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OUTLINE OF REPORT

Since 1907 the Goodsprings district has attained
eminence as the principal source of zinc ores in Nevada.
Production reached a peak during the World War,
when the prices offered for zinc and lead ore were higher
than for many years. Since then production has
fluctuated widely in response to the prices of the
metals. This is due to the fact that, viewed broadly
in a comparison of American mining districts, costs of
mine operation are high here, because the district lies
in an arid region and there are few local sources of
supplies. Also, the sulphide minerals originally formed
have been almost completely altered to carbonate and
silicate minerals, and these are not so readily amenable
to concentration as the sulphides. Compared with
many other western mining districts, this district has
not benefited from a penetrating insight into the
geologic problems surrounding the ore deposits. As
mining is now regarded, the mines of the district have
attained only moderate depths. Considering the
known extent of the productive territory, it is reason-
able to assume that with greater understanding of the
geologic relations of the deposits and with improved
mining and milling technique considerable ore will be
found and the district will be a source of production
for many years.

Stratigraphy —The stratified rocks exposed in the
Goodsprings quadrangle attain a thickness of about
13,000 feet and range in age from Upper Cambrian to
Recent. Near Sheep Mountain, 10 miles east of the

quadrangle border, about 500 feet of underlying beds, °

largely Middle Cambrian in age, are exposed, and
these rest on pre-Cambrian gneissic granite. The
systems of the Paleozoic are all represented in the 8,500
feet of beds exposed, and the beds of Devonian,
Mississippian, Pennsylvanian, and Permian age are
highly fossiliferous. Of the Paleozoic units, limestone
and dolomite make up more than 7,000 feet. Beds of
only the lower part of the Mesozoic system are present,
and they attain more than 4,000 feet in thickness.
Most of this thickness is made up of sandstone, shale,
and conglomerate, but there is 600 feet of limestone
near the base. No beds of Cretaceous age are known
in this region. The Tertiary and Pleistocene strati-
fied rocks include volcanic tuffs and flows and deposits
of gravel. '

Intrusive rocks.—Only three varieties of intrusive
rocks are known in this district. The most abundant
rock is granite porphyry, which forms a large sill 300
feet thick in the center of the district, two other large
bodies, and numerous dikes. The three larger bodies

lie near two of the principal thrust faults of this region,
and the smaller dikes occur sporadically in a belt
overlying one of these thrust faults. It is believed
that the thrust faults have determined the distribution
of the bodies of granite porphyry. In three mines
small dikes of basic rocks have been encountered;
these are here considered lamprophyres.

Extrusive rocks.—After a long lapse of time, during
which the stratified rocks were folded and faulted,
then intruded by granite porphyry and lamprophyric
dikes, then subjected to considerable erosion, volcanic
activity was renewed. This epoch of volcanism prob-
ably coincides with that of middle Tertiary age widely
represented elsewhere in Nevada. At this time there
were erupted from three or four centers tuffs and
flows that are largely intermediate in composition,
although they include rhyolite, latite, and basic andes-
ite. In two localities dikes of basalt have been found.

Structural history.—The region reveals an amazing
record of folding, thrust faulting, and normal faulting.
At some time between the late Jurassic and the
middle Tertiary, here concluded to have been early
Tertiary, the bedded rocks were folded to different
degrees, depending upon whether the beds were
massive and thick or heterogeneous and thin. For
the most part the massive limestones of the Devonian
and Mississippian formations developed rather open
folds, but the Pennsylvanian beds formed close folds.
Toward the end of the epoch of folding, thrust faults
began to form. This quadrangle displays four ex-
tensive thrust faults, which are shown by a further
study of the surrounding region to be only part of a
group of at least seven that may be traced many
miles along the Spring Mountains. Near the end of
the epoch of thrust faulting the sills and dikes of granite
porphyry were intruded. Some of these intrusions
are affected by minor thrust faults. After the thrust
faulting a few normal faults of general northward
strike and westward dip were developed. ~ Some of
these contain ore deposits and thus record the epoch
of ore deposition in the structural history. These
were followed by other normal faults that largely
trend north and dip east and are known to be younger
thanp ‘the ore deposits but older than the middle
Tertiary lavas. Sincé middle Tertiacy time the region
has undergone local tilting of the lavas and minor
normal faulting. Much of the present relief appears
to have been produced by the erosion that followed
the latest faulting and tilting. The region is still in
process of vigorous dissection by erosion.

v
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Rock alterations.—The rocks of the region display a
wide variety of alterations, but one kind—the dolémit-
ization of limestone—is well shown in many localities
and persists over a large area. Areal study shows
that most of the 3,000 feet of beds below the base of
the Devonian were laid down as magnesian limestone
or dolomite, whereas most of the overlying 5,500 feet
of Paleozoic beds were laid down as very pure lime-
stone. At a much later period, probably after most
of the thrust faults were formed and before ore deposi-
tion took place, large masses and thick layers of the
limestone were altered to nearly pure dolomite. Dolo-
mitized limestone is most widespread in beds of De-
vonian and lower Mississippian age but is sporadic in
the pre-Devonian and Pennsylvanian rocks. Most of
the ore deposits are found in breccia zones of dolo-
mitized limestone, and the conclusion is reached that
the alteration preceded ore deposition but that the
solutions to which both processes were due rose from
considerable depth along the same general channels.
In one locality dolomitized limestone is altered to ser-
pentine, and at another a block of dolomite nearly sur-
rounded by granite porphyry is altered to garnet and
quartz. The middle Tertiary intrusive rocks have
produced minor dolomitization and hydration of earlier
dolomite. .

General features of the ore deposits.—The ore deposits
of the district include those which have been exploited
for gold, for copper with accessory cobalt, nickel, and
silver, and for zinc and lead with accessory vanadium.
The quantity and value of the material shipped as a
source of zinc and lead far exceed those of the other
metals. The deposits are not uniformly distributed
throughout the district; most of them fall readily into
several groups which are rather sporadically distributed.
The deposits of several groups are clustered around
bodies of granite porphyry that have'been intruded
on thrust faults, but several other groups lie from 5 to
10 miles from the nearest known outcrops of such
rocks. All the ore deposits occur in rocks older than
the Permian, but an astonishingly large part of the
total number lie in a zone scarcely 500 feet thick,
below the base of the Pennsylvanian. In a broad way
the gold deposits occur in or very near the intrusive

rocks, the copper deposits in Devonian or older beds,

and the zinc and lead deposits in beds of lower Missis-
sippian age. The sulphide minerals of all but a few
of the deposits are completely altered to carbonates,
sulphates, and silicates to the depths reached by min-
ing, so that some problems of the deposition of the
sulphides remain obscure.

Gold deposits.—Scarcely half a dozen deposits in the
the district have been exploited for gold. The pro-
duction from one mine, the Keystone, has probably
exceeded $600,000, but that from the other mines has
been small. The Keystone ores yielded considerable
free gold by amalgamation, but the state of the gold

OUTLINE OF REPORT

in the unweathered product from this and the other
mines of the district is not at all clear. Gold was
rarely seen in the product of the Red Cloud mine, but
it was readily dissolved in cyanide solutions: As it is
reported that tellurium was present in the ore, the gold
may have been present as a telluride in the unweath-
ered material. Gold-bearing quartz veins, as they- are
known in many districts, have not been found here.
The gold and minor associated sulphide minerals were

‘either deposited in altered granite porphyry or

replaced the adjacent carbonate rocks along minor
fractures.

Copper deposits.—In several respects the copper
deposits may be considered intermediate between the
gold deposits and the zinc and lead deposits. Notable
quantities of copper minerals are present in most of
the gold deposits, and these minerals have been
encountered sporadically in the zinc and lead deposits.
Several of the larger bodies of copper minerals have
been found near intrusive masses of granite porphyry
(Columbia and Boss mines), but none have been found
in such rocks. Several, however, are remote from
known intrusive masses (Ninety-nine mine). The
copper in these deposits is present largely in the form
of malachite and azurite, but some chrysocolla is
geunerally present, and two oxides are recorded, tenorite
and cuprite. The evidence is quite clear that the
original mineral was largely if not wholly chalcopyrite
and that it was deposited with only small quantities

 of gangue minerals in breccia zones in dolomitized

limestone. Some of the oxidized cobalt minerals are
persistently associated with the copper minerals, and
shipments of cobalt ore have been made from four
mines. ’

Zinc and lead deposits.—Zinc and lead minerals are

" persistently associated in most of the ore deposits of

the district, but a few zinc deposits are entirely free of
lead minerals, and a few lead deposits contain no zinc
minerals. Except for the Yellow Pine and Prairie
Flower ore bodies, which underlie the Yellow Pine
granite porphyry sill, most of the zinc and lead
deposits are remote from outcropping bodies of
intrusive rock, and if it were not for the regional
relations of all the metalliferous deposits and the
association of the widespread dolomitization of lime-
stone and certain structural features, it would be diffi-
cult to prove a genetic relation of the intrusive rocks
to the zinc and lead deposits.

Unweathered zinc sulphide has been observed in
only two mines in the district, but lead sulphide is
rather widespread. The commonest zinc mineral is
earthy hydrozincite (hydrous carbonate of zinc), most
of which has been formed through the replacement of
dolomite by zinc sulphate. Smithsonite, the anhy-
drous zinc carbonate, is found in some of the mines,
where it has been deposited in open fractures and
watercourses. Locally, it has been altered to hydro-
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zincite. A little calamine (hydrous silicate of zinc) is
found in most of the mines. Experimental work has
shown that anhydrous zinc carbonate tends to form
where there is abundant excess of carbonic acid, and
hydrous zinc carbonate where there is a deficiency of
carbonic acid. The distribution of these two minerals
in this district conforms with the conclusions of ex-
perimental work.

Although galena is widespread, probably most of
the lead in the deposits is present as cerusite (lead
carbonate); some anglesite (sulphate of lead) is found
in most of the mines. The simple vanadate of lead,
vanadinite, was recognized at only one mine, but small
quantities of the mixed vanadates of lead, zinc, and
copper are widespread.

Structural relations of the ore deposits.—The broad
form of most of the deposits of the district, especially
of the larger deposits, is distinctly tabular, although
here and there some of the smaller bodies have simple
or complex rounded forms. Most of these tabular
forms lie nearly if not quite parailel to the bedding; a
smaller number cut the bedding obliquely. The con-
clusion may be broadly stated that the deposits lie
along fractures that have broken the beds, especially
the massive beds of limestone. In several places the
fractures that lie nearly parallel to the bedding have
been interpreted as thrust faults which are slightly
older than the fractures that cross the bedding. It
seems here that the solutions bearing the sulphides of
the metals have risen along the crosscutting fractures
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and spread out in the breccia zones along the earlier
thrust faults. Probably this explanation applies to
other deposits where the evidence is more obscure.
The largest ore deposits have been found in the frac-
tures and breccia zones that trend nearly parallel to
the bedding. Two large ore deposits, those of the
Potosi and Bonanza mines, lie in conical or domal
breccia zones, where they are cut by later, nearly
vertical fractures.

Many ore bodies in the district, especially in the
southern part, are broken by minor postmineral
faults, but the extent of these is not great.

Genesis of the ores.—In this district a thick section of
limestone beds has been folded, broken by several major
and numerous minor thrust faults, and then intruded
by dikes and sills of a granular silicic igneous rock.
After more minor thrust faulting and minor normal
faulting, metalliferous sulphides and gold were deposi-
ted in breccia zones and fractures. In a broad way the
gold deposits lie in fractures in or near the intrusive
rock, the copper deposits are more remote [rom the
intrusive bodies, and the zinc and lead deposits are
most remote. Apart from a crude zonal distribution’
outward from the intrusive bodies, the presence of a
little copper in both the gold deposits and the zinc and-
lead deposits tends to link them in a common origin.
It is possible, though not certain, that a deeply buried
mass of igneous rock was the actual source of the
metals, and it seems probable that such a body caused
the ascent and dispersal of the metals.
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INTRODUCTION
FIELD WORK AND ACKNOWLEDGMENTS

The field work on which thls report is based was
begun October 15, 1921, and continued until May 13,
1922. Charles H. Behre served effectively as a field
assistant until April 1, 1922, Several of the mines
were revisited by the writer in November and Decem-
ber, 1924, and December, 1926. Assistance was freely
given by the Yellow Pine Mining Co. (J. F. Kent,
president), Sultan Mining Co. (Henry Robbins, owner),
Goodsprings Anchor Mining Co. (Seeley W. Mudd,
vice president), Boss Mining Co. (S. E. Yount),
Empire Zine Co., Goodsprings Mining Co. (Alonzo Z.
Hyde), J. R. Newberry (Tam o’ Shanter mine),
Nevada-Keystone Mining Co. (T. A. Johnson), S. E.
Root, J. W. McFattridge (Azurite mine), and S. S.
Arentz (Ingomar mine). Without exception the resi-
dents of Goodsprings as well as the watchmen at the
mines cordially gave all assistance necessary from
time to time in the areal work and the examination of
mines. Special mention should be made of John

- Fredrickson, John Egger, Harvey Hardy, A. J. Rob-
bins, R. Munzeberg, Fred Piehl, George Meacham,
C. W. Price, A. O. Jacobsen, A. Munzbrook, George
L. MclIntyre, L. M. Benson, O. F. Schwartz, A. Buys,
C. A. Beck, Joe Doran, Frank Miller, and F. Renaux.
Nonresident mine owners or operators have also coop-
erated in many ways, especially in offering the use of
mine maps and in supplying data of production.

The writer is'indebted to G. F. Loughlin and H. G.
Ferguson, of the United States Geological Survey, for
critical reading of the manuscript and helpful sug-
gestions,

The pubhcatlons listed below contain mformatlon
concerning. the Goodsprings quadrangle and adjacent
areas.

BIBLIOGRAPHY

1845. Frémont, J. C., Report of the exploring expedition to the
Rocky Mountains, pp. 264-265, Washington. Fré-
mont camped at Mountain Springs, May 1, 1844, and
describes the appearance of the country.

1865. Whitney, J. D., Geological Survey of California, vol. 1,
pp. 469-474. Quotes from the report of J. R. N. Owen,
who explored the country along the California border
in 1861.

HewerT

1871. Raymond, R. W., Mineral resources of the States and
Territories west of the Rocky Mountains, pp. 168-174.
Quotes the report by C. A. Luckhardt, who examined
the Comet (Potosi) mine about 1870.

Gilbert, G. K., in Wheeler, G. M., Preliminary report
concerning explorations and surveys in Nevada and
Arizona, pp. 52-53. Describes the Comet (Potosi)
mine, examined in 1871.

Gilbert, G. K., Report on the geology of portlons of
Nevada, Utah California, and Arizona: U. S. Geog.
and Geol. Surveys W. 100th Mer. Rept., vol. 3, pp.
21-42, 166. Presents a description of the Spring
Mountains and a structural cross section at Cotton-
wood Spring.

Burchard, H. C., Report of the Director of the Mmt
1882, pp. 163— 164 This and later reports refer briefly
to the Yellow Pine district.

Anonymous, Yellow Pine district, Nev.: Min. and Sei.
Press, vol. 66, p. 260. Describes recent work at the
Keystone, Boss, and Clementina mines. .

Anonymous, A promising district: Min. and Sci. Press,
vol. 67, p. 113. Describes conditions in the Yellow
Pine district. :

Anonymous, Eng. and Min. Jour., vol. 64, p. 677.
scribes recent work by A. G. Campbell.

Spurr, J. E., Origin and structure of the Basin Ranges:
Geol. Soc. America Bull., vol. 12, pp. 235-236. De-
scribes general structure of the Spring Mountains and
concludes that the range is synclinal.

Anonymous, Eng. and Min. Jour., vol. 74, pp. 446-447.
Presents list of 24 active mines.

Spurr, J. E., Descriptive geology of Nevada south of the
fortieth parallel and adjacent portions of California:
U. S. Geol. Survey Bull. 208, pp. 164-180. Presents
descriptions of areal geology and structural features in
the Spring Mountains, largely on the basis of work by
R. B. Rowe in 1900-1901.

Bain, H. F., A Nevada zinc deposit: U. S. Geol. Survey
Bull. 285, pp. 166-169. Describes the Potosi ore body
and concludes that, like those of the Mississippi Valley,
it is not related to igneous rocks.

.White, Douglas, The zinc mines of southern Nevada,
Am. Min. Cong. Twelfth Ann. Rept. Proc., pp. 401-411.
Describes briefly Monte Cristo, Bonanza, Mobile,
Green Monster, and other mines.

Gregory, N. B., The Yellow Pine district of Nevada:
Eng. and Min. Jour., vol. 90, pp. 1308-1309. De-
scribes briefly principal mines.

Hill, J. M., The Yellow Pine mining district, Clark
County, Nev.: U. S. Geol. Survey Bull. 540, pp. 223-
274. Describes areal geology, general structure, and
features of principal mines.

Knopf, Adolph, A gold- platmum-palladlum lode in
southern Nevada: U. S. Geol. Survey Bull. 620,
pp. 1-18. Describes the Boss mine and its minerals.

1

1872.

1875.

1882.

1893.

1893.

1897: De-

1901.

1902.

1903.

1906.

1909.

1910.

1914.

1915.



2 GEOLOGY AND ORE DEPOSITS OF GOODSPRINGS QUADRANGLE, NEVADA

1915. Kennedy, J. C., Occurrence of platinum at Boss mine,
Nevada: Min. World, vol. 42, pp. 939-940.
1915. Nevius, J. N., Reconnaissance of the Goodsprings dis-
trict, Nevada: Min. World, vol. 42, pp. 897-899.
1916. Palmer, L. A., The Yellow Pine district, Nevada: Eng.
'+ and Min. Jour., vol. 102, pp. 123-125. Describes the
principal mines and mills.
1918. Hale, F. A., jr., Ore deposits of the Yellow Pine mining
district, Clark County, Nev.: Am. Inst. Min. and Met.
Eng. Trans., vol. 59, pp. 93-111. Describes areal
geology and principal mines.
1920. Waring, G. A., Ground water in Pahrump, Mesquite, and
Ivanpah Valleys, Nev. and Calif.: U. S. Geol. Survey
. ‘Water-Supply Paper 450, pp. 51-86. A summary of
existing data concerning ground water in wells or
springs in these valleys.

1921. Longwell, C. R., Geology of the Mﬁddy Mountains,

Nevada: Am. Jour. Seci., 4th ser., vol. 50, pp. 39-62.

1926. Longwell, C. R., Structural studies in southern Nevada
and western Arizona: Geol. Soc. America Bull., vol. 37,
pp. 551-584.

1927. Glock, W. 8., Geology of the east-central part of the
Spring Mountain Range, Nevada: Am. Jour. Sci., 5th
ser., vol. 17, pp. 326-341.

1928. Longwell, C. R., Geology of the Muddy Mountains,
Nevada: U. S. Geol. Survey Bull. 798, pp. 1-149.

1929: Nolan, T. B., Notes on the stratigraphy and structure of
the northwest portion of Spring Mountain, Nevada:
Am. Jour. Sci., 5th ser., vol. 17, pp. 461-472.

GEOGRAPHY
LOCATION OF THE AREA

The Goodsprings quadrangle lies in the extreme
southern part of Nevada, in the angle of Clark County
that is bounded on the east by the Colorado River
and on the west by the State line. (See fig. 1 and
pl. 3.) The width of the quadrangle is 10.25 miles
and the length 21.9 miles, so that the area is 224.5
square miles. Of this area 12.4 square miles in the
southwest corner lies in the State of California.

The district is accessible from Jean, on the Los
Angeles & Salt Lake branch of the Union Pacific
Railroad, which lies in 8 miles southeast of Good-
springs, the principal settlement in the quadrangle.
This railroad was built in 1905, and previously the
district was accessible from Ivanpah, Calif., 34 miles
south of Jean, and the terminal of a branch line of the
Atchison, Topeka & Santa Fe Railway. The Arrow-
head automobile highway between Barstow, Calif.,
and Las Vegas, Nev., passes through Jean. At an
earlier period the district was reached from the Span-
ish trail between Los Angeles and Salt Lake City,
which crosses the Spring Mountains 2 miles north of
Potosi Mountain. The ore produced by the Yellow
Pine mine is shipped to Jean, and the heavy supplies
for that mine are brought into the district over a
narrow-gage railway built in 1910 by the Yellow Pine
Mining Co.

SURFACE FEATURES

. The Goodsprings quadrangle covers the southern
third of -theSpring Mountains—a range which is, in

several ways, one of the most unusual and interesting
in southern Nevada. Unlike the near-by ranges,
which trend generally north, this range forms a broad
arc convex to the northeast. It is clearly defined for
70 miles, extending from the Amargosa Desert on the
northwest to State Line Pass on the southeast. The
greatest width is about 24 miles, at the place where
it culminates in Charleston Peak, 11,910 feet above
sea level. Although there are several slightly higher
peaks in Nevada (such as Boundary Peak, Esmeralda
County, 13,145 feet, and Wheeler Peak, White Pine
County, 13,047 feet), it is interesting that one of the

‘highest peaks in the State lies adjacent to the lowest

valley, Las Vegas, scarcely 1,600 feet above sea level.
The rugged mountain mass of which Charleston Peak
is the highest point rises abruptly from the valley,
and the two extremes of surface features are presented
in striking contrast. The climate and therefore the
plant life reflect this contrast. There is a heavy snow-
fall on the peak, some of which survives the summer,
and there are large areas of a vigorous growth of pine
trees. By contrast, snow is very uncommon in Las
Vegas Valley and many semitropical plants thrive.

The southern part of the Spring Mountains presents
a similar contrast to the near-by valleys but in less
degree. This part of the range trends nearly north,
is very irregular in outline, and 4 to 6 miles wide.
The highest point in the Goodsprings quadrangle is
Potosi Mountain (Olcott Peak), 8,504 feet, in the
northern part; the lowest altitude is at Mesquite
Dry Lake, in the southwest corner, about 2,545 feet.
The surface features of these two parts of the region
stand in striking contrast. Viewed from the south-
west or south along gently rising ridges, Potosi Moun-
tain is not particularly impressive, but viewed from
northwest, east, or southeast (pls. 4, 4; 13, A), the
northeast face presents an impressive escarpment that
can be ascended only with difficulty. The summit and
northeast slopes are well covered with pifion and
cedar, 15 to 25 feet high, and there are sporadic groves
of spruce on the north side. This high area receives
a heavy snowfall, and drifts survive locally into the
early summmer. By contrast, the flat valleys have only
a sparse growth of desert shrubs, and their lowest
parts are utterly bare. Thus, the lowest part of Mes-
quite Dry Lake is devoid of vegetation and is covered
with a veneer of gypsum crystals and salt. The bor-
dering zone contains sparse groves of mesquite trees,
but the most abundant shrub is creosote bush (Covillea
tridentata). In Goodsprings Valley and the border
of Ivanpah Valley this is the commonest shrub up to
an altitude of about 4,250 feet, and mesquite trees are
unknown. There are few other shrubs in the valleys
except greasewood (Atriplex canescens) and several
varieties of yuceca.

The areas containing abundant creosote bush merge
with a higher zone in which a small shrub, coleogyne
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(Coleogyne ramosissima), is abundant, and another,
locally called Mormon tea (Ephedra wiridis), is com-
mon. The range in altitude of these areas is a thou-
sand feet or more, and they merge with a higher zone
in which common sage (Artemisia tridentata) pre-

3

springs Valley, largely above an altitude of 4,250 feet,
but is sparsely distributed elsewhere. . - .

The views included in this report should give the
impression that the rocks are uncommonly free from
soil or débris and that their relations are exceptionally
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FIGURE 1.—Index map showing location of Goodéprings quadrangle

dominates. This is the most abundant shrub in the
higher smooth slopes such as Table Mountain. The
“cedar” (Juniperus utahensis) appears at about 5,000
feet in the northern half of the quadrangle, at first
5 to 8 feet high, and then, at higher altitudes, more
abundant and larger. It is almost absent in the
southern half of the quadrangle. The picturesque
Joshua tree (Yucca arborescens) is abundant in Good-

well revealed for study. The continuity of many of
the stratigraphic boundaries and of some of the struc-
tural features may be traced with much more con-
fidence than is customary in more humid regions or
those of low relief.

Compared with most landscapes in more humid
regions or at higher altitudes, the hills of this area

have a forbidding, even though extremely interesting
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aspect during most seasons of ‘the year "However,
the traveler can scarcely imagine the abundance of
ﬁowers and gayety of color that appear over large
areas of the hills and washes durmg March and April
after a few showers.

Physiographically, the reglon is divisibie into two
parts—the hills, which are belng eroded, and the
Valleys, which are receiving the waste.. The processes

of erosion under the local climatic conditions offer the |

chance for much interesting observation and specula-
tion, but the purposes of this inquiry did not permit
much time for either: ‘The waste from the hills dis-

charges into three major basins, only one of which,

Cottonwood Valley, in'-the northeast corner of the
quadrangle, leads to through-flowing drainage to the
sea. This valley is trlbutary to Las Vegas Valley,
which is drained eastw‘ard to the Colorado River.
The drmnage of Goodsprings Valley and those farther
south is carried southeastward to one of the dry
lakes in Ivanpah Va,lle'yi" All the drainage on the west
side of the range is :tributary either to Pahrump
. Valley or to Mesquite Valley, both of which are parts
of a single closed basin!'

The rock waste of these dramages is uncommonly
coarse but shows a Wlde range'in size. The total area

‘underlain by silt is only a few square miles, and most |

of this lies in Mesqulte Valley. A small area lies
north of Goodsprings.:,, Most of the wash is underlain

by ill-assorted subangular gravel, made up largely of

limestone and dolomite. Most of the material ranges
from half an inch to 10 inches iI;l diameter, but here
and there boulders as much as 3 feet in diameter lie
4 to 6 miles from their:sources in the hills. 'As shown
by the contours, there is a broad fan of débris at the
mouth of every ravine in the hills, and it is trenched
here and there by radially disposed channels 5 to 10
feet deep, representing the. successive paths of the
latest floods whose waters passed through to the major
basins. In only one locality, secs. 23 and 26, T. 23 S.,
R. 57 E., is there evidence of a smooth rock surface or
pediment,! with only a thin or sparse cover of wash.
The hills assume many forms, depending upon the
local nature and succession of the rocks and their prox-
imity to major drainage channels and to structural
features. The region illustrates well the conclusion,
drawn from many dry regions, that the carbonate rocks,
such as hmestone and dolomite, resist dlsmtegratlon
better than other sediments, such as sandstone and
shales, or than igneous rocks.  Furthermore, thick,
massive layers of limestone resist better than thin
beds. The massive beds that make up the Monte
Cristo limestone form the crest of the long homo-
clinal ridge that extends from Potosi Wash north-
ward to Mountain Springs and beyond. The same
beds, warped into a westward-plunging syncline,

t Bryan, Kirk, Erosion and sedimentation in the Papago country, Ariz.: U. 8.

Qeol, Survey Bull. 730, pp. 52-65, 1923.
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sustain impressive cliffs in the region of the Mobite
and Smithsonite mines. Similarly the massive Kai-
bab limestone, which overlies sandstone and shale of
the Supal formation, forms the crest of Mule Spring
Mountain and the north end of the Bird Spring Range.
The highest mountain, Potosi Mountain, coincides
with the outcrop of the Anchor limestone member of
the Monte Cristolimestone, and the steep northeast face
includes the duplicated section caused by the Potosi
thrust. (See pl. 13, A.) The actual position of the
escarpment however, is determined by the younger
Ninty-nine fault. Here and there, as along the cliffs

| .northeastward from the Potost mine to Potosi Moun-
tain and the Ninety-nine mine, the Crystal Pass

limestone member of the Sultan limestone does not
show its common tendency to weather into thin laminae
but, like the overlying limestones of the Monte Cristo
formation, forms a single massive bed which weathers
to a steep scarp.

Many of the intricately dissected areas in the south-
ern part of the quadrangle coincide with areas of the
Bird Spring formation or the Goodsprings dolomite,
each of which is characteristically thin-bedded. (See
pl. 7, B.) The impressive cliffs that limit the range
at the north edge of the quadrangle appear not to be
related to a fault but to be due to the rapid disinte-
gration of the thick sandstone under a thin cover of
resistant dolomite. (Sez p. 44.)

The effect of faults on the surface features depends
upon the lithology and structure of the beds brought
into contact, the dip of the faults, and the size of the
fault breccia. Most of the flat thrusts have slight
surface expression unless resistant limestonc or dolomite
is brought to rest on sandstone. For most of its
length in this quadrangle the Keystone fault, which
dips 45° or less, coincides either with a valley (Potosi
Wash) or a.deep ravine (Keystone and Lavina
Washes). The steeper Potosi, Wilson, and Puelz
faults, which dip in large part 45° to 55°, are scarcely
reflected in local surface features. Erosion processes
have sought out most of the steep faults, however,
regardless of their age and the rocks brought into
contact. The Ninety-nine and related Cottonwood
faults, the Fredrickson fault, and the group of per-
sistent faults near Devil Canyon may be cited as
examples. Simple monoclines, whether exhibited in
the overlying or underlying blocks adjacent to faults,
form persistent prominent ridges, whereas highly
folded beds are eroded to lower areas of more irregular
pattern. It is scarcely. an exaggeration to say that all
the local ravines and small depressions throughout
the entire area follow minor faults and fractures,
generallv too small to justify record on the map.

This part of the Sprlng Mountains shows no traces of
flat uplands or high smooth slopes which might suw-
gest that they represent remnants of surfaces, once'
widespread, formed in an earlier stage of erosion,
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interrupted by local uplift. . At several places in the
quadrangle there are flat depressions less than a mile in
diameter in the higher central parts of the mountains
which are covered with wash but drain outward to the
valleys through narrow rock-walled canyons. On the
north, Mountain Springs lies at the north edge of a
flat wash-covered basin which drains westward to
Pahrump Valley through a narrow canyon, at one part
of the floor of which bedrock crops out. A similar
basin lies 2 miles south, but it drains eastward to
Cottonwood Valley, and bedrock does not outcrop in
the bed of the canyon. There is a smaller basin at the
head of Keystone Wash, but it contains only a sparse
cover of wash. The most southern of these basins lies
at the head of Devil Canyon east of Little Devil Peak.
The area of wash is about 1,500 feet in diameter, but
not far to the east the valley narrows and for a short
distance the road in the canyon lies on bedrock.

An examination of the contours in these basins and
. the narrow canyons through which they drain shows
that there is local steepening of the gradient in the
canyons, such as would be expected if there had been
rather recent uplift of the mountain mass or sub-
sidence of the valleys. In the opinion of the writer,
one of these has taken place, although it is not at all
clear whether the movement was localized along faults
near the present mountain fronts or was merely warp-
ing. Faults in the outer alluvial fans have not been
found, although several large faults limit a part of
Ivanpah Valley beyond the limits of the Goodsprings
quadrangle. As stated elsewhere (p. 4), none of the
outstanding ridges of this area appear to be limited by
recent faults. These as well as many minor features
appear to be produced by rapid erosion along old
faults.

CLIMATE

The area under consideration lies within the Nevada
Basin, which forms the largest part of the Basin and
Range province.? Throughout this region the rainfall
is low and the annual as well as daily range in tempera-
ture is high. No comprehensive continuous record of
the weather has been kept at any place within the
quadrangle, so that any statement must be based upon
the record at places near by. For a few years (1908-
1915) observations were recorded 3 at Jean (2,866 feet),
8 miles. southeast of Goodsprings and 829 feet lower,
but records at Las Vegas (2,033 feet), 28 miles north-
east; the Pahrump ranch (2,667 feet), 48 miles north-
west; and Searchlight (3,600 feet), 38 miles southeast,
have been kepi for 20 years or more.* According to
these records it is clear that the rainfall commonly
ranges from 3 to 10 inches a year. For seven years the
- .range at Jean was 1.33 inches in 1913 to 6.15 inches in

7 Assoc. Am. Qeographers Annals, vol. 6, pl. 1, 1917,

3 Waring, G. A., Ground water in Pahrump, Mesquite, and Lvanpah Valleys,
Nov. and Calif.: U. 8. Geol. Survey Water-Supply I’aper450 p. 54, 1920.

¢ U. S. Weather Bur. reports.

1909. Most of the rain commonly falls between
December 15 and March 1, but there are also local
heavy showers now and then in the summer. Appar-
ently the rainfall depends largely upon the. local
altitude, for the total annual fall, as well as that during
each storm, is about half as much more at 3,600 feet
as at 2,000 to 2,500 feet. Doubtless this tendency
continues with increase of altitude, and the high parts
of the range, 6,000 to 8,500 feet above sea level, may
receive 12 to even 18 inches a year.

The maximum and minimum temperature through-
out the year also depend largely upon altitude. At
Las Vegas (altitude, 2,033 feet), the daily maxima
during the summer commonly range from 100° to
115° F., and the daily range is 30° to 45°. The daily
minima during the winter range from 15° to 40°. On
the other hand, at Searchlight (3,600 feet), the daily
maximum in summer is commonly 90° to 105° and the
daily range 20° to 30°. The winter temperatures are °
slightly lower than at Las Vegas.

WATER SUPPLY

Springs—There are only a few places in the quad-

"rangle where water issues at the surface throughout

the year, and all of these lie north of Goodsprings.’

The Mountain Springs lie on the west slope of the
range, in the NW. ¥ sec. 20, T. 22 S, R. 58 E. When
visited in March, 1922, water issued from six openings
in an area of several acres. Estimates of the flow range
from 1 to 10 gallons a minute for each spring, and the
total flow was estimated at 40 gallons a minute. The °
water from one spring is piped to a trough, but that
from the rest sinks into the ground within 1,000 feet.
The geologic relations of the spring are obscure, for the
ground: near by is covered with soil, which supports a
growth of grass and moss.

Mule Spring lies at the head of a ravine in an
isolated mountain in the W. % sec. 15, T. 22 S,, R.
57 E. . Water issues from several minor fractures in
the lower bed of the Kaibab limestone but sinks into
the adjacent wash, from which it issues at a lower
level at several places in an area 50 by 100 feet. A
pipe is driven into the wash and delivers water to a
steel tank 200 feet distant. In March, 1922, the flow
was estimated at' 75 gallons an hour, or 40 barrels a
day. By improving the equipment, more water could
be recovered. The water was clear and tasteless. .

Potosi Spring lies along the east side of Potosi
Wash, in the SW. % sec. 1, T. 23 S, R. 57 E. It has
been improved for use at the Potosi mine camp by
leading the water from the principal seep to a concrete
tank, from which it is distributed to several outlets.
In March, 1922, the flow was estimated at 75 gallons
an hour, or 40 barrels a day. Although the water
appears in wash that covers bedrock, probably its
local appearance is largely determined by the Keystone
thrust fault, which lies near by.
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Rose Tank lies along the Potosi-Arden road in the
E. % scc. 26, T. 22 S, R. 58 E. In 1922 water was
piped to the tank from a seep 8,000 feet to the north-
west, at the base of the sandstone cliffs. The cliffs

above the talus are cut by a group of fractures of .

small displacement which trend N. 45° W. and which
may aid in supplying the water. In March, 1922, the
flow at the tank was estimated at 4} gallons an hour,
or about 2% barrels a day, but in November, 1924, the
tank was abandoned. The water was poor in quality
and was used only by cattle.

the floor of a shallow hole dug in cemented wash.
The Ninety-nine fault passes scarcely 50 feet south-
west, of the pool and doubtless has considerable effect
on the accumulation of the water. In April, 1922, the

discharge was estimated at 1 gallon a minute, or about
35 barrels. a day. When the Ninety-nine mine was
operating, a pipe line 9,000 feet long was installed, but
this has fallen into disuse.
tasteless.

Mexican Spring lies in a deep ravine in the SW. %
sec. 30, T.22S,,R. 57 E.

The water is clear and

It is a pit 3 feet in diameter

Numerous outcrops of
Moenkopi limestone

25"

T
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FIGURE 2.—Map of Goodsprings area, showing location of wells, April, 1922, (See p. 7.)

There is a spring in the W. % sec. 24, T. 23 S,, R.
58 E., that has been improved by a tank to supply
water to cattle. A tunnel is driven about 50 feet in
the wash to bedrock, the Moenkopi formation, and a
mud dam impounds the water that accumulates. It is
then piped to the tank. In October, 1921, the flow was
estimated at 1% gallons an hour, but in November, 1924,
it was even less. The water was clear and tasteless.
The Cottonwood fault passes close to the tunnel and
probably saids in accurnulating water at this place.

Ninety-nine ‘Spring lies on the south side of the
principal ravine in the NE. ¥ sec. 8, T. 23 S., R. 58
E. The water accumulates in a pool 6 by 12 feet, on

and 4 feet deep in the wash and has been lined with
stones. The wash is localized in the ravine for a dis-
tance of 200 feet near the place where thin limestones
of the Bird Spring formation turn sharply from N. 70°
W. to N. 40° W. No conspicuous faults or fractures
were noted near by. A few hundred feet below the
spring, where the water cascades over beds of lime-
stone, the estimated discharge was 7% gallons an hour
(March, 1922). :

Keystone Spring lies on the west side of a ravine in
the S. % sec. 6, T. 24 S, R. 58 E. A cave 6 by 10 feet
has been dug in-the wash, and water accumulates on
the bottom in a pool 5 feet in diameter and 1 foot deep.
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In January, 1922, the discharge was estimated at 10
gallons an hour. The near-by rocks, which strike
north and dip west, are shaly and sandy dolomite of
the lower part of the Bird Spring formation. They
are much broken, and a part of the Wilson thrust fault
lies only a few feet east of the spring. The water is
colorless and almost tasteless. _

A review of the conditions under which these springs
occur indicates that all except one are disposed around
the border of the higher timber-covered part of the
range, which doubtless receives the greatest rainfall in
the region. No formation is particularly favored,
but all the springs except one, Mexican Spring, lie
close to conspicuous faults or fracture zones which
lead toward the timber-covered areas.

Wells.—Water occurs in two areas elsewhere in the
quadrangle where it may be obtained by sinking shallow
wells. The larger of these areas is that on which the
townsite of Goodsprings is located. The other area
roughly coincides with Mesquite Valley, only a small
part of which is included in this quadrangle. Mesquite
Valley includes many square miles within which water
of good quality may be obtained from 5 to 45 feet
below the surface,® but only meager use has been made
of it thus far.

As the water supply at Goodsprings is essential to
the operation of the near-by mines, a special study
was made of its occurrence. Figure 2 represents the
results of a plane-table survey of the area, made by the
writer in April, 1922, and shows all the wells then
known, A list of the wells is given in the next column.
The broken line in Figure 2 indicates the approximate
limits of the areain which water may beobtained within
50 feet of the surface. According to Mr. S. E. Yount,
who was one of the first settlers of Goodsprings, the
original source of water was an open pool at the site of
well 22 (fig. 2). As successive wells were dug farther
west, the pool dried up. The water is clear, colorless,
and nearly tasteless. No analyses are available, but it
seems probable that the composition closely resembles
that of Cottonwood Spring,® 15 miles north, which
emerges from the same rocks under similar structural
conditions. The composition of this water is indicated
below:

Analysis of water of Cottonwood Spring

[Parts per million]

Siliean oo 19 Carbonate (CO3)_____ 0

) 50 VRN 4 | Bicarbonate (HCO;)__ 290
Caleium_ .. ____._.___ 102 Sulphate (8O, ... ___ 146
Magnesium. .. _._.._.. 43 | Nitrate (NOg)_ .. _. - .45
Sodium. ________..... 36 Chlorine. «cceeoeoo.. 11
Potassium________..._ 10

Total solids.__. 563

s Waring, G. A., op. cit., pp. 65-71.
¢ Carpenter, Everett, Ground water in svutheastern Nevada: U. S. Geol. Survey
Water-Supply Paper 365, table opp. p. 30, 1915.

Wells in Goodsprings quadrangle, Nevada, and condition of
. water in April, 1922

) Depth
No. Altitude Depth to Total

to rock depth Remarks
(eot) "(teot) | Facer | (feet)
loaoo.| 3,725 25 25 29 Goes dry when Yellow Pine well (No. 26)
is pumped.
bR 3,722.4 16 2.5 | 26 Lowers 4 feet when Yellow Pine well (No.
26) is pumped.
G S 3,720.1 |.ceo.__ 19.5 | (?)' | Norecord.

4., 3,717.9 4 15 245

Lowers 3 feet when Yellow Pine well is
pumped.
May be pumped dry.

Thin limestone on dump.

Lowers 4 feet when Yellow Pine well is

Wpumped

ater in thin limestone.

Not affected by Yellow Pine well.

Red shale and limestone.

Watﬁr in thin limestone; no red shale.
0.

Do.
‘Water in red shale.
Covered; abandoned.
Dug to 85 feet; drilled to 115 reet dry.
Water in red shale.
Never dry.

Covered; abandoned.
Water in red shale; covered.

22..... 3,693.6 |-een... 6 14, 6 | Site of original spring; water in red shale
and limestone.
23, _.13,608.4 | .__... 9 16 ‘Water in thin limestone.
b N— , 710, 7 [oaco... 18 31 Red sha]e and thin limestone.
25..... 3,702.3 (... 10 19
265....{3,718.9 ... 15 21 Yellow Pine well; best in town; water in
green shale and limestone.
194- | 204 | Caving badly.
11 11 Originally had water, none now,
184 | 27.5 Water in thin limestone.
20 27.5 Do.

31.. 3,735.4 | 10 33.5] 36 Do.
- 18 21 Do.

14 18 ‘Water in thin limestone; not affected by

Yellow Pine well.

. 32 50 Brown shale and limestone.

36 3,734.6 |-eeoo. 33.5| 37.5 Do.

The survey of these wells reveals several interesting
conditions. From the altitude of the water table in
each of the wells it is found that a line may be drawn
from well 24 northwest to well 7, which will divide
the area into two nearly equal parts. Southwest of
this line the water table stands at an altitude that
ranges from'3,700 to 3,703 feet, except in the two most
remote western wells (Nos. 32 and 33), where it ranges
from 3,724 to 3,727 feet. Northeast of this line the
water table drops abruptly about 10 feet to a level
that ranges from 3,690 to 3,692 feet. Further, the
wells southwest of the line fluctuate in accordance

“with pumping at the Yellow Pine Mining Co.’s well,

No. 26, which supplies the mill and is the most steadily
pumped of all.in the area. Wells northeast of the line
show little if any response to the pumping at this well.

As the records of the wells show, the water occurs
wholly in bedrock under a variable cover of wash or
hardpan, and bears no close relation to the present
surface. A review of the areal geology throws some
light on the problem. There are enough outcrops
to show that the water-bearing area coincides roughly
with a syncline in the Kaibab limestone and Moenkopi
formation, and that the water is wholly in the thin-
bedded limestone near the base of the Moenkopi.
This syncline extends westward at least a mile and
probably farther until it passes under the Contact
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thrust near the Lavina mine.
that the water is collected in this syncline and is

R.S7E.

R.58E.

The relations indicate
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may coincide with distinct impervious zones in Moen-
kopi limestones or may be separated by a fault. It
" seems clear that the water is drawn from a

T.228.

L103b

..IOZ b
*102a

104
.103a

*98

R.59E. . .
remote collecting area and is not local surface

water. '

As the Yellow Pine mill was idle when the
water supply was examined, the productive
capacity of the area is not known. Estimates
by local residents range from 10,000 to 20,000
gallons a day. Well 26 is equipped with a
stationary gasoline pump; the other wells are
equipped with small gasoline. pumps or hand

T.228.

T.23S.

*86ab

280b "

105 -
o76

J20

! 75
9

18
o3

J79abd

o79¢

99

734

73b.'74a

pumps.

*73¢
J74b

o3

o’

.. Water in. mines.—In contrast with many other
. mines in the Western States, those of the
" Goodsprings district do not attain great depth,
but even so they are uncommonly dry. Water
stands here and there in the workings of five
mines—the Potosi, Keystone, Alice, Lavina,
and Valentine. In the Keystone mine pools of
water stand on the 100-feet level south, 4,650
feet above sea level and roughly 200 feet
vertically below the outcrop, but the lower
levels, more than 400 feet vertically deeper,

T.238.

73ay

«86¢C 928 *93

.83
.84

L 89

T.245S.

94

ve
<b

btoh 5 ..993
5a

L)
803 2

51 37a

*37b
64, 30

W95

8a

are dry. There are pools of water at the level
of the lowest workings in the Potosi (6,125
feet), Alice (4,820 feet), and Valentine (4,030
feet), and water stands 125 feet below the
surface in the Lavina mine (4,145 feet). On
the other hand, the deepest workings of the
Yellow Pine, about 585 feet vertically below
the outcrop and 4,185 feet above sea level, as
well as the workings of many smaller mines,
" such as the Bullion, Anchor, Milford, and Tam
o’ Shanter, are quite dry.
In some of the mines, such as the Keystone,
Alice, and Lavina, the water is clearly due to

70b

690

T.24 5.

69a

68b
o
633 68d

2abed 2 miles/s

1255,

T.I9N.

35, .36

Ha

«24b '3%5
22

J7 %8
034
0 027
2100
.28

-
ab

63
"m..lla,d
- olbb I6g sI7abc

J8a I8¢
«I8b
«ll6
«9ab

2

‘| o202

the presence of dikes or sills of porphyry. This
rock, which lacks bedding, is much less pervious
to water than the limestones, and the water
struck in the mines undoubtedly represents local
pockets rather than the permanent water table.
- It is not possible to state with confidence the
depth at which the permanent water table may
be struck from place to place throughout the
district. It would probably not be as deep as the
water in the near-by alluvial valleys, Mesquite
and Pahrump, at the lowest points of which it
stands about 2,500 feet above sea level.” Prob-
ably most of the mines will encounter little

T.25S.

T.I8N.

AN

.23
7Za
*77bc

200 water above an altitude of 3,500 feet, and some

may not strike much above 3,000 feet. As

R.265S.

R.3E.
!

]

el

R.58E.
! 2 3

1 i 1

4‘ MILES

F1GURE 3.—Map showing location of fossil collections

delivered at the lower eastern lip of the éyncline,
doubtless confined by the underlying Kaibab limestone.
If this interpretation is correct, the two levels of water

RS9E. the altitudes of the outcrops of most of "the

mines range from 3,500 to 4,500 feet above

sea level, the higher ones may be nearly free
of water for 1,000 feet vertically, and the lower
ones should strike little for 500 feet. :

7 Waring, G. A., op. cit.
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GEOLOGY
AGE AND CHARACTER OF THE ROCKS
The rocks exposed at the surface of this quadrangle

include. & wide variety of consolidated sediments, as
well as intrusive igneous rocks and surface lavas.

They range in age from Cambrian to Recent, but &

few miles to the southeast the oldest rocks of this area
are underlain by still earlier sediments, and these in
turn rest upon crystalline granite and schist.

The section of stratified rocks has an aggregate
thickness of about 13,000 feet, of which limestone and
dolomite make ‘up slightly more than 7,000 feet,
largely confined to the lower half. The upper half is
largely sandstone, shale, and conglomerate. Fossils
are uncommon in the lower 3,000 feet of beds, but those
found, with the aid of knowledge from neat-by regions
to the east, serve to determine the age of the beds. In
the overlying 4,000 feet of limestone fossils are rather
common, locally even abundant, and serve to deter-
mine the age of successive groups with confidence.

In the upper 6,000 feet of the section fossils have been
found only in the lower 1,200 feet, and correlation of
the overlying beds is based on similarity of lithology.
Only two unconformities have been recognized, that
at the base of the Pennsylvanian Yellowpine formation
and that at the base of the Triassic Moenkopi forma-
tion, but there may be others in the higher sandstones
and conglomerates

The igneous rocks fall readily into two groups—an
early group of two varieties of coarsely crystalline
intrusive rocks and a later group comprising several
varieties. of fine-grained surface flows and small in-
trusive masses. The early group is represented by
several sills and dikes in the central part of the district
that are probably related to large masses of similar
intrusive rocks 25 miles or more farther south. They
presumably did not reach the surface at the time of
intrusion. The later group includes the products of
several isolated volcanic vents and is confined to the
southern half of the quadrangle.

The stratigraphic section is presented below.

Formations of the Goodsprings quadrangle, Nevada

" Exposed in Goodsprings quadrangile

Age classification Formation Member

Character Thickness (feet)

Recent. Alluvium.

Unconsolidated mud, sand, coarse gravel, and
boulders of local origin.

Lower (later) gravel.

Cemented sand and gravel of local origin on

the hills west of Goodsprings. 50-100

Pleistocene.
Higher (earlier)

gravel.

Unconsolidated sand, coarse gravel, and
boulders, largely from remote source but
partly local.

50-125

‘Tertiary (Miocene?). | Volcanic rocks.

Tuffs, breccia, and flows of latite, andesite,

rhyolite, and basalt. 0-200

Jurassic (?). Aztec sandstone.

Massive ledge of reddish or buff sandstone,

minutely cross-bedded. 2,100

Upper Triassic. Chinle formation.

Reddish shaly sandstone and shale with sev-
eral beds of chert and limestone conglom-
erate.

1,000+

Shinarump conglom-

Upper (?) Triassic. erate.

One or two beds of limestone and chert con- 10-30

glomerate separated by sandy shale.

TLower Triassic. Moenkopi formation.
!

Thin-bedded buff limestone underlain by
green and red shale and conglomerate and
overlain by red sandy shale. Tuff and
conglomerate of igneous pebbles overlie the
limestone member 2 miles west of Good-
springs.

750-950

—-Unconformity

Kaibab limestone.

Two massive ledges of gray limestone sepa-
rated by 20 to 30 feet of buff to red sha,le and
sandstone.

410-555+

Permian,

Supai formation.

Reddish sandstone separating red and green-
ish shaly sandstone below from red gypsum-
bearing shaly sandstone above.

1, 000~
1, 100

Bird Spring forma-
tion.

Pennsylvanian,

Gray limestone and dolomite in beds ranging
in thickness from thinnest laminae to 60
feet, separated by shale and sandstone.
From Goodsprings northward a conglomer-
atic sandstone at base.

2, 500 +

Unconformity

Yellowpine

stone.

Mississippian (mid- | Monte Cristo lime-

lime-

Several beds of dark-gray limestone that lo-
cally weather as a massive ledge. In places
.completely altered to dolomite.

60-120

dle and lower). stone.
' Arrowhead

stone.

lime-

Thin-bedded blue and gray limestone alter-
nating with gray shale; highly fossiliferous;
no chert.

10-20
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Formations of the Goodsprings quadrangle, Nevada—Continued

Exposed in Goodsprings quadrangle—Continued

Age classification Formation Member

Character Thickness (feet)

Bullion dolomite.

. chert uncommon.

Massive light-gray limestone, now largely al-

tered to cream-colored and white dolomite; 185-300

Monte Cristo lime-
stone.

Mississippian (mid-

dle and lower). Anchor limestone.

Massive gray limestone with numerous thin
chert layers; in places large belts are altered
to dolomite; numerous fossils.

65~400

Dawn limestone.

Thin-bedded dark-gray limestone; little chert; 60-400
in large part of area altered to dolomiite;

numerous fossils.

stone.

Crystal Pass lime-

Very thin-bedded 1ight-gray limestone; n(; fos- 150-260

sils or chert.

Devonian. Sultan limestone.

Valentine limestone.

Light-gray limestone and dolomite; numerous 75-380

fossils.

Ironside dolomite.

Dark-gray to black dolomite, in beds 2 to §
feet thick; few fossils.

5-125

Devonian (?) to Up-

Goodsprings  dolo-
per Cambrian.

mite. s

Thin-bedded light and dark gray mottled
dolomite, with some magnesian limestone
and locally near top 50 to 75 feet of dolo-
mitic and sandy shale; very few fossils.

2, 450+

Not exposed in Goodsprings quadrangle

Bright Angel shale.
Middle Cambrian. .

Green micaceous shale and brownish sand- 240+

stone; contains trails but few fossils.

Tapeats sandstone.

Brownish sandstone, thin bedded. 130+

Algonkian.

Conglomerate, quartzite, and dolomite ex-
posed in Kingston Mountains and possibly
present beneath the Paleozoic rocks of the
western part of the Goodsprings quadrangle.

Archean.

Reddish grahite gneiss.

As the field work progressed and it was found that
almost all the rocks of the Paleozoic and lower Mesozoic
section are limestones and dolomites, it became desirable
to distinguish between them constantly and to record
their distribution carefully. With this end in view,
hydrochloric acid was used in the field to distinguish
between limestone, magnesian limestone, and dolo-
mite. In the descriptions of the rocks the attempt
has been made to use the terms with discrimination.

In describing the texture of the carbonate rocks, it
will serve a purpose to assign definite limits to commmon
descriptive terms. Most of the limestone of the region
breaks with a conchoidal fracture, and the texture
is that of porcelain. Except for a few crystalline
crinoid stems, no individual grains can be seen with
a hand lens. In a few limestones and most dolomites
the entire groundmass is distinctly crystalline, and
light is reflected from many cleavage facets. Where
the average grain is less than 0.25 millimeter the rock
is called finely crystalline; 0.25 to 1 millimeter, medium
crystalline; above 1 millimeter, coarsely crystealline.

*

UNEXPOSED ROCKS

ARCHEAN SYSTEM

GRANITE GNEISS

The oldest rocks that crop out in the Goodsprings
quadrangle are the thin-bedded dolomites near the
base of the Goodsprings formation, exposed near the
Potosi and Keystone mines. During the progress of
the survey of the Ivanpah quadrangle in October,
1924, the base of the local Paleozoic section was found
at the south end of Sheep Mountain, east of Jean, in
sec. 32, T. 25 S., R. 60 E. Here hard dark-brown
sandstone (Tapeats sandstone) rests on reddish granite
gneiss, which crops out widely farther south in the
McCullough Range and the parallel range farther
west. The gneiss is a distinctive rock, about half its
volume being composed of simple flat crystals of
pale-reddish orthoclase, 1 to 2 inches long and as much
as an inch wide. These crystals have persistent
parallel orientation in a matrix that consists largely
of datk biotite. Sufficient is known of the region to
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state with confidence that this is part of the Archean
rocks that crop out widely in southeastern California
and western Arizona.! Doubtless this gneiss, possibly
overlain by Algonkian sediments in the western part
of the quadrangle, underlies the Paleozoic section in
the Goodsprings quadrangle.

ALGONKIAN SYSTEM

No rocks that belong to the Algonkian system crop
outin the quadrangle, but it may be helpful in consider-
ing some stratigraphic and structural problems to
record the discovery of 3,500 feet of congloinerate,
quartzite, and dolomite, with intrusive sills, on the
north slope of the Kingston Mountains, 25 miles
west of the Spring Mountains, which doubtless belong
to this system. Probably none of these rocks underlie
the Spring Mountains, but they may be locally present
beneath the Paleozoic rocks of the western part of the
Goodsprings quadrangle.

CAMBRIAN SYSTEM
TAPEATS SANDSTONE AND BRIGHT ANGEL SHALE

The oldest rocks that crop out in the quadrangle are

beds of dolomite near the base of the Goodsprings
formation. It may aid the consideration of some
structural problems to record here the beds that lie
between that formation and the underlying granite
_gneiss outside the quadrangle, at the south end of
Sheep Mountain, east of Jean, in sec. 32, T. 25 S.,
R. 60 E. Similar but thicker beds crop out in the
ranges west of Mesquite Valley, and there can be
little doubt that they underlie the Spring Mountains.

Section of Bright Angel shale and Tapeats sandstone at
Sheep Mountain

Goodsprings dolomite:

Bright Angel shale: . Feet
Covered (Shale?) oo oo oo oo 5
Dolomite, gray with brown mottling. ... _.__._._____ 4
Shale, greenish . - - o ao.. 26
Sandstone, reddish brown, layers % to 1 inch thick._. 35
Dolomite, gray, weathers brown; thin layers in upper

S 5
Shale, green, micaceous; splits in thin layers_._____.___ 14
Sandstone, brown, thin bedded_ . _ ... .. ___._..__ 7
Shale, green, micaceous - - oo oo oooooo__l_.__ 4
Sandstone, brown, thin bedded_ ___________________ 9
Sandstone, dark reddish brown, layers % to 2 inches

thicke oo oo e . 6
Sandstone, medium brown. ... .. _._.______ 3
Shale, brown - oo oo oo emmeen 4

Sandstone, dark reddish-brown layers, most of them
% to 1 inch thick; some of them 2 to 3 inches thick;
ripple-marked; fossil collection 2d______._________ 55
Sandstone, medium brown, micaceous, beds % to 1 inch

thicke o o e em—m———— 8

Sandstone, pale brown, layers largely ¥% to % inch thick,
shaly near base_ - ... 25

Bright Angel shale—Continued.
Shale, greenish, micaceous, thin sandy layers; fossil

Feet

collection 2¢_ . ____ 7
Sandstone, dark greenish, thin layers. ... __.________ 5
Shale, dark gray, sandy, micaceous_ .. .. _.______._ 16

Tapeats sandstone:
- Sandstone, gray and brown, layers 1 to 3 inches, thick,
ripple-marked; fossil collection 2b from top layer-. 36
Sandstone, dark browns layers % to 2 inches; a layer

of brown dolomite at base, 4 inches_.______.____. 90

Sandstone dark brown, layers ¥ to ¥ inch thick; fossil
collection 2a. . _____ 3
367

The fossil collections from this locality have been
examined by Edwin Kirk, of the United Stdates Geo-
logical Survey, who reports the following determina-
tions:

Collection 2a, from basal sandstone: Billingsella coloradoensis
(Shumard), trilobite fragments. Collection 2b: Annelid bur-
rows and ftrails. Collection 2¢: Fucoids. Collection 2d:
Probably inorganic material. The basal lot is Upper Cam-
brian; I think you may assume that you are dealing with
Bright Angel shale.

L. F. Noble, who has studied these formations in
the Grand Canyon region, was able to visit' the
Sheep Mountain locality and confirm the impression
that, even though lacking the same species of fossils,
the section presented above contains the same litho-
logic units as those that make up the formations in
the Grand Canyon area, in a similar succession and
of similar thickness. In both areas the beds were
laid down on a surface of low relief, and the thickness
of the lower sandstones differs from place to place in
accordance with that relief. The overlying dolomites
in the Sheep Mountain area present the mottled
appearance characteristic of some of the beds of the
Muav limestone, of Upper Cambrian age. Probably
the beds that make up this stratigraphic unit in the
Grand Canyon are the equivalent of beds in the
lower part of the Goodsprings dolomite in southern
Nevada.

EXPOSED ROCKS

UPPER CAMBRIAN TO DEVONIAN (?) ROCKS
GOODSPRINGS DOLOMITE

Areal distribution and thickness.—The formation to
which the name Goodsprings dolomite is here applied
is widely distributed throughout the quadrangle. The
best and most extensive exposures form a belt from
half a mile to 1% miles wide that extends from the
northern border of the quadrangle in a broad arc
around the western part of the Spring Mountains to
the southeast corner. In the northern and southern
parts of the belt the formation is practically unbroken,
but in the middle part, in T. 24 S., R. 57 E., it is much

8 Leo, W. T., Geologic reconnaissance of a part of western Arizona: U. S. Geol.
Survoy Bull. 352, p. 14, 1908.

¢ Noble, L. F., The Shinumo quadrangle, Grand Canyon district, Arizona:
U. S. Geol. Survey Bull. 549, pp. 61-65, 1914.
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broken by faults and breccia zones. The maximum
thickness of 2,450 feet was measured in the northern
part of the belt, west of the Potosi mine. In the
high ridge west of the Keystone mine (pl. 31, 4) the
upper 2,100 feet of beds is exposed in good detail.
In the ridge west of the Lincoln mine the upper 1,050
feet of the formation is exposed, and in the ridge
south of the mouth of Devil Canyon the upper 1,300
feet. An area of several square miles is underlain by
these beds west of Little Devil Peak, but as they are
much faulted no reliable measurement of thickness can
~ be made; probably less than 1,000 feet is exposed.

‘A complete section of the formation is exposed on
the southeast end of Sheep Mountain east of Jean,
and the thickness of 2,500 feet was measured there.
The name is that of the principal town of the region.

Lithology and sections.—The Goodsprings formation
is largely made up of dolomite with some magnesian
limestone and locally, on both sides of the ridge west
of Kirby Wash, a layer of dolomitic and sandy shale
50 to 75 feet thick, 60 to 100 feet below the top of
the formation. This layer of shale is well exposed
south of the Mobile mine and in the workings of the
Kirby mine. At a similar position in.the formation
west of the Lincoln mine there is a layer of sandstone
10 feet thick.

The color, texture, and magnesian content of the
carbonate rock show considerable range throughout
the quadrangle. In the region from the Lincoln mine
southward the exposed portion is separable into three
parts. The uppermost part, about 1,000 feet thick,
is composed of uniformly light smoky-gray medium-
crystalline dolomite. Under this is a layer of dolomite
50 to 100 feet thick, similar in texture but very dark
smoky gray. This darker dolomite in turn is under-
lain by the lowest layer, which has the color, texture,
and composition of the uppermost layer. When these
~ beds are compared with the same part of the forma-
tion north of the Potosi mine, it is clear that in that
region the color is generally dlstmctly blue-gray of
several shades and the texture is finer.

In several areas, particularly north of Columbia Pass
(pl. 5, A), many beds in the lower half of the forma-
tion have a peculiar mottled appearance. In general,
outcrops show elongated, rounded light-gray areas in a
dark-gray or nearly black matrix, but in several places
the colors are reversed. Tests with acid show that the
light-gray areas are made up of nearly pure dolomite
whereas the dark-gray areas contain considerable cal-
cite. Polished sections show that the borders between
the two areas are not sharp but transitional. As the
mottled beds are persistent in the midst of homogene-
ous bedg, it appears that the distribution of lime and
magnesia must have been accomplished during or
shortly after the deposition of the beds. .

At the base of the Sheep Mountain section south-
east of Jean several beds 10 to 20 feet thick show brown

“to more equidimensional angular blocks.

markings in a dark-gray matrix. Similar beds crop
out near the Ireland mine in the NE. ¥ sec. 24, T. 25
S., R. 58 E., but their relations are obscure. Both the
brown and the gray materials effervesce when touched
with acid, but the gray appears to be nearly pure cal-
cite, and the brown contains 5 to 10 per cent of iron
oxide. Possibly the iron content of the unweathered
rock is present as ferrous carbonate. As uncommon
sediments both these rocks would justify further
careful study.

"The beds in the large faulted area west of Wilson
Pass, in secs. 10, 11, 14, and 15, T. 24 S, R. 57 E,,
resemble those south of the Lincoln mine, whereas
those near the Keystone mine resemble in part those
of the northern area and in part those of the southern
area. In general the finely crystalline blue-gray
rocks weather to smooth surfaces; with the same or
slightly lighter color, whereas the smoky-gray, more
crystalline rocks weather to irregularly pitted surfaces
that are harsh to the touch because they are covered
with minute crystals.

Only two analyses. of rocks from the formation are
available. Sample 14 (p. 62) is the light-weathering
phase of a mottled bluish-gray, finely crystalline rock
about 1,500 feet below the top of the formation, from
the west center of sec. 30, T. 25 S., R. 58 E. The
analysis shows that it is 65.87 per cent CaCO; and
28.32 per cent MgCOQ;, or about 62 per cent dolomite
molecule and 32 per cent calcite molecule. The -
analysis confirms the impression gained by testing
with acid that the rocks of this type are magnesian
limestones and that no pure limestones occur in the
formation. Another sample, No. 15a, is a bluish to
smoky gray medium-crystalline rock that weathers
smoky gray and was collected about 300 feet below
the top of the formation in the southwest corner of
sec. 30, T. 25 S, R. 58 E. The analysis closely cor-
responds to that of pure dolomite. From field tests
and these analyses, therefore, it appears that a large
part of the beds of the Goodsprings formation were
originally composed of dense magnesian limestone
and that in most areas especially those where the
rocks have been much disturbed, as near thrust faults
or fractures, they have been altered to crystalline
dolomite. In general, the alteration has been accom-
panied by. bleaching and a slight change in color from
bluish gray to smoky gray. During the change also
the mottled layering common in beds 800 to 1,500 feet
below the top was destroyed.

In general the magnesian limestones are more thinly
bedded than the dolomites and tend to weather to flat
slabs 2 to 10 inches thick, whereas the dolomites weather
Although the
dolomites locally crop out in beds 5 to 15 feet thick, the
magnesian limestone beds rarely exceed 5 feet.

Fossils and correlation.—Close search of the beds
over a large area yielded only four collections of fossils,
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and most of the material is unsatisfactory for deter-
mining the age of the beds. The following collections
have been examined by Edwin Kirk, of the United
States Geological Survey:

Collection 83. Probably 1,500 to 2,000 feet below top of
formation. Center of N. % sec. 11, T. 24 8., R. 57 E.: Billings-
ella coloradoensis (Shumard), Upper Cambrian.

Collection 88. About 1,000 to 1,200 feet below top of forma-
tion. Northwest corner of SE. % sec. 3, T. 24 8., R. 57 E.:
Gastropod; a very primitive type suggesting early Ordovician.

Collection 61. About 400 feet below top of formation.
Center of NE. ¥ sec. 31, T. 25 8., R. 58 E.: Sponge, probahly
an undescribed genus. Silurian(?). No sponge like this has
hitherto been collected either from the Devonian or Silurian
of the West. A sponge of somewhat similar type is known from
the Silurian of New Mexico, however. It is possible that this
lot represents a Silurian horizon, though other fossils would
be necessary to establish the fact.

Collection 60c. Sandy dolomite about 100 feet below top
of formation. North central part of NW. ¥ sec. 29, T. 25 S,
R. 58 E.: Centronella? sp., Stropheodonta? sp. This lot is
probably Devonian; the imperfect preservation of the material
makes specific determination impossible.

These identifications indicate that the Goodsprings
dolomite contains beds that range in age from Upper
Cambrian through Ordovician and Silurian and pos-
sibly into the Devonian. :

The lack of distinctive fossils in the upper part of
the formation and similarity of the beds that make it
up justifies caution in making correlations with beds
in near-by regions. In the Muddy Mountains, about
50 miles to the northeast, Longwell’s Muddy Peak
limestone,' largely Devoman, appears to contain beds
equivalent to the upper 500 feet of the Goodsprings
dolomite.

The magnesian limestone that makes up a large
part of the formation 500 to 1,500 feet below the top,
south of the Keystone mine and west of the Potosi
mine, closely resembles the Upper Cambrian limestone
3,000 feet or more thick that makes up the Highland
Range, near Pioche, Nev.,"! but until more fossils are
collected from the Goodsprings dolomite, no precise
correlation can be made. The mottled brown and
gray limestone at the base of the Sheep Mountain
section closely resembles characteristic beds of the

1 Longwell, C. R., Geology of the Muddy Mountains, Nev.: Am. Jour. Sci.,
6th ser., vol. 1, p. 45, 1921

n I’nck F. )., Geology of Pioche, Nev., and vicinity: School of Mines Quart.,
vol, 27, pp. 202—200 1900. Westgate, L. G., and Knopf, Adolph, Geology of
Pioche, Nov., and vicinity: Am. Inst. Min. and Met. Eng. T'rans., vol. 75, pp. 8§16~
830, 1027.

Muav limestone of the Grand Canyon, Ariz.!? 175
miles to the east, which conformably rest on Bright
Angel shale and are limited upward by an uncon-
formity. Doubtless beds near the base of the Good-
springs dolomite are equivalent to those of the Muav
limestone, though the formation is not only thicker
but also contains several hundred feet of beds prob-
ably of Ordovician and Silurian age, not present in
the Grand Canyon area. In the Specter Range, 65
miles northwest of Goodsprings, Ball ® observed 5,000
to 6,000 feet of dark fine-grained limestone, which he
considered to represent the Eldorado (‘““Prospect
Mountain’’) limestone of Eureka, Nev. Ball recog-
nized similar beds elsewhere in western Nevada.

DEVONIAN SYSTEM
' SULTAN LIMESTONE

AREAL DISTRIBUTION"

The rocks here named Sultan limestone are widely
distributed throughout the Goodsprings quadrangle,
but as they are much thinner than the underlying
Goodsprings dolomite the area of the outcrops is much
smaller. The best exposed and most persistent belt
extends from the northern border around the west
side of the Spring Mountains to the vicinity of the
Boss mine, where it is interrupted by faulting. East -
of the faulted area it extends eastward across the range
and southward along the east front, although it is
repeatedly interrupted by faults. There are also
extensive exposures north and west of Potosi Mountain,
northwest and southwest of ‘Little Devil Peak, and in
a small area west of the Lavina mine. The name is
derived from the Sultan mine, in the neighborhood of
which the exposures are very good.

For purposes of lithologic description the formation
has been divided into three members—the Ironside
dolomite at the base, the Valentine limestone in the
middle, and the Crystal Pass limestone at the top.
In the southern part of the quadrangle the three
members have distinctive features and are readily
separable. In the northern part some of the distinc-
tive features disappear. The following table presents
a summary of the thickness of the members throughout
the quadrangle:

13 Noble, L. F., The Shinumo quadrangle: U. S. Geol. Survey Bull. 549, pp.64-65,
1914,

13 Ball, S. H., A geologic reconnaissance of southwestern Nevada and eastern
California: U. S. Geol. Survey Bull. 308, pp. 148-149, 1807,
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A pproximate thickness, in feet, of members of the Sultan limestone
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s Detailed section recorded below.

IRONSIDE DOLOMITE MEMBER

Lithology.— The beds here designated Ironside dolo-
mite member of the Sultan limestone consist of nearly
black limestone that has been altered to dolomite
throughout the quadrangle, except in several small
areas, notably in the W. ¥ sec. 29, T. 25 S., R. 58 E.
The name is derived fcom the Ironside mine, a mile
north of the Boss mine, on the west side of the range,
near which it is well exposed. Although the individual
beds range from 2 to.5 feet in thickness, they are com-
monly inconspicuous and in the south half.of the
quadrangle form a rather massive unit 50 to 125 feet
thick, sharply separated from the overlying and under-
lying beds. This unit is conspicuous from Columbia
Pass westward 5 miles to the Boss mine. In this
- portion of the'area a large part of the member is dark-
gray dolomite of porcelainlike texture, locally uni-
formly mottled by lighter, more coarsely crystalline
areas 1 to 2 inches in diameter. In the north half of
the quadrangle the limiting surfaces are locally indis-
tinct and mottling is uncommon, but there is a dark
zone of dolomite that contains distinctive fossils. It
is noteworthy that dolomitization has produced hbtle
change in color or texture.

Fossils.—Although the dolomite contains but few
fossils (see p. 16), they can be found with close search
at most exposures. The Stromatopora are dark masses
of chert that somewhat resemble heads of cauli-
flower 2 to 4 inches in diameter and in some localities
are abundant. In the zones where they occur other
masses of chert are present, but with this exception
chert is rather uncommon in the unit.

VALENTINE LIMESTONE MEMBER

Lithology.—The middle part of the Sultan limestone,
here named Valentine limestone member, is made up
of several types of beds that are distinctive by contrast
with the Ironside dolomite below and the Crystal Pass
limestone above. The name is derived from the
Valentine mine, in sec. 23, T. 25 S., R. 58 E., east of
which the limestone is well exposed. As originally

deposited, most of the beds were pure limestone; at
present many of the beds are largely altered to dolo-
mite. Thin layers of shale are undoubtedly present,
but they are obscure. The only coarse sediment in
the Sultan limestone is a lens of brownish sandstone or
quartzite 5 feet thick near the middle of the Valentine
member, which crops out for a distance of several
miles near the Mountain Springs, in secs. 18 and 19,
T. 22 S., R. 58 E., and east of the Ingomar mine, in
the NW. % sec. 4, T. 25 S,, R. 58 E. At the latter
locality, in the midst of characteristic beds of limestone,
there is a lens of cross-bedded sandstone 3 feet thick
and 25 feet long. The coarsest grains of quartz range
from 0.5 to 1 millimeter in diameter and are well
rounded.

Section of Valentine limestone member tn SE. Y% sec. 23, T. 25 S.,

R.58 E.

Feet

Limestone, bluish gray, massive; numerous vertical chert
tubes . el 8
Limestone, light bluish gray, platy-_. - _________ 40
Dolomite, light buff, platy; sporadic chert.____________ 30
Limestone, bluish gray, massive...__._________._______ 30

Limestone, bluish gray, massive; few brachiopods and
gastropods; fossil collection 117b.___________________ 5
Limestone, light bluish gray, platy._ . . . _._.__ 4
Limestone, bluish gray, three beds_ . .- _________.____ 7

Limestone, bluish gray, three beds altered here and there
to light-gray dolomite- - - .. _______._.__ 12

Limestone, bluish gray, massive, containing corals; fossil
collection 117¢____ . _._. 5

Limestone, bluish gray, made up of alternating massive
beds 2 to 3 feet thick and platy beds 1 foot thick; the
unit is capped by 1 to 2 feet of buff crystalline dolomite. 30

Limestone, bluish gray, platy, showing sporadic dolomitiza-

tion in zones 1 to 2 feet thick. . . _____.._ 12
Dolomite, light bluish gray, massive; chert zone 1 foot

thick near middle; fossil collection 117a from top_.__.. 7
Dolomite, smoky gray, thin bedded . _ ... _ .. _.____.___ 80

Ironside dolomite.
282

The distinctive features of this member are the
alternating beds of massive limestone 5 to 30 feet thick,
which rather persistently bear a few fossils, and the
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A. GOODSPRINGS, TOWN AND VALLEY
Spring Mountains and Potosi Mountain on the left; Bird Spring Range on the right.

B. SPRING MOUNTAINS AT THE MOUTH OF PORTER WASH

The Anchor mill and waste dumps are shown in the left center; the mine is in the shadow on the left. The Bullion
mill is in the right center; the mine lies higher on the right. The Valentine mine is at the extreme left.



U. 8. GEOLOGICAL SURVEY PROFESSIONAL PAPER 162 PLATE 5

A. THIN-BEDDED DOLOMITES OF THE UPPER PART OF THE GOODSPRINGS FORMATION IN
SECS. 28, 29, AND 30, T. 24 S., R. 58 E.

View due east from the hill (altitude 5,214 feet) west of Kirby Wash toward Columbia Pass and Goodsprings. The
town is hidden by the hill in the middle distance.

B. CRYSTAL PASS LIMESTONE EXPOSED IN A CLIFF 15 FEET HIGH IN SEC.
30, T. 26 S, R. 59 E.,, SOUTH END OF SPRING MOUNTAINS



U. S. GEOLOGICAL SURVEY PROFESSIONAL PAPER 162 PLATE 6

A. DETAILS OF ANCHOR LIMESTONE, SHOWING CHERT NODULES, IN OUT-
CROP 1,000 FEET WEST OF MILFORD MINE, IN SEC. 6, T. 26 S., R. 58 E.

B. ARROWHEAD LIMESTONE SOUTHEAST OF THE YELLOW PINE MINE IN CENTER OF SEC. 20,
T. 24 S, R. 58 E.



DEVONIAN SYSTEM -

beds of platy limestone, which show no trace of fossils. |
Of the two the massive beds are altered to cream-
- colored or buff crystalline dolomite over large as well
as small areas, but only rarely are the beds of platy
limestone so altered. (See pl. 5, B.) In the region
south of Wilson Pass sporadic dolomitization is com-
mon; from Kirby Wash eastward beyond Columbia
Pass the entire section is completely altered to dolo-
mite. Partial dolomitization is very well shown in
the hills west of the Boss mine camp and near Crystal
Pass. In the northwest quarter of the quadrangle
massive beds of limestone make up a smaller part of
the member and the layers of platy limestone are more
common and thicker. The following section was
measured across a small hill (altitude, 4,782 feet) in
this area. :

Section of the Valentine member in the SE. Y sec. 22, T. 28 S.,

R. 57 E.

Feet

Dolomite, very dark, finely crystalline, massive; weathers
to flat slabs, 1 to 5 feet thick; fossil collection 97b______ 100

Dolomite, light bluish gray, finely crystalline, thin bedded,
alternating with thin layers of platy limestone_..____._ 140

Dolomite, very dark, finely crystalline, massive; weathers
to thick slabs; fossil colleetion 97a. .. ... __.____ 40
Dolomite, light gray, finely crystalline, thin bedded..____ 100
380

From the region where this section was measured
northward to the border of the quadrangle platy Jime-
stone is progressively more abundant, and near the
Mountain Springs it makes up a large part of the
member.

There is little chert in this member, but in some
places, generally in the upper half, there are one or
locally two beds of dolomitized massive limestone 5
to 15 feet thick that contain abundant small cherty
masses. These masses are a quarter of an inch to
1% inches in diameter, irregularly rounded, much
resembling small cauliffiower heads, and uniformly
distributed throughout the thickness of the bed. At
first the chert masses appeared to be organic remains,
but after observation over a large area this interpre-
tation was abandoned. Such beds do not appear to be
parts of one continuous bed but local lenses at different
horizons. One bed crops out below the workings of
the Columbia mine and can be traced westward as
far as Kirby Wash. Others crop out high on the ridge
west of the Potosi mine and along the tramroad from
the Potosi mine and the head of the aerial tramway.

CRYSTAL PASS LIMESTONE MEMBER

Lithology—Between the massive limestones that
contain Devonian fossils and somewhat similar higher
beds that yield the lowest Mississippian fossils there
1s a zone of limestone 150 to 260 feet thick that is un-
commonly homogeneous throughout the region and
lacks any traces of fossils or chert. This limestone

¢
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forms the top member of the Sultan limestone and is
here named Crystal Pass limestone member, from
Crystal Pass, in sec. 2, T.25S.,R. 58 E. Itismadeup
of light bluish gray limestone of porcelainlike texture.
Weathered surfaces yield many flat plates, commonly
half an inch to 2 inches thick, and fresh fractures show
similar lamination. (See pl. 5, B.) The limestone is
identical in appearance with the thinner beds that occur
in the underlying Valentine limestone member. Here
and there massive beds appear, but they are uncommon.
On flat slopes the outcrops are broadly rounded and
yield considerable angular débris, but on steep slopes
and cliffs, as along the northeast face of Potosi Moun-
tain, where it is protected by higher massive beds, it
forms a single massive bed, homogeneous in color,
texture, and lamination throughout. Considered as a
unit it is the most persistent in the entire region and
therefore forms a valuable stratigraphic horizon.

In contrast with the other limestone masses in the
Devonian and Mississippian formations, the Crystal
Pass limestone is less susceptible to alteration to dolo-
mite than any other. In several localities, as near
Crystal Pass, where the overlying and underlying beds
are completely altered to dolomite, it shows only
sporadic patches. (See pl. 17, C.) In the region
from Kirby Wash eastward to the front of the range,
however, where the underlying and overlying beds are
completely converted to dolomite, the Crystal Pass
limestone is also completely altered.

No analyses have been made of specimens of lime-
stone collected from the Sultan formation. Field tests
indicate that all the material was originally very pure
limestone. A lens of Crystal Pass limestone exposed
in the hill at Sloan, 15 miles northeast of Goodspring,
has survived the process of dolomitization, which has
affected the near-by beds, and is mined by the Nevada
Lime & Rock Co. as a source of limestone. Large
quantities are mined annually that range from 97.5 to
98.5 per cent calcium carbonate. The lime is used in
sugar refining. :

AGE AND CORRELATION OF SULTAN LIMESTONE

On the basis of his identifications of the fossils from
the Sultan limestone Edwin Kirk writes:

The fauna is correlative with that of a horizon in the upper
part of the Nevada limestone of the Eureka district and with
the Martin limestone of Arizona. This statement certainly
holds as regards the faunas above the Ironside dolomite. The
fauna collected from the Ironside dolomite is too meager
definitely to establish its exact equivalence.

Some uncertainty exists as to the exact age assignment of
this fauna. Williams! considered the fauna to he of Middle
Devonian age. Apparently equivalent beds in Iowa have
variously been assigned to the Upper and Middle Devonian.
Until such time as a definite age assignment of the fauna is made
in the well-known Iowa section, it seems inadvisable definitely
to place the fauna in the West, where neither its relation to

14 Williams, H. S., in Ransome, F. L., Geology and ore deposits of the Bishee
quadrangle, Ariz.: U. S. Geol. Survey Prof. Paper 21, pp. 35-42, 1904,
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underlying and overlying faunas nor its biologic character is
well known. The fauna then had best be defined as late Middle
Devonian or early Upper Devonian.

Kirk ' has described' 1,500 feet of beds in the Inyo
Range that contdin Devonian fossils. In part these
beds resemble the Crystal Pass limestone, but Ball did
not recognize any Devonian beds in a large region north

18 Kirk, Edwin, in Xnopf, Adolph, A geologic reconnaissance of the Inyo Range:
U. 8. Geol. Survey Prof. Paper 110, pp. 36-37, 1918.

GEOLOGY AND ORE DEPOSITS OF GOODSPRINGS QUADRANGLE, NEVADA

of the Amargosa Desert and east of the Inyo Range.
The Temple Butte limestone, of Devonian age, of the
Grand Canyon region, Arizona, which is limited at
both top and bottom by unconformities,'® is regarded
as probably Upper Devonian.

18 Walcott, C. D., Pre-Carboniferous strata in the Grand Canyon of the Colorado:

* Am, Jour. Sci., 3d ser., vol. 26, p. 438, 1883. Noble, L. F'., A section of the Paleozoic

formations of the Grand Canyon at the Bass trail: U. S. Geol. Survey Prof. Paper
131, pp. 51-53, 1923.

Stratigraphic distribution of fosstl collections from the Sultan limestone

[Identifications by Edwin Kirk, U. S. Geological Survey]

Ironside dolomite member 100-foot zone overlying Ironside dolomite member
Author’s fleld No. (see fig. 3)
i 41a | 56 | 18c | 86a [86b | 9 | 228 | 41b | =43 | 57b | 59 | 60a | 60b | 62 | 8Ac | 90a
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Alveolites Sp- - - - v ool X e X e e e e e e e X e e e
CladOPOra SP - - e oo oo oo | X X ec e o] X e X [eamteai]aao] X
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AUlopOra 8P - - o oo oo e JEUSPRU (NP SROUORPR PRV VRS SRR FVIVEDN B G PSR FUUP (RSP RS SRR SN SR S
BRACHIOPODS
Atrypa missouriensis Miller__ _ _________________ e X X feea X X | X e X X | X feooaaaoe
Atrypa reticularis Linné_ _ _____________________ JEOUUN (SRR FERPP PEPRD FUNSON PSP I FRPUPIUNS SO FRPPRN FRUPIUN PRPUpUPE SN PR PRSI PR
Cyrtia cyrtiniformis Hall and Whitfield..._.._.____ SR RN (SRS SR PR [P S SRR RPN R I~ (SR S I
Spirifer?.rgentarius Meek _ - e JEUSURUN PR [SUSPR (RPN SISO IUNUIPNN SRUNUNUN FROUUNUN FUUUN DRPIUR IUIPIPN RSN (NN ST U B¢
GASTROPODS |
Platyschisma mccoya Walcott_ - - .. ___._ JEURORP NV (SURPRN PRPIPUPN JUSDEPN B QR FROUPUO [ G INUUUPN! SRR FSSSUR IPUP NG SOOI (RPN RS
: 100-foot zone overlying Ironside dolomite member | 20ne 100 to 300 fee&ggrgzglronside dolomite
Author’s field No. (see fig. 3) i
90b | 91 | 94 | 97a | 100a | 100b | 116 | 1178 | 104 | 97b | 102a [ 106 | 109a | 114a | 117b | 117c
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BRACHIOPODS
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s Precise position of collection uncertain.
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CARBONIFEROUS SYSTEM
MONTE CRISTO LIMESTONE
AREAL DISTRIBUTION

The general areal distribution of the Monte Cristo

sippian rocks in the Goodsprings quadrangle, coincides
closely with that of.the underlying Sultan limestone.
In addition to the belt that extends from the.northern
edge of the quadrangle southward around the western
slope of the Spring Mountains, however, there are large
areas in the vicinity of Potosi Mountain, along Shenan-
doah Gulch, and along the southern part of the range.
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‘SUBDIVISIONS

Lithologically the formation can be divided into five
members, on the basis of distinct features of bedding
as well as chert and fossil content. Beginning with the
lowest and oldest they are here named Dawn limestone
member, Anchor limestone member, Bullion dolomite
member, Arrowhead limestone member, and Yellow-
pine limestone member. Originally each of these
members was nearly pure calcium carbonate with thin
shale partings, but now each member is either sporad-
ically or entirely altered to dolomite. No sand or
sandy layers have been found in any part of the
formation.

- Approzimale thickness, in feet, of members of the Monte Cristo limestone
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Yollowpine limestone member.. -.| Present. | Present. | Present. | Eroded. | Present. 100 120 120 | Present. | Present. | Present
Arrowhead limestone member a-- 12 | Absent. | Absent. [ Eroded. | Present. 10 15 20 | Present. | Absent. Absent
Bullion dolomite momber..... ---| Present. } 600 185 | Eroded. 300 300 | Present. 300 300 | Present. | Present.
Anchor limestono member.... ---| Present. 66 300+ 400 |Covered. | Present 200 100 Present.
Dawn limestono member. oo oo o] Absent. 90 125 400 @ @ Present. 60 150 | Present. | Present.

DAWN LIMESTONE MEMBER

Lithology.—The basal member of the Monte Cristo-
formation, here named Dawn limestone member, is
made up of massive limestone beds that are commonly
from 2 to .10 feet thick. The color ranges from light
bluish gray to dark smoky gray, and the texture is
porcelainlike or finely crystalline, except where the
material is .altered to dolomite. In general strati-
graphic features this limestone closely resembles the
Valentine member of the Sultan limestone, from which
it is separated by the Crystal Pass limestone. - It lacks
the one or two beds of chert-bearing limestone charac-
teristic of the Valentine, and in addition it contains
distinctive fossils.

The Dawn limestone derives its name from the Dawn
mine, in the SW. 14 sec. 15, T. 23 S,, R. 58 E., west of
which it is well exposed. Tt is distinct and recognizable
throughout a large part of the quadrangle, but there
can be little doubt that it is absent in some places, such
as along the ridge in the W. 34 sec. 24, T. 23 S., R.
57 E. Estimates of thickness are given above.

Although all the beds consist of limestone along the
southern edge of the quadrangle, they are largely
dolomite in most of the area and undoubtedly have
been altered during the deformation of the region, as
described on pages 57-61. By this process the texture
has become coarser and the color slightly lighter. The
general features of the limestone are shown in Plate
38, A. _

Fosgils.—This limestone has yielded several large
collections of fossils, but they are not abundant.

Some species are common to this and
Anchor limestone.

the overlying

ANCHOR LIMESTONE MEMBER

Lithology.—The Anchor limestone member is char-
acterized by thick, massive beds of porcelain texture
and light bluishgray color. The beds commonly
range from 20 to 50 feet in thickness and form broadly
rounded outcrops, although adjacent to deep ravines
the entire unit may form steep cliffs. In addition to
its texture and absence of lamination, numerous layers
of thert nodules are a persistent characteristic. These
nodules range from rudely spherical to irregularly
rounded elongated masses 2 to 3 inches thick and 5 to
10 inches long. Such nodules are distributed in per-
sistent parallel layers 3 to 10 inches apart. (See
pl. 6, A.) In the region of the Bullion and Anchor
mines and elsewhere these layers of nodules are well
developed and are uniformly distributed across the
outcrops of beds 50 feet or more thick. Most of the
fossils collected from this limestone were found in these
nodules. Other forms of chert are conspicuously lack-
ing. The general features of the beds are shown in
Plates 6, A, and 38, A, B. The name is derived from
the Anchor mine, in sec. 23, T. 25 S, R. 58 E.

The Anchor limestone resists dolomitization almost
as widely as the Crystal Pass limestone, but there are
large belts within which it is completely altered to
dolomite. Such a belt extends from the region of
Kirby Wash southeastward 4 or 5 miles. Where the
member is overturned under the Keystone fault on the
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west side of the range it is largely converted to dolo-
mite. Many of the ore deposits of the region occur in
the Anchor limestone (see p. 95), and near by the lime-
stone is completely altered to dolomite, as in the
Anchor, Monte Cristo, Whale, and other mines.

The upper limit of the Anchor limestone is a sinuous
surface that separates it from the overlying Bullion
dolomite member. This surface is locally nearly par-
allel to the bedding, but in a broad way they do not
coincide. On the other hand, the upper surface of the
Bullion dolomite is nearly parallel to the lower surface
of the Anchor limestone—that is, where the Bullion
dolomite is thin the Anchor limestone is thick. If
these relations are considered with the characteristic
features of the Bullion dolomite, it is clear that the
Bullion is the altered upper part of a group of limestone
beds of which the Anchor limestone is the unaltered
lower part. Analyses recorded in the tables on pages
61-62 show that where the Anchor is unaffected by
recent dolomitization it is a very pure limestone.

BULLION DOLOMITE MEMBER

Lithology.—The features of the beds here named
Bullion dolomite member of the Monte Cristo lime-
stone are uncommonly uniform throughout the region.
In the southern part of the quadrangle the beds gen-
erally consist of cream-colored and coarsely crystal-
line material; weathered surfaces are darker and harsh
to the touch, owing to the presence of many minute
crystals of dolomite. North of Wilson Pass the beds
are light gray to nearly white and more coarsely
crystalline. Traces of bedding are present here and
there, but the presence of numerous vertical joints
where the beds dip at low angles permits erosion to
form very rough and locally pinnacled surfaces. In
some places the beds are much crushed, and the
fragments are recemented by white dolomite veins.
Throughout most of its areal extent this dolomite
contains small irregular cavities, commonly lined with
crystals of dolomite. Where the cavities are present,
they are rather uniformly distributed through the rock.
As explained on page 66 they were formed during the
process of dolomitization, and calcite was deposited in
them, but this is generally dissolved from surface
outcrops.

In secs. 2 and 3, T. 26 S., R. 58 E., south of the
Christmas mine, the Bullion dolomite is represented
by limestone similar to that which makes up the under-
lying Anchor limestone. In the region farther north
the dolomite does not contain any remnants of the
original limestone. .

Chert is uncommon in the dolomite. In several
parts of the region the lower limit of the member is the
uppermost zone of chert nodules in the underlying
Anchor limestone. The relations suggest that the

solutions which produced the dolomitization were

hindered in their movement by the zones of chert
nodules.

The name of this member is derived from the
Bullion mine, in see. 23, T. 25 S., R. 58 E.

Fossils.—Only a few fossils have been found in the
Bullion dolomite, but one of these, a brachiopod,
Rhipidomella thiemi, appears to be restricted to this
member, and it can generally be found.

ARROWHEAD LIMESTONE MEMBER

Although the Arrowhead member, named from a
prospectin sec. 9, T. 24 S., R. 58 E., is only 10 to 20 feet
thick it is widespread and possesses characteristics that
permit its ready recognition throughout a large area.
It is made up of alternating layers of blue and gray
limestone 2 to 4 inches thick and thinner layers of gray
shale. (See pl. 6, B.) The limestone layers do not
have uniform thickness, and the limiting surfaces are
wavelike rather than plane. No chert is present. As
shown in the list of fossils (p. 20), this limestone con-
tains an abundant and rather distinctive fauna, only
a part of which is present in the underlying beds.

The limestone appears to be persistent throughout
the range north of Columbia Pass but was not recog-
nized west of the Keystone thrust. South of Columbia
Pass it has been recognized only near the Ingomar
mine and assuredly is absent near the Bill Nye mine
and the mines on Porter Wash. In several places it,
as well as the overlying massive limestone, was prob-
ably removed by erosion before the basal sandstone of
the Bird Spring formation was deposited. In many
localities this limestone marks the upper limit of
dolomitization.

YELLOWPINE LIMESTONE MEMBER
’

Throughout the range north of Columbia Pass the
Arrowhead limestone is overlain by a massive ledge of
dark-gray limestone, 60 to 120 feet thick (pl. 33, B),
here named Yellowpine limestone member, from the
principal mine of the region, in sec. 20, T.24 S., R. 58 E.
This limestone contains the productive ore bodies of
the Yellow Pine, Potosi, Ingomar, and several other
mines; but it is completely altered to dolomite near by.
A distinctive feature is the persistent presence of great
numbers of corals-of the Zaphrentis group, 3 to 6 inches
long, which lie prostrate and weather in relief; here
and there they are accompanied by poorly preserved
large gastropods. A similar bed overlies the Arrow-
head limestone near the Milford and Ingomar mines
and is present near the Accident and Christmas mines
where that limestone could not be found.

AGE' AND CORRELATION OF MONTE CRISTO LIMESTONE

On the basis of the fossil collections, the identifica-
tions of which are presented on page 19, G. H. Girty,
of the Geological Survey, councludes that all the beds
included in the Dawn and Anchor limestones and
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Bullion dolomite are lower Mississippian, and that
the fossils from the Arrowhead limestone are of
middle Mississippian age; the few fossils from the
Yellowpine limestone do not serve to establish its
age, but it probably is middle Mississippian also.
The fossil content of the Monte Cristo limestone
warrants its correlation in a broad way with that
group of limestones of lower and middle Mississippian
age that are widespread over the Western States. On
the other hand, there has been little detailed work in
the region within 100 miles of Goodsprings, on the
basis of which precise correlations might be made.
The characteristic fossils of the Rogers Spring lime-
stone of the Muddy Mountains ' are present in the

17 Longwell, C. R., Geology of the Muddy Mountains, Nev.: Am. Jour. Sci.,
5th ser., vol. 1, p. 46, 1921. -

19

Monte Cristo limestone, and the two formations are
probably approximately equivalent. At more remote
localities, such as the Grand Canyon, Ariz., the basal
part of the Redwall limestone may represent a part
of the Monte Cristo limestone. Some of the faunal
elements of the Escabrosa limestone in the Bisbee dis-
trict, Arizona,'®* 450 miles to the southeast, closely
resemble those included here. Beds of lower Missis-
sippian age are not definitely recognized in northern
and western Nevada; the fauna of the White Pine shale,
which is extensive in eastern Nevada, indicates that it
probably is all upper Mississippian,'® although lower
Mississippian may possibly be represented in it.

18 Ransome, F. L., Geology and ore deposits of the Bisbee district, Arizona: U. 8.
Geol. Survey Prof. Paper 21, pp. 42-50, 1904.
¥ Girty, G. H., in Knopf, Adolph, op. cit., pp. 38, 39.

Fossils collected in the Monte Cristo limestone

[Identifications by G. H. Girty, U. S. Geological Survey]

Dawn limestone member Anchor limestone member
U. 8. Geological Survey collection NoO. oo e oo ccac e cccaacanan 4279 | 4281 | 4280 | 4290 | 4201 | 4202 | 4203 | 4295 | 4209 | 4106 |4218g| 4220 | 4229 | 4276 | 4277 | 4284
Author's field No. (Se€ 1. 3)wac e ame e aacaacemcecaccccccees 27 34 66 75 84 87 92 | 103b|. 112 | 115 5a 11a | 21 4 25 44
CORALS
Cladochonus 8P. - - - c o oo e e emeemmemememm [N PR SRR (UPRUUPN FRUUNIN N "< FUUNPUUN (RURURUN INUUUIR IRUUNUN AUV SRR (PR (SURU (U (SR
Cyathophyllum?Sé) ____________________________ SO SR U PRPION U SOOI FRUUPRN SRR (R PR B I -G SR ISR SR
Cyathaxonia aff. C. minor.... ... oo S WU (SURPRUN (RO RSO "G PSRN ISR (SUSI ISORVR PRSI PRSP (RPN FUUPUPR PR PR
Lithostrotion? sp. ..o oo [N URURN SO RO SO FRUNHUN RPN PR MO FUNUUUN B RPN I G PR (S N
Lithostrotion? aff. L. harmodites?. .- _____ FEURURUN PRUDRUR FEURUEUN ISR FEOUCIR IRPUDNUN IO I R P - G DG SR DI PRI SN
Michelinia aff. M. meekana._ _ . o coocoeoeooooo-_ [NUNVRUN FNURURUR FURURN IRV FEURPRU FRURPUIN NG IRPUUN IR FSUPU ARUUPUU RS RPUUI PRSI PRI P
Syringopora 8p. . - - oo oo [RURRU [SUNUR (SN IO FEURPIUN (RORDUPR PSP FRRPUUN FRUNPUUN SRR (G PRSI SIS SRR S
Syringopora aff. S. surcularia__ ... _________ NN T "< NSO (RN ISURPU FRURDRU NG TRPRURPN! IUURPUN: SUVUPRUN SRNPRUE (G (RPSUR (PP (RPN (P
Triplophyllum Sp. o oo oo JEUSUU FUURU IR (G PSRN FUPS B PO IS B JUUS) PRSI SR S SR
Triplophyllum aff. T. excavatum___.____._______ JRUUUS R SRR (RURUP UIVRU I "G PRI (RUUPU FRPUN PRPDIPN PEpUpRp FEPRPUP (SRR PPN PUP PSR
BRYOZOANS
Fenestella SPa o o oo oo RN FRUUPUN [NPROUN ISR FEPUPON FUUPUUN U (RPN FUPUU FRUUPE SRS (RPN POV [P - S
BRACHIOPODS
AvVonis 8P - oo PSRN FRUNUUU G PR AN RN SRR (SPUURR NP SRR FOIPIpN AP SRUDIP FICIPN FIPN S
Brachythyris sp. oo oo oo oo JRUSUSON (RS SR URPUUNE JUREPRUR) FRRU PSP SR FRPUNIN (SO FUSPR ISURPUPN SRRV INEPN - i SN
Camarotoechia Sp-_ - .- oo SRR PR ESURN PRPRORN MNPV FUUPRNNY MU I QR SR SRR MUUR (SUN R R I B
Camarotoechia metallica. ... _______. SRR (RN RUNUUU ISOUURN UUPUSUE FRURPRUN PRV DRI SUUPUN ISR FRRPU RN [VOUGHU SN PN -4
Chonetes logani_ ... ________________________ SRR RN (RN SO QR FEURN SRS SRR RPN POy S NN ISP SN BT R
Cliothyridina? 8P - o e oo oo ee e JUPRURUN RUSRO FSURUIR FUPURUN RPN PSRRI R (RRUU FRONUDN NSO RSO MRS (SURUU FUSUU BN I
Cliothyridina? aff. C. incrassata. ... oo ._. RPN IR I < T G FSUNUSU IUUNON PR (RPRURPR INURSUN FRRRU SRR ISP (RPN (RPN G
Productus gallatinensis_ - - ..o L._.. Koo facad] X X fecacmmac|aca e e e e e e | e X
Productus keokuk . ..o ool JRURURN (RN FEURNN JUOUUUI (SRR FUSPUR [SURUU (G PRSP FRUURP DRPRPUU NP FSPROU NI PRI SR
Productus aff. P. burlingtonensis_._ .. ... .._____ SRR IR (<G RO FEURPUO) FRURORIN PR B~ SRR IR (U PR ISP I G S
Productus ovatus. . _ .o [N R SRR [ UNPRUIN SUSUIVH (RURUN (=G FUUUUUUN JRURURU SR FUUPU (SURVRU SUNSN RPRU MR
Productus semireticulatus. .. ..o ___.__.. SN FEURU SRR (SUUUR (RPN FUPUN SURPU SRS [SUR) NNV SRR PRI SUIPN B G -G ISP,
Productus setiger. . . - .. RS FEURUUE SR (RO [RPURON NP SRR [ G PRSP IR AR (PR PP S S S
Productella aff. P. hirsutiformis.___ ... __.___._.. SRR NSRRI FEVRPRUES RORUON RNVRDRN FNUURN SRR IROURN PR (SPRUUN I NN ORI PRI I G ISP
PseudosyTrinX SpP - e oo JEURUR NI SRUIUIUN DRDUURON (RPN SRSV PRPRURN (<N FROUDUOI IRUUUE SR FUUPRUN (SURPRU PSR IR IR
Pustula sp_ - - o eaeas JEUNURU FRUNUR FSUSUNUNN DRSO IO [EUUNUE FRPRRNS IRUNUIDH FUNUIDH RSN SRR NPRUII SRV U B G IO,
Pustula aff. P. pustulosa_ ... ______ JEURUEUN PRI FRUNPUN N < U SRUUPIO) JRURURUN NUUOUUIN SRUUUU FRURURPRN URPUUN NURUNN (SUNPRN FUNPU PR R
Rhipidomella aff. R. burlingtonensis__.__________ RSN RO RN FEPUDIONN SUUPIUN I "G RSN JRUUHUN FRUUPIUN JRUSUR SR FRUUUUR (SRR SRRV PR PR
Rhipidomella pulehella . .o o oo [UUSUNUN RPN FRONUIUN NG AU PRUIUIUN DRURURUR [~ FRUNUU ISURUNPRY (RPN SRR (SPURU SRRV PR M
Reticularia cooperensis. .- o _______ RN RPN FRUNUUREN I~ FEUUOUO [SPRU RUDRUE RN RPN FRPUURUR ISR MRUR SRR SR PR MNP
Schuchertella chemungensis. ... oo __.__ K fomcafeeca] X fecocfomma]omcafecae] X oo ececfeme || X femee
Schizophoria 8P - - o - oo oo e [P JSUURUN SUUPIUN DRORUION B < PUURURUN FRURURUN SRURURUN SRPUPU FPURNN UNPRU IUUIN (SURURU SRR PR FS
Schizophoria aff. S. swallowi_.______ . ________._ SRR SRR ERRON [ "G FUUNOUON SRR R e X eeaa
Spirifer centronatus_ . - . oo . Xlecod X I X I X | X | X e X X |emeam
Spirifer aff. S. grimesi-_________________________ FRUSPRN CURPID FUPIIN I G MRS PRSP PN e X X | X
Spirifer aff. 8. keoKuK . oo oo e et JRURDRUN FRUUOI RPN NG RN AU FEURUNPN FRNONU ANUPUN PRUNORUH (RDUPUN SRUIUIN PUPRURPRR SRURUN SO R
Spirifering Sp . o oo mee—aee SRR IR STV B ISURUNUR FRUSURY SAURORPN (SRR FEUUDUO: ISP SNSRI RPRUNPR [SPRU FURP FUUPUN R
Spiriferina solidirostris. - oo - oo oo SRR ORI DRPUUR DRDRRUR SEURVUN <G [SURURN IRV FNUNRUN U (SURIPR ISR IRV FRUU G (R
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Fossils collected in the Monte Cristo limestone—Continued

Dawn limestone member

Anchor limestone member

U. S. Geological Survey collection No_._ ... .

4279

4281

4289

4290

4201

4202 | 4293

4295

4196

4218¢

4220

4229

4276 | 4277 | 4284

Author’s field No. (see fig. 3).._..‘,--....._.' .......................

34

66

75

84

87 92

103

112

115

5

11

21

24 25 44

PELECYPODS

Loxoﬁema? ) o J U P
Holopea sp. oo oo n e
Platyceras Sp. - oo

Orthoceras Sp.... ..

Anchor limestone member

Bullion dolomite member

Arrowhead
limestone
menider

U. 8. Geological Survey collection No._..._ . _____ ... ..

4285

4286

4288

4294

4296

4297 | 4274 | 4280

4220-2'

4224

4278

4282

4283

4287 | 42908 | 4272

Author’s field No. (see fig. 3) ..o cicccceaeas

45

63

102b

1056

108b | 120

30

11d

16d

38

4lc

54 | 114b | 118

CORALS

Cyathophyllum? aff. C. subcaespitosum_.._._..__
Lithostrotion? sp_ _ . .
Syringopora aff. S. surcularia________ R
Triplophyllum sp_________________________..__
Triplophyllum aff. T. excavatum_.______________
Zaphrentis sp_ - _______.____ [

Echinocrinus sp_ - - ...
Dichoerinus 8p- oo oo oo
Rhodocrinus Sp. - o oo oo o
Schizoblastus lotoblastus._ . __ . ______.____.__

BRYOZOANS

Cystodictya sp-- oo __
Fenestella sp_ - - - _____ e icm———n
Fenestella aff. F. tenax__ ______________________
Polypora SpP - - - - oo e e
Ptilopora 8p. - - oo e

Stenopora 8p- - - - oo

BRACHIOPODS

Brachythyris sp_ ..o ...
Camarotoechia sp- - .o ___._.
- Camarotoechia metallica_ _-_____________._______
Camarotoechia aff. C. purduei_ - _______________
Chonetes loganensis var___.______.._.______ e—een

Cliothyridina? monticola.._ .. _______..______ .

Cliothyridina? aff. C. incrassata. ... .. ... _
Composita aff. C. immatura____________________
Composita aff. C. madisonensis var. pusilla____.__
Composita aff. C. humilis. _____________________
Dielasma 8p_ - - _____.__
Dielasma aff. D. burlingtonense...__________.____
Leptaena analoga._ - . - . _.___.______._
Orthotetes? sp- oo i .
Orthotetes? kaskaskiensis_ _.________________.__
Productus gallatinensis_ _ - - __________-_______
Productus aff. P. burlingtonensis_______.-._______
Productus ovatus_. ________________.__________
Productus sp_ . .. _________. —————
Pustula sp_ - ..
Pustula aff. P. curtirostris____._.___________ SR

Reticularia cooperensis_ ... ____._______________
Schuchertella sp_ - - . L.

————
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Fossils collected in the Monte
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Cristo limestone—Continued

Arrowhead
Anchor limestone member Bullion dolomite member limestone
member
U. S. Geological Survoy collection NOwo oo oooo oo 4285 | 4286 | 4288 | 4204 | 4206 | 4207 | 4274 | 4280 |4220-2{4224-c| 4278 | 4282 ‘ 4283 | 4287 | 4208 | 4272
Author’s field No. (S66 fig. 3)-vneemeemcemceeeceamacemeaccnnaan 45 | 53 | 63 [102b| 105 |109b | 120 | 30 | 11d | 16d |" 26 | 38 '410 54 |114b | 118
BRACHIOPODS—continued
Spirifer n. 8P - oo JEPRPRUN VSRV FRPRUI VU FOUPIPN FRUPUD (HRPEN PP SR S
Spirifer centronatus.._____. X | X jeeee| X | X |-
Spirifer aff. S. grimesi - SRR ORI (G SR R
Spirifer aff. S. montgomeryensis. SR "G NS RO SRR PRI PR (R AP PRI FIUN PR S ORI A
Spiriferina n. 8P« aicaoaoon JERURUR PRUOUNE PR AR IR MNP FUUPION MR SR SR P S S SR B G B¢
PELECYPODS
Conocardium 8p. - - .ol il FRUNPUUN RS PRV RPN FEORPIS MU RPN FRISSrY PRSP S SRR (PP SRS RPN NOON -
Cypricardinia aff. C. scitula . oo oo SRS (R EPRN) I G PRI FRUUPRUN (SO U SO S I R (RO NUUPIPN I M
Edmondia Sp- - - oo JRUSUES RO PRI U NP
Leptodesma aff. L. spergenense JRPS R PR PP S
Schizodus 8P - oo ool SRR R SRRV FRPUVIPI NPy SRURPUO PP (SPRP SCSPR (RPDUP SURP PR APNPDN IO R
GASTROPODS
.Euomphalus utahensis_ ... oo ... ... JEURPOR SRR " G PRI PP U FRPRSS PR FRURUU SR RPSpI (RPRPU PRSP PSP MU NN
Naticopsis? 8p.-- oo RN U RO PRI SRPUUO SO AP PRSI SV SPRP ORI SPI AUSP S S B
Pleurotomaria sp._ ... oo JEIN SRR PP PRPIDUPE PP PRURpI PRURPIVR (SOOI FOUPIUE NI PRIPE SIS FPUPIPN PP P B4
Straparollus spergenensis. .. -cvocooooo oo ooo D G PR, NI PN FRPUIN [SPUPRINS SURPUVN FRIOIN RPUpNY FURPU FRVNDIP (PR PRI SPIPIDN I I
CRUSTACEA
Paraparchites aff. P. carbonarius._.______.___._._ PSR (PO SRR PN PRI RSO PRV (RPpUP MPIRDR ORI (PR NI MVIPIPN PPN NUION B ¢
Phillipsia? 8P oo eeeeee RN SR SRR PRPPIPR SOUPS P SRS (RPN SR SN PRDION NOTpRpn FIDIPN PR I G F

BIRD SPRING FORMATION

Areal distribution and thickness.—The rocks herein
named Bird Spring formation are exposed over a
larger area in the quadrangle than any other forma-
tion. The central mass of the Spring Mountains is
largely underlain by them, and an interrupted belt
extends around the west side of the range from the
northern to the southern edge. They also underlie a
large area in the Bird Spring Range, from which the
name of the formation is derived. The maximum
thickness of 2,500 feet was measured in secs. 5 and 6,
T.24 S, R. 58 E.

« Lithology.—The formation consists essentially of
limestone, shale, and sandstone, but' many beds, and
even large thicknesses over considerable areas, that
were originally limestone have been altered to dolomite.
The estimated maximum thickness of 2,500 feet in-
cludes many thin beds in the upper 1,000 feet that
were doubtless originally dolomite, but it dppears
probable that the remaining lower part was made up
wholly of limestone, shale, .and “sandstone. Sand ,is
present as distinct beds, and grains of .sand are
uniformly distributed through many of the beds of
limestone. , ‘ '

The beds of limestone range from the thinnest lami-
nae to massive layers 60 feet thick. . Several of the
thickest beds occur near the base, but others.lie about
1,000 feet above it. There are numerous good expo-
sures of sections 200 to 400 feet thick in which most of
the beds range from 2 to 15 feet thick, whereas here

- crinoid stems.

and there 50-foot sections contain no beds more than

a foot:thick.. Thus, it stands in striking contrast to

_ the underlying massive formations. (See pl. 7, A.)
The beds of limestone also display a wider range in
color than exists in the lower formations. Most of
the beds are bluish gray, but they range from nearly
black to white. Some of the higher beds in the Spring
Mountains and the Bird Spring Range weather red-
dish brown, thereby indicating an appreciable content
of iron. In general the light colors indicate the pres-
ence of dolomite, but here and.there, as in sec. 32, T. 23
S, R. 58 E., alteration to dolomite has not produced
any change in color.

" The limestones of the formation are uniformly fine
grained or porcelainlike in texture. A few show spo-
radic crystalline areas that represent fragments of

The dolomitized beds are more coarsely
crystalline. From the few thin sections that have
been studied it appears that the fine texture of the
limestone is due to the small sizé of the organisms or
fragments that make them up. The dark colors are
due to finely disseminated carbon and hydrocarbons,
and these yield a fetid odor when the rock is broken.
During the process of dolomitization the hydrocarbons
were largely eliminated.

Small quantities of chert are present persistently
throughout the formation, although it is most abundant
near the base. The chert takes the form of elongate
nbdules arranged in layers roughly parallel to the bed-
ding, as in the Anchor limestone member of the under-



22 GEOLOGY AND ORE DEPOSITS OF GOODSPRINGS QUADRANGLE, NEVADA

lying Monte Cristo limestone, or of layers or persistent
lenses from several inches to 6 feet thick. The layers
of nodules are conspicuous in several beds near the
base of the formation, but they occur sporadically
throughout. Doubtless the silica now found as nodules
was disseminated in the limestones when they were
deposited, but the process of segregation took place
after the burial and before recent weathering. Com-
monly nodules partly envelop and replace fossils, and
some very large ones are found about 600 feet above
the base of the formation on the crest of the Bird
Spring Range, replacing corals of the genus Chaetetes.

Only a few beds of clean sandstone are recorded, but
many beds of apparently fine limestone containn 5 to
50 per cent of sand grains (analyses 10 and 11, p. 61).
Weathered surfaces of such beds show cross-bedding.
In the several specimens that have been examined the

range in size is 0.02 to 0.10 millimeter, but in single

specimens the range is much less. About 90 per cent
of the grains are clear quartz, but feldspar (micro-
perthite and plagioclase) are also present, and zircon
is an accessory. The grains are largely subangular,
but a few of the largest are well rounded.

The thickest and most persistent sandstone in the
formation is that which lies at the base. (See p. 46.)
Although the outcrop of this sandstone is mowhere
conspicuous, it extends throughout the region north of
- Columbia Pass. Where exposed in the workings of the
Yellow Pine mine it is 23 to 28 feet thick, pale yellowish
brown, fine grained, and without distinct bedding. On
the surface from the Contact mine northwest to the
Ninety-nine mine and around Potosi Mountain to the
Potosi mine it is thin bedded and distinguished by
round brown markings, probably due to oxidized pyrite.
For a distance of 1,200 feet near the Snowstorm mine,
the sandstone zone is largely occupied by a bed of con-
glomerate whose maximum thickness is 10 feet. Here
the conglomerate bed is made of two or three lenses
of closely packed, well-rounded chert pebbles, whose
maximum diameter is 4 inches. The conglomerate is
overlain and underlain by 3 feet of sandstone. Both
north and south from the area of maximum thickness
the thickness decreases and the bed becomes a sandy
limestone with sporadic pebbles as much as half an
inch in diameter. . Near the Snowstorm mine the bed
is highly indurated, owing to the presence under it of
a sill of porphyry. Recent work at the Prairie Flower
mine shows that a zone of conglomerate occupies the
position of the sandstone. (See p. 128.)

This bed of sandstone and conglomerate is not
noticeably unconformable on the underlying beds, but
other features indicate that it marks a persistent un-
conformity in the 'stratigraphic section. Probably
there is not an appreciable unconformity in the range
north of Columbia Pass, as all the members of the
Monte Cristo limestone are present under the sand-

stone. South of Columbia Pass, however, both the
Arrowhead limestone member of the Monte Cristo and
the massive overlying bed are sporadic, and limestones
with fossils characteristic of the Bird Spring forma-
tion rest on the Bullion dolomite member of the Monte
Cristo, as, for example, near the Bill Nye mine. Also
the Bird Spring formation consists of thin-bedded
limestones with considerable clastic material, whereas
the underlying massive limestones are almost free of
clastic material. :

Fossils are common in the lower part of the forma-
tion and are abundant in some beds 100 to 300 feet
above the base. A few beds may be recognized with
assurance rather widely, not only on account of the
fossil species present but by their abundance.

Several partial sections of the formation are given
below.

Section of the Bird Spring formation under the Potost thrust in
sec. 5, T.24 8., R. 68 E.
Feet
Limestone, bluish gray, in beds 3 to 5 feet thick but appear-
ing massive; no chert. ... __.__._ 45
Dolomite, light gray . ... - ool 10
Limestone, bluish gray, in massive beds 3 feet thick, alter-
nating. with 6-inch beds of white dolomite; traces of

Fusulina__ . icaaaoa- 70
Limestone, bluish gray, in massive beds 10 feet thick with

round chert concretions; few spines and corals_.___.___._ 35
Limestone, bluish gray, sandy, locally cross-bedded._.___.._ 18

Limestone, bluish gray, in massive sandy beds 10 feet thick
with severil beds of white dolomite 1 foot thick; few

Spines - oo e e e 41
Limestone, bluish gray, in massive beds 10 feet thick alter-
nating with beds of white dolomite 1 to 2 feet thick..__ 81

Limestone, bluish gray, sandy, in massive beds 6 feet thick. 31
Limestone, bluish gray, in 3-foot beds, locally dolomite in

upper part, cherty in lower part- - . __________._ 52
Limestone, bluish gray, with layers of chert_ .. ___.____._._ 5
Limestone, bluish gray, massive; no chert_______________ 10
Dolomite, light gray; many fractures_ . _______________._ 6

Limestone, bluish gray, in massive 3-foot beds; no chert.. 21
Limestone, bluish gray, in 3-foot beds with layers of chert

4 inches thick. - - oo __a- 4
Limestone, bluish gray, massive; no chert._ ____.____._____ 58
Dolomite, cream-colored layers of chert 1 to 6 inches thick 1
Limestone, bluish gray; chert layers__ .. ... ___.__ 3
Limestone, bluish gray, massive; no chert_ ___________.___ 31
Limestone, bluish gray, massive, sandy; local layers of

chert_______.________._ @ e 28
Limestone, bluish gray, massive, with 1-foot layer of chert

near middle . _ . . ieaaa- 31
Limestone, bluish gray; few round chert concretions__._.. 10
Limestone, bluish gray, with half-inch layer of chert__.._. 12
Limestone, bluish gray, massive. - ... oo ... 15

Dolomite, light gray, locally sandy, with few lenses of chert

3 inches thick and 3 feet long. Several patches of re-

sidual limestone - - - - - . o eddcmccecccm——ao 102
Dolomite, light gray, with few layers of chert; a 5-foot bed

of limestone near top; fossil collection 4268 (99a)_ - --_. 92
Dolomite, light gray, with few layers and nodules of chert;

few lenses of unaltered limestone.. .. . _.o_... 61

873
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Partial section of the Bird Spring formation above the Potost
thrust, in sec. 5, T. 24 S., R. 68 E.

Feet
Limestone, bluish gray, in thin beds but weathers as a
MASSIVE UNTG - - oo 35
Limestone, bluish gray, in beds 3 to 8 feet thick; contains
Fuswultn . oo oo e 26
Limestone, bluish gray, in beds 3 to 8 feet thick, alternating
with beds of cream-colored dolomite 1 to 2 feet thick... 46
Dolomite, white_ - - oo ioi__. 3
Limestone, bluish gray _ - _ - ... 5
Limestone, bluish gray, cherty; contains spines.__.______ 2
Limestone, bluish gray; contains Fusulina_ - ____________ 5
Limestone, bluish gray, thick bedded ... _________ 21
Dolomite, White . o oo oo oo e L. 5
Limestone, bluish gray, in beds 3 to 5 feet thick_ _.._____ 25
Limestone, bluish gray, with lenses of e¢hert_ . ___________ 20
Dolomite, pale reddish, sandy . oo .. 26
Limestone, gray, very sandy; sand in thin layers_ .. _____ 15
Limestone, bluish gray, massive_ - _______________.__.__ 5
Dolomite, white, massive- - - ______. 16
Limestone, bluc-gray; thin layers of sand..._______ eee- 20
Limestone, bluish.gray, massive; very little chert..._____ 21
Limestone, bluish gray, massive; round chert concretions as
much as 1 foot in diameter_.. . ______________ 60
Potosi thrust. _—
356

Partzal section of the Bird Spring formation in Bird Spring
Range, sec. 33, T'. 24 8., R. 59 E.

Feet
Limestone, gray, sandy, massive. ..o . .. _____ 6
Limestone, gray, sandy, thin bedded._ _____.____________ 7
Limestone, gray, sandy, massive; fossil collection 4217¢
(2€) - o oo 24
Limestone, gray, sandy, thin bedded_ . ________________ 4
Limestone, gray, sandy, massive; Chaeletes_ ... _____ 13
Limestone, gray, sandy, massive_ . _.______ ... _______.__ 6
Limestone, gray, thin bedded . ____ . ______..____.._____ 8
Limestone, gray, sandy, massive_- .. _.______.___ 30
Limestone, gray, thin bedded.. ... ______..____ 23
Limestone, gray, sandy, massive_ .- .. _____._____ 20
Limestone, gray and reddish, sandy, thin bedded_-_.____. 85
Limestone, gray, dense . -« o oo oo oo oo 8
Limestone and dolomite in thin beds_ ... ___________ 34
Sandstone, buff, caleareous .. ..o oo oo 8
Dolomite, eream-colored . o oo L. 7
Sandstone, buff, cross-bedded ... ___________ 34
Shale, sandy, light gray . oo __. 20
Limestone, alternating thin and massive beds; many layers
of chert 4 to 10 inches thick. . ___________ 46
Limestone, gray, sandy; thin-bedded layers of chert (fossil
collection 4217d) (2d) - - oo oL 55
Chert, white, nonpersistent. .. ... .. _______ 6
Limestone, reddish gray, thin bedded.____ . .______._____ 11
Limestone, gray, massive; fossil collection 4217¢ (2¢)._ ... 13
Chert, white, nonpersistent.. ... ____________._..__ 4
Limestone, reddish gray, thin bedded.___.___ . 12
Limcstone, reddish, nonpersistent. ... .. ______.__ 3

3387—31——3

. Feet
Limestone, reddish gray; layers of chert; fossil fragments. §
Limestone and dolomite, alternating layers, with lenses of

chert in the limestone. _ .. ________________________ 60
Limestone, gray, in beds 1 to 5 feet thick; chert in center. 30
Limestone,. gray, thin bedded, local chert___.__._________ 12
Limestone, alternating gray and buff, beds 1 to 10 feet’

thick; few fossils_ .. ____________. e 72
Limestone, gray, massive_ _ .- ___________..___.. 12
Dolomite, cream-colored, massive. .___.______________. 17
Limestone, light gray, thin bedded; fossil collection 4217

(28) el 5
Dolomite, cream-colored, massive. ... ___._._______ Joo. 21

721

Section of lower part of Bird Spring formation, measured up the
ridge southwest of the Porter mine, in the NE. % sec. 22, T'. 25
S, R.58 E.

4

Minor fault, exposed on ridge. Fest
Limestone, alternating beds, medium gray, as much as 5

feet thick .- - ... 30
Dolomite, light cream-colored, crystalline; shows shrinkage

cavities. L _.___. 60’
Limestone, alternating beds, medium and light gray, as, .

much as 15 feet thick.______.______________ [ 300
Dolomite, light gray ... _____ 2.
Limestone, alternating beds of medium and light gray,

dense texture. . o ___._ 145

Fault; strike N. 20° W., dip 80° SW. v
Limestone, medium gray, dense texture, beds 1 to 2 feet

thick; contains considerable c¢hert______ .. ___________ 25
Limestone, same as above, but without chert____________ 12
Limestone, medium gray, dense texture; some chert..____ 20

Limestone, light gray, dense; weathers white; persistent
chert layer 4 to 8 inches thick_______________________ 3
Limestone, medium gray, dense texture; forms bench._._._. 4
Limestone, light gray; weathers white_.___.___._.__..___ 3
Limestone, medium gray, dense texture; forms bench____ 10
Limestone, medium gray, dense texture, in beds 2 to 4 feet

Limestone, medium gray, dense texture; contains few
brachiopods and corals; forms massive ledge. . ._.__._.__ 25
Limestone, medium gray, dense texture, some chert, much
broken up- ... [ 45
Limestone, medium gray, dense texture, considerable iron-
stained chert; forms a bench________________________ 10
Limestone, successive bed, medium gray, dense texture,
little chert, several benches, uppermost contains a coral

Total below fault_ _ .. _ . ____.___ 302

Age and correlation.—According to G. H. Girty, of
the United States Geological Survey, who has iden-
tified all the fossils recorded in the following tables, the
fauna from the Bird Spring formation is Pennsylvanian,



Fossils of Pennsylvanian age collected from the Bird Spring formation

[Identifications by G. H. Girty, U. S. Geological Survey ]

4

0-450 feet above the base

U. 8. Geological Survey collection No.._.______...__.________

.......................... 4218 | 4219 | 4221 | 4264 | 4219 |4220a {4220b | 4225 | 4226 |4226a | 4241

4242

4243

4248 | 4249

4250

4257

4258

4259

4259a

4260 °

Author’s field No, (see fig. 3)

.......................... 5b | 10a | 13 85 | 10b | 11b | llc | 17 | 18a | 18b | 46a

46b

47

52 | 55a

57

73e

76a

77a

77b

792

Campophyllum n. sp
Cyathophyllum subcaespltosum
Lithostrotion? sp oy
Lonsdaleia? sp
Michelinia aff. M. meekana

Syringopora aff. S. surcularia

Triplophyllum sp_ . ________________________

Batostomella sp
Rhombopora sp
Stenopora sp

Composita sp
Composita aff. C. subquadrata
Crania sp
Dielasma sp
Dielasma aff. D. arkansanum
Hustedia n. s

Productus semireticulatus
Pustula aff. P. wallaciana
.Reticularia? sp
Rhipidomella sp
Rhipidomella n. sp
Rhynchopora aff. R. beecheri
Spirifer sp ,
Spirifer aff. S. arkansanus
Spirifer aff. 8. increbescens
Spiriferina sp

Syringopora n. sp._ . ____________________

......... e Py iy s SR G M IS

_________________ PRI FEOUDES FENN [ R I S D G SR SO N A

Sviriferina aff. S. spinosa_ ... ______________

_________________ JRPUEVE [ (RS NP, N I QN (SUSIOR NUS, S N S

----------------- K X feooemaa]eao] X oo X e ]aaee
e e X DS ISR RN (NP SR (PPN AR

_________________ SRR R PR DS (SO (SORpUO (NP PP AU U

_________________ X oo
R SN N S N NN NSO NN MU U N M
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_____ mmmmm oo XX X e X

_________________ JESPUVE UV R pu PRpupu ) NP [SOU O [ R R N G A
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X
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Aviculipecten sp

PELECYPODS

Deltopecten sp_ _ - _______________ .

Deltopecten aff. D. occidentalis
Myalina? aff. M. subquadrata
Myalina? aff. M. swallowi

Solenomya sp. - - .- e

Bellerophon sp_ - - - - - - ol

Euomphalus n. sp____ . __ . __

.............

.............

0-450 feet above the base

U. 8. Geological Survey collection No.

4260a

4260c

4268

4270

4270

4244

4223

4230

4232a

4233

4235

4236

4236a

4239

42403

4259b

4265

4271

Author’s field No. (see fig. 3)

79b

79d | 93

993

103a

119

48

15a

22

24b

36

37a

37b

40a

55b

65

77c

89

-113

4220

11t

Campophyllum n. sp
Cladochonus (Syringopora?) n. sp
Lithostrotion? sp
Michelinia aff. M. eugeneae
Michelinia aff. M. meekana

" Echinocrinus sp
Enchostoma sp

Batostomella sp

CORALS

ECHINODERMS

Dichotrypa sp. .- ___________________ e
Fenestella sp-__ - __ o _____

Fistulipora sp
Rhombopora sp
Stenopora sp

“'Avonia aff. A. arkansana
Avonia aff. A. arkansana var. multilirata
. Chonetes aff. C.laevis__.____________________________________

+Cliothyridina aff. C. sublamellosa
* Composita sp

BRACHIOPODS

- Composita aff. C. subquadrata
~" Dielasma sp
" Hustedia sp

X1

v XX

X

X

X1 X XX XX

X
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Fossils of Pennsylvanian age collected from the Bird Spring formation—Continued

. . - " 717 0-450 feet above the base
f

U. . Geological Survey eollection NO-—- - eooooomoooooo 4260a | 4260c | 4266 | 4268 | 4270 | 4270 | 4244 | 4223 | 4230 |4232a 4233 | 4235 | 4236 142 36a| 4230 4240a | 4253 [4259b | 4265 | 4271 |4320c

Author’s field NO. (56 8. 8) - - - -~ | 79b {79 | 93 | 9% {103a| 119 | 48 | 15a | 22 | 24b | 20 | 36-| 37a | 37b | 40a | 55b | 65 | 77¢ | 89 | us | iir

BRACHIOPODS—continued ’ ’ ) -

Productusovatus__ . __________ .. X emoadeoae] X odooa] Xl eoeap X ool X eoofeom o] X feemafeoo ] X
Productus ovatus var. minor_ _ _ . _____ . _______________________ USRS NSNS MDD (SRS SR RPN ISR SRRURUS NSRRI SUPUUDNE RN FUUUHUE (-G (NP SN (R IR S G RN I
Productus semireticulatus____________________________________ JRUSUNUR IS NN SNV SENIUNS ANUUUUN (SN ST S G S RS O o
"5

Pustula n. sp__ ... JRUNPINY PRI SDRUIH PR (G PPN SN
Pustula aff. P. alternata.____________________ . __ SRR (RN PP FRUNPD PPN PRSI S R
Rhynchopora sp_ - __ L _____ DG ISR [RONORO U FUUPRUE FOUNIN PIPUpRNY [FRNpUp FUUPU OUDIONY PPN SPIPU JPRIN (PRI ANSIPIDN SOUPION PRPpUP SRR RSN P I
Rhynchopora aff. R. beecheri_ . _ _____________________________ SRR PSR (PO MO (SR PSR [ GO AU RN SN MDD SR NP U R P
Spirifersp. . . RO R oy U U U (S ) N S
Spirifer aff. 8. increbescens.____ . ____________________________ e fm e X e XL X X X el X X feeee] X el
Spirifer aff. S. rostellatus__ - _________________________________ NN RO NSO (RUUORU ("R RUUR NN PR AV FRUUUN SRR NN MUUUP SSUUPRDNN FURSRUN (ROUS) SRR NSO SSNUPN SN NP
Spiriferina aff. S. spinosa_ - - __ . _________._______ RN RO SR (RUPOES SRR [NPUSOR! PR~ SRR RN R FNUUUENY (ROUNORY IRURPRU IR RPN U I B G RO NP

PELECYPODS

Aviculipeeten sp__ . - .. ISR (RO U FUUPU "G IR PR FUSURUN SRR OSSN B "G SRR FUUNUN (G PR ISR FEPRSU ISR SRR (RPN M
Conocardium sp______________ [ S PR SRS S

Deltopecten aff. D. occidentalis____ . __________________________ |-
Myalina? sp... o _________ oo PR U
Solenomya sp- - - - _________

Sphenotus? sp i
Schizodus sp_ -~ ________ i l_l__ (N RNU (G A SO I

XX,

JESUS (RPN VR FEDUPUPE (NP PR FUSVN I G FPDIPNS (VDU RUUPDE FUPIPEN [SPU NP RN PN MU M

Bellerophon sp . - - - .o ool
Euomphalus n. sp_ . e SRR SO SR FUURUY PRSI FUNRUN FNSOUN (RUSSON SUNUIU NSURON SO
Euomphalus (Schizostoma?) sp______________ e SRR RO (NURPRUR NSRS RO FRCHE SRR SN
Buphemus? sp_ . DR RN (SO I

1 XX

JEUDUN FRISURN S [EPRURNE SEPSURNN SRR U, N S SN R S

Pleurotomaria sp_ - e JEURURUES (NUNN TP SUUUNU DRVUEUN FRUPRN FRURUUUN RURURN IURURUN (SRR N < (USRS FRUUUUN JUUUNN IUPUPN FRUUUHU FUNUN FRUNURUN) FUNU AN SR
CRUSTACEANS
JEY IS FRUURRRY ORI (DN IUUPUU SDNPRN DN ISR R FRNRUN FUUUNNUNS AUURRDN ISR RN SRR G EPNDNDNS MO P

Griffithides Sp- - - - - o oo O
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Fossils of Pennsylvanian age collected from the Bivd Spring jormalion—Continued

0-450 feet above the base

T. S. Geological Survey collection NoO_ ... o iccecaaaos

4223a

Author’s field No. (see fig. 3) - - oo oo

15b

T i g
4210 '4224b 42242 4275
; 42

4228

I

4228a

0

| 4254

( .
4234a4254b 4235

4255a

4256a

4231

4246

4246a

4246b

" 4251

B [
4269 ,4268a 4252

68b

69b

70b

30b

01 |

Acervularia? sp____ e
Campophyllum n. sp_ - - e

Echinoerinus sp. _ _ _ _ o e—-_ R

Enchostoma sp_.. e~

Fenestella sp__ e _.
Fistulipora sp_ - - .
Stenopora sp. - - - e

BRACHIOPODS

Avonia aff. A. arkansana._ _ - _ . _________________._________
Chonetes spo.— - _______________ A
Chonetes aff. C. laevis_ .. __ . _______________________
Cliothyridina aff. C. sublamellosa__________.___________________
Composita sp_ - _ .
Composita aff. C. subquadrata_ . _____________________________
Dielasma sp_ - e
Dielasma aff. D. arkansanum_ - _______ . ____________________

Hustedia n. sp. . _ - _ . e

Hustedia aff. H. multicostaga.________ USSR .

Orthotetes sp .- .- e
Orthotetes kaskaskiensis._ . ___ . _________________._____.____
Productus aff. P. adairensis__________________________________
Productus aff. P.inflatus_ _ _ __ . ___.__
Productus ovatus__________________ . ___
Pugnax n. Sp._- - e
Pustula aff. P. indianensis_ _ - _ ___ . _____________ o _____
Rhipidomella aff. R. burlingtonensis.__________________________
Rhynchopora aff. R. beecheri.______ e
Spirifer aff. S. increbescens____ - _ . o ___
Spiriferina aff. S. spinosa_ - _ _ . _ . __.__

Aviculipecten sp__ _ . e
Deltopecten sp_ _ __ __ _ e
Deltopectén aff. D. oceidentalis_ ... __________
Myalina? Sp_ - - e

Phillipsia sp_ - - .

X oo
X f----

XX

XX
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Fossils of Pennsylvanian age collected from the Bird Spring formation—Continued

450-750 feet above the base

"U. 8. Geological Survey collection NoO_ ..o occroomioenoooiaaaaa. 4218a |4218b| 4227 [4227a| 4263 |4263a | 4217 (4217a| 4224 | 4245 | 4247 14220e | 4262 | 6091 [4260b | 4222

Author’s field No. (see fig. 8. 5¢ 5d | 19a | 19b | 82a | 82b 2a 2b 16a 49 51 lle 81 124 | 79¢ 14

PROTOZOA -
Fusulina secalica... .. e mm e mmm—mmmmmmmmm— e X X fecafraan] X eeejmoe ] ame X |eco e e

Campophyllum sp_.__________ e ememmccmm———e SRR (EOSUIV I"GR PRRPUON SSUUONN P I "G PROUPIY NSO SRSV FURPIN PPt BN G PR PR S
Chaetetes radians_ ... _____________________ DG [ G SRS PR SRR ROt SRDUPN b G PSP S RPN [~ G (RPN B P, SO
Chaetetes milleporaceus (radians?)__.___._________ FEVUN (SN SRV SRRV (RS PR NI NP (RS SN SUPU (SRR SPRN SIS S B4
Clisiophyllum? Sp- - oo .. PR SRR FROUPSON SRR NP FPUPUU (-G U FOSO MPUPUU IPSPUR MR NP FNPUPU EPR PR
Lithostrotion? (Lonsdaleia?) sp- .. ___________ SRRV PRSI SN (SRR PSP (PSP SRPRI MRS PP G PR SRR (RPN PSR (P (PR
Syringopora $p - - - - oo oo oo RSP SRV RO PRV RPN FRURRPN PR RPN B G B G (SRR SR SRR PPN MU R
Syringopora n. 8P - oo oo oo JEUSN " QR FUUUES FRUOU FERRUN PR (EPRUUO (RPN ISP SRR ORI MU FURpp S RPN ST
Triplophyllum? sp_ . ____ b G IR SRR RO FRNNIN (U B "G FRPUUN SRSV (G PR [SPRRPS FOUP FRSU FEUI A
Michelinia? sp- - - o oo AU RPN RS RO RS NN Qo RN WS S NS SR b G (SN R M
Zaphrentis excentriea.. . _____________________ RO SRS AU SISUPN SIS SPRON PO MU AU NP SIS SO SIS MU B G RSN

ECHINODERMS
Echinoerinus Sp .- - oo oo e SNPRSH FRORON [ QR PO NS NUOUN G FPUPRUL SRR ISNUN MUV SPUPUPH FEORSU RPRpY SPUIH (S

Rhombopora 8P - - e cm oo RS IR SO SV SRR I G (SPUUS (RPN MRS SRS MU SR (RPN (U PR P

Rhombopora lepidodendroides_ . - ___________ [5G PRSI R U S (RPN PRUDUPS VRN SVUPE FUNpp SIS SRR (ESUIP G U A

Stenopora SP - - - - e e SN (EUN RS SRV (MG [~ IO RS MU IR IR (RUUPRUR SRR SRR RPN S

Chainodietyon? 8P oo SRR (RN PR SRR (RIS RO MNP FRUUPRNE FRPUSUN FUUORR FRRPRR (PRI MU 4

Cystodictya aff. C. carbonaria._ - - - oo e e e e e e e m e ]| X

Cystodictya aff. C. morrowensis.. - oo _._._ JEDRN FEUUUR NP ISP SROUNNE SRPUURU (NN (RPN (RPUURNY PRI NP SRV NS >>§ RN (S
X

Fenestella 8P _ - o oo oo RPN NN SO (SURUIRY (SRR [N FRPUO I MUy ST SO S SN P
Pinnatopora aff. P. nerideis. ... . ... _____ JUURDUPS SUSIOR EUVRUN (SO MR PO NP (RPN IR NI FPI RPN P

BRACHIOPODS

Chonetes SpP - - - e v oo e RS RN RSO (SR (EPUUIPN R QR IR PR SRR SRS SO MU (RPN IR MU P
Chonetes granulifer_.__ .. ___.___________.__.__ SHPRUNN N G FEUURUR SRR (<G FRORN (RPRUUR URPRVRPR MRS FRUNPU IRUNPRU FNUUPRU INSNRUN SRR (RURRPR FPUPON FUN
Cliothyridina orbicularis_ - . .. oo 2| X Jacoo|omas|ema | oma oo oo e e e e oo e e e
Composita aff. C. subquadrata ... _.___.__._ SN FEUSNUR NP SR G NG IR ISRV ORUu FUNRPN FUPIPUN (RPRPRU SRR BN SR P
Composita subtilita_ . - .. __.____.__. [ SR R N (RSO S G D QR PR (R (SR NP R () Qi S ) 4
Derbya Spocooo oo P,
Derbya erassa - - - - - o e JECUURY FERUUROR PRV (SRR (SRR MUV FNOUUUU RPN (RUURRY NURUN SNURPRN (RPUIPR NURUN PPN NS N4
Dielasma sp- - - e FEUUUUR RURURN RSV (SURE FRURR SO PPN (RUPR SRR FPUE AP RPN IR B G SR pRp
Dielasma n. Sp- - .. e JEUURU PSRN FENTORUN (SO (RIS NG SRR FEURUNPNS PR MRS AP PRI SRURUS FUUPIN FPIPUS P
Hustedia n. sp.__ .o ___ SRR UV FRUURUN NI "G T~ G FRRORUN [SUUPUNN SUNNRS ANURU SRPRURN FUPNURNN SRpUUUE INPRPUN SSUPIN NP
Hustedia mormoni_ - _ - _ o ___ DG [N RS SSUNIOR FUURUNU FROUDNNEN NN INPRVIUN [PIPUU PNV SINNPUO NUNRIO SRR B G DUNPR DO
Marginifera muricata var_____ PP SRSV RO USRS [SUUPRNY FROUU FRUURSES JRUSpRN) FPUpRN FPUP SRR RpUp FRpUpUpn) PO [ QR PRI M
Marginifera splendens_ - ________ .. ._____ b IFUU R ISUREY RPN FUNPRUN U PRSI (RUPUUS SNSRI [SPRPUIY FUUPRUN (SPRUUEY SRS [N PRI
Productus coloradoensis_.______.._.__..__ JEPSRURSUPNEN PRSI PRPSPUUE ARSI ISP SNSRU PRPDUPIN PR PRPDIG FSRPR FEUSUUP ASPRPUUN) FRSUUPN (RRUPR I G PP IR
Productus cora var.__ ... DG PR RRCTN NNURUEN IR MRS SR PR (PR SV MU NP PR I "GN RPN SN
Productus semireticulatus._ . __ . ... _____ )G SRR S (SSUR PRSI MRS PSS MUy SRR U U SRS (SO PP PR PN
Pugnoides n. sp_. . e JRURRUN FRUSUU IRV ISV [ "G NG U N SRS SRS FPNUN I [NPNPU (VNP NN P
Pustula semipunctata___ __ _____________________ JERU FEUUIRN SNV (< PO INURURNN SRR FRUPUN RPN IPRRU AUPUN (PRUIPR FURPRN RPN FUIPION PN
Pustula aff. P. symmetrica__ . __ . ______________ JRURRU] PR (U (SR (SO PR SR MO PV I PP PN MUIUIH NG AU O,
Rhipidomella carbonaria__________ e )G U R SO [SURDEP [SRVEPN MU ORIy o) PRSP FUUpUp AP PR (SP (PR
Spirifer rockymontanus._.___________ . _._.__.___ JEUIUR DRSO FUORURN PR FUIPIN (EPIUN FRPRUIPH PRPUPRU IR (PR FRUNPN FPUDIDE MNP PRI SUIUIT B4
Spirifer triplicatus_ ___________ .. ____ D -« (SO RO ISV MU SRV RN RPN (SRR SR Pyl EUNPR SRR R U NP
Spiriferina aff. S. spinosa__ _____ . ____._.__. JE R SRR UUUR I G [N <G FRURUUR RN FNORVUN (PRI FRUNPRUN (RPRIDER ARPRPUR INPRRU FRSUO RPN
Tegulifera sp - - - - oo oo e SRR SRS FRUUPIS I PPN RURDNU FEPUUIPN RPN PRI SRR S SR PRI (P (RSSO PN

SNSRI (RN (SPRVRp FRSVRPE [ QN PROUUUE NG WpUP [RPUPRN PR I G FRPURP FERU PR R

PELECYPODS

X

Cypricardella n. Sp. .o e e eea e e X

GASTROPODS

Aclising sp_ - - oo SRR ORI (ROUPE SR M
Euphemus sp.- - i.__ FEURRN (RSN SRV SN
Holopea sp_ - . RN (RN (SR SV
MeekoSpira P ---o-oeo o ___ e RS (RO (RPN SRR
Murchisonia Sp- - - - oo FRURPES PR U S PRV
Orthonema sp_ _ _ . SRR (RN (RUUIUN SIS I
Pleurotomaria Sp ... - e__ e X

Pleurotomaria sp. & _____._.__ [ FRRRU (RO (SR FEDU B
- Pleurotomaria sp. b._______ e m i ———— JUUSPUR PR I R [
Schizostoma catilloides? .. ___ . _ . ____.______ SRR SRR SR SRR SRR
Trachydomia n. 8p_ . oo ool JEROR) SO PRI (RIS S
Zyglopleura sp..- .. e JUUREN AU SR PO AR

XX

JUPREON) SRRy FPUN FPUPU (FOUDUPS: NN PR S FIV B 4

t
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1

XXX

XX
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Fossils of Pennsylvanian age collected from the Bird Spring formalion—Continued

. 750-1,000 feet above the base 1,000 + feet above the base’

U. 8. Goologlcal Survey colloction NoOwa o . cceocceanccaeamamcaeccccanacacacnnnn 4217d | 4234 | 42506 {4161a ) 4218e [ 4218c | 4968b| 4261 |4218d | 4218f | 4217e | 4238 |4238a .4238b

Author’s flold NO. (560 I, 3) . aaemomo e ceceecciceemccceeaen 2c 35 | 70a ; 80b | 58 5¢ | 99c | 80a | &f 5h | 2d | 39a | 39b"| 39¢

Fusulina secalica . . . o ___ FRR (RO R R D G [, G ISURU G FEORPIUN (RPUVIONN FOUPN PR PRSI R

AMPleXUS 8P e e o o e e cem e ccmmm e mmemm e SRR RO RSP PRI

D QO R (PR USRS FPRPU ISP NI FSSPIY M
Campophyllum sp - - - oo e e i e SRR R (RSN PSR I S I, G o) R FUPUPN FRPU U (SRR (R PR
Chaetetes radians. . oa - b QU ROV RO RO ) SRy P Fpupis Ry Fyu (D G ISR I, SO,

Cladochonus? 8P .- c - oo et e Y IR, SO SN SRR
SYriDgOPOTa 8P - o o oo oo c o a e iccciecoo - cee e ee ey X

XX

Echinoerinus 8P - - - cao oo mcmcecmcccmemaaoaea JRUSPRON SR SOIPN G "G NP PRSP (RPN IR FRUPR MU SR (PRUT NP B4

POy Pora 8P - oo oo e icmcmcmeee NP R (S
Rhombopora lepidodendroides. .. ..o ____.__ SRR FR O U
131723 110) oTo3 V) TP P SRR (RN RO ROy SOV PRORUIN NUIN SPIPIPN SPRON SR IOIIoN B~ S ¢

XX

ChoNEteS 8] - oo o o oo oo oo oo e e, X e e i) X eeea
Chonetes granulifer- . - .. ____________. SRV PR [ QN PSP (SRR NI SUPUUN SNIPI NSO BN PRI PRI SRR R
Chonetes mesolobus ... ... S PRGNSR FROUPRPN NNDIN ORIV FUIPRU PLUP (PRI PP SRR MU (PR TU (G FURU I
Chonetes mesolobus var_ ... o _____ JEUSRUEN NV DR (SR FRURPIE SRR (PN PP PP S NI NI BN B4
Composita subtilita. .. memadeae ] XX X el X feca] X eaceao ool X
Cr NI 8P < - o o cccccemeos SERURN, (SRR U RO SRR PRV PRIV AR ISP PP AP U SSIPE] B¢
Derbya erags o o oo i cccccacoooo RSN FNEP I G (RN FURPIN SN (PR PP S I U B G -G
Enteletes hemiplicatus. .. - oo I
Hustedia mormoni__.___.____ ————
Marginifera splendens
Meekella straticostata?_ . __________. FEURPRUR RN [EPURN I Q FRUPIE (RO (RPN SRR SONPI (Rt (SUSNPN PR MR B
Productus Cors, VAT oo v e e emmc e e RSP FRORPRS PG (RPN FURPUON RPIR PRI NI SRR MU (U RPN R 4
Productus semireticulatus. . . o __ .. ______ FRURPRUS ERSU (SRR RN SPDR SPUIN IR -G PR (RRU RS AP RPN S
Pugnoidesutah_ _ . .. SRR ROUY (SURRU (RS ORI FPIUIN IO I QN (RO [ QR AP NI FAIPI
Pustula semipunctata_ _ ... Lo. IR N DS TSN B G (RSN IPRPR (SR NPV EPUPU FRUROUPN FPUIN PRI
S by Y o USRI RN FRORRUS AU IRV FRUSUN =G RPN PRSP U (SO U RO FRNT S
Spirifer cameratus SRR B QU [NRPRN (RN SO SO PRI PRI SN (P, M RIS MNP B ¢
Spirifer rockymontanus DG PRI (S SRV SRR (RPN ORI FUNUUU NS PPN RN G M 4
Spirifer triplicatus_ - . .. RN PPN I G (RPN FRRPIN SR (SPUIN FUSUON AP (PR (RPN AP M
Spirifer aff. 8. increbescens. ... .. _____._______ [, SO VU (RS IR RPN [P NP (HPUPIPH PRI SURR (PRI PPN I G S
Squamularia perplexa,_ - - - .. _i_o__.__ e X e D X oo X el

RN FURPIN S ISR FERP MNP PP P R

SRS FORPON [0, S PRSI [UUup IR FRPR R G PRSI RPN R ORI, MOV S
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According to Schuchert 2 and Noble,* there is

probably an unconformity between the base of the
Supai formation in the Grand Canyon and the under-
lying Redwall limestone (Mississippian). Darton
has expressed the opinion that this unconformity is
widespread in Arizona. o
The Bird Spring formation of the Goodsprings
quadrangle seems to be equivalent to the Callville
- limestone (Pennsylvanian) of the Muddy Mountains.®
It is too early to make confident correlation with the
beds of the Ely and other districts in northern Nevada.

SUPAI FORMATION

Areal distribution.—Beds corresponding in strati-
graphic position and lithology to the Supai formation
crop out in the valley edst of Cottonwood Pass (pl. 8, 4)
and east of Mule Spring Mountain. They are not
known in the southern part of the quadrangle.

Lithology—Where the formation is exposed in sec.
13, T. 23 S, R. 58 E, the following section was
measured : ‘

Section of Supai formalion in sec. 18, T. 23 S., R. 58 E.

Kaibab limestone. ) .
Supai formation: - Feet

Sandstone, buff, massive..._____._____ .. _________ 5
Shale, gray to buff_ . ________________ S 6
Sandstone, reddish and buff_____________________ 4
Shale, red, sandy_ - . __________________._ - 70
GypsSUM - o 6
Shale, red, sandy _ - - ___ _______ . _____._____._ 50
GypSUIM - _ - e 5
Shale, red, sandy_ - - ____________________.______ 20
GypSum . .- 4
Shale, red, sandy_ - - ... ________. 25
Gypsum. .. 4
Shale, red, sandy_ - - . . __.____. 20
Gypsum _ . .. 4
Shale, red, sandy_ - _ . ... ____________._. 20
Limestone, gray_ _ .. _____________________ 1
Sandstone, pale reddish, cross-bedded..________.__ 460
Sandstone, pale reddish, calcareous, sandy._______ 12
Shale, red, sandy; weathers to thin plates_.____.___ 55
Sandstone, red, massive_____________________.___. 12
Shale, red, sandy; weathers to thin plates_________ 55
Sandstone, red, massive___________.__________ S 12
Shale, red, sandy, weathers to thin plates_________ 25
Sandstone, olive-green, calcareous__._____._______. 5
Shale, red, sandy _ ... ... 75
~ Limestone, pale greenish, sandy; beds largely about 5

inches thick, separated by shale._______________ 45

Covered . _______ .. 150

Bird Spring formation.
: 1,150

2 Schuchert, Charles, The Cambrian of the Grand Canyon of Arizona: Am. Jour.
Sci., 4th ser., vol. 45, p. 358, 1918,

2 Noble, L. F., A section of the Paleozoic formations of the Grand Canyon at
the Bass trail: U. S. Geol. Survey Prof. Paper 131, pp. 57-59, 1923.

22 Darton, N. H., A résumé of Arizona geology: Arizona Univ. Bull. 119, p. 80,
1925.

2 Longwell, C. R., Geology of the Muddy Mountains, Nev.: Am. Jour. Sci.,
5th ser., vol. 1, pp. 46~47, 1921.

# Darton, N. H., A reconnaissance of northwestern New Mexico and northern
Arizona: U. 8. Geol. Survey Bull. 435, p. 25, 1900.

The massive sandstone at the middle of the forma-
tion is uncommonly homogeneous in color and size
of constituent grains. In the single specimen exam-
ined closely the grains were largely quartz and ranged
from 0.2 to 0.5 millimeter in diameter. The sandstone
is made up of beds that largely range from 2 to 20
feet in thickness, although one is 40 feet thick. In
detail, each bed is made up of lenses, each of which
in turn is made up of thin laminae that dip more steeply
than the true bedding. The same kind of cross-bedding
is present in the Aztec sandstone. (See p. 35.) The
color seems to be due to red clay washed down from
the overlying shale. Where this sandstone has been
traced northward from this area, it becomes thin and
inconspicuous. East of Mule Spring Mountain it was
not recognized, but the middle part of the formation
contains considerable thin-bedded red sandstone.

The gypsum beds of the upper part of the formation
have been explored by prospects in the region north
and east of the Goodsprings quadrangle. No fossils
were found in any part of the formation in this region.

Age and correlation.—The correlation of the Supai
formation in this region is based on the lithology and
fossil content of the overlying Kaibab limestone and
underlying Pennsylvanian limestones.

The massive sandstone at the middle of.the forma-
tion bears a close resemblance to the Coconino sand-
stone of western Arizona, and a correlation with that
formation was at first considered possible. The recent
work of Reeside and Bassler,” however, shows clearly
that the Coconino sandstone thins steadily westward
from the Grand Canyon region and that in the Muddy
Mountains its identity is lost.®®* The exposures in
the Goodsprings region are not good enough to permit
the recognition of an unconformity in the beds mapped
as Supai formation; such as that found by Noble # in
the Grand Canyon and considered to mark the base
of the overlying Hermit shale. All the Permian beds
beneath the Kaibab limestone in the Goodsprings
quadrangle are therefore assigned to the Supai for-
mation,

KAIBAB LIMESTONE

Areal  distribution.—Exceptionally complete and
good exposures of the Kaibab limestone are shown
along the north end of the Bird Spring Range, east
of Cottonwood Pass, and in Mule Spring Mountain.
Several isolated hills southward from Cottonwood
Pass along the east front of the range display parts of
the formation. The exposures of Mule Spring Moun-
tain are the most western thus far known of this
formation, which is so widely distributed in the south-
western part of the United States.?®

2 Reeside, J. B., jr., and Bassler, Harvey, Stratigraphic sections in southwestern
Utah and northwestern Arizona: U. S. Geol. Survey Prof. Paper 129, pp. 53-77, 1922,

% Longwell, C. R., op. cit., p. 48.

27 Noble, L. F., A section of the Paleozoic formations of the Grand Canyon at the
Bass trail: U. S. Geol. Survey Prof. Paper 131, p. 63, 1922.

28 Gregory, H. E., and Noble, L. F., Notes on a geological traverse from Mohave,
Calif., to the mouth of San Juan River, Utah: Am. Jour. Sci., 5th ser., vol. 5, pp.
229-238, 1923. ’
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A. VIEW NORTHWEST TOWARD RIDGE IN S. 15 SEC.4,T. 23 8., R. 58 E.

The spur is capped by the sandstone at the base of the Bird Spring formation. The
prominent cliff is the Yellowpine limestone, the top member of the Monte Cristo lime-
stone, underlain successively by the Arrowhead limestone, Bullion dolomite, and
Anchor limestone members.

B. LIMESTONES OF THE LOWER PART OF THE BIRD SPRING FORMATION IN SEC. 16,
T. 25 S, R. 58 E.

These closely folded limestones are adjacent to the Puelz thrust fault, which crosses the low saddle on the left.
The Bullion dolomite forms the hill on the extreme left.



U. S. GEOLOGICAL SURVEY PROFESSIONAL PAPER 162 PLATE 8

A. SUPAI FORMATION OVERLAIN BY THE KAIBAB LIMESTONE EAST OF COTTONWOOD
PASS, IN SEC. 13, T. 23 S., R. 58 E.
The conspicuous sandstone, 460 feet thick, forms the middle part of the Supai formation. It is overlain successively

by gypsum-bearing sandy shale at the top of that formation and the two massive beds of limestone of the Kaibab
limestone. Potosi Mountain in the distance.

B. AZTEC SANDSTONE (Ja) OVERLYING CHINLE FORMATION (T¢) IN SEC. 22, T. 22_S,,
R. 58 E.

The Aztec sandstone is overlain by thin-bedded dolomite of the Goodsprings formation (€g), from which it is
separated by the Keystone thrust fault. (Compare with pl. 14,
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Lithology and thickness.—In this region a group of
beds correlated with the Kaibab limestone of northern
Arizotta is separable into three members. Each
member appears to have the same general character
and approximate thickness throughout the quadrangle.
From the base upward these members consist of
massive limestone with some sandstone, 200 to 230
feet thick; sandstone with some shale, 20 to 30 feet
thick; and massive limestone, 200 to 210 feet thick.

The following section of the basal part of the forma-
tion was mecasured in the escarpment east of Cotton-
wood Pass. (See pl. §, 4.)

Section of basal part of Kaibab limestone in the N. % sec. 24,
T.288.,R.58E.

Feet
Limestone, gray, massive bed, highly fossiliferous-__.___ - 30
Limestone, gray; traces of bedding. .. . _________ 60
Dolomite, light gray; few chert coneretions__._..____.__ 25
Limestone, gray, in beds 10 to 25 feet thick, with several
beds of lighter dolomite. ..o oo .. __ 80
Sandstone, buff; some iron coneretions... ... _.__.._ 8
Limestone, gray, sandy, massive_. ... __________ - 30
233

Most of the species recorded in the fossil list below
were collected {rom the uppermost bed of this part of
the Kaibab limestone. Almost every species recorded
is present at the same horizon in the low hill in sec. 6,
T. 25 S, R. 59 E. This part of the limestone makes
the conspicuous ledge shown in Plate 8, A.

The middle part of the Kaibab limestone is largely
pale yellowish-brown sandstone, although locally
the color is red, and thin zones of sandy shale are
present. In the S. ¥ sec. 14, T. 24 S, R. 58 E., where
two prospect pits have been sunk in search of car-
notite,® this zone is 20 feet thick and is made up of
5 feet of yellowish sandstone below and 15 feet of
dark-red shaly sand stoneabove. In the N. ¥ sec. 31,
T.22 8, R. 59 E., the sandstone beds are 30 feet thick.

The uppermost part of the Kaibab limestone is a
rather massive bed of gray limestone from 200 to 210
feet thick.
bedding planes. By contrast with the lower limestone
member it contains considerable chert, especially
near the top. As this bed resists erosion and isoverlain
by soft shale, it commonly underlies dip slopes that
are thickly strewn with angular {fragments of reddish
chert. Such surfaces are present on the west flank
of the Bird Spring Range east of Cottonwood Pass,
southwest of Goodsprings, and in sec. 6, T. 25 S., R.
59 K.

In this bed the chert forms a few thin but persistent
layers parallel to the bedding, as well as zones of
small nodules. These yield numerous fossils but not
the range of species found near the top of the middle
member

% ewett, D. 1« Camomo in southern Nevada: Eng. and Min. Jour. Press,
vol. 115, pp. 232—2.}5 1923.

3387—31——4

It is interrupted only by inconspicuous

Section tn the SE. Y sec. 21, T. 22 S., R. 57 E., Mule Spring
Mountain
Kaibab limestone: Feet
Limestone, gray, massive; many chert lenses 3 to 6

“inches thick_ ... = ... 200
Limestone, yellowish, sandy__ __ .. _______________ 15
Dolomite, gray - - - oo 60
Limestone, gray, massive- . - .. _____________ 160
Dolomite, light gray ... __ 8
Limestone, gray, massive- . - - .- _____.____. 50
Limestone, gray, cherty_ .. __________ 3
Sandstone, yellowish, calcareous. ..o _.___.__ 4
Limestone, reddish, sandy . - - . o .. __ 5
Sandstone, §ellowish, calcareous- .- __._.___ 20
Sandstone, red, shaly____._________________.___. 5
Limestone, gray - - - oo oo oo 1
Sandstone, red, shaly . __ .. _____________________._ 20
Limestone, gray.._..._. e R, A 4

Supai formation: Shale, red, sandy; base concealed.
555
Section of Kaibab limestone in the NW. Y% sec. 31, T. 22 S.,
R. 59 E.

" Feet

Limestone, gray to faint reddish, weathering brownish,
cherty, locally breecciated; many fossils_ - - - _________ 210

Limestone, gray, heavily iron stained, without chert;
few thin layers of brick-red sandstone_____.______.___ 30
Dolomite, white, without chert_ . __________________ 10

Limestone, gray to bluish gray; sparse layers of chert;
in massive beds about 5 feet thick--_ .. __-______ 160
410

Fossils.—The fossils listed below were collected
from the limestone beds of the Kaibab limestone.
Most of the species came f10m the upper portion of the
lower limestone member.

Fossils collected from the Katbab limestone
[[dentifications by G. ¥L. Girty, U. S. Geological Survey)

Reeside,
Long- | south-
Good- | Darton, | well, westem
springs | Grand | Muddy | Utah
. quad- |Canyons| Moun- and
rangle tains ® [northern
Arizonas
Sponge.__ . ... D G SR PR N
BRYOZOANS
Amplexus Spo oo oo oo ooo__- b~ G ISP I R
Fistulipora sp.. - - . _.___.. D G PR, X eaooes
Stenopora Sp.. oo oo .. DG R P
Leioclema sp.__ ... ______.. D2 G PO F, X
Fenestella, several sp._._.___.___. DG PR (R, X
Polypora spo.ooo oo _o___. b G P N X
Septopora sp___ ... ________. b S PRI RPN X
Phyllopora n. sp_._..___.__.__._ X |eeoao X oo
BRACHIOPODS
Derbya? sp-ccooomooo .. X feecan X X
Meekella pyramidalis. .. ____._.__ X Xoofeeoae- X
Chonetes Spocvucacccmeeoooooon b G R I A
Productus ivesi_.._.____..___._. X X X X
Productus occidentalis_._________. X X X X
Productus mexicanus? ... _____. b G [ [ P

a Darton, N. H,, A reconnaissance of parts of northwestern New Mexico and
northern Arizona: U. 8. Geol. Survey Bull. 435, p. 30, 1910.

3 Longwell, C. R., op. cit., p. 48.

¢ Reeside, J. B., and Bassler, Harvey, Stratigraphic sections in southwestern
Utah and northwestern Arizona: U. S. Geol. Survey Prof. Paper 129, pp. 66-67, 1922.
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Fossils collected from the Kaibab limestone—Continued

L Reestiltlie,

ng- | s -

scoi(;ad's Darton, v;)ellg, western
ok | G sty “Eih
rangle v tains [northern

Arizona
BRACHIOPODS—continued

Productus sp_. .. ________. X | X feccaeeea

“Pustula aff. P. horrida_.__.._____ D G ISP X

Pustula subhorrida. ... _______ D G PR X X

Pustula subhorrida var. rugatula.| X |oo_ooo |- |--oo_C

Pustula aff. P. humboldti_._.._.__ D2 ISU NN (P,

Aulosteges? spo oo ________ D G PN NI SIS

Rhynchopora? sp....-cceeooooo D G IPR USRI

Camarophoria sp..... | X

Squamularia. .o oo _. X

Spiriferina campestris___._______ X

Composita subtilita._._.___________ D G X X

PELECYPODS -

Deltopecten coreyanus._ ... I I S A AU A

Deltopecten sp. ..o ____.__ DG TR IR I

Deltopecten aff. D. mecoyi_ ... D G TR IR S

Acanthopecten coloradoensis_ - ___ D G PR X X

Pseudomonotis sp_- oo oo D G PP P X

Age and correlation.—The fauna and lithologic
features of the Kaibab limestone are so distinctive
that no uncertainty is attached to correlation with

characteristic exposures in northwestern Arizona and

southwestern Utah. ‘

The number of members and the general character
of each bear a close resemblance to those recorded by
Reeside in southwestern Utah® except that the upper-
most Harrisburg gypsiferous member of that region is
absent in Nevada. Nearly the same divisions were
observed also by Longwell  in the Muddy Mountains.

TRIASSIC SYSTEM

MOENKOPI FORMATION

Areal distribution.—In this region the Moenkopi
formation consists of three distinct members—at the
base a member composed of conglomerate and associ-
ated red shale approximately 150 feet thick; a middle
member of thin-bedded buff sandy limestone and
dolomite, which attains a maximum thickness of 600
feet; and an uppermost member of red sandy shale, of
undetermined thickness but probably not exceeding
200 feet, which 2 miles west of Goodsprings is repre-
sented by tuff and conglomerate containing igneous
pebbles. The best exposures of the beds occur'in the
belt that extends from Cottonwood Pass northeast-
ward to the corner of the quadrangle. They also crop
out for several miles west of Goodsprings, and 466 feet
of beds crop out between the top of the Kaibab lime-
stone and the Keystone fault in the NW. } sec. 6, T.
25 S., R. 59 E. The formation is not knowr on the
west, side of this part of the Spring Mountains.

NEVADA

Only small parts of the uppermost shale member
are exposed, but in several localities, as on th‘e’north
border of the quadrangle and in the valley south of the

- Lavina mine, the uppermost limestone of the Moen-

kopi formation is overlain by red shale. Above this
lie two beds of coarse conglomerate which are corre-
lated with the Shinarump conglomerate of western
Utah and Arizona. In the areas where this conglom-
erate was observed the rocks are so much folded that
no close measurements of the thickness of the under-
lying red shale could be made.

According to Longwell,® there is an unconformity
at the base of the Moenkopi formation on the north
slope of the Spring Mountains. Conclusive evidence
of an unconformity has not been found in the Good-
springs area, but the sporadic conglomerate at the
base is highly suggestive that one is present.

Lithology—The conglomerate at the base of the
Moenkopi formation is present a mile northeast of
Cottonwood Pass and 1,000 feet east of Goodsprings,
but it is absent in the hills southeast of Cottonwood
Pass and 2 miles southeast of Goodsprings.

Section of basal conglomeratic beds of the Moenkop: formalion
1,000 feet east of Goodsprings, Nev.

. ) Feet
Limestone, buff, thin bedded, and sandy shale, red,
sandy._ . _ ... _____.___. e 40
Limestone, buff; weathers to plates 1 and 2 inches thick;
sparse pebble zones_ - - - .- 20
Limestone, buff, sandy, cross-bedded; sporadic chert
pebbles, largest 1 inch in diameter_ . ______________ 3
Limestone, buff to pale reddish, in beds 6 to 12 inches
thick; sporadic pebble zones..._._ . ____________._ 8
Sandstone, cross-bedded - - _ - - oo 4
Covered (shaly sandstone?) - _ . _______.___..__.._..._. 2.
Conglomerate, cross-bedded; chert pebbles one-half to
1 inch in diameter- . . . .. 3
Sandstone, lime matrix, cross-bedded ... _.____._. 2
Conglomerate, more chert than lime; pebbles range in
size from one-half to 1% inches, subangular; sandy lime
maftrix; persistent___ . _ . _ ... 3
Sandstone, cross-bedded, lime matrix.. ... .. ___.._ 2
Sandstone, conglomeratic; about one-third is composed
of lenses of angular chert and lime pebbles one-fourth
tolinch_ . . 3
Conglomerate, massive bed, with few layers of sand;
largely rounded lime pebbles one-half to 2 inches____. 15
Kaibab limestone. _
105

Southeast of Cottonwood Pass the lowest member
of the Moenkopi is made up of a zone of red shale
about 75 feet thick, which rests upon the upper lime-
stone bed of the Kaibab limestone. It is overlain
by a less persistent zone of greenish-gray shale, also
about 75 feet thick. Both zones are well exposed in
the SW. J sec. 24, T. 23 S., R. 58 E., east of bench
mark 4649. The lower red shale crops out southwest
of Goodsprings, and it is present in many wells in the

80 Reeside, J.-B., jr., and Bassler, Harvey, op. cit., pp. 58-59.
# Longwell, C. R., op. cit., D. 48.

8 Longwell, C. R., Pre-Triassic unconformity in Nevada: Am. Jour. Sci., 5th ser.,
vol. 10, p. 93, 1925, °
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town. Other wells in the town show the green shale,
but it is thinner here than farther north.

The midgdle member of the Moenkopi is made up of
buff sandy limestone and dolomite that largely range
from 1 to 5 feet in thickness but locally attain 10 feet.
These limestone beds are separated by thin beds of gray
and greenish shale. Here and there, especially near
the top, the limestones are highly fossiliferous, the star-
like plates of Pentacrinus being sufficiently widespread
to permit the identification of isolated outerops.

By contrast with most of the Paleozoic limestones,
those of the Moenkopi formation are uniformly sandy
and sufficiently rich in iron to yield buff to light-brown
material by weathering. The content of sand is shown
on outcrops by persistent lamination of even the
massive layers. One specimen collected in the upper
part of the limestone member, in the SE. % sec. 13,
T.22 S, R. 58 E., yielded by solution in hydrochloric
acid about 25 per cent of sand. Nearly all the sand
grains were quartz, were subangular in form, and
ranged from 0.01 to 0.03 millimeter in diameter.
Traces of chlorite were present, but feldspars were
conspicuously absent. Chert nodules are very un-
common in the formation.

About a mile south of the Lavina shaft, north of the

center of sec. 28, T. 24 S., R. 58 K., there are two small
exposures of tuﬂ"aceous rock and .conglomerate of
igneous pebbles whose relations are obscure but which
are tentatively placed in the Moenkopi formation.
Both areas are narrow belts that lie along the north
sides of shallow ravines, and each is entirely sur-
rounded by wash. It can only be said with assurance
that the beds overlie the limestone member of the
Moenkopi and underlie the Shinarump conglomerate.
The most abundant material is highly indurated green-
ish-gray tuff, which shows small white grains of feld-
spar. Thin sections of the material show that it is
made up of angular grains that largely range from 0.05
to 0.25 millimeter in diameter. About one-fourth of
the grains are brownish glass, and the remainder are
oligoclase, orthoclase, and to a less degree biotite.
The prevailing strike of the largest exposure is S. 60°
W., and the dip 70° S. The dip accords with that of
near-by outcrops of Moenkopi limestone, but the strike
is different. There can be no doubt that these beds
have participated in the folding that deformed the
rest of the Moenkopi formation.
South of the belt of tuffs, and therefore overlying
them, are exposed several lenses of conglomerate in
“which the well-rounded cobbles largely range from
3 to 6 inches, although a few exceed 10 inches in
diameter. Most of the cobbles are composed of red-
dish trachyte flow, but a few are indurated breccia.
Many pebbles show sporadic alteration to epidote and
are therefore green. This alteration clearly took place
before the cobbles were rounded by erosion.
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Considerable interest is attached to the presence of
volcanic material in the early Mesozoic rocks of this
region, and it is unfortunate that the exposures are
isolated instead of exposed in a continuous section.
So far as the writer is aware, the only persistent beds
of igneous rocks are the volcanic clays that overlie the
Shinarump conglomerate in southern Utah. These
clays have attracted attention because they contain
small quantities of gold.®® Microscopic examination of
the material by the writer indicates that it is a variety
of bentonite and probably a decomposed tuff.

In contrast with these rocks, the Tertiary tuffs of
this region have a different composition, show a dif-
ferent type of alteration, and have lower angles of dip.
There seems to be but slight chance. that these rocks
are of Tertiary age. (See p. 40.)

According to H. G. Ferguson,* there is near Cande-
laria, Nev., a great thickness of andesitic tuffs which
probably overlie slate and sandstone of Lower Triassic
age. There is a fair possibility that these tuffs were
deposited contemporaneously with the tuffs and con-
glomerates of the Moenkopi formation of the Good-
springs quadrangle.

Fossils —Tossils are common in the limestones of
the formation, but the number of species is not large.

Fossils collected from the Moenkop: formation in the Goodsprmgs
district and neighboring areas

[Tdentifications by G. H. Girty, U. S. Geological Survey]

Good- Longwell, | Reeside,
springs Muddy south-
quad- Moun- western
rangle tains s Utah b
Pentacrinus asteriscus.___.__.___ D G P
Solenomya? sp__-_________..._.. D G PO NP
Aviculipecten utahensis?_ . _______ X D G
Aviculipecten utahensis? (in part) . D G P [,
Aviculipecten aff. A. parvulus____ D G R [,
Myalinan. sp- - oo ___.___ X X X
Pseudomonotis? sp._.___________ X X X
Bakewellia? n. sp_ .. ______.__.___ ) G P, X
Myophoria ambilineata_______.._ D G I S
Myophorian. spo_ oo .______ X X fecceoe-
Pleurophorus? sp. . ... ___ X X X
Sphaera whitneyi?_ - ____________ D G U ORI
Laevidentalium? sp_. ... ..____ b G P I
Naticopsis? 8p-- oo o __ D G X
Macrocheilina angulifera.___._____ D G PR PR

o Longwell, C. R., Geology.of the Muddy Mountains, Nev.: Am. Jour. Sci., 5th
ser., vol. 1, p. 50, 1921, See also U. S. Geol. Survey Bull. 798, p. 45, 1928,
b eemde J. B,, jr., and Bassler, Harvey, op. cit., p. 67.
Correlation.—The Moenkopi formation (originally
spelled Moencopie) was named by Ward,? who applied
the name to a group of red and brown shales and sand-
stones in northern central Arizona, overlying the
“Upper Aubrey’” (Kaibab) limestones and underlying
the Shinarump conglomerate. More recent work by

3 Lawson, A.'C., The gold of the Shinarump at Paria, Utah: Econ. Geology,
vol. 8, pp. 434448, 1913.

# Personal communication.

3 Ward, L. F., Geology of the Little Colorado Valley: Am. Jour. Sci., 4th ser.,‘
vol. 12, p. 403, 1801.
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Reeside and Bassler, Noble, and Shimer has resulted
in tracing the formation 200 miles westward into
northwestern Arizona and southwestern Utah. All
these geologists are agreed that the proportion. of
limestone steadily increases westward and that the
shale and sandstone decrease. The character and
thickness of the beds here referred to the Moenkopi
formation indicate that this tendency continues at
least 50 miles westward into southern Nevada. Sim-
ilarly, the conglomeratic material at the base of the
Moenkopi formatior east of Goodsprings is in harmony
with sporadic conglomerates at the base farther east
and is consistent with the interpretation that there is
a widespread unconformity at the base.

The three members of the Moenkopi formation in
the Goodsprings region appear to correspond with the
lowest three of the five members recognized by

Reeside and Bassler in southwestern Utah,* the Virgin |

limestone member of Utah probably corresponding
with the middle member of the Goodsprings region.
The Moenkopi formation is everywhere classified as
. of Lower Triassic age.

SHINARUMP CONGLOMERATE

In the neighborhood of the Lavina mine there are
several outcrops of limestone and chert conglomerate
which, though isolated, are sufficiently similar to
justify the assumption that they are essentially the
same bed or group of beds.. In one locality 3,000 feet
northeast of the Lavina shaft there are assuredly two

“beds, a lower 4 feet thick and an upper 5 to 8 feet
thick, separated by 20 feet of sandy shale. Both are
traceable 500. feet on the surface, although the ad-
jacent rocks are largely concealed by wash. The beds
strike N. 40° W. and dip 35° SW. Similarly, 1,500
feet northwest of the Lavina shaft, two beds that
strike N. 10° W. and dip 35° W. locally project through
the wash. On the other hand, there are several out-
crops southwest of the Lavina shaft, one of which may
be traced almost without interruption a distance of
2,500 feet, and at each Jocality there appears to be but

~one bed 10 to 15 feet thick. .

The conglomerate contains lenses of coarse pebbles
3 to 4 feet thick in which 60 to 75 per cent of the mass
consists of well-rounded pebbles 1 to 3 inches in
diameter. The largest pebble observed was 5 inches
in diameter. The Paleozoic limestones and dolomites
are most abundantly represented, but there are also
pebbles of black chert and red sandstone. The matrix
is dark-brown sand. No igneous material was found
in the conglomeratic beds. : :

There is considerable uncertainty concerning the
correlation of this conglomerate with beds in the
near-by regions that have been studied. The relations
to overlying and underlying beds, however, indicate
that it occupies the position of the Shinarump con-

glomerate in southwestern Utah described by Reeside
and Bassler.’”> On the other hand, the rocks repre-
sented in the pebbles differ greatly in the tyo regions.
These differences are reconcilable, however, if the
pebbles have a local origin, as they appear to have
near Goodsprings. The conglomerate beds indicate
simultaneous local warping in the general region. On
the whole there seems to be little doubt that these
beds correspond to the Shinarump conglomerate, and
they are therefore designated by that name. There is
some doubt as to whether the Shinarump conglomer-
ate is of Upper or Middle Triassic age, and it is at
present classified by the United States Geological
Survey as Upper (7). Triassic.

CHINLE FORMATION

In this region the Chinle formation, of Upper Trias-
sic age, consists largely of red shaly sandstone and
yellowish-brown sandstone with several beds of chert
and limestone conglomerate. Except for the small
section locally exposed above the Shinarump con-
glomerate south of the Lavina mine, the basal part of
the formation does not crop out here. Where there
is apparently conformable succession from the Moen-
kopi formation to the Aztec sandstone north of Rose
Tank, the upper part is well exposed. (See pl. 8, B.)

Section of Chinle formation from the E. ¥ sec. 15 to the
W. Y% sec. 14, T. 22 N., R. 58 E.

Aztec sandstone.

Chinle formation: ’ . Feet
Sandstone, red, shaly_ .. - 20
Sandstone, white, persistent_ ... ________________ 15
Sandstone, red, shaly, thin-bedded .- ___--_____ 450
Shale, chocolate-brown . .o _______._.__.___ 5
Sandstone, yellowish brown, with sporadic chert

pebbles; persistent; makes ledge. -~ .- 35
Shale, brown . o eeeaaoo- 10

Conglomerate, brownish, made up of chert pebbles
ranging from one-eighth to 2% inches in maximum

diameter_ - 10
Shales, red and olive-green_ __ _ __ oo~ 60
Conglomerate, chert, mostly of grains less than one-

fourth inch in diameter- - _______ . ... .- 3
Shale, red e 15

Conglomerate, made up of rounded limestone grains
that are largely less than- one-fourth inch in

‘diameter_ - o e 4
Shale, reddish and olive-green. - ___ ... . ... 100
Shale, red, sandy _ . .- 1004

827+

The olive-green shale near the base of the section -
closely resembles a variety of impure bentonite that is
common in the Cretaceous of western Wyoming. Con-
sequently, a specimen was disintegrated in water and
examined under a microscope. The grains largely
range from 0.02 to 0.06 millimeter, but a few are 0.1
millimeter in diameter. Subangular chert grains are

36 Reeside, J. B., jr., and Bassler, Harvey, op. cit., p. 50.

37 Reside, J. B., jr., and Bassler, Harvey, op. cit., p. 62.
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most abundant; calcite is next; then quartz, but there
are only traces of feldspar, and microcline is the most
common variety. It is thus clear that the material is
largely the waste from a limestone region, probably
eroded under arid conditions, and not a decomposed
volcanic ash, like bentonite. Fragments of fossil wood
from 5 to 10 inches long are not uncommon in the
zone above the chert conglomerate.

There can be little doubt that the base of the over-
lying Aztec sandstone in the region north of the Arden
road (seé pl. 8, B) is the same as that exposed near the
base of the two ridges east of the Contact mine, as the
underlying 50 feet of beds are nearly identical.

JURASSIC (?) SYSTEM
AZTEC SANDSTONE

Areal distribution.—The beds here named Aztec
sandstone crop out in two areas, forming the impressive
bluffs northwest of Rose Tank and the two parallel
ridges east of the Contact mine. The name is derived
from Aztec Tank, a natural depression in the sandstone
several hundred feet east of the Contact mine, in which
water accumulates at times of heavy rain.

Lithology—This sandstone is an uncommon rock
unit because, throughout its thickness, 2,100 feet at
the northern border of the quadrangle, it is almost
uniform in texture and lacks the parallel bedding planes
characteristic of such sediments; trustworthy observa-
tions on dip are very hard to find. This great thick-
ness is made up of many lenses, mostly from 10 to 25
feet thick. Each lens in turn is made up of smaller
laminae onc-half to 2 inches thick. In the horizontal
cross section of a group of lenses the strikes of the
laninae of adjacent lenses commonly diverge as much
as 40°. By contrast, the dips are nearly constant,
although slightly steeper than the average dip of the
larger units. In cross section these laminae end
abruptly against the next higher lens. The outcrops
closely resemble that of the Jurassic sandstone 12 miles
north of St. George, as shown by Reeside and Bassler.®

The color is uncommonly uniform throughout the
thickness. It ranges through several shades of buff
to pale reddish. A mile north of the quadrangle there
is a lens of brilliant red sandstone, 250 to 300 feet
thick and 2,500 feet long, in the midst of the mass of
rock of average color. Such features may be observed
on a much smaller scale here and there and lead to the
conclusion that the average color was originally much
redder, but that the ferric oxide which caused it has
been largely dissolved and leached out, probably
before the beds were exposed at the surface.

The Aztec sandstone rests on the shaly sandstone
of the Chinle formation. In both areas where it is
exposed in the quadrangle the upper limit is a thrust

3 Roeslde, J. B., r., and Bassler, Harvey, Stratigraphic sections of southwestern
Utah and northwestern Arizona: 1. S, Geol. Survey Prof. Paper 129, pl. 11, B, 1922,

-
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fault—the Contact fault south of Cottonwood Pass
and the Keystone fault north of Cottonwood Pass.
A careful examination indicates that the Keystone
thrust cuts across the bedding of the Aztec sandstone
at a low angle, both in strike and in dip.. This rela-
tion suggests that the upper limit of the sandstone is a
surface of erosion, across which the overlying Cambrian
dolomites were thrust. It is difficult to imagine that
a fault could cut across so massive a sandstone so
near to a bedding surface and yet not coincide with
that surface. :

Age and correlation.—In the absence of any fossils
in the sandstone it is necessary to depend upon strati-
graphic correlation in order to reach a tentative con-
clusion concerning the age of the formation.  There
seems to be little doubt that this sandstone is the
same as that observed by Longwell # in the Muddy -
Mountains, 45 miles northeast of Goodsprings, and by
Reeside and Bassler * near St. George, Utah, 100
miles farther northeast. In the latter region this
sandstone is regarded as Jurassic, but its correlation
with a similar formation in regions still farther east is
uncertain,

REGIONAL RELATIONS OF THE GOODSPRINGS SECTION

In the preceding descriptions of the Paleozoic and
Mesozoic formations that crop out in the Goodsprings
quadrangle, tentative correlations of each with simi-
lar formations in the Southwest have been suggested.
These correlations indicate that the formations of the
upper Paleozoic and Mesozoic in southern Nevada
bear close resemblance to those in northern Arizona
and southern Utah. The same resemblance of the
basal beds of the Goodsprings section (Tapeats
sandstone and Bright Angel shale) may be found for
beds at the base of the Paleozoic in northern Arizona.
The intervening beds have similar lithology in thé two
regions but are appreciably thicker in the Nevada
section. If the effects of erosion at unconformities
are ignored, the Paleozoic beds of the Grand Canyon
area are about 4,000 feet thick, whereas those at
Goodsprings are about 8,500 feet thick.

The nearest region westward from Goodsprings
within which stratigraphic sections have been care-
fully measured is that of the Inyo Range, Calif.*!
As little areal geologic work has been done in the
intervening area, 165 miles wide, it is too early to
hazard more than tentative correlations of systems,
which are shown on Figure 4. This diagram shows in
an impressive way that the tendency of the Paleozoic
formations toward thickening westward continues
northwest of Goodsprings. The systems of the

% Longwell, C. R., Geology of- the Muddy Mountains, Nev.: Am. Jour. Sci.,
5th ser., vol. 1, p. 51, 1921;

4 Reeside, J. B., jr., and Bassler, Harvey, op. cit., pp. 63-64.

4 Knopf, Adolph, A geologic reconnaissance of the Inyo Range and the eastern.
slope of the Sierra Nevada, Calif.: U. S. Geol. Survey Prof. Paper 110, 1918.
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. Paleozoic that are represented by 8,500 feet at Good-
springs are represented by more than 17,000 feet of
beds in the Inyo Range, and lower Paleozoic forma-
tions not represented at Goodsprings are 1,000 feet
_thick in the Inyo Range. This difference tends to
confirm the conclusion of Schuchert* that in Paleo-
zoic time there was in east-central Nevada a trough
trending northeast, the Cordilleran geosyncline, which
received much more sediment than the region to the
southeast.
POST-TURASSIC ROCKS

The rocks of this region that are younger than the
Aztec sandstone fall readily into three groups, but as
they contain no fossils definite age assignments can
not be given to them. From what is known of the
geology of several areas.as much as 200 miles distant,
however, it seems possible to estimate their ages
approximately. These units include (1) intrusive
igneous rocks of two varieties; (2) bedded tuffs, brec-
cias, dikes, and flows of volecanic rock; (3) consolidated
and unconsolidated gravel and boulders. The tuffs,
breccias, and flows are considered to be related to
near-by volcanic necks to which a middle Tertiary
age is assigned, probably upper Miocene, and they
are therefore herein classified as Miocene (?). (See
p. 40.). The gravel and boulders are distinctly
younger and are considered so be of Pleistocene age.

IGNEOUS ROCKS

GENERAL FEATURES

Although igneous rocks are widespread in Nevada

and locally cover enormous areas, they are not a con-
spicupus feature of the Spring Mountains. They are
wholly lacking in the high part of the range for many
miles north of the Goodsprings quadrangle but are
found sporadically in the quadrangle and farther south.

In general, igneous rocks may be considered and
described from several points of view, such as petro-
graphic character, texture, and geologic age.
region where economic studies are being made, how-
ever, they are best considered according to their rela-
tive age, especially whether they appeared in or on the
crust before or after the ore deposits. In some places
the evidence of their relation to the near-by ore deposits
is good, but elsewhere it is obscure. Hence it is nec-
essary to assume that rocks having similar mineralogic
make-up, texture, and alteration probably belong to
the same epoch.

 From the standpoint of the mineralogist the igneous
rocks of the Goodsprings quadrangle present many
varieties, but in an economic report there is little to

be gained by distinguishing these exhaustively. They

are therefore separated here into two groups—an early
group, which is wholly crystalline and largely coarse

4 Schuchert, Charles, Sites and nature of the North American geosynclines:
Geol. Soc. America Bull., vol. 34, pp. 184-187, 1923,

In a

grained, and a later group, which contains some crys-
tals in a glassy matrix and is rather fine grained. The
geologic relations, especially those bearing on the place
of the groups in the structural and erosional history,
indicate that the rocks of the early group were intruded
before the ore deposits were formed and that those of
the latter group, consisting largely of surface lavas and
breccias, were extruded long after the ore deposits
were formed and after a long: period of erosion had
intervened.

The rocks of the early group are separable into two
varieties.- One of these varieties, here classified as
granite porphyry, is a light-colored, rather coarse
grained rock that forms a number of dikes and sills
in the central part of the quadrangle. The total area
underlain by these rocks is limited to several hundred
acres. The other variety was noted as small dikes in
three mines only, the Singer, Puelz, and Star. Itis a
dark rock of finer grain than the light-colored rock, .
and although it shows slight variations in texture and
mineral content it is classed as lamprophyre.

The later group of fine-grained igneous rocks includes
several varieties that take the form of volcanic necks,
dikes, and surface flows. Bedded tuffs are associated
with the flows.. These rocks range from latite through
several varieties of andesite to basalt. They underlie
a larger area than the coarse-grained intrusive rocks,
but it-scarcely exceeds 3 square miles. The area lies
in the southern part of the quadrangle and is therefore
adjacent to but does not overlap that in which the
coarse-grained intrusive rocks occur. The fine-grained

intrusive and extrusive rocks are distinctly younger

than the coarse rocks and appeared at the surface long
after the ore deposits were formed.

EARLY COARSE-GRAINED IGNEOUS ROCKS

Granite porphyry.—Dikes and sills of granite por-
phyry are common in an area 3 miles wide and 8 miles
long that extends from the Boss Extension mine on
the northwest nearly to the Lincoln mine on the
southeast. None are known in the northern half of
the quadrangle nor southwest of Table Mountain.
The largest outcrop is that of the Yellow Pine sill,
which is about 780 feet thick south of the Yellow Pine
mine and was probably once continuous for 3 miles
(p- 47). Next in size are the irregular dikes at the
Keystone and Lavina mines (pp. 104, 107). The upper
surface of the Lavina dike is the Contact thrust, but
the Keystone dike cuts across the measures and
adjoins the Keystone thrust on the north. The other
bodies are simple small dikes, rarely more than 50
feet wide, that are found in a belt of the Goodsprings
dolomite which extends from the Keystone mine on
the northwest to Crystal Pass on the southeast. This
belt lies but a few hundred feet above the Keystone
thrust. These dikes uniformly cut across the strike
and dip of the inclosing dolomites. The only other
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dikes of this variety of rock recognized are those in
which the Red Cloud mine lies (p. 103), the dike that
extends northeastward from the Alice mine (p. 137),
and the one explored in the Boss Extension mine
tunnel. One of the drifts near the bottom of the east
- shaft of the Columbia mine explores a dike of similar
rock.

This rock presents only slight variations from the
average in composition, texture, and color; the varia-
tions in color seem to be due largely to alteration
since its intrusion. The only exposures of fresh rock
were found in several dikes southeast of Crystal Pass.
(See pl. 9, A.) Here the rock contains many crystals
of orthoclase, as much as 1 centimeter long, in a
groundmass of microgranular. orthoclase through
which iron oxide is dusted. Some of the crystals
show zonal growth, and others contain nuclei of aggre-
gates of orthoclase. There are a few rounded aggre-
gates of dark-green biotite, slightly altered to chlorite;
these appear in hand specimens. The groundmass
contains accessory zircon and apatite. No quartz
appears either in hand specimens or in thin sections.

From this dike northwestward all exposures of the
rock,surface and underground, are considerably altered;
probably the most thoroughly altered is the Yellow
Pine sill. The coarsest texture is found in a dike
just south of Crystal Pass, which may be traced
750 feet and which attains a maximum width of
30 feet. In the middle part of the dike crystals of
reddish-brown orthoclase from 0.5 to 2 inches long
make up about one-third of the volume. The crys-
tals separate freely from the matrix, are uncommonly
perfect, and present several of the common types
of twins, Carlshad, Baveno, and others. The border
zones, 3 to 8 inches thick, are fine grained. There
are no dark minerals or quartz in this dike. About
1,500 feet south of this dike is another, 40 feet thick,
along which' the dolomitized Crystal Pass limestone
is altered to serpentine (p. 56). '

The dikes of granite porphyry in the belt of Good-
springs dolomite from the Columbia to the Keystone
mine crop out in local depressions, and many have

been explored by prospects because the record of the

Keystone and Red Cloud mines indicated that the
rock might be gold-bearing. Underground the rock
breaks in angular blocks, but on the dumps these soon
disintegrate. This rock is uniformly light colored,
either slightly greenish or yellowish, but the texture is
obscure.

The Keystone dike is an extremely irregular body
that generally cuts across the bedding of the inclosing
dolomite but locally conforms with it. In the central
part of the body the feldspars are completely altered
to a reddish clay, and the matrix is a pale-greenish
material. The borders are highly sheared and have
lost all trace of texture (p. 106). A tunnel in thé dike
1,500 feet south of the Keystone mine reveals angular

blocks of dolomite as much as 2 feet in diameter in the
porphyry, but they show no alteration. Sparse
crystals of quartz were noticed in the Keystone dike.

The Yellow Pine sill underlies about 100 acres near
the mine and weathers to smooth, rounded forms of
low relief. Even though it is considerably altered the
texture is still preserved, both on the surface and under-
ground. The orthoclase crystals are largely untwinned
and range from 0.25 to 0.5 inch in length. Generally
they are distinctly reddish and darker than the
groundmass. There are sporadic areas within which
quartz is common as slightly rounded grains 0.125 to
0.5 inch long. Neither mica nor hornblende is con-
spicuous, but these may have been destroyed by altera-
tion, as the rock from the deeper mine workings con-
tains disseminated pyrite. Tests indicate that the
feldspar crystals as well as the matrix are now largely
sericite. The north end of the Yellow Pine sill on the
Snowstorm claims is the most northern outcrop of the
porphyry observed in the district.

The evidence that these porphyry intrusions pre-
ceded the deposition of the ore minerals is fairly con-
clusive. At the Red Cloud mine large quantities of
the dike rock have been treated for the gold content
(p. 103). At the Keystone and Lavina mines the ore-
bearing fractures cut through the dikes (pp. 106, 108),
and in the Yellow Pine mine there are mineral-bearing
fractures which displace the thick sill that overlies the
ore bodies (p. 136). In the Keystone and Yellow Pine
mines the fractures that break the dike and sill are prob-
ably related to the later part of the epoch of thrust
faults (p. 47).

The best evidence of the age of these intrusive rocks
is based upon their place in the succession of struc-
tural events in the region. -In the chapter on structure
(p..54) the conclusion 'is reached that they were
intruded in either late Cretaceous or early Teltmry
time, probably the latter.

- Lamprophyre dikes—At three localities in the quad-
rangle—the Singer, Puelz, and Star mines—fairly -
crystalline basic dikes are exposed. In the upper
workings of the Singer mine a dike of dark rock 3 to 5
feet wide trends northeast and stands vertically. At
one place it is divided into three parallel dikes 1 to
3 feet wide. There is no noticeable contact effect on
the adjacent dolomite. Biotite and hornblende are
conspicuous in the hand specimen, but a thin section
shows green augite, brown hornblende, and brown
biotite, named in decreasing order of abundance.
The matrix is composed of small crystals of labra-
dorite with apatite and magnetite.

The dike at the Puelz mine crops out in an open cut.
It is'1 to 5 feet wide and is slightly flatter than the
local bedding. The dolomite under the dike is heavily
stained with limonite, and it may have been slightly
altered to siderite before weathering. The dike has a
finer texture than that at the Singer mine, but the
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A. THIN SECTION OF GRANITE PORPHYRY FROM NE. % SEC. 12, T. 25 S, R. 58 E.

All the crystals are orthoclase, but there are a few aggregates of biotite, and lh'e groundmass is microgranular
orthoclase. The texture of this specimen is not typically granitic. The thin section is reproduced because
it indicates the character of the rock in the least altered exposure seen. Enlarged 6.4 diameters.

B. DIABLO GRANDE PEAK FROM THE NORTHWEST, IN SEC. 10, T. 26 S., R. 58 E.

The mountain is a plug of rhyolite about a mile in diameter intrusive into Paleozoic limestones and dolomite that are
but slightly deformed. The foothills in the foreground are made up of dolomite of the Goodsprings formation,



U. 8. GEOLOGICAL SURVEY PROFESSIONAL PAPER 162 PLATE 10

A. CONTACT OF INTRUSIVE ROCK OF DIABLO GRANDE PEAK AND LIMESTONE OF THE SPRING
MOUNTAINS

The rhyolite is on the right and the limestones of the Monte Cristo formation on the left. The limestones are bleached
and altered to dolomite in a zone 100 to 200 feet wide along the contact.

B. NECK OF LATITE INTRUSIVE INTO DEVONIAN LIMESTONES IN THE NORTHEAST CORNER
OF SEC. 19, T. 25 S, R. 58 E.

The limestone resists erosion and forms a persistent ridge, whereas the igneous rock is readily disintegrated and worn
away.
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essential minerals appear to be the same. Itis broken
by three small faults that trend east and dip north and
are probably premineral. The dike in the workings of
the Star mine is a greenish-gray rock in which only
biotite has resisted decomposition.

All these dikes are classified as lamprophyres. Their
mineral composition and texture indicate that they are
complementary to the granite porphyry, and their
occurrence either in mineral-bearing faults or near ore
deposits suggests that they were intruded in the
epoch preceding ore deposition.

FINE-GRAINED IGNEOUS ROCKS

" The fine-grained igneous rocks are localized in six
arcas—Big Devil, Sultan, Table Mountain, and three
smaller areas.

Big Dewil area.—Although only the northern edge of
the Big Devil intrusive mass lies within the quad-
rangle, it is an uncommon rock and justifies brief
description. Diablo Grande (Big Devil) Peak (5,865
feet) forms a conspicuous cone along the axis of
the Spring Mountains south of the Goodsprings
quadrangle. (See pl. 9, B.) It is a simple intrusive
mass about 8,000 feet in diameter, which cuts through
the nearly horizontal Paleozoic section, so that on the
surface the intrusive rock is in contact with beds that
range from the Goodsprings dolomite to the upper part
of the Bird Spring formation. There are small patches
of related tuffs, breccias, and flows on the northeast,
east, south, and west borders. The lack of locally
disturbed beds around the borders indicates that the
intrusive displaced a block of the limestones by push-
ing it out. The surface on which the tuffs and brec-
cias rest has low relief and is smoother than most of
the near-by surface.

As exposed at the surface the rock is light gray and
very fine grained, without visible coarse crystals.
Many blocks show parallel lenticular cavities, which
indicate that the rock moved appreciably while still
viscous. 'The northern part has a persistent system
of vertical joints that trend north and under weather-
ing yield rugged pinnacles. The rock is weathered
several shades of brown. A thin section shows a
groundmass of microgranular texture without any
crystals much larger than the average and without
glass. The grains range from 0.02 to 0.06 millimeter
in diameter. The principal mineral is orthoclase, but
there are traces of sodic plagioclase and quartz.
Minute crystals of biotite, 0.02 to 0.5 millimeter in
diameter, to the extent of several per cent, are uni-
formly distributed through the mass. According to a
partial analysis by J. G. Fairchild, of the Geological
Survey, the rock contains silica, 73.58 per cent; lime,
0.05 per cent; soda, 2.99 per cent; and potash, 5.52
per cent. It is classified as rhyolite, even though it
contains less than the common amount of quartz.

The only breccia near this intrusive rock included
in the quadrangle occupies an area 75 by 400 feet in
the S. % sec. 2, T. 26 S., R. 58 E. It is made up of
angular blocks of dense gray rhyolite as much as 12
by 15 by 20 inches, embedded in a similar fine-grained
matrix. i

The alteration of the Paleozoic limestone in contact
with the rhyolite is discussed on pages 67-68. (See pl.
10, A.)

Sulta,n area.—North of the Sultan mine there is an

area of about a square mile underlain by tuffs and

flows, and three smaller areas of similar material
extend as far as the Tiffin mine. The source of most
of this material is probably a volcanic neck in the
NE. ¥ sec. 19, T. 25 S., R. 58 E., but a part may be
derived from a smaller neck a mlle south, in the. NE. }’
sec. 30, T. 25 S, R. 58 E.

The outcrop of the larger neck is lenticular, about
600 by 1,200 feet, and it occupies & low saddle in a
ridge, thus showing that under the prevailing dry
climate the igneous rock is less resistant to disintegra-
tion than the near-by limestones of the Sultan forma-
tion. (See pl. 10, B.) The limestones are fractured
but otherwise are not much disturbed around the
border. The dolomite of the Monte Cristo limestone
on the northern border is bleached and altered as
described on pages 67—68.

The intrusive rock is pale veddish, and the only
visible crystals in the dense groundmass are flakes of
brown biotite. It weathers into angular blocks. It
has not been examined in thin section but seems to be
a latite similar to the flow a mile bast and that in the
other neck a mile south.

The smaller neck measures about 300 by 1,500 feet
and lies along the north slope of a ravine. The north-
ern limit is & vertical wall-of dolomite, but the southern
limit is obscure. The central and largest part of the
neck is a pale-reddish, layered rock that shows a few
crystals of orthoclase and biotite in a dense glassy
groundmass. The thin section does not reveal other
minerals but shows typical trachytic fabric. At
several places along the border there are lenses of a
black vitreous variety that show a vertical layering
and here and there contain angular fragments of the
pale-reddish variety. Curiously the dark rock con-
tains no orthoclase but a little sodic plagioclase in a
groundmass of glass. It contains a few augite crystals
but no biotite. Probably these slight differences in
mineral constitution do not deserve much consideration,
and the two rocks may be regarded as varieties of latite.

A partial section of the tuffs and flows northeast of
the Sultan mine is presented below. The total thick-
ness of tuff differs from place to place according to the
form of the irregular surface of the limestones on which
it rests; probably it does not exceed 400 feet. The
tuffs strike N. 30° W. and dip 30° E.
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Partial section of tuffs and flows in the S. % sec. 17, T. 25 S.,

R. 68 E.
' . Feet
Latite flow, pale reddish, stratified_ . _______._________ 150
Latite flow, pale reddish_ _____________ . ____.________ 60
Latite breccia; many black glassy fragments in pale-
brownish tuff __ ... 10
Latite breccia; few fragments of black glass 1 to 8 inches
in diameter______. . 10

Latite tuff, pale reddish; sparse fragments of black glass. 20
Latite tuff, pale brown, well stratified; no fragments
larger than 1 inch._ __ __ ... © 1004

350+

A thin section of the flow at the top of the section
shows sparse crystals of oligoclase and orthoclase in a
glassy groundmass. There are a few accessory flakes
of brown biotite but no quartz. The rock is a typical
latite. '

Table Mountain area.—The flat part of the main
range, known as Table Mountain, coincides with a
flow of andesite that overlies tuffs and breccias of

_variable thickness. Although the mountain is now

dissected by four ravines, tributary to Deadmans

Canyon, the flow was probably once continuous over
the entire area.
is a cliff whose height is the thickness of the flow, but
under this cliff on the east, north, and west sides tuffs
several hundred feet thick crop out. Where the under-
lying surface of the Paleozoic limestones is well exposed
on the north and east end of the mountain, it is smooth
and locally slopes inward toward the mountain. The
overlying tuffs also dip inward. In sec. 10, T. 25 S.,
R. 58 E., ravines have cut down into the flow and show
a confused mass of breccia. From these data the
conclusion is reached that the source of the entire
local body of volcanic rocks was a local vent not far
from the SW. % sec. 10. The tuffs and breccias first
extruded probably filled the near-by ravines, and then
the flow evened up the surface. The evidence is clear
south of the Mountain Top mine that the flow was
later than the Fredrickson fault and covered it. On
the other hand, the flow is broken by a few small faults
northwest of the Houghton mine. The main body of
the flow has not been perceptibly tilted since it was
poured out.

The commonest variety of the flow that forms the
top of the mountain is dark gray and finely vesicular
but with only sparse crystals visible to the eye. Most
of these crystals are feldspar, but a few are hornblende.
A thin section shows that the feldspar is oligoclase and
the groundmass is glass in which there are minute
blades of feldspar. There are a few sparse grains of
-augite bat no biotite or quartz. A few thin dark flows
of only local extent in Deadmans Canyon show needles
of hornblende as much as an inch long. The breccias
show a wide range of color and texture.

Other areas.—There remain to be mentioned two
areas of tuffs whose source is obscure. North of

Most of the border of the mountain

bench mark 4385, in the N. ¥ sec. 2, T. 24 S., R. 57 E.,
about 15 feet of bedded gray volcanic ash underlies
15 feet of wash. The ash contains fragments of pumice
and plates of biotite. The bedding trends north and
dips 10° W., toward Mesquite Valley, but it seems
doubtful that the inclined bedding indicates later
tilting. ' '

South of Little Devil Peak, in the SW. Y% sec. 33,
T. 25 S., R. 58 E., in the small park at the head of
Devil Canyon, bedded gray tuffs that dip east are
exposed over.several acres. The material closely
resembles that near the Sultan mine and may have had:
the same source.

.Basalt dikes.—An unusual dike of basalt lies in the
SW. % sec. 30, T. 24 S., R. 58 E. It is interesting

‘because it has caused an unusual alteration of the sur-

rounding dolomites of the Goodsprings formation.
The dike attains a maximum thickness of 50 feet at the
south end and is traced northward 1,000 feet, to a point
where it splits into several thinner dikes.. Outcrops
of similar rock 2,500 feet north indicate that it extends
thus far. It appears to fill a fracture parallel to the
mineralized faults at the Kirby and Rose mines, 2,500
feet east. At the south end it connects with a sill-like
body 300 feet long.

The rock is dark gray and dense throughout, but at
the north end it contains round grains of olivine as
much as 0.5 inch in diameter. The middle shows a

platy cleavage parallel to the walls, but the border is

massive and vesicular. The sill has a slightly coarser
texture than the dike and shows columnar structure.
A thin section shows a few coarse crystals of olivine and
augite in a holocrystallipe fine groundmass of plagio-
clase and augite: No hornblende or biotite is present.

The dike is surrounded by a zone of altered dolomite
about 20 feet thick (p. 68). Although the normal color
of the dolomite is gray, the zone is light brown. In
the process of alteration small percentages of iron,
probably in the form of carbonate, and water have
been added. (For analyses, see p. 62.)

The Rosella tunnel, on the Azurite group of claims,
encountered a dike of similar material 3 to 8 inches
wide, but the adjacent dolomite is unaltered.

ALLUVIUM

On the basis of its lithology and distribution and
the position of the surface on which it rests the allu-

vium is separable into three groups—the early allu-

vium, the later alluvium, and recent alluvium or
wash. Each of these groups is distinguished by a
separate symbol on Plate 1.

Early alluvium.—Within the early alluvium are
included patches of unconsolidated coarse rounded
gravel and boulders of diverse lithology that in
large part lie on the tops-of low hills or ridges. By
contrast, the later alluvium is made up of angular

blocks that are largely limestone cemented by calcite.

-
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As shown on' Plate 1 several patches of the later
alluvium lie at & higher altitude than the patches of
early alluvium. The most northern area lies near
Cottonwood Pass, but five others lie along Good-
springs Valley. There is an isolated area near the Red
Cloud mine and another west of Wilson Pass, in the
SW. ¥ sec. 34, T. 23 S,, R. 57 E. In the center of
sec. 24, T. 23 S., R. 58 E., éast of Cottonwood Pass,
an area of several acres is strewn with similar boulders,
but they have moved locally by the erosion and
slumping of the underlying material.

The material that caps the hill in the west center
of sec. 30, T. 23 S, R. 59 E,, is typical of the early
alluvium and will be described in detail. The deposit
is about 100 feet thick, and it rests on a surface that
slopes gently southeast. The largest boulder is
Kaibab limestone, 5 by 5 by 7 feet, but most of the
boulders are light-brown quartzite, uncommonly
well rounded.
by 3 by 4 feet. Some of the boulders show traces
of facets, and all are covered with percussion marks.
No glacial striae could be found. It is an interesting
feature of the cherty limestone boulders that the
layers of chert stand in relief, from one-half to 1%
inches above the adjacent limestone, which shows
evidence of solution. The matrix of the large boulders
is a mixture of small uncemented boulders, gravel,
and sand. It is clear that the material has been
subjected to weathering for a long time, doubtless
longer than the later alluvium, which forms remnants
in the northeast corner of the quadrangle.

The limestone and dolomite boulders might be
derived from several parts of the near-by range, but
the source of the quartzite boulders must be sought
farther away, because no heds of quartzite are known
in the range southeast of Charleston Peak. The work
of T. B. Nolan,” who was associated with C. R.

Longwell in the examination of the Spring Mountains

in 1923, shows that there are extensive areas of quartz-
ite beds of Cambrian age along the range 15 miles
northwest of Charleston Peak. Plate 12, A, which
is a view taken from the crest of the Bird Spring
Range, shows an old valley that extends N. 35° W.
from the hill in sec. 30, T. 23 S., R.. 59 E., through
the pass in the range toward Charleston Peak, 35
miles distant. The gradient of the 8 miles of the
channel in this quadrangle is about 100 feet to the
mile, and in 40 miles northwest the channel would
attain an ‘altitude of about 8,700 feet. As the hills of
Cambrian quartzite in that neighborhood now range
from 8,200 to 8,500 feet, they could have been the
source of the boulders. Speculation concerning the
source of the boulders is not worth while here, but it
should be noted that this channel is now broken into
three parts by recent capture. The northwestern. part

¥ Nolan, T. B,, Note on the stratigraphy and structure of the northwest portion
of Spring Mountain, Nevada: Am. Jour. Sci., 5th ser., vol. 17, pp. 461-472, 1929.

south to Ivanpah Valley.

The. largest quartzite boulder is 2}

drains west to Pahrump Valley, the middle part as
far southeast as Cottonwood Pass drains northeast to
Las Vegas Valley, and the southeastern part drains
It seems clear that in
early Pleistocene or even late Tertiary time a vigorous
stream flowed southeastward from the region of the
Amargosa Desert past Charleston Peak toward
Ivanpah Valley, possibly even to the Colorado River.
It is noteworthy that the gradient does not seem to be
disturbed by recent uplift or by faulting. .

This channel offers a reasonable explanation of the
source of -the boulder deposits at the north end of
Goodsprings Valley but does not explain the deposit
near the Red Cloud mine, which is also largely made
up of quartzite boulders. Probably this deposit was
also brought across the range by another stream flow-
ing southeast from the hills north of Pahrump Valley
to Ivanpah Valley. Such a stream might also have
carried the boulders found in sec. 34, T. 23 S, R. 57 E.

The existence of such stream channels has a direct
bearing on the general pattern of early Pleistocene or
late Tertiary drainage in this region and the manner
by which it changed from a region of extensive drainage
linés, possibly leading to the Colorado River, to a
region containing several closed basins, which receive
only local drainage. This will be considered further
in connection with the survey of the Ivanpah quad-
rangle now in progress.

Later alluvium.—Patches of later alluvium are found
in five areas in the quadrangle—in the northeast corner
north of Cottonwood Valley, along the west slope of
the Spring Mountains north of Mountain Springs, on
the tops of several hills 3 miles west of Wilson Pass, at
the mouth of Keystone Wash, and along the ridge
several miles northwest of Goodsprings. Unlike the.

‘early alluvium, which was largely derived from

sources northwest of the Spring Mountains, the later:
alluvium may be wholly derived from local sources.
The northeastern area includes four remnants of
what was probably once a more widespread, con-
tinuous layer. The greatest thickness of these rem-
nants is about 300 feet, which is found in the most
northern one, in sec. 13, T. 22 S., R. 58 E. The
gravel shows a great range in size, from the fine
material that forms the matrix to huge blocks 6 by 6
by 8 feet. One block 40 by 15 feet was noted in-the
NE. ¥%sec. 18, T.22S,, R. 59 E. These blocks include
all the varieties of limestone and dolomite of the
Paleozoic section, but the upper part of the deposit
locally contains a few blocks of sandstone (Aztec
sandstone?). All the blocks are characteristically
angular in outline and cemented by calcite. The
remnants rest upon a surface that slopes uniformly
northeast at a gradient of about 250 feet to the mile
and therefore slightly steeper than the recent wash
near by. The underlying rocks are thin limestones of
the Moenkopi formation. Viewed broadly, the mate-
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- rial is rudely stratified, but there is meager evidence of
sorting. '

The material seems to be part of an alluvial fan,
which probably once continued southwest and west
into the range, where it was derived from the block of
Paleozoic sediments thrust across on the Aztec sand-
stone. Even though the alluvium was probably
deposited during a peviod of arid climate, it seems
difficult to understand why more sand and sandstone
from the bluffs that terminate the range were not laid
down with the limestone.

North of Mountain Springs the ridges that extend
west from the main range are covered with cemented
alluvium. Most of the material consists of subangular
blocks of limestone and dolomite 1 to 4 inches in
diameter, but some blocks are 2 feet in diameter and
one is 5 by 5 by 6 feet. There are faint traces of strat-
ification, and the bedding trends north and dips 15°-
20° W. Doubtless little if any of this inclination is
due to tilting after deposition.

The four areas of alluvium in sec. 2, T. 24 S, R.57E.,
northwest of Wilson Pass, and that which forms the
hill north of the mouth of Keystone Wash, in sec. 24,
T. 24 S., R. 57 E., have many features in common.
The material consists of coarse angular fragments of
upper Paleozoic limestone and dolomite wholly
‘cemented by calcium carbonate. Fossils, largely those
characteristic of the Monte Cristo limestone, are rather
common in the fragments. There are only faint traces
of stratification, and the surfaces on which the masses
rest dip gently west. Examined casually, they might
readily be taken for thrust-fault breccias, but they lack
the evidence of alteration to dolomite and are more
completely cemented than most fault breccias. Fur-
-ther, in their present position, it is difficult to relate

them to thrust faults, as they closely resemble the

material of Cottonwood Valley. The conclusion is
reached that they are alluvium from the higher parts
of the mountains.

The gravel northwest of Goodsprings (pl. 12, B)
covers the crests of two low ridges which extend nearly
to the Yellow Pine mine 4 miles distant. The deposits
include all the local varieties of Paleozoic limestone and
dolomite. A wide range of sizes is present, but the
maximum is 4 by 4 by 5 feet. The material is highly
angular, but in rough blocks rather than tabular
masses. Compared to the gravel north of Cottoniwood
Pass, there is more evidence of stratification and sand-

“stone is common. The gravel is cemented by finely
crystalline calcite. '

These gravel deposits rest on a smooth surface that
has the form of a broad trough whose axis trends
southeast toward Ivanpah Valley. The maximum
thickness is about 100 feet. Doubtless, like the gravel
deposits north of Cottonwood Pass, they are -only a
part of a once extensive sheet in Goodsprings Valley:.
Unlike those farther north, however, they have been

dissected by intermittent streams that flow into a
closed basin. To accomplish the amount of dissection
shown, it seems that either the mountain mass must
have risen relative to the basin or that the basin must
have sunk since the gravel was laid down.

The recent wash is briefly described on page 4.

STRUCTURE
GENERAL PRINCIPLES

The structure of a region is studied for the purpose
of determining the distribution and attitude of the
different rock units, the positions of fractures and
the movements along them, both in direction and
extent, the chronologic order of the events, and the
relation of any igneous rocks to these events. If a
region contains ore deposits the structure is also
studied for the purpose of determining with which

.group or groups of fractures the ores are associated

and at which stage they were deposited. It is rarely
possible, however, to obtain all the desired data or to
interpret them with confidence throughout the dis-
trict. In areas where there is little soil and vegeta-
tion, such as that surrounding Goodsprings, it may
be possible to recognize the surface exposures of most
of the beds and fractures and record them on the map,
but such a map gives little more than the two hori-
zontal dimensions. Where good observations of the
dips of the beds are recorded, the extent of the folds
in the near-by crust may be inferred with confidence,
but only here and there, even where the surface ex-
posure and dip of a fracture are known, can the direc-
tion and extent of the relative movement be inferred.
In order to determine these elements, grooves or good
striac on the fractures and the detailed structure of
each block adjoining the fault must be known. In a
few places reliable data have been obtained in mine
workings, such as those of the Yellow Pine mine.

Figure 5 has been reproduced with slight modifica-
tions to lustrate the use of several terms necessary in
describing faults.** The figure shows a rectangular
block separated into two parts, A and B, along an
inclined fracture, by moving block B downward to
the right. A bed is shown intersecting the block A
at bf and block B at ag, thus indicating that the
points a and g once coincided with b and f, respec-
tively. The significance of the terms slip, dip slip,
strike slip, perpendicular slip, trace slip, throw, and
heave is indicated. In dealing with actual surface
exposures it is rare that slip and strike slip can be
determined, but commonly the dip slip and perpen-
dicular slip can be estimated.

In the following description two classes of faults
will be recognized—normal and thrust or reverse.
These terms, of course, are descriptive and do not

4 Reid, H. F., Davis, W. M., Lawson, A. C., and Ransome, F. L., Report of the
comiuittee on the nomenclature of faults: Geol. Soc. America Bull., vol. 24, pp.
163-186, fig. 2, 1912.
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necessarily indicate the circumstances of origin.
Normal faults are those in which the hanging-wall
block has been depressed relatively to the footwall.*®
In a few places, however, where the horizontal shift or
strike slip has been large, the effect may be apparent
rather than recal. A thrust or reverse fault is one in
which the hanging-wall block has been raised rela-
tively to the footwall.

BROAD FEATURES OF THE REGION

Until 1919, when Longwell undertook a detailed
study of the Muddy Mountains,* little was known of
the structure of the ranges of seuthern Nevada. The
visits of Gilbert" and Spurr®® served only to indicate
the most apparent structural features. The out-

standing structural feature discovered by Longwell

was the presence of immense sheets of old sediments
(Devonian limestone) resting on top of much younger
scdiments (Jurassic sandstone),’ which indicates that
there were enormous overthrusts in the region. Work
in the Goodsprings quadrangle by the writer during
1921 and 1922 showed that similar overthrusts are
present in the Spring Mountains, and it is now known
that overthrusts are a characteristic feature of many
ranges in southern Nevada.

Tor structural study the quadrangle may be divided
into four areas, the lines of separation on the surface
being extensive overthrust faults which, if projected
downward, mark the lower limits of great composite
masses of rock that have been thrust upon other under-
lying masses. (See pl. 11.) The eastern and lowest
mass almost coincides with the Bird Spring Range and
will be called the Bird Spring block. Although it is
broken by a few faults, it is otherwise a fairly simple
block of sediments that range in age from Upper
Cambrian to Jurassic(?), overthrust along the east
face of the range upon beds of Permian and Triassic
age. The overthrust crops out east of the Goodsprings
quadrangle.

The second structural area includes the central
higher part of the Spring Mountains, from the pass
east of Mountain Springs on the north nearly to
Columbia Pass, 12 miles south. This mass is sepa-
rated from the underlying mass by the Contact over-
thrust fault, well exposed for several miles near the
Contactmine but only from place to place farther south.
This block is bounded on the west by the Keystone
overthrust, which may be traced from the north edge
of the quadrangle southward around the west side of
the range to Keystone Wash, thence eastward across

« Rold, I. F., and othors, op. cit., p. 177.

4 Longwoll, C. RR., Goology of the Muddy Mountains, Nev.: Am. Jour. Sci.,
5th scr., vol, 1, pp. 30-62, 1021; U. S. Qeol. Survey Bull. 798, 1928.

47 Gilbert, Q. N., U. 8. Goog. and Geol. Surveys W. 100th Mer. Rept., vol. 3,
pp. 21-42, 1875,

@ 8purr, J. B., Descriptive geology of Nevada south of the fortieth parallel and
adJacont portions of California: U. S. Geol. Survey Bull. 208, pp. 164-180, 1903.

‘formation.

the range north of Columbia Pass, and thence south-
eastward to the edge of the quadrangle. This central
block coincides with the highest part of the range from
Potosi Mountain to Shenandoah Peak. It is rather
complex structurally. Along the Contact overthrust
fault beds as old as Upper Cambrian are thrust east-
ward on those as young as the Shinarump con-
glomerate (Upper (?) Triassic). The mass will be
referred to as the Contact block.

The third structural areais limited on the east by the
Keystone overthrust fault, on the west by the wash of
Mesquite Valley, and in the southwestern part of the
range by the Sultan overthrust. In the north half
of the quadrangle this mass is rather simple, almost a
homocline, but in the south half it is much folded and
broken by many faults. Along the Keystone over-
thrust beds of the Goodsprings dolomite are thrust
upon those as high in the stratigraphic section as the

Fi1GURE 5.—Diagram illustrating terms used in describing faults.
ab, Slip or net slip;.be, dip slip; ca, strike slip; bd, perpendicular
slip; da, trace slip; fk, throw; ek, heave. (See text.)

Moenkopi formation (Lower Triassic). This mass
will be referred to as the Keystone block.

The fourth structural area lies in the southwest
corner of the quadrangle. It is limited on the east by
the Sultan overthrust and is rather complex in detail.
Along the Sultan overthrust beds of the Goodsprings
dolomite are thrust upon those of the Bird Spring
This area will be referred to as the Sultan
block.

The general relations of these four areas are shown
in Plate 11.

In the description of the stratigraphy it is stated
that the relations of the beds indicate that although
there are two major and possibly several minor uncon-
formities present, which indicate slight local oscillations
in the earth’s crust, there were no great dislocations
here between the early Cambrian and the Jurassic.
At a later time, either in the late Cretaceous or early
Tertiary, there were great disturbances, recorded now
as complicated folds and both thrust and normal faults,
and during two epochs bodies of igneous rock were
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intruded. These disturbances continued throughout
the Tertiary period and perhaps until rather recent
time. :

The local record indicates that these disturbances
began with the development of folds in the rocks.
The folding was followed by flat westward-dipping
fractures along which great masses of the rocks moved
eastward over much younger rocks.
indicates that the first of these fractures was the Bird
Spring thrust, followed successively by the Contact

thrust, the Keystone thrust, and the Sultan thrust.

Late in the epoch of thrust faults there were intrusions
of granite porphyry, which record local fractures of the
thrust epoch. There were then normal faults, some of
which were localized along the earlier thrust faults.
The deposits of sulphides of lead and zinc were laid
down after these earliest normal faults. After a period
of great erosion other normal faults developed, and
then, after further erosion, several bodies of igneous
. rocks were intruded, and some of these reached the
surface to form flows and breccias. = This period of
intrusion is regarded as Miocene. Since the second
_group of igneous rocks were intruded still other normal
faults have been developed, but these are best dis-
played near the borders of the major depressions out-
side the ‘Goodsprings quadrangle. Obviously, erosion
hes been active threughout late Tertiary and post-
Tertiary time. -

In recording the structural details of the region a
better picture will be presented if the details are
grouped separately for each of the four outstanding
structural units, the blocks bounded below and above
by thrust faults. For each of these blocks the limit-
ing thrust faults are traced and described. These
descriptions are followed by descriptions of the minor
thrust faults, the normal faults, and the folds. These
descriptions must necessarily be brief in an economic
report, though it is hoped that the picture will be found
adequate. Finally, a summary of the probable rela-
tions of the principal thrust faults and the chronologic
succession of events is presented.

BIRD SPRING BLOCK

. The northern and southern parts of the Bird Spring
Range lack not only topographic continuity but struc-
tural continuity. The Bird Spring thrust lies along
the east front of the range beyond the limits of the
Goodsprings quadrangle. Along that thrust beds as

old as the upper part of the Goodsprings dolomite are 1

thrust over those of the Kaibab and Moenkopi forma-
tions. Beds of the Bird Spring formation crop out
along the southern half of the range and almost coincide
with a northward-trending anticline slightly modified
by several folds.  The Cottonwood fault rises in the
Spring Mountains, trends southeast through Cotton-
wood Pass, enters the southern part of the Bird Spring
Range, and passes southward into Ivanpah Valley.

The evidence:

As shown on Plates 1 and 11, it forms the northeast
boundary of a great wedge of which the Ninety-nine
fault marks the southwest boundary. This wedge has.
dropped 2,000 feet or more, and as it contains parts of
the Contact and Potosi faults, the Cottonwood and
Ninety-nine faults are younger than the thrusts.
Where the Cottonwood fault enters the Bird. Spring-
Range, its dip-slip is only about 1,000 feet, but this.

_increases steadily southward, and 15 miles farther

south it is probably at least 5,000 feet. The other
normal faults of the southern part of the range have
dip slips of several hundred feet.

The northern part of the Bird Spring Range is.
largely underlain by the Kaibab limestone, which
presents. an impressive escarpment eastward. (See
pl. 8, A.) This formation dips gently westward, but
it is’ broken by many small normal faults, none of
which has a dip slip of more than 250 feet. -Most of
these faults appear to reflect the minor adjustments
of a thin layer of brittle limestone between thicker
masses of softer, more yielding shales, sandstones, and.
thin limestone, both below (Supai formation) and
above (Moenkopi and higher beds).

In a strict sense the mass of Aztec sandstone shown
in the escarpment under the Keystone thrust is a
part of the Bird Spring block, because the intervening

-Contact thrust passes under the Keystone thrust and

is therefore not shown north of the Cottonwood fault.
There are no ore deposits or intrusive rocks recorded
in the Bird Spring Range.
CONTACT BLOCK

The Contact block is limited downward by the
Contact thrust fault, which lies along the east base of
the Spring Mountains, and upward by.the Keystone
thrust fault, which lies largely along the west base of
the range. Both on the north, near Mountain Springs:
Pass, and on the south, near Columbia Pass, the
Contact thrust passes under the Keystone thrust.
The block also contains two impressive thrust faults,
the Potosi and Wilson, as well as several other minor
thrust faults. In contrast with the underlying Bird
Spring block and overlying Keystone block this block
is intricately folded; the general trend of the folds is

northward.

On the north the Contact thrust is indicated by the
relation of faint outcrops of red Aztec sandstone in
ravines in the foothills adjacent to Cottonwood
Valley south of the Arden road. The hills that rise
farther southwest are made up of locally overturned
limestones of the Monte Cristo and Bird Spring for-
mations. (See sec. C-D, pl. 2.) The thrust crops
out conspicuously in the hills west of Cottonwood
Pass, where thin dolomitized limestone of the Bird
Spring formation rests on buff Aztec sandstone. Here
the fault trends northwest and dips 10° SW.
Farther south it is shown in several places near the
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Pauline and Contact mines, where the dip ranges from
15° to 20° W. As shown in Plate 1, the overlying
Paleozoic limestones are thrown into a broad anticline
whose axial plane dips steeply west.. Doubtless this
is the same as the overturned anticline shown west of
Cottonwood Pass, 2 miles to the northeast. East of
the Contact mine the Aztec sandstone, which dips
west near by, is sharply turned up under the Contact
thrust, so as to form a local syncline. The position
of the thrust is again indicated several miles to the
south by the local relations of patches of red Aztec
sandstone in ravines and the thin limestones of the
Bird Spring formation in the near-by hills. . (See sec.
E-TI7, pl. 2.) Near the Lavina mine the thrust shows
between patches of Shinarump conglomerate in the
wash and the hills of Goodspring dolomite. Between
the Ruth mine and Columbia Pass the thrust is con-
tinuously exposed at two places for several thousand
feet, where limestone of the Bird Spring formation
rests on folded beds of Shinarump conglomerate
and red shales of the Chinle formation. Outcrops
- clearly show that the Contact thrust, trending south
and dipping west, passes under the Keystone thrust,
which trends east and dips south. The thrust is offset
by the Ruth fault, and both of these, as well as the
overlying Keystone fault, are displaced by a northward-
trending normal fault. The normal fault contains spo-
radic copper minerals that have been explored by the
Cosmapolitan claim (p. 111); hence it preceded the
mineralization. On the Rattler claim, south of the
Ruth mine, several prospects have explored lenses of
galena in the breccia of the Contact thrust, and the
shoot of galena ore in the Ruth mine lies in crushed
beds adjacent to the Ruth fault. These occurrences,
as well as several prospects near the Pauline mine
which explore lead deposits in the breccia of the Con~
tact fault, show that the mineralization followed these
thrust faults as well as some normal faults.

The dike of granite porphyry in which the Lavina
veins lie was intruded along the Contact fault. These
relations indicate that the distribution of porphyry
intrusions and ore deposits is controlled by the major
thrust faults of the region.

The Potosi thrust is inconspicuous where it lies in
the thin-bedded limestones of the Bird Spring forma-
tion, but once identified in the ravines north of the
Red Cloud mine it is readily traced northward to the
region near Potosi Mountain, where the entire Sultan
limestone and part of the Monte Cristo limestone are
duplicated above it. (See sec. C-D, pl. 2, and pl. 13,
A, B.) Parts of the Potosi thrust are shown northeast
of the Ninety-nine fault, along which the northeast side
is dropped 1,800 feet. A second fault, parallel to the
Ninety-nine, drops it about 400 feet more. In its
northwest extension the thrust passes under the Key-
stone thrust. Near the Snowstorm mine the dip of
the Potosi thrust is 50° W. (sec. E-F, pl. 2), but it

decreases steadily northward, so that under Potosi
Mountain it is only 30°. (See sec. C-D, pl. 2.) The
breccia zone that marks this thrust is not conspicuous;

‘commonly it is only about 10 feet thick, and at no

place is it more than 25 feet.

The Wilson thrust crops out only in beds high
above the base of the Bird Spring formation, but near
Wilson Pass and west of the Red Cloud mine it is
readily traceable by slight differences in the dip of the
overlying and underlying beds. It may not extend as
far south as the Keystone thrust; northward it dis-
appears where it mecets an extensive syncline. Under
Shenandoah Peak the dip of the thrust is about 40° W,
but north of Wilson Pass it increases to 65° and prob-
ably it decreases northward. (See sec. E-F, pl. 2.)-
Under Shenandoah Peak this thrust is overlain by a
zone of crumpling of the beds (see fig. 8) above which
the beds have been thrust forward at least sevecal
hundred feet. The breccia zone of the Wilson thrust
in few places exceeds 10 feet in thickness.

Viewed broadly, the beds within the Contact block
present more folds than those in any other block.
There is a locally overturned anticline at the north
end where the beds rest on the Contact thrust near the
Cottonwood fault. (See sec. C-D, pl. 2.) Farther
south, above a minor thrust fault, there is a broad
anticline that may be traced 5 miles south to the
Contact mine, even.though broken by the Ninety-nine
and other near-by faults. Complementary to this
broad anticline, in the northern half of  the Contact
block, is a persistent syncline which may be traced for
6 miles along the west side of the range as far south
as the ridges west of Wilson Pass. Near the Potosi
mine the beds on the west limb of the syncline are ver-
tical for several miles and are locally overturned.

In the north half of the Contact block, where the
Potosi thrust dips about 30°, there are no minor folds,
but in the south half, where the Potosi and Wilson
faults dip 40° W. or more, there are many minor folds,
most of which trend north and have axial planes that
dip west. Thus, west of the Contact mine there are
several closely spaced folds between the Contact and
Potosi thrusts. Also, near the crest of the range north
of Wilson Pass there is a closely folded belt between
the Potosi and Wilson thrusts. Still farther south-
west, west of Shenandoah Peak, there is a belt of folds
between the Wilson and Keystone thrusts. These
relations indicate that where the minor blocks moved
forward readily on thrust faults of low dip, compres-
sive stresses were relieved. By contrast, where the
faults were steep, stress accumulated locally and was
relieved by the formation of minor folds. This inter-
pretation indicates that the minor folds were formed
at the same time, or after the movement on minor .
thrust faults, whereas the major folds probably were
formed at the same time as or earlier than the major
thrust faults.
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As noted above, the axes of the folds trend generally
north. There is one outstanding exception—a pro-
nounced anticline west of Shenandoah Peak that
trends west. (See sec. G-H, pl. 2.) The position
‘and trend of this fold indicate that it may have been
formed by the local slipping on the Ironside fault,
roughly contemporaneous with the Keystone thrust
and appreciably later than folds of the Contact block.

STRUCTURAL GEOLOGY NEAR YELLOW PINE, PRAIRIE FLOWER, AND RED
CLOUD MINES

General features.—Inasmuch as thelocal areal geology
has a critical bearing on the interpretation of the
relations of the ore bodies of the Yellow Pine and
other near-by mines, it is here described in advance of
the mines. In studying the area, the writer has had
the benefit of a topographic and areal geologic map
made by R. D. Longyear in 1920 for the Yellow Pine
Mining Co. '

The bedded rocks exposed in this area include the
Bullion dolomite, the shaly Arrowhead limestone,
10 to 12 feet thick, and the Yellowpine limestone,
70 to 120 feet thick (members of the Monte Cristo
formation); the sandstone at the base of the Bird
Spring formation, 22 to 28 feet thick; and the higher
thin-bedded limestones, shales, and thin sandstones of
the Bird Spring. The only igneous rocks noted are the
sill of granite porphyry that lies above the Yellow Pine

mine and the related dikes of similar rock in that mine |

and near the Alice and Red Cloud mines.

The Bullion dolomite forms the crest of the ridge
east of the Yellow Pine mine and is cut off on the south
by the dike of porphyry that extends from the Alice
mine northeastward to the mouth of Middlesex
(Horseshoe) Gulch. It forms the crest of the ridge
farther east (Ruth Mountain). It also crops out on the
low ridge east of the Prairie Flower mine and a mile
north across the flat, where it forms the crest of the
ridge east of the Snowstorm mine. Throughout this
area the Bullion dolomite is a coarsely crystalline
bluish-gray dolomite without evidence of bedding.
It contains the principal workings of the Arrowhead,
Blue Jay, and Snowstorm mines on the north and the
Copper Glance and several prospects east of the Yellow
Pine mine. In a few places (200-foot level) the work-
ings of the Yellow Pine mine penetrate it.

The shaly Arrowhead limestone crops out east of the
Yellow Pine mine (pl. 6, B), Qut it could not be found
where areal relations indicate that it should appear
near the Middlesex mine and on the surface east of the
Prairie Flower mine. On the other hand, it was found
on. the Snowstorm claims and northward, and it is
exposed in cliffs west of the Arrowhead prospect. It is
also exposed at many places in the Yellow Pine mine,
and in Plate 36, B, the structure contours have been

. Snowstorm northward for several miles.

ing layers of dolomitized limestone, 2 to 3 inches .
thick, separated by shale partings half an inch or less
thick.

The Yellowpine limestone crops out at the Yellow
Pine mine, on the hill at the Prairie Flower shaft, and
on the Snowstorm claims a mile north. Patches of
unaltered dark-gray limestone may be seen near the
Prairie Flower shaft, but elsewhere the bed is com-
pletely dolomitized. .(See analyses, p. 62.) Although
traces of bedding were noted locally underground in
the Yellow Pine mine, the bedding is not conspicuous
on the surface. The only measurements of thickness
of the bed were those obtained in the Yellow Pine
mine, where they range from 70 to 120 feet. This bed
contains all the ore bodies in the Yellow Pine and
Prairie Flower mines. _

The basal sandstone of the Bird Spring formation
crops out near the Yellow Pine mine and on the Snow-
storm claims, where it contains lenses of chert con-
glomerate (p. 22). In the Yellow Pine mine it 1s a
fine-grained pale yellowish-brown sandstone without
traces of bedding. In the southern part of that mine
it is 28 feet thick, but it becomes thinner northward, and
on the Snowstorm claims, where it contains lenses of
conglomerate (p. 110), the total thickness is less than
20 feet. In the workings' of the Hale and Prairie
Flower shafts it is represented by black sandy clay,
or locally by cobblestones, and the thickness is in
places no more than 2 feet. Doubtless where it is
thin it has been sheared during compression. It was
not observed at the proper horizon near the Middlesex
mine.

The beds that normally overlie the basal sandstone
of the Bird Spring formation are thin-bedded lime-
stones, largely less than 10 feet thick, and interbedded
shales and sandstones (p. 22). They crop out con-
spicuously from the Yellow Pine mine northward
nearly to the Red Cloud mine and again from the
They are
sporadically altered to coarsely crystalline dolomite
for a distance of several hundred feet above the Yel-
low Pine sill of porphyry, but locally limestone is pre-
served within 20 feet of it. Near the Middlesex mine
and farther south, where the sill is thinner or absent,
the beds are only here and there altered to a fine-
grained dolomite.

Intrusive rocks.—In studying the local structural
history it will be helpful to recognize five bodies of
intrusive granite porphyry in the area—the Yellow
Pine sill, the Snowstorm sill, the Middlesex sill, the
Alice dike, and the Yecllow Pine dike.

The outcrop of the Yellow Pine sill underlies the
largest area of coarse intrusive rocks in the region.
It lies west of the Yellow Pine mine and is struck at
many places underground. Southwest of the mine it

drawn on top of it. It displays the typical alternat- | has a maximum thickness of about 780 feet, and the
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A. VIEW ALONG OLD VALLEY NORTHWEST TO CHARLESTON PEAK
Charleston Peak is 30 miles distant in center. The dark hill in center foreground is covered with quartzite
boulders. The depressions between the hill and the peak are remnants of an old valley which crossed the
Spring Mountains and along which the boulders were brought to their present position. The drainage of
the old valley is now diverted to Pahrump, Las Vegas, and Ivanpah Valleys, which form three separate basins

B. PLEISTOCENE CEMENTED GRAVEL, WHICH CAPS THE GROUP OF LOW HILLS WEST OF GOOD-
SPRINGS IN SEC. 22, T. 24 S, R. 58 E.
The coarse fragments are limestone and dolomite, and the cement is crystalline calcite.
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A. POTOSI MOUNTAIN FROM THE NORTHWEST, SHOWING FAULTS
View in sec. 5, T. 23 S., R. 58 E. Ds, Sultan limestone; €g, Goodsprings dolomite.

o .
C/ S Monte Cristo
limestone

Sultan ls.
Goodsprings dol.

Monte Cristo ls:

Sultan ls.—

B. DIAGRAM SHOWING FAULTS AND RELATIONS OF STRATA ILLUSTRATED IN A

The Potosi thrust repeats a large part of the Sultan limestone (Devonian) along the northeast escarpment of the
geuk (center). The Ninety-nine fault (normal) passes through the saddle in the center and its northern
ranch through the lower saddle on the left.
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upper surface nearly coincides with the bedding, which | but on the surface has a steep dip southeast crops out

trends N. 30° E. and dips 35° W. The lower surface ! 600 feet west and appears to displace the upper surface

is irregular in detail, and at the new shaft of the Prairie
Flower claim it is parallel to the local strike of the
beds but is considerably steeper than their dip. Where
it has been traced northward, the sill becomes thinner

The Snowstorm sill is clearly traceable for 3,500 feet
north of the Wilson Pass road. The maximum thick-
ness is 60 feet at the south end, and it thins northward.
Doubtless ‘it is the northern extension of the Yellow
Pine sill, even . though that sill overlies the basal
sandstone of the Bird Spring formation and the Snow-
storm sill underlies the .conglomeratic sandstone.

The Middlesex sill extends southward from the
Middlesex mine and lies near the horizon of the Yellow
Pine sill, although the sandstone under that sill is
lacking here. At the mine the sill is 40 feet thick, but
it thickens northward in the flat (Ho1seshoe Gulch)
and thins southward.

The Alice dike extends 3,500 feet northeast from the
mine of that name to the north end of the Middlesex
sill.  As exposed in several shallow shafts, the rock has
the same mineral composition and texture as the
Yellow Pine and other sills.
sheared or crushed, the southeast wall appears to be
continuous with the Alice fault, which is clearly shown
on the surface and forms the southeast limit of the ore
shoot of the Alice mine throughout the workings.

The Yellow Pine dike crops out on the surface east
of the mine and has been explored on the 700 and 900
foot levels. (See pl. 36, A.) It is 60 to 80 feet thick.

Faults.—The faults of this area fall readily into three
groups on the basis of their trend, dip, and direction
of displacement, as indicated by offset beds and
striac, which, however, are obtainable only under-
ground.

1. Thrust faults that trend northeast and dip 45°
or less west lie west of and above the Yellow Pine
mine (Wilson thrust), north of it (Potosi thrust), and
cast of or under it (Contact thrust). What becomes
of the Potosi thrust after it passes into the wash west
of the Snowstorm mine is not known; it may die out,
as the displacement steadily decreases in this direction.
The only fault struck underground in any of the mines
that closely resembles this group of thrust faults is
that along which the ore bodies of the Yellow Pine
mine oceur,

2. Several faults that trend northeast and dip either
northwest or southeast show clearly near the Alice
nine. The Alice fault is a curved surface that dips
southeast in the upper workings of that mine and
northwest in the lower workings. It is the break
along which a large block of beds on the southeast side
has moved forward (northeast) 3,000 feet on the
surface and appears to coincide with the southeast
wall of the Alice dike. Underground the striae are
uniformly horizontal. A fault that is paralle] in strike

Although it is not visibly |

of the Yellow Pine sill. It is not known in any under-
ground workings. A ravine 2,000 feet west of the
Alice mine marks the position of two near-by faults
that trend northwest and dip steeply southeast.
Doubtless these are the faults met-in the Yellow Pine
mine, at the bottom of the Hale shaft, and explored on
the 700, 800, and 900 foot levels south. (See X, Y,
Z,pl. 36, A) There are abundant striae that are nearly
horizontal also. These faults displace the Yellow Pine
sill. In general, these faults make a large angle with
the deeper thrust faults mentioned above. -

3. North of the Hale shaft there are several faults
that trend northwest and dip largely northeast. No
less than 23 of these faults are struck in the workings
of the Yellow Pine mine, and there are several on the
Snowstorm claims, 1% miles north.. Underground the
striae incline from 20° SE. to 50° NW. but almost all
incline northwest at a smaller angle than that of the
dip of the near-by beds, which is 35°. To accomplish
the displacements indicated by the beds and the
striae, the successive northeastern blocks adjacent to
each fault must have been moved forward (southeast
and upward). It is conclusively shown at some places
that these faults break the Yellow Pine sill and hence
are younger. The Yellow Pine dike occupies such a
fault whose displacement is proved, and the Red Cloud
dike occupies a paralle] fracture.

Structural succession.—The foregoing obqervatlons
lead to several confident conclusions. The Yellow
Pine dike and probably the Red Cloud dike occupy

faults that displace the Yellow Pine sill and hence are

appreciably but not necessarily very much younger
than that sill. Several of the northeastward-trending
faults are assuredly younger than the sill, and it
therefore seems probable that the Alice dike, which
occupies the Alice fault, was intruded during the
same structural epoch as the porphyry dikes farther
north. The Middlesex sill may be a part of the
Yellow Pine sill or a part of the Alice dike. The
Snowstorm sill is probably the northward extension of
the Yellow Pine sill, which continues northward under
the wash. '
It seems clear that none of the faults described
above belong to the class termed normal, which are
related to the settling of shallow blocks of the crust.
Probably all were formed before the sulphide minerals
were deposited, although there may have been further
movement along some of them since the sulphides
were deposited. In order to understand their place
in the structural succession of this region, it will be
necessary to consider the broader setting of these
faults. The area under consideration lies in the
curve of the Keystone thrust fault, where it turns to
cross from the west side to the east side of the range.
Many of the folds and faults that are clearly related
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to the compressive stresses that carried the main
mass of Potosi Mountain eastward along the Contact
thrust end southward against the Keystone thrust.
South of Columbia Pass the range is made up of the
.block of rocks carried eastward on the Keystone thrust,
which is probably younger than the Contact thrust.
The northeastward-trending faults near the Alice mine
seem to be transcurrent breaks produced during the
eastward movement of the rocks near Columbia Pass.
The group of northwestward-trending faults may be
related to them but are probably related to the latest
movements in the Contact block and hence may be
slightly earlier.

The structural events may be summarized briefly
as follows: (1) Folding and earliest thrust faulting—
Contact, Potosi, and Wilson faults; (2) intrusion of
Yellow Pine sill; (3) transcurrent faulting along
northwest faults and Alice and other northeast faults;
(4) intrusion of Yellow Pine, Alice, and Red Cloud
dikes; (5) deposition of the ores.

KEYSTONE BLOCK

The Keystone thrust, which underlies the Keystone
block, is readily recognized in many areas. North of
the Mountain Springs road closely folded beds of the
Goodsprings dolomite rest on the gently dipping
Aztec sandstone.
2.) In this area careful measurements show that the
Koystone thrust is a plane surface for at least 2 miles.
trending slightly west of north and dipping 8° W.
Similarly the bedding of the Aztec sandstone, here a
very massive unit about 2,200 feet thick, trends slightly
east of north and dips 8° to 12° W. There can be no
doubt that there is a slight but real discordance be-
tween the strike and dip of the thrust surface and those
of the underlying sandstone. If this discordance were
great there would be no basis for doubting that the
thrust coincided with a fracture through the sandstone,
but that a fracture could form so near the bedding
without actually coinciding with it seems very un-
likely. In the absence of other evidence the writer
suggests that the thrust block moved forward on a
surface of erosion rather than a fracture.*® This con-
clusion was reached by Longwell ® for the Red Spring
thrust, which underlies the Keystone thrust 12 miles
to the north.

The Keystone thrust is dlsplaced several hundred
feet by the Cottounwood fault, but half a mile south
it is covered by alluvium. Near the divide along the
road to the Potosi mine, at bench mark 6230, there is
much brecciation of the beds of the Goodsprings
dolomite which both overlie and underlie the fault,

4 3. K. Gilbert, who crossed the range at Mountain Springs in 1872, covering
the region hastily, presents a section of the range in which the dolomites of thé
. Goodsprings formation are interpreted as Mesozoic, conformably overlying the
Mesozoic sandstone.

8 Longwell, C. R., Structural studies in southern Nevada and western Arizona:
Geol. Soe. America Bull., vol. 37, pp. 565-570 1926.

(See pl. 14, A, and sec. A-B, pl..

and its precise position is obscure. From Potosi
Spring southward for 6 miles the thrust is either
covered with alluvium or obscure. Its approximate
position is shown along the low ridge west of Wilson
Pass.

From the mouth of Keystone Wash eastward for
6 miles, nearly to Goodsprings, the thrust is clearly
marked by a reddish zone 20 to 50 feet wide, the color
being due to limonite that was probably formed by the
oxidation of pyrite. This zone separates unlike beds
of diverse structure throughout. (See pl. 14, B.)
It has been explored by prospects at many places from
the Keystone mine eastward, as it is locally reported
to yield traces.of gold by assay. The dip of the thrust
ranges from 50° S., a mile west of Columbia Pass-to
about 30° W, 3 miles south of Goodsprings, where it
separates limestone beds of the Moenkopi formation
on the east from.dolomite beds of the Goodsprings.
formation on the west. (See sec. I-J, pl. 2.)

Doubtless the thrust fault at the mouth of Devil
Canyon, near the southwest corner of the quadrangle,
where the Goodsprings dolomite rests on the Bird
Spring formation, is the southern extension of this
thrust. In this locality the fault dips about 20° W.,
and the overlying and underlying beds are almost con-
formable.

The upper limit of the Keystone block is the Sultan
thrust, shown only in the southern part of the quad-
rangle. - This thrust is readily traced from Singer
Wash southeastward 4 miles to the point south of
Devil Canyon where it meets the Tam o’ Shanter fault.
There are several isolated blocks of older beds resting
on younger beds north and east of Singer Wash that
probably mark the position of the Sultan thrust.
(See p. 151.) Northeast of the Green Monster mine,
which lies 10 miles west of Wilson Pass and therefore
several miles west of the quadrangle, there is a thrust
that may be the northern extension of -the Sultan
overthrust.

Within the Keystone block there are several thrust
faults, of which the Puelz is the largest. It is well
shown near the Puelz mine, southwest of Table Moun-
tain. Near the Puelz mine the dip slip probably is
between 1,000 and 2,000 feet, but this amount de-
creases rapidly southeast. The fault along which a
block of the Monte Cristo limestone has been thrust
upon the Bird Spring formation south of the Bill Nye
mine may be a part of the Puelz thrust. The other
thrust faults near by are explored within beds of the
Bird Spring formation, and although they appear to
be small, there is no accurate measure of their dis-
placement.

From Potosi Wash northward 7 miles to the northem
border of the quadrangle the structure of the Keystone
block is very simple.. The Devonian limestones form
the crest of a persistent ridge, which is broken only
here and there by faults of small displacement. Ten
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of these are shown on Plate 1. Of these only two, the

Ninety-nine and North Ninety-nine appear to be con-

tinuous through the Keystone fault into the under-
lying Contact block. The seven faults southwest of
the Ninety-nine fault appear to drop the south sides
and probably represent local shearing during the epoch
of thrust faulting.

That part of the Keystone block which lies between
Potosi Wash on the north and the Ironside fault on the
south forms a structural unit sharply set off from the
region southeast of the Ironside fault. Broadly the
area of thin dolomite beds of the Goodsprings forma-
tion is anticlinal; in detail it is broken by many small
faults and several large faults without distinctive pat-
tern.  (See pls. 1 and 2.) Probably these faults repre-
sent the local shifts of masses of thin-bedded weak
rocks along the crest of an anticline caused by com-
pression at the time the thrust faults were formed.

The belt of rocks southwest of Keystone Wash and
northwest of the Ironside fault includes two simple
anticlines and an intervening syncline in lower Paleo-
zoic rocks. The western anticline is well shown near
the Ironside mine, where the beds on the east limb are
vertical. The Boss mine explores a mineralized fault
zone that trends northwest and merges with the Iron-
side fault. This fault shows many horizontal grooves
and striae, and the conclusion is reached that the Iron-
side fault was formed during the epoch of thrust faults.
It seems clear that the Keystone overthrist is offset by
the Ironside fault, which, however, probably does not
extend downward into the beds of the Contact block.
The sharp folds with northeast trend on the northwest
side of the Ironside fault contrast sharply with the broad
syncline with eastward trend on the southeast side.

Several hills in this part of the Keystone block are
capped by masses of cemented limestone and dolomite
blocks whose origin is obscure. The large hill and
several smaller hills in the W. ¥ sec. 2, T. 24 S, R.
57 E., are made up of such material, as is also that at
the mouth of Keystone Wash, in the NW. ¥ sec. 24,
T.248S.,R. 57 E. The blocks are wholly angular and,
although cemented by dense calcite, weather free and
form a talus around the base of the hill. Most of
them range from 1 to 5 feet in diameter, but some are
10 feet. They include materials found throughout the
upper Paleozoic formations. The idea was first enter-
tained that they were breccias related to overthrust
faults, but this was abandoned in favor of the belief
that, like the cemented wash in the northeast corner
of the quadrangle, they represent waste from the
near-by higher hills. (See p. 41.) -

That part of the Keystone block which extends from
the Iromside fault southeastward to the southern
borderiof the quadrangle is structurally very complex.
It may be regarded as separable into two smaller
parts, roughly divided by the Fredrickson fault,
which extends southeastward 4 miles from the mine of

‘dropped about 100 feet.

that name and westward along the road to Ripley.
The rocks that lie north and northeast of this fault are

folded into a sharp anticline and syncline that become

open folds westward toward the Boss mine. These -
folds are broken by two groups of faults, one group,
near the Kirby mine, trending nearly at right angles to.
the axes of the folds, and the other, only two of which
are shown, roughly parallel to the Fredrickson fault.
Mineralization was noted at some place on almost
every fault of these two groups, and ore bodies have
been explored on several, such as the Rose and Kirby.
Probably all are premineral. The faults that cut
across the folds at right angles appear to represent
minor slips developed late in the epoch of overthrust
faulting.

The Fredrickson fault is uncommonly mtelestmg
It can be traced for more than a mile near the mine by
a reef of dolomite breccia 20 to 50 feet wide and locally
as much as 25 feet high. It probably passes by the
mouth of the southern tunnel of the Argentena group,
as the cut at the entrance shows 20 feet of cemented
breccia. It is inconspicuous near the Lookout mine
except by the offset of beds but is marked by a reef of
breccia for a mile south of the Mountain Top mine.
Throughout this course of 4 miles the dip is 60° to 75°
SW. At the Fredrickson mine it turns abruptly west,
and its outcrop coincides with the local bedding of the
Goodsprings dolomite. Northwest of the Argentena
mine the southwest side of the fault has- dropped
relative to the northeast, the apparent dip slip attain-
ing & maximum of 400 feet near the Fredrickson mine,
but south of the Argentena mine the northeast side has
From the Mountain Top
mine southeast, however, the southwest side has
dropped. There is extensive dolomitization of the
rocks on both sides of the fault, and although no ore
deposits have been mined on it many have been
explored within 800 feet of it in a distance of 3 miles.
Even though for most of its outcrop it shows the
relations of a normal fault, a more satisfactory explana-
tion would assume that it is a transcurrent fault
formed during the thrust epoch by the movement of
the southwest side northwest, almost horizontally.
West of the Fredrickson mine it probably becomes a
bedding-plane thrust fault.

The northward-trending fault a mile west of Colum-
bia Pass displaces both the Keystone and Contact
thrusts near the Ruth mine (p. 139) and is mineralized
at the Cosmopolitan mine. An alternative explana-
tion might relate this fault and the Fredrickson fault
by assuming that both are thrust faults along which
the movement is largely horizontal. This fault and
two others parallel to it near Kirby Wash are 1egarded
as the tvpes of ‘““early normal, pmmmera,l faults”
the region. (See p. 93.) ,

In the vicinity of Crystal Pass there are two faults
that trend northwest and dip steeply southwest.
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F1GURE 6.—Faults in the vicinity of Porter Wash
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Along these faults the beds on the west side have
dropped, and the wall rocks are extensively dolomi-
tized. These faults also are considered to belong to
the early normal premineral group, for near-by paral-
lel faults contain granite porphyry dikes and show
sporadic mineralization. '

That part of the Keystone block which lies south
and southwest of the Fredrickson fault contains more
faults than any other area of the same size in the
quadrangle, but they are largely localized around
Porter Wash. (See fig. 6.) There are several reverse
faults on the crest and west side of the range, but none
were identified with assurance on the east side.
Puelz fault is the most impressive, but it disappears
to the southeast, near the crest of the range.

The arca west of Porter Wash is intricately broken
by normal faults and is uncommon in presenting so
many closely spaced nearly parallel faults, about half

of which dip in one direction and half in the opposite.

direction. After the Star mine had been examined
(sce p. 156) and it was clear that lead and zinc sulphides
had been deposited in one of the westward dipping
faults, the idea was considered that all faults that dip
west were premineral. It was clear from the experience
in several mines, notably the Anchor (p. 160), that most
if not all of the eastward-dipping faults were post-
mineral. In the light of the latest work it now seems
that some of the westward-dipping faults are post-
mineral and probably contemporaneous with those
which dip east. (See pl. 15, A and B.) In their
southward extension all the eastward-dipping faults
merge with the fault north of Devil Canyon, and the
others terminate against that fault. None of the faults
west of Porter Wash (fig. 6) break the flows of Table
Mountain, although there are other small incon-
spicuous faults that do so.

The Keystone dike is limited northward by the
Keystone thrust fault and was forced upward into the
dolomite beds of the Goodsprings formation. KEven
though no contact eflfects were noted on the beds
below the fault, it is believed that the dike is younger
than the thrust. As noted in the description of the
Keystone mine, the dike shows the effects of thrust
faulting underground, thus indicating that pressure
in this region was still effective after the intrusion.

SULTAN BLOCK

The Sultan block is much smaller than the three
previously described and is otherwise unique. The
Sultan overthrust is readily traced on the surface from
Singer Wash southeastward for about 4 miles to the
head of Devil Canyon, a short distance south of which
it ends abruptly at the Tam o’ Shanter fault, which
trends southwest. Continuing southeast along the
strike of the Sultan thrust, however, there is a sharply
overturned anticline in beds of the Bird Spring forma-
tion. This anticline dies out at Diablo Grande Peak,

The |

just beyond the south boundary of the quadrangle.
Near the Sultan mine.the breccia zone of the fault is
800 feet wide, but it thins steadily northwest and
southeast from the mine. What is undoubtedly the

“northward extension of the Sultan fault crops out

prominently on the east end of Bonanza Hill, but here
the strike is northeast and the dip 40° SE. The fault
1s marked by a zone of coarse angular dolomitized
breccia from 50 to 75 feet thick. The near-by beds of
the Bird Spring formation are sporadically altered to
dolomite, but the overlying beds of the Monte Cristo
limestone are more widely altered. ‘

An overthrust fault is well shown in the hills in which
the Spelter and Hoodoo mines are located. Beds of
the Monte Cristo limestone rest upon those of the
Bird Spring formation, and they are separated by a
zone of dolomitized breccia 100 feet or more thick.
This zone trends northwest, but unlike the Sultan
overthrust it dips 20° to 30° NE. It is not clear
whether this is the original attitude of the fault or
whether it has been tilted eastward later. Probably
the latter explanation is correct, even though it assumes
the presence of a fault under the alluvium north of
Hoodoo Hill. However, this thrust is probably the
northwest extension of the Sultan fault. The Hoodoo
mine workings are wholly in the fault breccia.

Two miles northeast of this hill the crest of the
ridge southeast of the Bill Nye mine is a block of
limestones of the Monte Cristo and Bird Spring for-
mations, thrust eastward upon the beds of the Bird
Spring formiation. At the west end of this ridge the
thrust surface is synclinal, but at the east end it is
nearly horizontal. It is marked by a conspicuous
zone of breccia. This thrust may be the northeast
extension of the Sultan or a part of the Puelz fault,
probably the latter.

In the area of the Goodsprings dolomite southwest
of Little Devil Peak several thrust and normal faults
are well exposed. One that may be called. the Milford
thrust crops out at the head of Milford Wash, north-
east of the Milford mine. (See pl. 16, A, also sec.
I-J, pl. 2.) In that area the entire Sultan limestone
is sharply upturned under the fault, which dips 45°
SW. The overlying thin dolomite beds of the Good-
springs formation are turned sharply dowaward over
the fault. The breccia along the fault is not impres-
sive, as it scarcely exceeds 15 feet in width at any
place. There are two smaller parallel reverse faults
above the Milford to the southwest. Each of these
reverse faults ends on the southeast against a south-
westward-trending fault that lies parallel to the Tam
o’ Shanter fault, against which the Sultan overthrust
terminates. The thin-bedded dolomites of the Good-
springs formation contain many small reverse faults
in the block above these faults. (See pl. 16, B.)

The relations of the principal faults near the Milford
and Ingomar mines are presented in the descriptions
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of those mines (pp. 164, 166). Attention should be di-
rected here to the presence of several ore-bearing faults
of small displacement that treid northwest and dip
southwest, which are cut and.displaced by others that
trend northwest and dip northeast. The former
group clearly belongs to the premineral normal group,
and the latter to the postmineral normal faults.
Their relations are well shown both on the surface and
underground at the Milford mine (p. 164).

A short tunnel west of the Tiffin mine on the north.

side of Singer Wash explores a fault that trends
N. 10° E. and dips 70° W., on the east side of which

Limestone

Limestone

Sandy shale

- 2,500 Ft.

m

}200’

} 168"

Mule Spring Mountain and in sec. 28, T. 22 S., R.
58 E. Figure 7 shows what are almost diagrammatic
exposures on the southwest end of Mule Spring
Mountain, in the northwest corner of the quadrangle.

The lower limestone stratum of the Kaibab limestone

is crumpled into a double fold, which is overlain by
the entire Kaibab limestone. At the other locality
mentioned the blocks of rocks involved are much
smaller. A part of the Monte Cristo limestone
dipping eastward underlies a block composed of both
the Sultan and Monte Cristo formations. The
separating fault dips 50° E.

Commonly where a block of rocks has been
pushed forward over an underlying block, a frac-
ture develops that cuts across the beds of both
blocks and dips toward the source of pressure.
In many parts of the Goodsprings quadrangle
the fracture or zoné of movement locally coin-
cides closely with the bedding. The most im-
pressive exposure of this condition is found on the

75

F1aure 7.—Sketch of the southwest end of Mule Spring Mountain, in the 8. % sec.21, T. east side of the range south of Wilson Pass, in

22 8., R. 57 E., showing crumpled lower limestone of Kaibab formation thrust under entire
Kaibab formation. The stratigraphic section given on page 31 was measured at this locallty.

there is dolomitized limestone of the Monte Cristo
formation and on the west side a brown flow breccia
much like that east of the Sultan mine. This fault is
clearly younger than the lavas. Another of the same
group lies east of the Sultan mine, in the SE. % sec. 20,
T. 25 S., R. 58 E. It trends N. 35° E. and dips 80°
NW., and the west side has dropped 25 feet. The
offset shows clearly at the contact of the latite flow
on the tuffs.

MINOR STRUCTURAL FEATURES

Although not susceptible of proof in all places, it is
commonly believed that a block of older rocks that
rests upon underlying younger rocks has moved over
upon those younger rocks, which have remained
" relatively, if not actually, fixed in position. For this
reason the separating fault is called an overthrust.
It is the commonly accepted belief, although debatable,
that in such regions there was an active pressure from
the direction of movement of the overriding block
which met a resistance from the direction of the over-
ridden block. In some regions, such as southern
Nevada, where the large overthrust faults dip almost
uniformly in one direction—that is, west to south-
west—there are some flat faults which separate older
rocks above from the younger rock below and which
dip in a direction opposite to the rest—that is, east to
northeast. Such’ faults are termed. underthrusts,
although it is not demonstrable that the underlying
young rocks have actually been pushed under a fixed
overlying block. Such underthrust faults occur in

the E. % sec. 18, T. 24 S., R. 58 E. Figure 8 is
drawn from a photograph taken in this locality.

~Between two groups of beds that are nearly parallel

there is a zone of confused beds about 300 feet thick.
This zone contains & number of blocks which appear
to be fragments of the same bed but are inclined much
more steeply than the overlying and underlying beds.
It seems clear that the upper zone a, has ridden east-

1,500 Ft-

FIGURE 8.—Sketch cross section of beds on the northeast side of
Shenandoah Peak, in the E. 14 sec. 18, T. 24 S., R. 58 E., show-
ing crumpled beds between parallel beds of limestone of Bird
Spring formation. Zone a has moved eastward over zome c,
causing the intervening beds, zone ¢, to crumple and thicken

ward over the lower zone, ¢, thereby crumpling the
beds in the intermediate zone. Probably if such a
zone, b, were investigated below the surface, it would
be found to pass into a thrust fault that cuts across the
bedding of the underlying block. Although faults
such as this are larger and more impressive, in general
relations they closely resemble a number of bedding-
plane faults of the region which contain ore deposits.
Many of the ore bodies of the Yellow Pine mine occur
in a breccia zone that is roughly parallel to the bedding



STRUCTURE ' 53

but is overlain by a smooth hanging wall. The ore
zones of the Anchor, Azurite, and other mines occur
in similar bedding-plane faults. It seems clear that
the faults were formed during the epoch of t.hrust
faults.

SUMMARY

In the preceding pages it has been the intent to
describe the outstanding structural features of this
region in such a way as to make clear the succession
of structural events. Before there was much if any
faulting in the region the bedded rocks were probably
deformed from their original horizontal attitude into
numerous folds. Not only are the beds locally
folded on both sides of the overthrusts, but in a
broad way these faults cut across many parts of large
folds. Some anticlines appear to be larger features
and affect much thicker sections than others. The
larger folds appear to coincide with the out-
crops of Devonian and lower Mississippian W,
formations whose combined thickness, rang- -
ing from 1,000 to 1,800 feet, permitted them
to act as & more competent stratum 3 than
the overlying and underlying formations.
In many places numerous small folds have
been .developed in the thin-bedded dolo-
mites or limestones of the pre-Devonian and
Pennsylvanian formations, which probably
do not persist into higher or lower rocks.
For example, east of Wilson Pass there is
a single open syncline in beds of the lower
part of the Bird Spring formation, whereas
farther northwest, along the extension of this syncline,
the higher, thin-bedded limestones show several close
folds. The several closely spaced folds in the upper
part of the Bird Spring formation southwest of Wilson
Pass are probably represented by a single fold in the
lower formations.

The relations of the several major overthrusts are
worthy of some speculation. The areal outcrop of the
Contact block is rudely elliptical, and it is surrounded
on the north, west, and south by the overlying Keystone
block. If, as inferred, the Keystone block has been
forced over a surface of erosion cut across the Aztec
sandstone, either an appreciable amount of time must
have elapsed between the completion of the Contact
overthrust and beginning of the Keystone overthrust,
* or successive thrusts reached the surface in this region.
Broadly, the fact that the Contact, Potosi, and Wilson
thrusts end on the surface against the Keystone fault
and probably in depth pass under it indicates that the
overthrust under the Bird Spring Range was the
eurliest and that the succeeding thrusts westward—
the Contact, Keystone, and Sultan—were successively
younger. Figure 9 shows the probable relations of the
thrust faults in the several blocks. The question

8 Willis, Balloy, Mechanlcs of Appalachian structure: U. S. Geol. Survey Thir.
eenth Anun. Ropt., pt. 2, PP. 262-263, 1893.

whether the upper block over a thrust fault moved
across a fixed underlying block or whether the under
block was thrust downward beneath a fixed overlying
block will not be raised at this place. The purpose
here is to consider only relative movement.

A consideration of the work done in overcoming
friction on thrust faults also leads to the conclusion
that the flat overthrusts were largely formed before
the steeper reverse faults. Consideration of Figure 9
suggests that for a'unit length of any block the thrusts
consume -energy almost in proportion to their extent
down the dip into the crust. If that is true the block
above an overthrust would move forward until the
friction was too great to be overcome; after that a
steeper fault would be formed and the block above it
would be raised. Actually, it might be possible to raise
so enormous g mass of rock in a single thrust block that
movement on the lowest flat thrust might begin again.

over&.hrus“ ——
ove orthrust —=

FIGURE 9.—Generalized cross section of the overthrust faults of the Spring Mountains

The flaws, or those faults that largely trend north-
east, loughly normal to the trend of the folds, many
of which are mineralized, were probably formed late
in the epoch of thrust faultmg _

There is no clear field evidence that all the mineral-
ized normal faults coincide with thrust faults, but many
probably do so. Some, such as the Fredrickson, are
accompanied by large breccia zones and have such re-
lations to the surrounding rocks that they seem to be
steep reverse faults along which a renewed movement,
opposite in direction to the earlier, may have taken
place. Most of the assured postmineral faults have
small breccias, rarely exceeding 10 feet in width. It
seems significant that where there is mineralization in
breccia zones along faults oblique to the local bedding,
the faults either trend normal to the local folds and
are ‘clearly related to the thrusts or trend northwest
and dip southwest rather than northeast.

In many places in the region mineralized faults or
ore bodies are cut off by unmineralized faults, as. in
the Alice mine (p. 137). It is not possible to state with
assurance in every case whether the unmineralized
fault was formed before or after the ore minerals were
in place, but no ore minerals were deposited in it. In
other words, such unmineralized faults may be either
premineral or postmineral. Fairly good evidence of
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postmineral faults has been obtained in the Anchor,
Milford, and Boss mines. In the Milford and Boss
these faults displace earlier mineral-bearing faults. In
the Alice mine the ore zone is cut by a fault that is
probably premineral but is barren. In the Yellow
Pine mine most of the faults along which the ore zone

F1GURE 10.—Sketches showing effects of three successive groups
of faults upon a block of folded beds

is displaced are barren of ore minerals but are related
to the epoch of thrust faults and probably premineéral.

Figure 10 has been prepared to show the effect upon
a simple rectangular block of each group of faults tak-
. ing place in the order outlined above.

The relation of both the coarse-grained and the fine-
grained igneous rocks to the faults is fairly clear. The
largest body of granite porphyry, the Yellow Pine sill,
is intruded near the unconformity at the base of the

. later than the fault.

Bird Spring formation, but it is cut by flaws of the
thrust epoch, in one of which a dike of similar rock has
been intruded. The top of the Lavina dike coincides
with the Contact overthrust, and the dike is clearly
There is a series of dikes of this
same rock that roughly follow the Keystone overthrust
from the Kegstone mine to Crystal Pass, about 7
miles southeast. These dikes lie in diverse attitudes
with respect to the overthrust surface, and the largest,
at the Keystone mine, abuts against it. It seems that
all these bodies were intruded in the midst of the
thrust epoch but before the sulphide mineralization of
the region. :

Most of the postmineral faults near Porter Wash do

| not disturb the flows of Table Mountain, although

these as well as the flows near the Sultan mine are.
broken by small faults. East of Ivanpah Valley, how-
ever, enormous normal faults have been formed since
the surface lavas were poured out.

The following summary shows the succession of
folds, faults, intrusion, extrusion, and mineralization
of the Goodsprings region:

" Folding.
Bird Spring overthrust.
Contact overthrust.
Potosi fault.
Wilson fault.
Keystone overthrust.
Ironside fault.
. Puelz fault. -
Sultan overthrust.
Milford and Tam o’ Shanter faults.
Intrusion.
Early normal faults (some follow steep reverse faults).
Mineralization. : ’
Late normal faults.
Flows and tuffs of Table Mountain, including intrusive
rocks of Diablo Grande Peak and Sultan area.
Normal faults. :

AGE OF STRUCTURAL EVENTS

As there are no fossil-bearing beds or persistent
strata in the region younger than the Aztec sandstone,
of Jurassic (?) age,it is not possible to place precisely the
age of the structural events described above, and it
will be necessary to draw inferences from the knowledge
of the history of near-by regions. On the basis of his
work in the Muddy Mountains, 55 miles northeast of
Goodsprings, Longwell # concluded that the folds
and overthrust faults of that region were late Mesozoic
and that the region was exposed to great erosion during
late Mesozoic and early Tertiary time. The gravel,
limestone, magnesite, gypsum, tuff, and borax-bearing
beds that make up the Overton fanglomerate and Horse
Spring formation were considered to be Miocene on
the basis of their similarity to the Esmeralda (Siebert)

52 Longwell, C. R., Geology of the Muddy Mountains, Nev.: Am. Jour Sci., 5th
ser., vol. 1, p. 61, 1921.
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A. THIN-BEDDED DOLOMITE OF THE GOODSPRINGS FORMATION (UPPER CAMBRIAN) THRUST
UPON THE AZTEC SANDSTONE (JURASSIC?) IN NORTHEAST CORNER OF SEC. 21, T. 22 S,
R.58 E.

The contact marks the trace of the Keystone thrust. The curve in the trace is due to local irregularities in the sur-

face and to perspective.

B. TRACE OF THE KEYSTONE THRUST WEST OF GOODSPRINGS IN THE SW. 14 SEC. 29, T. 24 S,,
R. 58 E.
On the right crumpled limestones (now dolomitized) of the Bird Spring.formalion (Pennsylvanian): on the left

thin-bedded dolomite of the Goodsprings formation (Upper Cambrian). The trace is marked by a reddish
zone formed by the oxidation of pyrite. The curve is due to relief and perspective.
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U. S. GEOLOGICAL SURVEY

A. TRACE OF A NORMAL FAULT IN THE E. 1% SEC. 27, T. 25 8., R. 58 E.

Bullion dolomite (light) on the right: Yellowpine limestone (dark) on the laeft. The
ellowpine limestone is not altered to dolomite.

B. WEDGE OF BULLION DOLOMITE SEPARATED BY FAULTS FROM BLOCKS
OF YELLOWPINE LIMESTONE

View northwest toward ridge west of the Bullion mine, sec. 23, T. 25 S., R. 58 E.
and the base of the Yellowpine limestone are indicated by dashed and dotted lines, respec-

The faults

tively.
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A. TRACE OF THE MILFORD THRUST AT THE HEAD OF MILFORD WASH IN SEC. 33, T. 25 S,,
R. 58 E.
On the left, thin-bedded limestones near the base of the Sultan formation, upturned underc the fault; on the right,

thin-bedded dolomites near the top of the Goodsprings formation (Upper Cambrian) turned down toward the
fault. The Ironside dolomite is outlined on both sides of the fault by dotted lines.

B. THIN-BEDDED DOLOMITE OF THE GOODSPRINGS FORMATION BROKEN BY TWO SMALL
THRUST FAULTS

The ridge lies due west of Little Devil Peak, on the west side of the range, in sec. 30, T. 25 8., R. 58 E. Mesquite
Valley appears in the distance. View northwest.
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A. POLISHED SPECIMEN OF DOLOMITE SHOWING ALTERATION TO SERPENTINE

The dolomitized Crystal Pass limestone has been ferrated along fractures and the iron-bearing portion then altered to serpentine along fractures. From west
side of granite porphyry dike in SE. 14 sec. 2, T. 25 S., R. 58 K., southwest of Crystal Pass. Natural size. d, dolomite; f, ferrated dolomite; s, serpentinized
dolomite.

4

B. BLOCK OF VALENTINE LIMESTONE MEMBER OF SULTAN FORMATION PRE-

SERVED UNALTERED IN LARGE BODY OF DOLOMITE EAST OF CRYSTAL PASS, IN OF CRYSTAL PASS LIMESTONE MEMBER OF SUL-
SEC. 1, T. 25 8., R.’58 E. TAN FORMATION FROM NE. !4 SEC. 11, T. 25 S,
R.58 E.

C. SPECIMEN OF PARTLY DOLOMITIZED LIMESTONE

The limestone is uniformly thin bedded, and dolomitization has
progressed along bedding planes, but local crosscutting frac-
tures have also facilitated the process of alteration. On the
weathered surface the dolomite stands in relief because the
limestone is more soluble.
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formation of western Nevada. These beds in the
Muddy Mountains are greatly deformed but overlap
the folded Jurassic and earlier beds and the overthrust
faults of the area. Later work by Stock 5 led to the
conclusion that slightly disturbed beds near Panaca,

145 miles north of Goodsprings, are probably Pliocene,

whereas the flat beds of Muddy Valley, between Logan
and Overton, which unconformably overlie the Overton
and Horse Spring beds, ate probably slightly older than
the Panaca formation. In both these tegions the Ter-
tiary beds were laid down on a surface eroded in the
folded Paleozoic and Mesozoic formations but have
scarcely been disturbed since they were deposited.

- On the basis of work in the western part of the
Mohave Desert, 160 miles southwest of Goodsprings,
Baker % concluded that the widely separated groups
of beds made up of volcanic ash, lava flows, limestone,
gypsum, and borate minerals and given the name
“Rosamond series,” are upper Miocene. Later Mer-
riam,% summarizing field work and study of these beds
from 1911 to 1918, especially near Barstow and Ricar-
do, concluded that they do not represent one great

period of accumulation of sediments but include beds

that range in age from upper Miocene to lower Pliocene.
Like the Horse Spring formation, these beds are highly
folded.

Beds ot sandstone, tuff, and diatomaceous earth
considered to be a part of the Esmeralda formation, of
Miocene age, have been recognized by Ball ® and
Ransome ¥ in many parts of southwestern Nevada.
Although broken by faults in many places, these beds
are in general nearly horizontal. In a few places, such
as the Funeral Mountains and Pahute Mesa, they dip
as much as 30°, or even 60°, but are not folded. In
these areas, however, except for certain coarse-grained
granitic rocks, inferred to have been intruded between
the Jurassic and Tertiary, none of the pre-Tertlary
rocks that underlie the Esmeralda formation in south-
western Nevada are younger than Pennsylvanian. It
can only be said with assurance, therefore, that the
folds, overthrusts, and premineral faults of the Good-
springs area are post-Jurassic and pre-Miocene.
These data would indicate that the granitic intrusions
are probably late Jurassic and therefore allied to.those
of the Sierra Nevada

From another standpoint, however, the folds, over-
thrust faults, and porphyry intrusions appear to be
younger, possibly late Cretaceous or early Tertiary.

8 Stock, Chester, Late Cenozolc mammalian remains from the Meadow Valley
rogion, southoastern Novada: Geol. Soc. America Bull., vol. 32, pp. 146-147, 1921.

8 Bakor, O. L., Notos on the later Cenozoic history of the Mohave Desert region
Insoutheastorn California: California Univ. Dept. Geology Bull., vol. 6, pp. 333-383,
1011,

8 Merriam, J, C., Tertiary mmammalian faunas of the Mohave Desort Cahrorma
Univ. Dept. Goology Bull, vol. 11, pp. 435455, 1019.

% Ball, S. ¥., A geologic reconnaissance in southwestern Nevada and eastern .

‘California: U. S. Gool. Survey Bull. 308, pp. 31-34, 1907.
 Ransome, F. L., Geology and ore deposits of Goldfield, Nev.: U.S. Geol. Survey
_Prof. Paper 66, pp. 97-102, 1909.
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In Utah, Arizona, Colorado, and New Mexico numer-
ous masses of granitic rocks were certainly intruded in
late Cretaceous or early Tertiary time. To quote
Lindgren: 5

There are very many smaller batholiths [than those of Idaho
and Boulder, Mont.], stocks, and laccoliths scattered through
Montana, Nevada, Colorado, Utah, New Mexico, and Arizona;
they are almost always quartz monzonites or granodiorites, in
places grading into more acid alaskites, and are often intruded
in late Cretaceous beds. * * * In Arizona the same condi-
tions prevail—for instance, at Clifton, where rocks ranging
from diorite porphyry to granite porphyry are intruded in
Cretaceous and lower strata at Globe, Bisbee, Silver Bell,
Bradshaw Mountains, Harquahala and Wallapai Mountains,
and many other places. In the latter three cases the age of
the intrusives is uncertain. At Bisbee granite porphyry was
intruded previously to the early Cretaceous, and many of the
Arizona intrusives may be of earlier age than those farther
north.

Also the evidence is increasing that there is an exten-
sive belt of overthrust faults that extends from north-
ern Montana southeastward into western Wyoming
and eastern Idaho and Utah. In some places these
have been proved to be early Eocene and in others"
later Eocene, The belt of overthrusts of southern
Nevada appears to be the southern extension of those
known farther north and may have the same age. At
present the writer favors this interpretation.

The tuffs and flows of Table Mountain and the area
near the Sultan mine, as well as the intrusive masses
of Diablo Grande Peak, are considered to be related
in age to the upper Miocene and Pliocene volcamc
rocks of southern Nevada.®

ROCK ALTERATION
GENERAL FEATURES

Very few sedimentary rocks now exposed at the
surface or in shallow mine workings have the same
properties that they had when they were deposited.
Most of them have undergone consolidation or harden-
ing to a degree that depends largely upon the depth
to which they were buried and the stresses they have
undergone when subsequently folded. Commonly
changes in color, hardness, cementing material, or
mineral constitution have taken place, the particular
changes depending largely on the chemical character
and temperature of the water that has moved through
them since they were consolidated. Even where it is
apparent that great changes in composition or consti-
tution have occurred and it seems clear that these
have been accomplished by the water that has cir-
culated through the rocks, it is difficult or impossible
to determine the source of the water,.the reasons for
such changes, and the time when they took place.

8 Lindgren, Waldemar, Igneous geology of the Cordillera and its problems; in
Problems of American geology, pp. 261-262, Yale Univ. Press, 1915.
"% Ransome, F. L., Geology and ore deposits of Goldfield, Nev.: U. 8. Geol. Survey
Prof. Paper 66, pp. 86, 107, 1909.



56 GEOLOGY AND ORE DEPOSITS OF GOODSPRINGS QUADRANUTLE, NEVADA

In this region the sandstone and shale have undergone
some changes since they were deposited, but these are
slight compared with the changes undergone by the
carbonate rocks, limestone, and dolomite. The mot-
tled dolomitic limestones of the Goodsprings formation
are considered to represent rearrangements or changes
in composition shortly after burial, but these as well
as the younger limestones have undergone later wide-
spread alteration to pure dolomite. This alteration
appears to have taken place much more recently,
in late Cretaceous or early Tertiary time or later, and
to be related to the intrusion of bodies of igneous
rocks, in large part the coarse-grained orthoclase
porphyry but also to less degree the fine-grained later
rhyolites. Although not confined to the ore-bearing
areas, dolomitized limestone surrounds most of the
ore deposits, and the two appear to be related. For
these reasons the alterations will be grouped according
to their apparent association with the coarse-grained
or fine-grained intrusive rocks.

Alteration of the rocks by surface weathering is

.meager in this region and will not be considered.

ROCK ALTERATIONS RELATED TO EARLY TERTIARY
COARSE-GRAINED INTRUSIVE ROCKS

Four varieties of alteration of the limestones and
dolomites have been observed in this region in the
vicinity of dikes and sills of granite porphyry—garnet-
ization, serpentinization, silicification, and dolomiti-
zation.

GARNETIZATION

In a small area southeast of the Lavina mine, in the
south-central part of sec. 21, T. 24 S., R. 58 E,,
magnesian limestone and dolomite, probably a part of
- the Moenkopi formation, are locally altered to a
mottled brownish rock made up of garnet and quartz.
From tests of the index of refraction the garnet is
probably andradite, the magnesium-calcium-iron gar-
net. A thin section of the rock shows microgranular
garnet with here and there a druse lined with coarser
crystals and filled with quartz. There are also a few
quartz veinlets that cut across the garnet groundmass.
The areal extent of garnet rock is only a few acres, and
it is bounded on the east, north, and west by the Lavina
dike. Even where the carbonate rock is completely
altered to garnet, the bedding is preserved. The area
is limited southward by the Ruth fault.

Garnet rock was not observed in any other locality
in the region. Probably it is completely absent on

the border of the Yellow Pine sill as well as along its’

northern extension on the Snowstorm claims and its
southern extension near the Middlesex mine. None
was observed near the Keystone and Boss extension
dikes nor the small dikes near Crystal Pass. Clearly
considerable silica has been added to the carbonate
rock near the Lavina mine in order to convert it into

garnet. The small wedge of garnet rock was undoubt-
edly subjected to a higher temperature than those
masses of rock whose surfaces of contact with the
porphyry were planes.

A fragment of a small boulder picked up by H. Hardy
in the wash near the Blue Jay mine, in the west-central
part of sec. 9, T. 24 S, R. 58 E., proved on examination
under the microscope to be largely tremolite with a
little magnetite. This mineral is commonly found in
or near carbonate rocks that have been affected by
intrusive rocks or by regional metamorphism, but it
has not been found in place anywhere in the entire
region. It is difficult to account for the presence of
tremolite in this locality, unless, like the boulders that
cap the hill near the Red Cloud mine, it has been
brought by ancient streams from a region northwest of
this quadrangle. The nearest intrusive rocks are the
Red Cloud dike and the sill on the Snowstorm claims,
but no silicate minerals were found either on the surface
or underground in these localities.

SERPENTINIZATION AND FERRATION

In the SE. % sec. 2, T. 25 S., R. 58 E., soutbwest of
Crystal Pass, a dike of normal granite porphyry crops
out in several gulches. It probably is about 1,000 feet
long and 40 feet wide. It cuts across the Sultan lime-
stone, and the alterations here described have taken
place in dolomitized Valentine limestone. The dike
trends north and is vertical; the adjacent dolomite
trends north and dips gently west. On the west side
of the dike there is a belt 400 feet wide and on the
east side a similar belt 150 feet wide, within which the
dolomite displays many cracks, along which a brownish
mineral is developed by replacing the dolomite. (See
pl. 17, A.) The brown mineral is very fine grained,
even more so than the dolomite which it replaces, and
it resembles a common variety of siderite. Analyses

by J. G. Fairchild, of the United States Geological

Survey, show that it is a dolomite which, however,
contains 0.44 per cent of iron. It closely resembles the
brown material found around the borders of the basalt
dike in the SW. ¥ sec. 30, T. 24 S,, R..58 E., which an
analysis shows to be a dolomite to which a little iron
and water have been added. (See analysis 15b, p. 62.)
Sporadically within the belt, but particularly in areas
near the dike, there are veins and masses of pale-green -
serpentine that is uniformly in contact with the brown
mineral and nowhere in contact with unaltered dolo-
mite. Some masses of serpentine are 6 inches or more
in diameter, but the veins are smaller. The local
relations indicate that the intrusion of the dike has
caused the circulation of water, which has brought
about the addition of the iron to the dolomite and the
addition of silica and water to the iron-bearing dolo-
mite, for serpentine is an iron-bearing hydrous silicate
of magnesia.
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SILICIFICATION

In contrast with what has been observed in many
mining districts, the amount of silica added to the
rocks and ore deposits in this quadrangle is small.
The outcrop and upper weathered zone of a number
of ore deposits contain a little silica in the form of
ferruginous chert, and a few (Kirby, Tam o’ Shanter,
and others) contain a large quantity, but this is clearly
related to surface processes (p. 83). At only a few
deposits is there appreciable silica, either in the ore
body or in the wall rock, which has assuredly been
deposited at the time of ore deposition (Yellow Pine
ming, p. 129; Doubleup, p. 109; Boss, p. 114; and John,
p. 144).

Silicification of the country rock is found only here
and there and in slight degree. It is not possible to
discriminate with great confidence the places where
it is related to deep-seated processes from those where
it may be related to surface processes. It seems prob-
able that the coarsely crystalline clear varieties of
quartz have a hypogene origin and that the fine-
grained iron-stained varieties are supergene. In speci-
men 8b from the Bird Spring formation in the E. %
sec. 32, T. 24 S., R. 58 E., an analysis of which appears
in the table on page 61, the percentage of insoluble
matter, largely silica, is 7.32, whereas the original lime-
stone has none. When this specimen was polished
and etched, it was found that the silica is clear,
coarsely crystalline quartz that fills cavities bounded
by terminated crystals of dolomite—the same rela-
tions that surround the occurrence of clear calcite in
many places. Even though the specimen occurred on
the surface, the opinion is held that the silica had a
hypogene origin. The wall rock of the Doubleup mine
is a similar dolomite with clear quartz in the same
relations but also in part replacing the dolomite.

Silicification by chert, apparently deposited by sur-
face waters, is described on page 82.

DOLOMITIZATION
FIELD RELATIONS OF DOLOMITIZED LIMESTONES

Only a brief acquaintance with the rocks of this
region is required to show clearly that many large
masses of limestone have been converted to dolomite.
Not until a comprehensive study is made, however,
do the extent of the alteration and the relations of
the dolomite become apparent. Even such a study
leaves much to be desired in an attempt to determine
the manner by which the alteration has been accom-
plished and the source of the magnesia.

Beds affected.—The limestones of all the formations,
from the oldest to the upper part of the Bird Spring
formation, are locally altered to dolomite. Some beds
as much as 300 feet thick are completely altered over
large areas; others are only slightly altered in small
areas. It will aid in understanding the problem if

the behavior of each siccessive formation toward
alteration is stated. -

The Goodsprings dolomite forms a belt that extends
from the northern to the southern boundary of the
quadrangle and appears originally to have been made
up of alternating thin layers of fine-grained magnesian
limestone and dolomite. (See analysis 14, p. 62.)
In several places, such as the areas around Devil
Canyon, east of Porter Wash, from the Whale and
Smithsonite mines east to Columbia Pass, west of
Little Devil Peak, and west of Wilson Pass, the fine-
grained bluish-gray beds are altered to medium-
grained crystalline smoky-gray dolomite. In contrast,
beds in a similar position in the section near the Key-
stone mine and northward from Potosi Wash are un-
altered. The entire thickness of beds exposed at the
mouth of Devil Canyon—1,375 feet—and above the
Lincoln mine—1,300 feet—is medium-grained dolo-
mite, but farther northwest only the upper 500 to 800
feet of the Goodsprings formation has this texture
and composition. The conclusion seems clear that the
fine-grained rocks which contained less magnesia than
that required by dolomite have acquired, subsequent
to deposition, additional magnesia and become more
coarsely crystalline. There is a general but not a
close coincidence between the areas of the Good-
springs formation that have been dolomitized and the
distribution of mineral deposits. Sporadic mineral
deposits occur from Kirby Wash eastward and south
to Devil Canyon, but they are almost entirely absent
north of Potosi Wash.

The Sultan formation was originally rather pure
limestone, separable into three members on the basis
of distinctive color or features of bedding—the Iron-
side, Valentine, and Crystal Pass limestones (p. 13).
These three members have responded in a different
manner to the process of dolomitization. The lowest
member, the Ironside dolomiite, has been so completely
altered that only in two small areas have residual
masses of limestone been preserved in it—on the west
slope of Little Devil Peak and in sec. 34, T. 23 S., R.
57 . Such fossils as this dolomite yields have been
preserved through silicification on the surface, so that
they were not destroyed by dolomitization. Curiously,
in contrast to almost all the dark limestones elsewhere
in the region, the color was preserved after it was
altered to dolomite. The middle member of the
Sultan formation, the Valentine limestone, made up of
beds of limestone 5 to 30 feet thick, preserves its char-
acter throughout most of the region north of Wilson
Pass. In the vicinity of the Boss mine the beds show
sporadic alteration, but from the Ironside fault east-
ward and southward as far as Crystal Pass these beds
are completely altered to dolomite. From Porter Wash
southward and from Singer Wash southward, dolomiti-
zation is only sporadic. Plate 17, B, shows an irregular
mass of limestone in the Valentine limestone bounded
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by minor fractures and inclosed within homogeneous
dolomite. The process of dolomitization of this
member of the Sultan formation has largely obliterated
the fossils. The Crystal Pass limestone has resisted
dolomitization more effectively than any other in the
Paleozoic formations. Possibly the thinness of the
layers and their persistence over large areas explain
the inability of the solutions that brought in the mag-
nesia to penetrate the rock very far. Here and there
it is partly dolomitized, as shown in Plate 17, C. In
such material the solutions largely followed the minor
bedding planes, but in some places they encountered
small fractures and formed veinlets that cut the
bedding. The photograph shows clearly that under
weathering the dolomite resists solution more than the
residual limestone and hence stands in relief.

The members of the Monte Cristo limestone show
a wide diversity toward replacement by dolomite.
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F1aURE 11.—Dolomitization of Anchor limestone adjacent to a fault.
e and b represent the same horizon and indicate the source of
samples 2a and 2b respectively. (See table, p. 61.)

Where the Dawn limestone is well developed, between
the Ninety-nine and -Contact mines, it is largely pure
limestone, but on the west side of the range near the
Potosi mine it is wholly dolomitized, with change in
color. Furthermore, it is largely dolomite farther
south on the west side of. the range, in the W. % sec.
36, T. 23 S, R. 57 E., and on Bonanza Hill in sec.
14, T.258S., R. 57 E.- , '
The Anchor limestone is largely unaltered in the
southern third of the range, except in the immediate
vicinity of the ore bodies. - Thus it is quite unaltered
south of Devil Canyon and only slightly altered near
the Milford and Ingomar deposits. Although the ore
deposit at the Valentine mine is not large, it is com-
pletely enveloped in dolomitized Anchor limestone,
but the same bed on the adjoining ridge, 1,000 feet
farther south, is unaltered. From the Ironside fault
eastward across Columbia Pass to Crystal Pass, a
distance of 10 miles, the Anchor limestone is almost
wholly dolomite. On Ruth Mountain, west of the
Lavina mine, it is sporadically dolomitized. In the
northern two-thirds of the quadrangle it is widely
dolomitized east of the Keystone fault, especially

where the beds are overturned, but it is much less
altered west of the Keystone fault. Near Mountain
Springs it is unaltered. The study of many exposures
indicates that the presence of layers of chert nodules
has tended to hinder widespread dolomitization of the
Anchor limestone. In many localities the upper limit
of chert nodules coincides with the lower limit of the
Bullion dolomite.

On account of the sporadic character of the dolo-
mitized masses of Anchor limestone and the distinct

‘differences in color, it is an easy matter to collect

specimens of both limestone and dolomite from the
same beds and thus determine the change in composi-
tion that has taken place. The distance from the
limestone to the dolomite was 6 feet or less in four of
the six pairs of specimens whosé analyses appear in
the table on page 61. These analyses are discussed
on page 63.

Even after the Bullion dolomite had been examined
over a large area in the southern third of the quad-

-rangle, it was considered to have been deposited as

dolomite. Only when it was traced southward beyond
Devil Canyon to the southern edge of the quadrangle
did the fact that it is an altered limestone bed become
clear. Throughout the quadrangle the thickness is
rather uniformly about 300 feet, and it is limited
above by the shaly Arrowhead limestone and below
by the cherty Anchor limestone. Southward from
Devil Canyon to the saddle north of Diablo Grande
Peak it becomés gradually thinner and disappears, so
that it is absent on the south slope of the ridge in
sec. 3, T. 26 S., R. 58 E. In the same distance the
Anchor limestone becomes steadily thicker, and
obviously its final thickness corresponds closely with
the sum of the thicknesses of the Anchor limestone
and Bullion dolomite 1 mile north. In the northern

-part of the quadrangle the Bullion dolomite contains

no residual masses of limestone, and its limits are
generally sharply marked. (See pl. 7, 4.) In some
places, however, dolomitization has progressed up-
ward into the overlying Bird Spring formation.
Whether the Bullion dolomite contained many fossils
before it was dolomitized is not clear; only a few can
be found in it now.

The Arrowhead limestone generally resists alteration
to dolomite, but here and there, as, for example, near
the Blue Jay mine and southward to the Yellow Pine
mine, it is completely altered. C :

The Bird Spring formation occupies a larger area in
the quadrangle than any other, and it is extensi vely
altered to dolomite. Many of the detailed data con-
cerning the process of dolomitization in this region
bave been obtained from areas of this formation.
Sporadic patches are altered in the southern part of
the quadrangle, especially near the Silver Gem mine
in Devil Canyon (pl. 18, A, B), but the largest areas
lie north of the latitude of Crystal Pass. The section
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about 300 feet thick near the Hoosier mine is almost
completely altered to dolomite, as only a single bed of
limestone is preserved. (See pl. 19, A.) In an area
nearly 2 miles long and 1% miles wide, which extends
from Wilson Pass east to the Red Cloud mine, lime-
stones of the Bird Spring formation are completely
altered to dolomite. This area overlies the Yellow
Pine sill of porphyry and coincides with an area of
folded and fractured beds near the Potosi and Wilson
thrust faults. Another area, almost as large but more
irregular, lies at the mouth of Wood Gulch, in sec. 32,
T. 23 S, R. 58 E. It underlies the Potosi thrust fault
but overlies the Contact thrust fault. In both these
areas the process of dolomitization has not produced
much change in the color or texture of the rock, and
the fossils are not obliterated by the alteration. The
southern part of the Bird Spring Range shows only a
sporadic alteration, but the entire mass of rocks north
of the Cottonwood fault is completely changed to
dolomite. In this area the dolomite is lighter in
color and slightly coarser in texture than the original
limestone, but all traces of fossils except a few echi-
noid spines are destroyed. The outcrops of the Bird
Spring formation west of Potosi Wash are practically
unaltered.

Relations of dolomitized areas to intrusive rocks.—
Dolomite has developed in thick masses of limestone
in the vicinity of outecrops of dikes and sills of granite
porphyry, but there are several large areas of dolomite,
such as Wood Gulch and the north end of the Bird
Spring Range, remote from outcrops of such rocks.
Also the dolomite was not necessarily formed close to
such sills, because unaltered limestone lies about 20
feet above the north end of the Yellow Pinesill. There
is & general areal coincidence of the area of dolomitized
rocks from the Ironside fault eastward to Crystal Pass
and the belt of sills and dikes. No intrusive rocks are
* known north of Wilson Pass, but there are large areas
of dolomitized limestone.

Of the three observed necks of late Tertiary fine-
grained intrusive rocks, two intruded beds that were
already dolomites; one of them,northwest of the Sultan
mine, intruded the dolomitized hmestones of the Sultan
formation, and the other, southwest of the Sultan mine,
the dolomites of the Goodsprings formation. The al-
terations of the dolomites produced by these intrusions
are described on pages 67-69. The third neck, the
rhyolite of Diablo Grande Peak, intruded limestones of
the Monte Cristo formation and caused the alteration
to dolomite of & zone of much fractured limestone about
100 feet wide. The alteration was accompanied by a
change in color of the beds from bluish gray to nearly
white. (See pl. 10, A.) From the zone of completely
altered rock outward into the limestone extend lenses
of similarly altered rock 5 to 20 feet wide and 100 to
200 feet long. The lenses follow major fractures in
the limestone. The change in composition of the rock

is shown by analyses 16a and 16b in the table on
page 62.

Relations of dolommeed areas to structural features.—
Although there are local areas of dolomite near each
of the three major thrust faults of the region—the
Contact, Keystone, and Sultan—there appears to be
a constant and significant relation with the uppermost
one only, the Sultan. The base of the upper block
on this fault is marked by a persistent zone of dolo-
mitized breccia; in addition, there are sporadic masses
of solid dolomite which overlie the breccia. The
easternmost part of the Sultan thrust block, nearly a
square mile in extent and 500 feet in maximum
thickness, is completely dolomitized. The beds of the
Bird Spring formation which it overlies are altered only
over small sporadic areas. The surface of the Sultan
thrust and the breccia zone overlying it clearly offered
favorable sites for the alteration.

The large areas of dolomitized limestone around the
Red Cloud mine and Wood Gulch are so distributed
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FIGURE 12.—Dolomitization of a bed of limestone in Bird
Spring formation. a and b indicate the source of samples 11a
and 11b respectively. (See table, p. 61.)

that the relation of the dolomitization to the masses of
much folded rocks near by and between major and
minor thrust faults may be inferred. The rocks at
the crest of the hill (altitude 8,184 feet) in sec. 17,
T. 23 S., R. 58 E., are dolomitized, although lower
beds. to the southeast are unaltered. The alteration

. appears to have been localized along parts of the

Potosi thrust, the upper block of which has just been
removed from this hill.

There appears to be a close areal relation between
dolomitization and early normsl faults in a few areas
only. As these faults probably followed the thrusts
it appears that the process of alteration was waning
when they were formed. Beds of the Bird Spring
formation are sporadically altered near several early
normal faults in sec. 27, T. 25 S., R. 58 E., and in the
ravine south of the Fredrickson mine, in sec. 33, T.
24 S, R. 58 E. No alteration that appeared to be
related to late normal faults was noticed.

In several areas of folding—such as the sharp
syncline in the upper part of the Monte Cristo lime-
stone and the lower part of the Bird Spring formation



60 GEOLOGY AND ORE DEPOSITS OF GOODSPRINGS QUADRANGLE, NEVADA

in secs. 3 and 4, T. 26 S., R. 58 E., and the large,
much fractured anticline in beds of the Goodsprings
formation—the beds have been thoroughly dolomitized.
Although these areas are not remote from normal and
thrust faults, the alteration appears to be more closely
related to brecciation coincident with the general
deformation of the beds thau the faults.

In detail, the process of dolomitization proceeded
outward from fractures and minor partings parallel
to the bedding, but here and there the fractures are
very obscure. The outer limit is generally very
irregular (fig. 12), although in some places it is marked
by fractures also. (See pl. 17, B.) Thus, in the
occurrence shown in Plate 19, B, a dense limestone
has been broken by numerous diagonal fractures,
from which dolomitization has proceeded outward
along the bedding. The bedding is actually faulted,
but close examination shows that the movement pre-
ceded the alteration. In the areas shown in Plate 18,
A, persistent major fractures trend northeast, and the
dolomitized mass is roughly lenticular, although dolo-
mitization locally followed certain beds and left others
unattacked. In the same area nearly tabular vertical
masses that cut scross a number of beds are dolo-
mitized. In many places the altered mass is small and
its relations to fractures are clear (fig. 11), but else-
where it is so large that its relations are obscure.

As set forth on page 54, the following order of events
in this region has been determined: Folding, beginning
of thrust faulting, intrusion of coarse igneous rocks,
conclusion of thrust faulting, early normal faulting,
late normal faulting, intrusion and extrusion of fine-
grained igneous rocks, minor normal faulting. When
the problem of dolomitization is viewed in the light of

these successive events, it seems clear that the process.

has some relation to coarse igneous rocks, to the later

of the thrust faults, to the early normal faults, and, in

a very insignificant degree, to the fine-grained intrusive

rocks. It is clear that the alteration began after the

intrusion of the dikes and sills of granite porphyry,
attained its maximum development shortly after the
thrust faults were completed, and then rapidly died
out, although it was not over before the early normal

- faulting took place. The relation of dolomitization to
the deposition of metallic sulphides is discussed on
pages 100-101.

" Changes in color and texture accompanying dolomiti-
zatton.—In the tables on pages 61-62 brief descrip-
tions of the color and texture of the analyzed speci-
mens of limestone and dolomite ‘are presented. Gen-
erally, the change from limestone to dolomite has been
accompanied by a change in color; here and there
very little change in color has taken place, as in speci-
mens 11a and 11b. For the most part the darker
(more carbonaceous?) limestones, such as the Ironside
dolomite member of the Sultan formation, do not
show any great change in color, but they form a small
part of the total. The bluish-gray limestones have

commonly changed to cream-colored dolomites (pl. 18,
B); only in a few places is the resulting dolomite white.

Undoubtedly the change in color depended largely
on the elimination of carbonaceous matter and the
addition of iron compounds, which weathered to one
of the hydrous oxides near the surface and yielded a
light-brown color. The veinlets of bituminous matter
in the Azurite mine probably represent local concen-
trations of such material driven out of the limestone
during dolomitization.

Where the beds are unaffected by dolomitization
the freshly broken limestones of the Sultan and Monte
Cristo formations and most of the Bird Spring forma-
tion almost uniformly have the fine homogeneous
texture of porcelain; here and there some beds of the
Bird Spring formation contain a few crystalline grains
of calcite.  Beds that are largely made up of coarsely
crystalline calcite grains are very rare. In thin sec-
tion the limestones present diverse aspects. Some are
made up largely of minute unbroken organic remains
and contain few fragments, whereas in others the re-
verse is-true. The limestone in the Bird Spring forma-
tion shown in Plate 20, A, consists in large part of
minute foraminifers and bryozoans, many of which
do not exceed 0.05 millimeter in diameter. In a thin
section of this rock P. V. Roundy identified fragments
of Fenestella, Nodosaria,and Endothyra sp. Coral stems
are also present. Another limestone about 500 feet
above the base of the Bird Spring formation, a thin
section of which is reproduced in Plate 21, 4, contains
more fossil fragments, and both Bryozoa (Stenopora
sp.) and Foraminifera (Cristellaria? sp. and Fusuli-
nella? sp.) have been identified. Angular grains of
quartz sand are present in both limestones.

The crystal grains of dolomite resulting from the
alteration of limestone show a wide range in size,
roughly from 0.1 to 15 millimeters. The cause of this
wide range is not known. The most coarsely crystal-
line dolomite is found in the region north of Wood
Gulch and east of the range, where the massive Yellow-
pine limestone is locally altered to nearly pure dolo-
mite (analysis 13, p. 61). Here the average size of
grain is about 8 millimeters. In the vicinity of many
ore bodies, such as that of the Yellow Pine mine, the
average size of grain is about 1.5 millimeters, regardless
of the beds in which they lie. The texture of the Bul-
lion dolomite is very uniform, and the grains average
about 0.5 millimeter. In several localities, where the
beds from 200 to 800 feet above the base of the Bird
Spring formation have been converted to dolomite, as
in the areas east and south of Wilson Pass and north-
east of Wood Gulch, the texture of the resulting rock
is very fine; probably the average size of the grains is
0.1 millimeter.

In general, the finer the grain of the dolomite the
less is its difference in color from that of the original
limestone. Thus, the fine-grained dolomites are
commonly light to medium gray; some are nearly
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_black. The coarsest grained dolomite is nearly white,

and those of intermediate texture are commonly
creain-colored.

The change from limestone to dolomite commonly
destroyed the organic remains, although there are
striking exceptions to this statement. Collections
4219a and 4232 (pp. 24, 25), from the basal part of the
Bird Spring formation, were obtained in an area of
dolomite.

LABORATORY STUDY OF LIMESTONES AND DOLOMITES.

Composition.—In order to determine the kind and
degree of the changes undergone when the limestone
became altered to dolomite, samples of both rocks
were collected for analysis. As the appearance and
presumably the composition of the limestones differed

61

from one part of the section to another, it was the aim
to collect pairs of specimens from as nearly the same
bed as possible and also to have the entire assemblage
of pairs cover as wide a stratigraphic range as possible.
With these purposes in view, 12 pairs of specimens
were collected, representing beds that range from the
Anchor limestone below to the middle part of the Bird
Spring formation above. The distance between most
of the paired specimens was less than 6 feet, and for
6 pairs it was 2 feet or less. Commonly there was a
distinet difference in color and texture between the
limestone and the dolomite, and they were separated
by a sharp though sinuous line. No specimens were
collected from the Bullion dolomite because it was so
widely altered that comparable specimens from the
same bed could not be found.

Analyses of limestone and dolomite of Monte Cristo and Bird Spring formalions

Anchor limestone member of Monte Cristo formation

Calculaéed constitu-
ion o
No. Source ca0 | Mgo |F0H co, | S0l | oty Remarks
1V Calcite,| Dolomite,
CaCOs|(CaMg)COs
Theorebical dolomite 30.40 | 21.87 |ooooo.o LY (. T PN IR K RS
Thooretien] Cnleite oo m e oo iaac i accaacacaaaas 56.03 |ocooccanfeaaenaan 3
1a Ml(ldlo chorty facics, SW. Y sec. 11, I'. 25 N, | 55.32 0.25 0.0 43.20 {-ooono- 98.77 | 98.11 1.14 { Medium gray, porcelain texture, con-
R. 58 choidal fracture, ‘T'races of coral stems.
1b Dolomltim(l limestone (18), same bed, 2 feet | 31.40 | 21.11 .0 46.40 |- 98.91 3.68 96. 53 | Mottled cream-colored and buff, medium
distant. crystalline.
20 | Middlo chorty facies, SW. 1§ sec. 23, . 25 S., | 55.18 | Traco. .0 43.42 |....... 98.60 | 98.48 Trace. | Pale chocolate-brown, porcelain texture,
R. 88 1., in Bullion Gulch. conchoidal fracture.” No trace of fossils,
2b | Dolomitizéd 1imestone (20), same bed, 6 feet | 31.98 | 20.22 .0 46.60 |-ocooooo 98. 80 6.92 92.45 | Mottled cream-colored and buff; medium
distant, and finely crystalline.
8| M iddlo chorty facles, south contor of sac. 14, 1, 25 | 55.28 | Trace. .0 43.20 |oooo_o- 08.48 | 98.66 Trace. | Medium gray; fracture shows crystalline
R. 58 E,, above Monto Cristo mine. coral stems in dense groundmass.
3b | Dolomitized ]{mostouo {1 R, 31.52 | 21.00 .0 47,18 |aceaeaan 99. 65 4.16 96.02 | Pale gray; medium to coarsely crystalline.
4a | Uppor pmt;ofchertyfnclos, SE.1{soc.14,T. 258, | 54.98 .25 .0 43.80 jo-oo_- 99.03 | 97.40 1.14 | Medium gray; medium to coarsely
R. 57 K., southwost end of Bonanza Hill, crystalline. Many fossil fragments.
4b | Dolomitized limestone (4a), same bed, 2 fect | 31.44 | 21.31 .0 47.07 Joeeeeaen 99. 82 3.25 97.44 | Pale cream-colored; coarsely crystalline;
higheor, 8 feot distant, weathers pale l)rown
6u | Uppor part of cherty fucies, south conter of sec. 11, | §5. 68 .10 .0 43.82 |aeecaeae 09.60 | 99.12 .48 | Dark gray; fracture shows few crystalline
T.258., R, 57 £, southwest end of Ioodoo Tl fossils in dense groundmass.
5b | Dolomitized limestone (6a), same bed, near by...| 32.32 | 20.58 .0 47.40 |ocooool 100. 30 6. 62 94.10 | Pale cream-colored; coarsely crystalline;
weathers pale brown Yields very
faintly alkaline extract.
on Uppor facies, freo of chert, center of sec. 2, T. 26 8., | 52.88 2.84 | Trace. 99.92 | 87.34 12.98 | Medium_ gray; medium to coarsely
.68 K., cast of New Year mine. crystalline; many fossil fragments.
6b I)olomiu/od limestone (6a), same bed, 2 fect | 32.16 | 20.66 | Trace. | 47.45 |-c.oo.. 100. 27 6.15 94.47 | Mottled pale red and gray; coarsely
distant. erystalline. .
Bird Spring formation
K anul musslvo bcd NE. ¥ soc. 3, T". 26S R. 58 | 54.76 | Trace. .10 | 42.82 205 99.73 | 97.93 Trace. | Dark gray; few crystalline fossils in
1., at mouth of Chlistmas tunnel. - dense groundmass; weathers lighter
gray. Contains small quantity of
organic matter, also trace of some
sulphide; SO3=0.3 per cent.
7b ‘I.)olllomit;‘fzod limestone (7a), same bed, 20 feet | 29.28 | 19.77 | Trace. | 43.70 6.00 { 98.75 3.21 90. 40 Mottlgdn pale chocolate-brown; finely
distant. crystalline.
8u { About 1560 feot above baso in centor of sec. 32, T. | 55.24 .22 .0 43.80 |- 99.26 | 98.05 1.00 | Brownish gray, few crystalline fossils
21 8., R. 68 K., noar Fredrickson mine. in dense groundmass.
8b [ Dolomitized limestone (8a), same hed, 2 feet dis- | 28.76 | 20.12 .0 44,44 7.32 | 100. 64 1.41 92.00 | Pale cream-colored, with pale-brown
tant. mottling; com‘scly crystalline.
o Aboul. 300 foet above base, in N'W. ¥ sec. 14, T'. | 55.66 | Trace. .0 43.60 ... 99.26 | 99.34 Trace. | Medium gray; dense texture, conchoidal
5 8., R.58 15, noar Toughton mine, fracture.
ob ])olomitimd Hmestone (9a), same bed, 4 inches | 32.56 | 19.68 .0 46.63 |- 98.87 9.28 89.99 | Pale cream-colored; coarsely crystalline;
distant. weathers pale brown.
10a | About 300 foct ahove base in NE. I sce. 33, 1. 25 | 52.92 | I'race. .0 40. 99 5.91 | 99.82 | 94.45 Trace. | Dark gray: few crystalline fossils in
8., R. 88 L., north of Silver Gem tunnel. dense groundmass. Contains small
quantity of organic matter, also trace
of some sulphide.
10b | Dolomitized limostone (10a), same bed, 10 feet | 29.90 | 20,46 .0 44. 65 5.42 | 100.43 2.60 93.55 | Pale cream-colored; finely crystalline;
distant. weathers darker.
11a | 400-500 fcot above baso in north center of sec. 18, | 48.14 .30 .0 38.71| 12,14 | 99.29 | 85.16 1.37 | Pale brownish gray; dense texture; con-
T.24 8., R, 59 E., Bird Spring Range. choidal fracture; weathers same color.
11y l)olomltimd limestone (11n), samo bed, 5 feot | 20.24 | 17.47 .10 | 41.90 | 10.85{ 99.56 8.85 79.88 | Pale brownish gray; finely crystalline;
distant, weathers same color.
120 | 600 -700 foct abovo base in north center of scc. 28, | 55.20 | Trace. .0 42. 80 1.39 | 99.37 } 98.51 Trace. | Medium gray; few crystalline fossils in
T, 25 8., R. 68 K., south of Sultan mine. delnse groundmass; weathers same
color.
12b [ Dolomitized limestone, same bed, 2 feot distant_.| 32.72 [ 18.73 .0 45.27 3.45 | 100.17 | 11.93 85.64 | Cream-colored; coarsely crystalline;
. . weathers darker.
Monte Cristo limestone
13 Dolomitl/od limestone, up ormost massive bed, | 30.70 | 21.63 | Trace, | 47.13 |........ 99. 46 1.12 98.90 | Pale cream-colored; holocrystalline; fac-
in 8K, 1/ soc. 10, 1. 23 S., R. 58 E., north of ets 1{ to 36 inch in diameter; weathers
Ninoty-nine mine. same color. ,

a Dlﬂeronces between tbe sum o( CaO+MgO+CO: and the sum of CaCO;+(Ca, Mg)COs are due to slight errors in determing COa.



62

GEOLOGY AND ORE DEPOSITS OF GOODSPRINGS QUADRANGLE, NEVADA

Analyses of limestone, dolomite, and alteration products from the Goodsprings dolomite, Monie Cristo limestone, and Bird Spring formation

Calculated consti- R
Insol- tution
No. Source CaO | MgO | MnO | Fe;O3 | AlOy | COs uble Total Remarks
CaCOs| Ca, Mg COs
 N— et 4

14 Goodsgnngs dolomite, bed about 1,500 | 36.88 | 13.48 |-....... 0.20 43.57 5.80 | 99.93 | 32.37 61.63 | Lighter bed of two dark-gray

feet elow top in west center of sec. . layers. .Texture of both beds is
, R. 58 E., in hill north of dense, fracture conchoidal.
Ku‘by mme

15a | Goodsprings dolomite, bed about 1,300 | 31.00 | 21.55 |-._..... Trace. 47.13 .20 | 99.88| 1.85 98.54 | Pale bluish gray, reddish on frac-
feet below top in southwest comer of tures. Medium crystalline.
sec. 30, T. 24 8., R. 68 E., in gulch ' Weathers ‘same color.
west of Kirby mine. —

16b | Altered dolomite (15a), nearly same | 31.28 | 20.58 |........ .38  Trace. | 45.80 140 | 99.44} 4.76 94.10 | Light chocolate-brown, mottled;
bed, 50 feet distant. - — _ X nely lcrystalline. Weathers

same color.

16a | Monte Cristo limestone, about 1,000 | 55,40 025 |eeeemeae .0 43,72 |oeeenen 99.37 | 98.25 1.14 | Medium gray; few crystalline fos-
feet above base, sout theast corner sils in dense groundmass. Con-
of sec. 3, T. 26 S., R. 58 E., 150 feet tains small quantity of organic
north of Big Devu intrusive. n}?tdter also trace of some sul-

. phi

16b | Dolomitized limestone(16a),same bed, | 31.24 | 18.49 {........ .0 43.95 6.03 | 99.71 9.89 84.54 | Nearly pure white; dense texture.

10 feet distant, 140 feet from contact. Conchoidal fracture.  Yields
: fair alkaline extract.

17 | Monte Cristo limestone, altered dolo- | 36.20 | 22.28 |...._..__ Trace. 34.77 |ccoeeean 299.84 | 49.40 28.06 | Few cream-colored crystalline areas
mite, basal part of formatlon, SE. % . in dense nearly white ground-
sec. 18, T. 25 8., R. 58 E., south ot mass. Yields strong alkaline
Singer mine. extract; contains & hydrous
. . : compound of magnesia (brucite).

18a | Bird Spring formation, limestone 52.72 88 facemcen Trace. 42.46 |ooeo.... 96.06 | 91.91 4,02 | Medium gray; few crystals in
400-600 feet above base in SW. ¥ - dense groundmass. Weathors
sec. 17, T. 24 8., R. 58-E., prospect darker.

- northwest of Yellow Pine mine. -

18b Altergd gmgst%ne (18a), same bed, 6 | 53.62 .20 1.19 48 42,10 {-oeeno. 97.59 | 95.21 .91 Nﬁarly bln,ck color; finely cryst.al-
inches distan:

19 | Bird Spring formation, limestone east | 49.02 .15 1.35 1.57 .21 | 35.80 8.08 | 98.59 | 87.11 .68 | Very dark brown; uniformly finely
center of sec. 5, T. 24 S., R.58 E., 100 |. crystalline, few crinoid stem
feet above base, northwest of Blue | | casts, Organic matter+water=

w | Jay mine. . 1.06 per cent.

20 | Monte Cristo limestone near contact | 31.80 | 22.20 |..___...|-cooooi feeeacooo 43.48 210 99.76 |oeeocio|emiamaeaaaes Cream-colored dense alteration
with latite neck SE. ¥ sec. 18, T. 25 product of dolomitized limestone.

.» R.58E. Water below 212° F.=0.17 per
! cent; above 212°=1.99 per cent.
(See p. 68.) .

o Contains 6.59 per cent of water.

Analyses of dolomite from mines

Yellow Pine mine

27

Calculated constitu-
Insol- tion
No. Source CaO | MgO | FesOs { SOs uble Total Stratigraphic horizon
CaCOs|(Ca,Mg)COs
21 ¢ It:owe7r ())ilxslestone,” 700-foot level, 40 feet southwest of sta- | 31.24 | 20.11 0.53 0.10 2.00 | 100.44 5.86 91.95 | Bullion dolomite, top.
ion
22 ¢ ?re-bgag}fg limestone,”” face of No. 728 crosscut, 85 feet | 30.06 | 20.22 .66 .08 2.40 | 99.07 [ 3.48 92.45 | Yellowpine limestone.
rom dr .
23 | ¢ 0re~bearmg limestone,” 700-foot level, where drift enters | 30.30 | 20.66 .40 .11 1.70 | 99.49 2.81 04. 47 Do.
24 “Ore-bearing limestone,” 900-foot level, north crosscut, 6 | 29.80 | 19,92 .79 .05 4.40 | 100.08 3.74 91.10 Do.
feet above shale. - X
26 | *“Ore-bearing limestone,” 900-foot level, north crosscut, | 31.00 | 19.92 .26 .11 2.40 | 99.68 5.88 91.10 Do.
upper part of formation. '
26 | Upper part of ore-bearing limestone, Snowstorm ¢laim...... 3081 | 20.33 .40 .15 1.60 | 99.58 4.54 92. 98 Do.
Sultan mine
Country rock, lowest level. oo ocimiiaeiaeiccacaaaan 30.80 | 19.63 .66 .20 2,30 | 99.18 6.26 89.76 | Crushed dolomite of Bird
Spring formation.

s Collected and analyzed by E. J. Longyear & Co.

Except as indicated the analyses were made by
J. G. Fairchild, of the United States Geological Survey,
and the methods used were those described by Hille-
brand.®® In these methods the powdered rock is
dissolved in hydrochloric acid (1 part of acid to 3
parts of water); material designated ‘““insoluble’ in
the analyses is the ignited residue after filtering the
solution. The iron oxide and alumina reported
represent that which is soluble in” hydrochloric acid;
any that may have been present in the insoluble
residue was not determined.

¢ Hillebrand, W. F., The analysis of silicate and carbonate rocks: U. 8. peoi.
Survey Bull. 700, pp. 246-252, 1919.

The analyses of the unaltered limestones confirm
the impression obtained by tests in the field that they
are uncommonly pure and free from magnesia and -
insoluble matter. The highest percentage of magnesia
is 2.84, which indicates 12.98 per cent of the dolomite
molecule (No. 6a). This specimen has been polished
and etched with dilute hydrochloric acid (1 part of
acid to 1 of water). This treatment reveals the
presence of irregular grains of dolomite sporadically -
distributed throughout the groundmass, and the
ratio of dolomite to calcite confirms the impression
obtained throughout this investigation that all the
magnesis in the limestone is present as distinct grains
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A. LIMESTONE BEDS NEAR THE BASE OF THE BIRD SPRING FORMATION LOCALLY ALTERED
TO DOLOMITE (WHITE) NEAR THE SILVER GEM MINE IN DEVIL CANYON, IN SEC. 33, T. 25
S., R. 58 E.
Dolomitization has progressed outward (to the left) from a series of minor fractures (largely to the right of the field).

B. DOLOMITIZED ZONE (LIGHT) IN BED OF LIMESTONE OF THE BIRD SPRING FORMATION IN
SEC. 33, T. 25 S, R. 58 E.
View taken diagonally downward toward a bedding plane. Dolomitization has progressed outward from a median

fracture 4 feet to the right and to the left (limit is shown by head of hammer). Sample 10b was collected from
the center of the dolomitized zone and sample 10a 10 feet to the right. See analyses, page 61.
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A. STRATUM OF LIMESTONE PRESERVED UNALTERED IN MIDST OF DOLOMITIZED LIMESTONE
200 FEET ABOVE THE BASE OF THE BIRD SPRING FORMATION IN SEC. 4, T. 25 8., R. 58 E.

The workings of the Hoosier mine lie in the foreground.

B. DOLOMITIZED ZONE IN BED OF LIMESTONE OF THE BIRD SPRING FORMATION
IN NE. 14 SEC. 5, T. 24 S, R. 58 E.
The surface is cut normal to the bedding and shows parallel zones of coarsely crystallized dolomite

developed along bedding planes. The growth of dolomite crystals is locally determined by diagonal
fractures.
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THIN SECTIONS OF SPECIMENS OF LIMESTONE (4) AND DOLOMITIZED LIMESTONE (B) FROM A BED
300 FEET ABOVE THE BASE OF THE BIRD SPRING FORMATION IN THE NE. 4 SEC. 33, T. 25 S., R.
58 E., NORTH OF THE SILVER GEM TUNNEL

A shows specimens of Bryozoa (Fenestella?) and Foraminifera (Nodosaria sp. and Endothyra? sp.), as well as other undetermined
minute organisms; clear angular grains are quartz. (Analysis 10a, p. 61; pl. 18, A, B.) In B the gray areas are dolomite,
the nearly clear areas are calcite, and the small clear angular grains are quartz. (Analysis 10b, p. 61; pl. 18, A, B.)
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U. S. GEOLOGICAL SURVEY

THIN SECTIONS OF SPECIMENS OF LIMESTONE (4) AND DOLOMITIZED LIMESTONE (B) FROM A BED 400
TO 500 FEET ABOVE THE BASE OF THE BIRD SPRING FORMATION IN THE NORTH CENTER OF SEC. 18,
T. 24 8., R. 59 E.

A shows species of Bryozoa (Stenopora sp.) and Foraminifera (Cristellaria? sp. and Fusulinella? sp.), as well as other undetermined
minute organisms. The clear angular grains are quartz. (Analysis 11a, p. 61.) In B the gray areas are dolomite, the nearly
clear areas are calcite, and the small clear angular grains are quartz, (“{nulysis 11b, p. 61.)
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A. FIRST STAGE OF ALTERATION OF DOLOMITE TO HYDRATED DOLOMITE

Dolomite of the Monte Cristo formation in contact with the latite neck in NE. !4 sec. 19, T. 25
S., R. 58 E. Polarized light, enlarged 30 diameters.

B. SECOND STAGE OF ALTERATION OF DOLOMITE TO HYDRATED DOLOMITE

Dolomite of the Monte Cristo formation in contact with the latite neck in NE. ¥4 sec. 19, T. 25 8.,
R. 58 E. Polarized light, enlarged 30 diameters.
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A. THIRD STAGE OF ALTERATION OF DOLOMITE TO HYDRATED DOLOMITE

Dolomite of the Monte Cristo formation in contact with the latite neck, in NE. 14 sec. 19, T. 25 S.,
58 E. Polarized light, enlarged 30 diameters.

B. ALTERED DOLOMITE OF THE MONTE CRISTO FORMATION, 1,000 FEET NORTH
OF THE LATITE NECK, IN THE SE. }4 SEC. 18, T. 25 S., R. 58 E.

Polarized light, enlarged 30 diameters. b, Brucite; ¢, calcite; d, dolomite.
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of neaxly if not quite pure dolomite. The close prox-
imity of this specimen (No. 6a) to the corresponding
dolomite (No. 6b) raises the question whether its
magnesia (2.84 per cent) has not been added to the
limestone during the general process of dolomitization,
even though the color does not indicate alteration.

Several specimens that contain smaller percentages
of magnesia, ranging from a trace to 0.35 per cent and
indicating the presence of a trace to 1.37 per cent of
dolomite, also contain small quantities of a carbonate
not readily etched by dilute hydrochloric acid, but the
texture ‘of these specimens has not heen studied
exhaustively.

The quantity of magnesia in the dolomites ranges
from 17.47 to 21.63 per cent; if it is present as the
dolomite molecule the range of that mineral is 79.88
to 98.90 per cent. The analyses show clearly that the
process of alteration to dolomite has been exceptionally
complete, up to the very border of the adjacent lime-
stone. In this respect the conditions appear to be
different from those found in the Aspen district of
Colorado by Spurr,® who concluded that transitions
from pure limestone to dolomite existed.

Concerning the iron oxide and alumina, it is im-
pressive that the quantity of both in the limestones
and dolomites is uncommonly low. Certainly there
" is no evidence of an increase in their content coincident
with the process of dolomitization, such as is common
in many regions. Several of the methods for the
identification of dolomite by staining depend upon the
assumed constant presence of small quantities of
ferrous oxide.®? In the present investigation none of
the staining tests have been tried. It should be
remembered that only the iron and alumina soluble in
hydrochloric acid is reported, and in some specimens
the total quantity may be fractionally higher. Some
of the specimens of dolomite, notably No. 2b, havu
sporadic brownish patches that undoubtedly represent
iron oxides and may possibly represent weathered
pyxitc The data show that there is no great difference
in the quantities present in the beds of the Anchor
limestone and Bird Spring formation.

The material reported as insoluble shows a wide
range in both limestones and dolomites. None of
the specimens of Anchor limestone show appreciable
quantities of silica, and this confirms the field im-
pressions, even though parts of the limestone contain
characteristic chert lenses. The quantity of insoluble
material in the specimens of limestone from the
Bird Spring formation ranges from nothing to 12.14
per cent. Several specimens collected higher in the
formation, 2,000 feet or more above the base, un-
doubtedly contain as much as 25 per cent of insoluble
material. An examination of the sand grains remain-

& Spurr, J. K., Geology of the Aspen mining district, Colo.: U. S. Geol. Survey
Mon. 31, p. 210, 1898.
+ 0 Steidtmann, Edward, Origin of dolomite as disclosed by stalns and other
methods: Qeol. Soc. America Bull., vol. 28, p. 434, 1917,
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. ing after dissolvihg fragments of the limestone in acid,

as well as the evidence of thin sections (see pls. 20,
A, and 21, A), shows that the insoluble material is
largely if not entirely grains of quartz sand, here and
there with a little feldspar, that were incorporated in
the limestone at the time of deposition. Such is
certainly true of the insoluble material in specimens
10a and 11la, as well as others not represented by
analyses.

In some of the specimens of dolomite (10b, 11h,
12b, and 14) the insoluble material represents, as in
the limestone, grains of quartz and other minerals
that were laid down with the limestone and have
survived its alteration to dolomite unchanged. On
the other hand, the insoluble material in some speci-
mens (7b, 8b, and 16) represents silica that was added
during or soon after the alteration to dolomite. The
polished surface of one specimen (8b) shows a ground-
mass of crystalline dolomite through which are dis-
tributed patches and veins of quartz. As the borders
of the quartz patches are almost entirely outlines of
dolomite crystals, it seems clear that the quartz has
filled drusy cavities in the dolomite after the process of
dolomitization was completed.

In order-to study the nature and distribution of

" calcite in the dolomites, many speciemns have been

polished and etched with dilute hydrochloric acid ;
(1:1). Each specimen studied contains calcite, and
the quantity closely corresponds to that indicated by
a recalculation of the analyses. This conclusion is
important, as it shows that under these conditions of
dolomitization there is little if any isomorphism be-~
tween calcite and dolomite. This subject has received -
considerable thought and experimental study, and it
is stated by Foote and Bradley ® that crystals of
dolomite may contain as much as 20 per cent of
1somorphously mixed calcite.

The size, shape, and distribution of the calcite

“areas in the dolomitized limestones have some bear-

ing upon the interpretation of the mechanism of
alteration of the limestone, as they seem to be per-
sistent features of the dolomitized limestones in this
region. Most of the calcite areas are either lenticular
or irregular in shape, and, like the areas of quartz,
they are bounded by terminated dolomite crystals,
many of which show zonal growth. They commonly

range from 1 to 3 millimeters in length, but some are

as much as 2 centimeters long, and they are very
unevenly distributed throughout the mass. The
calcite is limpid clear and free from carbonaceous or
other inclusions, so that it does not resemble the
original limestone that occupied the same space. It
can not be composed of residual grains of limestone
but appears to consist of calcium carbonate deposited
sfter the process of dolomitization was complete. In

8 Foote, H. W., and Bradley, W. N., On solid solution in minerals; V, The
isoraorphism between calcite and dolomite: Am. Jour. Sci., 4th ser., vol. 37, p.339,
1914. .
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this respect the calcite resembles the secondary quartz,
with which, in fact, it is here and there associated.
The analyses made by the E. J. Longyear Co. show
that the process of dolomitization persisted to con-
siderable depths near ore deposits and was not in any
sense an alteration related to the present surface or
to circulation of local surface waters.

Change in volume.—In many localities in this region
there is abundant evidence that the process of altera-
tion of limestone to dolomite has not involved any
appreciable change in volume of the original rock. In
some places hand specimens, such as that illustrated
in Plate 19, B, show crystals and crystalline masses' of
dolomite that have grown without producing any dis-
tortion of the bedding of the near-by limestone. Dol-
omitized fossils do not show any distortion. -Also, in
many localities wedge-shaped masses of dolomite
bounded by minor joints project into masses of lime-
stone without involving distortion of the limestone.
(See pl. 17, B.) Finally, on a larger scale, as in the
locality shown in Figure 12, there is no difference be-
tween the thickness of a bed of limestone and its ad-
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jacent dolomitized equivalent. It is a fundamental
concept of the process of dolomitization in this area
that it has been accomplished without change in the
volume of the original rock.

Gains and losses of material.—Most processes of rock
alteration involve gains or losses of material, and it is
interesting as a measure of the degree of alteration to
know the quantities that are involved. In the present
investigation it became readily apparent that large
quantities of magnesia have been gained by the rocks
and that similar large quantities of lime have been
lost. ) .

In order to calculate gains and losses of rocks that
bave been altered without change of volume there
must be obtained, first, analyses of the unaltered rock
and of the altered product; second, the specific gravity
of the original rock and of the altered product, both
free of pore space; and third, the porosity of the orig-
inal rock and of the altered product. These data have
been obtained for six pairs of specimeus, and the results,
as well as the calculated gains and losses of materials,
are presented in the following table.

Gain and loss of constituents of limestones by dolomitization

[Numbers of specimens same as in tables of analyses, pp. 61-62]

Anchor limestone
Limestone, 3a | Dolomite, 3b | Components per 1,000 cubic || Limestone, 4a | Dolomite, 4b Components per 1,000 cubie
{per cent) (per cent) centimeters (grams) (per centS (per cent) centimeters (grams)

Found rc(?c?t;i Found rgc(z:d Limestone | Dolomite Gﬁ)i;:sor Found rg:(z:;i Found rgcg;-d Limestone | Dolomite Glaoisréor
Calcium oxide. .o ooooamool 55.28 | 55.28 | 31.52 | 31.46 | 1,487.4 880.3 (—607.1 54.98 | 54.98 | 3144 | 31.22| 1,470.2 862.5 —607.7
Magnesium oxide.. ----|Trace, | Trace. j 21.00 [ 20.96 Trace. 586.5 {4586.5 .25 .25 21.31 | 21.16 6.7 584. 5 +-577.8
Carbon dioxide. ...o..ooo_ceceoe. 43.20 | 43.38 | 47.13 | 47.58 | 1,167.2 1,331.4 (4+164.2 || 43.80 | 43.31 | 47.07 | 47.62 | 1,158.1 1,315.5 +157. 4
Silica (insoluble)............ -] 0 0 0 0 0 0 0 0 0 0 0 0 0
Iron and aluminum oxides......... 0 0 0 0 0 0 (1] 0 0 0 0 0 0 0

Calcite, calculated
Do]omi.te, calculated

Porosity._ . ...l per cent. .
Weight of specimen....____grams__|._.
Density of powder_ ..o ooeooail)ocoiaian

Bird Spring formation

Limestone, 98 | Dolomite, 9b | Components per 1,000 cubic || Limestone, 10a | Dolomite, 10b | Components per 1,000 cubic
(per cent) (per cent) centimeters (grams) cent) (per cent) centimeters (grams)
Found rgc%;h Found rg:%;:i Limestone | Dolomite Gﬁ}?g or\l Found rgc%:d Found rgc(iéa Limestone | Dolomite Gﬁ:sns or
Calcium oxide. .. 55.66 | 55.66  32.56 | 32.56 | 7,502.5 909. 4 —592.1 52.92 | 52.73 | 29.90 | 29.43 | 1,418.1 824.1 —594
Magnesium oxide -| Trace. | Trace. 19.68 | 19.68 Trace. 549.7 -+549.7 || Trace. | Trace. | 20.46 | 20.14 Trace 563.9 +563.9
Carbon dioxide._. 43.60 | 43.68 | 46.63 [ 47.03 | 1,179.1 1,313.5 +134.4 40.99 | 41.30 | 44.65 | 4509 | 1,113.3 1,262. 6 +149.3
Silica (insoluble) - .- oo.oeo.- 0 0 0 [\] 0 0 0 5.01 5. 89 5. 42 5.34 158. 149. 5 —8.9
Iron and aluminum oxides. ......_. 0 0 0 0 0 0 0 0 0 0 0 0 0. 0
Calcite, calculated. ................ 99.34 | 99.34 9.28 9.28 |ocomemoaaes A T IO FR PRI
Dolomite, calculated. ... ......_. Trace. | Trace. | 89.99 | 89.99 ... . ... 9210 |mooeeeemaeaeaae
- eemmmme|oemecees]| 2,609.5 [ 2,788.0 | fleeocciecceocfemmema | 2,689.8 2,800. 1
Porosity...ecceee-- eeee---Pereent_ | e|iaiifemecaaocl 0,361 | LT84 o fle el 0. 63 1.690 fooooene
Weight of specimen . ______.grams__| ... .. jcceecoea|onconcce|ovmmmae| 144407 | 100.935 |.ocoveenoflemvemmnc|oconnman]oommmeacfocacaaat 384.317 192.661 [.oocon-e
Density of powder_ ..o |eciiiic e e e e ]ee 2,709 22,8357 o jlee e[ et 2.707 2,848 |eeenn-a
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Limestone, 11a | Dolomite, 11b | Components per 1,000 cubic || Limestone, 12a | Dolomite, 12b | Components per 1,000 cubic
(per cent) (per cent) centimeters (grams) (per cent) (per cent) centimeters (grams)
Found rgg:d Found rg:%:d Limestone | Dolomite Glaoi;’s orll Found rgz%:..d Found rg:%;'d Limestone | Dolomite Gl"oi; or
Calelum oxide. . cocooeeoaaaaaao. 48.14 | 48.14 | 20.24 | 290. 1,296.3 807.3 |—489.0 55.20 | 55.20 | 32.72| 32,39} 1,484.0 807.7 —586.3
Magnestum oxide. .30 .30 | 17.47 | 17.47 8.1 482.3 |4474.2 | Trace. | Trace. 18.73 | 18. 54 Trace. 513.8 +513. 8
Carbon dioxide.... 38.71 | 38.00 | 41.90 | 4202 1,025.6 1,160.1 +134.5 42.80 | 43.31 | 45.27 ] 45.66 | 1,164.3 1,265.5 +101. 2
Silica (insoluble) ecaecoo... - 1214 | 12.14 | 10.85 ] 10.85 326.9 209. 5 —27.4 1.39 1.39 3.45 3.41 37.3 04. +57.2
Iron and aluminum oxides. ........ 0 0 .10 [ (11 P, 2.8 2.8 0 0 0 [ I RN FUIPURPRIPOIN AN
Calcite, caleulatod. .oocoaoaaaol 85.16 | 85.16 8.85 [ 251 1 PR E R 98.51 | 98,51 [ 11.83 | 1181 |eceeoooioaaofaemcacrccac]acananaa
Do]omfto, calculated...oeoemnanaaan 1.37 1.37 | 70.88 ) 70.88 |eccmicaooo]ommcaceeeacas Trace. | Trace. | 85.64 | 84.78 | . o eeoiu|rcomomeicac)amcaaan
................................ 2,692.7 2,760.8 | oo ||emeemnecfece ] aac|eeeeeae| 2,688.4 2,77L.5  |aeccocee
Porosity.  .cccecencennnn.. o3 )1 7000 SRR RPN PRI HURION 0. 68 b2 | T PR | NN ISP RN I, 0. 83 2.273
Waeight of specimen. ....._. fra Y (91T NN PRSPPI IO A 286. 880 RPN (1 S N | R I PP RO 249. 739 102. 533
Density of Powder. oco oo oo ecanac]oeac e eeaa it 2.708 < I SRR | NSRRI AN RN SN 2.711 .

In making these calculations the following procedure
was used: Where the sum of the percentages of the
ingredients exceeded 100, each was corrected propor-
tionately, so that the total should be 100. For the
determinations of the density of the rock powders the
writer is indebted to Mr. A. F. Melcher, formerly of
the United States Geological Survey, who also gave
many helpful suggestions concerning procedures in
determining the porosity of large specimens.® The
unused portions of the powdered specimens used in
the chemical analyses were dried at 110° C. for 24
hours, and approximately 5-gram samples were weighed
out and placed in weighted pycnometers. To these
distilled water was added while the pressure was kept
reduced to about 700 millimeters. Then the filled
pycnometers were held at 29.45° C. for two hours
before weighing. ~ The weight of the sample divided
by the weight of the displaced water yields the density
at 29.45° C.

To make determinations of porosity specimens were
held at 108° C. for 48 hours and at 165° C. for 24
hours, and then, after cooling, weighed as recorded in
the table. Each specimen was then dipped in melted
paraffin and after cooling was reweighed, the difference
showing the weight of the paraffin coating. Later,
after weighing the specimens in water, it was a simple
matter to calculate the volume of the coated speci-
men, and then, from the density of the powder, to
determine the percentage of pore space. In the table
the porosity is expressed in percentage of the total
volume. The range in porosity of the six specimens
of limestone is from 0.361 to 1.49 per cent and of the
six dolomites from 1.690 to 3.201 per cent. The poros-
ity of the dolomites is from 2 to 4 times that of the
corresponding limestones, and there is a tendency for
the -most porous limestone to yield the most porous
dolomite. Curiously, the porosity of the limestones
is higher than one would suspect from casual exam-
ination, and that of the dolomites is lower, although

¢ Melcher, A. F,, Determination of pore space of oil and gas sands: Mining and
Metallurgy, No. 160, April, 1920,

both are lower than in most specimens of such rocks.

If the calcite in the dolomites were removed or had

not been deposited, the porosity of the dolomites

would be appreciably higher. If 5 per cent of calcite -
were represented by pore space, it would be equiva-
lent to a porosity of 1.841 per cent; similarly 10 per
cent of calcite would equal a porosity of 3.688 per
cent. Under such an assumption, the porosity of the
dolomites would range from 2.632 per cent (No. 10b)
to 6.618 per cent (No. 12b).

In a broad way, the field evidence indicates that
the pore space is rather uniformly distributed through
the dolomites, but in hand specimens 3 or 4 inches
long it is irregularly distributed. Determinations on
specimens weighing less than 100 grams would prob-
ably be slightly misleading. In most specimens cavi-
ties that range from 0.5 to 1.0 millimeter in diameter are
present, but only a few are larger; undoubtedly most
of the pore space is represented by smaller cavities.

These calculations show that when the limestone
was altered to dolomite it lost lime and gained mag-
nesia and carbon dioxide. The loss in lime was about
40 per cent of that present in the limestone. Inas-
much as the gain in magnesia coincided with a gain
in carbon dioxide, it is concluded that the solutions
which brought in the magnesia contained carbon diox-
ide and that the magnesia was present as the bicarbon-
ate rather than any other compound. The following
equation expresses the replacement of a volume of
calcite (1,000 cubic centimeters) by an equal volume
of dolomite:

1,000 cubic centimeters (2,715 grams) of CaCO; (a
solid) + 443 cubic centimeters (1,313 grams) of MgCO,
in solution=1,000 cubic centimeters (2,870 grams)
of CaMgCQ; (a solid) +426 cubic centimeters (1,158
grams) of CaCOQ; in solution.

This equation represents an ideal condition that is
probably not attainable in nature because it does not
provide for porosity or any residual calcite. The anal-
yses in the table on pages 61-62 probably represent
average conditions in this field.
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The specimens that were tested yield inconclusive
results concerning the gain or loss of silica. The
examination of thin sections as well as polished sec-
tions of specimens 10a, 10b, 11a, 11b, and 12b shows
that all the silica is present as subangular grains of
quartz and that none resembles the secondary silica
referred to on page 57. Actually, two pairs of the
analyses (10a and 10b, 11a and 11b) show slight losses
of silica, and the third (12a and 12b) shows an appre-
ciable gain. The evidence justifies the conclusion
that these differences reflect original variations in the
sand content of the limestones and do not indicate
gains or losses of silica during alteration. The ques-
tions of the addition of silica during dolomitization
and its recent migration and rearrangement as a
result of weathering are further considered under Ore
deposits (p. 98).

Manner of replacement.—At this place the probable
significance of the foregoing data is briefly summa-
" rized, so far as it bears upon the manner of replace-
ment of the limestone by dolomite. A comparison of
the structure of the limestone with that of dolomite
shows that except for a few fossils the minute texture
of the limestone is destroyed and coarser dolomite
crystals have taken its place. It seems significant
that the calcite which remains in the dolomite is
limpid clear, is free from inclusions, and does not
possess any of the features of the limestone that
originally occupied the space. It therefore does not
appear that the terminated dolomite crystals which
‘adjoin the calcite areas were replacing the limestone
molecule by molecule but rather that the limestone
was being dissolved slightly in advance of the growing
dolomite crystals and that when their growth was
complete there remained several per cent of pore
space, which was later filled up by the calcite dis-
solved near by. As one of the consequences of this
process, the porosity of any part of the mass would
be a minimum at the beginning, attain a maximum
at the end of dolomitization, and then decrease rapidly
when the pores finally ﬁlled up with the eliminated
calcite. '

The principal channels of access of magnesium-
bearing solutions undoubtedly were faults, fractures,
and bedding planes. Considering the degree of altera-
tion of large bodies of rock, the fractures seem few
and widely spaced. Certainly, in many places there
_ are masses of dolomite 5 to 10 feet or more from a
conspicuous fracture. This condition is repeatedly
shown in the area represented by Plate 18, A. If it
is general, the active circulation which produced
- alteration probably took place along a few fractures,
and any liquids that permeated the rocks moved very
sluggishly, if at all. It would follow that dissolved
magnesium carbonate was transferred from the frac-
tures into the rock by diffusion rather than by active

circulation of water. Similarly, the calcmm carbonate
was diffused outward to the fissures and then on to
the surface.

Source of the magnesia.—Dolomites have been ob-
served and studied in many parts of the world under
many circumstances, and various explanations. have
been offered to account for the source of the magnesia
and the manner of its introduction into carbonate
rock. The problem has been well summarized by Van

TuylL® although his attention was largely directed to

the processes of dolomitization remote from ore
deposits.

The writer has recently reviewed the literature on
dolomitization near ore deposits % and attempted to
evaluate the possible sources of the magnesia which
produced the alteration. Five general sources deserve
consideration—(1) the waters of the sea, (2) the shell of
sedimentary rocks, (3) the underlying crystalline rock
complex, (4) the shallow intrusions in the crust, parts
of which are revealed by erosion, and (5) the deeper
magma reservoirs from which the shallow intrusive
rocks have been derived.

1. As the result of the classical studies of Judd at
Funafuti, it is now widely believed that the magnesia
of sea water may partly replace the limestone forming
on the sea bottom before burial. Also certain animals
withdraw from sea water the magnesia in their hard
parts, but so far as known this is not sufficient. to form
dolomite.” It does not seem possible that the magnesia
of sea water is a direct source for the alterations con-
sidered here.

2. Most limestones contain some magnesia, and
there are extensive beds of dolomitic limestone, not to
mention other sediments, that contain considerable
quantities. Many investigators believe that the
magnesia in such limestones may migrate within a
short time, if not long, after burial to form segregated
bodies of dolomite in the midst of limestone. Alsoitis
believed that the magnesia that has dolomitized lime-
stone in some metalliferous districts was derived from
bedded dolomites, having been first dissolved in some
remote area and then transported by deeply migrating
ground water. The circulation imagined is essentially
artesian, the source of the magnesia being near the
region of intake of the water and the site of deposition
being near the outlet. This explanation, advanced
by Siebenthal ® to explain the origin of the dolomite
as well as the zinc and lead in the Joplin region, has
much to commend it in regions where the structure
of the rocks would permit an artesian circulation. In

8 Van Tuyl, ¥. M., The origin of dolomite: Iowa Geol. Survey, vol. 25, pp.
257-406, 1916.

% Hewett, D. F., Dolomitization and ore depogsition: Econ. Geology, vol. 23,
pp. 821-863, 1928.

7 Clarke, F. W., and Wheeler, W. C., The inorganic constituents of marioe
invertebrates: U. S. Geol. Survey Prof. Paper 124, pp. §5-62, 1922.

¢ Siebenthal, C. E., Origin of the lead and zinc deposits of the Joplin regxon
U. 8. Geol. Survey Bull 606, pp. 183-184, 1016.
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a district like Goodsprings, where the beds are highly
folded and fractured, an artesian circulation of water
seems highly improbable.

In some regions dolomitic limestones are known to
have been replaced by manganiferous iron carbonates
(Leadville ® and Red CIlift,” Colo., and Pioche, Nev.™)
or by silica (Tintic, Utah,” and Aspen, Colo.”) in the
vicinity of ore deposits. If the beds in which dolomiti-
zation is observed are underlain by lower beds that
may have undergone replacement by such manganif-
erous iron carbonates or silica, it seems probable that
the magnesia may have migrated upward or outward
and produced the observed dolomitization. Ia the
opinion of the writer this source of magnesia deserves
consideration.

3. The ancient crystalline rocks show a wide range
in composition, and all contain an appreciable quan-
tity of magnesia. The common gneisses and schists
contain from 0.3 to 3.0 per cent of magnesia, and there
are many varieties of less siliceous and more magnesian
gneissic rocks. These rocks are possible sources of
magnesia, but their general structure does not favor
lateral circulation, and they are not widely replaced
in such a way as to yield their magnesia. All composite
rocks break down into a few simple minerals under
the influence of weathering on the surface, but where
they are deeply buried, a part of their ingredients is
set free only by recombination or substitution through
interaction with new substances.

4. The intrusive rocks exposed at the surface show
a wide range of magaesia content as well as in the other
constituents. Many granites and aplites contain as
little as 0.2 per cent of magnesia; the quartz monzo-
nites from 0.3 to 2.5 per cent; the intermediate andesites
and diorites from 2.0 to 5.0 per cent. A few basic
rocks contain as much as 45 per cent. In most metal-
mining districts large masses of intrusive rocks show
a high degree of alteration, which is reflected by the
development of new minerals. In the western United
States the sericitic and propylitic types are common,
and by these processes magnesia, lime, and some other
ingredients are commonly eliminated. Good quan-
titative data of the kind and degree of alteration of the
mtruswcs are on record for a number of districts—

® Emmons, S ¥., Irvlng, J. D., and Loughlin, G. F., Geology and ore deposits
of the Leadville miumg_ district, Colorado: U. 8. Geol Survey Prof. Paper 148,
pp. 161-154, 1027,

7 Crawford, R. D., and Gibson, Russell, Geology and ore deposits of the Red
CHff district, Colorado: Colorado Geol. Survey Bull. 30, pp. 55-56, 1925.

" Wostgate, L. G., and Knopf, Adolph, Geology of Pioche, Nev., and vicinity:
Am. Ingt. Min. and Met. Eng. Trans., vol. 75, pp. 834-835, 1927.

 Lindgren, Waldemar, and Loughlin, G. F., Geology and ore deposits of the
Tintic mining district, Utah: U. S. Geol. Survey Prof. Paper 107, pp. 154-159, 1919,

B §purr, J. E., Geology of the Aspen mining district, Colorado: U. S. Geol.
Survey Mon. 31, pp. 200-216, 1808,

‘Nevada City and Gra'ss Valley, Calif.;”* Wood River,

Idaho;® Tonopah,* Goldfield,” and Ely,” Nev.;
and Breckenridge, Colo.”” In all but one of these
districts, as well as in many more that have been less
thoroughly studied, the alteration of the intrusive
rock has caused the elimination of most of the magnesia
that it once contained. It seems that this magnesia,
driven out of the intrusive rock by its alteration, may
be considered available to accomplish dolomitization
of the higher limestones. It is charactéristic of the
intrusive porphyry of the Goodsprings district that
although small in number and area of outcrops, it is
widely altered by sericitization.

5. Magmatic sources of many elements that accom-
plish rock alteration and form ore deposits are attrac-
tive in an attempt to explain such deposits, because
they appear to impose no further burdens in the way
of speculation or inquiry. Without doubt, magmas
are the source of considerable water and some other
substances, but it seems unwise to consider them the
sole or principal sources of many elements until other
possible sources have been carefully considered.

In the present state of knowledge of the Goodsprings
district, as well as some similar districts, it seems that
although magmatic sources and underlying dolomitic
limestones, such as those of the Goodsprings formation,
may have been the source of some of the magnesia now
present in the dolomitized limestone, a more productive
source was the shallow masses of intrusive porphyry.

ROCK ALTERATIONS RELATED TO LATE TERTIARY FINE-
‘GRAINED INTRUSIVE ROCKS

The types of alteration related to the fine-grained
intrusive rocks include dolomitization, hydration, and
ferration. ' A

Dolomitization.—For a distance of at least a mile
around the northern border of the Diablo Grande
intrusive mass, the adjacent limestones of the Monte
Cristo formation are intricately fractured and bleached
over a belt 100 feet or more wide. (See pl. 10, A4.)
The line of contact between gray limestone and
bleached rock is sharp and clear but highly sinuous,

™ Lindgren, Waldemar, The gold-quartz veins of Nevada City and Grass Valley
districts, California: U. 8. Geol. Survey Seventeenth Ann. Rept. » bt. 2, pp. 146-153,
1896.

 Lindgren, Waldemar, The gold and silver veins of Silver City, De Lamar, and
other mining districts in Idaho: U. S, Geol. Survey Twentieth Ann, Rept., pt. 3,
pp. 218-231, 1899,

8 Spurr, J. E., Geology of the Tonopah mining district, Nev.: U. S. Geol. Survey
Prof. Paper 42, pp. 207-252, 1905.

7 Ransome, F. L., Geology and ore deposits of Goldfield, Nev.: U.S. Geol. Survey
Prof. Paper 66, pp. 176-186, 1909.

™ Spencer, A. C., The geology and ore deposits of Ely, Nev.: U. 8. Geol. Survey
Prof. Paper 96, pp. 55-64, 1917

™ Ransome, F. L., Geology and ore deposits of the Breckenridge dxstnct, Colorado:
U S. Geol. Survey Prof. Paper 75, pp. 95-101, 1911,
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and in several places there are lenses of bleached rock
5 to 20 feet wide and 100 to 300 feet long that extend
out into the limestone normal to the igneous contact.
Analyses of the fresh gray limestone (16a) and of the
bleached rock (16b), presented in the table on page
62, show that the former is nearly pure calcium car-
bonate, whereas the latter is largely dolomite that
carries 6.03 per cent of insoluble matter. It is clear
that the effect of the intrusion has been to convert the
limestone to" dolomite and to add a little silica.

To a less degree a similar alteration appears to have
taken place around the southern border of the vol-
canic neck northwest of the Sultan mine, where it is
in contact with limestones of the Sultan formation,
-but no analyses have been made.

" Hydration.—The northern part of the volcanic neck
northwest of the Sultan mine is in contact with dolo-
mitized limestone of the Monte Cristo formation, a
light-gray medium-crystalline rock. Between this gray
dolomite and the intrusive rock there is a zone of
finely crystalline cream-colored rock 15 to 30 feet
*wide, which, when tested with dilute hydrochloric acid,
effervesces much more freely than normal dolomite.
Three stages in the alteration of the dolomite are
shown in Plates 22, 4, B, and 23, 4, which represent
thin ‘sections of the materials. The outer part of the
zone is made up of normal erystalline dolomite, along
certain cleavages of which a very fine-grained mirneral
has developed. (See-pl. 22, A.) Plate 22, B, shows
the next stage of alteration, where the new mmeral
havmg grown along the cleavages forms nearly half
the entire mass. The rock adjoining the intrusive
neck is wholly made up of the new mineral. (See pl.
23, A.)

An analysis of the dense, most altered rock, made by
J. G. Fairchild, of the United States -Geological
Survey, together with the calculated molecular ratios,
is shown in the following table.

Analysis of altered limestone of Monte Cristo formation

Analysis | Molecular composition l‘ Ratios

Ca0- e 31.80 | 567 5.18 ‘ 5%1. 04
MgO_ . 1T 22.22 | 551 496 1 5%0. 99
CO,._ LI 43.48 | 0.88| 890 | 9X0.99
B,0— Tl TTIIITTT 17 1L11 1.00 | 1X1.00
H,04 - 199 ool
Insoluble - ___ T 20 I I—

99.76 || % _________

This calculation indicates that the constitution of
the material is 5CaCO;3.4MgCO;.Mg(OH)s.

The material has been examined carefully by H. E.
Merwin, of the Geophysical Laboratory, Washington,
who has found that it is essentially uniaxial negative,
w=1.675-1.680, e=slightly lower than 1.51. These
indices of refraction are close to those of dolomite.
It is concluded that the material is largely dolomite;

that a part of the water is represented by brucite and
a part may be occluded by the fine-grained material.
It is regarded as fortuitous that the molecular ratios
so closely accord with the formula given. The
material dissolves rapidly in dilute acids, but this
may be due to the extreme fineness of grain.

Some light on the nature of this alteration is derived
from observations near by. At the head of the ravine
in the SE. ¥ sec. 18, T..25S., R. 58 E., there are several
areas, one as large as 200 by 500 feet, within which the
dolomite has been bleached. A specimen from one of
these localities has been polished and etched; another
has been examined in thin section (pl. 23, B) and
analyzed (No. 17, p. 62). The thin section shows a
normal dolomite, partly altered to the hydrated
product, with drusy cavities largely filled with calcite
but in part with brucite. The brucite bears the same
relation to the dolomite as the calcite widely noted in
the dolomitized limestones of the region, but that
calcite generally belongs to the period of the coarse-
grained intrusive rocks and the brucite to the later
period of the fine-grained intrusives. Hence it seems
that the brucite has displaced calcite.

If in the analysis of this rock (No. 17, p. 62) all of
the water is calculated as brucite, it is found that
21.26 per cent of that mineral is present—much more
than is shown in the thin section. It is clear that this
rock contains the four minerals dolomite, calcite,
brucite, and hydrated dolomite. A hydrous car-
bonate of calcium and magnesium containing 37.13
per cent.of lime, 23.75 per cent of magnesia, 32.41 per
cent of carbon dioxide, and 6.63 per cent of water has
been described by Fucan ® and named gajite. The
material studied came from talus under a cliff of
Carboniferous limestone and dolomite in Croatia.
The properties of gajite closely resemble those of the
hydrated dolomite in the Goodsprings region, both in
masses as well as in thin section.

Ferration—On page 40 there is brief reference to
the zone of altered dolomite that surrounds the
basalt dike in the SW. % sec. 30, T. 24 S, R. 58 E,,
west of the Kirby mine. The dike trends N. 5° E.,
and the adjacent dolomites of the Goodsprings forma-
tion strike N. 70° W. and dip 40° S. The unaltered
dolomite at the south end of the dike is gray and
medium crystalline. It appears to have been a
magnesian limestone originally but to have been con-
verted to a nearly pure dolomite during the process
of early Tertiary dolomitization (No. 15a, p; 62).
Within the altered zone, which is about 20 feet thick,
the dolomite has been converted to a brown rock of
fine grain that weathers lighter and locally shows
reddish-brown iron stains. Here and there the rock
has been intricately fractured and cemented by
veins of calcite. An analysis is shown as No. 15b in
the table on page 62. A comparison of the analyses

& Fucan, F., Gajit, ein neues Mineral: Centralbl. Mineralogie, 1911, pp. 312-316.
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shows that the only distinet difference is a slight in- .

crease in the content of iron oxide and silica in the
brownish rock; but the amount of the iron oxide is
much less than one would estimate from its color.
There is a possibility that the differences in the con-
tent of iron oxide and silica may be due only to
fortuitous differences in the specimens, but this
seems unlikely.

COMPARISON OF ALTERATIONS PRODUCED BY COARSE
AND FINE GRAINED INTRUSIVE ROCKS

A review of the field and analytical evidence on the
composition of the limestones and dolomites of the
region leads to the conclusion that the effect of the
two types of igneous rocks differs more in degree than
in kind. Dolomitization that is apparently related to
the intrusions of granite porphyry is widespread; that
related to the Big Devil intrusion of rhyolite is local.
Silicification, which is present only to a slight extent,
appears to have been caused by both the early granite
porphyry and the later rhyolite and basalt. Ferration,
also present to a slight extent only, is associated with
one dike of granite porphyry and with a dike of later
basalt. Perhaps the greatest difference in the effects
of the two types of rock is concerned with hydration—
the amount of water added. The only evidence of hy-
dration of wall rocks by granite porphyry is that indi-
cated by the presence of serpentine in one locality.
The latite intrusions have caused the addition of con-
siderable water to small areas of near-by dolomites.

Unless the iron stains in the altered dolomite are
considered evidence of the presence of pyrite in the
unweathered zone, which is possible, there are no sul-
phide minerals related to the fine-grained intrusive
rocks, whereas the bodies of lead, zinc, and copper
sulphides, whose weathered parts are now mined,. ap-
pear to be closely related to the intrusions of coarse-
grained granite porphyry.

. HISTORY OF MINING 8

The geologic make up and environment of mineral
deposits are basic factors that determine what they
may yield in the course of time, but other factors, such
as the tides of human migration and the provision of
transportation facilities, tend to determine the time of
their development, and many other factors, such as
prevailing prices and the improvements in the arts of
mining and metallurgy, determine the parts that are
removed from time to time. Even the climate and
the other resources of the region affect the cost of op-
eration and therefore the capacity to produce in com-
petition with other sources. It will be helpful to
review the development of the mineral deposits of this
region in order to understand the part that some of
these factors have played.

8! The account of the early work at the Potosi mine has been prepared by V. C.
Helkes, U. S. Bureau of Mines, San Francisco, Calif.

The ore deposits in the Goodsprings district remained
unworked until 1856, although apparently they were
known to the Paiute Indians and possibly to the old
Spanish priests employed at different missions in Cali-
fornia. Neither Frémont ® nor Beale and Heap,® who
crossed the Mountain Springs Pass, 4 miles north of
the Yellow Pine mine, in 1844 and 1852, respectively,
make any reference to them.

Reports of the Mormon missionaries sent out by
Brigham Young to find lead # include the announce-
ment, made on May 9, 1856, that an Indian had
reported the oécurrence of lead 35 miles southwest of
Las Vegas, just a short distance south of the Salt Lake
and San Bernardino emigrant trail, in the vicinity of
Cottonwood Springs. Nathaniel V. Jones visited the
locality and returned May 11 to report a great quan-
tity of ore exposed. The name “Potosi” was no doubt
given to the locality by Jones, who in 1839, at the age
of 17, lived in the Potosi lead and zinc district of south-
western Wisconsin. From Wisconsin he went to Utah
and California in 1847, to Iowa in 1848, and back to
Utah in 1849. In 1856 he was called by Brigham
Young to open up the mines near Las Vegas.

At a meeting held on July 29, 1856, at Las Vegas,
15 men whose names are on record formed an associa-
tion to work the mines and elected A. L. Fullmer their
president. Owing to delays caused by lack of blasting
powder and provisions, no work was started until
August, when Jones appeared before the Las Vegas
Mission with the following letter from Brigham Young:

This is to certify that the bearer, Bishop Nathaniel V. Jones,
is counseled to forthwith proceed with the company to the
neighborhood of the Las Vegas and to engage in manufacturing
lead, and the said Bishop Jones is hereby empowered to call to
his aid in the said manufacture and transportation of lead,
building of furnaces, the mining of ore, etc., such persons as
his judgment and necessities may dictate, not only southern
missionaries but others of the brethren in the southern settle--
ments if need be. Bishop Jones is a brother well and favorably
known to us and many of the saints. He enjoys our confidence
in his faithfulness, skill, judgment, and integrity and will keep
a strict and accurate account of all-services and aid rendered
him in compliance with these instructions and report the same.
at my office in Great Salt Lake City.

Done in Great Salt Lake City, Utah Territory, this 7th dav
of July, A. D. 1856. t

On September 1 George Bean, one of the men of
the association, started for Provo with a load of lead
ore, which he was to trade for provisions. In Decem-
ber three wagons loaded with supplies, including
horsepower bellows, furnace, hearths, and other
apparatus, arrived at the lead ‘‘diggings.” Early in
January, 1857, Jones smelted the first ore and pro-
duced about 9,000 pounds of lead. The crude ore is
said to have yielded 20 to. 30 per cent of metal and was
described as being of poorer grade than it looked whea

8 Frémont, J. C., Report of the exploring expedition to the Rocky Mountains,
1842-43-44, p. 265, Washington, 1845.

8 Beale, E. F., and Heap, G. H., Central route to the Pacific, pp. 101-108, 1854.

8 Historian’s Office, Church of Jesus Christ of Latter-day Saints, Salt Lake City,
personal communication.
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mined, owing to much “dry bone, blackjack, and sul-
phur.” The efforts of Jones to smelt more ore proved
futile, and several loads of the ore were shipped to
Salt Lake City. After this failure to make. bullion
Jones and most of his men, with one wagon, started
to make lead locations some 30 miles northwest of Las
Vegas in the Amber Mountain district. In February
lead prospecting was abandoned.

The history of the district, as reviewed by Lincoln,?
credits Dudd Leavitt and Isaac Grundy with the pro-
duction of 5 tons of lead in 1855 or 1856 from a furnace
constructed in a fireplace at Las Vegas and with thus
beginning lead smelting in Nevada. Lincoln has
probably confused Grundy’s operations in the Lincoln
district, Beaver County, Utah,® with those carried
on in the Goodsprings district. Eissler ¥ credits to
Grundy “in the fifties’’ the production in a small fur-
nace near the Lincoln mine® of ‘““the first parcel of
silver-lead ore on the Pacific coast smelted.” Possibly
Grundy attempted to smelt also some of the ore from
the Potosi mines, but on account of the zinc he could
not have succeeded any better than Jones.

The earliest specific reference to the Potosi mine in
print is probably that found in a report by J. R. N.
Owen to the Commission of the United States and
California Boundary Survey, dated April 15, 1861,
and quoted by Whitney # as follows:

Leaving this range [Providence] and proceeding northwest-
ward across a low valley to the next range [Clark or Spring
Mountains], we enter a district in which limestone is not only
the prevailing rock but appears to form entire ranges of lofty
and boldly defined mountains, among which are comprised the
Kingston, Mountain Spring, and Las Vegas Ranges, the latter
extending farther to the northward. It is in this Mountain
Spring Range that the Potosi mines, which are now exciting
considerable attention (1861), are situated, a few miles south
of the present Salt Lake road, on the western slope of the
mountains, and several hundred feet above the level of the plain.

 The first description of the Potosi deposit appears
to be that by C. A. Luckhardt,” who examined it
about 1870. At that time it was known as the Comet
and was operated by the Silver State Mining Co. It
‘was examined and described briefly by G. K. Gilbert *
in 1871. According to Burchard,*”” the Yellow Pine
mining district was organized in 1882. At that time
the nearest railroad point was Goffs (Blakes), on the
Atchison, Topeka & Santa Fe Railway, about 80
miles south of Goodsprings.

For the period 1870 to 1880, when there was con-
siderable activity in the Clark Mountain district, 30

8 Lincoln, F. C., Mining districts and mineral resources of Nevada, p. 29, Reno,
Nev., 1923.

8 Butler, B. S., and others, The ore deposits of Utah: U. S. Geol. Survey Prof-
Paper 111, p. 530, 1920.

87 Eissler, M., Metallurgy of argentiferous lead, 1891 ed., preface.

88 The meoln mine in Beaver County, Utah, not the meoln mine in the Good-
springs district.

8 Whitney, J. D., Geological Survey of Camorma, vol. 1, pp. 469-474, 1865.

% Raymond, R. W Statistics of mines and mining in the States aud Territories
west of the Rocky Mountams for 1871, pp. 168-174, 1872,

1 Wheeler, G. M., Preliminary report concerning explorations and surveys, princi-
pally in Nevada and Arizona, 1871, p. 523, 1872.

%2 Burchard, H. C., Report of the Director of the Mint, 1882, pp. 163-164, 1883.

- miles southwest of Goodsprings, there is meager record

for this district. S. E. Yount went into the district in
1884 to do assessment work on the Keystone, Boss,
Columbia, and Doubleup deposits, previously located
by his father, Joseph Yount, but work had been done
on two of these by John Moss, possibly as early as 1865.
It was reported to Yount that about 1880 10 tons of
copper ore was mined and sent out to the railroad.
When Yount first saw the site of Goodsprings, there
was an open spring in a patch of grass east of the pres-
ent hotel of the Yellow Pine Mining Co., but there was
not a single tree in the flat. The spring had been
named earlier for Joe Good, a cattleman, and was
located by Yount as a mill site. A. G. Campbell went
to the district in 1886, and in 1887 he built the first
house, a stone cabin that still stands in the center of
the settlement. Campbell prospected throughout the
district, and by 1892, when rich gold ore in the Key-
stone mine attracted attention, he and his associates,
A. E: Thomas, John Kirby, and W. H. Smith, had lo-
cated the Rose, U. S. (one of the Alice group), Empire,
Golden Chariot, May, Commercial, South Side, and
Hoosier claims. During 1892 and 1893 a number of

men went into the district, and many claims were

located, partly because of the construction of the
branch railroad from Goffs to Purdy in 1893. About
1893, according to local report, the first shipment of
lead ore to a western custom smelter was made by
A. G. Campbell, who assembled material from several
deposits, largely the Kirby, and hauled it to Purdy for
shipment to El Paso.® The silver content of the lead
ore appears to have been too low to make this profit-
able, and except for another shipment of 100 tons from
the Potosi about 1900, little effort was made to mine
lead ore until the San Pedro, Los Angeles & Salt Lake
Railroad (now Union Pacific) reached Jean in 1905.
Up to this time most of the claims had been located
(1) on iron gossans that yielded assays for gold, such
as the Keystone, Golden Chariot,. Chaquita, and
Clementina, (2) on copper-stained gossans, such as
the Boss, Columbla, Doubleup, Ironside, Copper Chiet,
Alice, and Rose, or (3) on the iron-rich gossans of lead
veins, such as the May, Lucky, Tam o’ Shanter, and
Ruth. A few lead deposits without conspicuous gos-
sans had been located—the Potosi, Shenandoah, Look-
out, Hoosier, and Root. Of all these, only a few were
destined to become very productive, and many more
that were to become notable sources of ore later were
not located, even if they were known. -
From 1893 to 1898 interest centered largely in the
gold-bearing - deposits,” the Keystone, Boss, and
Clementina, although many claims were located on
lead depos1ts and some work was done. A few de-
posits in rather inaccessible situations, later to become
productive sources of lead and zinc ores, were located

% Eng. and Min. Jour., vol. 56, p. 61, 1893.
% Keeley, J. R., A promising district: Min. and Sci. Press, vol. 67, p. 113, 1893:
vol. 66, p. 260, 1893,
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during this period—the Anchor, Sultan, Mobile, and
Hilo (one of the Yellow Pine group). In 1898 an op-
tion was taken on the Columbia and Boss mines, a mill
was built on the hillside south of Goodsprings, and 200
tons of copper ore was shipped from the Boss mine to
the mill. The ore was never treated in this mill, but it
later served as the nucleus for the original Yellow Pine
mill. At this time, according to C. A. Beck, there were
three buildings of stone and adobe at Goodsprings.
This activity led to further prospecting, and between
1898 and 1901 many more deposits were located—the
Ninety-nine, Azurite, Bullion, Bill Nye, Bybee, Prairie
Flower, Accident, and Red Cloud. The Bybee claim
was later the scene of the work that led to the discov-
ery of the first zinc ore body of the Yellow Pine mine.
Two notable events in the history of the district
wore the completion of the railroad between Los
Angeles and Salt Lake City in 1905, and the recognition
of oxidized zinc minerals in many mines by T. C.
Brown in 1906. The railroad had been built outward
from Salt Lake City and Los Angeles, and the two
parts met north of Jean late in 1905. The tractor
road along the west side of Mesquite Valley through
State Line Pass to Roach was built in 1904, largely to
haul borax from the Death Valley region, but it also
served to pormit easy shipment of the ores from
mines in the southwestern part of the district. Pre-
viously, the white and pale-brown earthy mineral,
hydrozincite, commonly associated with the well-
known lead minergls, was considered to be a lead
mineral. Brown had known the oxidized zinc minerals

at Magdalena, N. Mex., and readily recognized the

hydrozincite. Had much lead ore of average grade
been shipped out of the district earlier, the presence
of zinc would doubtless have been recognized. As
zinc minerals exceeded those of lead in. most of the
deposits, considerable material was readily minable
at many places, and the presence of the railvoad per-
mitted its shipment. From this time onward the
district made steady progress, and even before 1914,
when war in Europe brought high prices for zinc ore,
it was attracting wide attention, as is shown by the
sale of some of the most promising mines to outside
groups, notably the Potosi, Anchor, and Boss. The
narrow-gage railroad from Jean to Goodsprings and
the Yellow Pine mine was built in 1910 and permitted
that mine to lower costs greatly. The discovery of
high-grade platinum ore in the Boss mine in March,
1914, attracted further attention in the mining world
and led to the location of the town site of Platina, near
the old Keystone mill on the edge of Mesquite Valley.
The town grew quickly and in a few months hud a
hotel, stores,. houses, and a population of several
hundred. Within a year the boom collapsed, and in
1924 none of the structures remained.

When the price of zinc reached its peak in 1915
there was feverish activity in the district, and about

1917 the population of Goodsprings reached 800.
Sirice then, with lower prices for the metals, it has
ranged from 50 to 200. Although the town depends
largely on the activities of the mines, it also has the
largest supply of good water in many miles, so that it
may be regarded as a permanent settlement.

A review of the discovery and development of the
mineral deposits of the district leaves the impression
that the outcrops of most of them were readily recog-
nized by the first prospectors who saw them but that
their development was retarded by the high cost of
transportation. When railroads drew near, many
deposits were quickly exploited. Until recent years,
however, most of the claims were unpatented but held
by annual assessment work, which shows that most of
the claims were found and exploited by poor men who
could not afford the costs of patenting but were con-
tent to work them and live near by. Compared with
many mining districts elsewhere in Nevada and otber
western States, the Goodsprings district has profited
little by the investments of nonvesidents. Had more
of these investments been made, many of the mines
would have profited by the wider range of experience
brought to bear on the local problems, amoung which
the faulting in many mines is outstanding.

PRODUCTION %
SUMMARY

Although this report is concerned with the geologic
features and ore deposits of the Goodsprings quad-
rangle, the statistics of production are assembled for
an organized mining district, the Yellow Pine district,
which includes a slightly larger area and therefore
several mines that lie outside the quadrangle.

The ore produced from the mines of the Yellow Pine
district from 1902 to the end of 1929 amounted to
477,717 tons. Of this ore 7,656 tons was treated in
amalgamation and cyanidation plants with a bullion
recovery of 9,497.38 ounces of gold and 2,445 ounces of
silver. The gold and silver bullion was largely recov-
ered from Keystone ore and tailings, between 1902 and
1909; also in 1919 and 1920. The tailings treated by
cyanidation amounted to 7,843 tons, or more than the
ore treated in the amalgamation mill. Between 1911
and 1929, during the operation of the concentration
mills, 230,452 tons of ore was treated, yielding 58,641
tons of zinc-lead concentrate and 32,742 tons of lead
concentrate. The crude ore shipped from the district
from 1-903. to 1929 amounted to 227,952 tons, contain-
ing in recovered metal 3,186.97 ounces of gold, 422,379
ounces of silver, 3,085,675 pounds of copper, 34,655,460
pounds of lead, and 110,833,051 pounds of zinc.

The highest average value per ton of ore produced
in this district amounted to $76.22, in 1915, and the

lowest average was $21.34, in 1902.

» Prepared by V. C. Heikes, U. S. Bureau of Mines, San Franeisco.
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Gold, silver, copper, lead, and zinc produced in Yellow Pine mining district, Clark County, Nev., 1902-1929, in terms of recovered melal

Ore mined Gold Silver Copper Lead Zinc Total
Year (short tons) - value
- "|Fine ounces| Value |Fine ounces| Value Pounds Value Pounds Value Pounds Value

2,078 2,137.10 $44,174 342 [:28:1 S TSR PR FPRURR RN (NI SN PRI Y $44, 355
2, 092 2, 583. 04 53, 396 695 375 21, 800 $2, 255 28, 000 $700 |- ocmmcceeemecaecaeaae 56,726
1,020 | 2,316.10 47,878 146 [T I R F NN SO N R 47,063
2,394 725. 62 15, 000 3,707 P21+ DU S 290, 063 13, 633 685, 659 $40, 463 71,335
9,481 442, 63 9, 150 1,573 1,054 67, 341 12, 996 625, 175 35,350 | 2,885, 246 176, 000 234, 550
4,400 364. 46 7, 634 2,976 1, 964 92,690 18, 538 172, 800 9,158 | 1,878,732 110, 845 148, 039
4,627 377.21 7,791 10, 247 5,431 42,144 5, 5 720, 285 30,252 | 1,115 851 52,445 101, 482
8, 664 277.67 5,740 18, 461 9, 600 392 51 406, 353 17,473 | 3,013,352 162, 721 195, 585
5,878 58.97 1,219 16, 826 9, 086 122, 925 15,611 | 1,263, 837 55,609 [ 2,707,071 146, 182 227,707
8, 677 117.27 2,424 47,072 24,948 173,719 21,715 [ 1,617,224 72,775 | 3,548,032 202, 238 324, 100
28, 386 1.63 34 223,013 137,153 103, 398 17,061 | 6, 544,917 2904, 521 | 13, 254, 860 914, 585 1,363, 354
29, 060 61,32 1,268 192, 339 116,173 283, 592 43,057 | 6, 204, 065 272,979 | 14, 363, 709 804, 704 1, 239, 081
, 537 388. 60 8,034 122,703 67, 855 156, 389 20,800 | 4,185,208 163, 223 11 862 149 604, 970 864, 882
38,391 40.29 833" 100, 146 50, 774 262, 600 45,955 | 4,620,243 217,151 21 061,182 | 2,611, 687 2, 926, 300
71, 155 693. 36 14, 333 156, 492 102, 972 494, 604 121,673 | 8,349, 850 576, 139 28, 889, 282 | 3,871,164 4, 686, 281
64, 260 515. 50 10, 656 219, 789 181, 106 764, 733 208,772 | 9,298,706 799, 688 | 20, 535, 768 | 2, 094, 648 3, 204, 870
40, 614 235. 52 4, 869 140, 211 140, 211 400, 792 98,095 | 6,459, 836 458, 648 | 15,444,731 | 1,405,470 2, 108, 193
19, 273 563. 55 11, 650 139, 656 156, 415 130, 395 24,253 | 4,217,739 223,540 | 5,974,219 436, 118 851, 976
18,611 158. 33 3,273 96, 557 105, 247 76, 567 14,088 | 3,927,280 314,182 | 9,381, 503 759, 902 1, 196, 692
28 1.09 22 2, 195 2,195 119 15 186, 169 8,378 69, 397 3,470 14, 080
1, 861 .95 19 6,618 6,618 52 7 316, 125 17, 387 891,174 50, 797 74, 828
14,758 5.26 109 31,678 25,976 1, 855 273 | 1,472,113 103, 048 | 8, 755,427 595, 369 724,715
21, 383 7.00 145 123, 650 82, 845 16, 267 2,131 | 7,710,851 616,868 | 7,909,042 514, 088 1,216, 077
20, 435 14.39 298 72,045 49, 999 6, 900 980 | 5,287,587 460, 020 | 6, 230, 664 473, 530 984, 827
8,931 15.75 326 19, 549 12,199 10,994 1,539 | 1,904,766 152,381 | 2,181,686 163, 626 330, 071
10,192 6.44 133 12,619 7,155 7,523 986 | 1,652,186 104, 3, 546, 078 226, 949 339, 311
10, 745 6.77 140 25,793 15, 089 43,955 6,329 | 2,209, 087 128,127 | 1,425,285 86, 942 236, 627
4,618 22. 68 469 11, 067 5,808 33 382 5,875 | 1,070,718 67 455 | 1, 236, 702 81, 622 161, 320

s Recorded under Lincoln County.

PRODUCTION BY ORES

Dry or siliceous ores.—The dry or siliceous ores
mined in the Yellow Pine district came chiefly from
the Keystone, Boss, and other properties leased to
miners who shipped or treated the ore in 1914, 1918,
1919, 1920, 1922, and 1924. This ore amounted to
1,654 tons and contained an average of $13.64 in gold
and 2.93 ounces ofsilver to the ton. Small quantities of
copper and lead were contained in some of the ship-
ments. This .average does not include the ores
mined prior to 1910.

Copper ore.—The copper ores mcluded those carrying
over 2.5 per cent of copper. Shipments were made most
frequently from the Ninety-nine, Red Streak, Highline,
Azurite, New Year, Mountain Top, Copperside, Colum-
bia, and Boss, and less frequently from the Golden
Treasure, Pilgrim, Prairie Flower, Ajax, Clementina,
Alice, Doubleup, Fitzhugh Lee, Blue Jay, Hoosier,
Mobile, Smithsonite, Tam o’ Shanter, Lincoln, Combi-
nation, Kirby, Oro Amigo, Ironside, Lucky Strike,
Yellow Pine, Hillside, Bonanza, Bill Nye, and Annex.

Content of crude copper ore produced in. the Yellow Pine disirict
and shipped to smelters, 1910-1929

re (short | Gold (fine !Silver (fin 0
Year 0 gogls) ounc(es) | ountcés) ° (gol?z?g;)
1910 . . 689 492. 63 5, 0565 205, 041
1911 . 509 2.79 2,763 172, 723
1912 ___________ 337 1. 03 1, 453 98, 249
1918 oo 960 | 13. 80 2,037 270, 610
1914 . . 553 4. 00 1, 106 152, 430
1915 e 934 39. 31 1, 786 262, 600
1916 . 2, 084 445, 43 3, 531 490, 619
1917 . 2, 469 507. 94 5, 739 758, 850
1918 .. 1, 441 196. 94 4, 982 398, 303
1919 o _____. 353 18. 13 477 126, 609
1920 ... 200 10. 66 257 68, 216
1921 . . ... 1 . 04 750 97
1923 ... ) I 139 148
1926 ... 23 .70 41 8,073
1928 .- 14 .42 73 2, 963
1929 ... 81 3. 82 120 24, 993 -

The average yield of 10,531 tons of copper ore
shipped was $3.39 in gold and 2.86 ounces of silver to
the ton and 14.26 per cent of copper.

The Rose group was the chief producer of copper-
lead ore, which, together with several small lots from
another mine, amounted to 72 tons shipped to the
smelter in 1916 and 1917. This ore averaged 4 cents
in gold and 11.66 ounces of silver to the ton, 5.30 per
cent of copper and 25.26 per cent of lead.

Lead ore—In general the crude lead ores are those
containing over 4.5 per cent of lead. Shipments were
made most frequently during the last decade by the
Yellow Pine, Potosi, Anchor, Hoosier, Bullion, Ingomar,
Hoodoo, Accident, Milford, Addison, Sultan, Christ-
mas, New Year, Mountain Top, Dividend, Bill Nye,
Kirby, Mongolian or Puelz, Bonanza, Mobile, Pilgrim,
Singer, Shenandoah, Alice, Smithsonite, Contact, Tiffin,
Eureka, Annex, Ninety-nine, Rover, Azurite, Fredrick-
son, Tam o’ Shanter, Combination, Dawn, and Whale.

" Content of crude lead ore produced in the Yellow Pine district

and shipped to smellers, 1910-1929 ,

Gold Silver
Ore Co; L
Year (short tons) oégnogs) oégggs) (po&pgg) (pogg((iis)
21910 .. 869 9. 54 4, 231 2, 157 716, 120
1911 .- 231 32| 2,166 | 232 | 284 568
1912 ___ 686 .60 | 12,763 5, 149 663, 898
1913 ____ 1, 215 47.52 | 10,518 | 12,982 | 1,074, 209
1914 __.__ 365 1. 11 3, 549 1, 982 386, 048
1915 . ____. 1,134 .98 6,875 ... 998, 008
1916 .- 17,028 | 247,77 | 32, 276 3, 903, 708
1917 . __. 23, 121 7.56 | 61, 526 2,229 | 4, 676, 652
1918 . _._ 10,476 |.______ 38, 809 2,476 | 2, 551, 395
1919 _____ 5, 232 8. 74 | 36. 924 3,745 | 1, 148, 213
1920 ... ____ 1, 302 3.98 | 10,013 8, 325 915, 009
1921 ... _ ... 147 1. 05 1, 445 22 141, 430
1922 - T | 239 292 2,076 | 173, 474
1923° 7000 502 | 5.26| 3223 1,707 | 477 227
1924 .. __. 2,447 | _____ 45, 654 | 16, 267 | 2, 618, 364
1925 110 3 429 798| 41, 413 42 | 27497 456
1926 .. __ ... 915 .15 5,401 315 782, 103
1927 ... 290 .18 3, 2569 1, 045 242, 558
1928 ... 477 1. 46 3, 394 1, 784 487 960
1929 ... _. 553 2. 37 4 947 3 756 503 334
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The average content of the 70,748 tons of lead ore
shipped was 0.10 cent in gold and 4.67 ounces of silver
to the ton, 0.04 per cent of copper, and 17.84 per cent
of lead.

Ore was first calcined at the Potosi mine in 1915 by
the Empire Zinc Co., which acquired the property
from Mahoney Bros., of San Francisco, December 10,
1913. The calciner was built in 1914 and had a capac-
ity of 30 tons in 24 hours and was equipped to calcine
the ore in an oil-fired stack and rotary calcining fur-
nace. At the Yellow Pine mill 4,866 tons of zinc con-
centrate was calcined in 1924 at a cost of $2.20 a ton,
vielding 3,683 tons of calcined zinc concentrate that
netted $11.86 a ton. The Yellow Pine concentrator
was completely destroyed by fire September 19, 1924,
but was reconstructed and ready for operation in 1926.
It was again destroyed by fire June 10, 1928, and a
flotation mill was under construction in 1929.

Zime-lead ore.—Most of the crude zinc-lead ore was
separated into lead concentrate and zinc-lead concen-
trate. The Yellow Pine mine was the chief producer
of such ore. Other mines producing concentrating ore
were the Bullion, Anchor, Sultan, Tiffin, and Fredrick-
son. Producers of zinc-lead ore of shipping grade were
the Potosi,” which calcined most of its output, and
others shipping crude ore were the Ingomar, Shenan-
doah, Milford, Addison, Hoosier, Hoodoo, New Year,
Mountain Top, Christmas, Bill Nye, Silver Gem, Root
or Bonanza, and Dawn.

Content of crude zinc-lead ore produced in the Yellow Pine district,

1910-1929
Oro (tons)
Sitver Lead Zine
Year (fine
W (pounds) (pounds)
District | prollow | ouaces)
1910...__. 1, 663 1, 505 5,863 | 428, 055 817, 803
1911 ___ 4, 654 4,561 | 32,870 |1, 151,750 | 1, 598, 134
1912 ... 20, 054 | 20, 054 (208, 797 |5, 881, 019 | '9,.105, 865
1913 ... 16, 749 | 16, 687 {176, 411 (5, 036, 829 | 8, 071, 639
1914 __.___ 16, 039 | 15,472 |115, 138 |3, 716, 856 | 7, 130, 399
1915_..... 16, 839 | 16, 136 | 84, 976 |3, 088, 029 | §, 213, 714
1916...-.. 23, 146 | 20, 581 | .99, 558 {3, 986, 116 (10, 530, 082
1917...... 20, 922 | 20, 027 |150, 089 {4, 575, 599 | 9, 080, 938
1918 .___. 19,418 | 8,200 | 89, 748 |3, 838, 183 | 9, 617, 792
1919 11, 562 | 10, 900 {101, 269 |3, 059, 336 | 5, 296, 304
1920._..:_. 15,443 | 14, 353 | 83, 600 |3, 009, 685 | 8, 629, 463
1921 .. 139 || 44, 718 69, 397
1922_ ... 1, 412 1,272 4,115 140, 240 714, 374
1923.._..__ 10, 371 9,740 | 28, 316 990, 880 | 5, 570, 784
1924 _____ 18,395 | 17,620 | 77, 959 |5, 092, 411 | 7, 882, 042
1925. ... 12,964 | 12,439 | 16, 174 2, 131, 384 | 5, 300, 184
1926 .. 3, 980 2, 400 3, 237 418, 667 | 2, 004, 911 -
1927 ... 5, 883 4,027 2, 881 |1, 006, 559 | 2, 628, 970
1928___._. 3, 978 2, 239 2, 489 519, 911 |-1, 405, 891
1929.._... 2, 225 1,476 | 3,210 448,631 | 1,118, 089

The average content of the 225,856 tons of zinc-
lead ore at the mines was 5.70 ounces of silver to the
ton, 10.75 per cent of lead, and 23.20 per cent of
zine. :

Zwne ore—Zinc ore was shipped to eastern works for
reduction between 1910 and 1929, most frequently

from the Yellow Pine, Potosi, Monte Cristo, Milford,
Addison, Bill Nye, Green Mountain, Sultan, New Year,
Anchor, Prairie Flower, Ingomar, Shenandoah, and
Whale mines. Shipments of zinc ore were made less
frequently from the Mobile, Bullion, Valentine, -Acci-
dent, Hoodoo, Dividend, Contact, Fredrickson,
Hoosier, Alice, Christmas Consolidated (Silver Gem),
Bonanza, Smithsonite, Azalia, Pilgrim, Columbia,
Singer, Tam o’ Shanter, Tiffin, Eureka, Valentine,
Dawn, and Annex.

Content of zinc ore produced in the Yellow Pine district and
shipped to smelters, 1910-1929

Ore Silver Lead Zin
Year (short tons) c;égggs) (pounds) (poun%s)
1910 oo ..o 3,038 | 5,281 118, 428 | 1, 889, 268
1911 . .. 3,013 9, 216 180, 910 | 1, 949, 898
1912, ... 7,309 || __ 4, 148, 995
1918 e 10,136 | 3,373 93, 027 | 6, 298, 070
1914 ... __ 7,550 | 2,761 82,271 | 4, 731, 750
1916 - 19, 464 6, 809 533, 486 (12, 847, 468
1916 oo 28, 840 | 19, 432 427, 068 |18, 359, 200
1017l 17,733 | 2,200 | 43 027 |11, 454, 830
1918 e .-. 9,270 | 6,200 70,069 | 5, 826, 939
1919, o ... 1,062 | __.___. 10, 190 677, 915
1920 .. 1,118 .. ___. 2, 560 752, 040
1922 IITTTIT 208 |_201TT 2,400 | 176, 800
1023 00 IITTTTTT 3,794 | 1] 3,079 | 3,184, 643
10241111 Yo I A 27, 000
1926 ... L1 2 P N 38, 030
1927 .. 1,465 || __. 917, 108
1928 ... 34 |- 943 19, 394
1929 .. 177 378 12, 536 118,613

The average metallic content of the 114,307 tons of
zinc ore shipped was 0.49 ounce of silver to the ton,
0.69 per cent of lead, and 32.1 per cent of recov-
ered zinc.

OUTLOOK FOR MINING IN THE DISTRICT

In a purely technical sense mining is the term ap-
plied to the group of operations by which minerals
are recovered from the ground; in a broader economic
sense it includes the art of making money by those
operations. In other words, the interest of the public
or the Nation in a resource is measured largely by the
possibility of exploiting it at a profit in competition
with other similar resources, at home or abroad. The
purpose of these statements is to emphasize the eco-
nomic problems of this district in contrast with the
geologic problems, to which this report is largely de-
voted. It may be profitable to review briefly the
history of the district in so far as this concerns pro-
duction, prices, and the events that affected them.

Fortunately, except for the early production of gold
from the Keystone mine, there is a very complete
record of the production of the mines of this district
in the United States Bureau of Mines. The figures
in this record have been carefully segregated and
checked for compilation in the tables of production
for each mine. Figure 13 presents curves showing the
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prices of zinc and lead since 1902 and the annual
recoverable content of these metals in the ore pro-
duced in the Yellow Pine district, as well as the
curve of wholesale commodity prices. From what
has been sald on page 71 concerning the discovery
of the ore deposits, as well as the accounts of the
individual mines, it seems that the value of the zinec,
lead, and copper ores was too low to permit their
shipment before the Los Angeles & Salt Lake Rail-
road was completed to Jean. The low value of the
ores was due to the meager amounts of accessory gold
and silver that they contained. It is doubtful whether
any shipments prior to 1905, except those of gold
bullion, yielded a profit to the miners. Even after the
railroad was in operation through Jean, the cost of the
8 to 25 mile wagon haul from the mines probably wiped
out for several years the margin of profit for most
- mines on all except occasional carefully selected ship-
ments. The great increase in production in 1912 was
due to the completion in 1911 of the Yellow Pine Min-
ing Co.’s narrow-gage railroad from Jean to the mine,
a distance of 12 miles. The further increase during
1913 and 1914 represents largely the mining of reserves
in the Yellow Pine mine, developed in anticipation of
the completion of its railroad. The decline in zinc pro-
duction during the business depression of 1907 and
1908 indicates the sensitiveness of mine operations to
glight declines in prices.

Figure 13 brings out clearly the astonishing increase
in production brought about by high prices for zinc
during the early years of the World War—1915, 1916,
and 1917. How much would have been produced by
the district under normal prices is a matter for in-
‘teresting conjecture. A considerable part of the in-
.crease in production of the Yellow Pine mine during
‘these years is due to the fortunate discovery of
enormous bodies of ore between the 300 and 700 foot
levels north of the Hale shaft. One effect of high
prices for the metals during the war was shown
quickly by decline in grade of the ore shipped from
many mines. Prior to 1914 most shipments of zinc
ore. contained from 38 to 42 per cent of zinmc, but
during the period of high prices much 30 per cent ore
and some 25 per cent ore was shipped. One factor
that increased the gross output of both lead and zinc
from 1912 onward, but especially during the war, was
the better prices offered for the mixed lead and zinc
ores, which could be used to make pigment (leaded zinc
oxide) but could not be treated profitably to make
two products, one containing lead and the other zinc.

It is difficult to apportion the causes of the trend .of
production since 1918. Obviously the low production
for 1921 and 1922 indicates that the mines could not
produce ore at the prices prevailing, but on the other
hand, the policy of the board of directors of one mine

was a factor, for there were known ore bodies in that
mine which could have been mined at a profit, but
they were held for better prices. Another element, the
general rise of commodity prices, enters into the gen-
eral failure of a developed district to continue to pro-
duce after 1919 in accordance with the hope held out
by its earlier record. Although indicated by the curves
of wholesale prices and the prices of the metals in
Figure 13, it is also widely known that the prices of
zinc and lead are relatively lower than the wholesale -
commodity price since the war.®® In other words, the
products offered for sale by the mine operators have
declined in real value, whereas the real prices of the
materials which they must use in mining have risen.

The records of dividends is available for only three
mining companies, the Yellow Pine Mining Co., the
Goodsprings Anchor Mining Co., and the Boss Gold
Mining Co., and these give an inadequate picture of
the profit of mining in the district. A few of the mines
are owned by incorporated companies, and some of
these have not worked the mines on company account.
The shipments from most of the mines, especially the
smaller ones, have been made by groups of lessees, and
the profit realized from their work is unknown.
Doubtless in the aggregate their profit has been con-
siderable, but it is also apparent that numerous lessees
have done an extraordinary amount of hard work for
little or no return.

The foregoing review indicates the wide range of
factors that affect the production of minerals and that
must be considered in estimating what may be pro-
duced from a given district, the quantity and grade of
the ore as well as other local resources, mining skill,
geologic understanding, luck, metallurgical advances,
transportation facilities, trend of prices of the mate-
rials produced and of the materials purchased, and
trend of economic and political events of national

‘and international scope.

Of the reserves of minerals in the district very little
that is precise or quantitative can be stated, as the
time available for this examination did not permit
careful studies. The visible zinc, lead, copper, and
gold minerals are apparently exhausted from a few
mines, but these are a small part of the total, for most
of the mines still show sporadic patches of high-grade
material and much more of a lower grade. Only here
and there, however, are the assured reserves of low-
grade ore in excess of a few thousand toms, though
further exploration will doubtless increase these
reserves, :

With only a few exceptions, the ore bodies that hav
been exploited in the district are those that have been
fortuitously exposed at the surface by erosion. As in

% Hanley, H. E., Diminishing value of the metals: Eng. and Min. Jour., vol. 120,
Pp. 622-623, 1925.
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many if not most other districts in the Western States,
there has been little systematic prospecting in this
district (from 5,000 to 10,000 feet of work) for ore
bodies other than those which cropped out. Of course,
an examination of the records of production of many
of the mines will show that the probable margin of
profit on work to date has not been large and that in
most places prospecting remote from known ore
should be undertaken cautiously. Nevertheless, parts
of the district; especially those in which the struc-
tural relations of the ore bodies are fairly clear,
warrant careful study with a view to making com-
prehensive plans for underground exploration. Such
studies of the smaller mines should take into account
the relation of past production to current metal prices,
for when the curves for both are compared it is clear
that most of these mines can be operated at a profit
only when the prices of lead and zinc exceed 6 cents a
pound. :

The problem of understanding and applying the
relations of ore zones to channels of access of ore
minerals and also that of discriminating between
premineral and postmineral fractures need considerable
attention, and upon their correct solution from place
to place in the district rests the greatest hope of future
production. Although the writer hopes that his
studies bave contributed to this end, he is quite aware
that the problems encountered in & number of mines
have not been considered comprehensively.

ORE DEPOSITS
DISTRIBUTION

The Goodsprings quadrangle contains most of the
known ore deposits in the Spring Mountains. Most
of these deposits occur in an area about 10 miles in
diameter, the center of which lies about 4 miles south-
west of Goodsprings (pl. 30), but a few are sporadically
distributed in the north half of the quadrangle. A
few productive mines lie several miles west of the
quadrangle (Green Monster and Rainbow) and a few
more south of it (Tam o’ Shanter and Carbonate King).
A few prospects lie in the part of the Bird Spring
Rgnge east of the quadrangle.

SUMMARY OF GEOLOGIC RELATIONS OF THE ORE DEPOSITS

The ore deposits of this region are found either in
the Paleozoic stratified rocks or in the porphyritic
rocks intrusive into them. Most of the deposits,
including the most productive, occur in dolomitized
zones of lower Mississippian limestone. A few deposits,
in which gold and silver are the metals sought, occur
in dikes of highly altered intrusive porphyry. These
intrusions are localized either in or a short distance

weathering (supergene).”

above extensive thrust faults, notably the Contact and
Keystone faults. Most of the zinc and lead deposits
lie in ‘the rocks overlying the zone of intrusions. A
few, such as the Potosi and others near the Ninety-
nine mine, are as much as 6 miles distant from the
nearest known outcropping bodies of intrusive rocks.
No porphyry intrusions are known in the Spring
Mountains for 40 miles north and 10 miles south of
the quadrangle. There is thus a general but not
precise areal coincidence of the zone of intrusives and
the area which contains most of the ore deposits. For
this reason it is believed that there is a genetic relation
between the ore deposits and the porphyry intrusives.

(See fig. 14.)

GROUPS OF ORE DEPOSITS ACCORDING TO METAL CONTENT

On the basis of their principal metal content, the
ore deposits -of the region "are separable into four
groups—(1) those which contain gold with little if
any copper and silver, (2) those which contain much
more silver than gold, (3) those whose principal metal
is copper but which also contain some gold or platinum
and palladium, though little silver, and (4) those
which contain either lead or zinc or both together
with a little copper. Cobalt occurs almost uniformly
wherever copper is present and has been mined in
four localities. Vanadium minerals occur in many of
the lead and zinc deposits and have been mined in

several places.
MINERALOGY

CLASSIFICATION OF THE MINERALS

In considering each of these groups of deposits the
content and relations of the original minerals, unaf-
fected by recent weathering (hypogene) should be dis-
tinguished clearly from those which have formed during
Not only are the minerals
of the two stages largely unlike, but their relations to
fractures, faults, and near-by rocks-are different. In
some deposits the unchanged original minerals have
been mined and their relations are fairly clear, but in
most of the deposits, under the influence of weathering,
the metals have not only migrated from their original
positions but entirely new mineral compounds have
been formed. Such migrations have been accompanied
by solution and decomposition of the near-by rocks
with the result that the present relations of the de-
posits to faults and other features are very obscure.
Some bodies of galena, such as the Anchor, Accident,\
and Ruth, are largely unaltered; but others, such as

97 Ransome bas applied the term supergene to minerals deposited by generally
downward-moving and initially cold solutions. Hypogene is applied to minerals
deposited by hot ascending solutions.
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the Kirby, have been largely converted to lead car-
bonate and sulphate, which lie in different positions
and have different relations to the near-by rocks. On
the other hand, although sphalerite or zinc sulphide
was the original zinc mineral in all deposits, it was
found unaltered in two mines only, the Potosi and
Milford. The bodies of zinc ore that have been mined
are almost entirely alteration products—hydrozincite,
smithsonite, and calamine—and these lie either near
by or many feet from the masses of sulphide that were

the source of the zinc. Similarly, the original copper
mineral in most of the deposits was doubtless the sul-
phide, chalcopyrite, but this has been found only in
traces in the mined deposits. The principal copper
“minerals—malachite, azurite, and chrysocolla—are
clearly many feet distant from the original sulphide—
chalcopyrite—although sporadic masses of chalcocite

may lie near the places where it once existed.
The following table summarizes the minerals asso-
ciated with the four groups of ore deposits.

Geologic classification of the principal minerals tn the ore deposils of the Goodsprings quadrangle

-Metallic minerals

Hypogene Supergene
Qold-silver deposits Copper deposits Zinc-lead deposits Gold-silver deposits Copper deposits Zinc-lead deposits
Gold Chalcopyrite Galena 1 Gold? Copper Cinnabar
Pyrite Sphalerite Proustite? Platinum? Bornite
Stibnite Tennantite Chalcocite Limonite
Cerargyrite Stibiconite Turgite
Limonite Cuprite Smithsonite
Wad Tenorite Malachite
Malachite Limonite Hydrozincite
Wad Calamine
Heterogenite Dioptase
Malachite Pyromorphite
Azurite Mimetite
. Dioptase Annabergite
Chrysocolla Vanadinite
v Olivenite Cuprodescloizite
Libethenite Linarite
Cuprodescloizite Plumbhojarosite
Brochantite Jarosite
Jarosite Alunite
Natrojarosite Wulfenite
Beaverite
Gangue or wall rock
Quartz Quartz Calcite Chert Quartz Quartz
Dolomite Dolomite Dolomite Chert | Chert
Barite Opal Chalcedony
Chert Calcite
Hydrocarbon Aragonite
Gypsum
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Principal minerals in the ore deposits of the Goodsprings district

[a, abundant; ¢, common; u, uUncommon; v, very uncommon; r, reported]

Met-

als Sulphides Oxides ’ Carbonates

cite

Cerargyrite | Chloride
Azurite
omite

Chalcocite
Chalcopy-
rite

Galena
Bornite
Pyrite
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Opal
Quartz
Hematite
Magnetite
Tenorite
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Heterogen-
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Cerusite
Smithsonite
Hydrozin-
Malachite
Aurichalcite
Siderite
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Principal minerals in the ore deposits of the Goodsprings district—Continued
Silicates Phosphates and arsenates Vanadates Sulphates Ng‘:’l&b'
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Gold mines:
Clementina
Golden Chariot. ..

Copper mines:
Azurite. .

Copper Chief.
Copperside....

Ninety-ni
Oro Amigo..
Rose

Dawn.
re]

a
Eureka-Silver Gem....
Fredrickson

The foregoing table has been prepared to show the
distribution and relative abundance of most of the
minerals in the ore deposits of the district. Below are
presented the properties and relations of the minerals,
compiled in accordance with Dana’s “System of
mineralogy.”

CHARACTER AND RELATIONS OF THE MINERALS
NATIVE METALS

Gold.—Although native gold (Au) was found by the
writer in only one place in the district, on the 300-foot
level north from the Keystone shaft, it is clear from the
records of production, as well as local report, that gold
is rather widespread in the region of the Keystone,
Red Cloud, Lavina, and Boss mines and several pros-
pects near Crystal Pass. In the Keystone mine the

gold ranged in fineness from 0.920 to 0.930, and it was
largely associated with dense limonite, dark chert, or
greenish clay. In the Clementina, Chaquita, and
other near-by prospects it seems to have been closely
associated with limonite, doubtless derived from
pyrite. According to Knopf,” the gold in the plumbo-
jarosite ore of the Boss mine was blackish and spengy
and the normal color developed only after treatment
with acid and annealing. After this treatment the
fineness was 0.928. The black color and sponginess of
the gold indicate that before the deposit was thor-
oughly oxidized the gold was not free but combined
with some other element, now removed by oxidation.
According to Joe Armstrong, operator and part owner

9% Knopf, Adolph, A gold-platinum-palladiumn lode in soutbern Nevada: U, S,
Geol. Survey Bull. 620, p. 8, 1915,
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of the Red Cloud mine, free gold was never seen in
ore from that mine, either unoxidized or oxidized, but
it could be dissolved out in solutions of potassium
cyanide. It seems possible that here, also, in the unox-
idized ore the gold was combined with some other
element.

Copper—Native copper (Cu) was not observed by
the writer in any of the ores, but according to F. R.
Crampton, small quantities were sparsely distributed
through ore from one of the shoots in the Boss mine.

Platinum.—In addition to the occurrence of plati-
num (Pt) in the Boss mine described below, authentic
assays of material from the Oro Amigo mine leave no
doubt that small quantities of platinum are present
there. . Hardy, who shipped copper ore from the
Golden Chariot mine, states that assays of the ore
have shown as much as half an ounce of platinum to
the ton, but this was not confirmed by the writer.
A sample of pure jarosite from the Copperside mine,
submitted to R. Perez, of Los Angeles, for assay, was
reported to contain no platinum.
inherent in the accurate determination of platinum are
considered, it seems doubtful whether the presence of
the metal has been determined confidently at more than
three localities in the district.

According to Knopf,”® both the platinum and the
palladium of the Boss deposit occur in extremely small
particles of dark color, and the metallic gray luster is
revealed only by fusion with sodium carbonate. He
considered the possibility that the platinum might
have been derived from sperrylite, but could find no
trace of that mineral by panning.

SULPHIDES

Stibnite.—At several places on the north 900-foot
level of the Yellow Pine mine, where the porphyry dike
abuts against the ore-bearing limestone,.there are
sporadic nodules of chert that range from 2 to 6 inches
in diameter and contain large bladed crystals of stib-
nite (SbyS;) that radiate from the centers. In some

of these nodules the sulphide of antimony has weath-

ered to the oxide, probably stibiconite.
Galena.—Galena (PbS) is one of the three or four
most abundant ore minerals in the district, for it is the
sulphide that most effectively resists oxidation. Com-
monly it is embedded in solid dolomite and shows only
a faint suggestion of definite crystal outline. Even
where, as in the Sultan mine, it occurs in a breccia
containing considerable pore space, it rarely develops
as well-terminated crystals. In most places, however,
the cubic cleavage is well developed, and broken frag-
ments are bounded by smooth cleavage surfaces. Only
here and there, as at the New Year mine, do fragments
show a feathery appearance, and material with the
finely crystalline texture of steel is practically unknown.

¥ Knopf, Adolph, op. cit., p. 9.

“silver to every 2 to 10 per cent of lead.

When the difficulties .

A little silver accompanies the galena, but, in con-
trast with the product of many western mining dis-
tricts, the ratio of silver to lead is low. Although only
a few assays of pure galena are available, the assays of
many shipments that contained from 65 to 75 per cent
of lead (80 to 90 per cent of galena if all were present
as the sulphide) indicate that the range is 1 ounce of
(See p. 90.)
The nearly constant presence of green or bluish stains
or thin films in the oxidized lead minerals that surround
nuclei of galena indicates that it contains a little copper
also.

Chalcocite—According to J. C. Jenson, the deeper
workings of the Ninety-nine mine yielded several tons
of ore in which chalcocite (Cu,S) was abundant, but
elsewhere in the district only alittle of this mineval has
been found. The material from the Ninety-nine mine
formed large irregular masses of characteristic gray
color and fine texture and was free from appreciable
quantities of other minersls. Compared with that
from many other western districts the silver content
was very low, scarcely 1 ounce to the 100 pounds of
copper.

Sphalerite— Although there is no doubt that the
oxidized zinc minerals of the district are derived from
sphalerite (ZnS), the workings of only a few mineshave
penetrated deep enough to expose it. At the Potosi,
where sphalerite is abundant in the inner, deeper
workings, it forms irregular masses embedded in dolo-
mite. None has been seen covering the walls of drusy
cagvities. These masses are made up of interlocking
grains, each of which shows the characteristic brilliant
cleavage faces. The color is uniformly dark brown,
and it is estimated that the iron content is 2 or 3 per
cent. Material found on the third level of the Milford
mine has the same properties. On the other hand, a
specimen reported. to have come from the Root mine
shows terminated crystals of light rosin-colored sphal-
erite embedded in fine sandstone. Without doubt,
most of the material that originally made up the de-
posits of the district resembles that at the Potosi and
Milford mines.

Cinnabar.—The border zones of oxidized lead min-
erals that surround nuclei of galena from several
mines sporadically show brilliant red coatings which
are locally called ““red lead.” Such material from the
first level of the Kirby mine, the bottom of the Fred-
rickson shaft, and the 200 and 900 foot levels north of
the Yellow Pine mine proved by chemical tests to be
cinnabar (HgS). Doubtless the galena from these
mines contains a little mercury, which is set free by
oxidation and, after migrating a short distance, is
redeposited as the sulphide. The exact cause of the
precipitation is obscure, for the cinnabar is uniformly
deposited on the carbonate or sulphate of lead or oxide
of antimony, as much as an inch from the nearest
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sulphide. Otherwise, the properties and local dis-
tribution of the cinnabar resemble that at the Colum-
bia ! and Ibex ? mines, near Bourne, Oreg., where the
source was schwatzite, the mercurial variety of
tetrahedrite.

Cinnabar was rather common in the upper workmgs
of the Red Cloud mine, where it formed grains and
irregular masses with characteristic properties.
grains were commonly embedded in brown chert, such
as appears to have been formed by supergene processes,
and the conclusion is here reached that the cinnabar
was formed in a similar way.

Bornite.—Thin films of bornite (CuzFeS;) were noted '

surroundmg nuclei of chalcopyrite in ore from severa,l
copper mines.

Chalcopyrite— Polished specimens from several of
the copper mines show nuclei of chalcopyrite (CuFeS,)
disposed in ‘the manner that has béen described as
‘““exploding bomb structure.” It seems clear that the
most abundant primary or hypogene mineral in the
copper deposits was chalcopyrite

Pyrite—Pyrite (FeS;) is surprisingly uncommon in
the district, and good crystals are unknown. - It is
abundantly disseminated as minute grains in the
granite porphyry dike at the Red Cloud mine and in
the Yellow Pine sill and dike. It is less abundant at
the Lavina and Keystone dikes. The shaft on the
north side of the Keystone dump encountered a vein
made up largely of finely crystalline pyrite with plates
of barite. A 65-foot shaft on the Bedelia claim in the
Bullion dolomite, east of the Yellow Pine sill, struckes
small vein made up of pyrite and quartz.

If one were to judge from the amount of limonite or
jarosite present, the unweathered veins at the Kirby,
Ironside, and Tam o’ Shanter, as well as all the copper
mines, must have contained cons1derable pynte or
marcasite.

Proustite.—Fractures in the quartzose ore from
the Lavina mine show sparse grains of proustite
(3Ag:S.As,S;). The relations suggest a supergene
origin.

Tennantite.—The arsenical copper sulphide tennant-
ite (4Cu,S.As;S;) forms small irregular masses in
quartz from the Lavina mine.

CHLORIDES
Halite (éommon salt)—The mineral halite (NaCl)

was not observed within the quadrangle, although .

efflorescences from several mines have been shown by
analysis to contain common salt. A portion of the
Mesquite Dry Lake, within & mile beyond the south-
west, corner of the quadrangle, shows an incrustation
of salt and gypsum. Some years ago the salt was re-
covered and shipped.

1 Lindgren, Waldemar, The gold belt of the Blue Mountains of Oregon: U. S.
Geol. Survey Twenty-second Ann. Rept., pt. 2, p. 664, 1901.

? Pardee, J. T\, and Hewett, D. F,, Geology and mineral resources of the Sumpter
quadrangle: Mineral Resources of Oregon, vol. 1, No. 6, p. 96, Oregon Bur. Mines
and Geology, 1914,

The -

_cavities in some oxidized ore bodies.

Cerargyrite—Numerous perfect cubic crystals of
cerargyrite (AgCl) were found on silicified dolomite
near its contact with a dike of granite porphyry at a
prospect south of Crystal Pass. The silver present in

" the oxidized lead minerals may be present either as the

chloride or as silver-bearing jarosite, argentojarosite.

Todyrite.—Minute yellow crystals of a sectile mineral
that yielded metallic silver on charcoal were found at
the prospect south of Crystal Pass, at which cerargy-
rite was observed. Its properties indicate that it is
iodyrite (Agl).

OXIDES

The quantity of silica that is present in the mineral
deposits of the district is small, whether it is compared
with the other minerals in the deposits or with that
found in most other mining districts. Nevertheless,
some of the forms and associations are uncommon.

Quartz.—Small quantities of quartz (SiO,) are rather
common throughout the district. Clear, perfect crys-
tals from 1 to 3 millimeters long cover many of the
In such asso-
ciations the quartz is the latest mineral deposited and
is considered to be of supergene origin. In some of the
copper and gold deposits, notably the Boss, Doubleup,
and Oro Amigo, however, there are lenticular bodies of
gray cavernous quartz with some of which there are
associated masses of white powder. The white powder
consists largely of minute, perfect, doubly terminated
quartz crystals. In thin sections the cavernous gray
masses are seen to be made up of interlocking grains
of quartz, through which there are scattered clusters
of minute inclusions. " The grains commonly range
from 0.05 to 0.20 millimeter, and the inclusions are
much smaller, 0.001 to 0.005 millimeter. A few are
probably crystalline, but many are not. According to
Knopf,? chemical tests proved that the inclusions con-
tained much titanium, and further study by H. E.
Merwin showed the presence of octahedrite and
rutile. Doubtless this variety of quartz is hypogene.

Here and there the dolomite wall rock of some de-
posits, notably the Doubleup, is exceptionally hard.
The study of polished surfaces showed that clear
quartz fills the spaces between the terminated crystals
of dolomite, elsewhere generally filled with clear
calcite, The 7.32 per cent of insoluble matter in
analysis 8b (p. 61) is largely clear quartz having
these associations. Silicification of dolomite near the
ore deposits is very uncommon, but it was noted in the
Pilgrim mine. The quartz in both of these associa-
tions is probably hypogene.

Chert—In this report the word ‘“chert’ is used as
defined by Van Hise,* to include “all forms of finely
crystalline nonfragmental silica, including opaline,
semicrystalline, and completely crystalline varieties.”
As the term has been applied widely to that variety of

3 Knopf, Adolph, op. cit., p. 7.
4 Van Hise, C. R., A treatise on metamorphism: U. S. Geol, Survey Mon. 47,
p. 816, 194 '
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silica encountered in carbonate sediments and rarely
to forms of silica in ore deposits, the propriety of using
it here may be questioned. If the properties of the
material here termed ‘“chert’ are reviewed, it will be
seen that the other names widely applied to the silica
mincrals—quartz, chalcedony, opal, tridymite, and
cristobalite—are not appropriate. The definition of
chert given above is not as precise as those of the other
names applied to the forms of silica, and for this reason
if for no other, it should have a place in the literature.’

Like quartz, a little chert is rather widespread in the
district, but several mines contain large quantities—
notably the Kirby, Tam o’ Shanter, and Oro Amigo.
Two varieties may be distinguished, one which is light,
commonly cream-colored (pl. 24, A, B), and another
which ranges in color from light to dark brown"and
yellowish brown, the color being due to intimately
mixed iron hydrate.

Cream-colored chert forms veinlike masses 6 to 24
inches wide in the Kirby, John, Tam o’ Shanter, and
Oro Amigo mines. In masses as well as thin chips it
is opaque or only feebly translucent. It breaks with a
conchoidal fracture. By the immersion method the
range of index of refraction is 1.54+0.005. Each of
several specimens tested in a closed tube yielded a
little water; a sample from the Kirby mine contained
0.78 per cent of water. Viewed in thin sections with
polarized light, this chert appears to be isotropic.and
shows numerous minute inclusions and sporadic angu-
lar grains of clear quartz (pl. 25); but when examined
with the oil immersion lens and high illumination the
apparently isotropic chert is seen to be wholly granu-
lar, though the grains are extremely minute, probably
most of them less than 0.002 millimeter in diameter.
The quartz grains show no trace of attack by solution
and probably have been preserved from the material
that the chert replaced, either shale or dolomite.

Such cherts from several mines also contain crystals
of javosite. ' In some places myriads of perfect flat
rhombic crystals of nearly uniform size (0.01 to 0.03
millimeter) are closely packed in a finely crystalline
groundmass of chert. (See pl. 25, 4, B.) Elsewhere,
as at the prospect in the center of sec. 25, T. 24 S., R.
57 E., gradations may be found in thin sections from
clear, colotless, nearly isotropic chert to that which is
dark yellow. Such dark areas are not homogeneous
but have a minutely granular appearance, although no
crystals of jarosite larger than 0.005 millimeter can be
recognizod. (See pl. 26, 4, B.) Here and there in
tho midst of the yellow chert there are clear, colorless

¢ Fenner, C. N., The stability relations of the silica minerals: Am. Jour. Sci., 4th
sor., vol. 30, pp. 331-384, 1913. 'Washburne, E. W., and Navias, L., The relation of
chalcedony to tho other forms of silica: Nat. Acad. Sci. Proc., vol. 8, pp. 1-5, 1622.

Wherry, E. T., and Glenn, M, T., Chalcedony mistaken for an iron sulphate min- |
cral: Am. Minoralogist, vol. 2, pp. 6-7, 1917. Adams, S. F., A microscopic study .

of vein quartz: Econ, Geology, vol. 15, pp. 623-664, 1920. Lindgren, Waldemar,
On the deposition of the various forms of siljca: Am. Inst. Min. Eng. Bull. 126, p.
xvi, 1017. Van Tuyl, F. M., The origin of chert: Am. Jour. Sci., 4th ser., vol. 45,
pDp. 449-450, 1018.

areas of crystalline quartz in the center of which there
are crystals or aggregates of crystals of jarosite 0.001
to 0.05 millimeter in diameter. (See pl. 27, 4.) It
appears that the yellow chert is an intimate mixture of
minutely granular chalcedony and uncrystallized jaro-
site and that the clear quartz and jarosite crystals
represent the segregated and recrystallized minute
grains of these minerals.®

Although the cream-colored chert and mixtures with
jarosite are found at or near the surface, they are more
abundant at depths of 100 to 200 feet, as at the Kirby
mine. In many places there is evidence that the chert
is soluble and replaceable near the surface by cherty
iron hydrate, which makes up the second variety.

Ferruginous cherts are abundant at the Tam o’
Shanter, Ironside, Kirby, John, Oro Amigo, Prairie
Flower, and Yellow Pine mines. Most of the material
is' brown and homogeneous; some is mottled light
yellowish brown and dark brown. It yields a yellowish-
brown streak and generally is harder than steel. All
of it yields considerable water in a closed tube. Thin
sections of such material are light brown but granular
and translucent. They show no free silica, either
quartz, chert, or chalcedony, and although largely
isotropic show faint traces of birefringence. The exact
iron content has not been determined in any specimen,
but simple tests indicate that it ranges from 10 to 30
per cent. Commonly the ferruginous cherts are closely
associated with earthy limonite, and both are most
abundant in a zone that lies above the cream-colored
chert. ‘

That both varieties of chert disappear at depths of
100 to 250 feet below the surface is considered ade-
quate proof that they have been formed by circulation
of surface water.

Chalcedony.—The common mammillary forms of
clear and translucent chalcedony are found sporadi-
cally in the district and appear to be one of the minerals
formed by recent supergene processes. -

Opal.—In some of the copper deposits, notably the
Boss, thin.films of clear opal (Si0,.nH,0) were noted.

Stibiconite.—At a prospect near the center of the
southern border of sec. 21, T. 24 S., R. 58 E., 1,500
feet south of the Ruth mine, a quartz vein contains a
pale-yellow amorphous material that has been deter-
mined by W. T. Schaller to be a hydrous antimony
oxide, probably stibiconite (2SbO;.H,0). Doubtless
the unweathered antimony mineral was stibnite. The
quantity of such material is small.

. The stibnite crystals from chert nodules on the 900-
foot level north in the Yellow Pine mine are partly
altered to a white powder that is probably stibiconite.

. Cuprite—Cuprite (Cu;O) was observed at only a
few mines but was probably common in the oxidized
ore from most of the copper mines. At the Rose

¢ Wherry, E. T., and Glenn, M. L., op. cit., pp. 6-11.
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mine grains of cuprite form nuclei in veinlets of copper
pitch that cut the dolomite wall rock.

Tenorite—Earthy black grains mmmately mixed
with limonite from the Yellow Pine mine were shown
by test to be wholly copper oxide and undoubtedly
are tenorite (CuQO). In many of the copper deposits,
notably the Columbia, plumose masses of malachite
contain abundant black grains that are probably
tenorite.

Hematite and magnetite.—About half a mile southeast
of Crystal Pass tbere are two prospects that explore
lenses of siderite in which are embedded grains and
masses of hematite (Fe,O;) and magnetite (Fe;Oy).
One of these lenses lies between two sills of orthoclase
porphyry. Neither of these minerdls was observed
elsewhere in the district.

Limonite—Limonite (2Fe203.3H20) is common
throughout the district but is most abundant in the
deposits exploited for copper. Soft yellowish-brown
ocher is abundant at the Ironside and Tam o’ Shanter
mines, and every transition may be found to dense
hard brown cherts that contain from 10 to 20 per rent
of iron. Some of the earthy limonite has clearly been
formed by the decomposition of jarosite or related
sulphates, and much of the earthy variety may be
formed in this way. Close search at the Ironside mine
failed to reveal any jarosite, however. At the Valen-
tine mine there were stalactites of limonite as much as
0.75 inch in diameter embedded in hydrozincite.

Turgite.—The jarositic cherts that are so abundant
in and characteristic of the Kirby mine are weathered
to yellow-brown in the upper part of it and near the
surface to a dark-brown chert that yields a red streak.
Tests show that the water content of the dark-brown
chert is much lower than that of the yellow-brown
chert, and the conclusion is reached that the pigment
of the first is turgite (2Fe;0;.H,0).

In the same part of the mine the ore body contains
lenses as much as several inches thick of very fine dark-
brown powder, which, when disturbed, runs freely in
the stopes. Under the microscope the grains are seen
to be nearly spherical and surprisingly uniform in
size, 0.005 to 0.04 millimeter in diameter. They are
a hydrous oxide of iron, and, as their streak is red,
the conclusion is reached that they are turgite. As
the lenses have the same associations as yellow plumbo-
jarosite in the lower levels and the range in size of the
grains is nearly the same, it seems clear that the turgite
has been derived from plumbojarosite.

Wad.—Manganese oxides are rather uncommon in
the district, and as none of the crystdlline varieties
have been noted, all are considered to be wad (Mn,0;.
nH;0): The largest quantity was found in a pros-
pect east of the Ninety-nine mine, where nodules of
earthy oxide are enveloped in crusts of cuprodescloizite.

Heterogenite. —The uncommon mineral heterogenite
(C00.2C0,0,.6H;0), the hydrous oxide of cobalt, was

first recognized in the district in 1921, and after a
systematic search it was found rather widely. Dur-
ing this investigation care was taken to note the
presence of black minerals, and many specimens were
tested with the blowpipe, with the result that hetero-
genite is now known to exist in most of the copper
deposits. The purest material consists of the black
mammillary crusts or stalactites found on the Blue
Jay, Copper Chief, and Columbia claims, but these are
not abundant. A much more common material is
brownish dolomite that shows black spots or dendritic
growths of hydrous cobalt oxide. Here the oxide
replaces the dolomite, and locally the replacement of
masses 2 or 3 inches in diameter is nearly complete.
Such material was noted in the Columbia, Boss, Blue
Jay, Highline, Copperside, Redstreak, Mountain King,
Copper Glance, and Contact mines. (See pl. 27, B.)

The ultimate source of the cobalt in the heterogenite
is probably some sulphide or arsenide, although most

"of it appears to have passed through the stage of

cobalt carbonate (p. 85).
CARBONATES

Calcite—Calcite (CaCQ;) is not an abundant
minersl in the ore deposits, in spite of the fact that the
rocks in which they are found were once largely calcium
carbonate. It is common in some of the zinc-lead
deposits, especially those in which lead greatly exceeds
zine. In these, pure-white calcite forms coarsely
crystalline aggregates that fill drusy cavities and hence
is the latest mineral deposited by the metallizing
solutions. (See pl. 28, B.) Specimens collected below
the limit of weathering at the Potosi mine show white
calcite filling the cavities, which are lined with ter-
minated crystals of dolomite and sphalerite. In a
few mines, notably the Monte Cristo, the walls of open
cavities near the surface are covered with thick crusts of
pale-yellowish clear calcite, but it is believed that this
has been deposited recently by surface waters.

As noted elsewhere (p. 63), clear calcite fills minute
cavities lined with dolomite crystals throughout the
areas of dolomitized limestone. Here and there,
notably half a mile northwest of the Blue Jay mine,
fault breccias in limestones ace filled with white calcite.

Aragonite.— Aragonite (CaCO;) was recognized with
confidence at only three mines—the Prairie Flower,
Mobile, and Shenandoah—where cavities that doubt-
less represent recent watercourses are lined with a
layer of white calcium carbonate that is locally covered
with crystals of aragonite.

Siderite—Siderite (FeCO;) was recognized with

. assurance at only one place in the district, a prospect

in the NE. % SW. ¥ sec. 1, T. 25 S., R. 58 E., where,
together with hematite, magnetite, and silica, it
replaces dolomite of the Goodsprings formation.

In several places in the’region, notably near the dike
of porphyry in the SE. ¥ sec. 2, T. 25 S., R. 58 E., the
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normal cream-colored dolomite is altered to light
brown. (Seep.56.) Thischange in color corresponds
with an increase in the iron content, which is doubtless
present as a carbonate. The same conditions wete
noted near the basalt dike in the SW. ¥ sec. 30, T.
24 S., R. 58 E. (See p. 56.)

Dolomites—Although dolomitized limestone is the
country rock of most of the ore deposits of the region
(see pp. 57-67), dolomite ((Ca,Mg)CO;) is uncommon
among the minerals deposited later than the ores. In
the Potosi and many other mines crystals of gray or
white dolomite covered the walls of cavities in the ore
bodies beofore white calcite was deposited. At the
Blue Jay deposit, which lies in the Bullion dolomite, the
stalactitic masses of heterogenite are enveloped in
white, finely crystalline dolomite, thus showing that it
was locally deposited since the mineral deposits were
oxidized. At one place in the north end of this mine,
arborescent masses of small crystals of dolomite fill a
watercourse and may have been deposited since
weathering began.

Cobalt-bearing dolomite.—In several places in the dis-
trict, notably the Blue Jay and Contact claims,
coarsely crystalline pale-pink dolomite is found. "The
color is due to the presence of small quantities of
cobalt carbonate. In rough masses the color seems
to be uniform, but on polished surfaces it is distinctly
sporadic. The color is due to the presence of thin
films of pink cobalt carbonate on the cleavage surfaces
of the dolomite. Although cobalt carbonate causes
the color, the percentage is low, as an analysis of the
deeply pink material from the Contact claim by J. G.
Fairchild in the laboratory of the Geological Survey
showed only 0.43 per cent of cobalt oxide. The same
material also contained 0.21 per cent of nickel oxide.
Doubtless both oxides are combined with carbonic
oxide. Similar cobalt-bearing calcite has been noted
by the writer in material from the Tantara mine,
Katanga, Belgian Congo.

Cerusite.—Despite the fact that cerusite (PbCO;) is
very widespread, well-crystallized specimens are rather
uncommon. Good specimens of the typical pene-
tration-twin crystals were found in the Yellow  Pine
mine as deep as the lowest levels and sporadically
elsewhere. Commonly the cerusite is either granu-
lar, as in the lenses in the chert at the Kirby mine, or
dense and porcelainlike but colored dark gray or
brown. In several localities, notably certain pros-
pects on the Rose group of claims, a peculiar variety
of hard carbonate ore was found. Polished and thin
sections of this ore show rounded grains of cerusite
embodded in & matrix of clear chert.

Smithsonite—Small  quantities of smithsonite
(ZnCQy) occur widely throughout the district, but in
only a few mines, notably the Yellow Pine and Monte
Cristo, has it been sufficiently abundant to constitute
a valuable ore. Commonly it forms gray botryoidal

or stalactitic masses that have grown in open spaces,
generally watercourses. A gray earthy but dense
variety of anhydrous carbonate of zinc, outwardly
altered to white hydiozincite, was found on the south
600-foot level of the Yellow Pine mine. A somewhat
similar gray carbonate from the upper part of the 700-
foot stope of the Yellow Pine mine contains consider-
able water and is therefore hydrozincite. The rhombic
crystals found in many zinc deposits are conspicuously

- absent here.

Malachite.—Malachite (CuCO,;.Cu(OH),) is the most
abundant copper ‘mineral in the district. At the
Ninety-nine and Columbia mines it formed crusts and
nodular masses made up of the typical radiating
crystals. A large part of the copper in the Boss ore was
present as loosely coherent masses of small crystals.
A number of small mines have shipped heavily stained
dolomite in which thin films.of malachite lie either
along cleavage planes or in veinlets. In several
places, notably the Blue Jay mine, very perfect crys-
tals of malachite pseudomorphous after azurite were
found. S ‘

Azurite.—Azurite (2CuCO,;.Cu(OH);) is rather un-
common in the district but may have been more
abundant in some of the ores shipped. It forms dense
earthy masses in the midst of other copper or iron
miuerals. '

Aurichaleite.—Plumose aggregates of delicate pale-
blue or sky-blue crystals of aurichalcite (2(Zn,Cu).COs;.
3(Zn, Cu)(OH),) are present here and there through-
out the district. In a few places, such as the upper
large stopes of the Yellow Pine mine, it was the
principal mineral in beautiful pale-blue masses that
weighed from 1 to § pounds.” Not uncommonly it is
the only copper-bearing mineral recognizable in some
of the zinc¢ deposits.

Hydrozinecite.—The most abundant zinc mineral in
the ore bodies so far explored in the district is hydro-
zincite (ZnCQ0;.2Zn(OH),). - Masses of the mineral
are uniformly earthy in texture, and the color ranges
from pure white to dark brown. (See pl. 29.) Some
specimens from the Pilgrim and a few other mines are
pale lilac; this color is destroyed by heating, but its
cause is unknown. Thin sections show a minutely
granular texture or a felted mass of minute needles
that range from 0.01 to 0.05 millimeter in length.

In part the color of hydrozincite depends upon the
method of formation. The brown color is due to
minute inclusions of limonite and is characteristic of
those masses that have formed close to the grains or
masses of the original sulphide, sphalerite, where the
iron and zinc have not had an opportunity to segre-
gate. Such masses appear ‘to have formed where
zinc and, in part, iron have replaced dolomite near the
sulphide. The stopes between the 700 and 900 foot
levels in the northern part of the Yellow Pine mine
have yielded amazingly large masses of brown hydro-
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zincite in which almost the only foreign minerals were
galena and minor amounts of its oxidation products.
(See pl. 29, A.) Masses 5 to 15 feet thick are not un-
common, and in one stope a lens was neatly 32 feet
thick. The white variety is nearly free from iron
and has been formed either by hydration of smith-
sonite or by replacement of dolomite remote from the
original sulphide. (See pl. 28, D.) Here and there
the structure of the hydrozincite retains traces of the

rhombic cleavage inherited from the dolomite that it -

veplaced. (See pl. 29, B.)

Material analyzed by Foote and Bradley” had a
composition indicated by the formula 2ZnCOs.
3Zn(OH);. The source was reported as Lincola
County, Nev., but it may have been the Goodsprings

district.
SILICATES

Calamine.—Although’ calamine (ZnOH;.Si0;) occurs
rather widely, it has probably formed a notable part
of ore shipments only here and there. Some recent
shipments from the Yellow Pine mine have contained
many lumps made up of loosely coherent crystals of
calamine stained by limonite.
twinned calamine crystals found in many zinc-produc-
ing districts are conspicuouely absent here. Com-
monly it occurs as clear, colorless crystals, rarely more
than 10 millimetérs long, that form radiating aggre-
gates in drusy cavities. At the Monte Cristo mine
calamine replaces the cherty layers in the Anchor
limestone. In most places, however, the crystals have
grown in open spaces.

Dioptase—In a few places, notably the Mountain

Top and Blue Jay mines, small perfect crystals of
dioptase (H,CuSiO,) are scattered over crusts of
chrysocolla in druses.

Chrysocolla.—In a few mines and prospects, such as
the Lincoln and Platina, chrysocolla (CuSiO,.2H,0)
is the most abundant mineral; it is widespread else-
where but rarely abundant. Locally it replaces
dolomite; generally it forms botryoidal masses in
cavities. Here and there, as at the Boss mine, it is
covered by a thin layer of opal. No attempt has been
made to discriminate the similar mineral bisbeeite.

PHOSPHATES AND ARSENATES

Pyromorphite.—~Doubtless pyromorphite
Pb,(PO,);) was once common in the lead deposits,
but it was observed in seven mines only. At the
Pilgrim, Rose, and Hermosa it forms waxen-yellow
massesintimately mixed withsiliceouslimonite. At the
other localities, such-as the Singer mine, small yellow
and orange-colored hexagonal prisms, scattered over
the surface of breccias, were identified as pyromor-
phite. Under these circumstances it is.one of the

" Foote, H. W., and Bradley, W, H., On hydrozmcxte Am. Jour. Sci., 4th ser.,
vol. 42, pp. 59-62, 1916,

The thick crusts of |

((PbCl)

latest minerals to be formed. Only by chemical tests
can it be distinguished with confidence from vanad-
inite. )

Mzimetite—Material from the north 900-foot level
of the Yellow Pine mine, which has the yellow color
and the relations of pyromorphite elsewhere, proved
to be mimetite ((Pb,Cl1)Pbs(AsO,);). At the Prairie
Flower mine it was once abundant, as fragments of a
greenish-yellow variety are common on the dumps.

Olivenite—Pale yellowish-green crystals from the
lowest level of the Azurite mine and from a pros-
pect near the Lavina mine proved to be olivenite
(Cu;(As0y):.Cu(OH),).

Annabergite—Several masses of a bnght—crreen
vitreous mineral, each weighing a pound or more, were
found in the ore bins of the Yellow Pine mine and
proved to be the uncommon mineral annabergite
(Niz(AsO,);.8H,0). The underground source is not
known, but it must have been abundant locally.

Libethenite.—The dumps of the Boss mine contain
many specimens of an olive-green incrustation on
porous siliceous material. Tests showed that this
incrustation is libethenite (Cuy(POy),.Cu(OH),).

VANADATES

Vanadates of either lead, zine, or copper are uncom- -
monly widespread in the district, but only a few
specific determinations of the minerals were made.
During the progress of field work many specimens
suspected of containing vanadates were tested with
hydrochloric acid, and the presence of a vanadate was
proved. According to this test, if the vanadates of
lead, zinc, and copper are wet with hydrochloric acid,
they turn first yellowish, then reddish brown. Specific
determinations can be made only on well-crystallized
material or by comprehensive chemical analyses.
Concentration tests on the crude ores from the Hoodoo,
Fredrickson, and Spelter mines, show the presence of
vanadates, which are otherwise difficult to recognize.

Vanadinite—Vanadinite ((PbCl)Pby(VO,);s) may
be rather- widespread but was distinguished only at
one locality, in several prospects east of the Silver Gem
tunnels in Devil Canyon. It forms brownish, waxy
crusts and hexagonal prisms on open cracks not far
from galena, the obvious source of the lead.

Cuprodescloizite.— Cuprodescloizite ((Pb,Zn,Cu)
(VO4):(Pb,Zn,Cu)(OH),) is probably very common
in the district. A number of prospects on the Whale
group yield large specimens that show crusts of the
mineral covered with perfect nearly black crystals.
Prospects on the Bill Nye and Ninety-nine groups
yield good specimens of mammillary green cupro-
descloizite. Tests indicate that the brown vanadate
of the Spelter and Hoodoo claims contains appreciable
copper and is probably this mineral.

Descloizite.—Several prospects on the Argentena
group show widespread thin films of a yellowish and
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A. JAROSITIC CHERT, 100-FOOT LEVEL, KIRBY MINE

The dark round masses are nearly pure jarosite; the differences in color are due to the different
content of jarosite in the chert. Natural size.

B. JAROSITIC CHERT, 100-FOOT LEVEL, KIRBY MINE

The differences in color are due to the different content of jarosite, the pure white containing very
little and the black being more than half jarosite. Angular fragments of white chert suspended
in black jarositic chert. Natural size.
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A. THIN SECTION OF JAROSITIC CHERT, 100-FOOT LEVEL, KIRBY MINE

The area inclosed in the circle is that shown in B. The dark areas are closely packed crystals o
jarosite, and the light angular grains are clear quartz. Enlarged 28 diameters.

B. PORTION OF THIN SECTION SHOWN IN A ENLARGED

The hexagonal plates are plumbic jarosite embedded in fine-grained chert. Enlarged 210 diameters.
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A. THIN SECTION OF JAROSITIC CHERT, SWEEPSTAKE CLAIM

The dark masses are very fine grained jarosite embedded in chert; the clear areas are granular
quartz. Compare with Plate 25, A. Most of the area inclosed in the circle is shown in Plate
27, A. Ordinary light, enlarged 28 diameters.

B. THIN SECTION OF JAROSITIC CHERT, SWEEPSTAKE CLAIM

Same section as that shown in A but with crossed nicols. Enlarged 28 diamelters.
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A. THIN SECTION OF JAROSITIC CHERT, SWEEI AKE CLAIM

The white areas are quartz; the black areas are minutely granular jarosite; and the shaded areas are chert
containing disseminated jarosite. Portion of thin section shown in Plate 26, A. Enlarged 210 diameters.

B. HETEROGENITE REPLACING DOLOMITE, COLUMBIA MINE

Polished surface of specimen from the footwall of the Columbia mine in the west shaft. The groundmass is dolomitized limestone
of the Sultan formation partly replaced by heterogenite, hydrous cobalt oxide (black). Such material contains 3 Lo 5 per cent
of cobalt. Three-fourths natural size.




U. S. GEOLOGICAL SURVEY PROFESSIONAL PAPER 162 PLATE 28

A. LOW-GRADE COPPER ORE, AZURITE MINE

Angular dolomite breccia cemented by chalcopyrite, only a trace of which remains, the rest having been altered to limonite. The fragments
are impregnated with malachite. One-half natural size.

B. UNWEATHERED ZINC ORE, THIRD LEVEL, EAST STOPE, POTOSI MINE

Sphalerite (s) deposited partly in dolomite (a) by replacement and partly in druses around fragments of dolomite. Some secondary
dolomite (a’) and caleite (c) also deposited in the druses. Natural size.

C. DOLOMITE (a) PARTLY REPLACED BY HYDROZINCITE, 800-FOOT LEVEL NORTH, SOUTH SIDE OF DIKE,
YELLOW PINE MINE

The hydrozincite shows several shades of brown, owing to its variable content of iron oxide. The white mineral is hydrozincite deposited
in cavities, free of iron oxide. Natural size.

D. HYDROZINCITE ORE FROM A WATERCOURSE, 900-FOOT LEVEL NORTH, YELLOW PINE MINE

The darker veinlike masses are smithsonite, which was once deposited around angular fragments of dolomite in a fault. Later the dolomite
was dissolved or replaced by hydrozincite, and feathery crystals of calamine cover the cavities. One-half natural size.
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A. SPECIMEN OF HIGH-GRADE HYDROZINCITE ORE FROM A PILLAR 30 FEET HIGH, 700-FOOT
LEVEL NORTH, YELLOW PINE MINE

The rude outline of a fragment of dolomite (d), now replaced by hydrozincite, remains in the lower left corner. Several small
masses of unaltered galena (PbS) remain in partly terminated crystals. Natural size.

B. THIN SECTION OF ZINC ORE, ARROWHEAD PROSPECT, NORTH OF THE
BLUE JAY MINE

Shows replacement of dolomite (d) by hydrozincite. The rhombic cleavage of the dolomite is retained
in the hydrozincite. Enlarged 24 diameters.
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orange vanadate that is probably descloizite ((Pb,Zn)
(VO,4)2(Pb,Zn) (OH).).

Psittacinite.—A yellowish vanadate at the Highline
mine proved to be psittacinite ((Cu Pb)g(VO4)2(Cu,
Pb)(OH),).

SULPHATES

Anglesite.—Inasmuch as anglesite (PbSO,) appears
to bo the first stage of weathering of galena, it is doubt-
less as widespread in the district as that mineral. It
is not abundant, however, and only rarely crystal-
lized. A resident of the district possesses a very
perfect pseudomorph of cerusite after anglesite, 1 inch
in diameter, said to have bgen found in the Prairie
Flower mine. Commonly it is massive and vitreous
with a greasy luster, and the color is dark gray.

Brochantite—~Brochantite (CuSO,3Cu(OH);) was
reported by Knopf & from the Boss mine.

Barite.—Barite (BaSO,) has been observed at but
three localities in the district. Near the southeast
corner of sec. 8, T. 24 S., R. 58 E., a prospect pit 15
feet deep has been sunk on a vein of nearly pure barite,
12 to 18 inches wide, which lies parallel with the bed-
ding of the inclosing limestone. The color is gray,
and the structure is plumose. A little calcite is dis-
seminated through it, and it appears to have replaced
the limestone. In the south drift of the Argentens
mine veins of coarsely crystalline white barite replace
the Yellowpine limestone. The mineral is also present
in a vein largely made up of pyrite near the Keystone
dump.

Linarite.—Uncommonly large and perfect crystals
of linarite ((Pb,Cu)SO,.(Pb,Cu)(OH), were found in
one place on the north 900-foot level of the Yellow
Pine mine. The largest crystal was tabular prismatic
and about 4 inches long. The mineral is uncommon,
but sporadic patches were noted at the Root mine and
elsewhere. The crystals are almost uniformly covered
with o layer of caledonite, & similar basic sulphate of
copper, which represents a surficial alteration. This
change involves & loss of the sulphuric anhydride and
a larger loss of the copper present in the linarite.

Small quantities of linarite have been observed in a
number of lead-mining districts of the Western States.
Commonly a little caledonite is associated with the
linarite.?

Gypsum.—Perfect crystals of gypsum (CaS0,.2H,0)
an inch or more long are abundant on the surface of
Mesquite Dry Lake. The mineral was noted in only a
few mines and is very uncommon. Beds of gypsum
occur in the red shaly sandstone at the top of the
Supai formation and between the two lunestone mem-
bCIS of the Kaibab limestone.

3 Knopf, A(lolph op. cit., p. 10.

9 Rogors, A. F., Mineralogical notes No. 2: Am. Jour. Sci., 4th ser., vol. 12, pp
4248, 1901, Anonymous, Notes on Canadian minerals: Toronto Univ. Studies,
ser. 12, pp. 60-72, 1021, Shannon, E. V., The minerals of Idaho: U. S. Nat. Mus.
Bull. 131, pp. 455-458, 1020; Linarite and leadhillite from Idaho: Am. Mineralogist,
vol. 4, pp. 03-04, 1019,
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Jarosite group.—Minerals of the jarosite group are

‘common in the district and show a wide range of

associations. Their presence is readily determined by
simple chemical tests or examination under the micro-
scope. On the other hand, the confident discrimina-
tion between the several species requires either exhaus-
tive microscopic tests or chemical analyses, and only
a few of these have been made. The minerals seem to
be uncommonly stable, both on the surface and
throughout the present limit of mine explorations;
near the Lavina mine natrojarosite is common on the
surface. Here and there, as in the Kirby, John, and

- Tam o’ Shanter mines, the local relations indicate

that jarosite has decomposed near the surface to form
turgite and limonite.

Except plumbojarosite, which locally is compact
and massive, all the minerals of the jarosite group

‘commonly form aggregates of very perfect crystals

whose range in size is from 0.01 to 0.10 millimeter,
although some are as large as 1.0 millimeter. Not
uncommonly a'specimen that weighs a pound or more
and appears earthy to the unaided eye is made up
entirely of perfect crystals that range from 0.01 to
0.05 millimeter in diameter.

Alunite (K;0.3A1,0,.480,.6H,0) is common in the
Kirby mine but was not found elsewhere. Lenses of
pure-white earthy material in the chert of that mine
proved to be made up entirely of minute perfect
rhombohedrons of alunite. In the zone 100 to 200
feet below the surface, the shale near the top of the
Goodsprings dolomu;e is sporadically replaced by
chalky alunite.

Natrojarosite (Na,0.3Fe;0,.450,.6H,0) is probably
the commonest variety in the district, although iso-
morphous mixtures with jarosite and other members
of the group have been shown to be present. It is
the most abundant sulphate in the Boss mine, where
it forms yellow earthy lenses and masses of irregular
shape. It is abundant in the Copperside mine, both
as earthy masses and as minute crystals suspended in a
matrix of calcite.

Jarosite (K;0.3Fe;0;.450;.6H,0) is abundant at the
Kirby and John mines, where it shows stages of altera-
tion to plumbojarosite. (See pls. 24-26.) In order to
throw light on this problem specimens of three varieties
were submitted to W. T. Schaller, of the United States
Geological Survey, for optical examination and chem-
ical analysis. His report is summarized below. The
optical determinations were made by E. S. Larsen.
All the specimens were collected from the 100-foot
level south in the Kirby mine, and it is clear from the
local relations that the yellow material, A, is produced
by the alteration of the brown matenal C.

Specimen C is brown in color, well crystallized, and, to judge
from the optical examination, is probably homogeneous. Its
index is slightly higher than that of jarosite (1.82) but not as

| high as that of plumbojarosite (1.87); it is estimated to be about
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1.83-1.84. This material is probably a fairly uniform isomor-
phous mixture of jarosite and plumbojarosite, nearer to jarosite.
This suggestion is verified by chemical determinations, as shown
below. The analyses are only approximate.

Analysis of brown mineral, C

Analysis with cggggs]ﬁtig%:

1 per cent of | 5q por cent of

msolupl? plumbojaro- ¢

el | Bio”so'vr

cent of jarosite
Lead oxide_ . _______________________ 3.9 3.9
Potassium oxide_ . __________________ 7.8 7.5
Sulphur trioxide ... .. _________ 30. 1 31. 2

No phosphate is present. It is significant that, in contrast to

specimen A, this material seems to be optically homogeneous.

No quantitative determinations were made on specimen
B, as the material is too scanty and not well individualized.
It seems to be the same as specimen C, as it contains much
potash.

Specimen A is a yellowish powder and, as determined by the
optical examination, a mixture. There is some jarosite (1.82)
some plumbojarosite (much greater than 1.82 and higher than
sample C), and probably ‘a good deal of some intermediate

isomorphous member of the group. Many of the crystals are |

zoned, the composition of the central part being near jarosite
and that of the border close.to plumbojarosite. The material is
apparently jarosite changing to plumbojarosite. The sample
contains a small quantity of some other lead mineral.

Partial analysis of yellow mineral, A

[Insoluble material deducted]

POl . 12.

KO . 5.1
SOs_ - o C P 28. 1
PoOs il 1.5

This analysis can be interpreted as showing a mixture,
mechanically as well as isomorphously, of 54 per cent of jarosite,
38 per cent of plumbojarosite, and 7 per cent of a theoretical
iron-plumbogummite (2Pb0.3Fe;0;.2P,0;.7H,0). A slight ex-
cess of lead is left unaccounted for by such an interpretation.
The analysis also can be interpreted, by referring the P;O;
present to corkite (2Pb0.3Fe;0;.250;.P;0;.6H,0), as showing
47 per cent of jarosite, 39 per cent of plumbojarosite, and 14
per cent of corkite.

Without being able to settle definitely the several questions
involved, the following suggestions are tentatively advanced:

Specimen C is a plumbiferous jarosite—that is, essentially a
" jarosite with about one-fifth of ‘the potash replaced by lead.
No P;0; is present.

Specimen B is probably the same as specimen C.

Specimen A is a mixture of jarosite, plumbojarosite, a plum-
biferous jarosite like C, and some other lead mineral probably
of this group. Where the phosphoric acid belongs is not known.
It may replace the SO; in the jarosite, or it may be present as
corkite or as some other mineral of this group. The isomor-
phous replacement of potassium by lead seems to yield a
mixture of several members of the jarosite group and to intro-
duce some P,0; by replacing SO;. Possibly longer-continued
reaction might result in the complete removal of the potash
and might produce a single mineral species instead of a mixture.

Plumbojarosite (PbO.3Fe,0;.480;.6H,0) is common
in the Yellow Pine mine, where it forms compact
earthy brown masses and is locally abundant enough
to ship as an ore of lead. It is probably widespread

in the district. The greenish bismuth-bearing variety
of the Boss mine, which contained platinum and
palladium (pp. 114-118), has not been found elsewhere.
According to W. T. Schaller, of the United States
Geological Survey, a recalculation of the analysis
quoted by Knopf indicates that the platinum, pal-
ladium, and gold present may be present as iso-
morphous mixtures in.the bismuth-bearing plumbo-
jarosite. The potash-bearing plumbojarosite of the
Kirby mine is discussed above. .

Beaverite 1 (CuO.Pb0O.Fe,0:.280;.4H,0) was col-
lected in two localities—the Copperside mine and a
prospect southeast of the center of sec. 25, T. 24 S,
R. 59 E.

The name ‘‘vegasite’’ was given by Knopf to a.
yellow ocherous mineral from the Rosella prospect, the
analysis of which indicated the formula PbO;.Fe,0,.
350;.6H,0. A reexamination of the original material
by W. T. Schaller, of the United States Geological
Survey, shows the presence of 2.53 per cent of P.0;,
not recorded in the earlier analysis but undoubtedly
included with alumina. If, as appears probable, this
phosphoric anhydride is present as a ferric plumbo-
gummite, the remainiug constituents are present in the
same proportions as in plumbojarosite. A further
careful determination of the optical character of the
mineral indicates that it is negative, rather than
positive as determined by Knopf. It is concluded,
therefore, that the material is plumbojarosite.

MOLYBDATE

Wulfenite.—Wulfenite (PbMoO,) was noted in a
number of mines. It commonly forms the tvpical
square tabular crystals of orange to wax-brown
color. On the 200-foot level of the Milford mine,
good specimens showing many needle-shaped pyram-
idal crystals were found. Like the vanadates, it is
generally in drusy cavities and is one of the latest
minerals to be formed. At the Mobile mine crystals
of wulfenite are covered with minute perfect crystals

of calamine.
HYDROCARBONS

Along the southern border of the ore shoot explored
by the Azurite tunnel there were lenses of black
material in the breccia zone that contained the ore.
This material yields a heavy distillate and bituminous
odor when heated in a closed tube but probably does
not contaln more than 10 per cent of volatile matter.
Polished sections show numerous rounded lustrous
black grains of bitumen in a matrix of black dolomite

‘that doubtless contains minute disseminated grains of

a hydrocarbon. Some of the black grains contain
minute grains of chalcocite. '

10 Schaller, W. T., Mineralogical notes, series 2: U. S. Geol. Survey Bull. 509,
pp.77-79, 1912. Butler, B. S., Occurrence of complex and little-known sulphates and
sulpharsenates as ore minerals in Utah: Econ. Geology, vol. 8, pp. 316-318, 1012.

11 Knopf, Adolph, Plumbojarosite and other basic lead-ferric sulphates from the
Yellow Pine district, Nevada: Washington Acad. Sci. Jour., vol. 5, pp. 501-503, 1915.
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The black lens at the base of the Bird Spring forma-
tion in the E. % sec. 5, T. 24 S., R. 58 E., contains a
disseminated hydrocarbon (analysis 19, p. 62).

In both of these places the locally concentrated
bitumen has probably been derived from deeper
limestones during the process of alteration to dolo-
mite. Many tests have shown that most of the lime-
stones of the region, especially those near the base
of the Bird Spring formation, are bituminous and yield
a fetid odor when broken. The process of dolomitiza-
tion eliminated the bitumen, and doubtless it has
migrated to higher or near-by beds.

EFFLORESCENCES IN MINES

The walls of several of the mine workings are coated
with white efflorescences that have a mild, salty taste.
These efflorescences were conspicuously abundant in
the workings of the Anchor, Azurite, Boss, Lavina,
Lincoln, and Potosi mines. In some places the
efflorescence formed a crust uniformly distributed
over the surface; elsewhere it formed myriads of minute
hairs as much as an inch long. In only one mine,
the Lavina, did such material occur below known
sulphides other than galena, from which sulphur in
the form of sulphates might be derived.

As such efflorescences have clearly formed since the
workings were made, 10 to 20 years ago, and as there
has been little oxidation of sulphides in the ore deposits
above the lowest levels since that time, samples were
collected for analysis in the hope that they would
throw Jight on the chemical character of the solutions
that have recently passed through the rocks. The
samples from the Boss and Lincoln mines were collect-
ed from crosscuts more than 100 feet away from the
ore zones. These samples have been tested by J. G.
Fairchild, of the United States Geological Survey,
whose report is presented below:

Resulls of qualitalive tests of Jive samples of sally efflorescences
collected from walls of maine workings in the Goodsprings

district
[Water extract of sample]

Bases
Mine sample - - Acids
Major Minor
Lincoln ______...] Na, Mg____| K, Ca, traces-_-_| Cl, SO,.
Boss. - .. Na, Mg____| K, trace_..____. Cl, SO,.
Azurite. . Na, Mg__.__| K, Ca, traces_._| SO, only.
Lavinae | - S K, Ca, Mn, Na_| SO, only.
Potosinan oL Na, Mg |- . _| SO4 only.

o The sample from the Lavina mine shows some Mn, possibly 1 per cent. ) The
" prineipal salt in all specimens appears to be MgSOa.

The analyses show that the principal constituent of
each sample is magnesium sulphate, probably epsomite,
but sodium sulphate and calcium sulphate are common.
It is interesting that chlorides are appreciable in the
samples from the Boss and Uincoln mines, which lie

close to the valley wash, whereas the other mines lie
well within the range.

It would require a comprehensive review of the
composition of the rocks of the region, as well as the
local ground waters and the salty efflorescences of the
dry valleys, to reach a confident conclusion as to the
source of the efflorescences in the mines, but a brief
survey leads the writer to the tentative conclusion
that the chlorides and a part of the sulphates represent
the salts that have been blown from the dry valleys to
the near-by hills and then carried downward through
the rocks by rain water. In other words, the chemical
character of the ground waters in the hills is due in part
to the character of the rocks through which the
waters pass, and in part to the salty eflorescences in
the near-by valleys.

GOLD DEPOSITS

During the progress of this investigation un-.
weathered gold-bearing material was seen in but one
locality—the Red Cloud mine. Here small quantities
of gold are intimately associated with disseminated
pyrite in sericitized porphyry. It is possible, as
locally reported, that most if not all of the porphyry
dikes or sills of the region, where they have been
altered and slightly impregnated with pyrite, contain
gold. The work on the Red Cloud dike seems to
show that the weathered parts of such rocks are
appreciably richer in gold than the part which 1is
unweathered. The material that has ylelded most of
the gold of the region, however, is highly stained by
hydrous oxide of iron and lies along fractures or
faults, either on the contacts of the dikes or near by
in the dolomite country rock or porphyry. If the iron-
stained breccia on the Keystone overthrust, reported to
carry gold Jocally, is excepted, all the gold-bearing
fractures lie in or within 1,000 feet of outcropping
dikes or sills of porphyry. The nature and relations
of the limonite in some places indicate that the source
was largely pyrite and that the limonite has not
migrated far from the place where that pyrite was
deposited. This can not be said of the gold, although
no direct evidence of migration of gold during weather-
ing has been obtained. . The coarse wires and grains

" of gold reported in the Keystone mine may have been

deposited originally in this form or have heen formed
during recent weathering. The fineness of the gold, -
together with the presence of manganese oxides in
many parts of the mine, indicates that some enrich-

-ment has taken place, but the extent is .not clear 2

and the presence of carbonate rocks near by should
have prevented widespread enrichment.”® As bearing
upon the question of enrichment, it should be noted
that, except on the deeper levels of the Red Cloud

2 Emmons, W, H., The enrichment of ore deposits: U. S. Geol. Survey Bull. 625,
pp. 305-314, 1017,
13 Tdem, p. 315.
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mine, all the gold-bearing deposits are almost com-
pletely oxidized to the depths of present work.

An unusual feature of all the gold deposits is the
absence of veins or other masses of coarse white quartz,
which forms the gangue of many gold-bearing veins.
The origin of the iron-bearing chert associated with

" the gold in some parts of the Keystone mine is obscure.

As it resembles that which contains cinnabar in the
Red Cloud mine, it may have been formed during
weathering. The pulverulent quartz reported from
lenses in the Keystone mine was not seen in place.

A little copper is present at most of the places where
gold ore has been mined. This as well as other ele-
ments indicates an intimate relation between the gold

~and copper deposits. Probably the prlmary copper
mineral was chalcopyrite.

In the structural Listory of the region the gold
deposits clearly were formed after the intrusion of the
porphyry, which they locally impregnate, as well as
after faults of the thrust epoch, at least as late as the
Keystone overthrust and the Ironside fault.

SILVER DEPOSITS

The Lavina mine and several prospects south of
Crystal Pass are the only workings on deposits that
yielded high assays for silver, but none have shipped
ore. Proustite, tennantite, and pyrite in white quartz
are the characteristic minerals at the Lavina, but only
cerargyrite and some vanadates of lead were found at
the other prospects. It is worth while to recognize the
presence of the group because it appears to be inter-
mediate between the copper-bearing gold deposits and
those which largely contain copper, with little gold and
silver. The silver deposits occur in or adjacent to
granite porphyry dikes.

The silver content of the lead and zinc ores differs
from place to place throughout the district but is
uniformly lower than in most of the other producing
areas in the region west of the Rocky Mountains.

The following table summarizes the range in silver

-content per ton of metallic lead in the ore of several
mines, a considerable part of whose output is lead ore.

Silver content of lead ore, based on smelter receipls

: Silver per

Mine Character ton of lead
(ounces)

Potosi__ .. ___ Low grade, crude, oxidized.______ 15—~ 20
Yellow Pine.___| Average, concentrate, oxidized. - -_| 60-100
Ruth__________ Low grade, crude, oxidized. . _____ 40~ 50
“Kirby_ - - do_ o _______| 15-30
Bonanza_.._____ Average, crude, oxidized._.._______ 20— 30
Singer_ oo _|.____ ¢ L 5- 10
Sultan_________ High grade, concentrate, oxidized__| 20— 40
Mountain Top--| High grade, crude, unoxidized_ ... _ 6
Bullion_ . _____|-____ doo . 7- 12
Bullion________ Average, concentrate, oxidized_.__| 15— 25
Anchor________ High grade, crude, unoxidized_____ 7- 10
Anchor_____.___ Average, concentrate, oxidized_.__| 15— 20
Milford-___.____ High grade, crude, oxidized___.____ 3- 5
Milford, No. 2__} High grade, crude, unoxidized._...__ 2- 3

A review of these assays, as well as-others not pre-
sented, indicates (1) that the lead ore from deposits
near the principal intrusive masses of porphyry is
higher in silver than that from remote deposits; (2)
that oxidized material is uniformly richer, generally
two or three times richer, in silver than unoxidized
material, thus indicating an enrichment of silver during
weathering; and (3) that concentration processes, wet
or dry, applied to the oxidized ores, yield a concen-
trate richer in silver than untreated material contain-
ing the same percentage of lead.

The silver content of oxidized zinc minerals is uni-
formly lower than that of the lead minerals, commmonly
one-half to one-third, but smelters do not pay for it,
as it is rarely recovered.

Inasmuch as no mine in the district has shipped
material completely unaffected by oxidation and there-
fore by possible enrichment, the range in grade of the
unaltered minerals must be inferred. There seems to
be no doubt, however, that, as indicated above, the
sulphide minerals contain less silver than those from
most of the other districts west of the Rocky Mountains.
It is an interesting speculation whether this difference
is related to the outstanding geologic features of the
districts, especially the character of the wall-rock
alteration.

Although smelter analyses of a number of shipments
of copper ores are available, the information at
hand concerning their mineral composition is not
adequate to determine the range and association of
silver in them. Doubtless, the product of several
mines, such as the Columbia, contained appreciable
sulphides of copper, but the amount is not known.
The silver content of all the copper ores is low, but it is
least in those where the copper has clearly migrated
appreciably from the original position of the chal-
copyrite source. The highest silver content is prob-
ably that of the few shipments from the Lincoln
mine, which ran as high as 35 ounces to the ton.
Most shipments contained less than 10 ounces of
silver to the ton, commonly 2 to 5 ounces.

COPPER DEPOSITS

Measured by their production of copper, according
to customary standards in the western United States,
none of the deposits in this quadrangle are large, and
the chance for discovering large or rich deposits here
seems remote. On the other hand, the association of
platinum and palladium with the copper minerals of
several deposits is uncommon and, when considered in
connection with the near-by deposits of gold as well as

lead and zinc, raises some interesting questlons con- - -

cerning their genesis.

Mineralogy.—Probably malachite has been the most
abundant copper mineral in the shipments from the
mines, but chrysocolla and chalcocite have locally been
abundant. Insome of the deposits dolomite stained by
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malachite has probably made up most of the product.
Where sulphide minerals have been encountered
chalcocite has been the most abundant, and in most
- places, such as the Boss, Copperside, Azurite, and
Columbia mines, it contains nuclei of chalcopyrite and
bornite. The relations indicate clearly that chalcopy-
rite was the principal if not the only copper-bearing
sulphide in most of the deposits before weathering.
The presence of traces of copper arsenates In several
places and of tennantite in the Lavina mine indicates
that copper sulpharsenides were sparsely present in
some of the unaltered deposits.

The relations of the original chalcopyrite to the
country rock are clear in only a few places, such as the
Azurite and Columbia mines. (See pl. 28, A.) - Here
the mineral seems to fill angular dolomite breccia
without the admixture of any other minerals.

The alteration of chalcopyrite to bornite and chalco-
cite without increase in volume demands that copper be
brought to the site of deposition rather than that iron be
merely withdrawn. The small amount of chalcocite in
the: deposits is proof that such concentration of copper
has taken place only locally. On the other hand, the
distribution of the oxidized copper minerals shows that
during weathering the copper has been relatively
dispersed from the position occupied by the original
sulphide. Where the copper sulphide was originally
mixed with fine-grained quartz, as in the Boss, Oro
Amigo, Doubleup, and Keystone deposits, both the
copper and the iron have been completely dissolved and
removed to outer inclosing shells, leaving only fine
pulverulent quartz. (See fig. 24.) The malachite
shell is sharply separated from the inner limonite
shell but merges with the outer mass of dolomite. The
uniformly meager silver content of the oxidized copper
ores may indicate that the original sulphides contained
little silver or that, like iron, the silver did not migrate
so readily under weathering. Chrysocolla, copper
pitch, and dioptase occur in small quantities and
largely on open fractures. Their presence indicates a
tendcncy of the carbonates of copper to dissolve slightly
in surface solutions and to be precipitated near bv
with the silica in those solutions.

The lack of a general tendency toward downward
migration of copper and its local dispersion are
probably due to the scanty rainfall of the region and
the chemical character of the inclosing carbonate rock.
The distribution of the oxidized zinc minerals also
indicates that a small part of the rainfall readily finds
its way to major fissures and descends to the deep
water table, but the greater part merely wets a large
volume of rock and is slowly returned to the surface
and evaporated. The mineral deposits, therefore, are
alternately slightly wetted and dried and the soluble
materials tend to migrate only locally outward toward
the fracture through which the water entered.

Little is known concerning the mineral or minerals of
the copper deposits that were the source of the plati-
num and palladium which are especially characteristic
of the Boss deposit. There has been sufficient study
of the platinum-bearing plumbojarosite to show that
native platinum is preseunt, although it lacks the me-
tallic properties commonly characteristic of - that
metal. The spongy form of the platinum suggests
that it was once combined with another more soluble
element, such as sulphur or arsenic. As sperrylite
(platinum arsenide, PtAs,) is the only natural com-
pound of platinum known, except certain alloys with
similar metals, this may have been its source. There
is a possibility that a part of the platinum, palladium,
and gold are combined with iron oxide and sulphur
trioxide as a complex plumbojarosite. (See p. 118.)
In some parts of the Boss mine the associations of the
masses of plumbojarosite indicate that they might have
been concentrated from more disseminated material.

The fine-grained gray quartz of the Boss deposit,
which contained octahedrite, is present on the Oro
Amigo and Doubleup claims also. It is an uncommon
material, and its probable origin can only be inferred
from its content of octahedrite.

Structural relations.—The bodies of copper minerals.
that have been mined have diverse shapes and sizes,
but most of them are roughly tabular and underlie
persistent walls that cut across the local bedding of
the rocks. Only two bodies—the one in the Colum-
bia east shaft and the Blue Jay—lie roughly parallel
to the local bedding. On the other hand, at 11 out of
the 18 mines described the bodies trend parallel to a
persistent fault zone or underlie local walls that trend
from north to N. 75° E. These 11 include the Boss,
Copperside, Highline, and others on the west side of
the range. In only three—the Ninety-nine, Azurite,
and Lincoln—do the fractures trend northwest. Most
of the overthrusts and reverse faults of the region
trend north to northwest, and several faults that trend
northeast, such as the Ironside and Tam o’ Shanter,
are reverse faults of the flaw type, probably formed
late in the thrust epoch. It is believed that these
copper-bearing faults and fractures belong to the
same group. By contrast with the fractures that carry
lead and zinc minerals, those which contain copper
minerals are more uniform in attitude and relations.
The only significance that can be attached to this rela-
tion is that it is in harmony with the conclusion that
some if not all of the early normal mineral-bearing
faults represent a reversal of movement along pre-
existing thrust faults.

Stmtzgmphw relations.—Most of the copper deposits
occur in Devonian or earlier rocks, although a few,
such as the Ninety-nine and the Doubleup, occur as
high in the section as the Bullion dolomite. Only in a
few places, as in the Copper Chief, Alice, and Mobile
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mines do copper, lead, or zinc deposits occur near by
at the same horizon. Most of the copper deposits
lie near the belt of granite porphyry intrusions that
occur above the Keystone overthrust.

Relations to igneous rocks.—As shown in Plate 30,
all the copper deposits, except the Ninety-nine,
Doubleup, and a small deposit west of Wilson Pass, lie
in an arc-shaped belt roughly parallel to the Keystone
fault and the belt of porphyry dikes that occur above
it. Dikes of porphyry that do not crop out were: also
struck in the workings of the Boss Extension tunnel
1,000 feet north of the Boss mine and in the Columbia
East shaft. The areal distribution of most of the cop-
per deposits, even though: they are few in number,
may therefore indicate a genetic relation to the
porphyry intrusions. There is a similar relation of the
gold deposits to intrusions, but the copper deposits
are a little farther away..

Occurrence of cobalt.—Although cobalt oxide is,

found in the wall-rock dolomite of nearly every copper
deposit in the district and locally is abundant, as in
the Columbia, there is nothing to indicate the primary
mineral from which it was derived. The primary
mineral may have been one of the common arsenides
or sulphides, but obviously it was closely associated
with a copper-bearing sulphide. The specimens from
the Contact claim, even though showing none of the
oxidized copper minerals near the pink cobalt-bearing
carbonate, contain dark-brown grains that give good
tests for both metals. Though these grains are largely
iron oxide, probably they were originally sulphide or
arsenide minerals that contained the cobalt as well as
the copper.

The most abundant cobalt mineral is the hydrous
oxide, heterogenite, and the stalactitic form which it
assumes in many places indicates that, locally at
least, it was deposited directly from solution in open
spaces. In some places, however, the cobalt appears
to have been deposited first as cobaltous carbonate in
near-by dolomite and then later oxidized to the black
oxide. (See pl. 27, B.) As the result of both processes

of alteration, first to carbonate and later to oxide, .

the cobalt has migrated some distance from the place
where it was first laid down. In some places this
distance is assuredly more than 30 feet, and elsewhere
it may be 50 feet or more.

Even though traces of cobalt are w1despread the
total quantity in the district is not large. About 20
tons of selected material containing from 6 to 29.18
per cent of cobalt has been shipped. Probably 200
tons of material containing 2 per cent or more of
cobalt could be readily recovered from existing
explorations.

LEAD AND ZINC DEPOSITS

Although there are a few deposits in the district
that have yielded zinc alone, such as the Monte Cristo,

“principal primary lead mineral.

earlier presence of a sulphide of iron.

and a few that have yielded lead alone, such as the
Ruth, Kirby, and Silver Gem, as a rule the two metals
are intimately associated. As the differences ia content
of zinc and lead do not correspond with differences in
form, stratigraphic position, or structural relations,
deposits containing both metals will be treated
together.
" HYPOGENE MINERALS

Even though zinc sulphide was observed in but two
deposits, the Potosi and the Milford, where it was clearly
the source of the more abundant carbonates and silicate
of zing, there can be no doubt that it was the primary
source of the zinc in all the deposits. On the other
hand, galena was observed at almost every deposit
that has yielded lead, and beyond doubt it was the
There is a remote
possibility that sulphides of lead containing arsenic or
antimony were also present in a few deposits.

Evidence concerning the method of deposition of
zine sulphide in the conta,ining carbonate rocks was
obtained at only one mine, the Potosi. Here part of
the spha,lerlte was deposited as coarse crystals in open
spaces of a dolomite breccia prior to the complete
filling of the remaining space by white dolomite and
calcite, and another, probably smaller part was de-
posited in the dolomite fragments by replacing the
carbonate rock.  (See pl. 28, B.) Probably the re-
placement of dolomite by zinc sulphide has rarely
extended more than a few inches from open fractures.

The method of deposition of galena resembles that
of sphalerite. In a few places it has been deposited
as well-crystallized masses in open spaces, but more
widely it has replaced the dolomite walls. In many
places the masses of galena are well-terminated crystals
in the midst of coarsely crystalline gray dolomite. At
the Anchor mine, where considerable galena has been
deposited in open fractures that were later filled with
white dolomite, the sulphide occurs largely on the
upper rather than the lower surfaces of the fractures.
(See fig. 50.)

Probably the only other sulphide mineral that was
common in more than a few of the zinc and lead
deposits was pyrite or possibly but doubtfully mar-
casite. Neither mineral has yet been seen in most of
the mines, but the abundance of limonite, ferruginous
chert, and minerals of the jarosite group indicates the
Stibnite was
found only in one area in the Yellow Pine mine. The
presence of mimetite and annabergite in several
deposits indicates the earlier presence of an arsenical
sulphide, possibly arsenopyrite or lsllingite, and the
arsenides of nickel or cobalt.

Apart from the dolomitized wall rock, the com-
monest gangue mineral associated with sulphides of
lead and zinc was coarse white calcite, but coarse
white dolomite is widely present, and both appear to
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have been deposited largely, if not wholly, after the
sulphides. Coarse white calcite cements fault breccias
in many places remote from ore deposits, where it
appears to be much younger than the metal sulphides.
A little silica was deposited with the sulphide of lead
in many places, but it has not been recognized near
sphalerite. This silica takes the form of clear gran-
ular quartz filling pores in the dolomite (p. 57) and
of very fine grained iron-bearing chert near the galena.
Numerous polished sections of galena-bearing dolo-
mite from the Lookout and Mountain Top deposits
show a border of fine silica around the crystals of
galena. The association of silica with galena is also
indicated by the presence of 5 to 15 per cent of insol-
uble matter in many shipments of high-grade lead ore.
The lenses of granular quartz found in several copper
deposits, such as the Boss and Doubleup, were not
noted in any of the lead and zinc deposits.

Barite is abundant in several deposits and may be
more widespread, but it is not intimately associated
with the bodies of lead and zinc minerals. It replaces
the wall-rock dolomite along persistent fractures.

From the foregoing statements it seems clear that
the mineralogy of the unweathered deposits of lead
and zinc was uncommonly simple. * Under the in-
fluence of weathering, however, a wide variety of
minerals was formed—carbonates, sulphates, silicates,
phosphates, vanadates, and arsenates.

FORM OF ORE BODIES

If all details are considered the bodies of zinc and
lead ore have comphcated forms. This is not sur-
prising when it is recalled that even though the bodies
of sulphide minerals may have been simple they have
been modified by migration and redeposition of zine
under the influence of the processes of weathering. In
spite of these irregularities of detailed form, most of
the ore bodies, as viewed broadly, are tabular. The
most distinctly tabular bodies include those of the
Anchor, Monte Cristo, Kirby, Milford, Ingomar, and
Tam o’ Shanter mines. The bodies of the Yellow
Pine and Alice mines are tabular pipes, and the main
shoot of the Sultan mine assumes this form, although
its structural relations are distinctly different from
those of the other two bodies. Two extensive ore
bodies, however, the Potosi and the Bullion, have
generally similar forms that are unlike anything else
in the district. These bodies are limited upward and
outward by distinct curved walls that appear to be
parts of cones. In most of the smaller mines, even
though exploration has revealed several detached
bodies, each irregular in form, their outer limits are
tabular.

In the following discussion of the structural relations
of the ore bodies, it will be the purpose to review those
structural features of the deposits that appear to
have determined form and continuity.

STRUCTURAL RELATIONS

In this review attention will be directed to two
groups of fractures, distinguished, on the basis of their
apparent relation to the sulphide minerals, as pre-
mineral fractures and postmineral fractures. The
data used in distinguishing these fractures include the
presence of sulphides, dolomitization, degree of cemen-
tation, size, and regional relations. The following
criteria have been used in their discrimination:

(@) The presence of unbroken crystals or grains of
blende or galena in cemented dolomite breccia in a
fracture is regarded as proof that it was formed before
mineralization. Several such mineralized fractures
have been found in the Yellow Pine and Milford mines.

(b) If a breccia zone is wholly dolomitized and the
fracture appears to have been the source of the dolo-
mitization of the near-by walls it is regarded as pre-
mineral. Similarly, if the near-by walls are undolo-
mitized the fracture is regarded as probably post-
mineral.

(¢) Most premineral breccias are ﬁrmly cemented
by dolomite or white calcite; most postmineral
breccias are not firmly cemented.

(d) If a breccia zone is clearly displaced by a frac-
ture the breccia zone is appreciably older than the
fracture, but obviously other criteria must be used to
determine whether either or both are earlier or later
than the sulphides of the area.

(¢) In the absence of good local criteria similarity
in regional setting of fractures indicates similar age.
For example, the Kirby and Rose mines lie in fracture
zones that trend at right angles with the local folds;
other near-by parallel faults, without apparent miner-
alization, probably have the same age—that is,
premineral.

(f) The thickest breccla zones of the region are
found on thrust faults, such as the several parts of the
Sultan thrust, and all are premineral. In general,
thick breccia zones occur on premineral faults and
thin zones on postmineral faults, but without con-
firming features this criterion must be used cautiously.

In a region that has been frequently disturbed one
would expect to find places where there has been post-
mineral movement on premineral faults. This may
have occurred on a few fractures, such as that which
the Star mine éxplores, but -such movements do not
appear to be common in the mines of the district.

As determined by these criteria most premineral
breccias and fractures have two outstanding relations
to the local bedding—they either lie nearly pacallel to
the bedding in both strike and dip or cross the bedding
with a large included angle. It should be noted,
however, that the ore-bearing fractures of the Sultan
and Hoodoo mines lie in thick zones of thrust-fault
breccias, and the conical fractures of the Potosi and
Bullion mines form another distinct group. Most of
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the ore bodies have a broadly tabular form, and in
most of the mines it has been shown that this tabular
form is determined largely by premineral breccia
zones or fractures. Some mines, such as the Yellow
Pine and Milford, show premineral fractures both
parallel and oblique to the bedding and permit con-
clusions concerning their relative age. A few other
mines, such as the Potosi, show two systems of pre-
mineral fractures without evidence as to their relative
age. In most of the mines, however, only one pre-
mineral fracture or group of fractures is shown,
although closer examination might reveal two. Ob-
viously, in drawing comprehensive conclusions con-
cerning the structural relations of the ore deposits,
emphasis must be placed upon the good evidence of
some deposits in contrast to the obscure features of
many other deposits. ‘ :

Most of the lead and zinc deposits are listed below
according to the structural relations of the principal
bodies. The lists therefore record the relation of the
most productive premineral fractures or breccia zones
of each mine.

Ore bodies nearly parallel to bedding Ore bodies cut across bedding

Yellow Pine. ’ Dawn.
Prairie Flower. Kirby.
Pilgrim. Whale.
Contact. Tiffin.
Middlesex. Belle.
Alice. Star.

" Ruth. Christmas (part).
Shenandoah. Silver Gem.
Mobile. Addison.

Bill Nye. Ingomar.
Fredrickson. Tam o’ Shanter.
Argentena (part).

Lookout.

Mountain Top.

Hoosier.

‘Spelter.

Singer.

Puelz.

Monte Cristo.
Palace and Porter.
Accident.

Anchor.
Valentine.

Bonanza.
Christmas (part).

The existing workings of some of the deposits of the
first group do not reveal the detailed structural rela-
tions. At a larger number, including the Yellow
Pine, Prairie Flower, Alice, Anchor, and Milford,
the principal ore shoots occur in zones of brecciated
dolomite underlying persistent walls, and in some of
these there are intersecting cross fractures that contain
galena and are undoubtedly premineral, as in the
Yellow Pine and Milford. At the Yellow Pine mine
also it has been proved that the breccia zones which
are nearly parallel to the local bedding are offset
by and are therefore older than the cross fractures.

For this group of ore depbsits the conclusion "is
reached that such breccia zones are thrust faults, in
large part local but possibly in part persistent both
horizontally and downward. On the other hand, the
second group of ore deposits bears a structural

-resemblance to the mineralized crosscutting fracturcs

of the first group.

The outstanding structural relations of four ore
deposits that have been omitted from the two groups
have some resemblance to those of the first group.
The Sultan and Hoodoo deposits tend to follow per-
sistent walls that cut thick thrust-fault breccias oblique
to their strike and dip. The conical breccia masses of
the Potosi and Bullion deposits are cut by persistent
fractures that have the appearance of being premineral,
although positive criteria have not been obtained.

From this brief summary it appears that most of the
deposits for which there are good structural data belong
to two groups that seem to fit into a simple structural
setting. The smaller number of deposits lie along
fractures that approximate plane surfaces, and most
of these have shown small yield. The larger number
of deposits lie in generally thicker breccia masses where
they are cut by younger fractures or faults, in part at
least, however, premineral. This second group in-
cludes the most productive deposits in the district.
The simplest and most reasonable explanation that
reconciles the structural relations of most of the de-
posits assumes that thrust-fault breccias were formed
rather early in the history of deformation and that for
the most part these breccias were larger and more open
than those that were formed later along more simple
transverse fractures. Considered as channels for
access of ore-bearing solutions, the later transverse
fractures seem to have an advantage, for, as they are
nearly vertical and cross the beds, they would tend to
persist in depth. On the other hand, although major
thrust faults have been shown to persist over great
horizontal extent and probably persist in depth, they
have flatter dip, and solutions rising along them would
tend to take advantage of any fractures leading more
directly to the surface. Minor thrust faults may be
related to local folding and pass in depth to bedding-
plane displacements or major thrust faults. It seems
reasonable, therefore, to regard the thrust-fault brec-
cias as highly favorable sites for deposition of ores and
the transverse faults as more favorable channels for
access of the ore-depositing solutions.

The bearing of this interpretation on the problems of
exploitation of the deposits is discussed on page 102.

STRATIGRAPHIC RANGE

The stratigraphic distribution of those lead and zinc
deposits that lie roughly parallel to the bedding of the
inclosing rocks is shown in Figure 15. The range of
the deposits recorded is about 1,500 feet, and the zone
to which they are confined lies near the middle of about

-
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6,000 feet of limestone and dolomite. If all the de-
posits of lead, zinc, and copper were recorded here,
regardless of structural association, the range would
be only 4,000 feet, and 90 per cent of all these lie within
a zone scarcely 1,000 feet thick. From another stand-
point more than 95 per cent of all the lead and zinc ore of
the district has come from a zone scarcely 600 feet
thick. This relation shows clearly that there must be
some feature or features of this zone that make it favor-
able for deposition of sulphides of lead and zinc. It
has been pointed out already that deposition of sul-
phides appears to have been determined by structural
elements rather than by chemical properties of the
beds, as in some other districts.

. The outstanding physical differences between the

productive and unproductive parts of the stratigraphic -

section concern the character of the bedding. The
600 to 900 feet of beds that make up the lower Missis-

sippian section are distinctly more massive, homoge- -

neous, and lacking in bedding planes than those above
and below. Locally the Devonian beds become mas-
sive, but the overlying Pennsylvanian beds, as well as
the underlying pre-Devonian beds, are uniformly thin
bedded. The overlying beds also contain numerous
thin layers of sandstone and shale. In many places in
the district it is apparent that the massive beds are
competent and determine the general character of
the folding, whereas the overlying thin beds are intri-
cately folded to accommodate themselves to the sim-
pler forms of the massive beds. It would therefore
seem that the massive beds are more disposed to break
and slip along the fractures than the overlying beds
that would accommodate themselves to stress by fold-
ing and slipping along the bedding. However this
may be, it is clear that the zone of lower Mississippian
beds is the most favorable in the search for ore deposits.

SUPERGENE MINERALS

On account of the effects of weathering the details
of form and mineralogy of most of the ore bodies that
have been mined bear only slight resemblance to
those of the bodies of lead and zinc sulphides that
were deposited originally. Not only have new min-
erals been formed, but the metals have migrated ap-
preciably before the new minerals were deposited.
The new lead minerals do not appear to have been
deposited far from the original sulphide source, prob-
ably rarely more than a foot or two. On the other
hand, sufficient quantities of zinc .to form minable
ore bodies have migrated from 5 to 50 feet and in a
few deposits as much as 150 feet. This migration

has taken place in spite of the fact that the walls of |

the ore bodies are made up of carbonate rocks that
should readily react with the common soluble forms
of zine.

Lead minerals—Galena was observed at nearly
every deposit in the district that has shipped lead-

bearing material. It is not possible to state with
confidence the proportion of lead that occurs as
sulphide in the output of many deposits nor in the
entire district. In some deposits, such as the Anchor,
1t has probably amounted to more than three-fourths

-of the total lead in the shipped product, but in others,

especially the group that occurs in fractures which
cut obliquely across the bedding, such as the Kirby
and Tam o’ Shanter, only traces of galena or none
whatever was found. The galena of the latter group
is rather uniformly more completely weathered to-
carbonate and to greater depth than that in the
deposits that lie nearly parallel to the bedding.
Doubtless such fractures offer a better opportunity
for water to pass quickly downward to the level of
permanent water. .

The relations of galena, anglesite, and cerusite in
this district closely resemble those in most other dis-
tricts in the arid West and therefore do not warrant
extended description. Only a little of the sulphate,
anglesite, occurs as crystals in druses, under associa-
tions which indicate that it was deposited from
solution after migration. Most of it forms a border
around grains of galena or occupies completely the
space once filled by galena. The simplest reaction
by which galena oxidizes to the sulphate, PbS+40=
PbSO,, indicates that if all of a given unit mass of
galena weathered, the resulting anglesite would occupy
about 50 per cent more space than the original galena;
also that if anglesite replaces a crystal or unit mass
of galena, without showing evidence of swelling, -
about one-third of the original lead present must
have been carried away to open spaces near by. The
relative abundance of anglesite and cerusite indicates
that much more than one-third of the lead has migrated
from the site of the original sulphide.

The carbonate of lead, cerusite, was not noted
adjacent to the sulphide, and where the two are near
by they are separated by a film of sulphate. The
carbonate commonly forms distinet crystals, either
separate or in druses, or occurs as the typical grid of
penetrating crystals that meet at an angle of about
60°. It was not found replacing the carbonate wall
rocks, like the hydrous carbonate of zinc, nor in open
fault breccias remote from original sulphide bodies,
like the caibonate of zinc. The hard masses of chert
and cerusite from the prospects south of the Rose
mine were probably formed in the same way as the
jarositic cherts of the Kirby and other mines. (See
p. 143.) The features and associations of the car-
bonate of lead, as contrasted with those of the sul-
phate, indicate that in most places the metal has
migrated in solution as the bicarbonate a few feet
before being deposited as the carbonate.

Among the other oxidized minerals of lead, the
phosphate has assuredly formed locally by replace-
ment of the carbonate, but elsewhere, as in the Pil-
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grim mine, the origin of rather Iarge pockets is obscure.
A part of the plumbojarosite of the Kirby mine has
formed by the reaction of lead in solution with solid
plumbic jarosite or even pure potassic jarosite, but
elsewhere the mineral has been formed by the reaction
between an iron sulphate in solution and solid cerusite.
The several vanadates, although very stable at the
present surface, appear to have been deposited from
solutions many feet distant from the nearest other
lead minerals underground, as in the Bill Nye mine.
The molybdate and arsenate of lead likewise have
similar velations.

At the Kirby mine it seems clear that in the zone of
oxidation thére has been appreciable enrichment of
lead by the progressive decomposition and re-forma-
tion of plumbojarosite, but this has not been an impor-
tantfactor in the formation of lead-ore bodies elsewhere.

Zane minerals.—Except in the two mines where
zinc sulphide was observed, inferences concerning the
migration of zinc are based on the assumption that the
sulphide was originally associated closely with that
of lead, as is common in otherwise similar districts.

The most abundant zinc mineral in almost every
deposit examined in the district is hydrozincite, and
it has probably been the most abundant in shipments
to date. In this respect the district is unique in the
wostern part of the United States. (See p. 98.) In
most localities, except in a few of the largest deposits
and in places where the hydrozincite lines drusy
cavities, there is abundant good evidence that it has
been formed by the replacement of dolomite; in some
localities it may have replaced limestone. In the
largest masses, such as occurred on the 700-foot level
of the Yellow Pine mine, where there was a pillar of
nearly pure hydrozincite from roof to floor of the stope,
30 feet high, replacement of the dolomite is so com-
plete that only faint traces of dolomite may be found
by close search. (See pl. 29, A.) The evidence of
replacement is beautifully shown in some thin gections
under the microscope. Thus, in a specimen from the
Arrowhead prospect traces of the rhombic cleavage of
the dolomite are well preserved in ths fairly crystalline
hydrozincite. (See pl. 29, A.) Elsewhere the evidence
of replacement rests on the recognition of detached
rounded masses of dolomite in the midst of pure
hydrozincite (pl. 28, C) and on the deposition of
grains of the zinc mineral along cleavage planes of
dolomite where large masses of the minerals are in
contact. In large bodies the process of replacement
obliterates all traces of the dolomite, and the resulting
hydrozincite is either minutely granular (0.005 to
0.01 millimeter in diameter) or delicately plumose.

In a few deposits, as in the Monte Cristo mine, smith-
sonite was abundant but not assuredly the most abun-
dant mineral. Where observed by the writer it was
either an insignificant part of the larger bodies of
hydrozincite or occurred in smaller bodies along frac-

. experiment.

ture zones beneath the principal deposits. Numerous
bodies of the second group have been mined in the
Yellow Pine mine, but most of them 50 to 150 feet
below larger bodies of hydrozincite. In such places
the smithsonite has a cellular structure, as if it had
been deposited in masses of angular dolomite that had
later been dissolved and carried away. (See pl. 28, C.)
As galena was not observed closely associated with
such bodies, and as there was no other evidence that
the fracture was premineral and may have contained
zinc sulphide, the conclusion is reached that the zinc in
the bodies of smithsonite is that which has been dis-
solved above, where it existed as sulphide or hydro-
zincite, and redeposited lower down.

Calamine is not and probably has not been an abun-
dant mineral, although small quantities are widespread.
There is no evidence that it results from the replace-
ment of any other zinc minerals, but the available
evidence indicates that it either has been deposited in
open spaces or, rather rarely, by replacing the car-
bonate wall rocks, as in the Whale mine, or the layers
of chert which they contain, as in the Monte Cristo
mine. In almost all deposits a few crystals of cala-
mine are scattered over the surface of nearly every
other oxidized mineral, whether carbonate, sulphate,
phosphate, vanadate, or molybdate. Sporadic small
crystals of quartz have a similar widespread distribu-
tion and indicate that the latest waters that have
filtered through the deposits have been saturated with -
silica. _ '

The - general chemical features of the process of
weathering, in so far as they concern zinc, may be
briefly summarized. This examination does not indi-
cate that much zinc sulphide is replaced in situ by
oxidized zinc minerals, as may be noted with lead, so
that only the process of deposition of migrating zine
in solution will be described. The reaction by which
zinc sulphide oxidizes to zinc sulphate is well known

-and need not be reviewed. Some experimental work

shows that the rate of oxidation of zinc suiphide is
increased where sulphates of iron are present,' but to
judge from the small quantity of iron oxides in the
oxidized zones of most of the lead and zinc deposits in
the Goodsprings district, these salts have not greatly
aided solution of zinc here. Much has been written

-concerning the chemistry of the solution and deposi-

tion of zinc minerals, but some of it has doubtful value
because it is based on speculation unsupported by
The experiments by Wang 6 have a defi-
nite bearing upon conditions in the Goodsprings dis-
trict and are confirmed by the mineralogy of the dis--
trict. Wang performed many experiments, but only
those that bear on conditions here will be mentioned.
He treated a solution of zinc sulphate with a solution

# Emmons, W. H., The enrichment of ore deposits: U. 8. Geol. Survey Bull. 625,
p. 373, 1917.

13 Wang, Y. T., Formation of the oxidized ores of zinc from the sulphide: Am.
Inst. Min. and Met. Eng. Trans., vol. 52, pp. 657-710, 1915.
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of normal carbonate of sodium and found that a basic
carbonate of zine, ZnCO;.2Zn (OH),, was precipitated —
a reaction indicated by the following equation:

2Na,CO; +4H,0 +3ZnS0,—~
3N32804 + 2H2003 + ZnCO3 27Zn (OH)2

By contrast, a solution of zinc sulphate, mixed with a
solution of bicarbonate of soda, yielded a precipitate
of normal zinc carbonate, and the following reaction
was indicated :

7nS0, + 2NaHCO,—ZnCO, + Na,30, + H,0 + CO,

The first experiment seems to explain why hydro-
zincite is the principal zinc mineral of the district,
and the second the reason why smithsonite is largely
confined to open fractures below the larger bodies of
hydrozincite. In order to understand these relations
it is necessary to bear in mind the low rainfall of the
region and the uncommonly deep water table. Obvi-
ously the principal carbonates and bicarbonates avail-
able for reaction with zinc sulphate would be those
of calcium and magnesium rather than sodium or
potassium, and the relative proportion of carbonate
to bicarbonate in solution is determined by the
amount of carbon dioxide in solution. If calcium
carbonate and bicarbonate were used instead of salts
of sodium, the reaction would be expressed as follows:

3CaCO0;+ 4H,0 + 3ZnS0,— ‘
3C&SO4 + 2H2003 + ZnCO3 +2Zn (OH)2
and

CaH (COy); + ZnS0,—ZnC0, + CasS0, + HO + CO,

~ The possible sources of the carbon dioxide appear
to be three only—that dissolved from the air in rain
water, that contributed by decaying vegetation in
the soil, and that produced by the reaction of zinec
sulphate and the carbonates or bicarbonates in solu-
tion. Only the first two would be available in the
upper parts of the ore bodies, whereas the third source
would tend to yield more as solutions passed down-
ward in the ore zones. That the first two sources
of carbon dioxide are not as abundant in a dry region
as in a moist region is indicated by relative absence
inJthis region of caves in the limestones and dolomites.
In a region with 5 to 10 inches of rainfall, where
the soil is deficient in organic matter, the waters
are doubtless sufficiently low in carbon dioxide to
permit the basic carbonate of zinc to form in the
upper parts of ore bodies, but the carbon dioxide
in solution in the surface waters tends to increase
with depth, so that in the lower parts or below the
ore bodies there is sufficient bicarbonate of calcium
or magnesium to produce the normal carbonate of
zine.

If these conclusions are correct, a review of the
literature on zinc deposits should indicate a progres-
sive increase in the relative quantity of hydrozincite
as compared with smithsonite from the moist eastern
regions to the arid western districts.

Hydrozincite is sparingly present in the zinc deposits
of Pennsylvania ® and Kentucky 7 but is very rare
among the other districts in the Eastern States '® and
the Mississippi Valley.” The mineral appears to be
very uncommon in those districts in the Rocky
Mountains that have been sources of zine,® but
it is more common in deposits in the ranges of the
arid West. %

From this brief review it appears that although
there are local exceptions in several districts, the
formation of hydrozincite tends to be favored by an

" arid climate, other factors being similar.

Silica and iron minerals.—Although the minerals
that contain iron and silica do not appear to react on
each other or to combine chemically under conditions
of weathering, they are considered together because
they are commonly closely associated in this district.
The properties and general distribution of the different
forms of silica noted in these deposits are presented on
pages 82-83. At this place the mode of origin will be
discussed.

When all the data concerning the varieties of silica
and iron-bearing minerals are reviewed, the following
conclusions may be drawn: .

1. In some lead and zinc deposits and copper
deposits, notably the Kirby, Tam o’ Shanter, John,
Oro Amigo, and Ironside, there is a concentration of
silica, largely of the cherty variety, in a zone that
extends from the surface to as much as 200 feet below
it. In the deeper explorations there is little or no
silica, and that present 1s largely of the hypogene
varieties.

2. Within the zone just described brown felrugmous
chert and more or less limonite occur at or near the
surface, but these minerals are underlain generally by
cream-colored chert that contains more or less jarosite
or plumbic jarosite. (See pls. 24-26.) Clearly the

ferruginous chert and limonite are stable under surface

16 Miller, B. L., Lead and zinc ores of Pennsylvania: Pennsylvania Geol. Survey,
4th sef., Bull. M5, p. 61, 1924.

17 Ulrich, E. 0., and Smith, - W. S. T., The lead, zinc, and fluorspar deposits
of western Kentucky: U. S. Geol. Survey Prof. Paper 36, pp. 122-123, 177, 1905.

18 Watson, T. L., Lead and zinc deposits of Virginia: Virginia Geol. Survey
Bull. 1, pp. 44-45, 1905. Secrist, M. H., Zinc deposits of east Tennessee: Tennessee
Dept. Education, Div..Geology, Bull. 31, p. 27, 1924.

1 Bain, H. F., Zinc and lead deposits of the upper Mississippi Valley: U. S.
Geol. Survey Bull. 294, p. 50, 1906. Buckley, E. R., The geology of the Granby
area: Missouri Bur. Geology and Mines, 2d ser., vol. 4, pp. 44, 56, 1906.

% Loughlin, G. F., The oxidized zinc ores of Leadville, Colo.: U. S. Geol. Survey
Bull. 681, p. 18, 1918. Crawford, R. D., and Gibson, Russell, Geology and ore
deposits of the Red Cliff district, Colorado: Colorade Geol. Survey Bull. 30, p.
51, 1925. (Hydrozincite is not mentioned in U. S. Geological Survey reports on the
Coeur d’Alene, Park City, and Bingham districts.)

21 Lindgren, Waldemar, and Loughlin, G. F., Geology and ore deposits of the
Tintic mining district, Utab: U. S. Geol. Survey Prof. Paper 107, p. 149, 1919.
Butler, B. 8., Loughlin, G. F., and Heikes, V. C., The ore deposits of Utah: U. S.
Geol. Survey Prof. Paper 111, p. 111, 1920
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conditions, and that which is exposed by erosion is
weathered by disintegration rather than solution.

3. Where the two varieties of chert are in contact
the local relations indicate that the brown ferruginous
chert is formed from the lighter jarositic chert. Lo-
cally, as in the Kirby mine, the lighter chert also de-
composes to a white powder; a part of the silica is
dissolved and is probably reprecipitated at a lower
horizon (p. 144).

4. The most common jarosite is probably a potas-
sium-bearing natrojarosite. If exposed at the surface

by erosion it is surprisingly stable, but underground it

may be decomposed to iron oxide, which remains in
place, and to the alkalies and sulphate radicle, which
go into solution and migrate downward.

5. Lead-bearing jarosite and plumbojarosite are
probably stable on the surface but like the other jaro-
sites are liable to decomposition underground. In
such places the lead is probably reprecipitated at a
lower horizon as plumbojarosite or cerusite.

In the light of these conclusions it is hard to avoid
the additional conclusion that an appreciable part of
the cherty silica in the shallow zones of many of the
ore deposits represents material that has been pro-
gressively dissolved near the surface and reprecipitated
at alower zone. The remainder of the silica, that which
becomes fixed as ferruginous chert near the surface,
is disintegrated at the surface and dispersed by erosion.

Most of the deposits characterized by chert occur in
shaly zones in the stratigraphic section. In one mine,
the Kirby, the original source of silica seems to be that
set free where sulphuric acid attacks shale and forms
alunite. In other places the source of the silica is
obscure.

In the realm of ore deposits and lithology, good
examples of the widespread solution of silica or decom-
position of silicates near the surface are not uncommon.
Satisfactory experimental work, which indicates some
of the chemical conditions under which solution of
silica takes place, has also been done. Places where
large masses are precipitated near the surface, how-
ever, are rare. Recent experimental work by Lover-
ing 2 has shown the degree to which several salts,
common in surface waters, affect the solubility of
several forms of silica and silicate minerals. This
work showed that among the common carbonates,
sulphates, and chlorides magnesium bicarbonate most
effectively dissolves the finer varieties of silica, such as
jasper, chalcedony, and opal. ’

With regard to the deposition of silica, experiments
by the same author led to the conclusion that
The factors governing the precipitation of silica, * * *
while not clearly understood, are probably related to the
change in the solutions from acid to alkaline, or to the mixing

of two solutions, one rich in electrolytes and the other containing
a relatively large amount of silica.

1 Lovering, T. S., The leaching of iron protores: Econ. Geology, vol. 18, pp.
523-541, 1923,

In this region it seems that both the solution and
deposition of silica may have been accomplished by a
single solution, changing in character as it passed down-
ward. Relatively pure rain water falling on the surface
would probably quickly become nearly saturated with:
carbonates of lime and magnesia and therefore would
become an active solvent of silica. As the water fil-
tered downward through an ore deposit that contained
first sulphates, like the jarosites, and lower down sul-
phides, the sulphate content of the water would rise.
With this rise in sulphate content the silica would tend
to be deposited, and with greater depth the water
would lose most of the silica and become a sulphate or
mixed sulphate-carbonate water. No analyses of
mine waters from the mountains of the region are
available, but numerous waters from wells in the
alluvial valleys are of this type.? Their silica content
largely ranges from 10 to 40 parts per million and is
rather high for cold waters, even with so high a content
of dissolved salts, 250 to 1,500 parts per million.

The general conclusion is reached that in this arid Te-
gion silica tends to be progressively concentrated in a
shallow surface zone. The minerals of the jarosite
group are uncommonly stable on the surface but tend
to be decomposed in a shallow zone near the surface.
The work in this region indicates that the jarosites are
more widespread in this province than existing records
indicate. Somewhat similar materials that occur un-
der similar circumstances in western Australia have
been described by Simpson.*

RELATION OF THE ORE DEPOSITS TO INTRUSIVE ROCKé

The areal or rather, spatial distribution of ore de-
posits, particularly considered in relation to bodies of
intrusive igneous rocks, known or inferred, commonly
suggests and aids in interpretations of their genesis.
During recent years the idea has grown that the metal-
liferous deposits of districts characterized by bodies of
intrusive igneous rocks tend to be disposed in zones
around a center, either on the existing surface or lying
at some distance below it. Many believe that these
centers lie in and are somehow related to the bodies of
igneous rock.?® Investigation tends to show, however,
that in studying this problem attention must be di-
rected to large areas, such as those embraced in entire
mining districts or even larger regions, in order to avoid
undue emphasis of local features. In order to portray
these relations in the Goodsprings district Plate 30 has
been prepared.

It has been pointed out on page 76 that most of

the ore deposits of this district occur in an area about

3 Waring, G. A., Ground water in Pahrump, Mesquite, and Ivanpah Valleys,
Nev. and Calif.: U. S. Geol. Survey Water-Supply Paper 450, pp. 80-81, 1920.

 Simpson, E. S., Secondsry sulphates and chert in the Nullagine series; Roy.
Soc. Western Australia Jour. and Proc., vol. 9, pt. 2, pp. 45-63, 1023.

» Spurr, J. E., A theory of ore deposition: Econ. Geology, vol. 2, pp. 781-795, 1907;
Theory ofore deposition: Econ. Geology, vol. 7, pp. 485-492, 1912, Emmons, W. H.,,
Primary downward changes in ore deposits: Am. Inst. Min. and Met. Eng. Trans.,
vol. 70, pp. 964-992, 1924; Relations of metalliferous lode systems to igneous intru-
sives: Idem, vol. 74, pp. 29-70, 1926.



100

10 miles in diameter, the center of which lies 4 miles
southwest of Goodsprings. A few deposits lie north
of this area, a few lie northwest of it, and a few lie
south of it, but except for a single prospected deposit
in the Bird Spring Range, none are known east of it
for many miles. The deposits that have been ex-
amined within the quadrangle seem to conform in a
broad way to a zonal distribution around the intrusive
centers localized on the major thrust faults.

Tirst, as viewed broadly, there are more ore deposits
in the belt overlying the Keystone thrust fault east of
the transverse Ironside fault than in all the rest of the
district. Within this belt lies a group of intrusive
masses of granite porphyry, beginning with the Key-
stone dike on the west and extending eastward to the
Lincoln mine. The porphyry sill in the Boss Exten-
sion mine, which doubtless rises along the Ironside
fault, is one of this group. A second group of intru-
sive masses, smaller in number but larger in areal
extent, includes the Yellow Pine sill and the Lavina
dike. No intrusive porphyry masses are known in
the Spring Mountains north of the Yellow Fine sill,
near the Snowstorm mine, for 40 miles or more, or
south of the Lincoln mine for 20 miles. As noted
earlier in this report, the thrust faults have undoubt-
edly determined the general distribution of the intru-
sive masses. These bodies of intrusive rock have the
same structural relations as an enormous body of
quartz monzonite that crops out over an area of sev-
eral hundred square miles 20 to 40 miles sout)h of the
Goodsprings district. A

Next, as viewed in detail, there is a distinct tendency
toward zonal arrangement of the ore deposits in sev-
eral parts of the district. The most productive gold
deposits—-the Keystone and Red Cloud—are wholly
in or adjacent to. bodies of intrusive porphyry, and
minor prospects, such as the Chaquita, are within
1,000 feet of outcropping intrusive masses. The

- deposits which have yielded high assays for silver but
which have not been productive—the Lavina and
Crystal Pass—also lie in or adjacent to porphyry
dikes. The iron-stained fault gouge of the Keystone
thrust is widely reported to yield fair assays for gold.

In the belt of rocks overlying the Keystone thrust
fault copper deposits tend to lie stratigraphically and
topographically below near-by lead and zinc deposits.
Thus the Boss, Highline, Copperside, Rose, Columbia,
and Lincoln, as well as numerous smaller deposits, lie
largely in Devonian or older rocks near the bases of
escarpments, whereas numerous zinc and lead deposits

lie in younger rocks on or near the crests of the escarp- |

ments. An exception to this tendency is found in the
Kirby lead deposit, which lies within the belt of rocks
favored by copper deposits. The Alice, Yellow Pine,
Prairie Flower, and Pilgrim zinc-lead deposits lie in
higher beds than the riear-by Copper Glance and Snow-

storm copper deposits. In the southern part of the

GEOLOGY AND ORE DEPOSITS OF GOODSPRINGS QUADRANGLE, NEVADA

district the deposits that are higher both in altitude
and in stratigraphic position tend to contain more
lead than zinc. Porphyry masses were encountered in
the Columbia and Boss Extension mines, although the
copper deposits were near these masses rather than in
them. Recently Emmons,® in reviewing the relations
of metalliferous deposits to intrusive rocks, included a
brief summary of the deposits of the Yellow Pine dis-
trict as described by Hill and concluded that ‘‘the
deposits are not clearly separated into zones, and there
is evidence of some overlapping of copper deposits.”

In the writer’s opinion the ore deposits are separable

into several groups, in at least two of which there is a
distinct tendency toward a zonal arrangement of the
deposits, and especially in the part of the district that
contains most of the deposits.

The causes that account for the failure of the Klrbv
and some other deposits that lie outside the central
part of the district to conform to a simple zonal
arrangement can only be conjectured. Only zinc and
lead deposits are known in the southwestern part of the
district, and among these only a slight tendency toward
zonal arrangement may be noted. The causes of the
local distribution of the zinc and lead deposits are
probably to be sought among their structural and
stratigraphic relations. It seems fairly probable,
however, that buried bodies of intrusive rock underlie
small areas in the southern part of the district.

The relations described conform with the general
distribution of gold, copper, zinec, and lead deposits as
set forth by Spurr. -

The question may well be raised as to what features
have controlled the localization of many spor adic out-
lying deposits, notably the Potosi zinc and Nlnety -nine
and Doubleup copper deposits and others in the
southern part of the district, most of which are 4 to 7
miles from the nearest surface outcrop of porphyry.
A brief examination of the Potosi deposit by Bain,”
in advance of a comprehensive knowledge of the areal
geology of the district, yielded the impression that the
deposit had no relation to intrusive igneous rocks,
such as most observers have concluded to exist for the
zinc and lead deposits of the Mississippi Valley. In
the light of the present knowledge of the central part
of the Goodsprings district this conclusion was prema-
ture, but now, as then, in attempting to deduce confi-
dent conclusions, one is hampered here, as in many
other places, by lack of knowledge concerning unex-
posed, possibly slightly buried bodies of igneous rock.

RELATION OF THE ORE DEPOSITS TO ROCK ALTERATION

In the section on rock alteration (pp. 55-67) the
existence of widespread dolomitization and meager

2 Emmons, W. H., Relations of metalliferous lode systems to igneous intrusives:
Am, Inst. Min. and Met. Eng. Trans., vol. 74, p. 38, 1926.

7 Bain, H. F., A Nevada zinc deposit: U. S. Geol. Survey Bull. 285, pp. 16-16¢.
1906.
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silicification of limestone is discussed fully, and possible
sources of magnesia are suggested. In many parts
of the district the ore deposits seem to coincide closely
with areas of dolomitized limestone, but in other parts;
largely in the northern half of the quadrangle, where
there is widespread dolomitization, no ore deposits are
known. Even after allowance is made for the possible
existence of undiscovered ore deposits, the conclusion
seoms to be suggested that, although practically all
the known zine, lead, and copper deposits occur in
dolomitized limestone, all areas of altered limestone
do not necessarily include ore deposits. With the
wider knowledge gained through the study of a much
larger area, that of the Ivanpah quadrangle, which
includes about 3,800 square miles, this impression is
confirmed. For example, the ridge north of Sloan
shows a good cross section of 800 feet of beds that
include Devonian and lower Mississippian formations,
and the exposure is improved by a quarry, which
extends for 1,000 feet along the south slope. The
beds of the section are normally limestone, but here
all are altered to dolomite except a lens in the middle
of the quarry, which coincides with the Crystal Pass
limestone. . In fact, the purpose of the quarry is to
mine the lens of limestone, which is overlain and under-
lain by dolomite. However, no lead or zinc minerals
are known near by nor for a distance of 14 miles. The
conclusion is reached therefore that there is general
but not precise coincidence of ore deposits and dolo-
mitization.

When the two processes are considered in the light -

of their chronologic succession in the region, there
seems again to be general but not close coincidence.
Not only are the sulphide minerals of many localities
deposited in angular dolomite breccia, but some shoots
of sulphide minerals lie along well-defined walls in
porous dolomite breccia, notably in' the Sultan and
Hoodoo mines. There seems to be no doubt that
such breccias were altéred to dolomite before they were
crushed and the sulphide minerals deposited and there-
fore that dolomitization began before the deposition of
sulphides, even though it continued during that
deposition.

" In a recent review of the evidence from a number of
districts in which lead and zinc occur in dolomitized
limestone,”® the writer reached the conclusion that the
conditions in the Goodsprings district were similar to
those encountered in many other districts in the United
States as well as Europe. In general the process of
alteration has preceded the deposition of sulphide
minerals, and although most ore deposits in each dis-
trict are enveloped in an aureole of ‘dolomitized lime-

.stone some deposits are found in unaltered rock. It

therefore seems that although the magaesia was
brought to fractured areas earlier than the sulphides

3 Hewett, D. F., Dolomitization and ore deposition: Econ. Geology, vol. 23,
pp. 821-863, 1928.
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of the metals, the channels of access were essentially
the same. ’ .

Dolomitization of limestone adjacent to lead and
zinc deposits has been noted in the following districts
in the United States: Aspen #® and Red Cliff,* Colo.;
Tintic, Utah; 3 Cerro Gordo, Calif.; ** the Mississippi
Valley; ¥ and Tennessee.**

In Europe dolomitization of limestone near lead
and zinc deposits has been observed in many localities
but notably in the Weardale district, England; %
the Welkenraedt-Vieille Montagne district, Belgium ; %

- the Iglesias district, Sardinia;® and Upper Silesia,

Germany and Poland.®® The process of alteration has
occurred in many other European districts where it
has not been closely studied.

SUMMARY OF GENESIS OF ORE DEPOS]E‘/I‘S

The following elements enter into the hypothesis
that is offered to explain the genesis of the ore deposits
of this district: (1) Source of the metals and elements
that have produced rock alteration; (2) method of
transfer; (3) method of deposition; (4) places of deposi-
tion; (5) effects of weathering; (6) postmineral faulting.

1. This investigation does not yield evidence of the
ultimate source of the metals now found in the ore
deposits. That source might have been. deep-seated
reservoirs of magma, the shallow bodies of intrusive
rock that are now highly altered, or some deeply
buried sedimentary rocks. It seems clear that the
concentrations of the metals now found in the ore
deposits depend in some way upon the intrusions of
igneous rock, but whether these intrusions were the
source, or whether they were derived from a coramon
deeper magmatic source or were gathered from many
rocks and deposited by the water circulation set up
by the intrusion is not revealed. The silica, iron, and
magnesia found in the altered wall rocks may have
been derived from one or all of these sources, but after
reviewing the geologic features of a number of districts
that contain the same metals and show the same rock

2 Spurr, J. E., Geology of the Aspen mining district, Colorado: U. S. Geol. Survey
Mon. 31, pp. 206-216, 1898.

3 Crawford, R. D., and Gibson, Russell, Geology and ore deposits of the Red Cliff
district, Colorado: Colorado Geol. Survey Bull. 30, pp. 55-56, 1925.

3 Lindgren, Waldemar, and Loughlin, G. F., Geology and ore deposits of the
Tintic mining district, Utah: U. S. Geol. Survey Prof. Paper 107, pp. 159, 184, 1919.

3 Knopf, Adolph, Geologic reconnaissance of the Inyo Range, Califl.: U. S. Geol.
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alterations, the writer concludes that an important
source, if \not the most important, lay in the shallow
bodies of intrusive rocks, some of Whlch now crop out
in the district.

2. No features of the metallic sulphide minerals
prove clearly whether they were transported in water
solution or otherwise. On the other hand, the major
as well as many minor features of the wall-rock altera-
tions seem to demand a degree of mobility, especially
of magnesia, that could be attained only by aqueous
solutions. The intimate though not invariable asso-
ciation of sulphides and dolomitization pomts to a
similar method of transfer.

3. The magnesm seems to have been brought to an
upper zone in the crust by circulation along fractures,
but a larg® part of the actual process of replacement

of limestone seems to have been accomplished by.

diffusion. The metallic sulphides rose along similar
major channels but appreciably later than the mag-
nesia and were deposited in part by replacement of the
carbonate wall rock and in part by precipitation in
open spaces.

4. The places of deposition of the metallic sulphides
were determined in a broad way by the distribution of
bodies of intrusive granite porphyry and locally by the
structure. The principal channels by which the metals
were brought to their sites of deposition were steeply
dipping crosscutting fractures. Some of the bodies
of sulphides were deposited in these fractures, but the
largest bodies were formed in bedded breccias along
flat thrust faults near their intersection with cross-
cutting fractures. :

5. Among the zinc minerals, which have been the
principal product of the district thus far, hydrozincite
is the .most abundant, but considerable smithsonite

and a little calamine have been produced by some

mines. These minerals represent zinc once deposited
as sphalerite, oxidized to the sulphate, and reprecipi-
tated near by but at lower levels under the influence of
weathering. The original lead sulphide is largely
unaffected by weathering, but the shallow zones of
many. mines yield some carbonate and sulphate of
lead. Under weathering numerous vanadates of .zinc,
lead, and copper have been formed. Only traces of
copper sulphide minerals are exposed in the mine
workings, as most of them have been weathered to form
the carbonates and silicates. Minerals of the jarosite
group-—hydrous sulphates of iron with the alkalies
and other metals—are common.

6. Many deposits show displacements along frac-
" tures that have been formed since the metallic sulphides
were deposited. There is little if any record of move-
ment along these fractures since the oxidized min-
erals were formed, and it seems that most of the
weathering has taken place since the formation of the
fractures.

- broken rocks.
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SUGGESTIONS TO GUIDE THE SEARCH FOR ORE DEPOSITS

The search for ore deposits assumes several forms—
the search for undiscovered districts, the search for
undiscovered deposits in productive districts, the search
for the continuations of explored deposits. Different
kinds of geologic data are used for each of these under-
takings. This inquiry is obviously concerned only
with the second and third forms of search. The fol-
lowing suggestions are based largely on the informa-
tion derived from existing explorationsin the district.

As a result of studies in this and a few other generally
stmilar districts, it seems clear that areas of dolomitized
limestone offer much more promise for ore bodies than
areas of unaltered limestone. In fact, it can be said
that prospecting for ore in the unaltered limestone of
this district is almost certain to fail. Further, if in
exploring outward from known ore bodies, the country
rock is found to change from dolomite to:limestone,
work can safely be abandoned. Exceptions to this
rule can be cited—for example, one of the shoots in
the Milford mine—but broadly they can be ignored.

In the light of the somewhat imperfectly displayed
tendency toward a zonal distribution of the metallif-
erous deposits, it seems that the territory strati-
graphically and topographically higher than known
copper deposits is worthy of careful examination for
zinc and lead deposits.

The major thrust faults seem to have determined
the local distribution of intrusive rocks, the centers of
intrusion control the general distribution of ore de-
posits, and most of the ore deposits occur in bedded
breccias along thrust faults; nevertheless the major
thrust faults do not contain many ore deposits.
Minor bedded breccia zones that show considerable
dolomitization deserve much more attention.

In general, areas that show much fracturing as well
as dolomitization are more promising than areas of un-
There are more ore deposits in the
much fractured belt extending 2 miles south from
Deadmans Canyon (fig. 6) than in any equivalent
area elsewhere in the district, although the largest
mines are elsewhere. In the light of this conclusion
Ruth Mountain, west of the Lavina mine, deserves
more exploration that it has received. More locally,
the search for and exploitation of the ore deposits of
the district are largely structural problems; they
demand the observation and record of the attitude of
the beds and of all fractures and breccia zones and the
relations of the different minerals to them. No
simple rules can be formulated that can be rigidly
applied to every locality in the district with unfailing
success. The district requires and deserves much
closer study of the structural setting of each deposit
than it has received, and, in a general way, production
will proceed in an orderly and regular manner only
when such study is given.

1
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For most of the ore deposits there are at least two
essential structural features—a channel of access for
the metal-bearing solutions and a site of deposition.
In a few deposits a third structural feature appears in
the form of postmineral fractures, along which move-
ment has displaced the bodies prior to weathering.
In places the channels of access may be small and
inconspicuous, so that they are found only after close
search, but elsewhere they are large enough to warrant
mining. The criteria for their recognition are given
on page 93. The sites of deposition are commonly
the zones of dolomite breccia which lie nearly parallel
to the bedding. They are much more conspicuous
than the channels of access, but the ore minerals are
sporadically distributed in them. It has frequently
happened in the district that with exploitation ore
has been exhausted from a bedded breccia zone, and
the operator is forced to do exploratory work in search
of new bodies. Generally he has chosen to do this
by pursuing the breccia zone laterally or in depth,
not uniformly with success. It is suggested that in
such situations, if the breccia zone is relatively high in
the favored part of the stratigraphic section (see p. 95),
the operator should consider the wisdom of sinking
deeper on recognized crosscutting premineral fractures
in the hope of finding ore where they intersect lower
breccia zones. Such superposed parallel breccia zones
have been found only in several places in the Yellow
Pine and Anchor mines, but the fact that they exist
justifies their consideration.

The migration and redeposition of zinc under the
influence of weathering create some problems in ex-
ploitation that are not widely understood in the dis-
trict. Such secondary minerals as smithsonite and
calamine represent zinc that has migrated downward
from the original source. Where bodies of such
minerals fail in depth, it is generally unwise to explore
deeper; it would be better to explore upward unless
the bodies in that direction have already been ex-
- hausted. The presence of some galena in the oxidized
zinc minerals is the only trustworthy evidence that
they occupy their original position or lie in a pre-
mineral fracture or breccia that can be explored with
confidence. :

DETAILED DESCRIPTION OF THE MINES
GOLD MINES
RED CLOUD MINE

Location and history.—The Red Cloud mine (No. 10,
pl. 30) is near the road to Wilson Pass, about 4 miles
northwest of Goodsprings. The deposit was located
by J. C. Armstrong in January, 1902, A little work
was done between that year and 1904, but most of
the present work was done between July, 1905, and
September, 1907. Early in 1906 a small cyanide plant
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was installed and operated almost continuously until
September, 1907.

Most of the workings explore a granite porphyry
dike about 65 feet wide that trends N. 40° W. and
may be traced about 1,500 feet by outcrops and pros-
pects. The adjacent rocks are smoky-gray dolo-
mitized limestones of the Bird Spring formation,
perhaps 500 to 800 feet above the base. These and
higher beds were probably limestone originally, but
they are now dolomitized over an irregular area that
extends westward beyond Wilson Pass. The dolo-
mitized beds overlie the Potosi thrust fault, which lies
under the wash east of the mine. Near the mine
these beds trend rather uniformly N. 30° E. and ‘dip
30° SW., so that the dike cuts across them obliquely
in strike and dip. The only evidence of contact action
on these rocks is a slight
bleaching. As exposed
underground they are
finely crushed near the
dike and recemented
by calcium carbonate.
The dike itself is com-
pletely altered near the
mine, the orthoclase
crystals being con-
verted to a minutely
felted mass of sericite,
and the groundmass is
altered as well as im-
pregnated with minute -
grains of pyrite. Even so 0 BOFt.
below the depth of
weathering it is
sparsely cavernous
through the removal of part of the rock by solution.

There are several shafts at the southeast end of the
dike, but the deepest and the one from which the
production of the mine was made lies north of ‘the
central part. This shaft is vertical to a depth of 116
feet and is inclined at 65° thence to the bottom, 300
feet below the collar. There are levels at 34, 87, 136,
190, and 300 feet. Only the workings on and :bove
the 87-foot level were examined, for below that level
there was serious caving of the shaft. (See fig. 16.)

According to Mr. Armstrong, the principal sources
of ore were three shoots. One lay above the 34-foot
level and southeast of the old shaft; another extended
from the 34-foot level to the 87-foot level, northwest
of the old shaft; and a third extended from the 87-
foot level diagonally downward toward the 116-foot
level in the new shaft. Only the second of these
shoots could be examined. It covered an area about
25 by 50 feet, and the width ranged from 4 to 10 feet.
The stope followed the southwest or footwall contact
of the dike with the dolomite, and both materials seem

pe /X
to 34%evel

FIGURE 16.—Geologic map of 87-foot level,
Red Cloud mine
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to have been mined. The contact is marked by
sporadic lenses of dark-brownish chert, which the
microscope shows to be microgranular and to contain
sparsely distributed grains of a brown oxide of iron
that was probably formed during weathering.

As exposed by crosscuts on the 87-foot level, a part
of the pyritized porphyry is oxidized, and another
part, generally a central core, is unoxidized. All the
ore that yields the highest assays for gold, as well as
that which has been stoped, is oxidized, whereas the
unoxidized part is of lower grade and generally con-
tains only $1 to $3 worth of gold to the ton. It is
reported that there was much less oxidized porphyry
on the 300-foot level than above, and almost the
entire dike was unweathered. ‘

According to Mr. Armstrong, it was the aim in
operating the cyanide plant to supply ore that was
valued at $9 to $12 a ton, and this range was main-
tained during a part of the period of operation. The
only accurate records available cover the period from
February to July, 1906, and are presented.in the
following table:

Records of operation of cyanide plant, Red Cloud miné, 1906

Value of gold per ton of ore
Value of
Ore treat-
Month gold pro-
d " .
. ed (tons) C:’Lrléie Tailing l?;_(é%v- duced
February. .. ... 171 | $5.78 | $1.66 | $4.12 | $704
March_ .. _...___.. 390 5. 88 1. 12 4.76 1, 856
April .. 221 5. 34 1. 91 3. 43 756
[\ 363 4. 92 1. 67 3. 25 1, 180
June__ ____________ 406 6. 78 2. 27 4. 51 1, 831
July . ToTTTTITT 256 | 5611 107 | 4.53| L1 160
1,807 |__o____|_.___ N 7, 489
Average perton_|______. R M S 4 14
|

Free gold has never been seen in Red Cloud ore.
. The opinion prevails that it must have been very fine,
and this is confirmed by the good extraction obtained
at the cyanide plant—65 to 90 per cent of the gold from
material crushed to pass rolls set 1 inch apart. The
fineness of the bullion from the cyanide plant ranged
from 0.700 to 0.880, but the silver content was low.

Other than the iron oxides and silica in the oxidized
ore, the only mineral observed was cinnabar. This
mineral was found here and there in sufficient quantity
to form an appreciable part of the cyanide precipitate.
In the specimens collected by the writer it occurred as
small round grains in the ferruginous chert, probably
formed during the process of weathering.

There is no record of the total production; probably
it did not exceed $20,000. '

CHAQUITA MINE

On the Chaquita claim (No. 21, pl. 30), 3,000 feet
west of the Keystone, nearly 1,000 feet of work has
been done. Here the dark-gray dolomites near the
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middle of the Goodsprings formation strike west and
dip about 5° S. Most of the work has been done at
two tunnels and a shaft near the top of a low knoll.
These openings explore some siliceous limonite lenses
that lie parallel to the bedding of the dolomite. The
lowest tunnel, 310 feet long, was driven under these
workings but cut no vein. Although good assays for
gold are reported, no ore has been milled.

There are a number of other tunnels and shallow
shafts within 2,500 feet northwest and southeast of
the Keystone mine, most of which explore either
porphyry dikes or their contacts with the dolomite
beds of the Goodsprings formation. The total length
of these workings must be 3,000 or 4,000 feet, but as
little authoritative information could be obtained
concerning them, and as they yield no significant
geologic data, they will not be described.

KEYSTONE MINE

Locatton.—The Keystone mine (No. 22, pl. 30) is
the most productive of the group near the head of
Keystone Wash, on the west slope of the Spring
Mountains. Although scarcely 5 miles due west of
Goodsprings, the mine is 12 miles distant by the road
over Wilson Pass. The workings lie near the base of
a prominent ridge and are readily accessible by the
road up Keystone Wash. (See pl. 31, 4.)

Although the Keystone claim was first located in
1882 by Joseph Yount and others, no work was done
before 1888, when it was relocated, with the adjoining
Honduras claim, by Jonas Taylor. In 1892, after a

little work had been done, rich ore was struck, and a

shipment of 10 tons to Pueblo yielded $7,160.* In
June, 1892, S. T. Godbe, of Salt Lake City, purchased
an interest for $20,000 and active exploration was
begun. A 10-stamp -mill was built al Sandy, 6
miles southwest, in 1893, and it is reported ¥ that this
mill was operated continuously through that year and
yielded $30,000 a month. During a part of this period
the ore treated averaged $92.20 in gold to the ton.
In June, 1895, the company was in financial difficulties,
and a receiver was appointed. The mine was operated
intermittently thereafter until 1897, when it was
closed down.** During this early period of work four
tunnels were driven and the old shaft from tunnel 3
was sunk to a depth of 530 feet. Operations were
conducted at great disadvantage, as the nearest
source of supplies was Manvel (later Barnwell), 80
miles distant.

In May, 1902, the Nevada-Keystone Mining Co.
was formed to take over the property, and the mine
was operated for two and one-half years. During
this period the new inclined shaft was sunk to a pomnt
820 feet below tunnel 3, or 1,000 feet below the out-
crop, and the deposit was explored to nearly the present

% Eng. and Min. Jour., vol. 54, pp. 447, 591, 6135, 1892, .
10 Ydem., vol. 57, p. 183, 1894,
i1 Idem., vol. 59, pp. 567, 613, 1895; vol. 64, p. 77, 1897.
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state of development. (See figs. 17, 18.) For six
months during 1905 it was operated under lease by
M. R. W. Rathborne. Little work has been done at
the mine since that time, although the tailing dumps
near Sandy have been reworked in a small cyanide
plant from time to time. In 1922 most of the under-
ground workings except the old shaft were accessible.
Production.—The record of production for the Key-
stone mine prior to 1902 is not accessible, but the pres-

OLD SHAFT™,
FILLED)

FIGURE 17.—(Ceologic map of tunnel 3, Keystone mine

ent company estimates it at $380,000. All the ore
that was treated during this period came from the
northern shoot—that explored {from tunnels 1, 2, and
3—and the old inclined shaft. The production since
1902 is presented in the accompanying table, compiled
from the records submitted annually by the owners to
the Geological Survey, supplemented for several years
by records of lessees’ work. During 1902 and 1903
most of the ore milled came from the extension of the
old shoot below the 200-foot level, but since 1903 most
of the ore came from the southern shoot, as indicated
on Figure 18. Apparently the total production was
valued at about $600,000.
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It is estimated that the production of the Barefoot
mine, now a part of the Keystone group, is about
$50,000. v

Production of Keystone mine, 1902-1920

Year mﬁfé’é]?t%?s) Gold (ounces) (Osu']n‘;eeg) Total value
1902 __________ 2,078 { 2,137. 14 |._______ 844, 175
1903 .. _____ 2,034 | 2, 583. 04 235 53, 618
1904 _________ 1,929 | 2,316. 10 146 53, 576
1905_ . ________ 640 725. 62 41 15, 024
1906 _______.___. 400 406. 35 149 8, 501
1907 .. 350 364. 46 23 7, 533
1908 . ... __.. a2, 000 372.73 198 7, 809
1909 _______._ a4, 000 3490 | ... 10, 000
1911 _______ (@) %200 oo __._ b 4,090
1919 __________ 2025 161 24 3, 354
1920 ... _._._ 9475 141 23 2, 946
e Old tailing. & Approximate.

i

Local geology.—In this region the-dark dolomite beds
of the Goodsprings formation form a broad anticline,
the highest part of which
lies in the small amphi-
theater west of the Key-
stone mine. From this area
the beds dip southward only
5° to 10° near by but attain
50° on the high ridge south
of the mine. Half a mile
west of the mine the beds
form a broad arc, open east-
ward, and dip 10° to 35°
W.and SW. On the north-
east the anticline is abrupt-
ly cut.off by the Keystone
thrust, along which the
dolomites, 2,500 feet below
the top of the Goodsprings
formation, rest against
Pennsylvanian limestones,
1,000 feet or more above
the base of the Bird Spring
formation. The thrust,
well shown by outcrops,
trends N. 45° W. and dips
about 45° SW. '

Near the Keystone mine
there are at least three + | . . 9
intrusive masses of granite Fioure[18.—Geologic map of 100-foot
pOI‘phyI'y. Th e lar ges t levfal, Keystone mine
and most complex in form is that explored by the mine.
It appears to abut on the north against the Keystone
thrust and to extend southward as a branching dike
200 to 400 feet wide. In a number of places it cuts
across the surrounding dolomite beds. Both contacts,
as well as the dike itself, have been explored by many
tunnels and shallow shafts. Another mass south of
the Keystone mine, locally explored by the Barefoot
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and Golden Chariot mines, is clearly a sill several
hundred feet thick, but it may connect with the Key-
stone dike in depth. Two thousand feet east of the
Keystone another dike has been explored by pros-
pects. It is scarcely 100 feet thick and trends south-
east, parallel to the Keystone thrust, but appears to
dip more steeply locally. Another smaller dike of
irregular form lies 3,500 feet west of the Keystone
mine, just east of the Chaquita mine; it may be a
faulted portion of the west end of the Keystone dike.
In several places, both in the Keystone mine and else-
where, there are angular blocks of dolomite, as much
as 3 feet in diameter, wholly inclosed in the porphyry.
None of these blocks show the common evidence of
contact metamorphism.

It appears to be characteristic of these dikes, as of
most of the others in the district, that they produce
no visible alteration in the adjacent and near-by car-
bonate rocks, either in the form of bleaching or by the
development of new minerals. Wherever the porphyry
is explored by prospects or mines the texture and min-
eral rontent appear to be the same, but locally it shows
an advanced state of alteration. In most places,
although the rock may break into angular blocks,
these largely disintegrate to rounded masses or fine
débris after brief exposure on the surface. In the
Keystone mine these blocks are bounded by joints, but
they show sheared surfaces. Masses near the contact
with dolomite are generally most decomposed, and the
feldspars are replaced by a reddish soaplike mineral,
possibly halloysite. Old records report that the
porphyry was locally impregnated with pyrite, prob-
ably like the Red Cloud dike, but this was not noted,
although a new shaft sunk in 1916 near the north edge
of the Keystone dump struck veins of pyrite and barite
in the porphyry.

No faults that are conspicuous on the surface were
noted near the Keystone, but there are many small
faults underground. Some of these are undoubtedly
postintrusive and premineral, but others are probably
postmineral.

The deposit.—The Keystone mine explored several
shoots of gold ore, of which the two most productive
lay along the contact of the porphyry dike and the
inclosing dolomite. In several places gold-bearing ma-
terial was mined from veins wholly in the porphyry;
in other places from veins wholly in the dolomite; and
in still others from veins in faults that disturb both
rocks.

The porphyry dike trends nearly nor th and dips 30°
W. Itis broken by faults of several varieties, however.
and in some places it is not clear whether the irregulari-
ties of form are original or are due to faulting. The
accessible workings above the 300-foot level largely
explore shoots on the upper contact of the dike with
the dolomite (fig. 17), but from the. 300-foot level
downward most of the work is on the lower contact of

.
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the dike. As a result of the necessarily brief examina-
tion made by the writer, the impression was obtained
that some of the shoots on the upper contact, worked
above the 300-foot level, have not been explored below
that level. Most of the stopes range from 2 to 3 feet
wide, but wider stopes are not uncommon, and some
as much as 8 feet wide are reported.

A vein wholly in dolomite lies 50 feet south of the new
shaft on the No. 3 tunnel level and has been stoped over
a width of 2 to 3 feet for a length of 20 feet. On the
300-foot level south of the shaft, ore has been stoped
over an area 20 by 30 feet which is limited by a con-
spicuous footwall that trends N. 20° W. and dips 25°
NE. This wall appears to be a fault that separates
porphyry above from dolomite below, and the stoped
material was wholly porphyry. In its attitude aad
structural relations it is unlike most other stopes in
the mine. On the 300-foot level north ore was stoped
from the lower contact of the porphyry, and it was
terminated southward by a fault that trends north-
west and dips northeast.
~ An interesting structural feature is found on the
100-foot level, where the rélations indicate that faults
of the thrust group which probably carried some ore
have been formed after the intrusion of the porphyry.
(See fig. 18.) South of the shaft the exposures indi-
cate clearly that the porphyry dike is cut obliquely
and dragged along a fault that trends northward, the
east side moving north and probably upward with
respect to the west side. Although the exposures on
the north side of the shaft are good, the relations might
be explained in several ways but are not inconsistent
with the explanatlon offered.

At points in the shaft 20 and 25 feet above the
540-foot level there are two faults. The first trends
N. 10° W., dips 50° NE., and cuts off a 2-foot sill of
porphyry; the second. trends N. 20° W, dips 35° NE.,
and drops dolomite above against dolomite below.
To judge by their attitude and relations they may
belong to the late normal group and be postmmeral,
they are assuredly postintrusive.

The prmmpal evidence of nunerahzatlon in the
stoped areas is abundant limonite, both as cubes,
which indicate its derivation from pyrite, and impreg-
nating decomposed porphyry. Manganese oxide, gen-
erally wad, is present at many places. In some places
dark chert forms thin veins on the limiting surfaces
of porphyry, as well as in the dolomite near by, but it
is not abundant, and the common varieties of vein
quartz were not observed at any place. Old records
indicate that here and there in the upper levels lenses
of pulverulent quartz were found inclosed in shells of
limonite and copper carbonates, such as are character-
istic of the ore shoots at the Boss mine (fig. 24), but
none were seen by the writer. Chrysocolla was noted
on the 300-foot level north, where ore was stoped from
the lower contact of the dike.
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According to old records, as well as the testimony
of miners interviewed by the writer, the gold in the
Keystone mine was characteristically associated with
o greenish talcose mineral, probably one of the clays.
This mineral and clay heavily stained with limonite
were the guides in stoping, although some high assays
were obtained from dark chert. Specimens of the
clay allowed to disintegrate in the mouth yielded
either a mass of wire gold or irregular grains and
threads of gold. The composition of the bars of
bullion recovered from the amalgam in the mills
indicates that the range in fineness of the gold was
rather constant at 0.920 to 0.930, and that it was
therefore uncommonly pure. The bullion from the
cyanide plant was not so pure, the fineness ranging
from 0.820 to 0.900 if base metal is ignored.

The average grade of the ore is shown in the table
of monthly records of mill operation. During the
period from May, 1902, to October, 1904, the value of
the gold in the crude ore charged to the mill ranged
from $22 to $36 a ton.

The record of assays from the mine as far down as
the 540-foot level, kept by the superintendent, Carl
Anderson, shows many in which the value of the gold
ranged from $30 to $100 a ton, where the width of
sampling ranged from 2 to 4 feet. Some samples
across 6 to 12 inches of vein showed from $100 to
$300 a ton. According to Anderson’s reports, the
ore shoots were most productive where the vein was
flatter than the average, and he emphasizes the fact
that the productive area between the 100 and 200 foot
levels was found where the dip was only 18° 1nstead
of 40° to 50°, as above and bhelow it.

A question of considerable interest, with respect to

" the genesis of the deposit and its future exploitation,
is concerned with the quantity of gold in the porphyry
dike. Through the early work it was recognized that
the rock contained appreciable quantities of gold, and
it is locally claimed that most, if not all, of the dikes of
the region contain more than the traces of gold common
in such rocks. Numerous assays by the superintend-
ent from 1902 to 1904 indicated the value of the gold
in decomposed porphyry a few feet from the richer
vein stuff to be $1 to $4 a ton. Later mill tests were
made on three lots of 53 (trom the 740-foot level), 55,
and 75 tons. The bullion recovery on these tests was

valued at $5.09, $4.95, and $4 a ton, respectively. In.

1914 the dumps were extensively sampled by a pro-
spective purchaser. Thirty-two 2-ton samples were
collected, broken, and quartered for assay. The aver-
age of the 32 samples was 0.073 ounce of gold to the
ton, or if one sample containing 0.41 ounce to the ton
is omitted, the average of the remaining 31 samples
was 0.06 ounce.

These results are too discordant to permit an assured
conclusion concerning the probable average content of
gold in the dike but leave no doubt that it is hlgher
than the average in such rocks

-none of this later work is accessible.
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CLEMENTINA MINE

The Clementina mine (No. 23, pl. 30) lies about
3,000 feet southeast of the Keystone. The claim was
one of several located early in 1892, when it became
apparent that there was high-grade gold ore in the
Keystone mine. The workings include a shaft 75 feet
deep and a tunnel 110 feet long, with a shaft 75 feet
deep near the entrance. In this area the dark dolo-
mites about 2,000 feet below the top of the Goodsprings
formation strike northwest and dip 5° to 10° SW. The
principal soutce of the gold produced is a shear zone
that trends N. 50° W. and dips steeply southwest,
along which there were lenses and irregular masses of
gold-bearing ferruginous chert, slightly stained with
malachite and chrysocolla.. This deposit is credited
with having shipped 13 tons of material to the smelter
which yielded a total of 10 ounces of gold, 8 ounces of
silver, and 522 pounds of copper.

GOLDEN CHARIOT CLAIM

The Golden Chariot claim (No. 24, pl. 30) lies half
a mile west of the Keystone mine. The principal
exploration is a tunnel that trends generally southeast
for about 200 feet. The workings explore several
iron-stained shear zones that trend northwest and dip
northeast and are wholly in a sill of granite porphyry.
There are two small stopes above the tunnel level,
one of which extends to the surface. Several hundred
tons of materisl from the stopes has been milled at the
Keystone mill, and the value of the gold recovered is
variously reported at $20 to $40 a ton. In 1916 Har-
vey Hardy, of Goodsprings, shipped about 13 tons of
copper-bearing ore from this claim that yielded the
following returns from the smelter: Gold, 0.105 ounce
to the ton; silver, 0.45 ounce to the ton; copper, 14.65
per cent; iron, 18 per cent; insoluble, 33.80 per cent.
According to Hardy, assays of similar material have
shown the presence of platinum, in one sample as much
as half an ounce to the ton.

SILVER MINES AND PROSPECTS
LAVINA MINE

There are a number of shallow shafts and tunnels
near the head of the wash 2% miles west of Good-
springs, but most of the work has been done on the
Lavina claim (No. 16, pl. 30). Although no ore has
been shipped, the explorations are interesting because
an uncommon group of minerals was struck and the
workings reveal the extent and relations of one of the
granite porphyry intrusions.

The claim was located in 1903, and the workings
accessible at present, including a tunnel and an inclined
shaft, were driven before 1906. About that time a new
shaft was sunk vertically to a depth of 130 feet and
then at 60° to 175 feet, and several drifts were run, but
‘ No work has
been done since 1907. The western or upper limit of
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the dike is in contact with crushed Devonian limestone,
which marks the base of the block of upper Paleozoic
beds that is thrust upon red shale of the Moenkopi
formation. North of the Lavina shaft the dike ends
squarely against these red shales, and the eastern
lower surface of the dike rests on the same beds, the
surface of contact dipping steeply west. None of the
rocks in contact with this part of the dike show any
noticeable alteration.. On theother hand, the V-shaped
block of shaly limestone of the Moenkopi formation
that lies between forks.of the dike farther south is
completely altered to a mixture of garnet and quartz
(p. 56). Apparently the dike is intruded along the
Contact thrust but has forced tongues into the under-
lying block. By contrast the Keystone dike abuts
against the Keystone thrust below but forms irregular
tongues upward into the overlying block.

The workings on the Lavina claim explored several
narrow sulphide-bearing quartz veins in the porphyry
intrusives. In places bunches of sulphides lay along
sbear zones. The sulphide minerals ooted include
pyrite, arsenical gray copper  (tennantite?) and ruby
silver (proustite?).
engineers in 1907, samples of the sulphide-bearing
quartz veins showed as much as 0.40 ounce of gold and
12 ounces of silver to the ton and 3 per cent of copper,
but the porphyry, which showed only disseminated
pyrite, contained less than 0.04 ounce of gold and 1
ounce of silver to the ton and appears to be of lower
grade than similar material from the Keystone and
Red Cloud dikes. Sulphide minerals occur within 50
feet of the surface, but locally iron stains persist to the
lowest accessible level. Water stands in a winze below
the 90-foot level about 140 feet vertically below the
surface. ‘

CRYSTAL PASS PROSPECTS

South of Crystal Pass, which is 2)% miles south of
Goodsprings, a dike of granite porphyry crops out for
750 feet. On weathering it yields locally myriads of
nearly perfect crystals of orthoclase half an inch to 2
inches long. Other dikes crop out farther southeast
and south. In the vicinity of these dikes in the
SW. Y% sec. 1, T. 25 S., R. 58 E., there are a number
of prospects, some of which explore veins carrying
silver and others explore for gold or lead.

The greatest amount of exploration has been done
where a 60-foot inclined shaft follows a poorly defined
lens composed of magnetite, hematite, and siderite
‘down the dip of the inclosing dolomites. A sill of
granite porphyry underlies this lens and is in turn
underlain by another similar lens. It is reported
that these lenses were explored for their content of
gold, but the quantity could not be determined.

At another prospect in the E. % sec. 2, T. 25 S.,
R. 58 E., which explores the contact of a dike of

granite, the silicified dolomite breccia contains sporadic

According to reports made by |

‘northeast.

GEOLOGY AND ORE DEPOSITS OF GOODSPRINGS QUADRANGLE, NEVADA

cryst;'a,ls of anglesite, cerargyrite, and a yellow silver
haloid, probably iodyrite.

COPPER MINES

NINETY-NINE MINE

The Ninety-nine Mining Co. owns a group of 14
claims on the northeast side of the high ridge that
extends eastward from Potosi Mountain. (See pl.
31, B.) A. J. Robbins first located the deposit in
1894 but abandoned it; the present Ninety-nine
claim (No. 2, pl. 30), was located by C. M. Over in
1899, and most of .the remaining claims in 1907. It
is reported that the property was sold to J. B. Jenson
for $30,000 in 1904, and he incorporated the present
company. It has not been operated since 1919.

The following table of production, taken from the
records of the Geological Survey, is very likely incom-

plete. Probably the total output exceeds 2,000
tons. "
Production of Ninety-nine mine, 1903—1918

, Crude 1 ilve Copper Lead

Year (t%l:s) (oggcgs) (osuncers) (pOlli)t?ds) (pounds)
1903. . _______ 18 oo _. 119 11,800 |- ___-___
1906 _______ 111 .. 305 23,300 |________
1907 . __.__ 48 | ___ 467 9,890 |__.__-___
1908 ____ 112 1. 60 351 36,212 |._______
1910 _______ 199 __._____ 851 80, 757 |___.-_-_
1911 _______ 386 2.79 2,104 | 131,215 |-
1912 . _______ 251 .41 717 72,063 |._.._.___
1913 _-.____. 51 o ... 94 | 20,258 |.______.
1916 . ____ 146 | _______ 341 38,092 |_.______
1916 _________ 155 11. 51 - 155 46,500 |_____.__
1917 _____ 111 .74 366 | 39,042 [________
1918 . __-____ 51 |- ___. 131 |- 16, 143

The workings include a tunnel and drifts, in all
about 280 feet, which connect with a shaft reported
to be 400 feet deep, from which there are four levels.
These workings explore a breccia zone that cuts the
Bullion dolomite. In the tunnel (fig. 19) the Arrow-
head shaly limestone trends northwest and dips
‘ The footwall material is probabiy Bullion
dolomite. The extensive Ninety-nine fault lies a
short distance northeast of the shaft:

The property was idle in January, 1922, and only
the tunnel level could be examined. The following
statement was prepared by Hill # after his inspection

“in 1912:

The beds are cut by a fault zone which strikes N. 65° to
70° W. It dips 87° N. to a depth of 150 feet but flattens to
65° at the 200-foot level and to 45° at the 250-foot level. At
the 300-foot level the dip increases to 75° and striae on the

“footwall pitch 15° E. This fault zone is filled with 2 to 4 feet

of crushed limestone, in places partly cemented by -calcite.
The fragments are all under 1 inch in size, and the great ma-
jority less than half an inch. Above the 250-foot level this
filling is more or less iron-stained and contains pockets and

2 Hill, J. M., The Yellow Pine mining district, Clark County, Nev.: U. S. Geol.
Survey Bull. 540, p. 45, 1913.
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stringers of copper carbonates and oxide constituting the ore.
On the 250-foot level, from 30 to 70 feet east of the shaft,
there is an open stope 4 to 6 feet wide which extends to the
200-foot level and from which a considerable body of ore was
taken. In some of this ore there are small remnants of chal-
cocite, now largely altered to cuprite and malachite. At the
200-foot level the limestone for 8 feet north of the fault con-
tains some limonite, which fades out into unaltered limestone
at a distance of 10 feet: At one place near the east end of this
level there is a flat stope where the ore is apparently conform-
able to the bedding of the limestone.
the fault zone is still strong but shows no mineralization.

All the ore from this mine was taken from the surface to a

depth of 260 feet, where it played out, from stopes running’

not over 80 feet east of the shaft. The ore is sorted at the
mine, and of 25 cars shipped in the fall of 1912 none ran below
20 per cent of copper, and most of it averaged 24 to 25 per cent.

According to A. Munzebrook, who was superintend-
ent in 1907, the ore bodies weére lenses of {erruginous
chert with associated malachite and chrysocolla, which
lay in the dolomite breccia parallel to the strike of the
limiting walls but were flatter in dip. The largest lens

2’8
True
north

—
Dolomite
breccia
—~—
Stope
\ below level
\<so°
40 0 40 '
]
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" | |

Fiaure 19.—Geologic map of tunnel level, Ninety-nine mine

had a stope length of 50 feet, a pitch length of 40 feet,
and a thickness of 5 feet. The ore consisted largely
of oxidized copper minerals to the greatest depths
penetrated, but here and there pockets that yielded
as much as 3 tons of high-grade chalcocite were
found. No cobalt minerals were recognized on the
claims by the writer.

About 1,000 feet east of the Ninety-nine shaft a
10-foot pit is sunk along a bedding-plane fracture
zone in the upper Monte Cristo dolomitized lime-
stones. It trends N. 20° W. and dips 10° E., and along
it there are crusts of cuprodescloizite and manganese
oxides. About 500 pounds of material that would
contain 8 per cent of vanadic oxide was sorted from the
rock removed from this pit.

DOUBLEUP MINE

The Doubleup mine workings (No. 3, pl. 30) are
situated on both sides of the high ridge in the SE. 4

sec. 17 and the SW. % sec. 16, T. 23 S., R. 58 E.

The property was located about 1886 by Joseph

At the 400-foot level
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Yount, but most of the present work was done by the

Copper Peak Mining Co., of Salt Lake City, between

1914 and 1919. The workings include one tunnel
150 feet long on the northeast side of the ridge, from
which most of the ore has been shipped, and five
tunnels on the southwest side of the ridge, which
aggregate about 700 feet, but the longest, next to the
lowest, contains 310 feet of drifts and crosscuts. The
five tunnels are distributed through a vertical distance
of 250 feet.

According to local report, the gross value of the ore
shipped from the mine is about $40,000, which would
indicate about 1,000 tons of 20 to 30 per cent copper
ore. The extent of the stope indicates that this estimate
is high; probably the tonnage lies between 500 and
750 tons. The latest shipment (1918), of 10 tons,
contained 18.2 per cent of copper, 11.5 per cent of
iron, 5.3 per cent of insoluble matter, and 0.95 ounce
of silver to the ton. '

The workings of the Doubleup mine are in dolo-
mitized Yellowpine limestone at the top of the Monte
Cristo formation, which here trends N. 57° W. and
dips 30° SW. Specimens from the underground
exposures are coarsely crystalline and so hard that
they resemble a highly altered rock. The examination
of thin sections and polished surfaces shows that they
contain veinlets and poorly defined areas of quartz,
which in part replaces the dolomite and in part fills
drusy cavities in the dolomite. By contrast, the beds
several hundred feet east and west of the deposit
are composed of normal bluish-gray limestone. The
ravine west of the mine workings coincides with a
fault that trends N. 30° E. and dips 30° NW., and
along it the west side has dropped 100 feet. It is well
shown near the Doubleup camp.

The five tunnels on the southwest side of the ridge
explore a broad fracture zone that trends N. 70° to
80° E. and dips 30° to 40° SE. and therefore is unlike
the fault a short distance west. The tunnel on the
northeast side of the ridge probably explores the same
zone. In the fracture zone there are lenses of dark
fine-grained quartz much like that characteristic of
the Boss deposit, which contains needles of octahedrite.

‘The quartz is generally compact and free from stains of

iron and copper, but on the border it merges with a
porous limonitic zone, outside of which there are layers
of copper carbonate minerals. Here and there the
near-by dolomite is stained green. The largest bodies
are 20 to 35 feet long, 10 to 20 feet wide, and 4 to 5
feet thick, and although they are entirely removed,
only the outer shell of copper minerals was shipped.
In contrast with the conditions at many other copper
deposits in the district, good walls are uncommon in
this zone and the lenses are not parallel but disposed in
many different positions. '

No cobalt minerals were recognized in material
from any of the workings.
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Production of Doubleup mine, 1900-1918

Year Crudeore| Gold Silver Copper Lead Zine
. (tons) {ounces) | (ounces) | (pounds) | (pounds) | (pounds)
1900_ ___._ 28 | e
1915 ___. 2 N IR RSN ARSI RN 16, 065
1916 .. ___ 236 | 35. 40 590 | 59,000 |- .____|--_____
1917 .. ___ 17 oo 13 4,632 || ..
1918 .. ___ 73 .. 38 | 11,485 | 3,118 | 18, 657

BLUE JAY MINEL

The principal workings on the Blue Jay claim (No.
7, pl. 30), which lies 4 miles northwest of Goodsprings,
are two inclined shafts that attain a maximum depth
of 35 feet. In this area the country rock, Bullion
dolomite, is much crushed, doubtless by the Contact
overthrust, which lies not far below the surface,
probably about 200 feet. The shafts explored two
‘lenses of copper-bearing ore, and although little could
be seen in place underground there was on the dump
several tons of material that contained copper and
cobalt minerals. Apparently the copper, as well as
the cobalt minerals, lay along fractures that trend
N. 30° W. and dip 55° NE., roughly parallel to the
bedding.

The dep0s1t is mtereetmg because it has yielded
unusual mineral specimens. At one place some drusy
cavities yielded excellent crystals of malachite, pseu-
domorphous after azurite, as much as an inch long.
In 1921 cobalt minerals were recognized on the dump,
and A. Woodard, of Las Vegas, mined the cobalt-
bearing material recorded below. In the material on
the dump heterogenite was common, in part replacing
the dolomite wall rock and in part forming slender
stalactites, on some of which quartz has been depos-
ited. Some specimens show a pale-pink dolomite that
cements gray dolomite.
pink dolomite contains an appreciable trace of cobalt.

Production of Blue Jay mine, 1912-1926

Year Crudeore| Gold Silver Copper Lead Zine
(tons) (ounce) | (ounces) | (pounds) | (pounds) | (pounds)
1912 .. _._ S 16 1,245 |- | _.
1916. . _.__ 2 2 3 1,140 |- ______ 2, 550
1917 ____. 12 | 0.97 78 600 | 6,686 |____.__
1918______ . 20 PR 5 290 | |o-o_-__
1926.___ .. 3 |- P2 2 3,087 {_______

In 1922 the dump yielded 1,223 pounds of material
that contained 6.37 per cent of cobalt.

SNOWSTORM MINE

The Snowstorm group of claims (No. 8, pl. 30)
covers the south end of a promment ridge 4)% miles
northwest of the town. = The principal workings
include a shaft 100 feet deep on the crest of the ridge

feet in diameter.

~breccia cemented by malachite.

. at the entrance of the tunnel.

~ Blowpipe tests show that the
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and smaller shafts and open cuts within an area 500
All these explorations are in the
Bullion dolomite. The most productive exploration
is an open cut on the east side of the ridge, which
follows a breccia zone parallel to the bedding. From
this open cut 76 tons of low-grade ore was shipped.
According to Mr. Feaster, the owner, the material
was similar to that exposed in the open cut—dolomite
The total output
from the claims is 93 tons of copper ore, most of which
contained from 5 to 12 per cent of copper; one lot
of 6 tons contained 18 per cent of copper.

At the south end of the.ridge a shallow pit has
exposed a vein nf clear gray barite 12 to 18 inches
thick, whlch lies parallel to the beddlng of the inclos-
ing rock.

GREEN COPPER MINE

The Green Copper claim (No. 13, pl. 30) lies in the
NE. % sec. 20, T. 24 S., R. 58 E., south of the Yellow
Pine Mining Co.’s railway. The principal exploration
is a tunnel about 125 feet long that explores a shear
zone in the upper part of the dolomitized Anchor
limestone. There is also a winze inclined 52° and 35
feet deep to a short drift. The shear zone is prob-
ably associated with the northeast extension of the
Alice fault. According %o Allen Campbell, son of
the original owner, the mine has yielded two carloads
or about 75 tons of copper ore that probably contamed
15 to 20 per cent of copper.

There is little copper-bearing material left in the
mine, but the source of the production was undoubt-
edly two small stopes above the level and an open cut
These stopes underlie
well-defined walls that trend generally eastward and
dip south. Apparently copper carbonates aud sili-
cates were associated with lenses of iron-stained
chert which are conspicuous on the surface. Several:
lenses of chert were apparently associated with the
walls, but others that are unmined have no close rela-
tion to the walls. The chert is sporadic and does
not persist downward to the lower level. Here, as
at the Oro Amigo and Kirby mines, the walls are
neither regular nor persistent. They appear to be
the minor fractures that limit lenses in a wide shear
zone.

COPPER GLANCE MINE

The Copper Glance claim adjoins the Green Copper
on the west. The principal exploration is a trench
that extends northward and intersects a stope along
a vertical shear zone trending north of east. The stope
extends along the zone for 45 feet and to a maximum
depth of 75 feet below the outcrop; the width ranges
from 1 to 6 feet. The ends and sides of the stope show
many veinlets of chrysocolla and malachite, and the
product of the mine was probably in large part such
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A. KEYSTONE MINE, NW. 14 SEC. 30, T. 24 S., R. 58 E.

The slopes back of the mine are made up of thin-bedded dolomite of the Goodsprings formation.

B. NINETY-NINE MINE, W. ¥ SEC. 15, T. 23 S., R. 58 E.

The ridge on the left is made up of limestones near the base of the Bird Spring formation which dip eastward (left).
he Ninety-nine fault passes through the ravine in the center.
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material sorted to contain more than 15 per cent of
copper. The dolomite wall rock contains sporadic
round grains of cobalt oxide. The lenses of ferrugi-
nous chert that are characteristic of most of the
copper deposits are not present here.

The record of production has not been obtained;
probably it did not exceed 50 tons of low-grade cop-
per ore.

COSMOPOLITAN CLAIM

The Cosmopolitan claim (No. 18, pl. 30) is on the
south side of Lavina Wash, in the SE. ¥ sec. 29, T.
24 S., R. 58 E. The principal work is a vertical shaft
about 100 feet deep that was sunk along a shear zone
that trends N. 15° E. and dips 85° SE. It is now
inaccessible, but from what may be seen from the sur-
face and on the dump, the shear zone was silicified and
contained some copper minerals. Within 300 feet to
the southeast there are four small shafts and tannels,
from which small quantities of copper-bearing material
were mined. The zone explored by the deepest shaft
appears to be the fault along which the eastern block
of the Keystone thrust is dropped several hundred feet

BELLE OR MAYBELLE CLAIM

The Belle claim (No. 19, pl. 30; locally known as
the Maybelle) lies on the divide between Lavina Wash
and a ravine that drains southwest to Mesquite Val-
ley, in the south-central part of sec. 29, T. 24 S., R.
58 E. The workings include a shaft more than 100
feet deep, now inaccessible, and several tunnels and
shallower shafts. These workings explore a silicified
shear zone that strikes N. 60° W. and dips 80° NW;
the country rock is the Bird Spring formation. The
dump material shows considerable manganese oxide
aod small quantities of chrysocolla and a yellow
vanadate.

The local rock exposures indicate that the shear
zone lies in a block of dolomitized Bird Spring lime-
stone that overlies the Contact thrust and is limited
on the south by the Keystone thrust and on the west
and east by later normal faults. If extended 100 feet
farther, the deepest shaft would pass into beds under
the Contact thrust, probably the lower part of the
Moenkopi formation.

Although copper-bearing material has probably been
shipped, no record of the quantity has been obtained.

ORO AMIGO MINE

The Oro Amigo-Platino Mining Co. owns a group
of four claims (No. 20, pl. 30) that cover some low
hills south of the mouth of Keystone Wash, in the
E. % sec. 23, T. 24 S., R. 57 E. Three claims were
located in June, 1905, and the fourth in 1917. There
was some exploration from an upper tunnel in the
early days, but most of the work, including the lower
tunnel, 600 feet long, was done after the incorporation
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of the company in 1916. The only production is a
single car of copper ore, shipped in.1917. The ship-
ment weighed 18 tons and contained copper, 17.17
per cent; iron, 12.20 per cent; insoluble matter, 28.50
per cent; gold, 0.15 ounce to the ton; and silver,0.5
ounce to the ton. According to Knopf,® H. K. Riddall
made assays on material from this deposit that con-
tained as much as 0.51 ounce of gold and 0.11 ounce

_of platinum to the ton.

The workings explore a zone of fractures in the
dolomitized Valentine limestone, which here trends
generally northeast, although most of the fractures
underground trend N. 70° W. and dip 40° SW. The

True
north

Main tunnel, solid lines n
Sublevel, 30ft. lower, dash lines 1

FIGURE 20.—Sketch map of main tunnel, Oro Amigo mine

fracture zone is most conspicuous in the upper tunnel,
where it trends nearly east and is made up of a group
of minor nonpersistent walls of divergent strike and
dip. The ore that was shipped represented copper-
bearing material that occurred on the borders of lenses
of ferruginous chert. These lenses generally overlie
the minor fractures. Although the main tunnel (fig.
20) explores the same zone 50 feet lower, the fractures
are much less conspicuous and contain less chert and
only sporadic traces of copper. One stope is 10 by
10 feet and 4 feet wide. On the sublevel, 30 feet
lower than the main tunnel, there are only traces of
copper.

The ore minerals include the oxidized copper min-
erals—malachite, azurite, copper pitch, and chryso-

4 Knopf, Adolph, op. cit., p. 12.
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colla. Traces of the black oxide of cobalt are present
in much of the material adjacent to the lenses of chert,
‘and some specimens show the pinkish cobalt-bearing
dolomite. Here, as at the Copperside mine, the cop-
per minerals form a thin layer around the borders of
the lenses of ferruginous chert. In the zone explored
from the surface to a maximum depth of 100 feet
there is an impressive decrease in the quantity of chert
as well as copper minerals.

HIGHLINE MINE

The property of the Red Streak Mining Co. includes
two claims—the Red Streak and Highline (No. 25,

PORTAL

TRUE NORTH
1

FI1GURE 21.—Sketch map of Highline mine

pl. 30)—that lie high on the north side of the
prominent ridge in the E. % sec. 26, T. 24 S., R. 57 E.
The Copperside adjoins the east side of the Red Streak
claim.

On the Red Streak claim there are two tunnels
whose total length is less than 300 feet. The workings
that have been the source of all the shipments lie 1,000
feet to the west, on the Highline claim, and amount to
about 750 linear feet. (See fig. 21.) These tunnels
explore beds that lie about 200 feet above the base of
the Sultan limestone. The bedding trends nearly
north and dips 15° W. '

The principal stope extends along the level for 50
feet and from a’'point 35 feet above the level to a point

- $50,337.
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20 feet below. It explores a shear zone 3 to 5 feet
wide that trends north, parallel to the bedding, but
dips 60° W. and therefore cuts across the bedding of
the dolomite in depth. The zone is explored to a lower
level by a shaft 65 feet deep at an inclination of 58°,
but there is no stoping at this depth.

The total production from these claims, 477 tons of
copper ore, had a gross value at the smelter of $54,687
and a net value after deducting freight and charges of
The average copper content, about 35 per
cent, is the highest in the district. The silver content
ranged from 0.35 to 1.1 ounces to the ton and the gold
from.0.04 to 0.085 ounce to the ton. Insoluble miate=
rial averaged about 11 per cent and the iron content
about 12 per cent. During 1921 Frank Williams
mined and sorted from the dump two lots of cobalt
ore that showed -the following returns: Lot 1, weight
4,820 pounds, cobalt 6.35 per cent; lot 2, weight 1,200
pounds, cobalt 12.45 per cent.

The ore that can now be seen underground and on
the dump is almost completely oxidized, and positive
conclusions concerning the original minerals and their
associations can not be stated. A little chalcocite can
be found here and there, but it is the only sulphide
observed. The most abundant material is a mixture
of chrysocolla, tenorite, malachite, and cobalt oxide in
a gangue of ferruginous chalcedony. Fractures are
commonly coated with chrysocolla, upon which crys-
tals of dioptase are distributed. The dolomite in and
near the shear zone locally contains black mottlings of
cobalt oxide. Probably the original ore was dolomite
breccia slightly silicified, with veins and lenses of
chalcopyrite and a cobalt sulphide. The present work-
ings indicate that the shoots are sporadically dis-
tributed in the shear zone. The tonnage shipped
indicates that an unusually large part of the shoot
contained copper ore of good grade. '

Production of Highline mine, 1917-1920

Year Crude ore Gold Silver | Copper
(tons) (ounces) (ounces) (pounds)
1917 382 27. 00 ' 219 246, 324
1918 ... 61 15. 14 43 30, 629
1919 o __ 21 . 84 23 8, 120
1920 .- 13 . 80 8 5, 5638

COPPERSIDE MINE

The Copperside claim (No. 26, pl. 30) lies on the
north side of a high ridge in the E. 14 sec. 26, T. 24 N.,
R. 57 E. It is owned by F. Renaux and O. F.
Schwartz, of Goodsprings. The principal work is a
tunnel aboat 250 feet long from which there are several
shafts and winzes to a level 30 feet lower and about 100 .
feet long. (See fig. 22.) The total production is 621
tons of copper ore whose gross value at the smelter was
about $55,000 and whose net value was about $46,000.
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According to the smelting receipts, the copper content
of the shipments ranged from 13.8 to 36.5 per cent,
with the average about 24 per .cent. Iron ranged
from 7.7 to 16.5 per cent, insoluble matter from 4.3 to
19.4 per cent, gold from nothing to 0.18 ounce to the
ton, and silver from 0.10 to 1.20 ounces to the ton.

The mine workings lie about 200 feet above the base
of the Sultan limestone and the beds trend nearly due
north and dip 15° W. Two distinct shoots of ore
have been the source of the production, and both
underlie well-defined hanging walls. The inner or
western shoot underlies a well-defined wall that trends
N. 20° E. and dips 40° W.; the outer or eastern shoot
underlies a wall that trends N. 30° W. and dips 45°

SW. The inner shoot has been stoped over an irregu-

lar avea about 40 by 50 feet and to & maximum height
of 15 feet. The outer shoot has been stoped over an

True
north

—_ n ) 1 1 J
F1aUuRrE 22.—Geologic map of Copperside mine

area 30 by 40 feet and to a height of 10 feet. In the
shoots the ore formed lenses that lay generally parallel
to the bedding—that is, flatter than the hanging walls.
At present the lenses are made up largely of oxidized
minerals, but some contain central masses of chalco-
pyrite, bornite, and chalcocite, in which the last two
minerals have been derived from the first by weather-
ing. One lens remaining in place is 10 to 15 feet wide,
1 to 3 feet thick, and of indefinite length. It contains
a central core that is largely jarosite and brownish
ferruginous chert. This core is surrounded by a border
of limonite, and this in turn by an outer zone that
contains copper carbonate and silicate minerals. It
seems clear that in this locality jarosite is first formed
" as one of the oxidation products of chalcopyrite and
that as weathering progvesses the jarosite itself is
decomposed to hydrous oxide of iron. The silica is
largely chert, but crevices are coated with crystals of
quartz, one of the latest minerals to form. Probably
the silica is wholly supergene.

In this mine, as in the Azurite mine near by, the two
shoots are not on the same fracture zone but on roughly
parallel zones. '

‘minerals.
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Production of Copperside mine, 1917-1920

- Crud 1d Sil C

Year r(ltlor‘:s()we (oggces) (odn‘gzrs) (p&)gg;)
1917 . ‘ 159 | _.___ 63 91, 140
1918 . 254 2. 54 142 125, 900
1919 .. 158 .03 4 66, 560
1920 .. 50 17 21 20, 424

SWEEPSTAKE PROSPECT

The Sweepstake claim is near the center of sec. 25,
T. 24 S, R. 57 E., on the north side of the divide
between drainage going northwest toward the Oro
Amigo mine and southwest toward the Mobile mine
and Sandy. Although no shipments of ore have been
made, the deposit is interesting because it presents
unusual and interesting relations of silica and several
sulphate minerals. A tunnel that extends southwest
30 feet and then southeast 20 feet explores two lenses
of silicified limestone that are about 10 feet long and
2 feet wide. Smaller lenses are explored by trenches
for a distance of 300 feet, and there is a conspicuous
outcrop of brown ferruginous chert. The silicified ma-
terial contains traces of several oxidized lead and copper
minerals, but more interest is attached to the sulphate
minerals—jarosite, plumbojarosite, and beaverite.

The waste material on the dumps presents a wide
range of colors, from white through dull olive-green
and yellow to brown and red. By close examination
it is found that the white material consists of clean
chert of minutely granular texture. The transition
from white to yellow and olive-green is abrupt in
some places and gradual elsewhere. Similarly, the
red areas merge with the yellow in some places and
abruptly in others. Such tests as have been made
indicate that the dull olive-green areas are intimate
mixtures of chert and jarosite that are not resolved
into grains by the highest power of the microscope.
The yellow areas are probably plumbic jarosite or
plumbojarosite resulting from the addition of lead
to the jarosite. In the midst of olive-green and’
yellow areas there are coarsely crystalline patches of
quartz, in which occur a few crystals of the sulphate
(See pl. 26.) The inference seems clear
that silica and the sulphate minerals were first depos-
ited in intimate mixture and that later they segregated
as - coarsely crystalline grains and crystals. The
red material is hydrous oxide of iron. derived from
jarosite or plumbojarosite. All these materials are
interpreted as the products of weathering.

IRONSIDE MINE

The Ironside group (No. 27, pl. 30) lies in the W. 15
sec. 26, T. 24 S., R. 57 E., in the low ridges north of
Shenandoah Gulch. The Ironside claim was first
located in 1892 but has been abandoned and relocated
under a different name four times since. Most of
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the present workings were made during 1916 and
1917. According to local report no ore has been
shipped from the property.

The workings explore a fracture zone near the base
of the dolomitized Valentine limestone, which here
trends north and is nearly vertical. The beds form
the east side of a sharp anticline that ends southward
against the Ironside fault. The fault is shown by a
zone of crushed dolomite 100 feet or more broad,
which trends N. 45° E. and dips 60° NW. Some of
the fractures in the Ironside mine are parallel to the
walls of the fault and ev1dent1v were formed at the
same time.

The workings include a tunnel 110 feet long, at the
end of which there is an inclined shaft. There are
three levels, 50, 80, and 135 feet below the tunnel,
but none is more than 60 feet long. At the head of
the shaft there is an irregular raise to the surface.
These explorations follow a shear zone at least 5 feet
wide that trends generally N. 40° E. and dips 60°
NW. Within this zone there are numerous local
walls that strike N. 20° to 60° E. and dip 40° to 70°
NW. These walls limit lenses of cellular ferruginous
chert as much as 5 feet thick. On the outer borders
of these there are layers of malachite and azurite
from 1 to 3 inches thick that probably constituted
the material sought. Among the several similar depos-
its in this region the chert is much less abundant on
the lower levels than on that of the tunnel. Although
a close search was made, no ]aros1te or cobalt oxide
was found.

BOSS MINE

History—The history of the Boss mine (No. 28,
pl. 30) is separable into two periods.” The first begins
with the discovery of the lode and location of the
Boss claim by Joseph Yount on January 1, 1886, and
covers the 28 years during which it was intermittently
worked as a source of copper and gold. During this
period the three upper and lowest tunnels were run.
About 1898 an option was given to Emory Hershing,
who, on the basis of this and an option on the Columbia
mine, erected a mill to treat the ore near the town of

Goodsprings. The mill was sold in 1902 to the Yellow

Pine Mining Co., and it formed the nucleus of the
mill used by that company until it burned in 1924.

According to S. E. Yount, about 200 tons of copper ore-

was mined at the Boss mine from 1898 to 1900. The
_second period of the mine’s history begins with the
discovery of platinum in the ore by H. K. Riddall
about March 1, 1914, and the coincident formation of
the Boss Gold Mining Co. After a little exploration
an option on the mine was given in September, 1914,
to W. C. Price and associates, of Los Angeles, for
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$200,000, of which $50,000 was paid in cash. They
organized the Platinum Gold Mining Co. and carcied
out extensive development but shipped no ore.
When they failed fo complete the purchase, the mine
reverted to the owners in October, 1915, and they
mined all of the ore in sight. Except for two brief
periods of exploration and current assessment work,
there has been no mining on the property since 1919.

At the time of the writer’s examination in 1922 all
the wotkings were accessible, but &he stopes from
which most of the ore had come were filled with waste.
In the preparation of this report the writer has con-
ferred with S. E. Yount, O. J. Figk, and Frank Cramp-
ton, manager during 1915, and has had access to a
comprehensive suite of specimens collected by Mr.
Crampton, as well as assay maps showing the source
and composition of about 600 samples.

Production—The production of the Boss mine,
assembled from reports submitted annually by the
owners to the United States Geological Survey, is
presented below. If to the 3,051 tons recorded here
is added the estimated production prior to 1900, the
total is about 3,500 tons, and the gross value of the
output is about $210,000.

Production of Boss mine, 1914—1920

Crude
Year ore
(tons)

Plati- | Palladi-
num

Gold Silver am
(ounces) | (ounces)

Copper Lead
(ounces) | (ottnces)

(pounds) | (pounds)

386.49 322 | el

3827 | 409 | (D) )
373.00 | 1,119 | 1816 |...____._
438,25 2,508 138.0 355.0
170, 58 1,755 42,1 35,7
35022 | 838 | 343 | 2033

6.00 45 |l

Smelter analyses of shipments from Boss mine, 1916-1919

[The record is ‘almost complete for the period covered]

1916
; Plati- | Palla- Insol
Dry weight (ﬁ%]‘fzs (333333 num | dium C?pprer ?°': uble
(pounds) o tgu) or tony | (ounces | (ounces ce%et) ce%et) (per
3 p per ton) | per ton) cent)
Copper ore:
51,972 0.72 2.70 4. 50 46.0
65,800 .21 1.90 13. 50 34.2
54,304 .. .15 1. 80 3.30 50. 8
72,030.. W17 1.65 4.20 57.4
62,810.. . 105 2.20 3.40 69. 8
80,000. . . 1056 2.60 4. 00 67.8
69,188__ J115 1.85 5.10 60.0
70,618 17 1.75 7.80 49.4
78,740 .12 175 5. 80 60. 6
62,088 .15 1.30 6. 50 43. 80
3,800 .08 1. 50 4.00 60. 50
Platinum ore:
9,918 ... .44 .0
68,932 _________ .62 2.4
78,751 _____.._. . 58 3.0
,658 . .70 1.75
,950. . .48 .0
), .81 .80
69,394 .. ____. .82 .80
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Smelter analyses of shipmenis from Boss mine, 1916—-1919—Con.

1917
. | .
Plati- | Palla- [nsol
v wad Qold Silver H Copper | Iron
PoourciEh® | Counes | (ounaus | (M| U (per | (per | e
I ® per ton) | per ton) cent) cent) I

per ton) | per ton)

Copper ore:
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Total for the period, approximately 2,617 tons.

Geology.—The Boss ore body lay along a minor fault
zono that separates coarse gray dolomitized limestone
near the base of the Monte Cristo formation on the
southeast from thinnev-bedded light and dark gray
dolomites that probably are a part of the Valentine
member of the Sultan limestone on the northwest.
(See pl. 33, A.) This fault zone appears to merge
northward with the Ironside tault, one that makes a
right angle with the Keystone thrust but is un-
doubtedly velated to it in age.' The beds northwest
of the Boss fault strike northeast and dip gently
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northwest, the dip increasing from 15° at the south
end of the explored zone to 45° at the north end.
The beds southeast of the fault trend northwest but
dip 5° SW. The dip of the fault is not constant but
averages 70° NW., and the relations indicate that the
beds that make up the hanging wall have moved up-
ward and northeastward with reference to those on
the footwall. (See fig. 23.) There is thus a structural
analogy with the Kirby, Rose, Highline, Copperside,
and other near-by deposits. The underground work-
ings reveal many faults, and the relations of most of
them are obscure. Along the northeast part of the
200, 300, and 400 foot levels most of the faults appear

400 LEVEL

FIGURE 23.—Geologic cross section through Boss mine
along line X-X, Plate 32

to form a simple major system, but in the near-by
country rock well-defined walls are met whose rela-
tions to the major faults are obscure. Most of these
walls trend northeast and dip steeply northwest.
Striae are common on the walls of the faults and largely
range from horizontal to 20° NE. Therefore they do
not confirm the interpretation of the movement on the
basis of the beds on the two walls. In addition to
the northeastward-trending faults, to which the
ore shoot appears to be related, two cross faults
which limit a V-shaped block are shown on the 100
and 300 foot levels. (See pl. 32.) Several observers
agree that the block which is limited by these faults
was dropped several feet below near-by parts of the
ore shoot. It may probably be-regarded as post-
mineral and preoxidation.

No igneous rocks are known underground or on the
surface near by. A sill of granite porphyry was en-
countered in the workings of the Boss Extension
Mining Co. 1,500 feet to the northeast.
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Ore deposit.#*—All the ore shipped from the Boss
mine was derived from a single rather simple continuous
shoot, although other smaller bodies that yielded good
assays were found and explored also. This shoot lay
largely on the northwest or hanging-wall side of the
main fault zone and formed a rudely elliptical pipe,
which cropped out above the mouth of the 100-foot
level and pitched about 10° NE. to the entrance of
crosscut 209, where it terminated. (See pl. 32.) In
few places it was motve than 25 feet in diameter, and
the length was about 200 feet. Smaller bodies that
had the form of irregular lenses were encountered in
‘crosscuts 307 and 313 and crosscut and winze 312, and
although they had a general trend northeast, they cut
across the bedding in- strike and dip. Although a

GEOLOGY AND ORE DEPOSITS OF GOODSPRINGS QUADRANGLE, NEVADA

Although the principal shoot is practically mined
out and filled with waste, several persons who examined
it repeatedly soon after it was explored state that the
larger relations of the minerals were the same as those
which may still be seen in the smaller shoots, such as
are shown along crosscut 307. The most abundant
material in most of the shoots, large and small, is

“quartz, which occurs largely in the form of a white

powder but in part as a dark coherent cellular mass.
(Seefig. 24, zone4.) The powderis made up of myriads
of nearly perfect doubly terminated clear crystals,
0.1 to 0.2 millimeter in diameter. As shown in the
table of analyses (p. 117), this material contains little
gold or platinum. According to Knopf,* it contains
a small percentage of minute crystals of octahedrite,

FIGURE 24.—Diagrammatic sketch showing typical relations of minerals at Boss mine. Proportions provably not
correct. 1, Country rock of dolomitized limestone; 2, zone of dolomite impregnated with copper carbonate and silicate;
3, zone of limonite containing a little jarosite and malachite; 4, zone of quartz, partly dark and coherent, largely
white crystalline powder; 5, lenses and irregular masses of platiniferous plumbojarosite

small lens of iron oxide was found in a winze below the
400-foot level, there is no record that any samples from
this or the 500-foot level showed appreciable copper,
gold, platinum, or palladium:

A review of the structural associations of the prin-
cipal shoot, after making allowances for the poor ex-
posures underground, indicates that its general posi-
tion is determined by the intersection of the major
fault with a favorable stratum. The average trend
of the fault 1s N. 50° E., and the beds in the north-
eastern part of the workings strike N. 60° to 80° E.
and dip 30° to 40° NW. A simple calculation will
show that the intersection of these surfaces would
pitch northeast at 7° to 19°, which may be compared
with the pitch of 10° noted. On-the other hand,
explorations seem to show that there is no extension
of the shoot directly down the dip of the fault.

# Knopf, Adolph, A gold-platinum-palladium lode in southern Nevada: U. S.
Geol. Survey Bull. 620, pp. 1-18, 1915,

the tetragonal form of titanium oxide. According to
a private report by Ray C. Moore, a large body of this
material overlay the lens of high-grade platinum ore
below the first level. The dark cellular masses of
quartz were apparently confined to the principal shoot,
as none were found elsewhere. In thin section this
quartz is made up of interlocking clear grains nearly
equal in size; the range in diameter is 0.03 to 0.1
millimeter. The dark color of the quartz is due to a
small percentage of minute grains rather uniformly
dusted throughout the mass without regard to the
border of the grains of quartz. Doubtless this is
the material determined by Knopf to be octahe-
drite. Both the cavities in the quartz and the frac-

_ture surfaces are covered with minute quartz crystals,

which were probably deposited during the process of
weathering.

4 Knopf, Agdolph, op. cit., p. 7.
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Representative assays of different types of material from Boss mine

[Assays made by F. R. Crampton, 1915)

Silver
Material and source Gold (ounces per ton) (ourtlgcs) Platinum and palladium (ounces per ton) | Copper (per cent)
per ton,
Limestone, stained with iron and copper
4 samples, third level ... - ____.__..__ Trace to 0.06. - _|-_______ 0t00.04_______________ +._-| Trace to 1.3.
1 sample, second level ... _____________ 0.10. o |eoooC 0. 08 .
3 samples, first level .. _________________ 0.08t00.10_ .. __| __.____ None_ - oo .. 0.80 to 3.9.
Limonite:
3 samples, third level .. _____ [ 0.04t00.06_____|._._.._.. None to 0.04________________ Trace to 1.8.
2 samples, first level . ___ . _________________ 0.10t0 0.27 |- -~ Small______________________ 2.9 to 4.9.
Copper carhonate:
1 sample, intermediate level.__________ e 0.836. e 036 _ .. 38 40.
1 sample, winze below 312 crosscut..._.__._.._ 020 ___.__-. 3.40 | 012 _ ___ ..
3 samples, third level ... o _____.__. 0.10t00.40_____|_______ Trace to 0.35_ . ___________ 30 to 35.2.
Mixed siliceous limonite and copper carbonate: 1
sample, 204 crosscut, second level.___________ 080 .. 4.70 | 0.10_ _ o ___._. 19.60.
Fine powdery white quartz:
10 samples, third level . ... _____ . _________ Trace t0 0.05_ _ _________ Trace t0 0.08__ _____________ Trace.
1 sample, source unknown, about_____________ 070 e e e 080 . None. -
Black quartz, cavernous: '
1 sample, first level . . o o __________ 1212 ... 4,60 | Pt, 4.18; Pd, 2.06______.._____ None.
1 sample, source unknown_ . .o ___._____ 852 ... 11. 13 Pt 7. 24 Pd 452 .. Trace.
Gray quartz powder with 10 ,to 20 per cent of ’
plumbojarosite: 1 sample from ore shoot on inter-
mediate level only. 292 ... 9.41 | Pt, 1.38; Pd, 1.91____________ None.
Yellowish-gray quartz powder with 20 to 40 per cent .
of plumbojarosite: 1 sample from intermediate
Yevelo oo e e eeees 8161 ______.___ 23. 14 | Pt, 107.17; Pd, 137.28 ... ___ None.

The material richest in gold, platinum and palladium
was & greenish-yellow powder locally called ‘“tale,”
which was 25 to 50 per cent bismuthic plumbojarosite
in the form of ‘myriads of perfect flat crystals 0.01 'to
0.1 millimeter in diameter. The remainder was per-
fect quartz crystals similar in form and size to those
which make up the quartz powder. Knopf *® records
an analysis of rather pure material made by R. C. Wells,
of the United States Geological Survey, as follows:

Analysts of bismuthic plumbojarosite from the Boss mine

FQQOB ................ 32. 24 COz _________________ 0. 43
AlOs e oo 14 | AsOp . 09
SO08e e 24.08 | PoOsoev oo Trace.
PO 16.75 | SiOgee ool 6. 90
H,O— .. .02 | TiOg e 37
HO+ oo 855 | Au.____ . ______ 79
CuO oo 1.97 | Pt oo 05
B]zOs ................ 6. 34 Pd .................. 22
CaOecmeeeeee o 206 ) Iroo oo Trace
MgO_ ... 14 | Agoooo ol Trace
KyOr oo .22

NagOo oo . 52 99. 88

Reduced to ounces a ton, the analysis shows gold to be present
to the extent of 234 ounces, platinum 15 ounces, and palladium
64 ounces. Assays of similar material are reported to show as
high as 575 ounces of gold, 230 ounces of platinum, and 30 ounces
of palladium. The silica and titania shown by the analysis
represent an admixture of quartz and octahedrite.

The gold and platinum metals can be partly separated from
the plumbojarosite by panning, but long before a clean separa-
tion can be effected fine gold and especially platinum pass into
the tailings, in spite of the utmost precaution. The gold is

extraordinarily rough and spongy; delicate platy forms are.

4 Knopf, Adolph, op. cit., p. 8

common, and some is intergrown with quartz and plumbo-
jarosite or is molded around minute quartz crystals. It is more
or less blackish, and aggregates of the finer particles look like so
much black sand. Treatment with hydrochloric acid and
annealing, however, bring out the normal yellow color of gold.
Some of the larger particles after being treated thus were ana-
lyzed by R. C. Wells, as follows:

Analysis of gold from the Boss mine

Gold - - e 97. 8
Silver. - - e 2.2
Platinum metals_ ___________._______.___ Trace

100. 0

Qualitative tests on other gold particles always showed the
absence of platinum metals, and the inference of Ledoux & Co.
that the metals are present ‘“apparently as alloys of gold and
platinum metals’ is therefore not borne out. The platinum
and palladium occur in extremely small particles, which even at

high magnification under a binocular microscope are indis-

tinguishable from the dull blackish particles of gold; in all
material examined by the writer chemical tests were necessary
to establish the presence of the platinum and allied metals.
By cleaning the precious metals in molten sodium carbonate,
‘particles of gray metal (platinum and palladium, or an alloy of
these) become distinguishable from yellow gold. The possi-
bility was entertained that sperrylite might be present in the
residue of the pannings from the plumbojarosite or elsewhere in
the ores of the Boss mine, but no trace of this mineral, which,
according to its discoverer, is characterized by a wonderfully

brilliant luster, was found.

This material has been reexamined recently by W:T.
Schaller, who reports that it may be regarded as a
mixture of plumbojarosite, beaverite, bismutite, and
quartz in the percentages 67.3, 17.2, 6.9, 6.9. The
presence of beaverite has already been established by
Knopf. The recognition of bismutite is based upon
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the fact that dilute nitric acid causes effervescence, and
the filtrate contains much bismuth. Plumbojarosite
and beaverite are insoluble in dilute nitric acid. If,
after deducting the beaverite, bismutite, quartz, and
the noble metals, the molecular proportions of the
remaining radicles are calculated, they are found to be
(PbO, K,0, NayO): Fe;O3: S0;: H,0=0.99: 2.89:
4.05:6.08. These may be expressed 1X0.99:3 X0.95:
4X1.01: 6X1.01 and are very close to the ratios of
plumbojarosite, 1: 3: 3: 6. .

It is possible that part of the noble metals are pres-
ent as components of a mineral of the jarositic group or
else that the portions of them present in the metallic
state have been derived from the decomposition of
such a jarosite, isomorphous with plumbojarosite.

According to F. R. Crampton, some of the masses
of plumbojarosite were stratified as if laid down in
water; others formed narrow veins in diverse attitudes.
The inner mass of quartz was surrounded by a persist-
ent but not uniform layer of coherent brown limonite,
locally siliceous, which contained sporadic masses of
yellow jarosite.- (See fig. 24, zone 3.) This material
contained small quantities of copper but little gold,
platinum, and palladium. It was not sharply sepa-
rable from the inner quartzose core nor the outer zone,

which was largely dolomite impregnated with copper .

carbonate, although here and there chrysocolla filled
fractures or covered druses. The copper-bearing min-
erals and impregnated dolomite contained only traces
of gold and platinum.

Chrysocolla is a common mineral in the Boss work-
ings. It forms mammillary crusts on veinlets and in
open spaces and appears to have resulted from the
addition of silica in solution to the previously existing
copper minerals, generally malachite. Loosely coher-
ent masses of the basic copper phosphate, libethenite,

~were found on the dump. Sulphide minerals were
found at several places in the workings, but the total
quantity was small, and the relations with the dark
quartz are obscure. In-the northeastern part of the
intermediate level, not shown on Plate 32, angular
masses of copper minerals were found in which chalco-
pyrite, bornite, and chalcocite formed nuclei in the
oxidized minerals, malachite and cuprite.:

Even though present exposures of the ore shoot are
meager, it seems clear that the unoxidized shoot was
a pipelike mass of cellular quartz impregnated with
chalcopyrite and possibly pyrite and that these min-
erals contained uncommon amounts of gold, platinum,
and palladium. The white quartz powder contains
little of these metals, but the presence of octahedrite
in it indicates that it was formed at higher tempera-
tures than those which have prevailed since weathering
began. The present distribution of iron and copper
minerals in the shoots is doubtless due to migration
during w athering. It is such as would be expected

41 Personal communication.
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if the deposit were repeatedly wetted and dried and
opportunity therefore offered for repeated solution and
deposition of iron and copper salts. The nearly per-
fect segregation of copper minerals from the iron oxide
zone indicates that in a zone permeated by carbonate
waters copper is more soluble than iron.

From what is recorded concerning the distribution
and grade of the platinum-bearing plumbojarosite it
seems certain that both platinum and palladium have
migrated locally from the position at which they were
originally deposited. The meager content of platinum
and palladium in the oxidized iron and copper minerals
from all parts of the mine, however, indicates that
those metals were much less soluble under the local
conditions than iron and copper. Although no assays
of unweathered sulphide minerals for platinum and
palladium have been made, it seems certain that the
platiniferous plumbojarosite contains more of these
metals per ton of material and that enrichment has
taken place during the weathering.

The explorations that have been made appear to
show adequately that the ore shoot of the Boss mine
does not persist directly down the dip of the fault
zone. If the position of the shoot is determined, as
the writer believes, by the intersection of the fault
zone and & certain stratum in the hanging wall of the
zone, any extension of the shoot should be sought
northeast of the present workings, in the general direc-
tion of the pitch of the principal shoot.

PLATINA MINE

The Platina Mines Corporation owns two claims in
the NE. % sec. 34, T. 24 S., R. 57. E. (No. 29, pl.
30). The workings include two tunnels on the north
side of a prominent spur south of the Boss mine and
five short tunnels on the south side of the ridge.
These workings explore beds of dolomitized Dawn
limestone, which here trend northwest and dip 25°
SW. It is locally reported that one car of copper ore
was shipped from the property during the period of

. activity of the Boss mine, 1916-1918.

The lower tunnel with drifts is about 345 feet long
but appears to have shown the presence of but little
copper. In the upper tunnel, only 95 feet long, there
is a stope about 15 by 35 feet, parallel to the bedding
and 3 feet high. The material on the dump indicates

- that this stope yielded lenses of ferruginous chert

around the border of which there were layers of
malachite and chrysocolla. Some sainples of material
from this tunnel are said to have shown the presence
of platinum, but this has not been confirmed.

Of the five tunnels south of the ridge the longest is
about 100 feet and the dumps show little copper.

AZURITE MINE

The Azurite group of claims (No. 30, pl. 30) lies
along the north slope of a high ridge that extends west
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A. BOSS MINE, NE. ¥4 SEC. 34, T. 24 S., R. 57 E.

The workings explore a crushed zone which lies between dolomitized limestone of the Monte Cristo formation on the
right (east) and similar rocks of the Sultan formation on the left (west).

B. POTOSI MINE, SOUTH CENTER OF SEC. 12, T. 23 S, R. 57 E.

The mine workings explore a zone at the base of the Yellowpine limestone.
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COPPER MINES

from the Whale to the Boss mine in the SW. Y sec.
26, T.24 S., R. 57 E. The Azurite claim was located
in 1899 by W. H. Smith and C. W. Cook, and most of
the other claims prior to 1903. The first work was
done by the Nevada Mining & Smelting Co., which is
reported to have shipped two cars of copper ore prior
to 1902. The Nevada Copper Co. was organized in
1902 and, although it did considerable work, shipped
only one car of ore before the Azurite Mining Co. was
organized in 1911. Most of the present work was
done by lessees during 1916 and 1917, and they
shipped most of the ore.

Of the production shown in the following table, all
but 56 tons of the copper ore was shipped from work-
ings on the Azurite claim; 56 tons was taken from
shallow workings on the Sandy claim; the lead and
zin¢ ore came from the upper tunnel on the Rosella

claim.
Production of Azurite mine, 1910-1920

Year Crudeore| Gold Silver Copper Lead Zinc
(tons) (ounces) | (ounces) | (pounds) | (pounds) | (pounds)
1910___.__ 20| 0.81 67 | 8135 |~coonofaaao .
1913 __._. 43 | 2.50 231 | 11,706 |- oo __|oooo__.
1916..____ 503 | 22. 00 848 1123, 200 | 3, 600 | 22, 950
1917 _____ 196 | 6.16 503 | 50,497 | 5,301 |--_._._.
1920.___._ 94 | 3.69 183 | 28,976 |- |-

The workings on the Azurite claim include a main
tunnel 260 feet long that trends generally southwest
from a point 250 feet above the floor of Shenandoah
Gulch. (See fig. 25.) The ore from this claim came
from two blind levels, 12 and 35 feet higher. On the
Gulch claim, below the Azurite, there is a shaft in-
clined at 30° for 50 feet, then vertical for 120 feet, but
this is not accessible. On the Rosella claim there is
a lower tunnel 390 feet long, which developed no ore,
and an upper tunnel 200 feet higher and 50 feet long,
at the end of which there is a 40-foot inclined shaft.
This claim yielded all the lead and zinc ore that has
been shipped.

The Azurite main tunnel explores a zone at the base
of the Anchor limestone, which is extensively dolomi-
tized here. The Rosella tunnels are in beds near the
top of the Bullion dolomite. In this area the beds
strike northwest and dip 15° to 20° SW. The only
igneous rock on the claims is a dike of basaltic rock
3 to 8 inches thick, which is struck in the lower Rosella
tunnel and followed 35 feet. It trends N.54° W. and
dips 80° SW. It is probably similar to the dike west
of the Kirby mine, the age of which is considered as
late Tertiary.

The sources of copper ore in the Azurite tunnel were
three shoots, one of which cropped out at the surface.
The largest shoot was explored above and below the
upper level and the smallest was explored from a
winze below the intermediate level. No relation
between these separate shoots was recognized. The

3387—31—9
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second shoot is limited upward by a conspicuous
banging wall which trends N. 45° W. and dips 50° SW.
Under this wall zones of dolomite breccia were ce-
mented by copper sulphides. (See pl. 28, 4.) These -
breccia zones trend northwest, parallel to the hanging
wall, and like it dip more steeply than the bedding.
The second shoot attained a maximum length of 40
feet, a width of 15 feet, and a thickness of 12 feet.
The third shoot is scarcely 18 feet long on the drift but
has not been explored to its limits.

The principal sulphide mineral found underground
as well as on the dump is chalcocite. In some speci-
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Fiavne 25.—3ketch map of Azurite mine

mens it is associated with bornite and chalcopyrite in
such a way as to indicate that chalcopyrite was the
primary mineral and the others have been derived
from it. By oxidation malachite, chrysocolla, and
traces of azurite were formed. Limonite is common
but not abundant as deep as the intermediate level.
At the face of the smallest shoot pale-green feathery
coatings of olivenite were found; evidently some
arsenide was present in the original ore.

Quartz and similar compounds of silica are not con-
spicuous but must have been preseat persistently in
the ore, as the smelting receipts report 50 to 60 per
cent of insoluble matter, most of which must have
been silica. In the face of the stope on the third
shoot there are lenses of granular quartz which closely
resemble those which occurred in the Boss mine. In
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the same shoot there are poorly defined lenses of
bituminous material in the dolomite. Polished sec-
tions show minute round masses of chalcocite in a
* siliceous matrix that is saturated with bitulnen. - The
conclusion is reached that this bitumen represents that
which was once widely disseminated through the
limestone. With the dolomitization of the limestone
and deposition of sulphide minerals, the bitumen has
been segregated in the porous material near the veins.

The silver content of the Azurite shipments is
uniformly low and ranges from 0.6 ounce to the ton
for ore containing 5 per cent of copper to a maximum
of 3.35 ounces to the ton for ore containing 14.9 per
cent of copper. The gold content has ranged from
0.01 to 0.06 ounce to the ton.

The upper tunnel on the Rosella claim explored a
body of mixed lead and zinc ore'that lay under a good
wall, of which the strike was northwest and the dip 25°
SW. The present workings show a lens of calamine-
bearing material 3 to 8 inches thick; probably it was
wider where it was stoped. This tunnel has yielded
43 tons of ore containing 30 to 33 per cent of zinc and
23 tons of ore containing 25 to 42 per cent of lead.
The material on the dump now shows calamine,
plumbojarosite, jarosite, aurichalcite, and malachite.
According to local report, specimens of plumbojarosite
from this tunnel contained 0.02 ounce of platinum to
the ton, although Knopf,* reports that none is present.

It is reported that on the Sandy claim, adjoining
the Rosella, shallow pits encountered a number of
rounded boulders and contained ' chrysocolla with
nuclear masses of chalcocite.” Although no definite
deposit was developed, 56 tons of 10 per cent copper
ore was shipped from these workings. The property
was not examined by the writer.

COPPER CHIEF MINE

The workings of the Copper Chief mine (No. 33,

pl. 30) lie about 1,000 feet west of those of the Mobile.

They include several short tunnels and shallow shafts -

which explore minor fractures in the Bullion dolomite.
These workings have probably yielded some copper
ore, but they are particularly interesting as a recent
source of cobalt ore. During 1921 R. Munzberg and
H. Hardy mined or sorted from the dump three Tots
of ore, which, when sold, yielded the returns given
below:

Lot (E%%iﬁgg) : : C(o;J;lt(.:g;ti;ie Net returns
D .
) I g 12, 966 10. 86 I $492.°45
2 e 10, 789 7.20 248. 00
S J 1, 914 20 177. 30

4% knopf, Adolph, op. cit., p. 12,

| E. for 50 feet.

chite and chrysocolla.
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In contrast to that produced at the Columbia and
Highline mines, the cobalt oxide from the Copper
Chief was intimately intergrown with brown chert.

FITZHUGH LEE MINE

The workings on the Fitzhugh Lee claim (No. 35,
pl. 30) are on 'the saddle of a low ridge in the N. ¥ sec.
36, T.24 S, R. 57 E. At this point beds of the Dawn

Jlimestone, now dolomitized, trend generally northwest

and dip slightly southwest; the extensive -synclinal
axis of this region lies several hundred feet south.

The workings include a tunnel that extends from
the west side of the rldge along a shear zone N. 60°
On the east side of the ridge there are
several trenches and a short tunnel. The shear zone
shows lenses of ferruginous chert with spor adic mala-
The production is shown in
the table below:

Production of Fitzhugh Lee mine, 1916—-1917

Crud sil c
Year lth?oxgs‘)m (oxinvc%rs) (p:&)gg)
- i
1915 - oo .21 70| 7,290
1916 - o 2 18 860
1007 It 6 37| 1,612
ROSE MINE

The Goodsprings Dividend Mining Co. -owns five
claims west of Kirby Gulch, near the center of sec. 31,
T: 24 S, R. 58 E. (No..37, pl. 30). Three of these
were located early in the history of the camp—the
Rose, by A. G. Campbell and A. E. Thomas in 1887; -
the Lucky, by Harsha White in 1889; and the Summit,
by T. C. Williams and D, G. Lewis in 1895. The
principal workings are-on the Rose claim and include
a tunnél and two branches that have a total length of
about 110 feet on the north side of a prominent ridge.
From the face of the eastern drift there is a shaft about
85 feet deep with an average slope of 60°.

- These workings explore a nearly vertical shear zone
that trends N. 32° E. in beds of dolomite that lie
about 300 feet below the top of the Goodsprings for-
mation. At this point the beds trend west and dip
steeply north, as they lie along the north side of a
persistent anticline: The shear zone is one of several
that trend northeast in this locality, but this one con-
tains the largest ore deposit. There is little copper
underground at present. Apparently the ore bodies’
were lenses of ferruginous chert, around the border of
which there were copper minerals. There are small
stopes.in. the shear zone above-the incline, but these
are only 3 to 4 feet wide. Probably the lenses of
copper minerals were narrower. Chalcocite is reported
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to have been present, but apparently the principal
minerals were malachite, chrysocolla, cuprite, and
copper pitch, which formed veinlets and irregular
masses in the dolomite near thé chert lenses. As in
other similar deposits, dioptase forms a drusy coating
on fractures. '

As at the Columbia west shaft cobalt oxide replaces
the wall-rock dolomite outward from fractures. (See
pl. 27, B.) Although hand specimens can be found
that would contain 5 to 10 per cent of cobalt oxide,
the total quantity of cobalt-bearing material is small.

The total shipments from the mine are not recorded.
One car containing 9.84 tons shipped by a lessee in
1918 contained gold, 0.01 ounce to the ton; silver, 1
ounce to the ton; copper, 14.54 per cent; iron, 13 per
cent; and insoluble matter, 31.6 per cent.

On the south side of the ridge covered by the Rose
claim, probably on the Black Jack claim, there are
two groups of explorations. The northern and higher
group includes an inclined shaft about 60 feet deep,
which follows a wall that trends N. 70° W. and dips
40° to 50° NE., and a lower tunnel, 385 feet long, that
trends northwest. The shaft explored an iron-stained
breccia zone that lies under the wall and appears to
have contained lenses of cherty lead carbonate. In
some specimens the carbonate is outwardly altered to
yellow plumbojarosite. Many small lumps of pure
pyromorphite were found on the dump, and pyro-
morphite appears to have been common in the product
shipped. The lower tunnel encountered no ore shoots,
and there is no stoping.

About 1,000 feet farther south on the west side of
a ravine there is a vertical shaft about 175 feet deep,
untimbered and therefore inaccessible. It follows a
wall that trends N. 10° E. and dips 85° W., along
which there is a zone of iron-stained breccia’ 3 feet
wide. Here and there the breccia is splashed with
malachite. :
. Both the ravine north of the Rose tunnel and that

on the Black Jack claim, which drains southward,
yielded angular fragments of hard cherty lead car-
bonate. The total quantity collected and shipped is
locally reported to exceed 200 tons, which contained
more than 50 per cent of lead. Similar fragments
were readily collected from near-by deposits, but it is
int,eresting that a much greater quantity was found
in the western part of the ravine than was mined from
near-by prospects.

COLUMBIA MINE

The St. Anthony Mining Co. is the owner of the
Columbid and six adjoining claims, which lie south
of the Ripley-Jean road in the N. ¥ sec. 33, T. 24 S,,
R. 58 E. (No. 43, pl. 30). The Josephine claim was
located in 1883, but most of the work is on the Colum-
bia claim, which was located in 1886. According to
local report, a prospector, Von Trigger, had located the
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ground- and mined 10 tons of copper ore as early as
1880. From 1898 to 1903, when the Columbia and
Boss mines were optioned to Emory Hershing and
associates, there was some exploration and a mill was
built on the present site of the Yellow Pine mill. This
was the first mill erected in the district. In 1906 the

property was bought for $20,000 by Joseph Dederich,

who still owns it.

There is no accurate record of production prior to
1902, but that since 1906 is shown in the accompany-
ing table. Probably the total production is slightly
less than 3,000 tons of copper ore.

Production of Columbia mine, 1906—1928 .

- Crude ore Gold Sl]v r 0 i
Year (tons) (ounces) (ouncees) (Son?x?c?;) (pgti':l?ls)
1906 __.__ 420 36. 28 1,119 44,041 (_______.
1907 .. ____ 125 |__._.... 600 75,000 |.___.___
1912 _____ 65 | oo 127 19,010 |__._.__.
1913 ... __ 810 .00 1,019 | 230,518 (.__._____
1914 .. __ . 506 . 67 784 | 135,363 |.._.....
1016 .. __ 359 |oaoaoo-. 467 96,930 |..___.___
1916-_______ 140 |__._._.. 115 23, 466 22, 908
1917__.__.__ 62 | oL . 83 11, 808 7, 094
1918 _____._. 42 | _. 85 11,864 |- _.____
1919 ____ ... 9 08 9 2,080 (.._._..__
1928 .___ 14 42 73 2,963 |.._.__..

The principal workings are two shafts about: 800
feet apart. The eastern shaft and the workings: from

. N

BIOFt.

[N S O S DR !

FIGURE ZG.TSketch map of Coluhbia mine

which most of the ore has beén mined are shown in
Figure 26. For the upper 25 feet the slope of the
shaft is 15°; for' the remaining 80 feet the slope is 20°.
Most of the ore has been found above a level about 40
feet below the collar of the shaft; no ore was found on
the lower levél, and there are no'stopes. The western
shaft is about 110 feet deep on the slope, which ranges
from 38° near the surfacé to 28° at the bottom. The
total explorations include a,bout 500 hnear feet of shaft
and drifts.. R R T :
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Both shafts explore zones near the middle of the Sul-
tan limestone and the beds are completely dolomitized.
Near the western workings the beds strike east and
dip 30° S., but they turn gradually toward the north-
2ast, so that at the eastern shaft they strike N 55° I,
and dip 25° SE. Farther east they trend east again
and then southeast.

In the eastern workings an area about 70 by 90 feet
has been irregularly stoped to a maximum height of
20 feet. Above the upper level the ore all lay above
a sill of granite porphyry 2 to 3 feet thick, which is
nearly parallel with the bedding and is much sheared
and decomposed. The sill was not found on the lower
level, but there is a persistent wall which cuts the bed-
ding. If the ore body were projected downward it
would lie above this wall. From the data that can
now be obtained the ore minerals appear to have been
deposited in a breccia zone roughly parallel to the
bedding above both the wall and the sill. Only traces
of copper minerals were found in the workings, but
specimens from the dump show dolomite breccia
cemented by iron and copper oxides in which there
are sporadic traces of chalcopyrite and chalcocite.
In some specimens there are lenticular masses made up
of tenorite and iron oxide in which there are sporadic
grains of chalcocite. The tenorite forms plumose
aggregates, and the borders adjacent to the dolomite
are vague and irregular.

Probably chalcopyrite alone was the original sul-
phide mineral. The absence of quartz and other
gangue minerals is conspicuous. Where the dolomite
is close to chalcopyrite or the oxides resulting from its
weathering, it is locally stained green, evidently by
malachite. Azurite is very rare, but chrysocolla and
dioptase occur on fractures and in druses.
coatings on such druses are chalcedony and quartz,

“then calcite. The average grade of the ore that was
shipped indicates that large masses of pure copper
minerals, such as chalcocite, chalcopyrite, and mala-
chite, were rare; probably much of the ore resembled
that now found on the dump.

A black oxide of cobalt sporadically replaces the
dolomite near the copper minerals but is much less
abundant than in the workings of the western shaft.

Near the bottom of the western shaft and east of it
there is a stope about 30 by 50 feet in area and largely
5 to 7 feet wide. This stope underlies a well-defined
wall whose strike nearly coincides with the bedding
and whose dip is 3° to 5° steeper. There is 1 to 12
inches of gouge under this wall and above the shoot.
The ore contained the same minerals as that from the
eastern shaft,

There is a well-defined fault west of the shaft that
strikes N. 10° E. and dips 80° W., and on either side
of it the dolomite country rock is sporadically replaced
by cobalt oxide. (See pl. 27, B.) The cobalt oxide
forms dendrites along fractures, much like manganese

The final -
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oxides in many regions. The black dolomite does not
contain more than 6 per cent of cobalt; however, but
locally there are richer veinlike lenses. During 1921
Frank Miller, of Goodsprings, mined and shipped three
lots of cobalt ore having the weights and cobalt
content. indicated below:

- Lot 1. 4,826 pounds; 5.13 per cent of cobalt.

Lot 2. 3,799 pounds; 13.42 per cent of cobalt.

Lot 3. 549 pounds; 29.18 per cent of cobalt.

To.judge from the local associations of the cobalt and
the information gained elsewhere in the district, the
cobalt was present as sulphide or arsenide along the
fault referred to and migrated into the near-by
dolomite during weathering.

MINOR PROSPECTS EAST OF COLUMBIA MINE

Among the many prospect pits in the S. % secs. 27
and 28, T. 24 S, R. 58 E., only one.deserves mention,
probably on the Kentuckian claim, where an inclined
shaft 35 feet deep to a level 65 feet long explores a
shear zone 45 feet wide that trends N. 15° E. and dips
55° NW. in dark dolomite of the Goodsprings forma-
tion. The zone contains lenses of ferruginous chert
along the fractures of which there are coatings of
malachite, chrysocolla, and a greenish vanadate,
probably cuprodescloizite.

LINCOLN MINE

The Lincoln mine (No. 55, pl. 30) is on a low ridge
adjacent to the wash of Ivanpah Valley, in the
NE. ¥ sec. 13, T. 25 S., R. 58 E. Five of the seven
claims were located by E. W. Lincoln and others in
1905. The total production is probably greater than
the summary presented herewith but does not exceed
60 tons of ore. Most of the ore shipped has contained
about 12 per cent of copper and 15 ounces of silver to
the ton, but one lot of 2,700 pounds, shipped by J. A.
Egger in 1917, contained 97 ounces of silver to the ton.

The principal working is an inclined shaft 350 feet
long, which begins with a slope of 16° but attains a
maximum of 35° near the end. (See fig. 27.) The
workings explore a zone of pale-gray dolomite about
800 feet below the top of the Goodsprings formation,
which locally trends northeast and dips 10° NW. In
the lower 100 feet of the shaft there is a well-defined
wall that trends N. 15° to 25° W. and dips 80° SW.
Near this wall there are lenses and rounded masses of
ferruginous silica, in and around which there are
veinlets and small masses of chrysocolla, the largest
3 by 4 by 4 feet. Other copper minerals may have been
present, but chrysocolla is the most abundant of those
remaining. Specimens of iron-bearing chert given to
the writer by Mr. Egger show thin films of silver
chloride and bromide on fractures. Ore was found at
several places, but the largest stope, near the central
part of the shaft, is 25 by 25 by 12 feet. The general
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distribution of ore appears to be determined by the
wall referred to above. Specimens of dolomite breccia
on the dump contain sporadic patches of black oxide
of cobalt.

Production of Lincoln mine, 1910-1917

Year O™ | (ounces) | (ounces) | (vomne
19100 o oo 6 |- ... 89 1,775
1918 oo 15| 0.30 578 | 4,178
1907 .. 25 oo 416 | 5, 142

FIGURE 27.—Sketch map of Lincoln mine

ZINC AND LEAD MINES
POTOSI MINE

Location and history.—The Potosi mine (No. 1, pl. 30)
is high on the west slope of a prominent ridge that
extends southwestward from Potosi Mountain. It
is 11 miles northwest of Goodsprings and 21 miles
southwest of Arden, the nearest railroad point. The
camp, which is at Potosi Springs, half a mile north
of the mine and 700 feet below it, is connected with
it by aerial tramway and narrow-gage track.

There seems to be little doubt that the deposit was
the first to be explored in the district and possibly
was the first source of lead in Nevada. The early
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history is given on pages 69-70. According to Owen,*
it was the cause of local excitement in 1861. It was
examined by C. A. Luckhardt in 1870,%° when it was
known as the Comet and owned by the Silver State
Mining Co. Luckhardt wrote:

Work was commenced by a cut at the bluff on the western
slope of the mountain, which exposed the vein for 30 feet in
width and 40 feet in length, presenting a mass of ore and
country rock, the former predominating by far. An incline of
40 feet traverses the vein diagonally below this cut; and here
horizontal drifts, 70 feet long, have been run on the vein.
The lower workings show the metal (galena) to exist in seams
and bunches, varying from 4 to 9 feet in width, of solid com-
pact ore, separated by barren bunches of gangue. These
bunches and seams of ore at the surface are as likely to yield
5 as 500 tons of ore; there is no regularity observable in their
occurrence. * * * A gample of ore, regardless of waste,
from ore seams 6 inches to 11 feet in width, taken along the
vein for 336 feet in length, gave 31 per cent lead and $39.06
(about 30 ounces) silver per ton, and no gold.

The mine was examined and briefly described by
G. K. Gilbert, geologist attached to the Wheeler
expedition in 1871.%

Except for the meager record that it was worked
as a local source of lead from time to time, little
more is recorded until 1904, when it became the
property of the Potosi Zinc & Lead Co., of which the
Mahoney brothers, of San Francisco, were the prin-
cipal owners. According to A. J. Robbins, who first
saw the mine in 1892, there were at that time a small
hearth and piles of cordwood near the foot of the
present aerial tramway. The completion of the rail-
road from Salt Lake City to Los Angeles in 1905
permitted the shipment of the ores, and it produced
steadily until 1920. It was examined by Bain?*?
late in' 1905, and he was impressed by elements of
similarity between this deposit and those in the
Mississippi Valley,-which appear not to be related to
igneous rocks. Late in 1913 it was purchased by the
Empire Zinc Co. for a price reported to have been
$125,000, and in 1926 this company sold it to the
International Smelting Co. Although the Empire
Zinc Co. shipped more than half the output, a review
of the old maps indicates that it accomplished this
largely by efficient methods of mining in ground
known to be ore bearing rather than by greatly
extending explorations or by discovery of new shoots.

Production.—There is no record of the early pro-
duction of lead ore from the Potosi mine. It cer-
tainly amounted to several hundred tons, but as
little, if any, found its way out of the region unsmelted,
it was probably less than 1,000 tons. Since 1905,
when the railroad reached Arden, lead ore has been

¢ Owen, J. R. N., in Whitney, J. D., California Geol. Survey, vol. 1, pp. 469-474,
1865.

% Raymond, R. W., Statistics of mines and mining in the States and Territories
west of the Rocky Mountains for 1870, pp. 168-174, 1871,

8 Wheeler, G. M., Preliminary report concerning explorations and surveys

- principally in Nevada and Arizona, 1871, pp. 52-53, 1872.

32 Bain, H. F., A Nevada zinc deposit: U. S. Geol. Survey Bull. 285, pp. 166-169,
1906,
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-8 small part of the total production. The table pre-
sented below summarizes the records submitted an-
nually by the owners to.the Geological Survey.’

Production of Potosi mine, 1905-1927

Year - Ore @ Gold Silver | Copper Lead | Zinc
(tons) | (ounces) | (ounces) | (pounds) | (pounds) | (pounds)
1,754 |ocaeeicaos 3,665.56 |____..____ 290, 063 685, 659
[P F S, 570,175 | 2, 885, 246
SO IO IR 1,849, 322
........... 738, 532
........... 70, 907 306, 000
3,833 150, 161 | 1,055, 805
9, 692 239,993 | 1, 565,498
1,950 206, 692 | 3, 496, 873
2,387 290, 383 | 3,901, 683
..................... 1,210, 414
........... 329, 160 | 5, 875, 506
794 95,225 | 8,372, 816
830 126, 800 | 6, 623, 200
644 102,853 | 3, 030, 522
.................... 440, 470
3,359 310, 059 46, 240
201 29,239 | oo
6, 210 38, 700 892, 450
.................... 25, 560
3,237 66, 775 450, 782
704 31, 576 174,935
2,859 41, 571 555, 820
192 18,813 |-conna-

@ Crude ore unless otherwise indicated. - b Concentrate.

"' Until 1913, when the Empire Zinc Co. took control
of the property, the zinc ore was shipped in the crude '|.
That company decided that it would be eco- !

'étate.
Vnomiéal to calcine the material, and a vertical kiln was
erected at the base of the aerial tramway.®

‘the process.

" Resulls of calctning carbondle ore from Potost mine )

Crude ore Calcined ore '

Loss llllc] ) Zixzc
Year Zi ] 7i . i weigi 0ss- (per -

R kg I
1914 __ 4710 | 31.5| 3,587 | 30.2| 23.3| 6.0
1915 _.. 10,983 | 32.9 | 8692 | 387 | 20.8 6. 8
1916._____ 13, 759 35.5 | 10,732 42.1 22.0 7.5
1917 . ___ 10, 285 33.9 7, 624 42.0 25.8 7.9

Geology.—The Potosi deposit lies in the massive
Yellowpine limestone, and its stratigraphic position,
therefore, is exactly the same as that of the Yellow
Pine deposit, but the structural relations are entirely
different. Inasmuch as Gilbert and others have been
misled by the local structure, doubtless because of
inadequate time for study of the near-by region, a
sketch is presented that sets forth the writer’s inter-
pretation. (See fig. 28.) The ore-bearing limestone,
80 feet thick and dolomitized near the ore body, crops
out as a vertical cliff (pl. 33, B) and is underlain by the

+ 8 Zine, vol. 2, pp. 207-208, New Jersey Zine Co., 1917.

"that the mine lies near the crest of an anticline.

The fol-:
lowing table records the quantity and composition of
the raw material charged as well as that produced. It'
is interesting to note that the loss in weight included
not only carbon dioxide and water but some zing, "
which was presumably reduced and volatilized during

GEOLOGY AND ORE DEPOSITS OF GOODSPRINGS QUADRANGLE, NEVADA

shaly Arrowhead limestone, 12 feet thick, which crops
out and is encountered in many places underground.
In a broad way the beds trend east and dip gently
south. For several hundred feet north of the main
tunnel the Arrowhead limestone is flexed sharply down-
ward, and as the beds 500 feet or more farther west
along the track to the tramway are vertical or dip west,
it is easy to get the impression that they are strati-
graphically higher than the ore-bearing limestone and
When
the local areal relations are examined closely, however,
it is clear that the beds west of the mine are strati-
graphically lower than the ore-bearing limestone, that
they are upturned under the Keystone thrust farther
west, and that a normal fault, which drops the west
side 40 feet, passes a few feet west of the mouth of the
tunnel. It is this fault, which trends N. 30° W. and
dips steeply west, that produces the sharp flexure
in the Arrowhead limestone. A similar fault crops’

POTOS!

Arrowhead

SHAFT limestone
Builion dolornite
Anchor limestone

Dawn limestone

4,000" ——

599. i 1000 2,000 Ft.

FIGURE 28.—Yertic£;| section N. 80° E. through Potosi mine

out along the cliff 500 feet north of the tunnels. The
displacement of both faults increases toward the
southeast,.

The underground workings reveal complicated
structural conditions. (See pl.34.) Thisexamination
indicates the outstanding structural relations of the
ore deposit, but more comprehensive and detailed
study would doubtless throw further light on it. The
structure of the beds that inclose the ore body is shown
by exposures of the shaly Arrowhead limestone as well
as sporadic partings in the overlying bed. In detail
the beds form a shallow syncline, the axis of which lies
in the western part of the mine and pitches south.
This axis clearly lies west of the principal ore-bearing
ground. The faults in the mine arve separable into
two groups, both of which appear to have played an
important patt in the localization of orve, as they
appear to be premineral. If any postmineral faults
are present in the Potosi mine they have not been
recognized.

The most persistent fault is that which forms the
hanging wall of the deposit. It has been explored on
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four levels in the eastern part of the mine, where it
marks the upper limit of many stopes. It is a broadly
curved, simple surface, concave toward the ore body.
The only conspicuous striae on its surface are found in
the stopes between the fourth and fifth levels, where
they pitch directly down the dip of the beds. From
the positions of the Arrowhead limestone it is clear
that there has been movement on this surface, the
inner or northern block having moved upward a few
feet. The Arrowhead limestone is locally crumpled

along the hanging wall above the fifth level, and the

relations indicate that this fault was formed during
the period of thrust faulting. On the sixth level a
fault is exposed that appears to be part of a comple-
mentary underlying surface that marks the lower limit
of ore deposition in this part of the mine. Briefly,
the principal ore body lies in brecciated dolomitized
limestone between these two surfaces.

The other group of faults trends generally north and
dips steeply either east or west. One of these faults
passes through the center of the principal ore body
and seems to have played an important part in its
localization. On the fourth level south this fault is
marked by a breccia limited by smooth walls on which
the striae dip 10° S. Although there has been some
movement on this fault, it has probably not been large.
Some of the minor faults are marked by a breccia
cemented by coarse white calcite.

The ore bodies in the mine may be cons1dered in the
light of their mineral content and structural relations.
The bodies earliest worked near.the outcrop: were
largely lenses of galena with minor oxidation products,
which lay nearly parallel to the local bedding. The
western stopes show their distribution. In the central
part of the mine zinc minerals greatly exceed those of
lead. In the northern workings and, curiously, in the
higher levels, blende is rather abundant. It is also

present on the third level in the central part of the .

workings and is abundant in the stopes below the
fourth level in the eastern part of the mine. The
masses of clean blende are rarely more than a few inches
in diameter. Commonly small crystals are dissemi-

nated through granular gray dolomite, and elsewhere
larger terminated crystals form a zone between gray .

dolomite and white calcite. Plate 28, B, shows a
typical association of blende; gray dolomite, and white
calcite. Such mixtures of blende and gray dolomite
form tabular masses, 6 inches to 6 feet thick, roughly
parallel to the bedding, and also cement irregular
zones of dolomite breccia. Galena is present in many
places in the central and western parts of the mine,
but the quantity is rarely large, and it is usually not
associated with blende. Where the galena has weath-
ered, the green stains of copper minerals are present
near by, and locally malachite is abundant.

Most of the ore bodies in the central part of.the
mines were nearly pure hydrozincite, but here and
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there veinlike bodies of smithsonite lie along water-
courses. If calamine was ever abundant in many
of the larger bodies present conditions give no such
impression, for it is only sparsely distributed as a layer,
of crystals on hydrozincite. -The bodies of hydro-
zincite show a wide range in shape and size. Even a
glance at the map indicates the great irregularity in
the shape of the larger bodies, but it is impossible
to convey a comprehensive impression of the shape
and distribution of the individual masses. The
company’s maps record stopes on no less than 20
levels, 6 to 30 feet apart vertically. As many of these
levels overlap they display a maze of stopes and drifts
that is bewildering. Most of the larger stopes are:
distinctly tabular and lie roughly parallel -to the
sloping banging wall, so that they extend from one
level to another 20 or even 50 feet higher, vertically.

From such stopes, minor projections extend outward
in diverse directions. Other stopes are smaller and
rudely spherical and show meager if any continuity
of ore with that of near-by stopes. The average
stoping height is 5 to 10 feet, but some stopes are
as much as 15 feet high, normal to the roof. In the
northern part of the fourth level several stopes nearly
circular in plan are as much as 20 and 25 feet high.

It seems clear that the arc-shaped hanging-wall
fault has served to confine both the zinc and lead
solutions which deposited the original blende and
galena and the solutions which, as the result of recent
weathering, deposited hydrozincite. To judge from
the present distribution of blende and galena, it seems
clear that the most persistent northward fault has
been the site for deposition of the sulphides and that
it is premineral. The other northward faults probably
also controlled the local deposition of both sulphides.
The most satisfactory explanation of the relations of
the sulphide minerals assumes that the hanging-wall
fault is related to the early folding and thrust faulting
and that the solutions which introduced the zinc and
lead rose along the northward faults and spread out
northeast and west, largely in the breccia under the
hanging-wall fault but locally along bedding planes.

At a number of places on the second and third
levels the relations of hydrozincite to dolomite and
calcite show that hydrozincite is deposited by replacing
the other minerals. Where smithsonite has been found,
as on the second level north, it lies along open water-
courses and does not appear to have replaced any
carbonate rock. Itisnot clear how far, under weather-
ing conditions, zinc has migrated from the blende
which was its source. In most places it seems that
the zinc has not migrated more than a few feet, but
some bodies of hydrozincite are sufficiently remote
from distinct faults and are so related to the disturbed
bedding surfaces as to indicate that the contained
zince has been derived from bodies of blende as much
as 25 or 50 feet distant.
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From the present distribution of the bodies of hydro-
zincite and those of blende it seems that the oxidizing
waters, entering at the surface, descended along
bedding surfaces and faults and moved downward
and -southward before moving westward toward the
valley. Although the known bodies of hydrozincite
are practically exhausted, others may be found south
of the present workings and at deeper levels. Bodies
of blende also should be found in that part of the
ground. ‘
‘ DAWN MINE

. The Dawn mine (No. 4, pl. 30) is 9 miles northwest
of Goodsprings, between the Contact and Ninety-nine
mines. The claim was located by A. Munzebrook
in 1910, and although a little work was done in the
next few years, most of the shipments were made by
the Dawn Mining Co. in 1918. The.principal ex-
ploration is an inclined shaft, which extends south-
west into a ridge for a distance of 200 feet. The
workings explore a crushed zone in -the upper part
of the Bullion dolomite. The beds trend N. 20° W.
and dip 60° NE., and the breccia zone trends N.
40° to 50° E. and dips 45° SE. About 100 feet north
of the mouth of the shaft there is an extensive north-
westward-trending normal fault, one of those parallel
to the Ninety-nine fault.

~The principal mineral encountered was light-colored
hydrozincite, but some calamine, together with galena
and its oxidation products, was generally present.
One prospect 50 feet southeast of the shaft yielded
‘an intimate mixture of siliceous limonite and wul-
fenite. The shipments were derived from two stopes,
both of which were limited on one side by good walls
that trend N. 40° E. and dip 45° SE.; the larger was
25 feet long, 30 feet high, and 1 to 4 feet wide. Doubt-
less the primary ore lay along fractures that cut
obliquely across the bedding.

Production of Dawn mine, 1917-1920

Year Crude ore Silver Lead Zine
(tons) (ounces) (pounds) (pounds)
0917 e 8 36 1, 534 3, 504
1918 . __ 146 808 68,148 | 23, 803
1919 . __ 40 |- _|-- e 27, 224
1920 __ 14 | ______ 4, 838 7, 358

PAULINE MINE

The Pauline mine (No. 5, pl. 30) lies half a mile north-
east of the Contact mine, on the west edge of sec. 22,
T. 23 S., R. 58 E. About 250 feet of work has been
“‘done, but most of it is in a tunnel that extends gen-
erally northwest. The tunnel is driven in dolomitized
Yellowpine limestone at the top of the Monte Cristo
formation, about 75 feet above the Contact thrust,
.along which the beds are thrust upon the Aztec sand-
stone. Some ore has been stoped above the tunnel

as much as 6 feet thick in places.
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along a zone that trends N. 40° W. and lies parallel
to an extensive normal fault 75 feet to the southwest.
This relation fortifies the impression obtained else-
where that the Ninety-nine and other near-by faults
are premineral. ‘

Although there is no record of shipments, some
material has doubtless been shipped. The dump
contains a number of lead, zinc¢, and copper minerals,
but probably the most abundant is cuprodescloizite,
which forms mammillary crusts around rock fragments.

The Aztec claim, which has been explored by a
shallow shaft near the trail to the Contact mine,
likewise yielded many specimens of an olive-green
vanadate.

CONTACT MINE

The Contact mine (No. 6, pl. 30) is the southern-
most of the group of mines that lies north of Good-
springs on the east slope of the mountains. It is
about 8 miles north of the town. It was located by
A. L. Chaffin in 1906, but little work was done until
1915, when the Goodsprings Contact Mining Co.
was formed: Most of the work was done during 1916
and 1917, but none has been done since 1919.

The Contact mine explores a deposit in the Bullion
dolomite near the base of a large block of Monte
Cristo and Bird Spring limestones, which are thrust
eastward along the Contact fault upon the red Aztec
sandstone. The fault is clearly shown along the hill
northeast of the mine, where it has been explored by
several prospects; it trends about N. 10° E. and dips
15° W. The beds form part of a broad southward-
pitching anticline, which has been traced a mile south
and 6 miles north, but it is much broken by later
faults. At the mine the beds strike S. 65° W. and dip
50° to 70° SE. At the collar of the Contact shaft the
Contact thrust fault lies about 250 feet vertically below
the surface. The workings explore a zone about 150
feet stratigraphically below the basal sandstone of the
Bird Spring formation, which is exposed on the ridge

-southwest of the mine.

There are two principal workings—a tunnel that
extends about 160 feet southwest and a shaft on an
incline of about 40° several hundred feet west of the
tunnel. * The tunnel explored a zone parallel to the
local bedding. From the shaft there are drifts north-
east at 90 feet below the top and at the bottom,
possibly 300 feet in all. Ore was stoped west of the
shaft from a roughly triangular area, 40 by 50 feet and
This ore occurred
in dolomite breccia recemented by reddish dolomite
in a zone parallel to the local bedding, trending
approximately N. 70° W. and dipping 40° SW. To
judge from what may be seen now, the ore was largely
earthy hydrozincite and calamine, locally associated
with galena and oxidized lead minerals. Cupro-
descloizite and aurichalcite are found here and there.
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Production of Contact mine, 1912-1925

Yoar Crude ore Silver Lead Zinc
(tons) (ounces) (pounds) (pounds)
1912 ______ 27 3 345 16, 705
1916 - ___.___ 290 |- _C 170, 284
1917 ________ 345 1, 037 64, 634 119, 971
1925 _______. 19 oo 12, 470

PILGRIM MINE

The Pilgrim claim (No. 9, pl. 30) was first located in
1892 by A. G. Campbell, but little work was done until
1908, when it was acquired by Harvey Hardy and
associates. The present group of seven claims is
owned by the Pilgrim Mining Co. They are about
5 miles northwest of Goodsprings.

The principal working is an inclined shaft, which
extends westward at 32° to the 90-foot level and then

True
north

s-stope
50 (o}

L o 1 1 i 1

50 Ft.

FIQURE 29.—Sketch map of Pilgrim mine

45° to the 120-foot level. There are also drifts south
at 40 feet and north at 52 feet. (See fig. 29.) The
country rock is dolomitized thin-bedded limestone in
the lower part of the Bird Spring formation, but the
40-foot level south struck sandstone, probably a bed
that lies near the base of the formation. In a broad
way the beds strike northwest and dip gently south-
west. They are considerably folded locally, however,
and cut by numerous curved joints; these conditions
are not surprising, as the Potosi thrust lies only a few
hundred feet to the east, slightly buried under the
wash. If the Red Cloud dike extends much farther
northwest than the surface exposures, it lies 800 feet
west of the Pilgrim shaft.

Lead minerals were more abundant in the mine
than those of zinc. Although galena is common in the
lower workings' as coarse crystals in cavernous dolo-
mite breccia, it is less abundant than cerusite above
the 60-footlevel. The material shipped from the upper

3387—31——10
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stope was largely gray crystals of carbonate of lead
that passed a half-inch screen and contained 15 to 25
per cent of lead and 15 to 25 ounces of silver to the ton.
Lenses of earthy hydrozincite are more abundant in
the lower levels, and that from the face of the 90-foot
level has a pale lavender color.
spread, and wulfenite is found here and there.

The largest stope lies above the 60-foot level south
of the shaft, extends irregularly over an area 40 by
50 feet, and is 1 to 4 feet high. Its roof is a wall that
extends N. 55° W. and dips 25° SW. and probably
coincides with the bedding. At the north end of the
90-foot level a stope lies below a curved wall that
trends east of north and dips at low angles to the west;
probably this wall also coincides with the bedding
but is at a lower stratigraphic position than the upper
stope.

Although there are minor faults that cut across the
beds, most of the ore lay along folds in.the bedding
planes, some of which are very irregular in detail.
One breccia zone, locally cavernous, extends north-
ward from the stope above the 60-foot level south of
the shaft to the stope at the face of the 90-foot level
north. The sporadic distribution of ore minerals is
clearly due to the complicated structure of the beds
where they overlie the Potosi thrust fault.

At a, shallow shaft several hundred feet northeast
of the main Pilgrim shaft there is a vein or bedded
lens of nearly pure pyromorphite, in places as much as
8 inches wide. The strike of the lens is west and the
dip south, but it ended abruptly westward against a
slip. '

Production of Pilgrim mine, 1908-1927

Year Crudeore! Gold Silver Copper Lead Zinc
(tons) (ounce) | (ounces) | (pounds) | (pounds) | (pounds)
1908______ 21 0. 53 332 |- 25,190 [-__.____
1909 _____ ;I PO AN ,209 |o ...
1911 ____ 7 13 62 ... 7,310 |oo_o_.
1916 ... 152 |.___._. 548 | 2,600 | 45,996 | 53, 500
1917___.__ 77 Jeeeaoe 838 | 1,114 | 30, 735 | 19, 149
1918______ 46 |_______ 310 |ooo____ 33,773 oo -_
1925_ .. 16 (oo eea e 3,360 | 6,340
1926:_____ 17 oo . 11 o ____ 3, 647 9, 528
1927______ b 70 PR (RPN S 1,971 3, 180

PRAIRIE FLOWER MINE

The Prairie Flower claim (No. 11, pl. 30) is 4 miles
northwest of Goodsprings and half a mile northeast
of the Yellow Pine mine. It was located in 1901,
but little work was done before 1908, when, with the
Solio claim, it was sold to S. E. Yount and W. E. Allen
for $6,000. They began work and, after striking lead
ore within a few weeks, sold it to Jesse Knight and
Alonzo D. Hyde for $12,000. The Prairie Flower
Mining Co. was formed, and the ore body was explored
to a depth of 110 feet from the old shaft. During 1909
and 1910 the company produced 10 carloads of high-

Calamine is wide- -

&
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grade lead ore and about 30 carloads of oxidized zinc
ore, 1,314 tons in all. From September, 1911, to
1913 it was leased to G. Meacham, R. Duncan, and
J. A. Fredrickson, who sank the shaft to its present
depth—300 feet—and mined 203 tons of lead and
zin¢ ore. In 1917, under lease to the Prairie Flower
Leasing Co., the new or Hale shaft, several hundred
feet south of the old shaft, was sunk to 200 feet and
drifts run north and south. In 1923 this shaft was
sunk to 400 feet, and crosscuts were run east and west.
Early in 1927 the 400-foot level east was connected
by a raise with the old Prairie Flower shaft. - At the
present time the company is controlled by the Yellow
Pine Mining Co. ’

Production of Prairie Flower mine, 1908-1918

) ilv ead inc
Year (ORI (ontnoas) | (ouness) | (owedd) | (poumds) | (paands
1908__._1 22 1. ____. 187 38 | 25238 |..____..
1909___ | 105 |- o || 67, 204
1910___.| 1,209 | 10.63 | 5, 010 | 4,730 | 363, 517 | 388, 111
1911, 40 | 19 123 232 | 19,302 10,873
1912 __ VA SR I IO —_-| 26,924
1913 . f 119 | e fieaaaoao 79, 909
1915____ 57 | 39, 760
1916____| 346 |_______ 2,085 |_______ 92, 648 | 156, 400
1917____) 339 I...._.. 1, 406 666 | 124, 322 9, 457
1018__ .. 20 - 182 ... 9, 439 3, 627

The rocks exposed at the surface near the Prairie
Flower shaft include the Yellowpine limeéstone and the
Yellow Pine sill of granite porphyry. The Arrowhead
limestone does not crop out on the surface but has
been repeatedly strick underground. The sandstone

at the base of the Bird Spring formation is present in |

the workings near the north winze of the Yellow Pine
mine (fig. 30), but in several places farther north it is
represented by nearly black sheared shale, locally 2 to
5 feet instead of 23 to 28 feet thick. At the bottom
of the Solio shaft, 750 feet north of the old Prairie
Flower shaft, the horizon of the sandstone is repre-
sented by a bed of chert cobblestones in dark clay.
The beds trend N. 30° to 45° E. and dip 45° to 60°
NW. As explorations are confined to two levels, it
is not possible to make a structure contour map of
the entire area, but portions of the explored ground
are included in the map of the Yellow Pine mine
forming Plate 36, B.

The Yellow Pine sill is struck on the 200-foot level
from the new shaft but dips more steeply than the
local bedding. There is a possibility that it follows a
preintrusive thrust fault slightly steeper than the
bedding, but it more probably follows the general

zone of unconformity at the base of the Bird Spring -

formation. :

On the 900-foot level north of the new shaft the-

drift passes through two blocks of porphyry that are
probably faulted parts of the sill but may be small
dikes.
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Fer a short distance north and east of the old shaft
the limestones near the ore are sporadically altered
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porphyry is marked by sheared gouges and no altera-
tion of the limestones is noticeable.

The new shaft attempted to find ore under the
Yellow Pine sill but was not successful. About 10
tons of low-grade zinc ore, which was dolomite partly
replaced by calamine, was found on the 200-foot level
north, but nothing more. Obviously this zinc had
migrated downward from its original site of deposition
as sulphide. "

The old shaft explores a shoot that pitched about
60° SW. in a plane parallel to the local bedding. The
present open stope, worked from the surface to the
first level, about 110 feet on the slope below the sur-
face, extends 40 feet along the level and is 6 to 15 feet
wide. It is limited by a good hanging wall that

trends N. 65° E. and dips 50° NW. and hence is’

nearly parallel to the bedding. It is reported that
some ore was found on the lower levels and that the
ore lay generally parallel to that above but was lower
in grade. Explorations to the west or northwest meet
the porphyry scarcely 25 feet above the shoot. From
the first to the second level the shaft followed a cavern
in the limestone covered with a mammillary crust and
stalactites of aragonite. ,

From the record of shipments it is clear that zine
only slightly exceeded lead in the mine. Probably
galena was the most abundant lead mineral, but on
the dumps at present the arsenate, mimetite, is much
more common. In many fragments all the galena
except & few small kernels is oxidized to the sulphate
and carbonate of lead. The most abundant zinc
mineral in the upper levels now is calamine, although
the earthy carbonate is not uncommon.
containing calamine are locally covered with a thin
yellow mammillary crust of a vanadate, probably
descloizite.

YELLOW PINE MINE

The Yellow Pine Mining Co. owns a group of 12
mining claims (No. 12, pl. 30) that cover most of the
ravine locally known as Porphyry. Gulch, 4 miles west
of Goodsprings. (See pl. 35, A.) The company owns
the narrow-gage railway that connects the mine with
the mill at Goodsprings and with the Union Pacific
Railroad at Jean. Although the Rover and Hilo
claims were located in 1892 and 1897 respectively, the
Bybee claim, located by Addison Bybee in 1900, which
lies between the other two claims, covered the ore
bodies that gave the mine its early eminence. Reécently
the workings have been extended northward to mine
large ore bodies under the Radio and Como claims,
which were located in 1904. The original company
was organized by J. F. Kent in 1901 with 250,000
shares, but in 1906 it was reorganized with 1,000,000
shares of $1 par value.

History.—The first ore shipped from the claims, 18
tons of oxidized copper ore, was obtained in 1906

Fragments

. by lessees of the Columbia and Boss mines.
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from a shallow shaft 500 feet south of the Hale shaft,
but no connection of this body with those of zinc car-
bonate that have made the mine famous has ever been
established. Faint veinlets of brown jasper in the
dolomitized limestone were the only evidence of ore
near the shaft that yielded the copper ore; similar -
veinlets also crop out near the old shaft that encoun-

 tered the first bodies of zinc ore in the mine.

Small bodies of mixed lead and zinc ore were found
in 1907 in the old shaft 200 feet east of the Hale
shaft, but the first large body of zinc ore was struck
in this shaft at 110 feet. This body was followed
southwest and led to the successive exploitation of the
deeper bodies farther -southwest and in 1912 to the-
sinking of the Hale shaft, from which all the ore bodies
in the southern part of the mine to the ninth level were
mined. In 1916, when conditions in the southern part
of the mine were discouraging, exploratory work from
the vertical shaft in the northern part of the third
level encountered the ore body in the 350-foot stope,
and from ‘that time the development has been pro-
gressively northward. Early in 1922 most of the ore
known south of the porphyry dike on the 900-foot
level had been mined, when a raise’ from the 900-foot
level north of the dike struck two large bodies of ore. .
The company then sank the new vertical shaft (com--
pleted January, 1924) from which all the recent work -
has been done. The present distribution of stopes is
quite different from that of the ore bodies indicated by
the work before 1916.

- Milling.—In order to ship products that would
yield the greatest profit the company has faced a
peculiar milling problem. Most of the stopes have
yielded  an intimate mixture of galena and oxidized
lead and zinc minerals rather free from gangue minerals.
It has been the purpose to separate, as far as possible, .
the lead and zinc minerals and to throw mnothing.
away. . 3

The first mill used by the company in treating the
ore from the Yellow Pine mine was that built in 1899
When
remodeled to treat Yellow Pine ore, it contained rolls,
screens, Harz jigs to treat the coarse sizes, Richards
classifier, and Overstrom tables.®* In 1919, after a fire
at the mine, the mill was remodeled and eight Diester-
Overstrom tables, screens, jigs, and five oil-fired cal-
cining furnaces were installed.®® About 1920 the com-
pany permitted the United States Bureau of Mines to
make exhaustive tests in an experimental plant to de-
termine the feasibility of separating the lead and silver
from the zinc by chloride volatilization.®® Although
the tests were encouraging, no attempt has been made
to change the milling plant. The remodeled mill was

8 Palmer, L. A., Some zinc-lead mills in California and Nevada: Met. and Chem.
Eng., vol. 15, pp. 203-205, 1916.

8 Yellow Pine Mining Co. Ann. Rept., 1919, .

# Varley, T., Barrett, E. P,, Stevenson, C. C., and Bradford, R. H., The chloride
volatilization process of ore treatment: U. 8. Bur. Mines Bull. 211, pp. 72-81, 1023
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burned in September, 1924, and has since been replaced ‘

by a new mill.

Production.—The production of the Yellow Pine
Mining Co. is recorded in the two accompanying
tables. The first records the annual statements sub-
mitted to the United States Geological Survey by the
company and shows the content of recoverable metals.
The second has been assembled by the company and
shows the classification of the material shipped as
well as the total receipts, costs, and profits.

A review of the average content of the products
shipped each year shows that the crude lead ore has
contained 47 to 63 per cent of lead, 5 to 13 per cent of
zine, and 17 to 22 ounces .of silver to the ton. The
lead concentrate has contained 51 to 56 per cent of
lead, 12.5 to 14.5 per cent of zinc, and 25 to 50 ounces
of silver to the ton. As in other mines in the district
where the crude ore has been milled to yield a lead
concentrate, the silver content of the concentrate is
two or more times that in the crude ore per unit of
lead. The mixed lead-zinc ore has contained 13 to 16
per cent of lead, 27 to 30 per cent of zinc, and about
11 ounces of silver to the ton. The crude zinc ore has
contained 34 to 45 per cent of zine, 3.5 to 6.5 per cent
of lead, and 1 to 6 ounces of silver to the ton. The
zine concentrate has contained 32 to 34.5 per cent of
zinc, 4 to 6.5 per cent of lead, and 2.5 to 6 ounces of
silver to the ton. The zinc slime has contained 32
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to 85 per cent of zinc, 6.5 to 8 per cent of lead, and 3.5
to 6 ounces of silver to the ton. The insoluble matter,
probably in large part silica, is commonly under 5
per cent, but some shipments of crude lead ore contain

as much as 15 per cent.

Production of Yellow Pine mine, 19061928

Ore
mined
(tons)

Ore
shipped
(tons)

Zinc
(pounds) -

Gold
(ounces)

Lead
(pounds)

Copper
(pounds)

Silver
(ounces)

1, 505
2,317

19,378
16, 687
15,472
16,136
20, 581
19, 976

8, 200
10, 900
14,353
20, 402

14, 946
2,521
7,814

8,626

1,074, 527

s Concentrate. b Crude.
Production of Yellow Pine Mining Co., 1907—1929
Ore shipped (tons) Net v%";‘;f‘ 0.b. Costs Net profit
Net opera- :
Year ‘ ting profig | Miscella- Divi-
Crude | Lead Zine z P P 1(+)(°') income P dends
Crude | Crude inc er er | -loss (— er
Tead zine lzei::l% cgf::g- ??ﬁfé" slime Total ton Total Total ton Total ton
* .
122.121$31. 14| $3, 803. 18| $13, 816. 60| —8$10,013.42] ool
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Inclosing rocks.—The workings of the Yellow Pine
mine explore a stratigraphic zone about 300 feet thick.
The beds trend N. 20° to 45° E. and dip 30° to 45° W
(See pl. 36, A, and fig. 32.) They are cut by a dike
of orthoclase porphyry and are overlain by the Yellow
Pine sill of the same rock. The lowest beds pene-
trated by the workings include the upper part of the
Bullion dolomite, which is coarse grained and light
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gray. It is exposed in drift 260 southeast on the 200--
foot level and in drift 626 on the 600-foot level. ‘
The Arrowhead limestone, which overlies the Bullion”
dolomite, is exposed in many places underground, and
its thickness does not deviate much from 10 feet. It
is made up of the characteristic layers of Jimestone 2
to 3 inches thick, now completely dolomitized, alter-
nating with layers of shale one-eighth to one-half inch
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thick. (See pl. 6, B.) On account of the numerous
exposures in the workings, the top was chosen as the
surface on which to draw structure contours in order
to portray the structure accurately. ‘

The Yellow Pine limestone contains all of the ore
mined, and hence most of the mine workings are in it.
Where exposed in raise 717 above the 700-foot level in
the south-central part of the mine, the thickness is 110
feot, but at the north end of the mine it is only 71 feet
thick. As the bed is unconformably overlain by the
basal sandstone of the Bird Spring formation .(see p.
22), this decrease in thickness may be due to erosion
of the bed before the sandstone was laid down. It is
light gray, crystalline, and wholly dolomitized in the
ore zone. The table on page 62 presents four analyses
submitted by the company and shows that this bed is
now 91.1 to 94.4 per cent dolomite. Although no
analyses have been made from this bed where it is
unaltered in this mine, the analyses of the same bed in
the Christmas mine (Nos. 7a and 7b, p. 61) probably
represent the approximate composition. As there is
no visible effect of the orthoclase porphyry dike upon
the ore-bearing dolomite, a sample collected 1 foot
south of the dike in drift 907 on the 900-foot level
was examined closely. It is largely light gray and

" fairly well crystallized, but it is cut by vague veinlets
of lighter and more coarsely crystalline dolomite.
The only foreign material consists of a small percentage
of very perfect clear quartz crystals, mostly 0.1 milli-
meter long and 0.01 to 0.02 millimeter in diameter,
which contain sparse inclusions. It is not clear
whether this silica has been added as the result of
the intrusion of the dike or represents the silica
originally in the limestone, recrystallized during or
after dolomitization. It seems certain that the intru-
sion of the dike has not produced much change in
either the composition or the texture of the dolomitized
limestone.

The basal sandstone of the Bird Spring formation is
exposed at many places in the mine. (See pl. 36, 4.)
In the southern part of the mine two measurements of
thickness were 28 feet each, but in the northern part
two other measurements were 26 and 23 feet. The
bed is uncommonly homogeneous in texture, and there
are few traces of bedding. It breaks readily in angular
blocks. The color is generally pale buff but locally is
brownish. One specimen collected from the top of
raise 916, in the northern part of the mine, is made up
largely of subangular to angular grains of clear quartz
0.1 to 0.05 millimeter in diameter. The only other
mineral present is plagioclase feldspar, of which a few
grains were noted. Recent work on the Prairie Flower
claim shows that the sandstone bed is represented in
some places by a bed of black shale scarcely 2 feet
thick and elsewhere by a zone of cobblestones, most of
which are chert. (See p. 128.)

The Yellow Pine sill of granite porphyry is exposed
at only a few places in the mine, although the Hale
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shaft is entirely in it as far as the 300-foot level. " In -
the northern part of the mine & dike of similar rock 60
to 80 feet thick cuts across the beds. The rock has
rather uniform texture throughout and like that at the
Red Cloud mine contains a small percentage of dis-
seminated pyrite and is otherwise altered.

Structure.—The general structural relations of the
rocks within which the Yellow Pine ore bodies have
been found are presented on page 46. It is the purpose
here to describe those structural features observable
underground that appear to have bearing on the origin
of the deposit and the explorations for ore bodies. The
content and relations of the ore bodies are described
elsewhere.

The beds that inclose the ore bodies trend northeast
and dip northwest. Only superficial observations are
needed to show that there are many faults in the mine
and that they have a bearing on the search for ore.
Some are nearly parallel to the bedding in strike and
dip, others are parallel in strike and opposed in dip,
and still others cut directly across both the strike and
dip of the beds. As the record of these faults on a mine
plan such as that shown in Plate 36, A, leaves only
an impression of confusion, Plate 36, B, has been
prepared in an attempt to show the more notable of
these faults not only clearly but accurately. In this
illustration 50-foot contours have been drawn on the
top of the Arrowhead limestone and on the most per-
sistent faults exposed underground, just as if the over-
lying beds had been removed and one could look down
on this bed and the faults. Such a map might be
drawn upon any one of three surfaces—the top of the
Arrowhead limestone, the hanging wall of the Yellow
Pine ore bodies, or the base of the basal sandstone of
the Bird Spring formation—for the exact position of
each was determined in many places. A review of the
natire of each of these surfaces indicated that a map
on the first of them would probably be more nearly
correct, as it was the simplest surface. The base of the
sandstone is a surface of unconfermity, and the-hanging
wall of the ore bodies is not continuous throughout the
mine, wheress the bed of shaly limestone is not only
persistent, but, as it lies between two massive beds, it
probably assumes the form of simply curved, though
faulted, surfaces. For some areas where the data were
incomplete it was necessary to calculate the position
of the surface of the limestone from that of one of the
other surfaces. So far as possible, the positions of the
surfaces of bedding and of the faults have been cor-
related by trigonometric calculations from one level to.
another. The result is probably fairly close to the:
reality; probably the horizontal positions of most of the-
contours on the shaly limestone are within 10 feet of’
the actual positions, and few are more than 25 feet
away. Doubtless some errors have been made in:
correlating faults on one level with those observed on.
another, but these should be confined to areas where-
there are many fractures.
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As shown in Plate 36, B, the strike of the beds shifts
by slight changes from N.'20° E. at the south end of
the mine to N. 45° E. at the north end. The dip is
39° in a block at the south end, but, beginning at a
fault (A, pl. 36, B), it increases gradually from 32° to
39° near the crushed zone at the middle and to 48°
at the north end, and in the Prairie Flower ground it
is as much as 60°. In detail most of the blocks for
which the data are good, especially in the southern
part of the mine, appear to be limited by simple curved
surfaces rather than planes; this is shown by the con-
verging instead of parallel contours.

In general, structure-contour maps primarily reveal
the forms of the surfaces contoured, but secondarily,
if based on good and abundant data, they also indicate
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sents a vertical cross section of an inclined bed, of
which AD is the upper and BC the lower surface. It
is assumed that the section cuts across an ore body, O,
whose outline is indicated. At the left horizontal con-
tours are shown at assumed altitudes of 100, 150, 200,
and 250 feet, and they are projected to the right to
meet the lower surface of the stratum at b, ¢, and d.
What will be the effect upon the structure contour
lines on this lower surface and upon the horizontal
projection of the ore body if the block is broken along
the plane of the section and displaced to new positions.
AIB/O/DI’ AIIBIICIIDII’ a‘]:ld' AIIIBIIICII’DIII? An
examination of the diagram shows that if the block is
moved upward along the dip of the bed to A’B'C’'D’,
there will be no horizontal offset in the structure con-
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FIGURE 31.—Diagram to illustrate effect of faulting on structure cor.tours

elements in the structural history that may otherwise
be very obscure. They also suggest local areas where
further data may best be sought to aid in unraveling
the history of the deposit. In applying them to prob-
lems of metalliferous deposits certain precautions in
their use should be emphasized. Contours are neces-
sarily horizontal lines on surfaces viewed vertically
downward, and contour maps reveal form alone.
If, as here, they are drawn on a bed and on faults that
cut the bed, they show only resultant surfaces and
require additional data, such as reliable grooves or
striae, to indicate movements on the faults. In other
words, where a contour on a bed is offset by a contour
on a fault (pl. 36, B), it should be clearly understood
that the offset is not necessarily the horizontal com-
ponent (strike slip) of the fault. If, in addition to the
structure contours, reliable grooves: or striae on the
fault are known, the direction and amount of the
displacement (net slip) can be calculated.:

Figure 31 has been prepared to explain further this
aspect of structure contours. The block ABCD repre-

tours, but the trace of the ore body, O is displaced to
O’. 1If the block is moved upward at an angle lower
than the dip, say to A”’B’’C"'D’’, the contours are
displaced from a’ to a’’, b to b’/ etc., and the ore body
to 0’’. Similarly, if the block is moved horizontally
to A’”’B’"’C""’D’"’, the contours are displaced from b
to b’”’, ¢ to¢’’’, and d to d’’’, while the ore body is dis-
placed an equal horizontal distance to O’’’. The
following significant conclusion may be summarized.
Where a stratum is broken by a fault, the shift in
the contours on the stratum measures the difference
between the dip of the stratum and the direction of
movement on the fault. In other words, if a shift of
an ore body along a fault can be proved from the maps
and -.underground observations, and there is little if any
shift of the structure contours, the direction of move-
ment of the block must almost equal the dip of the
bed. _
. From a consideration of this conclusion, it becomes
clear that the effective solution of fault problems,
such as have been met in the Yellow Pine mine, re-



ZINC AND LEAD MINES

q‘uires not only a clear picture of the form of the faulted -

blocks, such as is shown by a structure-contour map,
but also trustworthy observations on the direction of
movement on the faults, shown by grooves and striae.
As strine commonly indicate only the direction of the
latest movement on a fault, they are not highly reliable.
The displaced line of intersection of a dike with a bed
would be much better. :

In the Yellow Pine mine the direction of movement
on a fault also appears to indicate the epoch to which
it probably belongs, even if other kinds of evidence
are lacking, such as assuredly unbroken, unweathered
ore minerals in the fault breccia.

Ore bodies.—In describing the ore bodies, attention
will first be given to their mineral content, and later to
their distribution, form, and relations to the faults
that affect them.
those of lead throughout the mine, and although a few
copper-bearing minerals are widespread, local concen-
trations are rare. Measured by the tonnage of the
several products shipped, zin¢ minerals have been about
four times as abundant as those of lead, but the zinc
in the recoverable metal content of the shipments has
ranged from two to three times the lead. The most
abundant zinc mineral is hydrozincite, but here and
there smithsonite and calamine are common. Small
quantities of aurichalcite, azurite, and zincky clay are
found. Doubtless zinc-bearing vanadates have been
encountered, but none were recognized by the writer.
In the recent deeper stopes galena is the commonest
lead mineral, with cerusite, anglesite, and plumbo-
jarosite next in order of abundance. Records indicate
that cerusite may have been more abundant than
galena in some of the older shallow workings. Prob-
ably anglesite was at no place the most abundant
lead mineral, but it is widespread. Although the total
quantity of plumbojarosite has probably been small,
some of the upper stopes must have contained con-
siderable, for the dump at the old shaft contains many
lumps of it. Linarite and caledonite are very uncom-
mon, but exceptionally fine crystals of linarite largely
altered to caledonite, as much as 4 inches long, were
fouad on the 900-foot level near the dike.” Masses of
crystalline mimetite were found in the large stope
‘above the 900-foot level north of the dike; doubtless
pyromorphite and vanadinite are also present, but
they were not found. Of the copper minerals, prob-
ably malachite is the most abundant, but chrysocolla,
azurite, and aurichalcite are also widespread. Radiat-
ing masses of stibnite and its oxidation products, as
well as cinnabar, were found in masses of chert along
fault Q at the north winze on the 900-footlevel, where
the sill is brought into contact with the ore-bearing
limestone. Iron minerals are not common, but some of
the higher stopes, such as that on the 200-foot level
north, show lenses of limonite and limonitic chert with

Zinc minerals considerably exceed
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jarosite and beaverite. Minute grains of pyrite are
disseminated through the dike on the 900-foot. level.

Other than the dolomite that incloses the ore bodies,
the only conspicuous mineral noted is chert, generally
light or dark brown, and this is pot widespread.
Coarsely crystalline wbite calcite is not recorded,
although it may have been present before the bodies
were weathered. Quartz was not observed in the
mine but may have been present in the upper levels as
a product of weathering.

From this brief summary of the minerals noted in
the mine it is clear that the original sulphide minerals
have been thoroughly oxidized and that only traces
remain to indicate their precise local distribution and
relations. Zinc sulphide has not yet been found, and
all of the galena is surrounded by a border of oxidized
lead minerals.

From observations in many other mining districts
it is known that the effect of weathering upon the
original bodies of zinc and lead sulphides is to convert
the metals first to sulphates, then to carbonates.
Both these salts of lead are highly insoluble and rarely
are found far from the place occupied by the original
sulphide. The salts of zinc are much more soluble,
however; hence they migrate downward along water-

“courses, and this must be borne in mind in consider-

ing the shape of the stopes of oxidized zinc minerals
and their relation to the original bodies of sulphide
minerals.

The distribution of the stoped ore bodies is shown
on Plate 36, A. These are surprisingly continuous for
2,000 feet along the strike of the beds, when the num-
ber and displacement of the crosscutting faults is
taken into consideration. 'In part this apparent con-
tinuity is due to local migration of zinc when the sul-
phide is weathered. The widths of the stopes are
different in the different parts of the mine. Through-
out most of the area south of the old and Hale shafts,
the usual range in width is 3 to 10 feet, but in the 600
stope above the 600-foot level the width is locally 15
feet. The stopes in the northern part of the mine are .
uniformly wider, and those between faults K, L, and
M range from 20 to 30 feet. Until recently a pillar
of pure hydrozincite containing a little galena ex-
tended 30 feet from the foot to the hanging wall of the
stope between faults K and I. (See pl. 36, A.)
Doubtless much of the hydrozincite replaced dolomite,
of which none remains, and the distribution of galena
must be nearly the same as in the deposit before
it was' weathered. (See pls. 28, C, and 29, A.)

Although specific proof is no longer obtainable, the
shapes of some stopes indicate the local migration of
zinc downward during weathering. Thus, the rudely
triangular stope from the 250 to the 300 foot level,
adjacent to the old shaft, appears to bave been formed
by zinc migrating downward from the main stope
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above. Similar but smaller stopes in which one wall
coincides with a fault are found rather widely.

In many parts of the mine, particularly south of the
Hale shaft, the stopes are limited upward by smooth
walls and although in places these walls seem to
coincide with local bedding, elsewhere they appreci-
ably depart from bedding in strike as well as dip.
Thus, the hanging wall over the stope above the 600-
foot level ranges from 10 to 35 feet stratigraphically
below the overlying sandstone. ' In the same area the
dip of the wall is 36°, although that of the inclosing
beds is 32°. (See fig. 32, A.) In the northern part
of the mine some stopes extend up to the overlying
sandstone, -whereas others near by are 30 feet lower.
This discordance of dip between bedding planes and
hanging walls of ore bodies, taken with brecciation of
the dolomite on the lateral walls of the stopes, forms
the :basis for the conclusion that the sulphide ore
bodies in the mine were deposited in a fault breccia
rather than along bedding planes, as in many other
districts. S

“In several parts of the mine there are superposed
stopes.. -These are well shown on the 200-foot level
south of the old shaft (cross section b-b, fig. 32, B),

_on the 500-foot level near the Hale shaft, and between
the 900 and 1,100 foot Jevels, adjacent to the north
winze. In each of these areas the lateral walls of the
stopes show brecciation of the inclosing dolomite.

At a number of places in the mine, particularly on

the lower levels in the northern part, under the large
stopes on hydrozincite ore, there are bodies of smith-
sonite along fractures. In part the smithsonite is
unaltered and rich enough to be mined as ore, but in
some places it cements dolomite breccia and is too
low in grade. Elsewhere the dolomite fragments have
been -dissolved and the remaining cavities partly or
wholly ‘filled with white hydrozincite and calamine.
(See pl. 28, D.) Particular inteiest is attached to
such occurrences of smithsonite because they indicate
the earlier presence of bodies of zinc minerals at higher
levels. :
- Faults—During the examination of the mine it was
the;purpose to record the principal faults, although it
was readily seen that, within the time available, it
would be quite impossible to record all fractures.
Most of those recorded are shown on Plate 36, A. It
was also-the purpose to determine whether the faults
were formed before the sulphide mineralization (pre-
mineral), and therefore might have played a part in
the Jocalization of sulphides, or whether they were
formed after the sulphide mineralization (postmineral).

. The postmineral group might include faults along

which movement was either earlier or later than the
oxidation of the sulphides.

The facts that in many places the strike and dip of
the hanging wall of the ore-body deviate from those of
the local bedding and that the ore body coincides with
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a breccia zone indicate that the sulphide minerals were

deposited along a fault fracture that must be related
to the flat thrust faults of the region. If this is the
case, it is a matter of some importance in the search
for ore to determine whether the known ore bodies
were localized on a single or several thrust faults and,
as the ore bodies are not continuous in a given direc-
tion: without break, whether the offsets were formed
before or after mineralization. One may also specu-
late whether similar parallel flat thrust faults may not
be found more deeply buried.

. It will be profitable to review the present general

_distribution of ore shoots (stopes) in the light of the

speculation whether their irregularities are most rea-
sonably explained by postmineral or premineral fault-
ing of a simple breccia zone on a thrust fault, as local
criteria are lacking or very obscure in many places.
The possibility should also be considered whether there
may have been renewed postmineral movement on
premineral faults. The simplest concept of the Yellow
Pine shoots is that the sulphide minerals were deposited
along a thrust fault in a simple pipe that plunged
northward at an inclination of about 20° and that the
shoot has since been broken by faults and weathered.
This concept assumes that the solutions which depos-
ited the sulphides had a source to the north and rose
gently southward. But, as noted below, there can be
no doubt that several cross faults were the sources of
some mineralization, and it is necessary to consider
an alternate concept that numcrous premineral cross
faults were channels of access of solutions to one or
more breccia zones and that, although the breccia
zones may have been continuous, they were broken
before mineralization and local irregularities of form
resulted from fortuitous differences in the cross faults.
In corsidering irregularities of form of ore bodies,
however, sallowance must be made for the probable
efflect of migration of metals during weathering, and
this is difficult to do with confidence.

The only trustworthy criterion that a fault in this
region is premineral is the presence of unbroken grains
of galena in the dolomite breccia along the fault. The
oxidized minerals of both lead and zinc may always
contain materials that have migrated appreciably from
the site of the original sulphides and therefore can not
be used for this purpose. If many faults were ex-
plored extensively outside of the ore zone, it might be
possible to use the presence or absence of dolomitiza-
tion as a criterion, for areal work has shown that,
except near centers of recent volcanism, dolomitization
took place before and during mineralization but not
afterward. o

When it is proved that one fault in a mine or region
is premineral, and its relations to another of different
strike or dip are known, it is attractive to speculate -
whether most or all faults of similar strike and dip are
not premineral and whether others of different strike
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A. YELLOW PINE MINE AND CAMP, NW. }4 SEC. 20, T. 24 S,, R. 54 E.

The slopes of Shenandoah Peak (crest of ridge) are made up of thin-bedded limestones of the Bird Spring formation.
The smooth slope behind the hoist is underlain by the porphyry sill.

B. SULTAN MINE, SOUTH CENTER OF SEC. 20, T. 25 S., R. 58 E.

The mine workings are in a breccia of dolomite fragments representing dolomitized limestones of the Bird Spring
formation. The thin-bedded limestones above the mine workings are in the lower part of the Sultan formation.
The lowest tunnel shown is No. 1, or the main working level.
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FI1GURE 32.—(eologle cross sections of Yellow Piné mine. For lines of Sections see Plate 36,4
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and dip may not be postmineral. This speculation is
suggestive but not highly satisfactory when applied to

the Yellow Pine mine, because, first, there are so many .

faults of almost similar strike and dip; second, inter-
sections are rarely shown; and third, weathering of
zine minerals and their attack on wall rocks so widely
destroys or obscures the evidence of the nature of the
faults. '

‘Faults that are assuredly premineral have been rec-
ognized in the following localities in the mine: Fault A
on the 600-foot level, strike N. 50° W., dip 70° NE.;
fault B (?) on the 700-foot level, strike N. 42° W., dip
75° NE.; fault L and others near by on the 1,000-foot
level off the south winze, strike N. 72° W., dip 85°
NE.; fault O occupied by the dike on the 900-foot
level, strike N. 46° W, dip 75° SW.; and fault D on
the 900-foot level, strike N. 58° W., dip 85° SW.
When the range in strike and dip of these faults is
considered it throws doubt on the value of any scheme
of classifying faults on the basis of strike and dip
alone.

Faults L and O noted above displace both the beds
and the ore shoots (pl. 36, A4) 80 and 90 feet, respec-
tively, and on each the strike and dip of both contour
of bed and ore shoot are approximately the same. The
striae on the walls of fault L are nearly horizontal, but
these indicate the latest movement only, and as the
breccia contains unbroken galena, the conclusion is
reached that it was formed before the mineralization
 and was probably the chaunnel by which the sulphide
minerals were brought to the adjacent ore shoots.
The possibility of some postmineral movement on the
fault can not be denied, although if it was appreciable
it must have been nearly horizontal.

In several places persistent faults appear to cut off
nonpersistent faults, which are not, however, assuredly
premineral. Thus fault J, 'which limits a large ore
shoot above the 300-foot level, and faults J’ and J’/
trend N. 15° W., dip 70° NE., and appear to be cut
off by faults I and K, which trend N. 50° to 60° W.
_ and dip 68° to 78° NE. On all these faults the striae
range from borizontal to 30° NW., but they are not
reliable indications of net movement. The effect of
fault I is to offset the contours on the shaly limestone
200 feet, but the ore shoot on the northeast side of it
is roughly 200 feet vertically lower than those on the

and all of the displacement of the ore shoot is post-
mineral the striae are misleading. The most reason-
able explanation of the local situation would assume
that faults J, J/, and J’/ are premineral and the source
of the ore in the stopes higher up and that faults T and
K are postmineral. If this is true, however, and if
fault L is premineral, as stated above, it means that
parallelism of faults does not necessarily mean similar
age of fault and maximum movement, for I, K, and
L are more nearly parallel than L and J.

Plainly, if the fault is postmineral
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If & continuous pipe of sulphide minerals were
broken by a postmineral fault there should be a seg-
ment on each side of the fault, and the displacement
should be confirmed by the displaced contours on
bedding and striae on the walls. In several places ore
bodies end downward against faults, and no exten-
sion is known, though existing workings should have
struck it. In the southern part of the mine the ore
body stoped above the 700 and 600 foot levels roughly
ends southward against fault C, which is well shown
on the 300, 700, 800, and 900 foot levels but is obscure
in the stopes. On the lower levels the striae on the
fault dip 10° to 15° NW., thus indicating an extension
of the ore shoot on the 800 and 900 foot levels, but
none is there.. Instead, the only ore southwest of
fault C is higher, lying between the 600 and 300 foot
levels. Though no sulphides were found in fault C,
it is probably a premineral fault.

Fault E is well exposed on four levels and especmlly
on the 500-foot level, and the striae are horizontal or
pitch northwest as much as 40°. The maximum
strike slip on the contoured bed is about 16 feet, but
the strike slip of the ore body indicated by the present
stopes is about 60 feet. Striae are abundant on the
fault at each level and largely pitch 10° to 20° NW.,
though some pitch 40°. All these data are consistent
with the conclusion that the block north of fault E has
moved upward and southeastward at an angle slightly
less than the dip, but nothing observed proves whether
the fault is premineral or postmineral. Probably it is

.8 premineral fault along which there has been some

postmineral movement.

‘The effect of fault F is shown in Figure 32 B. As
with fault E, the block on the north side has moved
upward and southeastward, but nothing observed
proves whether it is premineral or postmineral. With
the exception of fault I, all the faults of northwest
trend, south of the dike, yield evidence of the same

"movement (net slip) as that on the faults C, E, and F

just described. Such faults are clearly characteristic
of periods of local compressive stress and, from what
is known of the region, appear to be uniformly pre-
mineral.

The evidence of faulting near the granite porphyry
dike is interesting. The walls of the dike, well shown
on the 900-foot level, trend N. 45° to 50° W. and
are nearly vertical. One wall is offset by a fault (N”)
that trends N. 80° W. and dips 80° SW., but there is
no evidence that the wall is affected by the parallel
vertical fault (N) that offsets the sandstone about 50
feet (strike slip). - That the fracture occupied by the
dike is itself a fault (D) seems certain from the nature
of the displacement of the sandstone on the two sides
of the dike. The local situation is thus interpreted:
It seems probable that all three fractures were formed
before the dike was intruded along one of them; the
movement on N took place before the dike was in-
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truded and is premineral; the movement on N’ is
later than the dike and may be either premineral or
postmineral. The striae and movement on fault P
indicate that it belongs to the thrust epoch. Fault Q
is a premineral fault.

In the southern part of the lower levels (700, 800,

and 900 feet) there are three persistent breccia zones-

that strike from due north to N. 10° E. and dip 52° to
85° E. (See pl. 36, 4, faults X, Y, and Z.) They are
impressive because they are breccia zones 3 to 8 feet
wide, and the fragments are uniformly less than 4
inches in diameter and only slightly cemented. Striae
and small grooves on the walls pitch 5° to 15° NE.
Considered together, they appear to represent the
fault shown on the surface 2,000 feet west of the Alice
shaft. The displacement there noted, together with
the striae underground, indicates that the western
block has moved southward and upward relatively
about 300 feet. On the 700-foot level, however, the
shift in the ore shoot indicates that the block west
of fault X has moved southward scarcely 100 feet. No
ore has yet been found west of the principal break
(fault Y) on the 800-foot level (drifts 801 and 851)
and 900-foot level. It is not clear whether they are
premineral or postmineral; probably they belong to
the first group. :

The type of displacement and general distribution of
the faults that trend northwest in the mine have a
bearing on the conditions of their formation. Along
all the faults except fault I, south of the block bounded
by faults S and R, the northwestern block appears to
have moved forward, or southeastward, and upward,
but from that block north, as shown by the workings
on the Prairie Flower claim (fig. 30), the displacement
is reversed. The block bounded by faults S and R
appears to be the most advanced wedge of a number
‘that, taken together, form a larger wedge. Also, thus
far, except for the Prairie Flower shoot and sporadic
patches of zinc minerals in the new shaft on that claim,
no shoots have been found north of the block, and, ex-
cept for offsets along faults, ore shoots extend continu-
ously for 2,000 feet south of it.

Genesis of the deposit.—The summary of genesis is
concerned with the structural dnd igneous history of
the area and the effects of weathering on the transfer
of lead and zinc rather than with the methods by which
the original sulphides were deposited, for weathering
has almost completely -obliterated the evidence of
sulphide deposition:

Here, as elsewhere in the district, dolomitization of
the limestone seems to have largely preceded deposi-
tion of ore, as the ore shoots occur in dolomite breccia.
The zone of brecciation appears to be rather simple
over large areas, but locally there are several super-
imposed zones. The principal zone has great hori-
zontal extent along the strike of the beds but in depth
cuts across the beds. To judge from brecciation at
this horizon elsewhere in the district, there may. be
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‘other similar zones at greater depths in the Yellow-

pine limestone or in lower beds. Probably the brec-
ciation preceded the intrusion of the sill, and that -
was earlier than the dike which fills a fault that prob-
ably cuts across the sill. Most of the cross faults of
northwest trend were probably formed after the sill
was intruded and before the dike, and they were fol-
lowed by deposition of sulphides of lead and zinc.
Probably there was later movement along the cross
faults before weathering began to affect the sulphides.
Solutions of zinc sulphate migrated locally downward,
reacting near by with the dolomite wall rock to form
hydrozincite or depositing -smithsonite in open brec-
cia more remotely.

According to this explanation, the cross faults were
largely the channels by which lead and zinc were
brought to the breccia zones, and exploration for addi-
tional deposits should be directed toward finding other
zones in the Yellowpine limestone or lower beds at
greater depth, where they are cut by the cross faults.

MIDDLESEX MINE

The Middlesex mine (No. 14, pl. 30) lies at the
south end of the small valley locally known as Horse-
shoe Gulch, half a mile southeast of the Yellow Pine
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FIGURE 33.—Qeologic map of Middlesex mine

mine and 3 miles northwest of Goodsprings. The
claim was located in 1901. There are two tunnels—
an upper 100 feet long and a lower about 400 feet
long. These tunnels explored a bedding-surface frac-
ture that trends generally north and dips 35° W.

The fracture lies about 40 feet stratigraphically above

a sill of granite porphyry which roughly follows the
bedding of the inclosing dolomitized limestones near
the base of the Bird Spring formation. (See fig. 33.)
The principal ore mineral is galena, largely in coarse
cubic crystals embedded in white coarse dolomite.
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Pale-reddish hydrozincite is present on the dump, and
here and there galena is embedded in it. These min-

erals occur sporadically in the crushed and sheared

dolomite under a persistent hanging wall. The shoots
appear to be pipes that extend directly down the dip
and here and there attain widths of 3 feet. There is

no record of production, but it probably did not exceed

200 tons of lead or mixed ore. .
The same zone is explored by three other tunnels

within & distance of 600 feet west of the Middlesex

tunnel, and some ore was probably. encountered.

YELLOW PINE EXTENSION MINE

The Yellow Pine Extension mine (No. 1 5, pl. 30), also

known as the Green Mountain or Alice from the names -
‘of two of the claims, lies half a mile south of the:

Yellow Pine mine, about 4 miles due west of Good-
springs. The principal claims were located in the
following years: United States, 1889; Contact, 1892;
Alice, 1892; and Green Mountain, 1899. Most of
the ore has come from a shaft about 680 feet deep

having an average inclination of 21° 30”. (See fig."

34.) - The collar of the shaft lies at the end of a tunnel

165 feet long. The depth attained is 230 feet vertically |
-below the tunnel, but it is only 160 feet .below the ra-
vine west of the mine. Recently two other inclined
shafts have been sunk 700 and 1,200 feet north of the °
main tunnel. These are 200 and 160 feet deep, respec-

tively, but they have not yet encountered ore.

‘The summary of production presented below is
compiled from the records of the United States
Geological Survey. According to A. J. Robbins, the :
present owner, it is a little low, and the minimum is .
probably about 3,000 tons. Most of the output has

been zinc ore, largely ranging between 30 and 42 per

cent of zinc. The remainder includes one car of lead
ore, several cars of mixed lead and zinc ore, and
several more of copper ore. Compared with the prod- -
uct of most of the other mines, the ore of this mine -
has had a high percentage of insoluble matter, prob- :
ably in large part silica, generally ranging from 14 to
16 per cent. A rough estimate of the gross value of

the output is $100,000 and of the net value, after pay-
ing railroad, freight, and smelting charges, $75,000.

Production of Yellow Pine Exiension mine, 1909—192/

Year Crude ore{ Gold Silver Copper Lead Zine
(tons) (ounce) | (ounces) | (pounds) | (pounds) | (pounds)
1909_____ 123 || 79, 055
1910_____ 160 || |eeeeaas 97, 280
1911 ____ 29 0. 27 94 764 . ______ 16, 492
1912_____ 191 |.______ 261 | 1,282 |20, 439 | 109, 155
1913_____ 255 |-.-___ 107 | 3,428 [._.__. 147, 799
1914 ____ 120 .38 180 | 4,427 | 2,990 | 61,661
1915 .. 327 |- 177 6,680 |______. 169, 905
1916. ... 626 |.______ 322 | 14, 352 | 8, 865 | 318, 158
1917 ____ 565 |- || 336, 175
1918 ____ 225 |o e o |acmeaa]aooo.--{ 150, 049
1919_____ 49 || el 6, 860 24, 990
1924 .. __ 15 PR IO N 7, 446 18, 132
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The general geologic conditions in the area sur-
rounding the mine have been described on page 46.
‘The shaft is sunk in beds of the Bird Spring formation
that lie 100 feet or more above the base. In this
area they are largely converted to dolomite. Even
though they strike generally northwest and dip south-
west, they are locally folded and much faulted. At
‘three places in the mine sill-like masses of granite
porphyry have been met. The shoots that have been

the sources of ore underlie a persistent wall that lies ,

only a few feet above the middle of the sills. In a
broad way the wall conforms with the bedding; locally
it cuts across it.

The upper mass of porphyry is sill-like and ranges
from 6 to 10 feet in thickness. It terminates above
and below against faults. The middle mass is exposed
for 160 feet in the shaft. It is clearly asill, 1 to 10 feet
thick, and with depth its lower surface passes into the
roof of the shaft. The shoot of zinc ore explored in
this area lies in a zone of dolomite breccia 3 to 4 feet
thick directly overlying this sill. There is a good
hanging wall over the ore, but above it there is more
breccia; clearly the ore is associated with a fracture
that is not related to the bedding of the dolomite.
The next lower shoot (123 to 179 feet vertically below
the mouth of the shaft, fig. 34) appears under the
sill, but it also is overlain by a persistent wall. The
lowest Lody of porphyry is also a sill that underlies

an ore shoot. It is cut off on the east by a vertical .

fault which, as will be shown below, probably belongs
to the thrust epoch. It is not clear whether the three
masses of porphyry are separate masses or not;
probably the upper and middle ones were once con-
nected. It looks, however, as if the lower sill were
distinct from that explored above. Throughout the
mine the porphyry is broken by many fractures and
deeply weathered, so that it caves badly as time passes.
There are many faults in the mine; only the per-
sistent or critical ones are shown in Figure 34. The
most persistent fault lies east of the workings, and only
a few drifts have crossed it. It is a zone of fine
dolomite breccia at least 5 to 20 feet wide, and there
are persistent strine that dip from the horizontal to
20° NE. Its average course is N. 25° E., but the dip,
which is 45° to 80° SE., in the upper work, turns to
68° to 90° N'W. in the lower work. Clearly the sur-
face is curved, concave westward, and the movement
along it has been nearly horizontal. From the regional
geology it seems clear that the fault is one of several
surfaces along which the eastern block has moved
3,000 feet northeast. A number of the other faults
shown in Figure 34 are clearly related to this fault.
The shape of the ore bodies explored in this mine is
unique in this district. Together they form a nearly
continuous shoot at least 900 feet long, rarely more
than 40 feet wide, and from 2 to 5 feet thick. Each is
limited upward by a clean hanging wall, which is gen-

erally cut across breccia even though it roughly
follows the bedding. The wall is hardly continuous
throughout, for one body overlies a sill and the next
underlies it. The principal mineral mined has been
earthy hydrozincite, brown or white, which has
replaced dolomite. Calamine is common, but largely
on fractures that cut the hydrous carbonate. Smith-
sonite is reported but was not found. Aurichalcite is
rather common; in fact, the northern or upper end of
the lowest stope yielded 100 tons of copper ore in
which there was some chalcocite. Galena was un-
common, but cerusite and other oxidation products,
including a vanadate, were common. '

All the ore shoots appear to be adjacent to faults,
and most of them lie on the lower sides of faults. (See
fig. 34.) The writer’s observations indicate that
faults determine the position of ore bodies and locally
limit them and that none are assuredly postmineral.

Pools of water stand permanently on the lowest
level, 230 feet below the top of the shaft but scarcely
160 feet below the overlying surface.

RUTH MINE

The Ruth claim (No. 17, pl. 30) is situated at the
head of the wash 3 miles due west of Goodsprings. It
was located in 1893 by A. S. Campbell and, after the
Kirby, was one of the first lead mines to be worked.
It was worked intermittently until 1903 and is
reported to have yielded about 500 tons of lead ore up
to that time. Since 1914 it has been leased five times
and has yielded about 150 tons of lead ore in addition.
The record of part of these later shipments is given
below. The principal workings and source of all of
the lead ore are shown in Figure 35.

Geologic conditions near the Ruth mine are excep-
tionally complicated. The shoot that was the source
of most of the ore lay along a breccia zone parallel to
the local bedding in dolomitized limestone, 500 feet or
more above the base of the Bird Spring formation.
These limestones are part of a block which is limited on
the north by the Ruth fault and on the east by a thrust
fault that dips 30° W., under which lie successively
the Shinarump conglomerate and Moenkopi. forma-
tion. On the west there is a normal fault that trends
N. 15° E. and may be traced 4,500 feet south beyond
the Cosmopolitan and Bell mines. The maximum
displacement along this normal fault is about 400 feet
near the Bell mine, and it decreases northward. As

the Cosmopolitan shaft explores a copper deposit on .

this or an adjacent parallel fault, it is probably pre-
mineral. The flat thrust east of the Ruth mine has
been explored by prospects on Rattler Hill, 1,000 feet
south, which yielded a little lead ore. If the Ruth
mine were explored 400 feet vertically below the tunnel
level, the workings would probably pass into beds of
the Moenkopi formation. Within this block the
dolomite beds trend northwest and north, and then

.
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near the Ruth fault the bedding turns abruptly to
merge with the fault, which trends northeast. The
dip ranges from 35° to 50° W. :

The principal mineral of the Ruth mine was silver-
bearing galena, but here and there oxidized lead and
copper minerals were found. Wulfenite in small
tabular crystals was found on open fractures in the
drifts off the tunnel. The galena appears to be per-
sistently associated with dark chert, probably of the
hypogene variety. .

Little ore may now be seen, so that the relations of
the galena are obscure. According to H. Hardy, who
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to the ton, and the other 23 per cent of lead and 16
ounces of silver to the ton.

SHENANDOAH MINE

The Shenandoah mine (No. 31, pl. 30) is near the
head of a deep gulch on the west side of the Spring
Mountains, about 6 miles due west of Goodsprings ,but
by road the distance is nearly 16 miles. It was first
located by Jonas Taylor and J. A. Bidwell in.1883, and
.there was a brief reference to it in 1901.5% Most of the

present development work was done between 1915 and
1918.

According to local report, the cropping of the

MOUTH OF
OLD SHAFT
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surface along
bedding fracture,
dip 35° SW,

3to5 feet wide

Y.Broken lines indicate
approximate bedding
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FIGURE 35.—Geologic map of Ruth mine

- leased the mine in 1914, the galena formed lenses as
much as 2 feet thick that alternately lay steeper and
flatter than the general dip of the shoot. Compared
with most of the other shoots in the district, this was
simple and pitched straight down the dip. "A little
ore was also obtained from an underhand stope near
the mouth of the tunnel.

The composition of the ore is shown by smelting
receipts from the shipments made by H. Hardy in
1914.

Content of ore of Ruth mine

Weight Gold | Silver | Lead Zine Copper| Iron | Silica
(ounces|(ounces| (per (per (per (per

(pounds) (o ton),per ton)! cent) |(Percent) cent) | cent) | cent)
28,413 0.01 24.5 33.5 Trace. 0.40 1.7 47.5
42,312 L0356 | 24.6 37.8 0.8 .65 2.0 41.4
6,416 L0321 26.7 50.0 .5 .12 2.1 24.0

Of the two cars shipped by John Egger in 1916 one
contained 63 per cent of lead and 26 ounces of silver

Shenandoah ore shoot was the most conspicuous among
. the lead deposits of the district. It has been irregu-
:larly excavated for a distance of 100 feet on the surface.

Production of Shenandoah mine, 1908-1926 .

Crude ore Silver Lead Zinc
Year (tons) (ounces) (pounds) (pounds)
1908 _ ____________ - 23 247 23,119 | _.___.___
1915 ________ 225 555 30, 615 115, 695
1916 _______. 677 o281 26, 740 389, 134
1917 .. 154 886 101, 254 6, 732
1918 _ ... 26 63 11, 267 11, 222
1926 ___________ 38 88 15, 585 15,774

The workings include a crosscut tunnel 125 feet long
from the end of which there is a raise to the surface at
35° slope. From this raise, 30 feet above the tunnel,
a drift runs northwest 60 feet. The stope above this
drift is limited by a good wall that trends northwest

87 Eng. and Min. Jour., vol. 72, p. 178, 1901,
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(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-
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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
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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.
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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
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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
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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
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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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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
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Drift along selvage 615"
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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]
et i
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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

50 Ft.

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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VEOW Qoo --- DL 33
Potosi Mountain, showing faults. ..-pl 13
Potosi Spring, location and flow of ... ... 5
Potosi thrust, relations of ... eaeen 45
Prairie Flower mine, description of. - 127-129
structural geology near --- 46-48
structure contour map on top of Arrowhead limestone in..__. pl. 36 (in pocket)
Production, summary of. 71-72
Prometheus claim, deseription of . .. . ... 149

Proustite, 0CCUrrence Of ... oo e
Psittacinite, occurrence of
Puelz mine, description of
Puelz thrust, relations of . ... ..o
Pyrite, occurrence of . _...

Pyromorphite, 0CCUIrence Of. ... ..o o iiiieiciiaans 80,86
. Q

Quartz, 0CCUITeNEee Of . . e eamaae 79, 82
R

Radio claim, Jocation of . - . e 129

Red Cloud mine, location and history of. ... ... .o o... 103-104

structural geology near..__....... ... 46-48

Red Streak claim, deseription of. .. ool 112
Rocks, age and character of e 9-10
Root mine, description of_. - 152-153
Rosella claim, description of. 119-120
Rose mine, description of ......... 120-121
Rose Tank, location and features of. . 6
Rover claim, location of . .. e 129
Ruth mine, deseription of . .o emee——ae 139-140
silver content of lead ore of - . . e, 90
s

Sandy claim, workings on 120
Serpentinization, occurrence and character of . ... oemoo e 56
Sheep Mountain, section of Bright Angel shale and Tapeats sandstoneat... 11
. Shenandoah mine, description of. - 140-141
Shinarump conglomerate, occurrence and character of . . 9,34
thickness of - - oo ool 9
Siderite, occurrence of.. 79, 84-85
Silica and iron minerals, mode of origin of. ... 98-99
Silicification, occurrence and character of - TOBT
Silver deposits, features of ._......_... 90
Silver Gem claim, description of.. N l(;2-lﬁ.5
Silver mines and prospects, description of. - 107-108

Singer mine, descriptionof..._......... - 154

silver content of lead ore of. - 9%
Smithsonite mine, description of_. .. 79,141
Smithsonite, occurrence of_..... . 85
Snowstorm mine, description of . 110
South Side claim, location of. - . 154
Spelter mine, description of. 151
Sphalerite, occurrence of . ..o oooooioooiiooooo 79, 81

Spring Mountains at mouth of Porter Wash, view of .
Springs, occurrence of - . .. oL occocaoooo
Star mine, description of . _ . 186

Stibiconite, occurrence of .. ... __._._.._ e mmemememn 79,83
Stibnite, oceurrencee of. . o iieeiiiaiiaean 79, 81
Structural events, age of ....... 54, 55
Structural features, SUMMArY Of - oo\ .o eeccrrcecmecm———as 53-54
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general principles of.. .
minor features Of . . - oo icccc e cceicmaamaee
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partial section of tuffs and flows in

Sultan block, structural features of . . - oo oo oo iiccamcimae.

Sultan limestone, age and correlation of .. ..o eeeas 15-16
areal distribution of
dolomitization of.
fossils of, stratigraphie distribution of ...« oo ooieii.. 16
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description of.
geologic map of.
silver content of lead ore of
VI OW Of e e e pl. 35
Summit claim, location of . .._._______
Supai formation, age and correlation of -
areal distribution of...__.__.____.
lithology of . ..._....
sectionof..______
thickness of

Supergene minerals, list of .. __..._..._____
Surface features 25
Surprise mine, description of .______ 147
Sweepstake prospect, description of _.___ 113

T
Table Mountain area, igneous rock ) S 40
Tam o’ Shanter fault, relations of . ... 51
Tam o’ Shanter mine, description of. ... A _ 164
Tapeats sandstone, character and thickness of__ - 10
section of, at Sheep Mountain.__.__..___.. .oon
Tennantite, oceurrence of .. ... illiiiciin. 79,82
Tenorite, 0CCUITeNCe Of - - - e e 79, 84
Tiffin mine, description of.._._.____._____ 153
Triassic rocks, occurrence and character of.. - 32-35
Turgite, occurrence of g 79,84

U .

" United States claim, location of ... . ... 138

\2
Valentine limestore member of Sultan limestone, dolomitization of_..____. 57-58
Lithology of - . el 10, 14-15
88CtIOMS Of <o oo o e 14,15
thickness of. - ) - 10,14
Valentine mine, description of. . 162

Vanadates, undetermined, occurrence of. ... ... oo ooooo_io.
Vanadinite, occurrence of. ... ... _.
Van Henry claim, wquings L)« VRSO
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‘Wad, occurrence of

Water supply
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‘Whale mine, description of. _ - 145-146
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Yellow Pine district, outlook for mining in_ ... ... i.ooiioaiii-o 73-76
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Yellow Pine Extension mine, description of ... .. _._..... 138-139
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milling operations at
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