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6 Quarterly Report 
Black-Shale Stratigraphy Group 

1.0 Executive Summary-- 

During this quarter, most of our efforts here devoted to 
completing collection of field data from black-shale sections 
in order to meet a scheduled milestone at the end of December. 
Fourteen sections were described and'measured (Figure l), 12 
from the outcrop belt on the eastern flank of the Cincinnati 
and two from the Pine Mountain outcrop belt. Five of Linda 
Provo's seven radioactive units were traced along the outcrop 
belts where possible. At the southern end of each outcrop bell:, 
the units became increasingly difficult to differentiate, due 
to marked thinning on approaching the Cincinnati Arch. This 
thinning is evident from north to south in that successive 
basal. units drop out southward. In northern parts of the out- 
crop belt, the basal unit in the black shale is unit 5, but 
in the southernmost section, unit 3 is the basal unit. Both 
units 5 and 4 have pinched out in the intervening distance. 

Work is also continuing on the petrographic study of core 
material and on the well-log inventory. Initial examination 
and point counting is nearly complete. We are also at the 
point, where we are identifying microfacies in the core, but 
all interpretations are preliminary. The well-log inventory 
for two more counties, Powell and Wolfe were completed and the 
inventory for Magoffin has been started. An isopach map of 
unit 1 (Cleveland Shale blbr.) from the northeastern part of 
the state, where the inventory is complete, has also been 
startcd. 

A study of the clay-mineral stratigraphy from selected 
cores and outcrops has also been started in conjunction with 
the geochemical group. 

We have also made an effort this quarter to disseminate 
some of our data and techniques. To this end, we'have gre- 
sented papers at the. EGSP Symposium, the annual Geological 
Society of America Neeting, and the Kentucky Academy of Science. 
We will also present papers at the annual Easte.rn,Geological 
Society of America Sectional Meeting in April. Abstracts are 
enclosed in the Appendix. 

1-1ves--- 2.0 Contract Objec" 

1.) Complete the description and measurement of all outcrop 
. sections by December 30. 



e 

2.) Conti1-lued progress on petrographic stud.i.es and well-log 
inventory (toward isopach maps). u 

3.) Progress on east-west stratigraphic cross-section (Dead- 
line date: Feb. 28, 1978). 

4.) Progress on formulation of preliminary depositional model. 
(Deadline date: Mar. 30, 1975). 

3.0 Technical Progress-- 

3.1 Outcrop Descriptions 

3.1.1 All outcrops were measured and described by Decem- 
her 7 0 ,  1-977. Preliminary copies of the outcrop 
descriptions and graphic representatiu~~s uf each 
outcrop are included in the Appendix. 

3.1.2 The radioactivity profiles of outcrops in southern 
parts of the outcrop b e l t  w l . 1 1  probably be done 
over at closer intervals, so that more detail is 
available for deciphering individual units. We 
also hope to measure a section.in northern Tennessee 
and southern Ohio so we can tie our line of section 
into adjacent states. Stratigraphic analysis and 
interpretation should be complete by June 30. 

3.1.3 Interpretation of data and reprofiling southern 
sections if weather permits. 

3.2.1 Petrographic srudies cul~~ple Le 011 Fine Mt . Pcrry 
County, and one half of MarLin County Core. All 
microscope work should be completed by March 3. 

3.2.2 Our major problem is that of obtaining thin sec- 
tions. We nust send a11 materials to be thin 
sectioned out-of-state; hence, there is often a 
considerable wait Tor sections. 

3.2.3 Finish petrographic analysis of  arti in County Core, 
and begin interpretation. 

3.3 Well-Log Inventory 

3.3.1 All counties in northeastern Kentucky completed; 
inventories in southeastern Kentucky begun, 
Isopach map of unit 1 begun. 



3.3.2 At present, we average, about one county completed 
per month. In southeastern Kentucky, however, we 
are entering the Big Sandy Gas Field and there are 
many more wells to be examined. Hence, our progress 
may be slower than usual. 

3.3.3 Continued inventory of Magoffin County and go on 
to Johnson and Martin Counties if time permits. 

3.4 East-west cross-sections 

3.4..1 Our parts of these sections are a1read.y in U.S.G.S. 
hands. At the recent January meeting in Reston, 
our suggestions for corrections, etc. were made 
known. 

3.5 Formulation of Preliminary Depositional Model 

3.5.1 Library research on this is in progress. 

3.5.2 Unavailable, but necessary data from other con- 
tractors and parts of the project, may slow us 
down here. 

3.5.3 Continued literature research and interpretation 
of data. 



ABSTRACT 

CORRELATIOS FROFl THE SUBSURFACE TO THE SURFACE IN BLACK SHALE USING A 
SCINTI LL03IETER AND GAbh'N-R4Y LOGS 

ETTEXSO?IN, Frank R .  , Department o f  Geology, Univers i ty  of  Kentucky, 
Lexi.~ngton, Kentucliy 40506; FULTON, Ljnda Provo, Department of  Geology, 
University of C i n c i n n a t i ,  C inc inna t i ,  Ohio'45221; KEPFERLE, Roy C . ,  
U..S.G.S., u n i v e r s i t y  o f  C inc inna t i ,  C i n c i n n a t i ,  Ohio 45221 

S t r a t i g r a p h i c  s t u d i e s  o f t h e  Devonian-blississippian Ohio/ChattanoogaShale(con- 
s i s t i n g  p r i m a r i l y o f b l a c k  o rgan ic - r i ch  sha le )  i n  t h e  e a s t e r n  p o r t i o n s o f o h i o ,  
Kentucky, arid Te~iilessee. i n d i c a t e  t h a t  r a d i o a c t i v e  u~i . . t% evident on subsurface  
gamma-ray logs  from t h e s e  formations can b e  dist inguishecl  i n ' o u t c r o p s  and i n  
c o r e s  us ing  a s c l n t l l l d i n e r e r .  A ,vdrLical s c ~ i c ; ~  of  readings from a hand-held 
s c i n t i l l o m e t e r  t a k e n a t  c l o s e  i n t e r v a i s  O n  rhe. surfact: uf a black-shalc  c:cpos 
u r e  o r  co re  a r e  found t o  produce v e r t i c a l  r a d i o a c t i v i t y  p r o f i l e s  which c l o s e l y  
resemble gamma-ray,curves. from t h e  salcle f u r i ~ ~ a t i o n  i n  t h e  subsurfuco. Because 
t h e  u n i t s  o f  t h e  s c i n t i l  lometer  p r o f i l e s  and gamma-ray curves  a r e  not  i d e n t i c a l  
(collnts/second v s .  API u n i t s ) ,  t h e  curves a r e  no t  comparable onaone- to -one  
b a s i s ,  a l though t h e i r  p a t t e r n s  are q u a l i t a t i v e l y  s i m i l a r  enough t o  allors good 
c o r r e l a t i o n .  

Except f o r  t h i n  green-shale  beds d i s t r i b u t e d  throughout t h e  black s h a l e ,  
exposures o f  t h e  Ohio/Chattanooga s h a l e  appear homogeneous. Use of  t h i s  t ech-  
n ique  has  shown, however,. t h a t  t h e s e  b lack-shale  formatiorls corltain 7 major sub- 
u n i t s ,  which can now b e  c o r r e l a t e d  wi th  named s u r f i c i a l  u n i t s  elserGhere and 
d r i l l e r s '  u n i t s  i n  t h e  subsurface .  With a s c i n t i l l o m e t e r ,  t h e  presence .or  
absence and t h i c k n e s s  o f t h e s e  subun i t s  can be d e t c r m i n e d i n o t h e r r ~ i s e  homogene- 
ous-appearing exposures o f  t h e  black shale d r  ir.1 cures front d r i l l  ho les  1acl.r.- 
i n g  gamrna-ray logs .  Useof  t h i s  s c i n t i l l o r n e t e r  technique t o g e t h e r  wi th  gamma- 
r a y  logs  has  proved u s e f u l  i n  defini ,ng an i n t e r n a l  basin-wide s t r a i t g r a p h y  f o r  
t h e  Devonian-Mississippian black s h a l e .  

Abs t rac t  of  paper presented  at t h e  Geological Soc ie ty  of  America Annual 
Meeting, S e a t t l e ,  IVashington,, November 8,  1977. 
Geol. Soc. Amer. Abs. wi th  Programs, 9 (7) ~ 9 7 0 .  



ABSTRACT 

A PRELIFIIRARY MICROSCOPIC E,WMINATION OF DEVOYIAN AND LOIVER 1\.IISSISSIPPIAN 
BLACK SHALES I N  EAST-CENTRIL KENTUChT 

MILLER, blichael L . ,  Department of Geology, u n i v e r s i t y  o f  Kentucky, 
Lexington, Kentucky 30506; ETTENSOMN, Frank R., Department of 
Geology, Universi ty  or'. Kentucky, Lexington, Kentucky 40506 

A s  p a r t  of t h e  E.R.D.A. e a s t e r n  gas-shalesproject , . theblack,  o r g a n i c - r i c h  
Oh io ,Sunbury ;Ne \~  Albany, and Chattanooga Sha le s  o f  l a t e  Devon ianandea r ly  
~ l i s s i s s i ~ ~ i a n  age  a r e  b e i n g  examined wi th  r e f l e c t e d  l i g h t ,  t r a n s m i t t e d  
l i g h t ,  and cathodo.luminescent microscopy combined wi th  x- ray  d ' i f f r a c t i o n .  
F ive  major n i c r o f a c i e s  a r e  recognized  based on t h e  r e l a t i v e  pe rcen tages  
o f  o r g a n i c  and minera l  c o n s t i t u e n t s ,  n a t u r e  o f  l amina t ion ,  and p re sence  
o r  absence o f  b i o t u r b a t i o n .  The f i v e  m i c r o f a c i e s  i n c l u d e  i n  o r d e r  o f  
'abundance : 1 .  ) l amina ted ,  o r g a n i c - r i c h  s h a l e s ,  2 .  ) homogeneous, b i o t u r b -  
a t e d ,  o r g a n i c - r i c h . s h a l e ,  3 . )  homogeneous,bioturbated, o r g a n i c - d e f i c i e n t  
s h a l e ,  4 . )  o r g a n i c - d e f i c i e n t  b i o t u r b a t e d  s h a l e s  i n t e r l a m i n a t e d  w i t h  o r -  
g a n i c - r i c h  s h a l e ,  arid 5 . )  o r g a n i c - r i c h  ca robna te s .  Mic ro fac i e s  1 and 2 
above cor respond t o  b l ack - sha l e  l i t h o l o g i e s  i n  t h e  ou tc rop ;  m i c r o f a c i e s  
3 c o r r e s p o n d s t o  a  g reen - sha l e  l i t h o l o g y  whereas n i c r o f a c i e s  4 cor responds  
t o  ail i n t e r b e d d e d . b l a c k  and green s h a l e  l i t h o l o g y ,  Mic ro fac i e s  5 i s  r e -  
p r e s e n t e d  by v e r y  t h i n ,  l o c a l i z e d  bands o f  dark  dolomi te .  

Major o r g a n i c  c o n s t i t u e n t s  were named us ing  c o a l  p e t r o l o g y  nonencla-  
t u r e  and c o n s i s t  o f  macera ls  from the'  v i t r i n i t e  and e x i n i t e  groups.  Det- 
r i t a l  minera l  c o n s t i t u e n t s  c o n s i s t  of ve ry  f i n e  sand- s i ze  t o  c l a y - s i z e  
g r a i n s  of q u a r t z ,  f e l d s p k r ,  micas,  , z i rcon ,  a p a t i t e ,  and c l a y  minerals .  
Flost o f  t h e  c l a y  mine.ra.l.s, however, a r e  c l o s e l y  a s s o c i a t e d  wi th  v e r y  f i n e  
o r g a n i c  d e b r i s  i n  c l a y  minera l -organic  complexes. Cathodoluminescence 
was used t o  d i s t i n g u i s h  s i l t -  t o  c l ay - ' s i ze  g r a i i ~ s  o f  z i r c o n ,  a p a t i t e , ,  and. 
q u a r t z ,  as ~ i c l l  a3 autllgeilic: ~ l ~ l r ~ e r a l s  such a s  c h e r t ,  puar t ;  overgrowths.  
c a l c i t e  and dolomi te .  

C h a r a c t e r i z a t i o n  o f  mic ro fac i e s  should p rov ide  a  f u r t h e r  b a s i s  f o r  
i n t e r p r e t i n g  b l ack  s h a l e  d e p o s i t i o n a l  enirironments and i d e n t i f y  xnnps  ~6 
p o t e n t i a l  gas  product ion .  



THE STP~ATIGRAPHY OF DEVONIAN-MISSISSIPPIAI4 BLACK SHALES ALOKG TI-!E EAST- 
CENTR.4L KENTUCKY OUTCROP BELT 

SKAGER, Dennis R , ,  Department o f  Geology, Univers,ity of  Kentucky, 
Lexington, Kentucky 40506; ETTENSOIIN, Frank R., Department of  
Geology, Url iversi ty o,f Kentucky, Lcxingt,on, Kentucky 40506 

The Devonian-Mississippian b lack-shale  sequence i n  t h e  e a s t - c e n t r a l  Ken- 
tucky  ou tc rop  b e l t  has a c h a r a c t e r i s t i c  i n t e r n a l  s t r a t i g r a p h y  r e l a t e d  
t o  t h e  r a d i o a c t i v e  p r o p e r t i e s  o f  two dominant l i t h o l o g i c  t y p e s  : a  brown- 
i sh -b lack ,  o r g a n i c - r i c h .  sha le ,  and a greenish-gray,  urgailic-puor s l ~ a l e . '  
Seven r a d i o a c t i v e  u n i t s  o r i g i n a l l y  def ined Tn t h e  subsurface were based 
nn ganlna-ray logs by Provo 11977) . In  t h e  present s tudy,  - t h e  f ive  upper 
u n i t s  have been i d e n t i f i e d  from scint i l lometer-generated r a d i o a c t i v i t y  
p r o f i l e s  a long  t h e . o u t c r o p  b e l t .  Comparison o f  t h e  r a d i o a c t i v i t y  pro-  
f i l e s o f t h e s e  s e c t i o n s  r e v e a l s  t h a t  t h r e e o f t h e  f i v e  r a d i o a c t i v e  u n i t s  
can  b e  d i s t i n g u i s h e d  l i t h o l o g i c a l l y  by t h e  r e l a t i v e  abundance of green 
and b lack  s h a l e s .  Whereas changes i n  t h e  amount o f  r a d i o a c t i v i t y  wi th in  
cont inuous  b lack-sha le  sequences are e a s i l y  i d e n t i f i e d  on radioactive 
p r o f i l e s ,  t h e y  a r e  l i t h o l o g i c a l l y  i n d i s t i n g u i s h a b l e  i n  t h e  ou tc rop .  

A t  l e a s t  two i n t e r i t a l  b i o s t r a t i g r a p h i c  zones c a n b e t e n t a t i v e l y d e -  
. f i n e d  wi th in  t h e  Ohio Shale .  A lower zone i s  rnarked by t h e  presence  of 
t h e  p e l a g i c  a l g a  Fozrstia, and t h e u p p e r  zone i smarkedby  concen t ra t ions  
of t h e  brachiopod LinguZa. Both o f  t h e s e  zones occur i n  t h e  same re1.a- 
t i v e  v e r t i c a l  p o s i t i o n s  throughout t h e  outcrop b e l t .  

The O h i o  Sha le  and i t s  equ iva len t s  i n  twelve measured s e c t i o n s  
range  i n  t h i c k n e s s  from 196 f e e t  i n  nor theas te rn  p a r t s  of  .tile outcrop 
b e l t  t o  2 8  f e e t  i n  southwestern p a r t s  o f  t h e  outcrop b e l t  where - t h e  
sha.1.e vber l aps  olito the Cinc inna t i  Arch. Individual  u n i t s  w i t h i n  t h e  
s h a l e  a l s o  t h i n  p r u p u ~ L i o ~ i a l l y  toward the  arch .  





LE C 1  Sect ion 

T h i s  s e c t i o n  c o n t a i n s  an incomplete s e c t i o n  of  t h e  Ohio Shale  i n  contact .  
wi th  t h e  Bishel- Limestone. The base of t h e  s e c t i o n  is  loca ted  a long Highway 
10,  2 . 3  mi les  west o f  Vanceburg i n  Lewis County, Kentucky (Section 21-2-74, 
200' FNI, x 400' FlVL). The con tac t  wi th  t h e  Bisher i s  i n  a creek v a l l e y  j u s t  
sou th  o f  t h e  highway. The upper p a r t  of t h e  s e c t i o n  i s  0.3 mi les  northwest of 
Vanceburg along I-Iighway 8. The e n t i r e  s e c t i o n  i s  loca ted  on t h e  Vancebgrg Quad- 
rang le . .  Sec t ion  measured us ing  abney l e v e l ,  j a c o b l s  s t a f f ,  t a p e  and sc in t i l lome-  
t e r .  Sec t ion  was measured and sampled by Dennis Swager, Frank Ettensohn, Nike 
b l i l l e r  and Don Chesnut on AugusZ 26, 1977. 

S i l u r i a n  (incomplete) : 

Risher  Limestone (incomplete) : 

(1) The C U I I ~ . ~ ~  here 5s quest ionable ,  but  these  was a <mall 
asounr  of b rassy- tan  t o  t a n  colored,  h ighly  wea.thered, 
punkyresi.duumwhich resembled t h e  Bisher and t h e r e  was 
a s p r i n g  a t  t h e  con tac t .  

Devonian (incomplete) : 

Ohio Shale  (incomplete) : 

(2) Above con tac t  was a h igh ly  weathered l i g h t  greenish  
gray (5GY 2/1) moldable c lays tone which included 
some brow-~isX-black (5YR 3/1) clayey in te rbeds .  

Covered i n t e r v a l  which i s  wi th in  t h e  Ohio Shale.  

Sha le ,  greenish-gray (5GY 6/1) with m a l l  in lerbeds  
o f  brolmish-h1ar.k (5YR 1/1) sha lc .  Green sl lales a r e  
up t o  2.3' t h i c k  wi th  b lack  s h a l e s  up t o  0.5'  t h i c k . .  
Both l i , t h u l o g i c s  a r e  clayey.  Unit forms a reentrant .  
at Ldse u f  uurcrop. Black s h a i e s  a r e  jo in ted  and 
blocky wi th  r a r e  Tasmanites. 

, -- . . .. .. 

Shale ,  brownish-black (SGY 2/1), very  f i s s i l e  with a 
blocky j o i n t e d  outcrop t h a t  forms a ledge. Sha.le 
1 1 ~ a ~ i l ~ -  i r o n - s t a i n e d  k i t h  Tasmanites common. Large 
concre t ions ,  s e m i - e l l i p t i c a l  i n  shape up t o  3'  x 7 '  
i n  dimension. They seem t o  .be s i d e r i t i c  i n  n a t u r e  
with hcd? ~.ixaped aruund them. 

Thickness 
(feet) 

Shale ,  brownish-black (SYR 2/1) interbcdded \fit11 
greenish-gray (5GY 6/1) clayey s h a l e s  0.3' t o  0.6 '  
t h i c k .  Black s h a l e  i s  f i s s i l e ,  conta ins  no s i l t  and 
Tasl~iailiLCs common. Occasional burrows i n  t h e  green 
s h a l e s .  - Large nodules still  p resen t  i n  t h e  black-shale 
beds. Poss ib ly  s i d e r i t i c .  Nodules a r e  from 3 '  x 4 '  t o  
5' x 6 . 2 ' .  5;7 



* Devonian (continued) : 

'C 
Ohio Shale (continued): 

( 7 )  Sl~ale,  brownish-black (5YR 2/1), very f i s s i l e ,  some 
"couplet-type" weathering. Sinall carbonized plant  
fragments present. Tasmanitec rnmmnn. Last large 
concretion 62.5' from base of section. Foerstia 
zone between 68.5' t o  70.6' (Foerstia were unusually 
large and some were coupled together). Unit forms 
a reentrant  and had t o  be dug out, 

(8) Claystone, greenish-gray (5GY 4/1) iron stained with 
two small black shale interbeds i n  lower 0.3' of uni t .  

Shale, brownish-black (5GY 2/1), very f i s s i l e .  Some 
coal if ied logs and other  plant  debris found. Pyri te  
nodules and disseminated pyr i te  present i n  unit .  
Tasmanites rare.  Unit forms a blocky jointed c l i f f -  
l i k e  outcrop with small "couplet weatheringtt developed. 
Iron stained surface. 

Thickness 

(1 0) Shale, brownish-black ( ~ Y R  2f l )  same a s  i n  Unit 9, but 
cone-in-cone limestones found a t  120.5', 131,3* and 
134.8' from t h e  base of formation. The limestones were 
l e s s  than 0.2' thick. 43.5 

Total thickness of Ohio Shale i n  section 

Total thickness of section 

(Note: Due t o  developing s o i l  horizon and vegitat ian cover, 
t h e  upper pa r t  of the  section was unmeasurable, and 
t h e  top of the  formation unpickable.) 
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RIV #1 Sect ion 

Th is  s e c t i o n  con ta ins  t h e  complete Ohio Shale,  Bedford Sha le ,  and Sunbury 
Shale.  Base of  sect.i.on i s  on south s i d e  of I n t e r s t a t e  75, 1.4 mi les  c a s t  of  
Bath-Rowan County l i n e  (1-T-71, 900' FXL x 1100' FlVL) . Upper s e c t i o n  i s  on 
n o r t h  s i t le  of  I n t e r s t a t e  75, 3.1 mi les  from Bath-Ro\~an county l i n e  (25-U-72, 
1100' FNL x 600' FEL). On t h e  Farmers Quadrangle measured us ing  hand l e v e l ,  
jacob 's  s t a f f ,  t a p e  and s c i n t i l l o m e t e r  on October 17, 1976 by Dennis Swager, 
Frank R. Ettensohn, Paul E. P o t t e r ,  Roy C .  Kepferle,  and John Goble. 

S i l u r i a n  ( i i~complete)  : 

Crab Orchard Formation: 

Thickness 
( f e e t )  

(1) Shale  wi th  interbedded d&loniite s t r i n g e r s ,  s h a l e  i s  
dark  greenish-gray (5Y 5/1) and weathers t o  a brownish 
r e d  c r u s t  ( 5 Y R  5/6) - high ly  oxydized. Dolomites a r e  
from 4 t o ' 8  inches t h i c k ,  discontinuous i n  t h e  "chippy" 
s h a l e  with no v i s a b l e  bedding type. 8 + 

unconf ormity 

Devonian : 

Ohio Shale :  

(2) Shal,e, broi~nish-black (5YR 2/1),  thin-bedded and very  
f i s s i l e .  Basal 6 cm i s  a basa l  conglomerate conta in ing 
woody fragments, quar tz  pebbles.  . . 2.4 

(3) Shale ,  brownish-black (5YR 2/1),  t h i n  bedded, but  forms. 
a c l i f f  with 111assive weatherLr~g. P y r i t e  nodu1.c~ p resen t  
and some burrowing. . . 4.9 

(4) Shale ,  brownish-black (5YR 2/1) interbedded wi th  greenish- 
g ray  ( 5  t.o 6/11 dolomit ic  s h a l e  forming a r e e n t r a n t  l a y e r .  
Black s h a l e  beds a r e  5 t o  7 cent imeters  t h i c k  a s  a r e  t h e  
g ray  s h a l e s .  Some F o e r s t i a  found i n  t h e  black s h a l e s .  
Poss ib le  burrows found i n  t h e  gray . shales .  . . 8.5 

Shale ,  brolmish-black (5YR 2/1) weathers t o  a brassy- 
r e d  c o l o r  (5YR 5/6),  very  t h i n  bedded with .massive 
weathering.  P y r i t e  nodul'es and bedded p y r i t e  nea r  
t h c  base .  Some rounded t o  i r r e g u l a r  i n  shape. 
Coa l i f i ed  logs  found near  base. Floxe si l t  than 
lower black s h a l e s .  

Shale ,  dark greenish-gray (5GY 4/1) weathers t o  a 
greenish-buff  with black s h a l e  in te rbeds .  (5YR 2/1) .  
Abundant F o e r s t i a  founcl i n  black s h a l e  bands. The 
gray s h a l e  Fo~-ms small r e e n t r a n t s  o r  a"coup1et-type" 
weathering. 



Devonian (continued) : Thickness 
( f e e t )  

Ohio Shale  (continued) : 

Shale ,  brownish-black (5YR 2/1).  Very f i n e l y  
laminated ~ i i t h  s i l t y  l a y e r s .  Less s i l t  than 
before;forming a l e s s  r e s i s t a n t  outcrop.  
C o a l i f i e d  logs  and d e n d r i t i c  type burrolis 
occur throughout s e c t i o n .  Tasmanites 
comnion . 

(8) Shale ,  brownish-black (5YR 2/1) same a s  lower 
u n i t  wi th  d iscont inuous  cone-in-cone l imestones 
i n  t h r e e  hor izons  wi th in  an 11 foo t  i n t e r v a l .  
The l imestone i s  medium dark gray (N4) tu dark 
yellowish-orange (10YR 6/6). 

Three Lick Bed: 

Shale ,  grayish-green (5GY 4/1) ,  clayey,  t h i n l y  bedded, 
"crumbly" and no t  r e s i s t a n t .  2 .2  

Shale ,  bronwish-black (5YR 2/1) very  t h i n n l y  laminated, 
c layey but  f i s s i l e  conta in ing some p y r i t e .  2.4 

Shale ,  greenish-gray (5GY 4/1) clayey, t h i n l y  bedded 
and n o t  r e s i s t a n t .  1.1 

Shale ,  bronwish-black (5YR 2/1) very f issi le  with a 
crumbly appearance. Contains a discontinuous cone-in- 
r n n c  limestone, py-r<tt: a ~ d  ma.x'ca.cl.te nodules. 4.1 

Shale ,  greenish-gray (5GY 4/1) ,  t .hinnly beddcd, clayey 
and n o t  r e s i s t a n t .  Contains some p y r i t e  nodules. 
Lingul a f ourld . --- 

Tota l  Three Lick Bed 

Shale ,  brorinish-black ( 5 Y R  2 / l ) ,  E i s s i l e ,  furmifig 
t tpaperylt  p l a t e s  whcn ueat l~exed.  P y r i t e  nodules and 
wonrly fvgmentr ,  comms~~. Pliusphate liodules common. 
Abundence of L i ~ l ~ l a  inc reases  nea r  top .  Shale has  a 
conchoidal f r a c t u r e .  48.5 ",-. 

Total  Ohio Shale 

Mississippiarl  (incomplete) : 

Bedford Shale :  

(11) Shale ,  o l ive -gray  (5Y 4/1-5Y 6/1),  s i l t y  and s l i g h t l y  
ca lca reous  c o n t a i ~ ' ~ s  some s i l t s t o n e  and cone-in-cone 
l a y e r s .  Heavily s t a i n e d  wit.11 l imoni te .  Sharp con tac t  
with Ohio Shale .  



. 
Mississippian (continued): 

b 

Bedford Shale (continued) : 

Total  Bedford Shale 

Sunbury Shale: 

(12) Shale, brownish-black (5YR 2/1) t o  (Nl) weathers 
yellowish-orange (5Y 8 / l )  contains abundant l a rge  
p y r i t e  nodules. Forms a j u t t i n g  outcrop. 
Lingula conunon . 
Basal 2' l ag  zone found a s  a sharp contact  with t h e  
Bedford Shale and contains conodonts, f i s h  p l a t e s  
and rioody fragments. 

Total Sunbury Shale 

Borden Formation (incomplete): 

(13) Henley Bed of t h e  Farmers Member: Mudstone, 
greenish-gray (5GY 6/1) with t h i n  s i l t s t o n e  
lenses.  Burrows commonly f i l l e d  glauconite.  
Contact with Sunbury is  sharp. 

Total Henley Bed 

Thickness 
( feet)  

Total  thickness of  sect ion about 251 f e e t .  
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FL t l  Sect ion  I 

This  s e c t i o n  con ta ins  t h e  complete Bedford Shale and p a r t i a l  sec t ions  of 
t h e  Ohio and Sunbury Shales .  The s e c t i o n  i s  exposed ih a s e r i e s  of  roadcuts  on 
t h e  e a s t  s i d e  of Kentucky Highway 559, 1.6 mi les  nor theas t  o f  lVallingford i n  
Fleming County, Knetucky. I t  i s  on t h e  Bur tonvi l le  Quadrangle (1-W-71, 3000' 
FNL s 1250' FEI,). I t  was measured us ing hand l e v e l  and t a p e ,  sampled and 
sc in t i l ' l omete r  readings  gathered  on J u l y  26, 1977 by Dennis Swager and John Goble. 

Devonian (incomplete) : Thickness 
( f e e t )  

Ohio Shale  ( incomplete):  

(1) Shale ,  brownish-black (5YR 2/1) weathers t o  a  dusky 
brown (SYR 5/6) .  Very f i n e l y  laminated wi th  s i l t y  
l a y e r s  causing a f i s s i l e  outcrop.  Tasmanites conlmon . 
Unit forms a ledge  with j o i n t e d ,  blocky appearance. 

(Note: This  i s  a very  small  outcrop,  but  probably 
r e p r e s e n t a t i v e  of  t h e  over ly ing covered 
i n t e r v a l .  ) 

(2) Covered I n t e r v a l  ,, but  d e f i n i t e l y i s  a  p a r t  of .  t h e  
Ohio Shale.  

(31 Shale ,  brownish-black (5YR 4/1) ,  ve ry  f i s s i l e  and 
h e a v i l y  i ron-s t a ined  a s  i n  u i ~ i t  1. Ilighly weathered 
p y r i t e  nodules found 'a long \s i th  two (2) rhombohedra1 - 

f i s h  p l a t e s .  Few Tasmanites p resen t  a n d . l e s s  s i l t  
p resen t  than i n  u n i t  1. Zone of  F o e r s t i a  found a t  
2.7' above base .  Outcrop i s  j o i n m .  

(4) Covered I n t e r v a l ,  but. d e f i n i t e l y i s a  p a r t  o f  t h e  
Ohio Shale .  

(5) Shale ,  brownish-black (SYR 2/1) ,  ve ry  f i s s i l e  with 
very l i t t l c  s i l t  p r e s e n t .  blottJerl appearance may be 
tlburrows" i n  t h e  lower p a r t  o f  unit.. Tasmanites 
common, s y n e r e s i s  .c racks  p resen t .  Very p e t r o l i f e r o u s  
odor ev iden t .  Outcrop i s  j o i n t e d  and forms a ledge.  

(Note: Unit 5 outcrops  i n  a  small creek j u s t  e a s t  o f  
t h e  highway) . 

( 6 )  Covered I n t e r v a l ,  but  d e f i n i t e l y  i s  a p a r t  o f  t h e  
Ohio Shale. 

(7) Shale ,  brownish-black (5YR 2/1) ,  con ta ins  h ighly  
weathered p y r i t e  nodules.  There is no s i l t  psesent. 
The u n i t  is  h igh ly  i r o n  s t i a n e d  and conta ins  syneres i s  
c racks .  Outcrop had t o  be dug out  with p ick .  

(8) Covered I n t e r v a l ,  but  d e f i n i t e l y  i s  a p a r t  of t h e  
Ohio Shale .  



Devonian (continued) : 

Ohio Shale  (continued) : 

Thickness 
( fee t )  

(9) S h a l e ,  brownish-black (5Y2 2/1) same a s  u n i t  7 without 
. t h e  p y r i t e  and con ta ins  some burrows at  t h e  top .  3.8 

Three Lick Bed: 

(1.0) Mudsotne, greenish-gray (5GY 4/1) ,  t r a c e s  o f  p y r i t e  
p r e s e n t .  Unit is h igh ly  i ron-s ta ined ; the re  i s  a 

. burrowed sequence 4-7 cent imeters  t h i c k  a t  t h e  base.  
Forms r e e n t r a n t .  

Sha le ,  brolalish-black (5YR 2/1) , no s i l t  p resen t ,  
highly' weathered p y r i t e  nodules.  Tasmanites r a r e .  
Unit i s  h i g h l y  i ron-s ta ined .  Unit forms a ledge on 
t h e  ou tc rop ,  but i s  covered w i t h  t a l u ~  dobr is .  
Suggest ion o f  burrorvs nea r  t h e  top .  Upper and 
l o r ~ e r  c o n t a c t s  s h a ~ p .  

bludstone, greenish-gray (5GY 4/1) same a s  u n i t  10, 
bu t  one Li.ngula found. 

Shale ,  brownish-black (5YR 2/11 same a s  u n i t  11, 
without  t h e  burrows. Contacts  s t i l l  sharp .  

Mudstone, greenish-gray (5GY 4/1) same a s  u n i t  10. 
Upper c o n t a c t  sharp .  

To ta l  Three Lick Bed 

(Note: The e n t i r e  Three Lick Bed was hadly covered 
wi th  t a lus . ,  and ,the who3.e sequence had t o  be  
t renched i n  o rder  t o  expose i t s  physica l  
c h a r a c t e r .  ) . 

Shale ,  brownish-black (5YR 2/1), very  laminated wi th  s i l t  
l a y e r s  and very f i s s i l e  weatherfng. S i l t  inc reases  toward 
t o p  o f  u n i t .  P y r i t e  nodules and hsrlderl p y r i t e  presont  along 
with many phosphate nodules (whose abundance i n c r e a s e s  upward). 
Outcrops are h i g h l y  jo in ted  massive c l i f f s  with d i s t i n c t  
l tcouple t l l  weathering (each couple t  ranges from .4  t o  -5 f e e t  
t h i c k ) .  Lingula common and mure abundant nea r  top .  
R e t r o l i f e r o u s  odor  prc.vi..l.rt.nt.. 41.8 

Shale ,  medium gray  (N3) t o  l i g h t  greenish-gray 
(5YR 3/11, it i s  do1omi.ti.c. Poss ib ly  a h igh ly  
weathered b lack  s h a l e ,  bu t  forms a d e f i n i t e  
r c c n t r a n t  and i s  11vt s i l t y  i n  na tu re .  

To ta l  Ohio Shale  i n  s e c t i o n  



. 
Mississippian (incomplete): 

b 

Bedford Shale : 

(17) Shale, olive-gray (5YR 4/1) to greenish-gray (5YR 2/1) 
bedding irregular with burrorcis along some bedding 
planes. Slope is talus covered and outcrop uncommon. 
Much siltstone in float, but no visable connection 
with this unit. 

Total Bedford Shale 

Thickness 
(feet) 

Sunbury Shale (incomplete) : 

(18) Shale, brownish-black (5YR 2/1) to black (N2), 
very fissile with paper thin silt laminations. 
Dissiminated pyrite throughout. Numerous 
phosphate noudles. Lingula and Tasmanites 
abundant. Has a subconchbidal fracture. Unit 
forms massive jointed ledges and have a very 
petroliferous odor. Contact with Bedford is 
sharp. 

Total Thickness of section. 



RADIOACTIVITY 
PROFILE 1 * 

l!!s! Black shale 

Silty black shale 

SYSTEM 

Gray shale - -- -- - -  

SERIES UN.T 

Dolamitic gray shale 

Pyrite 

LITHOLOGY 

Phosphate 

Foerstia 

Lingula 

Tasmanites 

Burrows 

r=--' - 1  Covered interval 1--1 
I - - 1  (partiall 

010 
Vertical Scale FL #I Section 



BA H 1  Section 

This  i s  a p a r t i a l  s e c t i o n  of  t h e  Ohio Shale e s c l u s i v e  o f  e i t h e r  bottom o r  
t o p ,  but  does expose t h e  Three Lick Bed very well  on t h e  first ledge of  t h e  
quarry.  The quarry i s  loca ted  approximately 300 yards west o f  Kentucky Highway 
211, 1 .7  mi les  sou th  o f  S a l t  Lick i n  Bath County, Kentucky. '  The quar ry  i s  
.represented.  on t h e  S a l t  Lick ~ u a d r a n ~ l e  sec t ion  23-T-71, 20001 FEL x 1300' FNL. 
The s e c t i o n  was sampled, measured and described us ing hand l e v e l  and t ape  on 
November 7, 1976 by Dennis Swager, John Goble and blike F i i l l e r .  The r a d i o a c t i v e  
p r o f i l e  was measured by a s c i n t i l l o m e t e r  on Play 12, 1977 by Dennis Swager arid 
John Goble. 

Devonian (incomplete) : 

Ohio Shale (incomplete) : 

(1 Shale,  brownish-black (5YR 2/1),  very f i n e l y  laminated 
and f i s s i l e .  S!nall' amount o f  s i l t  a t  base  and s i l t  
i n c r e a s e s  toward t h e  top  of  sec t ion .  P y r i t e  nodules . 

and Tasmanites abundant. Some bedded p y r i t e  found. 
Cone-in-cone l imestones,  medium gray (N3) found t o  be 
discorltinuous a t  severa l  p l a c e s  i n  u n i t ;  they v a r y  
from 0.3  t o  0.7 f e e t  t h i c k .  Unit forms jo in ted  blocky 
ledges wi th  ltcouplet-type'l  weathering. 

Three Lick Bed: 

Thickness 
( f e e t )  

Bh~dstone, greenish-gray (SGY 6/1),  c layey m a t e r i a l  with 
no s i l t  p resen t ,  heav i ly  i ron  s t a ined  with a sharp  basa l  
con tac t .  P y r i t e  nodules found and sone burrows p resen t .  
Unit forms a r e e n t r a n t .  1 .7  

Shale ,  broi$~mish-black (5YR 2/1), p y r i t e  p r e s e n t ,  no s i l t  
p resen t .  Very f i s s i l e ,  h igh ly  weathered. Lower con tac t  
sharp .  2 .3  

Mudstone, greenish-gray (SGY 6/11 same as unit 2 ,  with 
sharp  basal con tac t .  1 . 0  

Shale ,  brownish-black (5YR 2/1) same a s  u n i t  3,  with 
sha rp  basa l  con tac t .  2.2 

Mudstone, greenish-gray (5GY 6/1) same a s  u n i t  2, with 
s p a r  con tac t .  2.0 

To ta l  Three Lick Bed 9.2 

(Note: The whole s e c t i o n  of  t h e  Three Lick bed was 
h igh ly  weathered and,had t o  be trenched i n  . 

a r e a s .  Descript ion was d i f f i c u l t  because of 
s t e e p  c l i f f . ) .  



Devonian (continued) : 

Ohio Shale  (continued) : 

(7) Shale ,  brownish-black ( 5 Y R  2/1), laminated and very  
f i s s i l e ,  bu t  no s i l t  apparent .  Iron-stained,  jo in ted  
outcrops  form ledges .  P y r i t e  nodules common. No 
f o s s i l s  p r e s e n t .  Basal con tac t  sharp.  

Shale,  brownish-black (5YR 2/1) t o  black (N2), very 
f i n e l y  laminated with s i l t .  Subconclloidzl 
f r a c t u r e .  Lingula abundant. Suggestion of 
lfcouplet-tyl)e" :+eathering n e a r  t h e  top .  Outcrops 
a r e  r e s i s t a n t ,  j o i n t e d  and p a r t i a l l y  covered. 
The exac t  t o p  is i n d i s t i ~ l g u i s h a b l e  due t o  t h e  
cover but last. h l a r 4  s h a l e  found a t  143.1 feet  
above base of quarry. Chips of  Uorden-type s h a l e  
found along wi th  s i i t s t o n e  t a l u s .  Unsure of 
exact  top ,  bltt: 3s cl.ose t o  t h e  t o p  of  this unit. 

Tota l  th ickness  of  Ohio Shale  i n  s e c t i o n  

Thickness 
( fee t )  
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PO # l  Section 

'This section contains the  co~nplete New Albany Shale and p a r t i a l  sections 
of  the  Boyle Dolomite and New Providence Shale, The sect ion is  exposed and was 
measured on t h e  north s i d e  of the Mountain Parkway, -25  miles west of t h e  Clay 
Ci ty  Interchange i n  Powell County, Kentucky on the  Clay City Quadrangle (12-4-67, 
100' FSL x 1000' FIYL). The upper section was measured and described i n  a quarry,  
0.3 miles north of Highwayllalong the  east  sideofHighway 1057 i n  Powell County, 
Kentucky on t h e  Levee Quadrangle (3-4067, 0' FSL x 750' FNL). The section was 
measured and described by Dennis Swager and Roy C. Kepferle with jacobvs staff, 
abney level ,  and tape. Scintil lometer readings taken by Frank R. Ettensohn, 
John Goble, and Les Booth. Sampling completed by Mike Bliller and Les Booth on 
May 19, 1977. 

Devonian [incomplete) : 

Boyle Dnlomite: 

Thickness 
(feet) 

(1) Dolomite, sucrosic  t e x t w e  with joint  f i l l i n g s  consisting 
01 brown shale,  green and gray clays, s i l t s t o n e s  and some 
quartz pebbles. 2.6 

(2) Dolomite, medium gray (5Y 6/1) sucrosic i n  texture,  covered 
with i ron s t a i n  (10YK 7/41 ,contains large mkgs f i l l e d  with 
dead o i l ,  c a l c i t e  and dolomite crystals .  S i l i c i f i e d  corals,  
bryozoans and crinoids.  Nodular, bedded chert  up t o  0.7' 
thick.  4.2 

Total Boyle Doloinite 6.8 

New Albany Shale: 

€3) Mudstulle, bllve-gray (5Y 4/1) sixty,  very Eissile and 
dolomitic with a 0.6 ,  th ick  dolomite s tr inger ,  dark 
alive-gray (SY 3/f) with limonite staining Ta5manitwi 
present. Unit i 5 j o i ~ ~ t e d  and f02ms reentrant.  5.8 

Shalo, Lr~wrrksh-black CSYR 2/1) interbedded with brownish- 
gray (5Y 6/11 dolomitic >mudstone. Uni t  is heavily iron- 
stained. Black shale is f i s s i l o ,  with platy lminae ,  
S U ~ C Q ~ G ~ I O ~ ~ # I ~  f x a c t u ~ .  Beds m e  from 0.2 ' thick i n  lower 
u n i t  t o  0.6' th ick  i n  upper unit- Lcnticulcrr, burrowed 
aons ill upper 0.9' of section, 

(51 Shale, Llu~snish-black (N2-5YR 2/11 t o  lighg gray (M?) 
pyrite nodnlcb along bedding planes. Tasmanites 
common. Unit has massive weathering, forms a ledge, 
and upper 6.8' c o n t a h s  a wcouplet-typeM weathering, 

( 6 )  Mudstone, dark greenish-gray [5W 4/1) t o  brassy-brown 
(SYR 312) interbedded with black (N3) shale Tasmanites 
abundant. Black-shale beds up t o  1' thick a t  base and 
get  thinner towards top. Pyri te  nodules, len t icular ,  



Devonian (continued) : 

New ~ l b a r i y  Shale (cont  inuecl) : 

Thickness 
( f e e t )  

Condsit i e s  . .- and Ta~laurous burrows p resen t .  l1coupl c t  -type!* 
\ iea ther ing  with t h e  base o f  each couple t  burro:ied. 
Large continuous burrowed bed a t  36.5 . 10.7 

Sha le ,  brownish-black (5YR 2 /1 ) ,  t h i n n l y  bedded with 
s i l t  laniinae. Many p r r i t e  noclules, c o a l i f i e d  p l a n t  
fragments and Tasniarlites p r e s e n t .  Very f i s s i l e ,  
outcrop has "couplet-type" weathering. .  P y r i t e  de- 
c r e a s e s  nea r  t o p .  F o e r s t i a  zone 14 f e e t  from base  
and about 26 f e e t  t h i c k .  F o e r s t i a  do not  e x i s t  a t  --- 
t o p  o f  u n i t .  Unit i s  t a l u s  covered i n  a r e a s  and 
had t o  b e  t renched.  . , 

Shale ,  brownish-black (5YR 2/1) a s  i n  u n i t  5. With 
cone-in-cone l i n ~ e s t o n e ,  medium gray (K3) interbedded.  
The l imestone i s  between 0.1 and 0.3 f e e t  t h i c k ,  they  
a r c  continuous and occur i n  s i x  horizons a s  fo l lows:  
a t  base o f  u n i t ,  5 '  from base ,  6 .2 '  from base,  12 '  
from base ,  14 '  from base  and 17.3 '  from base. 

Three Lick Bed: 

(9) bludstone, l i g h t  gray (NG) poor ly  laminated s i l t y  
wi th  i r o n  s t a i n s  on su r face .  Crumbly t e x t u r e  
b u t  cohesive,  u n i t  forms m e n t r a n t  sharp  basa l  
c o n t a c t .  

(10) Shale ,  brownish-black (5YR 2/1) , very  f i s s i l e  
laminated,  no s i l t ,  few Tasmanites, p y r i t e  
nodules and burrows n e a r  base.  

(1 1 )  bludstone, l i g h t  gray (NG) , same a s  u n i t  9. 

(12) Shale ,  brownish-black (SYR 2/1) same a s  u n i t  10. 

(13) bludstone, l i g h t  gray (N6), same a s  u n i t  9. 

T o t a l  T l ~ r e e  Lick Bed 

(14) Shale ,  brownish-black (SYR 2/1), very  f i s s i l e  
wi th  papery t h i n  laminae. Some s i l t  laminae 
p r e s e n t .  P y r i t e  nodules,  burrows and 
Tas~nnni tcs  common. Shale i s  i o i n t e d  and has .. 
a ncouplet- typeT'  weat l~es ing . ~ h e r e  a r e  four  
d i s t i n c t  continuous cone-in-cone l imestone.  
medium gray (N3) I ~ o r i z o n s  from 0.3 from 0.5 f e e t  
t h i c k  as fo l lows:  1 .6 '  from base,  9 . 6 '  from 
bx;e, 10 .5 '  from base  and 20.8 '  from base.  
Phosphate nodules a l s o  occur i n  t h i s  s e c t i o n  
a t  22.1' from base and above t o  t h e  top .  



Devonian (continued) : 

New Al.bany Shale  (continued) : 

Some o r i e n t a t i o n  of phosphatc nodules a s  fo l lows:  
0 

280' and 320 i n  s t r i k e .  

T o t a l  New Albany Shale 

Miss i s s ipp ian  (incomplete) : 

Borden Formation (incomplete) .: 

New Providence Shale  (incomplete): 

Mudstone, greenish-gray (5Y 6/1-5GY 6/1) weathers 
t o  a yellowish-gray (5Y 8/1) o r  grecn?sl.l-gray 
(5GY U/1) interbedded with small  s i . l t s t o n e  beds 
con ta in ing  Tanaurous burrows. Mudstone weathers 
t o  ch ips  forming a recntsant and con ta in  clayey 
phosphat ic  nodules .  

To ta l  th ickness  o f  s e c t i o n  

Thickness 
( f e e t )  
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ES #1 Section 

This sec t ion  contains the  complete New Albany Shale, p a r t i a l  Boyle Dolo- 
mite and a b i t  of t h e  Nancy Shale. The section is located west of Irvine,  Ky. 
i n  1900' FSLxlOOt FEL) o n t h e  Panola Quadrangle. Described and measured by 
Dennis Swager, John ~ob le ' ,  and Mike Miller on Hay 24, 1977 using hand level ,  
tape,  and jacob's s t a f f .  The section was sampled every f i v e  f e e t  and a radio- 
a c t i v e  p r o f i l e  taken using a scint i l lometer .  

Devonian (complete) : 

Boyle Dolomite: 

Thickness 
(feet)  

(1) Basal coquina made up of numerous s i l ~ c i f i e d  brachiopod 
s h e l l s  cemented i n  a clay s ized matrix. 0 . 3  

(2) Dolomite, medium lig11L gray [M6), silt sized grains.  
Iron s tained quartz pcbbles and shale  c l a s r s . . S i l i c i f i e d  
braclliopud, crinoid and co ra l l ine  fragments. Some bur- 
rows. Petrol i ferous odor. 1.1 

(3) Dolomite and limestone, dolomite same a s  un i t  2. Lime- 
stone, medium gray (N3) with 3 small (. 1-. 3')  hra~mish-  
black (5YR 2/11 shales intexbedded. Unit contains bedded 
nodular chert ,  increased vug space and s t y l o l i t c s  along 
some bedding planes. 13.6 

M 

Total Boyle Dolomite 

New Albany Shale: 

(4) Shalo, browriish-black (5YR 2/ 1 , iron-stained with 
gypsun c r y s t a l s  growing on bedding surfaces. Con- 
t a i n s  s i l t  laminae forms 'tcouplet-typelt weathering. 
Unit is a c l i f f  formor has cancoidal f racture.  
Tasmanites and burrows common near t h e  top. 

(51 Dolomite, medium gray (W3), sucrosic massive 
weathering, s i l i c i o u s  co ra l l ine  f o s s i l s  iron 
s ta ined  and high nweun& of vugular porosity,  

( 6 )  Dolomite, medium t o  l i g h t  gray (N3-N6) contains silt 
s ized  grains.  High1 y j oint.ed r ccn t ra~ l  t "ehippy" 
weathering pa t te rn .  Numerous burrows near the bottom 
of t h i s  uni t .  

(Note: The two dolomite u n i t s  5 and 6 seem to be i n  
a slumped arca i n  one p a r t  of  the  outcrop. 
There they contain s t ruc tures  which appear t o  
be flow r o l l s  surrounded by bands of  black 
shale ,  ) 



Devonian (continued) : 

New Albany Shale (continued):  

(7) Shale ,  bl-om~ish-black ( 5 Y R  2/1) laminated and ve ry  
f i s s i l e .  Unit forms a small  ledge and i s  continuous.  
Tasmanites abundant. ' , 

,Shale,  interbedded gray ( N 6 )  dolomAic Shale and 
' 

browrlish-black (SYR 2/1) s i l t y  sha1.e. There a r e  f i v e  
g ray  s h a l e s  about 0.4 f e e t  i n  t h i r k n e s s  forming 
r e e n t r a n t s .  

Shale ,  brownish-bJack (5YR 2/1) c l a y  s i z e d , p a r t i c l c s  
c o n t a i n s  p y r i t e  nodules,  Lingula fragments and -- 
Tasmanites: .' Has 'subconclloidal f r a c t u r e .  . outcrop 
i s  j o i n t e d ,  massive and forms a ledge.  

Shale ,  interbeclded brownish-black (5YR 2j . l )  ancl 
g ray  (NS) dolomit ic  c l ays tone .   lack. shal'c con- 
t a i n s  p y r i t e  nodules,  burrows,' p l a n t  fragments 
and Tasmanites. Gray s h a l e  con ta ins  pyr i . te  
nodules i n  t h e  beds form 0 .7 '  t o  1' t h i c k .  Uni,t  
forms r e e n t r a n t .  F o e r s t i a  found i n  f l o a t .  

Tliickness 
( f e e t )  

Shalc ,  brownish-black (5Y1: 2/1) very  f i s s i l e  with 
solrie s i l t y  l a y e r s .  Few p y r i t e  nodules 'ancl so~lte bedded 
p y r i t e .  Feri p y r i t e  nodules a.nd some bedded p y r i t e .  
Unit forms a l a r g e  jo in ted  mass.ive ledge .  Limonite 
s t a i n s  on s u r f a c e .  P lan t  fragments and Tasmanites 
common. 7.7 

Shale ,  brownish-black (5YR 2/1) ' ,  c l a y  s i z e d  p a r t i c l e s .  
Very laminated and f i s s i l e  wi th  a "couplet-type'! 
weathering. Snlall p y r i t e  nodul.ks, p l a n t  fragments 
and Tasnianites abundant. Bedded p y r i t e  a l s o  found. 
Cone.-jn-Cone' 1.a:yers a t  7h1, 8 X 1 ,  and 65'. Foerstja, 
zone found (very abundent) between 56.9 '  and 60.0 ' .  
lJn5.t not as massive as u n i t  11. 

Three Lick Bed: 

(13) Mudstone, greenish-gray (5GY 4/1) t o  l i g h t  gray (N3) 
c layey sha le .  Forms a r e e n t r a n t  which had t o  be 
t renched.  t Ieavily i ron- s t a i n e d .  Poss ib le  burrows 
n c a r  t h c  bnsc.  

(14) Shale ,  brol\rnish-black (5YR 2/1) very f i s s i l e ,  well  
laminated with p y r i t e  noclules and a suggest ion o f  
burrows nea r  t h e  basc.  Unit forms a ledge on out -  
c rop.  I ron  s t a i n e d .  

(15) Mudston?, greenish-gray ('5CY 4/1) same a s  u n i t  13. 



Devonian (cont inued) :  

New Albany Shale  (continued) : 

Three Lick Bed (continued) : 

(16) Sha le ,  brownish-black (5YR 2/1) same a s  u n i t  14,  
wi th  a small  d iscont inuous  cone-in-cone l imestone 
and Tasnani tes  p resen t .  

(17) bfudstone, greenish-gray (5GY 4/1). same a s  u n i t  13. 

T o t a l  Three Lick Bed 

Thickness 
( fee t )  

(18) 311ale brow~~isl l-black (5YR 2/11, w i t h  more s i l t  
t h a n  u n i t  12. Contains p y r i t e  nodules, phosphate 
nodules and Tasmanites - ..-m .--- -- . No Lingula yere f o ~ i n d .  
Hasasubconchoidal  f r a c t u r e .  Unit forms a j o i n t e d  
semi-massive ledge with "couplet-typev weatl.~erirlg. 
(Not s u r e  o f  t o p  because ' so i l  horizon i s  beginning 
t o  develop and cover t h e  upper sec t i .on . )  22.9 

Tota l  New Albany Shale 115.6 

Miss i s s ipp ian  (incomplete) : 

Borden Format ion  (incomplete) : 

Nancy Member (incomplete) : 

On the  t o p  o f  the  h i l l  t h e r e  were some chips  o f  a 
l i g h t  greenish gray a r g i l l a c c o u s  s h a l c  w h i c 1 1  l i ~ i ~ l i L  be 
t h e  Nancy, I t  was hard t o  es t imate  any t l~ ickr less .  ? 

(Note: Accprdirlg t o  t h e  geologic quadrangle t h e r e  
should be Nancy on top  of t h i s  outcrop.  The 
'few ch ips  of s h a l e  a r e  t h e  only  i n d i c a t i o n  
t h a t  it docs e x i s t  t h e r e . )  
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MA #1 Section 

This sec t ion  contains only the  Merv Albany Shale sequence which is incomplete. 
.- The t o p  of  t h e  sec t ion  is  approximately the  top of the  un i t ,  but exact measurements 

a r e  not  pos i t ive .  The e n t i r e  Three Lick Bed i s  well exposed i n  the  w a l l  of t h i s  
quarry. The quarry o r  borrow p i t  is  located 100 yards southwest of Kentucky High- 
way 21, 1.5 miles west of  i ts  in tersec t ion  with I n t e r s t a t e  75 a t  t h e  Berea exchange. 
This sec t ion  is located on t h e  Berea Quadrangle sect ion 6 4 - 6 3 ,  1600' FNL x 2150' 
FEL i n  Madison County, Kentucky. Measuring, describing, sampling, and radioactive 
p r o f i l i n g  were conducted by Dennis Slvager, John Goble and Mike Mil ler  on April 16, 
1977 with t h e  use of  hand leve l ,  tape and scint i l lometer .  

Devonian (incomplete) : 

New Albany Shale [incomplete) : 

(1) Shale, brownish-black (5YR 2/1), laminated with 
sil Ly abrinyers. Pyri'te ntld11 l c?%, bedded pyr i te ,  
and p y r i t e  llcubesv common. Small phosphate nodules 
common i n  upper 5 f e e t  of un i t .  Coalified p lant  
fragments present.  Mottled blirrows common i n  upper 
15 f e e t .  Unit forms massive jointed outcrop with 
"couplet-type" weathering. 

Three Lick Red: 

(2) Mudstone, greenish-gray (5GY 4/1), clayey with 
heavy i ron  s taining.  Abundance of  unusual burrows 
(bath l e n t i c u l a r  and vert i r a  1 ) . Very large number 
of  l a rge  (3 o r  4 centimeters i n  length) t ingula.  
Pyr i t e  nodules present.  

(33 Shale, brownish-black [SYR 2/1), highly burrowed 
no silt present.  Phosphate and pyrite nnili.l!.es 
found. One rhombohedra1 f i s h  place. The u n i t  is 
very f i s s i l e  ox platy.  

(41 Mudstone, greenish-gray (5GY 4/1) same as u n i t  2. 

(5) Shale, brownish-black (5YR 2/1) same a s  u n i t  3, 
but contains Foerstia. 

( 6 )  Mudstone, greenish-gray (5GY 4/1) same a s  u n i t  2, 
but barren of any f o s s i l s .  

(Note: A l l  contacts  i n  t h e  Three Lick Bed were 
sharp, but 11~11;llly highly burrowed. ) 

Thickness 
(feet) 

Total Three Lick Bed 



Devonian (continued) : 

New Albany Shale [continued) : 

(7) Shale, brownish-black (SYR 2/1), very f i s s i l e  
and laminated with silt bands. Pyrite nodules 
and framboids common, phosphate nodules (up t o  
1.2 fee t  across) very abundant and increase near 
top of un i t .  Plant fragments common as are 
Tasmanites. Pyrite becomes less. common near 
top. Two small continuous cone-in-cone lime- 
stones are  located 5.3 fee t  from base and a t  
13.8 fee t  from base. Unit forms a res is tant  
jointed blocky outcrop. 

Shale, brownish-black (5YR 2/1) same a s  unit 
7, but without pyrite.  Near the top of t h i s  
unit ,  a so i l  horizon begins and to ta l ly  covers 
the  section; therefore, no def ini te top can be 
established. 

Approximate thickness of section 

Thickness 
(feet) 



MA #1 Section 
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#2 Section 

This sect ion contains a nearly complete s e c t i o i ~  of New Albany Shale exposed 
i n  road cu t s  along the  north bound lanes of I n t e r s t a t e  75 near t h e  Berea Exchange 
i n  Fiadison County, Kentucky. It is located on the  Berea Quadrangle sect ion 7-M-63; 
575' FNL x 600' FWL. Nearly a l l  the  sect ion had t o  be trenched with a pick clue t o  
t h e  la rge  amount of regol i th  covering it, and i n  areas was completely covered. The 
sec t ion  was o r ig ina l ly  measured by Dennis Swager and John Goble on June 1, 1977 
using hand leve l ,  tape and scint i l lometer .  I t  was remeasured with a jacobls s t a f f  
and abney leve l ,  on Ju ly  7, 1977 by Roy C. Kepferle; Dennis Swagcr, and John Goble. 

Devonian: 

Boyle Dolomite (incomplete): 

Thickness 
(feet)  

(1) Dolomitic limestone, buff-tan t o  l i g h t  gray (SYR 5/4- 
5Y 6/1) contains nodular, bedded chert ,  conglomeratic 
with sha le  c l a s t s  i n  a medium grained matrix. Vugs 
f i l l e d  with quartz and dolomite c rys ta l s .  S t y l o l i t e s  
along some bedding planes. Containing s i l i c i f i e d  
crinoid,  bryozoan, and cora l l ine  fragments. 15+ 

Unconformity 

New Albany Shale (incomplete): 

(2) hfostly covered, some r e s i s t a n t  outcrops reveal:  
shale,  brownish-black (SYR 2/1) with small i n t e r -  
beds of gray dolomitic sha le  (SGY 2/11. Bedded 
and nodular py r i t e  found i n  the  black shales along 
with plant  fragments and Lingula. Outcrops a r e  
jointed and have subconchoidal f racture.  Iron 
s t a in ing  and small dolomitic beds (~1 ' )  near t h e  
base. 

Convered Interval  

Shale, browhish-black (SYR 2/1), paper th in  lamina- 
t ions ,  very f i s s i l e ,  s i l t y ,  iron-stained. Small 
weathered p y r i t e  nodules. Small discontinuous 
cone-in-cone limestone 2.5 f e e t  from top. Begins 
t o  lo se  the  silt  near the  top. Tasmanites common. 

Three Lick Bed: 

Greenish-gray shale  (SGY 4/1), clayey very f i s s i l e ,  
i ron stained, burrows (mottled i n  appearance) near 
base. 

Brownish-black shale  (5YR 2/1), clayey very f i s s i l e  
with i ron s ta ins .  Tasmanites abundant, cone-in:cone 
bcd ncar top i s  vcry t h i n  and discantinuaus. 



Devonian fcont inued) : 

New Albany Shale (continued) : 

Three Lick Bed (continued): 

Thickness . 
(feet)  

Greenish-gray shale  (5GY 4/1), it is burrowed 
throughout, very f i s s i l e  and iron-stained. It 
is a claxey shale.  

Brownish black shale (5YR 2/1), clayey, f i s s i l e  
iron- s ta ined  shale  with Tas~nanites abundant; 
mottled burrows near top. 

Greenish-gray shale  (5GY 4/1), f i s s i l e  burrowed, 
iru1-i stalaed clayey shale ,  One Lingula found 
near  top. 

Total  ~ h r e e  ~ i c k  Bed 

Brownish-black shale  (5YR 2/11 very f i s s i l e ,  with 
zr few s i l t y  laminations contains a few discontinuuus 
i r r e g u l a r  cone-in-cone limestone. Contains la rge  
egg-shaped phosphate nodules. Section is mostly 
covered, but some small outcrops seem t o  contain 
a ncouplet-typeo weathering. Some pyr i t e  nodules 
and marcasite present. Tasmanites common. 

Brownish-black shale  (5YR 2/1) same a s  below with 
more phosphate nodules. Has more silt ,  a concoidal 
f r a c t u r e  and pe t ro l i fe rous  odor. 

Above the last outcrop, sect ion is very covcred, 
seams t o  be a s o i l  horizon dcvcloped containing 
chips of "Borden-like" shale.  Top is not complete 
and exact elevation uncertain.  

Total  New Albany Shale 

Total sec t ion  about 

(Note: Some of the lower sect ion was described from 
the'1val1s of a quarry o r  borrow p i t  located 
about 50 yards eas t  of the  In t e r s t a t e  road cut. 
The Three Lick Ued and some 01 Lht! lower u n i t s  
a r e  well  exposed there.)  
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CA #1 Section 

This sec t ion  contains the  complete Nerv Albany Shale and p a r t i a l  sections of 
both the  Drakes Formation and the  Borden Formation. The section is exposed on 
t h e  west side of Kentucky Highway 127, 0.2 miles north of Liberty i n  Casey County, 
Kentucky. I t  is represented on the Liberty Quadrangle,section 25-K-56, 500' FSL 
x 2250' FWL. The sect ion was measured using hand level and tape; radioactive 
p ro f i l e  taken with a ~ c i n t i l l o m e t e r  and completely.sm~pled on JuZy 28, 1977 by 
'Dennis Swager, John'Gotilea and Mike Miller. By offse t t ing  within t h e  outcrop it- 
s e l f ,  a l l  covered sect ions were avoided. 

Ordovician (incomplete) : 

Drakes Formation (incomplete): 

Prsachersvi lie M e a a r  (incomplattt] f 

Shale. l i g h t  g ~ e e n i s h  .gray (50Y 2j l )  interbkddcd 
with olive-gray (N2,) dolomite. me shale is dolo- 
mit ic ,  i r regular ly  bedded and very hacky i n  appearance. 
The dolomite i.s more o r  l e s s  i n  continuous s t r ingers  
0.5-0.8 'feet i n  thickness, wavy-bedded and highly 
jointed. The u h i t  forms a steep t a l u s  ,covered c l i f f .  181. 

Devonian [complete) : 

New Albany Shale (complete) : 

I31 Shale, hrowni ~h-black f5yR 211)) f i ~ s i l  e -arid laminated 
with t h i n  silt layers.  The &ale has a eonchoidal f r a c ~  
t u r e  and strong petral i ferous odor. Tron staining 
dou~iilant. Bas'al c m t a c t  shazp. 

Shale, med ik  gray (56  6/1) , silty with heavy iron 
s ta in ing .  Shale is dolomitic and contains veins 
fk l l ed  with ca lc i t e .  The uni,t forms a reentrant.  

Thickness 
( f e e t )  

Mudstone, green%sb-gray (5GY 4/11 , clayey with i ron 
staining.  Interbedderl with tw shales, brurcmhsh-black 
(SYR 2/1), fissile and laminated with silt. Tasmanites. 
present. Burrowed sones occur a t  the base of both black 
shales.  The shales a r e  7 centimotcrq an3 20 ccflti~lte~er~ 
Llrick. 1.4 

(Note: This u n i t  4 could possibly corre la te  with the  
Three Lick Bed,) 

Shale, brownish-black (5YR 2/1) , very f i s s i l e  with silt 
laminae. Bedded pyrite, pyr i t e  nodules, Tasmanites com- 
mon. One continuous cone-in-cone limestcine, 4 centimeters 
thick,  3.4 f ee t  above t h e  base. Unit forms a jointed 
blocky ledge with tfcouplet-type" weathering dominant i n  
t h e  upper 27 f e e t .  29.6 



Devonian Ccont inued) : 

New Albany Shale (continued): 

( 6 )  Ehnlc, brownish-black (5YR 2/1) ~hlrtt: a5 ui~ iL  S with- 
out the  lpcouplerl! weathering and with the  first oc- 
currence of phosphate nodules. The abundance of the 
phosphate increases toward the  top. A quartz nodule 
was collected 0.3 fee't from the base which appeared 
t o  be a pseudomorpfl a f t e r  anhydrite. 

Total thickness of New Albany Shale 

Mississippian (incomplctc) : 

Borden Fornation (incomplete] : 

New Providence Sbale Member (incomplete) : 

(71 Shale, greenish-gray (5GY 8 /I), laminated with 
gfauconite. S i l t y  i n  texture and grain s ize.  
Heavily iron-stained and extremely weathered. 
This small outcrop was dug out from beneath about 
2.5 feet of s o i l  a t  t h e  top of the outcrop 

Approximate thickness of  t o t a l  section. 

Thickness 
(feet) 
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PU #1 Section 

This sec t ion  contains a complete thickness o f  t he  Chattanooga Shale an(? 
p a r t i a l  sec t ions  of t h e  Royle Dolomite and the  Borden Formation. The scct ion 
is located 4.2 miles west of West Sumerset along Ringgold Road i n  Pulaski 
County, Kentucky. The sec t ion  i s  represented on t h e  Delmer Quadrangle, sec t ion  
19-H-58; its base a t  2850' FSL x 2400' FEL and its top is 30001 FSL x 2450' FWL. 
Measured, described and sampled using jacobls s t a f f ,  abney l eve l  and tape, and 
r ad ioac t iv i ty  measured with a sc in t i l lometer  by Dennis Swager and John Goble 
on Ju ly  12, 1977. 

Devonian : 

Boyle Dolomite: 

Thickness 
( feet)  

(1) Dolomite, olive-gray (5Y 4/1) containing nodular, 
bedded cher t ,  p y r i t e  and s i l i c i f i e d  brachiopods, 
bryozoans and cr inoids .  Has vugular porosi ty  f i l l e d  
with dolomite and c a l c i t e  c rys t a l s .  Unit forms a mas- 
s i v e  sharp cl iff .  ~ t ~ l o l i t c i  along some bedding planes. 7.6 

Total  Boyle i n  t h i s  sect ion 

Chattanooga Shale: 

(2) Sandstone, "Duff i n  layer1', olive-black (5Y 2/1) , 
medium grained well rounded sandstone. Contains 
phosphatic pebbles, p y r i t e  nodules and cher t  
pebbles. A possible  basal  "lag zonew containing 
f i s h  p l a t e s  and p lan t  debris .  Unit forms reen t ran t .  

(3) Shale, brownish-black (5YR 2/1), laminated with 
silt layers  at t h e  base, but becomes clkyey towards 
t h e  top.  Very f i s s i l e .  Tasmanites abundant, 
Lingula fragments found. Py r i t e  nodules causing 
i ron  s ta in ing .  Unit forms la rge  cl iff  with 
Itcouplet-typew weathering. 

Three Lick Bed: 

(4 1 Shale, brownish-black (5YR 4/1) interbedded with 
3 s m a l l  mudstones, greenish-gray (5GY 4/1) . Ehrd- 
s tones  vary from 0.1 t o  0.25 f e e t  th ick ,  containing 
Lingula and py r i t e .  Black Shales contain  Tasmanites 
and a r e  burrowed a t  t h e  top. A l l  contacts  a r e  shara.  
Unit forms s l i g h t  reentrani ,  and had t o  be trenched*. 

Total  Three Lick Bed 



Devonian. (continued) : 

Chattanooga Shale (continued): 

(51 Shale, brownish-black (5YR 2/1), laminated and 
becomes s i l t y  towards t h e  t o p  of u n i t .  Has sub- 
conchoidal f r ac fu rewi th  phospllate nodules i n  t h e  
upper 8 f ee t .  P y r i t e  nodules common and Tasmanites. 
The u n i t  forms l a r g e  jointed ledges with apparent 
~ t c o u p l e t - t y p e ~  weathering dominant i n  upper sec t ion .  
The t o p  of s ec t ion  is covered with s o i l ,  but t h e  
contact  with t h e  Borden had t o  be trenched. 

Total  Chattanooga Shale 

Thickness 
(feet) 

Mississ ippian (incomplete) : 

Borden Format ion (incomplete) : 

Nancy Shale Member (incomplete) : 

(61 Shale, l i g h t  greenish-gray (5Y 4/1); silty i n  nature 
with reworked phosphate pebbles near  base. Dissiminated 
p y r i t e  throughout. Crinoidal debris.  Glauconitic. con- 
t a i n s  geodes f i l l e d  with quar tz  and hematite. Unit forms 
a c l i f f - l i k e  outcrop 1~i.t.h t a l u s  covered slopes,. 18+ 

Approximate thickness  of  sec t ion  
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RU #1 Section 

This sect ion contains t h e  complete Kiddville Cayer and Chattanooga Shale. 
The sect ion i s  on the  south s ide  of the  road, 2.2 miles west of Creelsboro in  
Russell County, Kentucky, on Highway 379. The section is located on the Creels- 
boro Quadrangle, Section 15-E-52, 1900' FNL x 2225' FEL. Described and measured 
by Dennis Stsager and John Goble using hand level ,  tape, and scintil lometer on 
J u l y  5, 1977. 

Ordovician (incomplete) : 

Cumberland Formation: 

(1) Dolomite, sandy with quartz veins, many semi-bedded 
globular chert  nodules near top. Reddish and green- 
ish c lay  a t  the  top. 

Devonian : 

Kiddville Layer: 

(2) Sandstone, medium grained, well rounded with quartz 
pebble conglomerate near t h e  base. Phosphate nodules, 
i ron s t a in ,  glauconite pebbles and s.emi-bedded chert.  

Zhattanooga Shale : 

(3) Shale, brolunish-black (SYR 2/1) , s i l t y  with th in  platy 
t o  jointed blocky weathering. Some pyr i t e  nodules 
present ,  Some coal if ied logs found. Pyritized 
burrowed zone a t  2 f ee t .  

(4) Shale, grayish-orange ( ), forms a reentrant.  

(s) Shale, brownish-black (SYR 2/1) s i l t y  with t h i n  p la ty  
t o  jointed blocky weathering. Some pyr i re  nodules 
and coal i f ied  logs present. 

(6) Ehdstone, grayish-green (5GY 4/13, forms a reentrant  
with possible  tlburrows'l present. 

Shale, brolsnish-black (SYR 2/1) s i l t y  with th in  platy 
t o  jointed blocky weathering. Some pyr i t e  nodules 
and coal i f ied  logs present. 

bhrdstone, greenish-gray (SGY 4/1) forms a reentrant.  

Shale, brownish-black (5YR 2/1) s i l t y ,  th in  p la ty  t o  
jointed blocky weathering. Some pyr i t e  nodules and 
coal i f ied  logs. Some burrows. present. 

Shale, brownish-black (5YR 2/1) with large jo in ts  and 
block outcrop. Some s i l t y  layers.  Alum s a l t s  and 
pyr i t e  layers  present. 

Thickness 
(feet)  



Devonian (continut ed) : 

Chattanooga Shale (continued): 

(11) Shalc, brownish black (5YR 2/1) large jo in t s  and 
blocks. Complete weathering. Alum s a l t s  present. 
Less p y r i t e  and beginning phosphate nodules from 
0.5 t o  7 inches across. Wide va r i e ty  of forms from 
ovoid t o  l inear .  Phosphate nodules a r e  very abund- 
and near the  top. 

Total thickness Chattanooga Shale 

Mississippian (incomplete) ; 

Fort Payne Format ion : 

(12) Soi l  horizon, covered with la rge  s i l i c a  "geode-like 
forms" containing double terminated quartz c rys ta l s .  
Chips of Fort Payne found i n  t h i s  layer  

Total thickness of sect ion is about 

Thickness 
(feet)  

(Note : Green-gray shales between 5.5 f e e t  and 7.5 
f e e t  may be the  Three Lick Bed. This, how- 
ever, is uncertain.) 
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CU #1 Section 

This sec t ion  contains the  complete Chattanooga Shale. The base is located 
2.5 miles e a s t  of Burksville i n  Cumberland County, Kentucky on Highway 90. The 
sec t ion  is on t h e  n0rt.h s i d e  of the  road, on t h e  t h i r d  bench of t h e  road cuts. 
Located i n  Section 21-D-50, 1250' FNL x 1400' FWL of  t h e  Burkesville Quadrangle. 
Described and measured by Dennis Swager, John Goble using hand l eve l ,  tape, and 
sc in t i l lometer ,  Ju ly  5, 1977. 

Ordovician (incomplete) : 

Cumberland Format ion : 

(1) Dolomite, buff-tan (N7), s i l t y ,  f i n e  grained with 
dendr i t ic  forms on the  surface.  

Devonian : 

Chattanooga Shale : 

( 2 )  Shale, brownish-black (5YR 2/11 p la ty  with py r i t e ,  
marcasite, coa l i f i ed  logs i n  f l o a t .  4-5 cm l a g  
zone concentrat covered by a greenish-gray 
dolomitic mudstone a t  t h e  contact. 

(3) Pyri t ized burrowed zone, woodly fragments coa l i f ied  
logs contained i n  black shale  matrix. 

(4) Shale, brownish-black (5YR 2/1), jointed, blocky 
weathering with bedded pyr i t e ,  s i l t y  with many logs, 
alum s a l t s  and i ron s taining.  Subconchoidal f r a c t u ~ e ,  
p y r i t e  beds 1-3 cm thick.  

(5) Shale, brsrmish-black (5YR 3/1), jointed, blocky 
weathering with p y r i t e  nodules and phosphate 
nodules. No bedded pyr i te .  Lingula fragments 
found. Phosphate nodulcs a r e  c i r cu la r  t o  mebo- 
form, 2-5 ,inches across. 

Total Chattanooga Shale 

Mississippian (incomplete) : 

Fort Payne Formation: 

( 6 )  Mudstone, greenish-gray (5GY 411). 

(7) Shale, dark olive-gray (N3) brachiopod and crino-id 
debris overlain by dolomites f i l l e d  with quartz 
geodes. Pyr i te  present. 

Total thickness of sect ion about 

(Note: The sect ion was well exposed within an almost 
v e r t i c a l  road cut .  There seemed t o  be no t r a c e  
of any u n i t  which resembled the  Three Lick Bed.) 

Thickness 
(feet) 
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VA #1 and VA #2 Sections 

These sect ions contain exposures of the  Chattanooga Shale and the  Grainger 
Formation. The base of the  roadcut i s  located on the eas t  s ide of Highway 23E 
about 1 miles south of t h e  Kentucky-Virginia l i n e  in  Cumberland Gap, Lee County, 
Virginia. The sect ion i s  located a t  16-B071, 400' FSL x 1500' F!VL on the  
1-liddlesboro Quadrangle. The sect ion was meausred using abney level ,  jacobls 
s t ag f ,  tape and brunton compass. Section rvas measured, sampled and scint i l lometer  
readings taken by Dennis Sriagcr and Mike Miller on December 17, 1977. The s ing le  
exposure is  broken dorm in to  two separate sect ions because there i s  a f a u l t  o f  
unknown displacement o r  r e l a t i v e  motion located about 50 fee t  from the  base of 
sect ion VA #1. 

Devonian (incomplete) : 

Chattanooga Shale (incomplete): 

Thickness 
(feet) 

(1) Shale, brownish-black (5YR 2/1) and mudstone, greenish- 
gray (5GY 6/1). 80%mudstone with small py r i t e  nodules 
present.  Shale i s  s i l t y  with f rac tures  and slickensides 
present.  Iron s taining present, outcrop forms a gradual 
t a l u s  covered slopg which had t o  be trenched. Unit has 
apparent d ip  of 17 from horizontal.  17 

(2) Shale, brownish-black (5YR 2/11, shale is s i l t y ,  f i s s i l e  
and platy.  Some crenulared beds with slickensides 
present.  Bedding levels  out t o  an apparent dip of SO 

from the  horizontal.  

(3) Shale and mudstone interbedded as  i n  un i t  1. hfudstone 
aboug 80% of t o t a l .  Bedding now has apparent d ip  of 
5 -6 from horizontal.  

(4) Shale and mudstone interbedded as i n  u n i t  3, but mud- 
stone makes up about 60% of t o t a l .  Black shale beds 
vary from 0.9' t o  3.5' thick. Dip of beds same as  i n  
u n i t  3. 16.0 

(5) Shale, brorvnish-black (5YR 2/11 same as i n  un i t  2, but 
the shale  i s  much more f i s s i l e  and breaks in to  f r a g i l e  
p la tes .  Only lower section of t h i s  un i t  is exposed. 
The remainder is covered and faul t ing  suspected i n  t h i s  
sect ion of unknown displacement. 15.0+ 

Approximate thickness of Chattanooga Shale i n  
VA W 1  Section. 

( 6 )  Claystone, greenish-gray (5GY 4/1), fractured and 
iron-stained with some p y r i t e  present. Small f rac-  
tu res  present i n  uni t .  Bedding has apparent dip of 
10' from horizontal.  Unit forms small reentrant and 
had t o  be trenched. 



Devonian (continued) : Thickness 
(feet  ) 

Chattanooga Shale (continued) : 

(7) Shale, brownish-black (5YR 2/1), very f i s s i l e ;  un i t  
i s  faul ted and fractured, and contains slickensidcs.  
Small f a u l t  with 2.5' of  o f f se t  recorded. Unit forms 
a blocky jointed outcrop. 

(8) Claystone, greenish-gray (5GY 4/11 . Same as u n i t  6 .  

( 9 )  Shale, brownish-black (5YR 2/1) a s  i n  un i t  7, i n te r -  
bedded with three  mudstones, greenish-gray (5GY 4/11 
as i n  u n i t s  6 and 8.' The black shale beds are  about 
5 f e e t  th ick  ancl the, mudstones a re  about 1.5' thick. 
U l r i t  forms c l i f f  with small reentrants.  

f l o )  Shale, brownish-black (5YR 2/1) un i t  i s  p a r t i a l l y  
covered, but *arms a bloeky jointed uutcruy. 
Shale is  very f i s s i l e ,  and breaks in to  f r a g i l e  
p la tes .  Some small f rac tures  and f a u l t s  present. 

(11) Shale, brownish-black (5YR 2/1), very f i ss i le  and 
platy.  Some small pyr i te  nodules present. Egg- 
shaped phosphate nodules present and increase i n  
abundence towards top of un i t .  Some horizontal 
burrows present forming mottled appearance. Iron 
s ta in ing  present. Folds, d is tor ted  bedding, frac- 
utres ,  small f a u l t s  and slickensides present. 
S l ight  petrol i ferous odor. Cone-in-cone limestone 
bed a t  35 f e e t  from base. Forms a blocky jointed 
cliff-type outcrop. Apparent dip ul: LecliZi~~g is 
1 1 0 - l G O  from horizontal. 

(12) Covered intervsl q t i l l  in  Chattanooga Shale 

(131 Shale, b!tomish-black (5YR 2/1), same a3 unit  11, 
but without the  pyr i t e  nodules. 2.4 

Total  thiclcncss o f  Chattanoo~ra Shale i n  Section VA #2. 122.4 

Mississippian (inco~nplete) : 

Grainger Format ion (incon~pl e te) : 

(141 Shale, greenish-gray (5YR 2/1) and dark greenish-gray 
[SYR 4/21 with s i d e r i t e  nodules present. 

Approximate thickness of Grainger Formation. 

Approximate thickness of VA # 2 Section 

Approximate thickness of Total Exposure 





PK # I  Section 

This sec t ion  contains incampletc exposures of the Ohio Shale and Berea 
Sandstone along the  access road t o  the  Jolinsohn Brother's Limestone Quarry, 
o f f  Highway 197, 5.3 miles south of Elkhorn City, Pike  County, Kentucky. The 
sec t ion  is located on the  Mellier Quadrangle, with i ts '  base a t  sect ion 25-T-86; 
875' FNL x 1000' FEL and top  a t  2000' FNL x 100' FEL i n  the same section. The 
sec t ion  i s  exposed along t h e  Pine Mountain Thrust Fault ,  and t h e  base of t h e  sec- 
t i o  is i n  contact with Pennsy1vani:m sandstones and shales.  Section was measured 
using abncy leve l ,  jacobls  s t a f f ,  tape and Grut~ton compass. Thc section was 
sampled and scintil1on:eter readings taken a t  regular  in t e rva l s  by Dennis Snager, 
Mike Mil le r  and Catherine Swager on December 18, 1977. Much of t h e  lower sec- 
t i o n  was covered by recent  s l i d e  mater ial .  

Devonian (incomplete) : 

Ohio Shale (incomplete) : 

(1) Shale, brownish-black (5YR 2/1), highly fractured 
irc l~  irxorganir.9, ~ n d  very f i s s i l c  

(2) Covered In terva l ,  still  i n  Ohio Shale. 

(3) Shale, brownish-black (5YR 2/1) same a s  u n i t  1 with 
Tasmanit c s  present ,  

(4 1 Covered In tcrva l ,  still Ohio Shale. 

(5) Mudstone, greenish-gray (5GY 6/11, interbedded with 
shale ,  black ( N l ) .  The green shnlc is about 60% 09 
unit.. T t  is clayey riith some iron 4 taining and 
organic matter present.  The Black Shale i s  fissilti 
with fxacfures and Tasmanites. -- - 

lb3 Covered Interval ,  still i n  Ohio Shale. 

(7) hludstone, greenish-gray (56Y 6/1), a s  i n  unir: s .  

(8) Covered In terva l ,  still  in Ohio Sliale.  

(9) Mudstone, greeni sh-grgy (5GY 5/11 intcrbcdded wi LEi 
shale ,  brownish-black (5YR 3/1) . Mudstone about SO% 
~f total, very clayey, f racturcd,  i ron-s ta i~~t rd ,  forms 
reent rant .  Shale beds are less than 1 .O1  i n  t l x i ck~ lur ;~ ,  
f i s s i l e  and form a j u t t i n g  outcrop. Unit forms reentrant .  22.5 

(10) Shale, olive-black (5Y 2/2), s i l t y ,  very f i s s i l e  and 
breaks i n t o  f r a g i l e  chips. Some beds a r e  fractured.  
Some plant fragments prcscnt. 32 



Devonian (continued) : 

Ohio Shale (continued) : 

Thickness 
(feet) 

(11) Shale, brotmish-black (5YR 2/1) interbedded with 50-60% 
nudstone medium gray (NS). Shale is  s i l t y ,  contains some 
possible horizontal burrows. Pyri te  a l so  present r e su l t -  
ing i n  iron-stained surfaces. Shale is a l so  f i s s i l e .  
Mudstone i s  burrowed, clayey, contains pyr i t e  and is 
moldable. Unit has t a l u s  covered slope and had t o  be 
trenched. 150 

(12) Shale, brownish-black (5YR 2/1), f i ss i le -breaks  in to  
f r a g i l e  chips, some s i l t y  laminae, pyr i te  nodules pre- 
sent .  Lingula present i n  upper pa r t  of uni t .  Some 
Tasmanites present near base of un i t .  Some tec tonica l ly  
disturbed bedding. Unit forms a c l i f f - l i k e  outcrop. 67 

(13) Zone of contorted, folded and faul ted beds i n  black 
shale  a s  i n  u n i t  12. 

(14) Shale, brownish-black (5YR 2/1), vaky f i s s i l e  and p la ty  
Contains some s i l t y  layers.  Pyri te  present forming 
iron-stained surfaces.  Lingula and Tasmanites present 
with some of the  un i t  covered. Forms c l i f f - l i k e  outcrov. 35.0 

Approximate thickness of Ohio Shale i n  section. 849.5 

Mississippian (incomplete): 

Berea Sandstone (incomplete) : 

(15) S i l t s tone ,  medirun gray (N3) massive bedding with large 
weathered bIocks formed. Beds are up t o  3.0' i n  thick- 
ness. Some small green sha le  paxtings i n  s i l t s t o n e ,  Shale 
is clayey t o  s i l t y  and makes up about 5% of  t o t a l  valume. 25+ 

Approximate thickness of measured section. 874.5+ 
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Geochemical Studies 

1.0 Executive Summary-- 

The past quarter has seen the completion of develop- 
ment of all the routine analytic procedures including those 
for sample preparation. The developmental work was carried 
out on a set of samples collected around the Cincinnati 
Arch. Final conclusions as to chemical variance and expec- 
tations as to the usefulness of various chemical parameters 
were presented by Rl-ackburn, Dennen and Davis at the Gas 
Shales Symposium in Morgantown. 

Completed also was the development of techniques for 
mineralogical analysis of the Devonian shale. The report 
of these techniques, developed by Scott Huang, are pre- 
sented in this document. Mr. Huang along with Mr. Robert 
Wook are continuing the mineralogical determinations on the 
Perry Co., Martin Co. and Pine Mountain cores. This work 
is including detailed mineralogic studies on the measured 
section studied in detail by the Stratigraphy Group and 
described elsewhere in this report. 

Chemical determinations on these sections are well 
underway and the raw uranium andthoriumdeterminations arc 
presented as an appendix to this section of the report. 
Determinations of all chemical parometers deemed to be 
either of stratigraphic or economic significance will be 
complete for these sections by the end of February at which 
time they will be delivered in toto. -- 

Samnl-e preparation for x-ray spectrometry of the various 
cores ava.ilable 'to this group is underway and the determina- 
tion of uranium, thorium a l ~ d  putasslum in these samples 
should be complete by the end of March. At that time, the 
data will be reported along with ari analysis in light of 
the gamma-ray well logs and s'cintillation surveys. 



The semi-quantitative analysis of various clay mineral 
contents in black shales is necessarily based upon the in- 
tensity of diffraction peaks of those minerals. -The x-ray 
diffraction intensity of clay mineral is affected greatly 
by the homogenity of sample, by the amount of clay content, 
by temperature and by the particle size. 

Sample ~~eparation technique is considered in this re- 
port with regard to disintegration of the consolidated De- 
vonian Black Shale. The purpose of this research work is 
to find out the easiest and the best disintegration method 
which can produce the best resolution for clay minerals 
in the shale sample. 

2.1 Platcrialc Ucod s 

Three API standard clay samples were u s e d  in this study: 

1) Montmorillonite, H-26, Clay Spur, Wyoming; 
2) Kaolinite, H-4, Macon, Georgia; 

, 3) Illite, H-35, Fithian, Illinois. 

2.2 Disintegration Technique 

Since grain size is a factor of x-ray diffraction in- 
tensity, all the clay samples should be prepared to include 
material of less than two microns. The common methods for 
pulverizing rocks which have systematically 'heen studied 
include.: 

Place 2 my of clay skandard into a 250 rnl beaker and 
fill the sample with 25 ml 1N Na C03 and make the final 
volume up to 100 ml with D-H 0. '~entl~ swirl the beaker a occasionally. The method ta es about 10 da.ys to disaggre- 
gate the sample. This method will be the standard in this 
researcli work al.id .the daLa rlerived from it will also bc 
compared with the other data of different methods. 

2) Dry Grinding Method (DG) 

Place 2 gm of sample in a small agate mortar and gently 
grind the sample for 2, 5, 10 and 20 minutes respectively. 

3) Wet Grinding Mcthod (WC) 

Procedures are same as the dry grinding method, but a 
few drops of methanol alcohol were added to web the sample 
thoroughly. Do not allow the sample become dry while grin- 



ding. Allow the alcohol to evaporate before storing the 
sample. 

4) Ceramic Ball Mill Method (DBMC) 

Ii'he Spex Industries MIXER/MILL (#8000) , a high speed 
impact shaker, is capable of pulverizing 10-25 ml in a sin- 
gle load. The Ceramic Vial (#8003) is made of 96% alumina- 
ceramic with a capacity of 15 ml. It is designed for grin- 
ding hard materials. One ceramic ball, made of 99% alumi- 
na-ceramic with dia. 4" and weight 4.1232 gm, was used dur- 
ing.pulverizing. 

A 2 gm sample was pulverized for 5, 10, 20 and 30 mi- 
nutes respectively. 

5) ~ucite Ball Mill Method (DBML) 

Procedures are same as ceramic ball mill method. A lu- 
'cite Grinding Vial (W8006) is used instead of ceramic vial. 
Lucite vial with grinding capacity about 20 ml is used for 
grinding brittle materials. Ona dia. 0.35" lucite ball 
(weight 0.47719 gm) has been used. 

6) Steel Grinding Vial (WBMS) 

Place 2 mg of sample in a stell grinding vial (#8001; 
2" dia. x 2I" long with O-ring sealed lid, 25 ml grinding 
capacity).  i ill the vial with 20 ml methanol alcohol. 
Shake the vial for 5, 10, 20 and 30 minutes with one steel 
ball ( % "  dia. and wt. 1.0205 gm). After shaking, transfer 
the suspension through 50 micron sieve into a beaker. If 
particles are 1arger.than 50 micron, the method is repeat- 
ed until the whole sample passes -60 mesh. Let all par- 
ticles deposit and discard the clear supernatant liquid. 
Wash the sediment with D-water to prevent floculation. 

7) Prep-type Ul t r d s u r i i c  Method (USP) - 

2 gm of clay sample are put into a 250 ml beaker. Fill 
the beaker with 25 ml 1N Na2C03 and make the final volume 
up to 100 ml with D-H20. 

A prop-type sonic instrument (Branson SONIC Power #S- 
75) w a s  used to disperse clay sample for 5, 10, 20 and 30 
minutes. 

8) Tank Shape Ultrasonic Method (UST) 

Procedures are same as USP method. Sonblaster (#200) 
tank shape sonic instrument was used. 



9) Method used by - J. J. Renton at Univ. W. Va. (JJR) 

2  gm of sample is placed in the Spex.stee1 grinding 
vial. Add 2 0  ml methanol alcohol into the vial and 3 0 0  1/8" 
steel balls. Grind the sample for 15 minutes then trans- 
fer the solution into a 2 5 0  ml bottle for future particle 
separation. 

3 . 0  Particle Separation -- Pipette Method-- 
The sand fractions (larger than 5 0  micron) are removed 

from the suspension of dispersed clay sample by wet sieving. 
After the sands are separated from silt and clay, they are 
transfered to a 5 0  ml beaker and dried in an oven. 

Th.c ~11~;pnnsion of silt and c l ay  i n '  next,  s epa r a . t~ l i i  at 
L1,ie 2 micron limik. To do this, the suspension is ~tirred 
and then allowed to stand quietly for at least. seven (7) 
hours fur each 10 cm ( 4  inches) of depth at fiOc, It tn,lres 
one to two weeks to separate all the particles less than 2 
micron. The clay suspension is then transfered into a 2 5 0  
ml bottle. The density of this suspension is determined 
by pipetting 5 ml into a pre-weighed 5 0  ml beaker and dry- 
ing in an oven. After the clay fractions are separated, 
the suspension of silt is again separated at the 2 0  micron 
limit. The silt suspension is stirred and allowed to stand 
quietly for at least 4  minutes 4 0  seconds for each 10 cm of 
depth. 

4 . 0  Preparation of Clay Specimens-- 

Transfer exactly 240 mg of clay size sample into a 
plastic centrituge tube and fill about 2/3 full with 1N 
MgCl solution. After shaking, the sample is centrifuged 
fnr f n  m i n ~ ~ t . n s  st. l.So0 rgm. Let the centrifuge stop with- 
out using brake and discard clear supernatant solution. 
After the 5th Mg-saturation, the sample is washed with D- 
water until a nega.tive test for chloride is obtained by 
ustng 1% Ag!V03 ds .tlie i11ilicdLu~. ' S11~~ke Llie clay sarnple 
with 10 ml of 2 0 %  qlycerol. Transfer suspension onto a 
ceramic tile and allow the suspending water to be sucked 
through the ceramic tile with a filtration rate of 5 ml 
of a 4 %  clay suspension in about 1 minute. According to 
the study of ~ f b b s ,  there is little or no seyreyatiun wit11 
the suction method. The chance for each mineral to deposit 
at the surface will be the same. Remove the tile from 
holder and air dry at least one day. 

5 . 0  The Determination Of The Optimum Amount Of Clay Needed For 
x-Ray   if fraction Analysis-- 

From the basic equation reported by Cullity (1967), 
the following equation can be derived: 



2 
d (mg/cm ) = 

-500 ( In (1-Gx) ) Sin (20/2) 
u* 

where: d is the concentration of clay on a tile; 
Gx is the amount of observed diffraction; 
u* is the mass absorption coefficient. 

The amount of sample required for getting 99.9% obser- 
ved diffraction is listed in Table 1. comparing the amount 
of sample required for 99.9% of Gx and the amount used in 
this work (240mg), the maximum amount of diffraction for 
all these three clay minerals should be attained. 

Table 1 

 mount of sample for 99.9% of Gx 

Sample u* for Cuka -- - amount of sample (mg/tile) 

Mont . 42 4.7 57 
Kaolinite 30 12.4 209 
Illite 55 8.7 80 

2 * The surface area of ceramic tile is 16.8 cm . 
6.0 Measurement of Peak Intensity-- 

The area under the (001) peak is the desired intensity 
measurement. However, it is very difficult to calculate. 
The product of peak height times the peak width at half- 
height is used as the peak intensity. All lengths were 
measured in inches (accurate to 1/64 inch). Because of low 
angle diffraction, the background has different level on 
either side of a peak. The peak height is measured as the 
distance of peak top to a line connecting both background 
valleys. The peak width at half-height is measured along 
a line which is parallel to the line connecting the peak 
valleys. This measurement gives the best fit data to known 
materials. The total counts of the 001 reflection peak were 
also recorded for comparing the accuracy of peak area mea- 
surement. 

Every sample was scanned forward and backward with a , 

low scan rate (8 minutes per degree 20), a long time cons- 
tant (10 seconds) and chart speed of 15 (2 inches per de- 
gree 2 8 ) .  

~ l l  samples of the same clay mineral were run at the 
same scale: 5k counts per second for montmorillonite; lk 
counts per second for kaolinite and 500 counts per second 
for Illite. 



7.0 Data and Results-- 

Raw data is given in tabular form as Tables 2, 3 and 
4, As mentioned earlier, the "Na COj method" is the stan- 
dard in this research work. All $he other values were 
compared with it taking the peak intensities of standard 
method as 1.00. 

The reduced data is also presented as maps of relati- 
ve peak intensity (peak area ratio) vs processing time of 
each method. 

Three sets of data derived from dry grinding techni- 
ques are shown in Fig. 1. The intensity of montmorillo- 
nite increases at the 5-minute processing time and then 
decreases but almost maintained a constant intensi.ty about 
1.15. All the intensities wbtalined, however, have values 
which are higher than 1.00. 'I'his might be caused by break- 
ing the wavy montmorillonite into finer particles and enhan- 
cing the intensity. The actual reason is not yet known. 
Evaluation of the actual sample by SEM might give some ideas, 
and this will be done in the near future. For kaolinite, 
Lhe res~llt is more or less the same as predicted. Reduction 
of intensity after a 5-minute processing time might be due 
to the creation of amorphous materials. There is no chan- 
ge for illite. The intensity was maintained at about 0.4 
all the way. 

Fiy. 2 shows the varidtiun of peak intensity after wet 
grinding processing. The relative intensities of kaolinite 
are rather high and are almost the same after a 5-minute 
treatment. The result is different from the DG method. 
Comparing the data of montmorillonite and illite in Fig, 1 
and Fiq .  2, the only difference is at the 30-minute proces- 
sing time for montmorillonite and for a 10-minute for illite. 
It is obviouglp due to thc effect of methanol alcohol. 

Si~nilar trends for n~ontmorillonite and kaolinite under 
DBMC method (Fig. 3 )  may be observed. The intensities de- 
crease with time. Instead of maintaining constant inten- 
sity as with the above methods, illite, however, shows an 
increasing trend and approaches the 1.25 line.. This ismost 
unexplainable at this time. 

In Fig. 4, the relative intensity of kaolinite at 10- 
minute is the highest value observed. This sample is to be 
evaluated by SEN. There is no difference in the method ex- 
cept the weight of the ball. The ceramic ball is about 9 
times the weight of lucite ball meaning that the impact 
force is 9 tines different. The montmorillonite and illite, 
however, did not show any large change. Montmorillonite 
still has a decreasing trend and illi~e shows the same sig- 
zag pattern. 



Processincj T i m e  (min.') 

F.iy-ure 1.. - V a r i a t i o n  . i n  peak i n t e n s i t y  of t h r e e  A P I  s t a n d a r d  
c l a y s  w i t h  . a  d r y . g r i n d i n g  t e c h n i q u e .  
( A :  mont. ;  +: k a o l .  ; 0.: i l l i t e )  . 







Processing Time (min.) 

Figure 4.- Variation in peak intensity of three API standard 
clays wit11 a lucite ball mill technique. 
(A: mont.; +: kail.; o: illite) 



~aolinite under the wet-impact method (WBMS.) has same 
increase-rate of intensity as wet-grinding method (Fig. 5). 
~t seems, however, that the wet impact method has less en- 
hancing effect. The wet impact method has the more desi- 
rable result f0.r both kaolinite and montmorillonite. Both 
data almost coincide except at 5-minute processing time. 
It is the only method toproduce a decreasing result of 
illite. 

Fig. 6 and 7 show the results of ultrasonic methods. 
Ultrasonic frequency may break clay particles along clea- 
vage. Thus, the peak intensities are higher than the other 
pulverizing methods. The tank-shape sonic instrument af- 
fords even better results, especially for the 10-:r:inute 
treatment. This method (UST-10) is strongly reco~nnended 
as both the data for montmorillonite and kaolinite have same 
relative intensity ratio and illite has intensity about 0.8. 
This latter value is extraordinarily high. The advantages 
of this method include: easy calculation of the relative 
amounts of clay contents in black shale, higher resolution 
of diffraction pattern, and saving of sample preparation 
time . 

The method proposed by J. J. Ranton whows all three 
relative intensities have less than 1.00 value. The va- 
lues are shown in Table 2, 3 and 4. # 



Processing Time (min.) 

Figure 5.- Variation in peak intensity of three API standard 
clays with a steel ball mill technique. 
(A: mont.; +: kaol.; o: illitc) 



, Prbcessing Time (min.) 

. . Figure 6.- Variation in peak intensity .of .three API standard 
s with a prop-type ultrasonic technique. 

A:. mont. ; .+.: kaol. ; o: illite) 





T a b l e  2  

M o n t m o r i l l o n i t e  D a t a  

S a m p l e  P e a k H e i g h t  P e a k w i d t h  P e a k A r e a 2  P e a k A r e a  R a t i o  T o t a l  C o u n t s  ~ o t a l ~ o u n t ~ a t i o  
( x l H / 6 4 )  ( x l " i 6 4 )  x ( l ' " 7 6 4 )  . . 

da*co3 
DG- 2  
DG- 5 
DG- 1 0  
DG- 2  0  
NG- 2  
NG- 5 
CVG- 1 0  
- - ... r, ,- 2-0 
DBMC- 5  
3BMC- 1 0  

'3 
-J 3BMC- 2  0  

DMBC- 3 0  
DMBL-5 
DMBL- 1 0  
DSXL- 2  0  
DBML- 3  0  
NBP4S - 5 
3JBMS - 1 0  
WBMS-20 
WBMS-30 
J J R  
USP-5 
USP-10 
USP- 2  0  
USP- 30 
UST-5 
UST-10 
UST-20 
UST-30 



Table 3 

Kaolinite Data 

Sample 

Ma2C03 
DG- 2 
DG-5 . 

DG- 10 
DG- 2 0 
KG- 2 
WG- 5 
WG-10 
WG- 2 0 
DBMC-5 

8 DBMC-10 
DBMC- 2 0 
DBMC- 3 0 
DBML-5 
D ~ ~ I L -  10 
DBML- 2 0 
DRML- 3 0 
WBMS- 5 
WBMS- 10 
WBMS-20 
WBMS-30 
JJR 
USP-5 

. USP-10 
USP-20 
USP-30 
UST-5 
UST- 10 
UST-20 
UST-30 

Peak Height Peak Width 
(xl"j64) (xLw/f.4) 

Peak Xr?a Peak Area Ratio Tots1 Counts Total Count Ratio 
x il"./E4) 2 



T a b l e  4 

I l l i t e  Data 

S a m p l e  

Na2C03 
DG- 2 
DG- 5 
DG- 1 0  
DG- 2 0 
WG- 2 
WG- 5 
WG- 1 0  
WG-20 

cn DBMC- 5 
\O DBMC-10 

DBXC- 2 0 
DBMC- 3 0 
DBML- 5 
DBML- 1 0  
DBML- 2 0 
DBML- 3 0 
WBIVIS- 5 
WENS-10 
FIBMS- 2 0 
WBMS- 3 0 
J J R  
USP-5 
USP-10 
USP- 2 0 
USP- 3 0 
UST- 5 
UST-10 
UST-20 
UST-30 

F e a k H e i g h t  
( x l n / 6 4 )  

p e a k  W i d t h  
( x l i ' / 6 4 )  

P e a k A r e a 2  ~ e a k ~ r e a  Ratio T o t a l  C o u n t s  T o t a l  C o u n t R a t i o  
x ( l U / 6 4 )  



Appendix 

Uranium, Thorium and Potassium Values for Measured Sections 
in Kentucky. (See Fig. ) 

SECTION PU 

Height in meters PPm PPm 
frombaseof section U Th 

SECTION RU 



SECTION FL 

Height in meters 
f rombaseof  section 

Top 
5 4 . 9  
44 .9  
.4 4.2 
3 8 . 1  
36 .6  
3 5 . 1  
3 3 . 5  
32 .0  
28 .9  
27 .4  
24 .4  

.. 22.9 
1 6 . 8  

6 . 1  
4 .6  
0  

SECTION BR 

SECTION LE 



SECTION CU 

Height  i n  m e t e r s  PPm 
f r o m b a s e o f  s e c t i o n  U 

SECTION CA 
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