t s t a d t ,  1958, f i t s .  7 - 9 ) .  I n  I n d i a n a ,  Gray (1 9 7 2 ,  f i g .  4) 

r e c o g n i s e d  a  d ee p  b a s i n  f a c i e s  i n  t h e  s o u t h w e s t  an d  s h e l f  

f a c i e s  t o  t h e  n o r t h  and  e a s t .  The L lacuoke ta  Group i s  

p r e d o m i n a n t l y  g r a y  s h a l e .  L i m e s t o n e  o c c u r s  i n  t h e  m i d d l e  o f  

t h e  secuenc-e  i n  n o r t h e a s t e r n  I l l i n o i s  and  n o r t h e a s t e r n  Iow a.  

The g r o u p  i s  a l m o s t  c o m p l e t e l y  s h a l e  i n  s o u t h e a s t e r n  I o w a -  

n o r t h w e s t e r n  I l l i n o i s ,  an d  e a s t e r n  W i s c o n s i n .  T h i n  l i m e s t o n e  

b e d s  a r e  p.: e s e n t  i n  t h e  u p p e r  K a c u o k e t a  i n  a l l  t h e s e  a r e a s .  

The Neda F o r m a t i o n  o c c u r s  l o c a l l y  a t  t h e  t o p  o f  t h e  Pdaquoketa 

G roup i n  Iowa (Ay-new, 1955,  p .  1 7 1 7 ) ,  W i s c o n s i n ,  n o r t h e r n  

I l l i n o i s  (W il lm an  an d  B u s c h b a c h ,  1975, p .  8 6 ) ,  and  p o s s i b l y  

n o r t h e a s t e r n  I n d i a n a  (G ra y ,  1972, p .  1 9 ) .  I t  i s  g e n e r a l l y ,  

l e s s  t h a n  3 m t h i c k ,  a n d  c o n s i s t s  o f  r e d  s h a l e  i n t e r b e d d e d
II

w i t h  o o l i t i c  h e m a t i t e .  A f ew  Id a c u o k e ta  s p e c i e s  wer e r e p o r t e d  

f ro m  t h e  f o r m a t i o n  by S av a g e  an d  L o s s  (19-15).  The Neda i s  

t h o u g h t  t o  be a  w e s t e r n  t o n g u e  o f  t h e  Q u e e n s t o n  d e l t a  

( ' .Villman an d  B u s c h b a c h ,  1975,  p .  8 6 ) .  Only  t h e  B d e n i a n
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t h r o u g h  M a y s v i l l i a n  S c a l e s  ?o .  n a t i o n  i s  p i ’e s e n t  i n  s o u t h e a s t e r n

M i n n e s o t a .  Lave:: ( 196a ,  p .  43)  i n d i c a t e d  t h a t  c l a s t i c

m a t e r i a l  i n  t h e  LI,: , in  member p r o b a b l y  r e p r e s e n t s  t h e  w e s t e r n  

edye  o f  d e t :  i t u s  s h e d  f rom  t h e  l a c o n i c  M o u n t a i n s ,  w h i l e  s an d  

i n  t h e  o v e r l y in p :  C le r m o n t  Member c a r b o n a t e s  was d e r i v e d  f ro m  

a n  u p l i f t  o f  t h e  T r a n s c o n t i n e n t a l  A r c h  t o  t h e  w e s t  ( L a y e r ,

1265, p .  44 ;  A u s t i n ,  1272,  p .  4 7 0 ) .  The rem a in d e r -  o f  t h e  

y r o u p  i n  M i n n e s o t a  was e r o d e d  p r i o r  t o  d e p o s i t i o n  o f  t h e  

o v e i l y i n y  D e v o n ia n  ( A u s t i n ,  127-2, p .  4 7 0 ) .  Upper O r d o v i c i a n  

s t r a t a  become t h i n n e r  a n d  t h e  c l a s t i c  an d  c a r b o n a t e  c o n t e n t  

o f  t h e  U a q u o k e ta  Group i n c r e a s e s  t o w a r d  t h e  O z a rk  Dome w h ich  

was p r o b a b l y  s l i g h t l y  p o s i t i v e ,  a s  s e e n  i n  t h e  v i c i n i t y  o f  

T h e b e s ,  s o u t h e r n  I l l i n o i s  ( T e m p l e t o n  and  vYillman, 1263, p.

131 ; B a y e r ,  1963, p .  4 5 ) .  The Macuolceta  i s  t e r m e d  S y l v a n  

S h a l e  i n  Oklahoma (L ad d ,  1922,  P* 311 ,  4 0 7 ;  T e m p l e t o n  and  

W i l lm an ,  1963, p .  1 9 2 ) .
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1 O TTr.;-.r*:r*T>,'. c-r-1 TO* ’*.I L. I i'. t  X V tli) .

The s t r a t i g i  aphy  and  f a u n a  o f  t h e  U a q u o k e ta  Qioup  i n  

no: t h e a s t e r n  Iowa ( T e x t - f i g s ,  2,  n o .  12; 18) h a v e  b e e n

d e c c i  i b e d  by S av ag e  ( 1 9 0 5 ) ,  C a l v i n  ( 1 9 0 6 ) ,  and  Ladd (19-29).  

The l o w e r m o s t  h i c h n i o n d i a n  u n i t  i s  t h e  C le r m o n t  I-Ienbor o f  t h e  

S c a l e s  F o i m a t i o n .  T h i s  gvtay s h a l e  c o n t a i n s  a f a u n a  d o m in a t e d  

by b r a c h i o p o d s .  Ladd (1 9 2 9 ,  p .  391) l i s t e d  a  s o l i t a r y  c o r a l  

f ro m  t h e  C le r m o n t  Member, an d  d e s c r i b e d  and  f i g u r e d  a 

c o r a l l i t e  p o s s i b l y  f ro m  t h e  C le r m o n t  Member- t h a t  h e  a s s i g n e d  

t o  S t r e n t e l a s m a  h a y s i i  (L ad d ,  1929,  p .  397 ,  L I .  4 ,  f i g s .  1, 

2 ) .  The l a t t e :  s p e c i m e n  (BUI 2 - 0 9 0 )  h a s  n o t  b e e n  l o c a t e d ,  

and  so  t h e  i d e n t i t y  r em a in s  u n c e r t a i n .  Another- c o r a l l i t e  

p r o b a b l y  f rom  t h i s  u n i t  i s  h e r e i n  a s s i g n e d  t o  H e l i c e l a s m a  

r a n d i  L l i a s ,  1976.  The o v e r l y i n g  F o r t  A t k i n s o n  F o r m a t i o n  

c o n s i s t s  o f  d o l o m i t e  an d  l i m e s t o n e  c o n t a i n i n g  b r a c h i o p o d s  

a n d  e c h i n e d e r m  f r a g m e n t s .  B i g h o r n i a  c f .  p a t e l l a  (V / i l so n ,  

1926) o c c u r s  i n  t h i s  u n i t .  One o f  t h e  t h r e e  known c o r a l l i t e s  

h a s  V e r m i f o r i c h n u s  b o r i n g s  ( P l a t e  8 ,  f i g .  2 6 ;  App.  6 ) ,

The Erainard Formation of the Maquoketa Group comprises 
gray shale with some limestone beds at the bottom and top.
It contains bryozoans and brachiopods. One specimen of H. 
randi is known from the top of the formation in Clayton Co. 
at the southern extremity of this region. The septal 
grooves and interseptal ridges are preserved, indicating 
little abrasion prior to burial. Savage (1 9 0 5 ,  p. 487)  

listed solitary corals throughout the Maquoketa Group in
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Fayette Co.
Templeton and Y.'illman ( 1963,  p .  132,  133) considered the 

C le i rn o n t  l lsmtai similar in litholoyy and s t r a t i g r a p h i c  

position to the "Ainhsim" of the Richmond Group. They noted 
that the F o r t  Atkinson Formation and "V/aynesville’' are 
i e m a r k a t l y  similar in fauna, litholop:y, and s t r a t i g r a p h i c  

position. The Erainard Formation was c o r r e l a t e d  with the 
"Lit erty-V.liitevvatei -Elkhoi n" primarily on the basis of 
litholoyy. Ladd (1 9 2 9 ,  p .  369 ,  370) c o n s i d e r e d  h i g h l y  

p r o b a b l e  the f a u n a l  c o r r e l a t i o n  of the B r a i n a r d  Formation and 
its uppermost Cornulites rone w i t h  the "Llkhorn".
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I n  s o u t h e a s t e r  n  I  o v a  and  n o r t h w e s t e r n  I l l i n o i s  ( T e x t ­

i l e s .  2, n o .  13; 18) t h e  liar u o x e t a  C roup  i s  p r e d o m i n a n t l y

g r a y  s h a l e ,  much o f  i t  u n f o s s i l i f e r o u e  (Ladd ,  1922, p.  330; 

S a v a r  e , 1923, p. 240-243 ;  7/i l i m a n  and  E u s c h h a c h ,  1973, p.

8 6 ) .  N ea r  t h e  t o p ,  f o s s i l i f e r o u s  l i m e s t o n e  i n t e r b e d s  w i t h  

b r a c h i o p o d s  and  b r y o z o a n s  a r e  p r e s e n t .  Ladd (1929,  p.  371,  

3 9 1 - 3 9 3 ) t e r m e d  t h i s  t h e  C o i n u l i t e s  r o n e  an d  l i s t e d  t h e  

f a u n a .  H e l i c e l a s m a  r a n d i  L l i a s ,  1976 o c c u r s  i n  t h e s e  

a r g i l l a c e o u s  l i m e s t o n e  b e d s  o f  t h e  E r a i n a r d  F o r m a t i o n  a t  

S t e r l i n g ,  I l l i n o i s ,  w h e ie  s t r a t i g r a p h i c  s e c t i o n s  w ere  

d e s c r i b e d  and  t h e  f a u n a  was l i s t e d  by S av ag e  (1925,  p.  2 4 0 -  

2 4 5 ) .  The s e p t a l  g r o o v e s  a n d  i n t e r s e p t a l  r i d g e s  a r e  

g e n e r a l l y  p r e s e r v e d ,  i n d i c a t i n g  l i t t l e  a b r a s i o n  p r i o r  t o  

b u r i a l  ( P l a t e  4 ,  f i g s *  1, 2 ,  5 ) .  Of t h e  e p i f a u n a l  b r y o z o a n s  

on e i g h t  c o r a l l i t e s ,  s i x  a r e  on t h e  c o u n t e r  s i d e ,  s e v e n  on 

a n  a l a r  s i d e ,  a n d  t h r e e  a r e  on  t h e  c a r d i n a l  s i d e  ( P l a t e  4 ,  

f i g .  2 ;  App.  5 ) .  Ladd ( 1 9 2 9 ,  p .  391)  l i s t e d  a  s o l i t a r y  

c o r a l  f r o m  t h e  C o r n u l i t e s  zone  o f  s o u t h e a s t e r n  Iow a ,  an d  

S a v ag e  (1 9 2 5 ,  p .  244)  l i s t e d  s o l i t a r y  c o r a l s  a s  r a r e  i n  

f o s s i l i f  e r o u s  l i m e s t o n e  b e d s  o f  t h e  u p p e r  Ivlaquoketa Group 

n e a r  P r e s t o n ,  Iow a .
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14. THEBES, ILLINOIS 

I n  t h e  v i c i n i t y  o f  T h e b e s  ( T e x t - f i g s .  2,  n o .  14; 18)

t h e  l a r u o k e t a  Group c o m p r i s e s  t h e  T h e b es  S a n d s t o n e  and  

O r c h a r d  Cr e ek  S h a l e  members  o f  t h e  S c a l e s  F o r m a t i o n .  The 

K a e u o k e t a  i s  o v e r l a i n  by t h e  G i r a r d e a u  L i m e s t o n e  F o r m a t i o n  

(Y / i l lm an  an d  E u s c h b a c h ,  1975,  p.  86 ,  87 ,  f i g .  0 - 2 7 ) .  The 

T h e b e s  Member h a s  a maximum t h i c k n e s s  o f  48 n ,  an d  c o n s i s t s  

o f  s i l t y ' ,  f i n e  g r a i n e d  s a n d s t o n e  i n  medium t o  t h i c k  b e d s  and

l o c a l  c r o s s  b e d s .  T r a c e  f o s s i l s  o c c u r  i n  t h e  u p p e r  p a r t  o f

t h e  member . I t  g r a d e s  o r  i n t e r t o n g u e s  e a s t w a r d  an d  n o r t h w a r d

i n t o  t h e  l o w e r  p a r t  o f  t h e  B l g i n  S h a l e  Member. The o v e r l y i n g

O r c h a r d  C r e e k  member i s  3 t o  9 rn t h i c k  an d  i s  p r e d o m i n a n t l y r 

g r a y  s h a l e .  I t  may be e q u i v a l e n t  t o  t h e  E l g i n  S h a l e  Member, 

b u t  c o u l d  be a s  y o u n g  a s  t h e  E r a i n a r d  S h a l e  ( ' .Villman and  

E u s c h b a c h ,  1975, p .  8 6 ) .  The O r c h a r d  C r e e k  f a u n a  i n c l u d i n g  

b r a c h i o p o d s ,  m o l l u s c s ,  a n d  t r i l o b i t e s  o c c u r s  i n  c a l c a r e o u s  

l a y e r s 9 a n d  was l i s t e d  an d  d e s c r i b e d  by  S av ag e  (1 9 1 7 b ,  p .

263 ,  264) » P r y o r  an d  B o s s  0 9 6 2 ,  p .  9) l i s t e d  a 

g r a p t o l i t e .  On ly  two s o l i t a r y '  c o r a l l i t e s  o f  H e l i c s l a s n a  

x a n d i  E l i a s , ' 1 9 7 6  h a v e  b e e n  c o l l e c t e d  f ro m  t h e  O r c h a r d  C r e e k  

( M i s s i s s i p p i  E i v a r  s ec t ion  of  P r y o r  an d  F o s s ,  1962, f i g .  3 ;  

s e c t i o n B o f  S a t t e r f i e l d ,  1971,  f i g .  1 ) .  The member g r a d e s  

u p w ard  i n t o  t h e  G i r a r d e a u  L i m e s t o n e ,  w h ic h  i s  u p  t o  a b o u t  9 

m t h i c k  ( S a t t e r f i e l d ,  1971, p .  2 6 6 ) .  I t  c o n s i s t s  o f  u n e v e n ly '  

t e d d e d ,  f i n e  g r a i n e d  t o  l i t h o g r a p h i c  l i m e s t o n e  w i t h  s h a l e  

p a r t i n g s  an d  s i l i c e o u s  i n t e r b e d s  a n d  n o d u l e s .  The C - i r a rd e a u
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L i r a s s t o n e  nrny he e r u i v a l e n t  t o  t h e  For t  A t k i n s o n  F o r m a t i o n ,  

t u t  an  a y e  a s  youny  a s  o r  y o u n g e r  t h a n  t h e  L r a i n a r d  i s  

pi e c e n t l y  f a v o r e d  (vYilliiran an d  L u s c h c a c h ,  1373,  p .  6 7 ) .  The 

f a u n a  i n c l u d i n g  e c h i n o d e r m s ,  t r y o r . o a n s ,  t r a c h i o p o d c ,  m o l l u s c s ,  

a n d  t r i l o l i t e s  v/as d e s c r i b e d  by S avage  ( 1 9 1 7 a ) .  C o n o d o n ts  

o f  t h e  G i r a r d e a u  i n d i c a t e  a  v e r y  l a t e  O r d o v i c i a n  aye  

( S a t t e r f i e l d ,  1 3 7 1 ) .
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in. u r ? j r . : : o £ T  c t -.d c v i c i a k  o r  c : : L A H c : : A - : , : i S £ O u r : i - i L L i N Q i s

i k t l c l u c t i c n

Thompson and S a t t e r f i e l d  (1 9 7 3 )  r e v i s e d  t h e  s t i  a t i g r a p h y  

and s t u d i e d  conoc lon ts  c o n t i g u o u s  t o  t h e  Crd o v i  c i a n - S i l u r i a n  

’coundai  y i n  e a s t e r n  I . I i s s o u r i  ( f e x t - f i g .  2,  n o s .  16, 1 7 ) .

T h e i r  work i n d i c a t e d  t h a t  s t r a t a  p r e v i o u s l y  i n c l u d e d  a t  t h e  

b a s e  o f  t h e  Lov/er S i l u r  i a n  Idgew ood  Group o f  t h e  A l e x a n d r i a n  

S e r i e s  ( S a v a g e ,  1908, 1917a) a r e  L a t e  O r d o v i c i a n  i n  a g e .  These 

s t r a t a  c o m p : i s e  t h e  C y re n e  F o r m a t i o n  and  K o ix  L i m e s t o n e  i n  

P i k e  C o . ,  nor t h e a s t e r n  M i s s o u r i ,  a n d  t h e  Leernon F o r m a t i o n  i n  

Cape G i r a r d e a u  Co. i n  t h e  s o u t h e a s t  ( T e x t - f i g .  2 1 ) .  The

T e x t - f  i g u r e  21 .  — Oklahoma - b l i s s  our i - I l l i n o i s : u p p e r m o s t

O r d o v i c i a n  s t r a t i g r a p h i c  s e c t i o n s  an d  d i s t r i b u t i o n  o f  

s o l i t a r y  r u g o s e  c o r a l s .  F o r  l e g e n d  o f  sy m b o ls  s e e  T e x t - f i g .  

3.

K o ix  L i m e s t o n e  l i e s  d i s c o n f o r m a t l y  on t h e  K a q u o k e t a  C-roup 

an d  i s  d i s c o n f o r m a L l y  o v e r l a i n  by Lower S i l u r i a n  s t r a t a  

(Thompson and'  S a t t e r f i e l d ,  1973, p .  89 ,  1 0 3 ) .  W hi le  t h e  

K o ix  was b e i n g  d e p o s i t e d ,  C y re n e  s t r a t a  fo rm ed  i m m e d i a t e l y  t o  

t h e  w e s t .  The Leemon F o r m a t i o n  was d e p o s i t e d  on a n  e r o d e d  

M a c u o k e ta  Ci o u p - G i i  a i  d e a u  F o r m a t i o n  s u r f a c e ,  and  v/as 

f o l l o w e d  by a  p e r i o d  o f  e r o s i o n  b e f o r e  Lov/er S i l u r i a n  

d e p o s i t i o n  (Thompson and  S a t t e r f i e l d ,  1973,  p .  1 0 1 ) .

A L a t e  A s h g i l l i a n  a g e  f o r 1 t h e  K o i x  L i m e s t o n e  a n d  Leemon
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T e x t - f i f u :  a 2 1 . — Oklahoma'-2i i s s o u r i - I l l i n o i s : u p p e r m o s t

O r d o v i c i a n  s t r a t i f r a p h i c  s e c t i o n s  an d  d i s t r i b u t i o n  o f  

s o l i t a r y  i v y o s e  c o r a l s .  F o r  l e g e n d  o f  s y m b o ls  s e a  T e x t - f i f .  

3.
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Poi n a t i o n  was suppor  t o d  by A m sden’ s ( 1974) s t u d y  o f  t h e

bi a c h i o p o d s .

The h e e l  F o r m a t i o n  .at t h e  b a s e  o f  t h e  C h i m n e y h i l l  

S u b g ro u p  i n  t h e  Ai b u c k l e  i i o u n t a i n s  o f  Oklahoma ( T e x t - f i g s .  2,  

n o .  1b; 21) had b e e n  c o n  e l a t e d  w i t h  t h e  Idgew ood  C-roup o f

M i s s o u r i ,  and  was t h e r e f o r 9 p l a c e d  i n  t h e  l o w e r  S i l u r i a n  

A l e x a n d r i a n  S e r i e s  ( m a x w e l l ,  1 5 3 6 ) .  I t  u n c o n f o i rn a b ly  

over  l i e s  t h e  S y l v a n  S h a l e  a n d  i s  o v e r l a i n ,  u s u a l l y  

u n c o n f o i r n a b l y ,  by S i l u r i a n  s t r a t a  (M ax w e l l ,  1536, p .  48 ;  

Amsden, 1574, p.  2 5 ) .  Amsden (1 5 7 4 ,  p .  26) fo u n d  t h a t  a l l  

K e e l  b r a  c h i  o pods  occur  i n  t h e  K o ix  L i m e s t o n e  a.- 1 many a r e  

p r e s e n t  i n  t h e  l e e m o n  F o r m a t i o n .  He t h e r e f o r e  t e n t a t i v e l y  

c o r r e l a t e d  t h e s e  t h r e e  u n i t s ,  t h e r e b y  a s s i g n i n g  t h e  K e e l  

F o r m a t i o n  t o  t h e  L a t e  A s h g i l l  S e r i e s .

S av a g e  (1910)  r e c o g n i s e d  t h e  A l e x a n d r i a n  S e r i e s  i n  

n o r t h e a s t e r n  I l l i n o i s  ( T e x t - f i g .  2,  n o .  1 8 ) ,  and  named t h e  

s t r a t a  Channahon  L i m e s t o n e .  He c o n s i d e r e d  t h e  f a u n a  m ost  

c l o s e l y  r e l a t e d  t o  t h e  Fdgewood o f  M i s s o u r i .  W i l lm an  (1973» 

p .  12 -14 )  p r o p o s e d  t h e  V / i lh e lm i  F o r m a t i o n ,  w h ic h  i n c l u d e s  

t h e  Channahon  L i m e s t o n e ,  f o r  s e d i m e n t s  d e p o s i t e d  i n  c h a n n e l s  

e r o d e d  i n  t h e  u n d e r - l y i n g  Neda F o r m a t i o n  and  E r a i n a r d  S h a l e  

o f  t h e  M a c u o k e ta  C-roup ( T e x t - f i g .  2 1 ) .  T h e se  d e p o s i t s  a r e  

h e r e i n  c o r r e l a t e d  w i t h  t h e  C y re n e  a n d  Leemon f o r m a t i o n s  o f  

M i s s o u r i ,  a s  w i l l  be d i s c u s s e d  in- t h e  s e c t i o n  on Vftll Co., I l l i n o i s .

Amsden (1 5 7 4 ,  p .  26) n o t e d  t h a t  t h e  K ee l -Edgew ood  

b i a c h i o p o d s  h a v e  l i t t l e  i n  common w i t h  N o r t h  A m e r ic a n  f o r m s ,
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and  t h e  a e s e m b la y  9 m o s t  c l o s e l y  r e s e m b l e s  t h e  Kir n a n t i a n  

f a u n a .  The H i r n a n t i a n  i s  p r e s e n t l y  c o n s i d e r e d  t h e  u p p e r m o s t  

O r d o v i c i a n  s t a y s  o f  t h e  A s h g i l l  S e r i e s  ( Ingham  and  V / r ig h t ,

1970) ( T e x t - f i g .  1 ) .  The c h a r a c t e r i s t i c  b r a c h i o p o d - d o m i n a t e d  

H i r n a n t i a n  f a u n a  h a s  b e e n  w i d e l y  1 e c o y n i s e d  i n  G r e a t  B r i t a i n ,  

S c a n d i n a v i a ,  n o r t h w e s t e r n  E u r o p e ,  n o r t h e r n  A f r i c a ,  K a z a k h s t a n ,  

an d  Burma (V / r ig h t ,  1968;  L e s p e r a n c e ,  1 9 7 4 ) .  I n  K o r t h  A m e r ic a ,  

t h e  H i r n a n t i a n  f a u n a  may be  pr e s e n t  i n  s i l t s t o n e s  near- 

A s h l a n d  i n  A r o o s t o o k  C o . ,  H a i n e  ( R . E .  Keuman, 1968,  p .  44 ;  

Ingham  an d  b r i g h t ,  1970, p .  2 4 0 ;  L e s p e r a n c e ,  1974, p .  1 4 ) .

The t y p i c a l  b r a c h i o p o d - d o m i n a t e d  n o r t h  E u r o p e a n  H i r n a n t i a n  

f a u n a  o c c u r s  i n  m u d s to n e  i n  t h e  P e r c e  a r e a  o f  Quebec 

( L e s p e r a n c e ,  1974; L e s p e r a n c e  and  S h e e h a n ,  1 9 7 6 ) .  Amsden 

(1 9 7 4 ,  p .  28)  b e l i e v e d  t h a t  t h e  K e e l -E d g ew o o d  b r a c h i o p o d  

s p e c i e s  w ere  d i f f e r e n t  f ro m  t h o s e  o f  t h e  H i r n a n t i a n  f a u n a .

He n o t e d  t h a t  t h e  g e n e r i c  a s s e m b l a g e s  h a v e  s i m i l a r i t i e s ,  b u t  

many g e n e r a  o f  t h e  H i r n a n t i a n  a r e  n o t  p r e s e n t  i n  t h e  K e e l -  

Hdgewood, a n d  v i c e  v e r s a . However ,  a s  Amsden p o i n t e d  o u t ,  

t h e  K ee l -E d g ew o o d  f a u n a  o c c u r s  i n  a  c a r b o n a t e  f a c i e s ,  w h e r e a s  

t h e  H i r n a n t i a n  fauna,  i s  a l m o s t  e v e r y w h e r e  i n  a  m u d s to n e  

f a c i e s .  Amsden v i e w e d  t h e  H i r n a n t i a n  a s p e c t  o f  t h e  K e e l -  

Hdgewood f a u n a  w i t h  c a u t i o n  b e c a u s e  m o s t  g e n e r a  common t o  

t h e  two f o r m a t i o n s  a p p a r e n t l y  h a v e  c o n s i d e r a b l e  r a n g e s  i n  

t h e  L a t e  O r d o v i c i a n - E a r l y  S i l u r i a n .  L e s p e r a n c e  an d  S h ee h a n  

(1 9 7 6 ,  p.  7 1 9 ,  720)  s t a t e d  t h a t  t h e  Sdgewood f a u n a  c o u l d  be 

a  l a t e s t  O r d o v i c i a n  endem ic  f a u n a  d e r i v e d  f ro m  t h e  H i r n a n t i a n
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f a u n a  a n a  o t h e r  N o r t h  E u r o p e a n  P r o v i n c e  s p e c i e s ,  t u t  

c o n s i d e r e d  mo: e l i k e l y  t h a t  t h e  f a u n a  i s  S i l u r i a n  w i t h  a  few 

h o l d - o v e r  s f rom  t h e  L a t e  O r d o v i c i a n  N o r t h  Araer i c a n  P r o v i n c e .  

W ith  t h e  s t r  s t i f V r a p h i c  r e v i s i o n  and  c o n o d o n t  b i o s t r a t i g r a p h y  

o f  Thompson and S a t t e r f i e l d  ( 1 9 7 t ) ,  and  t h e  O r d o v i c i a n  

e l e m e n t s  i n  t h e  K e e l —Sdgewood b r a c h i o p o d  f a u n a ,  e v i d e n c e  

p o i n t s  t o  a  v e r y  L a t e  O r d o v i c i a n  a g e  f o r  t h e  c a r b o n a t e  

s e q u e n c e  o f  O k l a h o m a - M i s s o u r i - I l l i n o i s .

I f  t h e  u p p e r  M aquoke ta  Group i s  e q u i v a l e n t  t o  t h e  

nI ] l k h o r n "  o f  t h e  Richmond G ro u p ,  a s  d i s c u s s e d  p r e v i o u s l y  

i n  t h e  s e c t i o n  on n o r t h e a s t e r n  Io w a ,  i t

was d e p o s i t e d  d u r i n g  l a t e s t  R ic h m o n d ia n  t i m e .  The u p p e r m o s t  

O r d o v i c i a n  c a r b o n a t e  s e q u e n c e  i n  O k l a h o m a - M i s s o u r i - I l l i n o i s  

u n c o n f o i r n a b l y  o v e r l i e s  t h e  M a c u o k e ta ,  s u g g e s t i n g  i t  may be 

p o s t - E i c h m o n d i a n  i n  a g e .  T h e r e  i s  no  e v i d e n c e  f o r  c o m p a r a b le  

d e p o s i t i o n  ab o v e  t h e  Richmond G roup ,  w h ic h  i s  u n c o n f o r m a c l y  

o v e r l a i n  by t h e  K i d d l e  L l a n d o v e r i a n  (Lov/er S i l u r i a n )  

I r a s s f i e l d  F o r m a t i o n .  The I ' r a s s f i e l d  h a s  b e e n  c o r r e l a t e d  

w i t h  t h e  Kankakee  F o r m a t i o n  o f  n o r t h e a s t e r n  I l l i n o i s ,  t h e  

S e x t o n  C re e k  L i m e s t o n e  o f  s o u t h w e s t e r n  I l l i n o i s - s o u t h e a s t e r n  

M i s s o u r i  (W il lm an  a n d  A t h e r t o n ,  1979,  p.  9 9 ) ,  and  t h e  

C o c h r a n e  L i m e s t o n e  o f  Oklahoma (M a x w e l l , 1936, f i g .  4) ( T e x t -  

f i g .  2 1 ) .  L a t e s t  O r d o v i c i a n  an d  e a r l i e s t  S i l u r i a n  c a r b o n a t e  

s e d i m e n t s  were  p r o b a b l y  d e p o s i t e d  a b o v e  t h e  M a c u o k e ta  Group 

d u r i n g  t h e  i n t e r v a l  o f  n o n - d e p o s i t i o n  a n d / o r  e r o s i o n  

b e t w e e n  Richmond and  . E r a s s f i e l d  t i m e .  L r a c h i o o o d s  o f  t h e

R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.



1 4 0

u p p e r m o s t  O r d o v i c i a n  u n i t s  s u g g e s t  t h i s  p e r i o d  o f  t i m e  may 

be e q u i v a l e n t  t o  t h e  H i r n a n t i a n  S t a g e  o f  B u ro p e .  S c h u c h e r t

and  T w e n h o fe l  ( 1 9 1 0 ,  p. 70 0 ,  701)  p r o p o s e d  t h e  G am achian  

S t a g e  t o  i n c l u d e  t h e  B l l i s  F a y  F o r m a t i o n  o f  A n t i c o s t i  I s l a n d ,  

Quebec ,  an d  a l l  A m e r i c a n  O r d o v i c i a n  s t r a t a  l a t e r  i n  a g e  t h a n  

t h e  y o u n g e s t  U ichrnond ian  o f  Ohio and  I n d i a n a .  U n f o r t u n a t e l y ,  

t h e  e x a c t  a g e  o f  t h e  D l l i s  r a y  F o r m a t i o n  i s  u n c e r t a i n ,  and  

i t  h a s  n o t  b e e n  d e m o n s t r a t e d  t o  be p o s t - P . i c h m o n d i a n ,  a s  w i l l  

b e  d i s c u s s e d  i n  t h e  s e c t i o n  on  A n t i c o s t i  I s l a n d ,  Q uebec .  

N e v e r t h e l e s s ,  t h e  m e a n in g  o f  C-amachian a s  a  p o s t - R i c h m o n d i a n  

s t a g e  was made c l e a r  by S c h u c h e r t  a n d  T w e n h o f e l ,  a n d  h a s  

p r i o r i t y  o v e r  H i r n a n t i a n  i f  t h e  two p r o v e  t o  be  e q u i v a l e n t  

( L e s p e r a n c e  an d  S h e e h a n ,  1876,  p .  7 2 1 ) .  The K e e l  F o r m a t i o n  

o f  Oklahoma,  t h e  Leemon,  N o ix ,  a n d  C y ren e  f o r m a t i o n s  o f  

M i s s o u r i ,  an d  t h e  Y / i lh e lm i  F o r m a t i o n  o f  I l l i n o i s  a r e  

t e n t a t i v e l y  c o n s i d e r e d  t o  h a v e  b e e n  d e p o s i t e d  d u r i n g  t h e  

Gam ach ian  S t a g e .

The u p p e r m o s t  O r d o v i c i a n  d e p o s i t s  i n  O k l a h o m a - M i s s o u r i -  

I l l i n o i s  r e p r e s e n t  t h e  i n i t i a l  t r a n s g r e s s i o n  o f  t h e  m i d d l e  

P a l e o z o i c  c a r b o n a t e  s e q u e n c e  t h a t  f o rm e d  i n  a  s h a l l o w  

e p i c o n t i n e n t a l  s e a  c o v e r i n g  a  l a r g e  a r e a  o f  t h e  e a s t - c e n t r a l  

U n i t e d  S t a t e s  (Amsden,  1974,  p .  2 9 ) .  T h i s  t r a n s g r e s s i o n  

s u g g e s t s  t h a t  d e g l a c i a t i o n  b e g a n  i n  t h e  l a t e s t  O r d o v i c i a n  

r a t h e r  t h a n  d u r i n g  t h e  L l a n d o v e r y  (Lower  S i l u r i a n )  a s  

p r e v i o u s l y  t h o u g h t  ( B e r r y  a n d  B o u c o t ,  1973)* The
ft

p r e d o m in a n c e  o f  o o l i t i c  a n d  b i o c l a s t i c  l i m e s t o n e s  an d
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p r e s e n c e  o f  b i o h e r m s  i n  t h e  l a t e s t  O r d o v i c i a n  i n d i c a t e  

f a i r l y  h i g h  e n e r g y ,  s h a l l o w ,  " n o r m a l "  m a r i n e  c o n d i t i o n s .  

A r e n a c e o u s  d e t r i t u s  i n  s o u t h e a s t e r n  M i s s o u r i  s u g g e s t s  t h a t  

t h e  O za rk  Dome may n a v e  b e e n  s l i g h t l y  p o s i t i v e  a t  t h i s  

t i m e .
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1:; .  Ai-i i:ci:L3 k c j k t a i i i s , Oklahoma

I n  t h e  Ar c a c k l e  M o u n ta in  r e g i o n  ( T e x t - f i g s .  2 ,  n o .  1 5; 

21), t h e  K e e l  F o r m a t i o n  h a s  a  maximum t h i c k n e s s  o f  a b o u t  4 .  5 

m and c o m p r i s e s  t h e  l o w e r  I d e a l  Q u a r ry  Member (Hawkins
f t

L i m e s t o n e  o f  M a x w e l l ,  1536, p.  4 5 - 4 5 )  and  a n  u p p e r  o o l i t i c  

u n i t  ( K e e l  L im es to n e  o f  m a x w e l l ,  1936,  p .  5 0 -5 4 )  (Amsden,

1574,  p. 2 5 ) .  The I d e a l  Q u a r ry  Member- i s  l o c a l l y  p r e s e n t  

and  c o n s i s t s  o f  t h i n l y  b e d d e d  a r g i l l a c e o u s  l i m e s t o n e .  C r i n o i d  

s t e m s  a r e  common on b e d d i n g  p l a n e s ,  b u t  o t h e r  f o s s i l s  a r e  

l a r e .  M axw el l  ( 1 5 3 6 ,  t a b l e  1) l i s t e d  s o l i t a r y  and  c o l o n i a l  

c o r a l s ,  a  b r y o z o a n ,  b r a c h i o p o d s ,  p e l e c y p o d s ,  an d  a  g a s t r o p o d .  

The I d e a l  Q u a r ry  Member g r a d e s  upw ard  i n t o  t h e  r e m a i n d e r  o f
IT

t h e  f o r m a t i o n ,  which, c o n s i s t s  o f  t h i c k l y  b e d d e d  o o l i t i c
it

l i m e s t o n e .  F o s s i l s  a r e  r a r e  i n  t h e  o o l i t e  f ro m  w h ich  

M axwel l  ( 1536,  t a b l e  2) l i s t e d  s o l i t a r y  and c o l o n i a l  c o r a l s ,  

b r a c h i o p o d s ,  a n d  g a s t r o p o d s .  I n c l u d i n g  c r i n o i d  f r a g m e n t s ,  

b r a c h i o p o d s  a r e  t h e  m os t  a b u n d a n t  and  d i v e r s e  m e g a f o s s i l s  i n  

t h e  K e e l  F o r m a t i o n  (Amsden, 1574,  p .  2 6 ) .  M axwel l  l i s t e d  

S t i e c t e l a s m a  s u b r e g u l a r  i s  ( S a v a g e ,  1513) f ro m  t h e  I d e a l
II

Q u a r r y  Member and  S t r e p t e l a s m a  s p .  f r o m  t h e  o o l i t e .  The 

i d e n t i t y  o f  t h e s e  c o r a l s  i s  u n c e r t a i n  b e c a u s e  s p e c i m e n s  h a v e  

n o t  b e e n  l o c a t e d  for- s e c t i o n i n g .
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16. CAP3 GIRAHD3AU COULTY, MISSOURI 

The Leemon F o r m a t i o n  o f  s o u t h e a s t e r n  M i s s o u r i  i s  up  t o  

7 in t h i c k .  At  t h e  t y p e  s e c t i o n  i n  Cape G i r a r d e a u  Co. 

( T e x t - f i g s .  2,  n o .  16; 21 ,  l o c a l i t y  2 0 a ) ,  t h e  lo v /e r
VI

c r o s s - b e d d e d  o o l i t e  w i t h  G i r a r d e a u - t y p e  l i m e s t o n e  p e b b l e s  

a n d  f i n e  q u a r t s  g r a i n s  i s  o v e r l a i n  by t h i c k l y  b e d d e d ,
tf

b i o c l a s t i c  a n d  p a r t l y  o o l i t i c  p a c k s t o n e  an d  g r a i n s t o n e  

(Thompson a n d  S a t t e r f i e l d ,  1575,  p .  76 ,  7 7 ;  Amsden,  1974, 

p .  1 5 ) .  B x ce p t  f o r  a b u n d a n t  e c h i n o d e r m  d e b r i s ,  b r a c h i o p o d s  

s t r o n g l y  d o m i n a t e  t h e  m e g a f a u n a .  S o l i t a r y  an d  c o l o n i a l  

c o r a l s  a n d  g a s t r o p o d s  a r e  r a r e .  The f o l l o w i n g  s o l i t a r y  

c o r a l s  a r e  p r e s e n t  i n  t h e  u p p e r  p a r t  o f  t h e  Leemon F o r m a t i o n  

a t  t h e  t y p e  s e c t i o n :  S t r e p t e l a s m a  l e e m o n e n s i s  n .  s p . ,  jS.

s p . , a n d  B o d o p h y l lu m  s h o r t i  n .  s p .  A l l  c o r a l l i t e s  were  

a b r a d e d  a n d  some w ere  b r o k e n  p r i o r  t o  b u r i a l  ( P l a t e  2, 

f i g s .  2 8 - 3 1 ;  P l a t e  8 ,  f i g .  7 ) .  The o n l y  known s p e c i m e n  o f  

B. s h o r t i  h a s  a  b a s e  o f  a t t a c h m e n t  on t h e  c a r d i n a l  s i d e ,  an d  

was e p i f a u n a l  on a  b r y o z o a n  ( P l a t e  8 ,  f i g .  3 ) .

The Leemon F o r m a t i o n  i s  d i f f e r e n t  t o  t h e  n o r t h  a t  

l o c a l i t y  2 0 b  (Thompson a n d  S a t t e r f i e l d ,  1975,  p .  7 9 ,  80 ;  

Amsden, 1974,  p .  21 ,  22)  ( T e x t - f i g s .  2,  n o .  16;  2 1 ) .

B a s a l  b i o h e r m a l  l i m e s t o n e  mounds a r e  up  t o  0 . 5  m h i g h ,  w i t h  

c a l c a r e o u s  s h a l e  b e t w e e n  a n d  o v e r l a p p i n g  th e m .  The mounds 

c o n t a i n  o o i d s  ( P l a t e  3 ,  f i g s .  4 ,  8 ,  9 ) ,  g l a u c o n i t e ,  

p h o s p h a t i c  m a t e r i a l ,  q u a r t z  g r a i n s ,  a n d  f o s s i l s  i n  a  

c a l c a r e o u s  m a t r i x .  The m o s t  a b u n d a n t  f o s s i l s  a r e  b r a n c h i n g
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b r y o s o a n s  a p p a r e n t l y  p r e s e r v e d  i n  g r o w t h  p o s i t i o n .

B r a c h i o p o d s  d o m in a t e  t h e  s h e l l y  f a u n a ,  some being- 

a t t a c h e d  t o  and  p a r t l y  o v e r g ro w n  by b r y o s o a n s .

Amsden (1 9 7 4 ,  p.  21) c o n s i d e r e d  t h i s  b r a c h i o p o d  f a u n a  t h e  

m o s t  c h a i a c t e ? i s t i c  L a t e  O r d o v i c i a n  a s s e m b l a g e  i n  t h e  u p p e r ­

m o s t  O r d o v i c i a n  st3 a t a  c f  O k lah o m a - I , l i s so u r  i .  S o l i t a r y  

c o r  a l l  i t  e s  o f  S t r  e n t e l a s m a  s u b r  e r u l a r i s  ( S a v a g e ,  1913) a r e  

a b u n d a n t  a t  t h e  b a s e  o f  some m ounds .  They a r e  r a n d o m ly  

oi i e n t e d ,  an d  a r e  g e n e r a l l y  l y i n g  on a n  a la r -  s i d e ,  b u t  

some a r e  o r i e n t e d  w i t h  t h e  c a l y x  f a c i n g  down or u p .

A l t h o u g h  c o r a l l i t e s  h a v e  m o d e r a t e l y  d i l a t e d  s e p t a  i n  e a r l y  

s t a g e s ,  t h e y  wer e a p p a r  s n t l y  s u i t e  f r a g i l e  b e c a u s e  o f  t h e  

v e r y  n a r r o w  s t e r e o s o n e ,  o p en  a x i a l  r e g i o n ,  an d  v e r y  w i d e l y  

s p a c e d  t a b u l a e  ( P l a t e  3» f i g s ,  3 - 1 6 ) .  Many h ad  t h e i r  t i p s  

b r o k e n  o f f  an d  some h ad  t h e  r i m  o f  t h e  c a l y x  b r o k e n  b e f o r e  

b u r i a l  ( P l a t e  3> f i g s .  4 ,  8 ) .  H ow ever ,  a l l  s p e c i m e n s  h a v e  

g r o w t h  l i n e s  p r e s e r v e d ,  i n d i c a t i n g  no a b r a s i o n  ( P l a t e  3, 

f i g s .  4 ,  8 ,  S, 12, 1 3 ) ,  The c o r a l s  may h a v e  b e e n  k n o c k e d  

o v e r  s u d d e n l y  an d  b u r i e d  n e a r  t h e  s i t e  o f  g r o w t h ,  p e r h a p s  

by a  s t o r m .  The p r e s e n c e  o f  S_. s u b r e g u l a r  i s  a t  t h e  b a s e  o f  

t h e  mounds s u g g e s t s  i t  may h a v e  b e e n  t h e  i n i t i a l  s p e c i e s  t o  

c o l o n i s e  t h e  e r o d e d  s u r f a c e  o f  t h e  O r c h a r d  C r e e k  S h a l e .

The corallites are not associated with and did not form a 
framework structure, and were not hosts of epi- or endobiota, 
S_. subregular is is very similar to many corallites of S. 
affinis, which is common in the Ellis Bay Formation
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(? C-amachian) of Anticosti Island, and most closely 
resembles S. unicum Keuman, 1975,  probably from the 
Hirnantian Dalmanitina beds of Sweden.
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17. PIKE COUNTY, MISSOURI 

The Koi:c L i m e s t o n e  o c c u r s  a t  t h e  e a s t e r n  m a r g i n  o f  P i k e  

Co. ( T e x t - f i , ;  . 2, n o .  1 7 ) .  I t  c o n s i s t s  o f  m a s s i v e  and
I!

c r o s s - t e d d e d  o o i d s  i n  a. mi c r i t i c  m a t r i x .  G l a u c o n i t e  and  

p h o s p h a t i c  i'i a i n s  a ; s p r e s e n t  i n  t h e  l o w e r  p a r t  (Thompson 

a n d  S a t t e r f i e l d ,  1975,  p.  8 9 - 9 3 ;  Amsden, 1974,  p .  8,  9 ) .  A t  

t h e  t y p e  s e c t i o n  ( T e x t - f i g .  21 ,  l o c a l i t y  2 1 b ) ,  Thompson and  

S a t t e r f i e l d  (1 9 7 5 ,  f i g .  12) i n c l u d e d  bed  9,  bounded  by s h a l e  

i n t e r  b e d s  a t  i t s  b a s e  and  t o p ,  i n  t h e  2 m t h i c k  K o ix  L i m e s t o n e .  

I t  d i d  n o t  y i e l d  c o n o d o n t s ,  and was pi e s u n a b l y  i n c l u d e d
It

b e c a u s e  i t  c o n t a i n s  o o i d s .  S o l i t a r y *  c o r a l s  o f  t h e  same 

s p e c i e s  t h a t  i s  a b u n d a n t  a t  t h e  b a s e  o f  t h e i r -  bed  10 

( K i s s i n g e r  L i m e s t o n e  Member1 o f  t h e  S i l u r i a n  B r y a n t  Knob 

F o r m a t i o n )  a r e  p r e s e n t  i n  bed  9 .  Led 9 i s  h e r e i n  i n c l u d e d
ft

a t  t h e  b a s e  o f  t h e  K i s s i n g e r  L i m e s t o n e  Member. The o o i d s  

a r e  p r o b a b l y  r e w o r k e d  f ro m  t h e  K o ix  L i m e s t o n e .  The f a u n a  o f  

t h e  N o ix  L i m e s t o n e  i n  P i k e  Co. h a s  b e e n  l i s t e d  by Rowley 

( 1 9 0 8 ,  p .  2 3 ) ,  and by S av a g e  ( 1 9 1 7 a ,  p .  82 ,  8 3 ) who a l s o  .. 

d e s c r i b e d  new s p e c i e s .  Par ley (1 9 5 2 ,  p .  170) l i s t e d  t h e  

f a u n a  i n  a d j a c e n t  C a lh o u n  C o . ,  I l l i n o i s .  U ch in o d e rm  d e b r i s  

i s  g e n e r a l l y  a b u n d a n t .  E r a c h i o p o d s  d o m i n a t e  t h e  r e m a i n d e r  

o f  t h e  m e g a f a u n a ,  w i t h  b r y o s o a n s ,  t r i l o b i t e s ,  g a s t r o p o d s ,  

p e l e c y p o d s ,  c o r a l s ,  and  t e n t a c u l i t i d s  m ak in g  up  a  s m a l l  

f r a c t i o n  o f  t h e  a s s e m b l a g e  (Amsden, 1974, p .  1 2 ) .  A l t h o u g h  

s o l i t a r y  c o r a l s  h a v e  b e e n  l i s t e d  f ro m  t h e  K o ix  L i m e s t o n e ,  

no n e  were  fo u n d  a t  l o c a l i t i e s  21a  o r  21b.
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To t h e  w e s t  o f  t h e  Hoi:-: L i m e s t o n e  b e l t ,  t h e  C yrene  

?o> m a t i o n  occ iu  s i n  t h e  v i c i n i t y  o f  Jdyew ood ,  C y r e n e ,  and 

Bov/l iny  G ree n  i n  P i k e  Co. (Thompson and  S a t t e r f i e l d ,  197f ,

F. 9 3 - 2 7 ,  f i y .  11) ( T e x t - f i y .  2 1 ) .  I t  i s  a b o u t  2 ra t h i c k  a t  

F o w l i n g  G ree n  and. c o n s i s t s  o f  f i n e  t o  medium g r a i n e d ,  

f o s s i l i f e : o u s ,  d o l o m i t i c  l i m e s t o n e .  The C y ren e  f a u n a  n e a r  

Edyewood v;as l i s t e d  by S a v ag e  (1 9 1 7 a ,  p .  82 ,  8 3 ) ,  who 

c o n s i d e r  e d i t  v e r y  s i m i l a r  t o  t h a t  o f  t h e  N o ix  L i m e s t o n e .  

C o n o d o n t s  o f  t h e  C y re n e  c o r r e l a t e  w i t h  t h e  I . iaquoketa  S h a l e  

(Thompson and  S a t t e r f i e l d ,  1975, p .  9 6 ) .  Thompson and  

S a t t e r f i e l d  (1 9 7 5 ,  p .  103) c o n c l u d e d  t h a t  C yrene  s t r a t a  were  

b e i n g  d e p o s i t e d  i n  t h e  w e s t ,  w h i l e  t h e  N o ix  L im e s to n e  

f o rm e d  t o  t h e  e a s t .  The s o l i t a r y  c o r a l  S t r e p t e l a s m a  

sub-reys  l a r i s  ( S a v a g e ,  1913) o c c u r s  i n  t h e  C y re n e  F o r m a t i o n .  

On t h e  b a s i s  o f  t h i s  s p e c i e s ,  t h e  C y ren e  i s  c o r r e l a t e d  w i t h  

t h e  Leemon F o r m a t i o n  a t  l o c a l i t y  20b i n  s o u t h e a s t e r n  

M i s s o u r i .
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18. WILL COUNTY, ILLINOIS 

S av ag e  (1210)  d i s c u s s e d  t l i e  Channahon  L i n e  s t o n e  i n  V.’i l l  

Co. ( T e x t - f i g .  2,  n o .  18) and  l i s t e d  and  d e s c r i b e d  t h e  

f a u n a ,  w h ic h  i s  d o m i n a t e d  by b r a c h i o p o d s  ( S a v a g e , 1917a ,  p .  

8 4 - 8 6 ) .  The Y / i l h e l n i  F o r m a t i o n  o f  V.’i l l m a n  (1 9 7 3 ,  p .  12-14)  

i n c l u d e s  t h e  C hannahon ,  I t  i s  u p  t o  30 ra t h i c k  i n  some 

c h a n n e l s  b u t  i s  a b s e n t  o r  v e r y  t h i n  b e t w e e n  t h e n .  The 

f o r m a t i o n  c o m p r i s e s  t h e  v e i y  a r g i l l a c e o u s  d o l o m i t e ^ a n d  

d o l o m i t i c  s h a l e  o f  t h e  S c h v / e i s e r  Kember and  t h e  a r g i l l a c e o u s  

d o l o m i t e  o f  t h e  o v e r l y i n g  B i r d s  1:1 ember ( T e x t - f i g .  2 1 ) .  A 

fsv;  t h i n ,  f o s s i l i f e r o u s  b e d s  occur  i n  t h e  S c h w e i s e r  I.i ember ,  

and  some o f  t h e  p u r e r  b e d s  i n  t h e  1 ' i i d s  Id ember ar  e 

f o s s i l i f  e r o u s .  C. A. Ross (1962) d e s c r i b e d  g r a p t o l i t e s  s u g g e s t i n g  

a n  E a r l y  L l a . n d o v e r i a n  (Lower S i l u r i a n )  ap e  f ro m  0 . 5  m b e lo w  t h e  

f i r s t  o c c u r r e n c e  o f  a. s h e l l y  f a u n a  i n  t h e  Y / i lh e lm i  F o r m a t i o n .

S t  r  e o t  e l  a sma s u b r  e g u l a r  i  s ( S a v a g e ,  1 9 1 3 ) ,  c o l l e c t e d  by S av ag e  

f ro m  t h e  Channahon  L i m e s t o n e ,  o c c u r s  w i t h  t h i s  s h e l l y  fauna . .

I t s  p r e s e n c e  i n d i c a t e s  c o r r e l a t i o n  w i t h  t h e  C y ren e  F o r m a t i o n  

o f  n o r t h e a s t e r n  M i s s o u r i  an d  t h e  Leemon F o r m a t i o n  a t  l o c a l i t y  

20b i n  s o u t h e a s t e r n  M i s s o u r i .  The V / i lh e lm i  F o r m a t i o n  i s  

h e r e i n  c o n s i d e r e d  l a t e s t  O r d o v i c i a n  i n  a g e .  The o v e r l y i n g  

E l v o o d  F o r m a t i o n  i s  c h e r t y  (V / i l lm an ,  1973,  p .  14, 1 5 ) ,  a s  i s  

t h e  b a s a l  S i l u r i a n  S e x t o n  C r e e k  F o r m a t i o n  o f  s o u t h e a s t e r n  

K i s s o u r i  a n d  s o u t h e r n  I l l i n o i s .  S i l i c i f i e d  c o r a l s  a r e  

common i n  t h e  E lw ood ,  i n  t h e  b a s a l  S i l u r i a n  B r y a n t  Knob 

F o r m a t i o n  o f  n o r t h e a s t e r n  M i s s o u r i ,  and  i n  t h e  b a s a l  

B r a s s f i e l d  F o r m a t i o n  n e a r  G a l l a t i n ,  T e n n e s s e e .
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r. .  c o u t i ? 3 i ; t a l

I N T R O D U C T I O N

No: t h  o f  t h e  T a e o n i c  f o u n t a i n s  on t h o  c o n t i n e n t a l  

m a r g i n  o f  N o r t h  A m e i i c a ,  mo: o t h a n  1000 m o f  h i g h l y  v a r i a b l e  

c l a s t i c  . o c k s  o f  A s h g i l l i a n  a y e  v/ere d e p o s i t e d  i n  n o r t h e r n  

Ida i n s  ( T e x t - f i g .  2,  nos .  19, 2 0 ) .  The s e c u e n c e  i n d i c a t e s  

l a p i d l y  c h a n g i n g  l o c a l  t e c t o n i c  c o n t r o l s  (R-.B, Neuman, 1968, 

p.  4 9 ) .  To t h e  n o r t h ,  t h e s e  c l a s t i c  r o c k s  g r a d e  i n t o  

c a r b o n a t e s .  The t h i n l y  b e d d e d  c a l c a r e o u s  s t r a t a  o f  t h e  Y/hito 

Head F o r m a t i o n ,  Gaspe P e n i n s u l a  ( T e x t - f i g .  2,  n o .  2 1 ) ,  a r e  

Upper C a r a d o c i a n  t h r o u g h  A s l i g i l l i a n  and  H a n d o v e r i a n  (Lower 

S i l u r i a n )  i n  a g e  ( T e x t - f i g ,  2, n o .  2 1 ) .  T h i s  s e q u e n c e  

r e p r e s e n t s  d e p o s i t i o n  i n  a  s t a b l e  e n v i r o n m e n t  t h r o u g h  a  l o n g  

p e r i o d  o f  t i m e  ( R. E. Neuman, 1968, p .  4 3 ) .  On A n t i c o s t i  

I s l a n d  ( T e x t - f i g .  2,  n o .  2 2 ) ,  t h e  U p p er  O r d o v i c i a n  i s  mors  

t h a n  1000 m t h i c k  i n  p l a c e s ,  and  c o n s i s t s  o f  i n t e r b e d d e d  

l i m e s t o n e s  and  s h a l e s  o f  t h e  V a u r e a l  and  o v e r l y i n g  R l l i s  l a y  

f o r m a t i o n s .  The l i t h o l o g y ,  s e d i m e n t a r y  s t r u c t u r e s ,  and  

f a u n a  i n d i c a t e  d e p o s i t i o n  i n  a  s h a l l o w  m a r i n e  e n v i r o n m e n t  

( T w e n h o f e l ,  '1928, p.  1 9 - 2 1 ) .  T w e n h o fe l  (1 9 2 8 ,  p .  18) b e l i e v e d  

t h e  c l a s t i c  s e d i m e n t s  were  d e r i v e d  f ro m  t h e  n o r t h .  The 

g e n e r a l  u p w ard  i n c r e a s e  i n  c a r b o n a t e  c o n t e n t  a n d  f a u n a 1 

d i v e r s i t y  and  a b u n d a n c e ,  and  t h e  p r e s e n c e  o f  s t r o m a t o p o r o i d -  

c o l o n i a l  c o r a l  b i o h e r m s  t o w a r d  t h e  t o p  may i n d i c a t e  a 

g e n e r a l l y  s h a l l o w i n g  u p w a rd  s e c u e n c e  a c c o m p a n ie d  by i n c r e a s e d  

pr o d u c t i v i t y .  I'Jici o s c o p i c  a l g a l  b o r i n g s  a r e  p r e s e n t  i n  four of
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19 s o l i t a r y  c o r a l s  (21 p e r c e n t )  f r  on t h e  Vaur e a l  F o r m a t io n ,  

and 18 o f  40 c o r a l l i t e s  (4 5 p e r c e n t )  o f  t h e  o v e r l y i n g  f i l l s  

hay f o r m a t i o n  (App. 7 ) .  The <_r e a t  t h i c k n e s s  o f  th o  c o n t i n e n t a l  

mar g i n  mar i n e  s e q u e n c e s  compared w i t h  t h o s e  o f  t h e  

e p i c o n t i n e n t a l  s e a  (kichmond and H a c u o k e ta  g ro u p s )  i s  

p r o b a b l y  l a r g e l y  t h e  r e s u l t  o f  more r a p i d  s u b s i d e n c e .  A l s o ,  

s e d i m e n t a t i o n  a p p e a r s  t o  have  been  c o n t i n u o u s  a t  t h e  

c o n t i n e n t a l  m arg in  i n  u p pe rm o s t  O r d o v i c i a n  t im e ,  w he reas  t h e  

Hichmona C-roup was f o l l o w e d  by a  p e r i o d  o f  n o n - d e p o s i t i o n  

a n d / o r  e r o s i o n .  The H i r n a n t i a n  s t r a t a  o f  Gaspe and  p o s s i b l y  

n o r t h e r n  H a in e ,  and t h e  n i l i s  l a y  F o r m a t io n  ( ? Gamachian) o f  

A n t i c o s t i  I s l a n d  may have  b een  d e p o s i t e d  d u r i n g  t h i s  

i n t e r v a l .
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19. PUNCESCOT COUNTY, YAIKE 

Over 1000 m o f  A s h g i l l i a n  s t r a t a  i n c l u d i n g  l a r g e  

a m o u n ts  o f  c o a r s e ,  b o u l d e r y ,  p o l y n i c t  c o n g l o m e r a t e ,  p e b b l y  

s i l t s t o n e ,  a n d  o t h e r  c l a s t i c  r o c k s  a r e  p r e s e n t  i n  P e n o b s c o t  

Co. (R.B.  Neuman, 1378,  p e r s o n a l  c o m m u n ic a t i o n )  (1 e x t - f i g s .  

2 ,  n o .  19; 2 2 ) .  I n  a d d i t i o n  t o  b r a c h i o p o d s  a n d  t r i l o b i t e s ,

T e x t - f i g u r e  2 2 . — E a s t e r n  c o n t i n e n t a l  m a r g i n :  l a t e  U p p er

O r d o v i c i a n  s t r a t i g r a p h i c  s e c t i o n s  t o  s c a l e  a n d  d i s t r i b u t i o n  

o f  s o l i t a r y  r u g o s e  c o r a l s .

on w h ic h  t h e  a g e  a s s i g n m e n t  was made,  c o l o n i a l  a n d  s o l i t a r y  

c o r a l s  a n d  g a s t r o p o d s  a r e  p r e s e n t  i n  t h e  s e q u e n c e  (R .B .  

Neuman, 1968,  p .  4 4 ,  4 5 ) .  The a s s e m b l a g e  a n d  r e l a t i v e l y  

h i g h  d i v e r s i t y  o f  g e n e r a  more c l o s e l y  r e s e m b l e  f a u n a s  o f  

E u ro p e  t h a n  t h o s e  e l s e w h e r e  i n  N o r t h  A m e r i c a  (R .B .  Neuman, 

1968,  p .  3 6 ) .  S o l i t a r y  r u g o s e  c o r a l s  i n  t h i s  c l a s t i c  

s e q u e n c e  a r e  a s s o c i a t e d  w i t h  c a r b o n a t e  d e b r i s  a n d  f o s s i l  

f r a g m e n t s  ( P l a t e  8 ,  f i g s .  1, 2 ,  8 ) ,  The c o r a l l i t e  e x t e r i o r s  

a r e  g e n e r a l l y  a b r a d e d ,  b u t  t h e  o c c a s i o n a l  p r e s e r v a t i o n  o f  

s e p t a l  g r o o v e s  a n d  i n t e r s e p t a l  r i d g e s  s u g g e s t s  t h e y  may 

h a v e  b e e n  t r a n s p o r t e d  a  s h o r t  d i s t a n c e  f ro m  a  n e a r b y  

c a r b o n a t e  b a n k .  D e n s i g r e w i n g k i a  ? s p .  i s  r a r e  61 m a b o v e  

t h e  b a s e  o f  t h e  s e q u e n c e .  S o l i t a r y  c o r a l s  a r e  more common 

520 m ab o v e  t h e  b a s e ,  w h e re  S t r e p t e l a s m a  r a n k i n i  n .  s p . ,  

C -rewingkia  p e n o b s c o t e n s i s  n .  s p . ,  a n d  E o d o p h y l lu m  n eu m an i
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T e x t - f i g u r e  2 2 . — 3 a s t e r n  c o n t i n e n t a l  m a r g i n :  l a t e  U pper

O r d o v i c i a n  s t r a t i g r a p h i c  s e c t i o n s  t o  s c a l e  a n d  d i s t r i b u t i o n  

o f  s o l i t a r y  r u g o s e  c o r a l s .
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2 0 .  ASHLAND, LIAINE 

R.B.  Neuman (1 9 6 3 )  r e p o r t e d  t u f f a c e o u s  m u d s t o n e ,  

b a s a l t - l i m e s t o n e  c o n g l o m e r a t e ,  and  o t h e r  c l a s t i c  r o c k s  i n  a  

45 m t h i c k  unnamed u n i t  e x p o s e d  i n  a  g r a v e l  p i t  9 km e a s t  o f  

A s h l a n d ,  Maine ( T e x t - f i g s .  2,  n o .  20 ;  2 2 ) .  B r a c h i o p o d s  a r e

by f a r  t h e  m ost  common f o s s i l s  i n  t h e  s e q u e n c e ,  f o l l o w e d  by 

r u g o s e  a n d  t a b u l a t e  c o r a l s .  T r i l o b i t e s ,  g a s t r o p o d s ,  b r y o z o a n s ,  

a n d  g r a p t o l i t e s  a r e  r a r e .  The s t r a t a  c o n t a i n i n g  t h e s e  

f o s s i l s  w ere  d e p o s i t e d  n e a r  t h e  s i t e  o f  c o n t e m p o r a n e o u s  

v o l c a n i s m .  S o l i t a r y  r u g o s e  c o r a l s  w e re  f o u n d  i n  b e d r o c k  

e x p o s u r e s  i n  t h e  n o r t h e a s t e r n  p a r t  o f  t h e  g r a v e l  p i t  (R .B.  

Neuman, 1963,  f i g .  3 0 . 2 ) .  The a b r a d e d ,  a p p a r e n t l y  r a n d o m ly  

o r i e n t e d  c o r a l l i t e s  o c c u r  i n  m u d s to n e  c o n t a i n i n g  a b u n d a n t  

v o l c a n i c  f r a g m e n t s .  The o n l y  s p e c i e s  known f ro m  t h i s  

l o c a l i t y ,  C-rewingkia  p u l c h e l l a  ( B i l l i n g s ,  1 8 6 5 ) ,  a l s o  o c c u r s  

i n  t h e  C a r a d o c i a n  (?) t h r o u g h  A s h g i l l i a n  V a u r e a l  a n d  B l l i s  

Bay f o r m a t i o n s  o f  A n t i c o s t i  I s l a n d ,  Quebec ,  i n d i c a t i n g  

c o n n e c t i o n  b e t w e e n  t h e  c l a s t i c  a n d  c a r b o n a t e  f a c i e s  o f  t h e  

e a s t e r n  c o n t i n e n t a l  m a r g i n .
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2 1 .  PBRC3, QUBEBC 

The W h i te  Head F o r m a t i o n  i n  t h e  v i c i n i t y  o f  P e r c e  

( T e x t - f i g .  2 ,  n o .  21)  i s  U p p e r  C a r a d o c i a n  t h r o u g h  A s h g i l l i a n  

an d  L l a n d o v e r i a n  i n  a g e  ( L e s p e r a n c e ,  1 9 6 S t ) .  The W hi te  Head 

f a u n a  i n  g e n e r a l  i s  s i m i l a r  t o  t h a t  o f  B u ro p e  ( S c h u c h e r t  a n d  

C o o p e r ,  1930,  p .  170; C o o p e r  a n d  K i n d l e ,  1936,  p .  349 ;  

L e s p e r a n c e ,  1968b,  p .  8 1 2 ) .  A t  t h e  t y p e  s e c t i o n ,  w here  t h e  

b a s e  i s  u n c o n f o r m a b l y  o v e r l a i n  by C a r b o n i f e r o u s  s t r a t a ,  t h e  

A s h g i l l i a n  i s  140 m t h i c k  ( L e s p e r a n c e ,  1977,  p e r s o n a l  

c o m m u n ic a t io n )  ( T e x t - f i g .  2 2 ) .  The Lower a n d  M id d le  

A s h g i l l i a n  c o n s i s t s  o f  t h i n l y  b e d d e d  c a l c a r e o u s  m u d s t o n e s  

w i t h  a r g i l l a c e o u s  i n t e r b e d s .  A t  G ran d e  Coupe,  t h e  s o l i t a r y  

c o r a l s  H e l i c e l a s m a  s e l e c t a  ( B i l l i n g s ,  1 8 6 5 ) ,  C-rewingkia  s p . ,  

L o b o c o r a l l i u m  t r i l o b a  turn s u b s p .  v s n r e a l e n s i s  ( T w e n h o f e l ,

1 9 2 8 ) ,  a n d  B o d o p h y l lu m  ? s p .  a r e  a s s o c i a t e d  w i t h  a  d i v e r s e  

f a u n a  i n c l u d i n g  t h e  c o l o n i a l  c o r a l s  P a l e o f a v o s i t e s , C a t e n i p o r a , 

P r o p o r a ,  an d  C a l a p o e c i a , a s  w e l l  a s  b r y o z o a n s ,  g a s t r o p o d s ,  

c e p h a l o p o d s ,  b r a c h i o p o d s ,  an d  t r i l o b i t e s  ( S c h u c h e r t  a n d  

C o o p e r ,  1930,  p .  169 ;  C o o p e r  a n d  K i n d l e ,  1936,  p .  3 5 0 ) .  

T r i l o b i t e s ,  'v /h ich a r e  t h e  m o s t  a b u n d a n t  f o s s i l s ,  s u g g e s t  a  

Lower  A s h g i l l i a n  a g e  f o r  t h i s  S t e n o p a r e i a  f a u n a l  zone  

( L e s p e r a n c e ,  1.968b, p .  8 1 3 ,  8 15 ,  t a b l e  1 ) .  L. t r i l o b a t u m  

s u b s p .  v a u r e a l e n s i s  a n d  H. s e l e c t a  a l s o  o c c u r  o n - A n t i c o s t i  

I s l a n d ,  a s  w i l l  be  d i s c u s s e d  i n  t h e  s e c t i o n  on A n t i c o s t i  

I s l a n d ,  Q u ebec .  A l l  s o l i t a r y  c o r a l l i t e s  w ere  a b r a d e d  a n d  

some w ere  b r o k e n  p r i o r  t o  f i n a l  b u r i a l  ( P l a t e  4 ,  f i g .  1 7 ) .
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The s i n g l e  s p e c i m e n  o f  B odo p h y l lu m  ? s p .  h a s  a n  a r e a  o f  

a t t a c h m e n t  on t h e  c a r d i n a l  s i d e ,  a n d  was e p i f a u n a l  on a  

b r a c h i o p o d  ( P l a t e  8 ,  f i g s .  1 4 - 1 6 ) .  V e r i n i f o r i c h n u s  

b o r i n g s  a r e  g e n e r a l l y  common, and  a r e

a b u n d a n t  i n  t h e  c a r d i n a l  s i d e  o f  a  s p e c im e n  o f  G r e w i n g k i a  

s p .  (USNM 1 0 2 3 9 0 ( 4 ) ) .  Of 94 b o r i n g s  i n  th r e e  c o r a l l i t e s ,  27 

p e r c e n t  a r e  i n  t h e  c o u n t e r  s i d e ,  23 p e r c e n t  i n  a n  a l a r  s i d e ,  

a n d  50 p e r c e n t  i n  t h e  c a r d i n a l  s i d e  (App. 6 ) .  T'he f r e q u e n c y  

d i s t r i b u t i o n  o f  b o r e  d i a m e t e r s  i s  shown i n  T e x t - f i g .  9 c .

The a v e r a g e  d i a m e t e r  o f  V e r m i f o r i c h n u s  i n  t h e  Y/hite Head 

F o r m a t i o n  i s  s m a l l e r  t h a n  i n  t h e  Richmond G roup ,  C i n c i n n a t i  

A r c h  r e g i o n  a n d  t h e  S e l k i r k  Member, Red R i v e r  F o r m a t i o n  

( l a t e  M id d le  o r  U p p e r  O r d o v i c i a n ) ,  s o u t h e r n  M a n i to b a  

( T e x t - f i g .  9 a ,  b ,  d ) .  M i c r o s c o p i c  a l g a l  b o r i n g s  a r e  p r e s e n t  

i n  c o r a l l i t e s  o f  t h e  Y/hi te Head F o r m a t i o n ,  b u t  a r e  n o t  w e l l  

p r e s e r v e d .

S o l i t a r y  c o r a l s  a r e  n o t  known f ro m  t h e  o v e r l y i n g  

Rem ipyga  f a u n a l  z o n e ,  w h ic h  i s  Lower o r  M id d le  A s h g i l l i a n  i n  

a g e  ( L e s p e r a n c e ,  1968b ,  p .  815 ,  8 1 6 ) .  L e s p e r a n c e  ( 1 9 6 8 a ,  

p .  1 5 1 -1 5 3 )  ' f o u n d  a  c l o s e  c o r r e s p o n d e n c e  among 

t r i l o b i t e  f a u n a s  o f  t h e  Rem ipyga  f a u n a l  z o n e ,  t h e  Richmond 

G ro u p ,  an d  t h e  S l l i s  Bay F o r m a t i o n  o f  A n t i c o s t i  I s l a n d .

O v e r l y i n g  t h e  Rem ipyga  f a u n a l  zone  a r e  25 m o f  m u d s to n e  

c o n t a i n i n g  t h e  t y p i c a l  b r a c h i o p o d - d o m i n a t e d  H i r n a n t i a n  f a u n a  

( L e s p e r a n c e ,  1974 ;  L e s p e r a n c e  a n d  S h e e h a n ,  1 9 7 6 ) .  A l l  

s p e c i e s  i d e n t i f i e d  f ro m  P e r c e  a l s o  o c c u r  i n  t h e  H i r n a n t i a n
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S t a g e  o f  t h e  A s h g i l l i a n  S e r i e s  i n  n o r t h e r n  E u r o p e ,  a n d  t h e  

f a u n a  i s  m ost  c l o s e l y  r e l a t e d  t o  t h a t  o f  G r e a t  B r i t a i n  a n d  

I r e l a n d  ( L e s p e r a n c e  a n d  S h e e h a n ,  1976,  p .  7 2 1 ,  7 2 2 ) .  A few  

s m a l l  c o l o n i a l  c o r a l s  o c c u r  i n  t h e  s e c t i o n  ( L e s p e r a n c e  an d  

S h e e h a n ,  1976,  p .  7 2 0 ) ,  b u t  s o l i t a r y  r u g o s e  c o r a l s  h a v e  n o t  

b e e n  f o u n d .
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22 .  ANTICOSTI ISLAND, QUEBEC 

S t  r a t  i  g r  a  ph.y

A p p r o x i m a t e l y  300m o f  t h e  V a u r e a l  F o r m a t i o n  a r e  exposed on 

n o r t h e r n  A n t i c o s t i  I s l a n d  ( T e x t - f i g s .  2,  n o .  22 ;  2 2 ) ,  and

t h e  f o r m a t i o n  i s  a t  l e a s t  1000 m t h i c k  i n  a  w e l l  d r i l l e d  

n e a r  t h e  c e n t e r  o f  t h e  i s l a n d  ( B o l t o n ,  1972,  p .  3 ,  5 ) .  The 

l o w e r  member o f  t h e  e x p o s e d  V a u r e a l  F o r m a t i o n ,  i n c l u d i n g  t h e  

n o r t h  s h o r e  a r g i l l a c e o u s  E n g l i s h  Head F o r m a t i o n  o f  

T w e n h o fe l  ( 1 9 2 8 ) ,  c o n s i s t s  o f  g r a y  s h a l e  a n d  i n t e r b e d d e d  

f i n e  g r a i n e d  t o  d e n s e  l i m e s t o n e  w i t h  i n t r a f o r m a t i o n a l  

c o n g l o m e r a t e .  The l i m e s t o n e  b e d s  i n c r e a s e  i n  t h i c k n e s s  

upw ard  a n d  become n o d u l a r .  The l o w e r  member c o n t i n u e s  i n  

t h e  s u b s u r f a c e ,  w here  t h e  s h a l e  c o n t e n t  i n c r e a s e s  w i t h  

d e p t h  u n t i l  a  g r a y  s h a l e  u n i t  i s  d i s t i n g u i s h a b l e .  The u p p e r  

member o f  t h e  V a u r e a l  F o r m a t i o n  i s  a t  l e a s t  180 m t h i c k .  I t  

i n c l u d e s  t h e  t y p e  E n g l i s h  Head o f  T w e n h o fe l  (1 9 2 8 )  a t  o r  

n e a r  i t s  b a s e  i n  w e s t e r n  e x p o s u r e s .  The member c o n s i s t s  of gray,  

f i n e  g r a i n e d  t o  d e n s e  l i m e s t o n e  w i t h  a b u n d a n t  i n t r a f o r m a t i o n a l  

c o n g l o m e r a t e ,  f i n e  c r o s s - b e d d i n g  a n d  c h a n n e l  f i l l s ,  a n d  g r a y  

s h a l e  p a r t i n g s  an d  l e n s e s .  I n l a n d ,  i t  i n c l u d e s  t h i n l y  

t o  t h i c k l y  b ed d ed  d e n s e  t o  f i n e  g r a i n e d  l i m e s t o n e  w i t h  s h a l e  

i n t e r b e d s  and p a r t in g s ,  an d  n o d u l a r  l i m e s t o n e .  Toward t h e  t o p  

o f  t h e  u p p e r  member, c o l o n i a l  c o r a l - s t r o m a t o p o r o i d  b i o h e r m s  

a r e  o v e r l a i n  by  i r r e g u l a r l y  b e d d e d ,  d e n s e  t o  g r a n u l a r  

l i m e s t o n e  w i t h  s h a l e  p a r t i n g s .  The u p p e r  b e d s  o f  t h e  V a u r e a l  

a r e  t h i n l y  bedded ,  f i n e  g r a i n e d  t o  g r a n u l a r  l i m e s t o n e  w i t h
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a b u n d a n t  i n t r a f o r m a t i o n a l  c o n g l o m e r a t e ,  and  t h i n  i n t e r b e d s  

o r  l e n s e s  o f  d e n s e  t o  s e m i l i t h o g r a p h i c  l i m e s t o n e  w i t h  

a r g i l l a c e o u s  p a r t i n g s .  The u p p e r m o s t  b e d s  a r e  a r g i l l a c e o u s  

n o d u l a r  l i m e s t o n e .

I n  t h e  l o w e r  g r a y  s h a l e  u n i t  o f  t h e  s u b s u r f a c e  V a u r e a l  

F o r m a t i o n ,  J a n s o n i u s  (1 9 6 7 ,  P. 357) r e c o r d e d  Lower t o  L i idd le  

C a r a d o c i a n  c h i t i n o z o a n s .  The g r a p t o l i t e s  ( R i v a ,  1969)  a n d  

t r i l o b i t e s  ( B o l t o n ,  1970) a r e  c h a r a c t e r i s t i c  o f  t h e  

L o r r a i n e - A s h g i l l - H a r j u a n .  I n  h i s  E n g l i s h  Head F o r m a t i o n ,

T w e n h o fe l  (1 9 2 8 ,  p .  31)  n o t e d  t h a t  b r a c h i o p o d s  a r e  d o m in a n t  

a n d  g a s t r o p o d s  p l e n t i f u l .  He s t a t e d  t h a t  r u g o s e  c o r a l s  a r e  

r a r e  com pared  t o  t a b u l a t e s ,  a n d  l i s t e d  an d  d e s c r i b e d  t h e  

d i v e r s e  f a u n a .  On t h e  b a s e s  o f  t h e  f a u n a  and  d i s t r i b u t i o n  

o f  some s p e c i e s ,  T w e n h o fe l  ( 1 9 2 8 ,  p .  63 ,  64) c o r r e l a t e d  t h e  

E n g l i s h  Head w i t h  t h e  " W a y n e s v i l l e "  o f  t h e  Richmond G roup .  

S i n c l a i r  (1 9 5 6 ,  p .  1734) c o n s i d e r e d  t h e  " E n g l i s h  Head"  t o  be 

s l i g h t l y  o l d e r ,  e q u i v a l e n t  t o  "some p a r t  o f  t h e  C o v i n g t o n  o f  

Ohio a n d  t h e  L o r r a i n e  o f  New Y ork  an d  s o u t h e r n  Q u eb ec " .

B o l t o n  (1 9 7 2 ,  p .  8) n o t e d  t h a t  s e v e r a l  g e n e r a  a r e  a p p a r e n t l y  

c o n f i n e d  t o  ~the R i c h m o n d ia n .  T w e n h o fe l  (1 9 2 8 ,  p .  31)  o b s e r v e d  

a  g r e a t e r  a b u n d a n c e  o f  c o r a l s  h i g h e r  i n  t h e  s e c t i o n  ( h i s  

V a u r e a l  F o r m a t i o n ) ,  a n d  l i s t e d  a n d  d e s c r i b e d  t h e  l a r g e  f a u n a .  

On t h e  b a s e s  o f  t h e  f a u n a  a n d  t h e  v e r t i c a l  d i s t r i b u t i o n  o f  

some s p e c i e s ,  h e  c o r r e l a t e d  h i s  V a u r e a l  w i t h  t h e  " L i b e r t y : "  

t h r o u g h  " E l k h o r n "  o f  t h e  Richmond C-roup. ( T w e n h o f e l ,  1928,  p .  

6 5 ) .  The u p p e r  member o f  t h e  V a u r e a l  F o r m a t i o n  i n  t h e
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s u b s u r f a c e  c o n t a i n s  a  g r a p t o l i t e  f a u n a  i n t e r m e d i a t e  b e tw e e n  

t h e  y o u n g e s t  O r d o v i c i a n  an d  o l d e s t  S i l u r i a n  ( R i v a ,  1969,  p .  

5 5 1 ) .  T h e se  b e d s  c o n t a i n  U pper  C a r a d o c i a n  c h i t i n o z o a n s  

a c c o r d i n g  t o  J a n s o n i u s  (1 9 6 7 ,  p .  3 5 7 ) .  G r a p t o l i t e s  o f  t h e  

s u r f a c e  V a u r e a l  F o r m a t i o n  s u g g e s t  a  p o s t - A s h g i l l i a n  -  p r e -  

L l a n d o v e r i a n  a g e  ( R i v a ,  1969,  P« 5 5 3 ) .

The V a u r e a l  F o r m a t i o n  i s  c o n f o r m a b l y  o v e r l a i n  by t h e  

E l l i s  Bay F o r m a t i o n ,  w h ic h  i s  50 t o  95 m t h i c k  

( B o l t o n ,  1961,  p .  6 ) .  I t  c o n s i s t s  o f  g r a y  s h a l e  w i t h  

a r g i l l a c e o u s  l i m e s t o n e ,  a n d  u n i t s  o f  i n t e r b e d d e d  l i m e s t o n e  

a n d  s h a l e .  S i x  members w ere  d e s c r i b e d  by B o l t o n  (1 9 7 2 ,  p .  8 ) .  

I n  member 6 ,  b i o h e r m s  w i t h  a b u n d a n t  c o l o n i a l  c o r a l s  a r e  up  

t o  110 m l o n g  a n d  5 m h i g h .  The c o n t a c t  w i t h  t h e  o v e r l y i n g  

L l a n d o v e r i a n  (Lower  S i l u r i a n )  B e c s c i e  F o r m a t i o n  i s  d i f f i c u l t  

t o  d e f i n e  b e c a u s e  o f  t h e  v e r y  g r a d u a l  l i t h o l o g i c  t r a n s i t i o n .  

T w e n h o fe l  (1 9 2 8 ,  p .  32) n o t e d  t h a t  t h e  d i v e r s e  3 1 1 i s  Bay 

f a u n a  i s  l a r g e r  t h a n  t h a t  o f  t h e  V a u r e a l  ( i n c l u d i n g  h i s  

E n g l i s h  H e a d ) ,  a n d  c o n t a i n s  a l m o s t  25 p e r c e n t  o f  t h e  s p e c i e s  

i n  t h e s e  e a r l i e r  u n i t s  a s  ’w e l l  a s  many new f o r m s .

E r a c h i o p o d s  -are  t h e  m o s t  a b u n d a n t  f a u n a l  e l e m e n t ,  a n d  c o r a l s  

a r e  more common t h a n  i n  t h e  V a u r e a l .  The f a u n a  h a s  a  

d e c i d e d  R i c h m o n d ia n  a s p e c t ,  b u t  some s p e c i e s  s u g g e s t  a  

S i l u r i a n  a g e  ( T w e n h o f e l ,  1928,  p .  68 ,  69)* S c h u c h e r t  and  

T w e n h o fe l  (1 9 1 0 ,  p .  70 0 ,  701)  p r o p o s e d  t h e  C-amachian S t a g e  

t o  i n c l u d e  t h e  E l l i s  Bay F o r m a t i o n  a n d  a l l  A m e r i c a n  s t r a t a  

l a t e r  i n  a g e  t h a n  t h e  y o u n g e s t  R ic h m o n d ia n  o f  Ohio  a n d
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I n d i a n a  b u t  b e lo w  c l e a r l y  r e c o g n i z a b l e  S i l u r i a n  s t r a t a  

( T w e n h o f e l ,  1914,  p .  8 ; 1928,  p .  35 ,  3 6 ) .  J . P .  R o ss  (1960, p.

1060,  1061)  fo u n d  many b r y o z o a n s  o f  t h e  V a u r e a l  an d  E l l i s  

Bay f o r m a t i o n s  t o  be c l o s e l y  r e l a t e d  t o  t h o s e  i n  t h e  

Richmond G roup o f  Ohio a n d  t h e  K a q u o k e t a  Group o f  Io w a ,  and  

d i d  n o t  s u p p o r t  t h e  c o n c e p t  o f  t h e  G am ach ian  S e r i e s .  R iv a  

(1 9 6 9 )  c o n s i d e r e d  t h e  E l l i s  Bay g r a p t o l i t e s  ( a s  w e l l  a s  t h o s e  

o f  t h e  V a u r e a l )  t o  b e  p o s t - A s h g i l l i a n  b u t  p r e - L l a n d o v e r i a n  i n  

a g e .  L e s p e r a n c e  ( 1 9 6 8 a ,  p .  1 5 1 -1 5 3 )  f o u n d  a  d e f i n i t e  c l o s e  

c o r r e s p o n d e n c e  a m o n g  t r i l o b i t e  f a u n a s  o f  t h e  Richmond 

G ro u p ,  E l l i s  Bay F o r m a t i o n ,  a n d  Lower  o r  M id d le  A s h g i l l i a n  

Rem ipyga  f a u n a l  zo n e  o f  t h e  W h i te  Head F o r m a t i o n  a t  P e r c e ,  

Q uebec .  The o s t r a c o d s  a p p e a r  t o  b e  L a t e  O r d o v i c i a n  

( C o p e l a n d ,  1 9 7 0 ) .  B o u c o t  ( i n  A y r t o n ,  e t  a l ,  1969> P» 4 6 2 ) ,  

h o w e v e r ,  l o c a t e d  t h e  O r d o v i c i a n - S i l u r i a n  b o u n d a r y  b e tw e e n  

t h e  V a u r e a l  an d  E l l i s  Bay f o r m a t i o n s  o r  w i t h i n  t h e  E l l i s  Bay.  

He c o n s i d e r e d  t h e  E l l i s  Bay t o  be  E a r l y  L l a n d o v e r i a n  on t h e  

b a s i s  o f  two b r a c h i o p o d  s p e c i e s .  B o l t o n  (1 9 7 2 ,  t a b l e  1) 

p l a c e d  t h e  E l l i s  Bay F o r m a t i o n  i n  t h e  R ic h m o n d ia n .

Eight s'olitary corals are recognized from the Vaureal 
and Ellis Bay formations (Text-fig. 2 2 ) .  Streptelasma affinis 
(Billings, 1865) and Grewingkia pulchella (Billings, 1865) 

occur in the lower and upper members of the Vaureal Formation 
and i n  the Ellis Bay Formation. Bighornia cf. patella (Y/ilson, 
1926) is found in the lower member of the Vaureal.
Helicelasma selecta (Billings, 1865) is present from the
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b a s e  o f  t h e  u p p e r  member, V a u r e a l  F o r m a t i o n ,  t h r o u g h  t h e  

E l l i s  Bay F o r m a t i o n .  B odo p h y l lu m  e n g l i s h h e a d e n s i s  n .  s p .  

o c c u r s  a t  t h e  b a s e  o f  t h e  u p p e r  member o f  t h e  V a u r e a l .  

L o b o c o r a l l i u m  t r i l o b a t u m  s u b s p .  v a u r e a l e n s i s  ( T w e n h o f e l ,

1828)  an d  D e i r a c o r a l l i u m  a n g u l a t u m  ( B i l l i n g s ,  1862) a r e  

known f ro m  t h e  u p p e r  p a r t  o f  t h e  u p p e r  member , V a u r e a l  

F o r m a t i o n .  P a l i p h y l l u m  e l l i s e n s i s  n .  s p .  i s  p r e s e n t  i n  t h e  

E l l i s  Bay F o r m a t i o n .

The u p p e r  member o f  t h e  V a u r e a l  F o r m a t i o n  o f  A n t i c o s t i  

I s l a n d  i s  h e r e i n  c o r r e l a t e d  w i t h  t h e  S t e n o n a r e i a  f a u n a l  zone  

o f  t h e  Y/hite Head F o r m a t i o n  a t  P e r c e .  L o b o c o r a l l i u m  

t r i l o b a t u m  s u b s p .  v a u r e a l e n s i s  o c c u r s  i n  b o t h  u n i t s ,  and  t h e  

c o r r e l a t i o n  i s  s t r e n g t h e n e d  by t h e  p r e s e n c e  o f  H e l i c e l a s m a  

s e l e c t a , a l t h o u g h  t h i s  s p e c i e s  e x t e n d s  i n t o  t h e  E l l i s  Bay 

F o r m a t i o n  on A n t i c o s t i  I s l a n d .  The g e n u s  B o d o p h y l lu m , 

r e p r e s e n t e d  i n  t h e  u p p e r  member o f  t h e  V a u r e a l  F o r m a t i o n ,  

may a l s o  o c c u r  i n  t h e  S t e n o p a r e i a  f a u n a l  zone  ( T e x t - f i g .  2 2 ) .

The p r e s e n c e  o f  L o b o c o r a l l i u m  t r i l o b a t u m  s u b s p .  

v a u r e a l e n s i s  an d  D e i r a c o r a l l i u m  a n g u l a t u m  i n  t h e  u p p e r  

V a u r e a l  F o r m a t i o n  a n d  t h e  f o r m e r  i n  t h e  S t e n o p a r e i a  f a u n a l  

zo n e  o f  t h e  W h i te  Head F o r m a t i o n  i n d i c a t e  c o r r e l a t i o n  w i t h  

t h e  C-unn and  P e n i t e n t i a r y  members o f  t h e  S to n y  M o u n ta in  

F o r m a t i o n ,  s o u t h e r n  M a n i t o b a ,  i n  w h ic h  L o b o c o r a l l i u m  

t r i l o b a t u m  (V/hit  e a v e s ,  1895)  a n d  a  s p e c i e s  o f  D e i r a c o r a l l i u m  

p r o b a b l y  c o n s p e c i f i c  w i t h  D. a n g u l a t u m  o c c u r .  The u p p e r  

V a u r e a l  an d  S t e n o p a r e i a  f a u n a l  zone  w ou ld  be  s l i g h t l y  o l d e r
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i f  L.  t r i l o b a t u m  s u b s p .  v a u r e a l e n s i s  was t h e  i m m e d ia t e  

a n c e s t o r  o f  L. t r i l o b a t u m , b u t  t h e  two c o u l d  h a v e  b e e n  

c o n t e m p o r a r y  g e o g r a p h i c  v a r i a n t s  ( s e e  S y s t e m a t i c  P a l e o n t o l o g y ) .  

T w e n h o fe l  (1 9 2 8 ,  p .  6 6 , 67)  c o n s i d e r e d  t h e  f a u n a  i n  h i s  

z o n e s  3 -5  o f  t h e  V a u r e a l  f o r m a t i o n  t o  i n d i c a t e  f a i r l y  

p o s i t i v e  c o r r e l a t i o n  w i t h  t h e  S to n y  M o u n ta in  F o r m a t i o n .  The 

u p p e r  V a u r e a l  F o r m a t i o n  a n d  S to n y  M o u n ta i n  F o r m a t i o n  a r e  

Lower  A s h g i l l i a n  i f  t h e  a g e  a s s i g n m e n t  o f  t h e  S t e n o p a r e i a  

f a u n a l  zone  i s  c o r r e c t  ( L e s p e r a n c e ,  1968b,  p .  813 ,  815 ,  

t a b l e  1 ) .  The l o w e r  V a u r e a l  F o r m a t i o n  a n d  t h e  Red R i v e r  

F o r m a t i o n  o f  s o u t h e r n  M a n i t o b a ,  w h ic h  u n d e r l i e s  t h e  S to n y  

M o u n t a i n ,  may t h e r e f o r e  b e  C a r a d o c i a n  i n  a g e .  B i g h o r n i a  c f .  

p a t e l l a  o c c u r s  i n  b o t h  u n i t s ,  b u t  i s  w i d e s p r e a d  g e o g r a p h i c a l l y  

a n d  s t r a t i g r a p h i c a l l y  ( s e e  S y s t e m a t i c  P a l e o n t o l o g y ) .

Three of the six solitary coral species in the upper 
member of the Vaureal Formation extend through the Ellis Bay 
Formation, indicating its Ordovician age. Streptelasma affinis, 
which is common in the Ellis Bay, most closely resembles S. 
primum (Wedekind, 1927)  of the Ashgillian Division 5a of 
Norway and Boda Limestone of Sweden. It is similar to S.. 
subregularis (Savage, 1913) of the latest Upper Ordovician 
(? Gamachian) in Missouri and Illinois, and S_. uni cum 
Neuman, 1975,  probably from the Hirnantian Dalmanitina beds 
of Sweden. Paliphyllum ellisensis represents a genus found 
in member no. 3 of the Chasm Creek Formation, Churchill 
River C-roup, northern Manitoba, which correlates with the
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u p p e r  S to n y  f o u n t a i n  F o r m a t i o n  o f  s o u t h e r n  M a n i t o b a  ( i l e l s o n ,

1963> f i g .  2 ) .  P a l i p h y l l u m  i s  a l s o  knov.n f ro m  t h e  U pper  

O r d o v i c i a n  o f  Sweden,  E s t o n i a ,  a n d  S i b e r i a ,  an d  t h e  

L l a n d o v e r i a n  (Lower S i l u r i a n )  o f  E s t o n i a .  The E l l i s  Bay may 

i n  p a r t  c o r r e l a t e  w i t h  t h e  Lower  o r  M id d le  A s h g i l l i a n  

Rem ipyga  f a u n a l  zone  o f  t h e  W hi te  Head F o r m a t i o n  a t  P e r c e ,  

a s  s u g g e s t e d  by t h e  s t r a t i g r a p h i c  p o s i t i o n  a n d  t r i l o b i t e s  

( L e s p e r a n c e ,  1968a ,  p .  1 5 1 - 1 5 3 ) .  S t r a t a  e q u i v a l e n t  t o  t h e  

U p p e r  A s h g i l l i a n  H i r n a n t i a n  m ud s to n es  o f  t h e  White Head could  a l s o  

be  r e p r e s e n t e d  i n  t h e  E l l i s  Bay F o r m a t i o n ,  b u t  t h e  H i r n a n t i a n  

f a u n a  h a s  n o t  b e e n  r e c o g n i z e d  i n  t h e  c a r b o n a t e  f a c i e s  on 

A n t i c o s t i  I s l a n d .  I f  t h e  E l l i s  Bay F o r m a t i o n  p r o v e s  t o  be a t  

l e a s t  p a r t l y  p o s t - R i c h m o n d i a n  a n d  o f  t h e  same a g e  a s  t h e  

H i r n a n t i a n ,  t h e  t e r m  C-amachian S t a g e  ( S c h u c h e r t  a n d  T w e n h o fe l ,  

1910,  p .  7 0 0 ,  701) h a s  p r i o r i t y  ( L e s p e r a n c e  an d  S h e e h a n ,

1976,  p .  7 2 1 ) .
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S o l i t a r y  Rugose  C o r a l s  

S t r e p t e l a s m a  a f f i n i s  o c c u r s  i n  t h e  V a u r e a l  F o r m a t i o n ,  

a n d  i s  common i n  t h e  E l l i s  Bay F o r m a t i o n .  C o r a l l i t e s  show 

l i t t l e  e v i d e n c e  o f  p r e - d e p o s i t i o n a l  a b r a s i o n ,  a n d  a p p a r e n t l y  

l i v e d  i n  low  e n e r g y  e n v i r o n m e n t s  ( P l a t e  3 ,  f i g s .  2 1 - 2 3 ) .  

C o r a l l i t e s  a r e  c e r a t o i d  t o  t r o c h o i d  an d  v e r y  w e a k ly  t o  

m o d e r a t e l y  c u r v e d  i n  e a r l y  s t a g e s ,  b e co m in g  c y l i n d r i c a l  i n  

l a t e  s t a g e s  ( P l a t e  3 ,  f i g s .  17,  2 7 ) .  T a l o n s  a r e  so m e t im e s  

p r e s e n t  i n  e a r l y  s t a g e s  ( P l a t e  3 ,  f i g s .  17,  2 1 ) .  C o r a l l i t e s  

a t t a i n  v e r y  l a r g e  s i z e  i n  t h e  u p p e r  V a u r e a l  F o r m a t i o n  (GSC 

1 3 8 7 ) ,  a n d  i n  T w e n h o f e l ’ s  (1 9 2 8 )  z o n e s  5 (YPM 5 55a)  a n d  9 

(YPM 3 0 6 3 / 5 7 k )  o f  t h e  E l l i s  Bay F o r m a t i o n .  E p i f a u n a l  

o r g a n i s m s  a r e  f a i r l y  common ( P l a t e  3 ,  f i g .  2 1 ;  App.  5 ) .

I n  t h e  V a u r e a l  F o r m a t i o n  t h e y  i n c l u d e  s t r o m a t o p o r o i d s ,  

b ry o -z o a n s ,  an d  c o l o n i a l  c o r a l s .  I n  T w e n h o f e l ' s  zo n e  5 o f  

t h e  E l l i s  Bay F o r m a t i o n ,  b r y o z o a n s ,  s t r o m a t o p o r o i d s ,  an d  

c o r n u l i t i d s  o c c u r  a s  e p i f a u n a ,  a n d  i n  z o n e s  7  a n d  9 , 

e p i f a u n a l  b r y o z o a n s  a n d  s t r o m a t o p o r o i d s  a r e  p r e s e n t .

C o a r s e  r u g a e  a r e  r e g u l a r l y  s p a c e d  on some c o r a l l i t e s  i n  t h e  

l o w e r  V a u r e a l  a n d  T w e n h o f e l ’ s  z o n e s  5 a n d  9 o f  t h e  E l l i s  Bay 

F o r m a t i o n  ( P l a t e  3 ,  f i g .  2 1 ;  App.  1 1 ) .  E n v i r o n m e n t a l  

c o n d i t i o n s  m u s t  h a v e  b e e n  s t a b l e  a n d  v e r y  f a v o r a b l e  f o r  

o r g a n i s m s  d u r i n g  d e p o s i t i o n  o f  t h e  V a u r e a l  an d  T w e n h o f e l ’ s 

z o n e s  5 a n d  9 o f  t h e  E l l i s  Bay F o r m a t i o n .  V e r m i f o r i c h n u s  

b o r i n g s  a r e  v e r y  r a r e ,  b e i n g  p r e s e n t  i n  two o f  29  s p e c i m e n s  

(App. 6 ) .  M i c r o s c o p i c  a l g a l  b o r i n g s  a r e  p r e s e n t  i n  e i g h t
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o f  16 c o r a l l i t e s  fox 1 w h ich  t h i n  s e c t i o n s  were  ex am ined  

(App,  7 ) ,  Those  i n  YPM 556b a r e  c o n s id e r - e d  R e c e n t  i n  a g e  

b e c a u s e  t h e y  p e n e t r a t e  s e c o n d a r y  c a l c i t e  c r y s t a l s ,

H e l i c o l a s m a  s e l e c t a  i s  uncommon i n  T w e n h o f e l ’ s 

c o l l e c t i o n .  A lm o s t  a l l  c o r a l l i t e s  w ere  a b r a d e d  p r i o r  t o  

f i n a l  b u r i a l ,  i n d i c a t i n g  t r a n s p o r t a t i o n  i n  r e l a t i v e l y  h i g h  

e n e r g y  c o n d i t i o n s  ( P l a t e  4 ,  f i g .  1 1 ) .  They o c c u r  i n  

a r g i l l a c e o u s  w a c k e s t o n e  a n d  p a c l c s t o n e .  Dpi  f a u n a  were  n o t  

o b s e r v e d .  V e r m i f o r i c h n u s  b o r i n g s  a r e  p r e s e n t  i n  one o f  t e n  

c o r a l l i t e s  (App. 6 ) .  M i c r o s c o p i c  a l g a l  b o r i n g s  o c c u r  i n  

f o u r  o f  f i v e  c o r a l l i t e s  f o r  w h ic h  t h i n  s e c t i o n s  were 

ex a m in ed  (App. 7 ) .

C o r a l l i t e s  o f  D e i r a c o x g a l l i u m  a n g u l a t u m  a r e  e x t r e m e l y  

w e l l  p r e s e r v e d  a n d  w ere  n o t  a b r a d e d  p r i o r  t o  f i n a l  b u r i a l ,  

i n d i c a t i n g  t h a t  t h e y  l i v e d  i n  v e r y  lo w  e n e r g y  c o n d i t i o n s  

( P l a t e  4 ,  f i g s .  2 0 s ,  2 1 s ,  2 4 s ,  2 5 s ) .  The s p e c i e s  a p p e a r s  

t o  b e  g e n e r a l l y  s p a r s e ,  b u t  i s  q u i t e  a b u n d a n t  i n  a r g i l l a c e o u s  

l i m e s t o n e s  o f  t h e  P o t a t o e  R i v e r  a r e a  ( B o l t o n ,  1977,  p e r s o n a l  

c o m m u n i c a t i o n ) . T p i f a u n a  a n d  b o r i n g s  a r e  n o t  p r e s e n t  i n  

t h e  33  c o r a l l i t e s  e x a m in e d .

C-rewingkia  p u l c h e l l a  a p p e a r s  t o  b e  t h e  m os t  a b u n d a n t  

s o l i t a r y  c o r a l  on A n t i c o s t i  I s l a n d .  C o r a l l i t e s  a r e  

g e n e r a l l y  n o t  a b r a d e d ,  a n d  p r e s u m a b l y  l i v e d  i n  low  e n e r g y  

e n v i r o n m e n t s  ( P l a t e  7 ,  f i g s .  24 ,  25 ,  28 ,  3 2 ) .  They o c c u r  

i n  a r g i l l a c e o u s  l i m e s t o n e s  i n  a s s o c i a t i o n  w i t h  b r y o z o a n s  

an d  b r a c h i o p o d s .  YPM 551 was c o l l e c t e d  i n  a  b io h e r ra  w i t h i n
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t h e  E l l i s  Bay F o r m a t i o n .  The f r e q u e n c y  d i s t r i b u t i o n  o f  

c o r a l l i t e  l e n g t h s  i n  T w e n h o f e l ' s  c o l l e c t i o n  i s  shown i n  

T e x t - f i g .  23 .  The d i s t r i b u t i o n  a b o v e  1 [3 mm i s  t h o u g h t  t o

T e x t - f i g u r e  2 3 . — G r e w i n g k i a  p u l c h e l l a  ( B i l l i n g s ,  1 8 6 5 ) :  

l e n g t h  o f  c o r a l l i t e s  ( 1 )  ( s e e  App. 3 ) .  C o l l e c t i n g  b i a s  i s  

t h o u g h t  t o  c o n t r i b u t e ,  a t  l e a s t  i n  p a r t ,  t o  lo w  f r e q u e n c i e s  

b e lo w  15 mm.

r e f l e c t  t h e  p o p u l a t i o n .  C o l l e c t i n g  b i a s  p r o b a b l y  

c o n t r i b u t e s ,  a t  l e a s t  i n  p a r t ,  t o  t h e  p r o g r e s s i v e l y  l o w e r  

f r e q u e n c i e s  o f  s m a l l e r  c o r a l l i t e s .  The e f f e c t s  o f  b i o l o g i c  

f a c t o r s  s u c h  a s  b i r t h  r a t e ,  g r o w t h  r a t e ,  an d  d e a t h  r a t e  a r e  

unknown.  The d i s t r i b u t i o n  r e s e m b l e s  t h a t  f o r  S t r e p t e l a s m a  

d l v a r i c a n s  ( T e x t - f i g .  1 4 ) .  O nly  one o f  more  t h a n  100 G. 

p u l c h e l l a  c o r a l l i t e s  h a s  e p i f a u n a l  b r y o z o a n s  (App. 5 ) .

V e r m i f o r i c h n u s  b o r i n g s  a r e  n o t  p r e s e n t .  M i c r o s c o p i c  a l g a l  

b o r i n g s  o c c u r  i n  t e n  o f  19  c o r a l l i t e s  f o r  w h ic h  t h i n  

s e c t i o n s  w ere  e x a m in e d  (App. 7 ) .

L o b o c o r a l l i u m  t r i l o b a t u m  s u b s p .  v a u r e a l e n s i s  i s  r a r e , ,  

T h e s e  l a r g e ,  t r i l o b a t e  c o r a l l i t e s  w e re  a b r a d e d  i n  r e l a t i v e l y  

h i g h  e n e r g y  c o n d i t i o n s  p r i o r  t o  b u r i a l  ( P l a t e  7 ,  f i g .  4 3 s ) .  

YPM 20482 o c c u r s  i n  a r g i l l a c e o u s  l i m e s t o n e  w i t h  a b u n d a n t  

b r a c h i o p o d s ,  b r y o z o a n s ,  a n d  a r t h r o p o d  f r a g m e n t s .  A t  GSC 

l o c a l i t y  36157 ,  c o r a l l i t e s  a r e  p r e s e n t  i n  c o a r s e  g r a i n e d  

p a c k s t o n e .  E p i f a u n a  a n d  b o r i n g  a l g a e  a r e  n o t  p r e s e n t .  YPM
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T e x t - f i g u r e  2 3 . — G r e w i n g k i a  p u l c h e l l a  ( B i l l i n g s ,  1865)? 

l e n g t h  o f  c o r a l l i t e s  ( 1 )  ( s e e  App. 3)»  C o l l e c t i n g  b i a s  i s  

t h o u g h t  t o  c o n t r i b u t e ,  a t  l e a s t  i n  p a r t ,  t o  low  f r e q u e n c i e s  

b e l o w  15 mm.
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20482 h a s  a b u n d a n t  V e r m i f o r i c h n u s  b o r i n g s  ( P l a t e  7 ,  f i g .

4 3 s ;  App.  6 ) .

C o r a l l i t e s  o f  B o d o p h y l lu m  e n g l i s h h e a d e n s i s  a r e  r a r e .  

They h a v e  a  b a s e  o f  a t t a c h m e n t  c e n t e r e d  on t h e  c a r d i n a l  s i d e ,  

a n d  IT Phi 3 0 1 9 /2 c  was e p i f a u n a l  on a  b r y o z o a n  ( P l a t e  8 , f i g s .  

18,  2 1 ) .  The c o r a l l i t e s  w e re  a b r a d e d  b e f o r e  b u r i a l ,  

i n d i c a t i n g  r e l a t i v e l y  h i g h  e n e r g y  c o n d i t i o n .  YPM 3 0 8 3 / 1 5 a ,  

b o c c u r  i n  w a c k e s t o n e  w i t h  b r a c h i o p o d s  a n d  a r t h r o p o d  

f r a g m e n t s ,  a n d  YPM 3 0 1 9 / 2 a ,  c a r e  i n  e c h i n o d e r m a l  p a c k s t o n e .

3 p i f a u n a  a n d  b o r i n g s  a r e  n o t  p r e s e n t  i n  t h e  f i v e  c o r a l l i t e s  

e x a m in e d .

B i g h o r n i a  c f ,  p a t e l l a  i s  r a r e .  C o r a l l i t e s  h a v e  

s p o o n - s h a p e d  a r e a s  o f  a t t a c h m e n t  on t h e  c o n c a v e  c a r d i n a l  

s i d e  n e a r  t h e  t i p  ( P l a t e  8 , f i g .  3 8 ) .  The s p e c i e s  

p r e s u m a b l y  l i v e d  i n  low  e n e r g y  e n v i r o n m e n t s  a n d  c o r a l l i t e s  

w ere  n o t  a b r a d e d  b e f o r e  b u r i a l .  S p i f a u n a  a n d  b o r i n g s  a r e  

n o t  p r e s e n t .

P a l i p h y l l u m  e l l i s e n s i s  i s  uncommon. S e v e r a l  c o r a l l i t e s  

w ere  c o l l e c t e d  f ro m  a n  E l l i s  Bay b i o h e r m  (YPM 573» a ) ,  A 

fe w  were  s l i g h t l y  a b r a d e d  b e f o r e  b u r i a l .  The c o r a l l i t e s  

a r e  c y l i n d r i c a l  a n d  some h a v e  r e g u l a r l y  s p a c e d  c o a r s e  r u g a e  

( P l a t e  8 , f i g .  51;  App. 1 1 ) .  The s p e c i e s  p r o b a b l y  l i v e d  

i n  a  f a i r l y  low  e n e r g y ,  s t a b l e  e n v i r o n m e n t .  E p i f a u n a l  

b r y o z o a n s  o c c u r  on f i v e  o f  26 c o r a l l i t e s  (App. 5 ) .  B o r i n g s  

a r e  n o t  p r e s e n t .
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L a t e  U p p er  O r d o v i c i a n  s o l i t a r y  c o r a l s  o f  e a s t e r n  N o r t h  

A m e r ic a  a r e  a s s i g n e d  t o  t h r e e  p r o v i n c e s  d i s t i n g u i s h e d  on t h e  

b a s e s  o f  a s s e m b l a g e s  a n d  c h a r a c t e r i s t i c  s p e c i e s  ( T e x t - f i g .  

2 4 ) .  The d i s t r i b u t i o n  o f  t h e s e  p r o v i n c e s  c o r r e s p o n d s

T e x t - f i g u r e  2 4 . — L a t e  U p p e r  O r d o v i c i a n  s o l i t a r y  r u g o s e  c o r a l  

p r o v i n c e s  o f  e a s t e r n  N o r t h  A m e r i c a .

c l o s e l y  t o  p a l e o g e o g r a p h y  a n d  l i t h o f a c i e s  ( T e x t - f i g .  2 ) .

The Richmond P r o v i n c e  c o i n c i d e s  w i t h  t h e  Richmond G ro u p .  

S o l i t a r y  c o r a l s  o f  t h e  K a q u o k e t a  Group an d  e a s t e r n  

c o n t i n e n t a l  m a r g i n  b e l o n g  t o  t h e  Red R i v e r - S t o n y  M o u n ta i n  

P r o v i n c e  o f  c e n t r a l  N o r t h  A m e r i c a ,  Those  i n  t h e  u p p e r m o s t  

O r d o v i c i a n  c a r b o n a t e  s e q u e n c e  o f  O k l a h o m a - M i s s o u r i - I l l i n o i s  

a r e  a s s i g n e d  t o  t h e  Sdgewood P r o v i n c e .
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T e x t - f i g u r e  2 4 . — L a t e  U p p e r  O r d o v i c i a n  s o l i t a r y  r u g o s e  c o r a l  

p r o v i n c e s  o f  e a s t e r n  N o r t h  A m e r i c a .

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



1 7 4

< UJuu
I !t  O cc cc< £ 2 ®

■o 3

a . i

5 5  c a .2
-  «  C 3  Z &  ® S  «« « « a — 3 . « « t ;. . . . . M o o
( A Z O ( 9 J  COCQa: ®

3 3 *i a 
«  >  • 

x j  . c i  
-  o a  «

i< 3_ i" in

a  m io a — 3

cczgo o o  cc 
Z U 4 1

CM

=  Ui < O

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



1 7 5

I .  RICHMOND p r o v i n c e  

The  Richmond P r o v i n c e  i s  c h a r a c t e r i s e d  by v e r y  low 

d i v e r s i t y  ( T e x t - f i g .  2 4 ) .  The g e n e r a  C-rew ingkia  and  

S t r e p t e l a s m a  a r e  r e p r e s e n t e d  by  G. c a n a d e n s i s t G. r u s t i c a ,

£* d e l t e n s i s , an d  S. d i v a r i c a n s . G. c a n a d e n s i s  o c c u r s  i n  

T e n n e s s e e ,  t h e  C i n c i n n a t i  A r c h  r e g i o n ,  '.Vi s c o n s  i n ,  Drummond 

a n d  M a n i t o u l i n  I s l a n d s ,  a n d  a t  M e a f o r d ,  O n t a r i o .  S. 

d i v a r i c a n s  i s  p r e s e n t  i n  t h e  C i n c i n n a t i  A r c h  r e g i o n ,  

n o r t h e r n  M ic h i g a n ,  a n d  a t  M a n i t o u l i n  I s l a n d .  The l a r g e  

c e n t r a l  a r e a  o f  t h e  R ichmond P r o v i n c e  w h ere  G. c a n a d e n s i s  

a n d  o f t e n  S_. d i v a r i c a n s  o c c u r  i s  t e r m e d  t h e  C i n c i n n a t i  

S u b p r o v i n c e .  I n  t h e  L i t t l e  Bay de Hoc r e g i o n  o f  n o r t h e r n  

M i c h i g a n ,  S. d i v a r i c a n s  a n d  G. d e l t e n s i s  a r e  p r e s e n t .  The 

l a t t e r  s p e c i e s  i s  u n i q u e  t o  t h i s  a r e a ,  w h i c h  i s  t e r m e d  t h e  

S t o n i n g t o n  S u b p r o v i n c e .  G. r u s t i c a  o c c u r s  a t  Lake  S t .  J o h n ,  

Q uebec ,  a n d  a  s i n g l e  c o r a l l i t e  f o u n d  a t  M a n i t o u l i n  I s l a n d  

was t r a n s p o r t e d  f ro m  a n  unknown s o u r c e .  The a r e a  o f  t h e  

Piichmond P r o v i n c e  o c c u p i e d  by  G. r u s t i c a  i s  t e r m e d  t h e  Lake  

S t .  J o h n  S u b p r o v i n c e .  I t s  e x a c t  b o u n d a r y  w i t h  t h e  C i n c i n n a t i  

S u b p r o v i n c e  i s  u n c e r t a i n  b e c a u s e  c o r a l l i t e s  i n  t h e  v i c i n i t y  

o f  M o n t r e a l ,  Q uebec ,  and S t r e e t s v i l l e , O n t a r i o ,  a r e  n o t  known a t  

t h e  s p e c i e s  l e v e l .

O r i g i n . S o l i t a r y  c o r a l s  o f  t h e  Richmond P r o v i n c e  f i r s t  

a p p e a r e d  i n  c a r b o n a t e  b e d s  a t  t h e  b a s e  o f  t h e  " W a y n e s v i l l e "  

h o r i z o n  i n  t h e  Richmond G ro u p .  T h o s e  i n  t h e  l o w e r  A rn h e im  

F o r m a t i o n  o f  T e n n e s s e e  may a l s o  be o f  " W a y n e s v i l l e "  a g e .
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S o l i t a r y  c o r a l s  a r e  n o t  known i n  U p p er  O r d o v i c i a n  s t r a t a  

u n d e r l y i n g  t h e  Richmond G ro u p .  They may h a v e  b e e n  

i n t r o d u c e d  t o  t h i s  g e o g r a p h i c  r e g i o n  d u r i n g  a n  e a r l y  

R i c h m o n d ia n  t r a n s g r e s s i o n .  The s o u r c e  p r o b a b l y  l a y  t o  t h e  

w e s t ,  w here  s o l i t a r y  c o r a l s  o c c u r  i n  B d e n i a n - L I a y s v i l l i a n  

s t r a t a  o f  t h e  K a q u o k e t a  G ro u p .  S o l i t a r y  c o r a l s  i n  t h e  

T r e n t o n i a n - S a r l y  C i n c i n n a t i a n  o f  M i n n e s o t a ,  d e s c r i b e d  a s  

S t r e p t e l a s m a  c o r n i c u l u m  a n d  S_. r u s t i c u m  i n  W i n c h e l l  and  

S c h u c h s r t  (1 8 9 5 ,  p .  SO, 91 ,  93 ,  P I .  G, f i g s .  2 0 - 2 3 )  r e s e m b l e  

C-rewingkia  c a n a d e n s i s  a n d  G. r u s t i c a  e x t e r n a l l y ,  an d  t h e  

T r e n t o n i a n  S_. ( ? )  p a r a s i t i c u m  U l r i c h  ( i n  W i n c h e l l  an d  

S c h u c h e r t ,  1895,  p .  89 ,  90 ,  f i g .  6) i s  r e m a r k a b l y  s i m i l a r  i n  

g r o w t h  fo rm  t o  S. d i v a r i c a n s . A d e t a i l e d  s t u d y  o f  t h e  l a t e  

M i d d l e - e a r l y  U p p e r  O r d o v i c i a n  s o l i t a r y  c o r a l s  o f  e a s t e r n  

N o r t h  A m e r ic a  i s  reoAu i r e d  t o  d e t e r m i n e  i f  t h e  Richmond Group 

c o n t a i n s  r e c u r r e n t  B l a c k  R i v e r - T r e n t o n  f o rm s  ( s e e  P o e r s t e ,  

1924, p .  4 3 - 4 5 ) .

G. c a n a d e n s i s  a n d  G. r u s t i c a  a r e  v i r t u a l l y  i d e n t i c a l  

e x t e r n a l l y .  A s i n g l e  G. r u s t i c a  c o r a l l i t e  was f o u n d  on 

M a n i t o u l i n  I s l a n d  a t  t h e  b a s e  o f  t h e  M e a fo r d  b e d s  i n  w h ic h

G. c a n a d e n s i s  o c c u r s .  I t  was t r a n s p o r t e d  f r o m  a n  unknown 

s o u r c e ,  b u t  s u g g e s t s  c l o s e  r e l a t i o n  i n  s p a c e  a n d  t i m e  

b e t w e e n  t h e  two s p e c i e s .  I t  i s  p o s s i b l e  t h a t  b o t h  w ere  

d e r i v e d  f ro m  a  common a n c e s t o r ,  o r  G. r u s t i c a  may h a v e  

a r i s e n  f ro m  G. c a n a d e n s i s  i n  t h e  e a s t e r n  d i g i t a t i o n  o f  t h e  

Richmond Group by  g e o g r a p h i c  s p e c i a t i o n  v e r y  s o o n  a f t e r
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i n t r o d u c t i o n  f ro m  t h e  w e s t .

C -rewingkia  d e l t e n s i s , w h ic h  o c c u r s  i n  m i c r i t i c  l i n e -  

s tone of t h e  O gon tz  Member, S t o n i n g t o n  F o r m a t i o n ,  n o r t h e r n  

M i c h i g a n ,  h a s  t h e  t r o c h o i d ,  m o d e r a t e l y  c u r v e d  fo rm  an d  

l a r g e  s i z e  t y p i c a l  o f  s p e c i e s  o f  C-rewingkia  i n  m a s s i v e  

c a r b o n a t e s  o f  t h e  S e l k i r k  Member, Red R i v e r  F o r m a t i o n  ( l a t e  

m i d d l e  o r  U p p er  O r d o v i c i a n ) ,  s o u t h e r n  M a n i t o b a  ( U l i a s ,  1 9 7 6 ) .

d e l t e n s i s  o c c u r s  i n  t h e  d i g i t a t i o n  o f  t h e  Richmond 

P r o v i n c e  n e a r e s t  M a n i t o b a .  S e l k i r k  Member c o r a l s  o f  

d i f f e r e n t  g e n e r a  o c c u r  i n  t h e  I i a q u o k e t a  G roup t o  t h e  

s o u t h w e s t ,  i n d i c a t i n g  t h a t  m i g r a t i o n  a c r o s s  t h e  

T r a n s c o n t i n e n t a l  A rc h  was p o s s i b l e ,  G. d e l t e n s i s  may h a v e  

a r i s e n  f ro m  Red R i v e r  s p e c i e s ,  I t  was u n a b l e  t o  m i g r a t e  

f a r t h e r  i n t o  t h e  Richmond P r o v i n c e  b e c a u s e  s u i t a b l e  

e n v i r o n m e n t s  r e s u l t i n g  i n  O g o n t z - t y p e  d e p o s i t i o n  d i d  n o t  

o c c u r  e l s e w h e r e .

P a t e . F o l l o w i n g  i n t r o d u c t i o n  i n t o  t h e  b e l t  o f  Richmond 

G roup  s e d i m e n t a t i o n ,  s o l i t a r y  c o r a l s  m i g r a t e d  l a t e r a l l y  a s  

f a v o r a b l e  e n v i r o n m e n t s  became more w i d e s p r e a d .  They 

a t t a i n e d  t h e i r  maximum g e o g r a p h i c  r a n g e  d u r i n g  " L i b e r t y -  

e a r l y  Y /h i t e w a te r "  t i m e .  M i g r a t i o n  o u t  o f  a n d  i n t o  t h e  

Richmond Group'  was r e s t r i c t e d  s h o r e w a r d  by t h e  Q u e e n s t o n  

d e l t a ,  t h e  p o s i t i v e  N a s h v i l l e  Dome, an d  t h e  C a n a d i a n  S h i e l d ,  

which was probably s l i g h t l y  p o s i t i v e  (Copper and Grawbarger,  1978, p.  1990). 

S eaw ard  o f  t h e  c a r b o n a t e  p l a t f o r m ,  d e e p e r  w a t e r s  i n  w h ic h  

t h e  M ac u o k e ta  s h a l e  was d e p o s i t e d  p r o v e d  t o  be a n
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i m p e n e t r a b l e  b a r r i e r .

P r o g r a d a t i o n  o f  t h e  Q u e e n s t o n  d e l t a ,  e l i m i n a t e d  c o r a l s  

f ro m  t h e  M o n t r e a l ,  S t r e e t s v i l l e ,  a n d  M e a fo rd  a r e a s  d u r i n g  

R ic h m o n d ia n  t i m e  ( T e x t - f i g .  1 8 ) .  E x t i n c t i o n  o f  Richmond 

P r o v i n c e  s p e c i e s  r e s u l t e d  f ro m  w i t h d r a w a l  o f  t h e  e a s t e r n  

N o r t h  A m e r ic a n  e p i c o n t i n e n t a l  s e a  a t  t h e  c l o s e  o f  t h e  

R i c h m o n d ia n  S t a g e ,  p o s s i b l y  due  t o  a  g l a c i o e u s t a t i c  

s e a - l e v e l  d r o p .  An i n c u r s i o n  o f  t h e  Richmond Group a t  t h e  

t o p  o f  t h e  I. Iaquoketa S h a l e  a t  l i t t l e  S t u r g e o n  Bay,  

W i s c o n s i n ,  r e f l e c t s  t h i s  f i n a l  w e s tw a rd  r e t r e a t .
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I I .  RID HIV IP-STONY IvIOUKTAITT PROVINCE 

The Red R i v e r - S t o n y  m o u n t a i n  P r o v i n c e  i s  c h a r a c t e r i z e d  

by  c o r a l l i t e s  h a v i n g  p e c u l i a r  e x t e r n a l  f o rm  ( U l i a s ,  1 9 7 6 ) .  

G r e w in g k ia  i n c l u d e s  f o r m s  t h a t  a r e  c i r c u l a r ,  c o m p r e s s e d ,  

t r i a n g u l a t e ,  an d  t r i l o b a t e  i n  c r o s s - s e c t i o n .  S p e c i e s  o f  

D e i r a c o r a l l i u m  a r e  c o m p r e s s e d ,  a n d  L o b o c o r a l l i u m  i s  

t r i l o b a t e .  B i g h o r n i a  i s  d i s t i n c t  i n  h a v i n g  t h e  c a r d i n a l  

s e p tu m  on t h e  c o n c a v e  s i d e  o f  t h e  d e p r e s s e d  c o r a l l i t e .  

D i v e r s i t y  i n  t h e  c a r b o n a t e  f a c i e s  o f  t h e  Red R i v e r - S t o n y  

M o u n ta i n  P r o v i n c e  i s  g e n e r a l l y  h i g h .

A. MAQUOKETA SUBPROVINCE 

The M aquoke ta  S u b p r o v i n c e  i s  c h a r a c t e r i s e d  by t h e  

p a u c i t y  an d  v e r y  lo w  d i v e r s i t y  o f  s o l i t a r y  c o r a l s  i n  

c a r b o n a t e  b e d s  w i t h i n  t h e  M a q u o k e ta  G roup ,  w h ic h  i s  

p r e d o m i n a n t l y  s h a l e  ( T e x t - f i g .  2 4 ) .  H e l i c e l a s m a  r a n d i  

o c c u r s  i n  t h e  M aq u o k e ta  C-roup i n  n o r t h e a s t e r n  I o w a -  

n o r t h w e s t e r n  I l l i n o i s ,  a n d  s o u t h w e s t e r n  I l l i n o i s .  I t  i s  

a l s o  p r e s e n t  i n  t h e  S e l k i r k  Member, Red R i v e r  F o r m a t i o n  

( l a t e  M id d le  o r  U p p e r  O r d o v i c i a n )  o f  s o u t h e r n  M a n i t o b a .  

I n  t h e  M aquoke ta  S u b p r o v i n c e ,  B i g h o r n i a  c f .  p a t e l l a  i s  known 

o n l y  f ro m  t h e  F o r t  A t k i n s o n  F o r m a t i o n  i n  n o r t h e a s t e r n  Io w a .  

T h i s  s p e c i e s  a l s o  o c c u r s  i n  t h e  Red R i v e r  a n d  S to n y  M o u n ta in  

f o r m a t i o n s  o f  s o u t h e r n  M a n i t o b a  a n d  a t  o t h e r  l o c a l i t i e s  i n  

t h e  Red R i v e r - S t o n y  M o u n ta i n  P r o v i n c e  ( s e e  S y s t e m a t i c  

P a l e o n t o l o g y ) . The p r e s e n c e  o f  i d e n t i c a l  s p e c i e s  on b o t h  

s i d e s  o f  t h e  T r a n s c o n t i n e n t a l  A r c h  i n d i c a t e s  t h a t  m i g r a t i o n
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a c r o s s  t h i s  s l i g h t l y  p o s i t i v e  s t r u c t u r e  t o o k  p l a c e  a t  l e a s t  

p e r i o d i c a l l y  d u r i n g  t h e '  l a t e  M id d le  t o  U p p er  O r d o v i c i a n .  H. 

r a n d i  an d  B. c f .  p a t e l l a  became e x t i n c t  i n  t h e  M aquoke ta  

S u b p r o v i n c e  when the e a s t e r n  l i o r t h  A m e r i c a n  e p i c o n t i n e n t a l  s e a  

w i t h d r e w  a t  t h e  end o f  t h e  R ic h m o n d ia n .

B. MARITIM3 SUBPRCVIKCF 

A d i v e r s e  a s s e m b l a g e  o f  s o l i t a r y  c o r a l s  o c c u r s  a t  t h e  

c o n t i n e n t a l  m a r g i n  ( l e x t - f i g .  2 4 ) .  B i g h o r n i a  c f .  p a t e l l a , a  

c h a r a c t e r i s t i c  Red R i v e r - S t o n y  M o u n ta i n  s p e c i e s  o f  wide  

g e o g r a p h i c  a n d  c o n s i d e r a b l e  s t r a t i g r a p h i c  r a n g e ,  o c c u r s  w i t h  

S t r e p t e l a s m a  a f f i n i s  a n d  G r e w i n g k i a  p u l c h e l l a  i n  t h e  l o w e r  

member o f  t h e  V a u r e a l  F o r m a t i o n  on A n t i c o s t i  I s l a n d .

D e i r a c o r a  11 iuni a n g u la tu m  o f  t h e  u p p e r  member i s  p r o b a b l y  

c o n s p e c i f i c  w i t h  t h e  form i n  t h e  S tony  M ounta in  F o r m a t i o n  o f  

s o u t h e r n  M an i toba  and  t h e  c o r r e l a t i v e  C h u r c h i l l  R i v e r  Group 

o f  n o r t h e r n  M a n i to b a .  L o b o c o r a l l i u m  t r i l o b a t u m  s u b s p .  

v a u r e a l e n s i s  i s  v e r y  c l o s e  t o  L. t r i l o b a t u m  o f  t h e  S tony  

M oun ta in  F o r m a t io n .  A lso  p r e s e n t  i n  t h e  u p p e r  member o f  t h e  

V a u r e a l  F o rm a t io n  a r e  S_. a f f  i n i s , H e l i c e l a s m a  s e l e c t a , G. 

p u l c h e l l a , and Bodophyllum e n g l i s h h e a d e n s i s . I n  t h e  

S t e n o p a r e i a  f a u n a l  zone o f  t h e  White  Head F o r m a t io n  a t  

P e r c e ,  L. t r i l o b a t u m  s u b s p .  v a u r e a l e n s i s  o c c u r s  w i t h  H. 

s e l e c t a , G rew in g k ia  s p . , and Bodophyllum ? s p .  S. a f f i n i s ,

H. s e l e c t a , and G. p u l c h e l l a  o f  t h e  V a u r e a l  F o r m a t io n  e x te n d  

i n t o  t h e  F l l i s  Bay F o r m a t io n  o f  A n t i c o s t i  I s l a n d .  A lso  

p r e s e n t  i s  P a l i p h y l l u m  e l l i s e n s i s , r e p r e s e n t i n g  a  genus
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f o u n d  i n  t h e  Red R i v e r - S t o n y  M o u n ta i n  P r o v i n c e  i n  n o r t h e r n  

M a n i t o b a .  G. p u l c h e l l a , a p p a r e n t l y  t h e  m os t  a b u n d a n t  s p e c i e s  

a t  A n t i c o s t i  I s l a n d ,  a l s o  o c c u r s  i n  t h e  c l a s t i c  f a c i e s  n e a r  

A s h l a n d ,  L la ine .  I n  P e n o b s c o t  C o . ,  M aine ,  S_. r a n k i n i , G_. 

p e n o b s c o t e n s i s , B o d o p h y l lu m  n e u m a n i , an d  D e n s i g r e w i n g k i a  ? 

s p .  a r e  p r e s e n t .  A l t h o u g h  t h e  s p e c i e s  a r e  u n i q u e  t o  t h i s  

l o c a l i t y ,  t h e  g e n e r i c  a s s e m b l a g e  r e s e m b l e s  t h a t  a t  P e r c e  an d  

A n t i c o s t i  I s l a n d .

P r e s e n c e  o f  t h e  c h a r a c t e r i s t i c  g e n e r a  

L o b o c o r a l l i u m , D e i r a c o r a l l i u m , a n d  B i g h o r n i a  i n d i c a t e s  t h a t

t h e  c a r b o n a t e  f a c i e s  o f  t h e  A n t i c o s t i - P e r c e  r e g i o n  i s  p a r t  o f

t h e  Red R i v e r - S t o n y  m o u n t a i n  P r o v i n c e .  C o r r e s p o n d e n c e  a t

t h e  s p e c i e s  l e v e l ,  e s p e c i a l l y  w i t h  s o u t h e r n  M a n i t o b a ,

i n d i c a t e s  c o m m u n ic a t io n  v i a  t h e  n o r t h e r n  C a n a d i a n  S h i e l d .

d u r i n g  t h e  U p p e r  O r d o v i c i a n .  A l t h o u g h ' c h a r a c t e r i s t i c  Red

R i v e r - S t o n y  M o u n ta i n  t a x a  a r e  n o t  known f ro m  M a in e ,  t h e

p r e s e n c e  o f  G. p u l c h e l l a  on A n t i c o s t i  I s l a n d  a n d  a t  A s h l a n d ,

M a in e ,  i n d i c a t e s  c o n n e c t i o n  o f  t h e  c a r b o n a t e  an d  c l a s t i c

f a c i e s .  The g e n e r i c  a s s e m b l a g e  c o m p r i s i n g  S t r e p t e l a s m a ,

C - r ew in g k ia , B o d o p h y l lu m , H e l i c e l a s m a , a n d  P a l i p h y l l u m  i s

t y p i c a l  o f  t h e  l a t e  U p p e r  O r d o v i c i a n  B a l t o s c a n d i a n  P r o v i n c e

( T a b l e  3 ) ,  A l t h o u g h  G r e w i n g k i a , H e l i c e l a s m a , a n d  P a l i p h y l l u m

T a b l e  3 . —A s h g i l l i a n  s o l i t a r y  r u g o s e  c o r a l  g e n e r a  o f  

S c a n d i n a v i a  ( c o m p i l e d  f ro m  B. Neuman, 1368,  1969» 1 9 7 5 ) .  

D i v i s i o n  5b an d  t h e  D a l m a n i t i n a  b e d s  c o n t a i n  t h e  

c h a r a c t e r i s t i c  H i r n a n t i a n  f a u n a .  The Boda L i m e s t o n e ,  w h ic h

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



1 8 2

c o m p r i s e s  r ' e e f  c o re  and f l a n k  d e p o s i t s ,  p r o b a b ly  c o r r e s p o n d s  

i n  p a r t  t o  t h e  D a l m a n i t i n a  f a c i e s .  I t  does  n o t  c o n t a i n  t h e  

t y p i c a l  H i r n a n t i a n  f a u n a ,  b u t  more c h a r a c t e r i s t i c  e le m e n t s  

o c c u r  i n  i n c r e a s i n g l y  s h a l y  b e d s  t o  t h e  s o u t h  ( L e s p e r a n c e ,  

1978, p e r s o n a l  c o m m u n ic a t io n ) .

a r e  a l s o  r e p r e s e n t e d  i n  t h e  c o n t i n e n t a l  i n t e r i o r  o f  t h e  Red 

R i v e r - S t o n y  M oun ta in  P r o v i n c e ,  S t r e p t e l a s m a  and  Bodophyllum 

a r e  unknown. The M a r i t im e  S u b p ro v in c e  a t  t h e  N o r th  A m erican  

c o n t i n e n t a l  m arg in  i s  c h a r a c t e r i z e d  by Red R i v e r - S t o n y  

M o u n ta in  s p e c i e s  i n  a s s o c i a t i o n  w i t h  g e n e r a  t y p i c a l  o f  t h e  

B a l t o s c a n d i a n  P r o v i n c e .
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T a b l e  3 * — A s h g i l l i a n  s o l i t a r y  r u g o s e  c o r a l  g e n e r a  o i  

S c a n d i n a v i a  ( c o m p i l e d  f ro m  B. Neuman, 1968,  1969,  1 9 7 5 ) .  

D i v i s i o n  5b an d  t h e  D a l m a n i t i n a  b e d s  c o n t a i n  t h e  

c h a r a c t e r i s t i c  H i r n a n t i a n  f a u n a .  The Boda L i m e s t o n e ,  w h ic h  

c o m p r i s e s  r e e f  c o r e  an d  f l a n k  d e p o s i t s ,  p r o b a b l y  c o r r e s p o n d s  

i n  p a r t  t o  t h e  D a l m a n i t i n a  f a c i e s .  I t  d o e s  n o t  c o n t a i n  t h e  

t y p i c a l  H i r n a n t i a n  f a u n a ,  b u t  more c h a r a c t e r i s t i c  e l e m e n t s  

o c c u r  i n  i n c r e a s i n g l y  s h a l y  b e d s  t o  t h e  s o u t h  ( L e s p e r a n c e ,  

1978,  p e r s o n a l  c o m m u n i c a t i o n ) .
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I I I .  BDGBV.'CQZi PP.CVINC3

S o l i t a r y  c o r a l s  o f  t h e  u p p e r m o s t  O r d o v i c i a n  c a r b o n a t e  

s e q u e n c e  i n  I l l i n o i s ,  M i s s o u r i ,  an d  p r o b a b l y  Oklahoma 

c o n s t i t u t e  t h e  Ndgewood P r o v i n c e  ( T e x t - f i g .  2 4 ) .  They a r e  

d i f f e r e n t  f ro m  c o r a l s  o f  t h e  Red R i v e r - S t o n y  f o u n t a i n  an d  

Richmond p r o v i n c e s  o f  t h e  c o n t i n e n t a l  i n t e r i o r .  S t r e p t e l a s m a  

s u b r e g u l a r i s , S. l e e m o n e n s i s , S t r e p t e l a s m a  s p . , and  

E o d o p h y l lu m  s h o r t i  f o rm  a n  a s s e m b l a g e  r e s e m b l i n g  t h o s e  o f  

t h e  N o r t h  A m e r i c a n  c o n t i n e n t a l  m a r g i n  an d  t h e  B a l t o s c a n d i a n  

P r o v i n c e .  _S. s u b r e g u l a r  i s  i s  s i m i l a r  t o  J5. a f  f i n i s  o f  

A n t i c o s t i  I s l a n d ,  a n d  m o s t  c l o s e l y  r e s e m b l e s  S_. u n i  cum o f  

Sweden.  B. s h o r t i  i s  t h e  o n l y  r e p r e s e n t a t i v e  o f  t h e  g e n u s  

known f ro m  t h e  c o n t i n e n t a l  i n t e r i o r  o f  N o r t h  A m e r i c a .

The uppermost Ordovician transgression that marked the 
beginning of Middle Paleozoic carbonate deposition in the 
east-central United States may be related to deglaciation.
The transgression probably proceeded from the south, and 
brought with it an assemblage previously restricted to the 
continental margin. This introduction foreshadowed the 
cosmopolitan'Silurian fauna (Kaljo and Klaamann, 1973)*
Laub  (1 9 7 5 ;  1976,  p .  51)  f o u n d  t h a t  c o r a l s  o f  t h e  M id d le

L l a n d o v e r i a n  (Lower S i l u r i a n )  B r a s s f i e l d  F o r m a t i o n  o f  t h e  

C i n c i n n a t i  A r c h  r e g i o n  show g r e a t e s t  s i m i l a r i t y  t o  t h e  

e a s t e r n  N o r t h  A m e r i c a n  c o n t i n e n t a l  m a r g i n  f a u n a .
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UPPER ORDOVICIAN SOLITARY RUGOSE CORALS OF NORTH AMERICA

EIOG EOGRA PHY 

INTRODUCTION

T h r e e  U pper  O r d o v i c i a n  s o l i t a r y  c o r a l  p r o v i n c e s ,  t h e  

Red R i v e r - S t o n y  M o u n ta i n ,  R ichm ond,  a n d  Edgewood, a r e  

p r e s e n t l y  r e c o g n i z e d  i n  N o r t h  A m e r ic a  ( T e x t - f i g .  2 5 ) .  The

T e x t - f i g u r e  2 5 . — U p p er  O r d o v i c i a n  s o l i t a r y  r u g o s e  c o r a l  

p r o v i n c e s  o f  N o r t h  A m e r i c a .

g e o g r a p h i c  an d  s t r a t i g r a p h i c  d i s t r i b u t i o n  o f  t a x a  

c h a r a c t e r i z i n g  them was d e t e r m i n e d  by r e g i o n a l  e n v i r o n m e n t a l  

p a r a m e t e r s  r e l a t e d  t o  p a l e o g e o g r a .p h y . The l a t e  M id d le  

t h r o u g h  U p p e r  O r d o v i c i a n  Red P : i v e r - S t o n y  M o u n ta in  P r o v i n c e  

i s  by  f a r  t h e  m ost  e x t e n s i v e .

I .  RED RIVER-STONY MOUNTAIN PROVINCE 

C o n t i n e n t a l  I n t e r i o r . The v a s t  c o n t i n e n t a l  i n t e r i o r  p o r t i o n  

o f  t h e  Red R i v e r - S t o n y  M o u n ta i n  P r o v i n c e  was o c c u p i e d  by 

s h a l l o w ,  i n t - e r c o n n e c t e d  e p i c o n t i n e n t a l  s e a s  c e n t r a l i z e d  i n  

l a r g e  a r e a s  o f  s u b s i d e n c e  s u c h  a s  t h e  W i l l i s t o n  a n d  Hudson 

Bay b a s i n s .  R e m a rk a b ly  s i m i l a r  m a s s i v e  c a r b o n a t e  d e p o s i t s  

f o rm e d  t h r o u g h o u t  t h e  a r e a ,  i n d i c a t i n g  w i d e s p r e a d ,  s t a b l e ,  

u n i f o r m  e n v i r o n m e n t a l  c o n d i t i o n s  ( F l o w e r ,  1965,  f i g .  5 ) .

T h i s  r e g i o n  c o r r e s p o n d s  t o  t h e  N o r t h  A m e r ic a  b r a c h i o p o d  

p r o v i n c e  ( S h e e h a n ,  1975)  an d  M i d c o n t i n e n t  c o n o d o n t  p r o v i n c e ,
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T e x t - f i g u r e  2 5 . — U p p e r  O r d o v i c i a n  s o l i t a r y  r u g o s e  c o r a l  

p r o v i n c e s  o f  N o r t h  A m e r i c a .
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SEAVERFOOT
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T A X  A
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F a m . P a l l p h y l l i d a e  
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F a m . C o m p ia x o p h y l i i d a a  
C . C o m p la x o p h y l lu m
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t h o u g h t  t o  h a v e  b e e n  c h a r a c t e r i z e d  by  r a i s e d  t e m p e r a t u r e s  

a n d  s a l i n i t y  ( B a r n e s  an d  F 'S h rae u s ,  1 9 7 5 ) .  S o l i t a r y  c o r a l  

a s s e m b l a g e s  d o m i n a t e d  by G r e w i n g k i a  a r e  s i m i l a r  t h r o u g h o u t  

t h e  r e g i o n ,  a l t h o u g h  t h e r e  i s  some d i f f e r e n t i a t i o n  a t  t h e  

s p e c i e s  l e v e l  f ro m  b a s i n  t o  b a s i n  ( E l i a s ,  1976, p .  4 8 - 5 2 ) .  

D i v e r s i t y  i s  g e n e r a l l y  h i g h  —  n i n e  s p e c i e s  r e p r e s e n t i n g  

f i v e  g e n e r a  a r e  p r e s e n t  i n  t h e  S e l k i r k  Member, Red R i v e r  

F o r m a t i o n ,  o f  s o u t h e r n  M a n i t o b a  ( E l i a s ,  1 9 7 6 ) .  C o r a l l i t e s  

a r e  o f t e n  t r o c h o i d ,  g e n e r a l l y  m o d e r a t e l y  c u r v e d ,  a n d  f r e q u e n t l y  

a t t a i n  l a r g e  s i z e .  E x t e r n a l  v a r i a t i o n  w i t h i n  some s p e c i e s  

i s  g r e a t .  C -rewingkia  r o b u s t a  c o r a l l i t e s  v a r y  f ro m  c i r c u l a r  

i n  c r o s s - s e c t i o n  t o  w e a k l y  t r i a n g u l a t e  t o  w e a k l y  t r i l o b a t e .

A l l  s o l i t a r y  c o r a l s  o f  t h e  c o n t i n e n t a l  i n t e r i o r  have s t r o n g l y  

t o  c o m p l e t e l y  d i l a t e d  sep ta  i n  ea r ly  s tages  and sometimes t h r o u g h o u t  

o n t o g e n y .  An a x i a l  s t r u c t u r e  i s  p r e s e n t ,  o r  m a j o r  s e p t a  

e x t e n d  t o  t h e  a x i s .  T h e r e  i s  g e n e r a l l y  l i t t l e  i n t r a s p e c i f i c  

v a r i a t i o n  i n  t h e  num ber  o f  s e p t a  a t  a  p a r t i c u l a r  

c r o s s - s e c t i o n a l  a r e a  ( E l i a s ,  1976,  f i g .  3 ) .

C o n t i n e n t a l  M a r g i n . C a r b o n a t e  an d  c l a s t i c  s e d i m e n t s  w ere  

d e p o s i t e d  i n  d i g i t a t i o n s  o f  t h e  Red R i v e r - S t o n y  M o u n ta in  

P r o v i n c e  a t  t h e  c o n t i n e n t a l  m a r g i n s  o f  N o r t h  A m e r i c a .  , T h e se  

a r e a s  c o r r e s p o n d  t o  t h e  N o r t h  E u r o p e a n  b r a c h i o p o d  p r o v i n c e  

( S h e e h a n ,  1975) a n d  N o r t h  A t l a n t i c  c o n o d o n t  p r o v i n c e ,  

t h o u g h t  t o  h a v e  b e e n  c h a r a c t e r i z e d  by  n o r m a l  O r d o v i c i a n  

open  m a r i n e  e n v i r o n m e n t s  ( B a r n e s  a n d  F a h r a e u s ,  1 9 7 5 ) .
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Large bioherms developed at Anticosti Island and in Arctic 
Canada. Solitary coral diversity can be higher at the 
generic level than in the continental interior. Sight 
genera are known from Anticosti Island, each represented by 
a single species. Corallites are usually of small size, 
although some species such as Streptelasma affinis attain 
very large size. There is generally relatively little 
intraspecific variation. Streptelasma and Bodophyllum, both 
unknown in the continental interior, are often associated 
with characteristic Red River-Stony Mountain forms. These 
two genera have undilated to weakly dilated septa, and 
Streptelasma generally has an open axial region.
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I I .  RICHMOND FRCVIIIC3

The Richmond P r o v i n c e  c o r r e s p o n d s  t o  a  c a r b o n a t e  

p l a t f o r m  a t  t h e  m a r g i n  o f  a n  e p i c o n t i n e n t a l  s e a  r e c e i v i n g  

c l a s t i c  s e d i m e n t s  f ro m  t h e  Q u e e n s t o n  d e l t a .  A w ide  v a r i e t y  

o f  e n v i r o n m e n t s  w ere  p r e s e n t ,  r a n g i n g  f ro m  op en  w a t e r s  o f  

t h e  p l a t f o r m  m a r g i n  w h ere  c o l o n i a l  c o r a l  b a n k s  d e v e l o p e d ,  t o  

r e s t r i c t e d  h y p e r s a l i n e  l a g o o n s .  As w ould  be  e x p e c t e d  i n  a n  

a r e a  o f  c l a s t i c  s e d i m e n t a t i o n ,  s o l i t a r y  c o r a l  d i v e r s i t y  i s  

v e r y  lov/.  C-rew ingk ia  c a n a d e n s i s  a n d  S t r e p t e l a s m a  d i v a r i c a n s  

a r e  p r e s e n t  i n  t h e  r e l a t i v e l y  l a r g e  c e n t r a l  a r e a  o f  t h e  

px’o v i n c e ,  w h e r e a s  G_. d e l t e n s i s  and  G_. r u s t i c a  o c c u r  i n  

d i g i t a t i o n s  a t  t h e  m a r g i n .  Y/hat t h e  a s s e m b l a g e  l a c k s  i n  

t a x o n o m i c  d i v e r s i t y  i s  o f f s e t  by a n  i n c r e d i b l e  d e g r e e  o f  

i n t r a s p e c i f i c  v a r i a b i l i t y  i n  G. c a n a d e n s i s  a n d  S_. d i v a r i c a n s . 

The num ber  o f  s e p t a  a t  a  p a r t i c u l a r  c o r a l l i t e  d i a m e t e r  i s  

h i g h l y  v a r i a b l e .  V a r i a t i o n  i n  t h e  a x i a l  r e g i o n  w i t h i n  t h e s e  

s p e c i e s  s p a n s  s e v e r a l  g e n e r a ,  a s  t h e y  a r e  p r e s e n t l y  d e f i n e d .

The Richmond P r o v i n c e  was s e p a r a t e d  p a l e o g e o g r a . p h i c a . l l y  

f ro m  t h e  Red R i v e r - S t o n y  M o u n ta i n  P r o v i n c e  by  t h e  C a n a d ia n  

S h i e l d  t o  t h e  n o r t h  a n d  T a c o n i c  u p l a n d  t o  t h e  e a s t .  On t h e  

w e s t ,  t h e  d e e p e r  w a t e r s  i n  w h ic h  M aq u o k e ta  s h a l e  was 

d e p o s i t e d  p r o v e d  t o  be  a n  i m p e n e t r a b l e  b a r r i e r  f o r  s o l i t a r y  

c o r a l s .  The N a s h v i l l e  Dome f o rm e d  t h e  s o u t h e r n  b o u n d a r y  o f  

t h e  Richmond P r o v i n c e .  To a c c o u n t  f o r  t h e  d i f f e r e n t  

a s s e m b l a g e s  i n  t h e s e  two p r o v i n c e s ,  F lo w e r  (1 9 4 6 ,  p .  127) 

a n d  N e l s o n  (1 9 5 9 a )  s u g g e s t e d  t h a t  t h e  Red R i v e r - S t o n y
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Mountain fauna was tropical whereas the eastern (Richmond) 
fauna was temperate. This widely cited climatic influence 
need not be invoked, especially when it is seen that the 
Red River-Stony Mountain Province occurs on opposite sides 
and ends of the Ptichmond Province. Paleogeography and the 
related type of sedimentation are the primary factors that 
determined the nature and extent of these provinces.
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I I I .  ZDC-UwOOD PEOVINC3 

The Idgewood P r o v i n c e  c o r r e s p o n d s  t o  t h e  c a r b o n a t e  

s e q u e n c e  d e p o s i t e d  d u r i n g  a  l a t e s t  U p p e r  O r d o v i c i a n  t r a n s ­

g r e s s i o n  i n t o  t h e  c o n t i n e n t a l  i n t e r i o r .  Norm al  O r d o v i c i a n  

o p en  m a r in e  e n v i r o n m e n t s  a r e  i n d i c a t e d  by  t h e  d e v e l o p m e n t  o f
fl

o o l i t e  s h o a l s  an d  s m a l l  b i o h e r m s .  As w ould  be  e x p e c t e d ,  t h e  

s o l i t a r y  c o r a l s  ( a n d  b r a c h i o p o d s )  r e s e m b l e  t h o s e  p r e v i o u s l y  

r e s t r i c t e d  t o  t h e  c o n t i n e n t a l  m a r g i n .  S t r e p t e l a s m a  s u b r e g u l a r i s  

i s  w i d e l y  d i s t r i b u t e d ,  o c c u r r i n g  i n  n o r t h e a s t e r n  I l l i n o i s  

an d  n o r t h -  a n d  s o u t h e a s t e r n  M i s s o u r i .  The c o r a l l i t e s  v a r y  

f ro m  t r o c h o i d  t o  c e r a t o i d  i n  e x t e r n a l  f o rm ,  b u t  t h e r e  i s  

l i t t l e  i n t e r n a l  v a r i a t i o n .  S t r e p t e l a s m a  l s e m o n e n s i s , 

S t r e p t e l a s m a  s p . ,  a n d  B o d o p h y l lu m  s h o r t i  a r e  p r e s e n t  i n  

s o u t h e a s t e r n  M i s s o u r i .
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B10 S T RA TIG RA PHY

U pper  O r d o v i c i a n  s o l i t a r y  r u g o s e  c o r a l  p r o v i n c e s  o f  

N o r t h  A m e r ic a  h av e  r e l a t i v e l y  l a r g e  c e n t r a l  a r e a s  c o n t a i n i n g  

g e o g r a p h i c a l l y  w i d e s p r e a d  d i a g n o s t i c  t a x a ,  an d  s m a l l e r  

m a r g i n a l  d i g i t a t i o n s  i n  w h ic h  d i f f e r e n t  t a x a  a r e  o f t e n  

a s s o c i a t e d  w i t h  t h e s e  c h a r a c t e r i s t i c  f o r m s .  T h i s  d i s t r i b u t i o n  

p e r m i t s  c o r r e l a t i o n  w i t h i n  p r o v i n c e s .  F o r  e x a m p le ,  G r e w i n g k i a  

r o b u s t a  o f  t h e  c o n t i n e n t a l  i n t e r i o r ,  Bed R i v e r - S t o n y  M o u n ta i n  

P r o v i n c e ,  o c c u r s  i n  t h e  Red R i v e r  F o r m a t i o n  o f  s o u t h e r n  

M a n i t o b a  a n d  t h e  c o r r e l a t i v e  Bad Cache  R a p i d s  Group o f  

n o r t h e r n  M a n i t o b a  a n d  M e l v i l l e  P e n i n s u l a  ( E l i a s ,  1976;

B o l t o n ,  1 9 7 7 ) .  L o b o c o r a l l i u m  t r i l o b a t u r n  i s  p r e s e n t  i n  t h e  

S to n y  M o u n ta in  F o r m a t i o n  o f  s o u t h e r n  M a n i t o b a ,  a n d  L.  

t r i l o b a t u m  - s u b s p .  v a u r e a l e n s i s  i s  known f ro m  t h e  c o n t i n e n t a l  

m a r g i n  i n  t h e  V a u r e a l  F o r m a t i o n  o f  A n t i c o s t i  I s l a n d  an d  

'w hite  Head F o r m a t i o n  o f  P e r c e ,  Q u ebec ,  C o r r e l a t i o n s  m u s t  be 

made w i t h  c a u t i o n ,  h o w e v e r ,  K e l i c e l a s m a  r a n d i  o c c u r s  i n  t h e  

S e l k i r k  Member o f  t h e  Red R i v e r  F o r m a t i o n ,  s o u t h e r n  M a n i t o b a ,  

a n d  i n  t h e  u p p e r  B r a i n a r d  F o r m a t i o n  o f  Iowa a n d  I l l i n o i s ,  

w h ic h  i s  a l m o s t  c e r t a i n l y  y o u n g e r .  C-re w i n g k i a  p u l c h e l l a  h a s  

a  l o n g  s t r a t i g r a p h i c  r a n g e  on A n t i c o s t i  I s l a n d ,  e x t e n d i n g  

f ro m  t h e  l o w e r  V a u r e a l  t o  u p p e r  E l l i s  Bay f o r m a t i o n s .

A c c u r a t e  c o r r e l a t i o n  b e t w e e n  p r o v i n c e s  i s  i m p o s s i b l e  

b e c a u s e  t h e  s p e c i e s  an d  a s s e m b l a g e s  a r e  d i f f e r e n t .  

C o n s e q u e n t l y ,  s t r a t a  o u t s i d e  t h e  Richmond P r o v i n c e  c a n n o t  be  

c o r r e l a t e d ,  u s i n g  s o l i t a r y  c o r a l s ,  w i t h  t h e  N o r t h  A m e r i c a n
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U p p e r  O r d o v i c i a n  t y p e  s e c t i o n  o f  t h e  C i n c i n n a t i  A r c h  r e g i o n .  

The c o m p r e s s e d ,  t r i a n g u l a t e ,  a n d  t r i l o b a t e  t a x a  c h a r a c t e r i s t i c  

o f  t h e  l e d  P i v e r - S t o n y  M o u n ta in  P r o v i n c e  a r e  unknown e l s e ­

w h ere  i n  t h e  w o r l d .  A l t h o u g h  a s s e m b l a g e s  on t h e  e a s t e r n  and  

s o u t h w e s t e r n  c o n t i n e n t a l  m a r g i n  o f  t h e  Pied P i v e r - O t o n y  

M o u n ta i n  P r o v i n c e ,  t h e  B a l t o s c a n d i a n  P r o v i n c e ,  a n d  t h e  l a t e s t  

O r d o v i c i a n  jJdgewood P r o v i n c e  a r e  somewhat s i m i l a r ,  t h e y  h a v e  

no  s p e c i e s  i n  common. The s o l i t a r y  c o r a l s  i n  t h e s e  

a s s e m b l a g e s  r e f l e c t  s i m i l a r  n o r m a l  O r d o v i c i a n  o p e n  m a r i n e  

e n v i r o n m e n t s ,  an d  do n o t  n e c e s s a r i l y  i n d i c a t e  c l o s e  g e n e t i c  

r e l a t i o n s h i p ,  g e o g r a p h i c  p r o x i m i t y ,  o r  c o n t e m p o r a n e i t y .

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



1 9 6

MORPHOLOGY AND TAXONOMY

V i r t u a l l y  a l l  U p p e r  O r d o v i c i a n  s o l i t a r y  r u g o s e  

c o r a l s  o f  N o r t h  America, p o s s e s s  a  s e p t a l  s t e r e o z o n e  a n d  

b e l o n g  t o  t h e  F a m i ly  S t r e p t e l a s m a t i d a e  N i c h o l s o n  i n  

N i c h o l s o n  a n d  L y d e k k e r ,  1889.  A s i n g l e  c o r a l l i t e  o f  

Complexoph.vl lum l e i t h i  E l i a s ,  1976 i s  known f ro m  t h e  S e l k i r k  

Member, Red R i v e r  F o r m a t i o n ,  s o u t h e r n  M a n i t o b a ,  an d  r e p r e s e n t s  

t h e  F a m i l y  C o m p l e x o p h y l l i d a e  E l i a s ,  1976.  I t  h a s  m a j o r  s e p t a  

i n s e r t e d  i n  e i g h t  p o s i t i o n s  r a t h e r  t h a n  f o u r  a s  i s  t y p i c a l  

o f  t h e  R u g o s a .  P a l i p h y l l u m  e l l i s e n s i s  ( T w e n h o f e l ,  1928) o f  

t h e  E l l i s  Bay F o r m a t i o n ,  A n t i c o s t i  I s l a n d ,  Quebec ,  a n d  P. 

s tum m i ( N e l s o n ,  1963)  o f  t h e  Chasm C r e e k  F o r m a t i o n ,  n o r t h e r n  

M a n i t o b a ,  p o s s e s s  a  d i s s e p i m e n t a r i u m .  They r e p r e s e n t  t h e  

F a m i l y  P a l i p h y l l i d a e  S o s h k i n a ,  1955 .  The p h y l o g e n e t i c  

r e l a t i o n s h i p  o f  t h e s e  f a m i l i e s  i s  u n c e r t a i n .

U p p er  O r d o v i c i a n  s o l i t a r y  s t r e p t e l a s m a t i d  g e n e r a  a r e  

d i s t i n g u i s h e d  p r i m a r i l y  on t h e  b a s e s  o f  t h e  n a t u r e  o f  t h e  

a x i a l  r e g i o n ,  t h e  d e g r e e  o f  s e p t a l  d i l a t i o n ,  a n d  d e g r e e  o f  

d e v e l o p m e n t  o f  t a b u l a e  ( T e x t - f i g .  2 6 ) ,  Most  o c c u p y  p o s i t i o n s

Text-figure 2 6 . — The conceptual bases for Upper Ordovician 
solitary streptelasmatid coral "genera" (some illustrations 
adapted from B. Neuman, 1969» 1 9 7 5 ) .

within the field of variability shown in Text-fig. 2 6 a .  I n  

order to evaluate the validity of these genera, the
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Text-figure 2 6 .— The conceptual bases for Upper Ordovician 
solitary streptelasmatid coral "genera" (some illustrations 
adapted from B. Neuman, 1969,  1 9 7 5 ) .
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I N C R E A S I N G  A X I A L  C O M P L E X I T Y

N e lso n ,

G f c w t n q k t a  D y b o w a k * .  1 0 7 3H e l i c e l a i m *  N e u m a n , 1 9 0 0B o r e l a s m a  N e u m a n ,  1 9 0 9

Lo b o c o f a t l i u m  N e l s o n ,  T 9 0 3L e o l a s m a  K j Ij o , 1 9 5 0U H e m e l a s m a  N e u m a n .  1 9 7 5

B i g h o r m a  D u n c a n .  1 9 5 7B o d o p h y l l j

T e x t ~ f i g .  26
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f o l l o w i n g  p o i n t s  m u s t  be  c o n s i d e r e d  [ a l l  s p e c i e s  u s e d  a s  

e x a m p le s  a r e  f i g u r e d  i n  B. Neuman (1 9o9)»  B l i a s  ( 1 9 7 6 ) ,  and  

h e r e i n ] :

1. S t r e p t e l a s m a  i n c l u d e s  s p e c i e s  h a v i n g  a n  open  a x i a l  r e g i o n  

a s  i n  S_. s u b r e g u l a r  i s  ( S a v a g e ,  1913)  a n d  S.. primum (W edekind ,  

1 9 2 7 ) ,  s p e c i e s  s u c h  a s  S_. l e e m o n e n s i s  n .  s p .  i n  w h ic h  s e p t a

e x t e n d  t o  o r  a l m o s t  t o  t h e  a x i s ,  a n d  s p e c i e s  h a v i n g  a  weak

a x i a l  s t r u c t u r e ,  f o r  ex am p le  S_. e c c e n t r i c u m  Neuman, 1969.  

H ow ever ,  B o r e l a s m a  a n d  H e l i c e l a s r n a , a n d  U l l e r n e l a s m a  an d

L e o la s m a  a r e  c o n s i d e r e d  d i s t i n c t .

2 .  The axial region in corallites of Streptelasma divaricans 
(Nicholson, 1875) varies from open, to those in which major
septa extend to the axis, to corallites with an axial
structure of complexity comparable to C-rewingkia.

3 .  An a x i a l  r e g i o n  i s  n o t  p r e s e n t  i n  some c o r a l l i t e s  o f  

H e l i c e l a s r n a  r a n d i  B l i a s ,  1976,  b u t  i n  o t h e r s  i t  i s  a s  l a r g e  

a s  t h a t  o f  G r e w i n g k i a  a n d  a  weak a x i a l  s t r u c t u r e  i s  

d e v e l o p e d .  ....

4 .  The a x i a l  r e g i o n  i n  c o r a l l i t e s  o f  G r e w i n g k i a  c a n a d e n s i s  

( B i l l i n g s ,  186-2) v a r i e s  f ro m  open  a s  i n  B o r e l a s m a , t o  t h o s e  

r e s e m b l i n g  H e l i c e l a s r n a  i n  h a v i n g  m a j o r  s e p t a  t h a t  e x t e n d  t o  

t h e  a x i s ,  t o  c o r a l l i t e s  w i t h  s i m p l e  t o  co m plex  a x i a l  

s t r u c t u r e s  c h a r a c t e r i s t i c  o f  G r e w i n g k i a .
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5 .  S t r e p t e l a s m a  i n c l u d e s  s p e c i e s  s u c h  a s  S. d i v a r i c a n s  i n  

w h ic h  m a j o r  s e p t a  a r e  u n d i l a t e d  i n  e a r l y  s t a g e s ,  an d  S. 

s u b r e g u l a r i s  an d  S.  c o r n i c u l u m  H a l l ,  1847 h a v i n g  m o d e r a t e l y  

d i l a t e d  s e p t a .  How ever ,  s p e c i e s  w i t h  s t r o n g l y  d i l a t e d  s e p t a  

a r e  r e f e r r e d  t o  B o r e l a s m a .a n d  H e l i c e l a s r n a .

6 . G r e w i n g k i a  i n c l u d e s  s p e c i e s  s u c h  a s  G. p e n o b s c o t e n s i s  n .  

s p .  an d  G. a n g u i n e a  ( S c h e f f e n ,  1933) h a v i n g  w e a k ly  d i l a t e d  

m a j o r  s e p t a  i n  e a r l y  s t a g e s ,  t o  G. r u s t i c a  ( B i l l i n g s ,  1858)  

i n  w h ic h  d i l a t i o n  i s  c o m p l e t e  i n  e a r l y  s t a g e s  a n d  v e r y  

s t r o n g  e v e n  i n  l a t e r  s t a g e s .

7 .  S p e c i e s  o f  H e l i c e l a s r n a  s u c h  a s  H. s e l e c t a  ( B i l l i n g s ,  

1 8 6 5 ) ,  i n  w h ic h  s e p t a  a r e  c o m p l e t e l y  d i l a t e d  u n t i l  t h e  

l a t e s t  s t a g e s  a n d  t a b u l a e  a r e  r a r e ,  a p p r o a c h  L e o l a s m a .

8 . The f o l l o w i n g  c o n t i n u o u s  m o r p h o l o g i c  s e q u e n c e  b e t w e e n  

G r e w i n g k i a  a n d  L o b o c o r a l l i u m  i s  r e c o g n i z e d ,  a n d  i n v o l v e s  a n  

i n c r e a s e  i n  t h e  d e g r e e  o f  t r i l o b a t i o n  a n d  s e p t a l  d i l a t i o n ,  

a n d  a  d e c r e a s e  i n  t h e  num ber  o f  t a b u l a e :  G. r o b u s t a

(Y/hit  e a v e s , " 1 8 9 6 )  -•» G. h a y s i  (Meek, 1865) — * L .  t r i l . o b a t u m  

s u b s p .  v a u r e a l e n s i s  ( T w e n h o f e l ,  1928) — ¥ L ,  t r i l o b a t u m  

( W h i t e a v e s ,  1 8 9 5 ) .

9 .  D e i r a c o r a l l i u m  d i f f e r s  f ro m  G r e w i n g k i a  i n  t h a t  t h e  

c o r a l l i t e s  a r e  g e n e r a l l y  c o m p r e s s e d  a n d  t h e  a x i a l  s t r u c t u r e  

i s  f i n e r  a n d  s m a l l e r  ( T e x t - f i g .  2 6 b ) .  However ,  G. r o b u s t a  

a n d  G. h a y s i  a r e  s o m e t im e s  c o m p r e s s e d ,  a n d  b o t h  D. d e l i c a t u m
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E l i a s ,  1976 and G. r o b u s t a  can  be  t r i a n g u l a t e  t o  w ea k ly  

t r i l o b a t e .  B. d e l i c a t u m , a  l a r g e  s p e c i e s ,  i s  s t r o n g l y  t o  

c o m p l e t e l y  d i l a t e d  i n  e a r l y  s t a g e s ,  b u t  i n  w e a k ly  d i l a t e d  

l a t e r  s t a g e s  a n  a x i a l  s t r u c t u r e  and  t a b u l a e  d e v e l o p .  D. 

a n g u l a t u r n  ( B i l l i n g s ,  1 8 6 2 ) ,  a  s m a l l  s p e c i e s ,  r e s e m b l e s  

L e o la s m a .  S e p t a  a r e  s t r o n g l y  t o  c o m p l e t e l y  d i l a t e d  u n t i l  

i m m e d i a t e l y  below- t h e  c a l y x  w h ere  d i l a t i o n  d e c r e a s e s  e x c e p t  

a r o u n d  t h e  a x i s ,  a n d  t a b u l a e  a r e  n o t  d e v e l o p e d .

1 0 . B o d o n h y l lu m  i s  c h a r a c t e r i z e d  by  a  d i l a t e d  m e d ia n  s e p t a l  

l a m e l l a  w h ic h  i s  t h e  p r o m i n e n t  e l e m e n t  i n  t h e  a x i a l  s t r u c t u r e  

( T e x t - f i g .  2 6 c ) .  H ow ever ,  G r e w i n g k i a  b i l a t e r a l i s  Neuman,

1969» Helicelasrna lamellosa Elias, 1976 ,  and some corallites 
of Streptelasma cyrtum Neuman, 1969 also have a median 
lamella. In late stages of Bodophyllum shorti n. sp., the axial 
structure resembles Grewingkia because the median lamella is 
weakly dilated and irregular, and other septal lobes and 
lamellae are present.

• B i g h o r n i a  i s  v e r y  s i m i l a r  t o  B o d o n h y l lu m , b u t  t h e  

c a r d i n a l  s e p tu m  i s  on t h e  c o n c a v e  s i d e  o f  t h e  c o r a l l i t e s  

( T e x t - f i g .  2 6 c ) .  C o r a l l i t e s  o f  B i g h o r n i a  a r e  g e n e r a l l y  

s u b c a l c e o l o i d  i n  f o r m ,  a s  i s  B o d o p h y l lu m  d u n c a n a e  (Sp.j e l d n a e s ,  

1 9 6 1 ) .  I n  a n  u n u s u a l l y  l o n g  c o r a l l i t e  o f  B i g h o r n i a  c f .  

p a t e l l a  ( W i l s o n ,  1 9 2 6 ) ,  t h e  a x i a l  s t r u c t u r e  i n  t h e  l a t e s t  

s t a g e  r e s e m b l e s  G r e w i n g k i a  ( E l i a s ,  1976,  P I .  17, f i g .  1 3 ) .

12.  I n  D e n s i g r e w i n g k i a  t h e  c a r d i n a l  s e p tu m  i s  on t h e  c o n c a v e
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s i d e  a n d  t h e  d i l a t e d  m e d ia n  s e p t a l  l a m e l l a  i s  e n c l o s e d  i n  

s t e r e o p l a s m a t i c  d e p o s i t s  u n t i l  t h e  l a t e s t  s t a g e ,  when t h e  

a x i a l  s t r u c t u r e  v e r y  much r e s e m b l e s  G r e w i n g k i a  ( T e x t - f i g .  

2 6 c ) .  I n  some s p e c i e s  o f  o t h e r  g e n e r a  h a v i n g  s t r o n g l y  

d i l a t e d  s e p t a ,  s u c h  a s  L o b o c o r a l l i u m  t r i l o b a t u m  s u b s p .  

v a u r e a l e n s i s , t h e  s t r o n g l y  d i l a t e d  a x i a l  s t r u c t u r e  c a n  be 

d e n s e  b e c a u s e  o f  s t e r e o p l a s m a t i c  d e p o s i t s ,  a n d  t h e  a x i a l  

s t r u c t u r e  r e s e m b l e s  G r e w i n g k i a .

I t  i s  a p p a r e n t  t h a t  t h e  g e n e r i c  c l a s s i f i c a t i o n  o f  

s t r e p t e l a s m a t i d  c o r a l s  i s  t o  a  l a r g e  e x t e n t  a r t i f i c i a l  and  

a r b i t r a r y .  G e n e ra  f o r  w h ic h  t h e  m os t  s p e c i e s  a r e  known 

( S t r e n t e l a s m a  and  G r e w i n g k i a ) h a v e  b e e n  e x p a n d e d  t o  i n c l u d e  

t h e  b r o a d e s t  r a n g e s  i n  t h e  f i e l d  o f  v a r i a b i l i t y  shown i n  

T e x t - f i g .  2 6 a .  " V o i d s "  b e t w e e n  a l l  g e n e r a  a r e  b e i n g  ( o r  

h a v e  b e e n )  f i l l e d  a s  more  s p e c i e s  a n d  t h e i r  i n t r a s p e c i f i c  

v a r i a t i o n  a r e  d e s c r i b e d .  S i m i l a r l y ,  a s  t h e  r a n g e s  o f  s,n 

i n c r e a s i n g  number  o f  g e n e r a  t h a t  f i r s t  a p p e a r e d  i n  t h e  

O r d o v i c i a n  a r e  b e i n g  e x t e n d e d  i n t o  t h e  S i l u r i a n ,  i t  i s  

b ec o m in g  a p p a r e n t  t h a t  many " O r d o v i c i a n "  a n d  " S i l u r i a n "  

g e n e r a  may be i n d i s t i n g u i s h a b l e .  F o r  e x a m p le ,  McLean (1 9 7 4 ,  

p .  39» 43)  s u g g e s t e d  t h a t  S t r e n t e l a s m a , P o r f i r i e v i e l l a  

I v a n o v s k y ,  19S3> a n d  D i n o p h y l l u m  L i n d s t r b m ,  1882 may p r o v e  

t o  b e  g r a d a t i o n a l ,  a n d  t h a t  E i g h o r n i a , B o d o p h y l lu m , 

D a lm a n o p h y l lu m  Lang  an d  S m i th ,  1939,  a n d  D i t o e c h o l a s m a  

S im pson ,  1900 c o u l d  b e  synonym ous .
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I n  o r d e r  t o  e v a l u a t e  t h e  s i g n i f i c a n c e  o f  t h e  

m o rp h o lo g y  o f  t h e s e  s t r e p t e l a s m a t i d  c o r a l s ,  t h e  f o l l o w i n g  

p o i n t s  m u s t  be  c o n s i d e r e d  [ m o r p h o l o g i c  v a r i a b i l i t y  i n  

B a l t o s c a n d i a n  s p e c i e s  was d i s c u s s e d  by B. Neuman ( 1 9 7 4 ) ] :

1. I n  S t r e p t e l a s m a  d i v a r i c a n s  a n d  G r e w i n g k i a  c a n a d e n s i s , 

d e c r e a s i n g  a x i a l  r e g i o n  c o m p l e x i t y  may be r e l a t e d  t o  

d e c r e a s i n g  w a t e r  d e p t h .  T h i s  t r e n d  i s  a c c o m p a n ie d  by a n  

i n c r e a s e  i n  t h e  num ber  o f  s e p t a  a t  a  p a r t i c u l a r  c r o s s -  

s e c t i o n a l  a r e a  i n  G. c a n a d e n s i s . A d e c r e a s e  i n  c o m p l e x i t y  

o f  t h e  a x i a l  s t r u c t u r e  f ro m  G. r o b u s t a  t o  G. d i l a t a  t o  G. 

p a u c i s e p t a  o f  t h e  S e l k i r k  Member, Red R i v e r  F o r m a t i o n ,  

s o u t h e r n  M a n i t o b a ,  i s  a c c o m p a n i e d  by a  d e c r e a s e  i n  t h e  

num ber  o f  m a j o r  s e p t a  a t  a  p a r t i c u l a r  c r o s s - s e c t i o n a l  a r e a  

( A l i a s ,  1976,  f i g .  3 ) .  I n  t h e  c o n t i n e n t a l  i n t e r i o r  o f  t h e  

Red R i v e r - S t o n y  M o u n ta i n  P r o v i n c e ,  c o r a l s  h a v i n g  a x i a l  

s t r u c t u r e s  s u c h  a s  G r e w i n g k i a  a r e  p r e d o m i n a n t ,  a n d  t h o s e  

w i t h  o p e n  a x i a l  r e g i o n s  a r e  unknown.  C o r a l s  w i t h  open  

a x i a l  r e g i o n s  s u c h  a s  S t r e p t e l a s m a  a r e  p r e s e n t  i n  n o r m a l  

o p e n  m a r i n e  e n v i r o n m e n t s  a t  t h e  c o n t i n e n t a l  m a r g i n s .

2 .  S p e c i e s  t h a t  l i v e d  i n  s t a b l e  e n v i r o n m e n t s  w here  c l e a n  

c a r b o n a t e  s e d i m e n t s  a c c u m u l a t e d  g e n e r a l l y  h a v e  l i t t l e  

v a r i a b i l i t y  i n  t h e  num ber  o f  s e p t a  a t  a  p a r t i c u l a r  c r o s s -  

s e c t i o n a l  a r e a .  E x a m p le s  a r e  s p e c i e s  i n  t h e  S e l k i r k  Member, 

Red R i v e r  F o r m a t i o n ,  s o u t h e r n  M a n i t o b a  ( E l i a s ,  1976,  f i g .  3 ) ,  

a n d  G r e w i n g k i a  d e l t e n s i s  o f  t h e  O g o n tz  Member i n  t h e  Richmond
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G roup a t  L i t t l e  Bay de Hoc, M i c h i g a n  ( T e x t - f i g .  3 7 ) .

S p e c i e s  i n h a b i t i n g  v a r i a b l e  e n v i r o n m e n t s ,  s u c h  a s  G. 

c a n a d e n s i s  an d  S t r e p t e l a s m a  d i v a r i c a n s  o f  t h e  Richmond 

G ro u p ,  show g r e a t  v a r i a b i l i t y  i n  t h e  number  o f  s e p t a  

( T e x t - f i g s .  36 ,  2 8 ) .

3 .  I n  m os t  c o r a l l i t e s  o f  G r e w i n g k i a  r u s t i c a , t h e  m a j o r  

s e p t a  fo rm  a  c o u n t e r c l o c k w ' i s e  w h o r l  when v iew ed  f ro m  t h e  

c a l y x  ( P l a t e  7, f i g s .  12, 1 8 ) .  M a jo r  s e p t a  i n  S t r e p t e l a s m a  

d i v a r i c a n s  s o m e t im e s  t w i s t  i n  a  c o u n t e r c l o c k w i s e  d i r e c t i o n  

( P l a t e  1, f i g .  1 7 ) .  D e v e lo p m e n t  o f  t h i s  f e a t u r e  i s  r a r e  i n

some s t a g e s  o f  s m a l l  S. a f f i n i s  c o r a l l i t e s .  The s i g n i f i c a n c e

o f  a x i a l  t o r s i o n  i s  unknown (L au b ,  1 9 7 8 ) .

4 .  The s i g n i f i c a n c e  o f  a  m e d ia n  s e p t a l  l a m e l l a  i n  t h e  a x i a l  

r e g i o n  i s  unknown.  I t  o c c u r s  i n  n u m ero u s  g e n e r a  a n d  s p e c i e s ,  

a s  p r e v i o u s l y  d i s c u s s e d .

5 .  The mode o f  s e p t a l  i n s e r t i o n  i n  t h e  f o l l o w i n g  s p e c i e s  i s

t h e  same a s  i n  c o r a l s  o f  G r e w i n g k i a , H e l i c e l a s r n a ,

D e i r a c o r a l l i u m , a n d  B i g h o r n i a  i n  t h e  S e l k i r k  Member, Red 

R i v e r  F o r m a t i o n ,  s o u t h e r n  M a n i t o b a  ( E l i a s ,  1976,  p .  4 4 ,  45 ,  

f i g .  7 ) :  S t r e p t e l a s m a  s u b r e g u l a . r i s , H e l i c e l a s r n a  r a n d i , H.

s e l e c t a , D e i r a . c o r a l l i u m  a n g u l a t u m , G r e w i n g k i a  c a n a d e n s i s ,

G. d e l t e n s i s , G. r u s t i c a , G. p u l c h e l l a , L o b o c o r a l l i u m  

t r i l o b a t u m  s u b s p .  v a u r e a l e n s i s , a n d  B odophy l lum  s h o r t i .
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6 . The d e g r e e  o f  d e v e l o p m e n t  o f  t h e  c a r d i n a l  f o s s u l a  i s  

h i g h l y  v a r i a b l e  w i t h i n  g e n e r a .  F o r  e x a m p le ,  S t r e p t e l a s m a  

s u b r e g u l a r  i s , C r e w i n g k i a  d e l t e n s i s , a n d  H e l i c e l a s r n a  r a n d i  

h a v e  b r o a d  f o s s u l a e .  I n  _S. a f f i n i s , G. p e n o b s c o t e n s i s  , 

a n d  H. l a m e l l o s a , t h e  c a r d i n a l  f o s s u l a  i s  n a r r o w - o r  

u n d e v e l o p e d .

7. I n  t h e  c o n t i n e n t a l  i n t e r i o r  o f  t h e  Red R i v e r - S t o n y  

M o u n ta i n  P r o v i n c e ,  c o r a l s  h a v e  s t r o n g l y  t o  c o m p l e t e l y  

d i l a t e d  m a j o r  s e p t a  a t  l e a s t  i n  e a r l y  o n t o g e n e t i c  s t a g e s .  

C o r a l s  w i t h  u n d i l a t e d  a n d  w e a k ly  d i l a t e d  s e p t a ,  s u c h  a s  

S t r e p t e l a s m a , a r e  p r e s e n t  a t  t h e  c o n t i n e n t a l  m a r g i n s .  The 

d e g r e e  o f  s e p t a l  d i l a t i o n  c a n  be h i g h l y  v a r i a b l e  w i t h i n  a 

g e n u s ,  a n  exam ple  b e i n g  Or e w i n g k i a . Y / i t h in  H e l i c e la s rn a .  r a n d i  

o f  t h e  S e l k i r k  Member, Pied R i v e r  F o r m a t i o n ,  s o u t h e r n  M a n i t o b a ,  

s e p t a l  d i l a t i o n  i n  e a r l y  s t a g e s  v a r i e s  f ro m  e x t r e m e l y  weak

t o  c o m p l e t e .  I n  G r e w i n g k i a  c o n t e x t a  Neuman, 1969,  s t r o n g  

s e p t a l  d i l a t i o n  on t h e  c a r d i n a l  s i d e  w h ere  a  f i x i n g  s t r u c t u r e  

i s  p r e s e n t  p r o b a b l y  s e r v e d  t o  s t r e n g t h e n  t h e  c o r a l l i t e  (B.

Neuman, 196-9, p .  33 ,  3 4 ) .  0 .  p a u c i s e p t a , 0 .  r o b u s t a . , 0 .

e u r o p a e a  h o s h o l m e n s i s  ( IC a l jo ,  1 9 6 1 ) ,  a n d  H. r a n d i  l a c k  

f i x i n g  s t r u c t u r e s  b u t  o f t e n  h a v e  s t r o n g e r  d i l a t i o n  on t h e  

c a r d i n a l  s i d e .  I n  t h e s e  c a s e s  i t  may h a v e  s e r v e d  t o  

i n c r e a s e  s t a b i l i t y  o f  t h e  c o r a l l i t e s ,  w h ic h  l a y  w i t h  t h e  

c a r d i n a l  s i d e  i n  t h e  s e d i m e n t ,  by  a d d i n g  w e i g h t  t o  t h e  l o w e r  

s i d e  ( S l i a s ,  1976, p .  3 3 ) .  S e p t a l  d i l a t i o n  i n  S t r e p t e l a s m a
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d i v a r i c a n s  may be  a  r e s p o n s e  t o  t h e  s t r e s s  o f  b r y o z o a n s  

e n c r o a c h i n g  on t h e  c o r a l l i t e .  A l t h o u g h  s e p t a l  d i l a t i o n  

a l m o s t  a l w a y s  d e c r e a s e s  d u r i n g  o n t o g e n y ,  t h e  maximum d e g r e e  

o f  d i l a t i o n  i n  K. r a n d i  o f t e n  o c c u r s  a t  some h e i g h t  a b o v e  t h e  

t i p .  I f  e l e m e n t s  o f  t h e  a x i a l  s t r u c t u r e  a r e  c o m p l e t e l y  

d i l a t e d ,  t h e  a x i a l  r e g i o n  w i l l  a p p e a r  d e n s e ,  a s  i n  some 

s t a g e s  o f  G r e w i n g k i a  p u l c h e l l a  a n d  L o b o c o r a l l i u m  t r i l o b a t u m  

s u b s p .  v a u r e a l e n s i s .

8 . Ta .bulae  c a n n o t  be  p r e s e n t  i f  i n t e r s e p t a l  ch am b e rs  a r e  

a b s e n t  due  t o  c o m p l e t e  d i l a t i o n  o f  m a j o r  s e p t a .

I t  i s  n o t  s u r p r i s i n g ,  t h e r e f o r e ,  t h a t  a

c h a r a c t e r i s t i c  o f  U l l e r n s l a s m a , L e o l a s m a , L o b o c o r a l l i u m . and  

s m a l l  c o r a l l i t e s  o f  D e i r a c o r a l l i u m  an d  B i g h o r n i a  i s  t h e  

r a r i t y  o r  a b s e n c e  o f  t a b u l a e .  La l a r g e  c o r a l l i t e s  or spec ies  of 

I ) e i r a c o r a l  1 ium e n d  B i g h o r n i a  h a v i n g  l e s s  s t r o n g l y  d i l a t e d  

s e p t a  i n  l a t e r  s t a g e s ,  t a b u l a e  a r e  p r e s e n t .  The d e g r e e  o f  

d i l a t i o n  a n d  s p a c i n g  o f  t a b u l a e  i s  h i g h l y  v a r i a b l e .  W i t h i n  

a  s i n g l e  c o r a l l i t e  o f  S t r e p t e l a s m a  a f f i n i s  t h e y  may be  t h i n  

t o  m o d e r a t e l y  t h i c k  a n d  v e r y  c l o s e l y /  t o  w i d e l y  s p a c e d ,  

T a b e l l a e  a r e  d e v e l o p e d  i n  t h e  s e p t a l  r e g ' i o n  o f  l a r g e  s p e c i e s  

o f  G r e w i n g k i a , H e l i c e l a s r n a , an d  D e i r a c o r a l l i u m  o c c u r r i n g  i n  

t h e  c o n t i n e n t a l  i n t e r i o r ,  and  i n  L o b o c o r a l l i u m  w h ic h  o c c u r s  

a t  t h e  c o n t i n e n t a l  m a r g i n  a s  w e l l .

9 . A l l  l a t e  Ivliddle an d  U p p e r  O r d o v i c i a n  s t r e p t e l a s m a t i d  

g e n e r a  h a v e  s i m i l a r  m i c r o s t r u c t u r e .  The o u t e r m o s t  p o r t i o n
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o f  t h e  w a l l  c o n s i s t s  o f  t i n y  f i l e r s  o r  c l u s t e r s  o f  f i b e r s  

o r i e n t e d  a p p r o x i m a t e l y  p e r p e n d i c u l a r  t o  t h e  e x t e r i o r ,  and  

a p p e a r s  t o  be s t r u c t u r a l l y  c o n t i n u o u s  w i t h  t h e  s e p t a  ( P l a t e  

1, f i g s .  55 ,  5 6 ) .  The m i c r o s t r u c t u r e  o f  t h e  s e p t a ,  a x i a l  

s t r u c t u r e ,  t a b e l l a e ,  a n d  t a b u l a e  i s  s i m i l a r .  When v e r y  

t h i n  o r  i n  u n d i l a t e d  s t a g e s ,  t h e y  a p p e a r  s t r u c t u r e l e s s  i n  

p l a n e  l i g h t  ( P l a t e  1, f i g .  5 6 ) ,  an d  t r a b e c u l a e  a r e  n o t  

d i s t i n g u i s h a b l e  i n  l o n g i t u d i n a l  s e c t i o n s  o f  s e p t a .  I f  

t h i c k  o r  d i l a t e d ,  w e l l  d e v e l o p e d  f i b e r s  a r e  v i s i b l e  i n  

t r a n s v e r s e  s e c t i o n s  ( P l a t e  1, f i g .  5 5 ) ,  a n d  t r a b e c u l a e  

i n c l i n e d  up  t o w a r d  t h e  a x i s  a r e  d i s t i n g u i s h a b l e  i n  

l o n g i t u d i n a l  s e c t i o n s  o f  s e p t a .  U - s h a p e d  l a m e l l a e  a r e  

d e v e l o p e d  i n  t h e  s t e r e o z o n e  when s e p t a  a r e  n o t  i n  l a t e r a l  

c o n t a c t  due  t o  d i l a t i o n  o r  c l o s e  s p a c i n g  ( P l a t e  1, f i g .  5 6 ) .  

The m i c r o s t r u c t u r e  s e e n  i n  t h e s e  s o l i t a r y  c o r a l s  i s  

d e p e n d e n t  t o  a  l a r g e  e x t e n t  on  t h e  d e g r e e  o f  s e p t a l  

d i l a t i o n .

10. Most  g e n e r a  i n c l u d e  s p e c i e s  i n  w h ic h  a n  a r e a  o f  

a t t a c h m e n t  i s  d e v e l o p e d .  S t r e p t e l a s m a  d i v a r i c a n s  i n h a b i t e d  

s t a b i l i z e d  c a r b o n a t e  s u r f a c e s ,  a n d  a l l  c o r a l l i t e s  p o s s e s s  a  

b a s e  o f  a t t a c h m e n t .  The l a r v a e  p r e f e r e n t i a l l y  s e l e c t e d  

b r y o z o a n s  a s  a  s u b s t r a t e .  P o d o p h y l lu m  e n g l i s h h e a d e n s i s  and  

m o s t  c o r a l l i t e s  o f  B i g h o r n i a  c f .  p a t e l l a  h a v e  b a s e s  o f  

a t t a c h m e n t .  I n  m os t  s o l i t a r y  c o r a l  s p e c i e s ,  h o w e v e r ,  t h e  

l a r v a e  a t t a c h e d  t o  p a r t i c l e s  so  s m a l l  t h a t  no v i s i b l e  r e c o r d  

was p r e s e r v e d  on t h e  c o r a l l i t e .  A t i n y  a r e a  o f  a t t a c h m e n t
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i s  r a r e l y  p r e s e n t  or. g r e w i n g k i a  p v . l c h .o l ln . A s i n g l e  

c o r a l l i t e  o f  I l e l i c s l a s m a  r a n d i  h a v i n g  a n  a r e a  o f  a t t a c h m e n t  

on a  b ry o z o a r .  i s  known, b u t  a l l  o t h e r s  were  u n a t t a c h e d .  Tin 

n a t u r e  an d  d e g r e e  o f  d e v e l o p m e n t  o f  t h i s  s t r u c t u r e  i s  

d e t e r m i n e d  by p r e f e r e n c e  o f  t h e  l a r v a  f o r  a  p a r t i c u l a r  

s u b s t r a t e ,  an d  s u b s t r a t e  a v a i l a b i l i t y .

11. I n  a l l  c o r a l l i t e s  p o s s e s s i n g  a  b a s e  o f  a t t a c h m e n t , t h e  

s t r u c t u r e  i s  c e n t e r e d  on t h e  c a r d i n a l  s i d e .  C urved  

c o r a l l i t e s  t h a t  d i d  n o t  p o s s e s s  a  b a s e  o f  a t t a c h m e n t  a r e  

t h o u g h t  t o  h a v e  b e e n  o r i e n t e d  d u r i n g  l i f e  w i t h  t h e  c a r d i n a l  

s i d e  i n  c o n t a c t  w i t h  t h e  s u b s t r a t e  ( E l i a s ,  1976,  p .  3 1 - 3 4 ) .  

C-row'th was d i r e c t e d  away f ro m  t h e  s u b s t r a t e ,  r e s u l t i n g  i n  

some d e g r e e  o f  c u r v a t u r e  ( T e x t - f i g .  2 7 a ,  b ) . I n  B i g h o r n i a ,

T e x t - f i g u r e  2 7 . — C-rowth o r i e n t a t i o n  o f  s o l i t a r y  r u g o s e  

c o r a l s ,  c a r d i n a l  s i d e  ( h e a v y  l i n e )  i n  c o n t a c t  w i t h  s u b s t r a t e ,  

a ,  C o r a l l i t e  a t t a c h e d  t o  u p p e r  s u r f a c e ;  b ,  u n a t t a c h e d  i n  

s e d i m e n t ;  c , a t t a c h e d  t o  u n d e r s i d e  o f  o b j e c t .

t h e  s h a p e  o f  t h e  a r e a  o f  a t t a c h m e n t  s u g g e s t s  t h a t  some 

c o r a l l i t e s  may h a v e  b e e n  f i x e d  t o  a  c y l i n d r i c a l  s u r f a c e ,  

s u c h  a s  a  c e p h a l o p o d  s h e l l  ( E l i a s ,  1976,  p .  30)  ( T e x t - f i g .  

2 7 c ) .  Upward g r o w t h  r e s u l t e d  i n  c o r a l l i t e s  h a v i n g  c o n c a v e  

r a t h e r  t h a n  t h e  u s u a l  c o n v e x  c a r d i n a l  s i d e s .  P e r h a p s  t h e  

l a r v a e  o f  a l l  c o r a l s  p o s s e s s i n g  c o n c a v e  c a r d i n a l  s i d e s  

(B i g h o r n i a , D e n s i g r e w i n g k i a ) s e t t l e d  i n  p r o t e c t e d  a r e a s  on
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T e x t - f i g u r e  2 7 . — Growth  o r i e n t a t i o n  o f  s o l i t a r y  r u g o s e  

c o r a l s ,  c a r d i n a l  s i d e  ( h e a v y  l i n e )  i n  c o n t a c t  w i t h  s u b s t r a t e ,  

a ,  C o r a l l i t e  a t t a c h e d  t o  u p p e r  s u r f a c e ;  h ,  u n a t t a c h e d  i n  

s e d i m e n t ;  _c, a t t a c h e d  t o  u n d e r s i d e  o f  o b j e c t .

R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.



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



2 1 1

t h e  u n d e r s i d e  o f  o b j e c t s .

12.  S p e c i e s  i n  t h e  Red R i v e r  F o r m a t i o n  an d  i t s  c o r r e l a t i v e s  

i n  t h e  c o n t i n e n t a l  i n t e r i o r  a r e  l a r g e ,  t r o c h o i d ,  and  

g e n e r a l l y  m o d e r a t e l y  c u r v e d .  S p e c i e s  i n  t h e  Richmond an d  

Edgewood p r o v i n c e s ,  an d  a t  t h e  c o n t i n e n t a l  m arg in -  o f  t h e  

Red R i v e r - S t o n y  M o u n ta i n  P r o v i n c e  a r e  se ld o m  l a r g e ,  r a n g e  

f ro m  t r o c h o i d  t o  c e r a t o i d  o r  a r e  e x c l u s i v e l y  c e r a t o i d ,  and  

a r e  g e n e r a l l y  w e a k ly  c u r v e d .  C o r a l l i t e s  b ec o m in g  

c y l i n d r i c a l  i n  l a t e r  s t a g e s  a r e  e x t r e m e l y  r a r e  i n  t h e  Red 

R i v e r  F o r m a t i o n  ( E l i a s ,  1976,  p .  2 0 ) .  I n  t h e  Richmond 

P r o v i n c e ,  h o w e v e r ,  C- rew ingkia  c a n a d e n s i s  an d  G. r u s t i c a  

g e n e r a l l y  become c y l i n d r i c a l .  A t  t h e  c o n t i n e n t a l  m a r g i n ,  

S t r e p t e l a s m a  a f f i n i s  .becomes c y l i n d r i c a l  an d  c o r a l l i t e s  o f  

P o d o p h y l lu m  e n g l i s h h e a d e n s i s  s o m e t im e s  become c y l i n d r i c a l .  

E x t e r n a l  f o rm  c an  be  h i g h l y  v a r i a b l e  w i t h i n  a  s p e c i e s .  F o r  

e x a m p le ,  c o r a l l i t e s  o f  H e l i c a l a s m a  r a n d i  i n  t h e  S e l k i r k  

member , Red P a v e r  F o r m a t i o n ,  s o u t h e r n  M a n i t o b a ,  v a r y  f ro m  

g e n e r a l l y  t r o c h o i d  t o  r a r e l y  c e r a t o i d ,  an d  c o n i c a l  t o  

s t r o n g l y  c u r v e d  ( E l i a s ,  1976,  p .  9 1 ) .  I n  t h e  S e l k i r k  

Member, t h e  more  s t r o n g l y  c u r v e d

c o r a l l i t e s  may h a v e  l i v e d  i n  h i g h e r  e n e r g y  e n v i r o n m e n t s  t h a n  

u n c u r v e d  o r  w e a k ly  c u r v e d  c o r a l l i t e s  ( E l i a s ,  1976,  p .  33> 

3 4 ) .  C o r a l l i t e s  o f  G. c a n a d e n s i s  a r e  b r o a d e s t  ( a s .  m os t  

t r o c h o i d )  on t h e  s h a l l o w ,  o p en ,  h i g h l y  p r o d u c t i v e  s h e l f  edge  

o f  t h e  Richmond G roup c a r b o n a t e  p l a t f o r m .  S o l i t a r y  r u g o s e
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c o r a l s  a r e  g e n e r a l l y  c i r c u l a r  i n  c r o s s - s e c t i o n .  I n  t h e  Tied 

R i v e r - S t o n y  M o u n ta i n  P r o v i n c e ,  h o w e v e r ,  d e p r e s s e d  (B i g h o r n i a ) , 

c o m p r e s s e d  (D e l r r c o r c l l i w i ) , t r i a n g u l a t e  (some s p e c i e s  o f  

G r e w in ,g k ia  and  D e i r a c o r a l l i u m ) , an d  t r i l o b a t e  

(L o b o c o r a l l i u r . i  a n d  some s p e c i e s  o f  G r e w i n g k i a ) c o r a l l i t e s  

o c c u r .  C r o s s - s e c t i o n a l  she,pe c a n  be  h i g h l y  v a r i a b l e  w i t h i n  

a  s p e c i e s .  F o r  e x a m p le ,  G. r o b u s t a  i n  t h e  S e l k i r k  Member,

Red R i v e r  F o r m a t i o n ,  s o u t h e r n  M a n i t o b a ,  v a r i e s  f ro m  c i r c u l a r  

t o  w e a k ly  t r i a n g u l a t e  t o  w e a k ly  t r i l o b a t e .  The u n u s u a l  

e x t e r n a l  f o rm s  d e v e l o p e d  by t h e s e  p o l y p s  c o u l d  h a v e  s e r v e d  t o  

i n c r e a s e  s t a b i l i t y  o f  t h e  c o r a l l i t e s ,  w h ic h  l a y  w i t h  t h e  

c a r d i n a l  s i d e  i n  t h e  s e d i m e n t .  T h i s  a b i l i t y  may h a v e  b e e n  i n  

p a r t  g e n e t i c a l l y  c o n t r o l l e d  b e c a u s e  i t  i s  r e s t r i c t e d  t o  t h e  

Red R i v e r - S t o n y  M o u n ta i n  P r o v i n c e  d u r i n g  t h e  O r d o v i c i a n  

( S l i a s ,  1976,  p .  3 5 - 3 9 ) .  D e p r e s s e d  a n d  c o m p r e s s e d  s o l i t a r y  

r u g o s e  c o r a l s  a p p e a r e d  a  num ber  o f  t i m e s  l a t e r  i n  t h e  

P a l e o z o i c ,  b u t  t r i a n g u l a t e  a n d  t r i l o b a t e  f o rm s  a r e  u n i q u e  t o  

t h i s  p r o v i n c e .

I t  i s  a p p a r e n t  t h a t  t h e  s i g n i f i c a n c e  o f  t h e  m o rp h o lo g y  

o f  t h e s e  s t r e p t e l a s m a t i d  c o r a l s  i s  p o o r l y  u n d e r s t o o d .  Many 

s t r u c t u r e s  a r e  i n t e r - r e l a t e d ,  a n d  a l l  a r e  d e t e r m i n e d  

d i r e c t l y  o r  i n d i r e c t l y  by  e n v i r o n m e n t a l  f a c t o r s .  T h e i r  

g e n e t i c  a n d  p h y l o g e n e t i c  s i g n i f i c a n c e  i s  q u e s t i o n a b l e .  The 

o n l y  known c o n t i n u o u s  s e q u e n c e  o f  m o r p h o t y p e s  t h a t  may 

r e p r e s e n t  a  p h y l o g e n e t i c  l i n e a g e  i s  G r e w i n g k i a  r o b u s t a  

G. 'h a y s i  — * l o b o c o r a l l i u m  t r i l o b a t u m  s u b s p .  v a u r e a l e n s i s  —>
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L. t r i l o b a t u m  i n  t h e  Red R i v e r - S t o n y  M o u n ta in  P r o v i n c e .

The s e q u e n c e  i s  c h a r a c t e r i z e d  by a n  i n c r e a s e  i n  t r i l o b a t i o n  

a n d  s e p t a l  d i l a t i o n  ( i ’l i a s ,  1976, p .  38 ,  39)  • G. r o b u s t a  

a n d  G. h a y s i  o c c u r  t o g e t h e r  i n  t h e  S e l k i r k  Member, Red 

R i v e r  F o r m a t i o n ,  s o u t h e r n  M a n i t o b a ,  and  so i t  i s  n o t  known 

t h a t  t h e  f o r m e r  g av e  r i s e  t o  t h e  l a t t e r .  L. t r i l o b a t u m  

s u b s p .  v a u r e a l e n s i s  o f  A n t i c o s t i  I s l a n d ,  Quebec ,  an d  L. 

t r i l o b a t u m , w h ich  o c c u r s  i n  s o u t h e r n  M a n i t o b a ,  c o u l d  be 

c o m te m p o ra ry  g e o g r a p h i c  v a r i a n t s .  The r e l a t i o n  b e t w e e n  G, 

h a y s i  a n d  L. t r i l o b a t u m  i s  u n c e r t a i n .  L. t r i l o b a t u m  i s  

known f ro m  t h e  S t o n y  M o u n ta i n  F o r m a t i o n  o f  s o u t h e r n  

M a n i t o b a ,  b u t  G. h a y s i  o c c u r s  i n  t h e  c o r r e l a t i v e  C h u r c h i l l  

R i v e r  G roup  o f  n o r t h e r n  M a n i t o b a .  The two f o rm s  may be  

g e o g r a p h i c  v a r i a n t s .

The p r e s e n t  g e n e r i c  c l a s s i f i c a t i o n  o f  O r d o v i c i a n  

s o l i t a r y  s t r e p t e l a s m a t i d  c o r a l s  i s  t o  a  l a r g e  e x t e n t  

a r t i f i c i a l  a n d  a r b i t r a r y ,  a n d  i s  b a s e d  on e n v i r o n m e n t a l l y  

c o n t r o l l e d  m o r p h o l o g i c  f e a t u r e s  o f  q u e s t i o n a b l e  p h y l o g e n e t i c  

s i g n i f i c a n c e .  A p h y l o g e n e t i c  c l a s s i f i c a t i o n  w i l l  be 

p o s s i b l e  o n l y  i f  t h e s e  c o r a l s  p r o v e  t o  f u r n i s h  v a l i d  

p h y l o g e n e t i c  c r i t e r i a ,  an d  i f  l i n e a g e s  c a n  be  t r a c e d  t o  

t h e i r  o r i g i n . .  T h i s  r e q u i r e s ,  among o t h e r  t h i n g s ,  a  

k n o w le d g e  o f  t h e  v i r t u a l l y  u n s t u d i e d  M id d le  O r d o v i c i a n  

s o l i t a r y  r u g o s e  c o r a l s .

The m a j o r  s o u r c e  o f  d i f f i c u l t y  i n  c l a s s i f i c a t i o n  o f  

s o l i t a r y  R ugosa  a t  t h e  s p e c i e s  l e v e l  i s  i n t r a s p e c i f i c
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variation. A sample large enough, to reveal the extent of 
morphologic variability within a species must be examined 
to ensure that variants are not assigned to different taxa, 
and different taxa are not interpreted as variants of a 
single species. Because the degree of variability and 
available sample size differ greatly from species to species, 
there will always be uncertainty in this regard. In many 
cases where several species occur together stratigraphically, 
the morphologic ’'gaps1' separating them are so great that 
they can be readily distinguished. Examples are 
Streptelasma divaricans (Nicholson, 1875) and Grewingkia 
canadensis (Billings,- 1862) of the Richmond Group, and S_. 
affinis (Billings, 1 8 6 5 ) ,  Helicelasma selecta (Billings, 
1 8 6 5 ) ,  G. pulchella (Billings, 1 8 6 5 ) ,  Deiracorallium 
angulatum (Billings, 1 8 6 2 ) ,  and Lobocorallium trilobatum 
subsp. vaurealensis (Twenhofel, 1928) from the upper part 
of the upper member, Vaureal Formation, Anticosti Island.
In some cases, however, "gaps" between species are 
relatively small and involve subtle differences among 
populations’.’ An example is the Selkirk Member of the Red 
River Formation, southern Manitoba, in which Grewingkia 
paucisepta Elias, 1976,  G. dilata Elias, 1976,  G. robusta 
(Whiteaves, 1 8 9 6 ) ,  and G. haysi (Meek, 1865) have been 
recognized (Elias, 1 9 7 6 ) .  An examination of more specimens 
might indicate that these are in fact subspecies (if the 
populations overlap slightly), or synonyms (if a single
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p o p u l a t i o n  i s  p r e s e n t ) .  The s p e c i e s  r e c o g n i z e d  w i t h i n  t h e  

s c o p e  o f  t h i s  s t u d y  a r e  c o n s i d e r e d  v a l i d  b e c a u s e  t h e y  a r e  

s e p a r a t e d  f ro m  a l l  o t h e r s  by m o r p h o l o g i c  " g a p s ” .
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SYSTEMATIC PALEONTOLOGY 

INTRODUCTION

M o r p h o l o g i c a l  t e r m i n o l o g y  an d  b i o m e t r i c a l  m e th o d s  

u s e d  h e r e i n  w e re  d i s c u s s e d  by E l i a s  ( 1 9 7 6 ,  p .  1 1 -1 3 ,

1 5 - 2 0 ) .  Many m o r p h o l o g i c a l  f e a t u r e s  a r e  d e s c r i b e d  

q u a l i t a t i v e l y  ( f o r  e x a m p le ,  ’'w e a k l y  c u r v e d ” , " m o d e r a t e l y  

c o n v e x ” , " c l o s e l y  s p a c e d ” ) .  R e l a t i v e  t e r m s  s u c h  a s  t h e s e  

a r e  u s e d  t o  com pare  s p e c i m e n s  w i t h i n  t h e  s c o p e  o f  t h i s  

s t u d y ,  a n d  t h e i r  m e a n in g  i s  made c l e a r  by  a n  e x a m i n a t i o n  

o f  t h e  p l a t e s .

The u n c e r t a i n  o r  q u e s t i o n a b l e  v a l i d i t y  o f  O r d o v i c i a n  

s o l i t a r y  s t r e p t e l a s m a t i d  g e n e r a ,  a s  t h e y  a r e  p r e s e n t l y  

u n d e r s t o o d ,  i s  d i s c u s s e d  f o r  e a c h  " g e n u s ” . The t e r m  i s  

p l a c e d  i n  q u o t a t i o n - m a r k s  i n  r e c o g n i z a n c e  o f  t h i s  p r o b le m .  

U n f o r t u n a t e l y ,  o u r  k n o w le d g e  o f  t h e s e  c o r a l s  i s  i n s u f f i c i e n t  

t o  s a t i s f a c t o r i l y  r e s o l v e  t h e s e  p r o b l e m s  a t  t h e  p r e s e n t  

t i m e .

The s p e c i e s  r e c o g n i z e d  h e r e i n  a r e  c o n s i d e r e d  v a l i d  

b e c a u s e  t h e y  a r e  s e p a r a t e d  f ro m  a l l  o t h e r s  by  

m o r p h o l o g i c " g a p s ” .

O r d e r  R u g o sa  M i l n e - E d w a r d s  & Haime,  1850

S u b o r d e r  S t r e p t e l a s m a t i n a  W edek ind ,  1927 

S u p e r f a m i l y  Z a p h r e n t o i d e a  M i l n e - E d w a r d s  & Haime,  1850

F a m i l y  S t r e p t e l a s m a t i d a e  N i c h o l s o n  i n  

N i c h o l s o n  a n d  L y d e k k e r ,  1889
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"G en u s” S t r e p t e l a s m a  H a l l ,  1847

1969. S t r e p t e l a s m a  B. Neuman, p .  8 - 1 0 .

1974.  Streptelasma McLean, p. 3 8 - 4 1 .

D i s c u s s i o n : The p r e s e n t  c o n c e p t  o f  S t r e p t e l a s m a  i s  b a s e d

on N eu m a n 's  (1 9 6 9 ,  p .  8 - 1 1 )  s t u d y  o f  t h e  t y p e  s p e c i e s  S. 

c o r n i c u l u m  H a l l ,  1847,  f ro m  t h e  M id d l e  O r d o v i c i a n  T r e n t o n  

L i m e s t o n e  o f  New Y o r k .  The " g e n u s ” i n c l u d e s  s o l i t a r y  c o r a l s  

h a v i n g  u n d i l a t e d  t o  m o d e r a t e l y  d i l a t e d  m a j o r  s e p t a  n o r m a l l y  

f u s e d  i n t o  a  weak a x i a l  s t r u c t u r e  i n  e a r l y  t o  i n t e r m e d i a t e  

o n t o g e n e t i c  s t a g e s .  I n  l a t e r  s t a g e s ,  t h e  m a j o r  s e p t a  a r e  

u n d i l a t e d  an d  c o m p a r a t i v e l y  s h o r t ,  n o r m a l l y  n o t  f o r m i n g  a n  

a x i a l  s t r u c t u r e  ( T e x t - f i g .  2 6 a ) .

McLean (1 9 7 4 ,  p .  39)  d i s c u s s e d  t h e  u n c e r t a i n  r e l a t i o n ­

s h i p s  o f  S t r e p t e l a s m a , P o r f i r i e v i e l l a  I v a n o v s k i y ,  1963,  an d  

D i n o p h y l l u m  L i n d s t r o m ,  1882,  a n d  s t a t e d  t h a t  " f u t u r e  s t u d y  

o f  a  l a r g e r  v a r i e t y  o f  m a t e r i a l  may r e v e a l  t h a t  d i f f e r e n c e s  

b e t w e e n  t h e s e  two g e n e r a  a n d  S t r e p t e l a s m a  a r e  m e r e l y  

g r a d a t i o n a l ,  i n  w h ic h  c a s e  t h e y  s h o u l d  a l l  b e  c o n s i d e r e d  

sy n o n y m o u s" .  The f o l l o w i n g  p o i n t s  m u s t  b e  n o t e d  i n  

e s t a b l i s h i n g  t h e  r e l a t i o n s h i p s  o f  S t r e p t e l a s m a , B o r e l a s m a  

Neuman, 1 9 6 9 , .H e l i c e l a s m a  Neuman, 1969,  a n d  G r e w i n g k i a  

D ybow sk i ,  1873 ( T e x t - f i g .  2 6 a ) :

1. S t r e p t e l a s m a  i n c l u d e s  c o r a l s  h a v i n g  u n d i l a t e d  an d  

m o d e r a t e l y  d i l a t e d  m a j o r  s e p t a  i n  e a r l y  s t a g e s .  However ,  

o t h e r w i s e  s i m i l a r  f o rm s  w i t h  s t r o n g l y  d i l a t e d  s e p t a  a r e
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a s s i g n e d  t o  E o r e l a s m a  an d  H e l i c e l a s m a .

2 .  The s i n g l e  s p e c i e s  S. d i v a r i c a n s  ( N i c h o l s o n ,  1875)  i s  

h i g h l y  v a r i a b l e  an d  i n c l u d e s  c o r a l l i t e s  h a v i n g  a n  o p en  

a x i a l  r e g i o n  ( a s  i n  S t i - e p t e l a s m a ) , t h o s e  i n  w h ich  m a j o r  

s e p t a  e x t e n d  t o  t h e  a x i s  ( a l s o  c o n s i d e r e d  S t r e p t e l a s m a ) , 

a n d  f o rm s  w i t h  a n  a x i a l  s t r u c t u r e  o f  c o m p l e x i t y  

c o m p a r a b le  t o  G r e w i n g k i a .

F u r t h e r  s t u d y  w i l l  p r o b a b l y  d e m o n s t r a t e  t h e  g r a d a t i o n a l  

n a t u r e  o f  t h e s e  " g e n e r a " .  A k n o w led g e  o f  v a r i a t i o n  w i t h i n

S. c o r n i c u l u m  i s  v i t a l  t o  t h i s  p r o b l e m ,  b u t  a t  p r e s e n t  o n l y  

t h e  l e c t o t y p e  i s  known (Neuman, 1969, p .  10 ,  1 1 ) .
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S t r e p t e l a s m a  d l v a r i c a n s  ( N i c h o l s o n ,  1875)

P l a t e  1, f i g s .  1 - 5 6 ;  P l a t e  2,  f i g s .  1 -27

1875b.  P a l a e o p h y 1 lum d i v a r i c a n s  N i c h o l s o n ,  p .  220, 221 ,

P I .  22 ,  f i g s .  10, 10a,  10b.

1882.  P a l a e o p h y l l u m  d i v a r i c a n s  N i c h o l s o n .  H a l l ,  p .

377, 378 ,  P I .  52 ,  f i g .  4 .

1908.  S t r e p t e l a s m a  d i v a r i c a n s  ( N i c h o l s o n ) .  Cum ings ,

p .  707, 70 8 ,  P I .  1, f i g s .  6 ,  6 a .

1909.  S t r e p t e l a s m a  d i v a r i c a n s  ( N i c h o l s o n ) .  P o e r s t e ,

p .  307, 308 ,  P I .  10, f i g s .  4 a - e .

1909. S t r e p t e l a s m a  d i v a r i c a n s - a n g u s t a t u m  P o e r s t e ,  p .

308 ,  P I .  9 ,  f i g .  6 a ,  6b .

1918.  S t r e p t e l a s m a  c f .  d i v a r i c a n s  ( N i c h o l s o n ) .

P o e r s t e ,  p .  99 ,  P I .  4 ,  f i g .  2 .

1924.  S t r e p t e l a s m a  d i v a r i c a n s  ( N i c h o l s o n ) .  P o e r s t e ,

p .  67 ,  P I .  2 ,  f i g s .  5 a - d .

l e c t o t y p e  ( d e s i g n a t e d  h e r e i n ) : The s p e c i m e n  r e p r e s e n t e d  by

N i c h o l s o n ,  1875b,  on  P I .  22 ,  f i g .  10,  i s  d e s i g n a t e d  a s  t h e  

l e c t o t y p e .  ' I t  was s a i d  t o  b e  i n  t h e  c o l l e c t i o n  o f  U .P .  J a m e s ,  

a n d  t h e  h o r i z o n  a n d  l o c a l i t y  w ere  g i v e n  a s  t h e  " . C i n c i n n a t i  

G roup ,  C i n c i n n a t i ,  O h i o " .  I t  h a s  n o t  b e e n  l o c a t e d .

P a r a l e c t o t y p e  ( d e s i g n a t e d  h e r e i n ) : The s p e c im e n  r e p r e s e n t e d

by  N i c h o l s o n ,  1875b,  P I .  22 ,  f i g .  10a ,  i s  d e s i g n a t e d  a s  t h e  

p a r a l e c t o t y p e .  I t  was s a i d  t o  be  i n  t h e  c o l l e c t i o n  o f  U .P .
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J a m e s ,  an d  t h e  h o r i z o n  an d  l o c a l i t y  w ere  g i v e n  a s  t h e  

" C i n c i n n a t i  G roup ,  C i n c i n n a t i ,  Ohid' . I t  h a s  n o t  b e e n  l o c a t e d .

O t h e r  s p e c i m e n s : UCGM 4 5 0 0 0 - 4 5 1 4 3 ,  45 6 1 1 ,  4 5 6 4 6 ;  Richmond

G ro u p ;  C i n c i n n a t i  A rc h  r e g i o n ,  O h io —I n d i a n a - K e n t u c k y  ( s e e  

T e x t - f i g .  3 f o r  s t r a t i g r a p h i c  h o r i z o n s  a n d  l o c a t i o n s ) ;

E l i a s  c o l l e c t i o n .  UCGM 4 5 1 4 4 ,  4 5 1 4 5 ;  " W h i t e w a t e r "  s t r a t a ,  

Richmond G roup ;  e n t r a n c e  t o  H u e s t o n  Woods P a r k ,  O x fo rd ,

O h io ;  E l i a s  c o l l e c t i o n .  USNM 70024 (1 o f  3 s p e c i m e n s ) ;  

" V / a y n e s v i l l e "  s t r a t a  ( b a s e  o f  C l a r k s v i l l e ) ,  Richmond G roup ;  

n e a r  C l a r k s v i l l e ,  O h io .  USNM 70211 (2  s p e c i m e n s ) ;  

" V / a y n e s v i l l e "  ( B l a n c h e s t e r ) s t r a t a ,  Richmond G ro u p ;  n e a r  

C l a r k s v i l l e ,  O h io .  USNM 135761;  " W a y n e s v i l l e " - ( B l a n c h e s t e r ) 

s t r a t a ,  Richmond G ro u p ;  SW o f  E l a n c h e s t e r ,  O h io .  USNM 

4 0 0 8 6 ;  " W h i t e w a t e r "  s t r a t a ,  Richmond G ro u p ;  O x f o rd ,  O h io .  

USNM 4 2 5 1 7 ;  m i d d l e  Richmond G ro u p ;  O x f o r d ,  O h io .  USGS 

l o c . 4 3 4 3 -CO (3 s p e c i m e n s ) ;  " W h i t e w a t e r "  s t r a t a ,  Richmond 

G ro u p ;  B&O r a i l r o a d  c u t  ( C i n c i n n a t i ,  I n d i a n a p o l i s ,  a n d  

W e s t e r n  R . R . ,  NE^, s e c .  21 ,  T5N, R1E, C o l l e g e  C o r n e r  t o p o  

s h e e t )  j u s t  NW o f  O x f o r d ,  O h io ;  Boardman c o l l e c t i o n .  USNM 

135767;  " W h i t e w a t e r "  s t r a t a ,  Richmond G ro u p ;  R ichmond,  

I n d i a n a .  USNM 8 4 8 6 8  (2 s y n t y p e s  o f  S. d i v a r i c a n s - a n g u s t a t u m  

P o e r s t e ,  1909)» " W h i t e w a t e r "  s t r a t a ,  Richmond G ro u p ;

Osgood,  I n d i a n a .  USNM 84869 (4 s p e c i m e n s ) ;  " W h i t e w a t e r "  

s t r a t a ,  Richmond G ro u p ,  3“ 4 . 5  m b e lo w  B r a s s f i e l d  F o r m a t i o n ;  

O sgood,  I n d i a n a .  USNM 5 0 816 ;  Richmond G ro u p ;  B a r d s to w n ,  

K e n t u c k y .  USNM 78449  (S_. c f .  d i v a r i c a n s  o f  F o e r s t e ,  1 9 1 8 ) ;
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Bay de Noc Member, S t o n i n g t o n  F o r m a t i o n ;  S t o n i n g t o n ,  D e l t a  

C o . ,  M i c h i g a n ;  S t r a t t o n  c o l l e c t i o n .  UCGM 4 5 1 4 6 - 4 5 1 5 2 ;  

Kagawong b e d s ,  u p p e r  member, G e o r g i a n  Bay F o r m a t i o n ;  

l o c a l i t y  1 9 f - 1 ,  M a n i t o u l i n  I s l a n d ,  O n t a r i o  ( s e e  T e x t - f i g .

18 f o r  s t r a t i g r a p h i c  p o s i t i o n  an d  l o c a t i o n ) ; E l i a s  

c o l l e c t i o n .  LU M 6 la - 1 ,  4 ;  M e a fo rd  b e d s ,  u p p e r  member , 

G e o r g i a n  Bay F o r m a t i o n ;  l o c a l i t y  M61a, M a n i t o u l i n  I s l a n d ,  

O n t a r i o  ( s e e  T e x t - f i g .  18 f o r  s t r a t i g r a p h i c  p o s i t i o n  a n d  

l o c a t i o n ) .

O c c u r r e n c e : U p p e r  O r d o v i c i a n  ( R i c h m o n d i a n ) : " V / a y n e s v i l l e "

s t r a t a  t o  t o p  o f  Richmond G ro u p ;  C i n c i n n a t i  A rc h  r e g i o n ,  

O h i o - I n d i a n a - K e n t u c k y .  M e a fo rd  a n d  Kagawong b e d s ,  u p p e r  

member, G e o r g i a n  Bay F o r m a t i o n ;  M a n i t o u l i n  I s l a n d ,  O n t a r i o .  

Bay de  Roc Member, S t o n i n g t o n  F o r m a t i o n ;  D e l t a  C o . ,

M i c h i g a n .

D i a g n o s i s : C o r a l l i t e s  g e n e r a l l y  c e r a t o i d ,  w e a k ly  c u r v e d ,

o f  s m a l l  s i z e ,  a n d  p o s s e s s  a  b a s e  o f  a t t a c h m e n t .  E p i t h e c a  

w i t h  s e p t a l  g r o o v e s  a n d  i n t e r s e p t a l  r i d g e s .  C a ly x  d e e p ,  

s o m e t im e s  w i t h  v e r y  w e a k ly  co n v e x  c a l i c u l a r  b o s s .  C o r a l l i t e s  

g e n e r a l l y  s o l i t a r y ,  b u t  a l s o  o c c u r  a s  p s e u d o c o l o n i e s  and  

r a r e l y  a s  c o l o n i e s  r e s u l t i n g  f ro m  l a t e r a l  a n d  p e r i p h e r a l  

i n c r e a s e .

I n  l a t e  s t a g e s  a x i a l  r e g i o n  v a r i e s  f ro m  c o m p lex  

s t r u c t u r e  o f  s e p t a l  l o b e s  a n d  l a m e l l a e ,  t o  s e p t a l  l o b e s  

o n l y ,  t o  s e p t a  e x t e n d i n g  t o  a x i s ,  t o  s e p t a  w i t h d r a w n  f ro m
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a x i s  —  s e p t a  m os t  commonly e x t e n d  t o  a x i s .  1.1ajor s e p t a  

g e n e r a l l y  u n d i l a t e d  t h r o u g h o u t  o n t o g e n y  an d  wavy. C a r d i n a l  

s e p tu m  i n d i s t i n c t ,  f o s s u l a  n o t  d e v e l o p e d .  K i n o r  s e p t a  

c o n f i n e d  t o  o r  e x t e n d  a  s h o r t  d i s t a n c e  b eyond  a  g e n e r a l l y  

n a r r o w  s t e r e o z o n e .  T a b u l a e  m o s t l y  c o m p l e t e ,  m o d e r a t e l y  

c o n v e x  u p w a rd ,  w i t h  c o m p le m e n ta r y  p l a t e s .

D e s c r i p t i o n  o f  c o r a l l i t e s : The l e n g t h  o f  c o r a l l i t e s  i s

shown i n  T e x t - f i g .  14 .  The d i s t r i b u t i o n  a b o v e  10 mm i s  

t h o u g h t  t o  r e p r e s e n t  t h e  p o p u l a t i o n ,  a s  d i s c u s s e d  i n  t h e  

t e x t .  The l o n g e s t  c o r a l l i t e  ex am in ed  (UCGM 45013)  h a s  a  

l e n g t h  o f  32  mm a n d  a  d i a m e t e r  o f  15 mm i m m e d i a t e l y  b e lo w  

t h e  c a l y x  w here  32 m a j o r  s e p t a  a r e  p r e s e n t .

The c o r a l l i t e s  a r e  g e n e r a l l y  c e r a t o i d ,  b u t  s o m e t im e s  

t r o c h o i d .  They r a r e l y  become c y l i n d r i c a l  i n  l a t e  s t a g e s  

(UCGM 4 5 0 2 5 ;  USNM 8 4 8 6 8 ) .  Most a r e  w e a k ly  c u r v e d ,  b u t  

t h e y  v a r y  f ro m  u n c u r v e d  t o  m o d e r a t e l y  c u r v e d .  The 

c a r d i n a l - c o u n t e r  s u r f a c e  i s  o f t e n  s l i g h t l y  c u r v e d  o r  t w i s t e d .

The c o r a l l i t e s  h a v e  a  r e l a t i v e l y  s m a l l  t o  l a r g e  b a s e  

o f  a t t a c h m e n t  g e n e r a l l y  c e n t e r e d  on  t h e  c a r d i n a l  s i d e ,  b u t  

s o m e t im e s  t o w a r d  a n  a l a r  s i d e .  B a s a l  e x t e n s i o n s  o r  t a l o n s  

a r e  s o m e t im e s  p r e s e n t .  The c o r a l l i t e s  a r e  u s u a l l y  a t t a c h e d  

t o  b r y o z o a n s ,  a s  d i s c u s s e d  i n  t h e  t e x t  u n d e r  C i n c i n n a t i  A r c h  

R e g i o n .  A w a l l  i s  s o m e t im e s  a b s e n t  a t  t h e  s i t e  o f  

a t t a c h m e n t  an d  t h e  s e p t a  a r e  c o n n e c t e d  d i r e c t l y  t o  t h e  

b r y o z o a n .  S e p t a l  g r o o v e s  a n d  i n t e r s e p t a l  r i d g e s  a r e  

p r e s e n t  on t h e  e p i t h e c a .
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C o r a l l i t e s  g e n e r a l l y  o c c u r  i n d i v i d u a l l y ,  b u t  26 p e r c e n t  

o f  189 s p e c i m e n s  o c c u r  i n  c l u s t e r s  o f  two o r  more i n  

l a t e r a l  c o n t a c t  ( T e x t - f i g .  13 )•  The most  c o r a l l i t e s  s e e n  

i n  a  s i n g l e  c l u s t e r  i s  13 (USNM 84869 ,  F o e r s t e ,  1909,  P I .

10,  f i g .  4 e ) .  Most  o f  t h e s e  c l u s t e r s  a p p a r e n t l y  r e p r e s e n t  

p s e u d o c o l o n i e s .  O f t e n  t h e  t i p s  a r e  s e p a r a t e  an d  t h e  

c o r a l l i t e s  expand  i n t o  l a t e r a l  c o n t a c t  s o o n  a f t e r .  L e s s  

commonly, t h e  t i p s  a r e  i n  c o n t a c t  o r  t h e  t i p  o f  one 

c o r a l l i t e  i s  a t t a c h e d  t o  a n o t h e r  c o r a l l i t e ,  b u t  s e p a r a t i n g  

w a l l s  a r e  p r e s e n t  w i t h  no e v i d e n c e  o f  i n c r e a s e .  I n  o n l y  

two s p e c i m e n s  h a s  l a t e r a l  a n d  p e r i p h e r a l  i n c r e a s e  r e s u l t i n g  

i n  t r u e  c o l o n i a l i t y  b e e n  d e m o n s t r a t e d  ( s e e  " B l a s t o g e n y "  

b e l o w ) .  I n  USGS l o c .  4 3 4 3 - C O ( a ) ,  t h e  w a l l s  s e p a r a t i n g

two c o r a l l i t e s  o p en e d  i n  l a t e  s t a g e s .  Two s p e c i m e n s  show 

a t t e m p t e d  r e j u v e n a t i o n  i n  l a t e r  s t a g e s  (UCGM 4 5 0 7 0 ;  USGS 

l o c .  4 3 4 3 - C O ( b ) ) .

The c a l y x  h a s  a  d e p t h  b e t w e e n  0 . 3 5  a n d  0 . 5 5  o f  t h e  

c o r a l l i t e  l e n g t h .  The c a l i c u l a r  b o s s ,  when d e v e l o p e d ,  i s  

v e r y  w e a k ly  c o n v e x .

O n to g en y  a n d  i n t e r n a l  s t r u c t u r e s : I n  e a r l y  s t a g e s  t h e

m a j o r  s e p t a  g e n e r a l l y  e x t e n d  t o  o r  a l m o s t  t o  t h e  a x i s .

Above t h i s ,  a ' m o d e r a t e l y  co m p lex  a x i a l  s t r u c t u r e  o f  s e p t a l  

l o b e s  a n d  l a m e l l a e  may d e v e l o p ,  o r  a  few  s e p t a l  l o b e s  o n l y  

may a p p e a r ,  o r  t h e  m a j o r  s e p t a  may e x t e n d  t o  t h e  a x i s ,  o r  

t h e  m a j o r  s e p t a  may become w i t h d r a w n  f ro m  t h e  a x i s .  T h e re  

i s  a  c o m p l e t e  s p e c t r u m  o f  v a r i a t i o n  f ro m  c o r a l l i t e s  w i t h
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com p lex  a x i a l  s t r u c t u r e s  t o  t h o s e  w i t h  a n  open a x i a l  r e g i o n  

( P l a t e  1, f i g s .  1 - 1 9 ;  T e x t - f i g .  1 6 ) .  C o r a l l i t e s  w i t h  

m a j o r  s e p t a  e x t e n d i n g  t o  t h e  a x i s  a r e  most  f r e q u e n t .

The number  o f  m a j o r  s e p t a  a t  a  p a r t i c u l a r  d i a m e t e r  i s  

shown i n  T e x t - f i g .  28 .  The s e p t a  a r e  g e n e r a l l y  u n d i l a t e d .

T e x t - f i g u i e  2 8 . — S t :  e o t e l a s m a  d i v a r i c a n s  ( N i c h o l s o n ,  1879) :  

r e l a t i o n  b e tw e e n  number  o f  major- s e p t a  (n )  and c o r a l l i t e  

d iam e te r -  (cl) or- c r o s s - s e c t i o n a l  a r e a  ( a )  f o r  t h e  .Richmond 

Group ,  C i n c i n n a t i  A rch  r e g i o n .  Numbers i n d i c a t e  f r e q u e n c y  o f  

a p o i n t  i f  g r e a t e r  t h a n  o n e .  Curve i s  v i s u a l  f i t  o f  c l a s s  

a v e r a g e s .  USNr.I 8 4 8 6 8 , ( x ) ,  c o t y p e  o f  S_.

d i v a r i c a n s - a n g u s t a t u m  P o e r s t e ,  1909, " W h i t e w a t e r "  s t r a t a ,  

Richmond Group ,  Osgood,  I n d i a n a ;  USNM 7844 9,  ( o ) ,  S., c f .  

d i v a r i c a n s  o f  P o e r s t e  ( 1 9 1 8 ) ,  Pay de Noc I'.Ibr., S t o n i n g t o n  

Pm.,  S t o n i n g t o n ,  M ic h i g a n  ( s e e  A pp. 8 ) .

I n  a  few  c o r a l l i t e s  t h e  s e p t a  a r e  w e a k ly  t o  m o d e r a t e l y  

d i l a t e d ,  e s p e c i a l l y  i n  e a r l y  s t a g e s  (UCGM 4 5018 ,  4 5 1 2 8 ) .

The m a j o r  s e p t a  a r e  g e n e r a l l y  wavy a n d  so m e t im e s  t w i s t  i n  a  

c o u n t e r c l o c k w i s e  d i r e c t i o n .  The c a r d i n a l  s ep tu m  i s  

i n d i s t i n c t ,  and  a  f o s s u l a  i s  n o t  d e v e l o p e d .  The m in o r  s e p t a  

a r e  c o n f i n e d  t o  o r  e x t e n d  a  s h o r t  d i s t a n c e  b ey o n d  t h e  

s t e r e o z o n e ,  w h ic h  i s  g e n e r a l l y  n a r r o w .

T a b u l a e  f i r s t  a p p e a r  i n  v e r y  e a r l y  s t a g e s .  They a r e  

m o s t l y  c o m p l e t e  a n d  m o d e r a t e l y  c o n v e x  u p w a rd .  C om plem en ta ry
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T e x t - f i g u i e  2 8 . — St:i e p t e l a s m a  d i v a r i c a n s  ( N i c h o l s o n ,  1 8 7 5 ) :  

r e l a t i o n  b e t w e e n  num ber  o f  m a j o r  s e p t a  (n )  and  c o r a l l i t e  

d i a m e t e r  (d_) o r  c r o s s - s e c t i o n a l  a r e a  ( a )  f o r  t h e  Richmond 

G roup ,  C i n c i n n a t i  A rch  r e g i o n .  Numbers i n d i c a t e  f r e q u e n c y  o f  

a  p o i n t  i f  g r e a t e r  t h a n  o n e .  Curve  i s  v i s u a l  f i t  o f  c l a s s  

a v e r a g e s .  CSNM 84868 ,  ( x ) ,  c o t y p e  o f  S.

d i v a r i c a n s - a n g u s t a t u m  P o e r s t e ,  1909» " W h i t e w a t e r "  s t r a t a . ,  

Richmond G roup,  Osgood,  I n d i a n a ;  USNM 78449> ( o ) ,  S_. c f .  

d i v a r i c a n s  o f  P o e r s t e  ( 1 9 1 8 ) ,  Pay  de  Noc Ivlbr., S t o n i n g t o n  

Pm.,  S t o n i n g t o n ,  M ic h i g a n  ( s e e  App.  8 ) .
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p l a t e s  a r e  p r e s e n t  i n  t h e  s e p t a l  r e g i o n .

B l a s t o g e n y : I n  UCGK 4 564 6 ,  one o f f s e t  r e s u l t e d  f ro m  l a t e r a l

i n c r e a s e  a n d  a n o t h e r  a r o s e  by p e r i p h e r a l  i n c r e a s e  ( T e x t -  

f i g .  2 9 ) .

T e x t - f i g u x e  2 9 . — S t r e p t e l a s m a  d i v a x - ic a n s  ( N i c h o l s o n ,  1 8 75) :  

b l a s t o g e n y  i n  UCGM 4 5646 ( x 5 ) .  a ,  O f f s e t  r e s u l t i n g  fi'om 

l a t e r a l  i n c r e a s e ;  L, o f f s e t  r e s u l t i n g  f rom  p e r i p h e r a l  

i n c r e a s e  ( s e e  P l a t e  2 ,  f i g .  1 ) .

a )  l a t e r a l  i n c r e a s e  —  The o f f s e t  ( a )  d e v e l o p e d  i n  a  

l a t e r a l  p r o t u b e r a n c e  o f  t h e  e l o n g a t e  p r o t o c o r a l l i t e .  

The p a r e n t  s e p t a  w ere  i n i t i a l l y  w i t h d r a w n  f ro m  t h i s  

r e g i o n  —  i t  i s  n o t  known i f  t h e  s e p t a  i n  t h e  o f f s e t  

r e p r e s e n t  t h e i r  p e r i p h e r a l  e n d s  l e f t  b e h i n d .  A w a l l  

s e p a r a t i n g  t h e  p r o t o c o r a l l i t e  a n d  o f f s e t  a p p e a r s  a s  a  

d e n s e  r e g i o n  i n  T e x t - f i g .  2 9 e ,  and  i s  b e t t e r  d e f i n e d  

i n  f .  T h i s  o f f s e t  was s h o r t  l i v e d ,  a n d  i s  a b s e n t  

a f t e r  j_.

b )  p e r i p h e r a l  i n c r e a s e  —  The o f f s e t  (b )  d e v e l o p e d  i n  

a  t h i c k e n e d  p o r t i o n  o f  t h e  p r o t o c o r a l l i t e  w a l l  ( T e x t -  

f i g .  29_c, d ) .  The o f f s e t  i n i t i a l l y  e x p an d e d  i n w a r d  a t  

t h e  e x p e n s e  o f  t h e  p r o t o c o r a l l i t e  ( .e - j . ) ,  a s  i s  t y p i c a l  

o f  p e r i p h e r a l  i n c r e a s e ,  l a t e r ,  h o w e v e r ,  t h e  o f f s e t
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T e x t - f i g u r e  2 S . — S t  r  e p t  e 1 asma d i v a ; j e a n s  ( N i c h o l s o n ,  1 8 7 5 ) :  

b l a s t o g e n y  i n  UCGM 4 5646 ( x 5 ) . a ,  O f f s e t  r e s u l t i n g  f ro m  

l a t e r a l  i n c r e a s e ;  b ,  o f f s e t  r e s u l t i n g  f rom  p e r i p h e r a l  

i n c r e a s e  ( s e e  P l a t e  2 ,  f i g .  1 ) .

R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.



2 2 9

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



2 3 0

c u r v e d  away f rom  t h e  p r o t o c o r a l l i t e  ( P l a t e  2 ,  f i g .  1 ) .  

T h i s  i s  u n u s u a l  b e c a u s e  p e r i p h e r a l  i n c r e a s e  i s  

g e n e r a l l y  p a r r i c i d a l  ( F e d o ro v / s k i  an d  J u l l ,  1976,  p .

4 1 ) .  The s e p t a l  a r r a n g e m e n t  i s  i r r e g u l a r  u n t i l  1 .

I n c r e a s e  i n  UCGM 45093 i s  i n d i c a t e d  by  a n  i n c o m p l e t e  w a l l  

p a r t i a l l y  s e p a r a t i n g  two c o r a l l i t e s  i n  e a r l y  s t a g e s  an d  

b e co m in g  c o m p le t e  i n  l a t e r  s t a g e s .  L a t e r a l  i n c r e a s e  

p r o b a b l y  o c c u r r e d  i n  UCGM 4 5 0 3 6 .

M i c r o s t r u c t u r e ; S e p t a l  f i b e r s  a r e  w e l l  d e v e l o p e d  o n l y  i n  

d i l a t e d  s t a g e s  ( P l a t e  1, f i g .  5 5 ) .  T r a b e c u l a e  a r e  i n c l i n e d  

s l i g h t l y  up  to w a r d  t h e  a x i s .  L a m e l l a e  i n  t h e  s t e r e o z o n e  

a r e  w e l l  d e v e l o p e d  o n l y  i n  u n d i l a t e d  s t a g e s  when t h e  s e p t a  

a r e  r e l a t i v e l y  f a r  a p a r t  ( P l a t e  1, f i g .  5 6 ) .  The o u t e r  w a l l  

o f  t h e  c o r a l l i t e  i s  composed o f  f i b e r s  o r i e n t e d  

p e r p e n d i c u l a r  t o  t h e  i n t e r s e p t a l  r i d g e s  ( P l a t e  1, f i g s .  55 ,  

5 6 ) .

D i s c u s s i o n : T h i s  s p e c i e s ,  d e s c r i b e d  f ro m  t h e  C i n c i n n a t i

A r c h  r e g i o n ,  was r e f e r r e d  t o  P a l a e o p h y l l u m  by N i c h o l s o n  

( 1 8 7 5 b )  an d  H a l l  ( 1 8 8 2 ) ,  an d  t o  S t r e p t e l a s m a  by l a t e r  

w o r k e r s .  P o e r s t e  (1 9 0 9 )  d i s t i n g u i s h e d  S_.

d i v a r i c a n s - a n g u s t a t u m  on t h e  b a s i s  o f  i t s  c y l i n d r i c a l  f o r m .  

However ,  i t  h a s  b e e n  f o u n d  t o  l i e  w i t h i n  t h e  v a r i a b i l i t y  o f  

2.* d i v a r i c a n s , b o t h  e x t e r n a l l y  a n d  i n t e r n a l l y .  S . c f .  

d i v a r i c a n s  o f  D e l t a  C o . ,  M i c h i g a n ,  was d e s c r i b e d  f ro m
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e x t e r n a l  m o rp h o lo g y  by F o e i s t e  ( 1 9 1 8 ) .  The s p e c i m e n  h a s  

b e e n  s e c t i o n e d  and  F o e r s t e ’ s c o m p a r i s o n  i s  v i n d i c a t e d .  The

s p e c i e s  a l s o  o c c u r s  i n  t h e  u p p e r  member o f  t h e  G e o r g i a n  Bay 

F o r m a t i o n  on M a n i t o u l i n  I s l a n d .

The d e g r e e  o f  v a r i a t i o n  o f  t h e  a x i a l  r e g i o n  w i t h i n  S. 

d i v a r i c a n s  s p a n s  t h e  "genera"  S t r e p t e l a s m a  an d  G r e w i n g k i a .

The s p e c i e s  i s  r e f e r r e d  t o  S t r e p t e l a s m a  b e c a u s e  i n  t h e  

m a j o r i t y  o f  c o r a l l i t e s  a n  a x i a l  s t r u c t u r e  i s  n o t  d e v e l o p e d .  

S. d i v a r i c a n s  i s  d i s t i n c t  i n  o f t e n  f o r m i n g  p s e u d o c o l o n i e s  

an d  r a r e l y  c o l o n i e s  by l a t e r a l  a n d  p e r i p h e r a l  i n c r e a s e .  S. 

( ? )  p a r a s i t i c u m  U l r i c h  i n  V / in c h e l l  a n d  S c h u c h e r t  (1 8 9 5 ,  p .  

8 9 - 9 0 ,  f i g .  6) f ro m  t h e  T r e n t o n i a n  o f  M i n n e s o t a  a l s o  f o rm s  

p s e u d o c o l o n i e s  o r  c o l o n i e s  a t t a c h e d  t o  b r y o z o a ,  b u t  t h e  

c o r a l l i t e s  a r e  o n l y  s e v e r a l  mm l o n g  —  i n t e r n a l  s t r u c t u r e s  

a r e  unknown.  S_. o s t r o g o t h i c u m  Neuman (1 9 6 9 ,  p .  2 1 - 2 3 ,  f i g .  

13b,  c) f ro m  t h e  U p p e r  O r d o v i c i a n  o f  Sweden commonly 

p r o d u c e s  s e v e r a l  i n t r a c a l i c u l a r  o f f s e t s  by p e r i p h e r a l  

i n c r e a s e .
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Streptelasma leemonensis n. sp.

P l a t e  2 ,  f i g .  28

E t y m o l o g y : The s p e c i f i c  name r e f e r s  t o  t h e  tow n  o f  Leemon,

G i r a r d e a u  C o . ,  M i s s o u r i ,  n e a r  w h ic h  t h e  s p e c i e s  o c c u r s .

H o l o t y p e : UCGM 4 5 6 1 4 ;  E l i a s  c o l l e c t i o n .

P a r a t y p e : UCGM 4 5 6 1 5 ;  E l i a s  c o l l e c t i o n .

O c c u r r e n c e : U pper  O r d o v i c i a n  (? G a m a c h ia n ) :  Leemon

F o r m a t i o n ;  l o c a l i t y  2 0 a - 1 , Cape G i r a r d e a u  C o . ,  M i s s o u r i .

D i a g n o s i s : C o r a l l i t e s  c e r a t o i d ,  v e r y  w e a k ly  c u r v e d ,  and  o f

s m a l l  s i z e .  M a jo r  s e p t a  u n d i l a t e d  a n d  e x t e n d  t o  o r  a l m o s t  

t o  a x i s .  C a r d i n a l  s ep tu m  i n d i s t i n c t ,  f o s s u l a  n o t  d e v e l o p e d .  

M in o r  s e p t a  v e r y  l o n g ,  s o m e t im e s  e x t e n d i n g  m ore  t h a n  h a l f  t h e  

c o r a l l i t e  r a d i u s .  S t e r e o z o n e  m o d e r a t e l y  b r o a d .  T a b u l a e  p r e s e n t .

D e s c r i p t i o n  o f  c o r a l l i t e s : The h o l o t y p e  i s  o f  s m a l l  s i z e

a n d  h a s  32 m a j o r  s e p t a  a t  a  d i a m e t e r  o f  9 mm. The p a r a t y p e  

h a s  24 m a j o r  s e p t a  a t  a  d i a m e t e r  o f  7 mm. The c o r a l l i t e s  

a r e  c e r a t o i d  a n d  v e r y  w e a k ly  c u r v e d .

O n to g en y  a n d  i n t e r n a l  s t r u c t u r e s : The m a j o r  s e p t a  e x t e n d

t o  o r  a l m o s t  t o  t h e  a x i s ,  w here  t h e y  m ee t  i n  s e v e r a l  g r o u p s .

They  a r e  u n d i l a t e d .  The c a r d i n a l  s e p tu m  i s  i n d i s t i n c t ,  an d  

a  c a r d i n a l  f o s s u l a  i s  n o t  p r e s e n t .  The m in o r  s e p t a  a r e  

v e r y  l o n g ,  e x t e n d i n g  more t h a n  h a l f  t h e  r a d i u s  o f  t h e
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c o r a l l i t e  i n  t h e  p a r a t y p e .  The s t e r e o z o n e  i s  m o d e r a t e l y  

b r o a d .  T a b u la e  a r e  p r e s e n t .

M i c r o s t r u c t u r e : The m i c r o s t r u c t u r e  o f  t h e s e  p a r t i a l l y

s i l i c i f i e d  c o r a l l i t e s  i s  unknown.

D i s c u s s i o n : S t r e p t e l a s m a  l e e m o n e n s i s  r e s e m b l e s  c o r a l l i t e s

o f  S_. d i v a r i c a n s  ( N i c h o l s o n ,  1875) w i t h  m a j o r  s e p t a  t h a t  

e x t e n d  t o  t h e  a x i s .  However ,  S . l e e m o n e n s i s  i s  d i s t i n c t  i n  

h a v i n g  v e i y  l o n g  m in o r  s e p t a .
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Streotelasma sp.

P l a t e  2, f i g s .  29-31

S p e c i m e n : UCGM 4 5 6 1 6 ;  S l i a s  c o l l e c t i o n .

O c c u r r e n c e : U p p e r  O r d o v i c i a n  (?  G a m a c h i a n ) : Leemon

F o r m a t i o n ;  l o c a l i t y  2 0 a - 1 , Cape G i r a r d e a u  C o . ,  M i s s o u r i .

D e s c r i p t i o n : I n  t h i s  s m a l l  c o r a l l i t e  t h e  m a j o r  s e p t a

e x t e n d  t o  o r  a l m o s t  t o  t h e  a x i s ,  w here  t h e y  m ee t  i n  s e v e r a l  

g r o u p s .  They a r e  m o d e r a t e l y  d i l a t e d  i n  e a r l y  s t a g e s  an d  

u n d i l a t e d  i n  l a t e r  s t a g e s .  The m i n o r  s e p t a  a p p e a r  t o  he 

c o n f i n e d  t o  t h e  s t e r e o z o n e .  T a b u l a e  a r e  p r e s e n t .

M i c r o s t r u c t u r e : The m a j o r  s e p t a  a p p e a r  t o  be f i b r o u s ,  a n d

l a m e l l a e  a r e  d e v e l o p e d  i n  t h e  s t e r e o z o n e .

D i s c u s s i o n :  T h i s  c o r a l l i t e  r e s e m b l e s  S t r e e t e l asma------- . ■   — mm—  t t k  m ■■■.iii. i.. ■■■■■■

l e e m o n e n s i s  n .  s p .  an d  S. d i v a r i c a n s  ( N i c h o l s o n ,  1875) i n  

t h a t  t h e  m a j o r  s e p t a  e x t e n d  t o  o r  a l m o s t  t o  t h e  a x i s ,  w here  

t h e y  m ee t  i n  s e v e r a l  g r o u p s .  However ,  i n  t h i s  c o r a l l i t e  

t h e  s e p t a  a r e  more s t r o n g l y  d i l a t e d .  The m i n o r  s e p t a  a r e  

much s h o r t e r  t h a n  i n  S_. l e e m o n e n s i s . T h i s  s i n g l e  s p e c i m e n  

i s  p o o r l y  p r e s e r v e d  b e c a u s e  o f  s e c o n d a r y  d i s s o l u t i o n  o f  t h e  

p e r i p h e r y ,  an d  a  s p e c i f i c  name i s  t h e r e f o r e  n o t  a s s i g n e d .
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Streotelasma subregularis (Savage, 1913)

P l a t e  3> f i g s .  1-16

i
1913.  Z a p h r e n t i s  s u b r e g u l a r i s  S a v a g e ,  1917a ,  p .  113,

P I .  5 ,  f i g .  5,  P I .  9,  f i g .  1.

1913.  Z a p h r e n t i s  a m b ig u a  S a v a g e ,  1917a ,  p .  149,  P I .

9, f i g .  2 .

H o l o t y p e  (by  o r i g i n a l  d e s i g n a t i o n ) :  UI X - 8 5 1 ; C y ren e

F o r m a t i o n ,  Sdgewood G ro u p ;  n e a r  Sdgewood,  M i s s o u r i ;

S av a g e  c o l l e c t i o n .

O t h e r  s p e c i m e n s : UI X-926 (2 s p e c i m e n s ) ;  W i lh e lm i

F o r m a t i o n  (C hannahon  L i m e s t o n e  o f  S a v a g e ) ;  \ 7 i l l  C o . ,  

I l l i n o i s ;  S avage  c o l l e c t i o n .  UI X-947 ("type s p e c i m e n s  o f  

Z. a m b i g u a ; one s l a b  w i t h  5 s p e c i m e n s  p l u s  a  s i n g l e  

s p e c i m e n ) ;  W i lh e lm i  F o r m a t i o n  (C hannahon  L i m e s t o n e  o f

S a v a g e ) ;  n e a r  Channahon ,  I l l i n o i s ;  S av ag e  c o l l e c t i o n .  

UCGM 4 5 6 1 8 - 4 5 6 3 4 ;  l o c a l i t y  2 0 b - 1 , Cape G i r a r d e a u  C o . ,  

M i s s o u r i ;  E l i a s  c o l l e c t i o n .

O c c u r r e n c e : U p p er  O r d o v i c i a n  (?  G a m a c h ia n ) :  W i lh e lm i

F o r m a t i o n ;  W i l l  C o . ,  I l l i n o i s .  C y re n e  F o r m a t i o n ,

Edgewood G roup ;  P i k e  C o . ,  M i s s o u r i .  Leemon F o r m a t i o n ;  

Cape G i r a r d e a u  C o . ,  M i s s o u r i .

D i a g n o s i s : C o r a l l i t e s  t r o c h o i d  t o  g e n e r a l l y  c e r a t o i d ,

u n c u r v e d  t o  w e a k ly  c u r v e d ,  an d  o f  m o d e r a t e  s i z e .  E p i t h e c a
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*1

Sav ag e  ( 1 9 1 7 a ,  p .  67)  s t a t e d :  "The  f i r s t  p u b l i c a t i o n  o f

t h e  new s p e c i e s  o f  f o s s i l s  n o t e d  h e r e i n  was i n  t h i s  e x t r a c t  

t h a t  was d i s t r i b u t e d  i n  November ,  1913"•  T h e r e f o r e ,  a l l  

r e f e r e n c e s  t o  S a v a g e ' s  d e s c r i p t i v e  p a l e o n t o l o g y  a r e  c i t e d  

a s  1913 ( s e e  Amsden,  1974,  p .  4 ) .
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w i t h  p r o m i n e n t  s e p t a l  g r o o v e s  a n d  i n t e r s e p t a l  r i d g e s .

C a l y x  d e e p ,  w i t h o u t  c a l i c u l a r  b o s s .

M a jo r  s e p t a  w i t h d r a w n  f ro m  a x i s ,  m o d e r a t e l y  d i l a t e d  i n  

e a r l y  s t a g e s  and  u n d i l a t e d  i n  l a t e r  s t a g e s ,  an d  wavy. 

C a r d i n a l  s ep tu m  s h o r t  i n  l a t e r  s t a g e s ,  c a r d i n a l  f o s s u l a  

p r o m i n e n t .  M inor  s e p t a  g e n e r a l l y  v e r y  s h o r t ,  s t e r e o z o n e  

v e r y  n a r r o w .  T a b u l a e  c o m p l e t e ,  t h i n ,  v e r y  w i d e l y  s p a c e d  

a n d  somewhat i r r e g u l a r ,  co n v e x  u pw ard  i n  s e p t a l  r e g i o n  and  

h o r i z o n t a l  t o  c o n c a v e  u pw ard  i n  a x i a l  r e g i o n ,  an d  s t r o n g l y  

d e p r e s s e d  i n  c a r d i n a l  f o s s u l a .

D e s c r i p t i o n  o f  c o r a l l i t e s : The l a r g e s t  c o r a l l i t e  exam ined

(UCGM 45629)  i s  65 nun l o n g ,  w i t h  a  d i a m e t e r  o f  29 mm i n  t h e  

c a l y x  w here  37 m a j o r  s e p t a  a r e  p r e s e n t .  The c o r a l l i t e s  a r e  

t r o c h o i d  (UCGM 4 5 6 1 8 ,  UI X -8 5 1 )  t o  u s u a l l y  c e r a t o i d  (UCGM 

4 5 6 1 9 ,  UI X - 9 4 7 ) ,  a n d  u n c u r v e d  t o  w e a k ly  c u r v e d .  P r o m i n e n t  

s e p t a l  g r o o v e s  an d  i n t e r s e p t a l  r i d g e s  a r e  p r e s e n t .  Growth  

l i n e s  a r e  p r e s e r v e d ,  a n d  r u g a e  a r e  s o m e t im e s  p r e s e n t .  The 

c a l y x  h a s  a  d e p t h  eo±u a l  t o  0 . 4  (UCGM 45618)  t o  0 . 5  o f  t h e  

c o r a l l i t e  l e n g t h  (UCGM 4 5 6 2 2 ) .  A c a l i c u l a r  b o s s  i s  n o t  

p r e s e n t .

O n to g e n y  a n d  i n t e r n a l  s t r u c t u r e s : I n  e a r l y  s t a g e s  t h e

m a j o r  s e p t a  e x t e n d  t o  o r  a l m o s t  t o  t h e  a x i s ,  w here  t h e y  

m e e t  i n  s e v e r a l  g r o u p s .  I n  l a t e r  s t a g e s  t h e y  e x t e n d  a b o u t  

h a l f  way t o  t h e  a x i s .  The s e p t a  a r e  wavy.

The number  o f  m a j o r  s e p t a  a t  a  p a r t i c u l a r  d i a m e t e r  i s
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shown i n  T e x t - f i g .  30 .  The m a j o r  s e p t a  a r e  m o d e r a t e l y

T e x t - f i g u r e  3 0 . — S t r e p t e l a s m a  s u b r e g u l a r i s  ( S a v a g e ,  1913) :  

r e l a t i o n  b e tw e e n  number  o f  m a jo r  s e p t a  (n )  and  c o r a l l i t e  

d iam e te r -  (d )  or- c r o s s - s e c t i o n a l  a r e a  ( a ) .  Numbers i n d i c a t e  

f r e q u e n c y  o f  a p o i n t  i f  g r e a t e r  t h a n  one ( s e e  App. 8 ) .

d i l a t e d  i n  e a r l y  s t a g e s  a n d  u n d i l a t e d  i n  l a t e r  s t a g e s .  The 

c a r d i n a l  s e p tu m  becom es  s h o r t  i n  l a t e r  s t a g e s ,  when a  

p r o m i n e n t  c a r d i n a l  f o s s u l a  i s  p r e s e n t .  The m in o r  s e p t a  a r e  

g e n e r a l l y  v e r y  s h o r t ,  a n d  t h e  s t e r e o z o n e  i s  v e r y  n a r r o w .

The t a b u l a e  a r e  c o m p l e t e ,  t h i n ,  v e r y  w i d e l y  s p a c e d ,  and  

somewhat i r r e g u l a r .  They a r e  c o n v e x  upw ard  i n  t h e  s e p t a l  

r e g i o n  a n d  h o r i z o n t a l  t o  c o n c a v e  u p w a rd  i n  t h e  a x i a l  r e g i o n .  

The t a b u l a e  a r e  s t r o n g l y  d e p r e s s e d  i n  t h e  c a r d i n a l  f o s s u l a  

(UI X - 8 5 1 ) .

M i c r o s t r u c t u r e ; The m a j o r  s e p t a  a r e  c l e a r l y  f i b r o u s .  

T r a b e c u l a e  a r e  i n c l i n e d  up  t o w a r d  t h e  a x i s .  L a m e l l a e  a p p e a r  

t o  be  p r e s e n t  i n  t h e  s t e r e o z o n e  i n  u n d i l a t e d  s t a g e s .

D i s c u s s i o n : S avage

( 1 9 1 7 a )  d i s t i n g u i s h e d  Z a u h r e n t i s  s u b r e g u l a r i s  a n d  Z,

a m b ig u a  p r i m a r i l y  on  t h e  b a s i s  o f  e x t e r n a l  f o rm ,  b u t  

r e c o g n i z e d  t h a t  t h e y  w ere  s i m i l a r  i n t e r n a l l y .  Z. s u b r e g u l a r i s  

•was t r o c h o i d ,  w h e r e a s  Z. a m b ig u a  was c e r a t o i d .  I n  t h e  

Leemon F o r m a t i o n ,  a  c o m p l e t e  g r a d a t i o n  f ro m  t r o c h o i d  t o
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T e x t - f i g u r e  3 0 . — S t r e p t e l a s m a  s u b r e g u l a r i s  ( S a v a g e ,  1 9 1 3 ) :  

r e l a t i o n  b e tw e e n  number- o f  major- s e p t a  (n )  an d  c o r a l l i t e  

d i a m e t e r  (cl) o r  c r o s s - s e c t i o n a l  a r e a  ( a ) .  Numbers  i n d i c a t e  

f r e q u e n c y  o f  a  p o i n t  i f  g r e a t e r  t h a n  one ( s e e  App. 8)«
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c e r a t o i d  f o rm s  w i t h  s i m i l a r  i n t e r n a l  s t r u c t u r e  i s  s e e n .  

T h e r e f o r e ,  Z. a m b ig u a  i s  a  synonym o f  Z. s u b r e g u l a r i s , 

h e r e i n  p l a c e d  i n  S t r e p t e l a s m a .

S t r e p t e l a s m a  s u b r e g u l a r i s  r e s e m b l e s  t h e  l e c t o t y p e  o f  

S. c o r n i c u l u m  H a l l ,  1847 f ro m  t h e  u p p e r  M id d le  O r d o v i c i a n  

T r e n t o n  L i m e s t o n e  o f  New Y ork  (B. Neuman, 1969,  P» 1 0 -1 1 ,  

f i g s .  4 - 6 )  i n  h a v i n g  m o d e r a t e l y  d i l a t e d  s e p t a  i n  e a r l y  

s t a g e s ,  m a j o r  s e p t a  t h a t  a r e  w i t h d r a w n  f ro m  t h e  a x i s ,  s h o r t  

m in o r  s e p t a ,  a n d  t a b u l a e  t h a t  a r e  c o n c a v e  u p w ard  a x i a l l y .  

However ,  S. c o r n i c u l u m  d o e s  n o t  a p p e a r  t o  h a v e  a  s h o r t  

c a r d i n a l  s ep tu m  i n  a  p r o m i n e n t  f o s s u l a .  S_. a f f i n i s  ( B i l l i n g s ,  

1865) f ro m  t h e  C a r a d o c i a n ( ? ) t h r o u g h  A s h g i l l i a n  V a u r e a l  a n d  

E l l i s  Bay f o r m a t i o n s  o f  A n t i c o s t i  I s l a n d ,  i s  o f t e n  v e r y  

s i m i l a r  t o  S. s u b r e g u l a r i s  e x t e r n a l l y  a n d  i n t e r n a l l y .  S. 

s u b r e g u l a r i s  i s  d i s t i n c t  i n  h a v i n g  a  s h o r t  c a r d i n a l  s e p tu m  

i n  a  p r o m i n e n t  f o s s u l a ,  a n d  v e r y  s h o r t  m i n o r  s e p t a .

S_. s u b r e g u l a r i s  m o s t  c l o s e l y  r e s e m b l e s  S_. u n i  cum 

Neuman, 1975 f ro m  t h e  A s h g i l l i a n  ( H i r n a n t i a n  S t a g e )  

D a l m a n i t i n a  b e d s  o r  l o w e r m o s t  L l a n d o v e r i a n  (Lower S i l u r i a n )
I I

b e d s ,  O s t e r g O t l a n d ,  a n d  p r o b a b l y  f ro m  t h e  D a l m a n i t i n a  b e d s ,  

S i l j a n  d i s t r i c t ,  Sweden.  H ow ever ,  S . s u b r e g u l a r i s  h a s  more 

s t r o n g l y  d i l a t e d  s e p t a ,  more w i d e l y  s p a c e d  t a b u l a e ,  an d  

s l i g h t l y  f e w e r  s e p t a  a t  a  p a r t i c u l a r  d i a m e t e r  ( s e e  B.

Neuman, 1975,  f i g ' .  1 7 ) .

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



242

Streptelasma rankini n. sp.

P l a t e  2 ,  f i g s .  32-34

S t y  mo l o g y ; The s p e c i e s  i s  named f o r  D.V/. R a n k i n ,  whose 

f i e l d  work f o r  a  Ph .D .  a t  H a r v a r d  U n i v e r s i t y  r e s u l t e d  i n  

r e c o g n i t i o n  o f  U p p er  O r d o v i c i a n  r o c k s  i n  P e n o b s c o t  C o . ,  

M a in e .

H o l o t y p e : USGS 6 3 4 4 a - c ;  Neuman c o l l e c t i o n .

P a r a t y p e s : USGS 6 2 6 2 a ,  b ;  6 3 3 2 a - c ;  6 3 3 5 a ,  b ;  6 3 3 7 a ,  b ;

6 3 4 0 a ,  b ;  6 3 4 1 a ,  b ;  6 3 4 5 a ,  b ;  6 3 4 6 a ;  6 3 4 7 a ,  b ;  6 3 5 0 a ,

b ;  6 3 5 5 a ,  b ;  Neuman c o l l e c t i o n .

O c c u r r e n c e : U pper  O r d o v i c i a n  ( A s h g i l l i a n ) : A bou t  520 m

a b o v e  b a s e  o f  unnamed f o r m a t i o n ;  b e t w e e n  Pond P i t c h  an d  

H a s k e l l  Rock P i t c h ,  E a s t  B r a n c h ,  P e n o b s c o t  R i v e r ,  P e n o b s c o t  

C o . ,  M a in e .

D i a g n o s i s : C o r a l l i t e s  c e r a t o i d ,  u s u a l l y  u n c u r v e d ,  a n d

a t t a i n  m o d e r a t e  s i z e .  M a jo r  s e p t a  g e n e r a l l y  s l i g h t l y  

w i t h d r a w n  f ro m  a x i s ,  u n d i l a t e d ,  an d  wavy.  C a r d i n a l  s e p tu m  

i n d i s t i n c t ,  f o s s u l a  n o t  d e v e l o p e d .  M in o r  s e p t a  u s u a l l y  

e x t e n d  a  m o d e r a t e  d i s t a n c e  b ey o n d  a  m o d e r a t e l y  b r o a d  

s t e r e o z o n e .  T a b u l a e  m o s t l y  c o m p l e t e ,  s t e e p l y  co n v e x  

u p w ard  a t  m a r g i n s  b u t  a l m o s t  h o r i z o n t a l  o r  s l i g h t l y  c o n c a v e  

up w ard  a x i a l l y .
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D e s c r i p t i o n  o f  c o r a l l i t e s : The s p e c i m e n s  a r e  p o o r l y

p r e s e r v e d  an d  i n c o m p l e t e .  The l a r g e s t  c o r a l l i t e  exam ined  

(USGS 6262b)  h a s  a  d i a m e t e r  o f  22 mm a n d  42 m a j o r  s e p t a  a t  

a n  unknown d i s t a n c e  b e lo w  t h e  c a l y x .  The c o r a l l i t e s  a r e  

c e r a t o i d .  A l l  b u t  USGS 6355 a p p e a r  t o  be u n c u r v e d .  USGS 

6332c  may h a v e  a  b a s e  o f  a t t a c h m e n t .

I n t e r n a l  s t r u c t u r e s : The num ber  o f  m a j o r  s e p t a  a t  a

p a r t i c u l a r  d i a m e t e r  i s  shown i n  T e x t - f i g .  31 • The m a j o r

T e x t - f i g u r e  3 1 - — S t r e p t e l a s m a  r a n k i n i  n .  s p . : r e l a t i o n

b e tw e e n  number  o f  m a jo r1 s e p t a  (n )  and  c o r a l l i t e  d i a m e t e r  (d )  

o r  c r o s s - s e c t i o n a l  a r e a  ( a ) .  Number's i n d i c a t e  f r e q u e n c y  o f  a 

p o i n t  i f  g r e a t e r -  t h a n  one ( s e e  App. 8 ) .

s e p t a  a r e  g e n e r a l l y  s l i g h t l y  w i t h d r a w n  f ro m  t h e  a x i s .  They 

a r e  u n d i l a t e d  a n d  wavy.  The c a r d i n a l  s e p tu m  i s  i n d i s t i n c t ,  

a n d  a  f o s s u l a  i s  n o t  d e v e l o p e d .  M in o r  s e p t a  g e n e r a l l y  

e x t e n d  a  m o d e r a t e  d i s t a n c e  b ey o n d  t h e  s t e r e o z o n e ,  b u t  t h e y  

may be  v e r y  l o n g  (USGS 6 3 3 5 b ) .  The s t e r e o z o n e  i s  

m o d e r a t e l y  b r o a d .  The t a b u l a e  a r e  t h i n  a n d  m o s t l y  

c o m p l e t e .  They a r e  s t e e p l y  c o n v e x  u p w ard  a t  t h e  m a r g i n s ,  

b u t  become a l m o s t  h o r i z o n t a l  o r  a r e  s l i g h t l y  c o n c a v e  u pw ard  

a x i a l l y .  C om p lem en ta ry  p l a t e s  a r e  s o m e t im e s  p r e s e n t .

M i c r o s t r u c t u r e : The c o r a l l i t e s  a r e  p o o r l y  p r e s e r v e d .

S e p t a l  f i b e r s  c a n n o t  be  d i s t i n g u i s h e d ,  b u t  w e a k ly  d e v e l o p e d  

t r a b e c u l a e  t h a t  a r e  v e r y  s l i g h t l y  i n c l i n e d  u p  t o w a r d  t h e
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T e x t - f i g u r e  3 1 . — S t r e p t e l a s m a  r a n k i n i  n .  s p .  : r e l a t i o n

"between num ber  o f  m a j o r  s e p t a  (n )  and  c o r a l l i t e  d i a m e t e r  (d )  

o r  c r o s s - s e c t i o n a l  a r e a  ( a ) .  Numbers i n d i c a t e  f r e q u e n c y  o f  a  

p o i n t  i f  g r e a t e r  t h a n  one ( s e e  App. 8 ) .
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a x i s  a r e  p o s s i b l y  p i e s e n t .

D i s c u s s i o n : S t r e p t e l a s m a  r a n k i n i  r e s e m b l e s  some c o r a l l i t e s

o f  S. a f f i n i s  ( B i l l i n g s ,  1865) and  S.  primum (W edek ind ,  

1927) i n  g r o w t h  fo rm  a n d  i n  h a v i n g  m a j o r  s e p t a  w i t h d r a w n  

f ro m  t h e  a x i s .  How ever ,  S. r a n k i n i  i s  d i s t i n c t  i n  h a v i n g  

t a b u l a e  t h a t  a r e  much m ore  s t e e p l y  c o n v e x  u p w ard  a t  t h e  

m a r g i n s .
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Streptelasma affinis (Billings, 1865)

P l a t e  3 ,  f i g s .  17-31

1865. Z a p h r e n t i s  a f f i n i s  B i l l i n g s ,  p .  4 30 .

1865. Z a p h r e n t i s  b e l l i s t r i a t a  B i l l i n g s ,  p. 430, 431 .

1866. Z a p h r e n t i s  a f f i n i s  B i l l i n g s ,  p .  7 .

1866. Z a p h r e n t i s  b e l l i s t r i a t a  B i l l i n g s ,  p . 8 .

1901. Z a p h r e n t i s  a f f i n i s  B i l l i n g s .  Lambe, 

118, 119, P I .  7 ,  f i g s .  6 ,  a ,  b .

P*

1928. Z a p h r e n t i s  a f f i n i s  B i l l i n g s .  T w e n h o f e l ,  p .  

114, 115.

L e c t o t y p e  ( d e s i g n a t e d  h e r e i n ) :  GSC 1987,  c - e ;  u p p e r

member , a b o u t  30+ m b e lo w  t o p  o f  V a u r e a l  F o r m a t i o n ;  Wreck 

P o i n t ,  A n t i c o s t i  I s l a n d ,  Q uebec ;  T .C .  W eston  c o l l e c t i o n ,  

1865.

P a r a l e c t o t . y p e s  ( d e s i g n a t e d  h e r e i n ) :  GSC 198 7 a ,  b ;  1987g,

i ;  1 9 8 7 f ,  h ;  u p p e r  member , a b o u t  30+ m b e lo w  t o p  o f  

V a u r e a l  F o r m a t i o n ;  Wreck P o i n t ,  A n t i c o s t i  I s l a n d ,  Q uebec;  

T .C .  W e s t o n ’’c o l l e c t i o n ,  1865.

O t h e r  s p e c i m e n s  ( a l l  f ro m  A n t i c o s t i  I s l a n d ,  Quebec ;  

T w e n h o fe l  c o l l e c t i o n  u n l e s s  o t h e r w i s e  s t a t e d ) :  GSC 2244 ,

a ,  b ( s y n t y p e  o f  Z a p h r e n t i s  b e l l i s t r i a t a ) ; u p p e r  member , 

a b o u t  30+ m b e lo w  t o p  o f  V a u r e a l  F o r m a t i o n ;  Wreck P o i n t ;  

T .C .  W es ton  c o l l e c t i o n ,  1865 .  YPM 5 5 6 a ,  b ;  l o w e r  member ,

R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.



2 4 8

V a u r e a l  F o r m a t i o n  ( T w e n h o f e l ' s  E n g l i s h  Head F o r m a t i o n ) ;  

r e e f  a t  l i t t l e  c l i f f  b e t w e e n  B e a r  Cape an d  Cape E a g l e .

YPM 5 1 7 a ;  l o w e r  member , V a u r e a l  F o r m a t i o n  (Twenhof  e l  ’ s 

zone  4 ,  E n g l i s h  Head F o r m a t i o n ) ;  C a r l e t o n  P o i n t .  YPM 5 3 8 a ;  

E l l i s  Bay F o r m a t i o n ;  c l i f f  1 . 2  km e a s t  o f  J u n c t i o n  C l i f f .  

YPM 145;  E l l i s  F a y  F o r m a t i o n ;  P r i n s t i e  Bay.  YPM 574 ;

E l l i s  Bay F o r m a t i o n ;  n e a r  J u n c t i o n  C l i f f .  YPM 3 0 6 3 / 4 5 a ;  

E l l i s  Bay F o r m a t i o n ;  w e s t  s i d e  o f  P r i n s t i e  Bay.  YPM 

3 0 6 3 / 5 2 a ;  E l l i s  Bay F o r m a t i o n ;  w e s t  s i d e  o f  E l l i s  Bay.

YPM 3 0 6 3 / 4 4 b ;  E l l i s  Bay F o r m a t i o n ;  P r i n s t i e  Bay .  YPM 

5 4 8 a ;  T w e n h o f e l ' s  zone  1, E l l i s  Bay F o r m a t i o n ;  w e s t  s i d e  

o f  E l l i s  Bay.  YPM 3 0 1 9 / 3 Q 6 3 / 3 5 a ,  e ,  f ,  i ,  j ;  T w e n h o f e l f s 

zone  1, E l l i s  Bay F o r m a t i o n ;  J u n c t i o n  C l i f f .  YPM.515b; 

T w e n h o f e l ’ s zone  2 ,  E l l i s  Bay F o r m a t i o n ;  c o r a l  a n d  

B e a t r i c e a  z o n e s ,  L o u se y  Cove.  YPM 3 0 6 3 / 3 6 b - e ;  T w e n h o f e l ’ s 

zo n e  2 ,  E l l i s  Bay F o r m a t i o n ;  J u n c t i o n  C l i f f .  YPM 5 5 5 a ;  

T w e n h o f e l ’ s zone  5, E l l i s  Bay F o r m a t i o n ;  E l l i s  B ay .  YPM 

" E l l i s  Bay zone  7 ” ; T w e n h o f e l ’ s zone  5,  E l l i s  Bay F o r m a t i o n ;  

E l l i s  Bay.  YPM 3 0 6 3 / 5 6 a ;  T w e n h o f e l ’ s zone  7 (Hormotoma 

g i g a n t e a  z o n e ) ,  E l l i s  Bay F o r m a t i o n ;  E l l i s  Bay .  YPM 

3 0 1 9 / 3 0 6 3 / 5 7 j , k ;  T w e n h o f e l ' s  zone  9> E l l i s  Bay F o r m a t i o n ;  

E l l i s  Bay.

O c c u r r e n c e : U pper  O r d o v i c i a n :  Lower member (?  C a r a d o c i a n )

a n d  u p p e r  member (Lower  A s h g i l l i a n ) ,  V a u r e a l  F o r m a t i o n ,  

a n d  E l l i s  Bay F o r m a t i o n  ( A s h g i l l i a n ,  ? G a m a c h i a n ) ;

A n t i c o s t i  I s l a n d ,  Q uebec .
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Diagnosis: Corallites ceratoid to trochoid, cylindrical
in late stages, very weakly to moderately curved, and attain 
very large size. Bpitheca with prominent septal grooves 
and interseptal ridges, and rugae. Calyx deep to very 
deep, without calicular boss.

Major septa generally withdrawn from axis, undilated 
to usually moderately dilated in early stages and undilated 
in later stages, and wavy. Cardinal septum indistinct, 
fossula not developed. Minor septa generally long, 
extending well beyond a narrow to moderately broad stereo­
zone. A few tabellae in septal region. Tabulae complete 
and incomplete, thin to moderately thick, very closely to
w i d e l y  s p a c e d ,  a n d  c o n v e x  u p w a rd  i n  s e p t a l  r e g i o n ,  an d  
c o n c a v e  u pw ard  i n  a x i a l  r e g i o n .
D e s c r i p t i o n  o f  c o r a l l i t e s : The l a r g e s t  c o r a l l i t e  ex am ined

(GSC 1987g,  i )  i s  a  f r a g m e n t  120 mm l o n g ,  w i t h  a  maximum 

d i a m e t e r  o f  55 mm a n d  a  d i a m e t e r  o f  37 mm a t  t h e  i n c o m p l e t e  

b a s e .  YPM " E l l i s  Bay zo n e  7" h a s  70 m a j o r  s e p t a  a t  a  

d i a m e t e r  o f  43 mm. The c o r a l l i t e s  a r e  c e r a t o i d  t o  t r o c h o i d  

i n  e a r l y  s t a g e s ,  a n d  become c y l i n d r i c a l  i n  l a t e r  s t a g e s .  

C u r v a t u r e  i s  v e r y  weak t o  m o d e r a t e ,  a n d  t h e  c o r a l l i t e s  a r e  

g e n e r a l l y  u n c u r v e d  i n  c y l i n d r i c a l  s t a g e s .  P r o m i n e n t  s e p t a l  

g r o o v e s  a n d  i n t e r s e p t a l  r i d g e s  a r e  p r e s e n t .  C o a r s e  r u g a e  

a r e  o f t e n  d e v e l o p e d ,  a n d  on some c o r a l l i t e s  a r e  r e g u l a r l y  

s p a c e d  a t  a n  i n t e r v a l  o f  8 t o  13 mm (App.  1 1 ) .  T a l o n s  a r e  

s o m e t im e s  p r e s e n t  i n  e a r l y  s t a g e s .  The c a l y x  h a s  a  d e p t h  

e q u a l  t o  0 . 3  (YPM " E l l i s  Bay zone  7 " )  t o  0 , 6  o f  t h e
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c o r a l l i t e  l e n g t h  (GSC 1987,  c - e ) .  The b a s e  o f  t h e  c a l y x  i s  

g e n e r a l l y  c o n c a v e  u p w a rd .

O n to g e n y  an d  i n t e r n a l  s t r u c t u r e s : I n  e a r l y  s t a g e s  t h e

m a j o r  s e p t a  e x t e n d  t o  o r  a l m o s t  t o  t h e  a x i s .  I n  i n t e r m e d i a t e  

a n d  l a t e  s t a g e s  t h e y  may e x t e n d  a l m o s t  t o  t h e  a x i s  w here  a  

f ew  s e p t a l  l o b e s  a r e  s o m e t im e s  p r e s e n t  (YPM 3 0 1 S / 3 0 6 3 / 5 7 k ) , 

b u t  a r e  g e n e r a l l y  w i t h d r a w n  a n d  may e x t e n d  l e s s  t h a n  h a l f  

way t o  t h e  a x i s  (YPM 3019 / 3 0 6 3 / 3 5 i ) . The s e p t a  a r e  

g e n e r a l l y  wavy.

The num ber  o f  m a j o r  s e p t a  a t  a  p a r t i c u l a r  d i a m e t e r  i s  

shown i n  T e x t - f i g .  32 .  The m a j o r  s e p t a  a r e  u s u a l l y

T e x t - f i g u r e  3 2 . — S t r e n t e l a s m a  a f f i n i s  ( B i l l i n g s ,  1 8 6 5 ) :  

r e l a t i o n  b e tw e e n  num ber  o f  m a j o r  s e p t a  (n )  and c o r a l l i t e  

d i a m e t e r  (d_) o r  c r o s s - s e c t i o n a l  a r e a  ( a ) .  Numbers i n d i c a t e  

f r e q u e n c y  o f  a  p o i n t  i f  g r e a t e r  t h a n  one ( s e e  App. 8 ) .

m o d e r a t e l y  d i l a t e d  i n  e a r l y  s t a g e s ,  b u t  may be  u n d i l a t e d ,  

They a r e  u n d i l a t e d  i n  l a t e r  s t a g e s .  The m a j o r  s e p t a  

r a r e l y  t w i s t  i n  a  c o u n t e r c l o c k w i s e  d i r e c t i o n  i n  s m a l l  

c o r a l l i t e s  when v i e w e d  f ro m  t h e  c a l y x  (YPM 5 1 7 a ,  3 0 6 3 / 3 6 d ,  

3 0 6 3 / 5 6 a ) .  The c a r d i n a l  s e p tu m  i s  i n d i s t i n c t ,  a n d  a  

c a r d i n a l  f o s s u l a  i s  n o t  d e v e l o p e d .  The m in o r  s e p t a  a r e  

u s u a l l y  l o n g  a n d  e x t e n d  w e l l  b e y o n d  t h e  s t e r e o z o n e .  The 

s t e r e o z o n e  i s  g e n e r a l l y  n a r r o w ,  b u t  r a n g e s  f ro m  v e r y  n a r r o w
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T e x t - f i g u r e  3 2 . — S t r e p t e l a s m a  a f f i n i s  ( B i l l i n a s ,  1 8 6 5 ) :  

r e l a t i o n  b e tw e e n  num ber  o f  m a j o r  s e p t a  (n )  and  c o r a l l i t e  

d i a m e t e r  (d_) o r  c r o s s - s e c t i o n a l  a r e a  ( a ) .  Numbers i n d i c a t e  

f r e q u e n c y  o f  a  p o i n t  i f  g r e a t e r  t h a n  one ( s e e  App. 8 ) .
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(YPI-I 5 1 7 a ,  548a)  t o  b r o a d  (YPN 5 5 5 a ) .

A f e w  t h i n  t a b e l l a e  i n c l i n e d  up  t o w a r d  t h e  a x i s  a r e  

p r e s e n t  i n  t h e  s e p t a l  r e g i o n .  C o m p le te  an d  i n c o m p l e t e  

t a b u l a e  a r e  d e v e l o p e d .  W i t h i n  a  c o r a l l i t e ,  t h e y  may v a r y  

f ro m  t h i n  t o  m o d e r a t e l y  t h i c k ,  a n d  be  v e r y  c l o s e l y  t o  

w i d e l y  s p a c e d .  They a r e  c o n v e x  u p w ard  i n  t h e  s e p t a l  r e g i o n  

a n d  c o n c a v e  u p w a rd  i n  t h e  a x i a l  r e g i o n .

L l i c r o s t r u c t u r e : S e p t a l  f i b e r s  a r e  d i s t i n g u i s h a b l e  o n l y  i n

d i l a t e d  s t a g e s .  The w e a k ly  d e v e l o p e d  t r a b e c u l a e  a r e  

i n c l i n e d  s l i g h t l y  up  t o w a r d  t h e  a x i s .  I n  u n d i l a t e d  s t a g e s ,  

l a m e l l a e  a r e  d e v e l o p e d  i n  t h e  s t e r e o z o n e .

D i s c u s s i o n : GSC 1 9 8 7 9 c - e  i s  s e l e c t e d  f ro m  B i l l i n g s '

s y n t y p e s  a s  t h e  l e c t o t y p e  o f  S t r e p t e l a s m a  a f f i n i s  b e c a u s e  

t h e  s p e c i m e n  h a s  b e e n  c r o s s - s e c t i o n e d .  P a r a l e c t o t y p e  GSC 

1987a was f i g u r e d  by  l am b e  (1 9 0 1 ,  P I .  7 ,  f i g s .  6 ,  a ) ,  b u t  

h a s  n o t  b e e n  c r o s s - s e c t i o n e d .  The s o u r c e  o f  L a m b e 's  

c r o s s - s e c t i o n  i n  f i g .  6b i s  unknown.

A c r o s s - s e c t i o n  a n d  l o n g i t u d i n a l  s e c t i o n  o f  a  s y n t y p e  

o f  Z a p h r e n t i s  b e l l i s t r i a t a  (C-SC 2 2 4 4 ,  a ,  b )  i n d i c a t e  t h a t  

i t  i s  a  j u n i o r  synonym o f  S. a f f i n i s , a s  n o t e d  by  Lambe 

( 1 9 0 1 )  a n d  T w e n h o fe l  ( 1 9 2 8 ) .

S. a f f i n i s  r e s e m b l e s  S. pr imum (W edek ind ,  1927) ( s e e  

B. Neuman, 1969,  p .  1 1 -1 7 )  f ro m  t h e  A s h g i l l i a n  o f  Norway i n  

g r o w t h  f o r m  and  i n  h a v i n g  s h o r t  m a j o r  s e p t a  a n d  t a b u l a e  

t h a t  a r e  c o n c a v e  u p w ard  a x i a l l y .  S. a f f i n i s  i s  d i s t i n c t  i n
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"G enus"  I l e l i c e l a s m a  Neuman, 1969

1969.  H e l i c e l a s m a  B. Neuman, p .  28,  29.

1976.  I l e l i c e l a s m a  E l i a s ,  p .  8 6 - 9 0 .

D i s c u s s i o n : H e l i c e l a s m a  was p r o p o s e d  by Neuman (1 9 6 9 )  t o

i n c l u d e  s o l i t a r y  c o r a l s  h a v i n g  s t r o n g l y  t o  c o m p l e t e l y  

d i l a t e d  maj o r  s e p t a  e x t e n d i n g  t o  t h e  a x i s  i n  e a r l y  and  

i n t e r m e d i a t e  o n t o g e n e t i c  s t a g e s .  I n  l a t e r  s t a g e s  t h e  m a j o r  

s e p t a  a r e  l e s s  s t r o n g l y  d i l a t e d  a n d  n o r m a l l y  j o i n  i n t o  a  

l o o s e l y  b u i l t  a x i a l  s t r u c t u r e  ( T e x t - f i g .  2 6 a ) .  The 

d i a g n o s i s  was b a s e d  p r i m a r i l y  on t h e  t y p e  s p e c i e s  H. s i m p l e x  

Neuman, 1*969 •

The u n c e r t a i n  r e l a t i o n s h i p  b e t w e e n  H e l i c e l a s m a  an d  

S t r e p t e l a s m a  H a l l ,  1847 was d i s c u s s e d  u n d e r  t h e  . l a t t e r  

" g e n u s " .  The f o l l o w i n g  p o i n t s  s u g g e s t  t h a t  d i f f e r e n c e s  

among H e l i c e l a s m a , G r e w i n g k i a  D ybow sk i ,  1873> L e o la sm a  

K a l j o ,  1956,  a n d  B o r e la s rn a  Neuman, 1969 a r e  g r a d a t i o n a l  

( T e x t - f i g .  2 6 a ) :

1. An a x i a l  r e g i o n  i s  n o t  p r e s e n t  i n  some c o r a l l i t e s  o f

H. r a n d i  E l i a s ,  1976,  b u t  i n  o t h e r s  i t  i s  a s  l a r g e  a s

t h a t  o f  G r e w i n g k i a  an d  a  weak a x i a l  s t r u c t u r e  i s  d e v e l o p e d .  

I n  H. l a m e l l o s a  E l i a s ,  1976 ,  t h e  d e g r e e  o f  d e v e l o p m e n t  o f  

t h e  a x i a l  s t r u c t u r e  v a r i e s  d u r i n g  o n t o g e n y ,  an d  s p a n s  t h e  

" g e n e r a "  H e l i c e l a s m a  a n d  G r e w i n g k i a .

2 .  S p e c i e s  o f  H e l i c e l a s m a  s u c h  a s  H. s e l e c t a  ( B i l l i n g s ,

1 8 6 5 ) ,  i n  w h ic h  s e p t a  a r e  c o m p l e t e l y  d i l a t e d  u n t i l  t h e
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l a t e s t  s t a g e s  an d  t a b u l a e  a r e  r a r e ,  a p p r o a c h  L e o l a s m a .

3 .  S t r e p t e l a s m a  i n c l u d e s  c o r a l s  h a v i n g  a  v/eak a x i a l  

s t r u c t u r e ,  t h o s e  i n  w h ic h  s e p t a  e x t e n d  t o  o r  a l m o s t  t o  

t h e  a x i s ,  and  f o r m s  h a v i n g  a n  o p en  a x i a l  r e g i o n .  

H ow ever ,  H e l i c e l a s m a  i s  d i s t i n g u i s h e d  f ro m  B o r e l a s m a , 

w h ic h  h a s  a n  o p e n  a x i a l  r e g i o n  i n  l a t e r  o n t o g e n e t i c  

s t a g e s  b u t  i s  o t h e r w i s e  s i m i l a r .
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Helicelasma randi Elias, 1976

P l a t e  4 ,  f i g s .  1 -8

1976.  H e l i c e l a s m a  r a n d i  E l i a s ,  p .  9 1 - 9 6 ,  P I .  13» 

f i g s .  1 - 1 5 ,  P I .  14, f i g s .  1 - 2 0 .

S p e c i m e n s : SUI 57 — ’ 24 ;  p r o b a b l y  C le rm o n t  Member, S c a l e s

F o r m a t i o n ,  M aq u o k e ta  G ro u p ;  S'.V-J-, s e c .  21 o r  NW-jr, s e c .  28 ,  

C le r m o n t  T o w n sh ip ,  F a y e t t e  C o . ,  Io w a .  USNM 4 2 5 3 5 ,  a ,  b ;  

B r a i n a r d  F o r m a t i o n ,  M aq u o k e ta  G ro u p ;  S t e r l i n g ,  I l l i n o i s .

USGS 206S,  a ,  b ;  B r a i n a r d  F o r m a t i o n ,  M aq u o k e ta  G roup ;  

S t e r l i n g ,  I l l i n o i s ;  U l r i c h  a n d  B a s s l e r  c o l l e c t i o n .  USGS 

206T (3 s p e c i m e n s ) ;  B r a i n a r d  F o r m a t i o n ,  M a q u o k e ta  G roup ;  

S t e r l i n g ,  I l l i n o i s ;  U l r i c h  a n d  B a s s l e r  c o l l e c t i o n .  USNM 

a c c .  306219 (2 s p e c i m e n s ) ;  B r a i n a r d  F o r m a t i o n ,  M aq u o k e ta  

G ro u p ;  S E i ,  SE^, s e c .  35 ,  T91N, R6W, C l a y t o n  C o . ,  Iow a;

G erk  c o l l e c t i o n .  SIU 4 2 0 0 ,  4 2 0 1 ;  O r c h a r d  C r e e k  Member, 

S c a l e s  F o r m a t i o n ,  M aq u o k e ta  G roup ;  b a n k  o f  M i s s i s s i p p i  

R i v e r ,  1 . 6  km N o f  T h e b e s ,  s e c .  5,  T15S, R3W, A l e x a n d e r  

C o . ,  I l l i n o i s ;  C-uensburg  c o l l e c t i o n .

O c c u r r e n c e : L a t e  M id d le  ( ? )  a n d  U p p e r  O r d o v i c i a n :  The

t y p e s  o c c u r  i n  t h e  S e l k i r k  Member, Red R i v e r  F o r m a t i o n  ( l a t e  

M id d l e  o r  U p p e r  O r d o v i c i a n ) ; G a r s o n ,  M a n i t o b a .  P r o b a b l y  

C le r m o n t  Member, S c a l e s  F o r m a t i o n  ( R i c h m o n d i a n ) ,  M aquoke ta  

G ro u p ;  F a y e t t e  C o . ,  Io w a ,  B r a i n a r d  F o r m a t i o n  ( R i c h m o n d i a n ) , 

M aq u o k e ta  G ro u p ;  C l a y t o n  C o . ,  Io w a ,  an d  S t e r l i n g ,  I l l i n o i s .
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D e s c r i p t i o n  o f  c o r a l l i t e s : The l a r g e s t  c o r a l l i t e  ex a m in ed

(USGS 206Sa)  h a s  a  l e n g t h  o f  63 mm a n d  a  d i a m e t e r  o f  23 mm 

i m m e d i a t e l y  b e lo w  t h e  c a l y x  w here  40 m a j o r  s e p t a  a r e  

p r e s e n t .  The c o r a l l i t e s  a r e  t r o c h o i d ,  a n d  u n c u r v e d  t o  

w e a k ly  c u r v e d .  S e p t a l  g r o o v e s  a n d  i n t e r s e p t a l  r i d g e s  a r e  

p r e s e n t  on t h e  e p i t h e c a .  The c a l y x  h a s  a  d e p t h  e q u a l  t o

0 . 3  o f  t h e  c o r a l l i t e  l e n g t h  (USGS 2 0 6 T ) .  The c a l i c u l a r  

b o s s  i s  s t r o n g l y  c o n v e x  (USGS 2 0 6 T ) .

O n to g en y  a n d  i n t e r n a l  s t r u c t u r e s : I n  e a r l y  s t a g e s  t h e

m a j o r  s e p t a  e x t e n d  t o  o r  a l m o s t  t o  t h e  a x i s .  I n  i n t e r m e d i a t e  

a n d  l a t e  s t a g e s  a  few  s e p t a l  l o b e s  a n d  l a m e l l a e  d e v e l o p  i n  

t h e  a x i a l  r e g i o n .  G ro u p s  o f  two o r  more m a j o r  s e p t a  o f t e n  

c o n v e r g e  n e a r  t h e  a x i s .  The num ber  o f  m a j o r  s e p t a  a t  a  

p a r t i c u l a r  d i a m e t e r  i s  shown i n  T e x t - f i g .  33 .  I n  e a r l y

T e x t - f i g u i e  3 3 . — H e l i c e l a s m a  r a n d i  E l i a s ,  1976: r e l a t i o n

b e tw e e n  number  o f  m a j o r  s e p t a  (n )  and  c o r a l l i t e  d i a m e t e r  (d)  

o r  c r o s s - s e c t i o n a l  a r e a  ( a )  f o r  t h e  S e l k i r k  M b r . , Ked f i v e r  

F m . , s o u t h e r n  M a n i to b a  ( s e e  E l i a s ,  1976, f i g .  12b) and 

M aquoke ta  Gp. ( s e e  App. 8 ) .  Numbers i n d i c a t e  f r e q u e n c y  o f  a  

p o i n t  i f  g r e a t e r  t h a n  o n e .

s t a g e s ,  s e p t a l  d i l a t i o n  i s  c o m p l e t e  (USGS 206Sa)  t o  

m o d e r a t e  (USNM 4 2 5 3 5 b ) .  D i l a t i o n  n e a r  t h e  a x i s  s o m e t im e s  

p r o d u c e s  a  h a l o  a r o u n d  t h e  a x i a l  r e g i o n  (USNM 4 2 5 3 5 b ;  SUI 

4 2 0 0 ) .  The c a r d i n a l  s e p tu m  i s  l o n g  a n d  l e s s  s t r o n g l y
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T e x t - f i f j u i  e 3 3 . — H e l i c - e l a s m a  r a n d i  E l i a s ,  1976:  r e l a t i o n

b e t w e e n  number  o f  m a j o r  s e p t a  ( n )  an d  c o r a l l i t e  d i a m e t e r  (d )  

o r  c r o s s - s e c t i o n a l  a r e a  ( a )  f o r 1 t h e  S e l k i r k  I £ b r . ,  Red R i v e r  

F m . , s o u t h e r n  M a n i t o b a  ( s e e  E l i a s ,  1976,  f i g .  12b) and 

M aq u o k e ta  Gp. ( s e e  A pp.  8 ) .  Numbers  i n d i c a t e  f r e q u e n c y  o f  a  

p o i n t  i f  g r e a t e r  t h a n  o n e .
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d i l a t e d  t h a n  t h e  o t h e r  m a j o r  s e p t a .  The c a r d i n a l  f o s s u l a  

i s  m o d e r a t e l y  b r o a d .  M inor  s e p t a  a r e  c o n f i n e d  t o  o r  e x t e n d  

a  s h o r t  d i s t a n c e  b ey o n d  t h e  m o d e r a t e l y  b r o a d  s t e r e o z o n e .

I n  l a t e r  s t a g e s  t h e  t a b u l a e  a r e  c o m p l e t e ,  r e l a t i v e l y  w i d e l y  

s p a c e d ,  an d  m o d e r a t e l y  s t r o n g l y  c o n v e x  u p w a rd .

M i c r o s t r u c t u r e : The m i c r o s t r u c t u r e  i s  unknown b e c a u s e  o f

p o o r  p r e s e r v a t i o n .

D i s c u s s i o n : T h e se  c o r a l l i t e s  f ro m  t h e  M aq u o k e ta  Group o f

Iowa a n d  I l l i n o i s  c a n n o t  be  d i s t i n g u i s h e d  m o r p h o l o g i c a l l y  

f ro m  H e l i c e l a s m a  r a n d i  o f  t h e  S e l k i r k  Member, Red R i v e r  

F o r m a t i o n ,  s o u t h e r n  M a n i t o b a .  The num ber  o f  m a j o r  s e p t a  a t  

a  p a r t i c u l a r  d i a m e t e r  i s  s i m i l a r  i n  b o t h  u n i t s ,  a l t h o u g h  

c o r a l l i t e s  f ro m  t h e  M aq u o k e ta  t e n d  t o  h a v e  s l i g h t l y  l o w e r  

v a l u e s  ( T e x t - f i g .  3 3 ) .  The s p e c i m e n  f ro m  C le r m o n t  T o w n sh ip ,  

Io w a ,  p r o b a b l y  f ro m  t h e  C le r m o n t  Member o f  t h e  S c a l e s  

F o r m a t i o n ,  h a s  a  l a r g e r  a x i a l  r e g i o n  t h a n  t h o s e  f ro m  t h e  

B r a i n a r d  F o r m a t i o n .
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Helicelasma selecta (Billings, 1 8 6 5 )

P l a t e  4 ,  f i g s .  9 —19

1865.  P e t r a i a  s e l e c t a  B i l l i n g s  [ p a r t i m ] , p .  4 2 9 .

1866.  P e t r a i a  s e l e c t a  B i l l i n g s  [ p a r t i m ] , p .  7 .

1901.  S t r e p t e l a s m a  s e l e c t u m  ( B i l l i n g s )  [ p a r t i m ] .

Lambe, p .  113,  P I .  6 ,  f i g s .  8 ,  a .

1928.  S t r e p t e l a s m a  s e l e c t u m  ( B i l l i n g s )  [ p a r t i m ] . 

T w e n h o f e l ,  p .  113*

L e c t o t y p e  ( d e s i g n a t e d  h e r e i n ) :  GSC 1989a ,  b ;  u p p e r

member , 2 7 -3 0  m b e lo w  t o p  o f  V a u r e a l  F o r m a t i o n ;  w e s t  end 

l i g h t h o u s e ,  A n t i c o s t i  I s l a n d ,  Q uebec ;  R i c h a r d s o n  

c o l l e c t i o n ,  1856.

P a r a l e c t o t y p e s  ( d e s i g n a t e d  h e r e i n ) :  GSC 1989,  g f 1989c ,  

d ;  19 8 9 f ; u p p e r  member , a b o u t  2 7 - 3 0  m b e lo w  t o p  o f  

V a u r e a l  F o r m a t i o n ;  w e s t  end  l i g h t h o u s e ,  A n t i c o s t i  I s l a n d ,  

Q uebec ;  R i c h a r d s o n  c o l l e c t i o n ,  1856 ( t h e  f o l l o w i n g  b e l o n g  

t o  G r e w i n g k i a  p u l c h e l l a : GSC 1989e ;  1989h ;  1 9 8 9 i ,  j ;

1989k ;  19891;  1989m, 1 9 8 9 n ) .

O t h e r  s p e c i m e n s  ( a l l  f ro m  t h e  T w e n h o fe l  c o l l e c t i o n ,  A n t i c o s t i  

I s l a n d ,  u n l e s s  o t h e r w i s e  s t a t e d ) :  YPM 5 0 8 a ;  u p p e r  member

( E n g l i s h  Head f a c i e s ) ,  V a u r e a l  F o r m a t i o n ;  E n g l i s h  H ead .

YPM 5 1 8 c ;  u p p e r  member ( E n g l i s h  Head f a c i e s ) ,  V a u r e a l  

F o r m a t i o n ;  West Bay.  YPM 5 1 4 a ;  E l l i s  Bay F o r m a t i o n ;

Cape J a m e s .  YPM 543 ;  E l l i s  Bay F o r m a t i o n ;  zone  21 o f
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T w e n h o f e l ' s V a u r e a l  R i v e r  s e c t i o n .  YPM 539a.; b a s a l  u n i t ,  

E l l i s  Bay F o r m a t i o n ;  zone  10 o f  T w e n h o f e l ’ s V a u r e a l  R i v e r  

s e c t i o n .  YPM 5 1 5 a ;  T w e n h o f e l f s  zone  2 ,  E l l i s  Bay 

F o r m a t i o n ;  c o r a l  an d  B e a t r i c e a  z o n e s ,  L o u se y  Cove.  USNK 

1 0 2 3 9 0 (2 ,  3) an d  YPM "G ra n d e  Coupe,  P e r c e ,  Q u e b e c " ( a ) ;  

S t e n o p a r e i a  f a u n a l  zone  o f  L e s p e r a n c e  ( 1 9 6 8 b ) ,  W hi te  Head 

F o r m a t i o n ;  G rande  C o u p e , 2 . 4  km N o f  P e r c e ,  Quebec .

O c c u r r e n c e : U pper  O r d o v i c i a n :  U pper  member (Lower

A s h g i l l i a n ) ,  V a u r e a l  F o r m a t i o n ,  a n d  E l l i s  Bay F o r m a t i o n  

( A s h g i l l i a n ,  ? G a m a c h i a n ) ; A n t i c o s t i  I s l a n d ,  Q uebec .

W h i te  Head F o r m a t i o n  (Lower  A s h g i l l i a n ) ;  P e r c e ,  Q uebec .

D i a g n o s i s : C o r a l l i t e s  t r o c h o i d ,  w e a k ly  c u r v e d ,  a n d  a t t a i n

m o d e r a t e  s i z e .  C a ly x  d e e p ,  c a l i c u l a r  b o s s  n o t  d e v e l o p e d .  

S m a l l  a x i a l  s t r u c t u r e  o f  a  f ew  d i l a t e d  s e p t a l  l o b e s  a n d  

l a m e l l a e .  S e p t a  g e n e r a l l y  c o m p l e t e l y  d i l a t e d  e x c e p t  i n  

l a t e  s t a g e s  i m m e d i a t e l y  b e lo w  c a l y x .  C a r d i n a l  s e p tu m  t h i n  

a n d  g e n e r a l l y  s h o r t  i n  l a t e  s t a g e s ,  i n  m o d e r a t e l y  b r o a d  

f o s s u l a .  M inor  s e p t a  m o d e r a t e l y  l o n g  an d  s o m e t im e s  e x t e n d  

a  s h o r t  d i s t a n c e  b e y o n d  t h e  m o d e r a t e l y  b r o a d  s t e r e o z o n e  i n  

w e a k ly  d i l a t e d  l a t e  s t a g e s .  T a b u l a e  r a r e .

D e s c r i p t i o n  o f  c o r a l l i t e s : The l o n g e s t  s p e c i m e n  o b s e r v e d

(YPM 514a)  i s  i n c o m p l e t e ,  a n d  h a s  a  l e n g t h  o f  50 mm. The 

b r o a d e s t  s p e c im e n  (YPM 5 15a )  h a s  a  d i a m e t e r  o f  27 mm. The 

maximum number  o f  s e p t a  o b s e r v e d  i s  44 a t  a  d i a m e t e r  o f  25 

mm (USNM 1 0 2 3 9 0 ( 3 ) ) .  The c o r a l l i t e s  a r e  t r o c h o i d  an d
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w e a k ly  c u r v e d .  V/eakly d e v e l o p e d  s e p t a l  g r o o v e s  and  

i n t e r s e p t a l  r i d g e s  a r e  so m e t im e s  p r e s e n t  (GSC 1989,  g ) .

The c a l y x  h a s  a  d e p t h  e q u a l  t o  0 .4  o f  t h e  c o r a l l i t e  l e n g t h  

(GSC 1989a ,  To; 1989c ,  d ) .

O n to g e n y  an d  i n t e r n a l  s t r u c t u r e s : I n  e a r l y  s t a g e s  t h e  m a j o r

s e p t a  e x t e n d  t o  t h e  a x i s .  I n  i n t e r m e d i a t e  s t a g e s ,  a  few 

c o m p l e t e l y  d i l a t e d  s e p t a l  l o b e s  a r e  p r e s e n t  a t  t h e  a x i s ,  

a n d  i n  l a t e  s t a g e s  a  few  d i l a t e d  s e p t a l  l a m e l l a e  so m e t im e s  

d e v e l o p  i n  t h e  s m a l l  a x i a l  s t r u c t u r e .  The number  o f  m a j o r  

s e p t a  a t  a  p a r t i c u l a r  d i a m e t e r  i s  shown i n  T e x t - f i g .  34 .

T e x t - f i g u i e  3 4 . — I l e l i c e l a s m a  s e l e c t a  ( B i l l i n g s ,  1 8 6 9 ) :  

r e l a t i o n  b e tw e e n  number' o f  m a jo r  s e p t a  (n )  and  c o r a l l i t e  

d i a m e t e r  (cl) or c r o s s - s e c t i o n a l  a r e a  ( a )  ( s e e  A pp .  8 ) .

The s e p t a  a r e  g e n e r a l l y  c o m p l e t e l y  d i l a t e d  e x c e p t  i n  l a t e  

s t a g e s  i m m e d i a t e l y  b e l o w  t h e  c a l y x ,  where  s e p t a  a r e  w e a k ly  

(USNM 102-390(3))  t o  u s u a l l y  s t r o n g l y  d i l a t e d .  I n  l a t e  

s t a g e s  t h e  c a r d i n a l  s e p tu m  i s  t h i n  a n d  g e n e r a l l y  v e r y  s h o r t .  

The c a r d i n a l  f o s s u l a  i s  m o d e r a t e l y  b r o a d .  The m in o r  s e p t a  

a r e  m o d e r a t e l y  l o n g  a n d  s o m e t im e s  e x t e n d  a  s h o r t  d i s t a n c e  

b ey o n d  t h e  m o d e r a t e l y  b r o a d  s t e r e o z o n e  i n  w e a k ly  d i l a t e d  

l a t e  s t a g e s . '  A f ew  t a b u l a e  a r e  s o m e t im e s  p r e s e n t  (GSC 

1989a ,  b ) .

M i c r o s t r u c t u r e : S e p t a l  f i b e r s  a r e  w e l l  d e v e l o p e d  an d
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T e x t - f i g u r e  3 4 . — H e l i c e l a s m a  s e l e c t a  ( B i l l i n g s ,  1 6 6 5 ) :  

r e l a t i o n  B e tw e en  number  o f  m a j o r  s e p t a  (n )  an d  c o r a l l i t e  

d i a m e t e r  (d )  or' c r o s s - s e c t i o n a l  a r e a  ( a )  ( s e e  App. 8 ) .
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t h e  t r a b e c u l a e  a r e  w e a k ly  i n c l i n e d  up t o w a r d  t h e  a x i s .  

L a m e l l a e  a r e  g e n e r a l l y  p r e s e n t  i n  t h e  s t e r e o z o n e .

D i s c u s s i o n : GSC 1988,  a - n  a r e  p r o b a b l y  t h e  s y n t y p e s  u s e d

by B i l l i n g s  i n  h i s  o r i g i n a l  d e s c r i p t i o n .  However ,  two 

s p e c i e s  a r e  r e p r e s e n t e d  i n  t h i s  c o l l e c t i o n .  One i s  

C -rew ingkia  p u l c h e l l a . The o t h e r  i s  c o n s i d e r e d  t o  be 

H e l i c e l a s m a  s e l e c t a , f ro m  w h ic h  t h e  l e c t o t y p e  a n d  

p a r a l e c t o t y p e s  a r e  h e r e i n  d e s i g n a t e d .  • B i l l i n g s 1 P e t r a i a  

p u l c h e l l a  was c o n s i d e r e d  a  synonym o f  P. s e l e c t a  by Lambe 

(1 9 0 1 )  an d  T w e n h o fe l  ( 1 9 2 8 ) ,  b u t  two s p e c i e s  a r e  d e f i n i t e l y  

i n v o l v e d .

I n  t h e  l a t e s t  o n t o g e n e t i c  s t a g e s ,  H. s e l e c t a  r e s e m b l e s

H. r a n d i  E l i a s ,  1976.  B o th  s p e c i e s  h a v e  a  s m a l l  a x i a l  

s t r u c t u r e  o f  a  few  d i l a t e d  s e p t a l  l o b e s  and  l a m e l l a e ,  and  

t h e  t h i n  c a r d i n a l  s e p tu m  o c c u r s  i n  a  m o d e r a t e l y  b r o a d  

f o s s u l a .  H ow ever ,  H. s e l e c t a  i s  d i s t i n c t  i n  h a v i n g  

c o m p l e t e l y  d i l a t e d  s e p t a  e x c e p t  i n  l a t e  s t a g e s  i m m e d i a t e l y  

b e lo w  t h e  c a l y x ,  a n d  i n  g e n e r a l l y  p o s s e s s i n g  f e w e r  s e p t a  

t h a n  H. r a n d i  a t  a  p a r t i c u l a r  c o r a l l i t e  d i a m e t e r  ( T e x t - f i g s .  

33 ,  3 4 ) .
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"G enus"  D e i r a c o r a l l i u m  N e l s o n ,  1963

1963.  D e i r a c o r a l l i u m  N e l s o n ,  p.  37 .

1976.  D e i r a c o r a l l i u m  E l i a s ,  p .  1 0 2 -1 0 6 .

D i s c u s s i o n : D e i r a c o r a l l i u m  was p r o p o s e d  by  N e l s o n  (1963)

t o  i n c l u d e  s o l i t a r y  c o r a l s  h a v i n g  a  m a r k e d l y  a n g u l a t e  

c o n v e x  c a r d i n a l  s i d e  a n d  s t r o n g l y  d i l a t e d  m a j o r  s e p t a  t h a t  

e x t e n d  t o  t h e  a x i s  w i t h o u t  t w i s t i n g .  T h i s  d i a g n o s i s  was 

b a s e d  on t h e  s m a l l  t y p e  s p e c i e s  D. m a n i t o b e n s e  N e l s o n ,

1963 .  T h i s  s p e c i e s  i s  p r o b a b l y  c o n s p e c i f i c  w i t h  D. 

a n g u l a t u m  ( B i l l i n g s ,  1862) o f  A n t i c o s t i  I s l a n d ,  a  

p o s s i b i l i t y  r e c o g n i z e d  by N e l s o n  (1963» p .  38) and  

d i s c u s s e d  u n d e r  t h e  s p e c i e s  h e r e i n .  D. g i g a n t e u m  N e l s o n ,  

1963 i s  o f  m o d e r a t e  s i z e  a n d  h a s  m a j o r  s e p t a  t h a t  t w i s t  i n  

t h e  a x i a l  r e g i o n .  D. d e l i c a t u m  E l i a s ,  1976 a t t a i n s  

m o d e r a t e l y  l a r g e  s i z e  an d  i n  l a t e r  o n t o g e n e t i c  s t a g e s  h a s  

w e a k l y  d i l a t e d  m a j o r  s e p t a  a n d  a n  a x i a l  s t r u c t u r e  o f  s e p t a l  

l o b e s  a n d  l a m e l l a e .  T h e r e f o r e ,  t h e  g e n u s  was e x p an d e d  by 

E l i a s  (1 9 7 6 )  t o  i n c l u d e  f o rm s  w i t h  a n  a x i a l  s t r u c t u r e .

The f o l l o w i n g  p o i n t s  m u s t  b e  c o n s i d e r e d  i n  e v a l u a t i n g  

t h e  r e l a t i o n s h i p s  o f  D e i r a c o r a l l i u m , G r e w i n g k i a  D ybowsk i ,  

1873; an d  L e o la s m a  K a l j o ,  1956 ( T e x t - f i g .  2 6 a ,  b ) :

1. L a r g e  s p e c i e s  o f  D e i r a c o r a l l i u m  s u c h  a s  D. d e l i c a t u m  

d i f f e r  f ro m  G r e w i n g k i a  i n  t h a t  t h e  c o r a l l i t e s  a r e  

g e n e r a l l y  c o m p r e s s e d  a n d  t h e  a x i a l  s t r u c t u r e  i s  f i n e r  and  

s m a l l e r .  H owever ,  G. r o b u s t a  ( W h i t e a v e s ,  1896) and  G.
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h a y s i  (Keek,  1865)  a r e  s o m e t im e s  c o m p r e s s e d ,  and  b o t h  D. 

d e l i c a t u m  and  G_. r o b u s t a  c an  be t r i a n g u l a t e  t o  w e ak ly  

t r i l o b a t e .  The s i g n i f i c a n c e  o f  e x t e r n a l  fo rm  a s  a  

d i a g n o s t i c  g e n e r i c  t r a i t  i s  q u e s t i o n a b l e .  V a r i a b i l i t y  i n  

t h e  c o m p l e x i t y  an d  s i z e  o f  t h e  a x i a l  s t r u c t u r e  i n  

G r e w i n g k i a  i s  g r e a t ,  a s  w i l l  be d i s c u s s e d  u n d e r  t h a t  

" g e n u s " .

2 .  E x c e p t  f o r  e x t e r n a l  f o rm ,  s m a l l  s p e c i e s  s u c h  a s  D. 

a n g u l a t u m  r e s e m b l e s  L e o la s m a .  The m a j o r  s e p t a  a r e  

s t r o n g l y  t o  c o m p l e t e l y  d i l a t e d  u n t i l  i m m e d i a t e l y  b e lo w  t h e  

c a l y x  w here  d i l a t i o n  d e c r e a s e s  e x c e p t  a r o u n d  t h e  a x i s ,  

a n d  t a b u l a e  a r e  n o t  d e v e l o p e d .
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Deiracorallium angulatum (Billings, 1862)

P l a t e  4 ,  f i g s .  2 0 -3 2

1862.  P e t r a i a  a n g u l a t a  B i l l i n g s ,  p .  103, f i g s .

9 0 a ,  To,

1901.  S t r e p t e l a s m a  a n g u l a t u m  ( E i l l i n g s ) .  Lambe, 

p .  112.

1928.  S t r e p t e l a s m a  a n g u l a t u m  ( B i l l i n g s ) .  T w e n h o fe l ,  

p .  111, 112, P I .  3,  f i g .  5.

1937.  " S t r e p t e l a s m a  a n g u l a t u m  ( B i l l i n g s ) " ,  Cox, 

p .  4 ,  P I .  1, f i g .  5.

1943.  [ ? ]  S t r e p t e l a s m a  t r i l o b a t u m  ( W h i t e a v e s ) .

O k u l i t c h ,  P I .  1, f i g s .  13, 14.

1959b .  [ ? ]  " S t r e p t e l a s m a  a n g u l a t u m  ( B i l l i n g s ) " .

N e l s o n ,  P I .  4 ,  f i g s .  2 a ,  b .

1963.  [ ? ]  D e i r a c o r a l l i u m  m a n i t o b e n s e  N e l s o n ,  p .  37 ,

38 ,  P I .  13,  f i g s .  1, 2 a ,  b .

1963.  [ ? ]  D e i r a c o r a l l i u j n  m a n i t o b e n s e  v a r .

c h u r c h i l l e n s e  N e l s o n ,  p .  3 8 , P-l. 13, f i g s .

3 a ,  b .

L e c t o t y p e  ( d e s i g n a t e d  h e r e i n ) :  C-SC 1984,  a ;  u p p e r  member,

a b o u t  30+ m b e lo w  t o p  o f  V a u r e a l  F o r m a t i o n ;  w e s t  end 

camp, A n t i c o s t i  I s l a n d ,  Q uebec ;  PLi c h a r d s o n  c o l l e c t i o n ,  

1856.

O t h e r  s p e c i m e n s : GSC l o c .  84419 (28  s p e c i m e n s ) ;  u p p e r
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member, 60+ m b e lo w  t o p  o f  V a u r e a l  F o r m a t i o n ;  m a in  

h ig h w a y  s e c t i o n  on u p p e r  e l e v a t i o n  e a s t  o f  P o t a t o e  R i v e r  

c r o s s i n g ,  A n t i c o s t i  I s l a n d ,  Q uebec ;  B o l t o n  c o l l e c t i o n .

YPM 5 0 6 a - d ;  T w e n h o f e l 1s zone  5, u p p e r  member , V a u r e a l  

F o r m a t i o n ;  A n t i c o s t i  I s l a n d ,  Q uebec ;  T w e n h o fe l  c o l l e c t i o n .

O c c u r r e n c e : U p p e r  O r d o v i c i a n  (Lower A s h g i l l i a n ) : u p p e r

member , V a u r e a l  F o r m a t i o n ;  A n t i c o s t i  I s l a n d ,  Quebec .

D i a g n o s i s : C o r a l l i t e s  c e r a t o i d  t o  t r o c h o i d ,  w ea k ly  t o

m o d e r a t e l y  c u r v e d ,  c o m p r e s s e d ,  t r i a n g u l a t e ,  a n d  o f  s m a l l  

s i z e .  C a l y x  d e e p ,  w i t h o u t  c a l i c u l a r  b o s s .  M a jo r  s e p t a  

e x t e n d  t o  a x i s  a n d  a r e  v e r y  s t r o n g l y  t o  c o m p l e t e l y  d i l a t e d  

u n t i l  i m m e d i a t e l y  b e lo w  c a l y x  w h ere  d i l a t i o n  d e c r e a s e s  

e x c e p t  a r o u n d  t h e  a x i s .  C a r d i n a l  s e p tu m  s h o r t  a n d  t h i n  i n  

l a t e s t  s t a g e s ,  when f o s s u l a  i s  l o n g  a n d  n a r r o w .  M inor  

s e p t a  c o n f i n e d  t o  o r  may e x t e n d  w e l l  b eyond  t h e  m o d e r a t e l y  

w id e  s t e r e o z o n e  i n  l a t e s t  s t a g e s .  T a b u l a e  a b s e n t .

D e s c r i p t i o n  o f  c o r a l l i t e s : The l a r g e s t  c o r a l l i t e  ex am in ed

h a s  a  l e n g t h  o f  23 mm. The maximum num ber  o f  m a j o r  s e p t a  

o b s e r v e d  i s  36 a t  a  h e i g h t  o f  9 ™  (C-SC l o c .  8 4 4 1 9 ( b ) ) .

The c o r a l l i t e s  a r e  c e r a t o i d  t o  t r o c h o i d .  They a r e  w e a k ly  

t o  m o d e r a t e l y  c u r v e d ,  s t r o n g l y  c o m p r e s s e d ,  a n d  t r i a n g u l a t e  

i n  e a r l y  s t a g e s .  L a t e r ,  c u r v a t u r e  d e c r e a s e s ,  c o r a l l i t e  

e x p a n s i o n  d e c r e a s e s  o r  c e a s e s ,  an d  c o m p r e s s i o n  an d  

t r i a n g u l a t i o n  d e c r e a s e .  V/eakly d e v e l o p e d  s e p t a l  g r o o v e s  

a n d  i n t e r s e p t a l  r i d g e s  a r e  p r e s e n t  on t h e  e p i t h e c a .  The
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c a l y x  h a s  a  d e p t h  e q u a l  t o  0 . 3  o f  t h e  c o r a l l i t e  l e n g t h .  A 

c a l i c u l a r  b o s s  i s  n o t  d e v e l o p e d .

O n to g e n y  a n d  i n t e r n a l  s t r u c t u r e s : The m a j o r  s e p t a  e x t e n d

t o  o r  a l m o s t  t o  t h e  a x i s  t h r o u g h o u t  o n t o g e n y .  The number  

o f  m a j o r  s e p t a  a t  a  p a r t i c u l a r  h e i g h t  i s  shown i n  T e x t - f i g .  

3 5 .  As would  be  e x p e c t e d ,  t r o c h o i d  c o r a l l i t e s  h a v e  more

T e x t - f i g u r e  3 5 . — Dei.: a c o :  a l l i u m : r e l a t i o n  b e tw e e n  number o f

m a j o r  s e p t a  ( n ) , c o i a l l i t e  h e i g h t  ( h ) ,  and  c o r a l l i t e  fo rm ,  

a - d ,  GSC l o c .  8 4 4 1 9 a - d ,  D. a n g u l a t u m  ( B i l l i n g s ,  1 8 6 2 ) ,  

V a u r e a l  Fm. , A n t i c o s t i  I s . ,  Quebec;  e_, GSC 10846,  p a r a t y p e  

o f  D. m a n i t o b e n s e  N e l s o n ,  1963, m br .  n o .  1, C a u t i o n  C re e k  

F m . , n o r t h e r n  M a n i t o b a ;  f ,  GSC 10847,  h o l o t y p e  o f  D. 

m a n i t o b e n s e  v a r a  chur c - h i l l e n s e  N e l s o n ,  1963, mbr.  n o .  1, 

Chasm C r e e k  F m . , n o r t h e r n  M a n i t o b a ;  £ ,  h ,  UK 266,  346,  

D e i r a c o r a l l i u m  s p . , C u n n ’K b r , ,  S to n y  M o u n ta in  F m . , S to n y  

M o u n ta i n ,  M a n i to b a  ( s e e  App. 8 ) .

s e p t a  a t  a  . p a r t i c u l a r  h e i g h t  t h a n  c e r a t o i d  f o r m s .  The 

s e p t a  a r e  v e r y  s t r o n g l y  t o  c o m p l e t e l y  d i l a t e d  u n t i l  

i m m e d i a t e l y  b e lo w  t h e  c a l y x  w h ere  d i l a t i o n  d e c r e a s e s  e x c e p t  

a r o u n d  t h e  a x i s .  The c a r d i n a l  s e p tu m  i s  s h o r t  a n d  t h i n  i n  

l a t e  s t a g e s ,  a n d  t h e  c a r d i n a l  f o s s u l a  i s  n a r r o w .  I n  l a t e  

s t a g e s  i m m e d i a t e l y  b e lo w  t h e  c a l y x ,  t h e  m in o r  s e p t a  may be 

c o n f i n e d  t o  (GSC l o c .  8 4 4 1 9 ( a ) )  o r  e x t e n d  w e l l  b ey o n d  t h e  

m o d e r a t e l y  b r o a d  s t e r e o z o n e  (GSC l o c .  8 4 4 1 9 ( b ) ) .  T a b u l a e
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T e x t - f i g u r e  3 5 . — D e i r a  c- o r  a 11 i u m : r e l a t i o n  b e t w e e n  num ber  o f

m a j o r  s e p t a  ' ( n ) , c o x a l l i t e  h e i g h t  ( h ) , and  c o r a l l i t e  f o rm ,  

a - d ,  GSC l o c .  8 4 4 1 9 a - d ,  D. a n g u l a t u m  ( B i l l i n g s ,  1 8 6 2 ) ,  

V a u r e a l  Fra.,  A n t i c o s t i  I s . ,  Quebec ;  e, GSC 10846,  p a r a t y p e  

o f  D. m a n i t o b e n s e  N e l s o n ,  1963» m b r .  n o .  1, C a u t i o n  C r e e k  

F m . , n o r t h e r n  M a n i t o b a ;  f ,  GSC 10847,  h o l o t y p e  o f  D. 

m a n i t o b e n s e  v a r .  c h u r c h i l l e n s e  N e l s o n ,  1963> m br .  n o .  1, 

Chasm C r e e k  F m . , n o r t h e r n  M a n i t o b a ;  £ ,  h ,  UM 266 ,  346 ,  

D e i r a c o r a l l i u m  s p . , Gunn M b r . ,  S t o n y  M o u n ta i n  F m . , S to n y  

M o u n ta i n ,  M a n i t o b a  ( s e e  App.  8 ) .
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t r o c h o i d  c o r a l l i t e

40

n

2 0O

• e

c e r a t o i d
c o r a l l i t e

h, mm

T e x t- f ig .  35

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



2 7 5

a r e  n o t  d e v e l o p e d .

Microstructure: Septal fibers are well developed and the
trabeculae are weakly inclined up toward the axis.
Lamellae are not present in the stereozone.

D i s c u s s i o n : B i l l i n g s ’ o r i g i n a l  d e s c r i p t i o n  was b a s e d  on

t h r e e  s y n t y p e s ,  one  o f  w h ic h  was f i g u r e d .  T w e n h o fe l  (1928)  

l i s t e d  an d  f i g u r e d  t h e  h o l o t y p e  a s  GSC 1984 an d  l i s t e d  one 

p a r a t y p e  a s  GSC 198 4 a .  Cox (1 9 3 7 )  l i s t e d  an d  f i g u r e d  t h e  

h o l o t y p e  a s  GSC 1984a ,  t h e  o r i g i n a l  o f  B i l l i n g s '  f i g u r e .

The specimen represented in Billings' figure is presently 
unknown. GSC 1984 is the specimen figured by Twenhofel, 
and GSC 1984a is a thin section of GSC 1984.  This is the 
only known syntype, and is herein designated as the lecto- 
type of Deiracorallium angulatum.

Specimens of Deiracorallium in the Stony Mountain 
Formation of southern Manitoba were assigned to Streptelasma 
trilobatum by Okulitch ( 1 9 4 3 ) ,  to "S_. angulatum" by Nelson 
( 1 9 5 9 h ) ,  and to D. manitobense by Nelson ( 1 9 6 3 ) .  Similar 
specimens from the Caution Creek and Chasm Creek Formations 
of northern Manitoba were assigned to D. manitobense and D. 
manitobense var. churchillense by Nelson ( 1 9 6 3 ) .  These 
corals from Manitoba are probably conspecific with D. 
angulatum, a possibility recognized by Nelson (1 9 6 3 ,  p. 3 8 ) .  

All have similar numbers of septa at a particular height 
(Text-fig. 3 5 ) .  Definite assignment must await further
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s e c t i o n i n g  an d  s t u d y  o f  t h e  f o rm s  f ro m  M a n i t o b a .

D e i r a c o r a l l i u m  a n g u l a t u m  r e s e m b l e s  L e o la sm a  K a l j o ,  

1956 ( s e e  B. Neuman, 1975,  p .  337) i n  h a v i n g  a  s o l i d  a x i a l  

s t r u c t u r e  o f  f u s e d  m a j o r  s e p t a  i n  l a t e r  s t a g e s .  H owever ,  

D e i r a c o r a l l i u m  i s  c o m p r e s s e d  a n d  t r i a n g u l a t e ,  a n d  l a r g e r  

s p e c i e s  s u c h  a s  D. d e l i c a t u m  E l i a s  (1 9 7 6 ,  p .  1 0 7 -1 1 1 )  

d e v e l o p  a  f i n e  a x i a l  s t r u c t u r e  i n  l a t e  s t a g e s .
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"Genus"  G r e w i n g k i a  D ybow sk i ,  1873

1969* Crew ind ic ia  B. Neuman, p .  3 3 - 3 6 .

1974.  G r e w in g k ia  I.lcLean, p .  4 2 - 4 4 .

1976.  G r e w in g k ia  E l i a s ,  p .  9 4 - 6 0 .

D i s c u s s i o n : U n t i l  N eum an 's  (1 9 6 9 )  e x a m i n a t i o n  o f

v a r i a b i l i t y  w i t h i n  G r e w i n g k i a , d i a g n o s e s  o f  t h e  " g e n u s "  

w ere  b a s e d  a l m o s t  e n t i r e l y  on c h a r a c t e r i s t i c s  o f  t h e  t y p e  

s p e c i e s  G. b u c e r o s  ( B i c h w a l d ,  1856)  a l o n e .  Neuman (1 9 6 9 ,  

p .  3 3 ) n o t e d  t h a t  t h e  d e g r e e  o f  s e p t a l  d i l a t i o n  an d  n a t u r e  

o f  t h e  a x i a l  s t r u c t u r e  a r e  t h e  m o s t  v a r i a b l e  m o r p h o l o g i c  

f e a t u r e s .  As p r e s e n t l y  u n d e r s t o o d ,  t h e  " g e n u s "  i n c l u d e s  

s p e c i e s  s u c h  a s  G. p e n o b s c o t e n s i s  n .  s p .  an d  G. a n g u i n e a  

( S c h e f f e n ,  1933) h a v i n g  w e a k ly  d i l a t e d  m a j o r  s e p t a  i n  e a r l y  

o n t o g e n e t i c  s t a g e s ,  t o  G. r u s t i c a  ( B i l l i n g s ,  1858)  i n  w h ic h  

d i l a t i o n  i s  c o m p l e t e  i n  e a r l y  s t a g e s  a n d  v e r y  s t r o n g  e v e n  

i n  l a t e r  s t a g e s .  I n  g e n e r a l ,  t h e  a x i a l  s t r u c t u r e  o f  

G r e w i n g k i a  i s  r e l a t i v e l y  l a r g e  a n d  c o n s i s t s  o f  n u m ero u s  

s e p t a l  l o b e s  an d  l a m e l l a e  i n  l a t e r  s t a g e s .

The u n c e r t a i n  r e l a t i o n s h i p s  o f  G r e w i n g k i a , S t r e p t e l a s m a  

H a l l ,  1847,  H e l i c e l a s m a  Neuman, 1969» an d  D e i r a c o r a l l i u m  

N e l s o n ,  1963 were  d i s c u s s e d  u n d e r  t h e  l a t t e r  t h r e e  " g e n e r a " .  

The f o l l o w i n g  p o i n t s  s u g g e s t  t h a t  t h e  s e q u e n c e  B o r e l a s m a  

Neuman, 1969 H e l i c e l a s m a  — > G r e w i n g k i a  —> L o b o c o r a l l i u m  

N e l s o n ,  1963 i s  g r a d a t i o n a l  ( T e x t - f i g .  2 6 a ) :

1. The s i n g l e  s p e c i e s  G. c a n a d e n s i s  ( B i l l i n g s ,  1862) i s
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highly variable and includes corallites having an open 
axial iegion as in Borelasma, those resembling Helicelasma 
in having major septa that extend to the axis, and forms 
with simple to complex axial structures characteristic of 
Grewingkia.
2.  The following continuous morphologic sequence between 
Grewingkia and Lobocorallium is recognized, and involves 
an increase in the degree of trilobation and septal 
dilation, and a decrease in the number of tabulae: G.
robusta (Whit eaves, 1896) —t* G. hay si (Meek, 1865) —* L. 
trilobatum subsp. vaurealensis (Twenhofel, 1928) L. 
trilobaturn (Whiteaves, 1 8 9 5 ) .
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Grewingkia canadensis (Billings, 1862)

P l a t e  4 ,  f i g s .  3 3 - 5 3 ;  P l a t e  5,  f i g s .  1 - 4 6 ;

P l a t e  6 , f i g s .  1-34

1851.  Streptelasma corniculum Hall [partim]. Milne-
Edwards and Haime, p.  398 ,  399 > P I .  7 ,  f i g s .

4 , a , b «
1862.  Z a p h r e n t i s  c a n a d e n s i s  B i l l i n g s ,  p .  105, 106, 

f i g s .  9 3 a - c .

1863. Petraia  canadensis B i l l in g s .  Geol. Surv. Can., 

f i g .  205, p. 208.

1 8 7 5 a . . S t r e p t e l a s m a  c o r n i c u l u m  H a l l  [ p a r t i m ] .

N i c h o l s o n ,  p .  26 ,  27 .

1875b.  S t r e p t e l a s m a  c o r n i c u l u m  H a l l  [ p a r t i m ] .

N i c h o l s o n ,  p .  218 ,  21 S..

1876.  Streptelasma corniculum Hall [partim].
R o m in g e r ,  p .  142,  143> P I .  51 ,  u p p e r  t i e r

[ p a r t i m ] .

1882.  S t r e p t e l a s m a  c o r n i c u l u m  H a l l  [ p a r t i m ] , p .  376 ,

“ P I .  51 ,  f i g s .  2 - 4 .

1901.  S t r e p t e l a s m a  r u s t i c u m  ( B i l l i n g s )  [ p a r t i m ] .

Lambe, p .  1 1 0 -1 1 2 ,  P I .  7 ,  f i g s .  2 ,  a ,  3 .

1908.  S t r e p t e l a s m a  r u s t i c u m  ( B i l l i n g s )  [ p a r t i m ] .

Cumings ,  p .  70 8 ,  7 0 9 ,  P I .  2,  f i g s .  2 ,  a ,  b .

1909.  S t r e p t e l a s m a  v a g a n s  P o e r s t e ,  p .  305 ,  306 ,  P I .

1 1 , f i g s .  1a - c .
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1 9 0 9 . S t r e p t e l a s m a i n s o l i t u m F o e r s t e ,  p .  306 ,  P I .  10,

f i g .  3.

1 9 0 9 . S t r e p t e l a s m a d isnandurn F o e r s t e ,  p .  307,  P I .  9,

f i g s .  4 a ,  b .

1 9 2 4 . S t r e p t e l a s m a r u s t i c u m ( B i l l i n g s )  [ p a r t i m ] .

F o e r s t e ,  p .  i65 ,  66 ,  P I . 1,  f i g s .  1 a - c ,  2 a - c ,

P I .  2,  f i g s . 6 a - c .

1 9 2 4 . S t r e p t e l a s m a d i s p a n d u m  F o e r s t e ,  p .  66 ,  67 ,  P I .

2,  f i g .  4 .

1 9 3 2 . S t r e p t e l a s m a r u s t i c u m ( B i l l i n g s ) .  E a s s l e r ,  P I .

24 ,  f i g s .  16 , 17.

1 9 3 7 . S t r e p t e l a s m a r u s t i c u m ( B i l l i n g s )  [ p a r t i m ] .

Cox, p .  1 1 - 1 3 ,  P I .  2, f i g s .  11, 1 2 a - c ,  1 3 a - d .

1948. S t r e p t e l a s m a r u s t i c u m ( B i l l i n g s ) .  C.W. W i l s o n ,

P I .  19, f i g s . 26 ,  27 .

1949. S t r e n t e l a s m a r u s t i c u m ( B i l l i n g s ) .  C.W. W?i l s o n ,

P I .  19, f i g s . 26 ,  27 .

1963. S t r e p t e l a s m a a r c t i c u m drummondense Stumm, p .

27 ,  P I .  2 ,  f i g s .  4 - 7 .

1 9 6 4 . ~ G r e w i n g k i a  r u s t i c a  ( B i l l i n g s ) .  L i b e r t y ,  P I .  6 ,  

f i g .  8 .

1967.  G r e w i n g k i a  r u s t i c a  ( B i l l i n g s ) .  Simmons and  

O l i v e r ,  p .  F9-F10 . .

1967.  " S t r e p t e l a s m a *1 s p p .  A-E a n d  a n g u l a t u m

( B i l l i n g s ) .  Simmons a n d  O l i v e r ,  p .  F 1 0 .

1972 .  G r e w i n g k i a  r u s t i c a  ( B i l l i n g s ) .  B o l t o n  and
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C o p e l a n d ,  P I .  B, f i g s .  9> 11*

L e c t o t y p e  ( d e s i g n a t e d  h e r e i n ) :  CSC 1983h ,  i ;  u p p e r

member , G e o r g i a n  Bay F o r m a t i o n ;  Drummond I s l a n d ,  M ic h i g a n ;  

M u rray  c o l l e c t i o n ,  1847.

P a r a l e c t o t y p e s  ( d e s i g n a t e d  h e r e i n ) :  GSC 1983,  a ;  1983b,

c ,  e ;  1983d;  1 9 S 3 f ,  g ;  u p p e r  member,  G e o r g i a n  Bay

F o r m a t i o n ;  Drummond I s l a n d ,  M i c h i g a n ;  M u rray  c o l l e c t i o n ,

1847.

O t h e r  s p e c i m e n s : UCGM 4 3 1 3 3 - 4 5 9 0 0 ;  Richmond G roup ;  C i n c i n n a t i

A r c h  r e g i o n ,  C h i o - I n d i a n a - K e n t u c k y  ( s e e  T e x t - f i g .  3 f o r  

s t r a t i g r a p h i c  p o s i t i o n s  and  l o c a t i o n ) ; S l i a s  c o l l e c t i o n .

USNM 70024 (2 o f  3 s p e c i m e n s ) ; " W a y n e s v i l l e "  s t r a t a  ( b a s e  o f  

C l a r k s v i l l e ) ,  Richmond G io u p ;  n e a r  C l a r k s v i l l e ,  O h io .  USNM 

70487  (4 s p e c i m e n s ) ;  " W a y n e s v i l l e "  s t r a t a  ( l o w e r  1 m o f  

C l a i k s v i l l e ) , Richmond G roup;  S to n y  H o l lo w ,  C l a r k s v i l l e ,

O h io .  USNM 78749  (syntype o f  S_. v a g a n s  F o e r s t e ,  1 9 0 9 ) ;

" L i b e r t y "  s t r a t a ,  Richmond G roup;  T a t e ' s  H i l l ,  D a y to n ,  O h io .  

USNM 8 4 8 7 1 - ( 2  s p e c i m e n s ) ;  " L i b e r t y "  o r  " W h i t e w a t e r "  s t r a t a ,  

Richmond G roup ;  T a t e ’ s H i l l ,  D a y to n ,  O h io .  USNM 78742 (5 

svn types  o f  S. d i s c a n d u m  F o e r s t e ,  1 9 0 9 ) ;  " W a y n e s v i l l e "  

( B l a n c h e s t e r ) s t r a t a ,  Richmond Gr'oup; M o o re ’ s H i l l ,  I n d i a n a .  

USNM 84870 ( h o l o t y p e  o f  S_. i n s o l i  turn F o e r s t e ,  1909) ;

" W h i t e w a t e r "  s t r a t a ,  Richmond G roup ;  SB o f  W e s t p o r t ,  I n d i a n a .  

USNM 9719 (9  s p e c i m e n s ) ;  " W a y n e s v i l l e "  s t r a t a ,  Richmond G roup;  

r a i l r o a d  c u t ,  M a d is o n ,  I n d i a n a .  USNM 15587; " W h i t e w a t e r "
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s t r a t a ,  Richmond Group;  C o n n e r s v i l l e , I n d i a n a .  O t te r -  C re e k  

c o r a l  b e d ,  P r e a c h e r s v i l l e  Member , D r a k e s  F o r m a t i o n  ( s e e  

Simmons and  O l i v e r , 1 9 8 7 ) :  USGS l o c .  4662-CO (4 s p e c i m e n s ) ,  

L a n c a s t e r  q u a d . ,  L i n c o l n  C o . ,  K e n tu c k y ;  USGS loc. D1370-C0 (26 

s p e c i m e n s ) ,  Richmond N o r t h  q u a d . ,  M a d is o n  C o . ,  K e n t u c k y ;  USGS 

l o c .  9308-CO (1 s p e c i m e n ) ,  U n ion  C i t y  q u a d . ,  M ad iso n  C o . ,  

K en tu ck y ;  USGS lo c .  4468-CO (11 s p e c i m e n s ) , P a lm e r  q u a d . ,  E s t i l l  

C o . ,  K e n tu c k y ;  USGS loc .  4545-CO (6 s p e c i m e n s )  , P a lm e r  q u a d . ,  

M a d iso n  C o . ,  K e n tu c k y ;  USGS lo c . 4760-C0 (6 s p e c i m e n s ) ,  P a lm e r  

q u a d . ,  C l a r k  C o . ,  K e n t u c k y .  UCGIvI 4 5 5 0 1 - 4 5 5 3 6 ;  Richmond Group ;  

G o o d l e t t s v i l l e - G a l l a t i n  a r e a ,  T e n n e s s e e  ( s e e  T e x t - f i g ,  3 f o r  

s t r a t i g r a p h i c  p o s i t i o n s  an d  l o c a t i o n s ) ;  E l i a s  c o l l e c t i o n .

USKK 102371 (7  s p e c i m e n s ) ;  A rn h e im  F o r m a t i o n  (R h y n c h o t r e m a  

d e n t a t u m  b e d ,  m i d d l e  d i v i s i o n  o f  Richmond G roup) ;  6.4 km NE o f  

G o o d l e t t s v i l l e ,  T e n n e s s e e .  USNM 42512 (21 s p e c i m e n s ) ;  6 . 4  

km NE o f  G o o d l e t t s v i l l e ,  T e n n e s s e e .  USGS 370U (6 s p e c i m e n s ) ;  

B a s s l e r ' s  bed  5, Richmond G roup ;  n e a r  B a k e r s ,  T e n n e s s e e .

USNM 80609; Arnheim Formation; near Bakers, Tennessee.

USNM 42515 (13 s p e c i m e n s ) ;  A rn h e im  F o r m a t i o n ;  0 . 8  km S o f  

D is m u k e s ,  Sumner- C o . ,  T e n n e s s e e .  USGS 34777; c o l o n i a l  c o r a l  

b e d  a t  top- o f  M aq u o k e ta  G ro u p ;  N’.7|-, s e c .  17, T27N, R24E,

L i t t l e  S t u r g e o n  Bay,  W i s c o n s i n ;  U l r i c h  c o l l e c t i o n .  USGS 

433K (G. c f .  c a n a d e n s i s , 6 s p e c i m e n s ) ; c o l o n i a l  c o r a l  bed  a t  

t o p  o f  M aquoke ta  S h a l e ;  L i t t l e  S t u r g e o n  Bay,  W i s c o n s i n ;

U l r i c h  an d  K e s l e r  c o l l e c t i o n .  UCGM 4 5 5 3 7 - 4 5 5 6 2 ,  4 5 612 ;  

upper- M ea fo rd  b e d s ,  u p p e r  member,  G e o r g i a n  Eay F o r m a t i o n ;

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



2 8 3

Drummond I o l a n u ,  I l i ch ig -an  ( s e e  T e x t - f i g .  18 f o r  s t r a t i g r a p h i c  

p o s i t i o n s  and l o c a t i o n s )  ; E l i a s  c o l l e c t i o n .  UIvI.ID 26927 ,

46 3 9 3 ,  4 5394 ( h o l o t y p e  and  p n r a t y p e s  o f  S. a r c t i c u r n  

d iummondense  Sturnm, 1 9 6 3 ) ;  u p p e r  M e a fo rd  t e d s ,  u p p e r  member, 

G e o r g i a n  Bay F o r m a t i o n ;  S s i d e  o f  P o t a g a n i s s i n g  Bay,  Poe 

P o i n t ,  Drummond I s l a n d ,  M i c h i g a n ;  H u s se y  c o l l e c t i o n .  UCGI1 

4 5 5 6 3 -4 5 5 9 1 ;  M e a fo rd  b e d s ,  u p p e r  member , G e o r g i a n  Bay 

F o r m a t i o n ;  I J a n i t o u l i n  I s l a n d ,  O n t a r i o  ( s e e  T e x t - f i g .  18 f o r  

s t r a t i g r a p h i c  p o s i t i o n s  and  l o c a t i o n s ) ; E l i a s  c o l l e c t i o n .

LU M75-1 t o  7 ( p l u s  6 s p e c i m e n s )  ; u p p e r  Y/ekwemikongsing b e d s ,  

l o w e r  member, G e o r g i a n  Bay F o r m a t i o n ;  l o c a l i t y  1.175, I r a n i t o u l i n  

I s l a n d ,  O n t a r i o  ( s e e  T e x t - f i g .  18 f o r  s t r a t i g r a p h i c  p o s i t i o n  

an d  l o c a t i o n ) .  LU M 61a-2 ,  3,  5 -7  ( p l u s  8 s p e c i m e n s ) ;

I l e a f o r d  b e d s ,  u p p e r  member-, G e o r g i a n  Bay F o r m a t i o n ;  l o c a l i t y  

MS 1a,  M a n i t o u l i n  I s l a n d ,  O n t a r i o  ( s e e  T e x t - f i g .  18 f o r  

s t r a t i g r a p h i c  p o s i t i o n  and  l o c a t i o n ) .  GSC 8530 ,  a - c ,  e - j  

(10 s p e c i m e n s ) ;  I l e a f o r d  b e d s ,  u p p e r  member-, G e o r g i a n  Bay 

F o r m a t i o n ;  g u l l y  N o f  l i g h t h o u s e ,  M a n i t o w a n i n g , M a n i t o u l i n  

I s l a n d ,  O n t a r i o ;  F o e r s t e  c o l l e c t i o n .  GSC 8529 ,  h - d  (4 

s p e c i m e n s ) ;  8528 ,  a - d  (5  s p e c i m e n s ) ;  8573&-C (3 s p e c i m e n s ) ;  

C-SC l o c .  6259 (1 s p e c i m e n ) ;  Ivleaford b e d s ,  u p p e r  member, 

G e o r g i a n  Bay F o r m a t i o n ;  C la y  C l i f f s ,  M a n i t o u l i n  I s l a n d ,  

O n t a r i o ;  F o e r s t e  c o l l e c t i o n .  GSC 1982,  a ;  b ,  c ;  d ,  e ;  

ft g ;  i ;  k ,  1 (6  s p e c i m e n s ) ;  M e a fo rd  b e d s ,  u p p e r  member, 

G e o r g i a n  Bay F o r m a t i o n ;  Cape S m i t h ,  M a n i t o u l i n  I s l a n d ,
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O n t a r i o ;  B e l l  c o l l e c t i o n ,  1859.  GSC 8531 ;  u p p e r  

G e o r g i a n  Bay F o r m a t i o n ;  3 . 2  Ion N’.V o f  M ea fo rd  on r o a d  t o  

Cape R i c h ,  O n t a r i o ;  F o e r s t e  c o l l e c t i o n .

O c c u r r e n c e : U pper  O r d o v i c i a n  ( R i c h m o n d i a n ) : " W a y n e s v i l l e "

s t r a t a  t o  t o p  o f  Richmond G ro u p ;  C i n c i n n a t i  A r c h  r e g i o n ,  

O h i o - I n d i a n a - K e n t u c k y .  T h r o u g h o u t  t h e  Richmond G roup ;  

G o o d l e t t s v i l l e - G a l l a t i n  a r e a ,  T e n n e s s e e .  M e a fo rd  b e d s ,  

u p p e r  member , G e o r g i a n  Bay F o r m a t i o n ;  Drummond I s l a n d ,  

M i c h i g a n .  Top o f  l o w e r  member (Wekwemikongsing  b e d s ) ,  a n d  

M e a fo rd  b e d s  o f  u p p e r  member,  G e o r g i a n  Bay F o r m a t i o n ;  

M a n i t o u l i n  I s l a n d ,  O n t a r i o .  Top o f  G e o r g i a n  Bay F o r m a t i o n ;  

M e a fo r d ,  O n t a r i o .  Top o f  M a q u o k e ta  G roup ;  L i t t l e  S t u r g e o n  

Bay,  M ic h i g a n .

D i a g n o s i s : C o r a l l i t e s  c e r a t o i d  t o  t r o c h o i d  a n d  u s u a l l y

become c y l i n d r i c a l  i n  l a t e  s t a g e s ,  g e n e r a l l y  v e r y  w e a k ly  

c u r v e d ,  a n d  a t t a i n  l a r g e  s i z e .  C a l y x  d e e p  w i t h  m o d e r a t e l y  

c o n v e x  c a l i c u l a r  b o s s  when a x i a l  s t r u c t u r e  i s  d e v e l o p e d .

A x i a l  s t r u c t u r e  g e n e r a l l y  o f  m o d e r a t e  s i z e  a n d  

m o d e r a t e l y  co m plex  c o n s i s t i n g  o f  s e p t a l  l o b e s  a n d  l a m e l l a e ,  

b u t  v a r i e s  f ro m  v e r y  co m p lex  w i t h  many s e p t a l  l a m e l l a e  t o  

s i m p l e  w i t h  o n l y  a  f ew  s e p t a l  l o b e s  o r  n o n e  a t  a l l .  M a jo r  

s e p t a  c o m p l e t e l y  d i l a t e d  i n  e a r l y  s t a g e s ,  s t r o n g l y  t o  

c o m p l e t e l y  d i l a t e d  i n  i n t e r m e d i a t e  s t a g e s ,  an d  u n d i l a t e d  t o  

v /eak ly  d i l a t e d  i n  l a t e  s t a g e s .  C a r d i n a l  a n d  c o u n t e r  s e p t a  

g e n e r a l l y  d i s t i n c t  i n  b e i n g  l o n g  t h r o u g h o u t  o n t o g e n y  a n d
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o f t e n  h a v i n g  v e r y  s t r o n g l y  d i l a t e d  l o b e s  i n  i n t e r m e d i a t e  

s t a g e s .  C a r d i n a l  f o s s u l a  i n  l a t e  s t a g e s  n a r r o w  a n d  e x p a n d s  

a t  t h e  a x i a l  r e g i o n .  M inor  s e p t a  g e n e r a l l y  c o n f i n e d  t o  t h e  

m o d e r a t e l y  b r o a d  s t e r e o a o n e  i n  l a t e  s t a g e s .  T a b e l l a e  i n  

s e p t a l  r e g i o n .  T a b u l a e  i n  a x i a l  r e g i o n  m o s t l y  c o m p l e t e ,  

m o d e r a t e l y  s p a c e d ,  an d  g e n e r a l l y  m o d e r a t e l y  c o n v e x  u p w a rd .

D e s c r i p t i o n  o f  c o r a l l i t e s ; The c o r a l l i t e s  c an  a t t a i n  

l e n g t h s  i n  e x c e s s  o f  130 mm, a n d  d i a m e t e r s  g r e a t e r  t h a n  40 

mm. The l e n g t h  o f  s p e c i m e n s  i s  shown i n  T e x t - f i g .  6 an d  

d i s c u s s e d  i n  t h e  t e x t .  The c o r a l l i t e s  v a r y  f ro m  c e r a t o i d  

t o  t r o c h o i d ,  a n d  u s u a l l y  become c y l i n d r i c a l  i n  l a t e  s t a g e s .  

They a r e  g e n e r a l l y  v e r y  w e a k ly  c u r v e d  i n  e a r l y  t o  

i n t e r m e d i a t e  s t a g e s  a n d  a r e  u n c u r v e d  i n  l a t e  s t a g e s .  

M o d e r a t e l y  c u r v e d  c o r a l l i t e s  a r e  uncommon. S e p t a l  g r o o v e s  

a n d  i n t e r s e p t a l  r i d g e s  a r e  w e a k ly  d e v e l o p e d  on t h e  e p i t h e c a .  

C o r a l l i t e s  i n  l a t e r a l  c o n t a c t  a r e  v e r y  r a r e  (USM 15587;

UCGM 4 5 4 3 8 ,  45 3 0 7 ,  45 5 3 3 ,  4 5 5 7 7 ) .  I n c r e a s e  h a s  n o t  b e e n  

d e m o n s t r a t e d  i n  t h e s e  c a s e s .  The c a l y x  commonly h a s  a  

d e p t h  e q u a l  t o  a b o u t  0 . 3 5  o f  t h e  c o r a l l i t e  l e n g t h ,  b u t  

v a r i e s  f ro m  0 . 3  t o  0 . 5  (App. 12).  The c a l i c u l a r  b o s s  i s  

m o d e r a t e l y  c o n v ex  when a n  a x i a l  s t r u c t u r e  i s  d e v e l o p e d .

O n to g e n y  an d  i n t e r n a l  s t r u c t u r e s : I n  e a r l y  s t a g e s  t h e  m a j o r

s e p t a  e x t e n d  t o  o r  a l m o s t  t o  t h e  a x i s .  I n  i n t e r m e d i a t e  

s t a g e s  t h e  s m a l l  a x i a l  s t r u c t u r e  i s  composed o f  a  few  v e r y  

s t r o n g l y  d i l a t e d  s e p t a l  l o b e s ,  a n d  t h e  c a r d i n a l  a n d  c o u n t e r
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s e p t a l  l o b e s  a r e  o f t e n  e s p e c i a l l y  p r o m i n e n t .  I n  l a t e  

s t a g e s  t h e  a x i a l  r e g i o n  i s  h i g h l y  v a r i a b l e .  The a x i a l  

s t r u c t u r e  i s  g e n e r a l l y  o f  m o d e r a t e  s i z e  a n d  c o m p l e x i t y ,  

c o n s i s t i n g  o f  s e p t a l  l o b e s  a n d  l a m e l l a e ,  b u t  i t  v a r i e s  f rom  

v e r y  co m plex  w i t h  many f i n e  s e p t a l  l a m e l l a e  t o  s i m p l e  w i t h  

o n l y  a  few  s e p t a l  l o b e s .  S e p t a l  e l e m e n t s  a r e  s o m e t im e s  

c o m p l e t e l y  l a c k i n g  i n  t h e  a x i a l  r e g i o n  ( P l a t e  4 ,  f i g s .  

3 3 - 5 3 ;  T e x t - f i g .  1 2 ) .

The num ber  o f  m a j o r  s e p t a  a t  a  p a r t i c u l a r  d i a m e t e r  i s  

shown i n  T e x t - f i g .  36 .  The m a j o r  s e p t a  a r e  c o m p l e t e l y

T e x t - f i g u r e  3 6 . — C-rewingkia  c a n a d e n s i s  ( B i l l i n g s ,  1 8 6 2 ) :  

r e l a t i o n  b e t w e e n  number  o f  m a j o r  s e p t a  (n )  and  c o r a l l i t e  

d i a m e t e r  (d )  o r  c r o s s - s e c t i o n a l  a r e a  ( a )  f o r - t h e  Richmond G roup,  

C i n c i n n a t i  A r c h  r e g i o n .  Numbers i n d i c a t e  f r e q u e n c y  o f  a  

p o i n t  i f  g r e a t e r  t h a n  o n e .  Curve i s  v i s u a l  f i t  o f  c l a s s  

a v e r a g e s .  USKi'I 78749 ,  (A) ,  c o t y p e  o f  S t r e p t e l a s r n a  v a g a n s  

F o e r s t e ,  1909, " L i b e r t y "  s t r a t a ,  D a y to n ,  Ohio; USlirvI 78742 ,

( □ ) ,  c o t y p e  o f  S. d i su a n d u m  Foer  s t e ,  1909, " W a y n e s v i l l e " '  

s t r a t a ,  I . Io o re ' s  I i i l l ,  Indiana;  USTMI 84870, ( o ) ,  h o l o t y p e  o f  S_. 

i n s o l i t u m  F o e r s t e ,  1909, "W h i te w a te r '"  s t r a t a ,  W e s t p o r t ,

I n d i a n a  ( s e e  App. 8 ) .

d i l a t e d  i n  e a r l y  s t a g e s ,  s t r o n g l y  t o  c o m p l e t e l y  d i l a t e d  i n  

i n t e r m e d i a t e  s t a g e s ,  a n d  u n d i l a t e d  t o  w e a k ly  d i l a t e d  i n  

l a t e  s t a g e s .  The c a r d i n a l  a n d  c o u n t e r  s e p t a  a r e  g e n e r a l l y
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T e x t - f i g u r e  3 o . — 0 r e w i n g k i a  c a n a d e n s i s  ( B i l l i n g s ,  1 8 6 2 ) :  

r e l a t i o n  b e t w e e n  num ber  o f  m a j o r  s e p t a  (n )  and  c o r a l l i t e  

d i a m e t e r  (d_) o r  c r o s s - s e c t i o n a l  a r e a  ( a )  f o r  t h e  Richmond G roup ,  

C i n c i n n a t i  Ai ch r e g i o n .  Number's i n d i c a t e  f r e q u e n c y  o f  a 

p o i n t  i f  g r e a t e r  t h a n  o n e .  Curve  i s  v i s u a l  f i t  o f  c l a s s  

a v e r  a g e s .  US Nil 7 8 7 4 9 ,  ( A ) , c o t y p e  o f  S t r e p t e l a s m a  v a g a n s  

F o e r s t e ,  1909,  " L i b e r t y "  s t r a t a ,  D a y to n ,  Ohio; USNM 78742 ,

( □ ) ,  c o t y p e  o f  S. d i s n a n d u m  F o e r s t e ,  1909, " W a y n e s v i l l e "  

s t r a t a ,  L ' loore 's  H i l l ,  Ind iana ;  USNM 84870, ( o ) ,  h o l o t y p e  o f  S_. 

i n s o l i  turn F o e r s t e ,  1909,  " W h i t e w a t e r "  s t r a t a ,  W e s t p o r t ,

I n d i a n a  ( s e e  App. 8 ) .
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d i s t i n c t  i n  b e i n g  l o n g e r  t h a n  t h e  o t h e r  s e p t a  t h r o u g h o u t  

o n t o g e n y .  The c a r d i n a l  f o s s u l a  i n  l a t e  s t a g e s  i s  n a r r o w  

a n d  e x p a n d s  a t  t h e  a x i a l  r e g i o n .  The m in o r  s e p t a  a r e  

g e n e r a l l y  c o n f i n e d  t o  t h e  m o d e r a t e l y  b r o a d  s t e r e o z o n e  i n  

l a t e  s t a g e s .

T a b e l l a e  o c c u r  i n  t h e  s e p t a l  r e g i o n  i n  i n c o m p l e t e l y  

d i l a t e d  s t a g e s .  They a r e  s t e e p l y  t o  m o d e r a t e l y  i n c l i n e d  up 

to v /a rd  t h e  a x i s  i n  i n t e r m e d i a t e  s t a g e s  a n d  become l e s s  

s t e e p l y  i n c l i n e d  w i t h  i n c r e a s e d  h e i g h t  i n  t h e  c o r a l l i t e s .

The t a b u l a e  i n  t h e  a x i a l  r e g i o n  a r e  m o s t l y  c o m p l e t e  an d  

g e n e r a l l y  m o d e r a t e l y  s p a c e d .  I n  i n t e r m e d i a t e  s t a g e s  t h e y  

a r e  s t e e p l y  t o  m o d e r a t e l y  c o n v e x  u p w ard ,  a n d  i n  l a t e  s t a g e s  

a r e  u s u a l l y  m o d e r a t e l y  c o n v e x  u p w a rd .

M i c r o s t r u c t u r e : The m a j o r  s e p t a  a r e  c l e a r l y  f i b r o u s ,  

e s p e c i a l l y  when d i l a t e d .  T r a b e c u l a e  a r e  i n c l i n e d  s l i g h t l y  

u p  t o w a r d  t h e  a x i s .  The s t e r e o z o n e  i n  i n c o m p l e t e l y  d i l a t e d  

s e c t i o n s  i s  composed o f  l a m e l l a e .  The e p i t h e c a  i s  composed 

o f  s m a l l  g r o u p s  o f  f i b e r s  g e n e r a l l y  o r i e n t e d  p e r p e n d i c u l a r  

t o  t h e  e x t e r i o r  s u r f a c e .

D i s c u s s i o n : The s y n t y p e s  o f  G r e w i n g k i a  c a n a d e n s i s  a r e  f ro m

Drummond I s l a n d ,  w h e re  c o r a l s  a r e  u n f o r t u n a t e l y  n o t  a s  w e l l  

p r e s e r v e d  a s  e l s e w h e r e  i n  t h e  Richmond P r o v i n c e .  However ,  

t h e s e  a n d  o t h e r  s p e c i m e n s  f ro m  Drummond I s l a n d  a r e  

i n d i s t i n g u i s h a b l e  f ro m  s p e c i m e n s  a t  M a n i t o u l i n  I s l a n d ,  t h e  

C i n c i n n a t i  A rc h  r e g i o n ,  a n d  t h e  N a s h v i l l e  Dome. GSC 1983h,
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i  f ro m  B i l l i n g 1 s y n t y p e s  i s  d e s i g n a t e d  a s  t h e  l e c t o t y p e  

b e c a u s e  i t  i s  an o r i g i n a l l y  f i g u r e d  s p e c im e n  a n d  c r o s s - s e c t i o n s  

h a v e  b e e n  p r e p a r e d .

The s o l i t a r y  c o r a l s  f ro m  Drummond I s l a n d  were  

r e f e r r e d  t o  S t r e p t e l a s m a  c o r n i c u l u m  by N i c h o l s o n  (1875b)  

a n d  R o m in g e r  ( 1 8 7 6 ) ,  t o  S. r u s t i c u m  by Lambe (1901)  an d  

Cox ( 1 9 3 7 ) ,  an d  t o  G. r u s t i c a  by L i b e r t y  (1 9 6 4 )  a n d  B o l t o n  

a n d  C o p e la n d  ( 1 9 7 2 ) .  The s o l i t a r y  c o r a l s  f ro m  M a n i t o u l i n  

I s l a n d  w e re  r e f e r r e d  t o  S. c o r n i c u l u m  by N i c h o l s o n  ( 1 8 7 5 a ) ,  

S_. r u s t i c u m  by Lambe ( 1 9 0 1 ) ,  F o e r s t e  ( 1 9 2 4 ) ,  and  Cox ( 1 9 3 7 ) ,  

a n d  G. r u s t i c a  by B o l t o n  a n d  C o p e la n d  ( 1 9 7 2 ) .  T h e s e  a r e  

G. c a n a d e n s i s . Stumm (1 9 6 3 )  named S. a r c t i c u m  

drummondense  f ro m  Drummond a n d  I v l a n i t o u l i n  I s l a n d s .  H i s  

h o l o t y p e ,  w h ic h  h a s  b e e n  s e c t i o n e d ,  a n d  f i g u r e d  p a r a t y p e s  

a r e  G. c a n a d e n s i s . The l a r g e  s o l i t a r y  c o r a l s  f ro m  t h e  

C i n c i n n a t i  A rc h  r e g i o n  w ere  r e f e r r e d  t o  S_. c o r n i c u l u m  by 

L ' l i lne -E dw ards  a n d  Haime ( 1 8 5 1 ) ,  N i c h o l s o n  ( 1 8 7 5 b ) ,  R om inge r  

( 1 9 7 6 ) ,  a n d  H a l l  ( 1 8 8 2 ) ,  a n d  t o  _S. r u s t i c u m  by Cumings 

(1 9 0 8 )  a n d  Cox ( 1 9 3 7 ) .  F o e r s t e  (1 9 0 9 )  named S_. v a g a n s , S. 

i n s o l i t u m , ' a n d  S. d i s p a n d u m , d i s t i n g u i s h i n g  them  p r i m a r i l y  

on t h e  b a s i s  o f  e x t e r n a l  f o r m .  I n  1924 h e  sy n o n y m iz e d  S_. 

v a g a n s  w i t h  S. r u s t i c u m  a n d  r e p o r t e d  S. d i sp a n d u m  f ro m  

M a n i t o u l i n  I s l a n d .  H i s  t y p e s  h a v e  b e e n  s e c t i o n e d ,  a n d  a r e  

G. c a n a d e n s i s . Simmons a n d  O l i v e r  (1 9 6 7 )  r e p o r t e d  G. 

r u s t i c a , " S t r e p t e l a s m a 11 s p p .  A-E a n d  "S.." a n g u l a t u m . T h ese  

s p e c i m e n s  h a v e  b e e n  e x a m in e d ,  an d  r e p r e s e n t  v a r i o u s  g r o w t h
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s t a g e s  and  v a r i a t i o n s  o f  G_. c a n a d e n s i s . B a s s l e r  (1932)  

an d  C . ’.V. W i l s o n  (1 9 4 8 ,  1949)  r e f e r r e d  s p e c i m e n s  f ro m  t h e  

N a s h v i l l e  Dome t o  S_. r u s t i c u m . T h e s e  a r e  G. c a n a d e n s i s . 

F o e r s t e  (1924)  r e f e r r e d  a  s p e c i m e n  f ro m  l u e a f o r d ,  O n t a r i o ,  

t o  S. r u s t i c u m . T h i s  s p e c i m e n  h a s  b e e n  s e c t i o n e d  an d  i s  

G_. c a n a d e n s i s . S p e c im en s  f ro m  L i t t l e  S t u r g e o n  Bay a r e  

s i l i c i f i e d  and  p o o r l y  p r e s e r v e d ,  b u t  USC-S 347'W i s  G_. 

c a n a d e n s i s .

The d e g r e e  o f  v a r i a t i o n  o f  t h e  a x i a l  r e g i o n  i n  l a t e r  

o n t o g e n e t i c  s t a g e s  w i t h i n  G. c a n a d e n s i s  s p a n s  t h e  "g en e ra” 

B o r e l a s m a , H e l i c e l a s m a , a n d  G r e w i n g k i a . The s p e c i e s  i s  

r e f e r r e d  t o  G r e w i n g k i a  b e c a u s e  t h e  m a j o r i t y  o f  c o r a l l i t e s  

h a v e  t h e  m o d e r a t e l y  co m p lex  a x i a l  s t r u c t u r e  c h a r a c t e r i s t i c  

o f  t h a t  'genus?'. G. c a n a d e n s i s  i s  d i s t i n c t  i n  h a v i n g  l o n g  

c a r d i n a l  a n d ' c o u n t e r  s e p t a  t h a t  h a v e  v e r y  s t r o n g l y  d i l a t e d  

l o b e s  i n  i n t e r m e d i a t e  s t a g e s .  T h i s  s p e c i e s  r e s e m b l e s  t h o s e  

o f  t h e  ' g e n u ^ ' f r o m  t h e  Red R i v e r  P r o v i n c e  i n  h a v i n g  w e l l  

d e v e l o p e d  t a b e l l a e  i n  t h e  s e p t a l  r e g i o n .
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Grewingkia deltensis n. sp.

P l a t e  6 ,  f i g s .  3 5 -4 5

1918.  S t r e p t e l a s m a  r u s t i c u m  ( B i l l i n g s ) .  F o e r s t e ,  p .

99 ,  P I .  4 ,  f i g .  1.

1963.  S t r e p t e l a s m a  r u s t i c u m  ( B i l l i n g s )  [ p a r t i m ] .

Stumm, p.  26 ,  27 ,  o n l y  P I .  2 , f i g s .  1 - 3 .

E t y m o l o g y : The s p e c i f i c  name i s  d e r i v e d  f ro m  D e l t a  C o . ,

M i c h i g a n ,  where  t h e  s p e c i e s  o c c u r s .

H o l o t y p e : UCC-M 4 5 6 0 2 ;  O gon tz  Member, S t o n i n g t o n  F o r m a t i o n ;

l o c a l i t y  1 7 b -1 ,  D e l t a  C o . ,  M i c h i g a n ;  E l i a s  c o l l e c t i o n .

P a r a  t y p e s : UMMP 2691 1 ; Bay de  Noc Member, S t o n i n g t o n

F o r m a t i o n ;  l o c a l i t y  17b,  D e l t a  C o . ,  M i c h i g a n .  UCGM 

4 5 5 9 3 - 4 5 6 0 1 ,  45 6 0 3 ,  4 5 6 0 4 ;  O g o n tz  Member, S t o n i n g t o n  

F o r m a t i o n ;  l o c a l i t y  1 7 b - 1 ,  D e l t a  C o . ,  M i c h i g a n ;  E l i a s  

c o l l e c t i o n .

O c c u r r e n c e : U p p e r  O r d o v i c i a n  ( R i c h m o n d i a n ) : Bay de  Noc

a n d  O g o n t z ‘members ,  S t o n i n g t o n  F o r m a t i o n ;  D e l t a  C o . ,  

M i c h i g a n .

D i a g n o s i s : C o r a l l i t e s  t r o c h o i d ,  m o d e r a t e l y  c u r v e d ,  an d

a t t a i n  l a r g e  s i z e .  E p i t h e c a  w i t h  s e p t a l  g r o o v e s  an d  

i n t e r s e p t a l  r i d g e s .  C a l y x  o f  m o d e r a t e  d e p t h  w i t h  w e a k ly  

c o n v e x  c a l i c u l a r  b o s s .

L a r g e ,  c o a r s e  a x i a l  s t r u c t u r e  o f  a  f ew  g e n e r a l l y  t h i n
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s e p t a l  l o b e s  an d  l a m e l l a e .  M a jo r  s e p t a  a l m o s t  c o m p l e t e l y  

d i l a t e d  n e a r  t i p  a n d  u n d i l a t e d  i n  l a t e  s t a g e s .  S h o r t  

c a r d i n a l  s ep tu m  an d  n u m ero u s  t a b e l l a e  i n  p r o m i n e n t  f o s s u l a  

i n  l a t e  s t a g e s .  M in o r  s e p t a  p o o r l y  d e v e l o p e d  an d  c o n f i n e d  

t o  a  n a r r o w  s t e r e o z o n e .  T a b u l a e  m o s t l y  c o m p l e t e ,  v e r y  

c l o s e l y  t o  w i d e l y  s p a c e d ,  w e a k l y  c o n v e x  u p w ard  w i t h i n  

s e p t a l  a n d  a x i a l  r e g i o n s  b u t  c o n c a v e  u p w a rd  a t  j u n c t i o n  o f  

t h e  two r e g i o n s .  A few  c o m p l e m e n t a r y  p l a t e s  p r e s e n t .

D e s c r i p t i o n  o f  c o r a l l i t e s : The l o n g e s t  c o r a l l i t e  ex am in ed

(UCGM 45604)  h a s  a  l e n g t h  o f  85 am a n d  a  d i a m e t e r  o f  33 mm 

i m m e d i a t e l y  b e lo w  t h e  c a l y x  w h e re  59 m a j o r  s e p t a  a r e  

p r e s e n t .  UMr.IP 2691 1 i s  81 mm l o n g  a n d  h a s  a  d i a m e t e r  o f  37 

mm i m m e d i a t e l y  b e lo w  t h e  c a l y x  w h e re  62 m a j o r  s e p t a  a r e  

p r e s e n t .  The c o r a l l i t e s  a r e  t r o c h o i d  a n d  m o d e r a t e l y  c u r v e d .  

The e p i t h e c a  h a s  s e p t a l  g r o o v e s  a n d  i n t e r s e p t a l  r i d g e s  

(UCGM 4 5 5 9 4 ) .  The c a l y x  h a s  a  d e p t h  e q u a l  t o  0 . 3  o f  t h e  

c o r a l l i t e  l e n g t h  (UMMP 2 6 9 1 1 ;  UCGM 4 5 6 0 2 ,  4 5 6 0 4 ) .  The 

c a l i c u l a r  b o s s  i s  w e a k l y  c o n v e x  (UCGM 4 5 6 0 2 ) .

O n to g en y  a n d  i n t e r n a l  s t r u c t u r e s : N e a r  t h e  t i p  some m a j o r

s e p t a  e x t e n d  t o  t h e  a x i s .  I n  i n t e r m e d i a t e  s t a g e s  a  few  

l o n g  s e p t a l  l o b e s  a r i s i n g  p r i m a r i l y  f ro m  s e p t a  on t h e  

c a r d i n a l  s i d e  e x t e n d  t o  t h e  a x i s .  I n  l a t e  s t a g e s  t h e  m a j o r  

s e p t a  become s h o r t  a n d  t h e  l a r g e  a x i a l  r e g i o n  c o n t a i n s  a  

c o a r s e  s t r u c t u r e  o f  r e l a t i v e l y  f ew  g e n e r a l l y  t h i n  s e p t a l  

l o b e s  a n d  l a m e l l a e .
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The number  o f  m a j o r  s e p t a  a t  a  p a r t i c u l a r  d i a m e t e r  i s  

shown i n  T e x t - f i g .  37 .  N e a r  t h e  t i p  t h e  m a j o r  s e p t a  a r e

T e x t - f i g u r e  3 7 . — O r e w in g k ia  d e l t e n s i s  n .  s p .  : r e l a t i o n

b e tw e e n  number  o f  m a jo r  s e p t a  (n )  and  c o r a l l i t e  d i a m e t e r  (d_) 

o r  c r o s s - s e c t i o n a l  a r e a  ( a )  ( s e e  App. 8 ) .

a l m o s t  c o m p l e t e l y  d i l a t e d ,  D i l a t i o n  d e c r e a s e s  u p w a rd ,  

S e p t a  a r e  so m e t im e s  more  s t r o n g l y  d i l a t e d  on t h e  c a r d i n a l  

s i d e  t h a n  on t h e  c o u n t e r  s i d e .  I n  e a r l y  s t a g e s  t h e  

c a r d i n a l  s ep tu m  i s  l o n g  a n d  more s t r o n g l y  d i l a t e d  t h a n  t h e  

o t h e r  s e p t a .  I n  i n t e r m e d i a t e  s t a g e s  i t  becom es  t h i n n e r  

t h a n  t h e  o t h e r  s e p t a  a n d  t h e  f o s s u l a  i s  n a r r o w .  I n  l a t e  

s t a g e s  t h e  c a r d i n a l  s e p tu m  becomes  s h o r t ,  a n d  a  p r o m i n e n t  

f o s s u l a  w i t h  n u m e ro u s  t a b e l l a e  d e v e l o p s .  I n  e a r l y  t o  

i n t e r m e d i a t e  s t a g e s  t h e  m a j o r  s e p t a  on t h e  c a r d i n a l  s i d e  

t e n d  t o  im p in g e  on  t h e  c a r d i n a l  s e p tu m  o r  f o s s u l a ,  a n d  t h e  

s e p t a  on t h e  c o u n t e r  s i d e  t e n d  t o  im p in g e  on t h e  l o n g  a l a r  

s e p t a .  The m in o r  s e p t a  a r e  p o o r l y  d e v e l o p e d  a n d  c o n f i n e d  

t o  t h e  n a r r o w  s t e r e o z o n e .

T a b u l a e  f i r s t  a p p e a r  when t h e  a x i a l  r e g i o n  b e g i n s  t o  

d e v e l o p .  They a r e  m o s t l y  c o m p l e t e  a n d  v e r y  c l o s e l y  t o  

w i d e l y  s p a c e d .  They  a r e  w e a k ly  c o n v e x  u p w ard  w i t h i n  t h e  

s e p t a l  an d  a x i a l  r e g i o n ,  b u t  a r e  c o n c a v e  u pw ard  a t  t h e  

j u n c t i o n  o f  t h e  two r e g i o n s .  A fe w  c o m p le m e n ta r y  p l a t e s  

a r e  p r e s e n t .
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T e x t - f i g u r e  3 7 . — C-revvinpkia d e l  t e n s  i s  n .  s p .  : r e l a t i o n

b e t w e e n  number' o f  m a jo r  s e p t a  (n )  and  c o r a l l i t e  d ia m e te r -  (d )  

o r  c r o s s - s e c t i o n a l  a r e a  ( a )  ( s e e  App. 8 ) .
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M i c r o s t r u c t u r e : S e p t a l  f i b e r s  a r e  w e l l  d e v e l o p e d ,  and  t h e

t r a b e c u l a e  a r e  s l i g h t l y  i n c l i n e d  up  t o w a r d  t h e  a x i s .  

L a m e l l a e  a r e  r a r e l y  p r e s e n t  i n  t h e  s t e r e o z o n e .

D i s c u s s i o n : F o e r s t e  (1 9 1 8 )  r e p o r t e d  t h i s  s p e c i e s  a s

S t r e p t e l a s m a  r u s t i c u m  i n  t h e  O gon tz  Member a n d  i m m e d i a t e l y  

b e n e a t h  i n  t h e  Bay de Noc Member o f  t h e  S t o n i n g t o n  

F o r m a t i o n .  Stumm (1 9 6 3 )  d e s c r i b e d  a n d  i l l u s t r a t e d  a  s i n g l e  

s p e c i m e n  f ro m  t h e  Bay de Noc Member a n d  r e f e r r e d  i t  t o  S_. 

r u s t i c u m . T h e se  s p e c i m e n s  a r e  C-rew ingkia  d e l t e n s i s .

£L* d e l t e n s i s  i s  d i s t i n g u i s h e d  f ro m  o t h e r  s p e c i e s  o f  

t h e  "genu^'  by i t s  p r o m i n e n t  c a r d i n a l  f o s s u l a  w i t h  s h o r t  

c a r d i n a l  s e p tu m  an d  n u m ero u s  t a b e l l a e ,  a n d  t a b u l a e  t h a t  a r e  

c o n v e x  upv/ard w i t h i n  t h e  s e p t a l  a n d  a x i a l  r e g i o n s  b u t  

c o n c a v e  upw ard  a t  t h e  j u n c t i o n  o f  t h e  two r e g i o n s .
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Grewingkia rustica (Billings, 1858)

P l a t e  7 ,  f i g s .  1 -18

185 8 a .  P e t r a i a  r u s t i c a  B i l l i n g s ,  p .  168, 169.

1858b .  P e t r a i a  r u s t i c a  B i l l i n g s ,  p .  42 2 ,  423 .

1901.  S t r e p t e l a s m a  r u s t i c u m  ( B i l l i n g s )  [ p a r t i m ] .

Lambe, p .  1 1 0 - 1 1 2 ,  P I .  7 ,  f i g s .  2 ,  a ,  3.

1908.  S t r e p t e l a s m a  r u s t i c u m  ( B i l l i n g s )  [ p a r t i m ] .

Cum ings ,  p .  70 8 ,  709 ,  non  P I .  2 ,  f i g s .  2 ,  a ,  b .  

1924.  S t r e p t e l a s m a  r u s t i c u m  ( B i l l i n g s )  [ p a r t i m ] .

F o e r s t e ,  p .  65 ,  66 ,  n o n  P I .  1, f i g s .  1 a - c ,

2 a - c ,  P I .  2 ,  f i g s .  6 a - c .

1937.  S t r e p t e l a s m a  r u s t i c u m  ( B i l l i n g s )  [ p a r t i m ] .

Cox, p .  1 1 - 1 3 .

1963.  S t r e p t e l a s m a  r u s t i c u m  ( B i l l i n g s )  [ p a r t i m ] .

Stumm, p .  26 ,  27 ,  o n l y  P I .  2 ,  f i g s .  8 - 1 0 .

L e c t o t y p e  ( d e s i g n a t e d  h e r e i n ) : GSC 5822b ,  c ;  Snake  I s l a n d ,

Lake  S t .  J o h n ,  Q uebec ;  R i c h a r d s o n  c o l l e c t i o n ,  1857.

P a r a l e c t o t y p e  ( d e s i g n a t e d  h e r e i n ) : C-SC 5822 ,  a ;  Snake

I s l a n d ,  Lake  S t .  J o h n ,  Q uebec ;  R i c h a r d s o n  c o l l e c t i o n ,

1857.

O t h e r  s p e c i m e n s ; GSC 85 2 7 ,  a ,  c ,  e ,  f ,  h ,  j - s  a n d  UMI.IP 

4 5 3 5 1 ,  4 5 3 5 2 ;  Snake  I s l a n d ,  Lake  S t .  J o h n ,  Q uebec ;  F o e r s t e  

c o l l e c t i o n .  UCGM 4 5 5 9 2 ;  M e a fo rd  b e d s ,  u p p e r  member,
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C -eorg ian  Bay F o r m a t i o n ;  I . I a n i t o u l i n  I s l a n d . ,  O n t a r i o ;  E l i a s  

c o l l e c t i o n .

O c c u r r e n c e . U p p e r  O r d o v i c i a n  ( R i c h m o n d i a n ) : Richmond

G ro u p ;  Snake I s l a n d ,  Lake  S t .  J o h n ,  Quebec .  M e a fo rd  b e d s ,  

u p p e r  member, G e o r g i a n  Bay F o r m a t i o n ;  I J a n i t o u l i n  I s l a n d ,  

O n t a r i o .

D i a g n o s i s : C o r a l l i t e s  c e r a t o i d  t o  t r o c h o i d  an d  become

c y l i n d r i c a l  i n  l a t e r  s t a g e s ,  s t r a i g h t  t o  v e r y  w e a k ly  

c u r v e d ,  a n d  a t t a i n  l a r g e  s i z e .  E p i t h e c a  w i t h  s e p t a l  

g r o o v e s  a n d  i n t e r s e p t a l  r i d g e s .  C a ly x  d e e p  w i t h  w e a k ly  

c o n v e x  c a l i c u l a r  b o s s .

Complex  a x i a l  s t r u c t u r e  o f  nu m ero u s  s e p t a l  l o b e s  an d  

l a m e l l a e  i n  l a t e  s t a g e s .  M a jo r  s e p t a  c o m p l e t e l y  d i l a t e d  i n  

e a r l y  s t a g e s  a n d  v e r y  s t r o n g l y  d i l a t e d  i n  l a t e r  s t a g e s  

u n t i l  i m m e d i a t e l y  b e lo w  c a l y x  when d i l a t i o n  o f  s e p t a  an d  

a x i a l  s t r u c t u r e  d e c r e a s e s .  I n  l a t e r  s t a g e s  c a r d i n a l  s e p tu m  

l e s s  s t r o n g l y  d i l a t e d ,  f o s s u l a  n a r r o w .  M in o r  s e p t a  c o n f i n e d  

t o  o r  e x t e n d  a  s h o r t  d i s t a n c e  b ey o n d  a  s t e r e o z o n e  o f  

m o d e r a t e  w i d t h .  T a b u l a e  m o s t l y  c o m p l e t e ,  m o d e r a t e l y  t o  

w i d e l y  s p a c e d ,  a n d  w e a k l y  c o n c a v e  u pw ard  a x i a l l y  t o  

s t r o n g l y  co n v e x  u p w a r d .

D e s c r i p t i o n  o f  c o r a l l i t e s : The l a r g e s t  c o r a l l i t e  ex am in ed

(GSC 5 8 2 2 b , c )  h a s  a  l e n g t h  o f  65 mm b u t  i s  i n c o m p l e t e  a t  

b o t h  e n d s .  I t  h a s  a  d i a m e t e r  o f  30 mm i m m e d i a t e l y  b e lo w  

t h e  c a l y x  w here  54 m a j o r  s e p t a  a r e  p r e s e n t .  The c o r a l l i t e s
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a r e  c e r a t o i d  t o  t r o c h o i d ,  a n d  "become c y l i n d r i c a l  i n  l a t e r  

s t a g e s .  They a r e  u n c u r v e d  t o  v e r y  w ea k ly  c u r v e d .  S e p t a l  

g r o o v e s  a n d  i n t e r s e p t a l  r i d g e s  a r e  p r e s e n t  on t h e  e p i t h e c a .  

The c a l y x  h a s  a  d e p t h  e q u a l  t o  0 . 4  o f  t h e  c o r a l l i t e  l e n g t h  

(GSC 58271 ,  n ) .  The s i d e s  o f  t h e  c a l y x  a r e  s t e e p  a n d  t h e

b o s s  i s  w ea k ly  co n v ex  (GSC 5 8 2 7 a ) .

O n to g e n y  a n d  i n t e r n a l  s t r u c t u r e s ; I n  e a r l y  s t a g e s  t h e  m a j o r  

s e p t a  e x t e n d  t o  o r  a l m o s t  t o  t h e  a x i s .  A few  s t r o n g l y  

d i l a t e d  s e p t a l  l o b e s  s o o n  a p p e a r ,  f o l l o w e d  by s e p t a l  

l a m e l l a e .  A l a r g e ,  co m p lex  a x i a l  s t r u c t u r e  o f  n um erous  

s e p t a l  l o b e s  a n d  l a m e l l a e  i s  d e v e l o p e d  i n  l a t e r  s t a g e s  i n  

t h e  l e s s  s t r o n g l y  d i l a t e d  zone  i m m e d i a t e l y  b e lo w  t h e  c a l y x .

The number  o f  m a j o r  s e p t a  a t  a  p a r t i c u l a r  d i a m e t e r  i s

shown i n  T e x t - f i g .  3 8 . The m a j o r  s e p t a  a r e  c o m p l e t e l y

T e x t - f i g u r e  3 8 . — Gre w i n g k i a  r u s t i c a  ( B i l l i n g s ,  1858):  

r e l a t i o n  b e tw e e n  number o f  m a jo r  s e p t a  (n )  and  c o r a l l i t e  

d i a m e t e r  (d )  01 c: o s s - s e c t i o n a l  a r e a  ( a ) .  Numbers i n d i c a t e  

f r e q u e n c y  o f  a  p o i n t  i f  g r e a t e r  t h a n  one ( s e e  App. 8 ) .

d i l a t e d  i n  e a r l y  s t a g e s  a n d  r e m a i n  v e r y  s t r o n g l y  d i l a t e d  i n  

i n t e r m e d i a t e  s t a g e s .  D i l a t i o n  o f  t h e  s e p t a  a n d  a x i a l  

s t r u c t u r e  d e c r e a s e s  i m m e d i a t e l y  b e lo w  t h e  c a l y x  i n  l a t e r  

s t a g e s .  I n  e a r l y  s t a g e s  t h e  c a r d i n a l  s e p tu m  i s  l o n g  a n d  

g e n e r a l l y  b r o a d e r  t h a n  t h e  o t h e r  m a j o r  s e p t a .  I n
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T e x t - f i g u r e  3 8 . — O re v / in g k ia  r u s t i c a  ( B i l l i n g s ,  1 8 5 8 ) :  

r e l a t i o n  b e t w e e n  number o f  m a j o r  s e p t a  (n)  a n d  c o r a l l i t e  

d i a m e t e r  ( d j  o r  c r o s s - s e c t i o n a l  a r e a  ( a ) .  Numbers i n d i c a t e  

f r e q u e n c y  o f  a  p o i n t  i f  g r e a t e r  t h a n  one ( s e e  App. 8 ) .
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i n t e r m e d i a t e  and  l a t e  s t a g e s  i t  becom es  l e s s  s t r o n g l y  d i l a t e d  

a n d  a  n a r r o w  f o s s u l a  d e v e l o p s .  I n . m o s t  s p e c i m e n s  t h e  m a jo r  

s e p t a  fo rm  a  c o u n t e r c l o c k w i s e  w h o r l  i n  e a r l y  t o  i n t e r m e d i a t e  

s t a g e s .  I n  l a t e r  s t a g e s  t h e  m i n o r  s e p t a  a r e  c o n f i n e d  t o  o r  

e x t e n d  a  s h o r t  d i s t a n c e  b ey o n d  t h e  m o d e r a t e l y  b r o a d  

s t e r e o z o n e .

T a b u la e ,  f i r s t  a p p e a r i n g  i n  i n t e r m e d i a t e  s t a g e s ,  a r e  

m o s t l y  c o m p l e t e  a n d  m o d e r a t e l y  t o  w i d e l y  s p a c e d .  They v a r y  

f r o m  s l i g h t l y  d e p r e s s e d  a x i a l l y  (UMMP 45352)  t o  w e a k ly  

c o n v e x  upw ard  (C-SC 5822 ,  a )  t o  s t r o n g l y  co n v ex  u p w ard  (GSC 

8 5 2 7 j ) .  A few  c o m p le m e n ta r y  p l a t e s  a r e  p r e s e n t .

M i c r o s t r u c t u r e : S e p t a l  f i b e r s  a r e  w e l l  d e v e l o p e d ,  and

t r a b e c u l a e  a r e  w e a k ly  i n c l i n e d  up  t o w a r d  t h e  a x i s .  L a m e l l a e  

a r e  n o t  p r e s e n t  i n  t h e  s t e r e o z o n e .

D i s c u s s i o n : T h i s  s p e c i e s  was f i r s t  l i s t e d  f ro m  Snake

I s l a n d ,  Lake  S t .  J o h n , a s  S t r e u t o n l a s m a  c o r n i c u l u m  by 

R i c h a r d s o n  (1 8 5 8 ,  p .  8 9 ) .  B i l l i n g s  ( 1 8 5 8 a ,  b )  d e s c r i b e d  

R i c h a r d s o n ' s  c o l l e c t i o n  a s  a  new s p e c i e s ,  P e t r a i a  r u s t i c a , 

b u t  d i d  n o t ’ f i g u r e  i t .  Lambe (1 9 0 1 )  ex am in ed  t h e  t y p e s  an d  

f i g u r e d  two s p e c i m e n s  w h ic h  w ere  c o l l e c t e d  f ro m  Snake 

I s l a n d  by R i c h a r d s o n  i n  1857.  B e c a u s e  i t  i s  p r o b a b l e  t h a t  

t h e s e  w ere  B i l l i n g s '  s y n t y p e s ,  t h e y  a re  h e r e i n  d e s i g n a t e d  a s  

t h e  l e c t o t y p e  a n d  p a r a l e c t o t y p e .  Only  t h o s e  p o r t i o n s  o f  

t h e  d e s c r i p t i o n s  a n d  i l l u s t r a t i o n s  by Lambe ( 1 9 0 1 ) ,  Cumings 

( 1 9 0 8 ) ,  F o e r s t e  ( 1 9 2 4 ) ,  Cox ( 1 9 3 7 ) ,  a n d  Stumm (1 9 6 3 )
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d e a l i n g  w i t h  s p e c i m e n s  f ro m  Snake  I s l a n d  a r e  synonymous 

w i t h  G r e w i n g k i a  r u s t i c a . T h e i r  o t h e r  m a t e r i a l  a n d  a l l  

r e f e r e n c e s  t o  t h i s  s p e c i e s  n o t  i n c l u d e d  i n  t h e  synonymy 

b e l o n g  t o  o t h e r  s p e c i e s .  E x c e p t  f o r  one s p e c im e n  f ro m  t h e  

b a s e  o f  t h e  K e a f o r d  b e d s  on  K a n i t o u l i n  I s l a n d ,  G. r u s t i c a  

i s  known o n l y  f ro m  Lake  S t .  J o h n ,  Quebec .

G. r u s t i c a  g e n e r a l l y  h a s  f e w e r  m a j o r  s e p t a  a t  a  

p a r t i c u l a r  d i a m e t e r  t h a n  G. c a n a d e n s i s  ( B i l l i n g s ,  1 8 6 2 ) ,  

b u t  t h e  two s p e c i e s  a r e  s i m i l a r  i n  e x t e r n a l  f o rm  a n d  may 

b e  r e l a t e d .  G. r u s t i c a  i s  d i s t i n c t  i n  h a v i n g  c o m p l e t e l y  t o  

v e r y  s t r o n g l y  d i l a t e d  s e p t a  u n t i l  i m m e d i a t e l y  b e lo w  t h e  

c a l y x  i n  l a t e  s t a g e s  when d i l a t i o n  d e c r e a s e s  a n d  a  com plex  

a x i a l  s t r u c t u r e  d e v e l o p s .
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Grewingkia penobsco tens is  n .  sp.

P l a t e  7 ,  f i g s .  19-23

E t y m o l o g y ; The s p e c i f i c  name r e f e r s  t o  P e n o b s c o t  C o . ,

M a in e ,  w here  t h e  s p e c i e s  o c c u r s .

H o l o t y p e ; USC-S 6 2 6 8 a - c ;  Neuman c o l l e c t i o n .

P a r a t y p e s : USC-S 6 3 3 3 a - c ;  6 3 3 4 a - c ;  6 3 3 6 a ,  b ;  6 3 3 9 a ,  b ;

6 3 4 2 a ,  b ;  6 3 4 3 a ,  b ;  6 2 6 1 a ,  b ;  6 2 6 6 a ,  b ;  6 2 6 7 a ,  b ;

Neuman c o l l e c t i o n .

O c c u r r e n c e : U p p e r  O r d o v i c i a n  ( A s h g i l l i a n ) : A bou t  520 m

a b o v e  b a s e  o f  unnamed f o r m a t i o n ;  b e t w e e n  Pond P i t c h  and  

H a s k e l l  Rock P i t c h ,  E a s t  B r a n c h ,  P e n o b s c o t  R i v e r ,  P e n o b s c o t  

C o . ,  M a in e .

D i a g n o s i s : C o r a l l i t e s  c e r a t o i d  t o  t r o c h o i d ,  w e a k ly  c u r v e d ,

a n d  a t t a i n  m o d e r a t e  s i z e .  P r o m i n e n t  c a l i c u l a r  b o s s .  C o a r s e

a x i a l  s t r u c t u r e  o f  a  few  m o d e r a t e l y  d i l a t e d  s e p t a l  l o b e s

a n d  l a m e l l a e .  M a jo r  s e p t a  w e a k ly  d i l a t e d  i n  e a r l y  s t a g e s .

C a r d i n a l  s e p tu m  i n d i s t i n c t ,  f o s s u l a  n o t  d e v e l o p e d .  M inor

s e p t a  e x t e n d  a  s h o r t  t o  m o d e r a t e  d i s t a n c e  b ey o n d  a

s t e r e o z o n e  o f  m o d e r a t e  w i d t h .  T a b u l a e  m o s t l y  c o m p l e t e ,

m o d e r a t e l y  c o n v e x  u p w a r d ,  somewhat i r r e g u l a r .
D e s c r i p t i o n  o f  c o r a l l i t e s : The s p e c i m e n s  a r e  p o o r l y
p r e s e r v e d  a n d  i n c o m p l e t e .  The l a r g e s t  c o r a l l i t e  exam ined

(USGS 6268)  h a s  a  d i a m e t e r  o f  25 mm a n d  51 m a j o r  s e p t a  i n

t h e  c a l y x .  The c o r a l l i t e s  a r e  c e r a t o i d  t o  t r o c h o i d  a n d
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w e a k ly  c u r v e d .  The c a l i c u l a r  b o s s  i s  p r o m i n e n t .

I n t e r n a l  s t r u c t u r e s : A c o a r s e  a x i a l  s t r u c t u r e  o f  a  few

m o d e r a t e l y  d i l a t e d  s e p t a l  l o b e s  a n d  l a m e l l a e  a p p e a r s  e a r l y  

i n  o n t o g e n y .  The num ber  o f  m a j o r  s e p t a  a t  a  p a r t i c u l a r  

d i a m e t e r  i s  shown i n  T e x t - f i g .  39* The m a j o r  s e p t a  a r e

T e x t - f i g u . ;  a 3 9 . — G r e w i n r k i a  p e n o b s c o t e n s i s  n .  s p .  : r e l a t i o n  

b e tw e e n  number  o f  m a jo r  s e p t a  (n )  and  c o r a l l i t e  d i a m e t e r  (d)  

o r  c r o s s - s e c t i o n a l  a r e a  ( a )  ( s e e  App. 3 ) ,

u n d i l a t e d  t o  w e a k ly  d i l a t e d .  The c a r d i n a l  s ep tu m  i s  

i n d i s t i n c t  an d  a  f o s s u l a  i s  n o t  d e v e l o p e d .  The m in o r  s e p t a  

e x t e n d  a  s h o r t  t o  m o d e r a t e  d i s t a n c e  b ey o n d  t h e  s t e r e o z o n e ,  

w h ic h  i s  o f  m o d e r a t e  w i d t h .  The t a b u l a e  a r e  somewhat  

i r r e g u l a r ,  m o s t l y  c o m p l e t e ,  a n d  m o d e r a t e l y  co n v e x  u p w a rd .  

USGS 6268 i s  t h e  o n l y  s p e c im e n  i n  w h ich  t h e  t a b u l a e  a r e  

c o n c a v e  u pw ard  a t  t h e  p e r i p h e r y  o f  t h e  c o r a l l i t e .  

C o m p lem en ta ry  p l a t e s  a r e  s o m e t im e s  p r e s e n t .

Microstructure: The specimens are poorly preserved, but
some weakly developed septal fibers can be distinguished, 
and weak trabeculae are inclined up toward the axis.

Discussion: Grewingkia penobscotensis is distinct in having
undilated to weakly dilated septa, a coarse axial structure 
of a few septal lobes and lamellae, an indistinct cardinal 
septum, and no fossula.
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T e x t - f  i tr;u re  3 9 . — G r e w i n r k i a  p e n o b s c o t e n s i s  n .  s p . : r e l a t i o n  

b e t w e e n  number- o f  m a j o r  s e p t a  (n )  an d  c o r ' a l l i t e  d i a m e t e r  (d )  

or- c r o s s - s e c t i o n a l  a r e a  ( a )  ( s e e  App,  8 ) .
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Grewingkia p u lc h e l l a  ( B i l l i n g s ,  1865)

P l a t e  7 ,  f i g s .  2 4 -2 8

1865.  P e t r a i a  p u l c h e l l a  B i l l i n g s ,  p .  42 9 .

1865.  P e t r a i a  s e l e c t a  B i l l i n g s  [ p a r t i m ] , p .  4 2 9 .

1866.  P e t r a i a  p u l c h e l l a  B i l l i n g s ,  p .  33 .

1866.  P e t r a i a  s e l e c t a  B i l l i n g s  [ p a r t i m ] , p .  7 .

1901. S t r e p t e l a s m a  s e l e c t u m  ( B i l l i n g s )  [ p a r t i m ] .

Lambe, p .  113> P I .  6 ,  f i g s .  8 ,  a .

1928.  S t r e p t e l a s m a  s e l e c t u m  ( B i l l i n g s )  [ p a r t i m ] .

T w e n h o fe l ,  p .  113*

L e c t o t y p e  ( d e s i g n a t e d  h e r e i n ) :  GSC 2243> a ;  E l l i s  Bay

F o r m a t i o n ;  E l l i s  Bay,  A n t i c o s t i  I s l a n d ,  Quebec ;  Weston

c o l l e c t i o n ,  1865.

O t h e r  s p e c i m e n s  ( a l l  f ro m  T w e n h o fe l  c o l l e c t i o n ,  A n t i c o s t i  

I s l a n d ,  Quebec ,  u n l e s s  o t h e r w i s e  s t a t e d ) :  YPM 5 5 8 a ;  l o w e r

member ( T w e n h o f e l ’ s E n g l i s h  Head F o r m a t i o n ) , V a u r e a l  

F o r m a t i o n ;  c l i f f  b e t w e e n  B e a r  Cape an d  Cape E a g l e .  YPM

5 3 3 a ;  l o w e r  member ( T w e n h o f e l ’ s  E n g l i s h  Head F o r m a t i o n ) ,  

V a u r e a l  F o r m a t i o n ;  Cape E a g l e .  YPM 5 0 6 e ;  T w e n h o f e l ’ s 

zone  5, u p p e r  member , V a u r e a l  F o r m a t i o n ;  zone  8 o f  

T w e n h o f e l ' s  V a u r e a l  R i v e r  s e c t i o n .  GSC 1989e ;  h ;  i , j ;

k ;  1 ;  m; n ;  u p p e r  member , 2 7 - 3 0  m b e lo w  t o p  o f  V a u r e a l

F o r m a t i o n ;  w e s t  end l i g h t h o u s e ;  R i c h a r d s o n  c o l l e c t i o n ,

1856 ( p r o b a b l y  s y n t y p e s  o f  P e t r a i a  s e l e c t a ) . YPM 5 1 8 a ,  b ;
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u p p e r  member ( E n g l i s h  Head f a c i e s ) ,  V a u r e a l  F o r m a t i o n ;

V/est Bay. YPM 3 0 6 3 / 4 1 a - c ;  E l l i s  Bay F o r m a t i o n ;  Cape 

J a m e s  Bay. YPM 3 0 6 3 / 4 5 b ,  c ;  E l l i s  Bay F o r m a t i o n ;  w e s t  

s i d e  o f  P r i n s t i e  Bay. YPM 3 0 6 3 / 5 2 b - d ;  E l l i s  Bay F o r m a t i o n ;  

w e s t  s i d e  o f  E l l i s  Bay. YPM 538b ;  E l l i s  Bay F o r m a t i o n ;  

c l i f f  1 .2  km e a s t  o f  J u n c t i o n  C l i f f .  YPM 3 0 6 3 / 4 4 a ;  E l l i s  

Bay F o r m a t i o n ;  P r i n s t i e  Bay. YPM 5 3 7 a ;  E l l i s  Bay 
F o r m a t i o n ;  T w e n h o f e l* s  zone  13 a t  Cape J a m e s .  YPM 5 4 6 a ;  

E l l i s  Bay F o r m a t i o n ;  zone  15 o f  T w e n h o f e l ’ s  V a u r e a l  R i v e r  

s e c t i o n .  YPM 5 3 2 a ;  E l l i s  Bay F o r m a t i o n ;  zone  22 o f  

T w e n h o f e l ' s  V a u r e a l  R i v e r  s e c t i o n .  YPM 3 0 6 3 / 5 5 a ;  E l l i s  

Bay F o r m a t i o n ;  T w e n h o f e l ’ s zone  D, w e s t  s i d e  o f  E l l i s  Bay. 
YPM 539b ;  b a s a l  u n i t ,  E l l i s  Bay F o r m a t i o n ;  zone  10 o f  

T w e n h o f e l ' s  V a u r e a l  R i v e r  s e c t i o n .  YPM 3 0 1 9 / 3 0 6 3 / 3 5 b - d ,  g ,  

h ;  T w e n h o f e l ’ s zone  1, E l l i s  Bay F o r m a t i o n ;  J u n c t i o n  

C l i f f .  YPM 548b;  T w e n h o f e l ’ s  zone  1, E l l i s  Bay F o r m a t i o n ;  

w e s t  s i d e  o f  E l l i s  Bay. YPM 3 0 6 3 / 3 6 a ;  T w e n h o f e l ' s  zone  2, 

E l l i s  Bay F o r m a t i o n ;  J u n c t i o n  C l i f f .  YPM 5 2 9 a - c ;  

T w e n h o f e l ’ s  zone  2 ,  E l l i s  Bay F o r m a t i o n ;  J u n c t i o n  C l i f f .  

YPM 5 4 7 a ;  ' T w e n h o f e l ' s  zone  2 ,  E l l i s  Bay F o r m a t i o n ;  w e s t  

s i d e  o f  E l l i s  Bay. YPM " E l l i s  Bay zone  6 " ;  T w e n h o f e l ’ s 

zone  6 ,  E l l i s  Bay F o r m a t i o n ;  e a s t  o f  J u n c t i o n  C l i f f .  YPM 

3063/ 56 c ; T w e n h o f e l ’ s zo n e  7 (Hormotoma g i g a n t e a  z o n e ) ,  

E l l i s  Bay F o r m a t i o n ;  E l l i s  Bay. YPM 54 1 a ,  b ;  T w e n h o f e l ’ s 

zo n e  8, E l l i s  Bay F o r m a t i o n ;  w e s t  s i d e  o f  E l l i s  Bay. YPM 

536 ;  T w e n h o f e l ' s  zone  9 ,  E l l i s  Bay F o r m a t i o n ;  r e e f  a t
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E l l i s  Bay.  YPM 551 ;  T w e n h o f e l 1s zone 9> b io h e r m  a t  b a s e  

o f  B o l t o n ' s  member 6 ,  E l l i s  Bay F o r m a t i o n ;  R a s p b e r r y  P o i n t .  

YPM 3 0 1 9 / 3 0 6 3 / 5 7 e - g ;  T w e n h o f e l ' s  zone  9, E l l i s  Bay 

F o r m a t i o n ;  E l l i s  Bay.  YPM 5 4 0 a ;  T w e n h o f e l ' s  zone  10,

E l l i s  Bay F o r m a t i o n ;  w e s t  s i d e  o f  E l l i s  Bay.  USGS l o c .  

4 1 1 2 - C 0 ( a - f ? + 13 o t h e r  i d e n t i f i a b l e  s p e c i m e n s ) ;  unnamed

o m i t ;  9 km E o f  A s h l a n d ,  M a in e ;  Neuman c o l l e c t i o n .

O c c u r r e n c e : U p p e r  O r d o v i c i a n :  Lower member (?  C a r a d o c i a n )

a n d  u p p e r  member (Lower A s h g i l l i a n ) ,  V a u r e a l  F o r m a t i o n ,  an d  

E l l i s  Bay F o r m a t i o n  ( A s h g i l l i a n ,  ? G a m a c h i a n ) ; A n t i c o s t i  

I s l a n d ,  Quebec .  Unnamed u n i t  ( p r o b a b l y  A s h g i l l i a n ) ; 9 km

E o f  A s h l a n d ,  M a in e .

D i a g n o s i s : C o r a l l i t e s  c e r a t o i d  t o  t r o c h o i d ,  w e a k ly  c u r v e d ,

a n d  s m a l l .  S p i t h e c a  v / i t h  p r o m i n e n t  s e p t a l  g r o o v e s  an d  

i n t e r s e p t a l  r i d g e s .  C a l y x  d e e p  w i t h  m o d e r a t e l y  t o  s t r o n g l y  

c o n v e x  c a l i c u l a r  b o s s .

A x i a l  s t r u c t u r e  g e n e r a l l y  d e n s e  i n  i n t e r m e d i a t e  s t a g e s  

a n d  composed o f  a  f ew  s e p t a l  l o b e s  a n d  l a m e l l a e  i n  l a t e  

s t a g e s .  M a jo r  s e p t a  c o m p l e t e l y  d i l a t e d  i n  e a r l y  s t a g e s  a n d  

w e a k ly  t o  m o d e r a t e l y  d i l a t e d  i n  l a t e  s t a g e s .  C a r d i n a l  

s e p tu m  g e n e r a l l y  i n d i s t i n c t ,  f o s s u l a  n a r r o w .  M in o r  s e p t a  

e x t e n d  a  s h o r t  d i s t a n c e  bey o n d  t h e  n a r r o w  t o  m o d e r a t e l y  

b r o a d  s t e r e o z o n e  i n  l a t e  s t a g e s .  T a b u l a e  i n  l a t e r  s t a g e s  

s p a r s e ,  i n c o m p l e t e ,  a n d  i r r e g u l a r .
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D e s c r i p t i o n  o f  c o r a l l i t e s : The l e n g t h  o f  c o r a l l i t e s  i s

shown i n  T e x t - f i g .  23 a n d  d i s c u s s e d  i n  t h e  t e x t .  The 

l o n g e s t  c o r a l l i t e  e x a m in e d  (YPM 541b)  h a s  a  l e n g t h  o f  30 

mm a n d  i s  13  mm i n  d i a m e t e r  i m m e d i a t e l y  b e lo w  t h e  c a l y x  

w h e re  32 m a j o r  s e p t a  a r e  p r e s e n t .  The c o r a l l i t e s  a r e  

c e r a t o i d  t o  t r o c h o i d  a n d  g e n e r a l l y  w e a k ly  c u r v e d .  A t i n y  

a r e a  o f  a t t a c h m e n t  a t  t h e  t i p  on  t h e  c a r d i n a l  s i d e  i s  

r a r e l y  p r e s e n t  (YPM 3 0 1 9 / 3 0 6 3 / 3 5 g ,  h ) .  The e p i t h e c a  h a s  

p r o m i n e n t  s e p t a l  g r o o v e s  a n d  i n t e r s e p t a l  r i d g e s .  The c a l y x  

h a s  a  d e p t h  e q u a l  t o  0 . 4  o f  t h e  c o r a l l i t e  l e n g t h  (YPM 

5 3 8 b ) .  The c a l i c u l a r  b o s s  i s  m o d e r a t e l y  t o  s t r o n g l y  c o n v e x .

O n to g e n y  a n d  i n t e r n a l  s t r u c t u r e s : I n  e a r l y  s t a g e s  t h e

m a j o r  s e p t a  e x t e n d  t o  t h e  a x i s .  I n  i n t e r m e d i a t e  s t a g e s  

t h e  a x i a l  s t r u c t u r e  i s  g e n e r a l l y  d e n s e ,  c o n s i s t i n g  o f  

c o m p l e t e l y  d i l a t e d  s e p t a l  l o b e s .  I n  l a t e  s t a g e s  a  few  

m o d e r a t e l y  t o  s t r o n g l y  d i l a t e d  s e p t a l  l o b e s  a n d  l a m e l l a e  

c o m p r i s e  t h e  a x i a l  s t r u c t u r e .

The number  o f  m a j o r  s e p t a  a t  a  p a r t i c u l a r  d i a m e t e r  i s  

shown i n  T e x t - f i g .  4 0 .  I n  e a r l y  s t a g e s  t h e  s e p t a  a r e

T e x t - f i g u r e  4 0 . — C r e w i n r k i a  p u l c h e l l a  ( B i l l i n g s ,  1 8 6 5 ) :  

r e l a t i o n  b e t w e e n  number  o f  major  s e p t a  (n )  and  c o r a l l i t e  

d i a m e t e r  (d )  or c r o s s - s e c t i o n a l  a r e a  ( a ) .  Numbers  i n d i c a t e  

f r e q u e n c y  o f  a p o i n t  i f  g r e a t e r -  t h a n  one ( s e e  App. 8 ) .
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T e x t - f i g u r e  4 0 . — Gr e w i n g k i a  p u l  c h e l l a  ( B i l l i n g s ,  1 8 6 5 ) :  

r e l a t i o n  "between number  o f  m a j o r  s e p t a  (n )  an d  c o r a l l i t e  

d i a m e t e r  (d )  or c r o s s - s e c t i o n a l  a r e a  ( a ) .  Numbers i n d i c a t e  

f r e q u e n c y  o f  a  p o i n t  i f  g r e a t e r '  t h a n  one ( s e e  App. 8 ) .
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c o m p l e t e l y  d i l a t e d .  They a r e  g e n e r a l l y  s t r o n g l y  b u t  

s o m e t im e s  c o m p l e t e l y  d i l a t e d  i n  i n t e r m e d i a t e  s t a g e s .  I n  

l a t e  s t a g e s  t h e y  a r e  w e a k ly  t o  m o d e r a t e l y  d i l a t e d .  The 

c a r d i n a l  s e p tu m  i s  g e n e r a l l y  i n d i s t i n c t  a n d  t h e  c a r d i n a l  

f o s s u l a  i s  n a r r o w .  The m i n o r  s e p t a  e x t e n d  a  s h o r t  d i s t a n c e  

b ey o n d  t h e  n a r r o w  t o  m o d e r a t e l y  b r o a d  s t e r e o z o n e  i n  l a t e  

s t a g e s .  T a b u l a e  a r e  s p a r s e  i n  l a t e  s t a g e s ,  a n d  a r e  

i n c o m p l e t e  and  i r r e g u l a r  i n  d e v e l o p m e n t .

M i c r o s t r u c t u r e : S e p t a l  f i b e r s  a r e  w e l l  d e v e l o p e d  an d

t r a b e c u l a e  a r e  w e a k l y  i n c l i n e d  u p  t o w a r d  t h e  a x i s .  L a m e l l a e  

a r e  p r e s e n t  i n  t h e  s t e r e o z o n e  i n  i n c o m p l e t e l y  d i l a t e d  

s t a g e s .

D i s c u s s i o n : B i l l i n g s  b a s e d  t h i s  s p e c i e s  on two c o r a l l i t e s .

One o f  t h e s e  was f i g u r e d  a s  S t r e p t e l a s m a  s e l e c t u m  by Lambe 

(1 9 0 1 )  a n d  i s  h e r e i n  d e s i g n a t e d  a s  t h e  l e c t o t y p e  o f  

G r e w i n g k i a  p u l c h e l l a . The o t h e r  s p e c im e n  i s  unknown.

S e v e r a l  o f  t h e  p r o b a b l e  s y n t y p e s  o f  P e t r a i a  s e l e c t a  a r e  G. 

p u l c h e l l a . B i l l i n g s ’ P .  p u l c h e l l a  was c o n s i d e r e d  a  synonym 

■£• s e l s e t a  by  Lambe (1 9 0 1 )  a n d  T w e n h o fe l  ( 1 9 2 8 ) ,  b u t  two 

s p e c i e s  a r e  d e f i n i t e l y  i n v o l v e d .

G. p u l c h e l l a  i s  d i s t i n c t  i n  h a v i n g  a  d e n s e  a x i a l  

s t r u c t u r e  o f  c o m p l e t e l y  d i l a t e d  s e p t a l  l o b e s  i n  i n t e r m e d i a t e  

s t a g e s ,  a n d  a  f ew  m o d e r a t e l y  t o  s t r o n g l y  d i l a t e d  s e p t a l  

l o b e s  an d  l a m e l l a e  i n  l a t e  s t a g e s .

R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.



316

C-rewingkia sp.

P l a t e  7 ,  f i g s .  3 9 -4 2

S p e c i m e n s : YPM " G ra n d e  Coupe,  P e r c e ,  Q u e b e c " ( b ) ;  USI'IM

1 0 2 3 9 0 ( 4 ) .

O c c u r r e n c e : U p p e r  O r d o v i c i a n  (Lower A s h g i l l i a n ) :

S t e n o p a r e i a  f a u n a l  zone  o f  L e s p e r a n c e  ( 1 9 6 8 b ) ,  W hi te  Head 

F o r m a t i o n ;  G rande  Coupe,  2 . 4  km n o r t h  o f  P e r c e ,  Q uebec .

D e s c r i p t i o n : The c o r a l l i t e s  a t t a i n  m o d e r a t e  s i z e .  I n

e a r l y  s t a g e s  t h e  m a j o r  s e p t a  e x t e n d  t o  t h e  a x i s .  I n  

i n t e r m e d i a t e  s t a g e s  t h e  m a j o r  s e p t a  a r e  w i t h d r a w n  f ro m  t h e  

a x i s  a n d  a  few  s e p t a l  l o b e s  a n d  s h o r t  l a m e l l a e  fo rm  a 

s m a l l ,  v e r y  weak a x i a l  s t r u c t u r e .  I n  l a t e  s t a g e s  t h e  

m o d e r a t e l y  s m a l l  a x i a l  s t r u c t u r e  c o n s i s t s  o f  m o d e r a t e l y  

d i l a t e d  s e p t a l  l o b e s  a n d  l a m e l l a e .  The m a j o r  s e p t a  a r e  

u n d i l a t e d  t o  w e a k ly  d i l a t e d .  The c a r d i n a l  s e p tu m  i s  

i n d i s t i n c t  a n d  a  f o s s u l a  i s  n o t  d e v e l o p e d .  The m in o r  

s e p t a  a r e  s h o r t  a n d  g e n e r a l l y  c o n f i n e d  t o  t h e  s t e r e o z o n e ,  

w h ic h  becom es  b r o a d  i n  l a t e  s t a g e s .  T a b u l a e  a r e  p r e s e n t .

M i c r o s t r u c t u r e : The s e p t a  a p p e a r  t o  be w e a k ly  f i b r o u s ,  and

l a m e l l a e  a r e  p r e s e n t  i n  t h e  s t e r e o z o n e .

D i s c u s s i o n : T h e se  two s p e c i m e n s  a r e  d i s t i n c t  i n  h a v i n g  t h e

m a j o r  s e p t a  w i t h d r a w n  f ro m  t h e  a x i s  i n  i n t e r m e d i a t e  s t a g e s  

w h e re  a  f ew  s e p t a l  l o b e s  a n d  l a m e l l a e  fo rm  a  s m a l l ,  v e r y
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weak a x i a l  s t r u c t u r e .  A s s i g n m e n t  t o  a  p r o b a b l y  new s p e c i e s  

m u s t  a w a i t  t h e  d i s c o v e r y  o f  more s p e c i m e n s  f ro m  w h ic h  

a d d i t i o n a l  i n f o r m a t i o n  c a n  be o b t a i n e d .
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"C-enuU1 Lobocorallium II el son, 1963

1963.  L o b o c o r a l l i u m  K e l s o n  [ p a r t i m ] , p .  34 ,  35 .

Type s p e c i e s  (by  o r i g i n a l  d e s i g n a t i o n ) :  S t r e p t e l a s m a

r u s t  i  cum v a r .  t r i l o b a  turn V/hit e a v e s ,  1895.

D i a g n o s i s : C o r a l l i t e s  s o l i t a r y ,  t r o c h o i d ,  w e a k l y  t o  m o d e r a t e l y

c u r v e d ,  a n d  a t t a i n  v e r y  l a r g e  s i z e .  C r o s s - s e c t i o n  t r i l o b a t e .  

C a l y x  o f  m o d e r a t e  d e p t h  w i t h  v e r y  w e a k ly  c o n v e x  c a l i c u l a r  

b o s s .

C a r d i n a l  s e p tu m  on c o n v ex  s i d e  o f  c o r a l l i t e .  M a jo r  

s e p t a  c o m p l e t e l y  d i l a t e d  u n t i l  i m m e d i a t e l y  b e lo w  c a l y x .

M in o r  s e p t a  p o o r l y  d e v e l o p e d .  A x i a l  s t r u c t u r e  i n  l a t e s t  

s t a g e  c o m p r i s e s  a  few  s t r o n g l y  t o  c o m p l e t e l y  d i l a t e d  

s e p t a l  l o b e s  o r  l o b e s  a n d  l a m e l l a e .  T a b e l l a e  i n  s e p t a l  

r e g i o n .  T a b u l a e  i n  a x i a l  r e g i o n  m o s t l y  c o m p l e t e  an d  

s l i g h t l y  c o n c a v e  u pw ard  a x i a l l y  t o  w e a k ly  co n v ex  u p w a r d .

S p e c i e s  a n d  o c c u r r e n c e : L o b o c o r a l l i u m  i s  known f ro m  t h e

U p p e r  O r d o v i c i a n  o f  N o r t h  A m e r i c a .  The f o l l o w i n g  s p e c i e s  

a r e  i n c l u d e d ’ i n  t h e  g e n u s :

1895.  S t r e p t e l a s m a  r u s t i c u m  v a r .  t r i l o b a t u r n  (= L. 

t r i l o b a  turn) V/hit  e a v e s ,  p .  113.

U p p er  O r d o v i c i a n :  S to n y  M o u n ta i n  F o r m a t i o n ;

s o u t h e r n  M a n i t o b a .

1928.  Z a p h r e n t i s  v a u r e a l e n s i s  (= L. t r i l o b a t u r n  s u b s p .  

v a u r e a l e n s i s ) T w e n h o fe l ,  p .  116,  117, P I .  3,
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fig. 1.
Upper Ordovician: Vaureal Formation
(Ashgillian); Anticosti Island, Quebec.
V/hite Head Formation (Ashgillian); Perce, 
Quebec.

Discussion: Lobocorallium was proposed to include the
trilobate corals Streptelasma rusticum var. trilobatum, S. 
goniophylloides, and L. trilobatum var. major. The last 
two species have ontogenies and axial structures 
characteristic of C-rewingkia, and have been referred to G. 
haysi (Elias, 1976,  p. 8 3 ) .  Trilobation appears within 
several species of Grewingkia and Deiracorallium, and 
cannot be considered a generic trait. Lobocorallium is 
presently considered distinct in having completely dilated 
septa until immediately below the calyx, where an axial 
structure of a few strongly to completely dilated septal 
lobes or lobes and lamellae is developed in late stages.
G. haysi and L. trilobatum subsp. vaurealensis are 
intermediate forms linking Grewingkia and Lobocorallium, 
as discussed previously under the former "genus".
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Lobocorallium trilobatum subsp. vaurealensis (Twenhofel, 1928)

P l a t e  7 ,  f i g s .  4 3 - 4 9

1928.  Z a u h r e n t i s  v a u r e a l e n s i s  T w e n h o f e l ,  p .  116, 117,

P I .  3 ,  f i g .  1.

H o l o t y p e  (b y  o r i g i n a l  d e s i g n a t i o n ) :  YPM 20482 ;

T w e n h o f e l ' s  zone  5, u p p e r  member, V a u r e a l  F o r m a t i o n ;  zone  

7 o f  T w e n h o f e l ' s  V a u r e a l  P t iv e r  s e c t i o n ,  A n t i c o s t i  I s l a n d ,  

Q uebec ;  T w e n h o fe l  c o l l e c t i o n .

O t h e r  s p e c i m e n s : GSC l o c .  3 6 1 5 7 ( 1 ,  2 ) :  u p p e r  member , a b o u t

50 m b e lo w  t o p  o f  V a u r e a l  F o r m a t i o n ;  m a in  h ig h w a y  s e c t i o n ,  

c u t  a p p r o x i m a t e l y  1 0 .4  Inn f ro m  P o r t  M e n i e r ,  A n t i c o s t i  

I s l a n d ,  Q uebec ;  B o l t o n  c o l l e c t i o n .  USNM 1 0 2 3 9 0 ( 1 ) ;

S t e n o p a r e i a  f a u n a l  zone  o f  L e s p e r a n c e  ( 1 9 6 8 b ) ,  W h i te  Head 

F o r m a t i o n ;  G ra n d e  Coupe,  2 . 4  km n o r t h  o f  P e r c e ,  Quebec .

O c c u r r e n c e : U p p e r  O r d o v i c i a n  (Lower  A s h g i l l i a n ) : u p p e r

member , V a u r e a l  F o r m a t i o n ;  A n t i c o s t i  I s l a n d ,  Quebec .

White Head Formation; Perce, Quebec.

D i a g n o s i s : C o r a l l i t e s  t r o c h o i d ,  w e a k ly  t o  m o d e r a t e l y

c u r v e d ,  t r i l o b a t e ,  an d  a t t a i n  v e r y  l a r g e  s i z e .  C a l y x  o f  

m o d e r a t e d  d e p t h  w i t h  v e r y  w e a k ly  c o n v e x  c a l i c u l a r  b o s s .

A x i a l  s t r u c t u r e  o f  s t r o n g l y  d i l a t e d  s e p t a l  l o b e s  an d  

l a m e l l a e  i n  l a t e s t  s t a g e s .  S e p t a  c o m p l e t e l y  d i l a t e d  u n t i l  

i m m e d i a t e l y  b e lo w  c a l y x .  C a r d i n a l  s e p tu m  l o n g ,  f o s s u l a  n o t
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d e v e l o p e d .  M inor  s e p t a  p o o r l y  d e v e l o p e d .  T a b e l l a e  i n  

s e p t a l  r e g i o n .  T a b u l a e  i n  a x i a l  r e g i o n  m o s t l y  c o m p l e t e ,  

o f t e n  d i l a t e d ,  m o d e r a t e l y  s p a c e d ,  an d  a p p r o x i m a t e l y  

h o r i z o n t a l .

D e s c r i p t i o n  o f  c o r a l l i t e s : The l a r g e s t  c o r a l l i t e  exam ined

(YH.T 20482)  h a s  a  l e n g t h  o f  150 mm. GSC l o c .  3 6 1 5 7 (2 )  h a s
2

71 m a j o r  s e p t a  a t  a  c r o s s - s e c t i o n a l  a r e a  o f  1025 mm . The 

c o r a l l i t e s  a r e  t r o c h o i d  a n d  w e a k ly  t o  m o d e r a t e l y  c u r v e d .  

They a r e  c o m p r e s s e d  t h r o u g h o u t  t h e i r  l e n g t h  —  t h e  maximum 

c r o s s - s e c t i o n a l  l e n g t h - w i d t h  r a t i o  i s  1 .3  (USNM 1 0 2 3 9 0 ( 1 ) ) .  

I n  c r o s s - s e c t i o n  t h e  c o r a l l i t e s  v a r y  f ro m  w e a k ly  t o  

s t r o n g l y  t r i l o b a t e .  T r i l o b a t i o n  i s  s t r o n g e s t  s e v e r a l  cm 

a b o v e  t h e  t i p ,  a n d  d e c r e a s e s  u p w a r d .  The c a l y x  h a s  a  

d e p t h  e q u a l  t o  0 . 2  o f  t h e  c o r a l l i t e  l e n g t h  (YPM 2 0 4 8 2 ) .

The c a l i c u l a r  b o s s  i s  v e r y  w e a k ly  co n v e x .

O n to g e n y  an d  i n t e r n a l  s t r u c t u r e s : I n  e a r l y  s t a g e s  t h e

m a j o r  s e p t a  e x t e n d  t o  t h e  a x i s .  A fe w  c o m p l e t e l y  d i l a t e d  

s e p t a l  l o b e s  a n d  l a m e l l a e  a p p e a r  i n  i n t e r m e d i a t e  s t a g e s .

I n  t h e  l a t e s t  s t a g e s  t h e  a x i a l  s t r u c t u r e  c o n s i s t s  o f  v e r y  

s t r o n g l y  d i l a t e d  s e p t a l  l o b e s  a n d  l a m e l l a e .

The num ber  o f  m a j o r  s e p t a  a t  a  p a r t i c u l a r  

c r o s s - s e c t i o n a l  a r e a  i s  shown i n  T e x t - f i g .  4 1 .  The s e p t a

T e x t - f i g u r e  4 1 . — L o b o c o r a l l i u m  t r i l o b a t u m  ( W h i t e a v e s ,  1 8 9 5 ) ,  

S to n y  M o u n ta in  F m . , S t o n y  M o u n ta in ,  M a n i t o b a ;  L. t r i l o b a t u m
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cubsp .  v a u r e a l e n s i s  (Twenhofe l ,  1928) ,  Vau rea l  Fm. , A n t i c o s t i  

I s . ,  Quebec ( s e e  App. 8 ) ;  Gr e w i n g k i a  hay s i  (Meek, 1869) ,  

Mani toba ,  Iioi t h w e s t  T e n i t o i i e s ,  n o r t h w e s t e i  n Green l and  ( see  

a l i a s ,  1976, f i£; .  11b) :  r e l a t i o n  be tween number o f  major

s e p t a  (n)  and c o r a l l i t e  c r o s s - s e c t i o n a l  a r e a  ( a ) .

a r e  c o m p l e t e l y  d i l a t e d  u n t i l  i m m e d i a t e l y  b e lo w  t h e  c a l y x .

The c a r d i n a l  s e p tu m  i s  l o n g ,  a n d  a  c a r d i n a l  f o s s u l a  i s  n o t  

d e v e l o p e d .  I n  e a r l y  t o  i n t e r m e d i a t e  s t a g e s  t h e  m a j o r  s e p t a  

on t h e  c a r d i n a l  s i d e  t e n d  t o  im p in g e  on t h e  c a r d i n a l  s e p tu m ,  

a n d  t h e  s e p t a  on t h e  c o u n t e r  s i d e  t e n d  t o  im p in g e  011 t h e  

l o n g  a l a r  s e p t a .  M in o r  s e p t a  a r e  p o o r l y  d e v e l o p e d  b e c a u s e  

o f  t h e  c o m p l e t e l y  d i l a t e d  m a j o r  s e p t a .

Convex u pw ard  t a b e l l a e  a r e  p r e s e n t  i n  t h e  s e p t a l  

r e g i o n .  They a r e  i n c l i n e d  u p  t o w a r d  t h e  a x i s  i n  e a r l y  

s t a g e s  an d  become l e s s  s t e e p l y  i n c l i n e d  w i t h  i n c r e a s e d  

h e i g h t  i n  t h e  c o r a l l i t e .  They a r e  o r i e n t e d  h o r i z o n t a l l y  i n  

l a t e  s t a g e s .  T a b u l a e  i n  t h e  a x i a l  r e g i o n  a r e  m o s t l y  

c o m p l e t e ,  m o d e r a t e l y  s p a c e d ,  o f t e n  d i l a t e d ,  a n d  a p p r o x i m a t e l y  

h o r i z o n t a l .

M i c r o s t r u c t u r e : S e p t a l  f i b e r s  a r e  w e l l  d e v e l o p e d ,  and

l a m e l l a e  a r e  p r e s e n t  i n  t h e  s t e r e o z o n e .

D i s c u s s i o n : The f o l l o w i n g  s p e c i m e n s  o f  L o b o c o r a l l i u m

t r i l o b a t u m  ( V /h i t e a v e s ,  1895) f ro m  t h e  C-unn a n d  P e n i t e n t i a r y  

Members o f  t h e  S to n y  M o u n ta i n  F o r m a t i o n  a t  S to n y  M o u n ta i n ,
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T e x t - f i g u r a  4 1 . — L o b o c o r a l l i u m  t r i l o b a t u m  ( W h i t s a v e s ,  1899) i> 

S to n y  M o u n ta in  Pm .,  S t o n y  M o u n ta i n ,  M a n i t o b a ;  L. t r i l o b a t u m  

s u b s p .  v a u r s a l e n s i s  ( T w e n h o f e l ,  1 9 2 8 ) ,  V a u r e a l  Pm . ,  A n t i c o s t i  

I s . ,  Quebec ( s e e  App.  8 ) ;  Gr e w i n g k i a  h a y  s i  (Meek, 1 8 6 9 ) ,  

M anitoba . ,  N o r t h w e s t  T e r r i t o r i e s ,  n o r t h w e s t e r n  G r e e n l a n d  ( s e e  

E l i a s ,  1976,  f i g .  1 1 b ) :  r e l a t i o n  b e t w e e n  number  o f  m a j o r

s e p t a  (n )  and  c o r a l l i t e  c r o s s - s e c t i o n a . 1  a r e a  ( a ) .
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s o u t h e r n  Ivlanitoba, h a v e  b e e n  examined. ( E l i a s ,  1976,  p .  5 9 ) :  

GSC 6825 ( c o l l e c t e d  by T .C .  v /e s ton  i n  1884;  t h i s  s p e c im e n  

i s  p r o b a b l y  a  s y n t y p e ) ,  UT.l 2 5 2 , 260 ,  261 ,  265 ,  268 ,  269 ,

272 ,  274 ,  282 ,  a n d  336 .  L. t r i l o b a t u m  s u b s p .  v a u r e a l e n s i s  

d i f f e r s  f ro m  t h e  s p e c i e s  s e n s u  s t r i c t o  i n  h a v i n g  l e s s  

p r o n o u n c e d  t r i l o b a t i o n ,  a  s l i g h t l y  l e s s  d i l a t e d  an d  

b e t t e r  d e v e l o p e d  a x i a l  s t r u c t u r e  i n  t h e  l a t e s t  s t a g e ,  an d  

f e w e r  m a j o r  s e p t a  a t  a  p a r t i c u l a r  c r o s s - s e c t i o n a l  a r e a  

( T e x t - f i g .  4 1 ) .  I f  L. t r i l o b a t u m  s u b s p .  v a u r e a l e n s i s  i s  

t h e  i m m e d ia t e  a n c e s t o r  o f  L. t r i l o b a t u m , i t  c a n  be  a d d e d  t o  

t h e  p o s s i b l e  e v o l u t i o n a r y  s e q u e n c e  G r e w i n g k i a  r o b u s t a  —> G. 

h a y  s i  —» L. t r i l o b a t u m  s u b s p .  v a u r e a l e n s i s  —■» L.  t r i l o b a t u m  

( E l i a s ,  1976,  p .  38 ,  3 9 ) .  L. t r i l o b a t u m  s i i b s p .  v a u r e a l e n s i s  

c o u l d  a l s o  b e  a  g e o g r a p h i c  v a r i a n t  o f  t h e  c o n t e m p o r a r y  L.  

t r i l o b a t u m . I t  i s  c l o s e r  t o  L.  t r i l o b a t u m  t h a n  t o  G. 

h a y s i , w h ich  i s  g e n e r a l l y  l e s s  s t r o n g l y  t r i l o b a t e  a n d  h a s  

l e s s  s t r o n g l y  d i l a t e d  s e p t a  a n d  a  b e t t e r  d e v e l o p e d  a x i a l  

s t r u c t u r e .  I t  i s  t h e r e f o r e  i n c l u d e d  i n  L o b o c o r a l l i u m , a n d  

i s  n o t  c o n s i d e r e d  s u f f i c i e n t l y  d i f f e r e n t  f ro m  L. t r i l o b a t u m  

t o  c o n s t i t u t e  a  s e p a r a t e  s p e c i e s .
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"Genus” Densigrewingkia Neuman, 1969

1969.  D e n s i g r e w i n g k i a  B. Neuman, p .  50 ,  51 .

D i s c u s s i o n : D e n s i g r e w i n g k i a , known f ro m  t h e  U pper

O r d o v i c i a n  o f  Norvray a n d  a  q u e s t i o n a b l e  o c c u r r e n c e  i n  

M a in e ,  i s  p r e s e n t l y  c o n s i d e r e d  d i s t i n c t  i n  h a v i n g  a  c o n c a v e  

c a r d i n a l  s i d e  a n d  a n  o n t o g e n y  s i m i l a r  t o  G r e w i n g k i a , e x c e p t  

w i t h  s t e r e o p l a s m a t i c  d e p o s i t s  c o n n e c t i n g  e l e m e n t s  o f  t h e  

a x i a l  s t r u c t u r e  a t  l e a s t  u n t i l  t h e  l a t e s t  o n t o g e n e t i c  s t a g e .  

The r e l a t i o n s h i p  o f  D e n s i g r e w i n g k i a  w i t h  B i g h o r n i a  Duncan ,  

1957 i s  u n c e r t a i n  ( T e x t - f i g .  2 6 b ) .  B i g h o r n i a  a l s o  h a s  a  

c o n c a v e  c a r d i n a l  s i d e  a n d  a  s t r o n g l y  d i l a t e d  m e d ia n  s e p t a l  

l a m e l l a  i n  t h e  a x i a l  r e g i o n .  I n  a n  u n u s u a l l y  l o n g  c o r a l l i t e  

o f  B. c f .  p a t e l l a  ( W i l s o n ,  1 9 2 6 ) ,  t h e  a x i a l  s t r u c t u r e  i n  t h e  

l a t e s t  s t a g e  a l s o  r e s e m b l e s  G r e w i n g k i a  ( S l i a s ,  1976,  P I .

17, f i g .  1 3 ) .  I t  i s  u n c e r t a i n  w h e t h e r  t h e  p o s i t i o n  o f  t h e  

c a r d i n a l  s e p tu m  on  t h e  c o n c a v e  s i d e  i s  g e n e r i c a l l y  

s i g n i f i c a n t ,  a s  d i s c u s s e d  i n  t h e  t e x t  u n d e r  " M o rp h o lo g y  and  

Taxonomy".  The s i g n i f i c a n c e  o f  s t e r e o p l a s m a t i c  d e p o s i t s  i n  

D e n s i g r e w i n g k i a  i s  q u e s t i o n a b l e .  I n  some s p e c i e s  o f  o t h e r  

g e n e r a  h a v i n g  s t r o n g l y  d i l a t e d  s e p t a ,  s u c h  a s  L o b o c o r a l l i u m  

t r i l o b a t u m  s u b s p .  v a u r e a l e n s i s  ( T w e n h o f e l ,  1 9 2 8 ) ,  t h e  

s t r o n g l y  d i l a t e d  a x i a l  s t r u c t u r e  c a n  be  d e n s e  b e c a u s e  o f  

s t e r e o p l a s m a t i c  d e p o s i t s .
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Densigrewingkia ? sp.

P l a t e  8 ,  f i g s .  1, 2

S p e c i m e n s : USC-S 6 2 5 7 a ,  t>; 6 2 5 8 a ,  b ;  Neuman c o l l e c t i o n .

O c c u r r e n c e : U pper  O r d o v i c i a n  ( A s h g i l l i a n ) :  A bou t  61 rn

a b o v e  b a s e  o f  unnamed f o r m a t i o n ;  b e t w e e n  Pond P i t c h  an d  

H a s k e l l  Rock P i t c h ,  E a s t  B r a n c h ,  P e n o b s c o t  R i v e r ,  P e n o b s c o t  

C o . ,  M a in e .

D e s c r i p t i o n  o f  c o r a l l i t e s : The l a r g e s t  c o r a l l i t e  exam ined

(USGS 6257)  h a s  a  d i a m e t e r  o f  18 mm an d  37 m a j o r  s e p t a  a t  

a n  unknown d i s t a n c e  b e lo w  t h e  c a l y x .

O n to g e n y  a n d  i n t e r n a l  s t r u c t u r e s : I n  e a r l y  s t a g e s  t h e  m a j o r

s e p t a  e x t e n d  t o  t h e  a x i s .  I n  l a t e r  s t a g e s ,  a  d e n s e ,  s o l i d  

a x i a l  s t r u c t u r e  o f  a  f ew  s t r o n g l y  d i l a t e d  s e p t a l  l o b e s  a n d  

l a m e l l a e  e n c l o s e d  i n  s t e r e o p l a s m a t i c  d e p o s i t s  i s  p r e s e n t .

I n  e a r l y  s t a g e s ,  t h e  s e p t a  a r e  c o m p l e t e l y  d i l a t e d .  The 

m a j o r  s e p t a  a r e  s t r o n g l y  d i l a t e d  i n  l a t e r  s t a g e s ,  w here  t h e  

c a r d i n a l  s e p tu m  a p p e a r s  t o  b e  s h o r t e r  t h a n  t h e  o t h e r s .

M in o r  s e p t a  a r e  c o n f i n e d  t o  t h e  s t e r e o z o n e .

M i c r o s t r u c t u r e : The m i c r o s t r u c t u r e  i s  unknown b e c a u s e  t h e

s p e c i m e n s  a r e  p o o r l y  p r e s e r v e d .

D i s c u s s i o n : T h e s e  two i n c o m p l e t e  s p e c i m e n s  a p p e a r  t o  h a v e

t h e  o n t o g e n y  a n d  a x i a l  s t r u c t u r e  c h a r a c t e r i s t i c  o f
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D e n s i r r e w i n g k i a , b u t  a s s i g n m e n t  t o  t h e  '^ e n u ^ '  r e m a i n s  

q u e s t i o n a b l e  u n t i l  t h e  o n t o g e n y  i s  more c o m p l e t e l y  known 

a n d  i t  c a n  be  d e t e r m i n e d  t h a t  t h e  c a r d i n a l  s i d e  i s  c o n c a v e .
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"G enus"  B o d o p h y l lu m  Neuman, 1969

1969.  B odo p h y l lu m  B. Neuman, p .  9 4 - 9 6 .

D i s c u s s i o n : B o d o p h y l lu m , a s  p r e s e n t l y  u n d e r s t o o d ,  i s

c h a r a c t e r i s e d  by  a  d e n s e  t o  s o l i d  a x i a l  s t r u c t u r e  composed 

o f  s e p t a l  l o b e s  an d  v e r y  few  l a m e l l a e ,  w i t h  a n  o f t e n  

p r o m i n e n t  m e d ia n  l a m e l l a  j o i n i n g  t h e  c a r d i n a l  a n d  c o u n t e r  

s e p t a  an d  f o r m i n g  a  c a l i c u l a r  b o s s .  B. Neuman (1969» p .

56) r e p o r t e d  t h i s  U pper  O r d o v i c i a n  " g e n u s "  f ro m  Sweden and  

Norway,  a n d  p r o b a b l y  S c o t l a n d  a n d  N o r t h  A m e r i c a .  I n  N o r t h  

A m e r i c a  i t  o c c u r s  i n  t h e  l a t e  U pper  O r d o v i c i a n  o f  t h e  

e a s t e r n  G r e a t  B a s i n  (Budge ,  1 9 7 7 ) ,  i n  t h e  A s h g i l l i a n  o f  

A n t i c o s t i  I s l a n d ,  Quebec ,  a n d  M a in e ,  q u e s t i o n a b l y  i n  t h e  

Lower  o r  M id d le  A s h g i l l i a n  a t  P e r c e ,  Quebec ,  an d  i n  t h e  

G am ach ian  ( ? )  o f  M i s s o u r i .

The u n c e r t a i n  r e l a t i o n s h i p  o f  B o d o p h y l lu m  w i t h  o t h e r  

" g e n e r a "  i s  d e m o n s t r a t e d  by  t h e  f o l l o w i n g  p o i n t s  ( T e x t - f i g .  

2 6 a ,  c ) :

1.  B odo p h y l lu m  i s  v e r y  s i m i l a r  t o  B i g h o r n i a  D u ncan ,  1957,  

b u t  h a s  t h e  c a r d i n a l  s e p tu m  on t h e  c o n v e x  r a t h e r  t h a n  

c o n c a v e  s i d e .  I t  i s  u n c e r t a i n  w h e t h e r  t h e  p o s i t i o n  o f  

t h e  c a r d i n a l  s e p tu m  i s  g e n e r i c a l l y  s i g n i f i c a n t ,  a s  

d i s c u s s e d  i n  t h e  t e x t  u n d e r  "M o rp h o lo g y  a n d  Taxonomy".  

C o r a l l i t e s  o f  B i g h o r n i a  a r e  g e n e r a l l y  s u b c a l c e o l o i d  i n  

f o rm ,  a s  i s  B o d o p h y l lu m  d u n c a n a e  ( S p j e l d n a e s ,  1 9 6 1 ) .

2 .  The s i g n i f i c a n c e  o f  a  d i l a t e d  m e d ia n  s e p t a l  l a m e l l a  i n
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t h e  a x i a l  s t r u c t u r e  i s  u n c e r t a i n .  G r e w i n g k i a  b i l a t e r a l i s  

K eunan ,  1969,  H e l i c e l a s m a  l a m e l l o s a  E l i a s ,  1976,  a n d  some 

c o r a l l i t e s  o f  S t r e p t e l a s m a  c y r tu m  Neuman, 1969 a l s o  h a v e  

a  m e d ia n  l a m e l l a .  I n  l a t e  o n t o g e n e t i c  s t a g e s  o f  

B o d o p h y l lu m  s h o r t i  n .  s p . , t h e  a x i a l  s t r u c t u r e  r e s e m b l e s  

G r e w i n g k i a  b e c a u s e  t h e  m e d ia n  l a m e l l a  i s  w e a k ly  d i l a t e d  

an d  i r r e g u l a r ,  an d  o t h e r  s e p t a l  l o b e s  a n d  l a m e l l a e  a r e  

p r e s e n t .

McLean (1 9 7 4 ,  p .  43)  s u g g e s t e d  t h a t  B o d o p h y l lu m , B i g h o r n i a , 

Dalm anophy1 lum L ang  an d  S m i th ,  1939,  a n d  D i t o e c h o l a s m a  

S im p so n ,  1900 may be  synonymous .
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Bodophyllum shorti n. sp.

P l a t e  8,  f i g s .  3 -7

E t y m o l o g y : The s p e c i e s  i s  named f o r  t h e  f o r m e r  owner  o f

t h e  f a r m  on w h ich  t h i s  c o r a l  was f o u n d  a t  t h e  t y p e  s e c t i o n  

o f  t h e  Leemon F o r m a t i o n .

H o l o t y p e  a n d  o n l y  s p e c i m e n : UCGM 4 5 6 1 3 ;  E l i a s  c o l l e c t i o n .

O c c u r r e n c e : U p p er  O r d o v i c i a n  (?  G a m a c h ia n ) :  Leemon 

F o r m a t i o n ;  l o c a l i t y  2 0 a - 1 , Cape G i r a r d e a u  C o . ,  M i s s o u r i .

D i a g n o s i s : C o r a l l i t e  s m a l l ,  u n c u r v e d ,  w i t h  b a s e  o f

a t t a c h m e n t  an d  d e e p  c a l y x .  A x i a l  s t r u c t u r e  s o l i d  i n  e a r l y  

s t a g e s ,  i n  i n t e r m e d i a t e  s t a g e s  p r o m i n e n t  d i l a t e d  m e d ia n  

s e p t a l  l a m e l l a  c o n n e c t s  w i t h  l o n g  c a r d i n a l  a n d  c o u n t e r  

s e p t a ,  i n  l a t e  s t a g e s  m e d ia n  l a m e l l a  w e a k ly  d i l a t e d ,  

i r r e g u l a r ,  an d  n o t  c o n n e c t e d  t o  c a r d i n a l  o r  c o u n t e r  s e p t a ,  

a n d  a  few  s e p t a l  l o b e s  a n d  l a m e l l a e  p r e s e n t .  M a jo r  s e p t a  

u n d i l a t e d .  M inor  s e p t a  l o n g ,  e x t e n d i n g  w e l l  b ey o n d  t h e  

n a r r o w  s t e r e o z o n e .  T a b u l a e  p r e s e n t .

D e s c r i p t i o n  o f  c o r a l l i t e : The c o r a l l i t e  i s  a b o u t  15 mm

l o n g  an d  h a s  a  d i a m e t e r  o f  8 mm a  s h o r t  d i s t a n c e  b e l o w  t h e  

c a l y x  w h e re  34 m a j o r  s e p t a  a r e  p r e s e n t .  The c o r a l l i t e  i s  

u n c u r v e d .  The b a s e  o f  a t t a c h m e n t  i s  on t h e  c a r d i n a l  s i d e ,  

a n d  t h e  c o r a l l i t e  was a t t a c h e d  t o  a  b r y o z o a n .  The c a l y x  

h a s  a  d e p t h  e q u a l  t o  a b o u t  0 . 4  o f  t h e  c o r a l l i t e  l e n g t h .
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O n to g e n y  a n d  i n t e r n a l  s t r u c t u r e s : The a x i a l  s t r u c t u r e  i s

s o l i d  i n  e a r l y  s t a g e s .  I n  i n t e r m e d i a t e  s t a g e s  a  p r o m i n e n t  

d i l a t e d  m e d ia n  s e p t a l  l a m e l l a  i s  c o n n e c t e d  t o  t h e  l o n g  

c a r d i n a l  a n d  c o u n t e r  s e p t a  a n d  a  few  d i l a t e d  s e p t a l  l o b e s  

a n d  r a r e  s e p t a l  l a m e l l a e  a r e  p r e s e n t .  I n  l a t e  s t a g e s  t h e  

e l e m e n t s  o f  t h e  a x i a l  s t r u c t u r e  a r e  w e a k ly  d i l a t e d .  The 

m e d ia n  l a m e l l a  i s  i r r e g u l a r  an d  d i s c o n t i n u o u s ,  a n d  i s  n o t  

c o n n e c t e d  t o  t h e  c a r d i n a l  o r  c o u n t e r  s e p t a .  A few  o t h e r  

s e p t a l  l a m e l l a e  a n d  s e p t a l  l o b e s  a r e  p r e s e n t .  The m a j o r  

s e p t a  a r e  w e a k ly  d i l a t e d  i n  e a r l y  s t a g e s ,  a n d  u n d i l a t e d  i n  

l a t e r  s t a g e s .  A c a r d i n a l  f o s s u l a  i s  n o t  d e v e l o p e d .  The 

m i n o r  s e p t a  a r e  l o n g ,  e x t e n d i n g  w e l l  b e y o n d  t h e  n a r r o w  

s t e r e o z o n e .  T a b u l a e  a r e  p r e s e n t .

E i c r o s t r u c t u r s : S e p t a l  f i b e r s  a r e  p r e s e n t ,  b u t  l a m e l l a e

a r e  a p p a r e n t l y  n o t  d e v e l o p e d  i n  t h e  s t e r e o z o n e .

D i s c u s s i o n ; E o d o p l ^ l l u m  s h o r t i  d i f f e r s  f ro m  o t h e r  s p e c i e s  

o f  t h e  " g e n u s ” i n  h a v i n g  v e r y  l o n g  m i n o r  s e p t a ,  a n d  a  

w e a k ly  d i l a t e d  a x i a l  s t r u c t u r e  i n  l a t e r  s t a g e s  w i t h  a n  

i r r e g u l a r  m e d i a n  s e p t a l  l a m e l l a .  I t  r e s e m b l e s  S t r e p t e l a s m a  

l e e m o n e n s i s  n . . s p . , f r o m  t h e  same l o c a l i t y ,  i n  h a v i n g  l o n g  

m i n o r  s e p t a .
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Bodophyllum neumani n. sp.

P l a t e  8 ,  f i g s .  8 -1 3

E t y m o l o g y ; The s p e c i e s  i s  named f o r  R o b e r t  B. Neuman, U .S .  

G e o l o g i c a l  S u r v e y ,  who c o l l e c t e d  t h e  s p e c i m e n s .

H o l o t y p e : USGS 6 2 6 4 a ,  b ;  Neuman c o l l e c t i o n .

P a r a t y p e s : USGS 6 2 6 0 a ,  b ;  6 2 6 9 a ,  b ;  6 2 7 0 a ,  b ;  6 2 7 1 a ,  b ;

6 3 3 8 a ,  b ;  6 3 5 1 a ,  b ;  Neuman c o l l e c t i o n .

O c c u r r e n c e : U p p e r  O r d o v i c i a n  ( A s h g i l l i a n ) : A bou t  520 m

a b o v e  b a s e  o f  unnamed f o r m a t i o n ;  b e t w e e n  Pond P i t c h  an d  

H a s k e l l  Rock P i t c h ,  E a s t  B r a n c h ,  P e n o b s c o t  R i v e r ,  P e n o b s c o t  

C o . ,  M a in e .

D i a g n o s i s : C o r a l l i t e s  c e r a t o i d ,  u n c u r v e d ,  a n d  o f  s m a l l

s i z e .  S p i t h e c a  w i t h  s e p t a l  g r o o v e s  a n d  i n t e r s e p t a l  r i d g e s .  

A x i a l  s t r u c t u r e  o f  a  d i l a t e d  m e d i a n  s e p t a l  l a m e l l a  a n d  a  

fe w  s e p t a l  l o b e s .  M a jo r  s e p t a  u n d i l a t e d .  M in o r  s e p t a  

e x t e n d  a  s h o r t  d i s t a n c e  b e y o n d  t h e  n a r r o w  s t e r e o z o n e .  

T a b u l a e  m o s t l y  c o m p l e t e ,  m o d e r a t e l y  c o n v e x  u p w a rd .

D e s c r i p t i o n  o f  c o r a l l i t e s : The l a r g e s t  c o r a l l i t e  ex am in ed

(USGS 6269)  h a s  a  d i a m e t e r  o f  13 mm a n d  30 m a j o r  s e p t a  a t  

a n  unknown d i s t a n c e  b e l o w  t h e  c a l y x .  The c o r a l l i t e s  a r e  

c e r a t o i d  a n d  u n c u r v e d .  S e p t a l  g r o o v e s  a n d  i n t e r s e p t a l  

r i d g e s  a r e  p r e s e n t  on t h e  e p i t h e c a .
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I n t e r n a l  s t r u c t u r e s : The a x i a l  s t r u c t u r e  c o n s i s t s  o f  a

d i l a t e d  m e d ia n  s e p t a l  l a m e l l a  j o i n i n g  t h e  c a r d i n a l  and  

c o u n t e r  s e p t a ,  a n d  a  few  s e p t a l  l o b e s  o r i g i n a t i n g  f ro m  

o t h e r  m a j o r  s e p t a .  The num ber  o f  m a j o r  s e p t a  a t  a  p a r t i c u l a r  

d i a m e t e r  i s  shown i n  T e x t - f i g .  42 .  The m a j o r  s e p t a  a r e

T e x t - f i g u r e  4 2 . — B o d o p h y l lu m  neum an i  n .  s p . : r e l a t i o n

b e tw e e n  numbei o f  m ajo i  s e p t a  (n )  and  c o r a l l i t e  d i a m e t e r  (d_) 

o r  c r o s s - s e c t i o n a l  a r e a  ( a )  ( s e e  App.  8 ) .

u n d i l a t e d .  The m in o r  s e p t a  e x t e n d  a  s h o r t  d i s t a n c e  b ey o n d  

t h e  n a r r o w  s t e r e o z o n e .  The t a b u l a e  a r e  m o s t l y  c o m p l e t e  and  

m o d e r a t e l y  co n v e x  u p w a r d .  C o m p lem en ta ry  p l a t e s  a r e  

s o m e t im e s  p r e s e n t .

l i i c r o s t r u c t u r e : The m i c r o s t r u c t u r e  i s  unknown b e c a u s e  o f

p o o r  p r e s e r v a t i o n .

D i s c u s s i o n : B o d o p h y l lu m  s h o r t i  n .  s p .  d i f f e r s  f ro m  B,

n eu m a n i  i n  h a v i n g  l o n g e r  m i n o r  s e p t a  an d  a  m e d ia n  l a m e l l a  

t h a t  i s  w e a k ly  d i l a t e d  a n d  i r r e g u l a r  i n  l a t e  s t a g e s .  B. 

n e u m a n i  i s  d i s t i n c t  i n  h a v i n g  a  more  e l o n g a t e  an d  p r o m i n e n t  

m e d ia n  l a m e l l a  t h a n  o t h e r  s p e c i e s  o f  t h e  ’'genus* ' .
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T e x t - f i g u r e  4 2 . — B o d o p h y l lu m  n eu m an i  n .  s p . : r e l a t i o n

b e t w e e n  number  o f  m a j o r  s e p t a  (n )  and  c o r a l l i t e  d i a m e t e r  (d )  

o r  c r o s s - s e c t i o n a l  a r e a  ( a )  ( s e e  App. 8 ) .
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3 0 1 ,  . .
7  s e c t i o n s  f r o m

7  c o r a l l i t e s

2 0O d,mm 15
O a, mm2 177

T e x t - f i g .  42
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B o d o p h y l lu m  ? s p .

P l a t e  8 ,  f i g s .  14-16

S p e c i m e n : YPM " G ran d e  Coupe,  P e r c e ,  Q u e b e c " ( c ) .

O c c u r r e n c e : U p p e r  O r d o v i c i a n  (Lower A s h g i l l i a n ) :

S t e n o p a r e i a  f a u n a  1' zone  o f  L e s p e r a n c e  ( 1 9 6 8 b ) ,  W h i te  Head 

F o r m a t i o n ;  G rande  Coupe,  2 . 4  Ion n o r t h  o f  P e r c e ,  Q uebec .

D e s c r i p t i o n : The s m a l l  c o r a l l i t e  h a s  a n  a r e a  on t h e

c a r d i n a l  s i d e  w h e re  i t  was a t t a c h e d  t o  a  b r a c h i o p o d .  I n  

e a r l y  s t a g e s  a  few  s e p t a l  l o b e s  a r e  p r e s e n t .  I n  i n t e r m e d i a t e  

a n d  l a t e  s t a g e s  a  m o d e r a t e l y  d i l a t e d  m e d ia n  s e p t a l  l a m e l l a  

j o i n s  t h e  c a r d i n a l  a n d  c o u n t e r  s e p t a ,  a n d  a  f e w  s e p t a l  

l o b e s  o r i g i n a t e  f ro m  o t h e r  m a j o r  s e p t a .  I n  t h e  l a t e  s t a g e ,

25 m a j o r  s e p t a  a r e  p r e s e n t .  The m a j o r  s e p t a  a r e  u n d i l a t e d .  

The m i n o r  s e p t a  a r e  c o n f i n e d  t o  t h e  m o d e r a t e l y  b r o a d  

s t e r e o z o n e .  T a b u l a e  a r e  p r e s e n t .

M i c r o s t r u c t u r e : S e p t a l  f i b e r s  a r e  n o t  d i s t i n g u i s h a b l e ,  an d

l a m e l l a e  a r e  d e v e l o p e d  i n  t h e  s t e r e o z o n e .

D i s c u s s i o n : T h i s  s p e c i m e n  r e s e m b l e s  B o d o p h y l lu m  i n  h a v i n g

a  m e d ia n  s e p t a l  l a m e l l a ,  b u t  t h e  a s s i g n m e n t  i s  q u e s t i o n a b l e  

b e c a u s e  t h e  a x i a l  s t r u c t u r e  i s  n o t  a s  d i l a t e d  a s  i s  t y p i c a l  

o f  t h e  g e n u s .  A new s p e c i e s  i s  n o t  e r e c t e d  b e c a u s e  o n l y  a  

s i n g l e  i n c o m p l e t e  s p e c i m e n  i s  known.
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Bodophyllum englishheadensis n. sp.

P l a t e  8 ,  f i g s .  17-23

E t y m o l o g y : The s p e c i f i c  name r e f e r s  t o  E n g l i s h  Head ,

A n t i c o s t i  I s l a n d ,  Q uebec ,  w h ere  t h e  s p e c i e s  h a s  b e e n  

c o l l e c t e d .

H o l o t y p e : YPM 3 0 6 3 / 7 ;  E n g l i s h  Bay;  T w e n h o fe l  c o l l e c t i o n .

P a r a t y p e s : YPM 3 0 1 9 / 3 0 6 3 / 2 a ,  c ;  E n g l i s h  H ead ;  T w e n h o fe l

c o l l e c t i o n .  YPM 3063 /15& ,  b ;  W h i te  C l i f f ;  T w e n h o fe l  

c o l l e c t i o n .

O c c u r r e n c e : U p p er  O r d o v i c i a n  (Lower A s h g i l l i a n ) : u p p e r

member ( E n g l i s h  Head f a c i e s ) ,  V a u r e a l  F o r m a t i o n ;  A n t i c o s t i  

I s l a n d ,  Quebec .

D i a g n o s i s : C o r a l l i t e s  c e r a t o i d  a n d  s o m e t im e s  c y l i n d r i c a l

i n  l a t e  s t a g e s ,  s t r a i g h t  t o  w e a k l y  c u r v e d ,  o f  m o d e r a t e  s i z e ,  

a n d  p o s s e s s  a  b a s e  o f  a t t a c h m e n t .  E p i t h e c a  w i t h  s e p t a l  

g r o o v e s  a n d  i n t e r s e p t a l  r i d g e s .  C a l y x  d e e p .

A x i a l  s t r u c t u r e  d e n s e ,  c o n s i s t i n g  o f  a  d i l a t e d  m e d ia n  

s e p t a l  l a m e l l a  c o n n e c t e d  t o  t h e  l o n g  c a r d i n a l  an d  c o u n t e r  

s e p t a ,  an d  d i l a t e d  a x i a l  e n d s  o f  s e p t a  a n d  s e p t a l  l o b e s .  

M a jo r  s e p t a  w e a k ly  d i l a t e d .  M in o r  s e p t a  c o n f i n e d  t o  t h e  

s t e r e o z o n e  w h ic h  becom es  v e r y  b r o a d  i n  l a t e  s t a g e s .

T a b u l a e  m o s t l y  c o m p l e t e ,  m o d e r a t e l y  s p a c e d ,  w e a k ly  c o n v e x  

u p w a r d ,  w i t h  c o m p le m e n ta r y  p l a t e s .
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D e s c r i p t i o n  o f  c o r a l l i t e s ; The l a r g e s t  c o m p l e t e  c o r a l l i t e  

e x a m in e d  (YPK 3 0 6 3 / 1 5b) i s  20 mm l o n g  a n d  h a s  a  d i a m e t e r  o f  

14 mm i m m e d i a t e l y  b e lo w  t h e  c a l y x  w here  43 m a j o r  s e p t a  a r e  

p r e s e n t .  The c o r a l l i t e s  a r e  c e r a t o i d  a n d  s o m e t im e s  become 

c y l i n d r i c a l  i n  l a t e  s t a g e s  (YPM 3 0 6 3 / 2 a ,  YPM 3 0 6 3 / 7 ) .  They 

a r e  u n c u r v e d  t o  w e a k ly  c u r v e d .  The b a s e  o f  a t t a c h m e n t  i s  

c e n t e r e d  on t h e  c a r d i n a l  s i d e .  I n  YPM 3 0 1 9 / 2 c ,  two 

c o r a l l i t e s  a t t a c h e d  t o  a  b r y o z o a n  n e a r  one a n o t h e r  an d  g rew  

i n t o  l a t e r a l  c o n t a c t .  The e p i t h e c a  h a s  s e p t a l  g r o o v e s  and  

i n t e r s e p t a l  r i d g e s ,  a n d  c o a r s e  r u g a e  a r e  s o m e t im e s  p r e s e n t  

(YPM 3 0 6 3 / 1 5 a ,  3 0 6 3 / 2 a ) .  The c a l y x  h a s  a  d e p t h  e q u a l  t o  

0 . 4  o f  t h e  c o r a l l i t e  l e n g t h  (YPM 3 0 6 3 / 1 5 b ) .  A c a l i c u l a r  

b o s s  d o e s  n o t  a p p e a r  t o  be  d e v e l o p e d  i n  YPM 3 0 6 3 / 2 a .

O n to g en y  a n d  i n t e r n a l  s t r u c t u r e s : I n  e a r l y  s t a g e s  t h e  m a j o r

s e p t a  e x t e n d  t o  t h e  a x i s  w h ere  t h e y  a r e  d i l a t e d ,  f o r m i n g  a  

d e n s e  a x i a l  r e g i o n .  I n  i n t e r m e d i a t e  a n d  l a t e  s t a g e s  a  

d i l a t e d  m e d i a n  l a m e l l a  c o n n e c t i n g  t h e  l o n g  c a r d i n a l  a n d  

c o u n t e r  s e p t a  i s  t h e  d o m i n a n t  e l e m e n t  i n  t h e  a x i a l  

s t r u c t u r e .  I t  i s  s u r r o u n d e d  by  t h e  d i l a t e d  a x i a l  en d s  a n d  

s e p t a l  l o b e s  o f  o t h e r  m a j o r  s e p t a ,  f o r m i n g  a  d e n s e  a x i a l  

r e g i o n .

The num ber  o f  m a j o r  s e p t a  a t  a  p a r t i c u l a r  d i a m e t e r  i s  

shown i n  T e x t - f i g .  43* The m a j o r  s e p t a  a r e  w e a k ly  d i l a t e d

T e x t - f i g u r e  4 3 . — B o d o p h y l lu m  e n g l i s h h e a d e n s i s  n .  s p . : 

r e l a t i o n  b e t w e e n  num ber  o f  m a j o r  s e p t a  (n )  a n d  c o r a l l i t e
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d i a m e t e r  (d )  o r  c r o s s - s e c t i o n a l  a r e a  ( a )  ( s e e  App.  8 ) .

t o  u n d i l a t e d .  A d i s t i n c t  f o s s u l a  i s  n o t  d e v e l o p e d .  The 

m i n o r  s e p t a  a r e  a l m o s t  a l w a y s  c o n f i n e d  t o  t h e  s t e r e o z o n e ,  

w h ic h  i s  m o d e r a t e l y  b r o a d  i n  e a r l y  s t a g e s  a n d  becom es  v e r y  

b r o a d  i n  l a t e  s t a g e s .  The t a b u l a e  a p p e a r  i n  e a r l y  s t a g e s  

a n d  a r e  m o s t l y  c o m p l e t e ,  w e a k l y  c o n v e x  u p w a r d ,  an d  

m o d e r a t e l y  s p a c e d .  C o m p le m e n ta ry  p l a t e s  a r e  p r e s e n t .

M i c r o s t r u c t u r e : The s e p t a l  f i b e r s  a r e  w e l l  d e v e l o p e d ,  and

t h e  t r a b e c u l a e  a r e  i n c l i n e d  s l i g h t l y  u pw ard  t o w a r d  t h e  

a x i s .  The s t e r e o z o n e  i s  composed o f  l a m e l l a e .

D i s c u s s i o n ; B o d o p h y l lu m  e n g l i s h h e a d e n s i s  i s  d i s t i n c t  i n  

h a v i n g  a  v e r y  b r o a d  s t e r e o z o n e ,  f a r  b r o a d e r  t h a n  i n  B. 

eu thum  Neuman, 1969.  I n  e a r l y  s t a g e s  o f  B. e n g l i s h h e a d e n s i s  

t h e  m a j o r  s e p t a  a r e  d i l a t e d  i n  t h e  a x i a l  r e g i o n ,  w h e r e a s  i n  

B. eu thum  t h e y  a r e  v e r y  s t r o n g l y  d i l a t e d  t h r o u g h o u t  t h e i r  

l e n g t h .
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T e x t - f i g u r e  4 3 . — P o d o p h y l lu m  e n g l i s h h e a d e n s i s  n .  s p . : 

r e l a t i o n  b e tw e e n  num ber  o f  m a j o r  s e p t a  ( n )  an d  c o r a l l i t e  

d i a m e t e r  (d )  o r  c r o s s - s e c t i o n a l  a r e a  ( a )  ( s e e  A pp. 8 ) .
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"G enus"  B i g h o r n i a  D uncan ,  1957

1957.  B i g h o r n i a  D uncan ,  p .  6 0 8 - 6 1 1 .

1963.  B i g h o r n i a  N e l s o n ,  p.  39 ,  40 .

1976.  B i g h o r n i a  B l i a s ,  p.  1 1 2 -1 1 7 .

D i s c u s s i o n : As p r e s e n t l y  u n d e r s t o o d ,  B i g h o r n i a  i n c l u d e s

s o l i t a r y  c o r a l s  h a v i n g  a  c o n c a v e  c a r d i n a l  s i d e ,  m a j o r  s e p t a  

t h a t  a r e  g e n e r a l l y  c o m p l e t e l y  d i l a t e d  i n  e a r l y  o n t o g e n e t i c

s t a g e s  an d  s o m e t im e s  s t r o n g l y  d i l a t e d  e v e n  i n  l a t e r  s t a g e s ,

a n d  a n  a x i a l  s t r u c t u r e  w i t h  a  p r o m i n e n t ,  s t r o n g l y  d i l a t e d  

m e d i a n  l a m e l l a .  The u n c e r t a i n  r e l a t i o n s h i p s  o f  B i g h o r n i a , 

D e n s i g r e w i n g k i a  Neuman, 1969,  an d  B o d o p h y l lu m  Neuman, 1969, 

w ere  d i s c u s s e d  p r e v i o u s l y  u n d e r  t h e  l a t t e r  two " g e n e r a " .
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Bighornia cf. patella (Wilson, 1926)

P l a t e  8 , f i g s .  2 4 -4 2

1928.  [ ? ]  S t r e p t e l a s m a  a f f .  b r e v e  U l r i c h  ±n W i n c h e l l  

and  S c h u c h e r t .  T r o e d s s o n ,  p .  109,  P I .  26 ,  f i g s .  

6 , 7 .

1929.  Lindstrbmia solearis Ladd, p .  3 9 7 - 3 9 9 ,  P I .  4 ,  

figs. 6-12.
1943.  H o lo p h rag m a  a n t i c o n v e x a  O l c u l i t c h ,  p .  6 8 , 69 ,

P I .  1, f i g s .  11,  12.

1956.  '’H o lo p h ra g m a " L i n d s t r b m .  D u n ca n ,  P I .  22 ,  f i g s .  

1a - c .

1957.  "H o lo p h ra g m a " s p .  L i n d s t r b m .  R . J .  R o s s ,  P I .

37 ,  f i g s .  3 ,  5 - 7 .

1957.  B i g h o r n i a  p a r v a  D u n can ,  p .  6 1 1 - 6 1 4 ,  P I .  7 0 ,  

f i g s .  1- 1 8 .

1959b .  B i g h o r n i a  p a t e l l a  ( W i l s o n ) .  N e l s o n ,  P I .  4 ,  

f i g s .  1a - d .

1963.  B i g h o r n i a  p a t e l l a  ( W i l s o n ) .  N e l s o n ,  p .  40 ,  41 ,  

P I .  11,  f i g s .  1 a - c ,  2 ,  3 a - d .

1963.  B i g h o r n i a  s o l e a r i s  ( L a d d ) .  N e l s o n ,  p .  41 ,  P I .

1 1 , f i g s .  4 a - d .

1976.  B i g h o r n i a  c f .  p a t e l l a  ( W i l s o n ) .  E l i a s ,  p .  

1 1 8 -1 2 3 ,  P I .  17, f i g s .  1- 2 2 .
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A. Iowa

S p e c i m e n s ; SUI 2 -051  ( h o l o t y p e  o f  L.  s o l e a r i s  L a d d ) ;

Thomas c o l l e c t i o n .  SUI 2 - 0 5 2  ( p a r a t y p e  o f  L.  s o l e a r i s ) ; 

I v s o n  c o l l e c t i o n .  USNM 71926 ( p a r a t y p e  o f  L.  s o l e a r i s ) ;  

T y s o r  c o l l e c t i o n .

O c c u r r e n c e : U p p e r  O r d o v i c i a n  ( R i c h m o n d i a n ) : F o r t  A t k i n s o n

F o r m a t i o n ,  M aq u o k e ta  C-roup; IFWgr, s e c .  15,  T96N, R8W, 1 .2  

Ion s o u t h w e s t  o f  O s s i a h ,  W i n n e s h i e k  C o . ,  Io w a .

D e s c r i p t i o n  o f  c o r a l l i t e s : The l a r g e s t  c o r a l l i t e  ex a m in e d

(USNM 7 1 926)  h a s  a  l e n g t h  o f  23 mm. SUI 2-051 h a s  t h e  

maximum num ber  o f  m a j o r  s e p t a  —  4 9  i n  t h e  c a l y x  a t  a

h e i g h t  o f  19 mm. The c a r d i n a l  s i d e  i s  c o n c a v e .  The

c o r a l l i t e s  a r e  t r o c h o i d  a n d  w e a k l y  c u r v e d .  They a r e  

d e p r e s s e d  t h r o u g h o u t  t h e i r  l e n g t h ,  e s p e c i a l l y  i n  e a r l y  

s t a g e s .  I n  i n t e r m e d i a t e  s t a g e s  t h e  c r o s s - s e c t i o n a l  

l e n g t h - w i d t h  r a t i o  i s  1 . 4  (SUI 2 - 0 5 2 ) .  I n  l a t e  s t a g e s  t h e  

r a t i o  i s  1 . 2  (USNM 7 1 9 2 6 ;  SUI 2 - 0 5 1 ) .  SUI 2-051 a n d  USNM 

7 1 9 2 6  h a v e  a  s p o o n - s h a p e d  d e p r e s s i o n  on  t h e  c a r d i n a l  s i d e  

n e a r  t h e  t i p .  SUI 2 -051  a l s o  h a s  a  d e p r e s s i o n  on  t h e  

c o u n t e r  s i d e  i n  e a r l y  s t a g e s .  SUI 2 -0 5 2  i s  t r i a n g u l a t e  i n  

c r o s s - s e c t i o n ,  b u t  i n  l a t e  s t a g e s  t h e  c o r a l l i t e s  become 

o v a l  (SUI 2 - 0 5 1 ;  USNM 7 1 9 2 6 ) .  The c a l y x  h a s  a  d e p t h  e q u a l

t o  0 . 3  o f  t h e  c o r a l l i t e  l e n g t h  (SUI 2 - 0 5 1 ) .  The c a l i c u l a r

b o s s  i s  m o d e r a t e l y  c o n v e x  a n d  a  p r o m i n a n t  c o l u m e l l a  

e l o n g a t e  i n  t h e  c a r d i n a l - c o u n t e r  p l a n e  i s  p r e s e n t  (SUI
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2-051 ; USNM 7 1 9 2 6 ) .

Internal structures: In intermediate and late stages the
axial structure consists of a conspicuous, strongly 
dilated median lobe that is an extension of the counter 
septum, and a few other septal lobes and rare lamellae.

The num ber  o f  m a j o r  s e p t a  a t  a  p a r t i c u l a r  h e i g h t  i s  

shown i n  T e x t - f i g .  4 4 .  The m a j o r  s e p t a  a r e  m o d e r a t e l y

T e x t - f i g u i e  4 4 . —  B i g h o r n i a  p a t e l l a  ( W i l s o n ,  1926) and  B. c f .  

p a t e l l a : r e l a t i o n  b e tw e e n  number  o f  m a j o r  s e p t a  (n )  and

| c o r a l l i t e  h e i g h t  ( h ) .  B. p a t e l l a : a ,  CSC 6732 ,  B e a v e r f o o t
i
I F m . , n e a r  G o ld en ,  s o u t h e a s t e r n  B r i t i s h  C o lu m b ia .  1 .  c f .

o a t e l l a : a ' , CSC 10872,  [B .  p a t e l l a ] , mbr.  n o .  1, C a u t i o n

C re e k  F m . , n o r t h e r n  M a n i t o b a ;  a V ,  CSC 10873, [E .  p a t e l l a ] , 

mbr .  n o .  1, Chasm C r e e k  F m . , n o r t h e r n  M a n i t o b a ;  b ,  SUI 2-051 

an d  t_[_, USNM 71 9 2 6 ,  [ L i n d s t r B m i a  s o l e a r i s ] t F o r t  A t k i n s o n  F m . , 

O s s i a n ,  Iow a;  b ^ ,  CSC 10870,  [B.  s o l e a r i s ] , mbr .  n o .  1,

Chasm C r e e k  F m . , n o r t h e r n  M a n i t o b a ;  c, O k u l i t c h ,  1943,  and  

c *, N e l s o n ,  1963,  [ H o lo p h ra g m a  a n t i c o n v e x a ] , Gunn M b r . ,  S to n y  

M o u n ta i n  Pm.,  S to n y  M o u n ta i n ,  M a n i t o b a ;  d ,  USNM 127574 and  

d *, USNM 124801,  [B.  p a r v a ] , u p p e r  B i g h o r n  D o l o m i t e ,  E i g h o r n  

j M o u n t a i n s ,  Wyoming; e - o " 1, UM 214 ,  216,  331 ,  and  335,

| r e s p e c t i v e l y ,  S e l k i r k  Mbr' . ,  F.ed F i v e r  F m . , Gar  s o n ,  M a n i t o b a ;i
f ,  YPM 505a ,  l o w e r  m b : . ,  V au i ' e a l  Fn .  , A n t i c o s t i  I s . ,  Quebec,  

and  YPM 3 0 6 3 / 1 7 ,  A n t i c o s t i  I s . ,  Quebec ( a -e ,  f r o m  E l i a s ,  

1976,  f i g .  15; f o r  f  s e e  App.  8 ) .
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T e x t - f i g u r e  4 4 . —  Pi,r h o r n i a  p a t e l l a  ( W i l s o n ,  1926) an d  3 .  c f .  

p a t e l l a . : r e l a t i o n  b e tw e e n  num ber  o f  m a jo r ’ s e p t a  (n )  and

c o r a l l i t e  h e i g h t  ( h ) .  B. p a t e l l a : a ,  CSC 67 3 2 ,  B e a v e r f o o t

Pm.,  n e a r  G o ld e n ,  s o u t h e a s t e r n  B r i t i s h  C o lu m b ia .  B. c f .  

o a t e l l a : a 1, CSC 10872,  [B .  p a t e l l a ] , mbr .  n o .  1, C a u t i o n

C r e e k  Pm.,  n o r t h e r n  M a n i t o b a ;  aP_, G-SC 10873,  [B.  p a t e l l a ] , 

m br .  n o .  1, Chasm C r e e k  F m . , n o r t h e r n  M a n i t o b a ;  b ,  SUI 2-081 

an d  V _ ,  USNM 71 9 2 6 ,  [ L i n d s t r O m i a  s o l e a r i s ] ,  F o r t  A t k i n s o n  Pm.,  

O s s i a n ,  Iow a;  b^_, GSC 10870,  [B .  s o l e a r i s ] , m br .  n o .  1,

Chasm C r e e k  Pm.,  n o i ’t h e r n  M a n i t o b a ;  c_, O k u l i t c h ,  1943,  and  

c 1, N e l s o n ,  1963» [ H o lo p h ra g m a  a n t i c o n v e x a ] , Gunn L lb r . ,  S to n y  

M o u n ta i n  Pm.,  S to n y  M o u n ta i n ,  M a n i t o b a ;  d ,  USNM 127974 and  

d *, USNM 124801,  [B .  p a r v a ] , u p p e r ’ B i g h o r n  D o l o m i t e ,  B i g h o r n  

M o u n t a i n s ,  Wyoming; e - e " ’, Ul'.'I 214 ,  216 ,  331 ,  an d  335 ,  

r e s p e c t i v e l y ;  S e l k i r k  M b r . ,  F.ed E i v e r  Pm.,  G a r s o n ,  M a n i t o b a ;  

f ,  YPM 5 05a ,  l o w e r  m b r . ,  Vaui’e a l  F m . , A n t i c o s t i  I s . ,  Quebec ,  • 

an d  f_^, YPM 3 0 6 3 / 1 7 ,  A n t i c o s t i  I s . ,  Quebec - (&”£  f ro m  E l i a s ,  

1976,  f i g .  15; f o r  f  s e e  App.  8 ) .
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dilated in the calyx. The cardinal septum is short in the 
calyx, and the cardinal fossula is narrow. Minor septa are 
confined to or extend a very short distance beyond the 
stereozone.

Microstructures The microstructure is not preserved in 
these silicified specimens.

B. A n t i c o s t i  I s l a n d

S p e c i m e n s : YPIvI 5 0 5 a ,  b ;  l o w e r  member ( z o n e  4 o f

T w e n h o f e l ' s  E n g l i s h  Head F o r m a t i o n ) ,  V a u r e a l  F o r m a t i o n ;  

C - i ra rd  H a r b o u r ,  A n t i c o s t i  I s l a n d ,  Quebec ;  T w e n h o fe l  

c o l l e c t i o n .  YPM 3 0 6 3 / 1 7 ;  A n t i c o s t i  I s l a n d ,  Quebec;  

T w e n h o fe l  c o l l e c t i o n .

O c c u r r e n c e : Upp.er O r d o v i c i a n  (?  C a r a d o c i a n ) : l o w e r  member ,

V a u r e a l  F o r m a t i o n ;  A n t i c o s t i  I s l a n d ,  Q uebec .

D e s c r i p t i o n  o f  c o r a l l i t e s : The l a r g e s t  c o r a l l i t e  exam ined

(YPM 505a)  h a s  a  l e n g t h  o f  28 mm. YPM 505h h a s  t h e  

maximum number  o f  m a j o r  s e p t a  —  4 2  a t  a  h e i g h t  o f  a b o u t  12 

mm i m m e d i a t e l y  b e lo w  t h e  c a l y x .  The c a r d i n a l  s e p tu m  i s  on 

t h e  c o n c a v e  s i d e  o f  t h e  c o r a l l i t e .  The c o r a l l i t e s  a r e  

t r o c h o i d  a n d  w e a k ly  c u r v e d .  They  a r e  d e p r e s s e d  t h r o u g h o u t  

t h e i r  l e n g t h ,  e s p e c i a l l y  i n  e a r l y  s t a g e s .  The maximum 

c r o s s - s e c t i o n a l  l e n g t h - w i d t h  r a t i o  v a r i e s  f ro m  1 . 5  a t  a  

h e i g h t  o f  7 mm (YPM 505a)  t o  2 . 7  a t  a  h e i g h t  o f  a b o u t  3 mm
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(YPM 5 0 5 b ) .  The c o r a l l i t e s  become t r i a n g u l a t e  d u r i n g  

o n t o g e n y .  A l l  s p e c i m e n s  h a v e  a  c o n c a v e  s p o o n - s h a p e d  a r e a  

o f  a t t a c h m e n t  on t h e  c a r d i n a l  s i d e  n e a r  t h e  t i p .  G rowth  

l i n e s  an d  weak s e p t a l  g r o o v e s  a n d  i n t e r s e p t a l  r i d g e s  a r e  

p r e s e r v e d  on t h e  e p i t h e c a .  The c a l y x  h a s  a  d e p t h  e q u a l  t o  

0 . 2  (YPM 505a)  t o  0 . 3  o f  t h e  c o r a l l i t e  l e n g t h  (YPM 5 0 5 b ) .

The c a l i c u l a r  b o s s  i s  m o d e r a t e l y  c o n v e x .

O n to g e n y  a n d  i n t e r n a l  s t r u c t u r e s ; Up t o  a  h e i g h t  o f  

s e v e r a l  mm t h e  m a j o r  s e p t a  e x t e n d  t o  t h e  a x i s .  Above t h i s  

t h e  a x i a l  s t r u c t u r e  c o n s i s t s  o f  a  c o n s p i c u o u s ,  s t r o n g l y  

d i l a t e d  m e d ia n  l o b e  t h a t  i s  a n  e x t e n s i o n  o f  t h e  c o u n t e r  

s e p tu m ,  a n d  a  f ew  o t h e r  s e p t a l  l o b e s .

The number  o f  m a j o r  s e p t a  a t  a  p a r t i c u l a r  h e i g h t  i s  

shown i n  T e x t - f i g .  4 4 .  The m a j o r  s e p t a  a r e  c o m p l e t e l y  

d i l a t e d  i n  e a r l y  s t a g e s  a n d  m o d e r a t e l y  d i l a t e d  i m m e d i a t e l y  

b e l o w  t h e  c a l y x .  D i l a t i o n  i s  s t r o n g e s t  on t h e  c a r d i n a l  

s i d e .  The c a r d i n a l  s e p tu m  becom es  s h o r t  i n  t h e  c a l y x .  The 

c a r d i n a l  f o s s u l a  i s  n a r r o w  i n  m o d e r a t e l y  d i l a t e d  s t a g e s .  

M in o r  s e p t a  a r e  c o n f i n e d  t o  t h e  m o d e r a t e l y  b r o a d  s t e r e o z o n e .  

A few  t h i n ,  i r r e g u l a r ,  i n c o m p l e t e  t a b u l a e  a r e  p r e s e n t  i n  

YPM 5 0 5 a .

M i c r o s t r u c t u r e : The s e p t a l  f i b e r s  a r e  w e l l  d e v e l o p e d ,  and

weak t r a b e c u l a e  a r e  p r e s e n t .  L a m e l l a e  c a n n o t  be 

d i s t i n g u i s h e d  i n  t h e  s t e r e o z o n e .
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D i s c u s s i o n : B i g h o r n i a  f ro m  Iowa a n d  A n t i c o s t i  I s l a n d

c a n n o t  be d i s t i n g u i s h e d  f ro m  t h e  o t h e r  s p e c i e s  l i s t e d  i n  

synonymy,  a s  d i s c u s s e d  i n  d e t a i l  by E l i a s  ( 1 9 7 6 ,  p .  120, 

1 2 1 ) .  T h i s  s p e c i e s ,  r e f e r r e d  t o  a s  B. c f .  p a t e l l a  (A .E .  

W i l s o n ,  1926) i s  d e f i n i t e l y  known t o  o c c u r  i n  t h e  f o l l o w i n g  

u n i t s  a n d  l o c a l i t i e s :  S e l k i r k  Member, Red R i v e r  F o r m a t i o n

( l a t e  M id d l e  o r  U p p e r  O r d o v i c i a n ) ,  G a r s o n ,  M a n i t o b a ;  

members  no« 1 a n d  3 a n d  u p p e r  member o f  C a u t i o n  C re e k  

F o r m a t i o n ,  an d  member n o .  1 o f  Chasm C r e e k  F o r m a t i o n  (U pper  

O r d o v i c i a n ) ,  n o r t h e r n  M a n i t o b a ;  Gunn Member, S to n y  

M o u n t a i n  F o r m a t i o n  (U p p er  O r d o v i c i a n ) ,  S to n y  M o u n ta in ,  

M a n i t o b a ;  s h a l y  b e d s  a t  t o p  o f  B i g h o r n  D o l o m i t e  (Upper  

O r d o v i c i a n ) ,  J o h n s o n  C o . ,  Wyoming; l o w e r  member , V a u r e a l  

F o r m a t i o n  (?  C a r a d o c i a n ) ,  A n t i c o s t i  I s l a n d ,  Q uebec ;  and  

F o r t  A t k i n s o n  F o r m a t i o n  ( R i c h m o n d i a n ) ,  Macruoketa G roup ,  

O s s i a n ,  Io w a .  The s p e c i e s  p o s s i b l y  o c c u r s  i n  t h e  Cape 

C a l h o u n  F o r m a t i o n  ( l a t e  M id d l e  o r  U p p e r  O r d o v i c i a n ) ,  Cape 

C a l h o u n ,  n o r t h w e s t e r n  G r e e n l a n d ,  a n d  i n  t h e  B e a v e r f o o t  

F o r m a t i o n  (U pper  O r d o v i c i a n ) ,  n e a r  G o l d e n ,  s o u t h e a s t e r n  

B r i t i s h  C o lu m b ia .  T h i s  s p e c i e s  i s  a p p a r e n t l y  l o n g - l i v e d  

a n d  w i d e l y  d i s t r i b u t e d  i n  N o r t h  A m e r i c a .
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Family Faliphyllidae Soshkina, 1955

Genus Paliphyllum Soshlcina, 1955

1968.  P a l i p h y l l u m  B. Neuman, p .  230 ,  23 1 .

D i s c u s s i o n : P a l i p h y l l u m  i s  c h a r a c t e r i z e d  by a  b r o a d  a x i a l

s t r u c t u r e  composed o f  s e p t a l  l o b e s  a n d  l a m e l l a e  w i t h  a  

m e d ia n  l a m e l l a  a t  l e a s t  i n  some s t a g e s ,  a n d  a  

d i s s e p i m e n t a r i u m  o f  a  f ew  s e r i e s  o f  medium o r  l a r g e  

d i s s e p i m e n t s .

B. Neuman (1 9 6 8 ,  p .  231)  r e p o r t e d  t h e  g e n u s  f ro m  t h e  

U p p e r  O r d o v i c i a n  o f  S i b e r i a ,  E s t o n i a ,  a n d  Sweden, a n d  f ro m  

t h e  L l a n d o v e r i a n  o f  E s t o n i a .  The f o l l o w i n g  s p e c i e s  a r e  

known f ro m  N o r t h  A m e r i c a :

1963.  P h a u l a c t i s  s tummi N e l s o n ,  p .  4 3 ,  44 ,  P I .  13, 

f i g s .  7 , 8a - c ,  9 - 1 2 .

U p p e r  O r d o v i c i a n :  Member n o .  3 ,  Chasm C r e e k

F o r m a t i o n ,  C h u r c h i l l  R i v e r  G ro u p ;  n o r t h e r n  

M a n i t o b a .

1928.  C y a th o p h y 1 lum e l l i s e n s e  T w e n h o fe l ,  p .  119,  P I .  

2 , f i g s .  1 0 - 1 3 .

U p p e r  O r d o v i c i a n  ( A s h g i l l i a n ,  ? G a m a c h i a n ) : 

E l l i s  Bay F o r m a t i o n ;  A n t i c o s t i  I s l a n d ,  Q uebec .
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Paliphyllum ellisensis (Twenhofel, 1928)

P l a t e  8 , f i g s .  4 3 -5 3

1928.  C y a th o p h y  1 lum e l l i s e n s e  T w e n h o f e l ,  p .  119,

P I .  2,  f i g s .  1 0 -1 3 .

H o l o t y p e  (by  o r i g i n a l  d e s i g n a t i o n ) :  YPM 10388A;

T w e n h o f e l * s  zone  9 ,  E l l i s  Bay F o r m a t i o n ;  E l l i s  Bay,  

A n t i c o s t i  I s l a n d ,  Quebec ;  T w e n h o fe l  c o l l e c t i o n .

P a r a t y p e  (by  o r i g i n a l  d e s i g n a t i o n ) : The s p e c im e n

r e p r e s e n t e d  by T w e n h o fe l  ( 1 9 2 8 ,  P I .  2 ,  f i g .  1 1 ) ;

T v v e n h o fe l ' s  zone  9, E l l i s  Bay F o r m a t i o n ;  E l l i s  Bay,  

A n t i c o s t i  I s l a n d ,  Q uebec ;  T w e n h o fe l  c o l l e c t i o n .

O t h e r  s p e c i m e n s  ( a l l  f ro m  T w e n h o f e l ’ s A n t i c o s t i  I s l a n d  

c o l l e c t i o n ) :  YPM 3 0 6 3 / 5 2 e ,  f ;  E l l i s  Bay F o r m a t i o n ;  w e s t

s i d e  o f  E l l i s  Bay .  YPI;! 3 0 6 3 / 5 8 a ,  b ;  E l l i s  Bay F o r m a t i o n ;  

Cape H e n r y .  YPM 572 ;  n e a r  b a s e  o f  E l l i s  Bay F o r m a t i o n ;  

c o r a l  zone  a b o v e  V a u r e a l  F a l l s .  YPM 10388B; T w e n h o f e l * s  

zo n e  9 ,  E l l i s  Bay F o r m a t i o n ;  E l l i s  Bay.  The s p e c i m e n  

r e p r e s e n t e d  by  T w e n h o fe l  ( 1 9 2 8 ,  P I .  2 ,  f i g .  1 2 ) ;

T w e n h o f e l ' s  zone  9, E l l i s  Bay F o r m a t i o n ;  E l l i s  B ay .  YPM 

5 7 3 a ,  b ;  b i o h e r m  a t  b a s e  o f  B o l t o n ' s  member 6 , E l l i s  Bay 

F o r m a t i o n ;  R a s p b e r r y  P o i n t .  YPM 3 0 1 9 / 3 0 6 3 / 5 7 a - d ,  h ,  i ;  

T w e n h o f e l ' s  zone  9, B o l t o n ’ s member 6 , E l l i s  Bay F o r m a t i o n ;  

E l l i s  Bay.
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O c c u r r e n c e : U p p er  O r d o v i c i a n  ( A s h g i l l i a n ,  ? G a m a c h i a n ) :

E l l i s  Bay F o r m a t i o n ;  A n t i c o s t i  I s l a n d ,  Quebec .

D i a g n o s i s : C o r a l l i t e s  c y l i n d r i c a l ,  u n c u r v e d ,  an d  a t t a i n

m o d e r a t e  s i z e .  E p i t h e c a  w i t h  s e p t a l  g r o o v e s  a n d  i n t e r s e p t a l  

r i d g e s ,  a n d  p r o m i n e n t  r u g a e .  A x i a l  s t r u c t u r e  v a r i e s  f rom  

s i m p l e  w i t h  few  s e p t a l  l o b e s  t o  m o d e r a t e l y  co m p lex  w i t h  

s e p t a l  l o b e s  an d  l a m e l l a e .  I n  e a r l y  s t a g e s  a  d i l a t e d  

m e d ia n  l a m e l l a  i s  s o m e t im e s  p r e s e n t .  M inor  s e p t a  v e r y  l o n g .  

I n  e a r l y  s t a g e s  t h e  s t e r e o z o n e  i s  n a r r o w  t o  m o d e r a t e l y  

b r o a d .  I n  l a t e r  s t a g e s  d i s s e p i m e n t a r i u m  c o n s i s t s  o f  one t o  

t h r e e  s e r i e s  o f  l a r g e  d i s s e p i m e n t s ,  w i t h  n a r r o w  s t e r e o z o n e  

on a x i a l  s i d e  o f  d i s s e p i m e n t a r i u m .  T a b u l a e  m o s t l y  c o m p l e t e ,  

v e r y  t h i n ,  c l o s e l y  s p a c e d ,  s l i g h t l y  co n c a v e  u pw ard  a x i a l l y  

t o  m o d e r a t e l y  co n v e x  u p w a rd ,  w i t h  c o m p le m e n ta ry  p l a t e s .

D e s c r i p t i o n  o f  c o r a l l i t e s : The c o r a l l i t e s  a r e  a l l  i n c o m p l e t e

a t  b o t h  e n d s .  The l o n g e s t  f r a g m e n t  (YPI.I 10388A) i s  40 mm 

l o n g ,  a n d  t h e  b r o a d e s t  (YPM 3 0 1 9 / 3 0 6 3 / 5 7 h )  i s  28 mm i n  

d i a m e t e r .  The maximum number  o f  m a j o r  s e p t a  o b s e r v e d  i s  42 

a t  a  d i a m e t e r  o f  21 mm (YPM 3 0 1 9 / 3 0 6 3 / 5 7 a ) . The c o r a l l i t e s  

a r e  c y l i n d r i c a l  a n d  u n c u r v e d .  C o a r s e  r u g a e  a r e  common, a n d  

a r e  s o m e t im e s  r e g u l a r l y  s p a c e d  a t  a n  i n t e r v a l  o f  6 t o  11 

mm. S e p t a l  g r o o v e s  a n d  i n t e r s e p t a l  r i d g e s  a r e  p r e s e n t  on 

t h e  e p i t h e c a .  I n  one  s p e c i m e n  (YPM IO3 8 8 B ) ,  s e v e n  o f f s e t s  

r e s u l t e d  f ro m  p e r i p h e r a l  i n c r e a s e .
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O n to g e n y  an d  i n t e r n a l  s t r u c t u r e s : I n  e a r l y  t o  i n t e r m e d i a t e

s t a g e s  t h e  a x i a l  s t r u c t u r e  c o n s i s t s  o f  a  few  d i l a t e d  s e p t a l  

l o b e s  a n d  l a m e l l a e ,  s o m e t im e s  w i t h  a  m e d ia n  l a m e l l a  (YPM 

3 0 1 9 / 3 0 6 3 / 5 7 d ) . I n  l a t e r  s t a g e s  t h e  m a j o r  s e p t a  may e x t e n d  

a l m o s t  t o  t h e  a x i s  w i t h  o n l y  a  few  s e p t a l  l o b e s  (YHvl 5 7 2 ) ,  

b u t  u s u a l l y  a  m o d e r a t e l y  co m plex  a x i a l  s t r u c t u r e  o f  s e p t a l  

l o b e s  a n d  l a m e l l a e  d e v e l o p s .

The number  o f  m a j o r  s e p t a  a t  a  p a r t i c u l a r  d i a m e t e r  i s  

shown i n  T e x t - f i g .  4 5 .  The m a j o r  s e p t a  a r e  u n d i l a t e d .  The

T e x t - f i g u r e  4 5 . — P a l i c h y l l u m  e l l i s e n s i s  ( T w e n h o f e l ,  1928) :  

r e l a t i o n  b e tw e e n  numbei o f  m ajo r  s e p t a  (n )  and c o r a l l i t e  

d i a m e t e r  ( 0 ) or' c: o s s - s e c t i o n a l  a r e a  ( a )  ( s e e  A pp. 8 ) .

c a r d i n a l  s e p tu m  i s  i n d i s t i n c t ,  a n d  a  f o s s u l a  i s  n o t  

d e v e l o p e d .  The m in o r  s e p t a  a r e  v e r y  l o n g .  S e p t a  a r e  

o c c a s i o n a l l y  i n t e r r u p t e d  i n  t h e  d i s s e p i m e n t a r i u m .  I n  e a r l y  

s t a g e s  t h e  s t e r e o z o n e  i s  n a r r o w  t o  m o d e r a t e l y  b r o a d .  I n  

l a t e r  s t a g e s  a  d i s s e p i m e n t a r i u m  c o n s i s t i n g  o f  one t o  t h r e e  

s e r i e s  o f  l a r g e  d i s s e p i m e n t s  d e v e l o p s ,  w i t h  a  n a r r o w  

s t e r e o z o n e  on i t s  a x i a l  s i d e .

The t a b u l a e  a r e  m o s t l y  c o m p l e t e ,  v e r y  t h i n ,  c l o s e l y  

s p a c e d ,  a n d  s l i g h t l y  c o n c a v e  u pw ard  a x i a l l y  (YPM 

3 0 1 9 / 3 0 6 3 / 5 7 a )  t o  m o d e r a t e l y  c o n v e x  u pw ard  (YPM 

3 0 1 9 / 3 0 6 3 / 5 7 i ) .  C o m p lem en ta ry  p l a t e s  a r e  p r e s e n t .
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T e x t - f i g u r e  45 .  — P a l i p h y l l u m  e l l i s e n s i s  ( T w e n h o f e l , 1 9 2 8 ) :

2- e l a t i o n  b e t w e e n  number o f  m a j o r  s e p t a  (n )  and  c o r a l l i t e  

d i a m e t e r  ( d )  or1 c r o s s - s e c t i o n a l  a r e a  ( a )  ( s e e  App.  8 ) .
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I v l i c r o s t r u c t u r e : The s e p t a l  f i b e r s  a r e  w e l l  d e v e l o p e d ,  a n d

t h e  t r a b e c u l a e  a r e  w e a k ly  i n c l i n e d  u p  t o w a r d  t h e  a x i s .  

L a m e l l a e  a r e  n o t  p r e s e n t  i n  t h e  s t e r e o z o n e .

D i s c u s s i o n : P a l i p h y l l u m  e l l i s e n s i s  d i f f e r s  f ro m  o t h e r

s p e c i e s  o f  t h e  g e n u s  i n  h a v i n g  l a r g e r  d i s s e p i m e n t s .  P .  

s tummi ( N e l s o n ,  1963) i s  d i s t i n c t  i n  h a v i n g  a  m o d e r a t e l y  

b r o a d  c a r d i n a l  f o s s u l a ,  many s e r i e s  o f  s m a l l  d i s s i p i m e n t s ,  

a n d  a  s m a l l e r ,  l e s s  co m p lex  a x i a l  r e g i o n .  P.  e l l i s e n s i s  

and  P .  s u e c i c u m  Neuman, 1968 h a v e  s i m i l a r  t a b u l a e ,  b u t  t h e  

l a t t e r  s p e c i e s  h a s  a  f i n e r  a x i a l  s t r u c t u r e .
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LOCALITIES

The l o c a l i t i e s  exam ined  i n  t h i s  s t u d y  a r e  l i s t e d  b e lo w .  

L o c a t i o n s  an d  s t r a t i g r a p h i c - p a l e o n t o l o g i c  d a t a  a r e  shown i n  

T e x t - f i g s .  3,  18, an d  21 .  The s t r a t i g r a p h i c  p o s i t i o n  o f  

c o l l e c t i n g  h o r i z o n s  i n  t h e  Richmond G roup,  C i n c i n n a t i  A rch  

r e g i o n  i s  p r e s e n t e d  i n  T a b l e  4 .

T a b l e  4 . — S t r a t i g r a p h i c  p o s i t i o n  o f  c o l l e c t i n g  h o r i z o n s ,  

Richmond G roup ,  C i n c i n n a t i  A r c h  r e g i o n .  F o r  e a c h  h o r i z o n ,  

t h e  f i r s t  number  r e f e r s  t o  t h e  l o c a l i t y  an d  t h e  s e c o n d  t o  

t h e  s t r a t i g r a p h i c  i n t e r v a l  ( s e e  T e x t - f i g .  3 ) .
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T a b l e  4 . — S t r a t i g r a p h i c  p o s i t i o n  o f  c o l l e c t i n g  h o r i z o n s ,  

Richmond G roup ,  C i n c i n n a t i  A r c h  r e g i o n .  F o r  e a c h  h o r i z o n ,  

t h e  f i r s t  number  r e f e r s  t o  t h e  l o c a l i t y  an d  t h e  s e c o n d  t o  

t h e  s t r a t i g r a p h i c  i n t e r v a l  ( s e e  T e x t - f i g .  3 ) .
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t a e l :

" W a y n e s v i l l s " 

11b—1 

1 1b—2 

14b-1 

141-2  

TJSNM C o l l .

" L i l e r t v "
— -■ -.i.i.iki.

3-1

3 -2

3 - 3

4 - 2  

4 - 3  

4 - 4  

4 - 5

51-6  

5 1 -7  

5 1 - 8  

5 1 -9  

6 - 1  

7 - 2  

1 1 -1  

12 c —1 

12d—1 

131-1 

131-2  

14-1 

14-2

USGS O t t e r  C r .  C o l l ,

'' Wh i  t  e \va t e r - E l k h o r n "

51-1

51-2

51-3

51-4

51-5

12a-1 

12a-2 

12a-3  

12a-4  

12 a -5  

12a-6  

12 a -7

12 a - 8  

12a-9  

121-1  

121-2  

121-3 

13-1

13-2 

131-3

14-3 

14-4 

14-5 

14-6
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A. C i n c i n n a t i  A rch  R e g i o n ,  O h i o - I n d i a n a - K e n t u c k y  

1 ( a ) .  427 7 8° ° R ,  27 0 8 ^°S t o  4 2 7 8 450N, 27 0 4 ^°E:  O ra n g e b u rg

a n d  M a y s v i l l e  E a s t  Q u a d s . ,  Mason C o . ,  ICY. Type s e c t i o n  o f  

E u l l  F o r k  Fm. R o a d c u t s  on S s i d e  o f  Hvvy. 1443,  1 .4 5  t o  2 . 3  

km N o f  j u n c t i o n  w i t h  Hwy. 984 ,  3 km E o f  S p r i n g d a l e .  R e f e r  

t o  USGS Quad. Maps GQ-588 and  GQ-1006,  a n d  P e c k  (1 9 6 6 ,  p.  

B19» 2 6 - 2 9 ) .

1b. 4 2 9 0 2 ')<̂ N, 27 3 " ' ^ 3 :  M a n c h e s t e r  I s l a n d s  Q u a d . ,  Adams C o . ,

OH. Str-earncut i n  I s a a c s  C r .  j u s t  W o f  Hwy. 136, 1 . 8  km S o f  

i n t e r s e c t i o n  w i t h  Hwy. 41 a t  B e n t o n v i l l e .  R e f e r  t o  Kohut  

and  Sweet  ( 1 9 6 8 ,  p .  1459,  1460,  l o c .  1 4 ) .

l £ .  4 3 0 0 300N, 2 82600E: West U n io n  Q u a d . ,  Adams C o . ,  OH.

R o a d c u t  on W s i d e  o f  Hwy. 4 1 ,  5 . 4 5  km NE o f  j u n c t i o n  w i t h  

Hwy. 247 N i n  West U n io n .  F o r  n e a r b y  s e c t i o n  r e f e r  t o  

S c h m i d t ,  a t  a l  ( 1 9 6 1 ,  p .  2 8 1 - 2 8 3 ) ,  a n d  Kohut  an d  Sweet  

( 1 9 6 8 ,  p .  1 4 5 9 ) .

2 .  4 2 73750N , ' -6 50250E t o  4 2 7 3 30°N,  64 9 6 0 ° 3 :  B e d f o r d  Q u a d . ,  

T r i m b l e  C o . ,  KY. R o a d c u t s  on  N and  S s i d e s  o f  Hwy. 4 2 ,  3 . 5  

t o  4 . 4  km E o f  B e d f o r d .  R e f e r  t o  USGS Quad. Map GQ-1409, 

a n d  H a t t i n ,  e t  a l  ( 1 9 6 1 ,  p .  3 0 7 - 3 1 4 ,  s t o p  3 ) .

3 .  4 2 21800N, 6 28650E t o  4 2 2 1 800N, 6 2 8 350E: J e f f e r s o n t o w n  

Q u a d . ,  J e f f e r s o n  C o . ,  KY. R o a d c u t s  an d  q u a r r y  on N s i d e  o f
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E r u s h  Run E d . ,  0 . 2 5  t o  0 . 6 5  km 3 o f  j u n c t i o n  with. Hwy. 1819,

a b o u t  1 .5  1cm Y.'NW o f  S e a t o n v i l l e .  R e f e r  t o  USGS Quad. Map 
and

G Q -999 , /B row ne  ( 1964,  p.  388,  390 ,  391 ,  l o c .  6 a ,  b ) .

4 .  3 7 ° 4 6 , 2"N, 8 5 ° 2 1 '  2 0 "V/ t o  3 7 ° 4 6 , 24 ,,N, 8 5 ° 2 1 ’ 31” W: Maud

Q u a d . ,  N e l s o n  C o . ,  KY. I n c l u d e s  t y p e  s e c t i o n  o f  B a r d s to w n  

M b r . ,  D r a k e s  Pm. R o a d c u t  on W s i d e  o f  Hwy. 150, 1 .1 5  t o  1 .9

km N'.V o f  b r i d g e  o v e r  B e e ch  P o r k  R . ,  a b o u t  2 km N1Y o f

F r e d e r i c k t o w n .  R e f e i  t o  USGS Quad.  Map GQ-1043, Browne 

(1 9 6 4 ,  p .  388 ,  390 ,  l o c .  1 ) ,  H a t f i e l d  (1 9 6 8 ,  P I .  1,  k ey  s e c .  

6 ) ,  Kohut  and  Sweet  ( 1 9 6 8 ,  p .  1459,  l o c .  5 ) ,  an d  P e t e r s o n  

( 1 9 7 0 ) .

5 a .  SE-3-, s e c .  16, T9N, R2W: Mount Carm el  Q u a d , ,  F r a n k l i n  

C o . ,  IN .  R o a d c u t  on N s i d e  o f  Hwy. 101 a t  Bon W el l  H i l l  

a b o u t  2 1cm NE o f  B r o o k v i l l e .  R e f e r  t o  Hay ( 1 9 7 5 ) ,  a n d  Hay 

(1 9 7 7 ,  p .  1 - 2 3  t o  2 6 ) .

5b .  S3£ and  N S i ,  s e c .  36 ,  T10N, R2W: Mount Carm el  Q u a d . ,

F r a n k l i n  C o . ,  IN .  R o a d c u t s  on b o t h  s i d e s  o f  Hwy. 101 a b o u t

9 . 5  1cm NE o f  B r o o k v i l l e ,  R e f e r  t o  Hay ( 1 9 7 5 ) ,  and  Hay

( 1 9 7 7 , p .  1 - 1 8  t o  2 2 ) .

5 c .  SE^SE^, s e c .  17, T9N, R2W: B r o o k v i l l e  Q u a d . ,  F r a n k l i n

C o . ,  IN .  Cut  a t  B r o o k v i l l e  Dam S p i l l w a y  a b o u t  2 km N o f  

B r o o k v i l l e .  R e f e r  t o  Hay (1 9 7 5 ,  p .  12) and  Hay (1 9 7 7 ,  p.  

1 - 2 7 ) .
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6 a .  3 7 ° 3 4 , 15"N, 84°36* 57"W t o  3 7 ° 3 4 , 24"N, 84°36 '50"V/:  

L a n c a s t e r  Q u a d . ,  L i n c o l n  C o . ,  KY. Type s e c t i o n  o f  A s h l o c k  

Fra. R o a d c u t s  on b o t h  s i d e s  o f  Hwy. 27 f o r  0 . 4  km N o f  D ix  R . ,  

a b o u t  6 Ion SW o f  L a n c a s t e r .  R e f e r  t o  USGS Quad. Map 

GQ-888, W e i r ,  G r e e n e ,  an d  Simmons (1 9 6 5 ,  p .  D9, 24 ,  2 5 ) ,  and  

K ohu t  and  Sweet  ( 1 9 6 8 ,  p .  1459,  l o c .  2 ) .

6 b .  3 7 ° 3 2 ’N, 8 4 ° 2 9 , 48"W: P a i n t  L i c k  Q u a d . ,  G a r r a r d  C o . ,  KY.

Type s e c t i o n  o f  D r a k e s  Fm. R o a d c u t s  a b o u t  0 . 4  1cm S o f  E a s t  

F o r k ,  D r a k e s  C r . ,  on  E s i d e  o f  r o a d  l e a d i n g  NW f ro m  Vanhock 

C e m e te r y ,  a b o u t  3 Km S o f  P r e a c h e r s v i l l e .  R e f e r  t o  USGS 

Quad.  Map GQ-800, an d  W e i r ,  G r e e n e ,  a n d  Simmons (1 9 6 5 ,  p.  

D17,  30 ,  3 1 ) .

6 c . 3 7 ° 3 0 , 4 ,,N, 84°30* 53"W: L a n c a s t e r  Q u a d . ,  L i n c o l n  C o . ,

ICY. Type s e c t i o n  o f  P r e a c h e r s v i l l e  L lb r . ,  D r a k e s  Fm.

R o a d c u t s  on E s i d e  o f  Hwy. 39 ,  3 . 7  t o  3 . 9 5  km SE o f  

P r e a c h e r s v i l l e .  R e f e r  t o  USGS Quad.  Map GQ-888, W e i r ,  

G r e e n e ,  a n d  Simmons (1 9 6 5 ,  p.  D 3 3 - 3 5 ) ,  Simmons an d  O l i v e r  

( 1 9 6 7 ) ,  a n d  Kohut  an d  Sw eet  ( 1 9 6 8 ,  p .  1459,  l o c .  4 ) .

7 a .  3 7 ° 4 8 , 10"N, 8 4 ° 1 1 , 13"W t o  3 7 ° 4 8 , 3"N, 8 4 ° 1 1 , 16"W: U n io n

C i t y  Q u a d . ,  M a d iso n  C o . ,  KY. R o a d c u t s  on  b o t h  s i d e s  o f  Hwy. 

97 4 ,  0 . 8  t o  1 .2 5  km HE o f  U n io n  C i t y .  R e f e r  t o  USGS Quad. 

Map GQ-585, and  Simmons and  O l i v e r  ( 1 9 6 7 ) .

7 b .  3 7 ° 4 7 ’ 36"N, 8 4 ° 1 4 , 7"W t o  3 7 ° 4 7 , 2 5 ”N, 84°14*20"W: U n io n

C i t y  Q u a d . ,  M a d iso n  C o . ,  KY. R o a d c u t  on E s i d e  o f  r o a d ,  0 . 8
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t o  1 .3  --an HE o f  j u n c t i o n  v - i th  Hwy. 9 7 4 ,  a b o u t  3 . 5  km W o f  

U n io n  C i t y .  R e f e r  t o  USGS Quad. Map GQ-5 8 5 .

8 .  37°44 ' 30 "N, 8 4 ° 1 4 , 56"W: M o b e r ly  Q u a d . ,  M a d iso n  C o . ,  KY.

I n c l u d e s  t y p e  s e c t i o n  o f  T e r r i l l  a n d  Reba M b r s . ,  A s h l o c k  Fm 

R o a d c u t s  on b o t h  s i d e s  o f  Hwy. 52,  a b o u t  3 km 3 o f  Richmond 

R e f e r  t o  USGS Quad. Map GQ-664, an d  W e i r ,  G r e e n e ,  an d  

Simmons (1 9 6 5 ,  p .  D 2 7 - 2 S ) .

9 .  4 1 998 0 °N, 7 5 6 200E t o  4 1 98500N, 7 5 6 5 ^0 : H edges  Q u a d . ,  

C l a r k  C o . ,  KY. R a i l r o a d  c u t s  on L o u i s v i l l e  and  N a s h v i l l e  

R . R . ,  1 .4  t o  2 . 4  km N o f  Howard C r . , 1 .2  t o  0 . 2  km S3 o f  

Agawam. R e f e r  t o  USGS Quad. Map GQ-1235,  W e i r ,  G r e e n e ,  and  

Simmons (1 9 6 5 ,  p .  D18, 1 9 ) ,  a n d  K ohut  an d  Sweet  (1 9 6 8 ,  p .  

1460, l o c .  1 6 ) .

1 0 a . 3 8 ° 1 7 ' 3 2 nN, 8 3 ° 4 2 ’ 21"E :  H i l l s b o r o  Q u a d . ,  F l e m i n g  Co.

KY. R o a d c u t  on E s i d e  o f  r o a d  a l o n g  B u t t e r m i l k  B r a n c h ,  1 .6  

km NW o f  S u n s e t .  R e f e r  t o  USGS Quad.  Map GQ-876.

10b.  3 8 ° 1 7 , 2 6 ,'N, 8 3 ° 4 2 ’E: H i l l s b o r o  Q u a d . ,  F l e m i n g  C o . ,

KY. R o ad c u t" 'o n  E s i d e  o f  r o a d  a l o n g  B u t t e r m i l k  B r a n c h ,  1.1 

km NW o f  S u n s e t .  R efe r '  t o  USGS Quad. Map GQ-876.

10c .  380 18*22"H, 8304 2 '1 2 " E :  H i l l s b o r o  Q u a d . ,  F l e m i n g  C o . ,

KY. R o a d c u t  on N s i d e  o f  r o a d  1 .5  1cm S o f  j u n c t i o n  o f  

L o c u s t  C r .  an d  H i l l s b o r o  B r a n c h ,  4 km WNW o f  H i l l s b o r o .  

R e f e r  t o  USGS Quad. Map C-Q-876.
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10d . 3 8 ° 1 8 '8 " N ,  8 3 ° 4 0 ’ 1 1"E: Hillsbo. ;-  o Q u a d . ,  F l e m i n g  C o . ,

KY. S t r e a m  c u t  i n  t r i b u t a r y  j u s t  S o f  r o a d  on II s i d e  o f  

H i l l s b o r o  B r a n c h ,  1 .3 5  Ion NW o f  H i l l s b o r o .  R e f e r  t o  USGS 

Quad.  Hap GQ-876.

1 0 e . 3 8 ° 1 9 ' 2"N, 83o4 1 '1 0 " E :  H i l l s b o r o  Q u a d . ,  F l e m i n g  C o . ,

KY. R o a d c u t  on N s i d e  o f  r o a d  0 . 6  km S o f  L o c u s t  C r . ,  3 . 6  

km NW o f  H i l l s b o r o .  R e f e r  t o  USGS Quad. Map GQ-876.

l O f .  3 8 ° 1 9 , 8"N, 8 3 ° 3 9 M 1 " E :  H i l l s b o r o  Q u a d . ,  F l e m i n g  C o . ,

EY. R o a d c u t  on 3 s i d e  o f  Iiv.y. 111,  3 km N o f  H i l l s b o r o .  

R e f e r  t o  USGS Quad.  Map GQ-876.

11 ( a ) . NWiSEi and  NEiSEi-,  s e c .  12, T7N, E11E: M i l a n  Q u a d . ,

R i p l e y  C o . ,  IN. R o a d c u t  on  E an d  V/ s i d e s  o f  Hwy. 50 ,  1.1 t o

1 . 5  km W o f  L a u g h e r y  C r .  a t  V e r s a i l l e s .  Refer '  t o  H a t t i n ,  e t  

a l  ( 1 9 6 1 ,  p .  334,  3 47 -349) ,  an d  H a t f i e l d  (1 9 6 8 ,  P I .  1, k ey  

s e c .  2 ) .

1 1b—1 . NE|-SEi,  s e c .  6 ,  T7N, R12E: M i l a n  Q u a d . ,  R i p l e y  C o . ,

IN .  S t r e a m  c u t  on S s i d e  o f  F a l l i n g  T im b e r  C r . ,  0 . 4  km 

u p s t r e a m  f ro m  L a u g h e r y  C r . ,  a b o u t  2 . 3  Em HE o f  V e r s a i l l e s .

1 1 b - 2 . SWiNWi, ' s e c .  5, T7N, R12E: M i l a n  Q u a d . ,  R i p l e y  C o . ,

IN.  S t r e a m  c u t s  on S an d  N s i d e s  o f  F a l l i n g  T im b e r  C r . ,  1.1 

t o  1 .2  km u p s t r e a m  f ro m  L a u g h e r y  C r . ,  a b o u t  2 . 8  km NE o f  

V e r s a i l l e s .

1 1 b - 3 .  SE|-N\Vi, s e c .  5,  T7N, R12E: M i l a n  Q u a d . ,  R i p l e y  C o . ,
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IN.  S t r e a m  c u t  on N s i d e  o f  F a l l i n g  T im b er  C r . ,  1 .4  t o  1 .5  

icn] u p s t i  earn f ro m  L a u g h e r y  C r . ,  a b o u t  3 .1  km NE o f  V e r s a i l l e s .

1 2 a . SVV̂ -SE ,̂ s e c .  29 ,  T14K, K1 vV: Richmond Q u a d . ,  Wayne C o . ,  

IN .  S t r e a m  c u t  a t  T h i s t l e w a i t e  F a l l s  on V/est F o r k  o f  

W h i t e w a t e r  R. j u s t  S o f  b r i d g e  i n  S p r i n g  G ro v e .  R e f e r  t o  

Cumings (1 9 0 8 ,  p .  662),  and  Hay (1 9 7 5 ,  p .  2 3 ) .

12b.  SW\  a n d  S E j ,  s e c .  21 a n d  SW$ a n d  NV?i, s e c .  22 ,  T13N,

E1W: Richmond B.nd New P a r i s  Q u a d s . ,  Wayne C o . ,  IN.  S t r e a m

c u t s  a l o n g  E l k h o r n  C r .  b e t w e e n  S t r a i g h t  L i n e  Rd.  an d  Hwy.

227 ,  a b o u t  6 km S o f  R ichm ond .  R e f e r  t o  Cumings (1 9 0 8 ,  p .

65 7 ,  6 5 8 ,  660),  and  Hay (1 9 7 5 ,  p .  2 6 ) .

12 c . NEjrNEi, s e c .  23 ,  T13N, R2V7: Richmond Q u a d . ,  Wayne C o . ,

IN .  S t r e a m  c u t s  a t  B lu e  C la y  F a l l s  on c r e e k  j u s t  S o f  Hunt  

R d . ,  0 . 5 5  lom W o f  S a l i s b u r y  Rd., a b o u t  7 km SW o f  R ichm ond.

R e f e r  t o  Hay (1 9 7 5 ,  p .  2 0 ) .

1 2 d . NEiSV/;|, s e c .  2 ,  T12N, E2W: L i b e r t y  Q u a d . ,  Wayne C o . ,

IN.  R o a d c u t  on E s i d e  o f  S m i t h f i e l d  R d . ,  0 . 1  t o  0 . 2 5  km N

o f  i n t e r s e c t i o n  w i t h  P o t t e r  Shop R d . ,  0 . 4  km E o f  A b i n g t o n .  

F o r  n e a r b y  s e c t i o n  r e f e r  t o  Iiay (1 9 7 5 ,  p .  1 9 ) .

1 3 ( a ) . SEiSW iy s e c .  7 ,  T2, R8: F a i r b o r n  Q u a d . ,  G re en e  C o . ,

Oil. R a i l r o a d  c u t  p r i m a r i l y  on S s i d e  o f  New Y o rk  C e n t r a l  

R .R .  0 , 1  km N o f  W r i g h t  E r o s .  M e m o r i a l ,  a b o u t  6 km SW 

o f - F a i r b o r n .  R e f e r  t o  U t g a a r d  a n d  P e r r y  (1 9 6 4 ,  p .  35 ,  l o c .
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21), and  K ohut  and  Sweet  (1 9 6 8 ,  p .  14 59,  l o c .  1 0 ) .

13b. SZiSV/3-, s e c .  7 ,  T2, H8: F a i r b o r n  Q u a d . ,  G re en e  C o . ,

OH. Cut  on S b an k  o f  Mad E . ,  0 .1  km SW o f  Huffman Dam, 

a b o u t  6 km SW o f  F a i r b o r n .  R e f e r  t o  Kohut  an d  Sweot (1 9 6 8 ,  

p .  1499, l o c .  1 0 ) .

1 4 ( a ) . 4 3 6 4 100N, 24 7 700E t o  4 3 637 °°N ,  24 7 9° ° E :  C l a r k s v i l l e

Q u a d . ,  C l i n t o n  C o . ,  OH. Cut on II s i d e  o f  Cowan C r . ,  0 . 2  t o  

0 . 7 5  km d o w n s t re a m  f ro m  Cowan L.  s p i l l w a y ,  a b o u t  4 . 7  km ESS 

o f  C l a r k s v i l l e .

14b.  4 3 66700N, 7 4 9 4 ° ° E  t o  4 3 66 '?00N, 7 4 9 2° ° 3 :  O r e g o n i a

Q u a d . ,  W ar ren  C o . ,  OH. R o a d c u t s  p r i m a r i l y  on W s i d e  o f  r o a d

j u s t  S o f  Hwy, 171 l e a d i n g  t o  p i c n i c  a r e a  on  L i t t l e  Miami R . ,

a b o u t  1 .7  km NW o f  F t .  A n c i e n t  S t a t e  M e m o r i a l .  R e f e r  t o
an d

W o l fo rd  (1 9 3 0 ,  p.  3 0 4 - 3 0 7 ) , / K o h u t  a n d  Sweet  ( 1 9 6 8 ,  p .  1459, 

l o c .  1 1 ) .

B. B u r k e s v i l l e ,  K e n tu c k y  

15a .  3 6 ° 4 6 ’ 2 1 ,,N, 8 5 ° 2 2 , 4 3 ,'W: V /a te rv iew  Q u a d . ,  C um ber land

C o . ,  ICY. R o a d c u t  on E s i d e  o f  Hwy. 61 ,  1 . 3  km S o f  j u n c t i o n  

w i t h  Hwy. 90 a t  B u r k e s v i l l e .  R e f e r  t o  USGS Quad. Map 

CQ-286,  an d  f o r  n e a r b y  s e c t i o n  r e f e r  t o  J i l l s o n  (1951)»

15b.  3 6 ° 4 7 , 4 5 ,,N, 8 5 ° 2 3 , 20"W: V /a te rv ie w  Q u a d . ,  C um ber land

C o . ,  KY. R o a d c u t  on S s i d e  o f  new Hwy. 90 ,  2 . 2  Ion E o f  

j u n c t i o n  w i t h  Hwy. 6 9 1 ,  a b o u t  1 . 3  km NW o f  B u r k e s v i l l e .
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K e f e r  t o  ISOS Quad. Map C-Q-2 86 .

1 9 c . 3 6 ° 4 7 , 48"U, 8 9 ° 2 3 i 11i,W: V /a te rv iew  Q u a d . ,  C um ber land

C o . ,  ICY. R o a d c u t  on N s i d e  o f  new Hwy. 90 ,  2 . 4  Ion H o f  

j u n c t i o n  w i t h  Hwy. 691 ,  a b o u t  1 .2  Ion NW o f  E u r k e s v i l l e .

R e f e r  t o  BSCS Quad. Hap CQ-286.

19d.  3 6 ° 4 7 ' 38"N, 89°24 '40"V / :  V /a te rv iew  Q u a d . ,  C um ber land

C o . ,  ICY. O u t c r o p  j u s t  S o f  Cary  h o u s e ,  0 . 4  Ion N o f  j u n c t i o n  

o f  Hwy s .  90 a.nd 691 ,  a b o u t  3 . 9  Ian W o f  E u r k e s v i l l e .  R e f e r  

t o  USC-S Quad. Map GQ-286, an d  J i l l s o n  ( 1 9 9 3 ) .

C. C - o o d l e t t s v i l l e - C l a l l a t i n ,  T e n n e s s e e  

1 6 a . 3 6 ° 2 1 '5 7 " R ,  8 6 °4 2 '9 7 "W  an d  3 6 ° 2 2 , 4 nN, 8 6 04 2 '9 1 "W :  

G o o d l e t t s v i l l e  Q u a d . ,  Sumner  C o . ,  TN. R o a d c u t s  on W an d  H 

s i d e s  o f  Hwy. 169 ,  2 .4  km N o f  G o o d l e t t s v i l l e  i n t e r c h a n g e .  

F o r  n e a r b y  s e c t i o n s  r e f e r  t o  B a s s l e r  ( 1 9 3 2 ,  p .  122), and  

W i l s o n  (1 9 4 9 ,  p.  23 4 ,  236 ,  s e c .  9 ) .

16 b . 3 6 ° 2 2 133”N, 8 6 ° 4 2 ' 4 8 ,,Ws W h i te  House Q u a d . ,  Sumner  C o . ,  

Til. R o a d c u t  on W s i d e  o f  Hwy. 16 9 ,  3 . 4 9  km N o f  

C - o o d l e t t s v i l T e  i n t e r c h a n g e .  F o r  n e a r b y  s e c t i o n s  r e f e r  t o  

B a s s l e r  (1 9 3 2 ,  p .  122), and  W i l s o n  (1 9 4 9 ,  p .  234 ,  236 ,  s e c .  

5 ) .

16c .  3 6 ° 2 7 f 54”N, 8 6 ° 2 5 , 94,'W: G a l l a t i n  Q u a d . ,  Sumner  C o . ,

TN. R o a d c u t  on W s i d e  o f  D o b b in s  P i k e ,  2 . 7 9  1cm S o f  

G r a b a l l .  F o r  n e a r b y  s e c t i o n s  r e f e r  t o  B a s s l e r  ( 1 9 3 2 ,  p.
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1 2 7 ) .

D. L i t t l e  Bay de Roc,  M ic h i g a n  

17 b . SEt , s e c .  26 ,  T39H, R22V/: P e n i n s u l a  P o i n t  Q u a d . ,

D e l t a  C o . ,  MI. O u t c r o p  on 3 s h o r e  o f  L i t t l e  Bay de Hoc j u s t  

\7 o f  r o a d ,  2 . 3  km N o f  S t o n i n g t o n .  R e f e r  t o  F o e r s t e  (1 9 1 8 ,  

p .  98 ,  R h e i n h o l d s o n  s e c . ) ,  H u s se y  (1 9 2 6 ,  p .  116, 117,  133, 

142,  l o c .  1 7 ) ,  an d  H u sse y  (1 9 > 0 ,  p .  1 6 -2 0 ,  s t o p  7 ) .

1 7 c . SEi-SWir, s e c .  11, T39N, K21W: R a p id  R i v e r  Q u a d . ,  D e l t a

C o . ,  MI. F e d e r a l  F o r e s t  Q u a r ry  Ho. 2 j u s t  W o f  Co. Hwy.

511,  0 . 5  km S o f  S t o n i n g t o n  L o o k o u t  t o w e r .  R e f e r  t o  K e s l i n g  

(1 9 7 5 ,  p .  8 ,  l o c .  4 ,  P I .  1, f i g s .  3 ,  4 ,  p .  27 ,  map 1 ) ,  and  

fox' n e a r b y  s e c t i o n  r e f e r  t o  H u s sey  (1 9 2 6 ,  p .  116, 117,  146, 

l o c .  11), and  H u s se y  (1 9 5 0 ,  p .  21 ,  22 ,  s t o p  8 ) .

1 7 d . NW:r an d  NE-|, s e c .  11, T39H, E21W: R a p id  R i v e r  Q u a d . ,

D e l t a  C o . ,  MI. O u t c t o p s  on  S a n d  \'l s i d e  o f  r o a d ,  0 . 4  km N 

o f  i n t e r s e c t i o n  by  S t o n i n g t o n  L o o k o u t  t o w e r .  R e f e r  t o  

H u s s e y  (1 9 2 6 ,  p .  116, 117,  145,  146,  l o c .  1 2 ) .

E. Drummond I s l a n d ,  M ic h i g a n  

1 8 a . S S i  and  S\V|-, s e c .  29 ,  T43N, R7S: Drummond S3 Q u a d . ,

Drummond I s . ,  MI. S am p le s  c o l l e c t e d  a t  e x p o s u r e  on s h o r e

0 , 3  km S3 o f  B a y n o l d s  P o i n t ;  p a l e o c u r r e n t  d a t a  c o l l e c t e d  on 

s h o r e  i n  NE p a r t  o f  E a y n o l d s  Bay,  0 . 3  km SW o f  R a y n o l d s  P t .  

F o r  n e a r b y  s e c t i o n  r e f e r  t o  H u s se y  (1 9 5 2 ,  p .  49 ,  5 0 ) .
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18 b . SV/4-, s e c .  24 ,  T4 3H, R6E: Drumiaond Q u a d . ,  Drummond I s . ,

MI. E x p o s u r e  on s h o r e  0 . 3  km E o f  Poe P o i n t .  R e f e r  t o

H u s s e y  (1 9 5 2 ,  p .  50,  5 1 ) .

18 c . NE-*-, s e c .  30 ,  T43R, R6S: Drummond Q u a d . ,  Drummond I s . ,

MI. E x p o s u r e  on s h o r e  a t  Hay P o i n t ,  0 . 6 5  Ion S o f  Chippewa

P t .  For' n e a r b y  s e c t i o n  r e f e r  t o  H u s se y  ( 1952,  p.  5 0 ) .

F .  M a n i t o u l i n  I s l a n d ,  O n t a r i o

1 9 a . 45°52  '4 0 "K ,  81 ° 5 2 » 54"7.7: L i t t l e  C u r r e n t  a r e a ,

M a n i t o u l i n  I s . ,  O n t .  R o a d c u t s  on b o t h  s i d e s  o f  Hwy. 68,  4 . 9  

1cm SE o f  S h e g u i a n d a h .  R e f e r  t o  ODM Map 2247 .

1 9 b . 4 5 ° 5 2 136MN, 8 1 ° 5 1 , 17"W: L i t t l e  C u r r e n t  a r e a ,

M a n i t o u l i n  I s . ,  O n t .  R o a d c u t  on Hwy. 68 ,  7 . 1  km SS o f  

S h e g u i a n d a h .  R e f e r  t o  ODM Map 2247 .

1 9 c . 4 5 ° 5 3 ’ 4 6 ,'N, 8 1 ° 5 8 ’ 5 4" ’<V: L i t t l e  C u r r e n t  a r e a ,

M a n i t o u l i n  I s . ,  O n t .  R o a d c u t  on S s i d e  o f  r o a d ,  4 . 5  km W o f  

S h e g u i a n d a h ,  R e f e r  t o  ODM Map 2247 .

19 d . 4 5 ° 5 4 , 21"N, 8 2 ° 1 5 , 29"W: Kagawong a r e a ,  M a n i t o u l i n  I s . , 

O n t .  R o a d c u t  on  W s i d e  o f  r o a d  i n t o  Kagawong,  0 . 3  km N o f  

. j u n c t i o n  w i t h  Hwy. 540 .  R e f e r  t o  ODM Map 2246 ,  F o e r s t e  

( 1 9 1 6 ,  p .  1 1 0 , ’ l o c .  4 0 ) ,  an d  L i b e r t y  an d  S h e l d e n  (1 9 6 8 ,  p .

7 ,  s t o p  1 ) .

1 9 e . 4 5 ° 5 3 '5 5 " N ,  8 2 ° 6 , 10,,\V: Kagawong a r e a ,  M a n i t o u l i n  I s . ,

O n t .  R o a d c u t  on E s i d e  o f  Hwy. 540 ,  1 .4  km N o f  H o n o ra .
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l i e f e i  t o  ODM .’Jap 2246 .

19 f . 4 5 ° 5 3 '4  5"N, 82°1 5 * >"V/: Kagawong a r e a ,  M a n i t o u l i n  I s . ,

O n t .  r o a d c u t  on K and  S s i d e s  o f  Hwy. 540 ,  1 Ion SS o f  

j u n c t i o n  w i t h  r o a d  i n t o  Kagawong.  R e f e r  t o  ODM Map 2246 ,  

an d  fo]  n e a r l y  s e c t i o n  r e f e r  t o  F o e r s t e  (1 9 1 6 ,  p .  108,  109,  

l o c .  3 8 ) .

M61 a . 4 5 ° 4 5 ’ 3"N, 8 1 ° 4 8 ’ 45"v7:  L i t t l e  C u r r e n t  a r e a ,

M a n i t o u l i n  I s . ,  O n t .  L a u r e n t i a n  U n i v .  c o l l e c t i o n .  R e f e r  t o  

ODM Map 2247 .

I;175. 4 5 °5 2  ’ 4 0 ,'N, 8 1 ° 5 7 13 6 " ’<7: L i t t l e  C u r r e n t  . a r e a ,

M a n i t o u l i n  I s . ,  O n t .  L a u r e n t i a n  U n i v .  c o l l e c t i o n  a t  d i t c h  

on SS c o rn e r '  a t  i n t e r s e c t i o n  o f  E-\7 r o a d  a n d  N-S r o a d ,  1 km 

S o f  P i k e  L a k e .  R e f e r  t o  ODM Map 22 4 7 .

C-. M i s s o u r i

2 0 a . SE-J-NS-J-SWl, s e c .  21 ,  T32N, R13S: Cape G i r a r d e a u  Q u a d . ,

Cape G i r a r d e a u  C o . ,  MO. Type s e c t i o n  o f  Leemon F o r m a t i o n .  

O u t c r o p  i n  g u l l y  b e h i n d  b a r n  o f  S h o r t ’ s f a r m .  R e f e r  t o  

Amsden (1 9 7 4 ,  p .  1 9 - 2 1 ,  l o c .  K ) ,  and  Thompson and  

S a t t e r f i e l d  (1 9 7 5 ,  p .  7 6 ,  7 7 ,  l o c .  3 ) .

2 0 b . NWiSEiSS-J, s e c .  9 ,  T33N, E13E: N e e l y s  L a n d i n g  Q u a d . ,

Cape G i r a r d e a u  C o . ,  MO. O u t c r o p s  on B l u e  Shawnee C r e e k ,  0 . 8  

km E o f  New V /e l l s .  Refer-  t o  Amsden (1 9 7 4 ,  p .  2 0 - 2 2 ,  l o c .

U ) ,  an d  Thompson an d  S a t t e r f i e l d  (1 9 7 5 ,  p .  7 9 ,  80 ,  l o c .  4 ) .

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



3 7 3

2 1 a . Nvfif, s e c .  9 ,  T53K, P1S:  Kobo Q u a d . ,  P i k e  C o . ,  IvIO.

R o a d c u t  on w e s t  s i d e  o f  Ilv.y. 79 ,  N edge  o f  C l a r k s v i l l e .

Refer to Amsden ( 1 9 7 4 ,  p .  6 ,  9 ,  loc. E ) ,  and Thompson and 
Satterfield (1 9 7 9 ,  p. 91 ,  loc. 6 ) .

2 1 b . SV^NE-iNW^, s e c .  20,  T54H, R1V/: B o w l in g  G reen  Q u ad . ,

P i k e  C o . ,  IvIO. Type s e c t i o n  o f  N o ix  L i m e s t o n e .  O u t c r o p  a t  

C l i n t o n  S p r i n g s ,  S edge  o f  L o u i s i a n a .  R e f e r  t o  Amsden (1 9 7 4 ,  

p .  6 ,  9 ,  l o c .  B ) ,  and  Thompson and  S a t t e r f i e l d  ( 1 9 7 5 ,  p .  90 ,  

l o c .  7 ) .
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a n  e x t e r i o r  v i e w  o r  l o n g i t u d i n a l  s e c t i o n  r e f e r s  t o  t h e  

p o s i t i o n  a n d  f i g u r e  num ber  o f  a  t r a n s v e r s e  s e c t i o n  

i l l u s t r a t e d  on t h e  same p l a t e ,  u n l e s s  o t h e r w i s e  s t a t e d .  

When t h e  h o r i z o n  o f  a  s p e c i m e n  i s  g i v e n ,  t h e  f i r s t  number  

i n d i c a t e s  t h e  l o c a l i t y  a n d  t h e  s e c o n d  d e s i g n a t e s  t h e  

s t r a t i g r a p h i c  i n t e r v a l  ( s e e  " L o c a l i t i e s " ;  T e x t - f i g s .  3,  

18,  2 1 ) .
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EXPLANATION OF PLAT5 1

F i g u r e

1 - 5 6 .  S t r e p t e l a s m a  d i v a r i c a n s  ( N i c h o l s o n ,  1875)

(Richmond G ro u p ;  C i n c i n n a t i  A rc h  r e g i o n )

1 - 1 9 .  A x i a l  r e g i o n  c o m p a r a t i v e  s c a l e  an d  v a l u e s  ( s m a l l

n u m b ers  5, 1 0 . . . 9 5 ) ,  x2 ( r e f e r  t o  p .  81 i n  t e x t ) .

2 ,  UCGM 4 5 0 7 2 ,  h o r i z o n  1 2 a - 1 .  2,  UCGM 45061 ,  

h o r i z o n  1 1 b - 1 .  2 ,  UCGM 45 0 1 4 ,  h o r i z o n  4 - 2 .  4_, 

UCGM 4 5 0 3 7 ,  h o r i z o n  5 b - 2 .  5,  UCGM 4 5 1 3 7 ,  h o r i z o n

13 b - 2 • 6 ,  UCGM 4 5 0 0 4 ,  h o r i z o n  2 - 1 .  7 ,  UCGM

45133? h o r i z o n  1 3 b - 1 .  _8, UCGM 4 5 0 7 4 ,  h o r i z o n

12 a - 1 . 9 ,  UCGM 4 5 0 2 8 ,  h o r i z o n  5 b - 1 . .10, UCGM

4 5 0 5 4 ,  h o r i z o n  5 b - 9 .  2 2 ,  UCGM 450 8 4 ,  h o r i z o n

12 a - 2 . J_2, UCGM 4 5 0 0 8 ,  h o r i z o n  3 - 2 .  1 2 ,  UCGM

45 6 1 1 ,  h o r i z o n  1 3 - 1 .  1 4 ,  UCGM 45 0 1 8 ,  h o r i z o n

4 - 3 .  15., UCGM 4 5 0 5 7 ,  h o r i z o n  1 0 - 1 .  16., UCGM

4 5 0 2 0 ,  h o r i z o n  4 - 4 .  1 7 ,  UCGM 4 5 0 8 6 ,  h o r i z o n

12 a - 2 .  ^ 8 ,  UCGM 4 5 0 3 4 ,  h o r i z o n  5 b - 2 .  J_9, UCGM

45 0 1 9 ,  h o r i z o n  4 - 3 .

2 0 - 2 2 .  UCGM 4 5 0 7 2 ,  h o r i z o n  1 2 a - 1 .  20 ,  a l a r  v i e w ,

c a r d i n a l  s i d e '  l e f t ,  x 1 . 21_, 22_, c a r d i n a l  s i d e

down, x 2 .

2 3 - 2 6 .  UCGM 4 5 0 7 4 ,  h o r i z o n  1 2 a - 1 .  23 ., a l a r  v i e w ,

c a r d i n a l  s i d e  r i g h t ,  x 1 . 2 4 - 2 6 ,  c a r d i n a l  s i d e

down, x 2 .

2 7 - 2 9 .  UCGM 4 5 0 8 4 ,  h o r i z o n  1 2 a - 2 .  27 ,  x 1 . 28 ,  29 ,

x 2 .
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3 0 - 3 2 .  UCGM 4 5 0 1 8 ,  h o r i z o n  4 - 3 .  20, x 1 . 21* 32 ,

x 2 .

3 3 - 3 8 .  UCGM 4 5 0 8 6 ,  h o r i z o n  1 2 a - 2 .  22* c a r d i n a l

s i d e  l e f t ,  x 1 .  3 4 - 3 6 ,  c a r d i n a l  s i d e  down, x 2 .

3 7 - 4 1 .  UCGM 4 5 0 3 4 ,  h o r i z o n  5 b - 2 .  22.* a l a r  v i e w ,

c a r d i n a l  s i d e  l e f t ,  x 1 . 3 8 - 4 1 , c a r d i n a l  s i d e

down, x 2 .

4 2 - 4 5 .  UCGM 4 5 1 2 8 ,  h o r i z o n  1 3 - 2 ,  x2 .

4 6 - 5 2 .  UCGM 4 5 0 1 3 ,  h o r i z o n  4 - 2 .  46_, a l a r  v i e w ,

c a r d i n a l  s i d e  l e f t ,  x 1 . 4 7 - 5 1 , c a r d i n a l  s i d e

down, x 2 . _5 2 , c a r d i n a l  s i d e  l e f t ,  x 2 .

53 .  USNM 8 4 8 6 8 a ,  ( s y n t y p e  o f  S. d i v a r i c a n s -  

a n g u s t a t u m  F o e r s t e ,  1 9 0 9 ) ,  " W h i t e w a t e r "  s t r a t a ,  

Osgood,  I n d i a n a ,  x 2 .

54 .  UCGM 4 5 1 4 5 , " W h i t e w a t e r "  s t r a t a ,  H u e s t o n  Woods 

P a r k ,  O x f o r d ,  O h io ,  x 2 .

55 .  UCGM 4 5 0 2 4 ,  h o r i z o n  4 - 5 ,  t r a n s v e r s e  

p h o t o m i c r o g r a p h ,  l a t e  o n t o g e n e t i c  s t a g e ,  d i l a t e d  

m a j o r  a n d  m in o r  s e p t a  i n  l a t e r a l  c o n t a c t  i n  

s t e r e o z o n e ,  x 3 1 .

56 .  UCGM 4 5 0 8 0 ,  h o r i z o n  1 2 a - 2 ,  t r a n s v e r s e  

p h o t o m i c r o g r a p h ,  l a t e  o n t o g e n e t i c  s t a g e ,  

u n d i l a t e d  m a j o r  a n d  m in o r  s e p t a  s e p a r a t e d  by 

U - s h a p e d  l a m e l l a e  i n  s t e r e o z o n e ,  x 31 .
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EXPLANATION OF PLAT5 2

F i g u r e

1 - 2 7 .  S t r e u t e l a s m a  d i v a r i c a n s  ( N i c h o l s o n ,  1875)

(Richmond G ro u p :  1 - 1 7 ,  C i n c i n n a t i  A r c h  r e g i o n ;  18,

19, L i t t l e  Bay de Noc,  M i c h i g a n ;  2 0 - 2 7 ,  M a n i t o u l i n  

I s l a n d ,  O n t a r i o )

1. UCGM 4 5 6 4 6 ,  h o r i z o n  1 2 a - 5 ,  x1 ( b l a s t o g e n y  shown i n  

T e x t - f i g .  29)

2,  3 .  UCGM 45093)  h o r i z o n  1 2 a - 4 ,  x 2 .  2_, i n c r e a s e

d e m o n s t r a t e d  by  i n c o m p l e t e  w a l l  b e t w e e n  two 

c o r a l l i t e s  on l e f t .  If c o r a l l i t e s  s e p a r a t e d  

l a t e r  i n  o n t o g e n y .

4 ,  5 s .  USGS l o c .  4 3 4 3 - C 0 ( a ) ,  ’'W h i t e w a t e r "  s t r a t a ,

NW o f  O x f o r d ,  O h io .  4 (USGS 6798a) ,  o p e n i n g  i n  

w a l l  d e v e l o p i n g  b e t w e e n  two c e n t r a l  c o r a l l i t e s ,  

x 2 . 5 s_, c o m p l e t e  c o n n e c t i o n  b e t w e e n  two c e n t r a l

c o r a l l i t e s  l a t e r  i n  o n t o g e n y ,  x 1 .

6 s .  USGS l o c .  4 3 4 3 - C O ( b ) ,  " W h i t e w a t e r ” s t r a t a ,  NW 

o f  O x f o r d ,  O h io ,  r e j u v e n a n c e  i n  c a l y x  o f  r i g h t  

c o r a l l i t e ,  x 1 .

7 .  UCGM-4 5 1 2 1 ,  h o r i z o n  13” 1> b e d d i n g  s u r f a c e ,  

c o r a l l i t e s  i n  g r o w t h  p o s i t i o n  on b r a c h i o p o d  

f r a g m e n t  ( u p p e r  r i g h t )  a n d  on b r y o z o a n  ( l o w e r  

r i g h t ) ,  x 1 .

8 s .  USNM 50816 ,  B a r d s t o w n ,  K e n t u c k y ,  c l u s t e r  o f
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c o r a l l i t e s ,  x1.

3 s .  USNM 70 2 1 1 ,  " W a y n e s v i l l e "  s t r a t a ,  n e a r

C l a r k s v i l l e ,  O h io ,  c l u s t e r  p a r t l y  o v e r g ro w n  by 

h o s t  b r y o z o a n ,  x 1 .

10,  11.  UCGM 4 5 1 0 0 ,  h o r i z o n  1 2 a - 5 .  JO., c o r a l l i t e  

w i t h  l a r g e  b a s e  o f  a t t a c h m e n t  on  b r y o z o a n ,  x 1 .

1 1 , c o r a l l i t e  w a l l  n o t  d e v e l o p e d  a t  s i t e  o f  

a t t a c h m e n t  t o  b r y o z o a n ,  x 2 .

12.  UCGM 45 0 6 6 ,  h o r i z o n  1 1 b - 3 ,  c o r a l l i t e  

a t t a c h e d  t o  L e p i d o c y c l u s  c a p a x , x 1 .

1 3 s .  USNM 4 0 0 8 6 ,  " W h i t e w a t e r "  s t r a t a ,  O x f o r d ,  O h io ,  

c o r a l l i t e s  a t t a c h e d  t o  L. c a p a x , x 1 .

1 4 s .  USNM 135767 ,  " W h i t e w a t e r "  s t r a t a ,  R ichm ond,  

I n d i a n a ,  c o r a l l i t e s  a t t a c h e d  t o  R a f i n e s q u i n a  

a l t e r n a t a , x 1 .

15.  UCGM 450 1 2 ,  h o r i z o n  4 - 2 ,  c o r a l l i t e s  a t t a c h e d  t o  

c o l o n i a l  c o r a l ,  x 1 .

16.  USNM 425 1 7 ,  O x f o r d ,  O h io ,  b e d d i n g  s u r f a c e ,  

some c o r a l l i t e s  a t t a c h e d  t o  l a r g e  C-rewingkia  

c a n a d e n s i s  c o r a l l i t e ,  x 1 .

1 7 s .  USNM 8 4 8 6 9 , " W h i t e w a t e r "  s t r a t a ,  Osgood,  

I n d i a n a ,  n o t e  t a l o n s  on  r i g h t  c o r a l l i t e ,  x 1 .

1 8 s ,  19. USNM 7 8 4 4 9 ,  a ,  Bay de Noc M b r . ,  S t o n i n g t o n  

Pm.,  S t o n i n g t o n ,  M i c h i g a n .  1 8 s , c o r a l l i t e s  

a t t a c h e d  t o  R a f i n e s a u i n a , x 1 . J[9, x 2 .

2 0 s - 2 6 .  LU M 61a-4 ,  M e a fo rd  b e d s ,  u p p e r  m b r . ,
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G e o r g i a n  Bay Pm .,  h o r i z o n  1,161a. 2 0 s , a l a r  v i e w ,

c a r d i n a l  s i d e  r i g h t ,  x 1 . 2 1 s , a l a r  v i e w ,

c a r d i n a l  s i d e  l e f t ,  x 1 . 22—26,  c a r d i n a l  s i d e

down, x 2 .

27 .  LU I'.T61 a —1, M e a fo r d  h e d s ,  u p p e r  m b r . ,  G e o r g i a n  

Bay P m . ,  h o r i z o n  M61a, c o r a l l i t e  a t t a c h e d  t o  

h r y o z o a n ,  x 1 .

2 8 .  S t r e p t e l a s m a  l e e m o n e n s i s  n .  s p .

2 8 .  UCGM 45614 ( h o l o t y p e ) ,  Leemon Pm .,  h o r i z o n  

2 0 a - 1 , Cape G i r a r d e a u  C o . ,  M i s s o u r i ,  x2 .

29-31< • S t r e o t e l a s m a  s p .

2 9 - 3 1 .  UCGIvI 4 5 6 1 6 ,  Leemon P m . ,  h o r i z o n  2 0 a - 1 , Cape 

G i r a r d e a u  C o . ,  M i s s o u r i ,  x 2 .

3 2 - 3 4 .  S t r e p t e l a s m a  r a n k i n i  n .  s p .

3 2 - 3 4 .  USGS 6 3 4 4 a ,  c ,  b ( h o l o t y p e ) ,  unnamed

A s h g i l l i a n  f o r m a t i o n ,  P e n o b s c o t  C o . ,  M a in e ,  x 2 .
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EXPLANATION OF PLAT5 3
F i g u r e

1 - 1 6 ,  S t r e p t e l a s m a  s u b r e g u l a r i s  ( S a v a g e ,  1913)

( I s ,  2 ,  C y re n e  Frn. , n e a r  Edgewood, M i s s o u r i ;  3 - 1 6 ,  

Leemon F m . , h o r i z o n  2 0 b - 1 , Cape G i r a r d e a u  C o . ,  

M i s s o u r i )

1s ,  2 .  UI- X-851 ( h o l o t y p e ) ,  x 1 . j j s ,  c a l y x ,  c a r d i n a l  

s i d e  down. 2_, c o u n t e r  s i d e  sh o w in g  t a b u l a e  w here  

b r o k e n .

3 .  UCGM 4 5 6 2 8 ,  c a r d i n a l  s i d e  l e f t ,  x 1 .

4 - 8 .  UCGM 45619* x 1 . 4 ,  a l a r  v i e w ,  c a r d i n a l  s i d e  

l e f t .  5., 6 ,  c a r d i n a l  s i d e  down. 7 ,  c a r d i n a l  

s i d e  l e f t .  8,  c a r d i n a l  v i e w .

9 - 1 2 .  UCGM 4 5 6 2 2 ,  x 1 . 9, a l a r  v i e w ,  c a r d i n a l  s i d e

r i g h t .  _1_0, 11 , c a r d i n a l  s i d e  down. 1_2, c a r d i n a l  

v i e w .

1 3 - 1 6 .  UCGM 4 5 6 1 8 ,  x 1 . 13 « c o u n t e r  v i e w .  1 4 -1 6 ,

c a r d i n a l  s i d e  down.

1 7 - 3 1 .  S t r e p t e l a s m a  a f f i n i s  ( B i l l i n g s ,  1865)

( E l l i s  Bay F m . , A n t i c o s t i  I s l a n d ,  Quebec)

1 7 - 2 0 .  YPM " E l l i s  Bay zone  7 " ,  x 1 . V7, p o l i s h e d

s e c t i o n ,  c a r d i n a l  s i d e  l e f t .  1 8 - 2 0 ,  c a r d i n a l ’ 

s i d e  down.

21 .  YPM 5 5 5 a ,  n o t e  t a l o n s  n e a r  b a s e  on r i g h t  s i d e  a n d  

c o a r s e  r u g a e ,  x 1 .

2 2 - 2 6 .  YPM 3 0 1 6 / 3 0 6 3 / 3 5 J , x 1 .  22., c a r d i n a l  v i e w .  2^3,
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a l a r  v i e w ,  c a r d i n a l  s i d e  r i g h t .  2 4 - 2 6 ,  c a r d i n a l  

s i d e  down.

2 7 - 3 1 .  YPM 3 0 1 S / 3 0 6 3 / 5 7 k ,  x1 .  27 ,  a l a r  v i e w ,

c a r d i n a l  s i d e  r i g h t .  2 8 - 3 1 ,  c a r d i n a l  s i d e  down.
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EXPLANATION OF PLATE 4
F i g u r e

1 - 8 .  H e l i c e l a s m a  r a n d i  E l i a s ,  1976

(M aq u o k e ta  G ro u p :  1 - 7 ,  B r a i n a r d  Pm.,  S t e r l i n g ,

I l l i n o i s ;  8 , p r o b a b l y  C le r m o n t  K b r . , S c a l e s  F m . , 

F a y e t t e  C o . ,  Iow a)

I - 4 .  USNM 4 2 5 3 5 b .  J_, c a r d i n a l  v i e w ,  x 1 . 2, a l a r

v i e w ,  c a r d i n a l  s i d e  r i g h t ,  x 1 . 3., 4 ,  c a r d i n a l

s i d e  down, x 2 .

5 .  USGS 206S,  x 1 •

6 . USGS 20 6 S a ,  c a r d i n a l  s i d e  down, x2 .

7 .  USGS 206T,  c a r d i n a l  s i d e  l e f t ,  x2 .

8 . SUI 5 7 - ’ 24 ,  c a r d i n a l  s i d e  down, x2 .

9 - 1 9 .  H e l i c e l a s m a  s e l e c t a  ( B i l l i n g s ,  1865)

( 9 - 1 6 ,  A n t i c o s t i  I s l a n d ,  Q uebec ;  1 7 - 1 9 ,  W hi te  Head 

F m . , P e r c e ,  Quebec)

9 .  10 .  GSC 1989a ( l e c t o t y p e ) , '  u p p e r  m b r . ,  V a u r e a l

Fm. 9, a l a r  v i e w ,  c a r d i n a l  s i d e  l e f t ,  x 1 . 1 0 ,

c a r d i n a l  s i d e  down, x 2 .

I I - 1 3 .  YPM 5 3 9 a ,  E l l i s  Bay Fm. 1J_, a l a r  v i e w ,

c a r d i n a l  s i d e  l e f t ,  x 1 . _12_, _1_3 , c a r d i n a l  s i d e

down, x 2 .

14, 15. YPM 5 1 4 a ,  E l l i s  Bay F m . , c a r d i n a l  s i d e  

down, x 1 .

16 .  YPM 543 ,  E l l i s  Bay F m . , c a r d i n a l  s i d e  down, x 1 .
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1 7 - 1 9 .  USKM 1 0 2 3 9 0 ( 3 ) .  V7, a l a r  v i e w ,  c a r d i n a l  s i d e

l e f t ,  x 1 . _1_8, J_9, c a r d i n a l  s i d e  dov/n, x 2 .

2 0 - 3 2 .  D e i r a c o r a l l i u m  an>r.;ulatum ( B i l l i n g s ,  1862)

( u p p e r  m b r . ,  V a u r e a l  Pm.,  A n t i c o s t i  I s . ,  Quebec)

2 0 s - 2 3 .  GSC l o c .  8 4 4 1 9 ( a ) .  2 0 s , c a r d i n a l  v i e w ,  x 1 .

2 1 s , a l a r  v i e w ,  c a r d i n a l  s i d e  l e f t ,  x 1 . 2 2, 23 .,

c a r d i n a l  s i d e  down, x 2 .

2 4 s - 2 8 .  C-SC l o c .  8 4 4 1 9 ( c ) .  2 4 s , c a r d i n a l  v i e w ,  x 1 .

2 5 s , a l a r  v i e w ,  c a r d i n a l  s i d e  l e f t ,  x 1 . 2 6 - 2 8 ,

c a r d i n a l  s i d e  down, x 2 .

29 ,  30 .  GSC l o c ,  8 4 4 1 9 ( b ) ,  c a r d i n a l  s i d e  down, x2 .

31 ,  32 .  GSC l o c .  8 4 4 1 9 ( d ) ,  c a r d i n a l  s i d e  down, x2 .

3 3 - 5 3 .  G r e w i n g k i a  c a n a d e n s i s  ( B i l l i n g s ,  1862)

(Richmond G ro u p ,  C i n c i n n a t i  A r c h  r e g i o n )

3 3 - 5 3 .  A x i a l  r e g i o n  c o m p a r a t i v e  s c a l e  a n d  v a l u e s

( s m a l l  n u m b ers  0 , 5 . . .  1 0 0 ) ,  c a r d i n a l —s i d e -  down,--x1 

( r e f e r  t o  p. 6 6  i n  t e x t ) .  ,33., UCGM 4 5 3 3 4 ,  h o r i z o n  

H b - 2 .  34 ,  UCGM 4 5 2 3 0 ,  h o r i z o n  4 - 4 .  35 ,  UCGM

451 5 6 ,  h o r i z o n  1 - 1 .  36., UCGM 4 5 2 7 9 ,  h o r i z o n

5 b - 9 .  37 ,  UCGM 45 3 9 0 ,  h o r i z o n  1 2 a - 4 .  38 ,  UCGM

45206 ,  h o r i z o n  3 - 1 .  39., UCGM 4 5 3 1 5 ,  h o r i z o n

1 1 b - 1 .  4 0 ,  UCGM 4 5 4 4 6 ,  h o r i z o n  13t>—1 • 4 1 ,

UCGM 4.5226, h o r i z o n  4 - 4 .  42 ,  UCGM 4 5 3 9 4 ,  h o r i z o n

1 2 a - 5 .  43., UCGM 4 5 1 9 1 ,  h o r i z o n  2 - 1 .  4 4 ,  UCGM

4 5 1 9 3 ,  h o r i z o n  2 - 1 .  45., UCGM 4 5 2 2 0 ,  h o r i z o n  4 - 1 .

46 ,  UCGM 4 5 3 5 7 ,  h o r i z o n  1 2 a - 1 .  £ 7 ,  UCGM 452 7 2 ,
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h o r i z o n  5 b - 6 .  48 ,  UCGM 4 5 3 5 5 ,  h o r i z o n  12a-1

4 9 , UCCI'.I 4 5183 ,  h o r i z o n  1 - 4 .  50_, UCGM 45344

h o r i z o n  1 1 b -3 .  5±, UCGM 4 5 2 2 8 ,  h o r i z o n  4 - 4 .  

UCGM 4 5 2 6 0 ,  h o r i z o n  5 b - 2 .  53., UCGM 4 5 4 1 3 ,

h o r i z o n  1 2 b -2 .
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EXPLANATION OF PLATE 3
F i g u r e

1 - 4 6 .  O r e w i n g k i a  c a n a d e n s i s  ( B i l l i n g s ,  1862)

(Richmond G ro u p ,  C i n c i n n a t i  A rc h  r e g i o n )

N o t e ; 4 /  r e f e r s  t o  f i g .  i n  P I .  4 .

I - 6 .  UCGM 45 3 3 4 ,  h o r i z o n  1 1 b -2 ,  x 1 . 1_, a l a r  v i e w ,

c a r d i n a l  s i d e  l e f t .  2.-4 , c a r d i n a l  s i d e  down.

5., 6., c a r d i n a l  s i d e  l e f t .

7 - 1 0 .  UCGM 4 5 3 9 0 ,  h o r i z o n  12a- 4 ,  x 1 . 7 ,  a l a r  v i e w ,

c a r d i n a l  s i d e  l e f t .  8 - 1 0 , c a r d i n a l  s i d e  down.

I I - 1 6 .  UCGM 4 5 4 4 6 ,  h o r i z o n  13"b-1, x 1 . 1_1_, 1 2 ,

c a r d i n a l  s i d e  down. 13 , 1 4 , c a r d i n a l  s i d e  l e f t .

1 5 , c a r d i n a l  v i e w .  _U5, a l a r  v i e w ,  c a r d i n a l  s i d e  

l e f t .

1 7 - 2 2 .  UCGM 451 9 3 ,  h o r i z o n  2 - 1 ,  x 1 . V7, a l a r  v i e w ,

c a r d i n a l  s i d e  l e f t .  1 8 - 2 1 ,  c a r d i n a l  s i d e  down.

2 2 , c a r d i n a l  s i d e  l e f t .

2 3 - 3 1 .  UCGM 45 3 5 5 ,  h o r i z o n  1 2 a - 1 ,  x 1 . 23., c a r d i n a l

view' .  2 4 , a l a r  v i e w ,  c a r d i n a l  s i d e  l e f t .

2 5 - 2 9 , c a r d i n a l  s i d e  down. 3 0 , 31., c a r d i n a l  s i d e  

l e f t .

3 2 - 3 4 .  UCGM 4 5 4 1 3 ,  h o r i z o n  1 2 b - 2 ,  x 1 . 32., a l a r  v i e w ,

c a r d i n a l  s i d e  l e f t .  33 ,  34 ,  c a r d i n a l  s i d e  down.

3 5 - 3 8 .  UCGM 45 3 1 0 ,  h o r i z o n  11U-1. 35., c a r d i n a l

v i e w ,  x 1 . 3 6 - 3 8 , c a r d i n a l  s i d e  down, x 2 .

3 9 - 4 2 .  UCGM 4 5 2 5 9 ,  h o r i z o n  5 b - 1 . 39 ,  a l a r  v i e w ,
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c a r d i n a l  s i d e  l e f t ,  x 1 . 4 0 - 4 2 , c a r d i n a l  s i d e

down, x 3 .

4 3 , 4 4 . USNIvI 84870b ,  a  ( h o l o t y p e  o f  S t r e p t e l a s m a

i n s o l i t u m  F o e r s t e ,  1909)> " W h i t e w a t e r "  s t r a t a ,  SE 

o f  W e s t p o r t ,  I n d i a n a ,  c a r d i n a l  s i d e  down, x2 .

45 .  USNI.I 7 8 7 4 2 a  ( s y n t y p e  o f  S. d i sp a n d u m  F o e r s t e ,  

1 9 0 9 ) , ■ " W a y n e s v i l l e "  s t r a t a ,  M o o r e ' s  H i l l ,  

I n d i a n a ,  c a r d i n a l  s i d e  down, x 2 .

4 6 .  USNM 7 8 7 4 9 a  ( s y n t y p e  o f  S. v a r a n s  F o e r s t e ,  

1 9 0 9 ) ,  " L i b e r t y "  s t r a t a ,  D a y t o n ,  O h io ,  c a r d i n a l  

s i d e  down, x 2 .
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EXPLANATION OF PLATE 6
F i g u r e

1 - 3 4 .  C r e w i n g k i a  c a n a d e n s i s  ( B i l l i n g s ,  1862)

(Richmond G ro u p :  1 - 6 ,  C i n c i n n a t i  A r c h  r e g i o n ;

7 - 1 3 ,  G o o d l e t t s v i l l e - G a l l a t i n  a r e a ,  T e n n e s s e e ;

1 5 -2 3 ,  Drummond I s l a n d ,  M i c h i g a n ;  2 4 - 3 3 ,  I . ' I a n i to u l in  

I s l a n d ,  O n t a r i o ;  34 ,  M e a fo r d ,  O n t a r i o .  M aquoke ta  

G ro u p :  14, L i t t l e  S t u r g e o n  Bay,  M ic h i g a n )

1 s .  UCGM 4 5 3 1 1 ,  h o r i z o n  1 1 b - 1 ,  c a l y x ,  c a r d i n a l  s i d e  

down, x 1 .

2 s .  UCGM 4 5 3 4 0 ,  h o r i z o n  1 1 b -3 ,  c a l y x ,  c a r d i n a l  s i d e  

down, x 1 .

3 .  USNM 15587,  ’’W h i t e w a t e r "  s t r a t a ,  C o n n e r s v i l l e ,  

I n d i a n a ,  b e d d i n g  s u r f a c e ,  c o r a l l i t e s  i n  g r o w th  

p o s i t i o n ,  x 1 .

4 .  UCGM 4 5 4 6 9 ,  h o r i z o n  1 4 b - 1 ,  a l a r  v i e w ,  c a r d i n a l  

s i d e  l e f t ,  n o t e  e p i f a u n a l  b r y o z o a n s  u p p e r  l e f t  

a n d  b o r i n g  b r y o z o a n s  l o w e r  l e f t ,  x 1 .

5.  UCGM 452 2 6 ,  h o r i z o n  4 - 4 ,  t r a n s v e r s e  p h o t o m i c r o ­

g r a p h ,  O r d o v i c i a n  a l g a l  b o r i n g s  i n  o u t e r  c o r a l l i t e  

w a l l  a n d  p e n e t r a t i n g  s e p t a  f ro m  i n t e r s e p t a l  

c h a m b e r s ,  x 3 1 .

6 . UCGM 4 5 3 0 2 ,  h o r i z o n  1 0 - 2 ,  t r a n s v e r s e  p h o t o m i c r o ­

g r a p h ,  R e c e n t  a l g a l  b o r i n g s  i n  o u t e r  c o r a l l i t e  

w a l l  a n d  p e n e t r a t i n g  s e c o n d a r y  c a l c i t e  f i l l i n g

V e r m i f o r i c h n u s  b o r i n g  on r i g h t  s i d e ,  x 3 1 .
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7 - 1 1 .  UCGM 4 5 5 0 5 ,  h o r i z o n  1 6 a - 1 ,  x 1 . 7 ,  a l a r  v i e w ,

c a r d i n a l  s i d e  l e f t .  8 - 1 1 , c a r d i n a l  s i d e  down.

12.  UCGM 45 5 1 9 ,  h o r i z o n  1 6 b - 2 ,  c a r d i n a l  s i d e  down 

x 1 .

13. UCGM 4 5 5 1 8 ,  h o r i z o n  16U-2, c a r d i n a l  s i d e  dov/n, 

x 1 .

14.  USGS 347V/, t o p  o f  M aq u o k e ta  G roup ,  c a r d i n a l  s i d e  

down, x 2 .

1 5 -1 7 .  GSC 1983h,  i  ( l e c t o t y p e ) ,  u p p e r  m b r . ,  G e o r g i a n  

Bay Pm.,  x 1 . .15. ( I 9 8 3 h ) ,  p o l i s h e d  s e c t i o n ,

c a r d i n a l  s i d e  l e f t .  J_6 , V7 ( 1 9 8 3 i ) ,  c a r d i n a l  

s i d e  down.

1 8 - 2 0 ,  UCGM 4 5 5 4 0 ,  h o r i z o n  l 8 a - 1 ,  c a r d i n a l  s i d e  

down, x 1 .

2 1 - 2 3 .  UMMP 26927 ( h o l o t y p e  o f  S t r e p t e l a s m a  a r c t i c u m  

drummondense  Stumm, 1 9 6 3 ) ,  u p p e r  M e a fo rd  b e d s ,  

u p p e r  m b r . ,  G e o r g i a n  Bay F m . , P o t a g a n i s s i n g  Bay,  

Poe P o i n t ,  x 1 . 2J_, a l a r  v i e w ,  c a r d i n a l  s i d e

r i g h t .  22 ., 23 ., c a r d i n a l  s i d e  down.

2 4 - 2 9 .  LU M 61a-7 ,  h o r i z o n  M61a, x 1 . 24., a l a r  v i e w ,

c a r d i n a l  s i d e  l e f t .  2 5 - 2 8 , c a r d i n a l  s i d e  down.

2 9 , c a r d i n a l  v i e w .

30-»33. UCGM 4 5 5 8 5 ,  h o r i z o n  1 9 d - 1 ,  x 1 . 30 ,  a l a r

v i e w ,  c a r d i n a l  s i d e  l e f t .  3 1 - 3 3 , c a r d i n a l  s i d e  

down.

34 .  GSC 8531 ,  u p p e r  G e o r g i a n  Bay Pm . ,  c a r d i n a l  s i d e
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down, x 1 .

3 5 - 4 5 .  G r e w i n g k i a  d e l t e n s i s  n .  s p .

(O g o n tz  M Lr . ,  S t o n i n g t o n  Pm.,  h o r i z o n  17 t —1, D e l t a  

C o . ,  M ic h i g a n )

3 5 - 3 7 .  UCGM 45596 ( p a r a t y p e ) ,  x 1 . 35., a l a r  v i e w ,

c a r d i n a l  s i d e  r i g h t .  36>, 37 ., c a r d i n a l  s i d e  

down.

3 8 - 4 5 .  UCGM 45602 ( h o l o t y p e ) .  3_8, t r a n s v e r s e

p h o t o m i c r o g r a p h ,  R e c e n t  a l g a l  b o r i n g s  i n  o u t e r  

c o r a l l i t e  w a l l ,  x 31 .  3£> 40 ,  c a r d i n a l  s i d e  l e f t ,  

x 1 . 4 1 - 4 4 ,  c a r d i n a l  s i d e  down, x 1 . 4 5 ,  a l a r

v i e w ,  c a r d i n a l  s i d e  l e f t ,  x 1 .
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EXPLANATION OF PLATE 7
F i g u r e

1 - 1 8 .  C rew in g lc ia  r u s t i c a  ( H i l l i n g s ,  1858)

(Richmond G roup :  1 - 1 4 ,  Snake  I s l a n d ,  Lake  S t .  J o h n ,

Quebec ;  1 5 -1 8 ,  r . l a n i t o u l i n  I s l a n d ,  O n t a r i o )

1. GSC 5822c ( l e c t o t y p e ) ,  p o l i s h e d  s e c t i o n ,  c a r d i n a l  

s i d e  down, x 1 .

2 - 4 .  GSC 8 5 2 7 j ,  x 1 . 2_, c a r d i n a l  s i d e  r i g h t .  3., 4, 
c a r d i n a l  s i d e  down.

5 - 8 .  GSC 8 5 2 7 c ,  x 1 . _5, a l a r  v i e w ,  c a r d i n a l  s i d e  

r i g h t .  6.-8., c a r d i n a l  s i d e  down.

9 - 1 2 .  GSC 8527n ,  x 1 . 9 ,  a l a r  v iev ; ,  c a r d i n a l  s i d e  

r i g h t .  1 0 -1 2 ,  c a r d i n a l  s i d e  down.

1 3 s .  GSC 8 5 2 7 a ,  c a l y x ,  c a r d i n a l  s i d e  down, x 1 .

14. GSC 8 5 2 7 c ,  t r a n s v e r s e  p h o t o m i c r o g r a p h ,  a g e  o f  

a l g a l  b o r i n g s  i n  o u t e r  c o r a l l i t e  w a l l  u n c e r t a i n ,  

x31.
1 5 - 1 8 .  UCGM 4 5 5 9 2 ,  h o r i z o n  1 9 b - 1 ,  x 1 . 1_5, a l a r

v i e w ,  c a r d i n a l  s i d e  l e f t .  1 6 - 1 8 ,  c a r d i n a l  s i d e  

down.

1 9 - 2 3 .  C -rewingkia  p e n o b s c o t e n s i s  n .  s p .

(unnamed A s h g i l l i a n  f o r m a t i o n ,  P e n o b s c o t  C o . ,  M aine )  

19,  20 .  USGS 6 3 3 6 a ,  b ( p a r a t y p e ) ,  x2 .

2 1 - 2 3 .  USGS 6 2 6 8 a ,  c ,  b ( h o l o t y p e ) ,  x 2 .
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2 4 - 2 8 .  G r e w i n g k i a  p u l c h e l l a  ( B i l l i n g s ,  1868)

( 2 4 - 3 6 ,  A n t i c o s t i  I s l a n d ,  Quebec ;  37 ,  38 ,  unnamed 

u n i t ,  n e a r  A s h l a n d ,  M aine)

2 4 - 2 7 .  GSC 1989h,  u p p e r  m b r . ,  V a u r e a l  Fm. 2 4 ,

c a r d i n a l  v i e w ,  x 1 . 25., a l a r  v i e w ,  c a r d i n a l  s i d e

l e f t ,  x 1 . 26 ,  27., c a r d i n a l  s i d e  down, x2 .

2 8 - 3 1 .  YPM 3 0 6 3 / 4 1 a ,  E l l i s  Bay F m . , x 1 . 28 ,  a l a r

v i e w ,  c a r d i n a l  s i d e  r i g h t .  2 9 - 3 1 ,  c a r d i n a l  s i d e  

down.

3 2 - 3 5 .  YPM 3 0 6 3 / 4 1 c ,  E l l i s  Bay Fm. _32, a l a r  v iev / ,  

c a r d i n a l  s i d e  l e f t ,  x1 . 33.-35., c a r d i n a l  s i d e

down, x2 .

36 .  YPM 538b ,  E l l i s  Bay F m . , c a r d i n a l  s i d e  r i g h t ,  

x2 .

37 ,  38 .  USC-S l o c .  4 1 1 2 - C 0 ( a ) ,  c a r d i n a l  s i d e  down, 

x2 .

3 9 - 4 2 .  G r s w i n g k i a  s p .

(W h i te  Head F m . , P e r c e ,  Quebec)

3 9 - 4 1 .  YPM "G ra n d e  Coupe,  P e r c S ,  Q u e b e c " ( b ) ,  x 2 .

4 2 .  USNM 1 0 2 3 9 0 ( 4 ) ,  x2 .

4 3 - 4 9 .  L o b o c o r a l l i u m  t r i l o b a t u r n  s u b s p .  v a u r e a l e n s i s  

( T w e n h o f e l ,  1928)

( 4 3 - 4 8 , u p p e r  m b r . ,  V a u r e a l  F m . , A n t i c o s t i  I s l a n d ,  

Q uebec ;  49 ,  W h i te  Head F m . , P e r c e ,  Quebec)

4 3 s ,  44 .  YPM 20428 ( h o l o t y p e ) .  4 3 s , a l a r  v i e w ,
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c a r d i n a l  s i d e  r i & h t ,  x 0 . 5 .  44_, p o l i s h e d  s e c t i o n ,

c a r d i n a l  s i d e  l e f t ,  x 1 .

4 5 ,  46 .  GSC l o c .  3 6 1 5 7 ( 1 ) ,  c a r d i n a l  s i d e  down, x 1 . 

47 ,  48 .  GSC l o c .  3 6 1 5 7 ( 2 ) ,  c a r d i n a l  s i d e  down, x 1 .

4 8 , i m m e d i a t e l y  b e lo w  c a l y x ,  s e v e r a l  mm a b o v e  4 7 . 

4 9 .  USNM 1 0 2 3 9 0 ( 1 ) ,  c a r d i n a l  s i d e  down, x2 .
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EXPLANATION OF PLATS 8

F i g u r e

1, 2 .  L e n s i g n e  w i n g k i a  ? s p .

(unnamed A s h g i l l i a n  f o r m a t i o n ,  P e n o b s c o t  C o . ,  M aine )

1. USGS 6 2 5 8 a ,  x2 .

2 .  USGS 6 2 5 7 a ,  c a r d i n a l  s i d e  p r o b a b l y  down, x2 .

3 - 7 .  B o d o p h y l lu m  s h o r t i  n .  s p .

3 - 7 .  UCGM 45613 ( h o l o t y p e ) ,  Leemon F m . , h o r i z o n

2 0 a - 1 , Cape G i r a r d e a u  C o , ,  M i s s o u r i ,  c a r d i n a l  s i d e  

down, x 2 .

8 - 1 3 .  P o d o p h y l lu m  neu m an i  n .  s p .

(unnamed A s h g i l l i a n  f o r m a t i o n ,  P e n o b s c o t  C o . ,  M aine )

8,  9 .  USGS 6 264b ,  a  ( h o l o t y p e ) ,  x 2 .  8,  c a r d i n a l  o r

c o u n t e r  s i d e  down.

10, 11. USGS 6 2 6 9 a ,  b ( p a r a t y p e ) ,  x 2 .  c a r d i n a l

o r  c o u n t e r  s i d e  down,

12. USGS 6271b  ( p a r a t y p e ) ,  c a r d i n a l  o r  c o u n t e r  s i d e  

down, x 2 .

13. 1TSGS 6260b  ( p a r a t y p e ) ,  c a r d i n a l  o r  c o u n t e r  s i d e  

down, x 2 .

1 4 - 1 6 .  B o d o p h y l lu m  ? s p .

1 4 - 1 6 .  YPM "G ran d e  Coupe,  P e r c e ,  Q u e b e c " ( c ) ,  W hi te  

Head F m . , P e r c e ,  Q uebec ,  c a r d i n a l  s i d e  p r o b a b l y  

down, x 2 .
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1 7 -2 3 .  B o d o p h y l lu m  e n g l i s h h e a d e n s i s  n .  op .

( u p p e r  m b r . ,  V a u r e a l  F m . , A n t i c o s t i  I s l a n d ,  Quebec)  

1 7 -2 0 .  YPM 3 0 6 3 /7  ( h o l o t y p e ) ,  x 2 .  V7, c a r d i n a l  s i d e

l e f t .  1 8 -2 0 ,  c a r d i n a l  s i d e  down.

2 1 - 2 3 .  YPM 3 0 i g / 2 c  ( p a r a t y p e ) ,  c a r d i n a l  s i d e  

p r o b a b l y  down, x2 .

2 4 - 4 2 .  B i g h o r n i a  c f .  p a t e l l a  ( W i l s o n ,  1926)

( 2 4 - 3 1 ,  F o r t  A t k i n s o n  F m . , M aq u o k e ta  C-roup, W i n n e s h ie k  

C o . ,  Io w a ;  3 2 - 4 2 ,  l o w e r  m b r . ,  V a u r e a l  F m . ,

A n t i c o s t i  I s l a n d ,  Quebec)

2 4 s - 2 7 .  SUI 2-051 ( h o l o t y p e  o f  L i n d s t r b m i a  s o l e a r i s  

Ladd ,  1 9 2 9 ) ,  x 1 . 2 4 s , c a l y x ,  c a r d i n a l  s i d e

down. 25 ,  a l a r  v i e w ,  c a r d i n a l  s i d e  l e f ' t .  2 6 , 

c a r d i n a l  v i e w .  27., c o u n t e r  v i e w .

2 8 s - 3 0 .  USNM 71926 ( p a r a t y p e  o f  L.  s o l e a r i s  Ladd ,  

1 9 2 9 ) ,  x 1 . 2 8 s , c a l y x ,  c a r d i n a l  s i d e  down. 2 9 ,

a l a r  v i e w ,  c a r d i n a l  s i d e  r i g h t .  30., c a r d i n a l  

v i e w .

3 1 s .  SUI 2 - 0 5 2  ( p a r a t y p e  o f  L.  s o l e a r i s  L a dd ,  1 9 2 9 ) ,  

c a l y x ,  c a r d i n a l  s i d e  down, x 1 .

3 2 - 3 7 .  YPM 5 0 5 a .  32., a l a r  v i e w ,  c a r d i n a l  s i d e

r i g h t ,  x 1 . 3 3 - 3 6 ,  c a r d i n a l  s i d e  down, x 2 .  37,

c a r d i n a l  s i d e  r i g h t ,  x2 .

3 8 - 4 2 .  YPM 505b .  3 8 , c a r d i n a l  v i e w ,  x 1 . 39., a l a r

v i e w ,  c a r d i n a l  s i d e  r i g h t ,  x 1 . 4 0 - 4 2 ,  c a r d i n a l

s i d e  down, x2 .
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4 3 - 5 3 .  P a l i p h y l l u m  e l l i s e n s i s  ( T w e n h o f e l ,  1928)

( P l l i s  Bay Pm.,  A n t i c o s t i  I s l a n d ,  Quebec)

4 3 - 4 6 .  YPM 3 0 1 9 / 3 0 6 3 / 5 7 8 .  43., x1 . 4 4 - 4 6 ,  x2 .

4 7 ,  4 8 .  YPM 3 0 1 9 / 3 0 6 3 / 5 7 a ,  x 1 .

49 ,  50 .  YPM 3 0 1 9 / 3 0 6 3 / 5 7 d ,  c a r d i n a l  s i d e  p r o b a b l y

down, x2 .

51 .  YPI.I 573b ,  n o t e  c o a r s e  r u g a e ,  x 1 .

52 ,  5 3 s .  YPM 10388B, x 2 . 52,  l a t e r a l  v i e w .  5 3 s ,

c a l y x  w i t h  o f f s e t s  r e s u l t i n g  f ro m  p e r i p h e r a l  

i n c r e a s e .
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A p p e n d ix  1 . — C re v . ' in rk ia  c a n a d e n s i s  ( k i l l i n g s ,  1862) and G. 

d e l  t e n s  i s  n .  s p .  : f r e q u e n c y  o f  s i d e  f a c i n g  u p  on b e d d i n g

s u r f a c e  (I£ = c o u n t e r ,  A = a l a i  , C = c a r d i n a l ) .

A. G r e v d n g k i a  c a n a d e n s i s

H o r i z o n  K A C

1-1 2 4 2 12 a - 1 1 7 3 13 b -2 - 2 -

1-2 3 15 3 12 a - 2 1 6 - 13b-3 1 3 -

1-3 1 - - 1 2 a -3 1 9 1 14-2 1 - -

2-1 3 3 2 12 a - 4 - 2 - 14-3 1 2 -

3-1 - o - 12 a - 5 1 2 - 14-4 1 3 -

4-1 - 1 — 12 a -6 - 5 - 14-5 — 2 -

4 -4 3 7 12 a - 8 1 1 - 16 a - 1 - 2 -

5b-1 — 3 — 1 2 b - 1 - 7 - 18 a - 1 - 4 —

5b-2 - 2 - 12 b -2 1 2 1 18 a - 2 1 1 -

8 b -6 - 4 - 12d—1 - 2 - 18 a -3 1 8 1

10-2 - 1 - 13b-1 - n
j - 18b—1 - 3 -

11b—2 — 6 1

B. G r e v d n g k i a  d e l t e n s i s

17 b —1 2 6 1
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A p p e n d ix  2 . — C-rewinr.k ia c a n a d e n s i s  ( B i l l i n g s ,  1 8 6 2 ) :  

d i r e c t i o n a l  o r i e n t a t i o n  o f  c o i a l l i t e s  ( c a l y x  f a c e s  d i r e c t i o n  

i n d i c a t e d ) .

H o r i s o n O r i e n t a t i o n

1b NO 33, NO 93, N133, N36E, N45.E, N56E, 116 23, K683,

N693, N693, N693, N703, N783, N80E, S87E, 5873 ,

S83E, 87 53, S623, 5573 , 5563 , 5313 , S25E, 5233 ,

S 1 23, S21VV, S26W, S40W, S58W, S72W, S78W, S80W,

N21W, N20V7, N17W.

4 - 4 N043, N27E, N343, N353, N43E, N44E, 5633 , v/, N35'V,

N22W, N20W, N17V/, N08W, N05W, N05W.

5b-1 N253, N37E, N47E, S043, S 56\V, N55V/, N37W.

5 b -2 N18E, S08V7, S32W, S38W, S42W, 5 5 1W, S75W, N06W.

5b-6 S223, S18W, N50W, N30W.

1 1  b —2  N, K04S, N223,  S37E, S40W, S75W, N82W, K 7 2 7 7 ,  N42W,

N40W, N15W, N06W.

12a-1 N1 53, N203, N78E, S82E, S65E, 5303 , S07E, 5053 ,

S55W, S60W, S70W, S70V/, S80W, S82W, S85W, N65W,

N40W, N30W, N30V/.

12 a - 2 NO 53, 5873 , S52E, 5 503, S353, 5303 , 52 5 3 , S15E,

5083 , S36E, S433 , S80W, N70V7, N54V/, N53V/, N43V/.

1 2 a -3 in 53, N433, N51E, N56E, No 33 , N83E, 58 8 3 , S45E,

S303, S25"r, S50V/, N85V-', N77W, 1176’V, N57W, N40W,

NO 87/, NO 5”/.

12 a —4 N413, N80E, S40Y7, V !> i •
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12 a - 5 K872,

K20V,'.

q.-co-pk/ O j  j S07E, 5417 , S447, S847, IT767 , IT707 ,

12 a - 6 I '4 > 

K37W,

S463,

N307,

S153,  

II24 7 ,

38 27, 

II0 57 .

S857, 5867 , 114 37, N377,

1 2 a -8 116 53, S3 87, II6 57.

12 b —1 i n  o s , 5413 , S30E, SO 27, S037, S207, S227, S3 07 ,

II877 , H73'7, K72W, N487, 114 37 .

12 b —2 NO 53, 

S16W,

5853 ,

S18W

S743, S70E, S663, S593, S56E, S147,

13b-1 II2 83 , II513, II753, N82E, N863, N863, S793, S743,

S633, S497, II85VI, 11777, 11177, N147, in  1 7 .

1 3 b-3 S88E,

K74W,

S573,

N137.

c  r. o tpO J  C. X J  f 34 33, S33EI ? SO 27, S047, S837,

14—2 S303, Ill 37 .

14-3 N75S, S523, S3 87 , N137.

14 -4 N113, K133, S64E, S563, S31E.

14-5 N, N, N06E, 1113E, 34 8 3 , II347.

14-6 IT293 , S54W, U30W.

18 a - 3 N013, II043, N12E, 141 53, N17E, N37B, K49E, 117 53,

N85E, S893 , S803 , S34E, S173, S167, S247, S257,

S37V/, S557 , S76W, S85 7 , N587, II577, N487, N017.
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Appendix 3.— Lenpth of corallites

r i z o n Len,r: th (ruin)

1-1 no£_ r"_ * 38, 38 , 43 , 56, 58, 60 , 7 3 .

1-2 13, 34, 37 , 42 , 46 , 48 , 50, 51, 51, 52, 52,

f  r. s J J 59, ' 60 , 6 3 , 66 , 68 , 70 , 70 , 82, 85 ,

93 .

1-3 33, 46 .

1-4 23, 32, 35 , 36, 59, 62 .

1b-1 130.

1 c -2 61 .

2-1 25,

78 .

26, 33 , 40 , 42 , 44 , 50, 50, 50, 58, 62 ,

3-1 11, 21, 99 “ 1 40 , 41 , 45 , 45 , 50, 68 , 7 1 , 80 .

3 -2 30 .

4-1 29, 63 .

4 -4 13, 19, 25, 39 , 46 , 49 , 57, 63 , 66 , 66 , 7 0 .

5b-1 1.7, 24, 'j o -> ̂ , 32, 42 , 48 , 52 , 56.

5b-2 21, 30, 60 , 71 .

5b-5 16, 60 .

5 b - 6 13, 13, 45 , 60 .

5b -9 14, 18, 27 , 33 , 62 , 63 .

6-1 58.

7 - 2 27.

9-1 32.
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11b—1 15,
40,

16,
42,

19,
45,

20, 
46,

23,
54,

24,
63,

28,
74.

29, 31, 32, 33, 35, 38,

11 b—2 43, 58, 59, 76.
11 b-3 21,

64,
23, 
70.

28, 40, 45, 46, 49, 51, 51, 57, 58, 58, 62,

12a-1 23, 34, 43, 53, 71, 77, 80, 87, 91.
12a-2 22, 29, 41, 43, 53, 61, 65, 68.
12a-3 11,

68.
13, 14, 18, 20, 20, 28, 33, 38, 46, 59, 59, 67,

12a-4 20, 59, 63, 65.
12a-5 20, 21, 71, 1 9

12a-6 16, 30, 40, 75.
12a-8 35.
12b-1 18, 28, 72.
12b-2 13, 36, 40, 57.
12d—1 51, 86.
13-2 15, 15, 23, 40, 47, 49, 55, 58.

13b-1 24, 28, 32, 39, 50, 53, 55, 94.
13b-2 52/
138-3 13, 19, 23, 40, 57, 90.
14-1 15.
14-2 19, 57.
14-3 15, 22, 50, 69.
14-4 24, 64, 69, 75.
14-5 13, 45, 46, 48, 59, 66 •
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14-6  18, 29 ,  4 0 ,  44 .

148-1 97.

16 a —1 13, 32 ,  33 ,  3 9 , ’ 37 ,  40 ,  41 ,  41 ,  66 .

1 68-2  v e r y  l a r ^ e  c o r a l l i t e s  n o t  c o l l e c t e d  i n t a c t .

16c-1  17, 18, 20 ,  22 ,  22 ,  3 0 , 34 ,  35 ,  37 ,  41 ,  43 ,  45 ,  48 ,

57 .

18 a - 1 33.

18 a - 2 58, 75 .

l 8 a - 3 20, 22, 50, 67 ,  84 ,  96 ,

188-1 11, 42 , 54, 6 6 .

19 a -1 30, 48

198-1 35.

19 c —1 9, 10, 21 , 28 ,  4 3 ,  43 .

19d-1 27, 33, 37 , 40 ,  57.

1 9d—2 23 .

19 e —1 35 .

B. S t r e p t e l a s m a  d i v a r i c a n s  ( N i c h o l s o n ,  1875)

2-1 9 , 10 , 11 .

3-2  12, 15.

4 - 2  15, 32.

4 - 3  10, 25 .

4 - 4  24 .  '

4 - 5  21 ,  23 .

58-1 9 ,  10, 11, 12, 13, 15, 18, 20 ,  21 .

5 8 -2  9 ,  10, 12, 13, 14, 14, 15, 20 ,  23 .
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5b-4 11.

5 b -7  6 ,  8,  8.

5 b -9  6 ,  8 ,  9.

11b-1 5, 6 ,  9 ,  10, 10, 10, 10, 11, 12, 12, 13.

11b—3 8 ,  9 ,  16, 17, 17.

12 a - 1 7 ,  7 ,  7-, 7 ,  8 ,  8 ,  8,  8,  11,  12, 12, 15, 15, 16, 17,

19.

12 a - 2  10, 12, 13, 13, 14, 16, 19.

12a-3 7, 9, 10.

12 a - 4  14.

12a-5 10, 12, 12, 14.

12a-9 11, 16, 18.

12b-1  7 ,  18.

12 c —1 10.

12d—1 8 .

13-1 5, 7 ,  11, 14.

1 3 -2  5, 6,  8 ,  9 ,  11, 11,  13,  13.

1 3b —1 8,  10, 12, 13, 16.

13 b - 2  9 ,  16.

13 b - 3  1 0 . -

14-3  13.

1 4 -9  1 2 .

C. G r e w i n g k i a  d e l t e n s i s  n .  s p .

17b-1 30,  38 ,  4 0 ,  53 ,  54 ,  57,  63 ,  69 ,  85 .

UMMP 2 6 911 :  81.

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



4 4 0

B. Or evvinr/kia p u l c h e l l a  ( B i l l i n a s ,  1869)

Y a u r e a l  Fin.:  22 ,  16, 19, 19, 8,  9,  18, 18, 16, 7 ,  16.

E l l i s  Fay  F m . : 20 ,  16, 16, 18, 20 ,  17, 9 ,  16, 16, 6, 8 ,  14, 

4 ,  4,  2,  6, 4 ,  4 ,  U ,  11, 12, 14, 14, 9,  10, 12,

6, 11, 1 3 , 13, 13, 9 ,  10, 6 ,  6 ,  11, 11, 13, 16, 19, 

22 ,  17, 12, 14, 12, 9,  12, 16, 19, 14, 18, 14, 19, 

16, 19, 12, 1 9 , 18, 19, 19, 13, 16, 21 ,  11, 17, 19,

9, 17, 14, 7 ,  6 ,  7 ,  12, 20 ,  16, 19, 17, 20 ,  16, 17,

18,  14, 17, 18, 13, 10, 17, 13, 8 ,  23 ,  30 ,  11, 30 ,

16, 3 0 , 29,  13, 29 ,  17, 29 ,  12, 12, 20 ,  20 ,  8 ,  9 ,

6 ,  8,  17, 9 ,  19, 19, 20 ,  18, 29 ,  12, 22 ,  8 ,  1 9 .
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A p p e n d ix  4 . — Gi ewin r k i o e a n a d e n n i s  ( H i l l i n r e , 1 8 6 2 ) :

c o r a l l i t e  d i a m e t e r (£» aim) a t  a  p a r t i c u l a r  h e i Cht (h , nun)

Number Ho l i i ’on h d

UCC-M 45156 1-1 45 27 45192 2-1 50

4 5154 It 50 27 45202 3-1 50

4 5165 1-2 50 32 45206 It 50

45173 It 55 25 45207 If 40

45161 ft 55 33 45203 II 45

45171 i t 45 25 45208 I t 40

45164 t i 50 29 45220 4-1 50

45167 1? 40 28 45225 4 - 4 50

45164 11 50 2Q 45226 11 50

4 5174 i t 45 28 45230 I t 50

45166 11 50 31 45229 f t 50

45175 i t 50 27 45227 It 50

45169 IT 50 29 45228 II 50

45185 1-4 50 25 45254 5b-1 40

45183 II 45 27 45247 I t 45

45186 II 50 28 45244 It 50

45198 2-1 35 26 45260 5 b -2 50

45194 t i 50 35 45261 i t 40

45196 i t 40 33 45279 5 b -9 50

45197 11 35 30 45280 It 45

45191 i t 55 39 45289 6-1 45

45193 i t 55 37 45302 10-2 40

35

33

37

28

33

28

36

40

36

31

35

31

33

24

32

28

27

29

33

27

31

25
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45318 11b-1 40 26 45414 12b-2 45

45315 ft 45 28 45421 1 2d-1 55

45330 11 fc-2 50 26 454 22 f t 40

45334 I t 45 25 454 28 13-2 45

4 5335 1! 50 23 45429 11 40

4 5336 ft 45 25 45431 f f 40

45350 11b - 3 . 40 28 45446 13b-1 55

45348 I t 40 25 4 544 2 I I 40

45340 »r 45 28 45443 f f 45

45345 f t 40 28 45444 f t 40

45346 f ! 45 26 45455 1 3 b —2 45

45347 f f 4 5 26 45459 13b-3 40

45358 12 a - 1 55 29 4 5457 f t 55

45356 f t 55 30 45480 14-3 45

45359 I t 50 25 45477 f t 50

45355 11 55 26 45483 14-4 55

45357 f t £ I", s ✓ 30 45487 14-5 40

45365 12 a - 2 50 25 45492 f t 40

45368 I t 35 25 45490 f t 40

45364 -  - I f 45 27 45493 f l 55

45387 12 a -4 40 23 45496 14-6 40

45395 12a- 5 55 24 45469 14b—1 45

45394 I f 55 26 45536 16c-1 45

45399 12 a -6 50 28 45525 f t 40

45409 12b-1 55 30 45542

45543

18 a - 2

f t

50

40

29

34

27

27

29

25

32

24

28

23

22

32

29

26

29

32

25

21

23

30

26

24

27

28

26

23
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C
O 18-3 50 29

4 5550 f t 50 30

45551 I I "j > 32

45567 19a-1 40 29

1,161 a - 6 1,161a 50 26

M61a-7 I f 50 27

117 5-1 M75 50 30

UI'iTCP 26927 40 21

CSC 1983b 90 33

1983£ 50 30

1983b 55 29

8528a  55 28

8528b 55 25

8528d 40 23

8529b 55 31

8529c 55 26
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A p p en d i ;  

s i d e ,  A

Hor i s o n  

1-1

t  5 . — L o c a t i o n  o f  e p i f a u n a  on c o r a l l i t e s  (K = c o u n t e r  

= a l a r  s i d e ,  £  = c a r d i n a l  s i d e ) .

P ^ ev y in rk ia  c a n a d e n s i s  ( B i l l i n g s ,  1862)

1 . Bryor.o a n s

L o c a t i o n
on

C o r a l l i t e

1-?
I I

? 12. 

13.

K

K A

1-2

11

3 3 .

34 .

V
JA.

A

1. K t l 14. K A C f t 35 . A

2. Iv A C I I 15. K A I f 36 .

3 . K IT 16. K A C f f 3 7 . A

4. K A C f t 17. K I f 38 . K A

CT 
>  • A I f 18. rr

l\.
I t 39 . A

6 . K A C I f 19. K c 11 4 0 . K A

7 . A I f 20 . A I f 4 1 .

8 . A f t 21. K I t 4 2 . K

1. K C 11 22. c 11 4 3 .

2. A C f f 23. A I f 4 4 .

3. K A f f 24. A 1-3 1. A

4 . K A C f f 25. A c f t 2 . A

5. It C I f 26. c 1-4 1.

6 . K f t 27. K c 1 c - 2 1. K A

7 . K A I t 28 . A 2-1 1. K

8. A I f 29 . A c f t 2. A

9. K I I 30 . c f t 3 . K A

10. K A I I 31 . c I t 4 . A

11. K A I f 32 . A f f 5 . K A
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2 - 1 6 . C 4-4 8. K A C 5 8-9 1 . 8 A C

rt 7 . A ff 9. A ff 2 . IC A C

11 8 . fl 1 0 . iz A C ft 3 . i: A c
11 9. i: A C If 1 1 . A ff 4 . K lV c
ft 1 0 . 11 ft 1 2 . K C ft 5. K A
ti 1 1 . K ft 13. T-li. C f) 6 . K
it 1 2 . IZ A 4 -5 1. K It 7 . A

3-1 1. t  r 58-1 1 . K fl 8. A

It 2 . r r A It 2 . K If o K A c
ft 3 . A fl 3 . II If 1 0 . TT i'x A c
ff 4 . A C ft 4 . A 1 0 - 2 1 . A

ft r.̂ • K ft 5. A 11b-1 1. K A c
ft 6 . A ft 6 . A ft 2 . TZ A c
11 7 . .K ff 7 . K A ft 3 . K A c
ff 8. A ff 8 . A ft 4 . K

If 9 . K A ft 9 . K ft 5. E A c
ft 1 0 . A ft 1 0 . A ft 6 . TSii. A c
ff 1 1 . A ft 1 1 . K A C ft 7. IZ A

ff 1 2 . K 58-2 1 . K A ft 8. K

4 - 4 1. "K t* 2 . K A ft 9 . A

ft 2. A it 3. K ff 1 0 . K A c
ft 3 . A 5 8 -5 1 . A If 1 1 . K A

ft 4 . A it 2. K A C It 1 2 . A c
ft > • K C it 3. K A C If 13. c
ff 6. A 58-6 1. K ft 14. IZ

ft 7 . c it 2 . K It 15. K A c
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1 1 1 — 1 16. K A C 11 b -3

11 17. A 11

It 18. K A 11

11 19. A 1t

11 20. A if

It 21. K A i t

11 22. K A i i

t i 23. K 11

II %C\J A it

1! 25. vIV A 11

H 26 . X C i t

11 27 . K c i t

11 ro CO « K I t

11 29. K c 11

11 30. K A c fl

11 31 . K i t

11 •O.Jr̂> A c if

11 33 . E 1 1 -1

11 b - 2 1. E A c 12a-1

i t 2. . . . A 11

t i 3. E A It

i t 4 . E A 11

i t 5. A 11

it 6 . E A c II

it 7 . E 11

it 8.

k ,4  1—H A c 11

4 A 1 2 a - 1 9 . K A

4 K A 11 1 0 . E A

4 C n 1 1 . K A C

4 K it 1 2 . E A C

• E A C 12 a - 2 1 . E A C

• A II 2 . K A C

4 rr
I X

If 3 . E A C

• c If 4 . C

• jr 11 5. Tr A C

• K A c 11 6 . E

4 c II 7 . K A C

• A It 8. E A C

• E A c 11 9 . K

4 E A If 1 0 . c

• A 11 1 1 . A

• A 11 1 2 . v
i i . A

• E It 1 3 . K A c

• A c t1 1 4 . E A c

• K A c 1 2  a - 3 1 . E A c

e E A c It 2 . K A
• E A 11 3 . E A c

• E A c It 4 . E A c

4 E A c 11 5. A

• E A c 11 6 . K A

4 K A c f t 7 . K A c

4 E A I t 8 . E A c

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

1

1
2

3

4

5

6

7

8
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1 0*1— ~> 9 . K A C 1 2 b —1

f l 10. C 1 2t>-2

f l 1 1 . A IT

f f 12. K A C f l

f f

f f

13.

14.

K

E

A c 12cl—1

i t

12 a - 4 1. K A
n c IT

f f 2. E A f f

f t 3. E A c 13-1
f f 4 . E A c i i

f f r.> • K A 13-2

1 2 a -5 1 . K A c i i

f l 2. E A c f t

f l 3 . K A c i t

f t 4 . K A c i t

f f r_- K A c i t

I f 6 . K i i

12 a - 6 1. K A c t i

f f 2. K A c i t

I f 3 . 'K A 13b-1

f t 4 . j4_ A c 11

f f r 
>  • X. A c f t

12 a - 8 1 . E A c f t

12b-1 1. A f t

I f 2„ K 13b-3

11 3. K 11

4 . X A 13t>-3 3. A

1. E A 11 4 . Yi. C

9 K A 14-3 1. E

3 . C 14-4 1. K A C

1. A C 14-5 1. A

2. K c 11 2. E

3. c II 3 . E

4 . K 14b-1 1. E A

1. K A c fl 2 . E A

2. c 11 3 . E A C

1. K A c USGS 370u 1. E C

2. K A c 2. K

3 . c 18 a - 1 1. E

4 . E A c CO P 1 L»J 1. E C

5. K A c 1 81d—1 1. E

6 . K A c 19 a —1 1. A

7 . A 19b -1 1. ii. A

8. K A c 19 c —1 1. A

9. K A c n 2, E C

1. K A 19d-1 1. K A

2. A c n 2. E A C

3. K A ii 3. E

4 . E A c it 4 . E

5. K M61 a 1. A

1. E A c ii 2 . X A

2. E c ii 3 . Tr r- A C
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1,161 a 4 . Ii A C f.T61 a •C
O A 111 5 1. K

ti r. • II 11 o A C It 2. K

ft 6 . K A ft 10. A C ft 3 . A

ft 7 . K 11 4 . II A

2. S t r e p t e l a s m a  d i v a r i c a n s

Number H o r i z o n S i d e
P o s i t i o n

A lo n g
C o r a l l i t e

C o n d i t i o n

UCGIvI 45246 5 b - 1 K lower '  h a l f

45249 ft K t o p

45251 It 12 t o p

45253 It K t o p worn b e f o r e  b u r i a l

45359 12a-1 C l o w e r  h a l f

45361 11 A 2:-im o f  c a l y x n o t  worn

45444 13b—1 A m i d d l e worn b e f o r e  b u r i a l

3 .  C o l o n i a l  c o r a l  

UCGM 45364 1 2a-2  K

B. S t r e p t e l a s m a  d i v a r i c a n s  ( N i c h o l s o n ,  1875) 

UCGM 45018 4 - 3  b r y o s o a n

45025 4 -5

45026 ' 11 "

45108 1 2 a -9  "

C. G r e w i n g k i a  r u s t i c a  ( B i l l i n g s ,  1858)

GSC 5822b ,  c b r y o s o a n  Ii A C ( m o s t l y  C)

8527a  Ii C
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GSC 8527j t_ y o s o a n A C

8527k M K A C

8 52 7 s 11 K

D. H e l i c e l a s m a  r a n d i

L'SGS 206S 1. b r y o s o a n A

2. K A C

3. K A C

206T 1. K A

0 mc~ « K

USNK 42535 1. A

0 11 — • K A C

3. K A

3 . Grevvinpkia p u l c h e l l a

GSC 2243 ,  a  b r y o s o a n A

F.  S t r e p t e l a s m a  a f f i n i s  ( B i l l i n g s ,  1865)

GSC 1987a c o l o n i a l  c o r a l  on C 

1987&, i  s t r o m a t o p o r o i d s  

YPI.l 556 b r y o s o a n s  an d  s t r o m a t o p o r o i d s

555 b r y o s o a n s ,  m in o r1 s t r o m a t o p o r o i d s  a l l  a r o u n d ,

c o r n u l i t i d s

SB7 e s p e c i a l l y  b r y o s o a n s ,  s t r o m a t o p o r o i d s

3 0 6 3 /5 7  s t r o m a t o p o r o i d s  a n d  b r y o s o a n s  a l l  a r o u n d

G. P a l i p l i y l l u m  e l l i s e n s i s  ( T v / e n b o f e l , 1928) 

YPM 3 0 6 3 /5 7  b r y o s o a n s  on 4 c o r a l l i t e s
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4 5 1

A p p e n d ix  6 . — V e rm i fo i  i c h n u s  c f .  V. c l a r k e i  Cameron,  1969a:  

s i s e  an d  l o c a t i o n  o f  ' b o r i n g s  i n  c o r a l l i t e s  (K = c o u n t e r  

s i d e ,  A = a l a x 1 s i d e ,  £  = c a r d i n a l  s i d e ) .

A. CtXe w i n p k i a  c a n a d e n s i s  ( B i l l i n g s .  1862)
( u n l e  s s  o t i i e r v / i s e  i n d i c a t e d )

H o r i z o n  S i d e  o f  c o r a l l i t e  and  d i a m e t e r  (mm) o f  b o r i n g

1-1 1. K 1 .0 , K 0 .7 , K 2 .6 , KO.4, K 2 .5 , K 2 .3 , K 1 . 8 , K2. 1,

K 3 .9 , K1. 1 , K1. 8 , K2 . 1 , K 1 .7 , KO.6, K 1 .3 , A1 . 7 ,

AO. 5, AO. 8 .

t t 2. K 0 .8 , E 2 . 1, E 1 . 3 , K 0 .6 , K 0 .6 , K 0 .5 , A2. 5, C 2 .0 .

t t 3. E 0 . 5 ,

C 2 .2 .

K 0 .9 , A1 .  1 , AO.4, AO.5, AO.6 , AO. 7 , AO.5,

IT 4 . A 1 .8 , CO.8 .

t t 5. K 0 .9 , K 1 .0 , K1 . 7 , KO.5, K 2 .3 , KO.8, K 1 .2 , K 0 .7 ,

K 0 .7 , K 0 .9 , K 0 .8 , K 1 .1 , KO.7, K 1 .6 , K 1 .2 , AO.8,

A 1 . 8, A 1 .8 , A 1 . 7 , A 1 .6 , A 1 . 6 , A 1 .7 , A 2 . 2 , AO.7 .

I t 6. KO. 7 , K 1 .0 , A1 . 1 , A 1 .5 , A 1 . 2 , A 1 .9 , AO. 9, A1 . 7 ,

AO. 7 , AO,6 , C 1 .5 , CO.6, CO.8, C l . 3, CO.8 , AO.7.

1 -2 1. AO. 8, AO.4, AO.4 .

IT 2 . E 2 . 0 , K 0 .7 , E O .8 , AO.4 , A 2 . 1 , CO.8, CO.4 .

t t 3 . K 0 .3 , K 0 .4 , AO. 3 .

t t 4 . E 1 . 9 , K 0 .4 , K 1 .5 , AO. 6, AO.8, AO.7 , A 3 .6 , AO.4 .

I I 5. E 0 . 3 , A 1 .0 , A1 . 2 .

t t 6 . KO.4, EO .  5 .

H 7 . KO.6, K 0 .5 , A 1 .  1 , AO. 8, CO.8.

t t 8 . K 2 .7 , K2. 3 , KO. 9, A 1 . 8 , A 2 .0 , A 2 . 2 , A 2 . 1 , A 2 .9 ,
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4 5 2

A 1 . 6 , A 1 . 7 ,

C
O•

T
~ A 2 .1 , A 1 .6 , A 1 .4 .

1-2 9. KO. 8, 

AO. 5,

A 2 . 0 ,  

CO.5.

AO. 5, A 0 .4  , AO.7, AO.6, AO. 6,

I f 10. K2 . 6 , K 0 .9 , K 0 .9 , K 0 .7 , K 2 .0 , K 3 .2 , AO. 9,

AO. 7 , AO. 6 , AO.6, AO. 5, A 1 .0 , AO.7 , AO. 3 ,

CO. 5, C 2 .2 , CO.6 .

f t 11. K 2 .9 ,  

CO.2.

I d .  5, i d .  7 , K 2 .6 , K 2 .6 , AO.8, AO. 8,

11 12. K 0 .5 , A 1 . 1 , AO.9, A1 . 0, AO.9, CO.9, C 1 . 0 .

t t 13. K 0 .3 ,  

A 1 . 4 ,

K 0 .5 ,  

AO. 4,

KO.4, 

AO.3,

K1. 2 ,  

AO. 3 .

K 0 .8 , KO.4, K 0 .6 ,

I t 14. K 1 . 4 , I d .  9, K 2 .8 , K 2 .3 , KO.6, A 2 . 5 , AO.6 ,

A1 . 1 , A 1 .3 , AO. 9 , AO.4 , A 3 .3 , C 1 .9 , C1. 0 ,

CO.5.

1-4 1. K 1 .0 , A1 . 0, A 1 . 8 , A O .5, AO. 5, AO. 6 .

t t 2. I d .  3,  

A 1 .8 .

K 2 .3 , K 0 .8 , KO.4, AO. 5, AO.8, A 1 . 7 ,

TI 3 . CO.5, CO. 8.

c - 2 1. AO.9, A 1 . 4 , AO.8.

2-1 1. AO. 8.

I t 2. A1 . 0 .

f t 3 . K 3 .0 , K 0 .9 .

I I 4 . AO.4 .

f t 5. I d .  1 , CO.6 .

I t 6 . K 0 .5 ,  

CO.8,

K 1 .1 ,  

C1. 2 ,

I d .  9,  

C 1 .5 ,

K 1 .8 ,

C 1 .0 .

K1. 8, I d .  7 , K 1 . 2 ,
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AO. 7 ,

A O.5, 

CO.5,

CO.5,

E 1 . 4 ,

AO.7,  

CO. 9,

A 1 .4 ,

CO. 9,



4 5 3

4 - 1

4 - 4

7 . C 2 . 3 .

8 . 0 1 . 6 .

9 . K 2 . 4 , E 3 . 1 , >\ o ori £. • •

1 0 . ICO. 7 , K O . 4 , ICO. 9 , 101 .  1 , E 1 . 2 , K 0 . 5 , K 1 . 4

I C 1 . 0 , K 3 . 3 , K O . 4 , K O . 6 , K O . 6 , KO.  5 , ICO. 9

KO.  7 , K 1 . 0 , K 0 . 9 , K O . 6 , K 1 . 8 , K 1 . 8 , K 0 . 8

AO.  6 , A 1 . 2 , AO.  7 , AO.  4 , A 1 .  1 , AO.  6 , CO.  5

0 1 . 0 .

1 1 . K 1 . 0 , KO.  5 , ICO. 9 , ICO. 7 , AO.  7 , A 1 . 2 , AO.  6

A O . 8 , A 2 . 2 , A O . 8 , A 1 . 1 , A O . 7 , A O . 5 , AO.  7

C O . 9 , CO.  8 , C O . 8 , C 1 . 0 , C 1 . 3 .

1 . AO.  5 , A O . 6 , AO. 5 , A O . 4 , AO.  5 , A O . 6 , AO.  4

2 . KO.  8 , K 1 . 4 , K 0 . 7 , K 0 . 7 , K O . 6 , I C 0 . 8 , K O . 4

A O . 4 , A 1 .  5 , A O . 6 , A O . 5 , A O . 7 , A O . 6 , A O . 3

3 . K 1 . 0 , K 1 . 4 , C O . 9 , C 1 . 7 , C O . 7 .

4 . AO.  5 , A O . 6 .

5 . A 1 . 2 .

6 . E 1 . 6 , K 1 . 7 , 1 0 1 . 9 .

7 . A 1 . 3 , A 1 . 3 , A 1 . 5 .

8 . E 1 . 5 , A O . 5 , A O . 4 , A O . 4 , •
L

T
\•o<

1 . A O . 8 .

1 . E 0 . 6 ,  

C O . 8 .

C
O•

ow

A O . 8 , A O . 7 , AO.  8 , A O . 5 , C O . 5

2 . AO.  8 , A O . 6 , AO.  8 , A O . 8 , A O . 7 .

3 . A O . 8 , AO.  6 , A O . 5 , A 1 . 0 , AO.  5 .

4 .  K 0 . 5 .

, K 1 . 1 ,

,  I C O .  6 ,  

, IC1.2, 

, C 1 . 4 ,

, AO.8, 

, C 1 . 2,

, AO.5. 

, A 2 .0 ,

, CO.3,
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4 - 5  1. 0 . 6 ,  0 . 6 ,  0 . 6  [ i n  S t r e p t e l a s m a  d i v a r i c a n s

( N i c h o l s o n ,  1 8 7 5 ) ] .

" 2 .  1 .4  [ i n  S t r e p t e l a s m a  d i v a r i c a n s  ( N i c h o l s o n ,

1 8 7 5 ) ] .

11 3 . 2 . 5 , 1 . 1 ,  0 Q 1•  J  9 * • 2.

5b-1 1. AO. 6 , AO.6 , CO.6 , CO.9 .

I t 2. KO. 7 , C 1 . 1, CO.4 .

tl 3 . A 1 .5

f t 4 . A 1 . 7 .

• 1 5. KO.4

fl 6 . A 3.3

5 b -2 1. AO. 7 , A O.5, AO. 5.

5b-4 1. AO. 8 , AO.4, AO.7 , C 1 .5 , CO.5.

5 b -5 1. A1 .  2 , A 1 .4 , AO.5, AO.7 , A 1 .4 , C 2 .3 , C1 .3  -

f f 2. 0 . 7 , 0 . 5 ,  0 . 7 ,  1. 2 ,  0 . 7 , 1 . 0 , 0 . 7 , 0 . 9 ,  1 . 2 .

5 b -6 1. K 1 .1 , KO.6, AO.6 , A 1 .3 , AO.8 , AO. 9, C 1 .2 .

i f 2. K 0 .7 , K 1 .2 , K 0 .7 , KO. 7, K 0 .8 , AO.7 , AO. 5.

5 b -9 1. AO. 8 .

f f 2. A 1 . 1 ,  

CO.3,

A1 . 1 ,

c o . g .

AO.7 , A 2 .3 , A1 . 1 , AO.7 , AO.7 , AO.4,

11 3 . K 3 .7 , K 0 .6 , K 0 .9 , K 0 .8 , KO. 5, K 0 .3 , K 1 .0 , KO. 5,
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KO. 6 , KO. 8 , KO, 6 , KO. 5 , K 0 . 7 , A 1 . 0 , A 1 .  1 , A O . 8

AO. 4 , AO.  8 , A 1 . 0 , C O . 9 , C O . 8 , C O . 8 , C O . 9 , C 2 . 6

C O . 7 .

5 b - 9 4 . C O . 8 .

I t 5 . AO.  6 .

fl 6 . K 1 . 2 , KO.  8 , KO.  5 .

9 - 1 1 . 1 . 9 ,

0 . 4 ,

1 . 4 ,  0  

1 . 6 ,  0

. 7 ,  0 .  

. 7 .

5 ,  0 . 7 , 0 . 5 , 1 oi . , 0 . 4 ,  1 . 1 ,  0

1 1 - 1 1 . K 0 . 5 , K 1 .  1 , A O . 6 .

1113-1 1 . K 0 . 2 , KO. 2 , KO. 5 , K 0 . 7 , K 0 . 8 , K O . 4 , K O . 4 , AO.  5

AO.  6 , A O . 6 , AO. 6 , C O . 6 , C 1 . 0 , C 1 . 2 , CO.  6 , AO.  5

f t o
41 • KO. 8 , K 1 . 0 , K 0 . 5 , K 0 . 8 , K 0 . 9 , A O . 7 , A O . 5 , C 1 . 0

I t 3 . A O . 7 , A O . 6 , A O . 5 , AO . 5 , AO.  5 , AO.  5 , A O . 7 , AO.  7

AO. 6

•i 4 . K 1 . 6 ,  

A 1 . 0 ,

KO. 5 ,  

A O . 7 ,

K 0 . 7 ,  

A 1 . 6 .

K O . 6 , KO.  5 , K 0 . 7 , KO.  5 , K 1 . 0 ,

ii 5 . K 0 . 8 , K 1 . 4 , K O . 6 , K 0 . 5 , A O . 6 , A O . 9 , AO.  5 , AO. 6 ,

A O . 9 , A 1 . 0 , A O . 7 , A O . 6 , C 1 . 2 , C 1 . 4 .

ii 6 . K 0 . 7 , KO. 9 , KO.  5 , K O . 4 , K 0 . 9 , A O . 7 , A 1 . 1 , A O . 8 ,

C O . 8 , C O . 5 , C O . 8 , CO.  5 , C O . 5 , CO.  5 .

it 7 . AO.  8 , A O . 5 , A O . 5 , A 0 . 6 , A 0 . 6 .

ii 8 . AO.  5 ,  

C O . 9 ,

A O . 4 ,  

C 1 . 2 .

A O . 6 , AO.  3 , AO.  1, A 0 . 1 , A O . 2 , A O . 2 ,

ii 9 . K 0 . 6 , K 0 . 5 , K O . 6 , KO.  5 , KO.  5 .

1 1 6 - 2 1. A O . 7 , A O . 9 , A O . 5 .

it 9 K 0 . 6 , A 1 . 4 , A O . 8 , C O . 6 .
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456

111- 3. A 1 . 0 , AO. 9, A 1. o , AO.6 , AO. 5, AO. 7 .

I t 4 . K1 .  1 , KO.4, KO. 4 , KO. 3, AO. 7 .

H r  > • A3. 5, AO.9 .

1Tb--3 1 . KO.4, •s
C

M.o

KO. 2, K 0 .9 , KO. 5, KO. 7 , AO. 9, AO. 2,

AO.2, AO.4 , CO. 4 , CO.7 , CO. 5.

II 2. KO.6, KO. 9, KO. 9, K2. 1, AO. 7 , CO. 9.

II 3. K 1 .0 , AO. 5, AO. 6 , CO.2, CO. 7 , CO, 9, CO. 3, CO.6,

CO.7 , CO.8.

I t 4 . CO.8, C 1 .3 , CO. 7 , CO.5, CO. 6 .

I I 1,• KO.6, K 0 .8 , KO. 9, K 0 .7 , KO.,6 , AO. 5.

t t 6 . AO.8, A 1 .4 , AO. 3, CO.4 , CO.-4 , CO.>6, C2,.0 .

f t 7 . K 0 .7 , KO. 7 , KO. 6, K 0 .5 , KO .8 , KO..8 , AO. 7 , AO. 5,

AO.4, AO .9.
I t 8. A1 .  1 , A 1 . 3 , AO. 8, A1 . 0, A1 .4 .

f t S. KO.4, KO.6, KO. 5 , KO.6, AO.-3 , AO .7 , AO. 2, AO.9,

AO.3, C2. 1, CO. 4 , CO.5.

I t 10. K 3 .0 , K 2 .1 , AO. 8, AO.6 , A1 .9 , AO..6 , AO .9 , AO.9 .

I t 11. KO.4, K 1 .1 , KO. 5, KO. 7 , KO.• 5, K1 .0 , AO.► 8, AO.4,

AO.7 , AO. 8 .

1! 12. K 0 .8 , KO.6, KO. 5, AO. 6 , AO .7 , CO -7, CO .4 , CO.5,

C 3 .3 .

12a--1 1. A 2 .3 , AO. 8, AO. 4 , AO. 6 .
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tt 3 . K O . 9 .

ff 4 . A 1 . 3 , AO.  3 .

?1 r  > ♦ A 1 .  2 , A O . 7 .

f? 6 . A 1 . 0 .

II 7 . K 1 . 1 , A 1 . 7 , A 1 . 7 .

ft 8 . A 1 .  2 , A 1 . 7 .

1 2 a - 2 1 . A O . 9 , A O . 4 , A 1 . 9 , AO.  8 .

ff o — • K 1 . 3 , K O . 9 , K 1 . 3 , KO. 5 , AO.  9 , A 1 . 9 , A 1 . 7 , A 1 . 8 ,

A 2« 5 , A 2 .  0 , A O . 7 , A 1 . 4 , A 1 . 4 , A O . 9 , A O . 8 , A 1 . 4 ,

A 1 . 6 , A 2 .  0 , C 1 . 6 , C 1 . 5 , C O . 9 .

t t 3 . AO.  7 , A O . 7 .

f f 4 . K 1 . 4  f i n .  6 .

t t r
j  • A 1 . 7 .

f t 6 . K 1 . 5 , K 1 . 2 , K 2 . 0 , K 0 . 5 , K 2 . 3 , A O . 6 , AO.  6 , A O . 9 .

t t 7 . A 1 . 4 , A O . 5 , AO.  8 , A O . 8 .

t t 8 . K 0 . 7 .

1 2 a -3 1. K 1 . 6 ,

A 1 . 3 ,

K 1 . 7 ,  

A 1 . 6 .

K 1 . 4 , K 1 . 7 , K 1 . 9 , A 1 . 2 , AO.  5 , A 1 .  5 ,

I t 2 . K 0 . 5 ,  

A 1.  1 .

K 1 . 0 , K O . 6 , K 0 . 7 , A 1 . 0 , A 1 . 3 , A 1 . 3 , A 1 . 9 ,

f t 3. A 2 . 0 , A O . 9 , A 1 . 2 .

I t 4 . K O . 6 , K 0 . 5 , K 1 . 0 .
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12a-3 2 • K ? . 7 , i\ 2 . 4 , C1. 2 , CO. 9.
ft 6. A 1 . 5 , A 1 . 1 .

ft 7 . i n .  9, KO. 5, K 0 .5 , A 1 . 8 .

12 a - 4 1. K1. 8 .

ff 2. K1. 8 , K1. 3 .

12 a - 5 1. K 2 .0 , K 1 .7 , K 2 . 1, KO.6, KO.4, KO.4, KO. 3 , KO. 3

K1. 8 , A 1 . 4 , AO. 6 , A 1 .9 , C1 . 3 , C 2 . 4 .

•I 2. K1. 9 , K1 . 6, A1. 1, A1. 0 .

12 a - 6 1. A1. 2 , C 1 .4 .

ii 2. A 1 . 0 , A 2 . 3 , A 1 .0 , C 1 .8 , CO.9 .

ti 3 . A 1 .3 .
ii 4 . A 1.9,- A 1 . 4 .

1 2 a -8 1. K 1 .3 , K 1 .0 , K 0 .7 , K 1 . 9, A O .5, A 1 . 7 , CO.8 .

ii 2. A 1 . 8 .

1 2 a -9 1. K 1 .4 .

12b>-1 1. KO.9, K 0 .5 , KO.4.

it 2 . KO. 8, A O .5, AO.7 , A1. 0 , A 1 .7 , CO.9 .

12 b -2 1. K 0 .8 , K 0 .7 , AO.9, AO. 8, A 1 .4 , A 1 .1 , AO.7 , C1 .2

it 2 . K 1 .5 , KO.9, KO.9, K 1 .4 , K1. 6 , KO. 7 , KO.6, KO. 5

KO. 5, KO.4, KO.4, A1 . 1 , AO.9, A 1 .8 , C1. 0 .

it 3 . A 1 . 3 , A 1 .3 , A 1 .8 , CO.3 , CO.5, CO.7 , CO.4 , CO. 4

CO.5, C 1 .5 , CO.6 .

n 4 . K1. 1, K 0 .5 , K1. 0 .

ii 5. K 1 .2 , A 1 . 5 .

12d—1 1. A 1 .8 .

ti 2. K 1 .7 , K 1 .7 , A 3 .5 , A 1 . 3 , A 1 . 1 , CO.6 .
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2d-1 3. K 0 .7 K1.0 ICO. 6 , E 1 . 2 , IC1.5, A 1 .3 , AO.7 , A 1 .7 ,

A1 .5 A 1.2 A 1 . 8 , AO. 7 , A1 . 1 , A 1 . 4 , A 1 . 2 , A 1 .7 ,

CO.8 CO. 5 CO. 6 , CO.8, C 1 .8 , CO.8, C1. 0 .

1 3 - 2 1. A 1 .3

2. KO.8 IC1.4 ICO. 6 , K 1 .2 , A 2 .4 .

I f 3 . 0 . 8 , 0 . 7 , . 6 .

I f 4 . K 0 .9 K0.6 CO. 6 , CO.5, C1. 6 .

I f 5. ICO. 9 

AO.6

IC2.0 

AO.6

K 2 .2 , ICO. 6 , A 1 .3 , A 1 . 8 , AO. 6 , AO.7 ,

f t
6 . KO.8 K1.3 A 1 . 3 , AO.9, AO.9, A 1 .8 .

I t 7 . K 1 .7  

C1.0

K1.2  

C1.3

K 1 .2 , K 1 .5 , A 1 .7 , A 1 .7 , A1 . 1 , C 1 .4 ,

I I 8. AO. 5 A 1. 1 A 1 . 9 , A 1 . 8 , A 1 . 6 .

3b-1 1. K3.3

A 1 .4

K 2.3

A 2 .4

K 2 .0 ,

A 1 . 3 ,

AO. 9,  

A 2 .2 ,

A 2 .  5 > 

A 2.  2.

A 2. 1 , A 3 . 1 , A 3 .1 ,

I f 2. A 1 .7 A 1 .5 A1 . 3 , AO. 6 , A 1 . 2 .

f t 3 . IC1.7 A 1 .6 A 1 . 3 , A O .9, A 1 . 8 .

I f 4 . K2.3
f t 5. K 1.5 K 0 .7 K 1 .0 , A 1 . 0 , AO. 8 .

3 b -2 1. K 1 .7 K 0 .7 A 2. 2, A 1 . 0 , A1 . 4 , A 2 .3 , A 2 .1 , A 1. 6 .

3 b -3 1. A 1 .0  

AO. 6

A 2 .1 

A O.9

A O .5, 

AO.8 .

AO.4 , AO. 2, AO.3 , AO.4 , AO.5,

I f 2. K 0 .6 K 1 .8 K 1 .5 , K 2 . 0 .

I f 3. IC1.6 K 0.6 ICO. 5, K 0 .4 .

f t 4 . K 1 .9  

A 1. 1

K0.4  

CO. 9

ICO. 2, 

CO.7,

A 1 .9 ,

C 1 .0 ,

A 2 .6 ,  

CO.4 .

A 2 .2 , A 1 .7 , A1 . 6 ,
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13 t —3 5. A1. 6 , 

C 1 . 2 ,

A 2 . 0 ,  

C2.  1,

A 2 . 5 ,  

C 1 . 2 .

A 1 . 3 , A 1 . 7 , AO.7 , CO.8, C2.3

11 6 . K 1 . 1 , K 0 . 4 , 111.2, K 1 . 5 , KO. 6 , m .  9, AO.9.

14-2 1. K 1 . 2 ,  

A 1. 4 ,

i n .  7,  

A1. 6 ,

T.r O Ol v C— • (C. j

A 2 , 0 ,

E 1 . 6 ,  

C 2 . 7 .

K1 . 4 , A 1 . 2 , A 1 . 5 , A1.3

14-3 1. i n .  g, K 0 . 9 , K 0 . 6 , K 0 . 5 , K 0 . 4 , i n . 1 , A 1 . 3 , A1 . 7

A 1 . 0 , A 1 . 2 , A 1 . 2 , A 1 . 8 , A1 . 1, AO. 8 , A 1 . 0 .

ft 2. ICO. 4, i n .  5, K 1 . 9 , K 0 . 6 , A 2 . 1 , AO.4 , A 1 . 3 .

ft 3. K 2 . 3 , i n .  8, E 2 . 4 , K 1 . 9 , K 2 . 5 , A 1 . 5 , A 2 . 0 , AO. 6

A 2 . 2 , A 2 . 2 , A 2 . 4 , A 1 . 5 , A 1 . 2 , A 1 . 6 , A 1 . 2 , A2 .0

A 2 . 0 , C 2 . 3 , C 2 . 2 , C l . 3-

14-4 1. T«r 1 n -tj- I • > t m  . 3 , A 1 . 5 , a 2  . 3 , A 1 . 2 , C1 . 3 .

tf 2. K 2 . 6 , A 1 . 6 , A 1 . 3 , A 2 . 3 , A1 . 6 , A 1 . 9 , AO. 8 , A1.6

A 1 . 2, C 2 . 0 , C 1 . 6 , C 2 . 4 , C 1 . 8 , C 2 . 0 , C1. 6 , C2.3

C 1 . 9 , C1. 6 , C 1 . 8 , C 2 . 4 , C 2 . 1 , C 1 . 8 , C 1 . 5 , C1 . 7

it 3« A 1 . 2 , A 1 . 4 .

14-5 1. AO. 5, A 1 . 0 , A1. 6 , A 1 . 0 , A 1 . 7 , C 1 . 0 .

IT 2. K2 . 0 , K 2 . 8 , A 1 . 7 , A 2 . 2 , AO.7 , CO. 8 .

I I 3 . i n .  1 , A 1 . 0 , AO. 8, A 1 . 2 .

1! 4 . A 2 . 0 .

146-1 1. A 1 . 2,  

CO. 4 ,

A 2 . 5 ,  

CO.7 ,

AO. 5,  

C 1 . 0 ,

AO. 9,  

CO. 8 .

AO. 5, AO. 4 , AO. 6 , A 2. 0

ti 2. ICO. 6, K 0 . 7 .

146- 2 1. i n .  9 .

USGS 370U  1 .  K 1 . 5 ,  K 0 . 5 ,  K 1 . 0 ,  K 0 . 6 ,  K 1 . 0 ,

A 1 . 5 ,  A 1 . 1 .
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USGS 370U

f t

USKll 42512

ft

f t

I t

I f

f t

If

USNTvI 102371

18 a -3 1. A1

If O•i- • KO

If 3. A1

•s—1&CO 1. A1

IT O
• K1

1Sa-1 1 . A1

If 0
m KO

19c -1 1. KO

19a - 1 1. A1

IT 2. K1

19d-3 1. A1

M75 1. Cl.

If 2. A1

I I 3. A1

If 4 . AO

2 .  E 1 . 2 ,  £ 1 . 4 ,

3 .  A O . 7 ,  A O . 5 .

1. A1.6.
2.  E 2 . 0 .

3 .  K 1 . 4 .

4. C2 .2 .

5 .  A 1 . 1 ,  A 1 . 0 ,

6 .  C 2 . 4 .

7 .  K O . 8 ,  K O . 8 ,  

1 .  C 1 . 5 ,  C 1 . 3 ,

3 ,  A 1 . 1 ,  A 2 . 2 .

6 ,  K 2 . 4 .

4 ,  A 2 . > .

1 , A 1 . 1 .

0,  A1. 8,  A1 . 2 .

0 .

7 ,  KO• 7 •

6 ,  E 0 . 5 ,  K 0 . 5 ,  

9 ,  0 1 . 3 .

3 ,  A 1 . 9 .

4 .

6 .
4 .

1 ,  C O . 9 ,  C O . 8 .

7 .

5L0.4, K 0 .2 .

AO.8 ,  AO.4 .

K1 . 0 .

C 1 .5 .

AO. 5, AO. 6 ,  AO. 5.
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F.  Lake  S t .  J o h n ,  Quebec 

Grevvin.' k i a  r u s t i c a  ( B i l l i n a s . ,  18rj>8)

GSC 5822b ,  c i: A C ( m o s t l y  K, n u m ero u s )

5822,  a  K A C ( m o s t l y  C, n u m ero u s )

85271  C ( s p a r s e )

8527h  K C (n u m e ro u s )

8 5 2 7 j  C ( s p a r s e )

8527k  C ( s p a r s e )

8 5 2 7 s  C ( s p a r s e )

C. M aq u o k e ta  Group 

B i y h o r n i a  c f .  p a t e l l a  ( W i l s o n ,  1926)

u s r r a  71926  c o . 7 , c i . 2 , 0 1 . 5 .

D. P e r c e ,  Quebec 

L o b o c o r a l l i u m  t r i l o b a t u m  s u b s p .  v a u r e a l e n s i s  ( T w e n h o f e l ,  1928) 

USNM 1 0 2 3 9 0 (1 )  K 1 .4 ,  KO.5,  K 0 .5 ,  K 3 .0 ,  A 2 .2 ,  AO.5.

H e l i c e l a s m a  s e l e c t a  ( B i l l i n g s ,  1865)

1 0 2 3 9 0 ( 2 ) E 1 . 2 , K 0 . 3 , K 0 . 3 , K 0 . 3 , A O . 4 , AO. 3 , A O . 2 ,

_ aO . 3 ) A O . 3 , AO. 5 , A O . 4 , A 1 . 0 , A O . 5 , A O . 3 ,

AO.  5 , AO.  2 , A O . 4 , C 1 . 4 , C 1 . 3 , C O . 5 , C O . 5 ,

C 1 . 0 .

1 0 2 3 9 0 ( 3 )' KO. 1, E 0 . 2 , K 0 . 3 , E O . 3 , K 0 . 4 , K 0 . 4 , K 0 . 4 ,

K 0 . 3 , K 0 . 3 , K 0 . 9 , K0 . 3 . , K 0 . 3 , K 0 . 3 , K 0 . 4 ,

K 0 . 4 , K O . 8 , K 0 . 3 , A O . 4 , A O . 3 , A O . 3 , A O . 2 ,

A O . 2 , A O . 3 , A 2 . 7 , C O . 3 , C O . 2 , CO. 1, C O . 3 ,
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c o .  8 , CO. 4 , C O . 3 , C 0 . 1 , C O . 2 , C O . 4 , C O . 3 ,

CO. 1 , C 0 . 1 , C O . 4 , C 0 . 4 , C O . 4 , CO. 4 , C O . 5 ,

CO. 3 , C O . 2 , CO. 2 , C O . 9 , C O . 6 , C 0 . 4 , C O . 4 ,

CO. 4 , C O . 4 , CO. 4 , CO. 4 , C O . 4 , C O . 4 , C O . 4 ,

C O . 4 , CO. 4 , CO. 4 , C O . 3 , C O . 3 , C O . 3 , C O . 3 ,

CO. 3 , C O . 2 , C O . 2 .

C r e w i n g k i a  s p .

USNK 1 0 2 3 9 0 (4 )  0 . 4 ,  0 . 8 ,  1 . 2 ,  0 . 3 ,  1 . 0 ,  0 . 2 ,  0 . 3 ,  0 . 3 ,  0 . 2 ,

0 . 2 ,  0 . 9 ,  1 . 3 ,  0 . 3 ,  0 . 3 ,  0 . 3 ,  0 . 4 .

E. A n t i c o s t i  I s l a n d ,  Quebec 

S t r e n t e l a s m a  a f f i n i s  ( K i l l i n g s ,  1865)

C-SC 19871 1 . 7 ,  1 . 3 ,  1 . 4 .

YPM 555 1 . 6 .

H e l i c e l a s m a  s e l e c t a  ( B i l l i n g s ,  1865)

YPM 543 0 . 4 ,  0 . 4 ,  0 . 7 ,  0 . 6 ,  0 . 5 ,  1 . 4 .

L o b o e 0 r a l l i u m  t r i l o b a t u r n  s u b s p .  v a u r e a l e n s i s  ( T w e n h o f e l ,  1928)

1 01 • j t 0 . 4 , 0 . 5 , 0 . 6 , 0 . 6 , 1 . 2 , 0 . 6 , 0 . 6 , 0 . 5 ,

0 . 6 , 0 . 6 , 0 . 3 , 0 . 6 , 0 . 5 , 0 . 2 , 0 . 6 , 0 . 7 , 1 . 9 ,

0 . 3 , 0 . 6 , 0 . 8 , 0 . 4 , 0 . 3 , 0 . 5 , 0 . 6 , 0 . 7 , 0 . 6 ,

0 . 5 , 0 . 4 , 1 . 0 , 0 . 4 .
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A p p e n d ix  7 . — M i c r o s c o p i c  e n d o f a u n a l  a l g a e  ( x  = a l l  o n t o g e n e t i c  s t a g e s ,  K = 

c o u n t e r  s i d e ,  A = a l a r  s i d e ,  £  -  c a r d i n a l  s i d e ,  1 = l o n g ,  m = i n t e r m e d i a t e ,  

s = s h o r t ) .

A. Richmond Group

1. Grevvingicia c a n a d e n s i s  ( B i l l i n g s ,  1862)

Numb e r  H o r i z o n

O c c u r r e n t  
i n  C o r a i l ]  

O n t o g e n e t i c  
S t a g e s

le
Lte

S i d e s S i z e D e v e lo p m e n t Remarks

UCGM 45158 1-1 X a l l 1 m o d e r a t e

45156 II X a l l 1 good

45174 1-2 X a l l ,
e s p .  C-.

1
I '

s p a r s e

45166 II X a l l m s p a r s e

45172 II X a l l m f a i r

45176 f t m v .  s p a r s e

45177 I t X a l l m m o d e r a t e

45180 1-3 X a l l m f a i r

45184 1-4 m r  a r  e

45185 11 X a l l m
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Numb ei1 '

2 .  St r e p t e l a s m a  d i v a r i c a n s  ( N i c h o l s o n ,  1875) 

H o r i z o n  S i s e  Dev d o r m a n t  Remarks

45003 2 -1 m p r e s e n t

45005 11 s s p a r s e

45004 11 a b s e n t  ( s p a r s e  i n  b r a c h i o p o d  c o r a l l i t e

45002 f t m p r e s e n t

45008 3 -2 s , m p r e s e n t

45014 4 - 2 a b s e n t

45013 IT s f a i r l y  common

45012 tl a b s e n t

45018 4 - 3 s p a r s e

45020 4 - 4 s p r e s e n t

45025 4 - 5 v. r a r e

45023 I t s f a i r l y  common

45028 5b -1 m p r e s e n t  ( l a r g e  i n  a  n e a r l y  b r a c h i o p o d )

45038 5 b - 2 s p a r s e  ■

45043 n m, s  p r e s e n t

45034 i t s p r e s e n t
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GSC

4 5 1 3 3 131-1 a l s s n t

4 5 1 3 4 I I s r a r e

4 5 1 3 5 t l s s p a r s e  a l s o  i n  c a l \ rx

4 5 1 3 7 131-2 i a b s e n ti

4 5 1 3 9 Tl a b s e n t

4 5 1 3 8 11 s p a r s e

4 5 1 3 6 I t a b s e n t

4 5 1 4 0 131-3 a b s e n t

4 5 1 4 1 14-3 s s p a r s e

4 5 1 4 2 14-5 s s p a r s e

4 5 1 4 3 14-6 a b s e n t

3 .  G r e w i n g k i a  d e l t e n s i s  n .  s p .

45596 171-1 0 1 p r e s e n t

45602 11 s r a r e  a b u n d a n t  c o a r s e  r e c e n t  b o r i n g s  
o x i d i s e d  z o n e s

4 .  Grevvingkia  r u s t i c a  ( B i l l i n g s ,  1858)

35271 s A, i n  one s e c t i o n

5527n s s p a r s e
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8527c s  A

8527 s ,  ?m p r e s e n t

45351 m K

E. P e r c e ,  Quebec

s p e c i m e n s p r e s e n t ,  b u t  n o t  w

( P e r c e ) m i n II. s e l e c t a

C. A n t i c o s t i  I s l a n d

1. S t r e p t e l a s m a a f f i n i s  ( B i l l i n

3 0 6 3 / 5 7 j ,  k E l l i s  Bay z one 9 a b s e n t

EB7 it t> it y r a r e

3 0 6 3 / 5 6 a ti ii ii y p r e s e n t

555 a 11 11 It c: r a r e

3 0 6 3 /3 6 b ti it u  2 a b s e n t

3 0 6 3 /3 6 c ti ti it 2 a b s e n t

3 0 6 3 /3 6 d 11 11 IT 2 a b s e n t

3 0 6 3 /3 6 e it ii " 2 s p r e s e n t

3 0 6 3 /3 5 0 it i. " 1 m p r e s e n t

472



4 7 3

I rH

- P  -H
d  02 
cd 02 
o o
CD P i

>■5 CQ 
rH  i—I 
r P  OJ 
cd -P  

rP  W
o >3 d 
Pi Pi P | Ph O O

W  CD "
. H3 H 

f 5 -H  CD 
•H O  -P  

rH  Cj
cd i -  
c j

«*

p, d
CD CD

•P
CJa'p
^-P
•° & .cd Q> PC

CD

LCA
VO
CO

CQ

CJ
•rH
Hi—1•Hm

- P • p ' —r
CJ CJ • P - p - p • P - P
CJ CD d CJ d d cd d
CQ CQ CD CD CD CD 9 - p Pi rH CD H (D
CD CD CQ CQ CO 02 p CJ O o Pi o CQ
H Pi J p rP P2 & cd CD O o cd o P2
P r P i ffi cd cd o- cd d rH P i P i Pi P i Cd

CD
02

S cd {A
t ;
02
cd

i— ^— i— i—1 CVI
CD

O O OJ cd
CJ £ Z rH •H d H rH
o cd rH o cd
p CD CD L-2 CQ 9

u £ £ d J •H Pi
>3 d

t..r  3 p i !-a d
cd Z z z z cd • 0.3 i—1 cd “ d

> OJ PH CP PH r ’

CQ - P. 02 i—1 CQ Pi
*H CD •H cd •H CD
H Z z z rH CQ rH P i
H o i—1 c j rH P i
c a P I PH P I CH ;:p >

PiLA
o a

OA
VO
O
oA

ai
lA
o a

CQH
cd cd r P cd

cd cd cd cd 0
o A cd £

CO VO c o LA VO VO t - L'A O J OA *sj- co •H
v3- O OA ■*1* LA LA r — 1— OA i” o O
LCA OA LA r — LA LA UA LCA LA LA LA LA 02

P i
CQ

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.

3.
 

D
ei

ra
co

i-
al

 1
-iu

m 
an

gu
la

ti
im

 
(B

il
li

n
g

s,
 

18
62

) 

au
re

al
 

ab
se

n
t



•e
w

in
gk

ia
 

p
ul

ch
el

la
 

(B
il

li
n

g
s,

 
18

65

4 7 4

CQ COCD CD
ft -P rcj t J P
id •p -p •H -p ft ft P p •H idCD id CD ■ A r-1 id CQ ?d id id id sd CQ CD
CO 0) CQ CD CD CD CD CD CD CO
00 m CD CO CQ i—1 CQ CQ CO CO < CO i—I CD
H ft iM ft ft rH ft ft ft ft 1 ft i—1 i-ift cd ft cd Cj <■5 cd C j cd at cd k! t APr cd cd ft
B i—1

rH 1—1 a a CO CO a CQ
CQ

cn CT\ co C~- c~- VO T~
<yid rH
oM

ft
id0)
<Q

p i
ti

cd

c j
f t

cd

cq
■H
rH 
i—I
f t

CD
f tQ,

i d ft CD o ft ft O
0 - r- VO VO Cf\
i:."\ LH CT> irv LTV H rH

\ \ \ \ \ \ \
r n r n r n cd H r H m r H
VO VO VO \— VO VO VO VO VO
O O O H- o O Pd O O
r H m H LiV r n r H r-d r n r H

f t
f t

'H Ti cd ft O
Lft OJ T— V~- r—
rH ift 'sf*
\ \ \ \ \rH H pl rH rH rH cd pi
VO VO CO VO VO VO CO CO
O O rH o O O T— T—
rH rH LTV rH rH rH lft ft

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



Reproduced 
with 

perm
ission 

of the 
copyright ow

ner. 
Further reproduction 

prohibited 
w

ithout perm
ission.

GSC 1989a 

1989h

y

2 s p e c i m e n s  

4 s p e c i m e n s  

2 s p e c i m e n s  

7 s p e c i m e n s

Y a u r e a l  rn p i ’e s e n t

" s  p r e s e n t

L o “b o c o r  a l  1 ium t r i l o b a t u m  s u b s p .  v a u r  e a l e n s i s  (Tvvenliofel ,  1928) 

Y a u r e a l  a b s e n t

6 .  Bo do p h y l lu m  en,r~l i  s h h  e ad  en  s  i  s  n .  s p .

U pper  Y a u r e a l  a b s e n t

7 .  B i y h o r n i a  c f .  p a t e l l a  ( W i l s o n ,  1926)

Lower  Y a u r e a l  a b s e n t

8 .  P a l i p l i y l l u m  e l l i s e n s i s  ( T w e n h o f e l ,  1928)

E l l i s  Bay a b s e n t

475



4 7 6

A p p e n d i x  8 . — B i o m e t r i c a l  d a t a  (d_ = c o r a l l i t e  d ia m e te r - ,  mm; 

n  = number o f  major- s e p t a ;  d = a x i a l  r e g i o n  d i a m e t e r ,  mm).

1 • S t r e p t  e l a s m a  diva.: i c a n s  ( N icho  1 s o n , 187^ )

number H o r i z o n d n

UCGLJ 45000 1 c—1 6 . 5 23 9 29

4 5003 2-1 3 16 45012 4 -2 7 26

6 9 9 45018 4 - 3 9 25

4 5004 " 4 21 12 29

6 24 45019 tl 9 26

8 29 45020 4 -4 Q 26

9 31 11 27

11 32 45024 4 -5 5. 5 23

45005 " 7 27 9 25

9 31 13 29

4 5 0 0 8 ( a ) 3 -2 7 30 45026 tl 10 26

" ( b ) 2 14 45025 It 14 29

4 17 16 29

7 27 45023 If 11 35

4 5013 . . .4 -2 11 32 14 35

15 32 45022 tl 9 32

45016 " 10 25 45032 5 b - 1 8 28

45017  " 9 29 45028 it 7 30

45015 " 8 26 10 31

45014 3 . 5 15 45030 ti 10 32

8 29 45034 5 b-2 10. 5 32
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4 7 7

13 34

13 42

4 5 0 3 8 ( a ) 5 b - 2  4 . 3  23

'6 .3  26 

8 27

" (b ) 9 27

43039 7 30

4 3 0 3 2 ( a ) " 6 .  5 25

9 26

10 32

12 32

" (b ) -> 16

6 21

4 3037 " 3 18

cr(
** 17

6 . 5 23

8 . 5 27

10 30

45040 " 11 32

45042 7 27

45043 " 4 22

5 26

7 30

45052 5 t - 7 6 28

45048 " « / 16

4 18

6 . 5 25

9 27

45046 5b--7 7 28

4 5053 5b--9 3. 5 19

4 . 5 O Oc1. C.

6 26

45055 fl 9 31

45054 ( a ) " 7 24

(b ) 5 23

4 5057 10--1 3. 5 22

7 . 5 28

8. 5 31

14 33

45058 If 11 29

45061 1 1b--1 6 24

7 27

45067 11b--3 7 26

45064 t f 5 28

9 31

45077 12a--1 7 28

45071 n 7 28

9 30

45076 i t 5 26

8 29

45075 i t 6 25

7 29
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4 5073 12a- -1 6 o 7 45091 12 a - 3 6

10 *3 9 9

45074 It 6 25 45090 It 7

o 90<- 9

45072 It 7 25 12

8 26 14

4 50 8 6 12 a--2 4 17 45095 1 2 a -4 9

6 20 45094 I t 8

9 26 45093 11 7

11 30 8

4 5082 II 7 27 45646 1 2 a - 5 8

45088 It 6 28 45100 f t 10

45087 It 9 31 12

12 33 45103 12 a - 6 10

45081 It 7 27 45108 12 a - 9 6

45083 It 9 30 9

45085 IT 6 25 45106 11 9

9 30 45110 1 213—1 7

450 8 4 ( a ) " 4 . 5 24 45113 12 c —1 7

-- 7 28 45114 11 0

9 29 4561 1 13-1 6

o>) . 3 . 5 19. 7 . 5

6 26 45119 11 8

7 30 45120 11 7

45092 12a--3 rj 22 45118 I t 8

7 26 45122 II 6

22

28

21

24

26

27

26

2S

22

24

29

25

27

28

27

32

32

29

27

34

24

28

26

27

27

26
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4 7 9

4 3126 13-2 7 27 43136 136-2

43123 ff ' j 28 7

7 30 43138 II

4 3124 If 6 29 45140 136-3 0

43128 If 15 33 8

4 3132 136-1 5 26 4514-1 ■ 14-3 8

43133 1! 4

6 . 5

21

28

45142 14-5 6

8

43133 If 7

8

31

35

45143 

USNM 84868

14-6 7
10

7

10 36 M61a-4 1:161 a K
J

43134 IT 4

7

22

28

7

9

43137 136-2 4 22 12

7 . 5 28 USNM 78449 7

45139 n 7 26

2. S t r e p t e l a s m a l e e r a o n e n s i s n .  sp •

45614 20a-1 9 32 45615 20a-1 7

3. S’t r e p t e l a s r a a  s u b r e ^ u l a r i s  ( S a v a g e , 191

45618 206-1 10 28 15

18 35 45621 206-1 15

28 42 45624 t i 13

45619 II 15

21

33

38

45620 II 9

15

45622 II 8 26 45630 r; 5

26

29

o c.

27

29

26

30

31

27
31
23

21

23

24

33

28

24

36

32

36

27

32

16
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4 8 0

4 > 6 2 9  2 0 1 - 1  13 3 1

22 37

29 37

4 .  S t r e a t e l a s m a  r a n k i n i  n .  s p .

6344b 10 29 6345b 7

6344c 7 . 5 29 6 3 4 6 a 1 0 .5

6332b 10 29 6347b 12

6335b 14 29 6350b 1 2 .5

6337b 8 27 6355b 1 0 .5

6340b 16 34 6262b 22

6341b 9 . 5 34

5.  S t r e p t e l a s m a  a f f i n i s  ( B i l l i n g s ,  1865)

5 1 7 a 7 21 15

11 26 3 0 1 9 / 3 0 6 3 / 3 5 f  9

556a 38 57 548 a  6

556b 12 35 9

21 41 145 4

29 44 9

538 a TO 34 11

13 42 15

3 0 6 3 /3 6 b 9 30 3 0 1 9 / 3 0 6 3 / 3 5 1  6

3 0 6 3 /3 6 c 15 27 9

3 0 6 3 /3 6 d 9 22 12

11 26 15

3 0 1 9 / 3 0 6 3 / 3 5 e 11 21 20

24

33

29

42

29

42

27

24

22

24

22

28

30

32

21

23

25

29

33
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4 8 1

3 0 1 9 / 3 0 6 3 / ^ 7 . j q 25 3 0 6 3 / 5 6 a 10 26

19 30 13 27

3 0 1 9 / 3 0 6 3 / 7 7 k 12

28

35

49

515b 6

16

22

27

45 50 3 0 6 3 /4 4 b 14 29

5 5 5 a 19 38 3 0 6 3 / 5 2 a 10 30

32 47 15 39

46 50 GSC 2244 27 34

6. H e l i c e l a sma r a n d i  E l i a s ,  1976

SUI 5 7 - ’ 24 19 39 USNM a c c .  306219 10 31

USNM 4 2 5 3 5a 20 40 SIU 4200 10 28

42535b 8 . 5 28 9 27

15 35 SIU 4201 13 29

USGS 206S a 23 40

7 .  H e l i c e l a s m a s e l e c t a  ( B i l l i n a s ,  186 5)

YFM 543 24 43 51 5a 16 35

5 3 9 a 4 19 27 40

13 33 508a 12 34

514 a 17 37 USNM 1 0 2 3 9 0 (3 ) 10 31

24 42 25 44

8.  B e i r a c o r a l l i u m a n g u l a t u m  ( B i l l i n g s , 1862)
(h = h e i g h t ,  mm)

Number h n

GSC l o c .  8 4413a 8 26 GSC l o c .  84419b 3 20

15 30 9 36
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GSC l o c .  84419c 9 27 GSC 10847 9 36

13 31 LIKE 266 8 28

8 4 4 1 9a 7 26 14 42

11 34 LTi 346 11 38

GSC 10846 13 35

9. C-revvinfkia  ca n a d e n s i s  ( B i l l i n g ; s, 1862)

N umb e r  H o r i z o n d n d ^

UCGM 49156 1-1 8 29 23 53

14 43 32 55

19 49 45176 1 -2 13 34

20 4 45177 I t 5 20

26 54 8 7 26

45157 11 13 38 8 31

17 49 45161 It 12 37

25 57 7 23 50

45155 It 18 48 29 55

45159 tl 18 41 33 55

29 50 45170 ft 9 28

45154 It 19 47 45171 It 11 31

23 51 17 47

27 52 9 22

45158 f t  * r.
J 19 23 54

7 26 45167 I t 9 32

9 29 17 43

4 5166 1-2 16 39 24 50

5
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4 8 3

4'; 164 1-2 11 31 17 34

21 45 45178 1-2 12 36

26 54 I , 17 44

4 5168 IT 11 37 45179 1-3 17 44

23 54 '"j 23 54

28 55 1 4 5180 It 12 32

45169 11 16 45 17 37

25 57 10 21 41

45165 f t 20 46 45181 II 11 31

45175 I t 18 47 16 45

25 56 8 45183 1-4 20 47

29 58 11 26 50

45173 It 8 28 45188 I t 10 33

14 39 45187 I t 15 44

19 50 45185 It 19 46

25 60 11 24 53

45172 11 7 26 45186 I t 22 49

18 44 27 53

24 9 45184 I t 8 . ! 5 29
— 26 50 11 13 37

45174 I t 8 26 45189 1 c - 2 19 54

18 40 25 58

23 45191 2-1 18 47

26 45 8 24 50

45163 It 24 57 10 34 59

45162 11 12 30 45193 ft r-t1 29
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4 8 4

15 45

22 58

28 63 4

33 65 8

38 67

4 5 1 9 9 2-1 10 30

4 5 1 9 2 n 11 31

21 49

23 OC.

30 R Rs Q

4 5 1 9 4 11 13 45

18 53

26 66 3

29 67 7

4 5 1 9 8 it 11 38

17 51

23 59

4 5 1 9 7 n 16 44

23 56

4 5 1 9 6 ' i t 11 33

19 45

25 52 4

4 5 1 9 5 11 10 38

18 49

4 5 2 0 0 11 5 21

10 32

45202 3-1 12 42

19 53

24 61 5

29 65 7

45206 If 10 31

18 48

24 60

30 65 10

45207 If 19 50

24 57 5

45212 11 9 31

12 35

45203 II 10 32

18 41

25 44 0

29 46

45205 ft 10 38

17 50

22 56 3

45204 I t 17 45

23 VJ1 CO

27 61

45209 IT 8 30

14 40

16 43

45210 II 12 31
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4 8 5

15 36 45225 4 -4 12 35

45214 -5 O  
J  — 9

13

33

40

24

32

53

64 11

17 49 45231 If 18 44

23 54 4 45224 I*. 12 41

4 5216 11 6 

11

24

34

22

32

56

61 8

45215 II 0 22 45258 5b-1 nj 21

45220 4-1 23 53 6 . 5 24

29 61 6 45259 It 4 . 5 19

45221 n 13 33 6 23

45222 11 11 39 45257 f t 10 32

45234 4 - 4 13 33 45245 f t 12 37

45228 11 25 53 15 42

29 59 8 45248 I t 19 50

45230 i t 24 50 8 23 53

30 51 45252 11 26 58

31 10 45247 11 18 44

45227 i t 22 52
.

24 53

- - 25 57 45253 f t 13 42

45225 i t 10 31 22 57

21 52 45251 II 26 55 6

26 57 45246 f t 20 48

45226 i t 25 60 5 45256 I t 14 38

30 9 45254
I

II 18 48

68 15
I

24 56
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4 5260 5 8 -2 1S 43

41 i l 45 3

26 45 5

28 4 5 7

4 5261 11 11 36

« 17 47

25 59 6

45263 11 6 24

9 29

11 35

45266 51d-4 20 52

45269 58-5 18 40

23 52 9

27 56 11

45268 11 25 44 3

45270 11 8 26

45274 5 t - 6 19 46

45273 i t 20 49

22 3
- - 26 56 5

45272 IT 25 57 e,
s

45271 11 17 39

9 9 46

26 49 1

45275 11 7 24

10 33

4 5276 58-6 4 18

8 29

45277 5 8 -8 o 33

16 40 4

45280 5 8 -9 9 30

15 41

23 52 9

45279 11 11 36

16 43 4

26 62 8

45286 11 11 35

45284 If 11 35

19 43

45289 6-1 21 50

24 52

27 56

45294 7 - 2 14 35

45296 9-1 21 53

45295 If 11 35

45299 10-1 14 36

20 42

45302 10-2 10 30

20 50

22 52 3

24 53 r;.j

45353 11-1 14 36
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4 8 7

19 44 45317 1 l b -1 20 43

4 5310 1 l b -1 8 28 26 48

11 31 30 52 12

14 34 45318 It 18 44

4 5309 IT 8 25 22 49

11 31 25 51

45313 t l 13 36 45315 IT 22 54

45327 II 19 46 24 "5

45320 I t 15 35 28 60 10

45321 It 14 38 4 5306 II 7 25

18 42 45312 IT 6 22

45314 IT 20 r. 9 29

45325 I t 16 39 45305 IT 7 23

45324 It 11 33 10 32

16 36 45331 1 1b - 2 14 36

45326 If 15 41 45332 11 14 38

19 46 45330 11 19 46

24 50 7 25 47

45328 II 23 44 27 47

4531 1 ~ 11 12 43 45333 i t 20 43

45323 11 .. 16 41 24 46 5

21 46 45334 11 19 43

45316 II 16 36 24 54 9

20 41 26 55 13

28 4 45336 11 17 45

29 42 23 52 6
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4 8 8

4'; 3 38 11L-3 10 -> o
_><-■

18 4 5

4 >349 It 15 42

18 45

45351 If 20 41

45339 If 24 52 8

45347 IT 20 50

25 55 r \o

45346 I t 18 45

24 48

45343 IT 15 37

n  oL- 46 10

45344 II 21 46

22 r .
J

28 50 10

45345 II 19 51

26 56

45342 II 15 41

25 50 9

45348 - i t 17 41

23 47

45340 n 15 40

22 46

26 51 11

45350 i i 22 48

27 51

45352 1 1b-3 20 50

4 5341 IT 9 31

45359 12 a —1 15 43

21 53

24 55 6

45356 It 19 52

27 62 6

30 10

31 66

45358 It 23 55

29 58 6

45360 11 18 54

26 59 8

45357 I t 14 41

23 54

28 61 9

30 65 9

45355 It 16 46

21 6

22 56

26 60 8

28 61 10

45361 It 20 54

45364 12 a - 2 20 56 4

24 59

25 6
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4 8 9

4 9371 1 2 a- r* m y 12 41 2^ 53

49366 It 24 61 4 45388 12 a - 4 18 49

49368 t l 22 56 22 55

4 3382 12a--3 8 27 45392 U 7 26

Ca
J

C
D IT 7 28 10 30

11 36 12 34

13 41 45396 12 a - 5 21 53

43376 I t 23 6 30 61 6

24 59 45395 11 22 53

43378 TT 26 65 6 24 55

45375 11 25 57 45394 I I 9 33

45374 I t 15 47 19 48

22 56 24 56 3

45379 IT 16 49 27 58 5

22 61 30 58 10

45383 IT 11 38 28 58 7

45384 II 10 36 29 59 9

45389 12a--4 22 56 45397 11 11 33

26 61 6 45399 12 a - 6 20 57

45391 ~ n 16 45 29 65 3

23 55 45400 If 20 55

45390 i t 10 30 45403 IT 7 24

16 44 45405 1 2 a -8 23 61

23 53 3 45404 H 17 47

26 58 7 45407 II 20 56

45387 i t 17 43 45410 12b-1 20 45
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4 3409 1 21; — 1 22 58 4 5432 13- 2 14 42

27 64 4 5439 ft 5 22

30 65 q 7 28

4 3412 t t r: r >  £■ 434 35 I f 4 20

43414 1 2 b -2 27 60 5 7 26

43413 I t 21 56 10 33

26 65 7 45441 1 3b-■1 27 53

4 3416 t l 20 58 33 54

43415 t t 21 48 45442 f t 17 44

45417. IT 6 28 23 52

45420 Tt 8 29 45443 f t 18 47

45420 (t 8 29 26 56

45422 12d-1 25 58 45444 11 13 44

45423 t t 19 40 19 53

45421 IT 28 61 45446 It 15 42

35 68 12 24 53

45425 13-1 11 35 31 57

45433 13-2 22 54 8 45450 f t 18 51

45430 23 55 45445 tt 6 20

45431 ' n 18 51 45447 It Q 36

24 56 14 45

45429 i t 21 57 45449 Tt 13 40

4 5434 i t 15 31 45451 11 9 28

21 36 45448 tt 7 . ! ?  27

45428 i t 19 51 11 32

24- 56 45453 13b-•2 10 31
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4 9 1

16 36 45475 14-3 9 30

4 94- .4 137-2 10 36

roCO 14-4 21 54

13 4 3 26 61

4 9499 Tl 20 50 4 5484 t i 13 44

CO 137'-3 21 58 20 55

27 66 45485 t i 22 54

4 94 57 t i 16 46 30 58

24 57 5 45494 14-5 24 60

30 61 8 45487 t t 13 43

4 54 59 t i 18 47 24 58

25 56 45488 t t 13 35

45460 n 21 58 20 42

25 62 45490 n 17 54

45462 t i 13 41 22 59

45471 14-1 5 23 45491 i t 13 44

10 32 19 57

45473 14-2 6 27 23 62

10 31 45493 n 16 43

45478 14-3 12 33 24 56

45476 - i t 17 48 28 56

45477 t t 17 48 45489 i t 6 23

22 53 45497 14-6 17 36

27 57 45496 n 18 35

45480 t t 16 49 45498 n 13 34

25 59 19 38

45481 t t 12 37 | 45466 147-1 19 46
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4 9 2

54 UCGId 4 5505 16 a —1 13 37

24 58 8 19 48

4 >467 14b-1 8 27 21 49

14 38 24 51

17 43 45503 it 18 44

49468 it 19 43 25 50

49469 tt 16 42 45509 ti 15 40

22 48 7 9 ^ 49

4 9470 14 b -2 10 33 45506 ti 16 39

84870 9 33 23 47

18 48 4 5504 it 12 36

78742 24 44 16 38

9719a 28 62 45507 ti 11 30

9719b 23 48 16 35

70024 30 55 45508 11 11 32

78749 24 53 19 44

2366c 33 57 14 4551 1 11 11 31

2369c 25 o 16 38

2372b 21 49 0 45502 ti 11 32

2378a 14 32 17 40

2413b 20 53 45512 11 10 30

2416c 32 61 45513 1 6 a -2 19 43

2419b 35 66 12 45514 n 13 41

2421a 26 55 8 20 49

2421c 33 59 11 45515 ti 11 34

2422c- 39 59 13 23 45
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4 9 3

4 9 ' :  16 161)—1 1 7 49 21 46

4 5:21 1 b t - 2 0 0 
j ) 66 45540 18 a - 1 19 50

C
O 11 42 77 23 5 5

4 9919 i t
2 5 58 27 57

45923 16c-1 1 2

1 9

36

48

45541 It 11

15

32

38

2 3 55 45543 l 8 a - 2 20 46

45524 11 1 1 30 4 5542 ft 18 44

18 44 45548 18 a - 3 12 41

20 47 18 50

4 5536 t t 11

16

22

27

41

44

24

29

33

61

62

63

45526 i t 19 36 45550 tf 33 62

45527 i t 16 41 45551 f t 33 65

45535 11 13 33 38 65

22 41 45552 f t 14 41

45533 t t 11 29 45555 18b-1 10 30

45530 t t 17 40 12 32

45531 - - t t 15 35 14 37

45529 u 14 33 45556 f t 16 38

USNI4 42512 29 56 20 42

102371 1 9 .5 47 45557 f t 31 63

UCGM 45538 18a-1 10

16

32

39

45558 If 13

16

35

40

45539 i t 16 41 45559 II 21 50
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<■? r 54 4 5589 19e-1 18

4 5560 I 8 b - 1 6 23 45590 11 18

45562 tt 1 1 33 2,161 a -2 T.T61 a 7

UMMP 45354 O  EL. ; 57 9

26927 1 1 29 1461a -3 IT 8

19 38 13

UCGM 45564 19 a-1 25 56 MG 1a - 5 If 15

45565 i t 19 52 21

26 60 M61 a - 6 t r 20

45566 n 25 59 25

45567 i i 19 51 27

o n
4- j 56 T.T61a- 7 IT 13

45570 19 c —1 22 45 19

45571 t i 22 51 23

45575 t i 1 1 ■5 0 28

45572 i i 10 35 5175- 4 M75 33

45579 198-1 10 32 M75- 5 K 25

15 37 M75- 6 11 19

4 5580 t i 19 46 M75- 7 t t 12

- - 24 52 GSC 8530c 8

45582 t i 24 r* --I>3 16

45583 n 20 49 20

45585 IT 20 49 23

25 55 8530 30

27 58 8530£ 25

45586 1 9d -2 13 36

38

41

25

27

29

34

35

36

43

47

48

36

46

50

52

60

56

47

38

25

41

43

47

53

43
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10 Cre\v i n g k i a d e l t e n s i s  n . s p .

4 5595 17b-1 9 29 29 58

16 43 33 62

4 5596 f l 21 52 45599 17b-1 31 62

23 55 45600 I t 25 52

45598 I I 34. 60 45601 I f 15 41

45604 t l 23 50 20 47

33 59 45603 11 24 55

45602 I I 16 41 uimp 2691 1 37 62

23 54

11. Grev . ' ingkia  r u s t i c a  ( B i l l i n g s ,  1858)

5822c 30 54 85271 10 30

8527 20 43 16 36

26 48 20 38

8527c 11 31 8527n 13 35

18 37 18 39

21 41 UIvIMP 45351 18 48

25 42 21 56

8527a 21 39 UCGM 45592 19b-1 12 28

85270 25 54 16 32

8527m 21 43 20 35

8527p 18 39

12. Grevvingkia  c e n o b s c o t e n s i s  n .  s p .

USC-S 6268b 

6268c

25

19

51

46

6333c

6334c

10 32 

8 . 5  28
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6336b 11 33 634 3b 15 34

6339b 11 32 6267b 26 50

6342b 9 34

1 3 . Grev.’i n ^ l c i a  p u l c h e l l a ( b i l l i n g s ,  1865)

3 0 1 9 / 3 0 6 3 / 9 7 e 6 22 13 32

10' 30 3 0 1 9 / 3 0 6 3 / 3 5b 8 19

3 0 1 9 / 3 0 6 3 / 9 7 f 6 23 3 0 1 9 / 3 0 6 3 / 3 5c 4 18

11 31 0 22

3 0 6 3 / 9 6 c 7 22 3 0 1 9 / 3 0 6 3 / 3 5d 7 21

920 7 25 3 0 6 3 / 4 1a 9 25

12 28 13 27

918a 14 26 17 31

918b 6 20 19 32

8 24 3 0 6 3 / 4 1b 10 27

9 26 3 0 6 3 / 4 1c 8 21

3 0 6 3 / 3 6 a 4 18 11 24

8 23 GSC 1989b 7 22

991 7 24 11 27

10 29 YPM 3 0 6 3 / 4 4 a 10 25

3B6 10 26 3 0 6 3 /5 2 b 8 25

536 7 20 3 0 1 9 / 3 0 6 3 / 5 2c 6 19

3 0 1 9 / 3 0 6 3 / 5 7 g 7 25 11 26

13 34 540 a 6 22

541a 9 24 11 26

541b 7 21 PEG S 4112-COa 12 29
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4 9 7

4 1 1 2 -C 0 t 15 33 4 1 12-C0e 8 25

4 1 12-COc 11 28 4 1 12-C0f 13 32

4 1 1 2-C0d 6 21

14. L o b o c o r a l l i u m  
( a  = c o r a l l i t e

t r i l o b a t u r n  ( W h i t e a v e s  
c r o s s - s e c t i o n a l  a r e a , ’ 1??5mm'-)

)

Number a n

UM 292 497 74 977 92

657 80 UM 272 977 94

680 82 UM 268 367 57

776 86 UM 265 132 42

848 88 UM 336 684 73

1 5 . L o b o c o r a l l i u m  t r i l o b a t u m  s u b s p .  v a u r e a l e n s i s
( T w e n h o f e l ,  1928)

C-SC l o c .  3 6 1 5 7 (1 ) 684 65 3 6 1 5 7 ( 2 ) 1025 71

258 54 U SKI,I 1 0 2 3 9 0 (1 ) 658 59

16. E o d o p h y l lu m  s h o r t i  n .  s p .

Number d n

UCGM 45613 20a-1 6 25 8 34

7 29

17. Eodop]ay H u m  n eu m an i  n .  s p .

USGS 6260b 6 21 6271b 9 . 5 29

6264b 11 27 6338b 8 29

6269b 13 30 6351b 13 33

6270b 7 24

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



4 9 8

18. B o d o r i iy l lu m  e n y l i s h h e a d e n s i s  n .  s p .

3 0 6 3 / 1 14 43 3 0 1 9 / 2 c ( a )  7 26

3 0 6 3 / 2 a  15 43 11 30

3 0 6 3 /7  13 47 3 0 1 9 /2  c (b )  9 32

17 47 13 34

19. E i r h o r n i a  c f . p a t e l l a  ( W i l s o n ,  1926)

Number h n

{ m  30 pa 7 34 14 39

13
COro 3 0 6 3 /1 7  14 38

20.  P a l i p h y H u m  e l l i s e n s i s  ( T w e n h o f e l ,  1928)

Number d n

rpr.T 373  b 19 37 15 34

572 16 41 3 0 1 9 / 3 0 6 3 / 5 7 c  8 31

3 0 1 9 /3 0 6 3 A 7 a  21 42 3 0 1 9 / 3 0 6 3 / 5 7 d  7 25

3 0 1 9 / 3 0 6 3 / 5 7 1  10 29 12 31

13 33
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4 9 9

A p p e n d ix  9 . — Gi s w i n g k i a  c a n a d e n s i s  ( K i l l i n g s ,  1862) and 

S t r e p t e l a s m a  d i v a r i c a n s  ( N i c h o l s o n ,  1 8 7 9 ) :  A = a x i a l  r e g i o n

c o m p a r a t i v e  s c a l e  v a l u e s .

A. Gr ewin.c;kia c a n a d e n s i s  

Number I-Io> i o o n  A

49196 1-1 10 49186 1-4 42 4 5223(b) 4 - 4 39

4 9197 I t 37 45189 1c - 2 4 3 4 5 2 2 3 ( c )" 38

49194 I f 34 45191 2-1 50 45260 5b-2 95

49199 t t 38 4 9 1 9 0 ( a ) I t 37 45261 I I 28

4 9 1 9 3 ( a ) I I 17 4 5 1 9 0 ( b ) I I 37 45266 5b-4 68

4 9 1 9 3 ( b ) I t 27 45193 t l 55 45269 5b-5 36

4 9 1 9 3 ( c ) I I 46 45194 I I 28 45268 I I 98

49161 1-2 24 45192 I t 22 45272 5 b-6 70

45171 f f 43 45196 I I 28 45273 f t 71

49164 1! 43 45206 3-1 25 45279 5 b -9 15

49174 t t 41 45202 I t 44 45280 Tf 53

49169 I t 36 4 5207 I I 42 45292 6-1 26

49172 I I 88 45214 3 -2 67 USC-S 2401c 37

49173 I I 37 45220 4-1 60 2416c 24

49163 I I 21 45230 4 -4 5 2433b 88

49168 I I 22 45226 I I 40 2366c 37

49175 I t 2 45228 I t 90 2367c 96

49166 I I 33 45224 I f 29 2369c 68

45179 1-3 42 45225 I t 36 2370 c 37

45183 1-4 80 4 5 2 2 3 ( a ) t t 33 2319b 37
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5 0 0

2421c 61

COLfN
rr) 12 a - 1 41 45494 14-5

2422c 39 45360 It 37 45466 14b-1

UCCI.I 4 5297 1 0 - 1 59 4 5364 12 a - 2 67 45469 If

4 5315 11b-1 30 45365 11 68 u s k l ; 70024

4 5326 If 29 4 5363 11 39 9719a

45317 If 37 45376 12 a - 3 57 9719b

COro If 24 45378 t f 53 UCGIi 45505 16 a-1

4 5 3 0 3 ( a ) " 4 8 45375 t f 83 45503 If

4 5 3 0 3 ( b ) 1' 33 45377 11 42 45509 If

45334 11 b -2 0 45390 12 a - 4 20 45514 16 a - 2

45330 t t 3 45389 n 36 45521 16b—2

45333 t i 47 4 5394 12 a —5 45 45518 t l

45336 i t 26 45396 63 45536 16c— 1

45344 85 45409 12 b —1 36 45534 ii

45339 t i 38 45413 1 2 b —2 100 45525 n

45347 t i 23 45416 n 71 45540 18a-1

45343 n 33 45422 12d—1 34 45545 18 a - 3

45344 i t 69 45433 1 3 - 2 26 45548 I t

45345 i i 41 . 45441 13b-1 31 45549 11

45342 '  n 36 45446 n 35 45551 t l

45340 IT 27 45457 13b-3 84 45559 1 813 —  1

45350 11 88 45458 i i 54 UTIMP 45354

45357 12 a - 1 65 45477 14-3 28 UCC-M 45565 19a-1

45355 t t 75 45480 H 53 45566 tf

45359 t l 61 45485 14-4 42 45572 19 c —1

4 5356 11 29 45483 i i 38 45582 19d—1

52

83

43

36

39

78

23

25

41

37

39

42

97

43

83

39

88

21

49

39

32

44

35

37

68

67
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5 0 1

45585 19a—1 76

45589 193-1 68

:.I61 a - 6  K61 a  53 C-SC 8530c  79

I,i61 a —7 1.I6 1 a  24

B. S t r e o t e l a s m a  d i v a r i c a n s  

Numb e r  H o r i z o n  A C o m p a r i s o n  o f  a x i a l  r e g i o n s  w i t h i n  
 p s e u d o c o l o n i e s  a n d  c o l o n i e s

4 5 0 0 0 1 c —1 37

4 5 0 0 3 2-1 44

4 5 0 0 4 ft 30

4 5 0 0 5 IT 18

4 5008 3-2 65

45009 3-3 23

45014 4 -2 15

45015 II 81

45016 It 71

4 5012 IT 52

45017 1? 65

45018 4 -3 70

45019 ft 95

4 5020 4 -4 80

45025 " 4 - 5 92

45028 5b-1 45

45030 It 51

45031 It 62

45037

C
MI
&L

T
\ 20

4 5038 tl 64

45043 fl 62

p s e u d o c o l o n y ,  2 s i m i l a r

p s e u d o c o l o n y ,  2 same

p s e u d o c o l o n y ,  s l i g h t l y  d i f f e r e n t
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5 0 2

4 5034 51.-2 so

45036 t t 64

4504 2 Tf 63

45046 51-7 57

45048 t t 71

45052 If 28

45054 51-9 50

45053 t f 64

45055 t f 63

45057 10-1 75

45061 111-1 10

45064 111-3 29

45067 t t 63

45072 12a-1 5

45074 t t 40

45071 t t 76

45076 t t 43

45075 t t 53

45073 t f 56

45084 12 a - 2 55

45086 t l 85

45082 t t 76

45088 t t 36

45087 t l 37

45083 : i 69

4 5090 1 2a-3 63

c o l o n y ,  2 same

p s e u d o c o l o n y ,  2 same
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4 5 0 9 3  12a -4  51 c o l o n y ,  3 s i m i l a r  

4 3100 12a-5 79
4 3646  " c o l o n y ,  2 same

43108 12 a - 9  13

45112 12 1 -3  59

45113 12 c —1 46 

4 5 1 1 6  12d —1 54

45611 1 3 -1  60 p s e u d o c o l o n y ,  3 same

4 5119 " 77

45122 " 62

45126 13-2 43

45133 136-1 35

45134 " 47

45132 " 31

45137 1 3 6 - 2  25

45136 " 78

45139 " 41

45140 136-3  27

4 5 1 4 1  1 4 - 3  7 7  p s e u d o c o l o n y ,  2 s i m i l a r -

45142 T 4 -5  56

4 5 1 4 3  1 4 - 6  82
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5 0 4

A p p e n d ix  10.,— S t r  e p t e l a s m a  d i v a r i c a n s  ( M i c h o l s o n ,  1875) :  

s o l i t a r y  c o r a l l i t e s  and number o f  c o r a l l i t e s  c o m p r i s i n g  

p s e u d o c o l o n i e s  and  c o l o n i e s  (£ )  , an d  a t t a c h m e n t  s i t e s .

Number Ho.-, i s  on jt
77 A t t a c h m e n t  S i t e

1 COM 45000 1 c —1 2

4 5001 2-1 1

oo'si' fl 1 b r y o s o a n

45004 ft 1 b r a c h i o p o d

45002 f t 1

4 5003 t f 1

4 5006 *5-9*— 3 b r y o  so a n

45007 f l 2 b r y o s o a n

45008 i t 2 b r y o s o a n

4 5009 3 -3 1

4 5010 4 - 2 1 c o l o n i a l  c o r a l

45014 f l 1 b r y o s o a n

45015 ff 3

45016 f l 1

45013 I I 1

45017 1! 1 b r y o s o a n

4 5012 I» c o l o n i a l  c o r a l

45011 I I 1 c o l o n i a l  c o r a l

45019 1

45018 f t 2 b r y o s o a n

45020 4 - 4 1 b r y o s o a n

P s e u d o c o l o n y  
or  Co lony

p s e u d o c o l o n y

p s e u d o c o l o n y
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5 0 5

4 5021 4 - 5 s' b r y o s o a n

45126 II 1

45024 If 1 b r y o s o a n

4 5023 fl 1 b r y o s o a n

4 5022 It 1 b r y o s o a n

45025 If 1

4 5 0 2 7 ( a ) 5b-1 oC. b r y o s o a n

4 5 0 2 7 ( b ) II 1 b r a c h i o p o d

4 5 0 2 7 ( c ) If 1

4 5 0 2 7 ( d ) It 1 b r a c h i o p o d

45029 II 1 b r y o s o a n

45246 II G. c a n a d e n s i s

45251 11 G. c a n a d e n s i s

45028 11 1 b r a c h i o p o d

45030 11 1

45032 11 1

45031 11 1

4 5 0 3 3 ( a ) 5 b - 2 1

4 5 0 3 3 ( b ) 11 1

4 5033(C) ' 11 1

4 5 0 3 3 ( d ) If 2 b r y o s o a n

45034 11 1

45038 11 3

45039 II 1

45036 11 2

45035 11 n u m e ro u s

p s e u d o c o l o n y

p s e u d o c o l o n y

c o l o n y

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



5 0 6

4 5037 5 1-2 *3.5

4 5040 II 1

4 5042 11 1

45043 11 1

45044 5 1-3 9,  5 b r y o s o a n

4504 5 5 1-4 2 b r y o s o a n

45050 5 1 -7 1 b r a c h i o p o d

45049 ft 1

45052 5 1 -7 1

45048 If 2

45051 If 2

45046 fl 1

45054 5 1 -9 4 b r y o s o a n

45053 t f 1 b r y o s o a n

45055 f t 1

45057 10-1 1

45058 11 1

4 5 0 5 9 ( a ) 111-1 1 b r y o s o a n

4 5 0 5 9 ( 1 ) I t 1

4 5 0 5 9 ( c ) ' t l 2

4 5 0 5 9 ( d ) t f 1 b r y o s o a n

4 5 0 5 9 ( e ) fl 1 b r y o s o a n

4 5 0 5 9 ( f ) f t 1

4 5 0 5 9 ( g ) If 1

4 5 0 5 9 ( h ) ff 1 b r a c h i o p o d

45062 ff 2 b r y o s o a n

p s e u d o c o l o n y

p s e u d o c o l o n y
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45060 11b-1 1 b r a c h i o p o d

45061 If 1

45063 11 b -3 1 b r y o z o a n

45064 t t 1

45067 f l 1

45065 t l 1

4 5066 11 1 b r a c h i o p o d

4 5 0 6 8 ( a ) 12a-1 1

4 5 0 6 8 ( b ) t t 4 b r y o z o a n

4 5 0 6 8 ( c ) IT 4 b r y o z o a n

4 5 0 6 8 ( d ) I I 1

4 5 0 6 8 ( e ) IT 1

4 5 0 6 8 ( f ) t t 1

4 5 0 6 8 ( g ) II 1

4 5 0 6 8 ( h ) I I 2

4 5 0 6 8 ( i ) I t 1

45069 11 1

45356 I I G. c a n a d e n s i s

45361 I I G. c a n a d e n s i s

45078 11 1, 1 b r y o z o a n

45077 11 1

45071 I t 1

45076 I f 1

45075 f f 1

45073 I t 1

4 5074 I t 1
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5 0 8

45072

4 5 0 7 5 ( a )

4 5 0 7 9 ( b )

4 5 0 7 5 ( c )

4 5 0 7 9 ( d )

4 5 0 7 9 ( e )  

4 5 0 7 5 ( f )  

4 5 0 7 9 ( e )  

4 5 0 7 9 (h )  

4 5 0 7 S ( i )  

45086

45084 

45082 

4 5088 

45087 

45081 

45080 

45083

45085

45089 -  

45092 

45091

45090

45095

1 2a-1
12a—2

1 b:r y o s o a n  

1

12 a - 2

1 2 a - 3

12 a - 4

3

5

3

45094

45096

1

1

2

1

2

1 b r y o s o a n  

1 

1 

1

1 b r y o z o a n

2 

2 

1 

9 

2 

1 

1

1 b r y o s o a n  

1

p s e u d o c o l o n y

p s e u d o c o l o n y

p s e u d o c o l o n y
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A 5093 12 a -4 3

4 5098 12 a - 5 4

4 3 0 9 7 ( a ) It 1

4 5 0 9 7 (1 ) t t 1

45646 It 2

4 5099 " n u m ero u s

45100 t t 1 p e l e c y p o d

4 5 1 0 1 ( a ) 12a-6 1

4 5 1 0 1 ( b ) It 1

45103 ft 1

4 5 1 0 2 t t 2

45104 12 a - 7 12 b a y  o so  a n

45105 1 2 a -9 1

45107 i t 1

45108 i t 1

45106 t i 1

45109 12b—1 1

45110 i t 1

■45111 12b-2 9 b r y o s o a n

45112 " 12b-3 1

45113 12 c —1 1 b r y o z o a n

45114 n 1

45115 12d.—1 1

45116 t i 2

4 5 1 1 7 ( a ) 13-1 1

4 5 1 1 7 ( b ) i i 1

c o l o n y

p s e u d o c o l o n y  

c o l o n y
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4 5 1 1 7 ( c ) 13-1 7

4 5 1 1 7 ( d ) It 5

4 5 1 1 7 ( e ) It 1

4 511S It 1

4 5120 I t 1

4 5 1 2 1 ( a ) II 6 t r y o z o a n

4 5 1 2 1 ( 1 ) ft 2 I r a c h i 0 pod

4561 1 IT 3

COlT\ tl 1

4 5 1 2 2 11 1

4 5 1 2 3 ( a ) 13-2 1

4 5 1 2 3 ( 1 ) IT 1

4 5 1 2 3 ( c ) IT 1 I r y o z o a n

4 5 1 2 3 (d ) 11 1

4 5 1 2 3 ( e ) If 1

4 5 1 2 3 ( f ) II 1

4 5 1 2 3 (g )

4 5 1 2 3 (1 )

II

II

1

4 5 1 2 3 ( 1 ) f t 1

4 3 1 2 3 ( 0 ) II 1

45128 11 1 b r y 0 z o a n

45126 II 1 I r y o z o a n

45129 11 1 I r y o s o a n

4 5125 II 1

45127 11 1

45124 11 1

p s e u d o c o l o n y
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4 51 30 1 3 - 2 2

4 5 1 3 1 ( a ) 131-1 1

4 5 1 3 1 (1 ) It 1

4 5 1 3 1 ( c ) t t 1

4 5 1 3 1 ( d ) It 1

4 5 1 3 1 ( e ) ft 1

45132 t t 0£_

4 5444 I t

45135 11 2

45133 t t 1

45134 t t 1

45137 1 3b—2 1

45139 If 1

45138 f t 1

45136 I t 1

45140 13b-3 2

45141 14-3 3

45142 14-5 1

45143 14-6 1

1,161 a--1 M61 a 1

MS1 a--4 *1 1

UCGM 45148 I 9 f 1

45147 •1 1

45149 i t 3

4 5150 t i 1

45151 t i 2

br  y o a o a n

b r a c h i o p o d  

G. c a n a d e n s i s

b r y o z o a n

b r y o s o a n

p e l e c y p o d

p s e u d o c o l o n y
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A p p e n d i x  1 1 . — S t r e p t e l a s r n a  a f f i n i s  ( B i l l i n g s ,  1865) 

P a l i p h y l l u m  e l l  i  s e n s  i s  ( T w e n h o f e l ,  1 9 2 8 ) :  i n t e r v a l e

b e t w e e n  r e g u l a r l y  s p a c e d  r u g a e .

A. S t r e p t e l a s r n a  a f f i n i s  

Kumber i n t e r v a l

GSC 1987b 10, 12, 13

YPM 555 (o n e  s p e c i m e n  i n  l o t )  8 ,  10, 10, 10, 12

YPM 555 (o n e  s p e c i m e n  i n  l o t )  8 ,  8 ,  11

YPIvI 3 0 6 3 /5 7  (one  s p e c i m e n  i n  l o t )  8 ,  9,  10, 10, 10,

12

P .  P a l i p i i y l l u m  e l l i s e n s i s

YPM 10388A 7 ,  7 ,  11

YPM 3 0 6 3 /5 7  (one  s p e c i m e n  i n . l o t )  7 ,  7

YPM 3 0 6 3 /5 7  (one  s p e c i m e n  i n  l o t )  7 ,  7

YPM 3 0 6 3 /5 2  10,  10, 11

YPM 3 0 6 3 /5 8  6 ,  7 ,  8 ,  8

and

(mm)

, 1 2 , 12 

10 , 11 ,
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A p p e n d i x  1 2 . — C r e w i n g k i a  c a n a d e n s i s  ( k i l l i n g s ,  1862) 

c o r a l l i t e  l e n g t h  ( 1 ,  mm) and  d e p t h  o f  c a l y x  ( d ^ ,  inm)

iiumher 1 dc <-V/i

UCGM 4 5161 80 30 0 . 3 8

45164 60 20 0 . 3 3

45169 65 30 0 . 4 6

45185 65 18 0 . 2 8

45191 73 22 0 . 3 0

45192 65 27 0 . 4 2

45220 78 27 0 . 3 5

45289 53 28 0 . 5 3

45318 60 21 0 . 3 5

45358 62 22 0 . 3 5
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