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ABSTRACT

T h is p ap er p r e s e n t s  th e  r e s u l t s  o f  a s tu d y  o f  a  l o c a l  

sa n d sto n e  o f  th e  Dunkard s e r i e s  h e r e in  term ed th e  H ock in gp ort 

sa n d sto n e . T h is sa n d sto n e  I s  lo c a t e d  In  W ashington , A thens  

and M eigs C o u n ties  o f  s o u th e a s te r n  Ohio and a d ja c e n t  p a r t s  

o f  West V ir g in ia .

The H ock ingport sa n d sto n e  h a s  in  th e  p a s t  b een  c o r r e ­

l a t e d  w ith  th e  Waynesburg sa n d sto n e  o f  so u th w estern  P en n sy l­

v a n ia  and n o r th e rn  West V ir g in ia .  In  th e  o p in io n  o f  th e  

w r it e r ,  th e s e  w id e ly -s e p a r a te d  sa n d sto n e s  a re  n o t  c o r r e la t e s .

The H ock in gport sa n d sto n e  i s  a  f l u v i a l  d e p o s i t ,  w hereas 

i t  i s  b e l ie v e d  th a t  th e  tr u e  Waynesburg sa n d sto n e  i s  a  n e a r ­

sh o r e  accu m u la tion  o f  sa n d , form ed a s  th e  r e s u l t  p a r t ly  o f  

c u r r e n t b u t p red om in an tly  o f  wave d e p o s i t io n  i n  a sh a llo w  

body o f  w a te r .

S in c e  th e  s t r u c t u r e ,  l i t h o l o g y  and f o s s i l  faun a o f  th e  

ro ck s o f  th e  Upper M onongahela o r  Lower Dunkard s e r i e s  do 

n o t  in d ic a t e  th e  e x is t e n c e  o f  a  r e g io n a l  u n co n fo rm ity , th e  

I n fe r r e d  Perm ian age o f  th e  Dunkard s t r a t a  s t i l l  r e s t s  on 

f o s s i l  f l o r a  a s s o c ia t e d  w ith  th e  c o a ls  o f  th e  Dunkard s e r i e s .
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INTRODUCTION

The o b j e c t  o f  t h i s  s tu d y  I s  t h r e e f o ld :  (1 )  t o  d e t e r ­

m ine th e  en v iron m en t o f  d e p o s i t io n  o f  a  sa n d sto n e  body h e r e  

named th e  H ock in gp ort; ( 2 )  t o  d e term in e  w h eth er  o r  n o t  t h i s  

sa n d s to n e  sh o u ld  b e  c o r r e la t e d  w ith  th e  W aynesburg sa n d sto n e  

o f  so u th w este rn  P e n n sy lv a n ia  and th e  a d ja c e n t  a r e a  in  n o r th ­

e rn  W est V ir g in ia ;  and (3 )  t o  s e a r c h  f o r  e v id e n c e  in d ic a t in g  

w h eth er  o r  n o t  t h i s  and th e  W aynesburg sa n d sto n e  a r e  c o r r e ­

l a t i v e  b a s a l  san d s above an u n co n fo rm ity  s e p a r a t in g  th e  

P e n n sy lv a n ia n  and P erm ian p e r io d s*

F or more th an  60  y e a r s  th e  W aynesburg sa n d sto n e  h a s  been  

c o n s id e r e d  to  b e  a more o r  l e s s  c o n t in u o u s  d e p o s i t  e x te n d in g  

e n t i r e l y  a c r o s s  th e  Dunkard B a s in . The w r i t e r  b e l i e v e s  th a t  

th e  tr u e  W aynesburg sa n d sto n e  i s  r e s t r i c t e d  in  a r e a l  e x t e n t  

t o  so u th w e ste r n  P e n n sy lv a n ia  and n o r th e r n  W est V ir g in ia *  A 

r e l a t i v e l y  l o c a l  sa n d sto n e  o c c u r r in g  i n  p a r t s  o f  W ash ington , 

A th en s and M eigs C o u n t ie s , O hio, and th e  a d ja c e n t  p a r t  o f  

West V ir g in ia  h a s  p r e v io u s ly  b een  c o n s id e r e d  a s  a p a r t  o f  

th e  W aynesburg s a n d s to n e , b u t i n  t h e  o p in io n  o f  th e  w r i t e r  

t h e s e  sa n d s to n e s  a re  n o t  c o r r e l a t e s .  The sa n d sto n e  o f  so u th ­

e a s t e r n  Ohio i s  h e r e in  term ed th e  H ock in gp ort sa n d sto n e  f o r  

th e  v i l l a g e  o f  th a t  name n e a r  w here i t  i s  w e l l  d ev e lo p ed *

The true Waynesburg sandstone was deposited in the near­
shore area of a shallow body of water. The Hockingport sand-

2
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3

s to n e  i s  th e  r e s u l t  o f  f l u v i a l  d e p o s it io n  on a r e l a t i v e l y  

b road  p la in .

The Dunkard s e r i e s  h a s  been  c o n s id e r e d  to  b e  Perm ian in  

a g e  on th e  b a s i s  o f  th e  f o s s i l  f l o r a .  The Perm ian a g e  o f  

th e  f lo r a  h a s  b een  q u e s t io n e d  (C r o ss , 1 9 5 4 a , 1 9 5 4 b ). The 

e x is t e n c e  o f  a  r e g io n a l  u n con form ity  i s  n o t  in d ic a te d  by  

e i t h e r  th e  s t r u c t u r e ,  l i t h o l o g y ,  o r  f o s s i l  fauna o f  th e  r o ck s  

o f  th e  Dunkard s e r i e s  n o r  by th e  s t r a t a  o f  th e  u n d e r ly in g  

M onongahela s e r i e s ,  th e r e f o r e  th e s e  sa n d sto n e s  a r e  n o t  

n e c e s s a r i ly  b a s a l  sa n d s to n e s  se p a r a t in g  Perm ian from  

Penn s y iv a n ia n •

To th e  w r i t e r ’ s  kn ow led ge, no p r e v io u s  d e t a i le d  i n v e s t i ­

g a t io n  o f  th e  H ock in gp ort san d ston e  o f  so u th e a s te r n  Ohio h a s  

b een  made.
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REGIONAL SETTING- OP THE DUNKARD SERIES

L o c a t io n , Topography and S tr u c tu r e

The s t r a t a  o f  th e  Dunkard s e r i e s  occupy an a rea  approx­

im a te ly  e l l i p t i c a l  in  p la n ,  (F ig*  1 ) ,  l o c a t e d  in  P e n n sy lv a n ia ,  

W est V ir g in ia  and O hio. However, s c a t t e r e d  o u t l i e r s  o f  th e  

s e r i e s  o ccu r  a s  f a r  e a s t  a s  A lle g a n y  County in  Maryland*

The o u tcro p  a r ea  i s  a b o u t 8 ,0 0 0  sq u are  m i le s .  In  P e n n sy l­

v a n ia , s t r a t a  o f  th e  Dunkard s e r i e s  e x i s t  o n ly  in  th e  

so u th w este rn  p a r t  o f  th e  s t a t e ,  p r i n c ip a l ly  In  W ashington  

and J e f f e r s o n  C o u n tie s . In  West V ir g in ia ,  Dunkard s t r a t a  

e x i s t  in  a b e l t  v a r y in g  from 40 t o  60 m ile s  in  w id th  and  

o c c u r r in g  i n  th e  w e ste r n  p a r t  o f  th e  s t a t e .  The Ohio p o r t io n  

i s  l im i t e d  to  a 1 2 0 0 -isq u a re -m ile  s t r i p  In  th e  so u th e a s te r n  

p a r t  o f  th e  s t a t e .

The r e g io n  o f  Dunkard o u tcrop  i s  a  d i s s e c t e d  p la t e a u ,  

m ost o f  w h ich  i s  in  l a t e  youth  o r  e a r ly  m a tu r ity . The 

maximum r e l i e f  I s  a p p ro x im a te ly  700 f e e t .  The h ig h e s t  rem­

n a n ts  r i s e  t o  e le v a t io n s  o f  1400 f e e t .

Over m ost o f  th e  r e g io n  in  w hich th e  H ock in gp ort sand­

s to n e  o c c u r s , th e  r e l i e f  ra n g es from 200 t o  400 f e e t .  E lev a ­

t i o n s  i n  th e  r e g io n  ran ge  from s l i g h t l y  l e s s  than  600 f e e t  

in  v a l l e y s  o c cu p ied  by  m ajor stream s t o  o v e r  950  f e e t  on

6
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many o f  th e  h i l l s  and r id g e s .  The n o r th e r n  h a l f  o f  th e  r e g io n  

from  H ock in gp ort to  B a r t l e t t  i s  l e s s  ru g g ed  th an  th e  so u th e r n  

h a l f .

The g e n t l e r  s lo p e s  a r e  g e n e r a l ly  c o v e r e d  h y  a  t h ic k  

r e s id u a l  s o i l ,  b u t  where t h ic k  sa n d s to n e s  crop  o u t ,  s t e e p  

c l i f f s  o f  100  f e e t  o r  more a r e  form ed . F o r  exam p le , th e  

H ock in gp ort sa n d sto n e  form s p r e c ip i t o u s  c l i f f s  and s lo p e s  

i n  th e  a r e a  a lo n g  th e  Ohio R iv e r . From th e  to p  o f  th e  

m a ss iv e  sa n d sto n e  to  th e  h i l l t o p s ,  h o w ev er , th e  s lo p e s  a r e  

commonly g e n t l e .  A few  m i le s  d i s t a n t  from  th e  Ohio R iv e r  

in  th e  n o r th e rn  and w e ste r n  p a r t s  o f  th e  r e g io n ,  where th e  

H ock in gp ort sa n d sto n e  h a s  th in n e d  and h a s  b een  e x t e n s i v e l y  

w eath ered  a t  th e  s u r fa c e ,  th e  top ograp h y  i s  l e s s  ru gged  th an  

n e a r  th e  la r g e r  r i v e r s .

A t m ost o f  th e  v a l l e y  h e a d s , where t h e  strea m s c r o s s  

th e  sa n d s to n e , s te e p  c l i f f s  a r e  form ed w ith  e r e s e n t - s h a p e d  

r e e n tr a n t s  t h a t  e x te n d  b ack  un der th e  sa n d s to n e  f o r  20  f e e t  

o r  m ore. A long th e  s i d e s  o f  th e  v a l l e y s  th e  l e s s  r e s i s t a n t  

s h a le s  b e lo w  th e  sa n d sto n e  h ave commonly b een  rem oved a l lo w ­

in g  huge b lo c k s  o f  th e  sa n d sto n e  t o  tum b le t o  th e  v a l l e y  

b o tto m s .

The r e g io n  i s  d r a in e d  b y  th e  Ohio R iv e r  and i t s  t r ib u ­

t a r i e s .  The sm a lle r  strea m s h ave c o m p a r a tiv e ly  narrow  f lo o d  

p l a i n s  w ith  o c c a s io n a l  t e r r a c e s .

The r o c k s  o f  th e  Dunkard s e r i e s  o c c u r  i n  what i s  e s s e n ­

t i a l l y  a s t r u c t u r a l  b a s in  whose lo n g e r  a x i s  tr e n d s  r o u g h ly
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N. 45 °  E* (The r e g io n a l  d ip  o f  th e  r o c k s  I s  in  many p la c e s  

r e v e r s e d  by l o c a l  s a g s ,  th e  tr e n d  o f  w h ich  i s  r u d e ly  p a r a l l e l  

t o  th e  lo n g e r  a x i s  o f  th e  Dunkard B asin *

The H ock in gp ort sa n d sto n e  o c c u r s  i n  th e  so u th w este rn  

p a r t  o f  th e  Dunkard B a sin  w e st  o f  th e  a x i s ,  and th e  Wayne s -  

burg sa n d sto n e  i s  lo c a t e d  J u s t  e a s t  o f  t h i s  a x i s  i n  th e  

n o r th e r n  p a r t  o f  th e  b a s in *

S tr a t ig r a p h y

The Dunkard s e r i e s  i s  a  v a r ia b le  sequ en ce o f  r o c k s ,  

c o n s i s t in g  o f  sa n d s to n e s , s i l t s t o n e s ,  s h a le s ,  lim e sto n e s . and 

c o a l s ,  o f  w hich sh a le  i s  th e  m ost abundant*

The l im e s t o n e s ,  c o a ls  and b lu is h - g r a y  o r  d a r k -c o lo r e d  

s h a le s  a r e  g e n e r a l ly  r e s t r i c t e d  to  th e  n o r th ern  p o r t io n  o f  

th e  Dunkard B a s in , b e in g  b e s t  d e v e lo p ed  in  so u th w estern  

P e n n sy lv a n ia  and a d ja c e n t  p a r t s  o f  Ohio and West V ir g in ia .  

Southward from P e n n sy lv a n ia , c o a r se  e l a s t i c s  become I n c r e a s ­

i n g ly  abundant, and th e  s h a le s  a t t a i n  g r e a te r  t h ic k n e s s  and 

a r e  m o stly  red  o r  b u f f  i n  c o lo r .  Goal and l im e s to n e  a re  

th e r e  p r a c t i c a l l y  n o n -e x is t e n t*

The u n i t s  o f  th e  Dunkard s e r i e s  a r e  more l e n t i c u l a r  in  

th e  so u th ern  p a r t  o f  th e  B a s in  th an  In  th e  n o r th e r n  p a r t .

The sa n d sto n e  u n i t s  i n  p a r t i c u la r  a r e  l o c a l  and , when tr a c e d  

l a t e r a l l y ,  change a b r u p tly  t o  ro ck s o f  c o n tr a s t in g  l l t h o l o g y .  

The s h a le s  seldom  show d i s t i n c t  b ed d in g  o r  f i s s i l i t y  and in
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g e n e r a l a r e  q u it e  s i l t y .  N ot uncommonly, p o o r ly -b e d d ed  f in e  

sa n d sto n e  and s i l t s t o n e  u n i t s  a r e  surrounded by n on -b ed d ed , 

s i l t y  s h a le s .  The c o a ls  a r e  t h in ,  o f  v e r y  p oor  q u a l i t y  and  

q u it e  l o c a l .  L im estone b ed s p rob ab ly  o f  f r e s h -w a te r  o r ig i n ,  

w hich  seldom  a t t a in  a th ic k n e s s  o f  one f o o t ,  a r e  s im i la r ly  

l im i t e d .

In  th e  g e o lo g ic a l  l i t e r a t u r e  o f  P e n n sy lv a n ia , M aryland  

and O hio, th e  Dunkard s e r i e s  i s  d iv id e d  in t o  two fo r m a tio n s ,  

th e  W ashington, b e lo w , and th e  G reen e, a b o v e . The fo rm a tio n s  

h a v e  been  su b d iv id ed  in t o  sm a lle r  u n i t s  w hich have been  term ed  

members o r  h o r iz o n s . Some o f  th e  more p e r s i s t e n t  o f  t h e s e  

have b een  g iv e n  names b y  H*D. R ogers, J . J .  S te v e n so n , I . C .  W hite, 

and g e o l o g i s t s  o f  th e  Ohio and West V ir g in ia  G e o lo g ic a l  S u rv ey s .

The f o l lo w in g  l i s t  i s  s im p l i f ie d  from th e  Ohio G e o lo g ic a l  

S u r v e y 's  " G en era lized  S e c t io n  o f  Ohio" (19 5 1 ? ) and shows th e  

p r in c ip a l  members o r  h o r iz o n s  o f  th e  M onongahela and Dunkard 

s e r i e s  w hich e x i s t  in  O hio:

Dunkard s e r i e s  (W h ite , I.CL, 1891)

Greene fo rm a tio n  (S te v e n so n , J . J . ,  1876)

G ilm ore sa n d sto n e  (S te v e n so n , J . J . ,  1876)
G ilm ore l im e s to n e  (W h ite , I . C . , 1 8 9 1 )
N ineveh  sa n d sto n e  (W h ite , I . C . ,  1891)
N ineveh c o a l  (W h ite , I . C . ,  1891)
N in eveh  l im e s to n e  (W h ite , I . C . ,  1891)
F is h  Greek c o a l  (S te v e n so n , J . J . ,  1876)
F is h  Creek sa n d sto n e  (S te v e n s o n , J . J . , 1 8 7 6 )
Dunkard c o a l  (S te v e n so n , J . J . ,  I 8 7 6 )
J o lly to w n  san d ston e  ( d ' I n v i l l i e r s ,  E . V . ,  1 8 9 5 ) 
J o lly to w n  "A" c o a l ( S t a u f f e r ,  C .R. & S c h r o y e r , C.,3920)
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W ashington fo rm a tio n  (S te v e n s o n , J . J . ,  1 876 )

Upper Washington limestone (Stevenson. J . J . , 1 8 7 6 )  
Hundred sandstone (Hennen, R.V., 1 9 0 9 /
Upper M a r ie tta  sa n d s to n e  (W h ite , I . C . ,  1891)  
W ashington "A" c o a l  (W h ite , 1 , 0 . ,  1 8 9 1 )
M iddle W ashington l im e s to n e  (S te v e n s o n , J . J . ,  1 876 )  
Lower W ashington l im e s to n e  (S te v e n s o n , J . J * .  1 8 7 6 )  
Lower M a r ie tta  sa n d sto n e  (W h ite , I . C . ,  1903)  
W ashington c o a l  (S te v e n s o n , J . J * ,  1 8 7 6 )
M annlngton sa n d sto n e  (H ennen, R . V . ,  1909)
Waynesburg "A” c o a l  (S te v e n s o n , J . J . ,  1876 )  
Waynesburg sa n d sto n e  (S te v e n s o n , J . J . ,  1873 )
Elm 0-rove l im e s to n e  (Q -rlm sley , G . P . ,  1906)
G a s s v l l l e  s h a le  (W h ite , I . C . ,  1891)

M onongahela s e r i e s  (R o g e r s , H .D . ,  1 8 4 0 )

Waynesburg coal (Stevenson, J . J . ,  1876)
G ilb o y  s h a le  (W h ite , I . G . ,  I 89I )
L i t t l e  W aynesburg c o a l  (S te v e n s o n , J . J . ,  1 8 7 6 )  
Waynesburg l im e s to n e  (S te v e n s o n , J . J . ,  1877)  
Unlontown sa n d sto n e  (W h ite , I . C . ,  1 891 )
Uniontown N o. 10  c o a l  (W h ite , I . C . .  1891)
Unlontown s h a le  (W h ite , I . C . ,  I 89I )
A m o ld sb u rg  sa n d sto n e  (H ennen, R . V . ,  1911)  
A m o ld sb u rg  c o a l  (H ennen, R .V . ,  1 9 1 1 )
A m old sb u rg  l im e s to n e  ( S t o u t ,  W., 1929 )
F u lto n  s h a le  (G r lm s le y , G-.P.,  1 906 )
Benwood l im e s to n e  (C a m p b ell, M.R. ,  1 903 )
Upper S e w lc k le y  sa n d s to n e  (W h ite , I . C . ,  1 891 )
Meigs Creeh No. 9 coal (?)
Lower S e w lc k le y  sa n d s to n e  (W h ite , I . C . ,  1891)  
F lsh p o t c o a l  (S te v e n s o n , J . J . ,  1 8 7 6 )
F lsh p o t l im e s to n e  (S te v e n s o n , J . J . ,  1 876 )
Pomeroy sa n d sto n e  (L o v eJ o y , E . ,  1 8 8 8 )
Pomeroy c o a l  (L o v e jo y , E«, 1888)
R edstone l im e s to n e  ( P l a t t ,  F . & W.G. ,  1877)
Upper P it t s b u r g h  sa n d sto n e  (R o g e r s , H .D . ,  1858 )  
P it ts b u r g h  c o a l  (R o g e r s , H.D.  ( ? ) ,  1858 )
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P r e v io u s  Work In  th e  Area

The name Dunkard was In tro d u ced  in t o  th e  g e o lo g ic a l  

l i t e r a t u r e  o f  Ohio by 1*0* W hite in  1891 (p p . 1 0 0 -1 2 3 ) in  

h i s  r e p o r t  e n t i t l e d  " S tr a tig r a p h y  o f  th e  B i t u m i n o u s  Coal 

F ie ld  o f  P e n n sy lv a n ia , West V ir g in ia  and Ohio" f o r  th e  

U n ite d  S t a t e s  G e o lo g ic a l  S u rvey .

The r o c k s  in c lu d e d  in  th e  Dunkard s e r i e s  h a v e  been d e s ­

c r ib e d  u n d er v a r io u s  nam es. H .D. R ogers (1 8 5 8 , p .  20) u s e s  

th e  name Newer C oal S h a le s ,  o r  Upper B arren Group, and p o in t s  

o u t  t h a t  th e  group i s  d i s t i n c t l y  r e c o g n iz e d  o n ly  in  th e  so u th ­

w e s te r n  c o m e r  o f  th e  s t a t e  o f  P e n n sy lv a n ia . In  O hio, Newberry  

(1874*  p . 158) term ed th e s e  s t r a t a  th e  B arren M easures and in ­

c lu d e d  them in  th e  Upper Coal M easu res. S tev en so n  (1 8 7 5 , p . 345)  

r eg a r d e d  th e s e  b ed s a s  th e  Upper B arren M easu res, b u t c o n s id e r e d  

th e  t h ic k n e s s  so  g r e a t ,  t h a t  f o r  co n v en ien ce  h e  th o u g h t i t  w e l l  

to  d iv id e  th e  m easures in t o  two g ro u p s . The lo w e r  p o r t io n  was 

d e s ig n a te d  th e  W ashington County Group and in c lu d e d  th e  s t r a t a  

from  th e  to p  o f  th e  Waynesburg san d ston e  to  th e  to p  o f  th e  Upper 

W ashington l im e s t o n e .  The upper p o r t io n  was named th e  Greene 

C ounty Group and In c lu d e d  th e  b ed s above th e  Upper W ashington  

l im e s t o n e .

E .B . Andrews (1 8 7 3 , PP. 2 4 7 -3 1 3 ; 1 8 7 4 , p p . 4 4 1 -5 8 7 ) d id  

n o t  se p a r a te  th e  Upper B arren  M easures from th e  c o a l-b e a r in g  

s t r a t a  o f  th e  P en n sy lv a n ia n  in  h i s  d is c u s s io n  o f  th e  g e o lo g y  

o f  so u th e a s te r n  O hio . O rton (1 8 8 4 , p . 1 ) a c c e p te d  th e  o r ig in a l  

c l a s s i f i c a t i o n  o f  R ogers , b u t in  1888 ( p .  3 ) r e f e r r e d
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t o  th e  Dunkard s e r i e s  a s  th e  Upper B arren  Coal M easu res.

A few  y e a r s  l a t e r  O rton , (1 8 9 3 , PP. 3 7 , 5 5 , 63) m en tio n s  

th a t  th e s e  rocks, m ight p o s s ib ly  b e  Perm ian in  a g e .

I .  C. W hite (1 8 9 1 , p . 20) d e s c r ib e s  th e  Upper B arren  

M easures a s  th e  P erm o-C arb on iferous o r  Dunkard Creek s e r i e s .  

In  t h i s ,  r e p o r t  W hite named th e  s t r a t a  th e  Dunkard Creek  

s e r i e s ,  and ex ten d ed  th e  s e r i e s  down t o  in c lu d e  th e  W aynes- 

bu rg sa n d sto n e  and th e  r o o f  s h a le s  o f  th e  Waynesburg c o a l .

A few  y e a r s  l a t e r  (O 'H arra, 1900 , p p . 1 2 8 -1 3 0 ) th e  name 

was sh o r te n e d  to  Dunkard s e r i e s .

S tev en so n  (1 9 0 7 , p p . 9 6 -9 7 ) l a t e r  c o n s id e r e d  th e  

Dunkard column d i v i s i b l e  in t o  two fo r m a tio n s , th e  W ashington  

and th e  G reene, th u s r e p la c in g  h i s  o r ig in a l  c l a s s i f i c a t i o n ,  

th e  W ashington and G reene County G roups. S tev en so n  a l s o  

in c lu d e d  th e  Waynesburg san d ston e  and th e  s h a le s  above th e  

Waynesburg c o a l in  th e  W ashington fo r m a tio n , f o l lo w in g  th e  

s u g g e s t io n  o f  I .  C. W hite (1 8 9 1 , p .  2 0 ) th a t  th e s e  s t r a t a  

sh o u ld  b e  in c lu d e d  i n  th e  Dunkard.

S e v e r a l f o l i o s  o f  th e  U n ited  S t a t e s  G e o lo g ic a l  Survey  

(S to n e , 1 9 0 5 , No. 121; C lapp, 1907t N o. 144; C lapp , 1907»

N o. 146) c o v e r in g  p o r t io n s  o f  so u th w estern  P e n n sy lv a n ia  u se  

th e  term  Dunkard group , r e c o g n iz e  i t s  Perm ian age and d iv id e  

i t  in t o  th e  W ashington and Greene fo r m a tio n s .

The Dunkard r e g io n  o f  West V ir g in ia  h a s  b een  s tu d ie d  

b y  th e  G e o lo g ic a l  Survey  o f  th a t  s t a t e  and th e  d a ta  have b een  

p u b lis h e d  in  th e  v a r io u s  “County R e p o r ts" . The W est V ir g in ia
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G e o lo g ic a l  Survey d oes n o t  r e c o g n iz e  th e  d i v i s i o n  o f  th e  

Dunkard s e r i e s  I n to  th e  W ashington and G reene fo r m a tio n s ,  

b u t  o n ly  th e  s u b d iv is io n  o f  th e s e  fo r m a tio n s  o r  members and  

h o r iz o n s .

P r o s s e r  (1905> pp . 2 , 5» 6 ,  7 ) In  h i s  " R evised  Nomen­

c la t u r e  o f  th e  Ohio G e o lo g ic a l  F orm ations" c o n s id e r e d  th e  

Dunkard a s  a  fo rm a tio n  a s  had b een  th e  custom  In  th e  M aryland  

G e o lo g ic a l  Survey r e p o r t s .

S ta u f f e r  and S ch royer  (1 9 2 0 , p . 11 ) i n  t h e i r  r e p o r t  on  

t h e  Dunkard s e r i e s  f o r  th e  Ohio G e o lo g ic a l  S u rv ey , u s e  th e  

m ost r e c e n t  c l a s s i f i c a t i o n  o f  S te v en so n  (1907» PP* 9 6 -7 )  

and  c o n s id e r  th e  ro ck s a s  a  Perm ian s e r i e s  d i v i s i b l e  I n to  

th e  W ashington and G reene fo r m a tio n s .

George W. W hite (1 9 4 5 ) s tu d ie d  th e  ro ck  seq u en ce  a t  

B la in e  K i l l ,  Belm ont C ounty, O hio . He a l s o  (19 4 7 ) mapped 

th e  Waynesburg c o a l  and r e v i s e d  th e  Dunkard boundary in  

H a rr iso n  and n o r th ern  Belm ont C o u n tie s , O hio .

W illiam  H. Sm ith (1 9 4 8 ) s tu d ie d  th e  g e o lo g y  o f  Newport 

Township, W ashington C ounty, O hio .

C ross (1 9 5 0 , 1954a) h a s  r e c e n t ly  s t u d ie d  th e  s t r a t i ­

graphy and f o s s i l  f l o r a  o f  th e  n o r th e rn  p a r t  o f  th e  Dunkard 

B a s in . C ross (1 9 5 4 a , 1954b) q u e s t io n s  th e  Perm ian a g e  o f  

th e  Dunkard s e r i e s .
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THE HOCKINGPORT SANDSTONE DEFINED

D is t r ib u t io n ,  A t t i tu d e  and T h ick n ess

The H o ck in g p o rt sa n d sto n e  o c c u r s  o v e r  an a r e a  o f  approx­

im a te ly  225 sq u are  m i le s  i n  so u th e a s te r n  Ohio and th e  a d ja ­

c e n t  p a r t  o f  w e s te r n  W est V ir g in ia  (F ig *  1 ,  PI* 1 ) .  The 

sa n d sto n e  form s a  b la n k e t  d e p o s i t  o v e r  th e  r e g io n  d e l in e a t e d ,  

e x c e p t  where i t  h a s  b een  erod ed  from  th e  stream  v a l le y s *

The p r e s e n t  b o u n d a r ie s  o f  o u tc r o p , a s  shorn  on th e  map, 

do n o t  t r u l y  r e p o r t  th e  o r ig in a l  e x t e n t  o f  th e  sa n d sto n e  

body b e c a u se  in  th e  w e s t  and m ost o f  th e  n o r th , th e  boundary  

i s  e r o s io n a l .  A lon g  th e  n o r th e rn  h a l f  o f  th e  w e ste rn  boundary  

th e  sa n d sto n e  i s  marked by  c o n s id e r a b le  th in n in g  b e fo r e  i t s  

h o r iz o n  e x te n d s  o u t  o v e r  th e  h i l l t o p s .  The s l i g h t  th ic k n e s s  

o f  th e  sa n d sto n e  h e r e  s u g g e s t s  t h a t  t h i s  p a r t  o f  th e  boundary  

i s  n e a r  t h a t  o f  th e  o r ig i n a l  l i m i t  o f  th e  d e p o s it*  There are  

fo u r  a r e a s  a lo n g  th e  w e ste r n  and n o r th e r n  b o r d e r s  where th e  

sa n d sto n e  e x i s t s  a t  th e  h i l l t o p s  and th e  t h ic k n e s s  h a s b een  

red u ced  b y  e r o s io n *  They a re  a s  f o l lo w s :  in  s e c t io n s  13  and 

19 o f  S u tto n  Tow nship, M eigs C ounty, in  th e  so u th w estern  p a r t  

o f  th e  r e g io n ;  in  s e c t io n s  16 and 1 7 , Rome Tow nship, M eigs 

County a lo n g  th e  w e ste r n  b ord er; betw een  B road w ell and 

Sharpsburg i n  A th en s County in  th e  n o r th w ester n  p a r t  o f  th e  

r e g io n ;  and b etw een  Sharpsburg and B a r t l e t t  a lo n g  th e  n o r th ern  

bou nd ary .

15
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A long th e  n o r th e a s te r n  and e a s te r n  b o u n d a r ie s  th e  sand­

s to n e  i s  r e l a t i v e l y  t h in ,  g e n e r a l ly  ra n g in g  from 10  to  30 f e e t  

in  th ic k n e s s  b e fo r e  i t  d isa p p e a r s  b e low  d ra in a g e  l e v e l*  In  

th e  so u th e a s te r n  p o r t io n  o f  th e  r e g io n  th e  l i m i t s  o f  th e  sand  

can be o b se r v e d . A long  th e  so u th ern  boundary o f  th e  sa n d sto n e  

th e  th ic k n e s s  I s  20 f e e t  o r  l e s s  where th e  d e p o s it  d isa p p e a r s  

u n d er c o v e r . The red u ced  th ic k n e s s  p r io r  to  d isa p p ea ra n ce  

o f  th e  sa n d sto n e  a lo n g  th e  n o r th e a s te r n , e a s te r n  and so u th ern  

b o u n d a r ie s  s u g g e s ts  t h a t  th e  o b ser v ed  boundary i s  n e a r  th e  

o r ig i n a l  boundary o f  th e  d e p o s i t .  The w e ste rn  and n o r th ern  

b o u n d a r ie s  o f  th e  sa n d sto n e  a r e  th e  m ost i r r e g u la r  b e c a u se  

h e r e  th e  northw estw ard  r i s e  o f  th e  s t r a t a  b r in g s  th e  sand­

s to n e  to  th e  h i l l t o p s .  The e x is t e n c e  h e r e  o f  th e  ou tcrop  

i s  dependent upon e le v a t io n  and th e  i r r e g u l a r i t i e s  o f  th e  

top ograp h y .

The a r ea  in  w h ich  th e  sa n d sto n e  o u tc r o p s  i s  lo c a t e d  on 

th e  w e st  f la n k  o f  th e  P ark ersb u rg  s y n c l in e .  T h is s t r u c t u r a l  

f e a t u r e  i s  a  l o c a l ,  sh a llo w  tro u g h , th e  a x i s  o f  w hich tr e n d s  

N. 20° E. e x te n d in g  from Jackson  C ounty, West V ir g in ia ,  p a s s ­

in g  e a s t  o f  th e  c i t y  o f  P a rk ersb u rg , W est V ir g in ia ,  th rou gh  

th e  e a s te r n  edge o f  M a r ie t ta , O hio, and d isa p p e a r in g  a few  

m ile s  to  th e  n o r th .

As in d ic a t e d  by th e  s tr u c tu r e -c o n to u r  map ( P I .  1)  o f  

th e  b a se  o f  th e  sa n d s to n e , th e  s t r ik e  o f  th e  d e p o s i t  i s  

a p p ro x im a te ly  N. 20 °  E . The so u th ea stw a rd  r e g io n a l  d ip  i s  

v a r ia b le  from  about 15  f e e t  p e r  m ile  in  th e  so u th e rn ,
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s o u th e a s te r n , and e a s te r n  p a r t  o f  th e  a r e a , I n c r e a s in g  to  

n e a r ly  30 f e e t  p e r  m ile  in  th e  n o r th w ester n  p a rt*

G ross s e c t io n s  o f  th e  H ock in gport sa n d sto n e  c l e a r l y  

in d ic a t e  i t s  l e n t i c u l a r  n a tu r e  (P ig *  2 ,  P la t e s  2 and 3 ) .  

L o c a l ly ,  how ever, th e r e  i s  c o n s id e r a b le  v a r ia t io n  in  i t s  

th ic k n e s s  ( p i -  2 ) .  In  th e  so u th ern  p a r t  o f  th e  r e g io n ,  o v e r  

m ost o f  e a s te r n  C h e s te r , n o r th e rn  Lebanon, and so u th e rn  

O liv e  T ow nships, M eigs C ounty, th e  t h ic k n e s s  i s  from  40 to  

60 f e e t*  A d ja cen t to  th e  Ohio R iv e r , from 2 m i le s  so u th  o f  

H ock in gport to  3 m i le s  n o r th  o f  t h i s  v i l l a g e ,  th e  th ic k n e s s  

r a n g e s  from 75 t o  90  f e e t .  A long a l i n e  th rou gh  th e  c e n tr a l  

p a r t  o f  th e  o u tcrop  a r e a  from H ock in gport to  Sharp sb urg  a t  

th e  n o r th w e s t , th e  d e p o s i t  i s  from 40 to  60 f e e t  t h ic k  w ith  

th e  th ic k n e s s  d e c r e a s in g  to  th e  so u th w est and th e  n o r t h e a s t .

W eathering C h a ra c ter i s t i  c s

As a  r e s u l t  o f  o x id a t io n ,  th e  H ock in gp ort sa n d sto n e  h a s  

a b u f f  c o lo r  on a l l  w eath ered  o u tc r o p s . The f r e s h  rock  i s  

a b lu e -g r a y  c o lo r  w h ich  can  o c c a s io n a l ly  b e  n o te d  in  r e c e n t  

r o a d c u ts  where a la r g e  volum e o f  rock  h a s  b een  rem oved and  

a t  th e  b a se  o f  th e  d e p o s i t  i n  th e  r e e n tr a n ts  o f  th e  sand­

s to n e  n ea r  th e  v a l l e y  heads*

C ase-h ard en in g  o f  th e  H ock in gp ort sa n d sto n e  i s  ap p aren t  

on many o u tcro p s*  The n a tu r a l m o is tu r e  o f  th e  rock  I s  

drawn to  t h e  su r fa c e  and e v a p o r a te d , l e a v in g  b e h in d  in  th e
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n e a r - s u r fa c e  I n t e r s t i c e s ,  a c o n c e n tr a t io n  o f  Iro n  (K ie r s e h ,  

1950* P* 9 3 6 ) .  T h is I s  o f t e n  c o n c e n tr a te d  a lo n g  la m in a t io n  

p la n e s  w hich  w eath er  o u t  a s  sm a ll r id g e s  o r  i n  sm a ll c ir c u ­

l a r  a r e a s  t h a t  rem ain a s  knobby p r o tu b er a n c es  on th e  fa c e  

o f  th e  outcrop*

T h is commonly r e s u l t s  in  a honey—combed o r  p i t t e d  su r fa c e  

( P i g .  3 ) .  P i t t i n g  o f  th e  su r fa c e  o f  th e  rock  o c c u r s  on b o th  

a  la r g e  and a sm a ll s c a le *  Some in d e n t a t io n s  e x te n d  a s  much 

a s  6 f e e t  in t o  th e  sa n d sto n e  from  th e  f a c e  o f  th e  ou tcrop  and 

may b e 10  f e e t  h ig h  and 12 f e e t  w ide ( F ig .  2 0 ) .  In  m ost c a s e s ,  

h ow ever , th e  p i t s  a r e  o n ly  2 to  6 in c h e s  i n  a l l  d im ension s*

I t  i s  b e l ie v e d  t h a t  th e  i r r e g u la r  d i s t r ib u t io n  o f  ir o n  o x id e  

a t  th e  su r fa c e  o f  th e  sa n d sto n e  and w e a th e r in g  a r e  r e s p o n s ib le  

f o r  th e  honey-com bed n a tu r e  o f  th e  sa n d sto n e  outcrop *

F ig .  3  —  P i t t e d  su r fa c e  o f  o u tcro p  o f  H ocking­
p o r t  sa n d s to n e , . 7  ml* n o r th e a s t  o f  H ock in gp ort, 
A th en s C ounty, Ohio
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Prim ary S tr u c tu r e s  and G eneral T exture

Bedding

The H ock ingport sa n d sto n e  i s  c h a r a c te r iz e d  by g r e a t  

i r r e g u la r i t y  o f  bedding* Large p a r ts  o f  i t .  a r e  m a ss iv e  

b u t o th e r  p a r t s  a re  i n t r i c a t e l y  cro ss -b e d d ed  and th e  c r o s s ­

b ed s v a ry  from  la r g e  s i z e  to  v e r y  sm all*  The lo w e r  h a l f  

o f  th e  sa n d sto n e  body te n d s  to  be c ro ss -b e d d ed  t o  a  g r e a t e r  

e x te n t  th an  th e  upper p a r t*  The o r o ss-b e d d in g  i s  o f  two  

d i s t i n c t  t y p e s ,  th e  fo r e  s e t  ty p e  and th e  c u t  and f i l l ,  

r e  s u i t in g  a p p a re n tly  from  c h a n n e lin g  and l a t e r  f i l l i n g  

( F ig s*  4 ,  5 ,  and 6 ) .  Sharp tr u n c a t io n  o f  s e t s  o f  c r o s s ­

lam in ae  ca u sed  by e ro d in g  c u r r e n ts  and su b seq u en t aggrada­

t i o n  by c u r r e n ts  f lo w in g  in . o th e r  d ir e c t io n s  commonly p r o ­

duced a patchw ork o f  s e t s  o f  c r o ss - la m in a e  d ip p in g  in  

d iv e r s e  d ir e c t io n s  and a t  d i f f e r e n t  angleB  ( F i g .  5)*  

R eg u la r , h o r iz o n t a l  b ed d in g  i s  rare*

In  g e n e r a l ,  th e  H ock in gp ort sa n d sto n e  i s  composed o f  a  

netw ork o f  b u r ie d  stream  ch an n el s t r u c t u r e s .  S an d ston e and  

con g lom erate  l e n s e s  r a th e r  th an  sa n d sto n e  s t r a t a  p r e v a i l .  

G r o ss-la m in a ted  chann el s t r u c tu r e s  o ccu r  in  g r e a t e s t  abun­

dance in  th e  lo w er  h a l f  o f  th e  san d ston e  w ith  th e  upper  

p o r t io n  b e in g  n e a r ly  s t r u c t u r e l e s s  in  some a r e a s .  In  some

2Q
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c a s e s ,  -th ese  ch an n el f i l l i n g s  w ere a lm o s t  c o m p le te ly  rem oved  

b y  s w i f t  c u r r e n ts  b e fo r e  su b seq u en t a g g r a d a t io n  o c c u r r e d .  

O c c a s io n a l ly ,  co m p lete  exam p les o f  f i l l e d  stream  c h a n n e ls  

a r e  p r e s e r v e d . The ch a n n el c r o s s - s e c t i o n s  a r e  co n v ex  down­

ward and a r e  a sy m m e tr ica l, b u t  te n d  t o  b e  f l a t  a c r o s s  th e  

to p  ( F ig .  7 ) .  The s i z e  o f  su ch  l e n t i c u l a r  u n i t s  r a n g e s  

from  a w id th  o f  15  t o  100  f e e t  and a  h e ig h t  o f  3  t o  35 f e e t .

F ig .  4  —  G u t - a n d - f i l l  s t r u c tu r e  and f o r e s e t  
c r o s s -b e d d in g  i n  H o ck in g p o rt sa n d s to n e , . 7  m i. 
n o r th e a s t  o f  H o ck in g p o r t, A th en s C ounty, O hio .
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F ig ,  5 —  C u t - a n d - f i l l  s t r u c tu r e s  and f o r e s e t  
c r o s s -b e d d in g  i n  H ock in gport sa n d sto n e , .7  m l. 
n o r t h e a s t  o f  H o ck in g p o rt, O hio.

F ig .  6 —  C u t - a n d - f l l l  s tr u c tu r e  In  th e  
H ock in gp ort sa n d s to n e , 4  m l. so u th  o f  
Long B ottom , H e lg s  C ounty, O hio.
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E lo n g a te d  l e n s e s  o f  sa n d sto n e  and co n g lo m era te  can  

commonly b e  o b ser v ed  In  th e  o u tc r o p . T h ese  u n i t s  a r e  o n ly  

a  few  f e e t  t h ic k  b u t may b e  up t o  165  f e e t  In  l e n g t h .  The 

u n i t s  a r e  f l a t  on th e  to p  and b o tto m , and a t  th e  en d s th e  

to p  s lo p e s  down t o  I n t e r s e c t  th e  b a s e ,  o r  b o th  to p  and  

bottom  app roach  ea ch  o t h e r .  Such s t r u c t u r e s  a r e  b e l i e v e d  to  

b e  lo n g i t u d in a l  s e c t io n s  o f  b a r s  o r  o f  f i l l e d  c h a n n e ls .

The g r a in  s i z e  o f  t h e s e  d e p o s i t s  may b e  n e a r ly  th e  same 

th ro u g h o u t th e  w id th  and le n g t h  o f  th e  u n i t s ,  and th e  c r o s s -  

la m in a e  d ip  c o n s i s t e n t l y  In  e s s e n t i a l l y  th e  same d i r e c t io n  

and a t  a p p ro x im a te ly  th e  same a n g le .

C r o s s - s e c t io n s  o f  s t r u c t u r e s  b e l i e v e d  t o  b e  b u r le d  b a r s  

h ave  a l s o  b een  d is c o v e r e d . These s t r u c t u r e s  v a r y  from  4  t o  

6 f e e t  In  h e ig h t  and from  8 t o  15  f e e t  In  w id th , th e  to p s  

a r e  con vex  upward and th e  b ottom s a r e  a lm o st  f l a t .  In  a l l  

c a s e s  n o te d , th e  g r a in  s i z e  o f  th e  san d  j u s t  above th e  b a r  

I s  f i n e r  th a n  th e  g r a in  s i z e  w ith in  th e  b a r  s t r u c t u r e .  C r o ss-  

la m in a e  In  th e  sand ab ove th e  s t r u c t u r e  d ip  In  o p p o s it e  

d i r e c t io n s  from th e  c r e s t ,  and a t  an a v e r a g e  a n g le  o f  ab ou t  

15  d e g r e e s .

G rain  S iz e  V a r ia t io n

The g r a in  s i z e  o f  th e  H ock in gp ort sa n d s to n e  v a r i e s  from  

p e b b le s  an in c h  o r  more In  d ia m e ter  t o  f i n e  sand o r  even  s i l t  

and c l a y - s i z e  m a t e r ia l ,  b u t  th e  m ajor p o r t io n  i s  t h a t  o f

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



25

v e r y  c o a r se  san d . C oarse con g lom erate  o c c u r s  i n  g r e a t e s t  

abundance n e a r  th e  b a se  o f  th e  member ( F ig .  8 ) .  Some o f  th e  

c o n g lo m er a tic  l e n s e s  a r e  w e l l - s o r t e d  In to  p e b b le s  o f  n e a r ly  

t h e  same s i z e ,  b u t l e n s e s  c o n ta in in g  a m ix tu re  o f  a r g i l la c e o u s  

m a t e r ia l ,  san d , g r a n u le s  and abundant s c a t t e r e d  p e b b le s  a r e  

more common. V ery c o a r se  sand i s  f o r  th e  m ost p a r t  l im i t e d  

t o  th e  lo w er  h a l f  o f  th e  sa n d sto n e  d e p o s i t .  M ost o f  th e  

rem ainder o f  th e  sa n d sto n e  i s  composed o f  c o a r se  sand b u t  

g e n e r a l ly  g ra d in g  I n to  medium and f i n e  sand a t  th e  to p .

There i s  th e n , a g r a d a tio n  in  g r a in  s i z e  from th e  c o a r se r  

m a te r ia l  a t  o r  n e a r  th e  b a se  o f  th e  sa n d sto n e  to  f i n e r  m a te r ia l  

a t  th e  to p . However, many i r r e g u l a r i t i e s  o c c u r  to  t h i s  g rad a­

t i o n a l  sequ en ce i n  th e  g r a in  s i z e  o f  th e  d e p o s i t .  L en ses o f  

con g lom erate  o ccu r  20 to  30 f e e t  above th e  b a s e ,  and th in  

l e n s e s  o f  f i n e  san d , v e ry  f i n e  san d , o r  s l l t s t o n e  occu r  a t  

random w ith in  th e  d e p o s i t .  I t  i s  n o t  u n u su a l to  f in d  a t h in  

z o n e , o r  even  a s i n g le  row o f  p e b b le s  o c c u r r in g  a lo n g  a 

la m in a t io n  p la n e , o r  s c a t t e r e d  p e b b le s  o c c u r r in g  in  a m a tr ix  

o f  g ra n u le  con g lom era te  o r  v e r y  c o a r se  sa n d s to n e .

The g r a in  s i z e  o f  th e  d e p o s i t  changes a b r u p tly  b o th  

l a t e r a l l y  and v e r t i c a l l y  where th e  ch an n el s t r u c t u r e s  a r e  b e s t  

d e v e lo p e d . W ith in  any one ch an n el th e  s i z e  g r a d a tio n  i s  

g e n e r a l ly  from th e  c o a r s e r  m a te r ia l  a t  th e  b ottom  in t o  p ro­

g r e s s i v e l y  f i n e r  m a te r ia l  tow ard th e  to p . Commonly a l e n s  

o f  p e b b le  con g lom era te  e x i s t s  a t  o r  n e a r  th e  b a s e  o f  a  ch a n n el  

s t r u c t u r e .
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F ig* 8 —  P a r t  o f  a l e n s  o f  con g lom erate  
n e a r  b a se  o f  H ock in gp ort sa n d s to n e , .7  m l. 
n o r th e a s t  o f  H o ck in g p o r t, O hio.

G eneral C om position

The H ockingport sa n d sto n e  i s  a "muddy" sa n d sto n e , a  

subgrayw acke. The d e p o s i t  i s  made up o f  a p p ro x im a te ly  

65 p e r c e n t  q u a rtz , th e  rem ainder c o n s i s t in g  m o stly  o f  rock  

fragm en ts and a r g i l la c e o u s  m a te r ia l .  A r g i l la c e o u s  m a te r ia l  

seems to  o c cu r  in  g r e a t e s t  abundance in  th e  more c o n g lo m er a tic  

p o r t io n s  o f  th e  d e p o s i t ,  where w ith  l e s s e r  amounts o f  s i l t
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and s a n d - s iz e  e l a s t i c s ,  i t  com poses th e  m a tr ix  o f  t h e s e  

l e n s e s .  O c c a s io n a l ly ,  l e n s e s  o f  s h a le  a r e  foun d  w ith in  th e  

H ock in gp ort sa n d s to n e .

A long  B u rn e tt  Run, a b o u t 1 1 / 2  m i le s  s o u th e a s t  o f  C u t le r  

in  w e ste r n  W ashington C ounty, O hio, th e  lo w e r  12  f e e t  o f  th e  

sa n d sto n e  c o n ta in s  numerous carb on aceou s s t r e a k s  3 /8  to  1 in c h  

t h ic k  c o n ta in in g  m acerated  woody m a t e r ia l .  Above and b e lo w  

th e s e  c o a ly  la y e r s  s e v e r a l  im p r e s s io n s  o f  s t i c k s  can b e  

o b ser v ed  i n  v e r y  c o a r se  sa n d s to n e . A t a b o u t 15 f e e t  above  

th e  b a se  o f  th e  sa n d sto n e  i s  a  6 - f o o t  zo n e  c o n ta in in g  

s e v e r a l  m olds o f  l o g s  w ith  a  maximum d ia m e te r  o f  6 In c h e s  

and s t i c k  im p r e s s io n s  o f  C a la m ite s  and o t h e r  f o s s i l  p la n t s  

n o t  r e a d i ly  d e ter m in a b le  ( F i g s .  9 and 1 0 ) .

F ig .  9 —  In n e r  m old o f  a h o llo w  l o g  i n  
H ock in gp ort sa n d s to n e , 1 .5  m l- s o u th e a s t  
o f  C u t le r , W ashington County, O h io .
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F ig ,  10 —  Im p ress io n  o f  C a la m ites  in  
H ockingport sa n d s to n e , 1 .5  m i le s  sou th ­
e a s t  o f  C u t le r , O hio .

N ear th e  b a se  o f  th e  H ock in gport sa n d sto n e  in  e a s t -  

c e n tr a l  s e c t io n  2 0 , D ecatu r Township, W ashington C ounty, 

im p r e s s io n s  o f  f o s s i l  wood a r e  a l s o  abundant. At t h i s  

l o c a l i t y ,  i n  th e  lo w er  p a r t  o f  th e  sa n d sto n e , a 1 - f o o t  

zone o c cu rs  where 1 - in c h  la y e r s  o f  v e r y  c o a r se  sa n d sto n e  

a l t e r n a t e  w ith  la y e r s  o f  eq u a l th ic k n e s s  c o n ta in in g  a l t e r ­

n a t in g  sand and carb on aceou s lam in ae a p p ro x im a te ly  l / l 6  in c h  

i n  t h ic k n e s s .
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G en eral Shape o f  Sand Body and R e la t io n  t o  A d jacen t S ed im ents

The H ock ingport sa n d sto n e  I s  a  l e n t i c u l a r  d e p o s i t  g e n e r a l ly  

w ed g in g -o u t l a t e r a l l y  In  a l l  d ir e c t io n s  (F ig*  2 ) .  A long p a r ts  

o f  th e  w estern  and n o r th e r n  b o rd ers  th e  th in n in g  o f  th e  sand­

s to n e  i s  d u e, a t  l e a s t  In  p a r t ,  t o  e r o s io n .  A long o th e r  p a r t s  

o f  th e  b o r d e r  o f  th e  sa n d sto n e , and e s p e c i a l l y  In  th e  e a s t ,  

s o u th e a s t ,  and so u th , th e  te r m in a t io n  o f  th e  d e p o s i t  can b e  

o b serv ed  o r  p r e d ic te d . The le n g th  o f  p r e se r v e d  ou tcrop  o f  

th e  sa n d sto n e  In  a n o r th -s o u th  d ir e c t io n  i s  ab ou t 28 m i le s ,  

and I n  an e a s t -w e s t  d i r e c t io n  th e  w id th  v a r ie s  b etw een  

5 and 11 m i le s .

A long th e  s o u th e a s t  m argin o f  th e  san d ston e  I n s ta n c e s  

can b e  ob served  w here, due to  c h a n n e lin g  in t o  u n d e r ly in g  

d e p o s i t s  and l a t e r  f i l l i n g ,  th e  b a se  o f  th e  d e p o s i t  r i s e s  

r a p id ly ,  and th e  t h ic k n e s s  d e c r e a s e s  u n t i l  th e  sa n d sto n e  

l e n s e s  o u t .  In  some I n s ta n c e s  th e  c o n ta c t  o f  th e  sand w ith  

o th e r  r o ck s  i s  v e r y  d i s t i n c t .  B elow  th e  c o n ta c t ,  s i l t y  

s h a le s ,  s l l t s t o n e s  and f in e - t e x t u r e d  sa n d sto n e s  o ccu r  

e x h ib i t in g  a f a i r  d egree  o f  b e d d in g . However, above th e  con­

t a c t ,  th e  m a ss iv e , c o a r s e - te x tu r e d  sa n d sto n e  may b e  p r a c t i c a l l y  

s t r u c t u r e l e s s .  The b e s t  example o f  th e  above c o n d it io n  h a s  

been  n o te d  about 4  m ile s  sou th  o f  Long Bottom , O hio, n e a r  th e  

p o in t  where W ells Run e n te r s  th e  Ohio R iv e r . H ere th e  sand­

s to n e  c o n ta c t  d escen d s t o  th e  n o r th w e s t  a t  a p p rox im ate ly  

20 d e g r e e s  (F ig .  1 1 ) .  In  o th e r  I n s t a n c e s ,  a lo n g  th e  m argins
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P ig .  11  — B ase o f  H ock in gp ort sa n d sto n e  
c u t t in g  down a c r o s s  bedded s t r a t a ,  4  mi* 
so u th  o f  Long B ottom , M eigs C ounty, O hio .

L ength  o f  h o e , 30 in c h e s .

o f  th e  d e p o s i t ,  th e  sa n d sto n e  becom es in te r la m in a te d  w ith ,  

and f i n a l l y  g r a d e s  i n t o ,  r ed  o r  b u f f  a r g i l l a c e o u s  d e p o s i t s .

The sed im en ts  im m ed ia te ly  b e lo w  th e  H ock in gp ort sand­

s to n e  a r e  v a r ia b le  in  l i t h o l o g y  and s t r u c t u r e ,  and i n  g e n e r a l ,  

no s i n g le  ty p e  o c c u r s  o v er  a  v e r y  la r g e  a r e a . The sed im en t  

ty p e s  m ost o f t e n  fou n d , in  o r d e r  o f  d e c r e a s in g  fr e q u e n c y , a re  

r e d , b u f f ,  o r  g ra y  s i l t y  s h a le ;  b u f f  o r  gray  s l l t s t o n e ;  v e r y  

f i n e  sa n d s to n e , g ra y  c la y s to n e ;  and c o a l .  M ost o f  th e  f i n e ­

g r a in e d , a r g i l la c e o u s  d e p o s i t s  c o u ld  a p t ly  b e  term ed  m udstones  

s in c e  f i s s l l i t y  i s  more o f t e n  a b se n t  th an  p r e s e n t .

S e v e r a l o f  th e  above ty p e s  o f  sed im en ta ry  r o c k s ,  e x c e p t  

c o a l ,  u s u a l ly  o c cu r  i n  s u c c e s s iv e  h o r iz o n s  downward from  th e
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b a s e  o f  th e  H ock in gp ort sa n d s to n e . Coal h a s  b een  d is c o v e r e d  

im m ed ia te ly  under th e  H ock in gp ort sa n d sto n e  i n  fo u r  l o c a l ­

i t i e s .  The c o a l  i s  v e r y  t h i n ,  ra n g in g  from  one to  th r e e  

in c h e s  in  th ic k n e s s ;  th e  o th e r  sed im en tary  u n i t s  ran ge from  

1 to  10  f e e t  th ic k  w ith  g ra y  s h a le  b e in g  th e  t h in n e s t .

S p e c i f i c  o c c u r r e n c e s  o f  sed im en tary  rock  typeB  f o l lo w .  

Gray m udstone w ith  abundant f o s s i l  p la n t  fragm en ts o c cu rs  

l o c a l l y  u n d er  th e  H ock in gp ort a t  th e  W ashington-A thens  

County l i n e  a lo n g  th e  Ohio R iv e r . F o s s i l  p la n t  fragm en ts  

o c c u r  a l s o  in  a 3 - f o o t ,  r e d  m udstone h o r iz o n  b en ea th  th e  

sa n d sto n e  a b o u t 1 m ile  w e s t-n o r th w e s t  o f  th e  fo r k s  o f  th e  

L i t t l e  H ocking R iv er  and W est B ranch in  so u th w estern  

W ashington C ounty, O hio. A long M cG ill Run, .8  m ile  n o r th  

o f  H o ck in g p o rt, Troy Tow nship, A th en s C ounty, a  l e n s  o f  

co n g lo m era te  ab ou t 1 - f o o t  t h ic k  o c c u r s  a t  th e  b a se  o f  th e  

H ock in gp ort sa n d s to n e . B elow  th e  con g lom erate  i s  a b ou t an  

in c h  o f  lo w -g ra d e  c o a l .  The H ock in gport sa n d sto n e  r e s t s  on 

a  3 - in c h  seam o f  c o a l  in  th e  bed  o f  a sm a ll stream  3/4- m ile  

n o r th e a s t  o f  C o o lv i l l e  in  e a s te r n  A thens C ounty.

A long B u r n e tt  Run, ab ou t 1 1 /2  m ileB  s o u th e a s t  o f  C u t le r  

i n  w estern  W ashington C ounty, O hio, a  1 - f o o t  c o a l seam i s  

e x p o se d . T h is  c o a l  o c c u r s  25 f e e t  b e low  th e  sa n d sto n e .

Above th e  c o a l ,  and up to  th e  b a se  o f  th e  sa n d sto n e  i s  a  

s u c c e s s io n  o f  gray  c la y s t o n e ,  b u f f  and g r a y  s i l t s t o n e  and  

r e d  c la y s t o n e .

In  much o f  th e  n o r th w e ste r n  p a r t  o f  th e  H ock in gport
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o u tc r o p , from sou th ern  A thens County northw ard t o  S h arp s-  

b u r g , l im e s to n e  o c c u r s  i n  th e  s e c t io n  a t  a l e v e l  ra n g in g  

from  75  t o  100 f e e t  b e lo w  th e  b a se  o f  th e  sa n d s to n e . The 

l im e s to n e  may be in  a  s i n g le  b ed , o r  two o r  th r e e  b ed s may 

b e  se p a r a te d  by 2 to  3 f e e t  o f  c a lc a r e o u s , gray  s h a le  o r  

m arl c o n ta in in g  n o d u le s  o f  l im e s to n e . The l im e s to n e  b ed s  

seldom  e x ce ed  1 f o o t  in  th ic k n e s s ,  b u t l o c a l l y  th e y  may 

a t t a i n  a  th ic k n e s s  o f  2 f e e t .  In  th e  n o r th e rn  p a r t  o f  

D eca tu r  Township, W ashington County, t h in  l im e s to n e  b ed s  

commonly o c c u r  a p p ro x im a te ly  60 f e e t  b e low  th e  H ock in gp ort 

sa n d sto n e .

The l im e s to n e s  a r e  b lu e -g r a y , v e r y  hard  and many app ear  

t o  b e  somewhat b r e c c la t e d  o r  c o n g lo m e r a tic . Such t e x t u r e s  

a r e  c h a r a c t e r i s t i c  o f  many o f  th e  M onongahela and Dunkard 

s e r i e s  l im e s to n e s  in  so u th e a s te r n  O hio. Under th e  p e t r o -  

g r a p h lc  m icro sco p e , a n g u la r  to  rounded , n o d u le - l ik e  m asses  

o f  d e n s e , f in e - g r a in e d ,  c lo u d y  ca lc iu m  ca rb o n a te  ap p ear to  

b e h e ld  to g e th e r  by c lo u d y  to  c le a r  ca rb o n a te  and c r o s s e d  

b y  c a l c i t e - f i l l e d  c r a c k s . In  th e  o u tcro p  th e  a n g u la r  to  

rounded m asses a re  e tc h e d  o u t by w ea th er in g  g iv in g  th e  

l im e s to n e  th e  appearance o f  a b r e c c ia  o r  a  con g lom erate  

( F ig .  1 2 ) .  W eller  (1 9 3 0 , p . 129) in  d i s c u s s in g  t h i s  t e x tu r e  

in  th e  P en n sy lv a n ia n  l im e s to n e s  sayB t h a t  i t  " i s  p ro b a b ly  

th e  r e s u l t  o f  wave a c t io n  on th e  p a r t i a l l y  c o n s o l id a te d  lim e  

muds o f  th e  se a  f lo o r ."
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P ig .  12  ~  B lock  o f  w eath ered  Upper Penn­
s y lv a n ia n  l im e s to n e ,  show ing b r e c c la t lo n .
From C arthage Tow nship, A thens C ounty, O hio.

The s t r u c t u r e l e s s ,  m a ss iv e , c o a r s e -g r a in e d  upper p a r t  

o f  th e  H ock in gport sa n d sto n e  i s  g e n e r a l ly  o v e r la in  by a b u f f ,  

s i l t y  s h a le ,  o r  f i s s i l e ,  o r  th in -b e d d e d , b u f f  s l l t s t o n e .  

O c c a s io n a lly , th e  m a ss iv e  upper p o r t io n  o f  th e  H ock in gp ort  

g ra d es upward from c o a r se  to  medium sa n d sto n e  w ith  w e l l -  

d e f in e d  b ed d in g . These sed im en ts  may th e r e  b e  su cceed ed  by  

b u f f  sh a le  o r  b u f f  s l l t s t o n e .  In  a few  l o c a l i t i e s  th e  

c o a r se  sa n d sto n e  g iv e s  way a b r u p tly  a t  th e  to p  to  r e d , s i l t y  

s h a le ,  and w ith in  a few  f e e t  upward t h i s  i s  su cceed ed  by  

f i n e  sa n d sto n e , s l l t s t o n e  o r  s i l t y  s h a le s  o f  a b u f f  c o lo r .

In  any c a s e ,  w h eth er  th e  sed im en ts d i r e c t l y  o v e r  th e  H ocking­

p o r t  san d ston e  a r e  s i l t y ,  red  s h a le  o r  b u f f  sa n d s to n e ,
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s l l t s t o n e  o r  s h a le ,  th e y  a r e  su cc ee d e d  w ith in  a few  f e e t  by  

se d im e n ts  o f  c o n t r a s t in g  c o lo r ,  t e x t u r e  o r  b o th . There I s  

t h e n ,  In  g e n e r a l ,  a  s u c c e s s io n  o f  b u f f  sed im en ts  fo l lo w e d  

b y  r e d  b e d s  o r  v i c e  v e r s a  from  th e  to p  o f  th e  H ock in gport 

sa n d s to n e  t o  th e  h i l l t o p s  in  a l l  o f  th e  a r e a  s tu d ie d . The 

r e d  b ed s a r e  n o t  commonly w e ll-b e d d e d  o r  f i s s i l e .

S ed im en ts o f  th e  t y p e s  r e f e r r e d  to  above seldom  o ccu r  

i n  u n i t s  more th an  10 f e e t  t h i c k .  They a r e  l e n t i c u l a r  and  

l i m i t e d  in  a r e a l  e x t e n t ,  one p a r t i c u la r  ty p e  o c c u r r in g  o n ly  

l o c a l l y  a t  any one h o r iz o n . L e n t ie u la r i t y  i s  more o b v io u s  

i n  t h e  sa n d s to n e s  than  i n  th e  o th e r  sed im en t t y p e s .  The 

s a n d s to n e s  a r e  a l s o  more l im i t e d  in  e x t e n t .  Many o f  th e  

sa n d s to n e s  o c c u r r in g  w e l l  above th e  H ock in gp ort app ear to  

b e  s a n d - f i l l e d  stream  c o u r s e s .  They a r e  g e n e r a l ly  l i n e a r  

in  p a t t e r n  and r a r e ly  a r e  more th a n  one o r  two hundred yard s  

w id e  thou gh  th e y  can b e  tr a c e d  f o r  s e v e r a l  th ou san d  yard s  

i n  th e  d i r e c t io n  i n  w h ich  th e  stream  f lo w e d . The sa n d sto n e s  

a r e  m ed ium -grain ed  and th e  b ed d in g  I s  n o t  a s  d i s t i n c t  a s  

t h a t  o f  th e  sa n d sto n e s  t h a t  o c c a s io n a l ly  o c cu r  d i r e c t l y  o v er  

t h e  H o ck in g p o rt sa n d s to n e . T hese u p p er , ch an n el sa n d sto n e s  

h a v e  many c h a r a c t e r ! s t i e s  s im i la r  t o  th o s e  o f  th e  H ock ingport 

sa n d s to n e  a p p e a r in g , t h e r e f o r e ,  a s  s m a l l - s c a le  c o u n te r p a r ts  

o f  t h i s  l a r g e r  sa n d sto n e  d e p o s i t .  Coal o r  l im e s to n e  h ave  

n o t  b een  o b se r v e d  in  th e  s t r a t a  p r e se r v e d  above th e  H ock in gport 

s a n d s to n e .

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



35

I n te r p r e ta t io n  o f  E vidence

The c h a r a c t e r i s t i c s  o f  th e  H ock in gport sa n d sto n e  and  

a d ja c e n t  d e p o s i t s  in d ic a t e  a f l u v i a l  environm ent o f  d e p o s i­

t i o n  f o r  t h e s e  se d im e n ts . O ther p o s s ib le  en v iro n m en ts a re  

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

sh o re  area  o f  a  sh a llo w  la k e  o r  s e a .

A d e l t a  environm ent d o es  n o t  seem p ro b a b le  s in c e  th e r e  

a r e  no a l t e r n a t io n s  n o r  d o v e t a i l in g  o f  r e l a t i v e l y  c o a r se  

ch a n n el sand w ith  s i l t  and c la y  d e p o s i t s  o f  q u ie t -w a te r  

d e p o s i t io n .  Such r e la t io n s h ip s  would b e  e x p e c te d  a s  th e  

m ain stream  and i t s  d i s t r i b u t a r i e s  s h i f t  o v er  th e  d e l t a .

The H ock ingport sa n d sto n e  g e n e r a l ly  v a r ie s  from 40 to  80 f e e t  

i n  th ic k n e s s ,  and c o n ta in s  o n ly  a r e l a t i v e l y  sm a ll p r o p o r t io n  

o f  bedded m a te r ia l  f i n e r  th an  c o a r se  sand. G ravel may be  

p r e s e n t  in  d e l t a  d e p o s i t s ,  b u t  i t  i s  n o t  common u n le s s  th e  

so u rc e  i s  n e a r . The H ock in gport san d ston e  c o n ta in s  abundant 

c o n g lo m er a tic  z o n e s , a s  w e l l  a s  s c a t t e r e d  p e b b le s .

The c o n sp icu o u s  e x p r e s s io n  o f  th e  l i t t o r a l  environm ent 

i s  t h a t  o f  th e  b e a c h . The n a tu r e  o f  s o r t in g ,  t h ic k n e s s  and  

a r e a l  e x te n t  o f  th e  H ock in gp ort san d ston e  ten d  to  r u le  o u t  

th e  p o s s i b i l i t y  o f  i t  b e in g  a  b each  d e p o s i t .  B each d e p o s i t s  

commonly c o n s i s t  o f  w e l l - s o r t e d  sand or  g r a v e l ,  f r e e  o f  

much i n t e r s t i a l  m a te r ia l .  Subgraywackes do form a lo n g  

b e a c h e s , how ever, where th e r e  i s  a la r g e  su p p ly  o f  e l a s t i c s  

and su b s id en ce  o f  th e  c o a s t .  B ut commonly, f i n e  d e t r i t a l
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m a te r ia l  i s  "winnowed-out" by th e  w aves and c u r r e n ts  and  

removed to  o f f s h o r e  a r e a s .  In  f l u v i a l  sa n d s to n e s , s o r t in g  

i s  g e n e r a l ly  p o o r . The H ock in gport sa n d sto n e  i s  i n  some 

p la c e s  a  h e ter o g en eo u s  accu m u la tio n  o f  e l a s t i c s  w h ich  range  

i n  s i z e  from  c la y  to  la r g e  p e b b le s .  B a r r e l l  (1 9 0 6 , p .  317)»  

Tw enhofel (1939» p* 9 5 ) and Kuenen (1 9 5 0 , p .  354) h ave  

p o in te d  o u t th a t  a s  a p a r t  o f  th e  g e o lo g ic  colum n, l i t t o r a l  

d e p o s i t s  a r e  r e l a t i v e l y  r a r e ,  and q u a n t i t a t iv e ly  u n im p o rta n t.

I t  i s  o n ly  under e x c e p t io n a l  c o n d it io n s  t h a t  th e y  can  have a  

s i g n i f i c a n t  th ic k n e s s .  P resu m ab ly , t h i s  would be un d er  

c o n d it io n s  o f  a t r a n s g r e s s in g  se a  w ith  c o n tin u ed  su b s id e n c e .

The chance f o r  p r e s e r v a t io n  o f  l i t t o r a l  sed im en ts  i s  s l i g h t  

and w ith  r e g r e s s io n  o f  th e  s e a ,  e s p e c i a l l y ,  d e p o s i t s  o f  th e  

l i t t o r a l  zon e  ten d  t o  b e  d e s tr o y e d . B a r r e l l  (1 9 0 6 , p .  438)  

s t a t e s  th a t :

" ta k in g  th e  w orld  a s  a  w hole th e  l i t t o r a l  zone
. d oes n o t  average  a m ile  in  w id th  and th e r e fo r e  
co m p rises b u t a sm a ll f r a c t io n  o f  th e  e a r t h ' s  
su r fa c e  compared w ith  th e  g r e a t  e x te n t  o f  mar­
g in a l  m arine and even  o f  c o n t in e n t a l  d e p o s i t s ."

The H ockingport sa n d sto n e  i s  a  b la n k e t  d e p o s i t  w ith  a 

p r e se r v e d  ou tcrop  a rea  o f  a p p ro x im a te ly  225 square m i le s .

I t  d oes n o t  seem p o s s ib l e  th a t  a  sa n d sto n e  o f  t h i s  th ic k n e s s  

and a r e a l  e x te n t  co u ld  r e p r e s e n t  d e p o s i t io n  a t  th e  s tr a n d  l i n e .

There a r e  many c h a r a c t e r i s t i c s  o f  th e  H ock in gp ort sand­

s to n e  and a s s o c ia t e d  sed im en ts  w hich  te n d  to  r u le  o u t  th e  

p o s s i b i l i t y  o f  t h e i r  d e p o s i t io n  in  th e  n e a r -s h o r e  a r ea  o f  a  

la k e  o r  in la n d  se a . The m ost im p ortan t o f  th e s e  c h a r a c t e r i s t i c s
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a r e  th e  n a tu r e  o f  th e  b ed d in g  and c r o s s - la m in a t io n ,  s o r t in g  

and  s i z e  o f  c l a s t i c  m a t e r ia l ,  shape and m a rg in a l r e l a t i o n ­

s h ip s  o f  th e  d e p o s i t s ,  and la c k  o f  a  m a rin e , b r a c k is h  o r  

f r e s h  -water l a c u s t r in e  fa u n a .

B ed d in g  d e v e lo p e d  i n  e l a s t i c s  w h ich  a r e  d e p o s i te d  in  th e  

zone o f  wave a c t io n  in  s ta n d in g  b o d ie s  o f  w a te r  te n d s  to  be  

more r e g u la r  th an  t h a t  w h ich  i s  p rod u ced  in  c o a r se  f l u v i a l  

se d im e n ts . B a r r e l l  (1 9 1 2 )  h a s  compared th e  n a tu r e  o f  b ed d in g  

o f  th e  se d im e n ts  o f  th e  m arine and la k e  en v iron m en t w ith  

t h a t  o f  f l u v i a l  d e p o s i t s .

The tr a n s p o r t in g  a g e n ts  o f  m arine sa n d s , a c c o r d in g  to  

B a r r e l l ,  a r e  p r im a r i ly  w aves and s e c o n d a r i ly  c u r r e n t s .  He 

sa y s :  (1 9 1 2 , p .  430 ) "The w aves and c u r r e n ts  w h ich  th e y  ten d  

t o  g e n e r a te  a r e ,  h ow ever, in  c o n t in u a l  o p p o s i t io n ,  th e  one  

te n d in g  to  f i l l  u p , th e  o th e r  to  sc o u r  o u t ."  The r e s u l t  i s  

a l e v e l i n g  e f f e c t ,  w h ere, on f l a t  sh a llo w  b o tto m s th e  s e d i ­

m ents a r e  sp read  i n  f a i r l y  r e g u la r  s h e e t s  w h ich  produce  

f la g g y  b e d d in g . L o c a l ly ,  where th e  w aves drag  on th e  b ottom , 

c o a r se  m a te r ia l  may b e  p i l e d  up in  th e  form  o f  b a r s .  R ich  

(1 9 3 1 , p .  10 ) h a s  shown t h a t  se d im e n ts  d e p o s i te d  in  th e  zone  

o f  wave a c t io n  sh o u ld  b e  e x p e c te d  t o  h a v e  m o d e r a te ly - th in , 

"wavy" b e d d in g . In  d e e p e r  w a te r , b e lo w  th e  zon e  o f  wave 

a c t io n  o f  th e  h e a v i e s t  s to rm s, th e  f i n e r  sed im en ts  a r e  ch ar­

a c t e r i z e d  by  v e r y  r e g u la r ,  ev en  p a p e r - th in ,  b e d d in g . In  

str ea m s, c u r r e n ts  a r e  th e  prim ary tr a n s p o r t in g  a g e n ts  and th e  

e f f e c t  o f  w aves i s  s l i g h t .  R iv e r  c u r r e n t s  te n d  t o  sc o u r  down
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in t o  u n d e r ly in g  d e p o s i t s  and c o n c e n tr a te  sand and g r a v e l  

in t o  e lo n g a te d  d is c o n t in u o u s  l e n s e s ,  B a r r e l l  (1 9 1 2 , p .  433) 

s t a t e s  t h a t  a lth o u g h  e v en ly -b ed d e d , n e a r ly  s t r u c t u r e l e s s  san d s  

may b e  produ ced  in  b o th  th e  se a  and in  r i v e r s ,  th e  l e n s e s  o f  

f l u v i a l  sands a r e  convex down a s  w e l l  a s  up and show s te e p  

c r o s s -b e d d in g , w h ereas l e n s e s  o f  m arine d e p o s i t s  te n d  to  be  

convex  up o n ly  and show f l a t  c r o s s -b e d d in g .

R egu lar  b ed d in g  i s  r a r e  i n  th e  H ock in gp ort san d ston e  

s in c e  i t  i s  composed m o stly  o f  l e n s e s  o f  sa n d sto n e  and con­

g lo m e r a te , C ro ss-b ed d in g  in  th e  d e p o s i t  i s  commonly s t e e p ,  

r a n g in g  from  15 to  30 d e g r e e s , th e  l i m i t s  p r e s c r ib e d  by  

B a r r e l l  (1 9 1 2 , p ,  432) f o r  f l u v i a l  sa n d s . Good b ed d in g  o r  

la m in a t io n  d oes n o t  c h a r a c te r iz e  th e  sed im en ts  a s s o c ia t e d  

w ith  th e  H ock in gp ort sa n d sto n e , and th e y  a r e  th o u g h t to  have  

b een  l a i d  down p r in c ip a l ly  i n  th e  f l o o d - p la in  env iron m en t.

A lth ou gh  d e t r l t a l  m a te r ia l  o f  a l l  s i z e  g ra d es  can be  

fou n d  in  th e  n e a r -sh o r e  a r ea  o f  a s e a ,  th e  a s s o c ia t io n  o f  

much s i l t  and c la y  w ith  v e r y  c o a r se  sand i s  n o t  to  be  

e x p e c te d . With r e p e a te d  a g i t a t io n  in  th e  zone o f  wave a c t io n  

much o f  t h i s  f i n e r  m a te r ia l  i s  thrown in t o  su sp e n s io n  and  

rem oved by c u rren t s  t o  d eep er  w a ter  where i t  may th en  be  

d e p o s i te d .  The c o n g lo m er a tic  l e n s e s  o f  th e  H ock ingport 

sa n d s to n e , c o n ta in  la r g e  am ounts o f  a r g i l la c e o u s  m a te r ia l .  

T h e r e fo r e , i t  i s  n o t  l i k e l y  t h a t  th e y  were l a i d  down in  a 

w ave-w orked sh ore  en v iron m en t.

The o v e r - a l l  shape o f  th e  H ock in gp ort sa n d sto n e  a s  w e l l
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a s  I t s  r e l a t i o n s  t o  a d ja c e n t  sed im en ts i s  m ost s i g n i f i c a n t  

a s  to  environm ent o f  d e p o s i t io n .  C r o s s - s e c t io n s  o f  t h i s  sand­

s to n e  body c l e a r l y  show i t s  l e n t i c u l a r  n a tu r e . The c r o s s -  

s e c t io n s  o f  th e  sa n d sto n e  shown in  F ig .  2 a r e  rem arkably  

s im i la r  to  th o s e  drawn b y  C h arles (1 9 4 1 , p .  47 ) f o r  th e  

sand body o f  th e  Bush C ity  o i l  f i e l d  o f  Anderson C ounty, 

K an sas. C h a r le s  ( p .  43 ) b e l i e v e s  th a t  t h i s  sa n d sto n e , w hich  

i s  13  m ile s  lo n g  and 1 / 4  m ile  w id e , i s  a  ch an n el f i l l i n g .

The bottom  o f  th e  H ock in gp ort sa n d sto n e  i s  much more 

i r r e g u la r  th a n  th e  to p . The u n d u la to ry  n a tu r e  o f  th e  lo w e r  

c o n ta c t  o f  th e  sa n d sto n e , w h ich  i s  due t o  c h a n n e lin g  in t o  

u n d e r ly in g  d e p o s i t s ,  i s  e s p e c i a l l y  a p p a ren t in  a d e t a i l e d  

s tu d y  o f  w e ll-e x p o s e d  o u tc r o p s .

I t  h a s  been  p o in te d  o u t t h a t  a lo n g  some m arg in s o f  th e  

o u tcro p  th e  c o n ta c t  o f  th e  m a ss iv e  sa n d sto n e  w ith  th e  

u n d e r ly in g  bedded d e p o s i t s ,  r i s e s  a b r u p t ly  a s  th e  sand body  

l e n s e s  o u t ,  ( F ig .  1 1 ) .  In  o th e r  in s t a n c e s  th e  sa n d sto n e  

becom es in te r la m in a te d  w ith  r ed  o r  b u f f  a r g i l la c e o u s  d e p o s i t s  

and f i n a l l y  g ra d es in t o  them . B a r r e l l  (1 9 1 2 , p .  431) h a s  

s t a t e d  t h a t  t h i s  i s  t o  b e  e x p e c te d  on th e  concave s id e s  o f  

stream  m eanders, w h erea s, on th e  convex s id e s  th e  san d s o f  

th e  abandoned c h a n n e ls  c u t  a c r o s s  th e  b ed d in g  o f  th e  f lo o d -  

p la in  d e p o s i t s .

No in v e r te b r a te  f o s s i l s  o f  a m arin e, b r a c k ish  o r  f r e s h  

w a ter  environm ent h ave  b e e n  d is c o v e r e d  i n  th e  H ock in gp ort  

sa n d sto n e  o r  a s s o c ia t e d  se d im e n ts . P resu m ab ly , had  th e s e
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se d im e n ts  b e e n  form ed i n  a  la k e  o r  s h a llo w  se a  some e v id e n c e  

o f  e x i s t i n g  I n v e r te b r a te  l i f e  w ould b e  i n  e x i s t e n c e .  A l­

th o u g h , f r e s h  w a ter  m o llu sk s  and o th e r  fau n a  may h ave l i v e d  

i n  th e  stream  c h a n n e l, t h e i r  s t r u c t u r e s  may h ave  b een  d e s ­

tr o y e d  i n  th e  l i t h i f l c a t i o n  o f  th e  s e d im e n ts . E v id en ce  o f  

r e p t i l e s  and am phibians h a s  been  foun d  in  th e  so u th ern  p a r t  

o f  th e  Dunkard B asin * T h ese f o s s i l s  a r e  d is c u s s e d  in  more 

d e t a i l  below *

M udcracks, c u r r e n t  r ip p le  m arks, and o th e r  sed im en ta ry  

s t r u c t u r e s  h ave been  fou n d  in  th e  H ock in gp ort sa n d sto n e  and  

a s s o c ia t e d  d e p o s its *  S in c e  th e s e  s t r u c t u r e s  can b e  form ed  

i n  o th e r  en v iron m en ts o f  d e p o s i t io n ,  th e y  a r e  n o t  o f  s i g n i ­

f i c a n c e  i n  a d e te r m in a tio n  o f  th e  n a tu r e  o f  fo rm a tio n  o f  

t h e s e  se d im e n ts .

In  sum m ation, i t  may b e  s t a t e d  t h a t  th e  o v e r - a l l  n a tu r e  

o f  th e  H ock in gp ort sa n d s to n e  i n d ic a t e s  d e p o s i t io n  in  a  

stream  w h ich  m eandered o v e r  a  r e l a t i v e l y  f l a t  p l a i n .  The 

en viron m en t and p a le o g eo g r a p h y  o f  th e  sa n d sto n e  a re  d is c u s s e d  

f u r t h e r  i n  o th e r  p a r t s  o f  t h i s  p a p e r .

P etro g ra p h y  o f  th e  H ock in gp ort S an d ston e

The p e b b le s  o c c u r r in g  in  th e  H ock in gp ort sa n d sto n e  range  

up t o  3 /4  in c h  i n  in te r m e d ia te  d ia m e ter  and up t o  1 3 / 4  in c h  

i n  d iam eter* M ost o f  th e  p e b b le s  a r e  r o d -sh a p ed  o r

p r o l a t e ,  i n  t h a t  one d ia m e te r  g r e a t ly  e x c e e d s  th e  o th e r  two
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In  le n g t h .

M ost o f  th e  p e b b le s  a re  composed o f  m ilk y  q u a r tz . Tan o r  

b u f f - c o lo r e d  c h e r t  i s  n e x t  In  abundance. D ark-gray  to  n e a r ly -  

b la c k  c h e r t  p e b b le s  can be fo u n d . M ost o f  th e  l i g h t - c o l o r e d  

c h e r t  p e b b le s  c o n ta in  an abundance o f  sponge s p i c u le s .  A 

few  c o n ta in  fragm en ts o f  c h e r t l f l e d  b r a c h lo p o d s , and some 

o f  them c o n ta in  d o lo m ite . In  one in s ta n c e  g la u c o n it e  was 

d is c o v e r e d  in  a c h e r t  p e b b le . In  a d d it io n  t o  q u a rtz  and 

c h e r t ,  w e ll-r o u n d e d  p e b b le s  composed o f  f i n e  sa n d sto n e  o r  

s l l t s t o n e  a re  common and d a r k -c o lo r e d  q u a r tz l t e  p e b b le s  a re  

n o t  r a r e .

The m ajor m in era l c o n s t i t u e n t s  o f  th e  sand f r a c t io n s  

o f  th e  H ock ingport san d ston e  a r e  q u a r tz , f e ld s p a r ,  c a l c l t e ,  

a r g i l l a c e o u s  m a te r ia l  and c h e r t .  A ccord in g  to  P e t t i  Joh n 's  

c r i t e r i a ,  (1 9 4 9 , p .  256) th e  sa n d sto n e  w ould b e  c la s s e d  a s  

a subgrayw acke. I t  c o n ta in s  a p p ro x im a te ly  65 p e r c e n t  q u a r tz ,

5 p e r c e n t  f e ld s p a r ,  5 p e r c e n t  rock  fra g m en ts , 10  p e r c e n t  

a r g i l la c e o u s  m a te r ia l ,  5  p e r c e n t  c h e r t ,  and 10 p e r c e n t  c a l c l t e .

The q u artz  g r a in s  range in  roundness from su b an gu lar  

t o  rounded . MoBt o f  them a re  su b an gu lar .

The q u artz  h a s  b een  grouped in t o  s i x  v a r i e t i e s  on th e  

b a s i s  o f :  t h e i r  p r o p e r t ie s  o f  e x t in c t io n  w hich a r e  due to  

s t r a in in g ;  th e  n a tu re  o f  t h e i r  b o r d e r s , w h eth er su tu red  o r  

n o t ;  g r a n u la t io n ;  e lo n g a t io n , ca u sed  by metamorphism o f  th e  

so u rc e  r o ck s;  o r  i n  some c a s e s ,  a  com b in ation  o f  th e s e  p ro p er­

t i e s .  These v a r i e t i e s  o f  q u a rtz  (T a b le  1) a re  s im i la r  to
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th o s e  w hich K rynine (1 9 4 0 ) d e sc r ib e d  in  h i s  a n a l y s i s  o f  th e  

T hird  B rad ford  sand.

A u th lg en io  q u a rtz  o c cu rs  a s  secon d ary  o v erg ro w th s on 

some o f  th e  o r ig in a l  d e t r i t a l  q u artz  g r a in s ,  where " d u s t” 

r in g s  se p a r a te  th e  rounded q u artz  g r a in s  from th e  eu h ed ra l 

secon d ary  o u tg ro w th s . Secondary s i l i c a  e x i s t s  to  th e  

g r e a t e s t  e x te n t  on u n s tr a in e d  and s l i g h t l y - s t r a i n e d  v a r i e t i e s  

o f  q u a r tz .

The H ock in gport sa n d sto n e  c o n ta in s  v a r y in g  am ounts o f  

c a l c i t e ,  w hich form s a  c r y s t a l l i n e  m osa ic  b etw een  th e  g r a in s .  

The manner in  w hich th e  c a l c i t e  i s  m olded around th e  o th e r  

g r a in s  s u g g e s t s  t h a t  i t  was d e p o s ite d  a s  a  l a t e ,  a u th ig e n lc  

m in era l cem ent.

M inor c o n s t i t u e n t s  o f  th e  H ock in gp ort sa n d sto n e  a r e  th e  

m icas and th e  heavy m in era l a ssem b la g e . The m ica s  o c c u r  a s  

a g g r e g a te s  o f  t in y  f l a k e s  and a s  p a r t i a l l y  sh redd ed  la r g e r  

g r a in s .  M u scov ite  p red om in ates o v e r  b l o t i t e .

The h eavy  m in e ra l s u i t e  o f  th e  sa n d sto n e  i s  r e l a t i v e l y  

s im p le , made up p r i n c ip a l ly  o f  th e  more p e r s i s t e n t  h eavy  

m in era l s p e c i e s .  An e x c e p t io n , how ever, i s  b a r i t e ,  w hich  

p ro b a b ly  o c c u r s  a s  an  a u th ig e n lc  c o n s t i t u e n t  o f  th e  cem ent 

o f  th e  sa n d sto n e .

The m ajor and m inor c o n s t i t u e n t s  o f  th e  sand f r a c t io n s  

a r e  l i s t e d  i n  T a b les  1 and 2 ,  and a r e  d is c u s s e d  f u r t h e r  i n  

o th e r  p a r t s  o f  t h i s  p a p er .

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



43

tabt.tc l .  Com parison o f  M ajor C o n s t i t u e n t s  o f  t l ie  S a n d sto n e s

C o n s t i tu e n ts *
H o ck ln g p o rt

S an d ston e
P e r c e n ta g e s

Wayne sb urg  
S an d ston e  

P e r c e n ta g e s

Q uartz
U n str a in e d , w ith  m l c r o l l t e s ,

c a v i t i e s  and b u b b le s------------------------ 10 4
S l i g h t l y - s t r a i n e d ,  same a s  un­

s t r a in e d  b u t  w ith  s l i g h t  undu- 
l o s e  e x t i n c t i o n -------------------------------- 26 23

H ig h ly - s t r a in e d ,  w e l l -d e v e lo p e d  
u n d u la to r y  e x t in c t io n — — — -------- 9 15

S tr a in e d  w ith  su tu r e d  b o r d e r s ,  
h ig h  d e g r e e  o f  u n d u lo se  e x t in c ­
t io n ----------------------------------------------------- 5 11

G ra n u la ted , f in e - d r a in e d  a g g r e g a te s ,  
su tu r ed  b o r d e r s , h ig h ly - s t r a ln e d - 9 12

S c h ls t o z e ,  s im i la r  to  g r a n u la te d  
b u t w ith  e lo n g a te d  g r a in s -------------- 6 8

T o ta l----- 65 73

F e ld sp a r
O r th o c la se — — ---------- - ----------------------— 3 4
M icro c l  I n e -------------------------------------------- -- 1 3
P la g l o c l a s e -------------------------------------------- 1 1

T o ta l----- 5 8

M icas--------------------------- -— ------------------- -----
T o ta l— -

1
1

Hock Fragm ents
C hert------------------------------------------------------- 3 1
S h a le --------------------------------- ---------------------- 1 2
Q jia r tz ite —;--------------------------- -------------- -- 1 4

T o ta l----- 5 7

M atr ix
A r g i l la c e o u s  m a te r ia l ----------------------- - 10 5
C hert— — --------------------- -— — ------------ 5 6
C a lc l t e -------------------------------------- — ----- - 10

T o ta l----- -35 11
TOTAL----- 100 100
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TABLE 2 .  Comparison o f  Heavy M in eral A ssem blages

C o n s t itu e n ts
H ock ingport

Sandstone
P e r c e n ta g e s

W aynesburg 
S an dstone  

P e r c e n ta g e s

I lm e n ite  and Leucoxene 49 38

T ourm aline 7 10

Z irco n 11 16

G arnet 9 2

M u scov ite 5 1

M agn etite 3 0

A n atase 1 0

R u t i le 0 1

B a r ite 15 19

P y r i t e ___0 - 1 2

TOTAL 100 100
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Environm ent o f  D e p o s it io n  and P a leogeograp h y  o f  th e

H ock in gport Sandstone

Environm ent

The l i t h o l o g y ,  t e x t u r e ,  and prim ary s t r u c tu r e s  o f  th e  

H ock in gp ort sa n d sto n e  and r e la t e d  sed im en ts a r e  in d ic a t iv e  

o f  a  f l u v i a l  environm ent o f  d e p o s i t io n ,  w ith  th e  sou rce  

a r e a s  o f  th e  stream  p ro b a b ly  t o  th e  so u th  o r  th e  s o u th e a s t  

o f  th e  r e g io n  B tud ied  in  t h i s  in v e s t ig a t io n *  I t  i s  th ou gh t  

t h a t  th e  stream  e n te r e d  so u th ern  Ohio from Mason County,

W est V ir g in ia ,  and f lo w e d  g e n e r a l ly  n o r th e a s t  f o r  a  d is ta n c e  

o f  10  to  12  m ile s  to  H ock in gport and th e n c e  g e n e r a l ly  n o r th -  

n orth w est*  T h is i s  in d ic a t e d  by th e  f a c t  th a t  th e  th ic k n e s s  

a s  w e l l  a s  th e  g r a in  s i z e  o f  th e  sa n d sto n e  d e c r e a s e s  t o  th e  

n o r th  and n o r th w e st from th e  H ock ingport a r e a , and such  

e v id e n c e  a s  c o u ld  be found  o f  d ir e c t io n a l  tr e n d  o f  c r o s s -  

la m in a tio n  s u g g e s ts  th a t  th e  so u rce  a r ea  o f  th e  sa n d sto n e  

was to  th e  sou th  o r  s o u th e a s t  o f  Ohio*

The d e g r ee  and th e  d ir e c t io n  o f  d ip  o f  s lo p in g  la m in a tio n  

s u r fa c e s  w ere m easured in  c a s e s  n o te d  where th e  tr u e  d ip  c o u ld  

b e d eterm in ed  o r  computed from m easurem ents o f  a p p a ren t dip*

By u se  o f  a  p o la r  s h e e t ,  th e  in d iv id u a l  r e a d in g s  o f  d ip  d ir e c ­

t i o n s  and th e  d ip  a n g le s  w ere p lo t t e d  a s  d o t s .  The d eg ree  o f  

d ip  i s  r e p r e s e n te d  by d is ta n c e  from th e  c e n te r ,  and th e  d ir e c t io n  

o f  d ip , b y  o r ie n t a t io n  w ith  r e s p e c t  to  tr u e  n o r th  (F ig *  13) •
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FIG.13- Direction and amount of dip of cross-lamination in the 
Hockingport sandstone. Average dip is 15.5°.
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The a v era g e  d ip  a n g le  was fou n d  t o  b e  15«5°*  There i s  a  

s l i g h t  c o n c e n tr a t io n  o f  d ip  d i r e c t io n  r e a d in g s  i n  th e  

n o r th w e s t  quadrant and 58 p e r c e n t  o f  th e  r e a d in g s  occu r  

w ith in  a  1 4 0 °  a r c  e x te n d in g  from  7 0 °  w e s t  o f  n o r th  to  

7 0 °  e a s t  o f  n orth *

The sa n d sto n e  i s  t h i c k e s t  a lo n g  a l i n e  tr e n d in g  approx­

im a te ly  n o r th  from R e e d s v i l le  to  H ock in g p o rt, O hio, th e n  

N. 4 5 °  W., a lo n g  th e  H ocking R iv e r  to  F r o s t ,  and f i n a l l y  

N. 1 0 °  W. t o  Sharpsburg. The r eco rd  o f  d e p o s i t io n  beyond  

t h i s  l a t t e r  p o in t  h a s  b een  rem oved by  e r o s io n *

The stream  became e s s e n t i a l l y  an a g g ra d in g  one d u rin g  

i t s  co u r se  th rou gh  w estern  W est V ir g in ia  and s o u th e a s te r n  

O hio. T h is r e g io n  was p ro b a b ly  a  r e l a t i v e l y  f l a t  p la in  

w ith  num erous s c a t t e r e d  swamps. The lo w  g r a d ie n t  o f  th e  

r iv e r  r e s u l t e d  i n  th e  d e p o s i t io n  o f  sand and g r a v e l  i n  th e  

stream  c h a n n e l. A meander p a t t e r n ,  a lth o u g h  p ro b a b ly  n o t  

w e ll-p r o n o u n c e d , may have b een  in  e x i s t e n c e .  At t im e s  o f  

in c r e a s e d  v e l o c i t y  th e  c u r r e n ts  c u t  l a t e r a l l y  in t o  th e  banks 

and scou red  down in t o  o ld e r  f lo o d - p la in  d e p o s i t s .  D e p o s it io n  

o f  m a te r ia l  o ccu rred  on th e  con cave s id e s  o f  th e  m eanders 

and in  th e  sh o a l a r e a s . As th e  r iv e r  m ig ra ted  a c r o s s  th e  

f lo o d p la in ,  th e s e  d e p o s i t s  w ere in  p a r t  c a r r ie d  downstream  

and th e  rem ain d er b u r ie d  under l a t e r  f l u v i a l  s e d im e n ts .

D uring t im e s  o f  f lo o d ,  f i n e  m a te r ia l  was c a r r ie d  o u t  

o n to  th e  f lo o d p la in  and d e p o s ite d  a s  a  r e s u l t  o f  th e  d e c r e a se  

in  th e  com petency o f  th e  c u r r e n t s .  Some o f  th e  d e p o s i t s
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th u s  form ed and n o t  exp osed  a t  th e  su r fa c e  w ere la m in a te d . 

O ther d e p o s i t s  were ir r e g u la r ly  bedded . But i t  i s  l i k e l y  

t h a t  i n  th e  exp osed  f lo o d p la in  d e p o s i t s  much o f  th e  lam in a­

t io n  was d e s tr o y e d  by org a n ism s, mudcracks and o th e r  su r ­

fa c e  a g e n c ie s ,  o r  p r e v en te d  by v e g e t a t io n .  A lte r n a te  

w e tt in g  and d ry in g  and v a r y in g  c o n d it io n s  f o r  o x id a t io n ,  

co u p led  w ith  i r r e g u l a r i t i e s  in  s e d im e n ta t io n , w ould produce  

th e  h ig h ly -v a r ie g a t e d  c la y s ,  s i l t s t o n e s  and s i l t y  c la y s  

w hich p r e v a i l  b e lo w , l a t e r a l  to  and above th e  c o a r se  chann el 

d e p o s i t s .

Swamp d e p o s i t s  a r e  r e p r e se n te d  in  p a r t  by t h in  b u t w e l l -  

d e v e lo p ed  l o c a l  c o a ls ,  a few  o f  w hich u n d e r l ie  th e  channel 

sa n d s, and by carb onaceou s s tr e a k s  w ith  a s s o c ia t e d  f i n e  c la y .

A t some p la c e s ,  s i l l c i f l e d  l o g s ,  l i g n i t i z e d  wood, and 

s t i c k  im p r e ss io n s  a re  foun d  in  th e  H ock in gport sa n d sto n e .

The ap p aren t l o c a l i z a t i o n  o f  th e s e  o c cu r r e n c e s  w ould in ­

d ic a t e  a  l o g  Jam o r  l o c a l  c o l l e c t i o n  o f  d e b r is  b u r ie d  in  

th e  stream  ch a n n e l.

M arine, b r a c k ish  w a te r , o r  l a c u s t r in e  in v e r te b r a te  

fa u n a s h ave  n o t  b een  r e p o r te d  in  th e  Dunkard s t r a t a  o f  t h i s  

a r e a . F o s s i l  e v id e n c e  o f  r e p t i l e s  h a s b een  d is c o v e r e d  in  a 

few  l o c a l i t i e s  in  th e  sou th ern  p a r t  o f  th e  Dunkard B a s in . 

These f o s s i l s  a re  d is c u s s e d  in  more d e t a i l  i n  a n o th e r  p a r t  

o f  t h i s  p a p er .

The c lim a te  o f  s o u th e a s te r n  Ohio in  Dunkard tim e was 

p ro b a b ly  warm b u t d r ie r  and l e s s  humid th an  in  e a r l i e r  p a r t s
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o f  th e  l a t e  C a r b o n ife ro u s , R ed-bed d e p o s i t io n  becam e more 

prom inent and c o a l  d e p o s i t io n  was r e s t r i c t e d  to  l o c a l ,  swampy, 

lo w la n d  a r e a s .  P o s s ib ly  th e  f e r n l i k e  p la n t s  were n o t  a s  

abundant a s  In  e a r ly  M onongahela t im e . C a la m ite s  and r e l a t e d  

f l o r a  p ro b a b ly  f lo u r is h e d  In  th e  m o is t  a r e a s  a lo n g  th e  stream  

c o u r se s  and n e a r  sh a llo w  p o n d s .

Source A reas

P rob ab ly  th e  h ead w aters o f  th e  stream  t h a t  tr a n s p o r te d  

th e  H ock in gp ort sa n d sto n e  l a y  in  a  h ig h la n d  a r ea  n o t  v e r y  

d i s t a n t  from  so u th e a s te r n  O hio , p o s s i b l y  o n ly  s e v e r a l  hun­

d red s o f  m i le s .  The c o n g lo m e r a tic  n a tu r e  o f  th e  d e p o s i t ,  

w ith  p e b b le s  n e a r ly  an in c h  in  in te r m e d ia te  d ia m e te r , in ­

d i c a t e s  t h a t  r e l a t i v e l y  s tr o n g  c u r r e n ts  w ere n e c e s s a r y  to  

b r in g  th e  m a te r ia l  from th e  so u rce  a r e a  o f  th e  stream .

The r e l i e f  o f  th e  so u rc e  a r e a  may h ave  b een  g r a d u a lly  

d e c r e a se d  d u r in g  th e  l i f e  h i s t o r y  o f  th e  strea m . T h is  i s  

in d ic a t e d  b y  d e c r e a se  in  th e  g r a in  s i z e  o f  th e  sand from  

th e  bottom  to  th e  to p  w hich o b ta in s  th ro u g h o u t m ost o f  th e  

sa n d s to n e . I t  i s  p o s s ib l e  t h a t  th e  h ea d w a ters  o f  th e  stream  

had reach ed  l a t e  m a tu r ity  o r  e a r ly  o ld  a g e  b e fo r e  d e p o s i t io n  

o f  th e  H ock in gp ort sa n d sto n e  was c o m p le te d . The c o a r s e n e s s  

o f  th e  ch an n el san d s o b serv ed  ab ove th e  H ock in gp ort sand­

s to n e  seldom  e x c e e d s  th a t  o f  medium sa n d .

The d e t a i l e d  l i t h o l o g y  o f  th e  so u r c e  a r e a  can n ot be
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d e ter m in e d . I t  I s  p ro b a b le  t h a t  th e  c l a s t i c  m a te r ia l  was 

d e r iv e d  n o t  o n ly  from  sed im en tary  so u rce  a r e a s  b u t from  

Ig n eo u s  and m etam orphic t e r r a n e s  a s  w e l l .

C o n s t i tu e n t s  from  sed im en ta ry  r o ck s  In c lu d e  th e  ro ck  

fra g m en ts  and p e b b le s  o f  c h e r t ,  th e  rock  fragm en ts o f  s h a le ,  

and th e  p e b b le s  o f  f i n e  sa n d sto n e  and s i l t  s t o n e .  However, 

some o f  t h i s  m a te r ia l  c o u ld  h ave  been  d e r iv e d  from th e  f lo o d -  

p l a i n  d e p o s i t s  In  w h ich  th e  ch an n el was c u t ,  and may have  

b een  moved o n ly  a sh o r t  d i s t a n c e .  I t  I s  p o s s i b l e  t h a t  some 

o f  th e  more h ig h ly  rounded g r a in s  o f  q u a rtz  a r e  a l s o  secon d  

c y c l e  se d im e n ts .

K rynine (1 9 4 0 ) h a s  p o in te d  o u t  th a t  th e  u n s tr a in e d  

q u a r tz  o f  th e  T hird  B rad ford  sand h a s  b een  d e r iv e d  from  

ig n e o u s  r o c k s .  A lth ou gh  much o f  th e  u n s tr a in e d  q u artz  prob­

a b ly  was d e r iv e d  from  ig n e o u s  r o c k s , i t  ap p ears to  th e  w r i t e r  

t h a t  some o f  th e  q u artz  c o u ld  have been  d e r iv e d  from q u a rtz  

v e in s  o f  th e r m a lly  m etam orphosed r o ck s  w h ich  had n o t  under­

gone a p p r e c ia b le  d e fo r m a tio n . A ls o , in  many m id d le  to  h ig h  

g rad e  s c h i s t s ,  q u a rtz  h a s r e c r y s t a l l i z e d  a f t e r  th e  p e r io d  o f  

d efo rm a tio n  and i s  e s s e n t i a l l y  f r e e  from s t r a i n .

A lth ou gh  th e  g r a n u la te d  and s c h is t o z e  q u a r tz , and p e b b le s  

o f  m ilk y  q u a rtz  w ere p ro b a b ly  u l t im a t e ly  d e r iv e d  from m eta­

m orphic r o c k s , i t  i s  im p o s s ib le  to  d eterm in e  w heth er t h e s e  

g r a in s  came d i r e c t l y  from a  m etam orphic so u rce  a r ea  o r  a r e  

seco n d  c y c le  se d im e n ts .
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The d e t r i t a l  g r a in s  o f  f e ld s p a r ,  a lth o u g h  o r i g i n a l l y  

th e y  may have been form ed In  ig n e o u s  r o o k s , c o u ld  have had  

t h e i r  im m ediate so u rce  in  g n e l s s i c  m etam orphic r o c k s .
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THE TRUE WAYNESBURG SANDSTONE

N atu re and D is t r ib u t io n

The n o r th e a s te r n  p o r t io n  o f  th e  a r e a  o f  Dunkard o u tc ro p  

i s  l o c a t e d  on th e  e a s t e r n  lim b and tow ard th e  n o r th e r n  ex ­

tr e m ity  o f  a  b road , f l a t ,  can oe-sh ap ed  tro u g h  — th e  Dunkard 

B a s in . The g e n t le  r e g io n a l  so u th w est d ip  o f  th e  s t r a t a  i s  

broken by  numerous lo w  p a r a l l e l  w r in k le s  o r  f o l d s .  The a x e s  

o f  th e s e  a n t i c l i n e s  and s y n o l ln e s ,  and th e  a x i s  o f  th e  

Dunkard B a s in , are  i n  g e n e r a l a lig n m en t w ith  th e  a x e s  o f  

th e  m ajor A ppalach ian  f o l d s .

The ty p e  Waynesburg sa n d sto n e  i s  named from  th e  town 

o f  W aynesburg, G reene C ounty, P e n n sy lv a n ia , w here th e  sand­

s to n e  i s  w e ll-d e v e lo p e d  and h a s  c o n sp ic u o u s  o u tc r o p s . The 

g e n e r a l a r e a  covered  b y  th e  sa n d sto n e  i s  a s  f o l lo w s  ( F ig .  1 ) :  

th e  i r r e g u la r  e a s te r n  boundary e x te n d s  from n o r t h - c e n t r a l  

W ashington .County, P e n n sy lv a n ia , t o  th e  s o u th e a s t  a c r o s s  

e a s te r n  W ashington, so u th w estern  W estm oreland, w e ste r n  F a y e t te  

and e a s te r n  Greene C o u n tie s , and th en  so u th  in t o  M onongalia  

County o f  West V ir g in ia  to  th e  w e st o f  M organtown. O utcrop s  

o f  th e  san d ston e  e x te n d  to  th e  so u th w est o f  Morgantown 

p o s s ib ly  a s  fa r  a s  Monongah, M arion C ounty. From t h i s  l o c a l ­

i t y  th e  w estern  boundary tr e n d s  n orth w estw ard  a c r o s s  M arion  

C ounty, th e n  n o r th  a lo n g  th e  West V ir g in ia -P e n n s y lv a n la  l i n e

52
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t o  n o r t h - c e n t r a l  W ashington C ounty, P e n n s y lv a n ia . I t  i s  n o t  

a p p a re n t t h a t  t h i s  sa n d sto n e  form s a  b la n k e t  d e p o s it  o v e r  th e  

r e g io n  o u t l in e d  a b o v e . There a r e  many l o c a l i t i e s  w ith in  

t h i s  r e g io n  w here i t  i s  p o o r ly -d e v e lo p e d  o r  i s  n o n - e x i s t e n t .

S t a u f f e r  and S ch ro y er  (1 9 2 0 , p . 5 ) p o in t  o u t th a t  a lo n g  

Dunkard C reek i n  M onongalia  County, West V ir g in ia ,  th e  

W aynesburg sa n d sto n e  i s  a p p ro x im a te ly  50 f e e t  t h ic k ,  i s  

c r o s s -b e d d e d , and i s  m o s t ly  c o a r se  in  t e x t u r e  and c o n ta in s  

q u a r tz  p e b b le s  up to  th e  s i z e  o f  a  p e a . In  th e  B u r g e t ts -  

tow n and C a rn eg ie  q u a d ra n g les  o f  n o r t h - c e n t r a l  W ashington  

C ounty, th e  W aynesburg sa n d sto n e  i s  r e p o r te d  to  be t h i n ly -  

la m in a te d  and i n  some p l a c e s  r e se m b le s  s h a le  (Shaw and Munn, 

1 9 1 1 , p .  4 ) .  J u s t  t o  th e  so u th , in  th e  C l a y s v i l l e  quad­

r a n g le ,  so u th w e ste r n  W ashington C ounty, th e  sa n d sto n e  i s  

l o c a l l y  m a ss iv e  b u t i s  g e n e r a l ly  v e r y  th in -b e d d e d  (Munn,

1912 , p .  5 )*  In  many p la c e s  th e  sa n d sto n e  i s  a b se n t  and  

o c c u r r in g  i n  i t s  p la c e  i s  a  r e d d is h , sandy s h a le .  Over th e  

w e ste r n  and n o r th e rn  p a r t s  o f  th e  Am ity q u a d ra n g le , t o  th e  

e a s t ,  th e  W aynesburg I n t e r v a l  i s  u s u a l ly  r e p r e se n te d  a s  

s h a ly  sa n d sto n e  o r  i s  r e p la c e d  b y  s h a le .  The sa n d sto n e  i s  

p rom in en t a lo n g  s e v e r a l  strea m s lo c a t e d  in  th e  so u th ern  p a r t  

o f  th e  q u a d r a n g le .

The W aynesburg sa n d sto n e  i s  w e l l-d e v e lo p e d  a lo n g  th e  

w e st  bank o f  th e  M onongahela R iv e r  betw een  C a l i fo r n ia  and  

W est B r o w n s v i l le ,  b u t i s  p o o r ly -d e v e lo p e d  in  m ost o f  th e  

a r e a  t o  th e  n o r th  and e a s t ,  in  so u th w estern  W estm oreland
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and w e ste rn  P a y e tte  C o u n tie s . A ccord in g  to  Campbell (1903*  

p . 1 0 ) ,  th e  sa n d sto n e  i s  exp osed  a t  a few  p o in t s  in  th e  

L atrob e  s y n c l in e  and in  th e  P o r t R oyal s y n c l ln e ,  b u t i s  poor­

l y  d e v e lo p ed  in  th e  Uni on town s y n c l in e ,  th e  P ig e o n  Creek  

a r e a , and i n  th e  M asontown-Uniontown q u a d ra n g les o f  sou th ern  

F a y e t te  County.

In  th e  R o d g e r s v il le  q u a d ra n g le , w estern  G reene County, 

P e n n sy lv a n ia  (C lapp , 1907 , p .  3 ) ,  th e  Waynesburg san d ston e  

o c c u r s  a lo n g  Dunkard Fork and C rabapple C reek , t r i b u t a r i e s  

o f  W heeling C reek, b u t i t  i s  a b se n t  and i s  r e p r e s e n te d  by  

s h a le  on Enslow  F ork . In  th e  Waynesburg q u ad ran gle  o f  

e a s t e r n  Greene County (S to n e , 1 9 0 5 , p« 6) th e  sa n d sto n e  i s  

e x p o sed  a t  many p la c e s  a lo n g  S ou th  Fork o f  Tenm ile Creek  

b etw een  Waynesburg and J e f f e r s o n .

I t  i s  ap p aren t, th e r e f o r e ,  t h a t  th e  Waynesburg san d ston e  

i s  b e s t  d ev e lo p ed  w ith in  a r e l a t i v e l y  narrow , n o r th -s o u th  

b e l t  e x te n d in g  from n o r t h -c e n tr a l  Greene C ounty. P e n n sy lv a n ia , 

i n t o  n o r th ern  M arion C ounty, West V ir g in ia ,  a  d is ta n c e  o f  

a p p ro x im a te ly  30 m ile s  ( F ig .  1 ) .  Around th e  m argin s o f  t h i s  

b e l t ,  e s p e c i a l ly  on th e  w e s t , th e  san d ston e  becom es v e r y  

s h a ly  and th in ly - la m in a te d , and i s  o n ly  l o c a l l y  a tr u e  sand­

s t o n e .  D ie a u th or  b e l i e v e s  th a t  h e r e , e a s t -w e s t  tr e n d in g  

to n g u e s  o f  san d ston e  a r e  in t e r c a la t e d  in t o  s h a ly ,  o f f s h o r e  

f a c i e s ,  w ith  narrow sa n d sto n e  b o d ie s  w ed g in g -o u t to  th e  w e st .

In  c e n tr a l  G reene County, P e n n sy lv a n ia , th e  Waynesburg 

sa n d sto n e  i s  a c o a r s e , f la g g y  to  m a ss iv e , g ra y  t o  b u f f  rock

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



55

ra n g in g  from 30 to  40  f e e t  i n  t h ic k n e s s .  I t  o c c a s io n a l ly  

e x h i b i t s  ir r e g u la r  m a ss iv e  b ed d in g , b u t in  g e n e r a l th e  d e p o s i t  

i s  c h a r a c te r iz e d  by a  f la g g y  ty p e  o f  b ed d in g  w ith  u n i t s  2  to  

12 In c h e s  t h ic k .

Two m ile s  e a s t  o f  W aynesburg, G reene County, P e n n sy lv a n ia , 

r e p r e s e n t a t iv e ,  f la g g y ,  Waynesburg sa n d sto n e  can b e  o b se r v e d  

o v e r ly in g  th e  Waynesburg c o a l  and th e  r o o f  s h a le s  o f  t h i s  

d e p o s i t  ( F ig .  1 4 ) .  B ut w ith in  50 y a rd s a lo n g  th e  o u tcro p  

th e  f la g g y  ty p e  o f  b ed d in g  changes to  more m a ss iv e  u n i t s ,  

th e  sa n d sto n e  th ick B n s c o n s id e r a b ly , and th e  b a se  o f  th e  

d e p o s i t  c u ts  down in t o  th e  u n d e r ly in g  b ed s to  b elow  th e  

h o r iz o n  o f  th e  Waynesburg c o a l  ( F ig .  15 ) • W ith in  an i n t e r v a l  

o f  10  yards from th e  above p o in t ,  th e  b a se  o f  th e  sa n d sto n e  

r i s e s  and th e  Waynesburg c o a l e x i s t s  d i r e c t l y  under th e  sand­

s to n e , th e  r o o f  s h a le s  o f  th e  c o a l h a v in g  b een  removed by  

e r o d in g  c u r r e n ts  p r io r  t o  th e  d e p o s i t io n  o f  th e  sa n d s to n e .

At t h i s  p o in t  th e  sa n d sto n e  i s  somewhat m a ss iv e  b u t th e  t h ic k ­

n e s s  i s  v e r y  much red u ced  ( F ig .  1 6 ) .  T h is r a p id  change from  

f la g g y  to  a more m a ss iv e  ty p e  o f  b e d d in g , l o c a l  th ic k e n in g  

o f  th e  sa n d sto n e , and a  r e tu r n  to  f la g g y  b ed d in g  and a th in n e r  

d e p o s i t  can a l s o  b e  o b serv ed  a t  o th e r  l o c a l i t i e s .  A f i n e  

exam ple o f  th e  above c o n d it io n  o c c u r s  a lo n g  U .S . Route 1 9 ,

.5  m ile  so u th  o f  Mount M o rr is , P e n n sy lv a n ia . F ig u re  17 shows 

th e  f la g g y  n a tu re  o f  th e  sa n d sto n e  a t  t h i s  l o c a l i t y .  T h is  

exp osu re  o f  th e  sa n d sto n e  o c cu rs  a p p ro x im a te ly  15 m ile s  t o  th e  

so u th  o f  th e  o u tcro p s  shown in  F ig u r e s  14  through  1 6 .
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F ig .  14  —  F la g g y  W aynesburg sa n d s to n e . The Waynes­
b u rg  c o a l (2  f e e t  t h ic k )  o c c u r s  ab ou t 3 f e e t  b elow  
hammer, th e  h a n d le  o f  w h ich  i s  a t  th e  s a n d s to n e -s h a le  
c o n t a c t .  Two m ile s  e a s t  o f  W aynesburg, P e n n sy lv a n ia .

F ig .  15 —  M assive  W aynesburg sa n d sto n e , 50 yard s a lo n g  
o u tcrop  from  F ig .  1 4 .  The Waynesburg c o a l  h a s  b een  c u t  
o u t .
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P ig .  16 —  Waynesburg san d ston e  o c c u r r in g  d i r e c t ly  
above th e  Waynesburg c o a l ,  th e  r o o f  s h a le s  o f  th e  
c o a l  have b een  rem oved. Ten yard s a lo n g  ou tcrop  
from  F ig ,  1 5 . F ig u r e s  1 4 , 15» and 16 ta k en  from  
a b o u t th e  same l e v e l ,  a  r a i lr o a d  t r a c k .

F ig .  17 —  F la g g y  Waynesburg sa n d sto n e , .5  ml* sou th  
o f  Mt. M o rr is , P e n n sy lv a n ia . Twenty yard s to  th e  
so u th  th e  san d ston e  i s  m a ss iv e  a s  in  F ig .  15*
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The g r a in  s i z e  v a r ie s  from  c o a r se  sa n d sto n e  n e a r  th e  b a se  to  

medium or  f in e -g r a in e d  sa n d sto n e  n e a r  th e  t o p .  C ro ss-b ed d in g  

i s  d is c e m a b le  in  some u n i t s  b u t , in  g e n e r a l ,  n e a r ly  h o r i ­

z o n ta l  la m in a tio n  p r e v a i l s .

To th e  so u th  in  M onongalia C ounty, West V ir g in ia ,  th e  

sa n d sto n e  t h in s  c o n s id e r a b ly . In  sou th ern  G reene C ounty, 

P e n n sy lv a n ia , and M onongalia County, West V ir g in ia ,  i t  i s  

g e n e r a l ly  c o a r se  in  g r a in  s i z e  and a lm o st u n iv e r s a l ly  

e x h ib i t s  a  f la g g y  ty p e  o f  u n d u la to ry  b ed d in g  ( F ig .  1 8 ) .

F ig .  18 —  T y p ic a l Waynesburg sa n d sto n e , 
U. S . R t. 1 9 , n o r th  o f  A m e t t s v i l l e ,  
M onongalia C ounty, West V ir g in ia .  S tr ip e d  
hammer to  r ig h t  o f  c e n te r .
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In  many p la c e s  i n  c e n tr a l  G reene C ounty, P e n n s y lv a n ia ,  

t h e  W aynesburg sa n d sto n e  r e s t s  d i r e c t l y  on th e  r a th e r  

e x t e n s iv e  W aynesburg c o a l  ( F ig s .  1 4  and 1 6 ) .  B ut g e n e r a l ly ,  

i n  th e  a r e a  to  th e  s o u th , in  n o r th e r n  W est V ir g in ia ,  a  b lu i s h  

s h a le ,  th e  C a s s v i l l e ,  o c c u r s  b etw een  th e  W aynesburg c o a l  

and th e  W aynesburg sa n d s to n e . T h is  5 - t o  1 5 - f o o t  sh a le  

(W h ite , 1 8 9 1 , p .  4 1 ) i s  b e s t  d e v e lo p e d  in  i t s  ty p e  a r e a  

n e a r  C a s s v i l l e ,  M onongalia  C ounty, W est V ir g in ia ;  b u t i t  i s  

r e p o r te d  t o  o ccu r  o c c a s io n a l ly  in  B elm ont and Monroe 

C o u n tie s  o f  Ohio ( S t a u f f e r  and S c h r o y e r , 1 9 2 0 , p p . 3 7 - 1 1 2 ) .

In  w e ste r n  W ashington C ounty, P e n n sy lv a n ia  (Munn, 1 9 1 2 , p .  5)»  

th e  C a s s v i l l e  s h a le  i s  d e s c r ib e d  a s  a  t h i n ,  dark o r  r e d d is h  

s h a le  w ith  8 in c h e s  t o  1 f o o t  o f  l im e s t o n e  i n  i t .  Shaw and  

Munn p o in t  o u t (1 9 1 1 , p .  4 ) t h a t  i n  some p a r t s  o f  W ashing­

to n  County t h i s  l im e s to n e  o c c u r s  b etw een  th e  s h a le  and th e  

W aynesburg sa n d s to n e .

The W aynesburg sa n d s to n e  i s  g e n e r a l ly  o v e r la in  b y  

s h a l e s ,  term ed a r g i l l a c e o u s  s h a le s  i n  some r e p o r t s .  The 

s t r a t a  b etw een  i t s  to p  and th e  to p  o f  th e  Dunkard s e r i e s  

c o n s i s t s  o f  a l t e r n a t in g  s h a l e s ,  s a n d s to n e s , c o a ls  and  

l im e s t o n e s  w ith  s h a le s  and sa n d s to n e s  m aking up th e  g r e a t e r  

p a r t  o f  th e  se q u en ce .
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P etro g ra p h y  o f  th e  WayneBhurg Sandstone

The m ajor c o n s t i t u e n t s  o f  th e  Waynesburg sa n d sto n e  a r e  

q u a r tz , f e ld s p a r ,  rock  fragm en ts and th e  m a tr ix  m a t e r ia l .

I t  w ould b e  c la s s e d  a s  a  subgrayw acke s in c e  i t  c o n ta in s  

a p p ro x im a te ly  73  p e r c e n t  q u a r tz , 8 p e r c e n t  f e ld s p a r ,

7 p e r c e n t  rock  fra g m en ts , 5 p e r c e n t  a r g i l la c e o u s  m a te r ia l  

and 6 p e r c e n t  c h e r t  w hich o c c u r s  i n  th e  m a tr ix .

The v a r i e t i e s  o f  q u artz  a s  w e l l  a s  m ost o f  th e  o th e r  

c o n s t i t u e n t s ,  w hich o ccu r  in  th e  Waynesburg sa n d s to n e , a re  

s im i la r  to  th o s e  ty p e s  m aking up th e  H ock in gport sa n d s to n e .  

There i s ,  h ow ever, a n o ta b le  d i f f e r e n c e  in  th e  r e l a t i v e  

abundance o f  th e  v a r io u s  v a r i e t i e s  o f  q u artz  in  th e  two 

sa n d sto n e  d e p o s i t s .

A com parison o f  th e  c o n s t i t u e n t s  o f  th e  H ock in gport 

and th e  Waynesburg sa n d sto n e  i s  shown in  T ab les 1  and 2 .

The m ost n o ta b le  d i f f e r e n c e  in  th e  v a r i e t i e s  o f  q u a rtz  

in  th e  two sa n d s to n e s  i s  to  be found  in  th e  ty p e s  w hich  

h ave  p o s s ib ly  been  d e r iv e d  from  m etam orphic r o c k s .  The 

Waynesburg sa n d sto n e  c o n ta in s  ab ou t 17 p e r c e n t  more h ig h ly -  

s t r a in e d  q u a rtz  than th e  H ock in gp ort sa n d s to n e . Of th e  rock  

fragm en ts o f  th e  Waynesburg sa n d sto n e , q u a r t z i t e  and s h a le  

fragm en ts a r e  abundant, b u t c h e r t  i s  p r a c t i c a l l y  n o n - e x i s t e n t .

The b on d in g  m a te r ia l  o f  th e  Waynesburg sa n d sto n e  i s  

m a in ly  a r g i l la c e o u s  m a tter  and c h e r t .  C a lc it e  h a s  n o t  been  

o b se r v e d . The h eavy  m in era l a ssem b lage i s  s im i la r  to  th a t
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o f  th e  H ock in gp ort sa n d s to n e . A n o ta b le  d i f f e r e n c e  i s  in  th e  

abundance o f  p y r i t e  o f  th e  Waynesburg sa n d s to n e . S in c e  t h i s  

m in e r a l i s  a u th ig e n ic  in  o r ig in  and o c cu rs  s p o r a d ic a l ly  in  

th e  d e p o s i t ,  i t s  p rep en ce  may n o t  b e  s i g n i f i c a n t .  B a r it e ,

an a u th ig e n ic  m in era l cem ent, i s  n o t  un iform  in  o ccu rren ce

i n  e i t h e r  sa n d sto n e . Some sam ples do n o t  c o n ta in  t h i s  

m in e r a l, w hereas in  o t h e r s ,  i t  may make up a s  much a s  

40 p e r c e n t  o f  th e  h eavy  m in era l f r a c t io n .

Environm ent o f  D e p o s it io n  o f  th e  Waynesburg Sandstone

The f la g g y  b ed d in g  w hich c h a r a c te r iz e s  th e  Waynesburg

sa n d sto n e  i s  in d ic a t iv e  o f  a  sh a llo w  sea  environm ent o f  d e p o s i­

t i o n .  The in d iv id u a l  b e d s , w hich g e n e r a l ly  ran ge  from 2 to  6 

in c h e s  in  th ic k n e s s  a re  n o t  p e r s i s t e n t ,  b u t l e n s  o u t w ith in  

sh o r t  d i s t a n c e s .  The g r a in  s i z e  in  m ost in s ta n c e s  i s  a lm o st  

■uniform, b e in g  i n  g e n e r a l c o a r s e -g r a in e d  and c o n ta in in g  b u t  

l i t t l e  a r g i l la c e o u s  m a te r ia l .  B edding o f  t h i s  t y p e ,  a s  w e l l  

a s  t e x t u r e ,  c o m p o sit io n , and o th e r  f e a t u r e s  o f  th e  Waynesburg 

sa n d sto n e  a re  th e  same a s  th o s e  c h a r a c t e r i s t i c s  w hich  R ich  

( 1 9 5 1 , p .  1 0 ) p r e s c r ib e s  f o r  sed im en tary  ro ck s o f  "unda" 

o r i g i n .  A ccord in g  to  R ic h , th e  "unda” environm ent i s  

" th a t  p a r t o f  th e  f l o o r  / o f  any body o f  s ta n d in g  w ater^  

w hich  l i e s  in  th e  zone o f  wave a c t io n  and in  w h ich , th e r e ­

f o r e ,  th e  bottom  i s  r e p e a te d ly  s t i r r e d  and rew orked by  

storm  w aves."
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The c o n s ta n t  rew ork in g  o f  th e  se d im e n ts  i n  t h i s  e n v ir o n ­

m ent b y  w aves w ould  te n d  t o  remove th e  f i n e  m a te r ia l  and  

sp re a d  th e  c o a r s e r  e l a s t i c s  i r r e g u la r l y  o v e r  th e  bottom *

The m ain c h a r a c t e r i s t i c s  l i s t e d  by  R ich  (1951* p .  1 0 )  

t h a t  o c c u r  h e r e  a r e  r e l a t i v e l y  c o a r s e  t e x t u r e ,  r a n g in g  from  

g r a v e l  t o  s i l t ;  c o m p o s it io n , r a n g in g  from co n g lo m era te  

th ro u g h  c o a r se  s i l t  and in c lu d in g  fra g m e n ta l l im e s t o n e ,  

o o l i t e  o r  c o q u e n ite ;  and m o d e r a te ly - th in ,  "wavy11 b e d d in g . 

C r o ss -b e d d in g , f lo w -a n d -p lu n g e  s t r u c t u r e , l e n t i c u l a r ! t y  o f  

b e d s  and r ip p le  marks a r e  a l s o  common in  t h e s e  s t r a t a .

T h e r e fo r e , th e  W aynesburg sa n d sto n e  i s  c o n s id e r e d  to  

b e  a  n e a r -  sh o re  a ccu m u la tio n  o f  sa n d , th e  r e s u l t  o f  c u r r e n t ,  

b u t p r e d o m in a n tly  wave d e p o s i t io n .  T hese a g e n c ie s  sp rea d  

th e  san d  o v e r  th e  se a  b ottom  and p erh a p s  l o c a l l y  p i l e d  i t  up 

i n  th e  form  o f  l i n e a r  b a r s .

The in s t a n c e s  r e f e r r e d  t o  (p a g e  5 5 ) w here th e  sa n d s to n e  

t h ic k e n s  l o c a l l y  and th e  b e d d in g  ch an ges from  a  f la g g y  t o  a 

more m a ss iv e  ty p e  and th e  b ottom  o f  th e  san d  body c u t s  down 

b e lo w  i t s  g e n e r a l l e v e l  ( P ig s .  1 4 , 15  and 1 6 ) ,  a r e  th o u g h t  

t o  b e  d e p o s i t s  produ ced  by s c o u r in g , and l a t e r  f i l l i n g ,  a t  

t i d a l  i n l e t s .  I f  th e y  a r e  su ch  d e p o s i t s ,  a  d e t a i l e d  stu d y  

o f  t h e  sa n d s to n e , and a d ja c e n t  s t r a t a ,  m ig h t i n d ic a t e  t h a t  

t h e y  a r e  a l ig n e d  a p p ro x im a te ly  a t  r ig h t  a n g le s  t o  th e  s tr a n d  

o f  t h e  Dunkard s e a , o r  th e y  m ig h t b e  p a r a l l e l  to  i t ,  d ep en d in g  

on t h e  amount o f  m ig r a t io n  o f  th e  i n l e t .

The w r i t e r  b e l i e v e s  t h a t  th e  W aynesburg sa n d sto n e  i s  n o t
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a b la n k e t  d e p o s i t  b u t  i s  r e p r e se n te d  by a s e r i e s  o f  r e l a t i v e l y  

l o c a l  a ccu m u la tio n s o f  sand w ith in  th e  r e g io n  p r e v io u s ly  

d e l in e a t e d .

Source A reas o f  th e  Waynesburg San d ston e

The Waynesburg sa n d sto n e  c o n ta in s  a g r e a t e r  p e r c e n ta g e  

o f  h ig h ly - s t r a in e d  and g r a n u la te d  q u a r tz , f e ld s p a r ,  and rock  

fra g m en ts  o f  q u a r tz i t e  th an  d o es th e  H ock in gp ort sa n d sto n e . 

Rock fragm en ts o f  c h e r t ,  how ever, a r e  more abundant in  th e  

H ock in gp ort sa n d sto n e .

These r e l a t io n s  su g g e s t  th a t  th e  so u rce  a r ea  o f  th e  

W aynesburg sa n d sto n e  c o n ta in e d  a  g r e a te r  p e r c e n ta g e  o f  

c r y s t a l l i n e  ro ck s a s  compared to  sed im en tary  ty p e s  than  th a t  

o f  th e  H ock ingport sa n d sto n e .

The r e s u l t s  o f  a. com parison o f  c o n s t i t u e n t s  o f  th e  two 

sa n d sto n e  d e p o s i t s  w ould b e  o f  g r e a te r  v a lu e  i f  th e  e n v iro n ­

m en ts o f  d e p o s i t io n  had been  th e  same.

Much o f  th e  e v id e n c e  th a t  sed im en tary  r o c k s  e x i s t e d  i n  

th e  sou rce  a rea  o f  th e  H ock in gp ort sa n d sto n e  i s  th e  occu r­

r e n c e  o f  c h e r t  p e b b le s  and s a n d - s iz e  rock  fragm en ts o f  c h e r t .  

A lth ou gh  th e s e  c o n s t i t u e n t s  may a l s o  have b een  p r e s e n t  in  

th e  sou rce  a r ea  o f  th e  Waynesburg sa n d sto n e , th e y  may have  

b een  se p a r a te d  from th e  sand f r a c t io n s  b e fo r e  th e  stream  

tr a n s p o r t in g  th e  m a te r ia l  rea ch ed  th e  environ m en t o f  d e p o s i­

t i o n  o f  t h i s  d e p o s i t .
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I t  i s  th ou gh t on th e  b a s i s  o f  g e n e r a l g e o lo g ic  r e l a t i o n s ,  

b u t w ith o u t any d e f i n i t e  p r o o f ,  t h a t  th e  c l a s t i c  m a te r ia l  

w hich  makes up b o th  o f  th e  sa n d sto n e  d e p o s i t s  was d e r iv e d  

from  d i f f e r e n t  p a r t s  o f  th e  same l i n e a r  o r o g e n ic  b e l t .  T h is  

b e l t  p rob ab ly  e x i s t e d  a s  a  n o r t h e a s t -  so u th w e s t-tr e n d in g  

h ig h la n d  t o  th e  e a s t  o f  th e  Dunkard B a s in . The stream s  

w hich  tr a n sp o r te d  th e  d e t r i t a l  m a te r ia l  o f  th e  Waynesburg 

sa n d sto n e  to  th e  in la n d  sea  p o s s ib ly  headed f a r t h e r  t o  th e  

n o r th  in  t h i s  h ig h la n d  a rea  th an  th e  stream  w hich d e p o s ite d  

th e  H ock in gport sa n d sto n e .
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EVIDENCE THAT THE HOCKINGPORT SANDSTONE 

IS  NOT THE TRUE WAYNESBURG SANDSTONE

The c o a r s e ,  m a ss iv e  sa n d sto n e  d e p o s i t  o c c u r r in g  m a in ly  

i n  e a s te r n  A th en s , e a s t e r n  M eigs and w e ste r n  W ashington  

C o u n tie s  o f  O hio , and r e f e r r e d  to  i n  t h i s  p a p er  a s  th e  

H ock in gp ort sa n d s to n e , sh o u ld  n o t  b e  c o r r e la t e d  w ith  th e  

t r u e  Waynesburg sa n d sto n e  b e c a u se  o f  th e  f o l lo w in g  e v id e n c e :

1 .  The H ock in gp ort sa n d s to n e  o f  so u th e a s te r n  Ohio i s  

l i m i t e d  in  a r e a l  e x te n t  t o  th e  r e g io n  o u t l in e d  a b o v e . The 

W aynesburg sa n d sto n e  o f  so u th w e s te r n  P e n n sy lv a n ia  ca n n o t b e  

t r a c e d  from th e  ty p e  a r e a  t o  s o u th e a s te r n  O hio ,

2 ,  I t  i s  ap p aren t t h a t  th e  en v iro n m en ts o f  d e p o s i t io n  

o f  th e  H ock in gp ort sa n d s to n e  and tr u e  W aynesburg sa n d sto n e  

w ere s u b s t a n t ia l ly  d i f f e r e n t .  T h is  i s  shown by  (a )  th e  com­

p a r is o n  o f  th e  n a tu r e  o f  t h e  s t r a t a  in  th e  n o r th e r n  and  

so u th e rn  p a r t s  o f  th e  Dunkard BaBin; (b )  b y  th e  com p arison  

o f  f o s s i l  fau n a  in  th e  n o r th e r n  and so u th ern  p a r t s  o f  th e  

Dunkard B a sin ; and ( c )  t h e  com parison  o f  th e  prim ary  s t r u c ­

tu r e  and t e x t u r e  o f  th e  tw o  B andstone d e p o s i t s .

A rea l E x te n t  o f  th e  S a n d sto n es

I .  C, W hite (1903* P« 1 1 8 ) i s  q u o ted  a s  f o l lo w s :

"The Waynesburg sa n d s to n e  h a s  a v e r y  w ide d i s t r i b u ­
t i o n ,  e x te n d in g  a s  a  g r e a t ,  c o a r se  d e p o s i t  e n t i r e l y
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a c r o s s  th e  s t a t e  /W est V i r g i n i a / .  B e in g  seldom  
l e s s  th an  50 f e e t  and o f t e n  75  f e e t  In  th ic k n e s s  
I t  makes a  l i n e  o f  rugged  c l i f f s  a lo n g  I t s  e a s te r n  
o u tcro p  from  where i t  e n te r s  th e  s t a t e  in  M onongalia  
C ounty, a c r o s s  M arlon, H a r r iso n , L ew is , G ilm er ,
C alhoun, Roane, Kanawha, Putnam, and C a b e ll to  where 
i t  l e a v e s  th e  A p palach ian  tro u g h  in  Wayne County 
n e a r  th e  B ig  Sandy, I t  13  e s p e c i a l l y  m a ss iv e  and 
p e b b ly  where i t  r i s e s  from  th e  b ed  o f  P oca R iv er  
j u s t  b e low  W alton /R oane C ou n ty / &&& f o r  many m ile s  
down t h a t  stream , a s  w e l l  a s  in  a l l  th e  c o u n tr y  to  
th e  southw ard where th e  southw estw ard  r i s e  o f  th e  
s t r a t a  c a r r ie s  i t  up in t o  th e  h i l l  to p s  b e fo r e  i t  
d is a p p e a r s  from th e  same a few  m i le s  w e st  from  
E lk  R iv e r , T h is  same stra tu m  comes o u t  o f  th e  
Ohio R iv e r  a lo n g  th e  Ohio sh ore  i n  th e  v i c i n i t y  
o f  B le n n e r h a s s e t t  I s la n d ,  and i t s  m a ss iv e  to p  i s  
f r e q u e n t ly  v i s i b l e  a t  lo w  w a ter  in  th e  b ed  o f  th e  
Ohio a t  many l o c a l i t i e s  b etw een  P ark ersb u rg  and  
L e ta r t ."

The a u th o r  i s  d o u b tfu l i f  th e  tr u e  Waynesburg sa n d sto n e  

can b e  tr a c e d  fa r t h e r  so u th  th an  M arion County a lo n g  th e  

e a s t e r n  b o r d e r  o f  th e  D unkard-covered  a rea  in  W est V ir g in ia .  

Numerous s e c t io n s  so u th  o f  M arion County i n  th e  e a s te r n  

p a r t  o f  th e  a r e a  h ave b een  d e s c r ib e d  in  th e  W est V ir g in ia  

G e o lo g ic a l  Survey  County R e p o r ts . The Waynesburg san d ston e  

r e p o r te d ly  o c c u r s  i n  t h i s  a r e a .  A f i e l d  stu d y  o f  th e s e  

s e c t io n s  r e v e a ls  th a t  th e  sa n d sto n e  d e s c r ib e d  d o es  n o t  

rese m b le  th e  t r u e  Waynesburg sa n d sto n e  o f  southw estern . 

P e n n sy lv a n ia  o r  th e  H ock in gp ort sa n d sto n e  o f  s o u th e a s te r n  

O hio. The sa n d sto n e  t o  w hich  W hite r e f e r s ,  n e a r  th e  so u th ern  

end o f  B le n n e r h a s s e t t  I s la n d , i s  a  l o c a l  d e p o s i t  e x te n d in g  

f o r  a p p ro x im a te ly  800 yard s a lo n g  th e  B a ltim o r e  and Ohio 

R a ilr o a d  t r a c k s  where i t  th en  l e n s e s  c u t  and where i t s  

h o r iz o n  i s  o c c u p ie d  by red  s h a le s  ( F ig .  1 9 ) •  T h is  h ig h ly
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F ig ,  19 —  Edge o f  a ch an n el sa n d s to n e , 
r ed  s h a le  t o  l e f t .  N ear sou th ern  end  
o f  B le n n e r h a s s e t t  I s la n d ,  W ashington  
C ounty, O hio, S c a le  in d ic a t e d  by r a i l ­
road  tr a c k ,

c r o ss -b e d d e d , l o c a l  ch an n el sa n d sto n e  i s  much f i n e r  in  g r a in  

s i z e  and i s  l e s s  m a ss iv e  than  th e  H ock ingport sa n d sto n e  w hich  

cr o p s  o u t two m ile s  to  th e  so u th w e s t. The H ock in gp ort sand­

s to n e  e x te n d s  a lo n g  th e  Ohio R iv e r  from S e c , 29 B e lp r e  Township, 

W ashington C ounty, O hio, to  th e  n o r th e rn  p a r t  o f  S e c . 2 0 ,

Lebanon Township, M eigs County, O hio, b u t n o t  a s  f a r  so u th  a s  

L e t a r t ,  a s  W hite h a s  in d ic a t e d .

The H ock in gport san d ston e  l e n s e s  o u t t o  th e  so u th  in  

M eigs C ounty, To th e  w e st and n o r th  th e  d e p o s i t  e x i s t s  

n e a r ,  a t ,  o r  above th e  h i l l t o p s  due to  th e  north w estw ard  

r i s e  o f  th e  s t r a t a .  In  th e s e  a r e a s  th e  t h ic k n e s s  h a s  b e e n ,
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In  some a r e a s ,  red u ced  "by e r o s io n .  To th e  n o r th e a s t  th e  

sa n d sto n e  t h in s  r a p id ly  and f i n a l l y  becom es n o n - e x i s t e n t ,  

and to  th e  e a s t  th e  t h ic k n e s s  i s  red u ced  to  a b o u t 15  f e e t  

where th e  d e p o s i t  d is a p p e a r s  below  d r a in a g e . I f  th e  r e g io n a l  

d ip  o f  th e  s t r a t a  i s  p r o j e c t e d  to  th e  s o u th e a s t  a c r o s s  th e  

Ohio R iv e r  in t o  West V ir g in ia ,  th e  sa n d sto n e  i s  n o n - e x i s t e n t  

a t  th e  p ro p er  e l e v a t io n s ,  e x c e p t  in  th e  a r ea  a d ja c e n t  t o  

th e  r i v e r  betw een  Newberry I s la n d  and H a r r is  F e r r y , o p p o s i t e  

H o ck in g p o rt, and to  th e  s o u th e a s t  b etw een  Pond Creek and  

M uses Bottom  in  Jackson  C ounty.

A n oth er  m a ss iv e  sa n d s to n e  h a v in g  much th e  same p rim ary  

s t r u c tu r e  a s  th e  H ock in gp ort sa n d s to n e , b u t  w h ich  i s  f i n e r  

in  g r a in  s i z e  and a v e r a g e s  a p p ro x im a te ly  30 f e e t  in  t h i c k ­

n e s s ,  crop s o u t  in  s e v e r a l  l o c a l i t i e s  in  so u th e rn  S u tto n  

and Lebanon Townships o f  M eigs C ounty, O hio. T h is sa n d sto n e  

o u tc r o p s  a s  f a r  n o r th  a s  th e  c e n tr a l  p a r t  o f  S e c . 1 2 ,  S u tto n  

Township and e x te n d s , n o t  a s  a  b la n k e t  d e p o s i t ,  b u t in  

s c a t t e r e d  e x p o su r e s , southw ard in  Ohio to  th e  Ohio R iv e r ,  

and p o s s ib ly  e x te n d s  u n d er  th e  r iv e r  in t o  W est V ir g in ia  in  

th e  v i c i n i t y  o f  L e ta r t  F a l l s ,  O hio, and th e  v i l l a g e  o f  L e t a r t ,  

W est V ir g in ia .  T h is sa n d sto n e  i s  a  f l u v i a l  d e p o s i t .  C r o ss-  

s e c t io n s  o f  th e  ch an n el d e p o s i t  m easure a p p ro x im a te ly  1 /2  m ile  

in  w id th . These c r o s s - s e c t i o n s ,  a s  w e l l  a s  l o n g i t u d in a l  

s e c t io n s  o f  th e  sa n d sto n e  a r e  b e s t  e x p o se d  In  th e  p r e s e n t  

stream  v a l l e y s ,  e s p e c i a l l y  th o se  o f  Groundhog C reek , Oldtown  

C reek , Tanner Run and John s Run. A lth ou gh  t h i s  sa n d sto n e
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r e se m b le s  th e  H ock in gp ort in  ty p e s  o f  prim ary s t r u c t u r e s ,  i t  

d i f f e r s  c o n s id e r a b ly  from  th e  l a t t e r  in  t e x t u r e ,  t h ic k n e s s ,  

and a r e a l  e x t e n t .  The san d ston e  i s  f i n e r  in  g r a in  s i z e  than  

t h e  H o ck in g p o rt. I t  i s ,  in  g e n e r a l ,  l e s s  than  o n e - h a l f  a s  

t h i c k ,  and i s  so  l im i t e d  i n  a r e a l  e x te n t  th a t  th e  g e n e r a l  

c o u r se  o f  th e  stream  can  f r e q u e n t ly  b e  tr a c e d . A d d it io n a l  

e v id e n c e  t h a t  t h i s  sa n d sto n e  i s  n o t  th e  H ock in gp ort i s  th e  

f a c t  t h a t  e x te n d in g  e a s t - w e s t  a c r o s s  n o r th ern  S u tto n  and 

c e n t r a l  Lebanon Townships th e r e  i s  a  two and o n e - h a l f  m ile -  

w id e s t r i p  in  w hich no c o a r s e , m a ss iv e  sa n d sto n e  o c c u r s .

The stream  r e s p o n s ib le  f o r  t h i s  d e p o s i t  meandered w id e ly  in  

S u tto n  and Lebanon Townships and may h ave been  t r ib u ta r y  to  

th e  la r g e r  stream  w hich  d e p o s ite d  th e  H ock in gp ort sa n d sto n e .

A ccord in g  to  W hite, th e  H ock in gport sa n d s to n e , a s  w e l l  

a s  th e  more l o c a l ,  s tr e a m -d e p o s ite d  sa n d sto n es  t o  th e  n o r th  

and to  th e  so u th  o f  th e  H ock in gp ort, w ould be c o n s id e r e d  a s  

on e  la r g e  b la n k e t  d e p o s i t  e x te n d in g  a lo n g  th e  Ohio R iver  

from  so u th e rn  W ashington County to  so u th ern  M eigs County.

He w ould a l s o  ex ten d  t h i s  d e p o s it  in t o  th e  a rea  o f  th e  tr u e  

W aynesburg sa n d sto n e  in  n o r th e rn  W est V ir g in ia  and so u th w estern  

P e n n s y lv a n ia , making i t  a  g r e a t  b la n k e t  d e p o s i t  e x te n d in g  f o r  

a l i n e a r  d is ta n c e  o f  ab ou t 100 m i le s .

A sa n d sto n e  h o r iz o n , w hich Q-rimsley (1 9 0 6 , p .  6 8 ) r e f e r s  

to  a s  b e in g  th e  Waynesburg sa n d sto n e  o c cu rs  o c c a s io n a l ly  in  

th e  n o r th e r n  panhandle c o u n t ie s  o f  W est V ir g in ia .  T h is  sand­

s t o n e ,  o r  sandy h o r iz o n  seem s to  e x i s t  from  18 t o  45  f e e t  above
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th e  Waynesburg c o a l .  In  one s e c t io n ,  c o a r s e , sandy s h a le s

and sa n d sto n es  rea ch  100 f e e t  in  t h ic k n e s s .  In  m ost s e c t io n s

b etw een  W heeling and Elm Grove t h i s  sa n d sto n e  i s  r e p la c e d

by  sandy s h a le s .  T h is c o n d it io n  a l s o  o c c u r s  in  Ohio County

to  th e  n o r th  o f  W h eelin g . In  th e  few  in s ta n c e s  where th e

sa n d sto n e  i s  w e l l  d e v e lo p e d , i t  i s  r e p o r te d  to  be o n ly  18

t o  20 f e e t  in  t h ic k n e s s .

I .C .  W hite (1 8 9 1 , p .  40 ) s t a t e s :

11 A long th e  w estern  b o r d e r  o f  th e  o u tcro p  o f  t h i s
rock  /W aynesburg s a n d s to n e /  i t  d w in d les  down and 
changes i t s  c h a r a c te r  e n t i r e l y ,  b e in g  f r e q u e n t ly  
r e p r e se n te d  in  W ashington C ounty, P e n n sy lv a n ia ;
M arsh all and Ohio C o u n tie s , W est V ir g in ia ;  Belm ont 
and Monroe C o u n tie s , o f  O hio, by sandy s h a le s  and 
f la g g y  sa n d s to n e s , and o c c a s io n a l ly  even  a stratum  
o f  l im e s to n e  may be foun d  a t  t h i s  h o r iz o n ."

S teven son  (1 9 0 7 , p p . 9 7 -8 )  i n  h i s  more r e c e n t  d i s c u s s io n

o f  th e  Waynesburg sa n d s to n e , may b e qu oted  a s  f o l lo w s :

"In M aryland, W estm oreland, F a y e t t e ,  e a s te r n  Wash­
in g to n  and Greene / c o u n t i e s /  o f  P e n n sy lv a n ia , a s  
w e l l  a s  southw ard to  H a rr iso n  County o f  W est
V ir g in ia ,  i t  i s  a sa n d s to n e , u s u a l ly  m a ss iv e  and
o f t e n  to  some e x te n t  c o n g lo m era te . In  th e  i n t e r i o r  
o f  W ashington County / P e n n s y l v a n i a ,  a s  w e l l  a s  in
A lleg h en y  County, i t  i s  a p t to  b e  s h a ly ,  b u t in  th e
w estern  p a r t  o f  th e  form er co u n ty  i t  i s  u s u a l ly
m a ss iv e  A long th e  w e ste rn  o u tcrop  i t  i s
i n s i g n i f i c a n t  in  Muskingum, b u t  fa r t h e r  n o r th ,  
in  w estern  B elm ont, in  H a rr iso n , and sou th ern  
J e f fe r s o n  / c o u n t i e s  i n  O h io /, i t  i s  a  w e l l  marked 
sa n d sto n e . The sa n d sto n e  o f  t h i s  in t e r v a l  i s  
i n s i g n i f i c a n t ‘ and a t  t im e s  r e p la c e d  by sand o r  
even  c la y e y  sh a le  w ith in  a la r g e  i n t e r i o r  a rea  
em bracing O hio, w e ste rn  M arsh a ll and W e tz e l, T y le r ,  
P le a s a n t s ,  and Wood County o f  W est V ir g in ia  a s  w e l l  
a s  e a s te r n  B elm ont, Monroe and m ost o f  W ashington  
County o f  O hio."

T h erefo re , th e s e  a u th o r s  a<3mit t h a t  w ith in  a la r g e  a r ea  

w hich  in c lu d e s  p a r t  o f  so u th w estern  P e n n sy lv a n ia , th e
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n o r th w e ste r n  c o u n t ie s  o f  West V ir g in ia ,  and th e  a d ja c e n t  

c o u n t ie s  o f  O hio, th e  Waynesburg sa n d sto n e  I s  n o t  w e l l  

r e p r e s e n te d , and i t  i s  n o t  a  p e r s i s t e n t  sa n d . H owever, th e  

a u th o r s  B t i l l  ch oose  t o  c o r r e la t e  t h e s e  l i m i t e d ,  w id e ly -  

se p a r a te d  sa n d sto n e  d e p o s i t s ,  b e c a u se  a  sa n d sto n e  r e g a r d le s s  

o f  i t s  n a tu r e  and l i t h o l o g y  o c c a s io n a l ly  o c c u r s  a t  a p p ro x i­

m a te ly  th e  same h o r iz o n ,

S t a u f f e r  and S ch ro y er  (1920 ) p o in t  o u t  t h a t  th e  Waynes­

burg sa n d sto n e  ap p ears ab ou t th e  m argin  o f  th e  Dunkard- 

c o v er ed  r e g io n  in  Ohio to  th e  so u th ern  l i m i t  o f  th e  r e g io n .

They say  ( p ,  1 8 ):

"As a  c o n tin u o u s  sa n d sto n e , h o w ev er , i t  seem s t o  make 
i t s  f i r s t  app earance in  W ashington County /0 h ip 7  in  
th e  Muskingum V a l le y ,  and from  th e r e  i t  i s  more o r  
l e s s  c o n tin u o u s  in t o  A thens and M eigs C o u n t ie s , in  
th e  l a t t e r  o f  w h ich  i t  r i s e s  t o  cap th e  h i l l s  n o r th  
o f  Pomeroy and th e n  d is a p p e a r s ,"

The a u th o r  was u n a b le  to  f in d  a sa n d sto n e  even  r e m o te ly  

r esem b lin g  th e  H ock in gp ort around th e  w e ste r n  m argin o f  th e  

D unkard-covered  r e g io n  in  O hio. The " co n tin u o u s  san d ston e"  

to  w hich S ta u f f e r  and S ch royer  r e f e r ,  i s  i n  p a r t  th e  d e p o s i t  

w hich 1 b term ed H ock in gp ort sa n d sto n e  i n  t h i s  p a p e r . T h is  

sa n d sto n e  doeB n o t ,  h ow ever, make i t s  f i r s t  ap p earan ce in  

th e  Muskingum V a l le y ,  W ashington C ounty, O hio, b u t  ab ou t 15  m i le s  

to  th e  so u th w est in  S e c . 2 7 , B e lp r e  T ow nship.

S t a u f f e r  and S ch royer  (1 9 2 0 ) r e p o r t  th e  o c cu rr en ce  o f  th e  

Waynesburg sa n d sto n e  in  o n ly  10  w id e ly  se p a r a te d  s e c t io n s  o u t  

o f  76 p r in te d  s e c t io n s  m easured i n  J e f f e r s o n ,  B elm on t, M onroe, 

N ob le  and e a s te r n  W ashington C o u n t ie s , O hio . I f  th e  W aynesburg
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sa n d s to n e  i s  a  b la n k e t  d e p o s i t ,  i t  w ould  presum ably  be  

r e c o g n iz e d  i n  n e a r ly  a l l  o f  th e  s e c t i o n s .  The Waynesburg 

sa n d sto n e  i s  l i s t e d  a s  o c c u r r in g  in  two s e c t io n s  i n  Belm ont 

C ounty, s i x  i n  Monroe, one in  N ob le  and one in  W ashington  

C ounty.

W illia m  H. Sm ith (1 9 4 8 ) shows a p p ro x im a te ly  20  f e e t  o f  

th e  W aynesburg sa n d sto n e  in  s i x  m easured s e c t io n s  in  

Newport Tow nship , n o r th e a s te r n  W ashington C ounty, O hio.

A f i e l d  Btudy o f  th e  ab ove d e p o s i t s  r e v e a l  th a t  th e y  o ccu r  

i n  g e n e r a l  a s  b ed s o f  f i n e  to  v e r y - f i n e ,  m ica c eo u s , gra y  

s a n d s to n e , in  u n i t s  from  1 to  5 f e e t  t h ic k  and a l t e r n a t e  

w ith  b ed s o f  f i s s i l e ,  g r e e n is h -g r a y  s i l t s t o n e .

C ross (1 9 5 0 , p p . ^ 9 , 51» 6 8 , 7 1 ) o c c a s io n a l ly  r e p o r ts  

a s a n d s to n e , w hich h e  term s W aynesburg, in  s e c t io n s  m easured  

in  B elm ont and Monroe C o u n tie s  o f  O hio and M arsh a ll C ounty, 

W est V ir g in ia .  In  th e  s e c t io n s  by C r o ss , th e s e  d e p o s i t s  

a r e  d e s c r ib e d  a s  s h a ly ,  ir r e g u la r ly -b e d d e d  sa n d s to n e , a s  

m a ss iv e  sa n d s to n e , o r  a s  a  sh a ly  p h a se  o f  th e  Waynesburg 

sa n d sto n e  made up o f  3 3 /4  f e e t  o f  s i l t s t o n e .  The th ic k n e s s  

o f  t h e s e  d e p o s i t s  ra n g e s  from  2 1 /2  t o  10  2 /3  f e e t .  These  

l o c a l  o c c u r r e n c e s  o f  sandy m a te r ia l  a r e  c e r t a i n ly  n o t  

i n d i c a t i v e  o f  a w id esp read  b la n k e t  d e p o s i t  su ch  a s  th e  

W aynesburg sa n d sto n e  h a s  b een  r e p o r te d  to  b e .
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D iv e rse  E nvironm ents o f  D e p o s it io n

Comparison o f  S tr a ta  in  th e  N orthern  and Southern  P a r ts  
o f  th e  Dunkard B asin

S te v en so n  (1907* p .  9 8 ) r e p o r t s  th a t  l im e s to n e  i s  p e r ­

s i s t e n t  in  th e  C a s s v i l l e  s h a le  in  w estern  W ashington C ounty, 

P e n n sy lv a n ia , b u t th a t  th e  l im e s to n e  does n o t  occu r  in  th e  

C a s s v i l l e  s h a le  in  e a s te r n  W ashington and G reene, n o r  in  

W estm oreland and F a y e tte  C o u n tie s . I t  i s  th ou gh t th a t  t h i s  

i s  th e  l im e s to n e  ■which i s  w e ll-d e v e lo p e d  above th e  Waynesburg 

c o a l  in  th e  panhandle c o u n t ie s  o f  West V ir g in ia  and th e  

a d ja c e n t a r e a  o f  so u th e a s te r n  O hio. The l im e s to n e  o f  t h i s  

r e g io n  was named th e  Elm Grove b y  G .P. G rim sley  (1 9 0 6 , p .  6 8 ) ,  

and he r e p o r t s  th a t  i t  r a n g es  from  2 1 /2  to  10  f e e t  in  t h ic k ­

n e s s .  G rim sley  (1 9 0 6 , p .  6 9 ) p o in t s  ou t th a t  th e  Elm Grove 

l im e s to n e  i s  found w ith  th e  Waynesburg c o a l  in  th e  n o r th ­

w estern  p a r t  o f  M arsh all C ounty, and through  m ost o f  Ohio 

and Brooke C o u n ties  in  W est V ir g in ia .  In  some p la c e s  i t  

r e s t s  d i r e c t l y  upon th e  Waynesburg c o a l ,  b u t more fr e q u e n t ly  

i t  i s  se p a r a te d  from t h i s  c o a l  by  s e v e r a l  f e e t  o f  s h a le s .  

G rim sley  s t a t e s  th a t  th e  s h a le s  a re  5 to  8 f e e t  t h ic k .

A ccord in g  to  S t a u f f e r  and S ch royer  (1 9 2 0 , p . 17) th e  

Elm Grove l im e s to n e  o c c u r s  in  th e  Ohio a r e a , b o r d e r in g  th e  

panhandle c o u n t ie s  o f  West V ir g in ia  e s p e c i a l ly  in  Belm ont 

C ounty. H ere i t  ran ges from 1 1 /2  to  5 f e e t  i n  th ic k n e s s
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and c o n ta in s  f i s h  s c a l e s ,  c o p r o l l t e s ,  and t e e t h  a s  w e l l  a s  

worm tu b e s ,  p e le c y p o d s  and o s t r a c o d s .  The C a s s v i l l e  sh a le  

I s  r e p o r te d  by S t a u f f e r  and S ch royer  (1 9 2 0 ) a s  o c c u r r in g  f r e ­

q u e n t ly  in  th e  Ohio r e g io n , and h e r e ,  a s  w e l l  a s  In  th e  ty p e  

a r e a , I t  c o n ta in s  an abundance o f  f o s s i l  p la n t  r e m a in s .

In  e a s te r n  O hio, and a d ja c e n t  a r e a s  o f  V e s t  V ir g in ia ,  

th e  seq u en ce  o f  th e  h o r iz o n s  in  th e  lo w e r  W ashington forma­

t i o n  I s  r e p o r te d  to  b e  C a s s v i l l e  s h a le ,  Elm Grove l im e s to n e ,  

and Waynesburg sa n d sto n e . I t  h a s  b een  p o in te d  o u t  t h a t  th e  

W aynesburg san d ston e  i s  l i s t e d  in  o n ly  10 o f  th e  7 6 s e c t io n s  

m easured b y  S ta u f f e r  and S ch royer  i n  t h i s  a r ea  o f  O hio. The 

sa n d sto n e  d e p o s i t s  r e p o r te d  do n o t  resem b le  th e  W aynesburg 

sa n d sto n e  o r  Idle H ock in gport s a n d s to n e .

The a u th o r  b e l i e v e s  th a t  th e  environ m en t o f  d e p o s i t io n  

o f  th e  s t r a t a  o f  th e  lo w e r  p a r t  o f  th e  W ashington fo rm a tio n  

o f  th e  n o r th e a s te r n  p a r t  o f  th e  o u tc ro p  o f  th e  Dunkard 

s e r i e s  d i f f e r s  c o n s id e r a b ly  from th e  en v iro n m en ta l c o n d it io n s  

t h a t  e x i s t e d  in  th e  so u th w estern  p a r t  o f  th e  r e g io n  in  e a r ly  

Dunkard t im e . T h is i s  made ap p aren t b y  th e  n a tu r e  o f  th e  

s t r a t a  o c c u r r in g  a t  th e  Waynesburg sandBtone h o r iz o n  in  

B elm ont and Monroe C o u n tie s  o f  Ohio and a d ja c e n t  a r e a s  o f  

P e n n sy lv a n ia  and West V ir g in ia .  In  t h i s  r e g io n  th e  Elm 

Grove l im e s to n e  f r e q u e n t ly  o c cu rs  a t  th e  h o r iz o n  w hich  i s  

o c c u p ie d  b y  th e  Waynesburg sa n d sto n e  i n  th e  ty p e  a r e a  o f  t h i s  

s tr a tu m . T h is r e s u l t s  i n  e le v a t in g  th e  W aynesburg sand­

s t o n e ,  s t r a t ig r a p h i c a l ly ,  in  a  c o m p a r a tiv e ly  la r g e  a r e a .
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The d e p o s i t io n  o f  a  l im e s to n e  a s  t h ic k  and a s  e x te n ­

s i v e  a s  th e  Elm Grove i s  r e p o r te d  to  b e ,  w ould r e q u ir e  a  

body o f  s ta n d in g  w ater* The s t r a t a  o c c u r r in g  a t  th e  h o r iz o n  

o f  th e  Elm Grove w here i t  i s  n o n - e x i s t e n t ,  a r e  f r e q u e n t ly  

g r a y , lim y  s h a le s ,  o r  m a r ls  w hich c o u ld  a l s o  b e  d e p o s ite d  

u n d er  s im i la r  c o n d i t io n s .  L ik e w ise , th e  s t r a t a  occu p y in g  

th e  p o s i t i o n  o f  th e  W aynesburg sa n d sto n e  where i t  d oes  

n o t  o c c u r  above th e  Elm Grove l im e s t o n e ,  a r e  o f  su ch  a 

n a tu r e  t h a t  th e y  a l s o  c o u ld  have b een  form ed i n  a sh a llo w  

body o f  w a te r . These s t r a t a ,  a s  r e p o r te d  by S t a u f f e r  and  

S c h r o y e r  (1 9 2 0 , p p . 3 7 -1 1 3 )*  a re  m ost f r e q u e n t ly  aren a­

c e o u s , g ra y  s h a le s  o r  a l t e r n a t io n s  o f  a r e n a c e o u s , gray  

s h a le  w ith  la m in a te d  f in e - g r a in e d ,  g r a y , m icaceou s sand­

s t o n e s .

T h e r e fo r e , th e  n a tu r e  o f  th e  r o c k s  d e p o s ite d  in  th e  

n o r th e a s te r n  p a r t  o f  th e  Dunkard B a s in  d u rin g  l a t e  C arboni­

f e r o u s  tim e  i s  s u b s t a n t i a l l y  d i f f e r e n t  th an  t h a t  o f  th e  

m a ss iv e  c o n g lo m e r a tic  H ock in gp ort sa n d sto n e  and th e  a s s o c i ­

a t e d  f lo o d - p la in  d e p o s i t s  o f  th e  so u th w este rn  p a r t  o f  th e  

r e g io n .  B u t a c c o r d in g  t o  th e  l i t e r a t u r e  th e y  a r e  n o t  

o n ly  contem p oran eou s, b u t , a t  l e a s t  in  p a r t ,  c o r r e l a t iv e .
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Comparison o f  F o s s i l  Fauna

The f o s s i l  fauna p r o v id e s  a d d it io n a l  e v id e n c e  o f  d i f f e r ­

e n t  en v iron m en ta l c o n d it io n s  e x i s t i n g  in  th e  n o r th e r n  p a r t  

o f  th e  Dunkard B a sin  a s  compared to  th e  so u th ern  p a r t  in  

Dunkard tim e* R e la t iv e ly  few  f o s s i l s  h ave  been  d is c o v e r e d  

i n  th e  ro ck s o f  th e  Dunkard s e r i e s .  In  th e  n o r th e rn  p o r t io n  

o f  th e  r e g io n , in v e r te b r a te  f o s s i l s  and rem ains o f  a q u a t ic  

ty p e s  o f  v e r te b r a te  a n im a ls  have been  found; w hereas in  th e  

southern, p o r t io n , th e  f o s s i l  e v id e n c e  i s  m o stly  c o n fin e d  to  

am phibious r e p t i l e s  and a q u a t ic  am ph ib ians.

Many o f  th e  in v e r te b r a te  f o s s i l s  d is c o v e r e d  i n  th e  Ohio 

p o r t io n  o f  th e  area  w ere new s p e c ie s  and a r e  b r i e f l y  d e s ­

c r ib e d  and f ig u r e d  b y  S t a u f f e r  and S ch royer  (1 9 2 0 ):

L ln g u la  perm iana S t a u f f e r  and S ch ro y er  h a s  b een  found  

i n  th e  b la c k  s h a le s  a s s o c ia t e d  w ith  th e  W ashington c o a l n e a r  

C rabapple, Belm ont County, Ohio ( F ig .  1 ,  L o c a l i t y  I ) .  Two 

p e le c y p o d s , P len rop h oru s (? )  o h lo e n s la  S ta u f f e r  and S ch ro y er  

and G lo s s l t e s  (? )  b e lm o n te n s ls  S t a u f f e r  and S ch royer  were 

c o l l e c t e d  in  th e  Elm Grove l im e s to n e  w est o f  M artin s F e r r y , 

Belm ont County ( L o c a l i t y  I I ) .  Numerous sm a ll o s tr a c o d s  prob­

a b ly  b e lo n g in g  t o  th e  gen u s C vthere (? )  sp . a l s o  o ccu r  i n  th e  

Elm Grove and o th e r  l im e s t o n e s  a lo n g  w ith  s l i g h t l y  la r g e r  

form s which no doubt r e p r e s e n t  s e v e r a l  d i f f e r e n t  g e n e r a .

O ther p e le c y p o d s , Edmonia (? )  w a sh ln g to n e n s is  S t a u f f e r  

and S ch royer  and ( ? )  m inuta S t a u f f e r  and S ch royer
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w ere found r e s p e c t iv e ly  in  th e  C a s s v i l l e  s h a le  and th e  Lower 

W ashington l im e s to n e  a t  S h a d y sid e , Ohio ( L o c a l i t y  I I I ) #  The 

f o l lo w in g  g a s tr o p o d s , Anthraconupa (? )  dunkardana S t a u f f e r  

and S c h r o y e r , Loxonema (? )  parva S t a u f f e r  and S c h r o y e r , and 

N a t lc o p s ls  (? )  d im in u ta  S ta u f fe r  and S ch ro y er  o c c u r  in  th e  

s h a le s  a t  th e  "base o f  th e  Lower W ashington l im e s t o n e ,  o n e -h a lf  

m ile  so u th  o f  P le a s a n t  Grove, Belm ont C ounty, Ohio ( L o c a l i t y  IV)#  

S t a u f f e r  and S ch royer  (1 9 2 0 , p . 145) p o in t  o u t  t h a t  th e  

p e le c y p o d s  and g a stro p o d s a re  "probably a l l  b r a c k is h  o r  even  

f r e s h  w ater  form s".

A new g en u s , W h ip p le lla . and s e v e r a l  s p e c ie s  o f  o s tr a c o d s  

a r e  d e s c r ib e d  and f ig u r e d  by H o lla n d  (1 9 3 4 , pp# 3 4 3 -5 0 ) from  

th e  N in eveh  l im e s to n e  o f  th e  G reene fo rm a tio n  ( L o c a l i t i e s  V 

and V I ) .  A ccord in g  to  H ollan d  th e  fau n a  o f  th e  N in eveh  l im e ­

s to n e  i s  composed e n t i r e ly  o f  f r e s h  w a ter  form s#

C ross (1 9 5 0 , p p . 55» 59* 6 1 , 82 ) r e p o r t s  o s tr a c o d s  a t  

a number o f  th e  Dunkard h o r iz o n s  ( i n  one I n s ta n c e  an o s tr a c o d  

c o q u in a , L o c a l i t y  V I I ) ,  in  Belm ont County, O h io , and in  

W ashington C ounty, P en n sy lv a n ia  ( L o c a l i t y  V I I I ) .  P e lec y p o d s  

h a v e  a l s o  b een  foun d  a t  L o c a l i t y  V I I I .

V e r te b r a te  f o s s i l s  o f  th e  Dunkard r e g io n  h ave b een  d e s­

c r ib e d  and f ig u r e d  by  S ta u f fe r  and S ch royer  ( 1 9 2 0 ) ,  T i lto n  

(1 9 2 6 , 1 9 3 0 , 1931)»  W hipple and Case ( 1 9 3 0 ) ,  B a ir d  ( 1 9 5 2 ) ,

Moran and Romer (19 5 2 ) and many o t h e r s .  The m ost com p lete  

l i s t i n g  and d is c u s s io n  o f  v e r te b r a te  f o s s i l s  and c o l l e c t i n g  

l o c a l i t i e s  i s  to  b e  found in  Moran and Romer* s  (1952),
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mongraph e n t i t l e d  " F o s s i l  V e r te b r a te s  o f  th e  T r i- S t a t e  A rea" .

T hese a u th o r s  in c lu d e  In  t h e i r  p u b l ic a t io n  a  d i s c u s s io n  o f

th e  s i g n i f i c a n t  v e r t e b r a t e  f o s s i l  d i s c o v e r i e s  up t o  1 9 3 7 *

B a ir d  (1 9 5 4 ) h a s  r e v ie w e d  th e  s i g n i f i c a n c e  o f  th e  v e r t e b r a te

f o s s i l  f o o t p r in t s  o f  th e  r o c k s  o f  th e  M onongahela and Dunkard

s e r i e s .  These f o s s i l s  a r e  c o n s id e r e d  in  more d e t a i l  in

a n o th e r  p a r t  o f  t h i s  p a p e r .

Romer ( 1 9 5 2 , p .  1 0 2 ) in  h i s  d i s c u s s io n  o f  th e  v e r t e b r a t e s

o f  th e  Dunkard r e g io n  c o n c lu d e s  t h a t  th e y  were p red o m in a n tly

a q u a t ic  o r  am phib ious in  n a t u r e .  In  d i s c u s s in g  th e  fa u n a l

l i s t ,  he s a y s  (p .  1 0 3 ) :

" . . . . . a n  abundance o f  f i s h e s ,  r e a so n a b ly  c o n s id e r e d  a s  
in h a b it a n t s  o f  th e  strea m s and la g o o n s  o f  su ch  an a r e a ,  
in c lu d in g  p red a ceo u s p le u r a c a n th  sh a r k s , l u n g f i s h e s ,  
p a la e o n is c o ld s  and -  r a r e r  in  num bers -  c r o s s o p te r y g ia n s  
and a c a n th o d ia n s ; p u r e ly  a q u a t ic  p o o l - d w e l l in g  am phibians  
su ch  a s  th e  'h o r n e d ’ D ip lo c e r a p is  and th e  ly s o r o p h ld s ;  
a more l im i t e d  number o f  rh a ch ito m es o f  am phibious  
h a b i t s ,  in c lu d in g  E rvops and one o r  more o b scu re  sm a lle r  
t y p e s ;  o f  r e p t i l e s ,  an abundance o f  ed ap h osau rs w hich  
p resum ab ly  f e d  on lu s h  swamp v e g e t a t io n ,  b u t few  rem ains  
o f  o th e r  s o r t s ."

Romer ( p .  102) p o in t s  o u t  th a t  r e p t i l e s  a re  e x tr e m e ly  

r a r e  in  th e  Dunkard w ith  o n ly  one ty p e  b e in g  w e l l  r e p r e s e n te d .  

T h is  r e p t i l e  1 b E d ap h osau ru s. a  t e r r e s t r i a l  ty p e  w h ich  f e d  

on swamp p l a n t s .

Of th e  am phibians t h a t  h ave b een  d is c o v e r e d  Romer ( p .  102 ) 

i n d ic a t e s  t h a t  60 p e r c e n t  a r e  o f  p u r e ly  a q u a t ic  ty p e s  su ch  

a s  D lp lo c e r a s p ls  and th e  ly s o r o p h ld  g ro u p . E ry o p s. how ever, 

a c c o r d in g  t o  Romer, was a p a r t i a l l y  t e r r e s t r i a l  am phibian  

t y p e .
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On th e  map accom panying t h e i r  r e p o r t ,  Moran and Romer 

( 1 9 5 2 ) l i s t  a t o t a l  o f  38 l o c a l i t i e s  w ith in  th e  r e g io n  o f  th e  

Dunkard ou tcrop  and in  r o c k s  o f  th e  M onongahela and Dunkard 

s e r i e s  a t  w hich v e r te b r a te  rem ains have b een  fou n d . V e r te b r a te  

f o s s i l s  have b een  foun d  i n  th e  M onongahela s e r i e s  a t  o n ly  one  

l o c a l i t y .  The f o s s i l  l o c a l i t i e s  a re  shown by X 's  on F ig u re  1 .  

W ith regard  to  d i s t r ib u t io n  o f  th e s e  l o c a l i t i e s ,  29 o f  them  

a r e  n o r th  o f  an e a s t - w e s t  l i n e  w hich  e x te n d s  a lo n g  th e  n o r th e rn  

boundary o f  W ashington C ounty, O hio, and which d iv id e s  th e  

Dunkard a rea  in  two n e a r ly  eq u a l p a r t s .  Of th e  9 f o s s i l  

d is c o v e r ie s  in  th e  so u th ern  p a r t o f  th e  r e g io n , r e p t i l e s  

and p o n d -d w e llin g  am phibians predom inate p r a c t i c a l l y  to  th e  

e x c lu s io n  o f  o th e r  anim al l i f e  w ith  th e  sw am p-dw elling r e p t i l e  

Edaphosaurus o c c u r r in g  a t  4  l o c a l i t i e s .  I t  i s  i n t e r e s t i n g  

t o  n o te  t h a t  m ost v e r te b r a te  f o s s i l  l o c a l i t i e s  o f  th e  n o r th e rn  

p a r t  o f  th e  B a sin  a r e  c o n c e n tr a te d  in  sou th ern  M arsh a ll and  

n o r th e r n  W etzel C o u n ties  o f  West V ir g in ia  w ith  th e  boundary  

l i n e  o f  th e s e  c o u n t ie s  p a s s in g  n e a r  th e  c e n te r  o f  th e  a r ea  o f  

c o n c e n tr a t io n . T h is l i n e ,  ex ten d ed  eastw ard  form s th e  so u th ern  

boundary o f  P e n n sy lv a n ia .

I t  i s  n o te d  th a t  n e a r ly  a l l  o f  th e  v e r te b r a te  f o s s i l s  

c o l l e c t e d  in  th e  n o r th ern  p a r t  o f  th e  r e g io n  were found in  

l im e s to n e s  or  in  s h a le s  a s s o c ia t e d  w ith  l im e s to n e  d e p o s i t s .  

W hile in  th e  sou th ern  p a r t ,  v e r te b r a te  f o s s i l s  have been  

foun d  in  l im e s to n e s  in  o n ly  3 o f  th e  9 l o c a l i t i e s  c i t e d .

There may be s e v e r a l  e x p la n a t io n s  to  t h i s  g eo g ra p h ic
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l o c a l i z a t i o n  o f  f o s s i l  d i s c o v e r ie s  and abundant o c cu rr en ce  

o f  f o s s i l s  in  l im e s to n e s  and a s s o c ia t e d  s h a le s .  I t  may be  

t h a t  th e  v e r te b r a te  fauna was n o t  abundant in  th e  so u th ern  

p a r t  o f  th e  r e g io n  b eca u se  o f  en v iron m en ta l c o n d it io n s  

u n s u ite d  to  th e  mode o f  l i f e  o f  m ost in h a b it a n t s .  P o s s ib ly  

th e  sea rch  f o r  f o s s i l s  h a s  n o t  been  c a r r ie d  o u t to  th e  same 

e x te n t  in  th e  sou th ern  p a r t  o f  th e  B a s in  a s  compared to  th e  

n o r th e rn  p a r t .  The m ost l o g i c a l  e x p la n a t io n  seem s t o  be  

t h a t  en v iron m en ta l c o n d it io n s  were d i s t i n c t l y  d i f f e r e n t  in  

th e  two p a r t s  o f  th e  r e g io n . In  th e  n o r th , d u r in g  much o f  

Dunkard t im e , a q u a tic  v e r t e b r a te s  and in v e r t e b r a t e s  l i v e d  

f o r  th e  m ost p a r t  in  s h a llo w , f r e s h  w ater  la k e s  and in  

str ea m s.

C a lca reo u s sed im en ts were form ed in  th e s e  la k e s  and  

anim al rem ains were entombed in  th e  d e p o s i t s .  In  th e  

so u th ern  p a r t  o f  th e  r e g io n  th e r e  a r e  few  l im e s t o n e s ,  and 

f o s s i l s  o f  any k in d  a re  r a r e .  I n v e r te b r a te  f o s s i l s ,  o th e r  

th an  o s tr a c o d s  have n o t  b een  r e p o r te d  from th e  so u th ern  p a r t  

o f  th e  B a s in . V e r te b r a te  f o s s i l s  found h e r e  a re  e i t h e r  

am phibious r e p t i l e s  o r  am phibians w hich l i v e d  in  sh a llo w  

ponds o r  i n  swampy t r a c t s  a lo n g  th e  s trea m s. V e r te b r a te  

f o s s i l s  a r e  much r a r e r  in  th e  sou th ern  p a r t  o f  th e  Dunkard 

t e r r a in  than  in  th e  n o r th ern  p a r t .  T h is may r e f l e c t  a 

sm a lle r  p r o p o r tio n  o f  t e r r e s t r i a l  c r e a tu r e s  and a l e s s  

s a t i s f a c t o r y  environm ent f o r  f o s s i l i z a t i o n .

I t  seem s, th e r e fo r e ,  from th e  r e p o r te d  f o s s i l  e v id e n c e ,
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that- p r a c t i c a l l y  a l l  o f  th e  m a r in e , b r a c k is h  o r  f r e s h  w a te r  

in v e r t e b r a t e  form s o f  l i f e  o f  t h i s  t im e  e x i s t e d  o n ly  in  t h a t  

p a r t  o f  th e  Dunkard B a s in  w h ich  l i e s  t o  th e  n o r th  and n o r th ­

e a s t  o f  W ashington C ounty, O h io . The r e p t i l e s  and am ph ib ians  

w h ich  e x i s t e d  in  th e  so u th e r n  p a r t  o f  th e  B a s in  w ere a d a p ted  

to  a  f l o o d p la in ,  swamp, and pond en v iron m en t; w hereas th e  

in v e r t e b r a t e s ,  and p r e d o m in a n tly  a q u a t ic  v e r t e b r a t e s  o f  th e  

n o r th e r n  p o r t io n ,  l i v e d  i n  en v iro n m en ts w h ich  v a r ie d  from  

a s h a llo w  in la n d  sea  t o  f r e s h  w a ter  l a k e s ,  s tr e a m s, swamps 

and p o n d s. Romer (1 9 5 2 ) s a y s :

“The g e n e r a l im p r e s s io n  o f  th e  Dunkard a r e a  g a in e d  
from  n o n v e r te b r a te  e v id e n c e  i s  th u s  t h a t  o f  a f l a t ,  
w e ll-w a te r e d  c o a s t a l  r e g io n  w ith  abundant swamps and  
la g o o n s ;  a  r e g io n  e c o l o g i c a l l y  i d e a l  f o r  an abundant 
fau n a  o f  fr e sh w a te r  f i s h e s  and a q u a t ic  o r  swamp- 
d w e l l in g  t e tr a p o d s ,  b u t  w ith  r e l a t i v e l y  few  dry la n d  
a r e a s  i n  w hich th e  more p u r e ly  t e r r e s t r i a l  ty p e s  o f  
am ph ib ians and r e p t i l e s  c o u ld  f l o u r i s h  in  any num bers."

The w r i t e r  b e l i e v e s  t h a t  on th e  b a s i s  o f  b o th  th e

l i t h o l o g i c  and fa u n a l e v id e n o e , t h i s  d e s c r ip t io n  seem s much

more a p p l ic a b le  to  th e  n o r th e r n  p a r t  o f  th e  Dunkard B a s in

th an  t o  th e  so u th ern  p a r t .  D ie  so u th e rn  p a r t  o f  th e  r e g io n

p r o b a b ly  c o n ta in e d  more d ry  la n d  th ro u g h o u t M onongahela and

Dunkard tim e  th an  th e  n o r th e r n  p a r t .
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Comparison o f  T exture and S tr u c tu r e  o f  th e  
W aynesburg S an dstone and th e  H ock in gport San d ston e

The Waynesburg sa n d sto n e  and th e  H ock in gport sa n d sto n e  

a r e  s t r i k i n g l y  d i s s i m i l a r  d e p o s its *

The Waynesburg sa n d sto n e  i s  f a i r l y  un iform  i n  t e x t u r e ,  

g e n e r a l ly  made up o f  c o a r se  sand, b u t c o n ta in s  g r a n u le s  

and p e b b le s  up t o  th e  s i z e  o f  a  p e a . The H ock in gport  

sa n d s to n e , a lth o u g h  composed f o r  th e  m ost p a r t  o f  v e r y  

c o a r se  san d , c o n ta in s  a la r g e  in te r m ix tu r e  o f  g r a n u le s ,  

and p e b b le s  up to  an in c h  o r  more in  d ia m e ter . Some p a r ts  

o f  t h i s  c l a s t i c  d e p o s i t  a r e  tr u e  co n g lo m era te , and t h i s  

c o n d it io n  i s  n o t  l o c a l .  D e t r i t a l  m a t e r ia l ,  l a r g e r  than  

v e r y  c o a r se  sand, can be foun d  in  a l l  o f  th e  r e g io n  in  

w hich  th e  d e p o s i t  o c c u r s . T h er e fo r e , s o r t in g  i s  q u it e  

d i f f e r e n t  i n  th e  two sa n d sto n e  d e p o s i t s ,  a  c h a r a c t e r i s t i c  

w hich  r e f l e c t s  th e  en v iro n m en ta l c o n d it io n s  under w hich  

th e  r e s p e c t iv e  d e p o s i t s  w ere form ed.

The Waynesburg sa n d sto n e  a lth o u g h  o c c a s io n a l ly  some­

what m a ss iv e , i s  c h a r a c te r iz e d  by f la g g y  b e d d in g . The 

d is ta n c e  betw een  th e  b ed d in g  p la n e s  i s  g e n e r a l ly  from  2 to  

6 . in c h e s .  The H ock in gp ort san d ston e  on th e  c o n tr a r y , i s  

a lm o st  u n iv e r s a l ly  m a ss iv e , and i s  c h a r a c te r iz e d  by  sand­

s to n e  and con glom erate  c o u r se s  r a th e r  th an  sa n d sto n e  s t r a t a  

( F ig .  2 0 ) .
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F ig* 20 — H ock in gport sa n d sto n e , .7  mi* 
n o r th e a s t  o f  H ock in gp ort, A thens County, 
O hio. Compare w ith  F ig s .  14  th rough  1 8 .

A f la g g y ,  r e g u la r  ty p e  o f  b ed d in g  i s  i n d ic a t iv e  o f  th e  

a c t io n  o f  waves w ith  c l a s t i c  m a te r ia l  h a v in g  b een  spread  

more o r  l e s s  u n ifo rm ly  o v er  th e  sh a llo w  sea  b ottom . R iv er  

c u r r e n t s ,  on th e  c o n tr a r y  te n d  t o  p r e v e n t r e g u la r i t y  o f  b e d d in g ,  

and  by s c o u r - a n d - f i l l  a c t io n  g iv e  r i s e  to  a meshwork o f  d i s ­

c o n t in u o u s , h ig h ly -c r o s s -b e d d e d , sa n d sto n e  l e n s e s  w ith  g r a v e l  

c o n c e n tr a te d  a t  th e  b o ttom . These are  th e  ch an n el s t r u c tu r e s  

t h a t  t y p i c a l l y  occu r  in  th e  H ock in gport sa n d sto n e . I t  h a s  

b een  p o in te d  ou t t h a t  l e n t i c u l a r  th ic k e n in g s  o f  m arine sands  

n o r m a lly  sh ou ld  be convex upward and show f l a t  c r o s s -b e d d in g ,  

w h ereas chann el sa n d s , a lth o u g h  convex on th e  upper s u r fa c e ,  

a r e  more commonly convex  a t  th e  bottom  and show s te e p  c r o s s ­

b e d d in g . The c r o ss -b e d d in g  found in  th e  H ock ingport sa n d sto n e  

i s  commonly s t e e p , w hereas c r o s s -b e d d in g  in  th e  Waynesburg

sa n d sto n e  i s  n orm ally  f l a t  w ith in  th e  more m a ss iv e  u n i t s  o f  
t h e  d e p o s i t .
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In  e a r ly  P a le o z o ic  t im e  sed im en ts  w ere b e in g  r a p id ly  

rem oved from  "A p p alach ia” and d e p o s ite d  i n  th e  g e o s y n c l in e  

w h ich  e x i s t e d  to  th e  w e s t  o f  t h i s  h ig h la n d  a r e a .  C a s te r  

(1 9 5 2 , p .  504) h a s  shown t h a t  a s  s u c c e s s iv e  u p l i f t s  o c cu rr ed  

i n  "A ppalachia" d u rin g  th e  P a le o z o ic ,  t h e  a x i s  o f  th e  sub­

s id in g  d e p o s i t io n a l  tro u g h  was s h i f t e d  a f t e r  each  orogen y  

p r o g r e s s iv e ly  w estw ard . Orogeny a lo n g  t h i s  h ig h la n d  a r ea  

a t  th e  end o f  th e  O rd o v ic ia n  p e r io d  f o ld e d ,  f a u l t e d  and 

m etam orphosed th e  se d im e n ts  in  th e  e a s t e r n  p a r t  o f  th e  

tr o u g h . T hese sed im en ts  had accu m u la ted  d u r in g  th e  Cambrian 

and much o f  th e  O r d o v ic ia n . D uring th e  S i l u r i a n ,  D evonian  

and th e  M is s is s ip p ia n  p e r io d s ,  p a r t s  o f  t h e  u p l i f t e d  e a r ly  

P a le o z o ic  s t r a t a  were s u b je c te d  t o  e r o s io n .  T hese sed im en ts  

and m e ta -se d im e n ts , a lo n g  w ith  m a te r ia l  d e r iv e d  from  c r y s t a l ­

l i n e  r o c k s , were d i s t r ib u t e d  f a r t h e r  to  t h e  w e st  i n  th e  

s h a llo w  e p e ir i c  s e a s .  A t t im e s ,  d e l t a s  w ere b u i l t  in  th e  

e a stw a rd  p o r t io n s  o f  th e s e  s e a s ,  and s t i l l  f a r t h e r  t o  th e  

e a s t ,  n e a r e r  th e  so u rc e  la n d , f lo o d p la in  and a l l u v i a l  fa n  

c o n d it io n s  p r e v a i le d .  Numerous u n c o n fo r m it ie s  w ere form ed  

when th rou gh  u p l i f t  o r  ch an ges in  se a  l e v e l  th e  sh a llo w  

s e a s  w ere d r a in e d  from  th e  la n d , e r o s io n  e n su ed , th e n , th ro u g h  

su b s id e n c e  o r  sea  l e v e l  ch a n g e s , th e  s e a s  a g a in  c o v ered  th e  

la n d s .

84
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At th e  b e g in n in g  o f  th e  P en n sy lv a n ia n  p e r io d , th e  c e n tr a l  

i n t e r i o r  o f  th e  U n ite d  S t a t e s  was a v a s t  lo w la n d , s l i g h t l y  

above se a  l e v e l ,  and hemmed i n  on th e  e a s t  and so u th  by  

h ig h la n d  a r e a s .  E a r ly  in  th e  p e r io d  a seaway ex ten d ed  

a lo n g  th e  n o r th  s id e  o f  L la n o r ia  and in t o  th e  A p p alach ian  

g e o s y n c l in e  a s  fa r  n o r th  a s  New York. D e p o s it io n  began on 

th e  w estw ard s lo p e s  o f  "A ppalachia" and i n  th e  g e o s y n c l in a l  

a r e a s ,  b u t l a t e r ,  d e p o s i t io n  became more w id esp read  o v er  th e  

e a s t e r n  and c e n tr a l  p a r t s  o f  th e  c o u n tr y . U p l i f t  a p p a r e n tly  

i n  "A ppalachia" o ccu rred  in t e r m i t t e n t ly  th rou gh ou t th e  p e r io d  

w h ile  th e  i n t e r i o r  o f  th e  c o n t in e n t  was b e in g  s u b je c te d  to  

slo w  r e g io n a l  su b s id en ce  a t  a v a r ia b le  r a t e .  Large areaB o f  

la n d  w ere r e p e a te d ly  in u n d a ted  by th e  sh a llo w  e p e ir i c  s e a .

The i n f l u x  o f  sed im en ts  from th e  h ig h la n d  a r e a s  a t  o th e r  

t im e s  r e s u l t e d  in  th e  f i l l i n g  o f  th e  s e a s ,  f o r c in g  th e  s tr a n d  

t o  th e  so u th  and w e s t ,  and a r e tu r n  to  swamp and a l l u v i a l  

p l a i n  c o n d it io n s  o f  d e p o s i t io n .  The Lee ( " P o t t s v i l l e " )  s e r i e s  

o r  o l d e s t  P e n n sy lv a n ia n , a lth o u g h  f o r  th e  m ost p a r t  made up 

o f  c o n t in e n ta l  d e p o s i t s ,  c o n ta in s  numerous f o s s i l i f e r o u s  

m arine h o r iz o n s ,  e s p e c i a l l y  to  th e  w e st  i n  e a s te r n  O hio. As 

shown by D avid  W hite (1 9 0 4 , pp . 2 6 7 -8 2 ) th e  " P o t t s v i l l e "  

a t t a i n s  th e  g r e a t e s t  th ic k n e s s  in  Alabama, t h in s  g r a d u a lly  

and becomes f i n e r  in  t e x tu r e  to  th e  n o r th  and w e s t .  The 

so u th ern  " P o t t s v i l l e "  i s  c h a r a c te r iz e d  by  v a s t  t h ic k n e s s e s  

o f  sa n d sto n e  and con g lom era te  w ith  e x te n s iv e  c o a l  d e p o s i t s  

e x te n d in g  from Alabama to  so u th ern  West V ir g in ia .  The o v er ­
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l y in g  A lleg h en y  b ed s a r e  l ik e w is e  p a r t ly  m arine and p a r t ly  

o f  c o n t in e n ta l  o r ig i n .  S an d ston e  and s h a le  a r e  predom inant 

in  th e  seq u en ce; how ever, a  few  w id e ly - d is t r ib u t e d  m in eab le  

c o a l b ed 3 , and a few  t h in  b u t p e r s i s t e n t  m arine l im e s to n e s  

a l s o  o c c u r . The Conemaugh se q u en ce , in  th e  lo w e r  p o r t io n ,  

i s  c h a r a c te r iz e d  by s e v e r a l  t h in  b u t v e r y  w id e -sp r e a d  

m arine l im e s to n e s  and some c a lc a r e o u s  m arine s h a le s  th a t  

a l t e r n a t e  w ith  c o n t in e n ta l  d e p o s i t s .  The Ames l im e s to n e  

o f  th e  m id d le  Conemaugh seem s t o  be th e  y o u n g e s t , t r u ly  

m arine h o r iz o n  o f  th e  s e r i e s .  D e p o s it io n  fo l lo w in g  th e  Ames 

and th rou gh  th e  rem ainder o f  th e  s e r i e s  and in  o v e r ly in g  

M onongahela i s  a lm o st e n t i r e l y  c o n t in e n ta l  w ith  s h a le  in  

g r e a t e s t  abundance. T h is seq u en ce  a l s o  c o n ta in s  much f r e s h  

w a te r  l im e s to n e , a  few  l o c a l ,  and one e x te n s iv e  c o a l ,  th e  

P it t s b u r g h , and l o c a l ,  l e n t i c u l a r  sandy d e p o s i t s .

A ccord in g  to  S tev en so n  (1907* p .  15 7 ) M onongahela tim e  

b e g in  w ith  a  lo n g  p e r io d  o f  s lo w  su b s id e n c e , and th e  g r e a t e s t  

su b s id en ce  o ccu rred  in  n o r th -c e n tr a l  West V ir g in ia  a s  shown 

by th e  t h ic k n e s s  o f  th e  M onongahela and Dunkard s e r i e s .  The 

th ic k n e s s  o f  th e  sed im en tary  rockB d e c r e a s e s  i n  a l l  d ir e c ­

t i o n s  away from t h i s  a r e a . In  t h i s  b a s in  th e  Benwood, 

A rnoldsbu rg  and Uniontown l im e s to n e s  and th e  a s s o c ia t e d  c a l ­

c a re o u s  s h a le s  and t h in  c o a ls  w ere d e p o s i te d . I t  i s  ap p aren t  

t h a t  a sh a llo w , f r e s h  w ater  la k e  environm ent a l t e r n a t e d  w ith  

swamp and p o s s ib ly  a l l u v i a l  p la in  c o n d it io n s  w ith  th e  la k e  

environm ent b e in g  th e  m ost p e r s i s t e n t .  By l a t e  M onongahela
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t im e  th e  b a s in  was p r a c t i c a l l y  f i l l e d ,  and was c o n v e r te d  

s h o r t ly  t h e r e a f t e r  t o  an e x t e n s iv e  swamp in  w h ich  th e  p e a t  

was form ed t h a t  l a t e r  was changed t o  th e  W aynesburg c o a l .

D uring m ost o f  M onongahela t im e  in  th e  so u th w e ste r n  

t h r e e - f o u r t h s  o f  th e  Dunkard r e g io n ,  a  b r o a d , r e l a t i v e l y  

f l a t  p la in  m ust h ave e x i s t e d .  T h is  p l a i n  p r o b a b ly  c o n ta in e d  

num erous sh a llo w  la k e s  and swamps, and was c r o s s e d  by a few  

m eandering s tr ea m s. In  th e  s c a t t e r e d  swamps r e l a t i v e l y  t h in  

c o a l s  were form ed, and i n  th e  sh a llo w  la k e s  c a lc a r e o u s  

d e p o s i t s  accu m u la ted . The stream  ch a n n el d e p o s i t s  a r e  

p r o b a b ly  r e p r e s e n te d  by th e  Pomeroy sa n d s to n e  and num erous 

o th e r  l e n t i c u l a r ,  and more l o c a l ,  s a n d s to n e s . The r e d ,  

g r a y  and b u f f ,  s i l t y ,  p o o r ly -b e d d e d  s h a le s  a r e  th e  f l o o d -  

p l a i n  d e p o s i t s  o f  t h e s e  s tr e a m s . T hese ty p e s  o f  s t r a t a  make 

up th e  m ajor p a r t  o f  th e  sed im en ta ry  seq u en ce  o f  th e  Mononga­

h e l a  s e r i e s  in  t h i s  r e g io n .  N ear th e  end o f  M onongahela t im e  

t h i s  p la c id  scen e  may h ave been  b r i e f l y  ch an ged , when, th rou gh  

su b s id e n c e  o r  a r i s e  in  se a  l e v e l ,  a  r e l a t i v e l y  narrow  and  

sh a llo w  sea  ex ten d ed  in t o  th e  r e g io n , r e a c h in g  w e l l  in t o  

so u th w este rn  P e n n sy lv a n ia .

There i s ,  h ow ever, no p o s i t i v e  e v id e n c e  t h a t  t r u ly  

m arine c o n d it io n s  e v e r  e x i s t e d  in  th e  Dunkard B a s in . I f  a  

se a  ex ten d ed  in t o  t h i s  r e g io n , th e  e v id e n c e  o f  m arine de­

p o s i t s  may have b een  removed d u r in g  th e  r e g r e s s io n  o f  th e  

s e a .  I t  i s  a l s o  p o s s i b l e  t h a t  extrem e s h a l lo w n e s s , s ta g n a ­
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t io n  o f  th e  w a te r , t u r b i d i t y ,  o r  th e  in f lu x  o f  f r e s h  w ater  

in t o  th e  se a  p r e v e n te d  th e  e s ta b lis h m e n t  o f  a  t r u ly  m arine  

fa u n a .

I f  a sea  e x i s t e d  in  th e  r e g io n , i t  m ust have r e c e d e d  

w ith in  a r e l a t i v e l y  s h o r t  p e r io d  o f  tim e c o n v e r t in g  m ost o f  

t h i s  a r ea  a g a in  in t o  a b road , swampy p l a in ,  b u t l e a v in g  in  

th e  n o r th e r n  p a r t  o f  th e  Dunkard r e g io n , a sh a llo w , i s o l a t e d ,  

body o f  w a ter  th a t  was g r a d u a lly  changed in to  a b r a c k is h -  

w a ter  m arsh.

W hether a c u t -o f f -a r m  o f  th e  s e a ,  o r  a f r e s h  w a ter  la k e ,  

a sh a llo w  body o f  w a te r  was more o r  l e s s  p e r s i s t e n t l y  in  

e x is t e n c e  in  th e  n o r th e r n  p a r t  o f  th e  Dunkard B a sin  from  

m id d le  M onongahela tim e  through  th e  tim e o f  d e p o s i t io n  o f  

th e  W ashington fo rm a tio n  and m ost o f  th e  G reene fo r m a tio n . 

T h is i s  e v id e n c e d  by th e  numerous l im e s to n e  and c a lc a r e o u s  

s h a le  d e p o s i t s  w hich c o n ta in  e i t h e r  a m arin e, b r a c k is h  or  

f r e s h  w a ter  fa u n a .

Around th e  n o r th e a s te r n  b o rd er  o f  th e  b a s in  th e  p la n t -  

b e a r in g  C a s s v i l l e  s h a le  was d e p o s i te d .  Over th e  C a s s v i l l e ,  

b u t c o v e r in g  a s m a lle r  a r e a , th e  r e l a t i v e l y  c o a r se  e l a s t i c s  

o f  th e  Waynesburg sa n d sto n e  were d i s t r ib u t e d .  In  th e  o f f ­

sh ore  a r e a s  o f  th e  b a s in ,  th e  Elm Grove l im e s to n e ,  m a rls  

and c a lc a r e o u s ,  s i l t y  s h a le s  were d e p o s ite d . Over th e  

Elm Grove and a s s o c ia t e d  d e p o s i t s ,  s i l t y  and f i n e  sandy  

m a te r ia l  was d i s t r ib u t e d  in  th e  sh a llo w in g  w a te r s .

I t  i s  ap p aren t th a t  in f lu x  o f  sed im en ts in c r e a s e d
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r e l a t i v e  to  su b sid en ce  o f  th e  b a s in ,  so  t h a t  t h e  depth  o f  

w a te r  was g r a d u a lly  d e c re a sed  a s  th e  b a s in  shrank in  s i z e .

The L in g u lo id  b ra ch io p o d s, found  in  th e  s h a le s  a s s o c ia t e d  

w ith  th e  W ashington c o a l ,  were p ro b a b ly  th e  l a s t  o f  th e  

m arine o r  b r a c k ish  w ater in v e r te b r a te  fauna to  e x i s t  in  th e  

b a s in .  From t h i s  tim e on th e  environm ent o f  d e p o s i t io n  was 

l i k e l y  th a t  o f  l o c a l  fr e s h -w a te r  la k e s ,  swamps, and g e n e r a l ly  

w e stw a r d -flo w in g  stream s w ith  broad f lo o d  p l a i n s .

In  th e  a r ea  to  th e  so u th w est an a l l u v i a l  p la in  e n v ir o n ­

m ent p ro b a b ly  e x is t e d  th rou gh ou t m ost o f  Dunkard t im e . The 

H ock in gp ort san d ston e  and th e  a s s o c ia t e d  f lo o d p la in  d e p o s i t s  

r e p r e s e n t  th e  e a r ly  sed im en ts o f  t h i s  a r e a . The seq u en ce  

e x te n d in g  from th e  H ockingport san d ston e  to  th e  h i l l t o p s  i s  

p r i n c ip a l ly  made up o f  s im i la r  m a te r ia ls  s u g g e s t in g  f lo o d -  

p la in  env iron m en t. These a re  red  o r  b u f f ,  s i l t y  s h a le s  w ith  

r e d  b ed s more predom inant, t h in ,  l e n t i c u l a r  s i l t  s to n e s  and  

v e r y  f i n e  t o  medium sa n d s to n e s . Coal and l im e s to n e  a re  

p r a c t i c a l l y  n o n - e x is t e n t .  To th e  n o r th e a s t ,  a t  l e a s t  a s  f a r  

a s  Monroe C ounty, Ohio, th e  s t r a t a  s im i la r ly  b e a r  e v id e n c e  

o f  th e  a l l u v i a l  p la in  env iron m en t.

Sometime d u rin g  th e  L ate  Perm ian o r  E a r ly  T r ia s s ic  p e r io d s ,  

th e  sed im en ts o f  th e  Dunkard B a sin  were g e n t ly  fo ld e d . T h is  

d efo rm a tio n  o ccu rred  du rin g  th e  A ppalach ian  R e v o lu t io n .

I t  i s  im p o ss ib le  to  d eterm in e  when d e p o s i t io n  c e a se d  

i n  th e  r e g io n  o r  to  determ in e th e  th ic k n e s s  o f  Perm ian ro ck s  

t h a t  have b een  removed by e r o s io n .
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In  many p a r ts  o f  th e  w orld , th e r e  seem s t o  b e  no  s i g n i ­

f i c a n t  s t r a t ig r a p h lc  b reak  betw een  th e  P e n n sy lv a n ia n  and th e  

P erm ian sy s te m s . The P en n sy lv a n la n -P erm la n  boundary h a s  b ee n , 

and i s  c u r r e n t ly ,  a s u b je c t  o f  much c o n tr o v e r s y . M ost o f  th e  

c o n t r o v e r s ia l  i s s u e s  in v o lv e  a p la cem en t o f  th e  boundary on 

th e  b a s i s  e i t h e r  o f  f o s s i l  p la n t s  su ch  a s  C a l l i p t e r l s  and  

G1 g a n t o n t e r l s . o r  o f  in v e r te b r a te  f o s s i l s ,  p r i n c i p a l l y  th e  

f u s u l i n i d s ,  and th e  boundary c h o se n , i n  many c a s e s ,  depends  

on which a r e  u se d .

The P erm o-C arb on iferou s c o n tr o v e r s y  in  A m erica d a te s  

back  to  1 8 5 7 -5 8  (G r im sley , 1906) when Hawn made a c o l l e c t i o n  

o f  f o s s i l s  in  Kansas w hich was i d e n t i f i e d  by Meek a s  Perm ian  

in  a g e . In  1889 -91  th e  s t r a t a  n e a r  N ebraska C it y ,  N eb rask a , 

w ere a s s ig n e d  to  th e  P erm o-C arb on iferou s by T sch em y sch ew  

and Waagen. In  1890 th e  Perm ian o f  Texas was d iv id e d  in t o  

th e  W ich ita , C lea r  Fork and Double M ountain b ed s by  Cummins.

A t ab ou t th e  same t im e , I .C .  W hite i d e n t i f i e d  th e  f o s s i l  

f l o r a  o f  th e  W ich ita  a s  s im i la r  to  th e  f l o r a  above th e  

Waynesburg c o a l  in  P e n n sy lv a n ia  and W est V ir g in ia ,  and Waagen 

c o r r e la t e d  th e  W ich ita  w ith  th e  Z e c h s te in  (U pper P erm ian) in  

w e ste r n  E urope.

The e x is t e n c e  o f  Perm ian ro ck s  in  th e  m id -c o n t in e n t  and

90
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w e ste r n  p a r t s  o f  th e  U n ite d  S t a t e s  h a s  b een  w e l l  e s t a b l i s h e d ,  

y e t  th e r e  h a s  been  much d e b a te  and s h i f t i n g  o f  th e  P e n n sy l­

v a n ia n -?  erm I  an boundary (M oore, 194-0) •

The e v id e n c e  t h a t  th e  Dunkard s e r i e s  i s  Perm ian in  age  

i s  n o t  c o n v in c in g . I .C .  W h ite , F o n ta in e , and D avid W hite  

have  b een  l a r g e ly  r e s p o n s ib le  f o r  a s s ig n in g  th e  Dunkard 

s e r i e s  to  th e  P erm ian . T h eir  e v id e n c e  i s  m a in ly  in  f o s s i l  

p l a n t s ,  c o l l e c t e d  p r i n c ip a l ly  from th e  r o o f  s h a le s  o f  th e  

W aynesburg, W ashington and Dunkard c o a l s .  F o n ta in e  and  

I .G . W hite (1 8 8 0 , p . I l l )  p o in t  o u t th a t  28 o u t o f  107  

f o s s i l  p la n t s  foun d  in  th e  Dunkard o c c u r  a l s o  in  th e  Perm ian  

o f  E u rop e. Of th e  28 s p e c i e s ,  12 h ave  n o t  been  found in  th e  

C a r b o n ife ro u s  o f  th e  U n ite d  S t a t e s .  D avid  W hite (1 9 0 3 ) a f t e r  

s tu d y in g  th e  P e n n sy lv a n ia n  and Dunkard f l o r a ,  c o n s id e r e d  

th a t  th e  Dunkard s t r a t a  above th e  Lower W ashington l im e s to n e  

c o u ld  b e  a s s ig n e d  t o  th e  P erm ian . W h ite ’ s c o n c lu s io n s  w ere  

b a se d  on th e  p r e se n c e  o f  t y p ic a l  R o th lie g e n d e  p la n t s  such  a s  

C a l l l p t e r i s  c o n f e r t a . C a l l ip te r ld iu m . and E a u ls e t l t e s  ru g o b u s . 
The Dunkard s t r a t a  b e lo w  th e  Lower W ashington l im e s to n e ,  

a c c o r d in g  t o  W h ite , c o n ta in e d  a t r a n s i t i o n a l  f l o r a .

F or more th an  tw en ty  y e a r s  D avid W hite (1 9 2 6 , p . 1053)  

h e ld  th e  o p in io n  t h a t  th e  lo w e r  p a r t  o f  th e  Dunkard s e r i e s  

was n o t  d e f i n i t e l y  Perm ian in  a g e . In  1 9 3 6 , how ever, he  

b e l i e v e d  t h a t  th e  Perm ian boundary c o u ld  s a f e ly  b e  drawn a t  

th e  to p  o f  th e  W aynesburg c o a l .  He (1 9 3 6 , p .  681) p o in t s  o u t  

t h a t  th e  f l o r a  o f  th e  Dunkard s e r i e s  i s  s p e c i f i c a l l y  d i s t i n c t
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from  th a t  o f  th e  A lleg h en y  s e r i e s  and to  a marked d eg ree  from

t h a t  o f  th e  Conemaugh s e r i e s .  He s t a t e s  (1 9 3 6 , p . 6 8 1 ):

"The c o n tr a s t  w ith  th e  M onongahela, w hich  im­
m e d ia te ly  p reced ed  th e  Dunkard (b a s a l  Perm ian) i s  
l e s s  e v id e n t ,  though b e s id e s  r e p r e s e n t a t iv e s  o f  th e  
gen era  C a l l i p t e r i s . T a e n io p te r is . S a p o r te a . and 
B a ie r a , th e  Dunkard c a r r ie s  a  number o f  d i s t i n c t i v e  
s p e c i e s ,  h a r d ly  se p a r a b le  from  form s c h a r a c t e r i s t i c  
o f  th e  Perm ian o f  E urope. A s t r ik in g  i l l u s t r a t i o n  
i s  s e e n  i n  a g ia n t - t o o th e d  E q u l s e t i t e s . 11

Darrah (1 9 3 4 , p . 4-51} 1 9 3 7 , p .  128) on th e  b a s i s  o f  th e  

f o s s i l  f l o r a  o f  th e  Dunkard s e r i e s  p la c e s  th e  b a se  o f  th e  

Perm ian o f  th e  A p palach ian  r e g io n  a t  th e  to p  o f  th e  

W ashington fo rm a tio n .

C ross (1954a) h a s q u e s t io n e d  th e  v a lu e  o f  c e r ta in  p la n t s ,  

nam ely C a l l l p t e r l s . W alohia . and T a e n io p te r ls . a s  u sed  by  

Darrah and by I .C .  W hite a s  b e in g  c o n c lu s iv e  in  I d e n t i f y in g  

th e  Dunkard s t r a t a  a s  Perm ian in  a g e . C ross a l s o  b e l i e v e s  

t h a t  many o f  th e  new p la n t  s p e c ie s  w hich a re  g iv e n  by  

F o n ta in e  and I .C . W hite (1 8 8 0 ) a r e  m erely  form s o f  some o f  

th e  b e t t e r  known s p e c ie s .

C ross (1954a ) h as compared h i s  c o l l e c t i o n s  o f  Dunkard 

f l o r a  w ith  th o s e  made by B e l l  (1 9 3 8 , 1 9 40 , 1 9 4 3 ) , M iklausen  

( 1 9 5 0 ) ,  A rnold  (1949) and Read (1 9 4 7 ) ,  w hich a r e  from P en n sy l­

v a n ia n  s t r a t a  w ith  an o v e r a l l  range in  age  from upper A lleg h en y  

th rou gh  M onongahela. The c o l l e c t i o n s  were made in  Nova S c o t ia ,  

P e n n sy lv a n ia , M ichigan and K ansas r e s p e c t i v e l y .  C ross h a s  

fou n d  th a t  m ost o f  th e  f o s s i l  p la n t s  l i s t e d  by th e s e  a u th o rs  

from  P en n sy lv a n ia n  s t r a t a  a l s o  o ccu r  in  th e  Dunkard r o c k s .
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C ross (1954b , p e r so n a l com m unication , Septem ber 15 ) s a y s ;

"At th e  moment I  do n o t  se e  how, on th e  b a s i s  o f  
th e  f l o r a ,  th e  Dunkard can b e  c o n s id e r e d  P erm ian in  
a g e . The f lo r a  i s  d i s t i n c t l y  a  d y in g  rem nant o f  th e  
upper P en n sy lv a n ia n  and may in  f a c t  be Perm ian in  age  
b u t n o t  in  c o m p o sit io n , i . e . ,  i t  may be a r e l i c t  f l o r a  
which e x i s t e d  on in t o  Perm ian t im e s  in  a s t e a d i l y  
d w in d lin g  area  where c o n d it io n s  rem ained v i r t u a l l y  
c o n s ta n t  from mid-Conemaugh to  th e  end o f  th e  d e p o s i -  

. t i o n  w hich rem ains f o r  u s  t o  s tu d y . There was a s te a d y  
d e c l in e  in  th e  number o f  gen era  and s p e c ie s  r e p r e s e n te d  
and ex tr em e ly  few  new on es in tr o d u c e d ."

C ross (1954b) a l s o  p o in t s  o u t t h a t  th e  p la n t  m i c r o f o s s i l s  

show th e  same g e n e r a l tr e n d s  a s  th e  m a c r o f o s s i l s .  "There i s  

a ste a d y  d e c l in e  in  abundance o f  g en era  and s p e c i e s .  No new  

form s appear w hich a r e  in t e r p r e t e d  a s  b e in g  o f  s i g n i f i c a n c e ."

Romer (1935> P« 1632) in  c o n s id e r in g  th e  v e r t e b r a t e  

f o s s i l  e v id e n c e  sa y s :  "The Dunkard seem s to  b e  n e a r ly  

e q u iv a le n t  to  th e  W ich ita  and Wolfcamp /b e d s  o f  T ex a s7 » 

th e  Lower Dunkard to  th e  C ou n cil G rove, th e  Upper to  th e  

Chase and p o s s ib ly  th e  Sumner /g r o u p s  o f  K a n sa s /."  Romer 

(1 9 5 2 , pp . 9 9 -1 0 0 )  a c c e p ts  th e  Perm ian age o f  th e  Dunkard 

and s t a t e s ;  "We may r e a so n a b ly  co n c lu d e  th a t  th e  Dunkard 

a s  a w h ole , i s  e s s e n t i a l l y  com parable to  th e  W ich ita  group  

o f  Texas and compare th e  fa u n a s on th a t  b a sk s ."

V e r te b r a te  f o o t p r in t s  known from th e  Dunkard a r e  n o t  

d ia g n o s t ic  a s  to  l a t e  P en n sy lv a n ia n  v e r su s  e a r ly  Perm ian  

a g e . The e v id e n c e  h a s been  a n a ly z e d  f o r  t h i s  r e p o r t  by  

Donald B a ird  (p e r s o n a l com m unication , November 9 , 1954)  

a s  f o l lo w s :
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"Three g e n e ra  o f  r e p t i l e  and am phibian f o o t p r in t s  
a r e  known from  th e  Dunkard s e r i e s  o f  W est V ir g in ia .
The l a r g e s t  o f  t h e s e ,  fou n d  n e a r  th e  b a se  o f  th e  
W aynesburg sa n d sto n e  n e a r  B e r e a , R i t c h ie  County, was 
d e s c r ib e d  a s  D im etrodon b e r e a  by T i l t o n  (1 9 3 1 ) and i s  
now th e  ty p e  s p e c ie s  o f  D lm etropus Romer and P r ic e  
( 1 9 4 0 ) .  O ther f o o t p r in t s  o f  t h i s  ty p e  o c c u r  in  th e  
u p p er P en n sy lv a n ia n  o f  C en ter  T ow nship, Morgan C ounty, 
O hio, in  a f la g g y  c a lc a r e o u s  sa n d sto n e  u n d e r ly in g  th e  
Benwood l im e s to n e  o f  th e  M onongahela s e r i e s .  The f o o t  
s t r u c tu r e  o f  t h i s  u n d e sc r ib e d  D lm etropus ap p ears more 
p r im it iv e  th an  t h a t  o f  D. b e r e a . In  m orphology and i n  
d i s t r i b u t io n  t h e s e  t r a c k s  c o r r e la t e  w ith  th e  f in -b a c k e d  
r e p t i l e  E daphosaunas, an h e r b iv o r o u s  p e ly c o s a u r  w hich  
i s  common in  th e  Dunkard and th e  C lea r  Fork o f  Texas and  
h a s  b een  fou n d  a s  low  a s  th e  Conemaugh in  th e  P it t s b u r g h  
a r e a . In  E urope, b a s i c a l l y  s im i la r  f o o t p r in t s  known a s  
H erp etich n iu m  o c c u r  in  lo w e r  Perm ian ex p o su re s  n e a r  
Birm ingham , E n g lan d , and in  c e n t r a l  Germany ( p a r t ic u ­
l a r l y  th e  u p p er R o t lie g e n d e  o f  Tambach, T h u r in g ia ); 
th e s e  tr a c k s  p r o b a b ly  r e p r e s e n t  a n o th e r  genus o f  
p e ly c o s a u r .

" B lu n t- to e d  f o o t p r in t s  r e d e s c r ib e d  by B a ird  (1 9 5 2 )  
a s  Llmnopus w a y n esb u rg en s ls  ( T i l t o n ,  1931) have b een  
found 19 1 /2  f e e t  b elow  th e  top  o f  th e  Waynesburg sand­
s to n e  n e a r  W est U n ion , D oddridge Comity* A nother s p e c i ­
men was found by  Happ and A lex a n d er  (1 9 3 4 ) in  a sand­
s to n e  t e n t a t i v e l y  c o r r e la t e d  w ith  th e  Lower M a r ie tta  
sa n d sto n e  a t  Sherman, Jack son  C ounty. T h is s p e c ie s  
i s  s im i la r  to  b u t d i s t i n c t  from  L . l i t t o r a l l s  (M arsh) 
from  th e  up p er P e n n sy lv a n ia n  (Howard l im e s to n e ,  V i r g i l  
s e r i e s )  o f  e a s t e r n  K ansas, and L . ( T henaropus) 
h e te r o d a c t v lu s  (K in g , 1845) from th e  up per Conemaugh 
s e r i e s  o f  W estm oreland C ounty, P e n n sy lv a n ia . These  
f o o t p r in t s  a r e  l o g i c a l l y  c o r r e la t e d  w ith  la r g e  r h a c h i-  
tom ous am phib ians o f  th e  E ryops ty p e ,  rem ains o f  w hich  
o c cu r  from th e  Conemaugh th rou gh  th e  Dunkard and in  th e  
up per P e n n sy lv a n ia n  and lo w e r  and m id d le  Perm ian o f  T ex a s.

"Happ and A le x a n d e r 's  specim en o f  th e  th ir d  Dunkard 
genus h a s  b een  l o s t ,  and I  co u ld  f in d  no fu r th e r  s p e c i ­
mens in  th e  m i l l s t o n e  q u a r r ie s  a t  Sherman. U n fo r tu n a te ly  
th e  e x a c t  n a tu r e  and a f f i n i t i e s  o f  t h i s  form can n ot be  
d eterm in ed  from  th e  p u b lis h e d  d e s c r ip t io n  and f i g u r e .

"In sum, th e  f o s s i l  f o o t p r in t s  o f  th e  Dunkard a r e  
p erm o-rcarbon iferous in  th e  o r ig in a l  s e n s e  o f  Meek and  
Hayden (1 859 )»  i . e . ,  t r a n s i t i o n a l  in  n a tu r e , show ing  
a f f i n i t i e s  w ith  b o th  P e n n sy lv a n ia n  and Perm ian form s."
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The f o s s i l  e v id e n c e  o f  v e r te b r a te  f o o t p r in t s  found i n

Dunkard r o ck s  i s  n o t  o f  v a lu e  in  p la c in g  th e  Perm ian boundary

s in c e  f o o t p r in t s  o f  th e  th r e e  gen era  o c cu r  a l s o  in  ro ck s o f

P en n sy lv a n ia n  a g e . The Dunkard f l o r a ,  s e e m in g ly , i s  l a r g e ly

a P en n sy lv a n ia n  f l o r a  b u t w ith  a few  Perm ian t y p e s .

The p h y s ic a l  e v id e n c e  w i l l  now b e  c o n s id e r e d . The

fo l lo w in g  i s  quoted  from I .C . W hite (1903* P* 1 0 0 ):

"Under th e  name, Dunkard s e r i e s ,  th e  w r i t e r  h a s in ­
c lu d e d  a l l  o f  t h e .b e d s  above th e  W aynesburg c o a l o f  
th e  M onongahela s e r i e s .  D ie d iv id in g  l i n e  i s  drawn 
where Perm ian p la n t s  have f i r s t  b een  o b serv ed  in  th e  
f o s s i l  f l o r a .  H en ce, a lth o u g h  th e r e  i s  no o b se r v a b le  
u n co n fo rm ity  betw een  th e  top  o f  th e  M onongahela s e r i e s  
and th e  b a se  o f  th e  Dunkard a s  now d e f in e d , y e t  th e  
e x is t e n c e  o f  a t h i c k ,  c o a r s e , c o n g lo m er a tic  san d ston e  
o f  w id e d i s t r ib u t io n ,  j u s t  above th e  Waynesburg c o a l  
h o r iz o n , d e n o te s  a  v e r y  g r e a t  change in  p h y s ic a l  c o n d i­
t i o n s .  I t  i s  a l s o  q u it e  p ro b a b le  t h a t  c o n s id e r a b le  
e r o s io n  took  p la c e  in  some p o r t io n s  o f  th e  A ppalach ian  
f i e l d  du rin g  th e  d e p o s i t io n  o f  t h i s  b a s a l  con g lom erate  
o f  th e  Dunkard s e r i e s ,  and h e n c e , a lth o u g h  th e r e  i s  no  
a p p r e c ia b le  u n co n fo rm ity  in  th e  d ip  o f  th e  b e d s , th e r e  
can b e  no doubt t h a t  th e  c u r r e n ts  w hich b rough t in  th e  
g r e a t  d e p o s it  o f  c o a r se  sand and g r a v e l  j u s t  a f t e r  th e  
epoch  o f  th e  Waynesburg c o a l ,  a l s o  tr a n sp o r te d  th e  
e le m e n ts  o f  a  new f l o r a ,  s e v e r a l  s p e c ie s  o f  w hich a re  
found o n ly  in  th e  Perm ian bed s o f  E urope, w h ile  o th e r s  
a re  even  n ear  r e l a t i v e s  o f  T r ia s s ic  t y p e s ."

The t h ic k  sa n d sto n e  to  w hich W hite r e f e r s  in c lu d e s  th e

W aynesburg sa n d sto n e , th e  H ockingport sa n d sto n e  and numerous

o th e r  l o c a l  san d ston es s c a t t e r e d  about th e  Dunkard B a s in , a l l

o f  w hich app ear to  o ccu r  a t  a p p ro x im a te ly  th e  same s t r a t i -

g r a p h ic  l e v e l .  He b e l ie v e d  th a t  th e s e  l o c a l  sa n d sto n e s  were

p a r t  o f  an a lm o st c o n tin u o u s  d e p o s it  e x te n d in g  o v e r  n e a r ly

a l l  o f  th e  Dunkard B a s in . W hite a l s o  th o u g h t t h a t  t h i s

sa n d sto n e  was a b a s a l "conglom erate" th u s  in d ic a t in g  a m ajor
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change In  p h y s ic a l  c o n d it io n s .  W ith t h i s  e v id e n c e , p lu s  th e  

e v id e n c e  o f  f o s s i l  f l o r a ,  W hite term ed th e  Dunkard a Perm ian  

s e r i e s .

I t  h a s  h e r e  been  shown t h a t  th e  Waynesburg sa n d s to n e , th e  

H ock in gp ort sa n d s to n e , and th e  o th e r  l o c a l  sa n d s to n e s , o c c u r r in g  

j u s t  to  th e  n o r th  and so u th  o f  th e  H ock in gport sa n d s to n e , a r e  

n o t  p a r ts  o f  a  c o n tin u o u s d e p o s i t .  A lth ou gh  t h e s e  d e p o s i t s  

may be n e a r ly  contem poraneous, i t  i s  e v id e n t  t h a t  e n v ir o n ­

m en tal c o n d it io n s  o f  d e p o s i t io n  d i f f e r e d  o v er  th e  r e g io n  o f  

a ccu m u la tio n .

During M onongahela and Lower Dunkard t im e , f l u v i a l  

d e p o s it io n  p r e v a i le d  in  th e  sou th ern  p o r t io n  o f  th e  r e g io n  

and a la k e  environm ent a l t e r n a t in g  w ith  swamps and f l u v i a l  

c o n d it io n s  p r e v a i le d  in  th e  n o r th e rn  p o r t io n .  The la k e  

environm ent was p redom inan t. V lhite rea so n ed  t h a t  th e  upper  

member o f  th e  M onongahela s e r i e s ,  th e  Waynesburg c o a l ,  was 

a l s o  a co n tin u o u s  d e p o s it  o v e r  th e  Dunkard r e g io n . A f t e r  

d e p o s it io n  o f  th e  c o a l ,  a c c o r d in g  to  W hite, a m ajor p h y s ic a l  

change o c c u r r e d , and th e  Waynesburg san d ston e  was d e p o s i t e d .

The Waynesburg c o a l cannot be tr a c e d  in t o  th e  so u th ern  

h a l f  o f  th e  Dunkard B a s in . The w r i t e r  b e l i e v e s  th a t  t h i s  c o a l  

was n ev er  d e p o s ite d  th e r e .  I .C .  W hite (1903» P* 117) was o f  

th e  o p in io n  t h a t  i t  was d e p o s ite d  and l a t e r  removed by e r o s io n .

I t  i s  n o t  app arent th a t  a m ajor p h y s ic a l  change to o k  

p la c e  o ver  th e  e n t i r e  Dunkard B a sin  a t  th e  end o f  M onongahela 

t im e . There may be many m inor u n c o n fo r m it ie s  d e v e lo p ed  in  th e
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ro ck  se q u e n c e , b u t th e y  a r e  q u i t e  l o c a l  and n o t  o f  th e  m agni­

tu d e  t o  d iv id e  p e r io d s  o f  g e o lo g ic  t im e  and sy stem s o f  r o c k s .
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SUMMARY AND CONCLUSIONS

I t  i s  b e l ie v e d  th a t  th e  H ock in gport sa n d sto n e  sh o u ld  

n o t  b e  c o r r e la t e d  w ith  th e  Waynesburg sa n d sto n e  b eca u se  

o f  s e v e r a l  l i n e s  o f  e v id e n c e .

The r e s p e c t iv e  d e p o s i t s  a re  r e l a t i v e l y  l o c a l  and  

can n ot b e  t r a c e d  beyond t h e i r  ty p e  a r e a s  w hich a r e  more 

than  100 m i le s  a p a r t .

The p rim ary s t r u c tu r e s  and t e x tu r e  o f  th e  two sa n d sto n e  

d e p o s i t s ,  and th e  l i t h o l o g y  and th e  f o s s i l  fauna o f  s t r a t a  

a d ja c e n t  t o  each  o f  th e  d e p o s i t s  are  in d ic a t iv e  o f  d i f f e r e n t  

en v iron m en ts o f  d e p o s i t io n  f o r  th e  two sa n d s to n e s .

The H ock in gp ort sa n d sto n e  and th e  a s s o c ia t e d  d e p o s i t s  

a r e  th e  r e s u l t s  o f  f l u v i a l  d e p o s i t io n  on a r e l a t i v e l y  broad  

p l a i n .  The stream  w hich tr a n sp o r te d  th e  c l a s t i c  m a te r ia l  

o r ig in a te d  in  sou rce  a r e a s  o f  p red o m in a te ly  sed im en tary  

and m etam orphic rock s p ro b a b ly  lo c a te d , t o  th e  sou th  o r  

s o u th e a s t .

The Waynesburg sa n d sto n e  was d e p o s ite d  in  th e  n e a r ­

sh o re  a rea  o f  a sh a llo w  body o f  w a te r . The c l a s t i c  m a te r ia l  

o f  t h i s  d e p o s i t  was p o s s ib ly  d e r iv e d  from a d i f f e r e n t  p a r t  

o f  th e  same h ig h la n d  a r e a  w hich fu r n ish e d  th e  sed im en ts o f  

th e  H ock in gp ort sa n d sto n e .

No e v id e n c e  was d is c o v e r e d  in d ic a t in g  th a t  a  m ajor  

u n co n fo rm ity  e x i s t s  a t  th e  b a se  o f  th e  Dunkard s e r i e s .
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The b a s i s  f o r  a s s ig n in g  th e s e  s t r a t a  to  th e  Perm ian p e r io d  

s t i l l  r e s t s  on th e  f o s s i l  f l o r a  o f  th e  s h a le s  a s s o c ia t e d  

w ith  th e  c o a ls  o f  th e  s e r i e s .

The Dunkard sed im en ts o f  th e  n o rth ern  p o r t io n  o f  th e  

Dunkard B a sin  r e p r e se n t  l a t e r a l  and v e r t i c a l  f a c i e s  changes 

from  th e  b o rd ers  o f  th e  b a s in  in t o  th e  d eep er  w ater  o f  th e  

c e n t r a l  p a r t .  P a r t ic u la r  d e p o s i t s  a re  th u s  c o n s id e r e d  to  

be l o c a l  and r e p r e s e n ta t iv e  o n ly  in  th e  ty p e  a r e a .

With th e  co n cep t o f  " la y e r -c a k e 11 s tr a t ig r a p h y  in  mind, 

th e  e a r ly  s tu d e n ts  o f  th e  s t r a t a  o f  th e  M onongahela s e r i e s  

and th e  Dunkard s e r i e s  c o r r e la t e d  d e p o s i t s  from  p la c e  to  

p la c e  on th e  b a s i s  o f  somewhat s im i la r  l i t h o l o g y ,  p o s i t io n  

in  sequ en ce and e le v a t io n  above sea  l e v e l .  The app arent 

s i m i la r i t y  o f  c e r t a in  d e p o s i t s  w hich a re  l o c a l l y  d ev e lo p ed  

a t  n e a r ly  th e  same p o s i t i o n  in  th e  sequence in  s e v e r a l  p a r ts  

o f  th e  r e g io n  p rob ab ly  l e d  to  many lo n g  range c o r r e la t io n s  

w hich  in  many in s ta n c e s  were e rr o n e o u s .

A co m p lete , d e t a i le d  r e s tu d y  o f  th e  ro ck s o f  th e  

M onongahela and Dunkard s e r i e s  i s  s o r e ly  n eed ed .
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