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INTRODUCT ION

The Mill City tungsten district is in northwestern Pershing
County, Nevada, on the eamstern slope of the Eugene Mountains, BEight
miles of paved roed connect the mine with Mill City, on the Southern
Pacific Reilroad and U, 8, Highwey 40. The Nevasda Massachusetts
Company has owned all bwngsten properties in the district since 1927,
The emount of concentrates shipped by the ocompany has given it firet
renk among domestic tungsten producers. Production of the distriet
since discovery in 1917 is shown in the esccompanying teble. At
present the Company is operating &t the full capacity of its mill,
220 tons per day, end ies constructing an additionel mill for treat-
ment of tallings, The ocepmsoity of the new plant will be 1,000 tons
per day.

The geology of the tungaten deposits has been deseoribed by Hess
and La.rmnj,‘ and by Kerri the mining end milling operations have been
deseribed by Enisarsand thdarberg.é

Because of the district's importance in domestic tungsten pro-
duction, the Geological Survey included a study of the ﬁill City
area in the current program of strategic minerel surveys. The prin-
cipal object of the study is to map the areal geology of the Bugene
Mounteins on e scele of 1:62,500 (approximstely one inch equals one mile),

1. Hess, F, L., end Larsen, B. 8,, Contact-metamorphic tungsten deposits
of the United Statess U, S. Geol, Survey Bull, 728-D, 1921,

2, Kerr, P, F.,, Geology of the tungsten deposits near ¥ill City, Nevada:
Univ, of Nevada Bull,, vol. 28, neo, 2.

3, Heizer, 0. Fo2 U, 8, Bur, Mines Inf, Cire, 6280, June 1930, and
6284, June 1930,
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end to place the tungsten deposits in their setting of regional
geology. As a pert of this study, the tungsten deposits, which were
mapped by P, F, Kerr in 1932, are being re-exemined, end some of
them are Leing mepped in detail as a possible aid to exploration by
the Bureau of Mines, This work is incomplete, but the results %o
date of the detailed study are given in this preliminary report.
Throughout the work, Ott F. Helser, meneger of the Nevada Massa-
chusetts property, has been extremely cooperative., The writer is
indebted to T. B, Nolan, of the Survey, for valueble suggestioms,
and to J. F. McAllister for sble assistance in the field,

GEQLOGY

The rocks of the district include a series of metemorphosed
Triassic sediments ovm; 4,000 feet thick, large intrusives of granoc-
diorite, end thin dikes of granodiorité, eplite, quertz dicrite, and
andesite (see fig.1§. The Triassic beds strike N. 10°-30° E, end
dip 80°-70° west, One mass of granodiorite 2,500=3,000 feet in
diemeter ocoupies the center of the distriet, and a second, larger
body lies to the morth, connected with the first by a narrow neck.
The ore deposits are soheeli;hs-buring silicate rocks that have been
formed from limestone members of the Triassic series by contact
metamorphism, Both pre.mineral end post-gpineral faults displace the
beds, the fault-iigé-‘ b.e‘ing most complex in the western half of the

district .

5. This map was prepared by the Stenford Geologicel Survey in 1932,
It dees not show 1939-40 revisions of geolegy.
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Irisssic sedimentary rocks

The Triessic series consists of hérmfels, slate, end limestone,
Hornfels, the most abundant rock type in the series, is s fine-
grained, very hard, gray or dark green-gray rock that weathers to
brown-steined anguler joint blocks. BSlates weather to dark gray or
black chips and plates that split reedily along cleavape planes,
The Upper Triassie fossil Monotis snbeircularia%s been found in a

zone about 100 feet thick stratigraphically that extends through
the eastern part of the distriect, No fossils have been found elsewhere,
The limestone beds, widely spaced in the Triassic series, are
2 to 15 feet thick., They are dark blue, gray, or black, end where
slightly altered, grade into white orystalline merble, in ms‘e _
places coarser in grein than the originsl 11mast0ns.'l; ‘I'he‘ a;'bﬁnﬂmne
of garnet and epidote distinguishes the highly metemorphosed
scheel ite-bearing silicate rocks, Individuel limectone beds that
heve been mined or prospected are knowm in the district by local
nemes; from eest to west these are the Bast Bed, the east and west
Sutton Beds, the Humboldt, Springer, Stank, Yellow Scheelite, Keys,
Summit, and Hard Luck George Beds, and the West Beds.

Intrusive rocks

Intrusive granocdiorite underlies the central pert of the distriet,
as well as a larger area to the north, and forms many dikes, The

granodicrite of the larger intrusives is a medium-grained orystalline

6, Identified by S. W, Muller, persomsl communication. FEreviously
identified es Pseudomonotis subeciroularis.
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rock, composed mainly of plagloclase end quertz, with smsll emounts
of hormblende, biotite, and orthoclase. Fresh specimens of the rock
are gray end hard; weathered rock is steined light brown or tan, and
orumbles easily, Ker . 8 pointed out thet some parts of the grano-
diorite and some dikes are more properly nsmed quartz diorite, Aplite
is fine-grained, with few derk grains,

Andesite is the youngest rock in the eres. Typicel westhered
specimens from the surfece ere dark gray and eontgin numerous
light feldsper end dark hornblende phenoecrysts. In fresh endesite
from the mines, the feldepar crystals are dark gray and herdly dis-
tinguishable from the gray groundmess,

Structure

The Triassic rocks strike N, 10°-30° E. end dip 60°-70° west
exoept northwest of Stank Hill, where there sre east-dipping beds.
Both pre-minersel and post-mineral faults displace the beds, as shown
on the geeologic map (fig. ll). The majority of the faults strike
H. 16°-45° W, end dip steeply soutmroat; the chief movements appesar
te have been horizontel. Pre-minersl faulte break thecSutlon beds
northeast of the eautham granadi.oriﬁe i.nto thx*aa aegmntn thf" are
of fset 400-800 !‘eet. A feult cuts off tl-w tsouthem snd of‘ thc ‘
Buboldt ore body, end another truncetes the Springer bed; the dis-
rlaced segments heve nct been loceted. A pre-minersl feult alse
separates the nartham emi of the Humboldt ore body into/m pnrtlz

e

a8 the footwall por‘bian hu p::odnoed tha highest grade ore found in
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the mine,":";.:sw&l m‘-ad'[,are-bauing solutions is-suggested,
The Stank Feult is the most prominent feult on the mep; it is poste
mineral, and where it crosses Stenk Hill is merked by s breccia zone
20-50 feet thick,
As 'hha Triaasic rocks are cut et all angles by the mein granc-

diorite body, ‘bhe bedding a.pp;rentl* influenced the direetion of
the intrusion enly locally. “The conteet is in seme pleces highly
irregular, while elsewhere it follows e neerly streight line, ° The
position of grancdiorite in the vslleys end hornfels on the hilltops
is a consequence of the relatively low resistance of the granodiorites
to weethering, and :’;oasr not lmply that the intrusive rock extends
horizentelly under hills capped with metamorphie roof pondnnu."_'én
the eentrary, !ﬁinin;; in the Mumboldt and Stank workings hes shown
that the granodiorite dips under the sedimentary rocks at $O°-70° !

At these steep angles, the intrusive mssses encroach on the ore bmtn i

rather graﬁually with ineressing dopth.

ORE BODIES

The oz'e &epoaita ;r;;élimstone beds thet hmre been altered by
contaot metemorphism to dark silicate rocks ("ta.otite“) containing
disseminated seheelite (calcium tungstete). All the ore daposits
ere at or neer the contact of the grenodiorite with the eadimntary
rocks,,:ﬁtge richest depﬁaj.ts boﬁtg along the western margin of the
southern body. The largest ore body, the Humbeldt, is 1,500 feet
long, and hes been mined to a d.épth of 1,300 fee}i& Over 95 percent
of the ore so far milled has been mined from the Hasiboldt, the

- &



Springer, and the Stenk ore bodies, all of whisch lis west of the
southern granodiorite !.ntrusiva./ These are being mined at present,
end ore is also being taken from the South Sutton end the Sutten Neo, 2
(formerly North Sutton) mines st the eastern margin of the grano-
diorite, In sddition to these pro&uoing mines, there ig a sub-marginel

o deposit east of the granodiorite, at the Uncle Sem mine, and several
. partly prospected deposits west of the grancdiorite, in the faulted

area between the Springer and Stenk mines, ol gy
= N gy 0.6 4 LU <

Mineralogy

The scheelite is dirammm in a derk crystalline rock com-
posed mainly of garnet, epidote, quertz, end caleite, with mud ‘
actinolite end pyrite, and small emounts of cheleopyrite, pyrrhotite,
end molybdenite. That this silicate ore formed by replacement of
limestone is cleer, for the laterzl transition from ore to
unaltered limestone ean be seen Iln meny pleces, snd within the cre
bodies are meany residusl messes of unreplaced limestone, Also,
veriations in the relative amounts of minerals meke the original
bedding pleinly recognizeble, The soheelite is unequally distributed;
some derk silicete rocks are practicelly barren, while others contain
as much &g 10 percent tungsten. Other minerals in the ore also range
widely, but as a rule scheelitaqniitleh rocks are also rich in quu‘ti.
The fluorescence of scheollite in ultreviolet light is a great eid
in distinguishing scheslite from quartz, which it closely resembles,
Ultraviolet lemps are constently used in the mines to essist in
estimeting the grade of ore.

ot
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Loecelization of ore bodies

Theore bodies all lie in & narrow sone around the granodiorite & v .
(see £ig=1)s The width of the zone, is most definitely a’!wwn in
deposits that extend from the contect out to ummineralized limestone,.
The South Sutton ore, for exemple, gra;déa into unaltered limestone
about 800 feet from the graméddiorite, The Sutton beds north of the
intrusive (Sutton Yo, 2-Baker edits) are partly mineralized as far
out as 1,000 foet, The Stank bed is mineraldsgd for 1,200 fost
southward from the mein granodiorite, slthough there are small
intrusions much closer to the ore, The Humboldt ore beody extends
1,500 feet southward from the northern graned:lénrita body, but near
the shaft the bed is within 200 feet of the southern intrusive,

It is thus possible thdit the Humbeoldt bed lies within the eontact
zones of toth the northern and southern intrusives. The Springer
ore body is mot in contset with granodiorite, but no part of it is
nore then 1,000 feet away from the intrusive. These approximate
figures indicate that the ore-bearing zone surrounding the grano-
diorite body is BO0 to 1,200 feet wide.

The ore zone continues dowmward parallel to the boundary of the
grenodiorite int:rusivo./ 'Mr;érmadiorito dips 60°-70° under the :‘mdi.:-
mentary rocks in the Humboldt and Stank workings where mining has -
reached depths of 1,200 and 1,300 feet respectively. No other
contact has been mined deeply encugh to determine its attitude,

ot all limestone within the zone is mineralized and scheelite-

bearing., In the Humboldt mine, for exemple, nlth?ugh sections of
v .



of the bed at considerable dis%anea from the granodiorite are
altered, there are scme barren blocks of limestone-marble rock at
the contact, Also, proximity to the contaot does not assure high-
grzde ore because the scheelite is as unevenly distributed as the
.otiher minerals, The intensity of minsralization and the emount of
. ‘scheslite in the limestone seem %o have been partly determimed by
| obscure structursl features of the ore beds. It seems probable
that pre-minersl fractures guilded ths movement of mineralizing
solutions and parfly debermined the position of high-grade ore shoots.
In genersl, it sppears thet a limestone thet lies in the contact
zone is e potentisl ore bedy, and conversely, limestones that are
more then approximately 1,200 feet from the main granodiorite are
probebly unminerslized and barren.

Grade and size of ore bodies

The aversge tungsten cort ent of the ore milled in the district
has been slightly below one percent. In one block of ore mined in
1832-33, the tungsten #ontant ranged from & to 13 perceat, the
highest ever found in sizable amounts. Ore bodies that average
under onc-helf of one percent are aub—mrginal L:;,tvtho normal price of
tungsten,

The dimensions of the three largest deposits are as follows:
The Humboldt body is 56 feet thick except in ome block 300 feet
long, where it is 10-15 feet thick. The ore body has & maximum length
of 1,500 feet neer the surface, end tepers dowmward between granc-
diorite on the north end a fauniog the south, .It has been mined

to a depth of 1,300 feet, - The Springer body, 5~5 feet thick, hes a
- & -



maximum length of 600 feet, and has been mined to a depth of 800
feet. The Stank ore bed, 3-6 feet thick, is not uniformly mineralized,
but sections 300 feet long have been stoped. It has been followed
downwerd for 1,200 feet, ‘

The deposits in the two Sutton beds are smaller, BEach bed is
3-5 feet thick. At the South Sutton mine, where both beds ere being
mined at 200 feet below the swrfece, the beds are broken into segments,
the lergest of which is 200 feet long., At the Sutton No. 2, one
bed hes been stoped from the adit to the surfece for a lemgth of

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

Resgerves

Although reserves of commerciel grede are presumably blocked _
out in the Humboldt, Springer, Stenk, and South Sutton mines, no "
estimate of reserves cen be given for these depos its becausze they
have not been exemineduunderground., In the Sutton No. 2, the only
working mine that has been examined, a block now being stoped
from the adit to the surface contains a meximum of 3,000 tons of
commerc isl ore.

Reserves of sub-commerciel grade blocked out in the Sutten No. 2
emount to sbout 3,000 tons, in the Uncle Sam about 2,000 tons,

Among the known ore deposits of the distriot, the Sutton No. ‘2
and the Uncle Sam segments of the two Button beds are the least
developed. Only one-fourth of the west bed in the Sutton No. 2
segment has been explored, and only one-fifth of the west bed in
the Uncle Sam segment, In easch case, there is pmw bably .additimml
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ore horizontelly along the segment snd downward below the present
workings., There is, furthermore, a possibility of the east bed
being mineralized.

There maey be undiscovered deposits in the distrioct because &
number of the 1im§stones are incompletely explored., Several of
these beds lie in Springer Gulch between the Springer end the Stenk
mines in what appears to be a section of the ore zone, The Eest
Bed is known to be minerallzed and scheelite~bearing at one
place,which lies outside the known limits of the main ore zone,
There are seven limestones in the group known es the West Beds,
but they are almost umineralimd at the marface and appear to lie

outside the ore zone,

Recommendations for exploration

The possibility of exploring undeveloped extensions of the ore
bodies in the Humboldt, Springer, Stenk, andSouth Sutton mines is
not considered hers, as the Compeny continually seerches for all
possible block of ore adjecent to the workings. Work that might
be donme in other parts of the distriet is described below,

The Subton No. 2 deposit (fig. 2) is about 2,500 feet eest of

the Humboldt mine, on a segment of the Sutton Leds about 1,200
feet long. The Sutton Ho. 2 adit extends for 350 feet ¥, 15° E. along
what appears to be the west bed. A%t 250 fest from the portal a raise

conneots with the surface snd a crosscut extends 85 feet westward,

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

- 1O -



100 feet long. BSeveral 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 fault on the
north, The segment between the granodiorite and the fault is sbout
1,200 feet long. Northward beyond the fault, the next segment of
the Sutton beds is offset 400 feet eastward, Several dikes l-4
feet thick of mplite, grancdiorite, and andesite cut the beds.

The beds strike N. 15°-20° E., end dip 60°-70° west., The Dody now
being mined at the Sutiton No., 2 adit is 8-4 feet thick except near
the adit fece, where it is nearly 16 feet .thick, probably because

faulting has incressed the dimensions.

This segment of the west bed is mineralized along most of its
length, but the scheelite content is uneven. The first 80 feet
along the Sutton No, 2 adit were stoped to the surface, the next
180 feet were left because the ore is tco low-grade, and the next
40-50 feet are now being stoped, The lmined block between the two
stopes contains sbout 3,000 tons of sub-commercisl ore. Inasmuch
a8 the sdits have explored only ore-fourth of one bed, further
exploration would probably develop large reserves, 7

Bxploration on the surfsce would require (1) tremches elong
the strike of the west bed to show the extent of mineralizetion
and (2) pits to locste the east bed and determine whether or ao‘-b_
it ie mineralized., Exploration of the bed at depths below the adits
would reguire dismond drilling from the west through slete and
nornfels, Drilling would supply information es to the rate at
which the ore body is ocut off by granodiorite on the south or by
the pre-mineral fault on the north, as well as the extent of

P



mineralization d omward within the bed, The profiles (fig. 4)
accompenying the mep of the area (fig, 2) show that three drill
holes 220, 2685, and 330 feet long would reach the west Sutton bed
100 feet below the Sutton No, 2 adit, end a fourth 260 feet long
would reash the bed 100 feet below the Beker eddb,

The ﬁnﬂl&'- Samodeposit is about 3,000 feet northeast of the

Humbeldt Shaft, on a segment of the Sutton beds which lies northe

east of the southern granodicrite body end within the or; zone (fige 1),
The Unocle Sam adit is a crosscut 200 feet long, leeding west inte

a drift thet follows the west bsd for 160 feet. A raise connects

the drift with a deep trench 30 feet long, Five hundred feet scuth

of the Uncle Sam are two short adits, 30 and 10 feed long. Except

in these workings snd in a few shellow pits, the beds are covered

with surfece wash, but e train of scheelite float indicates that

the beds sre continuous between the Uncle Sem and the southern

adits,

At the Uncle Sem adit, the two beds ere 60 feet apert; the
esst bed is five feet thick, the west bed about three(fig. 3). On
the north, the beds strike ¥, 20° E, and aip 65°-70°; on the south,
they curve to H. 50° W, ee they spproach en unexposed fault which
offsets the next segment of the beds 400-600 feet eastward, Grano-
diorite lies northwest snd southwest of the segment of beds, but.
not in line with its surface trend,

The west bed, which is followed by the drift, is more minerslized
+hen the east bed, Above the drift thers ere more then 2,000 tons
of ore of sub-ocommercisl grade., As the beds of the Unclse Sem area
are at least 700 feet long, the drift hes explored the year-surface
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part of only sbout one-fifth of one bed, Further exploration on
the surfoce would require trenches through soil one to three feet
deep, TIrenches not over 10 feet long should serve to locate the
west bed if pleced where the ultraviolet light shows ebundant
scheelite float,

Exploration downwerd is compliceted by the faet that the exact
position end the dip of the fault that cuts off the beds on the
south and the attitudes of the granodiorite contacts on the north
and south are unknown, and both or either msy cut off the beds
below the surface. Diamond drill holes to test the downwerd con-
tinuation of the beds would be drilled from the west through slate
and hornfels, To cut the beds st a 60° angle 100 feet below the
Uncle Sem drift would require drilling 226 feet; other drill holes
north end south of the adit would be approximetely the ssme length.

The Springer Gulch beds lie between the Springer shaft end

Stank Hill (fig. 1), They are a group of limestones that strike
W, 20°-30° E. and dip 50°-70° west, The area conteins four, end
possibly five limestones, Two beds that lie west of the Springer
ore body ere known to be ore-bearing on the 500 Level of the mine,
but are only slightly mineralized on the surface, Vest of these
there seem to be three limestones, but one may be e feulted
segment of another. These have been prospected only on the surface,
where they are slightly mineralized.

Although no ore deposit has been developed in this area, the
position of the limestones in the main ore zone suggests that there
may be a concealed ore body below the surface, To determine

whether these beds comtein ore would require drilling. s the beds
T



ere displaced by faults and intrueions, e detailed map (socale,
1 inch equals 100 feet) is being made in the hops of approximately
locating segmente that cen be explored, Perheps when the map is
completed, definite recommendations can be made for drilling,

The Enst Bed is a thick limestone thet is traceable for hun-

dreds of feet south of the distrl et, What eppears to be its
northern extension has been uncovered in trenches st the range
front 35,000 feet east of the southern grencdiorite body in an area
covered with surfece wash (fig. 6), Here the bed, which dips

25° west, is minerslized, If sdditiorel trenches should show

that the mineralization continues, drilling to determine the extent
of the ore body would be warrantsd, _

The West Beds lie outside the main ore zone. Therefore, they

seem to be the least likely to comtain ore, The beds dip east at
50270° on the Stenk Hill ridge top, and @urve to vertiocal down the
slopes. On the ateeé hillside, the exposures are only fair, but
from what oen be seen the beds appesr to be nearly ummineralized through
a vertical range of over 200 feet. If these beds are drilled at all,
the holes should be drilled from the west at 45°and planned to cut
the beds at considerable depth,

Summery. Among the sreas suggested for testing, the Sutton No, 2
and the Uncle Sam deposits are the most likely to yield returns in
ore reserves blocked out, Exploration in the Springer Buleh erea
mey also yield date from which a tomnege of reserves can be caloulated,
but it is probeble that unless explorstion is intensive, the results
will indicate only the position, and not the extent of ore bodies,
As this area is in the zone of rich deposits, 4% seems werth
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recommending for exploretien, bui;'/cm.y as secondary to the testing
of the Sutton No, 2 and the Unecle Sam, The discovery of wvalusble
deposits in the East Bed or the West Bads would imply either e
considerable extensicn of the meinore zone or perhaps a new zone
related to a different granodiorite body. Expleration of these
beds might thus serve to establish new ore bodies, but the returns
seen very uncertein,

Attempts to estimate ore reserves in the Mill City distriot
are favored by the tebular form, uniform thickness, and one-time
contimiity of the mineralized limestone beds, The ore is essily
recognized, and the use of the ultraviolet lomp maekes possible a
rough seperation of high- and low-grade ore, Unfavorsble features
ere the interruption of beds by faults and intrusions, and the
unpredicteble vagaries of mineralization and ore deposition
within the beds, The value of any ore reserve, either commercial
or sub-commercial, thet may be developed, is enhanced by the
fact that the deposits ere in an sctive mining end milling distriet,
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