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Ab stract 

The Chat tanooga Sha 1 e was rlepos i tel' over mIlch 
of present Tennessee when nevonian seas trans-
gressed , leaving a th k deposit of organic ric" 
black mud . The Chattanooga ~hale ranges in thick-
ness from less than 35 feet i central Tennes~pe t 
more thar 72U feet in th easte rn portion of the 
state. Although much thinner, the cent ral Tennessee 
section of the shale appears much richer in ex­
tractable organic material , averaging 13 ~ carbon 
(approximately 9 . 3 gallons per ton by Fischer assay) 
with a maximum of 20 carbon (is gallons ~er onl. 
In central Tennessee, the Chattanooga ~hale has two 
memben, the Oowell town and the Gassaway and IS 
underlain by the Leipers Limestone and overlaIn by 
the Ft. Payne Chert and Maury Formation , a phos­
phatic claystone. Oet~iled mineralogy from d Cf)rr­
hole taken in OeK. lb County , as determinerl hy X-r~y 
diffraction, indicates d mi neral assemhlage compf)se~ 
primarily of qUdrtz (59·), felrl~pars (14 . prec1oml­
nately K-felc1spar) , pyrite (R',) , anrl clay mine rals 
(19) . The clay mineral dssemhlage was conpf)sed of 
illite, mixed layer illite-sl'lectlte, ~aolinlte , (lnrl 
chlorite . The noterl ahunc1ance of kaolinite (5 0 
29~ of total clay fraclion) c1iffers significantly 
from rlata of other investigators , possibly sug-
gesting a proximity to an ancient shoreline . Adrli-
tionally, the samples from this co re hole were higher 
i n qua r t zan d f e 1 d spa r s, and 1 ower i nove r all cIa y 
miner 1 percentages than samples of the Chattanooga 
Shale reported in other areas. 

Introduct ion and General Geology 

When late Devonian seas ad,anced 
across the central North American con -
tinent some 340 million years ago, con ­
ditions were different than when other 
invasions occu rred. The environment that 
res u 1 ted was 1 ike few others ina 11 the 
geologic history of the region. This Oe ­
von i an sea eventua lly spread over much of 
the p resent eastern United States, depos­
iting a blac~ , carbonaceous mud over hun­
dreds of thousands of square miles . This 

hlack mud , containing r otted organic 
matter , became known as Antrim Shale in 
r~lchigan , Ohio Shale in Ohio anc1 north-
eastern Ke~tucky , New Albany Shale in 
northwestern Kentucky ann Inniana, anrl 
Chattanooga ~hale in southern Kentucky, 
northern Alahama and throughout Tennessee 
(Conant and Swanson , 1961). 

At the time of its deposition, he 
C h ~ t tan 0 0 gaS hal e was wid ely Ii i s t r i h II ted , 
coverl ng nearly a 11 of Tennessee excP.'pt 
for two areas: one nea r Hohenwald ( Lewis 
County) anrl the other near Ashland City 
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(Cheatham County). Eros i on ,as remov ed 
the shale from west Tennessee , ost of the 
Central Rasin, and most of the Valley and 
Rid g e Province . Folding and faulting fur ­
ther obscure its c1istribution in the Va l ­
ley and Ridge Province (Hickman and Lynch , 
1967) . 

The Chattanooga Shaie is overlain by 
the Fort Payne Chert anc1 the Maury Forma­
tion, which is phosphatic immec1idtely 
ah o ve the Chat anooga contact and is un­
conformahly underlain by the Leipers Lime ­
stone . The formation is subdivic1ed in to 
two members: the upper cnnsists of the 
r.assaway Member (subdivided into upper , 
middle, and lo wer) a nd t he lo wer i,S called 
the Dowellto wn Memb er (subdivic1ed into 
IIpper a n d lower ) . A good mar ker is the 
Center Hi 1 1 As h Be d , which o c cur s in the 
upper Dowellto wn a ppr oximate l y 0 . 8 to 1 . '1 
feet bel o w the Gass aw ay-Dowel l to wn con­
t a ct. This be d is difficult to distin­
gu i sh i n ou t crop and co r es, and in ma ny 
local ities is throughly mixed with th e 
surrounding shale . 

General mineralogy of th e Cha t tanooga 
Shale consists primarily of qua r tz , clay 
minerals , feldspar (mostly K- spa r ), py _ 
rite , calcite, and others . Additionally 
the shale is composed of approxim a tely 5: 
20~ organic matter . 

F i gu re 1 port rays the genera 1 i zed 
a rea of Tennessee underlain by Chattanooga 
Shale . Samples fo r this study were ob­
ta i ned from a corehol e dri 11 ec1 in DeKa 1 b 
County, Tennessee . 

Samples from the core were selected 
on the ba.is of observed lithologic 
changes at ~pproximately one-foot inter-
vals . Mineralogy of all samples was 
determined by X-ray c1iffraction (XRD) 

uti l izing a Philips APD 3600 au tomated 
diffractometer system . The XRO system was 
operated at 45 KV, 40 mA using CuKa r adi­
ation , filte r ed by ~ diffracted - beam 
graphite monochronometer with theta - com ­
pensating slit. Identifications were made 
utilizing computer assisted searCh-mat ch 
software supplied by Philips . MaterIal 
balances reported were generar,ed by the 
software IIsing a least-squares method on a 
percent volume tl00 basis . 

~ineralogic character of all samples 
was c1etermi ned for both l:iu 1 k mi nera logy 
anc1 clay minerals separation . A complete 
discuss i on of the procedures •• sed for the 
preparation of bulk mineralogic~l samples 
is avail~ble in Mason (1982) and Ma son et 
al. (1984) . 

~ ample preparation and X- ray proce­
dure for the clay mineral fraction con­
sisted of the following: 1) placing th r ee 
~rams raw sh~le in a large beaker , heat in~ 
with 30 H2 0 2 to extract orqanic ma tter as 
described In Jackson (1974); 2) disperSing 
clay minerals in distil led water with 
ultrasonic disaggregation and SOdium meta­
phosphate (calgon) when needec1; and 3) 
performing !,jravimetric separation of the 
clay minerals to isolate the two micron 
(~) and smalle r pa r tIcles. After the clay 
f r action was isolated , sa mpl es were pre­
pared using KC l a nd MgCl 2 solutions . K­
satllrated $amples "' ere heat ed to 5!>0°C to 
ohserve possible peak collapse; Mg - satu ­
rated samples were solvated with ethylene 
glycol to ohserve peak shifts associatec1 
'''ith expanding clay minerals . All clay 
samples were mountec1 on glass slic1es using 
t'le mil lipo r e peel methoc1 as descrlbec1 by 
Dreve,' (1973). qaw samples anc1 "1g-sat u ­
ra ted s~mp 1 es were scanned 2 to liDO 26 , 
whi Ie '1g-saturdted glycolated , I(-Satll­
rated, and K-saturated-heated samples were 
scanned 2 to 27.° 26. 

TENNESSEE 

o Approx imate Dislribution of Chattanooga Shale 
....... COREHOLE 

*
LOCATION , J 

Figure 1 . 

t.,-

DE-KALB \ 
'"COUNTY S 

>- ---""'- ..., / ~. 

location of study ar ea sho wln y approximate olltl ine of Chattanonga 
Shale distrihution In Te nnes see . 
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Modified Fischer assay analyses 
(Stanfield and Frost , 1949) were performed 
I)n each saon;>led intl'rval. Fischer as~ay 
was developeJ for Green R i v~r Format i on 
oil shales, and its validity for pre 
clicting oil yield frl)m the leaner eHtern 
of l shales is somewhat ~uestionahle be 
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DESCRIPTION 

causp of the differences in the kero­
genaceous milterial . However, st andar di ­
zation of the f'ischer assay analysis 
allow sin for I~ a t ion f o r gel) loy i c ( i • P. • 

stratigraphic) correl at ions to he obt dlned 
(Figure 2) . 
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Results 

Bulk l14in era l s 

Bulk shale ~Iner I results are yraph­
I c a I I Y ,j 1 S P I aye dIn Fly u r e 1 . The C hat t a _ 
nnoya ~hale In thIs co rellole was 33.2 feet 
In thickness , ranyiny from 9 .4 to 4? 1i 
feet in depth from t'le Sllr ace. Primary 
mInerals rellortert In the raw snale \I~r~ 
qu~rtl (a V':! . 'iq.O ) , clay mlnerdls ( a v 9 . 
IIi. n,,) , felctspars (<1vg . !4 . 0~l , pyrI te 
(a v g . R. O"', ) . and t~p re malnlny percentage 
w ~~ composed of dnlolOlt p , calcite , spha'­
erite , ~Inerlte, and apatite, ~ll of wh ich 
had irregular occurrencps ann ahunnancps . 

From the bulk mlneralnyy, the stratl-
grallhlc boundaries of the Chattanooga 
Shale COllIn he observpd . T~e conta.;t '/llt'1 
the un d e r I yin!J L e III e rs L i 'n est 0 n e co u 1,1 0 e 
distinctly determined as It is IIncnnf o rm­
aole ann involves an extre r,le mineralogical 
chanye from carbonate rocks into the over­
Iyin~ shal~. An lnterestln~ note was that 
the two feet of Leipers Limestone salO~les 
X-rayed were actually composed predoml­
nat p. ly of <!olom ite (dpprox. RS) . The 
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Maury Formation , whi Ch overl I PS the shale , 
could also he easl Iy determlnp~ ~ pcallse of 
thp ahundant occurrence of '1P phosllhdte 
mineral :pa tite (17 -1d~) . 

I./lthll1 the ChHtanooga S hale itself, 
b II I k ,n i n era loy 1 Cd I c han yes /I ere 10 0 r ed 1 f -
ficult to distinyuiSh. Pyri e ' ''undances 
yen<'!rally lncr~asen as or']anlC 't en in­
c rease d; howev~r, the correIa ; . w~s not 
s t run ~ he c d I. S e p rite '. a s 10 0 d p , ' I y a bun _ 
,j ~ nan rt weI I dip e r 5 e ,j t h rOil 9 h t. h e p n-
tire section . Feldspars de cr~a sed In 
aOunrian ce at the top ann hotto .n of the 
shale sectIon dlle to changes in he depo­
sit ion a len vIr 0 n ,n en t. r; e n ~ r a I I y. pot a ~ _ 
sium feldspar was ohserved to ho 'nree to 
four times more abllndant than SO "J IO feld ­
spa r , ex c e p tin the IJ p per 0 owe I I to w n i n 
w~i C h the aOunriances were approxim a tely 
equal . This change in the ratio o f sonium 
to potassium felnspar correla t ed v e ry 
strongly to a df>crease of organic III att:!r 
in the Upper Oowelltown, flOSS'lll y indi­
catinq a slightly nlfferent en viron ment 
dlJring its rteposition . Calcit~ occurred 
as random carhonate stringe~s in the Shale 
and dislilayed no distInctIve pai r i ng with 
o the r '" i n era Is . 

50 75 100 

Mineral Abundances (%) 

Figu re 3 . 
Rulk mine r al Identification o f Chattanooga Shale . 

396 



.. 
--~ -

. - . - , 

Clay mlneral~ are yraphically dis-
p I aye din F i y u r e 4. F 0 u r c! a y In I n e r dIs 
',"ere IdentifIed from this corehole . The 
most ahunnant clay mlnerJI wa s illitp , 
c ompos i ng an averaye of 51 of the tota I 
clay fraction; the next mos ahunn~nt werp 
mixed-Iaypr clays comprISing an average of 
30; then kaolInite averagIng II, and 
least abundant was chlorite avpraging R • 

[I lite in thIS report was c onsldere~ 
to he 2'1 muscovite , t(Al 1 (5i)AI)Ol O(OH) 2 . 
lllite is recoynized on X-ray diffraction 
traces hy its strong first-order (001) 
peak at IDA, a weak second-order pea dt 
~A, and a third-order (003) peak at 3.1A. 
"!He rial that did not expand at IDA when 
treated wi th ethylene glycol or colldPs!'~ 
when heated was considered i I lit e . 

Mixed-layer clays repre sent a hiyh 
level of difficulty in IdentIfIcation. 
'11 xed - I dye r c I a y mi n era I 5 can be a ran 11 0 In 
orr e g u I a r i n t e r I aye r i n y 0 f two 0 r In 0 r I' 
clay minerals . Mixed-layer clays l~enti­
fle.j i nth i s st u d Y we reb eli eve n to be 
~redominantly random illite-smectite, 
but because of thp complexity of the 
sd.np I es and deterrni nat i ve capab iIi ties of 
X-ray dIffraction teChniques, some propor­
t ion 0 f the In i xed - I dye r c I a y c 0 u I rj h a v e 
heen an ill ite-chlorlte a~ suggested by 
Hosterman and Whitlow (19B3) . However, no 
positive verification of the il I ite-chlor­
i t e ·n i xed - I aye r c I a y co u I d bed e t e r .n i ned 
from the samples stu flied . The illite-
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smectite mixpd-Iayer cldy was c onsidered a 
ran d 0 to I n t e r s t rat i f i cat Ion he ca l' s e 0 f the 
interm!'diate 10cAt.ion of its peak betwepn 
lOA an~ 14A. Ra n dom mixed-Ia y pr clays 
prOdu c p intermerliJte peak s while reyular 
In I x I' d - I aye r c I a y s pro d "c e ad rj i ~ i ve p e H s • 
The , Ixpd-Iayer clays were il1entified nnd 
quantI fled hy cO lnparing he l OA peak and 
e x a In I n i n '.l h e s h i f t a s are s " 1 t 0 f '1 I y r. 0 _ 
lallon and p eak collapse as a res ult J f 
heatIng. The inter 'll edlatp peak exppcterl 
for a random ill ite-smectlte mixe:l-Iayo>r 
was o bs c llred by the lOA peak, ~aking ac~u­
rate Identification difficult . RecallSI' of 
the abunrlnnt illite at lOA and the mix!'d­
layer also appeariny near this same pea~ , 
it i~ plausible that the mixed - lilyer c lay 
was of the 80/20 il I Ite-smec ite type re­
ported ~y Weaver and Uampler (1970) . Ex­
pendable clays collapse upon h eating . 
Therefore, the amount of mixed -layer clay 
wa s calculated hy the difference in ar ea 
of the K- sdtul ' ated versus K- satu rat ed­
heated sample . The amount of peak coI -
I apse at the lO A pos 1l i on wa s co n s I dered 
to be the mi xed-layer illite-smectite. 

Kaolinite (AI 2 Si 20S(OH).) was identI­
fIed by ch~racteristlc 14A, IDA , ~nd 
3 . 5'\ peaks (line I , Figur~ 5), wi th the 
7A peak col la psing completely upon heatIng 
in the K-saturated sample ( line 2 , Figure 
5) . Material at the 14A pOSitio n re~ain­
ing after heating was co n siriered c hlorite, 
( M g , Fe, A I 6 ) ( S i , A I ) 4 I) 1 0 ( 0 fi ) 8 • Fig u r e 5 i s 
an irlealized representation of X- ray dif ­
fracto g rams displayiny tne irlentification 
process "s!'d for the clay spec i es . 

100 

Mineral Abundances (%) 

Figure 4 . 
Cla y miner~1 iden tifi cation of Chatta nooya Shale . 
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Figure 5. 
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D-spacing (1) 
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CD K-Saturated 
® K-Saturated, 

Ashed 

o Mg - Satu rated 

o Mg - Saturated­
Glycolated 

Representat i on of the process Ilsed to i dent i fy the c I dy mi nera I 
phHes. 

A) [Illte is identified from 
the h~sal diffraction peak 
at lOA. '1g - gl y col at ion ( 4 ) 
or heating (2 ) do not ~Iter 
the d-spaci ng. 

B) Chlorite is identified hy 
14Aanc1 7A peaks.Upon heating 
(2) anrl Mg-ylycolation (4), 
no change is observen. 

C) Kaolinite is 
the 7A peak . 

identified hy 
Upon heating 
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the K-saturated sa,qple to 
550°1;, the 7A peak co II apses. 

0) [I lite-smectite identifica-
t i on is made from the i nt er-
Iq e c1 i at e p P. a k bet wee n l OA 
ann l1A of the Mg-saturated 
s a ,q pie. 0 n K - s at 1/ r at i I) n (1) 
dnc1 heating (2), the pea 
cfJllap~p.s to l OA. Glycold-
tion in c reases the peak to 12 
.Jr 13A (4) . 
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The pairing of clay mineral factors 
revealed severa: recognizable trenrls. The 
:nost obvious was the increase in kaolinite 
in the portIon of the section containing 
the Center Hill Ash Red . Fven though the 
ash bed was diffi c ult to t1istinguiSh visu­
ally because of mixing with the shale , a 
pronounced incre~se in kaolinite was ob­
serverl from the clay mineral separation 
(Figure 4) . 

Illite and illite-smectite mixed-
layer clays t1isplayed a correlation with 
oryc!nic matter although not extremely well 
defined. In zones of the most abundant 
oryanlc mat er , Upper dnd Lower Gassaway 
.., e, In b e r san d Lower Dowel Ito w n ~ e m her, the 
ahundance of ill i te-smect i te i ncreasen 
slightly at the expense of illite. Ka­
olinite and chlorite displayed no pairing 
for 0 r g ani c III ate ria I, but rat her re in a i ned 
relatively constant. 

Oistinct clay mineral changes wer e 
observed at both the upper and lo wer con­
tacts of the Chattanooga . In both cases , 
illite became the only clay i11ineral iden­
t ifi ed, even though clays st ill rema i ned 
monerately abunnant extending into the 
Maury Formation . Clay mine rals decreased 
dramatically in the underlyiny carbonate 
unit as would be expected . 

Discussion 

Interpretation of the mineralo:lical 
nata produces some interesting implica­
t ions about the depos i tiona 1 envi ronment 
during Chattanooga time dt this locality. 
The relative percentage of quartz ann 
feldspars (Na and K) were higher and clays 
lower than gene ra Ily reported by other 
workers (Conant and Swanson, 1961; Hoster­
man and IIhitlow, 19H3 ) . Although it is 
pOSSible that some of this t1iscrepancy 
could have resulted from t he software 
analysis techniques u sed, the hulk mineral 
analysis showed excellent conSistency and 
reproducibil ity. Care was taken to evalu­
ate and separate abunnancps of quartz and 
ill i te because both mi n e ra I s share a 
strong 3.1A peak . Recause of thi s fact, 
ill i te abundances were e va I uated on the 
hasis of their lOA peak , while quartz 
abundances ~ere ev~luated on the ratio of 
the 4.?A and 3 .3 A peaks. All identi­
fi cations \~ere volume percent. Addition­
ally, minerals wer e vie\~ed on ~ compo-
sitional hasis and not it particle-size 
basis. lJifferences in the tI'iage of the 
terminology "clay minerals ," may also 
account for 'Juant i tat i ve differences. 
"Clay-sized" quartz accounts for a suh­
stantial proportion of the 2~ fraction. 

Clay mineral components of the 
Chattanooga Shale prohably had their 
origin much as de'icribed by Hosterman and 
\oIhi low (19H3) . Illite was derived from 
deyraded and disordered il lite and 
smectite; chlorite formed fro:n the mag­
npsium and iron lost by the degradation of 
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smectite; and the mixed -layer components 
were formed from a mixture of theIr 
sin 9 I e - 1 aye r cOin p 0 n e n t s • Hower eta 1 • 
(19761, attrihuted mineralogIcal and 
chemic~l variations in buried shales to 
the general reaction: 

smectite .. K-feldsllar ( .. mica) 
i I lite .. quartz ~ chlorite . 

Identification of moderately abundant 
kaolinite differed from findings at other 
localities reported in the literature 
( H 0 s t e r In a nan d W hit low, 1 981 ; and Con ant 
and Swanson, 1961 ) averaging 10~ but 
ranging to 29 for shale containing the 
Center Hill Ash Red. Volcanic ash soils 
are known to pronllce an abundance of 
14,1, clays, predominantly smectites and 
kaolinite (Nagasawa, 1978). Kaolinite's 
relatively larger grain size introduces a 
phYSical control on distribution of the 
mineral (Gibbs, 1<J67). When transported 
i t doe s not rem a i 11 ins u s pen s ion and i s 
deposited close r tJ the source area. Ka­
olinite is found to be most abundant near 
shorelines in both ancient ann modern serl-
iments (Parham , 1966). This information, 
supported by the fact that quartz and 
feldspars composed a slightly greater 
volu me of the sdmples in vestigated, points 
to consineratio n of a depOSitional envi­
ronment in the proximity of an ancient 
shoreline. However, rletecting kaolinite 
in sediment! should not be considered un­
II sua 1; r. r iff i net a 1. (1968) f 0 un d k a 0-
linite concentrations in all of modern 
oceanic sediments including deep sea sedi­
ments, far removed from t rrestrial 
sources. 

It is very plaUSible that the "rig ­
inal source soi Is for the Chattanooya 
Shale was strongly influenced by volcanic 
sources (Roen and Hosterman, 1932; and 
Droste and Vitaliano, 19H3). Evidence to 
support th i s concept woul d be the a 1 ter­
ation of smectite (a prinCipal component 
of volcani c soils) to illite, quartz, and 
chlorite. 

The final answer to understanding 
differences in the mineralogy of the Chat­
tanooga Shale , as ~ell as all eastern oil 
shales, may lie in improved instrumen­
tation and a hetter understanding of their 
geochernic~l origins. Traditionally, 
eastern 011 sh al es have benn characterized 
as having very simila r mineralogies. On a 
macro scale they do, hut on a micro scale 
differences in mineral0:lical relationShips 
can provide valuable insights into the 
conditions that existed in the rleposi-
tional environments and subsequent dia-
genetic changes the shales have underyone. 

SU.llury 

• The bulk ~ineralogy of Chattanooga 
Shale includes fJuartz, feldspars 
(prec1ominantly K-spar), nyrite, and 



.. 

• 

• 

• 

• 

cl ay minerals, with lesser amo~nts of 
calcite , dolomite, and apatite. 

The clay mineralogy incl~des illite, 
mi xed-l ayer clays, ch 1 t)ri te , and 
kaolinite. 

Clay minerals (hydrullS alumina sili­
cates ) composed a sma 11 er percentage 
of the samples than ':Jenerally re-
ported in the literature . "Clay 
sized" minerals, 1.e . minerals of 
2 ~ particle size , especially qua rtz 
and feldspars , were abundant . 

Kaolinite was present in all samples 
examinecf , possibly an indication of a 
near-shore depositional environment. 

The alte rati on of smectite to illite , 
quartz, and chlo r ite , plus the abun ­
dances of q uart z and feldspars, could 
hav e re sulted from vol ca nica ll y In­
flu enced soi l s . 

Th e eastern oi 1 shales , althou gh sim ­
ilar mine r alogically on a macro 
sca 1 e , have important di fferenCf!S on 
a mic r o scale that could rev eal valu­
able i nformation about their geochem­
ical origins ancf depositional envI­
ronments when more completelj 
stlldied . 
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