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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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S» many persons havae eotributced to thias study th:t it 1o im-
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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
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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,
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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 are
K,0 and Ca, which are accurate vithin about 10 vercent, and Pn°5, vhich
varies sonevhat more widely.

The content of trace elements in the shale was determined by semi-
quantitstive spectrogravhic methods, Peterminations were made on &ll
the esamnles listed in tadble 1, and in 2ddition on samples of the Gassz-~
way member from 6 drill holes (C16, €26, €36, Cibh, CL6, ang C51) in tre
Zgstern Highland Rim and 1 outeron (22) in the Northern Hishland Ri,
Samples of the Iowelltown member from localities 22, 016 and C&i yare

anelyzed also, These locmlities are shown in fisure z

X “\'\ssvima.
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Kejor constituente
The major conctitucnts of the Chattunooga chale are 5102. A1203,
Fe (total Fa 2# 3‘43203). K20, Mg0, Ca0, and cardbonzceous matter zs rop-
resonted by leez on iznition (LOI). These constituents combined com~
prise about 3 =norcent of both mezders a.nd'f._!u!.nits of the Chattenooge,
weighted averazess for the constituents at each locality from which

samplés were analyged, and unvweighted averages for the Walden Ricdge and

sastern HEighlend Rim areas, are given in teble 2, Duta from othor sres

Tadle 2, Major constltuents of the Chattancoga shale by members, units,

end areas, Inta summarized fronm tzble 1.

are too ucattgered for avorrzges to hzve any meaning.
Silica (Si0p)

Silica cormprises about half of the Gasizawey member &and of the
lower wxit of the Iowelliown member, and a somawhat higher percentagé
of the upper unit of the Dowa.n‘to'vn. The s#ilica content is hignest =t
the Aiaba:a locality, naxt highest at the northeramost localitiss,
outcrop localities 16 in Clay County, Aladama, and 323 in Marion
County, Kantucky; at thess last. localities tha composition of tha shsle
could have been affected by weathering processas, The lowest silica
contents are in Walden Ridge &2d at locality C56 in the Morthera High~

land Rim,
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Tadle 2.--Mrnjor constituents of Chattenvcgy srrla by meuhersd, urnius,
end araas. Dnta suroaris:d fronm Tadle 1,
[ g e Conatitnaats, peorcenl i
Mezber | Lnocality | Area . 510514130417 3,04 ::201 KL €20, IOI]  Sunm
' ' | ; 1
Gassavay | 3 AL ;5}3.61 12.0: £,9 :3.51 1.5_;4611-3.;9; °8.0
. i
i3 ¥Rl 47,4 10.8110.7 13.3/1.1] .9l23.4 976
cH9 L 53] Lo,7! 12.9] 8.8 | 4.,0]1.3 .9!17.7 G7.2
cod ¥ 50,4 22,00 9.2 13.611.2] Bi20,3 ©7,5
svaracal VR 1 49.2' 11,90 6.5 19.41.2] L9l21.1] 97,4
_ l ' ' l ’.
€37 | ERB | 50.1; 11.9] 8,7 | 3.7/1.1]1.2{21.1 97.8
I
ctp lzm 151,30 12,2 R0 la.8l1,2 .8l2n.8! g
! Q !
Averaze | EER _ 1 30,7 12,1 8,1!13.72/1.211,0!22.0] 08.0
16 |.Tm | 12,11 7.7 | 3.5] .5 H12.3] 97.5
: | ‘ f
€56 | ¥IR L7k 37.3111.5 '3,501.3 1!23.27 98.8
| ‘ | f )
Averaze | 7R . 53,7, 11.6! .1 | 3.5 .8 lv"’Z Ol °3.1
' 23 | xx |snsl 12,3 6,713.6 .ol .2120.40 o8.g
Undivided [ |
Dowelltown? cély AL | 61.9; 13.2! 4.8 13,91.8/1.8 1o,2~ 27,6
Undivided | | Lo |
Dovelltown | cs6 | ¥AR . 55,9, 1k.0! b0 4,328 2,7211 .3| 07,0
Lover unit | i ' '
Towslltown! 63 | ®mR ' 52.6| 15,3 6.1 54 2,0/2,0,2 2| 58.6
Upper unit ! i
Dovelltown €37 |ZER | 56.9i 16.7| 5.0 4 7' 2.5 2.0.10 2| 93.0
! |
ch9 ¥R ' 59,0  17.2' 5.5 ue,g;,o 83 97.2

—

AL, Alabama; WR, Walden Ridge, Ternssses; iIER, .Zastern Highland

Bim, Tennessee; KHR, Northern Highland Rim, Tennessevw; KY,

Kentucky.
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Vhere the Cascavey member ic not divisibloe into units the eilica
content is highost 2t the tase of the momder and decrenses slightly
tovard the top. “here the units cen ba distinguished, ths content is
highest in the middle unii, lowest in the upper unit. At locality CLO
in ¥Walden Ticdge the nnoxmalous upper & feet contains the ednormelly high
eilica content for the area of 54,9 nercent, dut the member below that
wnit contzing only 45.9 percent silica.

The silica in the Chattanocga i1s in the form of finely divicad
quartz and in the cley wminerals and micas, Ian Alabana gquartz accounts
for sbout half the silica content, but the quariz content dscreases
northward, vith a correspording igcreasa in the content of clay minsr-
als,

Alunina (Fap04)

The alumina content of the Gassavay member of the Chattanooga
shale is fairly consistent &t &1l localities, the range being 10.8 to
12,3 percent excspt at locality C49, where th; enonalous upper 4 feet
contains li.2 percent alumiza, bringing the average for the locality

up t0 12.9 psrcent.
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Kxcept in VWelden Ridge, whers the distribution is distinctly bot=-
ton-pretorentinl, the distribution of elunina 18 fairly unifora vertie
cally throuznout the Gnaswway nmember, and there is 1ittle variation bte-
tween tha plunine conterts of tha wnits, Roth units of the Dowelltown
menter contzin more alumina thnn the Gassaway; the lower unit at local-
ity C37 contaias 15.3 percent zlunira, end the content of the upper
unit ranges from 12,3 percent et the Alzbama locality to 17.3 percent
at locality CLS in Walden Ridza. |

The elumiza in the Chattanopga is rostly in the feldepars and
cley minerals. Tho silica=zlunina ratlo ranges froa 3.4 to 4,7, the
highest ratio being for both menbers at locelity C64 in Alsbara, the
lowsst for the Dowelltown menber at localities C37 an%CLQ. For all
_othar loczlities ths rangs for both mexbers 1s from 3.9 to UL.5.

Potash (X,0)

The potash in the Chattancozn shale, which occurs in the feld-
epars end micas and is distributed rather uniformly reglonally, the
range for the Gassaway msuber (excluding the upper 4 faet of locality
C49 which contains 4,5 percent KZO), belng from 3.3 to 3.8 percent., At
all localitles except C64 the potash contant iz hizhast at tha dottonm

of ths member, and there is littls difference between the units,



The potnsh content of the Tovelltovn menber s highor than that of
the Cnesruny; tha lover ‘it at locality C37 contidns S.4 rercent F,0,
and the rnrs for other Dowelltown samles ia fron 3.9 to 4.8 pascent,
Thus the dzcrancs in potash content Zron bottom to top annliess nst only
tc ths Cesgeway memcer, but to tha Chzttancoga shele 28 a whole,

iron (totnl iron ns Fa,04)

The §ron contant of the Gassausy menmder of the Chattanocgn shale
ranzas considerably both resionally and vertically. ihere the wnits cf
the menber can de distingulshed the iron conteat is ﬁig;hest (10.1 to
14,0 percent) in the unper unit, tha content o tha othar units ranzips
from 6.3 to 10.6 psrcont. ZRezlonzlly, tha lowsst content (6.9 vercant)
is for thas undividad xs:e;:’ber at locality Cr:# in Alsbarm, the hishast
(11.6 percaat) at locality C56 &n the Forthora Bizhlend Fim, The lov
iron coatent of the shale from localitias 16 end 323 (7.7 and 6.7 per-
cent respectively) prol;nbly represents in part loss through weatheringz.

The shale of ths lower unit of the Doveiltown wenber at locality
037 conteins €.1 percant iron; the content of the uppar wnit or the un-
divided nevber ranges from 3.6 to 5.5 percent. Tha iron content of thas
shale shox? a good positive correlstion wiih the total orzanic matter,
reflestins the reducing condition# 1n the Chnttanooga sen which further-
ed tha concentration of the slement, moetly in pyrite -ﬁr marcasite. AL
all localities S0 psrcent or more of the iron in thé shale is in those
minerals; Bates (1956) and Strahl '(1958) rcport “free iron® or "iron

oxides* as about 1 percent of tha total shale,
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The wide differencos in iron (ss well wo eulfur) content from oro
sarpla to enothor ere cxpluined by the feet thul pyrite, unlike reny
constitucats c‘: t):2 shinlo, tende to be cocncontrated in distinct nocro-
gates. For this reason annlyses of differont quorters from the sane
cora can shaow noticesble differcnces in iron and sulfur contonts.

Marnesia (¥z0)

The mazncsia contant of the Gassaway rexber of the Chattrnoogn
shals avernges abtout 1 mercent, being highest (1.5 percent) at locelity
C6k in Alataze and lowest (0.91 pcrcentt, l_pf‘;';ocality 323, the Fentuciy
outcrop. 7he vertical distritution is fairly wmifora except ia ¥Welden
Bldge. There it is cdistinctly bottom=preferential except for e rele~
tively high content in the tmoma.l_oﬁs upper U4 feet of locality CLS,

The magnesia content of the Dowslltown mexmber, on ths basis of
relatively few analyses, appezrs to increase from south to north, froz
1.8 percent at locality C64 to 2.8 percent at locality C56 in ths
Forthern Eighland Rim, Semiquantitzstive spectrograpkic @ysea of
samples from localities other than those for which chenical annlyses
vere made fall within the X. and .X renges, confirming in a general way
the pattern descrided abeve,

Most of the magnsesium in the shale is in the micas and cley min-

srals, on the dasis of availadble evidenca.



Liwa (Ca0)

The 1lizne content of ths Cassavey necber varies widely doth re jlene
8lly &nd verticelly within the mexber, ths hizhest contamts bveing in
the phosvhatic rore. For the member as a whole, the lins content is
highest 4n Alabamp, snd lovert at locmlities 323, 16, &nd C56. locnle
1t8c3 323 and 16 «ro oulcrens frou waich line poseibly has been removed
by lcaching, and soma line mny hove beca lost from drill hole €56,
vhich entoered the Chattonooza at & deptﬁ of only 14 feet end the cors
of vhich zkows werthering &t the top of thes Crossoway, Most of the
relatively high lime content of the phosnhbatic zone is in tha anatite
nodules, which are reaistant to weatherinz; this is exemplified by tho
sitvation at locality 16, an outcrop im vhich the pkoephetic zone, 3
_ feet thick, containa 2,2 percent Cal, tha remainder of the section only
0.25 percent, lower than the contont at nost other localities. The
phosphetic zone at loczlity C9 conteins 3.2 psrcent CeC,

The relativaly high lime contents of samples from localities C37,
C42, &and C50, where the prosphatic zone is absent or very thin (zbout 1
foot at locslity C50), does not have a ready explanation,

The 1lime content of the Dowslltown menmber is somevhst higher thzan
that of tha Oassaway member, being kighast (2.7 percent) in the un-
divided member at locality 056, and lovest (1.0 percent) in the lower
unit at locality C37.
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Carbonnceous nrteriol

The loss on izniticn incluced in chomical annlyses TEProsentd 1inut-
ly cerbonaceous natericl, culfur and water ond thus givos a rough
measuremint of the ezount of carboraceous material in ths rock. 4 moro
pracise necgurenant of thet constituent, hovever, is organiec isolates
;egrp‘eated rrem tho samples, Thuse orgenlc igolates ara defined as the
srgrnic mattor, plue mizeral ratter insoluble in Lycarochlorie snd hydro-
fluoric acid.

Joss on irmition.—"the averags percentage of igmition loas for

sexples of the Cassavay mecber renges from 15.9 percent at locality C6y,
to 23.8 percent at locality C56 ia the Northera Righlend Rim, Where
she three units o the Geassaway can be distingzuishad the ignitiona loss
iz higheat in the wpper wnit, lowest in the middle unit, Sonewnat
sarprisingly, the highest iznition loss in all of thas sarples analyzed
{e in tha uvper 5 feat of shale fron locality 323 in Lentuciy, whers
the percentage is 25,7 parcent. Tor tha 1w§r 25 feot of shale from
that locality the ignition loas is 19.3 percent, 'still a higner pare
sentage than would have been expected.

' Yor the Iowelltown membar the ignition loss ranges from 8,3 to
13,3 percent, the latter figure baingz from locality €56, where the
Meesvay member alzo has ths hig,hasj percentsge of all the saxples
Yhnalysed,
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Organic isolatn.——Anslycens of the Chattnnoopga thole for orgenic
ieolate are g;dven in toble 3, vhich Includes for coizparison the percent
of lo3o ez isniticn for thoze sampleos on which that determination wes

m2da. The psrcext of organic isolzto is genmernlly higher then tiw ig-

nition loss in the black parts of tke.ghale, dut lowor in tke groy

parts, purticularly tho uppor unit of tks baseawsy wpezder. Althkoush
other factoz;a probzobly enter into tho dlfference, much of it apparently
is dus to tha lerger proportion of clay minarale in the grey units,
These min2rsls contaia cunsiderable water _uhich is inciuded in the lossz
on ignition tut rot in ths orgeaic isolate.

As the urznimm content and 01l yleld are related cdirecily to the
car‘bc.n:zceoz.s raterial in tha shale, ‘the organic isolates e;:.e discussad

more frlly in tha Bectmns on thona subjects. At this point. howsver,

)
A

the caxbon content of the shale it of interast,

L
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Talle Bue—=t.marive;, of leto on 4, nitlen with orginic itolete cont ot

of Chattanoosz shale torples

! ! i Orpandce J Crornnic

Srzple no. *msJ| el ! iznlacte lS:mplo no. | Unit/i IOI | L20lcts
' (norcons) | (rrre-ni)

C6l~12 Gz ; 16.5 ! 18.2 C37-2 Cu l 25.4 29.3
13 | 6z 115.3 | 15.7 -3 6n | 11.9 13.0

b |z 15.9 | 6.4 -l 61 { 2,2 239
Averpra Gz 1259 : 16.7 ; Averpze e} t 21,2 2k.1
C6L=15 Izt | 9.6 7.2 C37-5 Du | 10,2 5.5
=16 D2l ;11.5 11.0 -5 m |16.2 17.3
Averene D1 1v2 ' s 16-114 Gz | 18.4 16.1
C4B-2 Gz ; 27.2 24.2 -11B 6z | 21.0 20.2
-3 6z |25.0 ! 25.3 -11¢ Gz | 20.6 | 19.6

A cz lasa | oot -11D ez |17.8 |  16.7
Aversge c__ 23k ; 23,3 -11Z 6z [19.1] 17.0
C49-11 G? 16.2 16.1 ~117 Gz | 20,6 22.1
=21 Gup | 19.h 23.4 =116 os | 21,4 25.8

«31 Cu | 24.2 26.0 -12 oz | 22,2 27.3

«32 Cn 15-.9 17.7 =13 Gz__ | 16,4 19,2

=33 c1 18,6 20,0 | _Aysress ¢ 119.3 22,2
Ayerece 6 ;9.'zJi 21,4 C562 Cs | 24.0 25.8
ot | ma | 83| 69 |___-3 e | ol 220
Average Gz Igj.B L 26.3




Tuble 3.-=Corparison of 1232 on i7nltlion with orranic isolate coniant

of Chnattanoo;za shnle sarmlese~—Corntinued

C50-~12 G 24,2 | 28.7 056-~4 ‘ Uz 4.3 10.0
-13 G 21,6 2L, % -5 Nz 11.8 9.5
21! 62! 15.0 16.5 -5 Doy 2 1 116
-2 Gl | 17.5 20.0 Averace > 1 13.3 % 19,2
-32 o1 | 19.2 | 21,2 323=A 6e | 25.7 | 21.6

Avarare ¢] 20,9 23.2 -3 Gz 18.8 i 16.7

CL2-2 Sal 25.% 28.6 -0 Cz 19.8 !L 15.3
-3 Gn 13.6 15.9 Avernge Gz 20.4 i 16.9
- ol 102 | 2o i

Averz=p { o_.; 20,2 ' 22,2 ;

Gz, Undivided uassawayj (22, upper uniy, Gassaway} Gup, FPhoopkatic
sone of upper unit, Gassewey; Cu?, anomalous unit, upper Ges=za-
vey; Om, middle wit, G=ssaway; G1, loy}er unit, Gassaway; Iz,
undivided IDowelltown; Du, upper urnit, Dowelltown; 2‘1.? lower unit,

Dovalltown,

Organic isolate determirations by S. M. Berthold, U. S, Geolcgical

Survey
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Dol (1957) rade an exboustive wridysis of & surmle 1.35 feul
thick from ths umper unit of tho Gnssowey nember at locality 49 in the
Zestorn Highland him, finding & totnl carbon content of 13.6 percozt,
later, us port of a study of the oll yleld of the shale (Brezer and
Brown, 12{2), tke carbon content of a number of sarmples wes calculated
from the perccatage of cartoa in the orgenle isolatces; theso figures
are ¢lven in table 4. Annlynes of cores of tha Gassawey member for
total carbon, mada bty tho Pennsylvanlia State University &nd reported by
Bates (1956) and Strahl (1958), are in line with the carbon contezt of
ths Cassaway nenber as given in the teble. A8 would be axpected, the
carbon content of the Dowelltown menber, purticularly the upper unit,
is lower than that of the Gossawey menbder,

Sulfur

Deternminations for total sulfur, vhich 4s included in the lioss o=
ipitioﬁ in the chenical analyses, wera made of all samples of whick
complete chemical annlyses were made; these additional determinetions
ere shown in table 1, In addition sulfur ws determined on saxplos from
drill holes C46 and CS1 in the Zastern Hlighland Kim and outerops 22 and
25 in the eastsrn part of the Ra?them Highlend Rin; these analyses ars

gven In tebdle S,



Tevde Li.-~T5tul cenroon content of riemles of Cr-.ttuncopa thrale

Locallty rnd Ur;made o Corcen din Curlon iz
sz‘.mplo. no. "“it-/ Thicmesz  isolate | fzplnte rhale

(£:at) (n-:-:'c»:-nt); (zoraont) - (oare—=t)
Cier | Gz | 11.95 ‘ 7.0 | w2 1 8.0
D A X 8,4 XY
Cl8=A f Gz i yz,07 ‘; 23.3 La,2 .6
ao-nt | s | 26.0 w8 | 12.2
~33 : 61 - 2.85 i 20.0 52.2 ; 10.4
an L oom 1 6w ! 6o 08 | 27
chz2-2 cu 6.50 L 2.6 u6.3 ; 13.2
3 | ca 1.86 15.9 | 48,0 : 7.6
4 eal 0,69 ool .‘ eg ki 11,3
_Averoae Jl g i | ! 1,6
637-2 ca | 680 29.3 | 857 134
-3 G 3.01 13.0 36.8 % 4.8
N 61 2,82 23,8 ‘; Lo 4 ’ 1.8
Averags a . } ‘ % 11,2
16-4 os 8.00 18.1 | 61.8 § 11.2
«B Cz 3.50 18.6 52,7 ; 9.8
-C Gz f 5,35 {240 ! 1.7 ’ 10,0
Averaze | ' LY.
C56~A s | 9.67 | 260 | ko5 | 10.6
<2 | | 13,15 . 10,2 | €0,9 6,2
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Tadble 4,~eTotal carbon content of comnles of Crattanovosa

ol e—Continuad
i | . e
3234 | ca | 5.00 21.6 ’ 70.5 | 152
-B ' 2 | 1200 | 267 ‘ 57.2 ’; 9.6
_=C l bz | 100 : 5.3 | 46,0 :' 7,0
Ayorare ' ’ : ? , Outt

Uzdt symbols: Gu, upper wait, Cascawvey meadber; Gm, middle unit,
Gagsawoy monter; Gl, lower unit, Gossavay menbery Gz, Gaszzumz
mender undivided; G, total Cussaway member; Du, uvoper umit,
Tovelltown member; I, lowsr unis, Dowalltown neaber; Dz, Dowelle

town merber umdivided,

J .

Orly part of sesction analyzegi.



Table Se.==.ludyzera for oulfur, in wddéition to thoco thown dn Limiy 1

Semple ro. | Labe ™. | Thicmess tntt/ | 5
! ’ (£7-8) : . (noxennt)
Ci6=2 115049 ‘ 5.18 1 Cu 8.1
-3 115250 ‘ 2.27 | ¢m 7.5
-3 115551 g B,95 ) 8.3
Total rad aTavesa s[ 15,50 s 8.0 ’i’
b5 . 115052 | 9.63 Da 4.5
-4 112053 6,16 m 6.7
25-11 2201 - 2,09 Gzp 7.€
-12 2202 | - 2.09 Gz 9.0 ‘
-13 2203 2,09 Oz 9.9 ‘;
-1h 2204 2.09 Gz 12.1 !'
-15 2205 2,09 Gz 13.1
=21 : 2206 _ 2,17 o2 10.1
Total erd svernza 12,62 ? c ' i 10,2
cs1-12 117624 5.06 Cu 12.2
<13 117625 5.07 Cu 12.1
-21 117626 2w tm 9.3
-7 L 117827 | 4,02 o1 11,2
Total and averacs : 16,89 | G 11.8

-
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Teblo 5, —~lanlyien for rculfur, in t2cition to trose shown in

tedhle 1—Contimegd

22-114 , 2191 / 2,00 Gzp 7.1
~113 ’ 2192 ‘ 2,00 Czp | 8.5
~11¢ i 2153 ‘ 2.00 | ¢z 8.4
~11D , 2154 l 1.50 Uz 10,8
-113 2195 ‘ 1.43 Gz 9.3
-12 [ 2196 , 2.5 Gz 114

—_=13 ! 2197 ; 2.15 Ltz 1.2
Zotal rud rvaracq i 23,23 ', & : N - N

Analyses by I, Yoors and v, Tucer, 1957,

J

Unit syubolsy Ga, upper wit, Cassamy rezber; Gn, niddie wnit,
Gassayrny nember; G1, lower wnit, Gessawsy nemder; Gs, wmdlvidea

Gassavay namber; Gzp, phosphatice unit, wndivideg Gassaway menbar;

G, total, Gassawny namber; Iu, upper unig, Towslltown nemder; I,
Tovelltosn

over unit, JEassawvey nenmber,



Yost of the sulfur in tho £hnle in combined with iron to form
pyrué cr marcasite. Few annlyses of the types of sulfur in tis plwdla
have besn muds. A bulk sample of tho upper wnit of the Gaspavey mome
ber at ths adlt (loczlity 79) conteine 0.87 percent organic sulfur,
0.23 parcent sulfur os sulfate, snd 6.1 percent sulfur ac sulfida

(Del, 1956).

Minor constituen.tu
Soéa (¥a,0)

The everzge sodn content cf tha Gaosuway member reages from 0.27
to 0.65 percent for localities fron which samples were analyzed, beirg
lovest in Alabama, the lorthern Eighlang Rin, and Eentucky, and high-
ect in Walcden Ridge. Verticully the scdr content dgcrences frem tha
botion to tke top ©f tha memder., The foca content of the Doucllisuz
is approximately the sans or elightly more than that of the Gassaway.

The potash-soda ratio, a usaful clus to rineralogic cormosition,
is highest in the Casssway meuber at locality C64, waere 1% is 13.C.
In Walden rldgs ths range is 5.5 to 7.5, end in the Zastern and Jorthe
ern Highland Rims, 7.0 to 8.5, Zor the lower wnit o the Dowelliswn
member at locality €37 the raiio 13‘10.2; and for the undivideqd
Dovelltown mezber, 5.6 at locality C64 end B.9 at locality C24, Thne,

except for the Gassawsy menmber ot Iocality C64, the votesh-soda ratio

in the shals increases from south to norta.
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Carbon cloxidn (CCs)

As 18 to de axpectad, the carbon dioxide contant of tha Chatta.
roozs shals chovs a * poeitive correlaticn with the 1ime content, It
ie hishest—1.6 vercant-at locality CGk, engd lowezt==0.11 to 0,17 nor-
¢eate=in the Worthera Highland Rm ana Zentucky, in gpparent excep
tion to the ruls of correlation betua@n lina png £05 4 the vppar 3
feet of outcrop locelity 16, which contrirs 2.2 nercent Cad but only
0.06 vercent CO,. This trmrently reoresats losg of CJy by werthare
ing of calcite frox an olg ocutcrop,

Phosphate (P.,oj)

Phosphate, eoparently nostly in the form of finely dividaq apam
tite, 48 cisseninnteg throushout both mombers of the Chattancoss
shala in concentritfoans raging from 0.11 to G.3? parcant oxcert in
the phosphatic zone, in which the concentration is everywhera nore
than 1.0 psrcent. In addition to the localities for vhich comnlets
chenical analyses were mads, P205 wa3 also dstorminegd fron 6 other
localities—outcrops 22, 25, and 29 4n ths Jorthern Eighlang Rim, ang
outerop 91 and drill holes Ci6 and C51 in the Zastern Eighland Rip,
Analytical data on these localities are glven in table 6,



Table G.==Analra:a of Chatinzpo;r shnla for ?2C5 in eddition %o

thoso riven in tadle 1.

Sazple Litoratery trit/  Chniciizaas Fptls
no, "3, ; ' (£nr (= mpa=s)
22-114 nm L oa ‘ 2.00 5.9
-1B 2192 ¢ Gz 200 ! a2
~11C b 2193 : Gz : 2.00 4 .1
a1y o298 | os 1.50 | .3
13 2195 cz 1.43 ' .2
SO T 2 AT SR ST R
-13 T I ' 2,15 “ .z
25-11 2201 f Cz i 2,09 : 1.2
=12 ; 2202 % éz 2,09 @ o5
-13 . 203 | Ga L 2,09 ‘ .2
-1 : % 204 | Qz 2.09 : o5
-5 2205 0z 2,09 L
-21 2206 | Gz 2.17 3 .2
€51-12 n76% ;6 5.06 | .8
<13 § 117625 ‘ Qu 5.07 "
-21 i 117626 , Oz ; 2.74 .2
ULy B S > S S - S M
c2g-12- l umzL ;- 6w i 2,00 | - 1.15
-13 ; 113244 Gu | 200 .2b
b 1ens oy L 1.00 ‘ 2b




Table b, Y ynas of L5 tiannnsn 2hnlae for "20g in nddltlen to

-

tivoe civon In 4adls l—Contimind.

o112/ 81 | G | 2.00 ; 0.6
-13 i 82 ; o 2.00 | 2
14 ' 83 ' Go 1,70 .2

chgt-2 | 115040 Gn 5.18 .3

-3 ; 115050 @ , 2.27 | A
-l ‘ 115051 ] 8.95 | .2
-5 1 115052 | ) 9.63 €
-5 ' 115053 i o)} 6.63 3

Unit sy=bols: Gz, vndlvided Gascrway nambery Gup, nhosphatic zoma,
urper wmit, Gessowey marbery Gu, uppar unit, Cassoway namber; Cm,
widdla unit, Cusszowsy mezber; Cl, lover unii, Cnesawny pisdher; Da,
uﬁper unit, Dowelltown nmecber; 11, lowe; wnit, Dowelltown membar.

Analyses by R. Moore and W. 2. -'I‘uckar. U, 5. Geologlcal Survey,
1957.



Of ths localities for vhich analyset were weda, tho praspintie
tone 16 present end vas fonpled separately at localities 16, 22, 25,
€29, rnd CL9, 1t s present, but is thin and was not sompled sopernte~
1y, at localitics 91, €37, and C50. lost of the pLosphats in ths phos-
vhatic zome is in the nodules, which ers composed of hydroxylematite
| (Mary Mrose, pecrsonsl comamnication, 1957), ond the 2205 content of
sanples fron the gone wnries considernbly ecccording to tha nusber of
nodules that happen to ba in the eomple., Focules collectod frem locai-
ity 65A by the muthor contein 33.2 and 32.5 percent E5205 respectively,
and other szmples frcm the same general areu are remorted to contain
fron 20,8 to 32,5 vercent “205. A% an indication of the extent to
vhish phosnhate is c’oncantrv.tod in tha nodules, a samle of the shale
in the ‘phoSphatic zone ‘&% locality G54 from which the nodules hac baen
removed contains only 0.8 vercent PaCs. (Analyses by J. Zudinsky and
¥. P. Tucker, 1957, 1::5. nos. 151653-151700.)

Titaniun oxide ('1‘102)

The titanium oxide content.of the Chattancoza shale ranges in ir-
dividual samples froa 0,60 to 0.98 percent. The concentration 1s some-
vhat highar in the gray units thun in the dlack uaits of the shale tut
ths differances ara not great, Rééi;ir.nll:r. the concentration is highe
est at locality C64 in Jlabame, lowest at locrlity C56 in the Yorther:
HEighland Rim and loccdity 323 in Esntucky; this ¢istridution could ree
flect the greater distaﬁco fron the shore line in the northern locali-

tles.



Yost of tho '.‘102 in the Chniteroosn ohrle protadly is in the form
of rutilo or il=~uits, vhich is disseninated throush ths shule in
ninate grains. Scolcuraititative spectrographdc onnlyces of ecrples
from localitics other than those for which chenical analyses vere nods
shoy titariuz eontents within the .1-.5 or .X ra=geo, vhich is 4n line
| vith the chernical mnalyse: fcr '1‘102.

Hanganece oxide (!-'.nO)

The mangznese oxide content of tha Gessavay menber of ths Chntip~
nooga shale runges from 0,01 peréent et locality 323 to 0.06 percen.
at locnlity CS4. In VWaldmm Eidge the concentration is 0.03 to 0.0
percent, in ths Xorthora end Eastgrn Eighlead Rinms about 0.02 psreent.
The lower unit of the Dovalltown menber at locality €37 contains 0.04
percent ¥n0O; the range for the upper unit of ths Dowelltown is from
0.03 to 0.05 perceat, Semicuantitative specirographic znalyses fer
nangenese fron localities other than those for vihich chenical enalyses
vers nade havs proved somewhat difficnlt to interpret beczuse sone cf
the results indicate lower mangenese conteats than the Mn0 enalyses
shov, Re-exmnination of the plates, however, showed that in ths ques-
tionable sanples the manganese content wng nsar the top of the range,

and differances tharefors wore minimal,
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The averaje }nO content of 36 Peleozoic shales 48 civen by Colr-
schnidt (1954, p. 639) &u 0.08 percent. Little 4o known of the rrnme
nese content of black srales guch es the Chattanocoga, but, &s Gold-
sohnidt points out, in ruch podinents the proportion cf monganess to
iron 45 1liltely to L@ comsiderably lcze than ths avernge for the liikoe
sphere beczuse the nrofercntial lonching of manganese wnder recucing
conditions epparently prevalls over 1ts concentration. 7This is trua of
the Chattarooga shale, in vhich the Mn/Fe ratio in analyzed sample:
ranges from about 0.C03 %o 0.CC8, far below Goldschuidtis figurs of

0.13 for Pnleozoic shalcs,
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*roco elenents

The trzce olcacnis cortent of the Chatianoogn shnle wus detor-
nined by seziqumntitative Spectrographi% nethods on temples froao 16
loealities, vhich wre thowvn in figure ;. The contents are shovn Yy
higstorsrens in Jigwe 16, A3 ths drta used were obtained over a cone
sideresble period of time, thery aro reported to differont eensitivities.
Mnalyses of samples fron localities C16, Cz6, €36, €37, Chk, and CLI
vere reported in the X,, X, OX, etc. ronges, Those of camles from
ci42, Ch6, CiB, €50, C51, erd CO4 wers roported in 5=10 percent, 1-5
percent, 0.5-1,0 poreeat, etoc., renges; and the lest sermmles on vhich

doterninatlions ware nade were reported In figures - 0.1, 0.3, 1, 3,

etc. All of tha samples roported in this manner vere from localities

. 16, 22, €56, end 323; all of tkose localities are in the Northorn High~

1land kLiinm end in Kentucky. For vpurposes of cormarison with other
ranges, the figures represent the following ranses:

1= 0.56 to 1.7 percent

\&: - 3 - 1.7 to 5.6 pel‘cent

——

etc.
Samples of tha Gaseawsy member from all localities listed adove
wera ennlyzed, Sammles of the Iowelltown member from 6 locnlities

wers eleo nnelyzed; these are locnlities CélL, CL9, C16, G37, Cip, exd
€56,

* W\Sﬁl\%.
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EZxolusive of mengnnenc and ti tanluwm, which cro clocuscad under the
chemicrl commesition ef tlhc shale, the following 21 elccents ueie do=

tected by the cpcctrosrinhic crrlyoes:

A B Pa e Co Cr Cu
Ga Du Vo ub bots Pb Se
Bn Sr v T bl Zn Zr

A11 of these olanents ercopt As, La, Nb, S, azd Zn vere dotected
in all or nraciically sll semoles czmalyzed., 0OF ths elcments dotected
at sll locslities eight—=3, Be, Cu, Gz, Pb, 2r, 7, and Yo-ers distrib=
utad fairly ovenly through 211 uwnits and neznbars of the shale at encn
locnlity. Threg clensnis==Cd, Pb; and Ji-=heve heavier concentratiorns
in ths diackz beds of tha shsle thea in the gray deds., Thres slezentSe—
Za, S¢, and Sr——shoyw vortical patterns of distriduticn at ench leczlity
but without regerd to the uniie; ond the distridution of tvo elemanipee
Cr and V-=is bast descrided as irregular,

Distribution of the 16 elemants 1list2d "above ;.s shown by histo=-

gre=s in figurs 16, in viich tha ranzes ere given in varts ver million.

F{zura 16, Eistosrens showing distribution of scme trece elenents in

the Chattanooga shala,

On the dasls of the renges, the actusl concentretion of certaln ale-
ments Bas been sstimated, but bacause of the senimuantitative naturs of
ths data such ertimtes should be conside;-ad a3 only rouzh approxica=
tions, introduced for cooparing concentrations in ths Chattancoga with

those in other rocxs,
77



Figure 16, Histograms showing distribution of some trace elements
in the Chattanooga shale. Ranges are given in parts per million.
9 pages of histograms follow. The explanation of the symbols is

on pages 77H-77J.
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Elements distributed fzirly evenly throughout the shale
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Element: distributed fai:ly evenly throughout the chalce
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Iz tho follewing discussizn igures for tlv ceustal shundan.. of
tho ebemerts in tke ld.l»ospke‘e &o étaw Qoldgﬂhmﬂc (29%54); 3hose for
corceateaticns in bladz sbnles' fzom ook onf (117_,, ; and those fcv the
concentritinn in the Sharon Sprines reuper of the Plerre shsle (a care
bonavcous slale of Creloccaus age wiich kes Leen studied in detzil by
the Geologigal Swvecy) ara fron Teurtelet (1956).

lutonuts aloiributed fulrly evealy thwouzhout the shole

Horon.—TLe bLoron content ¢f Loth nenlers of the Chattanoosn shale.
in alabuiin, welden l4dge, wnd the Lostorn Kghlend Jim, probably is z-
bout 200 to 300 pum; oxceptions ere 4ho lover garmies fron localilise
C50 end CO%, which coatvin nora thon 50C pom.  In the Forthern Higlr
land Idn cad lontudyy, novevar, the econtent érons tn ahoug wogpm eve
cept &t locallisy C56, whore It creps st4ll lower to alout 30 ppm.  The
low corcontretion at localisy C:6, thz only loczlity west of tha late
Devonian arch thuit citcndad northezst frem the Hohammlad Platforn, i-
of intsreat in comnectlon with the theory of Lendergren (1945) that the
dboron content of come sedinnats is drectly Proporiicnal to the salin-
ity of the water in which the seiinents wers deposited. If ths arch
had the elfecit of partlally darring the Tennasspe azbayrent from thsa

main Chattancoga 82a to the north, the salirity of thewater in the am=

Yaymeat would have bean increzssd.
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Tha cruntal shundnnce cf boron 48 only cbout 10 prn, ond ths enti-
nzte for dlac!: shales is 310 prm; the Shnron Springs mezbor of the
Plerre thrla oontain: 30 to 150 ppm boron, z2dout half the coneentration
in thse Chattanoora. AR some of the carbonacecus matorial in the Chatta-
nooga hes moach Lthe scne cormosition es conl, 14 48 of interest thet ce;'-
tain coals in the lorthern CGrent Bzxsin conteln 15 to 356 ppn boron, tha
averaga beirz 116 ppm (Zudbovic and othsrs, 1961, p. 30).

Deryllium.—In Alnbema, Walden Fddge, znd the Zastern Elghlend Rin
the boryllium content of the Chattanoosa shale may Do estimated at abous
3 prm. In the Korthera Highland Rin and Kentuclky the beryllium content
decreases like that of boron, particularly at localities 22 and €56 whare
the concentration ie only 0.3 pp. For purposes of comparison, the
berylliumw content of tha Sharon Soringe necber of the Pierre shale is
ebout 1.5 ppm, ths average for bla&: shales about 3.5 ppm, which is &sl-
g0 the average for coal beds (Stacnichenko, Zubovic, and Sheffey, 1961).
In coal beds ths highest berylliun content is near the edge of the basin
of depositicn, and ths northward drop in the conteat of the Chattanocoga
shale lends some support to the hypothasis that this might be the case
with the Chattanoogmr. The facls, however, are too fev and scattered for
teneble conclusiona to de drawn.

So far as is known the berylliun in the Chattancoga shale isnot in
. beryllium minarzls, but it =may substitute for other elements in the
lattices of the alkall feldspars, tourmaline, and tho micas (Sabenma,
1950, p. 4l Goldschmidt, 1954, p. 209).

8o



Covpor.-=The copper content of both meabers of the Chattrnoopn.
shale i probadbly 1CC to 200 ppm throushout the earea covered by this re-
port. Tho two localitios for vhich lower contents (30 to 100 ppm) are
reported ere 22 in the Lorthern Highland Rinm and 323 in Xentucky., Both
of these localitles are old outcrops fron which consicdersble comwver
could have tecn rewsved by weathering; this conclusion 48 ctrengthensd
by tha approxizately aorzal compner content at drill hole C56 and local=~
ity 16, a fairly new outcrop which kzs not been sudbjected to &s ruch
weathoring as locelities 22 and 323.

The copper content of the Chattanooga skale, which as stated adbov:

is re-éizrxikazli x’mifof:n over large ereas, isin fair agreement vith{Kraus~
@opf'ii jestizmate of 100 to 50C ppm for black chales, and is considarably
higher than the concentration of 20 to 70 vpm for the Skaron Springs
rmomber of tha Pilsrre shale, Tourtelot (pérsonai commmication, 1957)
states that Paleoxoic shales commonly contain more copper thean Hesozoic
shales, On the other hand, the copper content of the Chsttancoga is
much less than that of some Zuropean shales., The Permian "copper shmle*
of central tZurope contains as much as 2.9 p'ercent copper, and in the
black Ordovician shales of lorwey and Sweden concentrations of as ruch
as 1,000 ppm are coxmon. o

Copper can be concentrated readily from sea vater under reducing
oonditions, particularly if deposition is extremely slow as was the
oase with the Chattanooga shals. It therefore is not necessary to pos-

tulate any source area containing largs amounts of copper-bsaring rocks.
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182 )lum.~="xcont in the Yortharn lidghland Fin end Xentucly, the
colliwa content of the Chnttancogzn shale 16 nrodubly sbout 75 npm. At
loced ity 16 15 the Torthera lichland Tinm 4t 18 reported as 30 ppm, end
&t tha otror northern locrlities, 10 ppn, which 15 nesr the lower linit
of dotection ¢f the element by spoetrosrrphic nethods, Az tha erusénl
abunéance of gallius 48 15 ppm, the clement is enricksd in the Chntic-
noogr:, 1t 1a'nat earichad, howaver, in the Sharon Svrings merber of
the Plerre shnle, vhich cont=ins 7 to 15 ppn gxlliun,

The ranner of occurreance of gnllium in the Ckhattonooga sbhale is not
knowvn, Its enrichnent apparently is due to the =2ffinity of the elenens
for sulfur vhich was adundant in the raducing conditions of ths Chattse
noogk set, The grllium content cecreasos to the norti in a renner sime

$lar to that of & nuzber of other 4{rece alanents in the shale.



A(/t\/

Lrod.~~The vorticxl distribution of lszd 48 £air)ly unifora at nll
loculitics except for higher conteats in the top parts of tha section o3
localities C42, 16, and 322, The concentration rarsos conelideratly,

hovevrr, from one locality to anotker within relatively short distances.

" In Valden Ridge tho central loczlity (CL49) containe lend in ths 100~

1,000 pp= rango in all but one sample, wherzas ths other two locelities
(C48 and C30) contzin only 10~50 pp=: leads 43 locality CL9 is wnusual
in several other respecta, this dii’ferenée would not be so striking wer:
it not for the fect that in ths Zastern Highland Xim localities Chy,
€37, cnd C16 coatain loud in the 100«1,CC0 ppm ranse, vhoreas the ather
localities contain only 10 to 50 ppn of the slement. Zven if it be con~
sidered that the 100-1,000 ppr range represents an actusl concentratioxr
of not much more tkan 100. ora, tha c}iffcrenco is 8t411 strikingz, Thoro
aré faint sugzgestions of a2 roglonal pattern; for excmple, the lead cone
teat in the Smithville arse (leocalities G37, C16, C26, 2nd C36) clearly

decreases from eest to west, but more data voul'd be raguired for the

~ pattern to be mapped. It can only be said, from ths data at hand, that

the lead content of tha shale varies froa about 30 to more than 100 v
{n Alabama, tha Zosterm Highland Rim, end Waldea Eidge, but drons to

about 10 ppn at localities C56 in ths Dorthern Eighland Eim and 323 in

Kéntucky. i -
The crustal abundance of lead is about 16 ppm and the element is

tln3 enriched in the Chattarocoga shale except possidly in parts of the
Forthern EBighland Rim, In the Sharoiz Springs member of the Pierrs shale

the conceatration is 15 ppm, about the same as the crustal alundancs.
83



In reduclry environmanis sach as proveailed 4in tha Crzttanoora sex
apprecisdbls arounts of lead sulfide cre precipitated with other incole
uble sulfides, and such enrichreat probably accounts for the enrichimert
of lead in the Chattancosa shule. This enrichment, hovever, 1s far lass
then that in tho copper thnle of Germany, vhere lead concentrations of
et ruch as 5,000 ppm heve beon resorted (Goléschmidt, 195%, p. 403).

S$ingle cryestnls of gnlenn, 1 t0 2 mm in dismeter, hsve bean recov-
ered fron the shnle st locality 54 in the northorn part of the Zastern
Highlsnd Pim, and from the Smithvillo area.

Yttriva,-=The estinated conceniration of yttrium in the Chattoe
nooga thale is about 60 to 70 ppm throughout the area of this report
except at localities C56 and 22 in the Zastern Highland Eim and 323 in
Kentucky, wvhers 1t is sonewhat lower. This concentration comperes with
en estinated average of 30 ppn for shales, and 15 to 30 pom in the
Sharon Springs member of the Pierre shale.

Tttriun commonly is present in many minerals in grenitic rocks,
vhich could have bean tha source of the yttrium snd many other trace
elements in the Chattonooga shale,

Y¢terdinm, «=Yttardiun is present in all samples of the Chattanooga
shale that bave been analyzed, in concentrations consistently ons range

lover than the yttriun content.



Zirconiiym.~~%he rircoaiws content of tha Chattanocozn shale 18 prop-
adbly nbout 75 ppm ot 21l localities excopt locality CO+ in Alsbarma,
vhere 1t s sozevhat highar, and locality 22 in the Iorthern Hichland
Rin, an outcrop vhere it io soncwhat lower. Unlike nmany trace elementz,
girconiun doodiot ghow & reglonnl pattern and is present in ths shale
in much the scae conceatration throuchout the srea of this roport.

The crustal sbundancse of zirconium ié abeut 220 ppm, several times
the concentreatlion in the Chattanoosa thale., The Plerre shale contains
moro zirconiun tben the Chattanoogza, tha ringe beirg 70 to 150 prm.
¥ost of the zirconium iIn the Chattanoog2 apparently is in the resistant

mineral gircon, which has been identified as fine grains in a number of

~ ~

Se : T
sample ,Jf{,rh(/ ot
Zlements concentrated aceording to units of the =hele

Cobalt,~~In the Zestern Eighland Rin tt;a cobalt content of the Gas-
gawvay nember is in thes 50-1C0 ppm end 1C00-1,000 ppm ranges, end it 1=
1likely that tho actusl content ranges from not ruch below to not ruch
above 100 pom. The concentration h Valden Liidge §3 about the sane, but
at localities CLB and C50 the upper unit containsmore cobalt than the
other nniata; at locality Ci9, however, the cobalt concentration in ths
anocalous top & feet and the L=foot phosphatic zone beneath it is less
than 1C0 prm. In Alabarma, the Northern Highland Rinm, and Kentucky the
cobalt content of ths Gassawey is somevha$ lover then in other areas.
The bottomepreferential distridution of the element at the three cutcross

==localities 16, 22, and 323~=ray represent the effect of weathering.
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The cobalt tontent of thg Dowelltown member &t most localities Y.}
0no rangs lower than that of the Cassawny, “hroughout the eatire Chnte
tanooga ohnla thy black bads coniain Lore covalt than the E£ray beds,
but the ciflerencas are not great, .

The arurinl shuniance of cobrlt is ebout L0 ppm, end the elexcat
ie tins enriched in the 673y teds of thg Chatt&nooga nd to & greater
extent in thre bincy bede, e Concentrution in ths Ckotisnooga is
greater thun that oy bleck sisles in &enerzl, vhich 4a estimated et 5
to 50 ppm, tho raZinun Ticure belng 180 PPAe  The Shaypn Springs mouber
of the Pierre shrie conteins 3 to 20 ppm cobalt, the averr;s being

about 15 pr.

an *ipherent elexent? in the Crgonic mattep itself, ang additionay

lEan[fnm;rnts £y be absorbed from the sea water or Precipitated es sulfides
Hhaka ¢,

LA}

Zickel ,m=The alstrivutica of nicikay in the Chattanooga shale ¢
xuch ths-tana a3 that of cobalt, bug the concentration is somavhat i
€r, In Latana, the Zastera Fighlang Ein, and valden £idge the Gessavay
Rewder coateins 200 to 300 Pra nickel, the content in ths Eorthern Highe
land Rin ang Zentucly teing fron X to 100 Pr@. The highest reported
content is in the ucper part of ths m;nbor in ¥alden Ridge, Vhere the
nickel content is moro than 500 ppm, , .

Zxoept for the lover wnit at localities 14 and Cil, the nickel
Gontent of the Iowelltown Deuber 1s less thap 1C0 ppa,



The crustal abundance of niclzel isz atout 100 ppr, end the elcaznt
is thus enriched in the black units of the Chattanooga shalse, but not
in the gray beds. The nickel content of black shalet in gonersl varies
videly, the estimates ronging from 20 to 300 ppe. The Sharon Springs
nenber ¢f the Pierre shala conteins fzcn 30 to 70 ppa nicitel,

Fickel 18 & cormon constituent of organle matter, ' It has a high
affinity for sulfur and wmder reducing corditions is concentrated in
organice-rich rmuds,

Folybiemum,==The concentration of molybdsnum in tha Chattanooze
shale in Alabama and in ths Zaustern Highland Fim end Walden Ridge i
Tennetgee is much the same as that of nickel; 200 to 3C0 ppm 4n the
black beds and less than 1C0 pma in the gray beds. At locelities 12,
22, and C56 in the Horthern Pighland Eim the molybdenunm content of the
Caseawsy nenber is adbout the samp or slightly lower than that in ths
Zostera Nighlend Lipm, but the Dowslltown mexber at locality CS6==the
ohly locality in that erea for which determim;tionn on th; Dowelltovz
vere mdo-—fé'é’g‘:m; zbout 10 ppm. 4t locality 323 in Xentucky, which
contains the Caseawsy maxber only, the content 1s also sdbout 10 ppnm,
ruch lower than that of the Gassaway &t any other locality,

The crustal sbundance of molybdemum is 2 to 3 prm and black shales
" eozmonly contain from 10 to 3C0 ppm; the element is thn§ enriched in the
dlack parts of ths Chattanooga. In tha Sharorn Springs member of thas

Pierte shala, hovever, it vas detected in a very low corncentration ia

only one of the 60 samples aralyzed.
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Vplyvhdenum wnlutions, when bhrought in contrct with carborncesun

#odinents under reducing condltions, can precipitate the elemeant in

Oﬂlfidﬂs’\;(“\s#}‘..ﬁ!;a’. 195G, p. 629-639). Folybdenuvm probably was concene

trated in ths Chaitencoza shale by this process,

Molytéemm 13 rcoovered B3 a by-procduct from the Permian copper
shale of furepe (Goldscksidt, 1654, p. 5€0). 4s the nolybdermun content
of tho Gassaway mecber of the Chattenoosa shale (200 to 300 prm) is
somevbat higher than that of the copper shale (100 to 200 ppm), the
elenent night bs recovered on & by-product basis should the Chattencogz
ever be nined on a lergs ecale,

Elenents showing vertical patterns of distribdution
Poriun,~=The bariwm cortent of both merbers of ths Chattanocogsa
shale in the Zastern Highlend Ein end Walcen Bddze falls within tho 100-

1,000 ppm and 1,000-10,CCC ppn rm:.;és. and prodably averages not far
from 1,000 ppa. Where vertical differsnces axist ths upver varts of the
Gasssvay rember contain less bariuva than the remainder of the section
except at locality CS1 in the northern part of the Zastern Highland Eim,
vhere the uppér unit of the Cassawsy bas the highest content. Locallty
CS4 in Almbaza and locality 16 in ths eastern part of the Fortharn High-
land Rim also contain about 1,000 pprm-barium, but at locality 16 differ-
ent samples rangs from sabout 300 to as much &s 3,000 ppm. At 16cali-
“ties 22 and C56 in ths liorthera High;and Bin, howsver, tim barium con-

tent of ths ahale 1s only about 100 ppm, &nd at locelity 323 in Kentudg,

300 ppz.



The crustsl adundrnce of berium ic cbout 4730 ppu, and the concon-
fration in blu.‘ck sbeles 48 LSO to 750 ppn vith o meximum of 2,400 ppmg
tne olvmeat i3 tlms somewhet enrichbed in the Crhattanooga s.ale. The
parius coavent of the Sharen Springs merber of the Pierre shels, 300 to
900 pyas 48 lower than that of tkha Chattanooza.

Most of the boriua in the Cim:itcnooga shale probably is in the
faldspars, the clay ninersls, and the micze, where tariuwr commonly sube
stituiee for potassitm, 1he relatively high concentration in the
ovelltown renber and the lower part of the Gassawsy member, es cormared
4o the upper Gassavay, probably rei’lects_ in part the larger provortion
of those ninerzls in the lower part of the shale,

Serndim,==All analyses of th;: Chattaznoosn ehale for scandium fell
within tho 1 to 1C0O ppm range, the actual content probably is noi much
more than 10' pra; the content of tha Gassaway menber et locality Cs6,
hovever, is only about 3 ppm, and at looality 323 tha averzge content
{robably s about 7 ppm. Distridution of the elemant gensrally is bote
fom~prefevential, btut at locality Ci9 in the ¥Walden Ridge mrea can best

be clossed a8 irregular.



The orusisl esbundance of ecandiuam is about 5 pym and no figuros on
the concentration in blaclz thales are svailebla. The contont of the
Sharon Syrin~s menber of the Plerrs shale is 10 pnn, nbout the same as
that of the Chattancos. The geochenmisiry o scandium is relatad mors
to that of nugneoiuvn end forrous iren tkan to thot of the rare earths
as formerly ués curmoaed (Goldsckalat and Peters, 1921) and at least
part of the scandima in the Chattancoca probably is presant 28 a re-
placenent of mcsiuﬁ and othar elenents,

Scandiim matal hns special properties that may make it tecimologi-
cally usoful even at 1¢s preseat high prica, altkoush no specific useas
have bean discovered. Lash and Ross (1961) siate that spull emomts of
gcendlun cre recovered with ureniun from sore ores mined in ths Colorado
Platemu. Vhsther tke elenant couid be recovered sizilerly fron the
Chattanvoga shale is not lmown, bud if uses are develonad 1% night be
poasible' to recovar it as a by=product in any future miring of the shole,

Strontivm,=-The pattern of distribution of strontium in the Chattae
nooga shale is about tho sane a8 that of scendium, mt strontium is
about 10 timas as abundent as scandium, the averngs content baings on the
order of 1C0 opum.

The orustal abundance of strontiun is about 150 nmm, about the sane
a8 the concentration in the Chattandoga shale. The geochemistry of
| strontius is gensrally zinilar to that of calcium and darium, but valid
oomparisons canrot be me=de because of lacle ;;f data, The distribution

pattern of strontiun in the Chattancoga is much 1ike that of bariun,
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Eleronts distributod irresularly in the shale

Chromium,~~To chronlwa content of the Chattanocosn shele 4 tbe
erea of this report ie in the 10-1C0 cnd 100-1,C00 npz rangez, end tho
averzge is probably not much roras nor less thon 100 prno; the onrly
apparcent excepllions are localitloes 22 rnd 323, both outcrops, in vhich
the concontration is adout 30 ppn. As e rule the concentration 4s high-
er in the gray beds than in the black beds, but there are excaptions,
such &8 locality Cl6 &n ths Snithville erea vhore ths unper gray Dowsll-
town contains crremiwm in the 2cme ronze as ths black upper Gassawny,

On the vhole, neithsy the vertical distribuiion nor the recional pat-
tern is distinct,

The crustal abundance of chrozniwn is about 200 ppn and the elemeni
thus =pnears to de dsplé‘ced, but mt greatly eo, in tha Chattanocsga
ehale, The content of the Pierre shala, 5C to 150 ppm, is about the
goxe a8 that of the Cha.tt:mooga. and both formations contain sbout the
same congentration as bleck shnles in general,;

Chromiunm distributlon 418 complex; the eleuent is *inhsrent" in
organic matter, but elso is distriduted widely throuzh minerals., TUnlike
wost trecs elements in the Chatiznocoga shale, chromiuva does not form
sulfides, and tms is not greatly A:ffected by ths reducing conditions
undsr vhich the shale was formad. _ ' ‘ |
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Versdivn,—Thn vanndiun contont of both nenmbers of ths Chnttrnoora
shale in the arca of this report is on the order of 1C0 ppm except for
localities 16, 22, znd 323, in the Northern Eighland Rin end Kentucky,
vhere ths concontration 12 ebout 300 ppm; the highest content apparent-
ly is at locelity 16, vhors two of tho upper emmples ere reported ns
containirg 1,000 ppae The venusdium content of the unper or gray unis
of the D:wellfown is low, but at two localities (C16 and Cilt in tho
Eastern Iichland Ri{nm) ths black lower unit of the Dowelltown conteins
more vanedium than the Cassaway mexnber,

The crustel sbundance of vanndiuna i8 150 ppm, and the slenant iz
thus rot enriched in ths Chattanoo;a shaie except in the northern part
of the rezion under discusslion, ';'ﬁa concentration 15 not far from that
in the Sharon Springs member of the Plerre shale, which conteins 7C te
300 ppa. vanndiua,

Yanadiva &8 characteristically mssocliated with carbonaceous shale,
but the concentration of the element in the Chattanocoga s&le reflects
to only a slizht degree the percenteges of carboraceous metter in the
differsnt units, It mey be that vanadiun 4s corcentrated by only one
of the several types of carbonaceous raterlal, and its epparently

erratic distritution reflects this licitation.
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Flcnnntn detocted ornly locnlly 4n tha shzle
Lrnthomr~=lontbionus, in n concentration of about 30 ppm, wvas de=
tected in ona samle frem near the middle of locality 163 in the middle
and lower ‘unita ol the Gucsawny member at locelity C42; and in.the locwer
wmit of the Gaszawsy recbor end the umer wit of tha Towalltown nemoer

at locnlity C40. These locditins ars shown in fipgars 17,

Pirure 17, Sktetch tnp shouing localities at which lantkhexun end niobiuve

wors datectad dn 4the Crniisvwogn shale,

The lower linit of cetection of lanthanum by semicucntitative
spectrogrephic metkhods 4s 10 ppn end it ic possidble thet the alenent is
present in other localities, those in which it is present recvresentins
-arees of slight enriciment. Although lsnthamum, vwhere detected, cnpears
to be concentrated near the ziddle of the formation verticelly, tos
1ittle dnta are &vailable for any szfe conclusions to be drnw:,

Xiobiun.~-Tha threshold of datection of niobivm vhen the ceterrins-
tions ;varo made was 10 ppn, &ad the elemont was detected, in zporoxi-
pately that concentration, at localities 22, €56, and 223 (ses fig.

17). At all of these localities ths elament is distriduted svealy

throuchout ths entirs section of the shnle.
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Tha three localitics in vhich niodium was found nre in tho north-
vestern part of the eren discusesed in thic repori, n long dictance fren
the shors of tha Chrttznoora see, This fact suszests a regional pattern
of distribution; tut the data are too cpnarse for this Lo be more thon a
guggestion. It should Te s2id, elso, thut the eamples from loc2lities
22, 056, and 323 were in the lnst gsroup onalyzed, and tho detorminations
. possibly wera rore pracisse then those rnds carlier,

S$lvar rnd gold.--Over tha period in vhich epectrozrophio analyse:
of the ghale vere rads the lover linit of detection for silver decrexs-
ed from 1 pra to 0.1 »nm, and ebout h2lf the somples showed the elenernt
Just ebove the threshold, Therefore it cen only be scid that tha Chote
tancoza shnls in the ares covered b'y this report contzins 1 pmm or less
of silver, Cold wza not datected in any of the specirosraphic analyses.

Jbout 1920 ssxples of Devonien shales from 22 counties in Kentucky
vere selected for fire assays of gold end silver contant, and the re-
sults reported by Cromss (1925a)., The assays were made on hand samples
which noy or may not be representative of the shnle in large areas, end
ths axact locatlions of the sampled localities are not givem, Also, ths
assays vere nmade on roasted semples, whbich bad lost an estimated 20 per-
cent of thalr original veight, The &verage sllver content of the 22
samples is given as 0.09 ounce per ton, the average gold content as

.0.009 ounce per ton,
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Of pore possibla value than the atsrye frunm 22 tcottared counties
aro thote froa 6 countivs~—ioyle, Cusvy, Cuxborlond, Lincoln, lMurien,
and Toylor (loculity 323 of this report 18 in liarion County and Cucber-
1znd County i3 botween localities 12 and 16). In these countiss tla
averase silver conient is 0,053 owice ver tun, the average gold content
0.009 ounce pér ton., 48 1 ounca per ton is equivaieat to 30 prm, it
follows that tho rousted shale in those areas hns mn avervge silver con-
tent of about 2 prm and & gold content of rtout 0.27 ppn, &nd that the
shale befors roasting contains about 1.5 ppm siiver and 0.2 ypa golca
These values, thotsh extremely low, &re not so low as ito prohibit pos-
eible recovery on & by-product buasis snould the shale be mi:ad for
other purposes.

Tin.—=7in, in concentrutions of 10 to JO ppm, was detected im ixe
shales from localities CL9, C16, C26, €36, T4, C56, 22, and 323 (seo

fig. 18). The Lighest concentration is in a 1.72-foot sarple 2.85 fass

Figure 18, Stetch map showing localities at which tin wvas cetectsd in

the ttanooga shele.

above the base of the Cassaway m%znber at localily C.9, whora tin ia ike
100-1,000 vpm range was reported; tha remainder of tha section contains
the clement in the 10=-100 pprm ranges Zxcept for this locality, the vere
tical distribduiilon of tin is virtually even vartically, throx%;hov.t both

members of the Chattanoogn shale, &t each locality.
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Tho throshold of detectabllity for tin by sexiquintitative spectra-
graphic methods is 1C ppm, and the .elemeat posaibly 18 nresent at locil-
itiea othnr ‘tha.n those ia which it was cotected, It arpears, however,
that tho highest ¢in ccntent is in a belt extending northwest frea
locelity C45 through ths tmithville area and into the Northern Hizhlaend
Rim and IZan;ucE;v. Tag occurrence &t locality Ci4 oy be an isolated
one, or mny ravresant a southorn contimation of the ralatively high
tin area in ths Smithville aresn,

Somg 0f tha tin in the Chattenoogn shiile may e in gelens, and
some poseidly is in detritel cassiterite, which i8 common in gronitic
vocks esuch &8s those from vhich much of the datrital meterial in th-
Chattanocogn was derive@. Cassitérite has not been ddsntifisd, howover,

in samples of the shule,



Zinc,~32inc in quintitios zhove thoe ower lizit of detectlon,
vhich wes 30 ppn whon 11 fsmplen were annlyzod, wos detectrd in epo-
rles from the upgper part ¢f the Gessavey merder froz § locslities--626
end C36 in the wertern purt cf the Sxithville, CZ1 iz thke northern pert
of the Eastern Mighlasd Rim, 16 and 22 In the lorthern Efghlerd fin, end
323 in Fentucky. In ths fzlihville erea the elenent 18 reportad in the
" 30100 ‘p;::: cad 260-1,000 pun runges; tho actunl content prodzbly is net
far from iCO puu. At‘ locality C5) 14 &3 reporied in the 50=100 ppe
rarge, &nd ot the 1ors northerly localitles tha content ronges fron
about 100 prm at locality 323 to more thon 300 pom et locelity 16, the
top 2 feat ¢f which contalns mbout 1,CC0 prm. Yo zinc wvas detected in
the Dowalltown member axcept ot loczlity C6% in Algdbenme, vhich contains
‘50 to 1060 pyn sinc. |

Zxcept for tha ilaberma locality, thes vertical end ragionel disiri-

bution of zinc rakes cle=r pettemns, as showa in fisurs 19. A gerer

Pisure 19. Sizetch rap showing localiiies at vhich zire wes catected in

the Chattencsoga shale,

oorrelation of zino contant with the phosnhntle zone of the Gassawny
member cen be distinguishad, althouzh the zone wns not detacted ia the
Saithvilla localitied analyzed dut is mown to dbe prcsant at othar neavr-
by localities.
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Shales containing orgunlc remaing, cuch sa the Gassaway mewmber,
ars convonly rich in zire, end the highest concentreations occur in
places where tho procuctlon of hwydrogen sulfide from decaying orgrnisns
is comparatively veelk (lsankema and Sahema, 1949, p. 713)e A8 the phose
phatio zons vas déppsited in botter merated wnter then the underlyins
parte of tha Casscwoy membor, this condition mipht explain the dictri-

" bution of zinc in the narder.

Germaniwie~=In the rdddle 1950's there was considerable interest in
f£inding gorceniuvn for use in transistors, a nced that drooped oftfdhen
rethods of using silicon for thut purpose wveres developed. GCarmeniwm
was not found in &ny samles of tha Chattenocozn sbale on which spectro=
grephic deternminntlons vers mede; if present, it wes below the threshold
of dotectability, 3 pr=. As the essociation of germaniwa with certain
parte of coel deds wvns wall knowa (Stadnichenko and others, 1553),
samples of thin (hslf an inch or loss) coaly stringers in the Gassaway
mexzber of the Chattanooga shale at loczlity 2033 in Tavidson County,
Tennessecd vers collected by' L. C. Corant end T, M., Keln of ths Survey
end analysed chenically for germaniun and other elements, The rasults,
reported by Breger and Schopf (1_955) show that ths coaly material,
shich in composition is practically the same 23 high volatile A bitu-
minous coal, contaimfrom 250 to 510 ppm germanium, wvhereas thé wweath-
ered shale betveen the woocdy stringers contains only 0.8 ppn garmanium,
far belov ths limit of dstsctioﬁ by seniquantitative spectrographic
aethods, ' .
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On the banis of geochanical considerations, it ceczs protable thal
the coaiy paterial orisinally wos logs or voody fragtents.flocted into
ths basin of cepoeition, and was germaniun=bsaring when it entered the
gea,

Rore earthg.~—6lover (1059, p. 153) roports ea wmusual escexblace
;:f rare earths in a gredb sannle of kiphly veathered conl’“ mteriul‘[.fmn
the Mau‘xv-rort Payro content at his locality 85=2 in Dnde County,
Oeorzia. The coal prc;babl:r represgnts buriel of one or two isolntel
logs and hence would be of no commercial importance, but the occurranc:
48 of considcrable eclentific interest and is hare mentioned even thou=:
1¢ iz not 4in tha Chattanoogn shale itself. The coal burns to 10 ner=-
cent ash that contains all tha rere carths exscept promethiwa, In tha
'1 to 5 percent range as datemine& spectrographicrlly ere ytiriuz:,
mangenese, gadoliniwm, eand neocynium, and the esh also contains 0,16

percent uraniun by chemical annlysis (Breger and Deul, 1955, p. 186).



Chservetinone on tho chemienl cormozition of the chrle

Cbzorvations on the commosition ¢f tho Chattunocora shals rust bda
evaluated in tha 1i;ht of the conditions umder which the dzta wers obe
tained, ond tha resultact geaps in tho infornmution., As stated 4n the
Introducticn, the Genlgglieal Survey's Investigations were prineridy geo-
logio field studies, end routine anzlyses for radicactivity zand uraniun.
Additional etudies rmide later, wostly cfter 1955, did not cc;nstituta &
comprehengive ntudy of the geochemistry, minsralogy, and petrosraphy of
the shals, but were directed vtowa.:'d cbtaininz enswers to epecific quese
tions, Investizatiozes by The Penrsylvenia Siste University, which kavs
been dravn uron in the nreparation of this rsport, were linisted to the
chexintry, ninernlogy, and vetrogroohy of the Cassawey merber of the
shale from coras mxppliec_;’\ by the Bureau of Mines end the Geolcsicnl Sur-
vey, and included mo f£lsld work.

The mifornity of the Chattznooga shale in sprearsnce end gameral
characteristics over larse aress, vhich has be,én cormented umena by rrec-
tically evéry studant of ths formation, 15 sudbstantiated by ths dzta
obtained during the Survsy's investigationa, There ars, hovever, rezon
el differences, and differences betwssn the mambors end wnits of the
shale, that have imporiant boarinss on the econonic potentizl of the

formation, . -
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Twvo of tha localities for which chemical nnalyses vere radeo—064
in 3lomnt County, Aladacza, and 323 1n Merion Cownty, Kentucky--ara long
dintencas from tha area of intensive inventipations in Tennesnses, havwing
baen solected to obtain an 1dez of rezionnl changos north and south of
the Tennesses area. [Lpcality CH4 has narticular 4rmortance baenwmo
throushout Towolltowm tine nnd ecrly Gessawny time the Alebarma embove-
ront in which~it cecurs was sepnrnted from the Tennessea cmbafnant, and
even after the {uwo ermbayrments coalesced cepesitional) conditiens in tha
two nrecs were sonevhnt different. On the other hand, the ahele at
locality 323, vhich is :ifaw Albany »athar than Chaltancoga shale, does
not differ materlslly from that in the ?eﬁnesses areas excent fcr

chonges relatsd to 1ts groater éistance from ths skare line of tha

Chattanocoza sea,
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The chnles of the Gasgaway nenmbdor end of the beds of questicnsble
Tovelltown eqe in Alobann arn cameb-g;minm; than the Chattznnogn
ahrle of Teansesses, and ths formntlion contains rmch discemirated qurtz
sand, scottercd chert beds, and latroform~tional conglomerates .thcse
corditions are rarg nronsunced enzt ond northeaast of locality Col thnn
at the locality itself (Glover, 1959, pe 135%=1i9). ke quorts content
of the shale of the Cassrway rozdsr ot locallty C64k (33.1 parcent) is
higher than thot of ery other locality from vhich sarmles wore smelyzed,
and decrosses with falr rosularity rorthuard, being about 22 percsnt at
locality C56 in the ilorthern Eighlond lidm of Temnesses; no data era
evalilsble north of thnt locelity. Yo data on ths quartz content of tha
shalo 4n Yzlden Tidze bns bean obtainad, dut Clover (1559, n. 1%6)
gtates that tho thale in thnd area is sandisr than thnt to the west:
t;Onparison of the silica content of tha shale from ¥alden Ridge with
that from Alabara, however, suggestis that quartz 1s not as plentiful
thers as in Alatana, As the Valdon Eidge and Aebama localities probe-

. ebly were sbout tha same dlstance from the late Dsvonian shoreline,
the higher querts content in Alabana could reflect difforerces in source
arsas sbout which too littls 1s known for conciusions to de drawn.

The only locality vhich doesa not fit into n regionsl patteran mn ths
dasis of the chemical exalyses 18 locality CL9 in valden Nidge. | Thers
the upper 4 feat is distinctly ammiom in several respects, and
throughout the entire section tha distribution of some elements is

woususl .
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A% a1l locolities cnd for 2ll wilts of the shale &ilica, alumina,
potessia, magnecla, limn, 1ron, &nd loss on i;mitlon commrise about ¢
perceat of thsa rocis, ‘The vrircinal variables are silien and alvming
on the one handg, iron and igmition loss on 4he othar, 4o rost of te
$ron is in nyriis or rarcasite, the iron content and thet of sulfur on
carbonacoous naterial ere closaly related. Theze constituenss cordbined
comprise adout 23 percant of the Cassawvey merber from locelity C64, 24
to 30 percent in Weldon Elédze, @ad 27 to 35 vercent 4a the Forthern and
Zagstern Hisghlond Firs sad in Kentuclyy, The rangs of these senmo constit-
vents in ths woer wit of the Dovellieown membor and the wndivided
Towelltown i8 14 to 17 percent, and for the ons locality (C37) frenm
which sarplaes of the lower Dowslltown ware annlyzed, the ccntenﬁ is 22

percent,
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The high contentt of iren snd organic mattaor in the Chatteroosa
ehzle reflects the strongly rcducing concditicns of the Chrttruoomrmn sea.
The fact thet the combined content 45 £bout kalf as tuch in the egrry
becs of tho wprer unlt of the Dowelltown rrober 3 in the tleck beds of
the Castavay member tupports surengly the ttotement of Glever (1959),
vhich har been marhoned previoutly, that the channe from dlrck to gray
beds in the Chavtanongz shale reflects rrimarily cn increnss 4n detrital
reterial introcuced into the sea, vither thon o chengze frem rodueing to
o:idizing con’dtiom. liad oxldizing condliicns nrevniled for the long
period of time over vhich the gray bods were demositod, 4t is hard to
believe that enoush of the yyrite and curbonaceous matter would have
besn preserved to m=ke up stout cne-seventh of ths totzl shala., Anothe
er evidence is the relatively large size of ths guartz greins in the
niddle wit of tkho Goseawny mesber (27 microns as aszainst 18 microns
in the ltlwer and upper units) at two localities in the Smithvills area;
‘ no nmeasurenents of the Dowsllitown mecber were mnde, but the differances

Yetween tha black and grsy wnits of ths Gassawey are instructive.
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Lilze that of the mmjor copptiiments, tha dstritution of trace
elenenta in the Chattanonga shals is remakably wniforn whon the large
aren covered by the invastigatisns ir cnnaidared; thia is norticulerl;
trus in the Westewn Highlang Rim and Wrldsn Ridge, vhich are southsost
of tho late Mewoniza avch extending northeast from tha ¥ohenwnld Plat-
form, Pecrus: of the Semiqusmtitativa nrture of tho data irderpreta~
tions miot to made cantiouvsly; but grnerally speaking, for most cle-
ments and rt moet locnlitliea tha co;:centr;.tion falls within ¢in adjacert
orédors of nacritudo, lending to the concluvion that the sctus) content
over the rarsien i% nnt much abova ror b2low the dividing lina botwean
the ranges in vhich 4t is remortad,

Rerionnlly, the concentrations of corper ~nd circoniwm arae fnirl:-
unifoim vertically at sach locality wnd over the resion as a wkole,
timugh there is scme depleticn of covrer &t the two olad outerep local-
ities, 22 and 323, OFf the other elemcnts thst ehow liitle change ver-

tically at each locality, boron, duryllium, and gelliws have a fairly

‘miforn regional disiritution except that the contont is somewhat lower

in ths Northern Highland Rin and Kentudksy than elsavherey to & less ex-
tent this is true of yttriua and ytterbiun, The concentration of lead
ranges corgiderably betwesn nearby loculities, but no pattern caa be

discerned rrom the scatiered data at band,
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The concantrations of cobalt, nickel, and molybderua show positive
corrolatians vith the conteat of orgario mprttor. Beriun, scsndtun, and
etrontiuvz ave disiributed top-preforentizlly 4p the shals, tho lowest
content weually deing In the wwoer unit of the Mowelliown membor, Cf
Clements that were not dgtected at a1l ocslitiasz, too 15ttle data on
nictius, lanthamum, axd silver are gvailrble for cozelusions to be drawm
©in and zinc vere detected orly ir samples Srom 3ke Yorthern Fishlard
Eim snd Zenbucky, cnd these eleacnte thns show a reglensl pattorn of
elstribubion opzesite thit of most of ths trico elemente, which appesr
to increase frou rorth to south.

The only localities for which ths contant of troce elcnerts does
rot fit reccomably well into regliernal or verticsl priterns are locnlie
ties CL9 nnd 22, Tho conditions at 2ecolity C9 hew been discussed
previonsly. At loeality 22, an old ouf:croj:. ve:tharing wnouestionndly
has hod some effect on the prezent concentration of certain elemants;
in addition, the loculity is neur the crast of the late Devonien arch,
end the shale in thnt area partokes of some canracteristics of the rocs

in both the Zastern end Korthern Highlend Eims,



Petrolory end nineralery

The petrograpkic data and in part the minsraloglie data in this
poction are gurinrized from Conant and Swenson (1961, p. 42-L8), who
point out that tho rost obvious charzcteristio of tha bdlack bads of ths
Chatinnnora chale 18 tho cxtrenely fines prain size of most of the cone
ctitusnts and the High degres of sorting vwhich results in very fine
laminne. Moat of the ninerzle obsarved range downvard from silt-cize
perticles to tha linmit of visibility vith a 1light microscope. Amonz the
minerals visibla microscopically ere quartz, feldspar.{rostly orthoclose
sccording to 3ater end Strahi,1958), pyrite, mica in flakss loczlly
large enouch to be gsen with the neked eye, microsconic masszes of phos=
phete, and calceite vhich commonly occurs as scattered single crystels.
In general, ths blrchk beds of ¢ha shile are extrenaly fina-srained ar-
glllacesus euarts silistones, rich in organic matter ana pyrite. The
black shale of the lower wmnit of the Iowalliown member s less well
sorted than the Gassaway.

The gray beds of ths Dowelltown member and to & less extant those
of ths middle mnit of the Gassaway menmber are finer-grained and coztain
nore clsy, &nd lass orzanic matter, than the dlack deds,  Thin-section
study shows that clasy, or some equally fins-grained matarial, consti-
tutes adout 65 porcent of the rock, Recognizabdle querts, pyriie. and
organic mattsr ares next in inportan;e. These clay-rich bads .shov less
parallelism than ths black beds and the lomination is poor; thay are

Proparly raferred to as olaystones,
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Only one corpletd mineralogicel anulysis of the Chattzzoolrn chale
hag been made ty tha Survey, this beling by dewl (1957) vith the objec~
tive of dcterainings tha raolationshin betwedn orgmnic meterisl and uro-
nium content, %h2 sapple ennlyzed wis frem tho upper 1.36 feet of tho
upper unit of the Gassaway member vt loculity 69, Jusi southwest of the
Smithville area in the Eustora Highlend Ries,  Tie wranium corseat of the
sexple w}%s 91 prm, somzwhat highcr thun ths aversgs content of thr
upper wit of the Gassavay. 5She content of orgunic uaiter vas 17,5 per-
cent (13,7 perceat carbon, 1.2 percent hydrosen, 0.5 perceat sulfur,

0.4 parcent nitrogen, tnd 1.7 percent oysen)s Tho constdiucats of the

mineral matter whth rake vp 82.5 percent of tha snsle cre givan bdelew:
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e Contrndl, worceag

Pyrite 2nd nercasito 12.0
"lycéronica® (111ise?) 30.8
Felispor 549 ’
Faolin mineralg » 2.1
Cyprua ' 3
Celcita 2
Blotite ‘ 1.0
Quartz 23.3

Cthar mirerz1s, irncluding hemngits,

lincnite, and sulfates. . 6.5

Total - 8

The swantion of 82,1 is increzsed to 62,5 when the elemeass no:
analyzed for, tut knovn to Ye vresent from tenicnentitotive

spectrographic areslyses, are included.
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Tho Pormoylvanin Stats Undverslity anslyzed cores of the (;a.ssa.my
mexber fron 13 drill holes for pyrite, carbon, and pidicates, Four cf
the coros were from the Lerthern Higitond Rin, 6 fron tho ¥abern High-
lend Rm 1 from Valdm Ridge, end 2 from Alobern, 7The sxpla walis
vara small—1 %0 2 inchase—cnd no effert wan mdo to suhdivide tho Gas-
sawsy into units. Ia zano cores the amtirs section wse not amalyzed,
tins making 2 cartain amcint of extPspolatlion n=cessaryy thic, roweorer,
is not coneldercd serisus, slthsugh the avarages, glven in table 7
shorld b2 considared gonernl rather then pracise,

28 tzhle 7 slovs, th? prritz &nd caabon contanis pre lowesiee§ sxd
8 percent respectively-—and the silicates highest——75 parcente—ct the
Alsbenn locvlitias. The pyrite content is Lighest——about 12 rercent—
in the Worthera Iizhliend Brx: 1% 43 8 to 9 porcent In the Enstorn High
lend Tin end Vaidan Fidge., Ir 211 orece exceet Alzoern the cerdon cou-
tent is sbout 12 percent, the silicete content €5 to & perceri,

Strahl (1958) ennlysed eores from § locelifics for quartz, xeo=

1inite, 2nd $11ite; kie fizures ers swrmrized in t=dle C.
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Tedlo 7.~Mineral content of thae Garervny ncubey of ths

- .
. Lft.":f:(., bh

shalo, Sunmwelzed from Pates rnd othiers (1956) £nd Strurd (155%)

Loeality ( ;og:;:): ) (?giz];g?) ?;g;?‘rz)s

i Perihemn Righlrnd Rin

Cs4 16.1 11.5 61.7

€59 10,8 12,3 65.0

066 9.1 12,4 70.2

42 12,7 11,5 64 4
Eastern fighlond Rim

Ch 9.0 11.9 65.6

1l 9.1 12.3 65.9

Cih . 8.3 11.1 70.9

€19 9.0 11.8 70.C

Cclhy G.2 1.5 71.9

chs 6.6 122 7.9

wi-m Tiéza
Ol&;l 8.k 12.0 65,3
MAlabana
54 5.8 7.6 76.4
C66 6.6 8.4 VR
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Tabls 8,--Martz, kaolinite, and 1111te content of the Cranavay wzmver

of the Chnttanoora thale, musmurizad from Strahl (1958).

Ttz Irolinite Il1lite
Locality (= vnnaz) (rarcant) (naye-qd)

e

rrthars Tirsninnd Tin

C59 21.7 3.3 25.3
Gen 21,9 3,1 29.0

Tastawvn Rihisnd Tinm

11 28,1 2.9 ' 22,0

cah 26.0 2,9 22
Al=harn

col 331 3.3 18.9




Ths 3120 02 th» quertz greins in the thule froa different locudi-
ties 18 resorted by Strall (1958). AL the Alabana loezlity, 084, the
range in tho. Cassawny menbar is 26 to 43 nlcronp. the everzpe 31
microns, In the Smi<hville araa the cvomg§ {(from localities Cl1 end
Cl4) 48 19 =rd 17 rnicrons rospectively, tut for the riddle grey u=it
the gizes ere 26 ricrons rnd 28 rdcroas respoctively. In the undiwide?d
Carsawey ue;nbor in tre ibrthern Highland Fim tho averaze size is 16
nicrons and there is little difference from top to bottonm of the oszder.
Thus the prain =i=s of the quartz, like the cunrtz content, decrensas
from 2outh to north,

Uranium contert of ihe shale
Gmerai fentures

Uranium exnzlyses of scmples of the Chattancoza shele &rs givea ir
tadble 9, which inrncludas data fré:: all localit;cs for which z=elyses
within a precision of _£ 5 ppm vere mads, s well as a fev localities
for which the analyses are precise within _{ 10 pps; the.s"; :ei-; included
to complete the regionnl plcture for certain areas, =néd to'.inclu.da =211
locelities for which oll=yleld data have been obteirned, In =232dition to
the chenical arnmlyses for nran."mm, deterninations of total rzdicactiv~
ity, excressed in terms of eqniva.lant uraninvn (eU) are &lso given for

nost of the saxzples,
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Both mocbors end &1l wilts of the Chattancogs ghale are snriched
in urenium to some desree. The crustal abundeonce of the clemant s 2
to 3 ppn, wud tke earichmant 4n the Chnttancoga ranges from ebout four-
fold in ths wpper unit of the Doweclltown nemdbor to as nmuch as forty-
fold locally in thy upper wnit of the Casseway rember. Over larsge
arses ths Gsssawey member contains sbout 60 prm uranium, and over a
8:&&11& arsc. the lower wnit of the Iowslltown member contalne 25 to 33
ppm. The ureaium contoent of the vpper wmit of the Dowelliown member

is ruch lower, atout 10 ppm.
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The uraniva in ths Chuttuuncra shale 3 in & metallo-orgaric com-
plex (Denl, 1957) nnd no uranium minerals have beca icdentificd 4n the
rock in Tennessce. In Defald County, Alsbama, however, at locality
72 of Glover (1959), Swinzle end Ecoréeman of the Geological Survey of
Tenneseces Yo'mi id-ntifiable urenium minerzls (B, A. Lourence, pereonsl

"eommunication, 1562). There is nmereral sgreement that the uranium wes
concentreted synsensticnlly with the formeticn of the shale (Conant ard
Svanson, 1961, p. 7C=77), cnd thet the total radiocactivity of the rock:
{8 in secular cquilibriu vith fts uranium content (Bregoer, 1955), thne
few cpparent excepticns to tha letier rule being traceable to weather-
ing, Zxamples of sccondary enrichment thet have been noted may be ea-
plained also by wezthering processes. Cre locality that shows both
redionctive disequilidbrium end secondary enrichmant is locality 70=2
in Alabara, at which, as mentioned adove, uranium minerals were fomd.
In this faulted mnd weathered section a 6=foot interval near the middle
of = thiclg,(about 70 faet, which possibly includes some duplication of
beds) 'l?&i@&h; the uraniun content of the thale ranges froam 65 to S0
pra, compared to sbout LO ppa for the remainder of the section, The
equivalent uranium for the sare interval measured 0.009 to 0.016 per-
ceat, vhereas the measuremsnts for most localities containing compar-

able amcunts of uranium ars on the order of 0.008 to 0.012 percent,



At nenrly all outcrop localities and drlll holes the diatributica
of urzniun in ench wmit of the Chattancorn shale follows a fairly rog-
uler pattern; In the uppor unit of tha Cassaway member the concentrom
tion ig higrest nbout the niddle, or elic,htiy above ths micddle, of tha
wit, In ths oiddle wnit the contant veries sccording to the nusher
end thickness of ;rar beds preseat; end in the lowar unit tho distri-
bution iz tottom=preferenticl but not maricedly so. At thres localities
along the Enstern Highland Ein, bowaver, the distriduticn is sufficient-
.1y eanomalous to justify discussion. These localitlas nre outcrors 99,
103, and 16, vhich are in a lina about 18 miles long elonz the etrike
of the fornation (see fig. ;). Locnlity 99 is in the bed of an inter-
mittent etranm alonzside a gmval- road: localities 103 and 1CH are
road cuts, A% leoczlity 99 a 1.5-foot sample, 2.95 to 4.35 fa2d dbolcow
the top of on 8-foot msection of ths lower mit of tha Sassawzy mezbor,
contains 130 ppa a8 azainst an average for the entire wni% of 65 pro;
this hizh content of ons samnle 1s not an analytical erro~r, but the
possibility of contamination cannot bs ruled out. At locality 103 the
niddle 4 feet of a 7.1 foot sactlion cortains 63 ppm uraniun as agninst
an average for the wnit of 55 pfm; and ot lomlity 106 ths middle 1.31
feet of a 4, L2-foot section of the unit contains 72 ppn as against 55
ppm for the antire unit, Locality 104, which is between localitiass 103
and 106, does not show comparable enrichzent in the lowsr u:ﬁ: c? the
Cassavay. Tha reason for tha enrichment at localities 95, 103, and -
106 is not known. The fact that the localities are in the area in

* Missi ng. . 116



vhich the beptonite bed nsar tha top of tho Dovelltown penver fn ab—
sent snggeste that when the eren sudziccd ofier the late Dowelliowvn Uy
1ift nore than normal exounts of curbonaceous material mey hove been
broucht into tha fem, providing conditions fovorable for enrichnent in
ureniwg; this is evidenced by the churocteristics of the highly urenife-
erous intervel ry locality 99, vhich 1s smuch rore nussive thzn the

more normal lover Cesravey, Tods, however, is only & sugseation.
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AL locallticeas 99 and 106 the upper unit of the Cuaszavay menbar it
cocparﬁtivoly thin—%.12 and 2.8 feet rospoctively-—and the top snn~
ples ars very high in uranivm—1CO ppm zad 92 ppon respectively. At
locslity 103, where tho uiper Cassawvay is 3.94 feat thick, the uraniua
content of tho wnit $5 79 ppm rnd the vertical distribution is almost
| upiform. 7Ths hirh urzniun content of the top beds et localitlics 69 angd
106 mry be related to tha fact that in this area the topzost beds of
the Gassnwey mpparensly huve been rowmoved by erosion (Corznt and Svane
eon, p. 36), and there could bavé been ®mome enrichment of the remain-
ing beds, At locality 97 the upner Cassawvay is even nore rassive thax
ths tnit 2t most loczlities. A nundber of large semnles taken froa the
upper part of the unit confirm ths high i:rani*:n content shown by the
routine enalyses given in table 10.

?he uraniua content of ths shale shows a 2004 positive correle~
tion with ths content of orgaric 1solate, end 10 a8 less extent with
that of pyrite. Xo causal relstlonship detween £ ths uranium exd
pyrite contents bhas bsen proved, however, though it may exist, It 4o
1ikely that the concantrations of tks minsral and the element reflact
~n::ctmng more than the reducing condltiors in the Chattansoza sea that
vere favorable to the concentrstion of both, The studies made to cate
& not show that the uraniun is intinately associated with the pyrite,

Mt nore data are noedsd defore definite conclusions can bde drawm,
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Az @ rule, those parts of tka Chattansors shale that contaln an
much as 50 prn uranlvm nlso contnin 20 percent or nore of orcanic
materiel es r;aasured either by loss 19:3 icniticn or Yy the persent o?
organic isnlate (sce tables 1 and g:). Baslcally, the organic matter
cerprises two wmin types, woody or hurie matter, end mapropelic rateri-
al composed of spores, cuticles, and reloted materinls, Of the earmles
that heve beén annlyzeod, the higheat uraniua content has been found in
thin (& quarter to half on inch) beds of woocy material from the upper
pary of the undivided CGassawey member ot locality 2038 ian Ievidson
County, in vhich gernmaniua was also found (see p. 2 ), Six sammles of
this material coatuined from 140 to 250 ppm uranium, as reported by
Breger end Schonf (1955, p. 290) é::d Swanson (1561, p, 35). TFor thi:

‘ eight,

locality tha uraniua content ofmoot szaples of the shale, includ-
inz the beds of wocdy material, ranges ffozx 52 to €1 pra and everaces
56 vpn. Although cosly materisl such a8 that analyzed from locality
203B 18 fairly stundaxte-cores of ths shale s'hov an averege of 3 %0 5
such bands (3reger and Schopf, 14%5), o arzlyses of the matarial ex~
cept that from locallty 2033 have bean made., At any locality, however,
it comprises only & very small part of ths total shale,

—~

TToble 9 it_‘a\—“s on P‘ag 304,
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It hrs booa guggested (Seanson, 1240, 1961) thrt uraniua is eon-
centrated primarily ia the kumic fraction of the orgonic wnttar 4n the
Chettancoga shale, Crly indiract evidence of the pronortions of humic
and sepropellc matter in the rock are availeodle, &nd at presont it is
not poesiblo to provz or dicvrove that hypothezis, I!owever, both hunic
and temrorelio otusonede ave pcidic and are 2dle to fix weonivn as
the vranyl ion (Strdnikoff, 19290), rnd in the area coverad by this re-
vort tha uraniuwm content of the shale sh‘owa a good correlation with
the total amount of orgonic matter; this 1s shown by the dingranm (Fig.

20) on wvhich tha uraniun content of the rhele, in parts ver million, 1is

Figare 20, Diagrnm showing relation of uranium in the Chattnnooz:

shale to marcent of orsuanic isolate,

plotted ogninst the nercent of orsanlc isolate, Ths vrovlas is dis-

cussed further in ths ssciicn on the o0il yield of tha shals,
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Tho conceatration of vreoniun In th: Chatterwog. vhale bas teen
interpretsad nn ths rosvlt of fixdion By curbonaceous rnterial ever o
tremsndously long period of the ursnlua nornally present in sea wvater,
or o the prezernca of rn winrurlly uraniferous arce, wnich &n t}\ais
ca8e wobld be tho granitic Lincmass that bounded the Chutiencose sen
on the gvutheast and south., Conant ornd Swizmcon (101, ». 75) and
Swonson (19861, 1. BY) cenelcer thot no particulzariy ureniferous soure:s
vas necascnyy., Thuy rctiribute the lover wraniwa content of the shale
in Kentuely and othar stetes norih of Tannesgee, which are forther
fron tha shore:line than the Pcnnesses arecs, to the fact thot the
formntion is thicker in those arecs thon 4n Deonnessse, becaunse larcer
enom’s of clostic mntorial were Antroduced into the sea., This clastic
materizl scted 28 & diduent ond thus raducad the content o2 urazium in
the prasent chals, eveéx thou-h tlfia reducing conditions of the Tenncsees

area prevailed slso in the mors northsra psrts ol tha soa.



Arpgunants for n uraniferovs source ares to the routhenst of the
Ternesseo aren nrea u?forded by annlyses of tha black beds of thre
Towelltovn menber sg:d thoee of the G2srawsy member, The hishest urao-
nium content of the Jovelltown merbor at eny Tennecsee locality ie 43
oom et locallity €50, <ha northerrrost locolity in the Velden Ricdse rnd
the only oae in that arca at which the lower or black Dowelltown is
present; this locslity was fairly close to the shorelins, The lowar
Towelltovn in tre Zastern Eighland Rim containe, generally, 25 to 35
von uranium; but the undlvided lowelltown of the Forthern Fighland
Rim, which is & blsck shale, contain3 only mbout 10 pon, As during
early Dowelltown timo the western part of the hortherm Highlend Xin was
partly separsted srom the more ecstern areas by ths late Dewonirn arch
that bas been referrea to previously; the low uranium content of tne
shale could represent not caly disiance from the saoraline, dut &
cuttin;g off of tna uranium swmvly by the arch. On ths other hand, the
black shale of the questionnble Iowelltown at locality Cois 1n Algbana
contaians 19 pra uwrzaiun, end the other Alabsna locclities, rearby drill
hoies C65 and C66, coatuia 2% end 106 opm respectively. 4As tha direct
correlation beiwean organic muteriul and ursaniua is well estabdlished,
1t 38 of iutarest tast the loweursaiua Dowalliown at locality CS6 ia
ths Forthara dighland zim coalains 10.2 percant organic isolate, where-
as gaat at locallt.y‘ Cok ia dlsbama contains only 8.+ perceat. Atlocal-
ity C37 near tae eustern adge of the Saithville area in tha Zastera

Eighland iim, the ursniun content of ths lowver Dowelltown is 34 ppn,

tis percent of organtic isolate, 17.3 percoezt. the organic isolate of
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the unit ot locality C5O which, @s ulated previously, com;.alna 43 ppm
uraniuz, hes not baen determined, It will bo noted thnt at the Alrbicn
localitica the uraniun contont, vhile low as cocpared to that of the
shale in Tennessce, 13 comparatively hiph when corpared to ths ons de~
termination of ths orgezic irolate. The evidence from the bLﬁck beda
of the Iowelltown mewber ccems to show that the presence of a uronif-
erous source area kad an irmortant bearirz oa the concentration and

distritution of uraniun 4n tkose beds,



Althovgh curing Cnssawey timo the szdbaynonts of Dowclltown tiwe
hnd coalesced ~ad the barriers to movenent of uraniun were almost or
entirsly eliniruted, ths ovidence is that the uraniferous source erca
st$11 hsd sovas influnnce, In Walden Ridsa the actual urnniunm content
of the Gassaway membsy is token conservatively to bds edout 70 poa, al-
though thc conclticn of the drill-hole cores reokes eccurate estimates
difficnlt. In tho Rantera Eighiand Fim tha conteat of tho mem’bar;is
about €0 pom, in the richsr parts of the Northern Eighlend Eim zbout
55 ppm.  The organic isolate content of three localities in VWaldex
Ridge averzges 22.6 percent, of tvo locelities in the Zastern Highlanc
Rin 23.2 porcent, end the content &t locality C56 in the Iorthern Highe
land Rin is 26.3 perceat. Tor cormarieon, the Gaseaway member at
locality C64 in A’Labaxz-; contains oaly 16.7 nerceat orcanie isolata, but
kas 44 pom uranium; and tha north;srnmst' lccality, 323 in Kentuoky,
contains from 36 to 39 prm uranium, and 15.3 to 21.6 percent organic
hola'to. ’

The ursniun concentrations uy areas may be questioned because ths
differences are hardly more than the praecicion of the analyses, This
odjection is hardly valid, boweve™, bacause orrors ia the analysses ar
compensatory rathar thoan cumulative, Iladividual anslyses may bs cues-

tioned, dut the average of & large mmber nway be considered reliable.



From the ovlidence presented above 1t oceuns tafo to say thut thse
conparatively high uranium content of the Chattancosm shale in Tennss-
260 is cue £t lcast in part to the presence of a uranifercus eource
area to thc southeast; Altbough the irmmortance of fixation of quenti=-
ties of tro element normelly present ia sea wuter over & long poriod of
tine is not questionad, tha distribution of uranium in the Chattonooga
gca peens to require a urzniferous source mrea also. Had no such sgurce
boen prssent, the uranium conteat of the shnle would have been kighost
in the FNorthern Highlerd Rim where tho Chettancogn ssa began to sprezd
over the Tenncsses enmbayment, ard would have been least in valden HKidza,
vhich was near the farthest extent of ths seia. Tho opposite is the

o288 (Zreger and irown, 1962).
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Yacuure of their posczible beurisg on 2 Lydrctharmal source of some
of the uranivm iz the Chrstiowmons phale, mention shocuwld be zade of
veins or frasture fillingn contzining barite, fvorite, gslorz, end
ephelerits, in ths Créovieclun rocks of the Nashville Zasin which ot ona
tims vors ovsrlein by theo shale. Cnly oa2 cuch fexture in the Chottse
roogs 4o lmown; 1% pemotirnted aboul 3.5 Lot into tko lower part of the
shele (V. T. Swancon, parsoxzl comrmmicsticn, 1962). A study of the
veins or frrcturs 71113in3z3 was made by Jewsll (1547), vho considorss
then t™e vains cutting through the sedipsnts from the Pracamdrian
Yoasement which, =4 tke one locality in Teanesses (in norihern Gilss
County) whese it hes been penetrated, is chout 5,70C fest dalow the
surface, Jewell points out that althousgh hs consicders the fozture:
true veins, tho mineral aasexdlogos ars comzon to Both veins and frze-
. ture fillincs. In eny evaat, 'the features are 5o small and scctterad
that it is irpossibtle to believe that thay ¥ad axy material influence

on the concentration of uraniunm in the Chattancoga shale,



{fect of weathering on urnriun content of outcrop scmples

fho robility of uraniuvm in woter has long been recornized. An ex~
emple of thils nobility as effecting the Chattanooga shzle 18 analyses
of two water sammles teken from the edlt (locality 79), vhich was driv-
en into the vpper wnit of the Goseswey member early in 1949. The last
round shot down, fron 95 to 100 fost, was left on the floor of the
adit; the shale vas well droken, tka largest piecses baing adout the
size of & mon's head.  The floor ves prectically level, so that eome
veter ran out during wet sesasors, but the water accurmlated in peols
during dry sezsons, On Iovenber 11, 1951-=zbout 22 months zfter thc
adit vas completad==water sammles wars taken from a pool at tha en~
trance, end from ona at tha face, Tha entrancs sample contzinad 71
parts per billion ureniuw, tha face scrmple, 650 parts ver billion
(enniyses by R, Meyrowitz, U. S. Geological Survey, Feport no. TiC-
1902). Although evaporation was wndoubtedly a fastor in theligh ura-
niun content of the watsr, it is not sufficlent to explain ths grest
enrichmant of the samnle tsken from nesr the fece whers the broken
shale had been left,



The 'ﬁ;ater scrmplos focused attention on a prodlen encountercd curing
the enrly £icld woris, before axy drillins had been done; thst of cvrl~
ueting the urf::iun content of outcron saimles, which showed & wider
ranse than had baen anticlpated. The arilling programs later showed
that ovar coasiderable areas corss from holes which penstrated ths
Chattanoosa shole balow tha watsr table vere remarizebly uniform in
uraniun content, thls fact rroviding a basis for rouzh estimates of the
effects of veathering on the content of outcrop szcmles,

Tha CGnssawny nember of the Chattancogn shale i1s the only memesar or
wnit for vhich sufficient data ars evailable for commarisons to bs
moda, The shole of this member is touch and difficult to sample, erd
fev sorvles from outcrops in tae ;&stem Elghland iilm and Yalden Ridge
coatein rock from mors than 3 or 4 inches behind the originzl surfaca.
In ths Northara Highland Iin Jackbamnors wore used in samplins, and
therafors the sammles ere of rock somewhat farther behind the originnl
surfece. In all arzas, howsver, the samles' ere from & ione in vhich

vaathering might be expected to hava some effect.



Durirs ficle vors noves wrro reds of the aprerant degree of
veathardins of the srrle gsmpled, tha noot detriled deserintinrs bein-~
thozo of Svrnecn (rd kis covorkers who vorized mortly tut not entirely
in the Yorthern Fighlrnd Rin, Swonson (perzonel comruniention, 1957)
descrited ot "vnweathered? nnt orly the dlock-y shales of fa.irl:} new rond
cute, Bt ®lso evposvrec at vhich ths shele shewed &iutinct but not
prominent surfrce corrugations. The descrirtions ransed throvgh
"elirhily weathored® and "mocderctely wocthared® to fwecthered,® the
¢ictinctivo chorectsristic of Fuesntherec" exposures being the prosance
of paper=-thin leminee vhich cowld be cdetached ezsily from the surfrce.
In sampling practice these lominze, vhich cdo not extend rmore then on
inch or =0 into the rock, were discarded snd the hnrder rock behind
sezpled, FEwposurTas Gescridbad £s "bedly veithered® are those in vhich
the origincl structurs of the ro&: kns diseppeared, leuving either &
pass of smnll flolied or a seft, arcrphous nass o0f dbrovnish mterinl,

Pev of these badly weathered,ur.Asures vers sarmled,

A vory penorcl idea of ths effect of wvesthering on the wranium con-
tent of outcrop samnles as opposed to drill cores can be gained from
the average contents by reglons; the usefulness of these averagss, howe
ever, is lessened by the fact that no distinction is mcde between the
different typas of outcrop exposures. The differences in aJ.l' ragione
except Walden Rldge are less than*the precision of ths enalyses, 5 ppm;
Tut becauss of the large nmumber of samnles, and the fact that analytica?
eTTOTrs are compensatory rather than cwmilative, the avernses are perhavs

civen in t:bls 1Q,

Bora relinble than analys2s from single localities. <"ha avercges are.
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Tuble Y .=—lvorsse uranivi cantent of the Caseawry member of i

Chattenoonpsz ehale fron outcron and drill-hole scmmles, Yy rosions.

|__Outcrops Deill foles .
Regl_@z.l 5%. N .‘l‘-'!c U, ke B NOL /E.v.a uo ppn
: T
| '
YWostern pary, Nerthern JUighlond Rin 2 ! 53.5 5 58,0
Eaztorn part, Northarn iiigalsnd Rim | 3 : L7.3 6 : k9.3
f t :
Torthern pars, Eastern liizhlend Pdn 126 | 18,4 {2 | 52,5
: ,
| !
Smithville crea, Zastern Highlend Fdm' 8 ‘ 58.2 {bs ; 59,9
Southern part, Zostern Hichlond Mm 110 | 58.7 | 6 @  62.5
— .
Valden Ridze |51 558 |4 €.2
E .
Total erd aversgs Lo 53.8 68 8.6
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Evaluntion of the figurea for the eastern purt of ths Northern
Highland Fin end thoe northorn part of the Esstern Righlond Rim omust
tolce into coﬁidemtion Zaclies chrnges in thoe shele irn theze aresca.
Morae rsliatle conclusions can be drawn in ths vestern vart of the
Yorthern Mighland Rim, tk2 southara rart of the Esstern Hishlend Rin,
and particularly ks Smithville erca and an arca imeadiately surrownd-
ing i1t, uwhich covers en arca of ebcut 250 squore miles in which the
rost intensivo inveatigrntions were carricd on. Ths Walden Fidge mrcez,
becauses of the broken condlition of the rock in zoms drill ceres and at
all outerops, n»rezents particular prodlems.

In the Smitbville area the urznium content of the Gessavey member
at 45 drill holes rances from 54 tb 66 prn, ths lowest content being in
3 coras vhich contain tﬁs relatively low-urzanium nhosnhatic zons., Tre
outcrop localitias in the scms &rea for which uruniwm anzlyses within ¢
precision of 5 ppn have been cads includs 1 bIuf? exposure (locality )
vhich is somewhat shaltered by &a overhanging 'ledgo of Fort Pzyna chert
and vhich conteins 53 vrn uranium; 2 deep highwsy cuts which wers new
vhen saupled (localities 68 arnd 70) and which contain 61 and €6 ppa ura-
nium respectively; 6 clder road cuts (localities 67, 91, 92, 97, 100,
and 101), which hnve uranium contents ranging from 51 to 64 pma; 3 larze
vaterfalls {localities 73, 74, and £9), in which the w@im conteant is
35, 45, and 48 ppm respectively; and 3 stream-bded exovnsures (loc=lities
83, 6, 2ad 99) =t which the wraniuxm coztsats are 59, 63, and 73 ppm
respectively. Locality 99, which h;:x the anomalously hign uranivm cone

tant of 73 ‘ppm. kas bean discussed in ths preceding ssction.
1



The uraniuvm contents givon cbove indicate thut new, deop highway
cuis bnvo avrrmximetely ths same content as ihat of tha shale at depth,
but thnt olcor, =hallow rond cuts loczlly, but not in zll casas, huve
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