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CHAPTER I

IXTRODUCTION

The Ocoee~Cunllnowee Problem

Time and stratigraphic relationsnips of the Ocoee and Chilhowee
groups have long been a »roblem in soutnern Appalrcnian geology. These
rooks, now metamorpnosed to varying degrees, outcrop over wide aress in
the mountain region. Unfortunately, no one person nzs been able to
study their problems in enougn detail to unravel them and. 28 a result,
many conflicting statements are in the liter-ture.

Formations of the Ocoee and Cnilnowse groups are largely composed
of fine to coarse cls=stic sediments. In general, rocks of tne coee
group lie to the southexnst; those of the Cnilnowee group to the northwest,
Tne stratigrapnic relationsnips of the two groups are diffienlt to deter-
mine. Standard metacds of correlation are not applic=ble to this problem
due to lack of fossll evidence, varying degree of metamarpunism, ~nd com-
plex structure. In areas tnus far mapped the groups are in fault relation-
ship only, never in normsl strs-tigrannic secuenece. Lithologic units in
tne QOcoese group ususlly cesnnot be traced far laterzlly becruse of strue-
tural and metamormnic complexities. Units of the Chilhowee group, on
the otner bsnd, are only slightly altered by metamorrnic processes and
are more amenrble to norma) stratigraphic methods.

Barly workers assisned these groups to various geologic periocds
renging from pre~Cambrian to Silurian. More recently geolongists are

generzlly sgreed tnrt tne groups are of pre-Cambrian and Lower Cambrisn age.
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This study ie an sttempt to apply heavy mineral teehniques to some
phases of the Ocoee-Crnilhowee problem. Results may prove useful in
supplementing field mapping in complex areass, in correlsting units from
one fault block to snother, and in assisting in interpreting geologie

nistory of the area.

Cholce of Area

Formations of the Chilhowee group sre in genersl well defined
lithologic units; they are few in number; they ususlly occupy eress of
only moder=te structural complexity; sznd they exnibdit only low rank
metamorpnism. Their compzrative simplicity mekes study of that group by
detailed field and petrograrhic metnods a logical approach to this clsssie
problem. In order to obtain relisble data the ares chosen for deteiled
study should be structurslly simple, should include all formations of the
Chilnowee group in normal sequence; snould present ample outerops for
saxpling; and should include if possible tyype loceclities of Chilhowee for-

mations.

Location of Ares

Tne area selected for study conforms to the sbove provisions. All
formations of tne Cnilnowee group are present in normel secuence; outcrops
are abundant; and beds hrve nat Leen greatly altered by metamorphiem.

One type locelity, Mount Nebo, is included in the -~rea. Type localities
of other Chilnewee form-tions are nesrby.

Tne cnosen sres is approximetely six miles long and two miles wide.
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It represents a portion of Chilnowee Mountain in Blount County, eastern
Tennessee. Tne village of Wallend, Tennessee, 18 nesr tine center of the

area 28 shown in figure 1.

Previous ¥Work

James Safford, second state geologist of Tennessee, deseribed and
named tne Ccoee and Chilhowee groups Iin his now clamseic "Geology of
Tennessee.

Artnur Keitn, of the United Stztes Geological Survey, in 1895 and
later years sub-divided the groups into formations and mayped them over
extensive sreas. KXeith's work was emcellent; his maps are still the only
ones avsilable for many soutnern Appslachisn are=s., However, the com-
plexity of formational names wnich he coined for different quadrangles
accounts for a good deal of the present confusion in stratigraphic term-
nology of tnese units,

Crickmay (1926) studied tne Ocoee group in northern Georgin. Xis
conclusions differ merkedly from those of Keith znd others.

King and others (1944) were the first to mep these groups in detail.
Thelir work was in northesstern Tennessee.

Rodgere (1948) nas mepped in detail a small ares of Ccoee and

Chilnowee rocks in Washington County, Tennessce.

Present ¥Worlk

The writer's interest in this problem was stimulated while employed

by the Tennessee Division of Geology during portions of 1946 and 1947 on
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a Joint aresl mepping project of the Division and the United States

Geological Survey in the Great Smoky Mountains srea. The field experience

in this Joint mapping program brought first hand familisrity with the

1li thologic units and the many problems of the area ass well ss the privilegs

of woriking with men long asqualnted witn soutnern Appalschian geclogy.
Field studles in the Walland ares were cerried on during the fall

of 1948 2nd tne winter and spring of 1949. Petregrapnic studies of

rocks from the area were made during the s=me period.



CHAPTYR IX

GEQLOGIC SETTING

Pnysiography

The area studied in this report is along the border of the Plue
Ridge and Valley and Ridge physiograpnic provinces.

The Blue Ridge Province 1s s mountainous srea extending from tne
state of Georgla northeastward into Pennsylvania. In eastern Tennessee
and western North Carolina it attains a maximum width of seventy miles
(Fennemen,1938) and at rlaces along the Tennessee-North Carclina border,
rises to elevations above 6000 feet. Rocks of the Ocoee group underlle
tnese sumpit arezs and mch of the lower foothills country.

Chilhowee formntions ocour mainly as outliers wnich parallel the
general northesst trend of the mountain chain. An exsellent example of
such an outlier is Chilhowee Mountain, extending for many miles along the
wvestern border of the Blue Ridge Province. 1In the area of this report it
rises approximately 1000 feet above adjacent lowlands. As shown by
photograpnas on the following pages, the mountain is relatively narrow and
even crested.

Southeast of Chilnowee Mountain 2 synclinal limestone valley, known
as Miller Cove, separates rocks of the Chilnowee group from tnose of the
Qcoee group. Tne cove is elongate in snape and is surrounded by mountains
and low hills. Although encircled by older rocks tne cove is not o fenster

like Tuckaleechee Cove and Cades Cove to the south.
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Figure 2-Generalized section of geologic formations near Walland,

Tennessee.




Figure 3. View Looking Southeast Toward Chilhowee Mountain

Figure 4. View of Chilhowes Mountain With Miller Cove in
Foreground



Figure 5. View of Little River Gap Looking Southeas?

. : & il S E SR o z
Figure 6. View of Chilhowee Mountain From Miller Cove
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To the northwest of Chnilhowee Mountain lies the Valley and Ridze
Frovince. Northesst-southwest structural trends produce alternate ridges
and valleys which revesl tne nature of orogenic movements that have so
profoundly affected streta in tne Blue Ridge Province. Familliarity with
the geologic features of this region is essentisl to workers in the Blue
Ridge Province becsuse of intimote structural relastionships. The often

used tern ¥Appalszchian type structure! is exemplified in this prorvince.

Regional Geology

Ocoee rocks form extensive outcrops in the mountainsus belt.

These strats consist largely of zlternating fine and coarse clastic
materials which were eatimsted by Keith (1895) to bve ~bout ié.OOO feet
thick. Keith (1895) subdivided the Ocoee group into seven formstions,
eacn variable in lithology and thickmess. This group has =& complex
geologic history whicn is at present imperfectly understood. At lezst
two orogenic movements thsve greatly altered these rocks.

Cnilnowee form=tions underlie relatively smsll areas. Tnis group,
some 6000 feet thick, wes divided by Keitn (1805) into six formntions of
alternante shales and sandstones which are somewnat similar lithologically
to Ocoee units. However, Cnilhowee form~tions form more consistant
lithologic units than those of the Ocoee group. Unlike the unfossiliferocus
Ocoee group, the Chilhowee group contains foszils in its uppermost forme-
tions.

In contrast with the Ocoee and Cnilnowee groups, younger Paleczoic

rocks in tne Valley and Ridge Province consist largely of well-defined, .
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Figure 7. View of Miller Cove From East Side of Little River
Gap. Blue Ridge Footnills in Background

Figure 8. Cochran Conglomersté Expoeed in Road Cut Along Highway
73 on Bast Side of Little River Gap



unmetamorphnosed, fossilifercus formations. These strata are usually
less complex stratigra hicnlly snd structurally thsn the older rocks.

Strata in the Blue Hidze Province, and to some extent younger beds
in the Valley and Ridge Province, are often in couplex structurzl attitndes.
Outetanding among the tectcnic fentures are the great overtnrust fsults
wnich usuzlly originzte in the Blue Ridge Province and disrlnce str-t-
northwestward for many miles.

Tywsiczl of tnese faults 13 the Great Smoky overtnrst along whiecn
Ocoee and Chilhowee rocks hove overriddsn younger Pzleczoic formations.
Evidencs in gevsral fenster arezs indiceotes this thrust sneet has moved
a minimun distance nortawestward of #lx miles. Chilhowee Mountain is a
part of this thrust block and the areas ma;ped in this report extends to
tne trzmce of the overtarnst slong the nortawest side of Chilhowee Mountain.
This thrust block 18 complicated by secondary faulting. Along the south-
eastern border of Miller Cove,Ocoee formations h-ve heen faulted agsinsgt /
Cnilhowee and younger rocks.

Tolds of diverse trends sre sssocisted with the faults. Miller
Cove syncline soutneast of Chilhowee Mountain trends northeast. Tae
structure is coxylicated by reverse faults. Shady dolomite (see figure 2)
and a portion of the overlying Rome formation occupy the pit of the cove

stracture.



CHAPTER III

Genernl St-tement

Formrtions of the Ocoee group are largely of sedimentsry origin
but thin flows of brsic volesnic rocks sare common in the lower part§~’Theyy‘
group rests unconformably on & bzsement of pre~Carbrian ignecus and meta-
morpnic rocks. Original clastic materials of the Ocoee groupg hove largely
been altered by metamorrhic processes. As these beds are traced southesst-
werd they beccme progressively more metamorpnosed until msny of the
original fentures zre obscured. In generzl, the litnology of the Ucoee
group is sucn that detziled stratigraphic studles are difficult.

Unlike formetions of the ®coce group, Chilnowee units have not been
intensely metamorpnosed and original constituents of these rocks are
diseernitle. Sehistosity and otrer metamorpnic fertures prevslent in Ccoee
rocks are generslly absent in thie group. Varistione in lithologic facles,
comnon in tae Ocoee group, are less spperent in tae Cnilhowes group,
thefeby sluplifying stretigrepnic studles. A genersliged columnsr seetion
of Cnilhowee formmtions 1s given in figure 2.

Fossils hrve never seen reported from the (Ocoee group; znd, other
trnzn the wora tube Scolitnus, zre rare 1n Cuilhowes form-tions. ¥Walsott

{18972) rezorts Hyolithnes Americeuus, Isoxys enilaowesnn, and Jlensllus

tnospsoni from the Murray suale. Xeitn (1895) also repcrted finding fossil

frogments from the Murray snale. Butts (1926) reports Olenellus snd

brachiopods from the top of the Hesse sandstone. Resser (1978) has reported

%
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foassile from the Hesse horizon in other aress.
Various autnors nave placed the pre-Cambrian—Cambrian boundary
at different horlzons in tne Ocoee snd Chilnowee groups. The subdb-
committee on Cambrian Str-tigrapny (1944) defined tne bsse of the Cambrian
28 the b~se of the Hesse sandstone. The writer follows the United States
Geologierl Survey correl~tion charts (Wilmartn 1929) in designating tne

entire Chilnowee grour s8 Cembriar in =ge.

Chilnowee Group

Tne Sandsuck Snale

Tne neme Sandsuck shale was spplied by Keitn (1895) to outcrops
along Sandsuck branch of Yazlden Creek in Sevier County, Tennessee. The
basal relationsnip of tnis snale witn older rocks is not known. The
Sandguck snerle is not present in its entirety in the VWalland ares. A
wedge of tnis formation along tne nortnwest side of the mountain is pro=-
gressively foulted out to the soutnezst as snown on plate I. Xstiunted
tniclmess of tne shsle present is mbout 1200 feet.

This formation in the ¥Wsllsnd srea is mainly drab-colored srgillerceocus
and sandy shsle witn lenses of oslcareous conglomernte. Quartz and
feldspar pebbles in the conglomerate rz=nge in size from one~quarter incn
to over one incn in diameter. Individuel conglomerste lenges rarely exceed
one nundred feet in tniciness.

Thne Sendsuck shele ususlly occuries sress of low relief; outcrops
occur only along stream valleys. Conglomerate lenses in the formation

outerop more frezuently, usually forming low nills in tne shsle belt.



The Cocnran Conglomercte

Overlying the Sandsuck shsle are sbout 700 feet of typicelly
conglomeratic beds to vhicn Keith applied the name Cochran conglomernte
from exposures along Cochran Creei, Sevler County, Tennessee. Febbles
of quartz and feldspar up to two inches in dismeter =re common in tnis
formation. Altnougn blue in color wnere fresh, decomposed feldsp:r gralns
give the rock & charscteristic yellow-green color on tne westhercd surfsce.
4 tnin zone of red srenscecus snale can someti.es be tranced in the wupper
nalf of the formation. Above this zone tne conglomernie heds give way
gradueslly to beds of fine to coarse-grained sandstone.

Tne Cochran conglomerate forms maesive cliffs zlong the northwest

flsnk of Cnilnowee ¥ountain.

Tne Nicnoles Sasle

Tne Nienols shole wes named by Keitn (1895) from outerops along
Nicnols brzncn of “Welden Creek, Sevier County, Tennessee. In the sres
of tnis report the sncle is nbout four hundred feet thick. The formstion
is predominantly ssndy snale with thin beds of siltstone =znd fine grained
szndstone. It is dark blue-gray wnen fresn, but werthers to & brownish-
yellow color. Iron oxides often import a purplish tinge $0 weztnered
cuterops.

This snale slters easily znd does nct form numerous outcrors.
Topograpnically, its position cszn be determined by gentle slopes and

low divides vetween sandstone ledges.

Tne Hebo Ssndstone

Tne type locality of tnis unit is Mount Hebo in the mapped =rea.



Figure 9. Talus Slope of Nebo Sandstone From
Ledge in Background, ¥ast Side of Little River

Gap
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Figure 10. Nichols Snale Exposed in Road Cut
along Bighway 73 on East Side of Little River Gap

17
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This formetion wes nemed by Keith (1895).

The Nebo sandstone consists almost entirely of fine to corrse-
grained sandstone beds. Nezr the urper and lower limits of this formation
tnin siltstone beds occur. Frean exposures of the smndstsne zre light
brownish=blue to white.

Outcrops of Nebo srndstone are nuzerous, usurlly forming small
ledges and cliffs. Rectoneular blocks from weathersd ledses of this
formation commonly form large tzlus slopes.

This form-tion contains tne worm tube Bcolithus in its upper pert.
e Scollthus tubes are usuelly congpleuous; they =zverage ~bout ons-
guarter incn in diameter and severasl inches 4n length. Invariably the

tubes are orient-ted perpendienlnr, or merrly so, tn hedding ;lanes.

The Murray Shele

The Marray snzle, n=med by Keith (1895) for its occurrence along
Murrey brench of Welden Oreek, Sevier County, Tennessee, ovorlicss thne
l'ebo sandstone. Its thickness in this 2ren is estizated to be about five
ﬁundred feet. This foraztion is very similar to the Nichsls shele; they
ere differenticsted only on the basls of strestipgrarnic position.

Keith {1895) reported lingulellre and trilobite fossils in this
formztion from the crest of the mountain south of Montvele Springs,

Tennessee, and from the e=st slde of the Tittle River Gap.

The Hesse Sandstone

Above the Murrsy snale are the prominent wnite ssndstone beds of
tne Hesse form=tion so named by Keith (1895) for outerops along Hesse

Creek, Blount County, Tennessee. This formation is composed of fine to
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coarse~grained ssandstone wnican, wnen weatnered, is very frisble. Hear
tne buse of the sandstone is a thin zone of iron-~cemented, cozrse-grained
sand wnich weatners into conspicuous red and purple mssses.

Tne uppermost part of tne Kesse formation has been designazted tne
Helenmode member. King and otners (1944) named tnis member from exposures
at the Helemmode pyrite mine in Carter County, Tennesses. In tne Walland
area tals member is mainly greenisn siltstone with scattered lensss of
yellowisn sandstone. At tne top of the member is a dolomitie, coarse-
grained ssndstone whicn on weatnering leaves a residium of coarse susrtz
grains aptly termed "fish-egs" sand.

Scolitnus tubes occur in tne Hesse formetion from ebout ten feet
below the brse of the Helenmode member almost to the bass of the formmtion.

Tne thickness of this formetion is sbout 1000 feet; the Helenmode

member is approximately two nundred feet thick.

Snady Dolomite

Since this formstion overlies the Cnilnowee group, it wns mapped
at the Hesse-Snady contrct. One exception to thnis is thne smmll ares of
Shady dolomite residlum south of Murrey Gep. Tne position of tne Hesse-)
Snady contact 1s essily locsted by the possence of residunl Jssperoid
from the weatnered dolomite. The formation has been well described by

¥ing and otners (1944) and Rodgers (1948).



CHAPIF®R IV
STRUCTIURE OF THE CGHILAOWEE BROUP

Cnilhowee rocks in this ares hnave overridden younger Paleczoic
strata along the Great Smoky overtarust. The youngesr beds are exposed
along the northwest base of Chilnowee Mountain. It is estimated that
the pl=ne of tnis overthrust fault dips 20° to the southeast.

Cnilnowee formetions near We=lland generally dip soutnesstwsrd l
30° to 50°, thus forming dip sloves on the southemst side of tne mountain.
This genserszl dip 1e apperent soutnwest of Little River. To the nortneast
of tnis point the soutnenst dip is broken by a faulted syncline as sihown
on plate I.

Some warping and fracturing of the Cnilhowee formations undoubtedly
occurred simultaneously witn the overthrusting. Such evidence is present
in the gorge of the Little River at Walland where & northwest te-r fault !
offeets tne Great Smoky overtnrust. However, the prresent attituvde of
these beds is probsdbly due largely to post-overtnrust movements.

Hign angle reverse feults are common in this fault block. Three of
tnese faults occur near ¥Walland. On Mount Nebo a sm=ll reverse fault
cuts out the Murray shale, bringing the Hesse ssnistone asminst the lebo
formetion. Hortneast of Walland, the fault which strices towsrd Cnestnut
Flats (see plate 1) breaks an incipient anticline. DIismlscement along
tnis fault is only & few hundred feet. South of tnis fault is another
consplcuous bresk wnich displaces Cocnrzn conglomerate and Sandsuck shale

against tne Hesse sandstone. The plane of this fault can be seen in



several stream velleys. Tne mezsured dip of the foult plsne averagses
76° to the southezst.

In addition to the reverse frults in this bBlock, numwerous normsl
faults of small displacement hove been noted. Tne largest of these hes
been plotted on the zrezl geologle map, plate I. Tnis frult sirikss
450 nortawest and dips 870 southwest.

Intricz=te folding and frzcturing of tne rocis along the fault
zones is common. Much of this centortion Is toc localized to be
accurately plotted. Deformrticn of the messive Cochiran conglomer-te
beds mlong the Grest Smoky overtnrust is especizlly conspicucus. Frecuently,
slices of otner form-tions n~re encountered along the frult zones, such
=8 the wedge of Nebo sandstone along the high angle tarust soutn of

Murray Gap.



CHAPTFR V

TIROGRA

Petrograpnic Yechnijues

Collecting Ssmples

During end following fleld mapping, szmples were gsystemetic-lly
collected from escn Cnilnowee form=tion. Collecting was nandicapped
in the shale formetions due to lrciz of outeron.

Composite samnles were obtained by toiting chinps from ezcn bed
in » given stratigrapnic interval. For the less well-exposed shsale
formztions semples representing specific stratigrapnic distnnces could
not be collected. Tne exact stratigrapnic position of tne snale samples
is necessrrily =n estime~te.

Sample numbers plotted on plste I represent a series of closely
spaced ssrmples taken along one cross section line, rather tnea individusl
s=mples. This is necessitated by close sprmcing of samples in certain
arens. Heference to table I indicotes the number of samples collscted

from escn form=tion and tne str-tigrapnic interval eacn represents.

Crushing ~nd Sep-retion

Tnirty-tnree composite s~mples, =8 shown in tshle I, were
collected.

Eaca gemple weg crusned to mimas 40 mesh size and screened on a
200 mesn sieve to eliminnte very fine materials developed in tne crusaing

process. The minus 40 mesh-plus 200 mesi fraction was split to give a
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sanple of about ten grems. Tne ten grom samrle w-s immersed in a 1t4
solution of hydroenloric =2cid fcr one-nelf hour. Immersion in scid
removes iron stains wnich tend to mask the minerel grsins. After the
zcid bath samples were wnched twice with Jdistilled water nnd drisd.

For tne separation procedure z battery of six funnels, each
equipped with a short length of rubber hose and el-mp to permit drawing
of f of 1liquid and minernls, wes used. Bromoform having a srecific
gravity of sbout Z.85 wns poured inte the funnels. A4 ten grom szmnle
was 8luwly poured into tne neavy li-uid and left for one-hnlf hour.
During this time semple and 1li-uid were stirred slowly ot fresuent intervals.

Minerals naving a specific gravity of »lus 2.85 sink in the nervy
li:uid, while minerals of srpecific gr-vity minus 2.85, sucn ss nurrtz and
feldsprr, remein suspended. COccaslonal stirring permits hesvy greins
trzpped among the more abunient light grains to sink.

After separrtion wes completed, the neavy fraoction weas drzwn off
on one filter paper; tne lignt fraction on snotner, Samples and paper
were wezghed free of bromoform witn metnyl slconol, dried, and stored in
small glass vials.

Pure dbromoform was recovered from washings by mixing witn water,
snsking, and allowing to stznd for seversl minutes sfter methods described
by Ross (1926). In this procedure the water mixes with the alcohol;
the bromoform settles to the bottom. Most of the w-ter is decanted off.
The remeinder is poured into = separatory funnel, the dromoform is drzwn

off, filtered, snd reused.

Identific-tion of Minersls

Identification of the minerzls was mede witn the petrograpnic



mieroseope. After preliminary identific-tion and determinastiosn of
distinctive fentures, minerasls could usu-1lly be recognized with a
binscular microscope. Durinz the course of the study, uncertain identi-
fientions with the binoculzr microscope were checked with the petrographic

microscope.

Estim&ting,Relative Abundence of Minersls

For estim=tion of tne relrtive zdundence of specific miner-lsg
n the nesvy froction the writer adopted the sczle described by ¥ilner
(1947) and shown below. Tais is prob-bly the most widely used scale of
relative avundance employed by petrograprners. Tne term flood is used
wnen tne henvy froction ls sssentislly one minersl; vary rare wvhexn only
one or two grains of a given minersl =re present. Intermedi:te terms
designzte the estimsted cuantity of e given minerzl present between these

two extrenmes.

Term Symbol
Flood E)
Very abund-nt A
Abtunisnt &
Very common n
Common o
Serree 8

[

i}

Yery r=re
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The Minersl Assemdblzge

Heavy Minerals

Barite occurs in = limited number of samples. Under the microscope
the mineral is colorless. It is easily recognized as it is the only
miners) in the suite with prominent clesvage. The minerzl may be readily
identified under the petrograpnie ulcroscope by refrsctive index and
optic sigzn. 3Barite in these semples is authigenic. Tnis minerel is
relatively abundznt in the nenvy froction, dut esnnot be relied upon
because of its authigenic origin.

Hematite appesrs in some ssmnles ns irregulsrly-sheped, dull red
or black plety grains. It is distinguished from other opsque minernls
by color and by its frecuent slterstinn to limonite. Hemmtite in these
s=rnples is sutnigenie and unrelisbhle.

Ilmenite is present in two forms in the srmnrles exemined; cometimes
in tune shape of regzed, irremular pletes, sometinmes In well-rounded grains.
Tre mineral ie ensrescterized By its bleck ecclor and mets1llie luster.
Hagmetite closecly recenblse ilmenite microscopic-lly, dhut the twwo can be
distinguished readlily with o horsesnse mognet. Ilmenite in these szmples
is undoubtedly detritnl.

Leucoxene is ezmmen 23 sn ~lter~ticn nroduet of 1lmenite. 1In
reflected lignt it zypenrs cg wnlte ghreds In ilmenite pl-tes, or
frequently =& rounded, yallow-wnits Penowh-1ls" wnich sometimes have cores
of ilmenite., Leucoxene 1s recosnized by its white or yellowish-white
color under tne binoculsr microscope. In treonsmitted light it is opague.

Leucexens in these a=mples is proh-bly both detrital #nd authieenic
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in origin.

Tyrite is of frecuent occurrence in sediment-ry rocks, but was
noted in only » few of the srcmrles studled. It §s e~gily recognized by
its brrssy color 2nd metrllic luster.  Sphernlitic pyrite resembling
microscoric geodes, ig shundsnt in some sommles. It is undoudtedly
anthigeric in origin.

Tournoline of various colors ia frecuently nresent in rocizs of

(o]

the Chiln-wee zroun. It cen te iderntified with the petrograpnic
nicroscope on the boasis of refrrctive indices, nleochroism, and optic
sign. Under the binocule-r micrascore it apperrs ss coluirlsss, pinitisn,
or light orrnge~colored grains. Lsck of clesvsme, eleonesstisn, and color
usunlly distinguish it from sicil-r miner-ls. Most of the tourmrline
present is detrital.

Zircon 1s tne most adbundent mnd distinctive nesvy minersl seen in
the Cnilhowee group. Three types of zirecon, normsl 2irecon, ny-cinth, =2nd
mzlacon, have been recognized 2nd used in sedimentsry petrosrapny studles.
Halecon is distinguished from normel zireon by refrsective index snd other
ortical properties; hyscinth is distinguisned from tne otners by its
purplisn color. Tne tnree types of zirecon =zre prob-bly present in trnese

amples, but only normzl zirccn a2nd nyscinth zircon =re differentizted
nere. Malscon, if present, is cl:ssed with normrl zircosn.

Zireon i8 & very resistsnt minerzl, It ususlly shows some of the
originzl erystzl frces sfter much abresion and we=r. Und:zr the binocular
microscope it can usu-lly be recormized by its distinctive erystal form.
Broken fragments mey be recognized under tne petrograpnic microscope by

tneir nigh index of refraction and parzsllel extinction. In these samples



TABLE 1

LOCATION OF SAMPLES

Formntion Semrnle manber Stretirsrephic intervel  Semrle locelity
as given on represénted by erch mamber on
trble IT sample Plrte 1
Helenmode 24 Remdon s-rmrle 1
rmember of 25 " " =
Hesse scndstone 2 " i 3
2? i # ﬂ‘
14 60-8" feet 2hove brse
Fegse scndstone 1o 2080 feet above bose 5}
12 brgel 20 feot
15 AO0=900 feet zhove bese
16 ?20=800 feet sbove hrse
17 5%0=-700 feet shove hase
1 S0~600 feet 2hove hose
19 450-5) feet mhove hrose 6
an ION=ADT Feet rbove Lrse
21 200=30 fest pbove t-ge
22 100=-207 feet above hioze
27 0=100 feet 2bove Hi=ge
73 200=300 feet above brse
arrsy snole 2 125~175 feet zbove hrse 7
71 0=100 foet shove hnse

9 100=1"0 feet rbove Trge
8 5N=100 feet shove hege g
7

Nebo srndstone 0-50 feet cheove bree

11 70 feet sbove brse to tor
10 60 feet nbhove Lree o
Random srmnle
" " 10

ficnols ganz2le

P IV IR
D0 0

[} "

6 ANN-500 feet shove hrse
Cocaran 5 200=300 feet abrve base 11
conglomersate 4 100-2) feet above hese

2 shout 800 feet 2bhove b-se
Sandsuck shale 1l asbout 500 feet above base 12



TARLL 12X

CHARACT RISTICS UF HMAVY MINVEAL ASSYUELAGE

T‘E
~~ +
o b
g 5
. : 2 &
@ @ = il = =
LX) <+ @ it
@ ot ot 1 [ 3 5 = =
ey +* = o L:g ¢4 [2} O
¥Formation Semple T 8 g 8 K g £ § Distinctive features
nurber 2 ] o 3 & £ B! 2 of heavy mineral assemblage
Helenmode 24 - a . Glanconite in the lisnt fraction is chsrseteristic
member of 25 s r c c of tois member. Detritzl grains are sud-rounded
Hesse 286 G s ¢ a ¢ and abundent
sondstons - 27 A kY g iy
12 ¥ s ] c
13 c r o A o
14 ¢ c ¢ c
15 ¢ R e c e e : ,
Yogse 15 6 o a o An abundaned of ilmenite snd leucoxene, and sphericity
szndstone 17 e r c 5 R of detrital izroins distinguish this formetion from
18 ¢ r o ¢ e the liebo uﬂdstone.
12 c c ¢ c !
20 ¢ r c ¢ c
21 C r c 3 e
22 ¢ s c !
22 c G c ¢ c
Murrsy A e o a Wummd ‘m;les are difficult to determine.
shzle 32 c A c --Decomposed Wwicas and iron oxides sre sbundant.
33X c A e a ' ;
7 ¢ 8 % o Ghamhﬁﬂd by euthigenie barite. Distingreished
8 5 3 c A o he Rggse sandstone by scsrcity of ilmenite
Nebo o N o o c 3 G jpiillce. Detrital grains are much less rounded
sondstone 10 e 5 e ¢ e #% 8o toe Hesse sandstone.
1 3 c i~ G ¢
Y¥ichols 28 a e e e ginilar to Murray snale.
scendstone 29 c ¢ R c e
30 c c c c
3 a & r c 8 ]
Cachran 4 ¥ r 8 Distingnishld froum Sandsuck eonglomersie lenses
conglomerete 5 a c r by pressas@fof detrital tourmsline, ilmenite, and
6 ¥ lencoxend.
Sandsuck o1 A c a ‘
ghale 2
¢ A ¢ #d by calcite content in light fraction.




normsl zircon (and pro®-ily mzl-con ziresn) are much more sbundent

than the nyscintn veriety.

Lignt Minernls

The lignt frections of only a few samples were examined. fuartz
appears to be tne most prominent minernl. Oonglomernte lenses in the
Sandsuck susle and beds of the C.carsn conglomerate contain feldsp-r
in nddition to guartz. Tae Helenmode member of the Hesge form~tion
contains sbundant glsuconite grezins. Detsiled study of light froctions

mignt revezl distirctive iaclusions witain graine of ligznt miner-ls,

Yetrograpnic Cnsracteristics of the Onilnowee Growp

Sandsuclc Shele

.

Heavy minerszls sre relatively sbundsnt in thig formetion.
Spneruiitic pyrite grains, resecbdbl ng mimite geodes under the microscnpe,
are coamcn. Sub-rounded, nornsl zireon, =nd to & lescer extent, nyaelinth
zircon, =zre present. Jn sbunionce of authigenic pyrite -1:o cnarscterizes
tne hezvy fractlou.

susrtz, feldsper, znd cnleite sre comnon in the light frretion.

ine feldspsr is largely micr.cline and ortnoclass.

Cocarzn Conglomerate

Zircon, ilmenite, leucoxene, tourmaline, and hematite largely

comprise the nesvy frsctions of this formntion. Grains sre subangular
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to anguler shaped. Platy ilmenite grains with leucoxene stringers sare
distinctive. Samples from the uppermusst beds in the Cocnran nave better
rounded grains than tnose from lower norizons. Angularity of grz=ins and
abundance of tne heavy fractisn distinguish this formation.

Tne light fractions of this formaticon ere simil-r to conglomerate
lenses in the Sandsuck shzle, except for the ahsence of caleareous

meterials.

Nichols Shale

Samples from tnis formstion were somewnnt weataered. Decomposed
micag, iron oxides, end otner products sre so abundant thst identification
of the heavy =ssemblage is difficult. Tnerefore, estimsted percentage
of a given hesvy mineral in tnese samples is not too relisWwle. Relisble
study snould be bssed on mine:al separation in a liguid of nigher specifiec

gravity taan bromoform.

Hebo Sandstone

Tnis formation is characterized by tnhe preczence of sutnigenie
barite wnich wss not noted in other formstions. Detritsl minersls in
tnis unit sre similer to tnose of tne Hegsse ssndstone, however, the degree
of rounding of grains is much lesg ir the Nebo ssndstone. Ilmenite is
lesg in amount than in the Hesse form-tion; leucoxene, common in the
Hesse, 18 almost sntirely absent from tnis sandstone.

Tne lignt fractions of samples from this unit show tnat quartz

graing are less well-rounded than tnose in the Fesse formation.
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Furrey Encle

Sarples from the Murrsy shale zre similer in many respects to
tnoge of tne Nicnols snale. Determinztion of the ty-es 2nd smounts of
detrital minerals in these units is not relirble. Hore refined sepzration

techniques should be employed on study of the shales.

Hesse Ssndstone

Tne outstanding cosrracteristic of tanls form-tivn leg thne well-worn
nrfure of detritsl greins: This secus to distinguisn the Hesse fron
other gandstone units. In adiition, leucoxene, tnough ususlly present
in swell quantities, is common to moust lesse sauples. Zircon snd tourmaline,
common in otner formstions, are also preseat in tnis uvmit,

Heavy minersls of tne helenssie member sre similar in anny respects
to tnese of the rest of the Hesse sandstone. In some samples plsty,
cutnigenic nematite 1s present wiaich is nuite similsr to the hematite
found ne:'r tne hbase of tric Hesse sandstones. Ilmenite and leuccxene appesr
to be more sbundant in portions of the lHelenmode than in the undsrlying
saudstone.

Tne cusracteristic feature which serves to distinguisn the Helenmode
mexber from the fHegse sandstone and otner units is the presence of abundsnt
g£lauconite in the lignt fraction. Tais minersl largely amccounts for tne

zreen color of the fine clsstie units in the Helenmode membder.
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SUMMARY AND CONCLUSIONS

The simplicity of its he=vy mineral sulte is the most striking
petrogra-nic feature of the Chilhowee group. Among the meny minersls
waich occur as detritzls, only ilmenite, leucoxene, tourmaline, and
zircon sre common in the somples studied. Of tnese tourmeline, zircon,
end to a lesser extent, ilmenite, ~re resistent allogenic miner=ls. That
is, they mey be preserved after having been expnsed to extreme conditions
of mecnanical and enemicnl]l weatnering. ‘The other hesvy minerals, barite,
hemntite, leucoxene, and pyrite may be eitner detrital or suthigenic in
sediments. The first threse are probably suthigenic in Cnilhowee formations,
wnile leucoxene i1s in part autnigenic snd in psrt detritnl in origin.

This study indicates that in the ¥W=lland ares, Cnilnowee formstions,
sucn as tne Nebo sandstone and the lesse sandstine, can be differentinted
in structurslly complex arers by hezvy miner:l methods. The mineralogical
differences in these formations nesr ¥Walland may well persist throughout
tne entire belt of Cnilnowee sediments. Furtner study of form-tions of
this group, both to tne nortneast and to the southwest, will be necess:ry
before wide scele applic-otion of the criteria is ztteampted.

In order to establisn petrograpnic stendards for the entire
Cnilhowee group eimilsx studies of esch Chnilhowee formcotion should be
mzde ot frecuent intervels slong the strike of the formations. Tiie metnod
appeare to have definite possidilities 28 a correlative tool, p=rticulsrly
in complex aress or between different fault blocks.

Tne minerzlogical assemblage of the Chilhnowee group strongly



sugcests thet tnese formstioms were derived from otaer sediments not
unlike tnemselves. Petrograrner-s are in genersl agreed tn-t certain
minerals, such a8 apatite and olivine, =re relatively unststle znd

are easily destroyed, wnile otaer minerals, sucn as goraet and y=nite,
are very stable and persist tarsugn meny generrtions of sediments.
Tourmaline and zirecon zre st=ble minersls. Wnile they cccur mainly in
acldic igneous rocks, tne =hsence of unstable minerals common to scidie
igneous rociks suggests tnst the Chllhowee formations represent sediments

second or tnird generstion removed from igneous rocis.
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PLATE I

Undifferentiated Paleozoic rocks
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