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PREFACE
By,0. E. MriNzER

Among the duties of the United States Geological Survey are those-
of “determining the water supply of the United States, the investiga-

tion of underground currents and artesian wells, and the preparation = -

of reports upon the best methods of utilizing the water resources.”
In the performance of this duty, the Geological Survey has investi-.
gated the water resources of 30 to 40 areas in the exid portion of the
country. (See pl. 1.)

In addition to the usual appropriation for the investigation of.
water resources, on August 21, 1916, Congress passed an act authoriz-
ing the survey, marking, and protection of desert watering places, for
which plurpose the sum of $10,000 became available on July 1, 1917..
With this money, supplemented by an sllotment from the usual:
appropriation, four field parties were organized, and & survey was.
made during the year from July 1, 1917, to June 30, 1918, of ebout,
60,000 square miles of the desert region in southeastern California
and southwestern Arizona. Signs directing travelers to water were
erected at 305 localities, 167 of them in California and 138 in Arizona.
Maps were meade in the field showing the location of the principal
roads and watering places, and many samples of water were colleeted
and analyzed in the water-resources laboratory of the Geological:
Survey. The maps, together with logs of the roads and brief notes.
on the watering places have been published as Water-Supply Papers:
"490-A to 490-D, Routes to desert watering places in California and
.Arizona.!

In connection with the survey of desert watering plsces a laxg&
smount of information was obtained in regard to the geography,
geology, and hydrology of the region covered. This information,
supplemeénted by data from other sources, has been used in the prep
aration of a series of four reconnaissance reports, each covering the
part of the region studied by one of the survey parties, The large.

.1 Brown, 7. 8., Boutes to desert watering places in the Saltax Bes reglen, Calif.: U. 8. Geol. Burvey
Water-Supply Fapee 400-A, pp, v, 1-36, pla. 1-7, 1930, Thompoon, D, G., Routes to desert watecing
Tlaces ln the Mobave Desert region, Calif.: U. 8. Geol. Sarvey Water-Supply Fapes #9603, pp. b-vil,
o4, §1-200, pla. 1-4, 8-38, 1931, Ross, O. P., Routes to desert wabering pineea in tha lower: Gilie Tegion, -
Aris: U, B, Geal. Survey Watee-Bupply Paper 490-C, pp. i-iv, 14, 2T1-§15, pis. 1-5, 19-2%, 29668, lm :
Kirk, Routes to desert wataring plases in the Papage osuntry, Avs.: U, B mmm&m
Paper 430-D, pp. I-vi, 14, 317429, pla. 1-3, 16, 23-28, 1922.

m,
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gize of the areas surveyed by each party and the requirements of the
work of erecting signposts and collecting data for the guidebocks
prevented the study of the regions in as deteiled a manner as might
be desired, but the reports contain a Iarge amount of new and useful
information on this little-known portion of the United States.

The present report on the Mohave Desert region, by David G.
Thompson, is the last of these reports to be published.? It is based
not only on the survey that was made in 1917 and 1918 but also on-
field work done in the region in 1919, 1920, and 1921. The report
wes completed by the author in May, 1924, but was not sent to the
printer until 1928. The relief maps (pls. 9, 10, 11, 12, and 13} were

.printed in Water-Supply Paper 490-B in 1921, and have not been:
revised. Some information in regard to precipitation, stream dis--
charge, water levels in wells, changes in roads, ete., in the period since
the report was completed, has been added, but it has not been prac-
ticable tc add information i in regard to all recent developments in the
region.

The Mohave Desert region has an area equal to the combined area’
of Massachusetts, Rhode Island, Connecticut, and New Jérsey, but
it would be difficult to conceive of two regions more strikingly dif-
ferent—one densely populated and teeming with industry, the other
in large part virtually uninhabited. Almost equally striking, how-
ever, and in some respects of more practical importance is the con-
trast between this almost undeveloped desert region and the region:
just across the mountains to the west and southwest, including the
valley of southern California and other valleys nearer the coast, with
their exceedingly productive and valuable irrigated lands. Ag these
better-watered valleys nearer Los Angeles have approached the limits
of possible development, their enterprising inhabitants have looked
more and more earnestly toward the Mohave Desert region and asked
the question whether in its vast expanse, with its 50 desert valleys,
each occupying a closed drainage basin of its own, there are not
opportunities for making irrigation developments similar to those.
that have been so successful in the coastal region. Many attempts
have already been made to develop irrigation districts in different
parts of the region, in a few places with considerable success, as in
Antelope Valley, but more commonly with complete failure. The
interest in the possibilities of irrigation in this region is, however,
unabated, and the United States Geological Survey is constantly

§:? The three reports previously published are Brown, J. 8., The Saléon Sea region, Callf,, a geographio,
geologle, and hydrologic reconnalssance, with a guide to desert watering places: ¥J. 8. Geol. Survey Water-
Supply Paper 497, xv, 252 pp., 19 pis., 1923; Ross, 0. P,, The lowar Giila region, Ariz., a geographic, goologlo, .
and hydrologie reconnaissance, with a guide to desert watering plaes: U. 8, Geol. Survey Water-Supply
" Bsper 498, xiv, 237 pp., 23 pls,, 1023; Brysn, Kirk, The Papago couniry, Ariz., a geographic, goologle, -

and. hydrologie reconnaissance, with a guide to desert watering p]nm U. B. Geol. Sarvey Wa.ter-supp!y-
Paper 409, xv’iﬂ,#ﬂpp, pls., 1925, '
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receiving inquiries in regard to the ground-water conditions of one
locality or another in the region.

In spite of this interest in the Mohave Desert region only very
inadequate information has been available in regard to its water
supplies, Its vast extent and scarcity of inhabitants and watering
places has made any comprehensive and thorough survey of its water
resources a formidable undertaking. Though necessarily based on
deficient information in many respects, the present report is a more
comprehensive and accurate desecription of the region and contains a
more critical and reliable discussion of its water resources than has
hitherto been published.






THE MOHAVE DESERT REGION, CALIFORNIA

By Davip G. TaompsoN

Part I.—GENERAL FEATURES
INTRODUCTION
PURPOSE AND SCOPE OF REPORT

The Mohave Desert region, in southeastern California, is & part of
the so-called ‘““Great American Desert,” s vast region that covers
nearly one-sixth of the area of the United States. (See pl. 1.)

To most persons, until recent years, the word ‘‘desert” signified
wide expanses of sand dunes, bare of vegetation or other living things.
During the early history of the United States the Great American
Desert was an unknown region that barred overland travel to the
Pacific coast, which was reached at first only by circuitous voyages
around South America. Although California was discovered near
the middle of the sixteenth century, it was not until the first part of
the nineteenth century that trappera penetrated the desert from the'
east, and it was not until the gold rush of 184849 that there wasany
extensive travel across the desert. At that time, spurred on by the
lust for gold, about 40,000 persons braved the desert with its little-
known perils to reach the western coast. Without sufficient equip-
.ment, unfamiliar with the geography of the region, and unaccustomed -
to the hardshipa encountered, scores of travelers perished from thirst
and hunger, - During that penod the desert gained & reputation as a
land of danger end of little value to man.

The completion of the first transcontinental railroad in 1869 was
a notable step forward in the conquest of the desert, During the lest
half century untold mineral wealth has been removed from the moun-
taing, and thousands of acres in the valleys have been made to produce
valuable crops by irrigation or dry farming, With the advent of
the automobile travel across the desert hes lost many of its dangers,
and an increasing multitude is discovering that the ‘‘desert” is ut A
merely a vast waste of sand.

The reclamsation of large areas of arid land by lmg&t:on ha: pmed
& most interesting and noteworthy phase of the development of the
wiestern United States during the last few decades. The movemsnt \
wae given special impetus at the end of the World War by the pm- ‘

. 1 1



2 THE MOHAVE DESERT REGION, CALIFORNIA

posal to settle the returning soldiers upon these desert lands, Color-
ful word pictures of the successful reclamation of some parts of the
arid region have led many persons to believe that it is only a matter
of time until the whole of the desert will be productive. “Encouraged,
perhaps by the belief that, because the Faderal Government would
give land at a small cost to anyone who complied with certain condi-
tions, the land must therefore be valuable, some of them have applied
for homesteads in the desert. = Encouraged by visions of the valleys
already successfully reclaimed, they have endured hardships and
discomfort, but numerous deserted shacks and plots of cleared land
showing a second growth of desert vegetation bear evidence that in
many places only failure has resulted. In this arid region the one
thing that is necessary above all for success is water.
. At.some of the abandoned places wells, many of them equipped
with expensive pumps, show that water has been obtained, but the
supply has proved too poor in quality or too small in quantity or too
far below the surface to be profitably utilized. At other deserted
shacks there are no wells. Many of the owners have laboriously
hauled water several miles during the months they have waited for &
crop raised by dry-farming methods or to see if a well being drilled
by a neighbor proved successful. To a careful observer it becomes
- increasingly -evident that, although thousands of acres can still be
reclaimed, the quantity of water available from all sources is not suffi-
cient to irrigate more than a small part of the desert.. As the aree
that can be irrigated is restricted, it is only good economie policy
to determine the regions that are most promising. If the favorable
areas could have been separated from the unfavorable areas years
ago, millions of dollars would have been saved to homesteaders.

The survey of the desert watering places in the Mohave Desert
region was accomplished between September 1, 1917, and March 1,
1918. The party consisted of the writer and a nontechnical assistant
and was equipped with a Ford sutomobile and camping outfit.
During the work the party treveled all the main roads in the region,
and some of them were covered twice. On the first trip detailed logs
of the roads were compiled, maps were made showing the location of
the roads and watering places, samples of water from wells and springs
were collected and shipped to the laboratory of the Geological Survey
for analysis, and many date were collected in regard to the watering
places visited. The second trip was & rapid ons, devoted principally
to setting the signposts.

As the primary object of the work was to collect and prepare infor-
miation that would aid travelers on the desert, the time that could be
gpent in seientific observations was not great. The study of geologic
and hydrologie problems was necessarily secondary to the other work,
However, as a natural result of the study of the watering places on
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the route of travel, the data obtained on the water resources are more
-complete than those in regard to the geology. .

Subsequently the writer spent another seRson in the. ﬁaid, fro;u
October 20, 1919, to February 1, 1920. The work at that time wap
essentially confined to studies of the occurrence of ground water ip -
_several localities where there has been more or less developmentf of
the gound-water resources for irrigation. The parts of the regxons'
thus studied were Mohave River valley from Hinkley a&stwa.rd ‘
‘to Hervard on the north and Newberry Spring on the south; Crucerp
Valley, near the junction of the Los Angeles & Salt Lake Raﬂroad !

and the Tonopsh & Tidewater Railroad, and Cronise Valley north-‘ .

.west of that place; Indian Wells Valley; and Antelope Valley, Sevaral

days were also spent in Antelope Valley in April and May, 1021,
‘when additional data were collected.

. In August, 1916, G. A. Waring, of the United States Geologmal
.Survey, made a brief study of the occurrence of ground water in the
vicinity of Vietorville, in Mohave River valley from Victorville to
Daggett, in Superior Valley; and in Pahrump, Mesquite, and Iva.npa.h
Valleys. A report was published which deseribes conditions in the
three last-named valleys? The data collected by Waring in the
other valleys have been used in the preparation of this paper. Ip
connection with an investigation on the utilization of Mohave
River for irrigation near Victorville, the late C. E. Tait, of the Office
-of Public Roads and Rural Engineering, United States Department
of Agriculture, collected data in regard to wells in that region.?
With a fine spirit of cooperation Mr. Tait made these data available
for the present report. A small part of the region shown on the south
end of Plates 11 and 12 was surveyed by John S. Brown, of the
‘Qeological Survey, and the description of that area was prepared by

- 'To present the wealth of information collected in this investigation
mthout wearying one reader or another is a difficult task. .To the
average reader some parts may seem too technical; to the geologist op
other scientific worker many pages may seem unnecessary. In pre-
paring the report the writer has tried to bear in mind the interests of
the different classes of readers who may use it—the prospector, the
homesteader, the technical investigator, or the casual traveler who
desires to learn mere about his native land. ‘The most sttention,
however, is devoted to the occurrence of ground water in the region

" 18tnee this report was written the Los Angeles & Salt Lake Raﬂmad has becona a paﬂ bfl‘ﬁﬂ Unlah
:Pacific System, and it is now gonerally known by that name.

Y Warlng, G. A, Ground wster in Pehrump, Mesquite, and Ivanpuh Vallexs, Nevy, and Calit.‘ Ufﬂ ) i

. Gibol. Survey Water -Supply Papet 460, pp. 51-81, pls. 7-11, 1920.

8 MoClure, W. F., Sourwino, G. 4., and Tait, C. E., Roport on the utilization of Mojave mmmidr-_ i
natkm in Vietor Vaney, Calif,: California Dept. Eng. Bull. 5, 1918, Also published g8 apmxpﬁ; fﬁl? ‘_

Caitfornig Dopt. Eng. Sixth' Biehn, Rept., 1018,
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period of his field work, and to the late Mr. E. T. Hillis, of the same
town, and their associates for many favors and aid in various ways.
Credit for special information is given in many places where suc.h
data are used.
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of other members of the Geological Survey, who have done geodlogie
work in one part or another of the region, especially L. F. Noble,
'G. R. Mansfield, and ¥. L, Hess, have furnished valuable data.

GROGRAPHY
LOCATION AND EXTENT OF AREA

© Thé area considered in this report lies in southeastern Cahftrmm
&nd includes all of the desert portion of San Bernardino, Les Angeles,
and Kern Counties, a narrow strip across the north side 'of Riverside
County, and a somewhat wider strip of the southern part of Inyo
County. (See index map, pl. 2.) A part of Clark County, Nev,,
ia shown on the maps, but very little information is included about
that region. In addition, nearly all of the better-watered part of
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S8an Bernardino County - a.nd small portions of Riverside and Los.
Angeles Counties south of the San Bernardino and San Gubriel
.Mountains are shown on the large relief map. This region south of
‘the mountains forms part of the famous citrus belt of southern
: Cnhfomm, and no data are given concerning it. The hydmlogy of
~ this reglon has been described by Mendenhall.! Only ma-.xn m&da in
this region are shown on Plate 10.

" The total area shown on the maps is nearly 30,000 square mllm,_ of
which more than 25,000 square miles may be considered striotly
desert country. It is worthy of note that San Bernardino County is
the largest county in the United States. Its area is 20,157 square
miles, of which about 18,500 square miles is desert. The next
largest ecounty is Coconino County, Ariz., which has an area of
18,623 square miles. This county also is mostly desert, although
perhaps not as arid as most of San Bernardino County.

NAME OF THE REGION

The region that is deseribed in this report is generally called the
Mohave Desert. The exact origin of the name as a geographic term.
is obscure, but it doubtless was first applied to the region along
Mohave River, first called “Mohave River” by Frémont in 1844.
(See p. 12.) At that time most of the Mohave Indians lived along
Colorado River near Needles, and it was for a long time supposed
that the Mohave entered the Colorado near that place. In this way,
probably, the name was eventually applied to a larger area. Appar-
ently, however, the Mohave Indians never made their homes along
Mohave River but lived near the Colorado.

At present some confusion exists as to just what is included by the
Mohave Dresert. Loew,® one of the earliest scientific workers in the
region, referred to the Mohave Desert as ‘‘comprising southeastern
California and the southwestern corner of Nevada.” He also stated
that ‘“Lower California, although a portion of Mexico, belongs

- geographically to the Mohave Desert.”” He also included in the
Mohave Desert certain areas that are not now commonly assigned
to that region, as the Coahuila or Coachella Valley in the Salton Sea
‘region, which is frequently known as the Colorado Desert,* and
Desath Valley and Salinas Valley (probably referring to Saline Valley
« Mendenhall, W. O., The Mydrelogy of a1 Bernardins Valley, Oalit.: U. &, Geol. Survey Water-Buppey
_Paper 142, 1M pp. 12 p!! 1908; Ground waters and hrrigation entorprises in the fopthill balt, southetn
California: U, 8. Qeol. Survey Water-Supply Paper 219, 180 pp., 9 pls., 1908..
& Loew, Onoar, Report on the physical and agricultural featws es of southern California and especlally of
the Mohave Desert: U, 8, Geol, Burveys W. 100th Mer. Ann. Rept. for 1878, Appendix H ¢, pp. 210-218,
1876.

+ Brown, J, 8., The Salton Sea reglon, Calif.} a geographio, geologie, and hydrologia reconnaisgancs, with
& guide to desert watering places: U, 8. Geol. Survey Water-Supply Paper 497, 1923

563 1---20—-2
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shown on the Ballarat topographic map) on the north. Abrams?.
has defined the Mohave Desert a little more definitely as follows:

The Mohave Desert extends from the eastern base of the Sierra Nevada east-
ward through the Death Valley region to the Virgin River velley, in the extreme
southwestern part of Utah and the northwest corner of Arizona. To the south-
ward it spreads out over the great barren wastes of the desert slopes of the San
Bernardino Mountaing and their eastern spur, the Chuckawalla Mountains. -

Some authors have applied the term to a much more restricted
-area that is bounded approximately on the east by Mohave River
between Barstow and Cajon Pass, on the north by mountains that
lie north of the Atchison, Topeka & Santa Fe Railway between
Barstow and Mojave,® and on the south and west by the San Gabriel
and Tehachapi Mountains and the Sierra Nevada. The strictest
-definition is probably that of Baker,? as follows:

The Mohave Desert region comprises the extreme southwestern portion of
the Great Basin. It lies entirely within the State of California and ineiudes
within its limits portions of the four eounties of San Bernardino, Inyo, Kern,
and Los Angeles. Its boundaries on the northwest are the southern end of the
Sierra Nevada Mountains and the Tehachapi Range; on the southwest are
:8awmill Mountain, Liebre Mountain, the SBierra Pelon, with their southeastern
- ¢ontinuation to the head of the Santa Clara River, and the San Gabriel Range;
on the south are the San Bernardino Range and the Colorado Desert; on the
“southeast the natural boundary is the divide between the drainage tributary to
the Gulf of California and the interior drainage of the Great Basin. The eastern
and northern boundaries are difficult to fix, for there the Mohave Desert merges
into the Great Basin proper with no marked drainage divides or high bounding
ranges. The northwestwardly directed Piute Range, just inside the California
_horder, may perhaps best be chosen as the eastern boundary, north of the divide
of the Colorado River drainage. The northern limits of the Mohave Desert
will be given as an east-west line connecting Castle, High, and Clarks Peaks,
‘near the Nevada line, and running through Leach’s Point and Burnt Rock
‘Mountains to El Pago Peak, north of the mining camps of Randsburg and
Johannesburg. That the eastern and northern boundaries as thua outlined are
given not without a measure of reason is shown by the fact that they define the
limits between the northern Great Basin region of markedly parallel mountain
ranges and the southern Mohave Desert region of lower ranges without notable
paraliel arrangement.

‘Baker uses the term essentially to designate a physiographic prov-
‘ince, and other authors use it more or less vaguely in the same way.
To one not a physiographer, the boundaries of the region are not
obvious, for the desert features which are most manifest within the
region and which to the nontechnical observer apparently characterize
it extend far to the north, east, and south, beyond the boundaries of

¥ Abrams, Lerey, The desert and deserf floras of the west: Nature and Sciencs on the Pacific Coast,
" published under auspices of Pacific Coast Committee of the American Association for the Advancement

of Bcienes, p. 172, 1913,

¢ By a decision of the United States Geographie Board, the Indian name applied to the desert and river
in 8an Bermardine County is spelled Mohave. The name of the post office fn Eern County is spelled
Mojave.

* Baker, C. L., Notes op the later Cenozoie history of the Mohave Desert region !n southeastern Call-
fornia: California Univ. Dept. Geology Ball., vol. 6, p. 335-336, 1911,
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- the physiographic province. The significance of the term has accord-
ingly suffered by variation in popular usage, and it is doubtful whether
this term should any longer be used to designate a physiographic
province, It is desirable, however, to have a term by which the entire
region described in this report can be designated. For convenience,
therefore, the term ‘“Mohave Desert region” is used as applying to
the entire region shown on the large maps (pls. 9, 10, 11, 12, and 13)

-except the settled region south of the San Gabriel and San Bernardino
Mountains. The term is used only in a general locational sense like
such names as ‘‘southern California’’ and “the Southwest.” Certain
areas are thus included that have not previously been considered as
being strictly part of the Mohave Desert—for instancs, the southern
part of Death Valley and the part of California that is drained by
Colorado River.

The name “Mohave Desert” 1s occasionally applied to the north—
western part of Arizona. Doubtless this usage has come about: be-
-cause the region is a part of Mohave County. Although there is
good reason for considering this the more correct use of the name, it
has not been generally adopted.

In physiographic terms, according to present usage of the Umtad
States Geological Survey, the area here described lies mostly in the
Sonoran Desert section of the Basin and Range province. ‘That part
aorth of latitude 35° 30/ is in the Nevada Basin section of this province.

RELIEF MAFS

The region considered in this report is shown on five relief maps.
(See pls. 9, 10, 11, 12, and 13, in pocket.) The relative position of the
-:areas shown on the different maps is indicated on Plate 2.

The relief maps were compiled from many sources. Topographic
‘maps published by the United States Geological Survey were used so
far as they were available, but necessary changes and additions in
roads were made.® In areas for which such maps did not exist ‘the
“principal roads were mapped in the field. A plane table was used,
and locations were made either by triangulation or by a compass
-traverse. 'The mountain borders were also shown on these field maps.

¥or parts of the region that were not visited several sources of ifor-

“mation were used in the compilation of the base map, such as maps
-prepared by the Automobile Club of Southern California, the county.
-surveyor of San Bernardino County, the Californis Highway Commis-
-gion, and the California State Mining Bureau. Use has been made of
‘maps that accompany published and unpubhshed reports of the

' Umted States Geological Survey. ‘

- -10.AN {ndex map of California and Nevads, showing parts of the ares considered in this rapart for which
~;tupegraphie maps have been pabdished, may be obtained free from the Direof.ot, T S Geol. Survhy; Wﬂh‘
= ington, D.C. B
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The relief shading of the maps was done by John H. Renshawe, of
the Geological Survey. Different degrees of shading have been used
to indicate the relative altitude of different parts of the valley. In
the flatter areas the darkest color represents the lowest elevation snd
lighter colors the higher elevations. The mountains are shown by -

shading as if seen under a strong light coming at a low angle from the . .

‘northwest.

The details of topography and the accuracy of the relief shading
necessarily differ from one part of the map to another, according to
the information available. In regions that are covered by topo-
graphic maps the topography is shown in sufficient detail to permit
the identification of many comperatively insignificant features. - The
mapping of the northeastern part of the area shown on Plate 11,
including about half a degree of latitude and longitude, and of the
part of the area shown on Plate 10 east of Victorville and near Barstow
i3 based on incomplete topographic field sheets and is comparable in
accuracy to mapping of parts of the area covered by published topo-
graphic maps. The topography for several miles on each side of the
main line of the Atchison, Topeka & Santa F'e Railway is based on
topographic maps published in a bulletin of the Geological Survey."

In parts of the area that were mapped by the writer it was not
possible to show the relief and other festures in as great detail or as
accurately as they would be shown on the topographic maps. How-
ever, the most prominent indentations in the border of the mountains,
the location of the divides, the mountain passes where they are crossed
by roads, and other features that should aid the traveler in locating
himself were shown as accurately as possible. TFor some parts of the
region, where topographic maps were lacking, the data were obtained
from maps of the United States Geographical Surveys West of the
One-Hundredth Meridian, published between 1875 and 1880. For
other parts recent township plats of the General Land Office give &
fair idea of the relief, but for still other parts only the old township
plats were available, and these indicated only the mountain bound-
_ aries, and some of them not even that much. Altitudes have been
obtained from railroad profiles and from barometric readings from a
number of sources, The altitudes given on the maps at railroad
stations in parts of the region not covered by topographic meaps were
teken from railroad profiles. A primary level line has been run by the
* Coast and Geodetic Survey along the Atchison, Topeka & Sants Fe
Railway from San Bernardino to Barstow, thence eastward to Goffs,
northward along the Searchlight branch to Ivanpah, and northeast-
ward along the Los Angeles & Salt Lake Railroad. The altitudes’at
stations on this stretch of the Santa Fe as given on the map generally

i Darton, N. H., snd others, Guidebook of the western Uanited States, Part O, The Santa Fe Route:
. 8. Geol, Survey Bull, 813, 1916, :
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differ by a few feet from the altitudes of bench marks est&bhlhﬂd by
the Coast and Geodetic Survey.

Previously published maps of the region have been very mueh
more genetalized, both as to the course of the roads and as to the
* character of the physical features. Many of the recent maps of the -

area that bave been published by private companies or official
organizations have been compiled, in part at least, from older maps,
and certain errors existing on the older maps have persisted in the
newer ones. A number of these inaccuracies have been corrected in
the maps that accompeny this paper.

- Township lines are shown upon the maps, but they may not be

located correctly with respect to springs, railroad stations, and other
definite geographic points, because very few land corners were found
that would permit the land net to he properly tied to points shown.
_on the base map. Most of the townghips were surveyed more than
60 years ago. Recent resurveys by the General Land Office in certain
parts of the area show that in places great differences exist between.
the supposed location and the true location of township lines. For
example, north of Goffs (pls. 12 and 13), original township corners
have been found almost 3 miles from the points where they were
supposed to be.”'® There is reason to believe that great errors in the
original land surveys exist in other parts of the area. :

HISTORICAL SKETCH
JOURNEYS OF GABGEB,' 1776

The history of the Mohave Desert region is to be gathered piece~
. mesl from the reports of early explorations and tales by travelers
and others who have recorded events of their times. The region
apparently was situated between the main routes of travel from eest
to west, for the pioneer records do not seem to be as abunda.nt for
this region as for those to the north and south.

The first white man {o enter the Mohave Desert region of whom
we have any record was a Spanish priest, Padre Fray Francisco
Garcés, who came to America from Spain in 1768 and spent the rest .
of his life among the Indians of the Southwest.”? After having been
some time among the Indians on the lower Colorado and Gila Rivers,
on February 14, 1776, he started north from Yuma to visit. the
“Jamajabs,” or the Mohave Indians, as they are now known.* He

u1a, On Plate 13 the northern of the two rows of rzenge numbers just south of Iatitude85° shmﬂd be Rl. 15 to.
18 E and on Plate 13 thé corresponding row should be Rs. 19 to 23 E.

'} Bancrdt H. H., History of California, val. 1, p. 275, 8an Francisco, A. L., Baneroft & Co,, 188‘.

8 Garoés’s dfary of his journey aeross the Mohave Desert is given by Elliott Coues, On the trafl of &
Bpanish ploneer, the diary and itinerary-of Franciaoo Garods, vol. 1, pp. 213-247, 304-306, New York, Franels
P. Harper, 1900,



10 THE MOHAVE DERERT REGION, CALIFORNIA

went alone except for two interpreters. From Yuma he went up
the California side of Colorado River. He passed through the terri-
tory occupied by the Chemebets Indians, now known as the Cheme-

~ huevis, and arrived in the territory of the Mohaves in the vicinity

of the present town of Needles on February 28. Garcés was not

the first white man to travel up Colorado River, for it had been

discovered by Hernando de Alarcén in 1540, more than 200 years

previously, and Alarcén is supposed to have ascended it for 85 leagues

from its mouth, There is doubt, however, that he went as far north

as the Mohave territory, and Garcés was probably the first Spaniard

to visit this territory. He was received with great acclaim, for -
although the Mohaves doubtless had met Spaniards outside of their.

own territory, no white man had previously entered it.

. On March 1, 1776, accompanied by several Mohaves and one of
his interpreters, Garcés set out from the Mohave villages westward
across the desert to go to the San Gabriel Mission, near the present.
city of Los Angeles. By following the landmarks mentioned in his
diary, it seems probable that he went by way of Piute Spring to a
pass in the New York-Providence Range and crossed that rangs
near Cedar Canyon. He continued westward, probably across the
south end of Soda Lake, until he reached ‘“‘an arroyo of saltish water”
which he called ‘“Arroyo de los Martires.”” This was the lower end
of Mohave River, which was then seen for the first time by a white
man. He continued up the river nearly to its head and crossed the
San Bernardino Mountains on March 22. He found several ‘‘ran-
cherfas” of Indians along the river. At one place, probably between
the present towns of Victorville and Barstow, he met several Mohave
Indians who were returning from trading at the San Gabriel Mission.
He arrived safely at San Gabriel Mission and spent some days there.

On leaving San Gabriel Mission Garcés traveled northward into
San Joaquin Valley, where he visited other Indian tribes until early
in May. On May 11 he ascended the Sierra Nevada or Tehachapi
- Mountains, probably near Tehachapi Pass, and proceeded eastward
across the desert. He followed his former course along Mohave

River, but east of Soda Lake probably went & little north of the path
of his first journey. He arrived safely again at the Mohave villages
on May 30. On his going and returning trip across the Mohave
Desert he had traveled in 41 days a total of nearly 500 miles, s
distance that now can be covered in about half as many hours.
Garcés’s journey was remarkable not only because he was the first”
white man to penetrate the unknown desert but also because he made
it with no equipment such as the later explorers had, for he depended
entirely upon the hospitality of the Indians.
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EARLY AMERICAN EXPLORERS, 1836-1848

The next white man of whom we have any record as crossing the
Mohave Desert region is Jedediah S. Smith, a famous American
trapper, who was born in New York State. Smith, with a party of
15 men, left Great Salt Lake on August 22, 1826, to explore the
country southwest of that place, probably to determine the feasi-
bility of extending the fur trade of his company into that region.lt
He traveled almost due south but a little to the west, until he reached
Virgin River, which he followed to Colorado River. He proeeeded
down the Colorado to the villages of the Mohave Indians, who, he
states, called themselves “ Ammuchabas.” After obtaining supplies
and the services of Indian guides he traveled for 15 days across the
desert to the coast. He probably followed the same route that
Garcés had taken to the San Gabriel Mission. On leaving southern
California he traveled northward through San Joaquin Valley until: -
he was due east of San Francisco Bay and then went eastward across:
the Sierra Nevada and the desert to Great Salt Lake, which “he'
reached in July, 1827. Smith was probably the first American to
cross the continent by the southern and the central routes. Lewis
#nd Clark had reached the coast by a northern route 20 years earlier.

“"Almost immediately after his return to Great Salt Lake Smith
started on another trip to join some of his party whom he had left inc
San Joaquin Valley. e followed the route he had taken on his
first journey and arrived at the Mohave villages in August.’® The.
Mohaves seemed as friendly as usual, but as his party of 19 men
was ferrying across Colorado River on a raft the Indians attacked
them and killed 10. He was then obliged to hasten across the desert
to the Spanish settlements near San Gabriel. He made the journey
this time in nine and one-half days. s

In 1829 snother party of trappers, headed by Capt. Erving Young
and including Kit Carson, who later crossed the desert with Frémont,
traveled from Santa Fe, N. Mex., to Colorado River near the Mohave
villages "and thence to San Gabriel Mission, probably by way of
. Mohave River.* A few months later, on the return trip to New:
Mexico, hastening to escape imprisonment by the Mex.ica,ns; the
party traveled from Los Angeles to the Mohave villages in nine
days.” :

There is almost, io record of other travelers passing through the
- Mobhave Desert region until J. C. Frémont crossed it on his second‘
expedition in the spring of 1844. . Frémont’s party had spent a year.

in exploration in Oregon and northern California and on their home-

u Dale, H. ., The Ashley-8mith cxplorations and the discovery of a central route to the Pacifie, 1822-
1829, pp. 18{}-190, Cleveland, Arthur H, Clark Co., 1918,

& Dale, H, C,, op, clt,, pp. 220-231.

4 8abin, E, L., Kit Carson days, p. 52, A, C. McClurg & Co., 1914,

U Idem, pp. 60-61.
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ward journey had traveled from the vicinity of the present city of
Sacramento southward in San Joaquin Valley., On April 14, 1844,
the party crossed the mountains into the desert,® probably at
Tehachapi Pass or through Cottonwood Canyon. They moved
southward along the foot of the Tehachapi Range and then eastward
along the foot of the San Gabriel Mounteins until they struck s road
a few miles north of Cajon Pass, which wes known as the Spanish
Trail.

This trail apparently had been used for some years prior to
Frémont’s journey, but there is practically no record of the travelers.
Farnham ! records a journey by a Doctor Lyman in 1841 from Santa
Fe, N. Mex., to California by way of Colorado River, Las Vegas,
and Mohave Rlver. He writes: :

By striking off in a westerly direction from a point about one day’s marsh
from its [Colorado River] deboucher into the California Gulf, he [Doctor Lyman]
arrived at a river of excellent water called the Amajaves. The source of this
gtream is in the marine range of the Californis Mountaing immediately east of
the Pucblo de los Angeles, at a place called the Cajon.

In regard to the Spanish Trail, Frémont # states:

We had etruck the great object of our search—the Spanish Trail. * * *
Although in California we had met with people who had passed over this trail, we
had been able to obtain no correct information about it. * * * We were
now careful to take the old camping places of the annual Santa Fe caravans,
which, luckily for us, had not yet made their yearly passage. A drove of several
thousand horses and mules would entirely have swept away the scanty grass at
the watering places.

The Spanish Trail led in a general northeasterly direction|across
the present San Bernardino County, Celif.,, to what is nogw Las
Vegas, Nev,; thence, according to an old map of Utah,® northeast-
ward and eastward across the south end of Utah, and crossed Cglorado
River about halfway between the junctions of Green and San Juan
Rivers with that stream.

The Spanish Trail led for many miles along Mohave River, which
was first given that name by Frémont, who, however, gpelled it
“Mohahve,” 2 The reason why he gave it this name is not entirely
clear, for a,ccordmg to the tales of early explorers the Indians who
lived along the river were not Mohaves but tribes unfriendly to
them. Possibly it was because he met some Mohaves who told him
that members of their tribe once lived along the river. Frémont
states that the river was also called Rio de las Animas.®
18 Frémont, J. C., Report of the explering expedition to the Rocky Mountains and to Oregon and Cali-
foraia, 1st ed., pp. 267-265, Washington, 1845,

1 Farnham, T. J., Life and adventures in California, pp. 312-818, New York, W, H. Gra.ham, 1848.

* Erémout, J. C,, op. cit., p. 259,

3 Prolseth’s new seotlonal and mineral map of Salt Lake City, Utah, 1871.

1 It will be noted above that Farnham, in describing the journey of Doctor Lyman, refers to “Ama.lavel

River,” which is evidently a name equivatent to Mchave.
% Frémont, J. C., op. ¢it., p. 260.
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B At one of the camps on the river two Mexicans arrived with a
harrowing tale of the murder of their companions by Indians. - One
of the Mexicans, with two of Frémont’s party, ineluding the famous
Kit Carson, pursued the Indians for many miles and avenged the
murder of the white men by killing two of the Indians. The expe-
dition turned northeast, away from the river, probably a few miles
east of the present town of Yermo, and continued northeastward to
a spring called Agua de Tomaso. This spring is shown on severa}
maps, but no watering place in the region is now known by this
name. It is probably the sprmg now called Bitter Spring. (See p.
546.) The party stopped at springs along Amargosea River, probably
those now called Salt Springs. At that early date the Amargosa
(Spanish for bitter) was known by its present name. From Salt
Springs the party proceeded to Resting Springs.* The murder of
the Mexicans hed occurred at these springs, and Frémont named the
place Agua de Hernandez after one of the victims. The party
proceeded thence to the place now called Stump Spring in Pahrump
Valley and on to Las Vegas and thence to Great Salt Lake.

Frémont’s expedition was notable not only because he added con-
giderable to the geographic knowledge of the region but also because
he collected numerous botanic and geologic specimens. The botanic
specimens, which were studied by Dr. John Torrey, contained a num-
ber of new species.

Frémont carried back to the Eastern States much information about
the Pacific reglon, and after his expedition through the Mohave
Desert travel in that region increased. In 1846 a troop of Mormons
who had enlisted to aid the United States against Mexico, forming
what was known as the Mormon battalion, marched from Santa Fa
to California by way of Yuma. When this battalion was disbanded
in 1847, about 25 members of it proceeded from southern California
to Salt Lake City across the Mohave Desert. It is said that thesa
men took with them the first wagon that ever went over the Salt
Lake Trail.®

THE DEATH VALLEY PARTY, 1849

Gold was discovered in northern Californis in January, 1848, but
official word of the discovery did not reach the Atlantic States until
the'fall of that year. By the spring of 1849 the rush to the gold fields
was well along. The fields could be reached from the East by several
routes. These routes were by boat, either around Cape Horn, or with
s short land journey across the Isthmus of Panama; by land to Salt
Lake City, thence westward to Sacramento and San Francisco; by
the same route to Salt Lake City and thence southwestward to Los
Angeles and northward to San Francisco by land or boat; and by a

lDdlenbmb F. 8., Frémont and '49, p, 262, New York, G, P, Puinam's Sons, 1014.
% Roberts, B, H,, The Mormon batialion, p, 73, Deparet News, 1919,
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southern route by way of Santa Fe and thence to southern California
by two or three different routes, the most traveled of which was by
way of Yuma. The northern route was probably most used because
it was the most direct route from the East. The southern route was
used mostly by persons going from Mexico and the Southern States.
The route from Salt Lake City to Los Angeles was not advantageous
to the gold seekers, for it took them out of their way and made a hard
journey over the desert. It did, however, have one advantage in that
it was open throughout the winter, when the northern route was closed
by deep snow in the Sierra Nevada.

Many of the gold seekers arrived at Great Salt Lake too late in the
summer of 1849 to make the passage over the Sierra Nevada on the
northern route, and they feared that the provisions at hand were not
sufficient to carry them through the winter. They decided to take the
route across the desert to southern California and thence to go north
to the gold fields. Capt. Jefferson Hunt, who had made the journey
before, was engaged to guide them along the old Spanish Trail, which
never before had been traveled by wagons, except by the Mormon
battalion in 1846. The harrowing experiences that befell some of the
members of this party are told by W. L. Manley, one of the travelers,
on whose story # the following account is based.

Some distance from Great Salt Lake the train under Captain
Hunt was joined by another train. The members of this party had a
map on which was shown a short-cut route across the desert and the
Sierra Nevada. Although Captain Hunt was certain no such route
existed, many of the party were in favor of taking it. After much
dlscussmn all but 7 of the 107 wagons started westward. Captain
Hunt proceeded with the smaller group along the regular trail.

Several days’ journey from the point of separation the party on
the suppesed short cut came to a canyon impassable for the wagons.
After several days’ search for a feasible pass most of the party turned
back to the trail followed by Captain Hunt. But before all had started
back a pass was found, and 27 wagons continued westward. The
travel became more difficult, and forage for the oxen and horses and
water for all became scarcer. Eventually the party broke into smaller
groups, each shifting for themselves. Some of the unmarried men,
known as the Jayhawkers, started on ahead, leaving the men with
families to get along as best they could. Manley traveled with two
families by the names of Bennett and Arcane. After days of hardship,
which were mild, however, compared to those that followed, the
party descended into a long, narrow valley, bordered on the west by
a mountain range so high and so steep that, in Manley’s words,
“nothing could climb it on its eastern side except a bird.” The lower
part of the valley was covered with immense blocks of rock salt, clear

% Manloy, W. L., Death Valley in ’49, S8an Jose, Pacific Tree & Vine Co., 1804.
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as ice, between which was water that was a strong brine. One of the
Jayhawkers described the valley as “the Creator’s dumping place
where He had left the worthless dregs after making a world, and the
devil had scraped these together a little.” # This was the now famous
Valley of Death, as it was named by these emigrants after their
harrowing experiences. The valley was probably visited by white
people for the first time when the Jayhawkers entered in December,
1849. Evidences of Indian camps on the border of the valley showed
that the valley had not been unknown to the Indians.

The several parties had by this time separated, each looking after
its own interests, but all of them probably entered the valley by way
of Furnace Creek Wash. The Jayhawkers turned northward from
that place, seeking 8 pass which they had seen from a distance. It is
likely that they left the valley through Emigrant Pass. Apparently,
according to Manley’s description, they crossed Panamint Dry Lake
and went along the west side of Searles Lake.

The party that included Manley and the Bennett and Arcane
families turned southward from Furnace Creek and finslly found a
good watering place, which is quite likely that now known as Bennetts
Wells. It was decided that the party should remain there while
Manley and another man should go ahead to locate watering places
and try to obtain help at Los Angeles.

The two men apparently crossed the Panamint Range westward
through one of the canyons that led across the higher part of the
mountains some distance north of Wingate Pass. They seem not
to have found that pass but to have gone near the south end of Pana-
mint Dry Lake, climbed over the Slate Range, and then traveled
along the north side of Searles Lake and thence across the Argus
Range. They continued southwestward across what is now called
Indian Wells Valley to Freeman Canyon, the entrance to Walker Pass,
and thence to Red Rock Canyon and down it to springs at the south
end of Fremont Dry Lake (probably Cane Springs). On this part
of the route they caught up with the Jayhawkers, who, like them-
selves, had suffered greatly on their journey across the dry streteh of
Indisn Wells Valley. Two of them had died from thirst since leaving
Death Valley., From the springs in Fremont Valley Manley and
his companion continued on another almost unendurable dry stretch
southward to Antelope Valley and to Soledad Pass, where they
traveled down the valley now followed by the Southern Pacific Rail
road until they came to a Mexican ranch house. There they obtained
& supply of food, two horses, and a mule and turned back to bring
help to the party that was left in Death Valley, which they found
without mishap. The horses had to be abandoned before the camp
in Death Valley was reached, so that for the hazardous journey there

# Manley, W. L., op. cit., p. 141
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were left for burden bearers only the mule and the oxen brought from
the Enst. The Arcane and Bennett children were placed on the
oxen, or the smaller ones at times carried in their fathers’ arms. The
women walked. Unaccustomed to such toil, with the added agony
of thirst, they suffered untold hardships. At times it seemed as if
they must die, but finally they reached the well-watered lands south
of the San Gabriel Mountains. Most of the Jayhawkers had arrived
previously, but several of them died before they reached the edge
of the desert.

As a matter of fact, the travelers, at least Manley’s party, seem not
to have suffered as much in Death Valley as they did after leaving
the valley, particularly on the dry stretches in Indian Wells Valley
and from the springs in Fremont Valley southward across Antelope
Valley. As one looks at the present-day map of the Mohave Desert
region, which shows numerous springs, he may wonder why the
travelers did not seek and follow an easier route on which they would
have encountered less difficulties. Had they but known it, when they
began the descent of Furnace Creek Wash to Death Valley the
travelers were not moré than 50 miles from the Spanish Trail at Rest-
ing Springs, or the Archillete, as it was called by Frémont. They
doubtless could have followed this route with little difficulty. It
would seem that even from Death Valley they might have found an
easier route than they did, but it must be remembered that at the
time of their journey the country they traveled was entirely un-
mapped. They left one watering place not knowing where they would
next find water. Many of the springs now shown on maps, to say
nothing of the wells, have been found or developed only after the
territory had been carefully explored by prospectors., Some of the
wells have been dug where only e bit of salt grass or other evidence
known only to the experienced prospector has shown the presence
of water. To-day, even if the breakdown of his automobile forces
the traveler to walk for a long distance, with the location of the
water holes known, it is difficult to realize how truly remarkable was
the journey of the emigrants across Death Valley and the adjoining
desert in 1849,

- In contrast to the story of the Death Valley party, and equally
fascinating, is that of two modern travelers.® One need only read
this story of a journey of two women through Death Valley and other
parts of the Mohave Desert region to realize that desert travel still
involves some danger, but the compensation therefor is ample.

EXPLORATIONS AND SETTLEMENT SINCE 1850

In 1851 & party of Mormons traveled from Salt Lake City across
the Mohave Desert region and founded a colony at San Bernardino.

# Perkins, E. B., The white heart of Mojave, 220 pp., 1 sket ok map, illustrations, Bont & Liveright, 1822,
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Thereafter travel along the Salt Lake trail became more frequent, and
mail was carried between Salt Lake City and southern California at
regular intervals. Tales of journeys along this route by Remy *
and Chandless ® throw some light on the travel across the desert at
this time.

In the fall of 1852 Capt. L. Sitgreaves,® of the Corps of Topograph-
ical Engineers of the United States Army, conducted an exploring
expedition from the pueblo of Zuifii, in New Mexico, to Colorado
River near Needles and thence down the river to Yuma, Ariz. This
expedition traveled only along the eastern edge of the Mohave
Desert region, and except for descriptions of some plahts and animals,
the report of it yields little of interest in regard to tﬂe region.

In the fall of 1853 a party under Lieut, R. 8. Williamson,* under
orders of the War Department to seek a southern railroad route be-
tween Mississippi River and the Pacific Ocean, explored several passes
between Sen Joaquin Valley and the desert and then skirted the
north slope of the San Gabriel Range to Mohave Rfver. Thence a
part of the expedition proceeded down the river to/Soda Liake and
northward to the Salt Lake road about 5 miles north of Silver Lake,

In the spring of the following year another pa.r\ty in charge of
Lieut. A. W. Whipple # passed through the region from Colorado
River neer Needles to San Bernardino. This expedition also was
gent out by the War Department to locate a route for a railroad from
Missisgippi River to the Pacific Ocean. The rou{e followed was
practically that of Garcés in 1776, which crossed the Providence-New
York Range in the vicinity of the Mid Hills, thence descended to
Sode Lake, and followed Mohave River to Cajon Phss. This route
was followed probably because Whipple had Mohave Indians for
guides, as did Garcés. It is shorter than the route how followed by
the Atchison, Topeka & Santa Fe Railway and the National Old
Trails Road, and at that time, when the water W plies were still

# Remy, Jul’s, A journey to Great Salt Lake City, London, W, Jeffs, 1861, {On pp. 416-454 Is given g
description of the journey from Ias Vegas, Nev., to San Bernardizno, Calif,, in )

# Chandless, William, A visit to Salt Lake, London, 1857, ,

# Bitgreaves, L., Report of an expedition down the Zufii and Colorado Rivers, 8. Ex. Doe, 593, 32d Cong.,
24 sess., 1853,

4 'Williamson, R. 8., end others, Report of explorations in California for railroad routes to conuect with
the routes near the thirty-Afth and thiriy-second parallels of north latitude: U. 8. Padifio R. R. Expl,,.
vol. B, 1865.

8 Whipple, A, W,, Report of explorations for » rallway route noar the thirty-ffth parallel of north lati+
tade: U, 8. Pacific R. R, Expl., vols. 3 and 4, 1856. (The following pages deal with the Mohave Desert
reglon: Part I (vol. 3), Itinerary, pp. 105-136. Part TI (vol. 3), Report on the topographical features and
charaeter of the eouniry, pp. 39-45. Part ITT (val. 3), Report upon the Indisn tribes, by Lisut, A. W,
‘Whipple, Thomas Eubsnk, and W, W, Turner, Numerous seattered reforences, Part IV (vol, 8), (1),
General report upon the geologioal eolleotions by W, P, Blake, pp. 51-56 and other pages; (2), Résumé shd.
Beld potes, by Tules Marcen, pp. 161-184, Part V (vol. 4, Repart ou the botany of the axpedition, by J.
M, Rigelow and others, pp. 13-16 and other numerous refarences under description olspecies, Part VI (val, 4),
Report on the z00logy of the expedition, by C. B. R. K¢unerly, p. 8 and numercus seattered referenos,
Additional Information In regard to the expedition is given by Baldwin Moclhausen In Diery of & Jourmy
from the Mississippt to the coasts of the Pacifle with a United States Government expedition, trm
by Mra, Porcy Sennett, London, Longman, Brown, Green, Longmsan & Bros,, 1858.) .
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undeveloped, it afforded the best watering places. Under present
conditions of travel, with other water suppiies developed, Whipple’s
route is a very difficult one to travel, for the valley on both sides of
Soda Leke (““a dry lake”) is very s&ndy and practically impassable
for automobiles.

Williamson’s trip down Mohave Rlver to Soda Lake and thence
north beyond Silver Lake to the Salt Lake road was significant be-
cause he proved definitely that Mohave River ended at Soda Lake.
Before his trip it was generally supposed that Mohave River was a
tributary of Colorado River, although no exploring expedition had
found the junction of the two streams. Moelhausen,* a member of
Whipple’s expedition, wrote:

The friendly Mohaves * * #* had given us two of their warriers to aceom-
pany us to the “‘flowing water” of the Mohave, for from their signs and deserip-
tions we made out that, many days’ journey from the Colorado, the river loses
itself in the sands and joins the Colorado underground.

He also states that Whipple’s party, not knowing of Williamson'’s
discovery a few months before, traveled some distance up the Colorado
hoping to find the mouth of the Mohave. From earlier reports and
maps it seems probable that Piute Wash * which empties into Colo-
rado River a few miles north of Needles, was believed to be Mohave
River on account of its size. Frémont, on his trip across the Mohave
Desert in 1844, had failed to discover the fact that Mohave River
was not a tributary of the Colorado, because he had turned north-
eastward away from the river 30 miles or more before he reached
Soda Lake. When he crossed the large valley north of Silver Lake
he did not know that it was a continuation of the same depression in
which the river ended.

In 1855 surveyors of the United States General Land Office began
to subdivide the land in the Mohave Desert region into townships
and sections, This may be said to be the beginning of settlement of
the region. In January end February, 1858, a party under Lieut.
Joseph C. Ives * explored Colorado River from its mouth to the head

- of navigation at the lower end of Black Canyon. They traveled on
& steamboat and thus proved that the river was navigable. This
expedition explored only the part of the Mohave Desert region that
is immediately adjacent to Colorado River, but as the party included
a geologist, Dr. J. 8. Newberry, the report of this expedition is of
considerable interest.

In the early sixties a number of stock ranchers settled along Mohave
River. In 1861 a ferry was established across Colorado River at

# Moelhausen, Baldwin, op, cit., vol, 2, p. 280.
. % Pluts Wash has also been called Sacramento Wash, but Plute Wash has been adepted by the United
States Geographic Board,
® Yvss, J. C., Report upon the Colorado River of the West: 38th Cong., 18t sess., 8. Ex, Dos. ~-and H.
Ex. Doc, 90, 1861, .
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Fort Mohave, Ariz. (now Mohave City, about 15 miles north of
Needles), which had been established & short time after Ives’s expe-
dition traversed the Colorado, and a regular stage line was established
between southern California and Arizona, which carried much freight
to mines in Arizona. There was doubtless some mining in the
Mohave Degert in the early sixties, but there is practmally no record
of it. In 1863 J* W. Searles discovered borax in the deposits of a
large playa or “dry lake,” now known as Searles Lake. The deposits
were not worked commercially for nearly 10 years, but beginning in
1874 the borax from Searles Lake became for a short period one of
the most valuable mineral products of the country. These deposits
lost their commercial value when other deposits were discovered in
the Calico Mountains, near Daggett, in 1882 During the seventies,
gold and silver mines were opened in the Pansimmt Ivanpah, Bonanza
King, and Ord districts.

Mining operations and travel during the 1xtles seem not to have
been without danger, for several parties were set upon by the Indians.
In 1868 Camp Cady was established on Mohave River in T. 10 N,
R. 4 E. San Bernardino meridian, to afford protection to travelers
on the road from Wilmington, the port nearest Los Angeles, to northern
Arizona. About 100 soldiers were maintained at the camp until 1870,

In the summer of 1875 a party under Lieut| Eric Bergland® traveled
from Cajon Pass down Mohave River to Soda Lake and thence by
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% Bergland, Eric, Preliminary rsport upon the operations of part
1875-78, with g view to determine tha feasibility of diverting tha Col
U. 8. Geog. Burveys W. 100th Mér. Ann, Rept. for 1876, appendiz B
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i Loew, Oscar, U, 8. Geog. Surveys W. 100th Mer, Ann. Rept. for
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1876, under the following titles: A ppen-

dix G 2, Report on the meteorological conditions of the Mohave Desprt, pp. 152-157; Appendix H 2, Report

on the geological and mineralogical character of southsastern Califos
Appendix H 3, Report on the alkaline lakes, thermal springs, miners

rnin and adiacent regions, pp. 178-188;
1 springs, and brackish waters of south-

ern California end adjacent regions, pp. 188-199; Appendix H 6, Report on the physical and agriculfural
fegtures of southern California and espeeislly of tha Mohave Desert, pp, 214-222; Appendix H 7, Report
on the geographical distribution of vegetation in the Mohave Desert, pp. 222-224; Appendix H 15, On the
physiologlenl effects of a very hot climate, pp. 328-330. .

i Topographical atlas to illustrate explorations and surveys west of the one hundredth meridian, Lieut.
Q. M., Whaeler In charge, U. 8, War Dept.
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After the explorations of Williamson and Whipple to find a railroad
route from Mississippi River to the Pacific several abortive attempts
were made to form a company to build a railroad. In August, 1883,
the railroad of the Southern Pacific was completed to Colorado River,
where it joined a railroad just built by the Atlantic & Pacific Railroad
Co., which was then controlled by the Atchison, Topeksa & Santa Fe
Railway.# A year later the road from Mojave to*the Colorado was
purchased by the Santa Fe, and at the same time arrangements were
made for that company to use the tracks of the Southern Pacific
across Tehachapi Pass. The line from San Bernardino to Barstow
was completed in November, 1885. As an aid in building the road
from Mojave to Needles as well as the line from Mojave southward to.
Los Angeles, the Southern Pacific Co. was granted certain odd-
numbered sections of land for a distance of 10 miles on each side of its
right of way, exclusive of all mineral rights except those of coal and
oil. When the road was sold to the Atchison, Topeka & Santa Fe
the Southern Pacific retained these land-grant sections, which it has
sold to the public wherever possible.

Besides the building of the railroads, the cutstanding feature of the
eighties was the great output of the silver mines in the Calico and
Providence districts. (See p. 29.)

The first agricultural development in the Mohave Desert region
probably began in the early sixties, Rancho Verde, now one of the
largest individual holdings located on the Mohave River bottom land
south of Victorville, was first occupied about 18672 The first
recorded appropriation of water from Mohave River for irrigation
wasmadein 1872.4 Black’s ranch, on Harper Dry Lake, was occupied
by cattle ranchers when Lieutenant Birnie’s party passed there in
1875. The development of agriculture, however, apparently was
gradual and mostly confined to the moist lands along Mchave River.
F Early in the eighties it was discovered that flowing wells could be
obteined in the lower part of Antelope Valley near Lancaster by drilling
to depths of 200 to 500 feet.®® Hinton states that in 1890 more than
100 wells were in use in the valley, but it is doubtful whether very
many of them were used for irrigation. Ground water in Antelope
Valley has been greatly developed in recent years, however, until
the valley is now the most productive agricultura] district in the
Mohave Desert region. (See pp. 289-371.)

In the late eighties and early nineties a wave of land-settlement
schemes swept over the Western States, and in California conditions

11 Bradley, Q. D., The story of the Santa Fe, Boston, Richard G. Badger, 1620,

# MceClure, W, ¥., and others, Report on the utilization of Mojave River for irrigation in Victor Valley,
Calit.: California Dapt. Eng. Bull, 5, p. 23, 1918.

4 Idem, p. 48,

4 Hinton, R. J., Progress report of irrigation In the United States, U, 8. Dept. Agr., p. 50,181, Johnson,
H. R., Water resources of Antelope Valley, Calif.: U. 8. Geol. Survey Water-Supply Paper 278, p. 85,
(well 208), 1911,
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were made favorable:by the passage in 1887 of:& law known aé the
Wright Act. This law “sbught to confer on Hamming communities
powers of municipalities in the purchase or eonstruction and the
operation of irrigation works.” ¥ TUnder this act six irrigation dis-
tricts were organized in the Mohave Desert region, all of them in-the
drainage besin of Antelope Valley. The Little Rock Oreek district
is the only one that can be said to have been entirely successful after
& hazardous career. (See p. 201.) During this same period several
other plans to provide water for irrigation were started, although mot
in the form of irrigation districts. Most of these plans provided fer
the use of water from Mohave River. The most pretentious plsa
ipeluded tha construction of several reservoirs on the north slope:ef
the San Bernardino Mountains. One of these reservoirs, known ss
Listle Bear Lake, has been partly constructed, but the rest of .the
plan has not yet been completed. None of the other schemes were
completed as originally planned, and some of them have failed com-
pletely. A brief statement of the history of the different projects
for using water from Mohave River is given on pages 381-384. ‘
A remerkable event in the recent history of the region wes the eon-
struetion of the Los Angeles aqueduct. The greatest benefit from
this :development accrues to the area south of the Mohave Desert
region, but as the aqueduct traverses the western border of the region
from north to south, the story of its building is not out of place. -
Prior to 1905 the water supply of the city of Los Angeles was
obtained from Lios Angeles River and smaller streams near by and
from wells which penetrated the porous gravel at the foot of the mous-
tains. As the city and the surrounding country was intensively
cultiveted by irrigation, the ground-water level of the region was
‘rapidly lowered. The development of a larger supply sufficient for
the future wants of the rapidly growing city became imperative.
Investigations showed that water might be obtained from the moun-
tains not far distant, but this would further deplete the ground-water
supply of the valleys south of the mountains. To decrease the water
supply of this fertile region would be to prevent the maximum devel-
opment of what was to become one of the most intensively worksd
and productive farming regions in the United States, because the
requirements of irrigation demand large quantities of water. It was
evident that if the development of Los Angeles and the surrounding
country was to continue a water supply must be found which would
not in the leest affect the resources of the region. :

# Adams, Frnnk Irrigation distriots in California, 1887-1615: California Dept. Eng. Fifth Bienn, W., .
Appendiz B, p, 8, 1017, (This report was also publishsd a8 Cslifornis Dept. Eng. Bull. 2, 1930.)

7 The following Qescription I3 based largely on Los Angeles Dept, Publio Servloe, Complebe Tepst
on construction of the Los Angeles aquedugt, 1916,

5631-—20-——3
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The solution of this perplexing problem was found by Fred Eaton,
a former mayor and city engineer of Los Angeles. In traveling
through the region of Owens Valley, almost 250 miles nearly due
north .of Los Apgeles, he had been impressed by the vast quantity
of good water that was being wasted through running into Owens
Lake, a large body of salt water. He had made investigations and
was convinced that, as a result of natural conditions of topography,
this great supply could be carried to Los Angeles at a cost which,
though great, would not be disproportionate to the value of the water
to the growing city. After due investigation the city undertook the
project of building a large aqueduct from Owens Valley to Los
Angeles. Work was begun in October, 1907, and completed in May,
1913, at a cost of slightly less than $25,000,000.

The capacity of the aqueduct is about 420 cubic feet & second (about
188,500 gallons a minute, or 271,000,000 gellons a day). The length
of the aqueduct from the intake to the San Fernando Reservoir is
223 miles, and the end of the aqueduct proper is 23 miles north of
Los Angeles. The total distance of nearly 250 miles from source to
final destination is just about twice as great as the length of the great
Catskill aqueduct, which supplies water to the city of New York.
The Catskill aqueduct has a greater capacity than the Los Angeles
aqueduct and has cost considerably more, but in many ways the feats
involved in its construction are not any more wonderful than those
involved in building the western waterway. The water is carried to
Los Angeles entirely by gravity, there being a difference of about
2,500 feet between the intake and the San Fernando reservoirs. In
order that the effect of fall may not be lost and that the need of
pumping may be obviated, the water ig carried across deep canyons
and wide valleys in inverted siphons that have a total length of 12
miles and through 43 miles of tunnels that cut ecross mountains. It
is expected that eventuvally hydroelectric power to the extent of
400,000 horsepower may be developed at points along the aqueduct.
The city is already selling a considerable quantity of electricity.

The difficulty of the transportation of thousands of tons of supplies
across miles of desert and of getting huge pipes into place on steep
canyon sides was one of the great problems. The branch of the South-
ern Pacific Railroad from Mohave northward to Owenyo was built
primarily for the express purposs of transporting supplies and equip-
ment for the aqueduct. This railroad incidentally has made the
northwestern part of the desert much more accessible than it was
before the aqueduct project was begun. ’

Another notable event in the recent history of the Mohave Desert
region was the construction in 1812 of the high~power electrie trans-
mission line of the Southern Sierras Power Co. from the Owens
Valley, north of the northwest corner of the region, southeastward to
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San Bernardino. Electricity was thus made available not only far
domestic use but also for irrigation, mining, and manufacturing.
Branch lines furnish power for irrigation in Indian Wells Valley, im
the vicinity of Victorville, and along Mohave River to Barstow.
Power is also furnished to the potash plants on Searles Lake and to
mines in the Randsburg district. At the time it was constructed the
main transmission line, more than 235 miles long, was one of the
longest transmission lines in the world. In 1914 the Southern Cali-
fornia Edison Co. began furnishing power for irrigation in Antelope-
Valley, and electric power is now used almost exclusively in that part
of the desert.

The more recent history of the Mohave Desert region is found in
the development of the agricultural districts and productive mining
districts which are described in the other parts of this report.

SETTLEMENTS AND POPULATION

There are several towns in the Mohave Desert region. Mojave,
Barstow, Yermo, Ludlow, and Needles are situated at important
railroad junctions or division points. Palmdale, Lancaster, Rosa-
mond, Victorville, Hinkley, Daggett, and Inyokern are situated in
agricultural districts. All these towns have good stores and other
facilities to meet the demands of the traveler and may be considered
permanent. Randsburg, Johannesburg, Atolia, and Goodsprings
are mining towns. Oro Grande and Amboy depend respectively
on cement and gypsum manufacturing plants. Trona, Borosolvay,
and Hanksite, on Searles Lake, are maintained by companies that
produce potash from the old lake bed.

Supplies may be obtained at a number of other small places. On

" the main. railroads section crews are located every 10 or 15 miles,
but many of the stations indicated on the maps are only sidings,
where neither help, supplies, nor water can be obtained.

In the mining districts the permanence of the towns is somewhat
uncertain. In several places there is now almost no indication of the
presence of towns that at one time had populations ranging from sev-
eral hundred to a few thousand. Perhaps the best example is the

~ famous town of Calico, in the Calico Mountains, 10 miles north of -
Daggett, which is said to have had in the late eighties a population of
more than 5,000. The town was dependent on silver mines in the
mountains, and when silver declined in value the population dwindled
rapidly, until during the last few years only three or four men have:
lived among the ruins of the town while they sporadically worked.
the best ore in abandoned mines. (Seepl. 3, 4.) A town of severak
hundred persens is said to have arisen at the Bonenza King mine
when it was in operation, and another large settlement grew up at
Dale. These places have been practically deserted for a number of
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years. - Within the last two vears the towns of Atolia and Rande-
burg might have shared a similar fate, owing to the almost complete
shutting down of the tungsten and gold mines, if a rich and unexpecied
silver strike had not been made at an opportune time. Goodsprings,
Nev., is another town whose population iz subject to fluctuation.
After the reappearance of German potash on the United States
market the potash plant at Borosolvay was closed down, and the

town was practically deserted.

In 1920 Needles, the only incorporated town in the region, had a

population of 2,807.* Census data are not obtainable for unincor-

porated towns, but the population of the judicial townships in

1900,

1910, and 1920 is given in the following table. With few exceptions
the names of the townships are the same as the names of the principal
towns in them, so that the table gives an approximate idea of the

gize of the towns.

Population of miner civil divisions ir; Mohave Desert region in 1920, 1910, and
800 s

Minor civil division 1920 { 1910 | 1900
LOB ANGELES COUNTY .
Antelope Towmhi?- 2,108 1 1,047 415
Fatrmont TownshiD. oo oo cameeeeee 840 032 427
Total, part of Los Angsles County considered in this report. - ——ooo..- 3,036 | L9T9 ,Sﬂ
8AN BERNARDING COUNTY
Abolia ToWnshiD. - e cc e cmnsncmaman e amme oo e e 1) J R
Bagdad Toewnship. eeemmem—mmmmm——— e mm e - - . 3 TR N,
Barstow Township e mmmemmmmAseeemameaeeicamemmeaema-ememsmmateanen 1,638 | 1,066 [
Belleville (including towns of Daggett and Newberry) 347 874
Calzona Township and part of Colorado River Indian Reservation o7
Dale Township__.
Hesperia Townghip_ .o crmmreceee s .
Kelso Township.
Ludlow Township

Needles Township'('l;mludmg Needles city)
Oro Grande Township...,

Silver Lake Townshdp. oo cmeaaema e
Trons Township_
Vanderbilt Township....
Victor Township...
Yermo Township...
Total, part of S8an Bernardino County considered in this report....._____ 8,016 | 6,450 3,322
KERN COUNTY
Township 10 (Including town of Mohave) . .o .o emcceimacmcaas 1,022 g? E? '
Township 11 (Including towns of Inyokern and Randsbirg)aa e ccceocmcmacmee e 912 L b
TPotal, part of Kern County considered in this report. . _a_.o__ L834! (& (]
Part of Inyo County considered in this report_ .. ocooeemmoooo. 2 250 2‘2 Eg
Paxt of Clark County, Nev., considered in this report. e 550
Grand total, Mohave Desert region oe| 14,886 () (U]

s Fourteenth Census, vel, 1, pp. 354, 356, 1921,

& Townships redistricted since 1910 census and data for these districts for 1910 and 1900 therefore not

comEarabla
« Eatimate furnished by the Director of the Burean of the Census.
¢ Btatisties for 1010 and 1900 not available.

@ Fourteanth Census, vol. 1, p. 184, U. S. Dept. Commeres, 1921
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“The'data in these tables are of interest in showing the permanency
of the population in soms of the districts where conditions are favor-
able to agriculture and the fluctuations where mining is the principal
industry. The decrease in population in Belleville, Dale, Silver
Lake, and Vanderbilt Townships is explained by the dying out of
short-lived mining “booms.” On the other hand, the incresse in
the population in Hesperia, Victor, and Antelope Townships is. due
largely to the gradual development of the agricultural resources. ' -

TRANSPORTATION

The region is fairly accessible by railroads, the main lines of three
important systems passing through it. The Valley line of the
SBouthern Pacific Co. crosses the west edge of the desert from Palm.
dale to Mojave and thence goes through Tehachapi Pass, A branok
line continues north from Mojave along the east side of the Sierra
Nevada. The Trona Railroad is a short line that leads from Searles
station on the Southern Pacific to Trona. The main line of the
Atchison, Topeka & Santa Fe Railway from Los Angeles to Chieago
goes north from Sen Bernardino through Cajon Pass to Barstow
and thence east to Needles. A branch line goes from Barstow to Mo
jave, connecting there with the Valley line of the Southern Pacifie,
which the Santa Fe trains to San Francisco use for some distance,
An important branch line of the Santa Fe runs southeast from Cadiz
to Parker and Phoenix, Ariz., with a connecting line from Rice
(formerly Blythe Junction} to Blythe, in Riverside County. A
minor branch rung from Kramer to Johsnnesburg, and another from
Goffs to Barnwell and Searchlight, Nev.®* The Los Angeles & Salt
Lake Railroad (part of the Union Pacific System) uses the tracks of
the Santa Fe from San Bernardino to Daggett and thence runs
northeastward across the region. The Tonopah & Tidewater Rail-
road runs from Ludlow nearly due north, and serves a large temtory
that contains valuable mineral resources.

Much of the local travel in the region is by automobile, and meny
travelers even from distant parts of the country pass through the
region in automobiles. The through travel is mostly confined to
+ thres or four routes which are described briefly on pages 141-143.

Although most of the desert roads are not paved or otherwise -
improved they are generally in fair or good shape. Sometimes
heavy storms wash out stretches and make them impassable. On
some routes, mostly those that are little traveled, sand may be
encountered, but the desert traveler usuelly learns in a short time
- how to cope with this difficulty. The greatesi hazard in automobils
travel on the desert is the fact that places where water and other

#e' Afier the maps in this report were prepared the branch from Gofls to Barnwell énd Searchlight wes
abandoned and the track torn up.
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supplies can be obtained are far apart, and some slight trouble, such
as a cracked spark plug or a leaky radiator, which in more settled
regions might cause only slight discomfort and delay, may easily
prove disastrous. A number of suggestions to desert travelers are
given on pages 132-140. Notes on watering places on the different
roads are given in the descriptions of the different valleys in the
region. .
: MINERAL RESOURCES
STATISTICS OF PRODUCTION

The products of greatest value obtained in the Mohave Desert
region come from mineral deposits. Some idea as to their value
may be obtained from the statistics of San Bernardino County given
in the following tables. Probably at least two-thirds of the mineral
production of San Bernardino County comes from the desert part
of the county. For several years this county led all others in the
State in variety of minerals produced, 25 different substances being
produced commercially in 1918, 17 in 1919, and 22 in 1920.%

The statistics for the years prior to 1894 are not available except
for gold and silver, and these, which are shown in the second table,
are of considerable interest because of the fact that the silver produc-
tion alone amounted to more than a million dollars annually in
several of these years. The production of borax amounted to more
than $50,000 a year for a number of years prior to 1894.%

The statistics for 1894 to 1919 likewise do not show the full value
of mineral production in the county for that period, for during the
years of 1904 to 1911 the value of borax and cement produced in the
county, and perhaps of other products, was not included in the county
totals but was given in unapportioned totals for these materials for
the entire State. During this period the production of borax probably
gradually declined, but, on the other hand, the production of cement
gradually increased from a little more than $100,000 in 1903 to
nearly $1,000,000 in 1912. The total mineral production of the
county has probably amounted to nearly $135,000,000, and that of
the desert part of the county to nearly $100,000,000. Of the prod-
ucts listed in the teble a large proportion of the limestone and lime,
granite and other rocks,” and cement was produced in the region
south of the San Bernardino Mountains. Certain products, as
tungsten, borax, salt, and gypsum, are obtained solely in the desert.
In addition there has been considerable mineral production from the
parte of the other counties considered in this paper.

4 Bradley, W, W,, Oalifornis mineral production for 1920: California State Min. Bur. Bull. 90, p. 178,

5021,
# Bailey, G. E., The saline deposits of California: Califoernia State Min. Bur, Bull, 24, pp. 3940, 102,



Yalue of mineral production from San Bernardine County, Calif., 1804-1925 °

: Granite
Yoar Gald Bilver | Copper | Lead | Zine |Tungsten| Borax | Potash | Salt | ?‘fg Cement lli.‘!ig;:t%%% and other| Gems %é;”‘gl? Ag{:iﬂ
$3, 000 $21, 600 L2} W - 1 N SN 1, 000, 644
20,101 3% 866 | 117,864 | 37,673 ||l 1,114, 863
15, 000 27,000 B2, 477 31 476 | 1,008,
46, 000 12, 000 [ D 1,812, 780
150,000 | 41,600 | 23,040 |-omo--- $i6,000 | 1,644,152
...... 180,000 | 20,0101 10,900 |.-oooonl & 1, 850, 351
121,000 | 40,828 | 65,757 $20,000 |-eneecannna| 1,985,
159, 842 119,738 | 168,777 | 20,000 5, , 844, 230
273,600 | 117,410 Y 11, 600 1,800
157, 000 s 561 | 10,000 4, 1, 516.618
{ ‘; 64,075 | 214,336 17, 500
{c X 187,107 | 65,000 |__.___.____ X
?; 53, 138 63,476 13, 500 623,414
€ 147,788 | 177,888 |rmueooon 15,568
() 7,466 | 231,742 200 7,350 711,920
9 ‘ 200 11,988 | 515851
8 157,715 | 95128 | 1,120 600 | 422
° A 187,148 |—uoo._. 12, 100 710, 108
?’) 97,867 , 450 1,85 | 1,428,057
‘2 149,320 550 | 1,393 2,483,100
{ . 131,978 |-cocoeaa 1,062,211 | 1,609,
080, 000 68,500 | 178,528 (... 64,716 | 2, 666, 692
2486, 000 117,803 | 174, 054 1,000 217,265 [ 6, 562, 647
872,064 | 187571 | 118,508 | _.__ 157,884 | 7,406,122
453,962 , 323 40,281 |______ 159, 5 7,572, 640
717,948 183,388 |ocomanean 463,337 | 4,204,103
051,079 { 169,901 | . .... 236,551 | 6,383,732
633,437 | 106, 1956 145, 672 :g 652, 1 9, 586, 607
, 156, 7, (9) 1,826,804 | 8, 547, 900
1,9 , 478, 612 28,324 | 861,151 4 2,412,362 | 13, 777,263
187,573 | 1, 531, 598 2,314 | 2,533 99, 701 , 671,370 45,137 | 355,048 |____..__ 2,845, 536 | 12, 641,798
925, e ma 167,874 | 1,378,392 888 | 5,349 ( () 161,085 | oo 8,828,044 | 152,015 | 305,048 [________| 3,181,468 | 14, 179, 683
7,034, 797 (13, 718, 003 |2, 615, 487 |392, 769 10, 609, 305 | 8, 441, 586 [508, 457 |400, 166 |44, 077, B4 |2, 556, 507 |5, 534, 651 (130, 120 |14, 896, 216 [121, 130, BO5

= Compilad from bulletins of California Btate Min. Bur. Does not include mineral ¢ Prodaction of borax and cement for 18041911 not included in county report but given
‘Whaere blank spaces are left it I3 nol certain whether there was any produstion. {nln totals for the entire State. (See p. 20.)

o8, in one year or nnothm‘. agbestos, barytes, bmx‘n‘%ck calclum ¢hloride,

cluded in miscellansous,
ment, elay, mms, zgpsumm%n, lead, hme, IBADRATY paint, potash, salt, .

tungsten, vamdium, tine,

SHOYNOSHEY TVHININ
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Value of gold.and silver produced in San Bernardino County, Calif., 1880-1888

Year Goid Bitver Total

™) ¥ (¥
- 9,000 100, 000 169, 000
20, 000 150, 000 170, 000
30, 000 1, 050, 000 1, 080, 000
¢ 32,000 | <2, 550,000 | 2 582,000
23,000 | 2,363,486 | 2,388,486
56, 484 1, 204, 760 1, 261, 214
27,850 1, 133, 267 1,161,117
25, 000 1,200, 000 1, 225, 600
19, 737 224,820 844, B57

17,335 705, 466 812, 800
62,970 11,187 718,127
47,087 87,072 14,100
158, 000 447,020 805, 030

528,398 | 12 886,687 | 13,125,800

s Compiled from the annual reports of the Director of the Mint upon the production of the precicus
moetals in the United States.

» No official retarns,

< The report of the Director of the Mint for 1884 gives two estimates. One, by A. M, Lawver, gives
the production of gold in San Bernardino County as $40,000, that of silver as $3,706,204, and the totel
ﬁg-oduction a5 $3,746,204 (p. 175). The figures given above seem to be the official estimate (p. 66), although
: elegsltgimate of Mr. Lawver is used in California State Min. Bur. Bull. 88, Californis mineral production
or 1019,

Mineral production in the Mohave Desert region has been hampered
by lack of cheap transportation and lack of water. Many of the
mineral properties are 10 to 50 miles from the nearest railroad. The
great development of automobile and tractor transportation has
reduced the difficulties of transporting ore from the mines to the
railroads, but the cost is still great. For example, in 1915 the cost
of hauling ore from the Owl Hole manganese mine, in T. 18 N, R,
3 E. San Bernardino meridian, to the Tonopeh & Tidewater Railroad,
a distance of 35 miles, was 35 cents a ton-mile, or more than $12 &
ton for the entire haul. Obviously an ore must be of high grade to
warrant such shipping costs.

Where sufficient “water can not be obtained for milling, the ore
must be shipped in unconcentrated form, thereby increasing the
coste. At several of the larger mines water has been piped for &
number of miles or hauled in tank cars. The supply for the Yellow
Aster mine, at Randsburg, is pumped from the Goler Well, about 5
miles northwest of the mine, with & lift of about 1,000 feet. The
water used at the mill of the Atolia Mining Co. was for many years
hauled in tank cars from Hinkley, a distance of nearly 50 miles, at &
cost in 1909, of $24.30 for a car of 9,400 gallons. The Pacific
Mines Cerporation hauled water a distance of 40 miles from Weter
station (Newberry Spring) for use at its mine at Stedman, 8 miles
south of Ludlow. In 1917 the Solvay Process Co. obtained water
by tank cars from Cantil, a distance of more than 50 miles, for
domestic use by its employvees at Borosolvay. - It is evident that
the cost of obtaining water at many of the places where ore deposits

6 7. 8. Geol. Survey Mineral Resources, 1809, pt. 1, p. 577, 1841,
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-arefound may be a leading factor in determining whether the ore may
be mined at a profit.
. The following paragraphs give a brief summary of the production
of some of the more valuable minerals. Much information in regard
to the mineral resources of the Mohave Desert region is given i
the annual reports of the State Mining Bureau on mineral ymd:%
tion, special reports on specific products, and county reports.® :

MRETALS

Silver~—The value of silver produced in San Bernardino County
has probably been greater than that of any other mineral and amonnts
to more than $26,000,000. Practically all the silver has comae from.
the desert; part of the county. A large part of the silver was pro.
duced prior to 1893, After that the production was small for many
years until rich deposita were discovered in 1919.

_ The earliest year for which there i8 any record of the preduction
of silver in San Bernardino County is 1881, when the recorded pro-
duction amounted to only $100,000. In that year rich deposits were
discovered in the Calico district. By 1883 the production had risen
%0 more than §1,000,000, and the following year it had reached mope
than $2,600,000. (See footnote ¢ to table on p. 28.) The producr
tion continued to be more than $1,000,000 each year through 1888
The importance of the production of San Bernardino County during
that period is shown by the fact that from 1883 to 1893, exceps in
1892, the value of the silver produced in the county each year was
practically 70 per cent or more of that produced in the entire State,
and in two years, 1884 and 1885, it was 85 per cent or more. The
production dropped suddenly after the lowering in the price of silver
gince 1893, and with the exception of four years, until 1920, it wes
never again as high as $100,000. In 1919 the value of the silver
from San Bernardino County was only about 3 per cent of the totel
for the State. From 1920 to 1825 the production of silver from the
newly discovered Rand district ranged from more than $1,200,000
to 93,210,706 annually and aggregated nearly $12,000,000.

- During the early periods of great production most of the sﬂwr
cams from .two or three districts. The leading distriet was the
Calico district, about 8 miles north of Daggett. Other produective
districts were the Grapevine district, a few mtles north of Barstow;
the Ivanpeh district, 10 or 15 miles north of Ivanpah; and the Provi~
dence district, 25 miles northwest of Fenner. There has been prac-
tically ne production in most of these districts for many years.
Frnm tinre to time a few men have mined out some of the nchest ore

_ # Boalich, E. 8, Cstalog of the publications of the Californis State Mining Buresy, 1880-1017: Cnumnh
Btate Min. Bur. Bull. 77, 1017. Brie? descriptions of the chlef mining regiohs are given in counity reports
for San Bernardine, Eern, and Inyo Counties, published as chapters of the report of the Stato miieraloglst
for 1915-16.

I

i
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in the Calico district. In the spring of 1919 rich silver deposits were
found near Randsburg (see p. 229), and these have been extensively
developed. The California Rand mine, in this district, has been the
largest single producer in the United States for several years and up
to April 1, 1924, had yielded over $10,000,000.®* The peak produc-
tion was reached in 1921, and since then there has been a gradual
decline.

Gold —The total production of gold in San Bernardino County
gince 1880 has amounted to more than $6,500,000, but this is only a
small percentage of the total production of the State. Most of the
gold mined in San Bernardino County has been obtained from the
San Bernardino Mountains, which in this report are not congidered a
part of the Mohave Desert. Much of the gold has been obtained
from placer workings in these mountains. ,

In the desert the Dale district, in T. 1 8., R. 12 . San Bernardino
meridian, was an important producer several years ggo, but it has
not been active for some time. The Providence district, northwest
of Fenner, has also been one of the larger producers. Considerable
active development work was done in the Goldstone distriet, 30
miles north of Barstow, after the discovery of gold in 1915, but in
1917 the work was stopped, and so {ar as is known there hes been no
further activity.

The largest producing district for some time has been the Rands-
burg district, which, however, is in Kern County. The prinecipal
mine here is the Yellow Aster, which up to 1915 is said to have pro-
duced $6,000,000.% The Randsburg district, including its placers, is
said to have produced $10,000,000 up to the same time. Congiderable
gold has been produced from several mines in the Rosamond Buttes
and other buttes south of Mojave.

An interesting phase of gold mining in the desert region has been
the working of the so-called ‘“dry placers.” Gold has been found at
several places in the alluvium that covers 3o large a part of the region,
The secarcity of water makes impracticable the working of the placers
in the usual way, and methods of “dry washing”’ have been developed.
Machines called “dry washers’” have been contrived which use bel-
lows to blow away the lighter materials. The residue is sometimes
“panned” without water, except perhaps in the final stage, when
only a very small quantity is used. Some of the most productive dry
placer fields have been the Coolgardie field, 19 miles north of Barstow;
Goler Wash, northwest of Randsburg; and the Summit Diggings,
about 6 miles north of Johannesburg. None of these fields have

. B Hulin, C. D,, Geology and ora deposits of the Randsburg quadrangle: Californla Btate Min, Bur,
Bull, 95, p. 119, 1925

H Brown, G. C., Mines and mineral rescurces of Kern County: Cali!m-nia State Min. Bur. Rept, Stato
Minaralogist for 1913 and 1914, p. 59, 1515,
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been producing much for some time, although a few men have beent
. working them sporadically.

Copper —Copper is found in many parts of the Mohave Desert
region, but the production has amounted to only a little more than
$2,500,000. The annual production has varied greatly from year to
year, doubtless in part owing to fluctuations in the price obtained for
the metal. The greatest production has probably come from mines
in the Ivanpah district, especially from the Copper World mine, in
T. 16 N., R. 13 E. A copper smelter was operated at Valley Wells,
& few miles southwest of the mine. In 1917, after a period of idle-
ness, the smelter was reequipped and considerable ore was smelted,
but the furnaces were operated for only a few months. The mine of
the Pacific Mines Corporation at Stedman, about 8 miles south of
Ludlow, has been one of the largest producers: In recent years
copper has been mined in the Whipple Mountain district, in the
southeast corner of San Bernardino County. ‘A copper smelter is
operated at Needles, but some of its ore is brought from Arizona.

Lead and zinc.—The production of lead and zine in the Mohave
Desert region has been relatively insignificant. Nevertheless, for a
number of years San Bernardino County has ranked second or third
‘among the counties of the State as a lead producer, although in only
two years since 1907 has the production from the county been as much
a8 10 per cent of the total for the State. The lead is generally asso-
ciated with silver.

The production of zinc has been even smaller than that of lead.
The county, however, is one of the three counties in the State which
meke any regular produetion, the other two being Inyo and Shasta
Counties, which are also regular producers of lead. The zinc is
associated with the lead and silver.

Tungsten.—Tungsten is one of the most valuable minerals found in
the Mohave Desert region. Extensive deposits exist near Atolia.
The tungsten-bearing mineral at Atolia is mostly scheelite (CaWO,),
and the Atolia deposits are the largest and most productive deposits
of scheelite known. Likewise the mine of the Afolia Mining Co.,
which has produced most of the tungsten in this district, for several
years has becn the largest tungsten mine in the world.®*® The output
of this mine for the 11 years 1908 to 1918 amounted to more than
$9,000,000. In addition to this output ore worth many thousands
of dollars has been produced by other mines, and much placer tyng-
sten has been dug up in the so-called “spud patch” on the alluviume-
- covered slopes below the vein deposits. The total output of the Atolis
district has probably been more than $10,000,000. The deposits
are described briefly on pages 227-228. Some tungsten ore has been
shipped from the Clark Mountain and New York Mountein districts,

# T, B, Goeol, Survey Mincral Reaourees, 1918, pt. 1, p. 979, 1921.
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in the eastern part of San Bernardino County. Tungsten is also
reported to occur 15 miles northwest of Victorville and on the north’
gide of the San Bernardino Mountains, 45 miles southeast of Vietor-
ville.® Since 1918 the production of tungsten in the desert region
has been very small, owing to the fact that the product can not con
pete with imports from Asia, where cheap coolie labor is used. Be-
cause of the lack of & protective tariff, in 1920 for the first time since
tungsten has been mined in California there was no production in the
State.” Such s tariff was 1mp0sed by the law passed in 1922. Pro-
duction from the Atolia region was resumed on a small scale 1} 1923.
In 1924 the production of tungsten in the entire State was $446,000,
and in 1925 it was $348,475. It may be assumed safely that most of
this eame {from the Atolia district.

Other metals —In addition to the metals already mentioned, several
others have been produced in the Mohave Desert region, or deposits
of them are known fo exist which may some time be of commercial
value.

Iron ore is found at several places, but its mining on a commercial
scale has been hindered by the fact that there is no good supply of
fuel for smelting close at hand. Deposits that may prove of value
are those in Cave Canyon, near Baxter, in T. 11 N., R. 8 E. San
Bernardine meridian; the Iron Age deposits, 6 miles east of Dale,
in T. 18, R. 13 E.; the Iron Mountain deposits, about 10 miles wess

- of Silver Lake; the Vulcan deposits, in the Providence Mountains
east of Kelso; and deposits a few miles north of Cadiz.

Manganese is found at a number of places, but ore has been shipped
only from the Owl Hole mine, in the Owl or Owlhead Mountains,
T. 18 N, R. 3 E. The ore was hauled by tractor to the railroad a$
Riggs statmn a distance of more than 35 miles. This mine has
been idle much of the time because of htlgntmn

Platinum has been mined at the Boss mine, in the Goodsprings
district, in T. 24 8., R. 57 E. Mount Diablo meridian, Clark County,
Nev., in the northeastern part of the area covered by this report.
The oceurrence of this rare metal at this place is of special interes$
in that it is one of the few primary deposits in which metals of the

platinum group occur in more than traces, and, with one possible

exception, it is the only primary deposit of economic importance
in which these metals are the constituents of greatest value.®® Most
of the world’s supply of platinum is obtained from placers. The
platinum at the Boss mine is associated with gold and palladmm,
‘ anot.her rare metal of the platinum group.

L] Hess, F. L., and Larsen, E, 8., Contact-metamorphi¢ tungsten deposits of the Unfted States: U, B,
Geol. Survey Bu.ll 725, pp. 261~262, 1921, Surr, Gordon, Tungeten at Victorville: Am. Min, Rev. (Tos
Angeles}, vol, 24, pp, 8-9, July 11, 1908,

& Bradley, W. W., Ca.lifornia mineral production for 1820: California State Min, Bur. Bull. 80, p. su, 1921,

® Enopl, Adolph, A gold-plstinnm-palladinm lode in sputhern Nevada, U, 8, Geol. S8urvey REull, 620,
p. 8, 1916,
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.- Vianedium is found ‘in the Signal mining district, sbout 8 milea
"porth of Goffs, but up to 1919, so far as is known, there had beem
no eommercial production, although some development work hadl
been dome. Vanadium has also been reported in the vidnity ef
‘Twenty-nine Palms. The mineral has been reported frosa only one
other locality in California.

Minerals containing mercury, molybdenum, and nickel are slae
. found at one or more places in the Mohave Desert region, but ee
" far as is known none of them have been mined on a commercial mle.

NONMETALS

" The recorded production of nonmetals in San Bernardine County
exceeds that of the metals. A slightly larger proportion of the non-
metallic production has probebly come from the nondesert part of
the county, but several of the nonmetallic products eccur omly. in

the desert, and their presence is largely due to desert conditions.
 Borgz—Borax was one of the first minerals produced in the regian
and it has been one of the most valuable, ranking close. to silver.
The total value of borax produced in San Bernardino County is
saveral million dollars greater than is given in the table on page 27,
The production prior to 1894 was probably more than $4,000,000,%
and since 1903, the last year for which there are definite figures, the
annual productlon has been large.

Borax was discovered in Searles Lake by J. W. Searles i in 1863,
but there was no commercial development until 1873. In 1882 rich
deposite of colemanite (borate of lime) were found at the east end of
the Calico Mountaing, north of Daggett, and a few years later practi-
cally all the borax produced in the county came from this distriet,
which is kmown ss the Borate district. Later the so-called Death
Valley deposits, which consist of colamanite, were found. The
Borate deposits were eventually practically abandoned, but in recent
vears the company has shipped some of the richest ore. When the
Borate deposits were being developed to the maximum a large borax
mill was erected at Daggett and another one several miles north of
the town. The ruins of these mills are silent witmesses of the extens
of development of the deposits in bygone days. With the abandone
ment of the Borate deposits the production of borax in San Bernardino
County was greatly lessened. In recent years some borax has been
produced from Searles Lake as & by-product in the refining of potash.
Borax deposits have recently been discovered about 7 miles northwest.
of Kramer.®®

Potash.—Potash has been one of the most valuable minersl products:
obtained from the Mohave Desert region in recent years. FPotash is

- # Byiley, G, E,, The saline deposits of California: Osltfornia State Min. Bur. Bull. 24, pp. 8640, Eﬁ
# Noble, 1, F'., Borate deposits in the Kramer district, Xern County, Catif: U, 8. Geal, Survey, Buil,
788, pp. 46-61, 1926,
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found in the saline deposits of many playas or “dry lakes” (see p. 109)
in the desert, but in most of these it is mixed with much sand and
clay and is not sufficiently pure or does not occur in large encugh
quantities to warrant its extraction. On account of the demand for
potash, especially during the war, when the supply from Germany
was shut off, very much prospecting has been done, but the results
have largely been negative, except at Searles Lake, in the northwest-
ern part of San Bernardino County.

The central part of the Searles Lake playa is a mass of practically
pure crystalline salts of potash and sodium that covers about 11 or
12 square miles.®* The interstices of the crystalline deposit are filled
to a level within a few inches of the surface with a saturated potash-

bearing brine which is estimated to form more than 25 per cent of

the entire saline mass. Three plants for manufacturing commercial
potash have been erected along the borders of the playa, and in the
last four or five years nearly $10,000,000 worth of potash has been
produced. Since the World War the importation of potash from -
Germany has rapidly increased again, to the disadvantage of American
producers, and production from the Seales Lake plants was greatly
curtailed in 1921. There has been some preduction of potash in
the country each year since then, but as the figures are lumped with
those for other products to avoid disclosing the output of individual
producers they can not be given separately.

Salt.—Salt, like potash, is found in the deposits of many of the
desert playas, but at only a few places is it pure enough to be produced
on a commercial scale. One salt-refining plant is located at the edge
of Bristol Dry Lake near Amboy and another at Saltdale, at the
edge of a playa in Fremont Valley, in T. 30 8., R. 38 E. Mount Diablo
meridian, in Kern County. Salt has also been shipped from the
west end of Danby Dry Lake, in T. 2 N., R. 17 E. San Bernardino
meridian. Beginning with a great jump in production in 1921 salt
has become of increasing importance as s product of the Mohave
Desert region.

Gypsum.—Gypsum is found in a number of places in.the Mohave
Desert region.” The only deposit which has been worked in recent
years, however, is at Amboy, where the gypsum occurs a few feet
below the surface of Bristol Dry Lake. Gypsum has also been shipped
from deposits near Palmdale, in the southeastern part of the region,
and from deposits near Acme, in T. 19 N., R. 7 E. San Bernardino
meridian. Extensive deposits of gypsum are found in T. 18 N,,

1 For a desciption of the oecurrence of potash in Searles Lake, see Hicks, W, B., Evaporation of brins
from Searles Lake, Calif,: U, 8, Geol. Survey Prof. Paper 98, pp. 1-8, 1817, and Gale, H. 8., Balines {n the
Owens, Searles, and Panamint Basios, seutheastern Callfornia; U. 8, Geol. Burvey Bull, 580, pp. 265-817,
1014,

& For degoriptions of the most extensive gypsum deposits in the Mohave Desert reglon see Hess, F. L.,
Gypsum deposits of the United States: 1. 8, Geol, Survey Bull, 887, pp. 63, 73, 756~77, 81-83, 1420,
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R. 5 E., on the northeast side of the Avawatz Mountains, and along
. the playa. in Fremont Valley referred to in' the paragmph above
regarding salt. o

Calcvum chloride ——Begmnmg in 1921 calcium chloride was producad
from the saline deposits of certain playas in San Bernardino County,
and in the 5-year period ending 1925 the production had exceaded
$378,000. Calcium chloride has become important through its use
in curing newly laid concrete pavements so that they can be opened
to traffic in about half the time formerly required.

Cement.—Cement is one of the leading mineral products of S&n
Bernardino County, but a large part of the output is manufactured
near Colton, in the non-desert region south of the San Bernardino
Mountains. There are, however, two large cement plants on: the
desert-——one at Victorville, which, when constructed in 1915, had a
capacity of 300,000 barrels a year, and another at Oro Grande, which

"has a capacity of about 200,000 barrels a year.® A plant with a
capacity of 1,250 tons daily was constructed by the city of Los Angeles
at Monolith station, in T. 32 S,, R. 33 E. Mount Diablo méridian,
in Kern County, to supply cement for use in constructing the Los
Angeles squeduct. In recent years it was sold to a private company.

- Lime and limestone.—A large quantity of lime and limestone has
been produced from San Bernardino County, but much of it has been
obtained in the nondesert portion of the region. Considerable lime-
stone has been quarried at Baxfier, on the Los Angeles & Salt Lake
Railroad, in T. 11 N, R. 6 E. San Bernardino meridian. The rock
is used at sugar refineries. Limegstone has also been quarried and some
of it burned east of Oro Grande and near Victorville, where the
cement plants mentioned above alsc obtain limestone.

Granite and other stone.—Qranite has been quarried near Victorville
and Oro Grande. Most of the material has been used for paving
blocks, but some has been used for building and monuments. A large
part of the stone produced in San Bernardino County has come from
quarries south of the San Bernardino Mountains, and much of it
has been in the form of crushed stone for macadam and concrete.
Some marble has been shipped from small quarries in the desert.

Fems—Gems of several kinds have been obtained from the Mohave
Desert region. The leading gem produced, in point of total value,
hes been turquoise, which has been mined in T. 16 N., Rs. 10 and

. 11 E,, in the Turquoise Mountains, 12 to 15 miles east of the town of

Silver Lake.# Opals have been found at several places, but not in

sufficient abundance to warrent mining. An unusual gem stone
found about 45 miles northeast of Johannesburg is myrickite, named

@ Cloudman, H. C., and others, Mines and mjneral resources of San Bernardino Gou.nty Cualifornia
State Min, Bur. Rept. State Mineralogist for 1914 and 1018, pp. 84-86, 1917,

® Cloudman, H. C., and others, op, cit., pp. 00-04. (In part quoted from Kunz, G. F., Gems,lewnlerl'
materials, mdnrmmenm stones of California: California State Min, Bur, Bull, 37, pp. 107 et seq., 1905.)
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after its discoverer, F. M. Myrick, which is & vadiety of agate that
contains brilliant red inclusions, which are said to be cinnaber. -

Petroleum.—Several test wells for oil have been drilled in different
parts of the Mohave Desert region, but up $o the present tims no
producing wells have been obtained. Prior to 1912 four wells had
been drilled north of the Atchison, Topelka & Santa Fe Railway
botween Kramer and Barstow.® ‘Showings’ of oil were reported
to have been found in each well, but if oil was actuelly present it
did not occur in large enough quantity te warrant pumping.

Operations at one of the wells, that of the Kramer Consolidated
0il Co., in the NW. 1{ sec. 11, T. 10 N., R. 5 'W., about 3 miles north
of Hawes station, have been continued intermittently from about
1000 to 1921, From time to time the well has been drilled deeper
until in 1921 it was said to be about 3,000 feat deep. (See p. 274.)
Tha operators pumped the well for many months, hoping that if
sufficient water were pumped out oil would come into the hale.
Whon the writer visited the weil in December, 1917, warm water
was baing pumped from the well. A whitish scura on the water was
said by the pumpers to be paraffin, but this is doubtful. An ansalysis
of the water (p. 278) shows it to be highly mineralized, but there was
no trace of pefroleum. It is very doubtiul if oil in paying equen-
tities will be found in this locality.

The following statement by Pack ® g’lVGB his conchusions nfter an

investigation of the Kramer-Barstow region:

The writer believes that the northern part of the Mohave Desert between
Baratow and the town of Mojave offers practically no promise ef beooming o
productive oil field and that further drilling will prove but & waste of mouney.
The principal reasons for believing that this laad will not prove produoctive are
(1) the lack of strata from which it would seein reasonable to believe that oil
might have been formed, especially the lack of thick masses of organic material
(diatomaceous and foraminiferal shale), such as those which ogcur in or nest
all the oil fields in the southern half of Californin and in which the oil is believed
1o have originated; (2) the lack of structural festures favorable for the collettion
of petroleum even if it existed disseminabed through the strata.

In 1920 and 1921 drilling was done at several places in Antolope
Valley. Oil is said to have been found in one well on the Lisbre
ranch, at the extreme west end of the valley, but so far as 1 known
there ha.s been no productlon There are no indications that oil mey
be expected here in paying quantities. Gas has bean reported in
several water wells in the valley, but it is not uncommon to find small .
quantltxes of gas, which originate from the desay of buried vegeta-
tion, in alluvial formations such as thoss that fill the basin of Antelope
Valley.

% Pack, R. W., Reconnalssance of the Barstow-Kramer region, Cslit: U, 8, Geol, Eurvey Bull. 31,

PD. 141-154, 1914,
# Idom, p. 162,
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Several wells have been drilled near Hesperia and Victorville and
in the northeastern part of Los Angeles County and the southeastern
part of Kern County.

It has been reported that dn]lmg operations have bean undertaken
in the Shadow Mountains, northeast of Silver Lake. The exact loca-
tion is not known, and the geology of that region has not been studied.
in detail, but the rocks that the writer has observed in these mown.
tains are all either igneous or sedmentary rocks that have been so
greatly metamorphosed that it is doubtful whether oil occurs in
them, ‘
The California State Mining Bureau % reports 19 “wildcat’’ wells
drilled without finding oil between 1914 and 1924, in the part of the
region bounded by a line drawn through Randsburg on the north, a
line through Victorville on the east, and the Tehachapi, Sierra Pelona,
and San Gabriel Mountains; and 5 unsuecessful wells in the region
were abandoned in 1925 and 1926. The location and depths of the
wells that have been drilled without success are given in the {ollowing -
table:

Location and depth of wildeat weils drilled for oil in Mohave Desert region, 191 41028

| Towne Baseand| Dafe | Depth
Compeary Beotion) “gpip | RAUEE |morfdiana) statot | (Rst)
Hesperisn Ol & GasCo_ oo M| 4N.| 4 W, | 8. 3,108
Viotor Valley Land Owners Oll & Gas Co 22! BN.| 6W,|8. L7300
Rog: Cregk Development Co.__...____... 2| SN.|{11W.|8. vaeumane
0l & Land Corporation ... __ | TN.| eW. |8 eimeace
Antelope Oll & Qa8 00 occnmccnivncimannnanon 11 TN.|12W. ! 8 »
Great Angelus Ofl & Land Co_._........__ .-~ 21| BN.| 9W.{8. v
Kern Oil Syndicate (George A. Devison (o.)..-.- 24| SN.|[12W.! 8 B___..| 1821 [, ___. -
n Ranch Ofl H] BN, BW, /2B 2,163
em-‘l‘ormnce Petroleum GOFPOLALION....-.._.-onmn 13 eN.|1I0W. |8 B. .| 1928 |cccemnas
Watohhorn. ..o oo caas 27 ON. | ITW.| 8. 1619 | 4,150
Mojave Basin Ol Co . 2| ION.| 5W.| 8. B.....| 104 450
te Ol Corporation. ... _.___ | 1ON.| §W.|8. B..... 3 2,042
Crusaders Ofl Co...... 21| 10N, [ 10W,{8. 8. 1 800+
Oonwny ofl Symdioato ...... 4{ 11N.| 9W.|8.8
ns.-. 10318, |3BE. | M.D...t 19 |oceennea
Og Cptn -- - 22( 31B. [ BE | M.D..,| 1022 |aeea..
Fremnnt 0 OrpOTALion . L oo | 22] 318, |38E. | M.D...} 1925 | 2,820
il Association (Charles W, Harlow)..... 10| 308, |38E. | M.D..| 162 54065
Red Rock Oll 0 irrmmcmcmcreresavanmaanaaa—a—ann 19| 308. [38E. | M. D...| 92 |27
& 8. B., 8on Bernardine; M. 1., Mount Diable. s Belore 1920.

In & recent report of the California State Mining Bureau * the
posgibility of finding oil in the desert region is summarized as follows:

The greater part of the flat desert floor ia covered by recent sand deposite.
Along the lower foothills of the mountain ranges, particularly in the western
and northern portions, there are small areas of Tertiary sedimentary rocks,
interbedded with lava flows. These sediments for the mest part represent either

¥ Bush, R. D., Results of wildeat drilling in :California, 1914-1824, inclusive: Summary of operations
QOalifornia ol felds, Califernia State Min, Bur., vol. 11, No. 1, tabls V, pp. 12-26, pl. 3, July, 1025; Wild-
eat walls abandoned In 1925 and 1926: Idem, vol. 12, No. 8, pp. 49-58, February, 1927, -
& Vander Legk, Lawrence, Petrolsum resources of Califormia, with special reference to unmoved areas:
California State Min. Bur. Bull, 89, pp. 153-154, 1921, »
L]
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lake or land deposits. The higher ranges of the southern region are composed of
crystalline rocks, either granites or pre-Cambrian metamorphies. The high
ranges of the northern region are also crystalline in character, being either com-
posed of granites or highly metamorphosed sediments of Paleozoie and Mesozoic
age. With two exceptions, which will be noted below, there are no known depos-
its of sedimentary rocks which may correspond to the oil-bearing formations of
California. It is evident from a study of this region that it had a totally different
geological history from the oil fields. The various Tertiary seas in which the
oil-bearing formations were deposited apparently did not cover any appreciable
portion of this area. The two exceptions mentioned above consist of beds of
Eocene age, and the only thing they have in common with the oil-field formations
ig that they were Iaid down in the same sea and consequently are of the same age
as certain Kocene beds which are oil bearing in other portions of the State. One
area of Eocene is found along the western border of the Mojave Desert, near
Rock Creek, Los Angeles County, and consists, according to Dickerson of
about 5,000 feet of coarse sandstone and shale, belonging to the Martinez forma-
tion. This area probahly represents the eastward line of the Martines sea. The
gecond area of Eocene is found in the Elsinore Valley [south of the Mohave
Desert region] and consists of small thicknesses of highly colored shales and sands
of Tejon age. Neither of these deposits show the slightest indication of petroleum.
The rocks that are present, consisting mainly of granites, highly metamorphosed
Paleozoie and Mesozoic sediments, Tertiary sediments of land or lake origin,
together with lava flows, are all unsuitable for the formation of any appreciable
amount of petroleum.

To the best of the wriler’s knowledge there are no known authentic seepages
of oil in this area. ¥ ¥ * Innumerable seepages and indications of oil have
been reported from this area and a certain well in the Mojave Desert has been
reporting oil for the last 18 years, but it may be noted here that in no case have
these reports been verified.

- From the above brief description of the geology it is evident that the possibility
of obtaining oil in the desert region is extremely small.

Although it is remotely possible that oil may eventually be found
in the region, investors should consider that the chances of success of
the numerous wildcat wells are very slight and that purchases of
stock in the companies drilling such wells are highly speculative. It
is significant that none of the large producing companies have done
any drilling in the Mohave Desert region.

Nitrates.—Nitrates are found in the deposits of many of the saline
playas in the Mohave Desert region and also in a number of other
" places in the region, notably in Death Valley and the adjoining
territory. On account of the usefulness of nitrates in warfare these
deposits were examined carefully by the United States Geological
Survey in 1917 and 1918.7 The results of this investigation showed
that although thin layers of the beds were high in nitrate, the nitrate
content of the deposits as a whole was not sufficiently great to warrant
their development.

# Digkerson, R. E., The Martinez, Eocene, and associsted formations at Rock Creek: California Univ.

Dept. Geology Bull., vol, 8, No. 14, 1914,
® Noble, L, F,, Mansfield, G, R., and others, Nitrate deposits in the Amargoss reglon, sonthesstern

California: U, 8. Geol. Survey Bull. 74, 1922,
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Other nonmetals.—In addition to the few nonmetals already men-
tioned a number of others are groduced on a small scale or, if they
have not yet been niined, may dometime be of value.

Asbestos has been fmmd 4 miles west of Hicks station, probably in -
the southeastern part of T. 9 Ni., R. 4 W. San Bernardino meridian.
None of it has been shipped. |

Several deposits of high-grade elay, suitable for fire bnck and tile,
have been found, but none of them have been developed. A deposit
of white silica, tale, and kaolin 314 miles east of Oro Grande has been
worked to produce “whiting,”” which is used as a paint filler, in gizing
paper, and in porcelain work. A small plant for treating the whiting
is located st Bryman.

Strontium ore, used in making red signal rockets, has been shipped
from deposits about 10 miles north of Barstow (see p. 439) and about
6 miles northwest of Ludlow (see p. 657). DBarite is associated with
this ore.

Talc has been mined on a small scale near Riggs, on the Tonopah
& Tidewater Railroad. The mineral also occurs on Sheep Creek, 20
miles northwest of Silver Lake.

Magnesite has been shipped from a deposit in T. 10 N,, R. 11 W,
& short distance north of Bissell. This deposit is of intereat because
it is said to be the only occurrence of magnesite of evident sedimentary
origin that has been reported in the United States.”

Other minerals which have been found in the Mohave Desert region
but which have not been produced commercially or only on a very
small scale include feldspar, fluorspar, fuller’s earth, infusorial earth,
and niter.

AGRICULTURE AND STOCEK RAISING

In the Mohave Desert region agriculture has not been as much
developed as the mineral industry, although there has been consider-
able farming in a few small areas where ground water is close enough
to the surface and plentiful enough to be used for irrigation.

The greatest development has taken place in Antelope Valley, in the
extreme southwestern part of the region. (See pp. 289-371.) In this
velley probably between 10,000 and 15,000 acres are under cultivation.
The largest ares in the valley is devoted to alfalfa, and about 20,000
tons was shipped in 1919. Data as to shipments since that year are
unreliable, for increasingly large shipments have been made each year
by automobile trucks. Along the higher land on the south side of the
valley, particularly around the town of Little Rock and at Valyermo
post office, a considerable acreage is devoted to pears and apples.. In
1919 about. 1,200 tons of pears:.and 250 tons of apples were shipped
from the south end of the valley.

71 Qale, H. §., Late developments of magnesite deposits in California and Nevada: U, 8. Geal. Survey
Bull. 540, pp. 512-513, 1014.
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In the Mobave River Valley, from the San Bernardino Mountains
to a point a few miles east of Daggett, several thousand acres are irri-
gated. Several hundred acres are being irrigated from wells in Indian
Wells Vailey, in the northwestern part of the region. Some land is
also being irrigated in Fremont Valley.

It is estimated that more than 2,000,000 acres of land in the Mohave
Desert region would be suitable for agriculture if water were available.”:
But it is believed that probably not more than about one-twentieth
of that area can eventually be irrigated, and only a very small part of
the region is adapted to dry farming. Thousands of acres have been
patented or applied for under the homestead and desert-land aets.
Many of the homesteads have been applied for and some of the
patents have eventually been received by persons who have wanted
the land only for speculation. This has been true especislly in the
regions where projecis have been proposed to irrigate large areas or
where the prospects are otherwise bright for a considerable increase
in the value of the land. These persons have not spent any more
money on their land than is necessary to obtain patent to it, and after
" it has passed into their ownership they have ceased to cultivate it.
Such neglect of the land tends to hold back the developmeni of the
surrounding territory. Many of the homesteaders, after heving
spent some time and money on their land, have relinquished their
claims before obtaining patent to the land. Some of them have
relinquished their claims because they did not have sufficient funds
to carry them through the period of no returns until their land should
be on a paying bagis. Others, after they have been on the land for a
few months and have come face to face with the problems of ranching
in a desert country, discover that the prospect is not as bright as it
first seemed; for many of the homesteaders have been persuaded to
apply for their land by unscrupulous “land locators” or by persons
who have had greater vision than practical experience and knowledge
of the possibilities and difficulties of the development of arid lands.
Nearly all of the land suitable for irrigation has been patented.

Cattle raising is unimportant in the Mohave Desert region, the total
. number on the range in the entire region probably being considerably
less than 5,000. The most extensive cattle range is in Providence,
New York, and Ivanpah Mountains, where possibly as many as two
or three thousand head are run. A few hundred head are run on the
northeast slopes of the San Bernardino Mountains near Old Woman
Spring, and small scattered herds are run in Antelope and Indian
Wells Valleys and around Pilot Knob.

The natural conditions in most of the region are unfavorable to
raiging cattle on the open range, and there seems to be little likelihood

H Tgit, O. E,, hrrigation resourees of sputhern California: Rept, Califernin Conservation.-C
Pp. 826, 1012, .
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that the industry will grow. The principal difficulty is that the sup-
Ply of natural feed is not sufficient to support the cattle. In the rainy
season annual plants that spring up furnish feed, but these quickly
die and in mest of the region there is no feed for many months. The
winter and spring growth of feed might be utilized if bigh mountains
were near to which the cattle could be driven for grazing in the hot
and dry months, but most of the mountains in the region are not high
enough to provide the proper conditions in summer. Because of the.
shortness and uncertain length of the wet season it is not feasible to
run cattle in most of the region. The problem of water supply for-the
stoek does not seem to limit cattle raising, for probably enough-water
for stock could be obtained in almost any part of the region if the fesd
were sufficient.

It is estimated that the average carrying capacity of the region as
& whole is less than 5 head to the section. In order to make it prof-
itable to raise cattle a man ought to have at least 25 or.50 head,
and it would accordingly be necessary for him to contrel from & to 10
sections of land. It is evident that even though the feed iz good
over & small ares the homesteader who can obtain patent to a single
gection of land can not hope to succeed in raising cattle alone unless
he grows a large amount of feed by irrigation. The few small areas
in the region where cattle can be raised on the range came inte the
control of ranchers Jong ago.

FLORA
GENBRAL FEATURES OF DESERT VEGETATION
- Deapite the popular impression that the desert is a vest waste
where but few living things ean exist, it not only eontains much life

but there is & considerable variety of both plants and animals. The
observing traveler finds many interesting things to occupy his atten-

tion, even though he may not be especially trained in botany or zool-

ogy. The Desert Botanical Laboratory of the Carnegie Institution
of Washingten ™ has made the most extensive investigations of the
piant life of the desert region of America. The oceurrence and dis-
tribution of plants in the Mohave Desert region are described by
Coville * and Merriam,”™ of the Death Valley expedition sent out by
- the United States Department of Agriculture in 1891, In the present

n» Among the publications of the Carnegle Institution of Washington relating to the flora of the desert
ths following contsin material of genernt taterest: Coviile, F. V., and MaeDougal, D. T, Desert Botanieal
Laborgtory of the Carnegie Instiiution: Pub. 6, 1903, MaeDougal, D. T., Bolanical featuzres of the Nerth
Amerloan deserts; Pab. 99, 1008, Spalding, V. M., Distribution and moveinents of desert plants: Pub.
118, 1909. Osnmen, W. A., The root habits of desert plants: Pub, 131, 1511, MaeDougal, D. T., and
othera, The Salton Sea, o stisdy of the geograpky, the geology, the floristies, and the ecology of o danst
basin: Pub, 108, 1914,

% Coville, F. V., Botany of the Death Valley expedition: Contr. U. 8. National Herbgtinm, vel. 4, 1898,

¥ Merriam, C. H The Death Valley expedition, s biological survey of parts of Californis, Nevada,
Arleona, and Ttah: North Am. Fauna, No. 7, 1893 (report 'on desert trees and shmbs. PPp. 285-348; report
on desert oactuses and yuccas, pp. 345-350).

'
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report a technical discussion of plants would be out of place, but some
of the facts of general interest about the vegetation of the region are
given,

One of the principal conditions that govern the distribution of
vegetation is the moisture supply. Except in the highest mountains
the rainfall probably does not average more than 5 inches a year—an
amount which is insufficient to produce vegetation like that of humid
regions but which produces a characteristically desert type of vege-
tation. In certain parts of the region the water table stands so close
to the surface that the ground water is within reach of the plants,
and plants similar to those in humid regions are found. In some
places where the water table is close to the surface, howevér, the soil
is so impregnated with alkali that only certain species that are es-
pecially adapted to withstand the effect of the alkali can grow. Such
plants are physiologically like the true desert types of vegetation,
because the presence of so much alkali in the water in the soil makes
the water unavailable to the plant, even though it is present in abun-
dance.” Trees are found in some areas along Mohave and Colorado
Rivers where the water table is close to the surface, and in some of
the highest mountains where the precipitation is great enough conif-
erous trees grow. The rest of the region is virtually treeless except
for the giant yucca or Joshua tree (Yucca or Clistoyucca arborescens),
which grows in some localities above altitudes of 2,500 feet, (See
pl. 4, B.)

The number of species found in the desert is not as great as in an
area of the same size in more humid regions, but Coville,” in his
report on the Death Valley expedition, lists about 200 genera and
more than 300 species. A very few species, however, predominate.
Over most of the region the creosote bush (Covillea tridentate Vail),
often erroneously called greasewood or sagebrush, is the domineant
shrub. It is generally larger than the other plants that are present
and more or less obscures them, so that it gives a monotonous ap-
pearance to the landscape. (See pl. 4, A.) The species Franseria
dumosa is almost as widely distributed as the creosote bush but not
g0. asbundant or conspicuous.

The monotonous appearance of the landscape, which is due to the
widespread distribution of the creosote bush or the other few commeon
types, is lessened somewhat in the spring. At this time of the year,
after the winter rains, the desert floor in many places is literally
carpeted with small annual plants that bear brilliantly colored flowers.
As the dry summer progresses, however, these plants wither away,
and unless one looks carefully he is unaware that the ground between

* Coulter, N. M., Barnes, C. R,, and Cowles, H. C., A taxtbook of botany for colleges and unjversities,
vol. 2, p. 486, American Book Co., 1911,
7 Coville, F. V., op. «cit., pp. 3941,
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the creosote and other shrubs ever bears any vegetation. The seeds
of the annuals lie dormant during the greater part of the year but
spring into life at the coming of the rainy season and send forth their
flowers for a short period. !

Another noticeable characteristic of the desert vegetation is the
fact that in most parts of the region the larger plants generally grow
several feet apart, doubtless because of the scanty supply of moisture
that is available for them. Except in the areas where the water table
is close to the surface, about the only water available to plants comes
from the -scanty rainfall, which generally moistens only the upper
layers of soil. The investigations of Cannon * have shown that in
order to obtain sufficient moisture to sustain life the plants have
developed extensive root systems with many branching roots, which
draw water from a relatively large volume of soil. He found that
perennials develop three types of roots—one in which there is a-very
prominent tap root, one in which the laterals are well developed, and
8 generalized type having both the tap root and the laterals.

The perennials that have the generalized type of roots were found
to have the widest local distribution in the region studied, doubtless
because they were best able to adapt themselves to a variety of con-
ditions. The creosote bush (Covillea tridentata) has this type of
roots. On the alluvial slopes where the depth to water is great a
prominent tap root was not found, but the roots spread out laterally
over o considerable area. An example of the length of the lateral
roots of the creosote bush is shown in Plate 5, A. These roots wers
exposed by the flood run-off that followed a cloudburst near New-
berry Spring a few months before the photograph was taken.

Cannon found that most of the cactuses have prominent laterals,
although many of them also have an anchoring root. The giant
yucea apparently has a root system somewhat similar to the cactuses.
A sturdy yucca in full life exhibits a broad base above ground, com-
parable to the base of an oak tree, and one would suppose that large
roots extended downward below the surface. But where a yucca
has been uprooted it is obvious that a few inches below the surface
there is a sharp change, and many very slender roots lead from
the larger roots, which spread out like feet. (See pl. 5, B and C.)
The numerous small roots evidently can gather moisture from a much
larger volume of soil than a few thick roots could. This is significant,
for the yuceas are found where the depth to ground water is great.
The development of the roots is such that moisture can be derived
even from the slight amount of Water that percolates into the ground
after a single shower.

Not only have the desert planis developed methods of increasing
their supply of moisture but they have also developed means of

W Cannon, W. A., The root habits of desert planth; Carnegie Inst. Washington Pub. 131, 1911..
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eonserving the supply of moisture which they absorb, for if such means
were not present, under the heat and great evaporation that occurs
in the desert, the entire supply of moisture would be transpired
quickly, and the plant would wither and die. Many of the desert
perenmals have very small leaves, sc that the tmnspxratmn surface
is thus reduced. The leaves of some species have a resinous coating
or a close covering of hairs, which reduces transpiration te the mini-
mum. From the resinous coating on its leaves the creosote bush gets
its popular name, for in burning the wood and leaves it gives off a
dense smoke accompanied by a pungent odor™ When the plant is
. wed by rain the peculiar odor is also noticeable. On hot days the
stomatic openings in the leaves are closed thus reducing the tran-
spiration. In dry seasons some plants also drop their leaves.

Many of the desert plants, especially cactuses, posseas special struc-
tures for storing water. The interior of many of the cactuses consists
of pulp, which contains much water,*® and in fact, the desert Indisns
drink the juice from some species. The water is obtained by cutting
off the top of the plant and crushing the pulp. The water in some
of the cactuses is bitter and unpalatable. It isfound that the cactuses
in whieh the juice is bitter are not as well protected with spines as the
species which yield juice that can be drunk, as if the spines had been
developed to protect the plants from animals seeking water.

A striking feature of the landscape in many parts of the Mohave
Desert region is the presence of aress of land entirely deveid of
vegetation. These areas, which range in size from a few acres to
many square miles, are in the lowest parts of the closed basins of the

_region and comprise what are known to the geologist as playes, but
more commonly called ““dry lakes.”’ ® The soil of the playas gen-
erally contains more or less alkali, and the absence of vegetation on
some of them is undoubtedly due to the excessive amount of alkali.
However, analysis of the soil of some playas shows that their alkali
content is less than that endured by some plants, so that the absence
of vegetation on such playas can not be due entirely to the alkali.
The soil of these playas is generally so compact that plant roots have
difficulty in penetrating it, and the water level is some distanee below
the surface. It is therefore probable that in addition to the ehemical
character of the sgoil, its physical character and deficient moisture
supply are responsible for the absence of vegetation on the playas.

The Mohave Desert region may, with respect to vegetation, be
separated into three more or less distinet zones, embracing (1) the
mountains that are high enough to receive sufficient precipitetion te
produce coniferous trees and associated ‘types; (2) the flood pl&ins of

b ™ Coville, F. V., ap. cit., p. 5L )

- ¥ Coville, P. V,, Deuﬂplantsasssmntdﬂnﬁngwm Smithsonjan Insi, Ann, Rept, for 13,
PP, 400-505, 1004,
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Mohave, Colorado, and Amargoss Rivers and the lowest parts of
some closed basins, where the water table is close to the surface and
thus supports & relatively dense vegetation;.and (3) the low hills, -
alluvial slopes, and plains, where the rainfall is low and the water
table is too far below the surface to be reached by the plant rootls.
In this third zone the conditions that affect plant growth are of &
truly arid type. It separates more or less completely the mountains
from the areas of high water table. In altitude, however, the third
zone is not always intermediate between the other two. Thus salt
grass, the willow, and the mesqulte grow along Mohave River in the
areas of shallow water table at altitudes as great as 2,500 or 3,000 feeé
above sea level, whereas the creosote bush, which is characteristio
of the zone of true arid conditions, is found in Death Valley as low
a8 200 feet above sea level.

The following paragraphs contain notes on the occurrence a.nd
distribution of & few typical plants in each of the zones mentioned
above, as observed during the present investigation. The obaerva~
tions are those of one not specially trained in botany and were made
with the view of obtaining evidence of the relation between vegstia-
tion and occurrence of ground water. Specimens collected in the
field work were identified by Miss Alice Eastwood, of the California
Academy of Sciences, to whom the writer is indebted for much in-
formation of value in regard to the desert vegetation. On pages 54-57
is given & list of all the specimens collected by the writer and 1dentaﬁaui
by Miss Eastwood.

VEGETATION OF THE EIGH MOUNTAINS

Parts of the San Bernardino and San Gabriel Mountaing, the
Sierra Nevade, the Providence and New York Mountains, Clark
Mountain, Potosi Mountain, and the Kingston and Panamint Rangea
bave sufficient precipitation to bear coniferous trees or other vegeta-
tion typical of a nonarid region. The writer did not have an oppor-
tunity to visit most of these high mountains, and no special attention
was paid to the vegetation of these areas.’® Coniferous trees, some
of them several feet in diameter, are abundant in the San Bernardine
and San Gabriel Mountains. The California live oaks are found on
the desert slopes of the Tehachapi Range, a southern extension of the -
Sierra Nevada. The juniper (probebly Juniperus californice) and the .
pifion (Pinue monophylla) occur on the ranges at the southwest and
wost borders of the desert, and the pifion at least is found in the
Providence and New York Mountains. Along the base of the Ban
Bernardine and San Gabriel Mountains the juniper extends down

-8 The desaxiption and distribution of tress that graw in the Mohave Desart region, according 1o indie
vidasl epecies, vre glven in Sudworth, G, B., Forest trees of the Pacifoslope, U, 8. Dept. Agr. Forgst Bervive,
1008, .
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into a zone of giant yuccas which marks the upper parts of the arid
zone. In the vicinity of Quartz Hill, in T. 66 N., R. 12 W., where
the average annual precipitation is about 8 inches, the juniper grows
at an altitude of about 2,500 feet, whereas in the interior of the desert,
where the rainfall is much less, it is not present at elevations of 4,500
to 5,000 feet.

VEGETATION OF THE LOWER MOUNTAINS AND ALLUVIAL SLOPES

The zone in which the precipitation is low and in which the
water table is so far below the surface that ground water is not
available to plants is by far the largest of the three zones. It includes
both the gently sloping alluvial slopes which reach almost to.the
bottoms of the numerous closed basins in the region and also the slopes
of all the mountains except a few of the very highest. The vegeta-
tion on the mountain slopes is generally more sparsely distributed
than that on the alluvial slopes, but the principsl species are found
in both environments, although most species are more abundant in
one environment or the other.

The creosote bush, Covillea tridenteta, is the most widespread and
one of the most conspicuous plants in the region. It is most abundant
on the alluvial slopes but is also common, though in fewer numbers, in
the mountains. Xte range in altitude is great. Coville ® reports that
it grows below sea level in Death Valley and at an altitude of more
than 5,500 feet in the Panamint Range, although commonly it does
not grow at so high an altitude.

Although the creocsote bush is widespread, it does not grow every-
where. The conditions that- govern its growth, whether of soil,
temperature, and moisture supply, are not definitely known, but
some observations were made in regard to its distribution. It is
generally not found where the water table is close to the surface. In
Indian Wells Valley, in the northern part of T. 26 S., R. 40 E. Mount
Disblo meridian, the boundary of the creosote zone is sharp (see
p. 145 and fig. 4), and well data indicate that the depth to the water
table in this zone in this locality is at least 25 feet. 'The lower boun-
daries of the zone are generally several hundred feet from the borders
of the playas or “‘dry lakes’ in the lowest part of the numerous closed
basins in the region, even though beneath some of the playas the
water table is not close to the surface. Doubtless the clayey texture
of the soil or the presence of alkali prevents its growth in such places.

The bush is absent throughout a very large area in the lower part of

Antelope Valley, not only near the playas but some distance away
from them. Specific observations show that it is absent in the
vicinity of Lancaster, 7 miles south of Rosamond Dry Lake, and for a

& Coville, jF. V,, Botany of the Death Valley expedition: Contr, U, 8, National Herbarium, vol. 4,
pp. 21,576, 1803,
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number of miles east and northwest of that place. It was not seen
in sec, 19, T. 9 N,, R, 13 W, San Bernardino meridian, more than 10
miles from Rosamond Dry Lake. Throughout a large part of this
extensive ares the water table is so close to the surface that there is
discharge by evaporation and transpiration by plants, but in section
19 the depth to water is probably at least 40 feet. The bush is found
on the slopes of the Rosamond Buttes, which border Rosamond Dry
Lake on the north. The absence of the bush in so large an area in the
valley is probably due to the texture of the soil.

One well driller stated that he believed that the creosote bush was
an indication that bedrock would be encountered before water was
found and that the water supply in such area was not great. There is
abundant evidence, however, that this opinion is not warranted, for
wells in the ereosote bush zone have reached water at depths of 400 to
500 feet without striking bedrock, and some wells with large yields have
been obtained where the bush is the dominant vegetation. The
creosote bush seems to be of no value as an indicator of ground-water
conditions except as indicating that the depth to water is more than
25 feet. In places where floods are frequent the plants grow larger
than elsewhere, attaining heights of 6 or 8 feet.

Franseria dumosa is a common shrub with rigid branches that
generally grows in the same locsalities as the creosote bush, but it is
less noticeable because it is smaller, ranging from 1 foot to 2 feet in
‘height. In the Mohave Desert region Franserig is the common as-
sociate of the creosote bush.

Eriogonum inflatum is a peculiar plant of the slluvial slopes. It
grows about a foot high and has a straight stem, from which there are
several branches. Several inches above the ground the stem has an
inflated bulblike structure somewhat like a small onion, which has
suggested the name “cigarette plant.”” A speties of the same genus,
which, however, does not have the inflated bulb on the stem, Erio-
gonum trichopodum, is found in many places where the land has been
cleared and perhaps sowed to a crop and later abandoned. It
is reddish brown when dry and gives to such abandoned tracts a

characteristic red color.

~ Ephedra californice, commonly known as Mormon tea, is also
found in many places on the alluvial slopes. It is alow, bushy plant
characterized by psale-greenish jointed stems which are devoid of
leaves.

- A very peculiar species is Holocanthe emoryi. It has no leaves,
and its branches are like long sharp spikes. It bears reddish berries.
It is of special interest beeause, so far as the writer is aware, it has
been reported from only three places in California, all of them in the
Mohave Desert. The writer was given a specimen by Mr. E. H.
Martin, of Oatman, Ariz., whp had found it growing in the wash of a
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broad valley that extends from Goffs southward to Werd station, on
the Parker branch of the Atchison, Topeks & Santa Fe Railway, at a
place about 20 miles south of Goffs. The specimen was gent to
Miss Alice Eastwood, who stated that it was the first time the species
had been recorded in California. It occurs more abuandantly in
Arizona. The writer was also shown a specimen that had been
collected in a wash along a road that leads southward from the
National Old Trails Road about 25 miles east of Ludlow, though the
location was not very accurately described. It has also recently
been reported from a locality near Ludlow

Several species of trees grow on the alluvial slopes, where the depth
to water is great, but the only one that is abundant is the giant yucca
or Joshua tree (Yucca arborescens). The yucca is one of the mosat
interesting species found in the desert. (See pl. 4, B.) It igs the
largest spine-bearing form in the Mohave Desert region and is often
erroncously called a cactus. 'The following description is quoted
from Sudworth:®

Of the two tree yuccas indigenous in the Pacific region the Joshua tree, also
called “yucea cactus,’” is much the larger and more treelike. From 18 to 25
feet, or oceasionally 30 or 35 feet, is the usual height, with a diameter of from 1
to 2 feet. It is easily the most wild-looking denizen of desert hills and plains.
The keenly pointed bayonet-like leaves, bristling at the ends of big clumsy branch-
eg, defy every infrusion and compel respect from many natural enemies. Young
trees are unbranched until they have produced flowers, which is commonly at
a height of from 8 to 12 feet. Usually two branches are then formed at the
top of the single stem and, in succession, each of these forms two or more. until
& broad, low-branched crown results at maturity. When from 3 to 6 feet high
the trunks are often set with bristling leaves down to the ground. No living
thing intrudes upon the ground they occupy. The topmost leaves are upright
in position, but as the stem increases in height the first leaves grown begin, dur-
ing about their second year, to droop, finally dying and becoming closely pressed
down upon the trunk in a thatchlike cover. Trunks 10 feet high may be entirely
ecovered. Gradually these dead, but always stiff and prickly leaves are forced
off at the base of the trunk by the growth of the trunk and by wind, uncovering
an ashy gray, cross-checked, and ridged bark. Except on old trees the greater
part of the tree is covered with dead, closely thatched leaves. This covering
of formidable living and dead leaves suggests a wise protective measure through
which alone the tree is able to maintain and extend itself, with little cheek from
its enemies, in & region often lacking in other vegetation. The bluish-green
leaves are from 6 to about 10 inches long and about five-sighths of an inch wide;
Jonger leaves occur on young trees. Leaves taper gradually from just above
the base (114 inches wide) to the point. The upper half iz coneave, tapering
to a long, keen reddish or blackish-brown point; the lower half of the leaf is
fiat or only slightly concave, while the two edges have minute teeth throughout.
A single gtiff, branched cluster (about 15 inches long) of rather fetid flowers
grows from the end of the crown branches. The fruit, usually matured early in
June. is borne on short stems, at first standing more or less erect but after matur-
ity somewhat drooping or bent down. The fruit covering is dry and eoft. I$

& Jerrie, R. 8., A new plant record for Oalifornia: Southern Californias Acad. S¢i. Bull,, vol. 18, pt. 1,
P. 13,1619, Thompsen, D, G., idem, vol. 19, pt. 3, pp. 54-55, }20.
# Sudworth, G, B, op. cit., pp, 201-203,
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rarely opeis of ite own acoord, but when very dry and brittle it iz blown or falls
from the tree and later is blown about and broken open by the wind end ite seed
geatiered. The six chambers of the fruit are filled with flat, jet-black segds.
Wood rather soft and light (when dry) but tough on account of its strong fibers;
pale yeHowish white. Further investigation may establish its permanent use-
fulness for paper pulp, for which it isssuitable.

- Nothing can be said definitely of the age to which this tree atfains. It is
very probable that an individual lives at least 100 to 200 years, and there seems
little doubt that these trees may live 200 to 300 years. The growth appears to
be very slow in both height and diameter, but very persistent.

The giant yucca is found only on the higher alluvial alopes and
occasionally on the slopes of some of the interior mountains. It has
& rather definite range in altitude and is seldom found below 2,500
feet above sea level. It is sparsely distributed, however, as low as
about 2,300 feet in Antelope Valley. It is rather widespread where
the altitude is sufficient. It is most abundant on alluvial slopes
extending northward from the San Gabriel Range and near Cima,
in each of these places forming a veritable forest. The giant yuces is
not found in Arizona except in a small area in the northwestern part
of the State. On the other hand, some forms found in Arizona,
notably the giant cactus or sahuare (Cereus giganieus), are reported
at only two or three places on the California side of Colorado River.®

The yucca is sometimes used for fuel, but although it makes a hot,
fire it burns rapidly and does not last long. It is said that despite
its protective structures the fruit is eaten by cattle, which obtain it
by raising on their hind legs and avoiding the sharp blades of the
leaves. Paper pulp has been made from the trunks, but the manu-
facture of paper from this tree can hardly prove successful. The
tree grows so slowly that the supply would soon be exhausted.

Several other species of yucea occur in the region, but they do not
form trees. Ome of these, Yueea macrocorpe, generally grows in
clumps on short trunks 4 or 5 feet high, from which the leaves extend
without any branches. Another species is Yucca whipplei, which is
especially abundant on the south slopes of the San Bernardino and
San Gabriel Ranges and extends onto the desert side of these moun-
tains. The plant consists of a number of daggerlike leaves thet
radiate upward from a common base at the surface of the ground, and
because of its shape it is commonly known as Spenish bayonet or Span-
ish dagger. The flowers of this plant are especially striking. Eaxrly
in the spring a shoot appears in the center of the plant and grows
rapidly. In afew weeks it attains a height of 8 to 10 feet, occasionally
15 to 20 feet, and is 2 inches or more in diameter. On this stalk there
develop many beautiful cream-colored flowers, which are bell-shaped
and have a waxy luster. With the coming of the dry season the
stalk dies and turns yellow, but it stands where it grew for many

8 Chase, J. 8., Oslifornia desert tralls, pp. 51, 310, Houghton Miffiiu Co., 1919,
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months. The leaves of the Spanish bayonet have been used for mak-
ing binder twine.

" Other tree forms besides the giant yucca that were seen on the dry
alluvial slopes in the region are palo verde (Cercidium torreyanum)
and ironwood (Olneya fesote). Palo.verde was seen in a large wash
in Chemehuevis Valley. (See p.737.) Ironwood was found in a wash
8 mile or two north of Vidal. The depth to the water table at this
place, according to well data, is probably at least 250 feet, and it is 50
feet or more where the palo verde was seen. The localities mentioned
apparently are the farthest north that these species have been found
in the region. They are abundant farther south and in Arizona.

The cat’s-claw (Acacia greggii), so nemed because of its clawlike
thorns, was seen at a number of places in gravelly washes, especially
within the mountain borders. Although in some places it grows
luxuriantly, it apparently does not indicate the presence of ground
water but rather depends on flood water that percolates into the gravel
in stream channels.

The desert palm (Neowashingtonia filifera) is found at Twenty-nine
Palms, on the southern border of the region, which seems to be the
most northerly station of this plant.

Cactuses are not as common in the Mohave Desert region as in
other parts of the arid Southwest. They occur generally on the allu-
vial slopes at intermediate and high altitudes but not in the lower
valleys. Probably the most common and most noticeable are species
of Opuntia, generally called cholla (pronounced cho’ya). Chollas
are fantastic plants, usually with a freelike habit but only 2 or 3
feet high. The branches bear numerous menacing spines, which are
long or short according to the species. They have the evil reputation
of shooting their spines into a person’s flesh if he approaches within
a few inches of them, even without touching them. This reputation
arises from the fact that the spines are separated from the stem very
eagily and the plants are often unknowingly touched by the clothing
or articles that are being carried by one walking among them. The
spines penetrate the flesh at the slightest pressure and are removed with
difficulty and pain.

The forms of cactus commonly known as ““prickly pear” seem to
be scarce, possibly because they are too small or low to be noticeable
except as one sees them directly underfoot. Some of them have
prominent spines. Other species seem to have no spines but bear a
kind of fuzz on the surface which, if the plant is not hendled carefully,
proves to be as efficient as the large spines in penetrating the flesh.

Fouquierie splendens or ocotillo (pronounced ocotee’yo) consists of
a number of straight stems from 5 to 10 feet or more in length and
an inch or two in diameter, which radiate upward from a common

¥ Von Blen, J, L., Binder twine from the desert: Sei. Am., vol, 121, p. 82, 1919,
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base. The stems have no branches. Minute leaves are attached to
them, and they also bear thorns. In the spring they bear brilliant
purple flowers. This plant was seen at only one locality in the Mohave
Desert region, along the Needles-Parker road, on the south side of a
low divide about 16 miles south of Needles. The ocotillo, however, is
common farther south in the Salton Sea region.

An interesting species is Atripler hymenelytra, commonly known as
desert holly. It receives its name from the fact that the leaves are
gshaped much like the holly that is used extensively for Christmas
decorations, and it has a red seed or berry, which, however, is smaller
than the berry of the true holly. The leaves are of a silver-gray
color. The plant presents a pleasing appearance and is used for holi-
day decorations in the towns and cities adjacent to the desert. The
plant was seen in washes where the soil was rather hard and perhaps
slightly alkaline and also on rocky hill slopes. It was especially
abundant on the rocky slopes near Newberry Spring.

VEGETATION WHERE WATER TABLE IS NEAR SURFACE

The third type of vegetation found in the Mohave Desert region is
thet which grows where the water table is close enough to the surface
for the plant roots to reach it. The areas where these conditions
- exist are of three general kinds. One kind comprises lands along
streams, as along the flood plain of Colorado River and at places
along Mohave River, although in some of the flood plain of the
Mohave the water table is too deep to be reached by plant reots.

Another kind of area comprises lands that lie near the lowest parts
of closed basins. The playas or clay flats, some of them covering many
square miles, are generally devoid of vegetation, but a characteristic
vegetation grows around their borders if the water table is close to
the surface. Where the water table is not close to the surface the
vegetetion of the arid alluvial slopes extends to the border of the
playa.

The third kind of area comprises lands where the water table is
close to the surface but which lie neither along rivers nor in the lowest
parts of closed basins. Such conditions are generally due to the
geologic structure, which brings the ground water near the surface.
The vegetation in such areas is generally similar to that in one or
both of the other kinds of areas. The essential difference between
the conditions along the streams and those in the low parts of the
closed basins is that the soil near the playas is generally more alkaline
than that along the streams. Accordingly, the vegetation in such
places is of a type that can endure considerable alkali. The relation
of plants to ground water in portions of the United States has been
discussed recently at some length by Meinzer.®

¥ Meinzer, O, E., Plants ag indicators of ground water: U. 8. Geol. Survey Water-Supply Paper 577,
1927,
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Along the streams grow several kinds of trees, notably species of
willow, cottonwood, and mesquite. The first two kinds are not as
common as the mesquite. MacDougal has pointed out that mesquite
requires less water than poplar® A grove of poplars, in which the
trees were a foot in diameter, was seen in the lower part of the wash
of Big Rock Creek a mile or two southwest of the Lovejoy Buttes.
Elsewhere they were observed only along Mohave River. They
doubtless grow along the flood plain of Colorado River but were not
geen in the parts of that region that were visited.

Two species of mesquite occur in the region, Prosopis pubescens or
P. odorata, commonly called the screw bean mesquite, and Prosopis
juliflore or common mesquite. The screw bean mesquite is most
easily distinguished from the other species by the fruit, which is a
leathery pod shaped somewhat like an Archimedes screw and which
contains beanlike seeds. The fruit of the ordinary mesquite is much
like the pod of ordinary beans. The beans of both species are eaten
with relish by cattle and when crushed into a meal are used for food
by the Indians. Both plants grow either as trees or as bushés and
have small leaves and sharp thorns. The root wood of Prosopis
Juliflora and probably also that of the screw bean is heavier than the
wood of the trunk. The roots also are very long, some of them ex-
tending 50 or 60 feet below ground.” ' Indeed, it is said that the plant
usually has more wood below ground than above. In this region the
trunk and branches are usually small, so that the roots are more
generally used for firewood than the parts above ground. When one
goes to cut mesquite for fuel, a shovel is as essential as an ax.

The acrew bean and ordinary mesquite often occur together. They
are abundant in stretches along Mohave River where ground water
is close to the surface but are absent in other stretches where the
depth to water is considerable. They are found in the lower parts
of some of the closed basins and in other places where the geologic
conditions hold the water table close to the surfacé. They are found
in the lower parts of the basins near playag in Antelope Valley, in
Ind an Wells Valley, and in Crucero Valley bordering Soda Lake and
elsewhere. They are also found in a belt that stretches northwest
from the vicinity of Newberry Spring (see p. 445 and pl. 26, B), whers
some unknown geologic condition brings the water to the surface.

In many places where the mesquite grows in open expanses of land,
wind-blown sand accumnulates around the plants. As the plant grows
the sand accumulates more and more, and dunes, some of them 15 or
20 feet high, are forned. The mesquite spreads out, and the different
branches, when covered by sand, appear to form a number of indi-

# MacDougsl, D, T,, Botanical features of the North American deserts: Camnth Inst, Wuhtnm
Puob, 99, p. 18, 1908,
% Sudworth, G, B,, op. ¢it., p. 368,
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vidual plants. "The roots generally penetrate some distance below
the original ground surface in search of water, although the plants
may appear to be perched on top of the dunes. (See pl. 3, B.)

In the Salton Sea region and parts of southwestern Arizona mesquite
grows where the depth to water may be from 50 to 100 feet or more,
and it is thus not a reliable indicator of ground water.” In the
Mohave Desert region, however, wherever mesquite was observed
the depth to water was not more than 25 or 30 feet, and it is generally
considered to indicate that ground water is within that distance of
the surface. '

Another plant that is found along streams is the arrow weed
(Pluchea sericea, also known as Tessaria borealis), so called because
its straight stems were used by the Indians for arrow shafts. This
plant is reported by Coville * to occur at several springs in the desert
region. It was observed by the writer in great abundance on the
flood plain of Colorado River near Topock, Ariz. It is generally
considered to indicate that ground water is close to the surface. -

Around the borders of the playas where the water table is close to
the surface the soil generally contains considerable alkali, so that the
plants that grow in such environments are those that can resist
alkali. Many of them actually absorb some of the salts in such
quantity that they can be tasted if the leaves are chewed, and hence
these plants receive the general name of ‘““salt bushes.”

The commonest alkali-resisting plant is salt grass (Distichlis
spicata). 'This plant is found almost everywhere in the desert where
the water table is within 8 feet of the surface. It grows along the
flood plain of Mohave River, near many of the playas, and around
springs, where the area of moist soil covers many acres or only a few
square feet. It is especially troublesome in alfalfa fields where the
water table is close to the surface, because with its long, tough roots
and general endurance of adverse conditions it is very hard to eradi-
cate once it gets a start. The plant can withstand considerable
alkali, but where the ground is very saline it turns a rusty-brown
color. :

Rebbit bush, which includes several species of Chrysothamnus, also
grows where the ground water is close to the surface. Chrysothamnus
mohavensis was found where the depth to the water table was probably
a little greater than in areas of salt grass and the soil was probably a
little less alkaline. Thus a rather definite zone of Chrysethamnus
mohavensis was seen at the southeast side of Harper Dry Lake, and

91 Brown, J. 8., Tha Salton Sea rogion, a geographic, goologic, and hydrologic reconnaissance: U. 8. Geol.
Burvey Water-Supply Paper497, pp. 114-117,1923. Bryan, Kirk, ThePapago country, Ariz., a geographle,
geologic, and hydrologic reconnalssance: U. 8. Geol. Survey Water-Supply Paper 449, p. 41, 1025, Meinzer,
0, E,, op. cit., pp. 42-54.

1863,
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9 Coville, F. V., Botany of the Death Valley sxpedition: Contr. U. 8. Nat. Herbarium, vol. 4, p. 138, .
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what is probably the same species is common in the lower part of
Antelope Valley. Other species of Chrysothamnus are found in the
Mohave Desert region, but although they all seem to grow where the
water supply is abundant they do not all occur in the same kind of
environment. Thus Chrysothamnus nauseosus was found in a canyon
on the north slope of the San Gabriel Mountains south of Valyerme.
post office, where the soil is probably less alkaline than in the closed,
basins,

Investigations made during the recent war haye shown that the
different species of Chrysothamnus contain a good quality of rubber i
quantities up to 6.5 per cent.®* It is estimated that 8,000,000,000
pounds of rubber could be obtained from plants of this genus in am
emergency if the Nation’s supply of this necessary article from outside
sources were cut off in time of war. The percentage of rubber is so.
small, however, and the growth of the plants so slow that it is not
worth while to exploit this souree of supply under ordinary conditions,.

Two plants that grow in very alkaline moist soils are Sugeds
suffrutescens and Sesuvium poriulacastrum. Suaeda suffruiescens,
commonly called inkweed, was noticed especially at the south end of
Silver Lake after the flood of 1916, at the west side of Troy Dry Lake
(T. 8 N, R. 4 E. San Bernardino meridian) and in the depressions
between sand dunes northwest of Newberry Springs. Sesuwium
portulacastrum was abundant around the border of Silver Lake after
the flood of 1916. Apparently the seeds had been washed to the edge-
of the playa during the period of high water.

Other species that grow where the water table is close to the surface
and where the soil is generally alkaline are the tule (species of Phrag-
mites), sometimes called Indian sugar cane; yerba manssa (Anemopsis
californica), a plant somewhat like plantain weed; wire grass {(Juncus
balticus); and several species of Afriplex, including A. polycarpe and
A. torreyi.

SPECIES OF PLANTS COLLECTED IN TEE MOHAVE DESERT
REGION

A number of species of plants were collected from the Mohave
Desert region by the writer and were identified by Miss Alice East-.
wood, of the California Academy of Sciences at San Francisco. The
names of these species with brief statements as to their occurrence are-
given below. The observations are incomplete and were made pri-
marily for the purpose of determining the significance of certain:
species in respect to the presence or absence of ground water near the-
surface. The species are listed alphabetically.

Aecacta greggit. Cat’s-claw. Found in dry gravelly washes where the moisture-

from the surface run-off may be abundant but does not indicate that ground
water is elose to the surface.

# Hailt, H, M., and Goodspeed, T. M., A rubber-plant survey ¢f western North Amerimi California,
Ualv. Publications in Botany, vol. 7, Nos. 6, 7, 8, pp. 150-278, 1019,
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Adenostoma fascicvlatum. Chamiso. Summit of Cajon Pass.

Anemopsis californica. Yerba mansa. In moist alkaline soil near Newberry
Bpring, where water table is only 3 or 4 feet below the surface, )

Arctostaphylos glauca. Manzanita. At the summit of Cajon Pass. Cornm’on
on the south slope of the San Bernardino Mountains.

Artemisia tridentata. Bagebrush. -Near Government Holes in the elpvated
valleys of the New York Mountains, along the foot of the San Gabriel Mougtains,
and about 7 miles west of Lancaster in Antelope Valley; otherwise absent in
practically the entire region. Where it is present the rainfall is genera.lly little
greater than in other parts of the desert.

Atriplex hymenelylra. Desert holly. ' I gravelly washes where tha il i
perhaps slightly alkaline and on some rocky slopes near the foot of the mountains,

Atriplez parryif. In the sand dunes northwest of Newberry Spring. \

Atriplex polycarpaf. In the sand dunes northwest of Newberry Spring. | A salt
bush common in clayey valley bottoms where the soil is damp and alkaline.

Atriplexiorreyi. In moist alkaline soil a short distance west of Newberry Spring.

Beccharis vithinea? In the dry channels of Mohave River a few miles west of
Soda Dry Lake. i

Baccharis emoryi. Near springs along Mohave River in sec. 2, T, 9 N, t‘ 1E.
fan Bernardino meridian, where it grew to a height of 7 feet. Probably indicates
presence of ground water that is fresh or only slightly alkaline.® |

Baccharis sarothoides. In wash near Colton Well, 15 miles northwest of Fenner.
Possibly indicates ground water close to the surface. 4

Chilopsis saligna. Desert willow. Abundant in the dry sandy ehanheis of
Mohave River in the north-central part of T. 11 N., R. 7 E. San Bernardino
meridian, and locally in dry washes. Although this species was found in channels
along Mohave River where the depth to water is probably not more than 25 or
30 feet it is not a certain indicator that the water table is close to the surface.

Chorizenthe thurberi. On north slope of first range of mountaing nqrth of
Barstow, i

Chrysothamnus or Bigelovia mohavensis. Rabbit brush. A short distancé away
from southeast edge of the alkali flat of Harper Dry Lake, north of Hinkley,
associated with sparse growth of Distichlis spicata. The species apparently
grows where the ground water is abundant. ;

Chrysothamnus or Bigelovia paniculeius?. Loeality not recorded. :

Cleomella obtusifolia. On clay flats between sand dunes at Edwards ranch,
near Newberry Spring. ‘

Croton californieum. Locally called “dove cover.”. Between Crucero gtation.
and Cronise Vallev.

Dicoria canescens. Dry sandy bottom of Mohave River just west of bridge &t
Daggett. i

Distichlis spicate. Salt grass. Very common where the depth to thewater
table is less than 8 to 10 feet, as in places along Mohave River and around such
playas as Harper Dry Lake and Rosamond Dry Lake. Can exist where the Boil
is very alkaline. )

Elymus condensatus. On a pile of windblown sand in a sheltered spot bn the
western slope of the Cronise Mountains 50 or 100 feet above the alluvial slbpe

Ephedra californica. Mormon tea, Brigham’s tea, ete. Locality not recbrded,
but common in the creosote zone. ) }

Ericameria monactis. Locality not recorded.
- Eriogonum inflatum. Cigarette plant. Common on alluvial sloped with the -
creosote bush. :

l_

% Coville, F. V., op. eit,, p. 127,



66 THE MOHAVE DESERT REGION, CALIFORNIA

Eriogonum trichopodum. Common on land that has been cleared and later
abandoned for some time.

Eriodictyon californicum. On north slope of San Gabriel Mountains a few
hundred yards south of Valyermo post office.

Fougueria splendens. Along road between Needles and Parker, about 17 miles
south of Needles.

Frankenia grandifolic. A salt weed. In moist alkaline soil about one-third
mile west of Newberry Spring. Depth to water table 3 or 4 feet.

Franseria dumosa. Very commonly found with the creosote bush.

Hilaria rigida. Locally called galleta grass. In the vicinity of Crucero
gtation and elsewhere. -

Holocantha emoryi. Reported from only three localities in California, all of
them in the Mohave Desert region. (See pp. 47-48.)

Isocoma acradenia. In sand dunes northwest of Newberry Spring, probably
in damp alkaline soil.

Juneus boliicus. Wire grass. Moist alkaline soil about one-third mile west
of Newberry Spring and in moist soil at other places.

Juniperus ealifornica. Juniper. Very abundant on north slopes of San
Gabriel Mountains.

Lyecium cooperif. Locality not recorded. Rather common on the upper
alluvial slopes.

Olneya tesota. Ironwood. Abundant in wash a shorf distance north of Vidal
Depth to water table about 250 feet. This is the only place it was seen in the
region.

Quercus dumosa. A sorub oak. At summit of Cajon Pass, extending a short
distance down on north slope. :

Paresela or Dalea spinosa. Palo blanco. In wash along National Old Trails
Road north of Atchison, Topeka & Santa Fe Railway, probably in see. 25, T. 7
N., R. 10 E. S8an Bernardino meridian; called indigo bush by Sudworth.%

Pelalonyx thurberi. Locally called honeybush. Between Crucero station and
Cronise Valley.

Phoradendron longispicum?. A large mistletoe on sycamore trees on north
slope of San Gabriel Mountaing a few hundred yards south of Valyermo post
office.

Phroradendron californicum. A mistletoe growing on mesquite, common along
Mohave River east of Daggett.

Phoradendron denswum. A small mistletoe on juniper on north slope of San
.Gabriel Mountains a few hundred yards south of Valyermo post office.

- Phragmdies communis. Tule or Indian sugar cane. On moist alkali soil about
one-third mile west of Newberry Spring, where water is only 3 or 4 feet below
surface. This or another species is found at Baratoga Springs.

Plantage scariosa?. Common in the creosote bush zone but inconspicuous
because of its small size and because it dies after the spring rains.

Proszopts julifiora. Mesquite. Common along Mohave River and in other
Iocalities where the depth to the water table is not great.

Prosopis pubescens or edorate. Screw bean mesquite, characterized by the
bean, which is shaped somewhat like an Archimedes screw. Commeon along
Mohave River and in other localities where the depth to water is not great.

Psathyrotes annua. On hard clay fiats between dunes northwest of Newberry
Spring; not on the dunes.

Sesuviumn portulacasirum. Abundant around the edges of Silver Lake playa
after water from flood of 1916 had disappeared. (Type locality is in the West
Indies.)

% gudworth, G. B., op, cit,, p, 877,
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* Sideranthus sp. In wash near Colton Well about 15 miles nerthwest of Fenner,
Water supply probably abundant; water table probably not far below the sur~
face,

Sporobolus asperifolius. On edge of sand dunes northwest of Newberry Springs;
probably in moist alkalive soil.

Suaeda suffrutescens. Inkweed. On moist flat areas between sand dunes
northwest of Newberry Spring. Abundant at the south end of Sﬁver Lake and:
on Troy Dry Lake. In saline moist soil.

FAUNA -

The desert is not devoid of animals. The individuals doubtless
are not as numerous a&s the plants, but in the aggregate a considerable
number of species are found. The Death Valley expedition listed
about 290 species of birds, 56 species of reptiles, more than 250
species belonging to 170 genera of insects, 47 species of mollusks, and
13 species of fish.% A large proportion of these species were collected
from the Mohave Desert region. .

Mammals are not numerous. J. C. Merriam ¥ gives a list of 35
species found at present in the region, of which 21 are rodents. Mice
and rats of many kinds are abundant but seldom seen. One of the
commonest species is the kangaroo rat, whose holes are found every-
where. The habits of this little creature of the desert, who ventures
out only at night, have been described most interestingly by the
eminent naturalist Ernest Thompson Seton.*

Reabbits, both the cottontail and the jack rabbit, are probably seen-
more than any other mammals. In unsettled territory a traveler will
usually see several each day. In some places they have caused con-
siderable damage to crops, especially to fruit trees.

The coyote ranges over the whole region. His mournful howls are
& customary serenade at night, and he has been known to come within
a few feet of camp. Occasionally he steals a chicken from a rancher
and robs a camp, but he generally keeps a safe distance from human
beings.

Mountain sheep are said to have been common in the higher moun-
tains 30 years ago, but they are not now abundant. Two were re-
ported on the east side of the Old Woman Mountains in 1919, and
individuals have been seen occasionally in recent years in some of the
more rugged mountains of the region. Antelope Valley derives its
name from the abundance of antelope in former years. Occasionally
a few remaining individuals are seen in the western part of the valley.

The most common reptiles are lizards. They can be seen scamper-
ing across the road in front of the traveler's sutomobile every few

9 Merrlam, C: H., and others, The Death Valley expedition, a biological survey of parts of Cslifornia,
Nevada, Arizons, and Utah: North American Fauns No. 7, pt. 2, 1883,

# Merriam, J. C., Tertiary mammalian fau.na of the Mohave Desart: Califormia Univ, Dept. Geology
Bull,, vol. 11, No. 5, p. 439, 1918,

L Beton, E. T., Dipo, sprite of the desert: Century Mag., vol. 105, No. 1, pp. 106-115, 1822,
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yards. Although it seems that many of them must be crushed under
the wheels, they are so quick and lithe that they always escape.
Each bush seems to be the hiding place of one or more of these in-
teresting little creatures. Most of the lizards are from 1 inch to 8
inches in length and slender. The chuckawalla (Sauromalus afer),
however, is 15 inches or more in length and has a heavy body with
wrinkled -skin. It is especially common in the Salton Sea region,
where its name has been given to the Chuckawalla Mountains. The
Death Valley expedition found it as far north as the Argus Rangse, the
Panamint Mountains, and Pahrump Valley, but the writer did not
see any specimens during his field work. ‘ ‘
Snakes, especially the rattlesnake, are said to be common in some
places but none were seen by the writer, perhaps because the field
work was mostly done in the winter. The horned rattlesnake or
“sidewinder” (Crotalus cerastes) is perhaps the most common. It
derives the popular name of sidewinder from its peculiar mode of
locomotion, which is described as ‘“a peculiar looping movement
which carries it obliquely sidewise as well as forward, an adaptation
to progression over yielding sand.”” ® j
The land tortoise is occasionally found in the desert many miles
from the nearest known source of water. Other animals—rabbits,
rats, and lizards—likewise live far from known water supplies and in
places where the depth to the water tableis so great that it is obviously
impossible for them to burrow down to water. Possibly these animals
obtain some moisture from the molecular water that always exists
in the soil. Experiments made with desert mice show that some of
them apparently do not know what water is, for when shut up they
do not drink it, but eat only dry seeds and twigs.! Apparently this
dry food furnishes sufficient moisture. ‘
Birds are frequently seen, although neither in species nor in number
of individuals are they as common as in more humid regions. They
are naturally most numerous near the springs and along the streams
where water is abundant. Ducks and geese are seen at the largest
springs, as Saratoga Springs, and at other places where there are bodies
of water of considerable size. Quail are seen in many places. Desert
owls are occasionally scared up. Mourning doves are heard around
meny of the springs. Wading birds of unknown species were seen.
along Soda Lake. The road runner {GQeococcyz californianus) is meﬁ
occasionally. This bird receives its name from the fact that when it
is surprised, instead of jumping out of the road, either through stupid-
ity or by preference it scurries along for many yards ahead of the
traveler’s automobile. '

# Vorhies, O, T., Polsonous animals of the desert: Arizona Univ. Agr. Exper. Sta. Bull. 83, p. 360, 19017,
t Caville, i“ V., Desert plants as a sourcs of drinking Wwataer: Smithgonian Inst. Ann. Rept. for 1903,
Pp. 501-503, 1903, |
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- Inseots are particularly numerous around springs and are exceed-
ingly bothersome around evening camp fires,. Mosquitoes are present
throughout the year but never troublesome. Flies seem to appear
from nowhere when camp is made many miles from habitation., A
mumber of species of moths, beetles, and other creeping things were
seen, but no attempt was made to distinguish any of them. The
{arge hairy spiders commonly called tarantulas are occesionally seen.
‘These hideous creatures have the reputation of being able to spring
several feet into the air if disturbed, but the writer has never seen any
of them do so. One scorpion was found in digging a post hole near
Victorville, It was unearthed in February and was very sluggish.
Although both tarantulas and scorpions are believed by many persons
to inflict fatal bites or stings, careful investigations do not show that
persons poxsoned by either of these insects necessa,rily will die2. The
effect of the poison, however, may be serious, and these ammals
should be avoided by the desert traveler.

A number of species of mollusks, both land and fresh-water iorms,
heave been found in the region but they are not generally discovered
except by close observation. A number of the species occur in some
of the larger springs. The writer found a number of one species
{Physa elliptica Lea, identified by W. H. Dall, of the United States
‘Geological Survey) in Buckhorn Springs, at the northeast end of Ante-
lope Valley. This species, with several other species that are listed
in the report of the Death Valley expedition, including Anodonia
nuttalliana, Planorbis lentus, and Planorbis parvus, were found as
fossils in a beach ridge at the north end of Soda Lake, near Baker
station. Fossil mollusks which probably include the same spedies
were seen in cliffs along Mohave River and on the surface at the east
side of East Cronise Lake.

Saversl species of fish are found in the Mohave Daesert region. No
data are at hand in regard to the fish in Colorado River, but at least
two species are known from Mohave River—the common ecatfish
{Ameiurus nebulosus) and a species of chub (Siphateles mohawm'w)
The catfish has been introduced into the region.
~ Siphateles mohavensis is indigenous to Moheave River; in fact, this
species of Siphateles has been found only in that stream? Other
species of Siphateles are found in Owens River and the Lahontar
system. The presence of Siphateles mohavensis in Mohave River.
raises the question as to how members of the genus reached that
stream. The solution of the problem perhaps depends on the solu-
&ion of the physiographic history of the Mohave Desert region.
{See pp. 566-568.)

_ 1Vothies, C. T, op. cit., pp. 380-385, 387-388.
4 8nyder, J, 0., The fishes of Mohave River, Calif.: U, 8. Nat, Mus. Proc., vol. 54, pD. 207-209, 1018,
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Fish are found in a number of the larger springs in the desert.
Cyprinodon macularius was found in Saratoga Springs by membars
of the Death Valley expedition in 1891, and fish seen in those springs
by the writer in 1918 were probably of the same species. The pres-
ence of fish in these springs, many miles from any other body of -
water, raises an interesting question as to how they reached that
place.

SOILS

GENERAL CHARACTERISTICS OF DESERT SOILS

Soil surveys have been made only of the portion of the region south
of latitude 34° 30" and between longitudes 116° 30" and 118° 307, of
an area around Victorville,® and of part of Antelope Valley.® Some
general statements in regard to soil conditions in the region ¢an be
made, however, based on published studies of the soils of desert
regions as a whole and on observations of the writer during the
field work. :

Some of the principal characteristics of soils of the desert are
abundance of soluble mineral matter, low content of organic matter, gray or
light color, great depth with little change in character or depth, small quantity
of clay, unless formed from older clay deposits, relatively nonsiliceous nature of
the sand, and marked produectiveness when irrigated.”

These characteristics are nearly all interrelated, and they are largely
dependent upon the factors that operate in the desert regions to form
soils.

The principal constituents of a soil have their source in the rocks
which originally existed in the region. Soils are formed by the
action of two general kinds of processes—mechanical and chemical.
The mechanical processes, which include the action of heat and cold,
wind, and moving water, break the rocks up into small particles,
which are composed of the minerals that existed in the original
rocks. The chemical processes result in the decomposition of most of
these minerals and frequently in the formation of new chemical
compounds.

The chemical processes are most rapid in soils that have an abun-
- dant supply of moisture. In humid regions the moisture supply is
sufficient to enable the chemical processes to play a notable part in
the formation of the soil, but in arid regions the soil is formed for the
most part by the mechanical disintegration of the rocks. In humid
regions the rainfall is, however, sufficient to leach out most of the

¢ Dunn, J. E., and others, Reconnalssance soil survey of the central southern ares, California: T. 8.
Dept., Agr. Bur. Soils Field Operations, 1917, sdvance sheets, 1921,

¥ Sofl Survey of the Victorville area, California: U, 8, Dept, Agr, Bur, Soils Field Operations, 1921,
advance sheets, 1924,

¢ Carpenter, E. J.,, and others, Soil survey of the Lancaster area, California: U, 8. Dept. Agr, Bur. Soils
Field Oparations, 1922, advance sheets, 1926,

¥ Coffoy, G. N, A study of the solls of the United States: U, 8, Dept, Agr, Bur, Soils Bull. 85, p. 38, 1012,
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soluble material, whereas in the arid regions more of the soluble
material remains in the soil and is available to plants. For this
reason soils in arid regions are generally highly productive when
irrigated. Because chemical decomposition is relatively slight in
arid regions less clay is formed than in humid regions.

Humus gives the dark color to most soils in humid regions. Because-
of the lack of humus in the desert soils, these soils are generally not
dark but rather of a grayish or buffish color. In humid regions the
humus is coneentrated near the surface, and the soil below a depth
of a few feet is generally of a different color and of different chemical
composition, forming what is known as the subsoil. Because of the
lack of humus in the desert soils there is 