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CHAPTER I 

lNTRODUOTION 

The Oeoee-Onilhovee Problem 

Time and stratigraphie relationships of the Ocoee and Chilhowee 

groups hn.ve long been a problem in soutnern Appahci:lian geology. These 

rooks, now metamorphosed to v�.rying degrees, outcrop over wide aretJ.s in 

the mountain region . Unfortunately, no one person h&.s been able to 

study their problema in enough detail to unrr:>.vel them 8lld, as a. result, 

many conflicting statements are in the li ter:'"'ture. 

Form;'ltions of the Ocoee and ChiL'lowee groups are largely composed 

ot fine to COP..rse chstio sediments. In general, rooks of the ·Jeoee 

group lie to the southeast: tho se of the Chilnowee group to the northwest. 

T'ne str�tigraphie relationships of the two groups are d.iffienl t to deter-
I 

mine. Standard metnoC!a of correletion are not applicr-;ble to this problem � 

due to lack of fo s sil evidence, .,�_eying degree of meta:wlrpniam, �.nd com-

ple:x: etructure . ln aret1s thus far mapped the groups f!.re in fault reh.tion-

ship only, never in normd strPtigr�;::Oio se·:-;.uence. Lithologic units in 

the Ocoee group usually c•:mnot be traced fp,r ll'\t€>r�lly bec�use of struc-

tural and metamorpnic complexities. Units of the Chilhowee group. on 

the other hand. are only slightly altered by meta!-rmrphic processes and 

are more amenAble to normal stratigraphic methods. 

Early workers assigned these groups to v�rious geologic periods 

ranging trom pre-Cambrian to Silurian. More recently geologists are 

gener::clly agreed thJ>t the group& are of ;pre-Cambrian and Lower Cambrian age. 
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This study is an D.tte�pt to a.rply hea\7 miner!'tl techniques to some 

phases of the Ocoee-Cnilhowee problem . Results may prove useful in 

supplementing field mapping in complex areaa, in correl�ting units from 

one f.e.ult block to another, and in e.uieting in interpreting geol.:lgie 

history of the area. 

Choice of Area 

Formations of the Chilhowee group F·re in genera.l \'tell d.efined 

11 tho logic uni h; they are few in number: they usl.l.<�lly occu:py f!Xeas of 

only moder""te structural complexity; e.nd they exnibi t only low rank 

metamorphism. Their comp<o.rative simplicity mAkes study of that group by 

detailed field end petrographic metnods a logical approach to this clfdasio 

problem. In order to obtain reliable de.ta the area. chosen for detailed 

study should be structur.c�lly simple, should include all formt'ltions of the 

Chilhowee group in normal sequence; should present runr�le outcrops for 

srur.pling; �.nd ahou.ld include 1:f' possible trre lool"li ties of Chilhowee for­

um.tions. 

Loeatbn of Area 

!he area selected for study conforms to the nbove provisions. All 

formations of t:ne Onilnowee group are present in normP.l sequence; outcrops 

are abundant; and beds h:·ve not been greatly altered by metamorphism. 

One type lo��lity, Mount Nebo, is included in the �rea. !Yl'e localities 

of other Ohilnowee forml"tions a.re ne�-.rby. 

�ne chosen area is approxi�tely six miles long and two miles wide. 



It represents a portion of Chilhowee Mountain in Blount County, eastern 

Tennessee. �ne village of Walland, Tennessee, is near the center of the 

area a.a lhown in figure 1. 

Previoua Work 

James Safford, second state geologist of !ennessee. described and 

named the Ocoee and Chilhowee groups in his nov classic •Geology of 

Tennessee.• 

Arthur Keith, of the United States Geological Survey, in 1895 and 

later Jenrs sub-divided the groups 1nto formations and nmr.:ped them over 

extensive areas. leith•t work was excellent ; his mapa are still the on1y 

ones available for many southern Appalachian are�s. However, the com­

plexity of formational names wnich he coined tor different quadrangles 

accounts tor a good deal of the present confusion in atr�t1graph1c term­

nology of these units. 

CriCkme$ (1936) stu died the Ocoee group in northern Georgin. His 

conclusions differ ma.rkedly from those of Ie1 th and others. 

Xing and others (1944) were the first to m.:p these groups in detail. 

�neir work was 1n northeastern Tennessee. 

Rodgers ( 1948) has ms.pped in detail a small ares. of Ocoee and 

Chilhowee rocks in Washington County, Tennessee. 

Present Work 

'tne writer's inte rest in this problem was atimul�ted while employed 

by the Tennessee Division of Geology during portions of 1946 and 1947 on 
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a joint are�,l mapping project of the Division and the United States 

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

in \his Joint mapping program brought first band fm.milb,rity with the 

lithologic uni ta and the IDill'11' problema of the area as well aa the :privilege 

of working with men long acquainted with aouthern Appalachian geology. 

rield studies in tne Walland area were oerried on during the fall 

of 1948 and the winter and spring of 1949. Petrographic studies of 

rocks from the area were made during the smne period. 



GEOLOGIC SETTING 

The area studied. in this report is along the border of the Blue 

Ridge and Valley and Ridge physiographic provinces. 

!'ne IUue Ridge Province 1a a mountainous e.rea. extending from the 

state of Georgia nortneaetward into Pennsylvania. In eastern Tennessee 

and western North Carolina U at tai ns a maximum width of seventy miles 

(Fen neman.l938) and at ?laces along the Tennessee-North Carolina border. 

rises to elevations above 6000 feet . Rocks of the Ocoee group underlie 

tnese summit areas and mch of the lower foothills country. 

Chilhowee formations occur mainly as outliers wnich parallel th• 

general northeast trend of the mountain cb.a1n. An excellent example of 

auch an outlier is Chilhowee Mountain. extending for � miles along the 

western border of the ilue Ridge Province. In t he area of this report it 

r ises approximately 1000 feet above adjacent lowlands. As shown by 

photograpiHl on the following pa.gea, the mountain is relatively narrow and 

even created. 

Southeast of Chilhowee Mountain a. synclinal limestone valley, known 

as Miller Cove, separates rooks of the Chilhowee group from those of the 

Ocoee group. 'J.'h.e cove is elongate in anape and 18 surrounded by mountains 

and low hills. Although encircled by older rocks the cove is not a. fenster 

like Tuekaleechee Cove and Cades Cove to the south. 

• 
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To the northwest of Chilhowee Mountain lies the V��ley ��d Rid� 

!'rovince. Northea.st-southwest structural trends produce !:'11 ternate ridges 

and. valle ys which reveal the ns_ture of orogenic movements that have so 

profoundly affected strata in the Blue Ridge Province. Familiarity with 

the geologic features of this region is essential to workers in the :Slue 

Ridge Province because of 1ntim'!'.te structural relationships. 'l"ne often 

used tern "Appalachian type structure" is exemplified in this 1)rovince. 

Regionnl Geology 

Ocoee rocks form extensive outcrops in the mounta.in':lus belt. 

'.rnese stretf.t consist largely of alternating fine and coarse elastic 

mnterials which were eat1mr:cted bzr Keith (1895) to be r.>bout 16,000 feet 

thick. Keith (1895) subdivided the Ocoee group into seven formations, 

eaci:l. variable in lithology and. thickness. This g:ro\11) hrHl a complex 

geologic histor,y which is at present imperfectly understood . At least 

two orogenic movements htl.Ve gre.o1.tly altered. these rocks. 

Chilhowee formRtions underlie relatively small areas. f!"nia group, 

some 60<)0 feet thick, was divided by Keith (1895) into six formr�.tions of 

alternate aha.les and sandstones viliich are aomewhat similar lithologically 

to Ocoee units. However, Chilhowee fo�tions form more consistent 

lithologic units than those of the Ocoee group. Unlike the unfossiliferous 

Ocoee group. the Chilhowee group contains fossils in its uppe rmost forma• 

tiona. 

In contrast with the Ocoee and Chilhowee groups, younger Paleozoic 

rocks in t:ne Va.lley and Ridge Province consist largely of vell-d.efined, , 
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Figure 7. View of Miller Cove lro st Side of Little iver 
Ga.p. Blue Rid foothills in Background 

Fi · r 8. Cochr n Congl.ome xpos d in Reed Cu.t Along Highway 
73 on st Side of Little River G p 



unmetamorphosed, fossiliferous forrnntions. T:nese strata are usu::tlly 

less complex strr·.tigre;.hicr;lly f:'..11d. structuralljr th�tn the older rocks. 

12 

StrP..ta in the :Slue Ridge Province, and. to some extent 7ounger beds 

in the 'valley a.n.d Ridge Province, are often in oo;nplex structural at ti tudea. 

Outstanding among the tectc·nic re�'tu.res a.re the gretl.t overthrust f�tults 

which usua.lly originate in the :Blue Rid&-e Province and. dis:r•l:"'Ce strdf' 

northweshtard for man7 miles. 

T,ypical of these faults is the Great Smoky overthrust along which 

Ocoee and Chilhowee rocks h"!.ve overridden 7ounger PP.leozoic formations. 

Evidence in several fenster a.reas indicates this thrust sheet M.s moved 

a minimum distance northwestward of six miles. Chilhowee Mountain is a 

part of this thrust block and the area ma.£ped in this report ex:tend.s to 

the trace of the overtnrnst along the M rthwest side of Chilhowee �fountain . 

fhia thrust block is COtlplieated 'b7 second.a.J'7 faulting. Along the south-

e!istern border of Miller Cove,Ocoee formations hr,ve been f.r,nuted. ags.inst 

Chilhowee and younger rooks. 

Folds of diverse trends �re associBted with the faults. Miller 

Cove syncline southeast of Chilhowee Mountain trerida northeast. �ne 

structure is co::r;J.:licated b7 reverse faults. Shady dolomi te (see figure 2) 

and a portion of the overlying Rome forma.tion occupy the pit of the cove 

structure. 

I 



OHA:PTER I I I 

Gener�l St�te�ent 

J'ormr..tions of the Ocoee group are largely of sedimentt:-;.ry origin 

but thin flows of brsie V8le;cnie rocks o.re common in the lower pert� The 

group rests uncon:f'or:!i.ln.bly on a basement of pre-Cambrian igneous e.nd meta­

morphi c  roclts. Original clastic materi�.l s of the Ocoee group h.r: .. ve largely 

been altered by metamorrhi c  processes. As t·nese beds are traced &outhet<st­

wr:.rd they become progress! vely more metamor:phosed until lll.9D.y of the 

origina1 fentures �:�.re obscured. In gener;:Jl, the lithology of the Ocoee 

grou; is such that detailed stratigraphie studies are diffieul t. 

Unli ke  :t'orme.tions of the Ocoee group. Chilhowee units nave not been 

intensely metamorphosed and ori ginal consti tuents of these rocks are 

discernible. Senistosity and other metamorJ..!lic fe::-tures prevr:.lent i n  Ocoee 

rocks a.re gener::clly absent in t:nis group. Varir,tions i n  li th.ologi c fP.ci es, 

col!ll'llon in tne Ocoee group, 0.re less 8ppe.rent in t"n.e 0�1ilhz)wee grou.f'• 

of Chilhowee form�tions is given in figure 2. 

Fossils hr,_ve never been reported from the Ocoee gl":mp; and, other 

tnfm the wol'al tube Scolitnus, are re.re in Chilho•.v.:H� form"tions. \·ialoott 

(1800) re;,?orts H:[olithes l;.merioi".nu.s, Isoys c·nil!l�•v;e�>na, ana C<le.u-cllus 

tnoJl,&:>soni from the l•Iurray si:.a.le. Keith { 1895) a lao reported finding fossil 

fragments from the Murray shale. Butts (1926) reports Olenellu.s and 

brachiopods from the top of the Hesse sandstone. Resae r  (1938) has reported 
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fossils from the Hesse horizon in other areas. 

Various authors hAve :plttced the pre-Oa.mbrian-Cam.bria.n boundary 

at different horizons in the Ocoee and Chilhowee groups. The sub­

com:'1littee on Cambrian Str,tigra.pi:cy' (1944) defined the bAse of the Cambrian 

as the b�se of the Hesse s�ndstone. �ne writer follows the United States 

Geologiof:ll Survey correl,.,t ion charts ( Wilm�rth 1929) in designating the 

entire Chilhowee group :1S O�.mbrian in �·tge. 

Chilhowee Group 

T'ne Se.ndeuck Sila.le 

The n.e,:me Sands�1ck shale WPS �lpplied by Keith (1895) to outcrops 

along Sandsuck branch of Walden Creek in Sevier County, Tennessee. The 

basal relationship of this sllale with older rocks is not known. Tne 

Sandsuck lillhP.le is not present in its entirety in the Walland are8. A 

wedge of thls form.a.tion along the northwest aide of the mountain is pro­

gressively faulted out to the southeast as s:O.own on :plate I. !iistLnated 

thickness of the shB.le present is about 1200 feet. 

T"nis form�.tton in the w�ll!'!nd 10rea. is mainly drab-colored a.rgillaceous 

a.nd sand.y she.le with lenses of calcareous oonglome1·.<">te. Quartz and 

f'eldsp8r pebbles in the conglomerate r�,nge in she from one-quarter inch 

to over one inch in diamete r. Ind.ividue.l conglomerate lenses rarely exceed 

one hundred feet in thicl<ness. 

The Sandsuok shale usu�:�lly oceu;;·ies arePS of low relief; outcrops 

occur only along stream valleys. Conglomer�te lenses in the formAtion 

outcrop more ·f're:{uently, usually forming low hills in the sh:"lle belt. 



The Coc.hrtm Congl.omerr te 

Overlying tile Sandsuck ene.le nre �.bout ?CD feet of typict?.lly 

conglomer�tic beds to whicrl Keith e.pplied the !JIUne Coohr�n eonglomerpte 

from exposures along Cochran Creek, Sevier County. Tennessee. Pebbles 
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of quartz and feldsJm.r up to two inches in dia.meter r<.re oorll!non in this 

form."ltion. Al thoue:h blue in color w::ere fresh, decornposed feldspr'r gra.ins 

give the rock a eharaoteri !:!tic :lellow-green color on ti1e .,..,�;::r- thercd S\trface. 

A tr1in zone of red �\renP.ceous sr�.<<J.le C<>�n so;netL.es be tr.<:.ced in the upper 

half of the for::ne.tion. Above this zone t!-.e O'Jn�;lomerr•.te 'beds give WB:i/ 

gradually to beds of fine to cos.rse-grairted srmdstone. 

T'ne Cochran conglomerate forms ma.s si ve cliffs along the n'.H'thwest 

fln:nk of Or.dlhowee �!c:nnttdn. 

T'ne Nichols Snv.le 

1rne Uichols sh� le Wt>S n<> .. :ned. by Keith ( 1895) from outcrops along 

Nichols bre?.nch of 'Ji�.lden Creek, Sevier County, Tennessee. In the "'rea. 

of this report the snele is nbout four hundred feet thick. The for�ru:tion 

is predominantly ae.ndy shale with thin beds of siltstone f'.nd fine grained 

a.s.ndstone. It is dar'!:r blue-grey when fresh, but werthers to ;:,_ brovmish­

yellow color. Iron oxides often imp�rt a purplish tinge to we�thered 

outcrops. 

This she.le a.lters easily and does not form nu.s11eroua outcro_;,:s. 

To,pographicn.lly, its position C.fn be determined by gentle slopes and 

low d.ivi1es between S<:'ndstone ledges. 

T'ne Nebo Ss.ndstone 

�ne type locnlity of this unit is Mount Mebo in the mapped area. 



. . 

Figure 9. Talus Slope of Nebo Sand tone From 
Led in Background, t st Side of Little River Gap 
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Figure 10. ichols Shale Exposed in Road Cut 
along Hi ay 73 on E at Side of Little River Gap 

17 
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�nie form�tion w�s ne�ed by Keith (1895). 

The Nebo sandstone consists almo st entirely of fine to eoP-rse­

grained aa.ndstone beds. Net!.r the upper Md lower limits of this formation 

thin siltstone beds occur. Fresh exposures of the snndstone :?.re li.ght 

brownish-blue to white. 

Outcrops of Nebo sr>ndstone are nume;-ous, usur.>.lly forming sm.:s,ll 

ledges and cliffs. Reete.n�:;ulr::r blocks from weathered led�''eiS of this 

formc;tion �onmonly form l�?.rge tt>lus slopes. 

This form�.tion contains the �rorm tube Scoli thus in its Ul)per pr.rt. 

The Scol:t thus tubes are usua.lly conspicuous:; they a.vere.ge t>bout one­

q_U8rter inch in diameter and severa l inches in length. In.v�.rL�.bly the 

tubes P.,re orient.,ted perpendieul'1r, or nerrly so, to bedding ;:lanes. 

The Murra;r Sh�lle 

The Murrl'ly shale, Mmed by Keith ( 1895) for 1 ts occurrence along 

l•{urr�?.�Y br!:>.neh of Welden Creek, Sevier Coun"', Tennessee, overlies the 

liebo sr>,ndatone. Its thielrnesa in this �ren is estimc.ted t:1 be r:tbout five 

hundred. feet. T"nis :fo!':1l?.tion is ve-ry similnr to the l\!ichols shPle; they 

Pre di:f'ferenti�.ted only on the b:-'lsis of stn> tier�r'nic posi t>.on. 

Keith (1895) reported lin�1lellre nnd trilobite fossils in this 

:form�.tion from the crest of the mounte.in south of t�ontvr,le Sprin;s, 

Tennessee, and from the er:ust side of the !.ittle !Uver Gap. 

The llesee Sandstone 

Above the Murray snale are the prominent white sandstone beds of 

tne Hesse formation so named by Keith (1895) for outcrops along Hesse 

Creek, Blount County, Tennessee. This form�tion is composed of fine to 



ooarse-gra.inecl s.<:>-lldst;me which, wnen weat:nered, is very friable. Near 
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the base of the sandstone is a thin zone of iron-cemented, eo:,rse-grained 

aa.nd wnich weathers into conspicuous red and purple m.<�sses. 

'fne uppermost part of the Hesse form.�tion h�us been deslgnated the 

Helen.aode member. Xing and otners \1944) named this member from exposures 

at tile Helenmode pyrite mine in Carter County, 'I'ennauee. In the ·�'ialland 

are.-,. this member is mainly greerds:O. siltstone with sc�ttered lenses of 

yellowiaa sc�datone. At tne top of the member is a dolomitic, coarse-

grained sandstone which on weatnering leaves a residium of coarse quartz 

grai ns aptlY termed "fish-egg" sand. 

Scolitnus tubes ooour in the Hesse fo��tion from about ten feet 

below the h"!Be of the Helemuode member almost to the btlse of the :forl!lP,tion. 

T'ne thickness of tnia formation is about 1000 feet; the Helenmode 

member is approxitMtely two hundred feet thick. 

Shady Dolomite 

Since t:Uis forms,tion overlies the Chilhowee group. it wns mapped 

at the Hease-Snady conte..ct. One e:x:ce.ption to this h tb.e smell areA. of 

Shady dolomite reaidium south of Murray Gap. Tne position of the Hesse-) 
Shady co ntnct is ep.sily loc;:,ted by tne _p,esence of residuP-1 jas:peroid 

from the weathered dolomite. �ne formation has been well described b.y 

King and otners (1944) and. Rodgers {1948). 



Chilhowee rocks in this area hnve overridden yolmger 'Paleozoic 

strnta along the Great Smoky overthrust. The younger 'beds are exposed 

a.long the northwest base of Chilhowee Mountain. It is estimnted that 

the pl.?.ne of this overthrust fault dips 200 to tne soutneAst. 

Chi L.'lowee formrtione ne!�r tv, llr<Jld gener�.lly dip eoutne� stw?rd 

30° to 500, thus forming dip slopes on the southenst side of tne mountA.in. 

'I'his general dip is appr>rent southwest of Little River. To the northeast 

of this point the souti'l&P.st dip is broken by A faulted syncline as snow 

on ple.te I. 

Some warping and fracturing of the Chilhowee formAtions undoubtedly 

occurred simultaneously with the overthrustir�. Such evidence is present 

in the gorge of the Little River at We.lla.nd where a northwest te�r fe.ult 

offsets the GreP.t Smoky overthrust. However, the present nttitu.de of 

these beda is prob�'>bly due largely to post-overthrust movements. 

High angle reve rse fe.ults l'!re common in this fault block. Three of 

these faults occur near Walland. On Mount Nebo a sma.ll reverse fault. 

outs out the Murray sha.le, bringinp; the Hesse s�nistone � ga inst the 1Iebo 

formation. :Nortneast of Walland, tile :fault which strBres tot\"al"<.l Cnestnut 

Flats ( see plate I) breaks an incipient anticline. Dispbcement along 

t:O.is fault is only a few hundred feet . South of tnis fr,;ult 1s another 

conspicuous break w.O.ich displaces Cochr�n conglomerate and Sruldsuck shale 

against the Hesse sandstone. 'rne J1lP...ne of this fault ct>.n be seen in 



several stream v�tlleys. T'ne meesu.red dip of the fP.ult rl<me aver,s.f-;es 

750 to the southeast. 

In addition to the reverse fr:u.lts in this block, numerous nornu::l 

f�.u1 ts of Slnllll disr1noement h�ve been nnted. T'ne largest of these bPs 

been plotted on the !'"red get)logic m�r. pbte I. This :f'r.ul t strikes 

450 north\�·est and dips g-;o southvJest. 

Intric,,_ te fi.)lding a.nd frr.cturing of t�'le roc::s nlong the :f'·,ul t 

zones is com:n:)n. Much of bJ.s contort:on is toe loc�lized to be 

accurately plotted. ::)aform� tion of the m,qssive Cocnrnn conglomf;!' te 

becle along the Gre<'.t Smoky overthrust is es;;ecinlly eons;::icuous. rre:::uently, 

slices of other form�tions ;-:;ra encountered along the fnnlt zones, such 

�;s t:ne weclge of !�ebo s;-,.nd.stone along the high. angle thrust south of 

��urr�y G·ap. 



Petrographic 2eehn1ques 

Collecting Ss.mplea 

During tmd :f'olbwing field m1'4pping, s�Mples were systemFc.tic·-lly 

collected from eP-ch Chilhowee form.,tion. Collecting wfl.s J:wndic�'trped 

in the shale f'ormf:!.tions due to l::!.ck of outcrop. 

Composite s�m_!.lles were obtained by tP.king chips from Mch bed 

in t:'l given stratigraphic 1nterva.l. Yor the lese well-exposed shale 

form;c:tinns snmples representing specific str�.tigraphie dist.r1nees could 

not be collected. 'f.ne exact stratigrapnic position of the aM.le sr;ruJ.<les 

is necessPrily 8.n eatim,.,te. 

Sample numbers plotted on pbte I represent a series of closely 

ap.�ced semples tnlten along one cross section line, r··tner t:ru�.n i.nriividu�>..l 

somples . This is necessitated by close spB.Cing of samplea in certain 

aret1s. Reference to table I indicPtes the number of e��n,r:,les collected 

from ea.ch form<>tion and. t:ne str- tigrapnic interval eA.cn represents. 

Crushing rnd Ser�rPtion 

Thirty-three compost te s•1mpl�s. l'lE! sh0•nn in t.<'!ble I, were 

collected. 

E:<>ch S!'.mrle w�s crus·ned to minus 40 mesh d�e P.nd screened on a 

200 mesh sieve to eliminate very fine lD!:lterillla developed in tile cru.shing 

process. 'fhe minus 40 mesh-plus 200 mean trBction was split to give a 



sanple o f  a.bout ten gre.ms . The ten grr>m Sl".mple W'-' S immersed i n  a lt 4 

so lution of "nydroenlorie �cid fo r one-h? lf hour. Immersion in a c id 

removes i ron st�ins which tend to �.sk the minerel .gr�.ins . After the 

r."".cid b<tth samples \1ere vm �hed h:ice v:i th d.i st i lled �rater fl..."ld dri e d .  

Fo r ti.1e se�rr:-.t i on procedure .l'!. b.o. t t e ry  of six r�mnels ,  ee.ch 

ec:�uipped ':sith a sho rt length of rubber hose Md c l.r•rJp to permi t dr'?:wing 

off of liquid and mine -::-nls , w<> s used.  Bromofor.n hs:ving n s_re c i fi :::: 

grt:w i ty of Pbout 2 . 8 5  'W!'.S poured in to the funnels . A ten gr··m SPr.1ple 

W!tS slowly poured into the he,qvy li ·-;ui d ."'.nd l eft f;)r nne-h., lf hou.r . 
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Duri ng thi s t ime st�.mple nnd l i  �uid were stt rred. alo\':ly r t  f're c:uent i ntervl'l.ls .  

Minerals h�;�.ving a specifi c gravity o f  ,;:h1s �� . 85 sink i n  the her-Vj" 

li :ui d ,  while rninerr::.l s of spec ific gl":"Vi ty minus .2 . 85 ,  such � s  �u� rtz and 

feld.s1x: r ,  remP..in sus;;ended . Occasi onal s tirring permi t s  heAvy gra ins 

tr:.:;,pped �mong the more �bunr1t>nt light � i n s  to sink • 

. At'ter sepnr� tion � •  comple ted , the heF1.vy frn c t i on was drr· \'m off 

on one filter pnper ;  the light frnc tion on eno tne r .  Sample s  nncl Jk'lper 

were we.shed free of bromoform wi tn methyl 8.leoho l ,  dried, e.nd eto red in 

small glass vi al s .  

Pure bromoform we s recovered from washings by mixing wi th water , 

s:naking, e,nd allowing to s t::.nd for severd minutes after me thods de scribed 

by Ros s  ( 1926) . In this procedure the water mixe s wi th the alcohol; 

the bromoform set tlea to the bot tom . Mo st of the W"' t e r  is decanted off . 

T'ne remainder i s  poured into a aeparatory funnel , the bromoform i s  drawn 

off, filtered, end reused . 

I dentifi c ·  t ion o f  MinerF1S 

I dentificat i on of the minerals was made wi th the pet rographic 



mi cro scope . Aft er prel imint-')ry i dentif'i o ,., t i on and de termina t bn o f  

di s t i nc t i ve fe.� tu r-e s ,  minerr:ls c 0uld usu� lly be recogni zed wi th � 

binoeula.r micro scope . Du:rine; the oolt r s e  o:f' the study. uncertain ident i -

:'i O"!.tions wi t:n the binocuh.r mi cro scope were checked wi th the pet r')gr"!phic 

rni cro soope . 

Estimat ing Relat ive Abund.tmce of lo!inerc;l e 

:For est 1m?' t i on of tne rel r: t ive r;.bundv.nee of specifi c  mine:r·.".ls 

in the he;;vy fr . .,,ct i on the wri ter ad.opted the sc;:;.le de scribed by �;:Uner 

( 194') ) �.nd shown belo w .  T'!li s  1 s  r;robd)ly the mo st widely used se�le of 

relP..t ive abundance employed by pet rograpners . The term flooi i s  used 

when tile he-:1vy frP c t i on i s  e ssent i A lly one minerr> l ;  very r� re \·:hen only 

one or two grains of a. gl ven mi ner�".l P re pre sent . ! nter:r,ed i e t e  t E; :rms 

de s i gru: te the e st imded rul" nt i ty of e, given miner-2 1 pre sent be tv."E! en these 

two extreme s .  

Term Symbo l  

Flood. 

Very e.bu.nd.- nt 

:\bunc c nt 

Very c om:::on 

Common 

s 

r 
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The Mi nera l As sembla.ge 

Heavy Minerals 

Barite occrurs in a limi t ed number of sample s .  Under the microscope 

the mineral i s  co lorle s s . It i s  e�si ly recogni zed a s  it i s  the only 

miner�l i n  the sui te wi th prominent clenvage . �ne minere l m� be readi � 

i dent ified under the petro grnl-1ni c  micro scope by refrflotive index �1.nd 

optic s i gn .  :Sari te in the se SD.mple s  i s  authigenic .  'l'ni s  m:tne r;:> l i s  

reln t ively abu.nd.?.nt i n  the henvy f'rc-cH on, bttt er.onnot be relied upon 

because of 1 ts authigenic o ri gin . 

Hematite appetl rs in some sr•.rfcJ)le G  :o s i rre gnlr rly- sh<>.ped , dull red 

or  blr-1.ck plF.ty graine . It i s  di r::t i ngui shed. from o the r ope que mi ner?. l s  

b;y c o lo r  �;n(l by 1 t s  fre n_u.ent :c l  t err· t ion to 1i"'l0ni te.  Remr:tti  te in these 

S <: :·iJ:'les i s  aJ:ttni geni c nnd unre l i �.ble .  

! lmeni t e  i s  present i n  hro forms i n  the s·::rt?l��s OX!"!minecl;  cometimes 

in the sh3pe of. rP.f':.0:-;€ 1'!. ,  i r re�tlnr plr>.te s ,  someti,;:es 1n \<tell-rounded grains . 

:r:ne minEm:�l i s  e·ns r?.cterl ?:efl by it s bl<-ck cc-·lor !'lnd Metd.li c lus t e r .  

l ::o. {;nE: t i te c l o s o ly restc::ible c  ilm<:mi t e  mi c roscopi c o· lly . but the tt-.'0 Mn be 

di s t i ngui shed rend.i ly 'v>JHh n. horse sn0e m..-gne t .  Ilmenite in these BB.mples 

is undoub tedly de tri t�l . 

Lencoxene i s  CcJl:i:'!on "\S nn ".l tc r::-· t i c n  :;: ro ch1c t  of i lmenite . I n  

refle cted li[;ht i t  &}�per} rs r. z wh i t e  si:',red s i n  i lmeni te pl., t e s ,  o r  

fre quently A S  rounded ,  ynl 10\�-·.··i1ite "sno•r!':l"'l l s "  which sometimes hl'!.ve cores 

,; f i lmeni te . Leuco xene is recu:;nt z ed by i t s  whi te or yl'lllo;..ri sh-whi t e  

color under the binoc 1l•· r  rni cro sMpe . In tr<>.ns:-:t it t ed l i gh t  i t  i s  opaque . 

I"euco xene in the se S "' mpl� s i s  prchc,bly both det ri bl <>nd �uthi genic 



in ori gi n .  

Parri te i s  of fre�uent o ccurrence in sed!ment '" ry  rocks , bu.t 't!EtS 

no ted in only P fe't: of the s�m;l es studied. !t is e<-: sily reco gni zed by 

i t s  br:' s sy color and ;ne k1 l i c  l1.1 ster. Spheruli ti c pyri t e  re serJbling 

micro seo.r i c  ge ode s ,  i s  ""bn.nrtt"nt in some s�q)l e s .  I t  i s  undoubtedly 

2uth ige d c  in o r1 §',1. n. 

Tour�::� line of va ri m.s c o l ors i s  frerue r:t1y :p�e:?.ent i n  r0c:-::s of 

the Chiliv· . ..,;ee 21"':0�-'-? • It Cl"n 'be i d ent ified "rt th the petrographi c 

mi cro scope on the bns i a  of re:f'rr c t i ve indi ces , :pleochro i sm ,  �.nd opt i c  

si gn .  Under t h e  b i no cul �- r  mi c ro sc:'lDe i t  appe� rs t>.s c<;L rl� s s ,  pi rud sh, 

o r l i ght o r"nge-co lored gr!.".b s .  L�;.�k o f  clettV� ,-:-e . elont:r, t i ;n , rmd. c :· .lor 

nsur.lly di stingiJ.i sh 1t from s i r:dl ' r miner� l s .  Mo st of the tourn:\�· line 

present i s  detri tal . 
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Zi rcon i s  the mo st abundRnt P.nd di s t i nc t ive he<:vy mine r,.. l seen in 

the Chi lho't:ee group . Three tn:e s of' dreon , nornr: l 7. i rcon , hy.., e i nth , �.nd 

ma.laeon , hnve been reco gni zed �nd used in sedimentr, ry  pe tro g;rapny studi es . 

��a.beon i s  di s t i ngui shed from no rmrd zi rcon by refr,., ctive index �.nd o ther 

opt ical propert i e s :  hya.einth i s  d i st ingui shed from the others by i t s  

pur,pli s:n color . '1':.'1e three types of z i rcon �? re pr()b�bly r;1r e sent in t:nese 

sa1npl e s ,  but o nly no rr.m.l d rc ::·r::. and hye c i nth z i rcon e re d.i fferent i.e.ted 

:nere . Mahcon , i f  pre sent , i s  ch·.ssed wi th no rm.r l z i rcon . 

Zircon i s  a Ver¥ res i shnt miner�l .  I t  usua lly shows some of the 

o ri gi nal e rys t 8 l  fD.ce s  a.f't er much abrc.sion and wer>. r .  Unds r the binoeulF�r 

micro scope i t  can usu . ., lly be reoo !";Ti i. zed by i t s  di st inct i ve crystel form. 

Broken fragment s may b e  reco gni zed under the petrograpn i c  m icroscope by 

the i r  high index of' refr�ct i on �nd parallel ext i nction.  In the se samples 
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J)i stinc tiva fel3:.tures 
of heavy mineral assemblage 

Glaueoni te ln tiw lit;ht f'raetion i s  ciw r!'l c ter:. stic 
ot \1\1 • aealter . Detri tal grains a.re sub-rounded 
aa4 alnmdaai 

" '• 

All alrwl4aae1 of ilmenite a.nd leucoxene . a..nd spheri city 
of d.e\rUal grnins di s t i nguish thi s  fol'lllf•t i on from 
\he Je\o .A4dstone . 

i 

Wu.�n4 Mm.Flea a.re di fficult to dehrmine . 
· · .DeOttapoaet •i ca.s .s.nd !. ron oxides �:re abundaut . 

' . 

- ·  ... j 
ObaraounMd by authigenic barite.  D i  st1ngui shed 

del l_..iliillle .  Det:ri tal grains titre much lese rounded 

1Jaeat1.a,lf!tei;.dl;-;r to Murray a.'lale. 
... ,, 

Di dta:::a: :from Sa.ndsuck conglorner.s.te lense s 
b7 pl't _ . · f detrital toU1"1D8l.ine ,  ilmeni t e , and 

leuao ... . 

-... _ ____ _. .......... 'b7 calci te content in light traction . 



no rmHl zircon ( E,nd ;probr"bly m::::lr,_co!l zi rco n )  nre much more P'btmd ,.,nt 

t:nan the nyN:inti:l v,o riety. 
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The lignt fre.ctions of only a few enmples were examined . qpE.rt z 

appe£>.rS to be t.ne mo st prominent minern.l . Conglomero:: t e  lenses tn the 

Sn.ndsu.ck fUlale and bed s  of the C )cnr.::.n conglomer�.t e contl'lin fel:J.spc r 

in nddi tion to quart z .  T'ne Helenmode member o f  the He sse fo rm�·· t i on 

contains :;;.bunctent i�lr,uconi t e  gre:ins . Det�.iled stu(ly of lig:1t frr: ct i :ms 

mi ght revee.l di s t i nct ive inclusi ons wi tnin gra.ins of H t miner- l s .  

l'etrogra1•hi c CrdO.rFtc t e r i s t ics  of the Cd lilowee Group 

Sand suck Sh, le 

�pheruli tic  pyri te grai ns , reHer::bL ag minute ceotJ.e s under the mi cro s cope . 

are common. Sub-rounded., n .. : rc�. l  z i rc;:.n,  :�nd to r lco: e E;er extent , hy'l.einth 

z i rcon, <" re pre se-:o t .  1..11 alnmt.l:'>·,nce of authi,-:_:en1 c pyr i t e  ,.; : t>  cnro rr cterizes 

tne heevy :frac t .;. ou. 

Cochr�.:n C onglomern te 

Z i rcon , ilmeni te . l�1coxene , tourmal ine , a� hema t i t e  l �xeely 

compri se the hee.vy fn.ot iona of th i s  for:nn t i o n .  Grain$ s.re subruagular 



to a.ngu.lr:>r shaped . Platy i lmeni te grains wi th leuco:xene st ringers P..re 

di stinctive . �r.ples from the uppe rmnst beds in the Cochran have bett er 

rounded gra.ina than tnoae from lower hori zons . .Angular1 ty of gre.ins end 

abundance of the heavy fr . .:;et i .·)n disti fit.«;t:li sh thi s form2 t i o n .  

The l i ght fractions of thi s fo�� t i on �re simil� r to co nglomerate 

l ens e s  in the Sand suck sha�e . except for the ab sence of calcP reous 

uu:. ter ial s . 

Nicho l s  Shale 

Sampl e s  from thi s forme t ion were somewMt weathe red . Decomposed 

mica s ,  i ron oxide s ,  and o tner product s  l'lre so abundant tM.t id.ent iti cR t i on 

of the heavy .s ssembb,ge i s  difficult . Therefo re . e s timated. percenta.ge 

of a given hea:vy mineral i n  the se sample& i s  no t too reliable . .Reli nble 

study should be b;;.sed on mine al separat i on in a l i quid of higher specific 

gr:<'l.Vi ty than bromoform. 

Nebo Sandstone 

'!ni e  form.R t i on i s  oh.:-;.re.c teri zed by the pre sence of E�.uthi genio 

b� ri te wnich was no t noted in other formations . Detri tal mine rP.l s in 

thi s  uni t  a.re aimi l? r to tnose of the He s se se.nd.stone , however ,  the degree 

of rounding of grai ns i s  much less in the Nebo ss.nd stone . I lmeni te i s  

less in amount t han  i n  the Heese fo rm::- t i o n ;  leucoxene , coml'llOn in the 

Hesse , i s  almo st enti rely absent from thi s S8ndstone . 

T:ne l i ght frac t i ons of sa.m:ples from this uni t show t h.:� t  qua.rt z 

grain a  are less well-rounded than those in the Hes se forma tion. 
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Sa.�ples from tne Murre>..y shale �"re s imi l" r in many re spect s to 

tno se of the :Ni cho l s  shale . .De t erminat i on o f  the ty::: e s  end a.mounts of 

de t ri tal m i ne rt!.ls in the se un i t s  is no t reli.,ble . ��ore ref i ned eep� ra t i on 

techni que s s..�ould be employed on study of the si'l.rl le s .  

Hesse S�ut:.\.stone 

�'he out s tanding cm rsc t 6l�istic of t.n.i s for:w t Ln is t:ne ; .c ll-'<m rn 

nr ture of de t ri td e,Tain s •  This se&i.liS to O. i s t ingui �:U the h e s s e  frou 

other Sahds tone uni t s .  I n  ;,d ... i t i o n ,  l eucox&nc , ti1ough usu:::;. lly pre sent 

iu smr.ll q�·mt i t ie s ,  i s  common to rtl'J St He st.re s:::-tuple :;; . Z ircon tnd tourmal ine , 

com!nOn i n  other fo rrun tions , .11rc nlso present in tni s uni t .  

Heavy minera l s  of the l:ie len.ilJ J r�e me1.1be r  r,,.re sil:d lar in mnny re spects 

to tilo se of the re lt. t  of tbe He sse SPJldsto:u.e . I n  some samples plt; ty , 

:�uthi genic h.eoat it e i s  pre s ent w:'l ich i s  qui t e  simi l r; r  t o  the hema t i t e  

found ne < r tne bru;e of t:r�c Hesse sand.ston e ;.  I lmeni t e  and le11c oxene appear 

to be m,) re abundant in portions of tile Helenm:Jde tnan in the und.srlying 

S'Ulds tone . 

'l'he c!l<'l ract eri s t i c  feature which serve s to di stingui oh the Selenmode 

member frotn tne Hesse sru1d s t o ne and o tner uni t s  i s  the p:ce sence of a.bund.D.nt 

glauconi te in the l i gh t  frac t i on .  �ni t  mine r? l l� rgely acc�Jnt s  f 1 r  the 

green color of the fine clP sUe unl t s  in the Helemn,:>de member. 



CHA.l?Ti:R VI 

The simpli c i ty of i t s  he::rvy mineral sni te i s  t h e  mo st striking 

pe tro gra_.-1< i o  fe�ture of the Chi lhowee group . Amon{� the m.any m inerals 

\ini ch occur as det ri t;- l s ,  only ilmeni te , leuooxene . tourmnl :l.ne , and 

zi rcon are common in the snmples studi ed .  Of these t oul'l'M l ine , d rcon ,  

end. t o  a l e s ser extent , i l meni t e ,  ;� re re s i st?,nt allogenic miner�l s .  'l"nt-lt 

i s ,  they may be pre served ett er lv\ving been expo sed to extreme condi t i ons 

of mechanicA.l and ohemie!'ll we8.thering. The other hMvy m1nern ls , b.<1ri t e , 

hemat i t e ,  leuooxene , and pyrite may be ei ther detri tal or authigeni c i n  

sedi ment s . T'ne f'i rs1i three are prob;:1bly .Buthi genic in Chi lhowee fo rmation s ,  

Wflile leueoxene i s  in pn rt authi geni c and i n  pl'l rt detri t r1 l  in ori {d.n .  

Thi s s tudy ind.i c2 t e s t ha t  i n  t:ne �fP llEmd e re �> . Cil. i lhowee formf!.ti o ns ,  

such a s  the Nebo sandstone and the Hesse sandst ,me . cnn be 'Ji fferent h l t ed. 

in struc turally complex are� s by he�.vy minert.!l me thods . The mine ralogi ca l 

differences in the s e  formatlons ne g r  Walland may "''ell :pe rs i st throughout 

the enti re belt of Chilhowee sediments .  Fu.rther s tudy of fornv t i on a  of 

thi s group , both to th13 northeast and to the sou thwest , will be neeessr ry 

before wide SC?.le a:ppli c.<> t ion of the ori teria i s  attempte�t. 

In order t o  e stabl i sh ;petrograp!U.o stP..ndards fo r the E.mt i re 

Chilhowee group sblil�·, r studi e s of e�C�.ch Chi lhowee form::- tion should b e  

m.?.de �1 t  frequent intervels e.long the strike of the formati <ms . The method. 

appears to h.a.ve definite po ssibi l i t i e s  P.B a correl!'!.t i ve tool , 'P""·rti euh rly 

in compl ex a.re� s or between different fpul t blocks . 

T'ne mineralogi cal as semble. ge of the Chilhowee group strongly 



am�e s t s  tha t the se !orma.tions were derived from otner sediment s  not 

unlike ther;u:� elve s .  l'etrograpne s s  are in gener� l agreed th<= t certain 

minerals ,  such as apati te and olivine , a.re rela.t ively unst�ble end 

are ea sily destroyed , wh i le ot:1er mineral s ,  such as g:::- rnet and ;cy:,:;ni te , 

a re very s te.ble and pers i st tnr::�ugn ;na.ny gener!' t i ons of sediment s .  

Tourmal ine and z i rcon !" re stP.ble minerd s .  \>f.ni l e  they occur mainly in 

ac idi c igneous rocks , tne 8JJsence of unstable rnine"� l s  common to s.c i dic 

i gneous rocks sugf<'e s t s  thl'lt the Chi lhowee f'o rm� t i ons repre s ent sediment s 

second or tili rd generP.tion removed from i gneous rock:a . 
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