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Rconomic potential of the Chattancogn shele in Teonnessea

By Aadrew Erown

AbstractA

The Ceologicel Survey's investigations of the Chattencoge shale in
Tennenses and adjacent states on behalf of tke U, S. Atorie Fnergy Con-
pission consisted mostly of geoloiic studies end routine enelyces of
sarmles for ﬁ.*:mium. In the course of tim studies, howvever, other in-
vestigations were mauey primarily to find enswers to sypecific prodiems
that arose from time to tinms, T‘«ie 1arg;e- anowmt of‘.analytical ANG Y-
lated d:a'.ta‘ obtrined ia'hare renorted, with sufficient explenatory
material to bring the data into proner verspactive, Although the Sur-
vey has not made & comprehensive overall stucy of the geology.l geochemn—~
istry, ninsralozy, and petrogrephy 'of tha shale, sufficient informe~
$ion has Veen obtained to provide a sound basis for possible aining and

Pprocessing of ths skzle in the i‘uﬁiré.



In cddition to urcniun, recovery of which vas tha objzctiva in
enrly studdes, the Ciativroosis chale contring thoriun, in quantities
(7 to 11 voz) rbout emual to ths crustal abundance of that elcment, fnd
certain trace elements which ere precent in cufficient concentratione
to mnlke rossitle thelr rocovery con a bysproduct besis., Among these are
menganese, comver, nickel, nolybdenus, cobalt, scundiun, end poesidly,
on the basis of earlicr worxz on tha thele in Eentucky, silver end golc.
Further, ovsr lerge &rzas thas shele vili yield on destructive distille-
ti?n opproximntoly nine gallons per ton o% oii. Preliminary studles
have been nade dy other orgnnizat{;hiron the fecovery 0f tbhe heat val-
uss in ths shale &8 pipeline gas rather than oil; these studies sare
eunmarized, elthoush they have not progressad to the ypoirnt vhere del=

.inite conclucions cxn be drawn,

A% the mineral contents and heat velues in the shaie are at bes:
margiral, ery evaluation of thes economic potential of the rock must be
predicated upon the recovery, rot of =ny one constituent, btut of es
much a8 the combined values as rossible, Tnls condition presents cer-
tain problems, particularly &8 to the effect of the treatment neces-
sary for recovery of the heat values on the possidble recovery of the

mineral content,



Althouch the Zurveyle investisutlons included perts of Kentucky
. A !
PN Medbann, estirsites of the resourcon of ths shale ere.limited to dee

¢ined parts of tho iorthera and Instern Highlend Rims, the Cumberlend
riateai, and Waldea idcsme, &1l in Tennessze, In thet state the shale
eoEpTEBSS v nmoiderse—iu2 wiper or Gassawny euber, end the lower or
;ywcllto'.m peuber., 2o Cossavay nenber, except in the Horthsrn Figh-
yend Rim, corprises & lower bleck unit, a thin middle unit of elter-
roting deds of groy snd dblack shale, and en upper unit of dleck shole;
4n the northern ~art of the stote this upper wnit inclﬁdec locally et
gte top & phosphatic zone. The meube? contains from 20 to 25 percen
orsenic maiter, and ite cozbir;;,;zgéeétial is much higher tren thet of
etber pr._rta of the sk=le,

fha Towclltown rmerber corprites tuvo unitz; o lower unit of blaci:
shale, which contains a.'pout 10 to 17 percert orge.ni;: rwatter; and &x
srrer unit of gray cleystore. lLocally ths lower unit of the mecber iz
as ruch a8 8 fost thick ané conteins etout 30 prm uraniuvg--atout helif
tts contert of the Cmssoway meuber--znd esbout the sanme oll yielde-cbout
$ mllons per ton. Its pesition below the elmost darren (except for &
peiztivoly high thoriua cortert) wrer unit, vhich is as ruch as 10 feat
trick, pokes its utilization cdoubtful,



Thn Oescavsy nembar, wilch in tho only rart of tha eheldn Y000
to beo nined gné procescal in tha Zereneenble fudura, rangod in thici-
nesn in Teanessas from 6 te rore than 20 £oos.  Ito uraniun centent 4o
hizhest in wkldon Kildge, whore LU i= zbout 70 nrm, cnd is eonsvhnt
le2s nortbonctyard $rom that area, 7he oil yield follocws & different
pettarn; 4t is rlrmost negligidble 4n Walden Ridge ond corparatively
lovemnbous £ivo gallong por ton-=-in tha couthorn rerd of the Zucter
Hishlend Time 4t ircerenses to the nortk, rovever, and ths shole in the
northern npart of the Zastern Highinnd Eim, ond in tke Yortheorn Uifo-
lrnd RPin nnd Fentucky, yields =btout nine znllens to the ton, Tha ¢ife
ferent pattaorns of dietritvilon are interpreted ns cue to A Tocitive
correlsation of ureniun content with the total 2xownt of orcanic zatisr
fn the rociz, £3 wall as to nearnazs to the shors 1lins of the Lria Ieo-
vonian s2n, wharens ths oll yield.is correlateble not with totnl or-
gxnic mattar, dut with the percontage of capronalic material in t--
organic materinl, The urnrium content is hichest near the shore linc

end thersfore closcst to a source ares, but the il yield is hirhes:

nearar the conter of the ten,



Yuch of the dntn used in tho preparction of this report wre ncoou~
oarily talten fron rnnlyses of outcrop ecmplee, mony of vhich show tus
offects of weathering on both urcniuvm content and oil yiedld. Compuri-
son of pnnlyge3 of outcrop gamples with those of drill cores, vhich ey
be presuned to be unwenthered roclzs, ehows that waterfzll exposures, of
vhich there are mnoy in the Zestern Highland Rinm; heve enperently loct
28 ruch as 20 nerceant cof thoir orizinal uranfium content, end thut sox-
bluff exposures and road cuts have lost iess amowmnts; erlso, at Eonc
bluff exposures there hns been a rodistridbution of the uranium tovarc
the bottom of the outcrop. At such localities tha uranium loss apvear:c
to be due primerily to vater running over the outcrop; the modlliity of
the element in water, perticularly alkaline waters such as those frou
the liry rocks ovarlyinzs the Chattancoen, has Pesn éenonstrated.

loss of o0il yleld throush weanthering follows e differant pattsrz
from thut of ursnium loss, Apparently it is a slowar process, dus i
part to abzorption of wuter by the clzy minarcls in tha shale, in rart
to actuzl loss of kerogen through its removal 28 bicarbonate by the ai-~
kaline waters, Wwaterfalls, in which uranium loss is high, show little
loss of o0il yield as do most bPluff exposures. Ths heaviest loss is in
road cuts 'i‘n steep hillsides, in which ths present outcron is not far
behind the original outcrop, and at which veathering processes Mmve

been operativs for cecades or canturies,



A cuide to tha ariount of vertherlr s of outcrop samples ic Lhu
water content obtrined By the Yiechar sozoys for oil, end particulerly
the oll-uutsr ratio of thz azerye, The oll-wator ratlo of drill-hnle
samples and of soms outcrop samples is invariadly more than 1, end may
ran 835 high o3 4 or 53 wharzcas the ratlo for waathsred sermles is less
than 1, Additionel work, using nore samples, might make it wosaible to
obtalin from the ollewater ratios at least semiounatitative data on
weathering effcots, ratker than the largaly qualitative dnta now eveil-
sble, For the presant, however, estizates of both the uranium contert
and the cil yield of the shals should be basgd on core seznles taicen
from below the water table.

The total urenitm context of ths Gassaway member of the Chattae-

. nooga ghale in the L"erthern Higrland Rin, the Zasterm Eiphland Rim, tke

Cumterland Platesu and ¥alden P.idée 83 restricted in tha text is esti-
mated at 8,142,000 tons. The thorium content for the same ares, whare
the range is from about 7 to 11 vpm, is estimated at about 1,100,000
tons. The oll yleld in the Zastern and Northern Higchlsnd Rims is es-
timated at about 12.4 billion barrels; no estimatew are given for the
Cunberlard Platesu and valden Rldge, baczuse of ths low o0il yield i

the Fidge and the lack of date on the Flatesu.



The orea of higheat uranium content cnd thnt of highest oll yicld
overlap in DeXalb and sdjoining counties in the Zaatern Highleond Eim,
where £n aren; o7 rbout 5CO square niles in wvkich the CGezsowey everaz~as
ebout 1l feer thic: is estinated to contein about 8LL,000 tons of ura-
nivm, 76,000 tcue of ¢roriuma, and should yield about 3 billion barrels
0? oil., This kigh~yield &réesa rrobably could be oxtendasd a consideradvle
digtance eastvard if zore cdata ware avollatle., Another arca of com
paratively bigh conbined poteatial is adbout 500 square miles in rorth-
ern lavidsocn, eouthwsstera Sumer, ard scuthzastara Robertson Counties,
in the Forthern Highland Rim north of Kashville, In this erea tha
Gassavny b2t a renarxably ualform thicimess of 10 to 12 feat, anc has
a uranivm coateat cf abtout 55 prra ard :.zx oil yield of 9 gallons per
ton, Resourcet ere estimted at 6060,0C0 tons of uranium, 54,000 toxns
of thoriwm, and an oil yiald of 2.2 billlon darrels.

Should 4t be decided to recover the heat values in the Chutte-
nooga shale as gas rather than oil, the rather sparse dt-.t'a indicate
that the Gassaway member, in the same cross 1n the Northern ard Zastsrn
Highlard Lims for wbich oil ylelé is estizated, might yleld approxi-
mately 162 triliion atardard cubic feet of s having a hsatirg valus
of 1,035 [tu SC¥, Mo atteupt has besn mede to estinate the resources
of the trace elements in the shale; &% the information on rost such
elenents is from seniquantitative spectrographic determinations, the

estimates could not be sufficlently precise to have ruch usefulness.



Irtroduction

The Geolosical Survey't invedtigations of the Chattanooran shrls
began in 1947 undar tha uponsorship of the U, S, Atcmic Znergy Cormuise
sion and were directoed toynrd tho discovery of a large tonnceos of ura-
niwa reserve?, At that time the large deposits of urznium in the Colo-
rado Platecu cnd elsevhare had not been discovered, und so urgent s
the neod for uraniuwa that it was considered that the Chattanocosn,
despits {ts gencrally low concentrations of uraniun, might bs used as
a source of the motal, Ia later yezrs the euxsrgance of the United
States as & "hove' rather then a Yhave-not® nation in uranium resources
has relogated the Chattomnoga shale to 5 cerginal or submnrginal status
under preecnt_conditionz.

The purpose of this report is to make amiiabla tha Genlogiczl
Survey'_s analytical date on tha Ché.ttanooga shale in Middls and Zast
Tennesses snd parts of Kentucky and Alnbama, with sufficient explans-
tory material to correlate ths data with the geology of ths formatioxn,
vhich has been reported by Hass (1956), Erown (1956), Glover (1959),
and Conant and Swanson (1961). Ione of thesa reports touched upon the
ursnium potential of the shale except incldentelly, largely because
such data vare classified until ths reports vere sither completed or

wvell wmdsr vay.



The Survey's rirst iaveustigaticns of tho Chuttanoogn shale vere in
the Smithvillo crea, rostly in DeXalb Couaty, Tenn,, whore urpublished
reoonnalesancs ciudles of A, L, Sleuc-hter and K, G, 3rill showed that
the shale wns more radior.ctive than 4in othor areas underlcin dy the
Chattonsogn, The studies wara cxtcndad later throvzhout the Western
and llorthern Highland Rirs and Waldean Ridge in Tenneesee and into
southern end central Yentucy azd northern Alcbama, Tas progran con=
sisted of rzpning, messuring, and earpling numerous outcrops of the
shale, erd of reking radiornctivity determinztions end cheaiceal annlyses
of the samples for uraniun content. In 1948 the saxpling wes supnle—

; b o J RN "41’

acnted ¥y a sn~ll érilling progrea and ’by the driving of a 1CO=foot

\
sdlt 'or o’btai..im: larze scoples of itnweathered shsle, both prosgrams

Yeing carried out by ths Sarvey. In 1953 the U, S, Bureezu of Mines en-
larged the acdit, and drilled 6) core holes in Temnesces end 3 in Als-

Yaxa, lbout 1955 the edit was destroyed by open-cut mining oparations.

-
J/



Unti) about 1055 tho Survey did 1iitlo seochenical end rinerclo.-ie
vork on the Chattmincga ahale., Zarly goochemicnl end mirsraloriec stude
ies woro nnde Ly the Iattelle lMemorial Institute of Colunbus, Ohiog
later the Divisicn of Reuenrch of the U, S, Atonle Znergzy Cormission
gponsorad an intengive study of tha chemistry, minernlosy, end petrog-

raphy of urenium-tearing shales, with perticuler emphasie on thoe Chat-
ta:wogﬁ. by ;ha Yenrsyivania Ststa U::ive;nity. The results of this in-
vestipstinon, vhich urs 1limitoad ARlrost entirely to the unner or Gassaway
menber of the Ohattsrioosa shala, are reported by Bates (1556), Zates
end Strohl (1957), Strehl (1958), znd Kimney (1957, 1958). The Univer-
ity of Tennessoes nlso mrde a gaolorsical and geochemical stnudy of ths
ehnls, which i3 roported by Stockdale and Klepser (1959),

Since 195% the au:'vcy hee rade s number of studlss directed roztly
dut not entirely toward evecluntion of the shula as 'e gource of urzniun
end oii: these have been roported by Breger, Meyrowits, and Deul (1934);
Breger (1955); Zregor end Schopf (1955); Dl (1957); and Fraser and
Brown .(1962). Yora extenaivs studins of the geochamistry of the shale
are renorbed by Swanson (1960, 1551). An investisntion of the thoriim

potential of the shale made in 156C ang 1961 43 incorverased in this re

pori.
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The objective of thin ropart 1s an evaluation of the Chattancom
thale as a possible sowres ol ureniwi, oll, thorium, gaus, and certuln
trace elexents, It 4s ant intended to Vs a cormrehensive revort on tha
cormosition and gooleiy of thz shale, as studles of thai niture wers
rot included in tha Sarvey's part of the Atomle nerzy Cormmission's
progrema on the Chettsncosz. or thut reason mont of the Survey's ans-
lyticel data was obtaired in the search for answars to specific ques—
tions ryather than &8 part of an overall wrogram, snd there ars gaps in
the infoma.tioﬁ that 1t h=s not been possible to £1l1l ty later voriz.
Tus it is entiroly tossible thot tho report poses 2s meny questions as
it answers; but it is belleved thit vresantation of the d-ta that are
avallable serves a usaful purpose not only at thse preseat time, but in

the event thut furiher work on the szhale is indicsted,

1
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part in the field wevk on ths shale unier the dircetion of Louis C.
Conant. The assistance ol these man, who are listed by Conant and
Swanson (17561, p. 4=5) i3 rratefully ackno led-ed., For help in
asserbling and evaluatdng the data presented herein thanks are due
L. 1. Page, who erncouraged and assisted the author in bringing
together the analytical amd other infcrmation; to R. A. Laurence,
who was assocl tcd with the shale program from its inception and wio
read the manuscript in draft stage and.offered many useful sugzest-
ions; and to ths late ¥W. H. Hass; whose studies of the paleontolery
and stratirraphy of the shale have bteen drawn upon freely. Personnzl
of the Survey's Washinzton laboratories, particularly F. S. Grimaldi,
Irving ¥ay, 2. S. Altschuler, and Mrs. Alice lieeks, have been ncst
helpful in the chemical and mineralegical problems involved, The
cooperation of Paul C. Richards, in charge of the Jurvey's maopping
prozram in Kentucky, in providing cores of two drill holes that
_ penetrited the Chittanoopa in Logan amd Simpson Counties, Kentucky,
his been of great help in adding to the knowledye of the shale
in that State. The assistance of Mr. Hobert J. Hickman of the
U. S, Burean of }Minss in locating accurately the holgs drilled

in Tennesses in 1953 is also gziéjztemlly acknowledged,



Particular thanks are due V. E. Swanson, T. M. Kehn, and Irving
Breger of the Survey, whose assistance has rone far beyond that which
reasonably could hrve becn asked or expected, Swanson, who partici-
pated in field wurk cn the shale in the later stages of the program
and who hac made a2n intensive study of the peclogy and geochenistry
of the formatlon, has been nost generous in providing data in his
possess.ion an.d mach helpful counsel, Kehn, who logged the cores
of many of the holes drilled in 1953, logged the cores o?}iwo holes
drilled in siuthcrn Kentucky in 1962, and provided useful suggestions
on the ovsral] stratigraphy of the formtion. Breger): work on the
geochemistry of the shale, particularly as related to the organic
constituents, has beendrawvn upon freely, and his counsel has bsen
"invaluable. The assistance given ths author by these three scientists
has been such that it is difficult indeed to give them the acknowl-

edrement which is their dus,
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Arca ¢f dnvectipatiorns
The aren covered by the Geological Survey's invesitignticns of tho

-
Chattancorn thele i showrn ia fi;ure 1, wvhich shows rlso outcrop locsle

¥ Fisure 1. ¥Mnn chowinem varts of Kentucly, Tennessea, and Alsbama cover-
ed by the Sirvey's inveciigations of the Chattanoopga chale, and

key loczlities.,

ities gnd cérill holes in thay part of the reglon ouvtside the aren of

more intensive investiguticns in Tennessea, which is shown in figurs 2?

¥ Figure 2, Vap showing area of intensive investigations of the Chat-

tanooga shale in Tennessee, and localities,

The Smithville arez, in which ruch of the ecrlier irvestizations snd

most of tre drillirng in 1053 was contered, is shown on & larger scale

in figure 5?

X Figure 3. Mep of the Smithville areca, DeXaldb, Cennon, and White Coun-

ties, Tenn., showing outcrop of Ckattanooga shsle, sacpled out-

crovs, &nd drill holes.

The investigztions were carriéa 5# in ﬁQrSs of four physiogranhic
provinces: the Fashville Jasin, the Highland Rims, the Cumberland Fla-
teau, and the Aopalachian Valley-and-Ridge provinces, The lasterared
province, lying east of the Cumberland Platesu, contains a few expo-

sures of the Chattenooga shale but as it is of no importance from an

esconomic standpoint, is discussed only slightly.
14
X Fi%wcu PSS Y -



Tha Nasliville Basin s flcoorcd by lincctones mna related rocks of
Ordovicicn sge, &nd strads generally LGO to 500 fect above sen lovel.
Structurelly, it is the erodsd crest of the Clncinnztl Arch, Ths Chate
tzaooga zhele, of Davonian age, once covered tha present basin but has
been removed by erosisn except for outliers of the Hignland I(ir':s_,_

The Highland Rir:'xi surrownd the Hashville 2asin on all sides,
standing generally about LOO to 600 feet above ths basin and 700 to
1,100 foet ebove ser lavel., It is unhald by tha highly resisiont Fort:
Peyne chert of Mississinovian age or its eauivalents, vhizh protect the
steep escarvuents that ere particulaerly proxsumced in the Zastern High-
lend Rin, The Chattanoozga shale is expossd in the escaroment above the
Ordovician limestones and below the Fort Foyne, generally about 60 tc
100 feet bslow the top of the escarpment. »

The Highland Rin 48 divided into four seszents: the Enstern,
Korthemrn, Vestern, and Southern Eighland Rims (see fiz, f). A3 usually
descrided, the Northern Highland Fim is eepax;:tcd from t{he zastern and
Yestern sozuents by tha Cumberland river., The Southern Eighland Rim is

mostly in Alabama, eand 18 separated Irom the Zastern and Western ‘Blghe

lend Bims by the ik River. Jor tho purposes of this report the Vest-
A3

ern and Southern Highland Rims are of minor importance; ia the Vestern

Highland Pim the Chattanooga shale thins southward to extinction, and
f;ittlo data on the shale in the Scuthern Eighlznd Rin are available.
Host of the geological and gcockemical data, and sll of the resource

estimates, are linited to the Zastern and lorthern Bighland Rims,

¥ "\'\st‘-wa' 15



Bocauno of chenges in tha characterietics of the clnle in the
northsra part of the Zastern Highlend 4p &8 definod cbovo, for the
purposes of this report thoe boundénry between ths Xorthern and Zastern
Bighlond Rirz is redofined &8 the line of Roaring RBiver, a westward-
flowing tribhutary of the Cunbderland River in Overton and Jackson Coune
tiee, Tenn. Tha arsa rorth of Foaring River, usually considered ns
part of the Fastern Eighland Rim, 48 here placed in the Forthern High~-
lend Rin. Sizilarly, as the Western Eigi:lzmd Eim 1s of little interez:
but es the shale in Cheathan and Davidson Counties is essentially =
continuntion of that north of the Cumberland River, the boundary of the
Horthern Bighland Rim 18 placed at the southsrn boundaries of those
counties,

The Cuwberland Platesu is cast of the Zsstern Highland Rim in
Tennessee, rnd south of the Southei'n Highlend Rim in Alabama., In

| Tennessee it stxnds sbout 800 feet or more above the Highland Pim end
1,800 to 2,000 Lset ebove apg_'levelg in Alabara the altitudes are some-
what lower, The Plateau 19_}xnhaléby rocks of Pemmsylvanian ags whickh
contain valuable coal beds. The eactern boundary of the Flateau is

~ the Cumderland Tront, which abuts the Tennesses River valley in Tennes-
see but is not so distinctly merked in Alabaza,

Southeast o Cmberland County, Tenn., the Cumberland Platesu is

. broken by the Saguatchie Valley, Teprasenting the eroded trace of the
Sequatchie Fault. Because conditions in valdsn Biége are widely dif-
ferent from those in the Cumbarland Plateau proper, the Ridge is dis-

cussed separatelr in this report.
16



Analytical dnta

Durin; the field work on the Chatiamnooga thale anproximately 3,C00
saxples vwere taken from about 250 outcrops, 75 drill holee, and an
edit. All of the samples weres tested for total ré.dionctivity ané were
ennlyred chexically for uranium. Vhen ths program began practically no
analytical vork had been done on samples containing uranium in concenw
trations &8 lovw es those in the Chattanooga; and the Survey labora-
tories ware forced to attack the problea practicelly from the begin-
ping., By 1952 methods had been worked out which gave relisble chemi-.
eal anglyses vithin & precision of £ .0010. or 10 prm; these methﬁds
have been reported by Grimaldl and others {1954).

In 1953 the Atomic Energy Commission requested that uraniuvm analy-
ses of the Chattancoga shale be made to 2 precision of _# .0C05 or 5
PpR, and all analyees made aftef that year ere to this precision,
Tests of ths érecision of the analyses are reported by May in & leter

section of this reoort.

17



All ursniun srnlyses usod in this report vere rade to a precisicu
of 5 ppm cxceph a fav vade in 1952 to n precicion of 10 ppm, vhich are
noted in tha tables, Tha dnta used include sdout 1,120 camples, taken
from 47 ontcrons end 67 4rill holes which, whan the rather rcaarleble
wnifornity of the ghale over conslicd=rablo erens is trkon into ccnsidd-
eration, ive gzooc coversge of the aren studied, The locslities arc
shown in figures f:and é‘and in fizare 5f vhich shows on e larger

| scale the Saithville arca in vhich ths earllest work wns done and in
which most of the drillinz by the Burcau of Mines in 1953 was concen-
trated,

Complete chenicel analyses were made of shrle samples from 9 lo-
calities, exd sexiquantitative enéctrographic arelysas were rmede of
sarples from 16 localizles, JAnelyces for thoriun were rnde of samplec
from 9 localities, and nyrolitic oil yield was detérmined on semples

: 34
from 32 localities,

18
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Stretipranhy
Formations underlyinz the Chattuncoran shale
In the Zaotorn end Southern Highlend lins the Chattanoosn sknle
reste unconforzably on the Liecpers snd Catheys limestones of Ordovicizn
age. In tho Northern Highlrnd Rin the underlying rocks are the Eich-

mond group of Ordovicicn oge and tha Breossfield, Osgood, and Blcdsos

- formatlons of Silurian ege. In ¥Welden Ridge the shale is underlain by

the Richrond group nnd the Brassfield formmtion, For the Xashville
Besin wilson (19)49) has shown that during Ordovicien and Silurian tice
the present basin was covered by a thick sequence of eesdiments, mostly

limostones. The area was thea uplifted above sea level esrd subjected

—r

-~ ~ <

to’coniinusua.'ercsion during ruch of Silurian time &rc ull of Znrly szd

.Middle Dovonian tiume. By late ITevernien time it kad been reduced to &

peneplain, bounced on the southenst by & grenitic lancrass thet extend-
ed southwest tbkrough whet 18 now western Korth Cerolina to the vicinitr
of the present Birmingham, Alabana, Horthve:t\:‘;.gd southwest of Rirming-
hen th;.s present cover of coastal plain deposits mrkes trzcing of the
Devonian shoreline cifficult, but from the fect that the Chattencoge
shale has not baen found in the 'l“iissiasippi subsurfece excent in the
northeestern corner of that state, it eppears that ths btounding laxnc-
pass turned north and met Ozazrizia, vhich extended rorth through Ten-
nesses not far frou the present course of the Tennesses river vhere it
separates lest from Middle Tennessee. To the north, the peneplancd
area that was covered Ly tha Late Tevonlan epicontinental sea includad

much of the preseat fantrzl Unitec Stetss and exterded far west of the
19



Missizeippd River. The extent of this esea i+ shown in figure I sdepted

Figure 4, Probable extont of Late Devonlan and Early Miesissippian
sea in parts of the Zastern United States, from Conent and

Swvanton.

from Concat cna Swanson (1961, pl. 14), which shows plso the area
covered in Late Dovonizn time Ly deltaic sediments znd that covarad by

woarins deposito,
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Chattancoge shale
Gazaorel etetement
Previous reports on the Chattunooga shele treat it primarily ms o

formation comprising two merbers-—tke lower or IJowelltown msmder cnd
the upper or Cassawgy zowber, The Dowelltown membser §n tura is civic-
ible into tvo maits--e lover or black unit and an wper or gray wnit.
The Cessewzy meuber i3 divisidle into three units—z lovwer blrck wnit,
& micdle mit of slterrnting black end gray beds, and ea uspar wmit of
black shele. In addition, [1._‘:3 wper unit oﬂ tha Gessewzy conteins
locally at i%s top & phosphatic 2cno. Zach of these units differs fron
the others in its economic potextial, particularly as a source of ursz=
nium, and for that rensoa is discuased deparately. Thsss anits are

shown in the stratigr&phlc saction (fi.;, 5). 48 a corellary to thic

Pigure 5. Stratigraphic section of the Chattanocga shale.

method of treatmant, the stratigruphic saction of this report is lonzer

and zore deiziled than would ordimarily be given in a recort of &n aco-

“nozic nature. 4dosource estizates for the formation &3 s wbole would bde

not only useless but poseidly aig;e;sdir.g, &rs therefore not zivam;
instend, estirates are mude for tke lower unit of the Dowslltown mem-
ber; the upper unit of the Dowellicyn mamber; and the Gassé:.m' mecbar
as & whole, fof the resson that in uny futurs n-ining opemﬁon thav
memder probably would be taken in 14s ectirety. Kowever, for e limited

area in which the upver unii of the Gaesavay mamber is of mineadle

21
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thickness nnd pas comparatively high uranivn content snd oll yleld,

estimntes for that unlt arc given 3lso.



Tho Caattrnoozn shele in tho area covered by this roport is the
southara and snoutheastern part of /R vost zrea underlain by carbonnceous
chnles laicd éo»m in the Late Davoninn opicontinasntel sea (fig, &) ez
dosipnnted by verious nomes--the Antrim shale in Michigan, the Ounlo
shale in that state, and the N>w Albay chele in Incienz. All of these
formations wre ‘carreiative arnd fernm & contimuwous sheet in the regicu.
The pene'pln.ﬁad sur?ace on vhich they were deposited wes not of course
abeolutely level, o.nd'the vaters of the sea, moving in from the norii,
encroached f;mdualﬂl;f: to th‘e4sout;1 and southenst., Probeobly they forma=d
firat ¢ series of rarshty lakes (Theissen, 1925, p. 2L=25), which later
conlezced &5 tha s2a level rosa to form & vzst bocy of shellow weier in
vhich botion circulation was poor, and ther:zfore in which reducinz ccr=-
ditions preveilad. Protndly the last part of the region covered ty the
sea, .8 thown by tha fossil evicdence, wus in Tenne!;see end Aleadera. In
the lowar part of the Mew Albany shnle of Kentucky end lndlena fossils
of Genesec ege, clessed by Cooper (1942, p. 1773) =8 being of latect
¥iddle Nevonien sge, have teen found; in Tennessee similer foseils kave
been found only 1An Macon and sdjacent counties in tke lorthera HBighlernd
Rim, {n the Trousdsle formation of Pohl (1530). Ccoper reporte cne
fossil of Geneseo vge from an unnemed locality in Alebacma, Zxcept for
the snall arees which contein Geneseo fossils the Iowelltown mezber of
the Chattoanooga shale in Tennesses end JAlnbexa is in general ecuivelent
to the Firger lekes, Chemung, and besal C=ssedagn steges of the Upper
Devonian of Kev York (Fzss, 1956).

23



Depoeition of thsa Cpattanvoga shnle in Teuncseee erd adjzeent
statos covered tuch a long periced of timo——the penerally accepted fif-
ure is ebout 5 million yonrs——that any interpretetion of depositionrl
conditione rust of necessity be highly gencralized. One postulated re-
construction of the Tennesses and Alzbara portions of the Late Devonian

-sea (fig. €) shows the approximate southeattern, southern, end western

Figuré 6. Sketch rap showirng protable leond and sea areas in Late

Devonian tinz in Tennesses end adjacent states,

tshorelince of the sea at its greatest extent; land areas separating the
gea in Alebema from that in Tennessee during Dowelltown tirme end early
Gassewsy time; and an area in Lewls, Lavrence, Wzyne, and Giles Cowme

_ ties, Tennessee, and limestone County, Alatana, that vas never coverad
by the sea. This aTes, designated tho Fohenwald Platform by Conent end

Swanson (1661, f3z. 13) is named for ths town of Fohsnwald, Tennassee,

-

/ Ay W Ty <. N 1

and can te delinited’ with hi\vh de,_,';ree of accuracg. Tigure 6 is teken
lergely from Cozant and Swanson (1961, pb 14 and fig. 13); the postu~
lated land erea in northern Alzbams during Jowalltown time, however, ie
smaller then thit shown by tbem or bty Glover A( 1957, £iz. 16)., This
change wvas msda after comarison of tha cores from three drill holes in
Blount County, ~lzbama, with those from holes in Termessee in which

the membars of the Chattancoga shrle are clearly distinguishadls, and
en the bdasis of chemicnl anzlyses of tha cores from drill hole Céb.
Differences in tha sross composition of the shale as shown dy the

analyses (wvhich vers not available vhen Glover wrote his report)
24
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indicote strongly thal the upper 11.95 feet of the shale ct this local-
1ty is the Gassauny membor anc the lower 7.% fcst 18 the Jowelltcwn
penbor, instead of tho euntire gection veing Gesscwuy 28 Glovaer consio-
ared it. Thersfocre tho touthern bouncary of the land area in Dowell-

town tine has been mved northwird.
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Yirure 6 chous nloo the general course of £ Late I»voninn erch oxe
tending northezat from the Hohenwald Flrtform into Xentucizy. Along
this ridpe tka Jowolltown menher of the Chattanocosa shaole iz thin and
locally ebrent, buit tricizens to both the northwast and southeast. Aloo
shown is the dlroction cf tho Late Dovonlan geosyncline in vhich ths
Late Dovonizn dépesits are thickest (Coaant and Swenson, 1961, p. 51,
fig. 13). The geosyncline enters the crea of this report slightly i~
at all, but its influence extcnded fer eixouch eouth to account to sore
degree for the thickening of ths Chattanooga shale northward in ths
¥alden Tidgs ervem, porticularly at drill hole C50 (ses fig. 2).

It conrot be emphasized too strongly that figure 6 ettempts to sio
in a hizhly ganeralized wey only tho shorelines of the Late Devonien
sea at its greatest extaont in Dlowelltown and Cassewey tines, znd theai
.tha thorelines in all likelirood wera for rore irresulsar than is indi-
cated b} tha lines on tho pap. Further, as the sez advanced scuthvard
over a peneplanad but not level surfece, the shoreline at arny giver
time wvas irregular, marked by many estuaries or small embayments., Ale
though the unifornity in composition and general characteristiecs of the
units of the Chattanooga shale over large areas is truly remarkable,
small but vossidly significant differences have bdeen notad at a numbder
of localities &nd in rore than one wunit of the shale, It i3 reasonabdle
~ to assume, although sufficient 1m’o;mation to prove the case 18 lack-
ing, that these éifferences may be explained in part by the location of

the shoreline at ths time the affected unit was deing deposited.
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The eedirments thet entercd the Chattancoga sea wero extremely
firoc-grained pnd could haoveo been traneported by either vind or waber.
In Tennergee the primary source of the sedinents was the lancdrass to
tke southeast, that is interpreted as consisting of granitic rocks
standing not nucii gbove sen lovel; hnd they been high, rore &nd conrser
detrital manterial would hnva been brovght into ths ssa., The shalas ir
Aladann, howover, are cendier than those in Tennesses, and the detrital
material is coarser.

In both Alsbaza znd Temnessee jdepoeition]the consensus is that
deposition wes continuous, except locally, throuzbout not only Late
Devonian time but elso throuzghout Mississirpian time, vhen the ruds of
the Chattancoga sea were coverad and compacted by the youngzer forra-

tions,

Dowelltown nsmber.

In Alobana and the Sorthera liighland Rinm of Tennessee ths Iowell-
town menbar consists of darkegrey shale; in the Zastern Bighland Ei:-
and the Cumberlend Plateaun, including Walden Ridgs, it is divisibdle
into two units; a lower unit of black shale, and an upper unit of greoy
claystone. Ei‘_ha economic potential of the member is limited largely to

areas in which the umits are d19tinguisha.blej



Lover unit
The lower uzit of the Docwolltown member 1s a darit=cray to Dlec-

fine=-grainsd carbonaceous ailtstons thet drasts with a conchsidnl fr-c-

7

“»

ture and thrt wvhen froshly broken enmits a petrolifernu; odor. As g
distinsuishndle pnit it in prasent only in the Zestarn Eighland ®im, in
the Cumberlnnd Flateau, and in Walden Ridge., It is thiczest--8 to 10
feet--alons tha Highland Him escarnnent in Coffea and Cannon Counties,

Tennessee, rnd the originnl area of greatest thickness probadly ine

, eluded np3t of the present xNaoshville Brsin, It did rot extend as far

*
vest, however, ns locality 185 (see fig. 2), which contzins only wmer

‘ Dowalltown deds, Tha unit thins enstwards it is ndbsent in the southarn

i 5
part of Waldon Ridge, andlonly 2 %0 '3 feat thick nt the northern loeni-
1tiea, In the lztitudo of rnorihera Franklin anmi Marion Counsiaa it
thins southivard to extinctlon, and zorth of sha Poaring River line i¢

cannot bé idantifiad becausa of faclss chonges,

X r\itfiqu



The genaralized isopach map of tha lower unlt of the Dowelltown

mezver (fig. 7) reflects the sparse data for certedn rerts of the ares,

Ficurs 7. Ceneralized lcopach map of lower wnit of the Dowelltown

renbor,

particulatly in esstera Putnom vac whlte Countlas anc we2tern Cuzler-

-
o, e .
- Toohe

laend Cowaty. Thka oaly preclse daéa.\.n.i'e"thoeic fror 2rill Mole C211,
vhere the urit is 2 feet thick, Tota) thicliresess of the Crhatternoza
shels in tkze area nerth of loczlity C211 38 skhowa oy 01lew2ll looe
(Milbevs, 1959), and svidanca thst the Gessawey member meinteins a
fairly uwniform thickness in thsi dlrection vhereas the ti;lckness of the
totsl formation decreases, indicate ﬁha*. ir ruch of {the mres ths
Tovelltown rember is thin, end the lower unit very thin or lceelly
e.bsent;

the lower tnit of the Powelltown mamver is virtually homgeneom.
The cheracteristics of tha shala, and the fszot thut the enbsyment in
which it was deposited was landlocized or at least berred on all sides
except the north and possibly wns barred to some exteant on the north
side, indionte devosition in a barred basin, Into such a basip bus
1ittlas detrital materisl was lntrodced, aad strongly reducirg condie

tions prevailed ia the bottom muds,
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Upper unit
The upper unit of the Jowolltovn rcenber is a nediuw- to light-gray
clayetono whieh cortains a number of beds of dark-groy sheio 1 to 3
inches thick. It rosts conform:nbly upen tha lower unit end covsrs &

lerger area, thus representing a slight enlargement crd possibly o slow
+1u A A t;;e

subsidencs of *ha,\Dovclltoun BoA,

S

Tha thickest xemazning expogure of the upper unit of the Towall-

town me..‘ber is at lceaslity 185 in southeastern wWilliamson County (ses

" f1g. 2) vhera the unit is 13 “fest thick. It 4s 8 to 10 feot thick iz

DeZald and Cannon Counties in the Zastern Elghliand Rim, arnd thins south

. ward to extircticn 2 short éictance south of the southarn limit of tke

lover tnit. It zleo thins nortnuard from the Srpithville crea to the

,. anrlng.mver line, vhare 1% becomes indistinguishable. To tke cast,

1t s B feot thick at locality €211 and 11 feet thick at locality CSb;
these thicknesses compa..red to tm’-g&gtive thinness of the lover
unit at the same localities, indicate e subsicdonce in those areas which
nsy be relatad to tha late Devonlizn geosyncline which is well developed
to the northeast. A gensralized isopach map of the upper unit of the

Dowelltown member 18 given in figure 8.

Figzure B. GCeneralized isopach map of uwpper unit of the Iowelltown

memder.

¥ nitﬁ v\a.
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Thn gray claystones of the upper Dowelliown contain only about one-
third to ono-fourih a3 ruch organic malter as the wncerlying and over-
lyirg dblack deds. This cifferonce could bo attriduted either to - ruch
greater faflus ¢f dotrital muterial into the sea cdurirg lato Dowelltown
tine, or to 2 cherge fron reducing to reutral or even oxidizing condie
tions in the sen. Awvallible evidence, includiry aralyses of the shale
which Bre discussed in later sections of- this report, suvport the cteie-
ment of Glover (1959, p. 156) that the zrey beds of the Chattenocua are
pricerily the result of lergser snounts of cetrital material in the gea
rether than of a chznge in condltions. 7The gray beds tkus represant
rach festar depositlion tkan the blacz beds,

Througzhout most of the Zestern Eishlené Jidm, the Cuxmderlend rfle~

* teeu, =nd Walden Ridze the unver unit of the Iovwellitowa peamber contains,

everywhera within 2 fazt of the top of the unit, the Caanter Hill den-
tonitoi hed. Thls bYed, which §2 only cbout 0.1 foot thic: tut which i:
assily distinsulshed in the ﬂei&. represents; a fall of volcenic ash
from a source waich probnbly was 2 considerabls distance to the ezst or
northaast (Conant &nd Swanson, 1961, p. 31-32). CThe discovery of the
bed by Rass (1548) is strong evidence rgeinsté the beliof, widely helé
beforo 1947, that ths Chattunoog: shzle is a tima—tmnsgressigg unit,
The bed 1s adbsent in eapproximately the rnertkorn half of Canpon County,
including localities §9, 100, &nd 101 in the Zestern Eighland Rim (sec

¥ .
£ig. 2), =nd in ruch of the Northern Eighlend Rim,

Laa ! Sﬁh&.



Undivicad manver

Throuctout ths Northern 5lghlnnd Rim as redsfined for this report
the Dowelltown m2amber i3 a recivn-dark-£rry to dariesray thala of ruch
the gewe cppeirance and compositicn frca tottom totop. AL most oute-
cropt it can be distinguished fron ths overlying Caesaway zmezbter ty itc
thinner dzdcing cnd its tendency to be recessed slightly, buat in érili
cores tho nexbers can be cdifferentizted only with éifficulty except
locslly whero the Brezsford eandstone bad (Cenant pad Swansom, 1941,

Pe 35) ia prezent et the base of ths ovarlyirg Gassawe;y momber,

The lowar part of undivided Dovelltown menber is the olcdest nert
of tha Chottrnncga skale in Tennesses, ns shown by the nresence at the
bass of the manber in noritlera locca 2xd adjacent covnties of the
Trougdale forzztion of P;)hl (1930)? iz uni4, only 2 few inches thticlk
i3 here includsd ia tha undivided ibuelltéu-n mambar, It is vresent
closs to tmt wast of the‘ late Devonian arch that exitandsad northanstwarc
from the Hoheawnld Platfora into Kextuclty,

The thickness of tha unéividad Dt)w.elltown zenber east of ths Late
Dévonie.n arch znd wast of the Cunbarland Eiver is from 0 %o 3 feat;
east of tha Cumberland Eiver the thlckness ranzae froa 3 to 6 feat in
Tannessee aad, on the basis of scatiared cenodont data (fass, 1956) 1t
1s sonovhat less in southern Kentucky. West of the e.rcS ths ihic!mess
of ths mazbar ranges from 7 to more than 15 fsat and weries coaticderadly
within short dlstoncesz, irndicating tkat in thet rezlon the mezber war
. 1aid down on a comparatively uneven surface. South of Iavidson Couaty

the msxzbar tkins to extinction,

2



Data on tho Lowelltown member in the lorthern lighland iim arg
relatively sparse as compared to those on the Gassaway member, bucause
at nany of the'localities studicd the Dowelltown member was neither
measured nor sampled., The peneralized isopach map of the member

(fig. 9) reflects this lack of data,

Figure 9. Generalized isnpach map of the undivided Dowelltown member

D
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t several places in the western part of tho Northorn Highlend Kim,
among, them localities 203B and C55, gray beds similar in appearance
to the Upper Dowvwelltown of the Zastarn Hishland Rim occur between the
black Dowelltnwn and the overlying Cassaway member. Although the
distancaes arec too great for positive correlations to be made, the
presence of theae uray beds, and the presence locally 1in othsr parts
of the liortherm Hizhlard Rim of apparent anpfular unconformities
between the Dowelltown end the Gassaway, are evidence that the black
undivided Dowelltown of that region may be in large par't correlative
with the Lover Dowelltam of ths Eastern Highkand Rim, and that over
ruch of the region beds equivalent: to the Upper Dowclltown were never
deposited or, i deposited, were removedllater by erosion, If the
Late Devonian Arch was a positive area during much.of Dowelltown tims,
the absence of the gray beds is readily é;cplained. The absence of thne
Center Hill behtonite in the Northern Highland Rim 1is of interest in
this conrection, 2lthough data on the source of the ash fall which
the bentonite represents are too scanty to admit of a positive
conclusion, There can be no doubt, however, that the Late Devonian
Arch exorted a3 considerable infiuence upon Dowelltown deposition,
Northwest of the arch the Dowelltown is sandy from bottam to top,
whereas to the southeast it is sandy only at the base .(Hass, 1956,

Pe 19). Also, holes drilled in 1962 in Logan ard Simpson Counties,
southern Kentucky, show that the entire Chattanooga shale section
there differs widely from that at the closest Tennessee localities
(T. M. Kehn, written comrmnication, 1952).

3B



The lower bedes of tho Chattrnoogn 8knle &t locslitices C6U, C65,
and C66 in Alsbama are corsidered in this revort es being of question-
able lowolltown 2gc. 7The distance of these drill holes from other
localities, cnd tha lack of poleontologic data, nake eny attempt at
positive correlation impoasibls at this tize,

Cassuway member

1'11‘3 Gaséaww wsuber has aach greater potential &8s a source of uro~
niun, oil, and other econczic rrocucts than aithar uait of tae nweli-
town zanber, end for thal resson most lnvastigations of tha Chattes
noogA shale hove been concexztrated on the Gascawvay, Tha best evidance
$8 that excopt for the lorther Eighland iim zad a small vard of tae
Zastern Figaland Zim cdeposition was continmuous from Dovelltown into
Gassavay tiue, and for tha reglon as a vhole thure was no abrupt coansc
in dspositional conditions, Tasra ~siaz_'e. however, e nuxber of daiffer-
ences as well as sinllarities betwean tha two meszbers that should be

tzken into consideration,



The £irst diffevance g tial durirg Dowelliorn timo ths Chaita~
nooga tea in Alavara, Tennessee, and gouthorn Keantuey was divided irnta
exbeynents, separated fron cach othar by tho Fohonwald Platfom and by
archas or ridges exteading norihazst and east from the nlziform. Ihe
Tenmessee @nbayment inzlwudsd the prezent Eastern Highland Rim, Cumder-
| lend Platean, ead Walden Ridge; thls emtayment wat despest in tho wesie
era p;urt of tho Eastera Bighlsnd Zin, end prograssively shallower
northward; iz aoutharn Feztucky it ooy Ve considered as barred except
northaast of alden Ridge. 7Tho Lldoana esabeyment wos separated fron
that in Tonnessoe by tha ridga taat extendsd castwara froa the loken-
wald Platfora to apnroximately ths prasent locaticn ¢f Chattanooga.

In contrast to tho separatad ewdbaymeats of kwelliowva tino, tha saa
during Gasecway tinma coverea the extire rogsion anc forzod cao arent
soutnern ox%tanclon o the maln Caustiaacogu sea.

1 gecond differasnca, relating to Tennassee &ué southeorn Kentully,
{8 that the despest part of ths Gussaway sea was cocnsiceradly east of
the éaepest part of the iowelltown 2ea, and that near the Tennessae-
Kentuzky atate line the Gasscway sea dzepened nortlward, whereas the
Tovelltown had become progressively shallower except where influsniced

by the geosyncline to ths northeast,

%
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A third and rass imcortant difforence mwy be postulaled from tha

e

such szaller nroportion of gray teds . in the Gassavay member as com=
pkred to tro3e in tha Dowallliown ronmbar, and from the higher percent-
aga of carteonsc:0us material in the Gaseavay menber, If, a3 seexs
1ikely, the grey bved3 represent prirarily an increase in ths emount of
detritzl material brougnt into ths sea rother then chonges in botton
conditiozs, i+ follows thit ceposition during Cassawvay tinme was much
slower then it kad been during late Towslltown tima,

Sinilarities betwesn the tvo mexmters includs the abserca, axcapt
loeally, of gray bacs in either mestar in ths Yorthern Highlend Zim ‘
and in Medbexa, Also of interest, tho@ its resning is rot lmowa, 18
the fect th:t . the gray taeds of t}@ Cassawny meuber are rracent in al-
a8t exacily the zame aree as those of the unper unit of the Inwelltown
Rezber,

In eumrary, the genorzl picture of deposition of the Gassawsy
amber in the araa of this rerort is ore of extremely siow' deposition
In a shallow sea (Conant, 1956), into which cnly a smull amouat of
detrital raterial wss introcuced and in wiich botiom conditions were
i'° a'tmngly reducing that tho great acount of cardbunuceous raterial in

.

tba Bleck muds could not ba oxidizad nor removed by scavengers.



The thickness of the Gassaway member in Tennesses ranges from -
t_:_qut 4 fect in southern Tennessee, not far east of the liohenwald Plet-
form, to 20 feet nt locslity C50, northeust of Valden Ridge, and in the
eastern part of the Northern Highland Rim., 1In the western part of the
Yorthern Highland Rim the thickness of the Gassaway, like that of the
underlying Dowelltown, 1s comparatively irregular dbut in genoral it
thine we:twaid to the vicinity of llashville, and southward from that
city it thins to extinction. An isopach map of the mendber is given in

figure 10.

Figure 10. Isopach mep of the Gassawey member.

In the Zastern Highland Rim as here redefined the Gassaway menber
is divieible into lower, middle, and upper units, These units cen de
distinguished also in cores from the northern localities in Walden
Ridge, but can be identified with difficulty if at all at outcrops ir
the same arsa, In the Northern Eighland Rim and Alebaza the Gassaway,
1ike ths Iowelltown, cannot be subdivided. At ths top of the upper
uvnit in the northern part of ‘the Zastern Highland Rim, and locally at
the top of the undivided member in the Northern Eighland Rim, is a
phosphatic zone which, because of its influence on the concentration
of uraniunm, is discussed uparatelz in the text and showa separately in

the tables,
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Lower unit

The lover unit of the Gassaway member is a tough, fine~grained,
dark—-gray to black shale; in sppoarance, general composition, and other
characteristics it is ruch like the lower unit of the Dovwelltown nem~
boer except trat it is somewhat thicker-bedded. In the Zasterm Highlenad
Pim and Welden Ridge it rests, conforrmsbly except loczlly, upon the
upper unit of the Dowelltown membsr, the contact being sharp or dis-
tinzuishable within one or two inches, It is thickest——8 to 10 feot—
in ¥arren, eastern DeKaldb, western thite, &nd southern Putnam Cownties,
and thins in all directiocns froz tkat zrea except for e thickenirg at
locality C50 in the northern part of the weldean Ridge &rea, Jorthward,
it disappears e£8 sa identifisble unit near the Koaring River line, 4
geaereliged isopach map. of the lovwer unit of the Gassaway memter it

given in figure 11.

Figure 11. Ceneralised isopach mep of the lower unit of the Gassaway

nexbdber,

Hiddle unit
The middle unit of the Gassaway member consists of & sequence of
alternating thin (1- to 2-inch) beds of black and grey shale, At most
localities 3 to 5 grey beds can be distinguished (Conant and évaneon.
1961, p. 40), bdbut individual beds cannot bes traced for more than short

distances and they prodbadly are lenticular,
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Tno unit is thilckest—ubout 3 fest—Iin northeastern ¥Warren County,
morthyestern White County, ond soutkern Putnam County (ses fig, 2*;.
Fron this area it thinse in all directions, being avout 1 foot thick in
the southern ctart o the Eustern Highlend Rim, at locality G211 4n the
southenztern part of White County, end in the northern part of the
- Welden Ridge area. It cannot be ldentified north of the Roarirg River

line, - A generalized isovech map of the wnit is given in figure 12,

Figure 12, Generalized iscpach rep of the middle unit of the Gasszawmy

merber,

* niﬁiho&
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Upper unit, including the phosphatic zone

The upper unit of the Gascaway membsr is & tough, macsive black
shale that at most outorops nrojects beyond 4{he less resistant lover
units of the membar. Its thicitness, incluling the phosphatic zone
where 1t is present, rargss fron 2 to 16 feet in the Eastern Highland
Bim 813 from 6 to 10 f:zat in Walden Ridge. It is thiraest—3 to 4 faot
~1in the western part of the Smithville srec and edjacent varts of Cen-
non and Coffes Counties, and averages sbout 6 feet in thiclkness over =
large area extending east from the Suithville area to the vicinity ol
locality C211., From that area it thickens eastward end northweard,
especially where the phospbatic zone is present. 4t €50, the northern—
nost VWalden Ridge locality, however, where the phosphatic zone ie very
thine-probably sbout 1 foot-—tha unit is 10 feet thick, A generalized
isopach map of the voper unit of the Gessawsy member 48 glven in fig-

ure 13,

Tigure 13. Generalised isopach map of ths upper unit of trnz Gasseway

nezber, ircludinz ths phosrhatic zona,

The thinning of the uppar unlt of the Gaessaway matber in ths vaite
orn part of the Smitkvills arz2a 1s &ae to erosica of tha wopermest dode

toward the end of Gassaway tims {Copeat and Swansea, 1961, 3. 3£).
n s JERII R
t™is area 1s 3pproximately the‘szme-uhieh—was?uplifted tovard tke clcse
TSROV 4

of Dowvzlltown tine and the uprer beds of the Dowelltown, includias the
s ‘ Lo .

Center Eill bantonite.f;éra rezoved,

— 3
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Unéivided nexucr

In the Northern Highland Rim the Gassewsy menber is a black zhale,
essentinlly homoganeous fronm bottom to top, and consziderably less rman-
8ive than the upper uait of tho nimber in the EZastern Highland Rim. 1%
18 fron 10 t5 18 fest thick 4in Mscon, Cley, and Jackson Counties, and
ranges considerably in thickness within eshort distances.. In genernl it
thins westward, dut over & large area in Suxrner and Iovidson Countlec
it has a romarkably uniform thiciknezs of 10 to 12 feet. Like tho

..

Dowvelltown member, it thins to extinction eouth of MNashvills, ' A gen-

1l 7

; ¢
eralired izopach mnp of the member is given in figure 14.°

Figure 14, Generslized isopach map of the undivided Gassaway member.
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Thosphatic zoune
In the northern narts of the Eastern Bighland Pin and Waldsan
Ridge, ond ldcnlly in the Yortherr Highland Rin, the uppoernost beds of
the Cassawey mcmber contain phospbatic rodules, usually less than an
inch in diameter, that occur either in dietinct lzyers or disseninated
throughout the shale. Everyvhersa the change from the typical upper
Gassawey beds to the hods containing rodules is gradational, and for

that reason the thiciness of the zone as shown in figure 15 43 not &s

Figare 15. Generalized isopach map of the phospkatic zons of thas

Gassevay mexber.

preciss as the mopped thicknesses of the units of the member. vith
that qualification, 1t ﬁay te said that the thickness of the gzone
ranges generally from O to 4 feet, althousgh it reaches 6 feet in Jack~
son County near the Cumberland Eiver and at locallity & in Pulaski
Comty, Kentucky.

Conditions under which the phosphatic zons was deposited havs
been discussad by Swanson (1961, p. 96-97). The zons is of econonic
interest bacaus2 its uranium content is invarisbly lower than that o?f

the Oaessaway bads balow the zone.
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Anomsloue Wiy gt joenlity CL9

In drill hLole C4S in tha northern part of ¥Welden Ridge (ses fig.
g3 the upper 4 fcet of the Gassaway mexber is so enomalous, botl in
eppearance and corposition, a& to rogquire an atterpt at explanation.
The interval is absve the phoephatic zone, which here is 4 feet thick,
and its phorphate content is lower than that of the zone, belng ebout
the oame &8 thot of the underlyilng beds. The cors is lighter in color
end sorevhat mora shattered thnn that of the lower unite, One of sev-
eral poscible explenations is that this upper 4 feet at locality TU4S is
roworked meterial, deposited in a shallow depression or & szall embay-~

ment. There are no signs of comparable conditions at any other local-

ity studied.

»



Fornations overlying tha Chattancogs shele

The formration lmnedietely overlying the Chatteanoga shnle through-
ont the area coversd by this report is tha Maury chale, which is pree-
ent at £11 localities cxrmined, including thoce in oraas such as the
Fohenweld Pletform vhere the Chattanooga shiole is chsent. The Meury
consists mcstly of claystone that in corcs fs a licht bluish=gray in
‘color, but vhich at £11 cutcreps has o greenich tinge due to limonitic
eteinirg, This color is so distirctive that the Maury is gemerally
referred to a8 a green shele, In the vestern parts of PTannessea bsde
of sandstone occur in the Meury, arzd in the Zestera Highland Rim thin
beds of black shale and a zone of phospkatic nodules are found locally
at the bese. The nocdules in the blgxc‘t parts of the Mzury, mmlike thosc
in the Chsattanooga, are es rmch &8 2 feat lorg end 1 to 2 inches thick,
flattened into kicrey shrres; nocules in the green shale itself are
zuch szzller and ore ef teth fletiened end sprericesl types. The total
thickness of tho Maury shale ranges from 1 to 4 feet in ths Zastern
Highland Rim, 1 to 3 feet &n the Northern Highland Bim, 2 to 3 feet in

Walden Ridge, and 2 to 6 feet in Aledars,



The Maury is utuglly inierproted os & trameitional unit rarkirg s
rogicnal chanze from the reducing condltions of the Late Devonian ez
to the oxidizinz concitions of the succeedinz Miesiasippian sea, rala~
ontologic evidence cited by Hass (1956, p. 23) indicates that some of
the uppermoet b=ds of the Chattanooga shale ware removed by eroeion
- over large areas beforz deroeition of the Maury, but, except locally as
in the western part of the Smithvllle erea, field evidonce of 2n wncsne-
forzity between the Chatiancoga and the Keury is scanty, and the pre-
ponderance of evidence 18 that with local exceptions deposition was corn-
tinvous from Chattanoogs tinme int‘o Maury time ané later,

The Maury shale is overlain, epparently cork‘ormably. by the clisf-
forning Fort Payne chert of bﬁas;ssippian age or its loteral equivalexnt,
) the Fev Providence shale, the sequence being about 200 to 250 feet thick
In the Northern Highland Fim and the northern part of the tern High~
land Ria there is considerable intsrfirgering between the Fort Payme
and its shaly lsteral equivalents; thie is well shown, among other

locelities, at locality 16, at the Dals Hollow dzm in Clay County.

k5



After deposition of the Fort Payne chert &nd 1ts equivalerts
derosition was oppnrently contimous throushout the remninder of Mig-

v

siscipplan tims and well into Pennsylveaien timc/;‘ “tl'm'e:,presanco of Penn-
eylvanian rocks cver practicallf the 'an;clro arer underlain by the
Chattzonooga 48 shown bty thelr capping Short Mountein, an outlier of the
Cumberland Platean just south of the western end of the Smithville
erea. Altkhough the rocks atove the Fort Payne have besn removed by
erosion from much of the arez covered dy this report, their ;:"eé.t_
originnl thicknqu wes an iumportant factor in the compaction of the
Chat tanooga shale,
Structure

The Chattanvoga shale was deposited over & tremendously long

pericd-~2ll or nearly a}'l oi:l Late Devonian time——on &n essentially
car

stable, slovly subsiding aer;. in which tectonic changee were confined
to minor and local uplifts end subsidencee of the sea floor. The area

rezeined stable throughout Miesissgipplian and Pennsylvanian times,
. ‘\

. daring which the dlack muds were covered and compacted. This long

period of relative quiescence was ended by the vpost-Carboniferous

Appalachlian orogeny.



Tne geosynclinal axis was ehifling contirucusly during Late

A\

.;J,,r’ l Devonian time (Conant and Swansen, 196), p. 50), and it is possible
3

OV

that these shifts may bs in part respensible for the thinning of
tho Downlltoun momber northeastward froam Tennessze into Kentucky,
and the thickening of the Gassgway n=aber in the sarme direction,
Data in the northern part of the Cumberlund Plateau in Temnessee

are sn scant that this hypothesis cannot now be proved, but it is

/é suprorted by the thickening of the shale northward in the Wadden

E\ Ridge area, and particularly by the cmmrative}g thiciness of

both mezbers ol the Chattanooga at locality C50, the northernmost

Walden Rysdge locality. If, as seexs likely, the northerrmoat Walden

Ridre localitivs ae in a trough vhich is related to the geosynelinal
g‘, +axis to the northeast, it is 1051::&1 to assume some compensatory

e

moversnts in the areas rorthwest of tho trough.
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The grontest tectonic changes of tho /ppzlachien orogsny wero
southeast of the report orea. In the Appalachian Valley-and-Ridge
province tha rocks lLave been so folded and faulted that reconstructioa
of the c¢rigiral conditions is impossidle, The seame pressures from the
southerst thzt vere regronsible for the folding east of the Cumberland
Front produced, west of the Front, the élmostﬂhorizontal Sequatchie
| thrust fault ;f R&ny ﬁiles displecenent, along the trace of which the
Sequatchie Valley later was cut, Halden.Ridge. between the Sequatchie
Yalley end the Cumberlend Front, was folded into a shallow syncline;
alons the western flank the Chattanooga shale dips into tha ridge et
angles of 10° to 159 and because of its incompetent nature is nearly
evaryvhere shettered to a greater or lezs extent. The few exposures
- of the shals in the eastern flazk of the ridse ares too poor to be of
much value. 4 seene clear that the Chattanocoga is contimious beneatk
the riégg. tut 211 data used in this report are based necesesrily orn
outcrops and drill holes in the western flank, Mach valusble informe-
tion éould be obtained from drill holes in the trough of the syncline,

but such holes would have to be 1,000 feet or mors deep to penetrate

the Chattanocoge.

7



¥eet of the Sequantchie Valley tectonic chanser g@ccompanying the
Appalachian orogeny were less violent than thoss to the esat. Over o
long period of time the Cincinrati Arch rose, the greatest vplifts
boing in the present Fashville Basin in Tennessee and the Lexington
Besin in Kentueky., The rmovenant was so gentle thet the incompetent
Chattanooza shale was iittle disturbed.__‘;lthough sone ninor movements
have bdean notecz; A3 g result of the deming and subsequent erosion of
the Xashville doma the originally level Chattanooga now dips/la_way f rom

tha center of the basin in all directione. The rates of dip vary fron

place to place, but in the Zestern Highland Rim the f-verage is about

r—\,...a_)v.»»\: q.LJ‘O-«\)\IM‘I/I_, IW i,

‘30 fest to the mile. Firas, the shale i8 under &s nach as 2, uoo feat of

A
cover in the Cumbaerlend Plateeu weat of the Sequatchie Valley.

Mention should be made of iwo unusunl featurss in the zastern
Highland Rim, though thsy have no economic significance. 7These struc-
tures are ths Howell gisturbance in northern Lincoln County, and thc
Tlynn Creck disturbance in Jackson County, a‘qout 5 miles south of Ge.i:ig
voro (eee fig. 2,5. Several theoriss as to the origin of the disturb—
arces have been propossed, the earliest being that thsy are the result
of oryptovolcanic explesions. Other hypotheses are that they are
craters formed by meteorites, or t'hx;t' they overlie salt-dome types of
intrusions, Both disturbances are pre~Chattamcoga in ags, and have
been discussed by Washburms (1937), Bucher (1936), Boon and Albritton
(1938), Wilson and Bora (1936), Tuck (1927), Conrad, Zlmore, and Maher

(1934, 1957), and Conant and Swanson (1961).
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nother feature comparable to the Howell and ¥1ynn Creek M edush-

ances is the \/olls Creek disturbance in Steynrt County, Yennesses, not
far veat of the avea of this report. This feature, shich 12 of yost—

Chattznooca 2ge, s discussed by Bucher (1936, Pe 1068-1070),



Corpocition of the thnle
Chezical corposition
Complete chexiczl annlyses by the so-called "rapid~rock" method
heve been rmade of ssmples of the Chattanooga shale from 7 localities
in Tonnesmee nnd 1 locality in Alabama, and/‘_of the Xew Albany shale,
wvhich i8 correlative with tho Chattanooga, in Kentucky. These annly-

ges ore glven in tatle 1, which includes also analyse: for sulfur

Table 1, Chemical analyess of samples of Chattanooga shale.

(included in loss on ignition in the chemical analyses) and uranium,
Localities from which the samples were tsken are shown on figures 1. 27
and 3? They include 1 drill hole (C54) in Blount County, Alabama; 3
drill holes {Ct8, C49, and C50) in Walden Fidge, Tennessee; 2 drill
.holes (C37 and C42) in the Eastern Highlend Rim, Tennessee; 1 drill
.hole (056) and 1 outcrop (16) in the Northern Highland Rim, Tennessee:
and 1 outcrop (323 ) in Mm:ion County, EKentucky. Locality 323, whic:z
PRV ST B

as stated above 1: in the New Albany rather than the Chattanooga shale,

was selectsd because it is the northernmost locality for which good

,,»’:‘y._ 'L.,. 1 s Ve

samples were available; as the formations a.ro _correlatives, the -foma--
—tionname is not referred to azain, except incidentally, in the text.

Of the samples of the Chattanooga, those of the Cassavay member at all

—

localities were analyssed, as were samples of the upper unit of the
Drwvelltown member from localities C37 and C49 a.nd‘ of ths lowver unit

of the Towelltown from locality <>§9. Samples of the undivided Dowell-
town member from locality 056 and of the questionable Iowelltown beds

; Bv-«.s ot So

y«issm3~



at locality C&h were also analyzed. In the dlscuacion the shale st

locality 323 i& considered to be the Gessaway mexber,

51



Table 1. -- Chethical,k analyses of samples .of .the Chattanooga Shale.

Includes andlysed  for sulfur and ., uvanimum. -Analyses
by P.L. Elmore, S.D. gotts, and M.D, Whack, 1957,

Table ip split into 4 peges--pnrts é D

Gz Gassaway member undivided

Gu? Gassaway member, upper unit,

uncertain correlation

Gu Gassaway member, upper unit
Gup Gassaway member, upper unit,

phosphatic zone

B

Gm, Gassaway member, middle unit
Gl, Gassavay member, lower unit
Du, Dowelltown member, upper unit
D1, Dowelltown member, lower unit
Dz, Dowelltown member undivided
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The "rapld rock® method cf annlysis pas baén desorived by Sropirg
&nd Brannock (1956), who checked the results obtained by this methog
agninst standnrd chenical anulyses made by thea Goological Survey ang
the U, S, Bureaun of Standards., Yor most constitusnts the accuragy of
the *rapid rock" arnlyses is well within £ 5 percent, and thus suf-
ficiently accurate for the purpoces of thia report, Zxceptions <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>