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GEOLOGY OF THE EASTERN GREAT SMOKY MOUNTAINS, NORTH CAROLINA AND TENNESSEE
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ABSTRACT

The Great Smolty Mountains, a rugged mountain mass with
summits mon~ than 6,000 feet above sen level, are along the
border of North Carolina and Tennessee in the southern part
of the Blue Ridge province of the Appalachian Highlands. The
present report, one of three dealing with the Great Smoky
Mountains and vicinity, describes the stratigraphic, structural,
metamorphic, and surficial geology of an area 600 square miles
in extent which includes the eastern half of the mountains.
~l'he rocks of the area consist largely of a very thick mass
of metamot·phosecl sedimentary rocks of late Precambrian age,
long lmown 'US the Ocoee series, that rest on a basement complex
of granitic and metasedimentary gneisses. 1.'he rocks of the
Ocoee series in the area are newly subdivided into eight formations comprising the Great Smoky conglomerate and Snowbird
fot'u}ation of previous writers, and these two units are accorded
the stntus of groups.
The Snowbird group, resting on the basement complex, inclucles four intertonguing formations; the Wading Branch
formation, the Longarm quartzite, Roaring Fork sandstone,
and Pigeon siltstone. These units consist of variously metamorphosed sandstone, siltstone, shale, and mudstone derived
in large part from the basement rocks. A basal quartz-mica
schist, with quartz conglomerate lenses, and dark-colored graywacke and related pelitic rocks make up the Wading Branch
formation, which has a maximum thickness of 1,500 feet. The
Longarm quartzite, 5,000 feet thick, consists largely of relatively clean, cnrrent-bedded, generally coarse felds];)athic
quartzite nnd arlwse. The Roaring Fork sandstone consists
of 2,000-8,000 feet of medium-grained relatively thick-bedded
highly feldspathic sandstone and interbedded dark finer sandstone and siltstone. It overlies the Longarm quartzite but
also intertongues with the upper part of the Longarm, and replaces much of it toward the north.west. The Pigeon siltstone, which consists of still finer gmined and thinner bedded
siltstone and shale, has the same stratigraphic relation to the
Roaring :F'ork sandstone that the latter has to the Longarm
quartzite and is fouud mainly in the northern foothills of the
mountains. 1.'hese formations together a're at least 13,000 feet
thick in the northern part of the report area. Current bedding
and distribution of coarse- and fine-grained deposits indicate
that the sedirnents were transported largely by bottom currents west-northwestward from a land area of basement rocks
into a steadily subsiding basin. They thin markedly toward
the south and east, where they are overlain and finally overlapped by the Great Smoky group.
The Great Smoky group, 10,000-15,000 feet thick in the report area, consists of variably metamorphosed clastic sedimentary rocks considerably coarser and more V'aried in texture
and composi•tion than the Snowbird group. The thickest and
most widespread formation in the group is the Thunderhead
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sandstone, formed of 6,000-12,000 feet of thick-bedded feldspathic sandstone and fine arkosic conglomerate that occupies
most of the eastern part of the mountains. The Elkmont sandstone, 800-3,000 feet thick, consists of somewhat finer feldspathic
sandstone a,nd interbedded shale that intertongues with the
lower part of the Thunderhead along 'the north front of the
range. The Anakeesta formation is ·a varied unit of dark carbonaceous and sulfide-bearing pelitic and arenitic rocks and
spal"Se thin dolomite beds that intertongue with the 1.'hunderhead along the crest of the range. In contrast to the rocks of ·
the Snowbird group, those of the Great Smoky group are characterized by graded bedding and poor sorting, which suggests
more rapid movements into the depositional basin, probably by
turbidity currents. Coarser rocks, including granitic cobble and
boulder conglomerate, in the northern part of the area suggest
tbat they were derived from a granitic source area of considerable relief north of the basin of deposition and that sediments
of the Great Smoky group were carried southward, in contrast
to those of the Snowbird group.
The Rich Butt sandstone, 3,000 feet thick, conformably overlying the Snowbird group in the northern part of the area but
separated by faults from the Great Smoky group, lithologically
resembles the latter and may be roughly equivalent to the Elltmont sandstone.
Intrusive rocks younger than the Ocoee series are few and
widely scattered. They include altered ophitic diorite and
diabase like those associated with copper deposits in the southwestern part of the mountains, trondhjemite and pegmatite
dikes in the more metamorphosed Ocoee and basement rocks in
the southern part of the report area, and ·small bodies of much
·altered ultramafic rocks limited to the basement complex but
probably early Paleozo-ic.
A great variety of folds, faults, cleavages, and joints. in the
Ocoee series have resulted from deformation that began probably in Ordovician ·time and continued intermittently throughout most of the Paleozoic era. The basement rocks participated
in this deformation also so that structures of Precambrian age
are at be'St obscurely preserved. Deformation began in rocks of
the Ocoee series with broad eastward~trending folds; subsequent
low-angle faulting, in which the Great Smoky group and parts
of the basement complex were pushed northward over the main
part of the Snowbird group, resulted in the low-angle Greenbrier fault, with horizontal displacement estimated to be 20
miles or more. After this activity, renewed deformation in the
southeastern part of the ·area formed northward~trending folds
and high-angle reverse faul•tJs; the Greenbrier fault was folded
and faulted, and both the Ocoee and basement rocks were
strongly sheared. Erosion of large folds in the Greenbrier fault
has produced a window in the central part of the area, exposing
slices of basement rocks lying on the Snowbird group. Rocks
with relatively low dipping cleavage and schistosity produced
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during the earlier stages of the regional deformation were much
folded and ·Sheared during the later stages, which produced
second-generation folds and slip cleavage that greatly obscure
older structures in the southern part of the area.
Relrutively late· high--angle faults are characterized by unrecrystallized gouge and slickensided surfaces and by topographic
lineaments. Some are rstrike faults; others trend northwest
across the older structural fea·tures. Movement on most of
these flaul,ts has been small, but two show displacements of a
mile or more, the southern rocks having moved northwestward
relative to the northern rocks.
Rocks of the Ocoee series were regionally metamorphosed
concurrently wiltb tJbe deformation and with intensity increasing toward the southeast. Rocks of the greenschist facies in the
northern part of the ·area are succeeded southward by rocks of
the albite-epidote-amphibolite and amphibolite facies. Pelitic
rocks thus range from green slwte and phyllite at the north to
kyanite-Sitaurolite schist at the south, where even mas·sive sandstone and conglomerate beds are ·strongly foliated and recrY'stallized and impure dolomite has been ·altered to diopsidetremoUte rock. The basement complex, also involved in the
regional metamorphism, was downgraded to chloritic and sa ussuritic gneisses at the north, ·but the Paleozoic and pre-Ocoee
metamorphi·sms seem to have been about equal ·to the south.
The distribution 'of metamorphic biotite .suggests that its formation wws promoted by the preSence of potassium feldspar in rocks
of the greenschist facies and that muscovite-chlorite schist with
little or no excess potassium was stable well into the lower
temperature part of the albite-epidote-amphibolite facies.
Regional metamorphism occurred mainly after the thrusting
represented by Greenbrier fault, but its thermal peak bad
pas'sed beflore the ·second spisode of folding and faulting. Thus
('rushed rocks adjacent to t~e Greenbr-ier fault are recrystallized,
and metamorphic isograds are not offset by the fault. On the
other band, porpbyro·blasts in the more highly metamorphosed
1•ocks are commonly broken or rolled between sUp cleavage surfaces •associated with the second-generation folds, ·and parts of
the metamorphosed rocks have been much sheared or mylonitized since their metamorphism. Some of this late deformation may be ·associated with extensive low-angle faulting of late
Paleozoic age in the rocks northwest of the mountains.
Alluvium, colluvium, and saprolite, locally a·s much as 100
feet thick, cover unweathered bedr'OCk in many parts of the
area. Coarse bouldery colluvial ·and alluvial fans and aprons,
found particularly againSJt the northern front of the range, were
formed mainly during Pleistocene time after a period of deep
valley cutting. Soils that ·formed on them suggest two periods
of alluviation and colluvial activity, probably early and late
Wisconsin in age, separated by a period of erosion in which V'alleys were cut or reexcavated to depths of 60 feet or more. The
saprolite -i·s considerably older than either alluvium or colluvium
and may be largely ~ertiary in age. His 60-80 feet thick where
best preserved but is everywhere much eroded and has been
largely removed from the higher mountain s•lopes.
Except for the post~Ocoee pegmatites near Bryson City at the
southwest edge of the report area, no commercially important
mineral deposits are known in the eastern Great Smoky Mountains. These pegmatites are estimated to have yielded 130,000150,000 tons of feldspar for ceramic, glass, and a'brasive use
and, in earlier ·days, considerable kaolin. A small lead-zinc
mine near the eastern border of the area bas produced one carload of ore reported to contain 12.1 percent lead and 6.5 percent
zinc. There has been some prospecting for commercial mica

along the southern margin of the area, but no important deposits
have been mined.

INTRODUCTION
LOCATION, ACKNOWLEDGMENTS, METHODS OF STUDY

About 600 square miles partly in North Carolina and
partly in Tennessee between long 83° W. and 83°30' W.
(fig. 1) is described in this report. The area includes
the eastern half of the Great Smoky Mountains, a high
mountainous part of the Blue Ridge province lying
between the Pigeon River on the northeast and the
Little Tennessee River on the southwest, and part of a
foothill belt to the north. The boundary between
North Carolina and Tennessee follows the crest of the
mountains from Clingmans Dome at the west to the
village of 'iVaterville at the northeast, so that threefourths of the area described is in North Carolina and
one-quarter in Tennessee. About four- fifths of the
area is within the Great Smoky l\1:ountains National
Park, established in 1940 and one of the largest national
parks. Park headquarters is at Gatlinburg in the
.northwest corner of the report area.
The fieldwork for this report was done as part of a
larger study of the Great Smoky Mountains National
Park and surrounding areas by the U.S. Geological Survey under the direction of Philip B. King. Results of
these investigations are being presented in separate reports including, besides the present one, reports on the
central Great Smoky l\1ountains by P. B. IGng and on
the Richardson Cove and Jones Cove quadrangles by
W. B. Hamilton (see fig. 1). Information obtained
in these adjacent areas has been most useful in arriving
at many of the conclusions presented herein.
The greater part of the fieldwork in the eastern Great
Smoky Mountains was done by Hadley and assistants
between October 1946 and July 1954. Beginning in
March 1952, Goldsmith mapped the Dellwood quadrangle and adjacent areas, and, together with Hadley,
completed mapping the southeastern part of the report
area. We gratefully acknowledge the assistance of
John K. Lydecker from February to July 1947; Charlie
A. Tucker, Jr., March to June 1949; Steven S. Oriel,
October to December 1949; Willis H. Nelson, July to
December 1950; and Robert F. Yerks, August to October 1951. We also received help in interpreting the surficial deposits from Charles S. Denny and Gerald M.
Richmond of the Geological Survey, who visited the
area briefly. Harold E. Malde spent 3 weeks in the
area and provided many of the photographs used in
the report, which also benefited greatly by the criticism
of P. B. King, W. B. Hamilton, and R. B. Neuman.
G. H. Espenshade kindly permitted publication herein
of his description of the Redmond lead-zinc mine in
Haywood County, N.C.
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1.- Index map of a part of western North Carolina and eastern Tennessee showing location of the Great Smoky Mountains and the
areas covered by this and companion reports.

We wish to acknowledge with special thanks the
friendly and unfailing helpfulness of the staff of the
National Park Service throughout the work, in providing office facilities and other use of park buildings,
transportation and special equipment when needed, and
information about the local terrain.
The base maps used were largely 71/z-minute quadrangle maps at 1: 24,000 scale, including both published
maps prepared by the Tennessee Valley Authority and
unpublished advance sheets of areas within the park
prepared by the Geological Survey. Most of the latter
were incomplete and were supplemented by manuscript
maps supplied by the Tennessee Valley Authority and
by enlargements from the topographic map of the Great
Smoky Mountains National Park published by the Geological Survey in 1930 at 1 : 62,500 scale. The base for
the geologic map (pl. 1) is an enlargement, somewhat
revised, of part of the map of the Great Smoky Moun-

tains National Park and Vicinity compiled in 1949 and
published by the Survey at a scale of 1 : 125,000.
The stratigraphic and petrographic descriptions of
the formations of the Ocoee series and the sections on
structure, surficial geology, and mineral deposits were
written mainly by Hadley, with contributions from
Goldsmith concerning the southern part of the report
area. Goldsmith prepared most of the sections on the
basement and post-Ocoee intrusive rocks. The section
on metamorphism was prepared jointly.
GEOGRAPHY AND ACCESS

The foothill belt in the eastern part of the Great
Smoky Mountains area is a maturely dissected low land,
with an average summit level of about 2,000 feet above
sea level, surmounted by several ridges rising to a little
more than 3,000 feet. Many sharp-crested ridges rise a
few hundred feet abqve narrow valleys drained prin-
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cipally by two major streams, the Little Pigeon River
and Cosby Creek, which rise in the mountains to the
south and flow northward through the foothills at 1,400
to 1,800 feet above sea level, with gradients between
50 and 100 feet per mile. Soils and deeply weathered
bedrock (saprolite) mantle most ridge crests and slopes;
exposures of fresh rock are most abundant in or clos~
to the drainage lines, in some places higher on the adjacent slopes, and rarely on the crests.
Within the area of this report, only a narrow northern strip belongs in the foothill belt. Part of this strip
is fairly thickly settled, traversed by many roads of
various degrees of improvement, and partly cleared or
cultivated so that travel is relatively easy. The foothill area within the park, although once similarly settled, has been progressively abandoned since the establishment of the park. Many of the old roads and trails
are now overgrown with trees, shrubs, and vines and,
except for a few automobile roads and truck trails maintained by the National Park Service, travel must be on
foot. ·The valleys in this area are generally occupied
by fairly young open forest interspersed with partly
overgrown fields. Ridges are largely forested, and
crests and slopes exposed to the south are commonly
covered with thick growths of laurel and greenbrier
that impede travel. North-facing ridges and slopes are
generally covered with open stands of hard wood and
are more easily traveled.
The Great Smoky Mountains proper rise abruptly
south of the foothill belt and stand nearly a mile above
it. Their summit altitudes are mostly between 5,000
and 6,500 feet, and local relief ranges generally between 1,000 and 2,500 feet. The mountain area is as
maturely dissected as the foothills and probably 90
percent of it consists of slopes of 20° or more. Valleys
are narrow with steep sidewalls that are locally cliffed.
The larger streams, with gradients of several hundred
feet per mile in their upper courses, plunge in abundant
cascades and waterfalls.
Much of this country was too rough for habitation,
either by the first European settlers in the region or
by the Indians before them. Although timber-cutting
operations in the first quarter of the present century
penetrated much of the mountains, many areas in the
eastern part of the Great Smoky Mountains National
Park were never reached and remain covered by some
of the largest stands of virgin forest in the eastern
United States. Such forest covers the north slope of
the mountains from the West Fork of the Little Pigeon
River to Mount Guyot, as well as most of the drainage
basins of Deep Creek, Cataloochee Creek, and Raven
Fork. Excellent trails and two roads provide access
through the mountains in the western and eastern parts

of the area. Travel off roads and trails in this part of
the mountains is difficult at best and next to impossible
in some places. The best routes of travel for the geologist are along the stream courses, although they are
commonly bouldery or obstructed by fallen trees.
Valley bottoms and side slopes in the virgin timber
are open forested glades interrupted by dense thickets
of rhododendron. Higher ridge crests are commonly
clothed with thick tangles of rhododendron and fallen
spruce or fir trees; many are covered by "laurel slicks"
or heath balds, a partict!larly impenetrable growth of
laurel, rhododendron, blueberry, and other members
of the heath family. In marked cmitrast, particularly
at intermediate altitudes in the southern part of the
mountains, are areas of delightfully open forest of
oak, maple, buckeye, and remnants of the once ex . .
tensive American chestnut.
·
The logged areas include much of the eastern part
of the report area excepting the middle and lower
parts of the valley of Cataloochee Creek. They are
now largely covered by second -growth forest, but travel
in them is distinctly easier than in the virgin forest
because of many abandoned lumber railroad grades
and the scarcity of fallen trees. · The main hindrances
are dense thickets of blackberry canes and volunteer
fire cherry in areas that were burned after logging.
The southern border of the report area in the valleys
of the Tuckasegee River and J onathans Creek and in
the Cherokee Indian Reservation is well populated and
traversed by roads. The principal settlements are
Bryson City, seat of Swain County,.N.C., and Cherokee,
where the Indian Agency headquarters are located.
PREVIOUS WORK IN THE AREA

The rocks of the Great Smoky Mountains region have
been studied intermittently for about a century but,
owing to their inaccessibility and geologic difficulty,
progress in understanding them has been slow. The
first attempt to classify the rocks of the region was
made by J. M. Safford, State Geologist of Tennessee,
who explored several of the major valleys in the northwestern part of the Great Smoky area, and in reports
published ,in 1856 and 1869 gave the name Ocoee to the
rocks that make up much of the foothill and mountain
areas.
In 1889, Arthur Keith of the U.S. Geological Survey
began his extensive studies of the southern Appalachian
region. Folio reports by him were published on areas
adjoining the present report area, both on the west
(Keith, 1895, 1907) and on the east (ICeith, 1904), and
maps of the intervening areas were prepared ( l(eith,
unpublished manuscript maps of the Mount Guyot and
Co wee quadrangles). Although these reports contain
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many misconceptions of the structure and stratigraphic
. succession in the area, they provide a partial basis for
the present classification of the rocks and reveal shrewd
judgments concerning many features.
From I\:eith's time to that of the present studies,
little work was done in the Great Smoky Mountain
region. On the geological map of the United States
of 1933, the Ocoee series of the Great Smoky Mountains
was divided on the basis of reconnaissance into a less
metamorphosed part of Early Cambrian age to the
northwest and a more metamorphosed part 'of late
Precambrian age to the southeast, the latter being correlated with the Glenarm series of southeastern Pennsylvania (Jon as, 1932, p. 228-243). This work was
followed by two papers by G. W. and A. J. Stose (1944;
1949), in which renewed attempts were made to clarify
the relations of the Ocoee series. The earlier of these
papers presents a good summary of the changing ideas
of Keith on the age and relationship of the Ocoee and
restates arguments for its Precambrian age:
During the Second World War, copper deposits on
Hazel· Creek and adjacent areas in the southwestern
part of the Great Smoky Mountains and a lead -zinc
deposit near the eastern boundary of the report area
were examined by the Geological Survey and described
in reports placed in files open to the public (Espen:.
shade, 1943; Espenshade and others, 1947). In 194647 feldspar deposits near Bryson City in the southwestern part of the report area were studied.by E. N.
Cameron (1951) as a part of a comprehensive wartime
study of pegmatites by the Geological Survey. Although limited to a smaller area, Cameron's conclusions
parallel ours in many respects, especially in regard to
multiple deformation in the region (Cameron, 1950).

BEDROCK UNITS
Most of the eastern Great Smoky Mountains and the
foothills to the nor'th are made up of varia;bly metamorphosed sandstone, conglomerate, and siltstone, Illltny
· thousands of feet thick and known as 'the Ocoee series
of late Precambrian age (table 1). In the southeastern
part of the mountains these rocks are underlain by a
complex assemblage of plutonic rocks and layered gneiss
which occupy about 100 square miles or one-sixth
of the report area and are exposed over large areas to
the east and south. The plutonic rocks include massive
augen gneiss, granitoid gneiss, and. little-foliated granitic rocks similar to rocks mapped hy Keith as Max
Patch and Cranberry granites in the adjoining Asheville
quadrangle. The layered rocks are paragneiss derived
from ancient sedimentary and possibly vdlcanic rocks
and known throughout the Blue Ridge and Piedmont
provinces as the Oarolina gneiss. The ·Carolina gneiss
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and ·a:ssociated plutonic rocks form a hasement complex
much older than the Ocoee series and separated from it
by a major unconformity. Available radiometric data
suggest that the complex is approximately contemporaneous with the metamorphism of the Grenville series
in the western Adirondack Mountains about a billion
years ago, although younger rocks may be present.
Intrusive rocks younger than the Ocoee series are few
and diverse in character. They include semiconcordant
metadiorite in the Ocoee series in the northwestern ·part
of the area; pegmatite dikes cutting both the Ocoee
series and basemen't rocks in the extreme southeast; ·and
severa'l small 'bodies of ultramafic rock's that occur only
in the basement or adjacent to it but are probably
younger !than the Ocoee series.
TABLE

1.-Formations in the eastern Great Smoky Mountains,
Nor.th Carolina and Tennessee
Below Greenbrier fault
Above Greenbrier fault

Chilhowee group:
Cochran formation
________ Fault contact_----------------Ocoee series:
Walden Creek group:
Wilhite formation
________ Fault contact_----------------Rich Butt sandstone
Snowbird group:
Pigeon siltstone
Roaring Fork sandstone
Longarm quartzite
Wading Branch formation
--------Unconformity---------------·
Basement complex:
Plutonic rocks

Ocoee series:
Great Smoky group:
Anakeesta formation
Thunderhead sandstone
Elkmont sandstone
Snowbird group:
Roaring Fork sands'tone
Longarm quartzite
Wading Branch formation
--------Unconformity-----------------Basement complex:
Plutonic rocks
Carolina gneiss

BASEMENT COMPLEX

Rocks of the basement complex occur in several different localities in the southeastern part of the map area
(pl. 1) . They are exposed in a large part of the Dell- wood quadrangle (pl. 2) and a belt extending southwestward a1ong the v·a'lley of Soco Creek to the vicinity
of Cherokee. Three areas ·along the Pigeon River near
the east edge of the map area (:fig. 2) include an anticiinal body exposed on Harmon Den Mountain, a second
and larger anticlinal body that forms most of Hurricane
Mountain and the ·adjacent ridges, and a. narrow fau'lt
slice extendip.g from Harmon Den Mountain southwestward to the vaUey of Cataloochee Creek Another
large area of basement rock is in the Straight Fork
window (pi. 13) and two more 'bodies are exposed near
E'la and Bryson City in the southwestern part of--..the
report area.
These bodies of basement rook differ consideralbly
from one ·andther not only because of variations in the
original complex but also 'because of differences in subsequent structural -and metamorphic history. Some ar~
autochthonous with regard to the adjacent younger
rocks; others have been thrust on low-angle fa1dts over
their s~dimentary cover. All are po1ymetamorphic, :for
the.y were subjected to various degrees of metamorphism
in both Precambrian and Pa:leozoic time.
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CAROLINA GNEISS

feet thick, which are, at least in part, inherited from
earlier sedimentary and igneous structural features.
.Nlthough first mentioned in Keith's ·description of the
The largest area of these rocks is in the central and
rocks of the W'ashington, D.C. ·area (Kei1th and DartJon, southern parts of the Dellwood quadrangle (pl. 2),
1901) 'the Carolin'a gneiss was more clearly defined in where all lithologic types of the formation are well
the subsequent Asheville and Mount Mitchell fdlios represented. Carolina gneiss occupies the northeastern
(Ke!th, 1903, 1905) dealing with areas 50 m~les north- part of the area of basement rocks near Ela, and other
east of that of the present report. Here it was described areas, too small to be shown on plates 2 and 3, are scatas an immense series, occurring widely in NortJh and tered among the plutonic rocks of the basement comSoutbh Carolina, m'ade up of interbedded mica schist, plex, especially in the western part of the Dellwood
mica gneiss and thin granitic layers with minor horn- quadrangle and southeast of Shelton Laurel.
·blende schist and gneiss, an~ lenses and veins of pegmaThe lack of obvious stratigraphic or structural contite. This unit was mapped by Keith {1904, 1905, 1907) trol makes it necessary to subdivide the Carolina gneiss
along the eastside of the Blue Ridge province and south- for mapping purposes largely on a lithologic basis.
ward into northern Georgia, in a belt including the The principal map unit in the formation consists of
southern margin of this report area. Areas consisting bodies of micaceous gneiss, including muscovitic, biodominan'tly of hornblende gneiss Keitth mapped as titic, and quartzose types, as well as minor amounts
"Roan gneiss" but, as no consistent stratigraphic rela- of mica schist. Some of these rocks were derived from
· tion has lbeen dem'Onstrated between tfue Oarolill'a and shale and sandstone, others possibly from felsic vol"Roan" gneisses, the latter is here regarded as a litho- canic rocks. Most of the micaceous gneiss bodies are
logic variant of the former and bodies of hornblende strongly biotitic and probably represent hornblendic
gneiss formerly mapped as "Roan" are included in the rocks to which potassium· has been added. ·HornOardlina gneiss. The "Roan" gneiss is her~by ·ruban- blendic gneiss varying widely in color and amount of
doned in the area of this report.
mafic minerals, is less abundant than micaceous gneiss
Keith (1903, p. 2) early interpreted the Carolina but it comprises an important map unit in the Dellgneiss as the oldest formation in the region, "since it wood quadrangle. The hornblendic gneiss includes
is cut by all igneous rocks and overlain by the sedi- light-colored varieties probably derived from dolomitic
ments," and he ascribed to it an unknown thickness and sandstone and darker ones that were derived from doloorigin although he suspected that parts of it were meta- mitic shales or volcanic rocks of intermediate compomorphosed sedimentary rocks. Keith ( 1904, p. 3) also sition. Most hornblendic gneiss contains abundant
recognized the effects of repeated deformation in the biotite and thus grades toward the biotitic micaceous
- g!J.eiss. Amphibolite in the Carolina gneiss includes
Carolina and associated rocks and reported that
one deformation produced a foliation of the rock, whatever its rocks composed largely of hornblende and plagiocla~e;
original nature. A subsequent deformation folded and crushed the larger bodies are probably intrusive; but many
the earlier planes and structures. In most of the formation
smaller ones probably represent mafic segregations in
metamorphism has been excessive and has destroyed the origimetamorphosed sedimentary or volcanic rocks.
DEFINITION

1

nal attitudes and most of the original appearance of the rocks.

The present work has confirmed many of Keith's conclusions on the Carolina gneiss. It is principally a very
old metasedimentary series, much metamorphosed and
invaded by granitic material in Precambrian time, and
subjected to further deformation and regional metamorphism during Paleozoic time.
GENERAL DESCRIPTION

The Carolina gneiss in the report area is a heterogeneous assemblage of layered micaceous and hornplendic gneiss, mica schist, and amphibolite. These
rocks are medium to coarse grained and variably foliated; they range from even -grained quartzose, feldspathic, and amphibolitic rocks to uneven-grained micaceous and porphyroblastic rocks. They are intercalated in layers and lenses, an inch to several tens of

MICACEOUS GNEISS AND MICA SCHIST

The micaceous gneiss represents a broad compositional group within which two-mica gneiss and associated schist, mica-quartz-feldspar gneiss, and biotite
gneiss are distinguished. Mineralogic modifiers are
placed in the order of increasing abundance of these
minerals in. the rock, the modifier nearest the rock name
being the most abundant constituent.
BIOTITE GNEISS

By far the most abundant of the ·micaceous gneiss
bodies are composed largely of quartz, plagioclase, and
biotite, with subordinate amounts of potassium feldspar and muscovite in some rocks.
They ran bO'e from
'
weakly foliated and indistintly layered gneiss to wellfoliated porphyroblastic gneiss. They occur adj a-
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cent to and interlayered with hornblendic gneiss near
Purchase !(nob and on Utah Mountain and Goat Rock
Ridge and are similarly associated with plutonic rocks
on both sides of Hemphill Creek and on Purchase Knob.
One of the larger bodies of biotite gneiss overlies muscovitic and quartzose gneisses and underlies plutonic
rocks in the valley of Campbell Creek. Biotite gneiss
and subordinate amounts of two-mica gneiss occupy an
irregular area southwest of Suttontown.
Because of its large feldspar content, the 'biotite
gneiss is easily weathered and most roadside exposures
are saprolite rather than fresh rock. The most accessible hardrock exposures are beside U.S. Highway 19
at Lake Junaluska, 4 miles east of Dellwood. Natural
outcrops can be seen in fields on either side of the road
east from North Carolina Highway 284, 1.1 miles south
of Cove Creek.
The biotite gneiss is light to medium gray and medium to coarse grained, the finer grained rocks being
more even grained than the coarser ones. Foliation
consists of subparallel mica flakes, streaks or flat lenses
of quartz and feldspar, and folia of biotite enclosing
feldspar porphyroblasts. Some rocks of uniform texture and grain size consist of alternate lighter and
darker layers, a few inches to 10 or 15 feet thick distinguished by varied amounts of biotite; other rocks
are medium-grained less-foliated gneiss with intercalated layers, a few inches to 2 feet thick, of mica-quartzfeldspar gneiss or hornblendic gneiss. Some layers are
light-colored quartz-feldspar rocks which contain
rounded or platy aggregates of biotite or individual
biotite porphyroblasts as large as 3 by 10 millimeters.
The biotite gneiss consists essentially of plagioclase,
quartz, and biotite in widely varying proportions
(table 2, analyses 10--18). Quartz, ranging in amount
from 20 to 35 percent, is subordinate to feldspar in all
specimens studied microscopically. The feldspar is
dominantly plagioclase ( 35-65 percent), but microcline,
perthite, and untwinned feldspar amount to as much
as 30 percent of some rocks. Biotite ranges from 2 to
nearly 30 percent, and governs both the color and the
degree of foliation of the rock. The biotite gneiss is
moderately calcic; its plagioclase is generally andesine,
and epidote occurs in many specimens. Accessory garnet, muscovite, sphene, apatite, and magnetite-ilmenite
are commonly present; allanite (rare-earth bearing calcium-aluminum silicate) and zircon rarely. Some
varieties of biotite gneiss transitional to hornblendic
gneiss contains traces of hornblende or abundant epidote (table 2, analyses 15, 16).
·
The texture of the biotite gneiss is crystalloblastic
and equigranular to inequigranular. Feldspar forms
porphyroblasts in the more micaceous rocks, where
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some plagioclase grains are 3.5 mm in diameter. Foli. ·ation is marked by scattered subparallel flakes of biotite or, in the more biotitic rocks, by streaks of biotite
which weave around small knots of quartz and plagioclase. Plagioclase and quartz form monomineralic as
well as polyn1ineralic aggregates, which are flattened
and provide a weak foliation in the less micaceous rocks.
Aggregates of quartz appear to represent once larger
grains crushed and recrystallized. In many rocks,
fine-grained quartz, green biotite, and, locally, muscovite and alkali feldspar have recrystallized along late
shears.
The overall grain size of the rock increases with increasing amounts of potassium feldspar, which is generally irregularly distributed and inequigranular. The
larger grains of potassium feldspar have highly irregular boundaries, include grains of quartz and epidote, and project into plagioclase. Myrmekite occurs
adjacent to potassium feldspar in some of the biotitepoor rocks, and some potassium feldspar occurs as
blocky inclusions in plagioclase (antiperthite). Biotite, sphene, and epidote are commonly clustered together (fig. 6A), sometimes with magnetite or small
irregular grains of hornblende, an association which
probably has resulted from metasomatic alteration of
hornblende to biotite.
Colorless to moderate-greenish-yellow epidote not
only occurs in the biotite-epidote-sphene clusters but is
also scattered through the rock. Although much of
the epidote is in small irregular grains, many grains of
the disseminated epidote are larger, equant, and a few
contain cores of allanite. This disseminated epidote
may be a primary metamorphio mineral or derived
from previously stable calcic plagioclase.
The biotite in most of the biotite gneiss is olive or
olive brown, but some rocks COJ'!.tain moderate-brown
and moderate-reddish-brown biotite; biotite gneiss containing traces of hornblende has only olive biotite.
It is noteworthy that the color of biotite in the Carolina
gneiss varies with the composition of the rock. In
two-mica gneiss, mica schist, and mica-feldspar-quartz
gneiss, the biotite is dominantly reddish brown or
brown; in hornblendic rocks, as well as in much biotite
gneis~, the biotite is olive brown or olive.
TWo-MICA GNEISS AND MICA SCHIST

Rocks in which both muscovite and biotite are prominent are much less abundant than biotite gneiss. Most
of them are gneiss containing subequal amounts of
quartz, calcic oligoclase, and 1nica (table 2, analyses
7-9), but some are schist containing as much as 45 percent mica. They generally occur as layers less than
50 feet thick intercalated with more quartzose gneiss,
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TABLE

2.-Moaal cornp08ition ot 1·oclos in the Carolina

[Tr., tra<'<:>; c, clinozoisite; ol, oligoclase; an, andesine]
1\flcaceous gnei~ses
Mica-feldspar-quartz gn<>iss
2

Two-mica schist, gneiss

3

6

9

8

Biotite gneiss
11

10

12

-------------------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Quartz------------------------------------------------------------Plagioclase_________________________________________________________
Pota!l~iurr fcld~par __ :______________________________________________
Mus<>o,·ite---------------------------------------------------------Biotite ________________________ ~------------------------------------

135
10
25

Tr.

1

61

11
8
6
14

5~

13
7
1
20

48
28

Tr.

1
22

48
21
16
1
14

50
25
30
32
31
17
21
32
32
38
2 -------- -------- -------- -------13
18
7
2 -------16
25
26
34
27

34
35
8
1
21

28
45
6
1
l!l

~grci~l:.~-~~~==:::::::::::::::======================================
========
========
========
----rr·r·.--------------- -------- ----i'r~-------- -------- -------sph<>ne_____________________________________________________________
Tr.
Tr.
Tr.
Tr.
~~: -----------Tr·.- ----T-r~- ----T-r~Tr. Tr., ~ ------i- ----T·r·.Allanltl' ____________________________________________________________ -------- -------- -------- -------- -------Magnetit€-ihr<:>nite_________________________________________________
Tr.
Tr.
Tr.
Tr. -------Apatlt<>--"---------------------------------------------------------- -------Tr.
Tr.
Tr.
Tr.
GarncL-----------------------------------------------------------Tr.
Tr. -------Tr. -------Zircon .. ---------------------------------------------------------------------------------------------------Kyanit<'------------------------------------------------------------ -------- -------- -------- -------- -------Scapollte.
---------------------------------------------------------- --------------- --------------- --------------- -------_____ ·___
Pyroxene ___________________________________________________________
________ --------

·Composition of plagioclase ___ --------------------------------------_

ol

ol

1. Mica-feldspar-quartz gneiss; ridge south of Olivet Church, Maggie, Dellwood
quadran~le.
·
2. Equi~ranular mica-feldspar-quartz ~meiss; interlayered with porphyroblastic
gneiss; Jaynes Cove, Dellwood quadrangle.
3. Mica-feldspar-quartz gneiss with quartz-feldspar laminae; Jaynes Cove, Dellwood quadrangle.
4. Inequigranular mica-feldspar-quartz gneiss; MauneyCove,Dellwood quadrangle.
5. Lineated mica-feldspar-quartz gneiss; ridge southeast of High Top, Dellwood
quadran~le.

6. Porphyroblastlc mica-feldspar-quartz gneiss, interlayered with nonporphyroblastic gneiss, Jaynes Cove, Dellwood quadrangle.
7. Two-mica schist; near head of Moody Branch, Dellwood quadrangle.
8. Two-mica gneiss; on North Carolina 284, southeast of Trit Knob, Dellwood
quadrangle.

less commonly with biotite gneiss, and rarely with hornblendic gneiss. However, some units in which twomica gneiss and schist dominate are several hundred
feet thick. They closely resemble highly metamorphosed pelitic rocks of the Great Smoky group and in
some places the two can be distinguished only with
diffi.culty.
Two mica gneiss ~nd associated schist occur with
mica-feldspar-quartz gneiss of basement rocks on
Cambpell Creek -and are mixed with biotite and hornblendic gneiss south and southeast of Purchase Knob.
They .are abundant also near Dellwood, north of the
crest of Utah Mountain and southweSt of Hard Ridge,
and they occur with quartzose gneiss a'long the lower
part of Jona:thans Creek between Cove Creek and Trit
Knob. Two mica gneiss is well exposed in a cut on
North Carolina Highway 284 ·a mile north of Dellwood.
The two-mica gneiss is a light- to medium-grey medium-grained inequigranular rock with coarse flaser
structure. Indistinct but regular layers of finer gra~ned
more quartzose gneiss are common, but such v-ariations
are generally masked by segregation knots and lenses
a few inches long containing quartz and feldspar and,
more rarely, kyanite. Saprolite outcrops are marked
by prominent white streaks of clay and quartz and contribute much muscovite to ~the residual soil.
Two-mica gneiss consists principally of sufbequal
amounts of quartz, calcic oligoclase, and biotite, with

An2s

Ana2

An2o

-------Tr.
Tr.
-------Tr.
--------------________

________

Tr.

Tr. -------Tr.
Tr.
Tr.
Tr. -------Tr.
Tr.
1
Tr.
Tr.
7
3
Tr.
1 -------- --------------- -------- -------- ________ -------- -------2

1

Tr.

Tr.

1 -------- -------- -------- -------- --------

-------- --------------- ________
-------- --------_
-------________ --------------- _______________

an

Ann

An2s

An2o

ol

ol

Anat

9. Two-mica gneiss; Jonathans Creek, southeast of Cove Creek, Dellwood quadrangle.
rid~e west of Trit Knob, Dellwood quadrangle.
11. Biotite gneiss; ridge southeast of Purchase Knob, Dellwood quadrangle.
12. Metasedimentary layer in migmatltic gneiss; quarry near Pigeon Rh·er, 2.5 miles
east of Cove Creek. See fig. 6R.
13. Biotite gneiss; Germany Co,·e, Dellwood quadrangle.
14. Biotite gneiss; Moody Branch, Dellwood quadrangle.
15. Biotite gneiss; Fincher Chapel, 3 miles northeast of Dellwood.
16. Biotite gneiss from migmatitic gneiss; road cut near Pigeon River, 2.5 miles east
of Co"e Creek.
17. Granitoid biotite gneiss interlayered with hornblende-biotite gneiss; Toms Top,
Dellwood quadrangle.

10. Inequigranular biotite gneiss:

less ·abundant muscovite; almandine garnet (n-1.793,
...\-11.554), iron oxides, apatite, and sphene are characteristic accessories; and traces of kyanite and allanite
are present in some specimens. The muscovite content
is highly varied and parts of thE' gneiss that contain
little muscovite approach biotite gneiss in composition.
Almandine is somewhat more abundant in the schist
than the gneiss bu:t is widespread in both. I\::yanite is
very sparse in both schist, and gneiss and occurs mainly
in segregation knots and lenses.
The two-mica gneiss is typically inequigranular.
Muscovite and biotite, in subparallel orientation, are
concentrated in streaks which weave around and locally
project into irregular kndts or ·lenticles of quartz and
oligoclase. Some grains of ·muscovite, larger and less
well oriented than the rest of the m·ica, are younger t.han
the latest deformation of the rock ( postkinematic) .
Oligoclase in the quartz-(jligoclase knots and lenticles
consists of grains averaging about 2 mm in dian~eter,
but it also forms individual porphyroblasts as large as
4. mm in diameter in some rocks. Both types of oligoclase contain inclusions of biotite and quartz, indica~t
ing continued growth throughout the crysta1lization
of the rock. Garnet is scattered throughout the rock
in subhedral grains, generally 1 mm, but locally 5 mm
in diameter, which enclose biotite, quartz, and plagioclase. The kyanite in one specimen has (100) cleavage
approximately parallel to the (001) cleavage of biotite.
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gneiss, Great Smoky Mountains, North Carolina
[Tr., trace; c, cllnozoisite; ol, oligoclase; an, andesine]
Hornblendic rocks ·

Micaceous gneisses-Continued

Hornblende-biotite gneiss and amphibolite

Biotite gneiss-Continued
14

13
30
55
2

15

16

30
40
25
38
44
65
20 -------- --------

17
22
50
25

18
20
45
30
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15
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Calc-silicate granofels
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18. Granitoid biotite gneiss with small clots of biotite; Messer Branch, Dellwood

26. Gamet amphibolite layer 1n hornblende-biotite gneiss; south side of Purchase

19. Garnet-bearing hornblende-biotite gneiss from layer 7 ln. thick; Shady Grove

27. Garnet-pyroxene amphibolite from the body southeast of Trit Knob; cut on

quadrangle.

·

Church, Dellwood quadrangle.
20. Hornblende-biotite gneiss, interlayered with biotite gneiss; east side Campbell
Creek, 1.5 miles south of Maggie.
21. Coarser grained layer in hornblende-biotite gneiss; 0.5 mile west of Shady Grove
Church, Dellwood quadrangle.
22. Hornblende-biotite gneiss adjacent to layered migmatltic gneiss in quarry, near
Pigeon River, 2.5 miles east of Cove Creek.
23-24. Scapolite-bearlng hornblende-biotite gneiss; southeast side of Purchase Knob,
Dellwood quadrange.
25. Dark layer 10 mm thick in migmatitic hornblendic gneiss; south side of Purchase
Knob, Dellwood quadrange.

Magnetite, mostly less than 1 mm in iongest dimension,
has irregular grain boundaries, a habit prevailing in the
micaceous gneiss of .the Carolina.

Knob, Dellwood quadrange.

North Carollna Highway 284, Dellwood quadrangle.
28. Dark calc-silicate granofels from layer 6 in. thick in two-mica gneiss; roadcut,
1 mile northeast of Rock Hill School, Dellwood quadrangle.
29. Calc-silicate granofels, from layer 10 ft thick adjacent to two-mica gneiss; roadcut,
North Carolina Highway 284, southeast of Trit Knob, Dellwood quadrangle.
Chemical composition is given in table 3.
30-31. Calc-silicate granofels from body 50 ft wide on truck trail 0.8 mile southeast
of Purchase Knob, Dellwood quadrangle.
32. Calc-silicate granofels from layer 1n plutonic gneiss; near Cooper Creek, Ela area.

tw9-mica gneiss are a:Iso exposed in cuts along Highway
284 just north of Dellwood.
In contrast to the two-mica gneiss, the mica-feldsparquartz gneiss is characterized by the presense of potasMICA-FELDSPAR QUARTZ GNEISS
sium feldspar, which is, neverthe'less, generally subLess micaceous more quartzose gneiss is as abundant ordinate to plagiodase. Plagioclase ranges from sodic
as two-mica gneiss and is extensiv~ly interlayered with oligoclase to sodic andesine, and part of it is antiit. It is largely mica-feldspar-quartz gneiss consisting perthitic, with crisscrossing rods ·and lenticles of potasof 50 percent or more quartz, 20 to 35 percent feldspar, sium feldspar 3/mounting to nearly 50 percent of some
and 20 to 30 percent mica, dominantly biotite ( t3Jble 2, grains. The !biotite is ·always moderate brown or redanalyses 1-6). The gneiss ranges from light to dark dish brown in the direction of maximum 'light absorpgray, and most of i-t is fine to medium grained. Layers tion and pale yellow in the directJion of least absorption.
a few feet to 40 feet thick, differing considerably in It commonly contains small grains of allanite and posgrain size and composition, probably represent original sibly· monazite, surrounded by pleochroic haloes.
The quartz and feldspar of the mica-quartz-feldspar
stratification, and such beds differ little in appearanc-e
from metasandstone of the Great Smoky group. Rare gneiss are generally granoblastic, but they commonly
layers near Hemphill Creek and Campbell Creek are occur in granular aggregates suggesting recrystaHizahighly quartzftic. The :Jigh'ter colored layers contain tion after mild crushing, and ·much of the quartz is modless biotite, and their texture is finer and ·more uniform; ·erately strained. Some of the larger potassiu_m felddarker ·and more micaceous 'layers are coarser and less spar grains are surrounded by a fine-grained mosaic
of feldspars and quartz, interpreted as indicating lateuniform, witJ:l some development of feldspar porphyro- stage a-lbitization (Anderson, 1934, p. 189-190). The
blasts. Foliation is m·arked 'by suhpara'llel folia of
muscovite is genera.l'ly fine grained and aggregated with
biotite and by discontinuous dark- and light-colored biotite, but in some specimens it forms larger flakes, as
laminae of metamorphic rather than sedimentary origin. much as 2 m·m in diameter, which are proba;bly postThe best exposures of mica-·feldsp·ar-quartz gneiss are kinematic. The sparse garnet occurs in Small isolated
just west of Trit Knob and ·a'long the farm road to tJhe anhedral grains. Sphene is generaHy_ associ'ated with
southwest. Thin layers of tJhe gneiss interbedded with biotite.
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HORNBLENDIC ROCKS

The hornblende-bearing rocks of the Carolina gneiss
are largely dark hornblende-biotite and biotite-hornblende gneiss with lesser amounts of quartz-bearing
hornblende gneiss and layered amphibolite containing
little or no biotite. They also include light-colored
granular moderately calcic quartz-plagioclase rocks
with sparse hor:r;tblende, herein · called calc-silicate
granofels. The term "granofels" rather than granulite
is used for essentially nonfoliated, granoblastic metamorphic rocks with a grain size greater than 0.5 mm.
No partic;ular composition is implied, but a granofels
is normally composed of equant mineral grains with
fairly uniform distribution (see Goldsmith, 1959).
These rocks, together with subordinate intercalations
of other types, chiefly biotite gneiss, form units of
widely varying size in the Carolina gneiss. Some are
large enough to be shown on the geologic rna p (pl. 2) ;
many thinner layers and lenses a.re inc~uded in the
micaceous and quartzose gneisses.
Most of the hornblendic rocks contain both hornblende and biotite as major constituents, biotite dom-.
inating in some and hornblende in others. For
convenience both types are referred to as hornblendebiotite gneiss (table 2, analyses 19-25). Rocks containing 50 percent or · more hornblende are termed
"amphibolite" ( cols. 26, 27).
HORNBLENDE-BIOTITE GNEISS

On the southeast ridge of Purchase Knob and on
Goat Rock Ridge, where hornblende-biotite gneiss is
best exposed, the more abundant dark layers are Ys-18
inches' thick and range in composition from amphibolite
to hornblende-biotite-quartz-andesine gneiss (table 2,
analyses 19, 20) they are separated by discontinuous
layers, 1/s to l)t, inch thick, of quartz and feldspar with
minor amounts of biotite.
Some layers are dominantly light colored with sparsely mafic minerals in
small clusters; others contain discontinuous and scattered biotite-rich lenses Vs to YJ. 6 inch thick. ·All gradations exist between sequences in which light-colored
layers are dominant and those in which dark layers
dominate.
The hornblende-biotite gneiss includes rocks of considerably varied composition. Plagioclase, largely
sodic andesine, greatly exceeds quartz in most rocks,
especially those containing the most hornblende.
Quartz slightly exceeds plagioclase, however, in some
of the more biotitic varieties. Potassium feldspar is
generally absent, ··but it amounts to as much as 10 percent of a few of the more leucocratic rocks. The hornblende is pleochroic with X, light green; Y, green; and
Z, blue-green or green. In one specimen green horn-

blende contains patches of a paler amphibole with different optical orientation. The color of the biotite
varies with the amount of hornblende present; it is
olive brown or olive gray in the more hornblendic
rocks and light or moderate brown in the more biotitic
rocks. ·The total amount of dark minerals ranges generally between 20 and 50 percent and includes much
primary epidote. Orange-red and reddish-brown garnet is also abundant in some rocks but it is erratically
distributed. Apatite, sphene, and magnetite are common although not abundant accessory minerals. Zircon
was not :found in any of the specimens examined
microscopically.
The texture of the hornblende-biotite gneiss, like that
of nearly all rocks of the basement complex, is crystalloblastic and inequigranular. The dominant foliation
is marked by subparallel mica and hornblende. Hornblende is generally porphyroblastic and anhedral, occurs in clusters with biotite, epidote, and sphene, and
includes grains of sphene and epidote. Biotite commonly borders hornblende grains, penetrates along
cleavage planes, and shows other indications of replacing hornblende. Quartz forms lenticular to rounded
aggregates and isolated grains. The andesine is anhedral, not zoned, and contains inclusions of quartz, biotite, and hornblende; some grains show diversely
oriented sets of albite twins that suggest the coalition
of several twinned grains.
In hornblendic gneiss containing appreciable potas~
sium :feldspar, the plagioclase is more sodic, more irregular in grain size, commonly mottled, and has
myrmekitic borders against potassium :feldspar. The
latter appears mostly as an intergranular filling, but
where it is relatively abundant it also forms large anhedral grains that appear to have replaced plagioclase.
The garnet of these rocks is typically anhedral and
poikiloblastic; with inclusions of quartz, biotite, sphene,
and epidote. Sphene occurs in subhedral grains both
in the :ferromagnesian clusters and in isolated grains
throughout the rock.
Scapolitic hornblende-biotite gneiss forms a body
2,000 feet long and 1,200 :feet wide on the southeast
ridge of Purchase !(nob between 3,600 and 4,000 feet
altitude. Its outcrops closely resemble those of other
types of hornblende biotite gneiss, but it has a mottled
appearance caused by many dark clusters, lj2 to 14 inch
across, of hornblende and biotite enclosed in a lighter
colored rock consisting largely of quartz, andesine, and
scapolite. The arrangement of these clusters or dark
spots suggests a crude layering in places but is at best
inconspicuous.
The rock (table 2, analyses 23, and 24) consists
mainly of plagioclase, biotite, and hornblende, with
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subordinate amounts of quartz and various amounts
of scapolite. The combined mafic constituents range
from 25 to 50 percent. The hornblende occurs in large
poikiloblastic grains enclosing quartz and ~s commonly
bordered by felted aggregates of biotite. Plagioclase
generally forms granoblastic aggregates rather than
individual grains; much ·of it is dusty and full of tiny
plates of biotite or needlelike inclusions of hornblende,
and some is antiperthitic. Epidote occurs in unusually large, strongly pleochroic twinned grains. Scapolite spreads irregularly through the rock and encloses
biotite, epidote, and hornblende. Some scapolite forms
clusters of grains with subparallel optical orientation
and some is concentrated around plagioclase. Scapolite is most abundant in rocks with the least plagioclase
and thus appears to take the place of plagioclase. Its
birefringence indicates that it contains at least .60 percent meionite and is therefore richer in calcium and
calcium carbonate than in sodium and sodium chloride.
OALC-RILIC.t.\TE GRANOFELS

Light- to dark-colored, little-foliated rocks characterized by relatively iarge content of lime and alumina
·occur in both micaceous and hornblendic gneisses.
They form layers and large lenses, generally less than
a foot but locally as much as 8 feet thick, and are most
abundant in two-mica and mica-feldspar-quartz gneiss.
They also form small conspicuous bodies in plutonic
rocks of the Dellwood-Cherokee belt and locally in the
Ela area. Good examples can be seen on North Carolina I-Iighway 284 abo~t 1 mile north of :O~llwood and
on a truck trail at 4,200 feet altitude eight-tenths of
a mile southwest of Purchase J(nob.
These rocks are medium grained and equigranular,
locally porphyroblastic; most are very pale greenish
gray and weather chalky 'vhite. Megascopic foliation
is generally weak or absent owing mainly to the scarcity
of platy minerals.
The large amounts of lime and alumina in these rocks
are mainly present in plagioclase and epidote (table 2,
analyses 29-32). The plagioclase ranges between. 40
and 55 percent, and its anorthite content reaches Anss;
it is the most calcic plagioclase found in the Carolina
gneiss. Iron-poor epidote or clinozoisite amounts to
30 percent or more of some specimens. IIornblende is
a minor or subordinate constituent and biotite is sparse.
Sphene is always present, and small amounts of
orange-red almandine-grossularite garnet (·n=l.783,
A=11.676, n=1.782, A=11.610) occur in many
specimens ..
The texture of the calc-silicate granofels is typically
granoblastic. Hornblende, garnet, and plagioclase
commonly form larger poikiloblastic individuals by
678-811 0-63-2
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coalescence of smaller grains. .A similar process in the
plagioclase has produced aggregates of grains with
somewhat differing optical orientation which pass into
larger individuals with complex twin patterns resulting. from the merger. Both plagioclase and hornblende contain many included grains of quartz,
clinozoisite, and sphene. The plagioclase grains are
always anhedral and are weakly zoned, the borders
being slightly more sodic than the centers. Both green
and blue-green hornblende are present, the latter being
some,~hat younger than the former. Biotite, ranging
from moderate reddish brown to olive brown, is either
intimately mixed with hornblende or borders garnet, in
a manner suggesting replacement of those minerals.
A::\1:PHIBOLITE

Black and dark-greenish-gray rocks consisting
largely of hornblende occur throughout the Carolina
gneiss in a variety of forms ranging from thin layers
and small pods a few feet wide to mappable units sev~
eral hundred feet wide. Some of them are intercalated
with. hornblende and biotite gneisses and probably represent concentrations of mafic constituents during
metamorphism. Others form larger, possibly intrusive bodies in the micaceous gneisses, conforming to
their structural pattern and deformed with them. One
of these bodies at the east boundary of the Dell wood
quadrange, 2 miles southeast of Cove Creek, is 900 feet
wide and 2,000 feet long and its western termination
is forked, suggesting that the body may be folded. A
smaller amphibolite body nearer Cove Creek is crescent shaped, and a third, a mile nort~1 of Dellwood, is a
lenticular body thickened at its west ~nd by folding.
Amphibolite layers ·and lenses int~rc~lated ~ith hornblende .and oidtite gneisses and ·associated wi!th calcsilicate granofels are abundant near Purchase J(nob and
in the hills northeast of DeHwood. They consist mainly
of hornblende and subordinate 'amounts of plagioclase
with biotite ·and quartz, and minor ~amounts of epidote,
sphene, magnetite-ilmenite, .apatite, and almandine
(table 2, analysis 26) . The plagioclase is genera.Hy
andesine or calcic oligoclase and is zoned like the plagioclase in calc-silicate granofels. Abm?-dant grains of
quartz en0losed in plagioclase, garne't, and hornblende
indicate that quartz was present during recrystallization
and was probably an origina-l constituent of tJhe rock.
Biotite qr severa:l generations occurs as enclosed grains,
as rims on hornblende, and in microshear zones. The
hornblende is generally bluish green, but the central
parts of larger grains are brow1~ish green, suggesting
marginal modi·fication hy addition of soda. The texture
of the amphibolite is dominantly granobl'astic and somew·hat uneven; 'the coarser grained patches are enclosed in .
rook of finer texture.
1
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Widely separated pods or lenses a fodt or less wide
and a few feet long consisting almost entirely of amphibole are associated with hornblendic gneiss. The
central parts of these :small bodies commonly contain
green or brownish-green hornblende mixed with actinolite, whereas their borders are largely hornblende.
Biotite is mainly secondary, replacing hornblende and
producing a more or less foliate fabric. Very minor
amounts of sphene, apa:tite, and plagioclase ·are also
present.
The larger ·amphibolite bodies consist of medium- to
fine-grained comparatively homogeneous rock composed
of green to brownish-green hornblende, subordinate
oligoclase or ·andesine, almandine-grossularite garnet,
colorless to pale-green diopsidic pyroxene, and sphene
(table 2, analysis 27). Their texture is granoh lastic;
and hornblende, garnet, or pyroxene are concentrated in
thin lenses that stre·ak the rock. The p1agiodase grains
are poikilitic and unusually irregular in shape. Many
show reversed zoning, cores of oligo'Clase grading outward to rims of andesine, suggesting a response to either
increasing metamorphic temperature or introduction of
calcium.

edly disproportionate amoun'ts of such constituents as
iron oxides, magnesia, alkalies, and ·alumina.
Both the field occurrence and the composition of the
calc-silicate granofels (table 3) indicate derivation from
calcareous sedimentary rocks to "thich soda was added
during metamorphism. As compared with their closest
chemical counterparts among the common volcanic
suites, they contain significantly less potassium oxide
and more lime in proportion to iron oxides, magnesia,
and silica. They are similar to calc-silicate rocks interbedded with less intensely metamorphosed sandstone
and schist of the Great Smoky group (p. Bl02), which
are clearly derived from calcareous feldspathic
sandston~.
3.~Chemical and calculated mineral composition, in
percent, of calc-silicate granofels in Carolina gneiss.

TABLE

1

ORIGIN OF THE CAROLINA GNEISS

Clues to the origin of the Carolina gneiss can be
obtained from its textures, structures, and chemical composition, but this evidence is so obS'cure that only the
broadest kind of choice can be made between stratified
and nonstratified rocks and oot.ween igneous (including
'tolcanic) and nonigneous origin. Most of the Carolina
gneiss is sufficiently layered that it probably originated
as a sequence of stratified rocks. Therefore, even the
rocks whose composition approaches that of common
igneous rocks are probably volcanic rather than intrusive. Possible exceP'tions are the relatively uniform and
isolated bodies of amphibolite.
Parts at least of the muscovitic gneiss and mica schist
appear by their layering and composition to have been
derived from argillaceous and quartzose sedimentary
rocks. This is suggested, for example, 'by the abundance
of muscovite in the mica schist and some of the two-mica
gneiss and quartzose gneiss and by the large amount of
quartz in some of the mica-feldspar-quartz gneiss. The
presence of feldspars and mafic minerals in many of
these rocks and the absence of rocks con't·aining more
than 65 percent quartz indicate either that the rocks
are muddy and feldspathic sandstone or graywacke or
that they ·contained volcanic material. Few of them,
however, have the bulk composition of common volC'anic rocks. The silica content of some is too high ;
others approximate in some respects the composition of
andesite, dacite, or rhyodacite, but they contain mark-

[L. D. Trumbull, analyst.

Laboratory No., 53-2391CD; field No., 143g]

Analysis

Calculated mineral composition

Si Oi--- _____ - - ____ - __ _
AhOa_--------------Fe20a---------------Fe0
________________ _
·MgO _______________ _
CaO ________________ _
N a20
______ - - - - - - - - - _
K
0 ________________

63. 79
16. 55
1. 13

H 20- _____ ----------

. 32

2

H20+ _____ --- __ --- __
Ti02----------------C02- - _--------------

P205------------~---M!l 0 _______________ _

3. 42
1. 53

6. 82
3. 90
. 77
. 57
·. 61
. 02
. 35

Quartz_______________ 21. 8
Orthoclase_________ ___
4. 6
Andesine (Anao) ______ _ 47. 4
Hornblende 1 _ _ _ _ _ _ _ _ _ 17. 6
Epidote 2 _ _ _ _ _ _ _ _ _ _ _ _ _
5. 0
Garnet 3 _ _ _ _ _ _ _ _ _ _ _ _ _
• 9
Sphene_______________
1. 3
Apatite______________
.8
99. 4

. 09

99. 87
Hornblende, in percent: Si02, 44.2; Ah0 3, 12.2; Fe203, 5.9; FeO and MnO, 19.1;
MgO, 8.7; CaO, 8.2; H20, 1.7.
2 Epidote, in percent: Si02, 40; Ah0 3 , 32; Fe20 3 , 1; CaO, 25; H20, 2.
a Garnet, in percent: almandine, 42; grossularite, 47; andradite, 11.
NOTE.-Calc-slllcate granofels, complexly folded and interlayered with biotite
gneiss, is from cut on North Carolina Highway 284, a mile north or Dellwood. The
rock is medium grained light gray, and weathers chalky white. It contains indistinct
layers, a quarter of an inch thick, of differing proportions of hornblenrle, pale-green
epidote, and reddish-orange garnet, as well as quartz and feldspar. The texture is
granoblastic; hornblendebwith minor biotite and epidote, forms clusters ~-% inch
in diameter. The horn lende is green with bluish-green margins and encloses
epidote grains. The potassium feldspar is interstitial to quartz and plagioclase.
Kyanite zone.
I

The plagioclase-rich hidtite and hornblende-biotite
gneisses are probably closely related in origin. These
rocks are abundantly interbedded with muscovitic and
quartzose gneisses, but are considerably more calcic and
mafic.. They might represent therefore either iron-rich
dolomitic sediments or andesitic or basaltic tuffs. In
either ease, the porphyrohlastic habit of potassium feldspar and the petrographic evidenee of conversion of
hornblende to biotite suggest that the proportions of
biotite, potassium feldspar, and sodium feldspar were
controlled to a considerable extent by alkali metasomatism during the formation of the basement complex.
Engel and Engel (1953, p. 1078-1096; 1958, p. 1403)
offer similar hypotheses for the origin of Adirondack
gneiss similar to the Carolina gneiss and conClude that
they probably evolved from sodic tuff or graywacke.
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PLUTONIC ROCKS

The plutonic rocks are gradational with each other
and are so intermingled in most pla·ces that they cannot
be consistently distinguished; therefore, they are shown
as a single unit on plate 1. On the larger scale rna p of
the Dellwood quadrangle (pl. 2), areas of augen gneiss
are separated from the other plutonic rocks.

A 1:arge part of the basement rocks of the eastern
Great Smoky Mountains ·consists of massive coarse-textured rocks, ~less layered and less diverse in composition
than the Carolina gneiss. The eomposition is that of
plutonic rocks ranging from granite 'to granodiorite,
with biotite and epidote as the prineipal mafic constituents (·fig. 2). In broad outline these rocks include
biotite flaser and augen gneisses, having the composition of quartz monzonite and granodiorite and comprising 75 percent of the plutonic rocks. A much
smaller amount of less mafi·c and less foliated rocks
of quartz 1nonzonitic or granitic composition forms
smaUer bodies within the flaser and augen gneisses.
Minor bodies of pegmatite and aplite a.re also present, as
\Yell as various hornblendic, calc-silicate, and quartzose
gneisses considered to be included parts of the Carolina
gneiss.

I

Quartz diorite

Plutonic rocks of the basement complex are prominent near and east of the Pigeon River in the northeastern part of the report ·area. They for1n most of Harmon
Den and 1-Inrricane ~1ountn ins and extend se,·eral miles
southwest across the river north of Cove Creek Gap.
Good exposures of these rocks can be seen along the road
near She1ton Laurel, aiong the1ower part of the road on
Cold Springs Creek in the extreme northeast corner
of the area, and on an abandoned lun1ber railroad in the
lower part of the valley north of Hurricane ~1ountain.
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RATIO OF POTASSIUM FELDSPAR TO PLAGIOCLASE
FIOURm

2.-Ratio of potass·ium feldspar to plagioclase plotted against percent of mafic minerals (biotite, chlorite, epidote, and magnetite)
in plutonic rocks, eastern Great Smoky ¥ountains.
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The plutonic rocks in the no.rliheastern part of the re- TABLE 4.-.llfodes of the basement complex, Pigeon River at·ea
an(l Straight Fork window, eastern Great Smoky JJI oun.tains
port are·a are C0ntinuous with a large area of similar
rocks in the adjoining Asheville quadrangle to the east
2
4
3
8
9
and northeast. This area includes the type loca'lity of - - - - - - - 1 - - - - - - - - - - - - - - - - - Quartz _________________ 30
50
27.1 24.7 20
2
5
55
12
the Max Patch granite of Keith, 4 ·miles nort11east of the Potassium feldspar _____ 15 10 23.4 10.6 25 ______ 2 ------ -----Plagioclase _____________ 45
32
29.8 39.0 45
13 ______
40 '78
4. 0
2. 0
(2) __________________ -----northeast corner of the report area, as well as consider- Muscovite______________ (2)
and chlorite_____ 7
5
10.0 14.0
6
------ 75
3
7
Hornblende __________________ ------ ______ -----------80 _________________ _
able ar~as m-apped 'by Keith as Cranberry granite B~otite
Epidote________________ 3
1
2.3
5.6
2
3 11
1
3
(Keith, 1904, p. '3-4). On Keith's map both units ap- Sphene_________________ . 3 . 3 1. 0 . 4 Tr
2
. 3 -----1
Apatite________________
.3
.2
.7
1. 5
. 4 ------ ------ Tr
.3
pear at the west edge of the Asheyil1e quadrangle, Zircon__________________ Tr Tr Tr Tr ____________ ------ Tr Tr
Magnetite______________
. 4 ------ 1. 0
1. 8
1
-----. 5 ______
.5
Tr
where 'the Max Patch corresponds approximately to the Carbonate ______________ ------ ____________ ------ ______ ----.-- 7
coarser phases and the Cranberry to the finer grained - - - - - - - 1 - - - - - - - - - - - - - - - - - Character of plagioclase_ (3) An21 An13 An2 5 (3) An 32 ------ Ana 2 (')
ph'ases of the rocks here described as plutonic rocks of
the basement complex.
'Two plagioclases: porphyroblasts of oligoclase, An2o, and fine granoblastic
oligoclase-andesine.
The northeasternmost plutonic rocks are largely
2 Does not include sericite•in saussurite.
a Saussurite.
coarse grained and generally gneissic but are varied in
1. Granodiorite, one-half mile north of Shelton Laurel.
2. Biotite fiaser (granodiorite) gneiss, Enloe Creek. ,
texture and composition. In general the rocks contain
3. Coarse augen gneiss, calculated from chemical analysis, table 5 (analysis 2).
4. Dark knotted gneiss of Ravensford body, calculated from chemical analysis,
5 to 10 percent of dark minerals and their feldspar table
5 (analysis 1).
5.
Quartz monzonite, 1 mile northeast of Max Patch Mountain, Lemon Gap
content falls within the range of granite or quartz mon- quadrangle.
enclave in Ravensford body, north end of Big Cove.
zonite. Most abundant is coarse-grained gneiss charac- · 67... Amphibolite
Biotite schist at margin of amphibolite of analysis 6.
8.
Medium-grained
biotite-epidote-quartz diorite, dikelets in amphibolite of
terized by prominent light-gray, greenish, .or orange-. analysis 6.
·
9.
Biotite-plagioclase
gneiss adjacent to amphibolite enclave.
pink feldspars, bluish quartz, and clots or clusters of
fine-grained dark minerals. Most of the feldspars are a
centimeter or more in diameter but are rarely euhedral. rest of the complex, although locally they appear as
In most outcrops the rock ha$ distinct but variable foli- irregular dikes cutting coarser or darker rocks.
Small lenses and pods of granite pegmatite or aplite
ation marked by crushed and drawn out quartz and
are fairly common in some places, although they are
mafic clots.
The rocks are composed largely of quartz, potassium nowhere abundant. In intensely sheared parts of the
feldspar, and saussuritized pl'agio'C'lase, with minor complex, such pegmatites remain as thin layers and
distinguish my lonitized basement rocks from sheared
R~mounts of biotite, chlorite, muscovite, and epidote, .and
accessory sphene, ·apatite, magnetite, and zircon ( talble rocks of the Ocoee series. (Oriel, 1950, p. 33.)
4, analysis 1). Potassium feldspar, commonly micro- Locally in the coarser gneiss and pegmatite, especially
cline, ·forms large crystals and gives a subprophydtic where they have been considerably sheared, the potastexture to much of the rock. Plagioclase is mostly gray sium feldspar is orange pink (lOR 7/2 to lOR 6/4),
or greenish white, in smaHer grains than the potassium similar to that in the "unakite" common in the basement
feldspar, and consists of albite with many indusions of complex farther northeast.
muscovite ·and clinozoisite. Alteration is also mani:fest
The plutonic rocks of the Pigeon River area have
in the biotite, epidote, and sphene, which show large been locally crushed, sheared, and reduced in grain
early-formed grains and abundant small secondary size, especially near faults. In some places the rocks
grains attached to them or distrrbuted in the dark dots. affected have been· transformed into mylonites, which
Apatite and zircon and most of the magnetite seem to occur throughout the narrow fault slice extending
be older grains little affected. The dark minerals and across Wading Branch Ridge. 'Vhere this slice is
most of the accessory ·minerals are concentrated in ag- best observed, along the east side of the Pigeon River,
gregates several miHimeters long between 'the larger it consists of dark fine-grained gneiss with abundant
quartz and fel dspar grains. Textures are crystalloblas- knots and rolled porphyroclasts of white or pink feldtic and commonly distinctly c'atacJlastic.
spar. Strong lineation and accompanying complex foSome rocks contain less than 5 percent dark minerals liation indicates intense shearing and rolling. Much of
and are characterized by grayish feldspars and abun- the slice is more mafic than the rest of the basement
dant intensely blue or purplish quartz or by white complex in this area and thus resembles the basement
feldspars and normal colorless or gray quartz. Locally . rocks farther southwest.
they are finer grained than most of the complex. These
Smaller bodies of amphibolite, hornblende-biotite
rocks underlie considerable areas, although exposures schist, quartz-biotite schist, or hybrid gneissic or granrarely are such as to reveal their dimensions and rela- ular rocks composed of quartz, feldspar, and biotite
tions to adjacent rocks. In part, they grade into the crop out at several places in this ·part of the basement
1
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~omplex,

notably along the lower part of Hurricane
Creek and in the area east of Whiteoak Mountain,
southwest of th~ Pigeon River. All these bodies are
small and irregular inclusions in the granitic rocks.
STRAIGHT FORK WINDOW

Plutonic rocks of the basement complex occupy more
than half the large window beneath the Greenbrier
fault in the south-central part of the eastern Great
Smoky Mountains. In the northern part of the window
they appear in two fault slices, one above the other.
The southern part consists of basement rocks, which
seem to represent a thick part of the lower slice.
NORTHERN PART'

Most of the complex in the northern part of the
window consists of coarse augen gneiss, which forms
great ledges and stream-bed outcrops along Straight
Fork between Hyatt Bald and Beech Gap, in the bed
of Straight Fork due west of Beech Gap, and in the
bed of Raven Fork in the extreme northeast corner of
the Ravensford quadrangle (fig. 3A). Typical augen
gneiss consists of prominent white or pinkish potassium feldspar in a matrix of foliated quartz, plagioclase, and biotite. Generally the large feldspars are
anhedral Carlsbad twins, 1j2 to llh inches long, closely
crowded and elongated parallel to a well-developed
foliation which bends around them. Quartz occurs as
thick curved lenticles between the potassium feldspars;
it generally amounts to less than 20 percent of the rock.

A. Coarse augen gneiss in the bed of Raven Fork below Breakneck
Ridge. Knife, 3.3 inches long, lies on metasandstone inclusion ; other
fine-grained layers are mylonitic.
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The dark minerals occur in aggregates, much as they
do in the coarser granitic rocks farther east, and commonly include conspicuous grains of magnetite and
small bright yellow or white spots of leucoxene.
In part of the augen gneiss, notably along Raven
Fork, many augen are not wholly feldspar anhedra,
but aggregates of feldspar and quartz as much as several inches long. Others are nearly round, as though
rolled rather than flattened. They are intercalated
with abundant laminae of crushed and mylonitized
granite, indicating unusual shearing.
Other rocks associated with the coarse augen gneiss
include finer grained biotite-quartz-feldspar gneiss
lacking the conspicuous feldspar augen. Some is
darker biotite gneiss in which thin biotite-rich layers
and small porphyroblasts of white feldspar are sparsely
and irregularly distributed. Other parts a1·e lighter
colored quartz-rich granitic flaser gneiss of medium or
coarse texture. Crudely intercalated mixtures of these
rocks form layers or lenses several feet to several tens
of feet thick in the augen gneiss, especially in the lower
slice and in the lmver part of the upper slice south,vest
of Straight Fork.
Composition of the augen gneiss is much like that of
the coarser plutonic rocks on Hurricane l\1ountain.
Potassium feldspar is largely microc~.ine, with lesser
amounts of microperthite and much untwinned feldspar. Other feldspar is mainly oligoclase, which is
associated 'vith quartz, muscovite, and epidote in grano-

B. Ridge southwest of Purchase Knob, Dellwood quadrangle.

laminae are folded and sheared apart.

FIGURE 3.-AUGEN GNEISS OF THE BASEMENT COMPLEX

Foliation
Ruler is 6 inches long.
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blastic aggregates apparently produced by recrystal-'
lization of saussurite. Biotite is the principal dark
constituent, but epidote and sphene are abundant.
Apatite and zircon are almost always present, and magnetite-ilmenite is common. The bulk composition of
most of the augen gneiss is granitic or quartz monzonitic, but it is more mafic than the granite farther east.
Equigranular flaser gneiss intercalated with the augen gneiss in the north part of the· window is· generally granodioritic, with minor quartz monzonite and
coarse-grained granite. It also contains more quartz
( 35-60 percent) than other gneisses of the ·complex.
The minor constituents are also similar to those in the
other gneisses. Biotite is the principal one; muscovite
and coarse epidote are always present. (1-4 percent),
as are sphene, apatite, and zircon. Allanite and garnet
are present in a. few specimens, but magnetite is absent
and the total dark-mineral fraction is relatively low.
RAVE;NSFORD BODY

The basement complex in the southern part of the
Straight Fork window consists largely of distinctive
dark gneiss that forms a body lfg-21;2 miles wide,
which extends 10 miles from the south end of Hyatt
Ridge through Ravensford townsite to near Cherokee,
and a related body on the north and west slopes of
Becks Bald. The contact between the gneiss in the
southern part of the window and the coarse augen
gneiss to the north is entirely gradational, but as this
part of the complex differs in several respects from the
plutonic rocks elsewhere iri the area, it is referred to as
the Ra vensford body.
Characteristic exposures are bold outcrops high on
steep slopes and extensive moss-covered outcrops in
the beds of steep side streams. Accessible exposures are
along the road on the lower part of Tow String Creek,
2 miles north of Ravensford, on U.S. Highway 441,
0.4 mi.le north of the Oconaluftee Ranger Stations, and
in the bed of Oconaluftee River half a mile northeast
of the Indian Agency headquarters at Cherokee.
Better although· less accessible exposures ·occur along
and just above the trail on the northeast side of Big
Cove, and exceptionally large and clean outcrops appear in the bed of Raven Fork for a mile or more above
Big Cove. The gneiss of the Ravensford body weathers to a thick reddish soil in which very large blocks of
gneiss occur in various attitudes. Such blocks, commonly 20 or 30 feet long, are more abundant than outcrops along the lower slopes and crowd even the largest
stream courses.
The gneiss is typically a fine- to medium-grained
biotite gneiss in which abundant white knots of plagioclase feldspar lj8-1;2 inch across are set in a dark matrix. The gneiss is more strongly lineated than

foliated, although both features are commonly present
and the feldspar knots are flattened or elongated parallel to them. Some foliation laminae bend around the
knots, but many are transected by them and impart
a knotted rather than an eyed appearance to the rock.
TJ-te color of the gneiss is governed by the proportion
of feldspar knots present, which may range from 5 percent in an unusually dark variety to 80 percent in an
unusually light-colored one. These extreme compositions are generally''limited to lenses or layers· a few
inches thick intercalated in gneiss in which the knots
range between 20 and 50 percent. The knots are largest
and most abundant in the northeastern part ·of the
Ra vensford body, along the trail at the south end of
Hyatt Ridge, and in the northern part of the exposures
on Raven Fork, where the knotted gneiss grades into
coarse a\}gen gneiss.
Oligoclase, the most abundant mineral in much of
the gneiss, forms anhedral porphyroblasts and aggregates, commonly enclosing quartz and most of the
other minerals (table 4:, analyses 4) . Quartz ranges
from 10 to 45 percent and generally forms lenticular
aggregates revealing both earlier and later crushing.
Potassium feldspar, notably sparse and ranging from
none. to 10 percent, is present as small grains or as
anhedral porphyroblasts generally smaller than those
of oligoclase. In the northern part of the Ra vensford
body, north and northeast of Big Cove, microcline
forms locally abundant rounded to subhedral porphyroblasts as much as 1% inches long. Brownish -green
biotite is the principal dark constituent, and minor
amounts of muscovite, epidote, and sphene are always
present. Accessory minerals are apatite, zircon, magnetite-ilmenite, iron sulfide, and carbonate. Orangered garnet, although not seen in thin section, is present
in some outcrops. The dark minerals and most accessories are largely concentrated in clusters or laminae
between quartz-feldspar aggregates and porphyroblasts, much as they are in the coarse augen gneiss in
the Cove Creek quadrangle.
The microscopic fabric of the dark knotted gneiss
reveals a complex history of metamorphic alteration,
cataclasis, and recrystallization, in which deformation
and recrystallization have competed for dominance.
Quartz, generally a sensitive barometer of deformation, occurs as granoblastic mosaics, largely healed
after earlier crushing but generally exhibiting shadowed extinction and slicing due to later stress. Commonly quartz grains have crushed or sutured borders,
and locally qua.rtz is found in trains of completely
crushed grains with biotite and epidote. In most specimens· studied, crystallization was largely synkinematic
and took place after an earlier episode of dominant
cataclasis. Postcrystalline deformation is limited to
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microscopic shear zones. All the mineral constituents
are involved in this pattern, giving rise to a crystalloblastic texture with unusually varied grain sizes and
mineral relationships.
The dark knotted gneiss is the most consistently mafic
of the plutonic rocks in the area. The chemical and
mineralogical compositions of a representative specimen collected from a cut beside the road just west of
Hughes Ridge at the Indian Reservation boundary,
1.2 miles north-northeast of Ravensford townsite, are
given in table 5 (analysis 1).
Light-colored weakly gneissic albite granite is well
exposed in the bed of the Oconaluftee River just below
TABLE 5.-0hemical and mineral composition of selected plu-

tonic rocks, eastern Great Smoky Mountains, North Carolina
(in percent)
LL. D. Trumbull, analyst]

I

Analysls •••• ----------------------------------1
1
21
3
Laboratory No.------------------------------ 53-2385CD 53-2384CD 53-2383CD
218g
217g
221g
Field NO------------------------------------Chemical analyses

SiOa..........................................
AhOs----------------------------------------FeaOs----------------------------------------Feo__________________________________________
MgO ••••••• ---------------------------------CaO -----------------------------------------NEuO •••..•• ---------------------------------KaO-----------------------------------------H,O----------------------------------------HaO+---------------------------------------TIOt-----------------------------------------CO a•• ---------------------------------------PaOa-----------------------------------------Mno_________________________________________
BaO •••••••• ----------------------------------

62.75
15. 43
1. 68
4. 49
1. 33
4. 38
3. 43
3. 21
. 01
. 85
1.18
• 00

68. 15
14.68
2. 07
1. 68
. 93
2. 00
3. 05
5. 43
. 04
. 53
. 78

. oo

69. 57
14.88
. 92
1. 96
. 99
2. 54
2. 98
4. 97
. 03
. 54
. 40
. 01
.14

. 66
. 28
.11
. 01
.. 06
.14
.14
. 00
1------1·-------1-------Total...................................
99.65
99.83
99.99
Calculated mineral composition

Quartz._------------------------------------24.7
27. 1
Orthoclase.----------------------------------10.6
23.4
Plagioclase.---------------------------------- 39.0 (Anu) 29.8 (An13)
Muscovite____________________________________
2. 0
4. 0
Biotite 1_ ------------------------------------14.1
10.0
Epidote
a•• ----------------------------------5.
6
2.
Sphene.______________________________________
.4
1. 30
Apatite_______________________________________
1. 5
.7
Zircon _______________________ ----------------- -----------Tr.
Magnetite-ilmenite___________________________
1. 8
1. 0
Allanite. __ ----------------------------------- ------------ -----------99.7
99.3
Total ••• ------ ___ •• --_._-------- •• ------

28.5
21.5
34.0(An2e)
4.3
9.4
1.2
1.0
.3

Tr.
.0
Tr.
100.2

Composition of biotite derived from bulk analysis of the rock, in percent:
(1) SlOt, 34; AhOs, 14.2; Fe,Oa, 4.2; FeO, 23.5; MgO, 9.4; MnO, 0.8; KsO, 8.5;
TiOa, 4.2; H20, 0.9.
(2) S!Oa, 35; AhOa, 15; Fe20a, 11; FeO, 14; MgO, 9; MnO, 1; K20, 10; TIO,, 4;
HsO, 1.
·
(3) SI02, 34; AhOs, 13.2; FesOa, 7.6; FeO, 21.8; MgO, 10.6; MnO, 0.6; KaO, 9.0;
HaO~ 3.2.
a 15 percent HvaaFeaSia013.
1. Biotite augen gneiss or Ravensford body, from road cut at Indian Reservation
boundary, 1.2 miles north-northeast of Ravensford. Alined lenses of felsic
minerals with augen-shaped cross sections, mostly less than 5 mm in diameter,
set In dark schistose blotitic matrix. Polymetamorphic, inequigranular texture;
average grain size, 1.5 mm. Felsic lenses consist of plagioclase with subordinate
amounts of quartz and microcllne, all flecked with fine-grained mica and epidote.
Much epidote also in mafic clusters with olive biotite and sphene. Intersecting
zones of sheared quartz and biotite are present.
2. Coarse augen gneiss from abandoned railroad grade 0.2 mile northwest of Beech
Gap In Straight Fork window. Augen, with a maximum diameter of 1 in,
consists of orange-pink mlcrocllne and subordinate amounts of quartz and plagioclase; Greenish-black micaceous matrix consists of biotite, fine-grained quartz,
feldspar, and accessory minerals. Microcline encloses all minerals except epidote
and sphene which are restricted to the matrix. Muscovite is most abundant near
margins of augen. Slight late cataclasis.
3. Coarse aguen gneiss from truck road at 3,520 ft elevation east fork of Evans Branch,
ncar Maggie, Dellwood quadrangle. Microcline augen are 3 em In maximum
dimension, and smaller lenticles and augen of quartz, microcline, and plagioclase
are surrounded by streaks ancl clusters of biotite and epidote. Muscovite occurs
malrly with microbrecciatcd quartz along late shears.
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the bridge on the road just mentioned. Such rock
forms bodies less than 100 feet wide at several places
along the west margin of the Ravensford body.
Many outcrops of the Ra vensford body contain discontinuous layers of moderately fine-grained rock that
represent inclusions of metasedimentary material.
Such inclusions, an inch or two thick and several feet
long, occur throughout the Ravensford body but are
especially common in the western part. Larger inclusions, as much as 25 feet thick and several hundred
feet long, are present in several places, notably in large
outcrops about 100 feet above the railroad grade 1.6
miles due east of the summit of Becks Bald (fig. 4A).
Many of these inclusions consist of subequal' amounts of
quartz and potassium feldspar with minor amounts of
biotite or epidote. More quartzose types contain 75
or 80 percent quartz and were .probably sandstone;
others contain abundant muscovite and may represent
sandy shale.
Inclusions of dark amphibolite and biotite schist also
are present at several places in the Ra vensford body.
In an excellent exposure on the west slope of Hyatt
Ridge about 500 feet west of the north corner of the
Indian Reservation boundary north of Big Cove, a
slablike .body of amphibolite, 5 feet thick and 25 feet
long, is con~ordantly enclosed in d9,rk knotted gneiss.
The amphibolite is composed largely of dark blue-green
hornblende smaller than 1 mm (table 4, analysis 6) .
It is much fractured and the cracks are filled with dikelets of light-colored medium-grained biotite-epidote
quartz diorite (analysis 8). Biotite schist (analysis 7)
forms a discontinuous shell less than a foot thick between amphibolite and the knotted gneiss and is the
only rock present in smaller inclusions within the gneiss.
It seems to have been derived from amphibolite by
more or less direct conversion of hornblende to biotite.
The adjacent knotted gneiss contains much more
plagioclase and less quartz than the normal gneiss
(analysis 9) .

I

DELL WOOD-CHEROKEE BELT

Plutonic rocks of the southeastern part of the report
area, from the Dellwood quadrangle southwestward to
the vici.nity of Cherokee, are similar to those previously
described. They include about equal amounts of
coarse biotitic augen gneiss and more evenly textured
flaser gneiss, so intermingled in many places that systematic separation on the scale of the geologic map (pl.
1) was not .feasible. Some of these rocks also have
textures and compositions transitional to the micaceous
gneiss of the Carolina gneiss, and the contact between
the two units is marked by a transitional zone of varying width containing rocks of doubtful classification.
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A. Metasandstone in gneiss of the Ravensford body, north end of Big
Cove. Southwestward-facing joint showing tongues of augen gneiss
and isolated porphyroblasts of feldspar in metasandstone. The lower
part of the ledge is typical of the coarser northern phase of the
Ravensford body.

·B . Folded metasedimentary layers and pegmatite in augen gneiss, U.S.

Highway 19, 3 miles west of Soco Gap.

FIGURE 4.-METASEDIMENTARY INCLUSIONS IN AUGEN GNEISS OF THE BASEME:NT COMPLEX
FLASER AND AUGEN GNEISS

The flaser gneiss of the Dellwood quadrangle is medium-grained gray biotite-quartz-feldspar gneiss of
somewhat uneven grain. It is characterized by quartzbiotite folia of metamorphic origin separating quartzfeldspar lenticles, 1-6 mm wide and several centimeters
to several decimeters long. The lenticles in some rocks
are so long as to give them a ribboned appearance. In
the more mafic varieties, the folia form a continuous
network. In some places the flaser gneiss shows indistinctive layering, probably not metamorphic, resembling layering in the biotite gneisses of the Carolina
gneiss. Most flaser gneiss has the composition of
granodiorite or quartz monzonite, with varied amounts
of mafic minerals (fig. 2).
The augen gneiss is similar to flaser gneiss except for
its ·p rominent augen of potassium feldspar enclosed in
curved quartzose and micaceous folia. Parts of the
gneiss ·c ontain few or sma:ll augen, bu't much of it ·contains such large and abundant augen that it has ·t he ap-

pearance of very coarse granite. In typical augen
gneiss, cream-colored or whi'te subhedra-1 crysta1s of
potassium feldspar are set in a dark schistose matrix of
quartz, plagioclase, and biotite (fig. 3B). Most of it
represents coarse porphyritic or porphyroblastic rock
that has been strongly sheared ·a nd re'Crystallized. In
some augen gneiss, however, the augen consist merely
of less sheared aggregates of feldspar, quartz, and mafic
minerals without ·conspi'Cuously ~large feldspar crystals,
and these rooks grade into flaser gneiss.
The largest .areas of augen gneiss are southeast of
Buck Mountain and Setzer ~fountain on the high ridge
extending southwest from Purchase Knob and on the
ridge trending north-northeast from High Top. The
augen gneiss is m·o re massive and resistant to erosion
than the associated flaser gneiss and crops out in large
ledges we'll up on the slope three-fourths mile south west
of Maggie, on the middle and upper slopes of the high
ridge southwest of Purchase Knob, and in ~the stream at
the base of the west slope of Walker Bald. Elsewhere
1
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to sodic andesine, is the dominant mineral in most specimens studied microscopically. Micr'ocline is abundant
in the augen gneiss bnt varies widely in proportion to
plagioelase in the flaser gneiss, some of which contains
li·ttle potassium feldspar and is similar in composition
to some of the biotite gneiss in the Carolina gneiss. Biotite, generally olive-brown, ranges from about 5 percent in the augen gneiss and lighter colored varieties of
flaser gneiss to 10 percent or more in the darker flaser
gneiss and IS accompanied 'by substantial ·amounts of
epidote.
·

augen gneiss forms scattered ledges among outcrops
of flaser and granitic gneisses. In the belt of plutonic
rocks northwest of Buck Mountain, augen gneiss occupies long vaguely defined areas in flaser and granitic
gneisses and is most abundant along the borders of the
belt.
The flaser and augen gneisses of the Dellwood-Cherokee belt consist of quartz, plagioclase, microc'line, and
biotite with minor epido'te, muscovite, and sphene, and
traces of apatite, allanite; and magnetite ('table 6, analyses 1-8) . Plagioclase, ranging from sodic oligoclase
TABLE

6.-ltfodal composition of pl1ttonic rocks, Dell wood-Cherokee belt, eastern Great Smoky Mountains
2

3

8

6

4

10

11

12

13

------------------1------------------------ -------------Quartz_____________________________________________________
Plngloclnse.................................................
Potassium fcld~par ••.•. -----------------------------------Musco,•lte __________________________________________________
Biotite_____________________________________________________
Epidote____________________________________________________
Sphenr._____________________________________________________
Iron oxide__________________________________________________
Apatite_____________________________________________________
Allanite.--------------------------------------------------FTornblende. _---------------------------------------------7-lrcon ______________________________________________________
Garnet.----------------------------------------------------

25
3.~
44
35
54
33
25
23
8
19
21
35
-------Tr.
2 -------9
S
6
6
3
3 ·
Tr.
1
1
Tr.
Tr.
Tr.
Tr.
Tr.
1
Tr.
Tr.
Tr.
Tr.
Tr.
-------Tr. -------Tr.
-------- -------- -------- --------------Tr. -------- --------------- -------- -------- --------

28
37
17
-------13
4
1
Tr.
Tr.
Tr.
----------------------

25
32
28
Tr.
11
2
1
-------Tr.
1
_____ " __
---------------

30
37
22
1
8
2
Tr.
-------Tr.
-----------------------------

28
35
35
32
34
30
23
14
21
29
34
47
4
Tr.
2
6
9
5
3
1
1
Tr.
1
0
1
Tr.
1
Tr.
-------Tr.
Tr.
Tr.
Tr.
Tr.
Tr. --------------Tr.
1 --------------- -------- -------- ·-------Tr.
Tr. -------- --------------Tr. -------- --------

30
35
15
10
50
50
1
1
1
3
1
Tr.
-------- -------Tr.
Tr.
-------Tr.
Tr.
1
-------- -------Tr.
Tr.
-------- --------

- - - - - - - - - - - - - - - - - - 1 - -ol- - - - - -ol- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -ol
Composition of plagioclase _________ ------_-------------- ___ _
ol
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1.
2.
3.
4.
5.
6.
7.

Flaser gneiss, Sugar Co,·ebDellwood quadrangle.
Flaser gneiss Fie Creek, ellwood quadrangle.
Light-colored flaser gneiss, Messer Branch, Dellwood quadrangle.
Light-colored flaser gneiss, Moody Branch, Dellwood quadrangle.
Finer grained augen gneiss, Johnson Gap, Dellwood quadrangle.
Finer grained augen gneiss, Moody Branch, Dellwood quadrangle.
Coarse-grained augen gneiss, Evans Branch, Dellwood quadrangle.

These minerals are arranged in a dominantly granablastic and cataclast.ic fabric revealing compl~x crushing
recrystallization, and replacement. The large microcline crystals in the augen gneiss are commonly carlsbad twins with irreguiar boundaries and grains of biotite, quartz, plagioclase, epidote, and muscovite included
within their margins. Microcline also forms highly
e-mbayed grains in the flaser gneiss and in the matrix
of the augen gneiss. Plagioclase forms anhedral grains,
as much as 2 mm in diameter, endosing muscovite, biotite, and quartz. Plagioclase adjacent to microcline
grains is commonly myrmekitic and more sodic than
elsewhere in the rock. In microscopically cataclastic
rocks, part, of the plagioclase contains patches of microcline suggesting that it has been partly replaced by
potassium feldspar. The quartz occurs in several
differei1t textural elements, notably granoblastic aggregates with feldspar, fine-grained mosaics produced by
crushing of larger grains, and lent.icles a few millimeters
long of coarser grained quartz. The mafic minerals in
the rock together with fine-grained quartz and feldspar,
form. a network between the larger feldspar grains and
the quartz-feldspar aggregates. Biotite, epidote, magnetite, and sphene occur together in mafic aggregates
much as in the coarser plutonic rocks in ·the Pigeon
River area. Most of the epidote ,occurs in relatively
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8. Coarse-grained augen gneiss, Evans Branch, Dellwood quadrangle (weight percent, calculated from analysis 3 table 5).
9. Granitoid gneiss, Johnson Gap, Dellwood quadrangle.
10. Granitoid gneiss, Fie Creek, Dellwood quadrangle.
11. Granitoid gneiss, Wrights Creek, Whittier quadrangle.
12. Dike, Evans Branch, Dellwood quadrangle.
13. Dike, Evans Branch, Dellwood quadrangle.

large dark grains, many of which are coated with paler
epidote probably of later generation. Allanite grains,
abundant in some specimens, are similarly coated.
Sphene occurs mainly in the mafic aggregates as individual grains and as fine-grained aggregates.· Muscovite occurs sparsely in the mafic aggregates, scattered
through the feldspars, and in small-scale shear zones.
GRANITOID GNEISS

Medium-grained weakly foliated rocks having granitoid texture and the composition o£ quartz-monzonite
or granite form homogeneous bodies, 25~500 feet wide,
and thinner bodies intercaJated with flaser and augen
gneiss. These rocks are prevalent iri the central part
of the belt of plutonic rocks northwest of Buck Mountain and in 'the Soco-Cherokee belt. They -are also
prominent ab~ve the Carolina gneiss along Campbell
Creek and in areas near 'Vhittier and Cherokee. They
are well exposed in m-any cuts along the North Carolina
Highway 19 west of Soco Gap.
The granitoid gneiss consists largely of microcline,
quartz, and oligoclase in order of decreasing abundance,
with minor amounts of biotite and mus'coyite, and traces
of epidote, sphene, opaque oxides, apatite, and allanite
(table 6, ana:lyses 9-11). Indistinct 'layers are marked
by variations in the amount of biotite, which is gen-
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eral'ly dispersed through thB rock but is locally concentrated in thin discontinuous streaks. Some granitoid gneiss shows indistinct flaser structure and thus
grades toward the light-colored varieties of fl•aser gneiss,
and som~ contains small porphyroblasts of potassium
feldspar like those in the augen gneiss. Some contains
sma'H cldts of biotite, epidote, and ·magnetite in parallel
rows resembling ·hornblendic quartz-pla·gioclase geneiss
of the Carolina gneiss.
·
GRANITE AND PEGMATITE

Dikelike bodies a few feet thick of leucocratic granite
cut flaser, augen, and granitoid gneisses, especially in
the Soc.o-Cherokee belt and near Maggie. The granite
is unevenly grained, locally pegmatitic, a.nd indistinctly foliated. It consists mainly of potassium feld~par and quartz with subordinate amounts of oligoclase
and less than 3 percent mafic. minerals, mainly biotite
(table 6, analyses 12, 13) . The walls of these bodies
are subparallel to foliation in the enclosing gneiss and
their foliation, where present, is continuous with that
in the gneiss.
Lenses and irregular bodies of granite pegmatite are
common in parts of the basement complex but are
nowhere abundant. In the Dellwood area, they range
from. a few inches to a few feet in width and are generally discordant to the enclosing rocks. :1\Iany are
weakly foliated and all are deformed concordantly with
the surrounding rocks. Potassium feldspar, commonly
pink or flesh-colored, is the dominant constituent, with
subordinate plagioclase and quartz and scarce biotite
and garnet. Secondary epidote is common in some of
the more sheared pegmatites.
BOUNDARY RELATIONS

In most places, no sharp or easily determined boundary exists between the plutonic rocks and the Carolina
gneiss; rather the plutonic rocks are bordered by a variable zone in which migmatitic and grosser compositional layers become gradually more distinct and the
rocks become less granitic and more heterogeneous. In
the valley of Campbell Creek in the southwestern part
of the Dellwood quadrangle and adjacent areas, augen
and flaser gneiss grade downward, through granitoid
gneiss with subordinate layers of biotite-quartz-feldspar gneiss, into biotite-quartz-feldspar gneiss and honblendic gneiss of the Carolina (fig. 5). A similar relation exists northeast of Middle Top. In the valley of
Hemphill Creek southeast and east of Purchase Knob,
plutonic rocks intertongue with the Carolina gneiss.
Locally, however, as northeast and east of High Top
and between Hemphill Creek and the top of Purchase
Knob, augen gneiss cuts sharply across the Carolina
gneiss. These crosscutting contacts are probably old

faults, ~s suggested by the nearby presence of dark
ribbon gneiss that may represent recrystallized
mylonite.
vVithin the plutonic rocks of the Dellwood-Cherokee
area, especially in the belt extending southwest from
the vicinity of Purchase J{nob, many small bodies of
amphibolite, garnet amphibolite, biotite amphibolite,
hornblende-biotite gneiss and schist, hornblende-bearing granofels, biotite-epidote gneiss, and mica-quartzfeldspar gneiss represent isolated parts of the Carolina
gneiss. They appear as concordant layers, lenses, and
·pods, as much as several feet thick in the more homogeneous plutonic rocks (fig. 4B).
MIGMATITE

Much of the Carolina gneiss, especially near the area
of plutonic rockso, contains abundant granitic material
or leucocratic mixtures of quartz and feldspar of varying composition and is classed as migmatite. This material generally forms sharply bounded layers or
lenses-a few inches to a foot thick-in biotite, hornblende, or quartzose gneiss, but some of it is in irregular
bodies with either sharp or gradational contacts against
the enclosing rocks. Conversely parts of the plutonic
rocks contain abundant inclusions or wisps of preexisting gneiss and are also classed as migmatite. The migmatite was probably produced by a combination of
processes including metamorphic differentiation, metasomatism, anatexis, and magmatic injection. The relative importance of these processes varies from place to
place, but the migmatite seems to have formed by complex metamorphic processes rather than by simple injection of magma from an outside source.
Most of the granitic layers and lenses in the micaceous gneisses are a few inches to a foot thick and subparallel to foliation in the enclosing rocks. The
material in them is leucocratic, coarser grained than
the enclosing gneiss, and commonly bordered by selvages of biotite ranging from seams to layers an inch
or more thick (fig. 6B). More rarely the granitic
material occurs as irregular patches with gradational
boundaries cutting across the foliation and layering of
the enclosing rock. Toward the margins of migmatitic
areas, the granitic lenses become smaller and more
widespread, similar to quartz-feldspar lenticles that
have been produced by mechanical and metasomatic
segregation during metamorphism.
The composition of the material in the granitic layers
varies with that of the host rock. For example, in
hornblende gneiss and amphibolite (fig. 60) it generally
consists of about 80 percent sodic andesine and 20 percent quartz with minor biotite, hornblende, and garnet.
Similar layers in migmatitic biotite gneiss commonly
contain about 30 percent quartz, 35 percent oligoclase,
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Frouam 5.-Section of basement complex and overlying rocks east of Campbell Creek, 1.5 miles southwest of Maggie, Dellwood quadranglP.

25 percent potassium feldspar, and a little biotite. In
mica-feldspar-quartz gneiss the layers consist of about
30 percent quartz, 2 or 3 times as much potassium feldspar as pl.agioclase, and 2 or 3 percent biotite. This
degree of dependence upon the host rock suggests to
us that the granitic layers were derived from local
sources rather than from a distant common magma,
even granting the possible effects of assimilation.
Many granitic layers, however, contain sufficiently more
potassium feldspar or more albite than their host rocks
so that considerable transfer of alkalies must have
occurred in their formation.
Granitic layers in migmatites are notably coarser than
the enclosing gneisses and many small irregular granitic
bodies show a patchy coarsening and irregular distribution of minerals including most of those found in
the enclosing rock. This is particularly true of amphibolite, where the spread of granitic material was governed by fractures to a greater extent than elsewhere,
and of contorted gneiss where it spread in the crests
of minor folds. Such material might be thought to

represent a palingenetic liquid that has penetrated the
host rock. Such an origin does not ·seem compatible,
however, with the varied composition of the material,
which is commonly far from the expected eutectic
1nixture of quartz and alkalic feldspar.
ELA AND BRYSON AREAS

Basement rocks are exposed in an area of 2 by 5
miles near Ela on the Tuckasegee River. Fresh rock
and ·saprolite are well exposed in many places along
U.S. Highway 19.
The basement rocks of the Ela area are extremely
varied and include almost every type found in the
Dellwood quadrangle and the Soco-Cherokee belt.
Plutonic gneisses, including biotite flaser gneiss and
minor bodies of coarse augen gneiss, are prevalent in
the northwestern half of the area, although flaser
gneiss is less abundant than farther northeast. Among
these rocks are small bodies of hornblende-biotite schist
and actinolite schist presumably derived from ultramafic rocks.
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A. Photomicrograph of cluster of biotite, epidote, and sphene in biotite-

quartz-feldspar gneiss.

B . Migmatitic biotite-quartz-plagioclase gneiss ; lightest colored layers

are quartz and feldspar of migmatitic origin; darker layers are metasedimentary. Darkest layers, thin and discontinuous, are segregations of biotite marginal to quartz-feldspar layers. Quarry on Pigeon
River 2% miles east of Cove Creek.

0. Migmatitic hornblende gneiss. White plagioclase-rich layers intercalated with dark layers of biotite, hornblende, and small plagioclase
porphyroblasts. Purchase K~ob, Dellwood quadrangle.

FIGURE

6.-MIGMATITE AND MAFIC CLOTS IN CAROLINA GNEISS

In the eastern part of the area, hornblende and biotite
gneisses characteristic of the Carolina gneiss are common and in the vicinity of Birdtown are abundant
enough to be shown on plate 1. Many of these rocks
are dark layered hornblende gneiss, biotite-quartzfeldspar gneiss, and light-colored quartz-plagioclase
granofels containing typical clots of hornblende or biotite and epidote. Less abundant and mostly enclosed
within the plutonic gneiss are garnet-biotite gneiss,
diopside-bearing hornblende gneiss, and two-mica
gneiss, similar to rocks of the Carolina gneiss.

A second area of granitic rocks, larger than the Ela
area but of similar shape, occurs near Bryson City on
the southwest edge of the report area. These rocks
were mapped and studied by Cameron (1951, p. 10)
who described them as "fine- to coarse-grained, equigranular to markedly inequigranular, leucocratic and
mesocratic gneisses ranging in composition from granitic to granodioritic." Fine- to coarse-grained darkgreen to black rocks characterized by hornblende, biotite, or both are described as occurring throughout the
granitic complex, and metaperidotite is noted in two
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thin belts near its margin. A bordering gneiss, 50 to
200 feet thick around the northern part of the complex,
consists of microcline or composite quartz-feldspar porphyroblasts and augen % inch to 1% inches in length set in a mediumor coarse-grained matrix of biotite, quartz, and feldspar • • •
Most large outcrops of the granitic gneisses show layers or
lenses of material rich in biotite or, less commonly, hornblende.
These layers range from biotite-rich granite gneiss to biotite or
biotite-hornblende schist. Gradations between the two extremes
are exposed in a large number of places • • •. The endless
repetition of such features observed • • • indicates that mixed
rocks formed from the biotitic and hornblendic gneisses are
an important part of the complex.

Small bodies of leucogranite, fine-grained granite, and
granite porphyry, as well as a large number of pegmatites are described as cutting both the gneiss of the complex and the surrounding metasedimentary rocks of
the Great Smoky group. Because of these relations,
Cameron (1951, p. 19) concluded that "the granitic
rock of the area are younger than the [surrounding]
metasedimentary rocks."
These rocks were examined by us but were not remapped, except for a small modification northeast of
Bryson City. Cameron's mapping and description are
excellent, and the rocks will not be described again
here. When compared with rocks of the basement complex farther northeast, ho·wever, it appears to us that
much of the granitic rock of the Bryson area belongs
to the Precambrian basement complex and is therefore
older than the highly metamorphosed Ocoee rocks
which surround it. As this conclusion is based partly
on ·considerations of regional structure and metamorphism clescribed in subsequent pages, further discussion
of the rocks of the Bryson area is deferred.
PRE·OCOEE HISTORY OF THE BASEMENT (JOMPLEX

The composition and distribution of the rocks of the
basement complex seem to have been well established
before the deposition of the Ocoee series, despite the fact
that mu.ch of their present texture and minor structure
resulted fronr post-Ocoee orogeny. 'The older features
of the complex indicate that a thick sequence of sandy,
argillaceous, and in part calcareous or volcanic sedimentary rocks was metamorphosed and transformed progressively northwestward into more granitic rocks.
The abundant migmatite and the mobile type of deformation associated with it suggests that the process took
place near the zone of remelting. Metamorphic segregation of felsic materials and migration of sodium and
potassium seem to have been the dominant processes
involved in this phase of reconstitution, to which may
be ascribed the prominent biotite, epidote, and sphene
in many of the rocks. Zircon, however, seems to be
related to the entrance and distribution of granitic rna-
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terials, for it occurs principally in the plutonic rocks of
the complex.
The plutonic rocks, now metamorphosed to augen and
flaser gneisses, were originally less gneissic, and some
of them may represent intrusions of granitic or quartzmonzonitic magma into the metamorphic and migmatitic rocks. If so, later deformation and metamorphism has obliterated their intrusive contacts, and the
only demonstrably intrusive rocks in the complex are
the few granite and pegmatite dikes. On the other
hand, many· features suggest that the plutonic rocks
were produced by granitization of preexisting metamorphic rocks. Such an origin is suggested by the porphyroblastic texture and gradational boundaries of the
augen gneiss and also by the similarity in composition
between parts of the flaser and granitoid gneisses and
the biotite-quartz-feldspar gneiss of the Carolina.
Most inclusions in the plutonic rocks are delicate concordaht bodies whose relation to the enclosing rocks
indicates that they have resisted transformation rather
than that they are blocks disrupted mechanically from
the country rock by intrusion. Thus they may represent the least modified parts of the sedimentary terrain
in the area of dominant plutonic rocks; the dark
knotted gneiss of the Ravensford body, the coarse augen
and flaser gneisses, and the granitoid gneiss represent
intermediate stages; and the granite and pegmatite
dikes the ultimate of this plutonism.
The age of the pre-Ocoee metamorphism and plutonic crystallization of the basement complex is known
only from studies of radioactive minerals and so far
is beset with a good deal of uncertainty. Evidence
available at present, mostly from the Blue Ridge province considerably northeast of the Great Smoky Mountains, suggests that the basement rocks throughout a
large area were formed about a billion years ago
(Davis, and others, 1958), or about the same time as
the metamorphic crystallization of the Grenville series
in. the Adirondack Mountains (Engel and Engel, 1958,
p. 1044). The attempt to fix this date and to define
the rocks that were formed then is, however, complicated by widespread effects of post-Ocoee (early· Palezoic) regional metamorphism upon the indicator
minerals, mainly zirc0n and micas.
··A few lead-alpha measurements made on zircon samples from the Great Smoky region indicate ages ranging fr()m 535 to 1,140 million years. A zircon sample
from the plutonic rocks of the basement complex (Max
Patch. granite of l{eith) on Max Patch Mountain a
few miles northeast of the present report area ··was
estimated to be 880 million years old (Carroll, Neurnan,
and Jaffe, 1957, table 5·, 187).' Another ·sample, collected by us from-- granitoid gneiss in the Dell wood

B24

GEOLOGY OF THE GREAT SMOKY MOUNTAINS, TENNESSEE AND NORTH CAROLINA

quadrangle and analyzed in the Survey laboratory,
was estimated to be 535 million years old ( 457-472
alphas per mg per hour; 102-205 ppm Ph). Leadalpha measurements made on samples of several different morphological types of zircon recovered from
sandstones of the Great Smoky group in the western
Great Smoky Mountains and analyzed in the Geological Survey laboratory indicated ages ranging from
620 to 1,140 million years (Carroll, Neuman, and Jaffe,
1957, p. 187). These zircon samples presumably were
derived from basement rocks similar in age to those
now exposed in the area, which therefore m~y contain
rocks more than a billion years old. The lower figures
may be due to varied loss of ]ead caused by regional
metamorphism or to other factors as yet unknown.
Unfortunately no studies were made of the isotopic
ratios in the zircon samples from the Great Smoky
Mountains, and the significance of the lead-alpha
measurements is debatable.
OCOEE SERIES

stratigraphic sections of the report. The prefix "meta"
is used, however, where the metamorphic nature of the
rock needs to be emphasized, as in "metapelite" or "biotitic metasandstone" (to indicate that the biotite is
metamorphic. rather than detrital). Because the finer
grained and argillaceous rocks are more completely
reconstituted, the metamorphic terms "slate," "metasiltstone," "phyllite," "argillite," and "schist" are generally used for them. The term "qtfartzite" is used for
metamorphosed quartz sandstone in which the matrix
is dominantly silica rather than a mixture of quartz,
feldspar, and mica. The prefix "meta" is omitted
from the formal name Pigeon siltstone to keep a simpler nomenclature.
SNOWBIRD GROUP
DEFINITION

The Snowbird group corresponds to the Snowbird
formation of l{eith (1904, p. 5), named for Snqwbird
Mountain in the northeastern part of the present report
area. The formation is described by him as consisting
of

The metasedimentary rocks of the eastern Great
fine and coarse quartzite with interstratified beds· of quartzSmoky Mountains belong mainly to the Ocoee series feldspar conglomerate and arkose and subordinate layers of
of late Precambrian age, a thick mass of clastic rocks · gray and black slate. Throughout the region it rests in its
which occupy large areas in eastern Tennessee, western normal position on the Archean rocks and is the first sedimenNorth Carolina, and north western Georgia and were tary deposit thereon. Materials derived from the granite make
first described by Safford (1856, p. 151-152; 1869, p. up the formation to a large extent.
183-198). Although first subdivided into formations
Rocks of the Snowbird group appear in a broad belt
by -Keith (.1895), further study of. the . .lithology. and extending . fr,om the type area on Snowbird Mountain
stratigraphic succession of the Ocoee series has been westward along the front of the Great Smoky Mouna major part of the present investigations, the strati- tains and south ward into the eastern part of the regraphic results of which are summarized by King and port area. This belt includes the type localities· of
others (1958). The Ocoee series is now divided into the four formations among which the rocks of the
three major groups, each including a number o:f forma- Snowbird are now divided and will pe referred to as
tions (table 1). Two of these groups, the Great Smoky the type belt of the Snowbird group. Rocks of the
and Snowbird Groups, are prominent in the present group are also exposed in the Straight Fork window
report area, and rocks of the third, the "Va1den Creek and in four other belts in the southeastern part of.
group, appen,r at its north edge.
the area. The largest belt extends 20 miles from the
In the northern part of the foothill belt, formations northern part of the Dellwood quadrangle southwestof the Ocoee series are overlain by the Chilhowee group ward along the Cataloochee Divide and the north side
of Cambrian and Cambrian ( ?) age. These rocks a p- of the valley of Soco Creek to the village of Cherokee.
pear only at the north edge of the area of this report, Another well-defined belt extends from Shelton Laurel
where they are in fault contact with the Ocoee series. at the ea.St edge of the map area southwestward ~cross
The rocks of the Ocoee series are variably metamor- the Pigeon River, along Stevens Creek and the southphosed. Argillaceous and other pelitic rocks have be- eastern slopes · of Piney Mountain, and across North
come slate, phyllite, or fine- to medium-grained mica- Carolina Route 284 northwest of Cove Creek Gap.
ceous schist; finer grained sandstone and the matrix of Two much smaller belts are on Hurricane Mountain
coarser sandstone and conglomerate have been thor- north of Shelton Laurel.
The stratigraphic succession of the group in the type
oughly recrystallized. Nevertheless, many sedimentary features of bedding and texture remain and are belt is best observed in the vicinity of the Pigeon River
the most useful means of classifying and de8cribing the where a complete and easily accessible section is exposed
rocks in much of the area. Therefore, such sedimen- along the road and the river from Harmon Den Mountary rock terms as "sandstone," "arkose," "graywacke," tain to Waterville and along Big Creek from Water"conglomerate," and "pelite" are used, especially in the ville to Mount Sterling village. Four formations are
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recognized in this section, from oldest to youngest,
the Wading Branch formation, Longarm quartzite,
Roaring Fork sandstone, and Pigeon siltstone. These
formations are closely related in lithology, stratigraphic
relations, and origin both to each other and to the basement rocks from which, as ICeith observed, they have
been directly derived.
WADING BRANCH FORMATION

DEFINITION

The name Wading Branch formation is giyen (King
and others, 1958, p. 954) to a distinctive unit in the
lowermost part of the type belt of the Snowbird group.
The formation is named for Wading Branch Ridge
northwest of Walters Lake, and the 1,500 foot interval
of dark fine- to coarse-grained poorly sorted clastic
rocks exposed in road cuts along the Pigeon River just.
west of Harmon Den Mountain constitute the type section. · The Wading Branch formation is also well
exposed along the east bank of the Pigeon River southeast of the narrow belt of basement rocks and along
various lumber roads west of the river and north of·
Wading Branch Ridge.
TYPE AREA

The main part of the Wading Branch formation in
the type area consists of medium- to dark-gray clastic
rocks ranging from sandy slate. to very coarse pebbly
sandstone. The coarse beds contain abundant quartz
and feldspar sand and small pebbles in a dark micaceous
matrix. The finer beds and the matrix of coarser beds
consist of recrystallized quartz and feldspar sand and
silt, together with abundant metamorphic muscovite and
biotite. Except where strongly folded, individual beds
are fairly distinct and range in thickness from a few
inches to several feet. Thick beds are irregularly
graded, coarse-sandstone grading upward into finer
sandstone and metashale; however, the coarser fraction
may be more sparsely and irregularly distributed
throughout individual beds. Rare.Iy lenses or pockets
of coarse well-sorted sandstone are enclosed in slate or
metasiltstone, and small detached slabs or lenses of
argillite occur in the sandstone. Such contrasts of texture are exceptional, however, and gradual changes in
grain size and composition characterize the transition
between most beds.
The basal part o"f the formation in the type section
consists of pale-green quartz-sericite schist or phyllite,
rather uniform in composition but commonly revealing
thin indistinct sandier layers. This rock is resistant to
erosion and forms prominent outcrops by which the
unit can be traced in much of the area. The quartz
ranges from fine sand to granule size and at one place
abundant quartz pebbles occur in a matrix of schist
(fig. 7A). Alkalic feldspar is present also, but t.he
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basal schist is distinctly less feldspathic than other
parts of the formation. Moderate amounts of chlorite
color the rock green, and, locally, small porphyroblasts
of chloritoid, garnet, or magnetite are present.
OTHER AREAS

The Wading Branch formation is especially prominent in the belts of the Snowbird group south of the
Greenbriar fault near Hurricane Mountain and Piney
Mountain. Two of the belts on Hurricane Mountain
consist entirely of rocks of the 'V'ading Branch; the
basal phyllite, much repeated by minor folding, occupies
nearly all the eastern belt and much of the western.
Coarser clastic rocks higher in the formation occur in
both belts, but most of the higher beds in the formation
have been cut out by the adjacent faults.
More of the Wading Branch is preserved in the third
belt, extending southwestward from Shelton Laurel.
In this belt the basal phyllite forms conspicuous outcrops adjacent to the gneiss of the basement complex.
The phyllite is typically light greenish gr:ay with sandy
laminae and contains a. few lenses of q\mrtz-pebble
conglomerate near its base. Small. porphyroblasts of
chloritoid or garnet appear in it here and there, and
porphyroblasts of chlorite or magnetite locally give
the rock a spotted appearance.
Darker and coarser clastic rocks similar to those in
the type area occur above the basal phyllite in the
Shelton Laurel belt. Exposures on the southeast side
of Stevens Creek, llh miles southwest of the Pigeon
River, show several hundred feet of dark-gray biotitic
metasandstone, fine to very coarse grained, with lenses,
1-3 feet thick, of quartz pebble conglomerate (fig.
7B). The conglomerate beds and lenses consist of
abundant white quartz pebbles in a matrix of coarse
qu.artzose metasandstone; the pebbles are very much
flattened but their intermediate diameters, mostly 2
inches or less, are probably close to the original
diameters of the pebbles. Similar conglomerate and
dark sandstone is exposed in the bed of Stevens Creek
near its confluence with Walters Lake.
The Wading Branch formation in the DellwoodCherokee belt is a rather coarse silvery-gray quartz-mica
schist that is dominantly muscovitic with a small
amount of biotite. (~uartz is abundant and commonly
appears in small pods and lenses. Porphyroblasts of
garnet and kyanite are commonly present and, mor~
rarely, staurolite. In some places porphyroblasts of
oligoclase ha.ve formed in such abundance that the rock
· is more gneissic than schistose. The schist forms
moderate ridges where it is sufficiently thick, and it is
so different from the adjacent basement rocks that it
is an excellent marker of the base of the Snowbird
group, even in this highly metamorphic terrane.
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A. Quartz-pebble conglomerate, basal Wading Branch formation, south-

east slope of Piney Mountain.

B . Quartz conglomerate in Wading Branch formation , showing extreme

flattening of quartz pebb.les. Knife in upper right is 2.2 inches long.
Southea::; t of road, llh miles southwest of Walters Lake.

C. Longarm

quartzite.
View northeast showing light-colored feldspathic quartzite interbedded with dark metasand stone and metasiltstone in exposure 45 feet high. Quarry at Walters Dam.

FIGURE 7.-WADING BRANCH FORMATION AXD LO:\l'GARM QUARTZITE
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On Jenkins Divide, 5 miles east of Cherokee, the
rocks of the Wading Branch resemble. those on Stevens
Creek, except that they are still more metamorphosed.
About 200 feet of interbedded quartz conglomerate,
quartzose metasandstone, and subordinate quartz-mica
schist occur above the basal schist, which is here about
50 feet thick. Metasandstone beds, 8 inches to 2 feet
thick, are dark biotitic and sparsely garnetiferous. The
coarser beds are poorly sorted, but the coarser material
commonly forms lenses in finer grained sandstone. As
elsewhere, most of the pebbles are quartz, considerably
flattened, and have a maximum original diameter of
about an inch. Feldspar is scarce in the lower beds,
but becomes more abundant in higher ones, which are
more even grained, lighter colored, and resemble. beds
in the lower part of the overlying Longarm quartzite.
West of Jenkins Divide, biotitic metasandstone is com-.
mon in the Wading Branch formation, although the
beds are thinner and conglomerate is absent.
The two belts of Wading Branch in the northwest
part of the Straight Fork ~Tindow area contain rocks
like the coarser clastic rocks in the Wading Branch of
the Dellwood-Cherokee belt. Most of the belt exposed
in Raven Fork at the foot of Enloe Ridge and between
:Highland Ridge and Breakneck Ridge is interbedded
quartz·mica schist and biotitic quartzose metasandstone
that locally contain quartz pebbles 1j2-%, inch across.
Muscovite-quartz schist with prominent porphyroblasts of garnet, staurolite, and biotite resembles the
basal schist of other areas but here does not occupy
the normal position next to the basement rock.
THICKNESS

In its type area between I-Iarmon Den Mountain and
the south end of . Mine Ridge, the
ading Branch
formation is repeated twice by folding and its thickness,
estimated from structure sections, is about 1,500 feet.
In this belt the folded basal phyllite forms an outcrop
about 500 feet wide, but it is probably less than 100 feet
thick.
The Wading Branch is much thinner in the belts
southeast of the Gre~nbrier fault. In the SheltQn
Laurel area, as exposed on the road one-fourth mile
we.st of the Redmond mine, about 250 feet of dark metasandstone interbedded with quartz-feldspar-mica schist
overlies 170 feet of basal phyllite. Where the formation
crosses North Carolina Route 284, the phyllite is about
300 feet wide, but the overlying beds are represented
by only 100 feet of coarse pebble feldspathic sandstone.
On Stevens Creek the apparent thickness of the formation is 700 feet, but the rocks are too much deformed for
this estimate to be reliable.
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In most of the Dellwood-Cherokee belt, along Soco
Creek and Cataloochee Divide, the Wading Branch is
between 50 and 100 feet thick; southeast of this belt,
on Setzer and Buck Mountains, and the lower slopes
of Walker Bald Mountain, it is less than 10 feet thick.
It persists as a unit a few feet thick as far southeast as
Dellwood, beyond which no SnQwbird is present.
STRATIGRAPHIC RELATIONS

The Wading Branch formation lies directly on the
basement rocks nearly everywhere in the report area.
The contact between the basal phyllite and the basement
complex is generally sharp; but locally in the Shelton
Laurel belt south of the Pigeon River and in the Dellwood quadrangle northeast of Maggie, the basement
complex and basal phyllite are separated by a few
inches to a few feet of rock interpreted as remnants of
regolith. This rock is dark, micaceous, medium to fine
grained, generally finer than the basement gneiss but
distinctly coarser than the overlying phyllite, with.
large grains of quart:!} and feldspar irregularly scattered through it. Although it contrasts sharply with
the overlying phyllite, it grades into adjacent augen
gneiss and flaser gneiss.
The contact between the Wading Branch formation
and the overlying Longarm quartzite is gradational
over several tens of feet in most places but is more
abrupt than most of the formation boundaries in the
Snowbird group. It is unusually so on the Pigeon River
road near the south end of Mine Ridge, where the uppermost beds of the vVading Branch consist of finegrained sandstone considerably different from the beds
that normally occur at the top of the formation. Elsewhere the dark sandstone of the Wading Branch gradually becomes lighter colored and more. feldspathjc or
is interbedded wit:Q. light-colored arkose of the basal
Longarm.
LONGARM QUARTZITE

DEFINITION

The Longarm quartzite (King and others, 1958, p.
954), which conformably succeeds the Wading Branch
formation in the eastern part of the report area, consists of several thousand feet of clean feldspathic quartzite and arkose. It is named for Longarm Mountain
in the northeastern part of the report are.a, and its type
section is at ·the north end of the mo~ntain where the
formation is well exposed along the Pigeon River.
The Longarm quartzite is the most resistant of the
formations of the Snowbird group and forms ridges
such as Longarm, vVhiteoak, and Noland Mountains;
and much of Snowbird Mountain. Both the Longarm
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Mountain belt and the Whiteoak Mountain belt are
typical of the formation, and some of the best exposures
are in the Whiteoak Mountain belt along the Pigeon
River below Walters Dam. More weathered exposures
are easily accessible along North Carolina Route 284
between Mount Sterling Gap and Cove Creek Gap.
TYPE AREA

The Longarm quartzite in the Longarm Mountain
and Whiteoak Mountain belts consists largely of lightcolored feldspathic quartzite and arkose; it is medium
to very coarse grained and almost everywhere currentbedded. On fresh surfaces it is light to medium greenish gray ( 5GY 7/1 to 5GY 5/1) or light pinkish gray
( 5YR 7/1). It is conspicuously light colored in weathered outcrops and forms a distinctive light-colored
sandy soil.
The coarser rocks of the form.ation consist of moderately well sorted arkose and feldspathic quartzite
ranging in grain size generally from 1 to 4 mm, with
grains as large as 10 mm in the coarsest beds. The
conspicuous mineral components are subangular to wellrounded grains of colorless or bluish quartz and white
or pink feldspar. Minor amounts of magnetite and
metamorphic biotite are concentrated in thin bedding
layers or seams parallel to current bedding. The finest
fraction consists of recrystallized quartz and feldspar
with few dark minerals.
.
Stratification in these rocks consists of multiple sets
of cross beds ranging in thickness from a few inches
to 3 feet (fig. 8, A and B). The sets range from tabular to wedge shaped and the cross strata from straight
to concave (McKee and Weir, 1953). More rarely sets
of convex cross strata occur. The sets combine to form
bedding units which range in thickness from 1 or 2
fe~t to 50 feet, and which are separated from one another by finer grained commonly darker strata, in which
current bedding is inconspicuous or absent (fig. 70).
Current ripple marks are rarely present in the Longarm quartzite. In an exposure on the old railroad
grade in the Pigeon River gorge 2,000 feet northwest of
Walters Da.m, ripples are preserved a:s molds in the
overlying sandstone. They trend north-northeas-tward
and have steeper sides towa:vd the northwest.
.
Subordinate amounts of darker finer grained rocks
are interbedded with quartzite and arkose throughout
the formation (1fig. 70). These rocks are more abundant in the upper part of the formation than the lower
and more abundant in the Longarm belt than in the
Whiteoak belt. They range from fine-grained biotitic
metasandstone to !progressively darker metasiltstone,
sandy slate, :and fel dspatJhic quartz-mica schist. They
occur generally as regular beds less than a ·foot thick
and locally in thicker units which are relatively mas-

sive or indistinctly layered. Boundaries between
lighter and darker beds are gradational rather than
sharply defined, a characteristic feature of the Snowbird
group.
Folded bedding caused by slumping of the sediments
before conso~idation occurs here and there in the Longarm quartzite ofthe type area, especially in the Pigeon
River gorge below Walters Dam. Small asymmetrical
or overturned folds in thin-bedded sandstone were produced by higher beds sliding over lower ones in a
westward or northwestward direction (figs. 80 and
9A).
In the thicker coarser gra·ined rocks, especially in the
Longarm Mountain belt, crossbeds are inclined 60°-80°
to the normal bedding, which m!ay or may not be folded
(fig. 9B). In parts of the Longarm MountJain belt such
steep crossbedding 'is much more a:pparent than the normal bedding and can be easily mistaken for it, especially
in small outcrops. At many other places in the type
area of the formation, the inclination of crossbeds,
though not so steep, is considerably more than that
considered normal for coarse to medium sand deposited
under water (M-el{ee, }957, p. 130). The excessive
steepness of these beds appears to be due to sliding in
unconsolidated sand similar to that which produced
folding in finer grained less homogeneous strata.
OTHER AREAS

The Longarm quartzite is prominent in three other
areas-the Straight Fork window, Shelton Laurel belt,
and Dell'Wood-Cherokee belt. In the Straight Fork
window area and the lower part of the valley of Raven
Fork, typical light-colored crossbedded feldspathic
quartzite and arkose belong to the sequence exposed
beneath the Greenbrier fault in the type areas to the
east. Interbeds of darker biotitic metasandstone and
feldspathic quartz-mica schist are abundant in the upper part of the formation and are well exposed on the
road between Str-aight Fork and Pin Oak Ga·p. Below
Big Cove, typical beds of the Longarm are prominently
exposed in road cuts and in outcrops in the bed of
Raven Fork. The rocks of this belt become more recrystallized toward the south so that in the old quarry
northeast of the ~bandoned townsite of Ravensford
they are strongly ·foliated quartz-fe.Jdspar gneiss with
minor pegm:atite lenses. Rock from this quarry showing deformed hut recognizable crossbedding was used
in the outer walls of buildings at Park Service headquarters near ·Ga't1linlburg and at the Oconaluftee
Ranger Sta6on near R-avensford.
::Most of the Shelton Laurel belt of the Snowbird
group, southeast of the Greenhr,ier A'tult, is occupied by
Longarm quartzite that is more deformed but otherwise
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A (left), B (right).
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Slabs of coarse arkose showing current bedding in quarry at Walters Dam.

C. Vertical face of feldspathic quartzite dipping S(}utheastward showing

both current bedding and slump folding.
Current direction and
overfolding are toward left (northwest).
Light-colored layer at
lower left is 2 inches thick. Old railroad grade about 5.00 feet north
of Walters Dam.
FIGURE

8.-CURRENT BEDDING AND SLUMP STRUCTURE IN LONGARM QUARTZITE

similar to that in the areas to the north and west. Pelitic interbeds are abundant, but they are notably
lighter colored and more muscovitic than similar interbeds elsewhere in the formation. Bedding ,is generally
indistinct, much folded, and masked by strong foliation.
Throughout the Dellwood-Cherokee belt and elsewhere in the Dellwood quadrangle, the Longarm consists largely of light-gray to pink gneissic arkose and
feldspathic quartzite. Minor amounts of darker schistose biotitic metasandstone and feldspathic quartz-mica

schist become thicker and more abundant in the upper
part of the formation as in _the type area. Current
bedding and other bedding features are recognizable at
many places, although they are generally so deformed
as to prevent interpretations regarding current directions or the tops and bottoms of beds. Recrystallization, at least ws intense as that in the vicinity of
Ra vensford, has obscured in varying degree sedimentary textures and structures and has been sufficient to
give parts of the arkose a granitic appearance.
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9.-Current bedding and slump folds in Snowbird group. A, Longarm quartzite on old railroad grade on Pigeon River 1 mile below
Walters Dam. Direction of slumping and major currents was toward right. B, Very coarse current bedding deformed by slump movements
toward left (northwest). Longarm quartzite dipping 30° NW., northwest slope of Longarm Mountain, 2 miles south of Pigeon Rive·r.
0, Intricate folding and faulting due to sliding in very. fine sand stone of the Pigeon siltstone. Folds trend N. 6·5• 0 E. ; sliding is toward
left (north). North slope of Greenbrier Pinnacle. D, Slump folds in light-colored fine-grained sandstone in the Roaring Fork sandstone.
Sliding was toward left (north). West slope of Gfrbes Mountain.

FIGURE

THICKNESS

~

The Longarm quartzite is estimated to be about 5,000
feet thick in the type section at the north end of Longarm Mountain, where both base and top of the formation are exposed. Because the meaiSurement is made
normal to the m1ajor 'fold axes and in the .direction of
the regional cleavage, it may be considerably greater
than the original stratigra•phic thi'ckness, as pointed out
by Gloos (1947, p. 910-911). Neverthe1ess, the Longarm is about this thick in the Whiteoak belt to the
southeast, where the beds dip generally to the southeast,
appear to be less deformed, and aTe less subject to
systematic thickening of the sprt described by C1oos.

The Longarm is much thinner in the southeastern
belts of outcrop. Its outcrop width in the Shelton
Laurel belt ranges from 500 to 3,500 feet; but much of
this variation is due to repetition by folding and to
tectonic thinning. Along North Carolina Route 284
possibly 1,200 feet of Longarm is present, and on
Stevens Creek about 800 feet is present. At Shelton
Laurel, where the Wading Branch is estimated to be
about 45Q feet thick, the Long~rm is so folded that no
reliable estimate of its thickness can be made. The
Longarm quartzite has an apparent thickness of about
1,000 feet throughout most of the Dellwood-Cherokee
belt, although it thins to about ·500 feet southwest of
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Jenkins Divide, probably by intertonguing with the
overlying Roaring Fork sandstone. At the extreme
southwest end of the belt, in the vicinity of Cherokee,
the Longarm is absent, and sandstone of the 'Vading
Branch is directly overlain by the Roaring Fork.
Still farther southeast in the Dellwood quadrangle,
the Longarm is the principal and most easily recognizable unit between the basement and the overlying Great
Smoky group. Its thickness decreases southeastward
from 500 feet on Buck and Setzer :Mountains to 50 feet
near "TnJker Bald ariel to a foot or two at the eastern
limit of the Snowbird group, a little more tlum a mile
west of Dellwood (pl. 2).
STRATIGRAPHIC RELATIONS

In most places the Longarm quartzite rests on dark
sandstone and graywacke of the
ading Branch formation and the relations are gradational, the rocks becoming better sorted, lighter colored, and eventually
~rossbedded as the Longarm is reached. In some places
in the Dellwood-Cherokee belt, however, the Longarm
lies directly on the basal schist of the Wading Branch,
and here the contact is sharp, and basal Longarm unusually coarse. Owing to deformation, metamorphism,
and inadequate. exposures, other details of the contact
relations at the base of the Longarm could not be seen.
The contact between Longarm quarzite and the overlying Roaring Fork sandstone is everywhere gradational
. and characterized by intertonguing between the two
formations. In the type section on the Pigeon River
near the mouth of :Mount Sterling Creek, the proportion
of finer grained darker sandstone and metasiltstone
characteristic of the Roaring Fork gradually increases,
and the proportion of light-colored beds of Longarm
aspect decreases over a stratigraphic interval of 2,000
feet. The formation boundary is located where the beds
change from dominantly light-colored feldspathic
quartzite and arkose to darker and finer sandstone and
interbedded metasiltstone containing only minor beds
of Longarm aspect. Even so, owing to the extremely
gradational character of the boundary and inadequate
exposures in many places, only the larger tongues of
Longarm could be mapped and these in somewhat generalized fashion, as on the northwest side of Longarm
l\1ountain. Similar tongues in the northern ·part of the
Straight Fork window and the southern part of the
Ravensford anticlinorium are so obscured by folding
and lack of exposure that the mapped boundary in these
places is even more generalized.
The top of the Longarm quartzite is considerably
sharper in the Dellwood-Cherokee belt, where the
transitional rocks are generally less than 200 feet thick.
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ROARING FORK SANDSTONE

DEFINITION

The Longarm quartzite is overlain by and grades
laterally into a thick unit of finer grained clastic rC?cks,
named the Roaring Fork sandstone (ICing and others,
1958, p. 954-6). This formation is thickest and most
typical in the northern belt of the Snowbird group,
along the north side of the mountains. It is named for
Roaring Fork, a tributary of the ''Test Fork of the Little
Pigeon River southeast of Gatlinburg, at the "·est edge
of the report area and is typically exposed in natural
outcrops along Roaring Fork for 3 miles southeast of
the town. A better exposed but thinner section is exposed in road cuts along the Pigeon River a short
distance south of Hartford, Tenn., and a complete but
still thinner and less characteristic section is excellently
exposed along the river 1-2 miles southeast of "raterville, N.C., adjacent to the type section of the Longarm.
TYPE AREA

The Roaring Fork sandstone of the type area consists
of moderately metamorphosed medium- and finegrained feldspathic sandstone, metasiltstone, and minor
amounts of slat~ and muscovite phyllite. The color
of the fresh rocks depends on the amount of dark mica
present and varies with the grain size from light
greenish gray ( 5G Y 7/1) in the coarser rocks to medium and dark greenish gray (5GY 4/1) in the finer.
'Vhere biotite rather than chlorite is the principal
dark constituent, the rocks are more neutral gray of
similar values. On weathering, the coarser sandstone
becomes various shades of yellowish brown or tan, and
it disintegrates into pale-yellowish sandy soil with few
rock fragments. The finer grained rocks weather to
dark-red or yellow clayey soil containing more fragments than soil derived from coarser sandstone.
Sandstone, siltstone, and finer grained pelitic rocks
are interbedded throughout the formation in varying
proportions. In the better exposed sections along the
larger streams, it is possible to divide the formation
into units of varying thickness in which either sandstone.or siltstone and finer grained rocks are dmninant.
Such units grade into one another, both vertically by
interbedding and laterally by intertonguing and can
be traced with difficulty across interstream areas, in
which exposures are relatively few. In some places
they are abruptly cut off by faults; elsewhere they disappear, presumably by lensing of coarser beds into
finer ones and vice versa. Rarely are exposures good
enough to show this clearly.
Thick-bedded feldspathic sandstone constitutes a
third to a fourth of the formation in this area. It appears in beds that range in thickness from 1 to 80 feet
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but that are commonly between 5 and 10 feet thick. material and grade vertically into beds consisting
Most beds cannot be traced far enough to determine largely of slate or phy.Hite.
their lateral extent, hut several thick cliff-forming beds
IIighly argillaceous rocks, found only in the upper
just southeast of Gatlin~burg can be followed for at least part of the Roaring Fork sandstone, consist of silvery,
2 miles and suggest a length-to-thickness ratio of 150 or pale-green phyllite or slate oomposed largely of muscomore. The coarser and thicker hec,ls are generally mas- vite and quartz, with small porphyro'blasts of biotite
sive without noticeable internal structure. In some, and ilmenite. Foliation is conspicuous and commonly
however, indistinct internal layers form sharply trun- bent or crinkled. At some places "·eathered outcrops
cated crossbeds several feet long, and more rarely they contain small rectangu}ar or discoid molds a few milliare 1Contorted by sliding as illustrated in figures 90 and meters in diameter thought to have contained porphyroD. Thinner beds, less than a foot thick, contain thin blasts of chloritoid, although no specimen "·as found in
parallel layers of darker or finer grained· sandstone, which this mineral was preserved. Most of the phyllite
particularly where interbedded with metasiltstone. The lacks visible bedding, although here and there thin laystandstone is notably uniform and well sorted although ers differ slightly in color and in proportions of mica
most of it contains micas and recrystallized quartz and and quartz. In general, the phy l'lite forms homogenefeldspar less than 0.1 mm in size, representing original ous uni'ts 10-100 feet thick, grading into metasiltstone
silt ,and clay. The maximum grain size in the coarsest by interbeclding and by gradual increase in grain size.
beds in the type area is a little less than 0.5 mm.
The phyllite is notably resistant to weathering, yields
Much .of the Ro~ring Fork sandstone in the type area abundant and distinctive fragments in the float, and
consists of sandy schistose metasiltstone and very fine- forms ridges or steep cliffy slopes. It also contJains
grained sandstone that ranges frotn thick n1assive beds large masses of white vein q:u~_rtz that accumulate in th~
to thinly layered and current-bedded rocks. P1arts of surfi'Cial mantle. By means of these features one phylthe finer grained rocks form relatively massive beds, lite unit about 100 feet thick was mapped for more than
but most of the coarser siltstone and finer sandstone is 3 miles. Several similar beds in the upper part of the
current bedded on a small scale. Individual current- Roaring Fork on the north slopes of ~tfount 'Vinnesoka
bedded lenses are 1!.t,-lh inches thick and several inches and north of Po'tato Ridge can be traced east"~ard and
long. They form units generally not more than 2 or 3 northward across the crest of the Copeland Creek antifeet thick interbedded with thicker units of nonlayered cline, where they are less meta·mol'lphosed and pass into
or more evenly l'ayered siltstone. The coarser beds olive slate.
grade .symmetrica1ly into finer beds above and below;
Some beds of the Roaring Fork sandstone ,are notably
asymmetr,ical graded bedding is virtually absent.
caldtic, particularly qeds of fine current-bedded sandThe presence of more argillaceous m·aterial is accom- stone, in which the carbonate is commonly revealed by
panied 'by lenticular-Iaminate bedding in which the selective weathering of the sandy lenses between slaty
fine-sand fraction occurs in discrete lenses separated by lam1inae. Simila:r calcitic layers occur sporadically in
very thin but more continuous pelitic laminae. Most massive metasiltstone. In both types of rock, carbonate
commonly such sand lenses are 0.5-3 mm thick and sev- occuJ:'Is in the coarsest parts and is erratically distriberal inches long and are intercalated between slightly uted in them; this evidence suggests that it has been
wavy laminae which form lh or% of the rock. In some introduced along permeable layers.
places, the sand le:tlses are thicker and more abundant
BUCKEYE LEAD-CHESTNUT MOUNTAIN BELT
and are minutely crosslbedded. R'arely, where the sand
lenses amount to 80 percent of the rock, they were
The Roaring Fork sandstone a·ppears again farther
thidmned and deformed by sliding before consolidation east in a belt extending from near the Sevier-Cooke
of the sediments.
Coun'ty line across Buckeye Lead and Chestnut MounAt the few places where bedding surfaces of lenticu- tain to the Pigeon ·Riiver. The top of the formation is
lar-laminate beds are exposed they are ripple marked. marked by the contrast between domin'ant sandstone in
Such surfaces are well exp·osed on the under side of a the Roaring Fork and finer grained rocks in the overlarge overhanging ledge on the e'as't bank of the Little lying Pigeon siltstone. The rocks are similar to those
Pigeon Riiver three-fourths mile north of the bridge at :farther west but are considerably sandier, as about
Greenbrier Cove. The ripples here are about 1 inch in two-thirds of the formation is sandstone.
wavelength and one-eighth inch in amplitude; they
On Buckeye Lead, Gabes, and Round Mountains the
trend N. 20° E. on a bedding surface that dips 10° S. forma'tion consists in par't of ligi1t-co1ored slightly
55° E. and indicate a we'Stward current direction.
coarser sandstone like that in the Longarm quartzite.
Thin very even and continuous layers of fine sand, These beds, individually ranging in thickness from 1
siTtstone, and metape1ite indicate still more argillaceous to 20 feet or more, are oomposed of medium- or
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coarse-grained feldspathic quartzite containing spo- and textures are obscured by deformation and
radic grains of quartz -and pink feldspar as much -as 6 recrystallization.
The lower part o:f the :formation in the Dellwoodmm in di,ameter. Internal bedding is generally indistinot, but on favorably weathered surfaces coarse Cherokee belt is predominantly light- to dark-gray
crossbedding and large-scale slump folds are seen (fig. medium- to fine-grained current-bedded metasandstone,
9D). This type of sandstone, grading into and inter- similar to the lighter colored beds of the Longarm
bedded with finer and ·darker sandstone of typical except :for a greater abundance of biotite and a slightly
Roaring Fork aspe·ct, is prominent in the middle 2,000 great percentage o:f feldspar, some o:f which is probably
feet of the formation in this part of the belt. It tongues o:f metamorphic origin. Dark laminae marking the
out abruptly -along the stTike both to the east and to the crossbedding are composed primarily o:f heavy minerals
west, only a few thin beds extending west of the county as in the Longarm quartzite. Most dark laminae are
rich in magnetite, but sphene is abundant in some, and
line and none at all east of Cosby Creek.
The upper part of the Roaring Fork sandstone at orthite, apatite, epidote, and metamorphic biotite are
the east end of the Buckeye Lead-Chestnut Mountain common. Other thin dark seams are composed largely
belt is exposed whei·e the Pigeon River cuts through of biotite, especially in metasandstone beds high in the
Chestnut Mountain, just south of I-Iartfo~d. It consists sequence. Interbeds several :feet thick of light-colored
of thick ]ayers of medium- to fine-grained sandstone gneissose quartzite are present in the lower part of. the
interbedded with relatively thick and massive units :formation transitional to the Longarm, and the :formaof dark metasiltstone. A few thin lenses of coarser tion boundary is mapped where the lithologic aspect
sandstone containing sporadic grains as large as 3 mm changes :from dominantly light-colored to dominantly
occur in the lower part of· the section. Farther south, dark-colored metasandstone.
near the prominent · U-bend of the river, dark very
THICKNESS
fine-grained sandstone and metasiltstone, distinctly and
About 7,000 feet o:f the Roaring Fork sandstone is
·evenly bedded, make up about 35 percent of the middle
present in the type area along Roaring Fork, from the
and upper parts of the formation, and medium-grained
fault along Dudley Creek to the highest beds exposed
sandstone in beds 2-8 :feet thick makes up about 25
just east of Piney Mountain. Still higher beds appear
percent. The remainder is weakly schistose very fine:farther east in the vicinity of Copeland Divide, where
grained sandstone that is intermediate in texture bethe upper part o:f the :formation consists largely o:f
tween the more distinct sandstone beds and the
metapelite and its top is ·placed :for convenien~ at the
siltstone. The uppermost 700 feet o:f the :formation is
top o:f the uppermost mappable sandstone. Correlation
largely fine-grained sandstone and siltstone, dark gray
o:f this section with that on Roaring Fork by means of
or green, and thinly bedded, with several more massive
traceable units within the formation indicates that
sandstone beds 4-6 :feet thick. The highest of these
about 1,000 feet must be added to give 8,000 :feet as the
marks the top o:f the formation in this section.
partial thickness o:f the :formation exposed in the type
OTHER AREAS
area, where its base is concealed.
I-Ial:f a mile southeast o:f the State line at Waterville,
A maximum of 5,600 feet of the :formation is exposed
the Roaring Fork is a succession o:f thick sandstone beds in the Buckeye Lead-Chestnut Mountain belt, ·where
marked by conspicuous large-scale crossbedding and the base is likewise cut off by faults. Farther east
interbedded darker evenly layered sandstone in beds where the first complete sections o:f the :formation are
1-3 feet thick spaced 1-10 :feet apart. A :few beds, 1-2 exposed, it is considerably thinner than in the type
:feet thick, o:f typical Longarm aspect appear about area, but the thickness varies greatly because of inter1nidway in the section, and similar beds occur here and tonguing with overlying and underlying fonnations.
there with finer light-colored sandstone and subordinate Still farther southeast in the Dellwood-Cherokee belt,
dark beds throughout most o:f the lower part. The the Roaring Fork is only a few hundred feet thick.
formation is nearly all ·sandstone at this place and
STRATIGRAPHIC RELATION'S
appears to represent a transition from the rocks o:f the
The Roaring Fork sandstone is recognized in these
type area to the Longarm quartzite at the southeast.
The Roaring Fork sandstone in the Cataloochee anti- various belts as a rock-stratigraphic or lithogenetic unit
clinorium and Straight Fork window in the upper part in sequence above the Longarm quartzite, yet its
of the :formation in the Dellwood-Cherokee belt is stratigraphic position varies widely. For example, a
largely dark-gray biotitic metasandstone and garneti- structure section along the Pigeon River (section A-A',
ferous feldspathic quartz-mica schist, in which bedding pl. 1) shows that most of the Roaring Fork southeast
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of W atervil~e is stratigraphically higher than that south
of IIartford and that at the latter place the Roaring
Fork is actually the northwestern equivalent of a large
part of the type Longarm; these relations are shown
somewhat diagrammatically in figure 10. The transition between the two formations occurs on Snowbird
Mountain where reconnaissance traverses indicate that
they intertongue extensively. Evidence of the intertonguing was also found within the mapped areaparticularly where rocks similar to the Roaring Fork
and the Longarm are interbedded-with consequent
difficulty in establishing a formation boundary-and in
the local appearance of beds of Longarm aspect within
the Roaring Fork on Gabes Mountain.
The upper boundary of the Roaring Fork sandstone
in the type area is characterized by a very gradual upward transition from sandstone with interbedded finer
grained rocks to dominant metasiltstone of the Pigeon.
Prominent and persistent sandstone beds, 10 feet or
more thick, occur at intervals of 50-100 feet throughout
the upper part of the Roaring Fork, and the top of the
formation is placed generally at the top of the highest
of these sandstone beds in any locality. As these marker
beds pirtcl; out, generally westward and nortlnv:ard, the
upper limit of the Roaring Fork sandstone descends in
much the same manner as the base of the formation.
In some places, notably on Gabes Mountain, the overlying beds classed as Pigeon are succeeded by recurrent
beds of sandstone that pinch out both westward and
eastwar"d and represent detached tongues of the Roaring Fork sandstone.

WESTERN AREA

The Pigeon siltstone in the western part of its outcrop belt consists of clastic rocks ranging from finegrained sandstone and metasiltstone to argillite or slate.
All these rocks have undergone low-grade regional
metamorphism with recrystallization of the silt-size
particles and reconstitution of the clay fraction to mica.
The rocks classed as sandstone are composed largely of
quartz and feldspar grains between 0.1 and 0.35 mm in
diameter. Most of them contain inore than 10 percent
argillaceous material, represented by mica, and were
originally muddy sandstones. Metasiltstone is characterized by a preponderance of recrystallized detrital
grains less than 0.1 mm in size and generally contains
30 percent or more of recrystallized argillaceous material. Rocks termed "argillite," "slate," or "phyllite"
are composed dominantly of mica, with recrystallized
detrital grains generally less than 0.1 mm.
';vhere fresh, these rocks range fron1 medium to clark
gr~enish gray, with exception of the slate, which is
dark grayish olive. The characteristic green color is
clue largely to metamorphic chlorite and partly to
epidote. In the southern part of the belt, however,
biotite locally supplants chlorite as the principal clark
mineral, and the rocks are darker and less green.
Deeply weathered rocks are medium yellowish or reddish brown, and their soils are clayey.
Although the rocks of the Pigeon fall within rather
narrow limits of grain size, they exhibit a notable
variety of bedding structures and textural variations.
~1etasiltstone is an abundant type grading to and
harclly,distinguishable from sandstone. It forms uniPIGEON SILTSTONE
form massive beds, 1-30 feet thick, with little or no inDEFINITION
ternal structure. The rocks are moderately feldspathic
The Pigeon siltstone (ICing and others, 1958, p. 956- and were originally argillaceous, for their mica content,
957; King, 1949, p. 639-640.) is adapted from the including nearly as much chlorite as muscovite, ranges
Pigeon slate of ICeith (1895) and named for exposures from 20 to 50 percent. Prominent flakes of detrital
along the Little Pigeon River a few miles north of the muscovite are moderately abundant.
present report area. The formation is a sequence of
Much metasiltstone and fine sandstone shows current
metasiltstone and interbedded slate, 10,000-15,000 feet bedding on a small scale as shown in figure llA. Inthick, in the type area. It has now been traced eastward dividual current-bedded lenses, ~-1 inch thick, form
to the Pigeon River where it overlies the Roaring Fork tmits as much as 2 or 3 feet thick, ·generally intersandstone in the type Snowbird sequence and is con- bedded with thicker units of massive or evenly bedded
sidered the uppermost formation of the Snowbird metasiltstone.
Slaty metasiltstone with lenticular-laminate bedding
group.
As exposed in the area of this report, the Pigeon like that in the Roaring Fork sandstone is abundant in
siltstone is limited to the northern belt of outcrop of the Pigeon and likewise grades to laminated slaty siltthe Snowbird group and has a maximum thickness of stone or to sandy ·siltstone with current-ripple-bedding.
7,000 feet. In most of the belt, it lies COJ?.formably upon Such rocks seem to represent a form of deposition tranthe Roaring Fork sandstone. Although it is the upper- . sitional between fine current-bedded sandstone and more
most formation of the group, its top is exposed only argillaceous and evenly bedded rock. In some places
at the eastern end of the belt, where it is overlain by lenticular-laminate beds appear in which the sand lenses
are thicker and m-ore abundant in proportion to argilthe Rich Butt sandstone.
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A. Current bedding in fine-gmined sandsto.ne.

B. Argillitic metasiltstone showing parallel lamination in upper part, lenticular-laminate structure at lower left, fine

current bedding and slump folds in 3-inch layer in middle.
Emerts Cove.
FIGURE 11.-BEDDI~G

Roaclcut on Little Pigeon RiYer 2 miles north of

IN THE PIGEON"

SILTSTO~E
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laceous material. Sandstone constitutes as much as 80 farther west. Near Waterville, the Pigeon includes
percent of some of these beds, and ultimately th~s type of several thick sandstone beds which eventally form maprock grades into fine-grained sandstone marked by pable tongues of Roaring Fork sandstone (pl. 1). These
increase abruptly southeast of Big Creek, so that the
wispy argillaceous laminae.
A much larger proportion of the Pigeon siltstone Roaring Fork takes over the stratigraphic interval
than of the Roaring Fork sandstone consists of alternate occupied by the Pigeon a few miles to the northwest
silty and argillaceous layers characterized by very reg- (fig. 10).
THICKNESS
ular lamination (fig. 11B). Individual layers are 0.5-3
mm thick but become considerably thicker with .increase
The Pigeon siltstone is thickest in the northern part
in grain size. As in the Roaring Fork, bedding surof, the map area where it forms large parts of both the
faces are not sharply defined and the rocks rarely part
Cartertown and Copeland Creek anticlines. Exposures
along them, so that the slight differences between layers
most amenable to measuring the thickness of the forare commonly visible only in weathered rock and
mation in this area are on the crest and north flank of
saprolite.
the Copeland Creek anticline; at this place 7,000 feet of
Feldspathic sandstone, recognizable by its relative~y Pigeon siltstone is exposed south of the southern strand
light color and absence of schistosity, forms beds Yz-20 of the Gatlinburg fault, but minor folds and faults and
feet thick but mostly less than 5 feet thick. They are tectonic thickening may have increased the original
homogeneous in texture and composition, without in- thickness by 1,000 feet or more. Hamilton ( 196'1, p.
ternal layering except for indistinct parallel lamination . A-9) reports the formation to be between 10,000 and
at their n1argins. A few sandstone beds show large- 15,000 feet thick north of the Gatlinburg fault, but only
scale cross lamination similar to that in the Roaring the lower 3,000 or 4,000 feet of this section is exposed
Fork. These relatively massive sandstone beds are in the present map area.
associated with massive metasiltstone or with evenly
To the east, on the south flank of the Chestnut l\1ounbedded sandstone and siltstone but not with current- tain anticline, the Pigeon is thinn~r, as it is 4,600 feet
bedded siltstone or slate. They resemble sandstone beds thick on the northwestern slope of Rich Butt Mountain
in the Roaring Fork sandstone but are thinner, less and 3,500 feet thick on Turkey !(nob. Still farther east
abundant, and not persistent.
in the section of Big Creek, less than 3,000 feet of Pigeon
The finest grained rock in the Pigeonsiltstone is gray- siltstone is present.
ish-olive slate, altered in places to silvery phyllite like
that in the upper part of the Roaring Fork sandstone.
STRATIGRAPHIC RELATIONS
It is characterized by thin bedding laminae, 0.2-4.0 mm
Intertonguing of the Pigeon siltstone and Roaring
thick, differing slightly in color or texture and generally
Fork
sandstone near Waterville and from Gabes Mounobscured by slaty c.leavage. These laminate are very
tain
to
the vicinity of Gatlinburg indicates that the base
even, as they are neither lenticular nor ripple marked,
and grade imperceptibly into laminated slaty siltstone. of the Pigeon appears at progressively lower stratiUnits consisting largely of slate are as much as 100 feet graphic levels toward the north and west. Several un- ·
thick in the northwest part of the mapped area, where mapped standstone beds that wedge out abruptly in the
they are relatively resistant to erosion and form minor Pigeon on the south flank of the Carterto\Vn anticline
ridges traceable for considerable distances. Like the just north of Dudley Creek may represent the edges of
argillaceous rocks of the Roaring Fork, they are com- sandstone units in the uppermost Roaring Fork in
monly invaded by vein quartz and can be traced by the the Copeland Creek anticline south of the fault. Simiabundance of quartz fragments in the colluvial mantle. larly the uppermost sandstone beds of the Roaring Fork
north of Gatlinburg pinch out westward in Pigeon siltEASTERN AREAS
stone a short distance west of the quadrangle boundary.
The Pigeon siltstone becomes increasingly coarse
The top of the Pigeon siltstone is exposed only in the
grained from Gabes Mountain eastwa.rd to the vicinity
northeastern
part of the report area, where it is overof Waterville. On the northwest slope of Rich Butt
Mountain and in adjacent areas, much of the formation lain by the Rich Butt sandstone. The contact between
consists of fine to very fine grained sandstone with the. two formations is everywhere gradational and is
abundant laminae of argillaceous metasiltstone; the marked by dominantly sandy rocks with bedding and
usual siltstone and slate are much less abundant than other features unlike those of the Snowbird group.
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PETROGRAPHY OF THE SNOWBIRD GROUP

Discussion of the composition and texture of the rocks
of the Snowbird group has been deferred until this
point for two reasons: ( 1) duplication of rock types
among the several formations would make detailed de.scription for each formation unnecessarily repetitive
and (2) variations of texture and composition involve
the group as a whole and are best understood if presented in that context. Petrographic information about
the sedimentary character of the Snowbird group was
drawn almost entirely from rocks of the northern belt
of outcrop, where changes resulting from metamorphism, although considerable, are less than elsewhere in
the area. Laboratory study of 140 specimens included
100 specimens sectioned and studied microscopically,
12 specimens analyzed chemically, and 30 stained with
hydrofluoric acid and sodium cobaltinitrite to indicate
their potassium feldspar content.
TEXTURES

Microscopic sedimentary textures of many of the
medium and coarser grained rocks in the northern belt
of the Snowbird group are preserved in spite of regional
metamorphism. Most grains larger than 0.1 mm appear
to retain approximately their original sizes, although
their shapes have been much modified by recrystallization (fig. 12A). Smaller grains are thoroughly recrystallized. Within these limits of observation, clastic
quartz and feldspar grains making up the bulk of the
sandstones of the group appear to be subangular to
rather well rounded. The larger heavy mineral grains
such as epidote, sphene, and magnetite also tend to be
subangular to well rounded; an exception is apatite
which is generally well rounded. The small grains of
zircon do not appear to be recrystallized and may be
either sharply euhedral or distinctly rounded, possibly
as a result of processes within the parent rock.
Excepting the Wading Branch formation, the sandstones of the group are at least as well sorted as normal
near-shore marine sands.
MINERAL COMPOSITION

The rocks of the Snowbird group are notably uniform in mineral composition. Major constituents of
detrital origin are quartz, potassium, feldspar, and plagioclase; minor detrital minerals include epidote,
sphene, biotite, magnetite, apatite, and zircon. Minerals of metamorphic origin include muscovite, paragonite, biotite, chlorite, chloritoid, ilmenite, and garnet,
and also some epidote, sphene, and magnetite. Carbonate and pyrite may have been syngenetic but have been
introduced in most rocks where they were observed.

All the rocks of the group are notably feldspathic,
as illustrated by figure 13, which shows estimated proportions· of quartz, feldspar, and metamorphic mica.
The metamorphic mica presumably represents the
clay fraction of the original sediments. l\1ost of these
points are plotted according to visua_l estimates made
from thin sections; several, hmYever, were determined
semiquantitatively from thin sections and corrected
from chemical analyses. l\1ost of the chemically
determined compositions show more feldspar than
those visually determined, probably because part of
the very fine grained feldspar in thin sections was mistaken for quartz. Even so, many rocks of the group
fall into the arkose or muddy arkose field of the .diagram. The diagram also shows the presence of subarkose or feldspathic quartzite in the Longarm, as '"ell
as the fact that the rocks of the 'Vading Branch formation are somewhat less feldspathic than most other
rocks of the group.
The term "graywacke" has been used for the rocks
of the Ocoee se1~ies (Stose and Stose, 1949, p. 632-643;
IGng, 1949, p. 633, 642-643), but it does not seem appropriate for most of the Snowbird group. l\1ost definitions emphasize clayey matrix, poor sorting, and lithic
fragments as distinguishing features of graywackes, yet
none of these features are prominent in ~~he sandstones
of the group. Some rocks.of the 'Vading Branch formation contain coarse angular particles with abundant
recrystallized clayey matrix, but, in general, the argillaceous components increase with decrease in maximum
grain size (figs. 12B and 14); moreover, detrital fragments of fine-grained igneous or metamorphic rocks
do not amount to as 1nuch as 1 percent in any rocks
of the group. Some petrographers (Pettijohn, 1957,
p. 307) classify plagioclase-bearing sandstone as graywacke rather than as arkose or subarkose, and much
of the Roaring Fork sandstone would be graywacke
by this classification. Nevertheless, "·e prefer to restrict the term to conspicuously muddy or poorly
sorted sandstone, reflecting processes of erosion and
deposition rather than a particular type of source rock.
Several kinds of potassium feldspar and plagioclase
are widespread in the rocks studied. l\1icrocline is
the most· abundant, but seYernl Yarities of microperthite
and some unt,vinned potassium feldspar also occur.
Plagioclase ranges from nearly pure albite to Ans;
some of it occurs as clear twinned grains and some is
untwinned and either clear or clouded with sericite.
Untwinned feldspar is difficult to determine in the finer
grained rocks, but chemical analyses shmved that most
of it is sodic plagioclase rather than orthoclase.

GEOLOGY OF THE EASTERN GREAT SMOKY MOUNTAINS, NORTH CAROLINA AND TENNESSEE

A. . Fine-grained feldspathic sandstone in Pigeon siltstone.

Composition: 40 percent quartz, 40 percent plagioclase, 5 percent orthoclase,
8 p ercent metamorphic mica, and 7 percent heavy minerals, largely
epidote. Cleavage slopes left. Crossed nicols.

B. Graywacke, Wading Branch formation.

are mostly quartz.
7. analysis 14.

Large subangular grains
Chemical and mineral composition giYen in table

5mm
0. Heavy mineral layers in Roaring Fork i'iandstone. Most clark grains
are metamorvhic biotite or chlorite, but thin layers contain as much
as 50 percent detrital sphene, epidote, magnetite, and apatite.

FIGURE
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12.-PHOTOMICROGR.A..PHS OF GRAYWACKE AXD SANDSTOXE, SNOWBIRD GROUP
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Feldspar
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Feldspar
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feldspathic siltstone
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feldspathic siltstone
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Muddy sandstone
Q
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Subarkose·

FIGURE

Langorm quartzite

Wading Branch formation

F

Arkose

Numbered points ·represent chemically
analyzed rocks

13.-Compositlon and classification of rocks of the Snowbird group, northern outcrop belt, eastern Great Smoky Mountains.
Numbered points represent chemically analyzed specimens given in table 7.
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The plagioclase is distinctly finer grained than the
potassium feldspar, and is increasingly abundant relative to potassium feldspar in the finer grained rocks.
Most medium- and fine-grained sandstones contain
more albite than potassium feldspar, whereas in most
coarse sandstones this proportion is reversed (fig. 15) .
Many finer grained sandstones contain very little potassium feldspar, as indicated by study of thin sections
and by chemical analyses of two specimens (table 7,
analyses 10, 11). Feldspar is not easily recognized in
thin sections of the most argillaceous rocks so that
visual estimates of the feldspar ratio in these· rocks
are mostly not available.
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FIOutn; Hi.-Ratlo of p(}tnssiitm feldspar to plagioclase compared to

J.(rnln size in the Longurm quartzite, Roaring Fork sandstone, and
l'lgcon !lilb;tonc, In the northern belt of outcrop eastern Great Smoky
l\Iountuins.

The formations are not wholly alike in their feldspar
ratios, however. For example, 7 of 15 samp'les of sandstone with common large grain sizes between 0.1 and 0.5
mm in the Longarm qua.rtzite contain more potassium
feldspar than albite; whereas among sai1ds'tone of this
grruin-size range in the Roaring Fork, only 6 of 25
samples contain more pot,assium feldspar than albite.
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In the vVading Branch formation where coarse and fine
materials are mixed together, there is no consistent re·
lation between the grain size and the feldspar ratio.
A convenient explanation of the rehttive distribution
of feldspar in the Snowbird group is that potassium
feldspar was furnished to the sediments in larger size;s
than plagioel ase, a disparity that can be tra·ced to the
basement complex where potJassium feldspar norma:lly
occurs in muoh larger gra·ins that p1agioclase. Thus it
lagged behind plagioclase during transport and was
deposited in greater abundance in the coarser layers
nearer the source. No such systematic dispersal of the
feldspars is found in the poorly sorted rocks of the
Wading Branch, because such a winnowing process did
not occur in their deposition. This mechanism does not
explain, however, why the finer sandstone in the Longarm contains relatively more potassium feldspar than
corresponding fine sandstone of the Roaring Fork.
Perhaps this is due to comminution of the potassium
feldspar while in transport, the plagioclase having been
previously swept out.
Figu-re 13, although indicating the relative proportions of cla;stic quartz and feldspar to argillaceous components of the sediments, does not indieate variations in
gra:in size; consequen'tly, fine, medium, and coarse sandstone and siltstone are all represented in the lower ha:Jf
of the diagram. In most of the Snowbird group a normal re;l'ation exists b~tween the size of the clastic components and the proportion of m·ica, representing the
argiUaceous fraction (fig. 14). Most medium and
coarser grained sandstones of the Longarm, Roaring
Fork, and Pigeon contain less than 10 'Percent argil'laceous m·aterial, and the most argillaceous rocks, containing more than 50 percent argillaceous material,
rarely contain quartz or feldspar grains larger than
0.1mm.
Most of the 'Vading Branch formation, on the other
hand, is less well sorted, so that some very coa-rse sandstones contain nearly 40 percent of argillaceous material
(fig. 12B). This poor sorting is associated with graded
bedding, a·lso not found in other parts of the Snowbird
group, and seems to indicate turbulent transport and
rapid deposition in contrast to the gradual movement
and reworking of the typi'cally current-bedded deposits
of the other formations.
Various clay minerals and probably other very fine
grained detritus in the original sediments are now recrystnll ized to white mica and ferromagnesinn minerals
in nearly all the rocks of the group in ,narriahle proportions. 'Vhite mica in these rocks is largely' muscovite,
but the chemical composition of some specimens indicates that it contains considerable sodium, and paragonite may be present. Paragonite was tentJatJively
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TABLE 7.-Chemical analyses and calculated mineral composition of rocks of the Snowbird group in the northern belt of outcrop,

eastern part of the Great Smoky Mountains
[Analysts: L. D. Trumbull, analyses 1, 2, and 9; M. Balazs, analyses 3-7, 10--12, and 14]
Analysis ________________________ _

2

Laboratory No. __________________ 52-1493CO 52-1492CO
Field No_________________________
RC-299
CT-298

3

4

C470
W-513

C479
W-525

8

6

C477
W-523

C475
CC-521

9

C476
-------- 52-1499CO
CC-521A -------- GB-305

10

11

12

C467
CT-487

C469
W-512

C478
W-524

67.60
10.90
. 92
3.13
1.17
4. 38
4.17
1. 07
.00
1. 35
1. 01
1. 50
. 36
Trace
.09
.02

72. 7!)
13.88
1.06
1.62
. 75
1. 82
4. 57
2.02
.00
.85
. 26
.18
.05
Trace
.05
.13

72.43
12.87
.39
. 94
. 37
2.36
4.82
3.14
.02
. 41
.17
1. 74
.09

99.99

99.81

13

14
C474
CC-520

Chemical analyses
Si 02.----- ___ ----- _- _- _---------AhOa.- -------------------------Fe20s---- -----------------------FeO- -------------------------- __
MgO__ ---------------~--- ----cao ___________
------ ____________
Na20 ____ ------------ ___ --------K20--- -------------------------H20---- -----------------------IhO+. -------------------------Ti02---- ----------- --~ ----------c 02-----------------------------

§~?-4=

~

56.28
21.36
. 94
6.04
2. 21
1.16
1. 52
4. 92
.07
4.12
. 81
.03
.24

====== == == === ========= ===== -----------.u
MnO _--------------------------BaO. --------------------------- _ -----------TotaL----------_--.--------

55.85
20.78
1.44
6. 20
2.35
1.30
1. 38
5.11
.08
4.08
.86
.01
.27

-----------.14
------------

99.81

99.85

58.46
18.22
1. 97
5.18
2.34
1.71
1. 23
6. 41
.03
2. 60
1.05
. 01
.32
1'race
.10
.03
99.66

57.55
18.90
1. 76
5. 31
2.37
LOT
2. 51
6. 26
.08
2.32
1.18
.09
.01
.07
.15

56.59
18.77
2.08
5. 77
2. 60
2.08
1. 55
5. 91
.06
2. 63
1.06
.07
. 29
Trace
.13
.08

54.47
21.20
2. 41
5. 30
1. 88
1. 50
. 9:!
7. 37
. 15
3.08
. 90
.00
.34
.02
.11
.16

55.72
20.31
5.09
2. 75
1. 90
2.18
1. 47
5. 41
. 07
2. 97
1.14
.00
. 40
. 01
. 10
.09

100.14

99.68

99.82

99.61

• 1)1

- - - - - - ---- - - - -

56.65
19.92
1. 77
5. 65
2.30
1. 47
1. 52
6.02

-------3.15

74.19
12.52
1. 27
1. 67
. 74
1.10
2. 57
4.17
.01
.89
. 42
.09
.12

. 98
.03
.33
Trace -----------.11
.05
.10 -----------100.00

99.81

99.67

71.90
13.07
. 91
1. 85
. 76
2. 42
4.04
2. 61
----~87'

. 47
. 88
.16

--------------.06
.06
-------- ---------- --- --100.00

69.9 7
14.23
1.1 1
3. 46
1.2 1
1.1 0
1.39
4. 45
.05
1.75
.82
.01
.1 6
Tra ce
.07
.08
99.86

Calculated mineral composition
Quartz___________________________
Potassium feldspar_______________
Plagioclase_______________________
Epidote__________________________

22.2
21.2
· 2~. 0
18.5
23.7
18.7
20.5
2. 5
5. 7
2. 7
1. 3
2. 6
6. 2
8. 7
8. 7
14.2
13.3
12.1
11.1
22.6
2. 2
2. 9
3. 9 -------3. 0
2. 2
2. 0
18.6
20.2 ________ -------1.0
2.0
12.2
------------ -----------22.7
24. 1
24.8
21.1 ---------35.0
34.5
29.1
'34. 4
42.6
37. 1
38.1
.6
. 8.
1. 2
.7
.8
1. 0
.6
.7
.7
1.4 -------1.7
1.2
2.8
.5
. 6 -------. 7 -------- ---------- ---------.5
.5
. 2 -------- -------- ---------4. 0
.1
.0
.2
. 2 ---------- ----------

41.9
33.6
35.6
11.8
1. 4
1. 7
23.6
37.4
40.7
.9
3. 8
3. 9
-----------9.5 -------8. 9
8. 0
11.2
7.1
8. 7
.3
.9
.1
1.0
2.50
.6
------------ ---------- ------------------. 5 -------.2
3. 6
.4

31.9
13.6
42.1
--------------4. 2
3. 8
.2
________
--------------4.0

43. 1
2.1
11.8
2. 1
2.0
11.8
24.3
.4
1.3
----------------------

---------------------Biotite ___________________________
----------------------------Muscovite_______________________
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1 Includes 6.50 percent paragonite molecule.
1. Pigeon siltstone. Green foliated metasiltstone from road cut 0.2 mile north of
bridge at Laurel, Richardson Cove quadrangle, 2 miles north of report area.
Beddi.ng laminae, 2-5 mm thick, differ mainly in proportions of quartz and
feldspar to mica and chlorite. Sphene, epidote, and leucoxene are concentrated
in some laminae. Grain size is 0.02 mm for both detrital and metamorphic
minerals. Potassium feldspar not recognized in thin section. Rock analysis
indicates that chlorite contains about 2 iron chlorite (daphnite and ferroantigorite) molecules to 1 magnesium chlorite (amcsite or antigorite) molecule. It
may be less aluminous ami all the K~O in muscovite.
2. Pigeon siltstone. Green slaty mctasiltstone from cut on Tennessee Highway
73, 2 miles cast of Gatlinburg, Tenn. Grain size, 0.02-Q.05 mm. Otherwise
similar sample given in analysis 1.
3. Roaring Fork sandstone. Medium-dark-gray foliated metasiltstone from roadside quarry on east side of Pigeon River, ~!! miles south of Hartford, Tenn.
Strongly sheared. About 15 percent fine quartz and feldspar sand and 85
percent recrystallized mica and quartz and feldspar silt. Biotite is olive green;
rock analysis indicates 65 percent annitc, and 35 percent phlogopite. Epidote
anrl sphene, 0.1 mm in diameter, are variably concentrated in bedding laminae.
4. Roaring Fork san1stone. Medium-dark-gray foliated metasiltstone containing
fine sand from near top of formation on Pigeon River road, 0.6 mile southeast
. of Tennessee-North Carolina State line. Quartz is crushed and elongated;
mica well is oriented. Biotite is dark olive brown; rock analysis indicates 65
percent annite and 35 percent phlogopite.
/5. Longarm quartzite. Medium-dark-gray argillaceous metasiltstone from Pigeon
River road, 1 mile above mouth of Mount Sterling Creek. Grain size is 0.04 mrn
for both detrital and metamorphic minerals. Epidote and sphene occur in uniformly disseminated subhcdral to rounded grains, 0.01-o.os mm in diameter.
Biotite is olive green; rock analysis indicates 68 percent annite and 32 percent
phlogonite.
6. Wading Branch formation. Medium-dark-gray slaty metasiltstone from Pigeon
River road, 1.7 miles below Cold Springs Creek. Grain size 0.06 mm (quartz
and feldspar) to 0.03 mm (mica). Biotite is brownish olive; rock analysis indicates 90 percent annite and 10 percent phlogopite. Chlorite is yellow green
with high birefringence, probably iron rich.

7. Wading Branch formation. Basal schist from Pigeon River road at Cold Springs
Creek. Moderate-greenish-gray finely sandy metapelite. Grain size is 0.1 mm
(quartz and feldspar) to 0.5 mm (mica). Quartz is elongated and mica well
oriented. Chlorite, probably ripidolite, is blue green with very low birefringence and yellow-brown extinction colors. Plagioclase is largely untwinned,
and its composition is assumed. Nearly all the magnetite occurs as octahedral
porphyroblasts about 1 mm in diameter.
8. Average of analyses 1-6, recalculated less uncombined water.
9. Roaring Fork sandstone. Medium-grained feldspathic sandstone from quarry
near U.S. Highway 441, 1 mile southeast of Great Smoky Mountains National
Park Headquarters, 1% miles west of report area. A veragc grain size is 0.15
mm. Moderately sheared. Micas occur largely in recrystallized interstitial
material; sparse detrital muscovite. Biotite is dark olive green. Composition
of plagioclase dctennined from thin section.
10. Roaring Fork sandstone. Greenish-gray fine-grained sandstone from cut on
Tennessee Highway 73, 1~ miles east of Gatlinburg. Average grain size is
0.7 mm. Moderately sheared. Plagioclase is slightly cloudy; composition
determined from thin section. Chlorite, probably pcnninite, is all metamorphic
and emerald green with low birefringence and blue extinction colors.
11. Roaring Fork sandstone. Greenish-gray fine-grained felclspathic sandstone from
roadside quarry on east side of Pigeon River, 1H miles south of Hartford, Tenn.
Moderately sheared. Plagioclase is somewhat altered; composition determined
from thin section. Biotite is green; rock analysis indicates 65 percent annite
and 35 percent phlogopite.
12. Roaring Fork sandstone. Medium-gray fine-grained feldspathic sandstone from
Pigeon River road, 0.6 mile southeast of Tennessee-North Carolina State line.
Average grain size is 0.13 mm. Strongly sheared; grains are partly crushed.
Potassium feldspar mostly untwinned; composition of plagioclase determined
from thin section. Biotite is brownish olive.
13. Average of analyses 9-12, recalculated less uncombined water.
14. Wading Branch formation. Olive-gray argillaceous graywacke from Pigeon
River road, 1.7 miles below Cold Springs Creek. About 15 percent clastic
grains are 0.2-0.3 mm diameter; metamorphic mica is 0.03 mm in diameter.
Composition of plagioclase determined from thin section. Both detrital and
secondary epidote and sphene are abundant, and magnetite grains are coated
with sphene. Biotite is olive brown; analysis indicates 65 percent annite and
35 percent phlogopite.
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identified by X-ray diffraction in two pelites of the abundant, followed by sphene, magnetite, apatite, and
Snowbird group but could not be identified in thin sec- zircon in order of decreasing abundance. Rea vy mintion. The fe'l'l·omagnesian minera1s include either hio- erals average more than 4 percent of all rocks of the
tJite or chlorite or both, depending largely on the degree group and as much as 7 percent of some; ne.vertheless
to which the rocks have been affected by regional meta- proportions differ widely among different rock types
lllOI'phism. Nearly all the mica seen in thin section is ·(fig. 16). They are most abundant in the Wading
of met:1am01~phic origin; detr.ita1 muscovite an¢! chlorite
( probalbly orig.inall y biotite), although recognizable in
WADING
ROARING FORK SAND- GREAT
LONGARM
STONE AND PIGEON SMOKY
BASEMENT
BRANCH
some rocks, are quantitively insignificant.
COMPLEX FORMATION
QUARTZITE
SILTSTONE
GROUP
Numbers
of
White mica predominates over biotite and chorite in
samples
(103)
(46)
(32)
(55)
coarse sandstone of the Longarm and the more 'argiUaceous rocks of the o·ther form·ations. It is •a-lso much
more aJbundant than biotite and chlorite in graywacke
of the Wading Branol1 and in muddy sandstone of the
Longarm. Proportions of white mica to ferromagnesian minerals are distinctly V'aried. in fine-grained
sandstone and coarser siltstone of the Roaring Fork
EPIDOTE
and Pigeon, ranging from 3 : 1 to entirely ferromagnesian; ferromagnesian minerals ·also dominate in rocks
of simi'lnr size range in the Longarm.
SPHENE
•
I I --1
Carbonate a-ppears in many of the rocks of the Snowbird group in a·mounts ranging from a tra·ce to 5 percent, but it is a major constituent of only a few of them.
MAGNETITEI
Some ca1•bonate layers in finer meta:sandstone and metasiltstone of the R'OaTing Fork· sandstone and Pigeon
si'ltstone in the north western part of the area .con1tain as
APATITE
much as 25 percent of calcite or dolomite or mixtures of
the two. Such carbonate is distributed in thin layers,
EXPLANATION
and is abundant in very fine curren't-bedded materia:}.
One percent
In thin section the carbonate occurs in rather coarsely
crystalline untwinned anhedral aggregates associated FIGURE 16.-Heavy minerals in rocks of the basement complex, Snowbii·d group, and Great Smoky group, eastern Great Smoky
with the finer 9r ar-gilla:ceous parts of the rock. Where
Mountains.
it is most wbundant, these aggregates have corulesced in
most of the space normally occupied by the argillaceous Branch formation, the sandstones of the Roaring Fork
components and replace part of the coa·rser quartz and and Pigeon, and pelitic interbeds in the Longann
feldspar. In the Roaring Fork sandstone in the eastern quartzite.; they are least abundant in the coarser quartzpa1~t of the area, tl~e carlbonalte hias strong external and
ite and arkose of the Longarm and in the argillaceous
internal fabric orientation and abundant lamellar twin- rocks of both the Roaring Fork and Pigeon. Thus the
ning, indicating that it was present before the rock was heavy minerals appear to have been winnowed from the
deformed.
coarser parts of the current-bedded rocks but not suffiThe i1~on-!bearing car:bonate, ankerite, although abun- ciently comminuted to appear in the finest sediments.
dant in other rocks of the Ocoee series, scarce in the
Grains of epidote and sphene have about the same
rocks of the Snowbi·rd group. It appears sporadicaHy size, shape, and distribution and appen,r to have been
in the Longarm qun.rtzite as small disseminated grains derived in large part directly from the basement rocks.
generarly represented by lim'Onite-fi1led pores in They are moderately rounded, similar in shape to those
weathered rock.
of quartz, but somewhat smaller in proportion to their
Pyrite occurs a..s euheclral crystals in sandstone of the greater specific gravity. The grains are largely detrital
Roaring Fork and Pigeon and seems to have been as shown by their size relation to detrital quartz and
introduced locally into the more permeable parts of feldspar and by the fact that they are locally concenthoo·e forn1a:tions.
trated in bedding layers along with apatite and magThe Snowbird group contains a remarkably constant netite (fig. 120) . In some rocks, epidote appears in
suite of detrital heavy minerals which duplicates that detrital polycrystalline grains either alone or with
in the basement rocks of the area. Epidote is the most quartz or plagioclase. In some, the larger grains of
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sphene are strongly pleochroic in pink and yellow or
have lamellar twining, in both respects like sphene
found in much of the basement complex.
Some of the epidote and sphene in these rocks is
distinctly finer grained than the rest and is probably
secondary. Some specimens, for example, show fine
granular coatings of epidote or sphene on larger detrital grains of the same mineral, and similar material
is commonly disseminated in the finer grained rocks.
Much of this finer epidote and sphene probably represents recrystallized detrital material, although some
may be metamorphic epidote derived from calcic
plagioclase and sphene derived from sedimentary
leucoxene. Such processes may explain, in part, why
both minerals are so abundant in the finer grained
rocks; neve.rtheless, the greater part of them was probably ultimately derived from disintegration of the
basement rocks.
Apatite is entirely detrital. It occurs as muchrounded grains about the same size as those of quartz,
and its distribution is like that of epidote and sphene,
at least in the coarser rocks. Chemical analyses (table
7) and visual estimates show that apatite is very widespread and that very fine grained apatite amounts to 1
percent in some of the darker finer grained rocks. As
apatite in the basement complex is fairly coarse and
euhedral, its roundness and its abundance in. the finer
sediments derived from the complex presumably resQlted from low resistance to abrasion as compared with
other transported minerals of the sediments.
Whereas epidote, sphene, and apatite follow a common distribution pattern in rocks of the Snowbird
group, magnetite and zircon show different frequency
relations. Magnetite occurs both as obviously detrital
grains and as anhedral aggregates of smaller recrystallized grains. It is commonly intergrown or coated
with authigenic sphene. It is also especially conspicuous in the light-colored quartzite of the.Longarm, where
it commonly is concentrated in thin discontinuous
layers.
Zircon of varied habit is widespread in the Wading
Branch and Longarm and somewhat less widespread
in the Roaring Fork and Pigeon; as it rarely occurs in
more than trace amounts (less than 0.1 percent), its
relative abundance is not adequately known. Zircon
grains range from 0.02 to 0.1 mm in the Roaring Fork
and Pigeon and may be as large as 0.2 mm in the Longarm quartzite. They range in shape from rather well
rounded fragmental or subhedral grains to sharply
euhedral grains, commonly in the same specimen. Like
magnetite, zircon is concentrated in heavy-mineral
layers, especially in the Longarm quartzite. Rarely

zircon grains are found enclosed in detrital quartz or
potassium feldspar.
Tourmaline occurs in only 2 of the 100 sections
studied. These are from siltstone and metashale of the
Roaring Fork and Pigeon, in which tourmaline grains
are very few and appear to be angular detrital fragments.
CHEltiiCAL COMPOSITION

Chemical compositions of some rocks of the Snowbird group are given in table 7, along with calculated
mineral compositions in terms of somewhat idealized
modal minerals. Although such attempts are at best
approximations, they serve as a partial control on mineral identification and composition and on quantitative
estimates of rock composition made from thin sections.
The chemical composition of· the sandstones of the
group obviously differs widely from that of average
sandstone, as cited by Clarke (1924, p. 34) which includes many calcareous sandstones of the shelf type.
The sandstones of the Snowbird group are much richer
in alumina and alkalies because of their large feldspar
content; they are also richer in lime, iron, and titania
because of the epidote and sphene present. In general,
their composition is much more nearly that of granodiorite than average sandstone, and in this respect they
resemble graywackes Cited by several authors. Compared to Archean graywackes (table 8, analysis 6) cited
by Pettijohn (1943, p. 250), sandstones of the Roaring
Fork and Pigeon differ in that they are more siliceous
and low in iron, magnesia, and lime, although they are
similar in the ratios of sodi urn to potassi urn and alkalies
to alumina. Feldspathic sandstones of the Franciscan
series (table 8, analysis 7) cited by Taliaferro (1943, p.
134, 136) contain amounts of silica, alumina, alkalies,
and lime comparable to the Snowbird rocks, but notably
more iron and magnesia, apparently due to a large proportion of ferromagnesian minerals and mafic rock
fragments.
The more pelitic rocks of the group depart less
widely from the composition of Clarke's average shale;
nevertheless, the Snowbird rocks contain distinctly
more alumina and potassium, and their ferrous iron
greatly exceeds ferric iron presumably because of long
burial and metamorphism. As compared to an Ordovician shale of the shelf type (table 9, analysis 3) , the
Snowbird pelites have closely similar silica and alumina
contents but' greater iron, magnesia, lime, and sodium,
reflecting presumably ]arger ·proportions of detrital
feldspar, epidote, and other ferromagnesian constituents. Two rocks rather similar c}lemically to average
Snowbird pelite are the older Precambrian Knife Lake
slate (table 9, analysis 4) and glacial varved clay de-
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rived from the Precambrian crystalline rocks of Finland (table 9, analysis 5) cited by Pettij'ohn (1949, p.
285). Both of them are probably products of rapid
erosion· and sedimentation from little-weathered plutonic-igneous and metamorphic rocks. The composition of the Snowbird pelites departs from that of the
rocks cited mainly in that they are lower in sodiuin,
lime, and magnesia-the relatively soluble constituents-and higher in potassium and alumina-both likely
to be retained during weathering and sedimentation;
thus it may be concluded that weathering of the source
terrane wa$ a more important factor in producing the
Snowbird rocks. Deep weathering of the source area,
at least at the beginning of Snowbird time, is suggested
by the high alumina and low feldspar content of the
basal schist of the Wading Branch formation (table
10).
B.-Chemical composition, in percent, of sandstone and
gra.ywacke, Ocoee series, Great Smoky Mountains area, and
of comparable rocks
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distinctive character of the Wading Branch formation,
on the other hand, suggests that the earliest phases of
this process were considerably different and offers some
clues as to the nature of the surface and the materials
on which the Snowbird rocks were laid.
The notably high alumina and low feldspar content
of the basal phyllite and schist of the Wading Branch
(table 10) and the predominance of quartz fragments
in its lower beds suggest that these rocks were formed
from residual soil produced by prolonged weathering
of the basement rocks. Comparison with the chemical
composition of modern residual clay formed on gneisses
similar to those beneath the Snowbird (table 10, analysis
4) shows, however, that magnesia, lime, and alkalies
are more abundant in the Wading Branch, either as a
result of incomplete weathering or as restorations during sedimentation, diagenesis, and meta.morphism.
The original sedim~nt was deposited, in part at least, in
quiet water; nevertheless, quartz granules and pebbles
are commonly mixed with argillaceous material.
Distribution of rocks of the Snowbird group in much
of the Dellwood quadrangle, where they are relatively
thin, suggests that they were deposited on a surface of
low but significant relief. ~n a few places, the basal
phyllite and other rocks of Wading Branch type are
absent, and very coarse pebbly quartzite of Longarm
aspect lies directly on the basement. This evidence,
together with the irregular distribution ( p. B27) of
the coarser clastics in the Wading Branch and their
variation in thickness, suggests filling of lower areas on
an uneven topographic surface or, alternatively, the
presence of old river-channel deposits. Subsequent

1. A vernge compo11ltlon of basement rocks ralculated from modal and chrmlcal

analyses or specimens from the Dellwood quadran·gle and adjacent areas. Plutonic rocks and Carolina gneiss weighted equally.

2. Sandstone, average or four analyses, Roaring Fork sandstone, eastern Great
Smoky Mountains (table 7, analysis 13); recalculated omitting CaC0 3•

3. Sandstoncz... average or three analyse<;, Rich Butt and Thunderhead sandstones,
eastern uroat Smoky Mountains (table 11, analysis 9).
4. Graywacke, Wading Branrh formation, eastern Great Smoky Mountains (table
7, analysis 14J.
5. Graywacke, Anakeesta formation, eastern Great Smoky Mountains (table 11,
analysis 10).
6. Archean grnywackes, average or six analyses, from Pettijohn (1949, p. 250, table
64, cols. A and B).
7. Franciscan (Jurassic) graywuckes, average of three analyses, from Taliaferro, as
cltf3d In Pettijohn (1949, p. 250).
8. Arkose, average of three analyses, from Pettijohn (1949, p. 259).

9.-0hemical composition in percent, of pelitic rocks of
the Ocoee series, Great Smoky Mountains area, and comparable rocks
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ORIGIN AND MANNER OF DEPOSITION

The mineralogical and chemical compositions of the
rocks of the Snowbird group indicate that their source
was remarkably similar to the basement complex as it
exists today in the southeastern Great Smoky Mountains area; the conditions of erosion and sedimentation
by which this material was made over into the sedimentary rocks of the Snowbird group still remains to
be considered. The closely interrelated Longarm
quartzite, Roaring Fork sandstone, and Pigeon siltstone
represent the dominant mode of sedimentation; the
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1. Average pelite of Snowbird group (table 7, analysis 8).
2. Average pt>llte of Great Smoky group (table 11, analysis 5).
3. Glenwood ft>ldspathic shale, Ordovician, MlnneapoHs, Minn.; R. B. Ellestad,
analyst; (Gruner and Thiel, 1937).

4. Knife Lake ~late, Archean, Minn., F. F. Grout analyst; average of three analyses;
(Grout, 1933, p. 997).
5. Late-glacial varved clay, Leppakoc;;ki1 Finland; L. Loka analyst; equal parts
summer silt and w!nter clay (Pettljonn, 1949, p. 285).
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10.-Chemical and mineral composition in percent, , of
basal· part of the W ad·ing Branch formation, and of residual
clay

TABLE

[Analysts: L. D. Trumbull, analyses 1, 2, 3; S. S. Goldich, analysis.4]
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rated in the Wading Branch formation. The general
paucity of coarse sediments and indeed the complete
absence of larger fragments of the basement. rocks, as
such, show that no vigorous erosion or wave action occurred 'during reworking. In fact, the lowermost part
of. the formation may have been deposited under terrestrial conditions or under marine conditions along
very sheltered part of the coast. The poorly sorted
graywacke higher in the formation, especially farther
northwest where it is thicker, shows that large quantities of less completely weathered regolith were removed
at a rate that for some. time kept pace with weathering
in the source area. This material was laid down
rather rapidly in water that was relatively quiet and,
if marine, must have been at least below the reach of
wave action.
· The deposition of the Longarm quartzite signifies a
marked change from the previous manner of sedimentation to transport by bottom currents in an extensive body of water, in which the Longarm and the other
two formations of the group were deposited. · Widespread current· bedding shows that in the Longarm of
the northern belt, at least, the direction of transport
was dominantly toward the we.st and northwest. Not
much was learned· about current directions in the Roaring Fork and Pigeon in the report area. Immediately
to the north, however, current directions in the Pigeon
siltstone were predominantly west-southwest (Hamilton, 1961, p. A-14). Such currents were rather strong
in the Longarm quartzite and parts of the Roaring
Fork sandstone, where coarse sand and fine gravel were
carried and crossbedded strata several feet thick were
formed. They were much weaker in the Roaring Fork,
generally, and in the Pigeon siltstone, where fine sand
and coarse silt were the coarsest material carried and individual current-bedded layers are rarely more than an
inch thick.
Along with the apparent decrease in current energy,
as .revealed by crossbedding, there was a systematic
northwestward decrease in grain size throughout the
upper three formations of the group. The coarsest
rocks are limited t_9 the Longarm quartzite in the southeastern part of .the group (fig. 10); farther northwest
in the Roaring Fork, the sandstone becomes progressively finer, and siltstone and shale are dominant in
the northwesternmost exposures of the group. At
some places, tongues of coa.rser rocks projected farther
than others, as in the Roaring Fork on Gabes Mountain
and in scattered beds of relatively coarse sandstone in
·the lower part of the Pigeon. Both slackening of currents and the presence of finer sediments toward the
northwest are probably due to deepening water in that

'Sericite-K20·4Ah03·8Si02·3H20 (Shannon, 1926, p. 372).
2 Includes 1.0 percent Na20 by volume.

a Composition of biotite, in weight percent: Si02, 34; Ah03, 16; Fe203, 2; FeO,

20; MgO, 13; K20, 8; Ti02, 3; H20, 3.
4 Composition of chlorite: 9Mg0·Fe0·2Ah03·6Si02·8H20.
5 Composition of garnet, in weight percent: almandine, 74; pyrope, 12; grossularite,
8; spessartite, 6 (n=l.802, A=11.548).
a Composition of garnet, in weight percent: almandine, 63; pyrope, 20; grossularite,
n; spessartite, 2 (n=l.794, A=11.542).
Chloritoid phyllite, Wading Branch formation, North Carolina Highway 284, a
mile northwest of Cove Creek Gap. Thinly layered pale-greenish-gray and
greenish-gray phyllite with small chlorite, chloritoid, and garnet porphyroblasts
in sericite and fine-grained quartz and feldspar. Average grain size is 0.1 mm.
Slight slip cleavage; deformed garnets. Garnet zone, albite-epidote-amphibolite
facie
2. Garnet mica schist, Wading Branch formation, road cut on U.S. Highway 19,
0.6 mile southwest of S:>co Gap. Light-gray, silvery crinkled muscovite schist,
with grain size ranging from 1.5 mm (mica) to 0.2 mm (quartz). Kyanlte is mostly
about 1 mm in longest dimension. Muscovite is segregated in foliated lenticles·,
quartz is in knots. Garnet porphyroblasts, 3 mm in diameter, show two stages
of growth. Micas show slight postcrystalline deformation but no cataclasis.
Kyanite is somewhat altered to sericite. Kyanite zone; amphibolite facies.
Oligoclase-kyanite-mica gneiss, Wading Branch formation, southwest end of Buck
Mountain, Dellwood quadrangle. A foliate fabric of quartz (0.1-0.5 mm) and
muscovite (1 mm) is interrupted by irregular patches and lenticles of oligoclase
and porphyroblasts of kyanite (14 mm), staurolite (1.5 mm), oligoelase (5 mm),
and almandine. Oligoclase encloses all other minerals except kyanite. A small
amount of moderate-brown biotite occurs mostly near garnet. Slight late cataclasis. Kyanite zone; staurolite-kyanite subfacies of amphibolite facies.
4. Residual clay from Morton gneiss of Thiel and Dutton (1935), Ramsey Park,
Redwood Falls, Minn.

deformation has been so great that more details of the
nature of the pre-Snowbird topography and its relation
to the basal sediments are not available.
The distribution and variation in thickness suggest
that the basement rock was covered . by a deeply
weathered residual mantle at the beginning of Snowbird
deposition and that most or· it, at least in the area of
the present study, was reworked before being incorpo-
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direction; they also indicate that the currents were most
active in shoreward areas to the southeast and east, as
would be true if they were tidal or deltaic currents.
A record of nortlnvestward tilting of the region during deposition is evident in southeastward convergence
of the three lower fonnations of the Snowbird group
in the Dellwood quadrangle and adjacent areas. The
Longarm quartzite thickens northwestward from a
featheredge near Dellwood to about 200 feet on Buck
~fountain and about 1,000 feet on the Cataloochee
Divide in a distance of 10 miles measured along the
bedding. In the same way, the 'Vading Branch formation thickens to 50 or 100 feet on the Cataloochee Divide
and 300-400 feet in the Shelton Laurel belt. The
Roaring Fork stanclstone thickens similarly, but westward rather than northward, from its eastern limit near
Cove Creek Gap to 1,500 feet thick at the southwest
end of the Dell wood -Cherokee belt. These rates of
westward and northwestward thickening, extrapolated
to the observed thicknesses of the Snowbird group in
the type beit of outcr~op, are shown in the right half
of the stratigraphic diagram (fig. 10). The Wading
Branch formation persists as a basal unit a few feet
thick as far as the Longarm quartzite can be recognized,
and the Roaring Fork sandstone wedges out somewhat
fart.her northwest than the two lower formations.
The 'Vn.ding Branch formation, com·posed of the
mnclcly sediments clei·ived from the newly eroded land,
may be to some extent ti.,an'Sgressive toward the southeast, and .i't"s upper heels overlapped by the basal part of
the Longann quartzite; however, the time-rock boundaries of figure 10 are probably more nearly parallel to
the base of the "Tncling Branch than is suggested by the
verticnl exaggeration of the diagram. Thus, the thinness of the Snowbird group in the Dellwood quadrangle
prohably resulted from the fact that this was a bypass
area during depositi·on of the rocks to the nortlnvest
rather tha,n from a shorter period of submergence or
from erosion before deposition of the overlying Great
Smoky group.
'Ve infer, therefore, that the land area during Snowbird time lay not far to the southeast and east, while
the dee-per part of the sedimentary basin sank as much
as 2112 miles .as indicated by the thickness of the Snowbi·rcl group in the northern .part of t:he report area. The
sour•ce area must have been upl'ifted concurrent1y to
provide material for the sedimentary rocks, gradually
keeping pace with mechai1ical clis·integration and partial chemieal "·eathering of the basement rocks, but
never producing relief enough to yield really coarse
materia'] to the basin.
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RICH BUTT SANDSTONE

DEFINITION

The Pigeon siltstone in the nor.theastern part of the
report area is overlain by sandstone and other rocks
named the Rich Butt sandstone (IGng and others, 1958,
p. 906) for Rich Butt Mountain, a prominent spur on
·the north side of Mount Oammerer. Characteristic
rocks of the form1ation are eX1posed al'Ong the southeast
side of Big Creek above the bridge at the com1nunity of
~ionnt Stet~ling, and this section is regarded as the type
locality. The rocks lie confoPmably on the Pigeon siltstone and are the highest unit in the sequence in the
foothill bel't beneath the Greenbrier fault in the report
area. They could be included in the Snowbird group,
but fentures of composition. and bedding in the Rich
Butt suggest rather a transiti'On in sedimentary character from the Sno"~bird to the Grea't Smoky group,
and the fonnation is at present included in neither
group.
TYPE AREA

The most characteristic rock of the Rich Butt sandstone in the type area is medium- to fine-grained
feldspathic sandstone with sharply oontrasting dark
argiHaceous layers and laminae. The l1a minae are
spaced a millimeter to a foot a part; thicker sandstone
beds rancre
in thickness from 1 foot to at least 20 feet,
0
and so·me of these beds contain spa'l'Se chi·ps and slabs of
clark slate or metasoiltstone. In the laminated sandstone the sandstone layers are, in part, lenticular between thinner but more continuous argillaceous laminae (fig. 20A); but where the argillaceous layers are
most abundant, the beds are more regnlar. 'Vhere the
argillaceous J.ayers are leasrt rubundant, they tra'il out in
thin wisps in sandstone resembling that in the Pigeon
and Roaring Fork. Current bedding is less d~stinct
than in the Snowbird group, but it is pro'balb'ly responsiLle for much of the lenticular bedding of the Rich Butt
sandstone.
The argillaceous layers are medium-dark-gray argillite or sJ.ate commonly containing abundant angular
sand gr;ains. '~There interbedded wi1th lenticular sandstone, they are current bedded on a small or minute
scale; elsewhere the dark layers are thin and evenly
bedded~ probably as a result of settling from suspension.
They locally contain load casts, in which the overlying
sand has worked its way into the under~lying mud before consolidaition (fig. 17). These features occur principally where the contrast between sandstone and.
argillite layers is marked, and this may be the reason
why load casts are not found in the less contrasting
beds of the Pigeon siltstone. Their strongly cuspate
1
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mainly intertongue with the sandstone in the type area
farther northwest; in part, however, they may be
stratigraphically lower beds.
OTHER AREAS

0
1
2 3 4
5 Inches
~·--~·--_.·--~·--~·~~·
'
17.-Graded bedding and load casts in interbedded argillite and
standstone, Rich Butt sandstone, south slope of Rich Butt Mountain.

FIGURE

shrupe suggests that they were induced by current osci:Ilation of unconsdlidated sand over a weak but coherent
layer of mud.
A distinctive rock, exposed on the trail to Mount
Slterling novthea:st of the footJbridge aJcross Big Creek
opposite the park :gate, consists of m~any alternate l'ayevs
of light-gray fine-grained ·ankeritic sandstone and
darker arg!Uaceous siltstone. The sandstone consa"Sts of,
highly angular quartz and feldspar contains as much as
25 percent ankerite (see chemical analysis, table 11;
analysis 7), which wealthers to various sh'ades of orange
brown. Sttnds'tone layers, a few m11Emeters to 2 feet
thick, are inte~bedded with argiH1aceous layem, as much
as half an inch thick ; and the bedding i:s similar to that
in the }'aminated sandstone previously descri'bed. These
ankeritic rocks, a~lthough corrspicuous, are not a!bundanlt; they seem to be associated with l1ateral transition
from dominantly sandy to dominantly argillaceous.
pa.rtJs of the form·aJtion.
Beds and lenses of very coarse sandstone or fine conglomerate, 1 .to 10 feet .thick, occur in a few pl·aces·
northwest of Big Creek. They consist of grayish or
bluish quartz and white feldspar grains; 6 mm or less
in di'ameter, and are well sorted in some places and
distinctly muddy in others. Some beds contain intraform'rutiona.J fragments of argillite. These coarse beds
are scattered throughout the vertJieal extent of the forma1tion·: near it's base, on Rich Butt Mountain and east
to Turkey Knolb ; near the middle, east of Mount
Oammerer; and in t'he upper part, on Big Creek.
The Rich Butt sandstone becomes dominantly pelitic
south of Big Creek, the change taking place abruptly
west of Ivy Gap. On the southeast side of Mount
Sterling Ridge and east of Indian Ridge, most of the
formation is dark well-bedded argillite or slate containing contrasting layers, 2 inches or less thick, of
lighter colored fine-grained sandstone. The argillite
forms generally carbonaceous and pyritic homogeneous units, as much as 50 feet thick, resembling pelitic
rocks of the Anakeesta formation in the Great Smoky
group. These argillaceous rocks of the Rich Butt

Rocks assigned to the Rich Butt sandstone on the
basis of lithologic character and bedding features occur
in two areas on the north side of Greenbrier Pinnacle
and in a third area just north of Gatlinburg.· The
rocks in the first two areas are mainly sandstone with
minor amounts of argillite, separated from the Pigeon
siltstone by low-angle thrust faults beneath the Greenbrier fault. The rocks north · of Gatlinburg are
dark-gray thin-bedded sandy argillite and siltstone
resembling the pelitic rocks of the Rich Butt east of
Mount Sterling. They are part of a larger body to
the west, interpreted. by King ( 1963) as occupying a
structural position similar to the two fault slices
farther east.
PETROGRAPHY

Studies of 20 specimens from the Rich Butt sand
stone show that potassium and plagioclase feldspar
occur in much the. same amounts and proportions to
quartz as in the Roaring Fork sandstone. Plagioclase
is everywhere albite and considerably exceeds potassium feldspar in all but a few specimens. The proportion of metamorphic mica in most specimens of
sandRtone is 1es8 than 10 percent~ but it is considerably
more than that in others, which are less well sorted
than the sandstone of the Roaring Fork and Pigeon.
Muscovite predominates generally over biotite and
chlorite.
Greater differences appear in the accessory minerals
of the Rich Butt sandstone. Epidote and sphene are
virtually absent, in marked contrast to their abundance
in the Snowbird group. Tourmaline, scarce in the
Snowbird, occurs in nearly half the sections from both
sandstones and argillite of the Rich Butt. Finely disseminated carbon is also present, especially in the more
argillaceous parts of the formation, and magnetite,
apatite, and zircon, are widespread.
THICKNE~S

The Rich Butt sandstone has a maximum exposed
thickness of 4,000 feet just east of Mount Cammerer
fire tower. It thins westward as the upper 800 feet
of the formation is cut off by the Greenbrier fault
and the lower part tongues 011t in the Pigeon siltstone;
thus on Rich Butt Mountain the formation is only
1,800 feet thick, and farther west the entire formation
disappears beneath the Greenbrier fault. About 3,000
feet of beds constitute the type section on Big Creek,
where part of the rocks exposed near Mount Cammerer are cut out- by the Greenbrier fault. West of

GEOLOGY OF THE EASTERN GREAT SMOKY MOUNTAINS, NORTH CAROLINA AND TENNESSEE

Mount Sterling Gap, the formation is also reduced to
about 2,000 feet largely by the Greenbrier fault and
possibly by minor faulting within the Rich Butt and
between it and the Roaring Fork sandstone.
STRATIGRAPHIC RELATIONS

The boundary between the Rich Butt sandstone and
the underlying Snowbird group is gradational and
indefinitely located in most places. It is mapped from
the point where sandstone with contrasting dark laminae or intraformational fragments first appears, but
this occurs at varying stratigraphic positions in different sections. The change is least definite in the southeastern part of the outcrop belt, where the formation is
fine g~ained throughout. Farther north west, on Rich
Butt Mountain, where massive coarse-grained sandstone occ·urs low in the formation, the base, and even
tongues of the Rich Butt in the underlying Pigeon,
can be located more exactly.
The Rich Butt standstone seems to have been deposited on the Snowbird group without important interruption, but its accessory minerals and type of bedding,
as well as the presence of intraformational and arkosic
conglomerates, suggest that gradual changes occurred
both in the source from which sediments of the Rich
Butt were derived and in the manner of their transportation and deposition. In general, these lithologic
features indicate a closer affinity with the Great Smoky
group than with other rocks of the region and therefore
suggest a vertical transition between the Snowbird and
Great Smoky groups.
GREAT SMOKY GROUP
DEFINITION

The main part of the Great Smoky Mountains consists of a very thick sequence of clastic rocks to which
1\:eith (1895) ·gave the name Great Smoky conglomerate. Where he first found these rocks in the 1\:noxville
quadrangle, he divided them into four formations, from
oldest to youngest, Cades conglomerate, Thunderhead
conglomerate, Hazel slate, and Clingman conglomerate.
In subsequent work in the Great Smoky area and farther east, 1\:eith (1904, p. 6; 1907) found that thjs
subdivision could not be maintained and he called
the equivalent rocks Great Smoky conglomerate because of "its notable development in the Great Smoky
Mountains southwest of Pigeon River." The current
study has resulted in subdividing the Great Smoky
conglomerate in the area of Keith's original work but
in a somewhat different manner than his; accordingly,
the term "Great Smoky" is elevated to the status of a
group which includes the Elkmont sandstone followed
in ascending order by the Thunderhead sandstone and
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the Anakeesta formation (1Gng and others, 1958, p.
957). The Thunderhead sandstone is by far the most
extensive of these formations, for it occupies about half
of the eastern part of the Great Smoky Mountains and
forms all the higher parts of the range. The Elkmont
sandstone and Anakeesta formations are more restricted
units intertonguing with the lower and upper parts of
the Thunderhead, respectively.
ELKMONT SANDSTONE

DEFINITION

The Elkmont sandstone forms a belt of varied width
extending ·from Greenbrier Pinnacle westward across
Mount Winnesoka and into the adjacent report area
where it was named for exposures in the vicinity of
Elkmont, Tenn. (King and others, 1958, p. 958). The
formation· in the eastern Great Smoky Mountains consists of medium- to coarse-grained feldspathic sandstone and interbedded sandy slate; no conglomerate is
present, the lowest mappable beds containing quartzfeldspar conglomerate being regarded as either the basal
part or tongues of the overlying Thunderhead sandstone. The formation in the report area ranges in
thickness from 800 to 3,000 feet; near Elkmont it is as
much as 4,000 feet thick; and father west, where it includes conglomerate beds, it is even thicker (Neuman
and Nelson, written communication) .
LITHOLOGY

The Elkmont sandstone on Bald Top Ridge, 7 miles
east of Gatlinburg, consists of 3,000 feet of interbedded
medium- and fine-grained highly feldspathic sandstone
and gray fine-grained argillaceous sandstone and slate.
Units, 10~200 feet thick, are dominantly either sandstone or argillaceous rocks, t)le argillaceous units more
abundant in the lower. part of the formation and the
sandstone in the middle and upper parts.
The sandier parts of the formation consist of massive
sandstone beds, 2-15 feet thick, with little or no internal structure, exce.pt for occasional coarse cross lamination. Such beds are separated from one another by
darker finer grained interbeds that range from a few
inches to 2 or 3 feet thick; they commonly diminish to
thin seams or pass laterally into layers of dark argillaceous chips simi_lar to those in the Rich Butt sandstone.
Grains in the sandstone beds are rarely as great as 1 mm,
but a few beds contain grains as large as 2 or 3 mm.
The argillaceous units contain much slate and finegrained argillaceous metasandstone characterized by
alternate sandy layers generally less than an inch thick.
More sharply defined sandstone beds, a foot or two
thick, are commonly interbedded with thinner bedded
more argillaceous rocks. The argillaceous units are not
well exposed, so that the proportion of sandstone in
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them can only be estimated, but it is probably close to
50 percent.
Argillaceous rocks dominate the lower part of the
Elkmont throughout, but the upper part becomes increasingly sandy. and thicker bedded toward the west.
On Mount Winnesoka the formation consists almost
wholly of sandstone beds, 5-20 feet thick jn the lower
part and thinner in the upper part. The exposed thickness of the formation is here reduced to 2,200 feet mainly
because the lower beds, which dip somewhat less steeply
than the underlying Greenbrier fault, are cut out updip
on Mount Winnesoka.
STRATIGRAPHIC RELATIONS

In the eastern part of the Great Smoky Mountains, the
Thunderhead sandstone, 6,000--12,000 feet thick, is a
most impressive unit. Irt makes up the bold northfacing slope and much of the high crest of the range
from Mount LeConte eastward to Mount Guyot and
Mount Cammerer. Rugged topography and extensive
cliffy outcrops characterize the formation throughout
the mountains, and many waterfalls, such as Rainbow
Falls and Ramsey Cascade, adorn the streams which
flow across it. It is abundantly exposed on roads and
trails in the northeastern part of the Great Smoky
Mountains National Park, especially in ·the vicinity of
Bull Head and Mount LeConte. The most accessible
exposures are on U.S. Highway 441 between Chimneys
Campground and "The Loop."
The Thunderhead sandstone in the northeastern part
of the mountains consists of lower, n1iddle, and upper
parts, distinguished by different lithologic features and
relations to the overlying Anakeesta formation. These
units are recognized only on the north slope of the
mountains and are not mapped elsewhere in the formation. They are not the same as the three members
described by Stose and Stose (1949, p. 280), which are
in the lower part of the Thunderhead as defined in this
report.

The upper part of the Elkmont sandstone intertongues westward with the lower part of the Thunderhead sandstone to a large extent. This is well shown
southwest of Mount Winnesoka, where the top of the
Elkmont descends westward about 1,500 feet stratigraphically in 3 miles. Thus at the west edge of thereport area most o:f the Elkmont has passed laterally into
coarser beds mapped with the Thunderhead sandstone,
and the remaining Elkmont consists of 800 feet of dark
sandy slate.
The base of the Elkmont is not known in the northern
part of the report area, as its lower beds are cut out
by the Greenbrier :fault. To the southeast, where the
GENERAL LITHOLOGIC FEAil'UR~S
Great Smoky group conformably overlies the Snowbird
The Thunderhead sandstone irs least deformed and
group, pelitic rocks several hundred feet thick comaltered along the crest and nor.th slope of the range;
monly form the basal part of the Great Smoky group;
its principal lithologi'c features and str:atigra:phic relahowever, as such pelitic rocks are abundant throughout
tions rtherefore have been determiined here, and the
the Thunderhead sandstone in the southern part of the
:following descriptions apply primarily to the formareport area, a specific correlation of the basal beds with
tion as seen in th·at part of the report are a. Farther
the Elkmont is not justified.
southeast the formation occupies large area.s, but it is
As noted earlier, the ElkJnont lithologically resembles
more intensely :folded, its internal stratigraphic contithe Rich Butt sandstone; in fact, except on a structural
. nuity is more obscure, and the increasing regional metabasis, it was difficult to distinguish between the Elkmorphism masks its original lithologic character. The
mont south west o:f Greenbrier Pinnacle and the faulted·
southeastern rocks are descrilbed in t.he section on
slices of Rich Butt to the east. Moreover, as the Great
meta,mor.phism.
Smoky group is known to succeed the Snowbird above
The ':Dhunderhead s-andstone is distinguished :from
the Greenbrier fault and as the Rich Butt appears in
the Roaring Fork, Rich Butt, and Elkmont sandstones
the same stratigraphic position beneath it, the two
by the greater thickness and coarseness of its beds ('fig.
:formations may possibly be essentially the same. They
18). The m·ost abundant rock in the form'ation is meare, however, separated by a structural break of many
dium- to coarse-gvained fe'ldspa1thic sandstone or arkose,
miles and, in the absence of more definite evidence of
but this is interibedded with various amounts of arkosic
their identity, they are treated as separate though pospel:Mle conglomerate, finer. grained feldspathic sandsibly equivalent units.
stone, argiU·aceous metasandstone, and dark-gray slate.
THUNDERHEAD SANDSTONE
All the rocks con't·ain metam'orphic biotite and their
DEFINITION
color where fresh, ranges from light salt-and-pepper
'
.
The Thunderhead sandstone is equivalent to the gray to darker gray depending upon the amount of bw·
Thunderhead conglomerate of Keith (1895, p. 3), tite and other dark constituents. The finest grained
named for Thunderhead Mountain on the crest of the rocks are dark neutral-gray slates, which form thin
Great Smoky Mountains west of the area of this report. interbeds between much thi~ker sandstone beds.
1
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B. Thick graded sandstone beds in Thunderhead sandstone with thin

interbeds and partings of slate and fine argillaceous sandstone. East
portal of highway tunnel east of Chimneys Campground, Great Smoky
Mountains National Park.

A. Lower part of quartz-feldspar conglomerate bed, 85 feet thick, over-

lying thinner bedded, calcar.eous sandstone with caJ.careous concretions. S.hows typically sharp contact at base of conglomerate and
small channel at left of hammer.

FIGURE 18.-GRADED SANDSTONE AND FINE CONGLOMERATE, THUNDERHEAD SANDSTONE

The coarser rocks are .p oorly sorted and con't ain granules and pebbles scattered through a sandy matrix in
which the larger fragments are well sepa·r ated. These
fra:gments are uniform throughout thousands of feet of
stratJa. Most rubundant are gr.ains of whitish glassy
quartz that are modera'te'ly well rounded and as large as
one-half inch. Grains of white feldspar are almost as
large and wbundan-t as quartz, but are not so weB
rounded, and the shrupes of cleavage fragments are commonly preserved. Smaller grains of glassy Blue quartz,
rarely more than one-fourth inch in diameter, are also
aJbundant in m-any of the coarser beds throughout the
fo!"'nation. A few unusuaHy coarse and isola1ted beds
contain pebb~es of quartz, feldspar, and other rocks as
much as three-.f ourths of an inch across, but most pebbles in the vicinity of Mount LeConte are between ~
and 3j8 inch (fig. 19A). These beds contain very few
rock fragments, although pebbles of white quartzite,
dark siliceous or slaty rocks, and fine-grained leucocratic granite occur here and there.

Thick graded beds are characteristic of the Thunderhead sandstone throughout the area. A typioai bed
consists of a basal layer of smaU-pebble conglomerate
grading upward to coarse pebbly or granule-bearing
sandstone, medium-grained sandstone, fine-grained argillaceous sandstone, and slate, which may be distinctly
separated from the underlying sandstone and is always
sharply separated from the base of the overlying bed.
Many complete graded units are 5-8 feet thick and
some are as much as 15 feet thick; others are consideraJbly thinner, some less than 2 feet thick. The conglomerate is generally a foot or less thick at the base of
the thicker units but is generally thinner or absent in
the thinner beds, which begin wiith co:arse granu~e
bea:r:ing sandstone. Fine-grained sandstone, genera11y
argillaceous, is almost universa'l, its thi~ekness ranging
from :Y10 to 1;4 of the total tHickness of the bed. The
slate is relatively thin, genel'lally 1-3 inches thick, although some s}ate beds a;s much as 2 feet thick were
seen. Severa[ thin a'lternations of slate and argi1laceous
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A. Normal quartz-feldspar conglomerate : prominent white pebbles are

microcline, more abundant quartz is gray.

B . Quartzite-pebble

conglomerate; larger pebbles are quartzite and
qu a rtz: smaller ones are microclin e ; a few pebbles are granite.
Altitude 3,640 fe et on the trail from Porters Flat to Trillium Gap,
Great Smoky Mountain s National Park.

FIGURE

19.- CONGLOMERATE IN THUNDERHEAD SANDSTONE

metasandstone appear at the top of many beds. Commonly, however, the slate layer is missing altogether or
is represented only by disrupted chips and slabs. Conglomerate-filled channels ranging from several inches to
2 feet deep are fairly abundant at the bases of the
thi'Cker graded units (fig. 18A).
Where graded bedding is not conspicuous, the rocks
are medium-tcoarse or granule-ibea~ing sandstone beds,
3- 20 feet thick, with interbeds, 1 or 2 feet thi'Ck, of

thin-bedded fine-grained sandstone, argil1aceous sandstone, and s'late. Some sandstone, however, is as much
as 60 feet thick without notice;aJble interbeds. Conglomera:tic parts of the thick sandstone beds are commonly
lenticular without sharp boundaries and occur at various places a;bove the base within a single bed. Some
beds, as much as 35 feet thick, especially in the eastern
part of the formation, consist entirely of quartz-feldspar conglomerate with abundant pebbles 1;4-lh inoh in
diameter.
In the vicinity of Mount LeConte, coarser beds are
scarce, nevertheless one such bed is exposed at 3,640
feet altitude on the trail from Porters Flat to Trillum
Gap in .the eastern part of the Oartertown quadrangle
(fig. 1~ 9B). The bed is 15 feet thick and con't ains unusually abundant well-rounded pebbles with a common
large size of llh inches and a m·a ximum size of 2 inches.
The rock is well sorted, with a minimum of sandstone
matrix. Many pelblbles are rock fragments rather than
the usual quartz and feldspar and inc'l ude the foUowing
types in order of decreasing wbundance: white quartzite, white quartz, feldspar, dark argillaceous siltstone,
fine granular biotite-feldspar gneiss, coarse cal'C'areous
sandstone, and fine light-colored granite.
Current-ibedded sandstone ruppears at a few places,
even in sequences dominated by graded bedding, but it
is very soorce. An unusual example of current bedding
with prominent scour-and-fill structure is ex:posed on
U.S. Highway 441 at the first overlook above
Chimneys Campground.
Because o:f the heavy :forest and colluvial cover, the
lateral extent o:f beds could not be widely observed, but
the beds extend without great changes in thickness :for
hundreds of :feet and are not noticeably lenticular.
The section o:f nearly 1,000 :feet o:f beds on lT.S. Highway 441 above Chimneys Campground was measured
and studied in detail as a representative sample of the
Thunderhead sandstone in the western part o:f the
report area (see partial geologic section). The rocks
here are midway in the :formation, beginning about
2,500 :feet above the base. O:f a total thickness o:f 964
:feet in the measured section, 785 feet is exposed. Many
graded beds are present, as well as thicker beds o:f
granule-bearing and conglomeratic sandstone, but
there is no coarse pebble conglomerate. O:f the rocks
exposed in the section, 6 percent is fine arkosic conglomerate, 24 percent is very ~oarse granule-bearing
sandstone, 50 percent is medium- or coarse-grained
sandstone, 19 percent is fine-grained argillaceous sandstone and metasiltstone, and less than 1 percent is slate.
The 100 sandstone beds measured (including metasiltstone and slate at the tops o:f graded beds) range in
thickness :from 0.5 feet to 42 feet and have an average
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thiclu1ess of 6.8 feet and a median of 4.0 feet. Distinct
beds or units of metasiltstone and slate, not parts of
graded units, range in thickness from a few inches to
20 feet.
Slate and argillaceous fine-grained sandstone, like the
dark interbeds previously described, constitute units as
much as 100 feet thick at a few places near Mount
LeConte. Bedding in these pelitic urrits is .generally
indistinct, but some are thin bedded; and alternations
of dark sandy slate and contrasting lighter colored
sandstone are common.
Partial section of T1utn(lerhead sandstone along U.S. Highway
1,1,1, across West Fo1·k, Little P·igeon .Ri1'er, from Chimneys
Oampg?'01tnd, Great Smoky Mountains National Parle

Top of section.
nescription

Thickne.~.~

(feet)

Sandstone------------------------------------------Sandstone; 1 ft argillaceous siltstone at top____________
Sandstone; 0.2 ft siltstone at top _______________ .:,______
S•nndstone; scattered granules nt base and 2 ft siltstone at tOP---------------------------------------Sandstone, coarse to medium ; 8 in siltstone and 1 in
slate at tOP-------·--------------------------------Sandstone; two siltstone partings 2 ft apart near top __
Sandstone, coarse- to medium-grained; some granule
f:mndstone in fnirly well defined beds; siltstone parting
at tOP---------------------------------------------Sandstone, coarse-granule; thin fine conglomerate at
base and thin siltstone parting at top _______________ _
Sandstone, massive; two siltstone partings 2 ft apart
near tOP------------------------------------------Siltstone, argillaceous--------------------------------Sandstone ------------------------------------------Sandstone; abundant slate fragments in upper 3 ft; 1.5
ft argiHaceous siltstone with slate fragments.at top __ _
Siltstone and slate; introduced feldspar veinlets; films
of biotite in fractures and along bedding ____________ _
~andstone, mn·ssive; contains ill-defined layers and lenses
of grnnule sandstone and a little fine conglomerate;
poorly exposed interval at base is probably siltstone.
(Altitude sign of 3,000 ft on highway opposite this bed)_
Sandstone, massive __________________________________ _
Siltstone, argillaceous ________________________________ _
Sandstone; coarse grained below, medium grained above;
overlying siltstone infolded------------------------Siltstone and slate, argillaceous; rather sharply separated froan adjacent beds ___________________________ _
Sandstone, medium- and coarse-grained, well-bedded ___ _
Standstone; two beds each overlain by a few inches of
siltstone nnd slate _________________________________ _

2.0
6. 5
3. 2
7.0
12.2
6.1

27.3
16.0
34.4
3.0
1.8

11.5

.7

35.0
10.0
2.0
20.0
1.5
1.4

6.0
Sandstone; three beds with interbeds of argillaceous
5.0
siltstone ------------------------------------------Sandstone, massive __________________________________ _ 6.5
Sandstone, coarse-granule; finer at top and overlain by
1.2 ft argillaceous siltstone_________.________________ _ 11.2
Sandstone; 2 in siltstone at top ______________________ _ 1.0
Siltstone and slate, argillaceous ______________________ _ 1.0
Standstone; many thin darker layers 1-3 rum thick in
upper 6 in ; just below this are small slate fragments __
4.2

Siltstone and slate, argillaceous; .strong slaty and
fracture cleavage___________________________________
Concealed ------------------------------------------Metasiltstone, argillaceous---------------------------Siltstone, argillaceous ; grains and granules of feldspar
and blue quartz as large as 2 mm; somewhat coarser
and less argillaceous at tOP------------------------Standstone, fine-grained ; grades to 0.5 ft argillaceous
siltstone at tOP------------------------------------Siltstone; interbedded argillaceous and fine-grained
sandstone in layers 2 ft thick________________________
Sandstone; three graded beds 2.7, 3.7, and 3.6 ft thick,
including 2 to 5 in siltstone at top of each-----.------Slate, sandY-----------------------------------------Sandstone, coarse; 0.5 ft fine conglomerate at base______
Sandstone; 1.3 ft siltstone at tOP---------------------Concealed ------------------------------------------Metasiltstone, mostly argillaceous, or sandy rnetashale ;
poorly bedded, with beds less than 1 ft thick of finegrained feldspathic sandstone ______________________ _
Sandstone, massive __________________________________ _
Sandstone; four beds similar to those below, each about
2 ft thick _________________________________________ _
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16.0
36.0
5. 0

9. 6
5. 0
8. 0
10. 0
2.0
12. 5
5. 3
40.0
17.0
8.0

8.0
Sandstone; two beds 2.4 and 4.4 ft thick, each with 1
to 3 in. slaty siltstone at tOP------------------------- . 6.9
. 9'
Siltstone, slaty---------------------------------------Sandstone, coarse; contains scattered granules; 6-10 in
fine conglomerate at base __________________________ _ 9.0
Sandstone, coarse; contains scattered granules _________ _ 8.0
Concealed-------------------------------------------- 68.0
Sandstone, massive __________________________________ _ 15.0
Sandstone, coarse; two distinct beds, about 1 ft thick, of
fine conglomerate with 8 mm pebbles ; abundant
feldspar ___________________________________________ _ 9.2
Siltstone, argillaceous ; three or four beds 1-2 ft thick of
feldspathic sandstone ______________________________ _ 22.0
Sandstone; a few slate fragments in lower 2.5 ft_ ______ _ 10.0
4.3
Sandstone, coarse, 0.3 ft siltstone at tOP---------------Sandstone; 0.3 ft siltstone and slate at top _____________ _ 3.5
1.6
Sandstone, granule; grades upward to siltstone and slate_
Sandstone, graded; 0.5 ft siltstone and slate at top ______ _ 7.5
Sandstone ; four graded beds, 2.0, 0.5, 1.6, and 1.4 ft thick,
each with an inch or two of argillaceous siltstone and a
fraction of an inch of slate at top ___________________ _ 5.5
Sandstone; contains granules locally; shows 3 or 4 changes
in color and grain size, becoming finer and darker upwards; 2.3 ft siltstone at top contains slate layer------ 19.3
Sandstone; contains a few granules ; slate fragments in
upper 1.5 ft ; 1 ft argillaceous siltstone at top _________ _ 5.6
Sandstone, granule, massive; graded with poorly defined
lenses of fine conglomerate at base; slate slabs as much
as 1.3 ft long; 1.1 ft siltstone at top __._______________ _ 10.1
Sandstone, granule; contains scattered pebbles as large as
6 mm; some crossbedding near bottom ______________ _ 11.5
Sandstone, crossbedded ; contains a few slate fragments ;
scattered pebbles as large as 7· mm _________________ _ 2.7
Quartz-feldspar conglomerate, fine; pebbles 6-12 mm of
rounded blue quartz and subangular white feldspar;
unusually well sorted ______________________________ _ 4.0
Sandstone, granule ; grades downward to fine-grained
c~nglomerate--------------------------------------- 14.5
Sandstone, graded ; 0.4 ft siltstone and slate at top _____ _ 2.6
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Slate; l-in. gritty layer at base________________________
Graywacke; grades upward into siltstone and slate_____
Sandstone; 2-in. siltstone 'and slate at top______________
Sandstone, granule; grades upward to coarse sandstone;
0.7 ft siltstone and slate at top_______________________
Slate, dark-bluish-graY-------------------------------Graywacl{e; slabs and lenses of slate___________________
Sandstone, graded ; 1 ft siltstone and slate at top________
Sandstone, graded; 0.8 ft siltstone and slate at top______
Sandstone, graded; 0.5 ft siltstone at top________________
Slate and argillaceous metasiltstone, interbedded; layers
of slate 1 in. or less thick-------------------------Sandstone __________________ :_________________________
Sandstone, argillaceous, fine-grained ; 2 in. slate in middle; argillaceous siltstone at toP--------------------Sandstone, granule, graded bed; 1.0-1.3 ft fine conglomerate at base; 2 ft medium-coarse-grained sandstone
at toP--------------------------------------------Sandstone, coarse ; contains lenses of fine conglomerate
a few inches thick; 2ft siltstone and slate at top______
Sandstone, graded; 1.2 ft siltstone and slate at top_______
Concealed-------------------------------------------Sandstone, massive; four poorly graded beds each about
10 ft thick, separated by a few inches or less of argillaceous sandst'One or siltstone; 4-in. channel at base
of one bed-----------------------------------------Sandstone, argillaceous siltstone, and slate, medium- and
thin-bedded------------------------------------------Sandstone; three beds, each 1.3 ft thick, separated by 5-in.
beds of argillaceous siltstone and slate; slate fragments
as much as 1 ft long in lower sandstone _____________ _
Sandstone, massive __________________________________ _
Sandstone; contains a few granules; slate fragments as
large as 0.5 ft_ _____________________________ ._______ _
Sandstone, medium- and coarse-grained, indistinctly
bedded; upper 2.5 ft is crossbedded _________________ _
Siltstone, argillaceous; 1 in. slate top _________________ _
Sandstone; contains indistinct layers of granules; thin
straight beds of finer grained sandstone _____________._
Sandstone, argillaceous; contains 2 in. slate ___________ _
Sandstone, massive __________________________________ _
Siltstone and slate, argillaceous ______________________ _
Sandstone, medium to very coarse grained, well-bedded;
prominent scour-and-fill structure near base and top __ _
Siltstone, argillaceous; slate at top; thickness variable __
Sandstone, very coarse ; thickness variable (deposited on
eroded surface of underlying bed)------~------------
Sandstone, argillaceous; 3 in. dark-gray slate at top but
absent in places owing to erosion ____________________ _
Sandstone, granule; argillaceous standstone a few inches
thick in middle ____________________________ _:. _______ _
Siltstone, argillaceous---------------------------------Sandstone, granule, massive; contains small pebbles ____ _
Sandstone, argillaceous ______________________________ _
Sandstone ___________________________________________ _

1. 0
.6
1. 6
7. 2
.6
1. 8
6. 2

7. 8
3. 5
2. 6
1.7
3. 0

7.0
8. 3
4. 2
50.0

41. 0
3.0

5.0
6.0
1.3
7.5
1.1
12.0
.5
9.0
1._5

16.0
.5

1.5
1.3
6.5
.5
7.0
.5
1.5

Sandstone, coarse, massive; indistinct layers of granules
and fine-pebble conglomerate ( 8-10 mm) ; 1 ft argillaceous calcareous sandstone at base and 1.5 ft
from tOP------------------------------------------- 25.0
San~stone, very massive; lenses of fine conglomerate and
pebbly sandstone; bases of lenses sharp, tops gradational to sandstone above; fine conglomerate fills
channels a foot or two deep in the underlying siltstone
at basal part of bed _______________________________ _
42.0

Sandstone; 1-2 ft argillaceous siltstone at tor----------

6. 0

·Total thickness, including concealed intervals ______ 964.
Base of measured section, end of outcrop.

As the Thunderhead sandstone is traced eastward,
it becomes apparent that the 6,000 feet of beds on the
·north slope of Mount'LeConte constitute only the lo,ver
part of the formation and that a thick succession of
higher beds extends from Mount Guyot to Mount Cammerer and the valley of Big Creek. Some of these
higher beds on Woolly Tops, Chapman Lead, and
Mount Guyot are stratigraphically equivalent to the
Anakeesta formation on Mount LeConte and represent
the middle part of the Thunderhead. The highest
beds, occupying the drainage basin of Big Creek east
of Mount Guyot and southeast of Cosby l{nob and
Mount Cammerer, constitute the ~pper part of the
Thunderhead sandstone and are probably higher stratigraphically than most of the Anakeesta formation in
the report area. (See fig. 24.)
LOWER PART

The previous lithologic description applies mainly to
the lower part of the Thunderhead sandstone, exposed
in the northwest part of the report area. Stratigraphically equivalent beds continue northeastward as far as
the Greenbrier fault on the north slopes of Maddron
Bald and Greenbrier Pinnacle. They consist largely
of medium to very coarse feldspathic metasandstone in
beds ranging in thickness from 1112 to 20 feet, like the
rocks farther west. The upper part of the unit on
Woolly Tops is finer grained and contains less conglomerate and fewer thinner argillaceous beds than the
beds farther west. To the northeast, however, on Greenbrier Pinnacle and the headwaters of Dunn Creek, conglomerate with pebbles as large as three-fourths of an
inch becomes more abundant and dark slaty interbeds
more numerous.
MIDDLE PART

The middle part of the Thunderhead sandstone succeeds the lower part without stratigraphic break or
noticeable change in lithologic character, the boundary
being arbitrarily drawn at the horizon of the top of
the Thunderhead on Mount LeConte. From Mount
Sequoyah northeastward to Mount Guyot and Maddron Bald, it consists of beds similar to those in the
lower part but somewhat coarser and thicker bedded.
Most of them are medium to very coarse feldspathic
sandstone with many small-pebble layers and lenses
and sparse thin interbeds of argillaceous metasandstone
and slate. In the upper part of the unit, near Copper
Gap, coarse sandstone beds, 5-10 feet thick, are interbedded with thinner beds of fine-grained bluish-gra.y
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argillaceous .metasandstone and black pyritic slate, both stone and argillite are extremely thin-6-20 laminae.
per inch. Lenticular-bedded sandstone associated with
like Anakeesta formation to the southwest.
Farther northeast, the rocks of the middle part form wavy or ripple-marked argillite is current bedded on
rugged slopes in the headwaters of Cosby Creek, and a small scale, but the cross laminae are generally visibl~
are abruptly cut off by the Greenbrier fault north of only where separated by thin films of mud.
Thin-bedded sandstone and argillite show both curInadu J(nob and Cosby J(nob. To the southwest they
rent
bedding and graded bedding, as well as deformaextend through an area of considerable deformation on
tion
produced by slumping. These features are well
the north slopes of Mount Chapman and l\1ount Seexposed
on Big Creek where argillite, interbedded with
quoyah to an area west of Copper Gap where they apfine-grained
ankeritic sandstone., forms a i1nit about
pear to grade laterally into the Anakeesta formation.
25
feet
thick
between very thick beds of coarse feldsThe least disturbed section of the middle unit on the
pathic
sandstone.
Complex bedding features in these
northwest slopes o'f Mount Guyot and Old Black is
about 3,500 feet thick. This figure may be somewhat rocks suggest that mud, settling during transportation
excessive because of unrecognized duplication by minor of the sand by bottom currents, was incorporated into
folding and reverse faulting, but at least 3,000 feet of ·migrating troughs of sand ripples and formed a peThunderhead sandstone lies between the horizon of tlw culiar pattern of intertonguing dark and light rocks
top of the formation on l\1ount LeConte and its top (fig. 20B) . On the ridged surface left by the currents,
more mud settled in quiet water until a smooth surface
on Mount Guyot.
was again built up, over which succeeding layers of
UPPER PART
sand were swept. The graded color change from dark
The upper part of the Thunderhead sandstone con- to light in the more evenly bedded parts represents a
sists of 3,000 feet of very coarse grained, thick bedded gradual change from rather dark silty mud at the botarkosic sandstone, which is 'interbedded with dark tom to less silty bluish argillite at the top. The whole
argillaceous rocks and cobble and boulder conglomer- sequence indicates relatively quiet muddy water into
ate not present in the middle and lower parts. Dark which fine sand was swept by repeated pulses of botargillaceous rocks are much more abundant in the upper tom currents. These currents were strong enough,
part than 'elsewhere in the Thunderhead sandstone and locally, to disrupt underlying mud layers, especially
form units ranging in thickness from 10 to 200 feet. where they were underlain by sand and weakened by
They consist mostly of dark thin-bedded silty or sandy lack of cohesion to underlying deposits.
argillite, commonly interbedded with much lighter
Still other units, 50 or more feet thick, consist of
colored feldspathic sandstone; this combination gives dark-gray carbonaceous argillite or slate interbedded
fresh outcrops a strongly banded appearance. All with coarse sandstone and intraformational breccia;
proportions of sandstone and argillaceous rock occur they are lithologically identical to parts of the Anain these units. "Vhere sandstone is least abundant it keesta formation and probably represent tongues of
is fine grained and forms very even layers about one- that formation in the upper unit of the Thunderhead.
fourth of an inch thick at intervals of lh-5 inches. As
Beds of cobble and boulder conglomerate are widesandstone increases, locally to as much as 75 percent, it spread in the upper pa~·t of the Thunderhead sandstone
becomes coarser and thicker bedded. These units of in the drainage basin of Big Creek from Mount Guyot
interbedded sandstone and argillite appear to persist to below Walnut Bottom. They are especially promiwith little ehange for long distances in harmony with nent on the ridge between Big Creek and Gunter Fork
their fairly regular bedding.
and in the tributary that enters Gunter Fork from the
Some argillaceous units 20-400 feet thick consist of west-northwest near the uppermost trail crossing.
thin alternate layers of gray silty argillite and light- Smaller but more accessible exposures of conglomerate
gray very fine grained ankeritic sandstone like that in occur high in a roadcut on the truck trail along Big
the Rich Butt sandstone. Because of their ankerite
Creek a mile northeast of the bridge at Walnut Bottom
content, the sandstone layers weather distinctively
and on the foot trail along Big Creek 0.3 mile west of
brownish or pinkish orange, which is rriost striking
under water. Sandstone layers, mostly %-4 inches the end of the truck trail.
'Yell-rounded pebbles, cdbbles, and small boulders, an
thick and either straight or lenticular, are interbedded
inch
to 15 inches in diameter, are abundant in the conwith argillaceous layers %-1 inch thick that are
glomerate.
Their common large size in m'Ost e:Arposures
straight, wavy, or ripple marked conforming to the
shape of the sandstone layers. A few fine-grained is between 5 and 8 inches; some are as large as 12 inches,
sandstone beds in these units are 6-12 inches thick, and a few boulders are as l'arge as 25-40 inches in diand some paired laminae of very fine ankeritic sand- ameter. They are emfbedded in a m-atrix of very coarse
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A. Lenticular bedding in fine-grained ankeritic sandstone and darker

argillaceous sandstone, Rich Butt sandstone. East bank of Big
Creek one-half mile above bridge at Mount Sterling.

B. Current bedding and slump structure in fine sandstone (lighter) and argillaceous siltstone (darker) in

upper part of Thunderhead S'a ndstone.
Big Creek due south of Cosby Knob.

FIGURE 20.-BIDDDING IN RICH BUTT

Current flowed from left to right.

SA~DSTO~E

Ruler is 6 inches long.

AND UPPER MEMBER OF THUNDERHEAD SANDSTONE
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grained pebbly sandstone, highly feldspathic and gener.a'lly caiibonatic. In most p1aces the cobbles are tightly
packed with a minimum amount of m1a trix; in the upper parts and near the edges of some beds, however, the
matrix is more abundant and fills spaces between
widely separated cobbles and forms cobble-free lenses
as much as 5 feet thick. Because of its soluble carbonate
content, the matrix has commonly been removed around
the larger ·fragments leaving them in bold relief (fig.
21A).
Leucogranite constitutes about two-thirds of the cobbles and boulders in the conglomerate beds that were
observed; most of tlie rest are darker gneissic granite
speckled with biotite. Many pebbles are also granite;
about 10 percent of the fragments in the average outcrop are pe!bbles of vitreous quartzri te or vein quartz.
The leucogranite is fine to coarse-grained ( 1-10 mm in
grain size) and composed of quartz, albite, and microcline, with minor amounts of primary muscovite. The
feldspars contain much secondary muscovite and traces
of zircon, apatite, and sphene. Large intrafoiiDatJional
chrps and slaibs of argillaceous rocks, a:bundant in the
basal parts of cobble beds at sevel"al places, appear to
have been torn from nearby beds during transport of
the conglomerate.
The conglomerate forms layers or lenses ranging in
thickness from 1 or 2 feet to as much as 80 feet, but
beds more than 30 feet thick are scarce, and the average
thickness at 20 places where the full wid·tJh of conglomerate beds could be measured is 16 fee't. The thicker
beds are prdbalbly fairly eb."tensive, though few of them
could be trruced for more than short distances. One bed,
80 feet thick, is exposed at intervals for 2,000 feet along
the southeast side of the lower part of Gunter Fork.
At another place, two conglomerate units separated by
a constant interval appear to extend for as much as a
mile. A bed 6 feet thick, exposed 0.3 mile west of the
truck trail at Walnut Bottom, can be traced 50 feet or
so to the edge of Big Creek, where it pinches out in
~oarse sandstone.
Cobble beds at mast places lie between units, 15-30
or more feet thick, of massive or thick-bedded coarse
sandstone; locally, however, they lie directly on thinbedded meta-argil'lite and fine sandstone. They are
known at 6 or 8 horizons through a stratigraphic interval of about 2,000 feet in the Big Creek area. The lowest beds in this interval occur just below the Anakeesta
formation at the head of Big Creek between Tricorner
ICnob and Mount Guyot. Farther east near Cosby
!{nob, the lowest cobble beds are about 1,000 feet higher
in the formation and occur in an interval of about 800
feet. Southwest of the Big Creek area, 0.6 mile due
east of Copper Ga:p, a single 8-foot bed containing
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abundant granite cobbles as much as 15 inches in
diameter and a ver,a ging 6 inches is probaJbly lower
stratigraphically than any cobble beds farther east.
Aside from the conglomerate and argillaceous rocks
described, the upper part of the Thunderhead s·a ndstone
consists largely of highly feldspathic metasandstone
similar to that elsewhere in the formation. Many exceptionally thick and coarse beds are present, especially
in the uppermost part of the formation on Mount Ster-

A.. Well-rounded cobbles, mostly of leucogranite, with pebbles of cal-

careous sandstone and quartzite, embedded in coarse carbonatic
sandstone. Bedding dips 15° to right. Upper part of Thunderhead
sandstone, Big Creek 0.3 mile beyond the end of the truck trail at
Walnut Bottom.

B. Flattened siliceous pisolites in sandy dolomite, Anakeesta forma-

tion.

Boulevard trail on east side of Myrtle Point, l\1ount LeConte.

FIGURE

21.-----PISOLITIDS AND CONGLOMER!ATE,
GREAT SMOKY GROUP
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ling Ridge. Some of the beds are 30-100 feet thick
and their conglomeratic parts contain p~bbles of quartz,
feldspar, and granite whose common large size is 1;2--~3,{1
inch. Thi·ck graded beds are common, but they consist
aimost entirely of coarse- to medium-grained sandstone,
argillaceous rocks being thin or rubsent. Such argillaceous rocks may have been broken U'P and incorpovated
in intraformational conglomernte, whi·ch is considerably
more abundant here than in the Thunderhead ~arther
west.
THICKNESS

The thickness of the Thunderhead sandstone varies
because of intertonguing 'vith the overlying
Anakeesta :form·a'tion and underlying Elkmont sandstone. The lower part of the formation on the north
slope of Mount Le Conte is '5,000~6,000 feet thick.
Fa·rther e~ast, the combined middle and upper parts are
at least 6,000 feet thick, but the· lower part is cut out at
the outcrop surface by the Green1brier fault. · If the
l'Ower part is present bene·a;th the middle and upper
parts, the Thunderhead hras a m•aXJimum thickness of
about 12.000 feet in the northeastern part of the report
~reatly

a~:ea.

STRATIGRAPHIC RELATIONS

The Thunderhead sandstone inter-tongues extensively
with both the underlying and overlying formations, so
that it does not occupy a constant s'tratigra'Phic position
in the Great Smoky group. In general, both its base
and top descend southward and westward. (See fig.
24.) Its contacts are generally gradational through at
least 100 feet of strata and are commonly so obscured by
forest and colluvial cover that they cannot be traced in
detail. Nevertheless, their map pattern and the structural data available indicate intertongui,ng of the three
formations on a large scale.
Gradational and intertonguing relations between the
· Thunderhead sandstone and the Elkmont sandstone
along the. strike near Greenbrier Pinnacle and on Mount
Winnesoka have been described and are shown in plate
1. Similar relations with the overlying Anakeesta formation were observed on Mount LeConte and along the
highway to the crest of the range; but, as they occur
across the strike rather than along it, they are less easily
seen .. On the north slope of Mount LeConte, the contact at the top of the Thunderhead sandstone is sharper
than elsewhere in the report area and maintains a fairly
constant stratigraphic posi~tion for several miles· along
the strike. Southward along the West Fork of the
Little Pigeon River and on Mount Mingus, the contact
becomes increasingly gradational as dark argillaceous
beds appear in the upper part of the Thunderhead.
Farther south on Mount Kephart and near Newfound
Gap, these beds are divisible into a lower argillaceous

part included in the Anakeesta formation and an uppe.r
sandy part which forms a tongue of Thunderhead at
approximately the same stratigraphic position as the
uppermost Thunderhead on the north slope of Mount
LeConte. The top of the Thunderhead therefore is
about 2,000 feet lower stratigraphically at the crest of
the range than on Mount LeConte (plate 1, section
G-G'). The intertonguing required to accomplish this
presumably occurs also along the Thunderhead-Anakeesta boundary farther east, between Balsam Ridge
and Eagle Rocks, but exposures in this area are insufficient to show it.
Similar gradational and intertonguing relations between the Thunderhead sandstone and Anakeesta formation occur along most of their mutual boundary, but
they can be described better after discussion of the
Anakeesta formation itself.
ANAKEESTA FORMATION

DEFINITION

The upper. part of the· Great Smoky group in the
weste.rn part of the report area consists of fine-grained
dark argillaceous rocks. It is interbedded with metasiltstone and coarse sandstone, named the Anakeesta
formation for Anakeesta Ridge, which is about a mile
north of Newfound Gap (King and others, 1958, p.
959-960). The formation crops out abundantly on
Anakeesta Ridge, The Boulevard, and the crest and
southern slopes of Mount LeConte, and it forms the
crest of the Great Smoky Mountains as far east as Copper Gap. It lies on the Thunderhead sa!ldstone with
conformable and gradational contact and intertongues
with the Thunderhead through a large stratigraphic
interval.
Parts of the rock mapped as Anakeesta formation
are continuous with the Hazel slate of Keith ( 1895)
and with part of the N antahala slate (Keith, 1907).
Although Keith's Hazel slate occupies a stratigraphic
position similar to that of the Anakeesta, the name
Hazel has prior usage elsewhere and has been abandoned in the Great Smoky Mountains area (King and
others, 1958, p. 958). The type Nantahala slate, on the
other hand, is a unit in the Murphy belt southwest of
the Great Smoky Mountains, where it overlies the. Great
Smoky conglomerate (Keith, 1907). Hurst (1955,
p. 43-45) reports that the base of the N antahala is
sharply defined and possibly unconformable on the
underlying Great Smoky group. l{eith apparently
mistook tongues of Anakeesta in the Thunderhead sandstone for infolds of Nantahala, which is here conside.red
to be a higher stratigraphic unit.
The topography on the formation is characterized
by exceptionally narrow and steep-sided ridges with
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serrate crests and craggy pinnacles, of which the
Chimneys near the highway west of Mount LeConte
are good examples. Residual soils are notably thin,
and considerable areas of the formation have been bared
by fire or landslide producing some of the most rugged
and spectacular scenery in the park, especially along
the Appalachian Trail between Mount l{ephart and
Eagle Rocks. Typical rocks of the formation can be
seen in road cuts along U.S. Highway 441 between
Anakeesta Ridge and Newfound Gap. Other good exposures occur at intervals along the trail from Alum
Cave Creek to the crest of Mount LeConte, at Cliff Top,
·
and at Myrtle Point.
LITHOLOGY

The Anakeesta formation includes a greater variety
of rocks than the formations of the Ocoee series
described previously. Among these are .small-pebble
arkosic conglomerate, graywacke, fine- to coarse-grained
feldspathic sandstone, gray chloritoida.I slate and
argillite, very dark . carbonaceous sla.te and phyllite,
and dark carbonate rocks. The most distinctive
features of the formation are its dark-gray color and
the presence of large bodies of argillaceous or silty
pelitic rocks. Iron sulfide occurs in considerable quantities throughout, so that the more recent exposures are
heavily stained with rust.
Much of the formation consists of dark-gray indistinctly bedded pyritic and carbonaceous slate or
phyllite, dark enough to be loosely called "black slate."
It is most abundant in the lower part of the formation,
especially along the north side of its outcrop belt, where
it forms a unit 100 to 300 feet thick immediately overlying the Thunderhead sandstone. It is also conspicuously interbedded with other rocks of the
formation throughout the southern and western parts
of the belt (fig. 22A).
At many places the black slate grades into, or is
interpedded with, silty or finely sandy rocks that· are
less schistose, for example in the long roadcut just
northwest of the highway bridge across the West Fork
of the Little Pigeon River a mile northeast of Newfound
Gap. Individual beds of fine-grained sandstone and
silstone here range in thickness from a fraction of
an inch to a foot. The color is distinctly lighter gray
in sandier beds but, as individual beds differ little from
their neighbors, bedding is not easily recognized. Small
porphyroblasts of biotite and garnet are abundant in
these rocks, and most contain abundant iron sulfide.
Both black slate and dark metasiltstone are commonly interbeded with fine- to coarse-grained fieldspathic sandstone and fine-grained arkosic conglomerate.
These rocks are particularly abundant along the south678-811 0-63-5
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east side of the outcrop belt from Mount Mingus to
Bradley Fork and are well exposed in roadcuts on U.S.
Highway 441 from the vicinity of Newfound Gap to
the upper crossing of the West Fork of the Little
Pigeon River. Sandstone beds, 1-10 feet thick, are
commonly interbedded with the finer rocks and also
form units, 50 or more feet thick, with only minor
amounts of finer grained interbeds. Most of the sandstone is lithologically similar to corresponding rocks
in the Thunderhead sandstone; it is poorly sorted and
commonly shows graded bedding. The coarser beds
contain dispersed granules and very small pebbles of
quartz and feldspar; blue quartz is found throughout
the Anakeesta although generally less abundant than
in the Thunderhead. Intraformational chips and
slabs of dark slate or siltstone are abundant in many
sandstone beds (fig. 22B).
Some coarse sandstone in the Anakeesta is light
coiored, but much is dark as a result of the admixture of·
argillaceous and carbonaceous material and sulfides.
A common type is schistose graywacke with abundant
grains of quartz and feldspar 1-4 mm in size, in a
matrix of recrystallized mud, like the graywacke of the
Wading Branch formation. It forms beds ranging in
thickness from a few inches to 2 or 3 feet interbedded
with black slate and coarse sandstone.
Here and there, mainly in the western part of the
Anakeesta formation, are carbonate rocks ranging from
black fine-grained dolomite to medium-gray sandy
dolomite. They form beds, 1-3 feet thick, typically
interbedded ·with black slate and rather coarse sandstone. The beds are widely se.parated, occurring either
singly or in groups of 2 or 3 separated by several feet of
other rocks. One dolomite bed is repeated several times
by folding in the bed of the West Fork of the Little
Pigeon River just below the highway bridge due north
of Newfound Gap. In color and texture the carbonate
beds so closely resemble the rocks with which they
are associated that they would be inconspicu.ous except
for their characteristic solution surfaces. Because
they are soluble, they are less well exposed than the
other rocks of the formation; nevertheless, they must
amount to a very small part of the formation as a
whole.
The carbona.te rocks contain dolomite, ranging from
40 to 95 percent, and various amounts of quartz,
plagioclase, calcite, authigenic chlorite, and carbon
dust. The most abtindant carbonate rocks contain 10-50
percent of clastic grains, mainly of quartz, with smaller
amounts of albite. Some are distinctly lighter colored
than purer dolomite and contain less than one-half of
1 percent carbon; others resemble the dark graywacke
described previoi1sly.
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Bedd.i ng and slaty cleavage in dark chloritoidal slate. View east-northeast at beds dipping 25° SE.
Mount LeComte, 500 feet northwest of junction with Alum Cave Creek.

Styx Branch, south slope of

(lower). Intraformational fragments of argillaceous beds in coarse feldspathic sandstone. Dark layers of sandy argillite at top.
Creek about 0.2. mile below Styx Branch, south side of Mount LeConte.
l!~IGURE

22.-INTRAFORMATIONAL BRECCIA AXD DARK SLATE, ANASKIDETA FORMATION

Alum Cave
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Unusual pisolitic dolomite was found in a few places
on l\1:ount LeConte, where a prominent exposure occurs
beside the trail at 6,150 feet altitude just east of Myrtle
Point.· These dolomite beds are 8-12 inches thick and
contain abundant ellipsoidal pisolites, 1-10 mm in diameter, composed of crystalline quartz and calcite (fig.
21B). The pisolites are distinctly flattened and have
axial ratios close to 1: 3: 4; outer shells are smooth ·and
composed of finely granular quartz; the interiors are
quartz or calcite and coarser quartz ; some show crystal
faces (fig. 23) . Some of the larger pisolites have eccentric double.-walled structure, with the space both
inside and outside the quartz wall filled with calcite.
Most lie with their shortest dimensions normal to
bedding, and crushed and fragmented pisolites·are common. Although the pisolites resemble algae such as
Gir'Vanella, no organic structures are visible in thin
sections, and the rocks are too much recrystallized to
have preserved them if they were once present. Similar
but better preserved structures in Upper Cambrian
siliceous oolite near State Co1lege, Pa., have been described by Choquette (1955), who belived that they
resulted from selective silicification of pisolitic limestone.
The mineral composition of the carbonate rocks is
analogous to that of clastic and argillaceous rocks in
the formation, with carbonate substituted for the clay
fraction. The. rocks with the most carbonate are also
the darkest, 'contain the most carbon, and -are exactly the
same shade of dark gray as the most argillaceous rockthat is, the black slate. The character and distribution
of quartz and feldspar in many carbonate rocks are almost the same as those of muddy sandstone or graywacke (figs. 12B and 24) . This evidence suggests that
both the carbonate and the argillaceous components
were incorporated into the rocks as mud and were mixed
with coarser clastic material by turbulent flow. The
origin of this carbonate mud, if such it was, is debatable; in view of its uniformity and the absence of organic structures, it may have been an inorganic
precipitate.
CHLORITOID SLATE MEMBER

A body of distinctive light-colored chloritoid-bearing
slate and argillite forms a lens 500 feet thick and 3
miles long near the base of the Anakeesta formation on
Mount LeConte; it is exposed along the crest of the
mountain from Cliff Top to Myrtle Point. Thin even
be.ds and laminae appear on weathered surfaces but are
indistinct on fresh surfaces. They consist of darker
argillaceous layers alternating with thinner sandier

layers. Successive layers are medium gray to medium
light gray, according to the content of carbon, which
constitutes 1 percent or less of the darkest layers. Similar chloritoid-bearing slate and argillite occur at about
the same stratigraphic position on Charlies Bunion and
adjacent ridges but do not form units thick or persistent
enough to be mapped.
The lighter colored rocks consist largely of sericite
and quartz but contain 10-25 percent chlorite and small
porphyroblasts of chloritoid accompanied by tiny
brilliant plates of ilmenite. The chloritoid porphyroblasts are thin tablets with elliptical or nearly circular
outlines, 1-5 mm in diameter and less than a millimeter thick. Their size and abundance differ considerably from bed to bed, and they are notably larger
and more abundant in the more argillaceous beds. The
tablets occur in all orientations with respect to bedding
and cleavage but lie preferentially at high angles to
the cleavage.
SANDSTONE MEMBER

The uppermost part of the Anakeesta formation east
of Mount LeConte consists of light-colored sandstone
and argillaceous rocks, and lacks both the coarser beds
and the black slate characteristic of the rest of the
formation. This member, probably 1,000-1,500 feet
thick, overlies more typical Anakeesta rocks in the
northeastern part of the main outcrop area.
The member is characterized by light-greenish-gray
fine- and medium-grained sandstone in beds generally
2-4 feet, locally 15 feet, thick. The rock is composed
largely of quartz with minor amounts of albite, chlorite, sericite, and ankeritic dolomite; a few beds are
light-greenish-gray fine sandy dolomite containing as
much as 60 percent ankeritic dolomite together with
quartz, chlorite, magnetite, and ilmenite.
In western exposures of the member, sandstone is the
principal constituent of units 50-200 feet thick; but it
is rhythmically interbedded with chloritoid-bearing
argillite and fine-grained sandstone layers an inch or
less thick, grading from lighter colored siltier or sandier rock at the base to darker more argillaceous at the
top.
Sandstone. is most abundant in the lower and more
northerly parts of the member, and thin-bedded argillite becomes more prominent in the higher and more
southerly parts as in the headwaters of Bradley Fork
between Porters Gap and Pecks Corner.
Darker
argillite beds, both within and at the margins of the
member, grade into the more common dark argillaceous
siltstone containing garnet instead of chloritoid and
make the limits of the member difficult to ascertain.
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FIGURE 23.-Photomicrographs of siliceous pisolitic dolomite, Anakeesta formation. Large, e<:centrically layered pisolite and
smaller more uniform pisolites with angular quartz fragments in fine-grained dolomite. The mineral with high relief in
the large pisolite is calcite. Fine-grained groundmass is mainly dolomite with carbon dust. A (upper) Plane light.
B (lower), Crossed nicols.
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STRATIGRAPHIC RELATIONS

The Anakeesta formation is the uppermost formation of the Great Smoky group in the eastern Great
Smoky Mountains, - nevertheless it intertongues with
the underlying Thunderhead sandstone over most, if
not all, of its stratigraphic interval. In general,
tongues of the Anakeesta formation thicken southward
and southwestward and the higher ones extend farther
north and northeast than lower ones; these relations
continue into the adjoining area to the west (fig. 24).
On Clingman's Dome in the southwest part of the
r~port area,- however, this pattern is reversed and Thunderhead sandstone occupies most of the interval occupied by the Anakeesta farther north.
Some tongues of Anakeesta are separated by erosion
from the main body of the formation, for example,
southeast of Mount Kephart. This tongue can be
traced across the Oconaluftee fault and is correlated
with a similar unit on the State line a mile and a half
northeast of Clingmans Dome. The unit crosses the
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axis of a major anticline south of Indian Gap, south
of which it dips southeastward under several thousand
feet of thick-bedded sandstone on and south of Clingmans Dome (structure section /-/') . As no large
body of dark argillaceous rock is found higher in the
section for many miles to the south, much of the Thunderhead sandstone on Clingmans Dome must be stratigraphically equivalent to the lower part of the Anakeesta formation in the vicinity of Newfound Gap.
Rocks of the Anakeesta formation, several hundred
feet thick, form an isolated body in a complex syncline
west of Bryson City in the southwest corner of the
report area. These rocks, although considerably more
metamorphosed than those farther north, consist of
black carbonaceous phyllite and schist with interbedded
feldspathic metasandstone and altered dolomite like the
rocks in the main body of the formation. They overlie
Thunderhead sandstone with strongly gradational contact. According to structure section /-/', their base is
6,000 feet higher in the Thunderhead sandstone that
Mount

EXPLANATION

Unnamed higher strata
Near Thunderhead Mountain

Mount Guyot
I

a.

I

::l

I

0

"'

Anakeesta

formation

>.

~

~INfsiH:\1

0

Thunderhead sandstone
Boulder conglomerate beds
in northeast part of area
indi cated by heavy dots

~

I :.': ... :::::.--..1

Elkmont

sandstone
Mount

LeConte
I

CJ

I

I

Rocks beneath Greenbrier fault
mostly Snowb i rd group

Blanket Mountain
I

:

Elk ont
0

I
I
I

I

I

Thunderhead

Dome

I
I
I

I
I

I

I
I

I

FIGURE 24.-Stratigraphic relations in the Great Smoky group, central and eas tern Great Smoky l\!ountains, by

:r.

B. Hadley and P. B. King.

B64

GEOLOGY OF THE GREAT SMOKY MOUNTAINS, TENNESSEE AND NORTH CAROLINA

the tongue of Anakeesta exposed northeast of Clingmans Dome, about 1,000 feet higher than the base of
the Anakeesta on the north slope of Mount LeConte,
but possibly 2,000 feet lower than the isolated remnant
on Mount Guyot.
The syncline west of Bryson City is the north end
of a major syncline in which the Murphy marble and
other formations younger than the Great Smoky group
occur several miles to the southwest (Keith 1907).
Evidence obtained during geologic mapping of the Fontana Reservoir area west and southwest of Bryson City
(P: P. Fo:x, written communication, 1947) and the results of our reconnaissance suggest that the Anakeesta
formation in this syncline plunges southwestward
directly beneath the formations of the Murphy ~arble
belt.
PETROGRAPHY OF THE GREAT SMOKY GROUP

locally mixed with sand and coarser material, forming
coarse muddy s1andstone or graywacke. These rocks are
highly feldspathic and have the angular detrital fragments, dark muddy matrix, and poor sorting characteristic of the classic graywacke, although they are
wanting in sand-size rock fragments. They are widely
distributed in both the Thunderhead sandstone and
the Anakeesta formation but •a re distinctly minor
components af bot;h.
MINERAL COMPOSITION

Both feldspar and quartz are abundant in the sandsized and coarser fracvions, so that t·h e less argillaceous
rock's range through subark'Ose well into the arkose field
of figure 26. Both sodic plagioclase and potassium
Mica

Composition and textures of the rocks of the Great
Smoky group differ in several respects from those of
the Snowbird group and Rich Butt sandstone, yet
there are broad similarities between them.
TEXTURES

The rocks of the Great Smoky group consist largely
of coarse and pebbly sandstone, fine conglomerate,
muddy sandstone, graywacke, and silty and argillaceous mudstone or shale. The argillaceous component
of all the rocks is mica of metamorphic origin. The
sandstones are distinctly less well sorted than those of
the Snowbird, and their grains are generally less
rounded (fig. 25).
Although the argillaceous m·a ter.ial in the Great
Sm'Oky group is present largely in pelitic interbeds, it is
FIGURE 26.-Composition of rocks of the Great Smoky group, northern
belt of outcrop, eastern Great Smoky Mountains. Numbered points
represent chemically analyzed specimens . l\1etapelites are probably
more feldspathic than shown. For classification see fi gure 13. Numbers refer to analyses given in table 11.

FIGU RE 25.-Photomicrograph of medium-grained feld spathic sandstone,
Thunderhead sands tone. Largest subangular grains are quartz;
smaller cloudy grains are sericitic feldspar; small opaque grains
are m etamorphic biotite. For mineral and <'hemical composition, see
table 11 (analysis 8 ). Plane light.

feldspar are present but are less abundant than in the
sandstones of the Snowbird group. Potassium feldsp:;tr
is largely micracline, although some perthitic orthoclase
is ·p resent. The characterrstic plagioclase is albite,
partly in clear lamellar-twinned grains and partly in
less twinned and partjly altered grains containing tiny
inclusions of sericite, potassium feldspar, or carbonate.
The relative a•m ounts of potJassium feldspar and plagioclase vary greatly, probably because of sorting. Potassium feldspar, for example, occurs in larger grains than
plagioclase and is more abundant in the coarser rocks,
much as in the Snowibird group.
Rock fragments are sparse in the sandstones of the
Great Smoky group, not more than 2 or 3 grains per
thin sectJion. Nearly all are granite or quartzite; no
fragments of volcanic or metamorphic rocks were seen.
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Fragments of dark argillaceous sandstone or slate in the
conglomev31te are intraformational.
The day fraction of most of the Great Smoky group
is concen'trated in beds of sandy or silty metapelite, now
containing 40 to 80 percent metamorphic mica. These
rocks were at least moderately rich in iron and magnesia as shown by the presence of much biotite and
chlorite, which amount to about 20 percent of the total
mica in the metapelites of the group and 45 percent of
the mica in the more avgiHaceous sandstones. In genera], the proportion of white miea, inc!Juding both muscoVlite and paragonite, is highest in the more silty
shales, rather than in the most argillaceous rocks as in
the Snowbird group.
The dark color of much of the Anakeesta formation
is due to the. presence of carbon and finely divided iron
sulfide. Par'tic1es of carbon, a few microns in size,
amount to 2.8 percent of one analyzed specimen and
prob31bly 5 or 6 percent of. the darkest rocks. Iron sulfide, includ,ing both pyrite and pyrrhotite, is abundant
in fresh slate nearly everywhere but has been leached
from· long eXlposed outcrops. About 2.5 percent iron
suHide is present in one analyzed specimen ('tJahle 11,
analysis 3) and as much as 10 percent was estimated in
others.
Most of the feldspathi'c sandstone, graywacke, and
conglomet~ate of the Great Smoky group contains disseminated carlbonate ranging from traces to neariy 10
peiX!en't; it is uni~or.m1y distributed and rarely conspicuous in the outcrop. Some is ca·l~ite but much is dolomite or ankerite. It oecurs mainly in the matrix but
partly replaces both matrix and larger feldspar grains.
The li·m:ited suite of ruccessory minerals in the Great
Smoky group is partly si·m'i'lar to that in the SnoWbird
group but partly different. (:See fi'g. 16.) Magnetite,
a.patite, and· z•ireon are abundant in both groups; epidote and sphene, whi ch are most conspicuous in the
Snowlbird group, are very sparse or wanting in the
Gre:at Smoky rocks; whereas tourmaliine, sc,arce in the
Snowbird, is common in much of the Great Smoky.
The other m:inor cons'tJituents, carbon and 'iron sulfide,.
are abundant in parts of the Great Smoky but,are syngenetic rather than detrital. Access·ory minerals of
metam~n~phi•c origin are discussed in .the section on
metamorphism.
Of the detrital heavy rrrineralrs, m·agnetite appears to
be the most albundant and Wiidespread, although it is
difficult to diistingu~sh from metamorphic marnetite
and ilmenite. A·m'ounts present range from a f;action
o.f a percent to several percent. The grains, ranging in
Size from 0;3 m·m downward, are entirely anhedral and
com·monly appear to be re·crysta11l,ized aggregates with
xenalilasti1c boundaries~ Scarce larger grains are
1
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coated with leucoxene as in the basement rocks.
Alpatite, the next most abundant heavy m ineral, occurs as anhedral roundish gl'lains randomly distributed
in two-thirds of the sandstone speci·inens studied microscopi,cally. It is not as abundant as in the more argill1aceous rocks, but chemical ·analyses indicate that
0.3-0.4 percent apatite is present in most of the rocks of.·
the group.
Zircon is also widespread and appears in a considerable variety of sizes and shapes. Zircon grains are largest and most abundant in the sandstones, where they
range in size from 0.02 to 0.25 mm. Most grains are
either sharply euhedral or subhedral and rounded :
broken fragments are scarce. Some euhedral zircons are
still embedded in the quartz or feldspar in which they
originally crystallized. Zircon occurs in trace amounts,
nevertheless it is by far the most abundant of the resistant nonopaque heavy minerals in sandstones of the
Great Smoky group, as shown by studies of saprolite of
the Thtinderhea:d sandstone and related formations in
the western part of the Great Smoky Mountruins
(Carroll, Neuman, and Jaffe, 1957, p. 180).
The a:bundance of detflita1l tourmaline in the Great
Smoky group is of special interest, because it is not
found in a:ppreciaible quantities in the other rocks af
the report area. Like the zircon, tourmaline grains are
largest !n sandston~ where they are 0.1-0.4 mm in diameter. The grUJins are mostly angular fragmen'ts of
prisms, although smaHer grains are nearly euhedral.
'.Dhey show a typically wide variety of p'leochroic co1ors, including orange brown, muddy greenish brown,
brownish green, grayish green, greenish blue, and black.
Some grains have thin overgrowths of authigenic tourm·aline either colodess or much paler than the host, and
small grains of pale probably authigenic tourm'a:line
are fairly albundant in some of the more argi'l~l'ac~ous
rocks. Toul'lffialine is less wide'ly and evenly d'iS'trilbuted
than Zlircon in the rocks of the Great Sm·oky group and
is· generally less a:bundant, a'lthough tourmal~ne exceeds\
zircon in some thin se·ctions studied. S:im1ilar observations have been made by Oarroll, Neuman, and Jaffe
(1957, p. 1'82) on 'Thunderhead sandstone in the
western Great Smoky Mountains.
Iron sulfide has been mentioned as a prominent constituent of the dark metapeJite of the Anakeesta formation. It is less abundant in sandstone of the Anakeesta
and is absent or very sparse in the Elkmont and Thun-. ·
derhead sandstones. Pyrite is the most common sulfide,
but considerable pyrrhotite is also present in the more
metamorphosed rocks. In the argillaceous rocks the
sulfides occur as lenticular aggregates, as much as 1 em
long, that are oriented parallel with the cleavage; in
the sandier rocks they are xenoblastic intergranular
1
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aggregates as much as several millimeters long. Sul- age arkose than to Archean or Franciscan graywackes
fides are locally associated with quartz and carbonate in as cited by Pettijohn (1949, p. 250, 259).
discontinuous veins. Some of the sulfid~ in the area
Among the analyzed pelites are typical slate from
may have been introduced, notably that associated with a relatively thick interbed in the Thunderhead sandcopper deposits in the southwestern part of the moun- stone, representative black slate and chloritoid slate
tains; but most of it probably resulted from reorgani- from the Anakeesta formation, and dark-gray sandy
zation of sedimentary sulfide.
slate associated with iron-carbonate beds in the Rich
Disseminated carbon is more widespread than sulfides Butt sandstone. r;t'he slate from the Thunderhead is
in the rocks of the Great Smoky group but is most notably aluminous, and it is approached in this respect
abundant in the sulfide-bearing rocks. It ()({CUrs as only by the basal schist of the Wading Branch; it is thus
minute elongate roundish grains, 1 or 2 microns in diam- exceptionally rich in mica, poor in quartz and feldspar·
eter. The grains are separate from one another or silt, and must have consisted largely of clay minerals.
connected in short irregular chains or ramifying ag- The sandy slate of the Rich Butt, recalculated on a
gregates. The carbon particles may be enclosed in carbonate-free basis, seems much less mature, particurecrystallized grains of quartz, feldspar, or mica, but larly as it contains more calcium and sodium and less
more commonly they are found along the boundaries potassium and alumina. In most respects its chemical
of these grains. Carbon grains from the northern part composition is like that of pelites in the Snowbird
of the area did not reveal geometic outlines under X 700 group.
The two slates of the Anakeesta formation are notably
magnification; but carbon particles from the more
aluminous,
like that in the Thunderhead. The lighter
highly metamorphosed rooks farther south are.hexagcolored
chloritoid
slate contains unusually large
onal flakes, as much as 4-6 microns in diameter, sugamounts of ferrous iron and about twice as much
gesting the crystal form of graphite.
magnesia
as the more carbonaceous slate. A remarkClues to the origin of the carbon in these rocks are
of the carbonaceous slate is the large
able
feature
its dispersion and extremely fine size, its association
of
sodium,
which together with the alumina,
amount
with sulfides, and its abundance in the finest grained
of paragonite in addition to mussuggests
the
presence
rocks. The size and distribution of the carbon suggest
Paragonite
could
not be positively identified
covite.
that jt represents very fine material, presumably orX-ray
diffraction
of
the
powdered rock, however, so
by
ganic, that settled from sea water .steadily while the
part
of
the
sodium
is
probably
in the muscovite. The
clastic fraction of the sediments ·was being deposited at
occurrence
of
paragonite
as
a
separate
phase in lowvarying rates. This would explain its greater abunin other
grade
aluminous
schists
has
been
noted
recently
dan~ in the slowly accumulating argillaceous and carparts
of
the
Appalachian
region
(Rosenfeld,
1956;
Arbonate rocks as compared to the more rapidly deposited
den
Albee,
oral
communication).
·
sandstones and conglomerates. The association of the
Graywacke of the Anakeesta, as compared with that
carbon with syngenetic sulfides suggests that they were
·from
the Wading Branch formation (table 8, analyses
preserved in stagnant basins.
4, 5), shows the same chemical differences-more
CHEMICAL COMPOSITION
alumina, less iron and calcium-that distinguished the
pelites
of the two formations. When compared with
Chemical analyses of 4 pelite samples, 3 sandstone, and
other
rocks
that have been called graywacke, particu1 graywacke of the Great Smoky group and Rich Butt
larly
Archean
graywacke from the Canadian shield
sandstone are given in table 11. Although the sam piing
Pettijohn
(1949, p. 250) and Franciscan sandcited
by
is obviously limited, comparisons· between them and
the
region
north of San Franc'isco Bay
stone
from
similar rocks from the Snowbird group and other areas
described by Taliaferro (1943, p. 136), the Ocoee exseem significant.
amples
show both similarities and differences. GrayThe sandstones analyzed include only one sample
wacke of the Wading Branch resembles the A~chean
from the Great Smoky group, a medium-grained feldsrocks, except £hat it seems to have been derived from a
pathic sandstone from the Thunderhead on Highway
more granitic and less basic source. As compared with
441 near Chimneys Campground, and two samples from the Franciscan rocks, believed by Taliaferro to have
the Rich Butt sandstone on Big Creek. These sand- been derived from granodiorite under a cold humid
stones contain significantly less sodium, calcium, and climate, graywacke of the Ocoee is clearly more alumiiron than those of the Roaring Fork sandstone, reflect- nous and the proportions of alkalies are reversed. This
ing the large amounts of epidote and plagioclase present evidence suggests a granitic rather than a granodioritic
in the Roaring Fork. They are more similar to aver- source.
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TABLE

11.-0hemiaaZ OAWZyses ana caZouZated mineral composition in percent, of Rich Butt sandstone and Great Smoky group, northern bezt of outcrop, eastern Great Sr_noky Mountains
[Analysts: L. D. Trumbull, analyses 2, 3, 4, 8; M. Balazs, analyses 1, 6, 7, 10]
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6. 11
.11 ---------4. 65
3. 61
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. 87
. 01
. oo
. 18
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70.62
14.93
1. 66
1. 80
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2. 46
5.17
.05
1. 41
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.01
. 09

64.03
11.35
. 32
3. 60
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3. 54
1. 93
.01
. 64
.47
e. 96
.16

75.80
10. 52
. 38
2. 67

1: ~~

75.98
13. 29
. 81
1. 27
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2. 36
3. 07
3. 35
2. 60
.02 ---------. 73
. 98
. 45
. 55
1. 65
. oo
.14
.14

BOa----------------------------------------------- ---------- -------------- -------------- -------------- ---------- ---------- ---------- -------------- ----------

~~~::::::::::::::::::::::::::::::::::::::::::::::
TotaL •• ___________________________________ _

t

----------~ii4~~ ----------~iii: ~~
:~!
:g~ ----------~ii6- ------~05:~~ ----------~52" -------.--i78" ----------~39" ------~95" ------~~~- ------~~~- :::::::::::::: ------~~:-

99.70

99.72

100.51

99.60

100.00

99.85

99.87

99.86

100.00

68.53

16.65
1.15
1.30
1. 21
.52
1. 87
3.69
.23
2.02
.62
.17
. 21
. 31
. 86
.03
.04
.53
99.94

Calculated mineral composition
QuartZ------------------------------------------Potassium feldspar------------------------------Plagioclase_______________________________________
Chlorite__________________________________________
Blot! to. __ ---------------------------------------Muscovite________________________________________
ApatltO-------------------------------------------

24.7
5. 5
21.1
25.1
36.5
34.3
48.4 ---------8. 5
4.1 -------------- -------------- ---------13.2
5. 8
13.1 ---------16.4
1. 3
14.3 -------------- ---------20.9
33.6
20.0 ---------10.9 -------------6. 9
17.6 ---------- ---------- ---------- -------------- ---------1. 0
15. 8 -------------- __ ------------ ---------7. 3 ---------4. 1 ---------29.7
69.2
I 46.8
1 47.2 ---------19.5
8.1
9. 0 ---------.7
.4
.3
. 4 ---------.2
.4
. 3 ----------

Magnetite and llmenlte___________________________
Carbonate·--------------------------------------Carbon------------------------------------------Pyrite--------------------------------------------

2. 0
1. 0 -------------1. 5 ---------1. 0 ---------1. 4 ---------.5
6
'5. 0 -------------. 2 -------------- ---------- ---------'15. 9
3. 8 ---------.4
.1
.5
2. 8
. 4 ---------- ---------- ---------- -------------- ---------- ---------· 3 -------------8 ~: ~
6 ~:~ ---------7-i~i- :::::::::: :::::::::: :::::::::: :::::::::::::: ::::::::::

~~~~;ene:::::::::::::::::::::::::::::::::::::::: -------~~- ----------i~ii- -----------~7- :::::::::::::: :::::::::: -------~2-

TotaL •• __________________________________ ._
Character of plagioclase _______ --------------------

99.6

99.8

A no

100.5
Anu

1 Includes 10.7 percent paragonite.
2 Includes 11.1 percent paragonite.
a Includes 9.4 percent paragonite.
'Ankerite: CaCOa, 40 percent; MgCOa, 25 percent; FeCOs, 35 percent.

99.3 ----------

43.1
1. 0
9. 3
1. 7
4. 2
a 35.9
.5

:~ :::::::::::::: :::::::::: --------~3

99.8

99.6

Ab10o

Ann

100.1

100.1

5 Ankerite: CaC03, 25 percent; MgC03, 30 percent; FeC03, 45 percent.
a Garnet: pyrope, 25 percent; spessartite, 49 percent; almandine, 26 per,.ent.
7 Chlorltoid.
s Melanterite.

1. Rich Butt sandstone. Medium-dark-gray finely sandy argillaceous metasiltstone, from tho east side of Big Creek, 0.8 mile above bridge at Mount Sterling.
Grain size ranges from 0.2 mm (quartz and feldspar) to 0.05 mm (mica). Contains about 25 percent fine sand. Specimen shows indistinct bedding laminae
and weak schistosity; micas are poorly oriented. Chlorite is yellowish green
with low birefringence and blue extinction colors; calculated as about 2 parts
Iron chlorite to 1 magnesium chlorite.
2. Thunderhead sandstone. Medium-gray slate from cut on U.S. Highway 441
north of Chimneys Campground. Average grain size is 0.02 mm. Biotite
calculated as about 2 parts annlte to 1 part phlogopite.
3. Anakeesta formation. Dark-gray pyritic argillite from near Appalachian Trail
a quarter of a mile northwest of Eagle Rocks. Grain size ranges from 0.02 mm
(quartz) to 0.04 mm (mica); garnet porphyroblasts 0.1-0.3 mm. Composition
of plagioclase Is assumed. Carbon ls present as extremely small grains, 1-4
microns, disseminated throughout the rock.
4. Anakeesta formation. Medium-dark-gray moderately foliated argillite from
Styx Branch, 500ft northwest of its junction with Alum Cave Creek, south of
Mount LeConte. Grain size ranges from 0.1 mm (quartz) to 0.03 mm (mica);
chloritold forms subcircular tablets 1-2 mm in diameter. Bedding laminae
and rich In quartz and show microscopic offsets on mica foliation surfaces.
5. Average of 1-4, omitting carbonate and uncombined water.

6. Rich Butt sandstone. Medium-gray fine-grained feldspathic sandstone from
east side of Big Creek, 0.9 mile above bridge at Mount Sterling. Average grain
size is 0.25 mm (quartz). Composition of plagioclase determined from thin
section. Well-sorted subangular, lnequidlmensional quartz grains in finer
grained matrix amounting to about 40 per v-ent of rock. One percent llmoni te
Is present as pseudomorphs after leached ·iron carbonate.
7. Rich Butt sandstone. Light-gray fine-gra\ned feldspathic sandstone from trail
on east side of Big Creek, 0.8 mile above bridge at Mount Sterling. Thin
argillaceous seams amount to less than 5 percent of the rock. Grain size ranges
from 0.2 mm (quartz) to 0.02 mm (matrix). Texture similar to sample given
In analysis 6.
8. Thunderhead sandstone. Medium-grained feldspathlc sandstone from cut on
U.S. Highway 441 north of Chimneys Campground. Average grain size 0.5
mm. Feldspars include microcline, microperthite, orthoclase(?), and albite.
Carbonate replaces micaceous matrix. Magnetite grains are coated with
leucoxene.
9. Average of 6-8, omitting carbonate and uncombined water.
10. Anakeesta formation. Medium-dark-gray argillaceous graywacke from cut on
U.S. Highway 441, half a mile due north of Newfound Gap. About 45 percent
angular quartz and feldspar grains, 1-2 rom In diameter, in micaceous matrix
of recrystallized quartz, feldspar, and mica (0.1 mm in grain size). Weak foliation is considerably sheared and folded. The rock is somewhat weathered and
contains minor amounts of limonite and sulfate.

ORIGIN AND MANNER OF DEPOSITION

During the later phases of sedimentation, the carbonaceous and sulfide-rich sediments of the Anakeesta
formation settled in what were probably poorly ventilated pockets in the basin.
Changes in the character 9f the rocks that furnished
sediments to the Great Smoky group are indicated by
the mineralogic differences between it and the Snowbird
group. The paucity of epidote and sphene., both rather
abundant in the basement rocks now exposed in the

The rocks of the Great Smoky group record marked
changes in source area, direction of transport, and mMner of deposition from those which produced the Snowbird group. The source seems to have shifted from a
southeastern to a northern area and to have been more
granitic. The coarser sediments, at least, were laid
down in abrupt pulses of deposition rather than by
slow movement across the floor of the sedimentary basin.
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Great Smoky area, and the presence of tourmaline and
abundant zircon in the Great Smoky group suggest
that the source area lay farther north or west in the
basement complex, in a region where granite should be
increasingly abundant according to the. known distribution o~ plutonic rocks in the complex. This is also
suggested by the greater proportions of potassium and
alumina in the finer grained rocks of the Great Smoky
as compared with the Snowbird. Massive leucogranite
of a type scarce in the exposed parts of the complex is
abundant in shoulders and cobbles of the upper part of
the Thunderhead sandstone and is common in smaller
fragments throughout the formation.
The sediments were probably transported by rapid
and massive movements into a deep basin. The manifold repetition of thick graded beds so characteristic
of the sandstones of the group appears to have been
produced by turbidity currents, such as those described
by Kuenen (1952; Kuenen and Migliorini, 1950) and
other researchers in recent years. That such currents
are capable of moving large quantities of coarse sediment on the ocean floor seems highly probable and the
thickness and coarseness of the sandstone beds in the
Great Smoky seem to be within the limits permissible
(Kuenen, 1952). Although exceptionally large turbidity currents set in motion by earthquake shocks may
have traveled at great velocities over hundreds of miles
on very gentle slopes (Heezen and Ewing, 1952), the
currents responsible for the deposition of the Thunderhead were probably much less extensive and may have
been caused by continuous sliding of sediments on an
unstable slope. Initial velocities may. have been high
as indicated by the coarseness of the beds, but they soon
decreased as the main part of the suspended load
dropped out. The cur~ents that deposited the sandstone beds of the report area seem to have had little
eroding power, for sediment-filled channels are shallow
and not abundant. This was, rather, an area of dominant deposition under stable conditions with little evidence of later disruption by sliding. In some places,
currents perhaps representing the final stages of
turbidity currents carrying little sediment· produced a
minor amount of current bedding, laminar bedding, and
scour-and-fill structures.
Only minor quantities of mud settled with the coarser
deposits of the advancing turbidity flows; considerably
more was deposited by the tails of the flows, thus producing the terminal fine muddy sandstone and slate
layers of many graded beds. The fact that many other
beds, however, lack such layers suggests that the finer
grained sediments were carried farther into the basin
and formed the more extensive argillaceous rocks now
found in the southern part of the area. Increasing
metamorphism in that direction has unfortunately de-

stroyed minor bedding .features that might support this,
hypothesis.
During the middle and later part of Great Smoky
sedimentation, the dark carbonaceous and sulfide-rich
sediments of the Anakeesta formation were laid down,
and the presence of carbon and sulfides and the intertonguing relations with the Thunderhead suggest that
they were deposited in local poorly ventilated pockets
in the larger sedimentary basin. The exceptionally
coarse conglomerates of the uppermost Thunderhead
were apparently deposited at least locally along the
margins of these depressions.
Flow markings, channeling, and other evidence of
the direction of transport of turbidity flows were not
generally found in the Great Smoky group, largely
because bedding surfaces are seldom well exposed.
Some evidence, however, of the direction of source areas
is provided by the distribution of coarser and finer
grained rocks in the Thunderhead sandstone and Anakeesta formation. The grain size of the coarsest sandstone and conglomerate of the Thunderhead increases
irregularly but perceptibly northward and eastward
throughout the report area. Although very coarse
feldspathic sandstone and fine quartz-feldspar conglomerate are abundant throughout the area, pebble, cobble,
and boulder beds are limited to the northern and northeastern parts. Conversely, argillaceous rocks become
more abundant southward so that argillaceous sandstone, siltstone, and slate, which constitute about onefifth of the measured section of Thunderhead sandstone near Chimneys Campground and probably less
than that farther east, constitute one-third to one-half
of the formation in the southern part of the report area.
Sandstone tonglies in the Anakeesta also pinch out
southward and southwestward in the central and eastern parts of the area and indicate movement of coarser
material in those directions. None of these features
indicate closely the direction of transport, for individual beds cannot be traced and their textural changes
studied in detail. From the many irregularities in the
distribution of coarser and finer rocks of the Great
Smoky group, it can be concluded only that the direction. of transport was generally southwestward.
WALDEN CREEK GROUP
WILHITE FORMATION

The Walden Creek group of formations, comprising
a considerable part of the Ocoee series in the foothills
north and west of the present report area, is represented
by a belt of rocks, 1,000-1,500 feet wide, extending from
near Cosby eastward to Hartford .. The rocks are continuous with the upper part of the Wilhite formation
in the adjacent area to the west (Hamilton, 1961) but
are limited to a narrow slice between two major low-
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The largest and most abundant intrusive bodies are
angle faults. The rocks are markedly less resistant to
erosion than either the coarse sandstone and con- on the north slope of Clingmans Dome~ where three
glomerate of the Cochran formation to the north or the sills or lenses are exposed in the headwat~r branches of
Pigeon siltstone to the south and underlie a lowland the Little River on the strike of a belt of similar rocks
that skirts the south slope of Green Mountain and is on Hazel Creek, 17 miles to the southwest. The largest
followed by the Pigeon River for 1¥2 miles between of these bodies, 350 feet thick, can be traced 2 miles
eastward across the State line ridge, where it forms
Hartford and Bluffton.
The Wilhite formation is best exposed on the south conspicuous red saprolite beside the Clingmans Dome
side of the river one-fourth mile east of Bluffton and road, 1,000 feet southwest of its junction with the trail
along Tennessee Route 32, about 1¥2 miles southeast on Fork Ridge. The upper contact of the sill, seen in
of Cosby. The dominant rock at both places is dark- two stream exposures, dips about 35° SE. parallel to
gray fissile slate. Near Bluffton the slate is interbedded bedding in the adjacent rocks, although in strike the
with thin beds of gritty sandstone, calcareous and rusty sill appears to follow regional cleavage rather than
weathering, and with thicker layers and lenses of dark- bedding (pl. 1) . The wallrock relations at the lower
gray limestone that are in part conspicuously sandy. contact and those of the other bodies were not seen.
Farther west in the bed of Cosby Creek at the south side
Much of the rock in these bodies is hornblende
of the belt, it contains dark silty beds and many thin metadiorite, which is medium to coarse grained and in
laminae of calcareous sandstone, as well as thin lime- some places porphyritic. The smaller bodies and the
stone lenses. If the bordering faults dip 35° S., the margins of the thicker ones are generally finer grained
slice is 600-900 feet thick; but the rocks are much (1-3 mm) and ophitic. Much of the central part of the
folded and sheared, and this figure has little relation to 350-foot sill on Clingmans Dome is conspicuously
the actual thickness of beds involved.
spotted with subhedral to euhedral plagioclase phenoThe Wilhite belt is bounded by coarse-feldspathi~ crysts, 5-10 mm long, which locally are so abundant
sandstone and arkosic conglomerate on the south slopes that the rock is coarse-grained anorthosite. In most
of Green Mountain and Stone Mountain, well exposed in places the feldspar outlines are blurred by penetration
cliffy outcrops on the northeast side of Cosby Creek of amphibole, which forms crystals or dark aggregates,
southeast of Cosby and in the gorge of the Pigeon 3-5 mm across.
River north of Bluffton. Although these rocks were
These rocks consist of approxim~tely equal amounts
not mapped, they are lithologically like the Cochran of plagioclase and hornblende with minor amounts of
or Unicoi formation in the lower part of the Chilhowee chlorite and magnetite and traces of apatite, biotite,
group, and were so shown by Arthur l(eith (written muscovite, cl~nozoisite, and sphene. Some of the finer
communication) and by Rodgers (1953, pl. 10).
grained rocks also contain 3-5 percent quartz, which is
generally absent in the coarser and more feldspathic
YOUNGER INTRUSIVE ROCKS
Intrusive rocks younger than the late Precambrian rocks. The plagioclase is generally subhedral and
Ocoee series are scarce in the Great Smoky Mountains strongly zoned. The cores range from calcic labradorregion. Within the area of this report they consist of ite to calcic andesine, and the margins are commonly
dikes and sheetlike bodies of metadiorite, granite sodic oligoclase. Where the original igneous· texture
pegmatite, trondhjemite, and ultramafic rocks, ~II is best preserved in the finer grained rocks, euhedral
probably related to early or middle Paleozoic orogeny. feldspar crystals are bordered by micrographic intergrowths of qua.rtz and sodic oligoclase of the same comMETADIORITE ;DIKES AND SILLS
position as the crystal margins (fig. 27A). Subophitic
Dikes and sills of variously altered diorite and texture, evident in outcrops and in thin sections, is
diabase were exposed at several places in the report masked by abundant subidioblastic hornblende which
area from its west edge nearly to the northeast corner. has everywhere replaced the original mafic minerals
Ten occurrences were found, three as float only and most
and deeply penetrated the plagiocla~. In several
of the others in exposures less than 100 feet wide. As
specimens, dark areas within the hornblende are caused
the bodies are small and generally covered, others may
have been overlooked; but the absence of fragments of by minute specks of sphene and iron oxides. They show
these easily recognizable rock types in most stream beds angular outlines between euhedral feldspars and apsuggests that they are not abundant in the area. parently are ghosts of titaniferous pyroxene from
Similar rocks occur in the area of the Fontana and which the sphene and iron oxides were derived (fig.
Hazel Creek copper deposits (Espenshade, 1943; B. C. 30B) . No pyroxene was found, however, and amphibolitization appears to be complete.
Moneymaker, oral communication).

B70

GEOLOGY OF THE GREAT SMOKY MOUNTAINS, TENNESSEE AND NORTH CAROLINA

FIGURE 27.-Photomicrographs of metadio.r ite, north slope of Clingmans Dome. A (upper), Finer grained metadliorite showing
micrographic quartz and oligoclase inters titial to zoned plagioclase, all penetrated by hornblende. The opaque areas are
magnetite. Crossed nicols. B (lower) , Coarser grained metadiorite showing plagioclase penetrated by amphibole, which
contains ghosts of former pyroxene (darker areas) originally bounded by plagioclase.
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Both the original igneous texture and that resulting
from amphibolitization are variably masked by deformation and metamorphism. Even in the less altered
rocks, calcic plagioclase is broken and· irregularly
veined by sodic plagioclase, and hornblende is partly
replaced by chlorite.
A few smaller bodies on the north slope of Clingmans
Dome show further alteration to light-gray or mediumgreenish-gray fine-grained schist composed of granoblastic andesine and chlorite with smaller amounts of
hornblende, ankerite, quartz, biotite, muscovite, sphene,
and magnetite. Traces of coarse subhedral plagioclase
are preserved, but all other igneous texture is gone.
Hornblende, distinctly darker and presumably containing more iron than the amphibole of the metadiorite,
occurs in slender idioblastic or poikiloblastic prisms,
as much as 1 em long, penetrating the plagioclasechlorite fa:bric. The proportioJ;I. of the mafic constituents is about the same as in less altered rock. Plagioclase, how.ever, is less abundant, its place apparently
taken by ankerite, which forms conspicuous anhedral
or subhedral porphyroblasts. About 5 percent quartz
is present as granoblastic grains scattered through the
rock. The borders of some anhedral plagioclase grains
are more calcic than the interiors and are believed to
indicate reheating after lower grade metamorphism.
All the remaining bodies occur farther north and
east and ha:e been more thoroughly altered by regional
metamorphism of somewhat lower grade than that on
Clingmans Dome. One of them, exposed on the southeast bank of Big Creek 0.65 mile above the bridge at
Mount Sterlin~ village, is a dike 130 feet thick striking
east and dipping 60° S. in sandstone of the Rich Butt
formation. Others are narrower, 30-50 feet wide.
Two exposures 2,000 feet apart along the strike on the
northwestern slope of Greenbrier Pinnacle are probably parts of a single sill parallel to the southeastwarddipping schistosity of rocks near the Greenbrier fault.
Two more are known only from float fragments near
the Greenbrier fault. (See pl. 1.) A fifth is a dike,
35 feet thick, in Thunderhead sandstone; it is poorly
exposed in the bed of Roaring Fork on the upper slope
of Mount LeConte and is emplaced parallel to the
southeastward-dipping cleavage of fine-grained argillaceous metasandstone. Foliation is variably developed in these bodies, but it is everywhere more .conspicuous n~ar the bo~ders and is parallel to the walls
where the walls can be seen.
.·
. .
.
The ?orthern bodies consist of various proportions
of plagiOclase, epidote or clinozoisite, chlorite and amphibole, with minor amounts of q~artz, biotit~, sphene,
magnetite, and calcite. Plagioclase, clinozoisite and
epidote are entirely granoblastic; they haye gen;rally
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crystallized independently, but in the more massive .
rocks they are arranged in rectangular aggregates suggestive of plagioclase euhedra. Most of the amphibole
is hornblende, some of it actinolitic, in granoblastic
grains, granular aggregates, or larger anhedral poikiloblasts. Commonly the latter are noticeable megascopically as dark green spots, 3-6 mm across, in a mediumgreenish-gray background of fine-grained feldspar and
chlorite. Chlorite, mainly penninite, is an abundant
product of the alteration of hornblende especially in
the marginal parts of the bodies. Plagioclase is albite
or sodic oligoclase with an average composition of
An9. Small amount of biotite, especially in the margins of the bodies, probably result from introduction
of potassium from the country rock, and much of the
quartz, too, has probably been intro<;luced. Sphene is
abundant in this rock, and it nearly always appears in
fine granular pseudomorphs of tabular crystals believed
to have been ilmenite.
··
Chemical analyses of the intrusive rocks (table 12)
indicate that rocks of both basaltic and dioritic composition are present. Two of the rocks (table 12,
analyses 2, 3) are similar to average tholeiitic basalt
and dolerite (analyses 4, 5), although they contain
more normative plagioclase and less fernie constituents.
The rocks with modal quartz are dioritic (analysis 1)
and contain normative andesine rather than labradorite,
but they lack the potassium found in normal diorites
(analysis . 5). The presence of euhedral plagioclase
with strongly sodic outer zones and the interstitial
eutectic quartz and oligoclase in these r<><?ks suggests
that they crystallized from basaltic magma locally
enriched in sodium and silica.
These mafic rocks represent in'trusions of basaltic
m•agm:a. during the earloier stages of Pa-leozoic orogeny,
after in;itirul folding of the Ocoee series but considerably
befure the ·peak of regi·ona1 defonnation and me·tamorphism, during which the intrusive bodies in the northeastern part of the ·area were altered to chlorit'ic greenstone. The mafic rocks near Clingmans Dome were amphibolitized independently and prdbalbly ear'l[er, for
they did not pass through a greensch~st phase that
would have destroyed their igneous textures.
TRONDHJEMITE DJKES

Di~es

of biotite trondhjemite are common in the
Carolina gneiss east and southeast of Dellwood in and
just outside the present map area. In road cuts along
the Pigeon River 41j2 miles northeast of Dellwood a
trondhjemite dike cuts micti gneiss of the Great Smoky
group. Few dikes were observed in the Soco-Cherokee
belt; but similar bodies are mentioned by Cameron
(1951, p. 12) as occurring in the granite and adjacent
rocks in the vicinity of Bryson City.

B72

GEOLOGY OF THE GREAT SMOKY MOUNTAINS, TENNESSEE AND NORTH CAROLINA

in percent, of metadiorite and metadiabase dikes and siZZ8, Great Smoky Mountains, Tenn. and N.O.

TABLE 12,:._0hemicaZ composition and norms,

----------------1
NO-----------------------

Analysls
••••••
1
Lab.
E2150
Field No·--------------------- CD-157

I CD-172
2
I---------3
I---------4
I---------5
E2151
---------- ---------- ----·------

Chemical Compo& I tion
BlOt--------------------------AhOs-------------------------Fe,Oa. _----------------------FeO·-------------------------MgO·------------------------CaO •• __ ---------------------NatO-------------------------K,o___________________________

55.45
15.28
. 97
7. 34
5. 58
8. 07
4..16
06

HsO+------------------------HaO-------------------------TlOt-------------------------PtOa-------------------------MnO-------------------------co,___________________________

1. 23
. 12
1. 38
.12
14
.. oo

B______________________________ ----------

cu ____________________________ ---------TotaL-------------~----

. 51.86
50.83
50.9
50.29
16.40
14.07
15.2
18.90
2. 73
2.88
1.6
. 78
9. 06
6.97
8. 4
6. 14
6.12
6.34
7.5
7. 69
8.40
10.42
10.8
9. 58
2.
23
3.36
2.
4
2.. 83
o9
.82
1.33
.2
.91
.80
.85
2. 41
. 17 ---------- ---------- ---------. 83
1. 7
2. 03
1. 50
. 08
. 20
. 23
. 35
12 ---------- _________
.18 _________
. 18_
.. 02
---------. 10 ---------= ------------------. 46 ---------- ----------

99. 90

99. 93

100. 31

100. 00

100.00

Trace elements, midpoints oCranges determined by semiquantitative spectrographic
Analysis
[J. C. Hamilton, analyst]
Ba. --------------------------Co._-------_________________ _
Cr ____ --- _••• ____ ••• ---- _____ _
Cu. __ •• _________________ ._. __ _
Ga.--------------------------Nl.----··-----------·-·-·---Be
•••••••••
____ • _______ • ______ _
Br __________ ----- _____ • _______ _

v--- --------------------------

y---------------------------Zr
----_______________________ _

0.003
.. 003
.015
.0015
.0015
.007
.003
.03
.015
.003
.007

0.003
.003
.015

.003
.0007

.007
.003
.03
.007
.003
.007

Norms
Quartz-----------------------Orthoclase____________________
Albite •• _______________________
Anorthite_____________________
CaSlOa-----·-·---------------MgSlOa---·-·----------------FeSlOa
•• ____ ;_________________

4. 74
1.11
34.06
23.07
6. 73
13.9
10. 56

MgsSIOt---- ---- ------·------- ---------FeaSlOt-- _-------------------- ---------Magnetite_____________________
1. 39
Ilmenite_______________________
2. 74
Apatite. ___ ------------------. 34
TotaL__________________

0. 0

0.56
24.10
38.36
3.83
17.00
8.19
1. 54
.82
1.16
1. 52
. 20

2.16
1.11
20.44
30.02
9. 51
18.8
11.35

-----i32-

3. 5

5. 0
18.9
25.9
10.3
15.8
11.2
-----4~2--

0.3
7. 8
28.3
25.8
5.6
15.3
8. 5

-----T9-

3.t9
. 34

3. 8
.5

2. 9
.8

98.64

97.28

99.24

99.10

99.20

Anto

An&t

An60

An as

Ants

----·-·---------1---- -62.46
- - -50.46
- - - -44.8
---Normative plagioclase_________
57. 13
54.1
1. Hornblende metadlorite, medium-grained, north slope of Cllng~ans Domei eastern Great Smoky Mountains. Modal composition (in percent): hornb en de,
50; pl~gtoclase, 40; quartz, 5; magnetite, 3; sphene, 1; apatite, etc., 1. D. F.
Powers, analyst.
2. Hornblende metadlabase, medium-grained, north slope of Clingmans Dome, eastern Great Smoky Mountains. Modal composition (in percent): hornblende,
47; plagioclase, 44; chlorite, 6.5; clinozoisite, 1.5; sphene, 1. D. F. Powers,
analyst.
3. Hornblende metadiabase from dike southwest of Adams mine on Sugar Fork
of Hazel Creek, southwestern Great Smoky Mountains (B. C. Moneymaker,
written communication). TVA Materials Testing Laboratory analyst.
4. Average tholeiitic basalt and dolerite (Nockolds, 1954, p. 1021).
5. Average diorite (Nockolds, 1954, p. 1019).

The trondhjemite dikes in the e-astern part of the
report area range in width from 2 inches to 10 feet,
although most are 2-3 feet wide. The rocks are l•ight
to medium gray and mostly even grained, the grains
ranging in diameter from 2 mm in the coarsest to 1 mm
in the finest. The Jia1~ger dikes have the coarsest texture
eEept for a fine-gva:ined contact zone, a few mil!lime'ters
thick, rich in quartz and free of mafic minerals. Irregu-

lar patche's of coarser texture with ind~stinct outlines
occur locaHy in the dikes, and more sharply d~fined
dikel~ts of sti'll coarser rock traverse them, apparently
along fractures nearly contemporaneous with their
em~placement.

The com·posi'tion of the trondhjemite dikes, shown in
table 13, is f.airly uniform throughout the range of
speoimens co'llected: Calcic oligoclase is the dominant
constituent and forms the largest grains, which are
twinned on the Carlsbad law and generally well zoned.
The grains are. anhedral to sulbhedra'l, with irregul:ar
margins containing many inch.isions of quartz and
biotite. ·The quartz is somewhat finer grained and
commonly crushed ; with biotite it forms a weak flow
structure in some of the dikes. Potassium feldspar generaNy amounts to less than 5 percent of the rocks, is
predominantly interstitial, and only rar~ly occurs in
l•arger grains. Biotite and magnetite are the only ferromagnesian minerals ·present .in most dikes. Biotite,
eit:her reddish brown or o'l:ive green in different dikes, is
mostly in disseminated flakes less than 1 mm across, but
it locally appears in small clusters. One dike cutting
horniblende gneiss near Purchase Knob cont•ains xenocrysts of green hornJblende th31t are rounded and
embayed, and surrounded by green biotite.
'T'he trondhjem,ite dikes foHow the strike of the country rocks but dip steeply and cut across them in vertical
diim•ension. Locally they form smaH phaooliths in folds
of the Carolina gneiss. The only effoot of contact with
the Oarol'ina gneiss was minor and locwl silicification of
the waHrocks, but mica schist and mG.ca gneiss of the
Ocoee series were local'ly feldspath:ized and kyanite
altered to muscovite in thin contJa•c't seJlvages.
.A!l'though the dikes sharply cut layering and foli31tion
in the gneisses, they are themselves weakly fo1iated
paral~el to slip cleavage or secondary foliation in the
wa'llrock, and catwcllastic textures are evident in thin
section.
TABI.E 13.-.llfodal composition in percent, of trondhjemite dikes
2

3

4

Quartz___________________________________
Oligoclase _____ "--------------------------

32
25
30
25
59
65
65
50
M~ft~~~:::::::::::::::::::::::::::::::
Tr6 --------5- -------3-- --------15
Potassium feldspar_______________________
3
5
1
10
Apatite •• -------------------------------Tr. ---------TTrr.. -------T--r-.
Epidote ____ -----------------------------Tr.
Tr.
Sphene.:. •• -----------------------------Tr.
Tr.
Tr.
Orthite .• -------------------------------Tr.
Tr.
Tr.
Magnetite __.----------------------------- ---------Tr. ---------Tr.
Hornblende ______________________________ ---------- ---------- ---------Tr.
Zircon •.• -------------------·-----------------------------------------Tr.
100
100
100
TotaL----------------------------1. Ten-foot dike in biotite gneiss, west side of North Eaglenest Mountain, Dellwood
. .
quadrangle.
2. Three-inch dike in biotite gneiss, south side Eaglenest Mountain.
3. Two-fcot dike in epidote biotite gneiss, 3 miles east of Dellwood quadrangle.
4. Two-foot dike in biotite-hornblende gneiss, S(Jutheast slope cf Purchase Knob,
Dellwood quadrangle.
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PEGMATITE

Many small bodies of granite pegmatite are dis'tribu'tad a;.long the southern and southeast margins of the
area in both the basement complex and the Ocoee ~ries.
They are probably Paleozoic (p. B107) and are closely
related to the trondhjamite dikes in composition, arerul
d~stribution, and relatJions to the enclos'ing rocks. They
differ from older granite pegmatites of the basement
com'Plex in their more sodlic composition, white rather
than pink feldspar, and comparative lack of deformation. Pegmatite'S are scarce within the map. area but
become more. rubundant east and southe·ast of Delhv~od
and in the vicinity of Bryson Oity, where they attain
their .greatest size and have been ex•tensively worked for
feldspar.
Pegmatites in t•he Dellwood area are small, few, and
l:itJtle exposed. They are at most only a few feet wide
and occur predominantly in the more micaceous rocks
of the Carolina gneiss; on Setzer Mountain west of
M•aggie and in the Plott Balsams, they also occur in
mica schist and mica gneiss of the Ocoee series. The
sma'ller bodies vis'ilble in single outcrops are lenticular
and follow the domin;an't foliation in the rock. In the
more micaceous rocks they have irregular shapes that
cut across wal1:rook structures.
No importan't pegrn31tite bodies were seen in the SocoOherokee be!Jt, but a few 1-12 feet thick and several tens
of feet long were found in the Ocoee series on Mount
Nolble northwest of Cherokee village and at the east
edge of the gn~iss north~a:st of R·avensford. Many
small pegm.atJi'te bodies, ranging in width from a few
inches to 4 feet, are present in mica schist of the Ocoee
series near the dam on the Ocona'luftee River at E'la.
The pegmatite in these areas consists principally of
quartz, white oligoclase, and white to cream-colored
perthite in subequal a·mounts. It contains muscovite in
ft.at or prisrn:atic books, 2-4 inches a·cross, and traces of
ragged an'hedral biotite. Al'l the bodies are too small or
too poorly exposed to reveal inte~nal structure.
The pegm·atites of the Bryson Oity district have been
fuHy described by Cameron (1951). They are abundant b6th in the granite complex and the· surrounding
me't'asedimentary rocks but -are concentrated along the
northwest margin of the complex. The largest body is
nearly 500 feet long and 40-200 feet wide; others a.ppe;ar to be less than 200 feet long and less th•an 5Q feet
t~ick. They are grossly lenticul,ar although the larger
ones nre very irregular in detail. Most of them are
elong31te northward and dip steeply westward; some
have been eX'p'lored to suffi.oient depth to indic.a'te that
their major dimensions pitch steeply southwest.
Oameron (1951, p. 24) poinrt.s.out.that fractl,Irescontrolled the em,placement of .m,any pegmatite l;>Od:ies and
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bedding and foliation in the metasedimentary rocks
control1ed the emplacement of others. Some of the
larger bodies a•long tJhe northwest margin of the granite
complex appear to be controlled by faults and fractures
related to asy·mmetric flexures plunging mode~ately to
steeply southwest in a marginal belt of augen gneiss.
Internal features of the pegmatite bodies include
successive zones, or shells, of different structure and
composition·; replacement of pre-existing pegmatite
with or without obvious structural control ; and fracture
filling in previously consolidated pegmatite. The sequence of zones in ward from the walls is that usually
found in zoned pegmatites, although only five simple
mineral assemblages are generally present: plagioclasequartz with minor to subordinate perthite; plagioclasequartz-perthite; perthite-qua.rtz and quartz-perthite
with an anomalous subdivision consisting of perthiteplagioclase-quartz; and quartz. Muscovite is abundant
in only a few pegmatites and commercial mica production has been small. The most abundant accessory
minerals are biotite, magnetite, and garnet. Tourmaline, allanite, and beryl occur in a few pegmatites, and
a little pyrite, fluorite, and galena occur alqng fractures
in some of them.
ULTRAMAFIC ROCKS OF UNCERTAIN AGE

Metamorphosed ultramafic rocks occur at many
places in the basement comple~. Most of them are
bodies a few feet to a few tens of feet wide, but a larger
body, 1,000 feet across, crops out near the crest of Hurricane Mountain near the east edge of the report area
and another lies north west of the Redmond mine at
Shelton Laurel. The larger bodies are all poorly exposed, and little is known about their shapes or contact
relations. The rocks in them are generally dark and
rusty weathering. Some are composed of actinolite or
tremolite, garnet, quartz, and magnetite; others are
pale to dark green, weakly schistose, and composed
largely of chlorite and actinolite. One specimen contains iron-rich olivine, apparently of metamorphic
origin, and small amounts of apatite and magnetite.
Smaller bodies of ultramafic rock are widely distributed in the basement complex. Most are dull yellowish- or brmvnish-green rocks composed of fibrous
actinolite and chlorite in various proportions. The
chloritic varieties locally contain abundant biotite.
Such. a body, nearly 150 feet wide, is prominently exposed beside the truck trail on Bradley Fork, 2,200 feet
beyond the gate.at the north end of the campground at
Smokemont; it lies between feldspathic sandstone of
the· Thunderhead sandstone and biotite augen gneiss of
the Ravensford body. Against the sandstone it is·
b~rde~;ed by. a thin selvage of biotite schist,. and against
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the gneiss,. by dark hornblendic rock with pale-brown
garnet-both probably products of post-Ocoee metamorphism.
Similar, but smaller bodies of ultramafic rock, a few
feet to a few yards wide, occur near the basement-Ocoee
contact on Piney Mountain and south of Shelton Laurel.
Most of them contain hornblende in addition. to actinolite, with subordinate amounts of chlorite and traces of
biotite, apatite, and sphene. In the Dellwood quadrangle, such rocks are represented only by float fragments but appear to occur particularly along the east
margin of the Carolina gneiss south of Maggie and near
the base of the Ocoee series along the 'vest side of Buck
and Setzer Mountains.
Because of their high magnesia content and the
absence of feldspar, most of the smaller bodies appear
to represent altered peridotite similar to that found in
the Carolina gneiss in adjoining parts of the Blue Ridge
province to the east and south ('Pratt and Lewis, 1905;
ICeith, 1907, p. 3; Hadley, 1949). They were not
found in the Ocoee series, but they commonly occur at
or near its contact with the basement complex, suggesting that they are younger than the Ocoee series and
were emplaced in early Paleozoic time.

,_STRUCTURAL GEOLOGY
The rocks of the eastern part of the Great Smoky
Mountains have a great variety of folds, faults; cleavages, and joints that have resulted from deformation
beginning in Precambrian time and continuing intermittently throughout most of the Paleozoic. Precambrian deformation affected only the rocks of the basement complex, and structural features of this age
have been so obscured by later deformation and metamorphism that little is known about them. Both deformation and metamorphism in the Ocoee series a.ppear
to have reached their greatest intensity in Devonian
tim~, when an early stage of folding was followed by
extensive low-angle thrust faulting and then by intense
folding accompanied by the principal regional metamorphism. These events were succeeded in the late
Paleozoic by renewed low-angle faulting by which
folded and recrystallized Ocoee rocks were. pushed
northwestward over the Paleozoic rocks of the T(mnessee Valley but were otherwise not greatly affected.
The welter of structural features thus produced includes larger folds ·and faults which can be mapped, as
well as a host of minor folds, various cleavages, foliations, lineations, and joints that can not be adequately
shown on maps but have wide, commonly overlapping,
distribution. The major elements that make up the
structural framework of the eastern part of the Great
Smoky ]\fountains consist of ( 1) westward-trending

folds and high-angle reverse faults in the rocks of the
foothill belt, (2) a group of low-angle thrust faults,
represented by the Greenbrier fault, on which basement
and Ocoee rocks have been brought northward over
other Ocoee rocks, and ( 3) another series of folds and
faults, younger than the overthrusting and trending
northeast (pis. 1 and 3) . In the following discussion
they are considered mainly according to geographic
location from north to south. Structural aspects of
cleavage, foliation, and lineation are included with the
description of the major structural units; their petrological aspects are considered in the section on metamorphism. Other minor features, such as joints and
cleavage relations, are discussed separately.
FOLDS AND FAULTS OF THE FOOTHILL BELT
COPELAND CREEK AND CARTERTOWN ANTICLINES

In the northwestern part of the map area the Roaring
Fork sandstone and Pigeon siltstone ~appear in a complex anticlinal belt, 5 miles wide, that· is bounded on
the south by the Greenbrier fault. A 'veil-defined northern flank extends along the northern boundary of the
map; an equally well defined southern flank occupies
much of the area east of Gatlinburg; and a less well defined crestal region trends slightly south o~ east from the
vicinity of Cartertown to the north slope of Greenbrier
Pinnacle. The crestal region cont~ins several subordinate anticlines trending east-northeastward, .separated
by high-angle reverse faults, and dying out successively
en echelon (pl. 3). Two of these subordinate anticlines, the Cartertown anticline to the northwest and
the Copeland Creek anticline to the southeast, are more
clearly defined than the others and are separated by the
Gatlinburg fault.
The structural details of the Carte.rtown and Copeland Creek anticlines are much alike. The north limbs
of both folds are largely in the Pigeon siltstone, whose
beds dip ·generally 20° northward to vertical. Locally
overturned beds dip as low as 60° S. Minor folds in
the northern limb of the Copeland Creek anticline
produce local reversals in attitude so that gentle southeast dips ap.pear at several places, but many of these
folds ·are so small that the accompanying reversed dips
are suppressed on the map· in favor of more re-presentative attitudes. The ·north limb of the Cartertown
anticline has no reversals of dip (except for overturned
beds), but gently plunging minor folds are revealed by
large variations in the inclination of northward-dipping
beds. The south limb of the Copeland Creek anticline
is largely in the Roaring Fork sandstone, whose beds
have much gentler ·dips, ranging from 15° to 30° SE.,
and few minor folds of mappable size. The southeast
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limb of the Cartertown anticline, on the other hand, is
largely in Pigeon siltstone in a belt only one-half mile
wide just north of Dudley Creek, and the beds on this
limb are considerably more folded.
The major folds plunge consistently east-northeastward as shown by many bedding attitudes in the crestal
region. Such attitudes in the Copeland Creek anticline
range generally from 10° to 20° E. ; those in the Cartertown anticline are steeper, ranging from 22° to 45° E.
Minor folds of outcrop size (roughly 5 ft or less in
wavelength) occur in the thinner bedded rocks of both
the Pigeon siltstone and the Roaring Fork sandstone.
They are open folds with apical angles more than 90°,
always asymmetrical with northward-dipping limbs
much steeper than southward-dipping ones. Rather
well defined axial surfaces are inclined 30°-60° S. and
axes plunge gently 5 °-20° E. In the vicinity of the
Gatlinburg fault, minor folds occur in.moderately thick
sandstone beds of the Roaring Fork; these folds are
tighter, with apical angles less than 90°, and show more
erratic and ste~per plunges, a few plunging westward.
Regional slaty clea:vage is variable in the finer
grain~d rocks of the Copeland Creek and Cartertown
anticlines. It is most pronounced in slate and phyllite
but occurs also in most of the metasiltstone and in the
finer grained and more argillaceous sandstone. It is
not visible in most sandstone beds either in the Roaring
Fork sandstone or· Pigeon siltstone; Slaty cleavage
increases in intensity southward; but along the crest
and north limb of the Copeland Creek anticline east
of the Little Pigeon Riv,er it is inconspicuous even in
the finer grained rocks.
The regional cleavage strikes northeastward and dips
southeastward throughout the two major folds, its
average attitude in the Cartertown anticline being N.
50° E., 57° SE. ~nd in the Copeland Creek anticline
N. 40° E., 42° SE. (fig. 28A and B). It thus strikes
nearly parallel to beds on the south limbs of these folds
but is highly oblique to beds on the north limbs. Many
outcrops show that the cleavage lies within the apical
angle of minor folds, and intersections of bedding and
cleavage plunge consistently east-northeastward parallel to the plunge of ~he major folds.
CHESTNUT MOUNTAIN

ANTIC~

The steeply dipping beds of the north limb of the
Copeland Creek anticline can be traced eastward nearly
to the Sevier-Cocke County line, beyond which they
are abruptly succeeded by beds dipping moderately
southeastward. These beds form the south limb of a
faulted anticline whose crest lies in the area of Chestnut
Mountain and its northeast continuation known locally
as Gulf Mountain. Fine exposures of folded Roaring
678-811 0-63.----6
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Fork sandstone in the crestal region can be seen where
the Pigeon River cuts through. Gulf Mountain a mile
southeast of Hartford, Tenn. The south limb of the
Chestnut Mountain anticline forms a belt, 1-2 miles
wide, extending eastward across Buckeye Lead, Gabes
Mountain, Round Mountain, and Turkey Knob. Beds
of the Roaring Fork sandstone and Pigeon siltstone dip
generally 25°-40° SSE. throughout the belt; very few
minor folds and no reversed dips are present. The
n<?rth limb, large)y cut ofi by the Gatlinburg fault
system, consists of steeply dipping beds striking eastnortheastward and commonly overturned toward the
north. The crestal region near Hartford is marked by
open folds plunging 20° WSW. opposite to the plunge
of the Copeland Creek and Cartertown anticlines.
Slaty cleavage strikes uniformly east-northeast and
dips 30°-50° SSE. Both cleavage and bedding are
visible in many outcrops, especially in the Pigeon siltstone, where cleavage is either somewhat steeper than
bedding, or nearly parallel to it. In the crestal part of
the anticline, slaty cleavage dips 50°-75° SSE. and is
considerably steeper than it is farther south.

()

SNAG MOUNTAIN FAULT

The boundary between the Copelland Creek anticNne
and the Ohestnut Mountain anticl;ine is the Snag Mountain fault on which the uppermost part of the Roaring
Fork sandst~ne is brought northward over Pigeon siltstone at least 2,000 feet higher in the sequence. The
fault .i1s not well enough eX1posed to determine its dip;
nevertheless, stratigraphic and structural relations on
either side indicate that it is a reverse fault dipping
moderately southeastward. As stratigraJphically lower
rocks llippear on the southeast side of the fault, the fault
must dip more steeply than the faulted beds, which in
this.area dip 10°-25° SE. On the other hand, the fault
has cut thTough a maj'Or anticline so as to bring gently
dipping beds f.rom the south limb over steeply dipping
beds on the north l·imlb. The £ault is therefore less steep
than the axial plane of the fold affected, which, if similar to the Copeland Creek anticline, dips between 50°
and 60° SSE. Thus the Snag Mountain fault is probably a reverse fault, dipping 1perha-ps 35° SE. It fol-.
lows that .the Chestnut Mountain .anticline may be a
displaced part of an eastward continuation of the
Copeland Creek anticline, .the rest of which is concealed
beneath the Greenbrier fauh.
GATLINBURG FAULT ZONE

The Cartertown and Copeland Oreek anticlines are
separated by a zone of Steep reverse faults that extends.
throughout the foothi'l l belt in the eastern pa·rt of the
Great 8moky Mountains. Some of the faults are ex1
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28.-Equal-area stereographlc projection on lower hemisphere of schlsto'sity, fold axes, and llneation in the Cartertown, Copeland
Creek, and Ravensford anticlines, eastern Great Smoky Mountains.

GEOLOGY OF THE EASTERN GREAT SMOKY MOUNTAINS, NORTH CAROLINA AND TENNESSEE

posed in the town of GaUinlburg, where they have been:
named the Ga.tlinburtg f.au[t system by King ( 1963) .·
Throughout the present report area tJhe Gatlinburg
:fault system is represented !by a zone of ·faults, in part,
ma·rked· by topographlic eX'pression but defined m·ainly
by the l'arger structural features .that are displaced
along it. The zone finds topographic expression in the
troughl1ike strike Vlalley of Dudley Creek and farther
east in the va'Hey of W eJjb Creek. Through most of its
course the zone is either poorly exposed or covered by
alluvium; and topographic eXJpression, though marked
in some places, is aJbsent in others.
Faults of the Gatjlinlburg zone are eX'posed chiefly in
highway cuts along Tennessee State Route 73 between
Gatlinburg and the west part of the Webb Creek v:aHey.
In these exposures the Roaring Fork ·sandstone and
P:igeon sHtstone are unusually broken, shea·red, and
marked by slickensided surfaces trending northeastward to east-northeastward and di,pping 50°-80° SE.
Striations on these surfaces plunge 20°-80° SE. The
rocks on opposite sides of the zone are so si·mil•ar that
no fault oon be identi·fied as the principa:l one, and the
rum·ounts of displacement on indiviidual faults are not
evident. The exact location or width of the :flault zone
is ndt evident, and the line drawn on the map shows
on1y its 1Wpproximlllte position.
A better impression of the magnitude .of the Gatlinburg fault is gained from the larger structural features
that are displaced by it. It separates the Cartertown
and Copeland Creek anticlines, offsets the trace of the
Snag Mountain fault by more than a mile, and brings a
thick section of Roaring Fork sandstone against Pigeon
siltstone for 7 miles west of Hartford.
The top of the Roaring Fork sandstone on the crest
of the Copeland Creek anticline is about 5 miles east of
its position on the crest of the Cartertown anticline, and
part of this difference ha'S resulted from verticafJ. movement on the Gatlinburg fault zone. As the top of the
:fovmation, however, is stratigraph'idally lower in the
Oarterbown anticline than in the Oope·l'and Creek anticline (p. B34), the apparent displacement is exaggerated; to allow for this, the offset of comparable beds on
opposite sides of the fault is estimated at 3 miles. If
the trace of the displaced beds in the fault zone plunges
20° E., 31pproxim'at~ly parallel to the plun!!e of the
nearby folds, the vertical component of displa~ement on
the fault is albout 1 mile. Stratigraphic displa;cement
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on the fault where it is crossed by section G-G' estimated at 6,000 feet, which agrees with the postu1ated
:fault movement.
Along the valley of Webb Creek, the Gatlinburg
fault zone consists of two fault strands one-half mile
apart, both of which cut the Snag Mountain fault. If
one assumes dips of 35° SE. for the Snag Mountain
fault and 60° SSE. for the strands of the Gatlinburg
fault, the offset on the southern strand would have a
vertical component of displ13iC01Ilent of aJbout 4,000 feet.
Farther east at least 4,000 feet of Roaring Fork sandstone and an unknown thickness of Pigeon siltstone are
miissing at the Gatl.inlburg fault ~one. As these beds
have been cut· by m'Ovements on both the Snag Mountain and Gatlinburg £au1ts, no esti.mate of movement on
tJhe Gatlinlburg fault is p<>sS~ble.
Although only vertical components of the fault
movement have been considered so far, southeastwardplunging striations on fault surfaces in the Gatlinburg
fault zone show a pronounced strike-slip component by
which the uplifted southern block has moved west relative to the northern block. The attitudes of striations
suggest thtat tJhe strike-slip com'Ponent is less tJhan half
the dip-·sli'P component, but dbservations were too few
and the attitudes too divergent to make this more than
an 31pproxim'ation. The strike-'Slip component was
pro'baJbly .pot l1arge or it would h'ave more fully oounteracted the displacements produced by the. vertical
component.
MINOR FAULTS

The rocks of the Copeland Creek and Cartertown
anticlines are broken by many smaller faults related to
the Gatlinburg fault syste.m. Many interbedded sandstone and siltstone units in the Roaring Fork sandstone
are offset along steep southward-dipping reverse faults
of a few hundred feet displacement. Nine such faults,
traceable for 11h-4 miles, are shown in the south limb
of the Copeland Creek anticline and others are undoubtedly present. Most clearly seen in the field is the
fault a mile north of Greenbrier Cove, on which a sequence of interbedded sandstone, siltstone, and phyllite
is offset 800 feet and the stratigraphic displacement is
about 300 feet. A similar sequence of thick sandstone
units on the lower part of Roaring Fork just southeast of Gatlinburg is. offset on a fault with stratigraphic
displacement of about 130 feet. Displacements on other

EXPLANATION OF FIGURE

28

A. Car~ertown anticline, contours on 85 poles to slaty cleavage, in percent.

/!. Copeland Creek anticline, contours on 152 poles to slaty cleavage, in percent.
0. ThVnderhead sandstone on northwest side of Ravensford anticline; contours on 71 poles to schistosity, in percent. In this
and figure 28D note the partial girdles formed by schistosity and foliation about the axes of second generation folds.
D. Gneiss of the Ravensford body, Ravensford anticline; contours on 103 poles to foliation, in percent.
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faults cannot be as confidently estimated. · In 1 or 2
exceptional places the fault surfaces themselves were
seen; otherwise exposures reveal only that the faults
are moderately steep.
A particularly instructive exposure is a cut 200 feet
long on the ·Park Service road between Emerts Cove and
Greenbrier Cove about 1.8 mile southeast of the park
boundary. At least six small faults are exposed in this
cut (fig. 29); most dip from 20° to 40° S., although

FIGURE 29.-Minor faults in Roaring Fork sandstone, road cut on Little
Pigeon River, 1.75 miles south of park boundary. S-joints, mostly
filled with quartz, are bent or .slightly displaced on minor faults with
slickensided surfaces.

one curves steeply upward to vertical attitude. Bedding in these rocks is more folded that usual in the vicinity, and several of the faults are nearly parallel to
slaty cleavage in the more argillaceous rocks. The
faults themselves are marked by thin zones of highly
sheared rock but not much gouge; the associated shear
joints in sandstone are slickensided. From this and
similar exposures elsewhere, it appears that minor faults
were guided by beddin:g, slaty cleavage, and associated
·
joints.
Another instructive exposure is in a .large cut on the
north side of Highway 73 about a mile east of the town
of Gatlinburg. Here a fault which offsets Roaring
Fork sandstone by several hundred feet, was exposed
during highway construction in 1950 when the section
shown in figure 30 could be seen. The footwall consists
of sandstone dipping 25° SE. underlain by .about 5
' feet of light-green slate and an unknown thickness of
darker gre.en moderately well bedded metasiltstone in
the upper part of the Roaring Fork sandstone. Slaty
cleavage in these beds strikes northeastward and dips
40°-75° SE. The fault, striking about N. 35° E., is
a sharp contact between gently dipping sandstone in
the footwall and steeply dipping argillaceous sandstone
upturned in the hanging wall. It follows bedding in
the overriding rocks, but rises in the overridden rocks,
thus bending the overriding argillaceous sandstone into
near vertical position and rotating its normally southward -dipping cleavage to northwestward-dipping
attitudes.
Several other minor faults of the Gatlinburg system
trend north-northeastward rather than parallel to the
east-northeastward trend of the Gatlinburg fault zone.
They are probably closely related to larger reverse

faults trending north-northeastward in the vicinity of
Gatlinburg and west of it in the central Great Smoky
Mountains area (King, 1963), and they are interpreted
as dip-slip faults striking at right angles to the northwestward movement of the system as a whole.
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Massive sandstone
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FIGURE 30.-Thrust fault in Roaring Fork sandstone cuts sharply across
massive sandstone and rotates cleavage. Large roadcut on Tennessee
Highway 73, a mile east of· Gatlinburg.

AGE

No faults of the Gatlinburg system cut rocks younger
than the Ocoee series, therefore no direct evidence of
their age is available. The faults are younger than the
regional metamorphism of the Ocoee rocks, for the
regional cleavage is distorted near them and sheared
rock and slickensided surfaces are not recrystallized.
Faults of the system displace the Greenbrier fault west
of Gatlinburg according to King. Thus the Gatlinburg
fault system is postmetamorphic, late in the tectonic
history of the region, and may belong to a late Paleozoic
episode of deformation.
DUNN CREEK FAULT

The Wilhite formation between Cosby and Hartford
is separated from the Pigeon siltstone by ·a southeastward -dipping fault continuous with one mapped by
Hamilton (19~1, p. A-40) to the west and called ·by
him the Dunn Creek fault. A similar fault at this
place is also shown by Rodgers (1953, pl. 10).
Exposures close to the fault can be seen on Tennessee
Route 32, 2,200 feet northwest of its intersection with
Ro~te 73 southeast of Cosby, and on the upper slope~
of the bluffs overlooking the Pigeon River east of
Bluffton. Although the fault is concealed in most
places, it marks a sharp contact from dark-gray slate of
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the Wilhite to greenish sandstone and siltstone of the
Pigeon. In the exposure on Tennessee Route 32, the
Pigeon is much fractured and cut by seams of gouge,
and the fault apparently dips moderately southward.
On the ridge east of Bluffton, prominent sandstone
beds in the Pigeon dip 20°-30° SE. and ~verlie folded
dark-gray slate of the Wilhite dipping 25°-65° SE.
Shear surfaces in the sandstone dip about 35° SE., and
the underlying fault as traced down the west end of the
ridge dips between 20? and 25° SE. Just west of
Hartford, the fault, together with bedding and cleavage
in the adjacent rocks, bends sharply southward as
though in a southwestward-plunging fold. The fault
must steepen downward as shown in sections A-A'
and B-B' (pl. 1), for it is not brought up south of the
Gatlinburg fault.
··~

,,
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GREAT SMOKY FAULT

The northern boundary of the Wilhite belt is also
a fault, mainly because it is strongly discordant to bedding in the Cochran formation on the south slope of
Green Mountain and in the gorge of the Pigeon River
between Green Mountain and Stone Mountain. This
fault is largely covered by coarse surficial deposits shed
from Green Mountain and is not exposed within the
area studied. Parallelism of the mapped boundaries
of the Wilhite belt, however, suggests that the bounding surfaces are also approximately parallel and that
the northern fault also has a low south dip. Rocks
near the fault are exposed on the north bank of Caney
Creek, 100-400 feet east of its junction with Cosby
Creek at the southwest corner of Green Mountain,
where a broad smooth ledge of sandstone of the Cochran formation, much sheared and silicified, slopes 15°250 S. beneath the alluvium of the valley floor. The
soft slate of the Wilhite formation, exposed 300 feet
to the south on Route 32 and on the road along Caney
Creek, becomes increasingly sheared and brecciated
northward, and the southward-slopi1-lg ledge of Cochran may represent a 'fault surface from which the overriding Wilhite has been stripped. Nearby spurs on
the south side of Green Mountain, whose average slope
is between 18° and 20° S., may also be close to the
original fault surface.
Th~ fault is probably the same as a southwarddipping low-angle fault described by Hamilton (19(31,
p. A-43) in the adjacent Jones Cove quadrangle, which
brings other rocks of the Walden Creek group over the
Cochran formation and is correlated with the Great
Smoky fault of the central and western Great Smoky
Mountains.
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GREENBRIER FAULT

The folded and faulted rocks of the foothill belt are
cut off on the south by a folded low-angle thrust fault
on which rocks of the Great Smoky group are brought
northward . over the Snowbird group. This fault
extends along the north front of the range in the eastern, central, and western parts of the mountains and is
especially well revealed on the north slope of Greenbrier Pinnacle where it was first recognized and named.
To the east, the fault curves sharply south around the
Cataloochee anticiinorium in the eastern part of the
report area. On the southeast side of this structure
it cuts below the Great Smoky group through rocks of
the Snowbird group into the basement complex, which
thus appears in the overriding block. The Greenbrier
fault appears again bounding the Straight Fork window in the central part of the report area.
For most of its length, the Greenbrier fault is one
of the most easily traceable contacts in the area. From
Greenbrier Pinnacle eastward, it is marked by the
abrupt lithologic contrast between fine-grained rocks of
the upper parts of the Snowbird group and Rich Butt
sandstone and the much coarser sandstone and conglomerate of the Thunderhead sandstone. At many
places from Greenbrier Pinnacle to the headwaters of
Cosby Creek and again on Mount Sterling Ridge, this
contrast is reinforced by marked divergence between
the trend of the fault and the attitudes of bedding in
the adjacent rocks.
The fault is less easily traced where finer grained
sandstone of the Elkmont sandstone overlies similar
rocks of the Roaring Fork. The relation is more deceptive, because in this area beds above and below the fault
are nearly parallel for several miles. Similar deceptive relations exist in the vicinity of Big Creek southeast of Cammerer Ridge, where thicker and coarser
beds of the Rich Butt sandstone resemble those of the
Thunderhead sandstone, and there is little ·structural
discordance on opposite sides of the fault.
The Greenbrier fault can be located within less than
100 feet at many places on steep ridges and ravines
crossed by it, and the dip of the fault measured at such
places ranges generally -from 25° to 35° S. On Mount
Winnesoka, the fault dips 25° SSE. in a vertical distance of 700 feet; at the west end of Greenbrier Pinnacle it dips 25° SSE. through a vertical distance of
1,700 feet. In both places the fault dips more steeply
than the overlying beds so that lower units in the Elkmont sandstone are cut off updip. Steeper dips were
noted along the fault as far east as Cosby Creek, but in
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these places exposures of the fault are worse, and their
vertical range is less. On Mount Cammerer the fault
flattens to 15° locally, and in the northernmost exposure, just northeast of ·the fire tower, it appears to be
sharply downfolded or downfaulted to the north. The
fault. steepens to 30° again where it begins its southeastward course a little southeast of Mount Cammerer
and increases to 45° SW. near Big Creek. On Mount
Sterling Ridge and Indian Ridge, the fault probably
dips 45°-55° WNW.
On the crest an:d southeast side of the Cataloochee
anticlinorium, the Greenbrier fault is not well exposed
although it can be traced without much difficulty. The
overlying rocks of the Great Smoky group contain
much mica schist which is similar to metapelitic rocks
in the underlying Roaring Fork sandstone and reduces
the lithologic and topographic contrast across the fault.
Northeast of North Carolina Route 284 between Dellwood and Mount Sterling, displacement along the fault
has brought rocks of the basement complex and the
Wading Branch formation against very different rocks
of the Longarm quartzite, but exposures reveal only a
general dip southeastward.
At the north end of the Straight Fork· window, the
Snowbird group and basement rocks are nearly surrounded by Thunderhead sandstone; the contact between them dips outward, is discordant to structures
within the window, and is interpreted as the Greenbrier
fault exposed in a large anticline comparable to the
.Cataloochee anticlinorium. Because coarse-grained
feldspathic metasandstone and quartz-feldspar conglomerate of the Thunderhead sandstone has been
brought against finer grained biotitic metasandstone
and dark feldspathic micaceous schist of the Roaring
Fork sandstone, the contact can be recognized fairly
easily in good exposures despite regional metamorphism
of both units. In some places, however, as on Hyatt
Ridge and on Straight Fork near Roses· Gap, darker
finer grained rocks of the Thunderhead are distinguished with difficulty from the adjacent Roaring Fork
sandstone.
On the southeast side of the window from Big Cove
almost to Cherokee, interbedded feldspathic sandstone
and conglomerate with minor amounts of muscovitic
schist, have been brought against dominantly lightcolored gneissic feldspathic quartzite of the Longarm.
The rocks on both sides are strongly sheared and recrystallized, and] ittle structural discordance exists between
them ; nevertheless, where exposures are good the fault
can be located closely.
Farther southwest the Greenbrier fault becomes increasingly difficult to recognize because of deformation
and recrystallization of all the rocks involved. Along

the west side of the south part of the Straight Fork
window and in the Ela and Bryson domes, rocks of the
Great Smoky group lie directly on the basement complex. No intervening rocks of the Snowbird group
could be mapped, although, rocks at several places immediately above the basement complex resemble parts
of the Roaring Fork sandstone or Longarm quartzite.
Consideration of the larger structural relations indicate that the Greenbrier fault separates basement rocks
from the overlying metasedimentary rocks on the
northwest side of the Straight Fork window. Evidence for the existence of the fault around the Ela and
Bryson domeR is inconclusive.
The Greenbrier fault has been traced for nearly 90
m.iles from the northeast to the southwest limits of the
Grea.t Smoky Mountains and extends an unknown dis-:
tance beyond them. In the eastern part of the mountains, it is exposed for 17 miles across this trend, from
Mount Winnesoka to the southeast side of the Straight
Fork window near Cherokee, or 20 miles if the distance
is measured in cross section and folding is taken into
account. Because of this folding the original attitude
of the fault is not known, but its present trend N. 70° E.
along the mountain front is probably approximately the
regional trend· before folding. As older rocks appear
in the southeastern part of the overriding mass, the
fault descended in that direction, and the overriding
rocks moved northwestward relative to the overridden
rocks .
The fault brings younger rocks (Great Smoky group)
over older (Snowbird group) throughout much of its
extent, the amount of displacement therefore could be
considerably less than the width of its outcrop belt.
Nevertheless, the displacement accounts for the great
difference in thickness of the Snowbird group on opposite sides of the fault near Cove Creek Gap and therefore is considerable. The restoration of the Snowbird
group before folding and faulting, suggested in figure
10, indicates that a belt of Snowbird, at least 15 miles
wide, is concealed beneath the· Greenbrier fault southeast of the gap, and the fault therefore must have moved
this distance. The estimate is based, however, on the
questionable assumptions that the rate of northwestward thickening of the Snowbird is approximately
known and that no important erosion of the group occurred before faulting.
Although the Greenbrier fault formed early in the
tectonic history of the region, it was preceded by folding in both the underlying and overlying rocks. This
is most evident along the mountain front (pl. 3) where
the Copeland Creek anticline is cut off by the Greenbrier fault and the related, though somewhat older
Snag Mountain fault. Folds in the overriding Thun-
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dei·head sandstone are cut off along the fault between
Greenbrier Pinnacle and Cosby Creek, and probably
also on the north of Mount Sterling Ridge. Most of
these older folds trend nearly due east.
A consideration of the stratigraphic relations of the
Greenbrier fault also yields clues to the disposition of
the sedimentary rocks before and during the early lowangle faulting. As the fault is traced westward from
its easternmost exposure southeast of Harmon Den
Mountain, the stratigraphic position of rocks immediately above the fault rises sharply from the upper part
of the basement complex in the Cove Creek Gap quadrangle through thin Snowbird rocks into the Great
Smoky group; the fault reaches its highest lev.el in the
vicinity of Big Creek, southwest of Waterville, N.C.
Frmn there westward to the Little Pigeon River, it
descends again through at least 10,000 feet of Thunderhead and Elkmont strata. These relations suggest that
the fault sliced through a broad eastward-trending
syncline of Great Smoky rocks, cutting higher strata in
the trough and much lower ones on the limbs.
A sinTHar concllusion is reached with regard to the
beds i'1nmediately below the fault. Ben~ath the Greenbrier fault at its eastern li1mit is the W 1ading Brandh
fortnn:tion, but westward tJhe fautt cuts progressively
higher units including the Longa'l~m quartzite, Roaring
Fork sandstone, and Rich Butt sand:stone. The hi:ghest
beds of the overridden rocks are now a.Jtong Big Creek
where the highest overrid·.ing rocks have come to rest.
F1~111 there westm~n.rd, the fault cuts down again in tJhe
sequence so that it lies on upper Roaring Fork at the
west edge of the map are'a. At this p·Jtace the prefault
syncl:ine was less deep, and the upturned Snowbird
rocks along the mountain front seem to represent principatlly the south limlbs oi the Cope'land Creek and
Chestnut 1\foun bai n an'ticl ines.
FAULT SLICES BENEATH GREENBRIER FAl:JLT

In two places on the north slo·pes of Greenbrier Pinnacle nnd 1\i'addron B'a:ld, rocks of the Rich Butt sandstone below tJhe Greenbrier fault are separated from the
underlying rqcks by low-'angle faults si·m·ilar to the
Green'brier fault. In t<he e!astern area, southward-dipping medium-g1~ained and arg.il'laceous metasandstone
and dark-gn~y sl ate of the Rich Butt are sharply separated from overrid.ing sandstone and arkosic conglomer;ate
of the Thunderhe·ad. The nnderlyinO'
PiO'eon
.
b
b
Siltstone is Ntt'le exposed and not much is known about
the intervening contact. Because the Pigeon is unusually thin here, it.is assumed that the upper beds have
been cut off by a ]O'W-nn:gle fault that dips less steeply
than tJhe underlying beds and has brought part of the
1
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Rich Butt sandstone up from beneath the Greenbrier
Vault.
In the western area, very similar rocks of the Rich
Butt lie between Thunderhead sandstone rubove the
Roaring Fork sandstone below. Here the Riah Butt is
more folded, and marked structu1~al discordance appea,rs at both oontacts. Bedrock ex·posures are few
between the two areas, but evidence from float indicates
that Pigeon siltstone intervenes and the fault slice is
locally overlapped by the Greenbrier fault. Displacement on the lower fault need not be great, for autoch~
thonous Rich Butt a few miles to the east probrubly
extends beneath the Greelllbrier :fault and could serve
as a source for the fault slices.
ALUM CAVE SYNCLINE

South o£ tJhe GreenJbrier fault, the rocks of the Thunderhe·ad sandstone and the Anakeesta forination occur
in a complex syncline, 6-7 miles acrosg, which includes
the northern pa-rt of the·eastern Great Smoky Mountains for more than 20 miles northeast of Newfound
Ga'p. A1lthough dominantly syndina'l, this structu~al
feature is much complicated by many subordinate folds
.and strike vaults ranging from those visible only in outcrops to some traceable for several miles. One fault, the
Mingus fault, forms the north bound31ry of a large anticline of Thunderhead sand\Stone around which the principal synclina1 trough divides toward the southwest. A·
similar but unnwmed rault forms the south boundary of
a suJbordinate syncline, north of the principal axis, in.
which the Anakeesta formation appears between Tricorner l(nob and Mount Guyot.. Besides these, lesser
folds and .faults are present, as indioated on pl-ate 3.
1\{inor folds in the western pa1~t of the syncline and
throughout its northern flank plunge gently eastward,
so that the stratigraphi0a1ly highest rocks occur at its
extreme east end. In the central and sou'the•as'tern pa·rts
of the syncline, however, the rocks have been uplifted
and thrust northward in a belt, 4 miles wide, extending
around the north end of the Ravensford anticline, so.
tha't the plunge reverses to tJhe southwest and the main
trough evenltul<'l!I:ly disruppears south of Mount Guyot.
Tlm Thunderhead and Elkmont sandstones throughout the northern limb of the syncline dip south-southeastward with a fairly consiStent attitude varied somewhat by broad fo'lds plunging genltly eastward. Thick
sandstone and conglomerate beds of the Thunderhead
dip generally 20°-35° SSE., or 15°-20° E. on the crests
of broad minor anticlines. ~arther e'ast, dips on the
crests of these folds reach 30°-4·5° E. A few folds
strong enough to be marked by nor'thward-d.ipping beds
nea.r the main syncNnal ax'i's on Moun't LeConte, in the
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Vlicinity of Mount Ch'alpm•an, and north of Mount Guyot
are indicated by :£old axes (pl. 3). As in the rocks
north of the Greenbrier f.ault, inrteribeds of metasiltstone and sl-ate are locally drag folded on a smaH scale.
Cleavage, conspicuous only in slaty interlbeds, strikes
N. 40°-70° E. •and dips 30°-50° SE . .throughout this
limb. Unusually low dirps of '20°-30° occur between unusually thick .and gently dipping sandstone 'beds. Other
deviations from the regional attitude were noted on the
crests of eastward-plunging folds, where :the cleavage of
thin slaty interbeds follows the northward .trend of adjacent sandstone beds, although not so far as to produce
noDthward-dipping cleavmge anywhere in the north
limb of the syncline.
A large anticline of 'Ilhunderhead sandstone on
Moun't Mingus rises in the major syncl~nal trough, thus
shift.ing its principal axis to the south in the area northeast of Indian Gap. The south limJb of the anticline
consists of thick-bedded sandstone and oong1ome·rnte
dipp'ing south-·southeastJward; the northern limb, of
vertical or 'steeply dipping overturned beds; the anticline as a whole plunges moderately e•ast-northeastward
parallell to minor folds in 'bdth Thunderhead and
Anakeesta strnta.
The south limb of the Alum Oave syndinol'!ium west
of Richland Mountain consists of ne·ar-vertical beds of
the lower part of the Anakeesta -and the upper part of
the Thunderhead sandstone striking east-northeast·
ward. The lower tongue of the Anakeesta fol'!IDation
makes .a conspicuous ou'tJcrop belt on th'is limb. Indi.
vidual beds are either vertiical or are overturned north·
ward to di·ps ranging from 60° to 80° S., although a few
beds dip steeply northward. Graded sandstone beds at
m•any places in the:Thurrderhead and cleavage-bedding
relations in the Anakeesta formation indicate that the
t·ops of these beds are to the north. Subordinate folds
on this limlb are few, but some are found along the high·
way northe'ast of Newfound Gap, where gently dipp ing
sandstone ·and meta:sirltstone beds sheared from the
south llim'b of a m!inor anticline are caught between
minor reverse faul'tJs·. In nearlby roadcuts, just below
the upper h ighway tunnel, a steeply dipping sandstone
bed shows drag folds overturned northward. At Newfound Gap, interlbedd:ing argillaceous metasandstone
and minor phyllite at the base of the m•ain body of the
Anakeesta formation are overturned to dips of 50°-55 o
S., unusually low for this limb.
Rocks in the trough of the Alum Cave syncline are
much more intricately folded than those on the north
limb, especially because of the presence in the western
part of the syncline of easily folded pelites of the
Anakeesta formation. 1\iinor folds are conspicuous in
the slate and metasiltstone of the Anakeesta immedi1

1

ately overlying much less folded Thunderhead sandstone in the vicinity of the Chimneys. In the main
trough of the syncline, folds are so abundant that no
principal axis can be identified. Many are sma.U enough
to be exposed in individual outcrops, 10-20 feet across.
Their shapes and attitudes are varied, ranging from
asymmetrical open folds to tightly closed folds strongly
overturned toward the northwest as seen at Alum Cave.
Most folds plunge 5°-35° ENE., although many plunge
east-southeastward. or . west-southwestward. Minor
folds in the vicinity of the Mingus fault and the minor
faults northeast of Newfound Gap are unusually
closely spaced with the limbs sheared out and the crests
undulating. This evidence indicates that the folding
and faulting are closely related.
Slaty cleavage, seen in nearly all the fine-grained
rocks of the Anakeesta formation, strikes northeastward and dips southeastward fairly consistently in this
part of the syncline; a stereogra.phic plot shows a
cleavage pattern similar to that in the Copeland Creek
anticline (fig. 28B). Cleavage is generally subparallel
to the axial planes of minor folds of the bedding, and
bedding-cleavage intersections are parallel to fold axes.
The structure of the south limb and trough of the
Alum Cave syncline east of Richland Mountain and
Porters Gap differs from that farther west in that the
plunge of both major and minor folds is reversed, and
this is accompanied by a new type of minor folds. in
which regional cleavage· is also folded. Westward
plunge of the major syncline is shown by the outcrop of
the base of the Anakeesta formation near Copper Gap
and Eagle Rocks. The abrupt eastward disappearance
of the Anakeesta here has resulted mainly from erosion
of a southwestward-plunging syncline, but partly also
from intertonguing with the upper part of the
Thunderhead sandstone to the east. Unfortunately,
structural complexity combined with heavy cover inade
it imp~ssible to map these relations in detail. Minor
folds in the Anakeesta formation plunge 5°-35° SW.
west of Eagle Rocks and Pecks Corner. Most of these
folds deform not only bedding but also slaty cleavage;
they are therefore younger than folds in which uncleformed slaty cleavage is parallel to axial planes. The
extent and significance of these two types of folds will
be dealt with later; they exist together in the same
rocks, generally have rather different attitudes, _and
greatly confuse attempts to deduce large-scale relatiOns
from small-scale structural features.
For about 4 miles east from Copper Gap, the trough
of the Alum Cave syncline can be traced' in the
Thunderhead sandstone, whose beds are not so complexly folded as those of the Anakeesta formation
farther west. Here, and as far as the north slope of
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Mount Chapman, axes of subordinate folds are nearly
horizontal or plunge gently westward, and the north
limbs of anticlines are generally steep or overturned
toward the north. The folding culminates in a zone of
steep reverse faults north of Mount Chapman, in which
at least 1,000 feet of southward-dipping Thunderhead
strata are brought up against the lower part of the
Anakeesta formation, preserved in a tight ~yncline in
the gap between Tricorner !\::nob and Mount Guyot.
East of Hughes Ridge, the structural features and
extent of the south limb of the Alum Cave syncline
are obscured by the younger folding. Bedding is visible in the Thunderhead sandstone, but its attitude
becomes more and more erratic on the upper part of
Straight Fork, on Shawano Ridge, and Cataloochee
Mountain. Regional cleavage, relied upon as a guide to
structural relations farther north and west, here a ppears in diverse attitudes and is much transected or
replaced by slip cleavage. In places, however, steeply
dipping beds trending east-northeastward can be
identified by graded bedding or cleavage-bedding relations as belonging to the south limb of the major
syncline, but many deviations occur in which both bedding and slaty cleavage lie at large angles to this trend.
Such deviations are more abundant near the north end
of the Ravensford anticline and are related in part to
the rise of this anticline.
MINGUS FAULT

The anticline of Thunderhead sandstone on Mount
1\fingus, northwest of Newfound Gap, is cut off by a
steep reverse fault in· its steep northern limb, comparable to the faults farther east just described.
Although steeply dipping beds along both sides of the
fault are so nearly parallel that they could be interpreted as an uninterrupted sequence, faulting is indicated on Anakeesta Ridge where gently dipping beds
on the south limb of the anticline abut against overturned beds north of the fault. The fault apparently
continues with increasing displacement for at le.ast 6
1niles southwest, beyond the area of the present report
(I\::ing, 1963).
OCONALUFTEE FAULT

The west end of the Alum Cave syncline terminates
abruptly against the transcurrent Oconaluftee fault.
Like the Gatlinburg fault zone, the Oconaluftee fault
is followed by segments of streams and occupies
prominent gaps in the intervening ridges. It is named
ftom its location in the straight upper part of the
Oconaluftee River southeast. of Newfound Gap and is
well marked topographically from there to the west
edge of the report area and for several miles in the
central part of the mounta.ins (IGng, 1963). Large
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structural features are offset by the fault. Thus the
lower tongue of the Anakeesta formation southeast of
Newfound Gap is displaced half a mile, and farther
northwestward the Mingus fault and adjacent outcrop
belt of the Anakeesta formation are displaced at the
boundary of the report area 1 mile. At both places,
rocks southwest of the fault are displaced northwestward relative to corresponding rocks on the northeast
side, indicating a large right-lateral strike-slip
movement.
Because of its straight course across ridges and valleys, the fault must be steep. Rocks nearest the fault,
at Indian Gap and along the highway south of Newfound Gap, are unusually fractured, sheared, and
disrupted. Minor fault surfaces occur in various attitudes; some of the more prominent strike northeastward, dip southeastward and have southward-plunging
striations. At other places, bedding, striking northwestward and dipping steeply northeastward at variance with the regional trend, appears to have been
dragged toward the position of the fault. These zones
of dragged, broken, and sheared rock, like those along
the Gatlinburg fault, apparently account for its topographic expression. Disturbed cleavage and preservation of slickensides indicate that movement occurred
after the regional metamorphism; but whether all or
most of the movement on the fault occurred at this time
is uncertain.
STRUCTURAL FEATURES SOUTHWEST OF
OCONALUFTEE FAULT

The Alum Cave syncline cannot be recognized southwest of the Oconaluftee fault, where stratigraphic relations are more obscure and new structural elements
appear. Thunderhead sandstone and the lower tongue
of the Anakeesta formation on Clingmans Dome and
Mount Collins dip southward in apparently unbroken
sequence. Graded beds and minor erosion channels,
seen at the east end of Forney Ridge parking area on
Clingmans Dome (fig. 18A) and at other places in the
sequence, show that the rocks are right side up.
Between Mount Collins and Indian Gap, the lower
tongue of the Anakeesta formation is folded in an anticline joining southward-dipping to overturned beds in
the displaced southeast limb of the Alum Cave syncline.
The outcrop pattern and minor folds in roadside exposures south of Indian Gap show that this anticline
plunges gently westward_. It should thus he overlain
by the main body of the Anakeesta formation, but rocks
of Anakeesta aspect occur only in a small area just south
of Indian Gap, where they are folded and seem to be
underlain by Thunderhead sandstone a short distance
to the northwest. , They probably represent a tiny rem-
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Toward the southwest, Longarm quartzite has been
nant of the trough of the Alum Cave syncline raised by
brought up on a steep strike fault of moderate displacemovement on the Oconaluftee fault.
On the south limb of the anticline, the lower tongue ment. The fault crosses North Carolina Route 284 a
of the Anakeesta formation is cut off abruptly by a mile northwest of Cataloochee Creek, where overturned
southward-dipping reverse fault, which may be the beds of the lower Longarm are in contact with normally
fault and 6-inch gouge zone exposed along the road on southeastward-dipping beds, high in the formation, and
the first spur north of Fork Ridge. Although little is .also farther southwest where southeastward-dipping
known about the extent and displacement of this fault, Longarm quartzite is adjacent to folded beds of the
it seems reasonable to correlate the two principal units Roaring Fork sandstone. How far this fault extends to
of Anakeesta north and south of it. Northwest of the the northeast is conjectural, for it cannot be located in
State line, the fault may lie in the vicinity of the the Longarm quartzite or Wading Branch formation
metadiorite sills low on the north slope of Clingmans on the southeast slope of Longarrn Mountain, but a
Dome. For some distance north of these sills, thick- prominent fault dipping 45° SE. on the north side of
bedded sandstone and feldspathic conglomerate of the the Pigeon River, just west of the highway tunnel,
Thunderhead are interbedded with dark metapelitic might be the same fault.
rocks which probably represent tongues of Anakeesta
SOUTHEASTERN PART
higher in the sequence than the tongue to the south,
The principal structural feature in the southeastern
rather than lower as would be implied in the absence
half
of the anticlinorium is one limb of a large anticline.
of the postulated fault.
in which the Longarm quartzite dips generally southCATALOOCBEE ANTICLINORIUM
eastward. It is thus complementary to the northwestThe eastern part of the Alum Cave syncline is ward-dipping rocks in the northwestern half but probbounded on the southeast by a large compound anticline ably is not part of the same fold. Open folds, several
or anticlinorium, 5-6 .rniles wide and 15 miles long, out- hundred feet across, are plainly visible along the
lined by the trace of the Greenbrier fault. Like the Pigeon River northwest of Hurricane Mountain. (See
Alum Cave syncline, this structural feature is composed pl. 3 and structure section A-A'.) Bedding on their
of several large folds sliced lengthwise by steep strike crests dips 5°-10° SW., and this southwestward plunge
faults. The Snowbird group is largely involved, but is confirmed by the presence of folded rocks of the
basement rocks, also much folded and faulted, occur in Wading Branch formation beneath the · Longarm
the northeastern part of the anticlinorium and in a quartzite south of Harmon Den Mountain.
fault slice extending into its core. In broad view, the
COLD SPRINGS FAULT AND ASSOCIATED FAULT SLICE
Cataloochee anticlinorium is divided by this slice and
The slice of basement rocks in the middle of the Catathe associated faults into two approximately equal
loochee anticlinorium is the most puzzling structural
parts.
feature in the eastern Great Smoky Mountains. It
NORTHWESTERN PART
consists of much-sheared dark gneiss of the basement
The northwestern half of the anticlinorium is largely complex well exposed near Cold Springs Creek, on
the northwest limb of a large anticline which includes the Pigeon River northeast of Wading Branch Ridge,
the whole of the Snowbird group. A body of basement and on North Carolina Route 284 a little northwest of
rocks on Harmon Den Mountain forms the core of the Cataloochee Creek. It is 500-700 feet wide throughanticline, whose axis plunges southwestward and is cut out most of its extent, tapers slightly southwestward,
off by the Cold Springs fault near the Pigeon River. and pinches out shortly beyond Route 284 on Noland
Beds in the Snowbird group throughout this part of Mountain.
the anticlinorium dip generally rather steeply westThe slice is bounded by parallel faults dipping 45°northwestward, though they are local~y overturned 500 SE. in the vicinity of Cold Springs Creek; these
toward the north west. Many open minor folds are ex- faults steepen to 60° or 65° where they cross the Pigeon
pressed by variations in northwest dips, although River and are vertical at Route 284. The northwestern
locally the beds dip southeastward, as in the Wading fault, called the Cold Springs fault, is clearly a reverse
Branch formation near the Pigeon River. Normally fault, rising from the basement rocks in the core of the
southeastward-dipping beds can usually be distin- Harmon Den anticline,. through the overlying Wading
guished from overturned beds by their lower dip, bed- Branch formation into the lower part of the Longarm
ding-cleavage relations, or current bedding where the quartzite. To the southwest, on the strike of the slice,
rocks are not too sheared.
the low-dipping Greenbrier fault is 'offset 2 miles by
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a similar reverse fault whose southeast side also has this cleavage strikes northeastward and dips variably
dsen relative to the. northwest side, and the two faults southeastward. It is not folded, and variations in attiare considered to be continuous.
tude seem to have resulted mainly from differences in
. The fault on the southeast or upper side of the base- competence and relations to local folds, faults, or other
ment slice, although parallel to the other, must have inhomogeneities in the' rocks affected.
a very different character, for younger r9cks appear
Along the southeast slope of Mount Sterling Ridge,
everywhere on its hanging wall. These rocks consist however, most cleavage dips northwestward. Its apof the vVading Branch formation and Longarm quartz- pearance is like that farther southeastward, except that
ite, cut off sharply by the fault along the Pigeon River it is generally weaker, even in distinctly argillaceous
and Cold Springs Creek. Farther southwest the fault rocks. It is reinforced where nearly parallel to bedis presumed to be cut off by the Cold Springs fault ding but cuts across folded bedding as well and is not
where the slice pinches out on Noland Mountain. De- noticeably folded. In a few places, northwestwardspite the presence of younger rocks in the hanging wall, .dipping and southeastward-dipping cleavage occur in
the fault probably did not originate as a normal or the same outcrop, where they appear to represent comgravity fault with its present attitude; it is more likely peting cleavage directions rather than a single cleavage
a relic of earlier thrusting, presumably older than the arched with the folding of the anticlinorium.
Large folds and faults like those in the Cataloochee
Greenbrier fault, which is not affected by it.
'V'hatever the history of the fault on the upper side anticlinorium appear in the basement and basal Snowof the slice, both faults and the basement rocks between bird rocks above the Greenbrier fault to the east.
them show marked effects of a deformation youn_ger Major folds plunge gently or moderately southwest and
than the upper fault. Rocks along both faults are are cut by strike faults. Near Shelton Laurel, the
much sheared, and tl~e upper fault is firmly welded. basement rocks beneath a relatively tight syncline in
vVell-developed cataclastic foliation within the base- the Snowbird and Great Smoky groups have yielded
ment rocks is everywhere subparallel to the contacts largely by shearing and faulting, and incidentally proand is accompanied in the interior parts of the slice by vided the locus for a small lead -zinc deposit at the
a strong lineation consisting of elongate porphyro- Redmond mine. Cataclastic foliation parallel to these
clasts and inte.rsecting shear surfaces that plunge 10°- faults is widespread in the basement complex here, but
300 SW., somewhat more steeply at the northeast. diminishes markedly northwestward, where it is conThis lineation is probably normal to the direction of fined mainly to the neighborhood of major faults and
deforming movements rather than parallel and sug- shear zones.
gests that they were directed both upward and westRA VENSFORD ANTICLINE
ward away from the nearby basement area.
Southwest of the Cataloochee anticlinorium, rocks
CLEAVAGE
beneath the Greenbrier fault appear also in a great
The rocks of the Snowbird group in the Cm;a]oochee upfold, 15 miles long and as much as 31f2 miles wide,
anticlinorium have a cleavage or schistosity, relatively called the Ravensford anticline. Comparable to the
weak in the northwestern part but very strong in the Cataloochee anticlinorium in size and trend, the Ravensrocks northwest of the Cold Springs fault and north- ford anticline involves large subsidiary fault slices
west of the Greenbrier fault at the southeast edge of below the Greenbrier fault, as well as more intense
the anticlinorium. Metasiltstone and more argillaceous folding and metamorphism. Rocks of the Snowbird
and finer grained sandstone and well-foliated nearly group in three subordinate window areas are overlain
everywhere. In coarse-grained quartzite and arkose of or completely surrounded by overthrust masses of
the Longarm, the foliation is in places weak, as along baseme11t and Great Smoky rocks; indeed, the Greenthe Pigeon River below ';yalters Dam, or strong with brier fault at the southwest end of the anticline probmuch catacla,sis, as in the vicinity of Canadian Top and ably encloses both basement and Snowbird rocks in a
Noland Mountain and on North Carolina Route 284 still larger window. The north western part of the
northwest of Cove Creek Gap, where small quartz peb- anticline is cut by a reverse fault dipping steeply northbles are flattened to wafers and even coarse sandstone \vestward and is also modified by a zone of intense and
is highly fissile. At most places, only one cleavn,ge or relatively late shearing trending east-northeastward
schistosity transects bedding with low-plunging inter- in the vicinity of Enloe Ridge.
sections parallel to the axes of minor bed din o- folds in
R:ocks of the Sno"1bird group in the window area
b
'
much the same fashion as in the folded rocks of the east of I-Iyatt Bald oonsist of coarse f~ldsp'athic quartzfoothill belt farther west. By far the greater part of ite, ·ark9se, -and finer grained sandstone, and pelitic
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rocks of the Longarm. quartzite and Roaring Fork
sandstone simi•}ar in every way to those in the adj•acent
Oa'ta'l•oochee anticl'inorium. They are strongly folded
on northeastward-trending axes parallel to th·at of the.
Ra vensford anticline as a whole; Minor folds are open
in· the northeastern part, where fold axes and cleavage~
bedding internections plunge northeastward at relatJiv·ely low angles. In the soutJhwestern part of the
window, near Strai:ght Fork, these features plunge
southwestward and the fo'lds are considernbly tighter.
Cle•a vage or foliation occurs in the coarsest rocks and is
vertical or dips steep'ly southeastward along the southeast margin of the window. In much of the northwestern part, espe~ially near thrust slices, it dips at
moderate angles northweStward and is oonsideraJhly
folded.
The northern part of the Ravensford anticline contains an overthrust mass of basement rock consisting
largely of ooarse augen gneiss and re1ated granitic
gneiss that encloses a thin fault slice of Longarm quartzite. These rocks and their structura•l r~lations are well
exposed on both sides' of Straight Fork, especiaUy
northwest of the ranger station, where the valley cuts
through them to a depth of 1,500 feet. They overlie
the m·ain body of Smyw'bird rocks in the window area
just described and are in turn overlain by Thunderhead
sandstone aJbove the Greenbrier ftaul't.
An intercalated body of Snowlbird rocks, 4 miles long
and 200 to 500 feet th1iiCk, appears in the lower part of
the basement mass, 300-400 feet a;bove its base at the
northeastern end but nearly 1,000 feet higher at the
southwest end. Both upper and lower contacts are
probably faults, but sulbsequent deform·ation has been
sudh, that little cou'ld be learned .of their reflations, and
the faults cannot be recognized beyond the limits of the
Snowlbird rocks. The Snowbird consists largely of
fe:l!dspath'ic quartzite of the Longarm, which is much
fo'1 1iated and recrystJaUized and toward the south, much
sheared. In the n'ortheastern part of ·the slice, q~·artztite
is overlain for albout a mile by coarse-grained feldspathic quartz-mica schist with quartzose or feldspathic
Joayers, resembling parts of the Wading Branch form·ation. Both are well exposed in cliffy outcrops on the
nor!theast .side of Straight Fork, 400-500 feet above the
stream. Here, rubout 100 feet of very coarse-grained
feldspathiic quartz1ite dipping 5°-10° E. has recognizable current bedding, aJlthough tops of beds could not be
determined. The overlying schist, 100 feet thick, continues for 1,500 feet. along the banks of Straight Fork,
apparently in a mUlch folded m•ass.
Th•e ]ower slice of basement rocks overlies folded
Longarm quartzite and R'Oaring Fork sandstone with a
sharp·ly discord·ant contact tha't can be traceq closely

from its highest poin:t, near Beech Gap, southwest to its
lowest point in the Straight Fork vaHey northeast of
Big Cove. A·long the northern three-fourths of its
course, the contact dips northwestward with gentile to
very steep attitudes reflecting pronounced folding. On
the east side of Straight Fork valley, the contadt dips
eastJward for a short distance on the southeast limb of a
minor anticline. In the southern part of its course,
where the contact descends the east side of Hyatt Ridge,
it dlips southward, at least in part, although its attitude
cannot be closely determined here.
·~he Snowbird appears also farther n'Orth on Straight
Fork and the adj.acent slopes o.f Hyatt Ridge and is
over~ain in the vicinity of Hyatt Bald by augen gneiss
s'imilar to that in the fault slices to the east. These
rocks have been uplifted o~ a fault which offsets the
Greenbrier f~ult about a mile on Shawano Ridge and
brings to view the upper slice of basement rock with
part of its original cover of Wading Branch formation.
Although the fault is little exposed, its straight course
for several miles southeastward across Hyatt Ridge and
into the valley of Raven Fork shows that it is steep. It
is the only large fau'lt in the area on which rocks are
up thrown. to .the northwest.
l}he Wading Branch formation a.J'Ong the northwestern· side of the uplifted block is much :folded and
sheared along with the adjacent gneiss, so that the relations between them are obscure even in good exposures
on Raven Fork. Here and in intermittent outcrops on
tJhe south slope of Highland Ridge, J,ayering and foliation in the metasedimentary rocks and the adjacent
gneiiss di'p steeply ·norfuwestward; minor folds are
tightly compressed and their pattern indicates relative
movement upward from the north west. Several fo•lds
contain oores of gneiss so sheared as to resemble cJose~y
foliated feldspathic sandstone in the folded metasediments. ·A smaller lens of Wading Branch formation,
sandwiched between gneiss along Raven Fork east of
Enloe Ridge, is interpreted as part of the sedi·mentary
cover qf the gneiss immed1ate'ly to the east, although
separated from i.t by faults.
'I'he centl'la1 and southern parts of the Ravensford
anticline are occupied almost entirely by gneiss of the
basement complex apparenilly continuous with the
overthrust slices. Whereas the tota~ thickness of the
slices to the north is prdba.bly only 2,000 or 3,000 feet,
the gneiss farther southwest must be much thicker, although greatly :folded and sheared. Its contact on the
southe·ast with adjrucent Snowbird and Great Smoky
rocks is almost vertical and m-ain:tains a straight course
across entrenched meander spurs along the Joower
course of R·aven Fork south of Big Cove. At the northwest, h9Wever, the contact, between the gneiss and the
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Thunderhead sandstone aJbove the Greenbrier fault is
less regu lar, reflecting general!ly lower dips and fu•lds in
which the gneiss plunges southwestward beneath the
Thunderhead. Gneiss has been brought up in the largest of these folds 2 miles northwest of the Ravensford
anticline.
At the southeast side of the Ra vensford anticline,
Snowbird rocks appear in a flanking anticline, which,
though analogous to the uplifted block on Hyatt Bald,
was raised by folding rather than by faulting, as indicated by a tight syncline of Thunderhead sandstone
that separates it from the main part of the anticline
southeast of Big Cove. The boundary between these
Snowbird rocks and the central mass of gneiss probably
represents the base of the overthrust mass, here pushed
into vertical position by the same compressive forces
that produced the adjacent anticline and syncline.
Figure 31 is a schematic section of these features showing the manner in which they were probably produced.
The extent to which the basement slices were deformed during the development of the Ravensford anti1
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31.-Structural development of east side of Ravensford anticline at Big Cove. A, After low-angle faulting but before folding.
B, After folding of Ravensford anticline. 0, After later high-angle
faulting.
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cline is indicated not only by their folded and welded
contacts but also by their internal structure. Strong
foliation dips at low angles in the thinner northern
slices and in their marginal parts is likely to be subparallel to the bounding fault contacts. This is evident
at most places along the base of the lower gneiss, whose
foliation commonly dips as little as 20°. In many
places the foliation is folded on a small scale, ·analogous
to the larger folds of the slices themselves. In these
places a steeper second foliation intersects the first with
prominent lineations, parallel to the axes of the minor
folds. Lineations and fold axes are uniformly parallel '
to the plunge of the larger folds (pl. 3) and were probably forme.d at the same time.
The interplay of folded and transecting foliations becomes more pronounced in the large central body of
gneiss; both low- and high-angle foliation is present,
and several foliation directions oceur in many outcrops.
In other places all foliation is obscured, and only a pronounced lineation remains. These foliations and
lineations in the gneiss of the Ravensford body are
shown in figure 28D. They are, however, not equally
distributed in the gneiss body. Northwestward-dipping foliation is dominant in most of the gneiss and
suggests structural ~ffinity with the northwestwarddipping sliees farther north. Northeast of Big Cove,
foliation dips at lower angles and is accompanied by
northeastward-plunging lineations, whereas southwest
of Big Cove, the foliation is steeper and lineations
plunge uniformly southwestward in conformity with
the folded northwest boundary of the gneiss. Foliation
in the gneiss steepens both southwestward and toward
the vertical southeastern boundary of the gneiss where
vertical or steep southeastward-dipping foliation is
common. As the foliation steepens it becomes stronger
and lineation disappears, as though folding or rolling
within the gneiss was subordinate to planar shearing
in this part of the body. This intensification of shearing ·appears to be inherent also in the narrowing and
tightening of the whole anticline southwest of Ravensford.
A zone of strong shearing cuts the northwest flank
of the Ravensford anticline between. Becks Bald and
Enloe Ridge, whe.re coarse-grained augen gneiss and
infolded and infaulted Wading Branch formation have
been intensely sheared and eonta.in thick intercalations
of mylonite. The mylonite forms bodies, 5-15 feet wide,
that alternate with strongly sheared augen gneiss in a
belt 500-1,000 feet wide. This belt trends east-northeastward across Hughes Ridge and Raven Fork and is
best exposed on the steep slopes west of that stream
just south of Enloe Ridge. Mylonite layers dip steeply
southeastward, cutting sharply across the north-north-
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eastward trend of the adjacent gneiss. East of Raven
Fork, the mylonite belt is lost under a heavy surficial
cover, but it probably dies out in the gneiss near the
south end of the Longarm slice or in the belt of metasedimentary rocks west of it.
The mylonite resulted from movements that raised
the northern part of the central gneiss body relative
to the rocks north of it. The Greenbrier fault has also
been displaced by steep reverse faults which are parallel
to the mylonite zone and form the northwest boundary
of the gneiss from Enloe Ridge to a point northwest of
Becks Bald. The fact that the mylonite cut's across
older structural features and is not greatly recrystallized indicates that it formed relatively late in the
deformation of the region. Although it is tempting to
relate the mylonite to the Oconaluftee fault, no evidence
was found in the rocks between it and the east end of
this fault to support such a view.
·STRUCTURE AROUND RAVENSFORD ANTICLINE

Rocks of the Great Smoky group for several miles
around the Ravensford anticline consist of monotonously thick-bedded metasandstone and schist in which
major structural features are indistinct because of insufficient exposures, lack of marker beds, lack of bedding
in much of the sandstone, and complexity of structure
in the finer grained rocks. Observed bedding attitudes
indicate that eastward-trending folds like those in the
northern part of the report area are crossed by folds
trending north-northeastward, parallel to the Ravensford anticline, which gradually become dominant southeastward. The latter folds are evident southeast and
west of the anticline in variably dipping beds striking
north-northeastward. They are least e'vident north
and northeast of the anticline, where the anticline disappears in the rocks of the Great Smoky group. To the
southwest, several major anticlines and intervening
synclines, 1 to 2 miles apart, appear to be related to the
Ela and Bryson domes.
Two features east of the Ravensford anticline suggest the presence there of another major fold or fault,
but they do not definitely show what the structure is.
The first is a small isolated area of dark augen gneiss
of Ravensford aspect just south of the Blue Ridge
Parkway, 2 miles east of Ra vensford. The grleiss body
is mantled by thick cover so that its shape and contact
relations were not clearly seen, but it lies in rocks of the
Great Smoky group dipping 25°-30° E. near the
trough of a ma.jor syncline. Its presence in this anom~tlons structural position was first interpreted· as evidence that both this and the larger gneiss unit of the
Ravensford body to the west were intrusive in the
Great Smoky group. As the view that the latter is part
1

of the basement complex is more in accordance with
regional structural relations, the smaller body is perhaps faulted or squeezed into the overlying rocks during the folding of the Ra vensford anticline.
The second anomalous feature is a lens of light-colored current-bedded feldspathic quartzite of Longarm
aspect intercalated in the Thunderhead sandstone
northeast of the gneiss body. This lens, 200-300 feet
thick and a mile long occurs on the upper part of the
west slope of the ridge between Raven Fork and
Bunches Creek east of the Greenbrier fault. Because
rocks of the Great Smoky and Snowbird groups are
not known to intertongue elsewhere in the area, the beds
in question are either anomalous interbeds in the Great
Smoky or, alte.rnatively, a slice of Longarm quartzite
faulted into the Great Smoky sequence, as shown on
plate 1. ·
DELLWOOD QUADRANGLE AND CHEROKEE-SOCO
BELT

The Dellwood quadrangle is dominated by anticlinal
uplifts of basement rocks and intervening synclines of
the Ocoee series (pls. 2 and 3). In the northern part
of the quadrangle is the Cataloochee Divide syncline of
schist and sandstone of the Thunderhead sandstone.
To the southeast successive folds are the Fie.Creek anticline, Buck ~1ounta1n syncline, Campbell Creek anticline, 'Valker Bald syncline, and Plott Balsam syncline.
The Ocoee series is closely folded on a small scale reflecting the shapes and attitudes of the larger folds.
The basement rocks, on the other hand, possess a detailed structure that is more complex and less explicit.
Some minor features, notably foliations and small folds,
are common to both groups of rocks; but little could
be learned of the overall structure of the basement.
CATALOOCHEE DIVIDE SYNCLINE

The syncline of Ocoee rocks, separating the basement
uplifts in the Dellwood quadrangle from the Cataloochee anticlinorium, is narrowest and its structure
simplest along the Cataloochee Divide in the Dellwood
quadrangle. To the southwest it merges with a broader
mass of highly folded rocks, and to the northeast it
bends sharply eastward and occupies a transverse position between basement uplifts to the north and south.
Structural details within the syncline are. obscure because of the absence of stratigraphic marker beds in the
Great Smoky group. Beds in the Thunderhead sandstone and underlying Snowbird group in the northwest
part of the syncline dip fairly regularly 30°-45° SE.
and are not much folded. In the southeastern part of
the' syncline, the beds are steeper, more folded, and over.:.
turned northwestward.
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BUCK MOUNTAIN, PLOTT BALSAM, AND WALKER BALD
SYNCLINES

Similar but narrower synclines of Ocoee rocks occur
along Buck Mountain and Setzer Mountain, and on
Hard Ridge and North Eaglenest Mountain. The
Buck ]\fountain syncline consists of sandstone and schist
of the Great Smoky and Snowbird groups, much folded
and metamorphosed. Bedding is not commonly measm·able but appears to be generally steep and tightly
folded with fold axes plunging at low angles parallel
to the larger structural features. Folded cleavage is
prevalent and conforms in pattern to the bedding.
The straight course of the contacts and the constant
width of the Ocoee rocks across the valley of J onathans
Creek indicate that the limbs of the larger fold are
steep and nearly parallel to a d~pth of 1,500 feet.
.Farther southwestward, the fold is less deep and the
marginal dips lower (pl. 1, section E-E'). Small
deviations in the trend of the contact at the south end
of Buck ]\fountain reflect minor folds in the adjacent
Ocoee series.
A narrow sliver of basement rocks, 200 feet wide
and a mile long, appears ·amid the SnmYbird rocks on
the west slope of Buck Mountain, half a mile north
of the highway, and on the northwest slope of Setzer
]\fountain to the south (fig. 32). It a-pparently represents a tightly squeezed anticline bounded by steep
reverse faults.
The similar Plott Balsam syncline in the southeast
part of the Dellwood quadrangle continues along the
Plott Balsams at least 15 miles southwest beyond the
mapped area. In the Dellwood quadrangle, .the southeast limb of the syncline is steep and the basementNW
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32.-Sectton of silver of basement rock in the Ocoee series,
northwest slope of Buck Mountain, half a mile north of Jonuthans
Creek, Dellwood quadrangle.
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Ocoee contact straight. The northwest limb is complicated -by faults, displacement along which has brought
up basement rocks, and by minor folds, which. have
caused digitations in the outcrop pattern just south
of the highway near Dellwood.
The "Valker Bald syncline, between the Buck 1\tfountain and Plott Balsam synclines, extends northeastward from Johnson Gap to Leatherwood Top and has
brought down a broad irregular body of Ocoee rocks
comprising most of Middle Top and 'Va.lker Bald.
As shown in section D-D', the fold is asymmetrical
with its deepest part near the southeast side of the
Ocoee outcrop. It seems to die out southward near
the edge of the quadrangle and cannot be recognized
in the basement rocks northeast of Middle Top.
FIE CREEK ANTICLINE

A belt of basement rocks half a mile wide extends
between· the Buck Mountain and Ca.taloochee Divide
synclines from the headwaters of Hemphill Creek
down the valley of Fie Creek into that of J onathans
Creek west of 1\faggie. Farther southwest it merges
with the Soco-Cherokee belt and continues for a total
distance of more than 20 miles. Throughout the
length of this belt, the basement rocks are flanked by
rocks of the Snowbird and Great Smoky groups,
although its south side was not mapped in detail southwest of Soco Gap. The trend and structure of the belt
change from the Fie Creek valley, where it trends
north-northeastward and is a comparatively straight
tight anticline, to the lower part of Soco Creek valley,
where it trends nearly eastward and is complicated by
large subordinate folds trending north-northeastward.
In the Dellwood quadrangle, the Fie Creek anticline, like the adjacent Buck Mountain syncline, is
nearly isoclinal with straight parallel limbs dipping
steeply southeastward. Foliation in the basement
rocks dips uniformly and steeply southeastward without revealing an axial region. In the upper part of
Hemphill Creek valley, the structural elements become
more complex; a small subsidiary anticline projects
northward into the Cataloochee Divide syncline, and
th~ southeast limb is obscurely marked by a detached
belt of Snowbird rocks southwest of Purchase ICnob.
The northwest limb of the Fie Creek anticline southwest of the Dellwood quadrangle loses its simplicity
and becomes progreSsively more folded. Just west of
the quadrangle boundary, the basal Ocoee contact
strikes S. 80° W. for 2,000 feet and dips 25° N.; a
little farther west on the lower end of Wolf Ridge
it appears in a tight syncline and anticline strongly
overturned to the northwest as shown in plate 1, section E -E'. Similar relations, although on a smaller
scale, occur along the contact as far west as Lickstone
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Ridge, beyond which northeastward-plunging folds
become larger and ~symmetrical rather than overturned
(section G-G'). Southeastward-dipping beds of the
Snowbird group in these folds are relatively uncrmnpled and dip as low as 15°-30°; northwestward-dipping
beds are steep, and some are vertical. Northwest of
Wright's Creek, minor folds in the SnmYbird group

TEN~ESSEE

AND NORTH CAROLINA

become more intense as the south end of the Ravensford anticline is approached.
CAMPBELL CREEK ANTICLINE

The nearly enclosed area of basement rocks in the
valley of Campbell Creek and northeast of 1\iaggie is
a. compound anticline, with a medial downfold of the
Ocoee series trending northeastward through 1\iaggie
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33.-Structure-contour map of the base of the Ocoee series near Maggie, N.C., showing relationship of major structural features to
slip cleavage and lineation in the Ocoee series and basement complex.
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(fig. 33). The two anticlinal parts of the feature are
en echelon so that the southern part along CaJnpbell
Creek becmnes less distinct toward the northeast
around l\1iddle Top, whereas the northern part, prominent northwest of 1¥'alker Bald, dies out southwestward on the slopes of Setzer l\iountain. Farther southwestward, the Buck l\1ountain syncline appa.rently
merges with the Plott Balsam synclii1e, and the Campbell Creek anticline disappears. Anticlinal structure
in the basement rocks is refiected by the outcrop pattern
of the Carolina gneiss and overlying plutonic gneiss
bodies a.nd by foliation which dips away from the
anticlinnJ axis. Foliation in both pa.rts of the anticline
shows crenulations whose gently plunging axes are
parallel to the trend of the anticline and to folds in
the surrounding Ocoee series.
BASEMENT ROCKS NORTHEAST OF WALKER BALD
SYNCLINE

T

Larger structural features in the basement rocks in
the central and eastern parts of the Dellwood quadrangle are obscure, owing to the heterogeneity of the
rocks, their structural complexity, and the lack of
str.atigraphic control. Well-defined folds and faults
of post-Ocoee age generally cannot be traced in the
basement rocks. Traces of older folds can be seen locally, but little structural continuity could be found.
Larger structural features are revealed in some places
by attitudes of the more distinctly layered parts of the
Carolina gneiss and by the distribution and attitude of
foliation in the more massive rocks. Thus, the southern
slope of Purchase J(nob consists of layered gneiss in
clearly defined broad folds plunging northward about
40° and cut off sharply at the west and north by augen
gneiss. Another area, northeast of Dellwood, shows
a crude dome in which layered gneiss on Goat Rock
Ridge, "Q"tah Mountain, and Trit J(nob dips away from
a poorly defined center east of J onathans Creek and
about a mile north of Utah Mountain. The good exposures in this vicinity show that many layers in the
gneiss are isoclinally folded and that the dome has
been impressed upon complexly folded and foliated
rocks late in their history. As the area lies between the
Plott Balsam and Walker Bald synclines, the doming
may be related to the formation of these· two .folds.
Another area of cmnplexly folded Carolina gneiss is
on the south side of Jlemphill Creek, where minor folds
in both layers and foliation plunge southward under
similarly folded Ocoee rocks and are probably a product
of post-Ocoee rather than pre-Ocoee folding.
The area of basement rocks from llemphill Creek
to Suttontown and Cove Creek has been uplifted as indicated by the abrupt termination of the Ocoee series
at the north end of the Walker Bald and Buck Moun678-811 0-63--7

B91

tain synclines and by overturned bedding in the
Thunderhead sandstone east of Suttontown. The
northwest margin of this uplift is marked by a narrow
remnant, or "keel," of basal Snowbird that is apparently
a continuation of the Buck l\1ountain syncline, all but
pinched out by rising basement rocks to the east. The
uplift ~s abruptly terminated on the northeast where
the basement-Ocoee contact swings directly across its
structural tre11d for 2 miles. Vertical movements seem
to have combined with northward thrusting in this part
of the basement, for foliation and overturned bedding
in the adjacent Thunderhead sandstone dip southward
beneath the older rocks. Movements in the northern
and northwestern parts of the uplift are also recorded
in zones of recrystallized cataclasite in the plutonic
gneiss, extending from the north end of the "keel"
northeastward to the Left Fork of Cove Creek east
of Suttontown. These shear zones, however, cut across
the eastward-trending .foliation of the gneiss at the
north margin of the uplift and thus are younger than
the original doming.
ELA AND BRYSON DOMES

Southwest of the Ravensford anticline near Ela and
Bryson City, granitic gneiss forms two domes flanked
by rocks of the Great Smoky group. Although variously interpreted by previous writers (Cameron, 1951;
Stose and Stose, 1944, 1949), the bodies are probably
basement rocks in mantled gneiss domes analogous to
the series of en echelon folds east of Cherokee. This is
certainly true of the Ela body, which contains many
rocks characteristic of the basement complex farther
east. ~n the more granitic Bryson body, however, intense post-Ocoee deformation and metamorphism, and
emplacement of undoubtedly .younger granitic rocks
have combined to obscure the origin of the body and
its relation to the adjacent metasedimentary rocks.
The gneiss body near Ela has been mapped as an
elongate dome, 51;2 miles long and 1lh miles wide. The
contact with surrounding metasedimentary rocks is
sharp where exposed, although much of it is concealed
by surficial deposits. Folded beds in the mantle and
foliation in both gneiss and mantle rocks along the
bounda~y dip outward from the gneiss 65°-80° along
the sides, 15°-35° near the ends. Foliation in the interior of the gneiss has diverse gentle and steep attitudes, together with minor folds and lineation similar
to the Ra vensford body.
The outline and structure of the Bryson body as
shown by Cameron (1951, pl. 1) resemble those of the
Ela body. Contacts between gneiss and mantle rocks
are generally sharp and, locally at least, subparallel
to foliation in the marginal parts of the gneiss and to
isoclinally folded beds in the adjacent metasedimentary
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rocks. Uncommonly low dips occur at the north end of
the body, where bedding in the Thunderhead sandstone
and foliation in the adjacent gneiss dips 15°-25° NNE.
These gnei_ss bodies may be parts of the . Greenbrier
thrust sheet analogous to the en echelon folds of basement rocks east of Cherokee, they may lie below the
Greenbrier fault like the basement rocks in the Ravensford anticline, or they may intrude or otherwise have
di~placed the surrounding rocks. The ~vidence is inconclusive, and the boundaries on plate 1 are intended
to be noncommittal.
The best evidence that the gneiss domes are detached
part~ of the basement above the Greenbrier fault is
the fact that the gneiss in them is more like that in
the Soco-Cherokee belt than that beneath the fault as
represented by the Ravensford body. Unfortunately,
however, where the two gneiss bodies come together
southwest of Cherokee no definite contact and no satisfactory evidence of their relations was found. Moreover, recognizable conglomerate of the Great Smoky
group occu:r;s at many places within a few hundred feet
of the gneiss, and the border relations resemble those
around the Ravensford anticline, where the Thunderhead sandstone lies directly on basement rocks, rather
than those in the overriding block east of Cherokee,
where a well-recognized sequence of Snowbird rocks
at least 1,000 feet thick overlies the basement.
Whatever its former relation to the surrounding
rocks, the Bryson body is now far above the base of
the Ocoee series. Well-bedded Thunderhead sandstone
along the railroad and highway between the east side
of the Bryson dome and the south end of the Ela dome
appears to be a continuous sequence overturned toward
the west. If so, the rocks at the east side of the Bryson
dome must be several thousand feet higher stratigraphically than those at the west side of the Ela dome.
Also, a belt of Thunderhead sandstone less than 1,500
feet wide separates the west side of the Bryson dome
from the Anakeesta formation thousands of feet above
the base of the Great Smoky group. The strata of
Thunderhead ,and Elkmont sandstones missing on both
sides of the Bryson dome may have been eliminated by
the Greenbrier fault, by later faulting, by diapiric displacement, or by a combination of these movements.

report area. They consist largely of minor folds of
outcrop size accompanied by crinkled and folded
schistosity transected by slip cleavage. The folds are
generally open rather than isoclinal, asymmetrical
with southward-dipping axial planes like the first-generation folds, although many have vertical or northward -dipping axial planes. Schistosity in the pelitic
interbeds characteristically follows bedding around the
crests and troughs rather than remaining subparallel
to axial surfaces (fig. 34A) . In the more argillaceous

A. Second generation folds in metasandstone and schist, showing an-

sence of axial-plane foliation and parting along folded schistosity.
U.S. Highway 19 near Wilmot, N.C.

SECOND-GENERATION FOLDS AND ASSOCIATED
MINOR STRUCTURAL FEATURES

As mentioned in the description of the Alum Cave
syncline, a system of minor folds and associated features
younger than the folds and regional cleavage found
farther north appears on the southern flank of the
Great Smoky Mountains. These second -generation
folds are the most prominent structural features in the
Great Smoky group in the southeastern part of the

B. Quartz-feldspar conglomerate of the Thunderhead sandstone show-

ing severely flattened quartz pebbles and relatively undeformed microcline. Becks Bald, three-quarters of a mile southeast of the summit.

FIGURE 34.-FOLDS AND FLATTENED QUARTZ PEBBLES
IN GREAT SMOKY GROUP

,~
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rocks, folded schistosity is more prominent than bedding and is accompanied by planar slip cleavage approximately parallel to the axial surfaces of the cleavage
folds. Slip cleavage is used here in the sense of a transposition cleavage (I\::nopf, E. B., 1931, p. 16-18) for
foliation surfaces produced by rotation of previously
alined micas into new positions along closely spaced
zones of shear. It grades toward, but rarely becomes,
a type of fracture cleavage in which closely spaced shear
fractures are marked by little or no rotation or mineral
orientation, depending partly on the amount of mica
present and partly on the amount of recrystallization
accompanying shearing. The second-generation folds
are primarily shear folds, in which the slip cleavage
marks the plane of shear and governs the attitude of
the fold. Because the shear surfaces nre ensily deflected
by vnriations in the rocks nffected nnd becnuse the folds
were imposed on rocks with previously existing folds
nnd clenvage, their pattern is considerably more complex than that of the first-generation folds exposed in
the northern part of the area.
North of the Alum Cave syncline, second-generation
features consist largely of slip cleavage and minor
folds in the thicker slate· and phyllite beds in the Roaring Fork s~ndstone and Pigeon siltstone. Slip cleavage
in the phyllite just north of the Greenbrier fault in the
northwestern part of the report area strikes east-northeastward and dips generally steeply southward. The
older slaty cleavage, which dips southward less steeply
than the slip cleavage, is consistently displaced upward
on the south, thus reflecting the northward thrusting
movements of asymmetrical first-generation folds and
small faults in this part of the area. Similar slip cleavage appears sporadically in the thicker slaty interbeds
of the Thunderhead sandstone and in the Anakeesta
formation on the north limb of the Alum Cave syncline,
but few folds accompany it.
Second -generation folds and attendant slip cleavage
are generally dominant over older features in the southeastern }1alf of the report area (pl. 3) . They are most
abundant near the Ravensford and Cataloochee anticlines and the Ela and Bryson domes, where both slip
cleavage and fold axes trend north-northeastward ·along
the trend of the master folds. Remnants of the older
east-northeastward-trending folds and cleavage exist in
places, but nearly all minor folds on the northwest flank
of the Ravensford anticline trend north-northeastward
and are second-generation folds. The attitudes of slip
cleavage and associated fold axes are more varied southeast of the anticline; nevertheless,' north-northeastward
trends a~1d steep eastward dips predominate.
As slip cleavage increases southward in the pelitic
rocks, interbedded sandstone and conglomerate become

foliated in various degrees. Foliation is visible in most
sandstone but is most distinct in the coarser rocks, in
which quartz granules and pebbles are greatly flattened
(fig. 34B). Flattened pebbles first become conspicuous
a few miles southeast of the center of the Alum Cave
syncline, where the longest dimension of flattened ellipsoidal pebbles is commonly 2 or 3 times the shortest.
Fnrther southeastward near Becks Bald, Smokmpont,
and Newton Bald, long dimensions 5 or 10 times the
shortest are com·mon, and even greater flattening occurs locally southeast of. the Rnvensford anticline and
in the Cataloochee syncline (fig. 35). In many places
pebbles are also elongated so that their longest axes
are several times longer than their intermediate axes.
This elongation is most prominent where second-generation folds are abundant and the direction of elongation is universally parallel to the axes of such folds (fig.
280).
In many outcrops in the vicinity of the Ravensford
anticline, the foliation of metasandstone is subparallel
to slip cleavage in interbedded schist (fig. 36), although
in some places they diverge considerably and in a few
the foliation of metasnndstone is itself folded. Figures
280 and 28D show that this pattern of foliation and
lineation is repeated in the Ravensford body of gneiss
in the core of the anticline; thus rmost of rthe foliation and pebble lineation in sandstone of the Ocoee
series in this part of the area resulted from the later
deformation rather than the earlier, and these movements were dominant in deforn1ation of the basement
rocks as well.
Farther southeast, as exemplified by conditions in
the Dellwood quadrangle, the pattern of minor folds,
foliation, .and lineation in rthe Ocoee series is more complex. Small isoclinal first-generation folds, rarely
seen, generally plunge eastward- to east-northeastwa.rd.
Most minor folds in the area are second-generation
folds, the anticlines asymmetrical in cross section with
steeper limbs on the northwest. They trend northeastward to north-northeastward, with axes inclined at
low angles either northeastward or southwestward in
concordance with the master folds of the Ocoee rocks.
:Mica schist is generally crinlded; the crinkles a.re 3 to
15 mm in wavelength, and are larger than similar features· fat~ther northwest. In many rplaces the microfolds are isoclinal and the resulting slip cleavage is
scarcely distinguishable from the older schistosity.
Toward the southeastern part of the quadrangle on
Hard Ridge, the cleavage folds become larger still,
and slip cleavage is weak or absent. This evidence
suggests that deformation proceeded by flexure and slip
along schistosity planes rn,ther than by shearing across
them. Foliation in well-recrystallized sandstone and
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35.-Photomicrographs showing foliation and flattened quartz pebbles in Thunderhead sandstone. Microcline forms
small augen. A. (upper), Plane light. B (lower), Crossed nicols, showing granulation of quartz pebbles. Dellwood
quadrangle, 2 miles southwest of Cove Creek Gap.
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area, shearing was increasingly cataclastic to\vard the
northeast, especially in the basement rocks. The structural trends of these features are so different from
those of the folds in the foothill belt to the north that
they suggest a fundamental change in the regional tectonic pattern, although the full extent and significance
of such change is not yet known.
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Weak foliation in graded
feldspathic sandstone

JOINTS

Folded schistosity and
slip cleavage in mica schist
(exaggerated scale)
0

2 Feet

36.-Section of a second-generation fold in sandstone and interbedded mica schist. Older foliation in schist is crumpled on slipcleavage surfaces. Overturned graded sandstone beds show weak
schistosity subparallel to slip cleavage in schist. Thunderhead sandstone on Indian Creek, due east of Bryson Place.
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conglomerate is commonly folded, and thus it appears
to be somewhat older than the second-generation folds
rather than contemporaneous as it is farther northwest,vard. Younger foliation in these rocks is· generally indistinct and is characterized by diminution in
the grain size of quartz and micas rather than by further recrystallization. Quartz pebbles in both the
Great Smoky and Sno~bird groups are flattened in
the primary foliation; but elongate pebbles are found
largely in the crests and troughs of ·second-generation
folds where their long diJmension is parallel to the
fold axes. Elongation of these pebbles seems to be
due to slicing of the flattened pebbles along slip-cleavage planes subparallel to the axial planes of the cleavage folds.
Throughout the Dellwood -Cherokee belt, minor
second-generation structural features in the Ocoee series
are reflected by similar features in the basement rocks.
Low-dipping foliation is folded and cut by later and
more steeply d~pping foliation parallel with the slip
cleavage in the overlying rocks. The earlier foliation
of the basement rocks, especially in the Campbell Creek
anticline arid Walker Bald syncline, is subparallel to
that in the Ocoee series, and many fold patterns in the
basement rocks are similar to those in the Ocoee.
Second-generation minor folds and foliation in the
rocks of the Ocoee series and in the basement rocks
developed concurrently with the rise of north-northeastward-trending master folds in the basement rocks
after episodes of folding, low angle faulting, and regional metamorphism. Although . this deformation
was accompanied or followed by considerable further
recrystallization in the southwestern part of the report

Joints of many kinds and diverse attitudes are abundant throughout the report area. Some display systematic geographic orientation or relation to rock
type or structure; others are random in their occurrence, and their relation to larger structural features
is not known. Chief among them are ( 1) a system of
strike joints best developed in areas of relatively simple structure north of the mountain crest, ( 2) transverse joints including several sets found in various
parts of the area, (3) joint swarn1s of various orientations, and ( 4) late northwestward-trending joints
mainly in the southeastern part of the area, showing
minor movement apparently related to the Oconaluftee
fault.
Strike joints are characteristic of southward-dipping
sandstone beds in the Roaring Fork and Thunderhead
sandstones in the northwestern part of the report area.
These joints strike east-northeastward parallel with
the strike of the beds and dip generally southeastward,
although vertical attitudes are common and northwestward dips occur. They are generally inclined 50°700 to the bedding, so that in beds dipping 30° S. they
are nearly vertical. In a few places joints in northward-dipping beds dip as low as 30° S. They are commonly filled with quartz and thus form veins an inch
or so wide in the sandstone beds tapering to paperthin wedges in the more schistose interbeds.
These joints and veins are generally curved as they
pass from massive sandstone into finer grained more
schistose beds (fig. 37). The curvature is always toward the cleavage in the schistose rocks, and the amount
is proportional to intensity of the cleavage and the
amount of mica present. The fractures do not penetrate
far into the schistose beds and become nearly parallel
to the cleavage before they disappear. They seem
to be shear joint_s that originated in the sandstone at
a large angle to the bedding and were deflected into
the cleavage of the schistose interbeds. By continued
shear along the cleavage, the fractures were apparently
widened in proportion t9 the angle between them and
the cleavage, and were filled with substances from the
adjacent rocks, mainly quartz accompanied by minor
amounts of carbonate, chlorite, and ilmenite.
Similar joints and veins occur in the more massive
beds of the Thunderhead sandstone, where their sys-
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FIGURE 37.-Diagram of curved strike joints and quartz veins in moderately dipping feldspathic sandstone and schistose metasiltstone,
Roaring Fork sandstone. A, Curved or refracted shear joint. B, and
C, Curved joints opened by shearing parallel to schistosity and extension paraJlel to bedd~ng. D, Joint filled with quartz.

joints that form swarms, or groups, of closely spaced
subparallel joints averaging less than a foot apart.
They are especially abundant in both Ocoee and basement rocks northeast of Cherokee, where they have
influenced the topography and are responsible for
northwest segments of the rectangular drainage pattern
in the lower part of Raven Fork. At many places they
are coated with chlorite and hematite and are moderately slickensided with nearly horizontal striations.
They are younger than most quartz veins, many of which
are slightly displaced. The trend, movement pattern,
and time relations of these northwestward-trending
joints suggest that they are related to the Oconaluftee
fault.
·
Other joints form swarms or zones a few feet or a few
tens of feet wide, in which unusually abundant nearly
parallel joints are spaced a few inches to a foot or so
apart. These joint swarms dip variously at angles
ranging from 40° to vertical but have _no preferred
strike. They occur sporadically throughout the area,
are not-mi;neralized, and probably resulted from various
local concentrations of stress relatively late In the
tectonic history of the region.

PALEOZOIC REGIONAL METAMOR-

tematic relation to bed<ting is useful in the structural
PHISM
interpretation. On the north slope of )\,fount Mingus,
The Ocoee series and older rocks of the Great Smoky
where thick massive sandstone beds are nearly vertical,
the: presence of gently dipping strike joints was the first Mountains were subjected, probably in early Paleozoic
clue to their 'attitude. Usually thick quartz veins oc- time, to regional dynamothermal metamorphism that
cupy steep strike joints in moderately dipping sand- increased regularl-y in intensity toward the south-southstone beds of the Thunderhead sandstone on the Cling- east across a belt at least 35 miles wide. Rocks of the
greenschist facies are dominant in the north western
mans Dome road.
Systematic transverse joints are also conspicuous in half of this belt, but they· are succeeded southeastward
the more massive sandstone beds of the Roaring Fork by roeks of the albite-epidote-amphibolite and amphiband Thunderhead sandstones in the northern part of olite facies. Most of the metamorphism occurred afthe report area. These joints strike northward at large ter the displacement on the Greenbrier fault, but its
angles with the strike of the beds and are nearly vertical. thermal peak had ·passed before the deformation that
They are widely spaced, several feet to many feet apart, produced the north-northeastward-trending Ravensand are not so abundant as strike joints. They also ford and Cataloochee anticlines and the accompanypenetrate ap the beds in a given outcrop. Very few ing second-generation minor folds throughout the southare mineralized, and they seem to have originated later eastern part of the area. Shale and argillaceous siltthan the strike joints, after quartz mineralization had stone were converted to slate and metasiltstone at the
largely ceased. Prominent transverse joints, together north, to phyllite and fine- to medium-grained schists
with strike joints, make angular cli:ffy exposures in the farther south, and to coarse-grained schists and gneisses
Thunderhead sandstone and such pinnacles in the _along the southern border of the. report area. Feldspathic sandstone and conglomerate, although showing
Anakeesta formation as the Chimneys.
·
Transverse joints are more abundant than strike joints metamorphic c~1anges less- readily, became foliated or
in-the much-folded rocks in the southeastern part of the gneissic in the southern part of the Great Smoky Mounreport area, where many appear to be a-c extension tains. Impure ·dolomite and dolomitic sandstone in the
joints normal to fold axes. They are widespread and Anakeesta formation north and northeast of New-found
Gap are represented by lime-silicate rocks west of Bryuniformly distributed.
Similar to the a-c joints in attitude but otherwise son City.
The rocks of the basement complex were much afof different origin are steep northwestward-trending
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fected by the same regional metamorphism; but, because of their fundamentally different origin and previous metamorphic history, the results of post-Ocoee
metamorphism are more difficult to distinguish in them.
PROGRESSIVE DYNAMOTHERMAL METAMORPHISM
OF THE OCOEE SERIES

The course of early Paleozoic regional metamorphism
in the Ocoee rocks of the eastern part of the Great
Smoky Mountains can be traced in the appearance
southeastward of ne~ textures, microstructures, and
minerals in pelites, carbona tic sediments, and associated basic igneous rocks. The succession of these minerals and mineral assemblages is similar to that in
metamorphic fold belts elsewhere in the Appalachian
region (Billings, 1937, 1956; Hadley, 1942,1950; Barth,
1936). The direction of increasing metamorphism is
best displayed by isograds marking the first appearance
of the key metamorphic minerals, biotite, garnet, staurolite, and kyanite, as shown in plate 3. The isograds
also separate, approximately, areas of differing metamorphic facies (Turner, 1948, p. 54-107). Rocks of
the greenschist facies lie· north of the garnet isograd,
the biotite isograd separating rocks of the muscovitechlorite subfacies from the warmer biotite-chlorite subfacies. Between the garnet and staurolite isograds, the
dominant mineral assemblages are those of the albiteepidote.:amphibolite facies, and south of the staurolite
isograd they belong to the staurolite-kyanite subfacies
of the amphibolite facies. These facies have been redefined as the quartz-albite-epidote-almandin'e subfacies
of the greenschist facies and the staurolite-quartz subfacies of the almandine amphibolite facies, respectively
(Turner, 1958, p. 218 and 229). Rocks of the sillinumite-almandine subfacies, representing the hotter
part of the amphibolite facies, are not found in the area
studied, but they ·do appear a few miles farther
southeast.
For descriptive purposes the metamorphosed rocks
of the Ocoee series are here classified according to the
zone concept. Thus the area north of the biotite isograd, where metamorphic biotite is absent, is the chlorite
zone; and the area between the biotite and garnet isograds, where biotite is present but not garnet, is the
biotite zone. The garnet zone, lying between the garnet
and staurolite isograds, contains both chlorite and
biotite but not staurolite, which is represented in the
more aluminous rocks of the zone by chloritoid. In the
Great Smoky area, as elsewhere in the Appalachians,
staurolite appears somewhat before kyanite so that both
staurolite and kyanite zones are present.
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CHLORITE ZONE

Rocks of the chlorite zone are limited to a narrow
belt along the northern border of the report area,
although they extend several miles farther north in
adjacent quadrangles. They include principally rocks
of the Pigeon siltstone and Roaring Fork sandstone,
in which fine-grained rocks are dominant. The more
argillaceous rocks are slate or 1netasiltstone with varying degrees of slaty cleavage depending 1nainly upon
the original clay content. Original clay minerals were
entirely reconstitutea to sericite (the term "sericite"
is used for fine-grained white mica, which is largely
muscovite but includes paragonite in some rocks), and
chlorite and s~lt-size quartz and feldspar have become
granoblastic. Saild-size pa.rticles generally retain their
detrital shapes and sizes, although their outlines are
somewhat modified by rec~ystallization of the matrix.
Detrital flakes of muscovite and chlorite are fairly
common, but detrital biotite, has been altered to chlorite
(Ilamilton, 1961, p. A-36). Metamorphosed siltstone
and sandstone are strongly feldspathic and contain
abundant epidote, which was at least in part formed
during metamorphism; the typical low-temperature
metamorphic assemblage sericite-chlorite-albite-epidote
is therefore prevalent in the rocks of the chlorite zone
in the area. Although much of the sphene (table 7,
analyses 1, 2, 10) is detrital, some of it probably represents metmnorphic combinations of CaO and Ti0 2
released by destruction of other minerals, perhaps of
plagioclase and biotite.
BIOTITE ZONE

The biotite zone, in the south part of the foothills
belt and the north part of the 1nountains, includes large
areas of pelitic and arenitic rocks of the Great Smoky
group, as well as of the Rich Butt sandstone, Roaring Fork sandstone, and Pigeon siltstone. Slaty cleavage occurs in the pelitic rocks, much as in the chlorite
zone, but the most aluminous rocks have progressed
to micaceous phyllite with a marked silvery sheen.
Sandstone and conglomerate are not obviously foliated
except in restricted zones of unusual shearing, but they
show increasing microscopic evidence of internal shearing and concurrent recrystallization of matrix Inateria].
Mineral assemblages of the chlorite zone continue
largely unchanged into the northern part of the biotite
zone with the important addition of biotite, which
first appears as microscopic grains in fe:ldspathic
sandstone just south of the Gatlinburg fault zone.
Between there and the Grenbrier fault, however, biotite
is sparse, and 1nost of the rocks retain their green color
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and chlorite content for several miles south of the
biotite isograd. Biotite is developed at the expense
of chlorite most fully in feldspathic sandstone, and
chlorite is completely replaced by biotite in some sandstones north of the Greenbrier fault. Biotite formed
much less readily in the more pelitic rocks, appearing
as small scattered porphyroblasts in strongly chloritic
rocks almost to the Greenbrier fault. In the Roaring
Fork sandstone and Pigeon siltstone near the biotite
isograd on the Pigeon River, green chloritic rocks are
interlayered with grayer biotitic rocks. Thus, despite
the theoretical incompatibility of muscovite, chlorite,
and biotite in the biotite zone, assemblages including
all three minerals are widespread in the rocks of the
Snowbird group in the zone.
The persistence of chlorite seems to be related to the
varying distribution of po~assium feldspar (fig. 15),
whose relation to metamorphic chlorite and biotite in
the biotite zone is shown in figure 38. Chlorite is most
abundant in rocks that contain the least potassium
feldspar and is absent from most of those in which
potassium feldspar amounts to more than a few percent. By analogy, many pelites whose grain size is
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38.-Detrital feldspar and metamorphic biotite in sandstone
and. siltstone of the Snowbird group in the biotite zone. Relative
proportions of biotite and chlorite are plotted against percentage of
potassium feldspar as determined in thin sections.
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too small to permit identification of the feldspars contain considerable biotite, whereas others do not. This
evidence suggests that silt- or clay-size feldspar has
influenced the development of biotite in these rocks
also. Thus the presence of potassium in excess of that
required to form muscovite has apparently promoted
the formation of biotite in the progressive metamorphism of these rocks. Mass effects are apparently
important, and a small a.mount of potassium feldspar
is not enough to :prevent the persistence of chlorite in
the more micaceous rocks. In the sandstone, however,
in which potassium feldspar far outweighs the micas,·
chlorite is rarely preserved in the biotite zone.
In rocks lacking excess potassium in the biotite zone,
part of the chlorite has actually increased in grain size
and taken on to some extent a porphyroblastic habit
similar to biotite. This porphyroblastic chlorite occurs
mainly near the biotite isograd, as though representing
initial growths that changed to biotite deeper in the
biotite zone. Some chlorite, however, especially in
biotite-muscovite schists in the Cataloochee area, has
resulted from postthermal shearing and retrogression.
At the Greenbrier fault a marked· change occurs in
the color of both pelitic and arenitic rocks, for the
rocks of the Great Smoky group south of the fault
are almost wholly gray and biotitic rather than chlorite
bearing. Although -at first this change was ascribed
to displa.cement of the metamorphic zones along the
fault, it is controlled more by the potassic character
of the Great Smoky group than by increased
metamorphism.
Phyllite beds in the upper part of the Roaring Fork
just north of the fault once contained porphyroblastic
chloritoid or a closely related mineral, known only
from tabular molds from which an iron-rich substance
has been leached by weathering. The enclosing rocks
are highly muscovitic, lack biotite, feldspar, and epidote, and -are spangled by tiny brilliant plates of
ilmenite.· They are very similar to chloritoid-bearing
rocks in the Anakeesta formation farther south.
Metadiorite intrusives in the biotite zone near the
Greenbrier fault on Mount Winnesoka and Greenbrier
Pinnacle, as well as on the north slope of Mount
LeConte, are granoblastic mixtures of sodic plagioclase, green amphibole, chlorite, epidote, clinozoisite,
and sphene. Biotite partly replaces chlorite at the
margins of these bodies, where potassium appears to
have been absorbed from the adjacent country rock.
GARNET ZONE

Rocks of the garnet zone occupy a belt, some 6 miles
wide, that crosses the crest of the range obliquely and
includes most of the Alum Cave syncline and parts of
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the Cataloochee anticlinorium and .R.avensford anticline. The belt includes all the Anakeesta formation
except the small area near :Mount Guyot and that west
of Bryson City. Pelitic rocks of the Anakeesta formation and Thunderhead sandstone in this zone range
from shiny slate to phyllite and fine-grained schist, in
which white mica increases southward from 0.02 to 0.2
mm in size. Porphyroblasts of biotite are considerably
less than 1 millimeter in size, but those of garnet commonly are 1 or 2 mm and those of chloritoid are 3-5 mm.
The foliation of pelitic rocks in the zone is much more
commonly crinkled or bent by slip cleavage than in the
areas farther north. Feldspathic sandstone and pebble conglomerate generally are only indistinctly
foliated.
Garnet occurs sparsely in the slaty interbeds of the
Thunderhead sandstone and is conspicuous in the dark
pelitic rocks of the Anakeesta formation near the crest
of ~fount LeConte and eastward to ~fount Sequoyah.
As no megascopic garnet occurs in the ·small area of
Anakeesta on ~fount Guyot, this area is probably outside the garnet zone. Small porphyroblasts of almandine garnet found northeast of Mount Sterling in the
dark argillaceous rocks of the Rich Butt sandstone and
:in :feldspathic quartz-mica schist of the Roaring Fork
sandstone mark the northern limit of the zone in the
eastern part of the rna p area. Most rocks of the Longarm quartzite and 'Vading Branch formation contain
eithet too much alkali or too little alumina to form
garnet, and the garnet isograd cannot be located accurately in these rocks.
Typical mineral assemblages in the pelites and the
more argillaceous sandstone contain muscovite, biotite,
and quartz, with or without almandine garnet. In the
carbona,ceous and sulfide-bearing black slate of the
Anakeesta in the northern part of the zone, garnet is
a colorless variety rich in manganese (table 14, analysis
1) . ''There plagioclase feldspar can be recognized in
the more pelitic rocks it is largely albite, although
oligoclase appears in the southern part of the zone;
epidote is generally absent.
An important assemblage, widespread in the Anakeesta formation in the northern part of the garnet zone,
contains chloritoid, chlorite instead of biotite, and
and garnet where chloritoid is sparse or absent. This
assemblage is most prominent in the chloritoid slate
member of the.Anakeesta formation, but it also occurs
in fine-grained argillaceous metasandstone of the sandstone member of the Anakeesta and in the
ading
Branch formation northwest of Cove Creek Gap. The
assemblage clearly represents the chloritoid-almandine
subfacies of the albite-epidote-amphibolite facies, according to Turner ( 1948, p. 89) , although the large
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amount of chlorite may be unusual. Here also the formation of biotite may have been prevented by a deficiency of potassium relative to alumina. Although
no feldspar was identified in the chloritoid-bearing
pelites, chemical analyses (table 11, analyses4, 10) show
that they are sodic enough to contain albite or paragonite or both. They are also deficient in calcuim ; in
the absence of biotite and sphene therefore, Ti0 2 appears as abundant tiny plates of ilmenite (fig. 39A).
Although kyanite does not normally occur in rocks
of the greenschist facies, it appears very sparsely in
carbonaceous phyllite of the Anakeesta formation near
Alum Cave and also, together with finely recrystallized
graphite, in scarce quartz segregation veins in black
slate near Eagle Rocks on the crest of the range. In
both occurrences, the host rocks are rich in carbon,
iron sulfide, and alumina and are deficient in iron available to form chloritoid.
Carbonate rocks occur in much the same area of the
Anakeesta formation as the chloritoid-almandine-bearing pelites and contain everywhere the critical metamorphic assemblage dolomite-chlorite-quartz, with
minor amounts of sericite and calcite. As this assemblage is normally limited to the low-grade greenschist
facies, its presence here suggests high confining pressure during metamorphism, preventing the escape of
C0 2 and the development of actinolite that would otherwise have occurred.
Tl~e dioritic and diabasic intrusive rocks on the north
slope of Clingma.ns Dome \Yere affected by the early
Paleozoic dynamothermal meta~norphism, although
much of their origina.I texture remains.
The n10st
altered rocks nre greenish-gray schists composed of
pale-green chlorite a1i.d sodic andesine, with varied
amount sof carbonate, hornblende, biotite, and qua.rtz.
..l\fuch of the carbonate consists of small porphyroblasts of ankerite replacing chlorite ru1d feldspars;
chlorite replaces actinolitic amphibole and locally is
distributed through plagioclase as though representing
a recrystallized propylitic feldspar. The hornblende
of the sheared rocks occurs sparsely as needlelike porphyroblasts penetrating the chlorite-feldspar groundmass, and it is darker than the actinolitic hornblende
of the nonsheared rocks.
KYANITE AND STAUROLITE ZONES

The northern boundary of the staurolite zone is located where staurolite first appears in pelitic rocks;
chiefly in the Thunderhead sandstone, as the chemical composition of most of the Snowbird group seems
to be unfavorable for grmvth of either staurolite or
kyanite. An exception is the basal phyllite of the
'Vading Branch formation, which forms kyanite schist
in the Dellwood quadrangle. Also, a little staurolite
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A. Chloritoid (tabular) and garnet (equant) in groundmass of quartz, sericite, and chlorite.

Black specks are ilmenite.
polarized light.

Chloritoid slate member of Anakeesta formation.

Plane-

B. Deformed biotite and garnet porphyroblasts in crumpled mica schist transected by slip

cleavage (vertical).

FIGURE

Thunderhead sandstone near Cove Creek Gap.

Plane-polarized light.

39.-PHOTO.MICROGRAPHS OF CHLORITOID, GARNET, AND BIOTITE
PORPHYROBLASTS
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occurs in a garnet-mica schist of the Roaring Fork
sandstone southeast of the Catalooche Ranger Station
and in the Straight Fork window southeast of Beech
Gap.
The rocks of the kyanite and staurolite zones show
the greatest reconstitution found in the Ocoee series
in the area. Pelitic rocks are fine- and medium-grained
porphyroblastic schists in most places, but coarse schist
and feldspathic gneiss formed from the Ocoee series
occur on Buck Mountain ·and North Eaglenest Mountain in the Dellwood quadrangle and in the vicinity
of the Ela and Bryson domes. Muscovite ranges in
size from 0.2 to 2 mm in the finer and medium-grained
schists and is 3 or 4 mm in the coarsest rocks, in which
it is commonly porphyroblastic. Biotite and garnet
porphyroblasts are abundant, as large as 3 mm in some
rocks (fig. 39B). The garnet in the pelitic rocks is
mainly almandine, but garnet with considerable
amounts of grossularite occurs in the more calcic metasedimentary rocks (table 14, and fig. 40).
TABLE H.-Compositions of garnet from the eastern Great
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1. Pyritic carbonaceous phyllite, Anakeesta formation, garnet zone; U.S. Highway
441 1 milo north of Newfound Gap.
2. Phyllite, Groat Smoky group, staurolite zone, Chestnut Flat Ridge.
3. Phyllite, Groat Smoky group, staurolite zone; Caldwell Fork, Dellwood quadrangle.
4-6. Mica schist, Groat Smoky group, kyanitc zone, Cataloochee Divide and Buck
Mountain, Dellwood quadrangle.
7. Mica sr.hist, Wading Branch formation, kyanite zone, near Soco Gap.
8. Mien gneiss, Great Smoky group, kyanitc zone, the Plott Balsams, Dellwood
quadrangle.
9. Two-mica gneiss, Carolina gneiss, ncar Trit Knob, Dellwood quadrangle.
10. Quartz-bl'arlng garnet amphibolite, Carolina gneiss, near Purchase Knob,
Dellwood quadrangle.
11. Dlopsldc-bearlng garnet amphibolite, Carolina gneiss, near Trit Knob, Del-"
wood quadrangle.
12. Cnlc-sll\coto granofels! thin layer in mica schist, Great Smoky group, Catalool'hoo Divide, Del wood quadrangle.
13. Calc-silicate granofels, thin layer In mica gneiss, Carolina gneiss, northeast of
of Reck .Hill school, Dellwood quAdrrmglo.
14. Cnlc-slllcatc granofcls, Carolina gneiss, near Trit Knob, Dellwood quadrangle.

Staurolite, although inconspicuous in the northern
part of the zone, forms prismatic porphyroblasts, commonly 1-11/2 inches long and locally as much as 3
inches long in the Catalooche Divide syncline and -adJonnng areas. Staurolite is also prominent near Rattlesnake 1\:nob west of Smokemont. 1\:yanite, also
sparse and inconspicuous in the northern part of the
zone, occurs nearly as far north as staurolite in many
places. It forms rectangular prisms, ¥2-1 inch long;
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INDEX

40.-Unit cell sizes and refractive indices of garnets from the
Great Smoky 1\:loQntalns, N.C. and Tenn. Numbers refer to analyses
of samples given in table 14. Unit cell sizes obtained from X-ray
powder photographs by Debye-Scherrer method with Cu radiation and
Ni filter. Graphical method of Bradley and Jay ( 1932) used to obtain
lattice spacing. Cell sizes are accurate to 0.001 ; refractive indices,
obtained by oil Immersion, are accurate to 0.002. Measured by R.
Goldsmith.

FIGURE

in several places along the northern boundary of the
zone these prisms have been altered to muscovite. Both
kyanite and staurolite are prominent in the Anakeesta
formation between Noland Divide and the Tuckasegee
River; especia.Ily abundant and well-formed staurolite
crystals are found in bla.ck schists near the mouth of
Lands Creek west of Bryson City.
1\:yanite and staurolite occur only in the most aluminous rocks of the Ocoee series, those with large
amounts of alumina in excess of that required to form
feldspar. ·when these rocks are plotted on a standard
AI\:F diagram showing the relation between excess
alumina, potassium oxide, and ferromagnesian oxides
(fig. 41), it appears that typical pelitic rocks of the
Snowbird group contain too little alumina with respect
to alkalies and calcium to produce kyanite or staurolite.
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mica content.
Comparable rocks in the biotite and
garnet zones contain considerable a.mounts of paragonite, which becomes unstable at moderately high
temperature even at high pressure (Geophysical Laboratory, 1954, p. 112). Thus kyanite and plagioclase
in aluminous rocks of the Ocoee series probably formed
at the expense of paragonite according to the reaction:
NaAl2AlSia0to(OH)a+ SiOz~NaAlSiaOs+Al:z.Si05+ HaO.
Paragonite
quartz
albite
kyanite water

Although the more aluminous rocks are deficient in
calcium, many feldspathic mica.-quartz schists and
matasandstones contain plagioclase, which ranges from
sodic oligoclase to andesine, with or without epidote,
Microcline
irregularly throughout the kyanite and staurolite zones.
KL---------------41-------..:J.F
:More calcic plagioclase is found only in the highly
Biotite
calcic
rocks described below.
FIGURE 41.-AKF d'iagram for aluminous pelites of the Ocoee series,
eastern Great Smoky Mountains. (1) l\Iusco,·ite phyllite, chlorite
Scattered thin sandstone beds in the Thunderhead
zone~ Laurel Creek, Wear Cove quadrangle.
(2) 1\:letasiltstone, Pigeon
sandstone
throughout the kyanite and staurolite zones
siltstone, chlorite zone. (3) 1\:letasiltstone, Pigeon siltstone, chlorite
zone. (4)' Slate, Thunderhead sandstone, low garnet zone. (5) Black
have been metamorphosed to distinctive light-colored
slate, Anakeesta formation, garnet zone. (6) Chlo~itoicl meta- argilcalc-silicate granofels composed largely of quartz and
lite, Anakeesta formation, garnet zone. (7) Chloritoid phyllite, Wading
Branch formation, garnet zone. (8) Kyanite-staurolite-mica schist,
plagioclase with varied amounts of biotite, garnet, hornGreat Smoky group. (9) Kyanite-staurolite gneiss, Wading Branch
blende,
and clinozoisite. These are the "pseudodiorite"
formation. (10) Kyanite-muscovite schist, Wading Branch formation.
(11) Kyanite-mica gneiss, Great Smoky group.
of l(eith ( 1913), a.lso described by Emmons and Laney
(1926, p. 19-21) as having been formed from calcareous
This relative scarcity of alumina accounts for the scarci- concretions and lenses in feldspathic metasandstone of
ty of those minerals in the Roaring Fork sandstone the Great Smoky group in the Ducktown mining disin the kyanite-staurolite zone. l(yanite and staurolite trict. In the eastern Great Smoky Mountains such rocks
occur together in rocks of approximately the same generally form well-defined layers, a few inches to 3
composition as those containing chloritoid in the albite- · feet thick, interbedded with fine-grained feldspathic
epidote-amphibolite facies, but the reasons for the metasandstone and mica schist. They form also, though
occurrence of kyanite are not wholly apparent, for none less commonly, vaguely defined patches of light-colored
of the rocks falls outside the area where excess alumina granofels in coarser feldspathic sandstone (fig. 42 B
can be contained in staurolite. Perhaps its occ.uri'ence and 0) . Similar rocks occur locally in the Anakeesta
is due to the abundance of biotite in the rocks of the formation west of Bryson City· and in the upper part
kyanite-staurolite zoi1e and the small amount of mag- · of the Roaring Fork _sandstone northeast of Cherokee.
nesia that can be accommodated in staurolite. Thus iron
The granofels is generally granoblastic and is marked
that would otherwise be found in staurolite is tied with by conspicuous porphyroblasts of hornblende and redmagnesia in biotite.
dish-brown garnet (fig. 42 A and D). Although the
In general, staurolite appears first whereas kyanite mineral assemblage is fairly constant, the proportions
persists farther southward, so that rocks containing vary; quartz, for example, ranges from 20 to 75 perkyanite and garnet but not staurolite occur in the cent, plagioclase from 15 to 50 percent, garnet from 2
southeastern part of the Dellwood quadrangle. The to 7 percent, and clinozoisite from less than 1 to 25
rocks in the southeasternmost part of ·the report area percent. Biotite and hornblende together range from
therefore· may represent the kyanite-muscovite sub- 3 to 20 percent, but they tend to be present in inverse
facies of the amphibolite facies, in which staurolite is proportions, rocks with abundant hornblende containunstable and breaks down to kyanite and ga.rnet ing ljt.tle or no biotite and vice versa. The proportion
(Francis, 1956, p. 355).
depends on ,the calcium content. Clinozoisite and
In the basal schist of the 'Vading Branch forma- sphene are more abundant in hornblendic granofels,
tion in the southwestern part of the Dellwood quad- in which feldspar is either calcic andesine or labradorite,
rangle kyanite occurs with abundant porphyroblasts of whereas the feldspar of biotitic granofels is sodic anoligoclase feldspar and a marked decrease 1n white desine. The fact that. the granofels of thin interbeds
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A. Stream pebbles of varied granofels in Thunderhead sandstone.
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Scale

in inches.
0. Biotite-garnet-quartz-plagioclase granofels (lighter colored patches)
in Roaring Fork sandstone, northwest of road 2 miles south-southwest
of Big Witch Gap.

r

B. Gray biotitic metasandstone converted to patches of white quartz-

plagioclase granofels with prominent hornblende porphyroblasts.
Thunderhead sandstone in Bradley Fork, 2.8 miles above Smokemont
Campground.
FIGURE

D. Photomicrograph showing sievelike porphyroblasts of hornblende and

garnet with finer grained quartz and clinozoisite. Granofels in Thunderhead sandstone, Richland Mountain, 4 miles east of Newfound Gap.

42.-CALC-SILICA'l'E GRANOFELS ("PSEUDODIORITE")

generally contains less quartz and more plagioclase
than that forming concretions in sandstone layers suggests that the thinner beds may have been originally
more aluminous and represent argillaceous limy
sandstone.
Specimens taken just within and outside the margin
of hornblende granofels in bvo concretionary bodies
in biotitic feldspathic metasandstone (table 15) show

that the concretions contain about twice as much calcium as the adjacent host rocks only a few inches away,
a relation also found in the Ducktown area (Emmons
and Laney, 1926, p. 19-20). In both occurrences biotite
in the highly calcareous concretions has probably been
converted to hornblende, and potassium has been eliminated, although garnet is relatively unaffected. Because disseminated biotite causes the gray color of the
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host rocks, the removal of biotite produces a bleached
appearance (fig. 42B and 0).
·

during metamorphism in the low-temperature part of
the amphibolite facies.
Rocks of the Ocoee series along the southern border
TABLE 15.-.Modal composition of granofels and host rock, Th1tnof the area, especially in the vicinity of the Ela and
derhead sandstone, eastern Great Smoky .Motmtains
Bryson domes and· on North Eaglenest Mountain and
[Analyses 1 and 2 are of granofels and host rocks respectively at 3,400 ft elevation
on trail on southwest slope Richland Mountain. Analyses 3 and 4 are of granofels
Hard Ridge in the Dellwood quadrangle, have been aland host rock from metasandstone 1 mile northeast of Big Witch Gap]
tered to coarse feldspathic paragneiss. A good example
2
3
4
- - - - - - - - - - - - - 1 - - - - - - - - - - - - - is exposed in a small quarry along a road on the western
flank of the Ela dome, 0.7 mile north of the Tuckasegee
Quartz ________________ -----------------36
20
70
75
Plagioclase_______________________________
114
2 68
122
217
Here interbedded feldspathic sandstone and
River.
Muscovite_______________________________
Tr
Tr ---------- ---------~
Biotite----------------------------------- ---------8 ---------3
pelite
of
the Great Smoky group have been converted
Garnet--------------------------~-------3
4
5
5
Hornblende______________________________
19 ---------3 ---------to layered gneiss (fig. 43), in which the darker pelitic
~~b~~~!~i:~=============================~
2~ ==========
Tr
Tr
Magnetite.______________________________
Tr
Tr
~~
------- Tr
beds now consist of wavy micaceous segregation laminae
TotaL ____________________________ _
between
quartz-feldspar lenses similar in composition
100
100
100
100
and texture to the metasandstone beds. Some "inflaI Labradorite.
2 Andesine.
tion" of the metasandstone beds has also occurred, and
small pods of pegmatite have formed in both rocks.
In the Anakeesta formation along the Tuckasegee
In these rocks, muscovite is xenoblastic or porphyroRiver west of Bryson City, dolomite beds are repre- . blastic, rather than lepidoblastic as it is farther north,
sented by lenses and pods of dark coarse-grained silicate and it may exceed biotite in grain size. Both quartz
rocks associated with graphitic schist and dark meta- and feldspar are coarsely recrystallized and foliation
sandstone. In outcr9p they resemble ultramafic in- decreases, especially in metasandstone, which aptrusives, but thin-section study shows that they are proaches granitoid texture. A few small granite
composed of tremolite, diopside, lime garnet, biotite, pegmatites occur in the general area although not closely
calcic plagioclase, and quartz; their dark color is largely associated with the gneissic rocks.
due to disseminated graphite. They have been folded
PALEOZOIC METAMORPHISM OF THE BASEMENT
and pulled apart along fold limbs, much as the dolomite
COMPLEX
layers in the Anakeesta farther north, and in every
way seem to be their counterparts in the kyaniteAlthough the basement complex consisted of restaurolite zone. Their mineral composition presumably crystallized and variably granitized rocks long before
varies according to the amounts of quartz, chlorite, the deposition of the Ocoee series, the imprint of postfeldspar, and other im.purities in the original dolo- Ocoee regional metamorphism is clearly seen in it. This
mite-the more aluminous and iron-rich rocks consist- is especially true in the northern parts of the complex,
ing of tremolite, garnet, and labradorite with minor where granitic basement rocks \Yere sheared at relatively
amounts of biotite and sphene, and rocks with less low temper'atures and downgraded rocks are abundant.
alumina and iron consisting mainly of tremolite, diop- Farther southeast, as in the Dellwood quadrangle, postside, and zoisite. An unusual colorless chlorite of rela- Ocoee metamorphic conditions were nearer those of
tively high birefringence, perhaps the magnesian the pre-Ocoee metamorphism, and their effects are less
species amesite, occurs in place of biotite in some readily distinguished. In the basement rocks as a
specimens.
whole, however, regional shearing and progressive
A significant accompaniment of the metamorphism thermal reconstitution produced results parallel with
in the kyanite and staurolite zones is the absence of the those in the Ocoee series.
blue quartz which is so characteristic of the less metaBasement rocks in the northeastern part of the area
morphosed parts of the Thunderhead sandstone farther were metamorphosed in the biotite and garnet zones
north. Blue quartz grains persist in conglomerate and as defined in the nearby pelitic rocks. They consist,
coarser sandstone to within a mile or two of the stauro- in part, of altered but little sheared rocks in which
lite isograd but do not occur in similar rocks south of plagioclase is represented by saussurite and original
it. It. is, of course, possible that blue quartz, which biotite by pseudomorphs of chlorite or later green
is sparse or absent in the lowermost part of the Great biotite. The more sheared rocks show strongly cataclasSmoky group to the north, was not deposited in the tic textures in which all older minerals are crushed and
southeastern part of the area. Nevertheless, the fact sheared and new ones have formed. Of the major conthat there is a parallel absence of blue quartz in the stituents, quartz, yielded most readily to shear, followed
basement rocks strongly suggests that the blue color by micas, saussurite, epidote, and lastly potassium
has been destr<?yed by recrystallization or annealing feldspar, which commonly remains as porphyroclasts.
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43.-Gneissic metasandstone and schist showing extreme metamorphic reconstitution in the Ocoee series. The more argillaceous
beds consist of segregation lenses of biotite schist and of quartz-feldspar rock similar in composition to the lighter colored metasandstone
beds. Small lenses and pods of pegmatite have formed in both types of rock. Roadside quarry on southwest flank of Ela dome,
0.7 mile north of Pigeon River.

FIGURE

Within the biotite zone the plagioclase of the granitic
rocks has been converted to saussurite or finely crystalline mixtures of epidote and white mica. Old biotite
is either changed to green rutile-bearing biotite with
little change of shape, or it is replaced by chlorite and
new biotite. Old muscovite flakes are bent or crushed;
new muscovite, fine grained and mostly lepidoblastic,
has formed in saussurite, in sheared potassium feldspar,
and along grain boundaries. Magnetite, inherited from
the older mineral assemblage and presumably titaniferous, is much altered, marginally, to sphene. In some
rocks the potassium feldspar is thickly studded with
tiny flakes of hematite, giving rise to pink or orange
color in hand specimens; but there is evidence that such
alteration is considerably later than the shearing.
The basement rocks change little across the garnet
isograd. New biotite is more commonly greenish
brown rather than green and s01ne·w hat coarser, but
green-biotite pseudomorphs after old biotite occur as

far south as Shelton Laurel. New chlorite is largely
found in microscopic shear zones of late origin. Plagioclase is represented by green saussurite in the northern
part of the garnet zone, but in the Straight Fork window it has recrystallized to mixtures of oligoclase and
muscovite that are not noticeably green. The zoneindicator mineral, garnet, appears only' sparsely in the
siliceous plagioclase-bearing flaser gneiss of the
Straight Fork window in the southernmost part of the
garnet zone as defined in the Ocoee rocks.
The first basement rock south of the staurolite
isograd is the relatively mafic subaugen gneiss of the
Ravensford body. One of the principal metamorphic
changes observed in this rock, as compared with those
of the biotite and garnet zones, is that green saussurite
is replaced by granoblastic mixtures of oligoclase and
epidote in the northern part of the body :mel by
andesine and epidote in the southern part. No trace
of old biotite remains; all biotite is new, fine grained,
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and olive green· or reddish brown rather than green as Neither petrographic field nor observations give conin the biotite zone. Almandine garnet is more abun- . elusive evidence of two ages of slaty cleavage in the
dant, although still sparse. . Cataclastic texture is still northern part of the area.
evident, but rec~ystallization is more pronounced, as
This earlier kinematic phase of metamorphism was
described previously (p. B16).
followed by a hotter static phase in which porphyroFarther south, thermal effects of post-Ocoee meta- blasts of chloritoid, biotite, garnet, staurolite, and kyamorphism in the basement rocks cannot be easily distin- nite formed in· the more aluminous rocks, hornblende
guished from those of the. earlier metamorphism. and gan1et in the granofels, and tremolite and diopPost-Ocoee deformation was accompanied by co~1sid side in impure dolomite. Most of these mineral grains
erable recrystallization in both the plutonic rocks and lie with diverse orientation in the schistose rocks withthe Carolina gneiss, but the maximum temperature out distortion of the preexisting metamorphic fabrics,
seems to have been about the same as that prevailing although grains of chloritoid and kyanite lie in the
during the pre-Ocoee metamorphism. Thus the horn- foliation of some rocks. Confining pressure apparblende-andesine-epidote-garnet and biotite-muscovite- ently remained high and possibly stress also, for some
garnet-oligoclase assemblages common in the Carolina of the new minerals are not products of purely thermal
gneiss presumbly have not been much changed from metamorphism; the host rocks, however, were not notheir pre-Ocoee character. Rocks containing potas- ticeably deformed during the growth of porphyroblasts.
sium feldspar and biotite in additi()n to hornblende,
Both the early kinematic and static phases of regarnet, andesine, and epidote probably repr~sent intro- gional metamorphism appear to be younger than the
duction of potassium during granitization in pre-Ocoee principal movement on the Greenbrier fault for the
time and continued lack of metamorphic equilibrium following reasons. First, slaty cleavage is not disduring the post-Ocoee metamorphism. No assemblages turbed close to the fault as it certainly would be if the
containing staurolite were found; but kyanite, sparsely movement had occurred after metamorphism. Second,
present in two-mica schist of the Carolina gneiss, may in two places west of the report area where the fault
have resulted from post-Ocoee metamorphism. Plagi- is exposed, gouge and fault breccia are recrystallized
oclase associated with epidote in the kyanite and stauro- and fine-grained micas are developed (King, 1963).
lite zones ranges from oligoclase to calcic andesine Third, the garnet and staurolite isograds cross the fault
without any clear relation to rock type or areal dis- without displacement other than that attributed to the
tribution, probably as a result of varying stress and previously mentioned chemical differences between the
lack of equilibrium during recrystallization.
rocks ·above and below the fault. For these reasons,
the Greenbrier fault is considered to be an early and
RELATION OF THERMAL METAMORPHISM TO
premetamorphic feature.
DEFORMATION
On the other hand, development of slip cleavage
The thermal maximum of early Paleozoic metamorand
second-generation folding associated with the
phism in the eastern Great Smoky Mountains was both
north-northeastward-trending
master folds occurred
preceded and followed by episodes of deformation in
after
the
thermal
peak
of
regional
metamorphism had
which chemical reconstitution was subordinate. The
passed.
Biotite
and
garnet
porphyroblasts
are comearlier of these two episodes consisted of folding and
or
rotated
in
rocks
with
strong
slip
cleavmonly
broken
thrusting in the Ocoee series and the development
39
B),
whose
surfaces
detour
ar~mnd the larger
age
(fig.
of regional cleavage in its more argillaceous rocks.
As suggested in the discussion of structure, it is uncer- porphyroblasts and thus record their presence during
tain whether slaty cleavage and schistosity formed the shearing. Slip-cleavage surfaces are also distorted
everywhere at the same time; north-northeastward- around the larger kyanite and staurolite porphyroblasts
trending schistosity in the Cataloochee anticline may seen in outcrops and hand specimens. These move·-!llents
have accompanied the growth of the north-northeast- were not generally accompanied by important alteraward-trending folds rather than the earlier deforma- tion of the porphyroblasts, gar~ets remaining fresh
tion that· produced the east-northeastward-trending · and biotite only slightly crushed. :1\-Iinor amounts of
folds in the foothill belt. On the other hand, cleavage quartz and chlorite formed in pressure shadows adin slate interbeds south of the Greenbrier fault on jacent to garnet porphyroblasts; and biotite, muscovite,
Greenbrier Pinnacle and Maddron Bald apparently and potassi urn feldspar recrystallized along slip cleavwas folded before the thrusting, and therefore existed age in the basement rocks, but no important mineralogic
for some time before the later deformation in the area. changes appear.
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AGE OF DEFORMATION AND METAMORPHISM

l'he sequence of tectonic and metamorphic events
in the eastern part of the Great Smoky ~'fountains is
summarized in table 16, but dates for these events are
known only within rather wide limits. Evidence of
the age of the post-Ocoee deformation and regional
metamorphism comes from two sources, one stratigraphic, the other based on radiogenic mineral ages;
both place these events in early or middle Paleozoic
time.
'l'AnLE 16.-1'ecto?vic anA metanw1·1)hio histo1·y in the eastern

G-reat S'fnoky Mountains
Metamorphism of sedimentary and igneous
rocks that make up the Carolina gneiss
culminating in plutonism along a northeastward-trending front, with maximum
grade probably northwest of the present
outcrop of basement rocks.

Precambrian

Ordovician?

Earlier post-Ocoee
deformation

Main regional
metamorphism

Middle or
Late
Devonian

Later post-Ocoee
deformation

Early folding of the Ocoee series; eastwardtrending folds in the foothill belt. Lowangle thrusting from south; Greenbrier,
Dunn Creek, Snag Mountain and other
low-angle faults. Development of lowangle foliation in basement rocks.
Rcg:onal metamorphism, beginning possibly during the early folding and incrcsaing In grade toward the southeast with a
maximum In the kyanitc zone. Regional
schistosity and minor folds developed in
the Ocoee series and probably in nonfoliated rocks of the basement complex
producing augen gneiss. Synkinematic
phase followed by static phase, with
development of porphyroblasts. Subjacent Intrusive bodies represented by
pegmatite and trondhjemite.
Regional deformation; major north-northeastward-trending folds and accompanying minor folds and slip cleavage (secondgeneration
folds).
Mctam01 phic
reconstitution restricted at temperatures
somewhat lower than the thermal maximum; earlier structural features deformed
and locally obliterated; continued recrystallization and minor amounts of
alkali metasomatism along south border
of report area. Mylonite zones in basement rocks in waning stage.

----------------------------Late faulting: Great Smoky, Gatlinburg,
Late Paleozoic

Postmetamorphlc
activity

Oconaluftcc and other faults characterIzed by unrccrystallizcd gouge and striated surfaces. Folding of late thrust
faults and mild deformation of structural
features in the Ocoee series (evidence
largely in the foothill belt north of report
area).

~fiddle Ordovician rocks immediately northwest of
the Blue Ridge province from southwestern Virginia
to northern Georgia include abnormally thick clastic
deposits (Neuman, 1955, p. 168-171), with local pebble
and cobble beds that were derived from the southeast
(l(ellberg and Grant, 1956). The crustal disturbance
reflec~:ed in these rocks, termed the Blountian phase of
the Taconian orogeny (Rodgers, 1953, p. 94), lasted
throughout most of ~1iddle Ordovician time and was
accompanied by vulcanism in its later stages. Rocks
as old as the Chilhowee group of Cambrian and Cambrian ( ?) age were eroded, but no fragments of Ocoee
or older rocks are known in the deposits. According
to !(ell berg and Grant ( 1956, p. 715), sandstone of
the Chilhowee group had been altered to vitreous
078-811 0-68---8
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quartzite, and Cambrian limestone was 'veil indurated
and veined before erosion; this evidence suggests complete diagenesis and perhaps mild metamorphism by
~1iddle Ordovician time. Although no direct correlation can be made between this episode of uplift and
erosion and the deformation of the Ocoee series, the
Blountian disturbance was the first major interruption
of Paleozoic sedimentation in the region and thus may
have included the first Paleozoic folding in the Great
Smoky ~'fountains.
Some information about the age of post-Ocoee intrusive and metamorphic events comes from determinations of radiogenic elements in gneisses and pegmatite
in and near the Greaty Smoky ~'fountains. Potassiumargon measurements made on muscovite and biotite
from pegmatite and the enclosing Carolina gneiss near
Spruce Pine, N.C., have indicated consistent ages
around 340 million years, and a similar age was obtained on muscovite from pegmatite that cuts rocks
of the Ocoee series at the Deep Creek mine on the
northwest side of the Bryson dome (Long, l(ulp, and
Eckelmann, 1959, p. 594). Aldrich, 'Vetherill, Davis,
and Tilton (1958, p. 1128) have found, however, thatrubidium-strontium, lead-uranium,. and lead-lead isotope ages of uraninite, muscovite, and feldspar from
one of the pegmatites near Spruce Pine indicate a somewhat older and probably more reliable age of 375 million years for these pegmatites. Since the pegmatites
of the Bryson City area probably ··accompanied the
thermal maximum of post-Ocoee metamorphism, it follows that this metamorphism occurred 340 to 375 million years ago, in ~1iddle or Late Devonian time
according to the geologic time scale of l(ulp (1961).
The Great Smoky and related faults involve rocks
as young as Early ~1ississippian in the foothill belt
northwest of the Great Smoky ~1onntains (Neuman
and 'iVilson, 1960) .and presumably are late Paleozoic.

SURFICIAL GEOLOGY
Surficial materials of various kinds· form a relatively
continuous and locally thick cover on. the bedrock
throughout the eastern Great Smoky ~'fountains. They
may be conveniently classed as saprolite, or bedrock
weathered in place; colluvium, whose only' movement
has been directly down the slope on which it was
formed; and alluvial material transported some distance
from its place of origin by other than direct movement
by gravity. The saprolite and colluvial deposits mantle
bedrock slopes without materially changing their form
and were not mapped. The transported deposits, on
the other hand, are characterized by constructional land
forms readily identified on the ground and on the better
quadrangle maps, and they are shown on plate 1. AI-
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together these deposits record a complex history of
changing climate, soil formation, and erosion dating
possibly as far back as the Tertiary period.
SAPROLITE

Deeply weathered, thoroughly decomposed bedrock
that has not moved and retains bedrock structures almost intact is widespread in the lower parts of the
report ·area. This saprolite is more abundant than
fresh rock in the foothill belt and in the low lands of
the southern part of the area, and much structural
and lithologic information was obtained from it. On
.interfluve ·ridges· it is 60 or more feet thick, but the
larger streams commonly flow on comparatively unweathered bedrock. Deep exposures of saprolite are
not abundant; the best occur in cuts along Tennessee
Highway 73 east of Gatlinburg and along U.S. Highway 19 along the Tuckasegee River and west of Soco
Gap. Most of the saprolite in such exposures is yellowish orange, but its upper part is commonly red. The
saprolite is mantled by soils which are generally thin
and locally absent owing to repeated cultivation and
eroswn.
In the high mountainous parts of the area, the saprolite is thin and discontinuous. Commonly only the basal
part of the saprolite is preserved, as for example along
the Clingmans Dome road where coherent though variably weathered Thunderhead sandstone forms knobs
and rounded residual blocks embedded in saprolite.
Here the saprolite is yellowish brown, although scattered patches of strongly red saprolite or colluvium on
the intermediate slopes suggest the former presence of
a thicker and redder saprolite on the range. Thick
saprolite is still preserved in intermontane basins several hundred feet above the present streams; a conspicuous example is in the Raven Fork valley between
Ravensford and Big Cove, where, on ridges ranging
in altitude from 3,000 to 3,400 feet, drilling preparatory
to construction of the Blue Ridge Parkway revealed
as much as 100 feet of rotten rock.

places these aprons extend over alluvium on the valley
floor, and at the mouths of short tributary valleys they
commonly have convex surfaces characteristic of alluvial fans.
Where concentrated surface drainage begins at the
heads of the steeper hollows, the movement of colluvium
on the slopes above has evidently been accelerated, and
small landslides are common. Elsewhere the colluvium
has moved more slowly, but the amount of material
moved is evidently large. Exposures in mine and prospect openings in neaT by areas indicate that it has moved,
in considerable part, by sliding on well-defined surfaces (Cameron, 1951, p. 7).
In the higher mountains underlain by the more massive rocks of the Great Smoky group, the colluvium
is coarser and consists of large blocks that are loosely
packed, their interstices being filled with smaller fragments, sand, clay, and organic matter. Runoff has commonly removed much of the interstitial material and
flows in subsurface channels; a surprising amount
of the drainage in the headwater valleys is thus
underground.
Large areas in headwater basins and on the higher
mountain slopes are covered with very large colluvial
fragments forming block fields and block streams.
These are especially prominent in the Thunderhead
sandstone on the northern slopes of the Great Smoky
Mountains (fig. 44). Blocks, as much as 20 feet long,
are piled on one another with little or no interstitial
material except the vegetative debris that mantles
them. Many of these deposits are steep and resemble
talus, except that they are not surmounted by cliffs
and are elongated downslope rather than along it. The
blocks have been produced by mechanical weathering

COLLUVIAL DEPOSITS

The colluvium is generally closely related to the bedrock on which it occurs. On the Pigeon siltstone and
Roaring Fork sandstone in the foothill belt, for example, the colluvial mantle consists of unsorted sandy
or clayey loam and angular rock fragments commonly
including large blocks of little-weathered rock. The
thickness of the mantle is inversely proportional to
the steepness of its surface, and is greatest on the lower
and gentler slopes where colluvial-alluvial aprons containing considerable amounts of moderately stratified
slope wash spread out over the valley floor. In many

FIGURE

44.-Block field of Thunderhead sandstone, north side of U.S.
Highway 441, west of the Loop.
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·of massive bedrock on the higher slopes, the resemblance
to talus resulting from the removal of interstitial material by surface runoff. None of the block fields yielded
any evidence of recent accumulation of blocks by falling or sliding; most of the fields are covered by large
trees, indicating little change in the character of the
slopes in recent time.
ALLUVIAL DEPOSITS

Bouldery alluvium derived from the higher parts
of the range and deposited as thick fills in the valleys
along its front is conspicuous in the northern part of
the Gr.eat Smoky Mountains. These deposits occur
in all valleys that drain appreciable areas of resistant
rocks th~t make up the mountains; they are most noticeable on the headwaters of Webb, Dunn, and Cosby
Creeks, where they form broad alluvial fans. Smaller
deposits occur on the Little Pigeon River, on Roaring
Fork, and at Cherokee Orchard (fig. 45A) northwest

A. Alluvial f·a n at Cherokee Orchard, 3 miles southwest of Gatlin-

,burg. View west-southwest from the east side of the fan, where
dt is about a mile wide. Lower slopes of Bull Head at left; on left
skyline is Sugarland Mountain beyond West F;ork, Little Pigeon
[River.

B. Excavation in the same deposit in the town of Gatlinburg, showing
many boulders of Thunderhead sandstone in red clayey matrix.

FIGURE 45.-SURFAOE AND INTERNAL FEATURES OF
ALLUVIAL DEPOSITS
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of Mount LeConte. These bouldery alluvial deposits
occupy more than 15 square miles in the northern part
of the report area and 2 of the largest cover more than
2 square miles each. In spite of their bouldery character, they furnish the best agricultural land on the
northern slope of the mountains. They were extensively cultivated by the early settlers but at the time
of the present investigation were devoted mainly to
apple orchards.
The alluvium consists of large and small boulders
mixed with much sandy or clay loam and smaller rock
fragments, with little or no sorting (fig. 45B). Nearly
all the larger fragments are Thunderhead sandstone,
some of which are very large, especially in the higher
and steeper· parts of the deposits. One block near
the road at Cherokee Orchard was at least 40 feet long
before it broke into 3 pieces at its present location; another is 20 feet high, 25 feet wide, and 45 feeJt long and
lies on the northwest slope of Greenbrier Pinnacle, 1.3
miles north of the nearest bedrock source ; blocks only
slightly smaller occur at many other places. The maximum size of boulders in the alluvium decreases
abruptly downslope, but boulders, 3-5 feet in diameter,
a.re common even at the lower margins of the fans.
The thickness of the alluvial deposits is undoubtedly
varied, for the underlying bedrock has considerable
relief, bedrock hills surrounded by alluvium are common, ai'id streams have cut to depths of 70 feet in
pla0es without exposing the bedrock. Downstream the
alluvium becomes gradually thinner, the surface on
which it lies is more regular, and it merges with deposits not more than 20 feet thick on the floors of the
larger valleys.
At the heads of al]uviated valleys, such as that at
Cherokee Orchard, the deposits apparently pass into
coarse blocky colluvium of the mountain sides without noticeable break. The l'arge blocks in the fans
and aprons merely become more angular and abundant,
and the alluvial surface gradually steepens until it
m.erges with that of the colluvial mantle. Thus it is
impossible to determine from surface features where
alluvial processes become dominant in the downward
movement of the surficial mantle. The great size of
blocks in the alluvial deposits suggests, indeed, that
no boundary exists and that solifluction was important
or even dominant in forming much of the upslope part
of the deposits.
The s·urface of the alluvial deposits is steep, ranging from 450 feet per mile south of Webb Creek to 700
feet per mile on the upper parts of the deposits on Cosby
Creek and Roaring Fork and at Cherokee Orchard.
It is also considerably eroded; modern and recent
streams have cut channels, 5-30 feet deep, in many
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places, and recently abandoned channels with bouldery
floors are common near the present streams. In the
narrower valleys, especially those in the Snowbird
group, the modern drainage commonly follows channels cut in the bedrock adjacent to the alluvial fill ra.ther
than in the fill itself.
Tributary streams entering
these valleys are thus deflected, forming paired inner
valleys separated by a midvalley ridge of alluvium.
A remarkable result of this occurs where Dunn Creek
and one of the tributaries of Cosby Creek, which oecupy
the same valley along the Sevier-Cocke County line
for 2 miles, diverge on the Dunn Creek fan and flow
separately to the French Broad River at points 25 miles
apart.
Most of the bouldery .alluvium is derived from the
thick-bedded and widely jointed Thunderhead sandstone, and the amounts of alluvium in the valleys
draining the north slope of the mountains are appro ximately proportional to their drainage areas within the
outcrop of the . Thunderhead. Valleys that do not
extend as far as the Thunderhead are not conspicuously
alluviated and have established gradients well below
their alluviated neighbors. This condition is most evident north of Piney Mountain east of Cherokee Orchard,where the head of Baskins Creek is 100 feet below
the adjacent valley of Roaring Fork, and north of
Greenbrier Pinnacle, wher~ the alluviated floor of
Timothy Creek is 150 feet higher than its nonalluviated
neighbor to the west.
The ~bouldery alluvium was not all ~eposited at the
same time, for deposits at two well-'defined levels are
separated by a considerable erosion interval. The alluvium at the head of Webb Creek north:.west of Snag
Mountain consists of two fans : a lower western one,
whose surface is about 20 feet above the modern channel of 'Vebb Creek, and an eastern one, about 60 feet
higher. The two are separated in their lower parts
by a scarp, on which 40 feet of bedrock is exposed and
which indicates a lowering of local base level by at
least 70 feet. The higher fan spilled eastward into the
neighboring valley of Dunn Creek, where it caps interfluve ridges well above the surface of the Dunn Creek
fan, and its eroded remnants can be traced up the
valley of Webb Creek for nearly 2 miles.
Similar conditions exist on Cosby Creek 4 miles to
the east, where the alluvial valley floor is bordered
for several miles by gravel-capped ridges 60-120 feet
higher. These are largely remnants of terraces cut
off from the adjacent slopes by tributary streams graded
to Cosby Creek. The largest remnant, extending for
2 miles along the west side of Cosby Creek, is about
60 feet above the valley floor at its north or downstream
end and rises to 120 feet at its south or upstream end.

Four other terrace remnants, less well preserved but
about the same distance above the present drainage,
are probably contemporaneous with the large remnant
on Cosby Creek and the higher fan on Webb Creek.
The terraces on Cosby Creeli: and the remnants of
the higher fan on Webb Creek are well exposed in roadcuts on Tennessee Highway 73. They lie on deeply
weathered saprolite, formed on the Pigeon siltstone,
and contain many friable or deeply weathered cobbles
of Thunderhead sandstone, as well as much red clayey
matrix and red or orange fragments of siltstone. In
some places the upper few feet of the alluvium is red,
but this color does not seem to be consistent or widespread. The underlying saprolite is more weathered
than many fragments in the overlying alluvium and
must have ~attained its present state well before the deposition of the alluvium. In contrast to the older alluvium in the higher fans and terraces, the deposits
on the valley floors are fresher and commonly rest on
relatively fresh bedrock; this evidence suggests that
the sa prolite cover was deeply eroded before the valleyfloor deposits were laid down.
Soils on the older alluvium are generally thicker and
better developed than on the younger, which is characterized by thin brown podzolic soils normally less
than 18 inches thick. The older soils, although variably eroded, are commonly 3-5 feet thick. They are
variably red, orange, or yellowish orange, and their
upper zones are leached of clay and iron oxides. The
older and younger alluvial deposits could probably be
distinguished on this basis were sufficient exposures
available; but alluvium capped by the older soil is not
topographically distinguishable from presumably
younger alluvium in many places.
Two or more stages of alluviation are also present in
the southern part of the Great Smoky Mountains. Extensive cobbly and bouldery terrace deposits like those
described occur 60-80 feet above the alluvial floor of
·the Tuckasegee River valley southwest of Ela and are
abundant in the· vicinity of Bryson City (Cameron,
1951, p. 7 and pl. 1). In Big Cove and in the Dellwood
quadrangle farther east, plate 2, large fanlike deposits
of alluvial and colluvial origin extend far up the slopes,
especially on the rocks of the basement complex. Two
sets of these deposits are distinguishable; the higher
one is characterized by abundant reddish-brown clayey
matrix and many rotten boulders of gneiss, in which
only the more resistant schist and quartzose rocks are
not decomposed, and the lower one consists of lessweathered fragments in a gray or brown matrix. The
surfaces of both are steep, 800-1,000 feet pe.r mile.
A few terrace remnants occur along J onathans Creek
a mile or two north of Dellwood. The highest of these;
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about 120 feet above the present valley floor, are characterized by pebbles and small cobbles of the most
resistant rocks, mainly quartzite and vein quartz, and
lie on eroded grayish-red saprolite. A lower terrace
level, less well preserved, contains somewhat larger partially decomposed fragments of more varied rocks that
are mixed with reddish-brown loamy soil. Contrary to
conditions farther north, the older fanlike deposits appen.r to be graded to the lower rather than the upper
terrace level; the latter therefore may be older than
most of the other alluvial deposits of the region.
GEOMORPHIC SIGNIFICANCE

The surficial deposits, at least in the northern part
of the Great Smoky Mountains, represent a former
period of alluviation preceded and followed by regimes
of dominant erosion. The cause for this alluviation
seems to b,e the contribution of coarse colluvium from
the higher parts of the mountains in amounts much
greater than the capacity of the existing streams to
transport. No such alluviation is going ·on today, and
modern streams are largely engaged in removing the
results of past deposition.
Many students of surficial deposits in the nonglaciated parts of the Appalachian region agree that the
formation of colluvium and the alluviation of nearby
valleys were accelerated during times of glaciation in
eastern North America (Smith and Smith, 1945; Peltier, 1945; Denny, 1956, p. 54-55). This conclusion
seems valid also for the Great Smoky Mountains.
Alternate freezing and thawing in the surficial mantle
probably occurred then over longer periods and to
greater depth, but there seems to be no need to postulate
increased rainfall as compared with the present 85
inches per year on the higher slopes. Precipitation as
snow rather than rain would have retared gullying and
allowed solifluction· to dominate in forming the higher
mountain slopes.
An important factor that may have affected the surficial mantle is the possibility that part of the Great
Smoky Mountains was above timberline and un protected by forest cover during the colder climates of the
Pleistocene. Although this possibility has seemed unlikely to ecologists in the past, the effect of Pleistocene
climates on the biological communities of the southern
Appalachians is being increasingly recognized (Deevey,
1949., p. 1365-1375). The forest of spruce and fir that
now clothes the higher parts of the Great Smoky Mountains with a lower limit of about 5,000 feet is so simil-ar
to the forests adjacent to timberline in the northeastern
United States that, presumably, only a moderate cooling and southward migration of winter storm tracks

Bill

would produce timberline conditions on Clingmans
Dome and ~fount LeConte. Indeed, the occurrence of
spruce and fir pollen in peat bogs on the Atlantic and
Gulf coastal plains indicates a former lowering of the
spruce-fir forest by several thousand feet, possibly
enough to put the greater part of the Great Smoky
Mountains above timberline.
Geologic evidence suggests that block fie] ds similar
to those in the Great Smoky ~fountains were formed
above timberline in the. northern Appalachians by frost
action and solifluction during the waning stages of
glaciation (Antevs, 1932, p. 38-43). If such processes
were limited to areas above timberline in the Great
Sn1oky Mountains, timberline would have been as low
as 5,000. feet, for this is about the lower limit of upland
block fields as distinct from accumulations of blocks
that fill valley heads and probably have moved some
distance from their sources. Moreover, insofar as
solifluction aided by frost ·action is the principal
mechanism in such movement and is retarded by a forest
cover, it can be argued that timberline in the Smokies
was considerably lower and may have been closer to
3,00,0 feet, the lower limit of abundant blocky colluvium
in the larger valley heads.
G. M. Richmond (written communication), who
studied the surficial deposits briefly, believes that the
thicker soils on the older alluvial deposits may be
middle-"\Visconsin in age; they do not appear to be
thick enough nor is the B horizon well enough developed to be older than "\Visconsin. The two stages of
alluviation therefore may be contemporaneous with
early and late "\Visconsin glaciation farther north.
The sa:prolite is clearly older than either stage of alluviation and is probably a product of Tertiary weathering.

MINERAL DEPOSITS.
The only mineral deposit of economic significance
within the eastern Great Smoky Mountains are clay
and feldspar deposits in the pegmatites near Bryson
City ·(Cameron, 1951) and a small lead-zinc deposit
at the east e~ge of the report area, known as the Rednlond mine. The latter was described by geologists of
the U.S. Geological Survey in 1943 and the results of
this work were presented in an open-file report by
Espenshade and others (1947). Additional information on the geological setting of the Redmond mine
was obtained during the present investigation. As no
description of the deposit or the workings has been
formally published, the data of the previous report,
condensed and combined with the more recent information, are presented here.
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REDMOND LEAD-ZINC MINE
HISTORY

The Redmond ore deposit at Shelton Laurel, onehalf mile north of 'Valters Lake near the east edge
of the report area, was reportedly discovered by R. J.
Rathbone about 1905. A shallow shaft 25-30 feet
deep was sunk soon afterward; about 1925 another shaft
was sunk by Rathbone and Adkins to a depth of 20
feet at the point which is now the north end of the
opencut at the road (fig. 46) .· In 1929-30 the U.S.
Smelting, Refining and Mining Co. made a brief explo:r:ation, deepening the Rathbone-Adkins shaft to

about 40 feet and digging trenches to trace the ore
deposit to the north. In 1934-35 a small amount of
opencut work was clone south of the Ra.thbone-Adkins
shaft. The Haywood J\1ining Corp. completed the
·present opencut in 1939-40, and in 1940 shipped 44.5
tons of handpicked ore assaying 12.1 percent lead and
6.5 percent zinc to the Ozark Smelting and Refining
Co., Coffeyville, l(ans. No other production is
recorded. In 1941, six core holes were drilled on the
property, but only one of these supposedly pm~etrated
the vein. The mine remained idle from that time
until April 1, 1943, when the Haywood Mining Corp.,
aided by a loan from the Reconstruction Finance Corp.,
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began a drift from the north end of the opencut under
the direction of B. D. Cassady of vVaynesville. During exploration in 1943 the geology of the workings
n.nd adjacent area was studied in detail by the U.S.
Geological Survey as part of the wartime investigation
of mineral resources.
GEOLOGY

.,

.-

The Redmond ore deposit lies in much-sheared rocks
of the basement complex near its contact with the Ocoee
series in a region of considerable folding and faulting
(see pl. 1). The Wading Branch formation of the
Snowbird group crops out west and southwest of the
mine, where it consists of fine-grained silvery quartzmica schist, 150 or more feet thick, succeeded by 250
feet of medium- to coarse-grained gray biotitic Inetasandstone interbedded with feldspathic quartz-mica
schist. It is well exposed along the road to Walters
Dam. These rocks are overlain by light-colored feldspathic quartzite and arkose of the Longarm quartzite
that forms most of the ridges between thb mine and
the lake. The basal schist of the vVading Branch
formation forms prominent outcrops and appears to
lie in place on the basement rocks. Neither the basal
schist nor the metasandstone, -however, occur east ·of
the mine, where rocks of Longarm type are adjacent
to the basement. Along the lower part of Laurel Creek,
the Longarm is succeeded by dark-gray phyllite with
f.tbu.ndant porphyroblasts of biotite and garnet, like
the basal rocks of the Great Smoky group near Cove
Creek Gap. Farther northeast along the transmission
line and the road, rocks of Longarm, vV ading Branch,
l1nd Great Smoky aspect are in considerable disorder.
and are tightly squeezed between bodies of basement
rock.
Basement rocks near the 1nine are largely coarse
gneissic granite consisting of large potassium feldspar
anhedra and aggregates of quartz, plagioclase, and biotite or chlorite. They are variably sheared and, in
places markedly so, as immediately east of the large
open cut (fig. 46). In addition to foliation, linear feattn·es consisting largely of drawn-out mineral aggregates n.nd striations occur nearly everywhere both in
the country rocks and the ore deposits.
Within the granite northwest of the mine is a considerable body of garnet-actinolite rock representing
much-altered peridotite or possibly an ancient tactite.
It is poorly exposed but can be seen intermittently along
the transmission line north of the mine, where it consists of fine-grained moderately gneissic dark-gray or
purplish-gray rock weathering brown or black. The
rock is composed largely of actinolite or tremolite and
pink or pale-brown garnet with lesser amounts of
quartz and some magnetite and chlorite. Part of the
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tapering southwest end of the body consists of palegreen actinolite-chlorite schist, and similar rock along
the northeast side of the body consists of actinolite and
plagioclase.
The garnet-actinolite rocks are bounded on the northeast by gneissic granite along a relatively straight line
that trends N. 20° W. and projects approximately
through the sheared and ·mineralized zone in the mine.
This contact is probably a fault, for the base of the
Ocoee series south of the mine is displaced several hundred feet along it. The fault was not recognized in
the mine workings, but it probably separates sheared
granite at the east side of the opencut from quartzfeldspar-mica schist at the west side.
Dark chlorite schist, exposed in prospect cuts and
underground workings near the fault, is a common host
rock for ore mineralization. Some of it apparently
represents sheared and chloritized granite, but some
is probably derived from the garnet-actinolite rock.
ORE DEPOSITS

Material on the dump and exposed in the workings
suggests that the better-grade ore consists of massive
fine-grained galena and dark-brown sphalerite mixed
with finely-granular quartz. It also contains rounded
inclusions of clear quartz, fluorite, and chlorite. A second type of ore, more abundant than the massive variety, consists of very fine-grained quartz with irregular
veinlets of galena, sphalerite, chalcopyrite, and pyrite.
Fine-grained white, gray, or purple fluorite is abundant
in the quartz, occurring as seams several inches thick.
Fine-grained white carbonate and scarce pyrrhotite
locally accompany the ore. A third type of ore consisting of sheared garnet-tremolite gneiss partly replaced
by sphalerite occurs in the prospect pit 250 feet due
north of the adit entrance (fig. 46). Near the surface,
the sulfides have been oxidized to a dark gritty mass
which is probably ·mostly cerussite. Small crystals of
green pyromorphite occur locally along cracks in the
quartz, and coatings and impregnations of limonite,
malachite, and azurite are also present.
The deposit as a whole is a system of disconnected
.sulfide-bearing quartz lenses of replacement origin, lying in a zone of sheared and chloritized rock along the
fault described. The vein system is exposed for 250
feet north of the main cut, but the most abundant sulfides are found near the intersection of the fault with
the basal schist of the Wading Branch formation. The
exposed lenses are less than 100 feet in strike length
and average 4-5 feet wide, the widest being 10 feet.
They dip 80° E. to vertical. Linear features apparently
inherited from small folds or cleavage intersections
in the replaced rocks plunge 60° or more south-south-
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eastward, as apparently do the lenses themselves. The
downward extension of the quartz lenses is unknown
but probably exceeds their strike length.
·The quartz lenses of the vein system follow hyo
trends, the predominant one being N. 20° W. toN. 30°
W. and the other about N. 30° E. Two major lenses
with these trends have been traced in the opencut and
adit and are evidently the downward extension of lenses
exposed in the three trenches immediately north of the
opencut (fig. 46). A northwestward-trending part of
the vein system has been opened by surface trenches
between the 2,600- and 2,650-foot contours ·but has
not been explored in the underground workings; It
probably lies northwest. of the small crosscut 60 feet
from the adit face (fig. 47).
Exposures at the north end of the main cut show an
irregular vein of massive sulfide, ranging in width from
8-14 inches, enclosed in a silicified zone about 6 feet
wide, striking north-northwestward and dipping steeply
northeastward.· The footwall of this zone consists of
fine-grained quartz-feldspar-mica schist, probably the
basal part of the Wading Branch formation. Slaty
cleavage in this rock is indistinctly folded, and the fold
axes and associated linear features plunge steeply southward. Most of the silicified and sulfide-bearing material
in the cut appears to have replaced this rock. The east,
or hanging-wall, sjde of the cut consists of silicified
schist and strongly sheared granite reduced to quartzfeldspar-biotite schist with fluxion structure and small
porphyroclasts of feldspar. This rock .extends east
of the cut for 200 feet to less sheared and more easily
recognizable granite.
The vein in the cut was reportedly intersected in a
drill hole 150 feet beneath, where it lay entirely in·
granite (fig. 46). No core from this interval, however,
was available In 1943, and its sulfide content is not
known.
CONCLUSIONS

The exploration shows that the vein system dies out
in the basement rocks north of the. mine and that the
principal ore deposits were found near where the fault
cuts the basal schist of the Ocoee series. Accordingly,
future exploration should be directed toward the intersection of. the Ocoee-basement contact and the fault,
which presumably plunges s·outh-southeastward at a
moderately steep angle beneath the alluvium-covered
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valley south of the mine. Because of the evident
susceptibility of the chlorite schist and garnet-actinolite
rock to sulfide mineralization, the possibility of sulfide
deposits to the north along the faulted contact of the
body of garnet-actinolite rock should he considered
also.
Face Nov 27, 1943
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