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STRATIGRAPHIC SIGNIFICANCE OF CRINOIDAL 

COLUMNS OF THE TRAVERSE OF MICHIGAN

INTRODUCTION

C r i n o i d a l  r e m a in s ,  a l th o u g h  v e ry  common a s  f o s s i l s  i n  many 

f o r m a t i o n s ,  have  seldom  been  used  a s  in d e x  o r  m ark e r  f o s s i l s .  

P r o b a b ly  m ost g e o l o g i s t s  have r e a l i z e d  t h e  h o p e l e s s n e s s  o f  a s s o c ­

i a t i n g  an  i n d i v i d u a l  f r a g m e n t  o f  a  c r i n o i d  w i th  t h e  whole c r i n o i d  

o f  w hich  i t  was once a p a r t .  As a  r e s u l t  m ost c r i n o i d a l  rem a in s  

have  been  lumped t o g e t h e r  i n  t h a t  f a m i l i a r  te rm  " C r in o id e a " .

Only a  few a r t i c l e s  have a p p e a re d  i n  p r i n t  i n  which th e  

c l a s s i f i c a t i o n  o f  c r i n o i d a l  f r a g m e n ts  h a s  been  d i s c u s s e d  and no 

p r e v io u s  a t t e m p t  h a s  been  made to  e v a l u a t e  t h e  d e t a i l e d  s t r a t i -  

g r a p h ic  s i g n i f i c a n c e  o f  c r i n o i d  co lum ns. Moore (1938) l a i d  down 

t h e  p r i n c i p l e s  o f  c l a s s i f i c a t i o n  o f  f r a g m e n ta l  c r i n o i d  r e m a in s .

I n  t h e  T r a v e r s e  g ro u p  o f  n o r t h e r n  M ich igan  t h e r e  a r e  a  number 

o f  i n t e r b e d d e d  l im e s to n e s  and s h a l e s  i n  w hich  c r i n o i d a l  f r a g m e n ts  

a r e  f a i r l y  common. To d a te  t h e  c r i n o i d  columns of t h e  T r a v e r s e  

have r e c e i v e d  l i t t l e  a t t e n t i o n .  The p r e s e n t  s tu d y  i s  co n ce rn e d  

w i th  t h e  p o s s i b i l i t y  o f  u s in g  t h e  co lu m n a ls  t o  d i f f e r e n t i a t e  t h e  

v a r i o u s  f o r m a t io n s  o f  th e  g ro u p .

The m a t e r i a l  on w hich  th e  i n v e s t i g a t i o n  i s  b a se d  was o b t a in e d  

b y  s t u d e n t s  and i n s t r u c t o r s  o f  t h e  D epartm ent o f  Geology o f  M ich igan  

S t k t e  C o l le g e  on numerous f i e l d  t r i p s  t o  t h e  o u tc r o p s  o f  t h e  T ra v ­

e r s e  i n  t h e  n o r t h e r n  p a r t  o f  t h e  Lower P e n in s u la  o f  M ich ig an .
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Some spec im ens  w ere  a l s o  o b ta in e d  from  w e l l  s a m p le s ,

PURPOSE OF STUDY 

A lth o u g h  f r a g m e n ta r y  c r i n o i d a l  re m a in s  a r e  n o t  c o n s id e r e d  

t o  be w o r th y  o f  th e  s t r a t i g r a p h e r * s  a t t e n t i o n ,  and  i n  f a u n a l  

l i s t s  a r e  g ro u p ed  u n d e r  t h e  s i n g l e  te rm  " C r in o id e a ,  i n d e t . " , an  

a t t e m p t  i s  made i n  t h e  p r e s e n t  s tu d y  to  e v a l u a t e  t h e i r  im p o r ta n c e .  

Even w i th  b r i e f  e x a m in a t io n  f r a g m e n ta ry  c r i n o i d a l  m a t e r i a l  can  

e a s i l y  be s e p a r a t e d  i n t o  a r t i f i c i a l  g r o u p s .  W ith  t h i s  i n  mind 

t h e  c r i n o i d  co lu ran a ls  o f  t h e  T r a v e r s e  g roup  have been  c l a s s i f i e d  

and an a t t e m p t  h a s  been  made t o  e v a l u a t e  t h e  s t r a t i g r a p h i c  im p o r t ­

ance  o f  such  r e m a in s .

Only c r i n o i d  columns a r e  c o n s id e r e d  i n  t h i s  s tu d y  f o r  t h e y  

a r e  t h e  m ost ab u n d an t  and w id e sp re a d  c r i n o i d a l  rem a in s  i n  t h e  

T r a v e r s e  g roup  and hence  have  t h e  g r e a t e s t  s t r a t i g r a p h i c  v a l u e .

M o o re 's  c l a s s i f i c a t i o n  h a s  n o t  been  fo l lo w e d  r i g i d l y  i n  t h i s  

s t u d y .  A s e r i e s  o f  l e t t e r s  and  numbers i n s t e a d  o f  names a r e  used  

t o  d e s i g n a t e  t h e  v a r i o u s  c o lu m n a ls ,

STRATIGRAPHY

P l a t e  IV and t h e  b r i e f  d e s c r i p t i o n s  l i s t e d  below  s e r v e  a s  a  

summary o f  t h e  s t r a t i g r a p h y  o f  t h e  T r a v e r s e  g roup  i n  n o r t h e r n  

M ic h ig a n ,

A lpena  A rea (W a rth in  and  Cooper)

SQUAW BAY LIMESTONE: Brown l im e s to n e ,  d o lo m i t i c  i n  some p a r t s .

C o n ta in s  S t y l i o l i n a  and  u p p e r  D evonian g o n i a t i t e s .  T h ic k n e s s  12 f e e t .
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PARTRIDGE POINT FORMATION: Grey and b l u i s h  a r g i l l a c e o u s

l i m e s t o n e s , and  g re y  c a l c a r e o u s  s h a le s *  B l a s t o i d  and c r i n o i d  

rem a in s  num erous . Known t h i c k n e s s  14 f e e t *

POTTER FARM FORMATION: Blue t o  g re y  s h a l e s ,  and l o c a l  i n t e r ­

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

C v l in d ro p h v l lu m  a b u n d a n t .  36 f e e t  maximum t h i c k n e s s .

NORWAY POINT FORMATION: Brown and  g re y  l im e s to n e s  g r a d in g

upward i n t o  a r g i l l a c e o u s  and c a lc a r e o u s  c l a y .  S o i r i f e r  c f*  g ra n ­

u lo s u s  and  C ryphaeus  b o o t h i . 46 f e e t .

ALPENA LIMESTONE: M assive  g re y  and brown g r a n u l a r  l im e s t o n e ,

c h e r t y  n e a r  t h e  t o p .  C o ra l  r e e f s  common and  e x t e n s i v e .  Maximum 

o h ic k n e s s  a b o u t  125 f e e t .  The Dock S t r e e t  c l a y  i s  a  l o c a l  g re y  

c l a y  f a c i e s  o f  t h e  Upper A lp e n a .

KILLIANS LIMESTONE: Dark g re y  t o  b la c k  l im e s to n e  and  b la c k

s h a l e .  T h is  i s  t h e  to p m o s t  zone o f  a  s e r i e s  o f  b la c k  s h a l e s  and 

l im e s to n e s  t h a t  i n t e r f i n g e r  w i th  th e  Genshaw. I t  i s  p r o b a b ly  

a  b l a c k  f a c i e s  o f  t h e  Genshaw.

GENSHAW FORMATION: T h in  g r e y  l im e s to n e s  a l t e r n a t i n g  w i th  g re y

c a l c a r e o u s  s h a l e s  c o n t a i n i n g  a  l a r g e  fo rm  o f  A try p a  and G y p id u la  

r o m i n g e r i . Maximum t h i c k n e s s  o f  Genshaw and K i l l i a n s ,  75 f e e t .

FERRON POINT SHAIE: G reen t o  b l u i s h  c l a y s ,  in x e rb e d d e d  w i th

a r g i l l a c e o u s  l i m e s t o n e s ,  v e ry  f o s s i l i f e r o u s . T h ic k n e s s  a b o u t  35 f e e t .

ROCKPORT LIMESTONE: B lue  t o  d a rk  g r e y  l im e s to n e  w i th  much

b i tu m in o u s  m a t e r i a l .  Numerous f o s s i l s .  T h ic k n e s s  a b o u t  40 f e e t .
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BELL SHALL: S o f t ,  d a rk  g r e y  t o  b la c k  a r g i l l a c e o u s  s h a l e ,

a b u n d a n t ly  f o s s i l i f e r o u s .

A f to n  Area

The f o r m a t io n s  i n  t h i s  a r e a  a r e  s i m i l a r  t o  t h o s e  a ro u n d  

A lpena  e x c e p t  f o r  t h e  b e d s  be tw een  t h e  K i l l i a n s  and t h e  P o t t e r  

Farm* T h i s  i n t e r v a l  a t  A fto n  i s  made up o f  beds p r o v i s i o n a l l y  

known a s  t h e  M arv in ,  E l l i s  and Beebe i n  t h e  u p p e r  p a r t  and th e  

A f to n  beds  below  ( K e l l y ,  1940)« The u p p e r  b ed s  c o n s i s t  o f  d a rk  

6 r e y  t o  b la c k  l im e s to n e  (M a rv in ) ,  m a s s iv e ,  g re y  c r y s t a l l i n e  

l im e s to n e  ( E l l i s ) , and g r e y  l im e s to n e s ,  somewhat s i l i c e o u s  

an d  g re e n  g re y  s h a l e  ( B e e b e ) • The A f to n  i s  a  d en se  t o  f i n e l y  

g r a n u l a r ,  l i g h t  g re y  l im e s to n e  a b o u t  50 f e e t  x h i c k .

P e to s k e y  A rea (P o h l)

PETOSKEY FORMATION: B u ff  g re y  t o  b la c k  l im e s to n e ,  o c c a s ­

i o n a l l y  b i tu m in o u s ,  i n t e r b e d d e d  w i th  g re y  t o  b la c k  sh a le *

CHARLEVOIX LIMESTONE: G ra n u la r  t o  m ass iv e  g r e y  and brown

l i m e s t o n e •

GRAVEL POINT FORMATION: Dark g re y  t o  b la c k  l im e s to n e  w i th

a  b ro w n ish  t i n g e .  Some b l u i s h  g r e y  s h a le  n e a r  t h e  t o p .

T hese  c o r r e s p o n d  i n  age  t o  t h e  A lp e n a - P a r t r i d g e  P o in t  i n t e r v a l  

o f  t h e  A lpena  a r e a  and  t h e  M arv in -B eebe  i n t e r v a l  o f  t h e  A fto n  a r e a .  

The low er h a l f  o f  t h e  T r a v e r s e  i s  c o n c e a le d  i n  t h e  P e to sk e y  a r e a .



PLATE IV

Columnar s e c t i o n s  o f  t h e  T r a v e r s e  g ro u p ,  n o r t h e r n  p a r t  o f  

t h e  Lower P e n in s u l a  o f  M ic h ig a n .  M o d if ie d  from  K e l ly  ( 1 9 4 0 ) .
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METHOD OF PREPARATION 

The m a j o r i t y  o f  t h e  co lu m n a ls  exam ined were f r e e  from  s u r ro u n d ­

in g  ro c k  and  needed  l i t t l e  p r e p a r a t i o n  beyond c l e a n i n g .  Those t h a t  

o c c u r r e d  i n  ro c k  m a t r i x  r e q u i r e d  s p e c i a l  p r e p a r a t i o n .  The a r r a n g e ­

m ent and t h i c k n e s s  o f  such  co lu m n a ls  were o b ta in e d  by  m aking lo n g ­

i t u d i n a l  p o l i s h e d  s e c t i o n s  o f  t h e  s tem s embedded i n  t h e  rock#  The 

a r t i c u l a t e  s u r f a c e  p roved  r a t h e r  d i f f i c u l t  t o  o b ta in #  E tc h in g  

p ro v ed  u n s u c c e s s f u l  f o r  i t  would d e s t r o y  one f e a t u r e  o f  t h e  s u r f a c e  

w h i le  b r i n g i n g  o u t  a n o th e r#  P o l i s h e d  s e c t i o n s  were made p a r a l l e l  

t o  t h e  a r t i c u l a t e  s u r f a c e .  I n  t h e  c a se  o f  a  f l a t  a r t i c u l a t e  s u r f a c e  

t h e  f a c e  was g round  down u n t i l  i t  had r e a c h e d  t h e  l e v e l  o f  an  

a r t i c u l a t e  s u r f a c e  and th e n  p o l i s h e d #  The d e t a i l s  o f  t h e  s u r f a c e  

w ere e a s i l y  o b sev ed  th e n #  I n  th e  c a se  o f  a  concave  a r t i c u l a t e  

s u r f a c e  i t  was n e c e s s a r y  t o  g r i n d  t h e  s u r f a c e  down by s u c c e s s iv e  

s t a g e s  and n o te  t h e  changes  t h a t  to o k  p la c e  i n  th e  d e t a i l s  on t h e  

s u r f a c e .  On t h e  spec im ens  t h a t  were f r e e  o f  s u r ro u n d in g  ro c k  i t  

was found  n e c e s s a r y  t o  g r i n d  and p o l i s h  one a r t i c u l a t e  s u r f a c e  i n  

o r d e r  t o  be c e r t a i n  o f  t h e  shape  o f  t h e  lumen#

MORPHOLOGIC CHARACTER OF CRINOID COLUMNALS 

C r in o id  colum ns a r e  made up o f  d i s c - l i k e  o r  k e g -sh ap e d  s e g -  

m ents  known a s  c o lu m n a ls .  The to p  and bo tto m  s u r f a c e s  ( a ^ i c u l -  

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

p i e r c e d  a t  t h e  c e n t e r  by a  c a n a l  (lum en) whose a x i s  i s  p e rp e n d ­

i c u l a r  t o  t h e  a r t i c u l a t e  s u r f a c e .

Most co lu m n a ls  a r e  c i r c u l a r  i n  c r o s s  s e c t i o n  a l th o u g h  form s
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o c c a s i o n a l l y  o c c u r  i n  w hich  t h e  shape  i s  e l l i p t i c a l ,  p e n t a g o n a l ,  

q u a d r a n g u la r  o r  s t e l l a t e #  I n  t h e  column o f  a  s i n g l e  i n d i v i d u a l  

t h e  co lu m n a ls  a r e  u s u a l l y  o f  t h e  same c r o s s  s e c t i o n a l  o u t l i n e  b u t  

i n d i v i d u a l  co lu m n a ls  v a r y  i n  s i z e #  Those d i s c s  p o s s e s s in g  nodes  

( n o d a l  d i s c s )  a r e  g e n e r a l l y  w id e r  and t h i c k e r  t h a n  t h e  n o n -n o d a l  

segm ents#  I n  t h e  column t h e  a r ra n g em en t  o f  n o d a l  and  n o n -n o d a l  

c o lu m n a ls  i s  u n ifo rm  and s e r v e  a s  a  f e a t u r e  i n  d i s t i n g u i s h i n g  

v a r i o u s  co lum ns.

The d ia m e te r  o f  a  co lum nal i s  c o n s id e r e d  t o  be t h e  maximum 

d i s t a n c e  a c r o s s  a  co lum nal on t h e  a r t i c u l a t e  s u r f a c e  m easured  

th r o u g h  t h e  lumen# The t h i c k n e s s  i s  t h e  maximum t h i c k n e s s  m eas­

u re d  p a r a l l e l  t o  th e  a x i s  o f  t h e  lum en.

The a r t i c u l a t e  s u r f a c e s  o f  th e  co lu m n a ls  a r e  g r i l l e d  by f i n e  

r a d i a t i n g  r i d g e s  which a r e  known a s  c r e n e l l a e .  Most c r e n e l l a e  

a r e  s i n g l e ,  s t r a i g h t  r i d g e s  i n  which c a s e  t h e y  a r e  te rm e d  s im p le .  

O c c a s i o n a l ly  t h e  c r e n e l l a e  d i v id e  on a p p ro a c h in g  th e  p e r ip h e ry #  

C r e n e l l a e  o f  t h i s  ty p e  a r e  d e s ig n a t e d  a s  b i f u r c a t i n g  c r e n e l l a e .  

Along th e  edge o f  t h e  co lum na l th e  number o f  c r e n e l l a e  i s  o f t e n  

i n c r e a s e d  by t h e  a d d i t i o n  o f  s h o r t  c r e n e l l a e .  Such c r e n e l l a e  a r e  

known a s  im p la n te d  c r e n e l l a e .  I n  most co lu m n a ls  t h e  im p la n te d  

c r e n e l l a e  o c c u r  on one a r t i c u l a t e  s u r f a c e  w h i le  on t h e  o t h e r  

s u r f a c e  b i f u r c a t i n g  c r e n e l l a e  o c c u r .  When t h e  two s u r f a c e s  a r e  

i n  c o n t a c t  t h e  im p la n te d  c r e n e l l a e  f i t  i n t o  t h e  g ro o v e s  form ed 

by t h e  b i f u r c a t i n g  c r e n e l l a e .  The p re s e n c e  o f  im p la n te d  c r e n e l l a e ,  

h o w ev er ,  does  n o t  im p ly  t h e  p re s e n c e  o f  o p p o s i t e  b i f u r c a t i n g  ones
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a s  o f t e n  d i s c s  a r e  found  w hich  have  im p la n te d  c r e n e l l a e  on b o th  

a r t i c u l a t e  s u r f a c e s  w i th o u t  c o r r e s p o n d in g  b i f u r c a t i n g  c r e n e l l a e #

The zone be tw een  t h e  lumen and t h e  c r e n e l l a e  i s  d e s ig n a t e d  

a s  t h e  c e n t r a l  a r e a .  I n  many co lu m n a ls  t h i s  a r e a  i s  m is s in g  a s  

t h e  c r e n e l l a e  e x te n d  t o  th e  lum en. The c e n t r a l  a r e a  i s  g e n e r a l l y  

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

Most lumens were fo und  t o  be c i r c u l a r  i n  o u t l i n e .  A n o th e r  

v e r y  common form  was t h e  c i n q u e f o i l  o r  p e n t a p e t a l o i d .  O th e r  l e s s  

common o u t l i n e s  were p e n ta g o n a l ,  f i v e  p o in te d  s t a r s ,  e l l i p t i c a l ,  

o r  mere s l i t s .  The d i a m e t r a l  r a t i o  of t h e  lumen i s  a l s o  an  im p o r t ­

a n t  f e a t u r e  t o  be n o te d  i n  c l a s s i f i c a t i o n .  In  many columns th e  

lumen i s  w id e r  a t  t h e  a r t i c u l a t e  s u r f a c e  t h a n  a t  t h e  c e n t e r  o f  

t h e  d i s c .  I n  r a r e  c a s e s  t h e  lumen i s  o f  d i f f e r e n t  shape i n  d i f f ­

e r e n t  p a r t s  o f  t h e  c o lu m n a l .

The p e r i p h e r y  o r  n o n - a r t i c u l a t e  s u r f a c e  i s  g e n e r a l l y  sm ooth .

I n  p r o f i l e  i t  i s  p l a n e ,  c o n ca v e ,  convex . The most common 

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

More r a r e l y  t u b e r c l e s ,  s p in e s  o r  g r a n u le s  o c cu r  on t h e  p e r ip h e ry *
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CONCLUSIONS

T h i s  s tu d y  i s  b a se d  on o v e r  1000 spec im ens  o b ta in e d  from  

26 l o c a l i t i e s ,  r e p r e s e n t i n g  11 g e o lo g ic  h o r iz o n s *  From t h e  

c o l l e c t i o n  65 s u b s e c t i o n s  were d i s t i n g u i s h e d .  Not a l l  l o c a l i t i e s  

w ere  e q u a l l y  r e p r e s e n t e d .  I n  some l o c a l i t i e s  o v e r  100 spec im ens  

w ere o b t a in e d  w h i le  f rom  o t h e r s  o n ly  a  s i n g l e  specim en was a v a i l ­

a b l e  f o r  e x am in a tio n *  Many o f  t h e  spec im ens  were i n  m a t e r i a l  

t h a t  had been  o b ta in e d  by t h e  c o l l e c t o r  f o r  o t h e r  p u r p o s e s .  

L o c a l i t i e s  from  w hich  such  c o l l e c t i o n s  were made a r e  t h e r e f o r e  

p o o r l y  r e p r e s e n t e d .

The c o n c lu s io n s  r e a c h e d  can  o n ly  be t e n t a t i v e .  More th o ro u g h  

c o l l e c t i n g  a t  each  l o c a l i t y  w i l l  make p o s s i b l e  a  d e f i n i t e  c o n c lu s io n  

a s  t o  t h e  s t r a t i g r a p h i c  v a lu e  o f  each  ty p e  o f  c o lu m n a l .

From th e  m a t e r i a l  c l a s s i f i e d  t h e r e  i s  a  s t r o n g  s u g g e s t io n  

t h a t  c e r t a i n  c r i n o i d  columns can  be u sed  a s  in d e x  f o s s i l s .  The 

p o s s i b i l i t y  o f  c o r r e l a t i o n  b e tw een  t h e  A lpena -  A fto n  a r e a  and th e  

P e to s k e y  a r e a  was a l s o  i n d i c a t e d  by t h e  few co lu m n a ls  t h a t  were 

c l a s s i f i e d  from  th e  P e to s k e y  a r e a .

The co lum nals  from  t h e  P e to s k e y  a r e a  showed many new form s 

t h a t  w ere  d i s t i n c t  from  t h o s e  o f  t h e  A fto n  -  A lpena a r e a .  These 

fo rm s w ere n o t  c l a s s i f i e d  a s  t h e y  were beyond t h e  scope o f  th e  

s tu d y *  Only t h e  u pper  h a l f  o f  t h e  T r a v e r s e  i s  exposed  a ro u n d  

P e to s k e y .  I n  t h e  A fto n  -  A lpena  a r e a  t h e  low er h a l f  i s  b e s t  ex ­

p o s e d ,  t h e  u p p e r  h a l f  b e in g  m a in ly  c o n c e a le d .  The d i f f e r e n c e  

i n  h o r i z o n  from  w hich t h e  co lu m n a ls  o f  t h e  two a r e a s  were o b ta in e d  

would a c c o u n t  f o r  t h e  many new form s i n  t h e  P e to s k e y  a r e a .
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L i m i t a t i o n s  upon th e  work may be im posed a s  f u r t h e r  s tu d y  

i s  c a r r i e d  o n .  F o r  examples I f  c e r t a i n  co lu m n a ls  w i th o u t  a  

c e n t r a l  a r e a  l i k e  C - C - 2 - A ( P l .  I ,  f i g .  8) p rove  to  be a  p a r t  

o f  t h e  column o f  t h e  same s p e c i e s  a s  t h a t  w hich  i n  a n o th e r  p a r t  

o f  t h e  column p o s s e s s e s  a  c e n t r a l  a r e a  a s  t y p i f i e d  b y C - C - 3 - A  

(P I*  I ,  f i g .  10) t h e n  t h e  v a lu e  a s  a g u id e  f o s s i l  w i l l  d i s a p p e a r ,  

s i n c e  C -  C -  3 -  A h a s  an  e x te n s iv e  s t r a t i g r a p h i c  range*

The t e s t  o f  w h e th e r  t h e  s u b s e c t io n s  a r e  e q u i v a l e n t  t o  t r u e  

s p e c i e s  w i th  d e f i n i t e  s t r a t i g r a p h i c  r a n g e s  w i l l  come w i th  f u r t h e r  

i n t e n s e  c o l l e c t i n g .  The c o l l e c t i n g  w hich  has  b een  done so f a r  has  

n o t  been  s e l e c t i v e  and u n le s s  c o in c id e n c e  be c a l l e d  upon i t  seems 

d i f f i c u l t  t o  a c c o u n t  f o r  t h e  p re s e n c e  o f  co lu m n a ls  o f  one s u b s e c t ­

i o n  and  t h e  a b sen ce  o f  c o lu m n a ls  o f  a n o th e r  s u b s e c t i o n  i n  a  h o r i z o n  

i f  t h e y  were b o th  p a r t s  o f  t h e  same colum n.

C o n v e r s e ly ,  t h e r e  i s  no i m p l i c a t i o n  t h a t  b e c a u se  one s u b s e c t ­

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

i s  r e p r e s e n t e d .  Such an o c c u r re n c e  may be an  example o f  homeo- 

m orphy . From th e  s t r a t i g r a p h e r ' s  v i e w p o in t ,  how ever, such  r e o c c u r r ­

en ce s  o f  a  s u b s e c t io n  d e t r a c t s  f ro m  i t s  v a lu e  i n  c o r r e l a t i o n .
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DESCRIPTION OF COLUMNALS

Moore*s c l a s s i f i c a t i o n  h a s  n o t  been  f o l lo w e d  r i g i d l y  i n  t h i s  

s t u d y .  The b r o a d e r  te r ra s  used  by Moore have b een  r e t a i n e d  b u t  

i n  t h e  s m a l l e r  s u b d i v i s i o n s  a  sy stem  o f l e t t e r s  and numbers has  

b e en  s u b s t i t u t e d  i n  p la c e  o f  names. The c l a s s i f i c a t i o n  u sed  in  

t h i s  s tu d y  d i v i d e s  Moore*s s e c t i o n  d e s i g n a t i o n  i n t o  s u b s e c t io n s  

i n  o r d e r  t o  o b t a i n  a more d e t a i l e d  c l a s s i f i c a t i o n  w hich  i s  n e c e s s ­

a r y  i f  t h e  co lu m n a ls  a r e  t o  be o f  s t r a t i g r a p h i c  v a l u e .

I n  t h i s  sy s tem  th e  f i r s t  l e t t e r  d e s i g n a t e s  th e  c r o s s  s e c t i o n ­

a l  o u t l i n e s  C i n d i c a t e s  a  c i r c u l a r  c r o s s  s e c t i o n ,  P a  p e n ta ­

g o n a l  c r o s s  s e c t i o n .  The second  l e t t e r  s i g n i f i e s  th e  o u t l i n e  o f  

t h e  lumen: C i s  a  c i r c u l a r  lum en, F a  c i n q u e f o i l  o n e ,  P a  p e n ta ­

g o n a l  o n e ,  S a  s l i t - l i k e  lum en. The number and l a s t  l e t t e r  

combine t o  make up th e  s e c t i o n  and s u b s e d t io n  i d e n t i f i c a t i o n .

D iv i s io n  CRINOSTYLI Moore (C olum nals)

Main Group CYCLOSTYLI Moore 

A l l  co lu m n a ls  t h a t  o re  e s s e n t i a l l y  c i r c u l a r  i n  o u t l i n e  a r e  

i n c lu d e d  i n  t h i s  g ro u p .

Group CYCLOCYCLOPAE Moore 

C y c l o s t y l i  w hich  p o s s e s s  a  c i r c u l a r  lum en.

S e c t i o n  C -  C -  1 D av ies  

C y c lo c y c lo p a e  w i th  a  s m a l l  lumen w hich i s  su r ro u n d e d  by a
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t u b e - l i k e  r i d g e  and no c e n t r a l  a re a*  S e c t io n  ty p e  C -  C -  1 -  A

C -  C -  1 -  A D av ies  

P l a t e  I  F ig u r e  1 .

C i r c u l a r  c r o s s  s e c t i o n *  D iam ete r  8 t o  10 mm, A n n u la te :  

A l t e r n a t e  nodose  and n on -nodose  d i s c s *  Nodose d i s c  a b o u t  1 mm, 

o h ic k ,  k e e le d  and  a b o u t  0 ,5  mm, w id e r  t h a n  t h e  non -nodose  d i s c .  

Non-nodose d i s c  1 ram* t h i c k ;  p e r ip h e r y  p la n e  and sm ooth . A r t i c ­

u l a t e  s u r f a c e  s l i g h t l y  c o n c a v e ,  c e n t e r  b e in g  d e p re s s e d  a b o u t  0*5 

ium* A r t i c u l a t e  s u r f a c e  g r i l l e d  w i th  r a d i a t i n g  c r e n e l l a e ,  m a in ly  

s im p le ;  b i f u r c a t i n g  ones r a r e .  Lumen c i r c u l a r ,  a b o u t  0*2 mm. w ide ; 

s u r ro u n d e d  by a  t u b e - l i k e  r i d g e  0 .2  mm. w id e .  R idge  g r i l l e d  w i th  

c r e n e l l a e •

Rem arks: T h is  co lum nal i s  v e ry  common i n  t h e  B e l l  s h a le  a t  t h e

R o c k p o r t  Q u a r ry .  I t  a l s o  o c c u r s  s p a r i n g l y  i n  t h e  Dock S t r e e t  

c l a y .  A ty p e  c l o s e l y  r e s e m b l in g  t h i s  fo rm  o c c u r s  a b u n d a n t ly  i n  

xhe P e to s k e y  fo r m a t io n  i n  t h e  w e s te rn  p a r t  o f  t h e  S t a t e .

C -  C -  1 -  B D av ies  

P l a t e  I  F ig u r e  2

C i r c u l a r  c r o s s  s e c t i o n .  D iam eter  5 to  8 mm. A n n u la te :  

C o lu m n a ls  i n  a  s e r i e s  o f  fo u r*

1 .  Nodose d i s c  a b o u t  1 mm. t h i c k ,  k e e le d ;  a b o u t  0 .5  mm. 

w id e r  t h a n  c o lu m n a ls  2 and 4 .

2 .  Non-nodose d i s c  a b o u t  0 .5  mm. t h i c k .

3 .  N on-nodose d i s c  a b o u t  0 .5  mm. t h i c k ;  a b o u t  0 .2  mm w id e r  

t h a n  co lu m n a ls  2 and  4 .

4 .  N on-nodose d i s c  a b o u t  0 .5  mm. t h i c k .
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A r t i c u l a t e  s u r f a c e  s l i g h t l y  c o n c a v e ,  c e n t e r  d e p r e s s e d  a b o u t  0 .5  

mm. Lumen c i r c u l a r ,  s u r ro u n d e d  by a  t u b e - l i k e  r i d g e .  Lumen 0 .2  

mm. w id e .  R idge  s u r ro u n d in g  lumen g r i l l e d  w i th  c r e n e l l a e .  A r t i c ­

u l a t e  s u r f a c e  g r i l l e d  w i th  c r e n e l l a e .  B i f u r c a t i n g  and  im p la n te d  

c r e n e l l a e  common. No c e n t r a l  a r e a .

R em arks: T h i s  fo rm  i s  p ro b a b ly  from  t h e  same s p e c i e s  a s

C - C - l - A .  I t  d i f f e r s  from  t h a t  form  o n ly  i n  th e  a r ra n g em en t  

o f  t h e  c o lu m n a ls .  C - C - l - B i s  common i n  t h e  B e l l  s h a le  a t  

t h e  R o c k p o r t  Q u a r ry .

C -  C -  1 -  C D avies  

P l a t e  I  F ig u r e  3 .

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  5 t o  8 mm. A n n u la te :  

A l t e r n a t e  n on -nodose  d i s c s  1 mm. t h i c k .  Each a l t e r n a t e  d i s c

i s  k e e l e d  and i s  0.2, mm. w id e r  th a n  th e  o t h e r  d i s c .  A r t i c u l a t e

s u r f a c e  s l i g h t l y  c o n ca v e .  G r i l l e d  w i th  r a d i a t i n g  c r e n e l l a e .  

C r e n e l l a e  m a in ly  s im p le  w i th  some im p la n te d .  B i f u r c a t i n g  c r e n ­

e l l a e  p r e s e n t  on o p p o s i t e  s id e  o f  d i s c .  Lumen c i r c u l a r ,  1 mm*

d ia m e te r ,  su r ro u n d e d  by  a t u b e - l i k e  r i d g e .  No c e n t r a l  a r e a .  

Rem arks: Abundant i n  th e  B e l l  and F© rron P o in t  i n  P resq u e  I s l e

c o u n ty .  A lso  o c c u r s  i n  t h e  Nowway P o in t  and th e  P a r t r i d g e  P o in t  

f o r m a t i o n s .  Type spec im en  from  th e  B e l l  s h a l e ,  R o ck p o r t  Q u a rry .
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C ■ C •  1 -  D D av ies  

P l a t e  1 F ig u r e  4 

C i r c u l a r  c r o s s  s e c t i o n .  D iam eter  2 t o  7 mm. Colum nals 

s i m i l a r ,  0 .7  mm. t h i c k  and s l i g h t l y  k e e le d  on p e r i p h e r y .

A r t i c u l a t e  s u r f a c e  g r i l l e d  w i th  s im p le  and a  few b i f u r c a t i n g  

c r e n e l l a e .  A r t i c u l a t e  s u r f a c e  s l i g h t l y  c o n c a v e .  Lumen c i r c u l a r ,  

0*1 mm. w id e ,  su r ro u n d e d  by  a  t u b e - l i k e  r i d g e ,  0 .2  mm* w id e .  

Rem arks: Common i n  t h e  B e l l  s h a l e  a t  R o ck p o r t  and R ogers  C i t y .

C -  C -  I  -  E D avies  

P l a t e  I  F ig u r e  5 

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  4 mm. A n n u la te :  D isc

1 mm. t h i c k ,  s l i g h t l y  k e e le d  a l t e r n a t i n g  w i th  d i s c  0 .1  mm. 

t h i c k .  A r t i c u l a t e  s u r f a c e  s l i g h t l y  c o n ca v e .  G r i l l e d  w i th  

s im p le  c r e n e l l a e .  Lumen c i r c u l a r ,  0 .5  mm. w id e ,  s u r ro u n d e d  

by  a  t u b e - l i k e  r i d g e  w hich  i s  g r i l l e d  on th e  a r t i c u l a t e  s u r f a c e .  

Rem arks: R esem bles  o t h e r s  i n  S e c t io n  C -  C -  1 b u t  t h e  a r t i c u l a t e

s u r f a c e  i s  l e s s  concave and t h e  tu b e  s u r ro u n d in g  th e  lumen i s  

n o t  so p ro m in e n t .  O ccurs  i n  t h e  Norway P o in t  fo r m a t io n  a t  Seven 

M ile  Dam, A lpena  C ou n ty .

C -  C -  1 -  F D avies  

P l a t e  I  F ig u r e  6 

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  6 t o  9 mm. A n n u la te :

A l l  d i s c s  s i m i l a r ,  1 . 2  mm. t h i c k *  P e r ip h e r y  s l i g h t l y  convex 

and  sm ooth . Some d i s c s  s l i g h t l y  k e e le d  a lo n g  t h e  p e r i p h e r y .
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E v e ry  f o u r t h  d i s c  occa .s io ri8 .lly  nodose* A r t i c u l a t e  s u r f a c e  s l i g h t -  

l y  concave* G r i l l e d  w i th  s im p le  c r e n e l l a e *  Lumen c i r c u l a r ,  0 .2  

mm. d i a m e t e r .  S u rro u n d ed  by  a t u b e - l i k e  r i d g e  0 .2  mm. w id e .  No 

c e n t r a l  a r e a .

R em arks : O ccurs  i n  t h e  B e l l  s h a l e  a t  t h e  R o ck p o r t  Q u a rry .

S e c t io n  C -  C -  2 D av ies  

C v c lo c v c lo p a e  w i th  a  f l a t  a r t i c u l a t e  s u r f a c e ,  s m a l l  lumen, 

a n d  no c e n t r a l  a r e a .  S e c t io n  ty p e  C ^ C -  2 — A. One form  shows 

a s l i g h t l y  concave a r t i c u l a t e  s u r f a c e .

C -  C -  2 -  A D avies  

P l a t e  I  F ig u r e  8 

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  4 t o  8 mm. Colum nals 

s i m i l a r . P e r i p h e r y  p la n e  and sm ooth . Each  d i s c  a b o u t  1 mm. 

t h i c k .  A r t i c u l a t e  s u r f a c e  f l a t ;  g r i l l e d ,  c r e n e l l a e  m a in ly  

b i f u r c a t i n g  w i th  many s h o r t ,  im p la n te d .  Lumen c i r c u l a r ,  

a b o u t  1 mm. i n  d i a m e t e r .  No c e n t r a l  a r e a .

Rem arks: Very common i n  t h e  Genshaw fo r m a t io n  and c o n f in e d  to  i t .

Type spec im en  fro m  R o b e r t s  S choo l c o r n e r ,  P re sq u e  I s l e  c o u n ty .

C -  C -  2 -  B D av ies  

P l a t e  I  F ig u r e  9 

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  5 mm. D is c s  s i m i l a r .  

P e r i p h e r y  p la n e  and  sm ooth . T h ic k n e s s  a b o u t  1 .5  mm. A r t i c u l a t e  

s u r f a c e  f l a t ,  g r i l l e d  w i th  c o a r s e  c r e n e l l a e  w hich b i f u r c a t e  a t  

t h e  p e r i p h e r y .  No c e n t r a l  a r e a .  Lumen c i r c u l a r ,  1 mm. i n  d iam -
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e t e r *  About h a l f  way from  t h e  c e n t e r  t o  t h e  p e r i p h e r y  t h e  

c r e n e l l a e  a r e  c r o s s e d  by a  l i n e  c o n c e n t r i c  a b o u t  t h e  c e n te r*

Rem arks: Found i n  t h e  M arvin  beds  i n  t h e  A fto n  a re a *  Very

common i n  t h e  G ra v e l  P o i n t  and  P e to s k e y  fo r m a t io n s  i n  t h e  w e s te r n  

p a r t  o f  t h e  S t a t e *

C -  C -  2 -  C D avies  

P l a t e  I  F ig u r e  7*

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  5 mm* D isc s  s i m i l a r .

P e r i p h e r y  s t r o n g l y  convex and smooth* A r t i c u l a t e  s u r f a c e  

f l a t  t o  s l i g h t l y  c o n c a v e ,  g r i l l e d  w i th  f i n e  r a d i a t i n g  c r e n e l l a e .

Lumen c i r c u l a r ,  a b o u t  1 mm. i n  d i a m e te r .  No c e n t r a l  a r e a .

R em arks: Common i n  t h e  P a r t r i d g e  P o in t  fo r m a t io n  a t  P a r t r i d g e

P o i n t .  A lso  common i n  t h e  Dock S t r e e t  c l a y .

C -  C -  2 -  D D avies  

P l a t e  I  F ig u r e  28 

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  5 mm* Colum nals  a l t e r n a t e :  

P r o t r u d i n g  co lum na l w i th  a  convex p e r i p h e r y  a l t e r n a t i n g  w i th  a  non- 

p r o t r u d i n g  one w i th  a  p la n e  p e r i p h e r y .  Colum nals a b o u t  1 .4  mm. t h i c k .  

A r t i c u l a t e  s u r f a c e  f l a t ,  c r e n e l l a e  s im p le .  No c e n t r a l  a r e a .

Lumen c i r c u l a r ,  1 .2  mm. i n  d ia m e te r .

Rem arks: Common i n  t h e  Genshaw, S. E .  c o r n e r  s e c t i o n  25 , 3 m i le s

s o u th  o f  B lack  L ak e , Cheboygan c o u n ty .
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C -  C -  2 -  £  D av ies  

P l a t e  I  F ig u r e  14 

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  3 t o  4 mm. Colum nals 

s i m i l a r ,  a b o u t  1 .5  ram. t h i c k .  P e r ip h e r y  p la n e  and sm ooth. 

A r t i c u l a t e  s u r f a c e  f l a t .  C r e n e l l a e  m a in ly  b i f u r c a t i n g ,  some 

im p l a n t e d .  Lumen c i r c u l a r ,  e x t re m e ly  s m a l l ,  0 .0 5  mm. d ia m e te r*

No c e n t r a l  a r e a .

R em arks: O ccurs  i n  t h e  Dock S t r e e t  c l a y ,  Thunder Bay Q u a rry ,

A lp e n a .

C -  C •  2 ■ F D avies  

P la . te  I  F ig u r e  13 

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  5 mm. A n n u la te ,  Colum nals 

a r r a n g e d  i n  s e r i e s  o f  f o u r :

1 .  T h ick  d i s c ,  1 mm. t h i c k ;  a b o u t  0 .3  ram. w id e r  t h a n  d i s c s  

2 and 4 .

2 .  T h in  d i s c ,  0 .2  mm. t h i c k .

3 .  T h ick  d i s c ,  0 .5  mm. t n i c k ;  a b o u t  0 .1  ram. wide* t h a n  d i s c s  

2 and  4 .

4 .  T h in  d i s c ,  0 .2  mm. t h i c k .

A r t i c u l a t e  s u r f a c e  s l i g h t l y  c o n c a v e .  G r i l l e d  w i th  s im p le  and 

im p la n te d  c r e n e l l a e .  Lumen c i r c u l a r ,  1 ram. i n  d i a m e te r .

R em arks: O ccurs  i n  t h e  P a r t r i d g e  P o in t  fo r m a t io n  a t  P a r t r i d g e

P o i n t .
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C * C -  2 -  G Davi e s

P l a t e  I I  F ig u r e  4 

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  2 t o  3 mm. A n n u la te ,  

C o lum nals  i n  s e r i e s  o f  t h r e e s

1 .  D isc  3 mm. d i a m e te r ,  p e r ip h e r y  convex and sm ooth .

2 .  D isc  2 .5  mm. d i a m e te r ;  p e r ip h e r y  p la n e  and  sm ooth .

3 .  D isc  2 .5  mm. d ia m e te r ;  p e r ip h e r y  p la n e  and sm ooth .

D is c s  a b o u t  0 .5  mm. t h i c k .  A r t i c u l a t e  s u r f a c e  f l a t ;  g r i l l e d  

w i th  s im p le ,  f i n e  c r e n e l l a e .  Lumen c i r c u l a r ,  0 .2  mm. d ia m e te r .  

R em arks: O ccurs  i n  th e  F e r r o n  P o in t  f o r m a t i o n  a t  B lack  L ake .

S e c t io n  0 -  C -  3 D av ies

C y c lo c y c lo p a e  w i th  a  f l a t  a r t i c u l a t e  s u r f a c e ,  s m a l l  lumen,

and a  n a rrow  c e n t r a l  a r e a .  S e c t io n  ty p e  C -  C -  3 -  A.

C -  C -  3 -  A D av ies  

P l a t e  I  F ig u r e  10 

C i r c u l a r  c r o s s  s e c t i o n .  D iam e te r  4 t o  7 mm. A n n u la te :

D is c s  s i m i l a r ,  a b o u t  1 mm. t h i c k .  P e r ip h e r y  p la n e  and sm ooth. 

A r t i c u l a t e  s u r f a c e  f l a t .  C r e n e l l a e  m a in ly  s im p le  w i th  some 

im p la n te d .  Lumen c i r c u l a r ,  0 .7 5  mm. d ia m e te r .  C e n t r a l  a r e a  

a b o u t  0 .5  t o  0 .8  mm. made. Smooth and f l a t .

R em arks: Abundant i n  t h e  Genshaw, S. E- c o r n e r  s e c t i o n  25 ,

3 m i l e s  s o u th  o f  B lack  L ake , Cheboygan c o u n ty  and a t  o t h e r  p l a c e s  

i n  Cheboygan and P re sq u e  I s l e  c o u n t i e s .  Also o c c u r s  i n  t h e  Dock
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S t r e e t  c l a y ,  t h e  Norway P o i n t  fo r m a t io n  and th e  Beebe b e d s .

C -  C -  3 -  B Davi e s

P l a t e  I  F ig u r e  1 1 .

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  2 mm. A l l  d i s c s  s i m i l a r .  

P e r i p h e r y  p la n e  and sm ooth . C r e n e l l a e  c o a r s e  and s im p le .  A r t i c ­

u l a t e  s u r f a c e  f l a t .  Lumen c i r c u l a r ,  0 .2  mm* d ia m e te r .

R em arks: O ccurs  i n  t h e  Genshaw, S .E .  c o r n e r  s e c t i o n  25 , 3 m i le s

s o u th  o f  B lack  L ake , Cheboygan C o u n ty .  A lso o c c u r s  i n  t h e  Dock 

S t r e e t  c l a y  and t h e  G ra v e l  P o in t  f o r m a t i o n .

S e c t io n  C -  C -  4 D av ies  

C y c lo c y c lo p a e  w i th  a f l a t  a r t i c u l a t e  s u r f a c e ,  s m a l l  lum en,

and  l a r g e  c e n t r a l  a r e a .  S e c t io n  ty p e  C -  C -  4 -  A.

C -  C -  4 -  A Da v i  e s 

P l a t e  I  F ig u r e  12 

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  2 t o  4 mm. D isc s  s i m i l a r ,  

1 mm. t h i c k .  A r t i c u l a t e  s u r f a c e  f l a t .  G r i l l e d  a lo n g  p e r ip h e r y  

o n l y .  C r e n e l l a e  c o a r s e ,  a b o u t  0 .3  mm. lo n g .  C e n t r a l  a r e a  f l a t  

and sm ooth , a b o u t  0 .5  mm. w id e .  Lumen c i r c u l a r ,  0 .2  mm. i n  d i a ­

m e t e r .

R em arks: Abundant i n  th e  Genshaw a t  th e  S .E .  c o r n e r  s e c t i o n  2 5 ,

3 m i l e s  s o u th  o f  B lack  L ake , Cheboygan co u n ty  and  a t  o t h e r  p l a c e s  

i n  Cheboygan and P resq u e  I s l e  c o u n t i e s .  A lso o c c u rs  i n  th e

G ra v e l  P o i n t  f o r m a t i o n .
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C -  G -  4 -  B D av ies  

P l a t e  I  F ig u r e  19 

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  2 t o  5 mm. D isc s  a l t e r ­

n a t e s  1* D isc  1 mm. t h i c k ,  k e e l e d .

2 .  D isc  0 .5  mm. t h i c k .  P e r ip h e r y  p l a n e ,  sm ooth .

A r t i c u l a t e  s u r f a c e  f l a t ;  c r e n e l l a e  a lo n g  edge o n ly ,  a b o u t  1 mm. 

l o n g .  C e n t r a l  a r e a  f l a t ,  sm ooth , a b o u t  0 .5  mm. w id e .

R em arks: V ery common i n  t h e  Genshaw, S .E .  c o r n e r  s e c t i o n  25 ,

3 m i l e s  s o u th  o f  B la ck  Lake and a t  o t h e r  p l a c e s  i n  Cheboygan 

c o u n ty .  O ccurs  a l s o  i n  t h e  F e r r o n  P o in t  and t h e  Norway P o in t  

f o r m a t i o n s  i n  P re s q u e  I s l e  c o u n ty .

C -  C — 4 — C Da v i  e s 

P l a t e  I  F ig u r e  18 

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  4 mm. D isc s  s i m i l a r .

1 nan. t h i c k .  P e r i p h e r y  smooth and con v ex . A r t i c u l a t e  s u r f a c e  

f l a t  w i th  c r e n e l l a e  a lo n g  t h e  p e r ip h e r y  o n l y .  C r e n e l l a e  a b o u t

0 .8  mm. l o n g .  Lumen c i r c u l a r ,  a b o u t  1 .5  mm. i n  d i a m e te r .

C e n t r a l  a r e a  smooth and  f l a t ,  ab o u t  0 .5  mm. w id e .

R em arks: C o n f in e d  t o  and v e r y  common i n  t h e  Genshaw o f  Cheboygan

and  P re s q u e  I s l e  c o u n t i e s .  Type specim en from  t h e  S .E .  c o r n e r  s e c t ­

i o n  2 5 , 3 m i le s  s o u th  o f  B lack  L ake , Cheboygan c o u n ty .
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C -  C -  4 -  D D av ies  

P l a t e  X F ig u r e  15 

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  5 mm. A n n u la te ,  Coluinnals 

i n  s e r i e s  o f  f o u r t

1 .  Nodose d i s c ,  1 mm. t h i c k ;  0 .2  mm. w id e r  t h a n  d i s c s  2 and  4 .

2m N on-nodose d i s c ,  0 .5  mm. t h i c k .

3 .  N on-nodose d i s c ,  0 .5  mm. t h i c k ;  s l i g h t l y  w id e r  th a n  d i s c s

2 and  4 .

4 .  N on-nodose d i s c ,  0 .5  mm. t h i c k .

D is c s  1 and 3 have a  con v ex , smooth p e r i p h e r y .  D iscs  2 and 4 have 

a  p l a n e ,  smooth p e r i p h e r y .  A r t i c u l a t e  s u r f a c e  f l a t .  G r i l l e d ,  

c r e n e l l a e  a lo n g  p e r i p h e r y  o n ly ,  ab o u t  0 .5  mm. l o n g .  Lumen c i r ­

c u l a r ,  1 mm. w id e .  C e n t r a l  a r e a  f l a t  and sm ooth , 1 mm. w id e .

Rem arks: O ccurs  i n  t h e  B e l l  s h a le  a t  R ogers  C i t y .

C -  C -  4 -  E Da v i  e s

P l a t e  I  F ig u r e  16 

C i r c u l a r  c r o s s  s e c t i o n .  D iam e te r  5 mm. B is c s  s i m i l a r ,

1 mm. t h i c k .  P e r i p h e r y  s t r o n g l y  convex and sm ooth . A r t i c ­

u l a t e  s u r f a c e  f l a t .  C r e n e l l a e  a lo n g  p e r ip h e r y  o n ly ,  ab o u t

0 . 4  mm. lo n g .  C e n t r a l  a r e a  s l i g h t l y  d e p r e s s e d ,  1 mm. w id e ,  sm ooth. 

Lumen c i r c u l a r  a t  c e n t e r  o f  d i s c .  At a r t i c u l a t e  s u r f a c e  lumen i s  

a f i v e  p o in t e d  s t a r ,  1 .5  mm. i n  w i d t h .  Lumen a b o u t 0 .7  mm. wide 

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

R em arks : C lo s e ly  r e s e m b le s  C -  C -  4 -  C e x c e p t  f o r  lum en, w hich

i n C - C - 4 - C i s  c i r c u l a r  i n  a i l  p a r t s  o f  t h e  d is c *
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O ccurs  i n  th© B e l l  s h a l e  a t  R ogers  C i t y ,

S e c t i o n  C * C * 5 D av ies  

C y c lo c y c lo p a e  w i th  a  b ro ad  lumen and no c e n t r a l  a re a *  S e c t io n  

oype C -  C -  5 -  A

C -  C -  5 -  A D avies  

P l a t e  I  F ig u r e  23 

C i r c u l a r  c r o s s  s e c t io n *  D iam ete r  7 mm. A r t i c u l a t e  s u r f a c e  f l a t ,  

g r i l l e d  w i th  s im p le  c r e n e l l a e  a l t e r n a t i n g  w i th  im p la n te d  o n e s .

Lumen c i r c u l a r ,  2 mm* i n  d i a m e te r .  D isc  a b o u t  1 .5  mm. t h i c k .  

P e r i p h e r y  convex and sm ooth . Colum nals s i m i l a r .

R em arks: O ccurs  i n  t h e  P a r t r i d g e  P o in t  f o r m a t io n  a t  P a r t r i d g e

P o i n t .

S e c t io n  C -  C -  6 D avies 

C y c lo e y e lo p a e  w i th  a b road  luraen, s l i g h t l y  concave a r t i c u l a t e  

s u r f a c e  and no c e n t r a l  a r e a .  S e c t io n  ty p e  C -  C -  6 -  A

C - C -  6 * A D avies  

P l a t e  I  F ig u r e  25 

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  7 ram. A n n u la te ,  a l t e r ­

n a t e  c o lu m n a ls :

1 .  Non-nodose d i s c ,  0 .5  ram, t h i c k .  P e r ip h e r y  convex , 

sm ooth ; p r o t r u d e s  a b o u t  0 .2  mm.

2 .  N on-nodose d i s c ,  0 .2  mm. t h i c k .  P e r ip h e r y  s l i g h t l y  convex . 

A r t i c u l a t e  s u r f a c e  s l i g h t l y  c o n cav e ,  g r i l l e d  w i th  b i f u r c a t i n g
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c r e n e l l a e • Lumen c i r c u l a r , a b o u t  2 mm* i n  d ia m e te r*  

R em arks: O ccurs  i n  t h e  B e l l  s h a le  a t  R ockport*

C - C -  6 -  B D av ies  

P l a t e  I  F ig u r e  26 

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  7 mm. A n n u la te ,  co lu m n a ls

s i m i l a r ,  0*8 mm. t h i c k ,  k e e le d *  A r t i c u l a t e  s u r f a c e  f l a t ,  g r i l l e d  

w i th  s im p le  c r e n e l l a e .  Lumen c i r c u l a r ,  a b o u t  3 mm. i n  d ia m e te r .  

R em arks: O ccurs  i n  t h e  B e l l  s h a l e  a t  R o c k p o r t .

C — C — 6 — C Da v i  e s 

P l a t e  I  F ig u r e  24 

C i r c u l a r  c r o s s  s e c t i o n .  D iam e te r  6 mm. A n n u la te ,  Colum nals

xn  s e r i e s  o f  f o u r :

1 .  N on-nodose d i s c ,  1 mm. t h i c k ;  p e r i p h e r y  convex , k e e l e d ;  

d i s c  p r o t r u d e s  a b o u t  0 .5  mm.

2 .  N on-nodose d i s c ,  1 mm. t h i c k ;  p e r ip h e r y  f l a t  and sm ooth.

3 .  N on-nodose d i s c ,  1 mm. t h i c k ;  p e r i p h e r y  convex , w eak ly

k e e l e d ;  p r o t r u d e s  a b o u t  0.25mm.

4 .  N on-n o d o se ,  d i s c ,  1 mm. t h i c k ;  p e r ip h e r y  f l a t  and sm ooth . 

A r t i c u l a t e  s u r f a c e  s l i g h t l y  co n ca v e .  G r i l l e d  w i th  s im p le  c r e n e l l a e .  

Lumen c i r c u l a r ,  2 .5  mm. i n  d i a m e te r .  No c e n t r a l  a r e a .

R em arks: O ccurs  i n  t h e  B e l l  s h a l e ,  R o ckport  Q uarry  and th e  Norway

P o in t  f o r m a t io n  a t  Seven M ile  Dam, A lpena c o u n ty .
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S e c t io n  C -  C -  7 D av ies  

C y c lo c y c lo p a e  w i th  a v e ry  b ro a d  lum en, concave  a r t i c u l a t e  

s u r f a c e  and no c e n t r a l  a r e a .  S e c t io n  ty p e  C -  C -  7 -  A.

C -  C -  7 -  A D av ies  

P l a t e  I  F ig u r e  20 

C i r c u l a r  c r o s s  s e c t i o n .  D iam e te r  5 mm. A n n u la te ;  a l t e r ­

n a t e  t h i c k  and t h i n  d i s c s .  T h ick  d i s c  1 .5  mm. t h i c k ,  t h i n  d i s c  

1 mm. t h i c k .  D iscs e q u a l  i n  w id th .  P e r ip h e r y  o f  a l l  d i s c s  smooth 

and f l a t .  A r t i c u l a t e  s u r f a c e  c o n cav e ;  g r i l l e d  w i th  b i f u r c a t i n g  

c r e n e l l a e .  No c e n t r a . !  a r e a .  Lumen c i r c u l a r ,  a b o u t  1 .5  ram. i n  d i a ­

m e te r .

R em arks: Common i n  t h e  Genshaw a t  R o b e r ts  S c h o o l ,  P resq u e  I s l e

c o u n ty .  S i m i l a r  fo rm  a l s o  o c c u r s  i n  th e  Dock S t r e e t  c l a y .

C -  C -  7 -  B Da. v i  e s 

P l a t e  I  F ig u r e  27 

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  3 t o  6  mm. D isc s  a l t e r ­

n a te  i n  s i z e .  1 .  N odose , 2 mm. t h i c k .

2 .  N o n-nodose , 1 .5  mm. t h i c k .

P e r i p h e r y  o f  d i s c s  s l i g h t l y  co n v ex , sm ooth . A r t i c u l a t e  s u r f a c e  

s t r o n g l y  c o n c a v e .  C r e n e l l a e  s im p le .  Lumen c i r c u l a r ,  a b o u t  1 mm. 

w id e .  No c e n t r a l  a r e a .

R em arks: O ccurs  i n  t h e  Genshaw, S .S .  c o r n e r  s e c t i o n  25 , 3 m i le s

s o u th  o f  B lack  L ak e , Cheboygan c o u n ty .
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S e c t i o n  C -  C -  8  D av ies  

C y c lo c y c lo p a e  w i th  a v e r y  b ro a d  lum en, f l a t  a r t i c u l a t e  s u r -  

l a c e  and no c e n t r a l  a re a *  S e c t io n  ty p e  C -  C -  8 -  A.

C -  C -  ft -  A D avies  

P l a t e  I  F ig u r e  17 

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  5 mm* A r t i c u l a t e  s u r f a c e

l l a t ,  g r i l l e d  w i th  c o a r s e  s im p le  c r e n e l l a e *  Lumen l a r g e ,  1*5 mm.

No c e n t r a l  a r e a .  Colum nals  s i m i l a r ,  a b o u t  3 mm. t h i c k .

R em arks: O ccurs  i n  t h e  Dock S t r e e t  c l a y ,  Thunder Bay Q u a rry ,  A lp en a .

C — C -  8  — B D avies  

P l a t e  I  F ig u r e  21 

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  3 mm. A l l  co lu m n a ls  s i m i l a r .

0 .5  mm. t h i c k ;  p e r i p h e r y  p l a n e ,  sm ooth . A r t i c u l a t e  s u r f a c e  f l a t ,  

^ r e n e l l a e  s im p le .  No c e n t r a l  a r e a .  Lumen l a r g e ,  1 mm. i n  d ia m e te r .  

Lumen c i r c u l a r  i n  o u t l i n e .

Rem arks: O ccurs  i n  th e  F e r r o n  P o in t  s h a l e ,  B lack  Lake Q u a r ry .

(j -  C -  8  -  C Da v i  e s 

P l a t e  I  F ig u r e  22 

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  4 mm. A n n u la te :  Colum nals

a b o u t  0 .5  mm t h i c k .  A l t e r n a t e  d i s c s :  One d i s c  a b o u t  0 .1  mm.

w id e r  t h a n  o t h e r  d i s c .  P e r ip h e r y  s l i g h t l y  co n v ex . A r t i c u l a t e  

s u r f a c e  s l i g h t l y  c o n c a v e .  C r e n e l l a e  s im p le .  Lumen c i r c u l a r ,

2 mm. w id e .  No c e n t r a l  a r e a .

R em arks: O ccurs  i n  t h e  F e r r o n  P o in t  f o r m a t i o n ,  B lack  Lake q u a r r y •
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S e c t io n  C -  C -  9 D av ies  

Cy p lo c y c lo p a e  w i th  a  v e ry  complex a r ra n g em en t  of c r e n e l l a e  

on th e  a r t i c u l a t e  s u r f a c e *  S e c t io n  ty p e  G -  C -  9 -  A.

C -  C -  9 -  A D av ies  

P l a t e  I  F ig u r e  29 

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  3 mm. D isc s  s i m i l a r .  1 .5  

mm. t h i c k ,  p e r i p h e r y  p la n e  and sm ooth . A r t i c u l a t e  s u r f a c e  f l a t .

Lumen v e ry  s m a l l ,  0 .0 5  mm d ia m e te r ,  c i r c u l a r .  No c e n t r a l  a r e a .  

C r e n e l l a e  com plex , c o n s i s t i n g  o f  f o u r  g ro u p s  o f  s im p le  c r e n e l l a e  

a l t e r n a t i n g  w i th  g ro u p s  o f  c r e n e l l a e  made by one c r e n e l l e  

b i f u r c a t i n g  i n t o  numerous p a r a l l e l  c r e n e l l a e .

Rem arks; O ccurs  i n  t h e  Dock S t r e e t  c l a y ,  Thunder Bay Q u a rry ,  A lp en a .

S e c t i o n  C -  C -  10 D av ies  

C y c lo c y c lo p a e  w i th  a  s t a r - s h a p e d  c e n t r a l  a r e a .  S e c t io n  

t y p e  C -  C -  10 -  A.

C -  C -  10 -  A D av ies  

P l a t e  I  F ig u r e  30 

C i r c u l a r  c r o s s  s e c t i o n .  D ia m ete r  3 mm. Lumen c i r c u l a r ,

0 .3  mm. w id e .  S im ple  c r e n e l l a e  a lo n g  edge o f d i s c  o n ly .  C e n t r a l  

a r e a  s t e l l a t e  i n  o u t l i n e ,  smooth and f l a t .

R em arks: Only one d i s c  o f  t h i s  form  was o b s e r v e d .  I t  was from

a  w e l l  i n  Em pire  to w n s h ip ,  L e e la n a u  co u n ty  (P e r m i t  5505) a t  a  

d e p th  o f  1194 t o  1200 f e e t .  T h is  i s  p ro b a b ly  above th e  B e l l  s h a le  

and  i n  a s h a l e  f a c i e s  o f  t h e  Gensha-w. The B e l l  i s  20 f e e t  below
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t h i s  zone*

S e c t io n  C -  C -  11 D av ies  

C y c lo c y c lo p a e  , a n n u l a t e ,  w i th  c y c l e s  o f  e i g h t  d i s c s  to  a  

s e r i e s .  S e c t i o n  ty p e  C -  C -  11 -  A

C -  G -  11 -  A D avies  

P l a t e  I I  F ig u r e  1 

C i r c u l a r  c r o s s  s e c t io n *  D iam ete r  3 mm. A n n u la te ,  co lu m n a ls  

i n  s e r i e s  o f  e i g h t  d i s c s :

1 .  N on-nodose , 0 .2  mm. t h i c k ,  p r o t r u d e s  0 .5  mm.

2 .  T h ree  t h i n  d i s c s ,  0 .1  mm. t h i c k ;  p l a n e ,  smooth p e r i p h e r y .

3 .  T h in  d i s c ,  0*1 mm. t h i c k ,  p r o t r u d e s  0 .2  mm.

4 .  T h ree  t h i n  d i s c s ,  0 .1  mm. t h i c k ;  p l a n e ,  smooth p e r i p h e r y .

E v e ry  f o u r t h  d i s c  o f  1 above p r o t r u d e s  a b o u t  1 mm.. A r t i c u l a t e  

s u r f a c e  g r i l l e d ,  c r e n e l l a e  s im p le .  Lumen a b o u t  1 mm. w ide , c i r ­

c u l a r .  A r t i c u l a t e  s u r f a c e  s l i g h t l y  co n ca v e .

Remarks* Common i n  i h e  B e l l  s h a l e  a t  R o ck p o r t  Q uarry  and R ogers  C i t y .

C -  C -  11 -  B D avies  

P l a t e  I I  F ig u r e  2 .

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  4 mm. A n n u la te :  wide 

d i s c ,  4  mm. i n  d ia m e te r  and  0 . 8  mm. t h i c k  fo l lo w e d  by seven  s i m i l a r  

d i s c s ,  e ac h  3 mm. i n  d i a m e t e r ,  0 .5  mm. t h i c k ;  p e r ip h e r y  p la n e  and 

sm ooth . A r t i c u l a t e  s u r f a c e  f l a t .  C r e n e l l a e  s im p le .  No c e n t r a l  

a r e a .  Lumen c i r c u l a r ,  1*5 mm. d i a m e te r .

R em arks: O ccurs  i n  t h e  P a r t r i d g e  P o in t  fo r m a t io n  a t  P a r t r i d g e  P o i n t .
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S e c t i o n  G -  C ~ 12 D av ies  

C yclo  cy c lo p a e  w i th  a f l a t  a r t i c u l a t e  s u r f a c e ,  c o a r s e  c r e n e l l a e  

u n i t i n g  w i th  a  b ro a d  f l a t  r i d g e  w hich s u r ro u n d s  t h e  lumen* S e c t io n  

t y p e  C -  C -  12 -  A

C -  C -  12 -  A D av ies  

P l a t e  I I  F ig u r e  3 

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  2 mm. A r t i c u l a t e  s u r f a c e  

i l a t  and e l e v a t e d  above t h e  edge of t h e  d is c *  C oarse  c r e n e l l a e *  

Lumen c i r c u l a r ,  0*25 mra. i n  d ia m e te r .  Lumen i s  su r ro u n a e d  by a 

i l a t  r i d g e  t o  w hich  th e  c r e n e l l a e  a r e  u n i t e d .  No c e n t r a l  a re a*  

Known from  o n ly  one d i s c .  P e r ip h e r y  p la n e  and sm ooth.

R em arks: O ccurs  i n  t h e  Dock S t r e e t  c l a y ,  Thunder Bay Q u a rry ,

A lp e n a .

Group CYCLOFENTAGONOPAE Moore 

U y c l o s t y l i  w i th  c i n q u e f o i l  o r  p e n t a p e t a l o i d  lum ens.

S e c t i o n  C -  F -  1 D avies  

C y c lo p en tag o n o p ae  w i th  s m a l l  lum ens, f l a t  a r t i c u l a t e  s u r f a c e s ,  

and no c e n t r a l  a r e a .  S e c t io n  ty p e  C -  F -  1 -  A.

C -  F -  1 -  A D avies 

P l a t e  I I  F ig u r e  5 

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  6 mm. A n n u la te ,  co lu m n a ls  

i n  s e r i e s  o f  f o u r :

1 .  T h ic k  d i s c ,  1 .5  mm. t h i c k ,  s l i g h t l y  p r o t r u d i n g ,  commonly
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n o d o s e .

3 . .T h in  d i s c ,  1 mm. t h i c k ;  n o n - p r o t r u d in g .

3 .  M o d e r a te ly  t h i c k  d i s c ,  1 .2  mm. t h i c k ;  s l i g h t l y  p r o t r u d i n g ,

a .  T h in  d i s c ,  1 mm. t h i c k ;  n o n - p r o t r u d i n g .

A r t i c u l a t e  s u r f a c e  f l a t *  G r i l l e d  w i th  c o a r s e ,  s im p le  c r e n e l l a e .  

Lumen s l i g h t l y  d e p r e s s e d ,  c i n q u e f o i l  i n  s h a p e ,  1 mm. d ia m e te r .  

R em arks :  O ccurs  i n  xhe  Dock S t r e e t  c l a y  and th e  A lpena l im e s to n e

a t  A lp e n a .  Type spec im en  fro m  t h e  Dock S t r e e t  c l a y ,  Thunder Bay 

Q u a r ry ,  A lp e n a .

C -  r  -  1 -  B D av ies  

P l a t e  I I  F ig u r e  6 .

C i r c u l a r  c r o s s  s e c t i o n .  D ia m e te r  6  mm. A n n u la te ,  a l t e r n a t e  

d i s c s :  1 .  T h in  d i s c ,  0*5 mm. t h i c k ;  k e e l e d ,  k e e l  p r o t r u d e s  0 .5  mm.

2 .  T h in  d i s c ,  0 .5  mm. t h i c k ;  p e r ip h e r y  f l a t ,  sm ooth . 

A r t i c u l a t e  s u r f a c e  f l a t .  G r i l l e d  w i th  f i n e ,  s im p le  c r e n e l l a e .

Lumen 1 .2  mm. d i a m e te r ,  c i n q u e f o i l  i n  o u t l i n e .  No c e n t r a l  a r e a .  

R em arks: O ccurs  i n  t h e  Dock S t r e e t  c l a y .  T h is  fo rm  and C -  F -

1 -  A p r o b a b ly  a r e  s tem s o f  t h e  genus M e g i s t o c r i n u s .

C -  F -  1 -  C D av ies  

P l a t e  I I  F ig u r e  7 

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  6 nun. D iscs  a p p ro x im a te ly  

e q u a l  i n  s i z e ,  a b o u t  1 t o  1 .2  mm. t h i c k .  P e r ip h e r y  f l a t ,  sm ooth. 

A r t i c u l a t e  s u r f a c e  f l a t ,  g r i l l e d  w i th  b i f u r c a t i n g  c r e n e l l a e .

Lumen c i n q u e f o i l ,  1 mm. i n  d i a m e te r .

R em arks: O ccurs i n  t h e  B e l l  s h a le  a t  t h e  R o ck p o r t  Q uarry  and
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R o g e rs  C i t y .

C -  F -  1 -  D D av ies  

P l a t e  I I  F ig u r e  8  

C i r c u l a r  c r o s s  s e c t i o n .  D ia m ete r  5 mm. Colum nals s i m i l a r .

2 mm. t h i c k ;  p e r i p h e r y  f l a t  and sm ooth . A r t i c u l a t e  s u r f a c e  f l a t .  

C r e n e l l a e  c o a r s e ,  b i f u r c a t e  a t  t h e  p e r i p h e r y .  Lumen c i n q u e f o i l ,

1  mm. i n  d ia m e te r  su r ro u n d e d  by a  smooth a r e a  s l i g h t l y  d e p r e s s e d .  

Remarks : O ccurs  i n  th e  G ra v e l  P o in t  f o r m a t i o n ,  th e  Beebe b e d s ,

and i n  t h e  Dock S t r e e t  c l a y .  Type specim en from  th e  Dock S t r e e t  

c l a y ,  T hunder  Bay Q u a rry ,  A lp e n a .  T h is  form  i s  a  good in d e x  

f o s s i l  a s  i t  o c c u r s  r e l a t i v e l y  h ig h  i n  t h e  T r a v e r s e  i n  t h e  e a s t e r n ,  

c e n t r a l  and w e s te r n  p a r t  o f  t h e  S t a t e .

C -  F -  1 -  E D av ies

P l a t e  I I  F ig u r e  9 .

C i r c u l a r  c r o s s  s e c t i o n % D ia m e te r  5 t o  7 mm. Colum nals 

s i m i l a r ,  a b o u t  1 ,5  mm. t h i c k .  P e r ip h e r y  s l i g h t l y  convex and

c o v e re d  w i th  f i n e ,  v e r t i c a l  r i d g e s  w hich a r e  p r o l o n g a t io n s  o f

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

Lumen c i n q u e f o i l ,  1 mm. w id e .  No c e n t r a l  a r e a .

R em arks: Common i n  t h e  Genshaw, S .E .  c o r n e r  s e c t i o n  25 , 3 m i le s

s o u th  of B lack  L ak e , Cheboygan c o u n ty .  A s i m i l a r  fo rm  o c c u r s  in  

t h e  F e r r o n  P o in t  s h a l e  i n  Cheboygan co u n ty  b u t  d i f f e r s  i n  a some­

w ha t a n n u l a t e  c h a r a c t e r .



32

S e c t io n  C * F -  2 D av ies  

C y c lo p e n ta gonopae w i th  a  s m e l l  lum en , f l a t  t o  s l i g h t l y  con-  

cav e  a r t i c u l a t e  s u r f a c e ,  and a  narrow  c e n t r a l  a re a#  S e c t io n  

t y p e  C -  F -  2 -  A.

C * F -  2 -  A D avies  

P l a t e  I I  F ig u r e  10 

C i r c u l a r  c r o s s  s e c t i o n ,  D iam ete r  5 t o  7 mm. A l t e r n a t e  d i s c s ;

2 .5  ram# and 1 mm. th i c k *  P e r ip h e r y  s l i g h t l y  convex . A r t i c u l a t e  

s u r f a c e  s l i g h t l y  c o n c a v e .  C e n t r a l  a r e a  f l a t ,  sm ooth , 1 mm# wide#

C r e n e l l a e  s im p le .  Lumen c i n q u e f o i l ,  1 .0  t o  1 .5  mm. in  d i a m e te r .
0

R em artss  O ccurs  i n  t h e  F e r r o n  % int s h a l e ,  B lack  Lake Q u a rry .

C -  F -  2 -  B D av ies  

P l a t e  I I I  F ig u r e  I  

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  3 mm. D isc s  s i m i l a r .

Each a b o u t  2 mm. t h i c k .  P e r ip h e r y  b r o a d ly  c o n v e x . - A r t i c u l a t e  

s u r f a c e  f l a t .  G r i l l e d  v /i th  s im p le » c o a r s e  c r e n e l l a e .  Lumen 

c i n q u e f o i l ,  0 .2  mm. w id e .  C e n t r a l  a r e a  smooth and f l a t ,  0 .2  ram. 

w ide •

Rem arks: O ccurs  i n  t h e  Beebe b e d s ,  Beebe S c h o o l ,  2 l / 2  m i le s  so u th

o f  A f to n .



33

S e c t i o n  C -  F -  3 D av ies  

G y c lo p e n ta g onopa.e w i th  no c e n t r a l  a re a*  l a r g e  lumen and a 

v e r y  w ide c r o s s  s e c t i o n .  S e c t io n  ty p e  0 -  F -  3 -  A. Lumen 

i n d i s t i n c t l y  c i n q u e f o i l .

C -  F -  3 -  A D avies  

P l a t e  XI F ig u r e  11 

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  8  mm. A n n u la te ,  d i s c s  

s i m i l a r .  About 1 mm. t h i c k ,  s t r o n g l y  k e e l e a .  A r t i c u l a t e  s u r f a c e  

g r i l l e d  w i th  f i n e ,  o i f u r c a t i n g  c r e n e l l a e .  Lumen c i n q u e f o i l ,  a b o u t  

3 mm. w id e .  A r t i c u l a t e  s u r f a c e  f l a t .  No c e n t r a ^  a r e a .

B.emarks: O ccurs  i n  t h e  Dock S t r e e t  c l a y ,  Thunder Bay Q u arry ,

A lp e n a ,  and i n  t h e  M arvin  beds  a t  A f to n .

C -  F -  3 * B D avies  

P l a t e  I I  F ig u r e  12 

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  13 mm. Bach p l a t e  i s  

v e r y  t h i n ,  a b o u t  0 .5  mm* t h i c k .  P l a t e s  a r e  i r r e g u l a r  i n  a r r a n g e ­

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

ened  and p r o t r u d e s  s l i g h t l y .  A r t i c u l a t e  s u r f a c e  g r i l l e d  w i th  

f i n e  b i f u r c a t i n g  c r e n e l l a e .  Lumen i s  c i n q u e f o i l ,  a b o u t  3 mm. 

w id e .  A r t i c u l a t e  s u r f a c e  i s  f l a t .  No c e n t r a l  a r e a .

R em ark s 5 O ccu rs  i n  t h e  P a r t r i d g e  P o in t  a t  P a r t r i d g e  P o i n t ,  and 

i n  t h e  Norway P o in t  a t  F o u r  M ile Dam, A lpena c o u n ty .

S e c t i o n  C -  F -  4 D avies 

C v c lo p en ta g o n o p a e  w i t h  a l a r g e  rumen, f l a t  a r t i c u l a t e  s u r ­

f a c e ,  and no c e n t r a l  a r e a .  S e c t i o n  uype C -  F -  4 -  A.
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C -  F -  4 -  A D av ies  

P l a t e  I I  F ig u r e  13 

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  5 mm. D iscs  s i m i l a r .

1 mm. t h i c k .  P e r i p h e r y  convex and sm ooth . A r t i c u l a t e  s u r f a c e  

f l a t .  C r e n e l l a e  c o a r s e ,  m a in ly  s im p le ,  some im p la n te d .  No 

c e n t r a l  a r e a .  Lumen c i n q u e f o i l ,  1 .8  mm. i n  d ia m e te r .

R em arks: O ccurs  i n  t h e  Genshaw i n  Cheboygan c o u n ty .

S e c t i o n  C -  F -  5 D av ies  

Cy c lo p e n ta g o n o p a e  w i th  l a r g e  c e n t r a l  a r e a s  and f l a t  a r t i ­

c u l a t e  s u r f a c e s .  S e c t io n  ty p e  C -  F -  5 -  A.

C -  F -  5 -  A D av ies  

P l a t e  I I  F ig u r e  14 

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  4 mm. Colum nals s i m i l a r ,

2 mm t h i c k .  P e r i p h e r y  p la n e  and sm ooth , co v e red  w i th  c o a r s e  

v e r t i c a l  r i d g s  w hich  a r e  p r o l o n g a t i o n s  of t h e  c r e n e l l a e .  Lumen 

c i n q u e f o i l ,  1 mm. i n  d i a m e te r .  A r t i c u l a t e  s u r f a c e  f l a t  v / i th  

c o a r s e ,  s im p le  c r e n e l l a e  a b o u t  1 .5  mm. lo n g  a lo n g  th e  p e r i p h e r y .  

C e n t r a l  a r e a  f l a t ,  sm ooth , 0 .5  mm. w id e .

R em arks: O ccurs  i n  th e  F e r r o n  P o in t  a t  B lack  Lake Q uarry  and in

th e  Genshaw, S .E .  c o r n e r  s e c t i o n  25 , 3 m i le s  so u th  o f  B lack  Lake, 

Cheboygan c o u n ty .

C -  F -  5 -  B D avies  

P l a t e  I I  F ig u r e  15 

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  3 t o  5 mm. Colum nals
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s i m i l a r .  E ach  d i s c  a b o u t  1 mm* " th ick . P e r ip h e r y  convex and 

k e e l e d .  A r t i c u l a t e  s u r f a c e  f l a t .  S im ple c r e n e l l a e  a lo n g  "the p e r ­

i p h e r y  o n l y .  C r e n e l l a e  a b o u t  0 .7 5  mm. lo n g .  C e n t r a l  a r e a  f l a t ,  

sm o o th ,  1 mm. w id e .  Lumen c i n q u e f o i l ,  abou t 0*5 mm. d ia m e te r .  

R em arks: O ccurs  i n  t h e  Genshaw, S .E .  c o r n e r  s e c t i o n  25 , 3 m i le s

s o u th  o f  B lack  L ak e ,  Cheboygan c o u n ty .

C -  F -  5 ■ C Davie s 

P l a t e  I I  F ig u r e  16 

C i r c u l a r  c r o s s  s e c t i o n .  D iam e te r  4 mm. A r t i c u l a t e  s u r f a c e  

f l a t ,  g r i l l e d  a lo n g  th e  p e r i p h e r y  o n ly .  C r e n e l l a e  c o a r s e ,  0 .2  mm. 

l o n g .  C e n t r a l  a r e a  a b o u t  1 mm. w id e ,  f l a t  and sm ooth . Lumen 

c i n q u e f o i l ,  1 .5  mm. w id e .  S l i g h t  s w e l l i n g  a t  edge o f  lumen.

D is c s  a b o u t  0 .7 5  mm. t h i c k .  P e r ip h e r y  s l i g h t l y  co n v ex , sm ooth . 

A rrangem en t o f  co lu m n a ls  unknown a s  o n ly  s i n g l e  d i s c s  o f  t h i s  

fo rm  have  so f a r  been  fo u n d .

R em arks: O ccurs  i n  th e  Dock S t r e e t  c l a y ,  T hunder Bay Q u a rry ,

A lpena  and i n  t h e  G ra v e l  P o in t  f o r m a t i o n .  T h is  io rm  i s  p ro b a b ly  

a  good in d e x  f o s s i l  f o r  t h i s  p a r t  o f  t h e  u p p e r  T r a v e r s e .

C -  F -  5 -  D D avies  

P l a t e  I I  F ig u r e  17 

C i r c u l a r  c r o s s  s e c t i o n .  D ia m e te r  4 mm. Columnals a l t e r n a t e .  

P e r i p h e r y  s l i g h t l y  con v ex . Each a l t e r n a t e  d i s c  o c c u rs  w i th  a 

d i a m e te r  s l i g h t l y  l e s s  t h a n  o th e r .  , D isc s  O.S mm. t h i c k .  A r t i ­

c u l a t e  s u r f a c e  f l a t .  C r e n e l l a e  a lo n g  edge o f d i s c ,  s im ple* Lumen
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c i n q u e f o i l ,  1 mm. i n  d i a m e t e r .  C e n t r a l  a r e a  0 .5  mm, w id e ,  

s l i g h t l y  s w e l le d  and sm ooth .
I

R em arks: O ccurs  i n  th e  low er A lpena L im es to n e ,  M ich igan  A l k a l i

Q u a r ry ,A lp e n a .

C -  F -  5 * E D av ies  

P l a t e  I I I  F ig u r e  4 

C i r c u l a r  c : o s s  s e c t i o n .  D iam ete r  5 mm. A n n u la te ,  Colum nals  

xn s e r i e s  o f  f o u r :

1 . D isc  1 mm. t h i c k ,  p e r ip h e r y  s t r o n g l y  convex , p r o t r u d e s  1 mm.

2 .  D isc  0 .2  mm. t h i c k ,  p e r i p h e r y  f l a t  and sm ooth .

D isc  0 .4  mm. t h i c k ,  p e r ip h e r y  con v ex , p r o t r u d e s  0 .2  mm. 

ft.  D isc  0 .2  mm. t h i c k ,  p e r ip h e r y  f l a t ,  sm ooth .

A r t i c u l a t e  s u r f a c e  f l a t .  G r i l l e d  a lo n g  t h e  p e r i p h e r y  o n ly .

C r e n e l l a e  s im p le .  C e n t r a l  a r e a  smooth and f l a t .  Lumen c in q u e -  

x o i l ,  1  mm. w id e .

R em arks: O ccurs  i n  t h e  Dock S t r e e t  c l a y ,  Thunder Bay Q u a rry ,  A lp en a .

C -  F -  5 -  F D av ies  

P l a t e  I I I  F ig u r e  6  

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  3 ram. A r t i c u l a t e  s u r f a c e  

for i l l e d  a lo n g  th e  p e r i p h e r y .  C r e n e l l a e  l i n e ,  0 .2 5  mm. lo n g .  Lumen 

c i n q u e f o i l  i n  o u t l i n e ,  0 .5  mm. i n  d i a m e te r .  The lumen i s  su r ro u n d ­

ed by a  low r i d g e .  C e n t r a l  a r e a  a b o u t  1 mm. w id e ,  sm ooth , d e p r e s s ­

ed be low  t h e  p e r i p h e r y  and r id g e *  D isc a b o u t  0 .5  mm. t h i c k .  P e r ­

i p h e r y  co n v ex . A rrangem ent o f  d i s c s  unknown.
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Remarks* R esem bles  C -  F -  5 -  C e x c e p t  t h a t  c e n t r a l  a r e a  i n  

C - F - 5 - C i s  nox d e p r e s s e d .  Occure m  th e  Dock S t r e e t  c l a y ,  

T hunder  Bay Q u a r ry ,  A lp e n a .

S e c t i o n  G -  F -  6  D avies  

C y c lo p en ta g o n o p a e  w i th  m o d e ra te ly  wide c o lu m n a ls ,  v e ry  b ro a d ,  

d i s t i n c t l y  c i n q u e f o i l  lumens and no c e n t r a l  a r e a .  S e c t io n  

t y p e  C -  F -  6 -  A.

C -  F -  6 -  A D av ies  

P l a t e  I I  F ig u r e  18 

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  5 t o  7 mm. A n n u la te ,  

a l t e r n a t e  p r o t r u d i n g  and n o n - p r o t r u d in g  d i s c s ,  7 and 6 mm. wide 

r e s p e c t i v e l y .  1 .5  mm. t h i c k .  P e r ip h e r y  con v ex . A r t i c u l a t e  

s u r f a c e  f l a t ,  g r i l l e d ;  c r e n e l l a e  c o a r s e  and b i f u r c a t i n g .  Lumen 

c i n q u e f o i l ,  l a r g e ,  3 mm. i n  d ia m e te r .

R em arks: O ccurs  i n  th e  Dock S t r e e t  c l a y ,  Thunder Bay Q u a rry ,

A lp e n a ;  and  i n  t h e  F e r r o n  P o in t  s h a l e ,  B lack  Lake Q uarry .

C -  F -  6 -  B D avies  

P l a t e  I I  F ig u r e  19 

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  5 t o  7 mm. A l t e r n a t e  

d i s c s .  D is c s  1 mm. t h i c x  a l t e r n a t i n g  wixh a  g roup  each  0 .2  ram. 

t h i c k .  T h ic k  d i s c s  convex on p e r ip n e x y  ana p r o t r u d e  s l i g h t l y .  

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

Some im p la n te d  c r e n e l l a e .  Lumen c i n q u e f o i l ,  3 mm. i n  d ia m e te r .

No c e n t r a l  a r e a .

Rem arks: O ccu rs  i n  t h e  Dock S t r e e t  c l a y ,  T hunder Bay Q u a rry ,  A lp en a .
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C -  F -  6 -  C Davi e s 

P l a t e  I I  F ig u r e  20 

C i r c u l a r  c r o s s  s e c t io n *  D iam ete r  7 mm* A l t e r n a t e  co lu m n a ls ;

1 .  T h ic k  d i s c , 1 mm. t h i c k ;  p e r i p h e r y  smooth and convex .

2 .  T h in  d is c *  0 .2  mm* t h i c k ;  p e r ip h e r y  smooth and convex . 

A r t i c u l a t e  s u r f a c e  f l a t ,  c r e n e l l a e  c o a r s e ,  b i f u r c a t i n g .  Lumen 

c i n q u e f o i l ,  3 mm. i n  d i a m e te r .

R em arks: O ccurs  i n  t h e  Beebe b e d s ,  Beebe s c h o o l ,  2 l / 2  m i le s

s o u th  o f  A f to n ,  and t h e  F e r r o n  P o in t  s h a l e  a t  B lack  Lake Q u a rry .

C -  F -  6  -  D D av ies  

P l a t e  I I I  F ig u r e  2 .

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  7 mm. D isc s  s i m i l a r ,

0 .5  mm. t h i c k ,  p r o t r u d e  0 .2  mm. A r t i c u l a t e  s u r f a c e  f l a t ,  g r i l l e d .  

C r e n e l l a e  m a in ly  b i f u r c a t i n g ,  some im p la n te d .  No c e n t r a l  a r e a .

Lumen c i n q u e f o i l ,  4 mm. d i a m e te r .

R em arks: O ccu rs  i n  t h e  B e l l  s h a l e ,  R o ck p o r t  Q u a rry .

C -  F -  6  -  E D avies  

P l a t e  I I I  F ig u r e  3 

C i r c u l a r  c r o s s  s e c t i o n .  D ia m ete r  4 mm. D isc s  a l t e r n a t e .

One d i s c  p r o t r u d e s  w i th  convex p e r i p h e r y ,  o t h e r  d i s c  p la n e  p e r ­

i p h e r y .  D is c s  a b o u t  1 ram. t h i c k .  A r t i c u l a t e  s u r f a c e  f l a t ,  c r e n e l l a e  

s i m p l e .  Lumen c i n q u e f o i l ,  1 .2  mm. w id e .  No c e n t r a l  a r e a .

R em arks: O ccurs  i n  t h e  Norway P o in t  f o r m a t i o n ,  F o u r  M ile  Dam,

A lpena  c o u n ty .
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C -  F -  6 -  F Davi e s 

P l a t e  I I I  F ig u r e  5 

C i r c u l a r  c r o s s  s e c t i o n *  D iam ete r  5 t o  9 mm* A r t i c u l a t e  

s u r f a c e  s l i g h t l y  c o n c a v e ,  c r e n e l l a e  s im p le  w i th  numerous im p la n e td  

ones*  A r t i c u l a t e  s u r f a c e  s lo p e s  to w ard s  lum en. Lumen l a r g e ,  4 mm. 

i n  d i a m e t e r ,  c i n q u e f o i l  i n  s h a p e ;  p e r ip h e r y  sm ooth , convex . A rra n g e ­

m en ts  o f  co lu m n a ls  unknown*

R em arks: O ccurs  i n  t h e  F e r r o n  P o in t  s h a l e ,  B lack  Lake Q u a rry .

Group CYCLOSTELLANOPAE D avies 

C y c l o s t y l i  w i th  a  s t e l l a t e  ( f i v e  s id e d  s t a r )  lumen.

S e c t i o n  C -  T -  1 D av ies  

C y c l o s t e l l a n o p a e  w i th  a f l a t  a r t i c u l a t e  s u r f a c e  and a l a r g e  

c e n t r a l  a r e a .  S e c t io n  ty p e  C -  T -  1 -  A*

C -  T -  1 -  A D avies  

P l a t e  I I I  F ig u r e  7 .

C i r c u l a r  c r o s s  s e c t i o n .  D iam eter  7 mm. Colum nals ab o u t 

0 .8  mm. t h i c k ;  p e r i p h e r y  co n v ex , s t r o n g l y  k e e l e d .  D iscs  

s i m i l a r .  A r t i c u l a t e  s u r f a c e  f l a t ,  c r e n e l l a e  s im p le ;  a lo n g  

edge o f  d i s c  o n l y .  C e n t r a l  a r e a  f l a t ,  a b o u t  1 mm. w ide . Lumen 

s t e l l a t e ,  0 . 8  mm. d i a m e te r ;  su r ro u n d e d  by a c e n t r a l  d e p r e s s io n

0 . 2  mm. w id e .

R em arks: O ccurs  m  t h e  Genshaw f o r m a t i o n ,  S .E .  c o r n e r  s e c t i o n  25,
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3 m i l e s  s o u th  o f  B lack  L ake , Cheboygan c o u n ty .

Group CYCLOPENTANQPAS D av ies  

Cy c l o s t y l i  w i th  a  p e n ta g o n a l  lum en.

S e c t io n  C -  P -  1 D avies

C y c lo p en ta n o p a e  w i th  a  f l a t  a r t i c u l a t e  s u r f a c e  and no c e n t r a l

a r e a .  S e c t i o n  ty p e  C -  P -  1 -  A.

C -  P -  1 -  A D avies

P l a t e  I I I  F ig u r e  8  

C ro ss  s e c t i o n  c i r c u l a r .  D iam ete r  3 to  5 mm. A r t i c u l a t e  

s u r f a c e  f l a t ,  g r i l l e d  w i th  s im p le  and b i f u r c a t i n g  c r e n e l l a e .

Lumen p e n ta g o n a l  i n  o u t l i n e .  1 mm. i n  d ia m e te r .  D is c s  ab o u t

0 .8  mm. t h i c k .  P e r ip h e r y  co n v ex . A rrangem ent o f  d i s c s  unknown. 

P.emarks: O ccurs i n  t h e  B e l l  s h a l e ,  W ell i n  Empire to w n sh ip ,

L e e la n a u  c o u n ty .  ( P e r m i t  5 5 0 5 ) .  1285 to  1290 f e e t .

Group CYCLOLINEANOPAE D avies  

C y c l o s t y l i  w i th  s t r a i g h t ,  s l i t - l i k e  lum ens.

S e c t i o n  C -  S -  1 D avies 

Cy c l o l in e a n o p a e  w i th  a  f l a t  a r t i c a u l a t e  s u r f a c e  and a  c e n t r a l  

a r e a .  S e c t i o n  ty p e  C -  g -  1 -  A.
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C -  3 -  1 -A D avies  

P l a t e  I I I  F ig u re  9 

C i r c u l a r  c r o s s  s e c t i o n .  D iam ete r  2 t o  4 mm. A l l  co lu m n a ls  

s im m la r .  P e r ip h e r y  p la n e  and sm ooth . Colum nals ab o u t  1 mm. t h i c k .  

A r t i c u l a t e  s u r f a c e  f l a t ,  g r i l l e d  a lo n g  p e r i p h e r y  o n ly .  C r e n e l l a e  

c o a r s e ,  s im p le ,  a b o u t  0 .2  mm. lo n g .  Lumen a narrow  s l i t  0 .7 5  mm. 

lo n g ,  0 .1  mm. w id e .  C e n t r a l  a r e a  f l a t ,  sm ooth, 1 ram. w id e .

R em arks: Common i n  t h e  B e l l  s h a le  a t  t h e  Empire to w n s h ip ,  L e e lan a u

c o u n ty  w e l l  and i n  t h e  Dock S t r e e t  c l a y ,  Thunder Bay Q u a rry ,  A lp en a .

C -  S -  1 -  B D avies  

P l a t e  I I I  F ig u re  10 

C i r c u l a r  c r o s s  s e c t i o n .  D iam eter  2 t o  3 mm. A l l  co lum nals  

s i m i l a r .  P e r ip h e r y  s l i g h t l y  co n cav e ,  sm ooth. Colum nals a b o u t

1 ,5  mm. t h i c k .  A r t i c u l a t e  s u r f a c e  f l a t .  G r i l l e d  a lo n g  edge o f 

d i s c  o n ly ;  s im p le  c r e n e l l a e ,  0*2 mm. lo n g .  Lumen a narrow  s l i t

0 .7  mm. l o n g ,  0 .0 1  mm. w id e .  C e n t r a l  a r e a  f l a t  t o  s l i g h t l y  dep­

r e s s e d ,  sm ooth , 1 mm. w id e .

Rem arks: D i f f e r s  from  C - S - l - A i n  t h a t  t h e  p e r ip h e r y  on

t h a t  fo rm  i s  p la n e  w h i le  on C -  S -  1 -  B i t  i s  co n ca v e .  Occurs 

m  t h e  Em pire  to w n s h ip  w e l l ,  L e e lan a u  c o u n ty  i n  th e  B e l l  s h a l e .
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Main Group FENTAGONOSTYLI Moore 

C r in o id  columns w i th  p e n ta g o n a l  o r  su b p e n ta g o n a l  c r o s s  s e c t i o n s .

Group PENTAGONOGYCLOPAS Moore 

P e n ta g o n o s t y l i  w i th  a  c i r c u l a r  lumen*

S e c t io n  P -  C -  1 D av ies  

P e n ta g o n o c y c lo p a e  w i th  a  s t e l l a . t e  c e n t r a l  a r e a .  S e c t io n  

xype F  -  C -  1 -  A.

P -  C -  1 -  A D av ies  

P l a t e  I I I  F ig u r e  11 

P e n ta g o n a l  c r o s s  s e c t i o n .  D iam ete r  4 mm* D isc s  s i m i l a r .

1 .5  mm* t h i c k .  P e r i p h e r y  p la n e  and sm ooth . A r t i c u l a t e  s u r f a c e  

f l a t ,  c r e n e l l a e  a lo n g  edge o n ly .  Lumen c i r c u l a r ,  0 .1  mm. w id e .  

C e n t r a l  a rea, s t a r - s h a p e d ;  segm ents  o f  s t a r  e x te n d  t o  edge of 

d i s c ,  d i v i d i n g  d i s c  i n t o  f i v e  p a r t s .

Rem arks: Specim en from  t h e  B e l l  s h a l e ,  Cam pbell w e l l ,  s e c t i o n

7 ,  W alker tw o n s h ip ,  370 f e e t .  Cheboygan C ou tny .

S e c t i o n  P -  C -  2 D avies  

P e n ta g o n o c y c lo p a e  w i th  a  c e n t r a l  a r e a  w i th  f i v e  ( c i r c u l a r  

d e p r e s s i o n s  i n  i t .  S e c t io n  ty p e  P -  C -  2 -  A
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P -  C -  2 -  A D avies  

P l a t e  I I I  F ig u r e  12 

P e n ta g o n a l  c r o s s  s e c t i o n .  D iam ete r  4 mm. A n n u la te ,  Colum nals 

i n  s e r i e s  of f o u r :

1 .  D isc  1 mm. t h i c k .

2 .  D isc  0 .5  mm. th ic k *

3 .  D isc  0 .8  mm. t h i c k .

4 .  D isc  0 .5  ram. t h i c k .

O c c a s i o n a l ly  a  v e ry  t h i n  d i s c  o c c u rs  betw een d i s c s  2 and 3 ;  and 

3 and 4 .  A r t i c u l a t e  s u r f a c e  f l a t ,  g r i l l e d  a lo n g  edge o n ly .

Lumen c i r c u l a r ,  a b o u t  0 .2  mm. w id e .  C e n t r a l  a r e a  f l a t .  At each  

a n g le  on th e  s u r f a c e  a r e  c i r c u l a r  d e p r e s s io n s  0 . 8  mm. i n  d ia m e te r .  

R em arks: O ccurs  i n  th e  B e l l  s h a l e f R o ck p o r t  Q u arry .

S e c t io n  P -  C * 3 D av ies  

P e n ta g o n o c y c lo p a e  w i th  a  b ro a d ,  smooth c e n t r a l  a r e a .  S e c t io n  

type P -  C -  3 -  A.

P -  C -  3 -  A D av ies  

P l a t e  I I I  F ig u r e  13 

P e n ta g o n a l  c r o s s  s e c t i o n .  D iam ete r  5 mm. A r t i c u l a t e  s u r -  

ia .ce  g r i l l e d  a lo n g  th e  p e r i p h e r y  o n ly ,  c r e n e l l a e  a b o u t  0 .3  mm. 

C e n t r a l  a r e a  f l a t ,  s l i g h t l y  d e p r e s s e d  below  g r i l l i n g ,  sm ooth,
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a b o u t  1 mm. w id e .  Lumen c i r c u l a r ,  1 mra. w id e .  P e r ip h e r y  p la n e  

and  sm ooth . A rrangem ent o f  d i s c s  unknown.

Remarks* O ccurs  i n  th e  B e l l  s h a l e ,  Em pire to w n sh ip  w e l l ,  Lee­

l a n a u  c o u n ty ,  1285 t o  1290 f e e t .

S e c t i o n  P -  C -  4 D avies  

P e n ta g o n o c y c lo p a e  w i th  l a r g e  lum ens , d e p r e s s e d  c e n t r a l  

a r e a s  and s t r o n g l y  k e e le d  d i s c s .  S e c t io n  ty p e  P -  C -  4 -  A.

P -  C -  4 -  A Davie s 

P l a t e  I I I  F ig u r e  14 

P e n ta g o n a l  c r o s s  s e c t i o n .  D iam ete r  2 mm* D iscs  s i m i l a r .

2 mm. t h i c k .  P e r ip h e r y  con v ex , s t r o n g l y  k e e l e d .  A r t i c u l a t e  

s u r f a c e  c o n c a v e .  C r e n e l l a e  a lo n g  edge o n ly .  0 . 1  mm. lo n g .  

C e n t r a l  a r e a  smooth and d e p r e s s e d .  Lumen c i r c u l a r ,  0 . 1  mm. 

d i a m e t e r •

Remarks* O ccurs  i n  t h e  C-enshaw f o r m a t i o n ,  R o a d s id e ,  1 / 4  m i le  

s o u th  o f  Ocqueoc, P re sq u e  I s l e  c o u n ty .
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S e c t io n  P -  C -  5 D av ies

P e n ta g o n o c y c lo p a e  w i th  l a r g e  lumen and a su b p e n ta g o n a l

c r o s s  s e c t i o n .  S e c t i o n  ty p e  P -  C -  5 -  A.

P -  C -  5 -  A Davi e s

P l a t e  I I I  F ig u r e  15 

S u b p e n ta g o n a l  c r o s s  s e c t i o n .  D iam ete r  2 t o  3 mm. A n n u la te :  

vhe a r ra n g e m e n t  o f  t h e  d i s c s  i s  v e r y  i r r e g u l a r .  A r t i c u l a t e  s u r f a c e  

g r i l l e d  e lo n g  th e  edge o n ly .  C e n t r a l  a r e a  s l i g h t l y  r a i s e d  and 

r o l l i n g .  F iv e  d i s t i n c t ,  low r i d g e s ,  a r r a n g e d  s y m m e tr ic a l ly  e x ten d  

i ro m  t h e  r a i s e d  c e n t e r  t o  t h e  p e r i p h e r y .  Lumen c i r c u l a r ,  0 .5  mm. 

d i a m e t e r .  C ro s s  s e c t i o n a l  a r e a  i n  t h i s  form  i s  somewhat modi­

f i e d  by t h e  ro u n d in g  of t h e  a n g u la r  edges  of t h e  d i s c s .

R em arks: O ccurs  i n  t h e  B e l l  s h a l e ,  R ockport Q u a rry .



PLATE I

B 'ig u re:

1 .  C - C - l - A

2 .  C - C - l - B

3.  C - C - l - C

4 .  C -  C -  1 -  D

5 .  C - C - l - E

6 . C -  C -  1 -  F

7.  C - C - 2 - C

8 . C - C - 2 - A

9.  C - C - 2 - B

10.  C -  C -  3 -  A

1 1 .  C -  C -  3 -  B

12.  C -  C -  4 -  A

A r t i c u l a t e  s u r f a c e .  X 3 .  

Column X 1 .

A r t i c u l a t e  s u r f a c e .  X 3 .  

Column X 1 .

A r t i c u l a t e  s u r f a c e .  X 3 .  

Column X 1 . 5 .

A r t i c u l a t e  s u r f a c e  X 4 .  

Column X 1 .

A r t i c u l a t e  s u r f a c e  X 6 . 

Column X 3 .

A r t i c u l a t e  s u r f a c e  X 3 .  

Column X 1 .

A r t i c u l a t e  s u r f a c e  X 5 .  

Column X 2 .

A r t i c u l a t e  s u r f a c e  X 4 .  

Column X 1 .

A r t i c u l a t e  s u r f a c e  X 4 .  

Column X 1 .

A r t i c u l a t e  s u r f a c e  X 6 . 

C o luran X I .

A r t i c u l a t e  s u r f a c e  X 8 . 

Column X - 1 .5 .

A r t i c u l a t e  s u r f a c e  X 6 . 

Column X 1 . 5 .



PLATE I  ( c o n t . )

F i g u r e :

1 3 .  C -  C -  2 -  F

1 4 .  C - C - 2 - E

15.  C - C - 4 - D

16.  C -  C -  '4 -  E

17* C -  C -  8  -  A

18 .  C - C - 4 - C

19.  C - C - 4 - B

20 .  C -  C -  7 -  A

21.  C -  C -  8  -  B

22.  C -  C -  8  -  C

2 3 .  C -  C -  5 -  A

24.  0 -  C -  6 -  C

A r t i c u l a t e  s u r f a c e  X 6 . 

Column X 2 .

A r t i c u l a t e  s u r f a c e  X 8 . 

Column X 1 . 5 .

A r t i c u l a t e  s u r f a c e  X 6 * 

Column X I .

A r t i c u l a t e  s u r f a c e  X 6 . 

Column X 1 .

A r t i c u l a t e  s u r f a c e  X 6 . 

Column X 0 . 5 .

A r t i c u l a t e  s u r f a c e  X 8 . 

Column X 1 . 5 .

A r t i c u l a t e  s u r f a c e  X 6 . 

Column X 1 . 5 .

A r t i c u l a t e  s u r f a c e  X 5 .  

Column X 1 .

A r t i c u l a t e  s u r f a c e  X 10 

Column X 2 .

A r t i c u l a t e  s u r f a c e  X 10 

Column X 2 .

A r t i c u l a t e  s u r f a c e  X 3 .  

Column X 1 .

A r t i c u l a t e  s u r f a c e  X 4 .  

Column X 1 .



PLATE I  ( c o n t . )

F i g u r e :

25 . C -  C -  6  -  A

2 6 .  C - C - 6 - B

27.  C - C - 7 - B

28.  C - C - 2 - D

29.  C -  C -  9 -  A

30 .  C -  C -  10 -  A

A r t i c u l a t e  s u r f a c e  X 4 .  

Column X 1 . 5 .

A r t i c u l a t e  s u r f a c e  X 3 .  

Column X 1 .

A r t i c u l a t e  s u r f a c e  X 5 .  

Column X I .

A r t i c u l a t e  s u r f a c e  X 6 . 

Column X 1*

A r t i c u l a t e  s u r f a c e  X 10 . 

Column X 1 .

A r t i c u l a t e  s u r f a c e  X 10 . 

Column X 2 .



PLATE I

B
25 06



PLATS I I

F ig u r e s

1 .  C -  C -  11 -  A A r t i c u l a t e  s u r f a c e  X 8 .

Column X 1 .

2 .  C - C - l l - B  A r t i c u l a t e  s u r f a c e  X 8*

Column X ! •

3* C -  C -  12 -  A A r t i c u l a t e  s u r f a c e  X 10 .

Column X I .

4 .  C - C - 2 - G  A r t i c u l a t e  s u r f a c e  X 8 .

Column X 2 .

5 .  C - F - l - A  A r t i c u l a t e  s u r f a c e  X 4 .

Column X 1 .

6 . C - F - l - B  A r t i c u l a t e  s u r f a c e  X 4 .

Column X 1 .

7 .  C - F - l - C  A r t i c u l a t e  s u r f a c e  X 4 .

Column X I .

8 . C - F - l - D  A r t i c u l a t e  s u r f a c e  X 6 .

Column X 1 .

9 . C - F - l - E  A r t i c u l a t e  s u r f a c e  X 4 .

Column X 1 .

1 0 .  C -  F -  2 -  A A r t i c u l a t e  s u r f a c e  X 5 .

Column X 1 .

1 1 .  C -  F -  3 -  A A r t i c u l a t e  s u r f a c e  X 3 .

Column X 1.

1 2 . C - F - 3 - B  A r t i c u l a t e  s u r f a c e  X 2 .

Column X 1 .



PLATS I I  ( c o n t . )

F ig u r e s

1 3 .  C - F - 4 - A

1 4 .  C -  F -  5 -  A

1 5 .  C - F - 5 - B

16.  C - F - 5 - C

17.  C - F - 5 - D

18.  C -  F -  6 -  A

19.  C - F - 6 - B

20.  C -  F -  6 -  C

A r t i c u l a t e  s u r f a c e  X 6 .  

Column X 0 . 5 .

A r t i c u l a t e  s u r f a c e  X 8 .  

Column X 1 .

A r t i c u l a t e  s u r f a c e  X 6 .  

Column X 1 .

A r t i c u l a t e  s u r f a c e  X 6 .  

Column X 1 .

A r t i c u l a t e  s u r f a c e  X 10 . 

Column X 2 .

A r t i c u l a t e  s u r f a c e  X 5 .  

Column X 2 .

A r t i c u l a t e  s u r f a c e  X 5 .  

Column X 2 .

A r t i c u l a t e  s u r f a c e  X 5 .  

Column X 2 .





PLATE

F ig u r e :

1 .  C -  F -  2 -  B

2 .  C - F - 6 - D

3.  C - F - 6 - E

4 .  C - F - 5 - E

5.  C - F - 6 - F

6 . C - F - 5 - F  

7« C - T - l - A

8 . C - P - l - A

9.  C - S - l - A

10 .  C -  S -  1 -  B

11 .  P -  C -  1 -  A

12.  P -  C -  2 -  A

III

A r t i c u l a t e  s u r f a c e  X 8 . 

Column X 1 .

A r t i c u l a t e  s u r f a c e  X 4 .  

Column X 1 .

A r t i c u l a t e  s u r f a c e  X 6 . 

Column X 1*

A r t i c u l a t e  s u r f a c e  X 8 . 

Column X 2 .

A r t i c u l a t e  s u r f a c e  X 4 .  

Column X 1 .

A r t i c u l a t e  s u r f a c e  X 8 . 

Column X 1#

A r t i c u l a t e  s u r f a c e  X 6 . 

Column X 1 .

A r t i c u l a t e  s u r f a c e  X 6 . 

Column X 1 .

A r t i c u l a t e  s u r f a c e  X 10 . 

Column X 1 .

A r t i c u l a t e  s u r f a c e  X 10. 

Column X 1 .

A r t i c u l a t e  s u r f a c e  X 10. 

Column X 1 .

A r t i c u l a t e  s u r f a c e  X 8 . 

Column X 1 .



PLATE I I I  ( c o n t . )

F i g u r e :

1 3 .  P -  C -  3 -  A

1 4 .  P -  C -  4 -  A

1 5 .  P -  C -  5 -  A

A r t i c u l a t e  s u r f a c e

Column X 1 .  / A
. o '

A r t i c u l a t e  su rfs tee  

Column X 2 .  ' ■ [

A r t i c u l a t e  s u r f a c e  

Column X 1 .

X 8 .

\ U  : /

X 10 .

1 I 

X 8 .
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