











ZINC AND LEAD MINES

(fig. 36) and dips 45° SW. The stope follows a lens
of brecciated dolomite in which there is sporadic
galena over a width of 2 to 3 feet. The country rock
is massive cherty limestone of the Monte Cristo forma-

tion, but it is dolomitized throughout this part of the.
As the prevailing strike is N. 40° W. and the

range.
dip 20° SW,, it is clear that the breccia zone and ore
shoot cut across the bedding. In a drift 25 feet below
the surface the breccia is 8 to 10 feet wide, whereas at
the surface it is 15 to 20 feet wide. In the upper
levels galena is largely in the spaces between the
breccia {ragments.

The most abundant mineral at present is galena but
there is considerable carbonate and sulphate, as well
as hydrozincite. Wulfenite is common, and according

: to local report was once

PORTAL

abundant. Aragonite
was noted along water-
courses.

F-4

SMITHSONITE MINE

The Smithsonite mine
(No. 32, pl. 30) is 1,000
feet northeast of the
Shenandoah, at the
head of the gulch. The
Polly Pry claim, on

CHUTE AND
INCLINED WINZE
has been done, was lo-

cated in 1908, but it
was preceded by the
Crown claim, located in
1904. The workings in-

40 : [+] 40 Ft.
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Fiounre 36.—QGeologic map of Sherandoah
ming

explore an area in the Bullion dolomite, which here
trends N. 40° W. and dips 10° SW. (See fig. 37.)

There are two stopes—a flat stope in the north-
eastern part of the workings, 15 by 20 feet and 4 feet
high, and a vertical stope that follows a northward-
trending wall in the southwestern part of the workings.
From what may now be seen the principal mineral was
calamine, although some chrysocolla, malachite, and
aurichalcite are present. There is more iron present
in the form of limonite here than in most of the other
lead and zin¢c mines of the district. The diverse
structural relations of the shoots as well as the min-
eralogy indicate that the zinc whichb they contained
has migrated appreciably. The relations of the lead
minerals are not known, for none were found in the
stopes.

Production of Smithsonite mine, 1916—16

, Crud Zinc

Your (tons) <§é’5’r‘3§§> (pf;ﬁi%s) (poé?:?is)
1915, oo K7 I I 59, 446
1916 . ... 333 | 14, 700 | 81, 870 21, 420

which most of the work

clude a tunnel with 210 |
feet of drifts and a s]mft 55 feet deep. These openings
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MOBILE MINE

The Mobile mine (No. 34, pl. 30) is high on the
steep cliffs that limit the prominent ridge north of the
Goodsprings-Sandy road, 7 miles due west of Good-
springs or about 11 miles by road. The mine is
accessible by trail or tramway from the base of the
ridge, as it is nearly 1,000 feet higher. It was located
in 1896, but only a little work was done before Decem-
ber, 1914, when it was leased to W. S. Hutchinson and
associates, of Boston, Mass. Before the lease was
surrendered in 1916, 49 cars containing 1,768 tons of
zinc ore with a little lead were shipped. The gross
value at the smelter was $81,465, and the net value
after paying railroad freight from Jean was $67,047.
Only a little work has been done since 1916.

Production of Mobile mine, 1914-1916

Crude Copper | Lead

- Gold Sil Zi

Year (tg?s) (ougces) (ounces) (pounds) } (pounds) (poﬁds)
1914 . _____ 152 | feaaaoC ‘ ....... 100, 172
1916 . __ .. 1,328 |o__.__. 99 |.o_.__ 30, 412 799, 272
1916....____ 781 1. 22 934 |22, 276 . 4 056 | 397, 664 -

There are two groups of workings—the main work-
ings, which were the source of most of the ores, shown
in Figure 38, and another group, 400 feet west, on the
top of the ridge. The first group explores a shoot
that lies roughly parallel to the bedding at the middle
of the cherty Anchor limestone, here altered to dolo-
mite. The second group—a series of trenches and

drifts with shallow cover—lies higher in the section,

near the base of the Bullion dolomite. The bedding
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FIGURE 37.—Sketch map of Smlthsonite mine

trends N. 45° W. and dips 10° SW. The mine is on the
north limb of the syncline that lies north of the Rose
anticline. There is one conspicuous fault underground,
and another follows a ravine 800 feet west. Both
trend northwest and dip steeply northeast, and the
beds on the northeast side have dropped 15 and 75
feet respectively; probably both are postmineral.
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The extent of the main ore body is shown in Figure
38. The principal ore mineral was probably hydro-
zincite, but only a little may now be seen. Galena
and its oxidation products are present. Calamine may
still Be found here and there. In two places dolomite

[0} 50
i
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FIGURE 38.—Qeologic map of Mobile mine

breccia contains considerable wulfenite in the form of
flat waxen-yellow crystals, many of which are entirely
covered with a coating of fine crystals of calamine.
Dark-green cuprodescloizite is found here and there.
The dolomite walls are much brecciated and either
cemented by hydrozincite in process of replac-
ing it or by other carbonates, such as aragonite.
The breccia, however, is limited by a roof that
is scarcely broken and is probably a bedding
plane, as it dips gently southwest. Appar-
ently, the shoot of oxidized minerals -coincides
. closely with the original position of the deposit
of sphalerite. Along the fault that passes
through the middle of the deposit the north-
east side has dropped 15 feet. It is a narrow,
single break, and no ore was observed in the
breccia. .
KIRBY MINE

Location.—The Kirby group of four claims
lies at the head of Kirby Wash, in the SW. ¥
sec. 30, T. 24 S., R. 58 E., about 5% miles
west of Goodsprings (No. 36, pl. 30). These
claims were among the first to be located
in the district, the May claim, which con-
tains most- of the development, having been
located by Eugene Desty and John A. Kir-
by in October, 1887. The John claim, which
contains two shafts, the Black Lime, which
contains several tunnels, and the Desty were
located about that time by A. G. Campbell.
Later Campbell acquired the May claim and in the
early nineties shipped lead ore to Barnwell. The
Kirby mine was therefore the second to ship lead ore
out of the district. Most of the development work,

Unmineralized
racture
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however, was done during the war by lessees. After
four years of idleness the mine was reopened in 1924
and shipments were made by A. O. Jacobsen. The
claims belong to the estate of A. G. Campbell. The

Jprincipal workings include the inclined shaft on the

May claim (fig. 39), 235 feet deep. There are three
levels, 79, 116, and 169 feet vertically below the sur-
face, but the deepest work, 211 feet below the surface,
is at the bottom of the 110-foot winze from the second
level. v

Geologic features.—Structurally as well as mineralog-
ically the Kirby deposit is one of the most uncommon
and interesting in the district. The workings explore
a series of veins that lie in a crushed zone in shale
and dolomite a short distance east of an extensive
fault.. Only dolomite is shown on the surface, but
at several places underground the workings crosscut
20 to 40.feet of alternating greenish shale and thin
beds of dolomite. These beds are a part of the Good-
springs formation and lie about 200 feet below
the Ironside dolomite. . As shown on the geologic
map of the district, the deposit lies about midway
between an extensive syncline on the south and the
Keystone thrust on the north. Dikes of granite
porphyry lie several hundred feet west and north of
the mine, and others lie farther north, near the Key-
stone mine.

Veins on Veins on Strike  Bedding of shale Approximat
first levet second level and dip or dolomite p%%itignnt‘)af E?topes .
10 0 25 50 7‘5

100 Ft.

il N 1

FIGURE 39.—Plan of Kirby mine

The fault trends N. 20° E. and is nearly vertical
and therefore makes a right angle with the beds,

. which trend N. 70° W. and dip 70° to 80° S. There

are other nearly parallel faults near by, and along
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several the west side has moved northeastward and |

shightly upward. They therefore appear to belong
to the period of thrust faulting and represent the
fractures along which some blocks moved farther
northeast than others near by. The ore-bearing frac-
tures have diverse strike but largely dip 50° to 70°
SE. or S. and are therefore oblique to the major fault.
Apparently the main fault has not been met in the
underground workings.

Ore deposit—The veins that have been worked in
the Kirby mine are limited by well-defined walls that
are highly irregular, both in plan and in vertical cross
section. The material between the walls includes
‘chert and its decomposition products, cerusite, plumbo-
jarosite, jarosite, iron oxides, and clay, but the relative
abundance of these minerals differs from one level to
another. Where the explorations cut through the
walls, the country rock is either fresh cream-colored
dolomite or greenish shale, but in
many places these rocks are stained
with iron oxide.

The walls of the veins are not
simple fractures but parts of an
elaborate branching system, and
only exploration can determine
their persistence and relations in
plan and cross section. Although
two veins have been the sources
of most of the ore thus far, minor
fractures are locally ore bearing.
No evidence has been obtained that
any of the fractures underground
are younger than the original sulphide minerals.
Throughout most of the mine the distance between
the walls ranges from 1 to 4 feet, but locally the stopes
are 5 or 6 feet wide. The product of the mine has been
largely valuable on account of its lead content.

It will facilitate an understanding of the nature of
the ore deposit if the conditions on successive levels are
described in detail. About 40 feet below the surface
there is a short level northward, above which a vein
2 to 4 feet wide has been stoped to the surface. This
vein is made up of lenses of dark-brown ferruginous
chert with smaller included lenses of loosely coherent
dark-brown powder, determined to be spherules of
turgite that range from 0.005 to 0.02 millimeter in
diameter. According to local report, some high-grade
lead carbonate ore was mined from this stope.

The first level extends generally west from the shaft
and follows a curving vein, first south and then west,
which has been stoped to the surface along No. 2
shaft over a width of 1 to 5 feet. On this level the
vein is made up of lenses of milky chert (pl. 24),
which here and there contain disseminated cerusite
and brown plumbic jarosite in a mass of decomposed
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chert. In places there are lenses of yellow plumbo-
jarosite, some of which attain a thickness of 18 inches.
(See fig. 40.) It is clear that the yellow plumbojaro-
site is an alteration product of the brown plumbic
jarosite. In order to determine the character and
extent of the alteration selected specimens of each have
been studied and analyzed by W. T. Schaller, of the
United States Geological Survey. His report is pre-
sented on pages 87-88. In the stope above the west
end of the first level there was considerable turgite
powder. Although cerusite is present as granular
lenses, generally near the footwall, it is not as common
as on the second level. Alunite forms snow-white
powdery masses that are clearly recognizable in the
hard fresh chert but obscure in the decomposed chert.
On this level there are several prominent fractures
that are spurs from the walls that limit the vein.
Lead carbonates have been mined above the first level

Dolomite

Dolomite

N [

Fresh Decomposed
chert che

[} . ' 2 Ft.

—

Yellow
plumbojarosite

FIGURE 40.—Vein of chert and plumbojarosite on first level of Kirby mine

and between the first and second levels from another
vein in the eastern part of the mine. This vein con-
tains less chert and plumbojarosite and much more
siliceous turgite and spherules: of turgite than the
vein mentioned asbove. The width ranges from 1 to
4 feet.

Most of the exploration from the second level follows

- the second vein, which has also been followed in a

winze 110 feet deep on an incline of 60°. The largest
stope in the mine, 3 to 6 feet wide, overlies the winze.
This vein is largely plumbojarosite and cerusite in a -
clayey matrix, and there is little chert below the level.
Recent work farther west explores the first vein, and
there is an 80-foot winze at 70°. Here also there are
little chert and considerable limonite. Along the
winze from the first to the second level, under the vein,
there is considerable white powdery alunite which
replaces the green shale country rock.

On the third level no lead ore has yet been found.
Near the face there are two conspicuous walls, and
at the face a dike of fine-grained granite porphyry is
exposed, but the precise relations are obscure. The
dike is probably the same as that which is explored by
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two shallow shafts several hundred feet north of the
Kirby shaft.

The outstanding features of the mineralogy may be |

summarized as follows:

Surface to 40-foot level: Siliceous limonite abundant; plumbic
jarosite abundant; powdery turgite abundant; yellow plumbo-
jarosite sparse; cerusite reported; cream-colored chert absent;
alunite not observed.

Forty-foot level to first level: Chert, locally with plumbic
jarosite, abundant; siliceous limonite sparse; turgite sparse;
plumbojarosite abundant; cerusite abundant; alunite common.

First level to second level: Chert, locally with plumbic jaro-
site, common but only sparsely decomposed; siliceous limonite
absent; powdery -turgite absent; plumbojarosite abundant;
cerusite abundant; alunite abundant in wall rocks.

Second level to bottom of 110-foot winze: Chert sparse;
" ‘plumbic jarosite not noted; plumbojarosite abundant; siliceous
limonite absent; earthy limonite common; cerusite abundant;
alunite common in wall rock.

The explored part of the ore deposit is therefore
characterized by cerusite and considerable plumbo-
jarosite, with minor plumbic jarosite, in & gangue com-
posed largely of chert. The unoxidized vein has not
been explored, but undoubtedly it is largely pyrite and
galena.

The chemical processes apparently involved in
weathering of the deposit may be briefly summarized.
(See p. 98.) By weathering, free sulphuric acid and
ferrous and ferric sulphates were set free. The sul-
phuric acid attacked the clay gouge of the vein and
shale in the wall, forming alunite and setting free
~ silica, which, migrating locally, deposited chert. As
most of the chert lies above the zone of abundant
alunite, however, some of the chert must have another
-origin. The extent of decay of the chert in the upper
levels indicates that some silica is being constantly
-dissolved above and deposited lower down in the vein.
‘On the other hand, some silica is constantly being fixed
in the surficial zone and, as erosmn progresses, removed
from the area.

There appears to be no pure potassium jarosite in the

mine; all the jarosite probably contains some lead.:

Although it has not been identified, some plumbic
jarosite must be present in the zone where alunite is
- formed; some undoubtedly has formed later through
the attack of cerusite by sulphate waters bearing pot-
ash. In the upper zone of the'mine plumbojarosite
is constantly being broken down, leaving powdery
turgite. . Some of this lead undoubtedly reacts with
plumbic jarosite lower down to- make new plumbo-
jarosite. It would appear that any plumbic jarosite
not converted to yellow plumbojarosite remains stable
until it is near or at the surface. Plumbojarosite does
“not appear to be stable at the surface in this region,
however.

It is concluded that at the Kirby mine a jarosite chert
zone is constantly being broken down by decay near
“the outcrop and re-forming about 100 feet lower, in
part by replacing vein gouge and near-by shale and in

GEOLOGY AND ORE DEPOSITS OF GOODSPRINGS QUADRANGLE, NEVADA:

part by deposition in open spaces. Potash, silica, and
some of the lead are therefore kept in a surficial zone
by a cyclic process.

Production.—The production of the Kirby mine can
only be estimated approximately. The accompanying
table, compiled from records submitted to the United
States Geological Survey, includes that of the Ruth
mine also. There is some error in reporting the zinc
production for 1917, as the owner and those who live
near by insist that sufficient zinc minerals to ship have
never been found on any of the company’s claims.
The table probably includes also the production of the
John mine. According to Mr. Allen G. Campbell,
son of the original owner, a total of 65 cars of ore, or
about 2,000 tons, has been shipped from the Kirby and
John shafts, of which 15 cars were shipped prior to
1915,

The records of 24 cars shipped by a lessee, F. C.
O’Kelley, during 1916, show a range for lead of 9.7
to 20.6 per cent and an average of about 14 per cent;
a range of silver from 2.70 to 5.70 ounces to the ton;
insoluble matter, 10 to 35 per cent; iron, 25 to 43 per
cent; zinc, trace to 1.60 per cent. The gold content
has never exceeded 0.025 ounce to the ton.

Lessees have shipped all the ore since 1915, and there
is no record of profits from operation.

Production of Kirby, Ruth, and John' mines, 1908—1925

§ Zi
Year | Ofudsorol Gold | Siver | SoBoen | oeende) | comanse
1908.__.._. 90 [_.____. 1,081 |._.__.__ 72,000 |o_o__.._
1916..____ a29 |_____.. 159 [.____._ 13,907 |-
1917.___ .. a1, 811 .___.___ 7, 067 {22, 800 [539, 492 |*171, 936
1920______ a52 i 5 31,230 |._______
1924______ 2112 |. 26, 915 | _-__
<02 2,564 [o____.___
1925....... { 200 81,599 |-
s Crude ore. b See Sbove. < Concentrate.
JOHN MINE

On the John claim of the Kirby group there is a
single shaft that has been the scene of most of the ex-
ploration . and several near-by prospect pits. The
shaft extends southwest for 40 feet on an incline of
38°; then vertically downward for 30 feet. A glory
hole from which the shaft starts is about 50 by 25 by
40 feet and has been the source of most of the ore.
These workings explore a zone under the Ironside
dolomite, where it is broken by a fault that trends
N. 15° E. and dips 80° W. Here, as at the fault on
the west side of the Kirby mine, the western block
has moved forward (northeastward) and upward, so
that it is related to other faults of the thrust period.
The country rock is the dark-gray dolomite of the
Goodsprings formation, which here strikes north-
west and dips 50° SW.

The detailed structural relations of the ore that has
been shipped are obscure. There is now considerable
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jarositic chert and quartz in the form of a lens 5 to
10 feet wide along the fault, but most of the lead and
copper minerals appear to have come from small

pockets and lenses along minor fractures and bedding

planes east of the fault, as at the Kirby mine. To
judge from the shipments, the material on the dump,
and what may now be seen in the workings, most of
the product was hard cerusite which cemented frag-
ments and filled pores of a spongy mass of ferruginous
chert. Although a little cerusite surrounds a few

sparse grains of galena, most of it appears to have |

been deposited by downward-moving surface. waters.
A little plumbojarosite was found here and there
replacing jarvositic chert. There are small quantities
of oxidized copper minerals, largely in the upper part
of the mine, but malachite is the most abundant.
It forms intimate mixtures with ferruginous chert,
locally in alternating layers.

According to F. A. Piehl, the mine has yielded
16 cars or about 500 tons of lead ore and 4 cars
or 125 tons of copper ore. The records show
that 220 tons of lead ore shipped in March, April,
and May, 1916, netted $3,287 and that costs of
mining and haulage to railroad were $2,814. The
product is included with that of the Kirby
mine.

WHALE MINE

The Whale group of seven claims: (No. 38, '

pl. 30) lies 6 miles west of Goodsprings, about - '

half a mile north of the road to Sandy. The
Whale claim was first located in 1904 by Jesse

Jones, who sold it to Addison Bybee for $227.. It

{ 2 to 5 feet.
1909, but for several years only assessment work was |
Several yéars later two cars of zinc ore were

wasrelocated by Frank Tursick and Frank Miller in

done.
mined and shipped from a 75-foot shaft in the gulch
750 feet northeast of the tunnel, where most of the
work has been done. This tunnel was driven and

most of the ore was shipped during ‘1915 and 1916

by the Whale Mining Co.
been done since 1917.
The beds that make up the ridge on which the mine
is situated range from the Ironside dolomite to the
top of the Monte Cristo limestone. They trend about
N. 70° W. and dip 35° to 45° SW. The mine work-
ings explore a zone that includes the cherty Anchor
limestone above and the Crystal Pass limestone below,
but the ore is largely in the Anchor limestone.
Anchor, as well as the beds as low as the Ironside
dolomite, is largely dolomitized on this ridge; locally,
parts of the Crystal Pass limestone are unaltered.
The principal faults on the ridge trend northeast
and belong to the group on which the Kirby and
Rose mines are located farther northeast. The ore

Only assessment work has

The

~ous farther northeast.
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| in the Whale mine, however, does not appear to be

related to one of these faults; that which is explored
by the tunnel lies along a breccia zone that trends
N. 65° E. and dips 65° SE. :
The upper shaft is. 75 feet deep with drifts at the
bottom. It was the source of some hydrozincite
with minor calamine, aurichalcite, and chrysocolla.
By contrast, the lower tunnel (fig. 41) is reported by
the owner to have encountered only calamine, and
no other zinc, copper, or lead minerals were observed
by the writer. Ore has been mined from four stopes
and shows in drifts at two other places, but in each
calamine is the only mineral present, and it replaces
dolomitized Anchor limestone breccia near layers of
chert, which is here largely white and slightly decom-

<=~
50-FOOT LEVEL
(o) 50

[P

100 Feet
1

. S:STOPE
FIGURE 41.—Geologic map of Whale mine

posed. The width of the stopes largely ranges from
The cause of the localization of the ore shoot in the

shaft is obscure, but it seems clear that the calamine
in the tunnel has been largely if not.wholly formed by

{ the solution of zinc as carbonate’at higher levels and

its deposition lower down, where silica was encoun-
tered. The conditions resemble those surrounding the
occurrence of calamine in the deepest work at the
Monte Cristo mine. It seems improbable that deeper
work would encounter other zinc minerals.

On the eastern part of the Whale group of claims
there are at least 12 short tunnels and shafts in an area
400 by 600 feet. One shaft is 60 feet deep. These
workings explore sporadically distributed small veins
that contain cuprodescloizite but here and there a
little galena, calamine, and wulfenite. The cupro-
descloizite forms dark olive-green crystalline coatings
on vugs and open veins. The area within which these
veins are formed is limited on the west by a crushed
zone that trends north to N. 20° E. and roughly
parallels the premineral faults that are more conspicu-
No ore has been shipped, but
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if experience shows that vanadates can be profitably
recovered by milling low-grade material the area will
deserve attention.

The production of the Whale mine is given below
Frank Miller, the owner, estimates that the table is
essentially complete.

Production of Whale mine, 1912-191 7

Year Crude ore Silver Lead Zinc
(tons) (ounces) (pounds) (pounds)
1912 ___ b R 13, 260
1915 . 92 || 49, 495
1916 .. 320 |- 163, 200
1917 . ___ 99 98 21, 238 39, 913

BILL NYE MINE

The present Bill Nye claim (No. 39, pl 30), coin-
cides with that located as the Homestake as early as
1900. Little work was done before 1907, when it was
relocated as the Bill Nye. . In 1912 the tunnel included

TUNNEL

] 50

100 Feet
| TR T 1]

FIGURE 42.—'-Geologlc map of Bill Nye mine

~ about 200 feet of work,’® but no notable quantlty of
ore was struck until 1914, when a body of hydrozincite
was found by W. E. Allen in a shallow pit several feet
northeast of the present glory hole. By continuing
the tunnel 8 feet the main body as outlined by the glory
hole was met. Allen mined the ore shipped in 1914
.and 1915; the -Goodsprings Bill Nye Mining Co.
shipped in 1916 and 1917. The remainder has been
shipped by lessees. ’

Production of Bill Nye mine, 1914-1919

Copper

¥ . Crude Gold Silver Lead Zinc
ear ore (tons) | (ounce) | (ounces) | (pounds) | (pounds) | (pounds)
1914_____ 301 |- |emo o |eemenaa 7,094 | 200, 657
1915, ___ 806 |- e e 203, 761
1916 ____ 250 | ool 12, 500 | 155,125
1017 .. .. 293 |_..__.. 67 |- 4,744 | 196, 985
1918 ... 155 || o|eao o 9,156 | 91,030
1919_.... 183 0. 50 29 | 6,860 | 29,070 74, 375

8 Hill, J. M., The Yellow Pine mining district, Clark Cduuty, Nev.-U. S. Geol,
Survey Bull. 540, p. 41, 1913.

Jformation (collection 55a).
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The principal wockings on the Bill Nye group are a
tunnel which, with connected drifts, aggregates about
550 feet and a shaft 220 feet deep on an incline of 76°

" from which there are levels at 43, 66, and 137 feet

below the surface. Most of the ore has come fcom a
single stope above the tunnel level. (See fig. 42.)

These workings explore a zone near the base of the
Bird Spring formation, the beds of which strike N. 45°
to 55° E. and dip 45° to 55° SE. In most.of the mine
workings the beds are completely dolomitized, but a
footwall drift on the second level off the shaft passes
from dolomite into 60 feet of unaltered limestone.
Several hundred feet east of the mine the same beds
vielded & good collection of fossils of the Bird Spring
This is an area that pre-
sents structural complications. The beds near the mine
are the upper part of a thick section that forms the
south limb of a.persistent eastward-trending anticline.
Although there are few faults conspicuous on the sur-
face near by, the Bill Nye thrust fault crops out on the
ridge 1,000 feet to the south, and numerous walls and
breccia zones are displayed underground. Several
thousand feet to the east there are two conspicuous
northwest faults of the premineral notmal group, and
one shows enough copper minerals to be explored by
prospects.

The most abundant mineral at the Bill Nye mine
was hydrozincite, which here and there contained
grains of galena or its oxidation products, but lead
represented a small part of the output. Calamine is
present but not abundant. The principal body of zinc
ore so far discovered is that which was mined from the
stope at the north end of the tunnel. This stope is
about 50 feet long, 10 to 20 feet wide, and 35 feet high
at the point where it reaches the surface. It follows a
breccia zone that is roughly parallel to the bedding and
plunges southward. The breccia zone can be traced
eastward on the surface but dies out without appreci-
ably offsetting the beds. The ore body was limited on
the south by a conspicuous shear zone that trends N. 85°
W. and dips 85° N. This may offset the ore-bearing
breccia, but if so, the displacement is probably not
great, as a bedded breccia near by, in the proper place
if allowance is made for dip and difference in altitude,
was explored from the shatt and yielded ore. From
the abundance of hydrozincite with the contained
grains of galena and meager calamine and smithsonite,
it seems clear that the original deposit of zinc sulphide
lay within the space of the present stope and that the
zinc migrated only locally, replacing the dolomite near
by. It is therefore possible that the N. 85° W. fault is
premineral and marks the channel by which the zinc
sulphide was brought in.

The largest body of ore encountered in the shaft was
a pipelike mass from 5 to 10 feet wide, 15 to 25 feet in
stope length, and 50 feet in pitch length. It lay west
of the shaft, largely above the drift at 66 feet. It is
not shown in Figure 42.



ZINC AND LEAD MINES

AKRON MINE

On the Akron claim (No. 40, pl. 30), located in 1905,
there is a shaft 95 feet deep, inclined at 52° to 63°,
from which there are levels at 60 and 95 feet. A
tunnel from the west meets the shaft 30 feet below the
top. These workings lie about 1,000 feet east of the
Bill Nye and at a slightly higher stratigraphic position.
Here the beds are locally folded as well as crushed
along northwestward-trending faults. Earthy zinc
carbonate with some calamine was struck at several
places, and it is reported that the mine has yielded 4
or 5 cars of zinc ore, which is not included in the
production of the Bill Nye mine.

About 500 feet north of the Bill Nye shaft there is a
10-foot prospect sunk on a vein of yellowish-green
cuprodescloizite which cements a dolomite brecciathat
lies parallel to the bedding. The width locally attains
5 inches of material that should contain 10 per cent of
vanadic oxide. J. A. Egger and others mined and
shipped 7 tons of this material.

SURPRISE MINE

The Surprise claim (No. 41, pl. 30) lies west of the
Fredrickson and covers an area near the top of the
ridge above the Columbia Pass road, 3 miles west of
Goodsprings. From the end of a tunnel, 230 feet
long, a shaft has been sunk 90 feet at an inclination of
40°. There are short drifts at several levels and at the
bottom. These workings explore a breccia zone at the
base of the Bird Spring formation nearly parallel to
the bedding. In the upper part there is a stope 20 feet
long by 15 feet high and 3 to 4 feet wide. There is a
record of the shipment of 10 tons of mixed lead-zinc
ore (25 per cent of lead and 15 per cent of zinc) and
of 31 tons of ore containing 36 per cent of zinc. Most
of the work was done during 1916 and 1917 by the
Azalia Mining Co.

FREDRICKSON MINE

The Fredrickson mine (No. 42, pl. 30) lies 800 feet
south of the main road over Columbia Pass, 2 miles
west of Goodsprings. It was first located by Jesse
Jones in 1897, but no assessment work was done, and
it was relocated by J. A. Egger in 1905. The explora-
tions above the 100-foot level, except some stopes,
were made by Wadey and Fredrickson prior to 1912,%°
but those below that level were made by the Good-
springs Dividend Mining Co. from 1915 to 1917.
Since then it has beep leased several times.

# Hill, J. M., op. cit., p. 53.
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Production of Fredrickson mine, 1909-1926

Ore mined Ore Silver Copper Li i
Year (tons) sh(xtgggoji | (ounces) (pgggds) (pogt;?ls) (pgllxg?is)

35 |o e | 23, 733

15 | _. TS 10, 081

65 1 _____. I 39, 576

100 793 ... 8 864 | 66,399

5400 | 3,107 |-.____. 53, 500 | 153, 850

b 139 844 |___.___. 35, 850 57, 438

72 25 | 3,536 2, 968 36, 077

R151¢ 2 P 56,094 | 163, 118

36 302 143 | 21,456 |.._____.

46 45 o ___ 13, 422 8, 739

13 499 62| 13,214 [__._.___..

s All crude except in 1915 and 1916.
b Concentrate.
¢ From Singer mine, operated by Fredrickson and Springer.

The workings of the mine explore a zone in the
Yellowpine limestone. At three places in the mine a
fine-grained brownish shaly sandstone is exposed in
the roof over the stopes. Doubtless it is the sandstone
at the base of the Bird Spring formation, for charac-
teristic fossils of the lowest zone of that formation were
collected on the spur above the mine (collection No.
37a).

In this area the beds trend N. 40° to 50° E. and dip
20° SE. With regard to structure, the Fredrickson
mine is one of several mines that lie within a short
distance of the Fredrickson fault, largely within
1,000 feet and on the west side. The fault is marked
by reefs of dolomite breccia as much as 30 feet thick
and 20 feet high several hundred feet northeast of the
mine. The base of the Bird Spring formation west
of the fault abuts against dolomitized Sultan lime-
stone east of the fault, so that the dip slip along it is
about 500 feet. For a mile southeast of the mine the
near-by beds are extensively dolomitized.

The workings are shown in Figure 43. The stopes
of the mine may be considered in three groups. The
stopes along and above the second level yielded lead-
bearing hydrozincite that replaced dolomite under-
lying the shaly sandstone. The dolomite is not as
much broken as in many other mines of this district
where the ore shoot lies along a definite stratum, but
there are several northwest faults of small displace-
ment. Most of these faults dip northeast and are
probably postmineral. The stope above the third
level, locally called the “silver stope,” was from 2 to
5 feet high and yielded crushed dolomite coated
sporadically with silver minerals, probably largely
chloride. This material was milled with the product
of other parts of the mine and served to enrich the
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lead concentrate. It probably accounts tor the high
silver content of the product during 1915. The stope
above the foucth level was from 3 to 6 feet high and
yielded largely lead with very little zinc. The
present walls show lenses of galena and oxidized
minerals 6 to 15 inches thick and 5 to 15 feet long

Rarsf”

FIGURE 43.—Geologic Inap of Fredrickson mine

parallel to the bedding. An uncommon feature of
this shoot is the persistent content of vanadium, the
precise associations of which were not determined.
According to one of the owners, most of the product
of the shoot contained 0.75 per cent of vanadic oxide.
No attempt was made to sort it out, and the vanadate
passed into the lead concentrate of the mill. In this
stope, as well as in that nearest the surface, thin coat-
ings of carmine cinnabar were observed in the car-
“bonate and sulphate of lead coating the galena.

ARGENTENA MINE

The workings ol the Argentena mine (No. 44, pl.
30) lie near the crest of the narrow ridge about a mile
southeast of the Fredrickson mine and about 3 miles
southwest of Goodsprings. Most of the existing
work has been done since January, 1926, by the
Argentena Consolidated Mining Co. on the Galena
claim, located in 1887 by A. S. Campbell and A. E.

Thomas. Production began with the shipment of
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"a car of lead ore in 1926. The principal workings
are two tunnels, the northern of which extends from
the west side to the east side of the ridge. (See
fig. 44.) ]

- Both of these tunnels explore the zone that in-
cludes the top of the Yellowpine limestone and the
lower 100 feet of the Bird Spring formation. The
Yellowpine limestone, as well as the limestones in the
lower part of the Bird Spring formation, is locally
completely altered to coarse, nearly white dolomite.
In this area the Arrowhead limestone crops out on
both sides of the ridge in such a way as to indicate that
the ore-bearing ground lies near the crest of a low
anticline. The sandstone at the base of the Bird
Spring formation is nearly horizontal in the eastern
part of the north tunnel, but in the winze [arther
west it dips 10° S., and the lower workings off the winze
are in the Yellowpine limestone. The workings on
the south tunnel lie in higher beds. In the approach
to the mouth of this. tunnel, a cemented breccia zone
15.feet or more wide is exposed. It appears to mark
the position of the Fredrickson fault, although the
Arrowhead limestone is locally dropped on the east
side instead of the west side as it is farther north.

: 60°
NORTH &o°
TUNNEL

True
north

]
SOUTH
TUNNEL

SHAFT 157

190 9 190 Ft.

F1GURE 44.-—Geologic map of Argentena mine

" In the Argentena mine the zinc minerals, largely
hydrozincite, greatly exceed the lead minerals, of
which galena is most abundant. These minerals lie
mainly in open breccia zones roughly parallel to the
bedding -of the limestones near the base of the Bird
Spring formation, but several northward-trending
steep fracture zones also contain both minerals. The
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strike of these fractures ranges from N. 20° W. to N.
10° E., the dip is largely steeply west, and they are
clearly premineral. A number are shown in Figure 44.
The ore-bearing ground in both tunnels is limited
eastward by a northward-trending fault that appears
to be continuous throughout the workings and post-
mineral. On the east side of the ridge lower workings
have encountered lead ore at the same horizon.

. In addition to the common lead and zinc minerals a
yellowish vanadate, probably descloizite, is rather com-
mon and is especially abundant on workings on the
east slope of the ridge. It forms thin mammillary
coatings on the dolomite breccia. In places the galena
is embedded in brown chert which cements dolomite
breccia. For 100 feet or more the drift south from
the south tunnel reveals bedded veins of barite, locally
1 foot or more wide. The barite is coarsely crystalline
and clearly replaces the dolomitized limestone.

Production of the Argentena mine, 1927-28

Ore Ore . . .
QGold Silver- | Copper Lead Zinc
anr l(lw:los()] sl(\tigrxlaso)d (ounces) | (ounces) | (pounds) | (pounds) | (pounds)
1021...... LU S smnontnd WO o it NS R ™
1928...._. 1,245 ° 249 1.40 2, 489 760 | 109,581 |....__ ’....
- o _ -
" » Concentrate. ® Crude ore.

VOLCANO AND NEAR-BY MINES

The Volcano claim lies on the east edge of Table
Mountain; 3 miles southwest of Goodsprings. In.an
area’ scarcely 200 feet in diameter there are several
short tunnels and shallow shafts that explore irregular
shoots of galena disseminated through -dolomitized
parts of the Yellowpine limestone. The shoots are
parallel - to the local bedding, which is nearly north;
the dip is 5°° W. .According to Allen S. Campbell, one
of the owners, about 10. carloads (300 tons) of zinc
and lead ore has been shipped from the workings.

The Prometheus claim adjoins the Volcano claim on
the north. Some shallow tunnels and open cuts ex-
plore small shoots such as are exposed on the Volcano
claim. According to the owner, C. A. Beck, the
shipments include 20 tons of lead ore and 70 tons of
zine ore. :

LOOKOUT, ANNEX, AND MOUNTAIN TOP MINES

The Lookout and Annex mines (No. 45, pl. 30) and
the Mountain Top mine (No. 46, pl. 30) form a group
that lies near the crest of a high ridge 3 miles south
of Goodsprings. They are accessible by a road to the
foot of the ridge, where trails lead to the several tun-
nels. The Mountain Top claim was one of those lo-
cated by A. G. Campbell prior to 1893, and in that
year it was referred to as one of the most promising
in the district.®® The Lookout was located several

6 Eng. and Min, Jour., vol. 55, p. 38, 1893,
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years later by Campbell, but the Annex was not lo-
cated until 1907, when P. H. Springer recognized the
fact that ore had been extracted north of the side line
of the Lookout claim. These claims were worked
intermittently until about 1913 and then almost
steadily by lessees until 1919. In 1924 the Lookout
and Annex produced ore. A number of separate de-
posits have been worked on these claims, but as they
have many similarities and the records of production
of the first two claims have not been kept separate by
the owners, they will be described as a group.

All the deposits on these claims lie in a thin strati-
graphic zone, probably less than 100 feet thick, near
the base of the Bird Spring formation. In. this area
the limestones dip gently west, so that the outcrop
of the zone closely follows a contour around the hill,
The Fredrickson fault, which is, traceable from the
north 2 miles and from the south in Deadmans Canyon,
doubtless passes along the east edge of the hill but is
obscured locally by numerous minor fractures. As in
the valley south of the Fredrickson mine and in
Deadmans Canyon, this fault is the channel from
which rising solutions have spread outward into the
beds on both sides and converted the limestone into
dolomite.

There are 13 openings along the outcropping zone
in a distance of 3,000 feet, and although probably all
have been sources of ore, most of the output has come
from four. At the northwest end a tunnel extends
75 feet south, and from it stopes have been extended
irregularly both ways about 40 feet; the range in
height is 3 to 5 feet. 'These workings explore a hocizon-~
tal zone of broken dolomite in which coarse masses of
galena are sporadically distributed. No zinc minerals
were noted in the workings, but many tragments on
the dump were coated with an olive-green vanadate,
probably cuprodescloizite. This tunnel was probably
the source of a shipment of 36 tons of ore in 1918 that
contained 9.26 per cent of vanadic oxide and was sold
for $2,602. - This is the largest shipment of vanadium-
bearing ores yet made from the district. Of the
material sorted from this shipment, 5.38 tons con-
tained 11.50 ounces of silver to the ton and 43.90
per cent of lead. .

Several hundred leet east of this tunnel is another,
which extends S. 35° W. 125 feet and from which flat
stopes extend 40 feet west and 60 feet east; the range
in height is 4 to 10 feet. In these workings there
is a persistent zone 1 to 2 feet thick that contains
many irregular masses of coarsely crystalline galena
embedded in dolomite, but masses of galena were also
found sporadically above this zone.  Here it seems
clear that the distribution of galena is determined by
the flat zone of crushed dolomite, nearly parallel to
the bedding. Zinc minerals are not conspicuous,
but a little brown hydrozincite is present here and
there, and screenings from the lead ore contain 18
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per cent of zinc. The only other conspicuous mineral
in the deposit is coarsely crystalline white calcite,
which is deposited near the galena, largely in the spaces
between the' dolomite fragments. Some polished
specimens of galena-bearing dolomite show a persistent
border of chert around the galena, but this is not in-
variably present. This deposit appears to have
contributed most of the productlon from the Lookout
and Annex claims.

Within the next 1,500 feet southeast on the east
end of the Lookout claim two more deposits are
explored, the largest extending over an irregular area
40 by 70 feet. These deposits appear to have yielded
galena ore only.

About 1,000 feet farther south there are five explo-
rations in an area 150 by 350 feet.
these deposits is an open cut from which several
short tunnels and a 40-foot shaft have been made.
These workings were the sourge of most of the pro-
duction of the Mountain Top claim. As at the
Lookout openings, the dolomitized limestone is much
broken along a zone roughly parallel to the bedding,
and coarse crystals of galena are irregularly dis-
tributed through the dolomite, largely in groups
parallel to the bedding. Zinc minerals, . notably
hydrozincite, are more common here than elsewhere
- on the ridge, and oxidized copper minerals are also
“common. Ferruginous chert is intimately assoclated
with the ore.

About 1,000 feet southwest of the principal Moun-

tain Top workings there is an open cut with a 100-foot .

tunnel and small stopes. .These. workings. explore a
deposit that closely resembles those worked on the
Lookout claim.

The following table of production submitted by the
owner to the United States Geological Survey includes
the shipments of the New Year, Mountain Top, and
Lookout mines but not the Annex. According to
Allen G. Campbell, son of the owner, the combined

production of the Mountain Top and Lookout is

about 2,000 tons of ore of all classes. Probably the
production from the Lookout claim is 400 to 500
tons, mostly lead ore, and from the Mountain Top
1,500 tons, mostly zinc ore. According to J. A.
Fredrickson, the Annex claim has yielded 10 cars,
or about 250 tons, mostly lead ore. Of 10 cars of
zinc ore shipped by Mr. Fredrickson in 1915, the
net weight was 292 tons and the range in zinc content
30.5 to 39 per cent. The gross value at the smelting
plant in Colorado was $13,558, and the net return to
the shipper was $10,507 at Jean.

The largest of |

. was located in 1892 by the same men.

-Spring formation.
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Production of New: Year, Mountain Top, and Lookout mines,

1912-1926
Crude | Gog | sil c Lead zi
Year (t(o);g) (oux‘x)ces) (otinvc%l;) (p:l%)g;) (pougds) (po&gfis)
1912____ 119 ... 182 [_____. 41, 600 62, 537
1014____ 502 |o_-__. 348 114 | 27,108 279, 754
1915____| 1,040 _______ 456 |36, 567 | 32, 274 511, 500
1916-_-__| 4,192 [250. 07 | 1, 252 (15, 236 |618, 926 |1, 279, 639
1918____ 617 7.61 | 2,127 |76, 217 |109, 096 84, 468
1925____ 39 joceooal 18 | ... 3 17, 559
1926 - __ 85 ... 1* I PR 10, 772 44, 788
Production of Annex mine, 1913 and 1919
Year Crude Gold Silver Copper Lead Zinc
ore (tons) | (ounce) | (ounces) (pounds) (pounds) | (pounds)
1913 _____ 71 0.04 131 30| 8376 |....__.
1919______ 92 . 30 779 | 5,841 | 23,000 | 14, 892

HOOSIER MINE

The Hoosier mine (No. 47, pl. 30) lies in a gulch
4 miles in a direct line southwest of Goodsprings, but
by road the distance is about 8 miles. Although the
Hoosier claim was located in 1886 by A. G. Campbell
and A. E. Thomas, most of the work has been done
during recent years on the Oklahoma claim, which
Only assess-
ment work was done before 1906, when it was sold
to H. Joseph.and associates, of Salt Lake City, who
formed the Hoosier Mining Co. The present owners,

- the . Galena - Canyon Mining Co., of Los Angeles,

bought the group of seven claims in 1917 for a price
reported locally .as $12,000. This company built a
mill, but.it was never used, and in 1924 it was sold

.and rebuilt in Mesquite Valley to treat ore from the

Kirby mine.

The principal workings are several stopes within an
area 300 by 200 feet, accessible by three tunnels.
These workings explore a crushed zone of dolomitized
limestone about 200 feet above the base of the Bird
Consequently, it lies higher in the
stratigraphic section than any other mine in the
district. In this area the beds trend N. 20° W. and
dip 15° SW. and are extensively dolomitized. The
photograph reproduced in Plate 19, A, was taken at the
Hoosier mine to show the presence at the middle of
the section of a bed of dark-gray limestone about 20
feet thick in the midst of a group of similar beds now
completely altered to dolomite. The view also shows
a late normal fault that dips east, along which the
eastern block has dropped 20 feet, but dolomitization
did not follow it.
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The largest stope of the Hoosier mine lies at the
eastern or upper end of the explored area and extends
irregularly northward about 150 feet from the two
upper tunnels. Over most of the area the stope is
3 to 6 feet wide but in several places it attains 12 feet.
It is limited upward by a good wall, apparently a
bedding plane, that trends N. 20° W. and dips 15° SW.
Above this wall the beds are not much disturbed, but
below it the dolomite is brecciated and recemented by
coarse white calcite. Galena is the most abundant
mineral; it forms coarse crystals or lenses in the dolo-
mite breccia, but in the walls of the large stope it is
largely altered to cerusite. In the lower or western
worki.ngs, fresh galena forms coarse angular masses
in the dolomite, but the white calcite is absent, and
the rock is very hard and coherent. Zinc minerals,
largely hydrozmcn;e, are common in the large stope
but absent in the lower ones.
Distinct faults are uncommon,
but one was observed in the
upper stope that trends N. 65°
E. and dips south, along which
the ore zone is faulted 3 feet;
it is probably postmineral.

On the Van Henry claim,
1,000 feet to thesouth, there are
two tunnels, 60 and 150 feet
long, which explore lenses of
hydrozincite at a zone slightly
higher than that in which the
Hoosier bodieslie. The lenses
are limited by a wall that is par-
allel to the local bedding in strike but dips more steeply.

On the Hermosa claim, 3,000 feet north of the Hoosier
workings, owned by Charles Kennedy, zinc minerals
were found along a bedded breccia zone in beds of the
Bird Spring formation, and galena was found along a
prominent wall that trends north and northeast and
dips west; doubtless it is a premineral fault. The
workings have yielded several cars of lead ore which
contained an uncommon assemblage of oxidized lead
minerals—carbonate, molybdate, and phosphate.

RAISE
70 SURFACE

Production of Hoosier mine, 1906—1928

Year Crude ore} Gold Silver Copper Lead Zinc
(tons) (ounces) | (ounces) | (pounds) | (pounds) | (pounds)
1906..__. {0 P R M 50,000 |-_______
1912 ____ 100 0. 34 189 214 | 26,028 | 23,460 |
1913__.._. 69 [-o__.__ 178 46 | 28,463 |..__.___
1914 ____ 26 18 252 36 | 33,743 |-oo_-___
1915___ .. 285 | e 16, 886
1916_.._. 464 |- __.__ 358 | 1,190 | 77,966 | 190, 098
1917 ... 682 2.66 | 2,385 | 1;251 (393, 764 10, 230
1928_.___ 208 |--.--. 418 | ______ 151 706 31, 354

SPELTER MINE

The Spelter group of claims (No. 48, pl.
covers the west end of a ridge half a mile west of the
Hoodoo mine. There are three tunnels, but lead ore

3387—31——11

50

30) |
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has been found only in the upper two. The middle
tunnel, 160 feet long, explores a shear zone roughly
parallel to the bedding of Bullion dolomite. The area
is much broken up and is limited eastward by a thrust
fault along which the upper part of the Monte Cristo
limestone rests upon the lower part of the Bird Spring
formation. (See p. 51.)

According to Rex Ewing, one of the owners, the shear
zone includes a shoot of cuprodescloizite and galena,
4 to 6 feet wide, which contains about 2 per cent of
vanadic oxide. One sample collected over a width of
7 feet contained 3.65 per cent of vanadium oxide.

There is no record of production from the mine.

' HOODOO MINE

The Hoodoo claim (No. 49, pl. 30) lies at the east’
end of a drain that extends westward in the cluster of

True
north

50Ft.
)

—_ 1 1 1 1

FIGURE 45.—Sketch map of Hoodoo mine

low hills 7 miles southwest of Goodsprings. The
claim was located by S. C. Root and R. R. Courtright
in 1898, but very little work was done until 1911,
when the Kansas-Nevada Mining Co. was organized;
that company has done most of the work.

The workings include three tunnels, the longest of
which contains 750 feet of drifts and several shafts and
winzes. (See fig. 45.) All these explorations are
found in a block of dolomitized Monte Cristo limestone
that has been thrust upon beds of the Bird Spring for-
mation. The fault is clearly shown in this area and

| doubtless continues southward under the wash and

joins that which underlies the Singer and Tiffin mines.
Here, as farther south, the base of the thrust block is
a zoue of dolomite breccia 100 feet or more thick, but
dolomitization extends higher into the block. The
tunnel (fig. 45) is wholly in breccia of Bullion dolomite,
most of the fragments of which are less than 6 inches

| in diameter and so loosely coherent that a drift may

be made by the use of a pick only. Structurally the
block is a closely folded syncline that trends northwest
with dips in excess of 50° on both limbs. )
Several isolated bodies of lead and zinc ore have
been struck in the tunnel. These bodies lay along

shear zones that range in strike from N. 40° W. to
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N. 30° E. and dip northeast or southeast. None of
them appear to be as persistent as others near by, such
as those in the Tiffin mine, but from their position in
the thrust breccia this would be expected. Most of
the lead encountered was free from zinc minerals.
Galena and its oxidation products are common, and
hydrozincite and calamine were noted. In the middle
part of the tunnel an iron-stained shear zone trending
N. 55° W. and dipping 50° NE. was struck. It de-
serves attention on account of its content of a vana-
date, probably descloizite. According to Frank Wil-
liams, one of the owners, tests of samples weighing
several hundred pounds show an average content of
2.5 per cent of vanadic oxide. Concentrates from
such material show by analysis 36 per cent of lead, 8
per cent of zine, and 15 per cent of vanadic oxide.
Galena has not been observed in ‘this shear zone, and
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Fi1GURE 46.—(eologic map of Root mine

the vanadate present has probably been deposmed
there by downward percolating surface water.

Production of Hoodoo mine, _1 911-1927

Year Crudeore| Silver Lead Zinc
(tons) (oupces) (pounds) | (pounds)

30 91 | 12,151 16, 082

b2 3 O PR 15, 915

54 432 | 21, 680 20, 400

37 | 23, 273

) 4 I A I 106, 589

L3 I 2,143

9 | - 5, 552

ROOT MINE

The group of claims owned by the Root Zinc Mining

Co. (No. 50, pl. 30) cover the north slope of Bonanza, |

Hill, 8 miles southwest of Goodsprings.” One of the

“ north slope.

Surface '
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claims was located as early as 1893, and it is reported
that some ore was shipped at that time, but the prin-
cipal claims of the present group were located in 1900
and 1901. S. C. Root, of Los Angeles, is the principal
stockholder of the company.
~ The crest of Bonanza Hill is made up of beds of the
Bird Spring formation that trend northeast and dip
southeast at angles which increase southward from the
The beds form the southeast limb of an
anticline that trends northeast and pitches in that
direction. The crest almost coincides with the ravine
south of Root Camp. The base of the Bird Spring
formation descends from the top of the ridge northeast
to the base of the ridge east of the camp. Char-
acteristic fossils were collected near the base south of
the camp. (See p. 24, collections 46a, 46b.) As the
beds that make up the low ridge northwest of the
ravine are dark fetid crystalline limestones that
yield fossils characteristic of the middle part of
the Monte Cristo limestone, it is necessary to con-
clude that a fault extends northeastward down
- the ridge, along which the beds on the southeast
side have dropped 100 to 200 feet. There are
numerous joints and shear zones on this ridge
along which such faulting could have taken
place. There are also many faults along Bonanza
Hill, but only a few seem to have sufficient
displacement to warrant record on the map.
These range in strike from N.30° W.to north and
dip steeply west. The most conspicuous lies
west of the crest, trends N.30° W., and dips 75°
SW., and along it the west side has dropped 100
feet or more. .As no bodies of lead or zinc min-
erals have been found on these faults, it can
not be said with assurance that they are pre-
mineral, but they may be.

On Bonanza Hill there are.a larger number
of workings that have been a source of ore in
a small area than in any other part of the district,.
The most productive part of the ridge lies north of
the crest, but there are also many prospects south of
it. On the Root claims three production areas may
be recognized—one 2,000 feet southwest of the camp,
in which lead mlnerals predommate over those of
zinc in bodies which occur in the Monte Cristo lime-
stone; another 2,000 feet south of the camp (fig. 46);
and a third 1,000 feet southeast of the camp, in which

zine minerals predominate over those of lead in bodies

which occur in the Bird Spring formation.

The lead-bearing area is about 150 by 500 feet, and
it is explored by several tunnels and many pits. There
is one stope as much as 100 feet long and 12 feet high
that lies parallel to the bedding of the dolomitized
Monte Cristo limestone; it follows a galena-bearing
lens 1 to 3 feet wide. The ore is locally limited north-
ward by a fault that trends N. 15° E. and dips 65° NE.
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The lens yielded galena and its oxidation products,
especially cerusite, linarite, and caledonite, as well as
the common zin¢ minerals. Apparently most of the
lead from the claims has come from these workings.

The longest tunnel, but doubtfully the source of
most of the zinc ore, lies near the crest of the ridge and
extends from the north to the south side. (See fig.
46.) Zinc ove, largely with little or no lead, was
mined in at least five places, but no close relation of
these bodies has been recognized. The largest stope
and probably the source of most of the ore is flat and
nearly parallel to the bedding. The bulge at the
south end is limited by a northeastward-trending
fault that seems to have been formed after the depo-
sition of the zinc sulphide but before that mineral
was altered to hydrozincite. A little calamine occurs
here and there through the workings, but it is largely
on fractures that cut the hydrozincite. These work-
ings still yield many specimens that show the replace-
ment of dolomite by amorphous hydrozincite.

The largest body of zinc ore on Bonanza Hill was
encountered in a tunnel at the east end of the claims.
Ore was first struck in the tunnel 100 feet from the
mouth, but the largest body lay parallel to the bedding
75 feet farther in. It was explored by a winze to a

depth of 40 feet and for a distance of 100 feet along |

the strike. The gross value of the zinc ore mined
from the stope during 1915 and 1916 is reported to
have been about $30,000. "

The following summary of the production of this
group of claims is compiled from the records of the
United States Geological Survey. The separate
annual shipments do not exactly agree with those
recently submitted by Mr. Root to the writer, but
his total—2,405 tons—is only a little lower than
that given—2,575. Mr. Root thinks that the differ-
ence, 170 tons, was derived from other workings on
the hill.

Produclion of Bonanza group, 1898-1926

Gold |
(ounce)

Zinc
(pounds}

Lead
(pounds)

Silver
(ounces)

Crudo ore|

Copper
(tons)

(pounds)

o A small part of the ore in 1916~1918, not exceeding 170 tons, was shipped by lessees
from other near-by properties on Bonanza Hill.

TIFFIN MINE

The Tiffin claim (No. 51, pl. 30) adjoins the Singer
on the west, and its principal tunnel is only 500 feet
west of that on the Singer claim. It was located in
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1905 by C. A. Beck, who mined most of the ore and
still operates it. As in the Singer, the workings lie
wholly within the block of dolomitized limestones of
the Monte Cristo formation that are thrust over beds
of the Bird Spring formation. The beds are much
disturbed but locally strike northeast and dip 35° to
50° SE. '

The principal workings are a tunnel, which contains
about 400 feet of drifts, and four shafts and winzes.
(See fig. 47.) The country rock is Bullion dolomite.
Ore has been mined from at least four small shoots,
three of which lie on a persistent fault or spurs from
it, and the other lies on a minor fault that is probably
related to it in age. The largest stope overlies No. 3
winze and extends irregularly up to the surface. The

True
north

Q(,/
(4
5,°Ft \‘ SHAFT Na 1

TUNNEL
F1GUrEg 47.—Sketch map of Tiffin mine

width ranges from 2 to 3 feet. Galena is the most
abundant mineral now found, although hydrozincite is
present here and there and must have been the most
abundant in the shipments. The shoots seem to be
good examples of ore on early normal faults.

Produclion 5f Tifin mine, 1912-1926

. Ore mined Ore | Silver Lead Zin
Year (tons) s)(l'!gg:)d (ounces) | (pounds) (poun(f‘ls)

6 3] 8040 (.__.___..

3 12| 2,820 |o110TC

540 500 | 24, 0600 20, 400

160 120 | 33, 000 83, 980

16 67 | 7,840 3, 068

18 |- 4, 320 11, 881

15 (oo 3, 600 8, 925

80 |coeeo-- 17, 920 43, 680

= Crude ore-except as indicated.
s Concentrate. ,
-¢ Includes small quantity from Eureka mine.
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SINGER MINE

The Singer claim (No. 52, pl. 30) covers the east end
. of a low hill 7 miles southwest of Goodsprings. The
claim was located in 1892 by four men, including W. E.
Singer. In 1907, after a little work was done and two
cars of ore were shipped, it was bought for $5,000 by
Judge Erskine Ross, of Los Angeles, and J. H. Polk.
It was operated by the Howard Mines Co. under lease
during 1913 and 1914; by S. E. Yount and O. J. Fisk
from 1916 to 1918; and by J. O. Fredrickson and P. H.
Springer in-1920.

The workings include the main tunnel near the base
of the ridge and several shorter tunnels 200 feet higher,
the longest of which is 125 feet long. These workings
all lie in the block of Bullion and Anchor limestones
thrust over beds high in the Bird Spring formation.
The breccia at the base of this block is about 100 feet
thick and the higher beds are much broken by joints
and faults.
mine the limestones are completely dolomitized. Near
the mine the beds trend northeast and dip 50° SE.
- At the crest of the ridge above the highest tunnel a
dike as much as 10 feet thick trends N. 80° E. and dips
almost vertically. The rock is dark gray and rather
coarsely crystalline but is much decomposed near the

surface. In thin section it is seen to be largely brown
biotite and brown hornblende with minor augite and.

labradorite but no orthoclase. The texture is coarser
than that of the dike at the Puelz mine, but otherwise
they closely resemble each other. Both are con-
* sidered to be mica lamprophyre. (See p. 38.)

The principal tunnel is about 300 feet long, and the
west branch terminates in a shaft 90 feet deep at
an inclination of 45° to 50° S. There are stopes on
both sides of the shaft outward for 35 feet and 4 to
6 feet wide. A stope also extends to the surface above
the tunnel, a distance of 40 feet. The minerals include
coarse crystals of galena and its oxidation products,
earthy hydrozincite, and calamine. As shown by the
extent and present distribution of the stopes these
minerals lie along a brecciated zone in dolomite that
trends roughly parallel to the bedding, or N. 60° to
70° E. and dips 60° SE. The stope on the west side
of the shaft is limited westward by a fault that trends
N. 45° W. and dips 80° SW. Although no galena was
found on this. fault it appears to be premineral.” On
the surface there are several minor faults that trend

N. 45° W. to N. 10° E. and dip steeply southwest; |

they may also be premineral. _

A tunnel about 100 feet east of the main tunnel
shows dolomite breccia extensively covered with a thin
coating of pyromorphite crystals of brilliant yellow
and green color.

Of the ore produced, 213 tons waslead ore containing
27 to 60 per cent of lead and 2.8 to 11.0 ounces of silver

Except in a small area northeast of the |
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to the ton. The remainder was largely zinc ore con-
taining 20 to 35 per cent of zinc, but a few cars were
mixed lead-zine ore.

Production of Singer mine, 1913-1920

Year Crude ore| Gold Silver Copper Lead Zinc
(tons) (ounce) | (ounces) | (pounds) | (pounds) | (pounds)
1913 __. 124 0..30 481 209 {124,074 |.___.____
1914 86 |.o-a__ .484 272 | 72,481 |____.___._
'''' 14 | ... 168 |--.----| 11,431 | ____.___
1916_____ 896 |____.__ 123 |._..___ 68, 546 | 471, 648
1917 .. __ 26 |-___..__ 51 (L _____ 14,246 | ...
1920 .. _. 46 o ... 45 |oooaeoo 13, 422 8, 739

s Company’s records show 142 tons of lead ore shipped during 1913. Difference
isadded to total.

PUELZ MINE

The Puelz mine (No. 53, pl. 30) is on a ridge that
extends west from the south end of Table Mountain,
5 miles southwest of Goodsprings. The South Side
claim was located in 1888 by A. G. Campbell and A. E.
Thomas, and the Mongolian, upon which most of the
work has been done, in 1907. There are a number of
short tunnels and pits on the ridge, but the principal
workings are on the north side near the high point.
There are five tunnels, from each of which there are
irregular stopes. that lie roughly parallel to the bedding
or N. 60° W., and dip 15° to 20° SW. Each of these
tunnels explores the same zone in the upper part of the
Bullion dolomite. Several hundred feet east of the
easternmost tunnel the Puelz thrust, along which the
local Bullion dolomite is thrust upon beds several

- hundred feet above the base of the Bird Spring forma-

tion, is marked by a broad breccia zone. Along the
cropping of the ore zone there is a dike of dark-greenish
igneous rock, much finer grained than that observed
near the Singer mine. Without further microscopic
examination it is regarded as a lamprophyre. It is
broken in three places by normal faults that trend east

and dip steeply north.

Probably the principal ore mineral was hydrozincite
of the dark-brown earthy variety, but calamine is
common both in druses and replacing the dolomite.
These minerals, together with galena and its oxidation
products, follow a brecciated zone parallel to the
bedding.

Production of Puelz mine, 1916-1919

Year Crude ore| Gold Silver Lead Zine
(tons) (ounce) ‘| (ounces) | (pounds) | (pounds)
1916 ______ 121 | 3, 500 74, 936
1916 ________ 308 | comeeeooC 8,400 | 111, 452
169 [____.. 158 | 15,448 | 101, 616
I N P 41 5,438 |.______
8 0. 08 36 3, 060 3, 332
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SULTAN MINE

The Sultan group of 12 claims (No. 54, pl. 30) lies
along the east slope of the prominent ridge a mile
north of Little Devil Peak. The Sultan clalm, which
has yielded most of the ore, was located in 1896 by
W. R. Sloane, but little work was done before 1910,
and most of the ore was shipped during 1916 to 1918.
A dry concentmting mill was erected in 1916. The
property is now owned by Henry Robbins. (See
pl. 35, B.)

The production of the Sultan mine is shown in the
accompanying table, which exactly checks that
recorded in the books of the owner. The owner’s
records show that 2,446 tons of crude zinc ore and
concentrate and 1,289 tons of crude lead ore and
concentrate have been shipped. Most of the zinc.
ore was shipped in 1915 and 1916; most of the lead
ore in 1917 and 1918. The zinc ore contained from 28
to 42 per cent of zinc, 2 to 7 per cent of lead, 6 to 30
ounces of silver to the ton, and 3 to 13 per cent of
insoluble matter. The lead ore contained from 30 to
60 per cent of lead, 6 to 14 per cent of zinc, 10 to 30
ounces of silver to the ton, and 1 to 3 per cent of
insoluble matter. The gross value of 3,620 tons of
both classes of ore was about $200,000, and the net |
value, after paying railroad frelght; and treatment
charges, $155,000.

The Sultan mill, erected in 1916, is 500 feet east of
the mouth of the main tunnel. As received from the
mine the ore was delivered to three bins, from which
it was passed over 1Y%-inch screens. The coarse
material was sorted to yield a smelting product; the
undersize was crushed first in a jaw crusher and then
in rolls and elevated to screens. Classified material
was delivered to a Stebbins dry concentration table.

Production of Sultan mine, 1910-1920

Oro .
Gold Silver | Copper | Lead Zing

Yonr r(ntg:g)i sl()tigl?;;d (ounce) (ouncgs) (pounds) | (pounds) _(pogmds)‘

10102 eeomecaacaee LR T11. 3 [N N USSR I 55,440
FUTT R o778
1916........ 1867 [ L 510
017........ soe || .28
1918...... Lusl{ 0%l
1010..... 920 b8+
1620...... w20

1025....... 128 iy 5%

1026...... 500 b 174 205,914 |-o-...C

e Crude ore.

% Concentrate.

The geologic relations of the Sultan deposit are
almost unique, and the mine workings yield data that’
are useful in interpreting the regional geology. The
workings explore a part of the breccia zone that marks
the position of the Sultan thrust fault. At this place
it is wider than elsewhere and locally attains a width
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of 800 feet. The limits of the breccia zone'are simple
fractures, but between these fractures the material is
in large .part thoroughly crushed. In some areas the
rock is merely broken but not much disturbed, so that
traces of bedding remain. Elsewhere there are exten-
sive zones of angular breccia in which few fragments
exceed a foot in diameter. In the mine workings
there are persistent fractures marked by clean walls in
the midst of the breccia, and the ore bodies seem to
be closely related to these. Most of the ore lies above
and close to these fractures. They trend N. 30° to
45°'W. and dip mostly 60° to 80° NE.; one is vertical.
(See pl. 37.)

The rocks that limit the breccia on the southwest
are limestone beds near the middle of the Sultan
formation, which are slightly arched to form a local
anticline. The beds northeast of the breccia zone are
locally dolomitized limestones of the Bird Spring
formation about 1,000 feet above the base. The
breccia now consists wholly of dolomite fragments
and, from fossils found in the mine, appears to be
largely derived from the Bird Spﬁno formation. In
the main tunnel the breccia is cemented by Whlte
calcite.

From the dip of the fracture surfaces and the nature
of the displacement one might conclude that the
breccia follows a normal fault. That it is not a normal
fault but a.thrust fault, afterward tilted, is shown by
the extent and regional relations of the breccia zone.
The breccia zone and limiting fractures may be traced
readily 3 miles southeast to Devil Canyon, where the -
zone ends abruptly at a cross fault, southeast of which
there is an overturned anticline that extends beyond
the New Year mine. Also, eastward from the Sultan
mine, there are three blocks of brecciated and dolo-
mitized Monte Cristo and Sultan limestones that rest
on crumpled but undolomitized Bird Spring formation.
The surface that separates these formations is ob-
viously the eastward extension of the Sultan thrust,
now broken by several normal faults. (See section I-J,
pl. 2.) This area and the mine workings thus indicate
that the entire ridge in which the Sultan mine lies has
been tilted southwestward, toward Mesquite Valley,
as much as 20° and possibly a little more.

The ridge east of the mine is made up of well-
bedded fine tuffs that dip as much as 22° E. They lie
on a surface that slopes about 20° E. and is cut across
the breccia zone and adjacent limestones. The
source of these tuffs may have been either the Sultan
crater, a mile to the northwest, or the small crater
that lies a mile to the west on the west side of the ridge.
If the tuffs were deposited before the ridge was tilted
20° W., they would scarcely be expected to dip as
much as 20° E. now. It therefore appears that the
tuffs were deposited after the tilting of the range and
that they may have been erupted in rather recent
geologic time (Miocene?).
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The Sultan mine has explored several bodies of zinc
and lead ore in an area about 200 by 700 feet; the
vertical range of the workings is about 300 feet.
(See pl. 37.) The principal bodies may be regarded
as parts of four shoots related to three fractures or
faults. Each shoot is marked by the open-cut symbol
on the map. The northwestern shoot (open cut No. 4)
yielded mixed lead and zinc ore and probably was the
smallest. Ore was found on several levels, and the
largest stope, at an altitude of 4,072 feet, is flatter
than the average dip of the local fractures. The next
shoot southeast (open cut No. 3) was the source of
considerable zinc ore unmixed with lead. In the open
cut the ore, probably in large part hydrozincite, was
limited on the west by one of the few westward-
dipping faults in this area. Smaller bodies below lay
above another fault that dips eastward. The third
shoot, worked from open cut No. 2, appears also to
have been a source of zinc ore only. It is limited on
the west by an eastward-dipping fault (No. 2), probably
the same as that encountered in depth farther north.

The largest shoot of the mine is the farthest south
and includes the bodies removed from open cut No. 1
and from the shaft sunk from the tunnel. This shaft
i§ about 310 feet deep with an inclination of 63°, and
there are three levels. Some oxidized zinc minerals
were noted on the surface and underground, but lead
minerals, especially galena, were greatly in excess in
the deeper working. Although a persistent fault lies
under the body explored at the surface, it has not been
" struck in depth. There are several small stopes
north of the shaft, but the largest, which was the
source of most of the lead ore, lies south of it. - (See
pl. 37.) This stope extends from a point 20 feet
above the first level nearly to the third level, a distance
on the slope of 75 feet. The largest horizontal section
occurs below the second level (3,931 feet), where-it is
about 125 feet long and 25 feet wide. It has the form
of a pipe that plunges 60° SE. along a fracture that
trends northwest and dips 45° NE. Stoping at the
southeast end was stopped at a wall that trends N.
35° W. and dips 60° SW. To judge from what can
now be seen on the walls, this stope included a number
of lenses of galena-bearing hydrozincite which strike
northwest and dip northeast at angles lower than that
of the shoot as a whole. Such lenses as are now
visible are from 3 inches to-2 feet thick and from 10
to 20 feet long. These, lenses™ are rather distinct
masses of mixed lead and zinc minerals without sharp
limiting surfaces, and it is a surprise to find them in
dolomite breccia that even now has so high a porosity.
It is difficult to account for the restriction of the
minerals to local lenses where the inclosing rock. is so
porous. It seems to have been a problem in mining
to determine where to mine the single lenses and
where to take g larger.body. that included several
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lenses. There is a Jens of hydrozincite on the third
level, but it contains no galena.

Without exact information concerning the original
distribution of lead and zinc minerals in this mine, a
positive conclusion can not be drawn, but at present
the stopes, together with the record of production,
indicate that the bodies of zinc minerals localized at
the surface were the result of successive solution and

- redeposition of the ziric once present as sulphides in
_higher zones, now eroded. Nothing comparable to
" the bodies mined from the open cuts has been struck

underground.
IRELAND MINE

The Ireland group of claims (No. 56, pl. 30) covers
a low hill north of the mouth of Porter Wash, 5 miles
south of Goodsprings. Within an area scarcely 500
feet in diameter there are eight shafts and shallow pits,
the deepest of which is an incline on the north side of
the hill 125 feet deep. The beds exposed on this hill
are the mottled dolomitic limestones in the lower part
of the Goodsprings formation close to the underlying
Bright Angel shale. Most of the workings are in a
thin-bedded dark-gray dolomite with brown mottling
that overlies a 5-foot bed of micaceous shale. Below
the shale there is a blue-gray limestone mottled with
gray dolomite that shows no trace of bedding.

The ore shipped from the property has come from
small lenses of lead, copper, and zinc minerals that
are Jimited by irregularly disposed fractures in the
mottled gray and brown dolomite. According to
local report, several carloads of copper-bearing lead
ore have been shipped from the hill.

STAR MINE

On the Evening Star claim (No. 57, pl. 30), north
of the Monte Cristo mine, there are two tunnels that
explore small shoots of lead and zinc ore along a fault
that trends northwest and dips 75° SW. (See fig. 6.)
On the south side of the gulch a 100-foot tunnel on the
fault encounters sporadic nodules of galena. An 80-
foot tunnel on the north side appears to have struck no
ore but 30 feet from the entrance passed into a greenish
gray biotite-bearing dike rock, now soft and much
weathered. Both ore and dike lie in the fault and
prove that the fracture was premineral. The fault
separates Bullion dolomite on the west from beds near
the base of the Monte Cristo Jimestone on the east,
so that the west side has dropped about 300 feet
relatively. The workings have yielded a little lead
and low-grade zinc ore.

MONTE CRISTO MINE

The Monte Cristo mine (No. 58, pl. 30) is on the
west side of Porter Wash 4 miles due south of Good-
springs. The claim was located by William Kennedy

~
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in 1907 and thus was the latest to be located among
those mines that later became notable sources of
production. Shipments were made first by Patrick
Clacke in 1908, and it then passed to Douglas White
and Goorge Wheaton, who organized the Monte
Cristo Consolidated Mining Co., which now owns it.
According to White,*! 100 cars of high-grade zinc ore
weve shipped during the first 10 months of ownership
in 1908 and 1909, It is locally reported that prior to
1912 only high-grade zinc carbonate (smithsonite) was
shipped and that the earthy carbonate (hydrozincite)
was thrown on the dump. Under lease from Sep-
tember, 1911, to August, 1913, Duncan, Fredrick-
son & Belt shipped 145 cars of hydrozincite and cal-
amine-bearing ore, some of it sorted from the dump.
It has not been worked since 1919. The extent of the
workings is shown approximately in Figure 51; a
lower haulage tunnel that is now caved is omitted.
The following table of production is probably com-
plete.
Production of Monte Cristo mine, 1908-1919

Year C'(‘t‘ggs‘)“e Zine (pounds)
- 425 289, 000
2,619 | 2,069 500
285 201, 278
72 55, 422
249 174, 968
1,852 | 1,176, 305
1,274 776, 737
871 530, 866
1, 044 638, 350
605 359, 060
171 110, 352
8 4 964

The deposit is uncommonly interesting because only
zinc ore was encountered, and it was an exceptionally
concentrated body, as one may readily suspect by the
size of the workings and the meager dump. It lies
wholly in the cherty Anchor limestone of the Monte
Cristo formation, which is not as extensively dolomi-
tized here as farther north. The limestone is well
shown several hundred feet east of the mine, where the
color is blue-gray and the texture dense and porcelain-
like. It contains ‘conspicuous layers of dark chert
nodules. The strike is neatly north and the dip
25° W. The deposit is located between two faults
that strike N. 35° W, and dip 50° NE. (See fig. 6.)
Doubtless these faults were formed after the zinc
sulphide deposit was introduced but before most of the
oxidation to carbonate and silicate had taken place.
They have been traced several thousand feet southeast.

The workings developed a shoot of exceptionally
pure zinc¢ ore that pitched about 20° SW. The upper
limit of the stope is a bedding plane, but the sides and
bottom were irregular in detail. A number of breaks

% White, Douglas, The zinc mines of southern Nevada: Am. Min. Cong., 12th
ann, 568S., Ropt. Proc., pp. 401-411, 1909,
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are exposed, but only one seems to displace the beds.
This break lies near the southwest end of the deposit,
trends N. 40° W., and dips 80° SW., and the west side
appears to have dropped. Hill # records another
fault, which trends N. 50° E. and dips southeast, but
this is not conspicuous and may have been destroyed
by later work.

According to J. A. Fredrickson, who leased the
mine in"1911-1913 and who kindly accompanied the
writer during his visit to it, the first ore found and
mined was hard gray smithsonite, and it made up a
large part of the northern half of the shoot. Hydro-
zincite was encountered, as some may now be seen in .
the roof of the north end of the stope, but it was not

|
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FIGURE 48.—QGeologic map of Monte Cristo mine

recognized as a zinc ore and was thrown on the dump.

When Fredrickson and associates obtained a -lease

on the mine in October, 1911, they pursued the shoot

southwest and mined and sorted from the dump 145"
carloads.of ore that was largely hydrozincite with some

calamine. No hydrozincite may now be seen in the

southwest half of the stope, but calamine is common in .
the latest workings at the west end. In large part this
calamine replaces both dolomite and chert, but here
and there it is deposited in vugs and on cracks. Doubt-
less it formed a considerable part of the latest ore
shipments.

The only other conspicuous minerals noted were
wax-colored calcite, which forms large plumose masses
near the open cut, and ferruginous chert, which occurs
with the calamine that has replaced the original chert.

6 Hill, J. M., op. cit., p. 55.
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Both were probably deposited from surface Wat,ers
during weathering. :

If the record of the general distribution of zinc
minerals as stated is correct, and it probably is, the
deposit is unique in the district.
the principal masses of minerals down the pitch of the
shoot was smithsonite, hydrozincite, and calamine.
According to the hypothesis worked out for the dis-
trict in general, most of the hydrozincite was formed
by the replacement of limestone or dolomite by zinc
sulphate that had not moved far from the original zinc
sulphide; the smithsonite was deposited lower down,
- and the zinc is largely that derived from hydrozincite,
dissolved higher up.
"The = distribution of
calamine is what
would be expected in
8 zone of carbonate
rocks unusually high
in silica (chert) con-
tent. Where smith-
sonite is more abun-
dant than hydrozinc-
ite near the dutcrop,
as at the Monte Cris-

- to mine, it is neces-
sary to assume that
the source of the zinc
was a body of sul-
phide higher up in
rocks now eroded and
that the zinc did not
migrate appreciably
after being taken into
solution as carbonate.
The conditions indi-
cate progressive en-
richment of the zinc
by successive solution and redeposition of zinc as car-
bonate near the surface. This distribution would be
favored by a higher water table than customary or
its slow recession downward as erosion took place.

LOWER TUNNEL

0, , .. 9 S0FL.

Tl

FiGURE 49.—Sketch map of principal workings
of Accident mine

PALACE AND PORTER MINES

Particular interest is attached to the Palace and
Porter mines (No. 59, pl. 30) because an opening on the
Porter claim was the source in 1905 of the first ship-
ment of lead ore by the Yellow Pine Mining Co.
From a flat stope parallel to the bedding, an area 15 by
25 feet yielded 36 tons of lead ore, the net value of
which was $1,985. The claims were first located in
1893, were patented in 1918, and are still-owned by
the company. According to J. F. Kent, these claims
have yielded 250 or 300 tons of high-grade lead ore.
They have not been worked extensively during recent
years; one shipment of 30 tons in 1925 contained 241
ounces of silver and 35,835 pounds of recoverable lead.

The succession of -
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The claims lie at the head of Monte Cristo Gulch,
5 miles south of Goodsprings. Most of the work has
been done on the Porter claim, north of the gulch,
where there are four tunnels, the longest about 200 feet
long. These tunnels explore irregular, flat lenses’ of
galena-bearing dolomite at the same horizon as that in
the Accident mine. In addition to galena there is a
little reddish hydrozincite. Coarse white calcite
cements the dolomite breccia.

. ACCIDENT MINE

The Accident mine (No. 60, pl. 30) is on the west side
of Porter Wash, 5 miles due south of Goodsprings. It
was located in 1901, but little has been learned of its
early history. Most of the production has come from

" the operations of lessees between 1911 and 1919.

Productiqn of Accident mine, 1911-1919

Crude or ilver - Copper, Lead Zinc
Year (togs()) © (osu]nces) (pogé)ds) (pougds) (poulxlnds)
1911 .. _____ 25 204 |__.._.__ 39,791 | __.__.__
1912 _____ 314 | 2,619 | 1,939 | 244, 677 | 42,798
1915 .. ___._ 56 362 |o__o___ 74,950 (..__._._
1916 ___. 125 |- e o 5,040 | 47,600
1917 . _____ 127 1,385 904 | 99,336 {---__...
1919 .. ... ¢ I PR PR, 480 6, 171

The mine includes several openings which explore a
zone about 50 feet thick in the Yellowpine limestone.
The main tunnel, which was the source of most of
the ore, is shown in Figure 49. As shown in Figure 6,
there are many faults in this region, and several smaller
faults are exposed in the mine workings. About
75 feet east of the mouth of the main Accident tunnel
there is a conspicuous fault breccia, which strikes
N. 17° W. and dips 65° W. and which separates brown-
ish-weathering Bullion dolomite on the east from alter-
nating gray dolomite and limestone at the base of the
Bird Spring formation on the west.. This fault appears
to be cut off on the north by an eastward-dipping fault.
The beds near the mine trend nearly due north and dip
12° W. The ore occurs along & breccia zone which is
nearly parallel to the bedding and which lies on top of a
15-foot bed of dolomitized limestone and underlies a
thicker bed of blue limestone. Locally, the breccia
zone is 1 to 3 feet thick and contains sporadic coarse
crystals of galena; elsewhere it is inconspicuous and
barren. There are two prmmpal stopes, one in the
northern part of the main tunnel, east of a post-
mineral fault, and the other in the southern part, west
of this fault. Where the southern stope ends against
the fault there is angular galena in the breccia.

BULLION MINE

The Bullion mine (No. 61, pl. 30) lies near the top
of & prominent spur that extends eastward from the
range toward Porter Wash, 5 miles due south of Good-
springs. (See pl. 38, A.) The first record of the
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A. BULLION MINE (ABOVE) AND MILL (BELOW), CENTER OF SEC. 23, T. 25 8.,
R. 58 E.

The ore deposit occurs at the base of the Bullion dolomite; the ravine on the right marks the
position of a late normal fault. a, Bullion dolomite member of Monte Cristo limestone;
b, Anchor limestone member of Monte Cristo limestone; ¢, Dawn limestone member of
Monte Cristo limestone.

B. ANCHOR MINE, 8. 14 SEC. 23, T. 25 S., R. 58 E.

The ore deposit occurs in the Anchor limestone. The ravine marks the position of a late normal fault. a, Bird S!)rin;:
formation; b, Bullion dolomite member of Monte Cristo limestone; ¢, Anchor limestone member of Monte Cristo
limestone.
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ZINC AND LEAD MINES

Bullion claim dates from 1900, when W. H. Smith
located it, but others may have filed locations earlier.
According to local report, it was sold to S. E. Yount
and G. E. Fayle in 1912 for $3,000. They built a mill
in 1913 and sold it in 1916 to the present owner, the
Bullion Mining Co., of Salt Lake City. Since 1919 it
has been worked by lessees. .

The total production of the mine to the end of 1923,
as reported to the United States Geological Survey and
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the slope of the shaft is 25°, but it increases to 53° at
the third level and to 68° at the bottom; at that point
it is 165 feet vertically below the mouth. (See pl. 39.)

Another group of workings lies 700 feet northeast, but

as a late normal fault follows the intervening gulch the
ore bodies explored by both groups of workings were
probably once closely associated.

Production of Bullion mine, 1913-1927

the Bureau of Mines, is given below. Most of the Year |moned |shioeede| (Gold | Silver | Copper | Lead | zinc
product, 3,869 tons, has been lead ore containing 50 to (tons) | (tons) | (ounce) | (ounces) | (pounds) | (pounds) | (pounds)
75 per cent of lead, 1 to'5 per cent of zinc, and 2 to 15 | 1913........| i 361 454,993 |-
. . 1914 ool 187 135,970 36, 794
ounces of silver to the ton. About 300 tons of zinc ore | o s |f v V)
containing 36 to 45 per cent of zinc has been shipped.- | ;5. 8,080 °§§§ 807,216 i
The shipments of mixed lead and zinc ore have been | ,, 10,000 |{*® 036 623,180 ...
¢ 1oait alld 2IG Ote Aave been | gy .. , 206 114,992 | 84,243
393 tons, largely containing 40 to 50 per cent of both e 80 sz47| 31ie
metals combined. The second table shows the quan- - 01 122: ais 23 333
tity and value of the shipments made by the Bullion 105.8 30,674 | 32,816
: . . . 146 68,683 | 53,308
Mines Co. after it acquired the property in 1916. 11 200,421 | 33007
The principal workings include a shaft inclined west- 1180 182,676 |ooooncn
ward under the hill from which levels are run at four 16 463 |-
depths and a long winze northward. Near the surface o All crude ore except as indicated. » Concentrate.
Shipments by the Bullion Mining Co., 1916-192/
Tead ore Zinc ore Total value
Yoar ) Value . Value
Q?tz‘\;r)‘gl)ty Q&%%g‘)ty Gross Net
Qross Net Gross Net
1916 ... 621. 519 | $34, 298. 93 | $30, 493. 86 72. 202 $2, 784. 83 $2, 098. 51 | $37, 083. 76 332, 592. 37
lglg-- U, 1, 195. 345 58, 206. 35 55, gg% 85 69. 301 3, 304. 69 2, 735. 49 6%, gé}; gg 53, ggg g%
1918 . '59. 625 2, 689. 85 A 96 e y X 3
1919 . 38. 267 1, 769. 22 1,476.64 | | |eooeao_ 1, 769. 22 1, 476. 64
18%0 ________ A 171. 886 7, 600. 93 6,341.43 | @ lég 330 g, (2)20. 81 g, gg; gg 1;, ggé ’gg g, 'g'ég ‘ég
) £ SNSRI FRUOUPERIOIU [N (RSN s 138. 725 , 268, 58 3 2 . )y .
1923 - 47. 156 1, 682. 57 1, 365. 28 | ¢ 58. 699 2, 208. 81 1, 629. 76 3, 891. 38 2, 995. 04
1924 L ... 37. 616 2, 255. 83 1, 969. 88 | ¢ 108. 501 3, 827. 10 2, 569. 27 6, 082. 93 4, 539. 15
o Mixed ore.
The ore bodies explored by the Bullion mine lie | feet. Most of these faults trend N. 30° to 60° W. and

largely near the base of the Bullion dolomite, but in
places they extend down into the Anchor limestone.
In this region the Bullign dolomite is a distinct layer
about 200 feet thick of white to cream-colored coarsely
crystalline dolomite, broken by many fractures. Near
the mine the Anchor limestone is completely dolo-
mitized, and locally, as along the trail from the mill to
the mine, the Crystal Pass limestone is also dolo-
mitized. The beds trend N. 10° W. and dip 30° W.
There are several normal faults in the neighborhood
of the Bullion mine along which the beds are displaced
from 100 to-250 feet. Most of these faults trend N.
30° to 45° W. and dip 45° NE. and belong to the group
of postminera]l normal faults. Although many well-
defined breccia zones and faults are exposed in the
workings, the displacements along them must be small,
as none displace the beds on the surface as much as 25

dip northeast and are doubtless postmineral. _
The structural associations of the Bullion deposit
are almost unique and find their nearest counterpart
in those at the Potosi mine. At the Bullion, as at the
Potosi, it is difficult to present a clear picture of the
extent of the stopes and their relations. The out-
standing feature is a persistent smooth hanging wall of
radely circular outline. This wall is continuously
exposed on the first level, and two large sectors are
shown on the second level. (See pl. 39.) The dip.
ranges from 20° to 31°, and it clearly cuts across the
bedding of the dolomite. The deeper work from the
winze northward is above this wall and does not
encounter any -ore. The deeper work off the main
shatt westward is probably under this wall if it contin-
ues downward, but conditions are complicated by the.
presence of a southwestward dipping fault that may
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merge with the wall below the second level. Several
of the faults that trend northwest and dip nocrtheast
cut across the hanging wall and are probably post-
mineral.

The ore-bearing material is angular dolomlbe breccia,
the fragments of which range from half an inch to 5
feet in diameter. These fragments are feebly cemented
by a carbonate material, but there are still many
unfilled voids. The ore bodies are rudely tabular
" masses, largely 3 to 6 feet wide, that are nearly parallel

to the hanging wall. Galena was the principal min-
eral, although lenses of hydrozincite may still be seen
in which that mineral replaces the dolomite. Part of
the galena forms coarse crystals that replace the dolo-

“mite, but some have crystallized in the open spaces.
Most of the stopes south of the shaft (Dane, Dream)
range from 5 to 10 feet high, but in an irregular area
north of the shaft one stope is 40 feet high. If there
is a well-defined footwall under the stopes, as at the
Potosi mine, it has not been found. No satisfactory
explanation can be offered for the structural origin of
such a body of breccia. If there were evidence of
solution of the dolomite one might imagine that there
had been solution along a minor breccia zone followed
by collapse, somewhat like the supposed origin of the
“flats” of the Wisconsin-Illinois lead and zinc field;
but no such evidence has been obtained. It seems
necessary to conclude that the breccia is related to
movements that took place during the epoch of thrust
faulting,

Some ore has been struck in the raises above the
third and fourth levels, but it is not extensive and
occurs in ground that has no open spaces.

Most of the galena in the mine is fresh and unweath-
ered, but there is a little carbonate and sulphate as
deep as the lowest work. Hydrozincite and calamine
are the principal zinc minerals.

ANCHOR MINE

The Anchor mine (No. 62, pl. 30) is near the head
of a deep gulch about 6 milesdue south of Goodsprings.
The mine workings lie 400 feet above the bottom of
the gulch and are accessible only by trail or by tram-
way from the mill, 2,000 feet to the east. (See pl. 38,
B.) Although the Monitor claim was located in 1893,
all the workings are on the Anchor claim, located in
1897. One car of lead ore was shipped in 1908, but
the principal activity on the property began in 1912,
when it was sold by S. E. Yount and George Fayle to
the Goodsprings Anchor Co. (Seeley W. Mudd, F. A.
Keith, and associates), of ILos Angeles, at a price
reported to have been $30,000. The company ceased
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operations in April, 1919, but since that time several
grouips of lessees have worked the mine intermittently.

The mine is explored by a shaft 202 feet deep on an
incline of 38°, from which, there are three levels.
From the third level there is a winze 212 feet deep at
an ‘inclination that decreases from 37° at the top to
29° at the bottom: The deepest work is 227 feet
vertically below the outcrop. (See pl.-40.) In the
development of the mine the workings .were quickly
extended downward, so that late in 1916 most of the
area had been explored. None of the principal shoots
were found after that time, and most of the subsequent
wo’gyk consisted of mining the earlier known bodies.

Production.—Records of production for the Anchor
mine are available from two sources, the annual state-
ments submitted by the owners to the United States
Geological Survey and the books of the company.
The two should agree exactly, but they do not. The
company’s records are presented in addition to those
of the Survey because they show the number of tons
of zine, zinc-lead, and lead ore shipped as well as gross
and net returns. The crude lead ore commonly con-
tained about 50 per cent of lead and less than 10 per
cent of zine, but the concentrate made in the mill
commonly contained slightly more of both lead and
zinc. In the early years the zinc product commonly
contained 35 to 42 per cent of zine, but when the price
of zinc rose to the peak, in 1915, shipments commonly
contained 26 to 35 per cent of zinc.

The mill contained a grizzly, picking belt, jaw
crusher, rolls, elevator screens, and Stebbins dry table.
In 1924 a classifier and table adapted to wet concen-
tration were installed, in order to re-treat. the tailings
from previous operations.

Production of Anchor mine, 1908-1928

Ore Ore
mined |shipped
(tons) | (tons)

Copper Lead Zinc

Year (pounds) | (pounds) | (pounds)

1,392, 706
19, 884
8 | 1,335,420

239, 490
189, 372

5 Concentrate.

o Crude ore.
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Shipments of Goodsprings Anchor Co., 1914-1919

Lead ore Zinc ore All ores
Year . Returns ‘Returns Returns (:P iv(;-
Weight ) Welght Weight ends
(tons) (tons) (tons)
Gross Net Gross Net Gross Net
$2, 300. 90 '$_1, 025.17 | 22,200.5 | $51,064.42 | $31,628.70 | 2,272.1 | $53,365.32 | $33,543.87 |.......___
11, 140. 89 9,646.23 | 2,180.8 | 147,720.50 | 124,837.14 | 2,423.7 | 158, 870.39 | 134, 483. 37 $86, 785
73,604.56 | 65,275.92 949.8 | 43,626.89 | 34,932.97 | 2,173.7 | 117,321.45 100 208. 89 44,
76,708. 56 | 69, 012. 82 704.9 | 27,326.61 | 21,272.05| 1,664.2 | 104, 035.17 90 284. 87 38, 500
58,730.99 | 51,915.72 321.8 [ 11,969.93 8,892.25 | 1,08L.3 | 70,700.92 60 807.97 11, 060
14, 524. 28 12 082. 87 - 40.8 1, 206. 08 835.17 310.8 | 15,730.36 12 918.04 |.__._.._..
.................................................................... 9,925.8 | 520, 023. 61 | 432, 247. 01 180, 285

o Includes 240.8 tons of mixed lead-zinc ore, which yielded $§,567.68 gross and $3,158.39 net.

Local geology.—The deposit lies in a breccia zone’

that closely follows the bedding planes of the inclos-
ing cherty Anchor limestone, here altered to dolomite.
At the outcrop the ore zone closely coincides with the

contact of thin-bedded, locally shaly limestone below

with much more massive chert-bearing beds above.
In this area the beds trend N. 25° W. and dip south-
west at an angle that decreases from 35° at the sur-
face to 20° in the deepest workings.

As shown in Figure 6, the Anchor mine lies in the
midst of a number of faults that are conspicuously
shown on the surface. The gulch that passes below
the Anchor dump marks the position of a fault which
dips east and along which the eastern block has dropped
about 300 feet. The deeper part of the mine workings
encounters several faults that trend west of north and
dip east. Along several of these it can be proved that
the eastern block has dropped as much as 20 feet,
but on others, such as that at the bottom of the main
shaft, there appears to have been little displacement.
There can be no doubt that all these eastward-dipping
faults are postmineral. On the lowest level of the
mine the drift follows a breccia zone and wall that
dip west. Although there are mineral-bearing faults
in this region that dip west, this one is probably post-
mineral also.

Two groups of ore shoots may be 1ecognized in the
Anchor mine—one in which galena is equal to or
greatly exceeds the zinc minerals, largely hydrozincite,
and one that contains only zinc mlnemls The shoots
of the first group lie in brecciated massive dolomitized
limestone overlying the shaly thin-bedded limestone;
those of the second group in the underlying thin-bed-
ded shaly limestone. From what may now be seen in
the mine, it appears that the second group includes
the zinc that has migrated downward from the higher
bodies of mixed lead and zinc minerals and replaced
the shaly dolomite. The most abundant mineral in
the first group of shoots is galena, only a small part
of which has altered to anglesite and cerusite.

In the area adjacent to the shaft galena forms poorly
defined lenses as much as 6 and 8 inches thick and 5
to 10 feet long in zones of breccia parallel to the local
bedding. In a part of the area explored groups of such

.the shaft is shown in Figure 50.
- appears to have been deposited in open crevices along

lenses as well as irregular masses are distributed
throughout a zone as much as 50 feet thick, so that

"it has been necessary to make superimposed stopes’
"5 to 10 feet or more high. The local distribution of

galena along the wall of the open cut at the top of
Here the galena

Dolomitized  Galena

White coarse
limestone

calcite
FIGURE 50.—Sketch of north wall of Anchor shaft

bedding planes and in minor fractures, and the re-
maining open space was subsequently filled with
coarse white calcite. Similar relations were observed
in a number of other places in the mine. The silver
content in the galena has ranged from 1 ounce to
each 5 or 6 per cent of lead in the concentrate made in
the dry mill to 1 ounce to each 10 per cent of lead in
the crude ore composed largely of unoxidized galena.

Zinc minerals are more abundant in the southern -
stopes, and the commonest mineral is pale-brown hy-
drozincite. Calamine is not abundant and commonly
forms a thin crystalline layer on fractures in hydro-
zincite. Smithsonite was not observed. Where ga-
lena is present in the zinc stopes it is embedded in the
masses of hydrozincite, itself formed by replacing
dolomite.

On the 300-foot level south the walls are in places
heavily coated with fine hairy crystals of epsomite.
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Manganese oxide was noted at one locality on the 200-
foot level north, one of the few places where it was
seen in a lead or zinc deposit in the district.

VALENTINE MINE

The Valentine mine (No. 63, pl. 30) is the southern-
most of the group accessible by Porter Wash and lies
about 6 miles south of Goodsprings. It is owned by
the Valentine Mining Co. and has been worked inter-
mittently since 1910. The principal exploration is a
shaft 310 feet deep, inclined 36°, from the bottom of
which there is a crosscut 300 feet west and some drifts.
There are also three short tunnels about 300 feet north
of this shaft.

The inclined shaft closely follows the local bedding,

‘and the levels at 50 and 100 feet explore a mineralized

zone at the top of the cherty Anchor limestone, the
same as that which contains the Anchor ore zone.
The limestone is dolomitized adjacent to the ore body.

The ore-bearing zone in the upper level is cut off by
postmineral northwest faults, so that the lower part |

of the shaft and crosscut are in stratigraphically lower
beds, the Dawn limestone. By crosscutting westward,
however, the higher Anchor zone is again encountered.

Most.of the ore has come from the 50-foot level,

where there are sporadic lenses of earthy hydrozincite
that contain grains of galena. The range in width is
6 inches to 2 feet. Good examples of the replacement
of gray dolomite by brownish and white hydrozincite
are common. At the point where the 50-foot level
south meets the shaft there is a mass of stalactites of
limonite, largely about half an inch in diameter, em-
bedded in brownish hydrozincite. Cavities between
the stalactites contain calcite crystals. The relationg
of the minerals indicate either that hydrozincite may
be deposited in open spaces as such, which is uncom-
mon, or that it has formed by the hydration of smith-
sonite, which is known elsewhere.

From the end of a crosscut north from the bottom
of the shaft there is a raise along a lens of lead and zine
minerals that appears to lie on a westward-dipping
fault, like those known in several places near by to be
premineral. The lens contains a central core of coarse
~ white calcite, adjacent to which there are coarse crys-
tals of galena. Both are inclosed in a layer of smith-
sonite. The lens is cut off below by a fault that has a
northwest strike and a northeast dip. The relations
indicate that a premineral ore-bearing fault is cut off
by a postmineral barren fault.

Production of Valentine mine, 1910-1918

Year Crude ore Silver Lead Zinc
(tons) (ounces) | (pounds) | (pounds)
1910 .. . ... 60 |- |eeeeaos 34, 560
1916 ... b2 1 P 18, 622
1917 . 153 | |eeoao 81, 634
1918 . 36 65 | 2,804 15, 544
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CHRISTMAS GROUP

The Christmas group (Nos. 64, 65, 66, 67, pl. 30)
includes two separate groups of claims. The Christ-
mas and four other claims ad]om the New Year claim

.at the head of a narrow ravine a mile south of Devil

Canyon. The Mountain Queen, Silver Gem, Eureka,

- and other claims form a group that extends from Little

Devil Peak eastward nearly 2 miles north of Devil
Canyon.

The Christmas claim was located in 1913, but most
of the existing work was done between 1915 and 1917.
The production from these workings was not kept
separate from that of the other claims; probably a

TUNNEL
No.3

TUNNEL
No.2

TUNNEL s0° .
T Nos

A

~ Axis
or
a,,tl_
o
200FEET line

Fi1GURE 51.—Sketch map of Christmas mine

50 100

large part of that recorded by the company for 1916
and 1917 came from this claim. A dry mill was erected
on the ground in 1916, but after a short run it was
removed to another part of the district. This ore
body is interesting because the ratio of silver to lead
was uncommonly high—about 1 ounce of silver to 1
per cent lead. Most of the galena originally present
was weathered to anglesite.

The workings on the Christmas group include
three tunnels whose aggregate length is about 1,000
feet. (See fig. 51.) These tunnels explore a dolo-
mitized breccia zone, which in the upper two closely
follows a bedding plane near the base of the Yellowpine
limestone but in the lowest cuts across the beds
and passes downward into lower beds. Two ore shoots
were encountered in these tunnels; the western and
more productive yielded earthy hydrozincite, in which
was embedded either galena or its oxidation products;
the eastern shoot, worked only in the 20-foot ‘shaft on
the_middle tunnel, yielded only 20 tons of zinc ore,
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probably in large part calamine. No ore was found
on the lowest tunnel level.

The association of oré minerals and dolomitization
is well shown in this locality. The thin-bedded
dark-gray limestones at the base of the Bird Spring
formation strike northwest and dip 20° to 35° NE.
along the northeast limb of a minor anticline. The
shaly Arrowhead limestone was not observed near the
mine; the nearest recognized outcrop is near the Ingo-
mar mine, 3 miles to the west. Near the Christmas
mine the beds attain the maximum dip. (35°) above

the highest tunnel, but in the lowest tunnel they are

nearly horizontal. On the surface, near the mine,
the dolomitized limestone forms a nearly white irregu-
lar lens, parallel to the bedding of the Yellowpine
limestone. Not only the breccia is completely altered
to dolomite but the slightly fractured limestone on
both sides for distances of 2 to 10 feet. (See analyses
7a, 7b, p. 61.) The ore minerals are found only in
the dolomitized breccia.

The Silver Gem claim contains five tunnels and
numerous trenches and shallow pits, whose aggregate
length is about 1,400 feet. Three of these tunnels,
aggregating 900 feet, explore a thin breccia zone, spo-
radically impregnated with galena, which lies closely
parallel to the bedding of the inclosing limestones of the
Bird Spring formation, here extensively altered to
dolomite. These workings have yielded most of the
several hundred tons of ore shipped from the claim.

In this area the limestones of the Bird Spring forma-
tion trend northwest and dip 12° SW. Except the
Sultan fault, 1,000 feet to the west, the conspicuous
faults near by trend northwest, dip northeast and are
doubtless postmineral. There is no dolomitization of
the limestone adjacent to them. Near these workings,
however, there are some inconspicuous fractures, with-
out appreciable displacement, along which ‘there is
considerable dolomitization.. These fractures trend
northeast and are nearly vertical, and although no
extensive ore bodies have been found in them, there
are breccia zones along bedding planes near by that
contain lenses of galena. (See pl. 18 and analyses 10a
and 10b, p. 61.) _

Vanadinite and cuprodescloizite are common in the
principal workings as well as in several pits near by.
According to J. Doran, one of the owners, one lot of
14 tons of material was shipped in 1920 from these
workings to the American Vanadium Co.

Two carloads (64 tons) of lead ore have been shipped
from a 90-foot shaft on the Mountain Queen claim,
2,000 feet west of the Silver Gem tunnels. The mate-
rial came from a breccia zone 2 feet wide.that trends
northwest and dips northeast.
ore has also been shipped from shallow workings on the

Eureksa claim, 2,000 feet northeast of the Silver Gem. -

A small quantity of
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Production of Silver Gem, Eureka, and Christmas miﬁes, 1911~
1922

’r T 1 ilver r i
Yoar | OS] (ance) | (ouncss) | (Poma®) | (poumds) | (posnds)
1911_____ 29 |.___... 632 38,219 |________
1912 ___ 64 [______ 1, 587 48,090 (o______._
1913__.__ 334 | 0.10 154 38, 430 | 231, 782
1914_____ 27 |e |- 7, 739 11, 319
1915___ __ 72 98 430 -| 17,876 | 30, 900
1916_____ 856 |-______ 7, 900 238, 780 | 143, 140
1917_____ 104 |-___.___ 1, 304 41, 949 32, 745
1918_____ 44 | ______ 226 [o__.____ 24,732 |________
1920_____ P2 U 322 [..____ 18,702 |...__.__.
1921_____ 66 74 967 22| 50,809 |-—o----_
1922_____ 10 |ooooao- 113 |- , 179 (oo

NEW YEAR MINE

The New Year mine (No. 68, pl. 30) lies near the
crest of a high ridge at the southern edge of the dis-
trict, 8 miles nearly due south of Goodsprings. On
account of the location the output of the mine was
carried by pack train down the trail a mile to a plat-
form on the Devil Canyon road. The mine was
located early by A. G. Campbell, but little work was
done until 1912, when it was leased by J. Doran, who
mined 17 carloads of ore. There were four successive
lessees, but the greatest production came out during
1915 and 1916, when Wadey & Fredrickson mined
about 50 carloads. No work has been done since 1918.
It is estimated that the total output was 72 carloads, or
about 2,400 tons, all of which was zinc ore except about
150 tons, of which about 90 tons was lead ore and the
remainder mixed lead-zinc ore. According to Fred-
rickson’s records of 23 carloads, the zinc ore contained
from 34 to 42 per cent of zinc, 3 to 8 per cent of lead,
3 to 6 ounces of silver to the ton, and a trace of gold.
These records show that the gross value of 21 cars
(736 tons) shipped between November, 1915, and April,
1916, was $48,078, and the net value after paying rail-
road transportation and treatment charges was
$39,104.

Some of the workings of the mine lie in the Yellow-
pine limestone, but the largest bodies of ore were found

in the underlying Bullion dolomite, of the Monte Cristo

formation. The limestones are completely dolomi- -
tized near the larger bodies, but one exploration, the
westernmost on the claim, which yielded 90 tons of
lead ore, was largely in unaltered limestone. So far
as the writer was able to observe there is only one
other locality in the district (Milford mine, see p. .
164) where an ore body lay wholly in undolomitized
limestone. Structurally the New Year mine explores
a brecciated area near the crest of a minor anticline
that plunges steeply northwest. This anticline lies
distinetly northeast of the overturned anticline that
ends against the Tam o’ Shanter fault.
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_The workings include two shafts, a short tunnel,
and several irregular stopes in an area scarcely 300
feet in diameter. The shafts are now inaccessible, but
according to Mr. Fredrickson, who sunk them, they
explored zones of brecciated dolomite that contained
some ore. The principal breccia zone trends north-
.west, and 50 feet below the surface it connected with
a horizontal body of zinc ore that lay parallel to the
bedding. The stope from which the ore was removed

was 40 by 70 feet by 3 or 4 feet high. The principal

ore mineral was hydrozircite, in which grains and
crystals of galena were distributed. Some smithsonite
and calamine were found, but oxidized lead minerals
were uncommon. Only in the westernmost tupnel did
it pay to separate the lead from the zinc minerals.

B0
<
o True
° north
o

Limonite

Drift along selvage 615"

CROSSCUT

FIGURE 52.—Sketch map of Tam ¢’ Shanter mine

" TAM O’ SHANTER MINE

The Tam o’ Shanter mine (No. 69, pl. 30) lies a short
distance south of the southern border of the Good-
springs quadrangle, in the SW. 1 sec: 4, T. 26 S., R.
58 E. It was examined in connection with other
near-by mines in the quadrangle, however, because
it is the southernmost of the group and resembles
other mines in the quadrangle.

The Tam o’ Shanter claim was located in 1892 by
Robert Puelz, Harry Spiller, and others, and the re-
maining claims—Calico and Fairview—in 1893 and
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1906. Several years later, after a little work had been
done, the property was sold to Jonas Taylor for $7,500
and in 1915 to J. R. Newberry, who now holds it.
The principal working is a tunnel, about 700 feet long,
which connects with a raise to the surface and a winze
inclined 50° to a depth of 185 feet. (See fig. 52.) All
the shipments have been made from stopes above the
tunnel.

Production of Tam o’ Shanter mine, 1908-1928

Year Crude ore| Silver Copper Lead Zine
(tons) (ounces) | (pounds) (pounds) (pounds)
1908 _______ 7 83 |- 8,-165 426
1916 _______ 167 | 1,836 459 | 66,304 | 40, 808
1917________-__| 429 5,264 |.______ 176, 954 | 72, 083
1918 ____ 5 62 |- ____ 4,720 |-o______
1926 _____ 50 160 | _.____ 12,015 | 17, 200
1928 . __. 15 43 146 20,603 |--.-_-__.

The workings explore a bedded breccia zone near
the base of the Bird Spring formation, a short distance
west of the Tam o’ Shanter thrust. The thrust trends
N. 40° E., but the bedding and the mineralized
breccia zone trend N. 10° E. and dip 50° to 60° W.
Undoubtedly the breccia zone was formed at the same
period as the thrust. The structural relations as well
as the mineralogy of the deposit bear a resemblance to
those at the Kirby mine.

To judge from the materials on the dump and left
as pillars in the stopes, the ore was hard granular
cerusite intimately associated with ferruginous chert.
As at the Kirby mine, some of the ferruginous chert
contains patches of straw-colored plumbojarosite.
The stoped area above the tunnel level is irregular in
shape, and the size is about 100 by 75 feet. The width
of the stope ranges from 1 to 3 feet, and the average
is about 1% feet. It is especially noteworthy that the
ferruginous chert lenses in the ore zone are thicker and
more extensive in the upper 75 feet than below. In
the workings below the tunnel the chert is only sporad-
ically exposed The commonest lead mineral in the
winze is earthy plumbojarosite, which' forms lenses
from 5 to 15 inches thick.

Zinc minerals are uncommon underground although
several cars of zinc ore have been shipped. Fragments
of banded smithsonite, such as generally forms along
watercourses, were fouird on the dump. Aurichalcite
and a green variety of calamine were noted on fractures
near the bottom of the winzeé. Pyromorphite is com-
mon on fractures. in ferruginous chert on the dump.

M_ILFORD MINE

The Milford and Addison are the principal claims of
the Goodsprings Mining Co. The workings on the
Milford claim (No. 70, pl. 30) lie on the north slope and
those of the Addison claim on the south slope of & prom-
inent ridge 9 miles in a direct line and 17 miles by
road southwest of Goodsprings. The Milford claim
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had been located under several names as early as 1891,
but the present name was given in 1904, when it was
located by Jesse Jones. About 1906, when the old
shaft was 90 feet deep, it was sold for $5,000. In 1910
it was bought for $12,000 by Jesse Knight and asso-
ciates who formed the Goodsprings Mining Co. Most
“of the work since 1917 has been done by C. L. and J. A.
Hyde. The Addison claim was located in’ 1899 by
Addison Bybee, and after several transfers it was sold
to Knight and his associates for $10,000.

The summary of the production of the Milford and
Addison mines, as compiled from the records of the
United States Gcologlcal vaey, is given below. If
840 tons of lead and zine ores is assigned to the Addison
mine (see p. 166) the indicated total for the Milford
mine is 3,369 tons. Of 32 cars (1,243 tons) shipped by
this mine since 1918 for which the record is accessible,
only 10 cars (381 tons) was lead ore, containing 37 to

70 per cent of lead and 2 to 5 ounces of silver to the-

ton. The remainder, 710 tons, was mixed lead and
zine ore, containing 13 to 27 per cent of lead and 22 to
34 per cent of zinc, and 152 tons was zine ore, contain-
ing 36 to 47 per cent of zinc.

Production of Milford and Addison mines, 1909~1928

Yoar Crude Gold Silver Copper Lead Zinc
oro (tons) [ (ounces) | (ounces) | (pounds) | (pounds) (pounds)
1909.... 105 o e |oc e 67, 204
1910_.__| 382 1. 87 449 |26, 104 | 248, 905 89, 249
1911____ 267 |acacaaso 52 oo -. 44, 651 | 168, 871
1912____ 204 | eeme e mm | 154, 707
1913.___ 144 | e |ee oo |emcaae 106, 033
1914__ . _ 127 . 04 46 26 12, 217 55, 516
1915__ 260 |-coaaoo 102 ... 11,775 155 024
1916 __ 520 | e 72, 240 235 872
1917__ .. 175 |- _. 263 |- 37, 754 82 297
1018_ ... 525 |oooo_-. 860 [-.---_- 209, 547 187 362
1919_ ... 412 | _____ 200 |- 188, 020 171 835
1920_ ... 650 |eccmemafemmmemn e 228, 800 276, 250
1922____ {1 PR I E 9, 888 17, 731
1923. ... 295 1. 00 581 385 | 242,688 | 41, 622
1924 .. 120 Lo |eooooo 21, 840 76 800
1925. ... 132 ... 46 | __._. 25, 198 64 218
1926 ... [ 33 2 P 12 ... 6, 194 19 741
1927 _ ... 85 oo 103 |oceo-- 36, 649 15 236
1928_._._ 50 |oeoonoo 42 | __._ 19, 767 15, 5&§0

The principal exploration on the Milford claim is
an inclined 'shaft 380 feet deep on the slope, which
has an inclination of 35° for 280 feet and of 29° for. the
lower 100 feet. There are four levels. (See fig. 53.)
A wire-rope tramway delivers ore from the bins at the
shaft to ore bins 500 feet below. There are several
tunnels on the Addison claim, but only the longest,
which was the source of the ore, is shown in Figure 54.

The structural conditions are rather simple on the
west end of the Milford ridge, but they become pro-
gressively more complex eastward. Near the Mil-
ford mine beds are exposed that range from the base
of the Monte Cristo limestone to a horizon several
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hundred feet above the base of the Bird Spring forma-
tion. They trend N. 50° to 65° W. and dip 25° to
35° SW. The shaly Arrowhead limestone crops out
above the Addison mine workings as well as near the
Ingomar mine, 800 feet higher, but was not noted
southwest of the Milford mine. The ore bodies of
the Milford mine closely follow the contact of the
Bullion dolomite and underlying Anchor limestone.
The line of contact of the dolomite and limestone may
be readily examined westward for 1,000 feet until it
passes under the wash. Although broadly the con-
tact is parallel to the bedding, it locally departs 5 to
10 feet from a simple surface. Close examination
of this contact shows that within 1,000 feet west of
the Milford shaft it is broken by nine faults. Thege
are separable into two groups according to their dip.
The first group of six faults trend from north to N. 40°
W. and dip steéply west, and along' these the west
or hanging walls have dropped 8 to 40 feet. These
faults are marked by zones of breccia 2 to 10 feet
wide, in which ‘angular fragments of cream-colored
dolomite are cemented by white dolomite. Most
of these zones have been explored by pits and short
tunnels for the galena which they contain. The
second group of three faults trends N. 40° to 50° W,
dips 45° to 60° NE., and contains no galena. Along
these faults the northeast or hanging wall has dropped
4 to 75 feet. Wholly apart from the record of under-
ground explorations, one would conclude that the
westward-dipping group are premineral and the north-
eastward-dipping group postmineral.

Five rather distinct ore bodies have been found in
the Milford mine. The two upper and most north-
easterly bodies are not sufficiently accessible to per-
mit their structural relations to be ascertained. The
middle body is a vertical lens 3 to 6 feet wide and has
been stoped as much as 25 feet above the 100-foot
level. It follows a breccia zone that cuts across the
bedding but does not extend west of a galena-bearing
fracture (A4, fig. 53) that appears in the shaft. A
similar body was mined east of a winze below the 300-
foot level—the Kirk stope. This stope is 1 to 2 feet
wide and 10 to 20 feet high and yielded the 295 tons
of lead ore shipped in 1923. The galena occurred in
a breccia zone between walls of unaltered Anchor
limestone and thus is one of the two bodies in' the
district not surrounded by ‘dolomite. The lowest
body in the mine is that stoped in badly broken
ground above the 200-foot level and 240-foot sublevel
(the Bullion stope). Above the 200-foot level the
body lay -almost parallel to the bedding, but below
that level it pitched north across the bedding. Ore
ceased westward against & fault (B, fig. 53) that bears
galena on the 200 and 300 foot levels and is clearly
premineral. West of fault B on the 200-foot level,
a bedding-plane fracture contains a little galena.
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The westernmost work on the 200, 300, and 400 foot
levels is in & breccia zone (C) that trends northwest
and dips steeply northeast. Locally this breccia is
replaced by hydrozincite and smithsonite, but there is

no evidence that the zinc was derived from sphalerite .

originally deposited in the breccia. In several places
good striae and grooves on the walls of this zone pitch

50 [o]
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beds trend N. 60° to 70° W. and dip 45° to 50° SW.
The Arrowhead limestone crops out above the main
tunnel, and it is broken by several small faults that
trend northwest and dip southwest. Along these
faults the hanging-wall beds have dropped 5 to 25 feet.
They may be premineral faults, but none contain ore
and none are conspicuous underground. (See fig. 54.)-

i "
Dip and strike

Fault

50 * IQO

150 Ft.

Figure 53.—Map of Milford mine. A, Galena-beuring fracture; B, premineral [ault; C, breccia zone. (See text.)

65° NW. The fault zone is undoubtedly postmineral,
and the northeast block has moved northwest and
downward. v :

In addition to the common lead minerals and oxi-

dized zinc minerals of the district, sphalerite was found
on the 200-foot level east of fault B. Wulfenite is
abundant here and there.
_ In the Milford mine it is hard to avoid the conclusion
that the ore bodies are located where northeastward-
trending breccia zones, locally parallel to the bedding,
meet several premineral faults that trend slightly east
of north and dip west.

ADDISON MINE

The workings of the Addison mine (No. 73, pl. 30)
explore a zone of dolomitized limestone 150 feet thick
which underlies the shaly Arrowhead limestone. The

.and 4 cars (140 tons) of lead ore.

“According to local report the workings have yielded
15 or 20 cars (about 700 tons) of good-grade zinc ore
Most of the ore has
come from two stopes at the northeastern part of the
lower tunnel. These follow walls that trend northwest
and dip northeast and therefore cut across the bedding.

| There are several minor postmineral faults that trend

northeast. ‘

INGOMAR AND MILFORD NO. 2 MINES

The Ingomar and Milford No. 2 claims cover areas
high on the crest of the ridge east of the Milford mine.
Most of the workings are on or near the crest, 800 to
1,000 feet above the near-by valleys. They are acces-
sible only by rugged trails, ard on both sides of the
ridge aerial tramways have been constructed from the
principal tunnels to ore bins in the valleys. The dis-
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tance from the ore bins of each mine to Goodsprings is
about 18 miles. The Ingomar claim (No. 72, pl. 30)
was first located about 1884 by Jonas Taylor and was
relocated several times before 1904, when D. W. John-
son undertook to mine ore. Johnson and Fayle did
all the work between 1905 and 1915, when they sold it
to S. S. Arentz and W. A. Perkins at a price reported
to be $8,500. These owners worked the property until
February, 1919, and it was idle until May, 1923, when
L. M. Benson leased it. The Milford No. 2 claim
(No. 71, pl. 30) was located in 1904 by Jesse Jones, but
most of the present work was done after it was bought
by Arentz and Perkins in 1917. Recently it has been
worked under lease by G. L. McIntyre.

The combined production of the Ingomar and Mil-
ford No. 2 mines is shown in the following table, which
has been compiled from the records of the United States
Geological Survey. As there is no record of produc-
tion from the Milford No. 2 mine prior to 1918, and
there was none from the Ingomar between February,
1919, and May, 1923, the total production of the Mil-
ford No. 2 is estimated at about 450 tons, probably
largely lead ore, whereas that of the Ingomar mine is
about 4,030 tons, largely zinc and mixed lead and zine
ore. The records of 12 cars shipped in 1918 show the
zine ore to contain 42 to 46 per cent of zine and the
mixed ore 23 to 30 per cent of zinc and 17 to 25 per cent
of lead. One car of lead ore contained 72 per cent of
lead and 3.3 ounces of silver to the ton.

Production of Ingomar and Milford No. 2 mines, 1919-1926

Your Crudeore| GCold Silver Copper _Lend Zinc
(tons) (ounce) | (ounces) | (pounds) | (pounds) (pounds)
1909 o, _ 49 ... 132 208 23, 562 23, 000
1910__._ 41 | .. 65 |_____.. 21, 208 17, 600
1011.... P [ PR IR I 7,674 15, 074
1912___. 37 0.05 | 5,630 |___...__ 12, 344 17, 527
1913____ 22 | 15, 446
1914____ 210 SN SURURPIVUNEY SRR A 26, 410
1915.... LV PRSI, PRI (RN U 34, 252
1916.... 731 feecann 621 y..____. 257, 504 444, 933
1917 .1 1,970 {...__.. 1,362 |.o._.. 383, 700 (1, 095, 490
1918_...1 1,208 | _.__.. 270 | __._. 187, 156 724, 924
1919____ 94 (_______ 17 Lol 13, 840 58, 650
1920._.. 173 oo 288 249 | 200,021 |.___.._._
1921 ... 50 |o-oo--- 91 |- 57,718 | ...
1922__.. -3, 2 P A P 15,012 9, 707
1923__.. 200 14 74 81 49, 374 98, 266
1924____ 300 oo .. 1,830 [o.oo... 178, 000 119, 000
1925___. 338 |- 497 |- 363, 475 37, 258
1926___. 118 | .. 64 |_.___. 85, 621 31, 069

¢ According to local ropért, four cars of ore, about 100 tons, were shipped in 1905.

The principal workings on the Ingomar claim are
three tunnels whose total length is about 1,000 feet.
(Sec fig. 55.) The principal tunnel on the Milford

3387—31—12
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No. 2 claim is 450 feet long, but recently ore has been
mined at another tunnel farther-east on the ridge.
The ridge in which these mines are located presents
a complicated structural problem, and close study
would be necessary to unravel it thoroughly. The
entire ridge forms part of a block that has been thrust
forward and upward about 1,000 feet along the Mil-
ford thrust. Two minor thrust faults overlie this
thrust and probably merge with it in depth. The mine
workings on this ridge, however, all lie west of a
northwestward-trending normal fault that dips steeply
west and passes slightly east of the Milford No. 2
workings. Along this fault the upper or western
block, that which contains the ore deposits, has dropped

N> RA/SE 157
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MoUTH
F1oUrRE 54.—Sketch map of Addison main tunnel

about 300 feet. Another fault of the same type lies
west of the Addison mine and therefore about 2,000
feet west of the Milford No. 2 workings. The Ingomar
and Milford No. 2 mine workings again lie in a block
of rocks that is limited downward by a flat fault that’
trends northwest and dips 20° NE. This fault is well
shown at the mouth of the Ingomar lower tunnel as
well as both east and west of it for 1,000 feet. The
upper block has moved northeastward 100 feet or
more  with reference to the base. Galena was found
in the breccia 200 feet west of the Ingomar tunnel,
but it can not be stated with assurance that the fault
was premineral. Finally, the Ingomar mine workings =
explore three northeastward-trending faults that dip
northwest. Considerable ore has been stoped from
two of these, so that they are undoubtedly premineral,
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FIGURE 55,—Map of Ingomar mine

but they terminate downward against the flat fault
described above. The beds exposed on this ridge
range from the Anchor limestone to the thin limestones
near the base of the Bird Spring formation. They
strike northwest and dip 35° to 40° SW. All the ore
in these claims is derived from dolomitized parts of
the Yellowpine limestone. . o

Most of the ore shipped from the Ingomar mine
prior to 1919 came from two stopes that follow the
northeast faults. One of these stopes is above the -
lower tunnel on fault B, is roughly 40 by 50 feet and
2 to 6 feet wide, and extends to the surface. The other
lies largely along fault A and extends irregularly from
the intermediate tunnel to and above the upper tunnel.
The only ore now visible in these stopes consists of
hydrozincite and smithsonite, and though they may
have yielded some lead, zinc minerals were greatly in
excess. As some of the zinc carbonate was very pure
it seems probable that these bodies may have béen
enriched by downward circulation of zinc from bodies
now eroded. The principal sources of high-grade lead
ore in this mine have been two stopes that do not lie
along the faults shown but along bedding planes where
they are cut by minor fractures. One lies west of fault
B in the lower tunnel, and the other west of fault A in
the upper tunnel. Although galena was present, most
of the lead occurred as carbonate and sulphate.

"The principal working on the Milford No. 2 claim
is a tunnel 450 feet long from which ore has been mined
in three small stopes. The largest stope is near the
inner-end and is roughly 20 by 40 feet by 3 to 5 feet
wide. It follows a wall that trends N. 30° E. and dips
southeast. Another stope 25 by 25 feet follows a wall
that trends north and dips west. As the local beds
trend N. 70° W. and dip 35° S., the structural rela-
tions of the shoots closely resemble those found in the
Ingomar mine. _

During 1924 and 1925 G. L. McIntyre mined mixed
lead and zinc ore from a tunnel 700 feet southeast of
the tunnel described above.
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