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ABSTRACT '

Tihe winerva disbrict is va Llie wost elope ¢f tls Sncks Roage in
esstern leveda, nesr the Uteh border, Scheelite occurs in ore shoots .
in quarts voins thob cut throush linestone of Middle Cabricn sgee The
only isneous rocks exposcd in the area are dikes and sills of rlyolite, .
younger thren tie twarsten deposits, Of the seven veins known, five have cont
been produstive, end two of these are responsible for rost of the dliw L
trict yiold. Jince tre discovery of tungsten in 1915 tmtil 154, tho
district ylolded £2,000 units cf v03, sold for epproxizstely i1, 726,565,
Excert for bout 63,000 worth proilced in 1915-13, tle wajor production
hus bean szince 1936. e averaze gride of ora hus buen newrly 1 peor cenb
of V0., with a renge from 0.5 per cent to 2,0 per cent or morce vie aiarts
veins tre os vuch &8 30 feet in widtl, but tho midrum wioeh of ore ias
been only 10 feet, and Lle everage noarer to 5 fect, » o J

Tle veins, wiich strike esst ard dip north, are offiset Ly many joste
adnered rowical faults with displaccnents as grebb as 400 feobe Tlese

ef 900 fewt oy nore.

On proyerties of Tunusten lictuls Corp., recerves with 0.5 per cent ‘ 2
or mere of Uy wore catinctod in collaborction with the furosu of Lines
on Lecmiver 1, 1943, b 1,200 tons of meesurcd ore conbiiri. G0 unlts
of Wiz, 15,270 tous of dndicibed ore conbedni o 11,705 unius, ard
53,000 ions of drferred ore conbaining 4<,100 units. Leoerves with a
gride less tiin 0.5 por cant of woy rowt to 3000 tons of ivdiccted ors
contaiiing 53500 units. heserves &b otier proporvies in the uwistrict
vere cordnaiud oo 500 tons of indicated ore eonbeining LU0 usits, wnd
1,660 tens of irferred ore contulidng 1,000 wnits. la thoso esiluubes,
no cesouct 1o to.en of entirely untestod portions of velns Licbl wey Le
found, by fuwre wiloration, tu conbidn edditlonsl tonnu;es perhapo
e uel to tic Lotul cltod,




INTRODUCTICN
Location

The !'irerva district is near tre Utah border in white Pine County,
Nev., 45 miles soutleast of Zly, whick 45 on tho stendard gauge levada
Northern Ruilroad (fige 1)e iidnerva, the mill and townsite of Tungsien
Metals Corp., st &n elevation of 5,800 feet, is 1 mile south of Shoshone
Post Office in oprirnz Yalley, and is reached by o level dirt roud extend=
ing 15 miles froa surfioced Us S liglway 93. The mines, in the lower
portion of the 3nake Rangs ab elevitions of 6,300 to 7,500 feet, are 2 to
5 miles fron the mill,

b

ldstory and Production

Mtlough silver ore was discovered in 1869 &t the Indian Silver mihe,
now incluied in tle ecst portion 46f the Scleelite Chief vein, operations
here &d &t Lreadde Flat, eust of the FEillltop vein, were not extensivey ,
silver rrocducticn wes nesgre, and the district wes sbanaoned by 1676.8/
Scheelito was fourd in the veins in 1915 by C. L. Hdllick, L. e ndllick,
and Jusper ke Fox, &nd nined on & sncll scale in 1916, The lievada Schealite
Coe bLeld the property in 1917, tle linerva Tunzston Co. in 1918. A 150=ton
mill, locuted below the Chief mine, was completed in 1913 shortly before
collepse of the tunvston merket, rroduction for this period is wn-rown to
tre writer, but is bhelieved to be lecs then (100,(X0 worth of concentrate
valued b the Lich prices tlenprevailing; lLievada bullion tux records show
production only in 1516, wounting to 7,651, ;’,7 ixcepb for a amsll=acule
leasin: opcretion in 1932, the property was idle until 1935 wien Tungsten
Motcls Corp. was orgenized. This conpany built the present 75~ton ndll
in 1933, wd hLos develcped the Schoelite Cldef, oilver Pell, Oriole, lest
Everit, und Euxst Dverit nines (fi:. 2). iroduction fram tlese eines in
the perilod 1957-43 incluzive was 1C1,407 tons, yielding 77,79 unlts of
W03 sold for approximautely 1,615,275 (sce tble 1), Jlsewhere in tre dis-
trict, tle :4lltop, Tony, Canary Yellow, and <isz83 mincs have ylolded
gbout 2,200 units, naking a totel district production of 82,000 units,

Fig. 1 Index mup of Neveda showlng location of the Hinerva district.
Fig. 2  Index map of the Kinerve district slowing prineircl veins and faults,

Tabla 1, rroduction of tungsten ore and conccnﬁratoa from mines of the
Vinerva district, Neve 191643,

1/Lincoln, ¥. C., Nining districts and minerel recources of Nevadas
~  HNevuda lowsletter Fubliskin; Co., heno, p. 254, 19<3.

2/ Couch, 2. F., und Carpenter, J. is, Keveda's metel and minerul productions
vndversity of Nevuda Lull., Seology end lidning sevdes io. 33, pe 148, ‘
1943, ‘ :




Tuble 1, Production of tungsten ore end concentrate from mines
of the Minerva district, Nev. 1916-43.

yoar Tungsten Metals Corp. 5/ EAlltop mine 2/
Tons of ore Units of WO Value Tons of ore Units of W0,
1916 1903/ 191 g 9,650

wis vast L ssar/
1937 64008 6,067 138,916/

"

1933 14,955 -'° 12,858 206,039 7
1939 19,617 ' 9,396 146,216
1940 4,750~ 10,6078 196,090

dr

198 10,060 - 13,5997 226,328/ 1,126 1,6 $36,800 -

1942 19,867 °* 16,876 428,008 ** 450 h29 1,462

1943 15,718 <’ 8,507 253,878 ¢ = - o
103,50k 79,526 §1,678,303 1,576 2,106 548,262

;/ Data from Tungsten Metsls Corp. except where noted, Includes production
from lievada Scheelite Co. (1916) end Minerva Tungsten Co. (1513). .

2/ Deta from Shostone Mining Co.

2/ Value from Nevada tax records, University of Nevada DBull., Geoloszy and
Kining Series No. 38, p. 148, 1943. Units estimated from value,
assuniny a price of 340 a umit. Tonnage based on recovery of 1.0
per cert ¥0j.

5/ Value from Nevada tax records, op. cit., p. L8, Units estimated from

value, assuning a price of .30 a unit, Tlonnaze based on recovery of
1.0 per cent NOB.

2/ Units {rom records of Tungsten Metcls Corp.; value and tonnsge from
' Revala tex records, op. cit., p. 148,

L]

'6/ Includes production from re-treatmert of tailings,

7/ 1Includes rroduction from re-trestment of tailings, also 4,521 units of
= sz contained in 2,032 tons of slixze tallings sold for §13,243, net.
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Field work by the Geological Survey

The writer, assisted by Donsld wyant, mapred most of t ke area during
3 months in the full of 1940, an.i subsequently revised maps as development
prosressed in the mines. In 1942, Paul C. Batemon of the Survey assisted
in underground mappingy in 1943, Konred B. Krauskorf, alded by hobert F.
Stoprer, of the Survey, made a surface map of the Eilltop mine area.

Work by tle Dureau of Mines

In the winter ard spring of 1541, the United States Buresu of Mines
core~drilled 34 holes totalling 6,932 feet on properties of Tungsten ketals
Corps, end locuted the ore mined since then, Agedn, in the fall of 1943,
the Burewsu drilled 8 loles totslling 2,398 feet und located tle westward
continuatlon of the ore body in tle iilver Bell mine. In each instance,
plens for the drilling were lsid out jointly by tlhe writer und ttre project
engincer, b. Wo Newmar in 1941 and R, W, Geehan in 1943, &s part of &
cooperative program of tle Geologicil Jurvey and Bursau of Lines,
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Tungsten Metels Corp., through its staff consisting of Faul J.
Sirkegi.r, W, L. Trert, A, J. C'Cennell, end W, He Dunbam, furnished .
records, surveys, bourd erd lodging, end helpful assistunce. Ladley R,
Bramel contributed assays ard other informution zbout tke Cunary Yellow
and Zigzag cledwms, entered irto rany stimulusting discussions, and wes a
source of informetion about the otler mines in tre rezion,

GEOLOGY
Regional setting.

The Snuke Rargze exterds neuarly 60 miles in & north=south direction
and rises to over 13,000 fect in elevation. 1t is composed of (1) a zreat
thickness of Faleozole sedirientary rocks raenging from Casbriun thaough
Carboniferous, ¢2) a central intrusive mass of lute lesozoic xranitic
rock exjosed in unecke Creek snd south of Oscools, wna (3) & volcanie
copping &t the south end of the runge in the Rurply jjash ares. s11 the
ore dejeaits kmown to ths writer ocour in the Cadriwn seddicstsry rocks
or in tle granivic intrusive, ard none huve vut been identified in the
I rher Feleosoic zection, porlups lar;ely because of the distunce of ¢t he
uprer rocks fion tle intrusive to wlich the mincrulizetion is probubly
ralated, Gold end tungsten, witl mincr wansunts of lead ond sllver, heve
been produced profitebly in tle ranse. Tle Minerva cistrict with ite
tungsten production has first pl.ce in rross yleld; tle Usceola district
with its gold ond minor tunssven vroducticn has second plecej and tLhe
kb district, & former tungsten producer, tlird pluce,

The tun;sten occurrences in thre rarye zi'e in veins or stoclworks
with quartz or calcite, or both, 23 gengue. Xo deposits of tle contacte
mutanorphle type Luve been found. In general, cither scheslite or




huebnerite or both occur in those deposits with quartgite or granitie
wall rocks, but only scheelite occurs in tle stratizraphicully Kizher
deposits with limestone wall rock. larrow peguatitic veins with quarts,
feldspar, beryl, &nd scheelite have been found in the granite west of the
old Bonita tungsten mine on Snuke Creek. Kinerva is the only tungzsten
district thuat mode zpprecicble producticn between 1918 wnd 1944, TFerhaps
six otler districts in the renge were worked profitably et Migher prices
in 1916-18,

The sedimentary rocks on tre west side of the Snuke Runge, fron
Osceols south pest Mirerve to the mouth of lurphy Vask, from oldest to
youngest ure thre lower Curbrian kFrospect Mourtain gquartzite and Fioche
shale, a riddle Cubriwn limestone perhars 2,000 fest thick, e ¥iddle or.
Upier Cenbrizn ehule probedbly 300 to 1,000 feet thick, the Ordovician
Pogonlp limeustone und kureka quartzite, end an overlying limestone which
is perbups slso Urdoviciene The rocis exposed are succeszively younger
from Osceola soutlwerds the Floche shale sppears at thre mouth of iole
Creek & miles north of Minerve; the Fogonip liuwestone uwnd Eurska quertgite
are expesed gouth and esst of Hinerva, The veins st Mirerva lie in the
upper purt =f tle Widdle Ceadbrien linestone, so orly tlis puxt cf tle
stratizrertic =estion was studied ir detedl, No ctterpt was xcode to
mesasure tlicknesses outeide of the mapped area.

Sedimentary rocks

AL mirerva, the section mapped corsists of zbtout 1,000 feet of lime-
stone overlain by ot leaat 3000 feet of thin,rlaty lirestone ard shale,
Feultiny concoxls the true thickness of the zt:le, which roy be as much as
1,000 feet. The normel socquence sbove tle shale is cbsent, for the shuile
is feulted zgainst tbe riddle pirt cof thre cherty Possnip 11 1l-ezsore c.
Ordovician sge, probsbly nany ku"dreds of feet, ecﬁva *ia bose of th
Fogonip. Twelow bYhs Minerva sestion, massive, lichkte ond da*kwcoloxed
lirestone beﬁs witl e totel thickness cstimurod ut 1,000 to 1,500 f,.u‘
extend downwerd to the Plocle niille srd Prospest ! antain 7Jarbzita. Jils
part of tla section is well expased on 14, Washinghon, 5 rilcs rorth o. (
Kinerva; the saddle between it veakington wid Mte Lincoln is cut in the
shale &t the top of the Carbriun section st Finerva,

On tre map cf Tungeten Xetels properties (£iz, 3), the Canbrisn lize-
stone hus been divided oo the basis of Llitkslony into 3 zgjor units: the
"Upper black lluestone, Upper wlite lircatcne“, and "Lower bluck limee
stone®, un Lte map of tie Lilltop nine (fzu. i), Lbe lowest of those
units, tle Mlower blosk s £Latore', hag been diviided into 4 subunita,
Althouzl it i3 poasible tO civoce Laior wndbs tiuh cadntedn rotier cone
stant tlickresses over distences of riles, tle sxzll undte mopped &b
¥inerve sre sauewhet nore varisbles, In tic sexuvoncs ol licestonsd vhat

Fige 3. Geolozie map of & portion of the idnerva aistrict,

Fige 4+ Jurfoces map of the rKllto; mine, dnerva Jdistrict.
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make up the Middle Cambrien, the units range from light to derk, mussive
to thin~bedded, dense to granular, not only down the dip but also along
the strike of the beds, These litholoric variations are well illustrated
by individucle beds on the bosutifully exposed west fuce of Xt. Weshington,
north of Yinerva. For an exumple from the liinerva district, the deuse,
maesive unit wepred as "Upper white ll:ostone has a thickness of 80 feet
st the Chief &nd Silver Bell mincs, 120 feet in the esst part of the Everit
vein, 280 fcet on the West Everit hill, and 130 feet at the lilltop mine.

The following columnar sestion, starting with the youngest rocks,
surmarizes the lithologic units used in mepping the Yinerva district:

Cherty linestone Thickness not determined, but certainly
several tlousands of feet. Fart of the
Ordovician Fogonip. In feult contact
with underlyin; shule,

Shals Thickness & least 300 feet, perkaps 1,000,
Thin, pluty lirestone bods with shile part=

ings in tle lower portion, argillaceous
shale thove,

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

Upper white limestone Thickness 75 fzet ut Chief mine, 180 fect at
Fast Lverit, 230 fcet at west Zverit, 130
fect at Filltop, Lassive, very {ine-grained,
glt=zroy limestore with pinkdsh cast,
Contains a few thin, lenticulcr beds of
darkezray lizestone, Cliff formirg. Marked
at top by a distinctive bed of thinly bended,
cross~bedded lirestone 2 to 4 feot thiex, &
bed th:it is present throughout the district
and elsewhere in tre ranse ot this position
and serves &3 a strotipruphic merker,

Lower black limestone Thickness at lesst 300 feet. Dark-zray lime-
stone with some lizhter bods; rmottled, nuerous
alzel beds, Dedding indistinct to good. At
the Chief mine, 120 feet below the top of this
unit, 19 & 30=foot bed referred to us the
#lower white limesteone®, litlologically
similur to tre "Upper wiite liuescvone's la tle
mepped erea surrounding the hilltop wine,
rocks equivaluit to tle "Lower bleck licestone®
huve been f{urthor subdivided into tle follow=
inz distinculive unitss "riddle .ruy liuestone,
50 feet thicky "tlir-bewdod linestone®, 40 feet
thick; "lower grey liscstonet, 100 fest tluck;
®lower white livestore®, over 50 foet tlick,
basa not exposcd,




lgreous rocks

ithyolite is the only lgzneons rock expesed in tre Mlcerva distriet,
It occurs rortlwest of the Silver fiell mina in 51113 2 to 20 feet thick
near the ocude of the sh.uio; elaaylisre iv forms dikes as much us 25 feet
thick thet follow east~liy,dng fiults, Tho dikes are nost abundant in a
wons acrois tle center of the ailstrict extending from the Silver GHell nine
to the idllitop mine. Thay were intruded aftor rormation of ¢ Le schieelite
veins, for tley cut through tle veins at tio rortal of tle 6,900-ro0t level
in tle East iverit mine urd ut tle Tony prospect, and elsewhere occupy poste
minerel fadts that offset fle veins, Oho siliciilcabion and iroastaining
alonz eona of the fiults is probubly relsted to the rhyolite, which may be
&lliod to the flow yocks esst of kurphy Wash ot the south end of the Snake . A
Ranjo. . . \:1
Structure ' ;

The rocks and veins of the Minerva croa are disrupted by nemerous
fanlts thet follow at least five differert systems. Hearly wll of tlLese
faults, oven the low—znole cnet, &re rcrwal faults; that is, tle kenging RIN
vwall hzs drop.ed with respect to the footwall. The fow that show reverse : S
movarwrt heve relatively smill displacecents, :

Yest of Lhe fiults can be rlaced in ore of the following grours,
listed from pldest to youngests

N

l. Faults ncw occugiod by quartz veins that strice N, 700 We
to N, 70° L. and dip 40° to 70° k., Atrourh the bancing will
apre.rs to have moved downwerd 3J to 75 feat, the true displuce=
ment cennoct be detertdned, aund tie apperent displececent eonnot
Llweys be differsnticted froo Post=aincrel movenent along the
velns (grovp &).

2, Feults thet strike north, dip frem 75° £, to 759 .,
anx Lazve displacements up to 20 fuet,

Jo Faults that strike L, 159 W, to 4. 30 dip 13° to

Lt’

60° L., erd heve displecewents up to lundreds of fect,

4e Feults thot strike eust » dp 45° to 60° Ne, und frecuently
follow vein sogzents. Lispluccicnts are up to 50 feet,

5. Faults that strike north and dip 452 to 70° We Dise
placcacnts are up to 200 feet, Fuults of Lils jsvoup are sbundent
ab the frunt of the runge west of tie Lverit vein, snd also on
Lle Zizzag claim,

Tre quarts veirs ocoupy the oldest feult structures, ond have been
offset ty moust of thre otlers. 4 few Steep fwulls thut cut «cross the vein ,
stiuctures are also proe-cdneril, bub tley lLave l.:d only swoll displocerents




0L Probably not more than a few feet, ard have only locally affected ore
deposition. Fcst of ths fuults are post-mineraly demonstrated by the lagk -

of quarts end sclieelite in than, crd by the disruption of fommerly cone
tinuous ore stoots.

True displscemerts on o1l the faults excorLt the oldest can usually be
deterndned from tle oflsets of veins and stridigrschie units, Iv is essene
tial to kncw the true displicerent of velns, rather thin tle horizontal offe
set, to fird contirustions of ore sioote, The displaceneats on some of tle
lerger fuuits, such as tle Lverit fadt, chungce along the strike and dip
begause of tie cumulative effect of subsidiury faults in the footwall.

wost of the fuults ure well exposed &t tlre sarfuce, The low~zngle
faults have toroyrephic expression, for tiey repest the rossive, cliffe
forming "Upper wiite limostone®; the fuults lie ct the tops of cliffs, and
fron a distuonce resenble bedding, wrieh 1s much less srparents all the
faults conboin culelte veins or ceauunted breccis, from en inch to 6 foot or
more in width, Sowe contein reddistest.ined material, usually calcareous
but somctlues siliceous; tle siliceous sgtorial, wiich is very fine-sreined
&nd bears no roswblince Lo the quarts veins, is tlouglt to be ussoclsted
with the rlyolite,

Structure contours can be drawn with falr wecurucy from the surfuce
exposwres of those funlts that dip eest at angles of 50° or less. The con=
tours are curved, not sbraight, and in sone instonces eppear to be "foldec,
with "fold axus® trending esuts. Tle bverit fault is a sood excmple:s it
dips 13° L. whose it ofisets Lle Lverit vein, end steepens to 45° within
500 fect nortin wad soubh of the vedr; Lle dlp of the fault ot thre veln inter-
seetion persists for ab lecst (00 feok Suntiward into tle Last Lverit mine, .
The curves in %ie faults Probudiy represcal Lhe orisingd fricture pattern,

rather tlan subsequent folding, for tre lii.estone beis sre not sizilerly
fOld&it

In the mcpped areazs, tle beldirg in the lirestone strikes north to
rortrwest and dips 129 to 459 Ju, Yoliiig within tie ditfurent fault bloeks

is rot pronounced, thre attitudes within individual bloels belng esserticlly o

similir., Jrse excoeption to tlis genereliiation is outside vle detedled asp
areuas oan bthe Jigzug w:d Callco clod.a, botween tle weot rverit ond Filliop
rires. On poits of these clad o, wnd Jor Lulf e nile northward, tlhe beds
hive been folded :nd coxplesdy fuulted so bLlut nost of Lle bods dip to tle
eust .

The contect between tle "Urper blech liestone cnd overlying shale,
in scverdl expozures between tie Chiel cra wverit veins, is merked by a red,
sllicified breceia 5 to 50 fect tidek wilh linestone fraz.cnts up to 6
inci.es in size, une of tlc best Caposures, norih of the east licit of tlre
Oriole veir, contsins cundunt frugierite of vein quertas slilough tris
brecela 4o nod yet adoguately explidred, it oy represent an old beudlng
frult of unwiown mognitude, porleps one of the oldest faulte in the dlstrict,
Tre expocures of tlis contict exe very poor cxcept Ir thove sllicitied areus,




ORZ DEPOSIT3
Extent and tldciness of veins
Sclheclite ore ahoote cocur in soven roughly parallel quarts vd.nl“ ,

occup;ive romal forlts thet strike esst, dip 45° to 7C°K., and are spaced

st irtervels of approximutely half a rlles, Tre Clief Extension, Scheelite
CHef, Oriole, Everit, lone Buck, und Canury Yellow veins are shown on
figure 3, the }4lltop and Tony velns, which 1ie farther north, on figure 4.

The quarts veins range in width from a few inches to 30 feet, and in
length frei 1,000 to 4,000 feet. The quurts chanzes in thickness within
short distunces along strike or dip, and is in places distributed in a
series of closely spaced, parallel fractures with horses of limestone, The
voein outcrops are lirited on the west by alluvium, and on the ezst by allue
viw and shele through which the veins do not penetruite. No major veins -
have becen fourd on tle surface b stretigrapldc horicons above tle shaleg
it way be possible to follow the veins underground eastward beneath tre
shale coppinge.

The Chief vein hes been traced for 550 feet west from the portal of
the main acit, but none of the other velns Live been explored beneath the
alluvium, Frontal faults defining the range probebly lie only a slort dise
tance wost of the foothills; the possibility of discovering large sements
of veins buried benesth the alluviwx sec:is recote,

*

Mineralogzy and grade of ore
The vains consist malnly of quarts and calocite with some scheelite and,

in spots, traces of tetrahedrite, galena, silver haloids, powellite, and = = ... .u.. 1.

cuprodescloisite. The scleelite concentrates are reported to contain as

much a8 4 ounces of silver to the ton, but this represcnts a »i:L concenw
tration ratio. The scarcity of essocisted minerale is indicoted by the.
purity of the concentreles, which contain only traces of phosphorus, sulfur,
and arsenic, wnd very little copper wd molybdenum,

Tre quarts in the veins is white or tinged with greenish-yeliow,
coarsely crystulline, end usually mussive, altlough a few w:ull vugs can
occasionzlly be fowd, 4he carboraste in the veins end faults ranges in
color from white through flesh~color to lisit reddish brown, suggesting
several carbonate minersls, wltlough csulcite is dominent. Tho acheelite
commonly occurs in coarse cleaveges distridbuted through tle quarts or alined
along fractures in tle quarts. In come parts of the voirs, notably in the

friole mine wd Tuny prospect, tie scheelite is distributed in very fine
grains,

Tre grade of material mined in substonticl quantities hss ranged from
265 per cert or more of W03 down to 03 per cent. Local concentrations have
cortained as xuch &8 10 or 20 percent of W0,. All the ore wmilled by Tungsten
Fetils Corp. to the end of 1943 ylelded en Gvere ;e of 0,76 units per ton,
suggesting that tlhe ore contained between 0.9 end 1.0 per cent of 303.

S
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Ore shoots

The tungaten ore occurs in shuots of limited vertical exbemt but with
remarkadie lsteral contimuity, wilolh is disrupted by posteaineral foulting.
The quartz veins are resrly barren outside of tre shoots, which oceupy enly
e small part of the veins, The ore shoots raie westward roughly paraellel
to the beading in adjucent limesione, and froquently lie on the footwall * -~
side of the veinj the widest ore stoped is apout 10 feot, alblpuzh tie vein.
in which the ore occurs may be 20 Lo 30 feet wides In the smaller vd.n.,
ore shoots as narrow as 1 to 5 feut have bean stoped.

Each of the main veins worked appesrs Lo have a single msin ore shoot,
altloush the iverit vein conta'ns remncnts of an upper ore shnot, and both
it und the Chief vein may yet rrove to contain lower shoots in portions that
have never been prospected. In the Zast Lverit mine, the main shoot was
mined for 80 to 130 feot along the dip of the vein, and for a piteh length
of 650 feety exvensions to the east have not vet been found, but an exten- :
gion to tie weat is known to continue arnother 240 to 400 feet, rossibly more,
In tre Chlel mine, the ore shoot his been mined for 80 to 140 foet along
the dip, und for a pitch length of 900 feet. }ine developmert may ultirmetely
prove trst thne ore sloots before faultingy were essentiully continuous through
most of the iength of those veins, Little is known about the ore sioots in
otber veins of the district, for they huve not been extensively explored,

The msin ore bodies in the Chief, Pverit, Canary Yellow, Zigzaz, and
Ellltop mines occur at about the sume stretigraphie horizon in tie "Upper
white linestone®, The upper stope in the wWest Lverit mine, ani the surface
stope in bthe Lust Bverii mine east of the Lverit fault, both lie id:ler
stretizraplicaliy in tlhe *Upper black litestone, The ore shoot in the
Silver Seli mine also lies at & higher horiion, but oppears to ruke downward
to Join the shoot in tre Chief mine,

The walls of the veins are frosen to the Umestone in most instances,
and postecianersl surfaces of breuxwse lie witliin the veins. Tho wall rocks
are uaulterod regaraless oi vhe presence or abaence of ore in tle e.d,joim.ng
veolnie

The ocoutrence of ore sloots wid the breccistion in them show that the
veins were fomed by successive introductiocrs of wlnerals, und thut the ore . -
bodics weie probably deposited in rore porous rortions of the veins, The
uesalveness of tihe "Upper widte limestone® appsurs responsible for condie
tions Yavorable to scheelite rmineralizstion. [erhaps sli;lt chences in dip |
of voina where they cross limsstons beds of different compotence permitted
developuent of crusled zones witkin the quartz, zones formed by continuous
shciring elong trhe veln, If this explanstlion be true, then other ore
sloots may be discovered at great,or deptha in the vein wherever sisilar
conditiors prevairl,




MILES

© .+ The velns in the Minerva district imown to contain tunzoten ore sze .-
hmld by Tungsten Metals Corp., Calico Tungsten Co., or Slostons Mirdng Coe
Of the many claims in the district, only seven are patented, all pext of = .
the Tungsten Hetals group, Compinios formerly active on soxs of tlese prop=
erties include Nevada Scheelite Co, (1916~17) (not to be confused with & T
different coxpany which hLas operated under tiis name st Rawlide, Neve), .

Minerva Tungsten Co. (1913), New Deal Leasing Co. (1940-4l), Schoelits
Leasirg Cos (1941), and Viraot Developuent Co. (1941~42). These coupanise
have all disbanded, ' -

Tungsten Metals Corp,

Tungsten Ketals Corp. owns the southern five of the seven known veins
in the district. In sddition to the seven patented claizs (surveys hlB5=A,
bigd, and 4437) shown on the map (fig. 3), the group includes about 40
unputented clains. Tungsten Metals Corp., also owns a 75-ton nill at Minerva.
Custom ore from other properties has been accepted st this mill where all
ore mined in the district since 1938 has been treatad. -

Scheelite Chief mine

The Scheelits Chief mine (see fizs, 5 to 8) is in two major segrents
of tre Chief vein, separated by the Chief fault., Botl sesments are developed
from the 6,316=foot lovel, an cdit 1,530 feet lorg. The west se;ment has
three upper adits now largely stoped, a shaft near the portal of the xain
adit, and two slort lower levels from the shaft. The eust sezment has a
winze 30 feet deep below stope 1, with a sublevel from tle bottom west to
the Chief feault,

The west seguent has been stoped from tle portzl of the «dit to the
Chief fault. Two small blocks of ore probably still rezuin west of tle
fault thut terminutes the 6,246~ und 6,276~foot levels. Of seven holes
drilled beneath the alluvium, only one, 550 foet west of tle zine, found
ore. The ore shoot in the intervening areas may have been ecodod aways

The eust sezment has been stoped above the main level for a length of
260 feot, and the lsvel has boon extended another 340 fect beneuth the
shoot. The quarts voin below tle sloot is narrower, ranzing from helf a
foot. to 4 feot, and contains sporedic traces of scheelite.

Fige 5. . Xap and vertical projeciion of the 3chealite Chief vein,
Fig. 6. Scheelite Chief mine, composite map.

Pig. 7. Scheslite Chief mine, verticul projection of west workings.
Pige 8¢ Scheelite Chief xr;ino, vertical projection ot‘ east workings,
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3ilver Bell mine

The Silver Bell mine (see fics. 9 tnd 10), in the east portion of tte
Chief vein, is worked to the fourth level through a shaft 365 feet deap on
the incline (238 foet vertically), A winze, 84 fect on the incline, connects
the fourth lovel with a short fifth level at a point 300 feet west of the
shaft. The totel level worldngzs » lurgely concertrated on the third and
fourth lovels, wount to neerly 1,200 feet of drifts ard crosscuts, Ore was
stoped sbove tre third level for & length of 40 fect, a width of 3 to 5 feet,
and r reiglt of 60 fcet along the dip, A faulted westward extension of this
ore body was belng worked from the fifth level in October 1944. roasible
extensions eastward beyond tle shaeft have never been investizated either by

drilling or driftiny, and sitould be souzht by extending the third level wast
through the various foult segments,

Oriole mine .

The Oriole vein 1s the least dgveloped of the najor veins in the dise
trict, It i3 oponed at tiie west end in the Orivle wine by two short adits : i
at a vertical interval of 80 feet ( see fizs. 11 and 12), TLs ore stoped
conaisted of very [indegrained scheelite in quartz, and averaed only Q.4
percent of Wije. The width of ore ransed from 1-1/2 to 5 fcet. The stopes
rined are in offset acjments of & single ore shoot, which eould probably be
recdily f{ollowed eastwird by extending trhe upper adit,

- The outerop of the vein is wostly berren axcept for some coursely
erystalline schoelite on the crest of the kill sbove the rine, end for lowe
grade mineralization in the £irst sejquent ecst of Chief Carnyon, 1le only
exploration east of the mine is by tlree siallow drill loles in two f:oult
segrents east of the canyon. Although tle vein 18 not us strong at tle sure
face as the Clief or iverit veins, it shows izpressive widtls of quarte, and
miskt be productive in the future.

west, Lverit nine | |

Workings in the West Everit mine corsist of two aiits, a sublevel sbove
tho urper adit, two stopes, and several connocting raises (ses figs. L, to 16).

Fige 9. 3ilver Bell mine, couposite wap.
Fige 10. Siiver CTell nine, vertical projection,

Figs 11. Oriole mine, composite wap. |
Fig. 12, Oriole nine, vertical projection, -
Fig. lk. vest Lverit mine, composite map. i
Fig. 15, West Everit mine, vertical projection,

Fige 16, liest Zverit mine, seotion along 11,350 E.
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An sdit 50 feet long on the west face of the hill dates from 1917, Two -
sxall ore bodies have been mined, both of excellent grader one on the ecrest
of the ll, thke other in the lower alit, Doth ore bodies are in the hange
ing wall of tle West Everit fault » ond are cut off by it. The UEper ore
shoot 1s a rumnant, former extensions of which have besn eroded &gy, The
lower ore shoot, however, ni:-lt huve extensions below the Waest Everig Lfanlt,
In spite of several hundred feet of exploratory work from the 6,800=foot
level, the vein wses not locsted, The work seems to have disproved the
existence of any seznent of wppreciable size in the footwall of fsult b \ P
which i3 parallel to the vein, Tle segrent of vein exposed on the west side
of the K11 st 11,200 E, » 7,400 No 18 probably the saie Everit vein and ore
ay be found in it below tie 6,800=foot leval, '

Tho West Everit vein sone ranzes in width from 5 to 50 fest, tle vein
branching into several purts with included liyers of licestone, The maxi
mum width of continuous quarts is 25 feet. iiherever drifts lde in the main
vein, the full width of Quartz 1s not exposed; so scheelite ore bodies may
be missed by fuilure to crosscut, .

The only ore renaining in tle mine is betwoen tre upper stope and the
West Iverit fault in & fuult siiver estimated to cortain 1,200 tons, The
fault scguents west of the nine are too little known to permit any infeyw
ence as to quantit; of ore., Decsuse of extrere fiulting, the vedn westwurd
beneath the elluvium probably does not Justify underground exploration,

East Lverit Mine

The msin developrient in the Last Lverit mine is from an it 1,735 feet
long et &n elevation of 7,050 foet (see 143, 13 and 17-20), 4 rulse cone
nects with the surface from 4 point 1,085 feet inside the portal, 4 storter
adit, 150 feet lower, is used for ore transfer, «nd also for devalopnent of
anotlher feult seguent,

Two ore shoots have been pined, probably correlatives of the two in
tle West Lverit mine, The urper ore sioot ig croded away except for a amall
seguart stoped at tle surfsce above the Lverit fault., Tie lower stoot
cropred out oily west of tle Lverit fault, but hes been stored rost extene
sively cuzt of tle fuult, Althoush drill hole @ ant tle westernmost stope
in tle mine (that from thre 6,500=foot level) yielded ore cortuining only
about0,5 percent of W03, the srowd has not been sufficiently tested to
prove tie absence of better ore, An edjoinirg segzzent of vein thit crops.
out scuth of tle portal of tre 6,900=f00t. lovel is untested,

Fig. 13, ifep and vertical pProjection of the Lverit vein,

Flge 17. Eust Dverit nine, composite map, .
Fige 18, Bzne Lverit nine, vertical rrojection,
Fige 19. Zast Everit mine, nmap of eust extonsion,
Foge 20, rust iverit ndne, cection along 4,674 E,.
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The portion of the veln interseccted near the face of tie 7,050=foot
lovel (&t 14,100 E.) contalns low-;rade scheelite-béaring materiel at thet
point, but has not been explored urward to the surfece, which is masked
by debris. teyond the face, five ioles drilled from tLe surface in 1943
found no ore, but proved tlut tie ore horizon lies oolsiderebly lower in
this fsult block, The trickness »f cuartz end the presunce of scheelite
in this part of the vein are encouraging for the cvonqutl discovery of an
ore sloot at greater depth. :

The small vein that lies 150 feet north of tre Zverit vein contains
several exposures of narrow but high-grade schealite jro. One outcrop (at
13,150 E.) wus mired in &n open cut. Drill lole 2 (at 13,240'E.) interw
sected 5 inches of vein thit assayed 7.53 percent of W03« hlgh grade ore
8 inches wide hus not been touched in en exposure at tre esst end of the
vein (at 13,530 E.). Tke widths zrd tonnages aveilable are unfavoreble for
corpany exvlorstion, but thre zrade of ore might make portions of the veir
attractive to a lessee, ' !

Lone Buck vein .

The Lone Buck vein, entirely unexplored, crops out for a length of
1,200 foet and renges in width fron a fow inches to 4 feet. Two chennel
sempleos cut by the Bureau of Mines in 1941 iLndicste a block of ore (between
14,200 E. end 14,260 E.) 60 feet long, 1.8 foet wide, end uveruring 1.74
percent of 1033 indiceted ore ulons the rake west Lo the necre=t fiult
amounts to 220 tons. Tre vein shows little proise of procuctivity, for
the only ore exposed is in this blocic, which 1s & smell and inaccessible
remncnt cf & shoot,

Callco Tungsten Co,

. _The Calico Tungsten Co., a portnership between Hadley F.o Brerel end
Stanley Fedtler, owus threo unratented clalrs on & sinple velny the Cancry
Yellow, Celico, and Zigzug cliirs, zxcept for surfuce cuts, work has been
concentreted et tieo Cunery Yellow nine.

Cenary Yellow wine

Tre Canary Yellow mine 1is developed by zn d85-foot erosscut sdit with
a 100-foot drift on tre vein, and = ralse to the surface §5 feet gbove
(sce £ig. 21), TlLe vein in the diift stows 1-1/2 fcet of ore containe
ing mere than 1 percent of w0, for a drift lenpth of 60 feet. COn the surw
fase diroctly over tle rortal”of tle &dit, bracel and Feitler sampled the
vein it 10-foot intorvals for & lungth of 130 feol over widths of 1=1/2 to
6 fect, 2rd obtelred assays ranging from 9439 %0 4,20 porcent of O » Everage
ing more thrun 1.0 percent, From the redse, 37-1/2 tors milled by Tangaten
Yetals Torp. yielded only 27 units of k03, &n avers;e of 0,72 unit per ton,

Filpo 21, Cuanary l’ellow'n'.iz“.e. mLp wvd crotection of wotkj,n;:s,
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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 purt of & -
‘shoot thit rakes westward. The ore in the drift may reprosent a lower .
sloot, With tlis intexpretation, tle upper shoot, with an aversge width
of 2 feet, is estimated to contuin 40O tons of indicated ore thut will =
average rere than 1.0 percent of kUs) the lower sloot, 1-1/2 fest wide wod |
averaglig 1.0 percent, may contain &b leust 600 tons of inferred ore if 48 .
continues 260 feet zlong the reke to the fuuits Umiting this seguent of

vein, lo estimste can be made of tle possibiiities of the vein eastwaru,

for the vein is unaexplored and ore is not exponed ut tk‘to surface, altlough

the veinaroppings continue 1,000 fest sast of the aines

Zignag end Calico olaims

The Zigzag erd Calico claims lie on the west end of the seme vein us
the Canary Yellow mine, but are separated from it by hulf e mdle of cluvial
cover. The vein on these claivs, faulted even rore than is nornal to the
district, is broken into fragments 20 to 200 fect long, some of which cone
tain ore at the surfuce. Tle only workinge ure a few open cuts from which
vramel und Feitler wmined 18 tons of ore that ylelded | units of W03. The
widih of veln raiges from 1 to 4 fest, Inesmuch as ore «t tre surfige has
not been profituble to mine becasuse of the small eize of fault segnents, it
is doubtful i1f ore present in otler Sezments but rot exposed con be mined
profitably unlese the price of tungsten cxceeds £30 & unit,

Shoslonre Xining Co,

The Shostone kining Co., a psrtnerskip among A. Jo O'Connell, %, L.
Tremt, J. E. Srinton, wd lorsce vath, owns tle killtop group of aix un=
retented cleins known as tLie Filitoy, Tony, Tony lio. 1, Tony No. 2, Tony
o. 3, end Tony Xo.he The cleirs wers operated in 1940-L1 by tle New Leal
Lecsing Co., in 1541 by tle Scleelite Leasing Cos, txd in 1542 by the
Virdot Cevelopuent Co, The Tony prospect was opereted by Tungsten lotels
Corr. for a short tiwe in 154041, Host of tre production hes come from
the Eilltop mine, which ylelded ot lezst 2,106 units of) W03

hHlltop mine

The killtop mine 1s developed by a main adit ot en| elsvation of 7,056
feet, by a short adit at 7,120 feet, and by several open cuts (see figs. 4,
22, and 23)s The 7,066-foot level lus wbout 650 feet of drifts ard Orosse
cuts, tlree stoypes, ord tlree raisca to the surfuce, This level is connect
ed with &n ore bin at tle end of tlre rosd, 500 feect lowar, by a single

spen, Jig-bsck serial tram 1,150 feet longe.

Fige 4e Surface mep of tle Hllitop xine,
Fige22, Kap and vertical projesction of tle Hlltop mine,
Fige 23, Flltop vein, mep of main level witl: section,
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. to 1943, tle tonnage produced annuslly ranged from 10,160 to 19,567, end

The Hilltop vein 18 narrow, with surface widths of 1/2 to 3 feet. In
the stope cast of the crosscut udit, the vein flattened and widened to 8 .
feet of good ore between the level and the surfice 35 fest above. Neithey
the drift level with 1-1/2 fest of quarts nor the surface with 1 foot of ‘
quarts geve any indication of the intervening wide ore body, The stopes wesh . .
of the wlit were narrow, the ore belng a foot or less 1n width altbough of
tigzh grade,

Eerdly any ose rexains in sight, although a fow tons could still be
undertended benesth the lovel und stopes, The raise &t tlhe sast end of the
workings les soce ore in the roofy so there may be ore in. the 50 feetb of un~
explored ground up to tle surface. The largest block of potential ore is
in tre vein sepnent beyond the west fuce of the 7,056-foot level, benecth
the upper aiit, ALl told, perhaps 1,000 tons of 1 to 2 percent ore mizht
be found in these untested blocks with very little adiitional explorstion.

Tony prospect

The Tony prospect is explored’'by a 225-foot adit, & raise to the sure
face, and severcl surface pits. The vein strikes north and dips east, and
is in tlis respect unigue emong tlhe tungsten-beuring veins of thrs district,.
Tha vein outcrop extens for nearly 200 feet alonz tle strike; Continustions
of tle seme vein-fzult to tlie north und south contain no quarts or scheelite,
although calcite £illing, coumon to postenineral faults of tie district, i -
present. GcScheelite minerslization for widths of 1 to 3 feot extonds for
sbout 100 feet on the surfoce, but no compuravle mineralization is present
in the udit, The scleslite is extremely fineegrained. Only 32.5 units of
W03 was recovered from 159 tons of ore milled in 1941, a yleld of thout 0.2
percent, Lo commercial ore iz now exposed, and only a few tons thst contain
0.2 to 0,5 percent ure viaible.

Two narrow veins on Tony No. 2 claim west of tle section corner contain
a fow crystuls of coarse scheelite, but the exposures are ot encouraging
enouih to warrunt explorstion,

RESIRVES

The mines of the Minerva district rarely hive more tlan a few tons of
measured ore, and seldom huve more tlhun & fow tlousand tons of indicated
ore. i3 in meny otler tungsten mines, indicated, not messured, ore 18 mined,
Consecuently, &n estisite of ore reserves must be primirily sn interpreta-
tion of unexplored aress based on pust experience, I[he writer belleves that
the total reached in tie following tubulection is conservative, wxd lese than
the expectable futurs production of the district. Individucl blocks in-
forred, lowever, muy vary nwterially from tis estimste given,

The structural complexity of t!e ore bodies necessitutes consideradble

desd work in exploration. Development in tie mines has never been far enougzh
aheud to perrit continuous adlling ut ¢upbeity. In the 6 years from 1938
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nover approached the mill capacity of 27,000 tons. The added mining and
milling cost involved in operating at cupacity would be slight, and the
net profit from such eperation would Le much greater.

Undexr oporatlng conditions in 19.3, the grade of ore mined (yield of .
0.54 peroent of w wes the minlnum that could be hendled profitably at a '
merket price of {30 a unit. Ore thit would edll out &t 0,75 percert (the
averare yield from past production) presumably eould hsve been worked at
v21.00 & unit. The cost of production in both instances could be reduced
substuntially by opersting the mines &t cupacity. .

The district resarves are summarigzed by mines in table 2. The reserve
figures are broken down into blocks within individual mines in tuble 3. The
only measured ore is blocked out in the east workings of tlo Chief mine by
& wirze, sublevel, wd raise. The indicated ore is in blocks LLst Lave been |
testod by drill roles or partially explored by drifts snd raises, 7The ine
forred ore, which constitutes the bulk of tle reserve, is inferred largely
on zeologic evidence &s to continuity of ore shoots, Kstimates of grade are
based mainly on tle yield from ore mined in thLe past,

In sadition to the estimates cmumersted, it is expected thit future
prospecting will discover other ore bodies in tie Oriole vein, unexplored
for 2,600 feet oast of tre Oriole mine, w.d in the Chief vein, wiich extends
&t loast 400 fest eest of tls Silver Bell shaft, Altlouzh these areus Lauve
not yet been tested by drilling or underground workings, threy Frobably con-
taln ore bodies sinilur to tlose mined elsewhere in tle veins, where produce
tion has wmounted to elout 23 tons per foot of vein explored along the
strike. This addition:d tonnage mizlt be on the order of 70,000 tons
averaging 0.8 percent of WOq e

Table 2, Summary by veins of ore reserves in tle Vinerva district,

Table 3, FKoserves within mines of the Minerva district, distributed into
ore blocks,
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“Table 2, Sumary, by mincs, of ore reserves in the Ninsrva district,
B S Decexder 1, 1943, L :

Ore_copmereial under Present conditions B

Grade 0.5 percent W03 or Mgrer B

¥easurable Indicated Inferred® Inferred s ‘
Tons Units Tons Units Tons Units Tons Unitg ="

Scheelite Chiafess 1200 900 6,200 4,590 17,000 12,000

Silver Bellw+» h,ﬁw' by540 18,300 15,978 - g

East Everit 4400 2,200 2,400 1,920 15,000 13,100

West . Bverit 1,200 1,200 o

Lone Buck 200 375 o
Canary Yellow 400 400 600 600

Hlltop | 1,000 1,000

1,200 500 15,76C 12,105 40,500 32,695 15,000 11,100

' Ore mursinal under Eresent oconditions

Crade leas then 0,5 percent o4

Indicated

Tons lnits

East Everit 5,200 2,070
Oriole 3,800 1,520
5,000 3,600

* Inferred with reasonsble assurance on busis of nearby workings,
** Inferred by goeologie reasoning, unconfirmned by workinge in the
Lraeaiute vieinity, :
#4# Reservos partially depleted between Decwzber 1, 1943 (the date of
this esticate) and oy 1945, Nost of tle ore uined in this period
wos from tle Silver Bell azine, some from the Solwelite Clief mine,




’. ﬂﬂmﬂ w&thtn mines of the hinerva district, distribueod mu
e orc blosks. Dececber 1, 1943%

i

' wut.ion Width Measursdble ore Indlicated ore - ‘ Inferred ove -

in 4 Units % Unmits "% nits
, ‘Mne . Block fect Tons w3 W) Tona W03 Wg 'l'm 3__‘03
80110011130 CMsf*C*é 3 ve o ve 1,200 0.7 840 ' ‘. e

C=7 3 Y "o se ce .0 P 700 003 560 K
c-8 2.5 ve ow “» oo e ee 300 0.8 240

C~9 4 1,200 0,75 900 ‘ Y oe

G-I.O 3"7 o (X ] L X ] 5,(“00 00 5 3)7” : ’

s C=11 5 Y MUY 1 ) __'_’___ Y U Y 28 _1,6&00 007 w" o
1,200 %0 6,000 4,590 17,000 12,000

wm Bnll'v C-~1 605 X .o X 3,5“) 1.0 3.500 . ao. ee’
C=2 4 oo LLT BN X 1,0&0 1.0 1,0‘}0 . ee :

C=~3 6.5 .o ve .s Y e .o 1:6‘ 9o%v ‘
C-b 5 ce e ee __ga e M%»‘&éﬂ i

4,540 . 4,540 18,300 15'._’9‘15

Oriole 0""1 2.5 Y oo ve 1,000 O.b ‘tw *0 'y ‘lo;o
: 0”2 2.5 se . ve e 2.9@ 00‘0 1.129 (N ] L X .o

3,800 1,520

W”t Bverit E"? 3 .o ve 'Y . ryYs .o 1.200 1.0 1,2(”
-Bust’ Everit | 5 oo o4 ') e X oo 3,000 Oos 1,500"‘
I‘:i'\z 5 LX) [ X ] L X ] L’km 005 2'2w [ X ] L X ] [ X ]
=3 5 ve ee oo 1,800 0.4 720 e we oo
Ees 5  we ses ee 2,400 O.4 1,360 ..
=5 5 e Y ) . ve ce ,AOO 008 1 920
) =6 5 ') X vo 2 .o L2 12,000 0.8 w
| 9,600 4,280 17,40 13,020
‘Lono Buck l.8 00 o 'Y 220 107’0 37‘5 0o 'Y} 'X)
Camry Yellow 2.0 e e oo 400 1.0 400 .o o0 "e
1.5 [ X ) X J .0 LX ] LN J o0 m 1.0 m
Edlltop : 15 o0 ee ' ee  se  ee e 1,000 1.0 1,000

. v

® Reserves purtially depleted between Cecember 1, 1943 (the date of this
estinste) cnd Xay 1945. Most of the ore mined in tiis period was
‘from the Silver Bell mine, uoxrrtrom tle Scheelite Chief mine,

. #%  Inferred by geologic runonwg, unoonfimed by workings Sln trc MM
i - vicinity.




MINERVA . s
NOTES ON ECONOMIC GEOLOGY L
Gary M, lee S

SIX SCHEELITE BEARING QUARTZ FISSURES OUTCROP ON THE PROPERTY _:27;§’7'l 5? L
From North to South these fissures are: @% é6)

CANERY YELLOW 1300 feet outcrop length produced appx 1,000 tons g
LONE BUCK 1200 feet outcrop length no production

EVERITT 3000 feet explored length produced appx 50,000 tons

ORIOLE 1800 feet outcrop length produced appx 8,000 tons

CHIEF 3800 feet explored length produced appx 90,000 tons

CHIEF EXTENSION 500 feet outcrop length no production

A study of these fissures suggests the following areas of interest,

(1) Un-mined or unexplored fault blocks within the known ore shoots, There

are several such blocks, Possibly the most attractive 18 the projectlion of
the West Everitt fissure westward beyond the footwall of the West Everitt fault.

(2) Eastward projection of the Everitt and Chief fissures: The ore shoots h
are known to be faulted down beyond the last workings to the East in both
of these fissures, ‘
Five USGS holes on the Everitt located the fissure beyond the last workings
to the east but, above the projected ore shoot. One of these holes encountered
low grade ore in the flssure,
The Chief fissure has been stoped beyond the Silver Bell shaft to a fault
believed to throw the ore shoot down 100 to 200 feet.
Another 1000 feet of each fissure can be explored by medium depth surface
drill holes, (400 to 600 feet)

(3) Small, high grade, flat lying ore shoots: such as the one Stopper mined
in a breccia zone near the hanging wall of the Everitt fissure, Stopper 1s

reported to have mined 3500 tons of +3% ore from one stope near the portal of
the East Everitt adit. There could be another similar ore shoot in the same

area.

(4) Lower ore shoots in the fissures: Lemmon accurately describes the ore

shoots "as limited in vertical extent, but gith remarkable lateral continuity, .
which is disrupted by post-mineral faulting.® These ore shoots have been
confined to the Upper White limestone except that the Chief ore shoot raked
upward into the Upper Black limestone to the East and remanents of an ore shoot

in the Upper Black limestone where mined in the Everitt fissure.
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Our drill hole M-3 cut 10 feet of 2.05% WO3 at 435 feet in what appeared
to be the Lyndon limestone, Thus; there is evidence of a lower ore shoot
in the Everitt flssure, The hole was dry to the bottom,

I believe this potential is important. Portions of both the Chief and
Everitt ore shoots were eroded away, therefore, lower ore 8hoo£s could be
substantialiy larger. It is probable that bhefore erosion the Everitt and
3
(5) Undeveloped fissures: There are four fissures outcropping in addition

Chief ore shoots each contained over 100,000 tons of +1% WO

to the Chief and Everitt fissures, All four are mineralized in places and two
(the Canery Yellow and the Oriole) have produced. With exception of the few
small workings and a few USGS drill holes on the Oriole, exploration efforts
have been limited to mapping and lamping the outcrops. There is a possibility
of commercial ore shoots existing in these fissures also.

(6) Potential in the Wheeler limestone at depth, My father, R. G. Lee, has
outlined thls well, in his report.

(7) low grade ore in the old stopess Varlous estimates place this between

25,000 tons and 100,000 tons of 0.4% to 0.5% HOB. Since the fissures lend themselves
well to shrinkage mining methods, investigation of these low grade ore bodles
should be considered at some point,
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Report on Minerva Tungsten Mines
White Pine County, Nevada
N May 20, 1971

" The Minerva District 1is located on the west llcpe of the
Snlkc Range in eastern Nevada, at an elevation of 6200 feet.

Scheelite occurs in ore shoots in quartz veins, The wall

“rock is limestone from middle to lower Cambr;an in age.

Quartz monzonite intrisives are exposed in the center
and on the east slope of the Snake Range.

Productfon from the district to date is around 122,450
units of WOy, at a value of $6,734,750 at current tungsten
prices. Grade of ore produced haa averaged nearly one per
cent of W03.

The quartz veins strike east-west and dip 609 north.
They are from a few feet to 30 feet wide, but the average
width of the ore is about 5 feet. S

There are six nearly parallel veins spaced more or less
half a mile apart. Ninety per cent of the production is
credited to the Scheelite Chief, Oriole and Everit veins.

Post mineral faulting off-set the quartz veins from a few
feet to over 100 feet. _ .

The veins have not been explored to any depth. Adit
levels were driven in under the outcrop and this section
has been mined.

The veins offer excellent potential for exploration.
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";he predominent minerals of economic importance on the west
. slope of the Snake Range, White Pine County, in Eastern Nevada.

.

. MINERVA TUNGSTEN MINES
. . White Pine County, Nevada
. i ‘

B _ INTRODUCTION

Tungsten associated with beryllium and fluorite are

. The Minerva Tungsten District has rewarded exploration
efforts with tungsten ore in the form of scheelite during the

first and second world wars, when the price of tungsten was
attractive. ‘ _ :

However, at the present time the projected consumption of

this metal, due to its unique properties,will probably increase
four fold during the next 15 years. » .

LOCATION

The Minerva Tungsten Mines are located in the vicinity of‘ 

latitude 389 48'N., longitude 114% 21' W., or what will be Sec. 21
and Sec. 28, T, 1lIN., R68E., Mount Diablo Base & Meridian, when .

surveyed.

The 20 acre mill gite is located in Sec; 12, T 11 N., R. GZ“E.;
or about 3 miles from the mines. ' : :
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A paved road extends to the mill site and connects with U, S,
highway 93, 15 miles to ‘the west. The nearest town is Ely, which

is 45 miles by paved highway. The elevation is 5800 feet at th "5
mill site and6200 to 7000 feet at the mines. .“g
| .
N ' '.v‘loi

CLIMATE A

o L

, . ) ) . . . ”g

_ The climate 1s semiarid and is typical Great Basin desert o Y
climate. The average rainfall is about 10 to 12 inches a year. -*%
The temperature may range from 95°F. in the summer to as low as zﬂé
~15°F, for a few days during December and January. Usually, ;;L
from the first of April to the middle of November the weather is I

pleasant and mild. Pinion pine and dwarf cedars with sagebrush
comprise the growth around the mine area.
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. WATER & POWER

i " There is an ample supply of water at the mill site from a
., well about 50 feet deep. The water table is within 30 feet of
the surface. At the mines the water 1is pumped from a well in

the valley to tanks at the mine. The water table at the mines
- is probably about 600 feet under the present mine workings.

" Mount Wheeler Power Co. just completed construction of a
pover line through the valley below the mines. A branch of this
power line extends to the Minerva mill site. Mount Wheeler power
indicated that they would extend the power line to the mines.

*

-

HISTORY -

Silver ore was discovered in 1869 at the Indian Silver Mine,
now & part of the Minerva Tungsten Mines. Silver production was
.meager, and by 1876 the area was abandoned. Scheelite was found
in the veins in 1915 by C. E. Millick, A. G. Millick, and Jaspar .
M. Fox. Mining was started on a small scale in 1916. The Nevada
Scheelite Co. operated the property in 1917; the Minerva Tungsten
Co. in 1918. A 150 ton mill was completed in 1918 shortly before
the collapse of the tungsten market after World War I. The mine
wvas closed down and the mill sold.  Except for small leasing
operations in 1932, the property was idle until 1936 when Tungsten
Metals Corp. was organized. This company built a 75 ton mill in
1938, and developed the Scheelite Chief, Silver Bell, Oriole,
West Evrit, and East Everit mines from adit levels. .

In 1947 Mr. Robert Stopper obtained a lease and option on
the Minerva property. He constructed a small mill and started
8 small operation of selectively mining the better grade ore.

" In 1952 Combined Metals Reduction Co. obtained a 25 year
lease from Robert Stopper on about 90% of the property. A joint
venture was formed with American Zinc Co. to operate the lease.
HBowever, when the W. S. Government quit purchasing tungsten in
1957, all operations were closed at the Minerva mine.

Reginald G. Lee and sons obtained a lease and option on
the Minerva mines and mill site in 1968, and have pursued a small
exploration program with their own funds to this date, with some
success of finding ore.
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PAST PRODUCTION

. Table 1.

Production of tungsten ore and concentrate from Minerva Tungsten -
1916~—1957.

Year Tons of Ore Concentrate Value based on present price
o Units WO,""'f”"of $55.00 per unit

1916 191 191 , $ 10 505

1918 1,846 1,846 101,530

1938 14,955 12,858 : 707,190

1939 19,617 .9,396 516,780

1940 14,750 10,617 .583,935

1941 10,160 13,599 747,945

1942 19,867 : 16,876 -~ - 928,180

1943 - 15,718 8,507 467,885

1944 13,500 8,640 475,200

1945 7,000 5,020 - 276,100

1947 to 24,567 34,900 1 919,500

1957

totals 142,171 122,450 $6 734,750

The production figures from 1916 to and including '
1943 are quoted from a report by D. M. Lemmon of U. S. G. S., 1944
Tungsten Deposits in the Minerva District, White Pine County,
Nevada.

Production figures for 1944 and 1945 are from net
proceeds tax paid, on records at court house in Ely, Nevada.

Production figures for years 1947 to 1957 are from the

‘records of Combined Metals Reduction Co. and net proceed tax -

paid by Stopper, except for the year 1955 and 1956 of Stopper's
production which was obtained from oral communication with
Stopper's associates.

MINING CLAIMS

The Minerva Property consists of 7 patented lode claims,
1 patented 5 acre mill site, 69 unpatented lode claims, one 60 acre
placer claim and 20 acres of deeded land used for the mill site.

A1l the patented and unpatented claims are contigﬁoué cAﬁ
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.and cover the mineralized area known at this time. Please

 south direction and rises to over 13,000 feet in elevation at

' silver, have been produced profitably in the Snake Range. The

. thick, the Ordovician Pogonip Limestone and Eureka Quartzite are

tcfer to Plate II.

‘GEOLOGY

Regional Setting

-

The Snake Range extenas nearly o0 miles in a north--

Mount Wheeler, about 12 miles north of Minerva. It is composed °
of great thickness of Paleozoic sedimentary rocks ranging from ,
Cambrian through Carboniferous, and a central intrusive mass of
late Mesozoic granitic rock exposed in Snake Creek and south of
Osceola; and a volcanic capping at the south end of the range

in the Murphy Wash area. :

.
L]

A low angle thrust fault is exposed on the west sliope "
of the range, east of Minerva. North-south striking normal
faults are predominant throughout the rnngt.

Gold and Tungsten, .with minor amounts of lead and

Minerva District with fts Tunpgsten production has first-place in
'gross yleld; the Osceola District with gold and minor tungsten
production has second place. At this writing the Mount Wheeler ° - -
Mines Co. is developing a promising deposit of beryllium, tungstem, ~ =
and flourite in a limestone bed in the Pioche Shale, a member A
of the lower Cambrian formations. Lo j?

The sedimentary rocks exposed on the west slope of
the Snake Range, from Osceola south are successively younger.
From the oldest to youngest are the Lower Cambrian Prospect
Mountain Quartzite and Pioche Shale, a Middle Cambrian Limestone
dp to 2000 feet thick, an Upper Cambrian Shale 300 to 1,000 feet

s

e -
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éxposed near the south end of the range. R

.‘A-‘
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Ore Deposits and Related Geology of the Minerva District

. Scheelite ore shoots occur in six roughly parallel
quartz veins occupying normal faults that strike east-west and -

»




- dip from 50°to 70° to the north. The veins are separatéd by

recovery of 75% to 85%.

(upper black).

Faulting

.

a distance of a few hundred feet to 3,000 feet. From north to
south they are the Canary Yellow, Lone Buck, Everit, Oriole,
Scheelite Chief, and the Chief Extension veins. The Everit,
Oriole and Scheelite Chief are the strongest and widest veins,
and are very persistent along their strike. They can be seen
on the surface from the alluvium on the west to the shale and
‘alluvium on the east, a distance of 1,000 to 4,000 feet.

t

The veins consist mainly of quartz and some calcite. ‘
Scheelite mineralization occurs in certain sections of the veins;
and in spots, traces of tetrahedrite, galena, silver haloids,
and powellite. The scarcity of associated minerals is indicated
by the purity of scheelite concentrate, which contains only traces

of phosphorus, sulphur, and arsenic, and very little copper and
molybdenum. . : L

~ The quartz in the veins is white, coarsely crystalline,
and is usually massive. The scheelite commonly occurs in coarse
cleavages and is distributed through the quartz or aligned along
fractures in the quartz. In the Oriole vein the scheelite is
distributed in very fine grains. The grade of ore extracted as
shown in Table I contained about 1.0% W03, figuring a mill

. “
PEPENSEIARY JEY-T2 Y 130 7 TS IR T Gy

The wall rock is limestone and at the surface is of ‘ R
middle Cambrian age. Using the U. S. G. S. map units of the Wheeler _ e
Peak and Garrison Quadrangles, Map I-579. The units in sequence '
above the Pioche Shale at Minerva are: Unit A about 400 feet,
Unit B about 600 feet, Unit C about 200 feet (lower black),
Unit D about 200 feet (upper white), and Unit E about 300 feet

Py

Due to faulting, Units C, D and E are exposed at the
surface in the Minerva District. However, it is believed that the
various limestone units have little, if any, selective control of
scheelite deposition in the veins except that one limestone bed

may be more susceptible to fracturing than another. The limestone
beds dip to the west at an angle of 26°. '

g 3T

€,

The quartz veins occupy the oldest structures, and :
have been offset by most of the others. A few steep dipping faults
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that cut across the vein'structures are pre-mineral. Moét .
of the faults are well exposed at the surface and have been

mapped in the immediate area of the tungsten mines, as shown

on the surface geology map, Plate IV.

Nearly all of the faults have normal displacement
from a few feet up to more than a hundred feet. The early
faults now occupied by the quartz veins have displacements

- of approximately 60 feet, although this will vary some

from ona vein to another.

iMines and Exploration

.

At the Everit, Oriole, and Scheelite Chief Mines;
mining was started on the outcrops, and from adit level
driven in under the outcrops. The ore of suitable grade

. was stoped and milled. The ground stands well and the

only timber required was for chutes, manways, and working
stations in the stopes. Most of the ore was mined out above

. these levels. The tunnels and stopes are still open and
sccessible. A

No efforts have been made to sink shafts or drill
to depth,

The U. S. Bureau of Mines drilled a number of
diamond drill holes in 1942. This program was designed
for the war effort to find ore that could be mined during
the immediate term. They found several ore shoots that
were mined in 1943 and 1944.

.

. One reason for not pursuing deeper exploration work
was probably the drilling equipment available at that time,
which was mostly churn drills. Also, no electric power was
svailable for shaft operation.

In 1968 Reginald G. Lee and Sons drilled a rotary

drill hole at the West Everit on the projection of the

Everit vein. The vein was cut at 430 feet deep. It was 5
feet wide and assayed 2.05% WO,. The second drill hole was
started but was lost at 130 feet in depth., about 100 feet
from the target.

R e
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. the Wheeler limestone bed, a vertical section of about 1200 feet.

Targets for Exploration,

: The Scheelite Chief, Everit and Oriole veins are
excellent exploration targets from the present mine workings to

. The Wheeler limestone bed is a good host rock, and is
the ore bearing bed that is being developed at Mount Wheeler Mine,
about 5 miles north of Minerva, as mentioned before in this report.,

In the Piloche area, about 70 miles south of Minervasgthé
Combined Metals bed, which 1s the equivalent of the Wheeler bed,
has been very productive.

The vein section below the present mine workings to the
Wheeler bed should be expected to be as productive, if not better,

than the mine workings above the adit levels. Plates VI,VII, and VIIi{\
show the section along the Scheelite Chief, Everit and Oriole veins.

Plate V shows a section across the veins.

The quartz monzonite intrusive which is believed to be
the central core of the Snake Range, with its western flank of .
sediments not yet eroded sufficiently to expose it, but is probably
not too distant from Minerva. It is believed that the quartz :
monzonite intrusive ig the source of the mineralizing solutions
that deposited the scheelite in the quartz veins at Minerva.

It 18 possible that the quartz tungsten veins and perhaps
favorable limestone beds will increase in tungsten value as
greater depth is attained and the distance to the contact zone
with the intrusive becomes less.

Ore Reserves and Possibilities of Finding Ore

There 1s very little developed ore that will fall under
the category of measured ore. The following table set forth
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indicated and inferred ore. ' i :

Table IT | S
. Indicated Ore * ‘ "‘Infeired Ore **
Tons Grade Units .Tons Grade Units
_ WO _Wo, o EO;  _wo,
15,600  0.48 7,500 143,000  0.77 33,000

* Indicated ore is on basis of reasonable assurance from
workings nearby. ‘ :

*%* Inferred ore is totally on basis of geologic reasoning.
Page 3 -
Table I sets forth all ore milled. Table I shows
possible ore yet to be confirmed above adit levels in the

Scheelite Chief, Oriole, and Everit Mines. The total of
Table I and Table II in round figures is 200,000 tons.

Drifting on the veins along their strikes has amounted
to 22 tons of ore per foot of vein explored.

The total development footage, drifts, crosscuts, and e J
raises is around 10,000 feet with a ratio of 14.2 tons of ‘ B ‘q
ore mined per foot development. L

ey i e .

Stoping has amounted to 287,000 square feet on the o
vein wall of a total of 1,440,000 square feet of vein wall | .
available between the adit levels and the surface. Then, )
287,000 square feet divided by 1,440,000 square feet gives a A
ratio of 19.9% of the veins have been mined and milled. ' '

From Table I, total ore milled 1s 142,171 tons. Using
12.5 cubic feet per ton and the average mining width of 6 feet;.
multiplying 287,000 by 6 and dividing by 12.5, gives 138,800
~ tons which checks fairly well with table I of 142,171.

It is believed that the veins will extend in depth
to the Prospect Mountain Quartzite which is a reasonable
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assumption, due to the fact that the veins can be traced

. on the surface up to 4,000 feet along their strike length,

(the Scheelite Chief and Silver Bell vein, 4,000 feet—-

The Oriole vein, 1800 feet —— The Everit vein, 3,000 feet)
which indicates that they should extend downward at least

one half of this length or 2,000 feet.- The Prospect Mountain
quartzite is estimated to be about 1,200 feet deep.

_ Taking the known strike length of the veins and the
estimated depth to the quartzite;there is then 10,460,000
square feet of veins under the adit levels to the Prospect
Mountain Quartzite. Applying the per cent of stope area above
the adit levels to the area under the adit levels and the
quartzite, or 10,460,000 square feet multiplied by 0.199
equaling 2,081,540 square feet ‘of expected stoping area.
2,081,540 multiplied by the least expected width of § feet

- and divided by 12.5 cubic feet per ton indicates 833,000

tons. Expecting the same grade of ore and units recovered in
milling as shown in Table I, there would be 720,545 units of

WO0,, and at the present price of $55.00 per unit, the gross
value would be $39,630,000. '

, The Wheeler Limestone bed is about 40 feet above
the quartzite. The intersection of the veins with the

Wheeler bed will be the deepest and perhaps the largest and
most profitable target. '

s

~ PROPOSED EXPLORATION

Stage I

. Since 19.9% of the veins developed and mined have
been in ore, and if the same ratio of 6re to waste holds true
below the adit levels, then one out of every five drill holes

drilled should be in ore, assuming wide spacing and considerable
variation in aeptn. ‘ -

Geologic projection of structure, veins, and certain
limestone beds and spotting the drill holes accordingly wilys
reduce the number of drill holes in waste.
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Suggested drill hole sites and depths in Stage I

nre as follows: .

Scheelite Chief 5,500  E 10,700 500"

N
Scheelite Chief N 5,900. E 9,900  1200'
Oriole N 6,300 E 12,200 600"
Oriole N 7,300 E 10,200 400’
.Oriole N 6.400 E 12,800 600"
West Everit N 9,825  E11,020 600"
West Everit N 9,600 E 11,775 450!
West Everit N 9,650 E 10,950 250"
‘East Everit N 9,550 . "E 10,950 850"
Fast Everit N 9,250 E 12,350 © 500
Silver Bell N 4,000 E 14,100 350"
Silver Bell N 4,000  E 14,400 350"
Chief Extension "N 4,50  E 10,200 300"

Total 13 drill holes : 6950'

Using one rig on two shifts at 50 feet per shift
would complete Stage I in 70 days or about three months. No
water 1s expected in the first 600 feet of depth. Rotary
drilling with a tri-cone bit supplemented by a down-hole drilling
hammer where ground is hard should result in a reasonable cost
per foot of drill hole. It would not be possible to drill angle
holes with a rotary rig, whereas a diamond drill rig can be .
mounted at any angle. .

It is estimated that the average cost (including drill
sites, roads, and incidentals) will be $8.00 per foot with

-d rotary rig and $§ 10.50 per foot using a diamond drill rig.

Stage II

The amount of drilling under Stage II will be dependent
on the information gained from Stage I. A minimum expectation
from Stage I 1s 4 holes drilled in ore out of the total of

- 13 drilled.
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Near the area of a drill hole drilled in ore, additional
drill holes will be required to confirm the size of the ore
block. At least three additional drill holes under Stage Il
for each ore hole drilled under Stage I.

The average depth of drill holes under Stage I is 535

feet. For Stage II, expecting 4 ore holes from Stage I, and

3 supplementary drill holes for each, there would be a total
of 12 drill holes @ 535 feet or 6400 feet of drilling. At
$8.00 a foot, this would cost $51,000 for Stage II.

Stage IIY -~ Mine Development

Shaffs mﬁst be sunk, drifts, and raises driven to
develop the ore blocks for tining. :

A 500 foot vertical shaft, 1000 feet of drifting and
100 feet of raises will be required to put the first ore
block into production for each vein. Development of other
ore blocks on the same vein will be less expensive,

500 feet of shaft, 2 compartment @ $150 —~—-- $ 75,000
1000 feet of drifting @ $50 - : 50,000
100 feet of raises @ $50 L

5,000

Total $130,000

Recap of Stages I, II, and III

Stage 1 ~—wmm—mmm $ 69,400
Stage I] —————um 51,000
Stage III -—w~—w 130,000

Total $250,400

Expected Production

Expected production from each of the three main veins is

100 tons per day. Average grade and mill recovery. at 0.865
units per ton would give 86.5 units WO per day from 1 developed
vein under Stage III. 86.5 units @ $Sg.00 a unit would

generate a gross income of $4,860 per day. ‘
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 May 28, 1971 , Professional Mining Engineer

‘under a lease and purchase option or as a purchase. Terms

‘excellent speculative investment for people interested in

’ Y
K

A

& will be possible to acquire the Minerva property

are open to negotiations with responsible parties.

. . . N

It 1s felt that the Minerva property 1s an

tungsten and related minerals.

Respectfully yours,

..

Reginald G. Lee .

]
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@eoldgical Survey
Washington

TUNGSTEN DEPOSITS IN THE MINERVA ﬁISTRICT, WHITE PINE COUNTY, NEVADA

By Dwight M. Lemmon"

February 1944

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 rhyolite,
younger than the tungsten deposits. Of the seven veins known, five have
been productive, and two of these are responsible for most of the 4ige
trict yieldse Since the discovery of tungsten in 1915 until 1944, the
district yielded 82,000 units of WOz, sold for approximately $1,726,565.
Except for about $63,000 worth produced in 1916-18, the major production
has been since 1936. The average grade of ore has been nearly 1l percent
of W03, with a range from 0.5 pereent to 2.0 percent or more. The quartz
velns 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 feete

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

On properties of Tungsten Metals Corp., reserves with 0.5 percent
or more of WOz were estimated in collaboration with the Bureau of Mines
on December 1, 1943, at 1,200 tong of measured ore containing 900 units
of WOz, 15,320 tons of indicated ore containing 11,705 units, and
534900 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 indicated ore
containing 35600 unitsy Reserves at other properties in the district
were 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 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 feot, 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 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, 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.L
Scheelite was found in the veins in 1915 by Ce Fe Millick, A. Ge 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 Cos, in 1918. A 150-ton
mill, located below the Chief nmine, was completed in 1918 shortly before
collapse of the tungsten market. Production for this perlod is unknown to
the writer, but is believed to be less than $100,000 worth of concentrate
valued at the high prices then prevailing; Ne£7da bullion tax records show
production only in 1916, amounting to $7,651, Except for a small~scale
leasing operatitn 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
Iverit, and Fast Everit mines (fig, 2). Production from these mines in
the period 1937-43 inclusive was 101,487 tons, yielding 77,889 units of
W0z sold for approximately $1,615,275 (see table 1), Elsewheres in the dis-
trict, the Hilltop, Tony, Canary Yellow, and Zigzag mines have ylelded
about 2,200 units, making a total district production of 82,000 units,

Fig. 1. Index map of Nevada showing location of the Minerva district.

Fige 2+ Index map of the Minerva district showing principal veins and faultss

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

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

2/ Couch, B, Fe, and Carpenter, J. Aey Nevada's metal and mineral production;
University of Nevada Bull., Geology and Mining Series No. 38, p. 148,
1943, '

2
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Table 1. Production of tungsten ore and concentrate from mines
of the Minerva district, Nev. 1916-43.

Year ; mTungsten Mgtals Corp.l/ Hilltop miﬁe@/

Tons of ore{Units of WO3 Value Tons of ore|Units of WOz| Value
1916 1018 | 1018 |  #7,6508
1018 1,846% 1,846%/ 55,3774/
1937|  6,4008/ 6,0365/ 158,9165/

. 1928| 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 |$36,800
1942| 19,867 | 16,876 428,008 450 429 11,462
1943| 15,718 8,507 . 253,878 - - -

103,504 79,926 $1,678,308 1,576 2,106 148,262

l/.Data from Tungsten Metals Corp. except where noted, Includes production

SRS

from Neveda Scheelite Co. (1916) and Minerva Tungsten Co. (1918).

Data from Shoshone Mining Co.

value from Nevadas tax records, University of Nevada Bull,, Geology and -

Mining Series Noe. 38, Do 148, 1943. Units estimated from value,

assuming a price of $40 a unit. Tonnage based on recovery of 1.0
percent WOz.

g/ value from Nevada tax records, OR. citey Po 148. Units estimated from

e &

value, assuming a price of $30 a unit. Tonnage based on recovery of
1.0 percent WO3.

Units from records of Tungsten Metals Corp.; value and tonnage from

Nevada tax records, ODe cit.y pe 148,

Includes production from re~treatment of tailings.

Z/ Includes production from re~treatment of tailings, also 4,521 units of

W0z contained in 2,082 tons of slime tailings gold for $18,243, net.

A}
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Field work by the Geological Survey

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

Work by the Bureau of Mines

In the winter and spring of 1941, the United States Bureau of Mines
core-drilled 34 holes totalling 6,932 feet on properties of Tungsten Metals
Corpes and located the ore mined since then. Again, in the f£all 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, E. We Newman in 1941 and Re W, Geehan in 1943, as part of a
cooperative program of the Geologlcal Survey and Bureau of Mines.

Acknowledgments

Tungsten Metals Corpes through its staff cqnsisting of Paul J.
Sirkegian, We Lo Tyent, Ae Je 0'Connell, and W, He Dunham, furnished
records, SUrVeyS, board and lodging, and helpful assistance, Hadley Re
Bramel contributed assays and other jnformation about the Canary Yellow
and. Zigzag claims, entered into many stimilating discussions, and was 8§
gsource of information about other mines in the region.

GHOLOGY
Regional getting

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 gsedimentary rocks ranging from Cambrian through
Carboniferous, (2) a central intrusive mass of late Mesozoic granitic
rock exposed in Snake Greek and south of Osceola, and (3) a wolcanic
capping at the gsouth end of the range in the Murphy Wash area. All the
ore deposits known to the writer occur in the Gambrian sedimentary rocks
or in the granitic jntrusive, and none have yet been identified in the
higher Paleozoic section, perhaps largely because of the distance of the
ypper rocks from the intrusive to which the mineralization 18 probably
relateds Gold and tungsten, with minor amounts of lead and silver, have
been produced profitably in the range, The Minerva district with 1ts
tungsten production has first place in gross yleld:; the Osceola district
with its gold and minor tungsten production has second place; and the
Hub district, a former tungsten producer, third places

The fungsten occurrences in the range are in veins or stockworks

with quartz or calcite, or both, as gangue. Wo deposits of the contact~
netamorphic type have been found. In generals either scheelite or

4
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huebnerite or both occur in those deposits with quartzite or granitic
wall rocks, but only scheelite occurs in the stratigraphically higher
deposits with limestone wall rock. Narrow pegmatitic veins with quartsz,
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 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
Osceolsa south past Minerva to the mouth of Murphy Wash, from oldest to
youngest are the Lower Cambrian Prospect Mountaln 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 Bureka 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 Minervaj the Pogonip limestone and Eureka 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
neagure thicknesses outside of the mapped area.

Sedimentary rocks

At Minerva, the section mapped consists of about 1,000 feet of limew
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 feets 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
linestone beds with a total thickness estimated at 1,000 to 1,500 feet
extend downward to the Pioche shale and Prospect Mountain quartzite. This
part of the section is well exposed on Mt, Washington, 5 miles north of
Minervas 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
"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 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

Fig.yz. Geologid map of a portion of the Minerva district.
Fige 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 beds on the beautifully 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 columnar section, starting with the youngest rocks,
summarizes the lithologic 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 parti-
ings in the lower portion, argillaceous
shale abhove,

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

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 g few thin, lenticular beds of
dark-gray limestone. Cliff forming. Marked
at top by a distinctive bed of thinly banded,
cross~bedded limestone 2 to 4 feet thick, a
bed that is present throughout the distriect
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 indistinet 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
gimilar to the "Upper white limestone." In the
nmapped area surrounding the Hilltop mine,
rocks equivalent to the "Lower black limestone"
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.

Yt 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 hine
to the Hilltop mine. They were intruded after formation of the scheelite
veins, for they cut through the veins at the portal of the 6,9Q0~foot level
in the Fast FEverit mine and at the Tony prospect, and elsewhere 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. WNearly all of these
faults, even the low-angle ones, are normal faults; that 1s, the hanging
wall has dropped with respect to the footwall, The few that show reverse
movement have relatively small displacements.

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

1l.. Faults now éccupied by gquartz veins that strike N. 700 VW,
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° B. to 75° W.,
and have displacements up to 20 feet,

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

4, TFaults that strike east, dip 45° to 60° W., and frequently
follow 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. Faults of this group are abundant
at the front of the range west of the Everit vein, and also on
the Zigrag claim. '

The quartz veins occupy the oldest fault structures, and have been
offset by most of the others. A few steep faults that cul across the vein
structures are also pre-mineral, but they have had only small displacements




116264

of probably not more than a few feet, and have only locally affected ore
deposition. 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 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~
set, 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 rhyolites

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 examples it
dips 13° E. where it offsets the Everit vein, and steepens %o 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 gimilarly
folded.

In the mapped areas, the bedding in the limestone gtrikes north to
northwest and dips 120 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 Everit and Hilltop
minese 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, i1t may represent an old bedding
fault of unknown magnitude, perhaps one of the oldest faults in the digtrict.
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 450 to 70° N., and are spaced
at intervals of approximately half a mile. The Chief Extension, Scheelite
Chiefy Oriole, Everit, Lone Buck, and Canary Yellow veins are shown 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 alluviuvm, and on the east by allu-
vium and shale through which the veins do not pemetrate, 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 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 remotes.

Mineralogy and grade of ore

The veins 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
mich as 4 ounces of silver to the ton, but this represents a high concen-
tration ratio. 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 molybdenun.

The quartz in the veins is white or tinged with greenish~yellow,
coarsely crystalline, and usually massive, although a few small wvugs can
occasionally be found. The carbonate in the veins 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
2¢5 percent or more of WOz down to 0.3 percent. Local concentrations have
contained ag 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 cre 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 wide. In the smaller veins,
ore shoots as narrow as 1 to 3 feet have been gtoped.

Xach 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 prospected, In the East Everit miney; 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 fo 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 district, for they have not been extensively explored.

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 limestones" 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 limestone." 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 breakage 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 the "Upper white limestone" appears responsible for condi-
tions favorable to scheelite mineralization. Perhaps slight changes in dip
of veins where they cross limestone beds of different compebtence permitted
development of crushed zones within the quartz, zones formed by continuous
shearing along the vein., If this explanation be true, then other ore
shoots may be discovered at greater depths in the vein wherever similar
conditions prevail.

10
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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 distriect, 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 Co. (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 4485-4,
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 west 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 fault.

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~fo0t levels. OFf seven holes
drilled beneath the alluvium, only one, 550 feet west of the mine, found
cres The ore shoot in the intervening area 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 feet, and contains sporadic traces of scheelite.

Pig. 5. Map and vertical projection of the Scheelite Chief vein.
Fig. 6. Scheelite Chief mine, composite map.
Figs 7, Scheelite Chief mine, vertical projection of west workings.

Fige 8. Scheelite Chief mine, vertical projection of east workings.
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Silver Bell mine

The Silver Bell mine (see figs. 9 and 10), in the east portion of the
Chief vein, is worked to the fourth level through a shaft 365 feet deep on
the incline (238 feet vertically). A winze, 84 feet on the incline, connects
the fourth level with a short fifth level at a point 300 feet west of the
shaft. The total level workings, largely concentrated on the third and
fourth levels, amount to nearly 1,200 feet of drifts and crosscuts. Ore was
stoped above the third level for a length of 140 feet, a width of 3 to 5 feet,
and a height of 60 feet along the dip. A faulted westward extengion 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 segments.

Oriole mine

The Oriole veln is the least developed of the major veins in the dis-
tricts It is opened at the west end in the Oriole mine by two ghort adits
ot a vertical interval of 80 feet (see figs. 11 and 12). The ore stoped
consisted of very fine~grained scheelite in quartz, and averaged only O.4
percent of W03, 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 adit.

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
segments east of the canyon. Although the vein is not as strong at the sur-
face as the Chief or Everit veins, it shows impressive widthe of quartz, and
might be productive in the future.

West Everlit mine

Workings in the West Everit mine consist of two adits, a sublevel above
the upper adit, two stopes, and several connecting raises (see figs. 14 to 16).

Fige 9. Silver Bell mine, composite maps

Fig. 10. Silver Bell mine, vertical projection.
Fige 1ls Oriole mine, composite map.

Tige 12. Oriole mine, vertical projection.

Fig. 14. West Everit mine, composite map.

Pig. 15. West Everit mine, vertibal projection.

Fige 16. West Iverit mine, section along 11,350 Ee
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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 hill, the other in the lower adit. Both ore bodies are in the hang~
ing wall of the West Zverit fault, and are cut off by it. The upper ore
shoot is a remnant, former extensions of which have been eroded away. The
lower ore shoot, however, might have extensions below the West Everit fault.
In spite of several hundred feet of exploratory work from the 654800~fo0t
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 nAM,
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 64800-foot level.

The West Everit vein zone ranges in width from 5 to0 50 feety, the vein
branching into several parts with included layers of limestone, The maxi-
mm width of continuous quartz is 25 feet. Wherever drifts lie in the main
vein, the full width of qQuartz 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. Because of extreme faulting, the vein westward
beneath the alluvium probably does not Justify underground exploration,

Tast Everit mine

The main development in the Bast Everit mine is from an adit 1,735 feet
long at an elevation of 7,050 feet (see figs, 13 and 17-20). A raise con-
nects with the surface from a 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 segment.

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 Bverit 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 64900~foot level) yielded ore containing only
about 0.5 percent of WOz, the ground has not been sufficiently tested to
prove the absence of better ore. 4n adjoining segment of vein that crops
out south of the portal of the 6,900-foot level is untested.

Pige 13+ Map and vertical projection of the Everit vein.
Fige 17, TEast Everit mine, composite map,

Fige 18, Fast Everit mine, vertical projection.

Fige 19. ZXast Everit mine, map of east extension.

Figs 20. East Everit mine, section along 14,674 E.
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The portion of the wvein intersected near the face of the 7,050-foot
level (at 14,100 E.) contains low-grade scheelite-bearing material at that
point, but has not been explored upward to the surface, which is masked
by debris. Beyond the face, five holes drilled from the surface in 1943
found no ore, but proved that the ore horigzon lies considerably lower in

© this fault block. The thickness of quartz and the presence of scheelite
in this part of the vein are encouraging for the eventual discovery of an
ore shoot at greater depth. '

The small vein that lies 150 feet north of the Everit vein contains
several exposures of narrow but high-grade scheelite ore. One outerop (at
13,150 Es) was mined in an open cut. Drill hole 2 (at 13,240 E.) inter—
sected 5 inches of vein 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.). 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 (Dbetween
14,200 E. and 14,260 E,) 60 feet long, 1.8 feet wide, and averaging 1.74
percent of WOz; indicated ore along the rake west to the nearsst fault
amounts to 220 tonse The vein shows little promise of productivity, for
the only ore exposed is in this bleck, which is a small and inaccessible
remnant of a shoote

Calico Tungsten Co,

The Calico Tungsten Co., & partnership between Hadley R. Bramel and
Stanley Feitler, owns three wnpatented claims on a single vein: the Canary
Yellow, Calico, and Zigzag claims. BExcept for surface cuts, work has been
concentrated at the Canary Yellow mine. :

Canary Yellow mine

The Canary Yellow mine is developed by an 85-foot crosscut adit with
a 110-foot drift on the vein, and a raise to the surface 85 feet above
(see figs 21). The vein in the drift shows 1 %o 1-1/2 feet of ore contain-
ing more than 1 percent of WOz 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 l~1/2 to
6 feet, and obtained assays ranging from 0.39 to 4.20 percent of WOz, averag-
ing more than 1.0 percent. From the raise, 37~1/2 tons milled by Tungsten
Metals Corp. yielded only 27 units of WO3, an average of 0.72 unit per ton.

Fig. 2l. Canary Yellow miné; map‘aﬁd projection of workings.
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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 inm the drift may may represent a lower
shoot. With this interpretation, the upper shoot, with an average width
of 2 feet, is estimated to contain 400 tons of indicated ore that will
average more than 1.0 percent of WOz; the lower shoot, l~1/2 feet wide and
averaging 1.0 percent, may contain at least 600 tons of inferred ore if it
continues 260 feet along the rake to the faults limiting this segment of
veines No estimate can be made of the possibilities of the vein eastward,
for the veln is unexplored and ore is not exposed at the surface, although
the vein croppings continue 1,000 feet east of the mine.

Zigzag and Calico claims

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
distriect, 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 hag
not been profitable to mine hecause 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, I.
Trent, J. Z. Brinton, and Horace Bath, owns the Hilltop group of six un-
patented claims known as the Hilltop, Tony, Tony No. 1, Tony No. 2, Tony
No. 3, and Tony No. 4, The claims were operated in 1940~41 by the New Deal
Leasing Cos, in 1941 by the Scheelite Leasing Co., and in 1942 by the
Virdot Development Co. The Tony prospect was operated by Tungsten Metals
Corp. for a short time in 1940-41. Most of the production has come from
the Hilltop mine, which yielded at least 2,106 units of Wog.

Hilltop mine

The Hilltop mine is developed by a main adit at an elevation of 7,068
feet, by a short adit at 7,120 feet, and by several open cuts (see figs. 4,
22, and 23). The 7,066-foot level has about 650 feet of drifts and cross—
cutsy three stopes, and three raises to the surface., This level is connect-
ed with an ore bin at the end of the road, 800 feet lower, by a single

span, Jig-back aerial tram 1,150 feet long.

Fig. 4. Surface map of the Hilltop nine.
Fige 22+ Map and vertical projection of the Hilltop mine.
Figs 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 body. The stopes west
of the adit were narrow, the ore being a foot or less in width although of
high grade.

Hordly 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 roof; so there may be ore in the 50 feet of un-
explored ground up to 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 All 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
is in this respect unique among the tungsten-bearing veins of the district.
The veiln 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 caleite filling, common to post-mineral faults of the district, is
present., Scheelite mineralization for widths of 1 o 3 feet extends for
about 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
W03 was recovered from 159 tons of ore milled in 1941, a yield of about 0.2
percent. No commercial ore is now exposed, and only a few tons that contain
0.2 to 0.5 percent are visible.

Two narrow veins on Tony No. 2 claim west of the section corner contain
a 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 ore, and seldom have more than a few thousand tons of indicated
ores As in many other tungsten mines, indicated, not measured, ore is mined.
Congequently, an estimate of ore reserves must be primarily an 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 expectable future production of the district. Individual blocks in-
ferred, however, 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 continuous milling at capacity. In the 6 years from 1938
to 1943, the tonnage produced annually ranged from 10,160 to 19,8687, and
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never approached the mill capacity of 27,000 tons. The added mining and
milling cost involved in operating at capacity would be slight, and the
net profit from such operation would be much greater,

Under operating conditions in 1943, the grade of ore mined (yield of
0.54 percent of WO0z) was the minimum that could be handled profitably at a
market price of $30 a unit. Ore that would mill out at 0.75 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 drifts and raises, The inw
ferred ore, which constitutes the bulk of the reserve, is inferred largely
on geologic evidence as to continuity of ore shootss ZIstimates of grade are
based mainly on the yield from ore mined in the past,

In addition to the estimates enumerated, it is expected that future
prospecting will discover other ore bodies in the Oriole veln, unexplored
for 2,600 feet east of the Oriocle mine, and in the Chief vein, which extends
at least 400 feet east of the $ilver Bell shafts 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 erder of 70,000 tons
averaging 0.8 percent of WOz

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

Table 3+ Reserves within mines of the Minerva district, distributed into
ore blocks.
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Table 2. Summary, by mines, of ore reserves in the Minerva district,
December 1, 1943.

Qre commercial under present conditionsg

Grade 0.5 percent WOz or higher

Measurable Indicated Inferred* | Inferred**
Tons |Units| Tons | Units | Tons | Units ?ons Units
Scheelite Chief*** {1,200 900 ‘ 6,200 4,590{17,000{12,000 | \
Silver Bellw 4,540 4,540(18,300|15,975
Fast Bverit : 4,406 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
Hi1ltop - | | 1,000/ 1,000}
1,200 900 {15,760112,10540,500|32,695|15,000 11,100

Ore marginal under present conditiong

Grade less than 0.5 percent WOz

Indicated
Tons | Units
Fast Everit 5,200{ 2,080
Oriole 3,8001 1,520

9,000{ 3,600

* Inferred with reasonable assurance on basis of nearby workings,
** Inferred by geologic reasoning, unconfirmed by workings in the
immediate vicinity. ‘
*¥*% Reserves 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.
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distributed into

Table 8. Reserves within mines of the Minerva district,
ore blocks. December 1, 1943, *
Location Width | Measurable ore | Indicated ore Inferred ore
. in % |Units % |Units % |Units
M
Scheelite Chief*| 0~6 | 3 . e | s |1,200{0.7 | 840 .. | .. .
C"’? 3 L) ’e . . v . 700 Ol 8 560
C"'8 2q5 s .o . .. L) . 300 008 240
C"‘g 4 1’200 0075 900 Y . P o; o * e
C-—lO 3""7 boq [ ’e 5,000 0075 3,750 . R e
C"’ll 5 . L e Ll .’, . .. 16,000 On’? 11,200
1,200 900}6,000 4,590{17,000 12,000
SilveI‘ Bell* C"'l 60 5 L) . .o 3,500 l' O 3,500 L) L) .
C""g 4 .. . 1’040 llo 1,040 o e o e
C-'S 6.5 LY . () L3 LY 9,000 1.0 9,000
0*4 5 L) LY . .. ) .. 9,500 0075 6!975
4,540 4,540118,300 15,975
01‘5_018 O"‘l 205 . . l, OOO O~4: 400 .. .. *e
0—2 2o5 () . . 2'800 0‘4 1,120 ve e .
3,800 1,520
West Everit E""? 3 L) . . . .. 1,200 l.O 19200
East Evel‘it E""l 5 L] LX) LX) .. LY L) S,OOO 0.5 1.,500**
E""z 5 . .o L 4,400 005 2,200 L) LI )
E“s 5 . L) . l’ 800 004 720 e L4 .
E’“’4 5 .. . . 5)4‘00 0-4 1,860 .. ] ..
E"'5 5 ’ e . . .. ) ’s 2,4-00 008 15920
E"‘s 5 . ’e v .o ‘e . 12’ OOO OQ8 91600**
9,600 14,280{17,400 |- 13,020
Lone B‘U.Ck‘. 108 . ] ’e 220 1!74‘ 3’75 e L) .
Canary Yellow 2.0 .o .o .o 400(1.0 400 .e o» .o
1.5 | .. .o .o e Jou . 800 |1.0 600
Hilltop 1.5 | .. ‘e .. oo Jea - 1,000 (1.0 | 1,000

* Reserves partially depleted between December 1,

estimate) and May 1945.
from the Silver Bell mine

** Inferred by geologic re

vicinity.
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