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TUNGSTEN DEPOSITS OF .lTANC,E COUNTY, NORTH CAROLINA. 

AND MECKLENBURG COUNTY, VIRGINIA 

By G. H. Espenshade ·_ 

ABSTRACT 

Economically important'~deposits of tungsten minerals were 
found in Vance County, N. c., in 1942 by Mr. Joseph Hamme of 
Oxf~rd, N. c., and Mr. Richard H. Hamme of Virgilina, Va. The 
Hamme orothers mined the deposits on a small scale unt~l August 

·1943, when .their properties were acquired by Haile Mines, Inc. 
These operations were taken over in June 1945 by the Tungsten 

· Mining Corp., a new company formed by Haile Mines, Inc., and 
the General Electric Co. The combined product~on of the Hamme 

_brothers, ·Haile Mines~ Inc., and the Tungsten Mining Corp., 
from about May' 1, 1943., to March 1, 1946, was 23,652 units of 

,wo3 • ~The Southern Aggregates Corp., the other organization • 
interested in tungsten mining in the region, did some mining in 
the fall of' 1943., but. has since been inactive except for several 
drilling programs. Topographic and geologic maps of' the region . 
were prepared by the Geological Surve~ during the period f'rom 
July to December 1943', in conjunction with an expJ.ora tion pro­
gram of' the Bureau of Mines. 

The tungsten minerals, huebnerite with small amounts of . 
· scheelite, occur in quartz veins which cut ·granite and schist. 

Fluorite, rhod0chrosite, pyrite, galena, sphaleri~e, chalcopy­
rite, and tetrahedrite accompany huebnerite and scheelite. 
Numerous barren quartz veins are also found in the district. 
The tungsten veins lie in a northeast-trending belt about 8 
miles long·and a mile wide. Most of the veins are in granite 
within 1,500 f'eet. of the contact between the granite and schist 
to the west; a f'ew of' the veins lie in schist. :rhe richer. veins, 
carrying ~s much as 1.0 percent wo3 in minable bodies are local­
ized in the central part of' the district in a zone about 2 miles 
long and 1,-500 feet wide. Drilling and mining operations on 
several veins have shown that tn• veins are lenticular in shape 
and that they appear to pitch gently west or southwest. -

Ore reserves in the central part of the district to a depth 
_of 50 to 360 feet beneath the surface.were estimated by the. 
Geological Survey in early 1944 to be 130,000 tons of indicated 
ore and 155,000 tons of inferred ore averaging abou~ 0.9 per­
cent of W03. It is probable that mining and exploratofr_work at 
greater depths will increase these reserves. An addi·tional 
25,000 tons of· ore carrying about 0.5 percent of wo3 is' in:ferred 
to a depth of_lOO fe~t for a group of leaner veins, some of 
which· are outside th~ central part of the district. 
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INTRODUCTION 

The tungsten depo'sit;:J of Vance County, N. c., and Mecklen­
burg County, Va., l~e in a northeast-trending belt about 8 miles 
long and a mile wide (fig. 1 and pl. 1). All the veins de­
scr'lbed in this report are located south of the Roanoke River, 
and the majority of them are in the northwest corner of Vance 
County. A few veins have been reported from north of the river. 
Townsville, the nearest village, is on North Carolina Highway 
No. 39, 3t miles southeast of the center of the tungsten · 
district. 

V I R G I 
•Lynchburg 

•Roanoke 

_..._.!~~GSTEN , DISTRICT~ : --- ----~,-

.w nston-Salem 

@RALElGH 

R T H A R. 0 L I N 

_ eCharlot e ..,.. ---1 
.Gre nville \ __ 

\ 
34°r---r---------'~--+---~~~~~~------~~---W~--~-------i---j34 

@AT ANTA 

' \ 
G E 0 R G I A Augusta 

/)_, 

84° eo• 76° 

. 50 0 IOOMiles 

Figul"e 1. Index map of the southeastern states showing location of the 
tungsten deposits of Vance County, N~rth carolina,·and Mecklenburg 
County, Virginia. 

Tungsten minerals were found in this region by Mr. Joseph 
Hamme of Oxford,·N. c., and Mr. Richard Hamme bf Virgilina, Va., 
late in 1942.!/ ,The region has since become popularly known as 
the Hamme tungsten di.strict. The Hamme brothers prE>spected the 
area considerably and mined several of the veins by shallow 
shafts and pits. Haile Mines, Inc., acquired the Hamme proper­
ties in August 1943, and has since. been mining on a larger 
scale by surface and underground methods. A new company, the 
Tungsten Mining Gorp., was formed +n June 1945 by Haile Hines, 
Inc., and the General Electric Go. The combined production of 
these operations from about May 1, 1943,_to March 1, 1946, was 
·23,652 units of wo3 • 

. 1/ The presence,of tungsten mi~erels in t~e area was reported.sS early 
as 1901. :r. H. Pratt, in North Carolina Geological Survey Economic Paper 4, 
1901, p. 32, states, "wolframite has been reported as occurring in same 
quantity on the Cheek farm, near Henderson, Vance County.• Evidently the 
potential importanoe of the deposits was not r.ecopized, for -the occurrence 
was_fortotten and no prospecting for tungsten done until the "rediscovery" 
of the depo~its by the ~e brothers. 
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The Southern Aggregates Corp. also began mining in August 
1943, and was very active during the fall of t~t year. About ~ 

.8 veins were opened by surface pits using small power shovels, 
and the ore was trucked over 20 miles to a gravity concentrating 
plant at Greystone, N. C. Little or no mining pas been ~one 
since late 1943, although some diamond drilling was in progress 
in October 1944, and July 1945. Productio~ data of the Southern 
Aggregates Corp. are n?t available. 

During tqe second half of 1943, the Bureau,of Mines carried 
out an explorati0n project in the t-ungsten district. The bett~r 
veins were traced an4 sampled by numerous trenches and bulldozer 
cuts, and '41-diamond-drill holes, totaling 7,000 feet, were put 

-down. 

The first detailed geological work in the tungsten district 
was done by w. A. Whit;e, Assistant ~tate Geologist of North 
Carolina, in February .and March 1943. He mapped on aerial 
photographs the geology of the part of the district then known.g/ 
In March 1943, A. H. Kosc~ann and R. J: Wright of the Geolog­
ical Survey, U. S. Department of the Interior, examined the 

, deposits briefly.- From Julty" to Decembex- 1943, ·a Ge.ological 
Survey party composed of G. H. :Espenshade, R. J. Wrigbt, H. H. 
Staatz, T. W: Amsden, E. A. Brown, and N. D. Raman prepared 
topographic and geologic maps of the ~egion and cooperated with 
the exploration proje-c~ of the Bureau of Mines. The central 
part of the district was mapped by plane-table methods_ on a 
scale of 100 feet to 1 inch, and the rest of the district was 
mapped on aerial photographs-. c. J. Cohen, geological engineer 
of the Bureau of Mines, also participated in some of the mapping. 
Underground workings at the Haile mine were mapped in April 1944, 
by c. F. Park, Jr., and the writer, and again in October 1944,· 
and July.l945, by the writer. A·short preliminary report on the 
district, "Tungsten deposits of Van6e County, N. c., and Meck­
lenburg County, Va.," by G. H. Espenshade, accompanied by large­
scale topographic and geologic maps, and smaller-scale regional 
maps, was released by the Geological Survey in December 1943. 
The present report discusses the district in more detail. 

Thanks are due the mine operators of the· district for their 
ai~ and courtesies extended during the investigation. The Hamme 
brothers, James I. Moore, Jr., Daniel Gregg, and Howard·· Sunning­
ham of Haile Mines, Inc., and Charles T •. Cate of the Southern 
Aggrega~es Corp. were particularly helpful. T. B. Nolan, C. S. 
Ross, c. F. Park, Jr., D. F. Hewett, and others of .the Geological 
Survey visited the party in the field, and have contributed­
valuabl~ aid and advice then and since. The study of th~ ore 
minerals, particularly of the supergene minerals, has.been 
greatly aided by the investigations of J. J. Glass, C. s. Ross, 
~harles Milton, and others of the Geological Survey. The con­
tributions made by the writer's coworkers in the field studies 
are sincerely appreciated. · 

GEOLOGY 
' 

'l'b.e tungsten district lies in the Piedmont province, about 
50 miles west of the Coastal Plain. The relief of ~he region is 

!/ White, W. A., Tungsten deposit near Townsville, M. c.: North 
Cftroltne Dept. Cons. and Devel., Dtv. Min. Resources, Mineral Investigstion, 
August 1943; Tungsten deposit near Townsville, N. C.: A1JJ. llineralogiat, 
vol. 30, pp. 97-110, 1945. 

. ' 
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gentle, the surface ranging in elevation from about 259 feet to 
a little over 400 feet above sea level. Outcrops are few, be­
cause of the thorough weathering which the. region has undergone; 
and float rock and character of the soil must be utilized in 
mapping the geology. Granite and schist are the principal rock 
types of the district, the eastern half of the m~pped area being 
underlain by granite and the western half by schist (pl. 1). 
Some dikes"of diorite, aplite, and diabase are also present. 
Tungsten-bearing quartz veins cut granite and schist near the 
contact between the two rocks; most of the veins lie ~n granite. 

Metamorphic rocks 

I 
The schists comprise a variety of roGks, but because of the 

few scattered outcrops, it is not possible to trace the contacts 
between the different'~inds. The most'widespread variety is 
chlorite-ep~dote schist, similar in appearance to some of the 
"greenstone" of the Virgilina copper district about 20 miles to 
the west. Ser+citi~ schist with many small martite ~ains is 
common f.n the O.en tral part of the region. Large platy crys'tals 
of chloritoid occur in chlorite-epidote schist in the south­
western·part of the area; coarse-grained hornblende gneiss is 
associated with this ,chloritoid schist. At Morrow Chapel (pl. 1) 
several pieces of float of unsheared amygdular basalt or andesite 
were found. ~is amygdular rock is definitely of volcanic 
origin, .and it is very likely that the widespread chlorite-epi­
dote schist is of similar nature. The sericitic schist may 
originally have been shale or acidic tuff. Some of the schist 
is evidently volcanic in origin, and may possibly be correlated 
with the volcanic rocks of the nearby Virgilina region, which 
were thought by Laney ~ to be of lower Paleo~oic age. White !/ 
has questioned the volcanic nature of the schists in the tung­
sten district and refers them to the Wissahickon schists. 

Igneous rocks 

Granite is the predominant igneous rock of the region and is 
the host rock for most of t4e tungsten veins. Outcrops are 
scarce, but the granite areas are characterized by rather sandy 
soil containing grains of opalescent quartz. The granite is 
typically coarse-grained and is composed of large albite crystals 
(making up 50 percent or more of the rock~, blue quartz with 
wavy extinction, perthite and microcline, and aggregates of tiny 
green biotite flakes. The albite crystals carry an abundance of 
epidote·and sericite in their interiors, but the potash feld­
spars are little altered. Common accessory minerals are magnet­
ite, pyrit~, sphene; apatite, and zircon. The rock is perhaps 
best classed as an albite g:oanite, although it may originally 
have been a granodiorite whose calcic plagioclase. has been 
transformed to albite and epidote. 

There is no direct evidence to indicate the geologic age of 
the albite granite, but as it is;appareritly intrusive into rocks 
which are possibly lower Paleozo~c, the_&ranite may be upper · 
Paleozoic in age as suggested by White.§V , . 

~ Laney, F. B., Tbe geology end ore deposits or the Virgilina district 
ot Virginia end North Caroline: Virginia Oeo1 • .Survey Bull. 14, p. 56, 1917. 

~ lhite, w. A., op. cit. (1943), p. 2; (1945), p. 98. 
~ White, w. A., op. cit. (1943), p. 5; (1945~, pp. 101-102. 
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Much of the ground in the ,central part of the district (pl. 
2) is covered with float of a reddish, iron-stained schistose' 
rock, which in hand specimen appears to be composed mostly of 
sericite and lentic;les of blue quartz. Tqis rock was considered 
by White §/ to be a phase of the schist which had been silicified 
by solutions from the granite. However diamond drilling and 
underground development have shown that the underlying rock in 
this area, is granite which has beeri sheared., in places extremely .e · -
so, and altered by the formation of considerable• sericite, cal-
cite, and pyrite. 

Near the southern end of the district, white granite, com­
posed chiefly of white feldspar and colorless quartz, is more 
abundant than the granite with blue quartz and biotite. Ex:­
posures are insufficient to permit showing the two varieties 
separately on the geologic map. Fine- to medium~grained biotite 
granite gneiss is rather common to the east and southeast of the 
district. 

Several types of dike rocks occur in the region. A dike of 
apli tic granite and apl'i te cuts granite in the central part of 
the district (pl. 2). The aplite has the appearance of a sugary 
quartzite and is c'omposed principally of nearly equal amounts of 
fine-grained· quartz and albite, with some seric~te and a little 
biotite. Fine-grained, white aplite, composed mostly of·quartz 
and albite with some sericite, also accompanies ·many of the 
veins./ Pegmatite seems to be very sparsely developed in the 
region. A very small amount of quartz-feldspar pegmatite was 
found in drill holes on the Morton i and Walker 3 veins. At 
several places {east of the Haile mill and north of' the Burwell 
veins, but not shown on the geologic maps) the granite is in­
truded by a medium-grained hornblende-feldspar rock resembling 
dio~ite. The aplite and diorite dikes are prob~bly pre-Triassic 
in age, and may be upper Paleozoic. The granite, the schist, 
and the tungsten veins are cut by diabase-dikes, which trend in 
a northerly direction and are as much as-several hundred feet 
wide (p1s. 1 and 2). The diabase is coarse-grained and massive, 
and was emplaced after the cessation of deformation in the _ 
region. The dikes are similar to diapase dikes elsewhere in the 
Piedmont which,are Triassic in age. 

Structure 

Grantte Underlies the eastern par~-of' the district and schist 
the western. part (pl. 1); 4both rocks extend beyond the limits 
of the mapped area. The contact between the two rocks has a 
general trend of about N. 10° E., but in the central portion of 
the di~trict the contact curves co.nvexly westward f'or a distance 
of about 2i miles. The contact is best_exposed in two small 
tributarie~ of' Litt+e Island Creek, about half a m+le southeast 
of'•Morrow C~pel. Seams of schist a few f'eet thick occur here 
in granite in a zone several hundz•,ed feet wide just east o:t the 
contact. The granite ;mass appears to have intruded the s·chfst · 
and to have included thin layers of schist near its borders'. 
The schist seams dip steeply, about conformable to the local 
dip of the foliation. This relation and the fairly uniform 
trend of the contact in the district suggest that the contact 
also dips steeply, possi~y toward the west. The granite is 
rather gneissic near the contact, but becomes more massive 
farther east. Throughout the region th~foliation of the schist 

§/ White, w. A., op. cit. (1943), pp. 5-6; (l945), pp. 98-99. 
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and granite strikes between due no~h and N •. 20° E., and dips 
to the east or west at angles of 70° or more. Linear structures, 
in the form of tiny crinkles in the foliation of th~ sheared 
granite, are present near many of the veins. Many of these 
linear strtictures pitch to the north at angles of 30° or less, 
although some pitch gen~ly south. · 

• In the central part of the district, a zone of shearing 
appears to extend into the granite mass for ~ore. than 2 miles in 
a N. 35° E. direction from the center of the westerly curve in 
the contact. The existence of such a zone is strongly s~ggested 
by the alinement of veins northeast from Sneed 2 vein as far'as 
Walker 12 vein (pls. land 2). The granite is considerably 
sheared across. a width of 50 to 100 feet wherever it is exposed 
along this zone. All gradations of deformation are present, 
from moderate.ly ~heared granite to st~ongly sericitized, schist­
ose ~anite with relict blue quartz grains, to sericitic schist 
in which no quartz is visible to the naked eye. Crinkled quartz_ 
lenses and small drag folds in the schistosity have been observed 
at about a dozen places along the·zone, and the uniform character 
of their drag shows that the block east of the shear has moved 
s~uthwest relative to the western block. ,This shear zone seems 
to have been one of the dominant features in the localization of 

·the tungsten veins. Host of the richer veins lie eitlier along 
-the zone or in"granite to the west. 

Joints striking N. 60°-70° w., and dipping steeply south have 
been observed in the granite at several places. From the drain­
age pattern of the district, White 1/ has deduced the presence· 
of a series of croes faults striking about N. 70° w. Although· 
there does appear tp be a system of joints having this trend and 
the development of the drainage pattern may have been influenced 

.by the ·joints, th~re seems to be no evidence that significant 
·movement has ~aken place along these structures. 

ORE DEPOSITS 

The tungsten deposits are huebnerite-quartz veins, most of 
which occur in granite within half a mile 'of the granite-schist 
contact. The veins lie in a belt about 8 miles long, which 
.trends noi'theast nearly parallel to the contact. Host of the 
veins are in a small area 2 miles long in the central part of 
the district, in or near the zone of sheared granite, or near 
the contact between granite and schist. These veins are more 
strongly mineralized than the yeins in ~he outlying parts of the 
district. Minable bodies of some of the central veins average 
from 0.5 to 1.0 percent wo3, although several percent wo3 may be 
present locally in the ricfies~ parts of certain veins. Few of 
the outlying veins carry as much as 0.5 percent W03, and many of 
them contain less than O.b percent W03. 

Mineralogy.--The principal metallic minerals in the veins 
are huebnerite, pyrite, galena, tetrahedrite, sphalerite, chalco­
pyrite, and scheelite. Quartz is the dominant gangue mineral and 
is accomp~nied by fluorite, sericite, and rhodochrosite. Hueb­
nerite is the chief tungsten mineral. It is reddish brown, ha~ 
a tan streak, and occurs as elongate, platy crystals as much a~ 
6 inches long. Scheelite is much less abundant and rarely occurs 
unassociated with huebnerite; scheelite has been found in excess 

1/ White, W. A., op. cit. (1943), pp. 4-5; (1945), pp. lOQ-101. 
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of huebnerite 1n only a few places. The scheelite is usually 
white to tan in color, although some is-light green. Small 
amounts of molybdenum, 0.04 to 0.14 percent, were determined to 
be pres_ent in the scheeiite by K. J. M1+rata of the Geologica'l. 
~ney. . 

7 

The huebnerite and scheelite typically occur in quartz veins 
as irr6gular m~sses, or in thin seams or zones parallel to the 
sheeting of the veins. Insignificant quantities of the tungsten 
minerals have been found in pegmatite stringers and in the 
country ro9k near the veins, but such occurrences are rare. 
Huch of the vein quartz, especially in the central part of the 
district, is strongly crushed. The huebnerite crystals are _also 
commonly broken, the fragments separated slightly, and the inter­
stices fi·lled with quartz. The many irregular surfaces in the 
huebnerite arid quartz along which movement took place are coated 
with a film of small sericite flakes. In veins characterized 
by granulated quartzr veins and stringers of glassy quartz of 
later-generation are common. Crushed quartz and broken huebner­
ite crystals are less abundant away from.the cente~ of the 
district. · 

• Next to quartz, fluorite is the most widespread and abundant 
mineral associated with ·the tungsten minerals; it is found in 
nearly every tungsten-bearing quartz vein. The fluorite ·is very 
pal& green, blue, or purple where fresh, but loses its color 
upon weathering. About 4 percent of fluorite was found in the 
mill tailings by c. s. Ross of the_ Geological Survey, giving an 
indication of the-relative abundance of fluorite. Considerable 

• rhodochrosite is present in Walker 2 vein (pl. 3), but seems to 
be scarce or absent in other veins. A few crystals of apatite; 
which fluoresce an orange yellow, have been found wit~ the 
rtlodochrosite. Small"-amounts of calcite were noted in drill 
cores. Some golden-brown garnet occurs, and.is probably spessar­
tite, according to C. s. Ross. About 0.1 percent garnet was 
found in the tailings by E. S. Larsen. 

· Several percent of sulfide mi~erals als-o accompany the-t-ang­
stan minerals. Pyrite is tbe most abundant sulfide; galena, 

-tetrahedrite, sp~alerite, an4 chalcopyrite are also present. 
Thin films of what appears to be molybdenite have been~seen at a 
few places, and a few specks of bornite were found in one speci­
men from the Morg~n 1 vein (pl. 1). The content of sul~id~min-·r 
erals in some of the veins is about equal to that of tungste~ 
minerals present. The average analysis of some table concan- -
trates produced at the Haile mill, chiefly from unweathered ore 
carrying fresh sulfide mi~erals, is given below: 

Averagefpartial. analysis of several lots of table concentrates 
""Shipped by -~ile. Mines, Inc. , to the National Reconditioning Co. 

- · Ounees 
.per ton 

•••••• 41 ••• • .•••••••••••••••••• ·- •••••• 

. Zn •••••••••••••••••••••••••••••••••••• 
Cu •••••••••••••••••••••••••••••••••••• 
s ...... · .............................. . 
Au •••••••• • ............................ . 
Ag ••••••••••••.•••••••• ·-· •••••••••••••• 
Si~ •••••••••••••••••••••••••••••••••• 

Percent 
36.58 

4.92 
1.7a 
1.20 

15.45 

7.08 

/ 
- 0.02 
18.34 

Some galena from the main Burwell vein has octahedral parting 
and carries small amounts of bismuth, tellurium~ and silver, -

' 
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according to spectrograp~ic and microscopic studies made by 
K. J. Murata and Charles Milton of the Geological Survey. 

Numerous.barren quartz veins occur throughout the district, 
and are distinguished from the tungsten veins on the geologic 
maps,(pls. land 2). The quartz in some of them is more glassy 
than the quarfz of the tungsten veins. Pyrite is common in 
some of the veins, and many of the.veins near the Horta~ Estate 
group carry large clusters of light-green mica. Tourmaline was· 
noted in a vein south of Morrow Chapel (pl. 1), and tourmaline 
and specular! te were seen in quart'z veins several miles south­
west of the mapped ~rea. 

Oxidation and leaching of huebnerite have taken place only 
to a minor extent, for float of unleacned huebnerite ore littered 
the ground surface near veins in the central p~rt of the district 
befor.e the deposits were explored. Although some. tpngsten has 
been dissolved at the surface and transported to depth, the 
process appears to have been quantitatively small and of little 
importance. The sulfides. near the surface, however', have been 
largely removed by &round water, and the former presence of 
pyrite or chalcopyr1 te is usually shown by .limoni te-s tai,n~d . 
cavities. There is a suggestion (from comparison of the surface 
and underground exposures of Walker 2 and 3 veins) that huebner­
i.te is leached to a greater extent in the vein (Walker 2) having 
a relatively high sulfide content; considerably more rhodochro­
site is also present in Walker 2 vein than in Wal-ker 3 vein. 
The leached portions of many of the veins are stained by man­
ganese oxides, which were evidently ~erived from the weathering 
of huebnerite and rhodochrosite. Some huebnerite crystals are 
partly leached from their matrix. The huebnerite is commonly 
coated along its cleavage and parting by a powdery white film 
which fluoresces bluish white like scheelite. This white 
powder appears to be supergene scheelite, but does not represent 
enricqment, for the scheelite is derived from the huebnerite 
crystal itself. This variety of powdery scheelite is uncommon 
at depth and seems to be most abuhdant in the huebnerite ores 
occurring near the surface. Other powdery substances, yellow to 
green in color, are also rather common in the upper parts of the 
veins. Most material of this type h~s been identified by J. J. 
Glass and others of the Geological.Survey as bindheimite, a 
hydrous lead antimonate. In several specimens !the powdery sub-

. ~•tance was found to be tungstite. 

A nonfluorescent green mineral, occurring in small quan­
tities in some veins near the ground surface, contains tungsten 
and copper and is cuprotungstite, accord_ing to c. S. Ross ·and 
W. T. Schaller. The cuprotungstite is possibly of supergene 
origin. Small grains of pyromo~phite, fluorescing with a red­
dish-orange color, were identified by~· J. Glass in specimens 
taken from the surface of the Taylor vein. The pyromorphite 
may also be supergene in origin. A few grains of ._covellite and 
chalcocite were found by Charles Milton in a specimen from the 
Walker 2 vein. 

The various minerals identified in the tungsten,deposits 
and their apparent sequence of formation are listed on page 9. 

Wall-rock alteration.--Along the walls of the veins the 
granite is sheared and altered over widths of several feet, 
usually to light-green sericitic schist, but in some places to 
chloritic schist. In this altered roc~ which envelops the vein, 
quartz and feldspar crystals are crushed, and an abundance. of 
sericite, calcite, chlorite, and pyrite are formed. Some biotite 
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and traces of fluorite and garn&t are also present; epidote is 
very scarce,·in contrast to its prominence in the less altered 
granite. ' Half a dozen thin sections of altered wall rock were 
examined for clay minerals by c. s. Ross, but none were ~ound. 

Sequence of formation of minerals in the,tungsten deposits 

Hypogene minerals 

Quartz 

Sericite 

Pyrite 

Huebnerite 

Rhodochrosite 

Fluorite 

Scheelite 

Tetrahedrite 

Galena 

Chalcopyrite 

Sphalerite 

Period of repeated 
fracturing in 
veins of central 
part of district 

Period of slight 
fracturing in 
veins of central 
part of district 

----'l-·--- ---~~-- --'l-

• 

1 
I 
I • 

The relative ages of the following hypogene minerals have not 
been determined: spessartite, apatite, calcite, molybdenite, 
and bornite .. 

Supergene minerals 

9 

Manganese oxides 
Limonite 
Covellite. 
Chalcocite 
Pyromorphite 

Bindheimite . 
Scheelite--powdery 

form 
Cuprotungstite 
Tungst'ite 

Veins.--The tungsten-bearing quartz veins lie in a nar~ow 
northeiit-trending belt about parallel to the contact between 
granite and schist. 'Most of the veins are in granite, within 
half a mile of the contact. The majority of the v~ins·occur in 
a small area about 2.miles long and 1,500 feet wide in the 
central part of the district. Nearly all the ve'insof this. 
group lie either along the zone of sheared granite, or in gran­
ite or schist-. to the west of the shear zon~. As a rule the veins 
in granite are stronger and better mineralized than those in 
schist. 

The trend of a vein generally follows one of three direc­
tions: northeast, nearly east, or northwest. Most.of the veins 
in the central .and southern parts of the tlistrict strike to the 
northeast (pls. 1 and 2). Those veins lying along the shear 

• 

• 

.. 
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zone (including the important Walker ? and Sneed 1 and 2 veins) 
strike N. 30°-35° E., parallel to the direction of the shear 
zone. Some of the veins outside of the shear_ zone also strike 
in about the same direction (as Walker 9 1 Morton Estate. 1, and 
Morgart 2), but others trend from north toN. 20° E. (the Edwards, 
some of the Scott group, Morgan 1, and others south of the 
center·of the area),_nearly parallel to the foliation of the 
granite or the schist. Veins trending east or nearly east are 
few, but include two of the principal veins, Walker 3 and Morton 
1 (pl. 2). Most of the northwest-striking veins are in. the . 
northern part of t~e district, and are represented by Jamieson 
2 and 3, the main a~ell, Kimball, and Taylor veins, as well as 
a few minor veins in the center of the district (Walker 3A and 
4). 

Practically all the veins dip eastward at angles of 70° or 
more, but several, such as the Morgan 1, Kimball, and Taylor 
veins, dip more gently toward the east at .40° to 50°. The few , 
veins dipping to the,north or northwest include the Walker 7 and 

·Morton 1 veins, which dip at angles of 50° to 65°. 

Some of the veins a~ear to be lenticular and to pitch to 
the southwest or west at an angle of 30° or more.~ Diamond 
drilling has indicated-such a pitching structure of the Sneed 1 
and 2, Morton 1, and Walker•2 veins, and possibly the Walker 3 
vein; Underground development on the Walker 2 vein has given 
additional evidence that the vein pitches southwest (pl. 4). 
The Walker 3 vein is made up of individual lenses which seem to 
pitch about vertically, but its structure is not altogether 
clear (see pl. 5, and discussion under "Description of proper­
ties"). Drilling oq other veins in the district has not been 
extensive enough to show whether a -southwest pitch might be 
typical of many of the veins, but the possibility should be kept 
in mind in guiding development of the veins. 

In other-districts the pitch of ore bodies or ore shoots in 
foliated rocks is commonly about parallel with linear structures 
in the country ~ock--such as folds in the foliation, the inter­
section of two foliation planes, or the direction of mineral 
alinement. In the Hamme district, however, this relation does 
not appear to exist, because the linear structures (crinkles in 
the foliation of the wall rock, mineral alinement in the vein, 
etc.) usually pitch gently to the northeast (pls. 2, 3, 4, and 
5). Further study and future development of the veins may shed 
light on this apparent anomaly. 

The length of the veins ranges from a few f·eet to a thousand 
feet or more; many veins are several hundred feet in length. 
The Kimball vein is on~·of the most persistent in the region, 
being over 1,700 feet long. Some of the veins in the central 
part. of the district, such as the Walker 4, 8, and 9 veins, are 
short lenses, 50 feet Qr less in length. The more impo~tant 
veins have an average width of 5 to- 10 feet, but are 25 to 30 
feet wide in places (Walker 2 and 3, and Sneed 1 veins). 

Some of the veins are simple lenses·(such as Walker 2, 
Morton 1, Sneed 1 and 2, and others), but many veins are made up 
of a series of lenses, which may be arranged en echelon. This 
echelon arrangement of lenses is well developed in the Walker 
3 vein (pls. 3 and 5). It is composed of lenses 130 to 200 feet 
in length, which are successively offset a few feet to the right, 

§/ This discussion of pitch refers tQ the vein ~s e wholP. and not to ore 
shoots within the vein. The ore shoots of some veins are about coextensive *ith 
the vein limits, but in other veins informa~ion or the habits ot the ore shoots 
is lacking. 
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as the observer looks .~l~ng the strike. The,veins commonly 

finch and swell, and stringers may ·extend into the wall rock 
pls. 3 and 5). These offshoots usually strike more nearly 

north than does the trend of the vein; that is, as the observer 
looks along the strike~ an offshoot of the vein extends into 
the left w~ll, or comes into,the vein from the right wall. 
Sheeted zones and inclusions of schistose-granite with a similar 
northerly; ·trend are-common, and suggest that the veins have 
formed, at least in part, by ~eplacement of the schistose 
country rock. · · -~-

Repeated·movement occurred along the veins during the for­
mation of some of them, for the quartz is commonly granulated 
and veined by st-ringers of glassy quartz, huebnerite crystals 
are broken, and slickensides are present on the walls and part­
ings of the· veins. These characteristics are developed most 
strongly in the veins of the central part of the area; outlying 
veins, such as the Morgan veins and the Taylor vein, show few 
signs of movement •. In the- veins along the shear zone, drag 
folds show that the eastern wall of the veins has moved south­
west relative to the.western wall. 

· Origtfi·--The tungsten veins have been deposited by solutions 
from dep along fissures in granite and schist. ·Inclusions of 
schistose granite in the vein commonly pass into thin micaceous 

. partings parallel to the local foliation and suggest that some 
replacement of the schistose rock by the vein minerals has 
taken place. Intermittent movement occurred along some of.the 
veins during their formation. The walls of many veins have 
been strongly altered to pyrite-bearing sericitic sch~st over 
widths of several feet. The source of the mineralizing solu­
tions is not known, but they may have risen into schist and 
solidified granite from deep-lying portions of the same magma 
mass which formed the granite. · 

Localization of the veins.--Practically all the tungsten 
veins except the Ktmba!l vein lie within half a mile bf the 
granite-schist conta~t. The majority of the veins occur 1n 
granite, and are stronger and better mineralized than the veins 
in schist. -The massive character of the granite seems to have 
favored development of more numerous and more persistent fis­
sures in granite than were formed in schist. The localization 
of the better veins in the central part of."the district appears 
t~ be related in some way to the zone of strongly sheared · 
granite, · along which some of th-e veins lie. Nearly all the 
other veins in this central area lie west of the shear zone, 
and probably occupy fissures which are subsidiary to the shear. 
In this group the east-trending veins, Walker 3 and Morton 1, 
are stronger than the ve~ns striking northeast parallel to the 
local foliation, or to the northwest. The development of 
stronger fissuring in the central part of the area may be re­
lated to the westerly· curve of the granite-schist contact. 
Outside the central part of the district, proximity to the · 
schist contact is the-one obvious feature which has deterained 
the localization of veins. The Kimball and Taylor veins may 
lie along a· shear trending northwest from the main shear zone. 

f 

-, 
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DESCRIPTION OF PROPERTIES 

Tungsten Mining Corporation . . 
Most of the veins controlled by the Tungsten Mining Corp._ 

are irr the central part of the district and include the various 
Walker veins, Morton 1 vein, ~nd the Scott group of veins. In 
early 1943 the Hamme brothers, disco~erers of the tungsten de­
posits, mined some ore from shallow shafts\and pits on the 
Walker 1, 2, and-3 veins. Haile Mines, Inc., acquired the Hamme 
properties in August 1943, and since then has directed its ef­
forts mainly toward the development of the Walker 2 and 3 veins. 
In Jline 1945, the Tungsten Mining Corp. was formed by Haile 
Mines, Inc., and the General Electric Co. to operate the Haile 
properties. Nearly all the veins were trenched and sampled, 
and,the better veins drilled, by the Bureau of Mines during the 
second half of 1943. 

The ore milled by the Hamme brothers and Halle Mines, Inc., 
from about May 1, 1943, to December 15, 1944~ the majority of 
which came from the Walker 2 and 3 veins, amounte9- to 22,283 
tons and yielded 13,025 units of W03. Concentrates produced 
from December 16, 1944, to March 1, 1946, contained 10,627 units 
of W03. Emphasis was placed on undergro~d devel9pment, rather 
than stoping, during this latter period. The ore treated from 
October 16 to December 16, 1944, averaged 1.18 percent of wo3 , 
and yielded 2,598 units of wo3 from 2,657 tons o~ ore. About 
75 percent of the ore treated during this 2-month, period came 
from stopes on the Walker 2 and 3 veins. 

Until early 1946 the ore was concentrated in a small gravity 
mill equipped with jaw crusher, stamps, hydraulic classifier, 
and Wilfley tables. Capacity of the mill was about 50 tons of 

. mill feed daily. A new 200-ton gravity mill, located just west 
of Walker 3 vein, was placed in operation in March 1946. 

Walker 2 vein.--On the Walker 2 vein the vertical shaft (No. 
2 shaft) started by the Hamme brothers~as extended to a depth 
of 100 feet, and 425 feet of drifting was done at this level 
{pls. 3 and 4)". About 200 feet southwest of the shaft an in­
clined winze has·been sunk along the footWall of the vein to a 
depth of abou~ 200 feet below the level. A ·new level'has been 
established at a depth of 100 feet-below the,lOO-foot level. 
Ore was being mined in the spring of 1945 from two stopes above 
the 100-foot level, northeast and southwest of the winze. 

The Walker 2 vein strikes about N. 35° E., and dips 80° E. 
The 100-foot level has shown the vein to be 13 to 22 feet wide 
over a distance 10f .250 feet southwest of the shaft, although 
outcrops of the vein were less than 10 feet wide. The vein is 
continuous for the full length of the drift, but carries part­
ings of schist in both ends and is only 2 t~ 3 feet wide at the 
northeast end. Probably the lateral limits of the vein have 

·nearly-been reached in the drift, for the vein was traced on 
the surface for only about 350 feet. Apparently ~he vein 
pitches southwest at angles of 30° to 40° (pl. 4 ); in the south­
west stope the vein was found to grade upward into sheared 
granite with small quartz lenses and no vein was found in the 
trenches above. 

Cri~les and larger drag folds in the foliation and linear 
orientation of sericite and fluorite along partings in the vein 
pitch to the northeast at about 20°, except for a southwest-
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pitching drag fold noted at the·southwest end of ·the drift. 
Several thin_fluorite seams exposed 1 in the backs of the drift 
and stapes are crinkled, suggesting that the fluorite has re­
placed drag folds in foliation at these places. Broad s~ells 
are present on the walls of the vein and trend about ve~ically 
down the dip. Nearly horizontal joints, spaced about 5 feet 
apart, are common in the vein. For a considerable distance 
along the vein, the hanging wall is overlain by several feet of 
9roken quartz and sericitic gouge. 

Huebnerite is most abundant in the thicker part of the.vein 
extending about 250 feet southwest of the shaft. It usually 
occurs as crystals up to several inches in size along seams 
parallel to the sheeting of the vein. Numerous seams of purple 
fluorite and sulfides--pyrite, galena, sphalerite, ~d tetra­
hedrite--also follow-the sheeting. Considerable rhodochrosite 
occurs as local masses in the thickest part of the vein; schee­
lite is rather scarce. Along the walls of the vein the granite 
is altered to pyritic sericite schist'over widths of several 
feet. Small quantities of fluorescent apatite are associated 
with the rhodochrosite. 

Walker 3 vein.--Near the southwest end of the Walker 3 vein 
a vertical shaft (No. 3 shaft) has been sunk to a depth of' 80 
feet and a drift run northeast on_ the ~ein (pls. 3 and 5). 
Seven hundred twen~y feet of drifting had been done by July 1945, 
an inclined shaft had been driven near the center of the vein, 
and a stope started near the No.3 shaft. The-inclined shaft 
is to be deepened and another level established 100 feet bela~ 
the 80-foot level. Considerable ore has been mined from the 
large open cut and other pits on the surface, and the vein has 
been stripped over muCh of its length. 

The Walker 3 vein curves in strike from N. 50° E. at its 
southwest end to N. 75° .E. at its northeast end; it dips 70° to 
80° SE. This vein is about 900 feet long and is made up of 
lenses en echelon which are offset a few feet to the right, as 
the obse~ver looks along the strike. Individual, lenses are 130 
to 200 fee'!; long and range in width from a few .feet to as much 
as 30 feet in the large open cut. The average width of the 
vein is about 7 'feet. Stringers and offshoots of the vein ex-. 
tend into its walls in directions more northerly than the trend 
of the vein, and partings in the_ vein have· trends similar to 
the offshoots. Sericitic or chloritic shear zones several feet 
wide li~ along the walls of the vein in places, and extend pe-
yond the ends of individual lenses. Crinkles in ~he f~liation ~ 
pitch 20° to 40° NE. in the_southwestern part of the vein, and 
are horizontal or pitch gently to the southwest near the north-
eastern end. -Several thin diabase ·dikes cut the ,vein near its 
northeast end; they are probably offshoots of the wide dike 
lying about 100 fee~ northeast of the vein (pl~ 2).. · 

The thick lens in which the inclined shaft lies on the SO­
foot level appears to be the same lens as the one at the -collar 
of the shaft on the surface,·suggesting that individual len~es 
pitch steeply. However, the wide lens exposed in the lavge 
surface pit seems to die out in depth, for the vein is~split 

. into several segments on the 80-foot level; and at 10 to 30 
feet below the level, sericite and chlorite schist and aplite, 
rather than vein, were cut in drill hole 2. The pinching out 
of this lena might be due to one of two possible structural 
conditions: {1) the steeply pitching individual lenses may be 
arranged in a zone which pitches ·more gently to the ·southwest 
(as other veins seem to qo )·, or possibly to'the noz:theast, and 
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the barren stretch in the drift and drill hole ·2 may lie beneath 
this vein zone. In 1 this event, hidden lens.es would probably no-t; 
exist beneath the drill-hole 2 intersection. (2) The barren 
drill hole may simply have cut the vein zone at a place where 
the vein was absent, and a lens might exist vertically h~low the 
intersection of drill hole 2. · 

\. 
Huebnerite is more abundant in the thicker par-ts of the 

lenses than in the thinner parts. The best ore occurs in the 
iens mined_from the large open cut and in the lens opened by the 
inclined shaft. Some stretches of the vein are rather lean. 
Bluish fluorite is abundant, but sulfides are not so pl~ntiful 
as in the Walker 2 vein, and rhodochrosite is rare. Some 
coarsely crystalline scheelite wa~ found in the large surface 
pit, and is more common here than elsewhere along the vein. 

Morton 1 vein.--The Morton 1 vein, lying about BOO feet 
north of the Walker 3 vein, strikes nearly due east for 700 feet 
and dips about 65° N. Its width ranges from 3 to 15 feet and 
averages about 5 feet. The vein appears to be a single lens and 
to have few inclusions of wall rock. Two shallow drill holes · 
(i and 4, pl. 2) near the east end of the vein did not cut any 
vein, whereas deeper holes (3, 6F and 7) to the west intersected 
vein, suggesting that the Morton 1 vein pitches to the west. , 
Pronounced grooves in the walls o£ the vein pitch gently to the 
west or east. A diabase dike about 100 feet wide cuts across 
the Morton 1 vein west of its center. In the spring of 1945, 
open-pit mining was started at the west end of the Morton 1 vein 
and a short adit was driven on the vein east to the diaba~e dike. 

Other veins.-The Walker 1 and Walker 8 veins, 1,300 and 600 
feet respectively southwest of the Walker 2 vein, have been 
prospected by shallow pits, but no drifting has been done. The 
Walker 1 vein lies in the shear zone and is exposed for a length 
of about 100 feet on the surface. Drill hole 21 found 3h feet ~ 
of fair ore at a depth o-f 100 feet below, the surface. The 
Walker 8 vein is a small lens with no determined trend, although 
sheeting in the vein strikes northeast. Good ore was found in 
the vein over an area about 15 feet square, but trenching failed 
to reveal its extension in any direction. Other small veins in 
the shear zone or west of the shear have been trenched and 
sampled, but not explored by drilling.- Few of these veins are 
more than 100 feet long, and they are commonly several feet 
thick and carry moderate amounts of huebnerite. · The Sneed V6ins, . 
~hich ~re also in the shear zone, are described below. 

A group of veins-Walker 3A, 7, and 6---lying southwest of 
the Walker 3 vein, may represent extenBions of the Walker 3 
vein zone, although the Walker 7 vein dips north. The Walker 
3A and 7 veins lie in granite and carry fair ore, whereas the 
Walker 6, which is in schist; is very irregtilar and not so well 
mineralized. The Scott group of veins are thought to represent 
a similar case of the fraying out of a vei~ or shear zone in 
passing from granite to schi~t. They lie in schist along the 
extension of the shear zone, and are irregular in their trends 
and distribution of huebnerite. 

Southern Aggregates Corporation 

Surface mining using bulldozers and small power shovels was 
started by the Southern Aggregates Corp. and subsidiaries on a 
number of veins late in August 1943, and continued until ab~ut 
the end of the year. _A considerable tonnage of low-grade ore 
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was shipped'by truck t~ a gravity mill erected at, the Greystone 
quarry of the Raleigh Granite Co., about 20 miles away\. Data 
on the amount of concentrate produced are not available. The 
veina worked by open cuts are from south, to nortp as follows: 
Tippett, Crowder, Edwards, Jamieson 1, 2, and 3, Burwell, and 
Kimball (~dwards veins on pl. 2, the rest on pl. 1). Little or 
no mining was done· in 1944, but some shallow d·iamond drilling 
was done in the .fall of· that year on the Burwell and Kimball 
veins, and in July 1945 on the Jamieson veins. Previously the 
Tippett, Jamieson i and 2, and Burwell veins had been drilled 
by the Bureau ~or Mines. Most of these veins are very leanly 
mineralized, although sporadic pockets of fair ore·occur in the 
Jamieson and Kimball veins. Good tungsten values were found in 
the drill-hole intersection of the Jamieson 2 vein and a shaft 
was started to exp~ore this place, but it is believed that the 
vein was not reached. ' 

Other prospects 

Other veins in the .district that were explored by trenching 
or drilling during the Bureau of Mines program are the Morgan, 
Morton Estate, Taylor, and Sneed veins. ~e two Sneed veins 
seem to be the best of this group, but mining rights to the 
Sneed property are under dispute between the Tungsten Mining 
Corp. and the Southern Aggregates Corp., and no mining has yet 
been done. Both these veins _lie in the aone of sheared granite 
southwest of the,Walker 1 vein (pl. 2). The Sneed 1 vein is 
about 400 feet long, and ranges from 2 feet to 23 feet wide at 
the surface. The vein splits into several parts in p~aces and 
contains lenses of sheared granite, resembling the structure at 
the southwest end of the Walker 2 vein on the 100-foot level 
(pl. 3). An abundance of good huebnerite ore originally mantled 
the surface around the vein. Drill hole 27 intersected about 11 
feet of vein carrying 2.33 percent W03 at a depth of 100 feet, 
but the drill holes to the northeast cut.~ lean vein, sug~est~ng 
a southwest pitch_to the vein. The Sneed 2 vein is 300 feet 
long and has an average width of 5i feet. The northeastern 
drill hole (3:3) found lean values at a depth of 100 feet, which•. 
su~ested that the S~eed 2 vein also pitches southwest. 

The Horton Estate property was at one time optioned to Haile 
Mines, · Inc., who trenched· several of the veins. ·These veins are 
in schist and, except for the Morton Estate 1 vein (not to be · 
confused with"the Morton 1 vein), are short and very poorly 
mineralized. 

The Morgan 1 and 2 veins are the principal veins on the 
Thomas A. Morgan property (pl. 1). Each is made up of a number 
o!_lenses. several hundr~d feet long which form a zone 1,000 

-feet or more in length. The lenses average 2 to 3 feet in width 
and reaCh a maximum width of 6 feet. Pair to good ore occurs 
in a few pockets, but the distribution of huebnerite is rather 
erratic and the average grade of the ore is under 0.5 percent 
wo3 • Tungsten float was found just east of Little Island-Creek 
hear the Haile mill (Morgan 3 vein, pl. 1), but trenching and 
drilli~g found only short disconnected lenses which carried 
very little tungsten. 

The Taylor vein, lying half a mile nort~est of the Kimball 
vein, carries fair ore alon~ its length of about 350 feet~ but 
the vein has an average. width of li feet or less. The vein has 
a somewhat irregular northwest.strike, and at the surface dips 
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eastward at angles of 40° to 60°. Oonsid_erable .float ore was 
scattered over the surface near xhe vein. The Bureau of Mines 
explored the Taylor vein in early 1945 by stripping ana putting 
down a ntimber of drill holes. The Taylor vein is the northern­
most vein known in the area shown in plate 1. Other veins are 
reported to exist north of the Roanoke River, nut their charac­
teristics are unknown to the writer. None of them ha~ been 
developed commercially. 

FUTURE OF THE DISTRICT 

Ore reserves.--Estimation of ore reserves in the district is 
based upon the results of the drilling and trenching program of 
the Bureau of Mines, supplemented by the results of recent work 
by Haile Mines, Inc. The general practice followed in estimat­
ing the reserves has been to classify the block of ore outlined 
by drill~hole intersflctions.as indicated ore, and ore outside 
this block to a depth below the surface of about twice the depth 
of the deepest drill-hole penetration as 'inferred ore. Ore has 
also been inferred on a few undrilled veins. No blocks of ore 
have been considered as measured, although some of the indicated 
ore in the Walker 2 and 3 veins may now be regarded as measured 
ore because bf recent development on these vel.ns.- Tb.e better 
veins in the central part of the district ·( 11 in number, com­
prising most of those shown on plate'l as being moderately td 
strongly mineraliz~d) were estimated in early 1944 to have 
130,000 tons of indicated ore to a depth of about 100 feet (to 
a depth of 190 feet below the surface ,for Walker 3 vein), and· 
155,000 tons of inferred ore to depths of 100 to 200 feet (360 
feet for Walker 3 vein). The grade of indicated and inferred 
ore averages 0.9 percent wo3 • More than 95 percent of the 
indicated reserves and about 89 percent of the inferr~d r.eserves 
are·contained in the following five veins: Walker 2 and 3, Mor-
ton 1, and Sneed 1 and 2. · 

In addition to the above reserves estimated for the better 
veins, about half a dozen other veins in the central part of the 
district and five veins outside the central area contain some 
ore which may be minable. The estimation of reserves in these 
yeins is somewhat difficult because of the irregular distribu­
tion of tungsten minerals in many of them, but probably 25,000, 
tp~s of ore carrying 0.5 percent wo3 can be inferred conserva­
tively to a depth of 100 feet for this group. Because of the 
pockety nature of some of these veins and the small size of 
several of them, it is expected that mining costs for these veins 
would be considerably higher than f~r the better veins. 

Outlook.--Since the huebnerite-quartz veins are very resis­
tant to weathering, and either are exposed at the surface or are 
marked by trains of float, there is little doubt that practically 
all the veins in the dist~ict which reach the surface have been 
discovered. Some tungsten veins have been reported t~ exist in 
Virginia north of the Roanoke River, but their characteristics 
are not known to the writer. Most of the known reserves are 
contained in a few veins in the center of the district, and it 
can be expected that these central veins will be the principal 
producers for some time to come. Life of the district will 

,probably depend on the downward continuation of this group ot 
veins. The greatest depths below the surface at which vein has 
been cut are 190 feet in the Walker 3 vein (drill hole 23, pl_. 
5), and 230 fe.et in the winze on Walker 2 vein. At these places 
the veins are wide and as rich as at many places above, and no 
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change in the mineralogy is apparent. It seems reasonable to 
infer that the vein~ continue to at least an equal depth below 
these points. 

• 
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Most of the known veins lie near the contact between granite 
and schist, and it is possible that their continuation to great­
er depth is rather closeiy ~ependent upon the attitude of that 
contact. If the contact dips steeply, structural conditions 
would appear to favor continuity in depth for individual veins. 
On the other hand, if the contact dips at low or moderate angles 
to the east or west, it is possible that individual veins might 
have a shallower vertical extent, ~t other veins which do not 
reach the present ground suYface might lie near the contact in 
depth. 

Although no prediction of tlie ul~imate depth extension of 
the veins or series of veins is possible, it is not improbable 
that they extend below the depths to which ore has'been inferred. 
Whether or not tungsten minerals will be f~und throughout the 
vertical extent of the veins cannot be predict~d. Quar~z veins 
elsewhere in the Piedmont province have b~en mined to depths . 
of 300 feet or more. The Vaucluse gold deposit in Orange county, 
Va., was mined to a depth of about 300 feet g/ and the chalco--
cite-bornit~-quartz vein of the Durgy mine in the Virgilina . 
copper district was opened to·a depth of 515 feet.1Q/ In the 
Gpld'Hill district of Rowan and,Cabarrus Coun~ies, N. C., the 
quartz veins of the Gold Hill mine were worked to depths of more 
than 800 feet.l!f . 

Suggestions for exploration.--A few general ·recommendations 
for exploration in the central part of the district seem to be 
justifi'e<i\. The shear zone and vicinity should be explored in 

.depth between the Walker 2 and Sneed 2 veins, in order to inves­
tigate the outcropping veins and to search for possible hidden 
veins which do not reach the surface. Some good float was 
found on the surface near the shear zone between Walker 1 and 2 
veins, but 'trenching did not reveal any strong veins here. 
Possibly this fl·oa t is residual from lenticular veins which have 
been completely· eroded aw~y. , If so, buried·veins may exist in 
depth along the shear zone. Another area deaerving exploration 
in depth is the extension of Walker 3 vein toward Walker 3A, 7, 
and 6 veins; all these veins may b13 part of the same structure. 

2/ Bass, C. E., The V~ucluse gold mine, Orenge County, va,: Econ., 
Geology, vol. 35, no. 1, pp. 79-91,. 1940. ' 

12/ Lanev,·r. B., op. cit., pp. 130-139. -
!!/ uney, F. B., The Gold Hill mining district or North Carol.ina: 

North Carolina Geol. and ~con. Survey Bull. 21, pp. 98-103, 1910. 
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