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Mineralogic Characterization of
a Chattanooga Shale Core
from Central Tennessee

by
Glenn M. Mason and Lowell K. Spackman H. Wayne Leimer
Western Research Institute Department of Earth Sciences
P.O. Box 3395, University Station Tennessee Technical University
Laramie, Wyoming 82071 Coolkeville, Tennessee 38501
Abstract

The Chattanonga Shale was deposited over much
of present Tennessee when DNevonian seas trans-
gressed, leaving a th _k deposit of organic rich
black mud. The Chattanooga Shala ranges in thick-
ness from less than 35 feet in central Tennessee t2
more thar 720 feet in the eastern portion of the
state, Althouyh much thinner, the central 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 (i5 gallons per ton).
I[n central Tennessee, the Chattanooga Shale has two
members, the Dowelltown and the Gassaway and 15
underlain by the Leipers Limestone and overlain hy
the Ft., Payne Chert and Maury Formation, a phos-
phatic claystone. DNetailed mineralogy from a core-
hole taken in DekKilb County, as determined hy X-ray
diffraction, indicates a mineral assemhlage compnsed
primarily of quartz (59%), feldspars {14% predomi-
nately K-feldspar), pyrite (A%), and clay minerals
(19%). The clay mineral assemhlage was composed of
illite, mixed layer il)lite-smectite, kaolinite, and
chlorite,. The noted ahundance of kaolinite (5 to
29% of total clay fraciion) differs significantly
from data of other investigators, possibly sug-
gesting a proximity to an ancient shoreline. Addi-
tionally, the samples from this corehnle were higher
in quartz and feldspars, and lower in overall clay
mineral percentages than samples of the Chattanooya
Shale reported in other areas.

Introduction and General Geology black mud , containing rotted organic
matter, became known as Antrim Shale in
When late Devonian seas advanced Michigan, Ohio Shale in Ohio and north-
across the central North American con- eastern Kentucky, MNew Alhany Shale in
tinent some 340 million years ago, con- nortnwestern Kentucky and Indiana, and
ditions were different than when other Chattanooga Shale in southern Kentucky,
invasions occurred. The environment that northern Alabhama and throughout Tennessee
resulted was like few others in all the (Conant and Swanson, 1961).
geologic history of the region. This De- At the time of its deposition the
vonian sea eventually spread over much of Chattanooyga Shale was widely ﬂistran\téd
the present eastern United States, depos- covering nearly all f Tennessee excan
iting a black, carbonaceous mud over hun- for two areas: one near Hohenwald (Lewis
dreds of thousands of square miles., This County) and the other near Ashland City
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(Cheatham County). Erosion ias remaved utilizing a Philips APD 3600 automated
the shale from west Tennessee, wost of the diffractometer System, The XRD system was
Central BRasin, and most of the Valley and operated at 45 KV, 40 mA using CuKa ragi-
Ridge Pravince. Folding and faulting fur- ation, filterea by » diffracted-beam
ther obscure its distribution in the Val- grapnite monochronometer with theta-com-
ley and Ridge Province (Hickman and Lynch, pensating slit, [Identifications were made
1967). utilizing computer assisted search-match

software supplied by Philips. Material
The Chattanooga Shaie is overlain by balances reported were generated hy the
the Fort Payne Chert and the Maury Forma- software using a least-squares method on a
tion, which 1is phosphatic immediately percent volume £100% basis.
above the Chattanooga contact and is un-
conformably underiain by the Leipers Lime- #ineralogic character of all samples
stone, The formation is subdivided into was determined for both bulk mineralogy
two members: the upper consists aof the and clay minerals separation. A complete
Giassaway Member (subdivided into upper, discussion of the procedures used for the
middle, and lower) and the lower is called preparatinn of bulk mineralogical samples
the Dowelltown Member (subdivided inta is available in Mason (1982) and Mason et
upper and lower). A good marker is the al. (1984).
Center Hill Ash Bed, which occurs in the
upper Dowelltown approximately 0.8 to 1.9 Sample preparation and X-ray proce-
feet below the Gassaway-Dowelltown con- dure for the clay mineral fractian con-
tact. This bed fs difficult to distin- sisted of the follawing: 1) placing three
guish in outcrop and cores, and in many grams raw shale in a large bealer, heatiny
localities is throughly mixed with the with 30% H,0, to extract orqganic matter as
surrounding shale. described in Jacksan (1974); 2) dispersing
clay minerals in distilled water with
General mineralogy of the Chattanooga ultrasonic disaggregation and sodium meta-
Shale consists primarily of quartz, clay phosphate (calyon) when needed; and 3)
minerals, feldspar (mostly K-spar), py- perfurrn_mg '_;ravlmegr\c separation of' the
rite, calcite, and others. Additionally, clay minerals to fsolate the two micron
the shale is composed of approximately 5- (u) aqd sma!lef‘ particles. After the clay
20% organic matter. fraction was isolated, samples were pre-
pared using KCl and MgCl, solutians. K-
Figure 1 portrays the generalized saturated camples were heated to 550°C to
area of Tennessee underlain by Chattannoga ohserve possible peak collapse; Mg-satu-
Shale. Samples for this study were ob- rated samples were solvated with ethylene
tained from a corehole drilled in DeKalb glycal to observe peak shifts associated
County, Tennessee. #ith expanding clay minerals. All clay

samples were mounted on glass slides using
the millipore peel method as described by

Samples from the cor ere selec
. SRre Taleead Drever (1973}, Raw samples and “4g-satu-

on the ba.is of observed lithologic 1 a0 2
changes at approximately one-foot inter- rated scmples were scanned 2 to AN° 28,
vals, Mineralogy of all samples was while ‘tgﬁ-sKaturated dglycalated, ]K-sacu-
determined b X-ra diffractian ARD rated, an -saturated-heated samples were
¥ ¥ { ! scanned 2 ta 22° 28,

TENNESSEE

Nashville
y, Knoxville

Chattanooga
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[1 Approximate Distribution of Chattanooga Shale
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“\COUNTY &
/)———q--\-.‘?

Figure 1. lLocatian of study drea showing approximate aoutline of Chattannnga
Shale distribhution in Tennessen,
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Modified Fischer assay analyses cause of the differences in the kero-
(Stanfield and Frost, 1949) ware performed genaceous m.:terial._ However, stand?r‘dli-
an each sampled interval, Fischer assay zation of the _Hscher assay ana :_f!‘-as
was developed for Green River Formation allaows information Fn‘r genloyic (1--(-1
oil shales, and its validity for pre stratigraphic) correlations to he obtaine
dicting 0il yield from the leaner eastarn (Figure 2).

ofl shales 1is somewhat questionahle be
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Figure 2. Geolongic sectian, description, and Fischer Assay correlation for

Chattanooga Shale in study corenhole.
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Results Maury formation, whicn averlies the shale,

could also ne easily determined hecause of

ulk Minerals the ahundant occurrence of tne phosphate
; mineral >»patite (17-14%).

Bulk shale nineral results are graph- "
ically diysplayed in Figyure 3. The Chatta- “4ithin the Chattanonga Shale itself,
nnoya Shale 1n this corehole was 33.2 feet bulk mineralogical changes were more dif-
in thickness, ranging from 9.4 to 47,56 ficult to distinguish. Pyrite 2hundances
faet in depth from the surface. Primary gyenerally increased as organic ‘tent in-
intnerals reported in the raw snale were creasad; however, the correlat:® was not
quartz (avy. 59.,0%), clay minerals (avg. straony hecause pyrite was modas ly abun-
16.01), feldspars {(avo. 14.0%Y}, opyrite dant and well 41 persed through the #n-
(avg. 8.0%), and the remaining percentage tire section. Feldspars decrecased in
was camposed of dolomite, calcite, spnha'- abundance at the top and bottom of the
erite, siderite, and apatite, all of which snale sectipn due to changes in the depo-
had 1rregular occurrences and abundances, sitional environment, Generally, potas-

sium feldspar was observed to he chree to

From the bulk mineraloyy, the strati- four times more abundant than so7 um feld-
graphic boundaries of the Chattanooga spar, except in the lpper Dowelitown in
Shale could he observed. The contant with which the abundances were approximately
the underlying teipers Limestone could he egual. This change in the ratio of sodium
distinctly determined as it is unconform- to potassium feldspar correlated very
anle and involves an extreme mineralogical strongly to a decrease of organic mattar
change from carhonata rocks into the over- in the Upper DNowelltown, poss:'nly indi-
lying shala., Ap interesting note was that cating a slightly different environment
the two feet of Leipers Limestune samples dyring 1ts depositinn, Calcita occurred
X-rayed were actually composed predomi- as random carbonate strinjess in tha shale
nately of dolomite (approx. HS5%), The and displayed no distinctive pairing with

other winerals,
5
78
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Figure 3. Rulk mineral identificatinn of Chattanooga Shale,
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Clay Minerals

Clay minerals are yrapnically dis-
played in Figure 4. Four clay minerals
were identified from this corehole, The
most ahunnant clay mineral was illite,
composing an averagye af 51t of the total
clay fraction; the next most ahundant were
nixed-layer clays comprising an average of
i0%; then kaolinite averaging L1%t, ang
least abundant was chlorite averaging HY,

[llite in this report was ronsidered
to be 2M muscovite, KAl (SizAl}0,  (0H],,
Illite is reconynized on X-ray diffraction
traces by 1its stronyg first-order (001}
peak at 10A, a weak second-order peak at
5A, and a third-order (003} peak at 3,3A,
Material that d3d not expand at 10A w~hen
treated with ethylene glycal or collapsed
when heated was considered illite.

Mixed-layer clays represent a high
level of difficulty in i1dentification,
Mixed-layer clay minerals can be a randon
ar regular interlayering of two or more
clay minerals., Mixed-layer clays identi-
fied in this study were believed to be
predominantly a  random illite-smectite,
but because of the complexity of the
samples and determinative capabilities of
L-ray diffraction techniques, some propor-
tian of the mixed-layer clay could have
heen an 1llite-chlorite as suygested by
Hosterman and Whitlow (1943). However, no
positive verificatina nf the illite~-chlor-
ite mixed-layer clay could be determingd
from the samples studied. The illire-

smectite mixnd-layer clay was considered a

random interstratification hecause of the
intermediate location of 1ts peak betwensn
10A and 144, Random wixed-layer clays

produce intermediate peaks while regular
mixed-layer clays produce additive peaks.
The ixed-layer clays were identified and
quantified hy comparing the 10A peak and
examining the shift as a result of glyco-
Yatinon ana peak collapse as a result of
heating. The intermadiate peak expected
for a random illite-smectite mixed-layer
was ohscured by the 10A peak, making accu-
rate identification difficult, Recause of
the abundant illite at 104 and the mixed-
layer also appearing near this same peak,
it is plausible that the mixed-layer clay
was of the #0/20 illite-smectite type re-
ported hy wWeaver and Vampler (1970), Ex-
pendable clays collapse upnn heatiny.
Therafore, the amount of mixed-layer clay
was calculated hy the difference in area
of the X-saturated versus ¥X-saturated-
heated sample. The amount of peak col-
lapse at the 194& posttion was considered
to he the mixed-layer illite-smectite.

Kaolinite (A1,Si,N5(0H),) was identi-
fied by characteristic 14A, 10A |, and
3.5AF peaks {line 1, Figure 5}, with the
74 peak collapsing completely upon heating
in the K-saturated sample (line 2, Figure
5). Material at the 144 position remain-
ing after heating was considered chlorite,
(Mg,Fe,Al ) (Si,A1),0,,(0H}y. Figure § is
an jdealtized representarion of X-ray dif-
fractograms displayiny the identification
process used far the clay species,

5 =
78
el KEY
) iltite
15 [ Mixed Layer
[ Kaolinite
g [‘ Chlorite
_:_,' 25
E
& 30k
[a]
s |
40
43.6
45 U e
25
Frgure 3. Clay mineral
SR » ) - s et e
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Ashed
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| | | Glycolated

14 10 7

D-spacing (R)
5 Representation of the process used to identify the clay mineral
phases,

A) I1lite is identified fron the K-saturated sample to
the hasal diffraction peak 550°C, the 7A peak collapses,
at 10A, Mg-glycolation (4) :
or heating (2} do not alter D) Illite-smectite identifica-

8)

c)

the d-spacing. tioq is made from the inter-

mediate peak between 10A
Chlorite 1is identified by and 194 of the Mg-saturated
14Aand 7A peaks.Upon heating sample, 0On K-saturation (1)
(2) and Mg-ylvcolation (4), and heating (2), the peal
no changa is observed, cgllagﬁns to 10A. Glycola-

tion increases the peak to 12
Kaolinite is identified by ar 138 (4),

the 7A peak. Upon neating




The pairing of clay mineral factors
revealed severa! recognizahle trends., The
most obvious was the increase in kaolinite
in the portion of the section containiny
the Center Hill Ash Red. Fven though the
ash bed was difficult to distinguish visu-
ally because of mixing with the shale, a
pronounced increase in kaoliaite was ob-
served from the clay mineral separation
{(Figure 41,

[1lite and illite-smectite mixed-
layer clays displayed a correlation with
organic matter although not extremely well
dafined. In 2o0nes of the most abundant
nrgantc matter, Upper and Lower Gassaway
Members and Lower Dowelltown Member, the
ahundance of illite-smectite increased
sligntly at the expense of illite. Ka-
alinite and chlorite displayed no pairinyg
for organic material, but rather remained
relatively constant.

Distinct clay mineral changes were
opserved at both the upper and lower con-
tacts of the Chattanonya. In both cases,
illite became the only clay mineral iden-
tified, even though clays still remained
moderately abundant extending into the
Maury formation. (lay minerals decreased
dramatically 1n the underlyiny carbonate
Jgnit as would be expected.

Discussion

Interpretation of the mineralogical
date produces some interesting implica-
tions about the depositional environment
iuring Chattanooga time at this locality.
The relative percentage of uartz and
feldspars {Na and K) were higher and clays
lower than 4generally reported by other
workers (Conant and Swanson, 1941; Hoster-
man and Whitlow, 19831}, Although it is
possihble that some of this discrepancy
could have resulted from the software
analysis technigues c¢sed, the bulk mineral
analysis showed excellent consistency and
reproducibility. Care was taken to evalu-
ate and separate abundances of quartz and
illite ©because both minerals share a
strong 3.34 peak, Recause of this fact,
illite abundances were evaluated on the
pasis of their 1DA peak, while .uartz
abundances were evaluated on the ratio of
the 4.2A and 3.34 peaks. All identi-
fications were volume percent. Additinn-
ally, minerals were viewed on a compo-
sitional hasis and not a particle-size
basis. Differences in the unsage of the
terminolagy “clay minerals," may also
accaunt for quantitative differences,
"Clay~sized" gquartz accounts for a sub-
stantial proportion of the 2u fraction,

Clay mineral compnnents of the
Chattannoga Shale probahly had their
origin nuch as described by Hosterman and
Whitlow (14983). [1lite was derived from
degraded and disordered illite and
smectite; chlorite formea from the mag-
nesium and iron lost by the deyradation af
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smectite; and the mixed-layer components

were formed from a wmixture of their
single-layer components. Hower et al,
(19761, attributed mineralogical and

chemical variations in buried shales to
the general reaction:

smectite + K-feldspar (+ mica) =
illite + guartz + chlorite.

[dentification of moderately abundant
kaolinite differed from findings at other
localities reported in the literature
(Hosterman and Whitlow, 1983; and Conant
and Swanson, 1961) averaying 10% but
ranging to 29% for shale containing the
Center Hill Ash Bed. Volcanic ash soils
are known to produce an abundance of
144 clays, predominantly smectites and
kaolinite (Nagasawa, 1978). Kaolinite's
relatively largyer grain size introduces a
pbysical control on distribution of the
mineral (Gibbs, 1967). When transported
it does not remain in suspension and 15
deposited closer t> the source area. Xa-
olinite is found to he most abundant near
shorelines in both ancient and modern sed-
iments (Parham, 1966). This information,
supported by the fact that quartz and
feldspars composed a slightly greater
volume of the samples investigated, points
to consideration of a depositional envi-
ronment in the proximity of an ancient
shoreline. However, detecting kaolinite
in sediments should not be considered un-
ysual; &Griffin et al, (1968) found kao-
linite concentrations in all of modern
oceanic sediments including deep sea sedi-
ments, far removed from terrestrial
sources.

[t 1s very plausihle that the arig-
inal source soils for the Chattanooga
Snale was strongly influenced by volcanic
sources (Roen and Hosterman, 1982; and
Droste and Vitaliano, 1983). Evidence to
support this concept would be the alter-
ation of smectite (a principal component
of volcanic soils) to illite, quartz, and
chlorite.

The final answer to wunderstanding
differences in the mineralogy of the Chat-
tanooya Shale, as well as all eastern oil
shales, may 1lie in improved inastrumen-
tatinn and a hetter understanding of their
geochemical origins. Traditionally,
eastern oil shales have been characterized
as haviny very similar mineralogies. 0Nn a
macro scalea they do, but on a micro scale
differences in mineralogical relationships
can provide valuable insigyhts into the
conditions that existed in the deposi-
tinnal ~aavironnents and subsequent dia-
genetic chanyges the shales have underyone,

Summary

) The bulk mineralogy of Chattanonga
Shale includes quartz, feldspars
(¢redominantly K-spar), ayrite, andg




Dana, S. M,
Marron,
structive
authors
thanks
their

lesser amounts of
and apatite,

clay minerals, with
calcite, dolomite,

The clay mineralogy
mixed-Yayer clays,
kaolinite.

includes illite,
chlnrite, and

Clay minerals (hydrous alumina sili-

cates) composed a smaller percentage
of the samples than ygenerally re-
ported in the literature, “Clay
sized" minerals, i,e. minerals of
2u particle size, especially quartz
and feldspars, were abundant.

Kaolinite was present in all samples

examined, possibly an indicatian of a
near-shore depositional environment,

The alteratiaon of smectite to illite,
quartz, and chlorite, plus the abun-
dances of gquartz and feldspars, could
have resulted from volcanically in-
fluenced soils.

The eastern oil shales, although sim-
ilar mineralogically on a macro
scale, have important differences on

a micro scale that could reveal
able

valu-
information about their genchem-

ical origins and depositional envi-
ronmenats when more completely
studied.
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