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Preface 

This b u l l e t i n ,  under t h e  genera l  t i t l e  "Contributions 
t o  Canadian Paleontology", con ta ins  t h r e e  papers t h a t  
desc r ibe  c o r a l s ,  conodonts, t r i l o b i t e s  and t r a c e s  of 
t h e  a c t i v i t y  of worms and arthropods on t h e  s e a f l o o r  
of an e a r l y  Paleozoic sea .  

These s t u d i e s  i n d i c a t e  depos i t iona l  environments 
and provide a b a s i s  f o r  p r e c i s e  pa leon to log ica l  
c o r r e l a t i o n s  t h a t  a r e  necessary f o r  accurate  d a t i n g  
and s t r a t i g r a p h i c  and economic analyses  of rocks forming 
the  sedimentary bas ins  of e a s t e r n  Canada. 

Ottawa, Apri l  1979 

D . J .  McLaren 
Di rec to r  General 
Geological  Survey of Canada 
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CONTRIBUTIONS TO CANADIAN PALEONTOLOGY 

A LATE ORDOVICIAN FOSSIL ASSEMBLAGE FROM AN OUTLIER 
NORTH OF ABERDEEN LAKE, DISTRICT OF KEEWATIN 

Thomas E. Bolton and Codfrey S. Nowlan 

Abstract Rksurnt? 

A L a t e  Ordov ic i an  f o s s i l  assemblage is  d e s c r i b e d  
from l i m e s t o n e  of  an  o u t l i e r  on  t h e  Canadian S h i e l d ,  
n o r t h  o f  Aberdeen Lake, D i s t r i c t  of  Keewatin.  The 
megafaunal assemblage i n c l u d e s  t h e  c o r a l  gene ra  
P a l a e o p h y l l u m ,  L o b o c o r a l l i u m ,  B i q h o r n i a ,  G r e w i n g k i a ,  
S a f f o r d o p h y l l  um, T r a b e c u l  i tes ,  C a l a p o e c i a  , 
P r o t r o c h i s c o l i t h u s ,  P a l e o f a v o s i t e s ,  T o l l i n a ,  and 
T r o e d s s o n i t e s ,  and a  new s p e c i e s  of  t h e  cephalopod 
A r m e n o c e r a s .  Most of t h e  c o r a l  s p e c i e s  a r e  charac-  
t e r i s t i c  o f  t h e  C h u r c h i l l  R ive r  Group o f  t h e  Hudson 
Bay a r e a .  The conodont fauna i n c l u d e s  t h e  b i o s t r a t i -  
g r a p h i c a l l y  d i a g n o s t i c  s p e c i e s  P l e q a g n a t h u s  d a r t o n i  
s . f . ,  P. n e l s o n i  s . f .  and B e l o d i n a  p r o f u n d a ,  i n d i c a t i n g  
a  l a t e  Maysv i l l i an  t o  Richmondian a g e .  Three  new 
s p e c i e s  of P a n d e r o d u s  a r e  d e s c r i b e d ,  b u t  n o t  named 
f o r m a l l y ,  and a  s p e c i e s  of W a l l i s e r o d u s  s i m i l a r  t o  
S i l u r i a n  forms i s  d e s c r i b e d  and d i s c u s s e d .  

Dans l e  p r e s e n t  r a p p o r t ,  o n  d C c r i t  un assemblage d e  
f o s s i l e s  d ' z g e  o r d o v i c i e n  s u p s r i e u r ,  d 6 c o u v e r t s  dans  
l e s  t e r r a i n s  c a l c a i r e s  d ' une  a v a n t - b u t t e  du B o u c l i e r  
canad ien ,  au  hord du l a c  Aberdeen dans  l e  d i s t r i c t  de  
Keewatin.  L 'assemblage megafaunique comprend l e s  
genres  d e  coraux:  P a l a e o p h y l l u m ,  L o b o c o r a l l i u m ,  
B i g h o r n i a ,  G r e w i n g k i a ,  S a f f o r d o p h y l l u r n ,  T r a b e c u l i  t es ,  
C a l a p o e c i a ,  P r o t r o c h i s c o l i t h u s ,  P a l e o f a v o s i t e s ,  
T o l l i n a  e t  T r o e d s s o n i t e s ,  et une n o u v e l l e  e s p s c e  d e  
ccphalopode a p p a r t e n a n t  a u  g e n r e  A r m e n o c e r a s .  La 
p l u p a r t  d e s  esp'eces d e  c o r a u x . s o n t  c a r a c t s r i s t i q u e s  
du groupe d e  C h u r c h i l l  R ive r  d e  l a  r g g i o n  d e  l a  b a i e  
dlHudson. La f aune  5 conodontes  comprend l e s  esp'eces 
de  d i a g n o s t i c  b i o s t r a t i g r a p h i q u e  P l e g a g a n t h u s  d a r t o n i  
s . f . ,  P.  n e l s o n i  s . f .  e t  B e l o d i n a  p r o f u n d a ,  q u i  
i n d i q u e n t  un Pge compris  e n t r e  l e  M a y s v i l l i e n  s u p c r i e u r  
e t  l a  Richmondien. On d g c r i t  t r o i s  n o u v e l l e s  esp'eces 
d e  P a n d e r o d u s ,  mais  on n e  l e u r  a  p a s  a t t r i b u 6  d e  nom 
p r c c i s ;  on d 6 c r i t  a u s s i  une  e s p e c e  d e  W a l l i s e r o d u s  
semblage aux  formes s i l u r i e n n e s .  

INTRODUCTION 

O u t l i e r s  o f  P a l e o z o i c  r o c k s  a r e  known from 
w i d e l y  s e p a r a t e d  l o c a l i t i e s  on t h e  Canadian  
S h i e l d  (Ca ley  and L i b e r t y ,  1957; Ambrose, 
1964; B i r d ,  1972, f i g .  10-1) .  Most o f  t h e s e  
have been a s s i g n e d  an  Ordovic ian  a g e .  D e f i n i t e  
S i l u r i a n  f o s s i l s  have been i d e n t i f i e d  o n l y  
from t h e  Lake Timiskaming a r e a ,  O n t a r i o  and 
Quebec.  Few of  t h e  f o s s i l  c o l l e c t i o n s  have 
been s t u d i e d  i n  d e t a i l ,  t h e y  a r e  main ly  t h e  
s u b j e c t  o f  c u r s o r y  e x a m i n a t i o n s  f o r  l i s t i n g  
i n  more r e g i o n a l  g e o l o g i c a l  r e p o r t s .  

Recent  s y s t e m a t i c  s t u d i e s  o f  e i t h e r  a  
p o r t i o n  o r  a l l  o f  t h e s e  f o s s i l s  g a t h e r e d  
from P a l e o z o i c  o u t l i e r s  i n c l u d e  t h o s e  on t h e  
Middle Ordovic ian  o s t r a c o d e s  (Copeland,  1965) 
and c o r a l s  ( S i n c l a i r ,  1961; B o l t o n ,  1 9 7 7 ) ,  and 
S i l u r i a n  f a u n a  ( B o l t o n  and Copeland,  1972) o f  
t h e  Lake Timiskaming o u t l i e r ,  O n t a r i o  and 
Quebec,  Middle  o r  e a r l y  l a t e  O r d o v i c i a n  f a u n a  
( W a l t e r s  e t  a l . ,  1976) o f  Lake Waswanipi,  
Quebec,  and Middle O r d o v i c i a n  c o r a l s  ( B o l t o n ,  
1965)  o f  Lake Manicouagan, Quebec. R e l a t e d  
p a l e o n t o l o g i c a l  s t u d i e s  i n c l u d e  t h o s e  o f  t h e  
L a t e  Ordovic ian  f a u n a  o f  n o r t h e r n  Mani toba 
(Nelson ,  19631, l a t e  Middle  and L a t e  O r d o v i c i a n  
assemblages  from Southampton I s l a n d ,  Hudson 
Bay ( B o l t o n ,  i n  p r e p . ) ,  Akpatok I s l a n d ,  Ungava 
Bay (Workum e t  a l . ,  1976)  , and S i l l i m a n ' s  
F o s s i l  Mount and Foxe Lowland, s o u t h e r n  B a f f i n  
I s l a n d ,  and M e l v i l l e  P e n i n s u l a ,  Dis t r ic t  o f  
F r a n k l i n  ( B o l t o n ,  1977;  c o p e l a n d ,  1977;  B a r n e s ,  
1 9 7 7 ) .  

F o s s i l s  c o l l e c t e d  by J.A. Donaldson i n  
1963 (GSC l o c a l i t y  57572i and M.R. Michaud o f  
Western Mines L i m i t e d  i n  1977 (GSC l o c a l i t y  
95286) from a n  o u t l i e r  a b o u t  35 km n o r t h  o f  
Aberdeen Lake (65057'N, 980501w),  which i s  a t  
l e a s t  500 km w e s t  o f  Hudson Bay, form t h e  
b a s i s  o f  t h e  p r e s e n t  s t u d y .  The megafauna 
were de te rmined  by Bol ton  and t h e  m i c r o f a u n a  
(conodonts )  by Nowlan. P e r m i s s i o n  t o  examine 
and d e s c r i b e  t h e  m a t e r i a l  c o l l e c t e d  by Western 
Mines L i m i t e d ,  T o r o n t o ,  i s  much a p p r e c i a t e d .  
A l l  i l l u s t r a t e d  f o s s i l s  have been a s s i g n e d  t o  
t h e  N a t i o n a l  Type C o l l e c t i o n  o f  I n v e r t e b r a t e  
and P l a n t  F o s s i l s ,  G e o l o g i c a l  Survey o f  Canada 
(GSC) , Ottawa.  

GEOLOGICAL SETTING 

The Aberdeen Lake o u t l i e r  c o v e r s  a b o u t  38 km' 
and i s  i n d i c a t e d  by two o u t c r o p s  and r u b b l e  o f  
P a l e o z o i c  c a r b o n a t e  r o c k s ,  r e s u l t i n g  from f r o s t  
heave ,  s t r e w n  o v e r  t h e  a r e a  ( F i g .  1, 2 ) .  I ts  
p r e s e n c e  was f i r s t  p o s t u l a t e d  by Wrigh t  (1955,  
p.  11). Subsequent  mapping by Donaldson 
(1965; 1969) d i s c l o s e d  an o u t c r o p  of  f l a t -  
l y i n g  f l a g g y  l i m e s t o n e  exposed f o r  more t h a n  
275 m a l o n g  a  s t r e a m  v a l l e y  ( F i g .  3 ,  4 )  and 
a b u n d a n t  l i m e s t o n e  r u b b l e  s c a t t e r e d  w i t h i n  a n  
ova l - shaped  a r e a  a b o u t  8  km long  and 4.8 km 
wide.  The r o c k s  " a r e  g r e y ,  b u f f -  t o  g r e y  
w e a t h e r i n g ,  f i n e l y  c r y s t a l l i n e  l i m e s t o n e  t h a t  
c h a r a c t e r i s t i c a l l y  a r e  s o f t  and f r i a b l e "  
(Donaldson,  1965,  p .  7)  , t h e  bedding  u n d u l a t o r y  
t o  i r r e g u l a r .  

O r i g i n a l  manuscr ip t  r ece ived :  1978-3-23; 
Approved f o r  pub1 i c a t i o n :  1978-6-14. 

Geological  Survey of  Canada, B u l l e t i n  321, 1979. 



Figure 1 .  Area u n d e r l a i n  by Ordovic ian carbonate showing l o c a t i o n  o f  sec t ions  1 and 2. (NAPL A15329-126) 



Figure 2. Shaded area u n d e r l a i n  by Paleozoic  o u t l i e r  n o r t h  o f  Aberdeen Lake, 
D i s t r i c t  o f  Keewatin, and l o c a t i o n  o f  major ( I )  and minor (2) sec t ions .  

F igure 3. MaJor sec t ion  Upper Ordovic ian l imestone n o r t h  F igure  4. Closer view o f  l imestone, r i g h t - c e n t r e  o f  
o f  Aberdeen Lake, D i s t r i c t  o f  Keewatin; l o c a l i t y  1 on F igure  3. (GSC 119592, J.A. Donaldson, 1965) 
F igure 2. (GSC 119591, J.A. Donaldson, 1965) 
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Accord ing  t o  M.R.  Michaud ( l e t t e r  T a b l e  1. 
December 9 ,  1 9 7 7 ) ,  d u r i n g  t h e  c o u r s e  o f  t h e  Ordovic ian  megafauna from n o r t h  o f  
1977 Dubawnt P r o j e c t  of Western Mines L i m i t e d ,  Aberdeen Lake, D i s t r i c t  o f  Keewatin 
a n o t h e r  s m a l l  l i m e s t o n e  ou tc roD was d i s c o v e r e d  
a p p r o x i m a t e l y  4 . 8  km s o u t h e a s t  o f  t h e  o u t c r o p  
of Donaldson. Both o u t c r o p s  c o n s i s t  o f  f l a t -  
l y i n g ,  h i g h l y  f r a c t u r e d ,  f i n e l y  c r y s t a l l i n e ,  
g r e y  f o s s i l i f e r o u s  l i m e s t o n e ,  wea thered  b u f f  
t o  g r e y .  More t h a n  3 m o f  l i m e s t o n e  a r e  
exposed f o r  a b o u t  500 m a l o n g  t h e  s t r e a m  v a l l e y  
i n  t h e  l a r g e r  o u t c r o p  and 0 .9  m f o r  6  m i n  t h e  
second ,  s m a l l e r  o u t c r o p .  F o s s i l s  were found 
t h r o u g h o u t  t h e  l i m e s t o n e  r u b b l e  a r e a ,  w i t h  t h e  
h e a v i e s t  c o n c e n t r a t i o n  i n  t h e  s o u t h e r n  h a l f .  

PALEONTOLOGY 

Megafauna 

The m e g a f o s s i l s  r e c o g n i z e d  i n  t h e  Donaldson 
(GSC l o c .  57572) and Michaud (GSC l o c .  95286) 
c o l l e c t i o n s  a r e  l i s t e d  i n  T a b l e  1. The 
comple teness  and p r e s e r v a t i o n  o f  t h e  f o s s i l s  
and a n g u l a r  n a t u r e  o f  t h e  a s s o c i a t e d  r u b b l e  
a l l  i n d i c a t e  t h a t  l i t t l e  i f  any t r a n s p o r t  h a s  
o c c u r r e d .  

Large ,  comple te  c o r a l  c o l o n i e s  and 
specimens o f  one l a r g e  cephalopod s p e c i e s  
p redomina te .  The r u g o s e  c o r a l  combina t ion  o f  
Lobocorall i urn-Bighornia-Grewingkia -Deiracorall i urn i S 

a  t y p i c a l  North  American I d a t e  O r d o v i c i a n  
a s s o c i a t i o n ,  a s  i s  t h e  t a b u l a t e  c o r a l  assem- 
b l a g e  Troedssonites-Tollina-Calapoecia-Saffordophyllum- 
Paleofavosites. A l l  c o r a l  s p e c i e s  r e c o g n i z e d  i n  
t h e  Aberdeen Lake o u t l i e r ,  e x c e p t  Troedssonites 
flexibilis S o l o l o v ,  a r e  common t o  t h e  C h u r c h i l l  
R i v e r  Group, f a r t h e r  e a s t  i n  t h e  Hudson Bay 
a r e a  (Nelson ,  1 9 6 3 ) .  Both Nelson (1963) and 
Barnes  (1974)  a s s i g n e d  a  l a t e  M a y s v i l l i a n  t o  

Richmondian a g e ,  p r o b a b l y  Richmondian, t o  t h e  
C h u r c h i l l  R i v e r  l i m e s t o n e  o f  n o r t h e r n  Mani toba 
and Southampton I s l a n d .  

Some of t h e  Aberdeen Lake c o r a l s ,  
i n c l u d i n g  Protrochiscolithus cummingi B o l t o n ,  a r e  
a l s o  common e l e m e n t s  t o  t h e  n o r t h e a s t  w i t h i n  
t h e  Upper Ordovic ian  p o r t i o n  o f  Lang R i v e r  
Formation on Somerse t  I s l a n d ,  D i s t r i c t  o f  
F r a n k l i n  (Dixon, 1 9 7 5 ) .  To t h e  w e s t ,  an  
e q u i v a l e n t  c o r a l  assemblage ,  c h a r a c t e r i s t i c  
o f  t h e  L a t e  O r d o v i c i a n  Bighornia-Thaerodonta f a u n a ,  
is  p r e s e n t  i n  t h e  lower  and midd le  members o f  
t h e  Mount K i n d l e  Format ion ,  s o u t h e r n  F r a n k l i n  
Mountains ,  D i s t r i c t  o f  Mackenzie (Nor ford  and  
Macqueen, 1 9 7 5 ) .  

The f o s s i l s  c o l l e c t e d  by Donaldson from 
t h e  Aberdeen Lake o u t l i e r  ( S i n c l a i r ,  GSC F o s s i l  
Repor t  2-1964-GWS; i n  Donaldson, 1965,  p .  7 ) ,  
d e s p i t e  some p e r p l e x i n g  d i f f e r e n c e s  s u c h  a s  
t h e  a b s e n c e  o f  t h e  u s u a l l y  abundant  g a s t r o p o d  
Maclurites, were r e g a r d e d  a s  n e a r l y  t h e  same 
a g e  a s  t h o s e  from t h e  Nicho lson  Lake o u t l i e r  
(62040tN,  1 0 2 ~ 5 0 ' ~ ) ~  some 300 km s o u t h w e s t .  
Those Nicho lson  Lake c o L l e c t i o n s  were c o n s i d e r e d  
by S i n c l a i r  ( i b i d . )  t o  b e  r e p r e s e n t a t i v e  o f  t h e  
Red R i v e r  f a u n a  o f  Mani toba,  and o f  l a t e  Middle  
Ordovic ian  a g e .  The new c o l l e c t i o n s  from 
Aberdeen Lake c h r o n o l o g i c a l l y  s e p a r a t e  t h i s  
o u t l i e r  from a l l  o t h e r  o u t l i e r s  on t h e  Canadian  
S h i e l d ,  d e f i n i n g  a  l a t e  Upper O r d o v i c i a n  r a t h e r  
t h a n  t h e  more p r e v a l e n t  l a t e  Middle o r  e a r l g  
Upper O r d o v i c i a n  age .  

Megaf auna 

ALGAE 

Cyclocrinites s p .  

STROMATOPOIlOIDEA 

Cystostroma s p  . 
ANTHOZOA 

*Palaeophyllum raduquini 
Nelson  v a r .  

*Bighornia bottei Nel son  

Deiracoralli urn giganteum 
Nelson  

"Grewingkia s p .  

*Lobocoralliurn major Nel son  

*Nyctopora s p .  

*Saffordophyllurn 
churchillensis (Nelson)  

*Trabeculi tes rnani tobensis 
(Ne l son )  

*Calapoecia ungava Cox 

*Protroc1~iscolithus cummingi 
B o l t o n  

*Paleofavosites sp. 

Ca tenipora s p  . 
*Tmllina irregularis ( T e i c h e r t )  

*Tollina sp. a f f .  T. feildeni 
( E t h e r i d g e )  

*Troedssoni tes flexibilis 
Soko lov  

~CHINODERMATA 

Columnal d e b r i s ,  b o t h  round 
and  p e n t a g o n a l  

BRACHIOPODA 

P l a e s i o m y i d  - Dinorthis (?) s p .  

"Rafinesquinid 

GASTROPODA 

Trochonema s p .  cf . T. coxi 
Wilson  

CEPHALOPODA-NAUTILOIDEA 

Cyclendoceras s p .  i n d e t .  

*Armenoceras michaudae n . s p  . 
Diestoceras sp. i n d e t .  

TRILOBITA 

P r a g ~ n e n t s  i n d e t  . 
OSTRACODA 

Smooth t i n y  form,  i n d e t .  

*Spec i e s  i l l u s t r a t e d  

GSC 
l o c a l i t i e s  

57572 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

c o l l e c t i n g  

95286 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 



Microfauna T a b l e  2 

About 1800 g  o f  r o c k  were d i s s o l v e d  from GSC 
l o c a l i t y  57572 and a b o u t  1200 g  from GSC 
l o c a l i t y  95286. One hundred and n i n e t e e n  
conodont  e l e m e n t s  were r e c o v e r e d .  The l o c a l - .  
i t i e s  and conodont  specimens found i n  t h e  
samples  a r e  shown i n  T a b l e  2. 

The fauna  i s  dominated by s i m p l e  and 
d e n t i c u l a t e  cones  and i s  t y p i c a l  o f  M i d c o n t i n e n t  
P r o v i n c e  (Barnes  e t  a l . ,  1973)  w i t h  t h e  excep-  
t i o n  o f  Amorphoqnathus s p .  The fauna  i n d i c a t e s  
a  La te  O r d o v i c i a n ,  upper  M a y s v i l l i a n  t o  
Richmondian a g e .  

Plegagna thus  d a r t o n i  ( S t o n e  and F u r n i s h )  and 
P .  n e l s o n i  E t h i n g t o n  and F u r n i s h  have been 
r e p o r t e d  from l o o s e  b l o c k s  of 'Shamattawa 
l i m e s t o n e '  o f  n o r t h e r n  Manitoba ( E t h i n g t o n  and 
F u r n i s h ,  1 9 5 9 ) ,  t h e  upper  p a r t  o f  t h e  Bighorn 
Formation o f  Wyoming ( S t o n e  and F u r n i s h ,  1 9 5 9 ) ,  
and t h e  Stony Mountain Formation of s o u t h e r n  
Manitoba ( E t h i n g t o n  and F u r n i s h ,  1 9 6 0 ) ,  a l l  
c o n s i d e r e d  t o  b e  Richmondian i n  a g e .  These  
s p e c i e s  have  a l s o  been r e p o r t e d  from t h e  I r e n e  
Bay Formation of  t h e  Canadian A r c t i c  I s l a n d s  
(Weyant, 1968; Barnes ,  1974) b e l i e v e d  
M a y s v i l l i a n  i n  a g e .  Plegagna thus ,  c o n s i d e r e d  
i n d i c a t i v e  o f  Fauna 1 2  (Sweet e t  a l . ,  1971) 
r a n g e s  from l a t e  M a y s v i l l i a n  t h r o u g h  Richmondian 
(Sweet and ~ e r g s t r o m ,  1 9 7 6 ) .  Fauna 1 2  i s  a l s o  
known i n  t h i s  r e g i o n  from s t r a t a  o f  t h e  
C h u r c h i l l  R i v e r  Group on Southampton I s l a n d ,  
n o r t h e r n  Hudson Bay ( B a r n e s ,  1 9 7 4 ) .  

Be lod ina  profunda (Branson and Mehl) a l s o  
i n d i c a t e s  a  l a t e  M a y s v i l l i a n  t o  Richmondian 
a g e ,  b e i n g  known from upper  Fauna 11 and 
Fauna 1 2 .  Panderodus b r e v i u s c u l u s  Barnes  i s  h e r e  
r e p o r t e d  f o r  t h e  second  t i m e ,  b e i n g  p r e v i o u s l y  
known o n l y  from t h e  o l d e r  Bad Cache Rapids  
Format ion ,  M e l v i l l e  P e n i n s u l a ,  D i s t r i c t  o f  
F r a n k l i n  (Barnes ,  1 9 7 7 ) .  Nondiagnos t ic  s i m p l e  
cones  (e .g  . Panderodus g r a c i l i s  (Branson and Mehl) 
and Drepano i s todus  s u b e r e c t u s  (Branson and Mehl) ) 
n u m e r i c a l l y  domina te  t h e  f a u n a .  A few 
p r e v i o u s l y  u n d e s c r i b e d  s p e c i e s  of Panderodus 
E t h i n g t o n  a r e  a l s o  p r e s e n t  and may prove  
s t r a t i g r a p h i c a l l y  u s e f u l  i n  t h e  f u t u r e .  

The o c c u r r e n c e  o f  W a l l i s e r o d u s  c f .  W .  c u r v a t u s  
(Branson and Branson)  i s  of  c o n s i d e r a b l e  
i n t e r e s t .  T h i s  s p e c i e s  c l o s e l y  r e s e m b l e s  t h e  
S i l u r i a n  s p e c i e s  from t h e  B r a s s f i e l d  Format ion  
of  Ohio (Cooper,  1975) w i t h  which i t  i s  
compared. 

I n  a  s t u d y  of  t h e  O r d o v i c i a n - S i l u r i a n  
boundary i n  e a s t e r n  M i s s o u r i ,  Thompson and 
S a t t e r f i e l d  (1975,  p .  70) used t h e  o c c u r r e n c e  
of P a l t o d u s  d y s c r i t u s  Rexroad s . f  . ( a  c o n s t i t u e n t  
o f  m u l t i e l e m e n t  W. c u r v a t u s )  t o  i n d i c a t e  E a r l y  
S i l u r i a n  a g e .  I n  s e v e r a l  s e c t i o n s ,  t h e y  
r e c o v e r e d  specimens o f  P .  d y s c r i t u s  s .  f  . i n  
a s s o c i a t i o n  w i t h  Amorphognathus o r d o v i c i c u s  Branson 
and Mehl, and r e g a r d e d  spec imens  o f  t h e  l a t t e r  
a s  reworked.  The o c c u r r e n c e  o f  w. c f .  w. c u r v a t u s  
i n  t h e  Aberdeen Lake o u t l i e r  o f  undoubted 
O r d o v i c i a n  a g e  s u g g e s t s  t h a t  t h e  mixed f a u n a s  
o f  Thompson and S a t t e r f i e l d  (1975) m i g h t  b e  o f  
O r d o v i c i a n  a g e .  

Conodonts and i n c e r t a e  s e d i s  f rom 
n o r t h  o f  Aberdeen Lake,  D i s t r i c t  o f  Keewatin  

Microfauna GSC c o l l e c t i n g  

Acodus sp. s. f. 

Amorphognathus sp. 

rami form 

holodontiform 

anbalodiform 

platform 

Be lod ina  compressa (Branson 
and Mehl) 

B .  profunda (Branson and 
Mehl) 

Drepano i s todus  s u b e r e c t u s  
(Branson and Mehl) 

homocurvatiform 

oistodif orm 

Panderodus b r e v i  u s c u l  u s  Barnes 

P. f e u l n e r i  (Glenister) s.f. 

P .  g r a c i l i s  (Branson and Mehl) 

compressiform 

graciliform 

P. pander i  (Stauf fer) 

P. n. sp. A s.f. 

P. n. sp. B s.f. 

asymmetrical 

subsymmetrical 

P. n. sp. C s.f. 

Plegagnathus  d a r t o n i  (Stone and 
Furnish) s. f . 

P. n e l s o n i  Ethington and 
Furnish s.f. 

W a l l i s e r o d u s  cf. W .  c u r v a t u s  
(Branson and Branson) 

acodontiform 

acodif orm 

distacodiform 

acontiodiform 

TOTAL 71 4 8  

I n c e r t a e  s e d i  s 

Milaculurn e t h i n c l a r k i  ~ u l l e r  2 - 

Phosphannul u s  u n i  v e r s a l i s  Miiller 1 - 
Nogami and Lenz 

Form A 1 - 

Form B 6 - 



SYS'TEMATlC PALEONTOLOGY Bighorn ia  b o t t e i  Nelson 

P l a t e  1, f i g u r e s  5-7 Megafauna (T.E. Bolton) 

Anthozoa, Rugosa 

Palaeophy l l  um r a d u g u i n i  Nelson v a r  . 
P l a t e  3,  f i g u r e s  1, 2, 5  

C o r a l l a  from Aberdeen Lake f r a g m e n t a r y ,  
p h a c e l o i d ,  b u t  one  c o r a l l u m  1 7  mm wide and  
16 mm h i g h ;  i n  t r a n s v e r s e  s e c t i o n ,  c o r a l l i t e s  
i n  c a t e n i f o r m  ar rangement ,  d i a m e t e r s  r a n g i n g  
from 2 . 3  t o  3.5 mm i n  hypotype 57695 and 3.4 
t o  4.4 mm i n  hypotype 57694, 11 t o  1 4  major  
s e p t a ,  u s u a l l y  1 3 ,  some o f  which e x t e n d  t o  
t h e  c e n t r e  and j u s t  u n i t e  a l t h o u g h  two o r  
t h r e e  may u n i t e  p r i o r  t o  r e a c h i n g  t h e  c e n t r e ,  
minor s e p t a  v e r y  s h o r t ,  e i t h e r  embedded i n  t h e  
t h i c k  w a l l s  o r  e x t e n d i n g  o n l y  a  s h o r t  d i s t a n c e  
beyond; i n  t r a n s v e r s e  s e c t i o n ,  c o r a l l i t e s  
v a r i a b l e  i n  w i d t h ,  i n c r e a s i n g  t h r o u g h  l a t e r a l  
budding,  t a b u l a e  a r c h e d ,  5  1/2 t o  6  i n  5  mm 
l e n g t h  o r  2 p e r  2 . 1  mm d i a m e t e r ,  crowded i n  
nar rower  c o r a l l i t e s  t o  1 5  o r  16 i n  5  mm l e n g t h .  

Remarks. I n  c o r a l l i t e  d i a m e t e r  and  number o f  
m a j o r  s e p t a ,  t h e s e  specimens c l o s e l y  r e s e m b l e  
P. g r a c i l e  Flower from t h e  Second Value Forma- 
t i o n ,  Montoya Group, of Texas b u t  t h a t  s p e c i e s  
h a s  a  s m a l l  c e n t r a l  r e g i o n  f r e e  o f  s e p t a .  P .  
p a s e n s e  S t e a r n  from t h e  S t o n e w a l l  Format ion  o f  
s o u t h e r n  Manitoba h a s  c o r a l l i t e s  3.0 t o  4 .5  mm 
i n  d i a m e t e r  b u t  a g a i n  t h e  15 major  s e p t a  a r e  
n o t  q u i t e  j o i n e d  a t  t h e  c e n t r e .  P. r a d u g u i n i  
P?elson from t h 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  Manitoba i s  i d e n t i c a l  w i t h  t h e  
Aberdeen Lake specimens e x c e p t  t h a t  t h e  t y p e  
specimens have  16 t o  1 8  major  s e p t a .  

Types.  Hypotypes ,  GSC 57694, 57695. .- 

Bighorn ia  b o t t e i  Nelson,  1963 ,  p .  41 ,  D l .  5 ,  f i g .  6 ;  
P I .  9 ,  f i g .  5 ,  6 ;  P 1 .  1 1 ,  f i g .  5-8; PI. 1 2 ,  f i g .  1-4 

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  from Aberdeen 
Lake w i t h  t r o c h o i d  t o  c e r a t o i d  c o r a l l i t e ,  
l e n q t h  and d i a m e t e r  r a n g i n g  from 37 by 37 mm 
(hypotype  57696) t o  70 by 40 mm (hypotype  
5 7 6 9 7 ) ,  apex  s l i g h t l y  f l a t t e n e d  i n  p l a n e  o f  
a l a r  s e p t a ,  main ly  c i r c u l a r  t h r o u g h o u t  
remainder  o f  c o r a l l i t e ;  i n  t r a n s v e r s e  s e c t i o n ,  
c a r d i n a l  septum and f o s s u l a  on concave s i d e ,  
50 t h i n  m a j o r  s e p t a  a t  35 mm from apex ,  t i p s  
merging t o  form broad  s i m p l e  a x i a l  complex 
w i t h  s o l i d  " p a l i c o l u m e l l a " ,  minor  s e p t a  3.0- 
4 .0  mm l o n g  g e n e r a l l y  c o n f i n e d  t o  s t e r e o z o n e ;  
i n  l o n g i t u d i n a l  s e c t i o n ,  c y s t o s e  t a b u l a e  
numerous. 

Remarks. T h i s  s p e c i e s  i s  c h a r a c t e r i s t i c  o f  t h e  
Upper O r d o v i c i a n  S u r p r i s e  Creek Format ion ,  
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  Mani toba.  

Types.  Hypotypes ,  GSC 57696, 57697. 

Grewingkia  Sp. 

P l a t e  1, f i g u r e s  1, 3 ,  4 

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  w i t h  c e r a t o i d  
c o r a l l i t e  85 mm l o n g  and a  maximum d i a m e t e r  o f  
40 mrn; i n  t r a n s v e r s e  s e c t i o n ,  c a r d i n a l  f o s s u l a  
on convex s i d e ,  46 t r a b e c u l a t e  major  s e p t a  a t  
55 and 70 mm from apex  t w i s t i n g  t o  form a  
f i n e l y  vermiform a x i a l  complex from one  t h i r d  
t o  one h a l f  t h e  d i a m e t e r  o f  t h e  c o r a l l u m ,  
s e c o n d a r y  s e p t a  6.0 mm l o n g  embedded i n  a  
5.0 mm t h i c k  s t e r e o z o n e ;  i n  l o n g i t u d i n a l  s e c t i o n  
t a b u l a e  s l i g h t l y  a r c h e d .  

Remarks. The more widespread  Grewingkia  r o b u s t a  
(Whiteaves)  i s  a  l a r g e r  s p e c i e s  w i t h  60 t o  80 

major  s e p t a  and  a  w i d e r ,  more complex a x i a l  
s t r u c t u r e .  

Type. F i g u r e d  spec imen ,  GSC 57698. 

P l a t e  1 

F i g u r e s  1, 3,  4 .  G r e w i n g k i a s p .  A l l  X2, f i g .  s p e c . ,  GSC 57698; GSC l o c .  
57572. (1, 3)  T r a n s v e r s e  s e c t i o n s ,  55 and 77 mrn from a p e x ,  showing f i n e l y  
vermiform a x i a l  complex. ( 6 )  L o n g i t u d i n a l  s e c t i o n  showing s l i g h t l y  a r c h e d  
t a b u l a e .  

F i g u r e  2. Lobocora l l i um  major  IJelson. T r a n s v e r s e  s e c t i o n ,  80 mm f rom apex ,  
X l ;  hypotype ,  GSC 57699; GSC l o c .  95286. 

F i g u r e s  5-7. Bighorn ia  b o t t e i  Nelson.  ( 5 ,  6)  O b l i q u e  t r a n s v e r s e  and a l a r  
l o n g i t u d i n a l  s e c t i o n s ,  X 1 ;  hypotype ,  GSC 57696; GSC l o c .  95286. ( 7 )  
T r a n s v e r s e  s e c t i o n ,  35 mm from a p e x ,  X2; hypotype ,  GSC 57697; GSC l o c .  
57572. 

F i g u r e s  8-10. T r a b e c u l i t e s  rnan i tobens i s  (Nelson)  . T r a n s v e r s e  and l o n g i t u d i n a l  
s e c t i o n s ,  X5 and e n l a r g e d  t r a n s v e r s e ,  X10, showing round w a l l  e x p a n s i o n s ;  
hypotype ,  GSC 57702; GSC l o c .  95286. 



PLATE 1 



Anthozoa, Tabulata T r a b e c u l i  tes mani t o b e n s i s  (Nelson)  

P l a t e  1, f i g u r e s  8-10 
Nyctopora s p  . 

P l a t e  2, f i g u r e s  3, 4 Lyopora m a ~ i t o b e n s i s  Nelson, 1963,  p .  47 ,  PI .  5 ,  
f i g .  3a, b ,  5a, b - 

Small  l aminar  c o r a l l u m  1 3  mm h i g h ;  i n  t r a n s v e r s e  Incomplete corallum f r o m  Aberdeen Lake hemi- 
s e c t i o n ,  c o r a l l i t e s  p o l y g o n a l ,  5- t o  6 - s i d e d ,  
2.0-2.2 mm i n  d i a m e t e r  b u t  r a n g i n g  from 1 .9  t o  s p h e r i c a l ,  c e r i o i d ,  220 mm wide and  70 mm 

h i g h ;  i n  t r a n s v e r s e  s e c t i o n ,  c o r a l l i t e s  
2.6 mm, w a l l s  t h i c k ,  s t r a i g h t ,  s h o r t  wedge- p o l y g o n a l ,  i r r e g u l a r l y  5- t o  6 - s i d e d ,  r a n g i n g  shaped  s e p t a ;  i n  l o n g i t u d i n a l  s e c t i o n ,  c o r a l l i t e  f rom 2 . 0  to 2 . 7  mm in diameter, walls thin 
d i a m e t e r s  range  between 1 . 8  t o  2.2 mm, t a b u l a e  composed of  alternating t h i n  and t h i c k  regions, 
t r a n s v e r s e ,  7  t o  8  i n  5  mm l e n g t h .  t h i c k e n e d  s e c t i o n s  f r e q u e n t l y  d i s t i n c t l y  
Remarks. The l a r g e  c o r a l l i t e s  d i s t i n g u i s h  
t h i s  example o f  ~ y c t o p o r a  from most  d e s c r i b e d  
s p e c i e s .  N .  m a c k e n z i e n s i s  Nelson from t h e  Bad 
Cache Rapids  Group o f  n o r t h e r n  Manitoba h a s  
even l a r g e r  c o r a l l i t e s ,  3.0 t o  3.5 nun i n  
d i a m e t e r .  

Type. F i g u r e d  specimen,  GSC 57700. - 

S a f f o r d o p h y l l u m  c h u r c h i l l e n s i s  (Nelson)  

P l a t e  2 ,  f i g u r e s  1, 2  

~ y o p o r a  c h u r c h i l l e n s i s  Nelson, 1963, p .  4 7 ,  P I .  6 ,  
fig. 4 ,  a ,  b 

Incomple te  c o r a l l u m  from Aberdeen Lake a t  
l e a s t  170 nun l o n g  and 50 mrn h i g h ;  i n  t r a n s v e r s e  
s e c t i o n ,  c o r a l l i t e s  i r r e g u l a r l y  p o l y g o n a l ,  
5- t o  6 - s i d e d ,  main ly  2 .0  t o  2 . 1  mm i n  d i a m e t e r  
b u t  r a n g i n g  from 1 . 7  t o  2.5 mm, f i b r o u s  w a l l s  
t h i n ,  l i g h t l y  c r e n u l a t e ,  s e p t a l  r i d g e s  w i t h  
s h o r t  s e p t a  a l t e r n a t e l y  d e v e l o p e d ,  r a r e l y  
p a i r e d ,  mural  p o r e s  few, l o c a t e d  b o t h  c l o s e  t o  
c o r n e r s  and i n  w a l l s ,  few t u b u l e s  o f  two s i z e s ;  
i n  l o n g i t u d i n a l  s e c t i o n ,  c o r a l l i t e  d i a m e t e r s  
range  from 1.0 t o  1 . 7  mm, t a b u l a e  comple te  t o  
l o c a l l y  i n c o m p l e t e ,  main ly  concave ,  14 t o  16 
i n  5  nun l e n g t h .  

Remarks. S a f f o r d o p h y l l u m  c h u r c h i l l e n s i s  (Nelson)  
from t h e  Upper Ordovic ian  Chasm Creek Forma- 
t i o n ,  C h u r c h i l l  R i v e r  Group o f  s o u t h e r n  Hudson 
Bay i s  s i m i l a r  t o  S .  newcombae Flower from t h e  
Middle Ordovic ian  Second Value Format ion ,  
Montoya Group o f  Texas and s. t r o e d s s o n i  S c r u t t o n  
from t h e  Upper Ordovic ian  Cantrum Formation o f  
n o r t h e a s t e r n  Greenland and Cape Calhoun 
Formation of  n o r t h w e s t e r n  Green land  i n  c o r a l -  

c i r c u l a r ,  weakly deve loped  ~ ~ f f o r d o ~ h ~ l l u n i - l i k e  
c r e n u l a t i o n s  i n  some normal  w a l l s ,  s e p t a l  
s p i n e s  s h o r t ,  u s u a l l y  a s s o c i a t e d  w i t h  s w o l l e n  
t r a b e c u l a e  b u t  n e v e r  a b u n d a n t ,  no m u r a l  p o r e s  
i d e n t i f i e d ,  few s u c h  f e a t u r e s  p r e s e n t  more 
l i k e l y  t h e  r e s u l t  o f  f r a c t u r i n g  o f  c o r a l l i t e  
w a l l  ( P l .  1, f i g .  1 0 ,  upper  r i g h t  c o r n e r ) ;  
i n  l o n g i t u d i n a l  s e c t i o n ,  c o r a l l i t e s  maximum 
d i a m e t e r  o f  2 . 1  mm, t a b u l a e  t r a n s v e r s e ,  
comple te  t o  r a r e l y  i n c o m p l e t e ,  m a i n l y  14 b u t  
r a n g i n g  from 11 t o  1 7  i n  5  mm l e n g t h .  

Remarks. T r a b e c u l i t e s  m a n i t o b e n s i s  (Nelson)  from 
t h e  Upper O r d o v i c i a n  Chasm Creek  F o r m a t i o n ,  
C h u r c h i l l  River Group, o f  n o r t h e r n  Mani toba 
d i f f e r s  o n l y  i n  t h a t  t h e  c o r a l l i t e s  a v e r a g e  
a b o u t  1 . 5  mm i n  d i a m e t e r .  I n  t u r n ,  T .  
mani t o b e n s i s  r e s e m b l e s  T .  m a c u l a t u s  Flower  from 
Upper O r d o v i c i a n  r o c k s  o f  Akpatok I s l a n d  i n  
c o r a l l i t e  d i a m e t e r  b u t  d i f f e r s  i n  t h e  g r e a t e r  
number o f  un i fo rm t a b u l a e  p e r  5  rnrn l e n g t h .  
The g e n e r a l  d imens ions  o f  T. m a n i t o b e n s i s  a r e  
c o n s i s t e n t  w i t h  S a f f o r d o p h y l l u m  newcombae Flower  
from t h e  Montoya Group and S. t r o e d s s o n i  S c r u t t o n  
from t h e  Centrum and Cape Calhoun f o r m a t i o n s .  
I t s  r e l a t i o n s h i p  t o  Fav j : s t e l l a  f r a n k l i n i  S a l t e r ,  
1852 is s t i l l  u n c e r t a i n ;  F lower  (1961) 
s u g g e s t e d  S a l t e r ' s  s p e c i e s  m i g h t  b e  a s s i g n a b l e  
t o  T r a b e c u l i  tes and S c r u t t o n  (1975)  conf i rmed  
t h a t  it was n o t  a  s p e c i e s  o f  S a f f o r d o p h y l l u m .  

The c i r c u l a r  s t r u c t u r e s  i n  t h e  w a l l s  a r e  
formed i n  t h i s  s p e c i e s  a s  a  r e s u l t  o f  round 
s w e l l i n g s  and n o t  o f  s e p t a l  bedd ing  and u n i o n  
a s  s u g g e s t e d  by B a s s l e r  (1950,  p .  264) f o r  
Lyopora.  S i m i l a r  c i r c u l a r  w a l l  s t r u c t u r e s  a r e  
p r e s e n t  i n  Nyctopora gunquens i s  Preobrazhensky  
(1977,  p .  57)  from t h e  L a t e  O r d o v i c i a n  o f  
n o r t h e a s t e r n  S i b e r i a .  

l i t e  d i a m e t e r  and a v e r a g e  t a b u l a e  s p a c i n g ,  b u t  
d i f f e r s  from b o t h  s p e c i e s  i n  q r e a t e r  s e p t a 1  - Type. Hypotype, GSC 57702. 
and i r r e g u l a r  mural-  p o r e  development .  

- 

Type. Hypotype, GSC 57701. 

P l a t e  2  

F i g u r e s  1, 2. S a f f o r d o p h y l l u m  c h u r c h i l l e n s i s  (Nelson)  . T r a n s v e r s e  and 
l o n g i t u d i n a l  s e c t i o n s ,  showing abundant  s h o r t  s e p t a  and a  mura l  p o r e  
i n  c o r a l l i t e  c o r n e r ,  bot tom of t r a n s v e r s e  and lower  r i g h t  o f  
l o n g i t u d i n a l  v iews ,  X10; hypotype ,  GSC 57701; GSC l o c .  57572. 

F i g u r e s  3 ,  4 .  Nyctopora s p .  T r a n s v e r s e  and l o n g i t u d i n a l  s e c t i o n s ,  
X10; f i g .  s p e c . ,  GSC 57700; GSC l o c .  57572. 

F i g u r e s  5 ,  6 .  P a l e o f a v o s i t e s  s p .  L o n g i t u d i n a l  and t r a n s v e r s e  s e c t i o n s ,  
X5; f i g .  s p e c . ,  GSC 57706; GSC l o c .  95286. 
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Calapoec ia  ungava COX 

p l a t e  5 ,  f i g u r e s  1-3,  6  

Calapoecia  c a n a d e n s i s  var .  ungava Cox, 1936 ,  p .  1 2 ,  
P I .  3 ,  f i g .  2  

Calapoecia  s p .  c f .  C .  ungava Cox. Workum, B o l t o n  and 
Ba rnes ,  1976 ,  p .  170 

Calapoec ia  ungava Cox. J u l l ,  1976, p .  464,  P1. 4 ,  
f i g .  1-4 

C o r a l l a  from Aberdeen Lake e l o n g a t e d  mounds 
95 t o  130 mm l o n g  and  50 mm h i g h ;  i n  t r a n s v e r s e  
s e c t i o n ,  c o r a l l i t e s  9.0 nun below c o r a l l u m  
s u r f a c e ,  c i r c u l a r ,  3 .0  t o  3 .7  mm and  3.5 t o  
4.0 i n  d i a m e t e r ,  some n e a r l y  t o u c h i n g  whereas  
o t h e r s  s e p a r a t e d  by a  t h i n  coenenchyme, c e n t r e s  
4 .5  mm a p a r t  w i t h  some s p a c e d  3.4 t o  3.7 mm 
a p a r t ,  w a l l s  t h i n  and porous  t o  t h i c k ,  a t  l e a s t  
20 s e p t a e  p e r  c o r a l l i t e  r a n g i n g  from s t u b b y  
t r i a n g l e s  t o  s h o r t  s l i g h t l y  hooked s p i n e s ;  i n  
l o n g i t u d i n a l  s e c t i o n ,  c o r a l l i t e  d i a m e t e r s  r a n g e  
from 3.0 t o  3 .2  and 3 .0  t o  4 .5  mm, t a b u l a e  
i r r e g u l a r ,  many i n c o m p l e t e  o r  s a g g i n g ,  v a r y i n g  
from 6-7 t o  9-11 i n  5  mm l e n g t h .  

Remarks. The s p e c i e s  c. ungava, b a s e d  on 
spec imens  f rom t h e  T o r o n t o  a r e a ,  O n t a r i o  and 
Akpatok I s l a n d ,  Ungava Bay, D i s t r i c t  o f  
F r a n k l i n ,  was e r e c t e d  by Cox f o r  forms i n t e r -  
m e d i a t e  between t y p i c a l  c. c a n a d e n s i s  B i l l i n g s  
i n  which t h e  p o l y q o n a l  t o  c i r c u l a r  c o r a l l i t e s  
( d i a m e t e r s  1.5 t o - 3 . 0  mm) are i n  c o n t a c t  and 
C .  a n t i c o s t i e n s i s  B i l l i n g s  i n  which t h e  c i r c u l a r  
c o r a l l i t e s  ( d i a m e t e r s  2.5 t o  3 .3  mm) a r e  
s e p a r a t e d  by wide zones  o f  coenenchyme ( P l .  5 ,  
f i g .  5 ,  8 ) ,  d i s p l a y i n g  i n  d i f f e r e n t  p a r t s  o f  
a  co lony  f e a t u r e s  c h a r a c t e r i s t i c  o f  b o t h  
s p e c i e s .  Flower  (1961,  p .  67)  d i f f e r e n t i a t e d  
w i t h i n  t h e  Akpatok I s l a n d  m a t e r i a l  two 
d i f f e r e n t  t y p e s  o f  c o l o n i e s .  I n  one  g r o u p  
c o r a l l i t e  d i a m e t e r s  v a r i e d  between 3.0 and  
3 .5  mm and i n  t h e  o t h e r  between 3.5 and  4.0 mm. 
The c o r a l l i t e  c e n t r e s  r a n g e d  between 3.5 and  
4 .5  mm, r a r e l y  5.0 mm, a p a r t  and 9  t o  11 
t a b u l a e  were  p r e s e n t  i n  5  mm l e n g t h .  J u l l  
(1976) r e s t r i c t e d  t h e  s p e c i e s  name t o  t h e  
O n t a r i o  m a t e r i a l  w i t h  c o r a l l i t e  d i a m e t e r s  
commonly 1 . 8  t o  2.0 mm and c e n t r e s  2.0 t o  
3.0 mm o r  more a p a r t .  The Akpatok I s l a n d  
specimens o f  Cox ( J u l l ,  1976,  P1. 4 ,  
f i g .  l a ,  b )  were  c o n s i d e r e d  c o n s p e c i f i c  w i t h  
Richmondian spec imens  o f  C. h u r o n e n s i s  B i l l i n g s  
from Ohio and Kentucky ( P l .  5 ,  f i g .  4 ,  7 )  . 

Specimens from t h e  Aberdeen Lake a r e a  and 
Akpatok I s l a n d  (P1.  5 ,  f i g .  6 )  h e r e i n  a s s i g n e d  
t o  c. ungava d i s p l a y  a l l  t h e  i n t e r m e d i a t e  

c h a r a c t e r i s t i c s  s t r e s s e d  by Cox, b u t  c o n s i s -  
t e n t l y  h a v i n g  t h e  g r o u p i n g  o f  l a r g e r  c o r a l l i t e  
d i a m e t e r s  r e c o g n i z e d  by F lower .  They d i f f e r  
from t h e  s m a l l ,  t y p e  spec imens  o f  C. ungava a s  
r e c o g n i z e d  by J u l l  o n l y  i n  t h e s e  c o n s i s t e n t l y  
l a r g e r  c o r a l l i t e  d i a m e t e r s .  I n  c .  h u r o n e n s i s ,  
t h e  c o r a l l i t e s  m a i n l y  a r e  i n  c o n t a c t ,  w i t h  
t h i n  coenenchyme r a r e l y  p r e s e n t .  

The spec imen  Calapoec ia  sp. f i g u r e d  by  O l i v e r  
e t  a l .  (1975,  P1. 4,  f i g .  1, 2 )  from t h e  F a i r -  -- 
banks-Rampart a r e a  o f  c e n t r a l  A l a s k a . a p p e a r s  
c o n s p e c i f i c  w i t h  t h e  Aberdeen Lake fo rms .  

Types.  Hypotypes ,  GSC 57703,  57704. 

P r o t r o c h i s c o l i  t h u s  cummingi Bol  t o n  

P l a t e  3,  f i g u r e s  3 ,  4 

P r o t r o c h i s c o l i t h u s  cummingi Bolton, 1977, p.  29 ,  
P1. 4 ,  f i g .  5-8; P1.  5 ,  f i g .  1-3 ( f o r  c o m p l e t e  
synonymy) 

Remarks. T h i s  s p e c i e s  i s  b a s e d  on t h e  Aberdeen 
Lake a r e a  specimen and  f i v e  o t h e r s  f rom t h e  
C h u r c h i l l  R i v e r  Group o f  C h u r c h i l l  R i v e r ,  S o u t h  
K n i f e  R i v e r ,  and H e r r i o t  C r e e k ,  n o r t h e r n  
Mani toba.  I t  is  a l s o  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  Lang R i v e r  F o r m a t i o n  o f  S o m e r s e t  I s l a n d  
( P .  k i a e r i  Troedsson  o f  Dixon,  1975)  . 

A l l  t h e s e  fo rms  d i s p l a y  t h i n  common w a l l s ,  
narrow s e p t a ,  and a  s o l i d  c o l u m e l l a .  The L a t e  
O r d o v i c i a n  P .  k i a e r i  from n o r t h e a s t e r n  Green land  
h a s  t h i n  common w a l l s  and nar row s e p t a  b u t  a  
v e s i c u l a r  c o l u m e l l a  w h e r e a s ,  i n  c o n t r a s t ,  t h e  
o l d e r  P .  magnus (Whi teaves )  from t h e  Red R i v e r  
Format ion  o f  s o u t h e r n  Mani toba h a s  a  s o l i d  
c o l u m e l l a  b u t  t h i c k  common w a l l s  and b r o a d  
s e p t a .  

Types.  Hypotypes ,  GSC 57703, 57704. 

P a l e o f a v o s i t e s  s p  . 
P l a t e  2 ,  f i g u r e s  5 ,  6  

I n c o m p l e t e  c o r a l l u m  130 mm l o n g  and  35 mm 
h i g h ;  i n  t r a n s v e r s e  s e c t i o n ,  c o r a l l i t e s  
p o l y g o n a l  w i t h  v a r i a b l e  d i a m e t e r s  r a n g i n g  from 
2.0 t o  5 . 1  mm, g e n e r a l l y  4 .0  t o  4 . 3  mm, w a l l s  
t h i c k  w i t h  a  few s m a l l  m u r a l  p o r e s  i n  o r  n e a r  
c o r n e r s ,  no s e p t a 1  s p i n e s  e v i d e n t ;  i n  l o n g i -  
t u d i n a l  s e c t i o n ,  c o r a l l i t e  d i a m e t e r s  r a n g e  
from 2.5  t o  5 . 5  mm, t a b u l a e  c o m p l e t e ,  convex,  
a b r u p t l y  u p t u r n e d  o r  downturned a t  m a r g i n s ,  
7  t o  8  i n  5  mm l e n g t h .  

P l a t e  3  

F i g u r e s  1, 2 ,  5.  Palaeophyl lum r a d u g u i n i  Nelson v a r  . T r a n s v e r s e  and  
l o n g i t u d i n a l  s e c t i o n s ,  X10; h y p o t y p e s ,  GSC 57694 ( f i g .  1, 2 ) , .  57695; 
GSC l o c .  95286. 

F i g u r e s  3,  4. P r o t r o c h i s c o l i  t h u s  cummingi B o l t o n .  T r a n s v e r s e  and 
l o n g i t u d i n a l  s e c t i o n s ,  X10; p a r a t y p e ,  GSC 42926; GSC l o c .  57572. 

F i g u r e  6 .  R a f i n e s q u i n i d  b r a c h i o p o d .  B r a c h i a l  v a l v e  w i t h  c o n c e n t r i c  
r u g a e ,  g e n i c u l a t e ,  X2; f i g .  s p e c . ,  GSC 57715; GSC l o c .  95286. 
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Remarks. P. o k u l i t c h i  S t e a r n  from l a t e  Upper 
Ordovician rocks  of southern  Manitoba and 
M e l v i l l e  Peninsula  (Bol ton ,  1977) has  sma l l e r  
c o r a l l i t e s  and mural pores  bo th  a t  c o r n e r s  
and i n  t h e  cu rv ing  w a l l s .  P. cowei  S c r u t t o n  
from t h e  Centrum Formation of n o r t h e a s t e r n  
Greenland i s  c h a r a c t e r i z e d ' b y  mural po re s  
predominantly i n  t h e  c o r a l l i t e  w a l l s  r a t h e r  
than  t h e  c o r n e r s ,  sma l l e r  c o r a l l i t e s  and we l l  
developed s e p t a l  s p i n e s .  

Type. F igured  specimen, GSC 57706. - 

T o l l i n a  i r r e g u l a r i s  ( T e i c h e r t )  

P l a t e  4, f i g u r e  2 

H a l y s i t e s  i r r e g u l a r i s  Teichert, 1937, p .  132, P1. 7, 
fig. 4 ,  5 ;  P1.  8 ,  f i g .  3  

Manipora i r r e g u l a r i s  (Teichert). Nelson, 1963, p .  60, 
P1. 14, fig. 13 

Colony t u r b i n a t e ,  170 mm wide and 110 mrn h igh ,  
c o r a l l i t e s  r a d i a t i n g  from cora l lum o r i g i n ,  i n  
c l o s e  i r r e g u l a r l y  meandering r anks  some of  
which a r e  d i s con t inuous ,  l acunae  sma l l  
surrounded by r anks  of 1 o r  2 up t o  5  o r  6  
c o r a l l i t e s ;  i n  t r a n s v e r s e  s e c t i o n ,  c o r a l l i t e s  
b a s i c a l l y  a r ranged  i n  s i n g l e  rows, w i th  
c l u s t e r i n g  of 4 o r  6  c o r a l l i t e s  mainly a t  
j unc t ions ,  vary ing  i n  shape from o v a l  t o  
subquadra te  i n  a g g l u t i n a t i v e  pa t ches ,  d i ame te r s  
vary ing  from 1 .5  mm i n  ova l  t o  1 . 7  by 1 . 4  mm 
i n  subquadrate  forms, w a l l s  t h i c k ,  o u t e r  w a l l s  
g e n t l y  curved w i t h  a  few s h o r t  s e p t a l  s p i n e s  
p re se rved ,  common w a l l s  c r e n u l a t e  w i t h  convex- 
i t i e s  th ickened  i n t o  s h o r t  s e p t a l  r i d g e s ,  never  
more t han  3  on one s i d e ,  and r a r e  po re  a t  
a n g l e s ;  i n  l o n g i t u d i n a l  s e c t i o n ,  t a b u l a e  t h i n ,  
predominantly t r a n s v e r s e ,  complete ,  9  t o  LO i n  
5 mm l eng th .  

Remarks. This  specimen c l o s e l y  resembles t h a t  
de sc r ibed  by Nelson (1963) from rubb le  of  t h e  
Chasm Creek Formation, C h u r c h i l l  River  Group 
(hypotype 10894) ;  bo th  d i f f e r  from t h e  o l d e r  

Pc r t age  Chute Formation form a l s o  a s s i g n e d  t o  
t h i s  s p e c i e s  by Nelson. The c o r a l l i t e s  of t h e  
Aberdeen Lake a r e a  specimen a r e  s l i g h t l y  l a r g e r  
b u t  t h e  colony i t s e l f  i s  a  much g r e a t e r  s i z e .  

Type. Hypotype, GSC 57707. 

T o l l i n a  s p .  a f f .  T. f e i l d e n i  (E the r idge )  

P l a t e  4, f i g u r e s  1, 4 ,  5  

" T o l l i n a  f e i l d e n i "  (Etheridge). Bolton, 1965, PI.  9, 
f ig .  2 ,  3  

Colony domed, 260 mm long and 90 mm h igh ;  i n  
t r a n s v e r s e  s e c t i o n ,  c o r a l l i t e s  e s s e n t i a l l y  i n  
monoserial  r anks ,  l acunae  meandering, ve ry  
i r r e g u l a r  i n  shape sur rounded by 1 .Lo 4  
c o r a l l i t e s  a t  l e a s t ,  3 t o  4  1/2 i n  5  mm l e n g t h ,  
corallites~subquadrangular t o  quadrangular  w i t h  
o u t e r  w a l l s  s t r a i g h t  o r  o n l y  s l i g h t l y  convex, 
1.0 t o  1 . 3  mm long  and 0.8 t o  1 .2  mm a t  mid- 
w id th ,  some grouping  of hexagonal  c o r a l l i t e s  
i n  which connect ing  w a l l s  e i t h e r  s t r a i g h t  o r  
vaguely c r e n u l a t e d  wi th  r a r e  s e p t a l  s p i n e s ,  
minute po re s  a t  a n g l e s ;  i n  l o n g i t u d i n a l  s e c t i o n ,  
c o r a l l i t e  d i ame te r s  range from 0.9 t o  1 . 2  mm, 
t a b u l a e  t h i n ,  t r a n s v e r s e ,  complete ,  8  t o  10 
i n  5  mm l e n g t h .  

Remarks. According t o  Flower (1961, p.  43) 
t h e f o r m s  i l l u s t r a t e d  by Troedsson a s  H a l y s i t e s  
f i e l d e n i  E t h e r i d g e  c o n t a i n  two d i f f e r e n t  
s p e c i e s .  One i s  a  massive c o r a l ,  mainly 
c e r i o i d  w i th  s m a l l  l acunae  r a t h e r  t han  p r o p e r l y  
ca t en i fo rm,  and c o r a l l i t e s  w i t h  a  ve ry  narrow 
c o n t a c t  w a l l  (Troedsson,  1929b, P1. 4 1 ,  f i g .  
3a,  b; P1. 42, f i g .  l a ,  b ) .  Many p a r t s  o f  t h e  
Aberdeen Lake a r e a  colony a r e  s i m i l a r  t o  t h i s  
form which Flower sugges t s  conforms w i t h  t h e  
o r i g i n a l  d e s c r i p t i o n  of t h e  s p e c i e s .  The 
second form w i t h  d i s t i n c t  r a n k s ,  each  one 
c o r a l l i t e  wide (Troedsson,  1929b, P1. 4 1 ,  
f i g .  2 ;  P l .  43, f i g .  l a ,  b )  i n  o v e r a l l  a s p e c t  
i s  cons ide red  v e r y  c l o s e  t o  T .  magna (F lower) .  

Type. Hypotype, GSC 57708. 

P l a t e  4 

( A l l  X10, GSC l o c .  92586) 

F igu re s  1, 4 ,  5. T o l l i n a  sp .  a f  f  . T. f e i l d e n i  (E the r idge )  . Tranverse  and 
l o n g i t u d i n a l  s e c t i o n s  showing i r r e g u l a r  lacunae  and grouping of hexagonal  
c o r a l l i t e s  w i th  vaguely c r e n u l a t e d  common w a l l s  and r a r e  s e p t a l  s p i n e ;  
hypotype, GSC 57708. 

F igu re  2. T o l l i n a  i r r e g u l a r i s  ( T e i c h e r t )  . Transverse  s e c t i o n ,  showing 
c r e n u l a t e d  common c o r a l l i t e  w a l l s  and s h o r t  s e p t a l  s p i n e s ;  hypotype,  
GSC 57707. 

F igu re s  3, 6 ,  7 .  Troedsson i  tes f l e x i b i l i s  Sokolov. ( 3) Transverse  s e c t i o n ,  
showing more angu la t e  c o r a l l i t e s ;  hypotype, GSC 57709. ( 6 ,  7) Transverse  
and l o n g i t u d i n a l  s e c t i o n s ,  showing t h e  more normal c i r c u l a r  c o r a l l i t e s  
and abundant connect ing  hol low t u b u l e s ;  hypotype, GSC 57710. 



PLATE 4 



T r o e d s s o n i  t e s  f l e x i b i l i s  Sokolov Cephalopoda-Nautiloidea 

Plate 4, figures 3, 6, 7 A r m e n o c e r a s  m i c h a u d a e  n. sp . 
S y r i n q o p o r a ?  c o n s p i r a t a  Troedsson. Miller and 
Youngquist, 1947, p. 5, PI. 2, fig. 3 

Plate 6, figures 1-5 

T r o e d s s o n i t e s  f l e x i b i l i s  Sokolov, 1949, p. 91, Incomplete orthoconic phragmacone 240 mm long, 
fig. 15, 16 elliptical in cross-section, enlarging from a 

T r o e d s s o n i t e s  f l e x i b i l i s  Sokolov. Sokolov and Tesakov, lateral diameter of about 93 mm near the 
1963. P. 134. Pl. 28. fig. 7. 8 posterior end to 128 mm at the anterior; siph- 

Fasciculate, compact, domed colony, 300 mm 
long and 120 mm high; in transverse section, 
corallites phacelloid, circular to angular 
particularly when united, 0.9 to 1.2 mm in 
diameter, centres 1.2 to 1.4 mm apart, walls 
thick, short pointed septa1 spines rare, 
individual corallites may be connected at one 
to three corners by short hollow tubules to 
form short cateniporid chai.ns separated by 
narrow lacunae: in lonaitudinal section. 
tabulae thin, flat complete to curved incom- 
plete, 0.2 to 0.4 mm apart, 8 to lfl in 5 mm 
length, abundant horizontal hollow oval 
tubules connect cylindricql corallites, 0.2 to 
0.4 in diameter, cut end of tubules and/or 
interspaces form vertical rows of 'pores' 0.3 
to 0.6 mm in diameter, rare tabulae extending 
through tube into adjoining corallite. 

Remarks. The corallites of this species, 
originally described from eastern Siberia 
(Sokolov and Tesakov, 1963), are smaller and 
much closer together than in the type species 
T. c o n s p i r a t u s  (Troedsson) from the Cape Calhoun 
Formation of northeastern Greenland and late 
Ordovician of Ellesmere Island (Bolton, 1965). 
The Sutton Island form described by Miller and 
Youngquist (1947) is here assigned  to^. 
f l e x i h i l i s  because the closely spaced cylin- 
drical corallites are about 1 mm in diameter. 
T. p a c i f i c u s  Preobrazhensky has slightly smaller 
corallites (0.7-0.8 mm) that are spaced farther 
apart. In both T. w o n q h s i a n g e n s i s  Chen and T .  
mu1 ti t a b u l a t u s  Chen the corallites are close 
together but the diameters are 1.4 to 1.9 mm 
and 2.0 to 2.5 respectively. 

Types. Hypotypes, GSC 57709, 57710. 

uncle maximum diameter a constant 54 mm 
throughout length, filling much of the conch, 
nearly touching at posterior but 8 mm away from 
ventral wall at anterior, 3.75 segments in a 
length equal to its diameter; eccentric narrow 
meandering central tube or axial cavity with 
abundant radiating endosiphuncular structures 
(radial lamellae); septa strongly concave, 
13 mm apart, sutures apparently directly 
transverse (Pl. 6, fig. 4) . 

A second specimen (Pl. 6, fig. 3) consists 
of 3.5 siphuncular segments, 54 mm in maximum 
diameter, 3.5 segments in a length equal to 
this diameter. A third (paratype, GSC 57714), 
badly weathered one half of a siphuncle 
consists of 7+ segments, 57 mm in maximum 
diameter, 3 segments in a length equal to its 
diameter; a fourth siphuncle, 300 mm long and 
at least 57 mm in maximum diameter, was 
sectioned (Pl. 6, fig. 1, 2, 5). 

Remarks. This species is closest to the 
A r m e n o c e r a s  sp. siphuncle (diameter 45 mm, 3.5 
segments per diameter) described by Troedsson 
(1929a, p. 62) from the Cape Calhoun Formation 
of Greenland and A r m e n o c e r a s  sp. siphuncle 
(diameter 49+ mm, 3.5+ segments per diameter) 
described by Miller and Youngquist (1947, 

16, P1. 5, fig. 1-3) from Sutton Island, 
Elstrict of Franklin. A .  magnum (Parks) from 
the Shamattawa limestone (Churchill River 
Group) of Shamattawa (Gods) River, Manitoba 
(Foerste and Savage, 1927, p. 64) has a 
siphuncle 55 mm in diameter but about 6.5 
segments occur in a length equal to the 
diameter whereas A .  s a x o s u m  Foerste from the 
Stony Mountain Formation of southern Manitoba 
has a diameter of 66 to 72 mm with 3+ segments 
per diameter length. All other Ordovician 
species of A r m e n o c e r a s  have much smaller 
siphuncles. 

Types. Holotype, GSC 57711; paratypes, GSC 
57712-57714. 

Plate 5 

Figures 1-3, 6. C a l a p o e c i a  ungava  Cox. (1, 3) Longitudinal and transverse 
sections, showing variation in coenenchyme thickness, X5; hypotype, 
GSC 57703; GSC loc. 57572. (2) Longitudinal section, showing continuation 
of corallite-coenenchyme connections, X5; hypotype, GSC 57704; GSC loc. 
57572. (6) Longitudinal section, showing most corallites close together, 
X5; hypotype, GSC 41200; early Upper Ordovician, section 11, 420' above 
sea-level, immediately east of Premium Homestead Akpatok L-26 drill hole, 
west-central coast Akpatok Island, District of Franklin. 

Figures 4, 7. C a l a p o e c i a  h u r o n e n s i s  Billings. Transverse and longitudinal 
sections, showing corallites in contact and scattered small circular tubes, 
X5; hypotype, GSC 57705; Bardstown Member, Drakes Formation, Upper 
Ordovician, road cut along southwest side of U.S. Highway 150, about 1 mile 
northwest of Fredericktown, Kentucky, U.S.A. 

Figures 5, 8. C a l a p o e c i a  a n t i c o s t i e n s i s  Billings. Longitudinal and transverse 
sections, showing coralli.tes well apart, XS; holotype, GSC 2267c, b; Ellis 
Bay Formation, Upper Ordovician, west side of Ellis Bay, Anticosti Island, 
Qugbec. 





Mfcrofauna (C.S.  Nowlan) Genus Amorphognathus Branson and Mehl,  19 33 

I n  t h e  f o l l o w i n g  d e s c r i p t i o n s  m u l t i e l e m e n t  
taxonomy i s  used wherever  p o s s i b l e ;  r e s i d u a l  
form t a x a  a r e  d e s i g n a t e d  w i t h  t h e  s u f f i x  s . f .  
( s e n s u  formo) . 

Genus   cod us P a n d e r ,  1856 s . f  . 
Type s p e c i e s .  A .  e r e c t u s  Pander ,  1856 

Acodus Sp. S . f . 
P l a t e  8 ,  f i g u r e s  3-5 

D e s c r i p t i o n .  An e x t r e m e l y  l a t e r a l l y  compressed 
s i m p l e  cone .  Abora l  o u t l i n e  i s  s t r a i g h t .  Base 
is  h i g h ,  b u t  t h e  b a s a l  c a v i t y  i s  s h a l l o w  and 
w i t h o u t  a  d i s c e r n i b l e  apex.  O r a l  edge  is  s h a r p  
and c u r v e s  e v e n l y  i n t o  s h a r p  p o s t e r i o r  edge .  
A n t e r i o r  edge  o f  b a s e  i s  s h a r p  and  s t r a i g h t  i n  
l a t e r a l  v iew.  Cusp i s  p r o c l i n e d ,  compressed 
and f i l l e d  w i t h  w h i t e  m a t t e r  n e a r  t i p  o f  c u s p .  
An e x c e e d i n g l y  t h i n  and s h a r p  l a t e r a l  c o s t a  
r u n s  from t h e  b a s e  t o  t h e  t i p  of  t h e  c u s p ,  
s i t u a t e d  w i t h i n  t h e  p o s t e r i o r  h a l f  o f  t h e  b a s e  
and  a t  a b o u t  m i d l i n e  o f  cusp .  I t  i s  v e r y  t h i n -  
w a l l e d  and t r a n s l u c e n t .  

Remarks. One e l e m e n t  is  d i s t a c o d i f o r m  w i t h  a  
c o s t a  deve loped  on b o t h  s i d e s ;  t h i s  form h a s  
a  s l i g h t l y  d e e p e r  b a s a l  c a v i t y .  T h i s  s p e c i e s  
i s  s i m i l a r  i n  some ways t o  Acodus m u t a t u s  
(Branson and Mehl) s - f . ,  b u t  it l a c k s  much 
p o s t e r i o r  e x t e n s i o n  o f  t h e  b a s e ;  t h e  b a s e  i s  
h i g h e r  i n  t h i s  s p e c i e s  and it i s  much more 
l a t e r a l l y  compressed.  The a s s o c i a t i o n  o f  
a c o d i f o r m  and d i s t a c o d i f o r m  e l e m e n t s  i s  
a n a l o g o u s  t o  t h e  a s s o c i a t i o n  of  A .  m u t a t u s  and 
Dis tacodus  p rocerus  E t h i n g t o n  ( e . g .  Webers,  1966) . 
B a r n e s  and  Pop lawsk i  (1973)  s u g g e s t e d  t h a t  
A.  Inutatus may b e  a s s o c i a t e d  w i t h  0. v e n u s t u s  
S t a u f f e r  s . f .  i n  a  s p e c i e s  t h a t  would b e  r e f e r -  
r a b l e  t o  P a r o i s t o d u s  ~ i n d s t r o m ,  however no 
o i s t o d i f o r m  e l e m e n t s  were  r e c o v e r e d  w i t h  t h e  
s p a r s e  Aberdeen Lake m a t e r i a l .  B a r n e s  (1977)  
t r e a t e d  a s s o c i a t i o n s  o f  a c o d i f o r m  and d i s t a -  
c o d i f o r m  e l e m e n t s  a s  a m u l t i e l e m e n t  t a x o n  
A .  m u t a t u s ,  b u t  it i s  f e l t  by t h i s  a u t h o r  t h a t  
u n c e r t a i n t y  a b o u t  t h e  g e n e r i c  a f f i n i t y  and 
a p p a r a t u s  s t r u c t u r e  o f  t h e s e  L a t e  O r d o v i c i a n  
forms r e q u i r e s  t r e a t m e n t  o f  them i n  open 
taxonomy. F u r t h e r m o r e ,  t h e  n a t u r e  o f  t h e  t y p e  
s p e c i e s  o f   codu us S. f . h a s  n o t  been e s t a b l i s h e d  
and  u s e  o f  t h e  g e n e r i c  name f o r  m u l t i e l e m e n t  
t a x a  i s  p r o b a b l y  unwise .  

Type s p e c i e s .  A .  o r d o v i c i c u s  
Branson and Mehl, 1933  

Amorphogna t h u s  Sp . 
P l a t e  8 ,  f i g u r e s  11-18 

Remarks. A s i n g l e  nonb lade  ( s i n i s t r a l )  
amorphognathiform e l e m e n t  h a s  b e e n  r e c o v e r e d  
which c l o s e l y  r e s e m b l e s  t h o s e  a s s o c i a t e d  w i t h  
A .  o r d o v i c i c u s .  I n  a d d i t i o n ,  t h r e e  e l e m e n t s  of  
t h e  rarniform complex ( e o l i g o n o d i n i f o r m ,  
c l a d o g n a t h i f o r m ,  - and t r i c h o n o d e l l i f o r m )  a r e  
p r e s e n t .  A s m a l l  b roken  h o l o d o n t i f o r m  e l e m e n t  
i s  i n d e t e r m i n a t e ;  o n l y  t h e  c u s p  and  p a r t s  o f  
t h e  p o s t e r i o r  and i n n e r  l a t e r a l  p r o c e s s e s  a r e  
p r e s e r v e d .  The r e c o v e r y  o f  a n  u n u s u a l  
ambalodiform e l e m e n t  p r e c l u d e s  p l a c e m e n t  o f  
t h e s e  e l e m e n t s  i n  A .  o r d o v i c i c u s .  The p o s t e r i o r  
and a n t e r i o r  p r o c e s s e s  o f  t h e  ambalod i fo rm 
e l e m e n t  a r e  s t r o n g l y  d e n t i c u l a t e d  and v i r t u a l l y  
p a r a l l e l ,  s u c h  t h a t  t h e  i n n e r  l a t e r a l  f a c e  i s  
a l m o s t  f l a t .  The p o s t e r i o r  p r o c e s s  i s  b r o a d  
w i t h  a  row o f  l a t e r a l l y  compressed ,  c l o s e l y  
s p a c e s  d e n t i c l e s  t h a t  a r e  f u s e d  f o r  mos t  o f  
t h e i r  l e n g t h .  The d e n t i c l e s  are s i t u a t e d  on 
t h e  i n n e r  l a t e r a l  marg in  o f  t h e  p r o c e s s .  The 
a n t e r i o r  p r o c e s s  i s  compressed and  b e a r s  
i r r e g u l a r  d e n t i c l e s ,  s i m i l a r  t o  h i n d e o d e l l i d  
d e n t i c u l a t i o n .  The l a t e r a l  p r o c e s s  i s  b r o a d  
w i t h  t h r e e  d i s c r e t e  d e n t i c l e s .  The c u s p  i s  
b r o a d  w i t h  s h a r p  e d g e s  and a n  o u t e r  l a t e r a l  
c o s t a ;  i t  i s  much h i g h e r  t h a n  t h e  d e n t i c l e s .  
The s t y l e  o f  d e n t i c u l a t i o n  and  marked l a t e r a l  
compress ion  o f  t h e  a n t e r i o r  p r o c e s s  s e r v e  t o  
d i s t i n g u i s h  t h i s  specimen from t h e  ambalodiform 
e l e m e n t  o f  A .  o r d o v i c i c u s .  

Types.  F i g u r e d  s p e c i m e n s ,  GSC 57718-57723. 

Genus Be lod ina  E t h i n g t o n ,  1959 

Type s p e c i e s .  Be lodus  compres sus  
Branson a n d  Mehl,  1933  

Be lod ina  comprcssa  (Branson a n d  Mehl) 

P l a t e  8 ,  f i g u r e  6  

Be lodus  compressus  Branson and Mehl, 1933,  p .  114 ,  
PI. 9 ,  f i g .  15, 16  

Be lod ina  compressa  (Branson and Mehl).  Barnes., 1977, 
p .  105, PI. 4 ,  f i g .  16-18 (includes synonymy through 
1976) 

Types.  F i g u r e d  s p e c i m e n s ,  GSC 57716, 57717. Remarks. A s i n g l e ,  d i m i n u t i v e ,  g r a n d i f o r m  
-- 
e l e m e n t  h a s  been r e c o v e r e d .  

Type. Hypotype,  GSC 57724. 

P l a t e  6 

( A l l  f rom GSC l o c .  95286) 

F i g u r e s  1-5.  Armenoceras michaudae n. s p .  (1, 2 ,  5 )  L o n g i t u d i n a l  and  
t r a n s v e r s e  t h i n  s e c t i o n s  o f  a  s i p h u n c l e ,  showing t h e  e c c e n t r i c  c e n t r a l  
t u b e  and abundan t  r a d i a l  l a m e l l a e ,  and t r a c e s  o f  c o n n e c t i n g  r i n g s  
( u p p e r  l e f t  c o r n e r  of  f i g .  5  and e n l a r g e m e n t ,  f i g .  l ) ,  X10 and X 2 ;  
p a r a t y p e ,  GSC 57712. ( 3 ,  4 )  N a t u r a l  w e a t h e r e d  s e c t i o n s ,  showing 
s i p h u n c l e s  and s t r o n g l y  c u r v e d  s e p t a ,  X 1 ;  p a r a t y p e ,  GSC 57713; 
h o l o t y p e ,  GSC 57711. 



PLATE 6 



Be lod ina  profunda (Branson  a n d  Mehl)  

P l a t e  8 ,  f i g u r e s  8 ,  9 

Be lodus  p ro fundus  Branson and Mehl, 1933, p .  125, 
PI. 10, f i g .  25 

Be lod ina  profunda (Branson and Mehl). Barnes. 1977. 
p .  105 , -PI .  4 ,  f i g .  11 (includes synonymy ;hrough 
1976) 

Remarks.  One s p e c i m e n  w i t h  t h r e e  d e n t i c l e s  
a n d  o n e  p o o r l y  p r e s e r v e d  s p e c i m e n  w i t h  two  
d e n t i c l e s  w e r e  r e c o v e r e d .  

Type.  Hypo type ,  GSC 57725. - 

Genus Drepano i s todus  ~ i n d s t r o m ,  1 9 7 1  

Type s p e c i e s .  O i s t o d u s  f o r c e p s  L i n d s t r o m ,  1955  

Drepano i s todus  s u b e r e c t u s  ( B r a n s o n  a n d  Mehl)  

P l a t e  7 ,  f i g u r e s  11, 1 5 ,  1 6  

O i s t o d u s  s u b e r e c t u s  Branson and Mehl, 1933, p. 111, 
P1. 9 ,  f i g .  7 

Drepano i s todus  s u b e r e c t u s  (Branson and Mehl). Barnes, 
1977, p.  106, P I .  3, f i g .  18-20 (includes synonymy 
through 1976) 

Remarks .  A l l  s p e c i m e n s  f rom t h e s e  s a m p l e s  
h a v e  w e l l  d e v e l o p e d  w h i t e  m a t t e r  i n  t h e  c u s p .  
No s u b e r e c t i f o r m  e l e m e n t s  w e r e  r e c o v e r e d .  

Types .  Hypo types ,  GSC 57726-57728. 

Genus Panderodus E t h i n g t o n  , 1959 

Type s p e c i e s .  Pal t o d u s  u n i c o s t a t u s  
B r a n s o n  a n d  Mehl ,  1 9 3 3  

Panderodus b r e v i u s c u l u s  B a r n e s  

P l a t e  7 ,  f i g u r e s  8 ,  1 2  

P. b r e v i u s c u l u s  Barnes, 1977, p .  106, P1.  3,  f i g .  13-17 

Remarks.  The s p e c i m e n s  r e c o v e r e d  m o s t  c l o s e l y  
r e s e m b l e  t h e  y o u n g e r  f o r m s  d e s c r i b e d  by B a r n e s  
(1977 ,  p .  1 0 6 ) .  

T y p e s .  Hypo types ,  GSC 57729 ,  57730.  

Panderodus f e u l n e r i  ( G l e n i s t e r )  s . f  . 
P l a t e  7 ,  f i g u r e s  5 ,  6  

P a l t o d u s  f e u l n e r i  Glenister ,  1957, p .  728, P1. 85, 
f i g .  11 

Panderodu.7 f e u l n e r i  (Glenis ter ) .  Ethington, 1959, 
p .  284, 285, PI. 30, f i g .  2; Barnes, 1977, p. 107, 
P1. 3, f i g .  11, 12 (includes synonymy through 1976) 

Remarks.  T h i s  f o r m  s p e c i e s  h a s  b e e n  c o n s i d e r e d  
p a r t  o f  P. g r a c i l i s  ( B e r g s t r E m  a n d  S w e e t ,  1966)  
o r  a s  a  s e p a r a t e  m u l t i e l e m e n t  s p e c i e s  ( B a r n e s ,  
1 9 7 7 ) .  As o n l y  a  few s p e c i m e n s  h a v e  b e e n  
r e c o v e r e d  i n  t h i s  s t u d y ,  t h e  s p e c i e s  i s  
c o n s i d e r e d  a s  a  f o r m  t a x o n .  

Type.  Hypo type ,  GSC 57731 .  - 

P l a t e  7  

F i g u r e s  1, 2.  Panderodus n .  s p .  A. s . f .  L a t e r a l  views, x90 ;  f i g .  s p e c . ,  
GSC 57737;  GSC l o c .  57572.  

F i g u r e s  3 ,  4 ,  7 .  Panderodus pander i  ( S t a u f  f e r )  . ( 3 )  L a t e r a l  v i e w ,  x 9 0 ;  
h y p o t y p e ,  GSC 57735; GSC l o c .  95286.  (4., 7 ) .  L a t e r a l  v i e w s ,  x65 a n d  
x70;  h y p o t y p e ,  GSC 57736;  GSC l o c .  57572.  

F i g u r e s  5 ,  6 .  Panderodus f e u l n e r i  ( G l e n i s t e r )  s. f . L a t e r a l  v i e w s ,  x65  ; 
h y p o t y p e ,  GSC 57731; GSC l o c .  95286.  

F i g u r e s  8 ,  1 2 .  Panderodus b r e v i u s c u l u s  B a r n e s .  ( 8 )  L a t e r a l  v i e w ,  x 4 5 ;  
h y p o t y p e ,  GSC 57729; GSC l o c .  57572.  ( 1 2 )  L a t e r a l  v i e w ,  x70 ;  h y p o t y p e ,  
GSC 57730;  GSC l o c .  57572.  

F i g u r e s  9 ,  1 0 ,  1 3 ,  1 4 .  Panderodus n .  s p .  B. s . f .  ( 9 ,  1 0 )  I n n e r  a n d  o u t e r  
l a t e r a l  v i e w s ,  x55;  a s y m m e t r i c a l  e l e m e n t ,  f i g .  s p e c . ,  GSC 57738;  GSC 
l o c .  57572.  ( 1 3 ,  1 4 )  L a t e r a l  v i e w s ,  x50;  s u b s y m m e t r i c a l  e l e m e n t ,  f i g .  
s p e c . ,  GSC 57739; GSC loc. 57572.  

F i g u r e s  11, 1 5 ,  1 6 .  ~ ; e ~ a n o i s t o d u s  s u b e r e c t u s  ( B r a n s o n  a n d  Mehl)  . (11) 
L a t e r a l  v i e w ,  x50 ; h o m o c u r v a t i f o r m  e l e m e n t ,  h y p o t y p e ,  GSC 5 7726 ; GSC 
l o c .  57572.  ( 1 5 )  L a t e r a l  v i e w ,  x65 ;  o i s t o d i f o r m  e l e m e n t ,  h y p o t y p e ,  
GSC 57727;  GSC l o c .  95286.  ( 1 6 )  L a t e r a l  v i e w ,  x50;  h o m o c u r v a t i f o r m  
e l e m e n t ,  h y p o t y p e ,  GSC 57728;  GSC l o c .  95286.  

F i g u r e s  1 7 ,  1 8 .  Panderodus n .  s p .  C. s. f  . L a t e r a l  v i e w s ,  x60 ;  f i g .  s p e c . ,  
GSC 57740 ;  GSC l o c .  57572.  

F i g u r e s  1 9 ,  21-23. Panderodus g r a c i l i s  ( B r a n s o n  a n d  Mehl)  . ( 1 9 )  L a t e r a l  
v i ew,  x65 ;  a s y m m e t r i c a l  g r a c i l i f o r m  e l e m e n t ,  h y p o t y p e ,  GSC 57734;  
GSC l o c .  57572.  ( 2 1 ,  22 )  L a t e r a l  v i e w s ,  x 6 5 ;  c o m p r e s s i f o r m  e l e m e n t ,  
h y p o t y p e ,  GSC 57732; GSC loc.  57572.  ( 2 3 )  L a t e r a l  v i e w ,  x65 ;  
s y m m e t r i c a l  g r a c i l i f o r m  e l e m e n t ,  h y p o t y p e ,  GSC 57733 ;  GSC l o c .  57572.  

F i g u r e s  20 ,  24.  Form B. L a t e r a l  v i e w s ,  x65 ;  f i g .  s p e c s .  57754 a n d  
57755 ;  GSC l o c .  57572.  



PLATE 7 



P a n d e r o d u s  g r a c i l i s  (Branson and Mehl) 

P l a t e  7, f i g u r e s  19,  21-23 

P a l t o d u s  g r a c i l i s  Branson and Mehl, 1933, p .  108, 
PI. 8 ,  f i g .  20, 2 1  

P a n d e r o d u s  g r a c i l i s  (Branson and Mehl). Barnes, 1977, 
p .  107, P I .  3, fig. 6, 7 (includes synonymy through 
1976) 

Types. Hypotypes, GSC 57732-57734. 

Panderodus  p a n d e r i  ( S t a u f f e r )  

P l a t e  7, f i g u r e s  3 ,  4, 7  

P a l t o d u s  p a n d e r i  Stauffer, 1940, p. 427 ,  P I .  60, 
f i g .  8,  9 

P a n d e r o d u s  p a n d e r i  (Stauffer). Barnes, 1977, p .  107, 
P 1 .  3 ,  f i g .  21, 22  (includes synonymy through 1 9 7 6 )  

Types. Hypotypes, GSC 57735, 57736. 

P a n d e r o d u s  n. sp .  A s . f .  

P l a t e  7, f i g u r e s  1 ,  2 

Desc r ip t i on .  Aboral o u t l i n e  i s  s t r a i g h t .  
Base i s  low and p o s t e r i o r l y  extended.  Ora l  
edge i s  sha rp ly  rounded. An te r io r  margin of 
t h e  base  i s  rounded and broad.  Basa l  c a v i t y  
i s  asymmetrical ly c o n i c a l  w i th  i t s  apex c l o s e  
t o  t h e  a n t e r i o r  margin. Cusp i s  e r e c t  t o  
s l i g h t l y  p roc l ined  and f i l l e d  w i th  w h i t e  m a t t e r  
above t h e  apex of  t h e  b a s a l  c a v i t y .  A n t e r i o r  
margin of t h e  cusp  i s  s h a r p l y  rounded and t h e  
p o s t e r i o r  margin i s  broadly  rounded. Each 
s i d e  b e a r s  a  t h i n  c o s t a  nea r  t h e  a n t e r i o r  
margin which ex t ends  a long  t h e  mid l ine  of  t h e  
cusp .  A groove i s  developed p o s t e r i o r l y  t o  
each c o s t a  and they  a r e  markedly d i f f e r e n t  on 
each  f a c e .  On one s i d e  t h e  groove i s  v e r y  
broad wi th  a  narrow a x i a l  dep re s s ion  and on 
t h e  o t h e r  t h e r e  i s  merely a  sha l low groove 
immediately p o s t e r i o r  t o  t h e  c o s t a .  On t h e  
broadly  grooved s i d e ,  t h e r e  i s  a  s l i g h t  
shou lde r  c l o s e  t o  t h e  o r a l  edge which ex t ends  
up t h e  cusp  a s  a  weak p o s t e r o - l a t e r a l  c o s t a .  
The p o s t e r i o r  p o r t i o n  of t h e  base i s  compressed 
r e s u l t i n g  i n  a  b a s a l  c ros s - sec t ion  t h a t  i s  
roughly keyhole-shaped. 

Remarks. See P a n d e r o d u s  n.  sp .  B S .  f  . -- 
Type. ,F igured  specimen, GSC 57737. - 

P a n d e r o d u s  n.  s p .  B S .  f .  

P l a t e  7, f i g u r e s  9,  10 ,  13 ,  14 

Desc r ip t i on .  Two morphotypes, asymmetrical  
and subsymmetrical ,  comprise t h i s  s p e c i e s .  

Asymmetrical e lement .  Aboral o u t l i n e  i s  
s t r a i g h t .  Base i s  h igh  wi th  a  deep c o n i c a l  
b a s a l  c a v i t y .  Longi tudina l  s t r i a t i o n s  a r e  
v i s i b l e  on t h e  lower p o r t i o n  of t h e  base .  
Cusp is  p roc l ined  and f i l l e d  w i th  w h i t e  m a t t e r  
above t h e  t i p  of t h e  b a s a l  c a v i t y .  A n t e r i o r  
margin i s  asymmetrical ly rounded, t e r m i n a t i n g  
i n  a  l a t e r a l  c o s t a  on t h e  i n n e r  s i d e .  Inne r  
l a t e r a l  f a c e  i s  broadly  rounded wi th  a  sha l low,  

narrow groove immediately p o s t e r i o r  t o  t h e  
a n t e r o l a t e r a l  c o s t a .  Ora l  margin i s  narrowly 
rounded nea r  t h e  a b o r a l  margin t o  f l a t t e n e d  
nea r  t h e  p o i n t  of  c u r v a t u r e .  A sha l low groove 
i s  p r e s e n t  on t h e  f l a t t e n e d  a r e a ,  f l anked  by 
weak p o s t e r i o r l y  d i r e c t e d  r i d g e s .  The r i d g e  
on t h e  o u t e r  s i d e  is  more s t r o n g l y  developed.  
The o u t e r  f a c e  b e a r s  a  deep median fur row,  
f l anked  by low r i d g e s  o r  c o s t a e .  The a n t e r i o r  
margin of t h e  furrow i s  broadly  rounded whereas 
t h e  p o s t e r i o r  margin i s  more a n g u l a r .  The base  
is notched a t  t h e  furrow. 

Subsymmetrical e lement .  More s l e n d e r  element  
w i th  rounded a n t e r i o r  margin.  L a t e r a l  c o s t a e  
p o s t e r i o r l y  d i r e c t e d .  P o s t e r i o r  margin and 
o r a l  edge sha rp .  A c o s t a  i s  s i t u a t e d  pos te -  
r i o r l y  t o  one s i d e  of t h e  p o s t e r i o r  edge.  
L a t e r a l  furrows a r e  more e q u a l l y  developed ,  
a l t hough  asymmetrical .  

Remarks. This  s p e c i e s  may be r e l a t e d  t o  
P a n d e r o d u s  n. sp .  A s. f  . because of t h e  g e n e r a l  
s i m i l a r i t y  of t h e  p o s i t i o n  and n a t u r e  of t h e  
grooves and c o s t a e .  The two forms may be 
a s s o c i a t e d  i n  an appa ra tus  s i m i l a r  i n  s t r u c t u r e  
t o  t h a t  of P .  g r a c i l i s  with  P .  n.  s p .  A homo- 
logous w i th  t h e  compressiforrn e lement  and P .  
n. s p .  B w i t h  t h e  g r a c i l i f o r m  e l emen t s  (asym- 
metrical and subsymmetr ica l ) .  

Types. F igured  specimens,  GSC 57738, 57739. 

P a n d e r o d u s  n . Sp . C S . f  . 
P l a t e  7, f i g u r e s  17 ,  18  

Desc r ip t i on .  A long  s l e n d e r  cone w i t h  a  h igh  
base and unusual  a p i c a l l y  broadening cusp .  
A n t e r i o r  margin rounded on t h e  base  t o  s h a r p  
on t h e  cusp.  Ora l  edge s h a r p l y  rounded curv i i  
smoothly i n t o  sha rp  p o s t e r i o r  edge .  One 
l a t e r a l  f a c e  i s  b road ly  convex wi th  a  f a i n t  
c o s t a  nea r  c r e s t  o f  convexi ty .  A sha l low 
groove i s  s i t u a t e d  p o s t e r i o r  of t h e  c o s t a .  A 
more pronounced groove is  developed on t h e  
o t h e r  s i d e  which ex t ends  from a  b a s a l  no tch  
a l l  t h e  way up t h e  cusp .  Cusp i s  p r o c l i n e d  
and f i l l e d  w i th  w h i t e  m a t t e r  above apex of  
b a s a l  c a v i t y .  I t  i s  s l e n d e r  a t  p o i n t  o f  
c u r v a t u r e ,  broadens a p i c a l l y ,  and i s  broken 
nea r  t h e  t i p .  

Remarks. The cusp  o f  t h i s  s p e c i e s  i s  much 
longer  t han  t h a t  of P a n d e r o d u s  n .  s p .  B which 
it most c l o s e l y  resembles and i t s  grooves a r e  
much less pronounced. The c u r i o u s  a p i c a l  
broadening of t h e  cusp  is  s i m i l a r  t o  t h a t  of  
one of t h e  elements  d e s c r i b e d  a s  P.  a r c u a t u s  
S t a u f f e r  by Barnes (1977, p .  106, P1. 3 ,  
f i g .  24) bu t  t h e  pronounced c o s t a e  o f  t h a t  
specimen a r e  a b s e n t  from t h e  Aberdeen Lake 
m a t e r i a l .  

Type. F igured  specimen, GSC 57740. 



Genus P l e q a g n a t h u s  E t h i n g t o n  and F u r n i s h ,  1959 

Type s p e c i e s .  p .  nelsoni 
E t h i n g t o n  and F u r n i s h ,  1959  

P l e g a g n a t h u s  d a r t o n i  ( S t o n e  and F u r n i s h )  s. f. 

P l a t e  8 ,  f i g u r e s  2 ,  7  

B e l o d u s  d a r t o n i  Stone  and F u r n i s h ,  1959,  p .  220,  
P1. 31, f i g .  1 5  

P l e g a g n a t h u s  d a r t o n i  ( S t o n e  and  F u r n i s h ) .  E t h i n g t o n  
and F u r n i s h ,  1959,  p. 545,  P I .  73, f i g .  6 ,  7 ;  
?Kohut and Sweet,  1968,  p .  1472 ,  P I .  186 ,  f i g .  9-11; 
Weyant, 1968, p .  59 ,  P I .  4 ,  f i g .  6 ,  7;  B a r n e s ,  1974,  
P1.  7 ,  f i g .  27 

Remarks. T h i s  form s p e c i e s  p r o b a b l y  g o e s  
t o g e t h e r  w i t h  P l e g a g n a t h u s  nelsoni i n  a  m u l t i -  
e l e m e n t  a s s o c i a t i o n  i n  which P.  d a r t o n i  i s  an  
e r e c t  e lement  and P. n e l s o n i  a  more r e c l i n e d  
e l e m e n t .  Specimens o f  t h e  two t a x a  a r e  s i m i l a r  
and co-occur  commonly b u t  n o t  c o n s i s t e n t l y .  

Two v a r i a n t s  a r e  i l l u s t r a t e d :  a  l a r g e  
specimen ( P l .  8 ,  f i g .  2 )  which most c l o s e l y  
r e s e m b l e s  t h e  h o l o t y p e ,  and a  s m a l l e r  specimen 
( P l .  8 ,  f i g .  7) which i s  more d e l i c a t e  and h a s  
fewer  d e n t i c l e s .  The specimen i l l u s t r a t e d  by 
Kohut and  Sweet (1968)  a p p e a r s  t o  b e  more 
r e a d i l y  p l a c e d  i n  B e l o d i n a ;  s i m i l a r  specimens 
a r e  known t o  t h e  a u t h o r  from t h e  V a u r s a l  
Format ion ,  A n t i c o s t i  I s l a n d ,  Quebec, where 
t h e y  a r e  a s s o c i a t e d  w i t h  B e l o d i n a  p r o f u n d a  
(Branson and Mehl) . 
Types. Hypotypes,  GSC 57741, 57742. 

P l e q a g n a t h u s  n e l s o n i  E t h i n g t o n  and F u r n i s h  s . f  . 
P l a t e  8 ,  f i g u r e  1 

P l e q a g n a t h u s  n e l s o n i  E t h i n g t o n  and F u r n i s h ,  1959 ,  
p. 544,  545,  P1. 73,  f i g .  2 ,  3;  E t h i n g t o n  and F u r n i s h ,  
1960,  p. 272 ,  P1 .  38 ,  f i g .  1; Weyant, 1968,  p .  59 ,  
60 ,  P I .  4 ,  f i g .  8 

Remarks. See  P .  d a r t o n i .  

Type. Hypotype, GSC 57743. 

Genus W a l l i s e r o d u s  S e r p a g l i  , 196 7  

Type s p e c i e s .  A c o d u s  c u r v a t u s  
Branson and Branson,  1947 

Remarks. Cooper (1975) h a s  r e v i s e d  S e r p a g l i ' s  
(1967) o r i g i n a l  d e s c r i p t i o n  o f  t h i s  genus  t o  
a  m u l t i e l e m e n t  s t a t u s .  The t y p e  s p e c i e s  h a s  
been changed from P a l t o d u s  d e b o l t i  Rexroad t o  
A c o d u s  c u r v a t u s  Branson and Branson b e c a u s e  o f  
t h e  i n c l u s i o n  of t h e  l a t t e r  e l e m e n t  i n  t h e  
m u l t i e l e m e n t  s p e c i e s  by Cooper ( 1 9 7 5 ) .  

W a l l i s e r o d u s  c f .  W .  c u r v a t u s  (Branson and Branson)  

P l a t e  8 ,  f i g u r e s  19-32 

 codu us c u r v a t u s  Branson and Branson,  1947 ,  p .  554,  
P I .  81 ,  f i g .  20 

c f .  W a l l i s e r o d u s  c u r v a t u s  (Branson and Branson ) .  
Cooper ,  1975 ,  p.  995,  996,  P1 .  1, f i g .  1 0 ,  11, 16- 
2 1  ( i n c l u d e s  synonymy t o  1975)  

W a l l i s e r o d u s  d e b o l t i  (Rex road ) .  S e r p a g l i ,  1967 ,  
p .  104-106, P1 .  31 ,  f i g .  1, 6 ,  9 ,  11; ? P I .  31 ,  
f i g .  2-5, 7 ,  8 ,  1 0 ,  1 2 ,  13  

Drepanodus  a m p l i s s i m u s  S e r p a g l i ,  1967 ,  p .  66 ,  P1.  1 5 ,  
f i g .  l a -5b  

? S c a n d o d u s  z e r m u l a e n s i s  S e r p a g l i ,  1967,  p .  96,  97 ,  
P1 .  27,  f i g .  4a-6d 

? P a l t o d u s  d y s c r i t u s  Rexroad.  Thompson and S a t t e r f i e l d ,  
1975,  p .  70 ,  f i g .  5D 

Remarks. The e l e m e n t s  a s s i g n e d  t o  t h i s  s p e c i e s  
a r e  b e i n g  d e s c r i b e d  and d i s c u s s e d  i n  d e t a i l  i n  
a  s t u d y  o f  conodonts  from t h e  Vaur6a l  Format ion ,  
A n t i c o s t i  I s l a n d  (Nowlan and B a r n e s ,  i n  p r e p . )  
where t h e  s p e c i e s  i s  much more a b u n d a n t .  
Elements  homologous w i t h  and s i m i l a r  t o  t h e  
a c o d o n t i f o r m   c cod us u n i c o s t a t u s  Branson and 
Branson)  and c o s t a t e  e l e m e n t s  d e s c r i b e d  by 
Cooper (1975)  f o r  W .  c u r v a t u s  have been r e c o v e r e d .  
The a c o d o n t i f o r m  e l e m e n t  o f  t h i s  s t u d y  i s  
c o n s p e c i f  i c  w i t h  D r e p a n o d u s  a m p l i s s i m u s  S e r p a g l i  , 
and a  t r a n s i t i o n  s e r i e s  o f  c o s t a t e  e l e m e n t s ,  
acod i form ( c f  .  codu us c u r v a t u s  Branson and 
B r a n s o n ) ,  distacodiform-paltodiform (cf .  
~ a l t o d u s  m i g r a t u s  Rexroad)  , and a c o n t i o d i f o r m  
( c f .  P a l t o d u s  d y s c r i t u s  Rexroad) have a l s o  been 
r e c o v e r e d .  

The a c o d o n t i f o r m  e l e m e n t  d i f f e r s  from 
t h a t  o f  w. c u r v a t u s  i n  t h a t  it i s  l a t e r a l l y  
c a r i n a t e  and more v a r i a b l e .  The number o f  
s e c o n d a r y  c o s t a e  i l l u s t r a t e d  by Rexroad (1967,  
f i g .  4 )  f o r  some o f  t h e  c o n s t i t u e n t  form 
s p e c i e s  of  w. c u r v a t u s  a r e  n o t  p r e s e n t  on 
specimens i n  t h i s  m a t e r i a l .  I n  a d d i t i o n ,  t h e  
a n t e r i o r  f a c e  o f  t h e  a c o n t i o d i f o r m  e l e m e n t  i s  
f l a t  r a t h e r  t h a n  convex a s  shown f o r  P a l t o d u s  
d y s c r i t u s  Rexroad s .  f  . I n  t h i s  m a t e r i a l  an  
a d d i t i o n a l  c o s t a  may b e  p r e s e n t  on t h e  a n t e r i o r  
f a c e  o f  t h e  a c o n t i o d i f o r m  e l e m e n t  c l o s e  t o  one  
of t h e  a n t e r o - l a t e r a l  c o s t a e  g i v i n g  t h e  
a p p e a r a n c e  of a  s p l i t  a n t e r o - l a t e r a l  c o s t a .  

Thompson and S a t t e r f i e l d  (1975) i l l u s t r a t e d  
b u t  d i d  n o t  d e s c r i b e  a  specimen t h e y  r e f e r r e d  
t o  P a l t o d u s  d y s c r i t u s  Rexroad from t h e  Bowling 
Green Dolomite o f  M i s s o u r i .  T h e i r  ' P a l t o d u s  
d y s c r i  t u s '  f a u n a  (1975,  p .  70) i n c l u d e d   codu us 
c u r v a t u s  and A .  u n i c o s t a t u s  and t h e y  c o n s i d e r e d  
i t  t o  r e p r e s e n t  e a r l i e s t  S i l u r i a n ,  a l t h o u g h  i t  
co-occur  s w i t h  A m o r p h o g n a t h u s  o r d o v i c i c u s  Branson 
and Mehl i n  i t s  o l d e s t  o c c u r r e n c e  i n  a  number 
o f  a r e a s .  The c o e x i s t i n g  O r d o v i c i a n  forms 
were c o n s i d e r e d  reworked from t h e  Maquoketa 
S h a l e  (Thompson and S a t t e r f i e l d ,  1975 ,  p .  7 0 ) .  
T h i s  o c c u r r e n c e  o f  s i m i l a r  e l e m e n t s  i n  undoubted 
O r d o v i c i a n  s t r a t a  may s u g g e s t  t h a t  t h e  o l d e s t  
p a r t s  o f  t h e i r  S i l u r i a n  sequence  a r e  i n  f a c t  
O r d o v i c i a n .  

Types.  Hypotypes ,  GSC 57744-57750. 



P l a t e  8  

F i g u r e  1. P l e q a g n a t h u s  n e l s o n i  E t h i n g t o n  and F u r n i s h  s .  f .  L a t e r a l  v iew,  
x45; hypo type ,  GSC 57743; GSC l o c .  57572. 

F i g u r e s  2 ,  7 .  P l e q a g n a t h u s  d a r t o n i  ( S t o n e  a n d  F u r n i s h )  s .  f .  ( 2 )  L a t e r a l  
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PLATE 8 



I n c e r t a e  s e d i s  

Genus Milaculum ~ i i l l e r ,  1973 

Type s p e c i e s .  M .  r u t t e r i  M u l l e r ,  1973 

Milaculum e t h i n c l a r k i  Mulle r  

cone and t h e  form i s  opaque a round  t h e  c a v i t y .  
The f l a n g e  and t i p  o f  t h e  co,ne a r e  t r a n s l u c e n t .  
The cone  is m o d e r a t e l y  r e c u r v e d  p o s t e r i o r l y ;  
i t s  s u r f a c e  i s  h o r i z o n t a l l y  s t r i a t e d  and t h e s e  
s t r i a t i o n s  may r e p r e s e n t  growth l i n e s .  

P l a t e  8 ,  f i g u r e  34 Remarks. T h i s  form r e s e m b l e s  a  conodont  i n  
-- 

Milaculurn e t h i n c l a r k i  ~iller, 1973, p. 223, PI. 34, s e v e r a l  ways ( e . g .  cone  s h a p e ,  b a s a l  c a v i t y )  
f i g .  5 ,  6 ,  8  b u t  t h e  h o r i z o n t a l  s t r i a t i o n s  may s u g g e s t  

a n o t h e r  phylum. 
Type. Hypo.type, GSC 57751. - Type. F i g u r e d  spec imen ,  GSC 57753. - 

Genus Phosphannulus Miil ler ,  Nogami and Lenz, 1974 

Type s p e c i e s .  P. u n i v e r s a l i s  
~ i i l l e r ,  Nogami and Lenz, 1974 

Form B 

P l a t e  7 ,  f i g u r e s  20,  24 

Phosphannulus u n i v e r s a l i s  M u l l e r ,  Nogami and Lenz ~ ~ ~ ~ ~ i ~ t i ~ ~ .  A simple conical f o r m  w i t h  a  
P l a t e  8 ,  f i g u r e  33 t r i a n g u l a r  c r o s s - s e c t i o n .  L a t e r a l  f a c e s  a r e  

smooth and f l a t ,  m e e t i n g  i n  a  s h a r p  ( p o s t e r i o r )  
Phosphannulus u n i v e r s a l i s  Miil'ler, Nogami and Lenz, e d g e ,  which i s  v i r t u a l l y  s t r a i g h t  i n  l a t e r a l  

1974, p .  89, PI. 18, f i g .  1-12; P l .  19, f i g .  1-13; view.  The a n t e r i o r  f a c e  i s  f l a t ,  b r o a d e s t  a t  
P1. 20, f i g .  1-7; P1. 21 ,  f i g .  1-9 t h e  b a s e  t a p e r i n g  t o  t h e  t i p  o f  t h e  cone .  The 

Type. Hypotype, GSC 57752. - 

Form A 

P l a t e  8 ,  f i g u r e  10 

a n t e r o l a t e r a l  e d g e s  a r e  s h a r p l y  rounded.  I n  
l a t e r a l  v iew,  t h e  a n t e r i o r  marg in  h a s  a  
c h a r a c t e r i s t i c  na r rowing  a t  a b o u t  mid-he igh t .  
A d e e p  c a v i t y  f i l l s  most  o f  t h e  cone ,  e x t e n d i n g  
a l m o s t  t o  t h e  t i p .  I t  i s  r e s t r i c t e d  t o  t h e  
a n t e r i o r  f i v e  s i x t h s  o f  t h e  cone .  The p o s t e -  
r i o r  one f i f t h  o f  t h e  cone  i s  t r a n s l u c e n t .  

D e s c r i p t i o n .  A s i m p l e ,  p h o s p h a t i c ,  c o n i c a l  
form w i t h  -a s h a r p  l a t e r a l  f l a n g e .  The p o s t e r i o r  Remarks. T h i s  form i s  k ~ ~ o w n  t o  t h e  a u t h o r  
edge  o f  t h e  b a s e  i s  even ,  b u t  a n t e r i o r l y  t h e  from t h e  l a t e  O r d o v i c i a n  VaurBal Format ion  o f  
b a s a l  edge  i s  ex tended  a s y m m e t r i c a l l y  downwards A n t i c o s t i  I s l a n d ,  ~ u b b e c .  I t s  a f f i n i t i e s  a r e  
and a  n o t c h  i s  deve loped  on t h e  f l a n g e d  s i d e .  u n c e r t a i n ,  b u t  it may b e  a  conodont .  The 
The cone  i s  s u b c i r c u l a r  i n  c r o s s - s e c t i o n .  The c l o s e s t  genus  i s  Pseudooneotodus  ~ r y g a n t ,  b u t  
f l a n g e  i s  deve loped  on o n e  s i d e  and e x t e n d s  t h a t  form c o n t a i n s  s h o r t  c o n i c a l  u n i t s ,  r a t h e r  
from t h e  b a s e  a b o u t  two t h i r d s  up t h e  cone .  t h a n  t h e  l o n g  e l e m e n t s  d e s c r i b e d  h e r e .  
I t  i s  b r o a d e s t  n e a r  t h e  b a s e  and nar rows  
a p i c a l l y .  A  l a r g e  c a v i t y  f i l l s  most  o f  t h e  Types.  F i g u r e d  spec imens ,  GSC 57754, 57755. 
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Abstract R6sum6 

Trace f o s s i l s  a r e  abundant i n  t e r r igenous ,  shallow 
marine c l a s t i c  rocks i n  t h e  lower p a r t  of t h e  Laval 
Formation (Chazy Group) of the  S t .  Lawrence Lowlands, 
and equiva len t  rocks (Rockcl iffe  Formation) i n  t h e  
Ottawa Valley.  Most p reva len t  a r e  crawling t r a c e s  
(Repichnia) and feeding burrows (Fodinichnia) ,  
followed by r e s t i n g  t r a c e s  (Cubichnia) and dwell ing 
burrows (Domichnia); systematic  feeding t r a c e s  
(Pascichnia)  a r e  absen t .  The fol lowing 17 ichnogenera 
a r e  reported from t h e  te r r igenous  beds: A r t h r a r i a ,  
C h o n d r i t e s ,  Conos t i chus ,  Cruz iana ,  D i p l i c h n i t e s ,  
D i p l o c r a t e r i o n ,  I sopod ichnus ,  Palaeophycus ,  P e t a l i c h n u s ,  
Phycodes,  P l a n o l i t e s ,  Rhizocoral lum?,  Rusophycus,  
S k o l i t h o s ,  T e i c h i c h n u s ,  W a l c o t t i a ? ,  and t h e  new 
ichnogenus Caugichnus.  Two of these ,  T e i c h i c h n u s  and 
Phycodes,  occur a s  i n t e g r a l  s t r u c t u r e s  made by a  s i n g l e  
s p e c i e s  of organism. Also presen t  a r e  3 genera of  
borings: T r y p a n i t e s ,  on a  hardground developed on a  
c a l c a r e n i t e  i n  the  upper p a r t  of t h e  Laval Formation, 
and Ropalonaria  and Verrnifor ichnus,perforat ing va lves  
of t h e  o r t h i d  brachiopod Mirnella impera tor  B i l l i n g s  i n  
the Rockc l i f fe  Formation. Two overlapping shallow 
water f a c i e s  a r e  recognized: S e i l a c h e r ' s  S k o l i t h o s  
f a c i e s  ( i n  the  wes t ) ,  and the  Cruziana f a c i e s  t o  t h e  
e a s t ;  t h e  l a t t e r  i s  subdivided i n t o  a  Rusophycus 
subfac ies  ( i n  t h e  middle of t h e  s tudy a r e a ) ,  and a  
Phycodes subfac ies  i n  t h e  e a s t .  

INTRODUCTION 

A v a r i e t y  o f  f o s s i l  t r a c k s ,  t r a i l s ,  and bur -  
rows of i n v e r t e b r a t e  a n i m a l s  o c c u r s  i n  t h e  
Chazy Group o f  e a s t e r n  O n t a r i o ,  s o u t h e r n  
Quebec,  and n o r t h e r n  New York S t a t e ,  b u t  o n l y  
a  few b r i e f ,  o l d e r  and w i d e l y  s c a t t e r e d  r e p o r t s  
have  been p u b l i s h e d .  These i n c l u d e  p a p e r s  by 
H a l l  ( 1 8 4 7 ) ,  B i l l i n g s  (1862, 1 8 6 5 ) ,  Dawson 
(1864, 1 8 9 0 ) ,  Ami ( 1 8 8 7 ) ,  Raymond ( 1 9 1 0 ) ,  and  

Les t r a c e s  f o s s i l e s  s o n t  abondantes dans l e s  sEdiments 
marins t e r r i g s n e s  de l a  p a r t i e  i n f e r i e u r e  de l a  
Formation de  Laval (Groupe de  Chazy) des  Basses T e r r e s  
du St-Laurent,  e t  dans l e s  uni tEs gquivalentes  (Forma- 
t i o n  de Rockc l i f fe )  de l a  v a l l s e  de l l O u t a o u a i s .  Les 
types l e s  p lus  abondants s o n t  l e s  t r a c e s  de  locomotion 
(Repichnia) e t  l e s  s t r u c t u r e s  de n u t r i t i o n  (Fodin ichnia ) ,  
s u i v i s  par l e s  t r a c e s  de  s t a t i o n  (Cubichnia) e t  l e s  
s t r u c t u r e s  d ' h a b i t a t i o n  (Domichnia); l e s  t r a c e s  
systEmatiques de n u t r i t i o n  (Pascichnia)  son t  a b s e n t e s .  
Les 17 ichnogenres s u i v a n t s  s o n t  repor t&:  A r t h r a r i a ,  
C h o n d r i t e s ,  C o n o s t i c h u s ,  Cruz iana ,  D i p l i c h n i t e s ,  
D i p l o c r a t e r i o n ,  I sopod ichnus ,  Palaeophycus ,  P e t a l i c h n u s ,  
Phycodes,  P l a n o l i t e s ,  Rh i zocora l lum? ,  Rusophycus ,  
S k o l i  t h o s ,  T e i c h i c h n u s ,  W a l c o t t i a ?  e t  l e  nouveau 
ichnogenre Caugichnus;  deux de ceux-ci ( ~ e i c h i c h n u s  e t  
~ h y c o d e s )  forment des  s t r u c t u r e s  i n t g g r a l e s ,  c o n s t r u i t e s  
par une s e u l e  espsce d'organisme. Tro is  genres  
a d d i t i o n n e l s  de p e r f o r a t i o n s  s o n t  ggalement p rgsen ts :  
T r y p a n i t e s ,  dans un hardground di5velopp6 s u r  une 
c a l c a r g n i t e  dans l a  p a r t i e  s u p s r i e u r e  de l a  Formation 
de Laval ,  e t  Ropalonaria  e t  V e r m i f o r i c h n u s  dans l e s  
c o q u f l l e s  du Brachiopode Mimella impera tor  B i l l i n g s .  On 
reconna i t  deux des  i chnofac ies  de  Se i lacher :  l e  fac iZs  
5 S k o l i t h o s  3 l l O u e s t ,  e t  l e  faci 'es  1 Cruziana 5 1 ' E s t ;  
l e  d e r n i e r  e s t  d i v i s 6  en un sous-faci 'es 2 Rusophycus 
au c e n t r e  de  l a  r s g i o n  6tudiEe e t  un sous-faciss  2 
Phycodes 3 1 ' E s t .  
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F igure  5 .  Synopsis o f  Chazy ichnofauna i n  Ottawa-St. Lawerence Lowlands. For d e f i n i t i o n s  o f  
terms r e f e r r i n g  t o  e t h o l o g i c  and toponomic c l a s s i f i c a t i o n  see Hantzschel (1975, p. W19-W21). 



supratidal dolomite and minor shale of the 
Beekmantown Group. In its type area in the 
Lake Champlain Valley the Chazy Group is up to 
270 m thick (Fig. 6A) and comprises mainly 
diverse types of limestone, but with several 
tens of metres of basal terrigenous clastic 
rocks containing trace fossils (Head and Wait 
members of the Day Point Formation; Oxley and 
Kay, 1959) . 

The Chazy Group thins northward towards 
Montreal, where it is only about 100 m thick 
and is known as the Laval Formation; the lower, 
trace fossil-bearing greenish grey shale and 
sandstone beds comprise the Sainte Thgrkse 
Member (Clark, 1952; 1972). The carbonate 
lithologies in the middle and upper parts 
include crossbedded pelmatozoan calcarenite, 
lumpy bedded calcisiltite, and shaly limestone, 
all interpreted as very shallow water deposits. 
Some of the earliest known coral bioherms are 
found in the limestone units in a narrow belt 
extending from northwest of Montreal to the 
Champlain Valley. Facies changes are frequent, 
and individual beds commonly cannot be traced 
from quarry to quarry. The shale and sandstone 
beds are generally equally variable in thickness 
and occurrence. Mud cracks are common in facies 
in which shale and sandstone are intimately 
intercalated, and channeling is evident, 
suggesting accumulation on the lower intertidal 
mud and sand flats. 

The thinning trend of the Chazy rocks 
continues westward, accompanied by the progres- 
sive elimination of the carbonate facies, so 
that the section at Ottawa (Rockcliffe Forma- 
tion; Wilson, 1946) is about 50 m thick and 
almost entirely comprises greenish grey and 
grey, ripple marked and cross laminated sand- 
stone with mud-cracked shale laminae. Farther 
west near Fitzroy Harbour, the sediments are 
reddish coloured. For a detailed discussion 
of the stratigraphy and paleogeography the 
reader is referred to Hofmann (1963). 

The Chazy Group of the Ottawa-St. Lawrence 
Lowlands can best be interpreted as a complex 
of estuarine or deltaic deposits prograding 
eastward into a marine embayment that was 
localized in the same general area as the 
present lowlands (Fig. 6B) . The influx of 
detritus from the west was a result of renewed 
tectonic activity, uplifts that followed a 
long period of quiescence ending with a wide- 
spread dolomite deposition on sabkhas and in 
shallow platform basins during the Early 
Ordovician. Subsidence in the east brought 
more open marine conditions to the eastern 
portion of the area, permitting an invasion 
of a diverse marine fauna dominated by 
brachiopods and echinoderms, but containing 
calcareous algae, trilobites, ostracodes, 
molluscs, and, for the first time in the area, 
scyphozoans, anthozoans, and bryozoans. The 
debris derived from the skeletons of these 
various animals accumulated to form the 
various limestone facies of the middle and 
upper parts of the Laval Formation, the 
character of the lithology depending on the 
relative contribution of the dominant taxa. 
Trace fossils are not very evident in the 
carbonate beds, although a general bioturbation 
is sometimes discernible. 

fihroy onawo 1 Harbour I 

EAST 

A. S t r a t i g r a p h i c  s e c t i o n  o f  t h e  Chazy Group, 
showing t e r r i g e n o u s  u n i t s  w i t h  t r a c e  
f o s s i l s  ( s t i p p l e d  p a t t e r n ) .  

B. Sketch map o f  area i n  F i g u r e  5,  i l l u s t r a t i n g  
i n f e r r e d  i c h n o f a c i e s  d i s t r i b u t i o n .  Boundaries 
between f a c i e s  a r e  h i g h l y  schematic,  and 
o v e r l a p  may be more e x t e n s i v e  than shown. 

F i g u r e  6 .  

The ichnofossil assemblage here described 
is predominantly localized in the terrigenous 
units, particularly where alternating soft 
shale and hard sandstone are present. The 
alternating conditions of fine and coarser 
sedimentation provided the contrast necessary 
for enhancing the production (in shale) and 
preservation (by casting in sand) of such 
structures. The trace fossils are thus found 
throughout the whole Chazy section in the 
Ottawa area, but are essentially confined to 
its lower portion in the Montreal and Lake 
Champlain areas. 

CHARACTER O F  THE TRACE FOSSIL ASSEMBLAGE 

Figure 5 shows the dominance of crawling traces 
(Repichnia) and feeding burrows (Fodinichnia) 
in the assemblage, with P l a n o l i t e s  sp. being 
ubiquitous; systematic feeding traces 
(Pascichnia) are absent. The structures can 
be assigned to Seilacher's (1967) S k o l i t h o s  and 
C r u z i a n a  facies. The S k o l i t h o s  facies is in the 
west, and the C r u z i a n a  facies is divided into 
two subf acies or assemblages, a ~ u s o p h y c u s  
subfacies in the centre of the study area, and 
a Phycodes  subfacies in the east (Fig. 6B) , 
reflecting a general bathymetric zonation 
(Seilacher, 1967; ~antzschel, 1975, p. W32-33), 
with increasing depth to the east. These 
facies overlap, and, because of the lateral 
shifting of lithotopes with time, the 
geographic positions of each facies varies 
with stratigraphic position within the Chazy 
Group. 



The S k o l i t h o s  f a c i e s  i s  deve loped  i n  sand- 
s t o n e  r i c h  i n  l i n g u l i d  f ragments  t h a t  
accumulated i n  h i g h  e n e r g y  c o n d i t i o n s ,  under  
t h e  i n f l u e n c e  o f  waves and t i d e s  and p e r i o d i c  
exposure ,  such  a s  found on wide beaches  o r  
t i d a l  f l a t s .  I n t e r l a m i n a t e d  s a n d  and s h a l e ,  
sometimes mud c r a c k e d  and c h a n n e l e d ,  and 
c o n t a i n i n g  t h e  ~ u s o p h y c u s  assemblage i n d i c a t e  
accumula t ion  on more p r o t e c t e d  lower  i n t e r t i d a  
f l a t s  and i n  s h a l l o w  s u b t i d a l  env i ronments ,  
whereas  t h e  Phycodes s u b f a c i e s  may r e p r e s e n t  
s l i g h t l y  d e e p e r  w a t e r s  found i n  i n t e r d i s t r i b -  
u t a r y  bays o r  d e p r e s s i o n s .  

The p r o v i n c i a l  a s p e c t  o f  t h e  s h e l l y  Chazy 
fauna  s u g g e s t s  c o n s i d e r a b l e  i s o l a t i o n  o f  t h e  
former  embayment, and t h e  b e l t  o f  c o r a l -  
bryozoan r e e f  from Mont rea l  t o  t h e  Champlain 
v a l l e y  may have been n e a r  t h e  g e n e r a l  e a s t e r n  
l i m i t  o f  t h i s  embayment. F a r t h e r  e a s t ,  i n  t h e  
Appalachian a r e a ,  d a r k  s h a l e  accumulated i n  a  
deep wate r  b a s i n .  Vagran t  worms, t r i l o b i t e s ,  
and o t h e r  a n i m a l s  p o p u l a t e d  t h e  s h a l l o w  
embayment i n  a d d i t i o n  t o  t h e  l i m e s t o n e -  
p roduc ing  b e n t h o s ,  b u t  it was g e n e r a l l y  o n l y  
on t h e  t e r r i g e n o u s  l i t h o t o p e s  where s u i t a b l e  
c o n d i t i o n s  e x i s t e d  f o r  t h e  a n i m a l s  t o  l e a v e  
beh ind  a  v i s i b l e  r e c o r d  o f  t h e i r  a c t i v i t y  on 
and i n  t h e  seabed .  

TABLE 3  

Nonboring Chazy ichnogenera  and 
t h e i r  o c c u r r e n c e  i n  o t h e r  i c h n o f a u n a s  

The p h y l o g e n e t i c  a f f i n i t i e s  o f  t h e  
o r i g i n a t o r s  o f  t h e  t r a c e s  l i e  p r e d o m i n a n t l y  
w i t h  worms and t r i l o b i t e s  ( ~ i g .  5 ) ;  a  
c o e l e n t e r a t e  i s  p o s s i b l y  r e s p o n s i b l e  f o r  o n e  
i chnogenus ,  and a  bryozoan f o r  a n o t h e r .  From 
a  toponomic p o i n t  o f  view,  t h e  t a x a  a r e  c h i e f l y  
h y p i c h n i a  (on t h e  u n d e r s i d e  o f  s a n d s t o n e  b e d s ) ,  
(Mar t insson  1965, p. 203; ~ a n t z s c h e l ,  1975,  
p. W19), f o l l o w e d  by e n d i c h n i a  ( w i t h i n  sand- 
s t o n e  b e d s ) .  E p i c h n i a l  (on t o p  o f  s a n d s t o n e  
beds)  and e x i c h n i a l  ( i n  s h a l e  between s a n d s t o n e  
b e d s )  t a x a  a r e  n o t  numerous, however,  t h e  
e x i c h n i a l  t a x o n  P l a n o l i t e s  i s  t h e  most  w i d e s p r e a d  
and common t r a c e  f o s s i l  i n  t h e  assemblage ;  i t  
p o s s i b l y  r e p r e s e n t s  s e v e r a l  s p e c i e s  o f  o r i g i -  
n a t o r s .  

Chazy Group 
(Middle 

Ordovic ian)  

Ar t h r a r i a  

Ca ug i  chnus  

Chondri  t e s  

C o n o s t i c h u s  

Cruz iana 

D i p l i c h n i  tes 

Diplocra  t e r i o n  

I sopod ichnus  

Palaeophycus 

P e t a l i c h n u s  

Phycodes 

P l a n o l i t e s  

Rhi zocoral  li urn? 

Rusophycus 

Sko l  i t h o s  

T e i c h i  chn u s  

W a l c o t t i a ?  
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The assemblage  can be compared w i t h  o t h e r s  
r e p r e s e n t i n g  s i m i l a r  env i ronments  ( B i l l i n g s ,  
1872, 1874; N a u t i y a l , l 9 6 6 ;  S e i l a c h e r  and 
Crimes,  1969; ~ e r g s t r o m ,  1 9 7 6 ) .  The s l i g h t l y  
o l d e r  ( E a r l y  O r d o v i c i a n )  B e l l  Island-Wabana 
assemblage i n  Concep t ion  Bay, Newfoundland 
a p p e a r s  t o  b e  dominated by t r i l o b i t e  t r a c e s  o f  
t h e  Cruz iana  f a c i e s ;  a t  l e a s t  9  i c h n o g e n e r a  a r e  
i n  common w i t h  t h e  Chazy i c h n o f a u n a  ( T a b l e  3 ) .  
However, t h e  s i m i l a r i t y  i s  g r e a t e r  w i t h  t h e  
i c h o f a u n a  of  t h e  Medina and C l i n t o n  g r o u p s  
( E a r l y  and Middle S i l u r i a n )  o f  New York S t a t e ;  
a t  l e a s t  1 2  o f  17  nonbor ing  i c h n o t a x a  a r e  
common t o  b o t h  ( H a l l ,  1843, 1850,  1852; Osgood 
and Drennen, 1 9 7 5 ) .  I t  i s  p o s s i b l e  t h a t  t h e  
s i m i l a r i t i e s  among t h e  t h r e e  i c h n o f a u n a s  may 
be even g r e a t e r ,  c o n s i d e r i n g  t h a t  r e c e n t  
p u b l i c a t i o n s  (Osgood and Drennen, 19 75; 
~ e r g s t r o m ,  1976)  have c o n c e n t r a t e d  o n l y  on 
t h e  t r i l o b i t e  t r a c e  f o s s i l s .  P l a n o l i t e s  bar rows  
s h o u l d  c e r t a i n l y  b e  e x p e c t e d  i n  t h e  o t h e r  two 
a s s e m b l a g e s ,  a s  s h o u l d  Palaeophycus  i n  t h e  B e l l  
Island-Wabana sequence ,  and T e i c h i c h n u s ,  o r  i t s  
a n a l o g u e ,  i n  t h e  Medina-Clinton sequence .  
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P l a t e  9 ,  T e x t - f i g u r e  7  

Cruz iana  C a r l e y i  James ,  1885, p .  155, P1. 8, f i g .  1 
I s o t e l u s  a r e n i c o l a  Raymond, 1910 ( p a r t i m ) ,  p. 130-132, 

P I .  2 ,  f i g .  5  
Cruziana c a r l e y i  S e i l a c h e r ,  1970, p .  474, f i g .  l l b  
Rusophycus c a r l e y i  Osgood, 1970, p .  306, 307, P I .  57, 

f i g .  1; P I .  58+ f i g .  7 ,  8 ;  PI. 59, f i g .  6 ;  P1 .  71, 
f i g .  1 ;  T e x t - f i g .  29b 

Raymond (1910)  d e s c r i b e d  and i l l u s t r a t e d  "a  
r a t h e r  r e m a r k a b l e  specimen" from t h e  R o c k c l i f f e  
Sands tone  of t h e  B r i t a n n i a  Bay a r e a  i n  t h e  
w e s t e r n  p a r t  o f  t h e  C i t y , o f  Ottawa.  T h i s  
s p e c t a c u l a r ,  though abraded  specimen i s  on t h e  
upper  s u r f a c e  o f  a s a n d s t o n e  bed ( e p i r e l i e f )  
showing s h a l l o w  d e p r e s s i o n s  e x c a v a t e d  i n  
r i p p l e  marked and c r o s s l a m i n a t e d  medium t o  
f i n e  g r a i n e d  s a n d s t o n e ,  and made by 3  d i f f e r e n t  
p a r t s  o f  t h e  appendages o f  wha t  i s  most  l i k e l y  
a  s p e c i e s  o f  I s o t e l u s .  

The i m p r e s s i o n  i s  p r e s e r v e d  a s  a  s u b e l l i p -  
t i c a l  o u t l i n e  a p p r o x i m a t e l y  3 1  by 21  c m ,  and  
is t h u s  somewhat l a r g e r  t h a n  t h e  l a r g e s t  known 
specimen of  ~ u s o p h y c u s  r e p o r t e d  by Osgood (19 70, 
p .  3 0 7 ) .  I t  compr i ses  an o v a l ,  p o s t e r i o r l y  



Figure 7 .  Rusophycus c a r l e y i  (James) . 
Line drawing o f  specimen I n  P l a t e  9, 
showing the various types o f  markings. 

Rusophycus c a r l e y i  ( James) .  E p i r e l i e f  on c ros s l amina t ed  sands tone ,  
de sc r ibed  by Raymond (1910) ,  and a t t r i b u t e d  by him t o  I s a f e l u s  
a r e n i c o l a  Raymond. Rockcl if  f e  Formation,  sou th  sho re  of Ottawa 
River ,  B r i t a n n i a  Bay s e c t i o n ,  Ottawa, On ta r io .  GSC 4 3 2 8 .  
(GSC photo 202242-T) 
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p o i n t e d  c e n t r a l  p o r t i o n  o f  a b o u t  1 3  by 7  cm, 
c o n t a i n i n g  an a x i a l  r i d g e  f l a n k e d  by 2 l o n g i -  
t u d i n a l  s e r i e s  o f  p a i r e d  i m p r e s s i o n s  o f  t h e  
p rox imal  p o r t i o n s  of t h e  l e g s ,  8  l a r g e  p a i r s  
on t h e  t h o r a x ,  and a t  l e a s t  4 s m a l l e r  p a i r s  
of  i m p r e s s i o n s  a t  t h e  a n t e r i o r  p a r t  of  t h e  
pygidium.  The c e n t r a l  p o r t i o n  i s  sur rounded  
by 2 wide ,  l a t e r a l ,  c r e s c e n t r i c  l o b e s  w i t h  
f i n e  s c r a t c h  marks .  The a x i a l  r i d g e  i s  7  mm 
wide a t  t h e  a n t e r i o r  end and t a p e r s  t o  3  mm 
wide a t  t h e  j u n c t i o n  of  t h o r a x  and pygidium.  
The i n n e r ,  c o x a l  i m p r e s s i o n s  a r e  t r a n s v e r s e l y  
e l o n g a t e  and a b o u t  15 t o  18 mm by 1 2  mm. The 
o u t e r  l o n g i t u d i n a l  s e r i e s  of  5  by 10 mm wide 
i m p r e s s i o n s  ( e n d o p o d i a l ? )  i n  t h e  c e n t r a l  
p o r t i o n  i s  l e s s  w e l l  p r e s e r v e d ;  it i s  c o n t i g -  
uous  w i t h  t h e  i n n e r  s e r i e s ,  b u t  o f f s e t  f rom- 
i t ,  b e i n g  i n  advance o f  t h e  c o x a l  i m p r e s s i o n s  
one t h i r d  t o  one h a l f  t h e  d i s t a n c e  between 
a r t i c u l a t i o n s  o f  t h e  p l e u r a e ,  much l i k e  a  
specimen shown by 0sgbod (1970 ,  P1. 57 ,  
f i g .  1 ) .  

The o u t e r  p o r t i o n  o f  t h e  t r a c e  f o s s i l ,  
which Raymond (1910,  p .  132)  d i d  n o t  c o n s i d e r  
a  p a r t  o f  t h e  specimen,  c o m p r i s e s  2  f l a t  
l a t e r a l  l o b e s ,  e a c h  a b o u t  6  cm wide ,  r e p r e -  
s e n t i n g  t h e  i m p r e s s i o n s  of  t h e  d i s t a l  p o r t i o n s  
o f  t h e  l i m b s .  I n  t h e  a n t e r i o r  p o r t i o n s  f a i n t  
s h o r t  o u t w a r d l y  and p o s t e r i o r l y  d i r e c t e d  
s c r a t c h e s  ( o f  e x p o d i a ? )  a r e  v i s i b l e .  

The nomenc la tu re  o f  t h e  b i l o b a t e  t r a c e s  
o f  t r i l o b i t e s ,  C r u z i a n a  and R u s o p h y c u s ,  i s  
p r o b l e m a t i c  b e c a u s e  t h e s e  two i c h n o g e n e r a  have 
been r e g a r d e d  a s  synonymous and  a s  d i s t i n c t  a t  
v a r i o u s  t i m e s  ( S e i l a c h e r ,  1970;  Osgood, 1970;  
Cr imes ,  1975;  H a n t z s c h e l ,  1 9 7 5 ) .  I h e r e  f o l l o w  
t h e  l a t t e r  t h r e e  a u t h o r s  i n  m a i n t a i n i n g  sepa-  
r a t e  i c h n o g e n e r a  f o r  s h o r t  and  f o r  l o n g  t r a c e s ,  
a s s i g n i n g  s h o r t  r e s t i n g  e x c a v a t i o n s  t o  ~ u s o p h y c u s  
H a l l ,  and l o n g e r  t r a c e s  e v i d e n c i n g  fo rward  
mot ion t o  C r u z i a n a  d l O r b i g n y .  

R u s o p l ~ y c u s  g r e n v i l l e n s e  B i l l i n g s ,  1892 

P l a t e  1 0 ,  A-D 

R u s o p h y c u s  G r e n v i l l e n s i s  Billings,  1862, p .  101, 102; 
1865, p .  101 

R u s o p h y c u s  g r e n v i l l e n s i s  Dawson, 1864, p .  363, 458 
R u s i c h n i t e s  q r e n v i l l e n s i s  Dawson, 1890, p .  597, f i g .  1 
C r u z i a n a  g r e n v i l l e n s i s  Seilacher, 1970, p .  459, 460 

S t r u c t u r e s  a s s i g n e d  t o  t h i s  i c h n o s p e c i e s  a r e  
found a s  h y p i c h n i a l  c a s t s  i n  t h e  form o f  
o b l o n g - o v a t e ,  b i l o b a t e  h e m i s p h e r o i d a l  m a s s e s ,  
w i t h  a  l o n g i t u d i n a l  median f u r r o w  and t r a n s -  
v e r s e  w r i n k l e s  on t h e  l o b e s ,  a s  w e l l  a s  
c r e s c e n t i c  g r o o v e s  on t h e  s t e e p  s i d e s .  The 
b o d i e s  a r e  g e n e r a l l y  from 5  t o  10 cm i n  l e n g t h  
and from 5  t o  8  cm i n  w i d t h ,  b u t  much l a r g e r  
spec imens  have  a l s o  been o b s e r v e d .  A l l  a r e  

A f a i n t  i m p r e s s i o n  o f  t h e  p o s t e r i o r  p a r t  composed o f  medium t o  c o a r s e  g r a i n e d  q u a r t z  
o f  t h e  hypostoma a p p e a r s  i n  t h e  c e p h a l i c  s a n d s t o n e  w i t h o u t  any p a r t i c u l a r  i n t e r n a l  
r e g i o n ,  marked by 2  s y m m e t r i c a l l y  p l a c e d ,  s t r u c t u r e  ( P l .  1 0 ,  D) . They a r e  s u r r o u n d e d  
a n t e r i o r l y  c o n v e r g i n g  r i d g e s  and f l a n k i n g  by g r e e n  s h a l e ,  and r e p r e s e n t  r a p i d  f i l l i n g  
d e p r e s s i o n s  2  cm l o n g ,  t h a t  j o i n  t h e  s i d e s  o f  o f  a  b i o l o g i c  e x c a v a t i o n  i n  mud. I n  most  
a  t r a p e z i u m  4.5  cm wide a t  t h e  back and 2 . 5  cm spec imens  t h e  s t e e p  f l a n k s  c o n v e r g e  o n l y  v e r y  
wide a t  t h e  f r o n t .  s l i g h t l y .  I n  more o r n a t e  samples  ( P l .  1 0 ,  B )  

P l a t e  10 

A-D. ~ u s o p h y c u s  g r e n v i l l e n s e  B i l l i n g s .  A. S t e r e o s c o p i c  view o f  spec imen  
i l l u s t r a t e d  by Dawson ( 1 8 9 0 ) ;  a n t e r i o r  a t  t o p .  Note ~ i p l i c h n i t e s - l i k e  t r a c k s  
b e h i n d  d i s t a l  e n d ,  which Dawson c o n s i d e r e d  t o  have been  made by t h e  same 
an imal  t h a t  made t h e  burrow.  (Compare w i t h  ~ e r g s t r o m ,  1976 ,  F i g .  1 9 C ) .  
R o c k c l i f f e  Format ion ,  G r e n v i l l e ,  Quebec .  Redpath Museum 592.  

B .  S i d e  view o f  burrow w i t h  c u r v e d  l a t e r a l  mark ings  made by c a r a p a c e .  
A n t e r i o r  a t  r i g h t .  R o c k c l i f f e  F o r m a t i o n ,  c r e e k  w e s t  of  G r e e c e ' s  P o i n t ,  
7  km e a s t - s o u t h e a s t  o f  G r e n v i l l e ,  Quebec .  GSC 54182. 

C .  Bottom view o f  same specimen a s  B ;  a n t e r i o r  a t  t o p .  

D.  T r a n s v e r s e  s e c t i o n ,  showing c o a r s e  t e r r i g e n o u s  f i l l  and g r e e n i s h  g r e y  
s h a l e  of  u n d e r l y i n g  bed a d h e r i n g  t o  burrow f i l l  i n  m e d i a l  f u r r o w  be tween  
t h e  two l o b e s .  Same l o c a l i t y  a s  B .  GSC 54183. 

E .  P e t a l i c h n u s  s p .  E p i r e l i e f .  Two s e t s  of  pit-and-mound i m p r i n t s  o f  
appendages .  Lower h a l f  o f  L a v a l  F o r m a t i o n ,  i n  i n t e r v a l  11.6-8.9  m below 
t o p  o f  Lagac6 Quar ry ,  L a v a l ,  Quebec .  GSC 54184. 

F .  W a l c o t t i a ?  s p .  Convex r e l i e f  o f  p o r t i o n  o f  c u r v e d  t r a i l  i n  c r o s s l a m i n a t e d  
micaceous  s a n d s t o n e  w i t h  s h a l e  p a r t i n g s .  R o c k c l i f f e  F o r m a t i o n ,  l o o s e  from 
r u b b l e  65 m w e s t  o f  e n t r a n c e  t o  f i l t r a t i o n  p l a n t  a t  B r i t a n n i a ,  n e a r  Ot tawa ,  
O n t a r i o .  GSC 54185. 

G .  C r u z i a n a ?  d i l a t a t a  S e i l a c h e r .  Unique specimen p r e s e r v e d  i n  g r e e n i s h  g r e y  
s h a l e .  L o n g i t u d i n a l  mark ings  g rouped  i n  l o b e s  o v e r  b r o a d  a r e a .  Lower h a l f  
o f  L a v a l  Format ion ,  i n  i n t e r v a l  31-18 m below t o p  o f  Lagace Q u a r r y ,  L a v a l ,  
Quebec.  GSC 54186. 
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upward p o i n t i n g  c r e s c e n t i c  r i d g e s  a r e  v i s i b l e  
on t h e  s i d e s ,  whereas t h e  s u r f a c e s  of t h e  two 
convex lobes  on e i t h e r  s i d e  of t h e  median 
furrow a r e  s c u l p t u r e d  wi th  c l o s e l y  spaced 
t r a n s v e r s e  wr ink le s  t h a t  become f i n e r  towards 
t h e  s l i g h t l y  narrower end. 

The bodies  a r e  b e s t  developed and most 
abundant i n  t h e  i n t e rbedded  sands tone  and. green  
s h a l e  of  t h e  R o c k c l i f f e  Formation i n  t h e  Ottawa 
Val ley  nea r  G r e n v i l l e ,  Quebec and Hawkesbury, 
On ta r io .  Those from t h e  Montreal  a r e a  a r e  n o t  
a s  w e l l  formed, and occur  s p o r a d i c a l l y  i n  t h e  
lower Laval  sandy q u a r t z  beds and green  s h a l e  
exposed i n  t h e  lower p a r t  o f  t h e  Lagac6 Quar ry ,  
Laval ,  and i n  t h e  q u a r r i e s  i n  t h e  Caughnawaga 
a r e a .  

R .  q r e n v i l l e n s e  has  a  c l o s e  resemblance t o  
t h e  more e l o n g a t e  forms from t h e  S i l u r i a n  of 
New York which H a l l  (1852) named R .  b i l o b a t u s .  
H a l l  and B i l l i n g s  o r i g i n a l l y  a s c r i b e d  an a l g a l  
o r i g i n  t o  t h e s e  b i l o b i t e s .  D'awson (1864) was 
t h e  f i r s t  t o  conclude t h a t  t h e  markings a r e  t h e  
c a s t s  of burrows and t r a c k s  of marine an imals ,  
probably of  t r i l o b i t e s ,  and he (1890) proposed 
a  new g e n e r i c  name, R u s i c h n i t e s ,  t o  emphasize 
t h e i r  i c h n o l o g i c a l  o r i g i n .  However, accord ing  
t o  nomenc la to r i a l  r u l e s ,  ~ u s o p h y c u s  i s  t h e  v a l i d  
name. 

S e i l a c h e r  (1960, p. 4 3 )  has  shown t h a t  
rusophycoid s t r u c t u r e s  can be produced by 
po lychae t e s ,  ga s t ropods ,  phyl lopods ,  and 
t r i l o b i t e s .  Each of t h e s e  i s  d i s t i n c t ,  and,  
cons ide r ing  t h e i r  s i z e  and morphology, on ly  
t r i l o b i t e s  a r e  l i k e l y  o r i g i n a t o r s  f o r  t h e  Chazy 
forms. Dawson's o r i g i n a l  i n t e r p r e t a t i o n  of t h e  
s t r u c t u r e s  a s  t r i l o b i t e  burrows i s  v a l i d .  
Osgood (1970) has  been a b l e  t o  d i s t i n g u i s h  
s e v e r a l  morphologic and g e n e t i c  t y p e s - o f  
rusophycids ,  and a t t r i b u t e d  them t o  I s o t e l u s ,  
F l e x i c a l  ymene, and C r y p t o l i t h u s .  The Chazy rocks  
have n o t  y e t  y i e l d e d  specimens wi th  t h e  t r i l o -  
b i t e  p re se rved ,  b u t  from comparison wi th  t h e  
C inc inna t i an  m a t e r i a l ,  and a  s t u d y  o f  t h e  
r a t h e r  poo r ly  p re se rved  Chazy t r i l o b i t e s  from 
sou the rn  Quebec, it seems l i k e l y  t h a t  t hey  were 
made by some a saph ids ,  probably I s o t e l u s .  

Cruz iana? d i l a t a t a  S e i l a c h e r  , 1970 

P l a t e  10,  G 

Cruziana d i l a t a t a  Seilacher, 1970, p .  474  

A s imple ,  d e l i c a t e  t r a c e  i s  p re se rved  i n  very  
f r a g i l e  green s h a l e  i n t e rbedded  wi th  s i l t s t o n e  
laminae.  I t  occupies  an o v a l  a r e a  8  by 10 cm, 
and c o n s i s t s  of a  s e r i e s  of  p a r a l l e l  cu rv i -  
l i n e a r  s t r i a e  5  t o  1 0  mm long ,  spaced 0.9 mm 
a p a r t ,  and grouped i n t o  s u c c e s s i v e  bundles  
w i th  a  maximum of  7  o r  8 s t r i a e  each .  The 
bundles  a r e  s e p a r a t e d  by o b l i q u e  fur rows .  The 
s l a b  shows 2 s e r i e s  of  d i v e r g i n g  bundles  which 
a r e  concave towards an a x i a l  r eg ion .  

The s t r u c t u r e  p i c t u r e d  h e r e  i s  i n t e r p r e t e d  
a s  an incomple te ly  preserved  c r u z i a n a  t r a i l .  
I t  probably o r i g i n a t e d  from t h e  a c t i v i t y  of an 
asaphid  t r i l o b i t e .  The e l a b o r a t e  appendages, 
i n  p a r t i c u l a r  t h e  sp iny  t e l e p o d i t e  segments ,  
brushed a g a i n s t  t h e  mud du r ing  s u c c e s s i v e  
s t r o k e s  a s  t h e  animal moved a c r o s s  t h e  s e a  

f l o o r .  Although s u p e r f i c i a l l y  resembl ing  t h e  
g raz ing  t r a i l  Dirnorphichnus, it l a c k s  t h e  
d i s t i n c t  s igmoida l  groove p a t t e r n ,  t h e  pre-  
t a r s a l  impres s ions ,  and t h e  morphologica l  
asymmetry of  t h e  markings.  

The unique specimen was c o l l e c t e d  loose  
i n  a  crushed s t o n e  p i l e  i n  t h e  Lagac6 Quar ry ,  
b u t  comes from t h e  i n t e r v a l  1 3  t o  31 m below 
t h e  t o p  of t h e  q u a r r y ,  which i s  i n  t h e  lower 
p a r t  o f  t h e  Laval  Formation. 

Cruz iana  sp .  , c f  . C. quadra ta  S e i l a c h e r  , 1970 

P l a t e  11, B 

Cruz iana  quadra ta  Seilacher, 1970, p .  470, Text-fig. 7 ,  
+ no. 24 

Cruz iana  c f .  C .  quadra ta  Osgood and Drennen, 1975, 
p .  319, P 1 .  4, f ig .  1, 3 

These s t r u c t u r e s ,  p r e se rved  a s  s inuous ,  c r i s s -  
c r o s s i n g  c o n v e x i t i e s  on t h e  bottom s u r f a c e s  of 
sands tone  beds ( h y p o r e l i e f s ) ,  8-14 mm wide and 
up t o  30 cm long ,  a r e  a t t r i b u t e d  t o  t h e  f o r -  
ag ing  of  s m a l l  t r i l o b i t e s .  Two p a r a l l e l  
r i d g e s  ( c a s t s  o f  endopodia l  e x c a v a t i o n s )  l i e  
a long  an a x i a l  groove,  and each  r i d g e  is 
p a r a l l e l e d  on t h e  o u t s i d e  by a  lower,  b u t  
e q u a l l y  wide band made by exopodia o r  by 
dragging  of  t h e  p l e u r a e .  F a i n t  t r a n s v e r s e  t o  
o b l i q u e  s c r a t c h  marks a r e  v i s i b l e  i n  p l a c e s .  
The morphology i s  v a r i a b l e ,  mainly because of 
weather ing  and a b r a s i o n  due t o  qua r ry ing .  
S i m i l a r  specimens from an unknown l o c a l i t y  
b u t  probably from t h e  R o c k c l i f f e  Formation 
of t h e  Hawkesbury-Grenville a r e a  a r e  d e p o s i t e d  
i n  t h e  type  c o l l e c t i o n s  of t h e  Geologica l  
Survey of Canada (GSC 54227 a ,  b ) .  

The s t r u c t u r e s  i l l u s t r a t e d  i n  P l a t e  11, 
B occur  on t h e  bottoms of l a r g e  sands tone  
s l a b s  i n  t h e  middle of  t h e  abandoned q u a r r y  
on Highway 17 ,  4.3 km w e s t  o f  Cumberland, 
On ta r io ,  and a r e  from t h e  lower p a r t  o f  t h e  
R o c k c l i f f e  Formation. They a r e  remarkably 
s i m i l a r  i n  s i z e  and form t o  specimens of  
Cruz iana  i l l u s t r a t e d  by Osgood and Drennen 
(1975, P1. 4 ,  f i g .  1) from C l i n t o n  r o c k s  
(Middle S i l u r i a n )  of  e a s t - c e n t r a l  New York 
S t a t e .  

I s o p o d i c h n u s  s p  . 
P l a t e  lX, C 

On t h e  bottom s u r f a c e  of  ano the r  l a r g e  s l a b  
a t  t h e  same l o c a l i t y  a s  t h e  q u a d r i l o b a t e  
Cruz iana  s p . ,  c f  . C.  quadra ta  i l l u s t r a t e d  i n  
P l a t e  11, B ,  t h e r e  occur  s inuous ,  b i l o b a t e  
t r a i l s  (hyp ichn ia )  , up t o  s e v e r a l  dec ime t r e s  
long ,  and uni formly  between 5 and 7  mm wide. 
The t r a i l s  a r e  winding,  b u t  n o t  meandering, 
and c r o s s  o v e r  themselves and o t h e r  t r a i l s .  
Some p o r t i o n s  o f  t h e  t r a i l s  were excavated  
more deeply ,  l e a v i n g  nodes t h a t  resemble s m a l l  
forms o f  Rusophycus .  The s t r u c t u r e s  w e r e  
probably made by sma l l  a r th ropods .  

The g e n e r i c  assignment  of  t h e  t r a i l s  i s  
p rob lema t i c .  Bas i ca l ' l y ,  t h e  s t r u c t u r e s  a r e  
l i k e  very  sma l l  Cruziana o r  C r o s s o p o d i a ,  b u t  t h e  
s c r a t c h  markings a r e  no t  w e l l  p r e se rved  and 
appear  more t r a n s v e r s e  t han  o b l i q u e .  They do 



Plate 11 

A. Diplichnites sp. Hypichnial trackway, originally illustrated by ~aymodd 
(1910, P1. 2, fig. 4 ) .  Illumination from top right. Rockcliffe Formation 
at Deschsnes, Quebec. GSC 7383. GSC photo 202989-E. 

B. cruziana sp. , cf . C. quadrata Seilacher . Sinuous, quadrilobate , hypichnial 
tracks of foraging trilobites in large block from lower part of Rockcliffe 
Formation, in road cut on Highway 17, 4.3 km west of Cumberland, Ontario. 
GSC 54187. 

C. Isopodichnus sp. Long, narrow bilobate hypichnia. Tracks near middle of 
photo show short ~usophycus-like nodes. Large sandstone block from basal part 
of Rockcliffe sandstone in road cut on Highway 17, 4.3 km west of Cumberland, 
Ontario. GSC 54188 is fragment from left portion of block. 



n o t  seem t o  be s i g n i f i c a n t l y  d i f f e r e n t  from 
t r a i l s  d e s i g n a t e d  a s  I s o p o d i c h n u s  i n  t h e  T r e a t i s e  
( H a n t z s c h e l ,  1975,  p .  W74), a l t h o u g h  t h i s  
g e n e r i c  name h a s  a l s o  been u s e d  f o r  s m a l l  
~ u s o p h y c u s  - l i k e  i m p r e s s i o n s  ( e  .g .  , see Osgood, 
1970,  p .  3 0 3 ) .  I h e r e  f o l l o w  t h e  T r e a t i s e  and 
p l a c e  t h e s e  s m a l l  c r u z i a n a  - l i k e  t r a i l s  i n  
I s o p o d i c h n u s  Bornemann . 

P e t a l i c h n u s  Sp. 

P l a t e  1 0 ,  E 

A s i n g l e  specimen was found on a  f i n e  g r a i n e d  
s a n d s t o n e  f ragment  from t h e  lower  p a r t  o f  t h e  
L a v a l  Format ion  i n  t h e  Lagac6 Q u a r r y .  The 
t r a c e  compr i ses  two c o n v e r g i n g ,  s l i g h t l y  c u r v e d  
rows o f  8  p i t s  and a d j o i n i n g  mounds a p p r o x i -  
m a t e l y  1 mm2 i n  a r e a .  S u c c e s s i v e  p i t s  i n  t h e  
same row a r e  s p a c e d  4 mrn a p a r t .  The mounds a r e  
made o f  m a t e r i a l  e x c a v a t e d  from t h e  p i t s ,  which 
b e a r  f a i n t  t r i f i d  i r r e g u l a r i t i e s  a n t e r i o r l y .  
The t r a c e  i s  i n t e r p r e t e d  a s  two s u c c e s s i v e  
s e r i e s  of  s t e p s  of  t h e  r i g h t  h a l f  of  a  t r ackway  
o f  a  t r i l o b i t e  w i t h  8  p a i r s  of  l e g s  w i t h  
t r i p a r t i t e  p r e t a r s a l  c l a w s  ( I s o t e l u s ? )  . The 
s t r u c t u r e  r e s e m b l e s  a  p o r t i o n  o f  P .  m u l t i p a r t i t u m  
Miller, 1880,  i l l u s t r a t e d  by Osgood (1970,  
T e x t - f i g .  22A, P1. 22, f i g .  5 ) .  

D i p l i c h n i  tes Sp . 
P l a t e  11, A 

T r a i l s ,  Raymond, 1910, p .  133, Tex t - f ig .  3 ,  P1. 2 ,  
f i g .  4 

Raymond (1910) d e s c r i b e d  and i l l u s t r a t e d  some 
t r a c k s  which c a n  b e  a s s i g n e d  t o  D i p l i c h n i t e s  
Dawson, 1873; h e  a t t r i b u t e d  t h e i r  f o r m a t i o n  t o  
t h e  g n a t h o b a s e s  of  I s o t e l u s .  One o f  t h e  s t r u c -  
t u r e s ,  h e r e  r e i l l u s t r a t e d  i n  P l a t e  11, A ,  i s  
a t rackway ,  10 cm l o n g ,  c o m p r i s i n g  two series 
o f  s t r a i g h t ,  o b l o n g ,  p a i r e d  h y p i c h n i a l  r i d g e s  
e a c h  a b o u t  1 c m  l o n g ,  and making a n  a n g l e  
between 30° and 80° w i t h  t h e  a x i s  o f  t h e  t r a c k ;  
a  3-5 mm wide band s e p a r a t e s  t h e  two s e r i e s  o f  
r i d g e s .  

P l a t e  11, A a l s o  i l l u s t r a t e s  a  s e c o n d  
t rackway ,  c r o s s i n g  t h e  f i r s t  a t  an  a n g l e  o f  
a b o u t  70°. I t  i s  composed o f  two p a r a l l e l  
rows o f  p o i n t e d ,  c r e s c e n t i c  h y p i c h n i a l  r i d g e s  
a b o u t  1 cm l o n g ,  and  2  mrn w i d e  n e a r  t h e  m i d d l e .  
The two rows a r e  s p a c e d  more w i d e l y  (10-12 mm) 
t h a n  i n  t h e  f i r s t  t r ackway ,  and  one of  t h e  
rows h a s  d o u b l e  t h e  number o f  i m p r i n t s  o f  t h e  
o t h e r  row, s u g g e s t i n g  a  d i f f e r e n t  o r i g i n .  I n  
comparison t o  t h e  f i r s t  t r ackway  t h e  second  
t rackway  c o u l d  have b e e n  made by more d i s t a l  
p o r t i o n s  of  t r i l o b i t e  l e g s ,  w i t h  t h e  o r g a n i s m  
i n  a  t i l t e d  p o s i t i o n .  The t h i r d  t r ackway  o f  
Raymond (1910,  T e x t - f i g .  3) i s  s i m i l a r  t o  t h e  
f i r s t .  

Raymond's s l a b  b e a r i n g  t h e  t h r e e  spec imens  
(GSC 7383) a s  w e l l  a s  o t h e r  i n d i s t i n c t  mark- 
i n g s ,  comes from t h e  R o c k c l i f f e  Format ion  a t  
Deschsnes ,  Quebec a c r o s s  t h e  Ot tawa R i v e r  from 
Ot tawa ,  O n t a r i o .  

W a l c o t t i a ?  s p .  

P l a t e  1 0 ,  F  

A specimen q u e s t i o n a b l y  a s s i g n a b l e  t o  w a l c o t t i a  
M i l l e r  and Dyer,  1878 i s  i l l u s t r a t e d  i n  P l a t e  
1 0 ,  F .  I t  c o m p r i s e s  an i n c o m p l e t e ,  c u r v e d ,  
s l i g h t l y  t a p e r i n g  convex h y p o r e l i e f ,  up t o  
9  mm wide,  and p o s s e s s i n g  2  p a i r e d  rows o f  
c l o s e l y  s p a c e d ,  o b l i q u e  l a n c e o l a t e  l o b e s ;  t h e  
two rows a r e  s e p a r a t e d  by a m e d i a l  l o n g i t u d i n a l  
d e p r e s s i o n .  The l o b e s  have  d i m e n s i o n s  a v e r -  
a g i n g  3  by 1 . 5  rnm, and a  maximum r e l i e f  o f  
a b o u t  0 . 5  mrn; t h e y  a r e  p a i r e d  and make o b t u s e  
a n g l e s  of  a b o u t  135O. The p o r t i o n  o f  t h e  
t r a c e  w i t h  t h e  p a i r e d  l o b e s  i s  2 cm l o n g  and  
merges ,  i n  t h e  d i r e c t i o n  o f  t h e  a p i c e s  made 
by t h e  l o b e s ,  w i t h  an i n d i s t i n c t ,  na r row 
appendage 3-5 mrn wide and o f  i n d e t e r m i n a t e  
l e n g t h .  

The o r i g i n  o f  s t r u c t u r e s  a s s i g n e d  t o  
w a l c o t t i a  i s  p r o b l e m a t i c  (Osgood, 1970 ,  p.  379; 
H g n t z s c h e l ,  1975 ,  p .  W189). The p r e s e n t  
specimen i s  n o t  t o o  w e l l  p r e s e r v e d  and  t h e r e  
i s  no f u r t h e r  e v i d e n c e  t o  c l e a r l y  d e m o n s t r a t e  
e i t h e r  an a n n e l i d  o r  a r t h r o p o d  o r i g i n .  The 
s t r u c t u r e  c o u l d  b e  a C r u z i a n a  - l i k e  t r a i l  made 
by p r o x i m a l  p o r t i o n s  o f  t r i l o b i t e  l e g s ,  s u c h  
a s  s u g g e s t e d  by Raymond (1910 ,  p .  133)  f o r  
D i p l i c h n i  t e s  Sp . 

P l a t e  12  

A .  P l a n o l i t e s  s p .  E x i c h n i a l  burrow f i l l i n g s ;  v iew from below. S t e .  
ThGrSse Member, L a v a l  Format ion ,  Rivermont  Q u a r r y ,  Caughnawaga, Quebec .  
( Q u a r r y  E-7 i n  C l a r k ,  1972,  Map 1737.  T n t e r v a l  between U n i t  C23 and 
C28 i n  Hofmann, 1972,  F i g .  9 ) .  GSC 54189a.  

B .  P l a n o l i t e s  s p .  V e r t i c a l  s e c t i o n  o f  same spec imen  as A.  

C .  P l a n o l i t e s  s p .  S inuous  e x i c h n i a l  burrow f i l l .  Specimen c o n s i d e r a b l y  
more f l a t t e n e d  t h a n  t h o s e  i n  A-C. I n  r e d d i s h  micaceous  s h a l y  s a n d s t o n e  
o f  R o c k c l i f f e  Format ion;  j u s t  n o r t h  o f  b r i d g e  o v e r  Carp  R i v e r ,  F i t z r o y  
Harbour ,  O n t a r i o .  GSC 54190. 

D-H. P a l a e o p h y c u s  t u b u l a r e  H a l l .  Burrow f i l l i n g s  from lower  h a l f  of  t h e  
L a v a l  Format ion  i n t e r v a l  23.6-31.3 m below t o p  o f  Lagacs  Q u a r r y ,  L a v a l ,  
Quebec. (Quarry C-5a i n  C l a r k  1972,  Map 1 7 3 7 ) .  D and  E a r e  cross 
s e c t i o n s ;  l o c a t i o n  o f  E shown by m a r k e r s  i n  F. Note f a i n t  s c r a t c h  marks  
a t  bo t tom o f  F ,  r e m i n i s c e n t  o f  T r i c h o p h y c u s .  GSC 54191 !D) , 54192 (E-F) , 
54193 ( G )  , 54194 (H) . 
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The specimen was c o l l e c t e d  65  m w e s t  o f  
t h e  e n t r a n c e  a t  t h e  e a s t  end  of  C a s s e l s  S t r e e t  
from l o o s e  r u b b l e  e x c a v a t e d  d u r i n g  t h e  
c o n s t r u c t i o n  o f  t h e  w a t e r  f i l t r a t i o n  p l a n t  a t  
B r i t a n n i a ,  i n  t h e  w e s t  end of  Ottawa.  I t  i s  
p r e s e r v e d  i n  g r e y  f i n e  g r a i n e d ,  c r o s s  l a m i n a t e d  
and r ipp le -marked  micaceous s a n d s t o n e  w i t h  
g r e e n i s h  g r e y  s h a l y  p a r t i n g s ,  which o c c u r s  
w i t h  i n t e r b e d d e d  mudcracked s h a l e  and s h a l e -  
c h i p  conglomera te  l e n s e s .  A s s o c i a t e d  t r a c e  
f o s s i l s  a r e  Planolites, and a r t h r o p o d  s c r a t c h  
marks.  

Palaeophycus tubulare H a l l ,  184 7  

P l a t e  1 2 ,  D-H 

Palaeophycus tubularis H a l l ,  1847 ,  p. 7, 8 ,  P1. 2 ,  
f i g .  1, 2, 4 ,  5 

Palaeophycus tubulare Osgood, 1970,  p .  373,  374,  P I .  76 ,  
f i g .  8; P I .  7 7 ,  f i g .  1, 4 ,  7 (see t h i s  reference f o r  
extensive synonymy) 

These burrow c a s t s  a r e  found i n  t h e  lower  
t e r r i g e n o u s  p a r t  o f  t h e  Laval  Format ion a s  
s t r a i g h t  t o  g e n t l y  c u r v e d ,  f l a t t e n e d  h o r i z o n t a l  
c y l i n d e r s  o f  f i n e  g r a i n e d  c a l c a r e o u s  s a n d s t o n e ,  
6-13 mm wide,  2-12 mrn t h i c k ,  and up t o  10 cm 
l o n g .  The p i p e s  have e l l i p t i c a l  t o  s e m i c i r -  
c u l a r  c r o s s  s e c t i o n s ,  and t h e i r  lower  s u r f a c e ,  
where i n  c o n t a c t  w i t h  u n d e r l y i n g  d a r k  g r e e n i s h  
g r e y  s h a l e ,  i s  s c u l p t u r e d  w i t h  low i r r e g u l a r  
s w e l l i n g s  and a n n u l a r  c o r r u g a t i o n s  which a r e  
o b l i q u e  t o  t h e  l o n g i t u d i n a l  a x i s .  Some s p e c i -  
mens ( P I .  1 2 ,  F,  H )  have f a i n t  d e l i c a t e  
markings p r e s e r v e d  s i m i l a r  t o  t h o s e  found on 
Trichophycus and a r e  s u g g e s t i v e  o f  a r t h r o p o d  o r  
a n n e l i d  s c r a p i n g s  (compare w i t h  f i g .  11 i n  
S e i l a c h e r  and Meischner ,  1964) .  The r o d s  have  

b l u n t ,  round ,  u p t u r n e d  e n d s ,  and some show 
a p p a r e n t  b r a n c h i n g  a t  v e r y  a c u t e  a n g l e s .  The 
s t r u c t u r e s  a r e  n o t  p r e s e r v e d  w e l l .  Compaction 
and d i a g e n e t i c  a l t e r a t i o n  by overgrowth  of  
p y r i t e  c r y s t a l s  on t h e  lower  s u r f a c e s  h a s  
p a r t l y  o b l i t e r a t e d  t h e  d e l i c a t e  m a r k i n g s .  

Osgood (1970,  p .  375-376) h a s  d i s c u s s e d  
p o s s i b l e  ways o f  d i s t i n g u i s h i n g  Planolites from 
t h e  m o r p h o l o g i c a l l y  s i m i l a r  Palaeophycus, namely 
on whether  t h e  l i t h o l o g y  o f  t h e  burrow f i l l i n g  
is  e s s e n t i a l l y  t h e  same a s  t h a t  o f  t h e  h o s t  
rock  (Palaeophycus) o r  markedly d i f f e r e n t  ( i n  
~ l a n o l i t e s )  , and w h e t h e r  t h e  m a t e r i a l  o f  t h e  
f i l l i n g  h a s  p a s s e d  t h r o u g h  t h e  g u t  (Pianolites) 
o r  i s  a  p a s s i v e  f i l l i n g  (Yalaeophycus). A l t e r -  
n a t i v e l y ,  A l p e r t  (1975,  p .  512)  d i s t i n g u i s h e d  
t h e  two i c h n o g e n e r a  by t h e  p r e s e n c e  ( i n  
Palaeophycus) o r  a b s e n c e  ( i n  planolites) o f  t r u e  
b r a n c h i n g .  

The problem i s  f u r t h e r  c o m p l i c a t e d  i n  t h e  
p r e s e n t  m a t e r i a l  b e c a u s e  t h e  s a n d - f i l l e d  
s t r u c t u r e s  sometimes o c c u r  a l o n g  t h e  s h a l e -  
s a n d s t o n e  i n t e r f a c e ,  and may p a s s  e n t i r e l y  i n t o  
o n e  o r  t h e  o t h e r  h o s t  l i t h o l o g y .  They t h u s  
m i g h t  b e  a s s i g n e d  t o  e i t h e r  i chnogenus  a t  t h e  
same t i m e ,  b e c a u s e  t h e  u p p e r  p o r t i o n  o f  t h e  
h o r i z o n t a l  c y l i n d e r  may b e  i n  a  s a n d s t o n e  and 
t h e  lower  i n  a  s h a l e  h o s t  r o c k .  The s t r u c t u r e s  
b e s t  f i t  t h e  d e s c r i p t i o n  f o r  H a l l  ' s Palaeophycus 
tubulare and a r e  h e r e  a s s i g n e d  t o  H a l l ' s  t a x o n .  

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

Specimens were found i n  t h e  lower  h a l f  o f  
t h e  Lagacg Q u a r r y  i n  L a v a l ,  and i n  t h e  Rivermont 
Q u a r r y  a t  Caughnawaga 4-6 m below t h e  t o p  o f  
t h e  q u a r r y .  

P l a t e  1 3  

A .  ?Rhizocorallium auriforme ( H a l l )  . Worm's e y e  view o f  horseshoe-shaped  
e x i c h n i a l  burrow c a s t s .  Arrow i n d i c a t e s  p o s s i b l e  s p r e i t e .  Hawkesbury, 
O n t a r i o ,  40  m s o u t h  of c o r n e r  of P o r t e l a n c e  Avenue and Tach6 Boulevard .  
GSC 54195a. 

B. Diplocraterion parallelurn T o r e l l .  View from above ,  showing c r o s s  s e c t i o n s  
of specimens w i t h  p r o t r u s i v e  s p r e i t e n .  Black  l i n e  i n d i c a t e s  s e c t i o n  shown 
i n  D. Same l o c a l i t y  a s  A.  GSC 54196a. 

C .  Same specimen a s  B, s e e n  from below. Black l i n e  i n d i c a t e s  s e c t i o n  
shown i n  D. 

D .  V e r t i c a l  s e c t i o n  o f  specimen i n  B, C, showing s p r e i t e  i n  l o n g i t u d i n a l  
s e c t i o n .  

E. V e r t i c a l  s e c t i o n  o f  specimen i n  B, C, a l o n g  l e f t  marg in  o f  B and 
r i g h t  margin o f  C .  

F-H. Arthraria antiquata B i l l i n g s .  T h r e e  convex h y p o r e l i e f  s from Rivermont  
Q u a r r y ,  Caughnawaqa, Quebec,  i n t e r v a l  17.0-19.2 m above b a s e  o f  L a v a l  
Format ion.  GSC 54197 (F), 54198 (GI, 54199 ( H )  . 
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P l a n o l i t e s  Sp . 
P l a t e  1 2 ,  A-C 

? S c o l i t h u s  sp. A m i ,  1887, p. 304-306 
Worm burrows? Wilson, 1932, p .  378, P1 .  1 ,  f i g .  3, 4 
For extensive synonymy see Alpert, 1975, p .  512 

P e r h a p s  t h e  most abundant ,  y e t  a l s o  most  
n o n d e s c r i p t  t y p e  o f  t r a c e  f o s s i l  i n  t h e  Chazy 
Group a r e  h o r i z o n t a l  curved  e x i c h n i a l  burrow 
f i l l i n g s  between 0 . 5  and 5 mm a c r o s s ,  and up 
t o  a  d e c i m e t e r  o r  more l o n g .  They o c c u r  i n  a  
c r i s s - c r o s s i n g ,  o f t e n  s p a g h e t t i - l i k e  network,  
whose u n s y s t e m a t i c  p a t t e r n  permea tes  d a r k  
g r e e n i s h  g r e y  s h a l e  beds  and laminae .  Through 
compact ion o f  o r i g i n a l  mud, t h e  more r i g i d ,  
f i n e  g r a i n e d  c a l c a r e o u s  burrow f i l l i n g s  became 
p r e s s e d  and  s l i g h t l y  deformed by j u x t a p o s e d  
burrow f i l l s ,  g i v i n g  them a  somewhat i r r e g u l a r  
a p p e a r a n c e .  Where s h a l e  l a y e r s  between sand- 
s t o n e  l a y e r s  a r e  t h i c k  ( P l .  1 2 ,  A ,  B )  t h e  c r o s s  
s e c t i o n s  a r e  s u b c i r c u l a r ,  b u t  where t h i n ,  t h e  
c r o s s  s e c t i o n s  a r e  s t r o n g l y  f l a t t e n e d  e l l i p s e s  
( P l .  1 2 ,  C ) .  

On t h e  b a s i s  o f  t h e  c o n t r a s t i n g  h o s t  and 
burrow l i t h o l o g i e s  and t h e  a b s e n c e  o f  b r a n c h i n g  
( P l .  1 2 ,  B )  t h e  s t r u c t u r e s  a r e  a s s i g n e d  t o  
P l a n o l i  tes  Nicholson .  They p r o b a b l y  r e p r e s e n t  
t h e  fo rmer  a c t i v i t y  o f  s m a l l  m a r i n e  worms. 

The burrows o c c u r  t h r o u g h o u t  t h e  t e r r i g -  
enous p a r t  of t h e  Chazy Group, between F i t z r o y  
Harbour ,  O n t a r i o ,  i n  t h e  w e s t  ( A ,  T e x t - f i g .  5 )  
and La C a r r i s r e - S t .  P i e  H i l l  i n  t h e  e a s t  
(V, W, T e x t - f i g .  5 )  ; t h e y  a r e  p a r t i c u l a r l y  
abundant  i n  c e r t a i n  u n i t s  i n  t h e  Mont rea l  a r e a  

?Rh i zocora l l i um  a u r i f o r m e  ( H a l l )  , 1 8  4  3  

P l a t e  1 3 ,  A 

Pucoides  a u r i f o r m i s  Hall, 1843, p .  47, P I .  1 ,  f i g .  2; 
1852, p .  7 ,  P1. 3, f ig .  4 

I n c l u d e d  h e r e  a r e  s m a l l ,  unbranched,  C-, G-, 
J-, S-,  and U- shaped  e x i c h n i a l  burrow c a s t s ,  
w i t h  a  p l a n e  of c u r v a t u r e  e s s e n t i a l l y  p a r a l l e l .  
t o  bedding ,  and u p t u r n e d  e n d s .  The most  common 
form is  t h a t  o f  a  m i n i a t u r e  h o r s e s h o e .  The 
c a s t s  a r e  0.8-2.5 mrn t h i c k ,  have s p a n s  o f  
4-15 mm and a r e  composed of  f i n e  sand- o r  s i l t -  
s i z e d  p a r t i c l e s ;  t h e y  a r e  imbedded i n  g r e e n i s h  
s h a l e  l a y e r s  i n  t h e  lower  t e r r i g e n o u s  p o r t i o n s  
of  t h e  Chazy Group, p a r t i c u l a r l y  a t  l e v e l s  
where s h a l e  and f i n e  g r a i n e d  s a n d s t o n e  a r e  
i n t i m a t e l y  i n t e r l a m i n a t e d .  Some o f  t h e  l a r g e r  
specimens show f a i n t  a n n u l a t i o n s  o r  i r r e g u l a r -  
i t i e s .  The s t r u c t u r e s  resemble  s h o r t  burrows 
o f  R h i z o c o r a l l i u m ,  b u t  t h e  s p r e i t e n  a r e  n o t  
e v i d e n t ,  and t h e y  e x h i b i t  c o n f i g u r a t i o n s  o t h e r  
t h a n  t h o s e  o f  t h e  le t ters  U o r  C. The appear -  
ance  i s  s i m i l a r  t o  s t r u c t u r e s  shown by H a l l  
(1843, 1852)  under  t h e  name Fuco ides  a u r i f o r m i s  

which, however,  a r e  more s h a r p l y  d e f i n e d ,  and 
c a s t  i n  c o a r s e r  m a t e r i a l .  I have re-examined 
H a l l ' s  m a t e r i a l ,  and  c o n s i d e r  i t  t o  r e p r e s e n t  
burrows w i t h  p r o t r u s i v e  s p r e i t e n .  However, 
because  t h e  s p r e i t e n  a r e  n o t  e v i d e n t  i n  t h e  
p r e s e n t  m a t e r i a l ,  t h e  Chazy burrows a r e  
q u e s t i o n a b l y  r e f e r r e d  t o  R h i z o c o r a l l i u m  a u r i f o r m e .  

The d i a m e t e r s  o f  t h e  Chazy t u b e  c a s t s  a r e  
i n  t h e  r a n g e  of  t h o s e  f o r  P l a n o l i t e s  s p .  
i l l u s t r a t e d  i n  P l a t e  1 2 ,  A-C, and it 1s p o s s i b l e  
t h a t  b o t h  c o u l d  have  been made by t h e  same 
s p e c i e s  of worm, b u t  t h a t  t h e y  r e p r e s e n t  
d i f f e r e n t  b e h a v i o u r s .  

The h o r s e s h o e  shaped  c a s t s  were  found a t  
Hawkesbury, O n t a r i o  a b o u t  40 m s o u t h  o f  t h e  
i n t e r s e c t i o n  o f  P o r t e l a n c e  Avenue and Tach6 
Boulevard ,  and i n  t h e  lower  h a l f  o f  t h e  Lagac6 
Q u a r r y  n e a r  M o n t r e a l ,  Quebec.  

D i p l o c r a t e r i o n  p a r a l l e l u m  T o r e l l ,  18  70 

P l a t e  1 3 ,  B-E 

~ i p l o c r a t e r i o n  p a r a l l e l u m  Torell, 1870, p.  13 
D i p l o c r a t e r i o n  p a r a l l e l u m  ~ G r s i c h ,  1974, v. 48, no. 5 ,  

p .  958, 959 (see this  reference for extensive 
synonymy) 

V e r t i c a l ,  s p r e i t e - b e a r i n g  U-tubes a r e  abundant  
i n  c e r t a i n  s h a l y  s a n d s t o n e  b e d s  i n  Hawkesbury 
and n e a r  Cumberland, O n t a r i o .  They a r e  2-5 c m  
wide ,  w i t h  arms 4-8 mm t h i c k ,  and a r e  r e l a t i v e l y  
s h a l l o w  ( l e s s  t h a n  a b o u t  2  cm d e e p ) ,  b e i n g  
t r u n c a t e d  by d i a s t e m s  and o t h e r  bur rows .  The 
b a s e  o f  t h e  U is  f l a t t e n e d ,  p r e s e n t i n g  a  
s u b a n g u l a t e  o u t l i n e  o f  t h e  U i n  v e r t i c a l  s e c t i o n ,  
p o s s i b l y  i n  p a r t  due t o  compact ion o f  i n t e r -  
c a l a t e d  s h a l e  l a m i n a e ;  s p r e i t e n  a r e  b o t h  
r e t r u s i v e  and p r o t r u s i v e .  

The s t r u c t u r e s  a r e  g e n e r a l l y  s e e n  a s  
randomly o r i e n t e d ,  e l o n g a t e  convex h y p o r e l i e f s  
s i m i l a r  t o  t h o s e  i l l u s t r a t e d  by H a l l  (1852,  
P1. 9 ,  f i g .  4 )  from t h e  C l i n t o n  Group ( S i l u r i a n )  
o f  New York. I n  t r a n s v e r s e  s e c t i o n s  t h e y  a r e  
dumbbel l  shaped ,  w i t h  smooth t r a n s i t i o n s  between 
c r o s s - b a r  and t h e  two e n d s ,  i n  c o n t r a s t  t o  t h e  
a b r u p t  c o n t a c t s  e x h i b i t e d  i n  bedding  p l a n e  views 
of  A r t h r a r i a  a n t i g u a t a .  The Chazy forms a r e  c l a s -  
s i f i e d  a s  D. p a r a l l e l u m  a c c o r d i n g  t o  t h e  c r i t e r i a  
se t  o u t  by ~ u r s i c h  ( 1 9 7 4 ) .  They a r e  i n t e r p r e t e d  
a s  d w e l l i n g  burrows o f  m a r i n e  worms l i v i n g  i n  
an env i ronment  e x p e r i e n c i n g  pronounced v a r i -  
a t i o n s  i n  s e d i m e n t a t i o n  and e r o s i o n .  

A r t h r a r i a  a n t i q u a t a  B i l l i n g s ,  1872 

P l a t e  1 3 ,  F-H 

?Root of marine plant,  Hall, 1852, p .  25 ,  PI. 10, 
f ig .  6  

A r t h r a r i a  a n t i q u a t a  Billings,  1872, p .  467, f ig .  2; 
1874, p.  66, f ig .  33 

? A r t h r a r i a  r o g e r s e n s i s  Foerste, 1924, p .  79, P I .  4 ,  
f i g .  5 

A r t h r a r i a  a n t i q u a t a  BergstrGm, 1976, p .  1630 

I n c l u d e d  h e r e  a r e  dumbbel l  shaped  h y p i c h n i a ,  
a b o u t  2-2.5 cm l o n g ,  composed o f  d i s c o i d  t o  
o b l a t e  s p h e r o i d a l  e x t r e m i t i e s  3-6.5 mm i n  
d i a m e t e r ,  and c o n n e c t e d  by a n  8-12 mrn l o n g  s t e m  
2-3 mrn a c r o s s .  Some i n d i v i d u a l s  ( P l .  1 3 ,  F ,  G) 
show t h a t  t u b e s ,  f i l l e d  w i t h  t h e  same m a t e r i a l  
and d i a m e t e r  a s  t h e  c o n n e c t i n g  s tem,  e x t e n d  
upward from t h e  b u l b o u s  e x t r e m i t i e s  f o r  a  s h o r t  
d i s t a n c e .  The dumbbel l  i s  t h u s  t h e  bo t tom end 
of  a  U-tube. 



P l a t e  1 4  
Conostichus s p .  A-C. S i d e ,  t o p ,  and  bo t tom views of  i n c o m p l e t e  specimen 
from lower  h a l f  o f  L a v a l  F o r m a t i o n ,  i n  s a n d s t o n e  i n t e r v a l  12-13 m below 
t o p  of  s e c t i o n  i n  BBdard Q u a r r y ,  Caughnawaga, Quebec ( Q u a r r y  E-8 i n  C l a r k ,  
1972, Map 1 7 3 7 ) .  GSC 54200a-d. 

D, E .  V e r t i c a l  and h o r i z o n t a l  p o l i s h e d  s e c t i o n s  o f  s a n d s t o n e  e x h i b i t i n g  
t h e  c h a r a c t e r i s t i c  f u n n e l - i n - f u n n e l  s t r u c t u r e .  Specimens from a b o u t  1 9 . 5  m 
b e l o w . t o p  o f  fo rmer  Cap S t .    art in Quar ry ,  L a v a l ,  Quebec ( Q u a r r y  B-6 i n  
C l a r k ,  1972,  Map 1 7 3 7 ) ,  j u s t  w e s t  o f  i n t e r s e c t i o n  o f  Hwy 117 and  C a t e  S t .  
E l z g a r .  GSC 54201a (D), and 54202a ( E ) .  

F ,  G .  A x i a l  t h i n  s e c t i o n s  o f  two specimens showing d e t a i l  o f  t h e  d a r k  
a r g i l l a c e o u s  and somewhat b i t u m i n o u s  l aminae  i n  t h e  c a l c a r e o u s  s a n d s t o n e .  
Same l o c a l i t y  a s  D, E. R e c t a n g l e  i n  F  i s  o u t l i n e  o f  f i e l d  i n  H .  GSC 
54203a (F), and 54204a ( G )  . 
H. En la rgement  o f  r e c t a n g l e  i n  F .  



Osgood (1970,  p .  323) a t t r i b u t e d  A r t h r a r i a  
a n t i q u a t a  B i l l i n g s  t o  C o r o p h i o i d e s ,  and ~ e r g s t r o m  
(1976,  p .  1630,  1632) c o n s i d e r e d  A r t h r a r i a  a  
j u n i o r  synonym o f  D i p l o c r a t e r i o n ;  b o t h  g e n e r a  
have s p r e i t e n .  Dumbbell s t r u c t u r e s  a r e  a l s o  
d e s c r i b e d  under  t h e  name B i f u n g i t e s  D e s i o ,  
p o s s i b l y  a  j u n i o r  synonym o f  B i l l i n g s '  t a x o n .  
G u t s c h i c k  and Lamborn (1975)  and Osgood ( p e r s .  
comm. , Aug. 1977) c o n s i d e r  B i f u n q i t e s  t o  be  
w i t h o u t  s p r e i t e n ,  and t h e r e f o r e  a  d i s t i n c t  
genus .  The spec imens  i n  t h e  p r e s e n t  c o l l e c t i o n  
a r e  p r e s e r v e d  i n  v e r y  t h i n  l a y e r s ,  s e p a r a t e d  
by d i a s t e m s ;  t h e  upper  p o r t i o n s  o f  t h e  t u b e s  
a r e  n o t  p r e s e n t .  I t  i s  t h u s  n o t  p o s s i b l e  t o  
d e t e r m i n e  whe ther  t h e y  a r e  burrows w i t h  
s p r e i t e n  of  D i p l o c r a t e r i o n  b i c l a v a t u m  t y p e ,  O r  

s i m p l e  burrows w i t h o u t  s p r e i t e n  of  B i f u n g i t e s  
t y p e .  T h e r e f o r e ,  t h e  dumbbe l l s  a r e  a s s i g n e d  
t o  A r t h r a r i a  a n t i q u a t a  B i l l i n g s ,  w i t h  which 
d e s c r i p t i o n  t h e y  a c c o r d  b e s t .  

The s t r u c t u r e s  a r e  found i n  i n t e r l a m i n a t e d  
f i n e  g r a i n e d  c a l c a r e o u s  s a n d s t o n e  and d a r k  
g r e e n i s h  g r e y  s h a l e  of  t h e  lower  p a r t  of  t h e  
L a v a l  Format ion i n  t h e  Rivermont  Q u a r r y  a t  
Caughnawaga, Quebec,  i n  t h e  i n t e r v a l  17-19.2  m 
above t h e  b a s e  of t h e  L a v a l  Format ion .  

C o n o s t i c h u s  s p .  

P l a t e  1 4 ,  A-H 

These e n d i c h n i a l  s t r u c t u r e s  a r e  f l u t e d  c o n e s  
o r  pear-shaped b o d i e s  composed of  f i n e  g r a i n e d  
s a n d s t o n e ,  5  t o  10 cm a c r o s s  a t  t h e  t o p ,  
t a p e r i n g  downward t o  a  d i a m e t e r  o f  3  o r  4 cm. 
The t o p  s u r f a c e  i s  convex and smooth, and b e a r s  

f a i n t  c o n c e n t r i c  w r i n k l e s  and a  s h a l l o w  c e n t r a l  
d e p r e s s i o n .  Specimens g e n e r a l l y  b r e a k  i n t o  
o b l a t e  o r  top-shaped b o d i e s ,  t h e  u n d e r s i d e s  
of  which b e a r  s t r a i g h t ,  c u r v e d ,  o r  b r a n c h i n g  
c r e n u l a t i o n s  t h a t  e x t e n d  upward and o u t w a r d .  
Th in  and p o l i s h e d  s e c t i o n s  of  a x i a l  p l a n e s  
e x h i b i t  a  c h a r a c t e r i s t i c  f u n n e l - i n - f u n n e l  
s t r u c t u r e ,  produced by a l t e r n a t i n g  c u r v e d ,  
c o n i c a l  l aminae  o f  a r g i l l a c e o u s  and f i n e  
a r e n a c e o u s  m a t e r i a l s  which a r e  c o n t i n u o u s  w i t h  
and p a s s  i n t o  h o r i z o n t a l  bedd ing  p l a n e s .  
T r a n s v e r s e  s e c t i o n s  show t h e  s t a c k e d  t u n n e l s  
a s  w r i n k l e d  c o n c e n t r i c  bands .  Specimens o f  
t h i s  t y p e  were  found i n  t h e  q u a r t z - s a n d y  b e d s  
o f  t h e  lower  p a r t  o f  t h e  L a v a l  Format ion  i n  
q u a r r i e s  of  t h e  Cap S t .  M a r t i n  a r e a ,  and i n  
t h e  Bsdard Q u a r r y  a t  Caughnawaga, Quebec.  

The s t r u c t u r e s  a r e  a s s i g n e d  t o  C o n o s t i c h u s  
Lesquereux on t h e  b a s i s  o f  t h e i r  g e n e r a l  
r e semblance  t o  P e n n s y l v a n i a n  fo rms  d e s c r i b e d  
by Branson (1960,  1961,  1 9 6 2 ) ,  P f e f f e r k o r n  
( 1 9 7 1 ) ,  and Chamberla in  ( 1 9 7 1 ) .  The main 
d i s t i n c t i o n  i s  i n  t h e  o r n a m e n t a t i o n  on t h e  
lower  s u r f a c e s .  None of  t h e  spec imens  from 
t h e  Chazy d i s p l a y s  t h e  duodec imal  s t a r l i k e  
p a t t e r n  on t h e  b a s a l  s u r f a c e .  However, t h e  
d i f f e r e n c e s  i n  o r n a m e n t a t i o n  may be  due  t o  
t h e  f a c t  t h a t  comple te  spec imens  were  n o t  
o b t a i n e d ,  o r  t h e  r e s u l t  of  d i f f e r e n t  morphology 
o f  t h e  o r i g i n a t o r .  At  l e a s t  10 s p e c i e s  o f  
C o n o s t i c h u s  have been named, b u t  a s  Branson 
(1960,  p .  195)  s u g g e s t e d ,  t h e  s p e c i f i c  names 
r e f l e c t  s t r a t i g r a p h i c  and g e o g r a p h i c  p o s i t i o n  
more t h a n  t h e y  d o  morphology.  The Chazy 
spec imens  most c l o s e l y  r e s e m b l e  C .  b r o a d h e a d i  
i l l u s t r a t e d  by P f e f f e r k o r n  (1971,  P1. 1 0 1 ) .  

P l a t e  15 

A-E. S k o l i t h o s  g y r a t u s  n .  s p .  Specimens from abandoned r a i l w a y  c u t  40 m 
n o r t h  of  i n t e r s e c t i o n  o f  Howe S t r e e t  and P o u l i n  Avenue, Ot tawa ,  O n t a r i o .  

A .  Weathered l o n g i t u d i n a l  s e c t i o n ,  showing c o r k s c r e w - l i k e  s a n d  f i l l i n g  
i n s i d e  wea thered-ou t  a r g i l l a c e o u s  l i n i n g .  H o l o t y p e ,  GSC 54205. 

B.  Another  w e a t h e r e d  l o n g i t u d i n a l  s e c t i o n .  GSC p h o t o  200446-E. P a r a t y p e ,  
GSC 54206. 

C .  P o l i s h e d  l o n g i t u d i n a l  s e c t i o n  showing a x i a l  s a n d  f i l l i n g  i n s i d e  l i g h t  
g r e e n i s h  g r e y  a r g i l l a c e o u s  l i n i n g ,  s u r r o u n d e d  by s l i g h t l y  d a r k e r  e n v e l o p e  
r e p r e s e n t i n g  a l t e r e d ,  more i r r e g u l a r  c o n t a c t  zone w i t h  h o s t  s e d i m e n t .  
P a r a t y p e ,  GSC 54207a. 

D.  P o l i s h e d  t r a n s v e r s e  s e c t i o n  o f  s e v e r a l  t u b e s ,  showing c o n c e n t r i c  
a r rangement  o f  f i l l i n g s  r e m i n i s c e n t  o f  M o n o c r a t e r i o n .  P a r a t y p e ,  GSC 54207a. 

E. L o n g i t u d i n a l  s e c t i o n  o f  specimen w i t h  p i n k  c a l c i t e  ( l i g h t  g r e y  i n  
p h o t o )  f i l l i n g  t u b e  i n s i d e  s a n d s t o n e ,  which i t s e l f  i s  w i t h i n  a r g i l l a c e o u s  
l i n i n g .  Sand was p r e v e n t e d  from f i l l i n g  p a r t  o f  t u b e  ( o r g a n i s m  d i e d  i n  
p l a c e ? ) .  P a r a t y p e ,  GSC 54208. 

F .  C h o n d r i t e s  a n t i q u a t u s  ( H a l l )  . Specimen o f  " B y t h o t r e p h i s ?  c h a z y e n s i s "  d e s c r i b e d  
by Wilson (1932 ,  P1. 1, f i g .  1 ) .  Shore  o f  S t .  Lawrence R i v e r  n e a r  
Cornwal l ,  O n t a r i o .  GSC 6521a.  GSC p h o t o  201556-W. ( O r i g i n a l  p h o t o  i n  
Wilson i s  GSC p h o t o  7 2 1 7 0 ) .  

G .  C h o n d r i t e s  a n t i q u a t u s  ( H a l l ) .  Bedding p l a n e  view ( p o r t i o n  of  b a s e  o f  
specimen i n  H ) .  Abandoned r a i l w a y  c u t  40 m n o r t h  o f  i n t e r s e c t i o n  o f  Howe 
S t r e e t  and P o u l i n  Avenue, Ot tawa ,  O n t a r i o .  GSC 54209. 

H .  Same specimen a s  i n  G ;  v e r t i c a l  s e c t i o n .  



PLATE I5 



Forms a s s i g n a b l e  t o  C o n o s t i c h u s  have been 
r e p o r t e d  from t h e  Middle  S i l u r i a n  o f  c e n t r a l  
New York S t a t e  ( H a l l ,  1852 ,  p .  21,  22, P1. 7,  
f i g .  2a-2c; P1. 1 0 ,  f i g .  4? ,  9 a ,  b ,  l o ) ,  t h e  
Lower Devonian of  B o l i v i a  (King,  1955,  p .  159)  , 
and t h e  Lower C r e t a c e o u s  o f  Alaska  ( I m l a y ,  
1961,  p .  39,  P1. 1, f i g .  1, 2 ,  9 ,  1 0 ) .  

The specimens from t h e  P e n n s y l v a n i a n  have 
been v a r i o u s l y  i n t e r p r e t e d  a s  a l g a l  s t r u c t u r e s ,  
sponges ,  t r a c e  f o s s i l s ,  p l a n t s ,  and scypho- 
medusan c a s t s  ( s e e  P f e f f e r k o r n  1971,  p .  8 8 8 ) .  
H a l l  (1852,  p .  21, 22) h a s  i n t e r p r e t e d  t h e  
S i l u r i a n  forms a s  seaweed s w i r l s  o r  r o o t  
i m p r e s s i o n s .  A s  t h e  p a t t e r n s  o f  t h e  Chazy 
specimens a r e  i r r e g u l a r ,  l i t t l e  can  be  s a i d  
a b o u t  t h e  morphology o f  t h e i r  o r i g i n a t o r .  The 
s t r u c t u r e s  a r e  n o t  body f o s s i l s  inasmuch a s  
t h e  a r g i l l a c e o u s  l a m i n a t i o n s  t r a n s e c t  them. 
The l aminae  r e c o r d  s u c c e s s i v e  upwardly d i s p l a c e d  
p o s i t i o n s  of  t h e  a n i m a l  a s  i t  k e p t  p a c e  w i t h  
t h e  i n c r e m e n t s  o f  a c c u m u l a t i n g  f i n e  s a n d  t o  
p r e v e n t  e x c e s s i v e  b u r i a l .  

The method o f  c o n s t r u c t i o n  may b e  a s  
Chamberla in  (1971)  h a s  i n f e r r e d ,  o r  by p e r i o d i c  
movements s u c h  a s  S c h a f e r  (1972,  p .  369) h a s  
d e s c r i b e d  f o r  modern s e a  anemones l i v i n g  i n  
s e d i m e n t .  The Chazy f o s s i l s  a r e  h e r e  i n t e r -  
p r e t e d  a s  r e t r u s i v e  c o n i c a l  d w e l l i n g  burrows 
o f  c o e l e n t e r a t e s  o r  worms. 

S k o l i t h o s  g y r a t u s  n .  s p .  

P l a t e  1 5 ,  A-E 

? S c o l i t h u s  A m i ,  1887, p .  305 

P e c u l i a r  i s o l a t e d ,  s l e n d e r  c y l i n d r i c a l  bur rows  
o c c u r  i n  t h e  lower  medium g r a i n e d  s a n d s t o n e  o f  
t h e  Ot tawa a r e a .  The s t r u c t u r e s  a r e  s t r a i g h t  
and unbranched ,  2.5-4 mrn a c r o s s ,  up t o  a t  l e a s t  
10 cm l o n g ,  and c o n t a i n  a  g r e e n i s h  a r g i l l a c e o u s  
l i n i n g  which i n  t u r n  s u r r o u n d s  a  t w i s t e d ,  screw- 
l i k e  f i l l i n g  o f  sand  i n d i s t i n g u i s h a b l e  from t h a t  
o f  t h e  h o s t  r o c k ;  t h e  i n n e r  sc rew may i t s e l f  
c o n t a i n  a n  a x i a l  f i l l i n g  o f  p i n k  c a l c i t e ,  
p e r h a p s  t h e  r e p l a c e m e n t  of  t h e  o r i g i n a l  s o f t -  
bod ied  i n v e r t e b r a t e  t h a t  i n h a b i t e d  t h e  burrow,  
and whose body may have  p r e v e n t e d  t h e  i n f i l t r a -  
t i o n  o f  s a n d .  On w e a t h e r e d  s u r f a c e s  t h e  
a r g i l l a c e o u s  l i n i n g  h a s  d i s a p p e a r e d ,  b r i n g i n g  
o u t  t h e  d i s t i n c t  and c h a r a c t e r i s t i c  s c r e w - l i k e  
f i l l i n g  which h a s  a  p i t c h  o f  1 .5-2 mm. None o f  
t h e  specimens o b t a i n e d  show t h e  upper  o r  t h e  
lower  t e r m i n i ,  l e a v i n g  t h e  f u l l  morphology o f  
t h i s  t r a c e  f o s s i l  u n d i s c l o s e d .  

The s t r u c t u r e s  may have  been made by worms. 
They resemble  S k o l i t h o s ,  T i g i l l i t e s ,  and M o n o c r a t e r i o n  
i n  o c c u r r e n c e  and morphology. According t o  
A l p e r t  (1974) and ~ a n t z s c h e l  ( 1 9 7 5 ) ,  S k o l i t h o s  
t u b e s  may b e  f i n e l y  a n n u l a t e d ,  T i g i l l i t e s  c a n  
b e  a n n u l a t e d  b u t  w i t h o u t  s p e c i a l  l i n i n g ,  and 
M o n o c r a t e r i o n  h a s  funne l - shaped  t o p s  and no 

a n n u l a t i o n s .  The p r e s e n t  s t r u c t u r e s  a r e  
a s s i g n e d  t o  S k o l i t h o s ,  b u t  d i f f e r  somewhat from 
p r e v i o u s l y  d e s c r i b e d  s p e c i e s  by t h e i r  c h a r a c -  
t e r i s t i c  and p rominen t  t w i s t e d  a x i a l  f i l l i n g  
and a r g i l l a c e o u s  l i n i n g .  They a r e  t h u s  d i s t i n c t  
and a r e  h e r e  a s s i g n e d  t o  a  new i c h n o s p e c i e s ,  
S k o l i  t h o s  g y r a t u s .  

A m i  (1887 ,  p .  305) r e p o r t e d  f i n d i n g  a  
s p e c i e s  o f  " S c o l i t h u s "  i n  t h e  same r o c k s  i n  t h e  
same g e n e r a l  a r e a  a s  t h e  new t a x o n ,  b u t  
b e c a u s e  he  d i d  n o t  ment ion  any  r e a d i l y  a p p a r e n t  
t w i s t e d  s t r u c t u r e s ,  it i s  unknown w h e t h e r  h e  
d e a l t  w i t h  t h e  same s t r u c t u r e s .  No c o l l e c t i o n  
i s  a v a i l a b l e  f o r  r e s t u d y  o f  h i s  m a t e r i a l .  He 
may have found burrows t h a t  c o u l d  now b e  
a t t r i b u t e d  t o  C h o n d r i t e s ,  a l s o  common i n  t h e s e  
r o c k s .  

D i a g n o s i s  o f  i c h n o s p e c i e s :  I s o l a t e d ,  s l e n d e r ,  
e r e c t ,  unbranched c y l i n d r i c a l  e n d i c h n i a l  
burrow i n  s a n d s t o n e ,  w i t h  m i l l i m e t r i c  d i a m e t e r ,  
c e n t i m e t r i c  t o  d e c i m e t r i c  l e n g t h ,  and  
c o n t a i n i n g  a n  a r g i l l a c e o u s  l i n i n g  which 
s u r r o u n d s  a  s c r e w - l i k e  o r  a n n u l a t e d  a x i a l  
f i l l i n g  o f  2/3 t o  3/4 t h e  o u t e r  d i a m e t e r  o f  
t h e  burrow.  O u t s i d e  d i a m e t e r  2.5-4 mm, p i t c h  
( d i s t a n c e  between two s u c c e s s i v e  t h r e a d s  o f  
sc rew)  1.5-2 mm. 

Type spec imens :  H o l o t y p e ,  GSC 54205; P a r a t y p e s ,  
GSC 54206-54208. 

Type l o c a l i t y :  Abandoned r a i l r o a d  c u t  40 m 
n o r t h  o f  t h e  i n t e r s e c t i o n  o f  Howe S t r e e t  and 
P o u l i n  Avenue n e a r  B r i t a n n i a  Bay i n  t h e  w e s t e r n  
end  of  Ot tawa ,  O n t a r i o  (45O22'02 "N,  75O47' 38"W) . 
Type h o r i z o n :  R o c k c l i f f e  Format ion .  

Type l i t h o f a c i e s :  Brownish t o  g r e e n i s h  g r e y ,  - 
r i p p l e  marked, medium g r a i n e d ,  t h i n  bedded ,  
p h o s p h a t i c ,  n o n c a l c a r e o u s  q u a r t z  s a n d s t o n e .  

Name: The name i s  g i v e n  i n  r e f e r e n c e  t o  t h e  
t w i s t e d  a x i a l  f i l l i n g  ( L .  g y r o  = t u r n  a r o u n d )  . 

C a u g i c h n u s  c a u g h n a w a g e n s i s  n .  gen .  e t  n. s p .  

P l a t e s  1 6 ,  1 7 ;  T e x t - f i g u r e  8  

P h y c o d e s  Hofmann, 1972, p.  23; Clark et a ] . ,  1972, 
p.  31 

A v e r y  c h a r a c t e r i s t i c  y e t  e n i g m a t i c  t y p e  o f  
t r a c e  f o s s i l  o c c u r s  i n  t h e  b a s a l  m a s s i v e ,  
b i o t u r b a t e d  s a n d s t o n e  o f  t h e  S t e .  T h e r e s e  
member o f  t h e  Lava1 F o r m a t i o n  i n  t h e  Rivermont. 
Q u a r r y  a t  Caughnawaga, Quebec .  The s t r u c t u r e s  

Figure 8. L ine  drawing o f  C a u g i c h n u s  c a u g h n a w a g e n s i s  
n. gen. e t  n. sp .  



a r e  b e s t  s e e n  on s a n d s t o n e - s h a l e  i n t e r f a c e s  
a t  s e v e r a l  h o r i z o n s ,  and a r e  p a r t i c u l a r l y  
n o t i c e a b l e  a t  t h e  Chazy-Beekmantown c o n t a c t .  
Blocks o f  mass ive  s a n d s t o n e  w i t h  s u r f a c e s  
showing t h e  s t r u c t u r e s  a r e  used t o  f e n c e  t h e  
ramps i n  t h e  q u a r r y .  

The t r a c e s  o c c u r  a s  v a r i a b l y  o r i e n t e d ,  
l a n c e o l a t e  o r  canoe-shaped convex h y p o r e l i e f s  
5-10 c m  l o n g ,  0.5-1.5 c m  wide ,  and 0.5-2.5 c m  
r e l i e f .  Each s t r u c t u r e  i s  a  compos i te  "system" 
of  s h a l l o w ,  bundled v e r t i c a l l y  o r i e n t e d  a r c u a t e  
burrows,  1-3 mm a c r o s s ,  which d i v e r g e  l a t e r a l l y  
and upward i n  a  manner t h a t  s u p e r f i c i a l l y  i s  
s u g g e s t i v e  o f  a  double-ended Phycodes f l abe l l u rn .  
The burrows become e n d i c h n i a l ,  e x t e n d i n g  i n t o  
t h e  o v e r l y i n g  s a n d s t o n e ,  which i s  s o  h e a v i l y  
churned up t h a t  bedd ing  is  no l o n g e r  recog-  
n i z a b l e .  T h e i r  upward e x t e n t ,  however, i s  
v e r y  l i m i t e d ,  inasmuch a s  t h e  i n d i v i d u a l  
h y p i c h n i a l  c o n v e x i t i e s  ( P l .  1 7 ,  A )  a r e  no 
l o n g e r  i d e n t i f i a b l e  i n  a  h o r i z o n t a l  s e c t i o n  
2-4 c m  h i g h e r  up ( P I .  1 7 ,  B ) .  The l a n c e o l a t e  
c o n v e x i t i e s  a r e  c l o s e l y  s p a c e d  and d i s t r i b u t e d  
f a i r l y  u n i f o r m l y ,  w i t h  l o c a l  p r e f e r r e d  o r i e n -  
t a t i o n  ( P l .  1 6 ,  B)  , and t h e r e  i s  l i t t l e  
c r o s s i n g  of i n d i v i d u a l  " sys tems" .  I n t e r n a l l y ,  
each  s t r u c t u r e  l o o k s  d i f f e r e n t ;  t h e r e  i s  no 
u n i f o r m i t y ,  and t h e  e x t e r n a l  s t r u c t u r e  p o o r l y  
r e f l e c t s  t h e  d e t a i l  o f  t h e  u n s y s t e m a t i c ,  b u t  
w e l l  a l i g n e d  i n t e r i o r  a r r a n g e m e n t  o f  t h e  
composing i n d i v i d u a l  t u b e s  i n  t h e  "system" 
( T e x t - f i g  . 8 )  . Whereas e n d i c h n i a l  U-shaped 
sys tems  a p p a r e n t l y  made by t h e  same t y p e  o f  
o rgan isms  s l i g h t l y  h i g h e r  i n  t h e  s a n d s t o n e  bed 
e x h i b i t  s p r e i t e n ,  b o t h  r e t r u s i v e  and p r o t r u s i v e  
( P l .  1 7 ,  F ) ,  t h e  s h a l l o w  bo t toms  of  t h e  U-tubes 
t h a t  form t h e  canoe-shaped h y p o r e l i e f s  a r e  b o t h  
w i t h  and w i t h o u t  s p r e i t e n .  T h i s ,  t o g e t h e r  w i t h  
t h e  p r e s e n c e  o f  t u b e s  o f  d i f f e r e n t  d i a m e t e r s ,  
i n d i c a t e s  m u l t i p l e  e n t r y  and more t h a n  one  
o rgan ism,  and a i d s  i n  d i s t i n g u i s h i n g  t h e s e  
s t r u c t u r e s  from Phycodes.  

Whereas t h e  i n d i v i d u a l  1-3 mm a r c u a t e  
burrows c o u l d  be a l t e r n a t i v e l y  a s s i g n e d  t o  
A r e n i c o l i t e s  and t o  D i p l o c r a t e r i o n ,  depending  on 

whether  t h e y  p o s s e s s  s p r e i t e n ,  a  bundled  
m u l t i p l e  e n t r y  a r rangement  s u c h  a s  h e r e  
i l l u s t r a t e d  h a s  n o t ,  a s  f a r  a s  I know, been 
d e s c r i b e d  h e r e t o f o r e .  Inasmuch a s  t h i s  t r a c e  
f o s s i l  i s  abundant  and a  c h a r a c t e r i s t i c  
c o n s t i t u e n t  i n  t h e  b a s a l  1 0  m o f  t h e  Chazy 
r o c k s  a t  Caughnawaga, and i n  view o f  Osgood's  
(1970, p .  295) and H a n t z s c h e l ' s  (1975, p. W24) 
comments on t h e  p o t e n t i a l  l o s s  i n  t h e  l i t e r a t u r e  
o f  forms t h a t  remain unnamed, it seems u s e f u l  
t o  endow i t  w i t h  i t s  own name. I would l i k e  
t o  r e i t e r a t e  t h a t  t h i s  i s  a  compound s t r u c t u r e ,  
whose e x t e r n a l  morphology i s  no i n d e x  o f  
i n t e r n a l  c o n s i s t e n c y ,  and o n l y  i n  a  g e n e r a l  way 
r e f l e c t s  i t s  i n t e r i o r  o r g a n i z a t i o n .  The 
p a t t e r n s  were p r o b a b l y  made by worm-like 
o rgan isms  bur rowing  i n  t h e  s a n d ,  and more t h a n  
one  i n d i v i d u a l  c o u l d  b e  i n v o l v e d  i n  t h e  forma- 
t i o n  o f  one s t r u c t u r e .  The l o c a l i z a t i o n  o f  
t h e  f i r s t  e n t r y  may have been more o r  l e s s  
random, b u t  s u b s e q u e n t  v i s i t s  c o u l d  have  been 
i n f l u e n c e d  o r  gu ided  by t h e  e x i s t i n g  bur rows .  

D i a g n o s i s  o f  new ichnogenus:  C e n t i m e t r i c  
canoe-shaped h y p i c h n i a ;  c o m p o s i t e ,  m u l t i p l e -  
e n t r y  sys tem o f  bundled  s h a l l o w ,  s u b p a r a l l e l  
t o  c r o s s  c u t t i n g ,  u p r i g h t ,  a r c u a t e  burrow f i l l s ;  
s t r u c t u r e  e x t e r n a l l y  p r o j e c t i n g  an  a p p e a r a n c e  
of o r g a n i z a t i o n ,  b u t  d i s o r g a n i z e d  i n t e r n a l l y .  
I n d i v i d u a l  burrows smooth, o f  m i l l i m e t r i c  
d i a m e t e r  and w i t h  o r  w i t h o u t  s p r e i t e n .  

Type i c h n o s p e c i e s  : Caugichnus  cauqhnawagensi 's  
(monotypic)  . 
2 p e  spec imens :  Holo type ,  GSC 54210; p a r a t y p e ,  
GSC 54211 a -e .  

Type l o c a l i t y :  Rivermont Q u a r r y ,  Caughnawaga, 
Quebec.  

Type h o r i z o n :  S t e .  T h s r s s e  Member, Lava1 
Format ion .  Base o f  U n i t  C1 o f  Hofmann (1972,  
p.  2 2 ) .  

Type l i t h o l o g y :  Medium g r a i n e d ,  m a s s i v e  g r e y  
s a n d s t o n e ,  i n  c o n t a c t  w i t h  b rownish  b l a c k  
d o l o m i t i c  s h a l e .  

D i a g n o s i s  of i c h n o s p e c i e s :  A s  f o r  i chnogenus .  -- 
Name: The g e n e r i c  name i s  a  combina t ion  of  
t h e  f i r s t  s y l l a b l e  o f  Caughnawaga and t h e  
s u f  f  i x - i c h n u s ,  d e s i g n a t i n g  a  t r a c e  f o s s i l .  
The s p e c i f i c  name i n d i c a t e s  i t s  o c c u r r e n c e  
a t  Caughnawaga . (Caughnawaga = " v i l l a g e  o f  
t h e  r a p i d s "  i n  I r o q u o i s ) .  

C h o n d r i t e s  a n t i g u a t u s  ( H a l l )  , 184 7  

P l a t e  1 5 ,  F-H 

~ u t h o t r e p h i s  a n t i q u a t a  Hall, 1847, p. 8, P1. 2, fig. 6 
? S c o l i t h u s  A m i ,  1887, p. 305 
~ y t h o t r e p h i s ?  c h a z y e n s i s  Wilson, 1932, p. 377, 378, 
P1. 1, fig. 1, 2 

From t h e  R o c k c l i f f e  Format ion  i n  t h e  C o r n w a l l ,  
O n t a r i o  a r e a ,  Wilson (1932)  d e s c r i b e d  and 
i l l u s t r a t e d  b r a n c h i n g ,  f l a t t e n e d  c y l i n d r i c a l  
s t r u c t u r e s  which s h e  i n t e r p r e t e d  a s  a l g a e .  
The p r e s e n t  c o l l e c t i o n s  i n c l u d e  m a t e r i a l  from 
t h e  same f o r m a t i o n  i n  t h e  Ottawa and Hawkesbury 
a r e a s .  

The s t r u c t u r e s  compr i se  g r e e n i s h ,  mud- 
f i l l e d  burrow sys tems  i n  g r e y  s a n d s t o n e ,  w i t h  
h o r i z o n t a l ,  o b l i q u e ,  and v e r t i c a l  s h a f t s  0.8- 
1 .6  mm a c r o s s .  Segments between b r a n c h e s  a r e  
4-11 mm l o n g ,  and t h e  a n g l e  o f  b r a n c h i n g  i s  
g e n e r a l l y  o f  t h e  o r d e r  o f  45-75'. The so-  
c a l l e d  d i s c s  r e p o r t e d  by Wi lson ,  1-1.5 mm i n  
d i a m e t e r ,  a r e  n o t  f l o a t s  o r  s p o r a n g i a ,  b u t  
c r o s s - s e c t i o n s  o f  i n c l i n e d  burrows which c a n  
b e  s e e n  t o  p a s s  a c r o s s  t h e  bedding .  The 
burrows a r e  n o t  d i s t i n c t l y  d i f f e r e n t  from 
t h o s e  d e s c r i b e d  by H a l l  from t h e  Beekmantown 
o r  Chazy i n  n o r t h e r n  New York S t a t e ,  and a r e  
t h e r e f o r e  p l a c e d  i n  synonymy w i t h  H a l l ' s  
i c h n o s p e c i e s .  They a r e  p r o b a b l e  f e e d i n g  
burrows of  worms. 



P l a t e  16 

A. C a u g i c h n u s  c a u g h n a w a g e n s i s  n .  gen. e t  n. sp .  Convex, canoe-shaped 
hypichnia  a t  t h e  Beekmantown-Chazy groups c o n t a c t .  Large b lock  i n  
Rivermont Qua r ry ,  Caughnawaga, Quebec. Base of  u n i t  C 1  i n  Hofmann, 
1972, F ig .  9 .  The s l i g h t  p r e f e r r e d  o r i e n t a t i o n s  o f  specimens on t h i s  
s l a b  i s  g iven  i n  B. 

B .  Analys is  o f  o r i e n t a t i o n  o f  hypichnia  shown i n  A .  Rose diagram a t  
c e n t r e  g i v e s  o v e r a l l  o r i e n t a t i o n  of  283 specimens; r o s e s  a t  c o r n e r s  
show o r i e n t a t i o n s  i n  each quad ran t  of  A.  

P l a t e  17 

C a u g i c h n u s  c a u g h n a w a g e n s i s  n .  gen.  e t  n .  s p .  Burrows i n  b a s a l  q u a r t z  sands tone  o f  S t e .  
Th6rSse Member, Lava1 Formation; Rivermont Qua r ry ,  Caughnawaga, Quebec (Quar ry  E-7 of  
C la rk ,  1972, Map 1737; Base of  Uni t  C1 i n  Hofmann, 1972, F i g .  9 ) .  

A.  Bottom view of  Chazy-Beekmantown groups  c o n t a c t ,  showing bundled,  canoe-shaped 
h y p o r e l i e f s  of  sha l low U-tubes p r o t r u d i n g  from b a s a l  bed of  S t .  Ther8se s ands tone .  
Holotype, GSC 54210a. 

B.  Po l i shed  s u r f a c e  p a r a l l e l  t o  bedding a t  l e v e l  i n d i c a t e d  i n  P ,  showing t h e  pe rvas ive  
b i o t u r b a t i o n  a t  a  l e v e l  2-4  c m  above t h e  fo rma t iona l  c o n t a c t .  Holotype,  GSC 54210b. 

C-E. P o l i s h e d  h o r i z o n t a l  s e c t i o n s ,  showing d i so rgan ized  i n t e r i o r  a  few m i l l i m e t r e s  
above base  of  hypichnia .  Pa ra type ,  GSC 54211a ( C ) ;  54211b (D); 5 4 2 1 1 ~  (E). 

F .  V e r t i c a l  s e c t i o n  a long  t o p  o f  view i n  A.  T r i a n g u l a r  marks i n d i c a t e  l e v e l  of  s e c t i o n  B.  
Base of specimen i s  Chazy-Beekmantown c o n t a c t .  Some e x h i b i t  s p r e i t e n  ( s ) .  
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Teichichnus s p  . 

c r i s s - c r o s s i n g ,  mos t ly  r e c t i l i n e a r ,  h o r i z o n t a l  
burrows w i t h  r e t r u s i v e  s p r e i t e n  o c c u r  i n  s h a l e  
and on t h e  bot tom s u r f a c e s  o f  t h e  s a n d s t o n e  
l a y e r s  i n  t h e  e a s t e r n  p a r t  o f  t h e  Ottawa- 
S t .  Lawrence Lowland. They a r e  p r e s e r v e d  a s  
s a n d s t o n e  r o d s  3-5 mm a c r o s s ,  up t o  12 mm h i g h ,  
and up t o  1 5  c m  l o n g ,  w i t h  l o n g i t u d i n a l  
s t r i a t i o n s  where t h e  r e t r u s i v e  s p r e i t e n  i n t e r -  
s e c t  t h e  l a t e r a l  marg ins .  L o c a l  f l e x u r e s  o c c u r  
where one burrow o v e r l i e s  a n o t h e r ,  due t o  
d r a p i n g  which i s  t h e  r e s u l - t  o f  d i f f e r e n t i a l  
compact ion of  t h e  s a n d s t o n e  f i l l i n g  and t h e  
e n c l o s i n g  s h a l e  ( P l .  1 9 ,  I ) .  On a  few r o d s  
d e l i c a t e ,  t r a n s v e r s e  t o  o b l i q u e ,  c h e v r o n - l i k e  
s t r i a t i o n s  a r e  p r e s e r v e d  ( P l .  1 9 ,  K), spaced  
a  m i l l e m e t r e  o r  less a p a r t .  The c r o s s - s e c t i o n  
o f  t h e  uppermost  and l a s t  burrow i n  t h e  s y s t e m  
is g e n e r a l l y  c i r c u l a r  ( P l .  1.9, C) , s u g g e s t i n g  
a  worm-like o r i g i n a t o r .  

The s t r u c t u r e s  a r e  found a s s o c i a t i o n  w i t h  
Phycodes reniforme n  . s p .  I n d e e d ,  some burrows 

which would b e  r e f e r r e d  t o  Teichichnus s p .  if 
found i s o l a t e d ,  can  b e  t r a c e d  d i r e c t l y  i n t o  
t h e  kidney-shaped s w e l l i n g s  o f  Phycodes reniforme. 
These a r e  d i s c u s s e d  f u r t h e r  under  t h a t  name. 

Phycodes reniforme n  . s p .  

P l a t e s  1 8 ,  B ,  1 9 ,  A-D; 
~ e x t - f i g u r e  9 ( p a r t i m )  

On c e r t a i n  bedding  p l a n e s  i n  t h e  lower  t e r r i g -  
enous p a r t s  o f  t h e  Lava l  Format ion t h e r e  o c c u r  
p e c u l i a r  burrow sys tems  (convex h y p o r e l i e f s ) ,  
showing a  t r i p a r t i t e  o r g a n i z a t i o n  t h a t  i n c l u d e s  
a s  i t s  e l e m e n t s  t h e  i c h n o g e n e r a  Teichichnus 
S e i l a c h e r  and Phycodes Reinhard  R i c h t e r ,  a s  w e l l  
a s  a  t e r m i n a l  p o r t i o n  f o r  which no fo rmal  name 
e x i s t s .  The s t r u c t u r e s  compr i se  randomly 
o r i e n t e d  burrow s y s t e m s ,  e a c h  composed of  a  
r e c t i l i n e a r ,  h o r i z o n t a l ,  r e t r u s i v e  burrow 
i n d i s t i n g u i s h a b l e  from Teichichnus s p .  , which 
p a s s e s  a t  one end i n t o  an  a n c h o r - l i k e  phycodean 
p o r t i o n ,  which,  i n  t u r n ,  merges d i s t a l l y  w i t h  
a  l a r g e  c r e s c e n t i c  o r  kidney-shaped t e r m i n u s  
t h a t  i s  composed o f  c l o s e l y  crowded ( n e s t e d )  
d i s c - l i k e  o r  l e n t i c u l a r  b o d i e s .  Such d i s t a l  
c r e s c e n t i c  s w e l l i n g s  and l e n t i c u l a r  s t r u c t u r e s  
do n o t  a p p e a r  t o  have been r e c o r d e d  h e r e t o f o r e .  

Figure 9. Line drawing o f  Phycodes reniforme n. sp. 
and Teichichnus Sp. 

The t e i c h i c h n i a n  e l e m e n t s  o f  t h e  s y s t e m  
v a r y  from 3-5 mm i n  w i d t h ,  and a r e  up t o  12 mm 
h i g h .  These d imens ions  a r e  t h e  same a s  t h o s e  
o f  Teichichnus s p .  ; t h e y  a t t a i n ,  however,  l e n g t h s  
o f  up t o  30 c m  and a r e  t h u s  more comple te  
s t r u c t u r e s .  The phycodean e l e m e n t  t o  which 
t h e y  c o n n e c t  i s  r e l a t i v e l y  s h o r t ,  s e v e r a l  
c e n t i m e t r e s  a t  t h e  most .  The d i s t a l  c r e s c e n t i c  
s w e l l i n g  is  o f  t h e  o r d e r  o f  8-14 c m  by 5-8 c m .  
The n e s t e d  l e n t i c u l a r  b o d i e s  a t  t h e  t e r m i n i  o f  
i n d i v i d u a l  bur rows  a r e  5-12 mm a c r o s s .  

I t  i s  e v i d e n t  t h a t  t h e  burrows under  
d i s c u s s i o n  form a  complex s y s t e m  composed o f  
3  d i s t i n c t  p a r t s ,  two o f  which have  f o r m a l  
names, y e t  e a c h  presumably made by t h e  same 
organ ism.  A comparable  s i t u a t i o n  h a s  been 
r e p o r t e d  f o r  a  J u r a s s i c  assemblage  o f  Teichichnus- 
Phycodes ( ~ a n t z s c h e l  and Re ineck ,  1968,  p .  2 6 ) .  

A n o m e n c l a t o r i a l  problem t h u s  e x i s t s :  t o  which 
i c h n o t a x o n  s h o u l d  t h e s e  s t r u c t u r e s  b e  a s s i g n e d ?  
P e r s o n a l  c h o i c e  favour ' s  a s s i g n m e n t  t o  Phycodes, 
which h a s  p r i o r i t y ,  w i t h  t h e  c o n c o m i t a n t  
e r e c t i o n  o f  a  new i c h n o s p e c i e s  t o  e x p r e s s  and 
accommodate t h e  complex e t h o l o g i c  and  morpho- 
l o g i c  c h a r a c t e r  o f  t h e  burrow sys tem.  I s o l a t e d  
t e i c h i c h n i a n  burrows w i t h o u t  d i s t a l  phycodean 
e l e m e n t s  a r e  r e f e r r e d  t o  Teichichnus s p .  

P l a t e  1 8  

A. Teichichnus s p .  C r i s s - c r o s s i n g  h y p i c h n i a ,  L a v a l  Format ion ,  lower  
p a r t  of Lagacs  Q u a r r y ,  L a v a l ,  Quebec.  

B .  Phycodes reniforme n. s p .  G e n e r a l  view o f  lower  s u r f  a c e  o f  l a r g e  
b l o c k ,  showing v a r i a b l e  o r i e n t a t i o n  o f  more t h a n  a  dozen spec imens .  
The s t r u c t u r e s  a r e  t r i p a r t i t e  h y p o r e l i e f s ,  composed o f  1 )  more o r  less 
r e c t i l i n e a r  t e i c h i c h n i a n  bur rows ,  2) bundled ,  a n c h o r - l i k e  s u b t e r m i n a l  
b i f u r c a t i o n s ,  and 3 )  n e s t e d  t e r m i n a l  c r e s c e n t i c  s w e l l i n g s .  The 
spec imens  l a b e l l e d  a ,  c ,  and d  a r e  i l l u s t r a t e d  i n  g r e a t e r  d e t a i l  i n  
P l a t e  19A, C, and D ,  Loose b l o c k  o f  i n t e r b e d d e d  s a n d s t o n e  and s h a l e  
i n  lower  h a l f  o f  Lava l  Format ion  from lower  p a r t  o f  Bsdard  Q u a r r y ,  
Caughnawaga, Quebec ( Q u a r r y  E-8 o f  C l a r k ,  1972,  Map 1 7 3 7 ) .  Holo type ,  
GSC 54213; p a r a t y p e s ,  GSC 54215~1,  54216b. 
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P l a t e  19 

Phycodes reniforme n  . s p .  and Teichichnus SP. from lower  h a l f  o f  L a v a l  
Format ion of t h e  Mont rea l  a r e a .  B6dard Q u a r r y ,  Caughnawaga (A-D, 
K) and Lagacg Quar ry ,  L a v a l ,  Quebec ( E - J ,  L) . 
A .  Phycodes reniforme n .  s p .  Convex h y p o r e l i e f  o f  body o u t l i n e d  i n  upper  
r i g h t  o f  P l a t e  1 8 ,  B ,  showing t h e  t r i p a r t i t e  a r rangement  o f  t h e  t e r m i n a l  
p o r t i o n  o f  t e i c h i c h n i a n  burrow w i t h  phycodean b r a n c h i n g  p a t t e r n  and 
kidney-shaped burrow s y s t e m  o f  c l o s e l y  packed ,  d i s k - l i k e  b o d i e s .  
GSC 54213 

B. Phycodes reniforme n .  s p .  Another ,  s m a l l e r  convex h y p o r e l i e f  w i t h  
more pronounced d i s c - l i k e  t e r m i n i  on d i v e r g i n g  b r a n c h e s .  GSC 54214. 

C .  Phycodes reniforme n. s p .  V e r t i c a l  s e c t i o n  o f  specimen o u t l i n e d  a t  
t h e  bot tom of P l a t e  1 8 ,  B ,  i l l u s t r a t i n g  c r o s s  s e c t i o n  o f  d i s k - l i k e  
t e r m i n i ,  and c r o s s e d  by a  l a t e r ,  r e t r u s i v e  t e i c h i c h n i a n  burrow. 
GSC 54215a 

D .  Phycodes reniforme n .  s p .  V e r t i c a l  s e c t i o n  a c r o s s  d i v e r g i n g ,  r e t r u s i v e  
b r a n c h e s  i n  specimen shown i n  P l a t e  1 8 ,  B t o  t h e  l e f t  o f  c e n t r e .  
GSC 54216b 

E-J .  S i d e  v iews  o f  s h o r t  p o r t i o n s  o f  Teichichnus s p .  From i n t e r v a l  
31-33 m below t o p  o f  Lagace Q u a r r y ,  L a v a l ,  Quebec. GSC 54217a-f.  

K.  Bottom view o f  t e i c h i c h n i a n  burrow w i t h  f i n e ,  o b l i q u e ,  l a t e r a l  
c o r r u g a t i o n s .  Lagac6 Q u a r r y ,  L a v a l ,  Quebec. GSC 54218. 

L. P o l i s h e d  v e r t i c a l  s e c t i o n  o f  b l o c k  r e p l e t e  w i t h  Teichichnus s p .  
GSC 54219 
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Not enough e v i d e n c e  i s  a v a i l a b l e  a t  p r e s e n t  
t o  p e r m i t  d e f i n i t e  c o n c l u s i o n s  c o n c e r n i n g  t h e  
taxonomic p o s i t i o n  o f  t h e  o r i g i n a t o r s ,  a l t h o u g h  
c i r c u l a r  c r o s s  s e c t i o n ,  s i z e ,  s t r i a e ,  r e g u l a r l y  
c u r v i n g  branches  and h a b i t a t  would make mar ine  
worms l i k e l y  c o n t e n d e r s .  The sys tems  a r e  
i n t e r p r e t e d  a s  f e e d i n g  burrows.  

D i a g n o s i s  o f  new i c h n o s p e c i e s :  P h y c o d e s  w i t h  
d i s t a l ,  k idney-shaped s w e l l i n g  c o n t a i n i n g  d i s c -  
l i k e  o r  l e n t i c u l a r  t e r m i n a l  e n l a r g e m e n t s  o f  
i n d i v i d u a l  b r a n c h e s  o f  a  t u n n e l  sys tem emanat ing 
from a  p rox imal ,  r e c t i l i n e a r  t e i c h i c h n i a n  

Type specimens:  Holotype,  GSC 54213; p a r a t y p e s ,  
GSC 54212, 54214, 54215, 54216. 

Type l o c a l i t y :  Lower h a l f  o f  Bsdard Q u a r r y ,  
Caughnawaga, Quebec. 

Type h o r i z o n :  Lower h a l f  of Laval  Format ion .  

Type l i t h o l o g y :  I n t e r b e d d e d  g r e e n i s h  g r e y  
s h a l e  and medium t o  f i n e  g r a i n e d  s a n d s t o n e  
and s i l t s t o n e .  

Name: I n  r e f e r e n c e  t o  t h e  p r e s e n c e  o f  t h e  - 
kidney-shaped s w e l l i n g  (L. ren = k i d n e y ) .  

P h y c o d e s  s p .  

P l a t e  20 

I n c l u d e d  i n  t h i s  c a t e g o r y  a r e  fan-shaped 
f e e d i n g  burrows ( p r o b a b l y  o f  worms) compr i s ing  
s l i g h t l y  curved ,  b u t  d i s t a l l y  n e a r l y  s t r a i g h t ,  
bundled ,  d i v e r g i n g  h o r i z o n t a l  burrows 2-3 mm 
wide.  The burrows a r e  smooth, emanate  from a  
proximal  t e i c h i c h n i a n  p o r t i o n ,  b r a n c h  r e p e a t e d l y  
a t  v e r y  a c u t e  a n g l e s ,  and a r e  p r e s e r v e d  a s  
convex h y p o r e l i e f s  i n  s a n d s t o n e .  Termina l  
p o r t i o n s  of i n d i v i d u a l  c y l i n d e r s  a r e  b l u n t ,  
sometimes s l i g h t l y  s w o l l e n  w i t h  r e s p e c t  t o  
more p rox imal  p o r t i o n s .  The f a n - l i k e  a r r a n g e -  
ment h a s  a  r a d i u s  o f  a b o u t  8-12 cm. 

T h i s  t a x o n  is m o r p h o l o g i c a l l y  d i s t i n c t  
from P. r e n i f o r r n e  n .  s p . ,  which d i f f e r s  by i ts  
s h o r t e r ,  more a n c h o r - l i k e  b r a n c h e s  and t h e  
p r e s e n c e  of  t h e  l a r g e  kidney-shaped t e r m i n u s .  

It more c l o s e l y  r e s e m b l e s  s t r u c t u r e s  from t h e  
Cambrian and J u r a s s i c  i l l u s t r a t e d  by S e i l a c h e r  
(1955, P1. 23,  f i g .  3 ,  41, which were compared 
by him t o  B u t h o t r e p h i s  p a l m a t a  H a l l ,  1852 and 
c o n s i d e r e d  t o  b e l o n g  t o  P h y c o d e s .  P. p a l m a t u m  
from t h e  S i l u r i a n  o f  New York S t a t e ,  however,  
h a s  much l a r g e r  burrows r e a c h i n g  2  c m  i n  
d i a m e t e r  (Osgood, 1970,  p .  3 4 2 ) .  

The s t r u c t u r e s  have been  found  o n l y  a t  
one  l o c a l i t y ,  a s  l o o s e  f r a g m e n t s  from a n  
undetermined i n t e r v a l  i n  t h e  lower  h a l f  o f  t h e  
Lagac6 Q u a r r y ,  L a v a l ,  Quebec .  

T r y p a n i t e s  Sp. 

P l a t e  21, A-E 

The f o s s i l s  d e s c r i b e d  under  t h i s  name a r e  
b o r i n g s ,  made a f t e r  l i t h i f i c a t i o n  o f  t h e  
sed iment ,  and hence a r e  d i s t i n c t  from burrows 
which o r i g i n a t e d  i n  u n c o n s o l i d a t e d  s e d i m e n t .  
Al though some g e o l o g i s t s  would n o t  c o n s i d e r  
b o r i n g s  as t r a c e  f o s s i l s  f o r  t h i s  r e a s o n ,  it 
is  e x p e d i e n t  t o  i n c l u d e  them h e r e ,  f o r  t h e y  
p r o v i d e  u s e f u l  i n f o r m a t i o n  a b o u t  p a l e o e n v i r o n -  
ments .  I n  p a r t i c u l a r ,  t h e y  show t h a t  s u f f i c i e n t  
t i m e  e l a p s e d ,  f o r  d i a g e n e s i s  t o  p r o c e e d ,  
r e s u l t i n g  i n  t h e  c o n s o l i d a t i o n  o f  t h e  s e d i m e n t  
(development  o f  ha rdground)  b e f o r e  t h e  forma- 
t i o n  o f  t h e  e t c h i n g  t r a c e s .  The s t r u c t u r e s  
may r e c o r d  t h e  p r e s e n c e  o f  a  d i s c o n f o r m i t y  
(Bromley , 1975)  . 

The b o r i n g s  i n  q u e s t i o n  a r e  c y l i n d r i c a l ,  
unbranched t u b e s  i n  c o a r s e  c a l c a r e n i t e ,  f i l l e d  
w i t h  a r g i l l a c e o u s  d o l o m i t i c  s i l t s t o n e  c o n t a i n i n g  
d a r k  p h o s p h a t i c  g r a i n s .  With c i r c u l a r  a p e r t u r e s  
o f  0.8-1.0 mm a t  t h e  t o p ,  t h e y  c u t  s h a r p l y  
a c r o s s  g r a i n s ,  and e x t e n d  downwards v e r t i c a l l y  
o r  c b l i q u e l y  f o r  up t o  1 cm d e p t h ,  e n l a r g i n g  
g r a d u a l l y  t o  s a c - l i k e  e n d i n g s  1 . 5  mm a c r o s s .  
A m u l t i t u d e  o f  t h e s e  t u b e s ,  a b o u t  20-35 t u b e s /  
c m 2  p e n e t r a t e  t h e  upper  s u r f a c e  o f  t h e  S t .  
Mar t in  c a l c a r e n i t e  u n i t  i n  t h e  S t .  V i n c e n t  d e  
P a u l  Q u a r r y  ( a t  t h e  18.0 f o o t  l e v e l  i n  F i g .  8  
o f  Hofmann, 1963,  p .  288) 
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Phycodes sp. Hyporelief from lower h a l f  of Lagac6 Quarry ,  Laval, Quebec. 
GSC 54220a. 



The c l e a n ,  c u t t i n g  r e l a t i o n s h i p  w i th  
g r a i n s  of t h e  ma t r ix ,  t h e i r  morphology, and 
t h e i r  extreme abundance i n  a  s i n g l e  upper bed 
s u r f a c e  l e a v e  l i t t l e  doubt  t h a t  t hey  a r e  e t c h i n g  
t r a c e s  made a f t e r  c o n s o l i d a t i o n  o f  t h e  s k e l e t a l  
l ime sand .  The bo r ings  were l a t e r  f i l l e d  w i th  
t e r r i g e n o u s ,  do lomi t i c  and phosphat ic  m a t e r i a l .  
The r e l a t i o n s h i p  shown on P l a t e  22, E sugges t s  
t h a t  t h e  bo r ings  were produced by s o l u t i o n  
r a t h e r  t han  by biomechanical  ab ra s ion .  

Pe rk ins  (1966, p.  6 3 1 ) ,  who sugges t s  t h a t  
such bo r ings  i n  carbonate  sequences imply breaks  
w i th  h i s t o r i e s  of emergence, l i t h i f i c a t i o n ,  and 
resubmergence, d i s t i n g u i s h e d  s e v e r a l  t ypes  of  
bo r ings ,  namely those  made by mol luscs ,  sponges,  
worms, b a r n a c l e s ,  and i sopods .  The producers  
of t h e  Chazy bo r ings  a r e  n o t  known though worms 
seem a  reasonable  cho ice ,  cons ide r ing  t h e i r  s i z e  
and shape.  

Vermiforichnus s p .  

P l a t e  22, A-F 

Small ,  s t r a i g h t  t o  s l i g h t l y  curved,  d i s t a l l y  
e n l a r g i n g  s a c - l i k e  c y l i n d r i c a l  bo r ings  wi th  
c i r c u l a r  c r o s s  s e c t i o n  (~ermiforichnus Cameron, 
1969) a r e  abundant i n  va lves  of t h e  l a r g e  
brachiopod !4imella imperator ( B i l l i n g s )  , 1859. 
They a r e  p r e f e r e n t i a l l y  developed i n  t h e  
p o s t e r i o r ,  t h i c k e s t  p a r t  of t h e  v a l v e s ,  and 
have t h e i r  a p e r t u r e s  on t h e  i n t e r i o r  a s  w e l l  
a s  on t h e  e x t e r i o r  s u r f a c e  of t h e  s h e l l .  The 
s h e l l s  i n  which t h e  bo r ings  a r e  developed a r e  
d i s a r t i c u l a t e d  b u t  n o t  very  abraded ,  and a r e  

preserved  i n  o l i v e  g r e e n ,  p a r a l l e l - l a m i n a t e d  
sha ly  sands tone  of t h e  R o c k c l i f f e  Formation,  
commonly wi th  t h e i r  convex s i d e  up. D i f f e r -  
e n t i a l  chemical  weather ing  has  l e f t  moulds o f  
t h e  i n t e r i o r  and e x t e r i o r  of  t h e  v a l v e s ,  and 
exposed t h e  c a s t s  of  t h e  bo r ings  a s  w e l l  a s  t h e  
bo r ings  of o t h e r  organisms ( s e e  under Ropalonaria 
s p .  ) . The Vermiforichnus bo r ings  a r e  perpendic-  
u l a r ,  ob l ique ,  and p a r a l l e l  t o  t h e  v a l v e  
s u r f a c e ,  and a r e  g e n e r a l l y  between 0.2 and 1 mm 
i n  d i ame te r ,  a l t hough  s a c - l i k e  endings  may be  
s l i g h t l y  wider  ( P l .  22, C); t hey  a r e  up t o  
11 mm long.  

These bo r ings  have been found o n l y  i n  t h e  
Rockc l i f f e  Formation,  a t  t h e  n o r t h e a s t  c o r n e r  
of t h e  i n t e r s e c t i o n  of Highways 17 and 34, a t  
Hawkesbury, On ta r io .  

I t  i s  i n t e r e s t i n g  t o  s p e c u l a t e  a s  t o  why 
t h e  bo r ings  a r e  c o n c e n t r a t e d  i n  t h e  th ickened  
r eg ions  of  t h e  brachiopod s h e l l s .  Did t h e  
b o r e r s  t h a t  made Vermiforichuus (probably  worms) 
have t h e  c a p a c i t y  t o  s ense  t h e  g e n e r a l  r eg ion  
o f  g r e a t e s t  t h i c k n e s s  of  t h e  v a l v e s  t o  maximize 
t h e i r  chances f o r  cont inued  e x i s t e n c e ,  were 
t hey  s e n s i t i v e  t o  s l i g h t  d i f f e r e n c e s  i n  chemical  
o r  mine ra log ica l  composi t ion of t h e  s h e l l  
m a t e r i a l  i n  t h e  a r e a  o f . t h e  muscle c a v i t i e s  t h a t  
f a c i l i t a t e d  p e n e t r a t i o n ,  o r  i s  t h i s  concen- 
t r a t i o n  of  b o r i n g s  a  r e f l e c t i o n  o f  t h e  shape  
of  t h e  s u b s t r a t e  (made a t  t h e  lowes t  p o i n t  on 
t h e  s h e l l  s u r f a c e  i f  made i n  t h e  concave-up 
p o s i t i o n ,  o r  t h e  h i g h e s t  i f  made on t h e  i n s i d e  
of  d i s a r t i c u l a t e d ,  convex-up s h e l l s ) ?  

P l a t e  21 

Trypanites s p .  A .  Outcrop view of hardground wi th  Trypanites s p . ,  
developed i n  uppermost c a l c a r e n i t e  bed o f  Laval  Formation i n  t h e  
Laval  Nature Cen t r e ,  Laval ,  Quebec, former ly  t h e  q u a r r y  of  t h e  
Montreal Crushed Stone  Company (Quarry  B - 1 1  i n  C l a r k ,  1972,  map 
1737) .  This  s e c t i o n ,  photographed i n  1960 and now no longe r  exposed,  
i s  l o c a t e d  approximately between S t a t i o n s  D and E i n  F igu re  3 of 
Hofmann (1972);  t h e  arrow i d e n t i f i e s  t h e  hardground a t  t h e  18.0 f o o t  
l e v e l  i n  F igu re  8  of  Hofmann, 1963, and t o p  of  Bed 1 i n  Hofmann, 1972, 
F igu re  4. Met re-s t ick  g i v e s  s c a l e .  

B.  Po l i shed  v e r t i c a l  s e c t i o n  of bored c a l c a r e n i t e .  GSC 54221a. 

C.  P lan  view o f  hardground s u r f a c e ,  showing s u b c i r c u l a r  a p e r t u r e s  
of bo r ings .  Same specimen a s  B. 

D. Thin s e c t i o n  o f  specimen i n  B i n  unpo la r i zed  l i g h t ,  showing 
t r u n c a t e d  s h e l l  f ragments  ( c h i e f l y  of  t h e  brachiopod Rostricellula p l e n a ) ,  
and f i l l i n g s  of  l imon i t e - s t a ined  dolomi te  mudstone. Note i n t e r s e c t i o n  
o f  bo r ings  l e f t  o f  c e n t r e .  GSC 5 4 2 2 1 ~ .  

E .  D i s t a l  end o f  mud-f i l led  b o r i n g s ,  showing p l a t y ,  phospha t i c  fragment  
p ro t rud ing  i n t o  bor ing;  t h e  r e l a t i o n s h i p  sugges t s  t h a t  t h e  b o r i n g  was 
produced chemica l ly ,  r a t h e r  t han  mechanica l ly ,  t h e  animal  having  g r e a t e r  
f a c i l i t y  f o r  d i s s o l v i n g  ca rbona te  t h a n  f o r  t h e  phosphate .  The l a r g e  
opaque g r a i n  p e n e t r a t i n g  t h e  bo r ing  from t h e  l e f t  i s  d i a g e n e t i c  p y r i t e .  
Same t h i n  s e c t i o n  a s  D .  
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The d i s a r t i c u l a t e d  n a t u r e  o f  t h e  v a l v e s  
w i t h  b o r i n g s ,  t h e  predominance o f  t h e  convex- 
up  p o s i t i o n ,  and t h e  c h a r a c t e r i s t i c s  o f  t h e  
a s s o c i a t e d  t e r r i g e n o u s  s e d i m e n t  i n d i c a t e  t h a t  
t h e  s h e l l s  a r e  a l l o c h t h o n o u s  and  came t o  r e s t  
i n  a p o s i t i o n  t h a t  was s t a b l e  i n  f a i r l y  s t r o n g  
c u r r e n t s .  T h e i r  g e n e r a l l y  w e l l  p r e s e r v e d  
e x t e r i o r s  s u s q e s t  t h a t  t r a n s p o r t  and a b r a s i o n  
were  minimal ;  t h e  s h e l l s  make o n l y  a  s m a l l  
v o l u m e t r i c  c o n t r i b u t i o n  t o  t h e  s h a l y  s a n d s t o n e  
bed i n  which t h e y  o c c u r ,  and t h e y  were  n o t  
a b u n d a n t  enough t o  be knocked a g a i n s t  one 
a n o t h e r .  

A s c e n a r i o  l e a d i n g  t o  t h e  o b s e r v e d  
r e l a t i o n s h i p  i s  as f o l l o w s :  1) Mimella imperator 
e s t a b l i s h e d  c o l o n i e s  i n  s h a l l o w  s u b t i d a l  
i n t e r d i s t r i b u t a r y  bays  i n  a  s p r e a d i n g  d e l t a i c  
complex; 2) b r a c h i o p o d s  d i e d ,  v a l v e s  d i s a r t i c -  
u l a t e d  and accumula ted  w i t h  convex a s  w e l l  a s  
concave  s i d e s  up ;  3 )  b o r e r s  i n f e s t e d  s u r f a c e s  
o f  v a l v e s ,  l o c a l i z i n g  t h e m s e l v e s  i n  t h i c k e s t  
p o r t i o n s ;  4 )  s t o r m  waves e r o d e d  and t r a n s p o r t e d  
s h e l l s  t o  nea rby  s u b t i d a l  s a n d  banks  o r  s h o a l s ,  
o r  o n t o  t h e  lower  t i d a l  f l a t  where t h e y  t h e n  
became s t a b i l i z e d  i n  t h e  convex-down p o s i t i o n ,  
were  b u r i e d ,  and e n t e r e d  t h e  f o s s i l  r e c o r d .  

Ropalonaria Sp . 
P l a t e  22,  C ,  E, F 

D e l i c a t e  c r e e p i n g  e x c a v a t i o n s  o f  Ropalonaria 
U l r i c h ,  1879,  o c c u r  on  b o t h  s u r f a c e s  o f  t h e  
same d i s a r t i c u l a t e d  v a l v e s  o f  Mimella imperator 
( B i l l i n g s ,  1859)  a s  t h o s e  t h a t  a l s o  c o n t a i n  
Vermiforichnus s p .  ; t h e y  a r e  p r e s e r v e d  a s  mud- 
c a s t s  o f  t h e  o r i g i n a l  b o r i n g  o r g a n i s m s ,  
b r y o z o a n s .  When p r e s e n t ,  t h e  e x t e n s i v e l y  
anas tomos ing  network o f  s t o l o n s  commonly c r i s s -  
c r o s s e s  t h e  e n t i r e  v a l v e  a r e a  w i t h i n  0 .2 -0 .3  mm 
o f  t h e  i n t e r i o r  s u r f a c e .  S t o l o n s  a r e  0.07- 
0 . 1  mrn wide ,  e x p a n d i n g  t o  e l l i p s o i d a l  o r  
f u s i f o r m  z o o e c i a l  casts 0.2  mm wide  a t  more o r  
less r e g u l a r  i n t e r v a l s ,  a b o u t  2  stolonr;/mm. 
I n  some spec imens  t h e  c r e e p i n g  s t o l o n  c a s t s  
f o l l o w  t h e  c o n t o u r  o f  c a s t s  o f  Vermiforichnus 
s p . ,  i n d i c a t i n g  t h a t  t h e y  p o s t d a t e  t h e  
e x c a v a t i o n s  o f  Vermiforichnus, b u t  g e n e r a l l y  t h e  
Vermiforichnus c a s t s  a r e  unornamented by c a s t s  
of  Ropalonaria. 

A s  w i t h  Vermiforichnus Sp. , Ropalonaria s p  . 
was found a t  o n l y  one l o c a l i t y ,  t h e  R o c k c l i f f e  
Format ion  a t  t h e  n o r t h e a s t  c o r n e r  o f  t h e  i n t e r -  
s e c t i o n  of  Highways 1 7  and  3 4  a t  Hawkesbury, 
O n t a r i o .  



P l a t e  22  

A-F.  Bor ings  i n  v a l v e s  o f  Mimel la  i m p e r a t o r  B i l l i n g s .  The c a s t s  o f  t h e  
l a r g e r  c y l i n d r i c a l  b o r i n g s  a r e  V e r m i f o r i c h n u s  s p . ,  a t t r i b u t e d  t o  a n n e l i d s ;  
t h e  d e l i c a t e  network w i t h  e l l i p s o i d a l  and f u s i f o r m  e n l a r g e m e n t s  r e p r e s e n t s  
c a s t s  o f  bryozoan b o r i n g s ,  R o p a l o n a r i a  s p .  N o r t h e a s t  c o r n e r  o f  i n t e r s e c t i o n  
of Highways 1 7  and 34, Hawkesbury, O n t a r i o .  GSC 54222 ( A ) ,  54223 ( B ) ,  
54224 ( C ) ,  54225 (D), 54226 (E, F). 
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EARLY ORDOVICIAN TRILOBITES FROM THE CATOCHE FORMATlON (ST. GEORGE GROUP), 
WESTERN NEWFOUNDLAND 

R.A. Fortey 

Abstract 

T h i s  paper  d e s c r i b e s  t h e  t r i l o b i t e  f auna  from t h e  type 
s e c t i o n  of  t h e  Catoche Format ion a t  P o r t  a u  Choix, 
wes te rn  Newfoundland, and i n c l u d e s  t h e  s p e c i e s  d e s c r i b e d  
by B i l l i n g s  i n  1865 from t h e  S t .  George Group. Cor re l -  
a t i o n  of p a r t  of  t h e  s e c t i o n  wi th  zone H of Utah and 
Nevada is  demonstra ted ,  and an  e a r l y  Aren ig ian  age  is  
sugges ted .  There  is a  h i a t u s  between t h i s  f auna  and 
t h a t  o f  t h e  o v e r l y i n g  Tab le  Head Group. S p e c i e s  
d e s c r i b e d  and f i g u r e d  i n c l u d e :  C a r o l i n i t e s  genacinaca 
n e v a d e n s i s  Hin tze ,  O p i p e u t e r  c f .  a n g u l a r i s  (Young), 
I s o t e l o i d e s  p e r i  s p .  nov.,  I .  l a t i m a r g i n a t u s  s p .  nov . ,  
Bathyur ina  t imon  ( B i l l i n g s ) ,  Bolbocephalus  convexus  
( B i l l i n g s ) ,  Catoch ia  o r n a t a  gen. e t  sp .  nov . ,  C .  g labra  
sp .  nov . ,  P e t i q u r u s  n e r o  ( B i l l i n g s ) ,  S t r i y i y e n a l i s  
cauda ta  ( B i l l i n g s ) ,  B a t h y u r e l l u s  a b r u p t u s  ( B i l l i n g s ) ,  
B. p l a t y p u s  sp .  nov. ,  Punka f l a b e l l i f o r m i s  gen. e t  s p .  
nov. ,  Punka? s p .  i n d e t . ,  Uromystrum c f .  a f f i n e  
(Poulsen)  , Benthamaspis  g i b b e r u l a  ( B i l l i n g s ) ,  B .  c o n i c a  
s p .  nov . ,  Ischyrotoma anataphra s p .  nov. and 
S t r o t a c t i n u s  i n s u l a r i s  ( B i l l i n g s ) .  Rev i s ion  of t h e  
type  s p e c i e s  of B a t h y u r e l l u s  cons ide rab ly  r e s t r i c t s  
t h e  scope  of t h i s  genus; many o f  t h e  s p e c i e s  p r e v i o u s l y  
a s s i g n e d  t o  B a t h y u r e l l u s  a r e  r e f e r r e d  t o  Punka gen.. 
nov. I d e n t i f i c a t i o n  o f  t h e  pygidium of  S t r i g i g e n a l i s  
i n d i c a t e s  t h a t  t h i s  genus i s  a  t y p i c a l  b a t h y u r i d .  A 
new p l iomer id  subfamily  (Cybelopsinae)  i s  proposed t o  
i n c l u d e  gene ra  w i t h  c h a r a c t e r i s t i c  p y g i d i a l  s t r u c t u r e  
( C y b e l o p s i s ,  S t r o t a c t i n u s ,  Pseudocybele  and C a n n i n g e l l a ) ,  
t o  which t h e  p r e v i o u s l y  p rob lemat i c  genus Ec tenono tus  
i s  a s s i g n e d .  

The Catoche f auna  is  a t y p i c a l  s h a l l o w  w a t e r  
assemblage of  t h e  Ba thyur id  P rov ince ,  r e p r e s e n t i n g  a  
s h o r t - l i v e d  deepening e v e n t  i n  t h e  e a r l y  Ordov ic i an  
h i s t o r y  of wes te rn  Newfoundland. With t h e  
e x c e p t i o n  of C a r o l i n i t e s  and O p i p e u t e r ,  a l l  t h e  s p e c i e s  
were b e n t h i c ,  and inc luded  s l u g g i s h  forms t h a t  ploughed 
t h e  sediment  s u r f a c e  (Punka ) ,  more a c t i v e  s p e c i e s  t h a t  
were  capab le  o f  p a r t i a l l y  bu ry ing  themselves  ( C a t o c h i a ) ,  
and p o s s i b l e  a l g a l  g r a z e r s  (Ben thamasp i s ) .  

O r i g i n a l  manuscr ip t  r ece ived :  1978-6-15. 
Approved f o r  p u b l i c a t i o n :  1978-9-1. 
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Dans c e t t e  g tude ,  on d 6 c r i t  l a  f aune  5 t r i l o b i t e s  
p rovenan t  du p r o f i l  t y p e  d e  l a  fo rma t ion  d e  Catoche,  
q u i  s e  s i t u e  5 P o r t  a u  Choix dans  l ' o u e s t  d e  Te r re -  
Neuve; c e t t e  f aune  i n c l u t l e s  e spgces  t rouvge  dans  l e  
groupe de Saint-George, que B i l l i n g s  a  d 6 c r i t e  en 1865. 
On a  d6montr6 q u ' i l  E t a i t  p o s s i b l e  d 1 & t a b l i r  une 
c o r r g l a t i o n  e n t r e  une p a r t i e  d e  c e  p r o f i l  e t  l a  zone H 
d 6 f i n i e  pour 1 'U tah  e t  l e  Nevada, e t  on p ropose  q u ' i l  
s o i t  d e  l f A r 6 n i g i e n  i n f E r i e u r .  On a  c o n s t a t 6  l ' e x i s -  
t e n c e  d 'une l a c u n e  s t r a t i g r a p h i q u e  e n t r e  l e  n iveau  oG 
a p p a r a i t  c e t t e  f aune ,  e t  l e  groupe s u s - j a c e n t  d e  Table  
Head,. Les e s p s c e s  d g c r i t e s  e t  r e p r E s e n t 6 e s  s o n t :  
C a r o l i n i t e s  genacinaca n e v a d e n s i s  H i n t z e ,  O p i p e u t e r  
c f .  a n g u l a r i s  (Young), I s o t e l o i d e s  p e r i  s p .  nov., I .  
l . ? t imarg ina tus  s p .  nov. ,  Bathyur ina  t i m o n  ( B i l l i n g s ) ,  
Bolbocephal  u s  c o n v e x u s  ( B i l l i n g s )  , C a t o c h i a  o r n a t a  
gen. e t  s p .  nov. ,  C. g l a b r a  s p .  nov. ,  P e t i g u r u s  n e r o  
( B i l l i n g s ) ,  S t r i g i y e n a l i s  caudata  ( B i l l i n g s ) ,  
B a t h y u r e l l u s  a b r u p t u s  ( B i l l i n g s ) ,  B .  p l a t y p u s  s p .  nov. ,  
Punka f l a b e l l i f o r m i s  gen.  e t  s p .  n o v . ,  Punka? s p .  i n d e t . ,  
Uromystrum c f .  a f f i n e  (Pou l sen ) ,  Benthamaspis  qibberu.Za 
( B i l l i n g s ) ,  B. c o n i c a  s p .  nov.,  I s chyro toma  anataphra 
s p .  nov. e t  S t r o t a c t i n u s  i n s u l a r i s  ( B i l l i n g s ) .  On a  
r 6 v i s 6  l a  c l a s s i f i c a t i o n  d e  l ' e s p z c e  t y p e  d e  B a t h y u r e l l u s ,  
e t  l e  g e n r e  s e  t r o u v e  d e  c e  f a i t  considErablement  
r 6 d u i t ;  un grand nombre des  e speces  a u t r e f o i s  a t t r i b u E e s  
au  genre  B a t h y u r e l l u s  f o n t  ma in tenan t  p n r t i e  d e  Punka 
gen. nov.  L'examen du pygidium de  S t r i g i g e n a l i s  i n d i q u e  
q u ' i l  s ' a g i t  d ' un  b a t h y u r i d e  typ ique .  On propose  une 
n o u v e l l e  s o u s - f a m i l l e  d e . P l i o m e r i d e s  (Cybelopsinae) ,  q u i  
i n c l u e r a i t  c e r t a i n s  g e n r e s  possgdant  une s t r u c t u r e  
p y g i d i a l e  c a r a c t g r i s t i q u e  ( C y b e l o p s i s ,  S t r o t a c t i n u s ,  
Pseudocybe l e  e t  C a n n i n g e l l a ) ;  on r a t t a c h e  ma in tenan t  1 
c e t t e  s o u s - f a m i l l e  l e  gen re  E c t e n o n o t u s  a u t r e f o i s  
cons id6r6  comme Snigmat ique.  

La f aune  de  Catoche r e p r 6 s e n t e  un assemblage 
typ ique  d e  l a  p r o v i n c e  2 Bathyur ides ,  q u i  s ' e s t  form6 
e n  eau  peu profonde pendant  un c o u r t  g p i s o d e  d e  
subs idence ,  d u r a n t  l a  pEriode d e  h i s t o i r e  q e i  a  
c a r a c t 6 r i s E  l t O r d o v i c i e n  i n f 6 r i e u r  d e  l ' o u e s t  d e  Te r re -  
Pleuve. A l ' e x c e p t i o n  de  C a r o l i n i t e s  e t  O p i p e u t e r ,  
t o u t e s  l e s  e s p s c e s  s o n t  b e n t h i q u e s  e t  comprennent des  
formes peu a c t i v e s ,  q u i  e x p l o r a i e n t  l a  s u r f a c e  d e s  
sgd imen t s  ( P u n k a ) ,  a i n s i  que des  e s p z c e s  p l u s  a c t i v e s ,  
c a p a b l e s  de  s ' e n f o u i r  p a r t i e l l e m e n t  dans  les s6diments  
( C a t o c h i a ) ,  e t  p e u t - s t r e  mcme d e s  b r o u t e u r s  d ' a l g u e s  
mar ines  ( ~ e n t h a m a s p i s )  . 
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B i l l i n g s  (1865)  i s  one  o f  t h e  landmarks  i n  
( K n i g h t ,  1977)  h a s  shown t h e  p r e s e n c e  o f  e a r l i e r  
Canad ian  f a u n a s  i n  t h e  S t .  George Group. These E a r l y  P a l e o z o i c  s t u d i e s ,  and i s  r e m a r k a b l e  f o r  are not included here; they are being studied 

t h e  p r e c i s i o n  of  i t s  o b s e r v a t i o n s .  The by W . D .  Boyce of  t h e  Memorial  U n i v e r s i t y  o f  
c o l l e c t i o n s  from t h e  w e s t e r n  c o a s t  of  Newfound- Newfoundland. Flower  (1978)  h a s  p r e s e n t e d  a  
l a n d  form a n  i m p o r t a n t  p a r t  o f  B i l l i n g s '  work, summary o f  cepha lopod  d i s t r i b u t i o n  t h r o u g h  t h e  
and t h e  t r i l o b i t e s ,  p e r h a p s  more t h a n  any S t .  George Group and  T a b l e  Head F o r m a t i o n .  
o t h e r  g r o u p ,  a r e  u n u s u a l  i n  t h e i r  d i v e r s i t y  
and t h e  e x c e l l e n c e  of  t h e i r  p r e s e r v a t i o n .  
W h i t t i n g t o n  (1963,  1965)  h a s  g i v e n  o u t s t a n d i n g  
a c c o u n t s  of  t h e  t r i l o b i t e  f a u n a s  from t h e  T a b l e  Acknowledgments 

Head Group, and t h e  a l l o c h t h o n o u s  b o u l d e r  a t  I am p a r t i c u l a r l y  g r a t e f u l  t o  H . B .  W h i t t i n g t o n  
Lower Head. The p u r p o s e  of  t h i s  p a p e r  i s  t o  f o r  a l l o w i n g  me t o  u s e  h i s  c o l l e c t i o n s ;  W . D .  
d e s c r i b e  t h e  f a u n a  o f  t h e  u n d e r l y i n g  S t .  George Boyce s u p p l i e d  m a t e r i a l  from P o r t  a u  Choix and 
Group, and p a r t i c u l a r l y  t o  r e v i s e  B i l l i n g s '  Boa t  Harbour .  S .  F. M o r r i s  ( B r i t i s h  Museum) 
s p e c i e s .  gave  me much h e l p  w i t h  t h e  l i t e r a t u r e .  I .  

Knigh t  (Newfoundland Depar tment  o f  Mines and 
The fauna  of t h e  S t .  George Group i s  E n e r g y ) ,  N .  James, B .  P r a t t  and R.  Levesque r e g a r d e d  a s  t y p i c a l  of  t h e  l a t e r  Canad ian ,  b u t  (Memorial University) provided valuable s u r p r i s i n g l y  l i t t l e  a t t e n t i o n  h a s  been g i v e n  discussion of field relationships. T . E .  Bolton t o  t h e  r e d e s c r i p t i o n  o f  t h e  f o s s i l s .  Raymond (Geological Survey of  Canada, Ottawa) kindly 

(1905,  1913) and W h i t t i n g t o n  (1953)  r e c o n s i d e r e d  loaned Billings t y p e  spec imens  f o r  s t u d y .  a  few forms.  K i n d l e  and W h i t t i n g t o n  r e c o l l e c t e d  V. Poulsen provided casts of type t h e  s e c t i o n s  from which J .  Richardson  o b t a i n e d  specimens from East  Greenland. This work was 
t h e  spec imens  l a t e r  d e s c r i b e d  by B i l l i n g s .  comple ted  w h i l e  t h e  a u t h o r  was Howley V i s i t i n q  T h e i r  f a u n a l  l i s t s  ( W h i t t i n g t o n  and  K i n d l e ,  
1969)  added p r e l i m i n a r y  i d e n t i f i c a t i o n s  o f  P r o f e s s o r  a t  Memorial  U n i v e r s i t y  o f  Newfound- 

l a n d .  I thank  D .  S k e v i n g t o n  f o r  making t h i s  s e v e r a l  g e n e r a  a d d i t i o n a l  t o  t h o s e  known t o  a p p o i n t m e n t  p o s s i b l e .  J a c q u e l i n e  F o r t e y  s h a r e d  Recent in the Boat t h e  f i e l d  work w i t h  t h e  a u t h o r ,  and typed t h e  
a r e a ,  n e a r  Cape Norman ( F i g .  1 0 )  by t h e  m a n u s c r i p t .  

F i g u r e  10. L o c a l i t i e s  i n  Newfoundland w i t h  e a r l y  
O r d o v i c i a n  t r i l o b i t e s  d e s c r i b e d  i n  t h e  t e x t .  
I n s e t :  P o r t  au  Cho ix  Pen insu la ,  showing l o c a t i o n  
o f  s e c t i o n  i n  F i g u r e  1 1 ,  between southwest  end o f  
Barbace Cove and L a i g n e t  P o i n t .  

STRATIGRAPHY 

Stratigraphic terminology 
The t y p e  s e c t i o n  o f  t h e  S t .  George Group i s  
a l o n g  t h e  s o u t h e r n  s h o r e  o f  P o r t  a u  P o r t  
P e n i n s u l a  ( S c h u c h e r t  and  Dunbar,  1 9 3 4 ) .  The 
e a r l y  O r d o v i c i a n  c a r b o n a t e  r o c k s  were  f i r s t  
g rouped  a s  a  s i n g l e  f o r m a t i o n ,  a  u s a g e  t h a t  
h a s  c o n t i n u e d  u n t i l  r e c e n t l y  ( W h i t t i n g t o n  and 
K i n d l e ,  1 9 6 9 ) .  The t r i l o b i t e s  d e s c r i b e d  by 
B i l l i n g s  came from t h e  P o r t  a u  Choix a r e a  
( F i g .  l o ) ,  and were  l o c a l i z e d  a c c o r d i n g  t o  t h e  
a l p h a b e t i c  ( F ,  G ,  H ,  I )  d i v i s i o n s  o f  t h e  S t .  
George s t r a t a  d e s c r i b e d  by R i c h a r d s o n  (& 
Logan, 1 8 6 3 ) .  F o r  t h i s  r e a s o n  it i s  t h i s  a r e a  
t h a t  h a s  been  r e c o l l e c t e d  a g a i n  f o r  t h e  p r e s e n t  
s t u d y .  Kluyver  (1975)  remapped t h e  P o r t  a u  
Choix P e n i n s u l a ,  and d i v i d e d  t h e  S t .  George 
r o c k s  i n t o  t h r e e  f o r m a t i o n s :  i n  s u c c e e d i n g  
o r d e r ,  Barbace  P o i n t ,  C a t o c h e ,  and P o r t  a u  
Choix.  T h i s  e l e v a t e d  t h e  S t .  George s e q u e n c e  
t o  g r o u p  s t a t u s .  Mapping i n  t h e  a r e a  s o u t h  o f  
Cape Norman ( K n i g h t ,  1977)  , and i n  t h e  t y p e  
a r e a  on t h e  P o r t  a u  P o r t  P e n i n s u l a  ( N .  James,  
R. Levesque ,  p e r s .  comrn., 1978)  a l s o  i n d i c a t e d  
t h a t  t h e  S t .  George r o c k s  may b e  d i v i d e d  i n t o  
t h r e e  s t r a t i g r a p h i c  u n i t s  f o r  which f o r m a t i o n a l  
t e r m i n o l o g y  i s  a p p r o p r i a t e ;  t h e  S t .  George 
t h e r e f o r e  i s  c o n s i d e r e d  a s  a  g r o u p  i n  t h e  
p r e s e n t  a c c o u n t .  

A l l  t h e  f o s s i l s  c o l l e c t e d  f o r  t h e  p r e s e n t  
s t u d y  came from t h e  Ca toche  F o r m a t i o n  o f  Kluyver  
( 1 9 7 5 ) ,  t h e  p r o b a b l e  e q u i v a l e n t  o f  L o g a n ' s  
(1863)  d i v i s i o n  H .  T h e r e  a r e  some prob lems  

w i t h  K l u y v e r l  s d i v i s i o n s ,  which sho;ld b e  
ment ioned  h e r e .  Kluyver  (1975,  F i g .  1) 
i n d i c a t e d  t h e  p r e s e n c e  o f  two f a u l t s  which 
d e l i m i t  a  s m a l l  cove (Barbace  Cove) on t h e  
n o r t h w e s t  c o a s t  o f  P o r t  a u  Choix P e n i n s u l a  
( F i g .  l o ) ,  t h a t  a r e  p u r p o r t e d  t o  b r i n g  t h e  



Barbace Point Formation to the surface in "a 
small horst-like structure". N. James has 
indicated to me that this is probably simply 
a local dolomitized front. The base of the 
overlying Port au Choix Formation may be on a 
similar front. In view of these ambiguities 
we have concentrated our collecting on the 
unequivocally continuous section running along 
the shore from Catoche Point, on the southern 
end of Barbace Cove, to Laignet Point at the 
northern tip of Port au Choix harbour (section 
B-B' of Kluyver, 1975). This interval includes 
the beds with numerous trilobites, and embraces 
all the species described by Billings (1865). 
We found no younger faunas. The lower part of 
the St. George succession obviously needs 
clarification, and this will no doubt be 
forthcoming from the mapping in the Cape Norman 
area, where good continuous sections are 
exposed, and earlier Canadian faunas have now 
been proved. 

than half a metre thick at intervals through 
the section. More massive limestone, which 
caps small bluffs along the shore, contains 
numerous remains of gastropods, the shells of 
which have been much recrystallized and are 
best seen where the sea has polished the bedding 
planes. Massive limestone increases toward the 
top of the section, and is progressively more 
dolomitized. Elsewhere dolomitization occurs 
preferentially along numerous bifurcating "worm1' 
trails, producing a mottled appearance on fresh 
rock surfaces. 

Trilobites are most numerous in lenses of 
lime sand. Their remains are disarticulated, 
and broken in some beds. Such lenses are most 
easily discovered in the mid-part of the 
section, and general abundance of fossils 
decreases above and below. Samples at more or 
less regular intervals through the section have 
been secured to compile the range chart of 
trilobites shown on Figure 11. 

Two faunas can be distinguished, which are 
Stratigraphic ranges of the trilobites distinct at their extremes but with a complex 

overlap of species in the middle part of the 
The section in the Catoche Formation is section. Where successive species of the same developed mainly in thin bedded and rubbly genus occur - as in C a t o c h i a  gen. nov., surf aced limestone 1 with many seams * 

B a t h y u r e l l u s ,  I s o t e l o i d e s  and Benthamaspis  - the 
Thin dolomite beds form recessive units less 

I -  lsoteloides perf 

Uromystrum cf alfine 

I Benthamaspis conica 

I Strigigenalls caudata 

I Bathyurellus abruptus 

I Punka sp. indet. I 
I Punka llabellilormis 

I Catochia ornata I 
I Carolinites genacinaca nevadensis I 

Pet~gurus nero I 
(Late forms)- - Ischyrotoma anataphra- 

Dolomite 
Strotactinus insularis 

lsoteloides latimarglnatus 

Rubbly bedded limestone Bolbocephalus convexus 

Massive limestone 

l m  Algal mound structures 

Benthamaspis gibberula 

Bathyurina timon 

Bathyurina sp. ind. X 

X Opipeuter cf. angularis 

Bathyuretlusplatypus 

Metres - Catochia glabra 

Figure 11. S t r a t i g r a p h i c  ranges o f  the t r i l o b i t e s  descr ibed i n  t h i s  paper w i t h i n  the measured 
sec t ion  from the south end o f  Barbace Cove t o  Laignet  P o i n t ,  Por t  au Choix, Newfoundland. 
S t r a t i g r a p h i c  p o s i t i o n s  o f  c o l l e c t i o n s  ind ica ted  by do ts  below the sec t ion .  



change from t h e  e a r l i e r  t o  t h e  l a t e r  s p e c i e s  i s  
n o t  synchronous i n  t h e  s e v e r a l  l i n e s ,  such  a s  
would be e x p e c t e d  i f  t h e r e  was a  d i s c o n f o r m i t y  
o f  any magni tude i n  t h e  s e c t i o n .  

From t h e  combina t ion  of  s p e c i e s  d e s c r i b e d  
by B i l l i n g s  (1865) it i s  r e a s o n a b l e  t o  assume 
t h a t  Richardson  o b t a i n e d  h i s  c o l l e c t i o n s  from 
w i t h i n  t h e  i n t e r v a l  a t  t h e  midd le  o f  t h e  
s e c t i o n ,  where t h e  r a n g e s  o f  B i l l i n g s '  s p e c i e s  
o v e r l a p ,  and where t r i l o b i t e s  a r e  most abundant .  

The lower  fauna  c e r t a i n l y  c o n t i n u e s  i n  t h e  
s t r a t a  on t h e  n o r t h  s i d e  o f  Catoche Cove, where 
Benthamaspis  c o n i c a ,  Punka f l a b e l l i f o r m i s ,  and 
Uromystrum ~ f  . a f f i n e  Occur.  

Correlative fauna's in the St. George Group 

W h i t t i n g t o n  and Kind le  (1969)  d e s c r i b e d  o t h e r  
o c c u r r e n c e s  o f  t h e  Catoche t r i l o b i t e  f a u n a  
o v e r  t h e  c o n s i d e r a b l e  a r e a  o f  o u t c r o p  of t h e  
S t .  George Group. The same beds  have y i e l d e d  
t h e  C a s s i n o c e r a s  wor then i  cephalopod f a u n a  o f  
Flower  ( 1 9 7 8 ) .  I n  t h e  t y p e  a r e a  on P o r t  a u  
P o r t  P e n i n s u l a  t r i l o b i t e s  s o  f a r  have n o t  
been r e c o v e r e d  i n  any abundance. The p r e s e n c e  
t h e r e  of P e t i g u r u s  n e r o ,  Bo lbocepha lus  c f  . convexus  
and I s o t e l o i d e s  s p .  i n d i c a t e s  t h a t  t h e  Catoche 
Formation h a s  e q u i v a l e n t s  i n  t h e  t y p e  s e c t i o n  
of t h e  S t .  George Group. To t h e  n o r t h  i n  t h e  
Boa t  Harbour  a r e a  (Knigh t ,  1977, p. 2 8 )  t h e r e  
a r e  good e x p o s u r e s  o f  t h e  Catoche Formation.  
Examinat ion of  c o l l e c t i o n s  made by W h i t t i n g t o n  
and K i n d l e  from t h i s  a r e a  h a s  r e v e a l e d  t h e  
p r e s e n c e  o f  t h e  f o l l o w i n g  s p e c i e s  : I s o t e l o i d e s  
p e r i ,  I schyrotoma ana taphra ,  Punka f l a b e l l i f o r m i s ,  
Bolbocephalus  c o n v e x u s ,  B a t h y u r e l l  u s  a b r u p t u s ,  Ba t h y u r i n a  
t i m o n ,  Benthamaspis  c f  . B .  g i b b e r u l a ,  and 
S t r o t a c t i n u s  i n s u l a r i s .  I have n o t  y e t  s e e n  
examples o f  t h e  upper  f a u n a .  

Association of trilobite parts 

AGE AND CORRELATION OF THE FAUNAS 

The f a u n a  of  Logan ' s  d i v i s i o n  H o f  t h e  S t .  
George Group h a s  l o n g  been r e c o g n i z e d  a s  l a t e  
Canadian i n  a g e ,  and e v i d e n c e  s u p p o r t i n g  
c o r r e l a t i o n  w i t h  o t h e r  a r e a s  h a s  been w e l l  
summarized by W h i t t i n g t o n  (1968,  p .  52,  5 3 ) .  
The p u r p o s e  o f  t h e  p r e s e n t  r e p o r t  i s  t o  d e s c r i b e  
t h e  c o r r e l a t i o n s  s u g g e s t e d  by s p e c i e s - l e v e l  
compar i sons  w i t h  o t h e r  f a u n a s ,  b a s e d  on t h e  new 
d e s c r i p t i o n s  and d i s c o v e r i e s .  The Ca toche  
Formation r e c o r d s  two f a u n a s  t h a t  c o m p l e t e l y  
' i n t e r g r a d e  w i t h  one a n o t h e r  i n  t h e  m i d - p a r t  o f  
t h e  s e c t i o n .  Most o f  t h e  changes  t h a t  o c c u r  
between t h e s e  f a u n a s  a r e  a t  s p e c i e s - t o - s p e c i e s  
l e v e l ,  and t h e  compar i sons  a r e  a c c o r d i n g l y  made 
w i t h  o t h e r  s p e c i e s  o u t s i d e  Newfoundland, r a t h e r  
t h a n  o v e r a l l  g e n e r i c  c o m p o s i t i o n .  

Comparison with zonations by Ross (1951) and 
Hintze (1953) from Utah and Nevada 

The o c c u r r e n c e  o f  t h e  p e l a g i c  t r i l o b i t e  
C a r o l i n i t e s  qenacinaca n e v a d e n s i s  i n  t h e  m i d d l e  p a r t  
o f  t h e  measured s e c t i o n  o f  t h e  Ca toche  Formation 
i s  i m p o r t a n t .  T h i s  i s  a  c h a r a c t e r i s t i c  form o f  
zone H o f  Utah and Nevada. I n  t h e  zone H fauna  
d e s c r i b e d  by Young (1973)  from t h e  I b e x  a r e a  o f  
.Utah,  c .  n e v a d e n s i s  i s  accompanied by an  o p i p e u t e r  
s p e c i e s  c l o s e  t o  one  from t h e  Ca toche  Format ion .  
I have a l s o  r e c o g n i z e d  Benthamaspis  g i b b e r u l z  
( B i l l i n g s )  i n  Young's c o l l e c t i o n s  and 
Bolbocepha lus  convexus  ( B i l l i n g s )  p r o b a b l y  a l s o  
o c c u r s  i n  t h a t  a r e a .  O t h e r  s p e c i e s  i n  t h e  same 
f a u n a  a r e  c l o s e  t o  t h o s e  from t h e  C a t o c h e  
Format ion  b u t  w i t h  s m a l l  s p e c i f i c  d i f f e r e n c e s  - 
examples  a r e  d i s c u s s e d  below under  B a t h y u r e l l u s  
(which i s  r e s t r i c t e d  c o n s i d e r a b l y ' i n  t h i s  
p a p e r )  , S t r i g i g e n a l i s ,  and I s chyro toma .  These  
s i m i l a r i t i e s  combine t o  s u p p o r t  a  c o r r e l a t i o n  
o f  much o f  t h e  Ca toche  Format ion  w i t h  zone H 
o f  Utah and Nevada. The lowermost  f a u n a  t h u s  
p r o b a b l y  e q u a t e s  w i t h  t h e  upper  p a r t  o f  zone G 
(zone  G2).  I n  t h i s  c o n n e c t i o n  it s h o u l d  b e  

One o f  t h e  p a r t i c u l a r  problems o f  working w i t h  n o t e d  t h a t  t h e  pygidium o f  S t r o t a c t i n u s  i n s u l a r i s  
t h e  l a t e r  Canadian t r i l o b i t e s  i s  t h a t  o f  ( B i l l i n g s ,  1 8 6 5 )  from t h e  Ca toche  Format ion  i s  
a s s o c i a t i n g  t h e  c o r r e c t  c r a n i d i a ,  p y g i d i a  and i d e n t i c a l  t o  t h a t  o f  "genus and s p e c i e s  
f r e e  c h e e k s .  Examples o f  t h e  p r e v i o u s  i n c o r r e c t  unde te rmined  A"  d e s c r i b e d  by Demeter (1973)  
ass ignment  of p a r t s  a r e  c i t e d  f r e q u e n t l y  i n  t h e  from zone G 2  i n  w e s t e r n  Utah; i t s  r a n g e  i n  
s y s t e m a t i c  s e c t i o n  o f  t h i s  p a p e r .  T h i s  i s  Newfoundland s p a n s  t h e  u p p e r  and lower  f a u n a s .  
p a r t i c u l a r l y  s o  w i t h  ~ a t h ~ u k i d a e ,  i n  which a  
number o f  s p e c i e s  o f  t h e  same g e n e r a l  t y p e  
o c c u r  i n  t h e  same beds .  Almost a l l  o f  t h e  
a s s o c i a t i o n s  g i v e n  i n  t h i s  work a r e  made w i t h  
c o n f i d e n c e .  The t r i l o b i t e - b e a r i n g  l e n s e s  o f t e n  
c o n c e n t r a t e  t h e  remains  o f  one  s p e c i e s  i n  
p r e f e r e n c e  t o  a n o t h e r ;  most  o f  t h e  a s s o c i a t i o n s  
were made i n i t i a l l y  from a  s i n g l e  l e n s .  The 
d i f f e r e n t  s t r a t i g r a p h i c  r a n g e s  o f  s p e c i e s  a l s o  
h e l p  t o  a v o i d  c o n f u s i o n .  F o r  example,  t h e  r a n g e  
of  ~ a t h y u r e l l u s  s e n s u  strict0 e x t e n d s  beyond t h a t  o f  
Punka gen.  nov . ,  hence t h e  c o r r e c t  c e p h a l i c  
p a r t s  f o r  B i l l i n g s '  p y g i d i a  o f  B .  a b r u p t u s  t y p e  
c o u l d  b e  d e t e r m i n e d .  A second t y p e  o f  c r a n i d i u m  
i n  t h e  e a r l i e r  f a u n a  was t h e r e f o r e  l i k e l y  t o  b e  
t h a t  o f  Punka. 

I n  summary, s p e c i e s  compar i sons  i n d i c a t e  
t h a t  t h e  Ca toche  Format ion  i n c l u d e s  t h e  
e q u i v a l e n t s  o f  t h e  u p p e r  p a r t  o f  zone G o f  Utah 
and Nevada and t h e  o v e r l y i n g  zone H .  Because 
t h e  r a n g e s  o f  t h e  uppermost  s p e c i e s  ( ~ i ~ u r e  
11) e x t e n d  beyond any of  t h e  s p e c i e s  d i a g n o s t i c  
o f  zone H i t  i s  p e r f e c t l y  p o s s i b l e  t h a t  t h e  
u p p e r  p a r t  of t h e  Ca toche  Format ion  e x t e n d s  
upwards i n t o  zone I. A c o r r e l a t i o n  o f  t h e  
Ca toche  cepha lopod  f a u n a  c h a r a c t e r i z e d  by 
C a s s i n o c e r a s  w o r t h e n i  w i t h  zone I o f  Utah and  
Nevada was s u g g e s t e d  by Flower  (1978,  p .  2 2 3 ) .  

Correlation with standard Ordovician 
series via ara&lolitic facies ., - 

Of morpholog ica l  f e a t u r e s ,  s c u l p t u r a l  Benthamaspis  c o n i c a  s p .  nov. ,  a  s p e c i e s  o f  t h e  
p a t t e r n s  a r e  u s e f u l  when a s s i g n i n g  f r e e  cheeks lower  f a u n a  i n  t h e  Ca toche  Formation,  o c c u r s  t o  c r a n i d i a ,  a s  w e l l  a s  t h e  " f i t "  o f  t h e  f a c i a l  wit-, graptolites of ~~~~~n~ zone 4 (Tetragraptus 
s u t u r e s .  B a t h y u r i d  s p e c i e s  a l s o  d e m o n s t r a t e  a  fruticosus 4-branched) in t h e  Marathon region, s i m i l a r i t y  between t h e  s u r f a c e  s c u l p t u r e  ( o r  Texas .  F o r t e y  (1976) h a s  shown t h a t  t h e  r a n g e  
l a c k  of  i t )  on t h e  g l a b e l l a  and t h e  p y g i d i a l a x i s .  



o f  Carolinites qenacinaca nevadensis e x t e n d s  i n t o  
B e r r y ' s  (1960) zone 5  (Tetraqraptus fruticosus 3- 
and 4-branched) i n  S p i t s b e r g e n ,  where a  c o r r e l -  
a t i o n  o f  t h a t  zone w i t h  R o s s ' s  (1951)  zone H 
was p roposed .  Cumming's (1967) r e p o r t  o f  
Clonograptus f l e x i l i s  from t h e  Catoche Formation 
i s  a l s o  c o n s i s t e n t  w i t h  a  zona l  i n d i c a t i o n  a s  
l a t e  a s  B e r r y ' s  zone 4  ( B e r r y ,  1960, p. 1 6 )  . 
These few t r i l o b i t e s  p r o v i d e  good l i n k s  w i t h  
t h e  g r a p t o l i t i c  sequence  a t  t h e  s p e c i f i c  l e v e l .  
I n  S p i t s b e r g e n  t h e  f a u n a  o f  t h e  Nordporten 
Member o f  t h e  Ki r tonryggen  Formation ( F o r t e y  
and B r u t o n ,  1973) i n c l u d e s  s e v e r a l  a d d i t i o n a l  
s p e c i e s  i n  common w i t h  t h e  Catoche Format ion ,  
and is  succeeded  by r i c h l y  g r a p t o l i t i c  s h a l e  
o f  t h e  V a l h a l l f o n n a  Format ion ,  t h e  lower  p a r t  
o f  which l i e s  i n  B e r r y ' s  zone 5. I c o n c l u d e  
t h a t  d e p o s i t i o n  o f  t h e  Ca toche  Formation was 
w i t h i n  a  r e l a t i v e l y  s h o r t ,  e a r l y  Aren ig  i n t e r v a l  
r e p r e s e n t e d  by t h e  T. fruticosus zones ,  e q u i v a l e n t  
t o  t h e  upper  p a r t  o f  t h e  Bendigonian S t a g e  of 
t h e  A u s t r a l i a n  s t a n d a r d .  

T h i s  i n t e r v a l  is  g e n e r a l l y  c o r r e l a t e d  w i t h  
t h e  Didymograptus deflexus Zone o f  t h e  B r i t i s h  
A r e n i g  S e r i e s .  The p r e s e n c e  o f  t h e  u n d e r l y i n g  
zone of  Tetraqraptus approxirna t u s  h a s  n o t  y e t  been 
proved from t h e  t y p e  Aren ig  i n  North  Wales 
( S k e v i n g t o n ,  1 9 6 9 ) ,  a l t h o u g h  t h i s  zone i s  o f t e n  
i n c l u d e d  i n  t h e  Aren ig  r a t h e r  t h a n  t h e  Tremadoc. 
A s  f a r  a s  c o r r e l a t i o n  c a n  proceed  between such  
w i d e l y  s e p a r a t e d  a r e a s  i n  t h e  e a r l y  O r d o v i c i a n ,  
t h e  Ca toche  Formation t h u s  a p p e a r s  t o  b e  c o e v a l  
w i t h  t h e  lower  p a r t  o f  t h e  Aren ig  i n  t h e  t y p e  
a r e a .  Kluyver  (1975) was i n c o r r e c t  i n  assuming 
a  l a t e  Aren ig  a g e  f o r  t h e  Catoche Format ion .  

Correlative formations in platform facies 

P o u l s e n  (1951) and W h i t t i n g t o n  (1953, 1968)  
have  n o t e d  t h e  s i m i l a r i t y  o f  t r i l o b i t e  f a u n a s  
d i s t r i b u t e d  o v e r  t h e  wide c a r b o n a t e  p l a t f o r m  
t h a t  ex tended  d u r i n g  t h e  Canadian from t h e  
s o u t h w e s t e r n  Uni ted  S t a t e s  th rough  e a s t e r n  
Canada, w e s t e r n  Newfoundland, E a s t  Green land ,  
and u l t i m a t e l y  t o  S p i t s b e r g e n  a t  80°N. I n  
e a r l y  Ordovic ian  t i m e s  t h i s  b e l t  l a y  n e a r  t h e  
e q u a t o r .  The same broad  b e l t  i n c l u d e s  t h e  
M i d c o n t i n e n t  conodont  p r o v i n c e  ( F o r t e y  and 
Barnes ,  19771, which e x t e n d e d  on t o  t h e  n o r t h -  
e a s t e r n  S i b e r i a n  p l a t f o r m .  S i m i l a r  t r i l o b i t e  
f a u n a s  i n  t h a t  a r e a  may b e  p a r t l y  "h idden"  i n  
d i f f e r e n t  taxonomies .  

Format ions  t h a t  have  y i e l d e d  s p e c i e s  c l o s e  
o r  i d e n t i c a l  t o  t h o s e  from t h e  Ca toche  Format ion  
a r e  b r i e f l y  l i s t e d  h e r e .  Many t r i l o b i t e s  from 
t h e  "Beekmantown" l i m e s t o n e  s t r a t a  a r e  f r a g -  
menta ry ,  i n c o m p l e t e l y  known, o r  i n a d e q u a t e l y  
d e s c r i b e d .  D e t a i l e d  d i s c u s s i o n s  a r e  g i v e n  i n  
t h e  s y s t e m a t i c  p a r t .  E x a c t  a g e  r e l a t i o n s  t o  
t h e  Catoche Formation c a n n o t  b e  d e t e r m i n e d  
w i t h o u t  r e v i s i o n  o f  s u c h  s p e c i e s .  P r o c e e d i n g  
from n o r t h  t o  s o u t h :  

Nor thern  S p i t s b e ' r g e c .  The upper  (Nordpor ten)  
member o f  t h e  Ki r tonryqqen   orm mat ion i n c l u d e s  
a  f a u n a  c l o s e l y  compa;able w i t h  t h a t  o f  t h e  
Ca toche  Formation.  T h i s  f a u n a  h a s  y e t  t o  b e  
d e s c r i b e d ,  b u t  i n c l u d e s  ( F o r t e y  and Bru ton ,  
1973) s i m i l a r  o r  i d e n t i c a l  s p e c i e s  o f  Bathyurina, 
Bathyurellus, Petiqurus, Punka gen.  nov. , Bolbocephalus, 
and Ben thamaspis . 

E l l e s m e r e  I s l a n d ,  A r c t i c  Canada. The f a u n a  
d e s c r i b e d  by P o u l s e n  (1946) i n c l u d e s  a  few 
f r a g m e n t a r y  fo rms ,  b u t  t h e r e  i s  enough t o  
i n d i c a t e  t h e  p r e s e n c e  o f  c l o s e l y  r e l a t e d  s p e c i e s  
o f  Isoteloides and Benthamaspis t o  t h o s e  o f  t h e  
Catoche Format ion .  Bathyurina a l s o  o c c u r s  t h e r e .  

E a s t  Green land .  The lower  p a r t  o f  t h e  Cap 
Weber Format ion  ( P o u l s e n ,  1937; Cowie and 
Adams, 1957) i n c l u d e s  a  f a u n a  w i t h  s p e c i e s  i n  
common w i t h  t h e  Catoche f a u n a ,  o r  c l o s e l y  
s i m i l a r .  Examples a r e  d i s c u s s e d  below under  
Bathyurina, Bathyurellus, Bolbocephalus, Petigurus, 
Urornystrurn, and Punka gen.  nov. Carolinites o f  
qenacinaca t y p e  a l s o  o c c u r s  i n  t h e  b l a c k  l ime-  

s t o n e  i n t e r v a l  w i t h i n  t h e  Cap Weber Format ion  
(Cowie and Adams, 1957)  . 
E a s t e r n  Canada. The f a u n a  of  t h e  Romaine - 
Formation on t h e  Mingan I s l a n d s ,  Quebec, i s  
p o o r l y  known, b u t  i n c l u d e s  b a t h y u r i d s  ("Bathyurus" 
arnplirnarqinatus B i l l i n g s ,  "B." cybele) s i m i l a r  t o  

t h o s e  d e s c r i b e d  from t h e  Ca toche  Format ion .  
To t h e  w e s t ,  t h e  Oxford Format ion  o f  e a s t e r n  
O n t a r i o  (Ludvigsen ,  19 79) i n c l u d e s  Strotactinus,  
Bathyurina, and Bolbocephalus s p e c i e s ,  b u t  d i s t i n c t  
( p o s s i b l y  younger )  from t h o s e  o f  t h e  Ca toche  
Format ion .  

Vermont', U.S.A. W h i t t i n g t o n  (1953)  r e d e s c r i b e d  
b a t h y u r i d s  from t h e  F o r t  C a s s i n  Format ion ,  which 
i n c l u d e  a  Striqigenalis p r o b a b l y  i d e n t i c a l  t o  S. 
caudata from Newfoundland . Bolbocephalus s p e c i e s  

from t h e  same f o r m a t i o n  i n c l u d e  o n e  c l o s e l y  
s i m i l a r  t o  t h a t  from t h e  Ca toche  Format ion .  

M i s s o u r i - A r k a n s a s - c e n t r a l  Tennessee ,  U.S.A. 
The f a u n a  o f  t h e  Powel l  Format ion  ( C u l l i s o n ,  
1944) i n c l u d e s  s p e c i e s  o f  Str iqigenal is  and  
Bathyurina which a r e  c l o s e  t o  forms from 

Newfoundland. F u r t h e r  comparisons a r e  hampered 
by t h e  s c a n t y  m a t e r i a l  from t h e  Powel l  Forma- 
t i o n .  C o r r e l a t i o n  w i t h  t h e  Pogonip Group of  
Utah and Nevada h a s  been d i s c u s s e d  above.  

Relation of Catoche Formation to  younger rocks 
in NewfouncIland 

The m i d d l e  T a b l e  Head Format ion  h a s  been 
r e g a r d e d  by W h i t t i n g t o n  (1965,  p.  294) a s  o f  
e a r l y  L l a n v i r n  a g e .  Discovery  o f  g r a p t o l i t i c  
e q u i v a l e n t s  o f  t h e  m i d d l e  T a b l e  Head Format ion  
on P o r t  a u  P o r t  P e n i n s u l a  s u p p o r t s  t h i s  
i n t e r p r e t a t i o n ,  and 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  upper  p a r t  o f  t h e  European zone o f  
Didyrnograptus b i f i d u s  (EQ B e r r y ,  1960)  . A s  
s e v e r a l  t r i l o b i t e  s p e c i e s  (~ctenonotus  westoni, 
Nileus a f f in i s )  range  t h r o u g h  b o t h  t h e  lower  and 

m i d d l e  T a b l e  Head i t  i s  u n l i k e l y  t h a t  t h e  lower  
T a b l e  Head Format ion  i s  o l d e r  t h a n  L l a n v i r n .  

The y o u n g e s t  f a u n a  i n  t h e  Ca toche  Format ion  
i s  o f  e a r l y  Aren ig  age ;  t h e  rest o f  t h e  A r e n i g  
S e r i e s  i s  t h e r e f o r e  accommodated between t h i s  
f a u n a  and t h e  b a s e  o f  t h e  lower  T a b l e  Head. 
Ruedemann's (1947,  P1. 55 ,  f i g .  22; P1. 56,  
f i g .  1 7 )  d e s c r i p t i o n  o f  t h e  l o n g  r a n g i n g  
g r a p t o l i t e  Didymograptus patulus p r o b a b l y  from 
w i t h i n  t h i s  i n t e r v a l ,  d o e s  n o t  n e c e s s a r i l y  
p r o v e  a  h o r i z o n  above t h a t  i n d i c a t e d  by t h e  
younger  Ca toche  f a u n a .  W h i t t i n g t o n  and K i n d l e  
(1963;  a l s o  Cumming, 1968)  r e p o r t  a  d i s c o n f o r -  
m i t y  a t  t h e  b a s e  of t h e  T a b l e  Head Formation 



at the type section; if this is the case then 
part of the upper Arenig may have been removed 
prior to the deposition of the Table Head 
Formation. Because the upper part of the St. 
George Group is largely dolomitic (partly 
cherty) it is also possible that diagenetic 
processes have destroyed the fossils of the 
upper part of the group. Recent mapping by 
the Newfoundland Department of Mines and Energy 
and others indicates that the thickness of the 
upper dolomite varies greatly regionally, and 
there is the possibility of a regional unconfor- 
mity below the Table Head Formation (Flower, 
1978) . Whatever the nature of the contact with 
the lower Table Head Formation there is as yet 
no evidence of the upper part of the Arenig in 
the platform succession. In terms of the North 
American shelly succession, zone J of Ross 
(1951) and Hintze (1953) is absent, plus the 
"pre-Whiterock interval1' occurring between 
those zones and typical Whiterock assemblages 
in Spitsbergen (Fortey, 1975a, p. 10; 1976, 

273). There is as yet no evidence of faunas 
?itting in this gap being present in the 
boulders of the Cow Head Group (Whittington, 
1968, p. 50). . Taken together, this is 
suggestive of a major period of nondeposition, 
or at least shallowing to a point where hyper- 
salinity prevented trilobites from living, 
in the western part of Newfoundland through a 
large part of the Arenig Series. This is in 
accord with the work of Flower (1978) summa- 
rizing the distribution of cephalopod faunas, 
in which there is a similar gap in zonal 
succession beneath the Table Head Formation in 
the Port au Choix area. 

ENVIRONMENTAL SETTING OF THE CATOCHE FORMATION 

It is generally accepted that the St. George 
Group as a whole is a relatively shallow water 
carbonate succession. Within the St. George 
Group the Catoche Formation is the middle unit 
and is largely limestone, contrasting with 
highly dolomitic sequences above and below. 
In the lower units of the St. George Group 
there are abundant stromatolite beds, local 
erosional levels are common, and the associated 
sedimentary features (oolites, common mud flake 
conglomerates) all indicate accumulation in 
very shallow water, in part at least intertidal. 
Gastropods are probably the most common fossils 
in this part of the succession, with nautiloids 
at certain horizons. Trilobites are generally 
rare, although certain trilobite horizons have 
now been recognized in the north part of the 
outcrop area around Boat Harbour. This 
sedimentary regime can be widely recognized in 
the Canadian Series, and is typical of much of 
the Beekmantown Group and correlative units in 
platform North America, as far south as the 
El Paso Group of New Mexico. Outside North 
America closely similar sedimentological suites 
exist in the contemporaneous Ninmaroo Formation 
of central Queensland, Australia. 

Thin dolomite beds occur at more or less regular 
intervals. The flood of trilobites that appears 
within the Catoche Formation indicates a change 
in conditions, but the general similarity of 
sedimentary features indicates that this change 
was not profound. Much of the sediment in the 
Catoche Formation was reworked, perhaps 
repeatedly, by soft bodied animals that have 
left dolomitized trails. Macluritid gastropods 
and nautiloids continue to be abundant. The 
concentration of the trilobites into lime sand 
lenses, and their complete disarticulation, 
often with breakage of the more delicate 
cephalic parts, indicates the activity of 
currents and/or tides was at least powerful 
enough to break, move, and "winnow" trilobite 
skeletal parts. 

Between the lenses of concentrated 
trilobite fragments the greater thicknesses of 
more or less burrowed, often knobbly limestone 
also contain trilobites, but they are much 
easier to overlook than those in the lenses, 
and the fauna is relatively reduced. Of the 
fauna described below only the asaphids, 
B o l b o c e p h a l u s  and P e t i q u r u s ,  were collected from 
the main body of the limestone. In part the 
less fossiliferous nature of the limestone may 
be more apparent than real. Sectioning of some 
of these beds in the laboratory has shown the 
presence of R e c e p t a c u l i t e s ,  C a l a t h i u m  and ?Bryozoa, 
which may have been numerous enough to make 
small bioherms. The upper part of the Catoche 
Formation includes some apparently structureless 
mounds several metres in diameter. 

The appearance of the pelagic trilobites 
C a r o l i n i t e s  and o p i p e u t e r  in the section is 
significant because it indicates free connec- 
tion with the open oceans of the time. Both 
genera were distributed as far away as Australia 
on the far side of the equatorial great circle 
in the early Ordovician (Legg, 1976). Gumming's 
(1967) description of C l o n o q r a p t u s  from the 
Catache Formation, and the occurrence of 
b e n t h a m a s p i s  c o n i c a  both in the Newfoundland 
sections and in the graptolitic sequence of 
Marathon, Texas, provide further evidence of 
connection with more oceanic facies. 

~t seems reasonable to explain the faunal 
and sedimentary changes briefly listed above 
as a response to a deepening event during the 
deposition of the Catoche Formation compared 
with the earlier part of the St. George Group. 
This allowed for a shelfward invasion of 
trilobite faunas, including forms that swam 
actively near the surface. As noted previously, 
because the lower Table Head Formation is 
probably of Llanvirn age (Whittington, 1968) 
the upper part of the Arenig Series is either 
accommodated within the unfossiliferous 
dolomite overlying the Catoche Formation, or 
is cut by a disconformity at the base of the 
Table Head Formation. It may be tempting to 
assume a return to extreme shallow water, 
"starved" conditions at the top of the Catoche 
Formation, but, as these dolomite strata are 

Few stromatolitic beds are present in the probably secondary (1. ~ n i ~ h t ,  N. ~ames, pers. 
Catoche Formation, but in the lower part there 'Omma it is possible that the 
are frequent intraformational conglomerate beds, Subsequent faunas have been during 

sometimes with clasts stacked edgewise, and diagenesis. 

occasional oolitic lenses have been recognized. 



The deepening event that accompanied the 
Catoche trilobite faunas may have been more or 
less contemporaneous over a wide area. In 
Spitsbergen the drastic sedimentary and faunal 
change (also a deepening event) at the base of 
the Valhallfonna Formation (Fortey, 1976) 
occurs within the range of Carolini tes genacinaca 
nevadensis, which is also reported in this 
paper. The same species is introduced in a 
dark limestone interval within the otherwise 
shallow water limestone sequence of the Cap 
Weber Formation, East Greenland (Cowie and 
Adams, 1957). In Utah the fauna from zone H 
described by Young (1973) includes a number 
of trilobite species either identical or close 
to forms from the Catoche Formation, including 
similar pelagic species. Accompanying these 
are species of genera like Shumardia and 
Geragnostus (Trinodus) which have been associated 
with Nileid ("upper slope") community type of 
Fortey (1975b). This event is approximately 
coincident with the base of the Arenig 
transgression in its type development in Wales, 
as far as correlation between the widely 
different faunas will permit. 

If such contemporaneity can be further 
substantiated using other fossil groups, it 
may be necessary to invoke a world-wide sea 
level rise to account for its effects in what 
were separate plates in the earlier part of 
the Ordovician. 

REMARKS ON THE UFE HABITS OF THE TRILOBITES 

A few general remarks on the life habits of 
the Catoche trilobites are given here. More 
detailed treatments of the functional 
morphology of Catochia gen. nov. and Punka gen. 
nov. are given after the systematic account 
of those genera. 

The distribution of fauna in the 
stratigraphic comparison above and the 
systematic treatment below indicates that 
most of the genera were confined to shallow 
water platform carbonates of the Bathyurid 
Province. Two genera are exceptionally widely 
distributed, both geographically and across 
facies. These are Carolinites and Opipeuter, both 
of which were free-swimming, oceanic forms. 
The lines of evidence leading to this conclusion 
about these trilobites has been given detailed 
treatment by Fortey (1974, 1975a). The rest of 
the fauna is either benthic or nektobenthic, 
closely tied to the limestone facies developed 
near the equator in the early Ordovician. 

Several species had an exceptionally 
robust, thick, and tuberculate cuticle 
(Petigurus, Ischyrotoma). Whereas it would be 

tempting to associate this with protection in 
an environment subject to temporary exposure, 
they are accompanied by other species, such as 
Isoteloides and Punka, which are not unusual in 
this respect. Isoteloides is one of the few 
trilobites in the fauna that lacks dorsal 
surface sculpture. Both Isoteloides and Petigurus 
can be found as large "clasts " in intrafor
mational conglomerates; I have also been shown 
pygidia of the former from the St. George 
Group of Port au Port Peninsula that are 
apparently in association with stromatolitic 

bodies. Both genera seem to have been able to 
live in exceptionally s h allow water conditions. 
Presumably both the high degree of effacement 
of Isoteloides and the exceptionally thick 
cuticle and coarse tuberculation of Pe tigurus 
were adaptations for life in shallow water. 
Deeper water asaphids, such as those of the 
nileid community type (Niobe, Gag) usually have 
fine dorsal terrace lines and/or distinct 
pygidial ribs. 

Progressive effacement is a feature 
observed in three evolutionary, or at least 
morphological, series in the Catoche fauna 
(Co.tochia, Benthamaspis and Bathyurellus); the 

younger species are the more effaced dorsally. 
I believe that it would be an oversimplification 
to attribute this simply to a common adaptation 
to shallow water conditions, as in other 
respects these genera differ profoundly. The 
last two, for example, retain cephalic surface 
sculpture, and the gena l and pygidial morphology 
of all three genera could scarcely be more 
different. 

Stitt (1976), in a functional study of the 
inshore late Cambrian genus Stenopilus, described 
a broad and upward-flexed cephalic doublure as 
functioning as a "rasp" for algal grazing. We 
observe a similar structure on Benthamaspis, 
which also shares with Stenopilus narrow ( trans.) 
free cheeks with rounded angles, and a globose 
pygidium with a short axis. Cranidial efface
ment in Benthamaspis is progressive in younger 
species and the main difference from a 
functional point of view resides in the larger 
eyes of the Ordovician genus and its dorsal 
bertillon pattern (unfortunately the thoracic 
structure is unknown) . Stenopilus seems to 
provide the best comparison. for Benthamaspis, 
and it is considered possible that their 
feeding habits were the same. Associated 
lithol ogies are similar. Other details were 
probably different, for example, the burial 
habit shown by Stitt (1976) was supported by a 
specific pattern of exoskeletal sculpture not 
present on the Newfoundland species. 

A distinctive combination of morphological 
features, including a convex cephalon with 
long, triangular and backward-swept genal 
spines, and a relatively flat pygidium, has 
been interpreted below for Punka flabelliformis 
sp. nov. This was probably a sluggish 
species, habitually resting on the sediment 
surface on its cephalic brim and using the 
genal spines as a plough to turn aside the 
sediment as it progressed forwards. Generally 
similar combinations of morphological features 
are shown by Bathyurellus and Uromys trum . The 
former has a shorter cephalic brim; anterior 
upthrust on the sediment surface in this 
genus may have been principally effected by 
the ventral concavity of the cephalic doublure. 

More active habits are inferred for 
Catochia and the same general conclusions 
probably apply to Bathyurina, Ischyrotoma, and 
Strigigenalis. Catochia shows specialized features 
indicating that it was capable of partially 
burying itself, but the other genera di f fer in 
these same features. Both Bathyurina and 
Ischyrotoma have thick cuticles, and are 
coarsely tuberculate, in these respects 
resembling Petigurus. 
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SYSTEMATIC DESCRIPTIONS i n  t h e  l o n g  d i s t a n c e  c o r r e l a t i o n  o f  t h e  S t .  
George f a u n a s ,  i n d i c a t i n g  t h e  p r e s e n c e  o f  zone 

Terminology. Terminology f o l l o w s  t h a t  i n  t h e  H o f  Ross (1951) and H i n t z e  (1953) i n  t h e  
T r e a t i s e  (Moore, 1 9 5 9 ) ,  w i t h  t h e  a d d i t i o n  o f  Newfoundland s e c t i o n s .  
a  few te rms  g iven  i n  W h i t t i n g t o n  (1965) and 
o p i k  ( 1 9 6 7 ) .  The g l a b e l l a  i s  r e g a r d e d  a s  
i n c l u d i n g  t h e  o c c i p i t a l  r i n g ,  u n l e s s  s p e c i f -  
i c a l l y  exc luded  i n  t h e  d e s c r i p t i o n s  by t h e  
t e r m :  " p r e - o c c i p t i a l  g l a b e l l a "  . 

P a r t i c u l a r  d i a g n o s t i c  c h a r a c t e r s  o f  t h e  
s u b s p e c i e s  a r e  w e l l  shown by t h e  p r e s e n t  
m a t e r i a l .  The f r e e  cheek ( P I .  36, f i g .  1 7 )  
h a s  a  w e l l  deve loped  s u b o c u l a r  r i d g e  and a  
s m a l l e r  e y e  t h a n  l a t e r  s p e c i e s  o f  t h e  genus .  

Systematic order. The order of the descriptions On t h e  c r a n i d i u m  ( P I .  36; f i g .  15)  t h e - b a c c u l a e  

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

F a m i l i e s ,  s u b f a m i l i e s  and g e n e r a  f o l l o w  i n  s m a l l e r  t h a n  i s  t h e  c a s e  i n  C. genacinaca 

a l p h a b e t i c a l  o r d e r .  S p e c i e s  a r e  t r e a t e d  i n  genac inaca ,  and do n o t  i n d e n t  t h e  g l a b e l l a .  

t h e  o r d e r  t h a t  keeps  t h e  t e x t  t o  a  minimum. The pygidium h a s  t r a n s v e r s e  a x i a l  f u r r o w s ;  

Where more t h a n  one  s p e c i e s  i n  a  genus i s  o n l y  two a x i a l  r i n g s  a r e  d e e p l y  d e f i n e d ,  and 

d e s c r i b e d ,  t h e  second i s  d i s t i n q u i s h e d  i n  a  t h e  a x i a l  r i n g s  l a c k  median t u b e r c l e s .  

compara t ive  d i s c u s s i o n  t o  o b v i a t e  i n e s s e n t i a l  
r e p e t i t i o n .  

Names. Every a t t e m p t  has  been made t o  c o n s e r v e  
t h e  o r i g i n a l  s p e c i f i c  nomenc la tu re  of B i l l i n g s  
( 1 8 6 5 ) .  T h i s  h a s  proved p o s s i b l e  i n  a l l  c a s e s  
e x c e p t  " B a t h y u r e l l u s "  m a r g i n i a t u s ,  where t h e  l e c t o -  
t y p e  c r a n i d i u m  c a n n o t  b e  a s s o c i a t e d  w i t h  p y g i d i a  
o f  t h e  t y p e  f i g u r e d  by B i l l i n g s .  

New names a r e  a r b i t r a r y  combina t ions  o f  
l e t t e r s ,  e x c e p t  i n  t h e  c a s e  o f  Catoch ia  gen.  
n o v . ,  named a f t e r  Catoche P o i n t ,  P o r t  au  Choix,  
and I s o t e l o i d e s  p e r i  s p .  nov. , which i s  named 
a f t e r  P .E. Raymond. 

Type and  f i g u r e d  m a t e r i a l .  Type specimens a r e  
s t o r e d  i n  t h e  N a t i o n a l  Type F o s s i l  C o l l e c t i o n ,  
G e o l o g i c a l  Survey of Canada (GSC), Ot tawa ,  and 
t h e  Sedgwick Museum (SM), Cambridge, England.  
Refe rence  specimens a r e  d e p o s i t e d  i n  t h e  
B r i t i s h  Museum ( N a t u r a l  H i s t o r y ) ,  London, 
England.  

=ecies d i a g n o s e s .  Most s p e c i e s  d e s c r i b e d  
h e r e a f t e r  c a n  b e  w e l l  c h a r a c t e r i z e d  by 
" p r e s e n c e  o r  absence"  of morpholog ica l  
f e a t u r e s ,  which a r e  b r i e f l y  summarized i n  t h e  
d i a g n o s e s .  E x c e p t i o n s  a r e  t h e  Asaphidae ,  and 
s a t i s f a c t o r y  s p e c i e s  d e f i n i t i o n s  w i l l  p r o b a b l y  
r e q u i r e  a  s t a t i s t i c a l  a n a l y s i s  o f  all s p e c i e s  
t h a t  have been r e f e r r e d  t o  I s o t e l o i d e s ,  which 
i s  beyond t h e  scope  of  t h e  p r e s e n t  a c c o u n t .  

S u p e r f a m i l y  KOMASPIDACEA Kobayashi ,  1935 

Family TELEPHINIDAE Marek, 1952 

Genus C a r o l i n i t e s  Kobayashi ,  1940 

Type s p e c i e s  c a r o l i n i t e s  b u l b o s u s  Kobayashi , 1940 

C a r o l i n i t e s  qenacinaca n e v a d e n s i s  H i n t z e  , 1953 

P l a t e  36,  f i g u r e s  14-17 

Synonymy 3 Fortey (1975, p. 115) 

F i g u r e d  m a t e r i a l .  C r a n i d i a ,  GSC 57756, 
56794; pydigidum, GSC 56795; f r e e  cheek ,  GSC 
56796. 

S t r a t i g r a p h i c  r a n g e .  Catoche Format ion ,  11 t o  
35 m i n  measured s e c t i o n .  

D i s c u s s i o n .  T h i s  s p e c i e s  h a s  been d e s c r i b e d  
by F o r t e y  (1975a)  from t h e  e a r l y  O r d o v i c i a n  o f  
S p i t s b e r g e n .  I t  i s  o f  c o n s i d e r a b l e  impor tance  

F o r t e y  (1975a,  1976)  h a s  d e m o n s t r a t e d  t h e  
s t r a t i g r a p h i c  impor tance  o f  C a r o l i n i t e s  i n  
c o r r e l a t i n g  between d i f f e r e n t  f a c i e s  i n  t h e  
e a r l i e r  O r d o v i c i a n ,  r e l a t e d  t o  t h e  i n f e r r e d  
p e l a g i c  h a b i t s  o f  t h e  g e n u s .  c.  qenacinaca 
n e v a d e n s i s  o c c u r s  w i t h  g r a p t o l i t e s  o f  upper  
T e t r a g r a p t u s  f r u t i c o s u s  zone i n  S p i t s b e r g e n .  
T h i s  g r a p t o l i t e  zone i s  e a r l y  A r e n i g i a n ,  and  
p r o b a b l y  e q u a t e s  w i t h  e a r l i e s t  A r e n i g  s t r a t a  
o f  t h e  t y p e  a r e a  i n  Nor th  Wales. 

S u p e r f a m i l y  REMOPLEURIDACEA 
Hawle and Corda ,  1847 

Family OPIPEUTERIDAE F o r t e y ,  1974 

Genus O p i p e u t e r  F o r t e y  , 1974 

Type s p e c i e s  O p i p e u t e r  i n c o n n i v u s  F o r t e y ,  1974 

o p i p e u t e r  c f .  a n g u l a r i s  (Young, 1973)  

P l a t e  37, f i g u r e s  13-15 

R e m o p l e u r i d i e l l a  a n g u l a r i s  Young, 1973, p. 112-114, 
P1 .  1, f ig .  21 ,  22 ,  26, non fig. 25, 27 

F i g u r e d  m a t e r i a l .  C r a n i d i a ,  GSC 56797, 
56798. 

S t r a t i g r a p h i c  r a n g e .  Ca toche  Format ion ,  47 m 
i n  measured s e c t i o n .  

D i s c u s s i o n .  Young (1973)  f i g u r e d  a  c r a n i d i u m  -- 
from a  zone H f a u n a  from Utah which h e  
a t t r i b u t e d  t o  R e m o ~ l e u r i d i e l l a  a n a u l a r i s  . The 
c r a n i d i u m  c l e a r l y  b e l o n g s  t o  O p i p e u t e r  F o r t e y ,  
1974,  which,  a l t h o u g h  p o s s i b l y  w i t h  
remopleur idacean  a n c e s t r y ,  d i f f e r s  from 
r e m o p l e u r i d i d s  i n  most  f e a t u r e s  o f  t h e  e n t i r e  
e x o s k e l e t o n .  Note t h a t  t h e  f r e e  cheek  a s s i g n e d  
t o  t h i s  s p e c i e s  by Young d i f f e r s  from t h a t  o f  
O p i p e u t e r ,  and h a s  t h e  s u b o c u l a r  r i d g e  
c h a r a c t e r i s t i c  o f  t h e  f r e e  cheek o f  C a r o l i n i t e s  
genacinaca n e v a d e n s i s ,  which o c c u r s  i n  t h e  same 
fauna .  The s t r a t i g r a p h i c a l l y  e a r l i e s t  
c r a n i d i a  a t t r i b u t e d  t o  t h e  t y p e  s p e c i e s  from 
S p i t s b e r g e n  ( e . g .  F o r t e y ,  1974, P1. 1 3 ,  f i g .  
6-8) may a l s o  b e  r e f e r a b l e  t o  0.  a n g u l a r i s .  
Two s m a l l  o p i p e u t e r  c r a n i d i a  have been  o b t a i n e d  
from t h e  Newfoundland s e c t i o n s .  Both d i f f e r  
from t y p i c a l  examples  o f  t h e  t y p e  s p e c i e s  
( F o r t e y ,  1974,  P1. 1 3 ,  f i g .  2-5) i n  t h e i r  
b r o a d e r  ( t r a n s . )  remnant  f i x i g e n a l  a r e a s  and 
wide a n t e r i o r  g l a b e l l a r  t o n g u e s .  They 
resemble  0. a n g u l a r i s  more c l o s e l y  i n  t h e s e  
f e a t u r e s ,  and i n  t h e  r e l a t i v e l y  l o n g  p o s t e r i o r  



t a p e r  o f  t h e  g l a b e l l a .  0 .  ernanuelens is  Legg, 
1976, from t h e  Canning b a s i n ,  w e s t e r n  A u s t r a l i a ,  
i s  more l i k e  t h e  t y p e  s p e c i e s  i n  t h e  same 
c h a r a c t e r s .  The p r e s e n t  specimens d i f f e r  from 
t h e  t y p e  specimen o f  0.  a n g u l a r i s  i n  t h e  s i n u o u s  
c o u r s e  o f  t h e  a x i a l  f u r r o w s ,  r e s u l t i n g  i n  a  
rounded median e x p a n s i o n  o f  t h e  g l a b e l l a ,  and 
on one specimen t h e  I P  g l a b e l l a r  fu r row is 
p a r t i c u l a r l y  deep  and wide a t  i t s  o u t e r  edge  
( P l .  37, f i g .  1 5 ) .  

With t h e  l i m i t e d  d a t a  a v a i l a b l e  on t h e  
Utah s p e c i e s  it i s  n o t  p o s s i b l e  t o  b e  c e r t a i n  
whe ther  t h e s e  d i f f e r e n c e s  a r e  due t o  i n t r a -  
s p e c i f i c  v a r i a t i o n  o r  t h e  s i l i c i f i e d  
p r e s e r v a t i o n  of 0.  a n g u l a r i s ,  and t h e  d e t e r m i -  
n a t i o n  i s  a c c o r d i n g l y  t e n t a t i v e .  

The o c c u r r e n c e  o f  o p i p e u t e r  i n  t h e  
Newfoundland s e c t i o n s  i s  f u r t h e r  e v i d e n c e  o f  
i t s  wide d i s t r i b u t i o n ,  c o n s i s t e n t  w i t h  i n f e r r e d  
p e l a g i c  l i f e  h a b i t s .  I n  Newfoundland it i s  
a s s o c i a t e d  w i t h  s h a l l o w  s h e l f  f a u n a s ,  whereas  
i n  S p i t s b e r g e n  it e x t e n d s  i n t o  t h e  o f f - s h e l f  
o l e n i d  and n i l e i d  env i ronments  ( F o r t e y ,  1 9 7 5 b ) .  

S u p e r f a m i l y  ASAPHACEA B u r m e i s t e r ,  1843 

Family ASAPHIDAE B u r m e i s t e r ,  1843 

Subfami ly  I s o t e l i n a e  A n g e l i n ,  1854 

Genus I s o t e l o i d e s  Raymond, 1910 

Type s p e c i e s  Asaphus  c a n a l i s  Whitf  i e l d ,  1886 
( b u t  s e e  f o l l o w i n g )  

Note on nomenc la tu re .  Raymond (1910,  p .  35) 
s p e c i f i e d  t h e  Upper Canadian s p e c i e s  Asaphus 
c a n a l i s  W h i t f i e l d  a s  t h e  t y p e  s p e c i e s  of 
I s o t e l o i d e s .  The name c a n a l i s  had been u s e d  
p r e v i o u s l y  by H a l l  ( e x  Conrad MS) i n  t h e  f i r s t  
p a r t  o f  P a l e o n t o l o g y  o f  New York (1847,  p .  25,  
P1. 4  - b i s ,  f i g .  17-19) a p p l i e d  t o  I s o t e l e s  
(now  sote el us) c a n a l i s ,  r e p r e s e n t e d  by a  hypostoma 
and a  d o u b l u r a l  f ragment .  Al though W h i t f i e l d  
(1886) r e g a r d e d  h i s  Asaphus c a n a l i s  a s  c o n s p e c i f i c  
w i t h  H a l l ' s  I s o t e l u s  c a n a l i s  he  d i d  n o t  r e f e r  i t  
t o  t h e  same genus.  Raymond (1910,  p .  37) , 

f u r t h e r  s t a t e d  t h a t  t h e  spec imens  f i g u r e d  by 
H a l l  migh t  b e l o n g  t o  "what i s  now known a s  
I s o t e l u s  h a r r i s i  Raymond", a  Chazy s p e c i e s  
r e d e s c r i b e d  by Shaw (1968)  . Raymond (1910,  
p .  36) s e p a r a t e d  specimens o f  Asaphus c a n a l i s  
d e s c r i b e d  by W h i t f i e l d  under  t h e  name I s o t e l o i d e s  
w h i t f i e l d i ,  which s p e c i e s  name h a s  become t h e  
a c c e p t e d  t y p e  d e s i g n a t i o n  o f  I s o t e l o i d e s .  
However t h e r e  was no n e c e s s i t y  f o r  Raymond t o  
p ropose  a  nom. n o v .  f o r  W h i t f i e l d ' s  m a t e r i a l ,  
a s  t h e  l a t t e r  had n o t  r e f e r r e d  h i s  c a n a l i s  t o  
t h e  same genus a s  H a l l .  I n  s h o r t ,  t h e  t y p e  
s p e c i e s  o f  I s o t e l o i d e s  i s  r .  c a n a l i s  ( W h i t f i e l d )  , 
of which I .  w h i t f i e l d i  i s  a  j u n i o r  o b j e c t i v e  
synonym. I s o t e l u s  c a n a l i s  H a l l  i s  presumably t h e  
s e n i o r  synonym of  I .  h a r r i s i  Raymond. The name 
I s o t e l o i d e s  w h i t f i e l d i ,  however,  i s  now e n t r e n c h e d  
i n  t h e  l i t e r a t u r e ,  b u t  i t s  r a t i f i c a t i o n  w i l l  
presumably r e q u i r e  an ICZN d e c i s i o n .  It i s  
used a g a i n  h e r e ,  b u t  w i t h  o b v i o u s  r e s e r v a t i o n s .  

D i s c u s s i o n .  D i s c r i m i n a t i o n  o f  i s o t e l i n e  g e n e r a  
can  be d i f f i c u l t  due t o  t h e  g e n e r a l  e f f a c e m e n t  
o f  t h e  d o r s a l  e x o s k e l e t a l  s u r f a c e .  Two 
i s o t e l i n e  s p e c i e s  o c c u r  i n  t h e  S t .  George Group 

a t  P o r t  a u  Choix,  and b o t h  compare c l o s e l y  w i t h  
I so t e .Zo ides  w h i t f i e l d i  (Whitf i e l d ,  1886,  P1. 34,  
f i g .  1-8; Jaanusson  i~ Moore, 1959,  p .  340, 
f i g .  251, 1) . To t h e s e  may be added I. p o l a r i s ,  
P o u l s e n ,  1927 (see a l s o  H i n t z e ,  1953)  and I .  
f l e x u s ,  H i n t z e ,  1953. A l l  t h e  s p e c i e s  o c c u r  i n  
t h e  upper  h a l f  o f  t h e  Canadian S e r i e s .  
C h a r a c t e r i s t i c  f e a t u r e s  o f  t h e  g r o u p  a r e :  
r e l a t i v e l y  b r o a d ,  f l a t t e n e d  c r a n i d i a l  b o r d e r  
which c o n t i n u e s  on t o  t h e  f r e e  cheek  w i t h  
d i m i n i s h i n g  w i d t h  t o  g e n a l  s p i n e ;  p r e o c u l a r  
s u t u r e s  s u b p a r a l l e l  t o  s l i g h t l y  d i v e r g e n t ;  
p o s t o c u l a r  s u t u r e s  d i s t a l l y  c u r v e  s h a r p l y  
backwards p r o d u c i n g  a  rounded e x t r e m i t y  t o  t h e  
f i x e d  cheeks ;  e y e s  j u s t  p o s t e r i o r  t o  mid- leng th  
o f  cepha lon  and r a t h e r  s m a l l ;  hypostoma d e e p l y  
f o r k e d ,  t h e  s i d e s  o f  t h e  f o r k  c o n v e r g i n g  on t h e  
s a g i t t a l  l i n e  a t  a  low a n g l e ,  i t s  apex  t r a n s -  
v e r s e ;  p y g i d i a l  b o r d e r  w e l l  d e f i n e d ,  p y g i d i a l  
a x i s  n a r r o w , p y g i d i a l  d o u b l u r e  w i t h  i n n e r  margin 
s l i g h t l y  concave .  The p r e s e n c e  o r  a b s e n c e  o f  
r i b b i n g  on t h e  p y g i d i a l  p l e u r a l  f i e l d s  a p p e a r s  
t o  b e  a  v a r i a b l e  f e a t u r e ,  even  w i t h i n  a  s p e c i e s .  

S t e g n o p s i s  W h i t t i n g t o n ,  1965 ( t y p e  s p e c i e s  
S .  s o l i t a r i u s ,  W h i t t i n g t o n ,  1965) i s  a  c l o s e l y  
r e l a t e d ,  more convex ( s a g . )  genus i n  which t h e  
e y e s  have m i g r a t e d  t o  a  r e l a t i v e l y  p o s t e r i o r  
p o s i t i o n ,  t h e r e b y  d e f i n i n g  nar rower  ( e x s a g . )  
p o s t o c u l a r  c h e e k s .  P r e o c u l a r  d i v e r g e n c e  o f  
t h e  f a c i a l  s u t u r e s  is  g r e a t e r  on t h e  t y p e  
s p e c i e s  t h a n  i n  I s o t e l o i d e s ,  b u t  n o t  c o n s p i c -  
u o u s l y  s o  on S .  h u t t o n i  ( B i l l i n g s ,  1865) 
( W h i t t i n g t o n ,  1965,  P1. 2 2 ,  f i g .  3 ) .  The 
c e p h a l i c  and p y g i d i a l  d o u b l u r e  i s  s i m i l a r  on 
I s o t e l o i d e s  and S t e g n o p s i s  . I s o t e l o i d e s  l i a n g s h a n e n s i s  
Lu, 1957 ( a l s o  Lu, 1975,  p .  322, P 1 .  9 ,  f i g .  
6-10, P1. 1 0 ,  f i g .  1-11) h a s  a n  i n t e r m e d i a t e  
set o f  c h a r a c t e r s ,  b u t  a s  it h a s  somewhat a c u t e  
p o s t o c u l a r  c h e e k s ,  s h o u l d  p e r h a p s  b e  r e f e r r e d  
t o  S t e g n o s p i s .  

I s o t e l o i d e s  p e r i  Sp . nov . 
P l a t e  23, f i g u r e s  1-8 

Holotype.  Cranidium, GSC 56799. 

F i g u r e d  spec imens .  Cranidium, GSC 56800; 
p y g i d i a ,  GSC 56801-56803; f r e e  c h e e k ,  GSC - -  - 
56804; hypostoma, GSC 56805. 

S t r a t i g r a p h i c  r a n g e .  Lower p a r t  o f  measured 
s e c t i o n  o f  Catoche Format ion ,  p r e c e d i n g  I. 
l a t i m a r g i n a t u s  s p .  nov. ,  from n e a r  t h e  b a s e  o f  
t h e  s e c t i o n  t o  a b o u t  7 m above t h e  b a s e .  

D i a g n o s i s .  I s o t e l o i d e s  w i t h  a n t e r i o r  s e c t i o n s  o f  
f a c i a l  s u t u r e s  s l i g h t l y  d i v e r g e n t .  Eyes  s m a l l .  
Pygidium a b o u t  t w o - t h i r d s  a s  l o n g  a s  w i d e ,  
d i s t i n c t  b o r d e r  of modera te  w i d t h .  

D e s c r i p t i o n .  Fragmenta ry  remains  o f  t h i s  -- 
species a r e  common i n  t h e  lower  p a r t  o f  t h e  
Ca toche  Format ion  where t h e y  o f t e n  o c c u r  a s  
" c l a s t s "  i n  i n t r a f o r m a t i o n a l  conglomera te .  
I .  p e r i  e v i d e n t l y  grew t o  a  l a r g e  s i z e ,  and 
p i e c e s  o f  f r e e  cheeks  more t h a n  7 cm l o n g  have 
been s e e n ,  b u t  t h e  l a r g e r  p i e c e s  a r e  u s u a l l y  
i n c o m p l e t e ;  t h e y  a r e  v e r y  f l a t ,  i n d i c a t i n g  
t h a t  t h e  c o n v e x i t y  o f  l a r g e  i n d i v i d u a l s  was 
e x t r e m e l y  low. There  i s  l i t t l e  r e l i e f  even  on 
s m a l l  spec imens .  



Cranidium of  s a g i t t a l  l e n g t h  about  0.8 
t imes  t h e  wid th  a c r o s s  t h e  p o s t e r i o r  g l a b e l l a r  
margin,  g e n t l y  s lop ing  downwards a n t e r i o r l y  t o  
f l a t  bo rde r ,  pos tocu la r  cheeks e q u a l l y  g e n t l y  
d e c l i n e d .  G labe l l a  poor ly  d e f i n e d ,  d i s c e r n a b l e  
p o s t e r i o r l y ,  where t h e r e  i s  a  g e n t l e  a n t e r i o r  
t a p e r  t o  a  p o i n t  c l o s e  t o  t h e  p a l p e b r a l  l o b e s ,  
and a t  curved a n t e r o l a t e r a l  c o r n e r s .  G l a b e l l a r  
furrows no t  v i s i b l e .  Border o n e - f i f t h  t o  one- 
s i x t h  t o t a l  c r a n i d i a l  l e n g t h ,  b u t  p ropor t i on  
d i f f i c u l t  t o  e s t i m a t e  e x a c t l y  due t o  poor 
a n t e r i o r  d e f i n i t i o n  of  g l a b e l l a .  Pa lpeb ra l  
l obes  c l o s e  t o  f a i n t  a x i a l  fur rows ,  s m a l l ,  
on ly  about  one-eighth c e p h a l i c  l e n g t h  ( e x s a g . ) ,  
s t r o n g l y  curved o u t l i n e .  Fixed cheeks of t r a n s -  
v e r s e  width s l i g h t l y  more than h a l f  t h e  wid th  
of t h e  base of t h e  g l a b e l l a ;  p o s t e r i o r  bo rde r  
wide (exsag.)  and f a i n t l y  d e f i n e d .  F a c i a l  
s u t u r e s  s t r o n g l y  i s o t e l i f o r m ,  p r e o c u l a r  
d ivergence  low, no more t han  20° t o  s a g i t t a l  
l i n e ,  and g e n e r a l l y  about  5O; p o s t o c u l a r  
s u t u r e s  g e n t l y  s igmoida l ,  f o r  t h e  most p a r t  
running  outwards and backwards a t  70-80° t o  
s a g i t t a l  l i n e ,  d i s t a l l y  curv ing  r a p i d l y  
p o s t e r i o r l y  o r  even s l i g h t l y  recurved  t o  c u t  
p o s t e r i o r  margin a t  approximate r i g h t  ang le .  
C r a n i d i a l  s u r f a c e  w i thou t  s c u l p t u r e .  

Hypostoma wi th  i n f l a t e d  middle body ( s a g . ,  
t r a n s . ) ,  s c a r c e l y  l onge r  t han  wide. Middle 
furrows s h o r t ,  deep,  and d i r e c t e d  s l i g h t l y  
backwards, n e a r  p o s t e r o l a t e r a l  end o f  middle 
body. Maculae o v a l  and smooth, a t  l e a s t  
d o r s a l l y .  A n t e r i o r  bo rde r  dep re s sed ,  a rched  
s l i g h t l y  forwards med ia l l y ,  and con t inu ing  
wi thou t  a  break i n t o  broad ,  s h a r p l y  upward- 
f l e x e d  a n t e r i o r  wings. L a t e r a l  bo rde r s  narrow 
a d j a c e n t  t o  a n t e r i o r  p a r t  o f  middle body, 
g r a d u a l l y  expanding i n  wid th  u n t i l  o p p o s i t e  
p o s t e r i o r  l obe  o f  middle body, thence  t a p e r i n g  
backwards a long  s i d e s  o f  f o r k  t o  rounded 
e x t r e m i t i e s .  Fork deep,  about  h a l f  s a g i t t a l  
l e n g t h  of  middle body, s i d e s  very  g e n t l y  
converging forwards and i n c l i n e d  v e n t r a l l y ,  
apex r a t h e r  s h a r p l y  t r a n s v e r s e .  Scu lp tu re  of  
t e r r a c e  l i n e s  s t r o n g  on bo rde r s  and running 
p a r a l l e l  t o  margins of  hypostoma, weaker and 
approximately t r a n s v e r s e  over  middle body. 

F r e e  cheek wi th  d i s t i n c t  b o r d e r ,  narrowing 
g r a d u a l l y  backwards and c o n t i n u i n g  on t o  
proximal  p a r t  o f  r o b u s t  and po in t ed  g e n a l  s p i n e .  
A few f i n e  t e r r a c e  l i n e s  appear  on b o r d e r ,  and 
on i n n e r  s i d e  of gena l  s p i n e .  

Pygidium of l e n g t h  between 0.6 and 0 . 7  
t imes t r a n s v e r s e  width a t  a n t e r i o r  margin.  
Genal f i e l d s  s l i g h t l y  convex, s l o p e  t o  bo rde r  
ab rup t .  Narrow a x i s  n o t  s h a r p l y  d e f i n e d ,  very  
g e n t l y  t a p e r i n g  t o  bo rde r ,  up t o  t e n  o b s c u r e l y  
de f ined  a x i a l  r i n g s  on some specimens. P l e u r a l  
f i e l d s  g e n e r a l l y  unfurrowed, e x c e p t  behind  
f a c e t s ,  b u t  can show up t o  seven sha l low r i b s  
on some specimens ( P l .  23, f i g .  8 ) .  A r t i c u l a t i n g  
f a c e t  s t e e p l y  downturned, ex t end ing  a d a x i a l l y  
beyond bo rde r .  Border g e n t l y  downward-inclined, 
g e n e r a l l y  of n e a r l y  equa l  wid th  a long  i t s  
l e n g t h ,  abou t  o n e - f i f t h  t o t a l  p y g i d i a l  l e n g t h ,  
o r  expanding very  s l i g h t l y  p o s t e r o l a t e r a l l y ;  
on sma l l  specimens narrow p o s t a x i a l l y .  F i n e  
t e r r a c e  l i n e s  s l i g h t l y  o b l i q u e  t o  margin neve r  
ex t end ing  f a r  o n t o  p l e u r a l  f i e l d s .  I n n e r  margin 
of doublure  g e n t l y  concave,  f l a t  benea th  b o r d e r ,  
i n n e r  margin s h a r p l y  curved upwards. F ine  
t e r r a c e  l i n e s  on doublure  s u b p a r a l l e l  t o  i n n e r  
margin,  o b l i q u e  t o  o u t e r  margin.  

Discuss ion .  I have examined t h e  t ype  c o l l e c t i o n  
of Asaphus c a n a l i s  W h i t f i e l d  i n  t h e  American 
Museum of  Na tu ra l  H i s t o r y ,  New York, on which 
Raymond (1910) based I. w h i t f i e l d i .  More t h a n  
one s p e c i e s  i s  p r e s e n t .  A number o f  specimens 
a r e  very  d i f f e r e n t  from I p e r i ,  having  broad  
p y g i d i a l  bo rde r s  t h a t  g e n t l y  merge wi th  t h e  
p y g i d i a l  p l e u r a l  f i e l d s ,  and somewhat a c u t e  
p o s t o c u l a r  cheeks ( W h i t f i e l d ,  1886, P1. 34, 
f i g .  7 ;  1889, P I .  11, 1 2 ) .  However, one 
c ran id ium ( W h i t f i e l d ,  1886, P1. 34, f i g .  1) 
resembles t h a t  of  I. p e r i ,  and a  complete  
specimen o f  t h i s  t ype  was used by Raymond (1910, 
P1. 14 ,  f i g .  1-3) t o  i l l u s t r a t e  I. w h i t f i e l d i .  
A r e c e n t  f i g u r e  o f  a  pygidium a t t r i b u t e d  t o  I. 
w h i t f i e l d i  and ve ry  s i m i l a r  t o  t h a t  of  t h e  
Newfoundland s p e c i e s  has been g iven  by Welby 
(1962, P l .  13 ,  f i g .  11). The f i n a l  s t a t u s  of  
I. p e r i  may depend on a  complete  s tudy  of  t h e  
Vermont s p e c i e s ,  and p a r t i c u l a r l y  on which 
specimen from W h i t f i e l d ' s  c o l l e c t i o n  i s  chosen 
a s  l e c t o t y p e  of  I. w h i t f i e l d i .  

. P l a t e s  23 t o  37 
Specimens b lackened w i t h  a  t h i n  c o a t i n g  o f  pho tog raph ic  opaque and 
whi tened w i t h  ammonium c h l o r i d e  b e f o r e  photography.  Except where 
o t h e r w i s e  ment ioned o r i e n t a t i o n  i s  i n  conven t i ona l  d o r s a l  v iew.  
Photography by the  a u t h o r .  

P l a t e  23 

F igu re s  1-8. I s o t e l o i d e s  p e r i  sp .  nov. (1) Free  cheek,  X3; pa ra type ,  GSC 
56804; 2  m from base .  ( 2 )  Cranidium, pa ' r t l y  d e c o r t i c a t e d ,  X2; ho lo type ,  
GSC 56799; same l o c a l i t y  a s  f i g u r e  1. ( 3 )  Pygidium, prepared  t o  show 
doublure  on l e f t ,  X3; pa ra type ,  GSC 56801; 6  m from base .  ( 4 )  Latex c a s t  
of e x t e r n a l  mould of hypostoma, X6; pa ra type ,  GSC 56805; same l o c a l i t y  
a s  f i g u r e  3. ( 5 ,  6) Pygidium i n  d o r s a l ,  X3, and l a t e r a l ,  X 4 ,  views; 
pa ra type ,  GSC 56802; 2  m from base .  ( 7 )  Small c ran id ium,  X5; pa ra type ,  
GSC 56800; 2  m from base .  (8 )  La tex  c a s t  o f  e x t e r n a l  mould of  pygidium 
photographed i n  o b l i q u e  l i g h t  t o  emphasize p l e u r a l  fur rows ,  X5; p a r a t y p e ,  
GSC 56803; 6  m from base.  
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I. flexus Hintze (1953, p. 172, Pl. 17, 
fig. 2c, 3-8) differs from I. peri in having 
larger eyes and narrower postocular cheeks; 
the small pygidia of I. flexus are identical 
to smaller specimens of I. peri. On cranidial 
characters alone it is impossible to distinguish 
I. peri from I. polaris Poulsen, 1927, as iden
tified from Utah by Hintze (1953, p. 171, 172, 
Pl. 17, fig. 9-15). The palpebral lobes are 
smaller on I. peri, but, as Hintze notes, the 
length of the eyes decreases during ontogeny, 
and as Hintze's (Pl. 17, fig. 14) specimen is 
smaller than Newfoundland specimens retaining 
palpebral lobes the difference may be onto
genetic. The large specimen from northwest 
Greenland figured by Poulsen (1927, Pl. 19, 
fig. 14) has very small palpebral lobes, but 
on that specimen the postocular sutures curve 
backward to cut the posterior border at an 
acute angle, unlike any specimen of I peri. 
Poulsen's fragmentary free cheek (Pl. 19, 
fig. 13) shows that this acute postocular 
suture cuts the margin adjacent to the genal 
spine; I. peri invariably has a distinct 
posterior border on the free cheek. The free 
cheek attributed to .r. polaris by Hintze (1953, 
Pl. 17, fig. 11) has a short and slender genal 
spine compared with that of I. peri. The largest 
pygidium assigned by Hintze to J. polaris is 
considerably more transverse than any in the 
population of I. peri from Newfoundland; on both 
large and small pygidia from Utah the artic
ulating facets on the pygidia more closely 
approach the axial furrows. These differences 
combine to suggest that the name I. polaris 
cannot be applied to the species from the St. 
George Group, but lack of "presence or absence" 
characters makes the distinction a fine one. 
Both Greenland and Utah occurrences of I. polaris 
are from a stratigraphically younger horizon 
than that inferred for I. peri. Poulsen (1927, 
p. 296) mentions an additional possible 
occurrence of I. polaris from the Powell Forma
tion of Missouri. Hypostomata of I. peri, I. 
polaris and I. flexus are all remarkably alike. 

Differences between I. peri and the second 
species of Isoteloides from Newfoundland, I. 
latimarginatus sp. nov. , are summarized below. 

Isoteloides latimarginatus sp. nov. 

Plate 24, figures 1-9 

Holotype. Pygidium, GSC 56806. 

Figured material. Incomplete cranidium, GSC 
56807; small cranidium, GSC 56808; pygidia, 
GSC 56809, 56811; free cheeks, GSC 56810, 
56812; hypostoma, GSC 56813. 

Stratigraphic range. Upper part of section 
through Catoche Formation, 24 to 57 m. 

Diagnosis. Isoteloides with wide, flat pygidial 
border. Palpebral lobes of medium size. 
Hypostoma more deeply forked than other species 
of the genus. 

Discussion. This Isoteloides species occurs in 
stratigraphically younger beds of the Catoche 
Formation than I. peri. The differences are 
summarized as follows: 

1. The palpebral lobes are of greater length 
(exsag.) on comparably sized cranidia. 

2. The divergence of the preocular sutures is 
about 30° to the sagittal line. 

3. The width of the pygidial border is twice 
that of I. peri. The border widens postero
laterally, and on larger specimens is almost 
flat. 

4. The hypostoma has a longer, deeper fork, and 
the lateral borders flare out rapidly 
anteriorly. 

The wide, flat border of the pygidium and 
the characters of the hypostoma make this a 
distinctive Isoteloides that cannot be confused 
with the intergrading series of forms discussed 
under I. peri. 

A small cranidium (Pl. 24, fig. 3) is like 
that figured for I. polaris by Hintze (1953, Pl. 
17, fig. 12), except that the basal pair of 
glabellar furrows are shallower. At this size 
the glabella is well defined, conspicuously 
wider in the occipital area. A posterior 
glabellar tubercle is prominent. Palpebral lobes 
are large, and the postocular cheeks correspond
ingly restricted. 

Wide doublure of free cheek (Pl. 24, fig.8) 
much like that of Stegnopsis (Whittington, 1965, 
Pl. 20, fig. 7), with panderian opening in 
posterior, adaxial corner of doublure. Both 
Ptyocephalus and Lachnostoma have longitudinal 
ridges on the doublure of the free cheek (Ross, 
1951, Pl. 22), and this indicates that neither 
of these is close to the evolving early to middle 
Ordovician plexus that includes Isoteloides and 
Steqnopsis. 

Plate 24 
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Figures 1-9. Isoteloides latimarginatus sp. nov. ( l) Incomplete large 
cranidium, X4; paratype, GSC 56807; 30 m from base. (2, 6) Latex cast 
of external mould of pygidium, in dorsal, X3, and lateral, X2.5, views; 
holotype, GSC 56806; 57 m from base. (3) Small cranidium, X8; paratype, 
GSC 56808; 35 m from base. (4) Free cheek, X6; paratype, GSC 56812; 
same bed as holotype. (5) Latex cast of external mould of hypostoma, 
XS; paratype, GSC 56813; same bed as holotype. (7) Latex cast of large 
pygidium, Xl.5; paratype, GSC 56809; 30 m from base. (8) Doublure of 
free cheek showing panderian opening, X2; paratype, GSC 56810; 35 m 
from base. (9) Small pygidium, X6; paratype, GSC 56811; same bedding 
plane as previous specimen. Note that at this size, width of border is 
not different from I. peri sp. nov. 
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Superfamily BATHYURACEA Walcot t ,  1886 

Family BATHYURIDAE Walcot t ,  1886 

Subfamily BATHYURINAE Walcot t ,  1886 

Genus B a t h y u r i n a  Poulsen ,  1937 

Type s p e c i e s  Bathyur ina  megalops  Poulsen ,  1937 
Remarks on t h e  c l a s s i f i c a t i o n  of  t h e  Bathyuridae 

The l a s t  g e n e r a l  review o f  t h e  c l a s s i f i c a t i o n  Discussion.  Th i s  genus has  been incomple te ly  
of  t h e  Bathyuridae was t h a t  by Whi t t ing ton  understood,  t h e  t ype  s p e c i e s ,  B .  megalops  Poulsen ,  
(1953) .  Seve ra l  s p e c i e s  desc r ibed  i n  t h i s  1937, from t h e  e a r l y  Ordovician of  E a s t  Green- 
paper  modify t h e  g e n e r i c  concepts  w i th in  t h e  l and ,  being r ep re sen ted  by two c r a n i d i a .  
f ami ly ,  and a  summary of t h e  new informat ion  i s  Cran id i a  c l o s e l y  s i m i l a r  t o  t h e  t ype  occur  i n  
given below. I n  d e f i n i n g  genera t h e  c h a r a c t e r s  t h e  p r e s e n t  faunas  and t h e r e  i s  no reason  t o  
of  t h e  pygidium have proved a s  u s e f u l  a s  doubt  t h a t  t hey  should  a l s o  be  r e f e r r e d  t o  
c e p h a l i c  f e a t u r e s  i n  t h e  d i s c r i m i n a t i o n  o f  Bathyur ina  . The Newfoundland c r a n i d i a  can be 
monophyletic groups.  This  has  r e s u l t e d  i n  t h e  a s s o c i a t e d  wi th  t h e  pygidium d e s c r i b e d  by 
re-assignment  of  many of  t h e  p rev ious ly  d e s c r i b e d  B i l l i n g s  (1865) a s  Bathyurus  t i m o n .  While t h e  
s p e c i e s ,  r epo r t ed  i n  t h e  sys t ema t i c  t r e a t m e n t .  cranidium is  s i m i l a r  i n  some ways t o  t h a t  of  
The l a t e r  Canadian and middle Ordovician genera  t h e  s p e c i e s  of  G o n i o t e l i n a ,  no tab ly  i n  t h e  l a r g e  
a r e  now w e l l  understood,  b u t  some of t h e  e a r l i e r  p a l p e b r a l  l o b e s ,  and t u b e r c u l a t e  g l a b e l l a  
forms, p a r t i c u l a r l y  t hose  desc r ibed  by C u l l i s o n  l ack ing  i n c i s e d  g l a b e l l a r  fur rows ,  t h e  pygidium 
(1944) ,  a r e  imper fec t ly  known, and t h e i r  r e v i s i o n  i s  d i s t i n c t i v e  and appears  t o  c h a r a c t e r i z e  a  
i s  a  p r e r e q u i s i t e  b e f o r e  t h e  phylogeny o f  t h e  group o f  s p e c i e s  of  Canadian age ,  sugges t ing  
group can be app ra i sed  i n  any d e t a i l .  What i s  t h a t  g e n e r i c  s t a t u s  i s  warranted .  
c l e a r  i s  t h a t  t h e  sub fami l i e s  Bathyur inae  and 
Ba thyure l l i nae  a r e  d i s t i n c t l y  s e p a r a t e  i n  l a t e  
Canadian t ime.  

The type s p e c i e s  of  B a t h y u r e l l u s  i s  u n l i k e  
many s p e c i e s  wi th  f a n - l i k e  pyg id i a  t h a t  
have been r e f e r r e d  t o  t h a t  genus. These 
a r e  now p laced  i n  t h e  new genus Punka. 
Punka i s  more c l o s e l y  r e l a t e d  both  t o  
Licnocephala  and uromystrum t han  t o  
B a t h y u r e l l u s  i n  t h e  s t r i c t  s ense .  A l l  
f ou r  genera (probably w i th  ~ r i n e l l a s p i s )  
t o g e t h e r  c o n s t i t u t e  a  r e l a t e d  group of 
b a t h y u r e l l i n e s  . 

The Bathyur ina  pygidium i s  e l o n g a t e ,  i t s  
l e n g t h  t h r e e  q u a r t e r s  o r  more i t s  t r a n s v e r s e  
wid th ,  w i th  h i g h l y  convex p l e u r a l  f i e l d s  w i th  
t h r e e  p a i r s  of deep p l e u r a l  fu r rows , 'wh ich  s t o p  
a b r u p t l y  a t  a  d i s t i n c t ,  f l a t t e n e d  o r  s l o p i n g  
p y g i d i a l  bo rde r .  Pyg id i a  of t h i s  type  have 
been desc r ibed  from s e v e r a l  l o c a l i t i e s  under 
d i f f e r e n t  g e n e r i c  names. J e f f e r s o n i a  j e n n i i  
C u l l i s o n ,  1944, from t h e  C o t t e r  Dolomite of 
t h e  Ozark U p l i f t ,  should  be r e f e r r e d  t o  
Bathyur ina  ( t h e  bo rde r  on t h e  pygidium i l l u s t r a t e d  
by C u l l i s o n ,  1944, P1. 3 5 ,  f i g .  21, 22 i s  
incomplete)  . "Genus e t  s p .  i n d e t .  I1 

(ii) Bathyur ina  i s  a  v a l i d  genus w i th  a  d i s t i n c -  
( b a t h i u r i d ? )  " from t h e  ea;ly Ordovician of  

t i v e ,  s t rongly-furrowed pygidium, w i th  Ellesmere I s l a n d  f i g u r e d  by Poulsen (1946, 

s e v e r a l  s p e c i e s  widely d i s t r i b u t e d  i n  P I .  22, f i g .  8-10) i s  a  Bathyur ina  s p e c i e s  
appa ren t ly  w i t h  a  s l i g h t  emargina t ion  of  t h e  l a t e r  Canadian occurrences .  p o s t e r i o r  p y g i d i a l  bo rde r .  The pygidium 

(iii) Assoc i a t i on  o f  t h e  c o r r e c t  c e p h a l i c  and a t t r i b u t e d  t o  P s a l i k i l u s  paraspinosum Hintze  from 
p y g i d i a l  p a r t s  shows t h a t  S t r i g i g e n a l i s  i s  t h e  W i l l i s t o n  Bas in ,  Montana ( ~ o c h m a n ,  1966, 
a  t y p i c a l  ba thyur id ,  aga in  widely d i s t r i -  P I .  34, f i g .  3 ,  5 ,  7) i s  probably  r e f e r a b l e  
buted i n  s t r a t a  approximating t o  zone H he re .  There i s  an undescr ibed  s p e c i e s  i n  t h e  
of Ross (1951) and Hintze  (1953) .  Kir tonryggen Formation,  n o r t h e r n  Sp i t sbe rgen .  
S t r i g i g e n a l i s  has been p rev ious ly  a s s igned  From a  s l i g h t l y  younger (mid-Arenig) 
t o  t h e  Lecanopygidae o r  L e i o s t e g i i d a e .  ho r i zon  t h a n  B. t i m o n ,  Hintze  (1953, P1. 26, 

( i v )  A new genus,  Catoch ia  is  proposed. Although f i g .  7-10) f i g u r e d  G o n i o t e l u s  b r e v u s ,  a  s p e c i e s  
two s p e c i e s  of  t h e  genus occur  i n  t h e  S t .  e s s e n t i a l l y  s i m i l a r  t o  B a t h y u r i n a  i n  c r a n i d i a l  
George Group, t hey  cannot  a t  p r e s e n t  be and p y g i d i a l  morphology, e x c e p t  f o r  t h e  
compared wi th  any ba thyur id  o u t s i d e  development of a  sma l l  median s p i n e  on t h e  
Newfoundland (one unnamed pygidium from p y g i d i a l  b o r d e r ,  and reduced gena l  s p i n e s .  
E a s t  Greenland may belong h e r e ) .  G o n i o t e l o i d e s  Kobayashi ( t y p e  s p e c i e s  G.  monoceros 

Kobayashi, 1955, form t h e  McKay Group of  
The mOr~hO1Ogy CatOchia and B r i t i s h  Columbia) is a l s o  s imilar  t o  ~ ~ t h ~ ~ ~ i ~ ~  

Punka i s  d i scus sed  below, perhaps r e p r e s e n t i n g  in pygidial structure, but with a peculiar, t h e  extremes of  ba thyur id  anatomy. produced a x i s .  The v a l i d i t y  o f  G o n i o t e l o i d e s  
For comparat ive purposes c e p h a l i c  and cannot  be  f i n a l l y  a s s e s s e d  w i t h o u t  more know- 

p y g i d i a l  r e c o n s t r u c t i o n s  of  some o f  t h e  gene ra  ledge  o f  t h e  c e p h a l i c  p a r t s .  
de sc r ibed  i n  t h i s  paper  a r e  shown i n  F igu re  12. 

F igu re  12. Recons t ruc t i ons  o f  c e p h a l i c  and p y g i d i a l  s h i e l d s  o f  some 
o f  the b a t h y u r i d  genera desc r ibed  i n  t h i s  paper .  

A .  Punka f l a b e l l i f o r m i s  gen. e t  sp. nov. ( X I  . 5 ) .  
B. Catoch ia  o r n a t a  gen. e t  sp. nov. i n  d o r s a l  

and l a t e r a l  v iews (below) (approx. X3). 
C. The t ype  spec ies  o f  B a t h y u r e l l u s ,  B. a b r u p t u s  Bi  11 i ngs ,  1865, 

f o r  comparison w i  t h  Punka ( X I .  5 )  . 
D .  S t r i g i q e n a l i s  cauda ta  (Bi  l l ings ,  1865) (approx.  X2). 
E .  Bathyur ina  t imon  (B i  1 1 i ngs , 1865) (X2)  . 



F i g u r e  12. 



Bathyur ina  t imon  ( B i l l i n g s ,  1865) 

P l a t e  2 5 ,  f i g u r e s  1-10; F igu re  1 2  

Bathyurus  t imon  Billings, 1865, p.  261, f i g .  244 
"Bathyurus"  t i m o n  Billings. Whittington'and Kindle, 

1969, p. 658 

Holotype. Pygidium, GSC 636. - 
Figured  m a t e r i a l .  C r a n i d i a ,  GSC 56814, 56816; 
pyg id i a ,  GSC 56815, 56817; f r e e  cheeks ,  GSC 
56818, 56819. 

S t r a t i g r a p h i c  range.  Measured s e c t i o n ,  30 t o  
47 m from base.  

Diagnos is .  Bathyur ina  wi th  l a t e r a l  l o b e s  on - 
o c c l p l t a l  r i n g .  Pygidium wi th  broad ,  f l a t  o r  
s l i g h t l y  downsloping border  a lmost  w i thou t  
t u b e r c u l e s  which cover  r e s t  of exoskele ton;  
median acuminat ion l ack ing .  

Desc r ip t i on .  G l a b e l l a  p a r a l l e l  s i d e d  t o  
s l i g h t l y  forward-expanding, f r o n t  p r o f i l e  
b road ly  rounded, maximum downward c u r v a t u r e . o n  
forward h a l f .  G l a b e l l a  covered w i t h  depressed  
t u b e r c l e s ,  excep t  f o r  smooth a r e a s  a d j a c e n t  t o  
a x i a l  furrows r e p r e s e n t i n g  muscle i n s e r t i o n  
a r e a s .  Broad ( t r a n s . )  o v a l  a r e a  o p p o s i t e  
p o s t e r i o r  p a r t  o f  p a l p e b r a l  l o b e  ex t end ing  
about  one q u a r t e r  a c r o s s  wid th  o f  g l a b e l l a ;  
s m a l l e r  smooth pa t ch  o p p o s i t e  a n t e r i o r  l i m i t  
o f  p a l p e b r a l  lobe .  O c c i p i t a l  furrow deep,  
s l i g h t l y  sha l lower  med ia l l y  and curved  forwards 
l a t e r a l l y .  O c c i p i t a l  r i n g  one-s ix th  o r  l e s s  
t o t a l  s a g i t t a l  l e n g t h  of g l a b e l l a  i n  d o r s a l  
view, widening s l i g h t l y  l a t e r a l l y ,  where i t s  
d i s t a l  extremes a r e  c u t  o f f  by narrow furrows 
i n t o  c i r c u l a r  l obes  ( P l .  25, £ i s .  2) . Axia l  
furrows deep,  sha l lowing  a n t e r i o r l y .  around 
f r o n t  of  g l a b e l l a .  Dorsal  t u b e r c u l a t i o n  only  
f a i n t l y  r e f l e c t e d  on i n t e r n a l  moulds. Pa lpeb ra l  
l obes  very  l a r g e ,  l e n g t h  ( exsag . )  h a l f  o r  more 
t h a t  of p r e o c c i p i t a l  g l a b e l l a  i n  d o r s a l  
view, a lmost  r each ing  a x i a l  furrows a t  bo th  
a n t e r i o r  and p o s t e r i o r  e x t r e m i t i e s ,  t i l t e d  
s l i g h t l y  downwards towards g l a b e l l a .  O u t l i n e  
comprising a lmost  two t h i r d s  of  a  c i r c l e ;  
narrow p a l p e b r a l  r i m s  w i thou t  t u b e r c u l e s  
fo l l ow same o u t l i n e ,  de f ined  by broad ,  sha l low 
p a l p e b r a l  furrow. Su r f ace  of  p a l p e b r a l  l o b e  
t u b e r c u l a t e  l i k e  g l a b e l l a .  P o s t o c u l a r  f i x e d  

cheeks narrow (exsag . )  of t r a n s v e r s e  wid th  
s l i g h t l y  l e s s  t h a n  t h a t  of o c c i p i t a l  r i n g ;  
bo rde r  furrow deep.  P o s t e r i o r  bo rde r  convex 
and t u b e r c u l a t e ,  a d a x i a l l y  w i th  narrow, 
p o s t e r i o r  a r t i c u l a t i n g  f l a n g e ,  l a t e r a l l y  
widening and curved  s l i g h t l y  backwards. 
P reocu la r  cheeks narrow ( t r a n s .  ) , widening 
forwards ,  d i v i d e d  i n t o  a  l a t e r a l ,  t u b e r c u l a t e  
a r e a ,  and a  s l i g h t l y  dep re s sed ,  smooth a d a x i a l  
a r e a ,  merging w i t h  p r e g l a b e l l a r  f i e l d ,  which 
i s  a b s e n t  med ia l l y .  Border fur row narrow and 
sha l low,  s e t t i n g  o f f  narrow, s l i g h t l y  convex 
a n t e r i o r  bo rde r ,  which widens med ia l ly ,  from 
s t e e p l y  s l o p i n g  p r e o c u l a r  cheeks.  F a c i a l  
s u t u r e s  ha rd ly  d i v e r g e  i n  f r o n t  of  p a l p e b r a l  
l o b e s ,  a n t e r i o r l y  cu rv ing  a d a x i a l l y  t o  c u t  
a n t e r i o r  bo rde r  a t  an ob tuse  a n g l e ;  p o s t e r i o r  
s e c t i o n s  of  s u t u r e s  a lmost  a t  r i g h t  a n g l e s  t o  
s ag .  l i n e  f o r  most of  t h e i r  c o u r s e .  

Free  cheek wi th  o u t l i n e  l i k e  a  q u a r t e r  
c i r c l e  when i n  l i f e  o r i e n t a t i o n ,  g e n a l  f i e l d s  
s l i g h t l y  convex outwards.  The l a r g e ,  curved 
and outward-bulging eye i s  r a t h e r  h igh  dorso-  
v e n t r a l l y ,  and t h e  l e n s e s  a r e  s o  s m a l l  and 
numerous t h a t  even s l i g h t  r e c r y s t a l l i z a t i o n  
o b l i t e r a t e s  t h e  i n d i v i d u a l  l e n s e s .  Beneath 
t h e  eye t h e r e  i s  a  deep groove,  c a r r y i n g  
s c a t t e r e d ,  minute g r a n u l e s ,  w i t h i n  which 
t h e r e  i s  a  narrow r i d g e - l i k e  eye  s o c l e  
fo l l owing  t h e  v e n t r a l  p r o f i l e  o f  t h e  eye .  
Wide l a t e r a l  bo rde r  furrow sha l lows  n e a r  
g e n a l  a n g l e ,  l a c k i n g  t u b e r c l e s ;  a  smooth band 
p a r a l l e l  t o  t h e  bo rde r  furrow c o n t i n u e s  up on  
t o  gena l  f i e l d ,  which i s  o t h e r w i s e  t u b e r c u l a t e  
l i k e  t h e  g l a b e l l a .  L a t e r a l  bo rde r  convex, 
widening towards g e n a l  ang le ,  b e a r i n g  a  s e r i e s  
of  r a i s e d  r i d g e s .  Ridges eon t inue  on t o  
r e l a t i v e l y  s h o r t ,  ou tward-d i rec ted  gena l  s p i n e .  

Pygidium h i g h l y  convex ( p a r t i c u l a r l y  
t r a n s . ) ,  l e n g t h  abou t  t h r e e - q u a r t e r s  maximum 
width a t  p o s t e r i o r  end of  a r t i c u l a t i n g  f a c e t s .  
Axis t a p e r s  g e n t l y  p o s t e r i o r l y ,  ex t end ing  t o  
about  f o u r - f i f t h s  t o t a l  p y g i d i a l  l e n g t h ;  
t e rmina l  p i e c e  rounded p o s t e r i o r l y .  Three 
a x i a l  r i n g s  o f  e q u a l  wid th  (sag.,  exsag . )  
c l e a r l y  d e f i n e d  a c r o s s  middle o f  a x i s ;  a  
f o u r t h ,  i ncomple t e ly  d e f i n e d  by fur rows  on 
f l a n k s  of  a x i s  o n l y ,  e s p e c i a l l y  on i n t e r n a l  
moulds. A n t e r i o r  r i n g  shows tendency t o  
develop  l a t e r a l  l o b e s  l i k e  t h o s e  on o c c i p i t a l  
r i n g .  Three p a i r s  o f  deep p l e u r a l  fur rows  
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F igu re s  1-10. Bathgur ina  t i m o n  ( B i l l i n g s ,  1865) . (1, 6) Cranidium, d o r s a l  
and a n t e r i o r  views,  X6; GSC 56814; 40 m from base .  ( 2 ,  4) Cranidium, 
i n t e r n a l  mould, d o r s a l  and l a t e r a l  views,  X6; GSC 56815; same bed a s  
p rev ious  specimen. ( 3 ,  5)  Pygidium ( o r i g i n a l  of  B i l l i n g s ,  1865, f i g u r e  
244) ,  d o r s a l  and l a t e r a l  views,  X6; ho lo type ,  GSC 636. ( 7 )  Free  cheek,  
l a t e r a l  view, showing eye  s o c l e  and s u r f a c e  s c u l p t u r e ,  X6; GSC 56818; 
4 2  m from base .  ( 8 )  D e t a i l  o f  l a t e r a l  view of pygidium p r e s e r v i n g  
c u t i c l e ,  t o  show furrow i n  a r t i c u l a t i n g  f a c e t ,  X10; GSC 56816; same bed 
a s  f i g u r e  1. (9 )  Free  cheek,  d o r s a l  view ( eye  i n c o m p l e t e ) ,  showing 
gena l  s p i n e ,  X5; GSC 56819; same bed a s  f i g u r e  7 .  (10)  I n t e r n a l  mould 
of pygidium, X6; GSC 56817; same bed a s  f i g u r e  1. 

F igu re  11. Bathyur ina  megalops  Poulsen ,  1937. A n t e r i o r  view o f  c a s t  o f  
ho lo type  cranidium, X2; o r i g i n a l  o f  Poulsen ,  1937, P l a t e  6 ,  f i g u r e  14;  
Cape Weber Formation, E a s t  Greenland. Note p r e g l a b e l l a r  f i e l d ,  and 
compare w i t h  f i g u r e  6. 
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slope progressively backwards posteriorly and 
stop at the border; a slight widening of the 
deep axial furrows posteriorly may represent 
remnant of a fourth pair of furrows. Border 
flat, or slightly downward-declined, smooth 
except for a scattering of post-axial granules 
on some specimens, and a few raised ridges 
peripherally. Posterior margin rounded, or 
with suggestion of median point. Axial rings 
and pleural lobes tuberculate. Internal mould 
punctate, indicating a tuberculate inner 
cuticular surface. Facets strongly backward- 
deflexed and steeply downsloping, bisected by 
a qroove, presumably to receive the postero- 
lateral tips of the preceding thoracic 
segment (Pl. 25, fig. 7). 

Discussion. The cranidium of B .  t i m o n  is very 
like that of the type species, B .  m e q a l o p s  
(Poulsen, 1937, P1. 6, fig. 14, 15) in the form 
of the glabella and the slze of the palpebral 
lobes. Examination of the type specimen of 
B .  m e g a l o p s  (Pl. 25, fig. 11) has shown that this 
species has a short, almost vertical pre- 
glabellar field, which is not present on B .  
t i m o n .  Although Poulsen assigned no pygidium 
to B .  m e y a l o p s ,  a fragmentary specimen ( i b i d . ,  
PI. 8, fig. 4) is clearly of B a t h y u r i n a  type, 
and may be that of B .  m e g a l o p s .  Other specles 
of B a t h y u r i n a  are indicated in the generic 
discussion. 

B a t h y u r i n a  sp. indet. 

Plate 28, figures 8, 10, 11 

Figured material. Pygidium, GSC 56820; 
cranidium, GSC 56821. 

Stratigraphic range. 57 m from base of Catoche 
 orm mat ion, measured section. 

Discussion. A second, stratigraphically 
younger species of B a t h y u r i n a  occurs in western 
Newfoundland, but the material available is 
not sufficient to formally propose a specific 
name for it. 

The important differences are on the 
pygidium. Compared with B .  t i m o n  the border is 
narrower, especially posterolaterally, more 
steeply sloping and more convex. The posterior 
acumination is accordingly more prominent. 
Distal parts of the extremely deep pleural 
furrows tend to curve posteriorly. No pygidium 
with dorsal exoskeleton is available for 
comparison with the sculpture of B .  t i m o n ,  but 
the tuberculation of the cranidia of the two 
species is similar. Further collecting may 
prove a transition between this species and 
the earlier B .  t i m o n .  

Examination of specimens of B a t h y u r i n a  j e n n i i  
(Cullison, 1944) in the Smithsonian Institution, 
Washington, has shown that this species may be 
conspecific with B a t h y u r i n a  sp. indet. from the 
Catoche Formation. Because of the incomplete 
information on the Newfoundland form, and B .  
j e n n i i ,  open nomenclature is preferable at the 
moment . 

Genus B o l b o c e p h a l u s  Whitf ield, 1890 

Type species B a t h y u r u s  s e e l y i  Whitfield, 1886 

B o l b o c e p h a l u s  c o n v e x u s  (Billings, 1865) 

Plate 26, figures 1-10; plate 28, 
figures 9, 12 

D o l i c h o m e t o p u s ?  c o n v e x u s ,  B i l l i n g s ,  1 8 6 5 ,  p .  2 6 9 ,  
fig. 253 

Holotype (by monotypy). Pygidium, GSC 718. 

Figured material. Pygidium, GSC 56822; 
cranidia, GSC 56'823-56825; free cheek, GSC 

Stratigraphic range. 23 to 57 m through the 
Catoche Formation measured section. 

Diagnosis. B o l l ~ o c e p h a l u s  with relatively short 
(sag.) glabella in dorsal view, which rapidly 
expands in width forwards, and is highly.convex 
in the dorso-ventral plane. Pygidium generally 
effaced, without defined border, interpleural 
furrows almost obsolete. 

Description. This species evidently attained 
a large size, the larger figured pygidium (GSC 
56822) having a width approaching 4 cm, and 
even larger fragmentary specimens have been 
observed in the field. 

Cranidium highly convex, both glabella and 
preocular cheeks following strong anterior down- 
ward flexure. Occipital ring and preoccipital 
glabella horizontal in lateral profile, downward 
flexure beginning a short distance in front of 
the occipital ring, and continuing with an 
almost semicircular profile to the front of the 
glabella, which protrudes considerably forward 
beyond the cranidial margin. Glabella tapers 
strongly forward at first, being narrowest 
pre-occipitally, then expands forward from a 
point opposite mid-length of palpebral lobes, 
this expansion being of a somewhat lesser degree 
than the taper in the occipital region. Maximum 
transverse width of glabella anteriorly in front 
of occipital ring only slightly less than 
sagittal cranidial length in dorsal view, and 
exceeded by transverse width of occipital ring 
at posterior margin. No glabellar furrows are 
defined. Occipital furrow narrow, transverse 

Plate 26 

Figures 1-10. B o l b o c e p h a l u s  c o n v e x u s  (Billings, 1865) . (1, 4) Cranidium 
preserving cuticle, dorsal and lateral views, X6; GSC 56823; 23 m from 
base. (2, 5, 7) Internal mould of pygidium, dorsal, lateral and posterior 
views, X2; GSC 56822; 29 m from base. (3, 6) Large, poorly preserved 
cranidium, lateral and dorsal views, X1.5; GSC 56824; north side of Catoche 
Cove, coll. W.D. Boyce. (8) Pygidium (original of Billings, 1865, 
figure 253), X2.4; holotype, GSC 718. (9, 10) Free cheek, largely 
preserving cuticle, in anterior, X6, and dorsal, X4, views (note 
effacement of border furrow anteriorly); GSC 56826; 57 m from base. 
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o r  s l i g h t l y  forward-bowed media l ly .  F l a t  
o c c i p i t a l  r i n g  occupies  s l i g h t l y  l e s s  t han  one 
q u a r t e r  t o t a l  c r a n i d i a l  l eng th  i n  d o r s a l  view. 
Axia l  furrows narrow and d i s t i n c t ,  excep t  
towards p o s t e r i o r  margin of o c c i p i t a l  r i n g ,  
where t h e r e  may be  p a r t i a l  e f facement .  

Pa lpeb ra l  l obes  g e n t l y  curved,  about  one- 
t h i r d  l e n g t h  of g l a b e l l a  ( d o r s a l  v i ew) ,  c l o s e  
t o  g l a b e l l a  e s p e c i a l l y  a t  a n t e r i o r  l i m i t s ,  
p o s t e r i o r  l i m i t s  oppos i t e  a  p o i n t  j u s t  i n  f r o n t  
of l a t e r a l  end of o c c i p i t a l  furrow. Pa lpeb ra l  
furrows narrow and deep,  fo l lowing  o u t e r  pro- 
f i l e  of p a l p e b r a l  l obes .  Pos tocu la r  cheeks 
narrow (exsag.  ) and s l i g h t l y  d e c l i n e d ,  
incomplete  on a v a i l a b l e  m a t e r i a l ,  b u t ,  from 
s u t u r a l  o u t l i n e  preserved  on f r e e  cheek,  
c e r t a i n l y  of a  t r a n s v e r s e  e x t e n t  l e s s  t han  t h a t  
of t h e  o c c i p i t a l  r i n g ;  p o s t e r i o r  bo rde r  furrow 
probably shal low. P reocu la r  cheeks extremely 
narrow ( t r a n s . ) ,  cu rv ing  around c i r c u l a r  
a n t e r i o r  margin of  g l a b e l l a ;  p r e g l a b e l l a r  f i e l d  
probably absen t  media l ly .  The b road ly  curv ing  
a n t e r i o r  s e c t i o n s  of t h e  f a c i a l  s u t u r e s  d e f i n i n g  
p reocu la r  cheeks c o n t r a s t  w i th  h i g h l y  d ive rgen t  
p o s t e r i o r  s e c t i o n s .  Su r f ace  s c u l p t u r e  on 
cranidium o f  f i n e  r a i s e d  l i n e s  cu rv ing  forward 
over  p r e o c c i p i t a l  g l a b e l l a ,  less s t r o n g l y  s o  
on o c c i p i t a l  r i n g ,  more o r  l e s s  t r a n s v e r s e  on 
p reocu la r  cheeks. 

Small cranidium ( P l .  28, f i g .  12)  
a t t r i b u t e d  t o  B .  convexus  i s  more t y p i c a l l y  
ba thyur ine ,  w i th  w a i s t i n g  of  g l a b e l l a  l e s s  
conspicuous,  b roade r  p reocu la r  cheeks and 
narrow p r e g l a b e l l a r  f i e l d .  P a l p e b r a l  l o b e s  
a r e  r e l a t i v e l y  l a r g e  and t h e i r  o u t l i n e  more 
s t r o n g l y  curved.  

A f r e e  cheek occurs  above o t h e r  specimens 
of t h e  s p e c i e s  b u t  s c u l p t u r e  and morphology 
sugges t  t h a t  it is c o r r e c t l y  r e f e r r e d  he re .  
R e l a t i v e l y  narrow ( t r a n s . )  compared w i t h  t h a t  
of  B .  s e e l y i  (Whi t t ing ton ,  1953, P1. 66, f i g .  6 ,  
10) and l ack ing  gena l  sp ine .  L a t e r a l  bo rde r  
furrow o b s o l e t e  a n t e r i o r l y ,  deeper  near  rounded 
gena l  ang le  where it  meets very  s h o r t  s e c t i o n  
of  p o s t e r i o r  bo rde r  furrow. L a t e r a l  border  
widening backwards, convex, a n t e r i o r l y  cu rv ing  
downward and wrapping under t h e  margin 
appa ren t ly  w i thou t  d i s t i n c t  break  Tnto doublure .  
Convex eye s o c l e  c a r r i e s  one o r  two r i d g e s  
running a long  i t s  l eng th .  Gently curved eye  
wi th  l e n s e s  s o  minute a s  n o t  t o  have su rv ived  
s l i g h t  r e c r y s t a l l i z a t i o n  of  c u t i c l e .  Raised 
l i n e s  a s  on g l a b e l l a ,  a n t e r i o r l y  having  char -  
a c t e r  of  t r u e  t e r r a c e  r i d g e s .  

Pygidium convex, l a ck ing  any t r a c e  of  
bo rde r .  Axis occupies  about  0.4 t imes  t o t a l  
p y g i d i a l  width a n t e r i o r l y ,  g e n t l y  convex, and 
d iminish ing  s o  p o s t e r i o r l y ,  where a t  about  
t h r ee -qua r t e r s  p y g i d i a l  l e n g t h  i n  d o r s a l  view 
i t s  t r u n c a t e  t i p  merges w i thou t  a  break  i n t o  
t h e  p o s t a x i a l  f i e l d .  Two o r  t h r e e  p a i r s  o f  
p l e u r a l  furrows on a d a x i a l  p a r t  o f  p l e u r a l  
f i e l d s  of which f i r s t  p a i r  i s  by f a r  t h e  
deepes t .  F a i n t  i n d i c a t i o n  of d i s t a l  p a r t  o f  
f i r s t  two i n t e r p l e u r a l  furrows nea r  p y g i d i a l  
margin. Broad, downturned f a c e t  ex t ends  t o  
about  halfway a c r o s s  f r o n t  margin of  p l e u r a l  
f i e l d .  I n t e r n a l  mould shows f i n e ,  s c a t t e r e d  
punctae ,  d o r s a l  c u t i c u l a r  s u r f a c e  on ly  
preserved  i n  sma l l  p a t c h e s ,  appa ren t ly  smooth. 

Discuss ion .  B .  convexus  d i f f e r s  from t h e  type  
s p e c i e s  (Whi t t ing ton ,  1953, p.  655-657, P1. 
66, f i g .  1-10, 12-14, 17 ,  21, 22) i n  i t s  
g r e a t e r  c e p h a l i c  convex i ty ,  s o  t h a t  a  g r e a t e r  
p a r t  o f  t h e  g l a b e l l a  overhangs t h e  c e p h a l i c  
bo rde r ,  accompanied by a  more r a p i d  a n t e r i o r  
g l a b e l l a r  expansion;  t h e  Newfoundland s p e c i e s  
a l s o  has g e n t l y  curved p a l p e b r a l  l o b e s ,  which 
a r e  a lmost  s e m i c i r c u l a r  i n  B. s e e l y i .  The 
p y g i d i a l  effacement  of B. c o n v e x u s ,  and t h e  
l a c k  of a  p y g i d i a l  bo rde r ,  a t  once d i s t i n -  
gu i shes  ou r  pygidium from t h e  s t r o n g l y  furrowed 
pygidium of  B. s e e l y i .  There is no doubt  t h a t  
B .  convexus  should  b e  r e f e r r e d  t o  Bolbocepha lus  
because of  t h e  h o u r g l a s s  g l a b e l l a r  s t r u c t u r e ,  
unique among ba thyur id s .  The d i f f e r e n c e s  
between B .  s e e l y i  and B .  convexus  a r e  ano the r  
example of e f facement  i n  ba thyur id  genera  
proven e l sewhere  i n  t h i s  paper .  

The pygidium of  Bolbocepha lus  t r u n c a t u s  
Whi t f i e ld ,  1890, has  been i l l u s t r a t e d  by 
Whi t t ing ton  (1953, P1. 69, f i g .  23-25), b u t  
was a s s igned  by him t o  S t r i g i g e n a l i s  c a s s i n e n s i s .  
This  assignment  i s  i n c o r r e c t  ( s e e  g e n e r i c  
d i s c u s s i o n  of S t r i g i g e n a l i s  below) , and B. 
t r u n c a t u s  i s  e v i d e n t l y  a  Bolbocepha lus  s p e c i e s  
ex t remely  c l o s e  t o ,  and p o s s i b l y  i d e n t i c a l  
w i t h  B .  c o n v e x u s ,  showing a  s i m i l a r  degree  of  
d o r s a l  e f facement .  Another s i m i l a r  pygidium 
from n o r t h e a s t  S i b e r i a  was f i g u r e d  by Maximova 
(1962, P1. 3,  f i g .  12)  under t h e  n a m e B i o l g i n a  
s p .  B .  

The type  s p e c i e s  o f  G i g n o p e l t i s ,  G. r a r a  
( B i l l i n g s ,  1865) (see Ludvigsen, 1979, 
P1. 1, f i g .  41, i s  a  poor pygidium, a l s o  
s i m i l a r  t o  e f f a c e d  Bolbocepha lus ,  excep t  i n  b e t t e r  
d e f i n i t i o n  of t h e  t i p  of t h e  a x i s .  Discovery 
of  t h e  cranidium of G .  r a r a  i s  neces sa ry  b e f o r e  
t h e  synonymy o f  G i g n o p e l t i s  w i t h  Bolbocepha lus  can  
be proved. 

Bolbocephal  u s  g r o e n l a n d i c u s  P o u ~ s ~ ~  (19 37, 
p.  48, P1. 5 ,  f i g .  9-13) from e a s t  Greenland 
d i f f e r s  from B. c o n v e x u s  i n  t h e  d i s t i n c t  d e f i n i -  
t i o n  of t h e  i n t e r p l e u r a l  fur rows  on t h e  
pygidium; t h e  s u r f a c e  of  t h e  i n t e r n a l  mould 
shows dense,  r a t h e r  t han  s c a t t e r e d  punc ta t i on .  

A f r e e  cheek i d e n t i c a l  t o  t h e  one f i g u r e d  
h e r e  f o r  B. convexus  has  been i l l u s t r a t e d  by 
Young (1973, P1. 7 ,  f i g .  13)  from a  zone H 
fauna i n  Utah. 

I conclude t h a t  t h e  more convex, e f f a c e d  
Bolbocepha lus  s p e c i e s  w i l l  prove t o  b e  cha rac t e r -  
i s t i c  of f aunas  younger t han  zone G of  t h e  
Utah/Nevada zonal  schemes, i n c r e a s e d  ef facement  
be ing  accompanied by l o s s  of t h e  gena l  s p i n e s .  

Genus Catoch ia  nov. 

Type s p e c i e s  Catoch ia  o r n a t a  s p .  nov. 

Diagnosis .  Bathyur ines  w i th  prominent  s p i n e s  
on t h e  o c c i p i t a l  r i n g ,  a x i a l  r i n g s  of t h e  
t h o r a c i c  segments and a n t e r i o r  a x i a l  r i n g  of 
t h e  pygidium. G l a b e l l a  l ong  and n e a r l y  
p a r a l l e l  s i d e d  i n  f r o n t  of  wide ( t r a n s . )  
o c c i p i t a l  r i n g ,  l a c k i n g  i n c i s e d  fur rows .  
P a l p e b r a l  l obes  of moderate s i z e  and pos te -  
r i o r l y  p laced .  P reocu la r  f i x e d , c h e e k s  narrow 
( t r a n s . ) ;  c r a n i d i a l  border  narrow ( s a g . ) ,  



g e n t l y  upward arched .  Pygidium sma l l  and 
h igh ly  convex, w i th  t h r e e  a x i a l  r i n g s ,  and 
t h r e e  p a i r s  of  p l e u r a l  furrows,  t h e  p o s t e r i o r  
p a i r  very  s h o r t .  Broad p y g i d i a l  bo rde r .  

Discuss ion .  This  genus i s  e r e c t e d  t o  i nc lude  
two s p e c i e s  from Newfoundland t h a t  resemble no 
o t h e r  e a r l y  Ordovician ba thyur id s .  The c l o s e s t  
s i m i l a r i t y  i s  t o  t h e  l a t e  middle Ordovician 
genus R a y m o n d i t e s .  The type  s p e c i e s  . o f  t h a t  
genus, R.  i n g a l l i  (Raymond) (see Whi t t i ng ton ,  
1953, P1. 69, f i g .  16-21) ,  a l s o  has  an a x i a l  
p y g i d i a l  s p i n e ,  b u t  t h i s  i s  on a  p o s t e r i o r  
segment. The pygidium of  R a y m o n d i t e s  i s  l a r g e ,  
w i th  a t  l e a s t  f o u r  p l e u r a l  fur rows ,  and seems 
t o  be s i m i l a r  i n  c o n s t r u c t i o n  t o  t h a t  of 
B a t h y u r u s  i t s e l f .  The p o s i t i o n  of  t h e  eyes  and 
t h e  form of t h e  f a c i a l  s u t u r e  i s  comparable i n  
R a y m o n d i t e s  and C a t o c h i a  b u t  t h e  former has  a  
broad c r a n i d i a l  bo rde r  t h a t  con t inues  on to  t h e  
f r e e  cheeks,  which a r e  extended backwards i n t o  
long ,  f l a t t e n e d  gena l  s p i n e s .  I t  i s  probable  
t h a t  R a y m o n d i t e s  is  a  l a t e  d e r i v a t i v e  from 
B a t h y u r u s  and t h a t  i t s  s i m i l a r i t i e s  t o  C a t o c h i a  
a r e  a  ma t t e r  of  convergence. 

Hin tze  (1953, P1. 9,  f i g .  8 ,  11, 12) 
i l l u s t r a t e d  a  s p e c i e s  a s  J e f f e r s o n i a  ?sp .  B .  
which Whi t t ing ton  (1953, p .  662) r ea s s igned  t o  
P e l t a b e l l i a .  The few p l e u r a l  furrows i n  t h e  

pygidium of t h i s  s p e c i e s ,  and t h e  de f ined  
p y g i d i a l  bo rde r ,  sugges t s  an a f f i n i t y  between 
P e l  t a b e l l i a  and C a t o c h i a .  However t h e  l a r g e  

p a l p e b r a l  l o b e s  of  H i n t z e ' s  s p e c i e s ,  w e l l  
removed from t h e  g l a b e l l a ,  p r even t s  i t s  
i n c l u s i o n  i n  t h e  new genus. A p o s s i b l e  C a t o c h i a  
pygidium, b u t  w i th  an e x t r a  p a i r  of p y g i d i a l  
p l e u r a l  fur rows ,  h a s  been d e s c r i b e d  by Ross 
(1972, p. 35, P l .  16 ,  f i g .  1 -6) .  This  specimen 
i s  from t h e  Meiklejohn bioherm ( e a r l y  Whi t e rock ) ,  
Nevada, and i f  t h e  assignment  t o  C a t o c h i a  i s  
c o r r e c t ,  t h e  genus ranges  from t h e  e a r l y  Arenig 
t o  t h e  L lanv i rn .  A pygidium s i m i l a r  t o  t h a t  o f  
t h e  t ype  s p e c i e s  has  been f i g u r e d  by Poulsen 
(1937, P1. 8,  f i g .  3) from t h e  Cap Weber 
Formation, E a s t  Greenland. 

C a t o c h i a  o r n a t a  sp .  nov. 

P l a t e  27, f i q u r e s  1-12; F igu re  12 

Holotype. Cranidium, GSC 56827. 

F igured  m a t e r i a l .  C r a n i d i a ,  GSC 56828, 56829; 
pyg id i a ,  GSC 56830, 56831; f r e e  cheek,  GSC 
56832. 

S t r a t i g r a p h i c  ran%. Lower p a r t  o f  Catoche 
Formation,  11 t o  40  m on measured s e c t i o n .  

Diagnosis .  C a t o c h i a  s p e c i e s  w i th  wel l -def ined  
a x i a l  fur rows ,  g l a b e l l a  convex ( t r a n s . ) .  
Su r f ace  s c u l p t u r e  of  c o a r s e ,  anastornosing 
t e r r a c e  l i n e s  ove r  most o f  g l a b e l l a ,  o c c i p i t a l  
r i n g  smooth. 

Desc r ip t i on .  Cranidium wi th  maximum width  a t  
p o s t e r i o r  margin, t h i s  abou t  equa l  t o  s ag .  
l e n g t h  i n  d o r s a l  view. G labe l l a  long  and 
narrow, evenly  rounded i n  f r o n t ,  l e n g t h  ( s ag . )  
i n c l u d i n g  o c c i p i t a l  r i n g  twice  wid th  a t  mid- 
l eng th .  I n  p r o f i l e  g l a b e l l a  s l o p e s  downwards 

and forwards i n  a  cont inuous  a r c  from s h o r t l y  
i n  f r o n t  of t h e  o c c i p i t a l  r i n g .  P r e o c c i p i t a l  
g l a b e l l a  p a r a l l e l  s i d e d ,  o r  w i t h  s l i g h t  t a p e r  
from o c c i p i t a l  r i n g  a t  extreme p o s t e r i o r .  
O c c i p i t a l  furrow deep ,  t r a n s v e r s e  med ia l l y ,  
s l i g h t l y  narrower and cu rv ing  forwards 
l a t e r a l l y .  O c c i p i t a l  r i n g  wider  t han  g l a b e l l a  
i n  f r o n t ,  such t h a t  i t s  t r a n s v e r s e  wid th  i s  
about  1.25 t imes  t h a t  of g l a b e l l a  a t  mid-length,  
h i g h l y  convex ( s a g . ,  t r a n s . )  and occupying about  
one q u a r t e r  t o t a l  g l a b e l l a r  l e n g t h ,  a l t hough  
wi th  such a  convex s p e c i e s  t h e  p ropor t i on  v a r i e s  
w i th  a t t i t u d e  of t h e  specimen when g l a b e l l a r  
l e n g t h  is measured. O c c i p i t a l  s p i n e  l ong ,  
r o b u s t ,  and s l i g h t l y  backward cu rv ing .  Smooth 
pa t ches  on t h e  f l a n k s  of g l a b e l l a  probably  
r e p r e s e n t  a r e a s  of muscle i n s e r t i o n .  A long 
( e x s a g . ) ,  cont inuous  smooth p a t c h  ex t ends  from 
i n  f r o n t  of  t h e  o c c i p i t a l  fur row t o  forward 
l i m i t s  of p a l p e b r a l  l o b e s .  A second,  s u b c i r -  
c u l a r  a r e a  i s  p r e s e n t  a d j a c e n t  t o  t h e  a x i a l  
fur rows  on f r o n t  of  p a l p e b r a l  l o b e s  b u t  w e l l  
behind a n t e r o l a t e r a l  c o r n e r s  o f  g l a b e l l a .  
Pa lpeb ra l  l obes  more than  a  s e m i c i r c l e ,  c l o s e  
t o  g l a b e l l a  and upward-incl ined,  r e l a t i v e l y  
sma l l  f o r  a  b a t h y u r i d ,  l e n g t h  (exsag . )  about  
one t h i r d  t h a t  of  p r e o c c i p i t a l  g l a b e l l a ,  
p o s t e r i o r  l i m i t  a lmost  o p p o s i t e  o u t e r  end of 
o c c i p i t a l  furrow. Narrow p a l p e b r a l  r i m  d e f i n e d  
by d i s t i n c t  r i m  furrow. P o s t o c u l a r  f i x e d  cheeks 
narrow (exsag . )  and t r i a n g u l a r ,  a c u t e l y  p o i n t e d ,  
t r a n s v e r s e  wid th  l e s s  t han  t h a t  of o c c i p i t a l  
r i n g ,  g e n t l y  downward-declined. P o s t e r i o r  
bo rde r  furrow deep,  d i v i d i n g  cheek i n  f r o n t  of  
mid-length ( e x s a g . ) .  P reocu la r  cheeks s t e e p l y  
downsloping i n  f r o n t  of p a l p e b r a l  l o b e s ,  narrow 
( t r a n s . ) ,  widening a  l i t t l e  a n t e r i o r l y  where 
j o i n i n g  p r e g l a b e l l a r  f i e l d .  Median p a r t  o f  

, p r e g l a b e l l a r  furrow tends  t o  be somewhat 
e f f a c e d  on some specimens s o  t h a t  f r o n t  p a r t  
o f  g l a b e l l a  t e n d s  t o  merge w i t h  p r e g l a b e l l a r  
f i e l d ,  which is narrow med ia l ly ,  s l o p i n g  down- 
wards t o  c r a n i d i a l  r i m .  The r i m  i s  narrow 
( s a g . )  and f l e x e d  o u t  h o r i z o n t a l l y ,  i ts  t r a n s -  
v e r s e  wid th  s l i g h t l y  less than  t h a t  o f  g l a b e l l a .  
I n  a n t e r i o r  view i t  has  a  g e n t l e  upward a r c h .  
F a c i a l  s u t u r e s  s u b p a r a l l e l  and a n t e r i o r l y  
converging i n  f r o n t  of  p a l p e b r a l  l o b e s ,  
p o s t e r i o r  s e c t i o n s  d i v e r g i n g  s t r o n g l y  and 
running o u t  t o  c u t  p o s t e r i o r  c r a n i d i a l  margin 
a t  a  low a c u t e  ang le .  

Su r f ace  s c u l p t u r e  on c ran id ium of  c o a r s e ,  
forward-bowed t e r r a c e  l i n e s  ove r  most o f  
g l a b e l l a  ( excep t  on muscle i m p r e s s i o n s ) .  
P a r t i c u l a r l y  on s m a l l e r  c r a n i d i a  t e r r a c e  l i n e s  
t e n d  t o  break  up i n t o  i r r e g u l a r  pa t ches  on back 
p a r t  of g l a b e l l a ,  where t h e r e  may be a  few sma l l  
t u b e r c l e s .  The o c c i p i t a l  r i n g  i s  smooth, u n l i k e  
most ba thyur id s .  Ne i the r  a r e  t h e r e  t e r r a c e  
l i n e s  on t h e  f i x e d  cheeks,  p r e g l a b e l l a r  f i e l d  
o r  p a l p e b r a l  l obes .  

Free  cheek when i n  l i f e  p o s i t i o n  wi th  out -  
l i n e  a lmost  a  q u a r t e r  c i r c l e ,  g e n a l  f i e l d  convex 
outward. Border narrow a n t e r i o r l y  where jo ined  
t o  cranidium, widening g r a d u a l l y  a b a x i a l l y  t o  
rounded j u n c t i o n  wi th  p o s t e r i o r  bo rde r .  L a t e r a l  
bo rde r  furrow sha l low,  more marking an a b r u p t  
change i n  s l o p e ;  p o s t e r i o r  bo rde r  furrow deep. 
Genal s p i n e  long ,  t r i a n g u l a r  c r o s s  s e c t i o n ,  
s l i g h t l y  curved ,  ba se  marked by e l e v a t e d  r i d g e  
between l a t e r a l  and p o s t e r i o r  bo rde r  furrows.  



Fragments of d o r s a l  c u t i c l e  adhe r ing  t o  t h e  
cheek i n d i c a t e  t h a t  much of i t s  s u r f a c e  was 
covered wi th  t e r r a c e  l i n e s  l i k e  t h o s e  on 
g l a b e l l a  b u t  n o t  on bo rde r .  Small p a r t  o f  
doublure  a l s o  c a r r i e s  t e r r a c e  l i n e s , r e c u r v e d  
benea th  cheek, widening and r e f l e x e d  upwards 
a t  gena l  ang le .  

Hypostoma n o t  i d e n t i f i e d .  S e v e r a l  f r ag -  
mentary t h o r a c i c  segments i n  t h e  same beds a s  
C. ornata have long mid-axial  s p i n e s ,  which 
probably were p r e s e n t  along t h e  l e n g t h  of  t h e  
t ho rax .  

Pygidium convex ( s a g . ,  t r a n s . ) ,  maximum 
width  a t  p o s t e r i o r  ends o f  f a c e t s  between one 
and a  q u a r t e r  and one and a  h a l f  t imes  s ag .  
l e n g t h  ( i n c l u d i n g  h a l f  r i n g ) .  Axis h igh ly  
v a u l t e d  ( t r a n s . )  a n t e r i o r l y  t a p e r i n g  g e n t l y  
and dec reas ing  i n  convexi ty  t o  b road ly  rounded 
t e r m i n a l  p i ece .  Three a x i a l  r i n g s ,  on ly  c l e a r l y  
d e f i n e d  by r i n g  furrows l a t e r a l l y  on l a r g e r  
specimens; t h e s e  furrows ex tend  f j r t h e r  on 
sma l l  specimen. F i r s t  a x i a l  r i n g  n o t i c e a b l y  
wider  t han  t h e  o t h e r s ,  and broadening med ia l ly ,  
b e a r i n g  a  s t o u t ,  c i r c u l a r  sp ine .  A f a i n t  p a i r  
o f  dimples on t e rmina l  p i e c e  of some specimens 
may r e p r e s e n t  a  rudiment  of  a  f o u r t h  a x i a l  
segment. A r t i c u l a t i n g  h a l f  r i n g  prominent 
compared, f o r  example, w i th  Bathyurellus. 
P l e u r a l  f i e l d s  downsloping, w i th  t h r e e  p a i r s  
of  p l e u r a l  furrows which, except  f o r  f r o n t  
p a i r ,  s t o p  a t  bo rde r ,  each p r o g r e s s i v e l y  
backward-sloping, t h e  l a s t  p a i r  ve ry  s h o r t .  
A s l i g h t  r i d g e  backed by a  dep re s s ion  behind 
t h e  f i r s t  p l e u r a l  furrow may r e p r e s e n t  a n t e r i o r  
i n t e r p l e u r a l  boundary. A l l  t h r e e  segments a r e  
more c l e a r l y  shown on immature specimen, i n t e r -  
p l e u r a l  boundary f a i n t l y  d i s c e r n a b l e  on bo rde r .  
F a c e t s  deeply  backward-turned, a lmost  r each ing  
a x i s .  Border g e n t l y  downsloping t o  n e a r l y  f l a t ,  
o f  equa l  wid th  a long  i t s  l e n g t h ,  downward-rolled 
margin forming a  segment o f  a  c i r c l e .  Axis  w i th  
s u r f a c e  s c u l p t u r e  of  i r r e g u l a r  r i d g e s  and sma l l  
t u b e r c l e s  l i k e  t h a t  on p o s t e r i o r  p a r t  o f  
g l a b e l l a .  P l e u r a l  f i e l d s  and bo rde r s  smooth. 

Discuss ion .  This  s p e c i e s  i s  worth a  b r i e f  
c o n s i d e r a t i o n  from t h e  p o i n t  of  view of  i ts  
f u n c t i o n a l  anatomy. A h igh ly  v a u l t e d  a x i s  had 
been a s s o c i a t e d  wi th  a  l a r g e  a r e a  a v a i l a b l e  f o r  
muscle i n s e r t i o n ,  and hence w i t h  powerful  
a c t i v i t y  of t h e  appendages ( e . g .  Henningsmoen, 
1957, p. 78; Fo r t ey ,  1974) .  I n  C. ornata h igh  
a x i a l  v a u l t i n g  i s  accompanied by a  r e l a t i v e l y  
t h i c k  c u t i c l e ,  and narrow p l e u r a l  r e g i o n s .  
Judging from t h e  wid th  of t h e  a r t i c u l a t i n g  
h a l f  r i n g  on t h e  pygidium t h e r e  was a l s o  

c o n s i d e r a b l e  f l e x i b i l i t y  a long  t h e  mid l ine .  
However, t h e  p o s t e r i o r l y  p l a c e d ,  r e l a t i v e l y  
sma l l  eyes  of t h i s  s p e c i e s  a r e  q u i t e  d i f f e r e n t  
from t h e  huge e y e s  occupying most of  t h e  f r e e  
cheeks of  t h e  p e l a g i c  t r i l o b i t e s  opipeuter and 
Carolinites, bo th  of which e x h i b i t  s i m i l a r  
p o s t c e p h a l i c  morphologica l  a d a p t a t i o n s .  
P e l a g i c  h a b i t s  f o r  t h e  p r e s e n t  s p e c i e s  a r e  a l s o  
u n l i k e l y  because o f  t h e  r e s t r i c t e d  geographic  
d i s t r i b u t i o n  of  Catochia. I n  Newfoundland it i s  
a s s o c i a t e d  wi th  sha l low water  l imes tone  f a c i e s ,  
and it i s  r ea sonab le  t o  assume t h a t  t h e  
morphological  a d a p t a t i o n s  of t h e  s p e c i e s  were 
r e l a t e d  t o  t h i s  h a b i t a t .  Other  forms i n  t h e  
p r e s e n t  fauna  (~sshyrotoma and ~e t igu rus ,  f o r  
example) a l s o  show e x c e p t i o n a l l y  h igh  a x i a l  
v a u l t i n g ,  t h i c k  s c u l p t u r e d  c u t i c l e ,  and a r e  
a lmost  r e s t r i c t e d  t o  sha l low s h e l f  l imes tone  
s t r a t a  of t h e  Bathyur id  p rov ince  i n  t h e  e a r l y  
Ordovic ian .  

I n  Catochia, Petiyurus, and Ischyrotoma t h e  e y e s  
a r e  r a t h e r  g l o b u l a r ,  and deep d o r s o v e n t r a l l y ,  
w i t h  minute ,  crowded l e n s e s .  I n  Catochia ornata 
t h e i r  p o s t e r i o r  p o s i t i o n ,  combined w i t h  t h e  
upward tilt of  t h e  p a l p e b r a l  l o b e s ,  l i f t e d  t h e  
eyes  t o  a  h igh  d o r s a l  p o s i t i o n  ( ~ i g u r e  121,  
a lmost  on a  l e v e l  w i t h  t h e  h i g h e s t  p a r t  o f  t h e  
g l a b e l l a ,  w i th  o n l y  t h e  a x i a l  s p i n e s  p r o j e c t i n g  
above. With t h e i r  h i g h l y  curved p r o f i l e  t h e  
eyes  presumably commanded a  wide f i e l d  o f  view 
l a t e r a l l y ,  forwards  and backwards (?upwards) . 

Thi s  combinat ion o f  f e a t u r e s  must be  
exp la ined  i n  t h e  c o n t e x t  of  t h e  l imes tone  s h e l f  
h a b i t a t  occupied by Catochia. Among f o s s i l s  of  
vag ran t  benthos  w i t h  ha rd  p a r t s ,  o t h e r  t han  
t r i l o b i t e s ,  on ly  gas t ropods  and n a u t i l o i d s  a r e  
a t  a l l  abundant  i n  t h e  Catoche Formation.  
N a u t i l o i d s  a r e  abundant  and v a r i e d ,  and they  
a r e  commonly regarded  a s  one of  t h e  e a r l i e s t  
p r e d a t o r s .  Both t h e  a x i a l  s p i n o s i t y  of  Catochia 
and t h e  t h i c k  c u t i c l e  (and t h e  combinat ion o f  
t h e  l a t t e r  w i th  c o a r s e  t u b e r c l e s  on Petigurus) 
may have been a d a p t a t i o n s  f o r  i n c r e a s e d  
p r o t e c t i o n  from t h e s e  p r e d a t o r s .  Presumably 
good v i s u a l  sp read  would have been neces sa ry  
f o r  t h e  d e t e c t i o n  of t h e  same p r e d a t o r s .  But 
t h i s  does n o t  by i t s e l f  e x p l a i n  t h e  h igh  d o r s a l  
p o s i t i o n  of t h e  e y e s .  This  would become 
e x p l i c a b l e  i f ,  when t h r e a t e n e d ,  C. ornata 
p a r t i a l l y  b u r i e d  i t s e l f  i n  t h e  sediment .  I n  
t h i s  a t t i t u d e  t h e  eyes  would have p r o j e c t e d ,  
and t h e  a x i a l  a rmature  would have remained 
exposed. A b u r i a l  t o  on ly  0.5 cm would have 
been adequate ,  and t h i s  could  be r a p i d l y  
achieved  w i t h i n  t h e  s e m i f l u i d  s u p e r f i c i a l  
sediment  l a y e r .  The same h a b i t  might  e x p l a i n  
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F igu re s  1-12. Catochia ornata gen. e t  sp .  nov. (1, 2 ,  4 )  Large c ran id ium 
showing c h a r a c t e r i s t i c  s u r f a c e  s c u l p t u r e ,  p a l p e b r a l  l o b e s  mi s s ing ,  d o r s a l ,  
l a t e r a l  and a n t e r i o r  views,  X6; ho lo type ,  GSC 56827; 23 m from base .  
( 3 ,  6) Free  cheek, l a r g e l y  s t r i p p e d  of  c u t i c l e ,  d o r s a l  and l a t e r a l  views,  
x6; pa ra type ,  GSC 56832; 11 m from base .  (5 )  Cranidium, X6; pa ra type ,  
GSC 56828; same bed a s  holo type .  (7 )  Cranidium, i n  o b l i q u e  l a t e r a l  view 
t o  shpw o c c i p i t a l  s p i n e ,  X6; pa ra type ,  GSC 56829; same bed a s  holo type .  
(8)  Thorac ic  segment, viewed l a t e r a l l y  t o  show d o r s a l  s p i n e ,  X10; p a r a t y p e ,  
GSC 56888; 11 m from base .  (9-11) Pygidium, p o s t e r i o r ,  l a t e r a l  and d o r s a l  
views,  X8; pa ra type ,  GSC 56830; same bed a s  ho lo type .  ( 1 2 )  Small pygidium 
( n o t e  r e l a t i v e l y  w e l l  d e f i n e d  fur rows  on p l e u r a l  f i e l d s ) ,  X15; pa ra type ,  
GSC 56831; same bed a s  ho lo type .  





t h e  smooth p l e u r a l  a r e a s  on t h e  pygidium, w i t h  
t h e  s u r f a c e  s c u l p t u r e  c o n f i n e d  t o  a  mid-ax ia l  
band. C. q labra  s p .  nov. (below) i s  more e f f a c e d ,  
w i t h  t h e  e y e s  more upward t i l t e d ,  and cepha lon  
a l m o s t  smooth. I t  migh t  b e  s p e c u l a t e d  t h a t  
t h i s  s p e c i e s  b u r i e d  i t s e l f  somewhat d e e p e r .  

I t  i s  n o t  known whether  e i t h e r  s p e c i e s  
would have u t i l i z e d  t h i s  p o s i t i o n  f o r  f e e d i n g  
a s  w e l l ,  b u t  i f  a c t i v e  h a b i t s  s u g g e s t e d  above 
a r e  c o r r e c t ,  Catoch ia  p r o b a b l y  s c u r r i e d  r a p i d l y  
o v e r  t h e  sed iment  s u r f a c e  u n t i l  f o r c e d  i n t o  
i t s  p r o t e c t i v e  s t a n c e .  Such a  p o s t u r e  does  
seem t o  be a d e q u a t e  t o  e x p l a i n  a  number o f  
o t h e r w i s e  d i s p a r a t e  e x o s k e l e t a l  f e a t u r e s .  

Catoch ia  g labra  s p .  nov. 
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Holotype.  Cranidium, l a r g e l y  e x f o l i a t e d ,  GSC 
56833. 

F i g u r e d  m a t e r i a l .  C r a n i d i a ,  GSC 56834, 56889; 
f r e e  cheek,  GSC 56835. 

S t r a t i g r a p h i c  r a n g e .  Upper p a r t  o f  measured 
s e c t i o n  o f  Catoche Formation 47 t o  57 m .  

Diagnos i s .  Catoch ia  s p e c i e s  w i t h  g l a b e l l a  n o t  
g r e a t l y  e l e v a t e d  above p r e g l a b e l l a r  f i e l d ;  
s u r f a c e  s c u l p t u r e  l a c k i n g  on cepha lon .  

D i f f e r e n t i a l  d e s c r i p t i o n .  T h i s  second  s p e c i e s  
o f  Catoch ia  succeeds  C .  o r n a t a  i n  t h e  S t .  George 
Group, where c r a n i d i a  a r e  numerous. The main 
p o i n t s  o f  d i f f e r e n c e  from t h e  t y p e  s p e c i e s  a r e  
l i s t e d  h e r e .  

c. g labra  l a c k s  s u r f a c e  s c u l p t u r e  on 
c r a n i d i u m  and f r e e  c h e e k s  e x c e p t  f o r  a  row of 
t u b e r c l e s  on back o f  t h e  o c c i p i t a l  r i n g ,  
c o n t r a s t i n g  w i t h  t h e  p rominen t  t e r r a c e  r i d g e s  
on C.  o r n a t a .  Smooth b a t h y u r i d s  a r e  e x c e p t i o n a l ,  
most  s p e c i e s  a s s i g n e d  t o  t h e  f a m i l y  b e i n g  e i t h e r  
t u b e r c u l a t e  o r  w i t h  p a t t e r n s  o f  r a i s e d  l i n e s ,  
o r  a  combina t ion  o f  t h e  two. The g l a b e l l a  o f  
C. g labra  i s  less convex t r a n s v e r s e l y  t h a n  t h a t  
o f  c. o r n a t a ,  t h i s  b e i n g  e s p e c i a l l y  a p p a r e n t  
a n t e r i o r l y ,  where t h e  f r o n t a l  l o b e  o f  t h e  
g l a b e l l a  of c .  g labra  r u n s  down w i t h o u t  a  s h a r p  
b r e a k  i n t o  t h e  p r e g l a b e l l a r  f i e l d .  T h i s  
t endency  towards  e f f a c e m e n t  i s  n o t  r e f l e c t e d  

on t h e  o c c i p i t a l  fu r row,  which is  d e e p  and 
t r a n s v e r s e .  The o c c i p i t a l  r i n g  o f  c. g labra  is 
g r e a t l y  e l e v a t e d  and c o n s p i c u o u s l y  w i d e r  
m e d i a l l y ,  t h e  whole of t h e  m i d - p a r t  b e i n g  
drawn upwards i n t o  t h e  o c c i p i t a l  s p i n e .  
L a t e r a l l y  t h e  o c c i p i t a l  r i n g  r u n s  w i t h o u t  a  
d i s t i n c t  b r e a k  i n t o  t h e  p o s t e r i o r  b o r d e r  o f  
t h e  p o s t o c u l a r  f i x e d  cheek ,  where  t h e r e  i s  a  
p o s t e r i o r  c o n t i n u a t i o n  o f  t h e  a x i a l  f u r r o w s  
on C. o r n a t a .  The median w a i s t i n g  o f  t h e  
g l a b e l l a  i s  somewhat more p r o m i n e n t  i n  c .  g l a b r a .  
F r e e  cheek o f  c.  g labra  smooth l i k e  t h e  c r a n i d i u m ,  
t h e  l a t e r a l  b o r d e r  fu r row h a r d l y  d e v e l o p e d .  A 
nar row,  convex r i m  i s  p r e s e n t ,  a n t e r i o r l y  
c o n t i n u o u s  w i t h  t h e  narrow c r a n i d i a l  r i m ,  which 
i s  l i k e  t h a t  o f  c. o r n a t a .  

The pygidium o f  C. q l a b r a  h a s  n o t  been  found,  
b u t  it i s  s o  d i s t i n c t i v e  a  s p e c i e s  t h a t  i t s  
f o r m a l  naming i s  j u s t i f i e d .  

Genus P e t i g u r u s  Raymond, 1913  

Type s p e c i e s  Bathyurus  n e r o  B i l l i n g s ,  1865 

P e t i q u r u s  n e r o  ( B i l l i n g s ,  1865)  
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Bathyurus  n e r o  B i l l i n g s ,  1865,  p .  260-1, f i g .  243 
P e t i g u r u s  n e r o  ( B i l l i n g s ) .  Raymond, 1913,  p . . 5 8 ,  59, 

P I .  7 ,  f i g .  8  
P e t i g u r u s  n e r o  ( B i l l i n g s ) .  Schuche r t  and Dunbar, 

1934,  p. 5 3  
Pe t i g u r u s  n e r o  

P I .  66, f i g .  
P e t i g u r u s  n e r o  
P e t i g u r u s  n e r o  

1969,  p. 658 

( B i l l i n g s ) .  W h i t t i n g t o n ,  1953,  p .  658, 
18-20, 23-25 
( B i l l i n g s ) .  W h i t t i n g t o n ,  1968,  p .  5 3  
( B i l l i n g s ) .  W h i t t i n g t o n  and Kind le ,  

. GSC 750, i n t e r n a l  mould o f  g l a b e l l a  
by W h i t t i n g t o n ,  1953,  p .  6 5 8 ) .  

F i g u r e d  m a t e r i a l .  C r a n i d i a ,  GSC 56836, 56837; 
f r e e  cheek ,  GSC 56838; hypostoma, SM A97996; 
p y g i d i a ,  GSC 56839-56841. 

S t r a t i g r a p h i c  r a n g e .  Widely d i s t r i b u t e d  
t h r o u g h  s e c t i o n  t h r o u g h  Catoche  Format ion ,  t o  
47 m from b a s e .  

D i a g n o s i s .  C o a r s e l y  t u b e r c u l a t e  P e t i q u r u s  i n  
which p y g i d i a l  i n t e r p l e u r a l  f u r r o w s  a r e  
o b s o l e t e  a d a x i a l l y .  
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F i g u r e s  1-7. Catoch ia  g labra  s p .  nov. (1-3) Cran id ium,  l a r g e l y  e x f o l i a t e d ,  
d o r s a l ,  a n t e r i o r  and l a t e r a l  v iews ,  X6; h o l o t y p e ,  GSC 56833. ( 4 )  I n c o m p l e t e  
c ran id ium,  p r e s e r v i n g  c u t i c l e  ( n o t e  l a c k  o f  s u r f a c e  s c u l p t u r e ) ,  X6; 
p a r a t y p e ,  GSC 56834. ( 5 )  I n c o m p l e t e  f r e e  c h e e k ,  l a t e r a l  view,  X6; p a r a t y p e ,  
GSC 56835. (6 ,  7 )  Cranidium, d o r s a l  and l a t e r a l  v iews ,  X6; p a r a t y p e ,  
GSC 56889. A l l  specimens from 57 m above b a s e .  

F i g u r e s  8 ,  1 0 ,  11. Bathyur ina  s p .  i n d e t .  ( 8 )  Incomple te  c r a n i d i u m ,  X6; 
GSC 56821; 57 m from b a s e .  (10 ,  11) Pygidium, p r e s e r v e d  a s  i n t e r n a l  mould, 
d o r s a l  and l a t e r a l  v iews ,  X4; GSC 56820; 57 m from b a s e .  Note s h o r t  b o r d e r  
compared w i t h  B .  t i m n  ( B i l l i n g s )  . 

F i g u r e s  9 ,  12. Bolbocephalus  convexus  ( B i l l i n g s ,  1865)  . Smal l  c r a n i d i u m  i n  
a n t e r i o r  and d o r s a l  v iews ,  X6; GSC 56825; 30 m from b a s e .  
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Desc r ip t ion .  Whi t t ing ton  (1953) has  g iven  a  gena l  s p i n e ,  which a t t a i n e d  abou t  t h e  same 
g e n e r a l  r e d e s c r i p t i o n  o f  P .  n e r o .  New m a t e r i a l  l e n g t h  a s  t h e  g l a b e l l a .  I n  l i f e  o r i e n t a t i o n  
from P o r t  au  Choix adds a  few d e t a i l s  t o  t h a t  f l a n k  o f  gena l  s p i n e  i n c l i n e d  downwards a lmost  
d e s c r i p t i o n .  The t h i c k  and c o a r s e l y  t ube r -  v e r t i c a l l y .  Doublure narrow and r e f l e x e d  
c u l a t e  c u t i c l e  p e e l s  o f f  dur ing  p r e p a r a t i o n ,  benea th  bo rde r ,  w i t h  s t r o n g  e x t e r i o r  t e r r a c e  
and f o r  t h i s  reason  most of  t h e  m a t e r i a l  r i d g e s ;  t h e s e  break  up i n t o  chevron-shaped 
a v a i l a b l e  is  i n t e r n a l .  Where it i s  p re se rved  t u b e r c u l e s  on qena l  s p i n e .  
t h e  d o r s a l  s u r f a c e  c l o s e l y  fo l lows  t h e  i n t e r n a l  Pyg id i a  w i th  w id th / l eng th  r a t i o s  i n  t h e  s t r u c t u r e  except  t h a t  t h e  furrows become even range 1.6  to 2 . 2 ,  the most transverse being 
deeper  and narrower.  s m a l l e r  (width l e s s  t han  1 cm).  C h a r a c t e r i s t i c  

Pa lpeb ra l  l obes  about  one - th i rd  ( exsag . )  
of t o t a l  g l a b e l l a r  l e n g t h  i n  d o r s a l  view. 
Semic i r cu l a r  p a l p e b r a l  r i m s  s l i g h t l y  i n f l a t e d ,  
w i th  a  s i n g l e  row of depressed  t u b e r c l e s .  
Pa lpeb ra l  furrow p a r t i c u l a r l y  broad and deep. 
I n t r a o c u l a r  p a r t  of f i x e d  cheek has charac-  
t e r i s t i c  form of a lmost  e q u i l a t e r a l  t r i a n g l e .  
Whi t t i ng ton ' s  (1953, f i g .  3 )  r e c o n s t r u c t i o n  of 
P .  n e r o  shows t h e  forward margin of  t h e  g l a b e l l a  

r a t h e r  more t r u n c a t e  t han  i s  t h e  c a s e  on 
specimens from t h e  Catoche. I n  a n t e r i o r  view 
g l a b e l l a  broadly  rounded a n t e r i o r l y ,  over-  
hanging narrow, s l i g h t l y  tumid bo rde r .  An te r io r  
branches of f a c i a l  s u t u r e s  converge forwards 
t o  a n t e r i o r  marsin.  

f e a t u r e  i s  t h e  incomple te  i n t e r p l e u r a l  furrows 
which b i s e c t  t h e  f o u r  prominent  p l e u r a l  r i d g e s  
on t h e i r  o u t e r  p a r t ,  on l a r g e r  specimens 
c u t t i n g  o f f  p o s t e r i o r  p a r t  of r i d g e  a s  a  convex 
node. I n t e r p l e u r a l  furrows longe r  on sma l l  
specimens. Where c u t i c l e  p re se rved  ( P l .  29, 
f i g .  7 )  coa r se  t u b e r c l e s  on r i d g e s  g i v e  way t o  
g r a n u l e s  on s l o p i n g  bo rde r ,  most prominent  
p o s t a x i a l l y .  While t u b e r c l e s  a r e  r e f l e c t e d  on 
i n t e r n a l  moulds, g r a n u l e s  a r e  n o t .  

Discuss ion .  The d i s t i n c t i v e  s t r u c t u r e  o f  t h e  
p y g i d i a l  p l e u r a e  r e l i a b l y  d i s t i n g u i s h e s  P .  n e r o  
from P .  g r o e n l a n d i c u s  Poulsen (1937, P1. 6 ,  
f i q .  1-13) from e a s t  Greenland,  on which t h e  
i n t e r p l e u r a l  furrows ex tend  much f a r t h e r  

A hypostome i s  a s s o c i a t e d  wi th  p. n e r o  towards t h e  a x i s .  fP1. 29. f i a .  12 .  1 5 ) .  I ts  l a r a e  s i z e  wrecludes 
i t s  be ldng i ig  t o ' o n e .  o f  t h e  sma i l e r  ba thyur id s .  A second type  of P e t i g u r u s  cranid ium occurs  
A fragment of c u t i c l e  adher ing  t o  t h e  s u r f a c e  i n  t h e  Catoche Formation (PI.  29, f i g .  13 ,  1 4 )  
c a r r i e s  a  s u r f a c e  s c u l p t u r e  s i m i l a r  t o  t h a t  d i s t i n g u i s h e d  by i t s  g r e a t e r  g l a b e l l a r  
preserved  on t h e  genal  s p i n e  of  P. n e r o .  I t  i s  convexi ty ,  - e s p e c i a l l y  a n t e r i o r l y ,  and i t s  
h igh ly  convex (sag .  , t r a n s .  ) , maximum t r a n s -  l onge r  ( s a g . )  p r e g l a b e l l a r  a r e a .  There i s  
v e r s e  width a t  a n t e r i o r  margin exceeding sag.  i n s u f f i c i e n t  m a t e r i a l  t o  de te rmine  whether  t h i s  
l eng th .  Much of t h e  convexi ty  i s  due t o  t h e  cranidium belongs t o  a  second s p e c i e s  o f  t h e  
v a u l t e d  middle body, which t a p e r s  and i s  l e s s  genus,  and i t  i s  acco rd ing ly  l e f t  under  open 
convex p o s t e r i o r l y .  P a i r  o f  middle furrows -nomenclature.  
ex tend  about  a  t h i r d  of  t h e  way a c r o s s  middle 
body, converging backwards p o s t e r i o r l y  t o  Genus s t r i g i q e n a l i s  Whi t t i ng ton  and Ross 
about  h a l f  s a g i t t a l  l e n g t h  of  hypostoma. Furrows i n  Whi t t i ng ton ,  1953 - 
d e f i n i n g  middle body very  shal low. Narrow 
l a t e r a l  bo rde r s  depressed  a n t e r o l a t e r a l l y ,  Type s p e c i e s  S t r i g i g e n a l i s  c a s s i n e n s i s  

widening beyond middle body t o  d i s t i n c t ,  Whi t t i ng ton ,  1953 

p o s t e r i o r  median acuminat ion.  I t  i s  worth 
n o t i n g  how d i f f e r e n t  t h i s  hypostoma i s  from Discuss ion .  The t y p e  s p e c i e s  o f  S t r i g i g e n a l i s ,  

t h a t  of t h e  b a t h y u r e l l i n e  B a t h y u r e l l u s  p la t ypus '  from t h e  F o r t  Cass in  Formation, Vermont, was 

desc r ibed  below. excluded from t h e  Bathyur idae  by Whi t t i ng ton  
( 1 9 5 3 ) ,  and t h e  genus was p l aced  i n  t h e  

Free  cheek wi th  convex genal  f i e l d  which Lecanopygidae i n  t h e  T r e a t i s e  (Lochman-Balk 
i s  t u b e r c u l a t e  excep t  f o r  a  depressed  band nea r  & Moore, 1959, p .  381 ) .  The pygidium 
t h e  base  of eye.  Border widens backwards, a s s o c i a t e d  wi th  t h e  t ype  s p e c i e s  (Whi t t ing ton ,  
pa s s ing  wi thou t  a  break  i n t o  s t o u t ,  b l a d e - l i k e  1953, P1. 69, f i g .  23-25) i s  much l a r g e r  t han  
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F igu re s  1-12, 15. P e t i g u r u s  n e r o  ( B i l l i n g s ,  1865) .  (1) Free  cheek,  
e x f o l i a t e d ,  X2.5; GSC 56838; 11 m from base .  (2 ,  4) Cranidium, d o r s a l  
and l a t e r a l  views ( e x f o l i a t e d ,  p a l p e b r a l  l o b e s  l a c k i n g ) ,  X2: GSC 
56836; 23  m from base.  (3 ,  6) Cranidium p r e s e r v i n g  p a l p e b r a l  l o b e ,  
d o r s a l  and an t e r i0 . r  views, X4; GSC 56837; 30 m from base.  ( 5 ,  9) Large 
pygidium, e x f o l i a t e d ,  l a t e r a l  and d o r s a l  views,  X2; GSC 56839; 11 m 
from base.  ( 7 ,  10 ,  11) Small pygidiurn, o b l i q u e  l a t e r a l ,  d o r s a l  and 
l a t e r a l  views, X6; GSC 56840; 23 m from base .  Th i s  specimen r e t a i n s  
c u t i c l e  on l e f t  s i d e ,  showing d e t a i l s  o f  e x t e r n a l  s c u l p t u r e  on f i g u r e  7. 
(8)  Smal l ,  r a t h e r  wide pygidium, i n t e r n a l  mould, X6; GSC 56841; 40 m 
from base .  (12,  15)  Hypostoma probably  be longing  t o  t h i s  s p e c i e s ,  
v e n t r a l  and p o s t e r i o r  views,  X6; SM A97996; P o r t  au Choix, middle p a r t  
of Catoche Formation, e x a c t  hor izon  n o t  known, c o l l .  H.B.  Whi t t i ng ton .  

F igu re s  13 ,  1 4 .  P e t i g u r u s  sp .  i n d e t .  Incomplete  i n t e r n a l  mould o f ,  
cranidium, l a t e r a l  view, X3, d o r s a l  view, X 4 ;  GSC 56890; 40 rn from 
base of  s e c t i o n .  
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t h e  c e p h a l o n ,  which i s  t h e  h o l o t y p e  
( W h i t t i n g t o n ,  1953, P1. 67,  f i g .  6 - 8 ) .  I n  
f a c t ,  t h i s  pygidium compares c l o s e l y  b o t h  i n  
s i z e  and morphology w i t h  t h a t  o f  B o l b o c e p h a l u s  
c o n v e x u s  ( B i l l i n g s ,  1865) , r e d e s c r i b e d  h e r e i n .  
W h i t t i n g t o n  (1953,  p .  671) n o t e d  t h a t  U l r i c h  
i n  m a n u s c r i p t  had a s s o c i a t e d  t h e  cepha lon  of  
S t r i g i g e n a l i s  w i t h  a  c o m p l e t e l y  d i f f e r e n t  
pygidium a l s o  f i g u r e d  by W h i t t i n g t o n  (1953,  
P1. 68 ,  f i g .  30, 32) . C e p h a l i c  p a r t s  c l o s e ,  
o r  even  i d e n t i c a l  t o  t h o s e  of S .  c a s s i n e n s i s  
o c c u r  i n  t h e  Catoche Format ion ,  and c a n  be 
a s s o c i a t e d  w i t h  c o n f i d e n c e  w i t h  t h e  s p i n o s e  
pygidium d e s c r i b e d  by B i l l i n g s  (1865) a s  
B a t h y u r u s  c a u d a t u s .  T h i s  i n  t u r n  r e s e m b l e s  t h e  
pygidium a s s o c i a t e d  by U l r i c h  w i t h  S t r i g i g e n a l i s  
c a s s i n e n s i s .  The c o n c l u s i o n  i s  t h a t  t h e  a s s i g n -  
ment o f  t h e  pygidium t o  S t r i g i g e n a l i s  i n  
W h i t t i n g t o n  (1953) i s  i n c o r r e c t ,  and t h a t  t h e  
pygidium f i g u r e d  t h e r e  b e l o n q s  w i t h  B o l b o c e p h a l u s .  

S t r i g i g e n a l i s  a s  i n t e r p r e t e d  i n  t h i s  paper  
i s  a  t y p i c a l  b a t h y u r i d .  S .  a b d i t a  Ross (& 
W h i t t i n g t o n ,  1953) must now be e x c l u d e d  from 
t h e  g e n u s ,  a s  it l a c k s  g e n a l  s p i n e s ,  and h a s  
a  wide ,  convex and nonsp inose  pygidium. 

S t r i g i g e n a l i s  i s  c l o s e s t  t o  G o n i o t e l i n a  ( t y p e  
s p e c i e s ,  G. w i l l i a m s i  ROSS, 1951,  P1. 1 4 ,  f i g .  
16-22, 25; W h i t t i n g t o n ,  1953,  P1. 68 ,  f i g .  11, 
1 3 - 2 1 ) ,  from which it d i f f e r s  i n  i t s  l e s s  
convex g l a b e l l a ,  l a c k i n g  t u b e r c l e s ,  which i s  
d i s t i n c t l y  p o i n t e d  a n t e r i o r l y .  The d e e p l y  
d e f i n e d  c r a n i d i a l  b o r d e r  i s  n o t  acumina te  i n  
S t r i g i g e n a l i s ,  and t h e  pygidium h a s  a  b r o a d ,  
convex b o r d e r ,  and t h e  s t u b b y  p o s t e r i o r  s p i n e  
i s  an  e x t e n s i o n  o f  t h e  b o r d e r  r a t h e r  t h a n  t h e  
a x i s .  

S t r i g i g e n a l i s  c a u d a t a  ( B i l l i n g s ,  1865)  

P l a t e  30,  f i g u r e s  1-10; F i g u r e  12 

B a t h y u r u s  c a u d a t u s  Billings,  1865, p .  261, 262, f ig .  245 
Gen. e t  sp. i n d .  (pygidium), Whittington, 1953, p .  670, 

P1. 68, f ig .  30, 32 
" B a t h y u r u s "  c a u d a t u s  Billings. Whittington and Kindle, 

1969, p .  658 

Holo type .  Pygidium, GSC 635. 

D i a g n o s i s .  S t r i g i g e n a l i s  l a c k i n g  t u b e r c u l a t e  
s u r f a c e  s c u l p t u r e .  G l a b e l l a  p o i n t e d  i n  f r o n t .  
S h o r t ,  downsloping p r e g l a b e l l a r  f i e l d ;  a n t e r i o r  
c r a n i d i a l  b o r d e r  n o t  acumina te  m e d i a l l y .  
Pygidium w i t h  t r i a n g u l a r  s p i n e  which c a r r i e s  
median c a r i n a  on i n t e r n a l  mould. 

D e s c r i p t i o n .  G l a b e l l a  w i t h  g e n t l y  v a u l t e d  
t r a n s v e r s e  p r o f i l e ,  i n  l a t e r a l  view convex i n  
f r o n t  o f  o c c i p i t a l  r i n g ,  s l o p i n g  g e n t l y  down- 
wards  and f o r w a r d s ,  more s t e e p l y  s o  a n t e r i o r l y ,  
b u t  n o t  b u l g i n g  o v e r  p r e g l a b e l l a r  f i e l d .  
G l a b e l l a  o f  l e n g t h  i n c l u d i n g  o c c i p i t a l  r i n g  
a b o u t  1 . 6  t i m e s  maximum w i d t h  n e a r  b a s e  o f  
p a l p e b r a l  l o b e s ,  t a p e r i n g  g e n t l y  f o r w a r d s ,  
r a p i d l y  s o  a n t e r i o r l y  t o  median p o i n t .  
O c c i p i t a l  r i n g  h a r d l y  w i d e r  m e d i a l l y ;  d e e p ,  
t r a n s v e r s e  o c c i p i t a l  fu r row s l i g h t l y  s h a l l o w e r  
a d j a c e n t  t o  a x i a l  f u r r o w s .  A x i a l  and 
p r e g l a b e l l a r  f u r r o w s  deep  on i n t e r n a l  moulds ,  
narrow.  G l a b e l l a r  f u r r o w s  l a c k i n g .  P r e g l a -  
b e l l a r  f i e l d  c o n t i n u i n g  downward s l o p e  o f  
g l a b e l l a ,  l e n g t h  ( s a g . )  a b o u t  t h e  same a s  t h a t  
o f  o c c i p i t a l  r i n g .  Border  fu r row v e r y  d e e p ,  
i n  f r o n t  o f  which b o r d e r  r e c u r v e s  s t e e p l y  
upwards t o  form nar row ( s a g .  ) , convex r i m ,  
rounded e v e n l y  a b o u t  m i d - l i n e .  A n t e r o l a t e r a l  
f i x e d  cheeks  s l o p e  s t e e p l y  downwards e x c e p t  
a d j a c e n t  t o  a x i a l  f u r r o w s ,  i n t e r n a l  mould 
f i n e l y  c a e c a t e .  P a l p e b r a l  l o b e s  o f  l e n g t h  
( e x s a g . )  a b o u t  0.4 l e n g t h  o f  g l a b e l l a ,  fo rward  
l i m i t s  somewhat c l o s e r  t o  g l a b e l l a ,  p o s t e r i o r  
ends  o p p o s i t e  o u t e r  p a r t  o f  o c c i p i t a l  fu r row.  
P a l p e b r a l  r i m  o b s c u r e  on d o r s a l  s u r f a c e ,  b u t  
f a i n t l y  d e f i n e d  on i n t e r n a l  moulds.  Narrow 
( e x s a g . )  p o s t o c u l a r  cheeks  o f  t r a n s v e r s e  w i d t h  
s l i g h t l y  more t h a n  h a l f  t h a t  o f  o c c i p i t a l  r i n g ,  
t r i a n g u l a r  and p o i n t e d ,  a p p r o x i m a t e l y  b i s e c t e d  
by d i s t i n c t  b o r d e r  fu r row p r o x i m a l l y .  P o s t e r i o r  
b o r d e r  f l a t t e n e d ,  e s p e c i a l l y  l a t e r a l l y .  F a c i a l  
s u t u r e s  m o d e r a t e l y  d i v e r g e n t  i n  f r o n t  o f  
p a l p e b r a l  l o b e s  u n t i l  c u r v i n g  a d a x i a l l y  round 
b o r d e r ,  h i g h l y  s o  b e h i n d  e y e s ,  r u n n i n g  i n  an  
a l m o s t  s t r a i g h t  c o u r s e  t o  c u t  p o s t e r i o r  margin 
a t  a c u t e  a n g l e  o f  a b o u t  30°. D o r s a l  s u r f a c e  o f  
c u t i c l e  smooth, o r  w i t h  f i n e  and s c a t t e r e d  
p u n c t a e  on p a l p e b r a l  l o b e s  and o c c i p i t a l  
fu r row;  i n t e r n a l  mould smooth, e x c e p t  f o r  
c a e c a .  P a r a l l e l  s t r i a e  on b o r d e r .  

~ r e e  cheek w i t h  convex g e n a l  f i e l d  and F i g u r e d  m a t e r i a l .  C r a n i d i a ,  GSC 56842, 56843; gently tumid borders widening laterally. Rim 
p y g i d i a ,  GSC 56844, 56845; f r e e  cheek ,  GSC 
56846. c o n t i n u e s  from cran id iurn ,  becoming narrow on 

s e n a l  s ~ i n e .  S h o r t  s e c t i o n  o f  ~ o s t e r i o r  b o r d e r  

S t r a t i g r a p h i c  r a n g e .  Measured s e c t i o n  i n  
Catoche Format ion  6  t o  47 m.  

fu r row c u r v e s  f o r w a r d s ;  l o n g e r  s e c t i o n  o f  narrow 
l a t e r a l  b o r d e r  f u r r o w  c u r v e s  backwards and 
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F i g u r e s  1-10. S t r i g i g e n a l i s  c a u d a t a  ( B i l l i n g s ,  1865) . (1, 1 0 )  F r e e  cheek ,  
d o r s a l  view,  X4, and d e t a i l  o f  b o r d e r ,  X8; GSC 56846; 40 m from b a s e .  
Note s c a t t e r e d  p i t s ,  and nar row band of  t e r r a c e  l i n e s  on r i m .  ( 2 ,  5 )  
Cranidium, i n t e r n a l  mould and l a t e x  c a s t  from c o u n t e r p a r t ,  e x t e r n a l  mould 
t o  show p a l p e b r a l  l o b e s ,  X4; GSC 56842; 47 m f r o m , b a s e .  ( 3 ,  4)  Smal l  
pygidium, d o r s a l  and l a t e r a l  v iews ,  X8; GSC 56844; 47 m from b a s e .  
( 6 )  Pygidium ( o r i g i n a l  o f  B i l l i n g s ,  1865,  f i g u r e  2 4 5 ) ,  e x f o l i a t e d  a round  
d o u b l u r e ,  X5; h o l o t y p e ,  GSC 635. ( 7 ,  8 )  Cran id ium,  l a r g e l y  e x f o l i a t e d ,  
d o r s a l  and a n t e r i o r  v iews ,  X6; GSC 56843; same bed a s  f i g u r e  2. Note 
convex b o r d e r  and c a e c a  on p r e g l a b e l l a r  f i e l d .  A s m a l l  pygidium of  
I s c h y r o t o m a  a n a t a p h r a  s p .  nov. is  a l s o  shown. ( 9 )  Large  pygidium, l a r g e l y  
p r e s e r v i n g  c u t i c l e ,  showing s u r f a c e  s c u l p t u r e  on p o s t e r i o r  s p i n e ,  X6; 
GSC 56845; same bed a s  f i g u r e  2 .  
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s h a l l o w s  r a p i d l y  n e a r  g e n a l  a n g l e .  Genal s p i n e  
re l , - , t ive ly  s h o r t  and t r i a n g u l a r .  S u r f a c e  
s c u l p t u r e  of s c a t t e r e d  p u n c t a e  e s p e c i a l l y  on 
b o r d e r ,  r a i s e d  l i n e s  on r i m  and i n t e r i o r  edge 
o f  g e n a l  s p i n e .  

Pygidium t r i a n g u l a r ,  t a p e r i n g  p o s t e r i o r l y  
i n t o  s p i n e  w i t h o u t  s h a r p  b r e a k .  Genal  a r e a s  
and b o r d e r  downsloping and convex. Axis  
t a p e r i n g  p o s t e r i o r l y  and t e r m i n a l l y  rounded,  
w i t h  t h r e e  a x i a l  r i n g s  p r o g r e s s i v e l y  s h o r t e r  
( s a g . )  p o s t e r i o r l y ,  d e f i n e d  by r i n g  fu r rows  
s h a l l o w e r  m e d i a l l y ;  t e r m i n a l  p i e c e  l o n g .  Three 
p a i r s  p l e u r a l  fu r rows  p r o g r e s s i v e l y  s t e e p l y  
backward-d i rec ted  and s h o r t e r  p o s t e r i o r l y ,  t h e  
t h i r d  p a i r  o b s c u r e  on s m a l l  specimen w i t h  
c u t i c l e .  Widening o f  a x i a l  fu r row a d j a c e n t  t o  
t e r m i n a l  p i e c e  on h o l o t y p e  p r o b a b l y  r e p r e s e n t s  
r e l i c t  f o u r t h  furrow.  Border  smooth, convex. 
P o s t e r i o r  s p i n e  t r i a n g u l a r  and broad-based w i t h  
t r i a n g u l a r  t o  s u b c i r c u l a r  c r o s s  s e c t i o n ,  i n  
l a t e r a l  p r o f i l e  s l i g h t l y  t i l t e d  upwards,  r a t h e r  
v a r i a b l e  i n  l e n g t h ,  b u t  l o n g e s t  on s m a l l  
specimen.  I n t e r n a l  mould shows a  median r i d g e  
a l o n g  i t s  l e n g t h  from t i p  o f  a x i s .  D o r s a l  
s u r f a c e  shows a  few t e r r a c e  l i n e s  on f l a n k s  o f  
p y g i d i a l  s p i n e ,  o t h e r w i s e  smooth. I n t e r n a l  
mould f i n e l y  p u n c t a t e .  Doublure r e f l e x e d  
c l o s e l y  a g a i n s t  d o r s a l  s u r f a c e ,  r e a c h i n g  a s  f a r  
a s  i n n e r  edge o f  b o r d e r .  

D i s c u s s i o n .  S. caudata  i s  e x t r e m e l y  l i k e  t h e  t y p e  
s p e c i e s ,  S. c a s s i n e n s i s ,  W h i t t i n g t o n ,  195 3, and 
t h e  two s p e c i e s  may p r o v e  t o  be i d e n t i c a l .  
W h i t t i n g t o n  (1953,  p .  671) ment ions  t h e  p r e s e n c e  
o f  t e r r a c e  r i d g e s  on t h e  o c c i p i t a l  r i n g  o f  
S .  c a s s i n e n s i s ,  which I have n o t  o b s e r v e d  on a  
Newfoundland specimen,  and t h e  s c a t t e r e d  p i t s  
which a r e  g e n e r a l l y  d i s t r i b u t e d  on t h e  cheeks  
o f  s. caudata  o c c u r  o n l y  " a t  g e n a l  a n g l e  o u t s i d e  
b o r d e r  furrow" on S .  c a s s i n e n s i s .  The a n t e r i o r  
d e f i n i t i o n  o f  t h e  g l a b e l l a ,  p a r t i c u l a r l y  a t  
t h e  median a c u m i n a t i o n ,  i s  more marked on s. 
cauda ta .  None o f  t h e s e  c o n s t i t u t e  an  unequivoca l  
s p e c i f i c  d i f f e r e n c e ,  b u t  w i t h o u t  f u r t h e r  
i n f o r m a t i o n  on t h e  v a r i a t i o n  o f  S. c a s s i n e n s i s  
a t  i t s  t y p e  l o c a l i t y ,  I am r e l u c t a n t  t o  
synonymise it w i t h  S .  c a u d a t a .  

G o n i o t e l i n a  (?) p l i c a l a b e o n u s ,  Young (1973,  
p.  99, 100,  P1. 5 ,  f i g .  15-22) ,  from a  zone H 
h o r i z o n  i n  Utah,  s h o u l d  now b e  r e f e r r e d  t o  
S t r i g i g e n a l i s ,  and d i f f e r s  fr.om S .  cauda ta  i n  
l a c k i n g  g e n a l  s p i n e s ,  and i n  t h e  p o s t e r i o r  
e f f a c e m e n t  o f  t h e  p o s t e r i o r  r i n g  f u r r o w s  on t h e  
pygidium ( a l t h o u g h  t h i s  can b e  matched on s m a l l  
S .  caudata  p y g i d i a )  . 

S t r i g i g e n a l i s ,  a l b e i t  masquerading under  
d i f f e r e n t  g e n e r i c  names, i s  e v i d e n t l y  a  wide- 
s p r e a d  genus.  I n  s p i t e  o f  i t s  s p i n o s e  pygidium, 
t h e  low, p o i n t e d  g l a b e l l a ,  l a c k  o f  t u b e r c u l a t e  
s c u l p t u r e  and p e c u l i a r  c e p h a l i c  b o r d e r ,  s u g g e s t s  
t h a t  it was n o t  d i r e c t l y  a n c e s t r a l  t o  G o n i o t e l i n a  
and Ac id iphorus  . 

Subfamily BATHYURELLINAE Hup6, 1953 

Genus B a t h y u r e l l u s  B i l l i n g s ,  1865 

Type s p e c i e s  B a t h y u r e l l u s  a b r u p t u s  B i l l i n g s ,  1865 
( d e s i g n a t e d  by Raymond, 1905,  p.  337) 

D i a g n o s i s .  B a t h y u r e l l i n e s  w i t h  l a r g e  spade-  
shaped  pygidium. Cranidium r e s e m b l i n g  t h a t  o f  
Punka gen .  nov. b u t  g l a b e l l a  n o t  t r a n s v e r s e l y  
h i g h l y  v a u l t e d ,  and a n t e r i o r  b o r d e r  nar row.  
F r e e  cheeks  convex ( e x s a g . )  w i t h  nar row,  r i m -  
l i k e  b o r d e r s .  Pygidium w i t h  p l e u r a l  f i e l d s  
h a r d l y  furrowed beh ind  a n t e r i o r  segment ;  b r o a d ,  
d e p r e s s e d  p o s t e r i o r  p y g i d i a l  b o r d e r .  

I n c l u d e d  s p e c i e s .  B a t h y u r e l l u s  p l a t y p u s  s p  . nov. , 
B. a b r u p t u s  ( B i l l i n g s ,  1865) , B a t h y u r e l l u s ( ? )  t e r e t u s  
Young, 1973. 

D i s c u s s i o n .  B a t h y u r e l l u s  i s  used  h e r e  i n  a  
r e s t r i c t e d  s e n s e ,  c e n t r e d  around t h e  t y p e  
s p e c i e s ,  B .  a b r u p t u s  B i l l i n g s ,  1865.  I t  i s  
p e r h a p s  u n f o r t u n a t e  t h a t  Raymond (1905)  
s e l e c t e d  t h i s  s p e c i e s  a s  t y p e  s p e c i e s  o f  t h e  
genus ,  a s  most o f  t h e  s p e c i e s  s u b s e q u e n t l y  
a s s i g n e d  t h e r e t o ,  and which have  been 
c o n s i d e r e d  t y p i c a l  o f  t h e  g e n u s ,  s h o u l d  now 
b e  r e f e r r e d  t o  Punka gen. nov. (below) . The 
d i s t i n c t i v e  s p a t u l a t e  pygidium o f  B a t h y u r e l l u s ,  
t o g e t h e r  w i t h . t h e  l o n g  p r e g l a b e l l a r  f i e l d ,  
low ( t r a n s . )  g l a b e l l a  and narrow c e p h a l i c  
b o r d e r s ,  e n a b l e s  a  c l e a r  d i s t i n c t i o n  between 
i s o l a t e d  e x o s k e l e t a l  p a r t s  o f  t h e  two g e n e r a .  

B a t h y u r e l l u s  s p e c i e s  o c c u r  w i t h  t h o s e  o f  
Punka gen.  nov. i n  t h e  S t .  George Group and 
i n  view of  t h e  s h a r e d  c e p h a l i c  f e a t u r e s  o f  
t h e  two g e n e r a  it i s  l i k e l y  t h a t  t h e y  have  
a  common a n c e s t o r .  The f a c t  t h a t  B.  p l a t y p u s  
s u c c e e d s  B.  a b r u p t u s  i n  t h e  Ca toche  Format ion ,  
and t h e  two s p e c i e s  a r e  o b v i o u s l y  more 
c l o s e l y  r e l a t e d  t o  o n e  a n o t h e r  t h a n  t o  any 
o t h e r  b a t h y u r i d ,  i n d i c a t e s  t h a t  t h e  g roup  o f  
s p e c i e s  w i t h  s p a t u l a t e  p y g i d i a  i n c l u d e d  i n  
t h e  genus were undergo ing  an  e v o l u t i o n a r y  
h i s t o r y  i n d e p e n d e n t  o f  t h a t  o f  Punka, and 
s u g g e s t s  t h a t  s e p a r a t e  g e n e r i c  s t a t u s  i s  
j u s t i f i e d .  

The pygidium a s s i g n e d  t o  B a t h y u r e l l u s  
t e i c h e r t i  P o u l s e n ,  1937,  from t h e  l a t e  Canadian 

o f  E a s t  Green land ,  i s  c l e a r l y  o f  B a t h y u r e l l u s  
t y p e  (Poulsen ,  1937,  P1. 7 ,  f i g .  5)  i n  t h e  
s e n s e  used  h e r e .  However, t h e  c r a n i d i u m  and 
f r e e  cheek  i l l u s t r a t i n g  t h e  same s p e c i e s ,  t h e  
fo rmer  b e i n g  t h e  h o l o t y p e ,  a r e  more s i m i l a r  
t o  t h o s e  o f  Punka, and i t  i s  p r o b a b l e  t h a t  t h e  
pygidium i s  i n ' c o r r e c t l y  a s s o c i a t e d  by Poulsen .  
Punka p y g i d i a  l a c k i n g  a s s i g n e d  c e p h a l i c  p a r t s  
o c c u r  i n  t h e  same f a u n a  from e a s t  Green land  
( P o u l s e n ,  1937,  P l .  7 ,  f i g .  8 ) .  

B a t h y u r e l l u s  s p e c i e s  a r e  a l s o  p r e s e n t  i n  t h e  
K i r t o n r y g g e n  Format ion  o f  n o r t h e r n  S p i t s b e r g e n .  
An u n a s s i g n e d  pygidium from zone H o f  t h e  
w e s t e r n  Uni ted  S t a t e s  f i g u r e d  by H i n t z e  (1953, 
P1. 9 ,  f i g .  1 6 )  i s  a l s o  r e f e r a b l e  t o  t h e  g e n u s ,  
a s  is t h e  pygidium f i g u r e d  by Young (1973,  
P1. 6 ,  f i g .  1 7 ,  2 0 ) .  The c r a n i d i u m  b e l o n g i n g  
t o  Young's pygidium i s  p r o b a b l y  t h a t  d e s c r i b e d  
a s  B a t h y u r e l l u s ( ? )  t e r e t u s  Young (1973 ,  P I .  2 ,  
f i g .  5 ,  8 ,  1 3 )  . B a t h y u r e l l u s  i s  e v i d e n t l y  
widespread  i n  l a t e r  Canadian s h a l l o w  w a t e r  
l i m e s t o n e  o f  t h e  B a t h y u r i d  p r o v i n c e ,  b u t  d o e s  
n o t  s e e m  t o  e x t e n d  i n t o  t h e  m i d d l e  O r d o v i c i a n .  



B a t h y u r e l l u s  p l a t y p u s  Sp. nov. 

Plate 31, figures 1-13 

Holotype. Well-preserved cranidium, GSC 56847. 

Figured material. Cranidium, GSC 56848, 
pygidia, GSC 56849, 56850; free cheeks, GSC 
56851, 56892; hypostoma, GSC 56852; doublure 
of pygidium, GSC 56891. 

Stratigraphic range. The species ranges from 
47 m above the base of the measured section 
to the topmost beds exposed on the foreshore 
of Port au Choix. 

Diagnosis. B a t h y u r e l l u s  with surface sculpture 
on preoccipital glabella of fine, scattered 
pits. Terrace lines on free cheek sparser 
and more laterally confined than in B. a b r u p t u s  
Billings, and posterior pygidial border less 
concave behind pygidial axis. 

Description. This species occurs abundantly 
above the stratigraphic range of B .  a b r u p t u s  
and it is found in beds in which other similar 
bathyurids are lacking, so that the association 
of cranidium, free cheeks, pygidium, and 
hypostoma is well founded. 

Cranidium of length (sag.) in dorsal view 
equal to width at posterior cranidial margin, 
with strong downward slope anteriorly, less 
declined postocular cheeks. Glabella parallel 
sided and gently vaulted (trans. ) , merging 
without a break with the preglabellar field on 
specimens cranidial length 6 mm or more so that 
the anteromedian outline is obscure. Smaller 
cranidia show faint, acuminate forward margin 
of glabella at about three-quarters cranidial 
length (sag.). Muscle insertion areas not 
clearly discernable. Axial furrows narrow, 
and deepest posteriorly, rapidly shallow around 
anterolateral corners of glabella to effaced 
median area. Occipital furrow transverse or 
slightly backward-bowed medially, narrow and 
deepest across mid-part of glabella, shallowing 
laterally and not reaching axial furrows. 
Occipital ring about one-eighth cranidial 
length (sag.), slightly forward-inclined. 
Palpebral lobes almost semicircular, length 
(exsag.) more than one-third glabellar length 
in dorsal view, anterior and posterior limits 
closely approaching but not touching axial 
furrows, posterior end opposite outer part of 
occipital furrow. Narrow, spine-like post- 
ocular cheeks curve slightly backwards, lacking 
defined border. Steeply downsloping, wide 
preglabellar field continues forward slope of 
glabella to shallow border furrow, which marks 
a change in slope more than an incised feature. 
Anterior border of about two-thirds width 
(sag.) of occipital ring, gently downward- 
sloping. Facial sutures diverge at a moderate 
angle (25-40° to sagittal line in dorsal view) 
in front of palpebral lobes, anteriorly 
converging to become subparallel anterolaterally 
before curving round forward cranidial margin; 
posterior sections diverge at a similar angle, 
rapidly becoming transverse, and curving 
distally slightly posteriorly to cut the 
cranidial margin at a low acute angle. Higher 
anterior divergence on small cranidia. 

Cranidial surface sculpture of fine, 
scattered pits on preoccipital part of glabella, 
the same interspersed with terrace lines on 
occipital ring. Preglabellar field and 
palpebral lobes smooth. Small cranidia may 
have a few terrace lines immediately in front 
of the occipital ring, but these do not extend 
far forward. Two or three fine terrace lines 
run around the margin of the anterior border. 
Palpebral lobes smooth. 

Free cheek broadly triangular with an 
acute genal angle, in life attitude sweeping 
backwards and forming a steep face laterally, 
with pleural field convex outwards. Border 
horizontal, narrow, and narrowing proqressively 
laterally, border furrow becoming deeper at the 
same time. Eye low (dorso-ventrally), and long, 
apparently lacking an eye socle, so that lenses 
go right down to genal surface. Doublure broad, 
and widening backwards, densely covered in 
terrace lines, concave anteriorly, such that 
there must have been tubular space between 
anterior part of the cheek and doublure. There 
is a downfold (Pl. 31, fig. 13) near posterior 
margin of doublure, which curves outwards 
towards the genal angle; this may have served 
as a vincular notch during enrollment. 

Hypostoma (Pl. 31, fig. 8, 11; similar , 

hypostoma figured by Raymond, 1925, P1. 3, 
fig. 18) perfectly elliptical, length (sag.) 
about two-thirds maximum width, transverse 
convexity low. Oval middle body extends to 
five-sixths length of hypostoma (sag.). Broad, 
deep middle furrows at about two-thirds length 
of middle body slope gently inwards and back- 
wards and extend less than one-third of the way 
across middle body. Smooth, forward inclined 
maculae posterior to middle furrows. Border 
furrows deep laterally, shallowing around 
posterior edge of middle body. Anterior margin 
slightly embayed; anterior body not clearly 
defined from middle body. Lateral borders 
narrow (trans.) and standing almost vertically. 
Posterior border wider, tilted with a forward 
slope. Surface sculpture of terrace lines, 
transverse across mid-part of middle body, 
perpherally running concentrically around edge 
of hypostoma. Anterior wing closely reflexed 
beneath lateral borders. 

Pygidium spatulate, Billings (1865) 
appropriately compared its shape to a duck's 
bill, maximum transverse width at posterior 
edge of articulating facets. Width:length 
ratios are variable; in large specimens length 
closely approaches maximum trans. width, small 
specimens (length less than 5 mm) are more 
transverse, length is only about two-thirds 
width. Convex axis tapers posteriorly to 
rounded tip at half pygidial length; one, 
possibly two, axial rings are faintly indicated 
on the dorsal surface; articulating half ring 
very short (sag.). One pleural segment present, 
pleural furrow short, adaxial, stopping at 
facet, slightly backward-directed, interpleural 
furrow faint or absent adaxially, deep behind 
facet and strongly backward directed, shallowing 
posterolaterally, but visible as far as edge of 
pygidium. Faint indication of adaxial part of 
second pleural segment on some specimens. 
Narrow, convex strip of pleural field adjacent 



t o  a x i s ,  l a t e r a l l y  s t e e p l y  downsloping and t h e n  
f l a t t e n i n g  o u t  n e a r  p y g i d i a l  margin.  P o s t a x i a l  
downward s l o p e  g e n t l e ,  n o t  markedly concave 
beh ind  p y g i d i a l  a x i s .  Dorsa l  s u r f a c e  w i t h  
f i n e  t e r r a c e  l i n e s ,  d e e p l y  fo rward  a r c h e d  o v e r  
a x i s ,  a p p r o x i m a t e l y  t r a n s v e r s e  on f l a t t e n e d  
b o r d e r ,  t e n d i n g  t o  d i v e r g e  s l i g h t l y  towards  
p o s t a x i a l  s l o p e ,  where t h e y  may b e  f a i n t  o r  
a b s e n t ,  s i m i l a r l y  f a i n t ,  and backward s l o p i n g  
on a d a x i a l  p a r t s  o f  p l e u r a l  f i e l d s .  They a r e  
a l s o  s t r o n g l y  deve loped  on a r t i c u l a t i n g  f a c e t s ,  
p a r a l l e l  t o  i n t e r p l e u r a l  furrow.  Doublure wide 
and f l a t ,  i n n e r  margin r e a c h i n g  t i p  o f  a x i s  
where it i s  s t r o n g l y  f l e x e d  upwards and r e c u r v e d  
( P l .  31, f i g .  1 4 ) .  An e l e v a t e d  r i d g e  r u n s  s a g .  
a l m o s t  t o  p o s t e r i o r  margin.  Numerous t r a n s -  
v e r s e  t e r r a c e  l i n e s  l i k e  t h o s e  on d o r s a l  
s u r f a c e .  

D i s c u s s i o n .  The o l d e r  s p e c i e s  i n  t h e  S t .  George 
Group, B.  a b r u p t u s  B i l l i n g s ,  i s  c l o s e l y  s i m i l a r  t o  
B. p l a t y p u s  and t h e  d i f f e r e n c e s  d i s t i n g u i s h i n g  t h e  
s p e c i e s  a r e  d i s c u s s e d  below. 

B a t h y u r e l l u s  (?) t e r e t u s  Young, 1973, from a  
zone H fauna  i n  w e s t e r n  Utah,  i s  c l o s e l y  
s i m i l a r  t o  t h e  p r e s e n t  s p e c i e s ,  and s h o u l d  b e  
r e f e r r e d  t o  B a t h y u r e l l u s  s ensu  s t r i c t o .  The 
h o l o t y p e  (Young, 1973,  P1. 2 ,  f i g .  5 ,  8 ,  1 3 )  
i s  u n f o r t u n a t e l y  i n c o m p l e t e ,  b u t  l i k e  B .  p l a t y p u s  
a p p e a r s  t o  l a c k  t e r r a c e  l i n e s .  Two s m a l l  
d i f f e r e n c e s  a r e  no ted :  t h e  o c c i p i t a l  r i n g  o f  
t h e  Utah s p e c i e s  b u l g e s  l a t e r a l l y ,  and t h e  
a n t e r i o r  b o r d e r  fu r row i s  a  narrow d i s c r e t e  
fu r row r a t h e r  t h a n  j u s t  a  change i n  s l o p e  from 
t h e  p r e g l a b e l l a r  f i e l d  t o  t h e  b o r d e r .  A s  
ment ioned above,  I a t t r i b u t e  t h e  pygidium 
f i g u r e d  by Young (1973,  P 1 .  6 ,  f i g .  1 7 ,  20) a s  
"unass igned  pygidium 9  I' t o  B a t h y u r e l l  u s .  T h i s  
specimen i s  t r a n s v e r s e ,  l i k e  s m a l l  specimens 
o f  B .  p l a t y p u s ,  b u t  t h e  a x i a l  t a p e r  is g r e a t e r  
t h a n  on t h e  Newfoundland m a t e r i a l .  H i n t z e  
(1953,  P I .  9 ,  f i g .  1 6 )  f i g u r e d  a  s i m i l a r  
pygidium from zone H .  

Pou lsen  (1937,  P1. 7 ,  f i g .  5 )  i l l u s t r a t e d  
a  pygidium a s s u r e d l y  r e f e r a b l e  t o  B a t h y u r e l l u s .  
I t  may prove  t o  b e  c o n s p e c i f i c  w i t h  one  o f  t h e  
Newfoundland s p e c i e s .  The h o l o t y p e  c r a n i d i u m  
o f  B. t e i c h e r t i ,  and p a r t i c u l a r l y  t h e  f r e e  cheek ,  
a r e  s i m i l a r  t o  t h o s e  o f  Punka gen. nov. , and 
t h e  a s s o c i a t i o n  of pygidium and c e p h a l i c  p a r t s  
i s  c o n s i d e r e d  improbable .  

B a t h y u r e l l u s  a b r u p t u s  B i l l i n g s ,  1865 

P l a t e  32,  f i g u r e s  1-12; F i g u r e  12 

B a t h y u r e l l u s  a b r u p t u s  Billings,  1865, p .  263, 264, 
f ig .  247,  250 

B a t h y u r e l l u s  a b r u p t u s  Billings.  Raymond, 1905, p.  337 
Ba- thyure l l u s  a b r u p t u s  Billings. Whittington, 1953, 

p .  661, P I .  69, f ig .  26, 27 
B a t h y u r e l l u s  a b r u p t u s  Billings.  Whittington, 1968, 

p .  53 
B a t h y u r e l l u s  a b r u p t u s  Billings.  Whittington and Kindle, 

1969, p .  658 

. Pygidiurn from P o r t  a u  Choix,  GSC 
by W h i t t i n g t o n  1953,  p .  6 6 0 ) .  

F i g u r e d  m a t e r i a l .  C r a n i d i a ,  GSC 56853, 56854; 
p y g i d i a ,  GSC 56855-56857; f r e e  cheeks ,  GSC 
56858, 56893. 

S t r a t i g r a p h i c  r a n g e .  From n e a r  b a s e  o f  
measured s e c t i o n ,  t o  40 m above b a s e .  

D i a g n o s i s .  B a t h y u r e l l u s  w i t h  s u r f  a c e  s c u l p t u r e  
on p r e o c c i p i t a l  g l a b e l l a  o f  d e n s e  t e r r a c e  l i n e s ;  
s i m i l a r  s c u l p t u r e  d i s t r i b u t e d  o v e r  most  o f  f r e e  
c h e e k s .  Broad p y g i d i a l  b o r d e r  concave  beh ind  
p y g i d i a l  a x i s .  

D i f f e r e n t i a l  d e s c r i p t i o n .  Most o f  t h e  
d e s c r i p t i o n  g i v e n  above f o r  B .  p l a t y p u s  a p p l i e s  
a l s o  t o  B. a b r u p t u s  and needs  no  r e p e t i t i o n .  
B .  a b r u p t u s  was d i r e c t l y  a n c e s t r a l  t o  R. p l a t y p u s ,  
and s t r a t i g r a p h i c a l l y  l a t e r  specimens o f  

B .  a b r u p t u s  show some t r a n s i t i o n a l  c h a r a c t e r s .  
A t  t h e i r  ex t remes  t h e y  a r e  d i s t i n c t .  

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

1. Dense t e r r a c e  l i n e s  c o v e r  t h e  p r e o c c i p i t a l  
g l a b e l l a  o f  B .  a b r u p t u s .  They s t o p  a t  t h e  
p r e g l a b e l l a r  f i e l d .  Smooth p a t c h e s  
( P l .  32,  f i g .  1) r e v e a l  musc le  i n s e r t i o n  
a r e a s :  one a t  t h e  l a t e r a l  end o f  t h e  
o c c i p i t a l  r i n g  where t h e  o c c i p i t a l  fu r row 
s h a l l o w s ,  a n  o v a l  a r e a  a d j a c e n t  t o  t h e  
a x i a l  fu r row o p p o s i t e  m i d d l e  o f  p a l p e b r a l  
l o b e ,  and two s m a l l e r  a r e a s  l y i n g  a l o n g  
t h e  a x i a l  fu r row,  t h e  a n t e r i o r  o f  which 
i s  a t  t h e  a n t e r o l a t e r a l  c o r n e r  o f  t h e  
g l a b e l l a .  There  a r e  a l s o  t e r r a c e  l i n e s  
on t h e  p a l p e b r a l  l o b e s  o f  e a r l y  B. a b r u p t u s ;  
s t r a t i g r a p h i c a l l y  younger  spec imens  may b e  
smooth h e r e .  

F i g u r e s  1-14. B a t h y u r e l l u s  p l a t y p u s  s p .  nov. (1, 6 ,  8 )  Cranidium w i t h  
c u t i c l e ,  d o r s a l  and l a t e r a l  v iews ,  X6, and d e t a i l  o f  p r e o c c i p i t a l  
g l a b e l l a ,  X20, showing d i a g n o s t i c  p i t t i n g ;  h o l o t y p e ,  GSC 56847. 
( 2 )  F r e e  cheek,  X6; p a r a t y p e ,  GSC 56851. ( 3 )  Smal l  c r a n i d i u m ,  i n c o m p l e t e  
o p  l e f t  s i d e ,  X6; p a r a t y p e ,  GSC 56848. ( 4 ,  5 ,  10)  W e l l  p r e s e r v e d  pygidium, 
d o r s a l ,  p o s t e r o l a t e r a l  and l a t e r a l  v iews ,  X6; p a r a t y p e ,  GSC 56849; 
compare p r o f i l e  o f  f i g u r e  10 w i t h  t h a t  o f  B. a b r u p t u s ,  P l a t e  32, f i g u r e  3. 
( 7 )  Smal l  pygidium, X6; p a r a t y p e ,  GSC 56850. ( 9 ,  1 1 )  Hypostoma, v e n t r a l  
and l a t e r a l  v iews ,  X6; GSC 56852. (12 ,  1 4 )  Pygidium showing d o u b l u r e ,  
d o r s a l ,  X4, and l a t e r a l ,  X6, views ( n o t e  r e c u r v e d  i n n e r  margin o f  
d o u b l u r e ) ;  p a r a t y p e ,  GSC 56891. ( 1 3 )  Doublure  o f  f r e e  cheek ,  showing 
t e r r a c e  l i n e s  and p o s t e r i o r  g roove  on e x t e r i o r  s u r f a c e ,  X6; p a r a t y p e ,  
GSC 56892. A l l  specimens from 57 m above b a s e .  
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2. Te r r ace  l i n e s  on t h e  f r e e  cheek o f  B.  a b r u p t u s  
a r e  denser  and ex tend  a lmost  t o  t h e  base  of  
t h e  eye p o s t e r i o r l y .  

3. Pyg id i a  of  t h e  two s p e c i e s  a r e  c l o s e l y  
s i m i l a r  i n  gene ra l  p r o p o r t i o n s .  On B .  
a b r u p t u s  t h e  p o s t a x i a l  f i e l d  i s  immediately 
f l a t t e n e d  o r  s l i g h t l y  concave ( P l .  32, 
f i g .  5 ) ;  on B .  p l a t y p u s  t h e r e  i s  a  g e n t l e  
s l o p e  t o  t h e  p o s t e r i o r  margin. Th i s  is  t h e  
r e s u l t  of g e n t l e  upward a r ch  of t h e  pos t -  
a x i a l  f i e l d  of B. p l a t y p u s ,  which l e a d s  t o  
t h e  t e r r a c e  l i n e s  ( i n  d o r s a l  view) d ive rg ing  
s l i g h t l y  towards t h e  mid- l ine ,  where they  
a r e  f a i n t  o r  a b s e n t .  The t e r r a c e  l i n e s  
a d j a c e n t  t o  t h e  p y g i d i a l  a x i s  on t h e  convex 
p a r t s  of  t h e  p l e u r a l  f i e l d s  a r e  a l s o  f a i n t  
i n  B. a b r u u t u s .  

The l e c t o t y p e  pygidium (Whi t t ing ton ,  1953, 
P1 .  69, f i g .  26, 27) and t h e  o t h e r  syntypes  on 
which B i l l i n g s  founded B a t h y u r e l l u s  a b r u p t u s  a11 
have t h e  s t r o n g l y  f l a t t e n e d  p o s t a x i a l  a r e a  
which s e r v e s  t o  d i s t i n g u i s h  t h i s  s p e c i e s  from 
B.  p l a t y p u s ,  and where exoskele ton  adhe re s  t o  
B i l l i n g s '  o r i g i n a l s  t h e  s c u l p t u r e  s u p p o r t s  t h e  
same de t e rmina t ion .  The s p e c i e s  i s  numerous 
i n  e q u i v a l e n t s  of  t h e  P o r t  au Choix s t r a t a  nea r  
Boat Harbour. 

Fea tu re s  d i s t i n g u i s h i n g  B !  a b r u p t u s  from 
o t h e r  B a t h y u r e l l u s  s p e c i e s  a r e  a s  f o r  B. p l a t y p u s  
above, w i th  t h e  a d d i t i o n  t h a t  t h e  dense  t e r r a c e  
l i n e s  on t h e  g l a b e l l a  provide  a  f u r t h e r  d i s t i n c -  
t i o n  from B.  t e r e t u s  (Young, 1973) , from t h e  l a t e  
Canadian (zone H) of  Utah. 

Genus Punka nov. 

Type s p e c i e s  B a t h y u r e l l u s  n i t i d u s  B i l l i n g s ,  1865 
(des igna t ed  h e r e i n )  

Diagnosis .  Ba thyure l l i ne  t r i l o b i t e s  w i t h  wide,  
f a n - l i k e  pyg id i a ,  cons ide rab ly  f l a t t e n e d ,  w i th  
t h r e e  o r  f o u r  p a i r s  of  p l e u r a l  fur rows .  
G labe l l a  g e n e r a l l y  wel l -def ined ,  v a u l t e d  t r a n s -  
v e r s e l y ,  ex tending  f a r  forwards t o  touch  o r  
c l o s e l y  approach a n t e r i o r  border  furrow. 
Cephal ic  bo rde r  wide, f l a t t e n e d  t o  s l i g h t l y  
concave, p r e s e n t  on cranidium and forward p a r t  
o f  f r e e  cheek,  gena l  s p i n e s  of  v a r i a b l e  l e n g t h ,  
extremely long i n  some s p e c i e s .  Pygidium wider  
than  long ,  s h o r t  a x i s  w i th  fou r  a x i a l  r i n g s  
(when de f ined )  . F a i n t  i n t e r p l e u r a l  furrows may 
be p r e s e n t  on bo rde r  on ly .  Su r f ace  s c u l p t u r e  
g e n e r a l l y  of  f i n e  r a i s e d  r i d g e s  and/or  t e r r a c e  
l i n e s .  

Discuss ion .  With t h e  c l a r i f i c a t i o n  o f  t h e  
t ype  and o t h e r  s p e c i e s  of  B a t h y u r e l l u s ,  
d i scus sed  above, a  new genus i s  e r e c t e d  he re  
t o  i n c l u d e  s p e c i e s  former ly  a t t r i b u t e d  t o  
B a t h y u r e l l u s ,  b u t  w i th  wide, furrowed p y g i d i a ,  

broad c e p h a l i c  b o r d e r s ,  and t h e  p r e g l a b e l l a r  
f i e l d  reduced o r  a b s e n t .  A s  no t ed  above,  
s p e c i e s  w i th  t h i s  morphology c o - e x i s t  w i t h  
B a t h y u r e l l u s  s e n s u  stricto i n  t h e  S t .  George 

Group, and they  a r e  cons ide red  t o  be long  t o  
d i f f e r e n t  e v o l u t i o n a r y  l i n e s .  Punka s p e c i e s  
ex tend  beyond B a t h y u r e l l u s  i n t o  t h e  middle 
Ordovic ian .  

The c l o s e s t  r e l a t e d  s p e c i e s  t o  t h o s e  of 
t h e  new genus appea r s  t o  l i e  w i th  Licnocepha la  
Ross, 1951 ( t y p e  s p e c i e s  L. b i c o r n u t a  ROSS, 1951) 
r a t h e r  t han  wi th  B a t h y u r e l l u s ,  a s  r e s t r i c t e d  i n  
t h i s  paper .  L.  c a v i g l a d i u s  (H in t ze ,  1953,  
P1. 1 0 ,  f i g .  1-5; Ross, 1953, P1 .  64,  f i g .  4-  
29) shows a  s i m i l a r l y  narrow p r e g l a b e l l a r  a r e a  
and f l a t t e n e d  c e p h a l i c  bo rde r .  The cran id ium 
i s  of  low convex i ty ,  however, w i th  t h e  g l a b e l l a  
s c a r c e l y  v a u l t e d  and t end ing  t o  e f facement .  
The i n t e r p l e u r a l  fur rows  on t h e  pygidium extend  
o n t o  t h e  a d a x i a l  p a r t  o f  t h e  p l e u r a l  f i e l d s ,  
and t h e  p y g i d i a l  bo rde r  i s  s h a r p l y  d e f i n e d ;  
t h e  f r e e  cheek a t t r i b u t e d  t o  t h i s  s p e c i e s  by 
Hin tze  (1953, P1. 1 0 ,  f i g .  5)  i s  more l i k e  
t h a t  of  B a t h y u r e l l u s  s e n s u  s t r i c t o ,  w i t h  i t s  
i n f l a t e d  p o s t e r i o r  l o b e  ex t end ing  wi thou t  a  
break  i n t o  t h e  g e n a l  s p i n e .  I t  i s  p o s s i b l e  
t h a t  Punka was d e r i v e d  from a  Licnocepha la  
s p e c i e s  (which is  o l d e r ) ,  and i n t e r m e d i a t e  
morphological  t y p e s  may be  a n t i c i p a t e d ,  b u t  
t h e  subsequent  s t a b i l i z a t i o n  of i t s  morphology 
i n d i c a t e s  t h a t  it i s  c o r r e c t  t o  s e p a r a t e  them 
g e n e r i c a l l y .  

G r i n n e l l a s p i s  P o u ~ s ~ ~  ( t y p e  s p e c i e s ,  G. 
f i e l d e n i  (Poulsen ,  1946) ) from t h e  e a r l y  Ordo- 

v i c i a n  o f  El lesmere  I s l a n d ,  i s  known o n l y  from 
a  pygidium. T h i s  resembles t h a t  of  Punka, and 
p a r t i c u l a r l y  P. f l a b e l l i f o r m i s  (be low) ,  i n  t h e  
arrangement  of  p l e u r a l  and i n t e r p l e u r a l  
fur rows ,  b u t  t hey  a r e  p a r t i c u l a r l y  deep i n  
G r i n n e l l a s p i s .  There i s  a l s o  a  f i f t h  a x i a l  r i n g ,  

and a  marked p o s t a x i a l  r i d g e ,  an unusual  
f e a t u r e  i n  Bathyur idae  ( b u t  see S t r i g i g e n a l i s  
cauda ta  h e r e i n ) .  These f e a t u r e s  s u g g e s t  t h a t  
i t s  g e n e r i c  r e c o g n i t i o n  i s  j u s t i f i e d ,  b u t  t h i s  
must awa i t  f i n a l  assessment  when c e p h a l i c  
p a r t s  a r e  a t t r i b u t e d  t o  t h e  genus.  

Uromystrum i s  a l s o  r e p r e s e n t e d  by a  s p e c i e s  
i n  t h e  S t .  George Group, showing a  c h a r a c t e r -  
i s t i c  concave p y g i d i a l  margin. uromystrum,  

P l a t e  32 

F igu re s  1-12. B a t h y u r e l l u s  a b r u p t u s  B i l l i n g s ,  1865. (1) Incomplete  
cranidium, showing c h a r a c t e r i s t i c  s u r f a c e  s c u l p t u r e ,  X6; GSC 56853; 
11 m from base.  ( 2 ,  5 ,  8) Pygidium, d o r s a l ,  l a t e r a l  and p o s t e r i o r  
views, X6; GSC 56855; same bed a s  f i g u r e  1. (3 )  S t r a t i g r a p h i c a l l y  
h igh  cranidium, t e r r a c e  l i n e s  weakly developed on p a l p e b r a l  l o b e s ,  
X6; GSC 56854; 36 m from base .  ( 4 )  T r a n s i t o r y  pygidium, r e t a i n i n g  one 
t h o r a c i c  segment, X8; GSC 56856; 23 m from base .  ( 6 )  Small f r e e  cheek,  
X6; GSC 56893; 11 m from base .  ( 7 ,  9 )  Lec to type ,  s e l e c t e d  Whi t t i ng ton ,  
1963, incomple te  pygidium, l a t e r a l  and d o r s a l  views,  X3; GSC 648. 
(10, 11) Large f r e e  cheek,  d o r s a l  and l a t e r a l  views,  showing s c u l p t u r e ,  
X6; GSC 56858; same bed a s  f i g u r e  1. (12) I n t e r n a l  s u r f a c e  o f  p y g i d i a l  
doublure ,  X3; GSC 56857; 35 m from base .  
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Licnocephala , and Punka t o g e t h e r  c o n s t i t u t e  a  
c l o s e l y  r e l a t e d  group of  ba thyur id s .  Licnocephala 
may i n c l u d e  s p e c i e s  a n c e s t r a l  t o  t h e  o t h e r  two, 
which subsequent ly  underwent a  s e p a r a t e  
evo lu t iona ry  h i s t o r y  i n t o  t h e  middle Or&vician.  
Cephal ic  f e a t u r e s  i n d i c a t e  t h a t  Bathyurellus, 
a s  r e s t r i c t e d  i n  t h i s  pape r ,  i s  a l s o  r e l a t e d  
t o  t h i s  group, and a  common a n c e s t o r  f o r  
Bathyurellus and Licnocephala should b e  sought  i n  

t h e  e a r l i e r  Canadian. 

Bathyurellus nitidus B i l l i n g s ,  1865, is chosen 
a s  t ype  s p e c i e s  f o r  t h e  new genus because it i s  
known from a r t i c u l a t e d  specimens. I t  i s  from 
t h e  Lower Head bou lde r ,  wes tern  Newfoundland, 
and has  been f u l l y  r edesc r ibed  by Whi t t ing ton  
(1953, p. 661, P l .  67, f i g .  9 ,  13-15; 1963, 
p.  55-57, P1. 10 ,  f i g .  8, 9 ,  11, 12,  14-17, 
P l .  11, f i g .  1-12, 14 ,  15)  . 

Punka flabelliformis sp .  nov. 

P l a t e  33, f i g u r e s  1-10; F igure  1 2  

Bathyurellus marqiniatus B i l l i n g s ,  1865 ( p a r s ) ,  
p .  264 ,  f i g .  2 4 9 , , n s f i g .  248 

Bathyurellus marginatus B i l l i n g s ,  1865,  p. 263, p .  266 
Bathyurellus marginiatus B i l l i n g s  ( p a r s ) .  W h i t t i n g t o n  

1953, p .  661 
Bathyurellus marginiatus B i l l i n g s .  W h i t t i n g t o n  and 

K i n d l e ,  1969, p .  658 

Holotype. Cranidium, GSC 56859. 

Figured m a t e r i a l .  Cranidium, GSC 56860; 
pyg id i a ,  GSC 57757, 56861; f r e e  cheek,  GSC 
56862. 

S t r a t i g r a p h i c  range .  Lower p a r t  of s e c t i o n  
through Catoche Formation, 11 t o  40 m .  

Diagnosis .  Punka s p e c i e s  w i th  p r e g l a b e l l a r  
f i e l d  l ack ing .  Genal s p i n e s  broad ,  b l a d e - l i k e ,  
and g r e a t l y  extended p o s t e r i o r l y .  Pygidium 
wi th  deep, s h o r t  p l e u r a l  furrows,  sha l low 
i n t e r p l e u r a l  furrows ex tending  a lmost  t o  
margin. 

Desc r ip t i on .  Cranidium of  moderate convexi ty  
produced by downward curve  of  forward h a l f  o f  
g l a b e l l a  and downsloping p reocu la r  f i x e d  cheeks.  
G labe l l a  w ides t  a c r o s s  o c c i p i t a l  r i n g ,  l e n g t h  
( s ag . )  between 1.5 and 1 .9  t imes t h i s  w id th ,  
i n  d o r s a l  view wi th  rounded a n t e r i o r  p r o f i l e ,  
i n  forward view showing ob tuse  median 
acuminat ion.  G l a b e l l a r  furrows n o t  i n c i s e d .  
O c c i p i t a l  furrow deep, bowed backwards towards 
mid-l ine.  O c c i p i t a l  r i n g  convex ( s a g . ,  e x s a g . ) ,  
s l i g h t l y  wider  med ia l l y .  Ax ia l  and p r e g l a b e l l a r  
furrows wel l -def ined .  P a l p e b r a l  l o b e s  l a r g e  

and c l o s e  t o  g l a b e l l a ,  e s p e c i a l l y  a n t e r i o r l y ,  
l e n g t h  (exsag . )  s l i g h t l y  l e s s  t han  h a l f  s a g i t t a l  
l e n g t h  of g l a b e l l a  i n  d o r s a l  view, h o r i z o n t a l  
t o  s l i g h t l y  d e c l i n e d  towards g l a b e l l a ,  and wi th  
s t r o n g l y  curved p r o f i l e ,  p a r t i c u l a r l y  pos t e -  
r i o r l y .  P o s t o c u l a r  cheeks narrow and s t r a p -  
l i k e ,  h a r d l y  d e c l i n e d  downwards, i n c l u d i n g  
on ly  a  s h o r t ,  a d a x i a l  p a r t  o f  t h e  p o s t e r i o r  
bo rde r  furrow; p o s t e r i o r  bo rde r  w i t h  convex 
a d a x i a l  knob, f l a t t e n i n g  g r a d u a l l y  l a t e r a l l y  
t o  po in t ed  t i p .   reo ocular f i x e d  cheeks  widening 
r a p i d l y  forwards t o  sha l low a n t e r i o r  bo rde r  
furrow, where t h e  downward s l o p e  s t o p s  
a b r u p t l y .  P r e g l a b e l l a r  f i e l d  a b s e n t  med ia l l y  
where g l a b e l l a  r eaches  bo rde r  furrow. Broad 
a n t e r i o r  bo rde r  f l a t  o r  g e n t l y  concave,  l e n g t h  
( s ag . ,  exsag . )  exceeding  t h a t  of  o c c i p i t a l  
r l n g .  F a c i a l  s u t u r e s  d i v e r g e  s t r o n g l y  behind 
eyes  a t  r i g h t  a n g l e  t o  s a g i t t a l  l i n e ,  cu rv ing  
s l i g h t l y  p o s t e r i o r l y  a b a x i a l l y  t o  c u t  t h e  
p o s t e r i o r  margin a t  an a c u t e  a n g l e ;  p r e o c u l a r  
d ivergence  l e s s e n s  ove r  a n t e r i o r  b o r d e r ,  
a n t e r i o r l y  s u t u r e s  cu rv ing  a d a x i a l l y .  Su r f ace  
s c u l p t u r e  of s t r o n g  t e r r a c e  r i d g e s  on g l a b e l l a ,  
where they  a r e  a rched  s t r o n g l y  forwards  ( l e s s  
s o  on o c c i p i t a l  r i n g ) ,  and on p a l p e b r a l  l obes .  
P reocu la r  cheeks and bo rde r  smooth, t h e  former 
w i th  f a i n t  gena l  caeca .  

Free  cheek long  and curved ,  produced i n t o  
an extremely a c u t e  gena l  s p i n e .  Broad, a n t e r i o r  
bo rde r  con t inues  from cranidium on t o  a n t e r i o r  
p a r t  of cheek,  con t inu ing  p o s t e r i o r l y  a s  a  
p r o g r e s s i v e l y  narrow r i m .  A n t e r i o r  bo rde r  
furrow c u t s  a c r o s s  gena l  f i e l d  s u b p a r a l l e l  t o  
base  of  eye t o  meet sha l low,  t r a n s v e r s e  
p o s t e r i o r  bo rde r  furrow a t  a  h igh  a c u t e  ang le .  
This  i n d i c a t e s  t h a t  a l l  t h e  ex tended  p o s t e r i o r  
p a r t  of t h e  cheek i s  a  hype r t roph ied  border  o r  
gena l  s p i n e .  V e n t r a l l y  t h e  doublure  ex t ends  
beneath t h i s  bo rde r  a r e a ,  suppor t i ng  t h e  same 
i n t e r p r e t a t i o n .  F ine  t e r r a c e  l i n e s  l i k e  t hose  
on p a l p e b r a l  l o b e s ,  running t r a n s v e r s e l y  on 
proximal  p a r t  of cheek,  b u t  n o t  i n  a n t e r i o r  
p a r t  of border  furrow. On extended g e n a l  s p i n e  
t e r r a c e  l i n e s  form a  forward-poin t ing  chevron 
p a t t e r n ,  w i th  apex of  t h e  V c l o s e  t o  t h e  l a t e r a l  
margin o f  cheek. 

Pygidium o f  length /width  r a t i o s  w i t h i n  t h e  
range  0.5 t o  0.65, s m a l l e r  .specimens be ing  t h e  
more t r a n s v e r s e .  P l e u r a l  f i e l d s  g e n e r a l l y  f l a t ,  
w i th  d e c l i n a t i o n  around margin,  and g e n t l y  
convex a r e a  a d j a c e n t  t o  a x i s .  S h o r t ,  t a p e r i n g  
a x i s  r eaches  t o  h a l f  o r  l e s s  s a g i t t a l  l e n g t h  of  
pygidium, w i t h  f o u r  a x i a l  r i n g s  comple te ly  
d e f i n e d  by r i n g  fur rows  which a r e  deepe r  
l a t e r a l l y ,  r i n g s  dec rease  i n  wid th  ( s a g . )  
p o s t e r i o r l y .  Rounded t e r m i n a l  p i e c e  of  l e n g t h  
( s ag . )  e q u a l  t o  t h a t  o f  f i r s t  a x i a l  r i n g .  

P l a t e  33 

F igu re s  1-10. Punka flabelliformis gen. e t  sp .  nov. (1) Small pygidium, X6; 
para type ,  GSC 56851; 30 m from base.  (2-4) Cranidium, p a r t  o f  p r e g l a b e l l a r  
f i e l d  miss ing  on l e f t  s i d e ,  a n t e r i o r ,  d o r s a l  and o b l i q u e  l a t e r a l  views, X6; 
holo type ,  GSC 56859; 40 m from base .  ( 5 ,  8 )  F r e e  cheek,  d o r s a l  view, X2, 
d e t a i l  of s u r f a c e  s c u l p t u r e ,  X6; pa ra type ,  GSC 56862; 30 m from base .  
(6 ,  7) Well p r e se rved  pygidium, d o r s a l  view, X6, p o s t e r i o r  view, X5; 
pa ra type ,  GSC 57757; 11 m from base .  ( 9 )  I n t e r n a l  mould o f  l a r g e  c ran id ium,  
X 6 ;  p a ra type ,  GSC 56860; 2 3  m from base .  (10)  P y g i d i a l  doublure ,  e x t e r i o r  
s u r f a c e  showing s c u l p t u r e ,  X 4 ;  p a r a type ,  GSC 57760; 30 m from base .  
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Extremely narrow ( s a g . )  a r t i c u l a t i n g  h a l f  r i n g .  
Four p a i r s  p l e u r a l  furrows on convex, a d a x i a l  
p a r t  of p l e u r a l  f i e l d s ,  no t  ex tending  on t o  
border .  D i s t a l  ends of t he se  furrows curve 
p o s t e r i o r l y ,  and t h e i r  o v e r a l l  backward s l o p e  
i n c r e a s e s  p o s t e r i o r l y ,  such t h a t  t h e  f i r s t  
furrow i s  proximal ly  t r a n s v e r s e ,  f o u r t h  furrow 
d i s t a l l y  s u b p a r a l l e l  t o  s a g i t t a l  l i n e .  I n t e r -  
p l eu ra l - -  furrows on bo rde r ,  - ha rd ly  ex tending  on 
t o  convex a d a x i a l  f i e l d ,  a n t e r i o r  furrow deepes t  
and midway between f i r s t  and second p a i r s  o f  
p l e u r a l  furrows.  P o s t e r i o r  i n t e r p l e u r a l  furrows 
l i e  p r o g r e s s i v e l y  c l o s e r  t o  d i s t a l  e x t r e m i t i e s  
of p l e u r a l  furrows,  which may then  g i v e  t h e  
impress ion  of be ing  cont inuous ,  a lmost  t o  margin 
F ine  d o r s a l  t e r r a c e  l i n e s  a r e  bowed forwards 
between t h e  i n t e r p l e u r a l  furrows.  Doublure 
broad and f l a t ,  ex tending  under most of p l e u r a l  
f i e l d ,  i n n e r  margin t u rned  upwards, c a r r y i n g  
t e r r a c e  l i n e s  w i th  about  h a l f  t h e  d e n s i t y  of  
t hose  on d o r s a l  s u r f a c e .  

Discuss ion .  
of B a t h u u r e l  
and a  c r a n i  

B i l l i n g s  (1865) o r i g i n a l  d e s c r i p t i o ~  
l u s  m a r g i n i a t u s  was based on pyg id i a  
.dium. B i l l i n g s  s p e l l e d  t h e  s p e c i e s  

name both a s  B .  m a r q i n i a t u s  and B .  m a r g i n a t u s ;  he re  
t h e  former i s  adopted a s  t h a t  g iven  a t  t h e  
formal  p r o p o s i t i o n  of t h e  s p e c i e s .  The name 
B .  m a r g i n i a t u s  has  appeared subsequent ly  i n  t h e  
l i t e r a t u r e  based on B i l l i n g s '  o r i g i n a l  concept  
of t h e  s p e c i e s .  Pygid ia  of t h e  type  f i g u r e d  
by B i l l i n g s  a r e  one of  t h e  more f r e q u e n t  and 
d i s t i n c t i v e  f o s s i l s  of  t h e  Catoche Formation.  
Whi t t ing ton  (1953) s e l e c t e d  a s  l e c t o t y p e  
( P l .  35, f i g .  13)  B i l l i n g s '  c ran id ium,  which 
comes from Keppel I s l a n d ,  6 m i l e s  s o u t h e a s t  of 
t h e  P o r t  au Choix Peninsula .  Unfo r tuna t e ly ,  I 
have n o t  been a b l e  t o  f i n d  a  cranidium i n  t h e  
Catoche Formation resembling t h e  l e c t o t y p e .  
The cranidium a s s o c i a t e d  he re  wi th  pyg id i a  of 
m a r q i n i a t u s  t ype ,  i s  more convex than  t h e  l e c t o -  
type ,  w i th  t h e  s h o r t  p r e g l a b e l l a r  f i e l d  
c h a r a c t e r i s t i c  of  P u n k a  (above) .  C ran id i a  a r e  
r a r e  compared wi th  pyg id i a  (perhaps  because t h e  
convex g l a b e l l a  t e n d s  t o  break o f f  i n t o  t h e  
r o c k ) ,  b u t  f r e e  cheeks compatible  w i t h  t h e  
cranidium a r e  f r e q u e n t l y  encountered .  The 
s u r f a c e  s c u l p t u r e  i s  a l s o  c o n s i s t e n t  w i th  t h e  
a s s o c i a t i o n .  It i s  t h e r e f o r e  neces sa ry  t o  
propose a  new s p e c i e s  f o r  t h e  pygidium long 
r e f e r r e d  t o  a s  B. m a r g i n i a t u s ,  and t h e  a s s o c i a t e d  
c e p h a l i c  p a r t s .  Whether t h e  t ype  m a r g i n i a t u s  
cranidium can be a s s o c i a t e d  wi th  t h e  pygidium 
of  a  second, r a r e  s p e c i e s  of  P u n k a  from t h e  
Catoche Formation (below) i s  n o t  provable  from 
t h e  p r e s e n t  s tudy .  

P u n k a  f l a b e l l i f o r m i s  d i f f e r s  from t h e  t y p e  
s p e c i e s ,  P .  n i t i d a  ( B i l l i n g s )  ( s e e  Whi t t i ng ton  
1953, 1963) i n  i t s  g r e a t l y  e x G d e d  gena l  
s p i n e s ,  deeper ,  narrower p l e u r a l  furrows on 
t h e  pygidium, and d i s t i n c t i v e  arrangement  of  
t h e  i n t e r p l e u r a l  fur rows .  P .  n i t i d a  a l s o  h a s  
a  s h o r t  ( s a g . )  p r e g l a b e l l a r  f i e l d .  A f r e e  
cheek s i m i l a r  t o  t h a t  of P .  f l a b e l l i f o r m i s  i s  
f i g u r e d  by Poulsen (1937, P1. 7, f i g .  4 )  from 
t h e  Cap Weber Formation, e a s t  Greenland. The 
cranidium a s s o c i a t e d  wi th  t h i s  cheek by 
Poulsen,  t h e  t ype  of B a t h y u r e l l u s  teicherti,  has 
a  s h o r t  p r e g l a b e l l a r  f i e l d ,  and a more obvious ly  
acuminate g l a b e l l a r  than  P .  f l a b e l l i f o r m i s .  
Poulsen (1946, P1. 2 2 ,  f i g .  12 ,  13)  a l s o  f i g u r e d  
a  f r e e  cheek from El lesmere  I s l a n d ,  a t t r i b u t e d  

t o  B a t h y u r e l l u s  te ichert i ,  which, a l though no t  a s  
extended a s  t h a t  of  P u n k a  f l a b e l l i f o r m i s ,  shows a  
s imiLar p a t t e r n  of chevron-shaped t e r r a c e  l i n e s ,  
and c l e a r l y  belongs t o  a  c l o s e l y  r e l a t e d  
s p e c i e s .  Such long cheeks a r e  found a l s o  on 
u r o m y s t r u m  s p e c i e s  (e . g  . u r o m y s t r u m  f o r m o s u m  
( B i l l i n g s ,  1865) ,  see Whi t t i ng ton ,  1963) which 
a r e  o the rwi se  d i s s i m i l a r  on p y g i d i a l  c h a r a c t e r s .  

Whi t t ing ton  (1953, f i g .  1) showed t h e  l i f e  
o r i e n t a t i o n  o f  b a t h y u r i d s  w i t h  c e p h a l i c  morphol- 
ogy l i k e  t h a t  of  P. f l a b e l l i f o r m i s .  The cephalon 
exceeds t h e  r e s t  o f  t h e  exoske l e ton  i n  
convexi ty ,  and is  swept back i n t o  g r e a t  gena l  
s p i n e s  ex tending  a s  f a r  a s  t h e  pygidium. Both 
tho rax  and pygidium were suspended w e l l  above 
t h e  pe r ime te r  o f  t h e  cephalon.  Th i s  d i s t i n c t i v e  
morphology seems t o  have been r e p e a t e d  s e v e r a l  
t imes  i n  d i f f e r e n t  e v o l u t i o n a r y  l i n e s ,  f o r  
example, i n  s p e c i e s  of  P u n k a ,  U r o m y s t r u m ,  and 
R a y m o n d i t e s .  I t  i s  comple te ly  u n l i k e  such  

ba thyur ines  a s  C a t o c h i a ,  t h e  f u n c t i o n a l  morphology 

I 
of  which was cons ide red  above. 

I n  i n t e r p r e t i n g  t h e  p o s s i b l e  mode o f  l i f e  
of P u n k a  f l a b e l l i f o r m i s  t h e  r ea sonab le  assumption 
i s  made t h a t  t h e r e  were n ine  t h o r a c i c  segments, 
w i th  a  s t r u c t u r e  l i k e  t h o s e  of  P .  n i t i d a  and 

U r o m y s t r u m  ( e .  g .  U .  p a t u l u m  Whi t t i ng ton ,  1963) . 
The r e l a t i v e l y  massive cephalon compared wi th  
t h e  t ho rax ,  t o g e t h e r  w i th  t h e  narrow t h o r a c i c  
and p y g i d i a l  a x i s  (w i th  a  sma l l  a r e a  a v a i l a b l e  
f o r  muscle i n s e r t i o n )  makes an a c t i v e l y  s w i m -  
ming o r  even r a p i d  c rawl ing  h a b i t  improbable,  
compared wi th  C a t o c h i a .  Axia l  h a l f  r i n g s  on t h e  
thorax  a r e  prominent  a n t e r i o r l y  (Whi t t i ng ton ,  
1963, P1. 13 ,  f i g .  1, 7; 1953, P1. 67, f i g .  
1 3 ) ,  and p a r t i c u l a r l y  on t h e  f i r s t  a x i a l  r i n g ,  
whereas t h e  h a l f  r i n g  on t h e  f r o n t  margin of  
t h e  pygidium i s  very  s h o r t  ( s a g . )  a s  shown by 
P l a t e  33, f i g u r e  6.  This  s u g g e s t s  t h a t  t h e  
main r eg ion  of f l e x u r e  was a n t e r i o r ,  and 
p a r t i c u l a r l y  between t h e  cephalon and t h e  
t ho rax ,  b u t  l i t t l e  f l e x u r e  was p o s s i b l e  between 
t h e  pygidium and t h e  t ho rax .  The same i n t e r -  
p r e t a t i o n  i s  suppor t ed  by t h e  t r a n s v e r s e  w id th  
o f  t h e  a n t e r i o r  a r t i c u l a t i n g  f a c e t s .  This  
a l l ows  f o r  t h e  downward-turned c e p h a l i c  a t t i t u d e  
f i g u r e d  by Whi t t i ng ton  (1953, p .  661, f i g .  4b), 
and f u r t h e r  i n d i c a t e s  t h a t  t h e  pygidium was 
h a b i t u a l l y  h e l d  i n  t h e  same p l a n e  a s  t h e  
p o s t e r i o r  p a r t  o f  t h e  t ho rax .  For  t h i s  r ea son  
it is  u n l i k e l y  t h a t  t h e  pygidium was used i n  
t h e  same way a s  t h e  l o b s t e r  t e l s o n  f o r  r a p i d  
backward p ropu l s ion  by a  c o n t r a c t i o n  o f  t h e  
pygidium downwards and forwards ,  however s u i t -  
a b l e  i t s  f a n - l i k e  shape  might  seem f o r  such a  
func t ion .  

The d e c l i n e d  cephalon w i t h  o u t s t r e t c h e d  
t h o r a x  and pygidium cou ld  a l s o  b e  t aken  t o  
i n d i c a t e  t h e  s o r t  o f  l i f e  o r i e n t a t i o n  i n  
i l l a e n i d s  f i g u r e d  by Bergstr6m (1973, p.  45, 
f i g .  1 3 ) ,  i n  which t h e  convex cephalon r e s t s  
on t h e  sediment  s u r f a c e  wh i l e  t h e  t ho rax  and 
pygidium a r e  i n c l i n e d  downwards, l a r g e l y  b u r i e d  
benea th  t h e  sediment  s u r f a c e .  However, t h e  
form of  t h e  t e r r a c e  l i n e s  d i s cou rages  t h i s  
i n t e r p r e t a t i o n .  On t h e  pygidium t h e  t e r r a c e  
l i n e s  have s t e e p  s l o p e s  f a c i n g  backwards, i n  
t h e  d i r e c t i o n  which would oppose movement of  
sediment  ove r  t h e  d o r s a l  s u r f a c e  of t h e  s h i e l d  
du r ing  b u r i a l .  On i n v e r t e b r a t e s  which h a b i t -  
u a l l y  bury themselves ( t h e  mole c r a b ,  E m e r i t a ,  



and b i v a l v e s ,  f o r  example) , t h e  arrangement  
of s tepped  s k e l e t a l  s t r u c t u r e s  i s  t h a t  which 
f a c i l i t a t e s ,  r a t h e r  than r e s i s t s ,  b u r i a l .  
For t h i s  reason  I cons ide r  it l i k e l y  t h a t  
Punka flabelliformis normally r e s t e d  on t h e  

sediment s u r f a c e  suppor ted  by t h e  c e p h a l i c  
r i m .  The concavi ty  of t h e  medial  p a r t  of t h e  
c e p h a l i c  bo rde r  would then  have se rved  t o  
f o r c e  t h e  forward c e p h a l i c  marqin t o  q l i d e  
upwards over  t h e  sediment  du r ing  a  fo;ward 
push, r a t h e r  t han  d igging  down i n t o  it. Some 
of t h e  f l u i d  s u r f a c e  sediment  probably  s p i l l e d  
ove r  on t o  t h e  bo rde r  a n t e r i o r l y ,  a  r eg ion  
where t e r r a c e  r i d g e s  a r e  a b s e n t .  This  sediment  
would be d e f l e c t e d  on t o  t h e  gena l  s p i n e s ,  
where it  would be ploughed o f f  by t h e  chevron- 
shaped r i d g e s ,  w i t h  t h e i r  forward-poin t ing  
a p i c e s  ( i n  a  manner analagous t o  t h e  arrow- 
shaped t i n e s  on a  f i e l d  p lough) .  I n  summary, 
t h e r e f o r e ,  t h e  morphology of  t h e  c e p h a l i c  brim 
was adapted t o  a l low forward movement, g l i d i n g  
over  o r  j u s t  below t h e  sediment s u r f a c e  r a t h e r  
t han  swimming o r  c rawl ing .  

and wi thou t  doubt  r e p r e s e n t s  a  second s p e c i e s .  
The furrows c r o s s i n g  t h e  broad p y g i d i a l  border  
a r e  almost  s t r a i g h t  i n  t h i s  s p e c i e s ,  reaching  
t h e  p y g i d i a l  margin,  and r a d i a l l y  a r ranged  l i k e  
t h e  spokes o f  a  wheel.  The d i s t a l  furrows seem 
t o  be a  c o n t i n u a t i o n  of t h e  p l e u r a l  furrows i n  
t h i s  c a s e ,  r a t h e r  than  of i n t e r p l e u r a l  o r i g i n  
a s  i n  P. flabelliformis. The p o s t e r i o r  margin o f  
t h e  pygidium i s  f l e x e d  g e n t l y  downwards. 

The l e c t o t y p e  cranidium o f  "Bathyurellus" 
marginiatus B i l l i n g s  (P I .  35, f i g .  11, 13)  

d i f f e r s  s i g n i f i c a n t l y  from t h e  c ran id ium 
a t t r i b u t e d  t o  Punka flabelliformis and from Punka 
i n  g e n e r a l  i n  having a  broad ,  g e n t l y  dec l ined  
p r e g l a b e l l a r  f i e l d .  The bo rde r  i s  of moderate 
w id th ,  r a t h e r  s h a r p l y  d e f i n e d ,  and n o t  s t r o n g l y  
concave, and t h e  p a l p e b r a l  l o b e s  were probably 
sma l l e r  than  those  of P. flabelliformis. This  
specimen i s  from Keppel I s l a n d  t o  t h e  sou th  of 
P o r t  au Choix, b u t  i ts  a s s o c i a t i o n  t h e r e  w i th  
Petigurus nero (Whi t t ing ton ,  1953, p. 658) 
i n d i c a t e s  t h a t  i t  i s  from a  ho r i zon  e q u i v a l e n t  
t o  Catoche. I t  is  p o s s i b l e ,  t h e r e f o r e ,  t h a t  

The d o r s a l  t e r r a c e  l i n e s  may have func- t h i s  cranidium is t o  be a s s o c i a t e d  wi th  t h e  
t i o n e d  t o  keep t h e  back of t h e  animal  f r e e  of second type  of pygidium from P o r t  au  Choix, t o  
sediment .  Facinq d i r e c t i o n s  of  t h e  r i d q e s  on which t h e  name marginiatus should  t hen  be a p p l i e d .  
t h e  r e a r  of t h e  f r i l o b i t e  would have s h i f t e d  
any sediment  p o s t e r i o r l y ,  e v e n t u a l l y  t o  s p i l l  
ove r  t h e  r i m  of  t h e  pygidium. Sediment l and ing  
on t h e  f r e e  cheeks would have been encouraged 
t o  move towards t h e  marginal  furrow. This  may 
o r  may n o t  have been a s s i s t e d  by t h e  s o r t  o f  
c u r r e n t - d i r e c t i n g  f u n c t i o n  a t t r i b u t e d  t o  
t e r r a c e  l i n e s  by M i l l e r  (1975) .  The forward 
motion of  t h e  t r i l o b i t e  a lone  may have been 
enough t o  produce c u r r e n t s  t o  a s s i s t  i n  move- 
ment of  sediment .  The narrow, curved  and 
s t r i p - l i k e  eyes  presumably commanded a  
predominantly l a t e r a l  view over  t h e  sediment  
s u r f a c e .  S ince  t h e  smooth f r o n t a l  a r e a  ex tends  
t o  t h e  base  of  t h e  eyes  t h i s  presumably d e f i n e s  
t h e  a r e a  which cou ld  become b u r i e d  i n  t h e  
sediment .  

There i s  l i t t l e  bea r ing  d i r e c t l y  on t h e  
f e e d i n g  h a b i t s  of Punka flabelliformis. The down- 
ward de f l ex ion  of  t h e  c e p h a l i c  r eg ion  sugges ted  
by t h e  t h o r a c i c  h a l f  r i n g s ,  and by W h i t t i n g t o n ' s  
(1953) specimen of P. nitida, r e c a l l s  t h e  a c t i v e  
f eed ing  p o s i t i o n  deduced f o r  Leonaspis by 
Clarkson (1969) .  Th i s  a t t i t u d e  would r e q u i r e  
t h e  c o n t r a c t i o n  of t h e  l o n g i t u d i n a l  a x i a l  
muscles ,  t h e  " r e l axed"  a t t i t u d e  be ing  t h a t  
w i th  t h e  t ho rax  extended and t h e  h a l f  r i n g s  
concea led .  We do n o t  know t h e  a t t i t u d e  of  t h e  
hypostoma, nor  how i t  was a t t a c h e d  ( i f  a t  a l l ) .  
I t  remains open t o  q u e s t i o n  whetherpunka fed  
d i r e c t l y  from t h e  sed iment ,  o r  used t h e  c e p h a l i c  
v a u l t  a s  a  f i l t e r  f eed ing  chamber. 

Unfo r tuna t e ly ,  I have been unable t o  
r ecove r  a  c ran id ium o f  marginiatus t ype  from t h e  
Catoche s e c t i o n  a t  P o r t  au  Choix. For  t h i s  
reason  t h e  pyg id i a  have been r e f e r r e d  under 
open nomenclature u n t i l  t h e  a s s o c i a t i o n  of  
cranidiuin and pygidium can be  d e f i n i t e l y  
proved. 

Genus Uromystrum Whi t t i ng ton ,  1953 

Type s p e c i e s  Bathyurellus validus 
B i l l i n g s ,  1865 

uromystrum cf  . affine (Poulsen ,  1937) 

P l a t e  37, f i g u r e s  10 ,  11 

c f .  Bathyurellus a f f in i s  Poulsen, 1 9 3 7 ,  p.  55, PI. 7 ,  
f i g .  6, 7 

Figured  m a t e r i a l .  Pyg id i a ,  GSC 56864, 57759. 

S t r a t i g r a p h i c  range .  Lower p a r t  of measured 
s e c t i o n  of  Catoche Formation,  t o  12 m. 

Discuss ion .  Pyg id i a  w i th  e f f a c e d  a x i a l  r eg ions  
and concave bo rde r s  a r e  h e r e  r e f e r r e d  t o  
Uromystrum c f .  affine (Poulsen)  . Compared wi th  
t h e  t v p e  s p e c i e s ,  v. validum (Whi t t ing ton ,  1953, 
P1. 67, f i g .  1-5, l o ) ,  t h e  p y g i d i a l  a x i s  l a c k s  
d e f i n i t i o n  and t h e  dimensions a r e  w ide r ,  t h e  
t r a n s v e r s e ' w i d t h  of t h e  pygidium be ing  twice  
t h e  s a g i t t a l  l e n g t h .  However t h e  concave bo rde r  
i n d i c a t e s  a f f i n i t i e s  w i th  Uromystrum r a t h e r  than  
any o t h e r  B a t h y u r e l l i n e .  Uromystrum affine 

Punka? sp .  i n d e t .  (Poulsen)  from t h e  Cap Weber Formation,  e a s t  
Greenland (Poulsen ,  1937, P1. 7, f i g .  6 ,  7 ) ,  

P l a t e  35, f i g u r e s  12 ,  14 ,  15 resembles t h e  m a t e r i a l  from Newfoundland i n  
t r a n s v e r s e  p y g i d i a l  wid th  and i n  t h e  e f facement  

Figured m a t e r i a l .  Pyg id i a ,  GSC 56863, of t h e  a x i a l  r e g i o n .  The holo type  of  t h i s  
S M  A97997. s p e c i e s  is f i g u r e d  on P l a t e  37, f i g u r e  12 f o r  

comparison. The e a s t  Greenland s p e c i e s  d i f f e r s  
S t r a t i g r a p h i c  range .  Lower p a r t  o f  measured from t h a t  of  t h e  S t .  George s p e c i e s  i n  t h e  
s e c t i o n  i n  Catoche Formation,  t o  30 m .  g r e a t e r  width of t h e  concave b o r d e r ,  e s p e c i a l l y  

abou t  t h e  mid- l ine ,  where t h e  bo rde r  of  v. affine 
Discuss ion .  A d i s t i n c t i v e  pygidium occu r s  a s  i s  more t han  tw ice  a s  wide a s  t h a t  on ou r  
a  r a r e  a s s o c i a t e  of  t hose  of  Punka flabelliformis, m a t e r i a l .  This  d i f f e r e n c e  makes it improbable 



t h a t  t h e  Newfoundland and Greenland s p e c i e s  a r e  
i d e n t i c a l ,  even though t h e y  resemble  one  a n o t h e r  
more c l o s e l y  t h a n  any  o t h e r  uromystrum s p e c i e s .  
S i n c e  t h e  c r a n i d i a  and f r e e  cheeks  o f  n e i t h e r  
form is  known t h e r e  i s  i n s u f f i c i e n t  e v i d e n c e  t o  
d i a g n o s e  a  new s p e c i e s  from Newfoundland, and 
t h e  i d e n t i f i c a t i o n  i s  a c c o r d i n g l y  p r o v i s i o n a l .  

Family LECANOPYGIDAE Lochman, 1953 

Genus Benthamaspis  P o u l s e n ,  1946 

Type s p e c i e s  Benthamaspis  p rob l ema t i ca  
P o u l s e n ,  1946 

D i s c u s s i o n .  The t y p e  s p e c i e s  o f  Benthamaspis  
i s  known from one  c ran id ium from E l l e s m e r e  
I s l a n d .  Two s p e c i e s  a t t r i b u t e d  t o  t h e  genus 
o c c u r  i n  t h e  Catoche Format ion ,  and a r e  known 
from numerous spec imens ,  which e n a b l e s  t h e  
a s s o c i a t i o n  o f  c r a n i d i a  w i t h  f r e e  c h e e k s  and 
p y g i d i a .  The two s p e c i e s  s u c c e e d  one  a n o t h e r  
i n  t h e  f o r m a t i o n ,  and t h e  d i f f e r e n c e s  between 
them a r e  s l i g h t ,  e s p e c i a l l y  concerned  w i t h  t h e  
g r e a t e r  e f f a c e m e n t  o f  t h e  l a t e r  s p e c i e s .  I t  is 
r e a s o n a b l e  t o  suppose an a n c e s t o r - d e s c e n d e n t  
r e l a t i o n s h i p  between t h e  two s p e c i e s ,  b u t  even 
if t h i s  does  p rove  t o  b e  t h e  c a s e  t h e i r  c l o s e  
a l l i a n c e  i s  e v i d e n t .  The l a t e r  s p e c i e s ,  i n  
which t h e  f r o n t  margin o f  t h e  g l a b e l l a  merges 
w i t h o u t  a  b r e a k  w i t h  t h e  p r e g l a b e l l a r  f i e l d ,  
i s  c l o s e s t  t o  t h e  t y p e  s p e c i e s ,  p o s s i b l y  even 
c o n s p e c i f i c .  The e a r l i e r  s p e c i e s ,  on which 
a n t e r i o r  d e f i n i t i o n  o f  t h e  g l a b e l l a  i s  c l e a r ,  
a g r e e s  i n  i t s  s a l i e n t  f e a t u r e s  w i t h  t h e  t y p e  
s p e c i e s  of Oculomagnus, 0 .  o b r e p t u s  Lochman, 1966, 
from t h e  e a r l y  O r d o v i c i a n  o f  t h e  w e s t e r n  Uni ted  
S t a t e s  (Ross ,  1951,  P1. 29, f i g .  20, 21, 24; 
Lochman, 1966 ,P l .  62, f i g .  6 ,  7 )  e x c e p t  f o r  a  
g r e a t e r  s l o p e  on t h e  p r e g l a b e l l a r  f i e l d .  A s  t h e  
t r a n s i t i o n  from Oculomagnus t o  Benthamaspis  Occurs  
between two e v i d e n t l y  c l o s e l y  r e l a t e d  s p e c i e s  
i n  t h e  S t .  George Group, it is  d i f f i c u l t  t o  
j u s t i f y  s e p a r a t i n g  t h e  two g e n e r a ,  and oculornagnus 
i s  a c c o r d i n g l y  r e g a r d e d  a s  a  j u n i o r  s u b j e c t i v e  
synonym o f  Benthamaspis .  Effacement  a p p e a r s  t o  
b e  a  c o n t i n u o u s  t r e n d  w i t h i n  t h e  g r o u p ,  
c u l m i n a t i n g  i n  B .  d i m i n u t i v a  H i n t z e  (1953)  from 
t h e  l a t e r  Aren ig  o f  Utah,  i n  which t h e  g l a b e l l a  
i s  a l m o s t  comple te ly  e f f a c e d .  

A s  n o t e d  by F o r t e y  (1975a,  p. 95) 
Benthamaspis  c a n n o t  b e  a s s i g n e d  t o  t h e  
Komaspididae, a s  i n  t h e  T r e a t i s e  (Lochman-Balk 
i n  Moore, 1 9 5 9 ) .  Lochman (1966) and F o r t e y  - 
and Owens (1975, p .  236) favoured  b a t h y u r i d  
a f f i n i t i e s  f o r  s p e c i e s  o f  Benthamaspis  t y p e .  
A t  p r e s e n t  I c a n n o t  r e a d i l y  d e r i v e  Benthamaspis  
from any  known b a t h y u r i d ,  e s p e c i a l l y  w i t h  
r e g a r d  t o  t h e  r e l a t i v e l y  t r u n c a t e  g l a b e l l a  
and t h e  pygidium l a c k i n g  p l e u r a l  f u r r o w s .  
P y g i d i a  o f  Benthamaspis  t y p e  ( o f t e n  w i t h  a  p o s t -  
a x i a l  r i d g e  a s  d e s c r i b e d  i n  t h i s  p a p e r )  a r e  
known from Lecanopygidae,  and,  e x c e p t  f o r  t h e  
l a r g e r  e y e s  o f  t h e  O r d o v i c i a n  s p e c i e s ,  c r a n i d i a l  
p r o p o r t i o n s  a r e  n o t  d i s s i m i l a r .  A c c o r d i n g l y ,  
Benthamaspis  i s  t e n t a t i v e l y  i n c l u d e d  i n  t h e  
Lecanopygidae.  

The p o o r l y  known genus G i g n o p e l t i s  Raymond, 
1924 ( t y p e  s p e c i e s  Dolichometopus? r a r u s  B i l l i n g s ,  
1865) h a s  a l s o  t o  b e  c o n s i d e r e d  i n  c o n n e c t i o n  
w i t h  Benthamaspis .  The t y p e  specimen o f  

G i g n o p e l t i s  r a r a  is  a  p o o r l y  p r e s e r v e d  and  
i n c o m p l e t e  i n t e r n a l  mould o f  a  pygidium, and 
is l i k e  t h a t  o f  Benthamaspis  i n  i t s  g e n e r a l  
p r o p o r t i o n s .  However, one o r  p o s s i b l y  two 
p a i r s  of s h o r t  p l e u r a l  fu r rows  a r e  i n d i c a t e d  
on t h e  a d a x i a l  p a r t  o f  t h e  p y g i d i a l  p l e u r a l  
f i e l d s ,  and t h e r e  is a  f a i n t  p o s t a x i a l  con- 
c a v i t y .  N e i t h e r  o f  t h e s e  f e a t u r e s  i s  known 
from Ben thamasp i s .  Gignopel  t i s  a p p e a r s  t o  b e  
c l o s e r  t o  t h e  more e f f a c e d  s p e c i e s  o f  
Bolbocepha lus ,  l i k e  B .  convexus  d e s c r i b e d  h e r e i n ,  
o r  B i o l y i n a  (e. g .  B. s i b i r i c a ,  see Maximova, 1962,  
P1. 3 ,  f i g .  4)  b u t  t h e  q u e s t i o n  o f  t h e  
a f f i n i t i e s  of G i g n o p e l t i s  c a n n o t  b e  f i n a l l y  
r e s o l v e d  u n t i l  i ts  c e p h a l i c  p a r t s  a r e  
d i s c o v e r e d .  

Benthamaspis  s p e c i e s  from t h e  S t .  George 
Group a r e  known from forms w i t h  b o t h  p a r a l l e l -  
s i d e d  and t a p e r i n g  g l a b e l l a s .  A t  f i r s t  t h i s  
was c o n s i d e r e d  t o  i n d i c a t e  a  s p e c i f i c  
d i s t i n c t i o n ,  b u t  is  now r e g a r d e d  a s  d u e  t o  
i n t r a s p e c i f i c  v a r i a t i o n .  Both t h e  e a r l y  and 
l a t e r  s p e c i e s  e x h i b i t  t h e  same v a r i a t i o n ,  and 
t h e  changes  t h a t  o c c u r  between t h e  s p e c i e s  
( e f f a c e m e n t  o f  t h e  p r e g l a b e l l a r  f u r r o w  i n  t h e  
l a t e r  s p e c i e s  f o r  example)  o p e r a t e  r e g a r d l e s s  
of t h e  g l a b e l l a r  form. 

Benthamaspis  i s  w i d e l y  d i s t r i b u t e d  o v e r  t h e  
Nor th  American s h e l f .  I t  may a l s o  b e  found i n  
N o r t h e a s t  S i b e r i a :  B i o l g i n a  brevis Maximova, 
1955 ( s e e  a l s o ,  Maximova, 1962,  P1. 3 ,  f i g .  7 ,  
8)  , which a p p e a r e d  a s  a  nomen nudum i n  Andreeva,  
1955, seems t o  b e  c l o s e  t o  t h e  e a r l i e r  t y p e  o f  
~ e n t h a m a s p i s  w i t h  d i s t i n c t  a n t e r i o r  g l a b e l l a r  
d e f i n i t i o n .  

Benthamaspis  g i b b e r u l a  ( B i l l i n g s ,  1865) 

P l a t e  34,  f i g u r e s  1-15 

Dolichometopus? g i b b e r u l u s  Billings,  1865, p .  269, 
fig. 254 

? N i l e u s  s t r i a t u s  Whitfield, 1897, p .  184, P I .  5, 
f i g .  5, 6  

?Benthamaspis  p rob l ema t i ca  Poulsen, 1946, p. 325, 326, 
P1. 22, f i g .  14-16 

"Ba thyurus"  g i b b e r u l u s  (Bill ings).  Whittington and 
Kindle, 1969, p. 658 

Benthamaspis  d i s t i n c t u s  Young, 1973, p .  98, P1 .  1, 
f i g .  9-17 

Holo type .  Pygidium, GSC 660.  

F i g u r e d  m a t e r i a l .  C r a n i d i a ,  GSC 56 865-56867; 
f r e e  cheek ,  GSC 56870; p y g i d i a ,  GSC 56868, 
56869, 56871, 56872. 

S t r a t i g r a p h i c  r a n g e .  24 t o  57 m from b a s e  o f  
measured s e c t i o n .  

D i a g n o s i s .  Benthamaspis  w i t h  p r e g l a b e l l a r  fu r row 
e f f a c e d .  A x i a l  f u r r o w s  may b e  p a r a l l e l  on 
s m a l l e r  i n d i v i d u a l s ,  b u t  g l a b e l l a  t a p e r i n g  on 
l a r g e s t  c r a n i d i a .  O c c i p i t a l  f u r r o w  u s u a l l y  
o n l y  d e f i n e d  m e d i a l l y .  Pygidium u s u a l l y  w i t h  
p o s t a x i a l  r i d g e ,  c l o s e l y  s i m i l a r  t o  t h a t  of 
B. c o n i c a  . 

D e s c r i p t i o n .  B i l l i n g s '  t y p e  i s  a  pygidium, 
which c a n  b e  matched c l o s e l y  f rom t h e  p r e s e n t  
c o l l e c t i o n s  ( P l .  3 4 ,  f i g .  1 3 ) .  B. g i b b e r o l d  i s  



r a t h e r  a  v a r i a b l e  s p e c i e s ,  b u t  t h e r e  does appear  
t o  be cont inuous  v a r i a t i o n  between t h e  extremes.  
Cranidium wi th  maximum width a t  p o s t e r i o r  
margin,  pos tocu la r  limbs of f i x e d  cheeks o f t e n  
broken o f f .  G labe l l a  convex ( t r a n s . ) ,  curv ing  
downwards forward evenly  from about  midlength.  
G l a b e l l a r  furrows l ack ing .  Ax ia l  furrows vary  
from p a r a l l e l  t o  g e n t l y  converging;  s t r o n g e s t  
convergence on l a r g e  cranidium ( P l .  34, f i g .  1) 
from t o p  of  s t r a t i g r a p h i c  range  of  s p e c i e s ,  
p a r a l l e l  s i d e d  g l a b e l l a  on specimens s a g i t t a l  
l e n g t h  3.5-5.0 mm long .  P r e g l a b e l l a r  furrow 
e f f a c e d  beyond a n t e r o l a t e r a l  co rne r  of g l a b e l l a .  
O c c i p i t a l  r i n g  about  o n e - f i f t h  ( s a g . )  l e n g t h  o f  
cranidium i n  d o r s a l  view. O c c i p i t a l  furrow 
t r a n s v e r s e  med ia l l y ,  r a p i d l y  becoming 
i n d i s t i n g u i s h a b l e  l a t e r a l l y ,  h a l f  o r  l e s s  t r a n s -  
v e r s e  width of g l a b e l l a .  Areas of probable  
muscle i n s e r t i o n  i n d i c a t e d  by smooth a r e a s  on 
exoske l e ton  ( P l .  34, f i g .  l ) ,  one p a i r  a t  end 
of  de f ined  o c c i p i t a l  furrow, a  second p a i r  
a d j a c e n t  t o  a x i a l  furrow a t  about  midlength of 
g l a b e l l a ;  some specimens show a  s l i g h t  outward 
bu lge  i n  a x i a l  furrows a t  same p o i n t .  
Add i t i ona l  p a i r  o f  muscle i n s e r t i o n  a r e a s  
p o s s i b l y  r ep re sen ted  by smooth a r e a s  on f i x e d  
cheeks a d j a c e n t  t o  p o s t e r i o r  p a r t  of g l a b e l l a .  
Forward p a r t  o f  g l a b e l l a  con t inues  w i thou t  a  
break  i n t o  p r e g l a b e l l a r  f i e l d ,  n e a r l y  v e r t i c a l  
o r  even recurved  on l a r g e  specimens.  S lope  
broken a b r u p t l y  by narrow ( s a g . )  r im,  narrowest  
on l a r g e  c r a n i d i a .  P a l p e b r a l  l obes  l a r g e ,  
g e n t l y  d e c l i n e d ,  l e n g t h  (exsag . )  a t  l e a s t  h a l f  
s a g i t t a l  l e n g t h  of  cranidium, forward ends more 
c l o s e l y  approaching a x i a l  furrows than  pos te -  
r i o r  l i m i t s ,  which a r e  oppos i t e  o c c i p i t a l  
furrow. Narrow p a l p e b r a l  r i m s  i m p e r f e c t l y  
d e f i n e d  on some specimens. P o s t o c u l a r  f i x e d  
cheeks t r i a n g u l a r ,  t r a n s v e r s e  wid th  a c r o s s  
p o s t e r i o r  margin s l i g h t l y  l e s s  t han  h a l f  
o c c i ~ i t a l  width of  q l a b e l l a :  ~ o s t e r i o r  bo rde r  

s l o p e s  of  which f a c e  upwards. From t h e  o u t l i n e .  
of t h e ' a d a x i a l  s u t u r a l  margin on t h e  doub lu re  
it seems probable  t h a t  t h e r e  was a  "gap" 
between t h e  cheeks v e n t r a l l y ,  which was occupied  
by a  r o s t r a 1  p l a t e .  

Pygidium v a r i a b l e ,  i n  w id th : l eng th  r a t i o  
measured i n  d o r s a l  view v a r i e s  from r e l a t i v e l y  
t r a n s v e r s e  specimens wi th  t h e  r a t i o  up t o  1 .9  
t o  r e l a t i v e l y  long  specimens down t o  1.4.  
B i l l i n g s '  t ype  l i e s  a t  t h e  middle  o f  t h i s  
spectrum. Maximum p y g i d i a l  wid th  a t  p o s t e r i o r  
end of f a c e t s .  Longer specimens a r e  a l s o  l e s s  
convex, b u t  t h e r e  i s  no obvious c o r r e l a t i o n  
between o n t o g e n e t i c  development and p r o p o r t i o n .  
Axis ex t ends  t o  s l i g h t l y  more t han  h a l f  
p y g i d i a l  l e n g t h  on convex specimens,  l e s s  t han  
ha l f  on f l a t  specimens. Axis t a p e r s  g e n t l y ,  
rounded o r  s l i g h t l y  t r u n c a t e  p o s t e r i o r l y .  A 
p o s t a x i a l  r i d g e  i s  p r e s e n t  b u t  i ts  d o r s a l  
expressi0.n v a r i e s ;  on some specimens i t  i s  
prominent ( P l .  34, f i g .  1 1 ) ;  on o t h e r s  i t  i s  
v i s i b l e  a s  a  d e f l e c t i o n  i n  t h e  t e r r a c e  l i n e s  
p o s t a x i a l l y ,  and t o  photograph it o b l i q u e  
l i g h t  must be used. A r t i c u l a t i n g  h a l f  r i n g  
narrow, c r e s c e n t i c .  One, and on some specimens 
a  second,  a x i a l  r i n g  i s  f a i n t l y  v i s i b l e .  
S i n g l e  p l e u r a l  segment, p l e u r a l  furrow s topp ing  
s h o r t  o f  f a c e t ,  i n t e r p l e u r a l  furrow ex tend ing  
t o  nea r  margin and deeper  l a t e r a l l y .  Face t  
s t e e p l y  downturned, ex tending  t o  more than  
halfway a c r o s s  a n t e r i o r  p l e u r a l  margin.  
Te r r ace  l i n e s  crowded, cu rv ing  forward on a x i s  
and more o r  less p a r a l l e l  t o  p o s t e r i o r  margin 
on p l e u r a l  f i e l d s  ( excep t  on f a c e t ) .  Again 
t h e r e  i s  v a r i a t i o n  i n  t h e i r  d e n s i t y ,  they  a r e  
r e l a t i v e l y  s p a r s e  on some specimens.  Doublure 
a t  f i r s t  recurved  a lmost  h o r i z o n t a l l y ,  t hen  
r e f l e x e d  s t e e p l y  upwards nea r  i n n e r  margin.  
Gent le  embayment about  t i p  of  a x i s .  Dense 
t e r r a c e  l i n e s  con t inue  t o  i n n e r  margin. 

f u r r k  ha rd ly  def  ingd .  ~ a c i a i  s u t u r e s  d i v e r g e  D ~ ~ ~ ~ ~ ~ ~ ~ ~ .  As remarked above, this species is 
s t r o n g l y  behind p a l p e b r a l  l obes ,  d i s t a l l y  very  c l o s e  t o  B. c o n i c a  sp .  nov. and t h e  s a l i e n t  
cu rv ing  p o s t e r i o r l y  t o  c u t  p o s t e r i o r  margin p o i n t s  of d i f f e r e n c e  a r e  d i s c u s s e d  below. The 
a t  a  h igh  a c u t e  ang le ;  p r eocu la r  s u t u r e s  e f facement  of  t h e  p r e g l a b e l l a r  furrow i s  
s u b p a r a l l e l  t o  s l i g h t l y  converging.  A s t r i p  p a r t i c u l a r l y  c h a r a c t e r i s t i c  o f  B. g i b b e r u l a ,  
of doublure  i s  inco rpo ra t ed  i n  t h e  c ran id ium,  
s t e e p l y  dec l ined  i n  f r o n t  of  t h e  c r a n i d i a l  B e n t h a m a s p i s  p r o b l e m a t i c a  (Poulsen)  (1946, 
r im,  and v i s i b l e  i n  a n t e r i o r  view ( P l .  34, p .  325, 326, P1. 22, f i g .  14-16) i s  known from 
f i g .  2 ) .  S u t u r a l  margins of t h i s  s t r i p  a  s i n g l e  specimen, and t h a t  i s  incomplete  a c r o s s  
converge downwards l a t e r a l l y ;  an ter iomedian  t h e  o c c i p i t a l  r i n g .  The a x i a l  furrows on t h i s  
mars in  s t r a i s h t ,  t r a n s v e r s e .  s p e c i e s  a r e  p a r a l l e l ,  and t h e  p r e g l a b e l l a r  < .  

Dorsal  s u r f a c e  of cranidium dense ly  
covered wi th  t e r r a c e  l i n e s ,  forward bowed ove r  
g l a b e l l a .  The edge of  t h e  p a l p e b r a l  l obe  
appea r s  t o  be s l i g h t l y  th ickened ,  dense ly  
covered wi th  s h o r t  r i d g e s ,  l i k e  t h e  m i l l e d  
edge of a  co in .  

Free  cheek narrow ( t r a n s . )  w i th  rounded 
gena l  angle .  C r a n i d i a l  r i m  con t inues  on t o  
l a t e r a l  bo rde r  o f  cheek b u t  f ades  o u t  a s  a  
gena l  ang le  i s  approached. Te r r ace  l i n e s  l i k e  
t hose  on cranidium. Low eye s o c l e  con t inues  
o u t  on t o  gena l  f i e l d  a s  a  low r i d g e  nea r  
p o s t e r i o r  margin of  eye.  Eye long  and w i t h  
r e l a t i v e l y  low do r so -ven t r a l  p r o f i l e .  Doublure 
p r o g r e s s i v e l y  upward-turned a n t e r i o r l y  where 
jo ined  t o  a n t e r i o r  c r a n i d i a l  band o f  doublure .  
The e n t i r e  cephalon would t h u s  have had a  
forward f a c i n g  doub lu ra l  band, c a r r y i n g  
prominent ,  t r a n s v e r s e  t e r r a c e  l i n e s ,  t h e  s t e e p  

furrow i s  e f f a c e d ,  i n  t h e s e  r e s p e c t s  resembl ing  
sma l l e r  specimens of B. g i b b e r u l a .  The a n t e r i o r  
band of doublure  on t h e  c r a n i d i a  of t h e  two 
s p e c i e s  a l s o  demonst ra tes  t h e i r  c l o s e  r e l a t i o n -  
s h i p .  With t h e  v a r i a b i l i t y  i n  t h e  popu la t i ons  
of B. g i b b e r u l a  and t h e  incomple te  i n fo rma t ion  
on t h e  El lesmere  I s l a n d  s p e c i e s ,  it i s  d i f f i c u l t  
t o  j u s t i f y  t h e i r  s e p a r a t i o n ,  and they  a r e  
t e n t a t i v e l y  regarded  a s  synonyms. B. d i s t i n c t a  
(Young, 1973, p .  98,  P1. 1 ,  f i g .  9 -17) ,  from 
zone H i n  Utah, a l s o  shows p a r a l l e l  a x i a l  
furrows l i k e  t h e  specimen of B .  g i b b e r u l a  
i l l u s t r a t e d  on P l a t e  34, f i g u r e  5 .  Like  t h e  
Newfoundland s p e c i e s  t h e  o c c i p i t a l  furrow i s  
e f f a c e d  l a t e r a l l y ,  and t h e  f r e e  cheek i s  
s i m i l a r .  The l a r g e r  cranidium i l l u s t r a t e d  by 
Young is  f r a y e d  a n t e r i o r l y ,  b u t  does  show t h e  
e f facement  of  t h e  p r e g l a b e l l a r  furrow t y p i c a l  
of  B. g i b b e r u l a .  Young a l s o  i l l u s t r a t e s  (1973, 
P1. 1 ,  f i g .  11 ,  12 ,  1 6 )  an immature c ran id ium 



w i t h  a  w i d e r  c r a n i d i a l  b o r d e r  and d e f i n e d  
o c c i p i t a l  r i n g .  The "unass igned  pygidium 10"  
f i g u r e d  by Young ( P l .  6 ,  f i g .  1 8 ,  21)  i s  l i k e  
some of  t h e  l o n g e r  examples o f  p y g i d i a  o f  B .  
q i b b e r u l a .  The e v i d e n c e  seems t o  i n d i c a t e  a  

v e r y  c l o s e  r e l a t i o n s h i p ,  and p r o b a b l y  
c o n s p e c i f i c i t y ,  between t h e  Newfoundland and 
Utah s p e c i e s .  

Benthamaspis  c o n i c a  Sp. nov. 

P l a t e  35, f i g u r e s  1-10 

?Oculomagnus o b r e p t u s  Lochman, 1966  ( p a r s ) ,  p. 541, 
5 4 2 ,  PI. 6 2 ,  f i g .  1, 2 ,  4 ,  non figs. 3 ,  5 ,  6 ,  7 

"New genus r e l a t e d  t o  S t r i g i g e n a l i s  and ~ e n t h a r n a s p i s "  
B e r r y ,  1960, P1. 7 ,  f i g .  1, 3 

Holotype. Cranidium, GSC 56873. 

F i g u r e d  m a t e r i a l .  C r a n i d i a ,  GSC 56874, 56875; 
p y g i d i a ,  GSC 56876, 56877; f r e e  cheek ,  GSC 

S t r a t i g r a p h i c  range .  Lower p a r t  o f  Catoche 
Format ion ,  t o  12 m .  

Diagnos i s .  Benthamaspis  s p e c i e s  w i t h  p r e g l a -  
b e l l a r  fu r row d e f i n e d .  O c c i p i t a l  f u r r o w  
e x t e n d i n g  a l m o s t  t o  a x i a l  fu r row.  

Comparat ive d e s c r i p t i o n .  T h i s  s p e c i e s  i s  s o  
c l o s e  t o  B. o i b b e r u l a .  d e s c r i b e d  above.  t h a t  
o n l y  p o i n t s  o f  d i f f e r e n c e  w i l l  b e  d i s c u s s e d  
h e r e .  

The most i m p o r t a n t  d i f f e r e n c e  i s  t h a t  t h e  
f r o n t  margin o f  t h e  g l a b e l l a  i s  d e f i n e d  by a  
d i s t i n c t  p r e g l a b e l l a r  fu r row,  w h i l e  c r a n i d i a  
o f  B .  q i b b e r u l a  of  t h e  same s i z e  have t h e  
g l a b e l l a  merging w i t h  t h e  p r e g l a b e l l a r  f i e l d .  
Some specimens o f  B .  c o n i c a  have a  more t a p e r i n g  
g l a b e l l a  t h a n  B. q i b b e r u l a .  L a r g e s t  B .  g i b b e r u l a  
( P l .  34,  f i g .  1) a r e  s i m i l a r  t o  s m a l l e r  B.  c o n i c a  
i n  g l a b e l l a r  t a p e r .  The o c c i p i t a l  r i n g  o f  
B.  c o n i c a  i s  t r a n s v e r s e  and  e x t e n d s  a l m o s t  t o  
t h e  a x i a l  f u r r o w s ,  whereas  t h a t  o f  B. g i b b e r u l a  
i s  e f f a c e d  l a t e r a l l y .  F a i r l y  d i s t i n c t  
p a l p e b r a l  r i m s  a r e  v i s i b l e  on t h e  h o l o t y p e  o f  
B . con? ca . 

P y g i d i a  o f  t h e  two s p e c i e s  a r e  v e r y  
s i m i l a r .  The l a r g e r  pygidium o f  B .  c o n i c a  h a s  
a  wid th :  l e n g t h  r a t i o  o f  1 . 8  and t h e  a x i s  
e x t e n d s  t o  more t h a n  h a l f  p y g i d i a l  l e n g t h ;  i t  
i s  more convex t h a n  specimens o f  B. g i b b e r u l a ,  
and t h e  a x i s  t a p e r s  a l m o s t  t o  a  p o i n t  r a t h e r  
t h a n  t e n d i n g  t o  p o s t e r i o r  t r u n c a t i o n .  The 
a r t i c u l a t i n g  f a c e t s  a r e  more s h a r p l y  backward- 
d e f l e x e d .  However, w e  d o  n o t  have  enough 
specimens o f  p y g i d i a  o f  B. c o n i c a  t o  a s s e s s  t h e  
amount o f  i n t r a s p e c i f i c  v a r i a t i o n .  But  i s  
seems r e a s o n a b l e  t o  a p p l y  B i l l i n g s '  name t o  
t h e  l a t e r  s p e c i e s  where t h e  p y g i d i a  c a n  b e  
matched e x a c t l y  w i t h  t h e  t y p e ,  an  i n t e r p r e -  
t a t i o n  c o n s i s t e n t  w i t h  t h e  a s s o c i a t e d  f a u n a  
i n  B i l l i n g s '  c o l l e c t i o n s .  

D i s c u s s i o n .  A s  d i s c u s s e d  above ,  t h i s  s p e c i e s  
a g r e e s  i n  most  c r a n i d i a l  f e a t u r e s  w i t h  t h e  
t y p e  s p e c i e s  o f  Oculomagnus,  0 .  o b r e p t u s  Lochman, 
1966 ( a s  i l l u s t r a t e d  i n  Ross ,  1951 ,  P1. 29,  
f i g .  20, 21, 2 4 )  . oculomagnus i s  t h e r e f o r e  
r e g a r d e d  a s  synonymous w i t h  Ben thamasp i s ,  a  
d e c i s i o n  s u p p o r t e d  by t h e  c l o s e  s i m i l a r i t y  
and p o s s i b l e  i n t e r g r a d a t i o n  between t h e  two 
s p e c i e s  i n  S t .  George Group. The t y p e  
specimen o f  B. o b r e p t a  d i f f e r s  f rom B. c o n i c a  i n  
t h e  p a l p e b r a l  l o b e s  b e i n g  f a r t h e r  from t h e  
g l a b e l l a ,  and t h e  g e n t l y  d e c l i n e d ,  r a t h e r  
t h a n  n e a r l y  v e r t i c a l  p r e g l a b e l l a r  f i e l d .  
Lochman (1966,  P1. 62,  f i g .  1, 4)  a t t r i b u t e d  
some f r a g m e n t a r y  spec imens  from b o r e h o l e s  i n  
t h e  W i l l i s t o n  b a s i n  t o  B. o b r e p t a ,  b u t  t h e s e  
have  a  s t e e p l y  s l o p i n g  p r e g l a b e l l a r  f i e l d  l i k e  
B. c o n i c a  and may p r o v e  synonymous w i t h  t h i s  
s p e c i e s .  One o f  t h e  specimens o f  "Undeter-  
mined gen.  and s p .  B' from zone G o f  Utah 
i l l u s t r a t e d  by H i n t z e  (1953,  P1.  1 3 ,  f i g .  1 4 )  
i s  s i m i l a r  t o  t h e  s p e c i e s  from Newfoundland. 
The remainder  o f  t h e  spec imens  i l l u s t r a t e d  
by H i n t z e  u n d e r  t h i s  name i s  p r o b a b l y  r e f e r a b l e  
t o  Benthamaspis  b u t  h a s  a  more b u l b o u s ,  o r  even 
m e d i a l l y  expanded g l a b e l l a  compared w i t h  B .  

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

P l a t e  34 

F i g u r e s  1-15. Benthamaspis  g i b b e r u l a  ( B i l l i n g s ,  1865) . (1) Large ,  
s t r a t i g r a p h i c a l l y  h i g h  c r a n i d i u m ,  showing s u r f a c e  s c u l p t u r e ,  and  
smooth e x o s k e l e t a l  p a t c h e s  p r o b a b l y  r e p r e s e n t i n g  musc le  i n s e r t i o n  
a r e a s ,  X6; GSC 56865; 57 m from b a s e .  ( 2 ,  4 ,  7 )  Cranidium, g l a b e l l a  
h a r d l y  t a p e r i n g ,  a n t e r i o r ,  l a t e r a l  and d o r s a l  v iews ,  X6; GSC 56866; 
30 m from b a s e .  ( 3 ,  6 )  F r e e  c h e e k ,  a n t e r i o r  and d o r s a l  v i e w s ,  showing 
u p t u r n e d  d o u b l u r e ,  X6; GSC 56870; 47 m from b a s e .  ( 5 )  Cranidium w i t h  
p a r a l l e l  a x i a l  f u r r o w s ,  X8; GSC 56867; 2 3  m from b a s e .  ( 8 ,  9 )  Pygidium 
( o r i g i n a l  o f  B i l l i n g s ,  1865,  f i g u r e  2 5 4 ) ,  d o r s a l  v iew,  X10, l a t e r a l  
view,  X 6 ;  h o l o t y p e ,  GSC 660. ( 1 0 )  Pygidium, X8; GSC 56868; same bed 
a s  f i g u r e  5 .  (11, 12)  Pygidium, d o r s a l  and l a t e r a l  v i e w s ,  w e l l -  
deve loped  p o s t a x i a l  r i d g e ,  r i g h t  hand s i d e  p a t h o l o g i c a l l y  deformed,  
X6; GSC 56871; same bed a s  f i g u r e  5 .  (13)  Pygidium, X8; GSC 56872; 
57 m from b a s e .  (14 ,  1 5 )  Pygidium showing d o u b l u r e ,  d o r s a l ,  X8, and 
p o s t e r i o r ,  X5, views;  GSC 56869; 23 m from b a s e .  
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B e r r y  (1960,  P1. 7 ,  f i g .  1, 3) i l l u s t r a t e d  
a  c r a n i d i u m  from h i s  g r a p t o l i t e  zone 4 
( ~ e t r a g r a p t u s  f r u t i c o s u s  4-branched)  , Marathon 
r e g i o n ,  Texas ,  which is  e x a c t l y  s i m i l a r  t o  t h e  
t y p e  specimen of  B .  c o n i c a .  The pygidium 
a t t r i b u t e d  t o  t h e  same s p e c i e s  by B e r r y  (1960,  
P1. 7 ,  f i g .  2 )  i s  i n c o r r e c t l y  a s s i g n e d ,  and 
p r o b a b l y  r e p r e s e n t s  an immature a s a p h i d  
pygidium.  T h i s  i d e n t i t y  o f  t h e  c r a n i d i u m  i s  
i m p o r t a n t  i n  p r o v i d i n g  a  l i n k  between t h e  
s h e l l y  S t .  George f a u n a s  and t h e  g r a p t o l i t e  
s u c c e s s i o n .  

S u p e r f a m i l y  PROETACEA S a l t e r ,  1864 

Family  DIMEROPYGIDAE Hup6, 1953 

Genus I s c h y r o t o m a  Raymond, 19 2 5  

Type s p e c i e s  I s c h y r o t o m a  t w e n h o f e l i  Raymond, 1925 

I s c h y r o t o m a  a n a t a p h r a  s p  . nov . 
P l a t e  36, f i g u r e s  1-13 

Holo type .  Cephalon,  GSC 56879. 

F i g u r e d  m a t e r i a l .  C e p h a l i c  s h i e l d s ,  GSC 56880, 
56887; c r a n i d i u m ,  GSC 56881; p y g i d i a ,  GSC 56882, 
57758. 

S t r a t i g r a p h i c  r a n g e .  T h i s  i s  a  b r o a d l y  
c o n c e i v e d  s p e c i e s  r a n g i n g  t h r o u g h  much o f  t h e  
Ca toche  Format ion .  S t r a t i g r a p h i c a l l y  e a r l y  and 
l a t e  forms can  be  d i s t i n g u i s h e d .  

D i a g n o s i s .  I s c h y r o t o m a  l a c k i n g  d i s t i n c t l y  d e f i n e d  
c r a n i d i a l  b o r d e r ;  s h o r t  ( s a g . )  p r e g l a b e l l a r  
f i e l d .  S t r a t i g r a p h i c a l l y  e a r l y  forms c o a r s e l y  
t u b e r c u l a t e ;  s t r a t i g r a p h i c a l l y  l a t e r  forms w i t h  
t u b e r c u l a t i o n  l e s s  pronounced,  e s p e c i a l l y  on 
f r e e  c h e e k s ,  and g l a b e l l a  t e n d i n g  t o  t a p e r  
a n t e r i o r l y .  Smal l  g e n a l  s p i n e s  p r e s e n t .  

D e s c r i p t i o n .  Unl ike  any  o t h e r  s p e c i e s  from t h e  
S t .  George Group t h i s  one i s  known from e n t i r e  
c e p h a l i c  s h i e l d s .  T h i s  s u g g e s t s  t h a t  t h e  f a c i a l  

s u t u r e s  were  n o t  a lways  f u n c t i o n a l ;  s i n c e  
i s o l a t e d  c r a n i d i a  and  f r e e  c h e e k s  have  a l s o  
been  d i s c o v e r e d ,  some spec imens  e v i d e n t l y  d i d  
undergo post-mortem d i s a r t i c u l a t i o n .  L i k e  a l l  
s p e c i e s  o f  t h e  genus  t h e  c e p h a l o n  i s  h i g h l y  
convex w i t h  a  b r o a d  a n t e r i o r  a r c h ,  f r e e  cheeks  
a t t a c h e d  a l m o s t  v e r t i c a l l y  t o  c r a n i d i u m .  

G l a b e l l a  convex ,  b u t  t r a n s v e r s e l y  l e s s  
v a u l t e d  t h a n  o t h e r  s p e c i e s  o f  t h e  g e n u s ,  
p a r a l l e l - s i d e d  t o  g e n t l y  t a p e r i n g  a n t e r i o r l y .  
S t r a t i g r a p h i c a l l y  low spec imens  o b t u s e l y  
rounded t o  a l m o s t  t r u n c a t e  a n t e r i o r l y ;  s t r a t i -  
g r a p h i c a l l y  h i g h  spec imens  t a p e r  a n t e r i o r l y  s o  
t h a t  fo rward  o u t l i n e  o f  g l a b e l l a  i s  p a r a b o l i c .  
G l a b e l l a r  f u r r o w s  i n d i s t i n c t l y  i n d i c a t e d  by 
b a s a l  p a i r  on some c o a r s e l y  t u b e r c u l a t e  
spec imens  ( P l .  36,  f i g .  1 0 ) ;  t h e s e  a r e  hooked 
inwards  and backwards ,  a s  i n  I s c h y r o p h y m a  
t u b e r c u l a t a  W h i t t i n g t o n ,  1963.  O c c i p i t a l  f u r r o w  

d e e p e r  l a t e r a l l y ;  o c c i p i t a l  r i n g  c u r v e s  fo rward  
a d j a c e n t  t o  deep  p a r t  o f  f u r r o w .  Eyes  p l a c e d  
a t  a b o u t  m i d - l e n g t h  o f  c e p h a l o n .  D i s t i n c t ,  
upward t i l t e d  p a l p e b r a l  r i m s ,  w i d e r  m e d i a l l y .  
A n t e r i o r  b o r d e r  f u r r o w  h a r d l y  d e f i n e d ,  i f  a t  
a l l ,  b u t  b o r d e r  r e c o g n i z a b l e  by p r e s e n c e  o f  
r a i s e d  l i n e s  l i k e  t h o s e  on g e n a l  b o r d e r s .  
S i n c e  a l l  o t h e r  f u r r o w s  on c e p h a l o n ,  d e f i n i n g  
b o r d e r s  and g l a b e l l a ,  a r e  d e e p ,  a b r u p t  s h a l -  
lowing  of b o r d e r  f u r r o w  on c r a n i d i u m  i s  a  most  
d i s t i n c t i v e  c h a r a c t e r .  T r i a n g u l a r  p o s t o c u l a r  
f i x e d  c h e e k s  a b o u t  h a l f  t r a n s v e r s e  w i d t h  o f  
o c c i p i t a l  r i n g ,  d e f i n e d  by m o d e r a t e l y  d i v e r g e n t  
p o s t e r i o r  b r a n c h e s  o f  s u t u r e s .  A n t e r i o r  
b r a n c h e s  converge  s l i g h t l y  i n  f r o n t  o f  e y e s ,  
s t r o n g l y  s o  i n  f r o n t  o f  c r a n i d i a l  b o r d e r .  
Narrow r o s t r a 1  p l a t e  w h o l l y  v e n t r a l ,  r a t h e r  
t h a n  p r o t r u d i n g  o u t  on b o r d e r  a s  i n  I .  t w e n h o f e l i  
( W h i t t i n g t o n ,  1963 ,  P I .  7 ,  f i g .  1 3 ) .  Eyes 
r a t h e r  convex,  l e n s e s  s o  s m a l l  a s  t o  be  
o b l i t e r a t e d  by s m a l l  amount o f  r e c r y s t a l l i z a t i o n  
i n  t h i c k  c u t i c l e .  Eye s o c l e  p a r t i c u l a r l y  
convex and p r o m i n e n t .  Genal  b o r d e r s  t u b e - l i k e ,  
i n n e r  s i d e  of  t u b e  b e i n g  formed by n a r r o w ,  
concave d o u b l u r e .  S t r o n g  r a i s e d  l i n e s  ( n o t  
t r u e  t e r r a c e  l i n e s )  l a t e r a l l y  and a n t e r i o r l y  
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F i g u r e s  1-10. B e n t h a m a s p i s  c o n i c a  s p .  nov. (1, 3 ,  1 0 )  Cran id ium,  X6, 
d o r s a l ,  a n t e r i o r  and l a t e r a l  v i e w s ,  X6; h o l o t y p e ,  GSC 56873; 11 m f rom 
b a s e .  ( 2 ,  4 )  F r e e  c h e e k ,  d o r s a l  and a n t e r o l a t e r a l  v i e w s ,  X6; p a r a t y p e ,  
GSC 56878; same bed a s  h o l o t y p e .  ( 5 )  Smal l  pygidium,  X6; p a r a t y p e ,  
GSC 56877; same bed a s  h o l o t y p e .  ( 6 )  Cran id ium,  X6; p a r a t y p e ,  GSC 56874; 
same bed a s  h o l o t y p e .  ( 7 )  Cran id ium,  w i t h  s u b p a r a l l e l - s i d e d  g l a b e l l a ,  
X6; p a r a t y p e ,  GSC 56875; n o r t h  s i d e  o f  Barbace  Cove. ( 8 ,  9 )  Pygidium,  
d o r s a l  and l a t e r a l  v i e w s ,  X6; p a r a t y p e ,  GSC 56876; same bed  a s  
h o l o t y p e .  

F i g u r e s  11, 13 .  " B a t h y u r e l l u s "  m a r g i n i a t u s  B i l l i n g s ,  1865.  L e c t o t y p e ,  
s e l e c t e d  W h i t t i n g t o n ,  1953 ,  c r a n i d i u m ,  a n t e r i o r  and d o r s a l  v i e w s ,  X6; 
GSC 646; Ca toche  Format ion ,  Keppel I s l a n d .  P o s s i b l y  t h e  c r a n i d i u m  o f  
Punka? s p .  i n d e t .  

F i g u r e s  1 2 ,  1 4 ,  15 .  Punka? s p .  i n d e t .  ( 1 2 ,  1 4 )  Pygidium,  p o s t e r i o r ,  X6 
and d o r s a l ,  X7, views;  SM A97997; e x a c t  h o r i z o n  unknown, Ca toche  
Format ion ,  P o r t  a u  Choix,  c o l l .  H.B. W h i t t i n g t o n .  ( 1 5 )  S m a l l  pygidium,  
d o r s a l  v iew,  X6; GSC 56863; 11 m from b a s e .  
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on bo rde r .  Minute gena l  s p i n e  immediately 
a b a x i a l  t o  s u t u r e  proves o p i s t h o p a r i a n  s u t u r e s .  
Su r f ace  o f  cheeks and g l a b e l l a  dense ly  
t u b e r c u l a t e .  Tubercula t ion  c o a r s e r  on s t r a t i -  
g r a p h i c a l l y  e a r l y  forms, more subdued, 
e s p e c i a l l y  on cheeks,  on l a t e r  specimens. 
I n t e r n a l  mould r e t a i n i n g  f a i n t  r e f l e c t i o n  of 
t u b e r c u l a t i o n .  

Larger  pygidium wi th  1ength:width r a t i o n  
about  0.8,  sma l l e r  specimen more t r a n s v e r s e .  
Axis t a p e r i n g  p o s t e r i o r l y ,  a lmost  overhanging 
bo rde r ,  t e rmina l  p i e c e  c a r r y i n g  a  p a i r  o f  
t u b e r c u l e s .  Three a x i a l  r i n g s  ( f a i n t  f o u r t h )  
of dec reas ing  l eng th  ( s ag . )  p o s t e r i o r l y .  Four 
p a i r s  of  prominent r i b s  on p l e u r a l  f i e l d s ,  
s e p a r a t e d  by deep- furrows,  and merging wi th  
border .  V e r t i c a l  d i s t a n c e  behind a x i s  t o  
p o s t e r i o r  margin r e l a t i v e l y  s h o r t .  P y g i d i a l  
border  g e n t l y  convex, c a r r y i n g  l i n e s  f i n e r  
than  t h o s e  on c e p h a l i c  bo rde r s .  

Discuss ion .  The new s p e c i e s  d i f f e r s  from t h e  
(younger) type  s p e c i e s ,  I. t w e n h o f e l i  Raymond 
(Whi t t ing ton ,  1963, p. 45-48, P1 .  7 ,  f i g .  1-13) 
from t h e  Lower Head bou lde r ,  wes tern  Newfound- 
land ,  i n  l ack ing  a  s t r o n g l y  forward-protruded 
g l a b e l l a ,  having l a r g e r  e y e s ,  and i n  t h e  
c o n t i n u a t i o n  of t h e  p r e g l a b e l l a r  f i e l d  i n  
f r o n t  of  t h e  mid-part o f  t h e  g l a b e l l a .  The 
s t r u c t u r e  of t h e  a n t e r i o r  c e p h a l i c  b o r d e r  i s  
unique on I. anataphra and t h e r e  a r e  a s  many a s  
f i v e  a x i a l  r i n g s  on t h e  pygidium of  t h e  t ype  
s p e c i e s .  The l a t t e r  d i f f e r e n c e s  a l s o  apply 
t o  I .  caudanodosa (Ross, 1951, P1. 35, f i g .  18 ,  
22-28; 1953, P1. 63, f i g .  24, 25, 28-30), and 
Ischyrotoma sp .  (Ross, 1967, p .  21, PI .  7, 
f i g .  1-7) which i n  a d d i t i o n  have h igh ly  
t u b e r c u l a t e  bo rde r s  on t h e  f r e e  cheek. Both 
I. o v a t a  (Hin tze ,  1953, p .  155, P1. 1 9 ,  f i g .  
1-4; Young, 1973, P1. 2, f i g .  3, 4 ,  6 ,  7) and 
I. b landa  (Hin tze)  (Hin tze ,  1953, p.  155,  156,  
P1 .  19 ,  f i g .  6-8; Young, 1973, P1. 2 ,  f i g .  1 ,  
2 )  have t h r e e  a x i a l  r i n g s  on t h e  p y g i d i a l  
a x i s ;  I .  anataphra shows a  f a i n t  f o u r t h  r i n g .  
They a l s o  have d i s t i n c t l y  de f ined  and convex 
a n t e r i o r  r i m s  on t h e i r  c r a n i d i a ,  and t h e  
v e r t i c a l  h e i g h t  between t h e  t i p  o f  t h e  p y g i d i a l  

a x i s  and p o s t e r i o r  margin is  g r e a t e r  i n  bo th  
t han  i n  I. ana taphra .  The p a l p e b r a l  r i m s  on 
I. b landa  a r e  e f f a c e d  and t h e  eyes  appea r  t o  
ex tend  f a r t h e r  back t h a n  on t h e  new s p e c i e s .  
I. o v a t a ,  I. ana taphra ,  and I .  b landa  a r e  more 
cLosely s i m i l a r  t o  one ano the r  t h a n  t o  t h e  type  
and o t h e r  form d i s c u s s e d  above; t hey  a r e  a l s o  
s i m i l a r  i n  age ,  nea r  t h e  base  of t h e  Arenig ,  
whereas t h e  t ype  s p e c i e s  i s  probably  of  
L lanv i rn  age .  The p r i n c i p a l  changes between 
t h e  e a r l y  group and t h e  l a t e r  i s  t h e  r e t e n t i o n  
of  one o r  p o s s i b l y  two a d d i t i o n a l  segments i n  
t h e  pygidium and a  g r e a t e r  v a u l t i n g  o f  t h e  
a n t e r i o r  c e p h a l i c  a r c h .  However, a l l  t h e  
s p e c i e s  inc luded  h e r e  i n  Ischyrotoma a r e  
cons idered  s u f f i c i e n t l y  s i m i l a r  t o  comprise a  
s i n g l e ,  evolv ing  p l e x u s ,  and t o  be r e t a i n e d  i n  
one genus. 

The s u b t l e  d i s t i n c t i o n s  between t h e  e a r l y  
and l a t e  forms of I. ana taphra  a r e  probably  of  
s t r a t i g r a p h i c  importance.  A l l  forms have t h e  
i l l - d e f i n e d  a n t e r i o r  c r a n i d i a l  bo rde r  
c h a r a c t e r i s t i c  o f  t h e  s p e c i e s .  Because o f  
t h e i r  i n t e r g r a d a t i o n  w i t h i n  t h e  Catoche 
Formation they  a r e  i nc luded  i n  a  s i n g l e  taxon.  

Superf  amily CHEIRURACEA op ik ,  1937 

Family PLIOMERIDAE Raymond, 1913 

Subfamily CYBELOPSINAE nov. 

Diagnos is .  P l iomer ids  w i th  e l o n g a t e  t e r m i n a l  - 
p i e c e  on t h e  p y g i d i a l  a x i s ,  o r  w i t h  more than  
f i v e  a x i a l  p y g i d i a l  segments. G l a b e l l a  w i th  
broadly  rounded, r a t h e r  t han  t r u n c a t e  a n t e r i o r  
o u t l i n e ;  a n t e r i o r  c r a n i d i a l  bo rde r  n a s u t e  o r  
h i g h l y  convex, and o f t e n  r e f l e x e d  backwards 
ove r  f r o n t a l  l obe  o f  g l a b e l l a .  P o s i t i o n  o f  
eye  v a r i e s  from f a r  forward ( P s e u d o c y b e l e )  t o  
p o s t e r i o r  ( E c t e n o n o t u s )  . Pygidium narrow ( t r a n s .  ) 
wi th  s u p e r f i c i a l l y  cybe lo id  appearance ,  u s u a l l y  
w i th  f i v e  p a i r s  of  p l e u r a l  r i b s  ( n o t  ~ c t e n o n o t u s )  . 
Discuss ion .  The subfami ly  i s  e r e c t e d  t o  i n c l u d e  
t h e  genera  C y b e l o p s i s ,  Pseudocybe l e ,  S t r o t a c t i n u s ,  
C a n n i n g e l l a  and E c t e n o n o t u s .  The s y s t e m a t i c  
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F igu re s  1-13. Ischyrotoma ana taphra  s p .  nov. ( 1 ,  6) Cephalon, d o r s a l  and 
a n t e r i o r  views,  X8; ho lo type ,  GSC 56879; 57 m from base .  ( 2 ,  3) 
S t r a t i g r a p h i c a l l y  e a r l y  form, cranidium, a n t e r i o r  and d o r s a l  views ( n o t e  
coa r se  t u b e r c u l a t i o n ,  r e l a t i v e l y  t r u n c a t e  forward margin o f  g l a b e l l a ,  
and poor ly  de f ined  c r a n i d i a l  b o r d e r ) ,  X6; pa ra type ,  GSC 56881; 11 m from 
base.  (4 ,  7) Pygidium, d o r s a l  and p o s t e r i o r  views,  X 6 ;  p a ra type ,  GSC 
56882; same bed a s  f i g u r e  2. (5 ,  8, 11) S t r a t i g r a p h i c a l l y  h igh  cephalon 
i n  d o r s a l ,  a n t e r i o r  and l a t e r a l  views ( n o t e  acuminate f r o n t  o f  g l a b e l l a ,  
subdued g e n a l  t u b e r c u l a t i o n ,  and minute g e n a l  s p i n e ) ,  X6; pa ra type ,  
GSC 56880; 57 m from base .  ( 9 ,  13)  Pygidium, d o r s a l  and l a t e r a l  views,  
X6; pa ra type ,  GSC 57758; same bed a s  f i g u r e  5.  (10,  12)  Incomplete  
cephalon,  s t r a t i g r a p h i c a l l y  low, d o r s a l ,  X6, and l a t e r a l ,  X8, views 
(no te  coa r se  t u b e r c u l a t i o n ) ;  pa ra type ,  GSC 56887; 11 m from base .  

F igu re s  14-17. C a r o l i n i t e s  genacinaca n e v a d e n s i s  Hintze ,  1953. . (14) Small 
cranidium, X8; GSC 57756; 11 m from base .  (15) Cranidium, incomple te  
on r i g h t  s i d e ,  X8; GSC 56794; 23 m from base .  (16)  Pygidium, X6; GSC 
56795; 11 m from base.  (17) F ree  cheek i n  l a t e r a l  view, X6; GSC 
56796; same bed a s  f i g u r e  1 4 .  Note prominent  subocu la r  r i d g e ,  and 
compare Hin tze ,  1953, and F o r t e y ,  1975a. 
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p o s i t i o n  o f  t h e  l a s t  named h a s  long  been pro-  
b l e m a t i c ,  b u t  becomes e x p l i c a b l e  w i t h i n  t h e  
c o n c e p t  of t h e  new s u b f a m i l y .  Lane (1971) h a s  
used  p y g i d i a l  c h a r a c t e r s  i n  t h e  c l a s s i f i c a t i o n  
o f  c h e i r u r a c e a n s ,  and p y g i d i a l  m o d i f i c a t i o n s  
a r e  b e l i e v e d  t o  i n d i c a t e  monophyle t i c  d e r i v a t i o n  
i n  t h e  p r e s e n t  c a s e .  The s u b f a m i l y  i s  c h a r a c -  
t e r i z e d  by a d d i t i o n a l  p o s t e r i o r  segments  i n  t h e  
p y g i d i a l  a x i s ,  which a r e  e x p r e s s e d  i n  a d d i t i o n a l  
a x i a l  r i n g s  i n  E c t e n o n o t u s ,  and some S t r o t a c t i n u s  
s p e c i e s ,  o r  p a i r e d  p i t s  i n  t h e  t e r m i n a l  p i e c e  
i n  C y b e l o p s i s .  I n  Pseudocybele  a s i x t h ,  s h o r t  r i n g  
i s  d e f i n e d  ( H i n t z e ,  1953 ,  P1. 24, f i g .  7 ,  1 0 ,  
111, b u t  t h e  long  t e r m i n a l  p i e c e ,  which t e n d s  
t o  b e  i n f l a t e d ,  i s  r e g a r d e d  a s  homologous w i t h  
t h a t  on ~ y b e l o p s i s  ( P o u l s e n ,  1927, P I .  20, 
f i g .  42; H i n t z e ,  1953, P1. 25,  f i g .  8-10, 1 2 ) .  
The same s t r u c t u r e  is  d i s p l a v e d  on s t r o t a c t i n u s  
i n s u l a r i s  ( B i l l i n g s ,  1865) h e r e i n .  F i v e  p a i r s  

o f  p y g i d i a l  p l e u r a l  r i b s  a r e  p r e s e n t  i n  C y b e l o p s i s ,  
Pseudocybe l e  and S t r o t a c t i n u s ;  t h e  a d d i t i o n a l  
r y g i d i a l  segments  a r e  e x p r e s s e d  p l e u r a l l y  o n l y  
i n  E c t e n o n o t u s ,  which may have up t o  t e n  p a i r s  
o f  narrow p l e u r a l  r i b s .  

The a r t i c u l a t i n g  f a c e t  o f  t h e  p y g i d i a  of 
s p e c i e s  i n c l u d e d  i n  t h e  new s u b f a m i l y  i s  b r o a d ,  
t r i a n g u l a r  and e x t e n d s  f a r  back compared w i t h  
many o t h e r  p l i o m e r i d s .  The p o s i t i o n  o f  t h e  3P 
g l a b e l l a r  fu r row i s  v a r i a b l e ,  b u t  i n  l a t e r  
(mid-Arenig and younger )  s p e c i e s  a t t r i b u t e d  
t o  t h e  s u b f a m i l y  t h i s  fu r row is  d i r e c t e d  
towards  t h e  p r e g l a b e l l a r  fu r row r a t h e r  t h a n  
t h e  a n t e r o l a t e r a l  c o r n e r  of t h e  g l a b e l l a .  

The a n c e s t o r  o f  t h e  g roup  may b e  a  s p e c i e s  
l i k e  H i n t z e i a  aemula ( H i n t z e ,  1953,  P I .  22, 
f i g .  9 ,  13-17) i n  which t h e  c r a n i d i a l  b o r d e r  
impinges  on t h e  f r o n t a l  l o b e  o f  t h e  g l a b e l l a  
and t h e  pygidium i s  r e l a t i v e l y  narrow ( t r a n s . ) .  
I t  i s  s i m i l a r  t o  Pseudocybe l e  i n  t h e s e  c h a r a c t e r s  
and a s  i n  t h a t  genus  t h e  e y e  i s  i n  a  f o r w a r d  
p o s i t i o n .  Note t h a t  D e m e t e r  (1973, T e x t - f i g .  
3)  d e r i v e d  Pseudocybe l e  and S t r o t a c t i n u s  (= "genus 
and s p .  undetermined A") from an  a n c e s t o r  i n  
~ i n t z e i a .  Both C y b e l o p s i s  and Ec tenono tus  a r e  
c o n s i d e r e d  t o  have o r i g i n a t e d  from S t r o t a c t i n u s ,  
t h e  fo rmer  by a c q u i s i t i o n  o f  p a i r e d  p i t s  i n  
t h e  t e r m i n a l  p i e c e  o f  t h e  pygidium, t h e  l a t t e r  
by e x o s k e l e t a l  e x p r e s s i o n  of  a d d i t i o n a l  p l e u r a l  
segments  i n  t h e  pygidium. I n  S t r o t a c t i n u s  s a l t e r i  
( B i l l i n g s )  (Ludvigsen,  1979,  P1. 1, f i g .  9)  
t h e r e  a r e  a l r e a d y  e i g h t  segments  om t h e  
p y g i d i a l  a x i s .  The e y e  i n  C y b e l o p s i s ,  E c t e n o n o t u s  
dnd s t r o t a c t i n u s  is  i n  a  r e l a t i v e l y  p o s t e r i o r  
p o s i t i o n  compared w i t h  Pseudocybe l e ,  and t h e  
t h r e e  g e n e r a  s h a r e  s i m i l a r  hypos tomata ,  w i t h  
g e n t l y  t a p e r i n g ,  p o s t e r i o r l y  acumina te  m i d d l e  
body, s m a l l  maculae,  and broad  b o r d e r s  l a c k i n g  
m a r g i n a l  s p i n e s  (compare Ross ,  1967, P1. 8 ,  
f i g .  14 ;  H i n t z e ,  1953,  P1. 25, f i g .  11; h e r e i n ,  
P l .  37, f i g .  3 ) .  

The genus Cann inge l la  Legg 1976 ( t y p e  
s p e c i e s ,  c. hardmani ,  from t h e  e a r l y  O r d o v i c i a n  
o f  w e s t e r n  A u s t r a l i a )  a l s o  b e l o n g s  w i t h i n  t h e  
Cybe lops inae .  The pygidium i s  e x a c t l y  
t r a n s i t i o n a l  between t h o s e  o f  Ec tonono tus  and 
S t r o t a c t i n u s ,  h a v i n g  a b o u t  t e n  a x i a l  r i n g s ,  b u t  
r e t a i n i n g  f i v e  p l e u r a l  r i b s .  The o n l y  impor- 
t a n t  c r a n i d i a l  d i f f e r e n c e  between C a n n i n g e l l a  
and s t r o t a c t i n u s  i s  t h a t  t h e  a n t e r i o r  g l a b e l l a r  
fu r row on t h e  former  i s  r e l a t i v e l y  p o s t e r i o r ,  

j o i n i n g  t h e  a x i a l  r a t h e r  t h a n  p r e g l a b e l l a r  
fu r row.  A s  i n d i c a t e d  above t h e  p o s i t i o n  o f  
t h i s  f u r r o w  is  v a r i a b l e  i n  t h e  C y b e l o p s i n a e ,  
and f o r  t h i s  r e a s o n  C a n n i n g e l l a  s h o u l d  b e  
i n c l u d e d  w i t h i n  a n  e x t e n d e d  c o n c e p t  o f  
S t r o t a c t i n u s .  AS n o t e d  by Legg (1976,  p .  23) 
Encr inurus?  n i q u i v a l e n s i s  H a r r i n g t o n  and Leanza 
1957,  from A r g e n t i n a ,  i s  a l s o  r e l a t e d  t o  t h e  
s p e c i e s  under  d i s c u s s i o n ,  and p o s s i b l y  s h o u l d  
be i n c l u d e d  i n  E c t e n o n o t u s .  The C y b e l o p s i n a e  
were t h u s  w i d e s p r e a d  d u r i n g  t h e  e a r l i e r  
O r d o v i c i a n ,  i n c l u d i n g  r e p r e s e n t a t i v e s  i n  b o t h  
t h e  B a t h y u r i d  and Asaphops i s  p r o v i n c e s  o f  
W h i t t i n g t o n  and Hughes ( 1 9 7 2 ) .  F i g u r e  1 3  
summarizes morphology and p o s s i b l e  r e l a t i o n -  
s h i p s  o f  Cybe lops inae .  

Genus S t r o t a c t i n u s  B r a d l e y ,  1925 

Type s p e c i e s  Amphion s a l t e r i  B i l l i n g s ,  1861  

S t r o t a c t i n u s  i n s u l a r i s  ( B i l l i n g s ,  1865)  

P l a t e  37,  f i g u r e s  1-9 

Amphion i n s u l a r i s  Billings,  1 8 6 5 ,  p .  290, 291 

Neotype . ( H e r e  s e l e c t e d )  Pygidium, GSC 56884. 
T.E. B o l t o n  i n f o r m s  m e  t h a t  B i l l i n g s '  o r i g i n a l  
m a t e r i a l  c a n n o t  b e  l o c a t e d .  S i n c e  it is  c e r t a i n  
t h a t  B i l l i n g s  r e f e r r e d  t o  t h e  s p e c i e s  d e s c r i b e d  
below,  a  neo type  i s  s e l e c t e d  h e r e i n .  

F i g u r e d  m a t e r i a l .  Cranidium, GSC 56883; 
pygidium, GSC 56885; hypostoma, GSC 56886. 

S t r a t i g r a p h i c  r a n g e .  Ca toche  Format ion  23 t o  -- 
57 m from b a s e  o f  s e c t i o n .  

D i a g n o s i s .  S t r o t a c t i n u s  s p e c i e s  w i t h  a n t e r i o r  - 
c r a n i d i a l  b o r d e r  s t r o n g l y  r e f l e x e d  o v e r  f r o n t a l  
g l a b e l l a r  l o b e .  On pygidium f i v e  c o m p l e t e l y  
d e f i n e d  a x i a l  r i n g s ;  s i x t h  a x i a l  segment  
c l e a r l y  i n d i c a t e d  on l o n g  ( s a g . ) ,  i n f l a t e d  
t e r m i n a l  p i e c e .  D i s t a l  t i p s  o f  p y g i d i a l  
p l e u r a l  s p i n e s  t u r n  ou twards .  

D e s c r i p t i o n .  N e a r l y  a l l  o f  t h e  m a t e r i a l  i s  
p r e s e r v e d  a s  i n t e r n a l  moulds from which t h e  
c u t i c l e  p e e l s  away d u r i n g  p r e p a r a t i o n .  J u d g i n g  
from t h e  hypostoma ( P l .  37, f i g .  3)  t h e  d o r s a l  
s u r f a c e  was p r o b a b l y  f i n e l y  g r a n u l a t e ,  and 
t h e s e  g r a n u l e s  p r o b a b l y  c a u s e  t h e  c u t i c l e  t o  
a d h e r e  t o  t h e  s u r r o u n d i n g  r o c k .  

G l a b e l l a  low, g e n t l y  f o r w a r d  d e c l i n e d  t o  
b o r d e r ,  p o s t o c u l a r  f i x e d  c h e e k s  more s h a r p l y  
d e c l i n e d .  G l a b e l l a  t a p e r s  g e n t l y  f o r w a r d ,  
f r o n t  margin rounded a b o u t  mid l i n e ,  l e n g t h  
( s a g . )  e x c l u d i n g  o c c i p i t a l  r i n g  e q u a l  t o ,  o r  
s l i g h t l y  l e s s  t h a n  maximum t r a n s v e r s e  w i d t h  
a c r o s s  b a s a l  g l a b e l l a r  l o b e s .  Three  p a i r s  o f  
g l a b e l l a r  fu r rows  of  which l P  l o n g e s t  and 
d e e p e s t .  1P d i r e c t e d  backwards,  deepened  a t  
i n n e r  e n d ,  s o  t h a t  s l i g h t l y  i n f l a t e d  b a s a l  
g l a b e l l a r  l o b e  i s  a b o u t  one  t h i r d  a s  l o n g  
( e x s a g . )  a t  i n n e r  end a s  a d j a c e n t  t o  a x i a l  
fu r row.  3P f u r r o w  d i r e c t e d  t o w a r d s  a n t e r o -  
l a t e r a l  c o r n e r  o f  g l a b e l l a ,  2P a b o u t  midway 
between 1P and 3P; s o  t h a t  g l a b e l l a r  l o b e  2P 
s l i g h t l y  l o n g e r  ( e x s a g . )  t h a n  3P. P o o r l y  
p r e s e r v e d  specimen from t o p  o f  s t r a t i g r a p h i c  
r a n g e  o f  s p e c i e s  h a s  p a r t i c u l a r l y  s h a l l o w  3P 
fu r row.  A x i a l  and o c c i p i t a l  f u r r o w s  deep  and 
narrow.  
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Figure 13. Hypothetical re la t ionsh ips  i n f e r r e d  for  genera r e f e r r e d  
here t o  Cybelopsinae subfam. nov. .  



P a l p e b r a l  l o b e s  o f  moderate  l e n g t h  and 
c l o s e  t o  t h e  g l a b e l l a ,  s u c h  t h a t  t h e  t r a n s v e r s e  
w i d t h  o f  t h e  f i x e d  cheek  i n s i d e  t h e  e y e  i s  less 
t h a n  t h a t  o f  t h e  a d j a c e n t  2P g l a b e l l a r  l o b e .  
P a l p e b r a l  l o b e  e x t e n d s  f a r  back ,  such  t h a t  i t s  
p o s t e r i o r  l i m i t  i s  b e h i n d  a  l i n e  c o n n e c t i n g  
t h e  o u t e r  ends  of t h e  1P g l a b e l l a r  fu r rows .  
Eye r i d g e s  run  a c r o s s ,  and a l m o s t  b i s e c t  
s t e e p l y  downsloping p r e o c u l a r  f i x e d  c h e e k s .  
P o s t o c u l a r  cheeks  widen ing  l a t e r a l l y ,  i n  d o r s a l  
view t r a n s v e r s e  w i d t h  s l i g h t l y  less t h a n  max. 
t r a n s v e r s e  w i d t h  o f  g l a b e l l a .  Border  fu r row 
deep ,  c u r v e d  e v e n l y  a round  g e n a l  a n g l e ;  p o s t e -  
r i o r  b o r d e r  n o t  w e l l - p r e s e r v e d ,  b u t  e v i d e n t l y  
widen ing  l a t e r a l l y .  A n t e r i o r  c r a n i d i a l  b o r d e r  
bowed outwards  i n  f r o n t  o f  g l a b e l l a ,  b u t  w i t h  
t r a n s v e r s e  o u t l i n e  m e d i a l l y ,  s t e e p l y  r e c u r v e d  
back a g a i n s t  f r o n t a l  l o b e  o f  g l a b e l l a ,  i n  a  
s i m i l a r  way t o  t h a t  o f  H i n t z e i a  aemula ( H i n t z e ,  
1953, P1. 22, f i g .  1 4 ) .  S u r f a c e  o f  c h e e k s  
w i t h  r e t i c u l a t e  p a t t e r n  u s u a l  i n  f a m i l y .  
F r e e  cheek n o t  known. 

Hypostoma of  l e n g t h  0.8 t i m e s  maximum 
t r a n s v e r s e  w i d t h  a t  fo rward  end of  l a t e r a l  
b o r d e r s ;  a n t e r i o r  margin g e n t l y  convex-forward.  
Oval middle  body a b o u t  two t h i r d s  a s  wide a s  
l o n g ,  t r a n s v e r s e  c o n v e x i t y  d e c r e a s i n g  p o s t e -  
r i o r l y .  Middle fu r rows  v e r y  s h o r t ,  h a r d l y  
converg ing  backwards.  Border  fu r rows  d e e p e r  
a n t e r i o r l y ,  s h a l l o w  a round  p o s t e r i o r  end o f  
midd le  body. L a t e r a l  b o r d e r s  i n c l i n e d  inwards ,  
e s p e c i a l l y  a n t e r i o r l y ,  where t h e y  a r e  bowed 
ou twards .  P o s t e r i o r  b o r d e r  b road  and f l a t ,  
a b o u t  o n e - t h i r d  s a g .  l e n g t h  o f  midd le  body, 
p o s t e r i o r  margin somewhat t r a n s v e r s e ,  
s l i g h t l y  u n d u l a t i n g  l a t e r a l l y .  D o r s a l  s u r f a c e  
covered  w i t h  g r a n u l e s ,  a d d i t i o n a l l y  on midd le  
body s c a t t e r e d ,  d r o p - l i k e  d e p r e s s e d  s p o t s  may 
r e p r e s e n t  muscle  i n s e r t i o n  a r e a s .  

Pygidium h i g h l y  convex,  e s p e c i a l l y  a c r o s s  
a n t e r i o r  margin.  Axis  a t  a n t e r i o r  end  o c c u p i e s  
a b o u t  h a l f  t o t a l  p y g i d i a l  w i d t h ,  f i v e  a x i a l  
r i n g s  d e f i n e d  by deep  r i n g  f u r r o w s ,  which a r e  
d e e p e r  l a t e r a l l y .  T r a n s v e r s e  w i d t h  o f  f i f t h  
a x i a l  r i n g  a b o u t  t w o - t h i r d s  t h a t  o f  f i r s t .  
E n l a r g e d ,  t r i a n g u l a r  t e r m i n a l  p i e c e  a b o u t  h a l f  
l e n g t h  o f  a x i s  i n  f r o n t ,  somewhat i n f l a t e d .  
S i x t h  a x i a l  segment i n d i c a t e d  by i n c o m p l e t e  
r i n g  fu r row,  o r  p a i r  o f  backward-converging 
p i t s .  F a i n t  i n d i c a t i o n  o f  s e v e n t h  segment  on 
one  specimen ( P l .  37, f i g .  9 ) .  F i v e  p a i r s  o f  
p l e u r a l  r i b s  s e p a r a t e d  by d e e p  f u r r o w s ,  p rox imal  
p a r t s  s l o p e  p r o g r e s s i v e l y  backwards on p o s t e r i o r  
r i b s ,  f i n a l  p a i r  c l o s e l y  embracing t e r m i n a l  
p i e c e .  P o i n t e d  d i s t a l  t i p s  o f  p l e u r a l  s p i n e s  
a r e  t u r n e d  ou twards ,  s o  t h a t  t h e  a n t e r i o r  r i b s  
have an  o v e r a l l  g e n t l y  s i g m o i d a l  o u t l i n e .  
S h o r t  a r t i c u l a t i n g  h a l f  r i b  p rominen t ,  l i k e  
h a l f  r i n g  on a x i s .  F a c e t  on a n t e r i o r  segment 
e x t e n d s  f a r  back beyond mid- leng th  o f  pygidium. 

D i s c u s s i o n .  The s p e c i e s  i s  known 2rom r e l a -  
t i v e l y  few spec imens ,  and such  v a r i a t i o n  a s  
t h e y  show i s  r e g a r d e d  a s  i n t r a s p e c i f i c .  The 
outward bend of t h e  p y g i d i a l  s p i n e s  i s  l e s s  
on one specimen ( P I .  37, f i g .  9 )  , f o r  example.  

The t y p e  s p e c i e s  (Ludvigsen ,  1979,  
P1. 1, f i g .  7-9) d i f f e r s  from S. i n s u l a r i s  i n  
h a v i n g  a s  many a s  e i g h t  a x i a l  r i n g s  on t h e  
p y g i d i a l  a x i s ;  a l s o  t h e  p a l p e b r a l  l o b e s  do  n o t  
e x t e n d  a s  f a r  backward a s  on t h e  Newfoundland 
s p e c i e s .  A s p e c i e s  f i g u r e d  by D e m e t e r  (1973, 
P1. 5 ,  f i g .  4 a -c )  a s  "genus and s p e c i e s  
unde te rmined  A "  from w e s t e r n  Utah i s  a  pygidium 
c l o s e l y  s i m i l a r  t o  t h a t  of  S.  i n s u l a r i s .  I t  
s h o u l d  c e r t a i n l y  be r e f e r r e d  t o  S t r o t a c t i n u s .  

P l a t e  37 

F i g u r e s  1-9. S t r o t a c t i n u s  i n s u l a r i s  ( B i l l i n g s ,  1865)  . (1, 4 ,  7 )  Cranidium, 
i n t e r n a l  mould, d o r s a l ,  o b l i q u e  l a t e r a l  and  a n t e r i o r  v iews ,  X4; GSC 56883; 
23 m from b a s e .  ( 2 ,  3) Hypostoma, p o s t e r i o r  and v e n t r a l  v iews  ( n o t e  e x t e r n a l  
g r a n u l a t i o n ) ,  X6; GSC 56886; 30 m from b a s e .  ( 5 ,  6 ,  8)  Pygidium, i n t e r n a l  
mould, p o s t e r i o r ,  l a t e r a l  and d o r s a l  v iews ,  X6; n e o t y p e ,  GSC 56884; 30 m from 
b a s e .  ( 9 )  Pygidium, i n t e r n a l  mould ( n o t e  f a i n t  i n d i c a t i o n  o f  s e v e n t h  a x i a l  
r i n g ) ,  X8; GSC 56885; 40 m from b a s e .  

F i g u r e s  1 0 ,  11. uromystrum c f .  a f f i n e  ( ~ o u l s e n ,  1937)  . (10)  Smal l  pygidium, 
X4; GSC 56864; 2  m from b a s e .  (11)  ~ y g i d i u m ,  X8; GSC 57759; 1 2  m from b a s e .  

F i g u r e  12.  Uromystrum a f f i n e  ( P o u l s e n ,  1 9 3 7 ) .  C a s t  of h o l o t y p e  ( o r i g i n a l  o f  
P o u l s e n ,  1937,  p l a t e  7 ,  f i g u r e  7 ) ,  X4; Cape Weber Format ion ,  E a s t  Green land .  

F i g u r e s  13-15. O p i p e u t e r  c f  . a n g u l a r i s  (Young, 1973)  . (13 ,  1 4 )  Cranidium, 
d o r s a l  and a n t e r i o r  v iews ,  X18; GSC 56797; 4 7  m from b a s e .  (15)  Cran id ium,  
showing deep  g l a b e l l a r  fu r row,  X10; GSC 56798; same bed a s  f i g u r e  13 .  
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