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GOLD MINERALIZATION, AND TIN, BASE METALS, AND THORIUM
ANOMALIES AT YANKEE HORSE RIDGE,IRISH CREEK TIN ARBA,

ROCKBRIDGE COUNTY, VIRGINIA

Richard S. Good

ABSTRACT

Gold mineralization was identified by soil geochemistry
on Yankee Horse Ridge three miles southwest of the aban-
doned Irish Creek tin mines in the central Blue Ridge prov-
ince of Virginia. The highest concentrations of gold in the
soil samples ranged from 0.33 to 0.51 ppm. Anomalous tin
(44 ppm),lead (521 ppm), zinc (457 ppm), copper (59 ppm),
anenic (25 ppm), rubidium (70 ppm), and thorium (45 ppm)
are also present in the soil samples. Samples of mylonitic
bedrock, exposed by shallow trenching, have whole-rock
assays of up to 0.17 ounces/short ton (5.8 ppm) of gold. The
bedrock is hydrothermally altered and sheared, gray to green-
ish-gray, aphanitic, felsic quartz monzonite witl sparse,
limonitic and hematitic vugs with sparse boxworks, and
contains disseminated relict pyrite, jarosite, and beudan-
tite(?). The slightly deformed bedrock is leucocratic quartz
monzonite, which in places is felsic enough to be classed as

an alaskite. Some highly sheared rock contains smoky-quartz
clasts. Subvolcanic rhyodacite and basalt dikes occur at and
near the anomaly. About 700 feet north-northwest of the
anomaly is an occurrence of pyrrhotit€, arsenopyrite, chal-
copyrite, and fluorite mineralization with anomalous arsenic
(600 ppm) and fluorine (5495 ppm) in the soil.

The Yankee Horse Ridge prospect is less than 800 feet
from a fluorite-bearing biotite granite on Nettle Mountain
(informally called the Nettle Mouncain granite). This biotite
granite is intruded into a Grenville-age clinopyroxene-hyper-
sthene-hornblende granulite gneiss with a contact zone con-
raining felsic dikes and xenoliths. The Nettle Mountain
granite contains a chemical signature, including a Rb/Sr ratio
of 5.05, characteristic of highly differentiated, volatile-rich
intrusives similar to those associated with tin districts in
England, Nigeria, Australia, and Canada. The Nettle Moun-
tain granite has generated enrichments of up to 14.5 ppm
beryllium in soil and 6 ppm in nearby stream sediments. The
stream sediment values are similar to those found in sedi-
ments downstream from the Irish Creek tin mines.

The rocks enclosing the mineral deposit are part of a
complex allochthonous imbricate tectonic thrust sheet, wit}
a northeast trend and southeast low-angle dip, that lies over
lower Paleozoic-age clastic sedimentary rocks. Thrust sheets
in the area are characterized by anastomosing, catackNtic
zones west of the Rockfish Valley fault. Gold mineralization
on Yankee Horse Ridge may have been generated from
paleo-hot springs associated with subvolcanic rhyolite dikes
present in thelate hecambrian-age, Crossnore-related Nettle
Mountain fluorite-biotite plulon. The gold mineralization
could also have been controlled by metal-rich brines or
possibly much younger, metal-rich solutions that were remo-
bilized following reactivated paleo-rift faults. These faults
are now mapped as low-angle mylonitic thrust zones.

INTRODUCTION

This study describes the results of a geochemical inves-
tigation for tin and precious metals in the Irish Creek area of
Rockbridge County. Except for negligible placer deposits in
Alaska there is no significantprimaryproduction of tin in the
United States (Carlin, 1988). The only tin mine in Virginia is
at Irish Creek, Rockbridge County. This small operation has

been inactive for more than 70 years (Figure l).
The recorded occurrences of gold and silver in the

vicinity of the Irish Creek mines indicate that the area has the
potential for precious metals as well as tin. Hotchkiss (1883)
reported values of 0.1 ta7.36 ounces/short ton of gold (3.4 -
252 ppm) and 38 to 73.73 ounces/short ton (2528 ppm) of
silver in the arsenopyrite in the vicinity of Irish Creek. Brown
(1885) also noted auriferous arsenopyrite occurring with
wolframite and cassiterite. A recent assay for gold on an

arsenopyrite sample from the #2 dump at hish Creek indi-
cates 7.8 ounces/short ton (267 ppm) of gold and I 1. 1 ounces/
short ton (381 ppm) of silver (Virginia Division of Mineral
Resources samples, 1985).

Sulhde mineralization (pynhotite) occurs about 3 miles
southwest of ttre Irish Creek tin mines along Nettle Creek, a
tibulary of Irish Creek (Herbertl. Grow, penonal commu-
nication, 1985; Figure 24, traverse F). Assay records at the
Virginia Division of Mineral Resources indicate tlnt pynhotite
from this locality contains negligible gold and silver. There
are stories of a small gold mine or gold prospect that was
worked by Hubbard near the headwaters of Nettle Creek in
the late 1800s or early 1900s (Herbert Clark, personal com-
munication, 1985). This prospect might be the sulfide occur-
rence, F, on Nettle Creek. However, tlte Hubbard prospec(?)
was never located with certainty by the writer. On the east

bank of Neule Creek at the pyrrhotite locality (Figure 2A,
traverse D, the writer identified white fluorite, arsenopyrite,
and chalcopyrite in a mafic granulite gneiss. There is no
visible evidence of an adit or shaft in the area, but several
cylindrical marks that indicate very limited drilling and
blasting can be observed on a rock face along the creek.
Analysis on one of three soil samples taken near the site
(traverse F) indicates 600 ppm arsenic, 5495 ppm fluorine,
49Zppmcopper, and I32 ppm lead (Appendix I, sample 3W-
1). There is a series of very shallow, barely visible, 5 feet
long, 1 to2 fent deep exploration trenches about 800 feet up
slope from the Nettle Creek sulfide-fluorite occurrence. The
trenches are on a spur on the west slope of Yankee Horse
Ridge (Figure 24, traverse C-C'). The Nettle Creek sulfide-
fluorite occurence is located along the eastern contact of a
small, fluorite-bearing biotite granite that is intrusive into
Grenville-age granulites (Figure 2A). The granite at Nettle
Mountain has been described by Hudson (1981). Fordham
(1978) analyzed stream sediments from this same area and
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Figure 1. Regional geologic setting of the Irish Creek tin mine, Buck Mountain gold silver mine, and other nearby mines and
prospects.

EXPLANATION

I - kish Creek mine (Sn)
2 - Yankee Horse Ridge prospect (Au)
3 - BuckMormtainmine (Ag, Au)
4 - Jack's Hill mine (Au, Ag)
5 - Colleen prospect (Au, Ag, Pt)
6 - Ivy Creek prospect (Au)
7 - Fabermine (Pb Zn, Ag)
8 - Allenmine (Cu)
9 - Roseland anorthosite titanium deposits (Ii)
10 - kon, manganese, and iron-manganese mines

Triassic-Jurassic JTr
siltstone, feldspathic sandstone, and conglomerate of the Scottsville
rift basin

Cambrian Crse
marine limestone, dolomitg shale, and sandstone of the Valley and
Ridge province; Rome, Shady, and Erwin Formations

Cambrian Cch
Chilhowee Group: arenitic shelf to slrore face sedimentary roclq
phyllite, metasilstone, feldspathic sandstone, with aminor arnount
of basalt at the base

Late Precanbrian ct
Catoctin Formation: rift-related metabasalt and minor arnormts of
sedimentuy rock

Late Precambrian LY
Lynchburg Group (Ashe Formation, Alligator Back Formation):
rift-related oceanic metasediment, generally deeper water deposits
of the continental slope withsome shallow water deposits; turbidite,
submarine conglomerate, and includes greenstone which may rep-
resent a partial ophiolitic sequence

Late Precambrian LY(?)
deep watetmetasediment, dominantly schist with quartzite, marble,
amphibolite, and felsic gneiss, mapped as the Evington Group,
Paleozoic metasediment

Late Precambrian cn
Candler Formation: phyllite with quartzite and marble

Late Precamb,rian mr
Mechum River Formation: rift-rela&ed shallow water arkose with
conglomerate and conglomerate with coalescing fans of conglom-
erate

Late Precambrian
Crossnore Suite pluton: biotite granitc and granodiorite with fluo-
rite and accessory rare earth minerals

NM-Nettle Mountain granite, 637 mry. Q)
MM-Mobley Mountain granite, 652 m.y.
WM-Woods Mountain pluton age not determined
RF-Rockfish 573 m.y.

Precambrian Pc
Pedlar Complex' Grenville (-1 lfi) m.y.) and Pre-Grenville (-17fi)
m.y.) age massive and layered chunockite, massive and layered
granulite gneiss, leucocratic quartz monzonite an! alaskite; domi-
nantly pyroxene and pyroxene with homblende-bearing granulite
facies rocks characterizedby anastomosing, narrow mylonite zones
and bands which pervade a southeast-dipping, northeast-uending
stack of thrustplates; steeply dipping to verticalnorthwest-trending
transverse faults,

kecambrian Ir
l,ovingston Complex: Grenville (-1100 m.y.) and pre-Grenville
(-1700 m.y.) biotite augen gneiss, granulite gneiss, minor char-
nockite, granite, ferrodiorite, anorthosite and nelsonite; dominantly
biotite-and homblende-bearing rocks with minor pyroxene; sepa-
rated from the Pedlar Terrane by the Rockfish Valley mylonite
thrust zone

RA-Roseland anorthosite
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Figure 24. Location and topography of the geochemical soil
traverses across Nettle Mountain and Yankee Horse Ridge,
Montebello 7.5- minute quadrange, Rockbridge County, Vir-
ginia.

Figure 28. Location and topography of geochemical uav-
erses A-A and B-B across and close to Irish Creek tin mine,
#1 working, Montebello 7.5-minute quadrangle, Rockbridge
County, Virginia.

found an anomalously high beryllium signature similar to
anomalous valuesdownstream from the Irish Creektin mines

(Figure 3). There are also slightly elevated fluoride values
(180 and 240 parts per billion) in the stream water near the
Nettle Creek showings, but not as high as fluoride values
downsream from the tin mines (9l0partsperbillion) (Figure
4). Fresh lvaters average 100 ppb (Rose and others, 1979).

Figure 3. Parts per million beryllium in stream sediments,
hish Creek tin mine vicinity, Rockbridge County, Virginia.

PPB FLUORIDE

o <200

o 200-900

O >900

ta abandoned mine

(Oata, R.S.Good)

0
^t-.j

KILOMETERS

Figure 4. Parts per billion fluoride in stream water in vicinity
of Irish Creek tin mine and Nettle Mountain granite.

Penick and Sweet (1984) noted a previously unrecorded
gold andsilvermine (now called the BuckMountain mine) on
strike with the Nettle Creek sulfide-fluorite occurrence in
Amherst County. This locality is about l0 miles southwest of
the Irish Creek tin mines. The Buck Mountain mine is within
host rocks similar to tlose at Irish Creek (Figure 1). Assays
on adit samples from a quaravein in a shear zone from Buck
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Figure 5. Geology of the portion of the Montebello Quadrangle of investigation with location of the geochemical soil traverses,
designated A-A', B-B', C-C', D-D', and E-E (Geology modified from Hudson, 1981).
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EXPLANATION

Cataclastic zone.

Fault.

Geochemical soil and spectrometer traverse.

Irish Creek mine, Pantler Run #1, main
workings, 2 accessible adits and trenches.

Irish Creek mine, Panther Run #2, workings
inaccessible except for pits.

Chilhowee Group: metasediment sand
metavalcanics; phyllite, feldspathic sand-
stone and meta basalt.

Catoctin metabasalt feeder dikes.

Crossnore Group pluton: Nettle Mountain
fluorite-bearing biotite granite with accessory
florencite.

lr Porphyritic leucocratic quartz monzonite
with blue qaartz,locally alaskitic; with dis-
seminated, anastomosing, thin mylonite
zones separated by undeformed or slightly
deformed rock.

Poikiloblastic clinopyroxene, hypersthene,
hornblende granulite gneiss; layer hornblede,
clinopyroxene, hypersthene granutite gneiss;
quartzofeldspathic granulite gneiss; char-
nokite facies of Pedlar terrance characterized
by local, thin, anastomosing mylonite zones,
often wittr little or no displacement.

PPM BERYLLIUM
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Figure 7. Parts per million beryllium in soil Eaverses in the
vicinity of Irish Creek tin mine, #1 working.

Mountain range from 0.04 to 1.3 1 ounces/short ton of gold
and from 1.82 to 5.4 ounces/short ton of silver (Appendix II).
The mineralogy of the quartz vein is pyrite, arsenopyrite,
scorodite, fluorite, and gypsum. The writer also found highly
elevatedtinvalues inthe soil around theadit (20 to416 ppm),
but no cassiterite has been identified. Additional anomal-
ously high metal values in the soil are lead (400 to 607 ppm),
beryllium (6.1 ppm), arsenic (12,500 ppm), and silver (2to 5
ppm); fluorine in the soil is 1195 ppm (Appendix III). Three
ottrer small precious metal mines or prospects (Jack's Hill,
Colleen prospect, Ivy Creek, Figure 1) have been identified
by SweetandLovett(1985),but there is no dataregarding the
history or grade of ore from these mines.

The Irish Creek mine sites and the Yankee Horse Ridge
prospect are both within a 5500 acre tract of private land
owned by Dr. Laurie Landeau of New York. The tract was
formerly owned by Owens-Illinois Company, Forest Prod-
ucts Division, which became the Nekoosa Packaging, Inc. in
the 1980s.

GEOLOGIC SETTING

IRISH CREEK TIN DEPOSITS

The Irish Creek tin mines are located in the central
Virginia portion of the Blue Ridge physiographic and geo-
logic provinces @gure 1). The mines are located on a small
tribuary of Irish Creek @anther Run on l5-minute topo-
graphic map) that is unnamed on the 1965 edition of the
Montebello 7.5-minute topographic map. The sites are
located on the 7.5-minute Montebello quadrangle (Figures 1

and 2B). The mines were active from 1884 to 1886, 1890 to
1892,and,1918 to 1919 @erguson, 1918). However, total

o

B'd

"o o
-oa B 

""t,,u

o

PPM AERYLLIUt\,1
o <5
o -^oa a^

o
ooa

.\e s
^\.,4-l",rs'

o\-

9.,...,..1.q00
Feel

Figure 6. Parts per million beryllium in soil traverses on
Nettle Mountain and Yankee Horse Ridse.
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production has been estimated at only 3200 short tons of ore
with an average grade of 1 percent. This ore produced an
estimated 17 short tons of tin metal (Koschmann and others,
1942). The grade estimate was lowered to 0.49 percent based
on data obtained from drilling by Bethlehem Steel (Adair,
1942; French, 1956). Several exploration companies includ-
ing International Nickel and Billiton Metals did additional
trenching and assaying in the 1970s and 1980s.

Tin occurs at Irish Creek in cassiterite that is formed in
greisenized gay-quartz veins that inrude clinopyroxene-
hypersthene-hornblende granulite gneiss. These regional
host rocks were formerly all grouped within the Pedlar For-
mation (Bloomer and Werner, 1955) (in ilris study called
Pedlar complex), but Hudson (1981) recognized mappable
lithologic units locally that included quafrz monzonite, and
felsic and mafic granulites. All of these lithologies as well as
Lovingston complex rocks are intruded by younger Late
Precambrian-age granites (NM, WM, RF, Figure l) and Late
Precambrian- to Cambrian-age Catoctin basalt feeder dikes
and flows (Figure l). Minerals reported from Irish Creek
include arsenopyrite, pyrite, hematite, pyrrhotite, galena,
galenobismutite, aikinite, beryl, phenakite, scheelite, wolf-
ramite, sphalerite, siderite, apatite, scorodite, parisite, and ti-
tanomagnetite (Glass and others, 1958). I-esure and others
(1963) described tfie beryllium mineralization associated
with the deposits. Fordham (1978) notes anomalous beryl-
lium values (above three standard deviations) in stream sedi-
ments downsEeam from the mines and at one other location
in Nettle Creek (Figure 3). Hudson ( 1 98 I ) mapped a fl uorite-
biotite granite in the vicinity of Fordham's stream sediment
anomaly and concluded that this granite was the Irish Creek
"tin granite." Soil geochemisry done for this investigation
indicates elevated beryllium values in the bedrock over both
Hudson's fluorite-biotite granite and near the tin mines
(Figures 6 and 7).

PETROLOGY AND TECTONICS

A simptfiedregional geologic map showstheareaof in-
vestigation to be within Pedlar complex rocks (Figure 1 ) . The
term Pedlar was established by Bloomer and Werner (1955)
in the mapping of an area that included the Yankee Horse
Ridge-Nettle Mountain-Irish Creek areas. They combined
pre-Grenville-, Grenville-, and post-Grenville-age granites,
granodiorites, syenites, quartz diorites, anorthosites, and
unakite of the Blue Ridge Mountain into the Pedlar Forma-
tion. Bartholomew and others (1981) and Sinha and
Bartholomew (1984) retained the term Pedlarin describing a
large complex tectonic block consisting of a stack of alloch-
thonous plates west of the Rocldish Valley fault (Rockfish
mylonite zone, Figure l), as Pedlar massif. The Rockfish
Valley fault was first described and defined by Gathright and
others ( I 977) and Bartholomew ( I 977) in an area northeast of
the area of investigation.

Northwestof the Rockfish Valley fault (Rockfish mylo
nite zone, Figure 1) lithologies are dominantly Grenville-
(1lCI m.y.) and pre-Grenville-age (1700 m.y.) massive and
layered charnockites, massive and layered felsic and mafic
granulite gneisses, and leucocratic, quartz monzonites par-

tially reflecting different degrees of deformation. A Gren-
ville age of 1075 m.y. wzrs obtained from zircons extracted
from Pedlar complex charnockite by Pettingill and others
(1984). Mapping of an individual fault may be misleading.
The local scale tectonic style consists of anasbmosing faults
which pervade a southeast-dipping, northeast-trending stack
of thrust sheets which appears !o form a duplex.

Southeast of the Montebello quadrangle Herz andForce
(1987) used the term "Pedlar massif'as an informal term to
describe rocks northwest of the Rockfish mylonite zone.
Within the Montebello quadrangle, Hudson (1981) dropped
the term Pedlar and mapped four granulite gneiss units:
massive ilmenite-hornblende granulite gneiss, massive clino-
pyroxene-hypersthene hornblende granulite gneiss, poikilob-
lastic ilmenite-homblende granulite gneiss, and layered granu-
lite gneiss. Within the area of this investigation @gure 5),
Hudson (198 1) mapped most of the bedrock as poikiloblastic
clinopyroxene-hypersthene-hornbende granulite, layered
hornblende-clinopyroxene- hypersthene granulite gneiss with
small amounts of quartzofeldspathic gneiss and a large area
of porphyritic,leucocratic quartz monzonite (Figure 5). The
writer indicates all of these rocks as Pedlar complex (Pc) in
theregional map @gwe 1).

Rocks that occur to the southeast of the Rockfish mylo-
nite zone (Figure l) are Grenville- (1100 m.y.) and pre-
Grenville-age (f700 m.y.) biotite augen gneiss, granulite
gneiss, minor chamockite, granite, ferrodiorite, anorthosite,
and nelsonite (Herz and Force, 1987; Evans, 1984). These
rocks are dominantly biotite and hornblende-bearing rocks
with minor pyroxene. The rocks are shown informally as

Lovingston complex (Figure 1). The term hvingston origi-
nated with (Jonas, 1928), was continued by Bloomer and
Werner (f955), and was retained informally by Herz and
Force (1987) as "Lovingston massif."

The Rockfish mylonite zone (Figure 1) marks lithologic
differences but its significance is undergoing reevaluation.
The zone is about I to 3 miles in width and contains mylonites
along with rocks less intensely deformed. It is considered by
many workers to be part of a major fault system, the Hay-
esville-Fries-Rockfish Valley fault" extending on strike to the
southwest and northeast. The fault system also extends as

subparallel fractures to the northwest and southeast of the
trace indicated in Figure l.

The Rockfish mylonite zone @MZ) has been considered
one of dominantly ductile deformation and was called the
ductile deformation zone @DZ) by Bartholomew and others
(1981). The assumed Ordovician-age Taconic deformation
of the Rockfish mylonite zone through arc-continent colli-
sion (proto-Atlantic Ocean,Iapetus of Wilson (1966), clos-
ing) is now open to question. Evans (1984) found evidence
of both ductile and brittle deformation in his detailed map-
ping across the RldZ. The Rocldish mylonite zone is consid-
ered the trace of a reactivated hinge zone (Wehr and Glover,
1985; Evans, 1984) marking the uplift and stretching of a
continental margin which developed rift grabens on each

flank in Late Precambrian time. Late Precambrian- to Early
Cambrian-age rift-related faulting occurs along the entire
Blue Ridge geologic province from Alabama to Pennsylvania
(Costello and Hatcher, 1985). The driving force causing
uplift is widely viewed as a mande plume convection cell



PUBLICATION 112

(Wehr and Glover, 1985; Seyfert, 1987). Based on stratigra-
phic evidence Fichter and Diecchio (1986) have suggested
630 m.y. as the beginning date for rifting. Odom and Fullager
(1984) believe rift-related events started earlier at 690 m.y.
with felsic intrusions of the Crossnore plutonic-volcanic
suite. The Crossnore group was originally defined to describe
late Precambrian- to Eady Cambrian-age igneous rocks in-
cluding the Catoctin, MountRogers, and Grandfather Moun-
tain volcanic rocks (basalts andrhyolites) plus the Crossnore,
Beech, Striped Rock, Brown Mountain, and Iansing plutons
of northernmostNorth Carolina and southwest Virginia. On
stratigraphic, mineralogic, and isotopic-geochronological
grounds, Rankin, 1968a, 1968b; Rankin and ottrers, 1969;
Rankin, L97 5, 197 6,presented evidence tlat these rocks con-
stitute a single bimodal suite and an orogenic magmatic suite,
the Crossnore complex. The Crossnore plutonic suite, a sub-
division of the Crossnore complex, is characterized by felsic
members which have mildly to distinctly peralkaline affini-
ties. The Crossnore plutonic-volcanic suite is characterized
by enrichments in niobium, yttrium, thorium, uranium, rare-
earth elements, potassium, and depletions in strontium and
barium (Rankin, I 975). The plutons are fl uorite-bearing and
biotite rich granitoid rocks. A few are truly peralkaline, that
is, the sum of Nap and Kp exceeds Alpron a molecular
basis (Bailey, 1989) and contain small amounts of alkali
pyroxenes (aegirine) and alkali amphiboles (riebeckite)

@ankin, 1976). Felsic extrusives (rhyolite) are associated
with some of the Crossnore felsic plutons.

In the Blue Ridge province of central Virginia there are
four known small, fluorite-bearing, rare earth-enriched, tho-
rium and uranium-enriched biotite granitoid plutons which
intrude the Pedlar Complex and Lovingston Complex rocks.
Because of their intrusive relationships, their lithology, and
ages, they are called Crossnore plutons in this investigation.
Granitoid Crossnore plutons indicated in Figwe 1 are: Nettle
Mountain granite, NM; Mobley Mountain Granite, MM;
Woods Moun[ain pluton, WM; and Rockfish pluton, RF.
Two of these plutons have been dated as Late Precambrian,
the Nettle Mountain Granite indirectly at637 m.y. (Hudson
and Dallmeyer, 1982) and the Mobley Mountain Granite at
652 m.y. (Brock, 198 1). The locations of theplutons and ages
of intrusion are evidence for melting accompanying doming
or uplift prior to, or during, earliest rifting. The other biotite
fluorite-bearing granitoid plutons intrusive into Grenville-
age rocks, the Rockfish (RF, Figure 1) and the Woods Moun-
tain (WM, Figure l) have been described briefly but not
dated: Woods Mountain by Smith and others (1981); and
Rockfish by Evans (1984). Three of these Crossnore plutons
(MM, RF, and WM) occur southeast of the Rockfish mylonite
zone and the Nettle Mountain granite (NM) occurs to the
nortiwest (Figure l).

Within the Montebello quadrangle, Hudson (198 1) iden-
tified a small (1900 feet by 600 feet) fluorite-bearing biotite
granite on the east flank of Nettle Mountain, 2.84 miles
southwest of the Irish Creek tin mines (Figure 5). This granite
was described but never formally named by Hudson (1981).
In this study, this granite is informally referred to as ttre Nettle
Mountain granite. Hudson and Dallmeyer (1982) obtained an
ageof 637 m.y. (by AflA3e) from muscovitetaken from hish
Creek tin mine greisen samples. They concluded that the

nearby (2.84 miles) Nettle Mountain granite and its associ-
ated aplites are the source of Irish Creek tin mineralization,
even though no rock similar to ttre Nettle Mountain granite
has been identified at or close to the tin mines. Compared to
the "average granite" (2485 samples from Le Maire, 1976)
the Nettle Mountain granite shows a depletion in barium and
enrichment of rubidium, yttrium, niobium, uranium, tho-
rium, zirconium, and zinc (fable 1). Rankin (1975) noted en-
richmens in niobium, yttrium, thorium, uranium, rare earths,
potassium and depletion of stnontium and barium in the
Crossnore plutonic suite. Additionally, the average of three
Nettle Mountain granite samples tends to match the distinc-
tive signature of the average mineralized granite of S temprok
and Skvor (L974). Their data shows a signature of a high
SiO' low TiO, low MgO and CaO, high IlO and NqO, and
enrichment in a number of trace elements including beryl-
lium (Table l). Further evidence to support the Nettle
Mountain granite, or a very similar pluton as the source of tin
mineralization, is shown by the Rb/Sr value of 5.05 (range

3.6 1 to 7.4 8) which places the Nettle Mounain granite within
lhe lower range of mineralized plutons of various tin districts
when compared to barren granitoid rocks. All other granitoid
bodies fall well below a Rb/Sr ratio of 5.0 (Figure 8).

Other evidence that supports a genetic relationship be-
tween the Nettle Mountain granite and Irish Creek minerali-
zation is Fordham's (1978) beryllium data from stream
sediments. The stream sediment values for beryllium show
that the only anomalies in the area surveyed are downstream
from the tin mines and from the Nettle Mountain granite
(Figure 3). Elevated geochemical values in soil forberyllium
(this study) over tle Nettle Mountain granite strengtlens
Fordham's data (1978) (Figure 6).

A plot of the Nettle Mountain granite on a modified A-
K-F diagram shows that it is close to the Crossnore plutonic-
volcanic goup, and that although none of the samples are

ruly peralkaline, one sample plots very close to the peralka-
line divide at the base of the diagram @igure 9). One truly
peralkaline Crossnore granite from Rappahannock County,
northern Virginia Blue Ridge province, is shown in Figure 9
but others are not included (Mount Rogers felsic volcanic
rocks).

Alkalic and peralkaline rocks are well known in their
association with tensional or rifting environments as opposed
to a subduction setting. Early studies by Martin and Piwinski
(1972) on relating the chemistry of rocks to tectonic setting
were noted byRankin ( 1975) who observed thatthe Crossnore
volcanic and plulonic rocks matched rifted areas rather than
subducted settings. Later refinements using discriminant
functions with whole rock chemistry by Maniar and Piccoli
(1989) clearly places the Crossnore plutonic suite within a
rift-related setting (RRG in Figure 10).

As uplift continued and grabens deepened on each flank
of the hinge zone @ockfish mylonite zone, Figure l) elon-
gated basins were formed. On the ocean (east) side elongated
basins were filled with turbidite-dominated sediments and
mafic and ultramafic oceanic intrusives shown asLynchburg
Group, Ashe Formation, and Alligator B ack Formation (Figure
1). Lynchburg Group rocks occur in narrow, subparallel
basins both northeast, southwest, and east of, as well as within
the area shown in Figure 1 (Conley, I 985, I 987). Some of the
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Table 1. Whole-rock chemical
unmineralized granites.

VIRGINIA DIVISION OF MINERAL RESOURCES

signature of Nettle Mountain granite compared with average mineralized and average

sior7o
TiO"Vo
Total Fe asFe"O"Vo
MgOVo
CaOVo

\ovo
NarOTo
Rb/Sr
RbEa
uppm
Th ppm
Zr ppm
Nb ppm
Beppm

Lippm

Sn ppm

Rare earths ppm

mafic rocks within Lynchburg Group rocks are greenstones
and may represent partial ophiolite sequences (Conley , I 98 5 ,
1987). Ulramafic rocks (Figure 1) now altered to soapstone
also occur within the Lynchburg Group. In places close to hot
spots within the Lynchburg-Ashe basins, warm and hot
metal-rich and silica-rich brines deposited the syngenetic,
sEatiform, massive sulfides of iron, copper, zinc, and lead of
the Gossan Lead of southwest Virginia (Gair and Slack,
1984), and also the strataboundbarite, manganese oxide, and
banded iron formations of the westem Piedmont of Virginia
(Sweet and others, 1989). The Faber lead-zinc mine (number
6, Figure I ) and the Ivy Creek gold prospect (number 7, figure
1) are excellent examples of rift-related mineralization within
the Lynchburg Group rocks. Saline brines are known to have
an important role in the mylonitization process (Kirby and
others, 1989). Saline brines generated in Iate Precambrian-
age Lynchburg rift basins may have augmented the faulting
process. With or wittrout brines, however, the Late Precam-
brian-age rift faults are believed to be favored sites for
repeated faulting through Paleozoic and perhaps even Meso-
zoic time. Metamorphism altered but did not completely
obliterate these paleofractures. Mesozoic-age rift basins of

Average of
mineralized granites3

73.02
0.2r
2.27
0.52
r.24
4.57
3.28
high
high
high
high
high
high
high

high

high
variable
>15-20

high

the Triassic and Jurassic (Figure 1) follow the trend of Late
Precambrian-age rifts" It is not clear whether these are
reactivatedolder faults or acombination of newer faults with
older ones.

On the landward (west) side of the hinge line fluvial con-
glomerates and arkoses were deposited in narrow elongated
rift basins coeval orpartially coeval with Late Precambrian-
age Lynchburg deposition as the Mechum River Formation
(Frgure 1). Otherrift-related deposits coeval with theMechum
River, butnot shown, are the SwiftRun and Fauquier Forma-
tions. Some of the Mechum River deposits are subaerial
conglomerates with some shallow-water clastics.

As rifting continued from Late hecambrian time into
earliest Cambrian time, rift-related fractures directed basaltic
flows which follow thenortheasttrendof theMechum River-
Lynchburg basins. Basalts (now greenstones) directly over-
lie the riftgraben clastics (Catoctin Formation, Figure 1) and
have a chemical signature of continental margin rifting, not
subduction (Moseandothers, 1985; Badgerand Sinha, 1988).
The Catoctin Formation also contains some minor sedimen-
tary and volcaniclastic beds. Catoctin feeder dikes are shown
in Figure 2.

Average
graniter

7r.30
0.31
3.03
0.7r
1.84
4.07
3.68
2.76
0.33
3.9

20.0
175.0
20.0

3.0

40.0

3.0

41.0
Y

Nettle Mountarn
granite2

74.5
0.08
248
0.11
0.78
4.92
4.76
5.05
2.r8
7.7

24.r
391.0
r57.0

(anomalous, in soil over
granite, up to 14.5)
(anomalous, in soil over
granite, up to 67)

(anomalous, in soil over
granite, up to 16-19)

r79.0
Y, Nd, CE

rAverage granite, whole-rock analyses of major element oxides from 2485 samples (Le Maitre, 1976); trace element average frodr
Turekian (1977), in Rose and others (1979).
2Average of three whole-rock analyses of fluorite-biotite granite which crops out on Nettle Mountain (Hudson, 1981) and is
informallycalledNettleMountaingraniteinthisinvestigation. Thisgraniteis2.8milesfromthelrishCreektinmineandisthought
to be the "tin granite." Soil data on Be, Li, and Sn over the granite me from this study.
3Average for specialized granitoid host rocks in mineralized areas Stemprok and Skvor (1974) in Taylor (1979).
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Figure 9. Modified A-K-F diagram in molecular percent for
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lower Hampton Formations (shown as Chilhowee, Figure 1).
Rifting is indicated by thick alluvial fan sediments, basalts,
abundant lithic clasts, and the feldspathic character of the
sandstones in the lower and middle Unicoi. The overlying
upper Unicoi, quartzose sandslones, represents the incipient
phase of passive margin sedimentation. Stratabound iron,
manganese, and iron-manganese deposits were deposited
within the sediments of the Chilhowee Group (Antietam,
Harpers, and Weverton Formations) rocks and the overlying
Cambrian carbonates and shales of the Shady and Rome
Formations (Figure I ) . A regional reatrnent of current think-
ing on Blue Ridge rifting and tectonics can be found in Glover
(1989). Conley (1987) has suggested that a suMuctiory'
oMuction event may have also occurred in Late Precambrian
time in addition to rifting.

Although the evidence forlate Precambrian-age rifting
is subslantial, any interpretation must be tempered with the
realization that the entire Blue Ridge geologic province is
tectonically rootless. Seismic data indicates continuous hori-
zontal reflectors at 3.7 to 5 mi beneath the Blue Ridge and
western Piedmont province. These reflectors are interpreted
as being flat-lying lower Paleozoic-age strata (Clark and
others, 1978; Cook and ottrers, 1979; Harris and others, 1982;
Glover and others, 1982; Wehr and Glover, 1985). The
tectonic style is now seen by many workers to be affected by
right lateral movement in late Paleozoic-time.

The Nettle Mountain Granite is one of four Crossnore
plutons indicated on the regional geologic map (Figure 1).
Hudson (1981) considered the Nettle Mountain granite to be
the Irish Creek tin granite, but no granite was identified at or
near the mine, although Ferguson (1918) indicates ten other
"veins" up to more than a mile away from Irish Creek #1 and
#2 workings. This lack of a source granite may be because it
is not prominently exposed or it may be because the kish
Creek tin mineralization and the Nettle Mountain granite lie
within a very thin, southeast dipping thrust sheet. Hudson
(1981) indicates an extensive cataclastic zone @gure 2) and
the writer noted parallel shearing on Yankee Horse Ridge.
Evidence for the thinness of a Pedlar complex thrust sheet is
the comment of Ferguson (1918) who noted'purple slates"
atthe#2 underground tin workirigs (now inaccessible). This
observation wouldtend to supportan interpretation of Pedlar
complex granulite gneiss containing greisen lying over
younger Catoctin or Chilhowee rocks (Figure 2). }Jen and
others (1981) andBrock andothers (1987) postulated thatthe
Nettle Mountain granite is a rootless roof pendant of the
Mobley Mountain Granite (Brock, l98l).

The Nettle Mounain granite according to these workers
is a deached cupola of the Mobley Mountain granite, a
fluorite-bearing biotite granite 14.3 miles to the southeast of
Nettle Mountain. The roof pendant is thought to have been
transported during Paleozoic-aged (probably Taconic) thrust-
ing to the northwest. The geologic age determined for the
Mobley Mountain Granite, 652 m.y., by Brock (1981) is
marginallycompatible with Hudson and Dallmeyer's (1982)
date for Irish Creek greisen mineralization, alttrough the 637
m.y. age is only an inferred date for the Nettle Mountain
granite. The overall mineralogic and whole-rock chemical
evidence connecting the fwo granites is very weakandcannot
entirely be explained by enrichment of volatiles. Table 2

shows that the Mobley Mountain granite does not meet any of
the criteria for mineralized granites discussed earlier and
shown in Table l. Furthermore, the Mobley Mountain
granite does not show a high Rb/Sr value (Figure 8). Brock
(1981) and Brock and others (1987) underplay the chemical
and mineralogic discrepancy by postulating upper mantle
melting (possibly of a lherzolite) and fractional crystalliza-
tion leading to a volatile-enriched pluton cupola. The frac-
tional crystallization for Brock's model (1981) was derived
from computer modeling (XLFRAC, mass balance simula-
tion). It is certainly reasonable to envision dismemberment
of plutons in this allochthonous thrust belt setting, but it
should be noted that the data for the Rockfish pluton plots
closer to the Nettle Mountain granite than the Mobley Moun-
tain gnnite on a modified A-K-F diagram (Figure 9).

Table 2. Average major chemical and mineral differences
between Nettle Mountain granite and Mobley Mountain
granite.

Nettle Mountain Mobley Mountain
graniter granite2

SiO.Vo 74..5
TiO,Vo 0.08
Total Fe asFerOr%o 2.48
MgOTo 0.ll
CaOVo 0.78
Rbppm 437.0
Srppm 82.0
Yppm 179.0
Uppm 7.7
Th ppm U.l
RblSr 5.05

Quartz (modal%o) 27.5
Albite (modal To) 5.2
Epidote (mdal%o)

67.6
0.47
5.61
0.36
L.t4

97.4
190.0
22.0

0.57
7.2
0.59

24.8
t2.l
5.4

tNettle Mountain granite data from Hudson (1981), mean of
three analyses.

2Mobley Mountain granite data from Brock (1981), mean of
14 analyses.

THORIUM AND URANIUM

Anomalous thorium values may have a potential use in
the Blue Ridge province as a rapid guide to poorly exposed or
buried mineralized pegmatite or pegmatoid zones, mineral-
ized cataclastic zones, tin-bearing greisen, and surface ex-
pressions of uranium at depth. Late Precambrian-age,
Crossnore-type plutons (fluorite-bearing biotite granitoid
rocks rich in thorium and rare-earth elemens) have been
proposed as prime exploration targets for uranium in igne-
ous-metamorphic rock terranes @ogen and others, 1978).

Uranium mineralization is associated with tin deposits in
England and Europe in geologic settings similar to Irish
Creek. Mineralization is associated with granites containing
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more than 5 ppm uranium (Rich and others, 1977). In the
eastern United States, exploration foruranium is difficultand
misleading because surface leaching, transportation, and re-
deposition can easily remove all direct indications of unoxi-
dized uranium mineralization at depth, or leave only shallow
concentrations ofsecondary uranium minerals at the surface.

Thorium, because of similar ionic radius and valence
charge compared to uranium and rare-earth elements, accom-
panies these elements in magma evolution. Crossnore-type
granitoid plutons are enriched in these elements as well as ru-
bidium, beryllium, lithium, tungsten, tantalum, and tin, and
thus might be considered rift-related because of the known
association ofalkalic/peralkalic felsic rocks in tensional set-

tings. Upper mantle plune melting during uplift preceding
rifting is the most probable source.

Uranium (U{) separates from thorium (Th{) as it oxi-
dizes to U*6and forms more soluble and mobile complexes
during the weathering cycle in humid climates. The Th{
remains unoxidized in rock and soil as a stable compound.
One example in Virginia where the surface radioactivity is
not superficial, or due to disseminated thorium minerals, is
the Marline Uranium Corporation's Swanson ore body in
Pittsylvania County. This deposit consists of an estimated
3O-million pounds of UrOrin coffinite-pitchblende-uraninite
ore averaging 0.20 percent QO, (Chenowith, 1983). The
mineralizedzone is contained in a sheared late Precambrian-
age augen gneiss in contact with a younger granite along a
border fault of the Danville Triassic basin. This deposit might
represent mineralization along a reactivated late Precam-
brian-age rift fault

Deformation of accessory uranium and thorium-bearing
minerals is known to markedly enhance radioactivity in my-
lonite zones because of redistribution of the oxidized and
soluble U{ cation and radon gas movement within more
permeable cataclastic textures. In studying sources of radon
enrichment in Virginia and Pennsylvania, Gunderson and
Gates (1988) noted that uranium content could be positively
correlated with shear strain as determined by the angle be-
tween C and S bands. In the l^ate Precambrian-age Reading
hong allochthon of Pennsylvania, uranium was found hosted
in allanite, titanite, and monazite in unsheared rocks, but was
redistributed in association with hematite in the foliation of
mylonite at levels of 25 to 50 ppm uranium (Gunderson and
Gates, 1988).

Allanite and chevkinite/perrierite are common in small
amounts in the Blue Ridge province of Virginia (Mitchell,
1966a). Thorium always substitutes in varying small amounts
for cerium in allanite (Ce, Ca, Y) (Al, Fed), (SiO), (OlD,
penierite (Ca,Ce,Th)o(Mg,Fe'2)r(fi,Fe'3)rSip, monoclinic
perrierite (chevkinite), florencite (Ce,AQ@O.)r(OlI)u, and
bastnaesite (Ce,I^a) (CO3)F,OFD, all of which are known to
occur in the Crossnore plutons and the Robertson River
plutons andpegmatites (Hudson, 1981; Brock, 1981; Lukert
and Halladay, 1980). Complications in interpretation could
occur because allanite is also found in association with peg-
matoid intrusion zones near older charnockites. Allanite and
chevkinite may be related to late Precambrian-age Crossnore
pegmatoids. Hudson (1981) notes a radioactivity anomaly
associated with dark-gray quartz veins containing iron oxides
(200 ppm thorium, 7 ppm uranium) about 0.6 mile from the

fluorite-biotite granite along Nettle Mountain. Whole- rock
analyses by Hudson on the Nettle Mountain granite showed

a range of 13.5 ppm to l7 .9 ppm for thorium and an average
of 7 ppm for uranium . His mapping indicates aplites and gre-

isen in theperipheral zone of the fluorite-biotite granite, one

of which ourcrops on the west slope of Yankee Horse Ridge.
Hudson noted thorium enrichment along a cataclastic zone on
Grapevine Ridge in the southwest corner of the Montebello
quadrangle (Figure 1) and reported thorium values of I94
ppm and only 3.4 ppm uranium. A southem projection of
Hudson's mapping of a radioactive cataclastic zone was

checked by the writer. Gamma-ray spectrometry indicated
thorium and uranium values similar to Hudson's data (Figure
1 1).
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Figure 11. Gamma-ray spectrometer and geochemical rav'
erse across a projection of the cataclastic zone mapped by
Hudson (1981) on GrapevineRidge, Montebello 7.5-minute
quadrangle, Rockbridge County, Virginia.
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Ames ( 1 98 1 ) noted thorium enrichments of 275 ppm and
15.3 ppm uranium in the felsic mylonites of the Rockfish
mylonite zone southeast of the Irish Creek mines @gure l).
This area is northeast of the Montebello quadrangle. Values
of 50,000ppm thorium and4800ppm uranium werereported
in saprolites of shearzones with enrichments of tin, tungsten,
lanthanum, scandium, titanium, vanadium, zinc, and yttrium
in the Lovingston Formation southwest of Charlottesville
(Baillieul and Daddazio, 1982). The radioactivity in this
cataclastic zone is generated primarily from monazite, ura-
nothorite, and thorogummite. A strong north-northeast trend-
ing thorium and uranium anomaly is indicated by stream
sediments in the National Uranium Resouces Evaluation
(I{URE) survey (Herz, 1982). This anomaly is south of the
Montebello quadrangle in the adjacent Forks of Buffalo
quadrangle. A low-level thorium emichment is noted (Ih/u
greater than 4.0, 1 3.4 ppm thorium, 3. 3 ppm uranium: Appen-
dix VI) at kish Creek tin mine (Figure 12\ and, in an area
peripheral to the Nettle Mountain granite (6f ppm thorium,
7.5 ppm uranium: Appendix IX:44.7 ppm thorium, 7 ppm
uranium: Appendix X; Figure 13).

THORIUM / URANIUM
o <4.0

< 4.0

> 40
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Figure 13. Soil Tty'U ratios for the gamma spectrometer
traverse across Nettle Mountain and Yankee Horse Ridge,
Montebello 7.5-minute quadrangle, Rockbridge County.
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Figure 14. Parts per million tin in soil traverses on Nettle
Mountain and Yankee Horse Ridge.

at Irish Creek mine (traverse A-A' in Figures 15, 17, and 19)

and apparently uncon[aminated and unmineralized soil (trav-
erse B-B', figures 14, 16, and l8). Traverse B-B' is 250 feet
northeast of the mine and parallel to the Eaverse across the
mine adis. The values are listed in Appendices VI, VIL VIII,
and IX. Background values were computed from geochemi-
cal soil values from Eaverse B. Additional geochemical soil
data from the literature helpful for establishing or evaluating
anomalies for tin" lead, and zinc as well as for other metals
analyzelin this investigation are given in Appendix V.

A topographic-geochemical profile of the southqstpor-
tion of reconnaissance traverse C-C' across Nettle Mountain
(Figure 20) shows elevated tin,lead, and zinc values. In the
other traverses @gures 14,16, and 18) detailed sampling at
lO-foot intervals along three, 200-foot sample Faverses is
indicated within in the large rectangle representing an en-
larged view of anomaly Y on Yankee Horse Ridge. Addi-
tional short north-south and east-west traverses with 100-foot
intervals, D, E, andF have metal values listed in Appendices
X, XI, and XII.

THORIUM
o

URANIUM

ooo

o >4.0

1='2tttt= 
=

^ lrish Creek
'o Mineo'l

-a

9,.......10p0
Feel

Figure 12. Soil fiy'U ratios fm the gamma spectrometer
traverse across Irish Creek tin mine, #l working" Montebello
7.5-minute quadrangle, Rockbridge County.

RESIJLTS OF INVESTIGATION

GEOCIIEMICAL SOIL TRAYERSES

A geochemical soil traverse with 100-fooa intervals was
designed to cross the fluorite-biotite granite on Nettle Moun-
tain (described by Hudson, 1981) and intersect a small
greisen and aplite area on Yankee Horse Ridge. The initial
reconnaissance soil traverse clearly indicates a tin, lead, and
zinc anomaly (Figures 14, 16,18, and 20). Reference soil
travgrses were made over mineralized and concaminated soil
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PPM TIN
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Figwe f 5. Fafls per million tin in soil traverses at and near
kish Crcek tin mine, #l working.
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Figure 17. Para per million lead in soil in the vicinity of the
Irish Crcek tin mine, #l wo*ing.
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Figue f6. Parts per million lead in soil traverses on Nettle
Mountain and Yankee Horse Ridge.

The Yankee Horse Ridge anomaly shows elevafed val-
ues ofrubidium @igure2l), arsenic @igure23), gold (Figure
25),andsilver. A small thorium anomaly with a maximum
value of 6l ppm thorium (Figure 13) is also presenL Metal
values from samples along the FaversesareshowninAppen-
dices VIII, D(, X, XI, and XII.

Comparison of the geochemical soil anomalies at Yan-
kee HorseRidge with the reference travene A at Irish Creek
tin mine show ttrat there are elevated values of tin, lead,
beryllium, lithium, zinc, copper, fluorine (Figure 27), rubid-
ium @gure 22';, and silver very close to the mine adits (but
noton mine dump soil). No soil samples were taken for gold
analysis along the hish Creek mine traverse. Soil values with
elevatedberyllium, tin, lead, lithium, zinc, andarsenic were
found over the Nettle Mountain granite in traverse C. Some
tungsten values (apparently anomalous) are also present (Fig-

ao
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Figure 18. Parts per million zinc in soil traverses on Neule
Mountain and Yankee Hone Ridge.

ures 7, 15, L7, 29, 19, and Vl). Traverses showing fl uorine,
lithium, and copper :lre shown in Figures 26, 28, and 30 with
reference traverses in Figures 26,28, and 31. In the detailed
traverse (10 foot intervals) on Yankee Horse Ridge anoma-
lors iron, manganese, nickel, andcobaltvalues arealso rnted
associated with a Catoctin greenstone feeder dike.

Both gold and silver are identified in anomalous amounts
in the soil at levels indicating the presence of gold minerali-
zation in the bedrock. This non-visible mineralization is
confirmed by assays of the bedrock. The initial precious
metal anomaly was suggested from ttre routine use of atomic
absorption for silver alone. Silver has been used as a "crude"
pathfinder element forprecious mefals as well as base-metal
mineralization. Silver has been demonstrated to be a useful,
rapid, and inexpensive discriminator element even when
used with routine geochemical analyses with hydrochloric
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Iigpre 19. hrts permillion zinc in soilin the vicinityoflrish
CrceL tin mine, #l wutiqg.

Egue 20. Geochemical soil profile for tin,lea4 and zittc
stheastern portion of C, location Y (Figure 2A), Yankee
HaseRidge.

acid sample digestion. Enough silver remains in solution
even thorgh silverin large amounts is precipitatedby chb-
ridc, to provide low level silver anomalies with a detection
lim'tof I ppm silver.

AtYankee HoseRidge andNettle Mountain only two
sil samples on traverses C, D, E, and F (Figrnes 2A, 5) show
detectable (more than detection l ppm limit) silver. Sample
3-W-1 (traverseF, Apperdix I) contains 5 ppn silver. One
olher sample contains detectable silver (l pm) @L on
lravsseYC, detailed sampling, AppendixXtr). AII uhq
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Flgure 23 . Parts pe million arsenic in soil traverses on Nettle
Mountain and Yankee Horse Ridge.
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Figure 26- hrts per million fluoride in soif traye{s€s on
Ne*[h ffiounain and Yankee Horse Ridgc.
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Figue 28. kts per milliorr lithium in soil traverses in lhe
vlfiity of kish Creek tin mine, #l worting.

rmine sfl smrples main no detectable silver excqr two
sernlrles m trerderence traverse rross hish Creek (rarcne
AnppendixVl). Thesevalues ae 13 and I ppn sihrcrattu
ftish Croek adit ard f00 feet soufteast of the adit. It is d
irereglonoethatfornsoilsamples from theBuckldomlain
mirc (Egure l), ten miles southwest of the hish Creek mine
cmtain ftom 2 to 5 ppm silver (Appendix m). According to
SnfttmdCmon (1977) therangeof silver in unminsalircd
sils is 0.fi1 to 0.09 ppm. Even in mineralized soilq silw
selilom cxaeds 1 14rn, althurgh the humic layers in mim-
aNizrdrw may in exceptional cases rerch levels of 2 to 5
p (Slucklwe and Boerngen, 1984).

Bcause of tlre cleuly anomalous silver values in fu
mil" additional soil samples were taken on a separate grid.
These samples were malyzndfor gold and silverby fireassay
(Figsre 25)" Three soil samples contained 0.326 ppm,0470
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figwe29. Parts permillion lithium in soil traverses on Nettle
Mounain and Yarikee Horse Ridge.
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PPM COPPER
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Figre 31. kts per milion copper in soil traverss in tlre
vicinity of kish Creek tin mine, #l working.

stage, gold can be p'resent in soil particulatas or in c&bles and
pebbles. Gold is most often enriched in tlrc hrmus layers
because itcan actas areductant and precipitatiur rnedium fu
mobile forms of gold. In mineralized areas Lakin ando&ss
(197a) foundfca*mull (a special form of humus) to contain
0.05 !o 5 ppm gold.

TRENCHING AI{D DRILLING ON T}IE YANKEE
HORSE RIDGE ANOMALY

The soil anornaly on Yankee Horse Ridge was exposed
by trenching. The rocks and soil in the tnench revealed
nussive, streee{ and mylonitized and hydrothermalty aI-
tered leucocratic, quarg monzonite and alaskite bedrock
beneath a slrallow soil cover (Figures 5, ?fi,29,32, and 33).
Inunsheaedquartz monzonite tlrc quartz is bluish gray and
thin sections indicae that perthitic K-feldspar is abundant.
The mylurite is a light gray to greenish gray, schislose,
aphanitic rockwittr I to 3 millimeters elongated smoky gray,
qaarlz, porphyroclasts. Mrrch of the uncrushed rock shows
anasomosing, paper-thin, limonite or hematile-filled frac-
tures in thin section. Mylonitic marerial contains quartz with
mortar texture and Boehm lamellae, as well as sericite and
chlorite leaves between the quartz clasts. Unweathered
mylonitic bedrock is shown in Figure 32.

A few samples contained visible hematitic vugs with dis-
seminated pynte. Other rock fragments conlained isolated
limonitic and lrematitic boxworks from2 to4 centimeters in
diameter. Boxwork casts suggest both tetrahedra and cubes.
Several fragments show traces of powdery yellow and yel-
low-green films. X-ray diffraction indicates jarosite and
possibly beudantite, a lead arsenate mineral.

No definite greisen zone could be observed in the exca-
vations. The exposed area indicated sparse, scattered miner-
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Figure 30. Parts per million copper in soil traverses onNe$le
Mqptain and Yankee Horse Ridge.

ppm, and 0.5 I 2ppm gold. All of fhese values unambiguously
indicate gold mineralization in urderlying or nearby bedrock
Anomalous gold is indicated in 14 out of 39 soil samples
using 0.01 ppm as the threshold (AppendixXltr). The results
irrlicate gpical 1nechy anomalous ralues consistcnt with
goldmineralization elsewhere. In soils over oneof thelargest
gold mines in Virginia's gold/pyrite belt, the Tellurium mine,
arnmalous soil values range from 0.02 to 0.42 ppm gold with
all background samples below 0.02 ppm (Good and others,
1977). In abandoned South Carolina gold mines, Kinkel and
I-eSure (1968) found soil values tro ftmge from 0.02 tfi 0.52
ppm gold. Rose and others (1979) list 0.002 ppm gold as
background for soils and Kabata-Pendias andPendias (1984)
give 0.001 to 0.002 ppm gold as a background range for all
unmineralized soils regardless of climate. Lakin and others
(1974) studied gold disribution in soil profiles. They show
that depending on the origin of the soil and its weathering
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Figure 32. Freshly bulldozed bedrock at geochemical soil
anomaly Y (Figure 2a), location Y (Figure 5), Yankee Horse
Ridge, showing sparsely mineralized, sheared leucoquart-
zmonzonite. Selected loose grab samples showed gold as-
says up to 0.17 ounces of goldfter short ton.

Figure 33. Freshly bulldozed bedrock at geochemical soil
anomalyY inFigure 2a,location Y (Figure 5), Yankee Horse
Ridge, showing sparsely mineralized leucoquartzmonzonite.
Selected grab samples showed gold assays up to 0.17 ounces
of gold/per short ton but samples were not in place.

alization, not an obvious vein or dike. White aplite with
paper=thin, hematite-filled fractures occurs in the vicinity of
the geochemical anomaly, away from the area of trenching
and about 500 feet down slope to the north of the trenched
area.

Three mineralized grab samples were assayed from the
renched geochemical soil anomaly (Figures 20 and 32). The
assays show marginal to ore grade values of 0.03, 0.05, and
0.17 ounces/ong lon gold (assays 1,2, and l0; Appendix
XIV) and up to 8.72 ounces/ong ton silver(assay 1, Appen-
dix XIV). A fourth mineralizedbedrock sample from anom-
aly Y showed0.002 ounces/ong ton gold (assay 12, Appen-
dix XIV).

ORIGIN OF MINERALZATION AND E)PLORATION
TARGETS

TIN

Cunentgeologic evidence supports the association of tin
mineralization with Late Precambrian- to Early Cambrian-
age continental margin rifting as discussed earlier. The
identification ofrift-generated felsic plutons as a potential
source for tin and tungsten shouldfocus on any granitoid rock
with a specialized chemical signature, especially flubrite-
bearing granites with biotite more abundant than muscovite.

Lithochemical or whole-rock chemical signatures of
potential mineral-rich granitoid source rocks should show
low TiQ,low total Fe as FerO' low MgO,low CaO, high
I!O, and enrichments in rubidium, fluorine, lithium, tin,
beryllium, tungsten, and molybdenum witl or without ele-
vated values of niobium, tantalum, caesium, uranium the,
rare earths, and boron. Specific element values based on a
wide variety of mineralized areas of the world are summa-
rized in Column 2 of Table 1. Additionally, elementpairs can
be used. A specialized signature would show low ratios for
K/Rb, Mg1Li, and Ba/Rb.

Hudson ( I 98 1) and Rankin (197 5, I 976) did not include
chemical data for tin, beryllium, or lithium, thus an evaluation
of whole rock signature for the Irish Creek area is limited. If
possible, chemical analyses in a tin exploration program
should include tin, litlium, strontium, barium, selected rare
earths, thorium, and uranium. Because of ttre limitations on
chemical data for the Irish Creek area, aRb/Sr value of greater
than 5.0 is tentatively suggested as a simple criterion for
identifying a potentially mineralized pluton. The basis for
this value is summarized in Figure 8. Where complete chemi-
cal data is available, several chemical elements can be com-
bined in a discriminant formula. Govett (1983) found one of
the most useful to be: Rb2 x LdK x Mg x Sr with resultant
discriminant numbers above 5ffi indicating apluton with fa-
vorable mineralization. This figure was based on computa-
tion from known mineralized and apparently banen rocks.

Theevaluation of areas containingplutons with aspecial
chemical signature and exploration in areas without chemical
analyses for granites, can be focused on areas surrounding
stream sediment sample stations with values of more than 6
ppm beryllium. Tin may or may not be anomalous in the
sediment depending on tlte drainage. Values of tin in soil
above 20 ppm should be considered an indication of miner-
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Figure 32. Freshly bulldozed bedrock at geochemical soil
anomaly Y (Figure 2a), location Y (Figure 5), Yankee Horse
Ridge, showing sparsely mineralized, sheared leucoquart-
zmonzonite. Selected loose grab samples showed gold as-
says up to 0.17 ounces of goldfuer short ton.

Figure 33. Freshly bulldozed bedrock at geochemical soil
anomaly Y in Figure 2a, location Y @igure 5), Yankee Horse
Ridge, showing sparsely mineralized leucoquartzmonzonite.
Selected grab samples showed gold assays up to 0.17 ounces
of gold/per short ton but samples were not in place.

alization, not an obvious vein or dike. White aplite with
paper-thin, hematite-filled fractures occurs in the vicinity of
the geochemical anomaly, away from the area of renching
and about 500 feet down slope to the north of the trenched
arca.

Three mineralized gtab samples were assayed from the

trenched geochemical soil anomaly (Figures 20 and 32). The
assays show marginal to ore grade values of 0.03, 0.05, and
0.17 ounceslong ton gold (assays 1,2, and 10; Appendix
XIV) and up to 8.72 ounces/ong ton silver (assay 1, Appen-
dix XIV). A fourth mineralized bedrock sample from anom-
aly Y showed0.002 ounceslong ton gold (assay 12, Appen-
dix XIV).

ORIGIN OF MINERALZATION AND EXPLORATION
TARGETS

TIN

Current geologic evidence supports the association of tin
mineralization with Late Precambrian- to Early Cambrian-
age continental margin rifting as discussed earlier. The
identification of rift-generated felsic plutons as a potential
source for tin and tungsten should focus on any granitoid rock
with a specialized chemical signature, especially fluorite-
bearing granites withbiotite more abundant than muscovite.

Lithochemical or whole-rock chemical signatures of
potential mineral-rich granitoid source rocks should show
low TiO' low total Fe as Fep' low MgO,low CaO, high
K"O, and enrichmens in rubidium, fluorine, lithium, tin,
bebllium, tungsten, and molybdenum with or without ele-
vated values of niobium, tantalum, caesium, uranium the,
rale earths, and boron. Specific element values based on a
wide variety of mineralized areas of the world are summa-
rized in Column 2 of Table 1. Additionally, elementpairs can

be used. A specialized signature would show low ratios for
K/Rb, M&/Li, and Ba/Rb.

Hudson ( I 98 1) and Rankin (197 5, I 976) did not include
chemical datafor tin, beryllium, or lithium, thusan evaluation
of whole rock signature for the Irish Creek area is limited. If
possible, chemical analyses in a tin exploration program
should include tin, lithium, strontium, barium, selected rare
earths, thorium, and uranium. Because of ttre limitations on
chemical data for the Irish Creek area, aRb/Sr value of greater

than 5.0 is tentatively suggested as a simple criterion for
identifying a potentially mineralized plulon. The basis for
this value is summarized in Figure 8. Where complete chemi-
cal data is available, several chemical elements can be com-
bined in a discriminant formula. Govett (1983) found one of
the most useful to be: Rb2 x Lt/K x Mg x Sr with resultant
discriminant numbers above 500 indicating a pluton with fa-
vorable mineralization. This figure was based on computa-
tion from known mineralized and apparently barren rocks.

The evaluation of areas containing plutons with a special
chemical signature and exploration in areas without chemical
analyses for granites, can be focused on areas surrounding
stream sediment sample stations wittr values of more than 6
ppm beryllium. Tin may or may not be anomalous in the
sediment depending on the drainage. Values of tin in soil
above 20 ppm should be considered an indication of miner-
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alization. Northwest-southeast cross-striike reconnaissance

traverses can be followed by grids in anomalous areas.

COLD

The origin of the gold in the Blue Ridge province is less

clear than for tin. At the Irish Creek mines, gold occurs with
arsenopyrite in the tin greisens and quartz veins that are close

to a cataclastic zone. The extent of the gold mineralization is

unknown. Ten miles southwest of 'Irish Creek, in rocks

similar to those at Irish Creek, gold and silver occur in
amounts large enough to have been mined in a small opera-

tion at Buck Mountain. The precious metals occur in quartz

veins in association with arsenic minerals thatare confined to
a narrow shear zone. In between these two occurrences, gold
was identified at Yankee Horse Ridge in sheared bedrock in

Creek, Montgomery County, Virginia, gold occurs within
myloni @ilot
gneiss iscoll,
1989). Creek
samples from within the Fries mylonite zone showed that the
gold is epithermal and ontinuous
quartz veins. The ep distinctlY
different inclusion sig mylonitic
quartz. Driscoll concluded that the Brush Creek gold deposits

were controlled by brittle fracture tectonics and were there-

fore probably related to a tectonic event sometime after late
Mississippian time (latest mylonitization associated with the

Fries fault).

Figure 34. Microphotograph of a sample of cataclastic leu-

coquartzmonzonite under cross-polarized light at 20x show-

ing hematite-filled fractures with traces of pyrite. From

bedrock at anomaly Y (Figure 2A), location G (Figure 5),
Yankee Hone Ridge.

At Yankee Horse Ridge the precious metal anomalies are

associated with very sparse mineralization within cataclas-

tized, felsic,
anomaliesare
dikes (Figure
who consider
Nettle Mountain
quartz monzonit
age felsic pluton
ered to be rift-rel
angl
and
Any
and

clastic events. Gold is now lnown to be much more mobile

than previously thought so that caution must be shown in
genetic hterpretation s.

Figure 35. Microphoograph of a sample from therhyodacite

dile under cross-polarizbd light at 20x showing radiate

structure which may be a devitrification spherulite' From

felsite outcrop 150 feet from anomaly Y (Figure 2A).

Hudson andDallmeyer (1982) mightbe incorrectin their

assumption that the from

IrishCleekgreiseni anite

because ttre Nettle d di-
rectly and does not occur, or at least has not been observed,

at th; Irish Creek mines. There may be multiple inrusions of
different ages at the Yankee Horse Ridge-Nettle Mountain
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Figure 36. Bedrock in Nettle Creek showing rhyodacite and
Catoctin(?) metabasalt xenoliths in hornblende granite, loca-
tion F, Figure 2A.

Figure 37. Bedrock in Nettle Creek showing Catoctin(?)
metabasalt xenolittrs in hornblende granite, location F, Fiugre
21^.

Figure 38. Bedrock in Nettle Creek showing Catoctin(?)
metabasalt xenolittrs in hornblende granite, location F, Fig-
ure 24.

Figure 39. Bedrock in Nettle Creek showing Catoctin(?)
metabasalt xenolittrs in hornblende granite.

lengttr, of Catoctin-like greenstone, felsic dikerock, and feld-
spathic quartzite containing visible, rounded, clasts (Figures

36,37 ,38, and 39). The occulrence of the xenoliths in the
hornblende granite at the periphery of the Nettle Mountain
granite supports the supposition of multiple intrusions as

noted in association with fluorite-biotite granites in Rap-
pahannock County by Lukert and Halladay ( 1980) and Tollo
and Arav (1987). It is possible that the xenolithic granite in
Nettle Creek could be Paleozoicin age and not Latehecam-
brian. It is also possible that the granite is not a xenolitltic
border facies of different composition than the Nettle Moun-
tain biotite granite. There is also no date on the rhyodacite
dikes at Yankee Horse Ridge. The assumption is that the
dikes are associated with the Nettle Mountain granite and are

I-ate Precambrian age, but the Nettle Mountain $anite has

never been directly dated. Similar felsic dikes are known to
cut Lynchburg Group rocks.

It is possible that gold might also be associated with
Middle Cambrian-, Devonian-, Mississippian-, or even as

yet, unrecognized Mesozoic- or Eocene-age hydrothermal
events. Wittrout more data, the writer prefers a Late Precam-

brian-age gold-tin event with reactivation.
At the Yankee Horse Ridge gold occurrence, no visible

gold has been observed. It is a reasonable assumption that
gold probably occurs in association with hematite-filled
fractures cutting across mylonitic textures (Figure 34). It is
known from other Yankee Horse Ridge samples thatpyrite is
occasionally preserved as unoxidized cores with limonite or
hematite husks as well as in rare boxworks (in a few places).

Additionally, typical oxidation minerals from pyrite, like
jarosite, have been identified in fresh bedrock at Yankee
Horse Ridge. The general association of gold with and in
pyrite or arsenopyrite is well known. The time of minerali-
zationhowever,remains uncertain until gold has been located
and identified by microscopic and microprobe examination
and additional rock age dating is done.

Blue Ridge province gold is associated with cataclastic
zones. Elevated thorium, uranium, and potassium values are

also associated with limited sections of a few cataclastic
zones. High radioactivity might also be associated witl tin
and gold mineralization as well as pegmatoid zones. Further
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work is needed to establish anomalously high radioactivity as
a reliable prospecting technique for other elements besides
uranium.

Discrimination of potentially mineralized cataclastic
zones can be made by selective geochemical soil traverses
across ductile and brittle deformation zones using analyses
for gold (0.01 ppm or greater), silver (1 ppm or greater) and
arsenic (5 ppm or greater) as guides. Tin values (greater ttran
20 ppm) in soil may indicate either tin, base metal, or gold
mineralization. The base-metal anomalies found in this
investigation may indicate apreviously unrecognized type of
mineralization in Virginia.
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APFE{IDIXItr

Remlrs of fte geochcmfouf mlysis of sil srylcs ftm fu Bd lilffito mld mine Ambs Cmtr- dala by RS- ffi

ppmAg
gm Sn
DtrnF
pAs
gmBe
ppmlb
um7n
ppmCu
pBa
ppRb
plmLi
%k
pprtu
ppm}.Ii
pmCo
UmC.r

BM-I

2
58

4y5
zm

3.4
T2

l19
n

r30
&
43

435
zn

TL
ll
r5

3l
:t0
!-gt

q5
t2
1l
14

BM-3

4
149
4t5

r5(n
4-7

,m
16r
r(B
tn
B
rt
3i4

55t
6

15
7

BM4

5
4t6

I,195
r2fl

6.r
ffT
161
r(D
r60
:tt
y2
4.85

fr2
7

16
9

B,r'-2

In
3ro
7m

2!)
r18
ls,x
160

BM-t resirhd sd *oe cnrrzre o rtr
BM-} sdseqrrerrc(rffi
BM-3: soil o Hedaea in ftmof dit
BM4: sd a) fd&mslqleftom dit

Cmryoctrm6/iK

BMR-I: ffi) fs utftrrcsr dBuck lfuin mirc d
BMR-2 25fsncttcr€$dd
BMR-3: cnrretoafit
BMR4: 30 fdinside drro* fr@
BMR-S: l0t fs sdeast fi ffi.aw
BMR{: lfl)feffidfrr

pTh
Dpmu
rh/Lt

BItIR{

r39
32
43

BMR-5

7-6
5.O
r5

BMR4

li
33
12

BMR-3

7.4
49
r5

BMR-2

78
89
o-9

BMR-I

10-6
2.8
3-8
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APFENI}IXrY

Wholelo* RhlSr vals in grnir*l dms ad dftes
Thereftrence mmberis thepdntplffid m the grqlh in Figuc 8.

l. RhlSr = 0.f2 Tdey lfuain plm, ccnlxal Bhe Rfolep Fwire of Vnginia nsive funm.tire M tva,
mangedbd horoctfaltfid@ lfimlainfluie-ffigriliq agpwtain,pobablyGrcnvilb; apd€ndy
bmeq tm uatpes (Bmck, l98l; Brock d derst fgBD.

2- RbAr = O-17 Alkati graites, five flms ftom (ladorc belt of wesem North Caolim pfrdmmg omse gnino4
disoqdmt, ninm biodrc; rye abotlt 3m ny; bmen (Sado, grq Rqgcrs ad Cileenbsg; l98f)

3. RbAr= O3S Itfiobteyltfutainbuffiatfuaftes,@tralBlrcRi4egovircdYirgini4 avexageof 5 aalyseq
bmon @rmk' l98l; Brock ad otrcrq fg8iD-

4. RbrSr=O-l9nrpnyritbquatzmwmiE(arlenrellite),hishGoefdnaea;gurimaltoNertelfioumin'tingruiE"
age uwhi4 may be Grenvillq bdreq averge of 3 amlyses Cfubm, f98f)-

5. RbEr = 059 lfi6let' Itfufain fluie-biotite glanitc f43 niles soffiec of Netile Il4omsin $anite (Irish CroeL
tingrmite?),centralBlueRidgpfvinccofvirginia;frithm€fbmcmof 14malyses(Brak, f98f;Brcckandottss,
r987).

6. RblSr = 0.60 Shreftr Itrollow bureratfo granite in mrct with ltfiSley Itflomtain grmiE, centxal Blue Ridge
Itfiornains a pwince of Virginia bilren; (Bnch l98l; Brock d otrerc 1987)-

7- RhtSr= l.44lfg[potassiunaftaligrmie Nevltfiexicqbmeryagprygurimately 1400m.y.;avenagpdl5malyses
(C.:mdie f97& Cutdb and Bddiagton" 1979; Rqgers and Clecnberg; 1981,p.62).

8. RbSr'= f SSaintGemgpgranite,NewBrunswiclqcanadavicinityoftinbeaingplutons;banenofallmineralization
(Dagger, ln\, CfrYcfi" l9B).

9. RbAr = 224 Bfortite granite,Ilalifax plutm Nona Scotiq buren (referwe in Cover, 1983).

r0. RbtSr=2T6Averageftomahmdanedatafugrmiesofatlkinds(fuekim" l9l7);wlbrpublication(finekimand
trr@L 196f) indicabsRb6ris 025 in higb+atcium granirb rccks md 1.70 in low-calcium granitic rocks

ll. Rb/Sr = 3.(D Bbtilc graniie, West Dalbousie plutm, Nova Scoti4 Caad4 bdren (Govett, f9$).

lL RbAr = 4.9 Porphyritic bidite gradb-adame[ite, Arrchamine, Tasmania, austratia; average of 6 analyses; bercn
country-roc* pluton (Grove,s" lg'D).

13. RbfSr= 5.0Carnmenelliyadametlitetingruite,Cornwalltinrtistrict, SWEnglad; I sarple@utlu, 1953; Goveu,
19rJ).

14. RbtSr= S.0sttreuleltfiormtainflruite-bir*itegnnito,3 milesfrom hishCheektinmine,centralBlueRidgeMountains
u province of Virgini4 average of 3 analyse.s ranging ftorn 3.61 b 7 .48 (Iludsoq 198 l).

f5. RbtSr = 7.45Brren htrnbknde granitq Nigeriar tin disrict (Olade, 1980).

f6. RbtSr = 8.6 St Ausrell biotite-muscovite tin granie, Cunwall dl*rbC SW EnglanG I analysis (Erley, 1958; Govets"
re83).

17 - RbAr = 8.74 Yankee Horse Ridge grcisen, oenral Blue Ridge Mountains or province of Virgini4 I sample (Iludson,
r98r).

f 8. RblSr = 9.1 Hnlayson tin granite, Queensland, Augralia; ecsromic mineralization; average of 6 analyses (Sheraon
anil Black, 1973 in Govefi, 1983).

19. RblSr = f0.0 Alaskite, Halifax pluton, Nova Scotia, Canada; baren (Smith and Turek, 1976; Govetg 1983).

z7
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20.

21.

23.

u.

25.

26.

27.

28.
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RblSr= l4.9NewRossplutcr,elaskiteandbucograrite,NovaScotia,Cmada(SmithadTurek,1976;Goreu, f9B3).

RbAr = f6.0 Elizabeth Crcek graite, Qrleerrsland, Ausrali4 Sn, Mo,'W, Pb, Cu, and minu Arl Bl, Ag, ard Sb
mtuEralization (Slsaton and Bhct, f973 bGover, f9E3).

RUSr = 16.9 Porphyritic lithium-mica ganite, St Austell, C-ornwall tin disrict" SW England; mfuteralized (Exley,
1958; Crovea,1983).

RtySr = 21.5 Baren gnnite ftom Jrnassic ring complex, Nig€dan tin districq avenage of 73 samples (Olade, f98O).

RbtSr = E9 Biotite granite, New Ross plutm, Nova Scotia Canda; mineralized (Smith and Tureh 1976; Goveu"
le83).

R$Sr=i7.l MrPteasantmine,grariteporphyry,NewBrunswick,C.ana&;W,Mo,Bi,andSnmineralizafion(Dagger,
1972; Gove$, 1983).

RbEr = 93 Mhenlized tin granite, Junassic ring corrpbx, Nigeria; arrerage of 73 sampbs (Olade, f980).

RbAr = 14O Graniie with other mineralization, Nigeria (Olade, f98O).

RblSr = A)7 Biotite-muscovite granite, Anclrc mine, Ta$nania, Arstralia (Groves, 1972).

APPENDD(V

BrckFround and anomalv statistics for soil geochemisnv
Backgrourd stdistics are based on 22 soil samples taken along trav€rse B 250 feet l.IE of, and parallel to, the NW-SE tnending
traverse A acrcss kish Creek mhe adit #1 on Panther Creelc

Tin

Brckground soil valrrc, this shrdy, rithmetic mean
Background standard dpviation, ftis study
Mean plus one standrd deviation
Itfiean plus two standad deviations
Mean plus two-ald-qp-half standrd deviations
Mean plus thee sadand deviations
Background values from literature

Soil" average @ose and othen, 1979)
Soil over granite and grrciss, mean
(Shackleme and Boerngbn, 1984)
Standard soil, England, mean (Ure and
Brcon,1978)

Unmineralized soil, Bathurst tin disrict,
Canda range (Presant, 1971)

Unmineralized soil, range (Chapman, 1972)
Threshold soil valug in this study
Anomalous soil value, in this surdy

Tungsten BDln

Background soil valrc, this sbdy, arithmetic mean
Background standard &viation, this study
Mean plus one standtrddeviation
Mean plus two standard deviations
Mean plus three standard deviations
Background value friom literature

Soil, average (Brooks, 1972)
Two soils from the United States, mean (Furr and othen, 1980)

@!E

62
4.1

10.3
14.4
16.4
18.6

r0.0

r.2

4.5

1.r4.6
1-l I
l6
20

2.36
2.87
5.23
8.r

10.97

I
1.2,2.5
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Beryllium

Background soil value, this study, arithmetic mean
Background strndard deviation, this study
Mean plus one standard deviation
Mean plus two standard deviations
Mean plus two-and-one-half standard deviations
Mean plus three standard deviations
Background values from literature

Soil over granite and gneiss, range (ShacHette and Boerngen, 1984)
Soil over granite and gneiss, mean (Shacklette and Boerngen, 1984)
Unmineralized soil near beryl pegmatite in
Rhodesia and Uganda, range @ebnam and Webb, 1960)

Threshold soil value, this study
Anomalous soil value, this study

Arsenic

Background soil value, this study, arithmetic mean
Background standard deviation, this study
Mean plus one standard deviation
Mean plus two standard deviations
Mean plus three standard deviations
Background values from literature

Surface soil over granite and gneiss in
the United States, mean (Shacklette and Boerngen, 1984)
Surface soil over granite and gneiss in the
United States, range (Shacklette and Boemgen, 1984)
Surface soil, uncultivated, median (Connor and Shacklette, 1975)
Normal (unmineralized) soil, worldwide, 327 localities, range (Boyle and
Jonasson, 1973)
Soil and till near an arseniferous deposit, 193 samples, worldwide,

range (Boyle and Jonasson, 1973)
Arsenic content of granite and aplite, 116 samples, worldwide, range (Boyle and
Jonasson, 1973)

Threshold soil value, this study
Anomalous soil value, this study

Fluorine

Background soil value, this snrdy, arithmetic mean
Background standard deviation, ttris study
Mean plus one standard deviation
Mean plus two standard deviations
Mean plus two-and-one-half standard deviations
Mean plus three standard deviations
Background values from literature

Soil, median value (Connor and ShacHette,l9T5)
Soil over granite and gneiss, range (Shacklette and Boerngen, 19&4)

Threshold soil value, this snrdy

Rubidium

Background soil value, this study, arithmetic mean
Background standard deviation, ttris study
Mean plus one standard deviation
Mean plus two strndard deviations
Mean plus two-and-one-half standard deviations
Mean plus three standard deviations
Background values from literature

29

DPIII

2.8
1.1

3.9
5.0
5.5
6.1

<1

:'

t-2
1.6

0.5-4
4
5

pp!!!

3.6

0.7-15
7.5

0.1-55

2-8m0

0.18-15
4
5

pp!!r

422
r50
573
724
800
875

300
20-540
724

ppllt

49.7
18.6
68.3
86.9
96.2
105.5
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Soil, uncultivated, median (Connor and Shacklere, 1975)
Soil over granite and gneiss, range (Shacklette and Boerngen, 1984)

Threshold soil value, ttris sndy
Anomalous soil value, this study

Lithium

Background soil value, this shrdy, arithmetic mean
Background standard &viation, this study
Mean plus one standard deviation
Mean plus two standard deviations
Mean plus two-and-one-half standard deviations
Mean plus three standard deviations
Background values from literature

Uncultivated soil, median (Connor and Shackleue,l9TS)
Soil over granite and gneiss in the United States, mean (Shacklette and Boemgen, 1984)
Range in soil over granite and gneiss Shacklette and Boerngen, 1984

Threshold soil value, this study
Anomalous soil value, this study

Irad

Background soil value, this study, arithmetic mean
Background standard &viation, ttris study
Mean plus one standard deviation
Mean plus two standard deviations
Mean plus two-and-one-half standard deviations
Mean plus three standard deviations
Background values from literature

Uncultivated soil, median (Connor and Shacklette,l9T5)
Surface soil over gnnite and gneiss in the United States, mean (Shacklette and
Boemgen,1984)
Surface soil over granite and gneiss, range Shacklette and Boerngen, 1984

Threshold soil value, this snrdy
Anomalous soil value, this study

Zinc

Background soil value, this study, arithmetic mean
Background standard deviation, ttris study
Mean plus one standard deviation
Mean plus two standard deviations
Mean plus two-and-one-half smndard deviations
Mean plus three standard deviations
Background values from literature

Uncultivated soil, median (Connor and Shacklette,1975)
Surface soil over granite and gneiss in the United States, mean (Shacklette and
Boemgen, 1984)
Surface soil over granite and gneiss, range (Shacklette and Boerngen, 1984)

Threshold soil value, this snrdy
Anomalous soil value, this study

Copoer

Background soil value, this study, arithmetic mean
Background standard deviation, this study
Mean plus one standard deviation
Mean plus two standatd deviations
Mean plus two-and-one-half standard deviations
Mean plus three standard deviations

22
23.5
l0-45
42
50

35
<20-210
68
87

DE

27.r
7.5
34.6
42.r
45.9
49.6

pulll

31.6
5.1
36.7
41.7
44.3
46.8

t7

2l
10-50
42
47

PBSI

10r.9
18.5
123.4
r41.9
r5r.2
160.4

36

73.5
30-r25
r42
1CI

pp!I}

14.8
7.6

22.4
30.0
33.8
37.6
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Background soil values from literature
Uncultivated soil, median (Connor and Shackleue,1975)
Surface soil over granite and gneiss, mean (Shacklese and Boerngen, 1984)
Surface soil over granite and gneiss, range (Shacklette and Boemgen, 1984)

Threshold soil value, this study
Anomalous soil value, this study

31

15
24
7-70
34
38
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APPENDIX XIII

Results of the geochemical analysis of soil samples for gold. Yankee Horse Ridge

Geochemical soil travenes across Yankee Horse Ridge anomaly. Traverses trend NNW normal to the ENE mylonite rend.
Traverses are 600 feet in length. Traverse YG-2 crosses area Y (with detailed soil geochemisnry for other metals). Traverse YG-
1 is 200 feetWSWof YG-2andparallel oitandtraverseYG-3 is200feetENE andparallel o YG-2 @gwe29). Assays, inppm,
were performed by Northeast Geochemical and Assay Company, Yarmouth, Maine.

YG-1

300l{w2s0l.{w 200Nw l50Nw l00Nw 50Nw 0 5OSE 100SE 150SE 200SE 25058 30058

0.0.16 0.006 0.006 0.016 0.005 0.005 0.004 0.004 0.m3 0.004 0.002 0.002 0.002

YG-2

3001.Iw250t\nv 200I{w l50Nw t00l{w 75Nw 50Nw ONw 25sE 50sE 75sE 100s8 l50sE

0.00s 0.002 0.003 0.005 0.002 0.003 0.470 0.007 0.02s 0.013 0.019 0.025 0.025

200sE 250s8
0.@r 0.003

YG-3

300NW250I.nV 200NW 150Nw 100Nw 50NW ONw 50SE l00SE l50SE 200SE

0.003 0.M2 0.025 0.015 0.036 0.512 0.003 0.002 <0.002 0.002 <0.002

250SE 30058

0.002 0.326

APPENDIX XIV

Whole-rock analyses for gold and silver. Yankee Horse Ridge
Assays of samples I through 13 by Northeast Geochemical and Assay Company, Yarmouth, ldaine.

Values are in parts per million and Troy ounces per short ton.

1. Yarikee HorseRidge geochemical anomaly Y: mylonitic be&ock,
disturbed by bulldozer, goethite @ with relict pyrite.

2. Yankee Horse Ridge geochemical anomaly Y: sheared felsic
bedrock, disturbed by bulldozer, traces of yellow-green

ppm oy'short ppm ozlshort
AL ton Au Ag ton Ag

r.03 0.03 299 8.72

39

mineral (beudantite?). n.d. nil

3. Yankee Horse Ridge geochemical anomaly Y: mylonitic alaskite,
no obvious mineralization, bedrock disturbed by bulldozer. n.d. nil

4. Yankee Horse Ridge geochemical anomaly Y: sheared alaskite,
bedrock disturbed by bulldozer, yellow jarositic boxworks. 1.7 0.05

5. Yarikee Horse Ridge geochemical anomaly Y: diamond drill
hole #1, vertical, ground core from 0-l 1 feet, core recovery
very poor,<S%o. 0.01 nil

15 0.44

19.7 0.57

10.2 0.30

0.80 0.023
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6. Yankee Horse Ridge geochemical anomaly Y: diamond drill
hole #1, ground core from l1-15 feet, core recovery very
por,<57o.

7. Yankee Horse Ridge geochemical anomaly Y: diamond drill
hole #1, grcund core from 17 feet, felsic mylonitic rock,
core recovery very poor, <57o.

8. Yankee Horse Ridge geochemical anomaly Y: diamond drill
hole #1, bottom of hole at2l f*.t, felsic mylonite bedrock

9. Yankee Horse Ridge geochemical anomaly Y: panned concenfiate
from drill cuttings from hole #1.

10. Yankee Horse Ridge: bedrock beside hole #1, iron-stained, vuggy
mylonite with limonitic and hematitic boxworks.

11. Yankee Horse Ridge: grab sample, bedrock disturbed by bulldozer,
10 feet south of hole #1.

12. Yankee Horse Ridge geochemical anomaly Y: 125 feet ENE of hole #1,
in mylonite zone, sheared sericitic, felsic mylonite.

13. Irish Creek tin mine, Panther Creek #2 workings: arsenopyrite with
scorodite.

14. Irish Creek tin mine, Panther Creek # 2 workings, arsenopyrite, assay
from Horchkiss (1883) listed in Glass and others (1958).

0.005 nil 0.4 0.012

0.005

0.004

0.286

5.85

0.10

0.057

267.3

252.3

nil 0.3 0.009

nil 0.5 0.015

0.008 31 0.901

0.r7r 7.3 0.213

0.003 5 0.146

0.002 56 1.63

7.796 382.6 11.16

7.36 2513 73.3

APPENDIX XV

Procedures

Soil sampleswerecollectedby shovel, nowel, orsoilaugurfrombeneaththehumic layerof forestlitter, thenoven-dried
andsievedto-l00meshwithnylonscreenedsieves. One-halfgramsoilsamplesweredigestedwithhotl:lHClinTeflonbeakers,
filtered, and then analyzr.;d, by atomic absorption spectroscopy. Analyses for lead, zinc, copper, iron, manganese, cobalt,
chromium, lithium, strontium, barium, and rubidiurn were done at the Virginia Division of Mineral Resources laboratory with a
Techtron AAS unit. Prior to analysis solutions for rubidium, strontium, barium, and lithium were spiked with potassium chloride.
Tin values in soil were determined by X-ray emission using pressed pellets prepared by mixing one gram of soil and one gram
of cellulose in a SPEX mixing unit. Measurements were made on a Diana X-ray emission unit which has a limit of detection for
tin of 4 parts per million.

Gold concentration in whole-rock samples was determined by ttre fire assay technique by hon King, Inc., Laboratory,
Humboldt, Arizona and by Northeast GeochemiCal Laboratory, Yarmouth, lvlaine. Gold and silver concentrations in soil samples
were determined by fire assay followed by atomic absorption by Norttreast Geochemical I-aboratory.

Fluorine, arsenic, and tungsten values in soil were determined by Western Analytical, Inc., SaltLake City and by Blue
Ridge Analytical Laboratory, Charlottesville, Virginia. Some tungsten data are included in appendices V, VI, and VII. Fluoride
concentration in soils was determined by NaOH fusion and specific ion electrode; arsenic concentration was obtained by pyro-
sulfate fusion followed by HCI leach, dithiol exFaction, and then determined colorimerically.

Water samples from strqlms were filtered in tfte field using a Schleicher and Schuell Antlia pneumatic hand pump with
a0.45micronmilliporefilter. Watersamplesforfluorineandsulfatewerenotacidifiedpriortoionchromatographydetermination
at the University of Virginia Environmental Science laboratory. Stream water samples for analysis of lithium, iron, and other
metals were acidified and refrigerated prior to atomic absorption analysis at the Virginia Division of Mineral Resources labora-
rcry.

Radioactivity measruements for potassium, uranium, and thorium were made in the field wittr a portable Geometric GR-
310 gamma spectrometer with a 2 inch x 2 inch (1Ol cm3) thallium-doped sodium iodide detector and an intemal Bals3reference
isotope. All measurements were made at ground level using the average of three l00-second count periods. Reduction of count
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averages to estimates of element concentration in whole-rock was made using empirical constants based on measurements of rock
analyzed by chemical techniques plus Compton snipping constants. Average counts per second (cps) were used in the element
concentration estimates as:

qoY\G(r.20')(0.96XK cps - 1.32U cps - 0.1Th cps)
ppm U=(13)(U cps - 0.83Th cps)
ppm Th=(28)(fh cps - 0.089U cps)
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