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INTRODUCT 10N

The Mill City tungsten distriot is in northwestern PerERinE
County, Nevada, on the esstern slope of the Eupene Mountains. Eight
miles of paved road connect the mine with Mill City, on the Southern
Pacific Railroad end U. S. Highwey 40. The Nevada Massachusetts
Company has owned all tungsten properties in the distriot since 1927.
The ount of concentrates shipped by the oompeny has given it first
rank smong domeatic tunsston producers. Production of the district

since discovery in 1917 il shown in the socompanying table. At

 present the Company is opersting st the full cspacity of its mill,"

220 tons per dey, and is oonstruoting an additional mill for treat-

ment of tailings. The capacity of the nes plant will be 1,000 tons
per day. ' _ _ i '

- The geology of the tungsten deposits has been cesoribed by Eess
and Larnenf and by Eerf%/tha mining end milling oper;tion: have been
desoribed by Beiaersund Ynnaarberg.i/

Because of the district's irportance in damestio tungltcﬁ pro-
duotlon,lthn Geolopical Survey included a study of the Mill City
area in the current prograi of strategic mineral lurvtyl.‘ The prin-
ol%ui object of the study is to map the areal geclogy of the Bugense

Mountains on a scale of 1162,500 (spproximately one inch equals one mile),

1. Hess, F. L., and Larsen, B. 5., Contact-metamorphic tungsten deposits
of the United States: U, 5. Geol. Survey Bull., 726-D, 1921,

2. Kerr, P. F., Ceology of the tungsten deposits near Will City, Nevadai
Univ. of Mevmda Bull., vol. 28, no. 2.

3. Heizer, 0. F.y U. 5. Bur. Mines Inf, Cire, 6280, June 1930, and

. :8284, June 1930.
- 4, Information not available, June 1975.
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end lo plmoe the tungsteﬁ aepoaitl in their setting of repional
geogary; As & part of this study, the tungsten depoaité, which were
mapped by F. F. Kerr 1n 1932, are being re-examined, end some of
them are beinr mapped in detatl a8 a possible aid to exploration by

the Bureau of Xines, This work is incomplete, but the results to

~dete of the detailed study are given in this preliminary report.

Throughout the work, Ott F. Heiser, manager of the Nevada lassa-
chusetts property, hes been extremely cooperative, The writer is
indebted to T. B, Nolan, of the Zurvey, for valuable supgestions,

and o J. F, KcAllister for able assistance in the field.

GEOLOGY

ITho rocks of the distrioct include a series of metamorphosed

Trininic sediments over 4,000 feet thick, large intrusives of grano-
dlori!te,ﬁ thin d,fsdcal aof grenodiorite, aplite, quart: diorits, and |
andesite (see fig.l)T The Triassic beds strike N. 10°-30° E. and

dip 60°-70° wenk. Goe mass-of granodiorite 2,500-3,000 feet in
diameter cocupies the center of the distriot, and a second, larger
bodyZliel to the north, oonneoted with the first by a narrow neck,
The aore deposits sre scheelite-bearing llriﬁlto rocks that have been
formed from limestone members of the Trinlliollorion by contact

metemdrphisa, Both pre-mineral and post-gineral faults displace the

‘beds, the faulting being most complex in the western half of the

distriot.

§. This map was prepared by the Stanford Geological Survey in 1932,
It does not show 1939-40 revisions of goology.

‘l* 1 I it . &




Triessio ;odlmonta{y roocks

The Triassic series consists of hornfels, slate, and iimatton..
Hornfels, the most abundant rock type in the series, is a fine-
Erained, very hard, Eray or dark gf;on-gruy rock that westhers to
brown-stained angular joint blocks. Slates weather to dark gray or
black chips aﬁi plates that asplit read ily albngscloavnga Planes,

The Upper Triassic fossil Monotis suboircularis 8 been found in a

tone about 10C feet thick stratigraphically that extends through

the eastern part of the district. Xo foa?iln have been found elaewhere
The limeztone bodl,lridely spaced in the Triassic series, are

2 to 15 fout thick. They are dark blue, gray, or black, and where

slightly altered, grade into white crystalline marble, in most

pPlaces coarser in grain than the driginal limestone, The abundance

of garnet and epidote distinguishes the highly metemorphosed

scheel ite-bearing silicate rocks. Individual limestone beds that

have been mined or prospected are known in the district by local

nameeg; fram enst-to wast'thaga are the East Bed, the east and west

Sutton Bedg, the Humboldt, Springer, Stank, Yellow Scheelite, Keys,

Summit, and Hard Luock George Beds, and the West Beds.

.Intrusive rocks

Intrusive granocdiorite underlies the central part of the distriot,
a8 well as a larger area to the north, and forms msny dikes. The

granodiorite of tht-llrgor intrusives is a medium-grained orystalline

6. Identified by 8, W. Muller, personal communication. Previously
identified es Pseudomonotis subeiroularis, . -
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rock, composed mainly of plagicclame and quartsz, with sm-1l amounts
of hornblende, biotite, end orthoclase., Fresh specimens of the rook
are pray end hard; weathered rock is stained 1irht frown or tan, and
erunbles easily, Korr7 s polnted out that some parts df the grano-
diorite and some dikes aré more properly named quart: diorite, Aplite
is fine-grelined, with few dark grains, -

Andesite is the younpest rock in.the area. Typloal weathered
specimens from the ‘surface are dark pray and oontain numerous
light feldspar end dark hornblende phenocrysts. In fresh andesite
from the mines, the feldspar or§;tals are carx gray and hardly dis-
tinfuishable from the gray groundmass,

v

Struoture

The Triassio rocke strike N. 10°-;'l>0o E. end dip 60°-70° west
exocopt northwest of Stank Hill, where there are east-dipping beds.
Both pre-minersl and post-mineral fmults displace the teds, as shown
on the geolopglc map (#2g.1). The mnjo;ity of the faults strike
N. 15°-45° W, and dip steeply southwest; the ohief movements appear
to have been horitontal. Pre-mineral faults break tha Sutton beds
northeast of the southern granodiorite into three sepments that are
offset 400-600 r;at. A fault outs off the southern end of the
Humboldt ore body, and another truncates the Springer bed; the dis-

placed ssgments have not been located. A pre-mineral fault also

. separates the northern end of the Mmboldt ore body into two parts;

a8 the footwall portion has produced the highest grade ore found in

7. Op. oit., p. Sl. i
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the mine, a structural ooﬁtrol of'ore-bearing solutions is suppested,
The Stank Fault is the most promin&gt feult on the map; it is post-
mineral, and where it crosses Stank Hill is marked by a breocia zone
20-50 £&8t thiok.

As the Trisssioc roocks are cut at all angles by the main grano-
diorite bédy, the bedding.apparantly influenced the direction of .
the intrusion only locally. The contact is in some places highly
irregular, while elsewhere it follows a nearly straight line. The
position of pranodiorite in the valleys €nd horﬁfels on the hilltops
is a consecuence of the relatively low resistance of the granodicrites
to westhering, end Zoes not imply that the intrusive rock extends
horizontally under hills ocapped with metamorphic roof pendants. Om
the contrary, mining in the Humboldt end Stenk workings has shown
that the pgrenodiorite Aipu under the sedimentary rocks at 60°-T0°,

At these steep angles, the intrusive masses encroach on the ore beds

:nthaf gradually with increasing depth.

ORE BODIES

The ore deposits are limsatone beds that have been altered bty

oontact metamorphism to derk silicate rocks ("tactite™) containing

disseminated gcheslite (calcium tungstate). All the ore deposits

are at or bear the contact of the granodiorite with the sedimentary
rooks, the richest dofoaitl being mlong the western margin of the
southern body, The largest ore bedy, the Humboldt, is 1,500 feet
long, and has been mined to a depth of 1,300 feet, Over 95 perocent

of the ore so far liilod has been mined from the Humbaldt, the

5
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- Springer;, and the Stank ore bodies, all of which lie west of the

m% southern grenodiorite intrusive. These are beinr mined.at present,

and ore is aleo being taken from the South Suttén and the Sutton No. 2
(formerly YNorth Sutton) mines at the eastern margin of the grano-
diorite, 1In addition to these producing mines, there is a sub-marginai
§ deposit esst of the granodiorite, nt-tho Uncle Sam mins, end several

' pertly prospected deposits west of the granodiorite, in the faulted

~§ area between the Springer and Stenk mines.

-E g : !inortlosx

The scheelite is disseminated in a dark crystallins rock com-

posed mainly of garnet, epidote, quartz, and calcite, with mud

ﬂ sotinolite and pyrite, and emall amounts of chalcopyrite, pyrrhotite,
end ?olybdonitn. That this silicate ore formed by replacement of
Uﬁono 1s'o1aar, for the lateral ;:rmnition from ore to

, unaltered limestone can belaoen in manmy places, and within the ore
bodies are many residual masses of unreplaced limestons. Also,
variations in the relative amounts of minerals make the ofiginal

bedding plainly recognizable. The scheelite is unequally distributed;

some dark silicate rooks are practically barren, while others oontain
a8 much as 10 peroent tungsten., Other minerals in the ore also range
widely, but as a rule scheelits-bich rooks are also rich in quartsg,

The fluorescence of scheselite in ultraviolet light is a great aid

in distinguishing scheelite from quarts, whioh it closely ressmbles.

Ultraviolet lamps are constantly used in the mines to assidt in
r estimating the grade of ore,




"Localization of ore bodies
._-_'—'_"""‘_"_’_"__'—T"“

The ore bodies all 1ie in a narrow zone around the grenodiorite
(see £i5 1), The width of t.he zone 18 most definitely shown in
deposits that extend from the contact out to umnineralized limaltono.
The South Sutton ore, for example, grades into unaltered limestone

‘about 500 feet from the granodiorite. The Sutton beds north of the

intrusive (Sut con No. 2-Baker aditu) are partly mineralized as far

-out as 1,000 feet. The Stank bed is minornlizrd for 1,200 fa-t

southnr'd from tha main granodiorite, although there are small

intruslonu nuch oloser to the ore. The Bumboldt ore bodz-r-extendl .
1,500 feet southward from the northern granodiorite body, but near
the shaft the bed is within 200 feet of the southarn intrusive.

It 1s thus possible that the Humboldt bed l1ies within the oontact.
zones of toth thn northern and soutﬁern intrusives., Ths Springer
ore body is not in contact with grancdiorite, but no part of it is
mra than 1, 0'00 i‘eet away from the intmlivo. These approximate
-figures 1nqioaj:e that the ore-bearing zone surrounding the grano- -
diorite body 1s 500 to 1,200 feet wide, »

The ore zone eontinues dowmward parsllel to the boundary of the
gr&noéiorita mtrulin. Thergranodiorits dips 60°-70° under the sedi.
mentery rocks in the Eumbo].dt and Sta.nk workings where mining has
ru.chod depths Of 1-,200 and 1, 500 feet respectively. No other
oonj:nct has been limd deeply enough to determine its attitude,

Not all liinaltono within the zone is mimruli:od and scheelite-

bearing. In the Bubnldt mine, for example, although secotions of

.
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of the bed at considerable distance from the granodiorits are

eltered, there anre some barren blocks of limestone-marble rock at
; \ :

the oontaot. Also, proximity to the contaot does not essure high-

grede ore because the scheelite is as unevenly distributed as the
other minerulu; The intensity of mineraliration and the amount of
scheelite in the limestone seem to have been partly determined by
obscure structural features of the ore beds., It seems probable

that pre-minersl fractures gulded the movement of mineralizing

; solutions end partly determined the position of high-grade. ore shoots,

In general, it appears thsat a‘limnatona that lies in the contaot

sone 1s a potential ore body, and conwrsely, limestones that are

more than approximately 1,200 feet from the main granodiorite are

probably urmineralized and barren.

Grade and size of ore bodies

The averape tungsten cort ent of the ore milled in the distriect
‘has teen »lifhtly telow one percent. In one blook of ore mined. in
1832-33, the tungsten content ranred from 5 to 13 percent, the
highest ever found in sizable amounts, Or; bodies that average
under one-half of one percent are sub-marginal at the normal price of
tungsten. -

The dimensions of.tho three largest deposits are 2s follows,
The Humboldt body 1s 5-6 feet thiek except in one blook 300 feet
long, where it ia 10-15 feet thick. The ore body has & maximm length
of 1,680 feet near the surface, and t;porl.tuwuntrd between grano-
diorite on tha-;orth and a fault on the south, It has besn minsd

to a depth of 1,300 feet, The Springer body, 3-5 fest thick has a

vV - 7
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?aximum.lcngth of 600 feet, and hsz been mined to a depth of 800
feot. The Stank ore bed, 3-5 feet thiok, is not uniformly mineralized,
but seoticns 300 feet long have been stoped., It has bsen followed
‘dowriward for 1,200 feet, :

The deftsits in the two Suttén beds ere smaller.- Each bed is
3-5 foet thick, At the South Sutton mine, where both beds are being
mlnedfat 200 feet below the surface, the beds are broken into segments,

, ons

the lergest of which is 200 feet loﬁg. At the Sutton No, 2
bed has been steped from the adit to the surface for a length of

150 feet, and a second stope 40 fest long is now dbeing mined,

Reserves : e

Although reserves of commsrcial grede are presumably blocked
out in the Bumboldt, Springer, Stank, and South Sutton mines, 1o
estimste of resorves cen bs givon for tgose deposits becausze they
have not teen examineduunderground., Ir the Sutton Ho; 2, the only
working mine that has bLeen examined, a block n&w being stoped
froﬁ the adit to the surface contains a maximen of 3,000 tons of
commercial ore,

Re;ervps'éf sub-occonmercial grade bloocked out in the Suttoem Yo, 2
amount to sbout 3,000 tons, in the Uncle Sam about 2,060 tone,

£mong the known ore deposits of the distriot, the Sutton No, 2
end the Uncle Sam se;msnts of the two Sutton beds are the 1e§nt
devoloped. Only one-fourth of the west bed in the Sutton No. 2 2

)*Fagmknt has besn explored, and only one-fifth of the west bad in

the Unole Sem segment. In each oase, thare is probably add itional

q
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ore ﬁori:ontnlly nlong the tegmont and dovmward below the present
worxinge. There iz, furthermore, a possibility of the enst bed
being minernlized,

There mry be undiscovered deposits in the district because a
number oif the limestones Qre incompletely explored. Several of
these beds 1ie in Springer Guloh between the épringer end the Stank
mines in what npﬁe&ra to be a section of the ore zone. The Eest
Bed is mown to be mineralized and scheelite-vearing at one
place,which 1ies outside the kmown 1inits of the main ore zone,
There are seven limestones in the group knmown as the West Beds,

but they sre almost unmineralized at the surface and aprear to lie

outside the ore zone.

Recommendations for exrloration

The possibility of exploring undeveloped extensions of the ore
iﬁﬂ‘ea in the Humboldt, Springer, Stank, andSouth Sutton mines is

not considered her-, as the Company continually searches for all

possible blook of ore adjacent to the workings. Work that night

be done in other parts of the distrioct is described btelow,

The Sutton No. 2 deposit (fig. 2) is about 2,500 feet east of

the Humboldt mine, on a segment of the Suttom Leds about 1,200

feot long. The Sutton No. 2 adit extends for 350 feet N. 15° E, along
what appears to be the west bed. At 250 feet fram the portal a raise
Qonnnetl with the surface and a crosscut extends 85 feet westward,

The Baker orossout adit, 1,200 feet north of the Sutton No. 2, is

8




100 feet long. Several trenches expose the bed between the two adits.

The beds are cut off by granodiorite on the south at the adit
portal, and they end at an unexposed pre-mineral feult on the
north., The sefment between the pranodiorite and the fault id about
1,20C feet long. Horthward beyond the fault, the next segment of
the Sutton teds is offset 400 feet eastward., Several dikes 14
feet thiok of aplite, grmodioritd,' and andesite cut the beds.
The beds strice K. 15°-20° E., and dip 60°-70° west. The Body now
being mined at the Sutton No. 2 adit is 3-4 feet thick except neur
fl:.he adit face, where it is nearly 15 feet thick, probably because -
faulting has incransod the dimensions. R

‘This segment of the wast bed is mineralized slong most of its
length, but the soheellto content is uneven. The first 80 feet
along the Sutton No. 2 adit were stoped to the surface, the next
160 feet were left 'becauue the ore is too low-grade, and the next
40-50 feet rro now be ing :tapod The unmined block between the two
stopes equtninn ebout 5,000 tons of sub-commerciasl ore. Innlmuoh
as the adits have explorid only one-fourth of onme bed, further
oxplorution would probably develop large reserves,

Drplnrction on the m—r.oe would require (1) trenchss 1Ion5

the ltrikc of the west bod to show the extent of minsrelization

and (2) pits to locats tho east bed and determine whether or not
J ~1t 18 ninonu;od. Explorntlm of the bed at depths below the mdits
_'Quld r-quiro diamond drilling from the west through slate and
] bornfels. Drilling would supply informaticm as to the rate at

wh.luh thl ore body 1- cut orf by grmodioribo on the south or by

] . the pro-nin.nl fault on the north as mll nu the extent of
: i;
k2 . "
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minoralizetion d ovnward within the bed. The profiles (fig. 4)
pocoupanying the map of the area (fig. 2) show that three drill
holes 220, 265, end 330 feet long would reach the west Sutton bed |
100 foet below ths Sutton No. 2 adit, end a fourth 260 feet long
would reach the bed 100 feet below the Baker eddt.

The Uncle Bzandcposit is about 3,000 feet northsast of the

Humboldt Shaft, on a sepment of the Sutton beds which lies north-
‘east of the southern grenodiorite body and within the ore zons (fig. 1).
The Unqlé Sem adit is a orosscut 200 feet long, leading west into
& drift that follows the west bed for 160 feet. A raiee conneots

the drift with a deep trench 30 feet long. Five hundred feet sou£h
of tha-Uncle Sam ere two short sdits, 30 and 10 feet long. Exospt-
in these workings and in 8 few shallow p*ts the beds are covered
with surfcoe wesh, but a train of schnelite float ‘indicates that

the beds are oontinucus betwwon the Unole Sem and the southern

adits.

A£ the Unole Sam sdit, the two beds ere 60 foot apart) the

epst bed is five feet thiok,-ths west bed aboutrthroo(fig. 3). On
the north, the beds strike N. 20° E. and dip 65°-70°; on the south,
they curve to N, 50° W. as they approach an unexposed fault which
offeets the noxt segment of the beds 400-800 feet eastward. Grano--
diorite lies porthwest and southzest of the segment of beds, but

not in line with ite gurfeoe trend. '

" The west bed, rhiohhis followsd by the drift, ie more mineralized

than the east bed. Above the drift there are more then 2,000 tons

of ore of sub-commercial grade. A8 the beds of the Unoclse Sem area

ere at lemst 700 fest long, the drift hes oxplored the near- -surfece
" -
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part of ornlglf'nbout one-fifth of one bed, Purther exploration an

the surfece would require trenches through :oil one to three feet

- deep. Trenthes not over 10 feet long should serve tc locate the

west bed if placed whm the ultraviclet light shows abundant
scheelite float,

Exploration dbwrmward is ocmpl—ioatad by the fact that the exact
position end the dip of the fault that cuts off the beds on the
south and the attitudes of the granodiorite contects on ths north
end south are unimown, and both or either may cut off the bedl.
below the surface, Diamond drill holes to test the dowmnward con-

\t_inuation- of the beds would be drilled fram the west through lll.t.
.and hornfoil. To cut the beds at a 60° angla 100 feot below the
Uncle Sam drift would roquire drilling 225 feet; other drill holes

north and south of the adit would be aprroximately the same length,

The Springer Gulch bodal lie between the Springer sheft and
Stank Hill (fig. 1). They are a group of limestones that strike
K. 20°-30° E. end dip 50°-70° west. The area contains four, end
possibly five limcstO’flal. Two beds t.hat lie west of the Springer
ore body n.ro' Xnown to be ore-bearing on the 500 Level of the mine,
but: are only" slightly mineralized on ths surface, West of these
there seem to be three limestones, but one may be a fsulted
segment of d:zothar. These have beon pronpootod only on the surfaoce,
where they are sliphtly mineralized,

thhough no ore deposit has been developed Lnl this area, the
posliion of the lizestones in the maln ore sone supgests that there
may be a o;auuoulod ore body below the surface. To determine

whethorr tholl beds contain ore would require drilling. As the beds
i A




are displeced by faults end inf;;nionl, a detailed map (scale,
1 inch ecunls 1cQ feet) is being made in the hope of approximately
Iocﬁting Sefpents that can be explored, Ferhaps when the map -is
completed, cetinite recommendations can be made for drilling,

The Eeet ked is a thick limestone thet is treceanle for hun-
dreds cf feet south of the distr ot. What appeers to be its
northern extension has Deen uncovered in trenchies at the range

front 3,000 feet east of the southern granodiorite body in en area

covered with surface wash (fig. 6). Here the ted, which dips

25° west, is mineralized, If edditicnel trencies should show
that the mineraliﬁation continues, drilling to determine the extent
of the ore body would te warranted,

The Mest Beds 1:e outside the main ore zone, Therefore, they
seem to Le ‘he least likaly to comtain o;e. The beds dip east at
50270° on the Stenk Hill ridge top, and durve to verticel down the

slopes. aéyiha steep hill:ide, the éxposures are only fair, but

from what oen be seen the beds appear to be nearly unnmineralized through

& verticel range of over 200 feet. If these beds are drilled at all,

the holes should be drilled from the west at 45%nd planned to out

the beds ut ccnsiderable depth,

Summery. Among the aress suggested for testing, the Suttom ¥o, 2
and the Unole Sam deposits are the most likely to yield returns in
ore reierynt blocked out, Exploration in the Springer Buleh area
may also yield data from whioh o tonnage of reserves sen be caloulated,
but it 1s probable that unless exvloraticn 4s intensive, the results
will indicate only the position, and not the extent of ore bodies,
A; this area is in the tone of rich d.p0l1tl, ttilﬁell warth i
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recormending for ex loration, but only as secondary to the testing

of the Suttcln Y¥o. 2 rnd the Uncle Snm, The discovery of vasluable
Zepusits in !F.hr Enzt Bed or the ilest beds would imply either a
ccrsicrralle; extension of-thc mainore zone or perhaps & now rone
related tc e cifferent granodiuvrite bod)( ‘Explora.tion o.f these
beds mipht thus serve to establish new ore bodies, but the returns
seem Very u_! ertain,

Attamp‘tu;. to e;sthnata ore reserves in the Mill City distriect
are flav'ared 'by the tab\;l;u' form, uniform thickness, and one-time
continuity of the minerelized li.mastcxne‘ beds, The ore is easily
recognired, nni the use of the ultraviolet lsmp makes possible a
rourh separation of high- end low-grade ore. Unfavorable features
are the 1nt$_rruption of beds by faults and intx;usiona, and the
unpredictable vagaries of minsralization and ore deposition
within the beds. The value of any-ore reserve, eirt,hor commeroial
or uub-oomc'lrainl,.that may be developed, is cnhanced-by the

i . :

fact that the deposits sre in an active mining snd milling distriect.
t
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