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GEOLOGY AND MINERAL RESOURCES OF THE IVANPAH QUADRANGLE, CALIFORNIA AND
NEVADA

By D. F. HEwEeTT

ABSTRACT

The Ivanpah quadrangle covers about 3,900 square miles in
the northeastern part of the Mojave Desert of southeastern
California and southern Nevada. It includes many mountain
ranges 6,000 to 7,000 feet in altitude, and a single peak, Potosi
Mountain, attains 8,504 feet. The ranges are separated by
broad alluvial filled valleys and the lowest area, near the south-
west corner, is about 1,000 feet above sea level.

The climate is typical of the southwestern desert regions.
Rainfall in the valleys only rarely exceeds 5 inches a year, but
it increases with altitude and may be more than twice that on
the higher mountains. Only two small areas in the southeastern
and northeastern corners drain outward to the sea; the remainder
of the area drains to several enclosed basins. Temperatures
occasionally rise to 120° F. in the lower valleys in summer,
but fall below 20° F. only on the higher mountains in winter.
The daily range is commonly 30° to 40°.

The exposed rocks include igneous, metamorphic and sedi-
mentary varieties ranging from Lower pre-Cambrian rocks
to the most recent unconsolidated alluvium. In many parts
of the quadrangle, large areas of Lower pre-Cambrian metamor-
phic rocks are exposed. The most common type of rock is
granite gneiss, largely with persistent lamination; some types
show coarse augen of orthoclase. In a few places, the rocks
mapped in this unit show little lamination; they may be parts
of intrusive bodies of Mesozoic age. The highly foliated types
of schist, quartz, mica, and hornblende are found in several
areas but are not widespread.

In the northwestern quarter there is a broad belt of Upper
pre-Cambrian sedimentary rocks, the Pahrump series, com-
prising three formations: the Crystal Spring formation, largely
quartzite, argillite, and dolomite; the Beck Spring dolomite;
and the Kingston Peak formation, largely sandstone and con-
glomerate. The total thickness on the north slope of Kingston
Range is about 7,000 feet. These rocks are not known east of
Kingston Range but they are reported westward in the ranges
that border Death Valley.

The lowest sedimentary unit of Early Cambrian age, the
Noonday dolomite, rests unconformably on the Pahrump series
in the Kingston Range. It is 2,000 feet thick at the western
border of the quadrangle but thins rapidly eastward and is not
known east of Mesquite Valley. As the sedimentary rocks that
overlie the Noonday dolomite and underlie the Goodsprings
dolomite in the western half of the quadrangle are much thicker
than similar sediments in the eastern half, western and eastern
facies are recognized. The overlying sedimentary rocks of Paleo-
zoic age maintain similar lithology and thickness throughout the
quadrangle. Dolomite and limestone make up three fourths of
the 6,000 to 7,000 feet; sandstone and shale form the remainder.
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Each system seems to be represented, but the only unconformity
lies at the base of the Pennsylvanian series.

The sedimentary rocks of Mesozoic age are largely sandstone
and shale and the units resemble those known in the Plateau
province as much as 400 miles east and northeast. The greatest
thickness is about 4,500 feet at the north border and they thin
southward. Clastic rocks of voleanic types are exposed at a
few places and surficial flowbreccias rest on the youngest sedi-
mentary rocks of Mesozoic age in the southern half of the
quadrangle.

In late Cretaceous time, all the earlier rocks were folded and
faulted. Over most of the region, the folds were broad and
open, but locally, in the thin-bedded limestones and quartzites,
close folds were formed. Within the mapped area five great
thrust faults and numerous minor thrust and reverse faults were
formed. Along one, Mesquite thrust, the upper block rode
eastward at least 8 miles. Late in the epoch of thrust faults,
enormous bodies of quartz monzonite were intruded along one
or more of the thrust faults. Then minor dikes and sills of
monzonite porphyry, hornblende monzonite, aplite, and andesite
were intruded. The many metalliferous deposits of gold, silver,
copper, lead, zine, and tungsten in this region are related to the
belt of thrust faults and bodies of quartz monzonite and are
found both in the intrusive rock and the sedimentary rocks which
they intrude.

During early Tertiary time, the entire region was deeply
eroded and most of the debris seems to have been carried out of
the region. The precise age of the lowest Tertiary rocks is not
known but from the evidence of nearby areas, they seem to be of
Miocene age, probably late Miocene. Two basins of Tertiary
sedimentary rocks are recognized. The smaller western basin
is made up largely of fine debris derived from the nearby ranges
and a little voleanic debris, mostly pumice. In the upper part,
there are several lenses of breccia-conglomerate that contain
some enormous blocks of dolomite of early Paleozoic age. The
larger eastern basin was filled with volcanic material, breccias,
and flows of rhyolite, latite, andesite, and basalt. Only the
basal part is sorted and stratified land waste. A large plug of
rhyolite and minor dikes and sills of rhyolite and basalt were
intruded late in this epoch and in two districts, gold-bearing veins
were formed in these rocks.

Late in Tertiary (middle Pliocene) time, all the earlier rocks
were involved in a new epoch of deformation. The middle
Tertiary sedimentary rocks and flows were warped into broad
anticlines and then overridden by a great plate of diverse rocks
that included pre-Cambrian gneiss and limestone and dolomite
of early and late Paleozoic age. Remnants of this plate that
still remain in the Shadow Mountains, Kingston Range and
nearby ranges indicate that the dimension of the plate may have
been 15 by 35 miles.
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2 GEOLOGY AND MINERAL RESOURCES, IVANPAH QUADRANGLE, CALIFORNIA AND NEVADA

After a period of erosion that removed much of the thrust
plate and reduced much of the area to low relief, the Resting
Springs formation (a succession of limy sandstone, conglomerate
and pumice at least 1,000 feet thick) was deposited upon remnants
of the thrust plate in a small area on the west side of Pahrump
Valley. Again following a period of erosion, basalt flows were
spread over an area of at least 300 square miles, southwest of
Valley Wells. The older flows at the north end of the field are
greatly eroded, but at the south end much younger flows that lie
in modern valleys do not show much erosion. In the southern
part of the field, the flows are surmounted by 26 cinder cones.

The highest range of the area, the Spring Mountains, is
sustained by limestone of Paleozoic age and seems to have sur-
vived the early Tertiary period of great erosion. The thick
sections of middle Tertiary sedimentaryv rocks and voleanie
rocks of the eastern basin were deposited against its lower
slopes. The nearby valleys, Mesquite on the west and Ivanpah
on the east, however, appear to be due to downwarping (Mes-
quite) and faulting (Ivanpah) in recent time, in fact, after the
basalt flows west of Valley Wells were poured out. Many small
normal faults lie along the hills and ridges east and west of
Ivanpah Valley. Such faults are also found in the ridges along
the west border of the quadrangle, adjacent to the Death Valley
depression. Even though erosion is carrying great quantities
of waste into Mesquite and Ivanpah Valleys, their playas are
nearly 1,500 feet below the upland that lies east and west of
them.

The mineral resources include deposits of metals, the most
important being zine, lead, gold, and copper, and several non-
metals of which limestone, dolomite, and talc have been most
important. Among those that have potential importance are
deposits of the rare-earth metals and pumice.

There is a possibility that some gold deposits (Vanderbilt)
were formed in Proterozoic time but most of the metal deposits
are related to deformation and instrusion during late Cretaceous
time. This study indicates that several factors determine their
geologic distribution: their wall rocks, their original distribution
in depth and their present areal distribution. The major factor
in their distribution is the zone of thrust faults that trends
generally north in the north half of the quadrangle. The zones of
breeciation along minor rather than major thrust and reverse
faults, several tear faults, and some early formed normal faults
in the zone of thrusts have localized most of the metallic mineral
deposits and all the important ones.

The type of igneous rocks that were intruded in the zone of
thrust faults is secondary factor in the deposition of the metals.
The largest bodies of intrusive rock, largely quartz monzonite
but in part hornblende monzonite, lie in the southern half of the
quadrangle, but the greater number and most productive metal
deposits lie in the Goodsprings district in the northern part where
there are many small sills and dikes rather than large intrusive
bodies. Even though there are many metal depdsits in and near
the large bodies of quartz monzonite in the southern half of the
quadrangle, only a few seem to be worthy of exploitation and
none are as large as several in the Goodsprings district.

The position of host rocks in the geologic column is third
factor in the kind and distribution of metal deposits. The
most favored zone for deposition is in the massive limestone beds
of the Monte Cristo limestone of Mississippian age. A few metal
deposits are found in the overlying Bird Spring formation of
Pennsylvanian age and in the underlying Sultan limestone
Devonian and still fewer are in the Goodsprings dolomite (Upper
Cambrian to Devonian). The reason for this stratigraphic
distribution seems to lie in the probability that faults and
breccia zones persist for greater distances, both horizontally

and in depth, in the thick massive limestones than they do in
the thinner bedded carbonate rocks, which contain thin layers
of shale.

In the large bodies of intrusive quartz monzonite in the south
half of the quadrangle, the metal deposits also show a zonal
distribution downward from the upper contact with the intruded
sedimentary rocks of Paleozoic age. Deposits of copper with
minor amounts of silver are most common at or near the upper
contact; successively downward in the intrusive, there are
deposits of gold, tungsten, and molybdenum. Even though
many such deposits have been found in the bodies of quartz
monzonite, none have yet proved worthy of large plans for
exploitation.

At two places, the Hart district (Castle Mountains) and
Getchel district (Hackberry Mountain), thin veins that contain
free gold have been found in the basal flows, largely rhyolite, of
Tertiary age. These deposits are related to the late Tertiary
period of mineralization. None have proved to be worthy of
large plans for exploitation.

The Ivanpah quadrangle contains extensive beds of both
limestone and dolomite, which are exploited where they are
near transportation facilities to markets, and where the local
beds are pure. The area could yield enormous quantities of
both high-grade limestone and dolomite. The known deposits
of tale occur at a definite horizon in the Crystal Springs formation
(Pahrump series) where it has been intruded by sills of dark
monzonite and diabase. Perlite has been mined in the flows of
Tertiary age in the Castle Mountains; large quantities exist
in other areas.

INTRODUCTION

LOCATION OF THE AREA

The Ivanpah quadrangle (fig. 1) lies between 115°

and 116° west longitude, and between 35° and 36° north
latitude.
The length of the eastern and western boundaries is
about 69.0 miles and of the northern and southern
boundaries, 56.2 and 56.8 miles respectively. The
quadrangle contains therefore about 3,898 square miles
of which 1,242 lie in Nevada and 2,656 in California.
The southward course of the Colorado River, which
separates Arizona from southern Nevada and south-
eastern California, lies 12 to 15 miles east of the eastern
boundary of the quadrangle. The southern part of
Death Valley trough which contains the sinks of the
Mojave River (Soda Lake and Silver Lake) lies from
3 to 10 miles west of the western boundary. United
States Highway No. 91, the main artery of travel
from Las Vegas to Los Angeles, crosses the quadrangle
diagonally from the northeast corner to near the south-
west corner. Also the Union Pacific Railroad extends
diagonally from the northeast corner to near the south-
west corner. The settlement of Ivanpah on that
railroad, and not far from the center of the quadrangle,
is 517 miles by rail southwest of Salt Lake City and
267 miles northeast of Los Angeles.

The name Ivanpah is a Piute Indian word reported to
mean ‘‘a small spring coming out from a white saline
soil.”
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FI1GURE 1.—Index map of southern Nevada and southeastern California showing location of Ivanpah quadrangle.

FIELDWORK AND ACKNOWLEDGEMENTS

Fieldwork by the writer in this region began October
15, 1921, and the succeeding 8 months were devoted
to geologic mapping of the Goodsprings special quad-
rangle and the study of 72 mines included in it. Of
the total area of that quadrangle, 224.5 square miles,
all but 30.5 lie within the area of the Ivanpah quad-
rangle. Fieldwork in the remainder of the area covered
three periods, September 10 to December 21, 1924;
October 18, 1926 to February 24, 1927; and Septem-
ber 19 to October 20, 1929. Since 1929, many short
visits to the area have been made.

The area under survey is large, about 3,900 square
miles, and it is sparsely settled. The topographic map
of the area is good. Necessarily, the methods of field-
work took account of these elements. Even though
many of the roads shown on the map have been aban-
doned, most of the critical areas lie within 6 miles of
roads that could be travelled by a car. A light truck,
carrying essential camp equipment, food, and water,
was used, so that the party, including the geologist

and assistant, was not dependent upon local accom-
modations. Commonly, settlements were used for
living accommodations. In addition, the miners, pros-
pectors, ranch owners and cattlemen of the region
generously offered accommodations on many occasions.
Generally, the day’s work included a drive of 10 to
25 miles to a new area, a foot traverse of 5 to 15 miles
up the ravines and along the ridges, and a return to base
in the early evening. Locations were determined by
topographic features or by compass sights on con-
spicuous objects. A simple calculation based upon the
size of the area and the time devoted to field work,
will show that an average of about 7 square miles of
the bedrock surface was mapped every working day.
In addition, about 100 mines and prospects outside the
Goodsprings quadrangle were examined. Necessarily
under this plan, attention to detail varied from place
to place, depending upon its relative importance. For
example, it seemed unwise to pursue the petrographic
details of Lower pre-Cambrian rocks and minutae of
the successive flows and tuffs of the Tertiary volcanic
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rocks. On the other hand, the attempt was made to
record carefully the distribution of the pre-Cambrian
rocks, and formations of Paleozoic and Mesozoic age,
and their attitude in order that no essential structural
features of the region would be overlooked. Doubtless,
many details have been overlooked and some mis-
interpreted, but the author believes that in general
the map and text portray accurately the principal
features, insofar as stratigraphy and structure are
concerned.

Many persons have contributed toward this study.
G. L. Meclntyre, a resident of the region, acted as field
assistant during 1926, 1927, and 1929. By his intimate
acquaintance with the region, knowledge of motor cars,
unfailing energy, and cheerful spirit, he contributed
greatly to make many difficult tasks pass smoothly.
Frank Miller, of Goodsprings, served effectively as
field assistant during September and October 1924.
L. E. Williams, manager of the Yates cattle ranch at
Valley Wells; John Woolf, manager of the Rock Springs
Cattle Co. at Barnwell; and H. G. Gibson, of Cima,
cheerfully extended generous hospitality many times.
All the miners, prospectors and residents of the region
aided in the progress of the work from time to time.
Special mention should be made of Z. V. Farmer, of
Lanfair; Jack Daly, of Horse Spring; William Hickey,
of Kingston; James Birney, of Wheaton Springs;
Charles Loomis, of the Beatrice mine; Richard Munz-
berg, John Fredrickson, Charles Beck, and Al E. Buys
of Goodsprings, Nev.

HISTORY OF EXPLORATION

The Mojave and Colorado Deserts in southern Cali-
fornia presented more obstacles to early exploration
than any other area of similar size in the United States
(Thompson, 1929, p. 9-23). Because of these obstacles,
they were the last to yield to regular travel. It may be
said that the Oregon Trail was established in the forties
and the California Trail in the fifties, but wagon travel
across the Mojave Desert did not begin until the
sixties. Discoveries of valuable minerals in the region
have followed the early explorations in successive waves,
the earliest from about 1863 to 1885, the next 1890-
1895, and the latest from 1905 to 1915.

If the early migrations of the aborigines are ignored,
the earliest exploration by white men was a part of the
effort to establish ties between the Spanish settlements
of northern Mexico, the area that is now New Mexico,
with those on the coast of southern California. Ap-
parently the first white person to cross the Mojave
Desert was Father Garces, a Spanish priest who had
emigrated to Mexico and became a missionary among
the Indians (Coues, 1901; Bolton, 1930). In 1774,
Juan Bautista de Anza led an expedition from Tubac

in southern Arizona to the site of San Francisco via the
southern border of the Colorado Desert. In 1775, he,
with Father Garces, set out from the same region to
found a settlement at San Francisco, with a party of
240 persons, accompanied by 695 horses and 365 beeves.
The main party, travelling by the southern route,
arrived at San Gabriel Mission on January 4, 1776.
Father Garces, after lingering at the Indian villages
(rancherias) north of the present site of Yuma, fol-
lowed the Colorado River northward, and, on March 1,
1776, arrived at the village of Santa Isabel, the present
site of Needles, Calif. On March 3, with three other
men he travelled 3 leagues to San Pedro de Los Jama-
jabs (Mojave), approximately opposite the site of old
Fort Mohave. On March 4, he moved 2% leagues
westward to some wells, Pozos de San Geronimo (loca-
tion obscure; possibly in the Dead Mountains), and on
March 5, 8 leagues generally westward to some wells
(probably Vontrigger Spring). On March 6, he moved
5 leagues westward ‘‘through level lands and grassy
(Lanfair Valley). I arrived at a sierra that has pines
though small ones and I named it Sierra de Santa
Coleta (north end of Providence Mountain and nearby
Mid Hills). In the afternoon (March 7), I passed the
Sierra through a good gap (north of Columbia mine).
Having travelled 4 leagues westward, I halted (Marl
Spring).” On March 8, after travelling 6 ‘leagues
southwest, “I arrived at some very abundant wells
which I named Posos de San Juan de Dios (obscure;
probably springs on Indian Creek, but possibly wells
on the eastern border of Soda Lake).”” Thence he
continued up the valley of Mojave River through
Cajon Pass to San Gabriel Mission. Returning east-
ward, he followed Mojave River, and on May 20, 21,
and 22, “I retraced the same road that I had come, as
far as the Posos de San Juan de Dios (obscure).” On
May 23, “Quitting the road of the coming, I directed
my steps to the E. N. E. and having gone 2 leagues, I
halted in the sandy plain (south of Valley Wells) where
there was a Chemebet (Mojave) rancheria.” There
he remained a day, and on May. 25, “I went 4% leagues
E. S. E. completing the crossing of the sandy plain and
of the Sierra de Santa Coleta (Mid Hills).” On May
26, “I travelled 3 leagues E. N. E. with one turn to the
south and halted nigh unto a poso, scant of water in
consequence of its shallowness, which I named Pozo de
San Felipe Neri (Rock Springs?).” On May 27, “I
travelled 5 leagues E. N. E. (across Lanfair Valley?).
The continuous sierras abound in grass and are clothed
with a few trees.” Finally, on May 28, “I went 1%
leagues on a course N. E. and came to a good watering
place that I named Aquage de la Trinidad (probably
Piute Spring). Here I saw a Chemebets rancheria.”
From this point Father Garces returned to the villages
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on the Colorado River. After several years of mis-
sionary work throughout Arizona, he was killed at the
mouth of the Gila River in 1781. This was a remark-
able journey, especially if one considers the character
of the country and the facilities available. Horses
were used to carry their meager baggage, but the men
travelled on foot and depended upon local Indians to
guide them and furnish water and provisions. For
many years thereafter, the Spanish made no attempt
to colonize the region surrounding the Colorado River.

The Dominguez-Escalante party (Hill, 1921; Greer,
1928) attempted in 1776 also to go from Taos (New
Mexico) to Monterey, California, via central Utah and
southern Nevada and California. They reached the
upper Virgin River before they abandoned the plan
and returned to Taos (New Mexico) via northern
Arizona.

In 1826, Jedediah Smith (Dale, 1918) a fur trader,
went from the present site of Salt lake City to San
Gabriel Mission via Virgin River, the Mojave Desert,
and Mojave River. After leaving the Colorado River
he records (Dale, p. 190), “I travelled a west course
fifteen days over a country of complete barrens, gener-
ally travelling from morning to night without water. I
crossed a salt plain about 20 miles long and 8 wide
(Soda Lake?); on the surface was a crust of beautiful
white salt, quite thin.””  He then ascended the Mojave
River to Cajon Pass and reached San Gabriel Mission,
November 28, 1826. Dale thinks that Smith’s route
closely followed that of the present Santa Fe railroad.

tis true that there are three salt lakes, Bristol, Danby,
and Cadiz, along this route, but it lacks the numerous
springs of the northern route across Lanfair Valley and
Kelso Wash to Soda Lake, which is the logical route to
the Mojave River. Smith made the same trip again
in 1827, but lost 10 out of the party of 19 in a fight with
the Indians at the Colorado River crossing (Warner,
1876, p. 181).

In 1829, the Antonio Armijo expedition (Hill, p.
464-465) composed of 60 Mexicans left Santa Fe, de-
scended San Juan River, crossed the Colorado River
at the Crossing of the Fathers, descended Virgin River,
crossed the northern edge of the Mojave Desert, and
ascended the Mojave River to Cajon Pass and San
Gabriel Mission. This seems to have been the first
expedition through this region for purposes of trade;
they carried woolen blankets to exchange for mules,
which they took back to Santa Fe. The same year,
Ewing Young, with 17 men, including young Kit Carson
(Sabin, p. 44-51) traveled from Taos through the
Navajo and Zuni regions of Arizona to the western end
of the Grand Canyon, then in three day’s travel south-
west, reached the Colorado River, crossed it, then came
to “a dry river rising in the Coast Ranges (Mojave

River?). This they followed several days before they
came to water in it.” Four days later they reached
San Gabriel Mission. On the return trip to Taos he
followed the route of Jedediah Smith down the Mojave
River, across the desert to the Virgin River (Hill, p.
466 ; Warner, 1876).

Late in 1830, a party headed by William Wolfskill
left Taos proceeded northwest and crossed the Colorado
River at the present site of Moab, Utah, then crossed the
Green River at the present site of Green River, Utah.
He then proceeded southwest through Wasatch Pass to
the Sevier River which he followed south to the source,
then to the headwaters of the Virgin River and to the
site of Las Vegas, Nevada. From there, he crossed the
Mojave Desert to the Mojave River then followed it to
Cajon Pass; he arrived at San Gabriel Mission in Feb-
ruary, 1831. FKFrom this time onward, this general
Route was followed by annual caravans from Taos to
San Gabriel and became known as ‘““the Spanish Trail.”

The next incident in the history of the country was
the exploration of Capt. J. C. Fremont (1845). Travel-
ing south and southeast from San Francisco through
the San Joaquin Valley, he entered Mojave Desert,
and on April 21, 1845, reached the Mojave River near
Victorville. From about the site of Daggett, he turned
northeast across the desert, followed Amargosa River
and crossed Mountain Springs Pass, May 1, enroute to
Las Vegas and the Virgin River. There are numerous
narratives of expeditions that followed the Spanish
Trail after this time.

In 1848 G. D. Brewerton and Kit Carson with a
party of 26 men made the trip from San Gabriel to
Santa Fe via the Spanish Trail. On the way, they
caught up with a caravan of Mexicans who were driving
a herd of 1,000 horses and mules to New Mexico.
Until 1848 the Mojave Desert was a part of the terri-
tory under the jurisdiction of Mexico that was ceded
to the United States after the war with Mexico.

A new epoch in the history of the region began about
1853 with the initiation of surveys for railroad routes
to the Pacific. Early in 1854 Lit. A. W. Whipple (1856,
p- 29) crossed the Colorado River near Needles and
followed closely the route of Father Garces to the
Mojave River.

About 40 miles above the junction of Rio Santa Maria, we
left the Colorado at the mouth of a dry arroyo (Piute Wash)
heretofore supposed to be the bed of Rio Mojave. Gradually
ascending the barren slope of the hillside, 10 miles from the
Colorado, we found several small springs of good water (Kline-
felter). Twenty miles beyond, we encamped upon a pretty
rivulet (Piute Creek) which watered a small valley that had
been converted by the Mountain Pai-utes into a luxuriant
garden. Passing the crest of a hill and leaving to our right the
wide valley (Lanfair) supposed to belong to Mojave River, by a
gradual ascent over wide prairies of rich grama grass, we reached
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a rocky glen where were springs abounding in excellent water
(Rock Springs). No timber was here although low cedars
afforded plenty of fuel. From Rock Springs, 5 miles led us to
the summit 50 miles beyond and 4,900 feet above Rio Colorado;
the grades, however, by detours upon the ascending slopes, need
not exceed 70 feet per mile. We then passed into a dry ravine
(Kelso Wash) leading to Soda Lake.

On Whipple’s map, the area between his route and
the Spanish Trail, roughly that under investigation
here, is marked ‘“‘unexplored.”

The same year, 1853, probably unknown to Whipple,
Beale and Heap, working under Congressional author-
ity to search for lands upon which to place some Cali-
fornia Indians, made the journey from Westport,
Kans., to Los Angeles via the Santa Fe and Spanish
Trails (Beale and Heap, 1853, p. 101-109). They
crossed the desert in August and experienced great
hardship from the heat and lack of water and forage.
Several years later, Beale used 30 camels as beasts of
burden for a trip from Zuni to San Bernardino via the
Colorado Desert (Beale, 1859; Exec. Doc. 43, 1857).

The first geological work in this region was done in
1853 by W. P. Blake, who was attached to the William-
son party, which was exploring for a railroad route
across the Colorado Desert (Williamson, 1856). Blake
prepared a colored geological map of the southern half
of California. The exploration extended down Mojave
River as far as Soda Lake and as far northeast as Agua
Tio Meso (Garlic Spring). The map showed only
granitic and metamorphic rocks and alluvium.

Fort Mohave, on the Colorado River, was built in
1858 and became the base from which subsequent
explorations were conducted. In 1861, a ferry across
the river was established here and the route to the
Mojave River and Los Angeles came to be the most
important in this part of the Southwest. Camp Cady
was established in 1868 and for several years thereafter
the Government maintained army posts at Piute
Spring, Government Holes, and Marl Spring. The
only specific reference to this region during this decade
that has been found by the writer is contained in a
report by J. R. N. Owen to the Commission of the
United States and California Boundary Survey, dated
April 15, 1861 (Whitney, p. 469-474). Whitney also
presents notes (p. 463—469) made by a Dr. Cooper, who,
in the winter of 1860-61, made the trip from Fort
Mohave, on the Colorado River, to San Bernardino via
Piute Spring, Rock Springs, and Marl Spring.

The explorations under the United States Army
before 1869 were largely concerned with routes available
for travel, but from then on the purpose was broadened
to include preparation of maps and investigations of
the resources of the region. The surveys under Lieut.
G. M. Wheeler from 1869 to 1884, to which G. K.
Gilbert was attached as geologist, yielded an atlas of

maps on the scale of 4 miles to the inch, and seven
volumes were printed concerning the character of the
region, geologic features and mineral resources, climate,
and plant and animal life.

On account of the steadily increasing importance of
the mineral resources of the region, with which this
investigation is chiefly concerned, subsequent events
are recorded chronologically in the light of their bearing
upon the development of the resources.

1854.
1857.

Potosi mine discovered by party of Mormons.

First mining at Eldorado Canyon. District
organized 1861.

First discoveries in New York Mountains.

Work begun at Techaticup mine, Eldorado
Canyon.

First discoveries of Ivanpah mines, Clark
Mining district organized July 18,1865. The
district was very active and productive until
1884.

Stampede to White Pine followed by widespread
prospecting in southern Nevada.

1869. First shipments of copper ore from Copper

World mine, Clark Mountain.

1882-86. Sporadic work on gold-copper mines of Good-
springs region, the Keystone, Boss, Colum-
bia, Double Up mines.

1883. Southern Pacific Co. built branch eastward from
Mojave to Needles, where it joined the
Atlantic and Pacific Railroad (present Atchi-
son, Topeka and Santa Fe Railway Co). In
1884, Santa Fe Lines acquired the branch line
and began to operate it.

1886. General decline of mining in Ivanpah district and
increase in Goodsprings district.

1890. Crossman (1890-91) wrote a descriptive summary
of mines of Clark Mountain, Providence and
other districts.

1893. Railroad from Goffs to Vanderbilt (New York
Mountains) constructed by A. Blake.

1893-96. Discovery and extensive development of gold

mines at Vanderbilt, Calif.

1894. Turquoise found near Crescent, Nev., south end
MecCullough Range.

1897. Turquoise found in Riggs Wash, Calif., southwest
of Shadow Mts. First work on Lucy Grey
mine, Nev., in hills west of McCullough Range.

First discoveries in Searchlight, Nev.

1903. F. L. Ransome examined mines of Searchlight
and Crescent districts, Nev. Railroad from
Barnwell, Calif. to Searchlight, Nev., com-
pleted; it was abandoned in 1923.

1904. Tractor road from Amargosa Valley through

Mesquite Valley and State Line Pass to Roach,

Nev., Los Angeles and Salt Lake Railroad.

1861.
1863.

1865.

1868.
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1905. Los Angeles and Salt Lake Railroad (the present
Union Pacific Railroad) completed. Vigorous
prospecting throughout entire region; con-
tinued until 1910.

1915-18. Widespread exploration for zine, copper, and

lead ores in entire region during the war.

PIONEERS

It is appropriate at this place to refer briefly to
those men who, by pioneering in this region, made
important contributions to its history between 1865
and 1900. Joseph Yount was probably the first white
settler in this region. He had been a member of Doni-
phan’s Expedition (Hughes, 1848) in Texas and drove
a herd of cattle into Pahrump Valley in 1865, finally
settling at Manse ranch in Pahrump Valley in 1876.
He and his two sons, Samuel E. Yount and John B.
Yount, played an important part in the discovery of
a number of mines in the region, particularly Keystone
(1882), Columbia, Boss (1886), and Double Up. John
Yount was still living on his ranch in Pahrump Valley
in 1936. John Moss was one of the organizers of the
Clark mining district, July 18, 1865, which then
included the mines near the Colosseum, Copper World,
and Mohawk, on the slopes of Clark Mountain. In
1868 he discovered one of the silver mines of Ivanpah
(Crossman, v. 61, p. 363). Joe Good, also a cattleman,
went into the region with John Moss and was the first
owner of the spring around which Goodsprings was
built. J. A. Bidwell went into the Clark district in 1866,
and, as owner of the Lizzie Bulloch mine and mill,
played an important role in the development of old
Ivanpah. The McFarland brothers owned the Ivanpah
Consolidated Mill & Mining Co., which operated the
Beatrice mine. Charles Loomis, who was living at the
Beatrice mine in 1929, went to the Ivanpah district
in 1875 and worked there until 1882. A. E. Buys went
to Ivanpah in 1881 and was active in mining near
Goodsprings until his death there in 1925. A. G.
Campbell went into Goodsprings in 1886 and located
many mines in that district. Jonas Taylor relocated
the Keystone mine in 1888, but gold was first produced
in 1892.

Several of the springs of this region still bear the
names of early settlers—Joe Good, Yates and Dan
Kessler, cattlemen; Vontrigger and Whitfield, prospec-
tors; Halloran, an Army officer.

SETTLEMENTS

The distribution and size of the settlements of this
quadrangle are determined by four industries—mining,
transportation, cattle raising, and agriculture. The
state of these industries has varied from time to time

since 1855, and the population has reflected the cycles
of their rise and decline.

Although the first residents were attracted by mines
(Potosi, 1854), the first permanent settlers (1865)
sought grazing lands. Even though confined to four
centers only, cattle raising is the oldest permanent
industry. It was first started in Pahrump Valley
(Manse and J. B. Yount ranches) but still continues
at Valley Wells (Yates ranch), Barnwell (Rock Springs
Cattle Co.) and McClanahan Spring (Smith’s ranch).
At times, after several wet seasons, the number of
cattle has probably risen to eight or ten thousand, but,
after several dry seasons, such as 1927-29, it has
shrunk to several hundred. Watered from troughs at
wells or springs, the cattle graze over the plains and
hills as far away as 6 or 8 miles.

When this investigation was in progress most of the
residents were engaged in mining and prospecting, but
the total number has varied greatly since 1870, de-
pending upon the rising or declining fortunes of the
industry. About 1875, according to local report, there
were about 500 persons in and near old Ivanpah on
the east slope of Clark Mountain; most of these had
left by 1885, and, in 1926, a few low adobe walls were
all that remained of the town. Subsequently interest
has chiefly centered around Goodsprings and Sloan,
Nev., but Vanderbilt, Calif., (1892-98), Crescent,
Nev., (1895), Cima, Calif., (1905-15), and Hart, Calif.,
(1907-10) have temporarily attracted considerable
numbers. The population of the Goodsprings district
rose to about 800 in 1917, declined to 50 in 1922, rose
to 200 in 1925, and has declined to about 100 recently.

The settlement of Sloan is dependent upon the
quarry and lime plant of the Nevada Lime & Rock Co.,
and, as these are continuously operated, the population
remains fairly constant.

As the rainfall in the valleys of this region is uniformly
less than 10 inches a year, it seems doubtful that
forage crops or orchards can be raised without irriga-
tion. From time to time, however, a number of per-
sons have taken homesteads in several valleys and
attempted to raise crops, in places by irrigation, using
groundwater raised by pumping, and, in places,
depending solely upon rainfall. Several attempts
have been made to colonize Mesquite Valley, where
water underlies a large area, 5 to 60 feet below the
surface. The latest attempt, 1922 to 1925, brought
12 families and led to the establishment of a post office
(Kingston, Calif.) and a school. In 1929, only two
families remained, and in 1954, it was abandoned. A
similar attempt was made to colonize Lanfair Valley
between 1912 and 1918. In 1917, there were 130
voters registered in the valley, and there were two
schools, and several post offices. In 1926, only three
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families, including nine persons, remained; in 1938,
the town was abandoned. If mining is revived and a
local demand is created, there are several areas where
permanent agricultural industries may be developed.

The most permanent settlements of the region depend
on the railroad that crosses it. In addition to the
numerous small settlements required to maintain the
tracks and bridges, Kelso contains a roundhouse and
a hotel for railroad employees. Nipton is the point of
departure of a regular stage service to Searchlight.
The completion of a graded automobile highway across
this region (U. S. Highway 91, Arrowhead Trail) in
1925 has led to the establishment of many roadside
camps, equipped to take care of travelers and to
dispense automobile supplies. Most of these may be
considered permanent.

From what is known concerning the resources and
climate, as well as the history, this region probably will
never support permanently more than a few thousand
persons. The following estimate of the population
during 1924-26, was made by the writer:

Approrimate Population, 1924—26

Population

Black Mountains_ __________________________________ None
MecCullough Range - _________ o o i 2
Crescent distriet________ 4
Vanderbilt distriet_______ 8
Barnwell distriet_ .. 6
New York Mountains___ 2
Pinto Valley .. 6
Providence Mountains____ 12
Vontrigger distrviet . _______________ 8
Lanfair Valley______________________________________ 6
BLOBT] o o2 2immimmmrnd o 2 & ettt s 2 o e s 55 st o 150
B0 e = = i 2 £ o i e i bt b L o L Tt St e 12
FVEEIE, e o = s 2 s s o e i M L B G 2 1%
Roach _____________ 10
Calada_ _________________________________________ 10
Desert and nearby mines_ _ _______________ 30
B I s o e s e e B 16
TVADBAL .. — o e o s imtiemims o B s b 10
Cima_______ ... 20
Dawes (Ames) ______ . ______ 8
Kelso_______________ o _________ 65
Sands_ 3
Goodsprings town and nearby mines_ . ____ 75
Mesquite Valley . ___________________________________ 10
Clark Mountain mines_ _ _ ___________________________ 8
Valley Wells_ _ _ _______ o ____ 6
Shadow Mountain__________________________________ 2
Kingston Range . ___________________________________ 1
Total . __ 500

GEOGRAPHY
SURFACE FEATURES

The area under survey lies near the southern border of
the Great Basin, the major subdivision of the Basin and
Range province as defined by Nolan (1943, p. 142).

The term “Great Basin” was first used by Fremont,
who recognized it as that large area east of the Sierra
Nevada from which no streams drained outward to the
sea; he prepared no map showing its limits. Obviously,
any limits must be drawn according to drainage basins.
In recent years, the term ‘“Basin and Range province”
has been used to include a larger area within which the
outstanding surface features were linear mountain
ranges and ridges separated by broad linear valleys.
South of the Great Basin and limited southward by the
San Andreas fault which almost coincides with several
mountain ranges (San Gabriel and San Bernardino), is
the Mojave Desert. Unlike the Great Basin, its sur-
face is characterized by isolated mountains and ridges
of various forms and arrangements that are separated
by great sandy wastes of irregular shape and diverse
extent. The western part of the Mojave Desert is
sharply separable from the southwestern part of the
Great Basin by a valley (Leach trough), which trends
generally eastward and closely coincides with the
Garlock fault.

The northeastern half of the Ivanpah quadrangle
includes several linear mountain ranges separated by
linear valleys and therefore shares the characteristic
features of the Great Basin. The southwestern half,
however, has several isolated mountains and ridges of
diverse form but mostly very irregular. It therefore
shares the features regarded as characteristic of the
Mojave Desert. A line drawn from the northwest
corner of the quadrangle map to the southeast corner
roughly separates those regions. This line or zone coin-
cides roughly with the Ivanpah fault and related
flexures; the fault, however, does not seem to be
related to the Garlock fault. These statements reveal
the difficulty in defining and in drawing the limits of
physiographic provinces in general, as well as the meagre
state of knowledge of the geology of southern Nevada
and southeastern California.

The dominating feature of southern Nevada is the
Spring Mountains, an arcuate range that culminates in
Charleston Peak (11,910 feet), 15 miles north of the
Ivanpah quadrangle. This range may be regarded as
continuing southward to Clark Mountain and Ivanpah
Mountain in California but these mountains have more
complex forms and the range name is not applied south
of State Line Pass. The highest altitude in the
quadrangle, Potosi Mountain (8,504 feet), lies on the
axis of Spring Mountains. The geologic features of
Clark Mountain and Ivanpah Mountain, stratigraphic
and structural, have much in common with those of
the Spring Mountains.

MecCullough Range, which culminates in McCullough
Mountain (6,996 feet), is a simple linear ridge for 15
miles, and it merges northward with a rugged ridge
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that culminates in Black Mountain (5,043 feet). As
the two ridges are underlain by rocks that are utterly
unlike, only fortuitous circumstances of erosion have
given them continuity.

The group of ridges about 70 miles long, which
includes New York Mountains, Mid Hills, and Provi-
dence Mountains, have linear continuity but they are
interrupted by many small valleys. New York Moun-
tains culminate in a peak (7,445 feet), but the highest
point in the Providence Mountains (6,800 feet) lies
south of this quadrangle. East of this chain of ridges
there are many isolated small ridges and hills of irreg-
ular shape, the hills near Highland Spring, Castle
Mountains, Piute Range, Hackberry Mountain, Table
Mountain, and others. A wide variety of rocks under-
lie these ridges.

West of the chain formed by the Spring Mountains
and Ivanpah Mountain lie numerous mountains and
hills isolated by broad alluvial valleys. The Kingston
Range which culminates in Kingston Peak (7,320 feet)
is nearly circular and about 10 miles in diameter; it is
a rugged area from which narrow valleys radiate. Old
Dad Mountain (4,275 feet) is the culminating point of
a prominent ridge, 15 miles long. The area between
Kingston Range and Old Dad Mountain includes many
rugged hills and ridges that have diverse sizes and forms.

Only a small part of the lowlands of the quadrangle
drains outward to the surrounding region, and a still
smaller part drains to streams that flow into the sea.
More than half the quadrangle drains to lowlands in
the quadrangle that have no outlet—Ivanpah, Mesquite,
and Pahrump Valleys, whose low points have about the
same altitude, 2,595, 2,550, and 2,550 feet, respectively.
A small part of the northeast corner of the quadrangle
drains to Las Vegas valley and thence to the Colorado
River. The basin that lies east of Black Mountain and
northeast of McCullough Range has no surface outlet
to the Colorado River. The basin east of Crescent
Peak drains to Piute Wash and thence to Colorado
River at Needles. Most of Lanfair Valley drains south
to an enclosed basin near Goffs. Kelso Wash and the
small basins as far north as Highway No. 91 drain to
Soda Lake, a sink of the Mojave River. Kingston Wash
drains to Silver Lake, probably once a sink of the
Mojave River.

The western half and southeastern quarter of the
quadrangle contain extensive remnants of a nearly flat
upland surface that range in elevation from about 3,500
to about 4,500 feet and are more conspicuous on the
ground than on the topographic map. Parts of this
surface can be considered as pediments of the nearby
mountains, for they are smooth and gently rolling, are
cut upon hard rocks of diverse varieties and show spo-
radic patches of debris of local origin. As this upland

surface is an important datum in the recent history of
the region, it seems appropriate to give it a name, the
Ivanpah upland. Clearly, it was formed during a
cycle of erosion that began in late Pliocene time; since
it was formed, there have been profund movements on
several faults, (see p. 105) and the drainage pattern
has been greatly changed.

The Ivanpah upland is well shown in the basin east
of Crescent Peak which drains southeast to Piute Val-
ley and to Piute Wash where it is cut on middle Ter-
tiary volcanic rocks. Most of Lanfair Valley is a part
of the Ivanpah upland which is trenched by the few
arroyos that drain southeast and south. The higher
parts of Lanfair Valley are cut on monzonite; the hills
that rise above the alluvium of the lower parts are
wholly middle Tertiary volcanic rocks. The upland
surface is represented by the smooth divide near Cima
that lies between Ivanpah Valley and Kelso Wash.

The Ivanpah upland is also shown in the broad basin
near Valley Wells cut largely on monzonite but in part,
sedimentary rock of Paleozoic age. Krosion, north-
westward down Kingston Wash to Silver Lake and west-
ward to Soda Lake, is rapidly destroying the surface.

The upland is not widespread in the northwest
quarter of the quadrangle but patches may be discerned
in the hilly country between Clark Mountain and
Kingston Peak, Calif. It is suggested by broad flat
surfaces southeast and west of Potosi Mountain in
Spring Mountains, Nev.

Even on the topographic map it may be noticed that
the slopes of the mountains and ridges are gentle toward
the Ivanpah upland surface; this is more impressive
when they are viewed on the ground. In striking
contrast, the slopes of the mountains and ridges toward
the Mesquite, Pahrump, Ivanpah Valleys and Soda
Lake are much steeper and more rugged. The floors of
these valleys lie 1,000 feet or more below the upland and
the intermittent streams are rapidly pouring large
quantities of waste into them.

The Cima Dome, first recognized and described by
Lawson (1915; Davis, 1933) is a nearly circular dome
about 10 miles in diameter that rises about 1,000 feet
above the Ivanpah upland. Several hills rise abruptly
several hundred feet above the smooth surface of the
dome. Only one of these hills, Teutonia Peak, is made
up of the underlying monzonite; the others are remnants
of ancient crystalline rocks or recent basalt cinder
cones. It seems clear that Cima dome was formed
when the Ivanpah upland was developed and that it has
been only slightly affected by erosion since that upland
was formed.

The processes and steps by which the outstanding
surface features were developed are discussed on pages
101-106.
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The Ivanpah quadrangle lies within a larger region in
which the annual rainfall is low and the annual as well
as daily range in temperature is uncommonly high.
Within the quadrangle, there are no stations for which
observations have been made continuously for many
years. Records of rainfall and daily temperature have
been made almost continuously at Las Vegas since 1896
and at Searchlight since 1914 by the U. S. Weather
Bureau. Within the quadrangle, records have been
kept as follows (Waring): At Jean, from 1907 to 1915;
at Pahrump Ranch, from 1914 to 1916; at Kingston, a
post office and store in Mesquite Valley, from 1924 to
1942; at Yucca Grove on Highway 91, from 1932 to
1945; and at Lanfair, from 1912 to 1915 (Thompson,
1929). In recent years, 1941-45, records have been
kept at Silver Lake Weather Bureau which lies in the
Death Valley trough, 8 miles north of Baker on High-
way 91.

Rainfall, in inches, at stations in and near the Ivanpah quadrangle

[Asterisks indicate that the record is incomplete]
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GEOLOGY AND MINERAL RESOURCES, IVANPAH QUADRANGLE, CALIFORNIA AND NEVADA

Generally, most of the rainfall results from cyclonic
storms during the months from December to March;
the remainder results from violent local thunder storms
during July, August, or September. As in many other
regions, the rainfall increases with increase in altitude.
For example, the rainfall at Yucca Grove (altitude
3,900 feet) is nearly twice that at Silver Lake (altitude
918 feet), 18 miles due west, and that at Kingston
(altitude 2,475 feet), 30 miles northeast. Also, rainfall
at Searchlight (altitude 3,445 feet) is generally 50 per-
cent higher than that at Las Vegas (altitude 2,033 feet)
about 48 miles north. From observations of snowfall

‘in the mountains, there seems to be a tendency for in-

creasing amount with higher altitudes. Although the
rainfall during winter storms is higher, they do not
cause as much erosion as the summer thundershowers.
The great erosion indicated during several Tertiary and
Quaternary periods when arid conditions undoubtedly
existed, doubtless indicates the prevalence of violent
storms throughout these periods.

Daily temperatures frequently rise to 105° to 110° F.
during summer months and frequently fall 30° to 45° F.
at night. Freezing is uncommon during the winter
months at altitudes of 2,000 feet or less. With higher
altitudes, the daily and seasonal minimum tempera-
tures fall. Without doubt, the great daily and seasonal
range in temperature are important factors in breaking
up the rocks so that when storms come, the rock waste
is quickly removed to the valleys and basins.

WATER SUPPLY
SPRINGS

In contrast with much of the surrounding desert
region, the Ivanpah quadrangle contains many springs,
and water may be obtained from shallow wells in
several valleys. From time to time, as the result of
several investigations (Waring, 1920), 68 springs have
been examined in the quadrangle. Some are only
small seeps that do not persist through the dry summer,
but most of them flow perennially. There are many
more springs that issue from the ground above an
elevation of 5,500 feet than issue below it but not all
of the higher mountains contain springs. Springs are
common in Kingston Range, Spring Mountains, Ivan-
pah Mountain, and the New York Mountains. On the
other hand, they are sparse in McCullough Range, on
Black Mountain, and Shadow Mountain. In a broad
way, springs are most abundant in the higher moun-
tains that are underlain by granular rocks, such as
quartz monzonite. The areas of crystalline gneisses
such as underlie McCullough Range and several other
mountains, contain only a few springs. The largest
springs of the region, Goodsprings and Cottonwood
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Springs (north of the northern border), rise in stratified
rock, such as thin-bedded dolomite, warped into favor-
able structural forms; a few of the larger springs,
Potosi, Ninety Nine, and others, rise along faults in the
stratified rocks.

The accompanying table 1 records the general loca-
tion, improvements, and approximate flow of most of
the springs and a few of the wells known in this quad-
rangle. The list includes only a few of the wells for
abundant data concerning these has been collected and
presented by G. A. Waring (1920) and D. G. Thompson
(1929).

Flow from these springs differs, and for springs that
rise in coarse granitic rocks (quartz monzonite), gen-
erally ranges from 1 to 3 gallons a minute or from 60 to
180 gallons an hour. To many acquainted only with
well-watered regions, springs of this size seem inconse-
quential, but many of them play an important role in
the life and industries of this region.

WELLS

About 100 wells have been dug or drilled in the four
alluvial valleys of the quadrangle. They are distributed
as follows: Mesquite Valley (Waring, p. 77-78) 38 wells
of which the deepest is 1,083 feet; Goodsprings Valley
(Hewett, 1931, p. 7), 35 wells of which the deepest is
115 feet; Ivanpah Valley, 14 wells, of which the deepest
is 687 feet; and Lanfair Valley, (Thompson, 1920,
p. 672-673) 13 wells, of which the deepest is 879 feet.
Although water in some of the wells rises nearly to the

surface, it has never risen and flowed freely above the
surface at any well. From the inadequate data avail-
able from these wells, it seems that the shallow ground-
water tables of Mesquite and Ivanpah Valleys have very
low gradients toward the lowest part of the present
surface of the basin (Waring, p. 69). In places, however,
(Mesquite Valley), the data indicate that the entire
body of alluvium below the shallow water table is not
saturated with water but contains saturated layers or
lenses in the midst of material that is practically dry.
The water in such lenses is under sufficient pressure to
cause it to rise in the well, bu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>