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n carly August 1979 the

Uiah International and

General Electric Boards of
Directors approved the construction
of the Springer Tungsten Mine. The
decision 10 proceed with the project
culminated a $4.5 million program of
exploration, reserves delineation,
process development, preliminary
engineering, and feasibility analysis
begun in 1970 when General Electric
exercised an option to evaluate and,
subsequently, lease the properties con-
trolled by Tungsten Properties
Limiied near the town of Mill City in
northwesiern Nevada.

Afier the Springer operation begins
production in late 1981, the mine will
produce approximately 350,000 tons
of ore per year and will be the largest
underground hard rock mine
developed by Utah thus far in its
history. The ore will be processed on
site in a mill and chemical plant 10 pro-
Uﬂuce annually approximately 100,000

“hort ton units of tungsien trioxide in
the form of high purity ammonium
paratungsiate (APT). The product
will be sold to General Electric’s

ment for conversion 1o tungsten metal
for use in light bulb filaments and to
tungsten carbide powder for use in the
manufacture of industrial cutting
tools and dnill bits.

At the mine site, work is now under-
way on three major aspects of con-
struction: rehabilitation of the
existing shaft and development of
access tunnels; shaft sinking and con-
struction of hoisting facilities; and
consiruction of the mill, chemical
plant and related surface support
facilities. Referring 1o Figures 1 and 2
on these pages, let me explain the
development of the shafts, access
tunnels and hoisting facilities.

The Springer ore body consists of a
series of thin mineralized beds which
are inclined at a horizontal angle of
| about 70 degrees. In order to mine the
Uore in these beds, access from the sur-

face must be provided by means of a
vertical shaft in the hanging wall—
that is, above the beds, as shown in
Figure 1. The shaft will be rectangular
in shzpe and will coniain four com-
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partments: two compartments con- ing spillage from the ore skips and for

taining skips (hoisting buckets) for
hoisting ore; a service compartment
containing a cage for hoisting person-
nel and supplies, and a utilities com-
partment containing pipes, cables and
an emergency manway.

From the vertical shaft, horizontal
access 10 the ore body will be provided
by means of tunnels, called drifts,
constructed at four levels. The total
depth of the vertical shaft will be 1,430
feet and the access drifts will be
tunneled at 375, 625, 875 and
1125-foot levels. There will be facilities
at the bottom of the shaft for collect-

2

pumping water from the surrounding
water table to the surface 10 prevent
flooding of the mine.

From the access drift at each level,
additional horizontal tunnels will be
driven parallel 10 the ore body, either
in the hanging wall bed or in the ore
beds themselves. This is shown in
Figure 2.

All of the drifts will be at least eight
by nine feet in cross section to permit
the installation of a narrow gauge rail
system which will be used 10 haul ore
from the mining areas back to dump-
ing points—called transfer pockets—
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near the shaft. The ore, which
ultimately will be hoisted from a load-
ing station located below the 1125-ft.
level, will be dropped to that loading
station from the transfer pockets of all
levels through a series of bored seven-
foot diameter holes called ore passes.
A certain amount of waste rock will
have to be removed during the course
of the mining operation and will be
hoisted in a similar fashion but kept
separate from the ore.

Ore will be extracted from the
mining areas-—called stopes—by one
of two methods, depending on the sta-
bility of the surrounding rock. The
distinguishing fearures of the two
methods are illustrated in Figures 3
and 4, and I will discuss them now.

The shrink stope method of under-
ground mining illustrated in Figure 3
is used when geophysical conditions
indicate that surrounding rock will re-
main self-supporting even after ore
has been removed. In such areas at
Springer, a drift or tunnel will be

riven into the ore bed and ore will be
ined upward from one level to the
next as miners take a series of ten-foot
thick slices. After each slice has been
blasted, enough broken ore will be
drawn off from below, through a suc-

cession of chutes, to allow working
room for those mining the next slice.
Approximately 40 percent of the ore
will be recovered in this manner—by
being drawn off as swell (see glos-
sary)—as mining progresses up the

stope. The remaining ore will be

drawn through the chutes as required

until the stope is empty and there is a

large, 250-ft. high hole in the rock.
The cut-and-fill mining method

illusirated in Figure 4 is used when

geophysical conditions are such as to
require support of surrounding rock




afier ore has been removed. In such
areas at Springer, the ore again will be
drilled and blasied in ten-foot thick
cJices but, after it has been removed
{from the siope, the excavaied area will

be filled with waste—cycloned sand
from Springer’s mill tailings. The

Construciion work ai Springer should be
completed in laie 1981.
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waste will provide siruciural cupport
for surrounding rock and also will
form a working platform fiom which
the next slice can be taken. During the
mining operation, mechanical equip-
ment will be used to drag or carry
broken ore 10 a cenirally locaied ore
pass, and the ore will be diopped 10
the rail haulage level for hoisting and
jemoval.

When operaiions hegin, i1 1S ex-
pecied that the underziound tungsien
mine will operaie two shifts per day,
five days a week 1o produce up 1o
1,400 10ns of ore plus wasie each day.
This raie should satisfy easily ihe
mill's requirements 1o produce
100,000 short 1on units of ammonium
paratungsiaie (APT) per year.

The processing plant at the mine site
will operate three shifts per day, seven
davs a week. A generalized flowsheet
of the conventional flotation mill and
pressure Jeach chemical plani complex
being built is shown in Figure 5. Let’s
eo through it briefly.

Following primary and secondary
crushing in a gyratory crusher and a
cone crusher, ore will be ground in a
rod and ball mill featuring hydraulic
cvclones 1o close the circuit. Next, sul-
fides will be removed by froth flota-
tion prior 1o recovery of the tungsien
mineral scheelite through a flotation
process utilizing a fatty acid reagent.

At this point in the milling process,

" the resulting concentrate would not be
- of sufficiently high grade 10 sell

directly. Therefore, the plant will
include a pressure digestion process 10
solubilize the tungsien in preparation
for separation and further upgrading.
A soda ash Jeach will be used in the
digestion process and will dissolve the
tungsien mineral as well as a small
amount of impurities.

Afier the digestion product 1is
filiered to separate the waste solids,
two distinct precipitation processes,
followed by additional filtration, will
be used 10 remove principal impurities
—silica and molybdenum. The result-
ing solution will be further purified
and prepared by means of a solvent
extraciion circuit for crysiallization as
high purity APT. The APT crysials
will be filiered, dried and packaged
for shipment to General Electric’s
plant in Cleveland, where final con-
version of tungsien wire or tungsien
powder will be accomplished.

Design and construction of
Springer's surface facilities have been

| - |
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coniracted to an engineering group in
Pasadena and are being carried out
under the technical direction of Utah’s
Mining Technical Services Depart-
| ment. Construction started in May
vnd is scheduled to be completed in
September 1981.

Springer is a project unique among
Utah's operations for several reasons.
It is Utah International’s sole hard rock
underground mining venture to date
and, as such, will require specialized
crews to operate it effectively. It is the
first mining venture between General
Electric and Utah International,
which gives it a high profile within
both companies.

As with most new mining opera-
tions, the Springer mine has been
staffed from scratch. Experienced
underground miners are hard to find
but, so far, Springer has been able to
fill its present nezds from local recruit-
ment. As the work force expands, the
local labor market will not be able to
satisfy Springer’s needs and the mine
will have to recruit from outside and
also to train as many people as pos-
sible. Extensive training also will be
required to provide mill personnel
with the specialized skills uniquely re-
guired by Springer’s operations. &

~_,__

This article was written for Utah
Report by Project Engineer Bill Cline
and Mine Manager Frank Metcalfe.

A GLOSSARY OF UNDERGROUHND MINIHNG TERFIS

Beds—Layers of minerals occurring
between or in sedimentary rocks.

Chute—An inclined or vertical
passage for the transfer of ore to a
lower level. Also called an ore pass.

Cut-and-fill Stoping—An under-
ground mining method through which
ore is excavated by successive flat or
inclined slices by miners working
upward from alevel. After eachsliceis
blasted, all broken ore is removed and
the excavated area then is filled with
waste up to within a few feet of the
back (to leave working space for the
next slice to be taken out). The term
cut-and-fill stoping implies a definite
and characteristic sequence of opera-
tions: (1) breaking a slice of ore from
the back; (2) removing the broken ore;
and (3) introducing filling.

Drift—A horizontal passage under-
ground. A drift follows the ore vein,
whereas a crosscut intersects the vein
and a level or gallery may do either.

Hanging W2ll Bed—A secondary ore
vein or bed on the upper side of the
main inclined ore vein or bed.

Shrinkage Stoping—An underground
mining method through which broken
ore is excavated by removal of slices

along the ore vein—from one end of
an ore shoot to the other—by miners
working on top of the previously
blasied ore. No ore pillars are left i0
serve as supporting walls after the
stope has been mined out completely.

Skip—A large hoisting bucket, con-
siructed of boiler plate, which slides
between guides in a shaft. The bail or
handle usually connects at or near the
bottom of the bucket so that its load
may be dumped at the surface.

Stope—An excavation from which ore
has been removed in a series of sieps.

Stoping—In the broadest sense, the
act of excavating ore by means of a
series of horizontal, vertical, or in-
clined workings in veins or large,
irregular bodies of ore. The term stop-
ing covers the breaking and removal
of ore from underground openings,
except those driven for exploration
and development purposes.

Swell—The tendency of soils or rock,
on being removed from thzir narural,
compacted beds, to increasein v oluime
due to anincreasein the space between
soil or rock particles. The volumetric
increase which occurs when material
changes from bank (in situ) 10 loose
{excavated) measurz.
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GEOLOGY OF THE TUNGSTEN DEPOSITS
NEAR MILL CITY, NEVADA

By PAUL F. KERR

INTRODUCTION

Mill City stands among the important tungsten producing
districts of the world, and is at present the chief producing
deposit in the United States.! In 1931 it produced 1,055 short
tons of concentrates with 609% WOy equivalent, or about 759
of domestic production.2 This amounted to approximately one-
sixth the production of the Kiangsi tungsten mines in China, and
about one-third the production of the Malay Peninsula for the
same year. Geologic studies and mining estimates indicate that
ore reserves are available to considerably increase this production
and it is estimated by the operators that in normal times, with
reasonable prices, sufficent concentrates could be produced to care
for the demands of the United States.

The tungsten occurs in scheelite associated chiefly with quartz,
garnet and epidote. The ore bodies are vein-like in form but have
been produced by contact-metamorphism of thin limestone mem-
bers in a siliceous sedimentary series. The associated sediments

‘have been metamorphosed to hornfels, slate and quartzite. Extreme

deformation, faulting and fracturing have separated the ore bodies
into isolated nearly vertical segments arranged en echelon along
a bearing of about N 20° E,.

The contact metamorphism responsible for the ore is believed
to be due to the intrusion of granodiorite. The later stages of
instrusive action appear to be most closely related to the crys-
tallization of scheelite. Progressive stages in the metamorphism
of the limestone strata may be interpreted from detailed studies
of various parts of the area and criteria are available to determine
the mineral sequence.

During the summer of 1932 an opportunity was offered to
examine the deposit in considerable detail. Both an underground

'Hns;: Fl;r‘ml: LI.-;"L‘nm;é(un; Mine
DD, 271279,
Fink, Colin G., Tungsten, Min, Ind, 1031, p. bAho,

rals yearbook, U, S, Bur, Mines, 1032_1073,
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and a surface map were made and specimens were collected cov-
ering the various phases of mineralization. The property was
revisited during the summer of 1933 for further study. | "
The only published geological description of the tungsten
deposits near Mill City is a short account included in the studies
of the contact metamorphic tungsten deposits of the western
United States published in 1981 by Hess and Larsen.? (1 This
account was written before the most important discoveries were
made and while mining was largely confined to operations near
the surface. It seems proper, therefore, to publish at this time

WINNEMUCCA JE
TUNGSTEN LKO
./ MILLCITY
Q &LOVELOCK

* RENO

FIGURE 1, Skeotch map showing the location of the Tungsten district, Nevada,

a more complete description of the district, outlining the'develop-
ment of the tungsten deposits and describing the geological con-
ditions in greater detail. ey

Thanks are due to both Mr. Charles H. Segerstrom, President
of the Nevada-Massachusetts Company, and to Mr. Ott . Heizer,
General Manager, for most cordial cooperation in allowing the
use of the facilities at the tungsten camp and for permitting
publication of this description. Mr. Heizer has supervised the
- ;I"I;w_.:‘l‘:.— I;.—;Vlhlll;]-l;ll rm"lrl;ml’i: S: Cﬂl)llt—;\;{]ll(‘fnmnlllhl(,'-hllﬂ.'._ﬁ(‘eTl—(]el‘;O—;l;‘l“—Un \T
Geol. Survy, Bull, 725, 1021, T
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mining operations throughout the recent development, and is
thoroughly familiar with all of the workings, including portions
no longer accessible. IHe has been particularly considerate in
going over the underground workings and in discussing the
mining development in its relationship to the geologic features.

The writer is also indebted to Mr. Powell Thompson for assist-
ing in the preparation of the topographic map (Figure 7), and
to the Stanford Geological Survey for the topographic base, upon
which the map (Figure 2) has been drawn.
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LOCATION AND HISTORY

The tungsten deposits are located at the mining camp called
Tungsten (elevation about 5,000 feet), eight miles west of Mill
City, Nevada (Figures 1 and 3). Tungsten is situated on the
eastern slope of the Eugene Mountains (U. S. G. S. topographic
map, Lovelock quadrangle), and i« connected by a gravel road
with the highway at Mill City. Mill City lies along the main
transcontinental line of the Southern Pacific Railroad and the
Victory Highway, 145 miles northeast of Reno, Nevada.

A map showing the location of the mine workings in the district
is shown in Figure 2. The area shown in the map includes the
working mines and important prospects distributed around the
town of Tungsten, and shows their location with respect to
the granodiorite intrusive. Three rounded hills with interven-
ing canyons form the most prominent landmarks in the district
and are known as Stank Hill (Figure 4), Springer Hill and Hum-
boldt Hill (Figure 5). The three most important mines have
similar names and extend beneath the hill of corresponding name.
The mine workings reach a depth of 600 feet in the Humboldt
mine and 800 feet in the Stank mine. Drifts and stopes trend
! northeast - southwest to north-south along steeply inclined seg-
! ments of replaced limestone beds. The extreme distance between
’ the opposite ends of the workings is about one mile, but the work-
ings are by no means continuous for the entire distance, since
i the granitic intrusion intervenes for approximately 1,200 feet
between the Springer mine and the Stank mine.

A small mine, the Summit mine (Figure 4), on the north side
of Stank Hill, was worked for a time, but has been abandoned for
several years. The Codd mine, south of the Stank ore body and
presumably a continuation of that ore body, has produced some
ore, but is also abandoned at present.

Among the most promising of the deposits not worked at the
present time but offering possibilities of future development is
the Sutton ore body (Figure 6). The Sutton ore body extends
north-south on either side of the town of Tungsten and east of
the area included in the map. Exploration of the Sutton ore
body has never been completed, although ore has been found in
: isolated places throughout an extent of two miles, and successful
b mining operations have been carried on in the South Sutton mine.
Altogether, approximately 1,000 feet of tunnel and numerous test
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FIGURE 4, Stank Hill, looking south.. The Springer mine is located
in the canyon in the foreground. The head frame of the Stank
mine is shown on the skyline at the left., The open pits on Stank .
Hill belong to the Summit workings,
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' pits have been dug in prospecting two closely parallel limestone
beds that constitute the Sutton ore body.

The tungsten deposits at Mill City were discovered in 1917.¢
In 1918 two mills were built—one by the Nevada-Humboldt Tung-
sten Mines Company, the other by the Pacific Tungsten Company.
In 1926 the Nevada-Massachusetts Company took over the Pacific
Tungsten Company and later acquired the Humboldt Tungsten
mine, All of the claims in the group are now owned by the Nevada-
Massachusetts Company. The property was in continuous opera-
tion from the time the Nevada - Massachusetts Company entered
i the business until 1932, when production was suspended from

May to December, due to the lack of a market. A staff was kept
~on hand, however, in order to improve the mill and keep the
mine workings in order. Advantage was also taken of the sus-
pension of operations to install a new headframe and ore bin at
the Humboldt mine. Mining was renewed in 1933, and opera-
tions have been continued at full capacity since that time. Over
300,000 tons of ore are reported to have been milled from the
' tungsten deposits at Mill City in the last eight years, and it is
| estimated by the management of the property that 2,000 tons of
] high grade scheelite concentrates could be produced per annum.
I
|

I ' Ly T' Y
o j-_“)‘\'.wﬂ'-.‘ Al
Al %rf"ésf‘f%{ﬁ“" iy

South Sutton workings looking south.

FIGURE 6.

Until 1932 the normal ore contained about 1.10% scheelite.
During that year, however, new discoveries were macde which
materially increased both the quality and the quantity of the ore
reserves.

The ore ordinarily consists of fine-grained scheelite dissemi-
nated through a groundmass consisting largely of garnet, epidote,
quartz and calcite, with scattered crystals of pyrite. A bulk con-
centrate consisting of garnet, scheelite and pyrite is produced on
tables. The garnet is removed by means of a magnetic separator,
and the pyrite by flash roasting and magnetic separation.” The
concentrates are used in the production of tungsten steel, and
fall within the following specifications:

",..:".
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FIGURE 5. The Humboldt mine looking north. Pits
along the hill indicate the trend of the ore body.
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( GENERAL GEOLOGY

The general geological relationships are shown on the map
(Figure 7). Two principal formational units are shown, a
metaumorphosed sedimentary series and an intrusjve granodio-
rite. The map indicates the outerop portions of the unreplaced
limestone strata within the sedimentary series and the probable
projection of the strata, Scheelite bearing replacement zones
along the strata are also indicated.

In addition to the main igneous area, isolated exposures of
small intrusive masses of granodiorite are shown, No attempt
has been made in mapping to distinguish the different phases of
the granodiorite intrusion. A few dikes of hornblende andesite
are indicated, but do not belong to the granodiorite stage of
intrusion.

SEDIMENTARY SERIES

The sedimentary series in the vicinity of the tungsten deposits
has an indefinite thickness, and it is uncertain in most cases
whether the beds are normal or reverse in attitude. Metamor-
phism has obscured many of the original sedimentary features,
and deformation has been intense, the average inclination of
strata being about 70°, Part of the sedimentary series is Upper
Triassic, although several thousands of feet of presumably over-
lying sediments may be much younger in age. Pseudomonotis
subcircularis (Gabb) was identified by Dr. Simeon Muller in shaly
strata south of the mill at Tungsten,

Several types of metamorphosed sedimentary strata occur in
the Eugene Range. In the vicinity of the ore bodies the beds are
at present chiefly hornfels, although quartzitic phases are also
in evidence. A slaty phase occurs in several places, however,
the slaty character of the rock appears to be accentuated by sur-
face weathering., Underground the same strata appear compact
and free from rock cleavage,

Erosion has removed the sedimentary cover irregularly, leav-
ing exposed portions of the underlying granodiorite bhetween
blocks of cover rock. The contact between the two is sharp and
free from cleavage to such an extent that fracture usually oceurs
across the contact rather than parallel, and numerous specimens
may be collected with granodiorite on one side and hornfels on
the other,
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: HORNFELS

The hornfels is a hard, extremely tough, olive-green or light
gray rock which changes to brown on weathering. It is badly
fractured, with joint planes extending in all directions (Figure 8).
It weathers to rough angular blocks scattered loosely on the
rounded surfaces of hills. Color bands in the rock frequently
indicate the original planes of bedding and yield the most reli-
able criteria available for determining the attitude of the strata.

Hillsides underlain by hornfels may be frequently distinguished
at a distance on account of peculiar rock streaks due to the con-
centration in straight vertical lines of small joint blocks (Fig-
ure 3). These streaks are from two to six feet in width, extend
as straight downward drainage lines on rounded hillsides, and
are arranged radially around the crest. They consist of shallow
rock-filled depressions and contain virtually no soil. The rock
blocks are usually from one to six inches in diameter and have
been loosened from the hillside by storm action. The hornfels
is so largely quartz that very little soil is produced, and any soil
formed may be easily washed away during cloudbursts. It appears
probable that the rapid erosion of desert storms concentrates the
loose blocks and removes the soil. Irequently blocks are so angu-
lar and well formed that they appear on casual observation to
imitate crystal forms. Such a joint block is shown in Figure 14.
This block exhibits nine fracture planes, no two of which are
parallel, and furnishes a fair illustration of the complexity of the
fracture pattern.

Earlier fractures in the hornfels have been filled in places with
quartz and also with epidote. Later fractures are open. During
metamorphism thermal solutions evidently penetrated the sedi-
mentary series in all directions. Thin sections demonstrate that
all of the rock has been reerystallized and now consists for the
most part of a fine mosaic of quarlz and actinolite, varying in
places to a quartz-biotite mixture (Ifigure 24). TFine cordierite,
apatite, zircon, rutile, and pyrite occur as accessory minerals.
The microstructure of the rock is commonly poikilitic with Guartz
in amphibole or mica.

In places black bands three or four feet thick occur intercalated
with light greenish layers. The black layers consist of micro-
scopically fine elongated hornblende crystals in random arrange-
ment in quartz. The surrounding layers are composed of fine
needle-like aggregates of the same material in a quartz ground-
mass.  On the whole, the sedimentary series, aside from the
limestone members, is comparatively free from concentrations
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of epidote and garnet. The garnet and epidote are confined to
-small segregations in intensely silicified areas, to small veinlets,
and to extremely fine, isolated microscopic crystals occasionally
found along the old bedding planes.

The intensity of the silicification in the hornfels appears to have
been greater in the vicinity of the present prominent hills, and
it is not unlikely that Humboldt Hill, Springer Hill and Stank
Hill may correspond in a general way at least to more intense
zones of silicification in the sedimentary series. Intensity of silici-
fication may be in turn connected to Intensity of the contact meta-
morphic action resulting in the crystallization of scheelite. . Thus
the highly silicified hornfels of Humboldt Hill, Springer Hill and

! Stank Hill may be a natural accompaniment to the ore formation
in the adjacent mines.
| il LIMESTONE

Limestone strata occur in isolated beds at irregular intervals
in hornfels. The strata have the same attitude as the hornfels
| above and below (Figure 9). The best limestone exposures near
| the mines occur along the ridge west of Stank Hill.

The beds in the area studied may be divided into two groups

» separated' by the Stank
i fault, as shown on the map
(Figure'7). One group
occurs 'west of the Stank
fault, and throughout this
group the effects of contact
metamorphism have been
less severe at the surface
! (Figure 27). The second

‘pit above workings, showing width

Open
of Stank ore body and inclination of hornfels walls,

FIGURE 9.

Alteration zone

.
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been pronounced and the beds have been broken into so many
segments that it is not certain whether two or three parallel
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beds occur. It seems certain, however, that at least two exist,

and there is a probability that several.isolated exposures shown .

on the surface belong to a third bed. i
West of the Stank fault nine beds may be counted within the
area mapped (IMigure 27). These appear to cross the least
deformed portion of the area, and several can be traced for a
considerable distance by means of occasional outcrops and scat-
tered pieces of float occurring on the soil of the hillside. TFour
more prominent limestone beds measure fifteen feet, ten feet,
thirty-three {eet, and six feet in thickness and are of suflicient

|

e 4

FIGURE 11, Diagram showing the alteration of dark gray carbonaceous
limestone with the Bubsequent formation of white marble, the marble
being penetrated by radial wollastonite and cut in turn by later calcite

veinlets,
thickness to permit profitable mining if mineralized at depth. A
fifth, the summit bed, shows mineralization at the surface. Thus
far no exploration has been made to determine the extent of
metamorphism below the surface in buried portions of the lime-
stone beds nearer the underlying granodiorite. It is probable
that at some time these beds will be prospected at depth for
scheelite. A crosscut normal to the strike or horizontal drill
‘holes from the Stank workings intersecting the limestone beds
at depth should indicate the extent of mineralization in other
beds parallel to the Stank ore body.

e o —
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The limestone is commonly blue-gray in color, although in some
exposures it is almost black. It usually weathers to a light gray

color, and several outcrops show a ribbon-like brown and gray

banding due to weathering. Some of the strata are also some-
what sandy. The color of the limestone is probably due to a
large amount of included carbonaceous matter. Small tremolite
crystals are also widely distributed (FFigure 21). These crys-
tals occur in the beds west of Stank 'Hill and may indicate an
increase in the magnesium content of certain of the limestone
strata. S

Contact metamorphism appears to have produced an alteration
of the limestone by stages. First a greenish-white alteration zone

Epidote ore \\

FIGURE 12. Diagram showing epidote and garnet (dark brown variety)
invading coarse white marble,

has been produced (Figure 10) with the accompanying destruc-
tion of the dark gray limestone. Numerous examples of dark
gray limestone remnants entirely surrounded by the greenish
alteration zone occur in the vicinity of ore bodies. Following
the greenish alteration recrystallization to fine white marble
occurred, frequently accompanied by the formation of white
fibrous wollastonite (IFigure 11). The final stage in the meta-
morphism resulted in the formation of coarse white marble
accompanied by the introduction of garnel or epidote (Fig-
ure 12).

Tremolite appears to be replaced during this metamorphism

and ecarhonacoeniia myaftare momdfwnlen 0
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FIGURE 14

Fracture block of hornfels, (One-third
natural size,)

FIGURE 13

Scheelite in a quartz - epidote
groundmass, (One - third natural
size,)

FIGURE 15

Portion of an end-stage altered
granodiorite dike, (One-third natu-
ral size,)

e
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formed. Ore has nol been found in the gray portions of the
limestone beds, and it is only where the limestone has become
altered to marble that the ore-bearing mineralization occurs.
Numerous remnants of gray limestone, however, occur in the
mineralized portions of the beds.

THE ORE BODIES

The principal ore bodies including the Humboldt-Springer and
Stank ore deposits are distributed along the western margin of
the granodiorite intrusive-(Figure 2). The Sutton beds, not
worked at present, lie in a position more or less parallel to the
main ore bodies, but on the east of the intrusive. TFor the most
part the surface exposures of the ore are restricted to an area
within 2,000 feet of the margin of the intrusive, as outlined on
the areal map (Figure 7). The ore values, however, vary con-
siderably, even within this limited area. It is only in cases of
unusual concentrations that extremely high grade ore is [ound.
and these may occur either immediately adjacent to the igneous
mass or considerably removed from it. Portions of the replaced

beds may be found in contact with the granodiorite, either ter-

minated by the granodiorite mass or cut by intrusive dikes.

The thickness of the ore body is usually uniform in an indi-
vidual bed (IFigure 9). Beds now worked are normally about five
or six feet thick and continue with only minor variations in thick-
ness for distances of several hundred feet along the strike. In
places the ore zone is twice the normal thickness, due to faults of
20 to 40 feet displacement that cut the strata at an angle of about
15° to the strike. Where the beds are mineralized there appears
to be little change in ore value with depth. In the southern part
of the Stank workings, however, the ore values have been belter
in the lower levels, apparently because the mineralization has
been more intense.

The outstanding characteristics of the mineralized beds are a
prominent display of the contact metamorphic minerals garnet
and epidote, together with an unusual concentration of vitreous
quartz. The scheelite is obvious to the eye in only a few places
in particularly high grade portions of the deposit. Elsewhere it
appears as minute specks disseminated through the garnet and
epidote. Other minerals occur in the ore beds, but garnet, quartz
and scheelite are the most prominent. The contact, metamorphic
product, consisting of masses of contacl metamorphic minerals
formed in limestone has been called “tactite” by Hess."

"Tless, 17, J., Taclite, the produet of contael metamorphism.  Am. Jour., Sej..
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Several types of ore are distinguished in mining operations.

These may be deseribed as garnet ore, garnet-epidote'ore and
Quartz-epidote ore~ The garnet ore occurs more frequently in

the Stank mine and to a lesser degree in the Springer and Hum-
boldt mines, Garnet-epidote ore is distributed throughout the
entire deposit and may occur with either of the other two types.

he highest grade ore concentrations belong to the quartz-epidote
type, as illustrate In Ifigure 13. The high grade concentrations

oL seheelite in both the garnet or rnet-epidote ore ar
wgly silicified an appear glassy. j

In the lower levels of ‘the Humboldt mine-and at places in the
Stank mine the ore has been pulverized by movement along the
beds. Powdered ore of this type is dark gray, but appears to
contain as much scheelite as uncrushed ore in adjacent portions
of the deposit. A slip zone is frequently encountered in the
hanging wall within a few feet of the unreplaced hed. There
is no parting, however, between the mineralized portion and the
hornfels. !

The best ore values appear to favor the footwall side of the
vein-like bed. The complete bed is not always replaced| even in
high-grade portions of the deposit, but where replacement has
not taken place no ore values are found. I

MINERALS PRESENT IN THE ORE BODIES
CALCITE

Calcite may be found in the ore beds in all of the different
forms in which it occurs in the region, varying from the unre-
placed gray limestone to the most highly metamorphosed and
recrystallized marble. Portions of the gray limestone 'contain-
ing carbonaceous matter occur in the ore beds in several places
as remnants that have. not been replaced. In addition to its
occurrence in the gray limestone, calcite occurs as fine white
marble, as coarse white marble, in secondary veinlets, 'and in
euhedral crystals in cavities. Apparently all of the carbonate
of the deposit is calcite. Qualitative tests show a decidedly minor
amount of magnesium and all of the X-ray diffraction patterns
taken of dilerent types of carbonate have given the calcite
difTraction pattern. Dolomite and magnesite have not been
observed. '

The significance of the importance of calcite as a source of
calcium in the crystallization of scheelite may be inferred from
the fact that all specimens of ore that have been examined con-
tained small amounts of that mineral, !
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FIGURE 17. An outcrop of hornblende-andesite in contact with hornfels.
Hornblende-andesite above white line, hornfeis below.
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Figure 20 illustrates an isolated patch of intergrown calcite
and scheelite in a groundmass of quartz, It is assumed 'that the
scheelite replaced part of the calcite in the first place and the
scheelite-calcite mixture sufTered invasion and isolation by quartz.

i

TREMOLITE
Two varieties of tremolite are found in the deposit, probably {
widely separated from the standpoint of origin. The first tremo-

lite is early tremolite that occurs in small crystals scattered in
irregular arrangement throughout the gray limestone (Figure21).
Tremolite crystals have been found in abundance in limestone
beds more than a mile from the nearest tungsten prospect, The

crystals show characteristic rhombic cross - section when exam- A
ined in thin section, and fragments have the proper optical itia -
properties for tremolite. In addition, small crystals from the Yo ‘J-;’fvz’,(jf 4
limestone have been concentrated by treatment with acid. ' X-ray ﬁ"“%ﬁuva Y
diffraction patterns of the concentrated residue have been taken andary of Thin Sa s - LT ‘ Y 5
and compared with X-ray diffraction patterns of tremolite from J.‘*i;,‘.ix‘. ! W RNy K R o B
several known localities, making use of the method of multiple L R o ~'Kb'x;":’%g‘ }f:l\‘;‘fb:._,\?,{;
comparison for identification. :“/‘;}.‘cﬁ;k?f‘;'ﬁf, N :,9‘:"“‘“‘4" .“ﬁ’ b
The second tremolite is radial tremolite that occurs in asso- m“h“} ‘ﬁ;},:_\i;‘*‘?‘fi#‘;-wy;'.-\‘?'.*x‘gf'i»*." a7
ciation with actinolite, apparently formed during the cooling Wik LA L
of solutions following the main contact metamorphic minerali-
zation., The early tremolite ig restricted to the gray limestone, ey - B T
while the late tremolite oceurs in minor amounts in the coarse LY ! ‘{f,r.}‘ ‘
White marble. The late tremolite is fibrous and matted, in con. '3‘4' &
trast to the isolated small crystals of the early tremolite, 'and g"ﬁ\"’ ' ’ _"- } w);’i:ﬁ' wr
does not appear to be a residual of the earlier mineral! e “-ﬁ;y“.“ ' k’i‘}gfi‘;;"v":f%f‘
g PEEAN Wi + o
WOLLASTONITE FIGURE 1 o g'ﬁfrﬂ o T T N &}w"?"
I ' X . r Wy ',.,“;W:‘f' 8 t0 -"“!._K r r?\\‘r,k,,. o
Wollastonite oceurs in streamers and radial aggregates (Fig- Phases of the granodio. el i,’wf\(;' oy s ;._:V'"":af‘ : J~\:""~?l"1':\"j"):.n’(r:
ure 11). These are snow-white in color, and extend throughout ;‘rtfph‘_'(‘t;o”)’“°“ (photomicro- j,-lu.ﬁm!*:b 7 Vf:’ A, -*:::.;‘j‘“};;ﬁQ;&fZ
the fine white marble, The mineral does not appear to be (a) Central portion of a :,x'i:“{;{f'.’?;;r_-l’g’%fé,ggg’é- {:";‘r ':-f};y’»g%';ﬂ"&%; ),
present in the coarse white marble phase. It occurs in patches d“”l "’“°“’“,lg oL feldxpar. {ﬁi:.‘('ja53,f%ﬂ:¢)'iﬁ; /,«‘14«'&'&,;,.4;:“&‘3\“_".?,%‘7&? o i I
of fine white marble that have been produced by alteration of in (c:))nt(;%.lé:r;it; ll):cfrenrl:ﬁ:gm &';v;ffx'.;f;%, Fesiel r..‘}“t‘-.«%‘—*-f isots CaLY
the gray limestone and have not yet suffered recrystallization to . aj:"i’,ﬁ”w/&“}’:«,ﬁzpﬂ' Ar,t':‘{\é‘viﬁ(d;f%‘?f’l (
the coarse white marble, It is probable that wollastonite is an § Muﬁ &Mﬁé’ J:VMW:&Q:J
earlier mineral produced at a stage prior to the recrystallization '

of the main contact metamorphic minerals, garnet, epidote, and
scheelite. K
GARNET
Several types of garnel may be found in the ore beds. Garnet
occurs as a light pale pink mineral in association with radial
" Kerr, Panl 1, Beon, Geol., Vol. XXVII, No. 7, Noventher, 1932, p. 621,
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aggregales of wollastonite apparently formed as an early altera-
tion of the limestone. Garnet of this type does not appear to be
associated with scheelite, and no epidote occurs along with it. It
is usually found in areas immediately adjacent to unreplaced
palches of gray limestone and is assumed to be prior to the ore
deposition. of

Reddish - brown garnet, probably grossularite, occurs in all
parts of the deposit (FFigure 26). Garnet of this type is asso-
ciated with scheelite. A very dark brown garnet, probably
andradite, occurs in the middle of the Stank mine associated with
molybdenite (FFigure 25). It appears that this is slightly later
in origin than the grossularite.

In thin sections the various varieties of garnet show strong
anomalous birefringence between crossed nicols characteristic of
garnet formed by replacement of calcite due to contact metamor-
phism.® All types of the garnet in the deposit are probably of
the “ugrandite” series of Winchell ? and the phenomenon of bire-
fringence does not appear restricted to any particular species.
X-ray diffraction photographs of grossularite and andradite from
ore beds have been taken. Both appear to be isometric in crys-
tallization in spite of the anomalous optical properties.

EPIDOTE
Epidote is found in interlacing crystals that vary from micro-
scopic grains to crystals a quarter of an inch in thickness and
about an inch in length. Such crystals are usually suspended in
quartz (Figure 22) or protrude from the walls of small openings.
Another form of epidote of much finer crystallization appears

to occur as a later phase. This type of epidote occurs as finely

disseminated crystals scattered through quartz, and imparts an
olive-green cast to the rock. Microscopic evidence of the earlier
coarse generation of epidote being broken down and replaced
by the fine-grained second generation is abundant. Scheelite
appears to be associated with both generations, although it is
probable that the coarse high grade concentrations of scheelite
occurred with the second generation. The coarse crystals of
scheelite in the Humboldt mine are found suspended in a glassy
epidote-quarlz matrix made up of finely disseminated crystals of’
epidote scattered through the quartz with traces of calcite (Fig-
ure 23). .
.—‘:lllnnlrnlml I Rogers, A, 10, and Kerr, 1,
McGraw-TTill, New York, 1033, p. 118, g, 113,
"Winchell, A, N, Blements of optienl mineralogy, John Wiley & Sons, New
York, 1027, p. 257

I, Thin-seetion minernlogy,
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SCHEELITE

Scheelite occurs in pure white imbedded crystals with a
characteristic greasy luster. The crystals vary in size from a
fraction of a millimeter to several centimeters in diameter.
Scheelite is frequently not easily seen in the ore even in high
grade specimens. The miners often wet the surface of the rock
in order to make the mineral stand out from the quartz. The
scheelite fluoresces blush white in ultra-violet light.1” An excel-
lent effect is given by scheelite subjected to the radiation from
a spark gap arc. Recently an ultra-violet light installation con-
sisting of an iron spark gap arc operating on a high voltage
transformer and utilizing a mica plate condenser has been found
to have practical value. It is useful both for the examination
of mill products and in the study of the ore.

Although the normal color of the scheelite throughout the
deposit is white, a few samples of coarse crystallization have been
found in the Stank mine in which the scheelite is pale brown. In
one bed west of Springer Canyon yellow scheelite occurs, the color
probably being due to traces of tungstite.

Scheelite is for the most part anhedral or subhedral in form
(Figure 19) and is not found {ree from a matrix of embedding
minerals. As previously stated it is usually associated with
quartz, calcite, epidote or garnet,

ACTINOLITE
Actinolite is not only a prominent constituent of the country
rock, but is found throughout the ore body. In the ore 'nod.;,
however, it appears to have been formed as a later mineral,
following the crystallization of the coarse epidote and scheelite.
It may have been in part contemporaneous with the crystalliza-
tion of the fine epidote and part of the scheelite. On the whole,

however, it appears to have been somewhat later than the min-
erals previously mentioned.

ZEOLITES
The most prominent zeolit i its i ilbi
St prominent zeolite found in the deposits is stilbite.
It occ.urs in radial aggregates and in plates. Stilbite is found
as vein-filling material along the cracks and fissures in dikes
and within the ore body. It was probably crystallized at a late

stage following the crystallization of the intrusive mass. In

"Seheelite from Mill City wns not oxamineq hy \':m‘l[rw‘;-iﬁ;;-iui:‘truivl\'-—‘uf
loresceonce,  The fluorescence of (he Mill City seheelite, however, is similae to
[he effect he observed in selicelile from o number of olther loealities. Van Iforn,

I, RLAmm'. Mirn. Vol. 15, No, 10, Oct.,, 1030 np. 401—100
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FIGURE 20

FIGURE 19
Scheelite in a groundmass of quartz  Isolated scheelite and calcite in quartz.
and calcite. (Photomicrograph x 20.) (Photomicrograph x 20.)

.."1’\

w,

; .,".','4',.., i

?gﬁ'ﬁ' ‘
VR

FIGURE 22
Tremolite in gray limestone, (Photo- Euhedral epidote associated with cal-

FIGURE 21

micrograph x 20.) cite in quartz,
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Epidote and calcite associated with ; FI.GURE.“
scheelite in quartz, (Photomicrograph A typical thin section of the horn-
x 20.) fels. (Photomicrograph x 20.)
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FIGURE 25
Molybdenite (black) in garnet and
epidote,

FIGURE 26

Subhedral garnet in quartz. (Photo-
micrograph x 20.)
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the yellow scheelite bed stilbite occurs in abundance and con-
tains traces of a yellow mineral, possibly nontronite. = Stilbite
also occurs in the high grade portion of the Humboldt ore body.

OTHER MINERALS :

Pyrite and quartz are found in profusion throughout the ore
body and extending in all directions throughout the country
rock. Pyrite occurs in small crystals disseminated through
quartz and virtually all of the other minerals produced by the
contact metamorphism. Quartz was formed at numerous stages
during the mineralization, and has been replaced, broken, frac-
tured, and recrystallized time and again. Even following ore
deposition, veins of quartz were formed cutting the ore body at
right angles. Molybdenite and pyrrhotite occur as minor con-
stituents of the ore. Chalcopyrite specimens are also occasion-
ally found. Molybdenite is found in a small concentration a
few feet long and about six inches in width occurring on the
300 level in the Stank mine just north of the shaft. In addi-
tion it is widely distributed in small amounts in the lower
levels of both the Stank and the Humboldt ore bodies.

Molybdenite fills fractures, cutting the earlier generations of
garnet, epidote and scheelite (Figure 25). Traces of bismuth
have been reported in analyses of the concentrates. It is, pos-
sible that small specimens reported occasionally as stibnite are
bismuthinite.

INTRUSIVE GRANODIORITE

Granodiorite occurs both in the main intrusive mass and in
dikes extending outward and cutting the hornfels. The grano-
diorite probably underlies most of the Eugene Range. Isolated
occurrences a number of miles apart may be found around the
boundaries of the mountains. In the vicinity of Tungsten sev-
eral square miles of granodiorite are exposed. The hornfels
resting upon the granodiorite is normally not merely a thin
veneer but is a pendant having considerable depth. The con-
tour of the upper surface of the granodiorite is uncertain. Min-
ing operations, however, indicate that it is extremely irregular
and that the sedimentary cover is much thicker than surface
mapping would lead one to believe. Where remnants of horn-
fels remain upon the overlying granite surfaces, and have been
penetrated during mining operations, they have been found to
extend almost vertically without interruption for 600 to 800
feet in depth. The hornfels - granodiorite contact across the

strike of the Stank ore body is probably inclined between sixty
and _oovonty doorons (Wignra 920) TTyvon in nlaras whore 4ha
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granodiorite has cut the ore bed at right angles the inclination
is steep. Nevertheless, in spile of the high angle of contact, it
is hazardous to predict any considerable extension of the ore
beds beneath the present mining levels.

The weathering of the granodiorite is apparently influenced
to some extent by the abundance of quartz veinlets and frac-
ture blocks. On the whole, the granodiorite appears to weather
much more easily than the hornfels and forms the valleys,
while the hornfels forms the ridges and hilltops. In a few places
small pyramid-like hills of - granitic rock stand out because of
greater resistance to erosion due to a large number of intersect-
ing quartz veinlets in the rock (Figure 16

The granodiorite is an even grained holocrystalline rock
composed of quartz, soda, and soda-lime plagioclase, amphibole,
biot,ite, and accessory minerals including orthoclase. It was
classified by Larsenl! as a granodiorite, although further
examination indicates that some phases may be more nearly a
quartz diorite. Thin sections demonstrate the presence of the
following essential minerals: quartz, andesine (zoned and cor-
roded), albite, hornblende (partially altered to chlorite), and
biotite (partially altered to clear biotite and chlorite). The
biotite also contains included zircon crystals. The accessory
minerals in the granodiorite are epidote, titanite, calcite, mag-
netite, apatite, pyrite, zircon, leucoxene. Dikes radiate outward
from the granodiorite in a number of places. These vary from
less than an inch in diameter to several that are about 100 feet
in thickness. The length of the dike exposed at the surface, how-
ever, seldom exceeds 300 to 400 feet.

The dikes cut all phases of the hornfels and the ore beds. They
show two types of mineralization, one containing a concentration
of albite and quartz which occurs along the margins and some-
times constitutes the entire dike. The other phase is the grano-
diorite or quartz diorite phase which makes up the centers of
many of the dikes and forms the main mass of the major intru-
sives. The marginal portions of the dikes appear to have been
forced outward from the intrusive mass either as the central
phases were being crystallized or closely following their crys-
tallization. Shear lines appear along the walls of the dikes and
along the contact between the margins and the centers. The
shear cracks have been filled by later quartz and are associated
with quartz-albite mineralization.

It is generally recognized that soon after the solidification of

"IToss, T, 1., and Toraen 10 & (bt cn o
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an igneous rock the rock may be self-injected.1? A diorite or
granodiorite, for example, may be invaded by quartz and albite;
an upward penertation due to end-stage emanation from the same
diorite or granodiorite magma which produced the original rock.
The granodiorite both in dikes and in the intrusive mass associ-
ated with the tungsten deposits has suffered such invasion. This
is apparently reflected in the topography of the intrusive in the
area east of Humboldt Hill (Figure 16). In areas of otherwise

" deeply eroded granodiorite several resistant knobs stand out.
These appear to have resisted erosion on account of the concen-
tration in a small area of end stage mineralization in the form
of erosion resistant quartz.

Evidence of end stage action may be observed to beqt advan-
tage in thin sections. Figure 18 illustrates this relationship, The
two views (IFigures 18a and 18b) are photomicrographs of por-
tions of a large thin section sawed at right angles to a small dike
of the type illustrated by Figure 15. The central area of the
dike, the marginal quartz-albite area and the hornfels wall rock
were all retained in one unbroken section and are related as shown
in Figure 18, Comparison of the two photomicrographs with the
key sketch in Figure 18 should bring out the relationship.

SILICIFICATION

Silicification appears to have occurred as an additional end
stage efTect of the intrusion. Presumably this started with the
quartz-albite invasion and increased as the end stage solutions
cooled. Vein quartz invasion appears to have filled fractures
following the quartz-albite invasion and the earlier more mas-
sive silicification. Multiple banding- of alternate quartz-albite
layers and quartz layers in some of the dikes indicates a close
relationship between the albitization and the silicification.

Vein quartz cuts across the high grade garnet-epidote-scheelite
bodies at right angles and it is naturally concluded that the crys-
tallization of scheelite ore occurred prior to the quartz veins. The
quartz of the quartz-albite stage, and massive glassy quartz closely
associated but presumably slightly later, appear to have been closely
related to the ore mineralization. The massive vitreous quartz
contains fine epidote crystals associated with scheelite, while the
later veins consist of barren quartz.

Silicification appears to have been more intense in certam zones
than in othc1s These zones do not appear to follow the strike of

"( olmn l( g 'l he crystallization of an Igneous rock, Jour. Geol. Vol. XXXI,
No 3 Am -May, 1')2!, pp 169- 1:8

€
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the sedimentary series, nor are they related in any apparent
fashion to the intrusive contact. The west side of Humboldt
Hill, the vicinity of the Baker prospect, the crest of the hill
above the South Sutton workings, Springer Hill, the vicinity of
the Stank workings at the surface, the crest of Stank Hill and
several minor localized areas appear to have been more highly
silicified than adjacent areas. These zones are irregular in
shape; in fact, the outlines are so obscured by gradation into
the normal hornfels that the zones can only be indicated and
not accurately mapped. The chief significance of the zones of
silicification lies in the fact that in several of the areas mentioned
high grade ore deposits are found, and in all the indications of
ore appear to be of economic importance. In each case in which
limestone beds happened to fall within the zone of silicification
intense replacement appears to have taken place.

HORNBLENDE-ANDESITE

The hornfels and limestone beds and also portions of the
granodiorite are occasionally cut by small dikes of hornbiende-
andesite (Figure 17). The hornblende-andesite appears to be
an entirely later phase of igneous intrusion, and is probably
not related to the processes of ore formation. The hornblende-
andesite is composed essentially of soda-lime fel dspar varying
from extremely fine crystals to moderate - sized phenocrysts.
Abundant hornblende crystals varying considerably in dimen-
sions are scattered indiscriminately throughout the rock. The
common hornblende is green, although a brown variety occa-
sionally occurs as an alteration. The accessory minerals are
magnetite, ilmenite, leucoxene, apatite, and titanite. Zonal band-
ing is common in the plagioclase which is chiefly andesine with
some laboradorite. Later veinlets of chlorite cut the hornblende-
andesite in places and also penetrate the previous rocks.
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STRUCTURAL FEATURES

The Bugene Range in which the Tungsten district is located
constitutes a fault block of the basin and range type with the
west side more elevated than the east. The structures of the
range of importance to the mining problems, however, are not
the comparatively recent displacements of the margins of the
mountain block, but the complex and earlier structures of lesser
magnitude that occur within the range.

The general strike of the sedimentary strata as indicated by
traces of the old lines of sedimentation is approximately N 20 I,
Locally the strike may vary to north-south or N 30 E. The rocks
of the entire district are badly fractured along the numerous
planes, and the fracturing is so complex that no definite pattern
has been interpreted.

The principal fault in the area mapped is the Stank fault,
which extends for a distance of about a mile and a half in an
almost north-south direction, cutting across the eastern slope of
Stank Hill. The strata west of the Stank fault (Figure 27) are
inclined toward the east: east of the Stank fault in the vicinity
of the operating mines the beds dip about 70° W. The zone of
faulting varies in width from about fifty feet in the vicinity of
the Codd workings to twenty-five feet near the Summit workings
and apparently disappears on the western boundary of the area
mapped. Near the Springer ore body the fault hecomes asso-
ciated with a crush zone several hundred feet in width in which
all of the limestone heds have apparently been broken into short
isolated segments. In spite of several dozen small prospect pits
and short tunnels dug into the hillside throughout the crush
zone, no definite set of beds can be traced. Segments twenty or
thirty feet in length are apt to be terminated with faults on each
end, and in places the segments themselves have become fault
zones containing fragments of broken ore along a plane of move-
ment,

Post-mineral faults cut all of the geologic units and apparently
much local displacement took place after the cooling of the igneous
mass and before the present topography was developed. The fault
lines are not reflected in the surface topography, and are only
traceable by careful study of the limestone beds and zones of bree-
ciation encountered in the underground workings.
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(See AA’, Figure 7, also Figure 4.)

Cross-section of Stank Hill looking south,

FIGURE 27.
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The post-mineral faulting just described constitutes the prin-
cipal structural disturbance of the area. Pre-mineral faulting,
however, occurred previous to the contact metamorphism of the
limestone beds. These faults are evidently displacements of the
ore beds that occurred prior to metamorphism. The mineraliz-
ing solutions penetrating the country rock and ore beds com-
pletely recrystallized the gouge along the fault lines and sealed
all openings to such an extent that the usual indications of fault
movement were obliterated. The pre-mineral faults are only
located by tracing the offset ore beds. Because of the difficulty
in locating these faults and the sealed character of the fault
planes, the pre-mineral faults cause the most trouble in mining
operations. Two pre-mineral faults that cut ore beds are indi-
cated in Figures 28 and 29. One fault cuts the Stank ore body,
reaching the surface at the head of the tramway, while another
cuts the Humboldt ore body north of the shaft. |

e
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DESCRIPTION OF INDIVIDUAL ORE BODIES

The three principal ore beds of the Tungsten district extend
in an irregular N 20° E line for a distance of approximately a
mile. . This line is broken in a number of places, and the chief
ore bodies now being worked may represent one continuous ore
bed or may be composed of segments of two beds.. In any
event the replaced limestone strata have been broken by numer-
ous faults, and have also been completely eliminated in places
by the intrusive granodiorite. The faulting and the intrusion
have produced gaps in the ore deposition which have rendered
the problem of following the ore difficult. The two mines on the
north are connected underground, but may be operated on two
difTferent beds, although development work has not proceeded to

~such an extent that this can be considered proven. A consid-

erable offset exists at the junction between the Humboldt mine
and the Springer mine, and the relation between the ore beds of
the two mines has not been clearly established. The Stank mine
farther south is isolated from the Springer mine, being sepa-
rated by a considerable area of granodiorite (Figure 7). It is
possible, however, that the replacement producing the ore in the
three mines may have followed what was once the same lime-
stone bed. Other metamorphosed strata exist in isolated seg-
ments roughly parallel to the main ore beds. These have not
as yet been thoroughly explored even at the surface, in spite
of the fact that in many cases surface indications are quite
promising and in several places scheelite ore can be found in
outcrops. An abundance of ore reserves in the mines now
working has made extensive exploration and development
unnecessary in recent years.

The underground workings of the Humboldt, Springer and
Stank mines present an interesting variety of geological prob-
lems of a decidedly practical nature. The distinction between
the two generations of faulls is particularly important since the
pre-mineral faults have in general different criteria for detect-
ing the direction of displacement than the post-mineral faults.
The extent and intensity of the contact metamorphism appears
important in governing the tenor of the ore. Zones of silicification
must be followed since these zones appear to indicate the most
intense metamorphism. The extent and depth of the igneous
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intrusive is important, since when the intrusive is encountered
mining will cease. e dh
THE HUMBOLDT-SPRINGER ORE BODIES

The Humboldt-Springer workings are shown both in a plan
view and a projected vertical section in Figure 28. The Hum-
boldt mine extends underground for six levels or approximately
600 feet below the collar of the shaft, The 300 level is connected
by means of a crosscut and a short raise with the 200 level of
the Springer mine, and all operations from the Springer mine
are now carried on through the Humboldt 300 level. The ore
bed upon which the Humboldt mine has been developed dips
approximately 70° to the northwest, and strikes N 20° E. The
thickness throughout most of the workings is from five to six
feet; in one place, however, where the highest grade ore occurs
on the 300 level north it is fifteen feet. The ore body is cut by
several fault zones and also by both granodiorite and hornblende-
andesite dikes. No ore is found in the dikes. High grade ore
occurs on either side, however, even within a fraction of an
inch of the margin of the dike. It appears that the penetrating
end stage solutions which followed the dikes rather than the
dikes themselves were the controlling factors in ore deposition.
In computing ore reserves, the dikes are merely considered as
gaps in the ore body, and in mining operations are left as
pillars. o

Recent development work has exposed two unexplored ore bed
segments. One segment is shown in the plan (Figure 28) on
the Humboldt 800 level south at the northern end of the Springer
workings, where the junction between the two mines occurs., An
ore bed five feet in width, and averaging three percent scheelite
has been exposed along a tunnel for approximately four hundred
feet. Whether this ore bed extends to the surface or not and how
far it penetrates below the 300 foot level can only be established
by future exploration. Itis a fair assumption, however, that the
new development represents a considerable addition to the ore
reserves of the Humboldt-Springer mine. (e 40

The other recently discovered ore bed segment is located at
the north end of the 300 level north in the Humboldt 'mine.
About three hundred feet of an ore bed fifteen feet in width and
probably averaging between five and ten percent scheelite has
been exposed. The new ore body has also been cut one hundred
feet beneath on the extreme northern end of the 400 level, but
development work has not as yet been completed. Whether this
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new Humboldt ore body extends all the way to the surface and
how far it penetrates below the 400 level will need to be estab-
lished by future development. Also, the distance to granite on
the north is unknown, although it is probably at least 700 feet
horizontally, judging from surface exposures. The prospect of
a considerable extension of this ore body would appear to be
unusually good from the geological standpoint. It is probable
that certain outcrops west of IHumboldt Hill containing contact
metamorphic minerals and scheelite represent the surface expo-
sure of this bed. Since the main ore body in the Humboldt mine
has been worked to the 600 level, it is probable that the newly
discovered ore bed may extend at least to a similar depth. Addi-
tional pre-mineral faulting has been encountered in lower lev-
els,13 however, and it is not likely that the ore body will be
entirely worked out until additional data is secured for the solu-
tion of the fault system in the Humboldt mine.

The ore of the high grade stope on the 300 level north consists
chiefly of coarsely crystalline masses of scheelite in a groundmass
of fine quartz and epidote. Both garnet-epidote masses and gar-
net masses containing quartz and coarse scheelite are also occa-
sionally encountered. The ore of this stope contains much more
visible scheelite than is usual for the Humboldt mine as a whole.
For the most part the scheelite is disseminated in fine specks
through the contact metamorphic minerals. The ore in the lower
and north end of the Humboldt mine contains fine black pyrite
and is more finely granulated than in the upper levels, but it
appears to contain as much scheelite.

As the mine has been deepened from level to level the operators
have been in fear that the underlying mass of granodiorite might
be encountered and the bottom of the mine would be reached. No
bottom has as yet been encountered, however, and it is clear from
the depth to which mining has been carried that the sedimentary
cap on the granodiorite mass represents a pendant-like mass rather
than a thin veneer as was supposed by the early operators who
greatly underestimated the size of the deposit. No indication of
the main granodiorite mass has been encountered in the lower
levels, the granodiorite cut being the continuation of the same
dikes or offshoots encountered at the surface. One granodiorite
dike extends from the surface just south of the Humboldt shaft
downward at an angle varying from 30° to vertical at the end
of the 500 level south of the shaft. The same dike has been
penetrated on each successive level as the mine was deepened
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A thin hornblende-andesite dike cuts the mine workings almost
vertically on the north side of the Humboldt shaft. There appears
to be no information to be gained from the study of these dikes,
however, to indicate whether the bottom of the mine will be a
few feet or many feet below the 600 level,

As previously mentioned, the faults cutting the Humboldt ore
body are both pre-mineral and post-mineral. The pre - mineral
faults appear to have caused an original displacement of the
limestone before metamorphism took place; the post-mineral
faults represent a more recent movement after the mineraliza-
tion. The pre-mineral fault planes have been completely silici-
fied, all traces of gouge or fracture having been obliterated by
the silification. It is only by careful study of polished slabs of
the rock and a detailed inspection of the walls that the planes
can be located by changes in mineralization, The limestone beds,
however, were offset by such movement in places as much as two
hundred feet. E

The post-mineral faults are easily followed by the usual indi-
cations of gouge and drag of ore fragments, together with brec-
ciation of the hornfels. The movements along the post-mineral
faults appear to have been of less importance in the Humboldt
mine than the pre-mineral movements. The chief problems
involved in following the ore body have had to do with the
location of faulted segments on the pre-mineral faults.

The operations in the Springer mine have been much more
restricted than the Humboldt mine, and mining has not extended

below the 300 level where the connection between the two mines

occurs. On the south of the Springer mine an extended area of
complicated post-mineral faulting has been encountered and no
" attempt has been made to drive tunnels south, below the bottom
of Springer gulch. The shaft of the Springer mine penetrates
a broad breccia zone of post-mineral faulting, and prospect pits
on the hill opposite disclose such a complicated group of small
isolated ore segments separated by faults that the zone does not
appear to justify mining operations.

THE STANK ORE BODY
A geologic section cut at right angles to the strike of the Stank
ore bed is shown in Figure 27. This section follows the line AA’
of the map, Figure 7, and indicates the relationship between the
sedimentary strata on the two opposite sides of the Stank fault.
One portion of the workings along the Summit ore body cuts
across the Stank fault. The crosscut in this place shows zones
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of brecciation containing blocks of granodiorite, limestone, and
hornfels. The blocks measure from a few inches to several feet
in diameter, and are disarranged in a heterogeneous mass of
fault brecciation. The Summit ore body, together with the adja-
cent hornfels and unreplaced limestone beds, appears to represent
a block west of the Stank fault, while the Humboldt, Springer and
Stank ore bodies, together with the adjacent granodiorite mass,
represent another block east of the fault. The unreplaced beds
of limestone are shown in the section west of ‘the Summit ore
body. These limestone beds present a problem of importance to
the future of the Mill City district. Adjacent exposures of ore
demonstrate that the limestone, although unreplaced, is within

" the area of contact metamorphic action. The Summit ore body

has yielded some fairly good ore which was apparently cut off
at the bottom by a pre-mineral fault, and the off-faulted segment
has not yet been located.

East of the Stank fault is the Stank ore body and a small
parallel ore bed characterized by scheelite of a yellowish tint
responsible for the name “yellow scheelite ore body.” The
Stank ore body has been opened to the 800 level with a dip vary-
ing from 70° to the west to vertical. In the lower levels, how-
ever, the dip is reversed and the ore body inclines at an angle
of about 80° to the east.

The Stank ore body is shown in both plan and elevation in
Figure 29. The best exposure of the contact between the
granodiorite mass and the ore body may be found underground
along the northern margin of the Stank workings. The con-
tact has been exposed from the surface downward to the 800
level with several off-shoots penetrating a few hundred feet out-
ward and cutting the ore bed. The contact between the ore bed
and the granodiorite is irregular, with numerous bench-like exten-
sions of the igneous mass exposed along the open workings. The
ore has been removed for a vertical distance of eight hundred
feet, a narrow open stope eight or ten feet in width remaining,
and the hanging wall standing for the most part without sup-
port (Figure 9). All of the workings are not accessible, but in
many places the granodiorite can be observed in contact with the
hornfels of the adjacent hanging wall and foot wall of the ore
bed, and in the lower part of the workings, where ore still
remains, a sharp contacl is visible.. The scheelite in the ore
bed extends to within a few inches of the granodiorite without
either increase or loss of ore value. This is typical of the situa-
tion which appears to hold true throughout all of the contact areas
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between the ore body and the intrusive in the district as a whole.
Several fair-sized blocks of unreplaced limestone or limestone
8o poorly replaced that it would not constitute ore have been
encountered in the Stank workings., Likewise in one place an
underground limestone cavern about forty feet in length and four
feet wide was penetrated. The cavern was apparently produced
by secondary leaching of unreplaced limestone. It occurs at the
south end of the Stank workings where the limestone has not been
replaced and contact metamorphic action was apparently absent.
The same two generations of faulting are found in the Stank
mine that have been described in the Humboldt-Springer work-
ings. One prominent pre-mineral fault cuts diagonally across the
ore bed, extending from a point on the surface five hundred feet
north of the Stank shaft underground to a point on the 600 level
about two hundred feet south of the shaft. This fault line shows
no recent gouge or evidence of open fault movement. On the
other hand, slabs of rock broken from the line of faulting and
later polished show the contact metamorphic minerals on one
side and quartzite on the other. The off-faulted segment of the
ore bed has been located on each successive level as the mine has
been deepened and crosscuts were run in each instance intersect-
ing the ore body at the proper point. The proper projection point
was established by geometric projection by Mr. Heizer, the dis-
placed segments being located during the course of operations.
In the lower levels of the Stank mine on the south end the
pre-mineral fault is cut by a post-mineral fault system appar-
ently having several branches. The movement along one of these
faults appears to have been rotational, and it is probable that the
pre-mineral fault plane was rotated by movement of the blocks
on the south side of the post-mineral fault. The situation pro-
duced on the south side of the Stank mine in the lower levels is
consequently somewhat complicated, and development work has
not proceeded to such a point that the extension of the ore body
can be definitely established. A fair supply of blocked out but
unmined ore reserves exists in the lower levels on the southern
end of the Stank mine, in spite of the faulting; and it is possible
that future exploration conducted with parallel geologic study
may yield worthwhile knowledge concerning the continuation of
the ore bed. The upper levels of the Stank mine have been worked
out, and the portion near the surface on the southern extension is
80 poorly replaced and so badly broken that the section does not
appear to justify the expense of mining operations.
The lower levels will be called upon, therefore, to provide ore
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during future operations along the beds now being worked.
Southward extension is possible in the lower levels and a con-
siderable area of unexplored sedimentary rock exists between
the present south end of the Stank mine and the Godd prospect.

The same problem regarding the granodiorite floor beneath the
sedimentary series exists in the Stank mine that has been dis-
cussed in connection with the IHumboldt mine and the answer
is equally uncertain. Operations have followed the replaced
limestone bed in the Stank mine to a depth of over 800 feet, and
indications of striking the underlying granodiorite are no more
abundant than at the surface.

THE SUTTON BEDS
Mining operations were conducted during the early history
of the district along the Sutton beds. These consist of two
closely parallel limestone beds, about forty feet apart, nearly
vertical in attitude, and exposed intermittently along a north-

‘south line on either side of the town of Tungsten, for a total

distance amounting to about 5,000 feet between the extreme
north and south operations (Figure 2). The two beds may
be traced by occasional exposures south from the southern-
most operation for at least an additional mile. The east bed is
normally from 214 feet to 5 feet thick, while the west bed varies
from 2 feet to 4 feet in thickness. The Sutton beds are Upper
Triassic in age, and furnish one of the few fossil horizons in the
area. Hornfels occurs both between the two beds and on either
side.

Exposures along the Sutton beds are intermittent due to hill-
slopes covered with soil and loose rock debris, areas of intrusive
granodiorite and faulting which has displaced certain portions
several hundred feet. The rounded hillslopes yield poor expo-
sures, which make surface mapping difficult, and leave many
gaps without reliable field evidence. Two large areas of intru-
sive granodiorite and a number of dikes cut the beds. One intru-
sive area on which the town of Tungsten is situated, eliminates
approximately 2,000 feet of strata. Tast of Humboldt Hill is
another large area of intrusive granodiorite which terminates
the Sutton beds on the north. IFaults almost at right angles to
the strike of the sedimentary strata have offset portions of the
Sutton beds for several hundred feet in a number of instances.
Unfortunately, from the standpoint of mining, the beds have not
only been offset but have been broken into numerous small iso-
lated segments seldom exceeding 60 feet and frequently not more
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than 20 feet in length. The faults are not restricted to vertical
and horizontal displacements, but include diagonal displacements
as well, with the result that the broken blocks of the Sutton beds
are 8o irregularly distributed in the faulted zones that normal
mining operations under present economic conditions are unprof-
itable, even where the limestone blocks have been replaced with
the formation of scheelite. |
After eliminating the areas of intrusive granodiorite, and the
extremely faulted portions of the Sutton beds, approximately
2,600 feet remain. This length is divided into two portions, one
portion north of the town of Tungsten including the north Sut-
ton tunnel (shown on the hill just beyond Tungsten in Figure 3)
and the Baker prospect; the other portion south of the town
including the South Sutton workings and the hill beyond (Fig-
ure 6). These two segments as exposed on the surface or in
the underground workings are largely unteplaced limestone.
Portions, however, are said by the operators to contain workable
ore bodies, and in view of the history of the district it is possible
that the mineralization may increase with depth. The extent of
this increase can only be determined by future prospecting.
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HISTORY OF THE GEOLOGIC PROCESSES

The history of the geologic processes may be expressed in
terms of a rather simple sequence of events. Between the period
of Triassic deposition and the time the present topographic devel-,
opment began the important processes were metamorphism, igne-
ous intrusion, and deformation. The periods of each process are
indicated according to the following order:

(1) Widespread metamorphism of the sediments through-
out the district. '

(2) Deformation either before or accompanying igneous
intrusion.

(3) Igneous intrusion and accompanying contact metamor-
phism with end-stage alteration.

(4) Later andesitic intrusion.

(5) Post-intrusive deformation.

1. Evidence of the first alteration in the Triassic sediments is
found in the limestone. A widespread metamorphism of the sedi-
ments must have taken place throughout the district, since abun-
dant tremolite needles occur widely scattered through the gray
limestone. Although the metamorphism produced tremolite, it
did not destroy the carbonaceous matter in the limestone.

2. Tollowing the early metamorphism, there was widespread
fracturing of the tremolite crystals in the limestone and recemen-
tation by calcite. Mining operations also demonstrate displace-

.ment of the limestone strata at some stage between the early

metamorphism and the formation of the ore beds. - This may
have occurred accompanying the early stages of the intrusion,
although it probably happened before, since there is no evidence
that the intrusive followed planes of faulting.

3. The igneous intrusion and accompanying contact metamor-
phism was responsible for the concentration of scheelite. The
principal ore formation appears to have occurred toward the end
of the intrusive action prior to the formation of quartz veins and
accompanying end stage efTecls consisting of quartz-albite inva-
sion and silicification. The processes of metamorphism appear to
have been connected with the end-stage effecls of the intrusion,
starting with the quartz-albite phase and extending into the stage
ol silicification. As metamorphism progressed decarbonization of
the limestone occurred, together wilh replacement of the tremo-
lite and the development of two types of marble. The first type



¢

46 Tungsten Deposits Near Mill City, Nevada

of marble to be formed was a fine white marble varying to pale
green on the margins of unaltered blocks of gray limestone. The
white marble was later cut by a second marble of coarse recrys-
tallized calcite due to more intense contact metamorphism. Accom-
panying the coarse calcite were garnet, epidote, and scheelite
essentially crystallized in the order named. It is clear, however,
that the periods of crystallization overlapped, and it is only in
general that garnet crystallized before epidote, and epidote before
scheelite. The chief ore forming period appears to have partly
overlapped and closely followed the end-stage quartz-albite inva-
sion of the intrusive. Following the garnet-epidote-scheelite stage
occurred a second epidote stage with extensive silicification and
continued crystallization of scheelite. This was closely followed
by the formation of actinolite and some tremolite. Silicification
was continued and terminated in humerous quartz veins. As
the contact metamorphism was concluded, the intrusive cooled,
and during the cooling zeolites were formed in cracks along the
margins of the granodiorite mass and even in adjacent rocks
within the ore bodies.

4. The hornblende-andesite appears to have intruded the area
after the cooling of the previous intrusive. Dikes of the andesite
cut all previously formed rocks in various directions. o

5. The post-intrusive deformation appears to have resulted
chiefly in faulting. The faults of this generation of movement
cut all of the rock types associated with the ore bodies, and dis-
place the pre-mineral fault planes as well.
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TABLE 13. Summary of recorded production, Kennedy mining district.
[0, no production; blank, no data]
U Ore sold Total value i

eat i cisated ihen Sald Placer gold Gold Silver Copper Lead
(eliiet tons) $ (ounces) (ounces) (ounces) (pounds) (pounds)
1903-1906 1,752 22,563 0 720 13,440 0 0
1910-1911 139 7,051 0 143 5,846 0 21,564
1914 40 820 37 116 0 0
1917-1924 203 115137 5 34 107 8,410 141 12,316
1926-1928 29 2993 0 16 4,243 172 2,147
1931-1932 40 1,813 0 36 2,123 236 12,000
1934-1942 3,462 140,227 0 2,811 AT22 % 61,590 32,752
1949-1950 646 8,001 0 55 3,177 300 20,700
Total 6,311 194,584 34 3,925 84,576 62,439 101,479

carbonate rocks of the Triassic Natchez Pass Formation
overlies the Koipato at the eastern edge of the district.

The gold-silver veinsin the vicinity of the site of Kennedy
are a network of intersecting quartz-pyrite veins that trend
north and northwest and dip west and southwest. The veins
mined at the Sunnyside and Imperial groups of claims are in
a basic facies of the Tertiary granodiorite; the veins mined
“at the Gold Note group of claims are in metamorphic rocks
of the Pumpernickel Formation. The metallic minerals are
galer~  sphalerite, chalcopyrite, arsenopyrite, pyrite,
tet rite, and pyrrhotite; the galena is argentiferous, and
native gold is present locally (Muller and others, 1951).

The oxidized zone, ranging in depth to 50 or 125 feet
down dip from the surface, contained 0.75 oz of gold and
12.0 oz of silver per ton (Klopstock, 1913). The secondary
sulfide zone varies from 50 to 75 feet in depth below the
oxidized zone and contains some copper, lead, and zinc
~ with high-grade gold-silver values. The primary sulfide zone
“averages 65 feet in depth below the secondary sulfide zone
and contains 0.52 oz gold and 10.0 oz silver with traces and
occasional enrichments of lead, zinc, and copper. The mines
are extensively developed by tunnels and drifts that cut
at least 15 veins. Underground workings total about 5 miles.

The ore at the Henrieita mine is in a quartz-sulfide vein
that varies from a few inches to 4 feet in thickness in a
thrust(?) fault in greenstone and schist of the Havallah
sequence. In the upper part of the fault zone, the vein has
been completely oxidized and the ore minerals are earthy
oxides and carbonates of lead and zinc. In the lower levels,
below 400 from the surface down the dip of the vein,
sulfides predominate over oxidized material —principally
galena, sphalerite, and pyrite, with minor chalcopyrite as
narrow bands or ribbons generally on the foot and hanging
walls of the fault, occasionally at a few places within the
vein. At depth, the banded structure of the vein is less
apparent; quartz and sulfides appear to be in more or less
intimate mixture. The mine is developed by four tunnels
th llow the fault zone from which the ore was stoped;
tot®¥development is about 5,000 feet.

Mill City District
By Dwight M. Lemmon

The Mill City district, originally called the Central
district, includes the southern three-quarters of the Eugene
Mountains (in Tps. 33 and 34 N., Rs. 33 and 34 E.) within
north<entral Pershing County. -

Tungsten deposits in the Eugene Mountains in the
vicinity of Tungsten, 8 miles north-northwest of Mill
City, are among the largest known in North America.
The Humboldt, Springer, Stank, North Sutton, and South
Sutton mines have been the principal producers and have
long been under common ownership. Occurrences else-
where in the Eugene Mountains appear to be small and have
had little production.

The mines in the district are easily accessible by paved,
improved, and unimproved roads that lead north and west
from Interstate Highway 80 at Mill City. A paved road
extends from Mill City to Tungsten (former settlement and
mill of the Nevada-Massachusetts Co. mines). Other roads,
mostly unimproved roads and jeep trails, extend up the
canyons into the interior of the Eugene Mountains.

HISTORY

Copper deposits were discovered in the Eugene Moun-
tains in 1856 and the Central district was organized 1861.
The first location was the 56 copper mine; other base and
precious metal deposits were located and mined between
1856 and 1917. Prior to 1900 production was at least
935 tons valued at $14,648 (Couch and Carpenter, 1943,
p. 127) from the 56, Marietta, Keystone, and other mines,
including the Blackbird mine in the Humboldt County
part of the Eugene Mountains. Subsequently the Keystone
mine and 56 copper mine were worked intermittently to
1966. Production from these deposits yielded only a few
hundred to a few thousand dollars for each year mined.

Scheelite was found here in 1917; by 1918, three com-
panies were mining ore: the Humboldt Corp., the Pacific
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Tungsten Co., and the Mill City Tungsten Mining Co.
O--rations ceased in 1919 because of Jow prices for tung:
and were not resumed until 1924, In 1925, Nevada—
Massachusetts Co. purchased holdings of the Pacific and
Mill City companies, and in 1928, those of the Humboldt
Corp. Under the consolidated ownership, operations were
continuous until 1958, except for 4 months in 1932,
Foiced by economic conditions 1o close in 1958, the
company dismantled the mill and housing settlement. In
1971, Segerstrom Brothers built a pilot mill for retreatment
of accumulated tailings. Details of early development and
operations are described by Bess and Larsen (1922), Heizer
(19302, b) and Kerr (1934, 1946). '
Total production is approximately 1.5 million short-ion
units of W05 in scheelite concentrates.

DEVELOPMENT OF MINES OF
THE NEVADA-MASSACHUSETTS CO.

In 1945 (the time of the Jast detailed geologic study of
the district), mine workings in the district amounted to
about 13 miles of drifts and crosscuts, 4 650 feet of shafts,
and 3% miles of core-drill holes, nearly a third of the
Jevel workings crosscuts. Half the workings were in the
Humboldt—Springer mine, which provided about 60 percent
of the total amount of ore produced in the district between
1917 and 1943.

The Humboldt—Springer mine is open 10 a vertical depth
~° 1,420 feet (1,700 level) through the inclined, two-

partment Humboldt shaft. Three paralle] beds are
worked in the mine—the Humboldt, the Springer, and the
George. The Humboldt and Springer beds were originally
developed as separate mines. Below the 300 Jevel, where the
mines were connected, the Springer bed was worked from
the Humboldt shaft.

The Stank mine is open to a vertical depth of about
1.200 feet (1,300 level) through an inclined shaft to the
700 level, a winze from the 700 to the 1,200 level, and a
second winze to the 1,300 level. Most of the workings are
in the Stank bed, which is probably equivalent to the
Humboldt bed. In 194445, crosscuts were extended
west to the Yellow Scheelite bed on the 300 and 400
Jevels. The Yellow Scheelite bed is the probable equivalent
of the Springer bed.

The South Sutton (Sutton No. 1) mine, in the Sutton
beds at the south edge of the Springer stock, is opened by
950-foot adit along the beds, an inclined shaft 215 feet
decp. and drifts on the 100 and 200 levels extending 300
and 250 feet south of the shaft. The grade of the ore is
about 0.5 percent WO3. Between the South Sutton mine
and the Springer stock, the Sutton beds are broken into
many small segments by faulting. Some of these segments
were opened by short adits and open cuts (the Orphan
workings); about 10,000 tons of 0.75 percent ore were
mined.

The North Sutton mine is opened by an adit, about

Y20 feet Jong, on the west bed and an internal shaft sunk
om a point 550 feet within the portal. By 1958, the shaft,
inclined at 67°, had reached the 850 level. Although the

main workings are in the West Sutton bed, parallel drifys
follow the East Sutton bed for long distances.

The deep mines, 850, 1.300, and 1.850 feet on the
incline, still have ore on the bottom Jevels and offer oppo;.
tunities for future exploration. Exploration at depth migh
find additional mineralized offsets of beds such as the
Humboldt and beds that were not piesent on the upper
Jevels. Some calcareous beds that do not have surface ore
might be mineralized at depth.

GEOLOGY

The scheelite deposits occur in tactite replacing thin
beds of limesione in a thick hornfels sequence. The prin-
cipal deposits are closely related 1o three small irregular
stocks of granodiorite; the Olsen stock has an outcrop area
of 0.5 square mile, the Springer stock with an outcrop of
0.2 square mile, and the Uncle Sam stock with an outcrop
of 0.04 square mile (fig. 16). The walls of these stocks and
of other, smaller intrusive bodies appear 10 dip steeply
outward, and the area of the intrusives is only slightly
greater in the deepest mine levels than at the surface. In
general, ‘the limestone beds are altered for 1,500 to 2,000
feet {from the main intrusives, although large remnants of
only slightly aliered limestone are found within this zone.

The sedimentary rocks are of Triassic and Jurassic age
and consist of shale, Jargely metamorphosed to hornfels,
with intercalated beds of limestone and sandstone. The
predominant type of hornfels is a brown, compact, blocky
rock that can be scratched with a pick and consists Jargely
of quartz, biotite, and hornblende. A type of hornfels
abundant in highly altered areas near ore bodies is a gray
and green, dense, hard, banded, chertlike rock composed
of quartz, actinolite, and tremolite, and locally epidote
and pyroxene. The thickness of the sedimentary rocks is
unknown; it is probably at least a mile.

The dozen or more known limestone beds range in
thickness from 1 to 30 feet. Most of the individual beds
tend 1o be fairly continuous and of uniform thickness, but
some thin or even pinch out entirely. Within the contact
aureole, the limestone beds may be unaltered, bleached,
recrystallized to marble, or replaced by tactite. The tactite
is a medium- to coarse-grained crystalline rock composed
of garnet, epidote, and quartz, with small amounts of
calcite, scheelite, and pyrite.

The intrusive rocks are granodiorite, quartz diorite, and
aplite, all related, and a younger hornblende andesite that
cuts across the older rocks. The main granodiorite stocks
are composed of a medium-grained holocrystalline rock
containing quartz, orthoclase, andesine, albite, hornblende,
and biotile as essential minerals, and apatite, sphene, pyrite,
zircon, and epidote as accessories. The associated acidic
dikes are variable in composition and texture. Many contain
only a small amount of dark minerals and some consist
almost entirely of quartz and albite.

Much of that part of the district underlain by sedimen-
tary rocks is covered by mantle rock 1 to 10 feet deep
consisting of angular fragments of hornfels with some soil.

On slopes, this mantle may completely obscure thick dikes.
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The poor exposures, coupled with lack of distinctive strati-
yaphic markers, make the solution of fault problems dif-
~)t. for surface geologic information is at best bcncralued
e Triassic and Jurassic rocks strike N. 10°~30° E. and
dip steeply. East of the Stank fault, the beds dip west, west
of the fault, east. The beds west of the fault are right side
up, as shown by minute ciossbedding in sandy beds found
bencath Codd Hill in the 400-Jevel workings of the Stank
mine. The beds east of the Stank fault are probably over-
turned, as indicated by crossbedding in thc Sutton and Mill
beds 2 miles south of Tungsten.

Tiie Stank fault isthe major structural feature. Originally
postulated on change in dip of the beds, the fault was
subsequently found underground in the south workings of
the Stank mine. The fault strikes northwest, dips south-
west, and appears 1o be a thrust with both pregranodiorite
and postgranodiorite movement. Limestone beds on
opposite sides of the fault are mineralized but cannot be
correlated. Where exposed on the Stank 400 Jevel, the fault
dips 45°-55° W. and consists of two zones of gouge and
breccia 12 and 6 feet thick separated by a 30-foot width of
granodiorite and phyllite. The Stank bed is cut off by the
fault, and a different sedimentary sequence is exposed in
workings to the southwest. The Stank fault cuts through
the Codd granodiorite dike at the surface and on the
400 Jevel but offsets it only a few hundred feet. The major
displacement apparently took place before intrusion of the
granodiorite.

Many other pregranodiorite and postgranodiorite faults
are_exposed in the mines. The pregranodiorite faults are
] y obliterated by later metamorphism; it is difficult to
distinguish a faulted bed from a lenticular one. The only
absolute proof of faulting is the discovery of the offset
segment. as the fault surface itself is not recognizable, and
the attitude of the fault is determinable only after three or

more points on it are identified. These faults make wedge- .

shaped terminations to ore beds and are usually character-
ized by broad zones of silication and silicification. The
offset segments beyond several of the sealed faults in the
Humboldt, Springer, and Stank mines were discovered after
considerable exploration. Several other offsets are not yet
solved. The south end of the Humboldt bed, cut off below
the eighth level, has not been found despite extensive
exploration. Some geologists believe this cutoff was caused
by lack of sedimentation; others believe it represents a
pregranodiorite fault with greater displacement than that
on other sealed faults.

Postgranodiorite faults are recognizable underground by
gouge on the fault surface and by lack of mineralization.
Offsets are generally small, ranging to 100 feet. Both
transverse faults and strike faults are found. The strike
faults in places cut the ore beds at angles acute to both
strike and dip, making stoping by the usual shrinkage
method difficult.

ORE DEPOSITS
The scheelite ore bodies occur in shoots that are largely

Mensive with tactite. The ore shoots rake steeply south
¢ dikes thar cut the ore beds. The bodies that have

been mined to depth appear to have greater vertical extep,
than lateral. The Humboldt ore body, the laigest Mineq,
was 1,500 feet Jong at its greatest extension, and by 195g
had been mined 1o a vertical depth of ]637 feet (the
1,850-foot level on the incline). The average width wy
about 6 feet. The Springer ore body had a maximum lengy,

of 700 feet, an average width of 3 feet; by 1945, it haq -

been mined to a depth of 1,000 feet. The Stank ore bod
opened to the 1,300-foot level (about 1,200 feet »emCa])

with an average width of 4 feet and maximum length of :

800 feet, contained sizable blocks of marble within the oy,
body. The North Sutton ore body, opened 10 the 850-foq;

level on a 67° incline, was explored for 3.600 feet along the
strike, including dikes, on the 125-foot Jevel, and rangedip

width from 5 to 25 feet.
The average grade of all ore mined from the district from

1917 to 1944 was about 0.875 percent of WO3, the grade ==

of individual stopes, 0.4 to 10.0 percent. In general, ore
from the Stank mine is richer than the average, that from

the North Sutton, leaner. Ore from the North Sutton; the
principal output since World War I1, probably yielded less

than 0.4 percent WO3.

The tungsten-bearing tactite ores contain the following
minerals, given in approximate order of abundance: quartz, -

garnet, epidote, calcite, pyrite, scheelite, actinolite, and at
places molybdenite and pyirhotite. The proportions of the
various minerals differ widely from mine to mine and even
within single ore shoots. Most of the ore is a medium- to
coarse-grained aggregate of quartz, garnet, and epidote with
scattered crystals of scheelite. Some of the best ore consists
of scheelite crystals embedded in glassy quartz and fine-
grained epidote. In the North Sutton mine, much of the
scheelite occurs along joints in tactite. In general, the
scheelite forms crystals 1 1o 2 mm in diameter; some are a
few centimeters.- Most of the scheelite fluoresces blue
white, but some of it locally in the Stank, Yellow Scheelite,
and South Sutton beds fluoresces pale yellow.

Mineral Basin District

The Mineral Basin district is in south-central Pershing
County, and, as generally defined, extends south into
Churchill County. This district, one of the largest iron-
producing areas in Nevada, includes mines in the Buena
Vista Hills (T. 25 N, R. 34 E.), a north-trending spur of
the Stillwater. Range, and in the low-lying hills 2 miles
northeast (T. 26 N., R. 34 E.) in Buena Vista Valley. The
largest mines are the Segerstrom—Heizer, Thomas (fig. 17),
Ford, and Nevada Jron Ore Co. (Hematite) mines in the
Pershing County part of the district and the Buena Vista
mine in the Churchill County part of the district. The
mines are accessible from the Coal Canyon road, a paved
access road from Colado to the mines.

Most of the mines are owned by Southern Pacific Co.
and were leased 1o various operating companies throughout
the years of development. The mines are currently held
under lease by Standard Slag Co. The geology and ore
deposits of the area have been studied by geologists, geo-
physicists, and engineers of the U. S. Geological Survey,
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