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DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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SUTWRY 

Much was accomplished in the summer quarter of 1978 because all 

four graduate students worked full time, Professor Maynard worked two 

months and Professors Pryor and Potter each worked one month. 

Positive accomplishments in the sumher included: 

(1) preparation of text for the basinwide paleocurrent map 

(this is an interim, "dry lab" basin analysis for a 

MERC report), 

( 2 )  advanced drafts of two p,apers on isotopic analysis of 

.the Devonian Shale sequence for outside publication, 

(3)  two abstracts on the Brallier Formation plus many of 

its illustrations and tables, 

(4) c'ontinued slow progress in the U.S.G.S. editorial mill 

of our Big Stone Gap study,i 

(5) completion of most of 'the field work for "Sedirnentology 

and Stratigraphy of the 0hio Shale Along Lake Erie", an 

M.S. student research project, 

( 6 )  collection of the subsurfacb data on the thickness and 

elevation of the nr?vnnf.an shale in the. Middlesboro 

Basin (Pine Mountain overthrust sheet) . 
During the year we also helped Roy Kepferle prepare an inventory 

of all the cores that have been obtained. from the Devonian Shale. . . . . 



sequence in the Appalachian basin. Throughout the.-year we also 

generated chemical data in our own laboratory: CHN, composition 

of organic matter in the shales, prepared samples on carbon and 

sulphur isotopic studies, and developed techniques in chromato- 

. .  graphic analyses. 

,The poorest part of our contract performance so far is 

general shale petrology, which contii~ues LO lag. I4ost of what 

we accomplish in shale petrology is done by graduate students 

. . Broadhead, Lundegard, Samuels, and Stenbeck and will probably be 

based more on thin section and X-ray studies than on the SEN, 

Administratively, our contract is properly funded and has 

functioned vary well in its second year; A pignificant forward 

step was the hiring of Mrs. Kao, a full-time chemical technician, 

one who is exceptionally well qualified. Without her our geochemical 

effort would be severly handicapped. 

.We and the project have also gregtly benefited from the 

presence of Roy Kepferle, who has.been most helpful stratigraphically. 

For the fall, winter, spring and summer of 1979 Professor 

Mynard has requested a sabbatical, and will not be in Cincinnati, 
I 

and Professor Potter plans to withdraw irom the . project . in October 1979. 

1. Summary 

2. ~ublications and ~anus@ri~ts 

Kepferle, Lundegard, Samuels, Schauf,'Pryor and Potter: 

Subsurface Correlation and Petrology of Big Stone 

Gap Member of Chattanooga shale (Upper Devonian and 

~ower Mississippian), Wise c&nty, ~irginia.' 

Maynard : Carbdn Isa copes i n  the i~evoniaii ! .  Shale j ~ e ~ u e n e e :  

utility as Provenance ~ndicators. ' 

. ,' . 



Maynard: Sulfur Isotopes of Iron Sulfides in Shales of 

the ~p~alachian Basin: Inzluence of Sedimentation Rate. 

Potter, Pryor, Lundegard, Samuels, and Maynard: Devonian 

Faleocurrents in the Appalachian. Basin. 

~rovo, Kepferle and Potter: .. Division of Black Ohio Shale 

in Eastern Kentucky. 

.Lundegard, Samuels, Pryor-: sedimentology of the Brallier 

Formation i.n Outcrop in Maryland, Virginia, West 

Virginia, and Tennessee. 

3. Kepferle and Potter: Stratigraphic and Geographic Distribution 

of Core in Black Shale Sequence (Mississippian and Devonian) 

.in Appalachian -Basin. . 

4. Stratigraphy and ~edime'ntology of the Ohio Shale Along Lake Erie 

5 .  General Shale Petrolpgy . 

6. Administrative. 

7. Equipment ' : 

8. Future Plans 



PUBLICATIONS AND PWUSCRIPTS PREPARED 

.Kepfe r l e ,  Lundegard, P o t t e r ,  Pryor ,  Samuels, Schauf ,  Stenbeck and 

Wilson: Subsu r f ace  C o r r e l a t i o n  and Pe t ro logy  of Big S tone  Gap 

Member of Chat tanooga Sha l e  (Upper Devonian and  Lower M i s s i s s i p p i a n ) ,  

Wise County, V i r g i n i a .  (Submitted t o  U.S.G.S., f o r  I E R C  app rova l ,  

and i n  f i n a l  USGS e d i t i n g  f o r  p u b l i c a t i o n  a s  a  b u l l e t i n .  Th i s  paper  

h a s  1 2  f i g u r e s  and 30 pages o-f t e x t  and i s  w e l l  d e s c r i b e d  by i t s  

a b s t r a c t  below). 

A b s t r a c t  

Floods on t h e  Powell M.ver i n  A p r i l  1977 re- 
exposed a c l d $ s i c  sect i .nn o f  t h e  Chattancoga S h . 7 1 ~  
(Devonian and , \ l i s s i s s ipp ian)  i n  Eig s tone  Gap, Vi rg in ia .  
Wirhin a Ui5nth o t  t h e  f lood t!le a u t h o r s  c-xnvined t h e  
s e c t i o n ,  c o l l e c t e d  samples, logged the  radi .oar t iviLy,  
o~easlrrcd j o i i ~ t s ,  and d c ~ c r i b e d  t h r  1 i t ' n n l n ~ ~ .  The 
gamma-ray l o g  of t h e  s e c t i o n  c l o s e l y  r e s e n b l e s  t h e  
gamma-ray p r o f i l e  of  t h e  upper o!~e-half of  t h e  
Chattanooga Shale  sequence i n  a nearby = e l l ,  Columbia 
Gas Transmission Corp. ,  Pennsylvania-Virzihia. Corp., 
farm w e l l  no. 20338, from which an o r i e n t e d  c o r e  has  
been t a k e n  by the  U.S. Department of  Energy's Plorgan- 
town Energy Research Center .  

Happed s u r f a c e  u n i t s  were compared and c o r r e l a t e d  
, v i t h  u n i t s  i d e n t i f i e d  i n  g r e a t e r  d e t a i l  on t h e  ganm- 

r a y  l o g  from t h e  w e l l .  Uni t s  of  t h e  Big Stone Gap 
Elember i n  t h i s  s e c t i o n  a r e  e q u i v a l e n t  t o  t h e  Sunbury 
S h a l e  (Lower b l i s s i s s i p p i a n ) ,  t h e  Bedford Sha le  (Upper 
Devonian? and Lover > i i s s i r , s ipp inn) ,  2nd t h e  Clcvclond 
llember of  t h e  Ohio Sha le  (Upper Devonian). The aidd.1.e 
g r a y  s i l t s t o n e  nec!S;r of  t h c  Chnttanooga Sha le  of t h e  
s u r f a c e  mapping i n c l u d e s  the  cqrl ivalents  of t h r  Three 
t $ c k  Bed of  t h e  Ohio Sha le  and of t h e  upper and middle 
pa r t s  6f  t h e  Huron ![ember of t h e  Ohio ~ i l i l e .  The 
F o e r s t i a  zone was found i n  t h e  ou tc rop  samples a f t e r  
an i n t e n s i v e  scarch  of t h e  i n t e r v a l  i n d i c a t e d  on t h e  
gamma-ray l o g  aa cor respcad ing  Cu ~ 1 1 e  i n t e r v a l  1R Which 
F o e r s t i a  were found i n  t h e  core .  

Composition, maximv;n g r a i n  size, and I.arnj nation 
Vera examined i n  38 t h i n  s e c t i o n s  of  che exposed rucks.  
Quartz and frl.dsper, c l a y ,  ooarcc luieaceous nrinerals, 
o r k a n i c  m e t e r ,  p y r i t e ,  c 'ncr t ,  and rock fragnicncs were 
recognized i n  decreas ing  abundance. Coarscst  g r o i n s  
of q u a r t s  and f e l d s p a r  range i n  s i z e  from f i n e  sand t o  
silt. Three c l a s s e s  of  l amina t ion  r e c o ~ n i z c d  i n  t h i n  
cootion a r e  6 d i a t i r i c t  s i l t  l ~ i r : l i ~ a e ,  ~ L S L I I I C ~  orgdnle 
l a n i n a e ,  and nass ive ,  o r  non-lazicated. 0: thnsc ,  
distinct s i l t  lZLlndc a r e  n s s t  abuxdant i n  t h e  b l a c k  
s h a l e  i n  t h e  lover  p z r t  of tile s e c t i o n .  
' 

J o i n t  o r i e n t a t i o n  from 76 Eeasurements show perpek- 
. d i c u l a r  bimodal i ty .  One mode p a r a l l e l s  t h e  p r e s e n t  
s t r u c t u r a l  s t r i k e .  S l i g h t  v a r i a t i o n s  a r e  e v i d e n t  
between d i f f e r i n g  rock types. 



Maynard.: Carbon Isotopes  i n  The Devonian Shale Sequence: U t i l i t y  . . 

as Provenance I n d i c a t o r s .  For p resen ta t ion  a t  t h e  Piorgantor-m' 

Octoberfes t  and l a t e r  o u t s i d e  pub l i ca t ion ;  

Abs t rac t  

The type  o f  o rgan ic  mat te r  p r e s e q t  i n  t h e  
shale-marine o r  t c r r c s t r i a l - m y  be important  i n  
g a s  g e n e r a t i o n  b e c a u s e ' t e r r e s t r i a l  carbon appears  
t o  y i e l d  more mctl~arlc than marine-derived carbon.  
The r a t i o  o f  c13 t o  C" i n  t h e  o r q n i c , m a t t e r  of  
r e c e n t  scdirrents  (cxprcssed a s  X I - )  i s  a  f u n c t i o n  
o f  t h e  provcnance of  t h e  carbon: non-marine C is 
r e l a t i v e l y  n e g a t i v e ,  around -26, whi1.c marine C 
is  about  -21. The Devonian Sha le  sequence a l s o .  
shows a prox imal -d i s ta l  v a r i z t i o n  i n  C i s o t o p e s .  
Wood samples.and non-marine black s h a l e s  have 

v a l u e s  of  -25 t o  -26, s i m i l a r  to .  t h e  modern 
va lue .  Marine s h a l e s ,  however, a r c  nore n e g a t i v e ,  
rang ing  from -27 t o  -31, t h e  va lues  becoming 

. more nega t ive  t o  t h e  west and northwest  w i t h i n  
a  g iven  s t r a t i g r a p h i c  in te rva l :  Carbon i s o t o p e s ,  
a l s o  r e f l e c t  d i s t a l - p r o x i n a l  changes i n  t h e  
o r g a n i c  m a t t e r  a t  a  given l o c a l i t y .  Usual ly,  
g ray  s h a l e s  have l e s s  n e g a t i v e  ( i . e .  l e s s  marine) 
v a l c ~ e s  than b lack  s h a l e s .  For i n s t a n c e ,  t h e  
Beford gray s h a l e  i n  Richland County, Ohio 
averages  -27.6 whercas t h e  immediat-ely under ly ing  
Cleveland b l a c k  s h a l e  averages -29.2. 

As y e t  t h e r e  is  no explana t ion  f o r  t h e  d i f f e r - .  
ence between t h e  Dcvoni..n and t h e  r e c e n t  p a t t e r n ,  
excep t  t o  sugges t  t h a t  perhaps t h e  marine organisms 
v e r e  d i f f e r e n t .  

Our carbon i s o t o p e  r e s u l t s  sugges t  t h a t  
E a s t e r n  Kcntucky and Vcstern Yest V i r g i n i a  should 
be  t h e  most favorab le  a r e a s  f o r  gas ,  and t h a t  
C e n t r a l  Ohio and t h e  I l l i n o i s  Basin should be  poor. 

Table  1. Comparison between 6c13 of  T o t a l  Organic 
Matter  and E x t r a c t a b l e  Hydrocarbons. 

T o t a l  Organic ChC13 E x t r a c t  
Plat ter  

C h r i s t i a n  Co., Ky. 
2191.2 f t .  -30.4 -29.0 

2230.2 f t .  -29.7 -29.3 

2318.8 f t .  -30.2 -29.4 

Le tcher  Co., Ky. 
214 f t .  -28.7 -28.3 
234 f t .  -20.4 -29.0 

244 f t .  -28.0 ' -29.6 , 

Outcrop samples . 
Wood f  ragmcnt , 
Olentangy Sha le ,  Ohio -25'. 6  



Table 2. Basin-vide Vertical Variation in Carbon 
lsotopcs 

Stratigraphic Unit Average 6ci3 

1. AppalaShian Basin 
a. liclrir.2 Samples 

I.) Sunbury 
2) Bcdford 

' 3) Cleveland 
4) Chagrin-Three Lick 

Bed 
5 )  U. lluron 
6) H. Huron 
7) L. Huron- (Dunkirk) 
8) Java 

Hanover (U .Olentangy) 
Pipe Creek 

9 )  Vest Falls 
Angola 
Rhinestr-eet 

b. Nonrn~ari~~c Sa-ples 
1) Catskill Shale, 
' ., t l lbua' ,  N.T. 

25 Ko6d fragment, olencangy 
Sh, Ohio 

3) Wood fragment, Huron Sh, 
Kentucky' 

2. Illinois Basin 
I )  Grtssy Creek -29.8 
2 )  Swetland Creek -29.8 
3) Blocher -30.3 

Number of 
Samples 

Maynard; Sulfur iss~opcci of iron culphidos in shales, of t h e  
9 - 

Appalachian Basin: influence of sediu~erltation rate (to be submitted 

to the American Journal of Science). 

Ahstrnct 

Sulfur isotopes of sulfides in recent sediments 
are related to sedimentation:Pate, ~ 5 ~ ' '  becvuil~lg 
mnrr. yositivc with increasing rate. A f;nct.lonal ! 

relationship for this behzvior 'is derived vhich is 
then applied to ar.cicnt'rocks. Pyrite in Devonian- 
Hissicsippian shales of the wcstsrn,bppalachian 
Basin shows tllc expecced qualitative behavior: 
proximal gray shales have relatively positive .6s3' 
values, dL5ral hlack shales are relatively negative. 
Quantitatively, the sedimentation rates inferred by 
comparison with recent sediments arc too high. 
Possibly the basin was restricted from contact with 

. open searacer, and consequently contained dissolved 
sulfate with an ui~usually positive 6.5;'. Alternatively, 
the biochemistry of the sulfate reduction process . 

may have changed since the Devonian. 



Maynard 

Conc lus ions  

S t u d i e s  from r e c e n t  s e d i m e n t s  show t h a t  s u l f u r  
I s o t o p e s  o f  s u l f i d e  o i n c r a l s  a r e  c o n t r o l i c d  
u l t i m a t e l y  by tile s e d i m c n t a t i o n  r a t e ,  a l t l l ough  
I d t i a l l y  by t h e  r a t e  of s u l f a t e  reduction r.llich 
Increases i n c r e a s i n g  scd i rnen ta t ion  r 3 t e .  T h i s  
p r imary  e f f e c t  is  then  mod i f i ed  by t l ~ c  d e g r e e  o f  
c o n t a c t  w i t h  o p c r ~  s s 3 w s t c r .  I f  cont ; lc t  i s  r e s t r i c t e d ,  
t h e  r e s u l t i n g  6s''' v l a u c s  a r e  more p o s i t i v e .  Such 
r e s t r i c t i o n  can r e s u l t  f r o n  a  r e s t r i c t e d  b a s i n ,  o r  
f rom s u l f i d e  f o r n a t i o r ,  w e l l  below ( > l o  c n )  t h e  
sed imen t -wa tc r  i n t e r f a c e  i n  a  r e l a t i v e l y  we l l -  
oxygena ted  b a s i n .  The two a r e  e a s i l y  c i i s t i r g u i s h e d  
by  low s u l f u r  c o n t e n t s  (~0.3 p e r c e n t )  i n  t h e  second 
c a s e .  

Fo r  a n c i e n t  s h a l e s ,  s u l f u r  i s o t o p e  r e s u l t s  from 
t h e  K u p f e r s c h i e f e r  s u g g e s t  a n  i n i t i a l l y  open b a s i n  
f o l l o w e d  by i n c r e a s i n g l y  restricted c o n d i t i o n s ,  
c u l m i n a t i n g  i n  t h e  Z e c h s t c i n  sequence .  Devonian- 
~ l i s s i s s i p p i a n  s h a l e s  o f  tile w e s t e r n  p a r t  o f  :he 
Appa lach ian  Bas in  show more p o s i t i v e  E S ? ~  v a l u e s  
o f ' p y r i t e  i n  t h e  proximal  g r a y  s h a l e s ,  more n e g a t i v e  
I n  t h e  d i s t a l  b l a c k  s h a l e s .  Extrcnlely n e g a t i v e  , 

v a l u e s  a r e  found i n  t h e  ve ry  t h i n . b l a c k  s l l a l e s  a l o n g  
t h e  c r e s t  o f  t h e  C i n c i n n a t i  a r c h .  Comparison w i t h  
t h e  s e d i m e n t a t i o n  r a t e  c u r v e  f r o n  r c s e n t  s e d i m e n t s ,  
however,  g i v e s  r a t e s  a u c h  t o o  h i g h .  I t  i s  s u g ~ e s c c d  
t h a t  u n l e s s  t h e r e  h a s  been a  change i n  b a c t e r i a l  
. b i o c h e n i s t r y  t h e  b a s i n  was s o m e ~ h a t  r e s t r i c t e d  w i t h  
r e s p e c t  t o  s e a r a t c r  s u l f a t e ,  s h i f t i n g  t h e  5~~~ 
s e d i m e n t a t i o n  r a t e  c u r v e  t o  n o r e  p o s i t i v e  values ' .  
Thus i t  a p p e s r s  t h a t  s u l f u r  i s o t o p e s  c a n . b e  used 
t o  d e t e r m i n e  r e l a t i v e  sedj.me.n:ation r a t e s .  For 
I n s t a n c e ,  i t  a p p e a r s  t h a t  t h e  p y r i t i c  g r a y  s h a l e s  
I n  t h i s  s t u d y  d i f f e r  from t h e  b l a c k  s h a l e s  i n  hav ing  , 

h i g h e r  s e d i m c n t a t i o n  r a t e s  r a t h e r  t h a n  i n  any 
p r o p e r t y  o f  t h e  o r g a n i c  m a t t e r .  klowever, a b s o l u t e  
r a t e s  c a n n o t  b e  de te rmined  w i t h  c e r t a i n t y ,  and 
l i t t l e  i n f o m a t i o n  c a n  be  g a i n e d  from a  few a n a l y s e s .  
S t u d i e s  o f  t h i s  k ind  must i n c l u d e  a  r ange  o f  samples  
f rom th roughou t  t h e  b a s i n  o f  d e p o s i t i o n .  

T a b l e  1 . 

S t r a t i g r a p h i c  U n i t s  of t h e  Dcvonian- 
l l i c c i c c i p p i a n  I n ~ l u d o d  i n  t h i s  Study.  

Name Predominant  L i t h o l o g y  
, C o l o r  Mineralogy 

H i s s i s s i p p i a n :  

Bcdfo rd  Ep. 
( = P r i c e ,  G r a i n g e r )  

sunbury '  S h a l e  

Bed f o r d  S h a l e  
(+Berea SS). 

Gray 

Black  

Gray 

S i l t s c o n e  and s h a l e .  
T u r b i d i t e s  abundan t .  
Abundant s i d c r i t c ,  marca- 
s i t e  n e a r  b a s e  i n  s o n e  a r e a s .  

S h a l e .  Abundant p y r i t e .  

S h a l e  and s i l t s t o n e  w. 
o c c a s i o n a l  s i l t s t o n e  t u r b i d i t e s  
(Euc1.l.d Elbr). Brrca Sand 
i r r e g u l a r l y  p l e s e r l t ,  u ~ u s t l y  i n  
Ohio. 
Bedford h a s  s i d e r i t e  i n  b a s e  
in Ky., l a r g e  p y r i t e  s p h e r e s  
(>2cm) i n  t o p .  



Maynard 

Table  1 - Continued 

~ e l o n i a n :  

Ohio S h a l e  
(=Chnttonooga) 

Cleveland Mbr . 

Chagrin lbr. 

U. Huron Mbr. 

Black 

Gray 

Black 

Gray 6 Black 

L. Huron Ilbr. . . 
(=Dunkirk of N.Y.)  

New Albany S h a l e  Black 
(= to t a l  Ohio  Sh + Sunbury 
SIi wl~ere  Bedford a b s e n t )  

J a v a  Grbiip 
Hanover S h a l e  

P i p e  Creek Sha le  

yqcr Fa1 1 s Group 
Angola Sha le  

Gray 

Black 

Gray 

m i n e s t r e e t  S h a l e  Predominantly 
b l a c k  , 

L e i c e s t e r  l k r c a s i t e  
(becomes T u l l y  LS KO eas i )  

Unconfomi ty  ' 

Raulltou group (undivided)  

Marce l lus  Sha le  

Sha le  
P y r i t i c  

Sha le  and s ' i l tq tone ,  t u r b i d i t c s  
comnon t o  e a s t .  
S i d e r i t e  abundant, p y r i t e  
common. 

311ale 
P y r i t i c  

Shale ,  in tc rbedded  gray  & black .  
P y r i t i c ,  o c c a s i o n a l l y  some 
s i d e r i t e .  

.Shale . 
P y r i t i c  

Sha le  

P y r i t i c ,  phosphate nodules  
abundant a t  top.  

S i l t s t o n c  and Sha le  

Thin blaelr c h a l s  interhrds 1.n 
gray s h a l e .  

Shale 

Shale  

& r c a s i t e  and p y r i t e  r e p l a c i n g  
s h n l l  f ragmants. 

(not  s t u d i e d )  

Unconfomi ty  

Hiddle  Devocclan and o l d e r  ca rbona tes .  
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Table  2 

S u l f u r  i s o t o p i c  conpos i t ion  of  i r o n  s u l f i d e s  from 
Devonian-Nississippian rocks of  t h e  Appalachian Basin. 

S t r a t i g r a p h i c  u n i t  6~~~ 

1. Borden Forna t ion  

Farmer's S i l t s t o n q  -11.1 
(Rowan Co., Ey.) -21.4 

Kenwood S i l t  s t o n e  
( B u l l i t  Co., Ky.) 

2. Sunbury Sha le  
( A d a m  Co., Ohio) 

3. Bo-dford S l ~ a l e  
(Rowan Co . , Ky . ) 
(Rowan Co., Ky.) 
(Cuyahoga Co.,,.Ohio) 

Euc l id  S i l t s t o n e .  b!br 
(Cuyahoga Co., Ohio) 

In t u r b i d i t e  bed +26.7 

6. Ohio Sha le  

Cleveland l~lcmber 
(Cuyahoga Co., Ohio) 
(Lorain Co.. Ohio) 
(Rowan Co., Ky.) 
(Powell Co., Ky.) 

Chagrin Member 
(Lorain Co., Ohio) + 2.6 
(Wise Co., Va, - c o r e )  + 3.3 

Upper Huron Plember 
(Powell Co., Ky.) 

Hiddle  Huron P!err.ber 
(Adams Co., O!>io) +23.5 
( P o v c l l  Co., Ky.) -10.8 
(Wise Co., Va. - c o r e )  +29.8 

Lower Ruron !.Icz!l?er 
(Wise Co., Va. - core)  - 3.8 
(Wise Co.. Ya. - core)  - 6.5 
(wise C o . ,  Va. - c o r e )  - 7 . 1  
(Delaware Co., Ohio - core)  + 6.3 
(Delaware Co., Ohio - c o r e )  - 0.9 
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Tablc 2 - Continued 

Undif fercntiated (=!:ew Albany shale) 
(Overton Co., Tenn. - core) -20.5 
(Overton Co., Tenn. - core) -29.9 

Ilncnnfnrmf ry a t  hasr? of 0ht.o Shale 
(Adans Co., Ohio) 

massive pyrite - 4.2 
sandy, phosphatic zone -24.2 

(Rowan Co. , Oliio) 
sandy, phosphatic zone -29.0 

5 .  Leceister ?larcasite - massive sulfide 
(Eric Co., N.Y.) 

Lap - 1.f1 
base ' - 0.2 

Averages 

Unconformities -11.8 

Black shales - 7.9 
.Gray shales +11.6 

Later mineralization (Borden) -14.5 

Sedimentation rates inferred from sulfur isotopes. 

Stratigraphic unit Relative sedimentation 
rate (cm/year) 

Middle Huron 

Bedford 

Cllag~ In 

tower Huron 

Cleveland 

Sunbury 

Uppcr Huron 

Nev Albany 

l~alculated by assigning a value of 0.01 cmlyr to thc New 
Albany samples. This is equivalent to raising A by 10~/oo.' 

10 



P o t t e r ,  P r y o r ,  Lundegard,  Samuels,  and Playnard: Devonian p a l e o c u r r e n t s  

i n  t h e  Appa lach ian  B a s i n  ( r e a d y  t o  send  t o  Plorgantown f o r  r e v i e w ) .  

Abstract and Outline 

Palcocurrents in:thc D~vonian.clastics of the central 
and northern Appalachian basin were u~liformly oricnted to 
the west judgi.ng hy the orientation of sole narks on 
interbedded siltstoncs and sandstones and by the avsilable 
directional data fro13 the intcrbedlcd black and gray 
shales thcmselves. The paleocurrent indicators are at 
right anglca to isclpachs of total Devonian thickness, 
wl~ich decreases vestward froa 12,000 ft. in eastern 
Pcnnsy1.vania to a fcv hundred feet in west-central Ohio. 
This clastic wedge is largely of Uppcr Devonian age and 
includes al.luvia1 and delta plain environzcnts (in the 
east) as well as s11elf (east-central), turbidite slope, 
and basin plain environments (vest .centre1 and vest), 
the latter representing nost of the black shales. 
Lithologies within the vedge are more continuous north- 
south, parallel to depositional strike, than east-west. 

The methodology of paleocurrent studies in shaly 
basins using both outcrops and oriented cores is set 
forth as is tile relationship beween pa'leocurrents 
and gas potential. 

Key Ideas: Paleocurrent systems in shaly basins and 
gas potential, methodology, Devonian of Appalachian 
basin, unresohed problems, and annotated bibliographies. 

Abstract 
Introduction 
Regional Setting 
Basinwide Paleocurrent Pattern 
Paleocurrent Systems in.Shglv Basins 
liethodology 

Directional Structures 
Sole llarks 
Ripple marks, cross lamination and crossbedding 
part in^ l inea t ion  
Graded beds 

Collecting and Processing Outcrop Data 
Oriented Cores 

Unresolved Problems 
Annotated References 

Cross Sections and Correlation 
Regional Syntheses 
Environ~cntal Studies 
Black Shale and Gas Production 

Acknowledgments 
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Table  1 

BASIN SU?I?LZRY OF DEVONIAii OF APPAI.ACHIAN BASIN 

Time Spfi 
F i f t y  m i l l i o n  y e a r s .  

Geometry and S i z e  
Large,  i n c o c ~ p l e t e l y  preserved vedge cover ing  about  
260,000 knL n o r t h  of Ten>essee wi th  g r e s t c 8 v  cn ickncss  
o f  12,000 f t .  a l o t ~ g  i t s  s o u t h e a s t e r n  s i d c  i n  Pennsylvania.  

L i t h i c  F i l l  
Li t l iol .ogics:  Exceedingly v a r i e d  inc lud ing  f l u v i a l  red 
pebbly sands tones  and red s h a l e s ,  f l u v i a l , d e l t a i c ,  beach, 
and s h e l f  sandstones p lus  s l o p e  and b a s l n  s i l L s L ~ ~ l ~ e s  
nloctly of t u r b i d i t c  n r i g l n ,  vid~sprcad c r p y  a1111 b lack  
mnrinc s h a l e s  siid 3hallnw 5rnt.r.r oarbonotec. r h i n f l y  i n  
lower pore, ( W a l d ~ s ! > ~ r g  q t a r p )  hllr a l s n  i n  the  fidd_le and 
upper  Devonian 0 1 1  Lile c r a t o n  and i t s  margins. 
P.rrangernent: General  p rogress ion  from e a s t  t o  west of  
non-marine c l a s t i c s  through beach, s h e l f ;  and s l o p e  t o  
deep b a s i n  westward wi th  prominent c l inoform d e p o s i t i o n  
and westward o v e r l a p .  Depos i t iona l  s t r i k e  i s  very 
uniformly o r i e n t e d  north-south throughout t h e  b a s i n  
excep t  p o s s i b l y  near  presenL u c s t e r n  I l m i t  and t h u s  
r.:on t h i n  s h a l e  u n i t s  have mucl~ b e t t e r  nortn-south 
t h a n  east-west  l i t h o l o g i c  c o n t i n u i t y .  

Compose ion  
S u b l i t h i c  t o  s u b f e l d s p a t h i c  a r e n i t e s  and wackes; i l l i t i c  
and c h l o r i t i c ,  o r g a n i c  r i c h  s h a l e s  and gray mudstones. 

P a l e o c u r r e n ~ s t e m  . . - - .- . - - - . . . - 
Interbedded s i l t s t o n c s  and sands tones ,  and p r e s u u ~ a l l y  
most of  t h c   hale in the b a s : l ~ ~ ,  Ildve p ~ l c o c u r r c n t 3  very  
uniformly o r i c n t c d  t o  t h e  west a n d . g c n e r a l l y  perpendicu la r  
t o  i sopachs  even thoilph b l a c k  s l ~ a l s s ,  wl~ ich  d o n i n a t c  i n  
wesLe111 pac t  s f  L a ~ i n ,  imply dcpoc i t ion  i n  a r r s t r i c t e d  
b a s i n .  

~ d l o o ~ ~ ~ ~ v a ~ h ~  and Trr t n n i c Q ~ t t i , ~ p , ~  
Large d e l t a  complex i n  Upper Devonian, now beheaded by 
c o n t i n e n t a l  s e p a r a t i o n ,  o v e r l a p s  c r a t o n i c  margin. 
Tcr r igenous  d e b r i s  suppl ied  by d l a r g e  r i v e r  J ~ a i i ~ i n g  a 
s t a h l o ,  c p n t i n c n t a l  land mass. i n  vh ich  v o l c a n i c  rocks  
v e r e  1,argely a b s e n t .  Kecroarc basin? 





Provo, Kepferle, Potter: Division of Ohio Shale in Eastern Kentucky. 

This was published in the AAPG, v. 6 2 / 9 ,  p.1703-1713 and is a 

condensation of MERC/CR-FF-2. 

Lundegard, Samuels, and Pryor: Sedimentology of the Brallier Formation 

in Outcrop in Fiiryland, Virginia, West Virginia, and Tennessee. 

This study is in its final phase and has been conducted by Messrs. 

Samuels and Lundegard, two 1f.S. candidates, under the direction of 

Professor Pryor. A MERC publication is planned for late this year and 

Messrs. Samuels and Lundegard hope to complete their M.S. Theses by 

June 1979,. (both are going elsewhere for Ph.D. work). Their work has 

been largely devoted to the description of outcrops, paleocurrents, and 

the study of thin sections. Significantly, they have not made much 

use of the SEX. However, ahstrarts for the GSA and AAPG hnvc bccn 

prepared. Below are selected excerpts of the abstracts. Their 

forthcoming MERC report ihould contain about 60 pages. 

, ' . 
. !-: , ; ' . . :  ; :. . - 

\ P .  .)- .$. . .. 8 .  : 1 - 

, , ,  ,". : -,:yc' : . . 
~ - .  

Abstract and Outline 

The Brallier Formation (Upper Devonian) of the Central 
Valley and Ridge Province is a thick (2000 to 3000 feet) 
regressive sequence of proximal to distal turbidites composed 
of interbedded siltstone, mudstone, claystone, and shale. 

The turbidite origin of the Brallier Forration siltstones 
t a  clearly established by tlrc prcscuce uf Euun~a sequences, 
en1 e nlnrkin&s, lateral continuity sf individual teds, clrrlfur~u 
directional properties, and a shelf-slope-basin facies tract. 
The mlrdstonee, claystonos, and ohalca have a mixed turrliditi~- 
hemipela~lc origin, 

We have recognized six facies of the Brallier Formation. 
These are, a siltstone-shale facies, a siltstone bundle facies, 
an olive-gray mudstone-shale facies, a yellowish-gray clay- 
dtone tacies, an olive-gray clagstone facies, and a black 
shale facies. The characteristics of these facies and their 
areal distribution are the basis of our depositional ~odel. 

Ve interpret the Brallier Formation as a siope deposit 
lith6genetically rcloted to the underlying black shales a t ~ d  
overlying shelf sediments. Low variant westerly paleocurrent 
trend= and fscles distributions andioate a depogitional 
system in which the slope prograded uniformly basinward. 
There are no indications that strongly arcuate, long lived 
submarine fans were a part of this depositional sequence.. 
SubnurLne fan tcminology is only partial1 y alrl;l I r  all1 r 11.1 

the Brallier Formation depositional system. 
Small, low-density turbidity currents probably originated 

from suspended sediaent plumes caused by storm agitation 
of the outer shelf or by high river discharges, rathcr than 
by localized mass movement. 

Petrographic. data indicate a sclurce area of sedimentary 
and low-grade metasedimentary rocks somewhere to the east. 
Lover- and middle-slope turbidite siltstone bundles make 
attractive reservoir bodies where they are interbedded with 
Uack shales in distal facies. 



Introduction 
Study area and sample localities 
Stratigraphic sequence-regional and local; schematic 

cross section (E-W) 
The problem: including previous work 

Faeies of the Brallier 
Sand/sh?le ratio 
Litl~ology and thickness 
Coarse-grained bpd t h f r k n ~ s s  
Sedimentary structures 
Distribution 
Interpretatloo 

Cross sections 

Shale petrology 
bludrock clsssification 
Outcrop and hand specimen features 
Elineralogy 
Texture 
Physical and biogemic structures 
Organic carbon 

Depositional model 
Comparison with submarille fan model 
~lastic ramp nodel 
Pale~cur~e~lts a~.irl facies dist~ibution 

Provenance 
Petrography of shale and siltstone 

Appendix 
Measured sections 
. Standard reference secti.ons 

Other sections 

Facies Descriptions from the Brallier 

~ud.rocks: Mudrocks of the Brallier Formation consist predominantly 
of a very finely ;crystalling aggregate of clay, which exhibits first 
order yellowish-orange birefringence and pleochroism in shades of 
olive. 1n the shales there is strong unit extinction of the clay 
flakes indicating a preferential orientation. Unit extinction is much 
weaker in mudstones and claystones. Clay minerals of the mudrocks , 

have undergone some recrystallization 'a.s indicated by a'reas of larger 
crystal size, gradational with the finer crystalline clay and by 
anomalously higher birefringence (second order blue). 

Quartz grains are angular to subangular. In silt laminae, 
individual grains may be difficult to identify because of annealing 
and suturing of quartz grains and development of quartz overgrowths. 
This same mobilization of silica occurred in the siltstones as well. 
Trace amounts of relatively fresh plagioclase are present in the 
Brzllier Formation mudrocks. 



Organic m a t t e r  occu r s  predominant ly a s  s t r u c t u r e l e s s  s t r e a k s  and 
i s  d i s semina ted  throughout  t h e  c l a y ,  compris ing u s u a l l y  l e s s  t han  
5 p e r c e n t .  Organic m a t t e r  is  n e a r l y  opaque and dark-brown i n  r e f l e c t e d  
l i g h t  when f r e s h ,  and orange i n  r e f l e c t e d . l i g h t ,  when weathered. 
Spores  are g e n e r a l l y  very  r a r e  i n  B r a l l i e r  Formation mudrocks, bu t  
are common i n  some samples from e a s t  Tennessee. 

Micas comprise up t o  14 p e r c e n t  of s o w  samples.  These a r e  
predominant ly  muscovi te  w i t h  l e s s e r  amounts of c h l o r i t e  and r a r e  
weathered  b i o t i t e  f l a k e s .  Micas a r e  s t r o n g l y  o r i e n t e d  p a r a l l e l  t o  
bedding i n  s h a l e s  b u t  a r e  weakly o r  randomly o r i e n t e d  i n  mudstones 
and c l a y s t o n e s .  

There  a r e  f i v e  major l i t h o f a c i e s  i n  t h e  B r a l l i e r .  Of t h e s e ,  f o u r  
a r e  predominant ly mudrock. The remaining f a c i e s  c o n s i s t s  of packe t s  
o r  bundles  of s i l t s t o n e  t u r b i d i t e s  up t o  n e a r l y  ,100 f e e t  t h i c k .  These 
p a c k e t s  g e n e r a l l y  occu r  i n  t h e  lower h a l f  o f  t h e  s e c t i o n  and a r e  found 
throughout  t h e  s t u d y  a r e a .  

The mudrock s u b f a c i e s ,  h e r e  i n fo rma l ly  c a l l e d  A,  C ,  D, and E ,  
d i f f e r  i n  t h e i r  b a s i c  mud c h a r a c t e r  a s  w e l l  a s  i n  t h e i r  a s s o c i a t i o n s  
w i t h  s i l t s t o n e  t u r b i d i t e s .  

Subfac i e s  E c o n s i s t s  of b l a c k  (N1) t o  da rk  gray  (N3) s h a l e ,  w i t h  
s t r u c t u r a l  l a m i n a t i o n  and r a r e  s i l t  laminae.  The s h a l e  t ends  t o  
weather  f i s s i l e  w i t h  2 t o  5 mm t h i c k ,  smooth pa ' r t i ngs .  P a r t i n g  s u r f a c e s  
commonly have a  gray ish- red  ( 5 R 4 / 2 )  i r o n  s t a i n .  Minor, i n d i s t i n c t  
b i o t u r b a t e d  zones a  few m i l l i m e t e r s  t h i c k  and weather ing  ye l lowish  
gray (5Y8/1), a r e  p r e s e n t  i n  most of t h e  s h a l e s  of. t h i s  f a c i e s .  
S i l t s t o n e  beds i n  s u b f a c i e s  E comprise up t o  20 pe rcen t ,  b u t  t y p i c a l l y  
less than  1 0  percent. They a r e  predomillantly cross- laminated,  Tc 
beds  w i t h  r i p p l e d  upper s u r f a c e s .  

- S u b f a c i e s  D ,  more common i n  t h e  lower h a l f  o f  t h e  s e c t i o n  and t o  
t h e  southwes t  i n  V i r g i n i a  and Tennessee c o n s i s t s  of up t o  hundreds of 
f e e t  of o l ive -g ray  s h a l e  w i t h  subord ina t e  burrowcd c l ays tone .  The 
s t r u c t u r a l l y  lamina ted  s h a l e  a l s o  c o n t a i n s  s i l t  laminae up t o  3mn t h i c k .  
I n d i s t i n c t  h o r i z o n t a l  burrows l e s s  t han  3 mrn a c r o s s  t h e  bedding i n  
t h e  s h a l e  g i v e  i t  a mo t t l ed  appearance.  Biogenic c o l o r  l amina t ion  
3 t o  5 rnm t h i c k  r e s u l t s  from a c o n c e n t r a t i o n  i n t o  l a y e r s  of h o r i z o n t a l  
burrowo. S i l t o t o n c  beda a r e  r a r o  and l a ~ c  than  0.1 f o ~ t  th ick .  

The l a c k  o f  s i g n i f i c a n t  s i l t s t o n e  beds and t h e  presence  of 
i n t e n s i v e  burrowing sugges t s  slow t o  ve ry  slow hemipelag ic  s ed imen ta t ion  
of c l ay , '  S i l t  l aminae  and t h i n  beds probably r e s u l t e d  from r a r e ,  
sma l l ,  t u r b i d  f lows.  

O l i v e  g r a y  mudstone and s h a l e  comprtses  s u b f a c i e s  C.  Found 
throughout  t h e  s t u d y  a r e a ,  t h i s  f a c i e s  2s more common i n  t h e  lower 
h a l f  of t h e  s e c t i o n .  Like s ~ ~ b f a c . i . e s  D ,  h o r i z o n t a l  burrows 3-5 mm 
a c r o s s  a r e  common ( P t e r i d i c h n i t e s  b i s e r i a t u s ) .  Small brachiopods 
a r e  r a r e .  The mudstone p a r t s  w i th  a hsckly  s u r f a c e .  S i l t s t o n e  beds 
a r e  more common and t h i c k e r  than  i n  f a c i e s  D ,  r anging  from 0.05 
f o o t  t o  0 . 3  f o o t .  Base t r u n c a t e d  Bouna sequences ( ~ c d e ,  Tde, Tce) 

, arc*. common. Tops of  beds a r e  commonly r i p p l e d .  
The s i m i l a r i t y  of s u b f a c i e s  C and ll speaks  i n  f avo r  of  s i m i l a r  

depos i t i on : .  t h a t  i s ,  slow hemipelagic  sed imenta t ion .  Larger  burrows 
sugges t  somewhat more oxygenated cond i t i ons .  The presence  of  



disseminated silt and thicker turbidites are indicative of increased 
proximality. 

Subfacies A consists of siltstone and shale and/or mudstone 
interbedded in variable proportions. Typically the shale is light 
olive gray (5YS/2) to moderate olive brown ( 5 Y 4 / 4 )  in color and 
exhibits structural lamination only. Found throughout .the vertical 
extent of the Brallier Formation, subfacies A exhibits an upward 
increase in sand/shale ratio and in siltstone bed thickness. Only 
in extreme southwestern Virginia and eastern Tennessee is this facies 
absent. 

Coarse-grained bed thickness, typically between 0.05 feet and 
1.0 feet', exhibits a modal thickness of about 0.2 feet. Base- 
truncated Bouma sequences are dominant with current and organically 
formed sole marks common. Vertical burrowing, although rare, does 
occur in the siltstones. 

Abundant shale and mudsto'ne with such' siltstone interbeds argues 
again in favor of an area undergoing heniipelagic sedimentation. 
Here turbidite events are much more frequent and of a larger scale 
than in subfacies C. 

Stratigraphic Sections: 24 total of 22,500 feet of '~rallier have 

been measured, described, and scintillometered. Below is an example. 

Huntingdon Section 

Incomplete section of Rrallier Formation exposed for 0.28 

miles in roadcuts along north side of Penn Street at inter- 

section with US Rt. 22, 0.9 miles east of Pennsylvania Rt. 26. 

Base of section is located 1300 fect east of Standing Stone 

Creek on Penn Street. Huntingdon, Huntingdon County, Pen~~sylvania, 

Huntingdon and Mount Union quadrangles. Section measured, 

described and sampled using Jacob's staff, Abney level, tape 

and compass by Xcil D. Samuels, September 2, 1978. 

Thickness 
(feet) 

Devonian (imcomplota): 

Brallier Formation (incomplete): 

. 10.. Interbedded siltstone (35 percent) and mudstone 

(65 percent). Siltstone is mediun dark gray (34)  

to medium gray ( Y j ) ,  weathers olive gray (jY 411) 

vith dark yellowish orange (10 YR 616) limonitic 

seain, mlcaceous, planar arid ripple lamiaation 

common in beds 0.1 to 1.0 feet thick vith sharp, 

planar bases and gradational, rippled tops. 

lludstone is medium dark gray ( X 4 ) .  weathers olive 

gray (5Y 4J1) to small, thin chips, slightly to 

very silty, silt laminae absent. Irregular 

partings 3 to 5 mm. hackly veathering surface. . . . . 103 

9. Covered . . . . ., . . . . . . . . . . . . . . . . . . 9 1 



8. Interbedded siltstone and shale 1.ikc Unit 1 . . . . .  16.2 

7. Siltstone (40 percent), nudstone (50 percent) and 

shale (10 percent). Siltstone like unit 10 in 

beds 0.05 to 0.5 feet thick with mode of 0.2 foot; 

Tce Bouma sequence vith ripple lamination very 

comson, Tbc and Ta sequences less coouoon, content 

graded, sharp planar bases and gradational, rippled 

tops; organic sole markings common. 

Mudstone like unit 10. 

Shale is olive gray (5Y 312). weathers olive 

gray (5Y 411) with moderate yellovish brown 

(10 YR 5/4) linonitic stain; silt free to slightly 

silty, hard fissile partings are 2 m .  Structural 

lamination present, occurs gcnerally in 0.3 

to 0.4 feet, highly bioturbated and wcathcred 

. . . . . . . . . . . . . . . . . . . . . . . . .  zones 30.3 

6. Interbcdded siltstone (45 percent) and nudstone 

(35 percent). Silrsrorie - like urii~ 10. Sabcr 

and Tbce sequences cons:on in beds 0.1 to 1.8 

feet thick with node of 0.2 to 0.4 feet; carbonized 

vood fragments very abundant along some bedding 

planes; beds are generally even and continuous. 

However, beds less than 0.1 foot thick commonly 

pinch and swell; beds generally m~ssive and blocky. 

Mudstone like unit 10 with bladed weathering compon . . 60.8 

5.  Siltstone (30 yercen~), sllalc (10 perce~~t) a d  

interlaminated mudstone and siltstone (60 percent). 

Siltstone is medium dark gray (NL) to medium gray 

(Nb), weathers olive gray (5Y 4/11; micaceous, 

ripple lamination common in beds 0.05 to 0.5 ~ O O E  

thick with modc of 0.1 foot. Tot Eot m =equcnces 

t o ~ o n ;  pirlch and swell connon a s  are regular, 

lateral thickness changes, soft sediaent deformation 

( f low  rolls] a l s n  present; many h ~ d s  wjrh sharp 

planar bases and gradation, rippled tops. 

Shale is like unit 7 .  

Intcrlndnatcd mudctone and siltstone on scale 

of 1 cm. Mudstone like unit 10. Siltstone is 

medium gray (NS) to olive gray (5Y 411) in very 

indistinct beds; argillaceous; planar and ripple 

. . . . . . . . . . . . . . . . . .  lamination coczon; 53.5 

4. Siltstone (75 percent) and nudstone (20 percent) 

and shale (5 ~ercent). Siltstone is medium gray 

(N5), weathers olive gray (5Y 411) with dark 

yellowish orange (10 YR 6/6) limonitic stain; 

micaceous, planar and ripple lamination conunon, 

climbing ripple lamination conmon on few beds. 

massive and structureless beds also COFUXIO~; bed 

thickness ranges from 0.05 foot to ?;8 feet with 

mean of 0.7 foot and mode of 0.2 to 0.4 foot; 

rare sole marks include fluty casts at 3480 

18 



Thickness 
(feet) 

340° with blunt end toward north plus organic 

sole markings. Carbonized wood fragnents very 

abu11dar1L on sou~e Lellclittg planes (with gcrlcrcll 

orientation of 2590) plancs and are often concen- 

trated in lincar bodies separated by about .5 foot 

of very low concentration (suggesting ripple 

troughs); content grading coamon with partings 

of 2 to 3 wm in upper 1 cm. of many beds. 

amalgamation common; sharp planar bases and 

gradational, rippled tops. 

Xudstonc is medium dark gray ( X I + ) ,  weathers 

olive gray (5Y kll), slightly to very silty. 

Won-laminated, irregular partings 3-4 m.. 

HacWy appearance on weathered surface. 

~hafe is moderate olive brown (5Y 414) to 

medium dark gray (N4), weathers olive gray (5Y 4/11, 

silt-free, structural lamination, fissile, hard, 

regular, parallel partings 2 mn. generally occurs 

as Te ( f ? )  unit gradational with siltst,one 

beds 112.2. Beds strike 225O, dip 15OSE. 

3. siltstone' (60 percent), nudstone (35 percent) and 

shale (5 percent). 

Siltstone is medium dark gray (N4) to medium gray 

(NS), weathers olive gray (5Y 411) with dark 

yellowish brown (10 YR 412) and moderate yellowish 

brown (10 YR 514) limonitic stain; mi~aceous; 

Ll~lck~~trss raugrs ri-viu 0.1 f a a t  t e  1.1 f e e t  w i t h  

mode of 0.4 to 0.5 foot; ripple lamination 

(Tc sequences) comon in beds less than 0.2 foot, 

planar lamination and structureless beds (Tac and 

Tabc) comon in thicker beds; sole markings common 

ulth groove casts oriented 2750 and 280". Organic 

sole markings also comon. 

Hudstone like unit 4. 

Shale like unit 4 . . . . . . . . . . . . . . . . . . . 40.9 



Thickness 
(feet) 

2. Siltstone (30 pcrccnt) interlaninated siltstone 

and mudstone in unequal amounts (65 percent) and 

shale (5 percent). Siltstone like unit 3 in beds . 
generally less-than 0.25 foot with few beds 0.6 

to 0.7 foot and maxinum of 1.3 feet thick. 

Interlaminated siltstone (70 percent) and mudstine 

(30 percent) in seals o f  1 t o  3 cg. Siltstone 

is less dist.inctly bedded than described abovc 

and often contains ripple or planar lamination. 

Pludstone weathers medium gray (:14) to olive gray 

(5Y 411) to small blades, irregular, hackly partings 

2 to 5 m. silt-free to slightly siity with rare 

silt laminae less than 1 rcm thick. 

Shale is olive gray (5Y 4/1), silt-free with 

regular, parnllcl partinha 1 t o  2 m. TWU ,0.4 f u u ~  

thick highly burrowed zones more highly weathered . . . 35.7 

1. Siltstone (70 percent), mudsto~ie (25 percent) and 

sh,?l.e ( 5  pcrccnt). Siltstone is ncdium do1.k gray 

(N4) to olive gray (5Y 4/1), weathers olive gray 

(5Y 411) 'with dusky yellowish brown (10 YR 2/21 

limonitic sta.ln; nicaceous; bed thickness ranges 

from 0.1 foot to 3.9 feet with node of 0.1 to 0.3 

foot and mean of 0.7 foot; Tabc, Tab and Ta Douma 

soqucneco conmon. Tc scqucnces less ClsEuiiou, 

sole markings include flute cast at 2950 wtt.11 bluut * 
end toward east and numorouc finc groovc3 with 

general trend of 295O; amalgamation comon, sharp, 

planar bases and gradational, rippled tois, blocky. 

N~~rictnne is nliire Gray (5Y 4/1), ~loathoro olive gray 

(5Y 4/1), silty to very silty; hackly, irregular 

partln~s 3 t o  5 m. 
Shale is moderate olive brown (>Y  414). weathers 

olive gray (5Y 411): silt-free, structural lamination, 

fissile, soft, regul.ar parallcl partings 1 to 2 rm. . . 51.0 

Beds strike 2300, dip 250 SE 

Tots1 Brallier Formation .. . . . . 591.6 
(incomplete) 



MANUSCRIPTS I N  PREPARATION 

Broadhead: S t r a t i g r a p h y  and ' sed imento logy of one Ohio Shale  a long  

.Lake  E r i e .  This s tudy  i s  by Ronald A .  Broadhead, an  li.S. c a n d i d a t e ,  

who hopes t o  f i n i s h . i n  t h e  suinmer o r  s p r i n g  of 1979. To d a t e ,  Ron , 

h a s  measured 1 3  s e c t i o n s  a long  Lake E r i e  and helped t o  d e s c r i b e  t h e  

Cleveland No. 1 h o l e  of t h e  I n t e r n a t i o n a l  S a l e  Company on Whiskey - 
I s l a n d ,  i n  Cleveland.  S c i n t i l l o m e t e r  surveys  were made of most of  

t h e  ou tc rops .  P re l imina ry  r e s u l t s  i n d i c a t e  t h a t  t h e  s c i n t i l l o m e t e r  

w i l l  r e g i s t e r  most b l a c k  s h a l e s  t h i c k e r  than  0..5 f t . ,  a l though some 

b l a c k  s h a l e  beds a r e  unexplained excep t ions .  I n  a d d i t i o n ,  some 

sed imen to log ica l  d a t a  h a s  been s t a r t e d  - s h a l e  pe t ro logy ,  t r a c e  

f o s s i l s ,  and pa l eocur ren t  i n d i c a t o r s .  P o t t e r  s p e n t  t h r e e  days i n  

June  w i t h  Ron i n  f i e l d  and Ron has  been t o  t h e  f i e l d  a t o t a l  o f  

46 days i n  1978. Kepfer le ,  Broadhead, P o t t e r ,  and members of t h e  

Ohio s u r v e y ' w i l l  spend two o r  t h r e e  days i n  one f i e l d  i n  l a t e  

October .  

Below is a n  o u t l i n e  of  a  for thcoming EERC p u b l i c a t i o n .  

I n t r o d u c t i o n  

S t r a c i g r a p h y . o f  Upper Devonian Sha les  a long  Lake E r i e  
Rocks below Ohio Shs le  

Si lur ian-Devonian Big Lime 
S h a l e s  

Narce l lus  s h a l e  
Hamilton Croup 
R h i n e s t r e e t  s h a l e  
Angola s h a l e  
Hanover s h a l e  
u lcn taney  shale 
Plum Brook s h a l e  

Ohio Sha le  
Huron Eknhcr . 
Chagrin :.lecher 
Cleveland 1,lezber 

Rocks above Ohio Sha le  
Red Cord S h a l e  
Bcrea Sandstone , 

S t r a t i g r a p h i c  Contri'r,ution: 
Outcrop s t u d i e s  

Bed by bed d c s c r i p t i c n  of gsasured s t r a t i g r a p h i c  
s e c t i o n s  of t h e  Ohio Shale  a:ld C i e n t a n ~ y  Shale 
along, Lake E r i e .  This  i n i o r n a i i o n  i s ' n o t  a v a i l -  
able i n  the  l i t e r a t u r e .  Tha main purpose h e r e  
is che s c r a c i g r a p h i c  a n a l y s i s  oi che s h a l e s  and 
s i l t s t o n e s  of t h e  Ohio and Glentangy Sha les .  

Gamma ray  s c i n t i l l o m e t e r  p r o f i l e s  of measured 
s t r a t i g r a p h i c  s e c t i c n s .  This  cTeaLeS a g 3 m  
ray l o g  s i m i l a r  t o  those  commonly taken i n  
d r i l l e d  wel l s .  



Subsurface studies 
The object of the subsurface studies wi.l.1 be the 
detailed correlation of the outcrop with the 
subsurfacc geophysical logs. Olice the corrcXpt..lon 
has been madc, lithofacies identified in outcrop 
vill be mapped in theasubsurface. 

Petrographic Studics 
Thin scction petrography are being used to chiracterize 
the Ohio Shale and its various form31 and informal 
stratigraphic subdivisions. 

Ohio Shalc Sediolcntology 
Trace fossil studies to indicate palcobatl~yn~etry 

Sedimcntologic analysis of the siltstones in the 
Ohio Shale 

Palcocurrent analysis 

Geologic history of the 0!1io and Ulcntangy s h a l e s  
n l o n ~  bska Er io  

Conclusions 

Section Descriptions 

delow is a description of sections that is representative of 

the vork done along Lake Erie. 

Excellent scction of Huron E!enber of Ohio Shale and ef OlcntanCy 

Shale exposed along the West Branch of the Huron River about 2.5 

miles northeast of Nonroeville in Ridgefield Township, Iluron County, 

Ohio (Ohio Coordinate Systen: North Zone. 1.952.000 fcet. 587 200 

feet). Base of section is located at the base of the cliff south of 

the intersection of the Lluron River with Lamereaux Road. The top, of 

the section is overgrown with grass and trees. 'I'his seccidn is ac 

the type locality of.the Huron Member of the Ohio Shale as designated 

by Newberry in 1871. Described and measured with  handlevel and 

tape by R.F. Broadhead on July 2 3 .  1478. 

Thickness (feet) 
Tnp of Sertfon: Units Cumul?f i"%. 
Devonian (incomplete): 

Huron Member ot Ohio Shale (imc6balete): 

50. Shale, black (31). wcnrhcro jircyich-red 

(10~4/2) and light-brown (5YR5/6). 5ilt 

is present as sparse laminae a few grains 

thick and as disseninated gra.ins. Petro- 

1.ifcrn11s. Parts into brittle plates l to 

10 mm thick. Lower contact abrupt and 

planzr. Top of 'unit is overgrown with grass 

. and trees. Contains lsrgc, black, spheroidal 

t o  ovoid, carbonate concretions a few fcet ' 

in diameter. Unit 50 is a prominent bed of 

shale vhich is more resistant to weathering 

than the interbedded units exposed below ........... 24.0 
Total thickness Ohio Shalc..... 24.0 



Olentangy Shale (incomplete) :' 

. U n i t s  1 through 49 consist  o f  an i n t e r c a l a t i o n  of  

Picdium-grey (KG-S5) s h a l e  v i t h  very dark-grey ( X 2 )  

and black (El) shi?les. The  medium-grey s h a l e s  contain 
0 .  . 

small  amounts of dissexinated' s i l ts  and weather dark- 

reddish brown (15)X3/4) and light-bra-m (5YR5/6). The 

s h a l e  r y p i c a l l y - p a r t s  i n  1 t o  6 ra thick. p l a t e s  
. . 

below u n i t  20. Above u n i t  30, p z r t i n g s  a r e  

1 t o  20 nlrn t h i c k  and ?roducc blockg,  

: t a b u l e r ,  2nd p l z t y  xeztherin!: expression$: 

"'?:bite and ye l lo -  s u l f u r  m i n e r a l s  a r e  

': c o m ~ o n l y  f o ~ u l d  on c e a t h c r c d  s u r f a c e s .  

- P y r i t e  is  s e l d o ! ~  se'en. The medium-crey 

, s h c l e  beds have p l e s s c r  r e s i s t a n c e  t o  

n e a t h e r i n q  thzn t h e  d a r k e r  s h e l e s  end a r e  

p l a s t i c  when v;et and :.:erthcred. The dark  

' s h a l e  beds weather  ~ r e y i s h - r e d  ( 1 0 ~ 4 / 2 )  

and lidit-bros::n. ( 5 ~ ~ 5 / 6 ) ,  They p a r t  i r i '  < t o  

6 m t h i c k  b r i t t l e  p l a t e s .  S i l t  is p r e s e n t .  

as b o t h  d i s s e g i n z t e d  g r a i n s  and as f h i n  

w h i t e  t o  l i c h t - g r e y  l a z i n a e  a  few p . i n s  

t h i c k .  T h i n  c o z t i n g s  of s u l f z t e  a i n e r a l s  a r e  

commonly fo~tr ,d on- v t e a t h e r i n ~  s u r f a c e s .  

C o n t a c t s  be t reen .  the beds of l i g h t  2nd 

d a r k  s h a l e  z r e  a b ~ v . p t ,  Individu.a l  beds a r e  

l z t e r a l l y  cont  incous. ::.it5 L i f  o r n  t h i c k n e s s  Y 
except i n  t h e  l o c e r .  1 0  f e e t  o f  the. s e c t i o n  

where t h e y  con:only p inch  2nd sT:;cll and vhere  

an in te r ton ,+e inz  of t h e  l i z h t  enil Czr4 s h a l e s  

. occurs. Althbugll b e l d i 2 g  o o n t a c t s  i n  t h e  irpp?r. 

p a r t  of h i t s  1 throu~;? 49 a r e  p l z n r r  or.. 

s l i g h t l y . u n i l u l z t o r y  (cmpl i tudes  o f  es xuch 

ae two i n c h e s ) ,  they  z re  3 o r e  u d u l s t o r y  nep-r 
' t h e  bzsc  of t h e  s e c t i o n  (2:?lifuries Fr?  
'con%onlg o r  8 i n c h e s  c.zd e9rr.e c?re ,:rcater 

g.nd v ; a v e l c n ~ t h c  Xre f r ~ z  6 t o  20 f e e t ) .  h feT.-I 
h i ~ h - a n g l e  s o f t - s c 2 i - e n t  f n u l t s  aFe p r e c e n t  i n  

1ov:er 1 0  f e e t .  
j eocr ibed  belo::' a r e  tilic!?r?esscs of bed:; ' 1 t 4 ~ 0 ~ p h  

49 ?.nd. f e k ~ t u r c z  of in?.j.l:iciu?.l '5edr v!hic:? 2 r e  

e x c e p t i o n s  fro;  t h e  .?enernlizcd c?escriStions:?iven 

above. 

49. S h a l e ,  m e d i a z - ~ r e y ,  a i t h  s s a r s e  ~ l o S l l l a r  

p y r i t e  2nd so-e f ine-~r .? . ined, .  ~ediun-~:rey,  



carbonate  concrct.ions r-hich hnve t h e  form 

p f  f1al;tened s;?!lsl-oids u t o  2 f t  i n  
diaclctcr  zr?d 1 f o o t  thick..  ............... 1.7 

48 ?. Sh??e. b l ~ c l i  ............................... 0.2. 
.... ..........*.. 47, Shele. ncdiuq-~rc.7 . . ? -  0.6 

4 6 ?  S h 2 1 ~ .  b l ~ . ~ k  .............................. 0.1 

45 . Shalc.  ?..cdil.r.s-.?rcy ......................... 0.5 

4 4  . Shclc.  bl?ck ................... ......,,.... 0.2 

4 3  . Sh?.le. nediur.- .~re.~ ........................ 0.4 

42 . S h 3 l ~ .  b l cck* .  ............................ 0.2 

41 . Shcl?.  neZi.ua-~.;.efi. .. ? .................... 0.7 
4U . S h a l e .  bl.zck! .......................I... + .  OtJ 

39 . She'le. nediua-zyey .......................... 0.l 
38 . ?hale .  black ..........t..?.t..,.?......... OT2 

37 . Shale  . ncdir.n-grey ...?.....?............ :. . 0.2 

36 ,  Shale .  b l 2 . c ~ .  ...........???........... rltt 0.1 

35, S h ~ l ' e .  mec?iua-grey ........................ O I T  . 

34 . Shale .  black. s ?a r se  p j r r i te  ..... .......-. 0.8 
33. Shale.  ncdiur-~rey-. . .  ..................... 0-9 
32 / Shale.  h lack  ................................ 0'.2 

3x1 Shele.  meaiun-grey .....?................?.. 0.4 
.............................. 30r Shale .  black b.9 

?9+ ShaXo. nodium-grey. -::it11 5 i~el.ce:lL 

....................... black  s h a l e  1znins.e 5 * 3  

................ . 28 ., Sh.2le. black M. . . . . . . . . .  0.2. 

... 27. Shale .  medium-..;rcy ....',...,............ 0.2 

............................... 26 . Sh>lq. black 0.2 

25 .. Shale.  medic?-~rey., with 5 percent  . 

B l s c k  s!+c laminae which ?inch 2nd 

6 ~ ~ 1  .1 ...........6 ....tr.......r....... 2.2 
.............................. . 2 4  Shzle.  bl?.c... 0 : 4  

.................. . 23 Shale.  mediuz-~rc  y....... 0.2 

. ............................. 22. Shr-le, blr.c!c. 1 O 
...... ................. 23. . Sie . l e  .. ~:.ediu.n-grpy ; 0.1 

.............................. . 20 Si12.1~. bl2.clc C . 2  

. & g r  Shp.>e. zediu--cre y.. ....................... 3 



18, Shs l e ,  black...... ....................*... 0.3 

17,' Shale, .  medium-grey, ~ i t h  5 percent  

. black s h a l e  i i - n i ? . ~ . ~  which 2 re  l c t e r a l l y  

unduloae end \?if o r 3  i n  th ic !u~ess . .  . . . . . . , 1.3 
16. Shale ,  black.... ........,.............*.., 0.2 

15.' Shale ,  rnediun- grey.... ..................... 0.7' 

1 4 ,  Shale ,  b l ~ ~ ? ~ . . . . . . . . . . . . . . . . . . . . . . .  ........ .0.7 . 
. . 13, Shale ,  mealurn-zrey;.. .,.....,.............., 0.2 

12, Shale ,  black...............,..*,.......... 0.8 

11. Shale ,  medium-grey., ...,.................. 0.2 

10. Sha le ,  b l ' ~ ~ ! ~ . . . . . . . . . . . . . . . . . . . , . . . . . . . . . .  0.3 

9. Shale ,  rnediurn-grer. .....,................. T.3 

8.. Shale ,  black.......... ...................* 0-6 

7!. ShaTe, nedium-grey... ............,...,,.,. 0..8 

6.. Shale ,  very-dar!<-~rey...,........~..,~.,.. 0.5 

5.. Sha le ,  medium-grey. ....................... 0.5 

4.. Shale ,  blaclr.........................,.... 0.3 

3,' Shale ,  nediua-grey... ..................... 0.3 

2. Shale, black..,...........,,............... 0.3 

E, 'Shale,  mediun-grey-, with 5 percent.  

th in-  t o  very  thin black ske l e  beds 

which a r e  laterzl3.y- w.2ulose l e n s e s  1 

t o  4 f e e t  l ong  ar,d 0.1 t o  0.3 f t  thick.. .  .. 1.2 
Totnl . th ickness  O l e n i z n ~ p  Shcle..,30.3 

GENERAL SHALE PETROLOGY 

Th i s  work"is  conducted by Thomas Stenbeck, an M.S. .candidate,  

working under t h e  d i r e c t i o n  of Professor  Pryor. Nei ther  had anything 

t o  r e p o r t  by September 18. The SEN i s  working w e l l ,  b u t  i t  is 

f a i r  t o  say  t h a t  we don ' t  seem t o  be a b l e  t o  use i t  nor i t s  energy 

d i s p e r s i v e  u n i t  e f f e c t i v e l y .  

Nor has any s i g n i f i c a n t  progress  been made on o . r ienta t ion  of 

c l a y  minera ls  and s i l t  g r a i n s ;  i .e . ,  c l a y  f a b r i c s  - by e i t h e r  

microscopic,  o r  X-ray methods. 



ADMINISTRATIVE 
. . 

T h i s  y e a r ,  1977-78, ou r  c o n t r a c t  func t ioned  w e l l  i n  almost a l l  

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

M r s .  Kao, o u r  chemical  t e c h n i c i a n  working f o r  P r o f e s s o r  

Maynard, i s  a n  o u t s t a n d i n g  succes s  and v i r t u a l l y  i n s u r e s  P r o f e s s o r  

Maynard o f  c o n t i n u a l ,  r a t h e r  e f f o r t l e s s  p roduc t ive  e f f o r t s .  Miss 

M. Jones ,  o u r  former t y p i s t ,  was a l s o  e x c e l l e n t  and most h e l p f u l .  

W e  a r e  v e r y  s a t i s f i e d  wi th  Mrs. D. Ploorman, ou r  new par t - t ime 

s e c r e t a r y .  

T r a v e l  funding  h a s  a l s o  been adequate  b u t  was f u l l y  used by 

t h e  end of  August. It should be  noted t h a t  we have on ly  used DOE 

t r a v e l  monies f o r  f i e l d  work, s t r a t i g r a p h i c  mee t ings , ' and  t r i p s  t o  

Ilorgantown. None a s  y e t  has  been used t o  go t o  n a t i o n a l  meet ings.  

W e  have greatly bene f i ced  over  t h e  year from t h e  presence  of 

Roy Kepfe r l e  of  t h e  USGS. He i s  most u s e f u l  i n  s t r a t i g r a p h y  and 

w i t h  s t u d e n t s .  W e  n o t e  however, t h a t  i n  having j o i n t  papers  w i t h  

Roy much e x t r a  l e a d  t ime must be  al lowed t o  o b t a i n  USGS approval  - 
something t h a t  w e  d id  no t  f o r s e e ,  obvious a s  i t  should  have been. 

S ix  t o  e i g h t  months should  b e  allowed f o r  t h i s .  

W e  had a n o t h e r  y e a r  of s u c c e s s f u l  s h a l e  seminar ,  b u t  w i l l  n o t  

c o n t i n u e  i t  i n  1978-79, t h e  l a s t  y e a r  of  o u r  i n i t i a l  t h r e e  year 

c o n t r a c t .  Th i s  summer Maynard spen t  two months on one c o n t r a c t ,  

and P o t t e r  and P ryor  each s p e n t  one month. Flaynard worked a t o t a l  

o f  8.4 weeks f o r  two month's s a l a r y ,  P o t t e r  worked a t o t a l  of 

9 .1  weeks f o r  one month's s a l a r y  and Pryor  worked 9 .3  weeks f o r  

one month's s a l a r y .  .Daily,  weekly and/or  monthly l o g s  a r e  
1. 

a v a i l a b l e  upon r e q u e s t .  

EQUIPMENT 

We a r e  s u c c e s s f u l l y  u s ing  t h e  CHN ana lyze r  and l i q u i d  chromato- 

.- graphe r  purchased w i t h  ou r  g r a n t ,  b u t  have f a i l e d  s.o ' f a r  t o  e f f e c t i v e l y  

use o u r  s m a l l  SEM o r  i t s  e l emen ta l  ana lyze r .  We have, however, b u i l t  

the BET so rp tome te r  and have made some p rog res s  toward t h e  c o n s t r u c t i o n  - .  - 
of an 'x-ray d e v i c e  f o r  t h e  s tudy  of f a b r i c  i n  s h a l e s .  



FUTURE PLANS 

. In the forthcoming contract year of 1978-79 we have three 

MERC reports scheduled - the Brallier study, one on the sedimentology 
.and stratigraphy of the Ohio Shale along Lake Erie, another on the 

Middlesboro (Pine Mountains) Syncline and perhaps one on general 

shale petrology plus some other outside papers on geochemistry and 

possibly one on whatever contributions we can make to basin analysis. 

However, our presently prepared Devonian Paleocurrents of the 

Appalachian Basin is an interim.stop-gap effort toward a basin 

analysis, one that uses existing data. We are also close to 

completing a related. effort entitled, Shales and How to Study Them. 

Barry phynard has applied for a sabbatical for the academic 

,year, September 1, 1979 to September 1, 1980., and will be away 

from Cincinnati. Professor Pryor wishes to concinue on the grant 

at a low level beyond its third year. Professor Maynard wants to 

continue the grant for another two years; primarily to continue 

geochemical studies. Professor Potter plans to leave the project 

at the end of Cincinnati's third year, October 1, 1979. 




