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GEOLOGY OF THE MCDUFFIE COUNTY GOLD BELT

by

Jerry M. German

ABSTRACT

The McDuffie County gold belt is located within
the Carolina slate belt geologic province just northwest of
the Modoc zone, which is the boundary between the Caro-
lina slatebeltand the Kiokee belt. Rocks within the gold belt
consistofargillite to wacke metasedimentsand minor felsic
metavolcanic rocks of the Richtex Formation and felsic to
intermediate metavolcanic rocks and minor mafic
metavolcanic rocks of the Persimmon Fork Formation.
Available data strongly suggest that these rocks were
deposited peripheral to a back-arc basin over crust transi-
tional between oceanic and continental environments. The
Richtexand Persimmon Fork Formations wereintruded by
pre- to syn-kinematic granodiorites, quartz monzonites
and gabbros/diorites and by post-kinematic diabase and
lamprophyre dikes. The rocks within the study area have
been assigned a Cambrian age based on the ages of intru-
sive rocks and the presence of Cambrian fossils in correla-
tive metasediments.

Rocks within the study area were folded into
regional isoclinal folds during the early Paleozoic. At this
time the rocks were metamorphosed to lower greenschist
facies and were penetratively deformed, developing a
pervasive slaty cleavage (S,); however, original sedimen-
tary and volcanic features and textures were preserved.
During thelatePaleozoic (Alleghanian), deformationof the
Kiokee belt to the southeast affected adjacent rocks along
the southeastern border of the study area in the vicinity of
the Modoc zone. Adjacent to the Modoc zone, slaty cleav-
age is overprinted by a mylonitic foliation, and the rocks
have been metamorphosed to upper greenschist to amphi-
bolite facies. The effects of this deformation decrease
rapidly northwest of the Kiokee belt, and northwest of the
Modoc zone this deformation is expressed as localized
shear zones. Subsequently, rocks of the Kiokee belt and
study area were folded into a regional antiform and the
slaty cleavage of the study area was rotated to its present
orientation.

Gold-bearing veins were emplaced into the coun-
try rock just prior to the last fold event. These veins were
deposited from hydrothermal fluids produced from dehy-
dration and decarbonation of minerals during prograde
metamorphism, most likely generated deep within the
higher grade rocks of the Kiokee belt. As the hydrothermal
fluidsmigrated up themetamorphicgradienttoward lower
grade rocks of the Carolina slate belt, gold and other vein
minerals precipitated from thesefluids near thegreenschist/

amphibolite facies transition. Gold most likely was trans-
ported in the hydrothermal fluid as a gold thiosulfide
complex and precipitated as a result of boiling of the
hydrothermal fluid and sulfidization of the host rock.

Gold was mined in the study area intermittently
from about 1823 to 1922. Formerly productive mines
included the Columbia, Parks, Hamilton, Tatham and
Woodall. Most mining activity consisted of underground
lode mining of quartz veins.
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INTRODUCTION

This study of the McDuffie County gold belt was
initiated as part of an on-going study of the former gold-
producing regions of the state. The historical record is
unclear, but the first discovery and mining of gold report-
edly occurred in the McDuffie County belt; however, the
significance and mining history of this belt has been over-
shadowed by the more popularly known Dahlonega belt.
Some of the early reports on the gold deposits of Georgia
and the region gave little or no information on the gold
deposits of the McDuffie County belt (for example: Becker,
1894; Yeates and others, 1896) and as a result, the impor-
tance of the McDuffie gold belt may have beenoverlooked.
A published report on the belt as a whole was not available
until the work by Jones (1909) although published (Fluker,
1902) and unpublished studies(Jones, 1902; Yeates, 1902) of
limited scope were done earlier.

The McDuffie County gold belt (Fig. 1), named for
the county where the most extensive mining activity oc-
curred, includes parts of Warren, McDuffie, Wilkes, Lin-
coln and Columbia Counties. The belt attains a maximum
width of 5 miles (8 km) and extends from northeastern
Warren county northeastward to the vicinity of the Geor-
gia-South Carolina border inextreme southeastern Lincoln
County, a distance of approximately 30 miles (48 km). The
average strike of the belt is approximately N65°E. The belt
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Fig. 1- Location of the study area in relation to regional geologic features.




islocated within the Carolinaslatebelt provinceand roughly
parallels the Modoc zone, the boundary between the Caro-
linaslatebeltand the Kiokee belt. Thebeltis centered about
the Little River section of Clark Hill Reservoir.

METHODS

Data collection for the study consisted of geologic
mapping of portionsof seven?7.5-minute quadrangles. The
level of geologic mapping consisted of mapping along all
roads, primary and secondary drainage and the shoreline
of Clark Hill Reservoir. Mapping wasdone between March
1989 and October 1990 in the Aonia, Cadley, Leah, Plum
Branch, Winfield, Woodlawn and Wrightsboro Quad-
rangles (Plate 1). In addition to the mapping of geologic
features, an attempt was made to locate all abandoned
mines and prospects. Mine workings were plotted on a
large-scale map (Plate 2), and representative ore and host
rock samples were collected from mine dumps, where
available. Although all mine workings have been aban-
doned for over fifty years and are generally inaccessible,
much data on vein orientation and morphology, ore min-
eralogy and host rock lithology could be gathered from
locally abundant dump material and the distribution and
orientation of abandoned workings.

Representative samples were collected of all rock
types. One-hundred and twenty-nine thin and polished
sections were made and were examined by conventional
transmitted and reflected light, petrographic techniques.
Chemical analyses were performed on one-hundred and
eleven samples. Selected country rock and ore samples
were analyzed for major oxides (whole rock), base and
precious metals and trace elements. Geochemical analyses
were performed by Bondar-Clegg, Inc. Analysis param-
etersaregivenin Appendix A. Fluid inclusionstudies were
conducted ontenselected samplesofauriferousand barren
quartz veins by David A. Vanko at Georgia State Univer-
sity. Oxygenisotopeanalyses were provided for29 samples
by David B. Wenner at the University of Georgia Stable
Isotope Laboratory.

PREVIOUS INVESTIGATIONS

Most previous reports encompassing all or parts
of the study area have consisted of mineral commodity
studies (mainly gold) and general reconnaissance studies.
Mostof these were conducted prior to 1970,and while most
provided somewhat limited data on the overall geology of
the McDuffie belt, many of these reports provided consid-
erable information on local geology. Since 1970, several
detailed studies have been conducted that have greatly
expanded our knowledge of certain aspects of the study
area and vicinity. Some of these latest studies have been
student theses investigating the geology of selected 7.5-

minute quadrangles mainly along the northern border of
the study area, others havebeen studiesinvolving geologic
mapping and geochemical reconnaissance work related to
mineral exploration, and, still, others have been structural
and tectonic studies.

The earliest investigations encompassing all or
part of the study area were reports by Jones (1902, 1909);
Yeates (1902); Fluker (1902, 1903, 1907, 1934); Kelly and
others (1934a and b) and Pardee and Park (1948) on a few
or all of the gold deposits. An early report on brick clays
was done by Smith (1931). General stratigraphic and
structural features of the study area were described in a
report by Crickmay (1952), and the hydrogeology was
discussed by LeGrand and Furcron (1956). A comprehen-
sive mineral survey with a general discussion of the geol-
ogy of the area was completed by Hurst and others (1966).
The geology of selected areas was described by Crawford
and others (1966), and county geologic maps were pre-
pared by Crawford (1968 a,b,c,d e, and f). General discus-
sions of the geology of the study area and vicinity were
givenby Carpenter (1976, 1982). Whitney and others(1978)
discussed the tectonic setting and geochemical affinity of
volcanic rocks in part of the Carolina slate belt. Studies of -
the geology of selected 7.5-minute quadrangles were made
by Paris (1976), Reusing (1979) and Von der Heyde (1990).
Recent work by Secor (1987); Sacks and Dennis (1987);
Maher (1987) and Dennis and others (1987) describe the
structure and tectonics of a part of the study area and
adjacentareas. Higginsand others (1988) briefly discussed
the study area in the context of their regional synthesis.
Geochemical studies of the study area were provided by
Hurst and others (1990) and Hurst (1990). Allard and
Whitney (in prep.) recently completed a regional synthesis
of the geology of east-central Georgia that includes the
study area.

GEOLOGY
Introduction

The study area is located within the southern part
of the Carolina slate belt near the boundary with the Kiokee
Belt. Host rocks for the McDuffie County gold belt were
formerly referred to as the Little River series (Crickmay,
1952), but this term has been largely abandoned as specific
stratigraphic units have been defined in recent years. The
term Little River allochthon has been proposed by Higgins
and others (1988) for rocks of the study area.

Informally defined unitsin Georgia, including the
study area, (Carpenter, 1976; Paris, 1976; Whitney and
others, 1978) are correlative with formally defined forma-
tions in South Carolina (Secor and Wagener, 1968; Secor
and Snoke, 1978; Secor, 1987). The formal usage of the
names for these rock units in South Carolina is adopted in
this study.



Stratigraphy

The rocks of the study area comprise two forma-
tions and numerous intrusive rocks of various ages and
compositions. TheRichtex Formation is themost extensive
stratigraphic unit within the study area and is host for the
majority of the gold deposits. Bordering the Richtex For-
mation on the north and south is the Persimmon Fork
Formation. These two formations are intruded by numer-
ous pre- and post-metamorphic igneous rocks varying in
size and composition from large granodiorite plutons to
very small maficand felsic dikes. Modal analysesof major
rock types are given in Table 1.

Persimmon Fork Formation

Rocks mapped here and in adjacent areas of the
Carolina slate belt of Georgia have been referred to as the
lower volcanic sequence (Lincolnton metadacite) and the
felsic pyroclastic sequence (Carpenter, 1976; Paris, 1976;
Whitney and others, 1978). Paris (1976) referred to the
lowerpyroclasticsequenceinformally as thePleasantGrove
formation. CorrelativerocksinSouth Carolina werenamed
the Persimmon Fork Formation (Secor and Wagener, 1968)
and have been mapped into Georgia (Secor and others,
1986a; Secor, 1987). Since the same rocks formally named
in South Carolina can be mapped into Georgia, the formal
name as used in South Carolina will be used here.

The Persimmon Fork Formation in South Carolina
and Georgia consists of vitric and crystal-vitric metatuffs;
coarse-grained dacitic lava flows, domes and tuffs
(Lincolnton metadacite); lithic and lithic lapilli metatuffs;
meta-agglomerates; mafic metatuffs; quartz sericite schist;
and interlayered metasediments including volcaniclastic
metagraywackes and meta-argillites (Whitney and others,
1978; Secor, 1987). In the extreme northern portion of the
study area the Persimmon Fork Formation consists of fine
grained, felsic ash flow metatuffs; felsic lapilli metatuffs;
minor mafic phyllites; and meta-dacitic flows. A second
occurrence of thisformationisnear the southeasternborder
of the study area within and adjacent to the Modoc zone
(Plate 1). There rocks of the Persimmon Fork Formation
have been subjected to intense shearing associated with
development of the Modoc zone and are of slightly higher
metamorphic grade.

The source for the pyroclastic rocks that make up
the bulk of the Persimmon Fork Formation most likely is
the Lincolnton metadacite (Whitney and others, 1978). The
Persimmon Fork Formation has been assigned a Cambrian
age based on Rb-Sr whole-rock and U-Pb (zircon) ages of
554120 Ma and 568 Ma, respectively, for the Lincolnton
metadacite (Carpenter and others, 1982). Estimates on the
thickness of this formation in Georgia vary from approxi-
mately 3500 feet (1050 m) to 5000 feet (1500 m) (Paris, 1976;
Carpenter, 1976; Whitney and others, 1978).

In the study area, the most common rocks within
the Persimmon Fork Formation are the felsic ash flow

metatuffs and felsic lapilli metatuffs. The felsic ash flow
metatuffs consistoflithicand vitric fragmentsin amatrix of
very fine grained quartz, plagioclase, sericite and epidote.
The lithic fragments are predominantly felsic volcanic
rocks with minor amounts of mafic to intermediate volca-
nic fragments. The felsic lapilli metatuffs consist of lithic
and vitric fragments of similar composition as the ash flow
metatuffs (Fig. 2). Lapilli are on the average 15 to 20 mm
long and are flattened in the plane of the foliation. Matrix
material predominantly consists of fine grained quartz,
plagioclase, sericite, chlorite and epidote.

The remaining rocks may be abundant locally, but
overall are minor components. The mafic phyllites are
composed of chlorite, epidote, clinozoisite, calcite, albite
and quartz and are chemically similar to basalts. All
original mineralshave beenmetamorphosed toa greenschist
assemblage. The meta-dacite flows are fine to medium
grained, leucocratic and are composed of anhedral to
subhedral phenocrysts of albite and blue, opalescent, lo-
cally embayed quartz (Fig. 3) in a groundmass of quartz,
plagioclase and minor sericite and epidote.

Richtex Formation

Workers in South Carolina, and more recently in
Georgia, have described this unit as a sequence of low-
grade metasediments (pelitesand wackes) with intermedi-
ate to mafic tuffs and flows all of which are intruded by
sheetsand plugsof maficigneousrocks(Secorand Wagener,
1968; Howell and Pirkle, 1976; Secor, 1987). Investigators
working in Georgia have referred to this unit as the upper
sedimentary sequence (Carpenter, 1976; Whitney and oth-
ers, 1978; Carpenter, 1982). Geologic mapping for this
study has further extended the Richtex Formation into
Georgia and has shown that this formation composes the
bulk of the study area (Plate 1) and is host for the majority
of the gold deposits.

As observed within the study area, the Richtex
Formation consists of light to dark gray, banded meta-
argillite;dark gray metasiltstoneand metagraywacke; mafic
metatuffs and flows; and felsic metavolcanic rocks. These
rocks wereintruded by sheets, plugsand stocks of interme-
diate to mafic igneous rocks prior to metamorphism and
penetrative deformation (Fig. 4). Original sedimentary
structures such as laminated bedding and graded bedding
arewell preserved in the meta-argillites, metasiltstonesand
metagraywackes (Fig. 5). Additional original structures
observed in other areas include cross-bedding, scour-and-
filland bedding slump (Whitney and others, 1978). Volca-
nic fragments constitute a high percentage of the clasts
within the metasedimentary rocks. Interlayered with the
metasedimentary rocks are thin beds of mafic and felsic
metavolcanic rocks (tuffs and flows), varying in composi-
tion fromdacites to basalts. Within the study area, the felsic
metavolcanic rocks increase in abundance to the south-
west. The estimated minimum thickness of this formation
in Georgia is 5000 feet (1500 m) (Carpenter, 1976; Whitney



Fig. 2 - Sawed hand sample (top) and outcrop of lapilli metatuffs of intermediate composition (Persimmon Fork
Formation).



Fig. 3 - Embayed quartz crystals in a matrix of quartz, plagioclase, epidote, sericite and chlorite (metadacite flow
Persimmon Fork Formation). Field of view is 3.16 mm.

Fig. 4 - Saprolite exposure (Richtex Formation) along the shoreline of Clark Hill Reservoir of felsic
metavolcanic rocks (light colored) intruded by pre-kinematic sheeted mafic bodies. View is to the north.
Penetrative slaty cleavage strikes northeast.
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Fig.5 - Well-preserved original sedimentary structures in metasediments: graded bedding above (Persim-
mon Fork Formation) and laminated bedding below (Richtex Formation).



Quartz
Plagioclase
Epidote
Clinozoisite
Chlorite
Amphibole*™*
K-feldspar
Biotite
Sericite
Opaques
Garnet
Actinolite
Serpentine
Pyroxene**
Calcite

Table 1
Modal Analysis of Representative Rock Types*

A0-25 WB-99  A0-183 L-207C (C-151 C-144 WL-200 A0-178 WB-71A
44 30 10 10 43 60 20 40 72
44 25 82 82 7 40 41 20
10 5 2 15 10 1

2 1 2 18 5 5
<l
30 3 5
3 ] 1 <1 5
7 2 1 47 20 20 3 2
1 2 1
<1

*Based on visual estimates
**Highly altered; composition unknown

AD-25, WB-99 - metagranodiorite

AD-183, L-207C - metaquartz monzonite
C-151, C-144, WL-200 - metasediments
A0-178, WB-71A - felsic metavolcanic rocks
L-53, C-145A - mafic meta-intrusions

A0-176B - mafic phyllite

Refer to Plate 3 for sample locations.

Fig. 6 - Meta-argillite (Richtex Formation) exhibiting a distinct bedding/cleavage relationship.
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and others, 1978).

Meta-argillite is the most abundant rock type
within the Richtex Formation. Bedding thickness varies
fromvery fine to massive, however, rocks possessing finely
laminated bedding are much more abundant. The meta-
argillite is predominantly composed of quartz, sericite and
chlorite with lesser amounts of plagioclase and epidote.
The color of the darker laminations is attributable to a
higher chlorite and/or heavy mineral content. The meta-
argillite generally exhibits clearly defined bedding/folia-
tion relationships (Fig. 6).

The metasiltstones and metagraywackes are less
abundant than the meta-argillite and were observed only
locally. These rocks are medium to dark gray and are
composed of quartz, plagioclase and lithic clasts in a fine-
grained matrix of quartz, sericite, chlorite and epidote. The
lithic clasts are volcanic and sedimentary in origin. Bed-
ding is generally massive although fine bedding is present
locally. Graded bedding is distinct, and scour structures
can be seen locally (Fig. 7).

Locally, interlayered with the metasedimentary
rocks are mafic and felsic metavolcanic rocks which are
dacitic to basaltic in composition. Texturally, these rocks
vary from very fine-grained tuffs and flows to lapilli and
lithic tuffs and are very similar to metavolcanic rocks
within the Persimmon Fork Formation.

A Cambrian age is inferred for the Richtex Forma-
tion based on the presence of Cambrian fossils in lithologi-
cally similar rocks in the Belair belt in South Carolina
(Maher and others, 1981). Rocks of the Belair belt occupy
the same stratigraphic position as those of the Richtex

- Formation, but lie on the opposite limb of the Kiokee
antiform. Cambrian fossils also have been found in the
Asbill Pond formation (informal usage) in South Carolina
(Samson and others, 1990; Secor and others, 1983), a lateral
equivalent of the Richtex Formation (Secor and others,
1986a).

Rocks of the Northern Part of the Modoc Zone

Bordering the study area on the southeast are a
suite of rocks composing a 4-5 km wide ductile shear zone
called the Modoc zone (Sacks and Dennis, 1987). Rocks of
the northern part of the Modoc zone are within the study
area. As the Modoc zone is approached from the north-
west, regional greenschist mineral assemblages in the slate
belt become overprinted by upper greenschist and
amphibolite facies mineral assemblages, and slaty cleav-
age becomes overprinted by a mylonitic foliation. Zones
where shearing has been concentrated are characterized by
S-C mylonites, muscovite “fish,” and augen gneiss.

Modoc zone rocks within the study area consist of
two mappable units. One unit consists of interlayered
sericite quartzite and quartz-sericite phyllite. The phyllite
in this unit exhibits S-C mylonitic textures indicating that
shearing has been particularly intense in these rocks.

Locally, this unit has undergone brecciation and at least
twoepisodesofsilicification. Silicification also wasaccom-
panied by base and/or precious metal mineralization, and
several prospecting pits are present in the silicified hori-
zons. Across the study area, this unit forms a series of
elongate hills, locally of high relief where silicification was
intense (Plate 1).

The second mappable unit consists of muscovite-
biotite-quartz schist, biotite gneiss, biotiteaugen gneissand
amphibole gneiss. The schist consists of fine- to very fine-
grained biotite, muscovite, quartzand plagioclase. Musco-
vite “fish” porphyroblasts (Fig. 8) are common. Thebiotite
gneiss and biotite augen gneiss are granitic in composition
and vary widely in texture from fine-grained and finely
laminated to thickly banded and augened. Shearing is
pervasive, and most of the gneisses are slightly garnetifer-
ous. Most likely, ortho- and paragneisses are present. The
amphibole gneisses possibly are higher grade equivalents
of mafic phyllites in the Richtex Formation and/or the
Persimmon Fork Formation to the northwest.

Intrusive Rocks

Intruding the Richtex and Persimmon Fork For-
mationsare sheets, plugsand stocks of igneous rocks which
are granodioritic to gabbroic in composition. These range
in size from dikes less than 10 cm wide to stocks several
square kilometers in areal extent. Most of these show the
effects of penetrative deformation and greenschist facies
metamorphism; others are clearly post-kinematic.

Pre- to Syn-metamorphic Intrusions

These intrusions exhibit the greatest variety of
compositions and textures. They include large, medium-
grained metagranodiorites, fine-grained metaquartz mon-
zonites and sheeted bodies which are andesitic to gabbroic
in composition.

Metagranodiorite,

The most areally extensive intrusive rock type is
medium-grained metagranodiorite. The largest of these
bodiesislocated inextremenorthemm McDuffie Countyand
is approximately 12 km long and 2 km wide. Several
smaller bodies of this rock are located to the southwest in
western McDuffie County and northem Warren County,
and another is located near the northeastern end of the
study area in Lincoln County (Plate 1).

Theseintrusions are medium-grained, mesocratic,
weakly to well foliated and are locally strongly sheared.

- Linear features are best observed at weathered outcrops.

Contacts with the country rock are sharp (Fig. 9), and fine-
grained, dark-colored xenoliths are common (Fig. 10). A
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Fig. 7 - Scour features in metagraywacke (Richtex Formation). Note deformed rip-up clasts.

Fig. 8 - “Muscovite fish” (Persimmon Fork Formation) along shears in weathered phyllite adjacent to the Modoc
Zone.
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Fig. 9 - Sawed hand sample containing a contact between metagranodiorite and the phyllite country rock (Richtex
Formation). Sample is from the tailings dump at the Columbia Mine.

Fig. 10 - Dark-colored xenoliths within the large metagranodiorite body.
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few outcrops display numerous domal features (Fig. 11)
representing either original flow texture or a subsequent
tectonic fabric. The latter explanation is favored since these
features occur in the vicinity of local ductile shear zones.
These intrusions are locally cut by leucocratic felsic dikes
(Fig. 12).

Microscopically, the metagranodiorites consist of
subhedral plagioclase(albitetooligoclase), potassiumfelds-
par and quartz with accessory chlorite, epidote, biotite and
sericite. Modal compositions are given in Table 1. Plagio-
clase crystals are highly altered to epidote and sericite and
locally are rimmed by more sodic plagioclase or potassium
feldspar. Many of the plagioclase crystals are partially
bound by granophyric intergrowths of quartz.and potas-
sium feldspar. Locally, this symplectic texture composes
up to fifty percent of the rock in some of the smaller bodies.
Potassium feldsparisclouded withinclusionsand is highly
altered to sericite. Most of thebiotite hasaltered to chlorite.

Chemically, theserocks are granodiorites(Table2)
(Fig. 13) although their mineral composition reflects the
greenschist facies metamorphism they have undergone.
The abundance of granophyric textures strongly suggests
that these bodies are hypabyssal intrusions that cooled
relatively rapidly.

Metaquartz Monzonite

A second intrusive rock is metaquartz monzonite.
This rock type is present in two separate bodies approxi-
mately 7 and 2 square kilometers in size. The larger body
islocated in the extreme northeastern part of the study area
in Lincoln County, and the smaller body is located in the
north-central part of the study area in Wilkes County.

The metaquartzmonzonitesare fine-grained, gray-
ish pink in color and exhibit a tectonic fabric mainly along
their peripheries. Upon weathering, these rocks become
redder in color and any tectonic fabric is accentuated.
Microscopically, these rocks consists of subhedral crystals
of plagioclase (albite/oligoclase), potassium feldspar and
quartz with accessory chloritized biotite, epidoteand mus-
covite. Sericitization, locally, is intense (Fig. 14). Very little
of the quartz and potassium feldspar occurs as individual
crystals, instead the two minerals typically are graphically
intergrown, locally exhibiting a cuneiform texture (Fig. 15).
Most plagioclase crystals are rimmed by potassium felds-
par (Fig. 14).

The metaquartz monzonite is chemically similar
to the metagranodiorite (Table 3) (Fig. 13) and may be
genetically related. The presence of granophyrictexturesin
bothintrusiverock types suggests that both are hypabyssal
intrusions (Bard, 1986). The lack of a penetrative tectonic
fabric, as in the metagranodiorite, suggests that the
metaquartz monzonite was intruded tectonically late and
is younger than the metagranodiorite. Apparent cross-
cutting relationships between bodies of metagranodiorite
and metaquartz monzonite in the extreme northeastern
part of the study area (Plate 1) suggest that the metaquartz
monzonite intruded the metagranodiorite and supports
the above conclusion of their relative ages. The metaquartz
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monzonite and the metagranodiorite may have shared a
common parent magma. Both the metaquartz monzonite
and metagranodioritebodiesarelocally cutbylamprophyre
dikes (discussed below). It has been suggested that similar
meta-intrusions in South Carolina were the magma source
for the Carolina slate belt volcanic rocks (Secor, 1987).

Mafic Sheets and Stocks

Less abundant, but widespread, are pre- to syn-
metamorphic mafic sheets and stocks which are dioritic to
gabbroic in composition. The sheeted mafic bodies
(metadikes/sills) intruded the Richtex Formation prior to
metamorphism and subsequently were penetratively de-
formed along with the country rock. Their crosscutting
nature can be observed at numerous outcrops (Fig. 4).
Fresh outcrops of these sheeted bodies, however, are rare,
but the rock bodies appear to be andesitic to basaltic in
composition and are composed of a greenschist metamor-
phic assemblage of chlorite, epidote, calcite and opaque
minerals.

The mafic stocks generally have an exposed sur-
face area of less than one square kilometer, however, one
body north of Leah (Plate 1) is approximately four square
kilometers in size. Most of the stocks crosscut the country
rock, but many are elongated parallel to subparallel to the
regional strike of S, suggesting that some of these may be
thick, deformed dikes or sills. These rocks are dark green-
ish gray and exhibit a variety of textures, ranging from
porphyritic to mediumand coarsely equigranular. Most of
these bodies are weakly foliated, exceptalong their borders
where foliation is well-developed and the mafic bodies
blend into the enclosing phyllites.

The mafic stocks are highly altered. Chemically,
they aredioriticin composition (Table4) (Fig. 16); however,
theiroriginaligneousmineralogy hasbeenmetamorphosed
to a greenschist facies assemblage. They are composed
predominantly of serpentinized clinopyroxene and horn-
blende, clinozoisite (after calcic plagioclase) and albite/
oligoclase with minor amounts of sericite, opaques and
chlorite. The stocks clearly intruded the Richtex Formation
prior to or coincident with regional deformation.

Post-metamorphic intrusive rocks

Post-metamorphicintrusive rocksrepresentavery
small, but unique component of the rocks of the study area.
These rocks consist of cross-cutting diabase and
lamprophyre dikes. They are clearly the youngest rocks in
the study area and provide an upper age limit for various
geologic events.

Diabase Dikes

Diabase dikes occur intermittently across the
study area and are the most abundant of the cross-cutting
mafic dikes. At least seven are present within the study
area. They are less than one meter in thickness, up to seven
kilometers long and strike N 5-35° W. These dikes are



Fig. 11 - Domal features within the large metagranodiorite body. Outcrop is along the shoreline of Clark Hill
Reservoir.

Fig. 12 - Saprolite exposure of a leucocratic felsic dike cross-cutting the largest metagranodiorite body. The exposure
1s along the shoreline of Clark Hill Reservoir, and the view is to the northwest. Notebook is 23 x 30 cm.
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Table 2
Major Oxide, Trace Element and Normative Analyses of Metagranodiorites*
AD-1 A0-9 AD-25 AD-34 BV-1 c-886 c-87 C-146 C-147 C-153

Si0, 63.4 66.1 62.1 66 63.9 72.7 73 68.2 68.1 68
Ti0, 0.59 0.5 0.66 0.77 0.57 0.22 0.26 0.5 0.54 0.56
A1203 14.7 14.8 15.7 14 .4 14.7 13.5 12.8 14.2 14 .4 14.6
F8203 2.78 2.43 2.99 2.67 2.72 1.24 0.86 2.51 2.45 2.17
Fe0 2.7 2.06 3.02 1.65 2.05 0.64 1.15 2.26 2.45 2.1
MnO 0.13 0.11 0.17 0.18 0.11 0.06 0.08 0.13 0.15 0.16
Mg0 1.66 1.29 1.72 0.96 1.48 0.43 0.43 0.84 0.99 1.22
Cal 4.21 3.58 4.78 2.83 4.1 1.63 1.64 3.15 3.16 3.46
Na 0 3.26 3.95 3.87 4.76 4.12 3.89 4.11 4.1 3.85 4.01
K0 2.96 1.84 2.02 2.56 1.94 3.52 3.44 2.15 2.58 1.94
P05 0.29 0.27 0.25 0.37 0.17 0.08 0.29 0.05 0.17 0.21
S tot 0.02 0.02 0.02 0.02 0.05 0.07 0.02 0.02 0.04 0.02
o, 0.02 0.03 0.03 0.01 0.74 0.07 0.05 0.11 0.05 0.02
LOI 1.62 1.29 1.39 0.99 1.94 0.5 0.34 0.81 0.93 0.89
Total 98.35 98.27 98.72 98.18 98.57 98.55 98.57 99.03 99.96 99.36
Trace Elements (ppm}

Cu 24 6 27 6 33 2 3 20 16 )

Pb 2 20 2 24 26 15 15 19 21 3

In 61 44 83 114 61 24 33 74 68 55

Mo <1 7 <1 <1 8 <1 <l 1 <1 <1

Ni 3 8 9 3 7 2 1 3 3 3

Co 10 11 10 6 8 2 7 7 9 11

Cd 1 <1 <1 <l <l <] 3 <1 <1 <1

Bi <5 <5 <5 <5 <5 6 <5 <5 10 <5

As 16 <5 <5 14 7 <5 36 27 <5 21

Sb <5 <5 <5 <5 <5 <5 <5 <5 <5 <5

Te <10 <10 <10 <10 <10 <10 11 <10 <10 <10

Ba 878 700 565 582 743 962 674 714 706 427
Cr 175 196 217 163 169 137 246 339 190 198

v 78 71 88 20 72 18 13 4] 39 54

Sn <20 <20 <20 <20 23 <20 <20 <20 <20 <20

W <10 <10 13 <10 <10 <10 <10 <10 <10 <10

Li 4 9 16 5 12 12 10 10 10 6

Be 2.8 2.3 2.3 3.5 5.3 2.2 2.8 2.6 3 2.5
Ga <2 10 12 11 19 11 5 18 14 14

La 5 15 12 9 16 19 16 8 9 6

Ce <5 <5 <5 <5 67 <5 <5 <5 <5 <5

Ta 49 9 170 <1 50 <1 53 31 133 <1

Sc 31 30 47 35 17 5 <1 25 38 24

Nb 7 8 10 9 11 11 7 11 6 7

Sr 143 261 284 280 385 165 123 171 146 146

Y 9 20 20 20 18 15 11 25 17 15

Ir 28 57 46 37 51 49 32 79 37 39
CIPW Norms

Ap 0.65 0.60 0.56 0.82 0.38 0.18 0.64 0.11 0.38 0.47
I1 1.15 0.97 1.29 1.47 1.10 0.42 0.50 0.97 1.05 1.09
Mt 4.15 3.58 4,45 3.74 3.99 1.62 1.26 3.70 3.63 3.21
Or 17.88 11.02 12.22 15.21 11.57  20.76  20.52 12.87 15.53 11.67
Ab 28.2 33.90 33.55 40.50 35.21 32.86 35.11 35.17 34,06 34.56
An 17.11 16.22 19.88 10.42 16.05 7.55 6.30 14.18 14.21 16.09

Di 1.99 2.27 1.13 2.96 1.13 0.54

Hy 3.01 2.59 3.20 1.28 1.94 0.70 1.14 1.68 2.24 2.59
c 0.91 1.04 0.26 0.24
Q 22.56 27.13 19.76  22.48 22.64 32.67 32.43 28.28 27.31 28.51

Hm 0.11 0.12
Total 96.69 96.93 97.28 97.16 95.84 97.91 98.16 98.09 98.94 98.43

Ap-apatite, I1-ilmenite, Mt-magnetite, Or-orthoclase, Ab-albite, An-anorthite, Di-diopside,
Hy-hypersthene, C-corundum, Q-quartz, Hm-hematite
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Table 2 Continued’
Major Oxide, Trace Element and Normative Analysis of Metagranodiorites™

C-157 C-162 C-164 C-165 CMH-1 L-208
3102 70.7 73.8 72.5 73.8 58.9 63.3
TiO2 0.63 0.31 0.28 0.26 0.73 0.73
A1203 13.2 13.2 13.7 12.1 14.6 15.7
Fe,0, 3.43 0.85 1.5 2.14 3.44 3.2
Fel 1.35 0.6 1.2 1.1 2.9 2.06
Mn0 0.17 0.04 0.05 0.15 0.15 0.15
Mg0 0.5 0.6 0.54 0.13 3.03 1.95
Cal 2.05 2.02 1.72 0.95 4.82 3.78
Na20 4.4 5.56 3.84 4.64 3.7 4.39
K20 2.61 0.68 3.3 2.79 1.12 3.49
P05 0.26 0.18 0.08 0.14 0.21 0.21
S tot 0.04 0.03 0.02 0.02 0.1 0.02
co, 0.06 0.03 0.02 0.06 2.81 0.07
LOI 0.76 0.55 0.65 0.53 4.69 0.93
Total100.16 98.45 99.4 98.81 101.2 99.98
Trace elements (ppm)
Cu 8 8 7 7 42 24
Pb 7 2 6 6 35 10
In 84 6 32 63 116 84
Mo <1l 2 <1 <1 3 6
Ni 1 1 3 2 67 19
Co 3 5 6 2 17 14
Cd <1 <1 <1 <1 <1 <1
Bi <5 9 <5 <5 <5 8
As 23 26 49 27 <5 <5
Sh <5 <5 <5 <5 g 7
Te <10 <10 <10 <10 <10 <10
Ba 726 172 824 787 795 687
Cr 161 223 257 187 170 234
v 4 24 24 2 89 90
Sn <20 26 <20 <20 28 <20
W <10 <10 <10 11 <10 12
Li 5 3 8 5 18 8
Be 2.8 2.5 2.6 2.7 4.8 3.4
Ga 3 8 <? <2 15 8
La 8 3 8 15 17 13
Ce <5 <5 <5 <5 93 <5
Ta 46 57 <l <1 20 72
Sc 23 29 33 26 20 36
Nb 9 5 5 8 9 13
Sr 160 125 131 93 397 300
Y 23 15 10 22 11 21
Ir 54 39 34 66 4] 86
CIPW Norms
Ap 0.57 0.40 0.18 0.31 0.48 0.47
11 1.20 0.59 0.53 0.50 1.43 1.40
Mt 3.10 1.17 2.18 3.11 5.16 4.68
Or 15.48 4.03 19.48 16.50 6.83 20.77
Ab 37.37 47.25 32.47 39.30 32.32 37.42
An 8.50 8.88 8.00 3.80 20.57 12.92
Di 2.37 4.08
Hy 0.82 0.99 1.11 0.25 5.12 2.22
C 0.06 0.15 1.75 0.11
Q 30.87 34.33 33.01 34.32 19.32 15.01
Hm 1.31 0.05
Total 99.30 97.84 98.71 98.20 93.60 98.96

P-1

5

1

3.
0.
2
2
3
0
2
5.
2
2
0
0
3
5
0

10

25
10
86
<1
18
14
<1
<5
64
<5
<10
630
236
89
<20
<10
10
1.

6
13
<5
83
26
13
302
25
87

21.

90.

4
47

.9
.07
.02
.14
.1

18

.58
.66
.25
.06
.33

.95
11

47

77

WB-35A WB-98  WB-93
67.8 71.3 71.7
0.44 0.3 0.3
14.8 13.5 14
2.68 1.62 1.82
1.42 1.16 1.03
0.08 0.07 0.07
1.15 0.55 0.62
3.72 2.27 2.24
4.3 3.72 3.72
1.78 3.31 3.09
0.18 0.1 0.1
0.02 0.02 0.02
0.03 0.07 0.03
0.74 1.04 0.9
89.15 89.03 99.64
16 11 7
25 2 5
43 26 32
<1 <1 <1
8 6 1
14 3 2
<1 2 <1
10 <5 <5
51 <5 56
<5 <5 <5
<10 <10 <10
555 1073 904
172 273 122
87 30 31
<20 <20 <20
<10 <10 <10
3 8 11
2.3 2 2.3
<2 13 7
15 14 12
<5 <5 <5
<1 59 13
47 26 23
7 8 10
224 155 140
8 20 19
68 50 57
0.40 0.22 0.22
0.84 0.58 0.57
3.63 2.37 2.64
10.58 19.89 18.22
36.61 31.69 31.42
15.83  10.43 10.44
1.31 0.22
1.55 1.01 1.02
1.40
27.31 31.70 32.76
0.20
98.36 97.90 98.69

Ap-apatite, I1-ilmenite, Mt-magnetite, Or-orthoclase, Ab-albite, An-anorthite,

Di-diopside, Hy-hypersthene, C-corundum, Q-quartz, Hm-hematite

*See Appendix A for analysis parameters.

Refer to Plate 3 for sample locations.
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Quartz
. Quartz-rich granitoids
. Alk-feld granite
. Two-feld granite
Quartz monzonite
Granodiorite
Quartz diorite ® Metagranodiorite
. Alk-feld-quartz syenite A Meta-quartz monzonite
. Quartz syenite
. Quartz-rich monzonite
10. Quartz monzodiorite
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Fig. 13 - Chemical classification of metagranodiorites and metaquartz monzonites from the study area (after
Streckeisen, 1976).
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Fig. 14 - Sericitization and feldspar zoning in metaquartz monzonite. Euhedral plagioclase (albite) crystals are highly
altered to sericite and are rimmed by potassium feldspar (dark rims). Remainder of sample consists of quartz, chlorite
and opaque minerals. Field of view is 3.16 mm.
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Table 3
Major Oxide, Trace Element and Normative
Analysis of Metaquartz Monzonites*
A0-183 L-63 L-207A A0-183A L-207C
$i0, 71.5 69.3 71.4 75.69  70.53

T1'02 0.39 0.52 0.43 0.28 0.42
A1203 13.3 14.2 13.6 12.46 13.39
Fe,0, 1.48 1.8 1.46 1.94 4.43
Fel 0.7 0.7 0.65 2.51 0.96
Mn0 0.1 0.09 0.12 0.10 0.11
Mg0 0.32 0.38 0.36 0.13 0.34
Ca0 1.2 0.85 0.82 0.57 0.83
Na,0 4.39 4.83 5.03 4.27 4.56
K20 4.04 4.46 3.64 4.35 4.45
P205 0.21 0.21 0.25 0.07 0.07
S tot 0.02 0.02 0.02 <0.02 <0.02
co, 0.02 0.43 0.03 0.04 0.03
LOI 0.69 1.05 0.63 0.35 0.45
Total 98.36 98.84 98.44 102.76 100.57
Trace elements

Cu 5 4 5 8 6

Pb 22 2 2 32 30

In 52 52 51 11 18

Mo 3 <1 <1 5 6

Ni 4 1 2 8 9

Co 5 5 5 1 2

Cd <1 <1 <1 <1 <l

Bi <5 <5 <5 7 11

As 36 <5 36 14 88

Sb <5 <5 <5 15 28

Te <10 <10 <10 <10 <10

Ba 706 681 750 835 849
Cr 248 240 210 245 181

) 7 9 8 4 8

Sn <20 <20 <20 <20 <20

W <10 11 <10 <10 <10

Li 1 2 4 <1 9

Be 3 3.6 3.4 3.3 3.5
Ga <2 <2 5 16 22

La 11 10 13 12 17

Ce <5 <5 <5 61 75

Ta 15 91 <] <1 <1

Sc 28 7 7 9.3 11

Nb 5 9 8 8 11

Sr 128 85 106 56 126

Y 22 14 22 16 26

ir 72 50 104 117 142
CIPW Norms

Ap 0.46 0.46 0.55 0.16 0.15
I 0.74 0.99 0.82 0.54 0.80
Mt 1.46 1.04 1.24 2.87 2.24
Or 23.93 26.33 21.46 26.13 26.31
Ab 37.24 40.84 42 .48 36.74  38.62
An 4.59 2.84 2.43 2.02 2.93
Di 0.31 0.66
Hy 0.53 0.62 0.59 1.20 0.38
C 0.05 0.77 0.99

Q 28.15 22.35 26.60 32.40 25.10
Hm 0.48 1.08 0.61 2.90

Total 97.63 97.34 97.76 102.37 100.09

Ap-apatite, I1-ilmenite, Mt-magnetite, Or-orthoclase,
Ab-albite, An-anorthite, Di-diopside, Hy-hypersthene,
C-corundum, Q-quartz, Hm-hematite

*See Appendix A for analysis parameters.

Refer to Plate 3 for sample locations.

interpreted to be partof the suite of Mesozoic diabase dikes
that occuralong the eastern flank of the Appalachians from
Alabama to Massachusetts. They are, for the most part,
unmetamorphosed, exhibiting only slight hydrothermal
alteration locally.

The diabase dikes within the study area are rela-
tively typical of diabases elsewhere within the Piedmont
and Blue Ridge. At least two varieties, quartz-normative
and olivine-normative, are present (Table 5). The olivine-
normative diabases exhibit the more typical diabasic tex-
ture and consist of subophitic intergrowths of labradorite
and augite, interstitial olivineand minoramountsof biotite,
magnetiteand serpentine. Locally, thelabradoriteisslightly
sericitized. The quartz-normative diabases, on the other
hand, consist of euhedral laths of hornblende in a matrix of
granophyric andesine and quartz with accessory epidote
and magnetite.

Geochemical and petrological studies of diabases
of the Appalachian orogen have revealed several subsets
based on chemical composition, geographic distribution,
strike and age (Lester and Allen, 1950; King, 1961; Weigand
and Ragland, 1970; Dooley, 1977; Ragland and others,
1983). Data pertaining to thesedikes havebeen usefulin the
development of theories on the rifting of Pangea in middle
Mesozoictime (Dooley, 1977;Ragland and others, 1983 and
references within). The ages of diabase dikes in Georgia
werereported to range from 160 to 230 m.y. (Dooley, 1977),
but were later re-interpreted to be no older than 195 m.y.
(Dooley and Wampler, 1983). Additional studies from
other areas of the orogen have suggested two age clusters
at 165-175 m.y. and 180-190 m.y. (Deininger and others,
1975; Smith and Noltimier, 1979; Sutter and Smith, 1979).
Further work on the diabases of Georgia is warranted in
light of other studies of diabasesin adjacent states (Ragland
and others, 1983).

Lamprophyre Dikes

Lamprophyres constitute a second suite of post-
metamorphic mafic dikes. These types of rocks have been
discussed briefly in afew previousstudiesof portions of the
Slate Belt (Fouts, 1966; Crawford and others, 1966; Paris,
1976; Reusing, 1979), but as in the case of the diabases, they
constitute only a very small portion of the lithologies
present. Possibly for that reason, they have been discussed
only briefly in previous studies.

Lamprophyres are not simply textural varieties of
plutonic or volcanic rocks. They possess distinct mineral-
ogy,chemistry and textures and havebeen given theirown
separate classification (Streckeisen, 1979). Some of their
outstanding characteristics include (1) their occurrence as
dikes, sills, pipes and diatremes; (2) their unusual chemis-
try which is primitive (Mg, Cr, and Ni-rich), but also rich
in large ion lithophile elements, light rare earth elements
and volatiles; (3) their dark color, idiomorphic texture and
common content of euhedral mafic phenocrysts; and (4)
the common hydrothermal alteration of biotite, olivine,
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Fig. 15 - Cuneiform intergrowth (granophyre) of quartz (dark) and potassium feldspar in metaquartz monzonite.
Groundmass consists of quartz, plagioclase, biotite, sericite and epidote. Field of view is 3.16 mm.
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Fig. 16 - Chemical classification of mafic meta-intrusive bodies from the study area (after Streckeisen, 1976).
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Major Oxide, Trace Element and Normative Analysis of Mafic Intrusions*

Table 4

A0-180 C-76 C-138 C-145A C-150A C-152 C-158 C-1B61A C-163 L-53  WB-120
Si0, 46.8 43 .4 55.8 44.3 47 48 45.9 49.1 49.8 49.9 45
TiO2 0.43 0.69 1.02 0.22 0.74 0.73 0.3 0.99 0.82 1.12 0.51
A'1203 15.7 15.9 18.2 19.1 19.4 18.7 12.1 16.7 17 16.6 13.8
Fe0, 3.08 2.6 2.77 3.73 6.47 3.33 3.47 3.85 2.68 2.78 2.95
FeQ 4.45 6.66 6.15 3.75 2.51 5.4 5.65 5.8 6.5 8.75 7.6
MnO 0.15 0.17 0.2 0.13 0.33 0.18 0.18 0.17 0.17 0.23 0.22
Mg0 10 8.76 2.71 9.9 6.03 6.31 14.2 6.23 7.07 5.03 11.8
Ca0 13.6 10.8 2.48 13.5 12 10.5 12.6 10.3 9.8 9.9 11.9
Na,0 1.06 1.92 2.38 0.76 1.42 2.16 0.58 2.57 1.99 2.72 1.21
K0 0.3 0.33 2.05 0.33 0.37 0.5 0.31 1.18 0.53 0.4 0.18
P205 0.18 0.2 0.22 0.19 0.1 0.25 0.21 0.28 0.1 0.26 0.17
S tot 0.03 0.02 0.03 0.02 2.09 0.02 0.02 0.02 0.02 0.02 0.03
co, 0.17 0.07 0.03 0.03 0.03 0.03 0.02 0.03 0.04 0.07 0.75
Lol 2.97 1.8 3.24 3.46 3.53 2.73 2.7 1.58 1.69 0.85 3.38
Total 98.92 99.32 97.29 99.42 102.02 98.84 98.25 98.81 98.21 98.63 99.5
Trace elements
Cu 103 50 48 na 92 39 32 20 65 115 50
Pb 2 14 4 na 43 27 12 6 7 2 2
In 41 82 59 na 150 119 64 57 69 89 64
Mo <l <1 <1 na <1 <1 <1 <1 <1 <1 <l
Ni 121 108 30 na 43 28 158 54 78 31 142
Co 47 43 36 na 37 21 57 31 41 37 61
Cd <1 <l 2 na <l <l <1 <l <1 <1 <1
Bi 7 17 <5 na 13 6 25 <5 <5 <5 14
As <5 <5 <5 na 8 7 <5 <5 <5 32 <5
Sh 8 13 <5 na 25 <5 <5 <5 14 7 <5
Te <10 <10 11 na <10 11 <10 17 13 12 <10
Ba 50 142 83 na 123 126 84 128 202 67 54
Cr 253 321 157 na 147 261 372 200 192 71 244
v 171 241 220 na 255 251 137 258 224 367 212
Sn <20 <20 <20 na <20 <20 <20 <20 <20 <20 <20
W <10 <10 <10 na 17 <10 <10 <10 <10 <10 17
Li 6 11 9 na 13 12 4 4 7 12 10
Be 1.2 1.6 1.8 na 1.5 1.7 1.1 2.1 1.9 1.8 1.2
Ga <2 <2 <2 na 8 <2 <2 <? <2 7 <2
La 3 7 3 na 4 2 3 5 4 6 3
Ce <5 <5 <5 na <5 <5 <5 <5 <5 <5 <5
Ta 61 <1 82 na 24 67 126 <1 42 <1 96
Sc 106 86 62 na 81 44 112 59 67 33 96
Nb 3 6 4 na 4 3 4 6 5 5 5
Sr 204 324 316 na 345 235 139 270 276 340 284
Y 6 13 g na 8 5 9 7 7 16 11
Ir 15 28 5 na 22 39 23 8 14 11 37
CIPW Norms
Ap 0.42 0.49 0.48 0.42 0.22 0.59 0.48 0.65 0.24 0.863 0.38
11 0.86 1.45 1.92 0.43 1.44 1.50 0.59 1.99 1.72 2.34 0.98
Mt 4.71 4.17 3.98 5.51 7.18 5.21 5.24 5.89 4.28 4.43 4.34
Or 1.87 2.15 11.98 1.98 2.23 3.18 1.90 7.34 3.44 2.59 1.08
Ab 9.44 17.91 19.92 6.54 12.26 19.69 5.10 22.91 18.51 25.25 10.37
An 39.15  37.27 10.80 48.53  46.40 42.94 30.63 32.18 39.46 35.00 32.09
Di 26.85 17.63 16.12 12.21 9.90 28.81 17.09 11.44 14.37 23.04
Hy 11.98 15.15 7.28 8.61 6.84 11.16 13.44 8.79 13.42 10.56 7.93
01 0.47 7.77 9.32 15.13
C 15.98
Q 1.22 21.64 5.92 1.88 0.33 3.95 2.52
Hm 1.67
Total 95.75 97.43 93.99 95.91 96.37 96.06 95.51 97.17 96.46 97.68 95.34

Ap-apatite, I1-ilmenite, Mt-magnetite, Or-orthoclase, Ab-albite, An-anorthite, Di-diopside,
Hy-hypersthene, 01-olivine, C-corundum, Q-quartz, Hm-hematite, na-no analysis
*See Appendix A for analysis parameters.

Refer to Plate 3 for sample locations.
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Table 5
Major Oxide, Trace Elements and Normative Ana]ys%F of Magic Dikes™ . ,
A0-35' A0-38' A0-41° A0-172° A0-173' A0-184' AQ-196' C-1428° cC-160° wB-71B° WB-958' WL-203
$i0, 51.7 51.9 57.3 46.2 52.9 52.1 52.4  46.8  48.4  47.4 58.5 52.8

Ti0, 1.87 1.11 0.66 1.18 1.29 1.89 2.36 1.52 0.72 1.03 1.02 2.34
A]EO3 14.5 16.2 16.2 17.1 13.8 14.4 15.1 17.4 16.7 15.9 16.2 14.9
Fe203 3.76 3.71 4.65 2.34 2.98 3.95 4.28 2.2 1.54 2.863 4.25 4.42
FeO 6.15 4.1 4.44 10.4 5.2 5.8 5.15 11.7 7.7 10.05 1.8 4.65
MnO 0.15 0.13 0.16 0.19 0.15 0.15 0.16 0.16 0.18 0.2 0.08 0.14
MgQ 5.39 4.99 3.21 6.73 6.11 5.41 4.56 6.39 7.11 7.02 3.35 4.12
Ca0 6.44 6.14 8.65 8.73 5.53 6.76 6.54 8.27 11.7 10 4.54 5.84
Na 0 2.99 4.17 2.08 3.08 3.15 3.11 3.28 3.68 1.25 2.73 4.24 3.14
K0 2.36 3.18 0.12 0.32 3.06 2.42 2.46 0.28 0.19 0.58 3.88 3.24
P2O5 0.39 0.6 0.16 0.4 0.47 0.6 0.38 0.24 0.19 0.15 0.2 0.41
S tot 0.19 0.3 0.09 0.11 0.06 0.2 0.2 0.04 0.03 0.12 0.11 0.19
CO2 0.16 0.03 0.03 0.03 1.66 0.17 0.2 0.03 0.08 0.09 0.25 0.38
LOI 1.6 1.6 0.72 0.65 3.5 1.69 1.99 0.1 2.27 0.67 1.31 2.09
Total 97.65 98.16 98.47 97 .47 99.86 98.65 99.06 98.81 98.06 98.58 99.74 98.66
Trace elements (ppm)

Cu 28 47 46 52 36 36 30 64 7 155 24 25

Pb 45 17 2 2 12 15 19 7 2 14 38 14

n 81 72 78 84 98 106 114 89 68 97 59 111

Mo 7 <l <1 <1 <l <l <1 <1 <1 2 <l <l

Ni 83 69 14 82 130 99 72 86 65 132 47 61

Co 33 30 27 57 39 43 32 65 45 57 17 33

Cd 4 <1 <1 <l <l <1 <l <l <1 <1 <1 <1

Bi 39 <5 17 13 <5 7 26 <5 17 7 <5 <5

As 99 38 <5 <5 22 <5 <5 36 25 <5 <5 6

Sh 38 <5 8 <5 <5 <5 <5 <5 <5 <5 <5 <5

Te 49 <10 35 20 <10 21 <10 16 13 <10 <10 <10

Ba 586 973 91 91 769 788 870 103 94 182 1424 788

Cr 165 215 178 159 239 298 174 121 328 240 154 165

v 131 170 275 115 135 177 183 124 234 210 122 175

Sn <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20

W 16 .10 <10 <10 <10 23 <10 <10 <10 <10 <10 <10

Li 13 2 4 4 15 14 14 6 6 4 17 13

Be 2.8 3.1 1.2 1.6 3.3 2.8 3.4 1.8 1.8 1.3 4.9 3.1
Ga 27 7 3 <2 3 15 <2 <2 <2 3 4 <2

La 20 11 5 2 24 29 24 2 2 6 10 12

Ce <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5

Ta 61 170 160 35 112 <l <1 143 158 75 123 <l

Sc 98 19 23 55 33 31 14 59 85 <1 33 30

Nb 22 8 5 7 13 24 23 9 5 7 8 24

Sr 462 947 337 212 716 662 786 228 234 119 982 668

Y 8 13 12 16 10 16 10 14 7 19 9 9

Ir 87 75 15 24 90 162 123 47 8 70 87 110

Rb 120 113 7 11 97 101 71 10 4 18 119 126

Cl 100 100 <100 100 <100 100 100 <100 <100 <100 100 100

F 771 218 160 90 425 606 912 107 122 126 665 735
CIPW Norms

Ap 0.91 1.30 0.36 0.90 1.11 1.39 0.86 0.52 0.47 0.33 0.44 0.92
I 3.78 2.08 1.30 2.29 2.63 3.79 4.63 2.87 1.53 1.99 1.96 4.56
Mt 5.81 5.31 6.99 3.47 4.64 6.05 6.41 3.17 2.49 3.88 3.18 6.57
Or 14.82 18.49 0.73 1.93 19.36 15.06 14.98 1.64 1.25 3.54 23.18 19.58
Ab 26.89 34.72 18.21 26.71 28.54 27.72 28.60 29.86 11.77 23.44 36.28 27.18
An 20.38 15.84 35.70 32.53 15.50 19.16 19.80 29.87 43.85 29.82 13.86 17.38
Di 9.41 9.00 . B6.57 7.65 9.20 10.47 9.72 7.78 16.55 16.586 6.77 8.40
Hy 9.12 1.60 5.13 3.67 10.46 8.44 6.07 13.82 3.43 3.75 5.19
01 7.91 17.52 22.41 14.72

Ne 0.54

Q 4.58 22.64 3.20 4.52 5.60 3.96 6.53 6.21
Hm 2.11

Total 95.70 96.23 97.63 96.68 94.64 96.59 96.67 98.67 95.68 97.70 98.07 96.00
*See Appendix A for analysis parameters. Refer to Plate 3 for sample locations.

Ap-apatite, I1-ilmenite, Mt-magnetite, Or-orthoclase, Ab-albite, An-anorthite, Di-diopside, Hy-hypersthene,
01-olivine, Ne-nepheline, Q-quartz, Hm-hematite 1Lamprophyre dikes; °Diabase dikes
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pyroxene and plagioclase (Streckeisen, 1979; Rock and
others, 1989). They are normally divided into calc-alkaline,
alkaline and melilitic (ultramafic) subgroups (Streckeisen,
1979) with a possible fourth subgroup consisting of
lamproites and kimberlites (Rock, 1987).

Within the study area, three varieties of
lamprophyres are recognized. They are all within the calc-
alkaline subgroup and chemically are classified as
kersantitesand spessartites (Fig. 17), but all do not neatly fit
into published mineralogical classifications of
lamprophyres (Williamsand others, 1954; Streckeisen, 1979).

The first variety of lamprophyre dike is a classic
spessartite in texture and mineralogy. This rock consist of
prismatic hornblende phenocrystsand clustersof euhedral
augite in a groundmass of hornblende and plagioclase
microlites with accessory chlorite and magnetite. The
plagioclase (andesine?) is rimmed with more sodic felds-
par and is clouded with inclusions of unknown composi-
tion. Two of these dikes were observed withina few meters
of each other just east of Kemp Creek on the Aonia Quad-
rangle cutting rocks of the Richtex and Persimmon Creek
Formations. These dikes strike N53°W and N60°W and
appear to dip vertically. Rocks with the same mineralogy
and from the same vicinity have been described as horn-
blende andesites (Crawford and others, 1966). A
lamprophyre just north of the study area with the same
mineralogy was described by Reusing (1979).

The second variety of lamprophyre dikes is a
kersantite. This rock consists of anaphaniticassemblage of
augite, diopside, sericitized andesine and/or labradorite
with minor pyrite, magnetite, chloritized biotite, quartz
and serpentine. These very fine-grained minerals are
embedded in a clouded, glassy groundmass. Within this
assemblage are somewhat rounded quartz and albite
xenocrysts up to 7 mm long. The albite xenocrysts are
zoned and partially sericitized, and both typesof xenocrysts
are rimmed by sericite(?) aligned perpendicular to the
xenocryst boundaries (Fig. 18). In hand specimen, the light
gray to white xenocrysts are in contrast to the black, apha-
nitic matrix (Fig. 19). Three dikes of this composition were
found, twointhe vicinity of the spessartite dikesnear Kemp
Creek (described above) and another on a tributary of the
Little River, all on the Aonia Quadrangle. One of these
dikes strikes N20°W, another N15°W, and both apparently
dip vertically. The third dike, however, strikes N50°E and
dips 47°NW. These dikes crosscut the metaquartz monzo-
nite intrusion and felsic metavolcanic rocks of the Persim-
mon Fork Formation.

The third variety of lamprophyre dikes also are
kersantites, but differ in that their chief mafic mineral is
biotite. These dikes consist of an aphanitic assemblage
dominated by chloritized, green biotite and altered plagio-
clase (andesine?) with subordinate amounts of greenhorn-
blende, carbonate, epidote, quartz, chlorite, sphene, apatite
and magnetite. The plagioclaseishighly altered to epidote
and sericite and is immed by more sodic feldspar. These
lamprophyres are dark gray in color and locally contain
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rounded, mafic xenoliths(?), consisting predominantly of
biotite. Three dikes of this composition were found, all
cross-cutting thelarge metagranodioritebody on the Aonia
and Wrightsboro Quadrangles (Plate 1). Two dikes strike
N15°W and dip steeply to the southwest, whereas the third
dike strikes N30°W and dips 30° southwest.

The above lamprophyres, in contrast to the dia-
bases, are enriched in phosphorus, potassium, strontium,
barium, rubidium, carbon dioxide, sulfur and fluorine
(Table 5) (Fig. 20). This type of chemical enrichment, along
with standard petrographic techniques, can scrve as a
means of distinguishing between diabases and
lamprophyres since some are megascopically similar.
Lamprophyres have been misidentified in the past, and
many so called diabases, andesitebasalts, hormblende dior-
ites and microdiorites found in many gold districts world-
wide may actually be lamprophyres (Rock and others,
1989).

Lamprophyres are commonly found cross-cut-
ting calc-alkaline intrusions and volcanic assemblages and
are intimately associated with many gold deposits world-
wide (Rock and others, 1989). Lamprophyres, themselves,
are characteristically enriched in gold, and this fact has led
some researchers to suggest that they are the source of the
gold in the deposits with which they are associated (Rock
and others, 1989; Rock and Groves, 1988). Those
lamprophyres present within the study area also are en-
riched in gold relative to the other host rocks (Fig. 39), but
these dikes represent such a small portion volumetrically,
relative to theentire study area, that their functioningas the
gold source scems unlikely.

Veins and Silicified Breccia Zones

Post-dating most structural features and litholo-
gies within the study are quartz veins and silicified breccia
zones. The quartz veins include gold-bearing veins mined
for their gold content and barren veins with no economic
mineral concentrations. These veins were introduced into
the country rock late in the deformational history of the
area, just preceding, or contemporancous with, thelast fold
event. These veins exhibit the same distinct orientations
(seesectionongold deposits), butitisnotknown why some
aremineralized and othersare not. The gold-bearing veins
are discussed in detail in the section on gold deposits.

Two silicified breccia zones are found in Warren
and McDuffie Counties on the Cadley 7.5 minute quad-
rangle. These zones consist of silicified, reddish-brown to
tan clasts of country rock(?) interspersed ina matrix of clear
to milky, void-filling quartz crystals (Fig. 21). The breccia’s
texture isaccentuated upon weathering. Multiplecpisodes
of brecciation and silicification are apparent.

These two breccia zones cross-cut the country rock;
but it is not known whether they post-date all geologic
features within the study arca. These zones have been
prospected locally for precious metals, but chemical analy-
ses did not reveal economic concentrations of any clerfients
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Fig. 17 - Chemical classification of lamprophyres from the study area (after Streckeisen, 1979).

Fig. 19 - Hand sample of the kersantite from Fig. 18. Note light-colored xenocrysts in black, aphanitic groundmass.
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Fig. 18 - Quartz (above) and feldspar (albite) xenocrysts in a kersantite lamprophyre dike. Both xenocrysts are
sericitized along their boundaries and are partially resorbed. Groundmass consists of augite, diopside, plagioclase,
sericite, opaque minerals, serpentine and biotite. Field of view is 3.16 mm.
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Fig. 20 - Comparison of major and trace clement chemistry of the lamprophyre and diabase dikes.(Fig. 20 continued
on next page.)
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Fig. 21 - Hand sample of the silicified breccia zone near Fountain Campground, McDuffie and Warren Counties.
Angular, silicified fragments of host rock (?) are cemented by light-colored quartz.

Table 6
Assays of Silicified Breccia - Fountain Campground Vicinity*
c-81A Cc-81B C—-81AA C-81AB C=131

Au*x* 16 4 13 18 8

Ag <0.02 L 0.5 <0.02 <0.02
Cu 12 129 19 70 18

Pb 5 15 3 43 3

Zn 9 162 8 331 8

Mo 7 8 8 7 3

Ni 5 30 8 83 4

Co 1 18 2 40 <1

Bi <5 <5 <5 23 <5

As <5 18 <5 <5 6

Sb <5 5 <5 8 <5

Hg <0.010 0.120 <0.010 0.046 0.034
Ba 150 <20 1100 80 <20

Cr 314 194 528 206 135

W <10 21 <10 <10 <10

*Warren and McDuffie Counties, Cadley 7.5 minute gquadrangle.
**Au values are in ppb; all others are in ppm.

See Appendix A for analysis parameters.

Refer to Plate 3 for sample locations.
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(Table 6). Preliminary oxygen isotopic analyses suggests
that hydrothermal fluids that produced these zones were
distinct from those that deposited the gold ores (See section
entitled “Gold Ore”).

Metamorphism and Deformation

The eastern Piedmont of Georgia has been charac-
terized as a series of alternating high and low-graded
metamorphic belts (Crickmay, 1952). The study area lies
within the Carolina slate belt which is a belt of low-grade
metamorphicrocks flanked by twohigher-grademetamor-
phic belts, the Charlotte belt on the north and the Kiokee
belton the south. The study area lies adjacent to the Kiokee
belt and is separated from the Kiokee belt by the Modoc
zone. Regional metamorphism and deformation has af-
fected all rocks within the two belts to various degrees.

Metamorphic isograds were drawn for the study
area (Plate 1) based on the first appearance of index miner-
als in pelitic metasediments and, to a lesser extent, in felsic
metavolcanic rocks whose mineralogical proportions were
similar to the metasediments. Due to the paucity of expo-
sures of unweathered rock in some areas, the isograds are
somewhat approximate. Also, the isograds should be
offset by subsequent northwest-striking faults; however,
data points are not of sufficient density to show this reli-
ably. The general outline of the isograds, however, shows
a greenschist facies assemblage throughout the study area
with a chlorite zone in the center increasing to biotite and
garnet zones to the north, westand south. A steep gradient
is revealed between the study area and the Modoc zone to
the south. The overall configuration of the isograds sug-
gests a synformal structure.

Early Paleozoic Deformation

Rocks within the study area have been metamor-
phosed to the greenschist facies of regional metamorphism
and havebeen affected, atleast in part, by three episodes of
deformation. The earliest deformation (D,) recorded in
these rocks is characterized by large-scale, isoclinal folds.
These folds (F,) are responsible for most outcrop patterns
throughout the Carolina slate belt (Secor and others, 1986a)
and were accompanied by an axial planar slaty cleavage
(S,) thatis the dominantfoliation within the studyarea. The
study area is part of the Saluda synclinorium, an F, fold
(Secor and others, 1986a). D, deformation affected both the
Kiokee and Carolina slate belts and, reportedly, the Char-
lotte belt (Secor and others, 1986a). This event postdates
deposition of the Cambrian slate belt strata and reportedly
predates the intrusion of a suite of 385- to 415-Ma plutons
in the Charlotte belt that do not record a D, fabric (Butler
and Fullagar, 1978; Fullagar, 1981).

In most exposures, S, is parallel to original bed-
ding (S)). However, in fold axes, incipient transposition of
S, is evident (Fig. 6). S, developed under conditions of
greenschist facies metamorphism, producing a mineral
assemblage of chlorite, epidote, sericite, albite, calcite and
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quartz. Asthe Modoc zone on the southeastisapproached,
biotite and rare garnet become a part of the mineral assem-
blages. These two minerals also appear near the southwest-
ern and northwestern borders of the study area (Plate 1).

Late Paleozoic Deformation

Included within the study area is the northern
portion of the Modoc zone. The Modoc zone has been
described asa fault zone (Howell and Pirkle, 1976; Hatcher
and others, 1977), a gradational boundary between
suprastructure (Carolina slate belt) and infrastructure
(Kiokee belt) (Secor and others, 1986a; 1986b) and as a
ductile shear zone (Sacks and Dennis, 1987). Rocks of the
Modoc zone have been affected by a late Paleozoic
(Alleghanian) deformation (D,) that was mainly restricted
to the adjacent Kiokee belt (Secor and others, 1986a; Secor,
1987). Development of the Modoc zone as a steep meta-
morphic gradient between the Kiokee and Carolina slate
belts reportedly occurred at this time (Secor and others,
1986a). Deformation in the northern portion of the Modoc
zone is characterized by local overprinting of the S, slaty
cleavagebyamylonitic foliationand thedevelopmentofan
upper greenschist to amphibolite facies mineral assem-
blage. Shearing is widespread, but is concentrated in
certain stratigraphic intervals. Areas of intense shearing
are characterized by the development of muscovite “fish,”
5-C mylonites and augen gneiss. In somewhat less de-
formed horizons, D, is characterized by small-scale folds
(F,) that are accompanied by an axial planar foliation (S,)
whichlocally partially transposesS,and S,. Evidenceof D,
over-printing of D, fabric and mineral assemblages dimin-
ish rapidly northwest of the Kiokee belt and was not
observed northwest of the Modoc zone. Available geo-
chronological data suggest that D, deformation occurred
about 295-315 Ma (Secor and others, 1986a).

Slaty cleavage (S)) in the Carolina slatebelt and S,
foliation in the Kiokee belt have been folded by a later
episode of deformation (D,) characterized by open folds
(F,) that plunge gently to the southwest. These folds
probably are parasitic on the Kiokee antiform (an F, fold of
Secor and others, 1986a). Weakly developed crenulations
locally accompany these folds. Development of the Kiokee
antiform resulted in the rotation of foliations within the
study area to their present northwest-dipping orientation.

In the Kiokee and Carolina slate belts in South
Carolina and extreme eastern Georgia, Secor and others
(1986a) recognized a fourth deformational event mani-
fested by the development of a regional shear zone (Irmo
shear zone, Dennis and others, 1987) that overprints struc-
tures within the Modoc zone. Mapping for this study
indicates that the Irmo shear zone passes southeast of the
study area. Small, discordant shear zones observed within
the study area probably are related to the development of
the Irmo shear zone.

Based on work in the Kiokee and Carolina slate
belts in South Carolina and extreme eastern Georgia, Secor



and others (1986a) recognized four deformational events
that have affected these belts together or individually.
Table 7 is a comparison of deformation observed by Secor
and others (1986a) with that observed in the present study.

Shear zones

Several narrow shear zones wererecognized within
the study area northwest of the Modoc zone. The existence
of these shear zones appears to be independent of shearing
associated with theModoczone. Atleasttwo (and possibly
three) shear zones were recognized in extreme northern
McDuffieCounty near thenorthernboundary of the largest
metagranodiorite body. The shear zones vary in size from
outcrop scale to zones nearly 100 meters wide and up to 5
kilometers long. The largest of these extends from near
Broom Creek in an arcing fashion northeastward to near
the McDuffie/Wilkes County line, roughly parallel to the
Little River (Plate 1). The zone strikes from N45-70°E and,
as other observed shear zones, dips moderately to the
north-northwest.

The shear zones are characterized by a mylonitic
foliation that is subparallel to and overprints S, slaty cleav-
age in the metagranodiorite. Sheared metagranodiorite
develops phyllitic bands composed mainly of chlorite and
quartz separated by largely undeformed bands or augens
of metagranodiorite. Locally, in the center of the shear
zones, themetagranodioriteis totally altered to chloriteand

quartz. The large shear zone mentioned above is locally

mineralized and has been prospected for gold on a small
scale near workings of the Porter Mine.

The age of these shear zones is late Paleozoic since
they overprint early Paleozoic tectonic fabrics. Displace-
ment along these zones is minimal; therefore, their timing
relative to other late tectonic features is uncertain. They
may be related to development of the Irmo shear zone
(Dennis and others, 1987) immediately south of the study
area.

Faulting

Rocks within the study area have been affected by
atleastfourepisodesof faulting differing in orientation, age
and magnitude. Evidence of the existence of pre-metamor-
phic faulting can be observed at the contact between the
Richtex and Persimmon Fork Formations. Secor (1987)
tentatively concluded that the contact is tectonic and cited
several lines of evidence to support his conclusion. Map-
ping for this study also supports his conclusion. The most
compelling argument for the existence of a fault between
the Richtex and Persimmon Fork Formations, and also
cited by Secor (1987), is the relative absence of sheeted mafic
intrusive bodies within the Persimmon Fork Formation.
The mafic bodies are conspicuously absent upon crossing
from the Richtex Formation into the Persimmon Fork
Formation. One would expect the mafic bodies to be
present throughout the upper part of the Persimmon Fork
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Formation as well, if the contact between the two forma-
tions is depositional. Since the effects of D, penetrative
deformation are expressed equally in both formations,
faulting would have to have preceded regional metamor-
phism.

The various characteristics of rocks of the Modoc
zone, including interpretations of its origin were discussed
previously. Mapping for this study revealed that within
the Modoc zone higher-grade gneisses are in close proxim-
ity to lower-grade rocks of the Carolina slate belt, suggest-
ing a fault contact. However, investigators working inan
adjacent area to the northeast (Secor and others, 1986a)
havebeen able to map stratigraphic units and D, structures
across the Modoc zone, thus ruling out the possibility of a
major fault between the Carolina slate belt and the Kiokee
belt. The above evidence does not, however, rule out the
possibility of at least some displacement at points within
the Modoc zone. Secor (1987) interprets components of
normal and dextral strike slip resulting in a net slip on the
order of tens of kilometers over the Modoc zone’s complex
history.

Cross-cutting all tectonic features within the study
area are several northwest-striking, strike-slip faults and
rare northeast-striking normal faults. The strike-slip faults
strike from N25-45°W and dip vertically or approximately
80°SW. Strike-slipdisplacement varies froma few centime-
tersinoutcrop-scale faults (Fig. 22) to up to 600 meters (2000
feet) inmap-scalefaults(Plate 1). The magnitudeof dip-slip
displacement is unknown. Both right-lateral and left-
lateral faults are present.

The northwest-striking faults are easily mappable
where they cut contrasting lithologies such as
metagranodiorite and the surrounding Richtex Formation;
otherwise they can be difficult to delineate in the field.
Aeromagnetic maps from the Georgia Geologic Survey
files (aeromagnetic maps [unpublished], 1975) were help-
fulindelineating some of these faults where they offsetrock
units with persistent aeromagnetic signatures. The occur-
rence of these faults throughout the Slate belt (Paris, 1976;
Reusing, 1979; Von Der Heyde, 1990; Allard and Whitney,
in prep.) suggests that they may be present throughout the
Piedmont, but as yet largely unrecognized. Most likely,
these faults are Triassic to Jurassic in age and are a result of
extensional stress during the breakup of Pangea and the
opening of the proto-Atlantic Ocean.

A second set of post-metamorphic faults were
observed in a few outcrops. These are normal faults that
strike approximately parallel to regional foliation, but dip
more steeply than the foliation to the northwest. Dip-slip
displacement on these faults, where observed, is less than
2 meters. Strike-slip displacement, if present, is unknown.

Tectonic Environment

Previous studies on the tectonic environment in
which rocks of the Carolina slate belt were deposited have
focused on the chemistry of the metavolcanic rocks, the



Table 7

Comparision of Structural Fabric Elements

Secor and others (1986a)

Isoclinal folding (F,) on
a regional scale;
Development of regional
slaty cleavage (SQ;
Postdates deposition of
Cambrian strata and
predates intrusion of 385
to 415 Ma plutons in
Charlotte belt.

Isoclinal folding (F,):
Development of S
foliation that overprints
previous S-surfaces:
Development of the Modoc
zone as a steep
metamorphic gradient
between Kiokee and slate
belts; Amphibolite grade
metamorphism; Reportedly
occurred about 295-315
Ma; Restricted to the
Kiokee belt and Modoc
zone.

Formation of the Kiokee
antiform; Rotation of
previous S-surfaces.

Development of late
ductile shear zone (Irmo
shear zone).
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This study

Isoclinal folding (F));
Responsible for regional
outcrop patterns;
Development of regional
slaty cleavage (S,).

Affected only rocks
immediately adjacent to
the Modoc zone;
Development of incipient
S, foliation; Partial
transposition of S, in
local folds (F,).

Rotation of foliation to
present orientation;
Development of numerous
small-scale folds (F3)7
Folding of gold-bearing
quartz veins; Development
of subdued crenulations.

Probably responsible for
numerous small shear
zones.



Fig. 22 - Quartz vein in largest metagranodiorite body offset by a northwest-striking fault. Exposure is along the
shoreline of Clark Hill Reservoir.
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Fig. 23 - Chemical classification of felsic and mafic metavolcanic rocks from the study area (after Streckeisen, 1979).
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relative proportions of mafic versus felsic metavolcanic
rocks, and the occurrence and characteristics of the
interlayered clastic metasediments. Whitney and others
(1978) concluded that rocks of the Carolina slate belt in the
Georgia-South Carolina area originated in a primitive is-
land arc environment. This interpretation was based on
major element chemistry of the metavolcanicrocksand the
presence of marine sediments, even though maficrocksare
not the predominant volcanic rock type as would be ex-
pected forisland arcs. They postulated that volcanic rocks
currently exposed in the slate belt represent the younger
felsic end members that are produced as the island arc
develops and that the older, more primitive mafic compo-
nents are not exposed. Rogers (1982) disagreed with
Whitney and others’ conclusion, contending thattheircited
evidence is not adequate to conclude that these rocks were
deposited in anisland arc environment or even on oceanic
crust. Rogers (1982) proposed deposition in an environ-
ment thatincluded both oceanic and continental character-
istics, possibly on continental crust thin enough to ac-
commodate the deposition of abundant marine sediments.
Feiss (1982), after examining geochemical data from
throughout the Carolina slate belt, concluded that the data
was ambiguous with respect to environment of deposition
and could conclude with confidence only that the Carolina
slate belt rocks were deposited over a subduction zone.

This study has corroborated some of the conclu-
sions of the previous investigators, concerning the strati-
graphic and lithologic make up of the slate belt; however,
conclusions from this study regarding environment of
deposition cannot be considered definitive considering the
limited stratigraphic interval of the slate belt covered by
this study. Some preliminary conclusions based on major
and trace element chemistry and lithologic associations,
however, are inferred below.

Majorelementand selected trace element analyses
were obtained from four mafic phyllites and five felsic
metavolcanic rocks (tuffs and flows) from the study area
(Table 8). The mafic phyllites are predominantly basaltic,
and the felsic metavolcanic rocks are dacitic (Fig. 23). The
chemistry of most of the mafic phyllites plotted utilizing
both major and trace elements suggests affinities to oceanic
basalts deposited at an oceanic ridge orin a back-arcbasin;
however, the chemistry of one sample suggests an active
continental margin environment (Fig. 24). Other trace
element plots (Fig. 25) are ambiguous concerning environ-
ment of deposition. The general lack of significant mafic
volcanic rocks throughout the entire Carolina slate belt is
notindicative of depositioninanisland arcenvironmentas
defined from previous studies. The chemistry of the mafic
and felsic metavolcanic rocks and the presence of
interlayered marine sediments suggests that deposition
mostlikely occurred peripheraltoanactivearcsysteminan
area overlying crust transitional between an oceanic and a
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continental environment.

GOLD DEPOSITS
Introduction

Thesignificanceof thegold deposits of the McDuffie
County gold belt has been overshadowed historically by
the morecommonlyknown depositsof the Dahlonega gold
belt. It is claimed (Fluker, 1902) that the first discovery of
gold in Georgia wasmade by Cornishminersin 1823 on the
present site of the Columbia Mine and that one of the first
stamp mills to operate in the United States was subse-
quently located nearby on the Little River.

Most of the mining activity within the McDuffie
County gold belt hasbeen confined to the vicinity of anarea
referred to as the Forty-acre Lot (Fluker, 1902; Yeates, 1902;
Jones, 1909). This lot encompassed most of the properties
of the Columbia and Hamilton Mines. The names, loca-
tions, types of workings present and recorded production
of allmines and prospectsin the McDuffie County gold belt
are given in Appendix B.

Mining History and Production

Gold was mined in the McDuffie County belt
intermittently from as early as 1823 to about 1922. In
contrast to the evolution of mining methods from placer
mining to hydraulic mining to underground lode mining
that occurred in the Dahlonega, Carroll County and Hall
County belts (Yeates and others, 1896; Jones, 1909; Pardee
and Park, 1948; Allen, 1986; German, 1985; 1988; 1989),
mining in the McDuffie County belt seems to have con-
sisted of lode mining from the beginning. This probably is
a reflection of the differing geometry of the ore bodies in
that those in the Dahlonega, Carroll County and Hall
County beltsare veryirregularand small, while thosein the
McDuffie County belt are more uniform and larger and
tended to be more easily found as outcrops.

As in most gold mining districts within Georgia,
production records are practically non-existent. Produc-
tion was recorded at the Parks and Columbia mines for the
years1891-1896,1899-1901 and 1908-1909 while these mines
were operated by W.H. Fluker (Yeates, 1902; Jones, 1909;
Fluker, 1910). Total recorded production for the Parks and
Columbia mines for those time periods was 4,628 oz.

Gold Ore

Vein Mineralogy and Geometry

Ore bodies within the McDuffie County gold belt
are distinct cross-cutting veins emplaced late in the
deformational history of the host rocks. The veins are
generally tabular bodies that continue with regular strike



Table 8
Major Oxide, Trace Element and Normative Analysis
of Felsic and Mafic Metavolcanic Rocks™
A0-176C" A0-177' A0-178' A0-197' WB-71A' A0-176B° A0-193A% C-159° WL-205°

sio, 70.7 79 61.6 68.1 72 48.6 33.7 47.7 50.7
Ti0, 0.43 0.24 0.6 0.37 0.26 0.84 1.31 0.72 0.9
A10, 14.1 9.49 15.3 14.5 13.7 15.8 23 16.8 14.8
Fe,0, 1.86 1.1 3.43 2.24 1.02 3.75 4.37 2.63 1.31
Fe0 1.35 0.9 2.7 0.75 1.1 6.25 11.36 6.72 8.9
Mn0O 0.11 0.06 0.15 0.06 0.09 0.2 0.29 0.18 0.18
Mg0 0.89 0.36 1.97 0.57 0.42 6.97 8.43 7.79 3.98
Ca0 2.45 1.18 4.91 2.93 1.68 7.75 5.34 11.3 7.42
Na,0 4.6 3.71 3.55 5.33 4.8 1.19 0.62 2.07 3.61
K0 1.42 1.46 1.32 1.66 2.49 0.9 1.38 0.34 0.05
P05 0.11 0.05 0.31 0.18 0.19 0.41 0.35 0.12 0.22
S tot 0.03 0.02 0.02 0.02 0.02 0.05 0.05 0.03 0.04
co, 0.03 0.02 0.42 0.01 0.02 1.41 0.03 0.07 4.03
LOI 1.37 0.79 2.35 1.08 0.52 5.64 7.73 2.98 6.35
Total 99.45 98.38 98.63 97.81 98.31 99.76  97.896 99.45 102.49
Trace elements

Cu 15 9 37 14 11 51 8 55 64

Pb 15 2 31 15 2 10 22 6 2

In 56 26 85 31 33 87 202 70 76

Mo <1 <1 <1 <1 <1 <1 <1 <1 <1

Ni 5 7 11 2 1 61 108 79 12

Co 4 4 18 5 1 34 54 43 36

Cd 3 <1 <1 2 <l <l <1 <1 <1

Bi <5 <5 11 <5 <5 19 13 14 6

As 28 35 <5 <5 23 <5 <5 <5 36

Sb <5 <5 <5 9 <5 <5 8 <5 23

Te <10 <10 <10 <10 <10 <10 <10 12 15

Ba 513 484 421 520 452 878 300 48 10

Cr 180 504 175 200 166 175 256 254 63

Vv 38 18 116 42 1 78 316 256 310

Sn <20 <20 <20 <20 <20 <20 <20 <20 <20
W <10 <10 <10 <10 <10 <10 <10 <10 <10

Li 4 4 8 5 8 4 58 11 21

Be 2.1 1.4 1.8 2.3 2.5 2.8 2.2 1.6 1.4
Ga 12 4 8 4 10 <2 8 <2 8

La 13 8 8 7 13 5 16 3 4

Ce <5 <5 <5 <5 <5 <h <5 <5 <5

Ta 24 65 166 <l <1 49 156 19 69

Sc 4 20 26 27 22 39 <l 53 6

Nb 6 4 8 6 7 6 12 5 3

Sr 213 102 300 197 128 322 292 312 238

Y 22 10 18 6 16 13 25 14 5

Ir 26 40 18 38 29 5 36 27 5
CIPW Norms

Ap 0.24 0.11 0.67 0.40 0.42 1.02 0.28 0.54
I 0.82 0.46 1.12 0.70 0.50 1.80 2.32 1.46 1.92
Mt 2.71 1.61 4.89 1.54 1.49 6.14 5.91 4.06 2.13
Or 8.41 8.66 7.65 9.79 14.77 5.99 7.59 2.14 0.33
Ab 39.00 31.52 29.48 45,03 40.78 11.34 4.88 18.62 34.18
An 11.46 4.95 9.94 10.72 7.12 38.54 24.67 37.79 26.89
Di 0.52 2.34 0.64 18.09 10.59
Hy 1.63 0.63 3.69 0.31 1.04 15.84 6.59 10.25 10.65
01 17.75 3.68

C 1.61 8.49 1.02 20.09

Q 32.14 49.09 27.45 24.68 30.60 10.35 4.84
Hm 1.18

Total 98.02 97.55 93.38 96.69 97.75 92.66 89.80 96.37 92.07

'Felsic metavolcanic rocks; “Mafic metavolcanic rocks

Ap-apatite, I1-ilmenite, Mt-magnetite, Or-orthoclase, Ab-albite, An-anorthite
Di-diopside, Hy-hypersthene, 01-olivine, C-corundum, Q-quartz, Hm-hematite

*Analysis parameters are given in Appendix A. Refer to Plate 3 for sample locations.
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Fig. 24 - Discrimination of mafic phyllites using major trace element chemistry (after Miyashiro and Shido, 1975).
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Fig. 25 - Plot of trace element chemistry of mafic phyllites on a standard discrimination diagram (Pearce and Cann,
1973). Note atypical trace element signatures. D - Oceanislands or continental basalts, B- Ocean floor basalts (abyssal
tholeiites), A and B - Low-potassium tholeiites, C and B - Calc-alkalic basalts.

Table 9 ;
Ore Sample Assays

TAT-1 TAT-1A COL-1  TMO  PM-N1_ PM-N2  PM-E  (C-137  P-2 GM-1  C-136  B-1
Au  *54  *560  *12] *298 0.49° ~ 2.04%*gal *32 *13 *361 *<5 *69
Ag 0.6 1.1 0.4 1.2 11.4 271 0.7 1.6 0.2 <0.? 0.3 1.7
Cu 32 101 56 34 563 589 47 65 4 4 10 1280
Pb 265 487 6 611 3408 13400 27 4 B 4 4 2
Zn 105 83 32 462 28 42 19 6 14 5 16 2
Mo <1 1 <1 <1 <1 5 7 4 1 2 1 <1
Ni 10 20 18 10 14 10 78 10 6 7 14 5
Co 3 8 17 7 14 10 18 428 2 3 12 1
Cr 187 287 309 140 322 277 379 201 389 370 170 371
Mn 1500 2800 300 1400 <100 <100 <100 <100 400 100 1300 <100
W <10 10 <10 <10 <10 <10 <10 12 <10 <10 <10 <10
B <5 <5 <5 <5 8 7 <5 19 <5 <5 <5 <5
As 14 <5 8 17 11 14 18 <5 <5 <5 <5 <5
Sh <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Hg  <0.010 <0.010 <0.010 0.051 0.038 0.052 0.081 0.060 0.059 <0.010 0.061 <0.010
Ba 590 80 30 470 <20 <20 <20 <20 100 <20 170 <20
Fe 35700 83500 19200 43500 20300 12900 22600 >100000 16800 7500 26400 8600
Te <0.2 <0.2 <0.2  <0.2 5.2 20.0 <0.2 8.9 <0.2 <0.2 na <0.2
71 0.6 <0.1  <0.1 0.5 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 na <0.1

1Assays are in ppm unless otherwise noted. A1l samples are from mine dumps.

2Dunces per ton

*ppb
na - no analysis

TAT-1, TAT-1A, TMO - Tatham Mine; COL-1 - Columbia Mine; PM-N1, PM-N2, -

Parks Mine {nbrth workings); PM-E - Parks Mine (east workings); C-137 -
Unnamed prospect; P-2 - Porter Mine; GM-1 - Green Mine; C-136 - Unnamed
prospect; B-1 - Bussey Mine; ED-A - Edmunds Mine; LAN-E - Landers Mine

Analysis parameters are given in Appendix A.
Refer to Plate 3 for sample locations.
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ED-A LAN-E
*g 6.46°
<0.2 14.9
4 190
4 1759
3 1241
<1 4
5 17
1 9
544 170
<100 <100
<10 <10
<5 11
<5 387
<5 8
0.040 0.427
<20 <20
6000 42700
na 1.0
na <0.1



and dip over considerable distances. The thickness of the
veins, however, varies fromas much as 6 meters (20 feet) to
as little as one or two centimeters. The veins consist
primarily of massive quartz with subordinate amounts of
ankerite, galena, pyrite, chalcopyrite, sphalerite, calcite,
gold, silver, sericite, azurite, barite, cerussite, covellite,
chalcocite, malacite, pyromorphite, pyrrhotiteand scheelite
(Hurst and others, 1966; Cook, 1978; this study). Quartz,
ankerite, galena, pyrite, chalcopyrite and sphalerite are
primary gangue minerals, whereas the remainder of those
listed above are either supergeneinorigin or occur sporadi-
cally in trace amounts. Quartz and ankerite are the most
common gangue mineral, but the relative abundances of
the remaining gangue minerals varies among the minesin
the belt and between clusters of workings at individual
mines. For example, sphalerite and galena are the most
common gangue minerals at the northern cluster of work-
ing of the Parks Mine (Plate 2), whereas pyrite is the most
abundant gangue mineral at the eastern cluster of work-
ings. The relative differences in vein mineralogy may be
due to the mining of different vein sets at the above two
locations. Locally, at the Parks and Landers Mines, galena
and sphaleriteapproachore grade concentrations(Table9).

The bulk of each vein is made up of milky white to
bluishgray quartz, generally highly fractured and massive.
Locally, the veins exhibit a banded or ribbon texture indi-
cating cracking and sealing during vein formation, and itis
along these bands that the best specimens of free gold were
found (Fluker, 1902). Other veins are basically breccias
consisting of angular fragments of host rock cemented by
quartzand ankerite(Fig. 26) in whicha thin zone of ankerite
separates the quartz and other vein minerals from the host
rock (Fig. 27). In thin section, individual quartz grains
exhibit undulose extinction, and the boundaries between
some grains are mutually penetrative, while the bound-
ariesbetween other grainsare granulated and sheared. The
traces of previously healed fractures are defined by numer-
ous fluid inclusions. Some quartz grains have euhedral
terminations exhibiting successive overgrowthsindicating
several episodes of growth and etching (Fig. 28). The
boundaries between successive overgrowths are marked
by sericitization and abundant fluid inclusions.

The gold (Fig. 29) and sulfides of the veins occur
within granulated areas between larger quartz grains and
along clean fractures. Much of the gold occurs apart from
the sulfidesandisreadily visible to the unaided eyeonfresh
breaks and sawn surfaces. Much of the pyrite also is
auriferous (Fluker, 1902). Gold ore from mines within the
belt consistently assayed around one ounce per ton (Fluker,
1902; Yeates, 1902; Jones, 1909). Dump samples collected
for this study contained gold inamounts up to 6 ounces per
ton (Table 9). Samples assaying up to 20 ppm tellurium
suggest the presence of some gold as tellurides although no
tellurides were identified. To the miners, the presence of
abundant galena and pyromorphite was an indication of
very rich ore (Fluker, 1902).
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Pyrite is the most abundant sulfide gangue
mineral followed by galena and sphalerite in approxi-
mately equal proportions, and then by chalcopyrite. Pyrite
occurs interstitial to quartz and other minerals within the
veins and is disseminated unevenly in the adjacent host
rock replacing the host rock and filling fractures (Fig. 30).
Pyrite appears to have formed throughout the process of
vein formation (Fig. 31). Early euhedra of pyrite are sur-
rounded by other gangue minerals and locally late pyrite
has overgrown early aggregates of pyrite and sphalerite
(Fig. 32). Many of the pyrite euhedra are zoned (Fig. 32).

Galena and sphalerite were the latest of the pri-
mary gangue minerals to form (Fig. 33). These two miner-
als occur interstitial to pyrite and chalcopyrite and are
commoninlate fractures and cross-cutting veins, and often
accompany gold. Sphalerite locally containsaligned inclu-
sions of chalcopyrite (Fig. 34).

Chalcopyrite formed closely in time to the early
pyrite. Individual crystals are euhedral to subhedral and
are locally embayed by late-forming galena and sphalerite
(Fig. 35). Of the most common primary sulfides,
chalcopyrite is the most commonly altered. Itiscommonly
rimmed by covellite and is rarely accompanied by bornite
(Fig. 36). Locally, chalcopyrite contains minute inclusions
of chalcocite.

Vein Orientation

At least four sets of auriferous veins were recog-
nized in the McDuffie belt when the mines were active
(Yeates, 1902; Fluker, 1902). Veinsstriking east-west, north-
west, northeast and north-south were worked at various
times. All underground workings are now inaccessible;
therefore, recorded observations made when the mines
were active were relied upon for the strike of the vein sets
(Yeates, 1902; Fluker, 1902; Fluker, 1907; Jones, 1909). In
addition, the aligﬁments of abandoned surface workings
also were useful in delineating the various vein sets (Plate
2). Vein sets strike approximately E-W (£10°), N40-70°W,
N-5(+10°)and N45-60°E. Dips of the veins are variable, but
the northeast-striking set reportedly dips 45-60° northwest,
the northwest-striking set reportedly dips 45-50° northeast
(Yeates, 1902; Fluker, 1902), and the north-striking set
reportedly are vertical or dip to the east (Fluker, 1907; Jones,
1909). The dip of the nearly E-W set is unknown. The most
productive veins, at least at the Parks Mine, were the E-W
and N-S sets (Fluker, 1907). The variety of vein orienta-
tions probably indicates a changing stress field during vein
formation.

Alteration

Host rock alteration associated with the emplace-
ment of the ore bodies consisted of carbonatization and



Fig. 26 - Sawed brecciated auriferous vein from the Phillips Mine. Angular fragments of host rock (phyllite) areina
matrix of ankerite (white) and quartz.

Fig. 27 - Sawed brecciated auriferous vein from the Tatham Mine showing ankerite (a) zoning along its borders.
Sericitized host rock fragments, quartz, very fine-grained sulfides and ankerite make up the remainder of the vein.
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Fig. 28 - Vein quartz from the Landers Mine showing successive euhedral overgrowths. Anetched surface separating
successive overgrowths is defined by sericite and numerous fluid inclusions. Field of view is 3.16 mm.
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Fig. 29 - Polished thin section from the Landers Mine showing gold grains (g) and sphalerite (sp) in quartz . Field of
view is 1.82 mm.
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Fig. 30 - Sawed (phyllite?) host rock and ore from the Tatham Mine, McDuffie County showing euhedral pyrite
crystals (py) disseminated throughout the host rock around veinlets (above) and localized along a healed fracture
(below). Late veinlet (LV) cuts larger vein in lower part of lower photograph.
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Fig. 31 - Vein mineral paragenesis of ore bodies in the McDuffie County gold belt.

pyritization. Carbonatization consisted of replacement of
portions of the host rock by ankerite which also is a com-
mon vein mineral. Ankerite is evenly distributed within
the host rock adjacent to the veins, and thin zones of
ankerite separate the veins from the host rocks. Samples
from mines throughout the study area showed varying
degrees of carbonatization and pyritization.

Samplesexhibitingalteration representativeof the
gold belt as a whole were collected from the dump at the
Tathum Mine. In these samples of vein and host rocks, the
most visible alteration is replacement of the phyllite and
metagranodiorite hostrocksby pyriteand ankerite. Sparry
ankerite crystals line the borders of the veins, and the host
rocks adjacent to the veins have beenreplaced by very fine-
grained ankerite and disseminated, euhedral pyrite (Fig.
30). Pyrite also is localized along fractures in the host rock
adjacent to the veins. Samples of the metagranodiorite host
rock have been partially replaced by as much as 35 percent
ankerite.

Fluid Inclusions

The types of alteration that the host rocks have
undergone and the mineralogy of the ore bodies suggest
the ore-forming fluids were richin CO, and reduced sulfur.
To confirm this hypothesis, fluid inclusion studies were
conducted onoresamplesfrom the Columbia, Parks, Land-
ers and Tathum Mines by two Georgia State University
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students under the supervision of Dr. David A. Vanko
(Newton and Pyle, 1991). The results of their study pro-
vided preliminary data on fluid inclusions and is summa-
rized in the following paragraphs. All data were collected
with a modified USGS-type gas flow heating and freezing
stage manufactured by Fluid, Inc.

Primary and secondary (or pseudo-secondary)
inclusions were observed. The primary inclusions vary in
size (2-20 microns) and shape and generally contain 5-15
percent vapor phase. Some primary inclusions are elon-
gated by roughly 5 to 10 times in one direction. Some
equant primary inclusions occur in chevron patterns.

The secondary or pseudo-secondary inclusions
are generally smaller and more equant than the primary
inclusionsand rangeinsizefrom0.5to 15microns. Theyare
oriented in certain planesassumed tobe fractures that have
been annealed to various degrees (Newton and Pyle, 1991).

Approximately 40 fluid inclusions from samples
of the Parks mine were observed during heating and
freezing. Many inclusions contain three phases at room
temperature: aqueous liquid, vapor (generally 5-15 per-
cent), and a liquid carbonic phase (generally 30 volume
percent). Melting temperatures for the carbonic phase
ranged from -58.4°C to -56.4°C with the majority falling
between -57.2°C to -57.0°C indicating that the carbonic
phase is almost pure CO, (CO, melting temperature
= -56.6°C). Ice melting was notobserved, however, a slight
expansion of the vapor phase of some inclusions occurred




Fig. 32 - Polished thin section from the Tatham Mine showing zoned pyrite (py) overgrowth on an aggregate of
sphalerite (sp) and pyrite (py). Field of view is 4.40 mm.
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Fig. 34 -Polished thin section from the Landers Mine showingaligned inclusions of chalcopyrite (cp) in sphalerite (sp).
Field of view is 0.33 mm.
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Fig. 33 - Polished thin section from the Landers Mine showing interpenetration boundaries between sphalerite (sp)
and galena (ga) (above) and between galena (ga) and chalcopyrite (cp) (below). Field of view is 4.40 mm.
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Fig.35-Polished thinsection from the Landers Mine showing galena (ga) embaying chalcopyrite (cp). Noteinclusions
of chalcocite (ch) in chalcopyrite. Field of view is 4.40 mm.

Fig. 36 - Polished thin section from the Landers Mine showing chalcopyrite (cp) altered to covellite (co) along grain
boundaries with quartz. Field of view is 0.33 mm.
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upon heating ataround -1.1°C. Assuming that this expan-
sion indicates the melting temperature of ice in the inclu-
sions, the salinity of the water is at least 2 to 4 weight
percent NaCl.

One clathrate melting point of 7.7°C was obtained.
The value of 7.7°C. corresponds to 4.5 weight percent NaCl
in the aqueous phase and is consistent with the inferred ice
melting temperatures.

Recorded homogenization temperatures for CO,
ranged from 18° to 30° with two maximaat 18°to 19°and 28°
to 29°. The range of total homogenization temperatures
was from 153° to 301° with the majority falling between 180
and 24(°. Using the preliminary data for the carbonic phase
melting point of -57°C, the clathrate melting point of 7.7°C,
and the carbon dioxide homogenization temperature of
28°C and comprising 30 volume percent of the inclusions,
a typical fluid can be postulated. Using the program
FLINCOR, this fluid is calculated to have 10 molecular
percent CO, and a bulk density of 0.91 (assuming a CO,-
H,0-NaCl fluid). The fluid pressure is 2.0 kb at 200°C, 3.2
kb at 300°C, and 4.3 kb at 400°C. If the temperature of ore
formation can be constrained by an independent
geothermometer, the ore fluid pressure may be estimated.
Assuming ore formation took place under greenschist
grade conditions (i.e., around 250°C), the fluid pressure
was 2.5 kb. Depending on whether fluids were under
hydrostatic or lithostatic pressure, this implies a crustal
depthof 25 kmor8.3km, respectively. The valuesobtained
by Newton and Pyle (1991) are consistent with trapping
temperaturesand pressuresobtained fromauriferous veins
in the Slate Belt of North Carolina (Ford, 1981; Ford and
Feiss, 1982), and also are consistent with greenschist facies
metamorphic conditions.

Oxygen Isotopes

Twenty-nine samples were analyzed at the Stable
Isotope Laboratory of the University of Georgia under the
supervisionof Dr. David B. Wenner todetermine their 5'%0
values. The samples included quartz vein ore bodies,
barren quartz veins, silicified zones, host rocks immedi-
ately adjacent to the ore bodies and host rocks considerable
distances from known ore bodies. Quartz separates were
analyzed from the veins and silicified zones, whereas §'%0
determinations of the country rocks were made fromwhole
rock samples. The §'%0 determinations were made on a
Finnigan MAT model delta E isotope ratio mass spectrom-
eter. Results are reported relative to SMOW with a
precision on the order of +0.1-0.15 per mil. Although the
number of 8"%0 analyses may not be statistically signifi-
cant, some preliminary conclusions can be drawn.

Rocks within the study area occurring immedi-
ately adjacent to the ore bodies as well as those far removed
from the ore bodies consistently have 50 values ranging
from 3.1 to 5.5 per mil with only one sample falling outside
thisrange (Fig. 37) (Table 10). The above host rock samples
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included several different rock types including
metasediments, felsic to intermediate metavolcanic rocks,
mafic phyllite, metagranodiorite and metaquartz monzo-
nite. The $"%0 values for these rocks are %0 depleted
compared to their unmetamorphosed equivalents (50 >
approximately 6.0) (Taylor, 1968). Similar '*0 depletion has
been reported for plutons, volcanic rocks and mineral
deposits from various parts of the Carolina slate belt
(Wesolowski and others, 1985; Feissand Wesolowski, 1986;
Klein and Criss, 1988) and hasbeenattributed to interaction
withmeteoric watersduringa premetamorphichydrother-
mal event. Field evidence of a premetamorphic hydrother-
mal event is found in samples of the host rock at the Parks
Mine (Fig. 38). In these samples an early episode of quartz
veining that cross-cuts original textures is transposed into
the S, foliation. This field evidence, coupled with the
isotopic data, strongly suggest that rocks within the study
area also have experienced an early hydrothermal event
that wasstrongly influenced by meteoric water, causing the
180 depletion.

All quartz vein ore bodies have §'%0 values rang-
ing from 6.7 to 8.7 per mil (Fig. 37). These values are
consistent with published values for metamorphic fluids
(Taylor, 1974). These valuesaredistinctly higher than those
of their host rocks. However, since the whole rock samples
containalarge proportion of feldspar which s typically **0-
depleted atequilibriumand, therefore, depresses thewhole
rock 8'%0 value, the 8% value of quartz separated from the
whole rock sample of the host rock most likely would have
an 8'%0 value closer to the quartz from the quartz veins.

A series of late silicified breccia zones (discussed
previously) in the vicinity of Fountain Campground in
Warren County show the highest 8'%0 values (Fig.37). The
fluids that caused the silicification of these zones also
appear to be of metamorphic origin, but of a different
source and possibly much younger.

Time of Emplacement

The ore bodies within the study area have been
mildly deformed. They have been folded only by the last
fold event (F,) and apparently locally have been offset by
the northwest-striking faults. This would put the emplace-
ment of the ore bodies just prior to F, folding in the late
Paleozoic (Alleghanian).

Genesis of the Gold Deposits

The gold deposits of the McDuffie County gold
belt bear many similarities to other gold deposits from
many locations worldwide and of various geologic ages.
The temperature and pressure ranges determined by the
study of fluid inclusions fall within the lower part of the
ranges for temperature of formation and depth of emplace-
ment for deposits classified as mesothermal gold deposits



Table 10

§'% Values for Rock Types Within the Study Area

Sample #

PM-N*

PM-E
LAN-1
LAN-2
CcoL-1
TAT-1A
TAT-18B

PM-EH

PM-NH

LM-H
AO-5
AD-39

C-81AA

C-131

A0-178

AO-176A

AO-176B
C-134
AO-9

AO-25

*Refer to Plate 3 for sample locations.

§'%0 value (%)

6.7

5.5

5.0

1.5
7.2
4.1
3.3

4.5
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Sample description

Parks Mine ore - north
workings.

Parks Mine ore - east workings.
Landers Mine ore

Landers Mine ore

Columbia Mine ore

Tatham Mine ore

Tatham Mine ore

Parks Mine host rock - east
workings.
Parks Mine host rock - north
workings.

Columbia Mine host rock.
Bell Vein host rock.
Phillips Mine host rock.
Landers Mine host rock.
Siliceous zone

Barren quartz vein

Silicified zone near Fountain
Campground.

Silicified zone near Fountain
Campground.

Country rock - felsic
metavolcanic
Country rock - felsic
metavolcanic

Country rock - Mafic phyllite
Country rock - Meta-argiliite
Country rock - Metagranodiorite
Country rock - Metagranodiorite

Country rock - Metaquartz
monzonite
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Fig. 37 - Oxygen isotope values for host rocks, veins and silicified zones within the study area.

(Park and MacDiarmid, 1975). Deposits that share many
common characteristics with those of theMcDuffie County
belt include those of the Superior province of Canada
(Colvine, 1989), the Mother Lode of California (Knopf,
1929; Berger, 1986), the Alaska-Juneau and Treadwell de-
posits in southeastern Alaska (Light and others, 1989), and
the those of the Yilgarn Block of Western Australia (Groves
and others, 1989). Although theabovedeposits share many
common characteristics with the McDuffie County belt,
notable differences seen in the McDuffie County belt de-
posits include generally lower oxygen isotope values for
oreand host rocks and lack of a significant amount of mafic
host rocks.

Three basic models have been proposed over the
years to explain the origin of hydrothermal gold deposits.
These include: the magmatic model, which proposes that
hydrothermal gold deposits are derived from fluids ema-
nating from acidic intrusions that are spacially or tempo-
rally related to the deposits; the metamorphic model which
proposes that circulating metamorphic fluids remove gold
from mafic volcanic rocks and/or interflow sediments and
precipitate gold by reaction with high Fe-Mg host rocks;
and the degassing model which proposes that gold is
deposited by fluids emanating from the mantle and/or
crust in the vicinity of major shear zones.

Preliminary fluid inclusion data strongly suggest
that the CO,-rich, low salinity fluids that deposited the ore
bodies were of metamorphic origin, most likely produced
by breakdown of minerals during prograde dehydration
and decarbonation. Theoxygenisotopicdataalso supports
a metamorphic source for the aqueous ore-forming fluids
and argues against a meteoric water source. The localiza-
tion of many of the deposits along the southeastern flank of
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the largest metagranodiorite intrusion and the alignment
of all the deposits approximately equidistant northwest of
the Modoc zone (Plate 1) strongly suggest that the ore
bodies weredeposited at their particular positionsby fluids
migrating up the metamorphic gradient from the Modoc
zone and Kiokee belt. As these fluids reached the vicinity
of theamphibolite/ greenschist facies transition, correspond-
ing to the brittle/ductile deformation transition, the vein
minerals were deposited. The drawing of approximate
metamorphic mineral isograds (Plate 1) shows that most
deposits arelocated within the lowest grade rocks (chlorite
zone). This ore genesis model is consistent with the inter-
pretation (Secor and others, 1986a; 1986b) that rocks of the
Carolina slate belt (including the study area) compose a
superstructure complex of low-grade rocks overlying an
infrastructure complex of high-grade rocks of the Kiokee
belt separated by the Modoc zone, a regional shear zone
and steep metamorphic gradient.

Gold most likely was transported in the ore fluids
as the relatively stable gold thiosulfide complex Au(HS),".
Vein mineral precipitation most likely was initiated as
confining pressure approached equilibrium-saturation
vapor pressure of the hydrothermal fluids causing phase
separation (boiling) and by a decrease in temperature, and
immediately followed sulfidization of the host rock by
reaction with H;S. Boiling of the auriferous hydrothermal
fluids is possible since many of the fluid inclusions are
almost entirely composed of vapor (D. Vanko, personal
communication, 1992).

Study of the Ohaaki-Broadlands geothermal sys-
tem in New Zealand (Seward, 1989) has revealed that
boiling of hydrothermal fluids plays an important role in
the deposition of gold (from thiosulfide complexes) from



Fig. 38 -Sawed sample of phyllite host rock (Richtex Formation) from the Parks Mine. Late-kinematic quartz/ankerite
veinlet (A) is deformed by late folding. Pre-kinematic veinlet (B) is transposed into Sy.

such fluids, and that if base metals are present in hydro-
thermal fluids in sufficient quantities, they would precipi-
tate as sulfides followed by gold. The decrease in reduced
sulfur (H,S) concentration as sulfides are deposited, com-
bined withloss of CO, by reaction with wallrock, lowersthe
solubility of gold causing its precipitation (Seward, 1989).
This is supported by the occurrence of much of the gold in
late fractures within the ore separate from the base metal
sulfides and the abundance of the gangue minerals pyrite
and ankerite.

The observation (Fluker, 1902) that some of the
highest grade ore was normally galena-rich suggests that
locally the ore-forming fluids were rich enough in lead so
that if boiling was an important factor in mineral precipita-
tion, galena precipitation accelerated the decline in sulfur
concentration and caused gold to precipitate more closely
in time to the galena. Slight variations in ore body miner-
alogy, gold contentand mineral suites within theore bodies
throughout the gold beltsuggest there werelocal variations
in the physio-chemical conditions of the ore-forming fluids
either within the same vein set or among the various sets.

Ponding of the hydrothermal fluid may have oc-
curred adjacent to the largest metagranodiorite body as the
relatively impermeable rock mass acted as a barrier to fluid
migration and dispersion. This may account for the con-
centration of the most productive mines on the southeast-
ern flank of the meta-intrusive body (Plate 1).

The source of the gold in hydrothermal gold de-
posits has been debated for years. Various types of rocks
have been proposed as sources, ranging from mafic to
ultramaficrocks, felsic to intermediate intrusions, volcanic
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rocks, sediments and lamprophyre dikes and sills. All of
these typesof rocksare presentin the study area,and many
contain gold in traceamounts (Fig. 39, Appendix C). How-
ever, the gold values are small and no particular rock type
is sufficiently enriched in gold or is volumetrically signifi-
cant enough to be the sole source of gold for these deposits.
The mineralizing fluids most likely extracted gold from a
variety of source rocks, becoming increasingly enriched in
gold and other constituents as they migrated from deep
within the crust.

Future Production Outlook

The discovery and subsequent mining of large
low-grade gold deposits in recent years in South Carolina
has spurred exploration efforts throughout the region.
Most of the exploration effort, however, is directed at
finding large tonnage, low-grade, disseminated gold de-
positslike the South Carolina deposits thatcan be mined by
open-pit methods. It is unknown if the McDuffie County
gold belt deposits are amenable to this type of mining
method since they occur as distinct, relatively high-grade
veins. Conceivably, the McDuffie County belt deposits
could be mined by open-pit meti.>ds if the veins were of
sufficient density and grade to make the overall bulk grade
high enough. The alternative is to pursue underground
mining of individual veins or vein stockworks. According
to old reports cited in this report, some of the veins were of
sufficient grade, size and continuity tobe mined profitably.
Anexploration program would be necessary to adequately
determine the feasibility of the above two options.
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SUMMARY

The McDuffie County gold belt is located within
the Slatebelt geologic provincejust northwest of theModoc
zone, the boundary between the Slate belt and the Kiokee
belt. Rocks within the study area consist of felsic to mafic
composition extrusive metavolcanic rocks and argillite to
wacke metasedimentary rocks. These rocks most likely
were deposited peripheral to a back-arc basin over crust
transitional between oceanicand continentalenvironments.
These volcanic and sedimentary rocks were intruded by
pre-metamorphic granodiorites, quartz monzonites and
sheeted maficbodiesand by post-metamorphicmaficdikes.
The rocks within the study area have been assigned a
Cambrian age based on ages of intrusive rocks and the
presence of Cambrian fossils in the metasediments.

Rocks within the study area were folded into
regional isoclinal folds during the early Paleozoic. At that
time the rocks were metamorphosed to lower greenschist
facies and were penetratively deformed, developing a
pervasive slaty cleavage, but preserving original sedimen-
tary and volcanic features. During the late Paleozoic
(Alleghanian), deformation of the Kiokee belt to the south-
east affected adjacent rocks along the southeastern border
of thestudy area in the vicinity of the Modoc zone. Adjacent
to the Modoc zone, slaty cleavage is overprinted by a
mylonitic foliation and the rocks have been metamor-
phosed to upper greenschist to amphibolite facies. The
effects of this deformation diminish rapidly northwest of
the Kiokee belt, and northwest of the Modoc zone this
deformation is expressed as localized shear zones. Finally,
rocks of the Kiokee belt and the study area were folded into
aregional antiform and the slaty cleavage of the study area
wasrotated toits presentorientation. Rocksof theCarolina
slate belt are interpreted to be a suprastructure complex of
greenschist facies rocks overlying amphibolite facies infra-
structure rocks of the Kiokee belt. Suprastructure and
infrastructure rocks are separated by the Modoc zone, a
steep metamorphic gradient and the locus of regional
shearing (Secor and others, 1986a; 1986b).

Gold-bearing veins were emplaced into the coun-
try rock just prior to the last fold event. These veins were
deposited from hydrothermal fluids produced by dehy-
dration and decarbonation of minerals during prograde
metamorphism. Gold and other veinminerals precipitated
from these fluid as they migrated up the metamorphic
gradient to the greenschist/amphibolite facies transition.
Gold mostlikely wastransported in the hydrothermal fluid
asagold thiosulfide complex and precipitated asa result of
boiling of the hydrothermal fluid and sulfidization of the
host rock.

Gold was mined in the study area intermittently
from about 1823 to 1922. Formerly productive mines
included the Columbia, Parks, Hamilton, Tatham and
Woodall. Most mining activity consisted of underground
lode mining of quartz veins.
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APPENDIX A
GEOCHEMICAL ANALYSIS PARAMETERS

Element Analytical Method=* Detection Limit
sio, DCP 0.01%
Al,0, DCP 0.01%
Fe,O, DCP 0.01%
FeO Titration 0.01%
MgO DCP 0.01%
Cao DCP 0.01%
Na,0 DCP 0.01%
Kf) DCP 0.01%
TlO2 DCP 0.01%
P,0; DCP 0.01%
MnO DCP 0.01%
CO2 DCP 0.01%
S DCP 0.02%
LoI Gravimetric

Au ICP or FA/AA 5 ppb
Ag ICP 0.2 ppm
Cu ICP 1 ppm
Pb ICP 2 ppm
Zn ICP 1 ppm
Be ICPp 0.5 ppm
Ba ICP 5 ppm
cd ICP 1 ppm
Cr ICP 1 ppm
La ICP 1 ppm
Li ICP 1 ppm
Mo ICP 1 ppm
Nb ICP 1 ppm
Ni ‘ ICP 1 ppm
Sc ICP 1 ppm
Sr ICP 1 ppm
\Y ICP 1 ppm
Y ICP 1 ppm
2r ICP 1 ppm
Bi ICP 5 ppm
Co ICP 1 ppm
Ga ICP 2 ppm
As ICP 5 ppm
Ce ICP 5 ppn
Sb Icp 5 ppm
Ta ICP 10 ppm
Te ICP 10 ppm
W ICP 10 ppm
Sn ICP 20 ppm
Rb XRF 1 ppm
F Specific Ion 20 ppm
B DCP 10 ppm
Se OEX/AA 0.1 ppm
Hg CVAA 10 ppb
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APPENDIX A Continued

Element Analvtical Method* Detection Limit
T1 ICP 0.1 ppm

Pt FA/DCP 5 ppb

Pd FA/DCP 1 ppb

*DCP - Direct Current Plasma Emission Spectroscopy

XRF - X-ray Fluorescence

CVAA - Cold Vapor Atomic Absorption

FA/DCP - Fire Assay/Direct Current Plasma Emission Spectroscopy
AA - Atomic Absorption

OEX/AA - Organic Extraction/Atomic Absorption

INAA - Instrumental Neutron Activation Analysis

ICP - Inductively Coupled Plasma Spectroscopy

FA/AA - Fire Assay/Atomic Absorption
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Mine

1. Balbach
2. Bell Vein
3. Columbia
4, Edwards
5. Gallaher
6. Gerald

7. Griffin
8. Hamilton
9. Landers
10.
Motes/Henrich
11. Parks

County
McDuffie

McDuffie

McDuffie

McDuffie

McDuffie

McDuff ie

McDuff ie

McDuffie

McDuffie

McDuffie

McDuffie

APPENDIX B

Mine Descriptions®

7.5 minute
guadrangle

Wrightsboro

Wrightsboro

Wrightsboro

Wrightsboro

Cadley

Wrightsboro

Aonia

Wrightsboro

Wrightsboro

Aonia

Wrightsboro

Type of
work ings

Numerous pits
and caved
shafts.

Numerous aligned
pits and caved
shafts.

Several aligned
pits

Several open
cuts and
numerous aligned
pits

Numerous aligned
pits

A few scattered
pits

Numerous aligned
pits and caved
shafts.

Geologic setting
and production

Near contact
between
metasediments of
the Richtex Fm.
and metagrano-
diorite

Near contact
between
metasediments of
the Richtex Fm.
and metagrano-
diorite. 1898-
1901: 971 oz.%.

Occurs near
contact between
metasediments of
the Richtex Fm.
and metagrano-
diorite.

Occurs within
metasediments of
the Richtex Fm.

Occurs near
contact between
metasediments of
the Richtex Fm.
and metagrano-
diorite.

Occurs within
metasediments of
the Richtex Fm.

Occurs near
contact between

metasediments of

the Richtex Fm.
and metagrano-
diorite. 1891-
1896: 2908 oz.'.
1908-1909: 749
oz. and some
silver .

Remarks

Exact location
unknown

Exact location
unknown

Exact location
unknown

Exact location
unknown

Two clusters of
work ings

Three clusters
of workings



APPENDIX B Continued

Geologic setting

and production Remarks

7.5 minute Type of

Mine County quadrangle workings

12. Porter McDuffie Aonia Several clusters
of aligned and
scattered pits.

13. Sellers McDuffie Cadley

14. Tatham McDuffie Aonia Numerous aligned
pits and caved
shafts.

15. Woodall McDuffie Aonia Numerous aligned

: pits and caved
shafts.

16. Warren Warren Cadley Several
scattered pits
and at least two
filled shafts.

17. Watson Warren? Cadley

18. Edmunds Wilkes and Wood Tawn Several

Lincoln trenches,
aligned pits and
caved shafts.

19. Green Wilkes Wood lawn Three aligned
pits

20. Hilly Wilkes Aonia

21. Rivers Wilkes Woodlawn

22. Bussey Lincoln Leah Seven small

56

pits, one large
pit and one
trench.

Occurs within
the largest
metagranodiorite
body.

Occurs near
contact between
metasediments of
the Richtex Fm.
and metagrano-
diorite.

Workings
straddle contact
between
metasediments of
the Richtex Fm.
and metagrano-
diorite.

Occurs within
interlayered
metasediments
and
metavolcanics of
the Richtex Fm.

Occurs near
contact between
metasediments
and
metavolcanics of
the Richtex Fm.
and metagrano-
diorite.

Occurs near
contact between
metasediments
and
metavolcanics of
the Richtex Fm.
and metagrano-
diorite.

Occurs within
metaquartz
monzonite.

Some workings
associated with
a shear zone.

Exact Tlocation
unknown.

Main workings
have been
filled.

Exact Tocation
unknown .

Exact location
unknown.

On island in
Clark Hill Lake

(7).



APPENDIX B Continued

7.5 minute Type of Geologic setting
Mine County quadrangle workings and production Remarks
23. 0iN Lincoln Woodlawn Exact location
unknown .
24. Julia/Phelps Lincoln Woodlawn Exact location
unknown .
25. Paschal Lincoln Woodlawn Exact location
unknown.
26. Phillips Lincoln Woodlawn Seven aligned Occurs within
pits and one metasediments of
caved shaft. the Richtex Fm.
27. Ramsey Lincoln ) WoodTawn Three pits and Occurs within Some workings
two trenches. metasediments under Clark Hill
and lake.

metavolcanics of
the Richtex Fm.

*Mine locations and corresponding numbers are shown on Plate 1. Mine locations and names from Fluker (1902,
1903); Jones (1802, 1909); Yeates (1902); Hurst and others (1966) and this study.
'Fluker, 1910

2Yeates, 1902
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APPENDIX C

BASE AND PRECIOUS METAL ASSAYS OF REPRESENTATIVE
ROCK TYPES WITHIN THE STUDY AREA'

Sample

Number Zhu Ag Cu Pb In Mo Ni Co Bi As sh Hg  Zre ¥n cr W Ba
Metagranodiorites

*AD-1 <5 <0.2 22 5 73 2 6 9 <5 9 <5 <0.010 2.89 632 169 <20 1200
AO-9 <5 <0.2 5 6 47 1 5 8 <5 <5 <5 <0.010 2.53 605 205 <20 780
A0-25 <5 <0.2 18 7 101 3 4 10 <5 <5 <5 <0.010 3.19 802 172 <20 760
AD-34 <5 <0.2 6 7 120 2 4 4 <5 <5 <5 <0.010 2.78 869 186 <20 790
C-86 <5 <0.2 4 9 25 6 5 3 <5 <5 <5 <0.010 1.72 440 326 <20 960
Cc-87 <5 <0.2 3 13 36 2 6 3 <5 <5 <5 <0.010 1.64 423 233 <20 860
C-146 14 <0.2 24 9 87 5 6 7 <5 <5 <5 <0.010 3.48 841 230 - <20 840
C-147 <5 <0.2 16 6 75 1 5 7 <5 <5 <5 <0.010 3.23 917 142 <20 900
C-153 <5 <0.2 6 4 67 2 6 7 <5 <5 <5 <0.010 2.66 795 206 <20 730
C-162 20 <0.2 11 5 11 2 7 4 <5 <5 <5 <0.010 1.09 310 236 <20 320
C-164 <5 <0.2 8 9 37 1 6 4 <5 <5 <5 <0.010 1.73 362 213 <20 1100
C-165 <5 <0.2 6 3 60 1 4 <1 <5 <5 <5 <0.010 2.30 475 176 <20 920
C-157 <5 <0.2 9 6 86 <1 3 3 <5 <5 « <5 <0.010 3.05 664 140 <20 320
Metaquartz monzonites

AD-183 <5 <0.2 6 13 63 5 4 2 <5 <5 <5 <0.010 1.56 450 234 <20 960
L-63 <5 <0.2 6 8 60 1 4 1 <5 <5 <5 <0.010 2.10 773 282 <20 340
A0-183A <5 <0.2 6 14 38 2 5 1 <5 <5 <5 <0.010 1.93 365 235 <20 930
L-207C <5 <0.2 4 6 56 1 5 1 <5 <5 <5 <(0.010 1.77 449 169 <20 370
L-207A <5 <0.2 [ 8 60 1 4 1 <5 <5 <5 <0.010 1.77 875 196 <20 1100
Felsic metavolcanic rocks

AC-176C <5 <0.2 19 6 55 <1 4 5 <5 <5 <5 <0.010 1.90 448 146 <20 730
AQ-177 12 <0.2 9 9 31 2 8 3 <5 <5 <5 <0.010 1.29 303 437 <20 710
A0-178 <5 <0.2 24 4 87 1 8 12 <5 <5 <5 <0.010 3.30 548 99 <20 800
A0-197 7 <0.2 11 13 37 <1 4 4 <5 <5 <5 <0.010 1.39 292 108 <20 740
C-135 <5 <0.2 11 7 58 3 4 4 <5 <5 <5 <0.010 1.77 590 174 <20 620
Mafic meta-intrusions (dikes, sills, small stocks)

A0-180 <5 <0.2 102 3 25 <1 46 15 <5 <5 <5 <0.010 1.83 263 105 <20 100
C-76 <5 <0.2 62 7 44 <1l 46 19 <5 8 <5 <0.010 2.92 416 143 <20 200
C-138 <5 <0.2 53 5 47 1 18 - 18 <5 <5 <5 <0.010 3.22 535 110 <20 170
C-150A 7 <0.2 101 10 96 <1 24 28 <5 11 <5 <0.010 3.44 610 115 <20 210
C-152 41 <0.2 53 8 85 2 16 11 <5 <5 <5 <0.010 3.27 532 101 <20 260
C-158 <5 <0.2 33 5 35 1 62 23 <5 <5 <5 <0.010 2.34 526 195 <20 170
C-161A <5 <0.2 37 3 42 2 31 15 <5 <5 <5 <0.010 3.54 551 159 <20 180
C-163 57 <0.2 76 5 39 <1 37 17 <5 <5 <5 <0.010 3.13 473 138 <20 360
L-53 40 <0.2 43 <2 55 <1 39 17 <5 <5 <5 <0.010 3.40 456 126 <20 100
L-228 <5 <0.2 113 5 48 <1 40 29 6 <5 <5 <0.010 5.33 967 123 <20 <20
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Sample
Number fﬁg Ag
Mafic phyllites
AO-193A <5 <0.2
A0-182 26 <0.2
C-159 6 <0.2
AO-1768B <5 <0.2
Metasediments
C-1398 <5 <0.2
C-132A <5 <0.2
C-134 <5 <0.2
C-144 <5 <0.2
C-151 <5 <0.2
WB-100 <5 <0.2
WB-102 <5 <0.2
WL-200 <5 <0.2
Diabase dikes
AD-41 15 <0.2
AQ-172 <5 <0.2
C-1428 <5 <0.2
C-160 18 0.5
WL-47W <5 <0.2
Lamprophyre dikes
A0-35 24 0.3
AO0-38 8 0.2
A0-173 39 0.4
AQ-184 10 0.4
A0-196 9 0.3
WB-958 <5 <0.2
WL-202A <5 <0.2
Mafic meta-intrusions (cont'd)
Pt ZPd
AD-180 48 41
C-76 <5 9
C-138 11 11
C-150A <5 7
C-152 9 8
C-158 22 12
C-161A 9 5
C-163 10 7
L-53 <5 1

APPENDIX C Continued

b In Mo M Co B A5 8B
8 227 <] 62 40 <5 <5 <5
8 80 <1 23 17 <5 <5 <5
5 57 1 14 15 <5 <5 <5

10 107 1 45 36 <5 <5 <5
8 127 <1 33 23 <5 <5 <5
6 72 1 34 21 <5 12 <5
6 67 1 16 12 <5 5 <5
6 91 2 29 22 <5 <5 <5

20 90 1 27 19 <5 16 <5
4 53 <1 30 20 <5 10 <5
7 50 1 26 18 <5 <5 <5
9 54 3 22 19 <5 9 <5
7 45 2 8 13 <5 <5 <5
6 95 2 53 37 <5 <5 <5
9 96 1 63 44 <5 <5 <5

<2 29 1 26 16 <5 <5 <5
6 40 1 108 28 5 <5 <5
5 103 2 85 31 5 <5 <5

19 58 2 51 22 <5 <5 <5
7 110 <l 131 32 <5 <5 <5
9 93 <] 79 27 <5 <5 <5
7 99 1 64 26 <5 <5 <5

43 73 <1 47 19 <5 <5 <5
12 53 2 60 24 <5 <5 <5

'Unweathered samples; Values are in ppm unless otherwise noted.

%Values in ppb
Nalues in %
*Refer to Plate 3 for sample locations.

<0.
<0.
<0.
<0.

<0.
<0.
<0.
<0.
<0.
<0.
<0,
<0.

010
010
010
010
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EXPLANATION

Silicified brecciated zone

Diabase dikes

tamprophyre dikes

Richtex Formation undifferentiated -
Metasediments: including meta-
argillite, metasiltstone and
metagraywacke. Locally interlayered
with metatuffs felsic to intermediate

in composition and mafic phyllites.
Intruded by pre-kinematic stocks, dikes
and sills dioritic to gabbroic in
composition (ms) and granodiorite (mg)
and quartz monzonite (mgm) plutons.
*Ms" units locally may contain mafic

Cambrian ﬂ metavolcanic rocks.
Pfu Persimmon Fork Formation undifferentiated -
Felsic to intermediate ash flow and lapilli
metatuffs with minor mafic phyllites and
Fmy meta-dacite flows. Also intruded by
mg pre-kinematic granodiorites (mg) and
i quartz monzonites (mgm). Fmv -
\ 9 interlayered felsic and mafic metavolcanic
5 rocks. Ss - sericite schist.
4 Mzu ks of the Northern Part of the ne -
Undifferentiated muscovite-biotite-quartz
schist, biotite gneiss, biotite augen gneiss,
Gardiwian andfor gss amphibole gneiss (Mzu) and interlayered quartzite
Pr kel < and quartz-sericite schist (gss).
Rocks of the Kiokee Belt -
_ [*P“ | Undifferentiated ortho- and para- gneisses.
——  Contact
/ > —_——— Inferred contact
—— Fault
! A .C_hk_')n.te_ Metamorphic mineral isograd
__ Biotite
- Tl ~ ~ Shear zone
/ ) | J | d ‘
ar¥erMEDEH 3P/
Yot f{\v]( gt 2 Abandoned gold mine. See list.
é VARLOT 2
] '9“ i L Queried if location is uncertain.
X Abandoned gold prospect (unnamed)

Base from Clark Hill Lake 1:100,000 topographic map.

Study area

Mine List
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. Balbach
. Bell Vein
. Columbia
. Edwards
. Gallaher
. Gerald

. Griffin

Hamilton
Landers

. Motes/Henrich
. Parks

. Porter

. Sellers

. Tatham

. Woodall

. Warren

. Watson

. Edmunds

. Green

. Hilly

. Rivers

. Bussey

. Dill

. Julia/Phelps
. Paschal

. Phillips

. Ramsay

Georgia

11 mile
ol 1 kilometer
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PLATE 1
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