THE GEOLOGY OF THE
NORTHEASTERN PORTION OF THE
DAHLONEGA GOLD BELT

Jerry M. German

Georgia Department of Natural Resources
Environmental Protection Division
Georgia Geologic Survey

BULLETIN 100







THE GEOLOGY OF THE NORTHEASTERN
" PORTION OF THE DAHLONEGA GOLD BELT

Jerry M. German

Georgia Department of Néfural Resources
J. Leonard Ledbetter, Commissioner

Environmental Protection Divisioh
Harold F. Reheis, Assistant Director

Georgia Geologic Survey
William H. McLemore, State Geologist

Atlanta
1985

Reprinted 1990

BULLETIN 100



Contents

i

-
&

o
[

o 011 Ve €

LR 8 o Yo L8 (ot o) 2 Y S

Previous INVeStiBations 4 .. vt vt uu et yae oo bernoten oo eeliaana it e i et a e
B 1741 1

SOWONNDWWWWa 2

0 e Yo L1 ot (o o R

Pumpkinvine Creek FOrmMation .. .....uueiuuinte et it iie e et iie et ain i aaanes
Pumpkinvine Creek Formation Undifferentiated .. ........oiuuiiineiiiiiineiinieiiriiie i iiiiiaiaenenan,
Barlow GREiss MEMIDEr « o\ ittt ettt te s vttte e e teteiaenene et entenenesnsansssensosasanrasneennoneansnens

CaNtON FOMMAtION « v v vttt vttt et et teneeneneneeneneeseasasenensesonnesensoansasnssusnssoansusnassaonennons
Proctor Creek MemMbDEr . o\ v ettt ittt v e ittt ittt tae it ettoseasnaensnateneenasonevansn,
Palmer Creek Member ... v it it e ittt e iie e teenenaesosetecnaeonusonaeessnnessnsons
Chestatee Member............coiiiiiiiiiiiiiiiiinn \
Helen Member ......oiuviiiiiiiinenrnrieeeneneasn

"Univeter FOrmMation .. ...vveuuiinenirnennenenivnnsssnens

INtrusive ROCKS « < v ovvievetinnienieiennriiensinesneeansnnn

Rocks Northwest and Southeast of the Study Area ................ ...

.

-

.

.
.
.
.
.
.

........--a--o-~--.-.-----.--....-'-.11

Structure12

Ty e oY T T Y
Economcheology..............' ) S S SN V4
Introductlon17
Mining History and Methods . ... ..v it iteie ittt ettteneetteaireetteneosnoerosnteissnssesnecssnsvaeeasssd?
Occurrence and Genesis of GOld ... ..iu it iiiiniiii i i i e e a0l 17
MasSiVe SUIIAE DEPOSIES .+« 5 v s e e et veuntneanensaeseenenesioneensnssnsuesssnenssoseesvanaonsosneseensneeesdl
Unique Lithologies of Possible Economic Significance | : : feenees22
1ron FOrmation «.v..vuvieereenvennevenenneesst :

: : Tourmalmlte.‘22
" Pyritic Schist ... .iii) i, S . |
BT A Ty - S P PPN |
GeologchodeIZ3
summary ......o ‘ '

D R R R R IR

References ;.27

APPENAIX ot vrttetitattennereit ettt bt ea ey P |

Y PNPP |J s eTe: T4
P (1] [ Je X8

Plate 1

o T .

——a
e
—




10.
1.
12.
13.
14.
15.
16.
17.
18,
19.
20.
2.
2.
2.
2.
25.

Table

Plate

List of Figures -

iv

20 .-

Page
Geographic extent of the Dahlonega gold belt showing studyarea .............. ... ... ... . . ..., 2
Diagrammatic stratigraphic section of lithologic units of the study area. ...ovueeevnin i 3
Photograph of “chicken track” texture of an amphibolite from the Pumpkinvine Creek Formation.......... 4
I Photograph of radiating hornblende crystals in the ;oarsely porphyroblastic facies of the Pumpkinvine Creek
FOrMatiON oo e e e 5
Type locality of the Barlow Gneiss Member........... e 6
Photograph of a sample of the Barlow Gneiss Member showing flattened porphyroblasts ................. 6
Photomicrograph of polycrystalline plagioclase porphyroblast (Barlow Gneiss Member) embedded in a
fINE-Brained MatriX. ...ttt e e 7
Type locality of the Proctor Creek Member. ... i e 8
Photograph of banded nature of the coarsely porphyroblastic facies of the Proctor Creek Member ........ 8
Type locality of the Palmer Creek Member ... ... e 9
Type locality of the Chestatee Member ... ..o i e 9
Type locality of the Helen Member. ... ... i e e e 10
Reference locality of the Helen Member ........ .o i e P 10
Comparison of foliation attitudes southwest and northeast of the Dahlonegaarea........................ 14
Part of the Dahlonega gold belt showing major structural features............ ... ..o .. 15
Photomicrograph of garnets in schist of the Canton Formation............. ..., ' 16
Photomicrograph of chlorite after biotite in schist from the Canton FOrmation ................ooouuuenn... 16
Hydraulic mining near Auraria, GEOFZI@ . ..« v uvevn ettt e et et e ettt eeeaiieeeinnnns, 18
Relationship between abandoned gold mines and lithology - Auraria/Dahlonega area............ . ' 19
Concentration of abandoned gold mines along the Barlow Gneiss Member ............. ... ... ... ...
Concentration of abandoned gold mines in the immediate Dahlonegaarea ............................. ‘ 21
Photograph of a sample from one of several zones in the pyritic schist that contain >50% pyrite .......... 23
Determination of amphibolite protolith based on a plot of FeO*/MgO versus percentage TiO,............ 25
Determination of amphibolite protolith based on a plot of FeO*/MgO versus ppm Ni.................... 25
Determination of amphibolite protolith based on a plot of FeO*/MgO versus ppm Cr.................... 26
List of Tables
Average modal compositic.m of New Georgia Group lithologies in the studyarea..........................
Fabric elements of the Dahlonegagold belt........ . .. o i i RERRES 13
Comparison of fabric elements in the study area with those in northeastern Georgia and in the Greater Atlanta
L 14
Major oxide and selected trace-element analyses of Pumpkinvine Creek and Univeter Formation
amPhiDOlItes L .o e e e 24
List of Plates
Geologic map of the northeastern portion of the Dahlonega gold belt with mine locations
(1:100,000). . vvvnteeee e e e e e e e in pocket
Relationship between the geology and the occurrence of iron formation and tourmalinite - Dawsonwlle i
7.5-minute quadrangle. ... e e e in pocket



THE GEOLOGY OF THE NORTHEASTERN
PORTION OF THE DAHLONEGA GOLD BELT

e

ABSTRACT

This investigation encompasses that portion of the Dah-
lonega gold belt extending from Canton in Cherokee County
northeastward to the Georgia—North Carolina State line, and
was done to provide modern geologic information on this

.area of potential economic importance. Previous reports on

mineral resources of the study area generally consist of sité= +
by-site descriptions of individual mines, and, although these

reports are valuable, no comprehensive studies of the geology

of the entire area were made. '

~ ThePumpkinvine Creek, Canton, and Univeter Formations
of the New Georgia Group underlie the study area, The

the sequence, is composed of amphrbolrte with minor felsic
gneiss. The Canton Formation, composed predominantly of

'+ mica-quartzschist and metagraywacke, overlies the Pumpkm- o

vine Creek Formation and is in turn overlain by the Univeter i .

Formation, a unitsimilar to the. Pumpkinvine Creek Formation.
One member, the Barlow Gneiss, was identified within the
Pumpkinvine Creek Formation, and four ‘members; -the -
Proctor Creek Palmer Creek; Chestatee, and:Helen, were

on amphlbolltes of the Pumpklnvme Creek and Unlveter .

Formations indicate an abyssal tholeiite affinity.

The rocks in the study area were metamorphosed* to *
staurolite-amphibolite grade approximately 365-million years |,

ago and have been subjected to at least three fold events of
. progressively weaker intensity. Outcrop patterns and promi-
nentstructural features are associated with F; folds. The study
area is bounded by the Shope Fork (pre- to synmetamorphic)

and Allatoona (post-peak metamorphic) faults on the north- . |

west and by the Chattahoochee fault (peak to post-peak
metamorphic) on the southeast.

Gold was mined intermittently from placer, saprolite, or
lode deposits in this area from about 1829 to 1934. Gold occurs
within sulfidic quartz veins that generally’ conform to the
foliation of the enclosing rock. These deposits. occur.in close
association with iron formation and certain felsic gneisses and
along the contacts between amphibolite and mica-quartz
schist. Data strongly suggest that the gold was a primary
constituent of the metavolcanic rocks and was remobilized
and concentrated within veins during regional metamorphism
and deformation. The weathering of the gold deposits has
resulted in an apparent supergene enrichment. ;

This area comprises rocks that were probably deposited in a
back-arc basin which experienced an initial period of
volcanism followed by extensive clastic sedimentation that
was occasionally punctuated by brief episodes of renewed
volcanism. Deposition of gold-bearing lithologies generally
marked the transitions between volcanic and sedimentary
processes. :

©

Jerry M, German
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INTRODUCTION

The Dahloriéga gold belt, named for the town of Dahlonega,
Georgia, is a narrow. sequence of rock units that can be
mapped.from at least the Georgia- Alabama State line north-
eastward to the Georgia-North Carolina'State line, a distance
of approximately 152 mi (approx. 243 kmi) (fig. 1). The belt
varies irithickness from a-maximum of apprOXImately 12.8 mi
(approx; 21.2 km) in Cobb and Paulding Counties to less than
0.6 mi (approx.-1 km) in Rabun County. Although generally
- coinciding with the New Georgia Group, the Dahlonega gold
beltis actually a belt of gold occurrences rather than a dlstrnct
stratigraphic unit. o

For over 100 years this-area was the major gold producrng
region in Georgia. Substantial increases in the price of gold
over the last few years have generated renewed interest in this

" area. This study, which was initiated because of the need for

-« information.on the origin and geologic setting of these
. deposits, encompasses the area from Canton in Cherokee
" County northeastward to.the GeorgiaNorth Carolina State
line. win.

Work on thls prolect consisted of detailed geologrc mapping

~and! petrographicand geochemiicalstudiesdfiselected samples.

Portions.of severiteen 7.5-minute quadrangles were mapped
_between March 1982-and june 1983 and durmg November
1983. Geologic maps and maps delineatiig mine workings
~and unique lithologies of possible economic significance
'were made for each quadrangle. Those maps not included in
this report are on open-file at the Geologic Survey office.
Mine locations are given on plate 1, and descriptions are
‘given inappendix 1, Detailed information on the southwestern
portion of the gold belt’s found in feports by McConriell and
Abrams (1983, 1984).

PREVIOUS INVESTIGATIONS

Many reports have been published on the study area. Most
were economic in nature and encompassed areas as small as

" one mine or as large as the Piedmont of the Southern
- Appalachians. These were . mainly published during the
- periods 1879-1918, 1928- 1952, and 1961- 1984

Many of the earliest reports were on’ the immediate
Dahlonega area, The first of these was by Mackintosh (1879)
and was followed by a general study of the gold fields of the
entire southern Appalachians by Becker (1894). General
studies of gold mining in the Southeast also were published
by Blake and Jackson (1895) and Brewer (1895). The first site-
by-site description of the gold deposits of Georgia was
produced by Yeates and others (1896). Nitze and Wilkins
(1897) described some Georgia gold deposits in their report
on the gold deposits of North Carolina and adjacent areas.
Maxwell (1901) described the Crown Mountain Mine at
Dahlonega, and Eckel {1902) and Lindgren (1906) described
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Figure 1.

several deposits at Dahlonega. The first geologic map of the
Dahlonega area was made by Keith (1909). Jones (1909)
published a second bulletin on the gold deposits of Georgia;
however, it was not as thorough as the earlier report by Yeates
and others (1896). In 1918, Shearer and Hull reported on the
pyrite deposits of Georgia including those in the study area. A
portion of the gold belt was described by Bayley in 1928.
Crickmay (1933), Wilson (1934), and Anderson (1934) gave
brief overviews of gold mining within Georgia, and Park and
Wilson (1936) described the deposits of the Battle Branch
Mine and suggested a hydrothermal origin. A report by
Pardee and Park in 1948 covered the entire Piedmont of the
Southern Appalachians. They gave thorough descriptions of
several important mines in Georgia and in several other states.
Kline and Beck (1949) reinvestigated the massive sulfide
deposit atthe Chestatee Copper and Pyrite Mine. Crickmay’s
(1952) report on the crystalline rocks of Georgia included a
brief description of a portion of the study area. Bowen (1961)
and Stewart and others (1964} studied the geology of portions
of Dawson County, and Sever (1964) canducted a geologic
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Geographic extent of the Dahlonega gold belt showing study area.

and hydrologic study of the entire county. In 1964, the
-mineral resources of White County were described by Hurst
and Otwell, and those in Habersham County were described .
by Hurst and Crawford. A report by Fairley (1965) on the
Murphy syncline included a portion of the study area in
Cherokee County. Hatcher’s (1971, 1974, 1976) works on the
geology of Rabun and Habersham Counties included part of
the study area. Lesure (1971) described gold mobility at the
Calhoun Mine. Murray (1973) mapped a portion of the study
area for his geologic map of Fulton and Forsyth Counties.
Cook (1978) described the soil geochemistry at the Franklin-
"Creighton Mine. Works by Gillon (1982) and Nelson (1983)
described the geology of a portion of the study area in White
County. The geology of the Dahlonega area was described by
Cook and Burnell (1983) and by Cook and others (1984), and
the geochemistry of rocks in that area was described by
Burnell and Cook (1984). Otwell (1984) recently described the
gold deposits of White County, and McConnell and Abrams

(1984) described part of the study area in their report on the
Greater Atlanta area.



STRA-TIGRAPHY

Introductlon

The study area comprises lithologies that are an extension
of the New GeorgiaGroup (McConnell and Abrams, 1984). In
the study area, units in the New Georgia Group, (flg 2) exhibit
considerable variability; however, mica- quartz 'schist, meta-
graywacke, and amphibolite are the most abundant. These
are augmented by lesser amounts of felsic gneiss, meta-

trondhjemite; sericite-quartz schist, and iron formation. Thick- -

nesses of these units are impossible to ascertain reliably due
to faulting and multiple folding, but are estimated to range
from less than 100 m to several kilometers. For the same
reasons, stratigraphic order is problematical; however, units
below are described in a probable ascending order. They are
assigned a Late Proterozoic or early Paleozoic age based on
radiometric age dates determined by Dallmeyer (1978). .. ..

Pumpkinvine Creek Formation

The Pumpkinvine Creek Formation is a fine-grained amphi-
bolite withiinterlayéred thin units of felsic gneiss:and sericite
phyllite (McConnell, 1980). Mapping for the present study
revealed that this formation fornis the core of an overturned,

northwest-vergent antiform (herein called the Auraria anti-
form; see plate 1, cross-section AA’) whose direction &f

[E

plunge alternates from northeast tosouthwest several times

SW_

along its trace. The Pumpkinvine Creek Formation plunges
northeastward beneath the Canton Formation on the eastern
edge of Canton, Georgia (McConnell, 1980; McConnell and
Abrams, 1984) and reappears approximately 15.6 mi (approx.
25 km) to the northeast. From that point it is exposed
continuously northeastward to Dahlonega where it again
plunges beneath the Canton Formation. Cook and Burnell
(1983) gave a similar structural interprétation regarding this
formation in the Dahlonega area and referred to itinformally
as the Findley Ridge amphibolite. McConnell (1980) reports
that the Pumpkinvine Creek Formation occupies the limbs of
an antiform southwest of the study area and can be mapped
intermittently to the Georgia-Alabama State line. He also
reports that his formation may be correlative with the
Hillabee Greenstone in Alabama.

PUMPKINVINE CREEK FORMATION UNDIFFERENTIATED

Rocks mapped as Pumpkinvine Creek Formation undif-
ferentiated in the study area consist of fine- and medium-
grained amphibolite with lesser amounts of garnet-biotite-
hornblende-quartz=plagioclase gneiss t calcite and/or stauro-

Tite, muscovite-bictite=plagioclase-quartz: gneiss, and iron

formation. The amphibolite-is dark green to black in color
with occasional light banding, It locally contains large laths of
hornblende randomly oriented along the foliation (fig. 3).
This rock has a simple mineralogy, consisting predominantly

NE

‘Rose Creek Schist- ? o

- Univeter Forr'nation' undifferentiated -

Tallulah Falls
Formatioh
- undifferentiated

Canton. ...
Formation . =

B . undifferentiated

B IR é Prootor Groek Member =

Pumpkmvine Creek Formationi

= : — TR T L ——

Figure 2.

Diagrammatic stratigraphic section of lithologic units in the study area.



Figure 3.

of green hornblende and plagioclase (albite/oligoclase) in
nearly equal proportions (table 1, sample pcu,). Accessory
minerals are epidote, sphene, biotite, chlorite, magnetite,
and calcite. Locally, chlorite may comprise up to 15 percent of
the rock. The garnet-biotite-hornblende-quartz-plagioclase
gneiss + calcite and/or staurolite is locally interlayered with
the amphibolite near the contact with the Canton Formation.
This coarsely porphyroblastic and relatively leucocratic lith-
ology possesses a complex mineralogy dominated by plagio-
clase, quartz, and hornblende (table 1, sample pcu,). The
hornblende commonly occurs as radiating laths (rosettes)
several centimeters across (fig. 4). Large rolled garnets up to
1.5 cm in diameter are numerous. These large hornblende
and garnet crystals are embedded in a fine-grained ground-
mass of quartz and plagioclase with lesser amounts of calcite,
staurolite, and biotite. Muscovite, epidote, and chlorite are
locally present. McKinstry and Mikkola (1954) described a
remarkably similar lithology in the hangingwall of the ore
body at the Elizabeth Copper Mine in Vermont.

Iron formation units associated with the Pumpkinvine
Creek Formation in the study area are quartzites that locally
may contain magnetite, hematite, pyrite, arsenopyrite, mica,
garnet, or unidentified manganese minerals. Volumetrically,
these are minor units, attaining a maximum thickness of only a
few meters. However, economically, they appear to be
important indicators of gold deposits since a large number of
abandoned gold mines are located along their strike. Iron
formation and its significance will be discussed more fullyin a
later section.

BARLOW GNEISS MEMBER

A mappable unit of muscovite-biotite-plagioclase quartz
gneiss within the Pumpkinvine Creek Formation was pre-
viously referred to as granite by LaForge and Phalen (1913)
and as a sheared granitoid dike by Pardee and Park (1948).
Crickmay (1952) included this gneiss in his Wedowee-Ashland

“Chicken track” texture of an amphibolite from the Pumpkinvine Creek Formation.

belt. This unitis herein named the Barlow Gneiss Member for
exposures in the inactive Barlow Mine near Dahlonega,
Georgia (Campbell Mountain and Dawsonville 7.5-minute
quadrangles, fig. 5). This member is exposed in a large
hydraulic cut at the indicated type locality on figure 5. The
gneiss is locally interlayered with amphibolites; therefore, the
boundaries of this member are the last appearances of the
muscovite-biotite-plagioclase-quartz gneiss. This member is
bounded by undifferentiated amphibolite of the Pumpkinvine
Creek Formation. Contacts between the gneiss and amphi-
bolites are sharp.

The Barlow Gneiss Member is a medium- to dark-gray rock
that has a pin-striped appearance in most exposures. Porphy-
roblasts are usually present as flattened crystals or crystal
aggregates of either blue quartz or plagioclase up to 0.5cmin
diameter (fig. 6) that may be recrystallized crystal fragments.
Thin sections of the gneiss show slightly altered plagioclase
porphyroblasts embedded in a fine-grained groundmass of
quartz, plagioclase, biotite, and muscovite (table 1, sample
blg; fig. 7). The amphibolites are dark green to black in color
and locally exhibit light banding. Their mineralogy is princi-
pally plagioclase and hornblende with accessory epidote,
sphene, magnetite, chlorite, and calcite.

The Barlow Gneiss Member is well exposed and was used as
amarker horizon in deciphering the structure of the area. Its
outcrop pattern defines a regional, northwest-vergent anti-
form and, although generally relatively thin, this member can
be mapped from just southwest of Dawsonville to Dahlonega,
adistance of approximately 14.7 mi (approx. 23.5 km) (plate 1).

Mineralogical and field evidence strongly suggest that the
Barlow Gneiss Member represents the metamorphosed felsic
phase of a predominantly mafic volcanic sequence. The areal
extent, mineralogy, and texture of this member strongly
suggest that its protolith was a crystal tuff. The Barlow Gneiss
Member is lithologically similar to and may be correlative
with the Galts Ferry Gneiss as described by McConnell (1980)
and McConnell and Abrams (1984).



Table 1. Average Modal Composition of New
Georgia Group Lithologies in the Study Area.

pcu, pcu, blg pg PG, plc cs, cs, h, h, unu; unu,

Quartz 31 48 56 64 56 40 50 31 62 5 45
Plagioclase

(albite/oligoclase) 40 23 23 3 1 50 44 tr 13 43 8
Hornblende 53 23 4 50 3
Biotite tr 3 13 32 20 36 7 6 21 35
Muscovite 2 12 3 3 tr 3 2 43 2

Garnet 7 8 10 2 16 1

Chlorite 3 8 tr tr tr tr 1 1 tr 3
Epidote 2 tr 2 tr 1 tr
Sphene 2

Magnetite tr tr 1 1 tr tr 2
Calcite tr 3 2 tr tr tr tr 5
Staurolite 1 tr 2

Tourmaline 1 tr

Kyanite tr

Pyrite 3

Graphite tr

pcu - Pumpkinvine Creek Formation undifferentiated
blg - Barlow Gneiss Member
pc - Proctor Creek Member
plc - Palmer Creek Member
cs - Chestatee Member
h - Helen Member
unu - Univeter Formation undifferentiated

Figure 4.  Radiating hornblende crystals in the coarsely porphyroblastic facies of the Pumpkinvine Creek
Formation.



Type locality of the Barlow Gneiss Member of the Pumpkinvine Creek Formation (Dawsonville and

Campbell Mountain, U.S. Geological Survey 7.5-minute topographic quadrangles).

Figure 5.

Sample of the Barlow Gneiss Member showing flattened porphyroblasts.

Figure 6.



Figure 7.
matrix.

Canton Formation

The Canton Formation consists of graphitic garnet-mica
schist, metagraywacke, and phyllite (McConnell and Abrams,
1984). This unit can be traced into the study area from the
southwest at Canton and is traceable from there northeastward
to the Lake Burton area northeast of Helen, Georgia, a
distance of approximately 64 mi (approx. 107 km). Most
lithologies within this unit appear to be metasedimentary in
origin. In the study area the Canton Formation consists of
garnet-biotite-muscovite-quartz schist, biotite-muscovite
quartzite, graphitic quartz-sericite schist, hornblende-bio-
tite-quartz schist, muscovite-biotite-quartz schist, biotite-
plagioclase-quartz gneiss, plagioclase-biotite quartzite, and
amphibolite.

Several of the above lithologies are individually mappable
while others are components of a mappable sequence. Four
members for the Canton Formation can be recognized. They
are formally named and described below.

PROCTOR CREEK MEMBER

Lithologies that are herein named the Proctor Creek
Member of the Canton Formation were previously mapped
as Carolina Gneiss by Keith (1909) and as the Wedowee-
Ashland belt by Crickmay (1952). This member is named for
exposures along Proctor Creek near Dawsonville, Georgia
(Dawsonville 7.5-minute quadrangle, fig. 8). The dominant
lithology at the indicated type locality on figure 8 is a
muscovite-garnet-biotite-quartz schist (table 1, sample pc;).

Polycrystalline plagioclase porphyroblast (Barlow Gneiss Member) embedded in a fine-grained

This schist has a fine- to medium-grained texture and asilvery
luster on cleavage surfaces. Subhedral garnets approximately
3 to 5 mm in diameter are common. Accessory minerals
include magnetite (2), chlorite, and calcite. Thin lenses of
calc-silicate material (i.e., garnet-hornblende-quartz-plagio-
clase hornfels) 1to 5 cm thick are common. In the Dahlonega
area the schist possesses asomewhat different texture marked
by coarse porphyroblasts (?) of altered plagioclase rimmed by
garnet and biotite (table 1, sample pc,) and locally is more
gneissic than schistose. At several locations, distinct layers
with coarse porphyroblasts 4 to 8 mm in diameter alternate
with layers having fine porphyroblasts 1to 3 mm in diameter
(fig. 9). The interpreted lower boundary of the Proctor Creek
Member is the first appearance of iron formation or amphi-
bolite of the Pumpkinvine Creek Formation. This contact is
sharp in most exposures and was interpreted as a fault in the
immediate Dahlonega area by Cook and Burnell (1983). The
interpreted upper boundary is the first appearance of darker,
muscovite- and garnet-poor schist of the Palmer Creek
Member (this study). This contact is poorly exposed but is
believed to be gradational.

The Proctor Creek Member is exposed in the limbs of the
Auraria antiform from the vicinity of the Dawson-Forsyth
County line northeastward to Dahlonega (plate 1). Character-
istics of this member at most exposures suggest a shale as its
protolith; however, the coarsely porphyroblastic facies ex-
posed in the vicinity of Dahlonega (fig. 9) could be interpreted
as a metatuff.



Figure 8.  Type locality of the Proctor Creek Member of the Canton Formation (Dawsonville, U.S. Geological
Survey 7.5-minute topographic quadrangle).

Figure 9. Banded nature of the coarsely porphyroblastic facies of the Proctor Creek Member.



PALMER CREEK MEMBER

Lithologies herein named the Palmer Creek Member of the
Canton Formation were previously mapped as Carolina
Gneiss (Keith, 1909) and as Wedowee-Ashland belt (Crickmay,
1952). This member is named for exposures along Palmer
Creek near Dawsonville, Georgia (Dawsonville 7.5-minute
quadrangle, fig. 10). At the designated type locality on figure
10, biotite-quartz schist + hornblende and/or garnet is the
dominant lithology. Garnet-biotite-muscovite-quartz schist
and minor amphibolite are present locally. The biotite-quartz
schist is fine- to medium-grained and cleaves readily into thin
plates. It locally contains small almandine garnet crystals
approximately 2 mm in diameter, Hornblende crystals locally
occur as somewhat ragged laths up to 1.5 cm long randomly
oriented along the foliation planes. Accessory minerals are
epidote, plagioclase, magnetite (?), and chlorite (table 1,

sample plc). Locally, this lithology has a gneissic texture -

defined by alternating bands of biotite-rich and biotite-poor
zones that resemble original sedimentary features. The
garnet-biotite-muscovite-quartz schist is most abundant in
the Dahlonega area and is similar texturally to the biotite-
quartz schist. The presence of muscovite gives this rock a
lighter color and luster. Amphibolites occur as thin units
composed of nearly equal amounts of hornblende and
plagioclase. Most of the amphibolites are not mappable at the
1:24,000 scale. '

The boundary between the Palmer Creek Member and the

Proctor Creek Member is the last occurrence of the biotite-
quartz schist. The boundary-between the Palmer Creek

Member and the Chestatee Member (this study) is the first: . S
occurrence of interlayered felsic gneissand amphibolite: The -
contact with .the :Proctor. Creek -Member:is:-gradational; .-

whereas the contact with the Chestatee-Member is a fault.

Where the Chestatee Member is absent (plate 1), the Palmer:

Creek Member grades into the Helen Member (this study).

" The boundary of the Palmer Creek Member in this case is the -

first appearance of biotite-plagioclase-quartz gneiss (meta-
graywacke) of the Helen Member.

Figure 10. Type locality of the Palmer Creek Member of the
Canton Formation.(Dawsonville, U.S, Geological
Survey 7.5-minute topographic quadrangle).

The Palmer Creek member is exposed in the limbs and
hinge of the Auraria antiform from the vicinity of the
Dawson/Forsyth County line northeastward to the Dahlonega
area, This member probably is a metamorphosed sequence of
fine-grained sediments with minor mafic tuffs or flows.

CHESTATEE MEMBER

The sequence of lithologies herein named the Chestatee
Member was previously mapped as Roan Gneiss by Keith
(1909) and as part of Crickmay’s (1952) Wedowee-Ashland
belt. This member is named for exposures along the Chestatee
River in Lumpkin Cotinty, Georgia (Murrayville 7.5-minute-

~ quadrangle, fig. 11). At the indicated type locality (fig. 11), as at

other exposures, several lithologies are present. They include,
in order of abundance, amphibolite, hornblende-plagioclase
gneiss, muscovite-biotite-quartz-plagioclase gneiss (table 1,
sample cs;), and muscovite-pyrite-plagioclase-quartz gneiss
(table 1, sample cs,). The amphibolite is dark green to black

- and exhibits textures ranging from finely equigranular to
. ‘coarsely porphyroblastic. In the coarsely porphyroblastic

rock, leucocratic porphyroblasts occur either as single plagio-
clase crystals resembling metamorphosed phenocrysts or as
crystal aggregates of clinozoisite resembling metamorphosed
amygdules. The hornblende-plagioclase gneiss appears to be

~ ahornblende-poor variety of the amphibolite. The muscovite-

biotite-quartz-plagioclase gneiss is a medium-gray rock with
a.generally homogeneous texture. Porphyroblasts of quartz
and/or plagioclase approximately 1to 3 mm in diameter are
conspicuous.. This: lithology closely resembles the Barlow

-Gneiss Member of the Pumpkinvine Creek.Formation. The

muscovite-pyrite-plagioclase-quartz gneiss is a very leuco-
craticrock with-a uniform texture: fine laminations of pyrite

“and muscovite are locally present.

.- The Chestatee Member.is in sharp:contact with the Helen-
-Member (this study) to the southeast.and.in fault contact with
‘the Palmer Creek Member to the northwest (plate 1). The

Figure 11. Type locality of the Chestatee Member of the
Canton Formation (Murrayville, U.S. Geological
.. Survey 7.5-minute topographic quadrangle).



boundaries of the Chestatee Member are the first occurrences
of biotite-quartz schist of the Palmer Creek Member to the
northwest and metagraywacke of the Helen Member to the
southeast.

The Chestatee Member is exposed from near Dawsonville
in Dawson County northeastward to the Cavenders Creek
area in Lumpkin County (plate 1), and its trace forms a distinct
topographic lineament. This member probably represents a
metamorphosed sequence of felsic and mafic crystal tuffs and
mafic flows.

HELEN MEMBER

This sequence of rocks was previously designated as part of
the Carolina Gneiss (Keith, 1909) and as part of the Wedowee-
Ashland belt (Crickmay, 1952). More recently, Gillon (1982)
informally termed these rocks the Helen sequence for
exposures in the vicinity of Helen, Georgia. This terminology
was also employed by Nelson (1983) and Nelson and Zeitz
(1983) for rocks in the same area. To avoid confusion the name
Helen is retained for this sequence and herein named the
Helen Member of the Canton Formation for exposures in the
vicinity of Helen, Georgia (Helen 7.5-minute quadrangle, fig.
12). At the indicated type locality (fig. 12), and elsewhere,
biotite-muscovite-quartz schist + garnet and biotite-plagio-
clase-quartz gneiss (metagraywacke) are the dominant lith-
ologies. Plagioclase-biotite quartzite and minor amphibolite
may be locally present. Additional exposures may be observed
at a reference locality along Georgia Highway 60 south of
Dahlonega (Murrayville 7.5-minute quadrangle, fig. 13).

The biotite-muscovite-quartz schist + garnetand the biotite-
plagioclase-quartz gneiss (metagraywacke) occur as an intri-
cately interlayered sequence where alternation of layers of
equal thickness is common. The schist (table 1, sample h,) is
light gray to light brown in color and overall fine to medium
grained. It is richer in garnet and muscovite in the south-
western half of its exposed length, becoming garnet-poor,
slightly feldspathic, and biotite-rich to the northeast. Where

garnetiferous, the largest garnets are approximately 0.5 cm in
diameter, euhedral, and exhibit a rolled (pinwheel) texture.
Staurolite, chlorite, magnetite (?), and tourmaline are accessory
minerals. Graphite is locally abundant. The biotite-plagio-
clase-quartz gneiss (table 1, sample h,) is medium gray in
color with an overall “salt and pepper” appearance. The
gneiss is locally conglomeratic with clasts consisting of quartz
or plagioclase less than 0.5 cm in longest dimension. Matrix

=

Reference locality of the Helen Member of the
. Canton Formation (Murrayville, U.S. Geological
Survey 7.5-minute topographic quadrangle). :

Figure 13.

Figure12. Type locality of the Helen Member of the Canton Formation (Helen, U.S. Geological Survey

7.5-minute topographic quadrangle).
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material consists of a fine-grained mixture of quartz and
plagioclase plus lesser amounts of biotite, muscovite, garnet,

and epidote. Fine'laminations and graded beds are observable‘
in hand samplés and thin sections. In some exposures

northeast of Dahlonega, the quartz content is high enough t

(greater than 70 percent) to . classify this lithology as a
quartzite. The amphibolites occur as thin units interbedded

with the above-mentioned schist and gneiss. Some .amphi-

bolites are easily mapped over long distances and, therefore,
were used as stratigraphic marker horizons. Their mineralogy
consists predominantly of plagioclase and hornblende with
accessory sphene, epidote, chlorite, and magnetite (2). Locally,
chlorite and epidote are abundant.

The Helen Member (plate 1) grades into ‘the Univeter
Formation (this study) and Hatcher’s (1974) Tallulah Falls
Formation to the southeast and the Palmer Creek Member
and Hatcher’s (1974, 1976, 1979) Coweeta Group to the
northwest. It is in fault contact with undifferentiated amphi-
bolite and schist and Gillon’s (1982) Richard Russell formation
to the northwest. It is.in sharp contact with the Chestatee
Member, also to the northwest. The boundaries of the Helen
Member are.defined as the last occurrence of interlayered
metagraywacke and biotite-muscovite-quartz schist. .

The Helen Member is exposed from just southwest of Lake
Burton in Habersham County, where it pinches out, to the
vicinity of the Dawson-Forsyth County line, where it is no

longer distinguishable from undifferentiated Canton Forma- .

tion. The mineralogy, textures, and internal stratigraphy of
this member strongly suggest-a predominantly sedimentary
origin. The repetitive  nature of the gneiss-schist sequence
resembles part of a turbidite sequence. This member probably
was deposited. in a rapidly subsrdlng basin that had an
occasronal episode of volcanlc actlvrty

Umveter Formatlon

.- The Univeter Formation. is: the most reglonally extensive " -
' 'formation in thestudy area: Itis exposed from near Canton in

Cherokee County to Lake Burtén in Habersham County, its
trace forming a regional topographrc lineament. Near Canton
the Univeter Formation consists of amphibolite, hornblende
gneiss, garnet-biotite-muscovite schist, banded iron forma-
tion, and garnet-chlorlte schist and is divided into the Lost
Mountain Amphibolite and Rose Creek Schist Membeis
(McConnell and Abrams, 1984).

.-The Rose Creek: Schist Member can be traced into the

southwestern portion of the study area where it pinches out
approximately 7 mi. (approx. 11 km) east of Canton. From that
pointto near Cleveland in White County, separately mappable
units within the Univeter Formation are rare. Between these

-points, the Univeter consists of fine-grained amphibolite with

minor interlayered plagioclase-hornblende-biotite-quartz
gneiss, biotite-muscovite-quartz schists and iron formation.

The amphibolite (table 1, sample unu,) is dark green to black -
with a uniformly fine-grained texture. Finely detailed banding -

is common. Féatures resembling amygdules, now represented
by rosettes af clinozoisite, are visible in thin section. This
Ilthology is probably equivalent to the Lost Mountain Amphi-
bolite NMember. Plagioclase-hornblende-biotite-quartz gneiss
(table 1; ysample unu,) occursas thin layers in the amphibolite,
The gniss is pin-striped in appearance due to distinct, thin,

dark and light mineral bands. At some exposures these two
lithologies form an intricately interlayered sequence.

North 6f Dahlonega other facies within the Univeter
Formation are recoghizable and are mappable-for short
distances. These include fine-grained amphibolite, garnet-
biotite-muscovite-quartz schist and biotite-plagioclase-quartz
gnelss. The schist is a fine- to medium-grained, rock with a
srlvery luster on cleavage surfaces. Mineralogically, it is very
similar 'to the schist of the. Helen Member of the, Ganton
Formation. The gneiss s fine-grained and is weakly Iamlnated
Accessory minerals are muscovite, epidote, garnet, and
magnetite. Both the garnet-biotite-muscovite-quartz schlst
and the biotite-plagioclase-quartz gneiss occur sporad|cally,
making their stratigraphic relationship to the amphibolite.
unclear. :

Northeast of Helen, the Univeter Formation grades'into
rocks. previously mapped as undifferentiated Tallulah Falls‘
Formation (Hatcher, 1971, 1974) and as Great Smoky Group
(Hatcher, 1976), Thesé rocks can be traced along the westerr
shore of Lake Burton”and through Rabun County ‘to the
Georgia-North Carolina State line (plate 1). They consist of a
complex assemblage of plagioclase- biotite-quartz gneiss
(metagraywacke), plagioclase- garnet biotite-muscovite+
quartz schist, biotite-quartz schist + garnet, hornblendet
plagioclase gneiss, and amphlbollte + biotite and/or garnet.
The overall composition of this assemblage is similar to-the
lowermost member of the Tallulah Falls Formation (Hatcher,
1971,-1974, 1976), but since it exhibits much variation along

sstrike; it is., designated here ‘as-Tallulah" Falls" Forriistion
':\undlfferentlated This assemblage is intrude/d by a gnheissic to

coarsely porphyroblastic; leucocratic muscovite-biotite: quartz

monzonite gneiss (Rabun Gnelss of Hatcher, 1974 1976)

Intrusive Rocks

iSeveral types of intrusive rocks are present ln the study

+area, They are either felsic, mafic,or ultramafrc in composmon

" and of limited areal extent. Three relatxvely large intrusive

- bodiesare found in the Dahlonega area (plate 1). They consist

of two micaceous “granitic” .bodies_ and one amphrbole—
bearing “granitic” body. The micaceous bodies are ‘coarsely
crystalline, leucocratic rocks and have a weakly to moderately
well-developed foliation. Biotite and muscovite together
comprise approximately 15 percent of the rock. Sericitization
and kaolinization of feldspars makes their identification
difficult, although identifiable feldspars are clearly plagioclase.
No K-feldspar was observed. The. quartz content is high,
ranging from 65 to 70°percent. The easternmost micaceous
“granitic” body was referred to as the Benning granite (Jones,
1909). The amphibole-bearing body has a similar texture and
mineralogy and. is also altered. Amphibole makes up 10
percent of this rock. The degree of alteration and the lack of
sufficient data prevent a concise classification of these bodies

. although they have been réferred to recently as’” meta-

trondhjeniites (Cook and others, 1984), These bodies crosscut
rocks within the Canton Formation and are locally interlayered

with the country, rock.

Two biotite trondhjemite dikes are present on the Dillard

" Quadrangle. Thé dikes are unmetamorphosed, leucocratic
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rocks that consist of albite (72%), quartz (25%), and biotite
(3%). Both dikes strike northeast and are undeformed.



Hatcher (1974) assigned them a late Paleozoic age based on
their unmetamorphosed character.

Mafic intrusive bodies are represented in the study area by
olivine diabase dikes. Almost all are confined to the extreme
northeastern end of the study area. The dikes are clearly the
youngest rocks in the study area as demonstrated by their
crosscutting nature. All those examined contain from 10 to 23
percent olivine, are less than 3 m wide, and strike northwest.
A few can be traced for several kilometers. A dike on the Ball
Ground East quadrangle in Cherokee County cuts the trace of
the Allatoona Fault.

The ultramafic bodies in the study area are found within the
Tallulah Falls Formation and consist of small, isolated, de-
formed masses largely altered to serpentine and/or talc.
Those bodies that are not thoroughly altered were recognized
as enstatite and/or diopside-bearing dunites. These ultramafic
bodies apparently were emplaced prior to the peak of
regional metamorphism.

Rocks Northwest and Southeast of the Study Area

Units that border the study area on the southeast include
the Sandy Springs Group and the Tallulah Falls Formation
(plate 1). The Sandy Springs Group was described by Higgins
(1966, 1968) and later defined by Higgins and McConnell
(1978). The Sandy Springs Group consists of biotite gneiss,
muscovite-biotite schist, amphibolite, micaceous quartzite,
and kyanite-staurolite schist. Migmatization is locally intense.
The Tallulah Falls Formation, as defined by Hatcher (1971,
1974, 1976), consists of amphibolite, quartz-plagioclase-
biotite-muscovite gneiss, muscovite schist, muscovite-garnet
schist + kyanite + sillimanite, and quartzite. Because of the
similarities between the lithologies that make up the Sandy
Springs Group and Tallulah Falls Formation, Higgins and
McConnell (1978) and Hatcher (1974) considered them to be
equivalent. v

Those units on the northwest include the Great Smoky
Group, Coweeta Group, and Richard Russell formation (plate
1). Great Smoky Group lithologies were recognized to the
northwest of the study area between Canton and Dahlonega
by Sever (1964), McConnell and Costello (1980, 1982), Costello
and others (1982), and McConnell and Abrams (1984). The
Great Smoky Group consists of metagraywacke, locally con-
glomeratic metasandstone, metasiltstone, muscovite-biotite-
quartz schist + kyanite, meta-arkose, and minor amphibolite.
Northeast of Dahlonega the study area is bordered by a
sequence of lithologies informally termed the Richard Russell
formation by Gillon (1982). This unit consists of migmatitic
biotite gneiss, garnet-sillimanite-biotite schist, garnet-biotite-
muscovite schist, and minor amphibolite. The Coweeta
Group is also found along the northwestern border northeast
of Dahlonega. Hatcher (1974, 1976, 1979) defined the Coweeta
Group as a sequence of muscovite-biotite-quartz-plagioclase
gneiss, micaceous quartzite, muscovite-biotite-schist, meta-
conglomerate, and metagraywacke.

Rocks adjoining the study area due north and northwest of
Dahlonega have not been studied in detail. They consist of
amphibolite, biotite-quartz schist, and biotite-muscovite-
quartz schist and may be correlative with Gillon’s (1982)
Richard Russell formation or other lithologies that comprise
the Hayesville thrust sheet as described by Nelson (1983).
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STRUCTURE

The structural complexity of the Dahlonega gold belt has long
been recognized. Crickmay (1952) characterized this area as a
complex zone of pervasive shearing and suggested the
existence of extensive faulting. Because of this, he referred to -
this area as the Dahlonega shear zone. Observations made
during the mapping phase of this study tend to corroborate
Crickmay’s remarks on shearing; however, the primary cause
forshearing appears to be extremely tight folding rather than
faulting. Faulting is present but is largely confined to the
borders of the study area.

Three major faults form portions of the boundaries of the
study area (plate 1). The Chattahoochee fault forms most of
the. southeastern boundary, whereas the Allatoona and
Shope Fork faults form part of the northwestern boundary.
All juxtapose significantly different geologic terrains.

The Chattahoochee fault was first proposed by Hurst (1973),
and its trace was subsequently modified by McConnell and
Abrams (1982). As observed in the study area, it forms a
distinct boundary between the weakly to highly migmatized
Sandy Springs Group and unmigmatized schists, amphibolites,
and felsic gneiss of the Univeter Formation. Bowen (1961
described cataclastic textures associated withrthis boundary in
southeastern Dawson County, and McConnell and Abrams
(1984) described this boundary as a metamorphicisograd and
migmatitic front. This fault was traced by the author from just
southwest of Lake Burton in Habersham County southwest-
ward to central Cherokee County. McConnell and Abrams:
(1984) traced it farther southwestward whére it is overridden: -
by the Blairs Bridge fault. :

Hatcher (1978) proposed that one of ‘the faults on the
northwestern boundary of the study area was a continuation
of the Hayesville fault which had been observed farther to the
northeast in North Carolina. This fault was subsequently
called the Allatoona-Hayesville fault by McConnell and
Costello (1980). In this report the Allatoona-Hayesville fault is
referred to simply as the Allatoona fault. Movement along this
fault probably occurred shortly after the peak of regional
metamorphism since it truncates the northwestern limb of
the Auraria antiform (see cross-section AA’, plate 1). Along
the Allatoona fault, terrain of the Dahlonega gold belt with a
substantial volcanic component was thrust over the pre-
dominantly sedimentary Great Smoky Group, forming a
distinct boundary between dissimilar terrains. This fault
terminates northeast of Dahlonega near the trace of the
Shope Fork fault.

The Shope Fork fault was mapped by Hatcher (1976)
through Towns and Rabun Counties and was extended into
White County by Gillon (1982). Hatcher (1976, 1979) considered
movement along this fault to have been pre- or synmeta-
morphic. The Shope Fork fault can be traced across Lumpkin
County north of the study area and separates lithologies
resembling the Canton Formation from the Richard Russell
formation (Arthur E. Nelson, personal commun., 1984) (plate
1.

The only major fault observed within the interior of the
study area is a reverse fault that extends from just southeast of
Dawsonville to northeast of Dahlonega where it merges with
the Allatoona fault. Movement along this fault transported
the Chestatee Member to its present position and is believed



responsible for the discontinuity in strikes between units on
either side. This fault is probably a splay off the Allatoona fault
(see cross-section AA’, plate 1).

The major structural feature of the DahIonega belt is the
Auraria antiform, a large, asymmetncal isoclinal antiform
(plate 1), This fold is northwest- vergentand plunges alternately
northeastward and southwestward along stnke This antiform

extends from Pauldlng County (McConneIl 1980) northeast- ‘

~ward to just east of Dahlonega in Lumpkln County and is
- responsible for the outcrop p tter_ns of major lithologies in
this area. In Paulding, Bartow, and Cherokee Counties the

Auraria antiform is cored by the Galts Ferry Gneiss (McConnell,

1980; McConnell and Abrams, 1984), whereds in the study

area it is cored by the structurally overlying Pumpkmvme
-, Creek Formation.

. The fabric of the lithologies in the study area reflects several
episodes of deformation. Collectively, they record a succession
of events of initially strong ductile deformation folléwed by
episodes of relatively weak brittle deformation. The ductile
phase is expressed by flexural flow folds, whereas the Brittle
phase is expressed by slickensides and small faults. These are
summarized in table 2 and discussed in the ensuing text.”

The earliest recognizable event (D,) is faulting along the
Shope Fork fault. Any induced fabric that may have accom-

.. panied this movement is not recognizable i in the study area,

- _probably due to subsequent over-printing.
. The next recognizable deformational event (D,) is the most
lntense and is responsible for the outcrop patterns and major
folds (F,) of the study area. This event produced a pervasive
northeast- strlklng foliation that is axial planar to tHese folds.
Minor and major folds. produ¢ed during 'this éVent are
extremely tightisoclines that are northwest-vergent sbuthwest

of the Dahlonega area and southeast-vergent northeast of
there and plunge either southwestward or northeastward<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>