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ABSTRACT

The Minerva district is on the west slope of the Snake Range: in
eastern 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 rhyolites
younger than the tungsten deposits. Of the seven veins known, five have
-been productive, and two of ‘these are responsible for most of the dis«»
trict yielde Since the discovery of tungsten in 1915 until 1944, the
districh ylelded 82,000 unite of WOzs sold for approximately $1,726,5654
Except for about $63,000 worth prod.uced; in 1916-18, the major produd’bion.
bas Been. since 1936. The average grade of ore has been nearly 1 p
off WO%zw with a range from 0.5 percent to 2.0 percent or moree. The quan:tz
veing are as much as 30 feet in width, but the maximum width of ore hai
Been anly 1QG feet, and the average nearer to 5 feete

i The veins*g which strike east and &ip northy are offset by many pdstb-
«mineral. normal .faults with.displacemenis.as.great -as 400 feet. These
faulte 4isrupt ore shoots that were formerly continuous for pitch lengths

of 90Q fest or more.

Ot properties of Tungsten Metals cb!'p*r"m regerves with 0.5 percent
& more of WOz were estimated in collaboration with the Bureau of Mines
ot December lg 1943, at 1,30 tons of measured ore containing 900 units
. of W0z» 154320 tons of Indicated ore containing 11,705 units, and
53,900 tons of inferrved ore tontaining 42,195 units. Reserves with a
grade less than 0.5 percent o6f WOz amount to 9,000 tons of indicated ore
containing 3,600 units. Reserves at other properties in the district
were estimated at. 400 tons of indicated ore containing 400 units, and
14600 tons of inferred ore containing 1,600 unitgs In these estimates,
no gccount is ‘taken of entirely untested portions of veins that may be
founds by future explerationy to contain aﬂd,itional tonnages perhaps
squal to the total cited. ‘



INTRODUCTION

Location

The Minerva district is near the Utah border in White Pine County,
Nevey 45 miles southeast of Ely, which is on the standard gauge Nevada
Northern Railroad (fig. 1), Minerva, the mill and townsite of Tungsten
Metals Corpe.s 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. 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 mille.

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 veln, operations
here and at Bromide Flat, east of the Hilltop vein, were not extensiveg
silver production was meagre, and the district was abandoned by 1876..]J
Scheelite was found in the veins in 1915 by C. ¥, Millick, A. G. Millick,
and Jasper M. Fox, and mined on a small scale in 1916.. The Nevada 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
.collapse of the tungsten markets. 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 tax records show
production only in 1916, amounting to $7,651l. Except for a small-scale
leasing operation in 1932, thé property was idle until 1936 when Tungsten
Wetale Corp. was organized. This company built the present 75-ton mill
. ¥n 1938, and has developed the Scheelite Chief, Silver Bell, Oriole, West
Bverity and East Everit mines (fige 2). Production from these mines ixn
the period 1937-43 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 digtrict production of 82,000 unitse

Fig. 1. Index map of Nevads showing location of the Mfnerva districte
Fig. 2¢ Index map of the Minerva district showing principal veins and faultse

Table l. Productien of tungsten ore and concentrates from mines of the
‘Minerva district, Nev., 1916-43.- .

y' Iincoln, ¥ C., Mining d.istr,icta and mineral resources of Nevada: '
Nevada Newsletter Publishing CG'. ' Reno. p. 254, 1923,

2[ Couch, B. Fs, and Carpenter, J. A, Nevada's metal and mineral production.
Uhiversity of Nevads Bull.., Geo}:ogy and Mining Series No. 38, p. 148,
1943.
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Table le Production of tungsten ore and concentrate from mines

\

of the Minerva district, Nev. 1916~43.

Zonp | Tungsten Metals Corp.d/ Hilltop mined/

Tons of ore{Unite of WO3 Value Tong of ore|Units of WOz| Value
1916f  191¥ 1918/ - $7,6518/ b
1918} 1,846% | 1,846/ 55,3774 |
1937} 6,4005/ | 6,0365/ 158,9168/
1g38| 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/ 226,1287/ | 1,126 1,677 436,800
1942| 19,867 16,876 428,008 450 429 | 11,463
1943| 15,718 8,507 253,878 - - -~

103,504 79,926  |$1,678,303 1,576 2,106  |$48,262

;{ Data from Tunésten Metals Corp. except where noted. Includes production
from Nevaeda Scheelite Co. (1916) and Minerva Tungsten Co. (1918).

2/ Data from Shoshone Mining Cox

3/ Value from Nevada tax records, University of Nevada Bull., Geology and
" Mining Series Noe 38, D« 148, 1943, Units estimated from value,
assiming a price of $40 a unit. Tonnasge based on recovery of 140
percent WOz« ' : o \

4f Value from Nevada tax records, ope cit., p. 148. Unite estimated from
' value, assuming a price of $30C a unit. Tonnage based on recovery of
1.0 percent W03z«

5/ Units from records of Tuﬁgéten Metals Corp.; value and tonnage from
Nevada tax records. opes cifte, pe 148

§{ Includes production from re-treatment of tailingge

7/ Tueludes productien from re-treatment of tallings: alse 4,521 mnite of
~ WOz contained in 2,082 tons of slime tailings 50ld for $18,243, net.



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 Survey assisted
in underground mapping; in 1943, Konrad B. Krauskopf, aided by Robert Fe
Stopper, of the Survey, made a surface map of the Eilltop mine areas

Work by the Bureau of Mines

In the winter and spring of 1941, the United States Bureau of Minesg
core~drilled 34 holes totalling 6,332 feet on properties of Tungsten Metals
Corpes and located the ore mined since then. Again, in the fall of 1943,
the Bureau drilled & holes totalling 2,898 feet and located the westward
continuation of the ore body in the Silver Bell mines In each instance,
plans for the drilling were laid out jointly by the writer and the project
engineer, X We Newman in 1941 and Re W. Geehan in 1943, as part of a
cooperative program of the Geological Survey and Bureau of Miness

Acknowledgments:

Tungsten Metals Corp., through its staff consisting of Paul J.
Sirkegian, We L. Trent, &.: J« O'Connell, and W. H. Dunham, furnished
records, surveys, board and lodging, and helpful assistance. Hadley Re
Bramel contributed assays and other information about the Canary Yellow
and Zigzag claims, entered into many stimalating discussions, and was a
gsource of information about other mines in the regiones

GEOLOGY
Regional gsetting

Thé& 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 Canbrian sedimentary rocks
or In the granitic intrusive, and none have yet been identified in the
higher Paleozolc 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 silvery have
Been produced profitably in the range. The Minervs district with its
tungsten production has first place in gross yield; the Osceola distriet
with its gold and minor tungsten production has second place; and the
Hub district, a former tungsten producer, third placee

‘The twpegsten occurrences in the range are in veins or stockworks

with guartz or calcite, or both, as gangue. No deposits of the contact—
metamrphic type have been found. In general, either scheelite. or
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huebherite or both occur in those depasits with quartzite or granitic
wall rocks, but only scheelite occurs in the stratigraphically higher
depésits with limestone wall rock. Narrow pegmatitic veins with quartz,
feldspar, beryl, and scheelite have been found in the granite west of the
0ld Bonita tungsten mine on Snake Creek. Minerva is the only tungsten
district that made appreciable praduction 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
shaley, g 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 Eureka quartzite, and an overlying limestone which
is perhaps also Ordovician., The rocks exposed are successively younger
from Osceola southward: the Pioche shale appears at the mouth of Pole
Creek 6 miles north of Minerva; the Pogonip limestone and Bureka 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 ma.d.e to
measure thicknesses outsid.e ‘of the mapped area.

Sedimentary rocks .

At Minerva, the section mapped. consists of about 1,000 feet of lime—
stone overlain by at least 300 feet of thin, platy limestone and shales
Faulting conceals the true thickness of the shale, which may be as much as
1,000 feete The normal sequence above the shale is absent, for the shale
is faulted against the middle part of the cherty Pogonip limestone of
Ordsvician age, probably many hundreds of feet above the base of the
Pogonipes 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 quartzitee. This
part of the section is well exposed on Mt. Washington, 5 miles north of
Minerva; the saddle between Mt. Washington and Mt, Lincoln is cut in the
shale at the top of the Cambrian section at Minerva.

On the map of Tungsten Metals properties (fig. 3), the Cambrian lime-—
stone has been divided on the basis of lithology into 3 major units: the
8Upper black limestone,f "Upper white limestone," and "Lower black lime-
stanes'* On the map of the Hilltop mine (fig. 4), the lowest of these -
unitsy the "Lower black limestone," has been divided into 4 subunitse
Although it is possible to choose major units that maintain rather con-
gtant thicknesses over distances of miles, the small units mapped at
Minerva are somewhat more variable. - In the sequence of limestones that

Pige 3¢ Geclogic map of é. portion of the Minerva district.
Tig. 4. Surface map of the Hilltop mine, Minerva district.




make up the Middle Cambrian, the units range from light to dark, massive

- o 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 beds on the beautifully exposed west face of Mt. Washington,
north of Minerva. TFor an example from the Minerva district, the dense,
mass$ive unit mapped as "Upper white limestone! has a thickness of 80 feet
at 8he Chief and Silver Bell mines, 180 feet in the east part of the Bverit
veiny 280 feet on the West Everit hill, and 180 feet at the Hilltop mine.

The following columnar section, starting with the youngest rocks,
sumsarizes the litheologic units used in mapping the Minerva district:

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

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

Upper black limestone Thickness 300 feete Thin-bedded to flaggy,
dark-gray limestone, gradational contact
upward. Abundant stylolites present in
drill cores of Silver Bell area.

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

’ Fagt Everit, 280 feet at West Bverit, 180
feet at Hilltope. Massive, very fine—grained,
light-gray limestone with pinkish cast.
Contains g few thin, Jlenticular beds of
dark-gray limestone. Cliff forming. Marked
at top by a distinctive bed of thinly banded,
crogs-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 goods 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 limestone.™ 1In the
mapped area surrounding the Hilltop mine, -
rocks equivalent to the” "Lower black linmestone"
have been further subdivided into the follow—
ing distinctive unitss ™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 nat exposed.

&



Igneous rocks

Rhyolite is the only igneous: rock exposéd in the Minerva d.istnct.

It occurs northwest of the Silver Bell mine in sills 2 to 20 feet thick
near the base of the shaley elsewhere it forms dikes as much as 25 feet
thick that follow -east-dipping faultse The dikes are most abundant in =z
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 Bast Everit mine and st the Tony prospect, and elsewhere occupy post—
mineral faults that offset the veinse The silicification and ironstaining
along some of the faults is probably related to the rhyolite, which may be
allied toc the flow rocks east of Murphy Washat the south end o:tr the Snake

M&e -
Structure

The rocks and veins: of the Minerva area are disrupted dy 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 footwall. The few that show reverse
movement. have relatively small displacements.

Mast of the faults can be placed iﬁ one of the following groups,
ligted from oldest to youngest:

l.. Faults now accupied by quartz veins that strike N. 709 V.
to N. 70° B. and dip 400 to 709 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 £ronx post-mineral move,ment along the
veing (group 4).

2a I‘a:ulﬁs that strike north, dip from 75“ B to 75¢ W.,ﬁ
and have: displacwentsz up to 20 feet,

5. Taulte that strike N. 159 W. to N. 30 &, dip 130 4o
600 Ees and have d.isplacements up to hundreds of feet.

e I’aults: that strike east, dip 45° to 60° ¥., and i‘requently
) fbllcmv vein segments. Displacements are up to 50 feet,

5. TFaults that strike north and dip 45 to 70% W Dis~ -
placements are up to 200 feet. PFaults of this group are abundant
at the front of the range west of the Everit; veiny and also on
the Zigzag claim.

Tl:e quartsz veins occupy the oldest fault stru.ctufaég and. have been
offset by most of the otherss. A few steep faults that cut acrosa the vein
structures are a.ls:a pre--m:‘.zlera,};,h bu'e they have, had only small displacements



- 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 lack
of quartz and scheelite in them, and by the disruption of formerly con-—
tinuous ore shootse

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—
gsety 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.

Mast of the faults are well exposed at the surface. The low-angle
fhults 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
faulte contain calcite veins or cemented breccia, from an inch to 6 feet or
more in widthe Some contaln reddish-~stained material, usually calcareous.
but sometimes siliceousy 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 Bverit fault is a good example: 1t
dips 13° ¥. where it offsets the Everit vein, and steepens to 48° within
500 feet north and south of the vein; the dip of the fault at the vein inter~
gection persists for at least 500 feet downward into the Bast Everit mine.
The curves in the faults probably represent the original fracture pattern,
rather than subsequent folding, for the limestone bed.s are not similarlr
ful&e&. .

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

The contact Between the ‘m:ppev black limestone” and overlying shales
in several exposures between the Chief and Everit veins, is marked by a reds
gilicified bBreccia & to 50 feet thick with limestone fragments up to 6
inches in sizes. One of the best exposures, north of the east limit of the
Oriole veinm, contains abundant fragments of vein quartz. Although this
breccia is not yet adequately explained, it may represent an old bedding
fault of unknown magnitudes perhaps one of the oldest faults in the district.
e exposures of this contact are very poor except irn these silicified areas.



ORE DEPOSITS
Ixtent and thickness of veins

Scheelite ore shoots occur in seven roughly parallel quartz veins
occupying normal faults that strike east, dip 45% to 70° N., and are spaced
at intervals of approximastely half a mile. The Chief Extension; Scheelite
Chiefy Orioles Everit, Lone Buck, and Canary Yellow veins are shown on
figure 3, the Hilltop and Tony veinsy which lie farther north, om figure 4«

The quartz veins range in width from a few inches to 30 feet, and in
length from 1,000 to 4,000 feete The quartz changes in thickness within
short distances along strike or dip, and is in places distributed in a
gseries of closely spaced, parallel fractures with horses: of limestones 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 shaleg
it may be possible to follow the veins underground eastward beneath the

shale cappings

The Chief veiln has been traced for 550 feet west from the portal of
the main adity but none of the ether veins have been explored beneath the
. alluviume. Frontal faults defining the range probably lie only a short dis-—
tance west of the foothills; the possibility of discovering large segments
of veins buried beneath the alluvium seems remote.

Mineralogy and grade of ore o

The velns consist mainly of quartz and calcite with some scheelite and,
in spots, traces of tetrahedrite, galena, silver haloids, powellite, and
cuprodescloisite« The scheelite concentrates are reported to contain as
wmuch as 4 cunces 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 phosphoruss sulfur,
and arsenic, and very little copper and molybdenum. - )

‘The quartz in the veins is white or tinged with greenigsh-yellow,
coarsely crystalline, and usually massive, although a few small vugs can
occasionally be found. The carbonate in the veins and faults ranges in
color from white through flesh—~color to light reddish brown, suggesting
segveral carbonate minerals, although calcite is dominant. The scheelite
cemmonly occurs in coarse cleavages distributed through the quartz or alined
glong fractures in the quartz; In some parts of the veins, notably in the
Qriole mine and Tony prospectys the scheelite is distributed in very fine
&ainse.

« The grade of material mined in substantial quantities has ranged from
245 percent or more of W03 down to 0.3 percent. Local concentrations have
contained as much ag 10 or 20 percent of WOz« All the ore milled by Tungsten
Metals Corpx to the end of 1943 yielded an average of 0.76 units per tong
suggesting that the ore contained between 0,9 e,nd. 1.0 percent of WOz,
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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 occcupy only
a small part of the veinse The ore shoots rake westward roughly parallel
te 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 accurs may be 20 to 30 feet wides In the smaller vems‘
ore shoots as narrow as 1 toc 3 feet have been stoped.

Fach of the main veins worked appears to have a single malin ore shooty
although the Xverit vein contains remnants of an upper ore shoot, adid both
it and the Chief veim may yet prove to containm lower shoots in portions that
have never been prospected. In the Fast 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 feety 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 feét. 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
aother veins of the district, for they have not been extensively exploredes

The main ore bodies in the Chief, Everit, Canary Yellow, Zigzag, and
Hilltop mines occur 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 Bverit fault, beth lie higher
stratigraphically in. the "Upper black limestone.'"™ The ore shoat 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 ta the limestone in most instances,
and post-mineral surfaces of breakage lie within the veinss The wall rocks
. are unaltered regardless of the presence or absence of ore in the adjoining
velne

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 meore porous portions of the veinse« Tha
massiveness of the "Upper white limestone™ appears responsible for condi-
tions favorable tec scheelite mineralization. Perhaps slight changes in dip
of veins where they crosg limestone beds of different competence permitted
development of crushed zones within the quartz, zones formed by continmuous
shearing along the vein. If thig explanation be true, then other ore
shoots may be discovered at greater d.epths in the vein wherever similar.
conditionsg prevaile



MINES

The veins in the Minerva district known to contain tungsten ore are
held by Tungsten Metals Corp., Calico Tungsten Co., or Shoshone Mining Co.
Of the many claims in the district, only seven are patented, all part of
the Tungsten Metals group. Companies formerly active on some of these prop~
erties include Nevada Scheelite Co. (1916-17) (not to be confused with a
different company which has operated under this name at Rawhide, Nev.),
Minerva Tungsten Coe. (1918), New Deal Leasing Co. (1940~41), Scheelite
Leasing Co. (1941), and Virdot Development Co. (1941-42). These companies
have all disbanded.

~ Tungsten Metals Corp. -

Tungsten Metals Corp. owns the southern five of the seven known 'veins
in the district. In addition to the seven patented claims (surveys 4485-A,
4486, and 4487) shown on the map (fig, 3), the group includes about 40 -
unpatented claims. Tungsten Metals Corp. also owns a 75-ton mill at Minervae.
Custom ore from other properties has been accepted at this mill where all
ore mined in the district since 1938.has been treated.

Scheelite Chief mine

The Scheelite Chief mine (see figs. 5 to 8) is in two major segments
of the Chief vein, separated by the Chief fault. Both segments are developed
from the 6,316-foot level, an adit 1,530 feet long, The wesi segment has
three upper adits now largely stoped, a shaft near the portal of the main
adit, and two short lower levels from the shaft. The east segment has a
winze 30 feet deep below stope 1, with a sublevel from the bottom west to
the Chief faulte

The west segment has been stoped from the portal of the adit to the
Chief faulte Two small blocks of ore probably still remain west of the
fault that terminates the 6,246~ and 6,276-foot levels. Of sevenr holes
drilled beneath the alluvium, only one, 550 feet west of the mine, found
oree The ore shoot in the intervening ares may have been eroded away.

The east segment has been stoped above the main level for a length of
260 feet, and the level has been extended another 340 feet beneath the
shoote The quartz vein below the shoot is narrower, ranging from half a
foot to 4 feety and contains sporadic traces of scheelite,

Figs 5. Map and vertical projection of the Scheelite Chief veins
Fige. 6, Scheelite Chief mine, composite mape

Fige 7. Scheelite Chief mine, vertical projection of west workings.
Figi 8. Scheelite Chief mine, vertical projection of east workings.




Silver Bell nmine

The Silver Bell mine (see figs. 3 and 10), in the east portion of the
Chief veln, is worked to the fourth level through a shaft 365 feet deep on
the incline (238 feet vertically). 4 winze, 84 feet on the inclines connects
the fourth. level with a short fifth level at a point 300 feet west of the -
shafte« The total level workings, largely concentrated on the third and
fourth levels, amount to nearly 1,200 feet of drifts and crosscutse Ore was
stoped above the third level for a length of 140 feet, a width of 3 to & feet,
and a height of 60 feet along the dipe A faulted westward extension of this
ore body was being worked from the fifth level in October 1944, Possible
extensions eastward beyond the shaft have never been investigated either by
drilling or drifting, and should be sought by extending the third level east
through the various fault segment s
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Oriole mine

The Oriole vein is the least developed of the major veins in the dis- .
tricte It is opened at the west end in the Oriole mine by two short adits
~ugt-a wvertical interval of 80 feet (see figs. 1l and 12). The ore stoped
consisted of very fine-grained scheelite in quartz, and averaged only 0.4
percent of WO03Z. The width of ore ranged from 1-1/2 to 5 feet. The stopes
mined are in offset segments of a single ore shoot, which could probably be
readily followed eastward by extending the upper adite.

The outcrop of the vein is mostly barren except for some coarsely
crystalline scheelite on the crest of the hill above the mine, and for low—
grade mineralization in the first segment east of Chief Canyon. The only
exploration east of the mine is by three shallow drill holes in two fault
‘gsegments east of the canyon. Although the vein is not as strong at the sur-
face as the Chief or Everit veins, it shows impressive widths of q_uartz, and
mnight be productive in the future.

West Bverit mine

Workings in the West Everit mine consist of twa adits, a sublevel above
‘theupper ‘adit, two -stopes, and several connecting ralses (see figs. 14 to 16).

Fige 9+ Silver Bell mine, composite mape

Fige IO. Silver Bell mine, vartiéal projection.
Fige 1la Oriole mine, composite mape

Pige 12. Oriocle mine, vertical projection.

Fig. 14e West Everit mine, composite map.‘. '
Fige 15. West ETverit mine, vertical prodection.s

1

Plge 16. West Bverit mine, section along 11,350 E.




An adit 50 feet long on the west face of the hill dates from 1917. Two
small ore bodies have been mined, both of excellent grade: one'on the crest
of the hilly the other in the lower adit. Both ore bodies are in the h

ing wall of the West Everit fault, and are cut off by it. The upper ore
shoot is = remnant, former extensions of which have been eroded away. The
lower ore shoot, however, might have extensions below the West Everit faulfe
In spite of several hundred feet of exploratory work from the 6,800-~foot
level, the vein was not located. The work seems to have disproved the
existence of any segment of appreciable size in the footwall of fault TAM,
which is parallel to the vein. The segment of vein exposed on the west side
of the hill at 11,200 E., 9,400 N. is probably the same Everit vein and ore
may be found in it below the 6,800-foot level.

The West Everit vein zone ranges in width from 5 to 50 feet, the vein
branching into several parts with included layers of limestone. The maxi-
mum width of continuous quartz is 25 feet, Wherever drifts lie in the main
vein, the full width of quartz is not exposed; so scheelite ore bodies may
be missed by failure to crosscut..

The only ore remaining in the mine is between the upper stope and the
West Everit fault in a fault sliver estimated to contain 1,200 tons. The
fault segments west of the mine are too little known to permit any infer—
ence as to quantity of ore. 3Because of extreme faulting, the vein westward
beneath the alluvium probably does not justify underground exploration.

‘Bast Everit mine

The main development in the Fast Everit mine is from an adit 1,735 feet
Iong at an elevation of 7,050 feet (see figs. 13 and 17-20), A raise con-
nects with the surface from g point 1,085 feet inside the portal. A shorter
adit, 150 feet lower, is: used for ore transfer, and also for development of
another fault segmente

Two ore shoots have been mined, probably correlatives of the two in
the West Everit mine. The upper ore shoot is eroded away except for a small
segment stoped at the surface above the Everit fault, The lower shoot
~~cropped ‘out only west of the Everit fault, ‘but has been stoped most exten—
sively east of the faulte Although drill hole 8 and the westernmost stope
in the mine (that from the 6,900~foot level) yielded ore containing only -
about 0.5 percent of W03, the ground has not been sufficiently tested to
prove the abgence of better ore. An adjoining segment of vein that crops
out south of the portal of the 6,900~foot level is: untesteds

Tige 13. Map and vertical projection of the Everit vein.
Pige l7» East Everit mine; composite map..

Fige 18+ EFast Everit mine, vertical projection.

Fige 19, East Everit mine; map of east extensions

Fige 20s Zast Everit mine, section along 14,674 Ex
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- The portion of the vein intersected near the face of the 7,050-foot
level (at 14,100 B.) contains low-grade scheelite-bearing material at that
point, but has not been explored upward to the surface, which is masked
by debrise. Beyond the faces five holes drilled¢ from the surface in 1943
found no ore; but proved that the ore horizon lies considerably lower in
this fault block. The thickness of quartz and the presence of scheelite
in this part of the vein are encefiraging for the eventual discovery of an
ore shoot at greater depthe

The small vein that lies 150 feet north of the Bverit vein contains
several exposures of narrow but high-grade scheelite ore« One outcrop (at
- 134150 Ee) was mined in an open cut, Drill hole 2 (at 13,240 E.) inter—
sected § inches of veln that assayed 7,53 percent of WOz. High-grade ore
8 inches wide has not been touched in an exposure at the east end of the
vein (at 13,580 E.)e The widths and tonnages available are unfavorable for
company exploration, but the grade of ore might make portions of the vein
attractive to a lessee. } _

Lone Buck vein

The Lone Buck vein, entirely unexplored, crops out for a length of

- 1,200 feet and ranges in width from a few inches to 4 feet. Two channel -
samples cut by the Bureau of Mines in 1941 indicate a block of ore (between
14,20Q B. and 14,260 E.) 60 feet long, 1.8 feet wide, and averaging 1,74
percent of WOzs indicated ore along the rake west to the nearest fault:
amounts to 220 tonse The Vein shows little premise of productivity, for
the only ore exposed is in this bleck, which is a small and inaccessible
remnant of a shacte

@iccr Tangsten Cos,.

The Calica Tungaten Coe, a partnership between Hadley R. Bramel and
Stanley Feitler, owns three unpatented claims on a single veiny the Canary
Yellowy Calico, and Zigzag claimse. BEBxcept for surface cuts, work has been
concentrated at the Canary Yellow mines

AY

““Canary Yellow mine

The Canary Yellow mine is developed by an 85-foot crosscut adit with
& 110~foat drift on the vein, and a raise te the surface 85 feet above
(see figs 21)s The vein in the drift shows 1 to 1-1/2 feet of ore contain~
ing more than 1 percent of W0z for a drift length of 60 feet. On the sur-
face directly over the portal of the adit, Bramel and Feitler sampled the
vein at 10-~foot intervals for a length of 130 feet over widths of I-1/2 to
6 feety; and obtained assays ranging from 0.33 to 4,20 percent of WOz, averag~
ing more than 1.0 percent. J¥rom the raise, 37-1/2 tons milled by Tungsten
Metals Corp. ylelded only 27 units of W03, an average of 0.72 unit per ton.

Pige 2l. Canary Yellow mine, ma.y and i:rojection of workings,

k4
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Although the ore in the drift and raise is poorer than that at the surface,
better ore may lie west of the workings if the surface body is part of a
shoot that rakes westward. The ore in the drift may may represent a lower
shoote With this interpretation, the upper shoot, with an average widta
of 2 feet, is estimated to contain 400 tons of indicated ore that will
average more than 1.0 percent of WO3; the lower shoot, 1-1/2 feet wide and
averaging 1.0 percent, may contain at least 600 tops of inferred ore if it
continues 260 feet along the rake to the faults limiting this segment of
veine ¥o estimate can be made of the pessibilities of the vein eastward,
for the vein is unexplored and ore is not exposed at the surface, although
the vein croppings continue 1,000 feet east of the mine.

Zigzag and Calica claime

The Zigzag and Calico claims lie on the west end of the same vein as
the Canary Yellow mine, but are separated from it by half a mile of alluvial
covers The vein on these claims, faulted even more than is normal to the
district, is broken into fragments 20 to 200 feet long, some of which con~
tain ore at the surface. The only workings are a few open cuts from which
Bramel and Feitler mined 18 tons of ore that yielded 20 units of WOz, The
width of vein ranges from 1 to 4 feet. Inasmuch as ore at the surface has -
not been profitable to mine because of the small size of fault segments, it
is doubtful if ore present in other segments but not exposed can be mined
profitably unless the price of tungsten exceeds $30 a. unit.

Shoshone Mining Co.

The Shoshone Mining Co., a partnership among A.' J. O'Connell, W, L.
Trenty Je Ze Brinton, and Horace Bath, owns the Hilltop group of six un- -
patented. claimg known as the Hilltop, Tony, Tony Noe 1, Tony Noe. 2, Tony
Noe 3, and Tony No. 4. The clains were operated in 1940-41 by the New Deal
Deasing Cosy int 1941 by the Scheelite Leasing Co., and in 1942 by the
Virdot Development Co. The Tony prospect was operated by Tungsten Metals
Corps for a short time in 1940-4l. Most of the production has come from
the Hilltop mine, which ylelded at least 2,106 units of WOz.

Hilltop mine

The Hilltop mine is developed by a main adit at an elevation of 7,066
feet, by a short adit at 7,120 feet, and by several open cuts (see figse. 4,
22, and 23). The 7,066-foot level has about 650 feet of drifts and cross—
cutsy three stopesy and three raises ta the surface« This level iz connect-
ed with an ore bin at the end of the road, 600 feet lowery by a single
spany jig-back aerial tram 1,150 feet long.

Pigs 4. Surface map of the Hilltop mine.
Fige 224 Map and vertical projection of the Hilltop mine.
’l‘ig. 23. Hilltop vein, map of main level with section.
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The Hilltop vein is narrow, with surface widths of 1/2 to 3 feet. In
the stope east of the crosscut adit, the vein flattened and widened to 8
feet of good ore between the level and the surface 35 feet above. Neither
the drift level with 1-1/2 feet of quartz nor the surface with 1 foot of
quartz gave any indication of the intervening wide ore bodys The stopes west
of the adit were narrow, the ore being a foot or less in width although of

high gradee

Hardly any ore remains in sight, although a few tons could still be
underhanded beneath the level and stopes. The raise at the east end of the
workings has some ore in the rcof; so there may be ore in the 50 feet of un—~
explored ground up ta the surface. The largest block of potential ore is
in the vein segment beyond the west face of the 7,066-foot level, beneath
the upper adite 41l told, perhaps 1,000 tons of 1 to 2 percent ore might
Be found in these untested blocks with very little additional exploration.

~

Tony prospect

The Tony prospect is explored by a 225-foot adit, a raise to the sur-
face, and several surface pits. The vein strikes north and dips east, and
ig in this respect unique among the tungsten-bearing veins of the-districte.
The vein outcrop extends for nearly 200 feet along the strike; continuations
of the same vein~fault to the north and south contain no quartz or scheelite,
although calcite f£illing, common to post-mineral faults of the district, is
present. Scheelite mineralization for widths of 1 to 3 feet extends for
abqut 100 feet on the surface, but no comparable mineralization is present
In the adit. The scheelite is extremely fine-grained. Only 32.5 units of
W0z was: recovered from 159 toms of ore milled in 1941, 2 yield of about 0.2
- percent. No commercial ore is now exposed, and only g few tons that contain
Q.2 to 0.5 percent are visible.

Two narrow veins on Tony Noe 2 claim west of the section corner contain
& few crystals of coarse scheelite, but the exposures are not encouraging
enough to warrant exploration.

RESERVES

The mines of the Minerva district rarely have more than a few tons of
measured orey and seldom have more than a few thousand tons of indicated
oree As in many other tungsten mines, indicated, not measured, ore is mined.
Consequently, an estimate of ore reserves must be primarily an interpreta-—

- tion of unexplored areas based onm past experience. The writer believes that
the total reached in the following tabulation Is conservative, and less than
the expectable future production of the district. Individual blocks in~
ferred, howeter, may vary materially from the estimate given.

- The structural complexity of the ore bodies necessitates considerable
dead work in exploration. Development in the mines has never been far enough
ahead to permit continmuous milling at capacity. In the 6 years from 1938
- to I943, the tonnage produced anmually ranged from 10,160 to 19,867, and

]



never approached the mill eapacity of 27,000 tons. The added mining and
-milling cost involved in operating at capacity would be slight, a_nd. the
n.e’a profitz from such operation would be much greater.

' Under operating conditions in 1943, the grade of ore mined (yield of
0.54 percent of WOz) was the minimum that could be handled profitably at a
market price of $30 a unit. Ore that would mill out at Q.75 percent (the
average yield from past production) presumably could have been worked at
$21.00 a unit, The cost of production in both instances could be reduced
substantially by operating the mines at capacity.

The district reserves are summarized by mines in table 2. The reserve
figures are broken down into blocks within individual mines in table 3 The
only measured ore is blocked out in the east workings of the Chief mine by
a winze, sublevel, and raise, The indicated ore is in blocks that have been
tested by drill holes or partially explored by driftsg and raisess. The in—
ferred orey which constitutes the bulk of the reserve, is inferred largely
on geologic evidence as to continuity of ore shoots. Estimates of grade are
based mainly on the yield from ore mined in the paste.

In addition to the estimates enumerated, it is expected that future
prospecting will discover other ore bodies in the Oriole vein, unexplored
for 2,600 feet east of the Oriocle mine, and in the Chief vein, which extends
_ab least 400 feet east of the Silver Bell shaft, Although these areas have

not yet been tested by drilling or underground workings, they probably con—
tain ore bodies similar to those mined elsewhere in the veins, where produc~—
tion has amounted to about 23 tons per foot of vein explored along the
strikes. This additional tonnage might be on the order of 70,000 tons
averaging 0.8 percent of WOgz. )

Table 2« Summary by mines of ore.reserves in the Minerva districte

Table 3w Reserves within mines of the Minerv'a; district, distributed Inte
: ore blockse
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Table 2« Summary, by mines, of ore reserves in the Minerva distxic:&n ’
December 1, 1943. A \

Qre commercial under presen’c conditionsg
Grade 0.5 percent WOz or higher

Inferred™®

Measurable | Indicated ~ Inferred”®

Tons Uni_ts Tons | Units | Tons [ Units I‘gns LxUpits
Scheslite Chief%** |1,200{ 900 | 6,200{ 4,590}{17,000{12,000 '
Silver Belluww 4,540| 4,540{18,300{15,975} ., ,
East Everit ' 4,400{ 2,200 2;400| 1,920|15,000{11,100
West Everit - 1,200{ 1,200
Lone Buck 200 375
Canary Yellow 400 400 600 600
Hilltop . 1,000 1,000

1,200{ 900 |15,760(12,105}40,500|32,695}15,000111,100

(=3 i r present ond.iti

Grade less than 0.5 percent WOz

Indicated
“Tons | Units
Fast Everit - 5,200{ 2,080}
Oriocle L 3,800% 1,520 -
' ' 9,000} 3,600

*» Inferred with reasonable assurance on basis of nearby workings..
*» Tnferred by geologic reasoning, unconfirmed by workings in the

immediate vicinity.

%k Degerves partially depleted between December 1, 1943 (the date of

this estimate) and May 1945.

Most of the ore mined in this period

was from the Silver Bell mine, some from the Scheelite Chief mine.



Table 3. Reserves w:.‘chin mines of the Minerva distric‘b‘. &%
. ore blocks. December 1, 1943. *

Measurable ore

Indicated ore

Location Width Inferred ore
. in % |Units| % [Units| ‘% | Units
Mine Block|fooy | Tons WOz | Wog Tong W0z | WOz | Tonas | WOz | WOz
‘Scheelite Chief®| C~6 | 8 | oo | oo | oo |Ls200[07 | 840] eo | ee | e
1 G""r 3 - N X " 3 *n - ®w 700 0&8« 56&
i c"& 2.5 .e . .o .o e - 300 %Qn& : 240 ’
c:"g 4 1 ,200 0.75 » 900 - ’e g - o | we -a
G—lﬂ 3"7" - e I - 5;00& 0775 3)3750 -, - o -
8 G"'ll : 5 . e , .e - - ‘ ‘13 xS . X3 16)000 067 Il‘m
E 1,200 900(6,000f  |4,590(17,000 12,000
mver Bellﬁ G"I 60 5 - e L X ‘30'5,00 1.0 5, 500 - ‘ L : -
c’"z &  ee .o e 11040 100- 1,040 i oo [ eaw . e
C-3 | 6.8 | .. .o "o ve o .~ | 9,000]1.C } 9,000
c"é 5 .- L . o w leoy 2 2’300 0&75 6 975
4,540 4,540118,300 15,975
‘oriole O-L | 256 | .. | .. | .. |1,000{0.4 | 400] .. .. | ..
0= 2.5 ve ve .o 2:800 014 11120 .o > e -e
3,800  [1,520 -
West Everit B7 |8 e | oo | e | on e .. | 1,200[1.0 | 1,200
Zast Bverit BL {5 |ee |oe| ==} e o= | oo | 3,000[0.5 | 1500%*
B’z 5 L4 L X3 * e 4,400 Ol5 z'zoo L3 X 1 i
E'"& 5 LY .o e 1.;800 004 720 [ X3 . f ’ X 3
M 5 > w - o o 37«400 cté 19360 ) [ E . ” e
E‘s* 5 xS re | | .- L .o 3.400 0.8 | Iggza
3 E"e 5 Rl L X4 ‘ Lo - [ L & o Ig,ooo ‘o‘ta g géeo:“ .
‘ 19,600 | 4,280{17,40G| 13,020
5 3 g L 1
Bcnﬁ Bﬂcl! X 16‘8 L X LX) - 226 1074 375 3 *» -~ v -
Canal'y Yellow 2.-@ .o .o e 400 100 400 .o iwr -
1.5 -“e .o .o se low «e % . 60010 600
mtog }..5 - - " [ X 3 [ 2 h_o‘«-q? . . 1*000 IGQ 1’4000

® Reserves partially depleted between December 1. i943 (the date of thié

estimate) and May 1945.

Most of the ore mined in this period was
from the Silver Bell mine, some from the Scheelite Chief minee

*# Inferred by geologic reasoning, unconfirmed. by workings in tha immecliate

vicim.ty.s
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