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PREFACE

This Bulletin contains 10 of the 11 papers presented in
the symposium "Economic Mineral Deposits of the Southeast:
Metallic Ore Deposits" held as part of the Geological Society
of America Southeastern Section Annual Meeting in Atlanta,
April 6-7, 1989. Also included is an invited paper by Peng
Sha and C. Michael Lesher that complements two other volume
papers on the gold occurrences of the Goldville District of
Tallapoosa County, Alabama.

Seven of the volume’s papers deal with various aspects
of specific gold districts or occurrences including Georgia’s
Dahlonega district and Royal Vindicator deposit.
Depositional types vary widely and include probable
synmetamorphic, meta-epithermal, shear zone-hosted
epigenetic, and placer. Other papers present details of such
varied topics as the tin occurrences related to the Rockford
Granite of the Alabama Northern Piedmont, the metallogeny of
a central Piedmont accretionary plate margin, Zn-Pb resources
of the central Kentucky district, and the geochemistry of
America’s first known PtAs occurrence.

The idea for this proceedings volume is not unique. It
represents the second in what hopefully will be regularly
though intermittently published collections of papers based
on similar symposia dealing with the economic geology of the
metallic resources of the southeastern United States. The
first such work, "Volcanogenic Sulfide and Precious Metal
Mineralization in the Southern Appalachians" (edited by Kula
C. Misra), is still available as Studies in Geology #16 of
the University of Tennessee Department of Geological
Sciences.

My sincere appreciation is expressed to the authors who
have taken the time to formalize and revise the text and
illustrations of their symposium presentations. Special
thanks go to the numerous reviewers who were invariably
thorough, prompt and unselfish in their constructive
criticism. Publication of this bulletin would not have been
possible without the continued support of the Georgia
Geologic Survey and in particular the editorial assistance
of Ms. Patricia Allgood. The diligent efforts and word-
processing skills of Ms. Eva Lilly and Ms. Sheila Arington
contributed markedly to the successful completion of this
volume.

Robert B. Cook
Department of Geology
Auburn University
Auburn, AL 36849-5305
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THERMOBAROMETRY OF SYNMETAMORPHIC GOLD DEPOSITS,
GOLDVILLE DISTRICT, NORTHERN PIEDMONT, ALABAMA

Harold H. Stowell and C. Michael Lesher
Department of Geology, University of Alabama
Tuscaloosa, AL 35487-0338

ABSTRACT

The Goldville district comprises a 16 km long, northeast-trending group of inactive gold mines
and prospects in the southeast part of the Ashland-Wedowee belt. Host rocks are
metasedimentary rocks of the Wedowee Group that are polydeformed and have been
metamorphosed to garnet zone (low- to medium-grade). Gold mines and prospects are
associated exclusively with multi-generation quartztplagioclase:pyrrhotite veins that are variably
boudinaged, folded, sheared, and transposed into an S, axial planar fabric. Many veins are
bordered by very thin (<1 cm) selvages of massive chlorite and/or biotite. Veins, vein selvages,
and host rocks are locally sheared by "late" chlorite-muscovite rich shear zones that apparently
postdate quartz vein emplacement and peak metamorphism.

The chemistry and texture of garnets in vein selvages, host rocks, and shear zones suggest
prograde metamorphic growth with compositional control by host lithologies followed by minor
"retrograde” modification. Garnet grains within late shear zones are rimmed with chlorite
suggesting retrograde replacement,

Synmetamorphic vein emplacement is indicated by thermobarometric data from veins, vein
selvages, host rocks in the Goldville district, and a sample from the Wedowee Group. Garnet-
biotite, plagioclase-muscovite, and plagioclase-biotite-muscovite-gamet equilibria yield meta-
morphic conditions of 490+50°C ca. 5.8 kb for the Goldville district. Results from all textural
occurrences in the district and within the Wedowee Group are indistinguishable. Garnet-biotite
and plagioclase-biotite-muscovite-garnet equilibria yield higher metamorphic temperatures of
about 575°C ca. 6.7 kb for Emuckfaw Group schists within the Alexander City fault zone
suggesting that this fault zone is a boundary between low-grade (greenschist facies) and
medium-grade (amphibolite facies) metamorphic rocks.

Textural relationships, mineral chemistry, and thermobarometric data indicate that the
present distribution of gold results from mobilization during near-peak metamorphism and
progressive D4-D, deformation.

INTRODUCTION

The Goldville district comprises a linear group of 17 inactive mines and prospects trending
northeast for 16 km across north-central Tallapoosa County (Fig. 1). The regional geology of the
Northern Piedmont is described by Tull (1978), Thomas and others (1980), and Guthrie and
Lesher (in press).

Gold mineralization in the district is hosted primarily by metasedimentary rocks of the
Wedowee Group (Neathery and Reynolds, 1973; Guthrie and Lesher, in press), although the
Dutch Bend and Hog Mountain deposits to the west are hosted by tonalite plutons (see Guthrie
and Lesher, in press). The rocks in the Goldville district have experienced polyphase deformation
(Muangnoicharoen, 1975; Guthrie and Dean, 1989) and greenschist to amphibolite facies



metamorphism (Neathery and Reynolds, 1973; Muangnoicharoen, 1975; Guthrie and Dean,
1989; Stowell et al., in press).

Gold mines and prospects in the Goldville and Hog Mountain districts are associated
exclusively with quartztplagioclasetsulfide veins (Adams, 1930; Pardee and Park, 1948). Adams
(1930) interpreted the mineralization as epigenetic, derived from granitic magmas at depth. Paris
(1986) interpreted some of the host lithologies as volcaniclastic rocks, considered the gold
mineralization to be strata-bound, and favored an exhalative origin for the mineralization. Neal
(1986) and Neal and Cook (in press) also interpreted the gold to be strata-bound and syngenetic,
but interpreted.- the host rocks as metapelites. Recent work suggests that vein
emplacement/mineralization within metamorphic rocks in the Goldville district occurred during
greenschist facies metamorphism (Stowell et al., in press). The mineralogy, and K/Ar and Rb/Sr
ages from alteration zones at Hog Mountain and at the Lowe mine suggest that mineralization at
both locations likely occurred during the early stages of metamorphism (Green, Lesher, and
Stowell, unpublished data).

The principal aim of this report is to characterize temperatures and pressures during vein
emplacement/gold mineralization and compare these with metamorphic conditions calculated for
rocks in the Wedowee and Emuckfaw Groups adjacent to the district. Diamond drill core from the
Jones, Lowe, and Tallapoosa mines, and samples from the Wedowee and Emuckfaw Groups
provided the basis for detailed petrographic, mineralogical, and petrological studies.

This study confirms that vein emplacement/gold mineralization occurred at 490+50°C and
5.8+1 kb, and indicates that metamorphism of the Emuckfaw Group, south of the Goldville district,
in the Alexander City fault zone occurred at somewhat higher temperatures and pressures of
575+50°C and 6.7+1 kb.

GEOLOGIC SETTING
Host Lithologies

Metasediment-hosted gold deposits in the Goldville district occur in greenschist to
amphibolite facies lithologies of the Wedowee Group described by Guthrie and Dean (1989; Fig.
1). Lithologic associations and compositions, thin parallel bedding, and rarely-preserved graded
bedding suggest that the rocks were deposited as distal turbidites (Thomas and others, 1980;
Guthrie and Dean, 1989; Stowell et al., in press).

South of the Goldville district the Wedowee Group is truncated by the Alexander City fault
zone (Fig. 1). The Emuckfaw Group within this zone contains amphibolite facies metamorphic
mineral assemblages (Maungnoicharoen, 1975; Guthrie and Dean, 1989). The proximity of these
schists to phyllites which contain greenschist facies mineral assemblages has been attributed to
widespread retrograde metamorphism of the Wedowee Group (Tull, 1978; Steltenpohl and
Moore, 1988).

Deformation

Five phases of deformation have been recognized based on local cross-cutting relationships
in the Goldville district (Guthrie and Dean, 1989): isoclinal folds (D), close to isoclinal quasi-
flexural folds and ductile to semi-brittle shear zones with northwest-directed transport (D2),
upright to inclined quasi-flexural slip folds (Dj), upright open folds (D4), and dextral strike-slip
faults (Ds). The regional deformations correlate in a general manner with structures recognized
by Tull (1978; cf. Guthrie and Lesher, in press). D4 through Dg structures are interpreted to resuit
from progressive deformation during northwest-southeast oriented shortening (Stowell et al., in
press).
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Figure 1. Generalized geologic map of the New Site quadrangle showing mines in the Goldville district and locations of samples used for
thermobarometry (modified after Guthrie and Dean, 1989).



Mineralization

Gold mines and prospects in the district are associated exclusively with multi-generation
quartztplagioclasetsulfide veins that cross-cut compositional layering and the Sy schistosity
(Stowell et al., in press). Veins are variably boudinaged, folded, sheared, and transposed into an
S, axial planar fabric, suggesting emplacement during S, development. Many veins are bordered
by very thin (<1 cm) selvages of massive chlorite and/or biotite, and a few are bordered by "late"
chlorite-, muscovite-, and quartz-rich shear zones that apparently post-date quartz vein
emplacement and peak metamorphism. These sharply defined shear zones locally truncate
layering and veins, contain helicitic garnet porphyroblasts which are locally altered to chlorite, and
commonly contain significantly smaller grain sizes than host rocks and adjacent vein selvages.

Metamorphism

Regional metamorphic mineral assemblages in the Wedowee Group have been attributed to
an early amphibolite facies event during D4, followed by widespread greenschist facies
retrograde metamorphism coeval with D, (Tull, 1975, 1978; Steltenpohl and Moore, 1988). The
earliest metamorphic event generated staurolite to kyanite zone assemblages (Neathery and
Reynolds, 1973; Muangnoicharoen, 1975; Steltenpohl and Moore, 1988). Silimanite zone was
attained adjacent to some intrusive bodies (Drummond, 1986). Retrograde chlorite-muscovite
zone assemblages occur locally (Steltenpohl and Moore, 1988).

Phyliites and schists in the Wedowee Group contain garnet to silimanite zone assemblages
(Drummond, 1986; Steltenpohl and Moore, 1988). Many of the phyllites and schists in the
Goldville district are characterized by garnet-biotite-muscovite-quartz and garnet-chlorite-
muscovite-quartz assemblages (Stowell et al., in press). A single sample (LO-2) containing
partially replaced staurolite in a vein selvage suggests that metamorphic conditions locally
reached those of staurolite zone. Peak metamorphic assemblages are locally retrograded to
chlorite-sericite-quartztbiotite. This biotite zone assemblage indicates low grade conditions of the
greenschist facies and is similar to "late" metamorphic assemblages recognized elsewhere in the
Wedowee Group (Muangnoicharoen, 1975; Tull, 1978; Steltenpohl and Moore, 1988; Guthrie and
Dean, 1989).

ANALYTICAL METHODS

Microanalyses of mineral grains were obtained by wavelength dispersive spectrometry on a
CAMECA SX-50 electron microprobes at the University of Tennessee, Knoxville and the
University of South Carolina, Columbia, or a JEOL 733 electron microprobe at Southern
Methodist University, Dallas. All of the analyses were performed at 15 kV accelerating voltage,
15-20 nA specimen current, maximum of 30 second/100,000 counts on peaks, 10 second counts
on backgrounds, and a beam diameter of 1-10 um. PAP (Pouchou and Pichoir, 1985) and Bence-
Albee (Bence and Albee, 1968) data reduction methods were used on the CAMECA and JEOL
instruments, respectively. Comparison of analyses of a single grain obtained from two of the
instruments and averaging of multiple analyses from one spot obtained on one instrument
indicates a precision better than +2% (relative) for major elements, and a precision better than
+5% (relative) for minor elements.

PETROGRAPHY AND MINERAL CHEMISTRY

The textural relationships and chemistry of minerals provide considerable information about
equilibrium between veins and host rocks, different generations of veins, coexisting vein minerals,
and regional metamorphic minerals. These data provide a basis for constraining the timing of vein
emplacement, metamorphic conditions during vein emplacement, and the conditions of regional
metamorphism.



Garnet

Garnet occurs as anhedral to euhedral grains within all common lithologies, as well as most
vein selvages (Stowell et al., in press). Many grains contain helicitic structures, which are
discordant with the fabric outside the porphyroblasts, indicating growth over an early foliation
defined by ilmenite and quartz. Garnets commonly have sharp contacts with biotite, muscovite,
and early chlorite. Some grains within shear zones are replaced by chlorite along margins and
fractures; none of these grains were analyzed.

All of the garnets can be modeled as four component aluminum garnets which are composed
predominantly of almandine with lesser amounts of spessartine, grossular, and pyrope (Table 1).
Garnet grains from the Tallapoosa mine are strongly zoned, whereas grains from the Lowe mine
show only weak zonation (Stowell et al., in press). All zoned garnets exhibit zoning patterns
consistent with prograde metamorphic growth (see Stowell et al., in press).

Table 1. Representative garnet analyses from the Goldville district, Wedowee Group, and
Emuckfaw Group, Tallapoosa County, Alabama

Lowe mine Tallapoosa mine Wedowee Gp. Emuckfaw Gp.
Sample LO-2 LO-13 LO-15 LO-18 LO-31d TA-11 TA-14 GG-101 GG-167 NS-4a
Graln G2e6 Gile G3ed Gile Gde 1 G2e Gle G2e Gle 5-6 G2e

Si0, 37.03 37.13 3689 3693 3699 37.50 37.21 37.19 37.09 37.46
Al,O4 2057 2081 2088 2067 21.18 21.44 2097 21.20 2136 2148

TiO, 0.10 0.04 0.09 0.06 0.01 0.05 0.06 0.04 0.03 0.05
FeO! 2637 3571 2705 3507 36.58 30.30 33.25 34.11 36.43 28.07
MgO 1.86 1.99 1.68 1.93 1.60 1.66 1.51 2.67 250 1.78
MnO 7.29 1.51 9.27 2.45 1.7 4.52 3.44 1.06 1.14 0.92
CaO 6.29 297 4.77 2.68 3.66 4.35 3.79 3.36 329 10.91

total 99.51 100.14 100.63 99.77 101.74 99.82 100.23 99.63 101.85 100.66

Cations based on 12 oxygens

Si 2996 3.003 2973 3.002 2963 3.014 3.005 2.996 2954 2,966
Al 1.962 1983 1983 1980 2.000 2031 1.995 2.013 2,005 2.004
Ti 0.006 0002 0.005 0.003 0.000 0.003 0.004 0.002 0.002  0.003
Fe+2 1.784 2415 1823 2384 2451 2037 2245 2.299 2426  1.859

Mg 0224 0239 0202 0233 0.192 0.199 0.182 0.321 0.297 0.210
Mn 0499 0104 0633 0.169 0.116 0.308 0.235 0.072 0.077 0.062
Ca 0.545 0257 0412 0233 0.315 0375 0.328 0.290 0.281 0.926
total 8.017 8004 8.030 8005 8.036 7967 7.994 7.994 8.042 8.029

Mg#2 0.112 0090 0.100 0089 0.073 0.089 0.075 0.122 0.108  0.101
Alm 0584 0.801 0594 0.790 0.798 0698 0.751 0.771 0.787 0.608
Pyr 0.074 0079 0.066 0077 0.062 0.068  0.061 0.108 0.096 0.069
Sps 0.164 0.034 0206 0.056 0.038 0.106 0.079 0.024 0.025 0.020
Grs 0.179 0.085 0.134 0.077 0.102 0.128 0.110 0.097 0.091 0.303

1 total Fe calculated as FeO
2 Mg# = Mg/(Mg+Fe)

The almandine content of garnets ranges from 0.58 to 0.80; compositions from both extremes
may be found within 75 m at the Lowe mine. Despite large variations in almandine, spessartine,
and grossular contents (Table 1), garnets within vein selvages and those within the host rocks



cannot be readily distinguished chemically, suggesting that bulk rock chemistry controlled garnet
compositions, not externally-derived fluids.

Phyilosilicates

Phyllosilicates occur both as disseminated grains and segregations (<1 mm max. dimension)
within the host rocks, and as coarse (1-2 mm) aggregates in selvages adjacent to veins. Within
the Wedowee Group, biotite-muscovite and chlorite-sericitetbiotite define the Sy and S,
foliations, respectively. Biotite and muscovite are the dominant phyllosilicates defining the most
prominent foliation in the Emuckfaw Group.

Biotite

Biotite is common within the district and throughout phyllites in the Wedowee Group. Small
grains (<1 mm) are found disseminated in most samples and coarse-grained (1-2 mm) selvages
are found adjacent to many quartz veins. Biotite is not found in retrograde shear zones.

Biotite compositions in vein selvages, in the matrix of host rocks, and in the Wedowee and
Emuckfaw Groups outside the Goldville district were compared (Fig. 2, Table 2). All of the
trioctahedral mica analyzed contain between 2.46 and 2.58 tetrahedral Al cations and 0.69 to
0.86 octahedral Al cations per 22 oxygen atoms (Fig. 2). These compositions are very close to Al
annite-Al phlogopite solid solution, but will be called biotite for convenience. The Mg# [Mg# =
Mg/(Mg+Fe)] of these biotites varies between 0.37 and 0.51. Biotite from the Lowe and
Tallapoosa mines are compositionally indistinguishable from biotite in the host rocks.

siderophyllite

20
1.5
octahedral Al - 1.0
22 oxygens '

0.5

o-o ¥ _—— it
0.0 0.2 04 0.6 0.8 1.0
annite Mg / (Mg + Fe) phlogopite

A Goldville district  [_] Regional

Figure 2. Biotite compositions from Table 2 plotted in terms of octahedral Al vs. Mg/(Mg+Fe).



Table 2. Representative biotite analyses from the Goldville district, Wedowee Group, and
Emuckfaw Group, Tallapoosa County, Alabama

Lowe mine Tallapoosa mine Wedowee Gp. Emuckfaw Gp.

Sample LO-2 LO-13 LO-15 LO-18 LO-31 TA-11  TA-14 GG-101 GG-167 NS-4a
Grain B2 B2 B4 B1 B52 B9 1 B1 B21 B2 1 B3
SiO, 35.67 35.45 35.50 35.38 35.46 36.41 34.97 36.27 35.73 35.58
Al,O5 17.67 18.48 17.86 18.06 19.11 18.46 18.22 18.38 18.62 18.18
TiO, 1.53 1.43 1.87 1.75 1.50 1.84 1.47 1.48 1.64 2.28
FeO!? 19.23 21.59 19.76 20.99 23.58 21.61 22.73 19.11 20.36 21.40
MgO 10.78 8.99 9.56 9.10 7.83 8.64 8.17 11.12 9.03 8.42
MnO 0.11 0.06 0.13 0.05 0.07 0.1 0.10 0.07 0.00 0.13
CaO 0.02 0.02 0.02 0.02 0.00 0.01 0.04 0.01 0.00 0.00
Na,O 0.16 0.23 0.11 0.16 0.00 0.08 0.18 0.24 0.18 0.13
KoO 8.94 8.08 8.60 8.79 8.99 8.37 8.26 7.91 8.98 9.59
Cl 0.01 0.00 0.00 0.01 0.03 0.00 0.00 0.00 0.00 0.01
F 0.00 0.25 0.10 0.00 0.00 0.09 0.00 0.25 0.00 0.00
H202 3.90 3.76 3.81 3.88 3.92 3.90 3.85 3.83 3.90 3.93
total 97.99 98.21 97.25 98.17 100.49 99.48 98.00 98.56 98.43 99.62

Cations based on 11 oxygens

Si 2744 2734 2753 2736 2706 2768 2726 2.748 2.744 2727
Al 1603 1680 1632 1646  1.718 1654 1673 1.641 1.685  1.642
Ti 0.089 0.083 0.109 0.102 0086 0.105  0.086 0.084 0.095  0.131
Fe+2 1.237  1.392  1.281 1.358  1.505 1.374  1.482 1.211 1.308 1372
Mg 1.236 1.034 1105  1.049  0.890 0979  0.949 1.256 1.033  0.962
Mn 0007 0004 0008 0003  0.004 0.007  0.007 0.004 0.000  0.009
Ca 0.001 0.002  0.002  0.002  0.000 0.001  0.003 0.001 0.000  0.000
Na 0022 0034 0017 0024  0.000 0.012  0.029 0.035 0.026  0.020
K 0877 0795 0850 0867 0876 0.812  0.821 0.765 0.880 0937
H 1.999 1939 1975 1999  1.996 1978  2.000 1.940 2000  1.999
cl 0.001 0000 0000  0.001 0.004 0.000  0.000 0.000 0.000  0.001
F 0.000  0.061 0.025  0.000  0.000 0.022  0.000 0.060 0.000  0.000
total 7816 7758 7.756  7.785  7.786 7.712  7.776 7.747 7.771 7.799
Mg#3 0500 0426 0463 0436  0.372 0.416  0.391 0.509 0.441 0412
AV 1256  1.266  1.247 1264  1.294 1232 1.274 1.252 1.256  1.273
AV 0346 0414 0385  0.381 0.425 0422  0.399 0.390 0.429  0.369

1 total Fe calculated as FeO

2 H50 calculated assuming 2 OH, CI, and/or F for every 10 oxygens
3 Mg# = Mg/(Mg+Fe)

AV, AV = tetrahedral and octahedral aluminum, respectively

White Mica

White mica is abundant throughout the Wedowee Group in fine-grained (<0.5 mm) foliated
masses in strongly deformed samples, and coarse (<1 mm) randomly oriented intergrowths with
biotite and chlorite in vein selvages within the district. In addition, coarse white mica is locally
intergrown with large feldspar crystals in veins at the Lowe and Tallapoosa mines. White mica is



less abundant in the Emuckfaw Group; some amphibole-bearing schists only contain secondary
sericite.

White micas from both host rocks and veins are close to muscovite-paragonite mixtures and
are 79 to 85% muscovite (Table 3). All of the white micas will be subsequently referred to as
muscovite.

Table 3. Representative muscovite analyses from the Goldville district, Wedowee Group,
and Emuckfaw Group, Tallapoosa County, Alabama

Lowe mine Tallapoosa mine Emuckfaw Gp.

Sample LO-2 LO-13 LO-15 TA-14 GG-167
Grain M11 M3 1 M11 M2 M7
Si0, 46.13 47.45 45,99 45.50 48.03
AlbO,  34.32 34.41 33.44 34.14 35.68
TiOp 0.34 0.37 0.40 0.24 0.54
FeOQ! 1.37 1.93 1.59 4.13 1.17
MgO 0.96 0.94 0.99 1.58 0.75
MnO 0.01 0.00 0.01 0.00 0.00
CaO 0.02 0.01 0.10 0.04 0.00
BaO 0.34 0.27 0.97 0.33 0.00
Nay,O 0.80 1.1 1.00 1.26 0.81
K>O 9.25 9.31 8.28 7.37 7.50

Cl 0.01 0.00 0.00 0.00 0.00

F 0.00 0.00 0.00 0.00 0.00
H202 4.44 4.53 4.38 4.46 4.57
total 9798 100.33 97.15 99.03 99.04

Cations based on 11 oxygens

Si 3119 3138  3.145 3.062 3.152
Al 2734 2682 2695 2.707 2.760
Ti 0017 0018  0.021 0.012 0.027
Fe+2 0.077  0.107  0.091 0.232 0.064
Mg 0.097 0.093  0.101 0.158 0.073
Mn 0.001  0.000  0.001 0.000 0.000
Ca 0.001  0.001  0.007 0.003 0.000
Ba 0.009  0.007 0.026 0.009 0.000
Na 0.105  0.142  0.133 0.164 0.102
K 0.798 0785 0.722 0.633 0.628
cl 0001 0000  0.000 0.000 0.000
F 0.000  0.000  0.000 0.000 0.000
total 6.958 6973  6.941 6.980 6.807
Mg#2 0555 0465 0.526 0.405 0.532
AV 0881 0862 0.855 0.938 0.848
AVI 1853 1820  1.840 1.769 1.912

1 total Fe calculated as FeO

2 H,0 calculated assuming 2 OH, Cl, and/or F for every 10 oxygens
3 Mg# = Mg/(Mg+Fe)

AV, AVI = tetrahedral and octahedral aluminum, respectively



Feldspar

Feldspar occurs as small grains (<1 mm) disseminated within the host rocks of the district,
medium-sized grains (1-2 mm) within vein selvages, and large grains (<10 mm) within veins in
the district. Many of these large grains are partly replaced by sericite and/or calcite. Schists from
the Emuckfaw Group contain numerous lenses and disseminated coarse grains (1-2 mm) of
feldspar.

All of the analyzed grains are albite-rich plagioclase with most compositions ranging from
Anyg to Angg (Table 4). Most plagioclase is zoned from core to rim; grains from host rocks are
weakly zoned with higher anorthite content in rim compositions. Grains from samples containing
quartz veins vary from strongly to weakly zoned with greater or lesser anorthite in rim
compositions (Stowell et al., in press).

Table 4. Representative plagioclase analyses from the Goldville district, Wedowee Group,
and Emuckfaw Group, Tallapoosa County, Alabama

Lowe mine  Tallapoosa mine Emuckfaw Gp.

Sample LO-2 LO-13 LO-15 TA-14 GG-167
Grain Ple P1 P5 Pde P1

Si0, 59.23 6340 61.18 62.80 62.95
Al,O5 2485 2320 24.12 22.17 23.70
Fe,05' 0.06 0.04 0.20 0.14 0.07
CaO 7.22 412 5.27 3.20 4.47
Na,O 7.52 9.41 8.62 9.64 8.32
KyO 0.12 0.06 0.06 0.06 0.07
total 98.99 100.24 99.42 98.01 99.58

Cations based on 8 oxygens

Si 2669 2795 2.730 2.827 2.785
Al 1320 1.205 1.269 1.176 1.236
Fe+3 0.002 0.001 0.006 0.005 0.002
Ca 0349 0.193 0.251 0.154 0.212
Na 0.857 0.803 0.746 0.840 0.714
K 0.007 0.002 0.002 0.002 0.004
total 5.002 5.000 5.004 5.003 4,953
An 0.345 0.194 0.251 0.1565 0.228
Ab 0.649 0.804 0.747 0.843 0.768
Or 0.006 0.002 0.002 0.002 0.004

1 total Fe calculated as Fe,04

METAMORPHISM

The textural arguments presented above and in Stowell and others (in press) for vein
emplacement during metamorphism allow the direct use of metamorphic minerals to determine
conditions during mineralization. If the gold was locally derived from syngenetic deposits in the
Wedowee Group as suggested by Paris (1986), Neal (1986), and Neal and Cook (in press),



pressure and temperature conditions determined in this manner could represent conditions during
syndeformational remobilization of gold.

Equilibrium Mineral Assemblages and Petrogenetic Grids

Mineral assemblages in the Wedowee and Emuckfaw Groups (Table 5) are generally
divariant in pressure-temperature space. Host rock and vein selvage minerals from the Goldville
district, and mineral assemblages in the Wedowee Group indicate low to medium grade
metamorphism: almandine-rich garnet+chlorite+muscovite zone. Although the assemblage
garnet+chlorite+biotite is common, chlorite and biotite compositions vary appreciably (Stowell et
al., in press). The variability of mineral chemistry in vein samples suggests a strong lithologic
control on vein selvage chemistry.

Staurolite occurs as a trace phase within a single vein selvage implying that metamorphism
reached amphibolite facies or medium grade at the Lowe mine (Stowell et al., in press). The
stability of quartz with muscovite in peak metamorphic assemblages in many of the samples from
the Wedowee and Emuckfaw Groups requires that temperatures did not exceed those required
for the reaction muscovite + quartz = potassium feldspar + aluminum silicate + vapor (Fig. 3).

The Emuckfaw Group includes amphibolite facies mineral assemblages containing staurolite
and kyanite (Maungnoicharoen, 1975). Sample NS-4a contains abundant hornblende compatible
with amphibolite facies or medium grade metamorphism.

Thermobarometry

Metamorphic temperatures and pressures were estimated using experimentally- or
empirically-calibrated elemental exchange equilibria. The calibrations and activity models used for
thermobarometric calculations are discussed by Stowell and others (in press). Only coexisting
grains exhibiting no textural evidence of disequilibrium were selected for thermobarometric study.
Mineral assemblages for samples used for thermobarometry are given in Table 5. All calculations
are based on electron microprobe analyses of individual mineral grains.

Most of the errors quoted below for temperature and pressure calculations are based on
analytical and thermodynamic uncertainties. Errors in the relative differences between resuits
based on one thermobarometer may be estimated from analytical uncertainty alone. These
relative errors are 250% less than absolute errors.

Garnet-Biotite Thermometry

Metamorphic temperatures were calculated for host rocks and vein selvages from the Lowe
and Tallapoosa mines, and for the parts of the Wedowee and Emuckfaw Groups outside the
district (Fig. 1) using analyzed mineral compositions and Fe-Mg exchange between garnet and
biotite (Ferry and Spear, 1978; Ganguly and Saxena 1984, 1985). The uncertainty in temperature
determinations based on this exchange is about +50°C (Ferry and Spear, 1978).

Drill core samples from the Lowe and Tallapoosa mines containing adjacent unaltered grains
of garnet and biotite were selected for geothermometry. Samples were collected from directly
adjacent to veins (LO-2, LO-13, and TA-14), some of which have anomalous gold values, and 5
m or more from veins (LO-18, LO-15, and TA-11). In addition, samples were selected from
outside the district (GG-101, GG-167, NS-4a) to insure that a valid comparison was made
between temperatures calculated for minerals adjacent to the mineralization and regional
metamorphic conditions.
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Table 5. Mineral assemblages of samples used for thermobarometry

Equilibrium Assemblages Minor or trace phases

LOWE AND TALLPOOSA MINE

Veins

LO-2:  1)plqtz ser!, op?
2) car-gtz-sul

TA-14: 1) ms-pl-qtz-ap ser?

Vein selvages adjacent to quartz and sulfide veins

LO-2: 1) grt-bt-ms-pl-qtz ilm, po, py
2) grt-bt-st
LO-13b: 1) grt-bt-chl-ms-pl-gtz ilm, py

2) grt-bt-ms-qtz

Host rocks
LO-156: 1) grt-bt-chl-ms-pl-qtz ilm, ap

2) grt-bt-cal-gtz
LO-18: 1) grt-bt-chl-ms-gtz ilm, gr, tur, ap
LO-31c: 1) grt-bt-qtz tur, chl!, ms?, ilm
LO-31d: 1) grt-bt-qtz chil, ms?, ilm
TA-11: 1) grt-bt-ms-qtz
TA-14: 1) grt-bt-chl-ms-pl-qtz ap
WEDOWEE GROUP
GG-101: 1) grt-bt-chl-ms-qtz ilm
EMUCKFAW GROUP
GG-167: 1) grt-bt-ms-pl-qtz
NS-4a: 1) grt-bt-hbl-ep-pl-qtz ms!, chl!

1 secondary or retrograde phases

Mineral symbols: ap = apatite, bt = biotite, car = carbonate, chl =
chlorite, ep = epidote, gr = graphite, grt = garnet, hbl =
hornblende, ilm = ilmenite, ms = muscovite, op = opaque, pl =
plagioclase, po = pyrrhotite, py = pyrite, qtz = quartz, ser =
sericite, st = staurolite, tur = tourmaline.

Thermometric results range from 480 to 595°C for all of the mineral pairs and average
490+12°C for the district (Table 6). Temperatures estimated from mineral chemistry are less than
temperatures estimated from staurolite-biotite stability. This apparent discrepancy may result from
P20 < Piotal (S€€ Stowell et al., in press) or from chemical impurities that stabilized staurolite at
temperatures below those obtained in the experimental studies. Temperatures calculated using
rim compositions of large, subhedral, zoned garnets and adjacent biotite in the host rocks do not
differ significantly from temperatures calculated using rim compositions of small, euhedral,
unzoned garnets and adjacent biotite in vein selvages. The single temperature estimate for the
Wedowee Group is indistinguishable from these results. This suggests that the rims of all garnet
and biotite grains in the district and throughout the Wedowee Group equilibrated at upper
greenschist to lower amphibolite facies conditions. Thermometric results clearly indicate higher
metamorphic temperatures for the Emucktaw Group (Table 6).
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Figure 3. Pressure vs. temperature plot for Goldville district, Wedowee Group, and Emuckfaw
Group samples. The rhombic fields show the average pressure and temperature
conditions and estimated errors (analytic and thermodynamic) calculated for vein
selvage and host rock mineral chemistry from the Goldville district, and for regional
metamorphic minerals in the Emuckfaw Group. Muscovite + quartz stability after
Chatterjee and Johannes (1974); aluminum silicate phase diagram from Holdaway
(1971); chlorite + muscovite = staurolite + biotite + quartz + vapor reaction field from
Hoschek (1969); all reaction curves involving vapor are for Pyoo = Pigtal-

Plagioclase-Biotite-Garnet-Muscovite Barometry

Metamorphic pressures were calculated for vein selvage and host rock samples using
analyzed mineral compositions and Fe-Mg-Ca-K exchange between plagioclase, biotite,
muscovite, and garnet (Ghent and Stout, 1981; Hodges and Crowley, 1985). The uncertainty in
pressure determinations based on this exchange is greater than +1 kb (Hodges and Crowley,
1985).

Five samples were selected for geobarometry: two from selvages adjacent to quartz-
plagioclase-sulfide veins at the Lowe mine, one from quartz-rich phyllitic host rock at the Lowe
mine, and one from a vein selvage at the Tallapoosa mine. Mineral compositions from the edges
of garnet and plagioclase grains and the centers of phyllosilicate grains were used in the
calculations.

Barometric results range from 5.1 to 6.7 kb. No discernible difference was found between
barometric results from vein selvages and host rock samples in the district. However, the highest
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pressure was calculated for a sample from the Emuckfaw Group, suggesting that rocks within the
Alexander City fault zone experienced higher pressures than the Wedowee Group.

Table 6. Pressures (kb) and temperatures (°C) calculated from elemental exchange
equilibria.

T-Fs! T-GS2 T-GUS P-HC4
LOWE AND TALLPOOSA MINE
Veins
TA-14 485 540 510 6.4

Veln selvages adjacent to quartz and sulfide veins

LO-2 480 525 5.1
LO-13 515 550 6.4
LO-31 485 539

Host Rocks

LO-15 485 535 5.6
LO-18 495 530

TA-11 500 555

All Lowe and Tallapoosa mine samples

Average® 490+12 540£11 510 5.840.6
WEDOWEE GROUP

GG-101 500 500

EMUCKFAW GROUP

GG-167 555 565

NS-4a 595 615 6.7

Analytical and thermodynamic uncertainties yield errors ca. £50°C (T-FS, T-GS),

180°C (T-GU), and £1 kb (P-HC)

1 grt-bt temperature: Ferry and Spear (1978) with Hodges and Crowley (1985)
garnet activity model

2 grt-bt temperature: Ganguly and Saxena (1984)

3 pl-ms temperature: Green and Usdansky (1986)

4 pl-bt-grt-ms pressure: Hodges and Crowley (1985)

5 11 standard deviation

Plagioclase-Muscovite Thermometry

The temperature of vein formation at the Tallapoosa mine was calculated using mineral
compositions and Na-K exchange between feldspar and muscovite (Green and Usdansky, 1986).
Errors for this calculation are +80°C based on analytical uncertainty alone.

The mineral grains used for this calculation are from within a vein (TA-14), and show no
evidence of recrystallization, or disequilibrium. Therefore, this temperature should accurately
reflect the conditions of vein formation. The sample contains intergrown coarse muscovite and
plagioclase; mineral compositions from directly adjacent to their mutual grain boundaries were
utilized to determine the temperature of equilibration.
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Thermometric results are 510+80°C, consistent with low- to medium-grade (upper
greenschist to lower amphibolite facies) metamorphism during vein emplacement.

DISCUSSION
Timing of Deformation, Metamorphism, and Mineralization

Mineral textures and structural relationships indicate that Dy through Dg structures result from
progressive deformation during northwest-southeast oriented shortening (Stowell et al., in press).
Garnet and biotite chemistry and textures indicate that peak metamorphic conditions postdate Dy
and predate Dg. These data and chlorite-muscovite zone assemblages in late shear zones are
compatible with a single metamorphic event which peaked between Dy and D, and included
retrograde mineral growth during D4.

Paris (1986), Neal (1986), and Neal and Cook (in press) considered the gold deposits to be
strata-bound and interpreted the gold-sulfide mineralization as syngenetic with later
remobilization of gold into quartz veins during metamorphism. Detailed mapping and petrography
indicate that the deposits are transgressive to the stratigraphy (Guthrie and Dean, 1989) and that
mineralization appears lo postdate the initial stages of metamorphism and deformation (Stowell et
al., in press). Some mineralized veins cross-cut D4 fabrics, others are deformed and bordered by
Do-Dg shear zones. Mineral assemblages suggest that shearing occurred during and subsequent
to peak metamorphism. Peak metamorphic shear zones contain stable biotite and garnet,
whereas post metamorphic shear zones contain stable chlorite and muscovite. Preliminary data
indicate that retrograde shear zones exhibit variable amounts of alteration (Lesher et al., in press)
and gold enrichment (Stowell et al., in press). Stable isotopic data from veins, vein selvages, and
an "altered" shear zone (LO-31) suggest that isotopically similar fluids were present during
metamorphism, vein emplacement, and post-peak metamorphic shearing (Lesher et al., in press).

Physical Conditions During Vein Emplacement and Metamorphism

Mineral assemblages, chemistry, and equilibrium relationships for veins, vein selvages, and
D, mineral fabrics indicate that peak metamorphism and vein emplacement occurred at about
500°C at 5-6 kb. These results are similar to those determined by stable isotope exchange
thermometry for plagioclase-quartz and biotite-quartz pairs in veins and vein selvages at the
Lowe mine (Lesher et al., in press). Textures and mineralogy in the Goldville samples suggest
that metamorphism never surpassed upper low-grade or lower medium-grade conditions
(greenschist or lower amphibolite facies) and that vein emplacement occurred during
metamorphism.

Temperatures and pressures estimated for metamorphism and vein emplacement in the
Wedowee Group are significantly lower than temperatures and pressures estimated for
metamorphism in the Emuckfaw Group. This suggests that the Alexander City fault zone marks
an important syn- to post-metamorphic boundary.

Thermobarometric results, the nature of garnet zonation (Stowell et al., in press), the paucity
of minerals that define lower medium-grade metamorphism, and absence of minerals that define
upper medium-grade metamorphism in the Goldville district indicate that regional metamorphic
conditions have been overestimated by previous workers. The peak metamorphic mineral
assemblages observed in the Wedowee Group during this study (low- to medium-grade or upper
greenschist facies) are similar to previously proposed retrograde assemblages (greenschist
facies: Tull, 1975; Steltenpohl and Moore, 1988) and most peak metamorphic mineral
assemblages in the district have not been obviously affected by retrograde metamorphism.
Therefore, the importance of retrograde metamorphism appears to have been overemphasized
for this part of the Piedmont.
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Genesls of Gold Minerallzation

At present there is no unequivocal evidence for the ultimate source of gold in the Goldville
district. However, our data, and the compositions and densities of fluids from primary inclusions in
vein quartz (Sha and Lesher, in press) are compatible with gold emplacement in veins along
shear zones which were active synchronous with the peak of low- to medium-grade
metamorphism.

The presence of vein mineralization in the Goldville district and it's apparent absence in the
Alexander City fault zone, as defined, suggest that rocks within the Goldville district were more
permeable. It is likely that the Alexander City fault zone comprises a wide zone of
hetereogenously-sheared rocks exhibiting variable strain, structural style (folding, faulting, ductile
shearing), and permeability. This deformation is considered to have accompanied thrusting of the
Emuckfaw Group northwestward onto the Wedowee Group (Guthrie and Dean, 1989). Although
no strain data are presently available, it is possible that the Goldville district represents a zone of
fold-dominated deformation characterized by lower relative strain, dilation, and higher effective
permeability, whereas the Alexander City fault zone represents a zone of shear-dominated
deformation characterized by higher relative strain, constriction, and lower effective permeability.

CONCLUSIONS

Vein emplacement occurred during D¢-D,, synchronous with low- to medium-grade (garnet to
staurolite zone) metamorphism. Thermobarometric studies, utilizing a variety of well-constrained
elemental exchange equilibria, indicate that vein emplacement initiated during near-peak
metamorphic conditions of 490+50°C and 5.8+1 kb in the Wedowee Group.

Textures and mineral assemblages indicate that gold-bearing veins were emplaced within
shear zones which were active during the peak of metamorphism. Late-stage shear zones
adjacent to veins suggest that shearing during low-grade metamorphism (chlorite-muscovite
zone) occurred subsequent to mineralization.

Thermobarometric results from the Emuckfaw Group, adjacent to the Goldville district,
suggest that metamorphism within the Alexander City fault zone occurred under higher grade
conditions (575+50°C and 6.7+1 kb) than mineralization and metamorphism in the Wedowee
Group.
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MICROTHERMOMETRY OF FLUID INCLUSIONS IN AURIFEROUS
QUARTZ VEINS, NORTHERN PIEDMONT, ALABAMA

Peng Sha and C. Michael Lesher

Department of Geology, University of Alabama,
Tuscaloosa, Alabama 35487-0338

ABSTRACT

Lode gold deposits in the northern Alabama Piedmont are associated exclusively with
synkinematic, synmetamorphic quariz veins. Five compositional types of fluids are distinguishable
in fluid inclusions in quartz from metapelite-hosted veins in the Goldville district and tonalite-
hosted veins at the Hog Mountain mine: type 1 very high salinity aqueous, type 2 high salinity
COgp-bearing aqueous, type 3 moderate salinity CO2-bearing aqueous, type 4 moderate-low
salinity agueous, and type 5 COa-rich. Fluid inclusions in the Goldville district formed during four
stages: stage | minor, isolated, primary, irregularly-shaped types 1, 2, and 3, stage 1l abundant,
secondary, elliptically-shaped types 3 and 4 in planar arrays, stage Il minor, secondary,
irregularly-shaped type 4 in linear arrays, and stage IV abundant, secondary, irregularly-shaped
type 5 in planar arrays. In contrast, fluid inclusions at the Hog Mountain mine formed during two
stages, both secondary: stage | abundant, irregularly-, elliptically-, or tubularly-shaped types 3
and 4 in planar arrays, and'stage Il rare, irregularly-shaped type 5 in isolation or in linear arrays.

P-V-T-X properties of primary, high salinity (type 1 and 2) aqueous fluids in the Goldville district
are not consistent with entrapment at pressures and temperatures determined by independent
methods and appear to have been modified subsequent to entrapment. P-V-T-X properties of
primary and early secondary, moderate salinity, low-CQO» (type 3) aqueous fluids are consistent
with entrapment during prograde metamorphism and appear to represent the vein-forming
metamorphic fluid. Secondary, moderate-low salinity (type 4) aqueous fluids evolved toward
higher salinity with decreasing temperature in the Goldville district and lower salinity with
decreasing temperature at the Hog Mountain mine, probably reflecting decreasing degrees of
interaction with pelitic and tonalitic host rocks, respectively. Late secondary COs-rich (type 5)
fluids in both areas were most likely derived by oxidation of graphite in metasedimentary country
rocks at low temperatures. The compositional and textural similarities of fluid inclusions in the
Goldville district and at the Hog Mountain mine indicate a common metamorphic fluid source and
timing of entrapment. Gold precipitation was probably influenced by fluid-rock interactions.

INTRODUCTION

Lode gold deposits in the northern Alabama Piedmont are hosted by a variety of greenschist-
amphibolite facies pelitic metasedimentary, mafic metavolcanic, and felsic intrusive lithologies, but
are associated exclusively with synkinematic, synmetamorphic quartz + sulfide + plagioclase +
carbonate veins. There is considerable controversy regarding the ultimate source of gold
(syngenetic vs. epigenetic) in these deposits (cf. Guthrie and Lesher, in press; Neal and Cook, in
press; Paris, 1986; Stowell et al., in press; Lesher et al., this volume), but all workers agree that
gold has been remobilized to some degree by vein-forming fluids. The aim of this paper is to
define the composition and nature of the vein-forming fluids and to further constrain the physical
and chemical conditions of gold mineralization/remobilization in the southern Appalachians.

Materials from three deposits in the northern Piedmont were studied: the Lowe and
Tallapoosa mines in the northeastern and southwestern parts of the Goldville district and the Hog
Mountain mine 10 km to the northwest (see fig. 1: Stowell and Lesher, this volume). All three
deposits have been subjected to recent exploration programs involving diamond core drilling
which provided fresh samples of vein quartz for detailed petrographic and microthermometric
study. Three types of veins occur in these deposits (Lesher et al., this volume): type | barren,
deformed monomineralic quartz veins that occur in barren and mineralized lithologies throughout
the region, type Il mineralized quariz-sulfide veins (Hog Mountain) and quartz-plagioclase +
sulfide veins (Goldville) that are restricted to mine areas, and type Il calcite + sulfide + quartz
veins that cross-cut other veins. Only type |l veins were sampled for this study.
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FLUID INCLUSION PETROGRAPHY
Goldville District

Two mineral assemblages occur in mineralized (type Il) veins in the Goldville district: 1) early,
coarse-grained quartz + plagioclase + biotite + garnet + chlorite, similar to that in the metapelitic
host rocks, and 2) late, fine-grained (<0.01 mm) recrystallized quartz + sericite + carbonate +
sulfide, generally distributed around early minerals. Free gold is extremely rare except in the
weathered zone; sulfides are interpreted to house gold in solid solution or as submicroscopic
inclusions. All quartz contains abundant fiuid inclusions, both primary and secondary, which vary
in size, shape, phase, and distribution (Fig.1). On the basis of cross-cutting relationships, they are
grouped into four stages (Table 1).

Table 1. Petrographlc characteristics of fluid inclusions In veln quartz,
Goldvlile district and Hog Mountain mine, northern Alabama Pledmont

Bubble
Stage(%) Size Shape Distribution Type(%) Phases Volume
(um) _ (%)
GOLDVILLE DISTRICT
Primary
1(10) 2-35 irregular isolated or 3 (55) CO2(v)-H20()-CO2() 15-60,
grouped in 2 (35) COZ(V)-H20(|)-002(|)-83ﬂ3(5) mostly
centers of grains 1(10) H20(y)-H2Oy-saltss) 20-30
Secondary
11 (60) 0.5-10 spherical, planar arrays 4 (90) H20)-H20) 10-15
elliptical,  along margins 3(10) CO2(v)-H20()-CO2(l)
tubular of coarse grains
1l (5) 0.5-6 irregular linear arrays along 4 H20(v)-H20y) 1-5
margins of grains
IV (25) 15-40  irregular planar or linear 5 CO2(1y-CHy) 0
arrays in fractures
cutting all gains
HOG MOUNTAIN MINE
Secondary
1 (90) 0.5-30 irregular, planar arrays 4 (95) H20(v)-H20¢) 5-15
elliptical, in fractures 3(5) CO2(v)-H20(1)-CO2())
tubular
Il (10) 15-40  irregular isolated or linear 5 CO2(1)-CHa)) 0

arrays in fractures

Abbreviations: v = vapor, | = liquid, s = solid

Primary fluid inclusions, classified as stage | in this study, are generally large (5-30 pm) and
have irregular shapes or negative crystal forms. At room temperature they contain one HaO-rich or
COz-rich gas phase + one H2O-rich liquid phase + one COp-rich liquid phase + multiple solid
phases. The daughter minerals are too small to identify (<0.5 pm); most are anisotropic, some
have rectangular shapes (gypsum?) and some have rhombic shapes (carbonate?). Vapor bubble
volumes range 20-30%, but a few are 50-60%. Most primary fluid inclusions are isolated, but some
occur in groups. All are distributed in early quartz, primarily in centers of grains. Along grain
boundaries, crushing and recrystallization have overprinted the primary inclusions.

Three stages of secondary fluid inclusions have been recognized: stage Il ellipsoidal,
tubular, or spherical liquid-gas inclusions occurring in planar arrays, stage Il irregularly-shaped
liquid-gas inclusions occurring in linear arrays (healed fractures), and stage IV irregularly-shaped
liquid inclusions occurring in planar or linear arrays. Their petrographic relationships to stage |
inclusions are illustrated in Figure 1. Stage Il and Ill inclusions are much smaller (0.5-8 pm) than
stage |, but stage IV inclusions are usually larger (20-40 um). At room temperature stage Il and llI
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inclusions contain one HpO-rich or CO2-rich gas phase + one HzO-rich liquid phase + one CO2-
rich liquid phase, whereas stage IV inclusions contain only a single COg2-rich liquid phase.
Volumes of vapor bubbles in secondary inclusions are less than those in primary inclusions, 10-
15% in stage |l and 1-5% in stage Ill. Stage Il and |ll secondary fluid inclusions occur along the
margins of early stage quartz grains; stage IV secondary inclusions occur in arrays along fractures
that cross-cut several quartz grains.
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Figure 1. Sketch showing petrographic characteristics of different stages of
fluld incluslons in vein quartz from the Goldville district.

H20-rich gas, HoO-rich liquid, CO2-rich liquid, and daughter minerals occur in various
proportions in fluid inclusions at room temperature. On the basis of their relative abundance, five
types of fluids have been identified: type 1 very high salinity aqueous fluids, type 2 high salinity
COg2-bearing fluids, type 3 moderate salinity CO2-bearing aqueous fluids, type 4 moderate-low
salinity aqueous fluids, and type 5 COz-rich fluids Their frequency distributions in the different
stages of fluid inclusions are listed in Table 1.

Hog Mountain

Only secondary fluid inclusions have been identified in mineralized (type 1) quartz veins at the
Hog Mountain mine. Two stages have been recognized; stage | ellipsoidal, tubular, or irregular
liquid-gas inclusions occurring in planar arrays, and stage Il irregular-shaped liquid inclusions
occurring in isolation or in planar arrays. Their petrographic characteristics are summarized in Table
1. Stage | inclusions at the Hog Mountain mine are similar to stage Il inclusions in the Goldville
district, and stage |l inclusions at the Hog Mountain mine are similar to stage 1V inclusions in the
Goldville district, except that they are less abundant.

The apparent absence of primary fluid inclusions in vein quartz at the Hog Mountain mine may
indicate that as a population they are too small to characterize with the optical microscope (10% of
all detectable inclusions are <5um) or that they have been destroyed by later deformation (all
veins exhibit evidence of post-emplacement deformation).
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FLUID INCLUSION MICROTHERMOMETRY
Methods

Fluid inclusions were studied using a Fluid Inc.-modified U.S.G.S. gas-flow heating-freezing
stage mounted on a Nikon Optiphot-Pol microscope fitted with 15x eyepieces and Leitz EF4x,
EF10x, and UT40x objectives. Freezing runs were carried out prior to homogenization runs.
Inclusions were quickly frozen to ca. -180°C and warmed slowly to observe the temperatures of
phase transitions. Measurements included CO2 melting temperature (Tmco,), eutectic
temperature (Te), ice melting temperature (Tmjcg), daughter mineral melting temperature (Tmdm),
clathrate melting temperature (Tmgjath), CO2 homogenization temperature (Thco,), and total
homogenization temperature (Th). The size of the inclusions often precluded determination of
Te, Tmdm and Tmgjath; the presence of CO2 often hampered determination of Tmijce.

As the identities of the daughter mineral(s) in the fluid inclusions are not known and little
experimental data are available for complex systems, fiuid salinities were calculated as NaCl- or
MgClz-equivalent depending on eutectic temperature (Roedder, 1984). Salinities of low salinity
H2O-rich (type 3 and 4) fluids were calculated from measured Tmjcg using the NaCl solubility
equation of Potter et al. (1978) or using an equation (wt.% MgClp = 0.2089 - 1.583 T - 5.044x102
T2 - 6.626x10°4 T3, r2 = 0.999) derived by regression of MgClp solubility data given by Linke
(1958). Salinities of high salinity HoO-rich (type 1 and 2) fluids were calculated from measured
Tmdm using an equation (wt.% NaCl = 0.3825 - 1.280x103 T + 5.585x10°€ T2 - 4.685x10° T3, 2
= 0.999) derived by regression of NaCl solubility data given by Keevil (1942). Densities of the CO2
phase were calculated from measured Thco, using the P-T-density relation of pure CO2 given by
Angus et al. (1976). Densities of HoO-rich liquids were calculated assuming unit density for pure
H20 at room temperature for CO2-rich inclusions (Burruss,1981) or using the equation of Bodnar
(1983) for COp-free inclusions. Bulk densities and compositions of fluid inclusions were
calculated using bubble volumes estimated at room temperature (Burruss, 1981). As Tmco,
varies narrowly around -58°C, CH4 was ignored in most cases (Heyen et al., 1982), except for
stage Il inclusions at the Hog Mountain mine (Tmco, = ca. -61°C). Measured Tmg|ath data were not
used to calculate fluid compositions (Collins, 1979), because the relative error in measurement
(+15%) is larger than for measurement of Tmco, (+2%) and Thco, (+4%). Microthermometric data
for the Goldville district and Hog Mountain mine are summarized in Table 2.

Fluld Compositions

Calculated fluid compositions and densities are given in Table 3 and summarized in Table 4.
Type 1 and 2 fluids in the Goldville district have anomalously high salinities, whereas stage | and Il-
type 3 fluids have moderate salinities and CO2 contents. Stage lI-type 4 fluids have low to
moderate salinities with negligible CO2 and have been divided into two subtypes: type 4a fluids
are characterized by moderate salinities (XNaCi(eq.) = 0.02-0.04) and a relatively narrow range of
homogenization temperatures (Th = 225-119°C), wg1ereas type 4b fluids are characterized by low
salinities (XNaCl(eq.) = 0.00-0.02) and a wider range of homogenization temperatures (Th = 238-
94°C), Stage lll-type 4 fluids are moderately saline with negligible CO», similar to stage ll-type 4a
fluids. Stage |V-type 5 fluids are dominated by CO2; CHg4 is only a minor component.

Stage I-type 3 and 4 fluids at the Hog Mountain mine (Table 3) are compositionally similar to
stage ll-type 3 and 4 fluids in the Goldville district, respectively, except for some with very low
eutectic temperatures (Te = -27 to -35°C) and low melting temperatures (Tmijce = -14°C to -34°C).
Available experimental data (summarized by Roedder, 1984) suggest that MgCla is a necessary
component in these fluids. On this basis stage I-type 4 fluids have been divided into three
subtypes: stage I-type 4a(i) moderate salinity H2O-NaCl inclusions (XNaCi(eq.) = 0.04-0.07); stage
Itype 4a(ii) moderate salinity H2O-MgClz inclusions (XmgCly(eq.) = 0.03-0.05); and stage I-type 4b
low salinity NaCl-HO inclusions (XNaCl(eq.) = 0.00-0.04). Stage lI-type 5 fluids at the Hog
Mountain mine are also dominated by CO», snmllar to stage IV-type 5 fluids in the Goldville district,
but appear to contain more CH4 (Tmco, = ca. -61°C).
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Table 2. Summary of microthermometric data,

Goldville district and Hog
Mountain mine, northern Alabama Pledmont

Stage-Type  TmCO» Te Tmice Tmelath Thcos Tmdm Th
GOLDVILLE DISTRICT
Primary
I-1 300-294  345-326
297 (4) 336 (14)
2 2
-2 -57.0to -57.4 25.4-16.3 198-183  353-255
-57.2 (0.1) 21.7 (3.6) 192 (6) 300 (34)
6 6 6 6
-3 -567.0t0 -58.0 -20.8t0-21.3 -3.9t0-85 7.4-6.0 28.3-15.0 401-242
56.6 (0.3) -21.1 (0.3) -5.7 (1.6) 6.9 (0.8) 23.0(3.9) 300 (55)
9 3 9 3 9 7
I-? -56.5 to -57.9 7.8-6.5 27.5-3.6 370-189
-57.2 (0.4) 7.1 (0.5) 18.2 (6.7) 303 (38)
23 12 23 44
Secondary
11-3 -57.3 -4.3t0 -4.9 29.7-28.5 278-269
-57.3 -4.6 (0.4) 29.1 (0.8) 274 (6)
2 2 2 2
Il-4a -4.810-7.9 225-119
-6.5 (0.7) 158 (42)
28 17
1l-4b -20.4t0-20.6 -0.1t0-3.9 238-94
-20.5 (0.1) -1.8 (0.9) 198 (41)
3 26 23
-7 -57.4 to -58.2 7.7 28.1-19.6 345-126
-57.7 (0.3) 24.9 (3.6) 244 (44)
5 1 5 21
11-4 -7.8t0-10.4 105-76
-9.4 (0.8) 89 (11)
18 5
IV-5 24.6 10 -3.5
16.1 (8.2)
12
HOG MOUNTAIN MINE
Secondary
-3 -57.3t0 -59.2 -8.6t0 -19.3 10.2-9.4 271
-58.3 (1.3) -14.0 (7.6) 9.8 (0.6)
2 2 2 1
I-4a(j) -7.1t0 -15.8 333-92
-9.9 (1.9) 253 (65)
26 21
I-4a(ii) -27.110-34.8 -13.6t0 -34.4 356-104
-32.8 (2.7) -22.5 (4.7) 201 (82)
9 19 16
I-4b -19.7t0-21.3 -0.1t0-7.1 251-114
-20.9 (0.8) -4.2(1.5) 165 (35)
4 33 27
11-5 -58.0 to -61.8 7.910-13.2
-60.8 (1.8) -6.7 (10.0)
4 4
? 376-72
237 (67)
65

Temperatures in °C; data given as range (line 1), mean and standard deviation (line 2), and number of
measurements (line 3); ? = undifferentiated stage or type
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Table 3. Summary of calculated densities and compositions of Inclusion fluids,
Goldvllle district and Hog Mountain mine, horthern Alabama Piedmont

Stage Type  Density XHo0 Xcoo XNaCl (eq.) XMgCla(eq.) XCHy n
GOLDVILLE DISTRICT
Primary
| 1 1.38-1.40 0.82-0.83 0.17-0.18
1.39 0.83 nil 0.17 nil nil 2
2 1.16-1.21 0.79-0.83 0.05-0.10 0.10-0.11
1.18 (0.02) 0.82 (0.02) 0.07 (0.02) 0.11 (0.02) nil 0.001 6
3 0.93-1.07 0.8 1 -0.93 0.04-0.17 0.02-0.04
1.00.(0.07) 0.88 (0.05) 0.09 (0.05) 0.03 (0.34) nil 0.002 9
Secondary
[ 3 0.93 0.85-0.88 0.10-0.13 0.02
0.93 0.86 0.12 0.02 nil 0.002 2
4a 0.89-1.09 0.96-0.98 0.02-0.04
1.01 (0.06) 0.97 (<0.01) nil 0.03 (0.10) nil nil 28
4b 0.83-1.05 0.88-1.00 0.00-0.02
0.90 (0.06) 0.99 (0.02) nil 0.01 (0.01) nil nil 26
W 4 1.06-1.12 0.95-0.96 0.04-0.05
1.09 (0.02) 0.96 (<0.01) nil 0.05 (0.07) nil nil 18
v 5 0.77-0.95
0.83 (0.05) nil 0.95 nil nil 0.05 12
HOG MOUNTAIN MINE
Secondary
| 3 1.00-1.07 0.77-0.78 0.16-0.19 0.03-0.07
1.04 0.77 0.18 0.05 nil 0.005 2
4a() 0.77-1.07 0.93-0.96 0.04-0.07
0.91 (0.08) 0.95 (0.01) nil 0.05 (0.01) nil nil 26
4a(ji) 0.95-0.97 0.03-0.05
n.d. 0.96 (0.01) nil n.d. 0.04 (<0.01) nil 19
4b 0.79-1.00 0.96-1.00 0.00-0.04
0.95 (0.04) 0.98 (0.01) nil 0.02 (0.01) nil nil 33
I 5 0.88-0.99
0.96 (0.05) nil 0.78 nil nil 0.22 4

Data given as range (line 1) and mean and standard deviation (line 2); n = number of inclusions,
n.d. = not determined

23



Homogenlzation Temperatures

Th data for 127 stage | through lll inclusions in the Goldville district are summarized in Figure 2;
stage IV inclusions are homogenous at room temperature. Four hydrothermal events can be
recognized with temperature maxima at: 350-230°C, 290-185°C, 170-110°C, and 110-65°C.
These data record successive entrapment of stage I-lll inclusions with declining temperature,
consistent with the relative timing of entrapment based on cross-cutting relationships.
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Flgure 2. Histograms of homogenization temperatures (Th) of fluid

inclusions In veln quartz from the Goldville district and the Hog
Mountain mine. Inclusion types as defined in text.

Th data for 130 stage | inclusions at the Hog Mountain mine are summarized in Figure 2. Only
two hydrothermal events can be recognized with temperature maxima at 340-215°C and 215-
120°C. Th of stage I-type 4a(j) and stage I-type 4a(jj) inclusions at the Hog Mountain mine are
indistinguishable (Table 2) and span the entire range of Th for stage l-type 4 inclusions in the
Goldville district, but stage I-type 4b inclusions at the Hog Mountain mine exhibit a narrower range
of lower Th, similar to that of stage Il-type 4a inclusions in the Goldville district.
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DISCUSSION

Stage | fluids in the Goldville district are compositionally highly variable, ranging from rare to
minor, highly saline fluids (types 1 and 2) to more abundant, moderately saline fluids (type 3). As
the different fluids do not occur systematically in close proximity, they could not have formed by
necking down and phase segregation of a single precursor fluid. They vary principally in salinity
and CO2 content, and should have been miscible at the inferred conditions of entrapment.
Density isochores for type 1 and 2 fluids (Fig. 3), calculated using the computer program
FLINCOR (Brown, 1989) and the modified Redlich-Kwong state equation given by Bowers and
Helgeson (1983), do not intersect the prograde metamorphic P-T field (495+50°C, 5.8+1 kb)
defined by elemental exchange thermobarometry (Stowell and Lesher, this volume) and
supported by oxygen isotope thermometry (Lesher et al, this volume), suggesting that type 1 and
2 fluids have been modified subsequent to entrapment.
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Figure 3. P-T diagram showing fluld densilty isochores for stage I, type 1, 2,
and 3 fluids and estimated P-T conditions of vein emplacement for
Goldville district (explanation In text). Ho0-CO2 solvus calculated
using experimental data of Sourilrajan and Kennedy (1965).

The P-V-T-X properties of stage I-type 3 fluids in the Goldville district are compatible with
entrapment at the P-T conditions of prograde metamorphism (Fig. 3) and most likely represent the
vein-forming fluid. Their compositions are similar to those of stage Il-type 3 fluids in the Goldville
district and stage I|-type 3 fluids at the Hog Mountain mine (Table 4), indicating links between
primary and secondary fluids in the Goldville district and secondary fluids at the Hog Mountain
mine (Table 4) and suggesting derivation from a similar source. Structural, petrographic, and
thermobarometric data (Stowell et al., in press) indicate that quartz veins in the Goldville district are
synmetamorphic and synkinematic, and stable isotope data (Lesher et al., this volume) suggest
that vein-forming fluids were of metamorphic origin. Slightly saline, low-CO2, aqueous fluids, such
as those of type 3 in these deposits, are typical of metamorphically-generated fluids (Roedder,
1984; Crawford and Hollister, 1986) and may have been derived from adjacent country rocks
during metamorphism or from similar rocks deeper in the metamorphic pile. The latter source is
more consistent with stable and radiogenic isotopic data (Lesher et al., this volume).
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Table 4. Summary of vein-forming fluld compositions, Goldville district and Hog
Mountain mine, northern Alabama Pledmont

GOLDVILLE HOG MOUNTAIN

Type  Composition Stage Th(°C) Stage Th(°C)
1 aqueous, very high salinity | 345-326
2 aqueous, high salinity, minor CO2 | 353-255
3 aqueous, moderate salinity, minor CO2 | 401-242

I 278-269 | 271
4 aqueous, moderate-low salinity 1 238-94 | 356-92

i 105-76
5 COo-rich, minor-significant CHg \Y nd. I n.d.

n.d. = not determined

Secondary stage Il-type 4 fluids in the Goldville district and stage I-type 4 fluids at the Hog
Mountain mine have been subdivided into two subtypes, moderate salinity subtype 4a fluids and
low salinity subtype 4b fluids. Both exhibit systematic increases in density with decreasing
temperature (Figs. 4 and 5). Using the experimental data of Bodnar (1983), these variations can
be modeled as cooling trends in the system HoO-NaCl, suggesting that two compositionally
distinct fluids were present over a wide temperature interval. As the two fluids should have been
miscible at the inferred temperatures of entrapment, they could have not had an opportunity to
mix, suggesting that the differences were generated locally. Mass balance calculations indicate
that fluid-tonalite interactions at the Hog Mountain mine removed Rb, K, Ba, Fe, Co, W, Au, S, and
OH from the fluid and added Si, Na, Sr, Ca, Eu, Mg, Mn, and Zn into the fluid (Lesher and Green,
1987), whereas analogous, albeit considerably less extensive, fluid-pelite interactions at the
Lowe mine removed Rb, K, Ba, Mo, Au, and OH from the fluid and added Si, Na, Sr, Ca, P, S, and
COsy into the fluid (C.M.L., unpubl. data). Vein mineralogies indicate that Si, Fe, Au, and S (in
quartz-pyrrhotite) precipitated at the Hog Mountain mine, whereas Si, Al, Na, Sr, and Ca (in quartz-
albite) precipitated in the Goldville district. The net result is that fluid-wall rock interaction and vein
crystallization should have increased fluid salinity at the Hog Mountain mine and decreased fluid
salinity in the Goldville district. This is consistent with the somewhat higher salinities of type 3 and
4 fluids at the Hog Mountain mine compared to equivalents in the Goldville district (Table 3).

Secondary fluids in the Goldville district appear to exhibit an overall general trend with
decreasing temperature toward greater abundances of higher salinity subtypes (lI-4b — ll-4a — llI-
4: Fig. 4), whereas secondary fluids at the Hog Mountain mine exhibit an analogous trend toward
greater abundances of lower salinity subtypes (lI-4a — I-4b: Fig. 5). Based on the alteration trends
discussed above, these trends probably reflect decreasing degrees of fluid-rock interaction with
declining temperature and evolution of fluid compositions towards that of the precursor
metamorphic fluid.

Alteration studies at the Hog Mountain mine indicate that fluid-wall rock interactions probably
induced gold precipitation (Lesher and Green, 1987). Wall rock alteration is much less
pronounced in the Goldville district, but whole-rock geochemical and stable isotopic data define
similar alteration trends for the Goldville district and the Hog Mountain mine (C.M.L., unpubl. data;
Lesher et al., this volume) and the compositional variations of secondary fluids in both areas are
consistent with modification by reaction with wall rocks. Gold precipitation in the Goldville district
was probably also influenced by such interactions.
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The final hydrothermal event in the region was dominated by COo-rich fluids (stage IV in the
Goldville district and stage Il at the Hog Mountain mine). This cannot be attributed to fluid
immiscibility in the HoO-CO2 system with declining temperature (Takenouchi and Kennedy,
1964), because there are no conjugate H2O-rich fluid inclusions in the same stage. The
Wedowee country rocks contain abundant graphite, which is more easily oxidized at lower
temperatures (Robie et al., 1978) and COp» is considerably more soluble at lower (and higher)
temperatures than at moderate (100-250°C) temperatures (Ellis and Golding, 1963), so
generation of COp-rich fluids can probably be attributed to oxidation of graphite at low
temperatures.

CONCLUSIONS

1) Synkinematic, synmetamorphic auriferous quariz veins at the Hog Mountain, Lowe, and
Tallapoosa mines in the northern Alabama Piedmont contain numerous fluid inclusions that
can be subdivided into five compositional types depending on salinities and CO» contents.
Fluid inclusions formed during four recognizable stages at the Lowe and Tallapoosa mines,
one primary and three secondary, and two stages at the Hog Mountain mine, both secondary.
No primary inclusions have been recognized at the Hog Mountain mine.

2) The P-V-T-X properties of rare high salinity "primary" fluids in the Goldville district are not
compatible with entrapment at the temperatures and pressures (495£50°C and 5.8%1 kb)
determined by independent methods and appear to have been modified subsequent to
entrapment.

3) Primary and early secondary fluids in the Goldville district and early secondary fluids at the Hog
Mountain mine are HoO-rich with moderate salinities, minor CO2, and only very minor CH4.
Their P-V-T-X properties are compatible with entrapment at the temperatures and pressures
of vein formation. Compositional similarities suggest that they were derived from similar
sources, probably by devolatilization of underlying sedimentary lithologies during regional
metamorphism.

4) Secondary fluids in the Goldville district and at the Hog Mountain mine are HpO-rich with
moderate-low salinities (predominantly NaCl, some MgCly at Hog Mountain) and negligible
COo. Variations in salinity reflect variable degrees of interaction with wall rocks. Deposition of
sulfides and gold in the quartz veins and alteration zones was probably influenced by fluid-wall
rock interactions.

5) Secondary fluids exhibit overall general trends with decreasing temperature toward fluids with
higher salinity in the Goldville district and toward fluids with lower salinity in the Hog Mountain
district, reflecting decreasing degrees of fluid-wall rock interaction with declining temperature
and evolution of the fluid toward that of the metamorphic precursor.

6) Late secondary fluids in the Goldville district and at the Hog Mountain mine are CO»-rich with
minor (Goldville) to significant (Hog Mountain) CH4. They were probably derived by oxidation
of graphite in carbonaceous country rocks.
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STABLE ISOTOPE GEOCHEMISTRY OF LODE GOLD DEPOSITS,
NORTHERN PIEDMONT, ALABAMA
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ABSTRACT

Synmetamorphic, synkinematic lode gold mineralization in the central part of the Ashland-
Wedowee belt is hosted by Wedowee Group metapelites in the Goldville district and by a tonalite
pluton intruded into Wedowee Group metapelites at Hog Mountain. Quartz-plagioclase *
pyrrhotite + carbonate veins in the Goldville district were emplaced during progressive D4-D2
deformation and peak metamorphism at 490 + 50°C and 5.8 + 1kb (garnet-biotite-plagioclase-
muscovite equilibria); most are bordered by thin chlorite/biotite + garnet selvages and/or narrow
Al-Rb-K-Ba-Mg-Fe-Cr-enriched chlorite-muscovite alteration envelopes. Quartz-pyrrhotite +
carbonate veins at Hog Mountain were emplaced at 475-275°C (plagioclase-muscovite equilibria)
during progressive Dp-D3 deformation, following peak metamorphism at 460 + 50°C and 4.5 +
1kb (garnet-biotite-plagioclase-muscovite-chlorite equilibria); most exhibit well-defined Rb-K-Ba-
Fe-Co-W-S-Au-enriched quartz-muscovite-pyrrhotite alteration envelopes that have been dated
at 294 + 15 Ma (K/Ar whole-rock) and 315 + 16 Ma (Rb-Sr whole-rock isochron; 87Sr/88Srjitial =
0.7061 + 0.0012).

H isotopic compositions of tonalites at the Hog Mountain mine vary with degree of alteration
(least-altered tonalites = -78 to -81%. 8D, moderately-altered tonalites = -79 1o -74%. 8D, strongly-
altered tonalites = -50 to -53%. 8D, and sheared, altered tonalites = -58 to -62%. 8D), reflecting
selective incorporation of D into muscovite during alteration and re-equilibration during post-
alteration shearing; O isotopic compositions are variable, but nonsystematic (9.7 to 12.0%. 6180,
reflecting the larger reservoir for O in the rocks and offsetting fractionation between plagioclase,
biotite, and muscovite; S isotopic compositions are also variable and nonsystematic (9.6 to 11.3%.
5343), probably reflecting mixing of internally-derived magmatic and externally-derived
sedimentary S. Analyzed mineral separates yield O isotopic equilibration temperatures and fluid
compositions of 475 + 45°C (qtz-ms) and 335 + 40°C (qtz-cal); 8'8O0fjyid = 7 10 11%e; 8Dfjuid = -10
t0 -31%.; 813Cfjuid = ca. -6%.; and §34Sqjuid = ca. 10%.. Discordant O and H isotopic fractionation
between quartz, muscovite, and calcite in veins suggests that O in quartz and muscovite records
the temperature and fluid composition during initial alteration, whereas H in muscovite and O in
calcite record conditions at lower temperatures.

H and O isotopic compositions of metapelites at.the Lowe and Jones mines in the Goldville
district also vary with degree of alteration (least-altered metapelites = 12.7 to 12.9%. 6180 and -82
to -95%. 8D;sericitized-chloritized metapelites = 11.4 to 11.7%. 8180 and -66 to -69%. 8D)
reflecting selective incorporation of D and exclusion of O by muscovite-chlorite during alteration;
limited S isotopic data are constant at ca. 19%. §34S. Analyzed mineral separates yield O isotopic
equilibration temperatures and fluid compositions of 550-340°C (qtz-pl), 520 + 30°C (qgtz-bt), and
350 + 15°C (qtz-chl); 8180f1uid = 9 to 13%.; 8Df|id = -46 10 -51%., and 534Sqid = ca. 19.

The stable isotopic data, together with field, petrographic, microthermometric, and
geochemical data, suggest that vein-forming fluids in both areas equilibrated to varying degrees
with, and were probably derived from, pelitic metasedimentary rocks, but were not derived from
adjacent country rocks. Mineralizing fluids were most likely derived from underlying thrust sheets
and/or the underlying North American continental shelf.

32



INTRODUCTION

Lode gold mineralization in the northern Piedmont of Alabama is associated with
synmetamorphic, synkinematic quartz + sulfide * plagioclase + carbonate veins in a variety of host
rocks, predominantly metapelites with lesser mafic metavolcanic rocks and granitoids (Pardee and
Park, 1948; Guthrie and Lesher, in press). Some workers have interpreted the deposits as
syngenetic and suggested that gold was mobilized into veins during metamorphism (McConnell
et al.,, 1986; Paris, 1986; Neal and Cook, in press), but detailed stratigraphic, structural,
metamorphic, and geochemical studies (e.g. Lesher and Green, 1987; Green et al., 1988; Stowell
et al., in press) indicate that most of the mineralization is epigenetic.

The aim of this paper is to report the results of a stable isotopic study of the Lowe and Jones
mines in the northeastern and southwestern parts of the Goldville district and the Hog Mountain
mine 10 km to the northwest (see fig. 1: Stowell and Lesher, this volume). All three deposits have
been subjected to recent exploration programs involving diamond core drilling which provided
fresh samples of vein minerals, alteration selvages, and alteration envelopes for geochemical
analysis. The isotopic data constrain the conditions of vein emplacement and the sources of vein-
forming fluids in this part of the southern Appalachians.

Our research indicates that the that the veins were emplaced during prograde metamorphism,
that vein minerals and alteration assemblages crystallized from the same fluids, and that vein-
forming fluids were derived externally from the zones of mineralization. These data confirm that
the gold mineralization in this region is epigenetic.

GEOLOGIC SETTING

The Hog Mountain deposit and Goldville district occur in the central part of the Ashland-
Wedowee belt of the northern Alabama Piedmont (Guthrie and Lesher, in press; see fig. 1:
Stowell and Lesher, this volume). Deposits in the Goldville district are hosted by metapelitic
phyllite and schist of the Cutnose Gneiss member of the Wedowee Group (Neathery and
Reynolds, 1973), whereas the Hog Mountain deposit, 10 km to the northwest, is hosted by a
tonalite pluton intruded into the same metasediments. The rocks in this region have experienced
polyphase deformation (Guthrie and Dean, 1989) and upper greenschist to lower amphibolite
facies metamorphism (Stowell and Lesher, this volume).

Five phases of deformation have been recognized in the area based on local cross-cutting
relationships (Guthrie and Dean, 1989): D4 is characterized by poorly-preserved microscopic to
mesoscopic, intrafolial isoclinal, similar folds (F4) and a pervasive axial planar schistosity (S1); Dz is
manifested as NE-trending, NW-verging, microscopic to macroscopic, close to isoclinal, quasi-
flexural folds (F2), coaxial with F4, a discontinuous domainal cleavage to dominant foliation (Sp)
that transposes Sq, and NE-striking, ductile to semi-brittle shear zones with northwest-directed
transport; D3 is characterized by NNE-trending, NW-verging, upright to inclined flexural slip folds
(Fa), a solution crenulation cleavage (S3), and semi-brittle fault zones; D4 is manifested as SE-
plunging, upright open folds (F4) and a localized crenulation or fracture cleavage (S4); and Ds is
characterized by isoclinal to broad, inclined, plunging extensional crenulations (Ss) associated
with dextral strike-slip faults. These deformational styles correlate in a general manner with
regional structures defined by Tull (1978; cf. Guthrie and Lesher, in press). D1 through D3
structures are interpreted to result from progressive deformation during northwest-directed
shortening. Structural and petrographic studies at Hog Mountain (Lesher and Green, 1987,
Guthrie and Lesher, 1988) and Goldville (Stowell et al., in press) indicate that the mineralized
veins were emplaced progressively during D1-D3, synchronous with metamorphism.

Petrographic and thermobarometric data indicate that metamorphism in the area peaked
between D1 and Do and was followed by retrograde metamorphism during D3 (Stowell and
Lesher, this volume). Metamorphic grade appears to increase southeastward across the area: 460
1 50°C and 4.5 + 1kb at the Hog Mountain mine (Green and Lesher, 1987), 490 + 50°C and 5.8 +
1kb at the Lowe mine (Stowell et al., in press), and 575 + 50°C and 6.7 + 1 kb within the Alexander
City fault zone (Stowell and Lesher, this volume).
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Hog Mountain Deposit

The geology and gold mineralization at Hog Mountain have been described by Park (1935),
Pardee and Park (1948), Green and Lesher (1987, 1988), and Lesher and Green (1987). Hog
Mountain is underlain by a small, elongate (1500 m x 400 m), tonalite pluton intruded into
interlayered garnet-biotite-chlorite-quartz phyllite, chlorite-sericite phyllite, and graphite phyllite
about 20 km northeast of Alexander City, Alabama (see fig. 1 of Stowell and Lesher, this volume).
The pluton transgresses Sp and Sy in the country rocks, contains inclusions of foliated (S1?)
country rocks with prograde mineral assemblages, and is cross-cut by quartz-sulfide veins with
foliated alteration envelopes that are deformed, boudinaged, and transposed into the Sp fabric
along the margins of the pluton. As such, the pluton is interpreted to have been emplaced during
prograde metamorphism,; after Dy, but prior to or during D. Owing to a narrow range of Rb/Sr
ratios, the emplacement age of the Hog Mountain tonalite has been precisely determined,
however, vein-related alteration is dated at 294 + 15 Ma (K/Ar) and 315 + 16 Ma (Rb/Sr whole-rock
isochron, 8781/86Srhitial = 0.7061 + 0.0012: N.L.G., C.M.L., and A.K. Sinha, unpubl. data).

Three types of veins have been identified at Hog Mountain: 1) deformed, milky white quartz
veins with small (1-5 mm) lenses of transparent, clear quartz, Il) massive, vitreous, grey quartz-
sulfide veins, and Ill) calcite-sulfide + quartz veins. Silica mobility during wall rock alteration has also
produced abundant diffuse quartz veins and silicified stockworks in the tonalite. Type | veins are
restricted to the penetratively-deformed metasedimentary country rocks, whereas types Il and Il
are restricted to the less-deformed tonalite. Type |ll veins are paragenetically later and less
abundant than type Il veins, but some veins are composite and multi-generational.

Type lI-1ll veins are bordered by muscovite-quartz-pyrrhotite alteration envelopes that are
systematically enriched in Rb-K-Ba, Fe-Co, W, S, and Au relative to least-altered tonalite (Lesher
and Green, 1987). Alteration envelopes range from massive through foliated to sheared,
indicating that variable degrees of strain existed during alteration. Some veins are transgressive to
the foliation in alteration envelopes, indicating emplacement into pre-existing fractures; others
exhibit deformed fabrics, reflecting deformation subsequent to emplacement. Progressive
emplacement/deformation is supported by plagioclase-muscovite Na-K exchange thermometry
(Lesher and Green, 1987 and unpubl. data) which yields a broad range of temperatures between
425 + 50 (most type Il veins) and 325 + 50°C (most type il veins).

Primary fluid inclusions have not been identified in vein quartz at Hog Mountain, but sparse
early secondary inclusions with fluid compositions similar to those in some primary and early
secondary inclusions in the Goldville district are H2O-rich and moderately saline with minor CO2
and very minor CH4 contents (Sha and Lesher, this volume). Most secondary fluid inclusions are
H2O-rich and slightly-moderately saline with minor CO2 contents; anomalously low eutectic
temperatures suggest that multiple salts (NaCl £ MgCl + CaCl + KCI) are present in some fluids.
Late secondary fluid inclusions are CO»-rich with significant CH4 contents.

Goldville District

The Goldville district comprises a 16 km long, northeast-trending group of inactive gold mines
and prospects in the central part of the Ashland-Wedowee belt that have been described by
Pardee and Park (1948), Neal (1986), Paris (1986), Guthrie and Dean (1989), Neal and Cook (in
press), Neal et al. (in press), and Stowell et al. (in press). Host rocks are garnet-biotite-chlorite-
sericite-quartz phyllite in the northeast part of the district and graphite phyllite in the southwest
part. The phyllites are polydeformed, have been metamorphosed to garnet zone, and
sedimentary structures such as thin bedding, cross bedding, and graded bedding are rarely
preserved. Gold mines and prospects in the district are associated exclusively with multi-
generation quartz + plagioclase + pyrrhotite veins that cross-cut regional stratigraphy,
compositional layering, and the earliest recognizable foliation (S1). Veins are variably boudinaged,
folded, sheared, and transposed into an Sp axial planar fabric.

Three types of veins have been identified in the Goldville district: I) monomineralic quartz
veins, Il) quartz-plagioclase * carbonate + sulfide veins, and Ill) calcite + quartz £ sulfide veins.
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Types | and || may be genetically related, as they exhibit similar structural relationships and a
continuum of feldspar/quartz ratios. Type | veins are common at the Lowe and Tallapoosa mines
and in the host rocks throughout the district. Type Il veins appear to be restricted to the mine
areas, although their absence in surface exposures could be due to weathering of plagioclase,
hindering recognition. Type Ill veins are relatively rare and cross-cut type I-1l veins and S1-Sp
fabrics.

Synmetamorphic vein emplacement is confirmed by thermobarometric studies (Stowell et al.,
in press; Stowell and Lesher, this volume). Fe-Mg exchange between coexisting biotite and
garnet from host rocks and biotite-rich selvages adjacent to veins yield indistinguishable
equilibration temperatures of 490 + 50°C; Na-K exchange between coexisting muscovite and
plagioclase in veins indicate similar, albeit less precise, equilibration temperatures of 510 + 80°C;
and plagioclase-biotite-muscovite-garnet equilibria indicate pressures of 5.8 + 1 kb.

Some phyllites adjacent to veins exhibit little or no signs of alteration, however, many are
bordered by narrow (<1 cm) selvages of massive chlorite and/or biotite, and some are bordered by
narrow (<10 cm) zones of chlorite-muscovite + garnet that locally truncate layering and veins,
contain helicitic garnet porphyroblasts which are locally altered to chlorite, and commonly contain
significantly smaller grain sizes than host rocks and adjacent vein selvages. These zones are
enriched in Rb-K-Ba, Mg-Fe, and Al-Cr relative to least-aliered metapelites (C.M.L. and HH.S.,
unpubl. data) and appear to represent hydrothermally-altered shear zones.

Primary and early secondary fluid inclusions at the Lowe and Tallapoosa mines in the Goldville
district are HoO-rich and moderately saline with minor CO2 and very minor CHy4 contents (Sha and
Lesher, this volume). Most secondary fluid inclusions, equivalent to most of those at Hog
Mountain, are HoO-rich and slightly-moderately saline with minor COp contents. Late secondary
fluid inclusions are CO2-rich with minor CH4 contents.

STABLE ISOTOPE GEOCHEMISTRY
Sampling and Analytical Methods

All samples for stable isotopic study were taken from diamond drill core beneath the zone of
weathering. The suite from Hog Mountain includes whole-rock samples of least-altered tonalite;
two profiles across alteration envelopes adjacent to type Il veins, one moderately-altered and one
strongly altered; and several vein mineral separates from type Il (qtz-po) and type Ill veins (gtz-po-
ms-cal). The suite from the Goldville district (Lowe and Jones mines) includes two whole-rock
samples of least-altered metapelite and adjacent alteration zones; and several vein mineral
separates from type Il veins (qgtz-pl, qtz-bt, and giz-chl). Whole-rock samples were crushed in an
alumina ceramic jaw crusher and pulverized in an alumina ceramic shatterbox. Mineral separates
were hand-picked under a binocular microscope (>39% pure), cleaned ultrasonically in reagent-
grade acetone, and pulverized with an agate mortar and pestle.

Stable isotope ratios were determined by mass spectrometry in the Department of Geology at
Indiana University under the supervision of Dr. E.M. Ripley, using a 9 cm Finnigan-MAT Delta-E
spectrometer for H, C, and O, and a 6" 60°-sector Nuclide spectrometer for S. H was liberated as
H20 and converted to Hz with Zn (Kendall and Coplen, 1982), C was liberated as CO2 with
phosphoric acid (Rosenbaum and Sheppard, 1986), O was converted to CO2 using BrFs (Clayton
and Mayeda, 1963), and S was combusted with excess CuO to produce SO2 (Friiz et al., 1974). H
and O data are reported as per mil deviations relative to standard mean ocean water (SMOW), C
data relative to Pedee Formation belemnite (PDB), and S data relative to Canon Diablo troilite
(CDT). Routine analytical precision is + 0.05%. for 8'3C and 8180, +0.1%. for §34S, and +1%. for 8D
(E.M. Ripley, pers.l comm., 1988).

Results
Stable isotopic data for Hog Mountain and Goldville samples are given in Tables 1 and 2, are

illustrated in Figures 1-7, and are summarized below. Corresponding whole-rock major and trace
element geochemical data for Hog Mountain are given in Green and Lesher (1988).
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Table 1. Stable Isotope data for least-altered tonalites, altered tonalites, and
type IlI-Il vein mineral separates from the Hog Mountain mine,
Tallapoosa County, Alabama

30 518 3345 s8¢ T 8Dfiyid 8'80nyuig 8%*Squig 8'3Cryig
Sample (%) (%) (%o) (%) (°C) (%) (%) (%o) (%)
Least-Altered Tonalites
HM-2/85.0 | 81 112 109
HM-3/126.0 | 78 109 113
HM-7/281.6 | 78 97 102

Altered Tonalltes Ad)acent to Type Il Veln

HM-1/234.8 | 75 112 103
HM-1/235.1 m -69 10.1 103
HM-1/235.3 8 -50 104 105
HM-1/235.7 s 62 10.2 9.6
HM-1/235.9 s -53 9.8 103

HM-1/236.1 s-s -62 10.7 105
HM-1/236.4 s-s -61  10.8 9.6
HM-1/236.8 -8 -58 11.0 10.3
HM-1/237.0 qv -88 114 9.8

Altered Tonalites AdJacent to Type Il Veln

HM-2/187.8 | 77 114 11.2
HM-2/188.1 1 -82 112 107
HM-2/1885 s 74 112 107
HM-2/188.6 s 75 119 103
HM-2/188.7 m -79  12.0 9.9

Type Il Vein Mineral Separates

HM-1/235
Muscovite -49* 425+50PM 2348

HM-1/274
Quartz 13.4 425+50PM 9.94+1.1
Pyrrhotite 9.9 ca. 10

Composite Type lI-lll Vein Mineral Separates

HM-6/235
Quartz 13.4
Muscovite 114 475+45QM 10.710.7
-63 335+50PM 2249
Calcite 11.8 -8.21 335:40QC 7.641.2 -5.9+1.3
Pyrrhotite 9.0 ca. 9

HM-2/122
Arsenopyrite -4.1

Notes: analytical methods, conventions, and calculation methods given in text; errors based on analytical
uncertainties; alteration intensity (as defined by Lesher and Green, 1987): | = incipient, | = slight, m =

moderate, 8 = strong, 8-8 = strong with shearing, qv =quartz vein; *3D value for muscovite in HM1/235

calculated by extrapolation of whole-rock 8D-K20 data (Fig. 1); geothermometers: PM = pl-ms Na-K
exchange, QM = gtz-ms O isotope exchange, QC = gtz-cal O isotope exchange; .
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Table 2. Stable isotope data for metapelites, alteration zones, and type Il vein
mineral separates from the Lowe mine and Jones vein, Tallapoosa
County, Alabama

0 518 3%s  Temp.  8'%0quid  8Dfuid 33*Squid
Sample Type (%o)  (%a) (%) (°C) (%) (%) (%)
Metapelites
LO-23C country rock -82 127
LO-23A alteration zone -69 11.7
LO-31A country rock 95 129 18.6 ca. 19
LO-31B alteration zone -79 13.2 18.8 ca. 19
LO-31C alteration zone -66 11.4
Type Il Vein Mineral Separates
JO-5 quartz 15.2 385145 10.910.7
plagioclase 13.4
LO-26 quartz 14.5 520130 12.410.2
biotite -85 9.9 -4842
LO-30 quartz 15.2 475145 12.5+0.7
plagioclase 13.9
LO-31 quartz 14.5 435140 11.2+0.7
plagioclase 13.0
LO-32 quartz 14.7 350+15 9.4+0.4
chlorite -78 8.7 -50+1

Notes: analytical methods, conventions, and calculation methods given in text; errors based on analytical
uncertainties; LO = Lowe mine, JO = Jones mine.

Three least-altered tonalites at Hog Mountain with 1.7-1.9% K20 and 0.05-0.93% S range
between 9.7 and 11.2%. 8180, between -78 and -81%. 8D, and between 10.2 and 11.3%. 534S.
These ranges exceed analytical uncertainties and reflect a combination of original compositional
inhomogeneity in the pluton (66-72% SiO2, 0.2-0.6% TiO2, 16-18% AloO3) and pervasive
incipient alteration (Green and Lesher, 1987; Lesher and Green, 1987). H isotopic compositions
of altered rocks vary systematically with degree of alteration and deformation, whereas O and S are
more uniform. Four moderately-sericitized tonalites with 2.0-3.9% K20 and 0.24-0.69% S range
between 11.2 and 12.0%. 8180, between -79 and -74%. 8D, and between 9.9 and 11.2%. 534S;
three decussate-textured, strongly sericitized-sulfidated tonalites with 6.3-6.8% K20 and 1.8-
3.0% S range between 9.8 and 10.4%. 8180, between -50 and -53%. 8D, and between 9.6 and
10.5%. 834S; and two strongly foliated, sericitized-sulfidated tonalites with 5.9-8.8% K20 and 2.2-
3.0% S range between 10.7 and 11.0%. 180, between -58 and -62%. 8D, and between 10.3 and
10.5%. 834S. An impure quartz vein with 87% SiO2 contains 11.4%. 8180, -88%. 8D, and 9.8%.
534S, Linear regression of samples from a single vein alteration envelope (Fig. 1), confirms that
muscovite is the principal host for D and K, and yields a 8D value of -49%. at 7.1% K20 (the
average composition of muscovite determined by electron Probe microanalysis: Green and
Lesher, 1988). Mineral separates from a type Il vein yield 3'80qiz = 13.4 and §24Spo = 9.9.
Mineral separates from a type Ill vein and alteration selvage yield &' Oqtz = 134, 5180ms = 11.1,
51 80ca| =11.77, 8Dmg = -63, 51scca| =-8.21, and 5343p0 =9.0.
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Figure 1. Plot of 6D vs. K20 for altered tonalites in HM-1/234-237m at Hog
Mountaln; regression excludes sample 236.1 (Table 1). H Isotopic
composition of average muscovite with 7.1% K20 (determined by
electron probe microanalysls) Is -49%. &D.

Two least-altered metapelites at Goldville exhibit 12.7 and 12.9%. 8180, -82 and -95%. 3D and
18.6%. 834S. H and O isotopic compositions of altered rocks vary systematically with degree of
alteration, whereas S appears to be more uniform. Three altered metapelites range between 11.4
and 13.4%. 5180 and between -79 and -66%. 8D, and exhibit 18.8%. 534S. Mineral separates yield
8180tz = 14.5-15.2%, 8180p| =13.0-13.9%,, 5'80pt = 9.9%, and 8'80¢h| = 8.7%..

Stable Isotope Geothermometry

Samples utilized for stable isotope thermometry comprise coexisting mineral pairs which are
inferred to be in equilibrium, however, different pairs have been sampled from different veins and
are not necessarily cogenetic. Plagioclase and quartz are intimately intergrown within the veins at
Goldville and are most likely to be in equilibrium. Coarse-grained muscovite, biotite, and chlorite
are uncommon within quartz veins at Goldville or Hog Mountain and were separated (with difficulty)
from vein selvages; elemental exchange thermometry suggests that muscovite/biotite selvages
and veins equilibrated at the same temperatures (Stowell et al., in press; Stowell and Lesher, this
volume). Local replacement of biotite by chlorite in other samples suggests that some chlorite
postdates other minerals.

Temperatures of equilibration may be calculated using coexisting minerals and
experimentally-determined or theoretically/empirically-derived O isotopic exchange equilibria.
There are substantial discrepancies between experimentally- and theoretically- or empirically-
determined fractionation factors (see reviews by O'Neil, 1986, and Kyser, 1987). Experimentally-
determined values were used wherever possible; they are considered to be more applicable and
appear to give results more consistent with our elemental exchange thermometry.
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Figure 2. Calculated 5180 values of aqueous fluids In equilibrium with quartz
(short dashed line), muscovite (solld line), and calcite (long dashed
line) mineral separates from the Hog Mountain mine (Table 1). Also
shown are temperature ranges calculated from quartz-muscovite and
quartz-calcite O Isotope fractionation, garnet-blotite Fe-Mg exchange
thermometry, and plagloclase-muscovite Na-K exchange thermometry
for stage Il (qtz-poxcal) and stage Ill (cal-potqtz) veins.

O isotopic fractionation factors are taken from Matsuhisa et al. (1979: quartz-water and
plagioclase-water), O'Neil and Taylor (1969: muscovite-water), Bottinga and Javoy (1975: biotite-
water), Wenner and Taylor (1971: chlorite-water), and O'Neil et al. (1969: calcite-water); H isotopic
fractionation factors are taken from Suzuoki and Epstein (1976: muscovite-water and biotite-
water), Graham et al. (1987: chlorite-water); and C isotopic fractionation factors are taken from
Bottinga (1969: caicite-CO2 and graphite-CO2). Simultaneous solutions of mineral-water
equations for coexisting phases yield temperatures of equilibration and isotopic compositions of
aqueous fluids (Tables 1 and 2; Figs. 2 and 5). Based on the reduced sulfide assemblages (po +
cpy * sph £ mo), calculated low oxidation states of fluid inclusions (P. Sha and C.M.L., unpubl.
data), and relatively high temperatures of equilibration calculated below, the oxidation state of the
hydrothermal fluid is assumed to have been below the SO2/H>S boundary and isotopic
fractionation between H2S—S"2 or HS"—S"2 is inferred to have been negligible (see Ohmoto,
1986).

Temperatures of equilibration of veins and selvages at Hog Mountain (Table 1; Fig. 2) are 475
* 45°C calculated from quartz-muscovite O isotope fractionation and 335 + 40°C calculated from
quartz-calcite O isotope fractionation. These temperatures correspond closely to the 425 + 50°C
and 325 + 50°C values calculated by Green and Lesher (1988) for early (type Il qtz-potcal) and late
(type Il cal-potqtz) stage veins using plagioclase-muscovite Na-K exchange thermometry.
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Figure 3. Calculated 3D values of aqueous fluids In equlllbrium with early
muscovite (solld line: composition calculated in Fig. 1) and late
muscovite (dashed line: mlneral separate) from the Hog Mountain
mine. Temperature ranges as In Figure 2.

Temperatures of equilibration of veins and selvages at Goldville (Table 2; Fig. 5) are 550-
340°C calculated from quartz-plagioclase O isotope fractionation (3 pairs; low precision attributable
to similar slopes of quartz and plagioclase fractionation curves: Fig. 5), 520 + 30°C calculated from
quartz-biotite O isotope fractionation, and 350+15°C calculated from quartz-chlorite O isotope
fractionation. Isotopic re-equilibration by self-diffusion is not considered to have affected the
results, as diffusion calculations (Cole and Ohmoto, 1986) suggest that re-equilibration would be
insignificant for plagioclase, mica, and quartz. Unfortunately, no diffusion data are available for
chlorite.

Fluid Compositlons

The isotopic composition of the early (stabe ll) vein-forming fluid at the Hog Mountain deposit
(Table 1; Figs. 2-4) is 9.9+1.1%. 8180 calculated from quartz-water O isotope fractionation at the
plagioclase-muscovite Na-K exchange temperature, 10.7+0.7%. 580 calculated from quartz-
muscovite O isotope fractionation, -23+8%. 8D calculated from muscovite-water H isotope
fractionation at the plagioclase-muscovite Na-K exchange temperature, and ca. 10%. 534S
assuming negligible pyrrhotite-water S isotope fractionation. The isotopic composition of the late
(stage ll) vein-forming fluid at Hog Mountain (Table 1; Figs. 2-4) is 7.6+1.2%. 5180 calculated from
quartz-caicite O isotope fractionation, -22+9%. 8D calculated from muscovite-water H isotope
fractionation at the plagioclase-muscovite Na-K exchange temperature, -5.9+1.3%. §13C
calculated from calcite-water C isotope fractionation at the quartz-calcite O temperature, and ca.
9%. 534S assuming negligible pyrrhotite-water S isotope fractionation.
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Figure 4. Calculated 813C value of aqueous fluid In equilibrium with a calcite
(solid line) mineral separate from the Hog Mountain mine (Table 1).
Also shown Is the graphite-CO2 fractionation curve for graphite-rich
(MD-293: 9.1%C, -19.9%. §13C) and normal graphitic phyllite (JG-136:
0.8% C, -23.8%. 513C) from the Wedowee Group (Wesolowski et al.,
1987). Temperature ranges as In Flgure 2.

The isotopic composition of the vein-forming fluid in the Goldville district (Table 2; Figs. 5-6) is
10.2-13.2%. 8180 calculated from quartz-plagioclase (3 pairs) and quartz-biotite O isotope
fractionation, -48 + 2%. 6D calculated from biotite-water H isotope fractionation at the quartz-biotite
O temperature, -50 = 1%. 6D calculated from chlorite-water H isotope fractionation at the quartz-
chlorite O temperature, and ca. 19%. 534S assuming negligible pyrrhotite-water S isotope
fractionation. The isotopic composition of the latte-sta?e fluid (Table 2; Figs. 5-6), calculated from
quartz-chlorite O isotope fractionation is 9.4 + 0.4%. 8180.

DISCUSSION
Hog Mountaln Tonalite

All tonalites exhibit incipient alteration: sericitization of plagioclase and introduction of
hydrothermal quartz. As quartz is markedly enriched in 180 relative to most other rock-forming
silicates (see summaries by O'Neil, 1986 and Kyser, 1987), silicification would systematically
increase 8180 values of altered tonalites. Thus, unaltered tonalites were probably characterized
by slightly lower values, of the order of 9-10%. 5180, similar to those of other pre- and syn-
kinematic granitoids in the northern Alabama Piedmont (Wesolowski et al., 1987).

The strongly positive S isotopic values of least-altered tonalites (10-11%. 834S) are clearly
non-mantle (0+1%.: Ohmoto, 1986) and may reflect incorporation of sedimentary S during
generation and/or emplacement, but pervasive incipient alteration of the tonalite and the low
abundance of S in the least-altered rocks (<0.3%: Green and Lesher, 1988) preclude an unique
interpretation.
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Figure 5. Calculated 8780 values of aqueous fluids In equilibrium with quartz
(thin solid lines), plagioclase (dashed lines), biotite (stippled line),
and chlorite (thick solid line) mineral separates from the Lowe mine
and Jones veln (Table 1). Also shown are temperature ranges
calculated from quartz-plagloclase, quartz-blotite, and quartz-chlorite
O Isotope fractionation, garnet-blotite Fe-Mg exchange thermometry,
and plagioclase-muscovite Na-K exchange thermometry.

Vein Emplacement

The restrictive association of gold mineralization with structurally-controlled veins, their
transgressive relationship to stratigraphy, and thermobarometric data all indicate that the present
distribution of gold is a result of metamorphism during progressive D1-D2 deformation.
Temperatures of O isotopic equilibration in veins and alteration selvages at Hog Mountain (475 +
45°C for qtz-ms and 335 + 40°C for gtz-cal) correspond very closely to temperatures calculated
using plagioclase-muscovite Na-K exchange thermometry (Lesher and Green, 1987 and unpubl.
data) and to maximum inferred trapping temperatures of fluid inclusions in vein quartz (Sha and
Lesher, this volume). These temperatures are similar to slightly lower than estimates of peak
metamorphism in the pluton (460 + 50°C and 4.5 + 1kb: Lesher and Green, 1987 and unpubl.
data), indicating that vein emplacement occurred during or slightly after the metamorphic peak,
consistent with observed field relationships. The discordant D and O isotopic fractionation
between quariz, muscovite, and calcite at Hog Mountain (Table 1) suggests that O in quartz and
muscovite records the temperature (and fluid composition) during initial alteration, whereas H in
muscovite and O in calcite record conditions at lower temperatures.
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Figure 6. Calculated 6D values of aqueous flulds In equilibrium with blotite
(solid llne) and chlorite (dashed llne) mineral separates from the
Lowe mine. Temperature ranges as In Figure 5.

Temperatures of O isotopic equilibration at Goldville (550-340°C for gtz-pl, 520 + 30°C for qtz-
bt, and 350 + 15°C for gtz-chl) overlap the 490 + 50°C and 510 + 80°C temperatures calculated by
Stowell et al. (in press) and Stowell and Lesher (this volume) using garnet-biotite Fe-Mg and
plagioclase-muscovite Na-K exchange thermometry, respectively, and are consistent with the P-
V-T-X properties of fluid inclusions in vein quartz (Sha and Lesher, this volume). The garnet-
biotite, quartz-biotite, and quartz-plagioclase temperatures calculated from vein minerals and vein
selvages are identical, within errors, to prograde metamorphic temperatures determined in the
country rocks. These data and prograde zoning of garnet grains indicates that the veins were
emplaced during peak metamorphism. The quariz-chlorite temperatures probably reflect
retrograde metamorphic conditions; the differences (plagioclase = biotite > chlorite) are
consistent with observed paragenetic relationships.

Hydrothermal Alteration

The systematic enrichment of D in altered tonalites at Hog Mountain and altered pelites at
Goldville reflects selective incorporation of D into phyllosilicates during alteration. At the calculated
temperatures of vein formation, muscovite is enriched in D relative to biotite by ca. 20%. (relatively
temperature independent) and chlorite is enriched in D relative to biotite by ca. 15-30%. (strongly
temperature dependent) (Suzuoki and Epstein, 1976; Graham et al., 1987). These enrichments
are consistent both in sense and magnitude with the observed positive H isotopic shifts in the
altered rocks. At Hog Mountain, 8D values of strongly-altered decussate-textured tonalites (-50
and -53%o) and the corresponding calculated muscovite (-49%-) are higher than those of strongly-
altered foliated rocks (-58 and -62%.) and a corresponding muscovite separate (-63%),
suggesting that the latter re-equilibrated with the fluid at lower temperatures during post-
emplacement deformation.
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Figure 7. Plot of D vs. 180 showing whole-rock Isotopic compositions of
least-altered and altered Hog Mountaln tonalites (solid diamonds)
and Wedowee metapelites (open dlamonds) and calculated
compositional fields of veins-forming fluids at the Hog Mountain mine
(HM) and the Lowe mine (LO), compared to calculated compositional
fields of deep sedimentary brines (DSB), metamorphic fluids (M/M),
magmatic fluids (M), meteoric waters (MWL), and standard mean
ocean water (S) (Sheppard, 1986).

As noted above, incipient sericitization and silicification are probably responsible for the minor
dispersion in 8180 values of least-altered tonalites (Fig. 7). At the calculated temperatures of vein
formation, muscovite is depleted in 180 relative to quartz by 2-3%., depleted relative to
plagioclase by 1-2%., and enriched relative to biotite by 3-4%. (O'Neil and Taylor, 1969; Matsuhisa
et al., 1979; Bottinga and Javoy, 1975). The trend of slightly decreasing 580 with increasing
intensity of alteration is consistent with the original proportions of quartz, plagioclase, and biotite
in the tonalite (pl>qtz>bt), the small magnitudes of fractionation involved, and the offsetting
directions of 180 enrichment (gtz>pl>ms>bt) relative to alteration trends (pl—-ms+qiz, bt—ms).

Although there are insufficient data to quantitatively model fluid-rock isotopic fractionation
during alteration, the trends of D enrichment and 180 depletion with increasing degree of
alteration of tonalites at the Hog Mountain mine and metapelites at the Lowe mine are similar and
are consistent with alteration by fluids of compositions calculated independently from the isotopic
compositions of mineral separates (Fig. 7). For example, least-altered tonalites (solid diamonds:
ca. -80%. 8D and 10%. §'80) would be in H and O isotopic equilibrium with magmatic fluids (ca. -
50%. 8D and 8%. 8180) at granite solidus temperatures, whereas strongly-altered tonalites (solid
diamonds: ca. -50%. 8D and 10%. 5180) would be in isotopic equilibrium with calculated vein-
forming fluids (HM) at metamorphic temperatures. At the same temperatures, least-altered
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metapelites (open diamonds: ca. -90%. 8D and 13%. 5180) would be in H and O isotopic
equilibrium with metamorphic fluids (M/M: ca. -70%. 8D and 11%. 8180), whereas strongly-altered
metapelites (open diamonds: ca. -70%. 8D and 11%. 880) would be in isotopic equilibrium with
calculated vein-forming fluids (LO). At lower (diagenetic) temperatures, the metapelites would be
in isotopic equilibrium with deep sedimentary brines (DSB).

The correspondence between rock alteration trends and fluid compositions calculated from
vein mineral separates indicates that the same fluids from which vein minerals crystallized were
also responsible for alteration of the country rocks and introduction of gold.

Fluld Source

The presence of vein-associated alteration at Hog Mountain and Goldville indicates that the
vein-forming fluids were not in chemical or isotopic equilibrium with the country rocks and could
not have been derived locally by "lateral secretion." This is supported by Sr isotopic data at Hog
Mountain which preclude derivation from Wedowee metapelites. Strontium isotopes do not
fractionate, so the 87Sr/88Sr ratio of the fluid will be equal to that of the 0.7061 + 0.0012 initial
873r/863r ratio of the hydrothermal alteration zone (Green et al., 1988). This value is significantly
less radiogenic than average Wedowee Group metapelites which exhibit initial 87Sr/86Sr = ca.
0.715 (Russell, 1978), but more radiogenic than the least-altered tonalites (87Sr/86Srjnitial =
0.7050: N.L.G., C.M.L., and A.K. Sinha, unpubl. data).

The limited C isotopic data are equivocal. Although the calcite at Hog Mountain could have
been in C isotopic equilibrium with the most C-rich graphitic phyllonite analyzed by Wesolowski et
al. (1987), most Wedowee metapelites exhibit more negative 8'3C values (down to -26.5%.) and
could not have been in equilibrium with the fluids that equilibrated with the calcite.

The vein-forming fluid at Hog Mountain was characterized by 7 to 11%. 8180, -15 to -31%. 8D, -
5 to -7%. 813C, and ca. 9%. 534S, whereas the vein-forming fluid at Goldville was characterized by 9
to 13%. 8180, -44 to -48%. 8D, ca. 19%. §34S. The H and O isotopic composition of the Hog
Mountain fiuid is similar to that of deep sedimentary brines or metamorphic fluids, but is markedly
different from seawater, meteoric waters, or magmatic fluids (Fig. 7). The Goldville fluid is also
within the field of metamorphic fluids, but is significantly depleted in D and enriched in 34S relative
to the Hog Mountain vein-forming fluid. Although these fluids fall within the range that might form
by mixing of metamorphic fluids and meteoric waters, the alteration trends do not define mixing
lines between such fluids. The positive S isotopic signatures of the fluids are also consistent with
an oxidized, nonmagmatic, probable metasedimentary source for the S (see Ohmoto, 1986).

The vein-forming fluid at Hog Mountain was enriched in D, Rb, K, Ba, Fe, W, S, and Au, and
the vein-forming fluid at Goldville was enriched in D, Rb, K, Ba, Mg, Fe, Al, and Au. All these
elements are enriched in pelitic sedimentary rocks and could be mobilized during metamorphism.
As such, vein-forming fluids were most likely derived from deeper parts of the metamorphic pile,
metasediments of the Ashland-Wedowee belt underlying the Goldville-Hog Mountain area,
metasediments of underlying thrust sheets, and/or metasediments of the underlying North
American continental shelf (Green et al., 1988), and ascended along permeable zones that
developed during deformation.

CONCLUSIONS

Auriferous quartz veins in the central part of the Ashland-Wedowee belt were emplaced after
the initiation of deformation and during to slightly after peak metamorphism. Temperatures of O
isotopic equilibration at Hog Mountain are 475 + 45°C for quartz-muscovite and 335 + 40°C for
quartz-calcite, consistent with 425 + 50 and 325 + 50°C temperatures obtained by plagioclase-
muscovite Na-K exchange thermometry for type Il and type Ill veins, respectively. Temperatures of
O isotopic equilibration at Goldville are 550-340°C for quartz-plagioclase, 520 + 30°C for quartz-
biotite, and 350 + 15°C for quartz-chlorite, consistent with 490+50°C temperatures obtained by
garnet-biotite Mg-Fe exchange thermometry and 510+80°C temperature obtained by plagioclase-
muscovite Na-K exchange thermometry. Discordant D and O isotopic fractionation between
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quartz, muscovite, and calcite at Hog Mountain suggests that O in quartz and muscovite records
the temperature (and fluid composition) during initial alteration, whereas H in muscovite and O in
calcite record conditions at lower temperatures.

The presence of alteration envelopes adjacent to mineralized veins at the Hog Mountain
deposit and at deposits in the Goldville district indicates that the country rocks in both areas were
not in equilibrium with vein-forming fluids and could not have been derived locally, negating
models involving local mobilization ("lateral secretion") of syngenetic gold into quartz veins during
metamorphism. Altered tonalites at Hog Mountain and altered metapelites at Goldville are
markedly enriched in D relative to least-altered equivalents, reflecting selective incorporation of D
in phyllosilicates. Altered metapelites at Goldville are also depleted in 180, reflecting exclusion by
phyllosilicates.

The vein-forming fluid at Hog Mountain was characterized by 7 to 11%. 8180, -15 to -31%. 8D, -
5 10 -7%. 813C, and ca. 9%. 534S, whereas the vein-forming fluid at Goldville was characterized by 9
to 13%. 8180, -46 to -51%. 8D, and ca. 19%. 534S. The H and O isotopic compositions of such
fluids are similar to those of basinal brines or metamorphic fluids, but are markedly different from
seawater, meteoric waters, or magmatic fluids. The stable isotopic data, together with field,
petrographic, microthermometric, and geochemical data, suggest that vein-forming fluids in both
areas equilibrated to varying degrees with, and were probably derived from, pelitic
metasedimentary rocks, but were not derived from adjacent country rocks. Mineralizing fluids were
most likely derived from underlying thrust sheets and/or the underlying North American
continental shelf.
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THE ROYAL VINDICATOR GOLD DEPOSIT, HARALSON COUNTY, GEORGIA:
A METAMORPHOSED EPITHERMAL HOT-SPRINGS TYPE GOLD DEPOSIT

Travis A. Paris
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5604 Malmsbury Road, Knoxville, TN 37921-3827

ABSTRACT

The Royal Vindicator gold deposit occurs in the northern
Piedmont of western Georgia near the boundary between the
Talladega Group and the Wedowee Group. The deposit is hosted
in the lower part of an alternating sequence of felsic and
mafic metavolcanics interpreted to be equivalent to the
Hillabee Greenstone. Regional strike of foliation/bedding at
the deposit is approximately east-west, dipping 15°-20° to
the south. The overlying Wedowee Group is in gradational
contact with the underlying Hillabee metavolcanics, not in
fault contact as is common in Alabama and as suggested by
Heuler and Tull (1989).

The gold ores consist of strata-bound pyritic, siliceous
bodies hosted in altered felsic metavolcanics. Gold
particles observed in reflected light microscopy range from
0.0005 mm to 2.0 mm in longest dimension, and occur in four
different habits: (1) discrete ovoid to ragged particles of
native gold; (2) ovoid to ragged gold grains within and on
pyrite grains; (3) composite grains of gold associated with
highly reflective, silvery white and duller gray,
unidentified minerals; and (4) subhedral grains intergrown
with magnetite or hematite. Geochemical analyses of the ore
bodies reveal a strong positive correlation of gold with
silver and molybdenum and a subtle correlation with mercury,
arsenic, copper, and lead.

The gold mineralization 1is interpreted to have been
deposited synchronously with felsic tuffs along the flanks of
shallow, elongate basins by a volcanic hot springs system.
The hot springs solutions formed siliceous sinters, altering
and replacing tuffs as they were being deposited. During the
Devonian-aged Acadian(?) orogeny the deposit was
metamorphosed to the biotite =zone and possibly the garnet
zone of the greenschist facies and deformed. Altered tuffs
are now siliceous, auriferous, pyritic magnetite-sericite-
quartz schists. The metasinters are now fine-grained,
alternating layers of auriferous quartz and pyrite, oriented
parallel to bedding/foliation. These auriferous horizons
contrast with barren milky quartz veins which both parallel
and cut across bedding/foliation.

50



INTRODUCTION

This paper describes the geology of the Royal Vindicator
gold deposit and presents data on the geologic setting,
geochemistry of ore and country rocks, modes of gold
occurrence and distribution, and interpretation of the origin
of the deposit.

LOCATION
The Royal Vindicator gold mine is a former gold producer
currently being reevaluated by industry concerns. It is
located in southwestern Haralson County, Georgia,
approximately 5 km east of the Georgia-Alabama state 1line,
and 4.8 km south of the town of Tallapoosa (fig. 1). The

countryside surrounding the site is comprised of small farms
and timberlands.

PRODUCTION HISTORY

The exact point in time at which gold was discovered at
the Royal Vindicator deposit is obscure. Yeates and others
(1896) reported that gold was originally discovered at the
site by a farmer named Owens around 1840. More recently,
however, Reeves (1975) reported that gcld may have been
discovered at the site as early as 1829. Shearer (1917)
noted that the deposit was being operated as the Hollins
(Holland) mine in 1834. The deposit was operated as a
successful placer and saprolite mine with minor production
from shallow shafts from the time of its discovery until the
Civil War (Yeates and others, 1896; Shearer, 1917).
Production after the war was sporadic with various operators
depleting the surface deposits and switching to underground
methods. These later mining attempts lasted for only a few
years at a time because of poor economics resulting from the
low recovery of gold from increasingly sulfidic ores. During
one such period, beginning in 1887, the deposit was known as
the Camille mine (Yeates and others, 1896; Shearer, 1917). In
1896 the deposit was purchased by the Royal Gold Mining
Company which erected a concentrating mill, roasting furnace,
and chlorination (modified Thies) plant for treating the
sulfidic ores (Yeates and others, 1896; Lane, 1900; Jones,
1909). This milling operation was also wunsuccessful in
obtaining an economic recovery of gold from the ores.

Underground mining prior to 1900 was through inclined
shafts, but by 1910 a vertical shaft had been sunk to 155

feet (47.2 m). The mine was last worked through this shaft
from 1914 to 1917 by the Royal Vindicator Mines Company
before finally closing permanently (Shearer, 1917; Ruhl,
1917; Reeves, 1975). The mine was dewatered, sampled, and

evaluated with two core holes in the mid-1930's. This effort
resulted in no renewed production (Maillot, 1940).
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Figure 1. Location of the Royal Vindicator gold deposit,
Tallapoosa County, Georgia. Map base taken from the
Tallapoosa, Georgia, 7.5-minute quadrangle. Contour
interval is 20 feet.
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The most recent exploration of the deposit began in late
1979. ©U.S. Borax conducted regional reconnaissance and
detailed geologic mapping of the mine region followed by soil
and stream sediment geochemistry, ground magnetic and VLF-EM
surveys, and core and reverse circulation drilling. In 1987
the prospect was acquired by a joint venture between Atlantic
Goldfields, Inc., and Jascan Resources, Inc., who conducted
further core and shallow auger drilling. The main shaft was
also dewatered and reconditioned to allow mapping and channel
sampling of the 105 foot (32 m) level workings. Exploration
to the end of 1988 has identified approximately 75,000 tons
of old tailings averaging 0.045 oz/tn gold and outlined
south-southeast trending mineralized bodies containing
approximately 350,000 tons grading 0.145 oz/tn gold.

Yeates and others (1896) and Jones (1909) reported that
the Royal mine yielded approximately 5,000 ounces of gold
from surficial and shallow underground workings. More recent
studies, however, indicate as much as 40,000 ounces of gold
with minor silver credits were produced from an estimated
250,000 tons of ore. This conclusion is based on the extent
of surficial and underground workings, mine assays, and the
volume and grade of tailings (West Georgia College,
unpublished reports; Ruhl, 1917; Maillot, 1940).

PREVIOUS INVESTIGATIONS

The Royal Vindicator gold mine occurs in one of a group
of greenstone and felsic gneiss units containing gold and
copper mineralization which has historically been called the
Dahlonega gold belt (Yeates and others, 1896; Jones, 1909).
The structural and stratigraphic setting of the Royal
Vindicator mine area has only recently been examined in
greater detail and is still not well defined.

Hurst and Crawford (1969) located the Royal mine 1in an
arcuate-shaped unit of chlorite schist and amphibolite
flanked to the north by quartzite and phyllite of the
Talladega Group and to the south by garnetiferous, graphitic
mica schists of the Wedowee Group. They interpreted the gold
bearing quartz and sulfide mineralization as the product of
hydrothermal alteration along a shear zone.

Cressler (1970) indicated the greenstone outcrops along
Georgia Highway 100 immediately east of the mine and in the
Walker Creek valley are Hillabee Chlorite Schist (Hillabee
Greenstone). The quartzite ridge 1 km north of the mine and
forming Tally Mountain to the northeast was correlated with
the Cheaha Sandstone Member of the Talladega Slate.

Neathery and Hollister (1984) show the Royal deposit is

hosted in chlorite schist associated with other mineralized
mafic units of the western Georgia Piedmont associated with

53



the Wedowee Group.

Geologists of the Georgia Geologic Survey have recently
placed the Royal Vindicator deposit in various geologic
units. While the majority of gold production in the
Dahlonega gold belt occurred in the New Georgia Group (Abrams
and McConnell, 1984; McConnell and Abrams, 1982, 1984;
McConnell and others, 1986; and German, 1985), the Royal
Vindicator and a number of other west Georgia gold deposits
fall outside of this stratigraphic unit. Abrams and
McConnell (1984), McConnell and Abrams (1984), and McConnell
and others (1986) placed the Royal Vindicator in the
stratigraphically younger Dog River Formation of the western
Sandy Springs Group, which structurally overlies rocks of the
Talladega Group to the northwest, and is separated from them
by the Allatoona Fault.

More recently, German (1988) assigned the Royal-
Vindicator deposit to an unnamed greenstone and
quartzofeldspathic gneiss unit flanked to the north by the
Talladega Group and to the south by the Andy Mountain

Formation of the Sandy Springs Group (western belt). The
presence of a fault separating the various wunits 1is not
indicated, and German (1988; in press) correlates the
greenstone unit with the Hillabee Greenstone, which is in
gradational contact with underlying Talladega Group
metasediments.

Heuler and Tull (1989) have extended the Hillabee
Greenstone into Georgia. They conclude the arcuate chlorite
schist unit in the deposit vicinity, as well as a linear
chlorite schist unit between Tallapoosa and Buchanan,
Georgia, is Hillabee Greenstone. The Jemison Chert and
Butting Ram Sandstones of the Talladega Group metasediments
are extended by Heuler and Tull (1989) into the mine area as
the quartzite and phyllite units which underlie the prominent
ridge north of the mine site and Tally Mountain to the
northeast. Wedowee Group metasediments structurally overlie
the Hillabee Greenstone and are separated from it by the

Hollins Line Fault. However, Heuler and Tull (1989) place
the Royal Vindicator gold deposit within a felsic schist unit
contained in the Wedowee Group, not in the Hillabee
Greenstone.

Paris (1986, 1989a) has recognized that the Royal
Vindicator gold deposit is hosted by siliceous schist in a
felsic metavolcanic unit interbedded with mafic and felsic
metavolcanics which correlate stratigraphically and
geochemically with the Hillabee Greenstone. This
metavolcanic sequence is stratigraphically underlain by
metasediments of the Talladega Group and stratigraphically
overlain by metasediments of the Wedowee Group (Paris, 1986).
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STRATIGRAPHY
Introduction

The Royal Vindicator mine area occupies predominantly
forested uplands and some swamp areas which are deeply
weathered and contain only scattered, small rock outcrops.
Three major lithostratigraphic units c¢rop out in the mine
area - the Talladega Group, the Hillabee Greenstone, and the
Wedowee Group. Gold mineralization of potential economic
grade occurs within the upper part of a silicified, pyritized
felsic unit in the lower part of the Hillabee Greenstone
sequence.

Talladega Group

The oldest lithostratigraphic unit in the mine area is

the Talladega Group. Muscovite-quartz schist and phyllite
intercalated with thin quartzite beds underlie the prominent
ridge approximately 350 m north of the mine (fig. 2). These

rocks are suggested to be correlative with the Jemison Chert
and Butting Ram Sandstone sequence of the Talladega Group, in
agreement with Heuler and Tull (1989).

Exploration drilling approached to within 5- to 10-m of
the Hillabee Greenstone-Talladega Group contact but did not
cut it. More recently, however, this stratigraphic contact
has been penetrated by core drilling at the mine site by the
Georgia Geologic Survey (German, in press), and confirms that
mafic metavolcanics are in gradational contact with siliceous
and calcareous metasediments of the Talladega Group. Similar
contact relationships have been recognized in Alabama by Tull
and others (1978), Tull and Stow (1980, 1982), and Paris
(1989Db) .

Wedowee Group

Bluffs and uplands south of the mine area and Walker
Creek are underlain by rocks correlated with the Wedowee
Group which structurally and stratigraphically (?) overlies
the Hillabee Greenstone (fig. 2). In Georgia, rocks of the
Wedowee Group are known as the Andy Mountain Formation of the
Sandy Springs Group, western belt (Abrams and McConnell,
1981y,

The Wedowee Group, as seen in both core and outcrop at
the Royal Vindicator deposit, is comprised mainly of
graphitic phyllite, sulfide-bearing chlorite-garnet-biotite-
muscovite+graphite phyllite, and massive to locally micaceous
quartzite. Also present are lesser amounts of Dbiotite-
chloritet+amphibole schist, garnetiferous quartzite, and milky
quartz veins. These 1lithologies are similar to those
reported for the Cragford Phyllite of the Wedowee Group in
Alabama by Neathery and Reynolds (1975).
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Figure 2. General geology of the Royal Vindicator gold
deposit (RV) area, Tallapoosa County, Georgia.
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Twelve core holes penetrate the contact of the Wedowee
Group metasediments with the underlying Hillabee Greenstone
metavolcanic sequence. No fault contact or shear zone
appears to be present. The contact appears to be a
gradational zone with Wedowee lithologies interbedded with
those of the Hillabee. Additionally, a graphitic phyllite
and quartzite unit up to 45 m thick which correlates well
with the Wedowee Group lies roughly 70 m below the contact of
and within the Hillabee Greenstone.

Sparse mineralization was also encountered in core which
penetrated the Wedowee Group. Base-metal mineralization,
comprised of 1- to 2-mm grains of galena and red-brown
sphalerite,, occurs in 1l- to 3-cm thick massive to banded
quartzite horizons hosted in garnet-chlorite-biotite-
muscovite phyllite and graphitic phyllite. Also present,
disseminated within the phyllites and spatially associated
with the base-metal mineralization, are 2- to 3-mm long
arsenopyrite crystals. This mineral assemblage is similar to
that seen in the Tallapoosa mine, Tallapoosa County, Alabama,
a deposit which also occurs in the Wedowee Group (Paris,
1985) »

Hillabee Greenstone
A unit of white, laminated to banded, quartz-sericite

schist, striking approximately east-west and dipping at 15
to 50 southeast, was mapped 1in saprolite exposed in the

walls of the o0ld mine cuts. Foliation/bedding is locally
modified by chevron folding. Thin glassy quartz lenses and
bands locally occur parallel to foliation/bedding; major

quartz veining is absent. Weathering of pyrite in the schist
leaves cubic- to ragged-shaped, iron-oxide filled voids and
stains the saprolite to a tan to red-orange color. No
readily identifiable shear zone or other potential control of
the gold mineralization is apparent in outcrop.

The quartz-sericite schist unit is underlain by
weathered chlorite schist in two mine cuts. Weathered
epidote-quartz-feldspar+chlorite gneiss and schist overlies
the quartz-sericite schist in the southern part of the mine
cut and in drainage trenches.

Rock types found in outcrops away from the mine workings
are predominantly chlorite schist and minor chlorite-epidote-
feldspar gneiss, felsic schist, and banded iron formation.
All of these rocks, based on lithologies, metamorphic grade,
stratigraphic position, and lithogeochemical analyses of
drill core, are correlated with the Hillabee Greenstone
(Paris, 1986, 1989%a).

Core drilling to delineate the extent and tenor of gold
mineralization also allowed the development of a mine area
stratigraphy (Table 1). To date, 51 NX/NQ (51-mm diameter)
core holes (totaling approximately 7153.2 m) and five 133-mm
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Table 1. Stratigraphic/Lithologic Column Based on Core
Drilling, Royal Vindicator Gold Deposit,
Haralson County, Georgia

Name Lithology Thickness
J (meters)
0o
3 5
o N Cragford Phyllite graphitic phyllite; chlorite- >110
g" (after Neathery and garnet-graphite-phyllite;

Reynolds, 1975) chlorite schist; tgarnet

quartzite
Upper Volcanic chlorite schist; sericite-quartz 50-71
Sequence schist; biotite-quartz-feldspar

gneiss; chlorite-epidote-quartz-
feldspar+garnet gneiss

Upper Sedimentary graphite phyllite; chlorite- 0-45
Sequence graphite-mica schist; mica
schist; quartzite
Mixed Chlorite and chlorite schist; sericite- 7-10
Sericite Schist Zone quartz+chlorite schist
Upper Greenstone II chlorite schist 7-15
s Upper Gneiss II biotite~quartz-feldspar 4-23
£ t+garnet gneiss
i}
2 Upper Greenstone chlorite schist with cpy and po 9-19
o bearing epidote-quartz granofels
: (lapilli or amygdules); minor
0 banded iron-formation at top
o
2 Upper Gneiss chlorite-epidote-quartz-~ 10-26
o feldspart+garnettbiotite
- gneiss
=
Hanging wall chlorite schist; epidote-chlorite 0-9
Greenstone schist
Siliceous 2Zone pyrite-magnetite-quartz-sericite 2-34

schist; quartzite; quartz;
sericite-feldspar-quartz+
epidotetgarnet schist; pyrite

bands
Footwall Greenstone chlorite schist; epidosite 2-5
Lower Gneiss biotite-muscovite-quartz 11-17

feldspar+garnet gneiss

Lower Greenstone chlorite schist; banded iron- 16-17
formation near base



diameter, reverse circulation holes (totaling approximately
359.4 m) have been drilled at the Royal Vindicator in order
to outline the gold-bearing zones.

Rocks of the Hillabee Greenstone in the mine area appear
to have been deposited as an alternating felsic-mafic
metavolcanic sequence approximately 250-m thick, overlain by
graphitic metasediments. At least one hiatus in volcanism is
indicated by a wedge of graphitic phyllite and quartzite in

the middle of the volcanic section. The Hillabee
stratigraphy in the upper parts of the drill holes is
variable from hole to hole, probably representing rapid

facies changes in the volcanic environment, possibly tied to
waning volcanism. The stratigraphy in the lower portions of
the holes is much more consistent and appears to represent
more stable, cyclic volcanism. The major mafic and felsic
cycles are informally named in the order of their occurrence
above or below the main gold-bearing unit (Table 1).

Mafic Units

The mafic metavolcanic units are comprised predominantly
of biotite-chlorite schist, chloritetamphibole schist, and
epidote-biotite-chloritetgarnet schist. These units vary
from individual beds a few centimeters to several meters
thick. Units comprised of different oF similar mafic
lithologies vary from 9- +to 20-m thick. Possible relict
volcanic features include 2- to 5-mm blocky, saussuritized
feldspar megacrysts interpreted as relict phenocrysts,
elliptical epidote-quartz clasts (0.5- to 4-cm long) thought
to represent compacted 1lapilli, and rounded calcite-quartz
and epidote-quartz structures 2 to 10 mm in diameter which
may be filled vesicles or amygdules. Individual mafic
metavolcanic units are not traceable in outcrop due to poor
exposure and similar gross lithologies.

Upper greenstone

At least one mafic metavolcanic wunit is distinctive and
is identifiable and correlatable in core, based on trace
mineral content. This wunit, the Upper greenstone, contains
scattered elliptical epidote-quartz clasts (0.5- to 4-cm
long) which contain traces of pyrrhotite, chalcopyrite, and
local pyrite in minute fractures in the clast boundaries and
interiors. The clasts are interpreted to be deformed
lapilli, possibly compressed pumice fragments.

Banded Iron Formation

Associated with some mafic units are thin (7- to 15-cm

thick), banded magnetite-quartz+pyrite granofels units
interpreted to be Algoma-type banded iron formation (BIF:
Gross, 1980). These banded iron formations crop out in the
area and have been intersected by core drilling in two
different mafic units at the mine. In core, a highly

59



discontinuous BIF occurs at the top of the Upper greenstone
associated with an equally discontinuous felsic lapilli tuff
with a chloritic matrix. It has not been identified in
outcrop. A second BIF located just above the base of the
lower greenstone can be traced discontinuously in outcrop for
several kilometers to the east and southeast of the mine
area, roughly marking the Hillabee Greenstone-Talladega Group
contact. The BIF which occurs at the top of the wupper
greenstone has not been identified in outcrop. At least two
other BIF's are known in the Royal Vindicator mine area

(fig. 2). Highly deformed BIF crops out on a Jlow knoll
approximately 1.6 km east-northeast of the mine site at what
is thought to be the same stratigraphic level as the gold-
mineralized zone, but contains no gold. Another BIF can be
traced discontinuously for approximately 100 m in the
vicinity of old prospect workings 0.9 km southeast of the
major Royal Vindicator mine workings.

Felsic Units

Felsic lithologies cored at the Royal Vindicator mine
include, sericite-quartz+pyrite schist, sericite-quartz-
feldspar+pyrite schist, muscovite~biotite-quartz-feldspar
+garnet gneiss, and chlorite-epidote-quartz-feldspar+pyrite
+garnet+biotite gneiss. These wunits also cannot be traced
for any distance beyond or correlated outside of the mine
area due to weathering and poor exposure. In the upper
portion of the core holes the felsic schistose wunits are
intercalated with chloritic schist. The gneissic units occur
in the lower parts of the holes as thin-bedded to massive-
bedded horizons 4- to 30-m thick.

The dominant minerals of the felsic 1lithologies are
sericite, chlorite, quartz and feldspar. Biotite, epidote,
garnet, pyrite, and calcite are accessory minerals. Quartz
occurs as fine-grained material of the groundmass, in
veinlets of gray, glassy quartz and milky white quartz, and
locally as rounded to elliptical (2- to 6-mm across), bluish
quartz "eyes" which are interpreted as relict phenocrysts.
Feldspar (plagioclase) is commonly fine-grained or forms
blocky shaped grains (2- to 4-mm across) which are variably
saussuritized. Individual blocky grains in the fine-grained
groundmass are interpreted as relict phenocrysts. Epidote
occurs as fine-grained material in the well foliated to
massive groundmass with fine-grained sericite and chlorite,
as round radiating crystal masses interpreted as filled
amygdules, and as elliptical quartz-epidote masses to 4 cm in
length interpreted as altered lapilli. Biotite forms 1- to
4-mm brown laths oriented parallel to foliation. Garnet
occurs as single, scattered, red to red-purple, subhedral
grains 0.5- to 3-mm in diameter, and in bands of grains one
or two grains thick. Pyrite varies widely in abundance
throughout the metavolcanic section, occurring as anhedral
grains (£0.5- to 3-mm), rounded grains or equant to flattened
cubes up to 10 mm across, and as bands of subhedral grains
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parallel to foliation/bedding. Calcite is found as 0.5- to
3-mm disseminated grains in the groundmass and as 0.5- to 1-
mm thick bands parallel to foliation.

The most distinctive felsic units are the Upper gneiss
and the Siliceous zone.

Upper Gneiss

The Upper dgneiss is a distinctive marker unit 10- to
26-m thick. It is comprised predominantly of chlorite-
epidote-quartz-feldspar+pyritetgarnet+biotite gneiss which
occurs immediately above the Siliceous zone or is separated
from it by a chlorite schist unit as much as 10-m thick (the
Hanging wall greenstone). The greatest abundance of epidote
and chlorite occurs structurally above and laterally
displaced to the east of the greatest underlying gold
concentrations. Epidote abundance decreases rapidly away
from the gold mineralization. The lack of facing criteria
allows two interpretations: (1) the epidote and chlorite
concentration in the Upper gneiss unit represents an
alteration product formed originally beneath the gold
horizon, or (2) it represents a volcanic unit above the gold
horizon that was altered by mineralizing solutions during and
after gold deposition.

Siliceous Zone

The Siliceous =zone 1s a variably altered, laminated,
siliceous, felsic metavolcanic unit. The most intense
alteration and gold mineralization are contained in the
uppermost 5- to 15-m of the unit. Core drilling indicates
that the overall thickness of the Siliceous zone varies from
2.1 to 32.8 meters. The variations in thickness of the
Siliceous zone are believed to define two depositional basins
with an hourglass shape in plan. The axes of these basins
now trend down-dip approximately S80 E.

In underground workings and drill core, the unit is
represented by intercalated, banded white, gray, and tan
feldspathic schist, quartz-sericite schist, and fine-grained
silica bands with disseminated and banded pyrite. Gold
occurs with strongly altered, siliceous rock containing a
distinctive pyrite and iron-oxide assemblage. Silicification
occurs as fine-grained quartz permeating the original tuff
(alteration), as micro-crystalline bands interpreted to be
metachert, and as milky quartz vein segregations oriented
parallel to bedding/foliation.

The protolith of the Siliceous zone has been logged in
drill core away from the altered, gold-bearing zone. There,
the rock is an wunaltered muscovite-biotite-quartz-feldspar
tgarnet+chloritet+epidote schistose gneiss (rhyodacitic meta-
volcanic). Blocky 1l- to 2-mm feldspar grains and 2- to 3-mm
rounded blue quartz grains are scattered through the rock,
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giving it a similar appearance to that of the felsic
metavolcanics in other parts of the section.

Footwall greenstone

A thin (0.6- to 2.4-m thick) chlorite schist occurs at
the base of the Siliceous zone and is known as the Footwall
greenstone. This unit forms a distinctive marker bed within
which drilling was usually terminated.

STRUCTURE

Abrams and McConnell (1984) and McConnell and Abrams
(1984) define S, as the dominant foliation in rocks of the
"Greater Atlantd Area", and this fabric is related to F
isoclinal, recumbent folding. They indicate that major
outcrop patterns, however, are the expression of F2 isoclinal
to open folds.

German (1988) recognizes S, as the dominant S surface.
This fabric is related to F,“isoclinal to open folds which
are responsible for most outcrOp patterns in the west Georgia
area.

The predominant foliation in the prospect area 1is a
schistosity defined by preferably oriented platy minerals
(micas and chlorite). The fabric parallels compositional
layering (bedding) and is termed Sk o Weaker, poorly
developed fabrics include minor axial planar foliation in
some isoclinal fold noses and minor chevron folds whose axial
surfaces intersect S at a low angle. The strike of
foliation/bedding varies widely from west-northwest to east-
northeast. Dips are almost exclusively to the south at 10°
to 50°. Rare dip reversals to 15° northwest were noted in
underground workings.

The rocks in the mine area have been multiply deformed,
and although a rigorous examination of structures has not
been made, certain observations can be described. The major
outcrop trend in the mine area defines a =zigzag fold (fig.
2), represented by an F overturned synform-antiform pair
plunging southeast which "has in turn been deformed by F
folds which locally transpose S into the F intrafoliai
folds. The synform portion of tﬁe ', fold is fepresented by
the deflection of the east-northedst-trending ridge Jjust
north of the mine to a south-southwest direct ion at Tally
Mountain. The trend of this fold can also be traced by
discontinuous outcrops of a banded iron formation adjacent to
the Talladega Group-Hillabee Greenstone contact. The Royal
Vindicator mine occurs in the wupright 1limb of the synform.
Broad north-northeast-trending F warps and northwest-
trending F, warps are easily B8een in the underground mine
workings, and are probably the cause of some of the northwest
to northerly strikes of foliation seen 1in surface outcrops.
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F3 and F4

Faulting is comprised mainly of post-metamorphic,
brittle, high-angle reverse faults trending north-northwest.
These are best exposed in underground mine workings. No
evidence is seen for the presence of the Hollins Line thrust
fault as mapped in the vicinity by Heuler and Tull (1989).
Core drilling through the Wedowee Group-Hillabee Greenstone
contact and limited exposures of the contact in outcrop do
not appear to support the presence of this fault in the Royal
Vindicator mine area.

are similar to those recorded by German (1988).

METAMORPHISM

Paris (1986) recognized that the Royal Vindicator gold
deposit lithologies 1lie in the biotite zone of the

greenschist facies, while German (1988) indicated that the
general metamorphic grade may be as high as the staurolite
grade of the amphibolite facies. However, German (1988)

indicates that the metamorphic grade at the Royal Vindicator
mine is no higher than garnet grade.

Metamorphic grade in the immediate mine area appears to
be the garnet grade of the greenschist facies. Epidote,
biotite, and chlorite characterize mafic and felsic rocks of
the Hillabee Greenstone sequence, and red garnets 0.l1- to 2-
mm in diameter are common in the felsic units but are rare in
the chlorite schists. Amphiboles are rarely observed, and
these appear to be actinolite. Although a local mineral
collector has reported staurolite in the vicinity of the
Royal Vindicator mine, none was observed during this study.

The overlying Wedowee Group lithologies also contain
abundant biotite, chlorite, and garnet. Although no kyanite
or staurolite is seen in the immediate Royal Vindicator mine
area, German (1988) reports their presence in the overlying
Andy Mountain Formation (Wedowee Group) rocks in other areas.

Mafic units in the Hillabee Greenstone and Wedowee Group
in the vicinity of the Royal Vindicator mine are
predominantly chloritic schists that are locally actinolitic;
rocks dominated by amphiboles are very rare. The absence of
abundant amphiboles may be attributed to intense magnesian
alteration of the rocks, which allowed certain chlorite
species to be stable into the lower amphibolite facies.

GEOCHEMISTRY
Geochemistry of the Metavolcanics
The metavolcanic sequence hosting the Royal Vindicator

mine correlates well with the Hillabee Greenstone based on
its stratigraphic position in relation to the Talladega group

63



lithologies. 1In addition, major element whole rock
geochemical analyses of this and other studies (McConnell and
Abrams, 1984; German, 1988) are very similar to those of the
Hillabee Greenstone reported by Tull and others (1978) in
Alabama.

Lithologies seen in mine cuts and core indicate a strong
bimodal distribution of mafic to felsic rock types, and a
standard AFM plot (fig. 3) of 30 core analyses (Appendix 1)
confirms this distribution. The chlorite schists (mafic
metavolcanics) are all basaltic in composition with
tholeiitic affinities, and felsic metavolcanics (quartz-
sericite schist and gneiss) are dacitic to rhyolitic in
composition with both tholeiitic and calc-alkaline
affinities. Although alteration 1is definitely present in
portions of the stratigraphic section (Siliceous =zone and
Upper gneiss) and is probably pervasive throughout the
section, the AFM plot of Royal Vindicator samples shows a
similar distribution for gross lithologic types as that found
by Tull and others (1978) for unaltered lithologies of the
Hillabee Greenstone in Alabama. This would indicate that
major remobilization of most elements has either not taken
place or is pervasive in all samples.

Exploration Geochemistry

Surficial exploration for gold in the area of the old
mine and the surrounding area was conducted using soil
geochemistry. Samples were collected from the B-horizon at
15.3 m intervals on north-south oriented grid lines spaced
61l m part. Samples were analyzed for Au by fire assay-atomic
absorption methods and Ag, Cu, Pb, Zn, As, Mo, and Ba were
analyzed by atomic absorption techniques. This sampling
revealed only a localized gold anomaly in soils 1in the
immediate pit area and two weak coincident Au-Mo+Cu anomalies
to the east of the mine.

In comparison, analyses of 30 selected core samples for
Au, Ag, Cu, Pb, Zn, As, Mo, and Ba (Appendix 1) revealed a
distinctive correlation of Au with Ag and Mo (Table 2). A
subtle, but recognizable correlation of Au with Hg, As, Cu,
and Pb is also present.

ALTERATION AND MINERALIZATION PATTERNS

Yeates and others (1896) and Jones (1909) report the
gold mineralization occurs in intercalated quartz veins and
schist dipping steeply to the south. Descriptions obtained
from old reports and maps of companies that had worked and
sampled the mine, along with unpublished notes from the
Georgia Geologic Survey (Shearer, 1917) indicates that the
gold mineralization is associated with a zone of shallow
dipping siliceous schist with quartz veining, possibly a
shear zone. Current work confirms the association of gold
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TABLE 2

Correlation coefficients for trace metals in 30 selected core samples from the
Royal Vindicator gold deposit, Haralson County, Georgia.

Au
Ag
As
Ba
Cu
Cr
Hg
Li
Mo
Pb

Zn

Au

0.669

0.193

-0.061

0.164

-0.136

0.337

"0 -083

0.885

0.349

-0.213

Ag

0.285
0.137
0.213
-0.118
0.243
0.538
0.521
0.766

0.186

As

-0.054

0.208

0.471

-0.047

0.069

0.056

0.397

-0.038

Ba

-0.141

-0.085

0.133

0.550

-0.002

0.329

-0.225

Cu Cr Hg Li

0.029 ---

-0.094 -0.231 ---

0.194 0.087 -0.032 ---
-0.170 -0.001 0,210 -0.129
0.356 0.040 0.265 0.660

0.666 -0.045 -0.143 0.304

Mo

0.256

-0.223

Pb

0.362

Zn
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Figure 3. AFM plot of selected Royal Vindicator gold deposit
lithologies.
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mineralization with a siliceous felsic schist dipping to the
south at a shallow angle but casts doubt on the role of
shearing and quartz veining.

Assays from core and reverse circulation drilling show
that gold mineralization occurs predominantly in strata-
bound, altered and silicified felsic metavolcanics of the
Siliceous zone; however, trace amounts of gold do occur at
other points in the stratigraphic section. The upper limit
of the altered, gold-mineralized sequence begins at the basal
contact of the Upper gneiss or Hanging wall greenstone with
the Siliceous zone. Below this contact, mineralized, altered
portions of the Siliceous zone felsic volcanics are generally
3- to 15-m thick. The base of the gold mineralized section
is marked by a thin (2- to 10-mm thick) zone containing
pyrrhotite and black-green chlorite intergrown with iron-
carbonate (siderite?) lenses. Below this horizon, gold and
magnetite are not present, pyrite is rare, and the degree of
silicification rapidly diminishes.

Gold values appear to be directly proportional to the
abundance of silica, pyrite, and iron oxides. These mineral
phases form the alteration pattern which distinguishes the
Siliceous zone from other felsic metavolcanic units in the
section. Gold values of milky quartz veins, the classic or
typical ore at many gold deposits and which cross cut the
Siliceous zone at various places, are only trace to non-
detectable.

Secondary silicification and quartz banding parallel to
bedding/foliation is the major alteration effect which blurs
primary volcanic textures. Accompanying the widespread
alteration but less obvious is an iron enrichment consisting
of iron oxides and iron sulfides. Disseminated to weakly
banded zones of magnetite and hematite grains (0.5- to 2.0-
mm in diameter) constitute up to 5 percent of the rock in
areas of strongest silicification and gold mineralization.
Pyrite is also present as equant to distorted cubes 0.5- to
20.0-mm across; as 0.5- to 20-mm thick bands of subhedral to

euhedral crystals (fig. 4); as 30-cm long pods associated
with silica bands (fig. 5); and as disseminated, anhedral
grains 0.5~ to 2.0-mm across. Pyrite content in altered

areas varies from 1 to 20 percent and averages 5 to 7
percent. Based on euhedral shape and pressure shadows, much
of the pyrite associated with the gold was probably
recrystallized during metamorphism.

Examination of polished sections of "ore" and sulfide
concentrates has identified chalcopyrite, galena, sphalerite,
arsenopyrite, stibnite, covellite, and chalcocite as trace
minerals within the Siliceous zone. Molybdenum is present
at elevated concentrations associated with higher gold
assays, but no molybdenite has been identified. The highly
reflective phase associated with gold in composite grains may
be a bismuth or telluride mineral.
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Figure 4. Photograph of prominent pyrite bands (Py) in core
from the Siliceous zone; sample is from drill hole GGHr-6D2.

Figure 5. Photograph of pyrite pods (Py) in banded ore of
the Siliceous 2zone on the 105-foot (32-meter) mine level.
Quarter (24 mm) for scale.
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Gold and silver are the only precious metals identified
at the Royal Vindicator mine. No attempt has been made to
assay for platinum group metals. Native gold is the only
precious metal mineral identified to date. Silver assays
appear directly related to those of gold. The silver is
probably alloyed with the gold, but it may also occur in the
lattice of other minerals such as galena or as a separate,
unidentified mineral phase.

Shearer (1917) and Maillot (1940) stated that in
unoxidized ores, free milling gold comprised approximately 20
to 30 percent of the gold recovered, with the rest Dbeing
contained in heavy mineral concentrates (predominantly
pyrite).

Gold occurs in a number of different habits at the Royal
Vindicator mine: (1) native gold in quartz (fig. 6) s (2)
gold grains within or attached to pyrite grains (fig. 7); (3)
subhedral crystals associated with magnetite and hematite
(fig. 8); and (4) composite grains composed of gold, a highly
reflective, silvery colored metallic mineral, and a pinkish
colored metallic mineral in quartz and pyrite.

Gold particles have variable shapes, occurring as ragged
flakes, spindles, rounded or ovoid forms, and as blocky,
subhedral crystals. Grain sizes (longest dimension) vary
from 0.0005- to 2.0-mm with an average length to width ratio
of 2:1. Visible gold particles in core and non-oxidized
samples of the Siliceous Zone are rare. Measurement of 12
gold grains viewed in polished ore samples yield an average
grain length of 0.028 mm. Measurements of a population of
gold grains obtained from a heavy mineral separate and a
sulfide concentrate by Cuesta Research Ltd. emphasized that
gold grains 0.004- to 0.0005-mm in length, and averaging
0.001 mm in length, dominated the samples.

The variety of forms of gold mineralization suggests the
metal has been preserved in part, in its original habits.
While there may have been some remobilization and
recrystallization due to metamorphism and deformation, the
distribution of gold based on core assays is restricted to a
maximum of four enriched =zones separated by 2zones of low
grade. These zones maintain their equivalent stratigraphic
positions regardless of the overall tenor of the deposit
(fig. 9). This distribution suggests either a strata-bound,
syngenetic or stratiform epigenetic origin for the gold-
bearing portions of the Siliceous zone.

In addition to the strata-bound appearance of the gold
mineralization, a further control on its localization is
indicated by the distribution of gold mineralization grade to
thickness of the Siliceous zone. Utilizing an isopach map of
the Siliceous zone (fig. 10), ore grade mineralization
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Figgre 6. Photomicrograph of a 0.02-mm long anhedral gold
grain (Au) in quartz; plane-polarized light. Sample is from
a depth of 86 meters (283 feet) in drill hole GGHr-6D5.

Figure 7. Photomicrograph of 0.05-mm long spindle-shaped
gold grain (Au) in pyrite (Py):; plane-polarized reflected
light. Sample is from a depth of 86 meters (283 feet) in
drill hole GGHr-6D5.
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Figure 8. Photomicrograph of subhedral gold grains (Au) in
contact with magnetite (Mag) and hematite (Hem) in quartz
matrix. The larger gold grain is 0.2-mm long; plane-
polarized reflected 1light. Sample is from a depth of 85
meters (281 feet) in drill hole GGHr-6D5.
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Figure 9. Assay sections of core holes showing gold horizon distribution in the
Siliceous zone (unit C) and correlation of the gold-bearing zones between drill
holes. The base of the Hanging wall greenstone (unit B) is used as the reference
datum plane. Other lithologies are Upper gneiss (A), Footwall greenstone (D), and
Lower gneiss (E). See figure 10 for drill hole locations.
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Figure 10. Isopach map of the Siliceous zone. Contour
interval is 5 feet. Areas bounded by dashed lines represent
zones of rock at least 8-feet (2.4-meters) thick containing
at least 0.08 oz/ton gold. Solid circles are locations of
drill holes intersecting the above grades and thicknesses.
Half-solid circles are locations of drill holes intersecting
at least 8 feet (2.4 meters) of mineralized rock containing
between 0.04 oz/ton gold and 0.08 oz/ton gold. Open circles
are the locations of drill holes that failed to intersect
significant mineralization.
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(>2.4 m@ 0.08 oz/tn Au) can be shown to occur along the
eastern flank of a south-southeast plunging basin. This
concentration of gold mineralization also corresponds with
the greatest thickness of the overlying Upper gneiss unit
which is considered to be an alteration 2zone spatially
related to the gold mineralization.

CONCLUSIONS

The metavolcanic sequence hosting the Royal Vindicator
gold deposit is correlated both stratigraphically and
geochemically with the Hillabee Greenstone. In Alabama, the
Hillabee Greenstone and its associated mineralization, and
the underlying Talladega Group metasediments form a
distinctive stratigraphic succession and topographic
expression. Prominent base-metal sulfide deposits, and to a
lesser extent gold deposits, occur low in the Hillabee
Greenstone section. The Pyriton sulfide deposits in Clay
County, Alabama occur in Hillabee Greenstone approximately 40
m above the cont<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>