UNITED STATES DEPARTMENT OF THE INTERIOR
Oscar L. Chapman, Secretary

GEOLOGICAL SURVEY
W. E. Wrather, Director

Bulletin 948

STRATEGIC MINERALS INVESTIGATIONS
1945

UNITED STATES
GOVERNMENT PRINTING OFFICE
WASHINGTON : 1949






ﬁhe

-(4)

(B)
(c)
(D)

(E)

Plate

CONTENTS

letters in parentheses preceding the titles are those used
to designate the papers for separate publicatiod]

Page

Tungsten deposits of Vance County, N. C., and

Mecklenburg County, Va., by G. H. Espenshade

(published in July 1947)......... O |
Chromite deposits near Seiad and McGuffy Creeks,

Siskiyou County, Calif., by F. G. Wells,

C. T. Smith, G. H. Rynearson, and J. S.

Livermore (published in August 1949)......cccccnvn... 19
Chromite deposits of Boulder River area,

Sweetgrass County, Mont., by A. L. Howland,

E. M. Garrels, and W. R. Jones (published in

0CtobOr 1949 ) . uitieriussncocesssosccensscacnsaannnnaes 063
Preliminary report on the bedded manganese

deposits of the Lake Mead region, Nev. and

Ariz., by V. E. McKelvey, J. H. Wiese, and

V. H. Johnson (published in July 1950)....ccceseces. 83
Preliminary report on corundum deposits in the

Buck Creek peridotite, Clay County, N. C.,

by J. B. Hadley (published in December 1949)........ 103

ILLUSTRATIONS

Page

1. Geologic map of the tungsten deposits

of Vance County, N. C., and

Mecklenburg County, Va....eeeeen.ene ... In pocket
2. Geologic map of the central part of

the tungsten district in Vance

County, N. Cuvevrrecocnsecsosenneeannssss In pocket
3. Geologlic maps of mine workings,

Walker 2 and Walker 3 veins, Vance

County, N. Cueveveresrecsoasennesssesss. In pocket
4. Map and longitudinal projection of

Walker 2 vein...ceceeeeecrennns eesvs... In pocket
5. Map and longitudinal projection of
Walker 3 veln.sesveeseenocnencons ...++ In pocket

6. Preliminary geologic map and sections

of the northeastern part of the

Seiad quadrangle, Siskiyou County,
Calif...coveveencnnne ceseesacens ceseeens In pocket
Fold in chromite ore on the Cerro

Colorado claim; B, Drag fold in

chromite ore on the Fairview No. 2
claime..ceeeeeieccnnnns veessrssssssee.s Facing 30

111

7. A

=9



iv

Plate 8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.
26.
27.
28.

STRATEGIC MINERALS INVESTIGATIONS, 1945

A, Platy jointing in dunite on the
Mountain View No. 2 claim; B,
Jointing in dunite on the Veta
Grande claim.....ceevevnennse coeoenn e
A, Planar banded chromite ore on the
Falirview No. 2 claim; B, Planar
banded chromite ore from the Veta
Chica claim...eeeieeirenencacennnnnns .o
A, Isolated chromite nodule in banded
ore from the Grand Canyon claim; B,
Nodular chromite ore from the Black
Spot No. 1 claim..veeeeceeienanonnns .o
A and B, Orbicular chromite ore from
the Mary Lou claim........ ceeecens .o
A, Amphibolite boudinee in the schists
of Furlund, Belgium; B, Amphibolite
boudinée 1n the midst of granitized
schist, Porto, Finland.......... . e
A and B, Boudinage structure in planar
banded chromite ore from the Falrview
mine..... .
A and B, Fold in planar banded chromite
ore from the Veta Chica claim..........
A, Folded chromite ore from the Veta
Grande claim; B, Fold in plsanar
banded chromite ore, cut by saxonite
dikelet, from the Veta Chica claim.....
Geologic map of area adjacent to the
Anniversary chromite deposit,
Siskiyou County, Calif.........cicnnaen
Geologic map of the Anniversary
chromite deposit, Siskiyou County,
Calif.eeeiinennioreacennnnsasaononoonns
Sketch map of the Emma Bell and other
claims of the Stanton chromite
property, Siskiyou County, Calif.......
Geologic map and section of the Seiad
Creek chromite deposit, Sisklyou
County, Calif...... teeesevecansesansnans
Geologic map of the Mountain View No. 1
and No. 2 claims, Seiad Creek chromite
deposit, Siskiyou County, Calif........
Representative geologic sections through
diamond-drill holes, Mountain View No.
1 and No. 2 claims, Seiad Creek
chromite deposit, Siskiyou County,
(6= B
Geologic map of East adit, Seiad Creek
chromite deposit, Siskiyou County,
Califuieeiieeeeeeeeesoatoneconasaasnnnns
Geologic map of West adit, Seilad Creek
chromite deposit, Siskiyou County,
Calif .t iiineeienennnnns eteeeecanees
Geologic map of the Ladd mine, Siskiyou
County, Calif..ieveeicerecrecnnanenanns
Map of the Fairview group of chromite
claims, Siskiyou County, Calif..... e
Geologic map of the main workings,
Fairview mine, Siskiyou County, Calif..
Geologic map of the McGuffy Creek area,
Siskiyou County, Calif.......cc.0s .o
Geologic outcrop map of the Veta Chica
chromite deposit, Siskiyou County,
Calif.......... setcreerenenees cesaeaenn

Page

Facing 31

Facing 34

. Facing 35

Facing 36

Facing 37

Facing 36

FPacing 39

In

In

In

In

In

In

In

In

In

pocke t

pocket

pocket

pocket

pocket

pocket

pocket

pocket
pocket
pocket
pockset

pocket

pocket



ILLUSTRATIONS

Plate 29. Expanded isometric dlagram of the

Veta Chica chromite deposit,

Siskiyou County, Calif.....cccvevvncens
30. Geologic outcrop map, sections, and

projection of the Cerro Colorado

chromite deposit, Siskiyou County,

Calif..ceeecennnannens ceesesnassona .
31. Geologic outcrop map of the Veta Grande

chromite deposit, Siskiyou County,

[ sesen
32. Geologic outcrop map of the Mary Lou

chromite deposit, Siskiyou County,

Calif ..ttt ieeeneneerecensusncnnnnns
33. Claim map of the Gish chromite deposits..
34. Geologic map and sections of the

western part of the Stillwater complex.
35. Geologic map and sections of the Gish

chromite deposits.....cceeueen vesssacan
36. Structure-contour map of the Gish

chromite deposits..........cv.n [P
37. Map of the underground workings in the

Gish chromite deposit...... ceseacnsann

38, Geologic map of the Blakely Creek area...
39. Geologic map of the north end of the
River Mountains, Clark County, Nevada..
40. Geologic map and section of the Fannie
Ryan manganese deposit, Clark County,
NevadB..oueeeesrveeeoaassccessnssassnns
41. Sketch map and sections of the Boulder
City manganese deposit Clark County,
NovadB..seeeeeeeeossesossanasnosons .
42. Geologic map of the Virgin River
district, north of Lake Mead, Clark
County, Nevada....... ............. ceeen
43. Geologic map and sectlions of the
eastern part of the Virgin River
deposit, Clark County, Nevada..........
44. Geologic map and sections of the
southern part of the Virgin River
deposit, Clark County, Nevada..........
45. Geologic map and sections of the Buck
Creek peridotite body, Clay County,
Ne Cuoreernennoensessosnsoacecnnssnss coe
46. Geologic map and sections of the
Corundum Knob area, Buck Creek
corundum district, Clay County, N. C...
47. Geology and topography of the eastern
part of the Buck Creek area, Clay
County, N. C...oovvvee caesececsetrecacn
48. Geology of the Big Shaft (Cullakeenese)
mine, Buck Creek corundum district,
Clay County, N. C..c.cvvvvnnnn cesrecavaes

Figure 1. Index map of the southeastern States
showing location of the tungsten
deposits of Vance County, N. C., and
Mecklenburg County, Va.ceeeeeeeaeess veos

2. Index map of northwestern California
and southwestern Oregon showing
location of Seiad-Red Butte and
Hamburg-McGuffy Creek areg.....ccceee.e

In

In

In
In

In
In

In
In

In

In

In

In

In

In

In

In

In

v

Page

pocket

pocket
pocket
pocket
pocket
pocket
pocket

pocket

pocket
pocket
pocket
pocket
pocket
pocket
pocket
pocket
pocket
pocket

pocket

pocket

21



vi ILLUSTRATIONS

Page
Figure 3. Sketch of linear chromite schlieren
in partly serpentinized dunite......... 35
4. Some advanced stages in the evolution
of boudinage structure..............0.. 37
5. Vertical projection of the Anniversary
ore zone parallel to cirque wall....... 44
6. Cross section of ore body, Black Eagle
claim, north of Sefad......ccvveeeenn.. 47
7. Index map of the chromite deposits of
the Stillwater compleX....ceeeveeeesans 64
8. Columnar sections of the main chromite
= 77
9. Map of the Lake Mead region, Nevada
and Arizona, showing the location of
bedded manganese deposits.............. 85
10. Graphs showing the reserves at the
Three Kids depositS..c.ccevenecreceannnn 93
11. Graphs showing the reserves at Fannie
Ryan deposits...civieieeinerececencnenns 94
12. Graphs showing the reserves at Boulder
City deposits...civiienenneierionennnns 95
13. Graphs showing the reserves at Virgin
River deposits...ivieeeeeieeneeancenaans 96
14. Index map of western North Carolina
showing location of corundum deposits.. 106

15. Types of veins, Buck Creek corundum
district, Clay County, N. C. A,
Barren feldspar-hornblende vein in
dunite, prospect trench 250 feet
south of Big Shaft (sketched from
outcrop); B, Hornblende-corundum
vein in sheared and altered dunits,
Burrell cut (from photograph); G,
Feldspar-hornblende vein in sheared
and altered troctolite-amphibolite,
South Extension Cut (sketched from
outcrop); D, Part of hornblende vein
in dunite, Penland cut, Corundum Knob
(sketched from oULCIOD)eecerssscssoces 115

16. Geologic map of the Herbert mine area,
Buck Creek corundum district, Clay

County, N. Covvvrvenneneccnsvososannanns 117
TABLES
Page
Table 1. Analyses of chromite from the Boulder
River 8re8.....ciiiieceenconccncacncens 76
2. Physical and chemical properties of
chromite and gangue minerals........... 78

3. Surface dimensions and average assays of

corundum-bearing amphibolite bodles in

the Corundum Knob area, Buck Creek,

S 122
4. Estimated reserves of corundum in vein

deposits, Buck Creek area, Clay

County, N. Coivirnrnnnrinnnenennenannns 126
5. Reserves of corundum and corundum ore in

amphibolite bodies in the Corundum Knob

area, Buck Creek, Clay County, N. C.... 127



Page
Abstract, chromite deposits of
the Boulder River area,
Sweetgrass County, Mont..
chromite deposits near Seiad and
McGuffy Creeks, Siskiyou
County, Calif..
corundum deposits in the Buck
Creek peridotita, Clay County,
Ne Cuvenenrnnnnonencaotannsnnnnns 103-104
preliminary report on the bedded
manganese deposits of the
Lake Mead region, Nevada and
Arlzon@..eseevens
tungsten deposits of Vance County,
N. C., and Mecklenburg Ccnmty,

63

19

83

Vaeoieooons crevann
Acknowledgments f‘or ald... ‘5 22 65 86 105
Amphibole gneiss.........iceeenn 112
Amphibolite, corundum-bearing.. . 119
description and associations.......111-112
Analyses, chromite
Ores..... ..41, 50, 54, 55, 75-76, ’78

corundum-bearing amphibolite. ceranne

dunite......

tungsten concentrates......
Anniversary claim..............44, pls 18, 1'7
Arizona, Lake Mead region

109

mangenese deposits......... ... 83-101
Banded zone, Stillwater complex..... 70
Baslic pegmatite, Stillwater complex... 70
Basis of report, northern California

chromite deposits......cieuveene 22

Bauer-Dollery menganese deposit,
description....
reServes. . ...
Big Shaft (Cullakeense)
mine.
Black Eagle claim....
Black Spot No. 1 claim....
Black Spot No. 2 claim.
Blakely Cliff........
Blakely Creek area.
Blue Eagle claim...
Bluestone claim.....
Boudinage struc-
ture.,...36-37, pls. 12, 13, figs. 4a-e
Boulder City manganese deposit,
description..
form of ore body.
map. .
reserves
Bronzitite, compos 1tion. .
Buck Creek, N. C., location of
corundum deposits....
Buck Creek peridotite, area and
location...eevaeseess..109, pls. 45, 47
Bureau of Mines, exploration, North

..101, pi. 42

..125, 1286, pls. 46-48
. 46

106

Carolina corundum deposits...... 105
procedure followed in analyzing

disseminated corundum samples... 121
tungsten prospects........ i . 15-16

work on Lake Mead region
manganess deposits....
Burrell prospect......oieeusn

ceeeene... B4, 92
veree...124, 126

. 19-62

California, chromite deposits.
ceses Pl. 39

Callville basin........

INDEX

Carolina gnelss..

Carron, M. K., analyses by

Cat-eye cut.

Cerro Colorado deposit

Chloritic rocks..,...........

Caromite, analyses.........41, 50 54 50, '76
Boulder River area, summary...

125
. 5.‘5 59 pls. 27, 30

chemical composition........ e 40
physical and chemical properties.... 78
reserves...........42, 51-52, 58-62, 80, 81

Chromite deposits, Boulder River
area, location..
mineralogy...
origin.........
Sisklyou COunty, Csllf. PN
Sweetgrass County, Mont...
Climate, northern California....
Contact relations, in ultramafic
POCKS.eeeeannrsonsa
Corundum, Clay County, N. C..
current investigation. en
early production.....
economic possibilities of Buck

Creek 8ref.c..issescacrsnsss 12
quality of, in vein deposits.. 118-122
reserves, in amphibolite bodies. 127

in disseminated deposits.... 128

in veln deposits......cieevenn
Corundum deposits, Clay County,
N. C....
estimated reserves in velns...
location..........
vein.
typss .

edeeseaes 106
FERRRIS b X 24 119
115

Corundum, disseminated, origin........ 120
disseminated, gquallty and
distx‘ibution ............. «r.e.0120-122
disseminated, size and dlstribution
ofbodies.. ..... ceretasene 120
disseminated, surface dimensions
and analyses....cceestnans 122
Corundum Xnob are@....... e pl. 46
Corundum veins, mineralogy. eeeea..114-118
OPIgINn.e et cneensesonsanscnssoscnnns 118
Detrital Valley manganese deposit,
description..... hesesrereceiens 101
Dikes, basic, Boulder Hlver Ares,
Mont.eeeineenrneianennnns 71
in area of tungsten deposits B North
Carolina and Virginia........... 5

Disseminated chromite ore, northern
California....cov.en
Dunite, composition....
description and analysis.......
jointing...

. “esssss. DPl. 8

Economic history of North Carolina
corundum depositS.......vee
Bdenite-amphibolite, description

....107-108

and relations...... 111-112, pl. 46
Rmma Bell prospect.. . ....45, pl. 18
Espenshade, G. H., Tungsten eposits

of Vance County, N. C., and

Mecklenburg County, Va.......... 1-17
Fairview claims... «vtese-...pls. 9a, 25
Falrview mine........s.e......53, pls. 25, 26

vil



viii

STRATEGIC MINERALS INVESTIGAIIONS, 1945

Page
Fannie Ryarn manganese deposits,
description....... 27-98
form of ore body pl. 40
TeSerVO8 . vt ranranann . 92, 93
Faulting, Roan gneiss and Camlins

gneiss.....oiivennian. Ceesanen 113
Faults, BOUIdsr River area....... .- 72
in ultramafic rocks. . .. 31
Field work, chromite deposits
Boulder River arsa.. . 65
Folds, in ultramafic rocks. ceenenn 30
in chromite ore......... vev...pls. 7, 14, 15
Foliatlon and layering, Roan gneiss
and Carolina gneiss.....
Foliation of schists............. 23
Form and extent, Lake Mead region
manganese deposits........iiainn 90
Fraser-Reid acid-leach method......... 121
Gabriel, Alton, cited............ e 121

Garrels, R. M., see Howland, A. L.,
Garrels, R. M., and Jones,
W. R., chromite deposits of the
Boulder River area, Sweetgrass
County, Mont...... crreeresaasesss 63-82
Geolozlc map, Seiad quadrangle........ pl. 6
Geologzy, tungsten deposits, North
Carolina and Virginia........
Gish chromite deposits..
claim map.e..cseevecanernnnsans
geologic map and sectlons.....
map of underground workings...
structure contour map..........
Granite, Boulder River area....
in area of tungsten deposits.

3, 4
73, 74
pl. 33
pl. 35
pl. 37
«.. pl. 36

Grand Canyon claim.............

Grand Falls claim....... ..33, 61 pl. 27
Granodiorite, northern Cali ornia..... 25
Graphite, northern California......... 25

Hadley, Jarvis B., A preliminary

report on corundum deposits in

the Buck Creek peridotite, Clay

County, N. Cevvenrnrnrocneannassal03= 128
Hamburg Bar mine........
Hamburg-McGuffy Creek mass............ 33, 52
Hamme brothers, prospecting and

mining by.........
"Hamme tungsten disbx‘ict“ P
Hart prospect
Harzburgite, composition.
Heaton cuts............ .
Herbert mine............
History of mining, Selad-McGuffy

Creek 8re@.vsesvrercssessscransan 20
Homblendite, northern California..... 28
dowland, A. L., Garrels, R. M., and

Jones, W. R., Chromite deposits

of the Boulder River area,

Sweetgrass County, Mont.......... 63-82
Huebnerite-quartz veins...... 6-11
Hutchison prospect....... .

Lll24, 126
+68-69, F3-74

108 117 123

Ignecus rocks, area of tungsten
deposits.iiieicinrierieiiiaens 4

Johnsen, V. H., with McKelvey, V. E.,
and Wiese, J. H., Preliminary
report on the bedded manganess
deposits of the Lake Mead
region, Nevada and Arizona......

Joinss, Boulder River area...

in dunite.........
in Roan gneiss and Carolina gneiss.. 113
in ultramafic rocks....... 31

Jones, W. R., see Howland, A. L.,
Garrels, R. M., and Jones,
W. R., chromite deposits of
the Boulder River ares,
Sweetgrass County., Mont...

Kangaroo Mountain deposit............. 44
Ladd mine......oovvuvvnnenn 24
Lacy Gray claim 61

Lake Mead region, bedded msng nese
AEPOSItS .. ittt aia s
description of manganese deposits.
manganese, production

manganese ressrves.
Miocene(?) volcanic rocks.
Pliocene(?)......c..aun.
stratigrapay of the arca

structure .. 88
Las Vegas district manganese deposit
descripbion. i reieiet i iiaaaiana o7

Page
Ledford cub..cvesieuneennoaansasss116, pl. 47
Ledford prospect......cciivivnniann. 124, 126
Lherzolite, northern Calit‘omia. PP 27
Linear banded chromite ore..... 35

Linear parallelism, In peridotite. een 32
Livermore, John S., with Wells,

Francis G., and others,

Chromite deposits near Selad

and McGuffy Creeks, Siskiyou

County, Calif.....ccvivuiunnaienna. 19-62
Location, California cl romite

[ST=3 TS T-5: 1 7. B ceseses 20, 21
Lake Mead region manganese deposits. 84, 85
North Carolina corundum ars@....... . 106
North Carolina-Virginia tungsten

AepoSitS.tiiaceinranennniaroannn 2
Sweetgrass County, Mont., chromite

Aeposits. ittt iaeiinraaan 65

McGuffy Creek area... sesseass..55, pl. 27
McKelvey, V. E., Wiese, H, H., and

Johnson, V H., Preliminary

report on the bedded manganese

deposits of the Lake Mead

region, Nevada and Arizona....... 83-101
Maney cub......... .
Manganese depos

region...... .
characteristics of [o5 - TP cee-.. 90, 91
origin of Lake Mead ragion
deposits....iaa.. 92
Map showing locations of‘ tu.ngste
deposits.ceierienanaan P 2
Mary Lou deposibt.... ....60, pls 27, 32
Massive chromite ore.. PR 34
Metamorphic rocks, area of tungsten
deposits.. .. feseseneae 4
Metasedimentary rocks northern
California....... tecneeiaesaseaans 24
Metavolcanic rocks, northern
California............... 24
Mil Diablos claim......ccenvnn <. pl. 27
Milton, Charles, analyses by.... . 41

Mineralogy, chromite deposits,
Boulder River area
tungsten deposlits...ceveacriaas
Minerals, hypogene, in tungsten
deposits..
Lake Mead region....
supergene, in tungsten deposits.....
Miocene(?) volcanics, Lake Mead
region..... cerieeseeiinean
Montana, chromite deposics cean
Morgan tungsten veins.........
Morton Estate tungsten velns.
Morton 1 vein, description.
Mountain view claim.......... .pls, 19 20 21
Muddy Creek formation, Lake Mead
region 86~88
Murata, K. J., 50

analyses Dy.........

Nevada, Lake Mead reglon manganese
deposit8.eicietriaccnanenrireasss 83-101
Nodular chromite ore .. 36
North Carolina, Clay County,
corundum deposits................103-128
Vance County, tungsten deposits..... 1-17

Octopus claim..........s
Orbicular chromlte ore.............36, pl. 11
Ore bodies, chromite, Boulder

River are@...civieevenconnnanns 73-75
Ore deposits, tungsten.... . 6-11
Ore reserves, tungsten.... 16
Origin of chromite..... “en . 38
Origin of tungsten veins.............. 11
Pegnatites , northern California....... 25
Pegnatites in Roan gneiss and

Carolina gneiss.........cufeeesnn 109

Peridotite, northern Californis..
western North Carolina....
Piedras claim.....
Planar banding.. .
Pliocene(?), Lake nead region......... 86-88
Pre-Cambrian rocks, Boulder River
BPBEA. cverirtancrrnsstsararsansens 87
Previous work in the western North

Carolina cormdum 8reB........... 107
Primary structural features, Boulder

River area.......cccivvniiinennnn, 71
Psilomelane, Lake Mead region 89
Pyrolusite, Lake Msad region... 89
Pyroxenite, northern California... 28
Quartz diorite, northern California... 24



Page

Regional geology, chromite deposits,
Boulder River area.............. 66
Reserves, chromite, Montana........... 80, 81
chromite, northern California .51, 52, 62
corundum, North Caroclina.. ....125-128
manganese, Nevada-Arizona....... 92

tungsten, North Carolina—Virginia

TEEION. cieeiiriiteniiisianaee.. 16, 17

River Mountains, geologic map.

Roan gneiss...........

Rynearson, Garn A., with Wells,
Francls G., and others,
Chromite deposits near Selad
and McGuffy Creeks, Siskiyou
County, Calif.........

19-62

Salad Creek mine
Sandy cut..e.eeeiiein.

...121, pl. 47

Saxonite, northern California......... 27
Schist, chlorite-epidote, in area of '

tungsten deposits....... PRI 4
Schists, northern California.......... 23
Schlieren structure, In chromite

depositsiceieiinriiniananaenna. 33
Sections geologic, Seiad quadrangle,

Californigs...vvvvvevenenavanasss pl. 6
Seiad Creek chromite

deposits....einan.. ..pl. 19, 20, 22, 23
Selad Creek-Red Butte mass............ 33, 43
Seiad quadrangle (part), prenminsry

geologic Map.ieescaaaan . pl. 6
Serpentine, northern Califomia 26
Shook trench...eveeeesaeenreans . pl. 46
Sills, basic, Boulder River area...... 71
Siskiyou County, California,

chromite deposits........e0vu0e. 19-62
Smith, Clay T., with Wells, Francis

G., and others, Chromite

deposits near Seiad and McGuffy

Creeks, Siskiyou County, Calif.. 19-62

Sneed tungsten veins..........
South extension prospect......
South Aggregates Corp.,

operations
Stanton chromite properties.
Stevens, R. E., analyses by......
Stillwater complex, Boulder River-
area... tecrerreairseeserassas B7-70
western part, geologlc map and
sections..ciiiiiiarerierinnaaann pl. 34
Stratigraphy, Lake Mead region........ 86-88
Structure, aresa of North Carolina-
Virginia tungsten deposits...... 5, 6
Boulder River arefd....sieisevevensns 71 73

chromite ore bodies,
California.

Lake Mead region
Surface dimensions of corundum-

ve032-37, pls. 9- 13

bearing amphibolite bodies...... 122
Surficial deposits, Boulder River
71
Sweetgrass County, Mont., chromite
deposits..uienieieniiiiiiiiiian 63-82

INDEX

ix

Page
Taylor tungsten vein............15, 16, pl. 1
Tertiary rocks, late, Lake Mead
PEZION. ceiitiieneriserinaneseres. B86-88
Tilt of banding....cocveevrenenienarans 71
Three Kids manganese deposit
description.... creaveane 97
form of ore body.. .91, pls. 39, 40
production from.. e 84
reserves....... crreenereasaes 92, 93
Troctolite and tz-octolite-
amphibolite, description
and composition........ ceeessss.110, 111
Tungsten, Virginia and North
Caroling....eeearen eeseess1-17, pls. 1-6
future of North Carolina-
Virginia district....... ceeess 18, 17
suggestions for prospecting...... .ee 17
Tungsten Mining Corporation,
properties.......oceneecnaan vee. 1R2-14
Tungsten veins, description
£ounn weee--..12-16, pls. 1-5
localizati, .. 11
origin..... Ceresaen et 11
Types of ore, Lake Mead region
manganese deposits........couuen . 89, 90
Ultramafic rocks, contact effects..... 29
definition...... 26
structure........ . 29
Ultramafic zone, Stlllwater complex... 68

U. S. Bureau of Mines, work
.....15-16, 84, 92, 105, 121

water complem veesaan

v
Tpper zone,

Vein deposits, corundum, mineralogy...l114-116
Veins, tungsten bearing...... cieisnans 9-11
Veta Chica deposit.. .33, 58, pls. 9, 27-29
Veta Grande deposit. 60, pls. 27, 31
Virgin-Detrital basin.... seeeess Pl 42
Virgin River manganese deposits,

descriptions.ceeievieecononscanoans 100
form of ore bodles . ceees 91
geology. . feeereeenesseenes..pls. 42-44
reserves.. tetscenenasasaeas 92, 93

Virginia, tungsten deposits in
Mecklenburg County...ecececansans 1-17

Wad, Lake Mead region..
Walker 2 vein, tungsten mine
WOPKINgS.eeeeereeanaeeeeessa12, pls. 1-4
Walker 3 vein, tungsten mine
workings.............13, pls. 1, 2, 3, §
Wells, Francis G., and others,
Chromite deposits near Selad
and McGuffy Creeks, Siskiyou
County, Calif..ccveuenininennnans
Wiese, J. H., with McKelvey, V. E.,
and Johnson, V. H., Preliminary
report on the bedded manganese
deposits of the Lake Mead
region, Nevada and Arizona....... 83-101
Willow Beach manganese deposit,
description
Woody cut......

19-62







f R N i

UNITED STATES DEPARTMENT OF THE INTERIOR
J. A. Krug, Secretary

GEOLOGICAL SURVEY
\  W. E. Wrather, Director

Bulletin 948-A

~

- TUNGSTEN DEPOSITS OF VANCE COUNTY
NORTH CAROLINA, AND MECKLENBURG
COUNTY, VIRGINTA

*

- BY\
G. H. ESPENSHADE

———

: ‘Stralegic Minerals Investigations, 1945
- (Pages 1=17)

‘ UNITED STATES
*” GOVERNMENT PRINTING OFFICE
WASHINGTON : 1947

-

d of D n U. S. Government Printing Office, Washington 25, D.C |
Price 50 cents \

For sale -by the sllp'“:

>






AbStract .. et einiiennensranossscorasssasosscancosnnsens
INntroduction,. ceeeeeesesesnessesacesessscsscosanssaancane
FEO0LOBYeseoeeesnssorooansscsssossssasessanssscenssonssnn
Motamorphic roCKS.iesssecsecssssssscosscsssssseosases
IgNneousS rOCKS...vneseesessscrsecrscscsnnccsasscssssna

B < 3 5 3 1 7 o= S
-Ore GePOSItS.ueerncreestssessessssssscsocsassscssnvossens
Mineralogyeccesreeeesescocescnsseasosssssoccnsncnnnne
Wall-rock 8lteration. :ceeceecescccecoeranrascesancees
VeiNS . uueeessisoroasonnssssassssscosasescossasannse

0 5 1
Localization of the veinS..eecesereenvessosccconcoss
Description of ProportiosS..ececeececesssocesssocssvsncss
Tungsten Mining Corporation....c.eceeeecesscscccasccs
Walker 2 velB.sseeecoeessscossssssosconssconcens
Walker 3 vell.eeeeiesestvesoncascacsosvccscnnanss
MOrton 1 velN.ceieeecoseescssssssasssvescasccnses
Other VOlnS.ecessessssscsssescasccsasarsasasonnns
Southern Aggregates Corporation.....cieieeesececeess

) OLREr ProOSPECESescvocereececeesouesccocseonncoansns
_Puture of the districteseccicecceccersceecrosssssanensnasnss
Or6 IeSerVeS..enesscesssoccsccrsssossssncsssssossosncs
~OULIO0K.eveeerseoceeeeceeccasessnosssscsnncnscnssnns

Suggestions for exploration...ei.i.siveseececscsacess

Plate

Figure

1.

2.
\

3.
4.
5.
1.

CONTENTS

ILLUSTRATIONS

~

Geologlic map of the tungsten deposits of
Vance County, N. C., and Mecklenburg
County, Va.cieoiooosoocranscsscansssasans

Geologic map of the central part of the
tungsten district in Vance County, N. C..

Geologlic maps of mine workings, Walker 2
and Walker 3 veins, Vance County, N. C...

Map and longitudinal projection of Walker

2 VelNn...eeetvoecteccsnssccscccacavesnces

‘Map and longitudinal;projection of Walker

S VelNeeeseseceosnonssssosssvssccsssnsacns

Index map of the southeastern States

Page

[P N X Y BN R S

Page

In pocket

In pocket
In pocket
IQ pocket

In pocket

showing location of the tungsten deposits .

of Vance County, N. C., and Mecklenburg
County, VB.ceoeesesorncceccncnccenrcncens

/

= II1






TUNGSTEN DEPOSITS OF VANCE 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
Oxford, N. C., and Mr. Richard H. Hamme of Virgilina, Va. The
Hamme brothers mined the deposits on a small scale until August
1943, when their propertles 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 production of the Hamme
_brothers, Haile Mines, Inc., and the Tungsten Mining Corp.,
from about May'l, 1943, to March 1, 1946, was 23,652 units of
WOz. -The Southern Aggregates Corp., the other organization
in%erested 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 Gsologlcal Survey during the period from
July to December 1943, in conjunction with an exploration pro-
gram of the Bureau of Mines. '

The tungsten minerals, huebnerite with small amounts of
- scheelite, occur in gquartz velns which cut .granite and schist.
Fluorite, rhodochrosite, pyrite, galena, sphalerite, 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 mlle wide. Most of the velns are 1ln granite
within 1,500 feet of the contact between the granite and schist
to the west; a few of the veins lie in schist, The richer velns,
carrying as much as 1.0 percent WO. in minable bodles 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 velns have shown that the 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 about 0.9 per-
cent of WO3. It is probable that mining and exploratory work at
greater depths will increase these reserves. An additional =
25,000 tons of ore carrying ebout 0.5 percent of WOz is inferred
to a depth of 100 feet for a group of leansr velns, some of ‘
which are outslide the central part of the distriect,
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INTRODUCTION

The tungsten deposits of Vance County, N. C.
burg County, Va., lle in a northeast-trending bée

and Mecklen—
it about 8 mlles

long and a mile wide (fig. 1 and pl. 1). All the veins de-

scrived 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 velns have been reported from north of the river.
Townsville, the nearest village, 1s on North Carolina Highway
No. 39, 33 miles southeast of the center of the tungsten

district
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Figure 1. Index map of the southeastern states showing location of the
tungsten deposits of Vance County, North Cerolina, and Mecklenburg

County, Virginia.

Tungsten minerals were found in this region by Mr. Joseph
Hemme of Oxford, N. C., and Mr. Richard Hemme of Virgllina, Va.,
late in 1942.1./ The region has since become popularly known as
the Hamme tungsten district. The Hamme brothers prespected the
area considerably and mined several of the veins by shallow
shafts and pits. Haile Mines, Inc., acquired the Hamme proper-
tles in August 1943, and has since. been mining on a larger

scale by surface and underground methods.

23,652 units of WO:5

A new company, the
Tungsten Mining Corp., was formed in June 1945 by Haile Mines,
Inc., and the General Electric Co. The combined productlon of
these operations from about May 1, 1943 ~to March 1, 1946 was

_1_/ The presence'or tungsten minersls in the srea was reported.ss early
as 1901, J. H. Pratt, in North Cerolina Geological Survey Economic Paper 4,
1901, p. 32, states, "wolframite has been reported as occurring in some
quantity on the Cheek farm, near Henderson, Vence County.? Evidently the

potential importance of the deposits was not recognized, for -the occurrence
was forgotten and no prospecting for tungsten done until the "rediscovery”

of the deposits by the Hamme brothers.
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The Southern Aggregates Corp. also began mining in- August
1943, and was very active during the fall of that 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 has been done
since late 1943, although some diamond drilling was in progress
in Qctober 1944, and July 1945. Production data of the Southern
Aggregates Corp. are not availabls. ¢ :

During the second half of 1943, the Bureau:of Mines carried
out an exploratien project in the tungsten district. The better
velins were traced and 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. White, Assistant Btate Geologist of North
Carolina, in February and March 1943. He mapped on aerial
photographs the geology of the part of the district then known.2/
In March 1943, A. H. Koschpann and R. J. Wright of the Geolog-
ical Survey, U. 8. Department of the Interior, examined the
deposits briefly. From July to December 1943, “a Geologlcal
Survey party composed of G. H. Espenshade, R. J. Wrlght, M. H.
Staatz, T. W, Amsden, E. A. Brown, and N. D. Raman prepared
- topographic and geologlic maps of the region and cooperated with

the exploration project 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 englneer
of the Bureau of Mines, also participated in some of the mapping.
Underground workings at the Halle mine wetre mapped in April 1944,
by C. F. Park, Jr., and the writer, and again in October 1944,
and July 1945, by the writer. A -short preliminary report on the
district, "Tungsten deposits of Vance County, N. C., and Meck-
lenburg County, Va.," by G. H. Espenshade, accompanied by large-
scale topographic and gecloglc maps, and smaller-scale regional
maps, was released by the Geological Survey in December 1943.

The present report discusses the district in more detall.

Thanks are due the mine operators of the distriet for their
aid and courtesies extended during the investigation. The Hamme
brothers, James I. Moore, Jr., Daniel Gregg, and Howard Gunning-
ham of Haile Mines, Inc., and Charles T. Cate of the Southern
Aggregates 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-
valueble aid and advice then and since. The study of the ore
minerals, particularly of the supergene minerals, has been
greatly alded by the investigations of J. J. Glass, C. S. Ross,
-Charles Milton, and others of the Geological Survey. The con-
tributions made by the writer's coworkers in the field studies
are sincerely appreciated. : . o ’

. -

. GEOLOGY

‘The tuﬁgsten district lies in the Piedmont province, about
50 miles west of the Coastal Plain. The relief of the region is

2/ White, W. A., Tungsten deposit nmear Townsville, N. C.: North
Caroline Dept. Cons. and Devel., Div. Min. Resources, Mineral Investigation,
August 1943; Tungsten deposit near Townsville, N. C.: Am. Mineralogist,
vol. 30, pp. 97-110, 1945. . :
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gentle, the surface ranging in elevation from about 250 feet to
a little over 400 feet above sea level., Outcrops are Tew, be-
cause of the thorough weathering which the region has undergone,
and float rock and character of the soll must be utilized in
mapping the geology. Granite and schist are the principal rock
types of the district, the eastern half of the mapped area being ’
underlain by granite and the western half by schist (pl. 1).

Some dikes® of dilorite, 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 in granite.

Metamorphic  rocks

\
. The schists comprise a variety of rocks, but because of the
few scattered outcrops, it is not possible to trace the contacts
between the different‘kinds. The most'widespread variety is
chlorite-epldote schist, similar in appearance to some of the
Rgreenstone™ of the Virgilina coppser district about 20 miles to
the west. Sericitic schist with many small martite grains is
common in the dentral part of the region. Large platy crystals
of chloritofd occur in chloriteé-epidote schist in the south-
western part of the area; coarse-grained hornblende gnelss 1s
associated with this .chloritoid schist. At Morrow Chapel (pl. 1) .,
several pleces of float of unsheared amygdular basalt or andesite
were found. This amygdular rock is definitely of volcanic
origin, .and it 1is very likely that the widespread chlorlte-epi-
dote schist 1s of similar nature. The sericitic schist may
originally have been shale or acldic tuff. Some of the schist
1s evidently volcanic in origin, and may possibly be correlated
with the volcanlc rocks of the nearby Virgilina region, which
were thought by Laney 3/ to be of lower Paleozoic age. White 4/
bas questioned the volcanic nature of the schists in the tung-
sten district and refers them to the Wissahickon schists.

Igneous rocks

Granite 1s the predominant igneous rock of the region and 1s
the host rock for most of the tungsten velns. Outcrops are
scarce, but the granite areas are characterized by rather sandy
soil contelning grains of opalescent quartz. The granite is
typically coarse-gralned 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 blotite 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, pyrite, sphene; apatite, and zircon. The rock is perhaps
best classed as an albite granite, altheugh 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 geologlc age of .
the albite granite, but as 1t is apparently intrusive into rocks
which are possibly lower Paleozoic, the granite may be upper
Paleozolic in age as suggested by white.§§ .

.

B g/ Laney, F. B., The geology and ore deposits of the Virgilina district
of Virginia snd North Cerolins: Virginis Geol., Survey Bull. 14, p. 56, 1917.
4/ Wbite, W. A., op. cit. (1943), p. 2; (1945}, p. 98.
5/ White, W, A., op. cit. (1943), p. 5; (1945% PP. 101-102, -
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Much of the ground in the gentral part of the district (pl.
2) 18 covered with floast of a reddish, iron-stained schistose
rock, which in hand specimen appears to be composed mostly of
sericite and lentig}es of blue quartz. This rock was considered
by White 6/ to be & phase of the schist which had been silicifled
by solutions from the granite. However dliamond drilling and
underground development have shown that the underlying rock in
this area 1s granite which has been sheared, in places extremely @ -
so, and altered by the formation of considerables sericite, cal-
cite, and pyrite.

Near the southern end of the district, white granite, com-
posed chiefly of white feldspar and colorless quartz; 1s more
abundant than the granite with blue quartz and blotite. Ex-
posures are insufficient to permit showing the two varieties
separately on the geologic map. Fine- to medlum-grained blotite
granite gnelss is rather common to the east and southeast of the
district.

Several types of dike rocks occur in the region. A dilke of
aplitic granite and apllte cuts granite in the central part of
the district (pl. 2). The aplite has the appearance of a sugary
quartzite and is composed princlpally of nearly equal amounts of
fine-grained quartz and albite, with some sericite and a little
blotite. PFine-grained, white aplite, composed mostly of guartz
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 1 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-feldsapar rock resembling
diorite. The apllte and dliorite dikes are probably pre-Triassic
in age, and may be upper Paleozolc. The granite, the schist,
and the tungsten velns are cut by diabase-dlkes, which trend in
a northerly direction and are as much as several hundred feet
wide (pls. 1 and 2). The diabase 1s coarse-grained and massive,
and was emplaced after the cessation of deformation in the
region. The dikes are simlilar to diabase dikes elsewhere in the
Pledmont which are Triassic in age.

Structure

Granite ‘underlies the eastern part.of the district and schist
the westérn. part (pl. 1); ®oth 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 district the contact curves convexly westward for a distance
of about 2% miles. The contact 1s best exposed in two small
tributaries of Little Island Creek, about half a mile southeast
of Morrow Chapel. Seams of schist a few feet thick occur herse
in granite in a zone several hundred feet wide just east of the
contact. The granite mass appears to have intruded the schist
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, possibly toward the west. The granite is
rather gneissic near the contact, but becomes more massive
farther east. Throughout the region the foliation of the schist

. 0

6/ White, W. A., op. cit. (1943), pp. 5-6; {1945), pp. 98-99.
/
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and granite strikes between due north 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 the sheared
granite, are present near many of the velns. Many of these
linear structures pitch to the north at angles of 30° or less,
although some pitch gently south.

In the central part of the district, a zone of shearing
appears to extend into the granite mass for more 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 1s strongly suggested
by thé alinement of veins northeast from Sneed 2 vein as far as
Walker 12 vein (pls. 1 and 2). The granite 1s considerably
sheared across a width of 50 to 100 feet wherever it 1is exposed
along this zone. All gradations of deformation are present,

" from moderately sheared granite to strongly sericitized, schist-
ose granite with relict blue quartz grains, to sericitic schist
in which no quartz 1is 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
southwest relative to the western block. ,This shear zone seems
to have been one of the dominant features in the localization of
‘the tungsten veins. Most of the richer veins lie eltlier 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 Z/ has deduced the presence
of a series of cross faults striking about N. 70° W. Although
there does appear to be a system of joints having this trend and
the development of the drainage pattern may have been influenced

- by the -joints, there seems to be no evidence that significant
-movement has taken 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 lile in a belt about 8 miles long, which
trends northeast nearly parallel to the contact. Most 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 &chist. These veins are more
strongly mineralized than the veins in &he outlying parts of the
district. Minable bodies of some of the central veins average
from 0.5 to 1.0 percent WOz, although several percent WOz may be
present locally in the richest parts of certain veins. Few of
the outlying veins carry as much as 0.5 percent WOz, and many of
them contain less than 0.1 percent WO3z.

Mineralogy.—The principal metallic minerals in the veins
are huebneri%e, pyrite, galena, tetrahedrite, sphalerite, chalco-

pyrite, and scheelite. Quartz 1s the dominant gangue mineral and
is accompanied by fluorite, sericite, and rhodochrosite. Hueb~
nerite 1s the chief tungsten mineral. It is reddish brown, has
a tan streak, and occurs as elongate, platy crystals as much as
6 inches long. Scheelite 1s much less abundant and rarely occurs
unassociated with huebnerite; scheelite has been found In excess

2/ wbite, W. A., op. cit. (1943), pp. 4-5; (1945), pp. 100-101.
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.of huebnerite in only a few places. The scheelite is usually

white to tan in
amounts of molyb
be present in th
Survey.

color, although some is light green. Small
denum, 0.04 to 0.14 percent, were determined to
e scheelite by K. J. Myrata of the Geological

-

The huebnerite and scheelite typically ocecur in quartz veins .

as lrregular mgs
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r the veins, -but such occurrences are rare.
quartz, especlally in the central part of the

Insignificant quantities of the tungsten

ongly crushed. The huebnerite crystals are also
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th quartz. The many irregular surfaces in the

with & film of small sericite flakes. In veins characterized
by granulated quartz, veins and stringers of glassy quartz of
are common. Crushed quartz and broken huebner-

later generation
ite crystals are
district.

less abundant away from.the center of the
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Next to qu;rtz, fluorite is the most widespread and abundant

mineral associat

nearly svery tungsten-bearing quartz vein.
pale green, blue,

upon weathering.

ed with 'the tungsten minerals; it 1s found in

or purple where fresh, but loses its color
About 4 percent of fluorite was found in the

mill tailings by C. S. Ross of the Geologlcal Survey, giving an
indication of the relative abundance of fluorite. Considerable
present in Walker 2 vein (pl. 3), but seems to .

* rhodochrosite is
be scarce or abs
which fluoresce
ritodochrosits.

ent in other veins. A few crystals of apatite,
an orange -yellow, have been found with the
Small amounts of calclte were noted in drill
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to C. 8. Ross. About 0.1l percent garnet was
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Several percent of sulfide minerals also accompany the-tmung-

sten minerals.

Pyrite is the most abundant sulfide; galens,

-tetrahedrite, sphalerite, and 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 specl-
men from the Morgen 1 vein (pl. 1). The content of sulfide.min

erals in some of
minerals present
trates produced

Average!partlal

the veins 1s about equal to that of tungsten
. The average analysis of some table concen-

».

at the Haile mill, chilefly from unweathered ore - -
carrying fresh sulfide minerals, is given below:

analysis of several lots of table concentrates

shipped by -Haile.Mines, Inc., to the National Reconditioning Co.

WOZ covecnnnse
Pb teevecannen
[/ SR
Cu sovveeennnns
.

AU toeeecasnacs

8108 eeeennnes

. Ounees
Percent  °  per ton

ceecasresssarenssassasens 36.58
tesesseasssssanessnenasen 4,92
cessessessrrcaneseseseses 1.72
cesisesencossninsecenenoe 1.20 _
tecessveessesscsscscassces 15,45
tecessesersatrecencnseseee cee P - 0.02
D R R eee 18.34

Y 1 ¢

Some galena from the main Burwell vein has octahedral parting

and carrigs smal

1 amounts of bismuth, tellurium, and silver, -
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according to spectrographic 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. 1 and 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 Morton Estate
group carry large clusters of light-green mica. Tourmaline was:
noted in a vein south of Morrow Chapel (pl. 1), and tourmaline
and specularite were seen in quartz velns several miles south-
west of the mapped area.

Oxidation and leaching of huebnerite have taken place only
to & minor extent, for float of unleaclied huebnerite ore littered
the ground surface near veins in the central part of the district
before the deposits were explored. Although some tungsten has
been dissolved at the surface and transported to depth, the
process appears to have been quantitatively small and of 1little
importance. The sulfides. near the surface, however, have been
largely removed by ?round water, and the former presence of
pyrite or chalcopyrite is usually shown by limonite-stained -
cavities. There is a suggestion (from comparison of the surface
and underground exposures of Walker 2 and 3 veins) that huebner-
ite 1s 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 Walker 3 vein.

The leached portlons of many of the veins are stalned by man-
ganese oxides, which were evidently 'derived from the weathering
of huebnerite and rhodochrosite. Some huebnerite crystals are
partly leachéd from thelr matrix. The huebnerite 1s commonly
coated along 1ts 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 rspresent
enrichment, for the scheelite is derived from the huebnerite
crystal itself. This varlety 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 1n color, are also rather common in the upper parts of the
velns. Most material of this type has been identified by J. J.
Glass and others of the Geological Survey as bindheimite, a
hydrous lead antimonate. 1In several specimens‘the powdery sub-

. .§fence 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, according to C. S. Rosgs -and
W. T. Schaller. The cuprotungstite is possibly of supergene
origin. Small grains of pyromorphite, fluorescing with a red-
dish-orange color, were identified by J. 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 1s sheared and altered over widths of several feet,
usually to light-green sericitic schist, but in some places to
chloritic schist. In this altered rock which envelops the vein,

_ quartz and feldspar crystals are crushed, and an abundance. of
sericite, calcite, chlorite, and pyrite are formed. Some blotite
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and traces of fluorite and garnet are also present; epldote 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. 8. Ross, but none were found.

Sequence of fofmation of minerals 1n the tungsten deposits
\ .
Hypogene minerals

%

Sphalerite \

Perlod of repeated Period of slight
fracturing in fracturing in
veins of central veins of central
part of district ,  part of district

Quartz . } —_—

I !
Sericite RSO . — __iL_ —— —
Pyrite . P :
Huebnerite L

|-
Rhodochrosite ' _,_

[

Fluorite ‘ .o "'*"L"“
Scheelite !

|
Tetrahedrite :
Galena ) : :
Chalcopyrite ; J—

1

]

1

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

Supergene minerals

Manganese oxides Bindheimite

Limonite Scheellte—powdery
Covellite form

Chalcocite Cuprotungstite
Pyromorphite ) Tungsiite

Veins.—The tungsten-bearing quartz veins lle in a narrow
northeast-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 veins occur in
a small area about 2 miles long and 1,500 feet wide in the -
central part of the district. Nearly all the veins of this
group lle either along the zone of sheared granite, or in gran-
ite or schist. to the west of the shear zond. A4s a rule the velns
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 tistrict strike to the .
northeast (pls. 1 and 2). Those veins lying along the shear
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zone (including the important Walker 2 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, Morton Estate 1, and
Morgan 2), but others trend from north to N. 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. Velns 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 the district, and are represented by Jamieson

2 and 3, the main Bdrwell, 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, end 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 velns, which dip at angles of 50° to 65°.

Some of the veins appear to be lenticular and to pitch to
the southwest or west at an angle of 30° or more.g8/ Diamond
drilling hes indicated such a pitching structure of the Sneed 1
and 2, Morton 1, and Walkere2 veins, and possibly the Walker 3
vein. Underground development on the Walker 2 vein has given
additional evidence that the veln pitches southwest (pl. 4). -
The Walker 3 vein is made up of individual lenses which seem to :
pltch about vertically, but its structure is not altogether
clear (see pl. 5, and discussion under "Description of proper-
ties"). Drilling on other veins in the district has not been
extenslve enough to show whether a gouthwest 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 pltch of ore bodies or ore shoots in
foliated rocks is commonly about parallel with linear structures
in the country rock—such as folds in the foliation, the inter-
section of two follation 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 alinément in the veln,
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 feet to a thousand
feet or more; many veins are several hundred feet in length.

The Kimball vein 1s ong of the most persistent in the reglon,
belng 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 or less in length. The more lmportant
velns have an average width of 5 to 10 feet, but are 25 to 30
feet wlde 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,

8/ This discussion of pitch refers to the vein as & whole, and not to ore
shoots within the vein. The ore shoots of some veins are about coextensive with
the vein limits, but in other veins i{nformation of the babits of the ore shoots
is lecking,



'TUNGSTEN DEPOSITS, NORTH CAROLINA AND VIRGINIA 11

as the observer looks along the strike. The.veins commonly
inch 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 velnj that 1s, as the observer
looks along the strike? an offshoot of the vein extends Into -
the left wall, 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 veilns have
formed, at least in part, by replacement of the schistose
country rock.

<

-

Repeated movement occurred along the veins during the for- .
mation of some of them, for the quartz 1s commonly granulated
and veined by stringers 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 velns along the shear zone, drag
folds show that the eastern wall of the veins has moved south-
west relative to the western wall.

" Origin.—The tungsten veins have been deposited by solutions
from depth along fissures in granite and schist. 'Inclusions of
schistose granite in the veln 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 schist 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-lylng portions of the same maguma
mass which formed the granite. o

Localization of the veins.--Practically all the tungsten
veins except the Kimball vein lie within half a mile of the
granite-schist contact. The majority of the velns occur in
granite, and are stronger and better mineralized than the velns
in schist. The massive character of the granlite seems to have
favored development of more numerous and more persistent fis-
sures 1n granite than were formed in schist. The localization
of the better veins in the central part of the district appears
to be related in some way to the zone of strongly sheared ’
granite, along which some of the 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 veins striking northeast parallel to the
local follation, or to the northwest. The development of
stronger flssuring 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 determined
the localizatlon of veins. The Kimball and Taylor veins may
1lie along a shear trending northwest from the mein shear zone.

'
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DESCRIPTION OF PROPERTIES ,

Tungsten Mining Corporstion
. ®

Most of the veins controlled by the Tungsten Mining Gorp..
are in the central part of the district and Include the various
Walker veins, Morton 1 vein, and the Scott group of veins. In
early 1943 the Hamme brothers, discoverers 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 June 1945, the Tungsten Mining Corp. was formed by Halle
Mines, Inc., and the General Electric Co. to operate the Haile
properties. Nearly all the velns 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 Haile Mines, Inc.,
from about May 1, 1943, to December 15, 1944, the majorlty of
which came from the Walker 2 and 3 veins, amounted to 22,283
tons and yielded 13,025 unlts of W0z. Concentrates produced
from December 16, 1944, to March 1, 1946, contalned 10,627 units

"of WO3. Emphasis was placed on underground develgpment, rather
than stoping, during this latter period. The ore treated from
October 16 to December 16, 1944, averaged 1.18 percent of WOz,
and ylelded 2,598 units of WOz from 2,657 tons of ore. Abou
75 percent of the ore treated during this 2-month' perlod 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, hydraullc 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 was 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 about 200 feet below the level. A new level has been
established at a depth of 100 feet. below the:100-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 veln to be 13 to 22 feet wide
over a distance 'of 250 feet southwest of the shaft, although
outcrops of the veln 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 to 3 feet wide at the
northeast end. Probably the lateral limits of the veln have
‘nearly -been reached in the drift, for the vein was traced on
the surface for only about 350 feet. Apparently the veln
pitches southwest at angles of 30° to 40° (pl. 4)% iIn 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. .

Crinkles and larger drag folds in the foliatlon and linear

orientation of sericite and fluorite along partings in the vein
pltch to the northeast at about 20°, except for a southwest-
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pltching drag fold noted at the-southwest end of -the drift.
Several thin fluorite seams exposed’in the backs of the drift
and stopes are crinkled, suggesting that the fluorite has re-
placed drag folds in foliation at these places. Broad swells .
are present on the walls of the velin and trend about vertically
. down the dip. Nearly horizontdl 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
broken quartz and sericitic gouge.

Huebnerite 1s 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, and tetra-
hedrite—also follow the sheeting. Considerable rhodochrosite
occurs as local masses in the thickest part of the vein; schee-
lite 1s rather scarce. Along the walls of the vein the granite
1s altered to pyritic sericite schist'over widths of several
feet. Small quantities of fluorescent apatite are assoclated
with the rhodochrosits.

Walker 3 vein.—Near the southwest end of the Walker 3 vein
a vertical snaft (No. 3 shaft) has been sunk to a depth of 80
feet and a drift run northeast on the wein (pls. 3 and 5).
Seven. hundred twenty 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 below
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. Thils vein 1is about 900 feet long and is made up of
lenses en echelon which are offset a few feet to the right, as
the observer 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 veln, and partings in the vein have trends similar to
- the offshoots, Sericitic or chloritic shear zones several feet
wide lie along the walls of the veln in places, and extend De-
yond the ends of individusl lenses. Crinkles in the follatlon
. 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 lts
northeast end; they are probably offshoots of the wide dike
lying about 100 feet northeast of the vein (pl. 2).. .

The thick lens 1n which the inclined shaft lies on the 80-
foot level appears to be the same lens as the one at the collar
of the shaft on the surface,-suggesting that individual lenses
pitch steeply. However, the wide lens exposed in the lanrge
surface pit seems to dle 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 lens 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 do), or possibly to~ the northeast and
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the barren stretch in the drift and drill hole 2 may lie beneath
this vein zone. In.this event, hidden lenses would probably not,
exist beneath the drill-hole 2 intersection. (2) The barren
drill hole may simply have cut the vein zone at a place where
the veln was absent, and a lens might exist vertically bblow the
Intersection of drill hole 2.

Huebnerite is more abundant in ths thicker parts of the
lenses than in the thinner parts. The best ore occurs in the
lens mined from the large open cut and in the lens opened by the
inclined shaft. Some stretchés of the vein are rather lean.
Bluilsh fluorite is abundant, but sulfides are not so plentiful
as in the Walker 2 vein, and rhodochrosite 1s rare. Some
coarsely crystalline scheelite wag found in the large surface
pit, and 1s more common here than elsewhere along the vein.

Morton 1 vein.——The Morton 1 vein, lying about 800 feet
north of the Walker 3 veln, 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 incluslons of wall rock. Two shallow drill holes
(1 and 4, pl. 2) near the east end of the vein did not cut any
vein, whereas deeper holes (3, 6, and 7) to the west intersected
vein, suggesting that the Morton 1 vein pitches to the west. |
Pronounced grooves in the walls of the vein pitch gently to the
west or east. A diabase dike about 100 feet wide cuts across
the Morton 1 vein west of 1ts center. In the spring of 1945,
open-plt mining was started at the west end of the Morton 1 vein
and & short adit was driven on the vein east to the diabase dlke.

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 3} feet
of fair ore at a depth of 100 feet below the surface. The
Walker 8 vein 1s a small lens with no determined trend, although
sheeting in the vein strikes northeast. Good ore was found in
the veln over an areas 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 haye 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 veins,
which are also in the shear zone, are described below.

A group of veins—Walker 34, 7, and 6-—1lying southwest of
the Walker 3 vein, may represent extensions of the Walker 3
vein zone, although the Walker 7 vein dips north. The Walker
3A and 7 veins lle in granite and carry falr ore, whereas the
Walker 6, which is in schist, is very lrregular and not so well
mineralized. The Scott group of veins are thought to represent
" & similar case of the fraying out of a vein or shear zone in
passing from granite to schigt. They lie in schist along the
extension of the shear zone, and are lrregular 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 about
the end of the year. A considerable tonnage of low-grade ore
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was shipped by truck to a gravity mill erected at. the Greystone -
quarry of the Raleigh Granite Co., about 20 mlles away. Data

on the amount of concentrate produced are not -available. The
veins worked by open cuts are from south to north as follows:
Tippett, Crowder, Edwards, Jamieson 1, 2, and 3, Burwell, and
Kimball (Edwards veins on pl. 2, the rest on pl. 1). Little or
no mining was done in 1944, but some shallow diamond 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 1 and 2, and Burwell veins had been drilled

by the Bureau of 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 explore this place, but it 1s belleved that the
vein was not reached. : )

Other prospects

Other velns 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. The two £need veins
seem to be the best of this group, but minling 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 .zone of sheared granite
southwest of the Walker 1 vein (pl. 2). The Sneed 1 vein 1is
about 400 feet long, and ranges from 2 feet to 23 feet wide at
the surface. The vein splits into several parts in places 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 goocd huebnerite ore originally mantled
the surface around the vein. Drill hole 27 iIntersected about 11
feet of veln carrying 2.33 percent WOz at a depth of 100 feet,
but the drill holes to the northeast cut.a lean vein, sugéesting
a4 southwest pltch to the vein. The Sneed 2 vein 1s 300 feet
long and has an average width of 55 feet. The northeastern
drill hole (33) found lean values at a depth of 100 feet, which.
suggested that the Sneed 2 vein also pitches southwest.

The Morton Estate property was at one time optloned to Halle
Mines, Inc., who trénched 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 1s made up of a number
of_ lenses several hundred feet long which form a zone 1,000
feset or more in length. The lenses average 2 to 3 feet in width
and reach a maximum width of 6 feet. Fair to good ore occurs
in a few pockets, but the distributlon of huebnerite ls rather
erratic and the average grade of the ore is under 0.5 percent
WOz. Tungsten float was found Just east of Little Island Creek
near the Halle mill (Morgan 3 veln, pl. 1), but trenching and
drilling found only short disconnected lenses which carried
very little tungsten.

The Taylor vein, lying half a mile northwest of the Kimball .
vein, carries falr ore along its length of about 350 feet, but
the veln has an average width of 1l feet or less. The vein has
a somewhat irregular northwest.strike, and at the surface dips

A
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eastward at angles of 40° to 60°. (Considerable float ore was
scattered over the surface near the vein. The Bureau of Mines
explored the Taylor vein in early 1945 by stripping and putting
down a mimber of drill holes. The Taylor vein 1s the northern-
most vein known in the area shown in plate 1. Other velns are
reported to exist north of the Roanoke River, but thelr charac-
teristics are unknown to the writer. None of them has been
developed commerclally.

FUTURE OF THE DISTRICT

Ore reserves.—Estimation of ore reserves in the district is
based upon tne results of the drilling and trenching program of
the Buréau 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 intersgctions 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 0f recent development on these veins. The better
veins in the central part of the distriet (11 in number, com-
prising most of those shown on plate'l as being moderately td
strongly mineralized) 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 WOz. More than 95 percent of the
indicated reserves and abou% 80 percent of the inferred neserves
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
velins, 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 1s somewhat difficult because of the irregular distribu-
tion of tungsten minerals in many of them, but probably 25,000
tons of ore carrylng 0.5 percent WOz can be inferred conserva-
tively to a depth of 100 feet for tgis group. Because of the
pockety nature of some of these veins and the small size of
several of them, i1t is expected that mining costs for these veins
would be conslderably higher than for 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 1little doubt that practically
all the veins in the district which reach the surface have been
discovered. Some tungsten veins have been reported to exist in
Virginia north of the Roanoke River, but thelr characteristics
are not known to the writer. Most of the known reserves are
contained in a few velns 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 of
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 feet 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 1s apparent. It seems reasonable to
infer that the veins continue to at least an equal depth below
these points. .

.

Most of the known veins lie near the contact between granite
and schist, and it is pogsible that their continuation to great-
er depth 1s rather closely dependent 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 1s possible that individual veins might
have a shallower vertical extent, Wt other veins which do not
reach the present ground surface might lle near the contact in
depth. ,

Although no prediction of the ultimate depth extension of
the veins or series of veins is possible, it 1s not improbable
that they extend below the depths to which ore has been inferred.
Whether or not tungsten minerals will be found throughout the
vertical extent of the veins cannot be predicted. Quartz veilns
elsewhere in the Piedmont province have bgen mined to depths
of 300 feét or more. The Vaucluse gold deposit in Orange County,
Va., was mined to a depth of about 300 feet _/ and the chalco-
cite-bornite-quartz vein of the Durgy mine in the. Virgilina -
copper district was opened to-a depth of 515 feet.1l0/ In the
Gold Hill district of Rowan ahd,Cabarrus Counties, N. C., the .
quartz veins of the Gold Hill mine were worked to depths of more
than 800 feet.11l/

Suggestions for exploratlion.—A few general recommendations
for exploration in the central part of the district seem to be
Justified. 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
velns 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 float 1s residual from lenticular veins which have
been completely eroded away.  If so, burled veins may exist in
depth along the shear zone. Another area deserving exploration
in deépth 1s the extension of Walker 3 veln toward Walker 34, 7
and 6 veins; all these veins may be part of the same structure.

3/ Bass, C. E., The Veucluse gold mine, Orenge County, Va.: Ecom.
Geology, vol. 35, no. 1, pp. 79-91, 1940, !

10/ Laney, F. B., op. cit., pp. 130-139.

11/ Taney, F. B., The Gold Hill mining district of ‘North Carolina:
North Carolina Geol. and Econ. Survey Bull. 21, pp. 98-103, 1910.
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