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ABSTRACY

The Minerva district s on the west slope of the Snake Range in
eastern Nevads, nsar the Utah border, Scheelite ocours in ore shoots
in quarty veins that out through limestone of ¥iddle Osshifan age. The
only igneous rocks exposed in the ares are dikes and #ills of rhydlite,
younger than the tungsten deposits. Of the seven veins known, five have
been jroductive, ani two of these are responsible for most of the dig-
trict yleld. Since tlw discovery of tungsten in 1915 until 1944, the
digtrict yielded 82,000 units of WOy, sold for approximataly $1,726,565.
Except for about $63,000 worth produced in 1916-18, the major produetion
has been since 1936, The average grade of ore has been mearly 1 peroemt
of WOa, with & range from 0.5 percent to 2.0 percent or mare, The quarts
veins are as much as 30 fest in width, but the maximum width of ore s
bebn enly 10 fest, and the sverage nearer to 5 feot.

The veins,; which stike east and dip morth, ard offset by msny poste
mineral norma) fsults with displacements as grest as 40O feet. These
fanlts disrupt ore shoots that were formerly contimuons for pitch
lengths of 900 feet or more,

On properties of Turgsten Metals Corp., reserves with 0,5 peroent
or more of WOy were estimated in collaboratiom with the Bareau of Mines
on Decsmber 1, 1943, at 1,200 tons of measured ore cantalning 900 wnite
of s 15,320 tons of indicated ore containing 11,705 units, and
53,900 tons of inferrsd ere comtaining 42,195 unite, Reserves with a
grede less than 0.5 percent of Wq smomnt t0 9,000 tons of indloated ore
containing 3,6000 units. Reserves at other propertles in the district
wers estimated at 400 tons of indicated ore containing 400 units, and
1,600 tons of inferred ore containing 1,600 units. In these estimates,
no account is talen of entirely untested portions of veins that may be

~ found, by futare exploration, to contain additionml tonnages perbaps

egual to the total clted.
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INTRODUCTION
Location
The Minerva district is near the Utah border in White FPine gounty,
Nev.s 45 miles southeast of Ely, which is on the standard gauge Nevada
Northern Railroad (fig. 1). Minerva, the mill and tommsite of Tungsten

Metals Corpe.s at an elevation of 5,800 feet, is 1 mile south of Shoshone
Post Offiee in Spring Valley, and is reached by a level dirt road ex-
tendirg 15 miles fron surfaced U, S. Highway 93. The mines, in the lower
portion of the Snake Range at elevations of 6,300 to 7,500 feet, are 2 to
5 miles from the mill,
History and production

Although silver ore was discovered in 1869 at the Indian Silver mine,
now included in the east portion of the Scheelite Chief vein, opergtions
here and at Bromide Flat, east of the Hilltop vein, were not extensive;
silver production was meagre, and the district was abandoned by 1876,
1/ Lincdln, F. C., ¥in
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Scheelite was found in the veins in 1915 by C. E, Millick, A, G, ¥illick,
and Jasper M, Fox, and mined on a small scale in 1916, The FNevada Scheelite
Coe held the property in 1917, the Minerva Tungsten Co. in 1918, A 150-ton
mill, located below the Chief mine, was completed in 1918 shortly before the.
collapse of the tungsten market. Production for this period is unknown to
the writer, but is believed to be less than £100,000 worth of concentrate

valued at the high prices then prevailing; Fevada bullion tax records
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show production only in 1916, amounting to §7,651. Except for a small-scale

2/ Gauch, B, F., and Gsrpen*ber, Je Aup Havmh's metal and mineral ;rod:ctiom
g of yada Bu Gadlogy i ¥ining Series Mo, 38

leasing operation in 1932, the property was idle until 1936 when Tungsten
Metals Corp. was organized, This company built the present 75~ton mill in
1938, and has developed the Scheelite Chief, Silver Bell, Oridle, West Everit,

and East Everit mines (figs 2)e Production from these mines in the period

1937-43 inclusive was 101,467 tons, yielding 77,889 units of W0; scld for
approxime tely £1,615,275 (see tabtle 1), FElsewhere in the district, the Milltop,

Table 1, FProduction of tungsten ore and concentrates from mines of the Hinerva
district, Nev,, 1016~43,

Tony, Canary Yellow, and Zigsag mines have ylelded about 2,200 units, making

a total district production of 82,000 units.
Field work by the Gedlogical Survey

The writer, assisted by Donald Wyant, mapped most of the area during
3 months in the fall of 1940, and subsequently revised maps as development
progressed in the mines. In 1942, Paul Y, Bateman of the Survey assisted
in underground mapping; in 1943, Korrad B, Krauskopf, aided by Robert F.
Stopper, of the immy, made a surface map of the Hilltop mine area,

Work by the Bureau of Mines

In the winter and spring of 1941, the United States Bureau of ¥ines
core-drilled 34 hdles totalling 6,932 feet on properties of Tungsten letals
Corpe., and located the ore mired since then, Again, in the fall of 1943,
the Bureau drilled 8 holes totalling 2,808 feet and located the westward
continuation of the ore body in the Silver Bell mine, In each instance,
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plans for the drilling were laid out jointly by the writer and the project
engineer, E, W, Newman in 1941 and R, W, Geehan in 1943, as part of a co-
operative progmam of the Gedlogical Survey and Bureau of ¥ines,
Acknowledgments

Tungsten Hetals Corp.,; through its staff consisting of Paul J,
Sirkegian, ¥. L, Trent, A, J. 0'Connell, and W, H, Dunham, fumished re-
cords, surveys, board and lodging, and helpful assistance. Hadley R.
Bramel eon'tributsd assays and other information about the Camary Yellow
and Zigzag claims, an&:*g& into many stimulating discussions, and was a
source of information about other mines in the region.

GELOCY

: Hegional Setting

The Snake Range extends nearly 60 miles in a north-south direction
and rises to over 13,000 feet in elevation., It is composed of (1) a great
thickness of Paleozoic sedimentary rocks ranging from Ctmhrinn through Car- .
boniferous, (2) a central intrusive mass of late Mesozoic granitic rock ex-
posed in Snake Creek and south of Oscedla, and (3) a voleanic capping at
the south end of the range in the Murphy Wash area, All the ore deposits
known to the writer occur in the Cambrian sedimentary rocks or in the granitic
intrusive, and none have yet been identified in the higher Paleozoic section,
perhaps largely because of the distance of the upper rockds from the intrusive
to which the mimralimfion is probably related, Gold and tangsten, with
minor amounts of lsad and silver, have been produced profitably in the
range. The ¥inerva district, with its tungsten production, has first place
in gross yield; the Usceola district with its gdd and minor tungsten pro-
duction has second placey and the Hub district, a former tungsten producer,

third place.



Table 1. Production of tungsten ore and sonoentyats from mines
of the Minerva district, Nev. 1916-43.

we
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Jungsten Metals am:-y . Blivop wuy

Year | Tons of ore | Units of W3  Value | Yons of ore| Unita of Wo| Valus
1916 19? | 7659 | |

e | ned | L s
| et | g e
19% | 19,67 9,39 | 146,216
1940 | 14,750 10,67 106,090 |
941 | 10,180 13..3992/ 2261207 1,126 1,677 | #$36,800
W42 | 19,867 16,876 128,008 450 429 | 11,462
1943 | 15,78 8,507 | 253,878 - - -

103, 504 79,926 81,678,303 1,576 2,106 |§i8,262

1/ Data from Tungsten Metals Corp. except whers noted. Includes production

from Nevada Scheelite Co. (1916) snd Minerva Tungsten Co. (1918).
Data from Shoshone Mining Co.
Value from Nevads tax records, University of Nevada Bull., Gs and
Mining Series No, 38, p. 148, 1943. Units estimsted from value,
a price of $i0 a unit. Yoennege based on recovery of 1.0 peroent W0,.
Valus from Nevada tax recerds, op. cit., p. 148, Units estimated from
value, assuming & price of 530 8 unit. Tonnage based on recovery of 1.0
percent 1!03.

Units from records of Tungsten iletals Gérp.‘; value and tonnage from Revada
tax records, op. ait., p. 148.

Includes produstion from re-treatment of tailings.

Includes production from re-treatment of tailings, also 4,521 units of ‘w,
contained in 2,082 tons of slime tuilings sold for $18,243, net,




The tmgsu:; amrmaa*m the range are in veins or stockworks with
quartz or calcite, or both, as gangue. No deposits of the contact-metamorphic
type have been found, In gnerml, either scheelite or husbnerite or both
occur in those deposits with quartzite or granitic wall rocks, but only
dyfdeclite occurs in the stratigraphically higher deposits with limestone wall
rock, Narrow pegmatitic veins with quartz, feldspar, bervl, and scheelite
have been found in the grmnite west of the old Btmifk' tungsten mine an Snake
Creek, ¥iherva is the only tungsten district that made appreciable produc-
tim between 1918 and 1944, Perhaps six other districts in the range were
worked profitably at higher prices in 1916-18,

The sedimentary rocks on the west side of the Snake Range, from Oscedla
south mst Minerva to the mouth of Wurphy Wash, from oldest to youngest are
the Lowar Cambrian Frospect Mountain quartzite and Pioche shale, a Middle
Cambrian limestone perhaps 2,000 feet thick, a ¥Middle or Upper Cambrian
shale probably 300 to 1,000 feet thick, the Ordovician Pogonip limestone
and Fureka quartzite, and an overlying limestone which is perhaps also
Ordovician, The rocks exposed are successiwly younger from Uscecla southe
ward: the Pioche shale appears at the mouth of Pole Creek 6 miles north of
¥inerva; the Pogmip limestone and Bureka quartzite are exposed south and
east of ¥inerva, The veins at Minerva lie in the upper pmrt of the Middle
Cantiffen limestone, so only this [art of the stratigraphic section was
studied in detail, Vo attempt was made to measure thicknesses outside of

the mapped area,




Sedimentary rooks

At Minervs, the section mapped cnsists of sbout 1,000 feet of lime-
atame overlain by at least 300 feet of thih, platy limestme and shale.
Fanlting concesls the true thickness of the shale, which may be as mucljss
1,000 feet, The normel sequence above the siale is absent, for the shsle
is faulted against the middle part of ma cherty Pogonip limestone of Ordevician
age, probably many husdreds of feet above the base of the Pogonip{ Pelow
the Minerve section, massive, light~ and dark-cdlored limeatone beds with
a total thickness estimated at 1,000 to 1,500 feet extend downward to the
Ploche shale and Prospect Mmmﬁn quartsite., This part of the sectim is
well exposed on Mt. Washington, 5 miles north of Winerva; the saddle be-
tween Mt. Washington and Mt. Linedln is cut in ths shale at the top of the
Canbrisn section at Minerva. \

On the map of Tungsten Metals properties (fige 3)y the m@m lise-
stane has been divided on the basis of lithology into 3 major unitss m
*Upper black limestae,” "Upper whits lirestme," and *Lower black limestonn,.*
On the map of the Hlltop mime (fige 4), the laowest of these units,)ths
"Lower black 1inestone,” has been divided into 4 subunits, Although it 1s

?13- 3. ﬂnolag&a mp of & porté.on mr tm ﬁimm ummt.

possible to choose major units that m}ﬁnm&n rather constant thicknesses

over distances of miles, the small units mapped at Minerwa are scwhat nove
varisble, In the seqencs of limestones that make up the ¥iddle Cambrian,
the units range frem light to derk, massive to thin=bedded, dense %0 granu-
lar, not only down the dip but also along the strike of the beds, These
1ithdlogle variatios are well illustrated by individusl beds on ti besuti~
fully tmd/‘f:‘a: of Mt. Washington, north of Minsrva., For an example
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from the Minerva district, the dense, massive unii mapped sm "Upper white
limestame® has & thickness of 80 fest at the Chief and ilver Bell mines,
180 fest in the east part of the Everit vein, 280 fest on the Westd Bvert
hi.l‘l, and 180 feet at the Hilltop nium

Thn i‘d!.luﬁng columnar section, starting with the youngest rocks, |
summrises tha lithclegic unite used in mapping %q the Minerve districts

Cherty limsstone Thickness not detersined, but certainly sev-
‘ ~ eral thousands of feet. Part of the Ordo-
vician Pogenip, In fmult comiact with
uvierlylrg shale, '

Shale Thickness at least 300 feet, perhaps 1,000,
; Thin, platy limestons beds with shale parte
ings in the lower portion, argillaceas
shale above,

Upper black limestone Thickneas 300 feet, Thinwbadded to flaggy,
dark-gray limestone, gredational. contact
upward. Abundmnt stylolites present in
drill cores of Silver Bell ares.

Upper white limestone Thickress 75 feet at Chief mine, 180 feet st

: Esst Everit, 280 feet at West Everit, 180 feed
at H{lltop. Massive; very fine-grained, light-
gray limsstone with pinkish cast, Contains a
fow thing lentiocular beds of darkegyay lime-
stone, CLIrf forming, Marked at top Wy a
distinctive bed of thinly bnded, cross~bedded
limestone 2 to 4 feet thick, a bed that iz pres-
ent throughout the district and elsewhere in
the range &t this position and serves as a
stratigraphic mrker,

Lower black limestone Thickness at lsast 300 fest. Dark-gray limestime
: with same lighter bedsy mottled, numerous algsl

beds, Bedding indistinet to good, At t» Chief
mine, 180 Teat below the top of this unit, s a
30=-foot bed referred to as the "lower white lime-
stone,” lithdlogionlly similar to the *Upper
white limestone,” In the mapped area surrcunde
ing the Hilltop mine, rocks squivalent to the
"Lower black limestons®have been further sub-
divided into the following distinctive unitss
"idddle grey limeatme," 50 feet thick; "thin-
bedded 1imestone," 40 feet thick; "lower gray
limestoms,® 100 feet $aloks "lower white lime~
stone," over 50 feet thick, base not exposed.
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Ignems rocks
Rhyolite is the only ignems rock exposed in the Minerva district.
It occurs northwest of the Silver Bell mine in sills 2 to 20 feot thi.ck
near the vase of the shalej elsewhere it foms dikes as much as 25 feet
thick that follow esst-dipping faults. The dikes are most abundant in &
gone acress the center of the district extending fram the 3ilver Bell mine
to the Hilltop mine, They were intruded after formation of the schedlite
veins, for they cut through the veins at the portal of the 6,900-foot level
4n the Tast Nverit mine and at the Tony prospect, and elsewlsre occupy
post-minersl faults that of fset the veins, The silicification snd 1rone
staining along some of the faults is probatly related to the rhydite,
which may be allied to the flow yocks east of Murphy Was at the south end
of the Snake Range. '
Mr'mm
The rocks and veins of the Minerva area are disrapted by mmercas
faults that follow at least five different systems, Neady all of the se
faults, even the low-angls ones, are normal faults; that is, the hanging
wall has dropped with Wdt to the footwall, The few that show reverse
movement have relatively small ﬂiqplacmntu.
Kost of the faults n be placed in ome of the following groups, listed
from oldest to youngest:
‘1. Faults nor occupled by quarts veins that strike N, 70° W, Yo
. 70° B, and dip 40° to 70° N, Although the hanging wall appears to
have moved downward 30 to 75 feet, the trus displacemsnt cannot be do-
tsmmined, and the apparent displacement cammot always be differentiated
from y?f/-lmml movement slong the veins (growp 4).

-




2, Taults that strike morth, aip fram 75° E. ® 75° W,, and have
d&aphmmnts up to 20 feet. ‘

3, Faults tiat strike H, 150 W, to N, 30° By dip 13° to 607 R.y
and mave displacements up to hundreds of feet.

4. Faults that strile esst, aip 459 to 60° N,, and frequently
follow vein segments, Displacements are up to 50 feet.

5, Faults that strike morth and dip 45° to 70° W, Displacemsnts are
up to 200 feet. Faults of this group am sbundant at the front of the
range west of the Bverit vein, ani also on the Zigsag claia,

The quarts veina occupy the cldest famlt stractures, ani Iave been
offset by most of the others. A few steep falts that cut across the vein
structures sre also pre-mineral, but they have had only small displacements
of probably not more than a few fest, and have only locally affectad ore de~
position. Most of the faults are post-minersl, demonstrated by the Imck of
quarts and scheelite in them, am by the disroption ‘nf i‘mﬁ.qutimm
ore shoots.

True displacements on nn the faclts cmum the dldest can usually be
determined from the of fsets of veins and stratigraphic unite, It iz essen~
1421 to know the true dsplacemnt of veins, rether than the Wmm offw
set, to find continuations of ore shoots, The displacements on sane of te
larger faults, such as the Bverit fault, dange along the strike md dip bee~
cause of the cumilative effect of subisidiary faults in the f cotwsll,

Host of ®e Hults are well exposed at te surface. The low-angle
faults have topogrephic expression, for they repeat the massive, eliff-
farning "Upper vhitelinestne;* the faults lis at the tops of d1£fs, snd
fyom 8 distance resemble bedding, which 4s much less spparent, All the
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faults contain caleite veins or cemented breccis, from an inch to 6 fest or
more in width, Some contain reddish-stained meterial, usually calcarecus
but some times silicecus; the siliceous mterial, which is very fine-greine_ 2
and bears no resemblance to the quarts veins, is thought to be associa tad
with the rhyolits.

Styucture contours can be dvewn with falr sccurecy from the surface exw
posures of those faults thet dipeast at mgm of 50° ar less, The con-
tours am curved, not straight, and in sme instances appear to be "fdlded,"
with "fold axes® trending esst. The Everit fault ism good evample: it
dips 139 B, where it of feets the BHverit vein, and steepens % 459 within
500 feet north and south of the vein; the 4ip of the fault at the vein inter
‘section persists for at least 500 feet dowrward into the Eaat Everit mine,
The curves in the faults probably represent the origimal fracture pattem,
rather than subseguent folding, for e limestone beds are not similarly
falded,

In the mapped areas, the bedding in the limsators strikes north to northe-
west and dips 12° to 45""8!1. Folding within the aifferent fanlt blocks is
not prenownced, the attitudes within individusl blocks being sssentially simi-
lar, The exception %o Athis generalisation is axtside the detailed map areas
an the Zigzag and Calico daims, between the West Everit and H311 top mines,
On parts of these dsims, and Hr half a mile nortimard, the beds lave bem
‘folded and complexly faulted so that most of the beds dip to the east,

The contact between the *Upper black limestore” and overlying shals,
in seversl exposures betwsen the Chief mnd Everit meins, is marked by a red,
 silicified breccia 5 to 50 fest thick with limestons fragments Jup to0 &
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inches in sise. One of the best exposures, north of the east limit of the
Oriole vein, catains abundant fragments of vein quarts. Althogh this
breccia is not yet adequately explained, it may rapnmt an old huddh;g
fault of unknown magnitude, perhaps one of % oldest faltes in Be dise
trict, The exposures of this contact are very poor except in these silie
cifind areas, , ’
ORK DEPOSIIS
Extent and thickness of veins

~ Scheelite ore shoots ocour in seven roughly pamellel quarts veins
ocoupying normal faults timt strike sast, dip 43° to 70° §., snd are spaced
at intervals of approximately balf a mile. The Chisf Extension, Scheelits
Chief, Orfale, Everit, Lom Buck, and Canary Tellow veins are shown n
figure 3, the Hilltop and Tony veins, which 1ie farther north, on figwe 4.

The quarts veinﬁa range in width from & few inches to 30 feat, and in

Tength from 1,000 to 4,000 feet, The quarts changes in thickness within
short distances along strike or dip, and is in places distributed ina

‘series of closely spaced, parallel fractures with horses of limestone. The

yein cuterops am limised on the west by slluvivm, snd on the east by sllu-
vium and shale throagh which the veins donot penetrate. KNo major weins
have beanfound on the surface at stratigraphic horizons sbove the shalej it
may be pwiﬁlﬁ 4o fdllow the veins undergroand essteard bensath the shdle
eappinge '

fhe Chief vein has been traced for 550 fest west fram ®e portal of
the main adit, but none of the other veins have been explored beneath the
alluviua, Frontel faults defining the range probally lis culy & hort dis-
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mmvwcat of the foothille; the possibility of discoverirg large segments
of veins hiried hemsath the alluvium seens remote.
¥inwyelogy and grade of ore
The vins mnsist uainly of qurts and oxlcite with same scheelite
and, in spots, traces of tetrahedrite, galens, silver haloids, powellite,
snd auprodesdloisite. The sciedlite concentrates are reported to contain
as much as 4 ounces of silver to the ton, tut this represents & high conoer-
tration matlo. The scarcity of associated minerels is indicated by the purity
of e ﬁnmmtu, which contain only traces of phosphoras, silfur, md
araenic, and very 1&&&& copper and mlybm
The quarts in the veins is white or tinged with greenish-yellow,
coarsely crystalline, and usual 1y maﬁvc. &l though a few smll vugs osn
cccasimally be foand, The carbonate in the veins and faults ranges in
cdlor from wi'xim.; through flesh-cdlor 1ight redaish brown, sugpesting
goveral carborate minerals, although calclte is deminant. The scheslite
commonly otcurs in coarse cleavages distributed through the quarts or alined
slong fractures in the quarts, In some parts of the veins, notably in the
Oridle mine and Tony prospect, the scheslite is distributed in very fine
grains,
| The grade of mterial nined in substantisl qustitiss has mnged fron
2.5 percent or more of Woq dom % 0.3 perosnt, Local concentrstions have
contained as much as 10 or 20 percent of Wo3e All the ore millsd by Tungsten
Metals Corp. t.n the end of 1943 ylielded an average of 0.76 units per tong
suggesting that ®ie ore contained between 0.9 and 1.0‘ peroent of “3*
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Ore shoots
The tungsten ore ocours in shoots of limited vertical exteng but
with remarkable latersl contimuity, which is distupted by post-minevel
hultﬂng; The quartg veins are mearly barren mtside of the shoots, which
ocoupy only a small part of the weins, The om shoots rake westward youghly

parallel to the bedding in adjacent limsstens, amd frequently lis on e

footinll side of tie veiny the widest ore stoped issbout 10 feet, although
the vein in which the oxe occurs may be 20 to 30 feet wide, In the saaller
veins, ore shools as narrow as 1 to 3 feet have been s toped.

Eadh of the main wins worked appears to have & single main ore shoot,
although the Everit vein contains resnants of an upper ore shooty snd both
14 and te Chisf vein may yet prove io cantain lower shoots in portions that
kave never boeen wﬁmpmm. In the Fast Everit mins, the main shoot was
mined far B8O 3o 130 feet along tre dip of the wein, and for s piteh length
of 650 fest; extensions to the east have not yet been found, but an exten—
sion to e west iz mom to continue ancther 240 So 400 feet, possibky
more, In te Chief mine, the ore shoot has been mired for 80 to 140 feet
alorg #he dip, md Hra pitch length of 900 foot, Nine developmnmti may
cltimstely prove that the ore shoots tefare faulting were essentislly cm-
tinuous through most of the length of e seveins, Little iz knom st t
the ore shoots in other veins X of the district, Sr they lmve not been ex-
tensively explored.

The main ore bodies in e Chief, Everit, Canary Yollow, Zigungy snd
Hi11top mines occur at sbout the ssme stratigraphic horison in the "Upper
white limestme.® The upper stope in the West Everit mine, and the surfuoe

o ¥ N




| different campmy which has opsrated under this name mt Rawhide, Nev.)) »

‘stope in e East Lverit mine esst of the Everit fault, both 1ie higher stra-

tigraphioally in the "Upper black linestone.* The ore shoot in the Silver
Bell mine slso lles at a higher horimon, but sppears to rake dovmmard to join
the shoot in the Chief mine,

The walls of ths veins are frosen to the limestons in most instances,
md poste-mineral surfaces of breakage lie within the veins, The wall rocks
are unaltered regardiess of the presence or absence of ore in the adjoining
vein, '

The occurrence of ore shoots and the brecciation in them show that

- thewins were formed by successive introductichs of minerals, and that the

ore bodles were probably deposited in more porous portions of the veins.
The maselvensss of the "Upper white limestors™ appears responsible for cone
ditions favoratle to scheelite mirerslisation, Perhaps slight changes in
dip of veins where they cross limestone Yeds of different competence pere
nitted devel opment of crushed momes within the quarts, zones formed by con-
tinuous shearing along the vein, If this axpmmm be true, then other
ore shoots may be discovered st greater dep m-/mmi'?mm emditions
preveil,
| MINES

The veina ;n the Minerva district known to contain tanssten ome aw
beld ty Tungsten Netals Corp., Calico Tungaten Cos, or Shoshame Nining Cos
0f the many claims in the district, only seven are mmtented, all part of
the Tungsten %ﬁlv group, Compsnies formerly active on some of these pro-
rerties indude Nevads Scheelite Co. (X916-17) (not to be confused with a

¥inerva Tungsten Co. (19)8), Mew Deal Leasimng Co. (1940w41), Scheslite
Leasing Co. (1941), and Virdot Development Co. (1941-42). Thess cmpanies

have a1l disbanded,
] G




Tungsten Metals Corp, owne the southemn five of the seven known veins
in the district. In addition to the seven patented claims (surveye 44854,
4486, and 4487) shawn on the map (fig. 3), the group includes about 40 un~
patented cla ims., Turgsten Metals Corp. also oms & 75=-ton mill at Minerw.
Custom ore from other properties lms been accepted st this mill where K01

ore mined in the district since 1938 has been treated.

Schesl ite Chief mine
The Scheelite Chief mine {mses figs. 5 to 8) is in two major segments

¥ig. 5. Vap ani vertical projection of the Schweiite Chief vein,
Fige 6. Scheelite Chisf mine, composite map.
Fige 7+ Scheelite Chisf mine, vertical projectiom of west

LR !

workings.
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of the Chisf vein, sepmrated by the Chisf fault, Both segments are Mapld
fyan the 6,316~foot level, an adit 1,530 Mt longs The west segment has
thres upper adita now kmly stoped, a ng?t near the portal of the main
adit, end two shart lower levels from the shaft., The east segment has &
winge 30 feet dsep below stope 1, with a sublevel from the b&bm west to

the Chief fault.

The west segment has beenstoped from the portal of the adit to thw
Chisf fault, Two masll blocks of ore probatly 8111 remsin west of the
fanlt that teminates the 6,246- ani 6,276~foct levels, Of seven holes
drilled beneath the alluvium, m}.y.mﬁ ﬂ%ﬁﬂ foet weat of the nim. fourd
are., The ore shoot in the intervening sarea may have been eroded away,

The east segment hw bmmtapu& sbove the main level for a ‘hw
of 260 feet, and the level has been extended another 340 fest bensath the
shoot, The guarts vein below the uhqot. is narrower, rangirg fram hﬂr'a
foot %o 4 feet, and contains sporadic traces of scheelite,
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S51lver Bell mine
The Silver Bell mine) (see figs. 9 and 10)s in the east portion of the
¥iz. 5. S

L) ¢

var Dell mine, composite

e
Nal O]

B % o R

Chisf vein, is worked to the fourth level through a shaft 365 fest deep on
the incline (238 feet vertically). A winse, 84 feet on the indline, connects
the foorth 10&01 with & short £ifth level at a point 300 feet west of the
shaft, The total level workings, largely comcengyated on the third and
fourth levels, amount to nearly 15200 feet of‘ drifts and crosscuts, Ore was
stoped above the third level for a length of 140 feat, a width of 3 to 5 fast,
and a height of 60 feet along the dip. A fmlted westward extension of this
ore body was being worked fwom the fifth lewel in October 1944. Fossible
extansions eastward beyond the shaft have never besm investigated either by
drilling or drifting, md tinld ts wught by extending the third level east
through the various fault segments, |
" Oriale nine

The Oricle vein is the least developed of the major veins in the dis-
trict. | It is opened at the west iud n the “ﬁrs.d.u mine bty two short adite
at a vertical interval of 80 feet (see figs. 11 and 12), 'The ore stoped

?ﬂ&ﬁ ﬁa %mﬂ nine, composite
iole ming, Yertionl

2

&P,

L &

¥

b

congisted of very fine-grained scheelite in quarts, and avereged only
0ul porosmt of W03, The width of ore ranged fram 1} to 5 fest, The stopes
mined are in of fset segments of a single ore shoot, which could pmmy be
readily tmm eastward by extending the upper adit.

The cutorop of the vein is mostly barven except fer some omrsely
orystalline scheelite on the crest of the hill above the mine, and ~§fw

)P




owegrade mineraligation in the first segmnt eant of Chief Canjron

only exploration east of the mine is by three shallow drill holes in two
fault segments eant of the canyon. Although the vein is not as strong
at the surface as the Chief or Everit veins, it shows impressive .wfl.dtm of
quarts, and might be prodictive in the futures
west Everit mine
Workings in t!m Woat Everit mine conaist of two adits, a sublevel aba ve
the upper adit, two stopss, and seversl connecting raises (sse figa. 14 to16).

¥ig. 14, West bverit mine, composite map.
Fig. 15. th Ewru mina. wmm pmjam«m. |

vy Ky A L

Ap sdit 50 feet long on the west face of the hi1l dates from 1917. Two small
ore bodies lmve besn minad, both of uo&imt grade: one on the crest of
the hill, the other in the lower adit, Both ore bodiesare in the hanging
wall :a'.t the West Everit fault, and are but off by it. 7The upper ove shoot
{s & remnant, fomer extensions of which have been eroded away, The lower
ore ghoot, however, might have ewm@pima below the West Everit faults. In
gpite of saveral hundred feet of mplaximry wark from e 6,800-foot level ,
the vein was not located, The wwk seems to have disproved the existence
of any angmm:i‘ of appwmbh yime in the footwall of fault *A%, which is
parsllel to the vein. m segre t aqnin exposed on the west side of the
hill at 11,200 Eey 99400 Ko is probebly the same Pverit vein snd ore may be
found in it below e 6,800=-fo0t level,

!h« West Everit vein zome 1anges in width from 5 to 50 feet, the vein
branching into seversl parts with included layers of lirmstone, The maxi=
pum width of catimoous quarts is 25 fest. Whovever drifts 1ie in the main
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vein, the full width of quarts is not exposed; so schealite ore bmﬂqa my
be missed by failure to crosscut,

The only are remaining in the mine is between the uppsr stope ani the
Weat Bverit fault in a fault sliver estimated to contain 1,200 tans. The
fault segrents weat of the mine are too 1ittle known to permit any inferw
ence as to quantity of ore. DPecanse of extreme faulting, the vein weatward
beneath the alluvium prcbably dees not justify undergroand exploration,

Enst Everit mire

The main development in the East Everit mine is from an adit 1,735 foet
ylong at an elewation of 7,050 feet (sse fige. 13 and 17-20). A raise
Fig. 13, Nap and vertical projection of the Everit vein,

Fige 17, ZEast Brerit mine, camposite mp.,
Figs 18, Bast Bverit mine, verticsl projectim.
T 20, ine, secticn g AAAERE

LYYL Y i i%a

) .
B e

connects with the surface from & point 1,085 feet inside the portal. A
shorter adit, 150 feet lower, is used for ore transfer, and dso for devel
opment of another fault segment,

Two ore shoots have been mined, probably correlatives of the two in
the Weath Everit mine, The upp r cre shoot is eroded away except for a
sesll segment stoped at the surface above the Bverit fault, The lower shoot
cropped out only west of ﬁxﬁEwrit faulty but has been stoppd most exten-
sively emst of the fwmlt, Although drill hole 8 and the westerrmost stope
in the mine (that from the 6,900-foot level) ylelded ore containing only
about 0.5 perosnt of W04, the ground has not besn sufficiently tested to
prove the absence of better ore, An adjoining segment of vein that crops
out south of the portal of the 6,9w—£mmummwa. '

-




The portim of the win intersected near the face of m 7:050=f00t level
{(at 144100 E,) contains lowegmde scheelite~bearing saterial at %t point,
but has not been explored upmard to the surface, which is masksd by debris,
Beyond the face, five hales drilled from the surface in 1943 found no 61,
but proved that the ore horizon lies considerally lower in this fault block.
The thickness of quarts and the presence of scheslite in this part of the
vein are encoureging for the svemtual d scovery of an ore shoot at greater
depth.
" The sl vein tint lies 150 feet north of teEverit vein contains
um exposures of narrow but high-grade soheelits ore. One oatorop {at
13,150 B.) was mined in an open out. Drill hols 2 (at 13,240 E.) intersected
§ inches of vein that assayed 7,53 perosnt of W0q. Bigh-grade ore 8 inches
wide has not bem touched in an exposure at the east end of the vein {at
13,580 B.)e The widths and tonmages availlaile are unfaverable for company
exploration, but he grade of ore might make portions of the vein attrectiive
to a leuses,
Lome Buck wein
 The Lone Buck win, entirely unexplored, orops out for a length of
ifﬁ feet and ranges in width fron & few inches to 4 feet. Two dannel
panmples cut by the Bureau of Mines in 1941 indlonte a block of ore (betwesn
14,200 B, and 14,260 E,) 60 feet longs 1.8 feet wide, md averaging 1,74 pere
osnt of !033 indioated ore slong the rake west to the nearest fault smounts
to 220 tons, The vein shors little promise of produstivity, for the mly
' ore s exposed is in this block, which is 2 small snd innocessible remnant
of & shoots
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The Calico Turgsten Co., & partnsrship between Hadley R, Bramel and
Stanley Feitler, owns three unpatented claims on a single veiny the Camary
Yellow, Calico, and Zigzag claims, Exept for surfsce cuts, work hss been
concentrated at the Canary Xailw mim;

Canary Tellow mine

The Canary Yellow mine is developsd by an 85-foot orosscut adit with
& 110-foot drift on the vein, and a mm £0 the surface 85 feet above
(see fig. 21). The win in the drift shows 1 ® 1} feet of are containing

more than 1 percent of WOy for a drift length of 60 fest. On the surfmos
directly over the portal of the adit, Dremsl and Feifler ssmpled Hw win

at 10~foot intervals for a length of 130 feet over widths of 1% to 6 feet,
and obtained asssys ranging from 0.39 to 4420 perosnt of W0y, aversging
more than 1,0 percents Fram the mise, 374 tons milled by Tungsten Metalas
Corpe yieldsd only 27 urdts of Wiy, an average of 0,72 unit per tom, Al-~
though the ore in the drift and raise iz poorsr than shat at the surface,
better ore may lie west of the workings if the surface body iz mrt of &
shoot that rakes wweiward, The ore in the d&rift may represent & lower shoot.
With this interpretation, the upper shoot, with an average width of 2 feet,
1s estimated to oontain 400 tens of indieated ore that will average more

than 1.0 percent of WOy; the lower shoot, 1} feot wide and averaging 1.0 pere
osnt, may contain at least 600 tons of inferred ore if it continues 260 fest
alorg the rake to the fanlts limiting this segment of vein, No estimate can
be nade of the possibilitiss of the vein eastmard, for e vein is unexplored
and ore 1s not exposed at he surface, &lthough the win aroppings continue
1,000 feet east of the mine.




Zigsag and Calico claims
| The Zigsag snd Calico claims lie on the west end of the amme vein as
the Canary Yellow mine, but are separated from 1¢ by half a mile of dllavial
cover. The vein on these clainms, fanlted even more than i nomal to Jm
district, is broien into fragments 20 to 200 feel long, same of wh;!.ch COn-
tain ore at the mrface, The only workings ave a few open cuts from which
Bramel and Feitler mined 18 tms of ore ®at ylelded 20 units of Wog, T
width of vein ranges from 1 to 4 feet, Inssmch ss ore st the surface has
not been profitable to mine because of the mmall size of fault segmenis, it
is doubbful 4f ore present in other segments but not expossd can be mirsd
profitably unless the price of tungsten exoeeds $30 a unit,

The Shoshone ‘Mmmng, 8 partoership sanmg Ae. J. OtConnall, W L
Trent, Jo E. Brinten, and Horacs Bath, oms the Hilltop group of six une
patented claims known ‘ta the Hilltop, Tonys Tony No. 1, Tony No. 2, Tony
No. 3, and Tony No, 4. The claims were operatad in 1940=-4) by the New Deal
Leasirg Cosp in 1941 by tha Schoelite Leasing Coey 8nd in 1942 by the Virdot

Developwént.Co, The Tony prospsct was operated by Tungsten Metals Corp. for
a short time in 1940-41. Most of the production has come from the Hi1ltop
mine, which ylslded at least 2,106 units of W03,
Hilltop mine

The Hilltop mine is dewveloped by & main adit at an elevation of
7,066 fest, by & short adit at 7,120 feet, and by several Y\open cuts (see
fg8. 4 25 a0d 23). The 7,066=fo0t level has about 650 fest of drifte

¥ig. 4. Surface map of Ge HiLlWp mine,
‘F!.g. 22. Iup and wrt:lm pm;)wum uf‘m mw m

and crosscuts, three stopes, and three mises to the surface. 'i‘hﬁhwl
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is connected with an ore bin at the end of the road, 600 fest lower, by &
single spm, Jib-back aerial tram 1,150 feet long.

The ﬁillm;a vein 1s narrow, with surface widths of 4 to 3 feet, In
the stope east of the crosacnt adit, the vein flattened and widened to 8 fedt
of good ore between the level and the surface 35 feet above. Neither the
drift level witq& feat of quarts nor the mrfm, with 1 f@t of QM
gave any indication of the intervenirng wide ore body. The stopes west of the
8dit were narrow, the ore beirg a foot or less in width althongh of high
grade. _ ,

Hardly any ore remains in sight, although a fow tons could s#11) be
underharded beneath the level and stopes. *he raise at the east end of the
workings has some ore in the roofj so there may be m in the 50 feet of un-
explored ground up to the surface, Ihe h\rgwt tlock of potential ore is
in the vein segment beyond the west face of the 7,066-foot level, bensath
te upper adite All told, perhaps 1,000 tons of 1 to 2 percent ore might
be found in these untested blocks with very little additions) exploration,

Tony prospect |

The Tony p&um ¢t ig explored by a 225-foot mﬁﬁ & ralse to e sure
face, and seversl surface pite. The vein strikes north md dips east, and
is in this repsect urigue among the tungaten-bearing veins of the district.
The vein outerop extends far nearly 200 fest along the strike; continume
tions of the same weinefault to the north and south contain no quarts or
scheslite, slthough mlcite filling, common %o post-minerel faults of the
district, is present, Scheelite mirmeralization for widtha of 1 0 3 fest
extends far about 100 feet on the surface, but no caaparabile mineralisatian
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is present in the adit, The scheelite is extremaly fine-grained. Only 32.5
units of WO; was recovered from 159 tons of are milled in 1941, a yleld of
abat 0.2 psrmt;. ﬂ‘aémemfml are is now exposad, and only a few tons
Wat contain 0.2 to 0.5 peroent are visible,

Two nmarrow veins on Tony No, 2 cluim west of he suaunn COMBY CONv.
tain & fow qmtnla of coarse scheelite, but the exposures are not encouraging
snough to warrvent exploration,

RESERVES

The mines of the Minerws district rarely have more than a few tons
of messured ore, and seldom have more than a few thousand tons of indicated
ors. As in many other tungsten mines, indicated, not nemsured, ore is mined.
Consequently, an estimate of ore resurves must be primarily sn interpreta-
tion of unexplored areas based on past experience, The writer believes that
the total reached in the following tabulation is conservative, and less than
the expactable future production of the district, Individual blocks ine
ferred, however, mmy VAIy matarially from the estimute g‘tm.

The u@ma&wai complexity of the ore bodies necessitates considerable
dead work in exploration, Development in the minss has never bsen far

mough amd to permit contimous milling at capacity. In the 6 yeaye from
1938 to 1943, the tonnmage produced anmally ranged fram 10,160 to 15,867 toms,
snd never approached the mill capacily of 27,000 tns. The added mining md
milling n_em s;uwﬂm in operating at capacity waald b slight, and the net
pofit from such operation would be muoh greatere

Under operating conditions in 1943, the grade of ore mirsd (yisld of
0.54 percent of W0;) was the minimum that could be handled profitably at a
marke t price of $30 p urdt. Ore that would nill out at 0.75 percent (the
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average yisld from past prdmwtit;m) pmmﬂy could have been worked at
$21,00 & unit. m«amﬁotpmdwtmmmm stances could b» reduced
sobstantially by operating the mines &t mptamy.

The distyict veserves are sumarised) by mires) in table 2. The reserve
figures are broken down into 1l ocka within individusl mines in table 5& The

——

Totle 2. Summaty by mimes of ore reserves in the Wimrve Giobrichs
'I’th'.i.e s Raaams mi*hhin mines of $e Minerwa dstriot, de ibuted into

only measured ore is tlocked out in the east workirgs of te Chief mine by
s winge, miblevel, and mise. The indicated ore is in tlocks that have
been rested w ﬁrﬂl holes or parmny explored by drifts and ralses., The
{nferred ors, which cnstitutes the bulk of the reserve, is inferred Mrgcly
on gecloglic evidence asto continuity of ove aMa‘ Estimates of grade sTe
based mainly on ‘uw yield from ore mined in the past.

In adaition to the estimates m’nm it is expscted that future
prospsoting will dumr othe » ore bodies in the Oridle win, maxplored
for 2,600 fest sast of the Oricls mine, m& in the Chief wein, which extonds
u£ Joant 400 feet ‘M of the Silver Bell smft, Although these areas have
not yet beem mw -4 mnim wmamrmvmga, Mymw.y ot
tain ore bodies similer to those mined dlsewinre in the nim,wm pro-
duction has m:ma to abmt 23 tms por fm of vein explored along the
strike. Mn ad&.ﬁm&l tonmkge might be on the onder of 70,000 tors aver-
aging 0.8 percent of WOg.




Table 2. Bummary, by mines, of ore ressrves in the Ninerva district.
December 1, 1943.

Grade 0,5 pmom \m3 or higher

Measurable Indioated Inforred® Inforred **
| Sons |Uaits | Toms | Usite | Toms | Unite Tons | Unite
Sabeslite Ohieress 1,200 | 900 | 6,200 | 4,58 17,000 | 12,000

Bilver Bellese 4,540 | 4,540 |18,300] 15,975
 Bast Broris 4,400 | 2,200 | 3,400 1,920 | 15,000| 11,100
 West Bverit 1,200| 1,200
'{ Lone Buck 820 378
' Oanery Yellov 400 400 600| 600
| 1,200 00 |15,760 12,108 | 40,800 32,698 | 16,000 11,100
Grade loss than 0.5 pereent ¥Og
1 / ; Tons | Unite
Rast Bvertit L 5,200 | 3,080
Ortole 2800 | 2.B20
1
* laferred mn reasonabls assursnce on basis of nearty workings.
i mmu by w jloglo resseaing, unosnfirmed by workings ia W¥he inmedtate vioinity.

11 depleted be
amz uf m Qm

twoen Deaember 1,
u&m ta m: period was from the Silver Bell

1945 (%he date of this estimate)




Table 3. Reserves within mines of the Minerva distriet, distributed into ore blooks.
December 1, 1943. *

‘ Logation Width

in ) ' | '
feet Tons % Units Tfons % Units  Tons $ Units |
Mine Block WO, W4, W 3 WO 3 WQB WQB |
sﬂh..li“ Ghiﬁﬂ' 0""6 3 . e v 1 ’200 0.? Bm . " 'y (X ‘
0“7 3 (X [ X L ] .o .e . 700 0.8 566 j;
c“"a 2¢5 e w e o« 'E) .o ') 300 008 2&0 !
0“9 L 1,200 0.75 900 .o .o X e e . b
6“10 3"“7 L [ X ) cfg 5’000 0-75 3,750 e LR 'o‘
0*11 5 LX) .o -~ ” . . 22 MQ 007
1,200 900 6,200 by 590 17,000 12,000
gilver Bell® G-l 6.5 .o sr e 3,50 1.0 3,500 o e o0 |
0*2 h o .o (R 1,0‘&0 100 l,OhO - [ (R ] “
0“3 6‘5 .. *» od .. .e i' 9,000 lio 9,0% ‘
\ c"ls 5 o L LR LX) «» 2.8 Lm 0.'3 6‘222
A ‘ - . lﬂ 5&0 ‘ ln 5W 131300 15 1975
01‘101«0 L ! 2-5 ve . ‘we 1,000 O.h hm . ve ue \L
2.5 .. . e m 0.4 w ' R E
| 3,800 1,520 |
West Everit B-7 3 ee se  es "e e e 1,200 1.0
Bast M’Tit E"‘l 5 e . 'y 'Y} : 'Y oe 3,006 005
-2 5 e se e by OO 0.5 2,200 .e .o
E""’B 5 s ') e 1,800 Q-l& 730 e .
E-& 5 ) e . L& 3,1.;00 0-1& 1,360 "'J X )
3“5 5 .o X *e e .s ' E,I&O 008
3"6 5 L .y il M . X T——" 038
9,600 L,280 17,400
Lone Buck 1.8 . ) . 220 1*7& 375 L x |
‘ |
Canary Yollow 2.0 se . .e 400 1.0 LOO .s v ) !
105 e s . .e ' ') 600 1.0 600 l
Hilltop 15 en  we e ‘e o o be 1,000 1.0 1,000 |

#% Inferred by goalc‘agic reasoning, manﬁtmﬂ by workings in the
{mmediste vicinity. |

* Beserves partially deploted betroen Desamber 1, 1943 (the date OF this |
estimate) and May 1945. MNost of the ore mined in this period was | |
from the Silver ell mine, some from the Scheelite Chief mine.
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ABSTRACT

bhe Minerva district is on the west slope of the Snake Range in

) easté?n Nevada, near the Utah border, Scheelite occurs in ore shoots

in quartz veins that cut through limestone of Middle Cambrian age, The
only igneous rocks exposed in the area are dikes and sills of rhyolite,
younder than the tungsten deposits. Of the seven veins known, five have
been productive, and two of these are responsible for most of the dig-
trict yielde Since the discovery of tungsten in 1915 until 1944y the
district yielded 82,000 units of WOz, sold for approximately $1,726,565,
Except for about $63,000 worth produced in 1916-18y the major production
has been since 1936. The average grade of ore has been nearly 1 percent
of W03, with a range from 0.5 percent to 2,0 percent or more, The quartz
veins are as much as 30 feet in width, but the maximum width of ore has
been only 10 feet, and the average nearer to 5 feet.

The veinsy, which strike east and dip north, are .offeet by many post—
mineral normal faults with displacements as great as 400 feet. These
faults disrupt ore shoots that were formerly continuous for pitch lengths
of 900 feet or more.

On properties of Tungsten Metals Corp., reserves with 0.5 percent
or more of W0z were estimated in collaboration with the Bureau of Mines
on December 1, 1943, at 1,200 tons of measured ore containing 900 units
of WOz, 15,320 tons of indicated ore containing 11,705 units, and
53,900 tons of inferred ore containing 42,195 units. Reserves with a
grade less than 0,5 percent of WOz amount to 9,000 tons of indieated ore
containing 3,600 units., Reserves at other properties in the district
were estimated at 400 tons of indicated ore containing 400 units, and
1,600 tong of inferred ore containing 1,600 units. In these estimates,
no account is taken of entirely untested portions of veins that may be
found, by future exploration, to contain additional tonnages perhaps
equal to the total cited.
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INTRODUCTION

Location

The Minerva district is near the Utah border in White Pine County,
Neve, 45 miles southeast of Ely, which is on the standard gauge Nevada
Northern Railroad (fig. 1), Minerva, the mill and townsite of Tungsten
Metals Corp., at an elevation of 5,800 feet, is 1 mile south of Shoshone
Post Office in Spring Valley, and is reached by a level dirt road extend-
ing 15 miles from surfaced U. Se. Highway 93. The mines, in the lower
portion of the Snake Range at elevations of 6,300 to 7,500 feet, are 2 to
5 miles from the mill,

History and production

Although silver ore was discovered in 1869 at the Indian Silver mine,
now included in the east portion of the Scheelite Chief wvein, operations
here and at Bromide Flat, east of the Hilltop vein, were not extensive;
silver production was meagre, and the district was abandoned by 1876,1/
Scheelite was found in the veins in 1915 by C. E. Millick, A. Gs Millick,
and Jasper M. Fox, and mined on a small scale in 1916, The Nevada Scheelite
Gos held the property in 1917, the Minerva Tungsten Co. in 1918. A 150-ton
mill, located below the Chief mine, was completed in 1918 shortly before
collapse of the tungsten market, Production for this period is unknown to
the writer, but is believed to be less than $100,000 worth of concentrate
valued at the high prices then prevailing; Nevgda bullion tex records show
production only in 1916, amounting to $7,651. Except for a small-scale
leasing operation in 1932, the property was idle until 1936 when Tungsten
Metals Corp. was organized. This company built the present 75-ton mill
in 1938, and has developed the Scheelite Chief, Silver Bell, Oriole, West
Everit, and Fast Everit mines (fig. 2). Production from these mines in
the period 193743 inclusive was 101,467 tons, yielding 77,889 units of
WOz sold for approximately $1,615,275 (see table 1). Elsewhere in the dis-
trict, the Hilltop, Tony, Canary Yellow, and Zigzag mines have yielded
about 2,200 units, making a total district production of 82,000 units.

Tig. 1. Index map of Nevada showing location of the Minerva district.
Tig. 2. Index map of the Minerva district showing principal veins and faults.

Table 1. Production of tungsten ore and concentrates from mines of the
' Minerva district, Nev., 1916-~43.

1/ Lincoln, Fe Co, Mining districts and mineral resources of Nevada:
Nevada Newsletter Publishing Co., Reno, p. 254, 1923.

2/ Couch, B. F., and Carpenter, J. A., Nevada's metal and mineral production;
University of Nevada Bull., Geology and Mining Series No. 38, p. 148,
1943,
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Table 1. Production of tungsten ore and concentrate from mines
of the Minerva district, Nev. 1916~43. '

\ Yoar Tungsten Metals Corped/ ” Hilltop mi@ea/
Tons of ore|Units of W03 Value Tons of orel|Units of WOz| Value
| 1916|  191¥ 1918/ 47,6513/
\ 1918| 1,846% 1,8464/ 55,3774/
1937|  6,4008/ 56,0368/ 158,9168/
1938| 14,955 12,858 206,039
1939 19,617 9,396 146,216
1940| 14,750 10,6178/ 196,090
1941| 10,160 13,5997/ 26,1287/ | 1,126 1,677 |$36,800
1942| 19,867 16,876 428,008 450 429 11,462
1943| 15,718 8,507 253,878 - - -
103,504 79,926 41,678,303 1,576 2,106  |$48,262

1/ Data frop Tungsten Metals Co
from Nevada Scheelite Co.

2/ Data from Shoshone Mining Co.

3/ value from Vevada tax records,
Mining Series No. 38, .
assuming a price of $40 a unit.

4/ Value from Nevada tax records, op. Cite, P
value, assuming a price of $20 a unite. T

e @

-7 Inciudes production from re~-treatment o

Un
Nevada tax records, OP. citey Do

percent WOz.

1.0 percent WO3.

148, 1943

its from records of Tungsten Metals Corp.:

148.

WOz contained in 2,082 tons of slime

Tonnage base

rp. except where noted. |
(1918) and Minerva Tungsten Co.

148.

Includes production
(1918).

University of Nevada Bull;, Geology and
Units estimated from value,
d on recovery of 1.0

Units estimated from

Inciudes production from re-treatment of tailings.

onnage based on recovery of

value aﬁd tonnage from

f tailings, also 4,521 units of
tailings sold for $18,243, net.
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Field work by the Geological Survey

The writer, assisted by Donald Wyant, mapped most of the area during
3 months in the fall of 1940, and subsequently revised maps as development
progressed in the mines. In 1942, Paul C. Bateman of the Survéy assisted
in underground mapping; in 1943, Konrad B. Krauskopf, alded by Robert T.
Stopper, of the Survey, made a surface map of the Hilltop mine area.

Work by the Bureau of Mines

In the winter and spring of 1941, the United States Bureau 6f Mines
core~drilled 34 holes totalling 6,932 feet on properties of Tungsten Metals
Corpsy and located the ore mined since then. Again, in the fall of 1943,
the Bureau drilled 8 holes totalling 2,898 feet and located the westward
continuation of the ore body in the Silver Bell mine. In each instance,
plans for the drilling were laid out jointly by the writer and the project
engineer, Fe We Newman in 1941 and R, W. Geehan in 1943, as part of a
cooperative program of the Geological Survey and Bureau of Minese

Acknowledgments

Tungsten Metals Corp., through its staff consisting of Paul J.
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GEOLOGY
Regional setting

- The Snake Range extends nearly 60 miles in a north~south direction
and rises to over 13,000 feet in elevation. It is composed of (1) a great
thickness of Paleozoic sedimentary rocks ranging from Cambrian through
Carboniferous, (2) a central intrusive mass of late Mesozoic granitic
rock exposed in Snake Creek and south of Osceola, and (3) a volcanic
capping at the south end of the range in the Murphy Wash area. All the
ore deposits known to the writer occur in the Cambrian sedimentary rocks
or in the granitic intrusive, and none have yet been identified in the
higher Paleozoic section, perhaps largely because of the distance of the
upper rocks from the intrusive to which the mineralization is probably
relateds Gold and tungsten, with minor amounts of lead and silver, have
been produced profitably in the range, The Minerva district with its
tungsten production has first place in gross yield; the Osceola district
with its gold and minor tungsten production has second place; and th

“Hub district, a former tungsten producer, third place. ’

The ftungsten occurrences in the range are in veins or stockworks

with quartz or calcite, or both, as gangue. No deposits of the contact-
metamorphic type have been found, In general, either scheelite or

4
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huebnerite or both occur in those deposits with guartzite or granitic
wall rocks, but only scheelite occurs in the stratigraphlcally Kigher
deposits with limestone wall rock. Narrow pegmatitic veins with quartsz,.
feldspar, beryl, and scheelite have been found in the granite wést of the
old Bonita tungsten mine on Snake Creek. Minerva is the only tungsten
district that made appreciable production between 1918 and 1944. Perhaps
six other districts in the range were worked profitably at higher prices
in 1916-18,

The sedimentary rocks on the west side of the Snake Range, from
Osceola south past Minerva to the mouth of Murphy Wash, from oldest to
youngest are the Lower Cambrian Prospect Mountain quartzite and Pioche
shale, a Middle Cambrian limestone perhaps 2,000 feet thick, *a Middle or
Upper Cambrian shale prabably 300 to 1,000 feet thick, the Ordovician
‘Pogonlp limestone and Eureka quartzite, and an overlying 1imestone which

is perhaps alse Ordovician., The rocks exposed are successively younger:
from Osceola southward: the Piloche shale appears at the mouth of Pole
Creek 6 miles north of Minerva; the Pogonip limestone and Fureka quartzite
are exposed south and east of Minerva., The veins at Minerva lie in the
upper part of the Middle Cambrian limestone, so only this part of the
stratigraphic section was studied in detail. No attempt was made to
measure thicknesses outside of the mapped area,

Sedimentary :ocks

At Minerva, the section mapped congists of about 1,000 feet of lime--
stone overlain by at least 300 feet of thin, platy 11mestone and shale,:
Faulting conceals the true thickness of the shale, which may be as much as
1,000 feety The normal sequence above the shale is absent, for the shale
is faulted against the middle part of the cherty Pogonip limestone of
Ordovician age, probably many hundreds of feet above the base of the
Pogonips Below the Minerva section, massive, light- and dark-colored
limestone beds with a total thickness estimated at 1,000 to 1,500 feet
extend downward to the Pioche shale and Prospect Mountain quartzlte. This
part of the section is well exposed on Mt. Washington, 5 miles north of
Minerva; the saddle between Mt. Washington and Mt. Lincoln 1s cubt in the
shale at the top of the Cambrian section at Minerva.

. On the map of Tungsten Metals properties (figs. 3), the Cambrian lime-
stone has been divided on the basis of lithology into 3 major unitss the
"Upper black limestone," "Upper white limestone," and "Lower black lime-
stones" On the map of the Hilltop mine (fig. 4), the lowest of these
units, the "Lower black limestone," has been divided into 4 subunits.
Although it is possible to choose major units that maintain rather con-
stant thicknesses over distances of miles, the small units mapped at
Minerva are soméwhat more variable. In the sequence of limestones that

> - v

Fig. 3. Geologic map of a portion of the Minerva district.
Fig. 4. Surface map of the Hilltop mine, Minerva district.
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make up the Middle Cambrian, the units range from light to dark, massive
to thin-bedded, dense to granular, not only down the dip but also along

the strike of the beds.

These lithologic variations are well illustrated

by individual Dbeds on the beaﬁtifully exposed west face of Mt. Washington,
north of Minerva. For an example from the Minerva district, the dense,
massive unit mapped as "Upper white limestone" has a thickness of 80 feet
at the Chief and Silver Bell mines, 180 feet in the east part of the Everit
vein, 280 feet on the West Everit hill, and 180 feet at the Hilltop mine.

The following tolumnar section, starting with the youngest rocks,
summarizes the lithologic units used in mapping the Minerva district:

Cherty limestone

Shale

Upper black limestone

Thickness not determined, but certainly
several thousands of feet. Part of the
Ordovician Pogonip. In fault contact
with underlying shale,

Thickness at least 300 feet, perhaps 1,000.
Thin, platy limestone beds with shale part-
ings in the lower portion, argillaceous
shale above.

3

hickness 300 feet, Thin-bedded to flaggy,
dark-gray limestone, gradational contact
upward. Abundant stylolites present in
drill cores of Silver RBell area.

Upper white limestone Thickness 75 feet at Chief mine, 180 feet at

Bast Everit, 280 feet at West Everit, 180
feet at Hilltop, Massive, very fine-grained,
light-gray limestone with pinkish cast.
Contains a few thin, lenticular beds of
dark-gray limestone. Cliff forming. Marked
at top by a distinetive bed of thinly banded,
cross—bedded limestone 2 to 4 feet thick, a
bed that is present throughout the district
and elsewhere in the range at this position
and serves as a stratigraphic marker.

Lower black limestone Thickness at least 300 feet, Dark-gray lime-

stone with some lighter beds; mottled, numerous
algal beds. Bedding indistinct to goode At
the Chief mine, 180 feet below the top of this
unit, is a 30~foot bed referred to as the
"lower white limestone," lithologically

similar to the "Upper white limestones." In the
mapped area surrounding the Hilltop mine,

rocks equivalent to the "Lower black linmestone"
have been further subdivided into the follow-
ing distinctive units: "middle gray limestone,"
50 feet thick; "thin-bedded limestone," 40 feet
thick; "lower gray limestone," 100 feet thick;
"lower white limestone," over 50 feet thick,
base not exposed.

6
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Igneous rocks

Rhyolite is the only igneous rock exposed in the Minerva district.
It occurs northwest of the Silver Bell mine in sills 2 to 20 feet thick
near the base of the shale; elsewhere it forms dikes as much as 25 feet
thick that follow east-dipping faults. The dikes are most abundant in a
zone across the center of the district extending from the Silver Bell mine
to the Hilltop mine. They were intruded after formation of the scheelite
veins, for they cut through the veins at the portal of the 6,900~foot level
in the Fast Everit mine and at the Tony prospect, and elsewherse occupy post-
mineral faults that offset the veins. The silicification and ironstaining
along some of the faults is probably related to the rhyolite, which may be
allied to the flow rocks east of Murphy Washat the south end of the Snake
Range,

Structure

The rocks and veins of the Minerva area are disrupted by numerous
faults that follow at least five different systems, Nearly all of these
faults, even the low~angle ones, are normal faults; that is, the hanging
wall has dropped with respect to the footwalls The few that show reverse
movement have relatively small displacements, .

Most of the faults can be placed in one of the following groups,
listed from oldest to youngest:

l.. Faults now occupied by quartz veins that strike N. 700 W,
to N. 70° E. and dip 400 to 70° N, Although the hanging wall
appears to have moved downward 30 to 75 feet, the true displace~
ment cannot be determined, and the apparent displacement cannot
always be differentiated from post-mineral movement along the
veins (group 4). :

2, TFaults that strike north, dip from 75° E. to 750 W.,
and have displacements up to 20 feet, ,

3. Taults that strike N, 15° W. to N. 30° E., dip 13° to
60C E., and have displacements up to hundreds of feet.

4, Faults that strike east, dip 45° to 60° N., and frequently
follow vein segments. Displacements are up to 50 feet,

5., Faults that strike north and dip 45° to 70° W. Dis-
placements are up to 200 feet. Faults of this group are abundant
at the front of the range west of the Everit vein, and also on
the Zigzag claim.

The quartz veins occupy the oldest fault structures, and have been
offset by most of the others. A few steep faults that eut across the vein
structures are also pre-mineral, but they have had only small displacements
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of probably not more than a few feet, and have only locally affected ore
depositions Most of the faults are post-mineral, demonstrated by the laclk
of quartz and scheelite in them, and by the disruption of formerly con-
tinuous ore shoots. :

True displacements on all the faults except the oldest can usually be
determined from the offsets of veins and stratigraphic units. It is essen-
tial to know the true displacement of veins, rather than the horizontal off~-
sety to find continuations of ore shoots. The displacements on some of the
larger faults, such as the Everit fault, change along the strike and dip
because of the cumulative effect of subsidiary faults in the footwall.

Most of the faults are well exposed at the surface. The low-angle
faults have topographic expression, for they repeat the massive, cliff—
forming "Upper white limestone;" the faults lie at the tops of cliffs, and
from a distance resemble bedding, which is much less apparent. All the
‘ faults contain calcite veins or cemented breccia, from an inch to 6 feet or
more in width. Some contain reddish-stained material, usually calcareous
but sometimes siliceous; the siliceous material, which is very fine~grained
and bears no resemblance to the quartz veins, is thought to be associated
with the rhyolite.

Structure contours can be drawn with fair accuracy from the surface
exposures of those faults that dip east at angles of 50° or less. The con—
tours are curved, not straight, and in some instances appear to be "folded,"
with "fold axes" trending east. The Everit fault is a good example: it
dips 13° E. where it offsets the Everit vein, and steepens to 450 within
500 feet north and south of the vein; the dip of the fault at the vein inter~
section persists for at least 500 feet downward into the Fast Everit mine.
The curves in the faults probably represent the original fracture pattern,
rather than subsequent folding, for the limestone beds are not similarly
folded. ’

In the mapped areas, the bedding in the limestone strikes north to
northwest and dips 12° to 45° SW. Folding within the different fault blocks
1s not pronounced, the attitudes within individyal blocks being essentially
similar, The exception to this generalization is outside the detailed map
areas on the Zigzag and Calico claims, between the West Everit and Hilltop
miness On parts of these claims, and for half a mile northward, the beds
have been folded and complexly faulted so that most of the beds dip to the
easte

The contact between the "Upper black limestone" and overlying shale,
in several exposures between the Chief and Everit veins, is marked by a red,
silicified breccia 5 to 50 feet thick with limestone fragments up to 6
inches in size, One of the best exposures, north of the east limit of the
Oriole vein, contains abundant fragments of vein quartz. Although this
breccia is not yet adequately explained, it may represent an old bedding
fault of unknown magnitude, perhaps one of the oldest faults in the district.
The exposures of this contact are very poor except in these silicified areas.
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ORE DEPOSITS
Extent and thickness of veins

Scheelite ore shoots occur in seven roughly parallel quartz veins
occupying normal faults that strike east, dip 459 to 70° N., and are spaced
at intervals of approximately half a mile. The Chief Extension, Scheelite
Chiefy Oriole, Everit, Lome Buck, and Canary Yellow veins are ghown on
figure 3, the Hilltop and Tony veins, which lie farther north, on figure 4.

The quartz veins range in width from a few inches to 30 feety, and in
length from 1,000 to 4,000 feet. The quartz changes in thickness within
short distances along strike or dip, and is in places distributed in a
series of closely spaced, parallel fractures with horses of limestone. The
vein outcrops are limited on the west by alluvium, and on the east by allu~
vium and shale through which the veins do not penetrate, No major veins
have been found on the surface at stratigraphic horizons above the shales
it may be possible to follow the veins underground eastward beneath the
shale capping. ' ‘

The Chief vein has been traced for 550 feet west from the portal of
the main adit, but none of the other veins have been explored beneath the
alluviume TFrontal faults defining the range probably lie only a short dis-
tance west of the foothillsy the possibility of discovering large segments
of veins buried beneath the alluvium seems remote,

Mineralogy and grade of ore

The veins consist mainly of quartz and caleite with some stcheelite and,
in spots, traces of tetrahedrite, galena, silver haloids, powellite, and
cuprodescloisites The scheelite concentrates are reported to contain as
much as 4 ounces of silver to the ton, but this represents a high concen-
tration ratioe The scarcity of associated minerals is indicated by the
purity of the concentrates, which contain only traces of phosphorus, sulfur,
and arsenic, and very little copper and molybdenum.

The quartz in the veins is white or tinged with greenish-yellow,
coarsely crystalline, and usually massive, although a few small vuge can
occasionally be found. The carbonate in the veinsg and faults ranges in
color from white through flesh-color to light reddish brown, suggesting
several carbonate minerals, although calcite is dominant. . The scheelite
commonly occurs in coarse cleavages distributed through the quartz or alined
along fractures in the quartz, In some parts of the veins, notably in the
Oriole mine and Tony prospect, the scheelite is distributed in very fine
grains.

The grade of material mined in substantial quantities has ranged from
245 percent or more of WOz down to 0.3 percent. Local concentrations have
contained as much as 10 or 20 percent of WOz» ALl the ore milled by Tungsten
Metals Corp. to the end of 1943 yielded an average of 0.76 units per ton,
suggesting that the ore contained between 0.9 and 1.0 percent of WOz,

9
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Ore shoots

The tungsten ore occurs in shoots of limited vertical extent but with
remarkable lateral continuity, which is disrupted by post-mineral faulting.
The quartz veins are nearly barren outside of the shoots, which occupy only
a small part of the veins. The ore shoots rake westward roughly parallel
to the bedding in adjacent limestone, and frequently lie on the footwall
side of the vein; the widest ore stopped is about 10 feet, although the vein
in which the ore occurs may be 20 to 30 feet wides In the smaller veins,
ore shoots as narrow as 1 to 3 feet have been stoped.

Each of the main veins worked appears to have a single main ore shoot,
although the Everit vein contains remnants of an upper ore shoot, and both
it and the Chief vein may yet prove to contain lower shoots in portions that
have never been prospecteds In the Bast Everit mine, the main shoot was
mined for 80 to 130 feet along the dip of the vein, and for a pitch length
of 650 feet; extensions to the east have not yet been found, but an exten-
sion to the west is known to continue another 240 to 400 feet, possibly more.
In the Chief mine, the ore shoot has been mined for 80 to 140 feet along
the dip, and for a pitch length of 900 feet, Mine development may ultimately
prove that the ore shoots before faulting were essentially continuous through
most of the length of these veins. Little is known about the ore shoots in
other veins of the distriet, for they have not been extensively explored.

The main ore bodies in the Chief, Everit, Canary Yellow, Zigzag, and
Hilltop mines ocecur at about the same stratigraphic horizon in the "Upper
white limestone." The upper stope in the West Everit mine, and the surface
stope in the East Everit mine east of the Everit fault, both lie higher
stratigraphically in the "Upper black limestones" The ore shoot in the
Silver Bell mine also lies at a higher horizon, but appears to rake downward
to join the shoot in the Chief mine.,

The walls of the veins are frozen to the limestone in most instances,
and post-mineral surfaces of breakaze lie within the veins. The wall rocks
. are unaltered regardless of the presence or absence of ore in the adjoining
vein.

The occurrence of ore shoots and the brecciation in them show that the
veins were formed by successive introductions of minerals, and that the ore
bodies were probably deposited in more porous portions of the veins. The
massiveness of thg "Upper white limestone" appears responsible for condi-
tions favorable to sch