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Stream sediment heavy mineral sample site
(sample site localities shown on geologic map)

Thin section sample site
(sample site localities shown on geologic map)

Color Designations:  Red - Prograde metamorphic minerals observed in thin sections;  Black - Prograde metamorphic 
minerals observed in stream sediment heavy mineral samples;  Green - Retrograde metamorphic minerals observed in 
thin sections; Blue - Highest temperature primary igneous mafic mineral observed in thin section; Yellow - Aberrant 
prograde metamorphic minerals observed in stream sediment heavy mineral samples (contamination?).  Composition of 
garnet in stream sediment heavy mineral samples undetermined.

Mineral Abbreviations:  Ser - sericite;  Chl - chlorite;  Bt - biotite;  Gt - garnet;  St - Staurolite;  Ky - kyanite;  Sil - 
sillimanite; 

SKETCH MAP SHOWING ELEMENTS OF
METAMORPHIC AND IGNEOUS CONDITIONS

Metamorphic and primary igneous mafic minerals observed in stream sediment heavy mineral samples and thin sections 
shown. 

Metamorphic Grade
(from thin section and stream sediment heavy mineral data)
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NC COORDINATES
(State Plane, NAD 27, in feet) ROCK TYPE

MAP
UNITSAMPLE2 SiO2 Al2O3 Fe2O3 TiO2 P2O5 Cr2O3 Ba Cu SrCoNiZn CeZr Y Nb Sc Ta LOI4 SUM5MnONa2O K2OMgO CaO

OXIDES IN PERCENT ELEMENTS IN PPM3

WHOLE ROCK ICP ANALYSIS1 OF SELECTED SAMPLES

1Whole Rock Inductively Coupled Plasma - Atomic Emission Spectrometer (ICP) analysis conducted by Acme Analytical Laboratories, LTD., 852 E. Hastings St., Vancouver, BC
2Sample numbers correspond to thin section and whole rock sample localities shown on geologic map
3PPM = parts per million
4LOI = loss on ignition in percent
5SUM = Sum total in percent
6Sample taken from colluvial boulder

506,578N; 831,575E siliceous marble bzmts795 29.80 6.68 2.90 0.35 0.12 0.003 330 40 1199<20<20110 83150 25 <10 5 <20 24.7 99.970.051.08 1.570.89 31.59

514,765N; 838,329E mylonitic granitic gneiss bzggts554 72.61 13.81 2.04 0.26 0.24 <0.001 492 75 142<2013730 5792 39 16 5 <20 1.5 100.000.043.49 4.100.50 1.28

506,983N; 831,829E metagraywacke bzwts789 86.71 5.77 2.14 0.38 0.02 0.007 270 79 71<204889 72238 17 <10 3 <20 1.0 99.920.032.25 0.680.59 0.23

512,832N; 830,324E porphryoclastic gneiss PzZtfpcts284 74.13 11.65 4.05 0.65 0.14 0.010 556 46 161<203250 45292 13 <10 10 <20 1.2 99.960.042.56 2.781.26 1.34

516,906N; 836,723E pegmatitic metagraywacke PzZtfwpgts304 73.82 14.58 0.72 0.02 0.01 0.001 13 <20 28<20<20<20 <2026 15 11 <1 <20 0.7 100.000.074.91 4.240.07 0.84

506,682N; 831,500E fish-scale schist bzpts795A 50.40 27.56 7.57 0.95 0.25 0.007 848 72 1952031154 169269 45 22 18 <20 4.6 99.860.161.39 4.371.69 0.69

515,464N; 837,291E breccia bzbts547 78.72 9.71 2.78 0.67 0.10 0.002 252 271 54<2036<20 <20273 12 <10 7 <20 2.5 99.970.012.82 1.211.23 0.10

507,922N; 818,195E biotite schist bsats1032A 43.21 15.22 17.90 4.52 0.13 0.005 847 34 2226254231 60218 124 23 26 <20 6.8 99.900.140.02 4.504.91 2.31

510,900N; 826,043E porphryoclastic gneiss PzZtfpcts1038 53.11 24.29 9.67 0.83 0.03 0.013 1011 194 63<2044120 69163 19 <10 16 <20 3.8 99.930.100.44 4.922.48 0.04

507,689N; 825,019E quartzo-feldspathic gneiss Ytglts1057 70.72 15.75 1.02 0.15 0.01 <0.001 958 59 844<20<2029 2097 <10 <10 1 <20 2.3 100.010.014.73 2.840.25 1.99

501,676N; 830,078E metasiltstone bzpsits941 79.51 9.53 3.16 0.68 0.04 0.006 305 113 14<20<2057 82307 18 15 8 <20 2.2 99.840.040.12 3.740.65 0.05

520,450N; 822,158E megacrystic biotite grantic gneiss Ytgmts393 71.99 13.36 2.89 0.34 0.07 0.002 941 149 213<20<2033 94192 26 <10 6 <20 0.4 99.970.043.65 4.260.51 2.26

513,165N; 831,780E migmatitic metagraywacke PzZtfwts22 67.43 14.20 5.87 0.87 0.11 0.007 751 51 302<202786 <20396 24 29 10 <20 1.0 99.950.063.18 2.841.80 2.38

501,349N; 828,916E fish-scale schist bzpsits717 60.43 16.38 8.58 1.22 0.16 0.015 509 71 17432106114 92208 35 28 19 <20 2.9 99.890.152.89 3.462.45 1.09

513,135N; 833,639E migmatitic metagraywacke PzZtfwpgts11 67.88 13.95 5.02 0.82 0.16 0.009 683 93 154<205163 <20346 15 24 9 <20 1.0 99.970.054.35 2.151.72 2.68

505,936N; 821,550E amphibolite PzZtfats1119 46.83 15.11 11.95 1.37 0.11 0.047 40 133 195558774 <2064 24 <10 44 <20 1.1 100.030.152.44 0.437.50 12.91

509,272N; 832,005E mylonitic metagraywacke PzZtfwmyts67A 67.04 13.35 5.74 0.88 0.26 0.010 687 87 347<204290 91407 37 11 11 <20 0.9 99.950.073.88 2.462.11 3.03

515,444N; 831,101E talc schist PzZtfuts35 41.86 0.40 5.81 0.02 0.05 0.574 9 316 1098129163 <20<10 <10 <10 2 <20 12.7 100.010.070.04 0.0337.65 0.58

505,427N; 838,742E protomylonitic granitic gneiss Ohgpts700A 69.40 13.95 3.29 0.61 0.14 <0.001 890 71 175<20<2056 101314 27 62 7 <20 0.9 99.950.043.68 4.870.78 2.08

507,097N; 836,254E mylonitic granitic gneiss Ohgmyts812 73.07 12.97 2.44 0.42 0.10 0.001 460 292 122<20<2034 88220 32 26 6 <20 1.1 100.000.043.48 4.570.53 1.12

515,319N;  819,841Ehm-1

513,968N;  834,660Ehm-3
516,491N;  837,280Ehm-4
511,973N;  820,959Ehm-5
510,947N;  828,252Ehm-6
511,038N;  835,263Ehm-7
508,156N;  820,772Ehm-8
505,890N;  829,173Ehm-9
506,327N;  832,397Ehm-10
507,234N;  836,284Ehm-11
500,809N;  831,270Ehm-12
501,740N;  835,847Ehm-13
498,141N;  829,681Ehm-14
512,476N;  814,318Ehm-15
512,115N;  828,698Ehm-16

515,383N;  824,284Ehm-2

PERCENT HEAVY MINERALS IN SAMPLE4
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SAMPLE1 NC COORDINATES

(State Plane, NAD 27, in feet)

Stream sediment heavy mineral analysis was conducted May-October 2001 to aid geologic 
mapping, better define conditions of metamorphism, and inventory minerals of potential economic 
significance.  Procedure:  In the field, approximately 13.6 kg of stream sediment material is panned 
to approximately 300 g of heavy mineral concentrate at each sample locality.  In the laboratory, 
concentrate is washed and passed through heavy liquid separation using tetrabromoethane, and 
scanned with short- and long-wave ultraviolet illumination using an Ultra-voilet Products Inc. Model 
UVGL-48 Mineralight Lamp.  Magnetite is removed with an alnico hand magnet.  A sample split is 
grain mounted on a standard 27x46 mm glass slide and approximately 200 grains are identified and 
counted with the aid of a petrographic microscope and 1.67 index of refraction oil.  Results of stream 
sediment heavy mineral analysis are tabulated below.  

Mineral abbreviations used in table: Mag-magnetite; Z-zircon; Gt-garnet; Ep-epidote group minerals; 
Hbl-hornblende; Spn-sphene; Sil-sillimanite; Rt-rutile; Ky-kyanite; Ilm-ilmenite and other black 
opaques; Tour-tourmaline; Hem-hematite and other red opaques; Sp-spinel; St-staurolite; Lx-
leucoxene; Co-corundum.

Queries denote uncertainty in mineral identification.

STREAM SEDIMENT HEAVY 
MINERAL ANALYSIS

1Sample numbers correspond to stream sediment heavy mineral sample localities shown on geologic map
2Up to three most dominant map units contributing to the drainage basin, listed in decending order of map area
3Percentage of heavy minerals in 13.6 kg stream sediment sample
4Point count percentages of heavy minerals from processed samples

Ytgl, Ytgm

PzZtfw, PzZtfpc, PzZtfwpg
PzZtfpc, PzZtfw, PzZtfwmy

Ytgl, Ytgm
Ytgm, Ytgl, PzZtfpc

bzpsi, bzgg, bzsi
Ytgl, Ytgm, bsa

PzZtfw, PzZtfwpg, PzZtfwmy
bzpsi, bzgg, bzsi

Ytgm, Ytgl
Ytgl, PzZtfpc, Ytgm

Ytgm, Ytgl

MAP UNITS 
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CROSS SECTION A_A'

Ytgm

Ytgm Ytgm

Ytgm

Ytgm

YtgmYtgl

Ytgl

Ytgl Ytgl Ytgl

Ytgl

Ohgp

OhgpOhgmy

Ohgmy

bzpsi
bzgg

bzsi

bzp

bzm

bzw

Ztfpc

Ztfpc

PzZtfpc

PzZtfgms PzZtfpc

PzZtfw

PzZtfw

PzZtfw

PzZtfwpg

PzZtfwmy

PzZtfa

PzZtfa

A
T A

T
A

T A
T

transport direction along thrust fault

A T
transport direction along strike slip fault
(A: Away; T: Towards)

lithologic contact

fault contact

STEREOGRAPHIC ANALYSIS
OF STRUCTURAL ELEMENTS1

Lower hemisphere equal area (Schmidt) stereonet projections of 
 foliations and joints, and unidirectional rose diagram of joints 

1Stereographic nets and rose diagram produced with RockWorks99$ by RockWare$.
21% contouring by spherical gaussian method. 
3Rose diagram by frequency method with class interval of 5o. 
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2.0-6.0%

6.0-10.0%

10.0-14.0%

14.0-18.0%

>18.0%

206 contoured poles to mylonitic 
foliation in the Henderson Gneiss. 
Density in percentage of total data 
points per 1% area of net2.

N

3.0-5.0%

1.0-3.0%

5.0-7.0%

7.0-9.0%

9.0-11.0%

>11.0%

112 contoured poles to joints 
in the Henderson Gneiss. 
Density in percentage of total 
data points per 1% area of 
net2.
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>18.0%

263 contoured poles to mylonitic 
foliation in the Brevard fault zone. 
Density in percentage of total data 
points per 1% area of net2.
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3.0-4.0%

4.0-5.0%
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163 contoured poles to joints 
in the Brevard fault zone. 
Density in percentage of total 
data points per 1% area of 
net2.
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in the Toxaway Gneiss. Density in 
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1% area of net2.
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187 contoured poles to joints 
in the Toxaway Gneiss. 
Density in percentage of total 
data points per 1% area of 
net2.

Unidirectional rose diagram of 
187 joints in the Toxaway 
Gneiss. 

Unidirectional rose diagram of 
93 joints in the Tallulah Falls 
Formation.

Unidirectional rose diagram of 
163 joints in the Brevard fault 
zone.

Unidirectional rose diagram of 
112 joints in the Henderson 
Gneiss
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292 contoured poles to all 
foliations in the Tallulah Falls 
Formation. Density in percentage 
of total data points per 1% area of 
net2.
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3.5-4.5%

4.5-5.5%

>5.5%

93 contoured poles to joints in 
the Tallulah Falls Formation. 
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data points per 1% area of 
net2.

6.04.06.0

TOXAWAY
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TALLULAH FALLS
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BREVARD
FAULT ZONE

HENDERSON
GNEISS

MINERAL RESOURCES

Mineral resource inventory, including stream sediment heavy mineral sampling, began in the fall 
of 1999 to aid geologic mapping and to document mineral commodities of historical and potential 
economic significance within Gorges State Park and surrounding area.  Quarries and prospects 
are located with reference to the North Carolina Coordinate System (NAD 27, USGS Feet).  
Distances given in geographic descriptions represent direct linear measurements, not road 
distances.  

Crushed Stone:  LBM Industries of Sapphire, NC operates the Whitewater Quarry, located 
northwest of Bohaynee Road, approximately 1.45 miles south of its intersection with US 
Highway 64 (Mineral Resource Number cs-1; NC Coordinates 513,034N; 812,555E).  Biotite 
granitic gneiss of the Toxaway Gneiss is mined from the quarry for crushed stone.  The quarry 
supplies the Park with stone for parking areas, roads, trails, and other construction projects. 

Fill Material:  A small borrow pit is located adjacent to the Park boundary, approximately 0.4 
miles northeast of upper Bearwallow Falls (Mineral Resource Number fill-1; NC Coordinates 
517,713N; 821,819E).  Saprolitic biotite granitic gneiss of the Toxaway Gneiss has been 
excavated from the pit, presumably for local use as fill material.  Saprolitic porphryoclastic 
metagraywacke and schist of the Tallulah Falls Formation has been excavated from a smaller 
pit, which is located 0.92 miles northeast of the confluence of Panther Branch and the Toxaway 
River on privately owned land (Mineral Resource Number fill-2; NC Coordinates 515,901N; 
831,147E).  A third pit is located within the Park, approximately 0.2 miles northwest of the 
intersection of Frozen Creek Road and Auger Fork Road (Mineral Resource Number fill-2; NC 
Coordinates 517,608N; 838,245E).  Colluvial soil was excavated from the pit during construction 
of a parking area on Frozen Creek Road.  

Graphite:  Abundant graphite occurs locally in graphitic schist and breccia adjacent to the 
Rosman Fault in the Brevard Fault zone, but all of the deposits are too small to have ever been 
mined commercially.  

Marble:  Several lenses of siliceous marble crop out in the Park within the Brevard Fault zone.  
Marble was quarried from one deposit, located about 0.25 miles southwest of the confluence of 
Bearwallow Creek and the Toxaway River (Mineral Resource Number mb-1; NC Coordinates 
506,551N; 831,505E), in the late 1800's and early 1900's (Watson and Laney, 1906).  Kilns 
constructed adjacent to the quarry burned the marble for local use as building lime and fertilizer 
(Conrad, 1960). 

Mica:  Mica was intermittently mined from a shallow prospect pit at the head of Chestnut 
Branch, approximately 1.05 miles north of its confluence with the Toxaway River (Mineral 
Resource Number mi-1; NC Coordinates 514, 391N; 832,790E), in the late 1800's and early 
1900's (Robert Hoxit, oral communication, 2002).  Barton (1998) reported a mica prospect near 
the head of Wild Hog Fork, about 0.4 miles north of Turkeypen Gap (Mineral Resource Number 
mi-2; NC Coordinates 505,580N; 827,023E).  Coarse muscovite mica occur in pegmatite float 
and in outcrop at these sites, but no evidence of prospecting was observed during mapping.  

Talc:  An abandoned talc mine is located on private land, approximately 0.85 miles northeast of 
the confluence of Panther Branch and the Toxaway River (Mineral Resource Number ta-1; NC 
Coordinates 515,464N; 831,050E).  Talc sawed from the mine was used locally for building 
stone in the 1930's (Robert Hoxit, oral communication, 2002).  Smaller deposits of talc occur 
within other amphibolites, but no evidence of prospecting was observed during mapping.

REFERENCES CITED
Barton, T., 1998, A history of the Auger Hole, encompassing a 9,600 acre tract of land (offered for public sale to a state or 

federal agency by Duke Power Company), drained by the Toxaway River, in the southwest corner of Transylvania County, 
North Carolina:  A report prepared for the Sierra Club Pisgah Group, 111p.

Conrad, S.G., 1960, Crystalline limestones of the Piedmont and Mountain regions of North Carolina:  North Carolina Division of 
Mineral Resources Bulletin 74, 56 p.  

Watson, T.L., and Laney, F.B., 1906, The building and ornamental stones of North Carolina:  North Carolina Geological Survey 
Bulletin 2, 283 p.

COMMODITY LETTER 
SYMBOLS:

cs Crushed stone

fill Fill material

mb Marble

mi Mica

ta Talc

Abandoned quarry

Quarry

Prospect

Abandoned borrow pit

Borrow pit

hm-13:  Stream sediment heavy mineral sample site.  Sample numbers correspond to 
stream sediment heavy mineral analyses listed in table to lower left.

mb-1:  Mineral resource number.  Commodity indicated by letter symbol.

ts-789:  Thin section and whole rock geochemistry sample site. Sample numbers 
correspond to whole rock geochemical analyses listed in table to far left.

COMMODITY DESCRIPTIONS

STRUCTURAL FEATURES

STRIKE AND DIP OF PLANAR FEATURES
Observation sites are centered on the strike bar, 

or are at the intersection point of multiple symbols.

56
foliation(s)
(foliation parallels compositional layering)

53

vertical foliation(s)
(foliation parallels compositional layering)

mylonitic foliation
31

joint

vertical 
joint

ductile thrust fault with 
significant dextral strike-slip 

component

pre- to synmetamorphic 
thrust fault

brittle thrust fault reactivated along 
an earlier ductile thrust fault with 

dextral strike-slip component

fault contacts
sawteeth on upper plate

The intersection point of the strike bar and 
linear feature marks the observation site.

BEARING AND PLUNGE OF 
LINEAR FEATURES

mesoscale fold axis

mineral lineation

36

21

MAP SCALE
STRUCTURAL FEATURES

axis of map-scale antiforms

axis of map-scale synforms

CONTACTS
solid line _ located to within 50 feet

long-dashed _ approximately located to within 200 feet
short-dashed _ inferred

lithologic contact
correlation line connecting mappable 

bodies of kyanite-garnet-mica schist on 
Fifteen Mile Ridge 

The Toxaway domal structure becomes 
overturned to the west and at depth; 

see cross section to left

MAP UNITS

TOXAWAY GNEISS

TALLULAH FALLS 
FORMATION

HENDERSON GNEISS

layered biotite
granitic gneissYtgl

megacrystic biotite
granitic gneiss
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mylonitic
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protomylonitic
granitic gneiss

porphryoclastic 
metagraywacke and schistPzZtfpc
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DESCRIPTION OF MAP UNITS
HENDERSON GNEISS

Protomylonitic and mylonitic granitic gneisses of the Henderson Gneiss crop out southeast of the 
Brevard fault zone.  U-Pb age from ion microprobe zircon analyses is ~490 Ma (Carrigan and others, 
2003).  Subdivided into two map units based on intensity of mylonitization:  

Mylonitic granitic gneiss (Ohgmy):  Medium gray fresh, light gray to yellowish gray weathered; fine- 
to medium-grained; locally porphryoclastic; strongly foliated; mylonitic, locally protomylonitic; 
composed of about 36% quartz, 23% potassium feldspar, 9% plagioclase, 16% muscovite, 7% biotite, 
7% epidote group minerals, 1% chlorite, 1% apatite, and traces zircon, hornblende, and black opaque 
minerals.  Rounded to elongated feldspar porphyroclasts, up to 1.0 cm in diameter, are common.  
Near the Brevard fault zone, thin zones of porphyroblastic "fish scale" or "button" phyllonite occur 
locally, but are too small to map at this scale. 

Protomylonitic granitic gneiss (Ohgp):  Medium light gray to light olive gray fresh, light gray to 
yellowish gray weathered; fine- to coarse-grained; porphryoclastic; strongly foliated; protomylonitic; 
composed of about 30% potassium feldspar, 24% plagioclase, 22% quartz, 11% biotite, 9% 
muscovite, 3% epidote group minerals, 1% zircon, and a trace of black opaque minerals.  Unit 
distinguished by coarse-grained, rounded to elongated feldspar porphyroclasts, up to 1.5 cm in 
diameter, in a finer-grained, homogenous matrix.  Mylonitic zones occur locally throughout unit, but 
are too small to map at this scale.  
 

ROCKS OF THE BREVARD FAULT ZONE
Rocks of the Brevard fault zone crop out in a linear belt between the Tallulah Falls Formation and 
Henderson Gneiss.  Age of clastic metasedimentary rocks is unknown, but are correlative, at least in 
part, to the Chauga River Formation of Hatcher (1969).  Subdivided into seven lithologic map units:

Graphitic schist and breccia (bzgsb):  Mottled dark grayish black and bluish white to very pale 
orange fresh, light brown to dark yellowish orange weathered; fine- to very coarse-grained; cataclastic 
to mylonitic.  Consists of a cohesive, chaotic mass of brecciated metagraywacke-like 
quartzofeldspathic rock within a finer-grained graphitic schist matrix.  Quartzo-feldspathic rock 
composed of about 54% quartz, 19% chlorite, 14% muscovite, 10% plagioclase, 2% black opaque 
minerals, 1% biotite, and traces of tourmaline and epidote group minerals.  Thicker zones of graphitic 
schist occur locally, but are too small to map separately at this scale.  

Metagraywacke (bzw):  Light gray fresh, light bluish gray weathered; generally fine-grained; strongly 
foliated; mylonitic to locally cataclastic; well layered, thickness of layering ranges from several 
centimeters to several decimeters; composed of about 69% quartz, 12% muscovite, 9% plagioclase,  
3% biotite, 3% chlorite, 2% potassium feldspar, and traces of epidote group and black opaque 
minerals, including pyrrhotite and other iron sulfides.  Interlayers of porphryoblastic "fish scale" or 
"button" phyllonite are common.  

Phyllonite (bzp):  Dark gray to light olive gray fresh, yellowish gray weathered; fine- to coarse-
grained; porphryoblastic to lepidoblastic; strongly foliated; mylonitic; composed of about 48% 
muscovite, 21% chlorite, 18% quartz, 6% biotite, 6% black opaque minerals, including graphite, 
pyrrhotite, and other iron sulfides, 2% plagioclase, and a trace of garnet.  Unit characterized by 
lenticular muscovite-aggregate porphryoblasts, as much as 2.0 cm long and 0.5 cm thick, which are 
flattened in the mylonitic foliation planes and give rise to a distinctive "fish scale" or "button" 
appearance (Horton, 1982).  Locally interlayered with mylonitic metagraywacke and metasiltstone.  

Siliceous marble (bzm):  Light bluish gray fresh, light gray weathered; fine- to medium-grained; 
granoblastic; locally foliated; commonly layered, thickness of layering ranges from several 
centimeters to several decimeters; composed of about 59% carbonate, 17% quartz, 13% muscovite, 
5% plagioclase, 3% chlorite, 1% black opaque minerals, including pyrrhotite, and traces of apatite 
and zircon.  Locally interlayered and gradational with mylonitic metagraywacke and metasiltstone.  

Metasiltstone (bzsi):  Medium light gray to light gray fresh, light bluish gray weathered; fine- to 
medium-grained; lepidoblastic; strongly foliated; mylonitic; mesoscopically composed of quartz, 
feldspar, muscovite, and garnet.  Unit characterized by well developed flaser structure throughout.  
Locally interlayered and gradational with phyllonite and mylonitic metagraywacke.  

Mylonitic granitic gneiss (bzgg):  Medium light gray fresh, yellowish gray weathered; fine- to 
medium-grained; porphryoclastic; strongly foliated; mylonitic; composed of about 27% quartz, 23% 
plagioclase, 19% potassium feldspar, 18% muscovite, 9% epidote group minerals, 5% biotite, 1% 
black opaque minerals, and traces of garnet, apatite, and zircon.  Rounded to elongated feldspar 
porphyroclasts, up to 0.25 cm in diameter, are common.  Several thin zones of porphyroblastic "fish 
scale" or "button" phyllonite, metasiltstone, and metagraywacke occur near the contact with phyllonitic 
metasiltstone, but are too small to map at this scale.  Interpreted to be an imbricate fault panel of 
mylonitic Henderson Gneiss within the Brevard fault zone.  

Phyllonitic metasiltstone (bzpsi):  Medium dark gray fresh, medium bluish gray weathered; fine- to 
medium-grained; lepidoblastic to porphryoblastic; strongly foliated; mylonitic; composed of 33-48% 
quartz, 27-45% muscovite, 3-4% black opaque minerals, including graphite, pyrrhotite, and pyrite, 2-
12% plagioclase, a trace to 1% biotite, 0-19% chlorite, 0-2% carbonate, and traces of garnet, apatite, 
tourmaline, and epidote group minerals.  Unit characterized by well developed flaser structure 
throughout.  Interlayers of porphryoblastic "fish scale" or "button" phyllonite are common.  Several 
thin zones of mylonitic granitic gneiss occur throughout the unit, but are too small to map at this scale.  

TALLULAH FALLS FORMATION
A heterogeneous sequence of metasedimentary and metaigneous rocks of Late Proterozoic to Early 
Paleozoic age that crop out in a linear belt between the Toxaway Gneiss and the Brevard fault zone.  
In its type area in northwest Georgia, the Formation is subdivided into four members: Graywacke-
Schist-Amphibolite Member, Garnet-Aluminous Schist Member, Quartzite-Schist Member, and 
Graywacke-Schist Member (Hatcher, 1971).  Subdivided into nine lithologic map units in Gorges 
State Park:

Amphibolite (PzZtfa):  Dark greenish black to greenish black fresh, grayish black weathered; 
generally fine-grained; nematoblastic; strongly foliated; thin layered, thickness of layering ranges from 
several centimeters to several decimeters; composed of about 53% hornblende, 20% plagioclase, 
13% epidote group minerals, 11% quartz, 2% sphene, 1% clinopyroxene group minerals, 1% biotite, 
and traces of zircon, apatite, black opaque minerals, and muscovite.  Locally gradational with calc-
silicate granofels, which is light olive gray to yellowish gray fresh, pale yellowish brown weathered; 
medium- to coarse-grained; generally granoblastic but locally nematoblastic; non-foliated to weakly 
foliated; massive to weakly layered, thickness of layering up to several centimeters.  Locally 
interlayered with metagraywacke, mica schist, and kyanite-garnet mica schist within map-scale 
bodies; on Chestnut Mountain, interlayered with quartzo-feldspathic gneiss.  Also occurs as thin 
interlayers and pod-like lenses, too small to map at this scale, throughout the Tallulah Falls 
Formation.  Likely of metaigneous origin (Nelson, 1969).

Altered ultramafic rock (PzZtfu):  Medium dark gray to greenish gray fresh, yellowish gray to bluish 
white weathered; fine- to medium-grained; granoblastic to lepidoblastic; weakly foliated; composed of 
about 30% olivine, 26% serpentine, 20% magnesite, 19% talc, and 4% black opaque minerals, 
including chromite and magnetite.  Concordant and gradational with enclosing amphibolite at 
margins. 

Metagraywacke (PzZtfw):  A heterogeneous unit consisting of interlayered and intergradational 
metagraywacke and mica schist.  Metagraywacke is the dominant rock type, and is medium dark gray 
to medium gray fresh, medium light gray weathered; fine- to medium-grained; weakly lepidoblastic as 
mica content increases; commonly strongly foliated; well layered, thickness of layering ranges from 
several decimeters to about one meter; locally mylonitic; commonly migmatitic; composed of about 
30% quartz, 30% plagioclase, 27% biotite, 11% muscovite, 1% garnet, 1% epidote group minerals, 
and traces of apatite and black opaque minerals.  Migmatitic pods and stringers of feldspar and 
quartz, up to several centimenters thick, are common and parallel foliation and layering.  Mica schist 
is dark gray fresh, medium gray weathered; medium- to coarse-grained; lepidoblastic; strongly 
foliated; locally mylonitic; commonly migmatitic; mesoscopically composed of quartz, feldspar, biotite, 
muscovite, and garnet.  Thin interlayers and pod-like lenses of amphibolite, calc-silicate granofels, 
quartzo-feldspathic gneiss, porphryoclastic metagraywacke and schist, and pegmatite also occur 
throughout the unit, but are too small to map at this scale.

Pegmatitic metagraywacke (PzZtfwpg):  Unit characterized by a preponderance of pegmatitic 
layers and pods, up to several meters thick, which are concordant with layering and foliation within 
metagraywacke and mica schist.  Pegmatite is white to bluish white fresh and weathered; medium- to 
very coarse-grained; inequigranular; strongly foliated; commonly mylonitic; composed of 43-44% 
plagioclase, 22-36% quartz, 5-10% muscovite, a trace to 3% black opaque minerals, including 
pyrrhotite, 0-22% biotite, 0-8% potassium feldspar, 0-3% epidote group minerals, and traces of 
apatite and garnet.  Pegmatite is interpreted to have formed during high-grade metamorphism and 
migmatization.

Mylonitic metagraywacke (PzZtfwmy):  Unit characterized by a strong mylonitic foliation within 
metagraywacke and mica schist.  Migmatitic zones and pegmatite are common.  Interlayered 
phyllonitic rocks commonly show porphryoblastic "fish scales" or "buttons" of coarse-grained 
muscovite.  Metagraywacke is composed of about 47% quartz, 23% biotite, 13% muscovite, 8% 
plagioclase, 8% epidote group minerals, 1% apatite, and traces of potassium feldspar, zircon, 
sphene, black opaque minerals, and carbonate.

Metagraywacke (Ztfw), pegmatitic metagraywacke (Ztfwpg), and mylonitic metagraywacke (Ztfwmy) 
in Gorges State Park most likely represent the upper Graywacke-Schist Member of the Tallulah Falls 
Formation in its type area (Hatcher, 1971).

Porphryoclastic metagraywacke and schist (PzZtfpc):  Moderate light gray to light gray fresh, 
grayish orange to dark yellowish orange weathered; medium- to coarse-grained; porphyroclastic to 
lepidoblastic; strongly foliated; commonly mylonitic and migmatitic;  composed of 12-69% muscovite, 
1-59% quartz, 1-26% plagioclase, 2-6% epidote group minerals, 1-18% biotite, a trace to 19% 
potassium feldspar, a trace to 10% black opaque minerals, 0-24% chlorite, 0-2% sphene,  and traces 
of apatite, garnet, and zircon.  Unit characterized by medium- to coarse-grained feldspar 
porphryoclasts, up to 1.3 cm in diameter, within a medium- to coarse-grained, mica-rich phyllonitic 
matrix.  Locally interlayered with metagraywacke, mica schist, amphibolite, and quartzo-feldspathic 
gneiss.   

Garnet-mica schist (PzZtfgms):  Moderate light gray to light gray; fine- to coarse-grained; 
porphyroblastic to lepidoblastic; strongly foliated; commonly mylonitic; composed dominantly of 
garnet, biotite, muscovite, quartz, and feldspar, with rare kyanite (and possibly sillimanite).  Unit 
characterized by medium- to coarse-grained garnet porphryoblasts, up to 0.6 cm in diameter, within a 
fine- to medium-grained, muscovite-rich phyllonitic matrix.  Kyanite porphryoblasts, up to 1.3 cm in 
length, also occur locally.  Locally interlayered with porphyroclastic metagraywacke and schist, and 
amphibolite.  Although kyanite or other aluminosilicate minerals are not prevalent in this unit, and this 
rock type may occur elsewhere within the Tallulah Falls Formation, it is most likely correlative with the 
Garnet-Aluminous Schist Member of Hatcher (1971).

TOXAWAY GNEISS
Biotite granitic gneisses of the Toxaway Gneiss crop out northwest of the Tallulah Falls Formation.  
U-Pb age from ion microprobe zircon analyses is 1150 Ma with 1050-900 Ma metamorphic overprint 
(Carrigan and others, 2003).  Subdivided into two map units:

Layered biotite granitic gneiss (Ytgl):  Very light gray fresh, bluish white weathered; fine- to 
medium-grained, but locally coarse-grained; foliated; locally mylonitc to protomylonitic.  Unit 
characterized by compositional bands, ranging from millimeters to centimeters thick, of alternating 
light quarto-feldspathic and darker biotite-rich layers.  Quarto-feldspathic bands composed of 47% 
plagioclase, 31% quartz, 16% potassium feldspar, 3% biotite, 1% muscovite, and traces of zircon, 
epidote group minerals, and black opaque minerals.  

Megacrystic biotite granitic gneiss (Ytgm):  Very light gray fresh, bluish white weathered; medium- 
to coarse-grained; porphryoclastic to megacrystic; foliated; locally protomylonitic; composed of 20-
51% quartz, 16-43% plagioclase, 4-37% potassium feldspar, 1-15% biotite, 1-12% muscovite, 1-6% 
epidote group minerals, a trace to 1% black opaque minerals, 0-1% apatite, and 0-1% zircon.  Unit 
distinguished by coarse-grained, elongated feldspar megacrysts, up to 2.0 cm in diameter, enclosed 
by finer-grained biotite-rich layers showing weak flaser structure.  

ROCKS OF UNCERTAIN AGE AND AFFINITY
Mesoscale lenses and pods of retrogressed amphibolite withinin the Toxaway Gneiss are interpreted 
to be xenoliths and/or younger mafic intrusions.   

Biotite schist and amphibolite (bsa):  Olive black fresh, dark yellowish brown weathered; fine- to 
coarse-grained; inequigranular; lepidoblastic; strongly foliated; composed of about 63% biotite, 14% 
epidote group minerals, 8% sphene, 8% black opaque minerals, 6% quartz, and traces of garnet and 
zircon.  Locally interlayered with amphibolite.  
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