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A. Chloritoid (tabular) and garnet (equant) in groundmass of quartz, sericite, and chlorite. 
Black specks are ilmenite. Chloritoid slate member of Anakeesta formation. Plane­
polarized light. 

B. Deformed biotite and garnet porphyroblasts in crumpled mica schist transected by slip 
cleavage (vertical). Thunderhead sandstone near Cove Creek Gap. Plane-polarized light. 

FIGURE 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 Moun­
tain 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 meta­
sedimentary rocks (table 14, and fig. 40). 

TABLE H.-Compositions of garnet from the eastern Great 
Smoky Mountains, N.C. 

[Estimated from unit cell ~lzes and refra<;tlve Indices In figure 40 and empirical data 
of Frietsh (1957, p. 46-47); n, negligible amount] 

Analyses 

1 .•••••...•••.•..........•..... 
2,3.- •• ------------------------
4.--------------------------.--
5,6.--- •••• ----- ·-- ----------.-
7 ,8 •• --- -- -·-.- ----- •• ---------
9 ••• ---.-.---.-.-.- ------------
10 •• ·---- ----.-.----.-- •• ---.-. 
11.---- ~- --- ... -- .. ------------
12,13 •••• --.- .. - ---------- .. - .. 
14 •••• -·----.-.- -- •• -.-.-- •••• -

Alman-
dine 

----
20 
70 
65 
70 
63 
60 
55 
50 
50 
40 

Pyrope 

----
5 

20 
15 
15 
20 
15 
15 
15 
15 
n 

Grossu- Spessnrttte Andradite 
larite 

---- --- -----
------··s· 75 n 

5 n 
15 5 n 
10 5 n 
15 2 n 
20 5 
25 n 
30 5 
25 5 5 
50 n 10 

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 quad­

rangle. 
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, Cata­
lool'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, com­
monly 1-11/2 inches long and locally as much as 3 
inches long in the Catalooche Divide syncline and -ad­
J onnng areas. Staurolite is also prominent near Rat­
tlesnake 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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FIGURE 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. 

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 alum­
inous 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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Microcline 

KL---------------41-------..:J.F 
Biotite 

FIGURE 41.-AKF d'iagram for aluminous pelites of the Ocoee series, 
eastern Great Smoky Mountains. (1) l\Iusco,·ite phyllite, chlorite 
zone~ Laurel Creek, Wear Cove quadrangle. (2) 1\:letasiltstone, Pigeon 
siltstone, chlorite zone. (3) 1\:letasiltstone, Pigeon siltstone, chlorite 
zone. (4)' Slate, Thunderhead sandstone, low garnet zone. (5) Black 
slate, Anakeesta formation, garnet zone. (6) Chlo~itoicl meta- argil­
lite, Anakeesta formation, garnet zone. (7) Chloritoid phyllite, Wading 
Branch formation, garnet zone. (8) Kyanite-staurolite-mica schist, 
Great Smoky group. (9) Kyanite-staurolite gneiss, Wading Branch 
formation. (10) Kyanite-muscovite schist, Wading Branch formation. 
(11) Kyanite-mica gneiss, Great Smoky group. 

This relative scarcity of alumina accounts for the scarci­
ty of those minerals in the Roaring Fork sandstone 
in the kyanite-staurolite zone. l(yanite and staurolite 
occur together in rocks of approximately the same 
composition as those containing chloritoid in the albite- · 
epidote-amphibolite facies, but the reasons for the 
occurrence of kyanite are not wholly apparent, for none 
of the rocks falls outside the area where excess alumina 
can be contained in staurolite. Perhaps its occ.uri'ence 
is due to the abundance of biotite in the rocks of the 
kyanite-staurolite zoi1e and the small amount of mag- · 
nesia that can be accommodated in staurolite. Thus iron 
that would otherwise be found in staurolite is tied with 
magnesia in biotite. 

In general, staurolite appears first whereas kyanite 
persists farther southward, so that rocks containing 
kyanite and garnet but not staurolite occur in the 
southeastern part of the Dellwood quadrangle. The 
rocks in the southeasternmost part of ·the report area 
therefore· may represent the kyanite-muscovite sub­
facies of the amphibolite facies, in which staurolite is 
unstable and breaks down to kyanite and ga.rnet 
(Francis, 1956, p. 355). 

In the basal schist of the 'Vading Branch forma­
tion in the southwestern part of the Dellwood quad­
rangle kyanite occurs with abundant porphyroblasts of 
oligoclase feldspar and a marked decrease 1n white 

mica content. Comparable rocks in the biotite and 
garnet zones contain considerable a.mounts of parago­
nite, which becomes unstable at moderately high 
temperature even at high pressure (Geophysical Lab­
oratory, 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, 
irregularly throughout the kyanite and staurolite zones. 
:More calcic plagioclase is found only in the highly 
calcic rocks described below. 

Scattered thin sandstone beds in the Thunderhead 
sandstone throughout the kyanite and staurolite zones 
have been metamorphosed to distinctive light-colored 
calc-silicate granofels composed largely of quartz and 
plagioclase with varied amounts of biotite, garnet, horn­
blende, and clinozoisite. These are the "pseudodiorite" 
of l(eith ( 1913), a.lso described by Emmons and Laney 
(1926, p. 19-21) as having been formed from calcareous 
concretions and lenses in feldspathic metasandstone of 
the Great Smoky group in the Ducktown mining dis­
trict. In the eastern Great Smoky Mountains such rocks 
generally form well-defined layers, a few inches to 3 
feet thick, interbedded with fine-grained feldspathic 
metasandstone and mica schist. They form also, though 
less commonly, vaguely defined patches of light-colored 
granofels in coarser feldspathic sandstone (fig. 42 B 
and 0) . Similar rocks occur locally in the Anakeesta 
formation west of Bryson City· and in the upper part 
of the Roaring Fork _sandstone northeast of Cherokee. 

The granofels is generally granoblastic and is marked 
by conspicuous porphyroblasts of hornblende and red­
dish-brown garnet (fig. 42 A and D). Although the 
mineral assemblage is fairly constant, the proportions 
vary; quartz, for example, ranges from 20 to 75 per­
cent, plagioclase from 15 to 50 percent, garnet from 2 
to 7 percent, and clinozoisite from less than 1 to 25 
percent. Biotite and hornblende together range from 
3 to 20 percent, but they tend to be present in inverse 
proportions, rocks with abundant hornblende contain­
ing ljt.tle or no biotite and vice versa. The proportion 
depends on ,the calcium content. Clinozoisite and 
sphene are more abundant in hornblendic granofels, 
in which feldspar is either calcic andesine or labradorite, 
whereas the feldspar of biotitic granofels is sodic an­
desine. The fact that. the granofels of thin interbeds 

..,.._j 
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A. Stream pebbles of varied granofels in Thunderhead sandstone. Scale 
in inches. 

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. 

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

D. Photomicrograph showing sievelike porphyroblasts of hornblende and 
garnet with finer grained quartz and clinozoisite. Granofels in Thun­
derhead sandstone, Richland Mountain, 4 miles east of Newfound Gap. 

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

generally contains less quartz and more plagioclase 
than that forming concretions in sandstone layers sug­
gests 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 cal­
cium 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 elim­
inated, although garnet is relatively unaffected. Be­
cause 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). · 

TABLE 15.-.Modal composition of granofels and host rock, Th1tn­
derhead sandstone, eastern Great Smoky .Motmtains 

[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 
and host rock from metasandstone 1 mile northeast of Big Witch Gap] 

2 3 4 
-------------1-------------
Quartz ________________ ------------------ 36 20 70 75 
Plagioclase_______________________________ 114 2 68 122 217 
Muscovite_______________________________ Tr Tr ---------- ---------~ 
Biotite----------------------------------- ---------- 8 ---------- 3 
Garnet--------------------------~-------- 3 4 5 5 
Hornblende______________________________ 19 ---------- 3 ----------

~~b~~~!~i:~=============================~ 2~ ========== Tr Tr 
Magnetite.______________________________ Tr Tr ~~ -------Tr 

TotaL ____________________________ _ 

I Labradorite. 
2 Andesine. 

100 100 100 100 

In the Anakeesta formation along the Tuckasegee 
River west of Bryson City, dolomite beds are repre- . 
sented by lenses and pods of dark coarse-grained silicate 
rocks associated with graphitic schist and dark meta­
sandstone. In outcr9p they resemble ultramafic in­
trusives, but thin-section study shows that they are 
composed of tremolite, diopside, lime garnet, biotite, 
calcic plagioclase, and quartz; their dark color is largely 
due to disseminated graphite. They have been folded 
and pulled apart along fold limbs, much as the dolomite 
layers in the Anakeesta farther north, and in every 
way seem to be their counterparts in the kyanite­
staurolite zone. Their mineral composition presumably 
varies according to the amounts of quartz, chlorite, 
feldspar, and other im.purities in the original dolo­
mite-the more aluminous and iron-rich rocks consist­
ing of tremolite, garnet, and labradorite with minor 
amounts of biotite and sphene, and rocks with less 
alumina and iron consisting mainly of tremolite, diop­
side, and zoisite. An unusual colorless chlorite of rela­
tively high birefringence, perhaps the magnesian 
species amesite, occurs in place of biotite in some 
specimens. 

A significant accompaniment of the metamorphism 
in the kyanite and staurolite zones is the absence of the 
blue quartz which is so characteristic of the less meta­
morphosed parts of the Thunderhead sandstone farther 
north. Blue quartz grains persist in conglomerate and 
coarser sandstone to within a mile or two of the stauro­
lite isograd but do not occur in similar rocks south of 
it. It. is, of course, possible that blue quartz, which 
is sparse or absent in the lowermost part of the Great 
Smoky group to the north, was not deposited in the 
southeastern part of the area. Nevertheless, the fact 
that there is a parallel absence of blue quartz in the 
basement rocks strongly suggests that the blue color 
has been destr<?yed by recrystallization or annealing 

during metamorphism in the low-temperature part of 
the amphibolite facies. 

Rocks of the Ocoee series along the southern border 
of the area, especially in the vicinity of the Ela and 
Bryson domes and· on North Eaglenest Mountain and 
Hard Ridge in the Dellwood quadrangle, have been al­
tered to coarse feldspathic paragneiss. A good example 
is exposed in a small quarry along a road on the western 
flank of the Ela dome, 0.7 mile north of the Tuckasegee 
River. Here interbedded feldspathic sandstone and 
pelite of the Great Smoky group have been converted 
to layered gneiss (fig. 43), in which the darker pelitic 
beds now consist of wavy micaceous segregation laminae 
between quartz-feldspar lenses similar in composition 
and texture to the metasandstone beds. Some "infla­
tion" of the metasandstone beds has also occurred, and 
small pods of pegmatite have formed in both rocks. 

In these rocks, muscovite is xenoblastic or porphyro­
blastic, rather than lepidoblastic as it is farther north, 
and it may exceed biotite in grain size. Both quartz 
and feldspar are coarsely recrystallized and foliation 
decreases, especially in metasandstone, which ap­
proaches granitoid texture. A few small granite 
pegmatites occur in the general area although not closely 
associated with the gneissic rocks. 

PALEOZOIC METAMORPHISM OF THE BASEMENT 
COMPLEX 

Although the basement complex consisted of re­
crystallized and variably granitized rocks long before 
the deposition of the Ocoee series, the imprint of post­
Ocoee regional metamorphism is clearly seen in it. This 
is especially true in the northern parts of the complex, 
where granitic basement rocks \Yere sheared at relatively 
low temper'atures and downgraded rocks are abundant. 
Farther southeast, as in the Dellwood quadrangle, post­
Ocoee metamorphic conditions were nearer those of 
the pre-Ocoee metamorphism, and their effects are less 
readily distinguished. In the basement rocks as a 
whole, however, regional shearing and progressive 
thermal reconstitution produced results parallel with 
those in the Ocoee series. 

Basement rocks in the northeastern part of the area 
were metamorphosed in the biotite and garnet zones 
as defined in the nearby pelitic rocks. They consist, 
in part, of altered but little sheared rocks in which 
plagioclase is represented by saussurite and original 
biotite by pseudomorphs of chlorite or later green 
biotite. The more sheared rocks show strongly cataclas­
tic textures in which all older minerals are crushed and 
sheared and new ones have formed. Of the major con­
stituents, quartz, yielded most readily to shear, followed 
by micas, saussurite, epidote, and lastly potassium 
feldspar, which commonly remains as porphyroclasts. 

·r 
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FIGURE 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. 

Within the biotite zone the plagioclase of the granitic 
rocks has been converted to saussurite or finely crystal­
line 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 titanif­
erous, 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·what 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. Plagi­
oclase is represented by green saussurite in the northern 
part of the garnet zone, but in the Straight Fork win­
dow it has recrystallized to mixtures of oligoclase and 
muscovite that are not noticeably green. The zone­
indicator 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 
in the biotite zone. Almandine garnet is more abun­
dant, although still sparse. . Cataclastic texture is still 
evident, but rec~ystallization is more pronounced, as 
described previously (p. B16). 

Farther south, thermal effects of post-Ocoee meta­
morphism in the basement rocks cannot be easily distin­
guished from those of the. earlier metamorphism. 
Post-Ocoee deformation was accompanied by co~1sid­
erable recrystallization in both the plutonic rocks and 
the Carolina gneiss, but the maximum temperature 
seems to have been about the same as that prevailing 
during the pre-Ocoee metamorphism. Thus the horn­
blende-andesine-epidote-garnet and biotite-muscovite­
garnet-oligoclase assemblages common in the Carolina 
gneiss presumbly have not been much changed from 
their pre-Ocoee character. Rocks containing potas­
sium feldspar and biotite in additi()n to hornblende, 
garnet, andesine, and epidote probably repr~sent intro­
duction of potassium during granitization in pre-Ocoee 
time and continued lack of metamorphic equilibrium 
during the post-Ocoee metamorphism. No assemblages 
containing staurolite were found; but kyanite, sparsely 
present in two-mica schist of the Carolina gneiss, may 
have resulted from post-Ocoee metamorphism. Plagi­
oclase associated with epidote in the kyanite and stauro­
lite zones ranges from oligoclase to calcic andesine 
without any clear relation to rock type or areal dis­
tribution, probably as a result of varying stress and 
lack of equilibrium during recrystallization. 

RELATION OF THERMAL METAMORPHISM TO 
DEFORMATION 

The thermal maximum of early Paleozoic metamor­
phism in the eastern Great Smoky Mountains was both 
preceded and followed by episodes of deformation in 
which chemical reconstitution was subordinate. The 
earlier of these two episodes consisted of folding and 
thrusting in the Ocoee series and the development 
of regional cleavage in its more argillaceous rocks. 
As suggested in the discussion of structure, it is uncer­
tain whether slaty cleavage and schistosity formed 
everywhere at the same time; north-northeastward­
trending schistosity in the Cataloochee anticline may 
have accompanied the growth of the north-northeast­
ward-trending folds rather than the earlier deforma­
tion that· produced the east-northeastward-trending 
folds in the foothill belt. On the other hand, cleavage 
in slate interbeds south of the Greenbrier fault on 
Greenbrier Pinnacle and Maddron Bald apparently 
was folded before the thrusting, and therefore existed 
for some time before the later deformation in the area. 

Neither petrographic field nor observations give con­
. elusive evidence of two ages of slaty cleavage in the 
northern part of the area. 

This earlier kinematic phase of metamorphism was 
followed by a hotter static phase in which porphyro­
blasts of chloritoid, biotite, garnet, staurolite, and kya­
nite formed in· the more aluminous rocks, hornblende 
and gan1et in the granofels, and tremolite and diop­
side in impure dolomite. Most of these mineral grains 
lie with diverse orientation in the schistose rocks with­
out distortion of the preexisting metamorphic fabrics, 
although grains of chloritoid and kyanite lie in the 
foliation of some rocks. Confining pressure appar­
ently remained high and possibly stress also, for some 
of the new minerals are not products of purely thermal 
metamorphism; the host rocks, however, were not no­
ticeably deformed during the growth of porphyroblasts. 

Both the early kinematic and static phases of re­
gional metamorphism appear to be younger than the 
principal movement on the Greenbrier fault for the 
following reasons. First, slaty cleavage is not dis­
turbed close to the fault as it certainly would be if the 
movement had occurred after metamorphism. Second, 
in two places west of the report area where the fault 
is exposed, gouge and fault breccia are recrystallized 
and fine-grained micas are developed (King, 1963). 
Third, the garnet and staurolite isograds cross the fault 
without displacement other than that attributed to the 
previously mentioned chemical differences between the 
rocks ·above and below the fault. For these reasons, 
the Greenbrier fault is considered to be an early and 
premetamorphic feature. 

On the other hand, development of slip cleavage 
and second-generation folding associated with the 
north-northeastward-trending master folds occurred 
after the thermal peak of regional metamorphism had 
passed. Biotite and garnet porphyroblasts are com­
monly broken or rotated in rocks with strong slip cleav­
age (fig. 39 B), whose surfaces detour ar~mnd the larger 
porphyroblasts and thus record their presence during 
the shearing. Slip-cleavage surfaces are also distorted 
around the larger kyanite and staurolite porphyroblasts 
seen in outcrops and hand specimens. These move·-!llents 
were not generally accompanied by important altera­
tion of the porphyroblasts, gar~ets remaining fresh 

· and biotite only slightly crushed. :1\-Iinor amounts of 
quartz and chlorite formed in pressure shadows ad­
jacent to garnet porphyroblasts; and biotite, muscovite, 
and potassi urn feldspar recrystallized along slip clea v­
age in the basement rocks, but no important mineralogic 
changes appear. 

( 



GEOLOGY OF THE EASTERN GREAT SMOKY MOUNTAINS, NORTH CAROLINA AND TENNESSEE B107 

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 strati­
graphic, 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 

Precambrian 

Ordovician? 

Middle or 
Late 
Devonian 

Earlier post-Ocoee 
deformation 

Main regional 
metamorphism 

Later post-Ocoee 
deformation 

Metamorphism of sedimentary and igneous 
rocks that make up the Carolina gneiss 
culminating in plutonism along a north­
eastward-trending front, with maximum 
grade probably northwest of the present 
outcrop of basement rocks. 

Early folding of the Ocoee series; eastward­
trending folds in the foothill belt. Low­
angle thrusting from south; Greenbrier, 
Dunn Creek, Snag Mountain and other 
low-angle faults. Development of low­
angle foliation in basement rocks. 

Rcg:onal metamorphism, beginning possi­
bly during the early folding and incrcsa­
ing 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 non­
foliated rocks of the basement complex 
producing augen gneiss. Synkinematic 
phase followed by static phase, with 
development of porphyroblasts. Sub­
jacent Intrusive bodies represented by 
pegmatite and trondhjemite. 

Regional deformation; major north-north­
eastward-trending folds and accompany­
ing minor folds and slip cleavage (second­
generation folds). Mctam01 phic 
reconstitution restricted at temperatures 
somewhat lower than the thermal maxi­
mum; earlier structural features deformed 
and locally obliterated; continued re-
crystallization and minor amounts of 
alkali metasomatism along south border 
of report area. Mylonite zones in base­
ment rocks in waning stage. -----------------------------

Late Paleozoic Postmetamorphlc 
activity 

Late faulting: Great Smoky, Gatlinburg, 
Oconaluftcc and other faults character­
Ized by unrccrystallizcd gouge and stri­
ated 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 Cam­
brian ( ? ) 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 
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quartzite, and Cambrian limestone was 'veil indurated 
and veined before erosion; this evidence suggests com­
plete diagenesis and perhaps mild metamorphism by 
~1iddle Ordovician time. Although no direct correla­
tion 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 in­
trusive and metamorphic events comes from determina­
tions of radiogenic elements in gneisses and pegmatite 
in and near the Greaty Smoky ~'fountains. Potassium­
argon 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 ob­
tained 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, that­
rubidium-strontium, lead-uranium,. and lead-lead iso­
tope ages of uraninite, muscovite, and feldspar from 
one of the pegmatites near Spruce Pine indicate a some­
what older and probably more reliable age of 375 mil­
lion years for these pegmatites. Since the pegmatites 
of the Bryson City area probably ··accompanied the 
thermal maximum of post-Ocoee metamorphism, it fol­
lows that this metamorphism occurred 340 to 375 mil­
lion 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 al­
most 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 un­
weathered bedrock. Deep exposures of saprolite are 
not abundant; the best occur in cuts along Tennessee 
Highway 73 east of Gatlinburg and along U.S. High­
way 19 along the Tuckasegee River and west of Soco 
Gap. Most of the saprolite in such exposures is yel­
lowish 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 sapro­
lite 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 vari­
ably weathered Thunderhead sandstone forms knobs 
and rounded residual blocks embedded in saprolite. 
Here the saprolite is yellowish brown, although scat­
tered 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 sev­
eral hundred feet above the present streams; a con­
spicuous 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. 

COLLUVIAL DEPOSITS 

The colluvium is generally closely related to the bed­
rock on which it occurs. On the Pigeon siltstone and 
Roaring Fork sandstone in the foothill belt, for ex­
ample, 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 con­
taining considerable amounts of moderately stratified 
slope wash spread out over the valley floor. In many 

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 al­
luvial 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 pros­
pect openings in neaT by areas indicate that it has moved, 
in considerable part, by sliding on well-defined sur­
faces (Cameron, 1951, p. 7). 

In the higher mountains underlain by the more mas­
sive 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 frag­
ments, sand, clay, and organic matter. Runoff has com­
monly 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 

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 ma­
terial by surface runoff. None of the block fields yielded 
any evidence of recent accumulation of blocks by fall­
ing 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 no­
ticeable 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·an 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 

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 char­
acter, they furnish the best agricultural land on the 
northern slope of the mountains. They were exten­
sively 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; an­
other 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 max­
imum 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 com­
mon, 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 de­
posits 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 with­
out 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, rang­
ing 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 chan­
nels 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 sand­
stone, and the amounts of alluvium in the valleys 
draining the north slope of the mountains are appro xi­
mately 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 evi­
dent north of Piney Mountain east of Cherokee Orch­
ard,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 al­
luvium 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 chan­
nel of 'V ebb 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 inter­
fluve 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 road­
cuts 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 wide­
spread. The underlying saprolite is more weathered 
than many fragments in the overlying alluvium and 
must have ~attained its present state well before the dep­
osition of the alluvium. In contrast to the older al­
luvium 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 pro lite cover was deeply eroded before the valley­
floor deposits were laid down. 

Soils on the older alluvium are generally thicker and 
better developed than on the younger, which is char­
acterized by thin brown podzolic soils normally less 
than 18 inches thick. The older soils, although vari­
ably 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. Ex­
tensive 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 less­
weathered 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 char­
acterized 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 par­
tially decomposed fragments of more varied rocks that 
are mixed with reddish-brown loamy soil. Contrary to 
conditions farther north, the older fanlike deposits ap­
pen.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 nonglaci­
ated 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; Pelt­
ier, 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 sur­
ficial mantle is the possibility that part of the Great 
Smoky Mountains was above timberline and un pro­
tected by forest cover during the colder climates of the 
Pleistocene. Although this possibility has seemed un­
likely 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 Moun­
tains 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 cool­
ing and southward migration of winter storm tracks 

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 devel­
oped 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 alluvi­
ation 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 Red­
nlond 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 informa­
tion 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 informa­
tion, are presented here. 
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REDMOND LEAD-ZINC MINE 

HISTORY 

The Redmond ore deposit at Shelton Laurel, one­
half mile north of 'V alters 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 ex­
plo:r:ation, deepening the Rathbone-Adkins shaft to 
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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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FIGURE 46.-Geologic map of the Redmond mine area, Haywood County, N.C. (After map by G. H. Espenshade, M. H. Staatz, and E. A. 
Brown, U.S. Geol. Survey, July 1943.) 
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began a drift from the north end of the opencut under 
the direction of B. D. Cassady of vVaynesville. Dur­
ing 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 quartz­
mica schist, 150 or more feet thick, succeeded by 250 
feet of medium- to coarse-grained gray biotitic Ineta­
sandstone interbedded with feldspathic quartz-mica 
schist. It is well exposed along the road to Walters 
Dam. These rocks are overlain by light-colored feld­
spathic 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 bio­
tite 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 fea­
ttn·es consisting largely of drawn-out mineral aggre­
gates n.nd striations occur nearly everywhere both in 
the country rocks and the ore deposits. 

Within the granite northwest of the mine is a con­
siderable 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 con­
sists 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 

tapering southwest end of the body consists of pale­
green 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 north­
east 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 hun­
dred 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 quartz­
feldspar-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 sec­
ond type of ore, more abundant than the massive va­
riety, 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 consist­
ing 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, ly­
ing 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 sul­
fides 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 south­
ward. 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 quartz­
feldspar-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 inter­
section of. the Ocoee-basement contact and the fault, 
which presumably plunges s·outh-southeastward at a 
moderately steep angle beneath the alluvium-covered 

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. 
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