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tion than ·was possible in the present reconnaissance. l'he relations 
between the small rhyolite mass 2 miles south of west of Belted Peak . 
and the Paleozoic rocks are poorly 'exposed, but the rhyolite probably 
represents the lower portion of the rhyolite flow rather than a dike, 
since no dikes were obs~rved in sedimentary rocks to the \vest. 

The earlier rhyolite is similar lithologically to that of the ICawich 
and Reveille ranges, and like them lies beneath the Siebert lake beds. 
All three are practically of the same age, probably :early ~1iocene .. 

Later Thyolite.-Later rhyolite caps Oak Spring Butte (see fig. 13) 
and forHls a lower bench on the same butte and a similar bench on the 
ridge north of ",~Thiterock Spring. It also covers large areas to the 
west, on Pahute .Mesa. The predominant facies is a resinolls or glassy 
rhyolite composed of light-gray and black flow bands and lenses. 
Perlitic parting is locally present. Medium-sized phenocrysts equal 
the groundmass in bulk and in the hand specimen consist of unstri­
ated feldspar, often showing beautiful. color' plays, and colorless 
quartz in rounded grains or dihexagonal pyramid and prism crystals. 
The mIcroscope shows the pres~nce also of smaller phenocrysts of 
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L.'IG. l·{.-NOI"t1H'Ullth section through Oak Spring Butte, llelted Hange. 

deep-green augite and biotite. Another facies is a reddish-gray 
aphanitic rock with a fe\v phenocrysts of feldspar and black mica. 
Some quartz and plagioclase phenocrysts are also visible under the 
microscope in the devitrified-glass groundmass. 

The later rhyolite is a flow, in part contemporaneous with the Sje­
bert lake beds, bnt mostly younger. It is therefore of middle and 
possibly late ~1iocene age. It is contemporaneous with the rhyo­
lite of Shoshone ~10untain and Pahute Mesa,. and probably with the 
later rhyolite of the Kawich Range and of Stone\vall Mountain and 
with the later rhyolite and biotite latite of the Amargosa Range. 

Basalt.-Basalt covers considerable areas near the middle of the 
Belted Range. The low hills at the north end of the range also 
appear from a distance to be basalt. The basalt, where examined, is 
lithologically similar to and probably contemporaneous with that of 
the Reveille Range, and, like it, overlies the eroded earlier rhyolite. 
It is probably of late Pliocene age. The surface of the Belted Range 
was; however, probably less rugged than that of the R~veille Range 
at the .ti!J.1e of th~ bas~lt ~ffusi<?I~: 
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STRUCTURE. 

The Pogonip limestone, as exposed iIi th~ Belted Range, lies in a 
monocline which strikes north and dips 20° to 30° '~T. next I{awich 
Valley and 70° ,V. southwest of Belted Peak. Superimposed upon 
the main fold are a few minor isoclinal folds of similai· strike, as well 
as gentle cross folds. This is probably the eastern limb of a broad 
syncline which underlies I{awich Valley and which has for its west­
ern limb the easbvard-dipping monocline of Quartzite Mountain. 
A number of dip faults of east-,,,est strike cut the Pogonip limestone, 
with a ulliform offset of the beds on the north side of the faults to the 
east. The lateral displacement of the largest faults shown on the 
map is 100 feet. . 

The Carboniferous Tocks are bent into rather open folds, which 
near Oak Spring have north-south axes and to the north of Tippipah 
Spring, as a rule, course northeast and· southwest. Small isoclinal 
folds passing into overthrust faults occur, particularly in the shale. 
The intrusion of the granite considerably disturbed the strata on its 
north side, ,vhile the beds on the other sides were but little affected. 
The folding was evidently in part prior to the granite intrusion, in 
part due to it, and in part later, since the granite in places has a 
sheeting parallel to the bedding planes of the limestone. Since the 

. folding of the strata some normal faults have been formed. 
Prior to the extrusion ot'the earlier rhyolite in the northern part 

of the.range the Pogonip limestone formed a mountain range possi­
bly somewhat lower than the present Belted Range, with its crest 3 
miles west of the present crest line. In the southern part of the range 
prior to the deposition of the Siebert lake beds the Carboniferous 
rocks had at least a gently accentuated surface, since numerous hill­
ocks of the older rocks protrude through the younger sediments north 
of Tippipah Spring. The Siebert lake beds at Oak Spring have been 
uplifted without important flexure. After this uplift erosion de­
veloped a mature mountain surface, which prior to the extrusion of 
the basalt was tilted to the east. The basalt flows on the east side of 
the range dip to the east at the rate of 500 feet to the mile, possibly 
indicating that the eastward tilting continued after the outflow of the. 
ba~cl~va. . . 

ECONOMIC GEOLOGY. 

OAK SPRING . 

. At Oak Spring a number of prospects are being developed. In 
granite l~ miles nearly due south of Oak Spring quartz veins of 

.pegmatitic origin, from 1 to 3 feet wide, striking N~ 30° E. and dip­
. ping 15° N'V., have been staked. The quartz is ,,,hite and s1ightly 

sugary and contains vugs with small quartz crystals. Some of it IS. 

intensely brecciated, the cracks being stained by hem:;ttite and li111Q11-
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ite~ Sulphides are sparingly present and ~onsist of pyrit~, chalco­
pyrite, galena, and zinc blende, named in the order of their abun­
dance. From these hematite, limonite, malachite, azurite, and cerus­
site are deri vecl as ~ec()ndar'y minerals. A coating of an unetuous 
mineral in silvery tab16t:'j fro"ts sorne of the cavities. The values in 
this locality are said to be gold with less silver. The deposits are 
genetically similar to the mineralized pegmat.ite veins of Lime Point, 
in Slate Ridge, and the sulphides were probably introduced into the 
pegmatitic quartz after its solidification. 

The pegmatitic quartz veins abundailt in a small granite mass 
three-fourths of a mile east of south 6f Oak Spring contain pyrite 
crystals, as do the less acidic pegmatites and the surrounding and 
genetically related granite. The quartz is said to carry good gold 
and silver values, presumably in the pyrite. 

About 300 yards southwest of Oak Spring and down the same ridge 
is a 25-foot shaft in Pennsylvanian limestone, here locally horizontal. 
A vein 2 feet wide, which strikes N. 35° E. and dips 70° N'V., cuts 
the limestone. The vein is formed of malaehite, chrysocolla, and a 

. jaspery quartz, which is deeply stained by blotches of manganese 
dioxide and limestone. Striking vugs in malachite lined with later 
azurite which in turn is covered with clear quartz crystals resemble 
copper-sulphate crystals. ~Iassive yellowish-gray cerussite (lead car­
bonate) is also present. A yellowish-green, finely scaly coating OJl 

fractures was determined by Mr. 'Valdemar T. Schaller to be either 
emmonsite or durdenite, hydrated ferric tellurites. 'The presence 
of the compound of tellurium is of considerable interest, since it indi­
cates the presence of a telluride among the original minerals of the 
post-,J urassic ore deposits. Emmonsite is one of the last secondary 
minerals to form and coats both jaspery quartz and chrysocolla. 
Postmineral faulting has occurred. The secondary minerals, which 
alone are seen, partly replace the limestone and partly fill preexist­
ing cavities. 

The so-called turquoise mine at Oak Spring is a small cut in the 
metamorphic Pennsylvanian limestone l~ miles south of the spring 
and three-fourths of a mile from .the granite contact. Two veins 
strike north and south and dip 65'? "V., apparently parallel to the 
bedding of the limestone, which is here partially marmorized and 
silicified. The wider vein varies in width from. 2 inches to 1 foot and 
ca~l be traced several hundred feet. Four feet away is a parallel 
vein, the two being connected by a few. chrysocolla stringers. The 
veins are composed of a mottled mosaic of chrysocolla and a dark 
compact jaspery quartz, stained in sonie places by limonite and in 
others by manganese dioxide. The chrysocolla is usually verdigris 
green, although picked pieces are a beautiful robin's-egg blu~, Th~ 

Bull. 308-071\:[--9 
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substance 'is usually opaque, but some is slightly translucent. The 
chrysocolla is comlnonly massive, locally with a botryoidal ·structure, 
and in some massive phases an occasional cleavt'tge face is seen. It 
is cut by veinlets of manganese dioxide andllwhite calcite or quartz. 
Chrysocolla veinlets of slightly different 'color cut one another, 
showing that the formation of this mineral extended over a consider­
able period. AssoCiated with it is a crystalline, bottle-green, semi-
transparent mineral whose cleavage faces reach a· length of one-half \ 
inch. A radial structure is observed in places. This mineral is \. 
embedded in the chrysocolla or cuts it in veins and is of practically 
contemporaneous age. It is probably brochantite, a hydrous sul-
phate of copper. Both the chrysocolla and the brochantite were 
determined by Mr. ~;Valdemar T. Schaller. Postmineral faults cut the· 
veins and parallel them. Pieces of blue chrysocolla closely resemble 
turquoise, and several hundred pounds of the material have been sold 
for this gem. The inineral takes an excellent polish. The largest 
piece of pure chrysocolla seen 'vas 6 by 3 by 2 inches. . 

In these copper deposits the minerals exposed· are all secondary. 
~1alachite, chrysocolla, brochantite, cerussite, a jaspery quartz, and 

'limonite seem practically contemporaneous. There is considerable 
evidence that the- formation of the copper minera1s and the jaspery 
quartz extended over a considerable period, during which some frac­
turing occurred and in consequence the relations between these niin­
m;als are complex. They partly replace the limestone and partly fill 
fissures. Azurite, emmonsite, quartz, and calcite are of later origin. 

,N arrow seams and veins of quartz are rather widely distributed in 
t.he. Pennsylvanian rocks, particularly near granite intrusions. In 
the slaty shales and quartzites througholit the southern portion. of the 

. range such veins occur. A quartz vein 2 inches thick which carries 
some pyrite cuts the shale one-half mile south of vVhiterock Spring; 
Specimens of quartzite, which evidently came from the quartzite to 
the north, were found at Tippipah Spring. These were rather 
!Strongly stained by malachite and hematite., 

Oak Spring ,furnishes sufficient good water ,for domestic purposes, 
and there are several other springs in the general vicinity. Oak 
Spring Butte is timbered to some extent. Calientes, on the San 
Pedro, Los Angeles and Salt Lake Railroad, is the natural shipping 
point . 

OTHER AREAS. 

Prospects are located on either side of the road from I(awich to 
Cliff Spring, near th~ eastern border of the Pogonip limestone. The 
supposed ore is in part a fine-grained quartzite and in part Veln 
quartz, in which a.re small disseminated iron-pyrite cubes and thin 
stringers of pyrite. The veins where examined are thin. 
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Heefs of silicified rhyolite similar to that of the Kawich Hange 
occlIr south of Belted Peak. The alteration of the' rhyolite is strik­
ingly like that at Silverbow, Eden, and other mining camps situated 
in rhyolite, and the ground is worthy of prospecting. Over a con­
~jderable area ea.st and southeast of Belted Peak; near the boundary 
of the area mapped, the rhyolite appears in a distant view from its 
tolor alld topography to ue much altered. 

PAHUTE MESA. 

TOPOGRAPHY AND GEOGRAPHY. 

The name Pahllte JYlesa is applied t9 the lava-capped table-land 
stretching from Stonewall Mountain' on the northwest to the Belted 
Uange on the southeast, a distance of 48 miles. The mesa is 12 miles 
wide except n~aI' its center, where Tolicha Peak cuts it into two por­
tions. Notwithstanding this break .. these divisions nre so similar, 
both topographically and geologically, that it is convenient to de­
scribe them under a single name. 

Pahute Mesa consists of a series of benches one above another, the 
surfaces of which are determined by i-esistant flows of lava (PI. II, 
.A). These level benches are trenched deeply by canyons, while hills 
of older rocks and cones, the vents of the lavas, rise fronl their sur­
faces. Southeast of Stonewall ~10untain the mesa has an average 
elevation of 5,500 feet. It gains in altitude to the southeast and near 
the Belted Hange the highest mesa bench is 7,500 feet high. The 
80uthward-facing scarp is 1,500 feet high. 
, The western portion of the mesa is without vegetation other than 

sage and related shrubbery and the yucca. The higher portions of 
the eastern edge are, on the other hand, covered with a fairly heavy 
growth of pinon and juniper, and grass grm;vs luxuriantly in the 
higher valleys, making this portion of Pahute ~1esa the best ,vinter 
range in the area mapped. The mesa has no large springs, Pillar 
Spring containing less than 50 gallons of water. A well sunk in a 
canyon 3 miles north of east of Gold Center yields about 300 gallons 
of w,ater a day. It is HO feet deep and passes through Hecent gravels 
into tuffaceous sediments beneath the basalt. Tanks are common 
on the sllrface of the mesa, but in summer, with one proba~ble excep­
tion, these are dry. A little bad water can be procured, probably 
throughout the year, by digging in the gravels at Ammonia Tanks. 
On account of the lack of water Pahute Mesa is more dangerous in 
summer than Death Valley. , 

GENERAL GEOLOGY. 

On account of its inaccessibility and the comparative simplicity of 
its geology, bllt little time was devoted to the mapping of this region. 
While many inaccuracies exist in the geologic boundaries as here laid 
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down,they bl~oadly repre~ent the main features. The latest rhyolite 
and later tuffs beneath the basalt in the northwestern portion of the 
mesa are not differentiated from the basalt, while the separation of 
the Siebert lake beds and the middle rhyolite ncar the Belted Range 
i~ only approximate. 

The li~t of the formations of Pahute lVlesa, from the olde~t to the 
youngest, i~, as follows: Mica schist, pre-granite monzonite, post­
Jurassic granite, earliest rhyolite, biotite andesite, Siebert lake beds, 
middle rhyolite, latest rhyolite, later tuft's, and basalt. 

ME1'AMOIU'HlU HOCKS. 

jJiica sch'tsts.-At Trappmans Camp the granite contains fragments 
of mica schist, and all outcrop :::everal hundred yards in diameter, 1 
mile east of Trappmans Camp, may extend eastward a considerahle 
distance beneath the Tertiary lavas. These rocks arc crenulated and 
foliated schists. One facies is a dark-brown schist apparently c'mn­
posed of tiny plates of biotite and muscovite well arranged in the 
plane of foliation. The microscope shows that the two micas are dIS­
tributed in rather distinct bands parallel to one another. Andalusite, 
sillimanite, and finely divided magnetite are present as accessories. 
Another facies is a 6i~very schist composed or muscovite, with he];e" 
and there an ellipsoidal aggregate of deep-green chlorite. Urider the 
microscope this proves to be a schist composed of the essential COll­

stituents, muscovite, chlorite, and quartz,and the accessory constitu­
ents, sillimanite, zircon, Hndalusite, and rutile. Nothing is known 
concerning the age of the'se intensely metamorphosed rocks beyond the 
fact that they are'much older than a granite of supposed post-Jurassic 
age. They are perhaps of Cambrian age, since they somewhat resem­
ble the more 'metamorphosed Cambrian schists near granite at Gold 
Mountain. 

SEDIMENTARY ROCKS, 

Paleozoic qtta1'tzite.-Prospectors report that quartzite OCellI'S on 
the north slope of :Mount 1-1elen, but the locality was not visited by 
the writer. 

Siebert ~ake beds.-The Siebert lake beds west of the Belted Range 
are similar to those described in the vicinity of Oak Spring. (See p. 
122.) The beds are either horizontal or tilted up to angles of 30°. 
Probably to be correlated with these are the white conglomeratic 
sandstone 10 miles north of Tolicha Peak, and green tuffaceous 'sedi­
ments 7 miles southwest or Trappmans Cainp. From the tuffaceous 
beds, which contain quartz, feldspar, and biotite crystals, lVIr. B. D, 
Stewart collected pieces of silicified wood which Dr~ F. H. I(nowlton 
states belonged to a deciduous tree, not older than the Tertiary. 

Later tuffs.-Beneath the basalt of Pahute Mesa east of Stonewall 
Mountain are tuffs and rhyolite flows which appear to be similar to 
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the Intel' rhyolite anlliater tuffs of the Goldfield hills. (Sec pp. 72, 7,1:.) 
Similar Leds outcrop at lnany poillts where. erosion has removed the 
basalt, and it is probable that these beds llnderlie the greater portion 
of the basalt. No attempt has been made to separate them from 
basalt on the map. A section eflst of Stonewall Mountain is as 
follows: 

Sccllon C(I,,':!t Of Stonc'W(I,ll JJ1onntwin. 
Bnsnlt. Feet. 
Ilhyolite ______________________________________________________________ G 

Gray tl~ff with small pebbles____________________________________________ 15 

Rhyolite ----------------------------7--------------------------------- 7 
Yellow tuff, very rich ill pebbles of pumice, which reach a maximum diame-

ter of 1 inch ________________________________________ ~________________ 20 

Gray, rather incoherent, eonglomel'atic tuffaceous seclimentR. '.rhe pebbles, 
which rench a maximum diameter of G inches l1l1d become smaller toward 
the top, are fOL'med of rhyolitic pumice, :t qUllrt7:;-poor rhyolite like the 
later rhyolite of' Gol(lftPl(l, and basalt. '!'iny crystals of feldspnr, similar 
to the phenocrysts of the rhyolite of Goldfield, are presellL______________ 5G 

Yellow tuffs, like above ___________________________________ ~_____________ 10 

From this section and that at Goldfield it may be inferred that a 
lake covered considerable territory in the northern part of the area 
11nder discllssion, probably in late Plioceiw time. The deposits 'of this 
lake nre separated from those of the Pahute Lake (Siebert lake beds) 
by an erosjonalnnconformity, and are probably older than the playa 
deposits of the older allllvium in Stonewall Flat. Between the Plio­
cene lake beds and the older playa deposits there is little relation, 
although the deposits laid down in playas probably represent the last 
stages' of the drying up of the lake in which the lake beds were 
formed. Spurr n found deposits of a late Pliocene lake widely dis­
tributed in Nevada, and it is possible that this lake and the one here 
described are broadly contemporaneous. 

Recent de8ert qrcweZ8.-Recent desert gravels mask the bed rock 
over:l considerable area east of Fortyniile Canyon and extend some dis­
tance up the main canyons. 

IGNIWUS ROCJ{S. 

The igneous rocks of Pahute Mesa include pre-Tertiary granular 
rocks and 'rertial'y dikes and lava. fimvs. 

Pre-granite monzonite.-In the granite 5 miles north of west of 
'Vhiterock Spring' are inclusions of a gray fine-grained granular rock. 
Both stria.t.ed and nnstriated feldspars are present 'with quartz and 
biotite, and the rock is similar t.o the ;monzonite inclnded in the post­
Jurassic granitoid rocks of Gold lVlonnt.ain and the Belted and Pana­
mint ranges. 

P08t-i'u,ras8ic granite.-Granite forms the hills at Trappmans Camp 
and also outcrops 5 miles north of west, of 'Vhiterock Spring. The 

"SPIIIT, J, K, Bull U, S, Cleol. SUI'vey No. 20~, HIO:l, PJl. 124-12:';, 20fl-210, etc. 



134 SOUTHWESTEltN :NEVADA AND EASTERN CALiFORNtA. 

roek at Tr~i,ppmans Ca.mp is a light~gray fine- to mecliull1-gl'ainccl 
bioti'te-muscovite granite. It :ro'rms low, rounded hills and shallow 
valleys, and outcrops are inconspicuous. The granite is cut by several 
systems of intersecting joints and by faults and zones of brecciation. 
In consequence the residual masses are squared blocks, more or less 
rounded. Under the 111icroscope the granite shows as an allotrio­
morphic, granular rock, composed of orthoclase, quartz, plagioclase, 
biotite, muscovite, and zircon. The muscovite is in part original and 
in part an alteration product of feldspar. The rock has been consid­
erably mashed, and quartz and muscovite have been deposited in the 
fractures of feldspar and quartz. ' 

The granite grades into and is cut by irregular masse,s and dikes of 
pegmatite, composed of feldspar and quartz anhedra up t(} 1 inch in 
diameter. Quartz stringers and veins of pegmatitic origin, some of 
which are several hundred feet long and 40 feet ,vide, are common. 
The quartz on portions of the borders of the larger masses contains 
fragments of granite and sends well-defi1ied veins into the granite. 
At other places single individuals of quartz on the contact seem com­
mon to both pegmatitic quartz and granite, and arms of feldspar 
extend from the granite into, the quartz. Evidently the quartz solidi­
fied contemporaneously with some portions of the granite and subse­
quently to other 'portions.' A few thin dikes of fine-grained aplite, 
which stand in relief on weathering, cut the granite. 

A granite mass 1 mile long occurs in' the midst of the Siebert lake 
beds 5 miles north of west of vVhiterock Spring. It is low and cov­
ered by a yellowish granite soil from which protrude low, rounded 

'granite domes. Near its center is a rugged hill, set with sharp pin­
nacles, whose forms are controlled by the well-developed joints. The 
granite is coarse grained and is composed of pink feldspar, white 
semitransparent quartz, and biotite. Feldspar. and quartz reach a 
maximum length of three-fourths of an inch. Under the microscope 
the granite shows as a hypidiomorphic granular rock formed pre­
dominantly of large orthoclase plates poikilitically inclosing quartz 
anhedra and plagioclase laths. A little biotite is also present, aild 
this, since it occurs along fractures in orthoclase, has been consider­
ably recrystallized. The accessory minerals are titanite, apatite, and 
magnetite, the last probably titaniferous, since it is surrounded by 
secondary titanite . 

. The granite is cut by narrow dikes of pink aplite, practically lack­
ing biotite. These dikes weather in relief. In the ,granite are ellip­
soidal masses of quartz-feldspar pegmatite from 4 inches to 5 feet in 
diameter, the contact between the granite and -l)egmatite being in 
some instances sharp, in others gradational. Feldspa,r and qllartz 
individuals with a maximum diameter of 6 inches, together with a 
few biotite plates, compose the pegmatite. This rock grades into 
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pegmatitic quartz. The ellipsoidal form and the absence of channels 
from one nlass to another in the place of observation suggest that 
t.he .pegmatite formed in place from the local residual fluids of the 

.granitic magma. , 
The granite of Trappmans Camp contains inclusions of the schist 

already described and of a black Paleozoic quartzite. It is cut by 
dikes of the earlier rhyolite, and· the later tuffs overlap it. It resem~ 
bles the granite of Lone Mountain. The granite near vVhiterock 
Spring is much older than the Siebert lal{e beds and closely resem­
bles that near Oak Spring· in the Belted Range. Each granite is 
probably of post-.J urassic and pre-Tertiary age .. 

E arlie8t· rhyolite.-The earliest rhyolite protrudes from the basalt 
. in a number of hills in the northwestern portion of the mesa. It evi­
dently occurs for the most part as a.flow, although dikes of rhyolite 
cut granite at Trappmans CaQ.lp. These dikes reach an observed n).axi­
mum width ·of 40 feet. They are formed of a lithoidal, brownish­
gray rhyolite with conchoidal fracture. The feldspar, quartz, and 
biotite phenocrysts rarely exceed a length of one-tenth of an inch and 
are exceeded in bulk by the groundmass. The flow at vVilsons Camp 
is composed of a white phenocryst-rich rhyolite, in which biotite is 
present in some places and absent in Qthers. The rock of the inlier, 
9! miles northwest of Tolicha Peak, is a semipumiceous, brownish­
gray rhyolitic glass, with a few small phenocrysts. Pebbles of black 
obsidian occur on the mesa near by. Other hills in the vicinity ·were 

. not visited, but on the basis of their color and the -report of pros­
pectors some are mapped as rhyolite. Beyond the fact that the rhyo­
lite of this vicinity is younger than the granite and older than the 
basalt, its age is unknown. It is believed, however, that the differ­
ent masses are portions of the rhyolite of the Cactus Range buried by 
later lava flows, and are in consequence of early Miocene age. 

Biotite ande8ite.-Biotite andesite form·s the inlier- of Gold Crater 
and several smaller inliers near by, and also occurs as dikes cutting 
the rhyolite at "Tilsons Camp and the granite at Trappmans Camp. 

The biotite andesite at Gold Crater for~ns a group of low hills 
whjch protrude above the basalt, later rhyolite, and later tuffs. it is 
evident that the andesite flow w~is eroded into hills l)rior to the forma­
tion of the younger rocks, and it is probable that the YOUllger rocks 
never completely covered the summits of these hills, although liquid· 
lava dammed lip against their sides. The l;>iotite andesite here is for 
the most part intensely altered, but appears to have been originally a 
dense gr'ay rock with phenocrysts equaling the groundmass in bulle. 
The phenocrysts . are medium sized and consist of predominant feld­
spar in laths, biotite, and locally hornblende. Flow banding and 
flow breccias are present. Under the microscope the microfelsitlc 
groundmass is rather ill defined, but seems to be ·composed pl'edomi-
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nantly of pla,gioclase and orthoclase. The phenocrysts include seri­
eitized feldspars, which 'were at least mainly plagiocla~e, hiotites 
altered to 1l1115covite and magnetite, and some hornblende-like forms of 
serpentine and limonite. . 

The biotite andesite at vVilsons Camp is a highly altered, finely 
. granular rock of pale-greenish color, containing many phenocrysts 
of white altered feldspar and some of bronze biotite. Probably to be 
correlated with this rock is a much.alteredgreenish-gr:ay, 'fine~y granu­
lar rock which occurs in dikes at Trappmans Camp. Laths of altered 
feldspar~ columns of hornblende, and tiny tablets of biotite are de­
terminable in the hand specimen. The microscope shows' that the 
much altered groundmass was probably odginally a glass with a few 
·plagioclase laths (hyalopilitic). The only phenocrysts recognizable 
are large calcitizec1 pl~lgioclase and chloritizec1 biotite and. a few 
small, fresh orthoclase tablets. Aggregates of secondary minerals 
suggest the presence of hornblende or pyroxene. Apatite and mag­
netite, probably tilaniferolls, are accessory minerals. 

The andesite at 'iVilsons Camp bears the same relation to the rhyolite 
as the biotite andesite of the Cactus Range, and the two are doubt­
less contemporaneous and of middle Miocene age. The andesite of 
Gold Crater is mnch older than the latest rhyolite. Lithologically it 
is not very different from the biotite andesite and is provisionally cor­
related with it. It i~, however, possible that it is the flow equivalent 
of the monzonite porphyry of the I(awich Range. 

lIfiddle rhyolite.-The middle rhyolite, evidently a flow, is the pre­
dominant formation of Pahute Mesa east of Thirsty Canyon. The 
most widely distributed type is a gray or pink lithoidal rhyolite, in 
which the groundmass is exceeded in bulk by the medium-sized pheno­
crysts. The latter include glassy orthoclase, colorless or slightly 
smoky quartz, and, usually, biotite. This variety in many places 
contains small fragments of a white pumiceous. rhyolite and in con­
sequence is a flow breccia. Other facies include dense rocks of red, 
brownish, or gray color, with fe,v phenocrysts. Flow banding, spher­
ulites, and perlitic parting accompany the denser' groundmass in 
mllch of the rock. Black glasses with feldspar phenocrysts occur 
near Ammonia T~lnks, and gray semipmniceous glasses with abundant 
feldspar and quartz phenocrysts are found on the east side of Silent 
Canyon,.4 'miles south of its Inouth .. This rhyolite for the most part 
lies upon the Siebert lake beds and it is to be correlated with the later 
rhyolite of the Belted Range. It is presumably of late Miocene or 
early P~iocene age. 

Latest rhyolite.-The latest rhyolite occurs' below the basalt in the 
vicinity of Stonewall Mountain and probably outcrops in many other 
places on the border of the mesa that are shown on the map as basalt .. 
It is interbedded with and overlies the later tuffs. A section already 
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described, (see p. 133) sho,ys that there are two thin flows of this rhyo­
lite. The lower flow is a dense grayish-pllrple rock containing i1 

vast number of small phenocrysts. Under the microscope the ground­
mass is seen to be a glass with highly developed flow lines. The phe­
~lOcrysts all appeal' to be orthoclase. The upper rhyolite is similar to 
the lower, although it contains slightly larger orthocl;lse phenocrysts, 
and in addition a few tiny biotite and quartz phenocrysts are visible. 
The younger rhyolite of Pahute Mesa and that of Goldfield hills 
are similar lithologic units· occupying ·like stratigraphic positions, 
and without doubt are contemporaneous and probably of late Pliocene 
-age. 

Ba8alt.-Flows of basalt cover Pahute Mesa northwest of Tolicha 
Peak, similar flows. extC11d eastward from Quartz Monntain to 
Thirsty Canyon, and a third area of cOl1sic1erable size lies west of. 
Timber ~Iol1ntain. The last-named mass appears from a distance 
to have flowed from two cones, one !) miles northeast and the other 
S miles southeast of Timber J\10untain. Black Mountain, from a dis­
tance, also resembles a volcanic cone, and the north peak of l\101111t 
Ilelen may have been an ancient vent. 

The basalt of Pahute l\1esa includes vesicular and nonvesiclllar 
facies, the former red, the latter blnck. In some of the basalt white 
striated feldspars, reddish altered olivines, and blade pyroxenes are 
prominent, while in other portions these phenocrysts are inconspicll­
ous. Stratigraphically the basalts of Pahute J\1esa and of the Gold­
field hills have identical positions and they are considered of late 
P~iocene age. 

\ STRUCTURE, 

Pahnte Mesa northwest of Tolicha Peak is capped by lava flows, 
which dip gently in all (}jrections from a .center 5 miles southwest oJ 
l\:[onnt I-Ielen. The only strnctural feature of interest in this portion 
of the mesa is the slight rise of the lava sheets arj they approach the 
older hill groups, well seen at Gold Crater and on the southeastern 
face of Stonev,'alll\1011ntnin. A similar gentle dome is present in the 
mesa between Quartz Mountain and Thirsty Canyon, but eastward 
from the canyon the mesa gradua.lly rises, owing probably to compar­
atively recent uplifts of the I{awich and Belted ranges. In this·por­
tion of the mesa normal faults with north-south stl'ike, few of which 
have a displacement of over 50 feet, are common. Although of late 
Tertiary age, these faults do not exhibit fault scarps, since erosion has. 
planed down the npthl'own side. In SOl)le instances, however, the 
downthl'own side, being more resistant, is now a scar]). 

. EOONOMIC GEOLOGY, 

Three mllung camps are situated in Pahute l\Iesa--Trappmans 
Camp, 'Vilsons Camp, and Gold Crater. 
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'l'HAl'J'MANS CAllII'. 

Trappmans Camp lies 34 miles south of east of ·Goldfield. The 
veins were discovered by Hermann Trappman and John Gabbard in 
J·une, 1904,and at the time of the writer's visit a year later five men 
·were opening up the veins, the chief development being a shaft 50 
feet deep. , 

The prospects are in granite, and three distinct periods of vein 
formation were noted-first, quartz lenses probably 'of .. pegmatitic . 
origin; second, quartz veins of distinctly later formation, which in 
one place are said to cut a rhyolite dike; and, third, quartz veins of a 
third generation which cut the second. (See fig. 14.) The latest 
veins are in places well crustified. 

Thepegmatitic quartz forms bodies varying from minute stringers 
in the granite to lenses one-fourth mile long and 40 feet wide. The 
quartz is hard and whiti~h, and in some places it is intensely 

~~ _______________ 8reci ______________ -+ 

~ 
Earlier quartz veins [§J 

Later quartz veins Iron-stained fractures 

FIG. 14.-Second and third systems of quartz veins in granite at Trappmans Camp, aft 
exposed on face of Incline. 

brecciated and sblined· by limonite. It is said to carry silver .anclgolcl 
values. 

The quartz veins of the second cl~ss have sharp contacts wit.h the 
granite. These veins are exceedingly common in the vicinity of 
Trappmans Camp and vary widely in strike and dip. In limited 
areas they tend to form series of veins along parallel joint planes in 
the granite. In width the veins vary from an inch or less to a foot. 
or more, and some of the parallel series are a number of feet thick. 
Locally these veins are faulted, as indic~ted by the presence of brec­
cias, while the surrounding granite shows considerable differential 
movement. The quartz is slightly bluish, but is usually heavi.Jy 
stained r~d or brown by hematite and limonite. Vugs elongated 
parallel to the direction of the- veins are sometimes seen. On en­
countering the pegmatitic lenses, in the one in·stance noted, these 
veins are deflected downward. 

')..'he veins of the third class are of later origin than those of the 
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~econc1, which they cut. As a rule they are more' IUllTOW and le~s 
continuous and clip more steeply than the veins of the second class. 
In places they curve sharply. The quartz in them is similar to that 
in the second group. 

In the vicinity of the vein the granite is cut by partings stained by 
limonite and manganese dioxide, "\vhich are parallel to or join the 
quartz veins at 'low angles, and the surrounding kaolinized granite 
is said to carry values. The granite near the veins is in places thickly 
peppered with cubes of pyrite altered to limonite. 

'The ore of the two younger sets of veins so far encountered is 
practically all oxidized, although a little original galena remtlins. The 
predominant OI·jginal sulphide was pyrite, and limonite cubes after 
pyrite are common in the quartz. Assays show the values to be in 
the proportion of one of gold to four of silver. Soine silver chloride 
was noted, while secondary native silver is reported. ~n one pros­
pect calcite is associated as a gangue with quartz. 

'Vhile the quartz of the first set of veins is of pegmatitic origin, 
its mineralization is probably later and genetically connected with 
the filling of the fissures of the second set, probably in Tertiary time. 
After the veins of the second system were fractured another period 
of minerali~ation folLowed, perhaps in late Tertiary time. Later the 
veins were crushed and surface waters ha.ve more or less completely 
oxidized the sulphides. 

'Vood and water are hauled from Antelope Springs, about 9 miles. 
away. Trappmans Camp is 40 milesby road from Goldfield. 

WILSONS CAMP. 

Wilsons Camp is 2 miles north of Trappmans Camp and 'was dis",: 
covered in May, 1904. Five miners were employed in July, 1905, 
and at that time several shallow shafts and short tunnel,s were open. 
The country rocks, white altered rhyolite and biotite andesite, are 
cut by rather steeply dipping quartz veins, the majority of "\vhich 
strike northeast, although some strike east. The quartz veins, many of 
which are crustified, are characterized ,by quartz-lined vugs. Since 
its formation the quartz has in some instances been crushed. 
Limonite and less commonly malachite stain tIre quartz. The re­
ported assay values run from $110 to $180 per ton' and average one 
of gold to five or pix of silver. These quartz veins are to be corrc-

. lated ,vith the veins of Silverbow. The economic conditions at 
'Vilsons Camp are similar to those at Trapplilans. 

GOLD CRATER. 

The mining camp of Gold Crater is situated 10 miles east of the 
summit of Stonewall Mountain. The first locations were Inn-de in 
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]\{ay, 1004. III -the fall of 1D04 several hundred p~ople rushed to 
the camp, but few remained long. At the time of the writer's visit 
(July 7,1905) a number of lessees ·were at work. The country rock, 
silicified and kaolinized biotite andesite, has been fractured and j n 
many places faulted and brecciated.. The int~nsely silicified ande­
site is a ,,,hite or gray rock with conchoidal fracture ..... In some 
instances it is porous through the removal of the phenocrysts and in 
others the casts have been filled by milky quartz. The iron-stained 
outcrops are very rugged, since silicification and consequently the 
resistance of the rock to erosion are very irregular throughout the 
mass. Under the microscope this silicified facies is seen to be a 
medium to very fine mosaic of quartz and some chalcedony, with here 
and there a blotch of limonite. No phenocrysts remain, although a 
few sagenitic webs of rntile suggest the former presence of biotit('~ 
By kaolinization the rock is reduced to a chalky mass, in which biotite 
phenocrysts, altered to a silvery mica, alone are visible. It is in-
·tensely stained by limonite and hematite, ·especially along fractures, 
and from such places rich· gold pannings are obta.ined. A little 
chrysocolla was observed along some joints, while a thin coating of 
hyalite has been deposited since the oxidation of the sul!)hides. The 
ore is said to run from $40 to $240 in gold per ton. . 

",Vaters carrying silica and metallic salts in solution appear to have 
ascended along faults~ brecciated zones, and joints in the. country rock 
and to have deposited silica, pyrite, and some copper sulphide. Later 
surface waters oxidized· the sulphides and set the gold free. The 
original deposition was without much doubt an impregnation of the 
country rock, as is the case with the secondary minerals. There is a 
notable resemblance between these deposits and those of ICawich and 
certain of those of Goldfield. 

Gold Crater derives its vmter supply from tanks on the basalt mesa 
and from two we]]s; 3 and 9 miles distant. Fuel for mining purposes 
is obtainable from Stonewall J\{ouutain. Goldfield is 27 miles distant. 

OTHER AREAS. 

Some of the pegmatitic quartz in the granite 5 miles north of west 
of vVhiter,ock Spring is stained by limonite, but no other indication of 
mineralization was noted. It is probable that some of the masses of 
the older Tertiary ,rolcanic rocks protruding through the later lava 
flow are worthy of prospecting, but such were not observed in the 
course of the present work. Prospecting in Pahute Mesa can be most 
advantageously pursued in the winter or enrly sprilig, when water 
can be obtained from snow or the tanks. 
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TOLICHA PEAK AND QUARTZ M.OUNTA~N. 

TOPOGRAPHY AND GEOGRAPHY, 

Tolicha Peak, a sb'iking cone rising from Pahute ~Iesa, is a lanc1-
m~trk for Iniles. Q,uart/(. 1\10unta.in, a somewhat lower east-west 

. ridge, extends eastward from Tolicha Peak. The hills are bare, except 
for a sparse growth of desed shrubbery. Monte Cristo Springs, on 
the western slope, furnish sufficient water for 15 to 20 head of stock. 

GENERAL GEOLOGY. 

The forJnations of these· mountains from the base up are C:im­
brian (?) schist, post-Jurassic granite, Tertiary rhyolite, and Ter­
tiary basalt. 

SEIl.1MEN'I'AU¥ UOC.KS. 

Oambrian (n schist.-The hill 2i miles southeast of Tolicha Peak 
appears greenish gray in color at a dista.nce, and is probably formed 
of a bluish-gray schistose rock which occurs abundantly in the desert 
gra vels to the south of this hill. The rock is very fine grained, except 
for some small crystals of biotite and hornblende. "Thite, ellipsoidal 
areas 1 inch long spot the blue-gra.y rock. Under the microscope the 
groundmass appears as an exceedingly fine aggregate of quartz and 
feld~pur, in which are embedded small areas of quartz, orthoclase, 
ragged hornblende, and biotite. The rock is probably a metamor­
phosed Paleozoic shale, possibly ~f Ca.mbrian age. 

IGNEOUS HOCKS. 

A specimen of rhyolite from Tolicha Peak collected by MI'. S. G. 
Benedict contains' an inclusion of gray granite of medium grain. 
Post.,.J urassic granite probably underlies this peak. 

Rhyolite form's Tolicha Peak and the east side of Quartz ~10un­
tain. The predominant type is a dense flinty rock of reddish color 
with a few small phenocrysts of glassy feldspar, quartz, and biotite. 
Flow lines, perlitic parting, and spherulites are well developed. 
Gray glassy facies, transparent in thin flakes, are interbedded with 
this type, as are white '01' light-gray incoherent facies in which the' 
phenocrysts are abundant and equal the groundmass in bulle Flow 
breccias are rather common. This rhyolite is probably about con­
temporaneous with the earlier rhyolite of the I(awich Range and is 
presumably of early Miocene age. 

Prior to the extrusion of the basalt which covers Pahute Mesa 
(see p. 137) Tolicha Peak WllS eroded into a rugged mountain. The 
valley between Tolicha Peak and 'Obsidian Butte is upon the contact 
between the rhyolite and basalt. 

! 
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STRUCTURE, 

The rhyolite of Tolicha Peak is complexly cut by normal faults 
with displacements of 10 to 50 feet. These faults in some places 
are less than 100 yards apart. The rhyolite is also intensely jointed. 

ECONOMIC GEOLOGY, 

The rhyolite around 1\ionte Cristo, Springs is kaolinized or silici­
fied. Prospect holes are located on quartz veins in altered rhyolite, 
the ore being quartz and silicified rhyolite stained by limonit.e. 
Quartz 1\iountain Camp, on the northern slope of Quartz Mountain, 
was not visited, bllt the conditions, according to the reports of pros­
pectors" are similar to those at Monte Cristo Springs. The altered 
masses~ which resemble t.hose of Silverbow and a.re faulted like those 
of Bullfrog, are outlined on the economic map (fig. 4, p. 43). 

MOUNTAINS SOUTHEAST OF PAHUTE MESA. 

Southeast of P,ahute 1\iesa are a number of small groups of moun-
, tains with crest lines of varying trend, although a number have an 

eastward extensiOli. These include Shoshone, Skull, Yucca, Timber, 
and Bare mountains and the Specter Range. Geologically they are 
characterized by the important development of the early Miocene 
rhyolite. 

SHOSHONE AND SKULL l\WUN'l'AINS AND '.rH1<J HILLS IN 'l'HE VICINITY. 

TOPOGRAPHY AND GEOGRAPHY. 

Shoshone and Skull mountains lie to the north of the Specter Range 
and the Skeleton Hills and to the east of Fortymile Canyon. Sho­
shone Mountain is joined to the Belted Range by a.low gap, but 'from' 
its east-west trend it more properly belongs with the other ridges in 
the vicinity. Shoshone (7,540 feet) and Skull (6,100. feet) mountains 
are ~ach capped by horizontal lava flows, and in consequence from a 
distance appear as mesas. The other hills and ridges vary in form 
frOlll the jagged ridges of Carboniferous rocks to the smooth de­
pressed domes of the Siebert lake beds. The various ridges and hills 
are in many instances separated from one another by opposed valleys 
which are filled with desert gravels. 

A fairly heavy growth of juniper and pinon is found on the north 
slope of Shoshone 1\iOllntain above Tippipah Spring, but other por­
tions of this mountain and the other ridges al"e bate except for sparse 
groves of the tree yucca and here and there a Spanish bayonet (Y~tCca 
aloifolia,C?). Scarcely a spear of grass grmvs throughout these hills. 
Of the four springs in these hills, Cane Spring flmvs about 1,500 gal­
lons a day; Tippip~~,h contains from 50 to 100 ga Hons OT standing 
water; Topopah (or Blackrock) flows from 15 to 25 gallons a day, 
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and the fourth, which lies 4.milessouth of Cane Spring, is small and 
is dry in summer. . 

GENERAL GEOLOGY. 

The formations of these hills, from' the oldest to the youngest, are 
the following: Carboniferous (Pennsylvanian)' sedimentary rocks, 
quart.z-monzonit.e porphyry, earlier rhyolite, Siebert lake beds, later 
rhyolite, and b~lsalt. 

SI£J)IMENTARY HOCKS. 

P ennsy l:vanian lime8tone.~ Pennsy I vanian limestone forms the ridge 
to the' northeast of TiPl)ipah' SpriJlg and the northern face of the 
ridge northwest of Yucca Pass. A third area of limestone, 6 miles 
sout.h of Tippipah Spring, outcrops between the desert gravels below 
and the later rhyolite above. Limestone pebbles are abundant ill the 
Siebert lake beds, and small inclusions occur in the quartz-monzonite 
porphyry and the earlier rhyolite. This limestone is similar to that 
of the Belted Range. (See p. 121.) . 

Siebert lake becls.-Siebert lake beds form the northern and north­
eastern faces of Shoshone ~10untain, rim the southern edge of Skull 
Mountain, and cover areas 4 miles southeast of Tippipah Spring 
and 4 miles south of Cane Spring .. Somewhat over 1,000 feet of ltlke 
beds nre exposed on the north side of Shoshone ~Iollntain, a section 
being as follows: 

Sect'ion on n01·th side of Shoshone Mo'untwin. 

White (locally yellow through iron stains), fine-grained, incoherent, im­
pure sandstone.' Bedding planes near the base 100 feet apart. Crystals 
of biotite, glassy feldspar, and quartz occur in upper 200 feet. Some 

Feet. 

bands cont~in pebbles of glassy l;h:srolite less tllan 3 illclles in diameter_ 650 
Same, but without the small crystals. Some pink la~'ers. Bedding 

planes well developed from 40 feet to' 1 foot or less apHrt. Pebbles of 
glassy rhyolite up to 3 inches in diameter occur in certain beds_______ 100 

Same, with pebbles of Carboniferous limestones' and quartzites one-
fourth inch in diameter _____________ ...:_____________________________ 200 

Same, with abundant crystals of biotite, glassy feldspar, aud· quartz. 
Pebbles up to 4 inches in diameter, largely. of glassy or semipumi-
ceous rhyolite_____________________________________________________ 100 

In other areas these sediments are more brilliantly .colored, pinks 
and reds not being unusual. The bow ld~rs of the conglomeratic 
beds in some instances reach a diameter of 5 feet. . In addition to 
the pebbles already mentioned, others are present of quartz-monzonite 
porphyry, the earlier rhyolite, and a vesicular basalt. The basalt 
was not seen in place, but is perhaps contemporaneous :with the 

. earlier rhyolite and corresponds to the earlier basalt of the Amar- . 
gosa Range. The Siebert lake beds, which characteristically form 
depressed domes, brenk down readily into n. sand. I-Iuge globlllar 
cavities, due in part to exfoliation and in part to wind. erosion, and 
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pillars capped and protected oy huge bowlders add fantastic ele­
ments to many hills. Joints affect only the minor topographic fea­
tures. In certain instances silicification has followed joints and 
chalcedony has been deposited in their fractures. Such joints, being 
resistant, weather in relief. ' 

The Siebert lake beds appear to have been deposited in a lake of 
some depth, to which much fragmental material was carried. The 
size of the material varied considerably fr0111 time to time, the va.ri~l,­

tion in coarseness being an expression in part of the depth of the 
lake and in part of the topography of the lake shores. Mllch of the 
material was derived from disintegrating rhyolite, but at times there 
were apparently also explosi ve rhyolitic eruptions, which threw into 
the lake many small crystals of biotite, feldspar, and q uartz~ The 
sediments on Shoshone Mountain overlie the quartz-monzonite por­
phyry and earlier rhyolite uncon~ormably and are overlain appar­
ently conformably by later rhyolite, while on Skull ~fountain the 
basalt overlies them ullconformably. They are without much doubt 
to be correlated with the Siebert lake beds at Tonopah a of Miocene 
age. 

WNJ;;OUS HOCKS., 

Q1.tartz-monzonite porphy1~y.-Quartz-monz;onite porphyry is the 
predominant formation in the hills to the east, north, and northeast 
of Cane Spring. The texttn'e of the rock indicates that it was prob­
ably ilitruded in older rocks, which are, however, not at present 
exposed. 

The quartz-monzonite porphyry has a gray or greenish-gray, finely 
crystallized or lithoidal groundmass, which is somewhat subordinate 
in bulk to the phenocrysts. The latter include feldspar, usually 
altered but in rare instances fresh and then clearly striated; biotite j 

fresh to altered, and serpentinized hornblende. In many cases horn­
blende is very subordinate to biotite. The feldspars reach a maxi­
mum length of one-fourth inch; the other phenocrysts are slightly 
smaller. The microscope shows that the rock is a quartz-monzonite 
porphyry almost approaching granodiorite porphyry. The ground­
mass consists usually of a microgranitic, but over small areas micro­
pegmatitic mosaic of orthoclase, quartz, and a little plagioclase. The 
plagioclase phenocrysts, complex crystals, are usually twinned accord­
ing to the Carlsbad law and many of them are zonally built. One 
determination proved this mineral to be basic andesine. A few phe­
nocrysts of quartz, deeply embayecl by magmatic corrosion, and of 
orthoclase are also present, in addition to the' phenocrysts micro­
scopically determined. Magnetite, zircon, and apatite are present as 
accessory minerals. The secondary minerals include kaolin and epi~ 

a Spur.r, J, E., Prof, Paper .D, S. GeoI. Survey No. 42, 1905, p. 54. 



SHOSHONE AND SKULL MOUNTAINS, IGNEOUS ROCK? 145 

dote after the feldspars, chlorite and epidote after biotite, and pseudo­
mOl'phs of serpentine after hornbleBde or possibly augite. 

The rock resembles lithologically and in its stratigraphic position 
the mO:fl~onite porphyry of the ICawich Range, and the two rocks 
are doubtless approximately contemporaneous. Each is strikingly 
similar to the quartz-monzonite porphyry of Stonewall Mountain. 
The porphyry of Skull Mountain and that of the ICawich Range are 
older than a rhyolite, which is supposed to be of early Miocene age. 
The quartz-monzonite porphyry also closely resembles rocks ,vhich 
on the western border of the area surveyed appear to be a variant of 
the post-,J urassic granite magma. "Thile 'it is possible that they are 
pre-Tertiary in age they are here tentatively assigned to the late 
Eocene. 

E a')"lier rhyolite.-The earlier rhyolite and its kaolinized and iron­
stained alteration products form the 'Calico lIills, remarkable for 
their brilliant pink, red, and white coloring. A number of smaller 
areas lie in the group of hills in which the I-Iorn 'Silver mine is situ­
ated, and some of th~ rhyolite to the west of Yucca Pass may pos­
sibly belong to the earlier series. 

The earlier rhyolite inchldes a number of facies, most of whidl 
are characterized by abundant phenocrysts that equal or exceed the 
groundmass in bulk. The groundmass is white or gray in color 
and is usually dense. 'fhe phenocrysts are of medium size. Tabu­
lar crystals of glassy lll1striated feldspar and rounded grains of 
slightly smoky quartz 'are much more abundant than the somewhat 
smaller hexagonal plates of black mica. Other facies are black 
glasses with perlitic parting, but without phenocrysts, and gray 
glass~s with a few qnartz phenocrysts. The rock is ~(l flow, since cer­
tain beds show distinct flow banding and others contain many frag­
ments of rhyolites and are evidently flmv breccias. 

The earlier rhyolite appears to lie upon the uneven surface of 
the quartz-monzonite porphyry. The later rhyolite apparently over­
lies the earlier, while pebbles of the eariier rhyolite are contained in 
the Siebert lake beds. The same relations exist in the Kawich Range, 
and the earlier rhyolites of the twp ranges are doubtless approxi­
mately contemporaneous and of early Miocene age. 

Later rhyolite.-The later rhy'olite flow. overlies the Siebert lake 
.beds on Shoshone Mountain, 'while several small masses'fo the south 
of Cane Spring cap the same formation. In the latter locality the 
former extension of the rhyolite was .much greater and the south­
ward-clipping flow of the Shoshone l\10untain may at one time have 
been connected with it. The rhyolites ,vest of Yucca Pass are, from 
their lithologic character ancl relation to the Siebert lake beds, prob­
ably to be correlated with the later rhyolite. 

BUll. 308-07 M--l0 
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Southwest of Tippipah Spring 275 feet of the later rhyolite 'over­
lies the Siebert lake heds, while near the center of Shoshone ~10un­
tain about 1,500 feet of rhyolite is exposed. At the first locality the 
lower 250 feet is a dense brownish-pink rock with sparse and small 
phenocrysts of glassy feldspar, biotite, and quartz. Some flow bands' 

. Hre purple or gray in color, others are vesicular, and still others' 
carry numerous small inclusions of rhyolite, and are in consequence 
flow'breccias. ' Vertical columnar joints, originating during the cooling 
of the magma, are not unusual. The broadest columns are 4 feet in 
diameter. Above this is 15 feet of a black glass, in which the pheno­
crysts exceed the groundmass in buIlL This in turn is overlain by 10 
'feet of rhyolite like that first described, except that the phenocrysts 
are larger and more numerous~ In it are thin bands of the black 
glassy variety. At the south end of Shoshone Mountain similar facies 
occur, and in some of these the flow banding is strongly developetl, 
the flow lines, as a rule, being straight, although in places wavy. 

The later rhyolite south of Cane Spring is a yellowish-hrown rock 
with lithoidal or chalky groundmass, which is equal in bulk to the 
phenocrysts. These include medium-sized glassy unstriated feldspar 
and slightly smoky quartz, together with abundant but tiny biotite' 
phenocrysts. The rhyolites ,vest of Yucca Pass are 'waxy-Iustered 
glasses and well-ban9,ed, phenocryst-rich, flow breccias of purplish 
color. In the latter gray spherulites occur. 

The later rhyolite ordinarily forms buttes and mesas, since the' 
various flow bands vary considerably in resistance to e'rosion. Likr. 
the later rhyolite of the I(awich Range, the later rhyolite of these hills 
overlies the Siebert lake beds. The two, which are rather similar 
lithologicaly, are probably about contemporaneous and are of late 
Miocene or early Pliocene age. 

Basalt.-A basalt flow' caps Skull Mountain, a number of small 
areas occur to the east of the Calico Hills and to the west of the Horn 
Silver mine, while three small hills lie 4 miles east of the iron tank 
in Fortymile Canyon. Basalt also occnrs between Fortymile Can­
yon'and Shoshone Mountain. It is a dense black or dark-gray roch 
with sparse phenocrysts of gl~ssy striated feldspar and slightly 
altered glassy olivine. Both the vesicular and nonvesicular facies 
previously described in other ranges occur. The non vesicular basalt 
weathers i~to spheroidal masses, while the vesicular facies usually 
break down into slabs which are elongated parallel to the flow band­
ing. A single thin section of a dense, slightly vesicular facies proved 
on micr6scopic examination ~o be composed of dark glass containing 
many laths of a calcic plagioclase' and graIns and partial crystals of 
olivine more or less altered to reddish-brown serpentine. 

On Sku 11 ~10untain the b~salt lies upon the eroded surface of 'the 
Siebert lak~ beds, \vhil~ in' the low isolated hills 4 miles east of the 
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iron tank it appears to overlie the later-i'hyolite. It is without dOll~t 
the )~oungest formation of these hills, and is probably of late Plioceno 
or early Pleistocene age. 

STRUCTURE, 

The Pennsylvanian limestone is folded into rather 0l~en folds, the 
dips of which rarely exceed M)O. The predominant axes trend from 
northeast to southwest, although minor folds with east-west axes also 
occur. The ridge to the northeast of Tippipah Spring is synclinal 
in structure. The Pennsylvanian rocks appeal' to have had a rather 
uneven surface prior to the deposition of the Siebert lake beds. Not 
only do many of the lake bGds contain large bowlders of limestone, but 
west of Tippipnh Spring a Humber of hillocks of the oILIer limestone 
protrud~ through the Tertiary sediments. 

In a broad 'way the Siebert lake beds and the later rhyolite 'are 
slightly flexed and the beds on Shoshone l\1ountain dip gently to the 
south. Normal faults of 50 feet displacement are not unusual in the 
tuffs. T1.)e latest deforl)lation is that of the basalt. On Skulll\10un~ 
tain it dips gently to the south, 'while on the ridge to the east it dips 
with a similar angle to the north, the two blocks being separated by 
a north-south fault. 

ECONOMIC GEOLOGY, 

The quartz-monzonite porpllyry and the earlier rhyolite have heen 
silicified and kaolinized in restricted areas, the silicification being 
comparable to tne alterations in the vicinity of Kawich and the kaolin­
ization to those of Silverbow. These areas, 'which are worthy of pros~ 
pecting aI:e delineated in fig. 4 (p. 43). The quartz-monzonite por­
phyry neal' the lIorn Silver mine has not only been ~lltered to a spongy 
mass of brownish-gray silicified porphyry like that of Kawich, but it 
is cut by quartz stringers with associated gypsum. Other veins and 
irregular cavities are partially filled with chalcedony, which in tUi'n 
is incrusted by quartz crystals. The rhyolite of the CriJico IIills has 
been in places intensely silicified. The silicified rhyolite 2 miles north 
of the IIorn 8il vel' miile is cut by thin quart~ seams. A. similar yel­
low stain (a basic ferric-alkali sulphate ~) to that noted near the 
prospects at S'ilverbow is present on joint surfaces. 

SPEC'rEI{ HANG1<i AND SRELlJTON HILLS. 

TOPOGRAPHY AND GEOGRAPHY, 

The hills in the southeast corner of the urea surveyed may be con­
~idered as the west\vHrd extension of the irregular Spring Mountain 
Range. They consist of a number of mountains and hills now iso­
lated fl'om one another by narrow canyons and broad valleys filled 
with desert gravels. The ridges and hills are rugged and sharp and 
ilrc crowned by many peaks. 'rhe highest point (5,800 feet allove 
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sea level) is in the southeast cornel' of the area. The presence of 
many inlying hills nea~ by i'ndicates that those port.ions of the old 
·mountain mass partially buried by desert gravels possessed an equally 
<.lissected topography. A majority of the hills are elongated parallel 
to the strike of. the Paleozoic rocks. '~T est of the road between Cane 
Spring and Ash :Meadows ridges with northeasterly trend .predomi­
nate, and east of the road 1i'e irregular ma~sive groups of hills. The 
hills stop abruptly along a north-south line east of Fortymile Can­
yon, and prior to the inwash of detrital material this canyon must 
have been a striki.ngly pi'ominent topographic feature. The hills are 
bare of timber and destitute of springs. 

GENERAL GEOLOqy. 

The forlllations of these hills, from the oldest to the yOUl1gest, are 
Prospect :Mo\Ultain, quartzite, Prospect Mountain limestone,u and. 
basalt. 

SEDIMENTARY nOCKS. 

Prospect III mmtain (tll(l1~tz,ite.-T,vo areas of quartzite, one large 
and the other small, cover 20 square miles near Point of Rocks. The 
formation, 2,000 to 3,000 feet thick, underlies the Prospect Mountain . 
limestoi1e c.onformably, with transitional beds between the two. The 
rock, either a quartzite or an indurated sandstone, varies in color 

/ from gray to purplish red and in grain from fine quartzite to con­
glomerates, with pebbles one-fourth inch in diameter. T'he peb­
LIes include white quartzite, red and brown jasperoid, and 'white, 
smoky, or opalescent quartz of vein or pegmatitic origin. The rocks 
are rather constantly impure and grade through ark9ses into minor 
beds of red and green slaty shale. The coarse-grained arkose re­
sembles granite on first sight. The quartzite is usually considerably 
jointed. 

This rock appears to have been deposited in a comparatively shal­
],ow sea, to which much fragmental material was carried. From it.s 
position, conformably beneath Cambrian limestone, this quartzite is 
nndoubteclly to be correlated with the Prospect Mountain quartzite,b 
of Imver Cambrian age. -

Prospect 1Ilo1.tntain limestone.-The Prospect Mountain limestone 
is the predominant rock ot'the Specter Range and the Skeleton lIills. 
It is typically light to dark gray, compact, cryst.alline, and fine 
grained. Some beds have a conchoidal fracture and are almost as com­
i)act and fine grained as lithographic limestone. Pinkish gray vari­
eties of medium grain also occur, but are rather unusual Cross-bed­
ding is observed in places. The beds are typically massive,althongh 
certain horizons nre thin bed<le<l. On weathering the vnritms beds 

II See note, p. 2R. 

b Hague, Arnold, MOll. U. S. Geol. Survey, yol. 2U, 1892, p. 35. 
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assume red, yellow, and gray colors of varying tints, rendering the 
mountain stnlcture legible at great distances. N ear the middle of the 
section, as exposed, are a few layers of black chert, \v hile a bed of. 
quartzose sandstone, 20 to 30 feet thick, occupies a similar position 
in the more northerly hills east of Fortymile Canyon: This rock, 
locally a quartzite, is white or pinkish white and fine grained. 

The formation appears to be between 5,000 and 6,000 feet thick .. 
It was d'eposited in a sea of medium or shallow depth, in which 
depression of the 'sea bottom kept pare with deposition ~nd into 
w11ich little detl'ihil material was introduced. A few poorly pre­
served fossils were· collected north of the Skeleton flills. Mr. E. O. 
Ulrich reports that t.hese consist of trilobite fragments and a valve 
of a brachiopod, pi·obably. referable to the genus Billingsella. lIe 
believes thn,t they are of Cambrian age. The limestone is without. 
much doubt the Prospect M:ollntain (Cambrian) limestone of E11reka., 
Nev.,a although the upper portions ~nay belong more prop~rly with the 
PogOllip limestone. 

IGNEOUS ROQKS. 

In no other· equal area slU'veyed during this reconnaIssance do 
i~'neolls rocks covel' so little territory. . The writer saw no indications 

J 

FIG. 15:-NOl'thwest-southenst section through Specter' Range. 

of granite or other inhusions, an observation verified by statements 
of several prospectors who have examined the .hills in considerable 

. debl.il. A single small butte of vesicular basalt similar to that of 
the mesa south of Cane Spring protrudes from the desert gravels 
northeast of Point of Rocks. This butte is probably an erosional 
remnant of a flow which extended from this mesa southward. 

STRUCTURE. 

The Cambrian rocks are folded in a complex manner. Two sets 
of folds are present in almost equal development, the axes ot" one 
striking northeast, those of -the. other striking east and west. Zones 
of brecciation and normaJ. faults occur at a' numbei· of places, but 
few of the faults show a displacement of more than 30 feet. The 
fault 2 miles north of west of Point of Rocks 'is normal ai1d has a 
displacement of 100 feet. It trends N. 30° E. and the western side 
is downthrown. A sag in the hills coincides with the fault, the 
clownthroWli side being slightly higher than the upthrown. Fig. 15 
lS a section passing through the hills fr?m northwe~t to southeast. 

Q Hague, Arnold, 1\1on. U. S. Ceol. SUL'vey, vol. :W, 1802, pp. 36-38. 
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ECONOMIC GEOLOGY, 

Although the CUJnbrian rocks are cut by thin veins of white crys­
talline or banded calcite and by thin quartz veins, apparently barren, 
they appear to offer slight attractions to the prospector. The J ohn­
nie mine,. ,vhere strong quartz veins occur, lies 2 miles south of the 
area surveyed. From information furnished by prospectors it is 

'probably in the Prospect l\10untain quartzite. 

YUCCA l\WUNTAIN. 

TOPOGRAPHY AND GEOGRAPHY, 

Yucca Mountain is so called from the groves of the tree yucca 
which cover its lower slopes. The group lies between Fortymile Can­
yon on the east, Be~~t/ty 'Vash on the north, Oasis Valley Hnd Crater 
Flat on the 'west, and the Amargosa Desert on the south. The 
mountains of the main east-vIlest ridge are gently s10ping domes with 
rugged summits, the highest of ,,;hich is 6,700 feet above sea leve1.· 
The ridge drops rather suddenly to FOl'tymile Canyon on the. east, but 
on tIle west it descends gently· ana merges ,vith Bare ~1:ountajn. 
From the main east-west l'idge mesa tongues extend southward to 
the Amargosa Desert, rhyolite being the predominant rock. Yucca 
Mountain is colored dull tones of gray, brown, red, and yellow. Near 
·the summits the varying resistances to erosion of the rhyolite flcnv beds 
are expressed in cliffs and gentle slopes. Spires tend to form where 
vertical joints al'e well developed. The mesa tongues ·to the south· 
become lower to~vard the south-southeast, the surface being deter­
mined by resistant IJtva flows. The eastern side of these mesa, 
tongues passes beneath the Recent al1uvi~1.1 deposits, while the western 
face is, as a rule, a scarp. The magent~l-red basaltic cone 4 miles east 
of Rose's 'VeIl is a prominent landmark. Other volcanic cones are 
located in Crnter Flnt and for convenience will be described with 
Yucca Mountain. 

The wide and open character of Beatty "Vash between Timber and 
Yucca mountains is noteworthy. Alluvial deposits cover the depres­
sion for a w·idth of 2 miles, although many hills of solid rock protrude 
fi'Oll1 them. The narrowness of the canyon farther downstream is due 
partly to the more resistant character of the rhyolite to the west: 
while the. 'width of the upper valley is probably due to the rapid 
waste of the adjoining high mountain masses. on either side. 

No ,vater is known in Yucca :Mountain. A few junipers "and 
pinons gl~OW on the highest summits of the main l~idge. 

GENERAL GEOLOGY, . 

This mountain is composed entirely of igneous rocks, which inc1udt=> 
the following, beginning with the oldest: Post·} urassic pegmatite~ 
rhyolite and latHe, and basalt .. 
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Post-J'tt'rassic pegrnatite.-A· single fnlgment of quartz-feldspar 
pegmatite. was noted in the basalt of the cone 8 iniles north of Rose's 
Well. The basalt in its passage to the surface evidently passed 
through a .m~ss of pegmatite. 

Rhyolite and Zatite.-The mountain mass, with the exception of.a 
number of rather small basalt areas, is composed wholly or rhyolite 
and latite. The series includes siliceous volcanic rocks of varying 
aspect. The brown groundmass in many instances is dense., aphanitic, 
Hnd o.i)uque, 'and from the presence of flow banding, perlitic parting, 
spherulites, and lithophysm, is evidently of a 'glassy nature.' Gray 
and black semitransparent glasses also occur. The more altered facies 
have a gray or white dull lithoidal groundmass and the microscope 
proves that this also was once a glass that is now devitrified. The 
phenocrysts are medium sized and usually subordinate to the ground­
mass; in certain instances they are practically lacking. Slightly 
smoky rounded qliartz individuals' and glassy unstriated feldspar 
crystals are present in equal development; smaller black' or bronze 
biotite crystals ~re less abundant. In some facies the phenocrysts are 
all orthoclase, but microscopic examination shows enough quartz in 
the groundmass to determine their rhyolite nature. 

Latites a are interbedded with the rhyolites. They are slightly 
darker in color and contain both striated and unstriated feldspar 
phenocrysts in approximately equal development. The single speci­
men examined microscopically proves to be a clear glass, the brown-. 
ish color of the hand specimen being due to abundant· curved 
tl'ichites radiating from a common center~ Perlitic partillg is beauti­
fully developed. Phenocrysts of orthoclase and plagioclase ... of 
medium composition are each more abundant than biotite. vVedge­
shaped titanite crystals, magnetite, and a little hornblende are also 
present. . 

Interbedded with the rhyolite and latite flows are porous semi-
.tuffaceous facies. Flow breccias also occur, the inclusions being of 
a slightly differen~ rhyolite than that of" the main mass.. The cen­
tral portion of the main east-west ridge is' probably the site of a· 
vent from which siliceous volcanic rocks flowed. The flows, whjch 
extended particularly to the south and west, reach a minimum thIck­
ness or- 1,000 feet. The series is 'a continuation of similar rocks of 
the Bare Mountain group. Presumably it is ~o be correlated with 
the rhyolites of the Bullfrog lIills and the I{awich, Belted, and 
Reveille ranges, and is probably Qf early Miocene age. 

Basalt.-In Crater Flat are two large and one small volcanic cone 
and a number of low mesa ridges of b~salt. A fourth cone is situated 

a The use of the term latite is here tentative, since no chemical analyses of the rocks. 
o ' ba ve been niade. . . '. 
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4 miles east of Rose's "r ell. The basalt of the cones is vesicular and 
. dull brick-red or black in color,. while in the flow pediment around 
the cones are dense black facies with a few greenish glas~y grains 
of olivine. . 

The cones are gently depressed and are usually superimpqsed 
npon circular basalt flows. The flows present ropy surfaces, cross 
fractures produced during the flow of the almost solid mass, and 
caverns forr)1ed by the onftow of the liquid interior after the surface 
had hardened into a crust, each a characteristic phenomenon of sur­
face lavas which have been' but little eroded. The cones themselves 
are formed in part of flows, but largely of vesicular lapilli, scorim, 
and volcanic bombs. The intimate mixture of these red and black 
fragments imparts to the cones their magenta-red color. The cone 
4- miles east of Rose's 'iV ell has on its summit a crater, 300 feet.in . 
diameter, which is depressed from 1:) to 75 feet below its rim. Sul­
phur coats the volcanic breccia in' the crater. The crater of the cone 
7 miles noith of Hose's 'iV ell has been largely destroyed by erosion, 
the throat displaying a °rubble of vesicular basalt fragments. Beds 
of frn:gmental material dip inward tmvard a common center at the 
crater of the cone Ii miles farther north. . 

Since the eruption of the basalt the cones have been somewhat 
eroded, calcium carbonate has been deposited in the ~esicles, shrub­
bery has taken root on the lava flows, and a sand, dune has been super­
imposed upon the cone 4 miles east of Rose's ';V ell. The basalt is 
probably of very late Pliocene or early Pleistocene age. 

STRUCTURE, 

The rhyolite-latite series has been subjected to mountain-building 
forces acting in an east-west direction. .Toint sheeting and normal 
faults striking north and south are developed in the mass, whIle m\nor 
joints of east-west strike are also present. The series had been carved 
into forms approximating those of the present day when basalt erup- . 
tions occurred. 

ECONOMIC GEOLOGY. 

Two small masses of rhyolite whose location is shown on the map 
(fig. 4, p. 43) are kaolinized and silicified in a similar lnanner. to the 
rhyolite in the vicinity of ore deposits. Silicification has occurred 
a.1ong joints and in iri'egular forms, and these resistant masses form 
the topographic details peculiar to silicified areas of rhyolite. Tunnels 
have been cl-riven in the larger of the two areas, the ore extracted be­
ing ~ silicified rhyolite slightly stained by limonite. The ore, in part 
free milling and in part refractory, is said to carry gold with minor 
silver values. Quartz does not seem abundant in either area. 
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TIMBER' MOUNTAIN. 

TOPOGRAPHY AND GEOGRAPHY. 

Timber Monntain, na.med on a.ccount of its heavily forested sum­
mits., is bounded on the east ~incl northeast by Fortymile Canyon, on 
the northwest and west by Oasis Valley, and on the south by Beatty 
'Vash. A low divide connects it with Pahute Thlesa to the north. The 
massive mountain has two peaks, each 7,500 feet high, which are sepa­
rated by a col. The western slope to Oasis Valley is somewhat more 
gentle than that on the east to Fortymile Canyon. The heaviest 
forest gro:wth in the area surveyed covers this mountain above an ele­
vation of 6,300 feet.. Some of the trees are of sufficient size to be 
of value as timber. 

GEOLOGY. 

Timber Thlot::liain appears to be wholly composed of Tertiary rhyo­
lite and basalt, the rhyolite being the older. 

Rhyolite.-The mountain peaks and the north and \vest slopes are 
formed of rhyolite, which imparts to the mountain a red tone. The 
most abundant variety is a dense brown or red rock in 'which the pl1.e­
nocrysts, medium-sized glassy orthoclase and slightly smoky quartz 
with fewer bronze biotite, equql or exceed the groundmass in bullc 
The rJlyolite is but an extension of that of Yucca Mountain, and the 
various facies there· noted probably also exist on Timber Mountain. 
The rhyolite is presumably of early Th1iocene age. 

Basalt.-The rhyolite of Timber :lVIountain had been eroded into 
practically its present form when b~tsalt was extruded, filling depres­
sions in the rhyolite and forming level reaches here and there on the 
mountain. Basalt flanks Timber Thlountain on the east, forms the 
prominent black dome 8 miles east of south of the more northerly of 
the two peaks, and occurs in several areas on the wester'n slope of the 
range. The basalt is a dense black or dark-gray rock in which stri­
ated feldspar and olivine phenocrysts are prominent. Thluch of the 
basalt is vesicular, and the rounded cavi6es, locally filled by zeolites, 
vary greatly in size across the flow banding. The ba.salt flow I'(~aches 

a thickness of over 1,000 feet. The. basalt of Timber Mountain is 
much younger than the rhyolite, and from the amount of erosion 
,vhich it has suffered it is believed to be one of the late Pliocene or 
early Pleistocene basalts. 

BARl~ :i\lOUN'l'AIN. 

TOPOGRAPHY AND GEOGRAPHY. 

Bare Mountain, so named on account of its almost total lack of 
verdure, lies south of Oasis Valley and Beatty 'V ash, betweep the 
'Amargosa Desert and Crater Flat. The mountain mass is triangular 
in form, the apex being at the south end. It is 15t miles long from 
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north to south ~and 8 miles ,,~ide at the north, its broadest portion. 
The Bare Mountain hills are comparabl~ to ,the most rugged portions 
of the Amargosa and Panamint ranges, the valleys being deep V­
shaped troughs and many of the ridges between being knife.;edges. 

, . 
Throughout the range the south sides of the gulches are somewhat 
less steep than the north sides, owing to the prevalent dip to the 
northeast. ' The highest point of Bare Mountain, 6,235 feet above sea 
level, is but 2 miles from the detrital pediment 3,000 feet below. The 
strongly folded Paleozoic rocks band the mountain with dark and 
light gray, yello~, white, and red'. Nq water is known'in these bare 
hills. 

GENERAL GEOLOGY. 

The formations exposed in Bare Mountain, from the oldest to the 
youngest, are as follows: Pogonip limestone, Eureka quartzite; peg­
matite, monzonite porphyry, rhyolite, and basalt. 

PALEOZOIC SEDIMENTARY ROCKS. 

Bare ~10untain is composed largely of Paleozoic sedimentary rocks 
so strongly folded and faulted that a satisfactory section could not be 
made in the time at the writer's disposal. The series presented from 
the top dmvn lS probably as follO'\~Ys: 

P1'01utfJle 8eci'iO'J1, 'in BetTe M01(,ntaiin. 

Schi~t ~ _________ -_' ________ ~ ___ -' _____________ .. __________________ _ 

Quu1'tzite with some schist and limestollc _______________________ _ 

l.Jimestone contilining nen1' its top a considei'able iUllnbel' of beds 

Feet. 
200 

1,000 

of schisL ____________________________________________________ 3,000--1:,000 

Qnnl'tzite find schisL___________________________________________ 100-200 

At the top of the series the schist, limestone, and quartzite re-
15eateclly rephice on~ another within a thickness of. 100 feet. These 
rocks, particularly at the north end, have been metamorphosed, the 
original limestone, shale, and sandstone being altered, respectively, to 
marble, scl;ist, and quartzite. ' 

The limestone in the central part of the range is dark gray to blue­
black in color, fine grained, compact, and rather crystalline. Anasto­
mosing veinlets of calcite are characteristic. ~Iuch of the limestone 
is thinly laminated. At the north end of the ri10untain the limestone 
is, changed to a white or light:.colorec1 marble, for the most part 
rather coarse grained. "T eathered surfaces are yellow or brownish 
in color. Muscovite films are developed on parting planes. The 
upper and lower quartzites consist of a white or light-gray metamor­
phosed quartzose sandstone of fine or medium grain and conchoidal 
fracture. Cross-bedding is commo~ and ripple marks are present in 
places. In transition to schist the quartzite becomes darker in color, 
finer in grain, and less pure, some muscovite being present. The 
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original shale of the series, now a. silvery or greenish-gray mica schist, 
is well exposed near Gold Center. The schist is a. fine-grained, 
foliated, and locally crenlllat6d rock composed of micaceous minerals 
with some quartz and feldspar. Small magnetite and pyrite crystals 
are common in certain bands and are evidently contemporaneous -with 
the other metamorphic constituents. The planes of schistosity are 
usually parallel to the bedding planes, which are ,in places ripple 
marked, although in certain instances the foliated structure crosses 
the ~)I'iginal bedding at right angles. "\Veathered outcrops have a 
typica.l rusty appearance. A single thin section under'the microscope 
showed a thoroughly recrystallized rock lacking all traces of original 
structure. The rather well orient.ed micaceous minerals' are musco­
vite, biotite, and limonite-stained chlorite, and graih£ of quartz anrl 
orthoclase lie between their blades. Tiny magnetite crystals and 
grains are abundant. 

The lower limestone member of the series was deposited in a sea 
of medium depth, into which for a long period little or no fragmental 
material was carried. The upper portion of the series, on the other 
hand, was deposited in a shallow sea which at times received fl:ag­
mental material of varying grain. The quartzites and schists mark 
periods in which th0 deposition of fragmental material exceeded 
organic and chemical sedimentation, 'v hi Ie the interbedded limestones 
indicate a reversal of the dominant process. Afew poorly preserved 
fossils (one of which is identified by ~1r. E. O. Ulrich as a 'gasteropod 
suggesting Eccyliopte?°1.ts or some other euomphaloid genus) were 
obtained from Bare ~10lU1tain, and although by no means diagnostic 
of the age of the series, they are proQ~tbly younger than the Cambrian 
and older than the Carboniferous. The basal quartzite may be an 
intercalated bed in the Pogonip limestone or possibly may represent 
the I-Iamburg shale of the Eureka section. The thick limestone on 
li'thologic grounds is correlated with the Pogonip (Ordovician),lime­
stone, while ,the overlying quartzite is probably,the Eureka (Ordo­
vician) quartzite of I-Iaglle.a This upper quartzite and schist rather 
closely resemble the Eureka quartzite of the ICawich Range. The 
area covered by the two formations is roughly indicated Ollthe map 
(PI. I), but f~ture work will prove the distribution much more, 
complex. 

IG NEOUS ROCKS. 

Post-Jurassic pegmatites.-pegmatitic dikes from 2 inches to 4 
feet thick are common in the northern part of -the range. The most ./ , 
widely distributed typejs composeR of white or very light pink feld-
spar, with some 'colorless quartz and 'muscovite. None of the indi­
yiduals exceed a diameter of one-half inch. A less common variety 

a Hague, Arnold, Mon. u', S, Geol. Survey, vol. 20, lSfl2, pp. 54-57., 
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is a glassy quartz in which are many biotite fhtkes one-eighth inch in 
diameter. A few black tourmaline rods IIp to one-fourth inch long 
OCCllr in a quartz-rich muscovite pegmatite. vVhile some of the 
tourmaline occurs in nests of clustered rods, some also forms along' 
minute cracks and appears to be of pneumatolitic orig1n. Pegma­
titic quartz veins with small quantities of feldspar and muscovite are 
very common, and it is i) rob able that many of the older quartz veins 
were deposited by waters from the granite magma. The pegmatite 
dikes cut Paleozoic rocks and are included in the Tertiary volcanic 
rocks, and are probably post-Jurassic in age. They closely resemble 
the pegmatites west of Bullfrog. . 

Diorite porphyry.-Bowlde.rs of the biotite-monzonite porphyry 
or diorite porphyi'y occur on a~l alluvial fan at the northwest edge of 
Bare Mountain. Dikes of this rock, possibly of pre-Tertiary age, 
probably cnt the Paleozoic rocks. · 

Te1"tiary 1ohyoZite a11d basalt.-Flows of i'hyolite and basalt form 
the north end of the Bare Monntain hills. These are similar litho­
logically to the rhyolite and later basalt of the Bullfrog I-lills. (See 
pp. 180-181.) 

STRUCTURE. 

The Paleozoic rocks of Bare ~lountain form a faulted monocline, 
the beds of which strike from north of west to northwest and dip 
from 15° to 80° NE. -Superimposed upon the monocline are minor 
cross folds. The schist and in a less degree the limestone are closely 
crenulated' and small isoclinals and overturned folds are common. 
The folding was so intense that .schist bands between limestone and 
qnarb;ite are severed on the limbs of the folds and greatly thickened 
at the crests and troughs. At least two profound normal faults of 
over 1,000 feet displacement cut the Paleozoic rocks, and other fn'-uIts 
of almost equal magnjt.ude exist. Small faults, both normal a.nd 
reverse, are common. .Joints traverse all the formations, but are 
particularly developed in the quart~ite, which in consequence breaks 
down into squared blocks. 

Prior to the extrusion of the Tertiary rhyolite the range stood out 
boldly and was probably as high or almost as high as at present. The 
differential movement which has occurred at the contact of the Pale­
ozoic and Tertiary ro~ks is unimportant. 

ECONOMIC GEOLOGY. 

Quartz veins are common in the north end of the ra.nge, and min­
erallocations were made on some of them early in 1905. Older veins, 
,vhich w~re folded with the Paleozoic rocks, are cut. and faulted by 
a younger set. All the quartz veins are characterized by rather 
a brupt variations in width. 

The Decillion claim is located in the northwestern portion of the 
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range near the mouth of a deep canyon. The principal development 
work is a 50-foot shaft. Quartz veins and stringers reaching.a maxi­
mum thickness of 1 foot cut limestone and schist. Some of the veins 
strike east and west and dip 45° S. Chalcopyrite in grains up to one­
half inch in diameter is disseminated through the quartz. ~1alachite 

and a little azurite stain the quartz around the sulphide and have 
been deposited in cavities in the qU!utz. The quartz vein since its 
deposition has been faulted and crush~d, the fragments being in places 
eemented by granular gypsum, while gypsum crystals line some cav­
ities. The ore of this mine is said to run high in silver, with low gold 
values. 

The two 50-foot shafts 'of the IGsmet :Mining Company, better 
known as the Lonsway property, are situated on the crest of a high 
ridge 1~ miles southw.est of Beatty. The country rock here, ~~ quartz­
ite, strikes N. 35° "T. and dips 15° NE. The quartz vein, which is 
traceable for several hundred feet, is from 1~ to 2 feet wide and strikes 
N. 85° 'iV. and dips 55° S. The quartz has a sparry texture and is 
,vhite except at the surface, where it is heavily stained by limonite 
and hematite. This vein is said to have been locally. charged with 
gold, probably derive.d from pyrite which occurs ,vith limonite in 
quartz at the bottom of the shaft. The quartzite near the vein is 
sheeted. Silver ores with purple-fluorite gangue occur at the Lige 
lIarris prospect. In other portions of the. range the quartz veins con-
tain galena cubes. . 

The quartz and associated sulphides wer(j deposited in 'open east­
west fissures, possibly by granite magmatic "Taters. ·Later the veins 
were faulted and crushed, and surrace waters have more or less com­
pletely altered the sulphides to oxides and carbonates, forming free­
milling ores. 

The mines on Bare Mountain are controlled by practically the same 
economic conditions as those of the Bullfrog district. Good water can 
be obtained in the springs of Amargosa River one-half mile away. 
'fhe most accessible wood is that of the Amargosa Mountains', 25 
miles distant. The mines are 1 to 3 miles from the proposed rail­
road to the Bullfrog district: 

SARCOBA TUS FLAT. 

Snrcobatus Flat hes west of Pahute ~1esa and . east of the Amar­
gosa Range and Slate Ridge.. It is one of the largest valleys in the 
area surveyed, .Qeing 32 miles long and having an average width of 
10 miles. It has very gently graded slopes. Near its center, at an 
elevation of R,!)!)O feet, is a large playa, and two small playas lie in 
the arm of the valley south of Tolicha Peak. The sllrface of the 
larger playa is slightly roughened by erosion, but the total cljli'el'enec 
of altitude over the entire- flat is probably less than 20 feet. A' few 
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, lime-carbonate concretions of rude cylindrical form are embedded ill 
the playa clay. Similar concretions occur iIi the playa clay of the 
Alkali Spring flat. 

Adobe bricks have been made from the playa clay at several places, 
and it is probable thnt the clay of all the playas is well adapted to 
their manufacture. Borax is said to have been leached from the 
clay of this flat 3 miles south of east of Montana Station. The in­
dustry was never extensive, and until the rich bedded deposits of 
borax minerals are exhausted these playa deposits ,vill be commer­
cially unimportant. A number of wells, sunk in or near the large 
playa,'have uniformly obtained water. In the center of the playa the 
surface and the water table a're practically at the same level (see fig. 
2, p. 21). The coyotes scratch holes from 2 to 3 feet deep in the clay 
and get water. The water is adequate for domestic and stock pur­
poses and for the most part pure, although some is bracl~ish and that 
in one well is unfit for use. 'Vater was obtained at the following· 
depths in the various wells: Forks of Goldfield-Bullfrog and Gold­
field-Beatty roads, 180-190 feet; Farmer Station, 8-10 feet; Thorp's 
ruill, 30 feet; Montana Station, 18 feet; Summerville, 1 mile south 
of Montana Station, 8-9 feet; Tonopah "Tell, 10-12 feet, and Seattle 
"Tell, 40-50 feet. Mr. E. L. Rickard reports that the water at Mon­
tana station occurs in a layer of quicksand. 

AMARGOSA DESERT. 

The Amargosa Desert is one of the most extensi ve depressIOns in 
the Great Basin. The main valley heads against the Amargosa 
Range and Bullfrog Hills, south of Sarcobatus Flat, with which it is 
,connected by a thin ribbon of Re,cent gravels, and trends southeast to 
Ash Meadows, and thence south 60 miles to a point where it swings 
around the Funerall\10untains to join Death Valley. "Tithin the area 
mapped the valley is about 10 miles wide at the north end, contracts 
in the middle, and expands to a width of 21 miles at the southern 
border of the area. The valley sends branches well into the surro~ll1d­
ing mountains. From the summit south of Currie vVell the valley 
descends 1,600 feet in 10 miles and but ·500 feet in the next 20 miles. 
The cross section of the valley is comparatively flat except in the 
northern part. The lowest portion within the area shown on the map 
lies at an elevation of 2,500 feet. rhe channels of the so-called Amar­
gosa River and of Fortymile Canyon, ~ach characterized by bowl dei,s 
and coarse gravel, are slightly depressed beneath the surface of the 
valley. The valley is without grass, but is covered with a sparse 
growth of creosote bush and other shrubbery, while mesquite trees 
grow north and east of Ash l\1eadows. 

The Re'cent detritnl deposits in the southern portion of the valley 
<U'C fine grnined, and the wind has heaped these into d nIleS, The most 
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importunt group of sand dunes, 3 miles south of Rose's "Vell, is shown 
on the map .. The Amargosa mine at Rhyolite has been sunk 330 feet 
in Recent gravel, and in some portions of the valley the Recent allu­
vial deposits are probably 500 or more feet deep. Inliers of Tertiary 
and Paleozoic rocks are, however, commO)l. Many hills and ridges of 
Paleozoic limestone protrude from the gravel in the southeast cornel' 
of the area. The line of Paleozoic inliers northwest of the sand dunes 
is probably the crest of a ridge formerly connected with the Amar­
gosa .Range, but now separated from it by a mantle of detrital 
material. 

The springs at Ash, ~Ieadows have already been described (p. 20). 
'Vater has been obtained at the following depths in three wells in the 
valley: Rose's 'V ell , 208 feet; Miller 'V ell No.1, 183 feet; Miller 
'VeIl No.2, 70 feet. The water in all cases is good, although that of 
Rose's "Tell has a slight saline taste. The log of Miller vVell N q. 1, as 
reported by lVII'. 'V. F. :Miller, is as follows: 

LU!J uf MUler Well ]iT u . . 1, .!:l'lJI,wr!Ju.s((, De.sert. 
Feet. 

Gravel ____________________________________________________________ -_ 2 

"Cement," indurated gr:tvels _______________________________ ·___________ 70 
Gravel _____________ .. _____ ___________________________________________ 4-6 
"Cement" _:.. ________________________________________________________ 1.0-1.2 
Sand _______________ .:. _________ .:. ___ ~ ___ .______ _ _____________ ________ _ _ G-7 
.• Ce1l1ent" ________________________________ ---_______________________ 78 
Grayel (water stratum) ______________________________________________ 1.1 

Playa and alluvial slope depo'sits of the older alluvium outcrop in a 
number of places in the Amargosa Desert, and these beds probably 
underlie at no great distance the south end of the valley .. The hills 
in the desert 8 miles south of Bullfrog are composed of angular and 
subangular bowlders and sand derived from the surrounding hills, 
and among other rocks basalt occurs. The material closely resembles 
that of the present alluvial slopes. It has been eroded into hills, and 
its bowlders are somewhat weathered. It is without doubt an alluvial 
slope contemporaneous with the playa deposits ·next. described. South 
of Rose's 'V ell exposures of ancient play~i ~eposits are common, and 
the northern border of the old playa appears to have been north of 
this well. At the southern border of the area surveyed this playa 
was probably 20 miles wide. The deposits now ·occur as low, white 
domes and dissected mesas, which are particularly abundant south­
east and east of l\1iller 'V ell No. 2. Si~ miles. west of the Big Dune 
the deposits consist of fine-grained clay:, .in which are embedded many 
grotesque lime-carbonate concretions. Bedding planes are rare, but 
nppear to be horizontal. The small depo~it 1 mile north of Rose's 
'V ell. is similar except that a .few small, well-rounded pebbles OCCllr 
in the clay and that a i-foot layer of white P0l'OIlS lin1Cstonc is ini"cl'-
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bedded with it. These beds at Ash Meadows form white limestone­
capped mesas and buttes, which are landmarks for Iniles. A sectio~l 

\ of the bluff north of Ash Meadows is as follows: 

Sect'ion of bl'uff 1W1·th of Ash Meadows. 
Feet. 

1. 'Vllite, carious, dense limestone, with 1IIHny lenticular openings parallel to 
the bedding. Tlle limestone is finely banded parallel to these openings 
and has the characteristics of chemic-ally precipitated limestone _______ 10 

2. White, fine-grained clay, massive, inclusing slllall crystal aggregates of 
selenite ____________ ----_____________________________________________ 40 

R IJilllestone like No. L_______________________________________________ 1 
4. Clay like No. 2 ________ -:- ________________________ ..:. ______________ ' ______ 20 
G. Limestone like No. L _____ .:.__________________________________________ _ ! 
& Clay like No. 2 ______________________ ~ _______________________________ 30 

These beds lie horizontal, although Campbell a states that farther 
south they dip io the west. The playa deposits and gravels are 
without doubt members of the older alluvium, which is . considered 

. in part of late Pliocene and in part of Pleistocene age. 

AMARGOSA MOUNTAIN SYSTEM. 

The Amargosa ~Iountain system, includii1g the Amargosa Range, 
Gold Mountain, Slate Ridge, and the Bullfrog lElls, is the most 
important uplift jn the urea under discussion. The mountain mass, 
which has a northwesterly trend, lies between Death Valley on the 
west and Sarcobatus Flat and the Amargosa Desert on the east. 
Geologically this mountain sy?tem is characterized by the widespread 
distribution of early Paleozoic rocks and in its northern portion by 
the presence of granite. 

AMARGOSA nANGE. 

TOPOGRAPHY AND GEOGRAPHY. 

The mountain range between Sarcobatus Flat and the Amargosa 
Desert on the east alld Death Valley on the west is designated the 
Amargosa Range by. the United States Geographic Board, which 
also calls that portioil of the range north of Boundary Canyon the 
Grapevine ~lountains and that south of the canyon the Funeral 
Mountains. The mountain range as a whole is a unit, the most 
natural division on physiographic and geologic grounds being at 
Furnace Creek, south of the area surveyed-, as suggested by Spurr.') 
The range here changes its t~'end; moreover, to the south of Furnace 
Creek it is composed principally of Tertiary sedimentary.rocks and 
to the north of mnch older rocks. 

The sinuous crest line of the Amargosa Range trends N. 40° 'V. 
and ronghly coincides with the California-Nevada boundary line. 

a Campbell, l\I. R .. Bull. U. S. (leol. S11I'vey No. 200, 1002, p. H. 
b Spurr, J. E., Bull. U. S. Geol. Survey No. 208; 1903, p. 187. 
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The northeastern side of the range is not impressive, the crest Fne 
rising only 2,000 to 4,000 feet above the, Amargosa Desert and 
Sarcobatus Flat. On the other hand, the crest is from 5,000 to 7,000 
feet above Death Valley, and in consequence the southwestern slope is 
steep, deeply cut by canyons, and set with numerous rugged peaks 
and pinnacles. The ridge culminates near its 'north end in Grape­
vine Peak, 8,70;) feet above sea level. "Tahguyhe Peak, with an ele­
vation of 8,590 feet, is a magnificent truncated cone. 

The Amargosa Hange from Death Valley presents a somber ap­
pearance, the grays and blacks of the Paleozoic rocks predominating. 
The northern and middle portions of the range, as seen from the 
Amargosa Desert and Sarcobatus Flat, are colored by the rather 
brilliant reds, yellows, white, and grays of rhyolite flows. 

The valleys heading in the range from the east are wide and gently 
sloping, and in' some places, as at Indian Pass, broad detritus~filled 
embayments extend almost to the range crest. The stream channels 
on the southwestern side of the range nre deep canyons, which, near 
the higher peaks, are sunk 3,000 feet beneath the sharp ridges on 
either side. The tortuous stream bed of Titus Canyon is only 40 
feet wide; and from it. the rocks rise sheer 200 feet, while tpe slope 
to the ridges 2,000 feet above is very steep. The canyon walls to a 
height of 40 feet are watei' polished, and cloudbursts have recently 
lodged bowlders 50 feet above the stream bed. The smoother r~aches 
of the stream gradient are separated by transverse rock walls from 
10 to 100 feet high. These barriers, which in most regions would 
cause waterfalls, are formed of resistant rock strata. 

The eastern side of the range, from Chloride Cliff southward to 
the boundary of the area here discussed, is topogra phica11y older than 
the rest of the range, being a land surface to be correlated with simi­
lar tracts in the Panamint, Belted, and J{awich ranges. (See pp. 99, 
119, 202.) A smaller area of this older topography is situated north 
of Thimble Peak. These portions of the range are characterized by 
dome-like mountains, shallow and gently sloping valleys~ deep soil, 
and comparatively few and inconspicuous rock exposures. The area 
north of Thi~lble Peak is surrounded, by deep-'cut canyons, and the 
drainage lines pass precipitously "from the m~lture upland to the young 
gulches. This mature topographic surface at one time extended over 
the whole mountain range, but is now preserved only where advan­
tageously situated. Since it forms the eastern slope of the range south 
of Chloride Cliff and is not present on the western slope, it may be 
inferred that the grade of the streams on the west has been greatly 
increased by a I'ather recent depression of Death Valley. This de­
pression occurred probably in early Pleistocene time, since a similar 

Bull, 308-07 M--ll 
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surface in the Panamint Range was developed before the outflow of 
late PI iQcene or early Pleistocene basalt. ,( See p. 202.) 

The crest of the Amargosa Range above 6,000 feet, at a distance of 8 
miles northwest and southeast of Grapevine Peak, is partly covered by 
a sparse growth of pinon and juniper. The largest trees are 1t feet 
through and from 20 to 25 fee~ high. The Paleozoic rocks to the west 
of the crest line are bare even above an elevation of 6,000 feet. Some 
grass grows in the higher valleys on the northeastern slopes of the 
range. South of Chloride Cliff the Grapevine Mountains have but 
few springs, and the largest of these is said to be poisonous and is 
shunned by the Indians. North of Chloride Cliff springs are com­
paratively abundant. The largest of these, Keane Spring, flows 
about 1,350 gallops per day'; the two 'Villow springs and Daylight 
Spring, from 500 to 1,000 gallons each. The other springs are 
smaller, Hole in the Rock, when full, containing" only about 10 
gallons. 

G~NERAL GEOLOGY. 

The formations exposed in the Amargosa Range, from the oldest 
to the youngest, are as folJows: Prospect Mountain quartzite (?), 
Pogoniplimestone, Eureka quartzite, Lone ~1:ountain limestone, post­
Jurassic granite, pre-Tertiary diorite porphyry, biotite andesite, 
earlier rhyolite and contemporaneous' basalt, Siebert lake beds, later 
rhyolite and biotite latite, and basalt. 

SEDIMENTARY ROCKS. 

Prospect jJf ountain quartzite (.?).-The Amargosa Range south of 
a line somewhat north of Chloride Cliff is formed of a series of 
quartzite beds with intercalated ~chists and marble. The large hill , 
group north-northeast of Lee"s Camp and the small boss-like hi118 
northwest of the Big Dune are of the same formation. This series, 
which includes several thousand feet of sedimentary rocks, is con­
siderably metamorphosed, the alteration being more evident in the 
schists and the quartzites than in the marble. 

The quartzites are usually wpite, pink, or gray in color, although on 
the one hand a cement of specular hematite and on the other much 
clayey matter in the quartzite change the color to black. The normal, 
rather pure quartzose rock is fine to medium grained, and is in nlany 
piaces thin bedded. Cross-bedding and ripple' marks are locally 
present. The quartzite passes into conglomerate with well-rounded 
pebbles, which reach a ma~imum diameter of one-half inch. The 
pebbles are of quartz, of vein or pegmatitic origin, :white quartzite, 
black jasperoid, and schist. The development of sericite, particularly 
in the conglomeratic facies of the quartzite, imparts a greenish tinge 
to the rock. On microscopic examination this sericite proves to be 
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contemporaneous ,vith the quartz cement, which secondarily enlarges 
the clastic grains of quartz. M:ashing, besides developing sericite, 
has locally elongated the pebbles of the conglomerate, forming a 
schistose conglomerate. 
. The more implU'e quartzite grades into slaty shales and schists. 
The shales are fine grained anel of a greenish or dark-gray color, with 
laminre from one-sixteenth to one-half inch thiclc The slaty shale has 
usually a few muscovite plates on its parting. planes and passes, with 
gradations, into fine-grained bluish or greenish-gray sericite schists; 
The schistosity is usually parallel to the original bedding of the rock, 
but in' places cuts it at all angles. In the schist deep-red 'garnets, 
~mall ta'Qular hexagonal greenish plates (ottrelite), greenish-gray 
micaceous aggregates (chlorite), or grayish prisms (andalusite) are 
developed. Under the microscope these schists appear without orig­
inal structures. Fine shreds of sericite, with chlorite, in some thin 
sections are well aligned parallel to the schistosity, and between such 
bands are fine mosaics of quartz and a little orthoclase. Among the 
phenocrystic minerals of the series, clearly of later origin than the 
groundmass, are staurolite, andalusite, ottrelite, biotite, chlorite, gar­
net, ilmenite, and magnetite. Zircon, graphite, and rutile are pl~esent 
locally. Small crystals of tourmaline, cutting the" s'chistosity in all 
directions, are present in most of the thin sections. The occurrence 
of this mineral 10 miles or more from the nearetlt granitic outcrop 
possibly indicates the presence qf .a considerable body of granite be­
neath the Amargosa R~nge. The interbedded marbles are fine- to 
medium-grained rather dense rocks, of buff, pink, purple, gray, or 
white color. Much of the marble is finely laminated. The presence 
of clastic grains and small pebbles of quartz and of cross-bedding 
indicates that the original limestone was deposited in shallow water. 
Through metamorphism not only has the 'rock been .thoroughly re­
crystallized and locally somewhat silicified, but muscovite has been 
developed on the parting planes, and calcite veins, cutting it in all 
directions, have been formed. . 

.. Interbedded with and sending short arms out into the schist at 
Poison Spring are thin discontinuous sheets of hornblende gneiss, 
composed of a fine mosaic of quartz and feldspar, with much fibrous 
greenish-black hornblende and in certain bands red garnet. Under 
the microscope the mosaic is seen to be composed of quartz, ortho­
clase, and plagioclase. In the mo'saic are large skeletons of horn­
blende, garnet, zoisite, and titanite. Apatite and magnetite are pres­
ent as accessory minerals. Chlorite is secondary to hornblende, 
sericite, or kaolin, and calcite to the feldspars, and zoisite to the mu­
tual alteration product of hornblende and plagioclase. A sheet of 
hornblende schist cuts across the bedding planes of marble and schist 
at a low angle 200 yards west of the Chloride Cliff camp, near the 
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head of a gu1ch. The sheet is over 200 feet thick and is at least one­
fourth mile long. This schistose rock is composed largely of horn­
blende, with some quartz and feldspar. Red garnet~ which reach 
a maximmll diameter of one-half inch are abundant in some portions 
of it and are also present in the adjaoent sericite schist. The horn­
blende schist is composed of the foUmving minerals, named in the or­
der of their abundance: Hornblende, quartz, biotite, plagioclase 
(oligoclase in part), or~hoclase, garnet, magnetite, and apatite. The 
rock has the form of a sheet injected in the Cambrian rocks. This 
schist and the gneiss above described, each of which is probably a 
mashed 'basic igneous rock, are the oldest igneous rocks known in the 
nrea surveyed. The hornblende rocks are older than the post-J uras­
sic granite, which is everywhere massive, and since they have suffered 
approximately the same metamorphism as the rocks which they in­
ject they.are probably of Paleozoic age. 

The sedimentary rocks of this series were laid down in a shallow , 
sea in which the conditions of deposition were constantly and rapidly 
changing. Fragmental inaterial was carried into the sea even during 
the deposition of limestone, since clastic quartz grains are common 
in it. 

Tlie series, is identical with that of Tucki Mountain, in the Pana­
mi~lt Range. Its age was not definitely determined, since unfor­
tunately the contact with the Ordovician and Silurian rocks lies 
between b,ro traverses made across the range. Lithologically it 
more closely resembles the Prospect ~{o~lntain quartzite (Cambrian) 
of the Specter Range than any other formation. The two are both 
quartzites, with shale and conglomeratic facies containing similar 
pebbles. Limestone was, however, not noted in the quartzite of the 
Specter Range. vVhile tentatively considered Cambrian, these sedi­
mentary rocks may in reality be of pre-Cambrian age. The severe 
metamorphism of the series indicates that the rocks have undergone 
folding not suffered by the Ordovician rocks farther north, and that 
they are hence <?f pre-Ordovician age. 

Pogonip limestone.-The Pogonip limestone extends from I(eane 
Springs northwestward to Grapevine Canyon. It alsQ covers a large 
area north of Grapevine Springs and smaller areas in the vicinity 
of and north of the Staininger ranch, east of Cave Rock Spring, and 
4 miles east of boundary post No. 94. In the large area north; of 
I(eane Spring from 2,000 to 3,000 feet of limestone is exposed. ' 'It 
is a fine- to medium-grained dense rock, most of it dark gray or black 
in color, though some beds are light gray. The laminm are as a rule 
from one-sixteenth to one-fourth inch thick, while the bedding planes 
are from 4 inches to 40 feet apart, heavy bedding being rather 
characteristic. Calcite veinlets anastomose throughout the lime­
stone mass, and in Titus Canyon areas of coarse white calcite blotch 
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the limestone. A thin bed of white quartzite is interbedded with 
the limestone in the lower part of the series at Cave Rock Spring. 
Similar quartzite and black "flillt occur in the limestone north of 
Grapevine Springs. 

The Pogonip limestone is rather fossiliferous, the fossils being of 
Ordovician age. From the limestone north of Grapevine Springs 
poorly preserved fossils were collected, which :Mr. E. O. Ulrich 
identified as Orthoceras olorus and O. perroti, other Orthoceras 
fragments, and a fragment of a pelecypod probably of the genus 
Olionychia. These fossils indicate a middle Ordovician horizon. 
Mr. F. B. vVeeks a collected Ordovician fossils from the main Paleo­
zoic area, 5 miles southeast of the Staininger ranch, and Mr. G. Ie 
Gilbert 7.1 collected fossils in Boundary Canyon which he considered 
early Silurian or Cambrian. 

o 0 

EU1'elca qttartzite.-Overlying the Pogonip limestone near Bound-
ary Canyon is about 800 feet of quartzite. It is well exposed at 
Daylight SpriIfg and is a pink, rather pure quartz rock of medium 
grain. The bedding planes, which are rather massive, are empha­
sized by many fine laminre varying slightly in color and in size 
of the constituent grainS: Conglomeratic band~ containing ,well­
rounded pebbles one-half inch in diameter occur. Some of the peb­
bles are of quartzite, possibly derived from Cambrian i·ocks. Thin 
layers of black fine-grained argillaceous quartz\:te and of olive­
green or brown slaty shales are also interbedded with the normal 
quartzite. This rock is correlated, with corlsiderable confidence, 
with the Eureka quartzite (Ordovican). 

Lone illountain limestone.-Overlying the suppose~ Eureka 
quartzite in the vicinity of ](eane, Daylight, and vVillow springs 
is about 300 feet of limestone which resembles the Pogonip closely, 
although less distinctly bedded. This is probably the Lone Mountain 
limestone C of the Eureka section. The inlier 4 'miles north of the 
Staininger ranch is composed of fine-grained dark-gray limestone, 
with interbedded black flint, white or pink quartzite, and limy 
shales. Imperfect silicified fossils, one of which MI'. E. O. Ulrich 
considers a late Silurian coral· (genus Oladop01oa) , were collected 
by the writer from this locality. Other small inliers in this vicinity 
may in realty be the Lone :l\10untain limestone rather than the 
p,rgonip. 

;'Siebert lalce .beds and contemporaneous deposits.-The rather large 
mass of later, rhyolite and biotite latit~ to the southeast of 8tainin­
gel'S Ranch has bebveen its flows layers of white or light-colored in-

a Spurr, .T. E., Bull. U. S. Ceo!. Slll'vey No. 208, 1903, p. 188. 
b Gllbel·t, O. K, U. S. Oeog. Survey' W. 100th Mel.·., vo!. 8, 1875, pp. 34, 169, 18I. 
e I-lague, Amold, 1\1on. U. S. Ceol. Survey, vol. 20, 1892, pp. 57-59. 
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coherent tuffaceous sandstone, which re~dily breaks down into sand. 
The section at this point is as follows: 

Section so'Uthenst of Sta,in'ingers Rnnch. 
Feet 

Lava, largely biotite latite ______________________________________________ 375 
Rhyolite 110ws and some tuffaceous sandstone ____________________________ 100 
Tuffaceous sandstone and thin rhyolite 11ows _____________________________ 375 
Rhyolite 'flows _______________ -.:.. ________________________________ -"_______ 75 
Tuffaceous sandstone ___________________________________________________ 225 

Between the lava and the sediments are minor erosional gaps, but 
these are probably current erosional llnconformities, and the series is 
approximately all of one age. Bedding planes from 2 inches to 20 
feet apart are well developed at some places. 

Locally the tuffaceous sandstone lies unconformably upon folded 
Pogonip limesfone. It is closely similar to that of the Mount J ack­
son hills and, like it, is overlain by siliceous lavas. This formation is, 
without much cioubt, the Siebert lake beds. . 

A number of small areas of conglomerate occur on the eastern slope 
of the Amargosa Range, east of boundary post No. 94, southeast of 
Daylight Spring and north of vVillow Spring. The rocks, varying 
from loosely to rather strongly consolidated material, consist of con-

. glomerates and arkoses with a little sh'ale. They range in' (yolor from 
green to red, yeHow, or bro"in. Bedding planes, which ate from 1 
inch to 2 feet apart, ~re well developed. The pebbles in the conglom­
erate, which are· very well rounded and many of them highly polished, 
reach a maximum diameter of 4 inches. They are derived principally 
from the Paleozoic rocks near by, with here and there a pebble of fine­
to medium~grained granite, and in the area east of boundary post No. 
94 some of earlier rhyolite. These rocks appear to be the shore de­
posits of a lake in which waves swept with considerable force. Mate­
rial was transported from considerable distances, since granite does 
not now outcrop in the vicinity. Since the conglomerate contains 
pebbles of rhyolite and none of basalt, the deposits are younger than 
the rhyolite (early Miocene) and older than the basalt (Pliocene­
Pleistocene), and in consequence of middle or late Tertiary age, pre­
sumably Miocene. They are approximately contemporaneous with 
the lake in which the Siebert lake beds were. deposited, and it is be­
Iieved that they are shore deposits of that lake. The congl~meratic 
lake beds of the Fun.eral Mountains, south of .theare~ l11apped, are 
to be co'rrelated with these cOl;1glom€lrates. ,~; 

Older azz,uvium.-From a poii1t 8 miles north of Surveyor~ ,\iVell to 
a point 3 miles north ·of Mesquite Spring the western flank of the 
Amargosa Range is formed of older alluvium, and the same forma- . 
tion covers a considerable area west of boundary post No. 85. This 
deposit consists of clays and bowlder beds similar to those of Death 
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Valley and the Panamint RaI!g~' and, like them, is considered in part 
of Pliocene and in part of Pleistocene age. 

Probably representing stream gravels contemporaneous with the 
older alluvium are small areas of conglomerates in Boundary Canyon) 
and in the gulch in which Poison Spring is situated. In Boundary 
Canyon, near Hole in the Rock Spring, reddish conglomerate lies 
upon the eroded surface of the Paleozoic rocks, from which the bowl­
ders have been derived. These bowlders reach a maximum diame­
ter or 3 feet. The stream bed of the Poison Spring gulch is'largely 
cut in caicite-cemented cOJ)glomerates. At the mouth of the gulch 
these beds are 40 feet above the stream, but 2 miles above Poison 
-Spring they are at stream level, indicating that the present grade is 
steeper than that of the stream which deposited these gravels. Calcite 
veins, many of which are banded, fill joint fissures in the conglomer­
ates. ,In a few places narrow seams of limonite indicate that some 
pyrite, was deposited with the calcite. 

IGNEOUS ROCKS. 

In addition to the hornblende gneiss and schist' already described 
(p. 163), the igneous rocks of the Amargosa Range include 1>0st­
Jurassic granite, pre-Tertiary diorite porphyry, and several Tertiary 
lavas. ' 

Granite porphyry.-Dikes of granite porphyry cut the Pogonip 
limestone 6 miles northwest of the Staininger ranch. The rock has a 
grayish-pink fine-grained groundmass, which is exceeded in bulk by 
the phenocrysts. Unstriated pinkish-gray feldspars, 'which reach 
a maximum length of one-fourth inch, are more abundant than small 
rounded quartz phenocrysts. Rarely a little chlorite stained by iron 
suggests the former presence of biotite. Under the microscope the 
groundmass appears as a microgranitic aggregate of quartz, ortho­
clase, and a little plagioclase. 'Vith the phenocrysts of orthocla~§ 
and quartz are some of biotite altered to chlorite and calcite and a 
few of plagioclase. This granite porphyry is pr~bably one of the 
post-Jurassic granites. 

Diorite porphyry.-Fragments of a greenish-gray much-altered 
igneous rock occur in the desert gravels on the eastern slope of the 
range west of Rose',s 'VeIl, and dikes of this rock probably cut the 
Cambrian sediments. The rock is apparently the pre-Tertiary dio­
rite porphyry. 

Biotite andesite.-The oldest of t~e Tertiary lavas is a biotite an­
desite, which oc~urs in a number. of small areas between Grapevine 
Canyon and vVillow Spring, bei11g particularly abundant near ~1exi­
ean Camp. The biotite andesite is a mnse lithoidal or semiglassy 
rock, which is gray, green, brick red, or purplish red, the hlst color' 
evidently being due in many cases to alteration. Phenocrysts are 
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usually somewhat subordimJ.te in bulle to the groundmass. Biotite 
and lath-shaped feldspars, many of them considerably altered, are 
as a rule equally abundant. The feldspar phenocrysts are slightly 
larger than those of biotite, but they are nowhere over one-fourth 
inch long and are in most places much smaller. Flow lines are pres­
ent in the groundmass and many of the phenocrysts show flow orien­
tation. Much of the rock is vesicnlar. The vesicles reach a maxi­
mum length of Ii inches and are more or less completely filled by 
chalcedony and chlorite. Hyalite, chalcedony, and quartz occur 
along joint planes. 

One thin section shows under the microscope as a biotite andesite 
with a groundmass composed of plagioclase laths' in a rather ill­
defined gently birefringent substance. The phenocrysts include 
plagioclase, biotite rimmed by beads .of magnitite, orthoclase, and 
magnetite. The small plagioclase phenocrysts are simple and the 
large ones complex aggregates. Zircon is a rare accessory mineral. 
Another thin section,Jalthough clearly from the same magma, is some­
what more acidic, having affinities with latite. Quartz and ortho­
clase are present in the microfelsitic groundmass and orthoclase 
phenocrysts are as abundant as those of plagioclase. 

The biotite andesite occurs in flows which were eroded prior to the 
outflow of the earlier rhyolite. On the range crest''4 miles south of 
",Vahguyhe' Peak the rhyolite contains small fragments of andesite. 
The andesite is in consequence younger thari rhyolite and is probably 
of late Eocene age. The more acidic facies of the rock are mineral­
ogically rather like the monzonite porphyry of the ICawich Range, 
which is older than the earlier rhyolite of that range, but which is 
probably contemporaneous with the earlier rhyolite of the Amargosa 
Range. The andesite and monzonite porphyry are probably, in a 
broad way, contemporaneous. 
c Earlier rhyolite.-Rhyolite forms the crest and eastern slope of 
the Amargosa Range from Thorp's mill to a point 2 miles northwest 
of vVillow Spring, and thence to a point 2t miles southeast of Day­
light Spring it forms the eastern slope of the range. East-southeast 
of this point several small rhyolite areas occur. 

The rhyolite series comprises a considerable number of siliceoLls 
volcanic rocks, which lie in well-defined flow beds. The predomi­
nant facies is a lilac, gray, white, or pink rhyolite, with lithoidal 
groundmass and medium-sized phenocrysts of equal volume. Of the 
phenocrysts, colorless or slightly~smoky quartz and glassy, unstriated 
feldspar are, as a rule, equally abundant, although the feldspar may 
predominate. Biotite phenocrysts are usually sparse and' or smaller 
size. Other facies are gray glasses without phenocrysts, but with 
highly developed perlitic parting, and black glass, with feldspar and 
fewer quartz phenocrysts. Similar rocks from other ranges prove, on 
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microscopic examination, to be latite, a.nd the series probably includes ,. 
latite and siliceous dacite in addition to rhyolite. Compact aphanitic 
red facies of rhyolite are ~also common, and in these flow banding, 
lithophysm, alid spherulites are well developed. The rhyolite of 
Shale Peak (elevation, 7,370 feet), 4 miles southeast of vVahguyhe 
Peak, is a faded brick-red rock banded with pink lines. Exfoliation 
breaks this rock, which is rather poor in phenocrysts, along the flow 
lines into numberless platy fragments, which caused the members of 
a United States Coast and Geodetic Survey party to give the peak 
its' expressive name. Many angular inclusions of rhyolite of 
slightly different character, occur in the lava, forming flow breccias. 
The rhyolite is in some places kaolinized and in others silicified. 
(See p. 47.) It is probable that much of the rhyolite that is now, 
through kaolinization, ,yhite or light gray in color, was formerly 
brick-red, since at certain places bleaching has occurred along j~int 
fractures and irregular. cracks, forming lTlOttled fantastic patterns 
in reds and whites. ' 

Beds and lenses of red, white, and greenish-white incoherent sandy 
rhyolitic tuffs, containing feldspar, quartz, and biotite crystals, are 
interbedded with the lavas. In these tuffs pebbles of rhyolite, which 
in rare instances reach a diameter of 1 foot, are abundant. All 
gradations exist between the nornlal igneous rock and these sedi­
ments deposited in small lakes or'subaerial basins. 

The earlier rhyolite of the Amargosa Range occurs inflows from 
10 to 300 feet thick, superimposed one upon another, which impart 
to the eastern side of the range its varicolored banding. The thick­
ness of the series is unknown, although it reaches at least 3,000 feet. 
The greater portion outflowed as lava, but at various times during the 
extrusion rhyolitic material was deposited in local sheets of water 
a~d at other~ dust from explosive eruptions 'formed subaerial accu­
mulations. The vents from which the rhy~lite flowed are probably 
situated near the crest line, but their position ,vas not determined' 
in the course of the present work. vVhere the rhyolite flows vary 
considerably in hardness the more resistant beds form benches and 
the softer beds are covered by talus, a, method' of ,veathering well 
developed on the eastern side of the north end of the range. vVhere 
vertical systems of joints are prominently developed, outcrops are 
bounded by vertical planes and rock pinnacles form. If the rhyolite 
flows are of approximately equal hardness and joints are not promi­
nent, rounded bosses and smooth domelike hi]]s result. Such forms 

, are' we]] seen near Shale' Peak. Perha ps the 'most common t8po­
graphic for1'n8 are cones, a mean between the pinnacles of the well­
jointed rhyolite and the domelike hills of the more massive facies. 

The earlier rhyolite lies upon the eroded surface of the Paleo7-oic 
rocks and the biotite andesite and near contact,s contains numerous 
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pebbles of these rocks. The later basalt lies upon the eroded surface 
of the rhyolite. This rhyolite is practically continuous with that of 
the Bullfrog Hills and is of similar lithologic character. It is 
roughly to be correlated with the earlier rhyolite of the I{awich, 
Belted, and Reveille ranges, probably of early Miocene age. 
"Earlier basalt.-Basalt fragments are locally contained in the 

rhyolite flow breccias, and at several places thin lenses of basalt, too 
small to· show on the map, are interbedded with the rhyolite. The 
best example is at the Happy Hooligan mine, 12 miles south of west 
of Rhyolite., Mr. F. L. Ransome a states that recent mining develop­
ment has here exposed a basalt bed from 25 'to 50 feet thick between 
the rhyolite and the Pogonip limestone. 'T~e rhyolite of the Bull­
frog Hills and the I{a\vich Range also contains minor flows of ba­
salt, a fact further indicating the contemporaneity of the two rocks. 

Later rhyolite and biotite latite.-To the southeast of the Stainin­
ger ranch is an area covering· about 12 square (mil~s of rhyolites and 
latites interbedded with the Siebert lake beds. The rhyolites are the . 
older of these lavas and the latites the younger. 

The rhyolites are semitransparent to opaque, glassy or semiglassy 
rocks, with few quartz, feldspar, and biotite phenocrysts. In color 
they range from light gray, through red, to black. Flow breccias are 
common. Perlitic parting, which 'causes the rock to disintegrate into 
pebble-like masses, is well developed in many of .the flows. Flow 
folding, with overturned isoclinals, in places with horiz~mtal axes, 
is not unusual. The spherulites, which are very abundant in some 
flows, making up at least one-third of the rock, are similar to those 
already described from the Mount Jackson hills· (p. 67). In some 
(~ases large spherulites, rudely globular .and from B inches to 1 foot in 
diameter, inclose smaller ones. The large spherulites are cut by 
horizontal flow lines, while the smaller have the typical radiate struc­
ture. Lithophysre also occur. 

The latites are white semipumiceous rocks with myriad bronze­
brown hexagonal plates of mica and less conspicuous phenocrysts of 
feldspar. In ~ome instances the biotite plates have an excellent ori­
entation in the place of flow and the rock breaks into platy masses 
along the flow banding. A single thin section examined under the 
microscope showed the rock to be a biotite latite, with groundmass 
of a vesicular colorless glass. The phenocrysts exceed the ground­
mass in bull~, and orthoclase and biotite are more abundant than 
plagioclase. Apatite is present as an accessory mineral. 

'The later rhyolite is similar lithologically to t~e rhyoliteass9ci­
ated with the Siebert lake beds of the Mount Jackson hills, and the 
two series are probably approximately contemporaneous. In the 

a Oral communication. 
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upper portion of the series a few basalt flows are apparently inter­
bedded with the rhyolite. At another place the basalt clearly cuts 
the Siebert lake beds and the rhyolite. (See p. 171.) This shows 
that while toward the end of the period of rhyolite extrusion some 
basalt probably outflowed, for the most part the basalt is younger. 
The rhyolite and hitite are probably of late Miocene and early Plio­
cene age. 

Later basalt.-Basalt is the youngest of the igneous rocks. Its flows 
cover a considerable area at the 'north end of the range, and a number 
of smaller areas occur on either side of Grapevine Canyon. A dike 
of basalt 4 ~eet thick cuts the younger rhyolite and Siebert lake beds 
2 miles north of the Staipinger ranch. This was probably one of the 
vents through which the lava outflmvec1, while a small, red, conical hill 
to the south of the Staininger r'anch~ Thorp road, 5 miles from the 
. ranch, appears from a distance to be a volcanic cone. The two small 
buttes in Sarcobatus Flat, north and northeast of Currie 'VeIl, seen only 
from a distance, are probably basalt. Remnants of Hows cap rhyolite 
hills southeast of Daylight Spring, and at one locality a dike of basalt 
cuts the Pogonip limestone. This dike may be the ancient vent from 
which the basalt in this vicinity flo·wed. The basalt of the dike is 
reddish brown in color and much altered, but on microscopic examina­
t:ion appears to h:'ave been originally an olivine basalt. The basalt 
from the flows in the vicinity is black, vesicular, and without promi­
nent phenocrysts. The basalt of Grapevine Canyon is for the most 
part black and dense, although basal portions of the flows (in many 
places flow breccias) are vesicular and red. The more vesicular rocks 
are locally covered by a layer of basalt banded horizon~ally by 
flow lines, and this in turn by more massive beds which show sphe­
roidal weathering. Pheilocrysts, while usually small, are abundant 

. in many outcrops and include glassy lat4w of plagioclase and rounded 
grains of olivine, either fresh and glassy or iron stained. Granular 
calcite, probably derived from the alteration of the basalt, fills vesi­
cles in the basalt and veins cutting it. A thin section cut from basalt 
from the low mesas 4 miles east-northeast of the Staininger ranch 
proves to be a quartz-bearing olivine basalt with holocrystalline 
groundmass. The quartz js deeply embayed and surrounded by a 
corona of augite columns of the ,ground mass. 

The basalt from the south end of the Amargosa Range overlies 
the Siebert lake-bed conglomerates, and from its lithologic char­
acter is considered to be one of the Pliocene-Pleistocene basalts. The 
basalt in the vicinity of Grapevine Canyon is probably in part con­
temporaneous with the upper part of the later rhyolite and ~iebert 
lake beds, but is for the most part younger and of late Pliocene or 
early Pleistocene age. 
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STRUCTURE, 

The Amargosa Range has been subjected to two main periods of 
folding and uplift, the earlier in pre-Tertiary and presumably post­
Jurassic time, the later probably in late Miocene time, after the depo­
sition of the Sieberflake 'beds. In the northern part of the range this 
later folding was sommvhat earlier than in the southern part and ap­
pears to have succeeded the outflow of the ehrlier rhyolite and pre­
ceded the deposition of the Siebert lake beds. North of vVahguyhe 
Peak' the Paleozoic rocks and the earlier rhyolite are so folded 
together that the differentiation of the two periods of folding is dif­
ficult. l~ven here, however, the Paleozoic rocks are more profoundly 
folded. The earlier, folding was accompanied by reversed faulting 
and probably in the last stages by normal faulting;. the later folding 
was accompanied by normal faulting. 

The major direction of the early folds was parallel to the trend of 
the range, but accompanying them are cross folds, which ,vest of 
Grapevine Peak equal in importance and south of Indian Pass pre­
dominate over the northwest-southeast folds. In the vicinity of 
Grapevine Peak these cross folds were intensified by later folding. 
In the central portion of the range there is an ant~clinorium with 

. northwest-southeast axis, composed of two main ",anticlines with a 
syncline between. The syncline at ICeane SprinK is comparatively 
narrow; at Boundary Canyon it is broader and 1'nore open; and in 
the canyon in which Tule Spring is situated it is represented by two 
minor synclines and an intervening anticline. At Chloride Cliff the 
syncline is broken by a normal fault. Many of the minor folds axe 
closely appressed isoclinals or fan folds, which in some instances 
have horizontal axes. The passage from isoclinal folds to reverse 
faults is by no means unusual. South of Indian Pass the structure 
is that of an anticlinorium wit,h northeast-southwest axis, of which the 
long northwest limb dips rather gently to the southeast, while the 
shorter southeast limb dips somewhat more steeply to the northwest. 
Superimposed upon the main folds are minor folds, many of which 
are rather steep. The Pogonip limestone north of Grap~vine Springs 
is folded into a gentle arch with east-west axis. 

Before the later folding was inaugurated the range was 'worn 
down to an inconspicuous ridge, and the eastern slope and the whole 
range south of the area mapped formed the bottom of the Miocene lake. 
It is to the later folding and succeeding minor uplifts that the range 
owes its height. South of Daylight Spring the rhyolites dip at angles 
of 20° ~to 40° away from the range, while the Siebert lake conglom­
erates in this vicinity have a dip away frqm the range which in some 
instances reaches 70°. North of Daylight Spring the earlier rhyolite 
is folded into a synclinorium whose a~is strikes N. 70° E., with its 
trough situated about 4 miles north· of Grapevine Peak. Normal 

.. 
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strike faults having the same strike are common in the vicinity o~ 
Thorp's mill and form numerous fault scarps. The Siebert lake beds 
south of the Staininger ranch have been flexed and are broken by 
small normal faults of north-south strike. 

Unimportant folding and faulting are recorded in the basalt and 
older alluvium areas. "The basalt below the Staininger ranch dips to­
ward Death Valley and has apparehtly been tilted westward along a 
north-south axis. Normal faults of 4 to 5 feet displacement, usually 
with north-south trend, cut the basalt in the vicinity of Grapevine 
Canyon. The older alluvium at Hole in the Rock Spring for the most 
part dips toward Death Valley, although northeasterly dips here and 
there indicate that since the deposition of the conglomerate the range 
has not only been uplifted, but also somewhat folded. 

ECONOMIC GEOLOGY, 
• 

Active mining operation"s are being caried on at three points in the 
Amargosa Range within the area mapped-at the Happy Hooligan 
mine, at Chloride Cliff, and at Lee's Camp. 

HAPPY HOOLIGAN ~UNE. 

The Happy Hooligan mine is situated at the eastern base of the 
Grapevine Mountains, 9 miles northwest of B1111frog. A number of 
test pits have been sunk tlt the contact of the eroded surface of the 
Pogonip limestone, "\vith its interbedded quartzite and the Tertiary 
lava flows. The predomin"ant lava is a kaolinized rhyolite, from 
which the feldspar phenocrysts have been largely removed by 
weathering. This is underlain by a flow of basalt which rests upon 
the limestone. At the contact with the limestone the basalt is reddened 
by hematite and altered to a gre~sy substance, which pans fine free 
gold, as does the limestone when decomposed. Gold values also 
occur where the lava comes in contact with the quartzite. The con­
tact has been traced several hunch'cd feet and values are reported 
from all the test pits. The ore is free milling, an'd no sulphides "\vere 
observed. It is said to run $40 in gold per ton, the values appearing 
to be closely associated with limonite and hematite. Several springs 
are situated near the mine and fuel can be obtained within 6 miles. 
The road to Bullfrog is rather heavy. 

CHLORIDE CLIFF. 

Chloride Cliff is situated in Inyo County, Cal., on the crest of the 
Amargosa Range, 15 miles south of Bullfrog. At this point the 
Cambrian limestone strikes N. 15° 'V. and dips 30° E. A steeply 
inclined fault trending N. 50° 'iV. cuts the limestone. The limestone 
along the fault is silicified and in it are disseminated galena and 

• 
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some chalcopyrite. The secondary ore is a porou's yellowish lead 
carbonate with some malachite stains. The surface outcroppings are 
heavily stained by limonite. At a;nother place a 4-foot vein of quartz 
lies between the gently dipping hornblende schist and the sericite 
schist and altered limestone above it. The quartz is free milling and 

. heavily iron stained, and the crushed portions have been recemented 
by limonite .. The writer traced tne vein 200 feet, but it extends much 
farther. It is reported that one sampling across the vein gave 
values in gold averaging $1,500 per ton. At a third prospect a 
reversed fault cuts the schist member of t!le series, which here strikes 
N. 60° vV. and dips 15°. NE. A quartz vein 2 to 3 feet wide occupies 
the fissure. The quartz is stained by limonite, and pyrite is the only 
original sulphide seen. Small nodules of native copper are, in rare 
instances, associated ,,~ith the limonite stains. The ore is said to 
assay from $13 to $500 per ton in fr@e gold. The values are associ­
ated with limonite. 

The prospects at Chloride Cliff are either fissure fillings or deposits 
along contacts. In some ~ases the quartz and accompanying sul­
phides' probably filled open fissures; in others the limestone was 
metasomatically replaced. There is a distinct tendeIicy for galena to 
be the predominant sulphide in limestone, and pyrite in the other 
country rocks. Since the deposition of the quartz the veins have been 
crushed and surface waters have 'produced fronl the original sul­
phides native gold, copper, cerussite, malachite, and limonite. The 
deposits are structurally similar to those which hold their values well 
with depth, and if surface enrichment has not been out of all propor­
tion to the original sulphide values, further development is well 
justified. 

Water is at present packed on burros from }(eane Spring, 4 miles 
distant. vVood suitable for fuel occurs on the Amargosa Range, 10 
miles north of the prospects, but at present must be teamed by way of 
Bullfrog. A fair road connects the prospects with Bullfrog, the 
shipping and supply point. 

Ores from a number of mines' in the Cambrian rocks in the vicinity 
of Chloride Cliff were examined, but the mines themselves were not 
visited. At the Keane 'Vonder mine a blanket vein of quartz, dip­
ping gently westward, is said to lie along the bedding planes of the 
Cambrian rocks. The gold o~e is quartz heavily stained by limonit~ 
and is said to be free-milling. The Trio mine, in the next gulch south, 

. of the Keane vVonder, is said also to. be on a quartz vein in the Cam­
brian rocks. The ore is a limonite-sta~ned quartz containing chal­
.copyrite and galena and some cerussite: Free gold is reported to 
occur in schist and limestone along a fault fissllre down the gulch 
from I{eane Spring. The ore of this deposit closely resembles that. 
from the metasomatic replacement deposits of Chloride Cliff. The 
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Bismuth mine is sitilated on the road to Bullfrog, somewhat below the" 
Chloride Cliff mine. The quartz, which is heavily stained by limon­
ite, contains finely granular gal~na. The presence of some malachite' 
probably indicates the former presence of chalcopyrite with the pyrite 
and galena. 

LEE'S CAMP. 

Lee's Camp is situated in the Cambrian rocks, 10 miles southwest 
of Rose's 'VeIl. The camp was not visited' by the writer, but strong 
veins of quartz are said to exist there. The ore, which is said to mill 
free gold, is quartz and either dolomite or siderite, each heavily 
stained by limonite. 

AREAS FAVORABLE FOR PROSPECTING. 

Quartz veins are common in the metamorphosed Cambrian sedi­
mentary rocks. They occupy joint and bedding planes and fauH 
fissures, and in the latter case may contain angular fragments of the 
Cambrian rocks. In size they vary from mere stringers to veins () 
feet or more across, ~\Vhich can be traced for hundreds of yards. In 
the vicinity of Poison Spring these are particularly strong, and over 
restricted areas make up almost one-third 'of the rock. The quartz 
in most instances is white and semitransparent and appears bflTren. 
In others it has been faulted and brecciated .and is stained by limonite, 
while pyrite and specular hematite are disseminated in it here and 
there. The mines of Echo Canyon, to the south of the area surveyed, 
are reported to be situated on similar quartz veins. Pyrite and 
hematite also occur in quartz veins on the small Cambrian hills to 
the northwestpf the Big Dune, and these minerals and malachite are 
found in the qllartz veins of the big Cambrian inlier to the southwest 
of the Big Dune. . 

In the Pogonip limestone of the central and northern portion or 
'the Amargosa Range quartz veins are of .minor importance. The 
veins, some of ,,,bicb. contain pyrite and specular hematite, appear to 
be comparatively small. About 6 miles south of the Staininger ranch 
prospectors sunk a shaft 10 feet deep on a quartz vein stained with 
malachite. At this depth the vein divided into several stringers and 
the shaft was abandoned. The ore carried low gold and silver values. 
'Vith the change of the country rock from the siliceous deposits of the 
Cambrian area to the calcareous rocks of the Silurian and Ordovician, 
calcite veins, probably in part contemporaneous with the quartz veins, 
become predominant. These are extr~mely .abundant, but as a rule 
are less persistent and less mineralized than the 'quartz veins in the 
Cambrian. At Titus 'Canyon the calcite veins are of two ages. The 
older are formed of white crystalline calcite, much of which is very 
coarsely granular. The younger veins, of banded yellow or brown 
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calcite, are still forming. River bowlders are here and there inclosed 
'in these veins, and stalactitic calcite hangs from them in some canyon 
walls. The bands are either parallel to the walls or at right angles to 
them, while in certain places the borders of the veins are vertically 
banded and the centers horizontally banded. Many of the later veins 
fault the older. 

Areas of silicified ana kaohnIzed rhyolite in the Amargosa Range 
are shown on the map (fig. 4:, p. 43). The rhyolite 8 miles southeast 
of Daylight Spring has been silicified, and small quartz veins cut it. 
The area has been located, but no information is at hand as to the 
value of the ore. Silicified rhyolite, with many small quartz veins, 
outcrops at several places east 01 J\1exican Camp and 1 mile north of 
J\1cDonald Spring. At the latter locality small quartz veins also 
occur .in the biotite andesite. The quartz in this portion of the range 
is largely white or gray and compact. At Currie vVell bowlders of 
silicified rhyolite, said to pan gold, occur as float, but the original posi­
tion of the rock is not known. Silicified rhyolite stained by the yel­
low basic ferric-alkali sulphate (n already mentioned .(p. 50) covers 
a considerable area to the south of Grapevine Canyon. This rhyolite 
is doubtless worthy of careful prospecting. 

BULLFROG HILLS.a 

TOPOGRAPHY AND GEOGRAPHY. 

The Bullfrog Hills lie west of Oasis Valley, between the Amargosa 
Desert and Sarcobatus Flat. They form a spur of the Amargosa 
Range and have an east-west crest line, from 'which an eroded 
mesa extends northward and rather sharp ridges stretch out to the 
south. The highest peak in the hills reaches an elevation of 6,035 
feet. The Bullfrog Hills are bare of timber and are only sparsely 
covered with desert shrubs and cacti. The towns in these hills ob~ 
tain water from Amargosa River (see p. 18) and from a number of 
springs in Oasis Valley and in the hills themselves. Among the lat­
ter may be mentioned Indian (30,000 to 40,000 gallons per day), 
Crystal, and Mud springs. Hicks Hot Springs, in Oasis Valley, have 
already been described (p. 20). 

GENERAL GEOLOGY. 

The formations exposed in the Bullfrog Hills include the follow­
ing, the oldest being named first: Pre-Silur:ian schist, Eureka 
quartzite, Lone J\10untain limestone, post-J urassic pegmatite, pre-

a The geology and ore deposits of the Bullfrog district will be described in detail by 
Messrs. Ii'. L. Ransome, W. H. Emmons, and G. H. Ganey in a forthcoming Professional 
raper, and the geology of the area shown on the Bullfrog special sheet has been gen­
eralized from their map. The description here given refers more particularly to the 
area outside that covered by the special map. 
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Tertiary diorite porphyry, andesite, rhyolite, earlier basalt contem­
poraneous with rhyolite, Sie.bert lake beds ( ~), and later basalt. 

SEDIMENTARY ROCKS. 

Pre-Silurian schist.-Three miles west of BQ.llfrog is a low ridge 
of post-Jurassic pegmatite containing a vast number of schist inclu­
sions. The rocks are present in practically equal amounts, and the 
area could as well be described as an area, of schist intensely injected 
by pegmatite. The pegmati~e, however, is more resistant to erosion 
and hence gives its white color to the low rounded ridge .. 

The schist varies from a finely foliated biotite t~chist to an "eye" 
schist, containing many lenses of pegmatitic feldspar from one­
sixteenth inch to 2 inches long. These eyes are elongated parallel to 
the schistosity, the shortest diameter usually being one-fourth the 
length of the longest. Some of the schist is composed of minute 
scales of biotite of common orientation, while other portions also con­
t.ain quartz, a little feldspar, and the large feldspar lenses already 
mentioned. The planes of schistosity dip at considera ble angles, but 
are rarely minutely crenulatec1. A single thin section of the" eye" 
schist under the microscope proves to be a schist in which shreds of 
biotite and a little mu?covite are arranged in folia. Between these 
is a fine-grained mosaic of orthoclase and quartz, with here and there 
a partial crystal of apatite or zircon. The pegmatitic " eyes," which 
are usually acidic plagioclase and in only a fe\v cases quartz or ortho­
clase, are closely encircled by the biotite films. 

The schists are presumably metamorphosed sedimentary rocks, but 
they may possibly be· mashed igneous rocks. Mr. G. I-I. Garrey,a 
who examined the relations between the schist and the Pogonip lime­
stone on the western border of the Bullfrog special area, states that 
the contact between the two rocks is not exposed, but that outcrops 
of limestone adjacent to the schist are comparatively unmetamor­
phosed and that the schist in consequence is presumably pre-Silurian. 
Lithologically this rock resembles Cambrian schists near Tokop, and 
although possibly of pre-Cambrian ag~ it is tentatively correlated 
with the Cambrian. 

Eurelca quartzite.-A hillock rising from the rhyolite to the 
southeast of the limestone last described and a hill 2 miles south of 
Indian ranch are formed of quartzite interbedded with shale. Frag­
ments of similar shale are included in Tertiary rhyolite 31 Iniles 
northeast of Bullfrog. The Eureka qmlrtzite of Bare Mountain 
extends across Amargosa River north,,~est of Gold Ce~lter. The 
quartzite of the hills first mentioned is gray, pink, or white in color, 
and of fine to medillm grain. It appears to be a practically pure 

a Oral communication. 
Bull. 308-07 M--12 
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quartzose r()ck, many portions of which are finely laminated. Asso­
ciated with it .are minor bands of brown, greenish, or purplish-gray 
shale, the laminm of which are in places paper thin. The quartzite 
apparently underlies the limestone south of Indian ranch and litho­
logically resembles t4e Eureka quartzite (Ordovician). 

Lone illountain limestone.-:-Small bodies of limestone, in part, at 
least, of Silurian age, protrude from the Tertiary lavas and Recent 
gravels at four points-3 miles west of Bullfrog, three-fourths luile 
southwest of the Gold Bar mine, and 1! miles south and 2! miles 
southeast of Indian ranch. The limestone is dark gray, dense, and 
of medium grain. Finer grained facies closely resemble litho­
graphic limestone. Interbedded with the normal type are layers 
of intraformational conglomerate. Thin seams of calcite locally 
cut the limestone in all directions. The limestone 1! miles south of 
Indian ranch clearly overlies a quartzite which is probably the 
Eureka quartzite; if so this is the Lone Mountain limestone. More­
over, Mr. G. H. Garrey collected from the limestone inlier' 4 miles 
northwest of Bullfrog a number of fossils which Mr. E. O. Ulrich 
states are of Silurian age. . 

Siebert lake beds.-One mile north of Crystal Spring is a small 
outcrop of an arkose conglomerate. The well-ro,unded pebbles, 
which reach a diameter of 1 foot, consist of quartzite, jasperoid, 
limestone, and medium-grained biotite gtanite~ The first three are 
derived from Paleozoic rocks, while the granite resembles many 
post-J urassic granites. The conglomerate is lithologically similar to 
the more conglomeratic of the Siebert lake beds' of the Amargo-sa 
Range, and may well be contemporaneous with it. If such is the 

. case the shore line of the hike must have 'been near Bullfrog. The 
relative ages of the rhyolite aJ?,d the lake beds are unknown. 

Older alluvium.-On the northeastern face of the Bullfrog Hills 
and across Amargosa River to the east are hills and terraces dis­
sected by the present streams. These hills and terraces are 
formed of detrital material similar to that now being deposited in 
streanl beds and on the alluvial slopes. The deposits were made 
while Amargosa Ri~Ter was at a higher level and presumably are 
alluvial slope deposits of the older alluviuin. Basalt bowlders (pre­
sumably of Pliocene-Pleistocene age) are contained in the upper 
portion of the beds. . 

IGNEOUS ROCKS. 

Post-Juras8ic pegmatite and alaslcite.-Pegmatite with alaskite 
occurs with the pre-Silurian schist west of Bullfrog and dikes of peg­
lnatite cut the Eureka-quartzite near Gold Center. (See p. 155.) West 
of B\lllfrog the pegmatIte grades into alaskite, but the former rock is 
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predominant. The most widely distributed facies of pegmatite is 
formed of ,vhite feldspar, less muscovite, still less smoky quartz, 
and a little pyrite. The largest feldspar individuals reach a diam­
eter of 4 inches, while muscovite is in aggregates of plates from one­
fourth to 1 inch across. Quartz veins of pegmatitic origin are also 
present and similar veins, probably of the same origin, cut the more 
£eldspathic pegmatite. From this it is probable that a rock of 

~ granitic composition separated fron: the magma and at a later period 
a more quartzose rock was deposiled from the residual liquid in 
fractures in the older pegmatite. Lens-like veins of practically pure 
white feldspar gnide on the one hand into normal pegmatite, 'and 
on the other into the eyelike areas of the schist already mentioned. 

The associated alaskite is a white, medium-grained rock composed 
of quartz and feldspar, with m,uscovite and a ,little altered biotite. 
The quartz and orthoclase grains are micropegmatitically inter­
gro,vn along their borders and the biotite shreds are' largely chlori­
tized. Accessory minerals' are not abundant, but include apatite, 
zircon, and magnetite, and apparently tourmaline. In the hand 
specimen the rock is considerably mashed and the microscope shows 
phenomena of granulation and recrystallization, including the depo­
sition of muscovite, derived from feldspar, in fractures. 

The pegmatite and alaskite inject the schist bed by bed, although 
in rare instances the planes of schistosity are. crossed. The wider peg­
matitic bands are 100 or more feet thick, while the thinner pegma­
t.itic layers are but one;fourth inch wide, and many of them are sepa­
rated only by an equal thickness of s~hist. The pegmatite cuts 
schists probably of pre-Silurian age and is older than the unmashed 
rhyolite of Tertiary age. On lithologic grounds its age is provi­
Rlonally believed to be post-Jurassic and pre-Tertiary. 

Pre-Tertiary dior'ite porphyr'y.-A few narrow dikes of diorite 
porphyry cut the pegmatite and schist 3 miles west of Bullfrog.' The 
diorite porphyry is a dark grayish-green rock speckled with tiny 
white areas, and is evidently composed predominantly of a ferro­
magnesian mineral and feldspar. The rock has a medium-grained 
microgl'anitic groundmass of plagioclase, orthoclase, and some 
quartz: . Columris of brown hornblende are very numerous, while 
larger phenocrysts of sericitized plagioclase are fewer.. The acces-
80ry minerals, titanite, apatite, and magnetite, are very abundant. 
'Epidote and chlorite are developed from hornblende or from horn­
blende and plagioclase. This rock is, without much doubt, to be 
correlated with the pre-Tertiary diorite porphyry widely distributed 
in the mountains' on the western border of the area surveyed. (See 
p. 31.) . 

Biotite ande8ite.-A hill 2 miles northwest of Howell ranch and 
a small knob rising from the older alluvium three-fourths of a m~le 
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south of Indian ranch are of biotite andesite. This is a dense, flinty 
or lithoidal rock of medium, pinkish, or purplish gray color. 
Black glassy ·facies are less common. The small phenocrysts, feld­
spar.laths, with slightly fewer black mica plates are subordinate to 
the groundmass in bulk. The feldspars ar~ usually altered, but in 
fome instances they are glassy and twinning striations are visible._ 
From the bedded disposition of the various textural facies and the 
flow orientation, visible in many 9f the phenocrysts, the biotite ande­
site is probably a flow considerably eroded and masked by coverings 
of later formations. The groundmass under the microscope is seen 
to consist of a felt of plagioclase laths in a somewhat devitrified 
glass (hyalopilitic). Besides the simple laths of plagioclase, usu­
ally shm~ving Carlsbad twinning, and the slightly bleached biotites, 
a. rare orthoclase phenocryst is present, while 'certain ill-defined 
pseudomorphs, largely of serpentine, have the crystal outlines of 
hornblende. Ilmenite and apatite are present as accessory nlinerals. 

On the west side of the hill northvirest of IIowell ranch much­
altered pebbles and fragments of andesite are included in a tuffa­
eeous memher of the rhyolite series, and between the outflmvs of the 
two lavas there was apparently an erosion interval. The ande'site is 
probably of late Eocene age, and is similar to and probably contem­
poraneous with the biotite andesite of the Amargosa Range. 

Rhyolite.-The predominant formation of the Bullfrog lIills is a 
series of rhyolite flows. The most widely distributed facies is a 
lithoidal rhyolite of gray, pink, or purple color. The medium­
sized phenocrysts, which ,usually exceed the ground mass in bulk, 
r!onsist of glassy unstriated feldspar, slightly smoky quartz, and in 
many places biotite. Hornblende is also locally present. Less 
widely distributed type.s include aphanitic rocks with varicolored 
flow banding, resembling slaty shales; brown or greenish glasses, 
with' or without phenocrysts, and .gray glasses with perlitic pa:ding 
well developed. Interbedded ,vith the other I~lembers of the rhyo-. 
lite series are rhyolitic sandstones and conglomerates, while Messrs. 
Ransome, Emmons, and Gan'ey found a thin limestone lens in the 
series. Through metamorphism, kaolinized and silicified facies arise. 
(See p. 47.) 

The rhyolite is a series of igneous flows, with minor intercalated 
beds of sedimentary rocks, in part deposited under water and in part 
subaerially. "V!tere the flows are thick the' rhyolite in places 
weathers into bosses and low domes, but for the most part the vary-. 
ing resistances of the different flo,YS to erosion give a bench and cliff 
character to the topography. . 

This rhyolite, which contains fragments of Paleozoic rocks and 
biotite andesite, on lithologic and structural grounds is correlated 
with the earlier rhyolite of the .Amargosa and Kawich ranges. It is 
probably of early Miocene age. 
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Ea/rlier basalt.-Interbedded with the rhyolite series in the Bull­
frog district are several thin flows of basalt, and the latest of these 
is also found in the surrounding hills neal' the boundary of the special 
area. Dacite usually lies on the basalt and is evidently a later flow of 
n. practically continuous period of extrusion. The basalt is a dark­
gray or blue-black dense rock containing numerous laths of glassy 
striated feldspar and .here and there a suggestion of an olivine or 
pyroxene phenocryst. Vesicular facies are common, and with the 
introduction of vesicles. much of the .rock takes on a red tinge. A 
single thin section examined proved to be an olivine basalt, with 
plagioclase, augite, and olivine phenocrysts in a groundmass com­
posed of glass and tiny crystals of plagioclase, pyroxene, and iron 
ore (hyalopilitic). ' 

Dacite is well exposed 1 mile southwest of Indian Spring. It is a 
purplish-gray rock, with dense groundmass and, abundant pheno­
crysts, including glassy striated feldspar, black mica, and quartz. 
The feldspars very in size from one-sixteenth to 1 inch, the larger 
ones usually sho'wing well-developed zonal growth. The quartz' 
crystals reach a maximum diameter of one-fourth inch. Under the 
microscope the groundmass is seen to be. a glass containing many tiny 

'plagioclase laths (hyalopilitic). Besides the phenocrysts already 
mentioned, augite is present, while aggregates of heavily iron-stained 
serpentine may possibly be altered olivine. 

Later basalt.-Large areas of later basalt cap the rhyolite in the 
northern portion of the hills and pass i]~to northeastward-dipping 
mesas, which extend toward Pahute Mesa. The basalt, which is a 
dense black rock, locally vesicular, lies upon the eroded surface of 
the early Miocene rhyolite. It is similar lithologically to and ap­
pears to be an extension of the. Pahute mesa basalt, and is, in conse­
quence, probably of late Pliocene age. 

STRUCTURE, 

The isolated inliers of Ordovician-Silurian rocks are gently folded 
and somewhat faulted. Upon the major folds minor flexures, in some 
cases overturned isoclinals, are superimposed. The folding of the 
Paleozoic rocl{s probably occurred largely prior to Tertiary time, 
although the supposed Siebert lake beds appear to be conformable in 
dip with the Lone Mountain limestone. The rhyolite throughout the 
Bullfrog I-rills is a mosaic intersected by numerous normal faults. 
These faults have been worl{ed out in detail by Messrs. Emmons and 
Gan'ey in the area covered by the Bullfrog speci~l map. The work 
carried on under the direction of 1\11'. F. L. Ransome shows that the. 
predominant faults trend northeast, while a second set trends north 
and south. The later basalt is slightly tilted to the northeast. 
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ECONOMIC GEOLOGY. 

The ore deposits of Bullfrqg have recently been described by 
Ransome.a He shows that the ore occurs in and along fault fissures 
in silicified or kaobnized rhyolite. Silicification and kaolinization 
have been important processes of metamorphism throughout the 
Bullfrog Hills. The areas outside of the region shown on the Bull­
frog special map ~o altered are delineated in' fig. 4 (p. 43). Both 
the rhyolite and the andesite of the two domelike hills northwest ef 
Howell ranch are silicified, and in addition seams of chalcedonic 
quartz fill solution cavities and fault and joint fractures. Other 
areas of silicified rhyolite are situated northwest of Crystal Spring, 
west of Indian Springs, and 4 miles south of east of Currie vVell. 

GOLD MOUNTAIN RIDGE AND THE HILLS '1'0 THE NORTH OF GRAPEVINE 

CANYON. 

TOPOGRAPHY AND GEOGRAPHY. 

Gold Mountain, with an elevation of 8,145 feet, is situated on a 
ridge which parallels Slate Ridge. North of Tokop the two ridges 
are connected by low hills. The Gold lVlountain ridge lies to the south 
of Oriental '\Vash and to the east of Death Valley. In the vicinity of 
Gold Mountain the ridge is rugged and steep, being formed of sharp 
peaks and V -sha ped valleys. Strikingly distinct from the other. 
summits is the basalt-capped butte northeast of Old Camp. A num­
ber of northeast-southwest ridges northwest of Grapevine Canyon 
are joined to Gold Mountain on thesollth or are isolated in the desert 
gravels near by. These ridges, which parallel the trend of the Gold 
Mountain ridge, are here included in its description .. On the other 
hand, the mountain front north of Grapevine Canyon, northeast of 
Death Valley, and southwest of the California-Nevada line is struc­
turally an extension of the Amargosa Range. 

The distributive drainage characteristic of arid regions is well ex­
emplified in these hills. ~ragmental material from the Gold Moun­
tain ridge near the Rattlesnake mine has reached lower levels by three 
distinct channels. A portion of the gravels moved to the southeast 
and found lodgment either around the playa in Grapevine Canyon 
or was 'washed out into Sarcobatus Flat near Thorp's mill. A second 
portion traveled south 4 miles, noith of ~ast 2 miles, and then south 
around the hill at the junction of the county line and paralle137° 15'. 
The material eventually mingled with that which took the more direct 
route already described. A third portion did not swing around the 
hill just mentioned, but continued north of east into Sarcobatus Flat. 
Probably at anyone time but a single channel was used, but in com­
paratively recent times all three have been used. 

a Rans<?me, F. L., Bull. U. S.· Geol. Survey No.; 303 (in press). 
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Juniper and pinon cover the crest of the Goid ~10untain ridge, the 
timber line being on the 6,200-foot contonr on the south and on the 
6,700-foot contour on the north side of the ridge. Yucca groves are 
sporadically distributed over the rhyolite and basalt flows to the 
south of the main ridge, while a fair growth of grass covers Gold 
Mountain and the surrounding hills. The main ridge on which 
Gold Mountain is situated is well watered. Tunnels and wells in the 
vicinity of Old Camp strike water at depths varying from 50 to 75 
feet. The water in some cases appears to flow from crevices in gran­
ite and in others to seep from the overlying soil. . Two wells located 
in .Cambrian sedimentary rocks 1 mile east and northeast of Tolmp 
are about 20 feet deep. The water is said to come from rock crevice? 
The water of Sand Spring, west of the boundary of the area here 
discussed, in Death Valley, is rather strongly impregnated with sul­
phur, but is nevertheless usable. 

GENERAL GEOLOGY. 

The formations exposed in the Gold Mountain ridge and the adja­
cent hills, from the base up, are as follows: Cambrian sedimentary· 
rocks, quartz-monzonite porphyry, post-Jurassic granite, pre-Tertiary 
diorite porphyry, rhyolite, and basalt. 

SEDIMENTARY ROCKS. 

Oambrian.-Cambrian rocks form the rugged ridge northeast of 
Tokop and the western front of the ridge facing Death Valley. A 
thin band of" Cambrian rocks rims the southern border of the gran­
ite batholith which forms the central portion of the main ridge. 
These narrow Cambrian masses between the granite and the Tertiary 
rhyolite are di.1e to the fact that resistance to late Mesozoic and early 
Tertiary erosion was greater in the granite and the adjacent meta­
morphosed Cambrian rocks than in the unmetamorphosed Cambrian 
rocks. Large inclusions of Cambrian schist and metamorphosed 
limestone are sporadically distributed in the granite, "\vhile small 
fragmeIlts are widely distributed in both granite and rhyolite. 

The Cambrian rocks of the Gold Mountain ridge include inter­
bedded metamorphosed shales and impure limestones and calcareous 
sediments. The amount of metamorphism suffered by these rocks 
decreases with increase of distance from the granite batholith. Argil­
laceous rocks are widely distributed, although they do not appear to 
be pi'esent at the extreme west end of the range. They include fine-· 
grained, well-banded slates of black to light-gray c·olor and biotite 
schists both with and without knotlike aggregates of biotite. 

Limestone and calcareous ~ediments are represented by white and 
gni.y marbles of medium to coarse grain and by lime-silicate rocks 
in which brown garnet, vesllvianite, epidote, tremolite, chlorite, and 
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serpentine are developed. These rocks are usually 'well banded. 
One of the striking types i§ composed of layers of brown garnet and 
white quartz, alternating with fine-grained bands of quadz, epidote, 
.and other silicate minerals in which large crystals of brmvn 'garnet 
are locally embedded. Garnet also occurs in veins cutting the rocks, 
indicating a second recrystallization of that mineral. A single speci­
men of the banded rock examined under the microscope proved to be 
an uneven-grained, banded rock. 'The contemporaneous constituents 
of recrystallization include slightly brownish garnets, quartz, epidote~ 
zoisite, tremolite, calcite, orthoclase, and plagioclase (oligoclase and 
andesine), in places showing Carlsbad twinning. Apatite and titan­
ite are present as accessories and sericite and chlorite as secondary 
minerals derived from the feldspars. At the west end .of the Gold 
Mountain ridge bands and lenses of brown garnet rock up to 30 feet 
in thickness are interbedded with whit.e and canary-yellow marble. 
Crystals of garnet also occur in the numerous interstices of the 
weathered surface. 

These metamorphosed sedimentary rocks are similar to those 
of Slate Ridge, which grade into less metamorphosed facies, probably 
of Lower Cambrian age. 

IGNEOUS ROCKS. 

QUa1'tz-monzonite porphY1'y.-The granite, particularly near Old 
Camp, contains inclusions up to 1 foot in diameter of a fine-grained, 
medium-gray igneous rock, formed of biotite and whit~ feldspar, in 
which are rather sparse phenocrysts of pink orthoclase reaching a 
maximum length of one-half inch, smol{y quartz grains one-fourth 
inch' in diameter, and smaller biotite plates. Under the microscope 
the groundmass is seen to be hypidiomorphic granular and to consist 
of grains of orthoclase and partial crystals of plagioclase (oligoclase) 
and biotite, with a little quartz. ~1agnetite, titanite, zircon, and 
apatite are abundant accessory minerals. The phenocrysts are ortho­
<.:lase, much of it zonally grown, quartz, biotite, and more rarely 
plagioclase. Similar inclusions occur in a number of the post­
Jurassic granular rocks'in other portions of the area, but beyond the 
fact that the quartz-monzonite porphyry is older than the granite, 
its age is unknown. 

Post-Jurassic granite.-The central portion of the 'Gold Mountain. 
ridge is a mass of granite which prior to the formation of Orienta I 
Wash was probably connected with the granite batholith at the 'west 
end of Slate Ridge. The smaller area of granite 8 miles west of Gold 
Mountain was also perhaps at one time connect~d with the Slate 
Ridge batholith. Dikes and apophyses extend from the main mass 
into the Cambrian rocks. 
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The predominant type in the vicinity of Gold Mountain is an 
uneven-grained, coarse, pink biotite, granjte~ . The constituents are 
pink feldspar, locally in good crystals one-half inch long which show 
Carlsbad twinning, slightly smoky quartz, and black biotite. ~1icr?­
scopic examination shows this granite to be formed of quartz, micro­
cline, microperthitic orthoclase (in some specimens), oligoclase, bio­
tite, and magnetite. Quartz shows strong undulose extinction. Seri­
cite and kaolin are alteration products of the feldspars. The granite 
at the ,vest end of the ridge is more variable in character, the most 
abundant type being a fine- to medium-grained gray biotite 'granite. 
This is composed of quartz, orthoclase, pla.gioclase, and biotite, with 
titanite, magnetite, muscovite, zircon, 'and apatite as accessory min­
erals. Plagioclase (oligoclase) occurs in rude laths. The coarse pink 
variety of Gold Mounta.in is also present, and it grades' into a gray 
granite porphyry, with fine-grained groundmass of quartz, biotite, 
und feldspar. The phe.nocrysts, which reach a maximum length of 
one-half inch, are tabular gray feldspars rimmed by white bands, 
some of them Carlsbad twinned; rounded, strongly smoky quartz, and 
hexagonal biotite. The microscope shows that this granite porphyry 
has a hypidiomorphic groundmass,composed of orthoclase, quartz, . 
biotite, and plagioclase, with magnetite, apatite, and titanite as acces­
sory minerals. Quartz in this granite is notably variable, being abun­
dant in some outcrops and inconspicuous in others. "lith decrease in 
quartz the normal granite porphyry grades into a quartz-poor horn­
blende-bearing porphyry in which some pink feldspar phenocrysts 
are 1 inch long. Under the microscope this proves to be a quartz­
monzonite porphyry, v,rith rare tabular microcline and orth.oclase and 
lath-shaped plagioclase phenocrysts. The groundmass, 'which is 
allotriomorphic granular, is composed of quartz, biotite, hornblende, 
orthoclase, and plagioclase. The accessory minerals are titanite, 
apatite, zircon, and magnetite. A little epidote is secondary to horn- . 
blende and biotite. 

Both areas of granite are cut by dikes of a fine-grained pink apatite, 
in some places as rich in biotite as the granite and in others poor in 
this mineral. The granite is also cut. by coarse pegmatite di'kes and 
grades into similar pegmatitic masses. Graphic granite is not un­
common and at many points is the transition facies between granite 
and coarsely crystalline pegmatite. The aplite is, as a rule, older 
than the pegmatite, although in one case an aplitic dike passes along 
its strike into a dike with narrow aplitic border and pegmatitic center. 

-The yellowish outcrops of granite. at the base of the ridge are dis­
continuous, being, as a rule, mere heaps of bowlders partially buried 
in granite soil. The outcrops near the crest are much more continu­
ous. The granite intrudes Cambrian sediments, and rhyolite flows 



186 SOUTHWESTERN NEVADA AND EASTERN CALIFORNIA. 

of Miocene age lie upon its eroded surface. Its age is in consequence 
post.:Cambrian and pre-Tertiary. The granite is also cut by dikes of 
diorite porphyry presumably of pre-Tertiary age. It is probably 'of 
post-J urassic age. 

Diorite porphyry.-Dikes of diorite porphyry reaching a maximum 
'observed width of 40 feet cut the Cambrian rocks and the granite of 
the Gold Mountain ridge. The rock is greenish in color, contains 
abundant phenocrysts of white altered feldspar, and tends to weather 
into spheroidal bowlders. It is probably of pre-Tertiary age .. 

Rhyolite.-.:..-The hills to the southwest of Gold ~10untain, the ridge 
east of the Rattlesnake mine, a number of isolated hills and ridges to 
the east, south, and southwest of the latter ridge, and a small area 
northwest of the granite at the west end of the Gold Mountain ridge 
are composed of rhyolite. The presence of a small outlier of rhyolite 
on granite, three-fourths of a mile southeast of Tokop, indicates that 
erosion has removed considerable portions of a once more extensive 
rhyolite flow. 

The most widely distributed type is a lilac-gray rock of lithoidal, 
in places rather incoherent, groundmass. The medium-sized pheno-
'crysts, which in bulk usually equal the groundmass, are tabular crys­
tals of glassy, unstriated feldspars, often sho,ving blue and purple 
color plays, and rounded grains of colorless quartz. Smaller plates 
of biotite are locally present. Pink, purple, and red facies also occur. 
Black glassy types in which feldspar greatly predominates over 
quartz, to judge from the hand specimen, may be more properly called 
latite. . . 

Many of the rhyolite flows are flow breccias, containing abundant 
inclusions of rhyolite of different colors and textures. Vesicular 
facies showing flow lines are unusual. Interbedded with the rhyolites 
are sandy beds 'which contain normal feldspar and quartz crystals 
and rounded rhyolite pebbles. These are contemporaneous tuffs of 
either aqueous or subaerial ·origin. It is probable that minor flows 
of basalt were contemporaneous with those of rhyolite, since vesicular 
basalt fragments are in places included in rhyolite. 

The rhyolite occurs in mesa-like ridges whose top is often coin­
cident with the surface 'of a resistant rhyolite flow. This rock lies 
unconformably upon granite and Cambrian limestone, and upon its 
slightly eroded surface basalt flows rest in turn. The rhyolite is to 
be correlated with that of the Amargosa and n::awi<;h ranges and the 
Bullfrog Hills and is probably of early ~1iocene age. 

Basalt.-Basalt covers the butte between Old Camp and Tokop and 
occurs in two small areas to the west of the butte and in a number of 
small areas 11 miles south of Gold ~1ountain, resting upon the slightly 

. eroded rhyolite surface. The basalt of the butte just mentioned is 
a dense dark-gray flow rock, which is vesicular along some bands. 
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This rock, like some of th'e basalt of the Panamint Range, is spotted 
by areas of lighter color. The phenocrysts., which are small and 
fairly abundant, include striated feldspar, 
glassy green olivine, and blackish-green pyrox­
ene. The basalt breaks down into rounded 

, bowlders heavily stained by iron oxide. It is 
later than the rhyolite and is pi'obably contem­
poraneous with the basalt of Slate Ridge and 
Mount J aclmon and of late Plioce-ne or early 
Pleistocene age. 

STRUOTURE. 

The Cambrian rocks dip steeply away, from 
the granite batholith, and near-by faults and 
breCCIation, isoclinal folds, and buckled strata 
are deve10ped. (See '.fig. 16.) At a distance 
from the granite the dips become less pro­
nounced, but the mass of granite is so. large and 
the Cambrian masses so small that rather high 
dips are characteristic throughout them. The 
granite is cut by fault and joint planes. Prior 
to the outflow of the r11yolite and basalt the 
granite and Cambrian rocks, had a topograp~ly 
some,,;hat less rugged than at present, but the 
Gold }\tlountain ridge appears to have existed. 
Blocks of rhyolite north of Grapevine Canyon 
are tilted in different directions by normal 
faults, the majority of which strIke northeast 
and ,southwest. 

EOONOMIO GEOLOGY. 
~ 
o 

The Gold Mountain mining district, organ- ~ 
ized January 25, 1868, embraces within its lim- s' 
its the Gold :Mountain and Slate ridges. Mines 5: 1 
have been worked in the district interlnittently ~ ': 
since that' tinle, and several mills have been " 

~~ built, none of which are now in operation. Old ~ :~ 
residents estimate the total product of the dis- ~ 'I~ 
trist as $500,000, the concentrates being hauled ~ k 
by wagons to Belmont and Austin, Nev. The ' if 

Gold Mtn. 
Ridge 

mines and prospects lie in the more highly met,- ;! ~:? 
amorphosed Cambrian rocks and in granite'; ,~, ~~ ~ 
and these rocks in this vicinity are probably ~(fl C"" , 

most favorable for prospecting. The contact g 
of the rhyolite and granite 9 miles south of west of Gold ~10untain is 
in places altered to an iron-stained, in~oherent mass, cemented by 
chalcedonic ,quart~, and this contact is perhaps worthy of examination. 

/ 
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OLD CAMP. 

The almost deserted village of Old Camp, near Gold Mountain, 
is situated 30 miles ·west of south of Goldfield and 20 miles 'southeast 
of Lida. Abandoned mines and prospects are numerous in the vicin~ 
ity and a number of prospects are being developed 2 or 3 niiles south 
of the village. ' 

The Qentral mine, which supplied the ore used in the mill at Old 
Camp, may be taken' as a type of ore deposits in the granite of this 
region. This mine is situated on the side of a deep gulch it miles 
north of east of the mill. Five tunnels, with an average length of 
300 feet, pierce the granite and all are situated on a single vein or 
system of connecting veins. The feldspars of the granite within 20 
feet of the vein are considerably kaolinized and the biotite is bleached 
or altered to a sericitic mineral. The quartz vein, or rather zone, 
within which the numerous connecting quartz vein lets and stringers 
occur, is from It to 6 feet wide, the proportional amount of quartz 
increasing with the narrowing of the zone. The ordinary veinlets 
are from 2 to 5 inches wide. The zone also contains many ellipsoidal 
and globular areas of quartz which, at least in the plane of observa­
tion, are independent masses. The quartz zone in some places changes 
its direction 90° within 100 feet. 'Vhile niinor postmineral faults 

'are co~mon, the displacement ranging from 6 inches to 7 feet, the 
major changes in strike and dip are evidently parts of the original 
structure. 

The quartz is white and translucent or slightly smoky, with a 
strong vitreous luster. Vugs with inch-long crystals are rather 
rare.' In places the clear quartz seems to grade into a gray chalce­
donic form, the deposition of ·which by ordinary 'waters can scarcely 
be doubted. Isolated crystals of pyrite, with very rare crystals of 
chalcopyrite and galena, are embedded'in the quartz, while the former 
abundance of pyrite in particular is shown by numerous iron-stained 
cavities of cubical form. Both hematite and limonite occur in the 
porous quartz, and where these are abundant gold values rise. An 
occasional malachite stain and a cerussite coating are· also present. 
Dendrites of manganese dioxide occur in the grani~e, and are probably 
derived from the alteration of the granite rather than from a de­
composing gangue mineral. lIorn silver is reported to be present in 
small amounts, but was not seen. The ore is free-milling, the arras­
tres, now abandoned, having saved about 75 per cent of the assay 

. value. Films of a bluish-white chalcedony were noted at a number of 
,places. Some of it was deposited prior to the oxidation of the pyrite 
and some was deposited after partial or complete oxidation. 

'Yhile the quartz is rather similar to the quartz of pegmatitic 
origin in the district, and the form of the ore deposit rather suggests 
that of a pegmatitic dike, the apparent gradation into chalcedony indi-
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cates a less close connection with waters of the granitic magma. 
'Vater appears to have filled a most complex zone of fracture with 
quartz and sulphides, the gold I>robably being originally contained in 
pyrite. Later oxidizing waters attacked the sulphides and altered 
them to oxides and carbonates, setting the gold free. Thesewaters 
apparently carried some silica in solution, which was deposited as 
chalcedony. 

The mines in the vicinity of Old Camp are situated l~ear water 
sufficient for mining and milling purposes. . Timber for fuel and 
mining use is standing within 2 or 3 miles. The railroad terminus 
at Goldfield is 35 miles distant. 

TOKOP. 

Tokop is 4 miles in an air line northeast of Old Camp and 25 miles 
by road west of south of Goldfield. The properties of the Gold Crest 
Mining Company, situated three-fourth~ of a mile south of Tokop, 
were examined in some detail. On the Ouida claim a vertical vein 
euts the Cambrian garnet-quartz-epidote rock, which strikes N. 10° 
E. and dips 20° W. This vein is 1t feet wide and strikes N. 80° W. 
The. quartz of the vein, which is white and semitransparent, has been 
intensely crushed, and the fragments have been cemented by hema­
bte and limonite. Dendrites of manganese oxide also occur. Some 
portions of the quartz are compact, ·with here and there an iron­
pyrite cube unaltered, while other portions have a few vugs lined -\vith 
quartz crystals or are honeycombed. with iron-pyrite casts.. From 
the fact that the compact varieties are refractory and the honey­
combed varieties are free-milling, it is evident that the gold was set 
free by the alteration of the pyrite. A mashed greasy phase of the 
garnet~quartz-epidote rock on one side of the vein is said to pan, but 
whether pyrite originally occurred in the metamorphosed limestone 
or whetl~er the values ·were derived from the surface alteration of 
the quartz vein is unknown. 

Angular fragments of altered limestone and shale are common 
near the borders of some veins. In such places silicification has ex­
t.ended into the limestone, and these belts, like. the qmlrtz veins, 
weather in relief. Such veins grade into sheared and .brecciated 
zones of silicified limestone, and these again are reported to carry 
values. . 

Another vein is similar to the vertical vein first described, but the 
shattered quartz is cemented by a gray chalcedonic quartz. Still 
another,at first sight, appears crustified, but close inspection shows. 
that the appearance is due to a longitudinal fracturing of the vein 
and subsequent filling by limonite and chalcedoilic quartz. Both 
forms of quartz are said to assay, but the earlier quartz tlpi)ears to 
carry both the sulphides already mentioned and slight amounts of 
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galena as noted in other veins. It may be that the chalcedonic quartz 
appears to carry values simply because sufficient care has not been 
taken to eliminate the older quartz from samples. 

Limonite, hematite, cerussite, free gold, and a little malachite were 
observed as secondary minerals. Probably some chalcopyrite exists 
at greater depths. One of the last changes which these ore deposits, 
like those of Old Camp, have undergone is the local deposition of a 
thin film of bluish-white chalcedony. 

The contact of the granite andlimestoile here probably has locally 
a rather gentle dip, and deep mines in limestone near the contact may 
encounter granite. Mr. Joseph Mackedon, the manager of the Gold 
Crest Mining Company, states that in several prospect holes the 
quartz veins have past from metamorphosed limestone to granite 
wit!10Ut diminution in size or value. From the striking resemblance 
of these veins to those of Old Camp this is to be expected. 

Similar veins of"iron-stail~ed quartz carrying gold values occur at a 
number of places in metamorphosed Cambrian rocks around Tokop. 

",Vaters carrying silica and m~tallic sa1ts in solution appear to 'have 
deposited these substances' in strong fractures which extend, in some 
cases, at least, into the granite. The country rock was to a less extent 
.impregnated. The quartz veins were subsequeiltly crushed and iron 
oxide and chalcedonic silica were deposited in the fractures. Simul­
taneously, probably, ir<1n pyrite ,vas dissolved and the gold set free. 

""Vater and wood for mining and domestic purposes are near at 
hand, and the distance to the railroad at Goldfield is 25 miles. The 
Rattlesn'ake mine, near the properties described, appears to be in the 
same rock form~ltion, and its ore deposits and those of Tokop are said 
to be similar. Eight or ten years ago the Rattlesnake produced 

. $150,000, and recently it has been reopened. The veins of Tok9P, like 
those of Old Camp, seem strong and will probably be permanent to 
such depths as mining is possible. ",Vith depth, however, the ore will 
become refractory and may become leaner. 

ORIENTAL WASH. 

Several prospects, now abandoned, are located in the altered lime­
stone west of the granite area at the west end of the Gold Mountain 
ridge. At one prospect a thin quartz vein cuts' the limestone. <1\1:ala­
chite, azurite, chrysocolla, and limonite-stained chalcedonic quartz 
occur in irregular patches and veinlets through the q~lartz. . V ugs 
occur in the secondary minerals, and the azurite and malachite are in 
places covered with numerous quartz crystals. A little chalcopyrite 
is embedded in the oldest quartz and cores of chalcopyrite are sur­
.rounded by the secondary copper minerals. A vein of malachite 1 
inch in width, apparently replacing the limestone, is exposed in 
another prospect .. At still another prospect, in association with mal-
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achite, azurite, and coral-red opaline quartz, heavily stained by 
manganese dioxide, is a streak from 1~ to 2 inches wide of a canary­
yello'w granular mineral "rhich appears to replace limestone. Dr. 
",V. F. I-lillebrand determined this mineral to be chlotopal, a hydrous 

. iron silicate. The general resemblance in structural relations and 
mineralogic composition of these deposits to those near the granite of 
the Belted Range at 0 Oak Spring is 'worthy of note. The nearest 
wat~r to these prospects is at Sand Spring', 6 miles away, and fuel 
can be ob~ained from Gola Mountain within 10 miles. By road the 
prospects are 45 miles from the railro~d terminus at Goldfield. 

SLATE RIDGE. 

'TOPOGRAPHY AND GEOGRAPHY. 

Slate Ridge lies between the valley south of Mount tT ackson on the 
north and Orientat ",Vash and an opposed westward-reaching arm 
of Sarcobatus Flat on- the south. The ridge trends a little north of 
east, and near its middle is almost severed by opposed· gravel-filled 
valleys. vVest of the Stateline Mill the ridge is formed of a number 
of low domelike granite hills, which reach a maximum elevation of 
G,500 feet. The hills are rather gently sloping and without promi­
nent rock exposures. From a distance they are yellowish gray in 
color. East of the Stateline Mill the rocks are largely of sedimen­
tary origin and there is a sharp crest line. The east end of Slate 
lEdge is a mesa of lava flows. which have been considerably dis­
Eected. The range is covered by a sparse growth of tree yucca and 
a little grass grows throughout its extent. 

GENERAL GEOLOGY. 

The formations exposed in Slate Ridge, from the oldest to the 
youngest, are the following: Cambrian sedimentary rocks; post­
,Jurassic granite; pre-Tertiary quartz-monzonite porphyry, pre-Ter­
tiary diorite poq)hyry, earlier rhyolite, later rhyolite, and basalt. 

SEDIMENTARY ROCKS. 

Oambrian.-Cambrian rocks form the central part of Slate Ridge 
and occur in numerous areas isolated in the granite in its west end. 
Of the latter some are clearly inclusions buoyed up by the granite 
magma, while others may perhaps be connected with larger masses 
beneath the surface. Small Cambrian fragments are abund,antly 
included in granite and the earlier rhyolite, particularly near the 
contact of these rocks with the sediments. 

The Cambrian rocks of Slate Ridge are little metamorphosed on 
the road between Tokop and Goldfield. I-Iere the interbedded series 
. consists of paper-thin olive-green shales, gray limestones, or mag-
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nesian lim.estones, usually rather thin bedded, and some impure me­
dium-grained quartzites of purple, gray, or white color. Rounded 
hills of gentle slope are developed in these slightly metamorphosed 

. rocks. The Cambrian rocks are intensely metamorphosed near 
granite, and these facies have been described in the section on the 
Gold Mountain ridge (p. 183), along which they are more extensively 
developed. 

No fossils 'were found in these rocks, but from their lithologic simi­
larity to the rocks in the vicinity of Lida ~ind Cuprite they are ,yith­
out muc.h doubt of Lower Cal~1brian age. 

Later tuffs.-Beneath the later rhyolite at several places is exposed 
a thin band of white tuffaceous sandstones, possibly to be correlated 
with the later tuffs of the Goldfield hills and Pahute J\iesa. 

IGNEOUS ROCKS. 

Post-J1trassio granite.-Granite forms a <;!onsiderable batholith on 
the ,vest end of Slate Ridge and smaller intrusive masses and dikes 
occur in the Cambrian rocks .. This rock is a coarse-grain~d biotite 
granite of pinkish tone. The pink or white feldspar and slightly 
smoky quartz individuals reach a maximum diameter of one-half 
inch, while the black biotite plates are smaller. The grani~e tends to 
weather into spherical masses. The surface of th~se bowlders ap­
pears to undergo a kind of cementation, and on further weathering 
the hardened surface protrudes beyond the soft interior, forming 
mushroom-like forms. The granite breaks down into a soil of the 
eonstituent minerals and mechanical disintegration is so rapid that 
recent detrital deposits extend as broad basins well up into the' hills. 
The granite is cut by parallel sheeting in certain localities and on 
weathering assumes the appearance of a .sedimentary rock. Micro­
scopic examination shmvs the texture to be allotriomorphic. The 
feldspar is orthoclase, considerably kaolinized and sericitized. Zir­
eon and magnetite are present as accessory Ininerals. 

Dikes of fine-grained biotite aplite, rather more siliceous than the 
granite, cut it, and these on weathering protrude from the granite 
mass. The granite is also cut by dikes and in turn grades into irregu­
lar masses of coarse-grained pegmatite. Some quartz veins are evi­
dently of pegmatitic origin, since they grade into less siliceous peg­
matites. In some instances microscopic examination shows quartz 
individuals at the 'contact of granite and pegmatite to be common to 
both rocks. At the Bullfrog-George mine fluorite and molybdenite 
occur in a quartz vein ·which is ,vithout much doubt of pegmatitic 
origin. Molybdenite occurs sporadically in small tablets and irregu­
lar areas inl and between the quartz individuals. A bright-yellow 
mineral in minute crystals and tufted aggregates, apparently sec­
ondary to molybdenite, was determined by Dr.·'Valdemar T. Schaller 
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to be molybdite (molybdenum trioxide). Purple fluorite occurs in 
crevices in the quartz, and fluorite cubes one-fourth inch in diameter 
also line vugs in the quartz. Microscopic ~xamination shows that the 
quartz individuals in contact with fluorite possess sharp outlines, 
showing that they were but little corroded by Hie introduction of the 
fluorite, which is probably of pneumatolitic origin. 

The granite is similar lithologically to that of Gold Mountain and 
has like relations to the Cambrian rocks and the Tertiary rhyolite. 
It is probably of post-Jurassic age. 
. Pre-Tertiary quartz-monzonite porphyry.-The Cambrian sedi­
mentary rocks on the road from Tokop to Goldfield are cut by dikes 
which reach a maximum width of 40 feet. The rock is white and 
dense and contains a few feldspar phenocrysts. It is similar to the 
quartz-monzonite porphyry already described from the vicinity of 
Lida and, like it, is probably genetically related to the granite. 

Pre-Tertiary diorite porphyry.-The Cambrian rocks and the gran­
ite are cut by narrow dikes of a greenish-gray much-altered rock 
in which some of the prominent kaolinized feldspar phenocrysts are 
one-half inch long. This is probably the pre-Tertiary diorite por­
phyry. 

Earlier rhyolite.-The earlier rhyolite forms a considerable portion 
of the east end of Slate Ridge, and small areas of it occur, widely dis-' 
tributed over the central and western portions. In some places east of 
the Bullfrog-Goldfield road it appears from a distance to protrude 
from the later rhyolite. The earlier rhyolite is a flow rock of purple~ 
gray, or white color. The grou'hdmass, ·which is usually lithoidal, is 
equaled in bulk by the medium-sized phenocrysts of glassy unstriated 
feldspar, quartz, .and biotite. Semituffaceous layers are interbedded 
with the flows northeast of Tokop. The earlier rhyolite lies upon 
the eroded surface of the Cambrian rocks and the granites, and in 
turn is overlain by basalt and the younger rhyolite. It is similar to 
that of the Amargosa Range and is probably of earlier Miocene age. 

Later rhyolite.-The dissected mesa at the east end of Slate Ridge 
and a number of outliers in the recent gravels east of it are formed 
of flows of rhyolitic rocks. This later rhyolite has a dense ground­
mass of deep-brown color, in which are abundant glassy feldspar 
phenocrysts; in some facies very small and in others medium SIzed. 
Microscopic examination p~oves the groundmass to be a brown glass 
with,,;'ell-developed flow lines. The phenocrysts are orthoclase, some­
what corroded, rare and small greenish augite crystals, and very 
rare quartz grains. vVhile this rock is tentatively here called a rhyO,-. 
lite, chemical analysis might prove it to be of less acidic composjt~~ .. · 

Beneath this rhyolite are tuffaceous sandstones in which are rhyo-. 
lite pebbles. This is probably the later tuff (PUQG~n~), qf t~w 0914-. 

Bull. 308-07 M--13 
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field hills. The rhyolite immediately above the sandstone is in many 
places vesicular and is a flow breccia. . ' 

This rhyolite is similar. lithologically to the later rhyolite of the 
Goldfield hills, and the two have suffered equal deformation. They 
are without much doubt contemporaneous lava flows of Pliocene age. 

Basalt.---,-Black vesicular basalt occurs in a number of small outliers 
upon the Cambrian rocks, the granite, and the earlier rhyolite and a~ 
small buttes on the border of Shite Ridge. The basalt is similar 
lithologically to that of :Mount Jackson and, like it, is probably of 
'Pliocene or early Pleistocene age. 

STRUCTURE, 

The Cambrian rocks at a distance fr0111 granitic intrusions lie in 
gentle folds ·many of whose axes trend northeast. The folding is 
comparable in intensity with that at Cuprite and Lida. On the other 
hand, they dip steeply away from the, granite batholith and in its' 
vicinity ai'e buckled and minor isoclinal folds are common. (See fig. 
16, p. 187.) It is evident that in this region the Cambrian rocks were 
folded prior to the intrusion of the granite, a process which superim­
posed upon: t.he gentle folds complex elements. ,The granite is cut 
by normal faults. Since the Tertiary rocks were formed the ridge 
has suffered domical uplift, centering 4 or 5 miles east of the State­
line J\tEll. 

ECONOMIC GEOLOGY, 

Quartz veins, some of which are of pegmatitic orlgin, cut granite 
and the more metamorphosed' Cambrian rocks. The best prospecting 
ground is the granite and the metamorphosed limes.tone and shales in 

. its vicinity. In the late sixties mines ,vere opened on Slate Ridge and 
considerable ore bodies were removed. The ledge at the Stateline 
J\tIil~, now abandoned, is said to have been 20 feet wide,the ore averag­
ing $40 per ton in gold. Recently a number of claims have been 
,locat.ed in Slate Ridge and development work is now being done. 

The Bullfrog-George prospect is situated on the side of a domical 
granite hill, near the Licht-Old Camp road. The surrounding hill~ 
are cut by quartz veins which weather in relief and can be traced for 
long distances. Some of these contain feldspar and others grade into 
pegmatite dikes. The Bullfrog-George claims are situated on a 
quartz vein from 4 to 9 feet wide, which is traceable for about a quar­
ter of a mile. The vein is vertical and strikes N. 70° "'V. The con­
tact with the granite is in some places gradational, the white trans­
'lucent quartz of the granite passing into that of the vein without 

. break. In other places the granite appears to have been shattered 
'prior to the deposition of the quartz, which now fills linked cavities 
in the granite. The feldspars of the granite within 4 feet of the vein 
are locally much kaolinized. Apparently isolated in the quartz are 
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small areas of, pyrite and chalcopyrite, with less galena and chal­
cocite or a related sulphide. The quartz in many l:,ortions is intensely 
cru~hed, this crushing perhaps being contemporaneous with faults 
which cut the diorite-porphyry dikes of the vicinity. The crushed 
fragments have been recemented by limonite or a chalcec10nic quartz 
intensely 'stained by limo~1ite. ~'Tith these knife-edges of limonite 
and in limonite-stained cavities malachite, cerussite, and traces of 
azurite occur. Such quartz pans free gold, and coarse pannings were 
examined' from the heavily iron-stained contact of the granite and 
quartz. At the east end of t.he quartz veins less shattering was noted. 
Vugs lined 'with quartz crystals are common, and here the fluorite 
and nl.'olybdenite already described (see p. 192) occur. 

The quartz vein itself appears 'to be a pegmatite which crystallized 
while portions of the granite were still viscous and other portions 
were comparatively solid. Later, faulting occurred and th~ vein 
was crushed. Sin~e then limonite and chalcedonic quartz have re­
cemented the quartz fragments. The period at which the sulphide 
mineralization occurred is unknown. The molybdenite and fluorite 
are probably of pegmatitic origin, while the sulphides were doubtless 
deposited later. ' Similar quartz from other prospects on' the ridge 
was examined. ~'There iron stained it is saiel to carry free gold. 

~Vater is at present ha.uled froni a pipe line on the Lida-Old 
Camp road, 9 miles distant. Tile nearest timber grows in the vicin­
ity of Old Camp. The prospect js 30 miles from the railroad termi­
nus at Goldfield. 

DEATH VALLEY. , 

TOPOGRAPHY AND GEOGRAPHY. 

Death Valley is a deep depression lying between the Panamint 
Range on the west and the Amargosa Range O~l the east. The valley, 
which has a length of 120 miles and a width varying from 3' to 10 
miles, unites with the Amargosa Desert at the south end of the 
Funeral }1ountains. In the fifties a band of eighty emigrants are 
said to have perished here and the valley received its name from this 
tragedy. ' In the Pahute lari.guage the valley is called Tomesha, 
ni.eaning "ground afire." Many fantastic stories, most of theJ~l 
wholly without foundation, center in Death Valley. Lives have 
been lost from year to year, but the majority of such sacrifices have 
~een due to ignorance of desert conditions. In July and August 

, the temperature is reported, apparently on good authority,· to -reach 
136 0 F., and in summer none but the mO$t desert-hardened men 
should enter the valley. In win.ter and fall the climate is delightful. 
In tho'se portions of the valley which lie. b~neath sea level the dry 
air seems heavy and the brightest days are sultry. In the lower 
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portions of the valley no aniinals other than a few coyotes live, and 
the oppressive silence is unbroken. Much of the valley is absolutely 
without vegetation and the adjacent mountain slopes are equally 
bare. Mesquite grows on the sand area west of Surveyors and 
Stovepipe wells and at Mesquite Spring. The upper portions of 
the alluvial slopes have here and there a . sparse growth of creosote 
bush and white sage, and salt grass covers restricted areas around 
the wells. 

The lowest point of Death Valley within the area mapped is 
about 280 feet below the sea level, but 15 miles farther south the 
depression is at least 125 feet deeper. The mountain ranges on 
either side of the valley are from 6,000 to 8,90Q feet high, and in 
consequence of this great difference in elevation the· slopes are steep 
and wide alluvial cones sweep up to the mouths of the deeply scored 
canyons. The floor of the valley is diversified by numerous hills 
and low ridges of T~rtiary sediments. The part of the valley lying 
north of a low ridge at the head of Salt Creek is sometimes called 
Mesquite Flat. . 

A. large sand dune occupies the bottom of Mesquite Flat. Most of 
the largei' sand dunes are without vegetation, while some of the 
smaller ones (20 feet high and 100 feet in diameter) owe their exist­
ence chiefly to the protecting influence of mesquite and similar 
vegetation (PI. II, B). Death Valley is the only portion of the area 
surveyed in which sand storms endanger life. The area mapped 
as sand contains within its limits many small areas of clay and is 
without doubt partially under water in times of excessive' floods. In 
like manner the playa deposits mapped to the south, north, and 
east of the sand are studded with minor sand dunes. 

South of Salt Creek the center of the valley is a loamy flat covered 
with salt grass. This passes gradually southward into a salt marsh, 
4 miles wide, which, according to Campbell,a extends about 25 miles 
south of the area mapped. It is a dirt-brown flat, containing' numer­
ous channels and ponds of stagnant 01' gently flowing salt water. 
The soil itself is heavily impregnated with .salts, and by fractional 
recrystallization the margins of the water bodies are coated with 
glittering white s~lt deposits. The salt-cemented soil stands up in 
rugged pinnacles and hummocks from 6.to 18 inches high. Camp­
bell b states that a specimen of this materia'! from a point south of 
Furnace Creek has t.he following composition: 

a Campbell, M. R., Bull. U. S. Geol. Survey No. 200, 1902, p. 18. 
bLoc. cit. 
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A1Wl'ys'is at soil tram Death Valley. 
Pel' cent. 

Ohloride of sodiullL ________________________ .!. _____ . ________________ ---- 94.54 
Chloride of potassiullL ___________ . __ :.._________________________________ .31 
Sulphate of sodiuUl ___________________________________________________ 3.53 

Sulphate of calcium (hydrous) ________ . ____________________ ~----------- .79 
~1.oisture _____________________ ~______________________________________ .14 

Undissolved residue (gypsum nnd clay) _______________________________ .·50 

n9.S1 

This large sllpply of salt, 'while at present, as Campbell states, too 
impure to be of commercial value, may in the future be econom~cally 
important. From 1883 to 1887 an extensive plant extracted borax 
from the salts of this marsh, but on the discovery of extensive 
colemanite deposits in the Tertiary lake beds on Furnac~ Creek it 
was closed down. Borax is also reported in the clay of the plava 
2 miles east of south of Surveyors Well. 

Death Valley is one of the best watered areas within the limits 
of the area here discussed, and the water for the most part is good. 
Salt Creek and the warm Indian Springs have already been described 
(pp. 19,20). At Stovepipe "VeIls, Surveyors Well, Ruiz Well, Salt 
Creek Wells, and the water hole on the Furnace Creek road, 1 mile 

, north of the boundary of this area, water stands in shallow holes dug 
in the sand and clay. The water of the last-named hole is too salt for 
man's use, although animals will drink it. Mesquite Spring is a sma 11 
spring in Recent gravels, while the water of Cow Creek and Triangle 
Spring flows from Tertiary lake beds. 

GENERAL GEOLOGY. 

SEDIMENTS. 

Generalstatement.-Two sedimentary series much later in age than 
the Paleozoic rocks of the Amargosa and Panamint ranges outcrop 
in Death Valley. The one is composed of coarser fragmental mate­
rial, well rounded, and appears to have been deposited in a wave­
s'vept lake, while the material of the other is angular or suba,ngular 
and evidently analogous in origin to the present alluvial slopes and 
fans .. Associated ,vith each are finer grained clays and limestones-­
those of the one series, lake deposits; those of the other, playa de­
posits. The delineation of these finer deposits on the map is in many 

. cases probably inaccurate. The lake deposits are clearly older than 
those of the playa and are better cemented and in general more 
deforJ?led. The two formations, while less extensively developed, 
are much more easily differentiated on the east side of the Amargosa 
Range and in the adjoining portions of the Amargosa Desert, where 
the detrital and playa deposits are tlncemented angular gravels', clays, 
and chemically precipitated limestones, which are particularly unde-
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formed, while the older lake beds are sandstones and well-rounded 

rn 
rn 
o 
l-< 
<:J 
~ 

conglomerates which dip at high angles. Be­
low Ash ~feadows, in the Amargosa Desert, 
Campbell a found evid~nce that the detrital 
deposits were laid down after the folding a.nd 
elevation of the lake beds into the Funeral 
Mountains. The time, gap between. the, two is 
considerable, and the older beds are tentatively 
considered by Can~t)belllJ Eocene 'and the ~thers 
Pliocene. It is believed, however, from evi­
dence obtaj,ned in the Amargosa Range, that 
the older beds are probably la'rgely' as late as 
the. Miocene and that they may be the shore 
deposits of Siebert La.ke, while the presence of 
basalt, contemporaneous with the upper portion 
of the younger beds, indicates that their uepo­
sition probably extended into the Pleistocene. 
Th~ later beds are evidently the equ1valeilt of 
the older alluvium. 

Territory lake, beds, (incl1_tding the Siebert 
lalce beds).-The Tertiary lake beds, which [Ire 
a northwesterly extension of the folded Ter­
tiary sediments extending across the Funeral 
l\10untains southwest of Furnace Creek ranch, 
are confined, in the area surveyed, to the east 
side of Death Valley near the boundary. Nu­
merons hills of these beds rise above the Recent 

§ gravels, and the scale of the lllH.p permits only 
or ~ an approximate representation of their com-

rn 
, t; p]ex distribution. 
~ The Tertiary lake beds consist of white, 
.~. 

~ yellow, and' g.t;eerl consolidated clays, friable 
o i sandstones with ironstone concretions, rounded 

~ and subangular gravels, and thin limestone 
ci lenses. Much of the' clay shows sun cracks 
~ 

and ripple marks, indicating that the lake was 
at times shallow and even dry. The subangulal' 
form of certain of the' gravels indicates that 
cloudbursts at times spread sheets of detrital 
deposits over the lake beds. Colemanite and 
other chemical precipitates interbedded with the 
other deposits were laid down during periods 
of unusual evaporation. The more northerly 

hills to the west of the Daylight Spring-Furnace Creek road were 

a Campbell, M. R., Bull. U. S. Geol. Survey No. 200, 1902, p. 1G, 
bLoc. cit.' . 
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·not visited by the writer, but specimens collected by Mr. R. 1-1.' 
Chapman are reddish-brown' conglomerates 'and conglomeratic sand­
stones with rounded pebbles. The pebbles, which reach a maximum 
diameter of 21 inches, are limestone, quartzite, and schist derived 
from the Amargosa Hange. They are probably members of the 
lake-bed . series. . . 

The Tertiary lake beds are folded into open folds, usually with 
nm:thwest'axes.· (See fig. 17.) Joints from 4 to 5'feet apart'are 
developed. 

Older alZ,uvium.-1-lills of the older allnvium diversify the.snrface 
of Death Valley, at two places extend a considerable ~istance up the 
Amargosa Range, and form the north end of the Panamint Range. 
In the targe sand area north of Salt Creek a few hillocks of slightly 
consolidated clay' occur, and these probably indicate the former ex-
tension of these deposits across the valley. ' 

The road from Daylight Spring to Stovepipe 'VeIls passes through 
a desiccated ridge from 200 to 400 feet high; 'which trends northwest 
and southeast and is cut by antecedeilt drainage lines. Next to the 
Amargosa Range th.e hills are composed of slightly consolidated beds 
of angular or subangular bowlders and bands of gravel and sand. 
Cross-bedding and local unconformities are common. "Tell-developed 
joints form buttresses on'the main cliffs, and lar~ bm,"rlders crown 
many of the high pinnacles. ~~Tithin one-half mile of the 'western 
edge of the hills the sand beds are replaced along their strike by clay, 
and clay layers wedge in between the bowlder beds. At the western 
edge of the hills the base of the series i,5 clay and the top bowlder beds. 
A section measured 2 miles south of east of Stovepipe ~¥el1s is as 
follows: 

Scct'ion 'in Dea,th Vallcy lI(';(lr .Sto'liCl)i]Jc lVc17s. 
Feet. 

Angular bowlder beds, similar to those of the present alluvial slopes _____ 150+ 
Clay and bowlder beds in equal developnJenL __________________________ 110 

Salmon-pink clay· beds, from 3 inches to 3 feet thick; . a few layers of an-
gulm· bowlders interbedded ______________________ ..:. __________________ 100 

At Tri~gle Spring fine-grained, dirty-brown cellular limestone 
is interbedded with the .clays. The limestone shows desiccation cracks. 
Compact, fine-grained, light-colored limestone and caramel-brown 
mammillary gypsum also occur here. The beds exposed at ~alt Creek 
include yellow, white, and green clays~ 'with here and there a thin 
bed of white limestone. Brownish beds of angular bowlders consti­
tute a considerable portion o~ the upper part of the section. The long. 
ribbon of these deposits near the Grapevine Mountains northeast of 
Surveyors Well consists of tawny-yellow clays and thin beds of cel­
lular limestone. At Grapevine Springs the deposits consist 6f lime­
~ton~s and fine clays. The clay contained crystal aggregates of sel­
enite. The limestone is white or gray in color and is partly compact 
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and very finely laminated and p~l,rtly porous. The areas in the mid­
clIe of the valley northwest of these springs ate of interest, since flows 
of the supposed Pleistocene basalt are interbedded with" the clay, 
while other layers contain bowldffi's of basalt. In some places the 
clay beneath the basalt has been reddened and slightly baked. These 
clay beds, which are well up in the section, are broadly contempora-
neous with basalt eruption. . 

About 2,500 feet of·the older alluvium is exposed in tbeAmargosa 
Range, and it is probable that the series was originally over 3,000 
feet thiclc The beds are gently flexed, and dips from the nl0untains 
to the valley axis predominate, particularly in the northern part .of 
the valley. The sediments have. been.' jointed, the principal system 
striking N. 25° vV., and along some of these joints occur normal faults 
with from 2 to 4 feet displacement. ' 

GEOLOGIO HISTORY. 

In Tertiary, probably early and middle ~Iiocene time, Death Val­
ley did not exist, Amargosa and Panamint ranges were low ~ and their 
southern portions a at least were covered by a lake which extended well 
into the present Death Valley south of Salt Creek. This lake was at 
least partly contemporaneous and may have been connected with that 
in which the Sie15ert lake beds were deposited, and which probably 
at one time covered almost the entire area surveyed. In late Pliocene 
time, however, Death Valley was probably a closed basin, occupied 
by a sheet of water, which appears to have been a playa. This 
playa varied widely from tinie to time in extent and was bordered by 
the uplifted Panamint and Amargosa ranges. Before the deposition 
of the older alluvium ceased the inwash of material from the 
mountains raised the center of the valley hundreds of feet above the 
present level. Alluvial slopes, much like those of to-day, extended 
well up on the Panamint and Amargosa ranges. In the playa great 
thicknesses of clay were deposited, and at periods of unusual desicca­
tion limestone and gypsum were precipitated. Unusual floods from 
time to time throughout the period of deposition spread thin lay~rs 
of bowlders ove.r the playa. Basalt outflows accompanied the ~eposi­
tion of the upper playa deposits. 

,Death Valley is believed to have been roughly blocked out in late 
Miocene and early Pliocene- time, through erosion and deformation, 
including faulting and possibly folding. The folding of .the Amar­
gosa and Panamint ranges does not alone account for the valley, and 
it appears to be a block dropped down between the bounding ranges 
by faults. The earliest structural lines, probably of late Miocene age, 
trend northwest and southeast and include the fault b on the north-

a Spurr, J. E., Bull. U. S. Geol. Survey No. 208, 1903, pp. 189, 202. 
b Campbell, M. R., Bull. U. S. Geol. Survey No. 200, 1902, p. 16. 
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east side of the lake beds in the Funeral ~10untains and normal faults 
in the Panamint Range .. In early Pleistocene time the lines of dis­
turbance were north-north'west, and normal faults, with a strike 
parallel·to the valley axis, occur in the older alluvium east of Stove­
pipe "VeIls. In the Panamint Range 22 miles beyond the boundary 
of the area mapped and in line with Death Valley a narrow block, 
apparently faulted into the older rocks, has, at a distance of 15 miles, 
the appearance of the older alluvium. The fronts of the Panamint 
and Amargosa ranges facing Death Valley are very steep and may be 
due to the erosional shifting of a fault scarp. The absence .of Paleo­
zoic inliers in the valley indicates the steep grade. with which these 
rocks descend beneath the valley gravels. That the drainage lines 
of the Panamint and Amargosa ranges flowing into Death Valley 
have been revived in comparatively late geologic time is indicated 
by the intense di-ssection of the prebasaltic mature topography of 
the Panamint and Amargosa ranges. (See pp. 202 and 161.) The 
history of Death Valley has been complex, and the solution of the 
problem requires more detailed work than was possible in the present 
reconnaissance. 

EOONOMIC GEOLOGY. 

Extensive deposits of colemanite and other borax minerals occur in 
the Tertiary lake beds near Furnace Creek, and the extension of these 
beds in the area mapped is worthy of careful pro·speeting. "~1arsh" 
borax has been fOlind 2 miles south of Surveyors vVell, and it is prob­
able that this has been leached from the older alluvium near by. The 
clays and limestone of this formation may contain important cole­
manite deposits. 

PANAMINT RANGE. 

TOPOGRAPHY AND GEOGRAPHY. 

The Panamint Range is 130 miles long and trends north-northwest J 

parallel to the Sierra Nevada. At its north end lava mesas unite it 
with the Amargosa Range; its south end passes into low hills of 

, Tertiary sediments and lavas capped by later basic volcanics.a The 
ascent from Death Valley on the east ranges from 6,000 to 11,000 
feet, while that from Panamint and Termination valleys on the west 
is almost as great. The range culminates 20 miles south of the area 
here mapped in Telescope Peak, which the Whe.eler survey d~ter­
mined to be 10,938 feet high. "\Vithin the area the highest point is Tin 
Mountain, whose elevation is 8,900 feet. The range cre~t is somewhat 
west of the center, and the western slope seems a succession of cliffs 
and declivities. The range is scored by deep canyons, some of which 
~lre comparable with the most famous gorges of the Rocky Mountains. 
Marble Canyon (PI. III) is particularly impressive. The sharply 

a Spurr: .T. E., Bull. U. S. Geol. Survey No. 208, HlO3, p. 201. 
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curving inner canyon, which is but io feet wide, is overhung ,by ,,~alls 
200 feet high, and many portions of the stream channel are in per­
petual shadow. The walls are beautifully smoothed and rounded 
by erosion,75 feet above the stream bed. Rock ,cliffs 10 to 100 feet, 
high, which in other regions would form waterfalls, break the more 
gentle grades of gravel. The brilliant yellows, reds, whites" and, 
,blacks of the limestone enhance the beauty due to form. 

The cre::;t of the range is characterized by an older, more mature 
topography, with well-graded stream channels and gently rounded 
peaks and slopes. Near the southern boundary of the area mapped 
and for a distance of 4 miles south of Tin Mountain this belt is 3: 
miles wide, while the intermediate belt along the crest line is but 1 
mile wide. Remnants occur in favorable positions on the middle 
slopes of the mou,ntain range above an ~levation of 5,000 .feet. On 
the southern border of the area the basalt covers a portion of this sur-, 
face-a fact which indicates that the surface was probably developed 
in Pliocene time. The older alluvium, in part, is formed of remnants 
of the alluvial slopes, the gravel pediment of this subdued nlountain 
range. 

Sparse growths of pinon and juniper cover the southwest corner of 
the area and the northeast~rn and souther!l slopes of Tin MOUl~­
tain, while cotton,~ood aI~d willow grow along Cottonwood, Creek. 
Grass is fQund around the small playa northwest of Goldbelt, Spring 
and in the valleys in the higher portion of the range. rhe Panamint 
nange, because of its elevation, has a heavier annual precipitation' 
than most of the other ranges. One or more springs rise in nearly 
all the main gulches tributary to Cottonwood and Marble Canyon 
creeks. Several springs lie SOllth of Tin Mountain. Emigr~.nt 
Spring, to the south of the area mapped, flows 1,100 gallons of water 
per day. 

GENERAL GEOLOGY. 

The formations of the Panmnint Range, from the oldest to the 
youngest, are as follows: Prospect Mountain quartzite (n, Pogonip' 
limestone, Pennsylvanian limestone, earlier quartz-monzonite por­
phyry, post-t.Turassic granitoid rocks (quartz monzo'nite, soda syenite, 
and granite), later quartz-monzonite porphyry, older alluvium, basalt~ 
and Recent alluvium. 

SEDIMENTARY ROCKS. 

Prospect 111 ountain q~tartzite (~).-Tucki Mountain is formed of 
'metamorphosed sediments identified with the supposed Prospect 
Mountain quartzite of the Amargosa Hange. (See p. 162.) 

Pogonip limestone.-The most WIdely distributed formation of the 
Panamint Range is the Pogonip limestone, of which at least 3,000 feet 
is exposed. The limestone, which is compact and fine grained, ranges 
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in color from dark gray to black. The dark color is, at least in part, 
due to carbonaceous matter, since some beds are fetid, and when 
heated exude a tarry substance. The bedding is, as a rule, massive, 
although some slightly argillaceous facies are thin bedded. Cross­
bedding was noted in several places. N ear the top of the section 
occur layers and lenses of black, semitranslucent flint from one-half 
inch to 3 inches thick, separated by bands of limestone from 1 to 18 
inches thidc In other beds globular and ellipsoidal flint concretions 
from one-fourth inch. to 3 inches in diameter are abundant. . A quartr.­
ite layer interbedded with the limestone. occurs rather well up in the 
formation. The rugged exposures of this white or pinkish-white fine­
grained quartzite outcrop on the. western side of the playa 4 miles 
north of Go~dbelt Spring: The bed of quartzite is 100 feet thick and 
has thin bands of limestone interbedded near its base, and especially 
near its top. Four miles south of Tin Mountain ~1r. T. C. Spaulding 
noted inte~'bedded in the limestone a 30-foot band of muscovite schist. 
The schist is less metamorphosed than that of Tucki Mounta~n. 

At one. locality the writer collected fragmentary fossils .which ~1r. 
E. O. Ulrich states include a shell belonging either to llfacl'Urea or 
some related genus and a fragment of a pelecypod. These indicate 
undoubtedly Ordovician and probably Stones River age. Near the 
playa to the north of Goldbelt Spring ~Iessrs. Chapman and Spaul­
ding collected fossils of which the gasteropods, Mr. Ulrich states, 
remind one of Baltic Ordovician species and indicate a lower Ordo­
vician horizon. The fossils include a very large Ilelicotoma-like 
shell; EccyliQpterus sp. undet., of large .sir.e and with contiguo'-ls 
whorls; Receptaculites sp. nov., obconiGal, with thick \valls and small, 
crowch~d stolons. Not only in its organic remains, but also in its 
lithologic .char~cter, this limestone resembles the Pogonip limestone 
present in many of the ranges in the area sur\~eyed. It was deposited 
in water of shallow or medium depth, a conclusion .indicated by the 
presence here tUld there of cross-bedding and abundant organic re­
mains. "Tith the .accumulation of the limy sed~ments the sea bottom 
must have been depressed step ~y step, an inference drawn from the 
great uniformity and thickness' of the limestone. 

Pennsyl1)anian limestone.-The Pennsylvanian limestone forms a 
narrow band along the east front of the Panamint Range. It is 

. separated from the Pogonip limestone to the \vest by a fault of several 
thousand feet displacement. This limest.one, of which probably some 
1,500 feet is exposed, is fine grained and gray or dark gray in color. 
Some .of the darker limestone when struck with a hammer gives off a 
fetid odor. Lenses and ellipsoid masses of black flint occur in some 
beds. To the west of the soda-syenite area is a bed 75 feet thick of 
white, fine-grained quartzose sandstone. This sandstone, as well as 
some beds of limestone, is cross-bedded. 
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From one locality the following Pennsylvanian fossils, determined 
by Dr. George I-I. Girty, were collected: 

Fusulina sp. 
Crinoidal fragments. 
Fenestella sp. 

Small indeterminable gasteropod. 
Indeterminable fragments. 

Fragmentary fossils were collected from two other localities, and 
concerning these Doctor Girty states that while they are undoubtedly 
Carboniferous, they indicate nothing further. .~ 

Older alluvium.-On either side of Emigrant vVash and at the 
north end of the Panamint Range are a number of areas of the older 
nlluvium. The deposit east of Emigrant vVash forms intensely dis­
sected' hills which are continuations of the ridges of Tucki Mountain. 
The two large areas across the valley to the northwest are eastward­
sloping plains cut by erosion into low hills, and each is separated from 
Death Valley by a low ridge of Paleozoic limestone. A few small 
outliers occur higher up in the mountains at a maximum altitude of 
5,000 feet. 

These deposits are composed of beds 'of angular bowlders and well­
stratified sand. These are locally so well cemented by calcium carbon­
ate that caves 25 feet high exist in them. Around Emigrant Spring, 
in the southern extension of the area west of Tucki Mountain and in 
the area at the north end of the Panamint Range, white a~d pink clay 
similar to that of the present playa deposits is interbedded with the 
bow IdeI' beds. At the north end of the range the series has an exposed 
thickness of 2,500 feet. 

Recent desert gravels unconformably overlie the older alluvium, 
which in turn lies upon the eroded surface of the quartz-monzonite 
and Paleozoic rocks. The upper portion of the series and the basalt 

. are contemporaneous, and in consequence the older alluvium is prob­
ably of Pliocene and early Pleistocene age. In Pliocene-Pleistocene 
time, when Death Valley was occupied by an extensive playa, the 
Panamint Range was comparatively low and insignificant. The older 
alluvium areas are the remnants 01 alluvial slopes which once fringed 
its borders. These alluvial slopes near Goldbelt Spring reached an 
elevation· of 5,000 feet, while to the north of Tin Mountain no rem­
:nants remain above 4,000 feet. Considerable portions of the Tin and 
Tucki mountain deposits are formed of playa clays, showing that 
during periods of exceptional rainfall the playa of Death Valley ex­
tended well up on the Panamint Range. 

Recent alluvium.-The valley above the head of Cottonwood Creek 
is covered with coarse soil and loam. A more resistant portion, of the 
quartz monzonite has narrowed and partially dammed the valley, and 
behind this barrier the material washed from the surrounding hills 
has accumulated. Four miles north of Goldbelt Spring is a basin 
whose bottom in depressed 275 feet below the inclosing rim of hills. 
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The basin is in Pogonip limestone and is probably the site 9f an 
ap.q!ent sink hole formed when the climate was less arid. Later the 
ch~l1~.nel became obstructed by the inwash of debris from the surround­
ing hills, and eventually alluvial slopes and a playa were formed. . , . 

IGNEOUS ROCKS. 

Earlier qua.'rtz-monzonite porphyry.-A few small fragments of a 
fine-grained, medium-gray igneous rock are included in the quartz 
monzonite in the southwest corner of the area mapped. Similar 
inclusions in the granite of Gold Mountain prove, on microscopic 
examination, to be quartz-monzonite porphyry. 

Quartz monzonite.-A batholith of quartz monzonite underlies 75 
square miles in the southwest corner of the area surveyed. rhe rock 
is light to medium gray in color, rarely pinkish gray. The minerals 
visible to the unaided eye are predominant gray feldspar, a greenish­
black mineral, either amphibole or pyroxene, bronze-brown biotite, 
and pink feldspar, while small individuals of magnetite and seal­
brown titanite Hre also visible in places. As a whole biotite is almost 
as abundant as hornblende, but it appears to be totally lacking over 
restricted masses. The diameter of the component minerals varies 
throughout the mass from one-fourth to one thirty-second of an inch. 
In many places the gray feldspars occur as well-developed tablets up 
to three-fourths of an inch in length and impart to the rock a por:phy­
ritic aspect. Green epidote in granules replaces the hornblende and 
biotite more or less completely, while veins of epidote cut the rock, and 
felts of this mineral are common on joint surfaces. Calcite veins are 
less common. The monzonite is cut by joint planes from 1 foot to 5 
feet apart. In weathering the joint blocks become slightly rounded 
and' fimilly disintegrate into soil. The monzonite forms rugged 
ridges. The outcrops are usually low bosses or bowlderlike masses, 
and many of the hills have the appearance of moraines, upon which 
large bowlders are prominent. 

Under the microscope the rock shows an allotriomorphic granular 
texture, although some of the smaller plagioclase individuals form 
laths. The essential constituents, in order of abundance, are plagio­
clase, orthoclase,piotite, quartz, hornblende, and ugite. The accessory 
minerals are apatite, magnetite, and titanite. Disks of micropegma­
tite lie between the other constitutents and a.re inclosed in the feld­
spars. Some hornblende is secondary to augite, while kaolin, sericite, 
and epidote form at the expense of the feldspars. .The rock is on the 
border line behveen quartz monzonite and granodiorite. 

The monzonite is cut by thin dikes of a fine-grained pink aplite 
composed of feldspar and some hornblende .. Quartz is sometimes 
seen in the rock, which then appears h) be of granitic composition. 
The dikes are usually simple. Under the microscope this rock shows 
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the composition of an acidic quartz monzonite, containing a little 
biotite altered to chlorite. The accessory minerals are the same as 
those of the quartz monzonite. Soine of the aplite is blotched by 
globular aggregates of coarser hornblende from 1 inch to 4 inches in 
diameter. These aggregates are fo'l'med by the segregation of horn­
blende fron1' the surrounding l'o·ck and are rimmed by halos of almost 
pure feldspar in individuals from one-half to 1 inch· wide. The 
aplite is probably but a later differentiation product of the monzonitic 
magma. 

Scattered throughout the monzonite are segregations of hornblende 
from 2 to 3 inches in diameter. These represent a threefold enrich­
ment iil hornblende by magmatic differentiation. 

The monzonite is cut by and grades into thin dikes of coa.rser 
grained rock, locally having the same composition as the monzonite, 
but usually of more acidic constitution. The individuals of these 
pegmatite dikes reach a maximum diameter of 2 inches. Some of 
the dikes have basic borders . composed of almost pure hornblende', 
with a median band of feldspar. "Thile the boundary planes are 
rather distinct, individual crystals extend from the monzonite into. 
the basic bands and from these into the acidic center. The more 
acidic portion of this pegmatite shows under the microscope the· 
composition of a soda syenite, containing orthoclase, anorthoclase, 
augite, hornblenc1.e, biotite, quartz, titanite, magnetite, apatite, and 
zircon. The augite probably contains a little of the rcgirite molecule. 
Other forms of the pegmatite ate composed of quartz, pinkish-gray 
feldspar, and hornblende, named in the order of abundance and the 
reverse order of solidification. Some lin}onite pseudomorphs after 
pyrite occur in the pegmatite, hut the original character of the 
pyrite 'vas not determined beyond doubt. In othel~ pegmatites par­
tial crystals of £erromagnesian minerals are inclosed in a coarse 
crystalline aggregate ·.of feldspar. ~Iicroscopic examination showed 
that orthoclase and microperthite are so predominant over plagio­
clase in this rock that it has the composition, and texture of a syenite 
porphyry. The ferromagnesian minerals include augite, olivine, 
brown hornblende, and biotite. Apatite occurs in unusually large· 
crystals arid magnetite in grains. ~1iarolitic openings occur in this 
pegmatite and crystals of the constituent minerals protrude into 
them. The pegmatite therefore consolidated under less pressure 
than the monzonite, which lacks such cavities, or its compositiOll was 
more favorable to their production. The pegmatite is evidently 
but a late intrusion of the monzonite-magma residuum. Not only 

. is the pegmatite· more acidic than the quartz monzonite, but it has' 
undergone an enrichment in soda, linking the quartz monzonite to the 
soda syenite next to be described. 

The batholith sends thin dikes into the Pogonip limestone. At the 
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contact the limestone- is considerably disturbed and dips sh~rply, 

usually away from the monzonite mass. The small limestone area 
inclosed by monzonite on the southern border of the area appears to 
have beeI'l buoyed up on the surface of the molten rock. Smaller 
inclusions are common. An aureole of limestone from one-fourth 
to 1 mile wide is metamorphosed to a rather coarse-grained gray mar­
ble. In this marble are bands, lenses, and irregular bodies of white 
marble. Large brown garnets, epidote,' serpentine, and tremolite are 
present in the metamorphosed limestone. The two latter minerals 
OCC1U\! in veins as \vell as in sporadic masses through the limestone. 

The quartz monzonite intrudes Pogonip limestone and is cut by 
pre-Tertiary diorite porphyry. It is presumably contemporaneous 
with the post-Jurassic granite, since intermediate fn,cies between it 
'and the granite, described on page 208, appear to exist. It is rather 
similar in mineralogic composition to ,the post-J nras3ic granodiorites 
of the Sierra Nevada. 

Soda syenite.-About lIt miles southeast of Tin lVlountain there is 
a very irregular mass of soda syenite and soda-syenite porphyry, 300 
feet long and 200 feet wide. It intrudes the Pennsylvanian limestone 
and sends into it'many straight-walled dikes and ramifying' veins of 
varyin'g width. Prior to recent erosion the limestone appears to 
have covered the syenite. J?owlders of similar rock occur in 'the 
gulch due west of this area~ but the masses from which these ,,~ero 
derived were not located. Similar rock appears from a distance to 
form a small area 4 miles \vest of Lost 'Vagons. The soda syenite is 
characterized by abrupt and great changes in granularity and in the 
relative abundance of the constituent minerals: The predominant 
form is a coarse- to medium-grained rock of gray color, composed or 
predominant gray with some pink feldspar, subordinate greenish­
black amphibole or pyroxene, and black mica. Many of the feldspars 
have good crystal outlines and in the more porphyritic facies the 
abundant feldspar laths have a length of lt inches and are aligned in 

, flow orientation. The rock next to the limestone is very fine grained. 
Epidote has developed at the expense of the hornblende and biotite in 
all facies. Under the' miscroscope this roek proves to be a soda 
syenite or nordmarkite of hypic1iomorphic and uneven granular tex­
ture. ,The predominant constituents are alkali feldspars, including 
th~ species orthoclase, microperthite, and anorthoclase. ,,\Vith these 
is a little oligoclase. T'he alkali feldspars form rude tabula.r crystals, 
many of which are twinned acco'rding to the Carlsbad law. Between 
these tabular forms are anhedra of augite, quartz, biotite, and yellow­
'ish-brown garnet. The angite verges toward regirite-augite. -The 
accessory minerals are titanite, magnetite, apatite, and fluorite. The 
fluorite flecks the alkali feldspar and may be original or introduced 
by magmatic gases. . 
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The soda syenite is cut by dikes of compact greenish-gray aplitic 
rocks. Pink feldspar is a-ssociated with the gray feldspar and pyrox­
ene and it alone forms some veins. The aplite under the microscope 
has a very uneven-grained allotriomorphic texture. The feldspars 
include microperthite, orthoclase, and some anorthoclase. A little 
quartz is also present. vVhile the rock is not rich in ferromagnesian 
minerals, there are many small grains and partial crystals of regirite­
augite. This mineral shows the usual zonal structure, with deeper 
green bands on the border. Irregular grains of a light-yellow garnet 
are rather abundant. The accessories are titanite and apatite. 
Fluorite occurs in small blebs, surrounded by a mesh of sericite 
shreds, which were probably formed by the same gases that deposited 
the fluorite. Calcite is also present and its contacts with other min,­
erals are so sharp that it was probably deposited in miarolitic open­
ings. The contact between the aplite and the syenite is in some cases 
sharp, in others gradational. In one instance a dike of syenite 
porphyry is faulted by an aplitic dike, but there can be little doubt 
that the two are genetically related. Narrow pegmatitic dikes, the 
feldspar 'and pyroxene of which reach a diameter of 1 inch, occur. 

The limestone immediately adjoining the igneous ,mass is meta­
morphosed to a coarse- or fine-grained white marble, through which 
small plates and veinlets of tremolite are scattered. ' 

The soda syenite intrudes Pennsylvanian limestone and has suffered 
practically the same deformation as the quartz monzonite, and it may 
well be, as indicated by the monzonite-pegmatite, a later variant of 
the same magna. 

Granite.L-A consIderable area of biotite granite occurs to the east 
of the Emigrant vVash, 3 miles south of the area surveyed. Dikes 
of muscovite granite, genetically related to the biotite granite, were 
observed cutting the Cambrian rocks 1 mile south of Tucki M(mn­
tain, and a few probably occur in the area surveyed. This granite 
is probably of post-Jurassic age. 

Later quartz-monzonite porphyry.-Four miles south of Tin Moun-, 
tain is an area of siliceous quartz-monzonite porphyry, probably in­
trusive in the Pogonip limestone. This area was not seen by the 
writer, but specimens collected by Mr. R. H. Chapman closely resem­
ble the white quartz-monzonite porphyry of the Silver Peak Range, 
and, like it, this rock is probably genelically, related to the intrusion 
of the post-Jurassic granitoid rocks. Under the microscope the 
phenocrysts of quartz, orthoclase, plagioclase, and biotite are seen 
to be embedded in the finely granular groundmass of microcline, 
plagioclase, quartz, and biotite. The accessory minerals are magnet-
ite, titanite, and apatite. . 

Diorite porphyry.-Dikes of diorite porphyry from 2 to 6 feet 
wide cut the quartz-monzonite batholith in the southwest corner of 
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the area surveyed. The rock is light greenish gray in color and has 
prominent white feldspar phenocrysts from one-eighth to one-fourth 
inch in length, which are in parallel alignment through flow. The 
rock has suffered considerable epidotization. Under the microscope it 
proves to be a much-altered diorite porphyry with a groundmass of 
plagioclase laths and a little orthoclase. Aggregates of epidote, 
zoisite, and chlorite and a smaller amount of calcite are evidently 
pseudomorphs of plagioclase and hornblende phenocrysts. This 
rock is evidently the pre-Tertiary diorite porphyry. 

B asalt.-Six small masses of basalt occur in the southern portion 
of the Panamint Range, and the same rock caps a considerable area 
at the north end of the range, where it occurs in several flows, each 
500 or more feet thick, interbedded with the older alluvium. The 
small basalt mass 11 miles south of west of the head of Cottonwood 
Creek is a north -south dike 250 feet wide. The basalt on the borders 
of this dike is vesicular and includes numerous quartz-monzonite 
fragments. The outcrop on the. Cottonwood Canyon trail three­
fourths of a mile above its entrance into the mountains may also be 
a dike cutting the Carboniferous limestone. The other masses· are 
erosional remnants of a single flow or of contemporaneous flows. 
The prebasaltic mature· Panamint Range in consequence must have 
been cut deeply by canyons on its borders, while the old surface to the 
south and southwest of the area mapped was but little dissected when 
the basalt was extruded. The flow on the east side of Emigrant 
,V ash forms a black bluff 200 feet high, which is a prominent land­
mark for many miles. The flow 4 miles east of the dike is 400 feet 
thick and forms a mesa. 

The basalt has a dense dark-gray groundmass mottled by light­
gray areas. It is more or less vesicular, the largest cavities being 2 
indies long and usually elongatec1parallel to the direction of flow. 
Calcite, quartz, and zeolites, fill the vesicles more or less completely. 
The phenocrysts, which are usually subordinate to the groundmass, 
include blebs of olivine, more or less altered, and striated feldspars 
up to one-fourth inch in length, some of them showing zonal growth. 
Greenish-black augite is less commonly present. Under the mic~o­
scope the basalt shows a . dark, greasy groundmass, in which 'are 

. ~~~nicrolitic laths of basic plagioclase and pyroxene columns. The 
phenocrysts include laths of basic plagioclase; roundecJ grains of 
olivine, usually fresh, although in places altered to iron-stained ser-

./ pen tine, and columns of grayish pyroxene, much of it twinned. The 
basalt is usually well jointed and weathers into 'spheroidal masses. 

The basalt east of Emigrant vVash and the flow on the Cottonwood 
Canyon trail lie unconformably below the older alluvium. The 

Bull. 308-07 M--14 
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flows at the north end of the range and others near Emigrant Spring 
are interbedded with' the same formation. The deposition of the 
upper- part .6f the older alluvium and the effusion of the basalt were 
therefore contemporaneous, al.though the latter process continued 
after the former had ceased. The basalt is probably of the late Plio­
cene and early Pleistocene age. 

STRUCTURE, 

The structural history of the Panamint Range has doubtless been 
as complex as that of the Amargosa Range, but. the absence of 
~1i9cene formations removes the means by which the pre-Tertiary 
and middle Tertiary folding can be differentiated. ·It is, however, 
evident that the Paleozoic rocks were folded prior to the intrusion 
of the post-Jurassic igneous rocks. 

Tucki Mountain appears to be the ~lorthward-pitching end of a 
north-south canoe, the western side of which is buried beneath 
Emigrant 'Vash or has been faulted off. .The Cambrian rocks show 
well the differential folding suffered by· a heterogeneous rock series: 
The schist is typically closely folded and even crenulated; the 
lim~stone bands are less strongly folded while the folds of the 
quartzite are open. The lithologic character of the series renders 
the detection of the many faults difficult. The folding of the Pogo­
nip' and Pennsylvanian limestones is complex, although in its minor 
details less intense th~n that of the Amargosa Range, since over­
turned folds and isoclinals are unusual. The major fold is an anti­
cline, the axis of which is situated near the western border of the 
area and trends a little west of north. The eastern arm of the fold 
is long and dips gently eastward. Superimposed upon it are many 
minor parallel folds, while cross folds with east-west axes cross it. 
This fold appears to die out a short distance south of Tin Mountain 
and here tl)e strata are appl~oximately horizontal. The earlier fold­
ing was apparently accompanied by reverse strike faulting.· The 
intrusion of the quartz monzonite in the southwest corner of the 
area mapped considerably disturbed the limestones in its immediate 
vicinity. They are buckled and dip steeply, usually away from the 
batholith. Faulting has occured at the contact, as well as in the 
quartz-monzonite mass itself. 

The fault between the Pogonip and Pennsylvanian limestones is 
presumably a normal fault and is certainly of several thousand feet 
displacement. Its position is only approximately shown on the 
map. Small normal faults of northwesterly' strike are common in 
the Pennsylvanian limestone near Death Valley, and these were 
probably formed when the valley originated. Similar faults with 
2 to 4 feet displacement occur in the older alluvium, and this forma~ 
tion has been uplifted and tilted toward Death Valley in places as 
much as 15°, 

\., 
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ECONOMIC GEOLOGY. 

No mining camp exists In the portion of the Panamint Range in­
cluded in the area under c~nsideration. Harrisburg lies near the 
Emigrant Spring-Ballarat road, about 6 miles south of the boundary. 
Assays reported by prospectors indicate that gold-bearing copper ores 
occur in the quartz monzonite and silver-bearing galena ores in the 
limestone areas. "" -

Goldbelt, a deserted camp, is situated at the Goldbelt Spring, near 
the contact of the Pogoni p limestone, here marmor~zed, and the quartz 
Jllonzonite. A number of men are said to have rushed to this camp 
in the spring of 1905, but little work was done. The more important 
development work was on certain thin veins or lenses in the quartz 
monzonite. The 'ore contains a little chalcopyrite, probably a portion 
of the original sulphide unaltered. Of la ter origin are' malachite, 
chrysocolla, and a dark-brown or black, iron-stained, flinty chalced­
ony, of approximately contemporaneous age. These minerals are 
coated with small quartz crystals. This ore is said to have panned 
free. gold. Similar ore is reported from other localities in this mon­
zonite area. A speGimen from a vein near the source of Cottonwood 
Creek consists of dark limonite-stained jasperoid and chrysocolla, in 
which occur radial crystals of bottle-green brochar1tite. This also is 
reported to pan gold. In the soda-syenite mass 6! miles southeast of 
Tin Mountain thin veins of limonite, presumably after iron sulphide, 
occur. 

The areas most favorable to prospecting for precious metals are 
the C~mbrian rocl{s of Tucki Mountain and the Pogonip limestone 
in the vicinity of the quartz-monzonite mass. Quartz veins, usually 
of lenslike form, are common on Tucki Mountain. They reach an ob­
served maximuIll width OT 3 feet and usually appear barren, although 
in some instances they have been crushed and are heavily stained by 
limonite and hematite. It is' said that an old lead mine was at one time 
'worked on this mountain, and several promising camps in the· Amar­
gosa Range are situated on similar. veins in the same rocks. Veins 
of two ages in the'Pogonip limestone are formed of barren-looking 
calcite. Some occupy overthrust fault fissures, and these are faulted 
by other veins. The older veins ~re composed of massive crystalline 
calcite; the younger are often beautifully crustified. On the Cotton­
wood Canyon trail magnificent calcite veins 4 feet wide occupy fault 
fissures. The crustified calcite curves around included fragments 
of limestone ·in concentric bands. Near the quartz-monzonite masses 
a few small quartz veins occur and sQme of these contain pyrite. In 
other portions of the area surveyed ore-bearing veins have been found 
in limestone near granite contacts, and by analogy they probably 
also exist near the related monzonite. At a number of plaGes in the 
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limestone the rock is heavily stained by hematite and limonite. In 
some cases at least these appear to be gossan deposits and the deter­
mination of the underlying sulphides might prove profitable: 

The older alluvium is contemporaneous with rocks of Death Val­
ley in which some borax minerals have been found. 'VVith the pos­
sible exception, hO'wever, of the area north of Tin Mountain and one 
up Emigrant vVash beyond the boundary, the Panamint Range IS 

not worth prospecting for borax. 
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34,39, .57, 68, 82, 102-103 
work of.. .............. ... .............. 15 

Stage lines, access by. . . . . . . . . . . . . . . . . . . . . . . 26 
Staininger ranch, ore deposits lIear .. . ..... 175 

rocks Itt and near ................. 164-165,170 
section at. .. . . . . . . . . . . . . . . . . . . . . . . . .. . . . 166 
springs on .............................. 19.20 

Stateline Mill, rocks near ................. 191,194 
Stenopora carbonaria, occurrence of....... 122 

sp., occurrence of. ...................... 122 
Stewart, B. D., work of. .................. ]3,la2 
Stinking Spring, flow of . . . . . .. . . . . . . . . ... .. . 100 

rocks at................................ 105 
Stonewall Flat, description of. . . .. . . .. .. . . . 83 
Stonewall Mountain, economic geology of. 4G-47, 

88-89 
geology of. ......... 28,32,33,48,84-87,104,136 
section across.. . . . . . . . . . . .. . . . . . . . . . . .. . 13a 

figure showing...................... 88 
structure of.. ........................... 87-88 
topography of. . . .. . . . . . . . . . . . . . . . . . . . .. 8.1-84 

Stonewall Spring, section through, fignre 
showing ....... '. . . .• . . . . . . . . . . . . 88 
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Stratigraphy, columnar section showing.... 27 
description of. . . . . . . . . . . . . . . . . . . . . . . . . .. 26-35 
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rocks ncar. ....................... 103,106,114 
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Timber, character and distribution of. ..... 23-24, 
100,119,162,183,202 

Timber Mountain, geology of. ......... 32,137,15..1 
topography of. . . . . . . . . . . . . . . . . . . . . . . . . . 153 
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Yucca Mountain, economic geology ('If. .. .. . 152 
geology of. ........................ 32,150-152 
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