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vards. Although it seems that many of them must be crushed under
the wheels, they are so quick and lithe that they always escape.
Hach bush seems to be the hiding place of one or more of these -
teresting little creatures. Most of the lizards are from 1 inch to 8
inches 1 .Hmwm% and slender. The chuckswalla (Sauromalus ater),
however, 1s 15 inches or more m length and has a heavy body with
Sdﬁﬁ.mm skin, It is especially common in the Salton Sea region,
where 1t8 name has been given to the Chuckawalla Mountaing, The
Death .4@&@% expedition found 1t as far north as the Argus Range, 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 m some

places bub none were seen by the wrter, perhaps because the field -

“&o.aw was mostly done in the winter. The horned rattleshake or
nm_@mﬁ:da@w: (Crotulus cerastes) 1s perhaps the most common. It
derives the popular name of sidewinder from its peculiar mode of
locomotion, which 1s deseribed as “a peculiar leoping movement
which carries 1t obliquely sidewise as well as forward, an adaptation
to progression over yielding sand.” ®

The land tortoise 15 oceasionally 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 table is so great that it is obviously
tmpossible for them to burrow down to water. Possibly these animals
obtmn some moisture from the molecular water that always exists
m the soil. IExperiments made with desert mice show that some of
them m%mu.pwouﬂ% do not know what water 1s, for when shut up they
do not drink it, but eat oniy dry seeds and twigs.! Apparently this
dry food furmshes sufficient mowsture.

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, s Saratoga Springs, and at other places where thers are bodies
of water of considerable size. Quail are seen in many places. Desert
owls are occastonally scared up. Mourning doves are heard around
many of the springs. Wading birds of unknown species were seen
Eobm‘m&m Lake. The road runner (@eococeyz califormanus) is met
ooommwobmmuﬂ This bird receives its name from the fact that when it
1s surprised, wstead of jumping out of the road, either through stupid-

15y or by preference it scurries along for many yards ahead of the
traveler's automobile.

¥ Vorhies, C. T, Poisonous animais of the desert: Arizoma Univ, Agr, Exper, Sta. Bull, 83, p. 360, 1917,

 Covills, F. V., Desert plants as a source of drinking water: Smithsonian Inst. Ann. Rept, for 1803
Pp. 501-503, 1603, .
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TInsects 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 hebitation. A
number of species of moths, beetles, and other creeping things were
seen, but no attempt was made to distinguish any of them. The
large hairy spiders commonly called tarantulas are occasionally 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 & 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 poisoned by either of these insects necessarily will die* The
effect of the powson, however, may be serious, and these animals
should be avoided by the desert traveler.

A number of species of mollusks, both land and fresh-water forms,
have 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
Qeological 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
nutialliona, 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 species
were seen in cliffs along Mohave River and on the surface at the east
side of East Cronise Lake.

Several species of fish are found in the Mohave Desert 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 catfish
{Ameiurus nebulosus) and a species of chub (Siphateles mohavensis).
The catfish has been mntroduced into the region.

Siphateles mohavenss is indigenous to Mohave River; i fact, this
species of Siphaieles has been found only in that stream.® Other
gpecies of Siphateles are found in Owens River and the Lahontac
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-
tion of the physiographic history of the Mohave Desert region.
(See pp. 566-568.)

2 Vorhies, C. T,, op. cit., pp. 380-385, 387-388.
3 8nvder, J. 0., The fishes of Mohave River, Calif.: U, 8, Nat, Mus, Proe., vol, 54, pp. 207-209, 1918,
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Fish sre found in o number of the larger springs in the desert.
Cyprinodon macularus was found in Saratogs Springs by members
of the Ummg Valley expedition in 1891, and fish seen 1n those springs
by the writer in 1918 were probably of the same species. The pres-

ence of fish m these springs, many miles from sny other body of

water, raises an interesting question ss 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° 30%.* of
en area around Victorville," and of part of Antelope Valley.® Some
general statements m regard to soil conditions in the region can be
made, however, based on published studies of the soils of desert
reglons as & whole and on observations of the writer during the
field work.

Some of the principal characteristics of soils of the desert are

M_“UEEMES of soluble mineral matter, low content of organic matter, gray oH..
uE.u:; color, great depth with liftle change 1n character or depth, small quantity
Of clay, unless formed from older clay deposits, relatively nonsiliceous nature of

the sand, and marked productiveness wien irrigated.”

These characteristics are nearly all interrelated, and they are largely
Qmmggmud upon the factors that operate in the desert reglons to form
solls.

The principal constituents of & soil have their source in the rocks
which orgmally 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,
ﬁ.ﬂa. 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 mimerals and frequently in the formation of new chemical
compounds. _

The chemical processes are most rapid in soils that have an abun-

dant supply of moiséure. In humid Tegions the moisture supply is

suflicient to enable the chiermecal processes to play a notsble part in
the formation of the soil, but in arid reglons the soil 1s formed for the
most part by the mechanical disintegration of the.rocks. In humid
regions the ramfall 1s, however, suffictent to leach out most of the

{Dunp, I, B, E.E others, wocog&mmmuna s0il survey of the cemiral southern area, California; U, 8,
Dept. Agr. Bur. Soils Fietd Operations, 1017, advance sheefs, 1921,

¢ Soil Survey of the Victorville aroa, California: U, 8. Dept, Agr. Bur, Soils Tield Operations, 1921
advanco shoets, 1924, . .

ﬂ., O:Qouﬁﬁ._ E. J,, and others, Soil survey of the Lancaster area, California:
Tiold Operations, 1922, advance sheets, 19206,

? Coffey, &. N, A study of the soils of the United Btates: U, 8. Dopt. Agr, Bur. Soils Bull. 85, p. 38, 1012,

U. 8, Dept. Agr. Bur, Solls
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goluble material, whereas m the arid regions more of the soluble
material remains in the soil and is available to plants. For this
reagon goils in arid regions are generally highly productive when
irngated. Because chemical decomposition is relatively slight in
arid regtons less clay 1z 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 18 concentrated near the surface, and the soil below a depth
of & few feet 13 generally of a different color and of different chemical
composition, forming what 15 known as the subsoil. Because of the
lack of humus in the desert soils there 1s no sharp contrast in them
between the gurface soil and the underlying material.

In many of the desert basing water that contains substances
dissolved from soil on the uplands collects on the lowest land, and by
long-continued evaporation produces a concentration of soluble salts,
elther in salt lakes or in the soil of the lowlands. Dissolved mineral
matter 1s also deposited in other places whers the ground water is
near encugh to the surface to evaporate.

ALKALI IN SOILS

Some of the substances deposited in the soil are injurious to plants.®
These substances are commonly called alkali, although they are not
all alkalies m the chemical sense. Unfortunately alkali 1s neually
most abundant m places where ground water for wrrigation is most
eagily obtained. Many settlers, unaware of the harmful effects of
alkali, have taken up land affected by it, only to find their time and
money spent in vain. For this reason it 13 considered advisable
to give some of the principal facts concerning alkali in desert soils.

Alkali includes the chlorides, sulphates, and nitrates of sodium,
potassium, and magnesium, the carbonates of sodium and potassium,
and the chloride and nitrate of calcium. ‘The sulphate and carbonate
of caleium are not sufficiently sotuble to be injurious to plants. The
most common of these salts are sodium carbonate (sal soda), sodium
chioride (common salt), and sodium sulphate (Glauber’s salt).
Sodium earbonate is commonly called “black alkali’ because it acts
on vegetable matter i such a way as to produce a black stain on the
ground. Sodium carbonate itzgelf 18 white, and as there may be no
black stan the terta may be misleading. The other salts are com-
moniy called “white alkali.”

¥ Mueck work has peen done on the study ot alkali in soil and many reporis have been published, both
bv the United States Department of Agriculture and by State and other organizatiens, For soms of the
morg comprebensive discussions see Hilgard, E. W, Soils, their formation, properties, composition, and
relations to climate and plant growth in the humid and arid regions, pp. 422-484, New York, Macmilian
.Co., 1905, Harris, ¥. 8., Soil alkall, its origin, nature, and treatment, New York, Joon Wiley & Sons
(Ing.), 1920, Dorsey, C. W., Alltali soils of the United States: U, 8. Dept, Agr. Bur, Seiis Bull, 35, 1906.
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Victorville and: Helendale the alluvitim:is exposed to a'depth .of 100
feet or more. -The maximum thickness is:unknown. A well in the
SK. 14 sec. 15, T..4 N., R. 6 ‘W. San Bernardino meridian, st the
north base of the San Gabriel Mountains, which was drilled to a depth
ol 910 feet, did not strike bedrock. A well at Amboy. is said to have
reached & depth.of 1,500 feet-without striking bedrock. A well
drilled to & depth of 2,000 feet near Lancaster, Antelope Valley
apparently :did not strike material different' from the alluvium near
the surface, except that it was more consolidated. It is possible,
however, that the lower deposits m these wells may be of Tertiary age.

The alluvium also includes some deposits laid down in perennial
streams, chiefly. Amargosa, Mohave, and Colorado Rivers. ‘They
consist largely of sand and clay, with some gravel. Wherever obser-
vations were made along Mohave River, however, gravel ‘was sur-
pnsingly absent or oceurred only in small smounts.

Practically no fossils have been found that are of value in deter-
mining ‘the age of any of the beds that are exposed in cuts. The
writer found small mollusean shells m exposures along Mohave River
2 miles west of Daggett and in an exposure in a cut between Soda and
Photograph by H. 8. Gale © Silver.Dry Lakes, near-Bakersstation.. The following : species  were

S identifled: by W. H. Dall: ' Anodonta nuttalliana Lea, Physa elliptica
Lea, Planorbis lentus Say,; snd P. parvus Say. The range of these
species-is through ‘both' the Recent. and: Pleistocene, and Anodonia
] extends baclk to Pliocene, so that they are not determinative.: - ,

: Along: Colorado River, where-the- alluvial-deposits have been dis-
sected by the river; Lee ™ has recognized two formations in addition
to the Recent flood-piain deposits. The older of these he calls the
Temple Bar conglomerate and-correlates with the Lake Bonneville
beds of Utah.® The younger, called the Chemehuevis gravel, 1s
typically exposed i the. Chemehuevis: Valley, Both deposits -are
now considered to be-of early Quaternary (Pleistocene) age.

4. LEACH SPRING AND PART OF GRANITE MOUNTAINS

PLAYA AND LAEE DEPOSITS

Beds deposited in perennial lakes orin playa.lakes are found in all
parts of the region.® They consist principally of clay with minor
amounts of sand and almost no gravel. In most places they mclude
some chemically deposited salts, and in a few places these salts are of

:bmm.2.6:Qmowommogncuumamaugohwbm?o_ﬂﬁmmﬁoﬂd.bd.uouwud.m.Qach. manﬁawﬁ:.mmw.uw.
17-18, 41-45, 63-66, 1908, N : :

8 Tdem, pp. 18, 64, L .

 The word ‘‘playa’’ i3 a physiographic term of Spanish origin, used in Spanish-American countries to
designate beaches aiong Iakes, seas; or iarge rivers. Most English-speaking geologists, however, use the
term in.a sense aimost entirely different from the origingl Spanish meaning, to desiguste nesriy lave: sreas
of alluvium 1n the lowest part of closed basins in arid regions which in wet seasons may he ¢coverad with
temporary lakes and-which are generally devoid of vegetation. * Some persons have used the word playa
40 designate the temporary lakes, but the writer pelieves that the term should be used in an areal sense,
The temporary, lakes may be more aptly called piaya lakes, and the deposits laid down in them pinya
deposits, ~Playas‘are-more:commonly-calied dry.lakes, 5. texm-that is ‘patadoxical but.nevertheiess. very
expressive and siways understood by the native, -

B. INDIAN SPRING, IN SUPERIOR VALLEY
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economic value. These deposits have been laid. down either in
perenmal lakes that existed during the Pleistocene epoch or 1n fempo-
rary lakes which have covered playas for short periods, probably both
m- Pleistocene and in Recent time. They merge laterally into the
deposits of the alluvial slopes. With a very few -exceptions the
depostts now oceupy the lowest parts of the numerous elosed basing
m the region, and additional materia) is slowly being deposited on the
playas. In most places they are not exposed to a depth of more than
5 feet, Seversl of the more extensive areas may be briefly described.

Owens, Searles, and Panamvint Lakes sysiem.—The most interesting
and most noteworthy area of the playa and lake deposits 15 that
commonly known as Searles Lake® Searles Lake is in reality a
playa. It is covered with water to a depth of a few inches only
during ramy seasons, and most of the time is dry. The central part
of the deposit 1s composed of a body of nearly pure crystalline salts
of different kinds, called the crystal body, which extends to a depth
of 60 or 100 feet. The crystal body 1s commeraally valuable because
it 15 one of the few deposits in the United States that contan potash
in workable quantities. {See pp.175-176.) The crystal body merges
outward from the center into clay and sand that contan less quantities
of salts, and these in furn merge to the deposits of the alluvial
slopes. :

The deposits of Searles Lale, except the most.recent, were laid
down in-a large lake that 1s known. to have existod during the Pleisto-
cene epoch. The evidence of the existence of thislake 1s 4he Dresence
of beaches and wave-cut benches on the mountam slopes that sur-
round the valley, the tufa deposits on the alluvial slope, and the thick
deposit of unusually pure salts in the lower part of the valley. At
1ts maximum extent the lake was at least 600 to 650 feet deep, and
15 covered an area of about 285 square miles. It filled not only most
of Searies Basin but also extended westwsrd and covered part of Salt
Wells Valley and part of Tndian Wells Villey.

The ancient Searles Lake formed part of & system of three large
lakes that existed in Owens Valley and the northwestern part of the
Mohave Desert region mn Pleistocene time, when the climate was
more humid than at present. The poneipal water supply that fed

these lakes came from. the high Sierra Nevada on the west side of .

Owens Valley by way of Owens River. The first lake of the series lay
in the basin now occupied by Owens Lake but was much larger than
the existing Owens Lake. This laie rose until it overflowed a divide.
2t the south end of Owens Valley and a stream poured mto Indian
Wells Valley, forming a small lake. In turn this lake overflowed
mto SBalt Wells Valley and thence to Searles Valley. Eventuslly
Searles Lake overflowed into ‘Panamint Valley through an outlet at

¥ Galg, H. 8., Salines in the Owaens, Searles, and Panamint Basins, scutheastern Calitornia: U. 8. Geol.
Survey Bull, 580, pp, 251~323 (especially pp. 285-312), 1915.
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its southeastern border, and for some time there was a third lake

about 930 feet deep 1n Panammt Valley. Itis probable that Pana~

‘mint Lake overflowed through Wingate Pass into Death Valley,

but this has not been definitely mmem&:m&ma.. ﬁmm.m p. 186.) The
channels that connected the lakes are readily @_momaEEm at a HEE@S_
of places, especially about 2 miles south of the Haiwee Dam o% L.&wm
Los Angeles aqueduct, n sec. 4, T. 31 3., R. 37 L. EodﬁﬁbEvﬁo
meridian; south of Little Lake station, n T. 23 8., R. 38 E.; south-
east of Little Lake station, m T. 24 S., R. 38 E., and the bowgmg.
part of T. 25 5., K. 39 I.; and at the outlet at the southeast end of
‘China Dry Lake (a playa), in secs. 7 and 8, T. 26 w R. 41 E.

Tn addition to the deposits in Searles Lake, sumilar deposits were
1aid down m Indian Wells, Salt Wells, and Panamint Valleys. Hwﬁ‘
are similar to those in Searles Lake; except that %muﬂ@o bod” oouﬁgmb
such large quantities of salts. Hﬁm mm;m were deposited principally
as the lakes dried up, when climatic conditions assumed their Eemamd
arid aspect. The details of the history of these lakes are given in
the report by Gale already cited. Bref notes m regard to them are
given 1n the sections of this report on Indian Wells Valley (pp. 149—
M 50), Searles Valley (pp. 174-175), and wmﬁmgiﬁdps@ (pp- 185-187).

Maniz lake beds.—Another lake deposit of interest 1s found 1n the
northeastern part of the broad, flat valley east of Ummm@? é_.Bor m .
this report 1s called Lower Mohave Valley. The lake in which ﬂwﬁq

beds were deposited has been called gmbﬁ.bm_ﬂov from g.o name of a
station on the Los Angeles & Salt Lake Railroad near which they are
well exposed® Tast of old Camp Cady the vm.mm are Em.z oxwo%.m
where ﬂpm% have been cut through by Mohave River and &mmmo,omﬂ to
a depth of about 75 feet. (See pls: 26, 4; and 27.) Hﬁo% %mmu
from the deposits i the Searles, Hu&.é.ﬁﬂm:m_ and Panamint Basins
in that they contain almost no saline minerals. ” .

The beds consist principally of green clay, with very littie coarse
material. The greenish color 1s mterpreted to indicate deposition
mn water. Toward the top of the series m the west @w@ of the area
the beds grade mto slightly coarser buff material. This Bﬁmﬁ&. 18
either alluvium washed in after the lake ceased to exist or BPSE.E
deposited in a late stage when playa oou,&ao.um prevailed. The %m-
section of the beds offers an excellent opportunity to study the relation
between the deposits of the alluvial mwo.@am and the playa and lake
deposits, for at several places the gradation from coarse .ﬁgmgﬁagdm
through finer phases to the very fine lake clays can H@.m&&w be mgoom.
(See pl. 26, A.) In places pebbles several mnches diameter are
seen to have been carried surprisingly far out 1nto the fine sand and
clay that apparently was deposited m or close to the lake. The

 Buwalda, 7. P.. Pleisiocens beas at Manix, in the eastern Mohave Desert region: Californa Univ.
Dopt. Qeoclogy Buil,, vol, 7, No. 24, pp. 443464, 1914,
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change from the grayish or buff beds to.the greenish beds 1s almost
mmperceptible. (See pl. 27, A.) :

The age of the Manix lake beds is not definitely koown. Buwalda®
found remains of mammals, including horses, camels, a mastodon or
elephant, and an antelope, which J. C. Merriam considers is of Pleis-
tocone age. :

The conditions that brought Manix Lake into existence are not
fully known, except that the precipitation must have been greater
than now to cause a lake to form, The present course of Mohave
River is of comparatively recent origin, and it is possible that the
ancient Mohave River was diverted from some other course by the
formation of a dam through faulting, folding, the outpourme of lava,
or m other ways. Buwalda® suggests that the stream originally
may not have passed through the region, but entered the region by
lengthening 1ts course 1n a direction determined by the relief. In any
event 1t is probable that Manix Lake existed during that part of
Quaternary time when the precipitation was apparently greater than
to-day, as shown by the existence of large lakes, now extinet, in other
parts of the Great Basin. : ,
- Eventually the lske was filled up until it overflowed the barrier
at 1ts northeast end. The stream that flowed from it at that point
gradually cut down the barrier until the lake was entirely drained.
After that the stream continued to cut through the lake deposits, form-
ing the canyon of Mohave River. The downward eutting was
apparently halted at least two or three times, for ‘well-developed
torraces due to side cutting of the stream exist 3 or 4 miles northeast
of old-Camp Cady. (See pl. 27, B.) The exact cause of the side
cutting that caused the.formation of the terraces hag not been defi-
nitely established, but probably the stream encountered hard beds
1n some place which slowed the downward cutting, so that for a con-
siderable time 1t cut laterally. A detailed. study of the terraces will
doubtless yield considerable information in regard to late Pleistocene
and Recent conditions in the vieinity.

Other lake and playa deposits—A third extensive occurrence of
playa and lake beds is in Amargoss Valley, in an area that extends
for several miles 1a all directions from Zabrigkie® The lake in which
the beds were deposited probably was formed by the damming of

Amargosa River,-and the history of the beds has doubtless been much
the same as that of the Manix lake beds. The precipitation in the
region now tributary to Amargosa River is probably somewhat less
than that of the area tributary to Mohave River, which includes,
the San Bernardino Mountains. -As the same relative conditions.

% Buwalda, T. 2., op, ¢lt., p. 451, e e,
¥ Idem, p. 454,

% Noble, L, ., Mansfield, G, R, and others, Nitrate deposits in the Amergosa region, sountheastern
Califormin: U. 8.-Geol-Burvey-Bull: Tid,-pp. 61-07; 1922,
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doubtless existed m the Pleistocene epoch; during which the beds
were deposited, it 1s probable that more of the Um”mm are of playa
origin than those in the Manix lake beds. _Eu.m beds in the Amargosa
Valley are now greatly &mmmoﬂm. and they offer an opportunity for the
study of lake and playsa deposits. o .

The’ Manix and -Amargosa Valley areas are the principal if not
the only places where the Quaternary playa and lake beds are .ﬁmm&
exposed. Similar beds underlie each playa, but m ey of the basins
it 18 not possible to state whether the beds are wﬂnﬁw&q of playa or
lake origin unless there is evidence that a lake has existed. There 1s
evidence 1 the form of beaches and wave-cut terraces that lakes have
existed, for short periods at least, in. Antelope Valley, a_pm valleys of
Sods and Silver Lakes, Kast Cromse Valley, and probably West
Cronise Valley. The presence of deposits of rather pure gypsum
several feet-thick in Bristol Dry ﬁ&mm.. near PEUO.& and of salt
deposits in Cadiz Dry Lake, south of Cadiz station, and in U.E%U%,UH%
Take, near-Milligan station, suggests that lakes onee existed 1 these
basins. Definite evidence m the ‘mowg.‘_oﬂvgof Emmmm or ém_dm-n.c.d
cliffs has not been reported in these basins, vﬁa_a&m may be due Fﬂm&%
to lack of suffiment observation. Oob&ﬁo.wm in these localities are
stated more fully under the regional descriptions.

DUNE SAND

Deposits of wind-blown sand are not widespread in the Mohave
Desert region. Several areas of sand dunes occur, but with two OM
three exeeptions none of them is of great owdmuum. In many parts o
the region wind-blown sand is mixed with alluvium washed from the
mountains, but on the geologic map only those areas are shown éw.mw,m
sand dunes are well developed. The largest ares lies mm_qmg_.gbom
southwest of Kelso on the Los Angeles & Salt H&Wn wm&uomg. .ﬁm‘wa
pl. 8.) At this place an area of 20 to 30 square miles is oo,qmwm.a by
large dunes that have a maximum height of wHome% at least mwoo
feet. A large part of the region northwest of this area, extending
as far as Crucero station, southwest of Soda Lake, is covered with
wind-blown sand. The Deyils Epuﬂmao:wm._ east of Soda Lalke, appar-
ently 1s a sand-covered alluvial slope, but on .@ooosdﬁ of the sand,
which makes travel by automobile wEwOmmHEm., it was not seen closer
' than-from-a-distance of.5.or.10.miles.” The patehes of wind-blown
sand in this locality are Irregulaly distributeéd, and for ﬁ_w.um reason
the ares is not shown on the geologic map-as covered by wind-blown

sits. o
mﬂmﬂrwdgm@m which contain dune-deposits of noteworthy size include
several places in the southern:part of Death, Valley, notably about 3
miles east -of Saratoga:Springs:and:west of :Dumont-station on: tho
‘Toniopsh’& Tidewater Railroad; around Cadiz Dry Liake; on the‘west
side of Dale Drv Lake and of & small plays several miles north of



ess- absolutely necessary. It 1s poor for irrigation and unfit for
in ‘boilers because 1t contains an excessive amount of foaming and
e-forming constituents.

bout 8 third of a mile east of Mesquite Spring 18 another spring
the north base of the granite hills. The conditions at this spring
gimilar to those at Mesquite Spring. The water from these
rings probably comes from the drainage south of the Mesquite
Hills, which act as a barrier to the northward movement of ground
tor. The highly mineralized character of the water may per-
ps-be due to the presence of a small playa south of the hills, where
ts may -be concentrated by evaporation, or 1t may be that the
ater: comes from Broadwell Valley, about 10 miles farther south,
There has not been sufficient pumping it the valley to show .&w.ﬁ. o here the ground water s of very poor quality. (See p. 658.)

: Epsom Springs—Epsom Springs are situated southeast of the
ncero. Jills, probably in the SW. 14 sec.21, T. 11 N;R. 8E. They
merge at the west end of a long arm of Soda Lake that extends
uthwest from the main playa. Water comes to the surface at
everal places, and there 1s s slight flow toward the east. . The water
robably comes from the area west of the Crucero Hills and moves
neath an: alluvial divide that conmects these hills with the Mes-
uite Hills.

The ground around the springs is more or less covered with white
IKali. The water tastes salty but not nearly as salty as mught be
upposed from the abundance of the alkali on the surface. Analysis
(p. 532) shows that this water contains 2,124 parts per million of
total solids. Tt is classed as very bad for domestic use and should
not- be used except in an emergency. The water 1s poor for umga-
ion-and unfit for boiler use. It will be noted that magnesium 1s
rictically absent, so that the name ‘“Hpsom Springs” is not jus-
jed. The name perhaps has arisen from the fact that the water
contains: Glauber’s salt, or sodium sulphate, which has the same
medicinal effect as Kpsom salt.
Springs and. wells ot Soda station—Several springs and wells are
; sitiiated at Soda station, on the Tonopah & Tidewater Railroad,
trench led rom which: approximately in sec. 11, T. 12 N, R. 8 E. A brief description of
o et .@?MM MW MMMMMW “MMMMM Mwwwwﬁm@ ; MWM”,M Mmm bm.m%ﬁ..mow it geologic and topographie conditions wil help 1n understanding
water, a : 00U above the . 6 SPrings.
silt mcgoﬁw%% WMNWM%M&%MM HMMHMMM from the rock. A Emﬁ& tSo0dg station the Soda Lake goaﬁpww.m lie within a few hundred
part by the deposition of salts from g@wocqu has vmmw formed et of.the Soda Lake playa, and they rise very steeply. At the
retention of wind-blown sand snd dust w water and in part by ribeastern base of the mountains oceur volcanic rocks, probably
spring. The temperature of the ﬁﬂmwsm J ﬁ&% molsture’ around Tertiary age, and these H.oc_ﬂm.wwowpg% form & large part of the
As shown by analysis 10 (p mwwummmq as 56° 1. T jountains. Farther south gramtic rocks are exposed in the base
alized. It is very bad, if uom E&m £ oamﬁmu I8 very Em,EM nin the mountain. .gﬁ,moaw station there s a hill of limestone seversl
persons have become ww after dri ; 10T domestic use, and sev ; dred feet in diameter, which 1s separated from the man moun-
o er drinking it. It should not Be imé ain mags by an alluvium-filled area about 100 yards wide. The

FLUCTUATIONS OF THE WATER TABRLE

HHSE is mﬁm.mbcm that the water table luctuates from year o
owing to vanations in the recharge of the ground-water Hmmm?oﬁﬁ
%mowmamm,?og it.  On December 7, 1919, the depth to water i
domestic well of Elmo Proctor (No. 21) was 8.9 feet., Mr, w
writes. that in August, 1921, the depth to water was .Ho mmmw CAf
rmm.ﬁx floods in the winter and spring of 1922 the w }

long as the river floods reach the valley the recharge will doubtl
be sufficient to provide for wrrigation of the greater part of the Mm_,mm
If, gﬂoﬁmﬁ the flood waters are stored ir the- headwater re 8&. n
used m the Upper Mohave Valley or diverted from gm.vmmwu h

msw@q?wgaw@wmé.sw .,..
exbonsted. m _ mmgma%mm@mmmmmmum Epﬁ vwoo

SPRINGS

Several springs oceur on the borders of Crucer . Of th
the most poﬂmﬁo are Mesquite Spring, meog.mwww%mﬁumom .Wmm
Ma m%% station, on the Tonopah & Tidewater ,Wmmuoma.,. Hb.&mmmwm

o these Springs, a spring known as Seymour Spring is said to emer
several miles southwest of Mesquite Spring, probably in or ummanw%
mw._ T.IIN,R.7H. Another spring is shown on the o F& $0
ship plat o_m aua. General Land Office 1n the NW. 1 sec mmm T Hw.ﬁw
R. 8 E. v Z othing is known in regard to either of &Wmmm ,m_um_w m
X Emmmwa@ @@ﬁﬂsm.lgompﬂg Spring is in the SW. 14 sec, mm _H 1
Ep; . 7 K., about 814 uﬂimm mocapémmﬁ of Crucero, Tt mEmH_.mmm at

e north v@mm. of the granitic hills a few yards west of the Tonopah'&
Tidewater Railroad. When visited by the writer in 1 i

i . 919 the sp
consisted of a boarded pit dug about 6 feet to water Pl



alluvium probably represents a beach that was ﬁoHB&_@g
ennial lake covered the area. (See p. 564.) . S

Two or more springs flow from the east side of gm..gmm_m
The water appears to seep directly from the rock about 5 fe
the surface of the playa. An abundance of tules and ’sal
around the base of the hill shows that Epo seepage -0cour
Jarger ares than indicated by the few openings that have wmm ¢lay
out. The largest spring flows into a oououoﬁ Teservolr abo
by 30 feet in ares and 5 feet deep. When wisited in M@Hu___m”.m
ram pumped water from this reservowr to an Eodm&.mm.&muw
domestic use, but it had been removed when visited m H@.H@._
flow 'of the spring 1s. between 25 and 50 gallons a minute. "
winter the water flows for some distance out omnto the playa.

3.8 question as to its source. The water from both the spring
4 the well is relatively low in calcium or magnesium—that 18, 16
a typical limestone water. This fact suggests that the water
10t traveled very far through the limestone, perhaps because
estone does not cover a great area. On the other hand, the
is-high in sodium chloride, which is a characteristic of water
playas. Probably the water has its original source in the
ium, The fact that it flows out of the rock and rises above the
ce of the plays may be explained by the clay beds of the playa
Ching. 88 &N Impervious cover if the water has access to the fractured
Hestone from. s more porous gravel or sand bed beneath the clay.
e other hand, the temperature of the water from the springs
b wells, which ranges from 7314° to 7814°, suggests that the water
4y come from a deeper source. These temperatures are fully 10°
the probable mean annual temperature of the Tegion.
ther springs.—At times, particularly in the cool months, water
comes (0 the surface at & number of places in Soda Lake playa and
stands or ‘flows. The quality of this water changes with the wet
dry seasons. Undoubtedly at best it .is fully as highly mineral-
2d-as the samples from Epsom Springs or the springs and wells ab
_m Lake. In the drier seasons, after there has been much evepora-
n;iit becomes a highly concentrated brmme. Samples of brine col-
soted from the playa by H. S. Gale contained 381.49 and 382.47 grams
liter {equivalent to more than 300,000 parts per million) of total
2 A sample of .water collected from . the playa by Loew %

Hwoggwmmﬁﬁmoﬁmmg%mnmwinmumﬁ.d%os Oodovﬁ.fm
was 74° T

Analysis 3 (p. 532) shows the character of 8 mmbmw_m.oﬁ ,.E@ﬁﬂ it .
the large spring. The water 15 highly - mineralized, .mﬁﬁ mo_&
chloride predominates. It has a-distinetr mmgw._‘._ﬂmmﬁm.;g?;mo..
used for drinking if necessary. It is poor for irrigation mﬁgw.wﬁ%
for boilers. . -

In the alluvium-filled ares between the limestone EH A
main mountain two ditches have been dug about 10 mmmd deep
1917 about 20 gallons a minute flowed from these .. m;owmm._ ‘
water comes enfirely from gravel, and there 1s no evidence of :
rock. The Bows appear ‘to originate about 5 feet’ above the:pla
surface. The water is of about the same quality as dr%"ﬂﬂo.g
springs described above. : i
wObm the south side of the limestone hill there are thres d
flowing wells. The well nearest the hill measured 103: *m.m,ﬁ.,.@m%
The greatest quantity of water comes to the surface p@os@.‘m_.ogg
. southwest of this well. At this place no casing was seen, but a’we D
is said to have been drilled on the spot. The flow of these two wells

L

ritained 2,826 parts per million of total solids. Tt is possible that

' saraple was collected from a spring on the border of the
va, 83 ab Soda station, and not on the playa, where 1t is likely
Mmmw more concentrated. The brines collected by Gale contained
y-about 0.01 gram per liter of potash, which is equivalent to
002 per cent of the anhydrous residue. Obviously there is little

of hiin the brines. The brines contain considerable boron.
135 L

‘was estimated to be about 150 gallons.a minute. The g&d,ﬁ& 18
about 300 feet farther south and 15 39 feet deep. The water m 4
well barely seeps over the top of the casing. On December 7, 1919
the temperature of the water from the second hole Smm.‘hm\u\
In the well with the least flow 1t was 73%4°. Analysis 4 (p . 3%
shows that the water from the strongest well (No. 10) 1s essenl
similar to the water in the big spring on'the mmm@_mw@o‘o&.gz
stone hill, although a little less dem?:mmm.:m e

In one of these three wells, probably thé 103-foot .émF. bedro
(limestone) was struck at a depth of 15 mmm& and artesian waber. w
struck at 25 feet. Thus in both the well gnd the sprng on thee:
side of the hill the water seems to come ﬁmooﬂ% from the rock. _H

7

QUALITY OF WATER

amples from several wells and springs were analyzed 1 the
ogical. Survey, and the results are given 1n the table below.

-analyses show considerable differences both in the quantity
“the character of the dissolved mineral matter in the water
tifferent parts of the valley. The total dissolved solids range

1371 to 3,129 parts per million. Some of the gsamples are very
if not: unfit for domestic use.

BiPliaien, W. O, Salt resources of tha United States: TU. 8. Geol. Survey Bull,

, Osear, Report on the alkaline lakes, thormay s
o Oallfornia and

669, p. 188, 1919,

DrINgs, mineral springs, sud brackish waters of
adiacent country: T, 8. Ceog, Surveys W. 100th Mer. Ann, Rept, for 1876, p. 19¢,

3
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northeast end of & low mountain, The water comes from g tarn,
drift that extends for almost 50 feet along the side of the spur
rock s granite. A pipe line leads from the tunnel to & ‘nears
watering trough. When the writer visited the Sprg no-wate
flowing from the pipe line, although there was plenty of water iniih
tunnel. The tunnel was barricaded to prevent cattle from enterin
but water could easily be obtained. No sample was taken bt
water appears to be of good quality. IR
Cornfield Spring—Cornfield Spring 1s i the Providence M
tains, about 6 miles southeast of Kelso. The water 1s-piped to/Ki
and used by the railroad, mainly as a reserve when the supply fr
wells i1s insuffictent. For this burpose there 1s about & mile s
of Kelso a storage reservoir that has g capactty of & little mor
million gallons. BRI
On the Ivanpah topographic map several springs are shown
Providence Mountains, but none of them were vistted and n
mation was obtained in regard to them. As they &re- situs
the mountains the water from them 1s probably of good qualit;

own of Silver Lake, on the east edge of the playa of the
me;:18 reached by several roads. The main route from
wiformerly went by way of Garlic Spring, joining the Rands-
ilver- Liake road about 414 miles south of Cave Springs. In
w shorter road which s now part of the route from Los bmz-
Sait Lake City known as the Arrowhead Trail was opened by
nardino County. (See p. 143.) A branch from this road
m:Baker to Silver Lake. The new route has the advantage
g near a reilroad for most of the distance, whereas on the old
0-helpis available, except from passing travelers, between
+and ‘Silver Lake, a distance of 82 miles. A third route to
Wm_. seldom used, 18 by way of Langford Well and Bitter
(Seep. 259.) From Silver Lake a road leads ﬁmmdéﬁ.g. to
urg. and other points 1 the western part of San WE.SB.QED
This road crosses the plays and ascends an mzcﬁﬁ Eowm
s0-sandy that many automobiles become stalled on 16, This
tretch may be avoided by turning northward at the west edge
playa and: skirting low hills around the north edge of the
lope.. . From, Silver Lake a road leads northward to Saratoga.-
siand points mn-Death Valley. A few miles west of Saratoga
mm.,m branch road leads westward to Randsburg by way of Owi
-and Leach Spring.
om: Silver Lake a road leads eastward, and 9 miles east of the
it forks, one branch leading to Goodsprings, Nev., and points
mmnEam..msa Ivanpah Valleys, and another branch to Valley
Nipton, and Cima. A road leads southward along the west

SODA LAKE AND SILVER TLAKE Srﬁb,u_ﬂ
GENERAL FEATURES R

The unit described 1n this section as Soda Lake and Silv
Valleys lies in the central part of San Bernardino County.. Tt
of a wide valley elongated in g north-south direction, m the bot
which are two playas, Soda Lake and Silver Lake. (See map;

age basins, pl. 7, and relief maps, pls. 11 and 12.) At its sout, Soda Lake to Crucero Valley and Ludlow. However, from
end 1t receives the drainage from Kelso Valley (p. 549). and :

. station - to Broadwell station 1t 1s too sandy moﬁ autornobiles.
southwest end that from the large Mohave River basin. : N uds:leading from Silver Liake and Baker to the Whitney mine and
Kelso Valley and the Mohave-River basin, however, constitute ra, o Spring;‘on the east side of the valley, are reported to be too
defintte physiographic units, distinet from the great depression: or. automobiles.
hold the playss, and they are described as such. The unj 11918 there was at Silver Lake s well-stocked general store, but
described 15 considered as comprising the area that lies immniediaf R Heweit reports that in 1927 the store was no longer in operation
adjacent to the two playas known as Soda Lake pca,mmq_m,.ﬂb&m ept’ for the station agent and sectlon crew-of ‘the. railroad,
the boundartes as shown.on Plate 7 are wmaammpuu%_mogméuﬂ.E..EE. ¢e.was virtually uninhabited. According to the 1927 Postal
assumed for purposes of description. The area directly trib rm,womw office at Silver Lake has been &wooﬂﬂsﬁmm. A sec-
to the two playas is Physiographically a single unit, but it ma wiis stationed at Balker, and water can be obtained there 1n
divided mto two smaller units, Sods Lake Valley and Silyer,; wouﬁ In December, 1919, no one was living at mQQp‘ station,
Valley, by a line drawn approximately east.and west 8cross 8- forme ter of poor quality may be obtained there from springs and
low divide between the playas at Baker station, A large aresso

8Tea sou S cwells.  (See p. 529.)
and southwest of Soda Lake, although draining directly to that pla : soil of ﬁpw #&% valleys 13 mostly the typical arkose so common
for convenience is described gs being part of Crucero Valley , Mohave Desert region. The slopes on the east side of Sods
division of the Mohave River basin. (See pp. 512-536.) ) alley 1 many places are covered with wind-blown mmbn.
The Tonopah & Tidewater Railroad crosses the two: valle “olkali is ,wwomgw around the borders of Soda Lake, but there 13
north to south, and the Los Angeles & Salt Lake Railroad r around Silver Lake.
the south side of Soda Lake, ;. .
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The vegetation of the alluwal slopes of the valley is principally
creosote bush, with other species that are commonly associated with -
it.  In the highest part of the Turquoise Mountains and other moun-
tams southeast of them some giant yuccas grow. Suceda suffruiescens’
(inkweed) and Sesuvum portulacasirum were found at.the southeast
end of Silver Lake after the evaporation of the flood waters:that
covered the playa m 1916 and 1917. The seeds of .these plants,
which are indicative of alkaline soils, apparently were washed E.&%
the flood. ) o

No climati¢ records have been kept 1n - either wvalley. .m,uogw.._,m
comparison of records at stations within 100 miles of Silver Lakeit
1s believed that annual precipitation i1s probably not more than 3:to
5inches. The summer temperatures are rather high, as 120° to 1259
F. has-been reported at Silver Lalke. :

There is practically no activity of any sort in either valley.: At
tempts to farm small areas have not proved successful. Some-cattle
are-grazed on the highland-in the easteérn part of the valleys. A little
muming has been done at the Whitney mine, in the eastern part of
T. 13°N.,-R. 10 E:, and also in the western part of T\ 15 N., R, 10.B:
but there has been no great development. A number of years ago
turquoise for gems was mined in the Turquoise. Mountains, east.of
Silver Lale, but there has been no production in.recent years™

U. 8. GEOLOGICAL SURVETY WATER-SUPPLY PAPEPR 578 PLATE 31

Several years ago a project was started to recover gold from the mud
of Soda Lake near Soda staiion. An elaborate plant was erected;
and for a short period as many as 50 men were employed. The’
promoters of the project claimed that the mud contained large
amounts of gold, but it is said that the company spent $30,000 with-: : SR
out obtaining any goid. There 1s litile reason to believe that gold 25 DT
would be found m the plays sediments, whick are deposited ‘from . . o
standing or only siowly moving water. Because of 1ts weight any
gold that was carred by flood water moving down the alluvial slopes
or mountain sides would be- Q@@Omgm& before the water Hmmowmaépm
plava. i
The ruins of large vats on the Em%m near Soda statlon dmma% t0:an
attempt made many years ago to produce salt from the plays deposits
at Soda station by solar evaporation. The @Howaod doubtless failed
because of the greater purity of the salt occurring in other. E&Sm
where 1t can be recovered more cheaply.

PHYSICAL FEATURES AND GEOLOGY AYA

GENERAL FEATURES OF THE VALLEYS

* but hard clav

Soda Lake and Silver Lake occupy a part of a great trough gm”dm
extends from the vicinty of latitude 35° approxmmately due H_,B..ﬂn.

" Cloudman, E. C., snd others, Minos and mineral rosources of San Bernsrdino County, pp. 90-04,:
California State Z”EEm Bur., 1817; 1n part queted from Kunz, . F., Gems, jeweler's materials,

and-,
ornamental stones of OmES.Em Culifornaa State Min: Bur. Bull. 37, pp. 107 et seq., 1905, ’



u. & GEOLOGICAL SURVEY

A. SODA LA

B. STLYER LAKE, LOOKI

Showing wave-cut cliffs at 1

NG SOUTHWEST, WEST, AND

oft, aneent beach, and outlet channel of

WATER-SUPPLY PAPER 578 PLATE 81

M HILL AT SO0DA STATION

KE, LOOKING NORTH AND EAST FRO

NORTH FROM HILL AT NORTHEAST EDGE OF PLAYA

Ths dark smooth surfacs 18 not water hut har

o clay

Laxe Mohave (marked X).




[EACRTF TN VFL T WITRRFEWE IR S T P SRR A P e L r I ) s

drd {or a distance of about 50 miles; thence 1t bends sharply west-
arc for about 10 miles and continues northwestward as Death
slley for many miles. The trough-ig cut mte three distinet closed
ins by low divides. At two other places, and possibly more,
here appear to have been divides which have been cut through by
rosion, One of these former divides separated Soda Lake from
ver Tiake, This divide, no lofiger continuous, was so low and
definite that it s not feasible to draw an accurate boundary between
he.two areas tributary to the playas.
The western border of the part of the great trough that contains
the two- playas is formed by & continuous range of mountains that
xtends from the north end of Silver Lake southward as far as Rasor;
«distance of about 20 miles. The north end of these mountains 1s &
ow. ridge, with an eastern arm that extends across the valley just
orth . of Silver Lake. Farther south the mountains are larger,
orming the great Soda Lake Mountains, Limestone wag found at
averal places near the base of these mountains, notably at the north-
east end of Silver Lake, and at several places on the west borderof
Sitver Tuaice, about half a mile southwest of Balker station, and in.a
small hill lying just east of the railroad at Sods station. In the
limestone half a mile southwest of Baker station two specimens
were obtained which contamed fossils. G. H. Girty, who examined
the specimens, stated that they were not definitely identifiable, but
one. specimen. was suggestive of a Syringopore, and the other con-
tains what appeared to be crinoid stems. - He believes them to be of
Carboniferous age, possibly Mississippian. It 18 not unlikely thab
limestone will be found to cover a considerable.area of the mountains
on the west side-of the trough. In addition to the limestone, granitic
rocks form part of the mountains. At Soda station porpbyxitic
Yoleande rocks overlie the granite. .
‘The northern border of Silver Lake valley 1s formed m part by a
ridge that extends eastward a mile or two from the north end of the
mountains just described and m part by spurs that extend westward
from. the Turquoise Mountains. Bedrock does not extend .continu-
ously across the north end of the basin, but between the mountain
épurs on each side the divide is composed of alluvium.
»The eastern border of the valley is formed partly by the Turquoise
Mountains and farther south by unnamed more or less 1solated hills
nd mountains. The Turquoise Mountains are greatly dissected,
and: canyons tributary to Silver Liake extend eastward almost en-
tirely through the main mountain mass. The rocks of the Tur-
quoise Mountains are mainly granitie, but at several places there are
areas of Tertiary voleanic rock. The most notable of such areas 1s m
the northwest corner of T. 15 N., R. 11 E., where a lava flow overlies
the granite and slopes gently southwestward. This iz to be seen
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particularly well from the road between Halloran Spring and Valle
Wells.  (See pl. 8.) A steep northwestward-facing scarp along th
north side of this flow or of & similar flow Iying north of it as seen fr

the-road between Silver Lake and Franeis Sprin
scarp.

The alluvium. in the-valley consists of plays and lake deposits,
materials of the alluvial slope, -and aﬁ.ug&woéﬂ sand. The alluvial
slopes have thewr greatest extent onthe east side of Soda Lake and
Silver Lake.. West of the playas the alluvial slopes are rather nar-
w-—in fact the Silver Lake playa reaches almost to the base of the
mountains west of 1t. - East of the playas a.um.mwowm.v rises .eastward
for 10 to 12 miles to the zone of isolated knobs described above.
“_Eam alluvial slope east of Soda Lake and to a less extent east of
Silver Lake is covered with much wind-blown sand. - The mmb@ has
also been blown up on o the lower parts of- some of the rock ridges
that rise. above the alluvial slope.. The m@mg;w“goﬁwb about -on
every windy day. On account of the great accumulations of loose
sand; which make travel very difficiilt, this part-of the area has been
called the Devil's Playground. The-presence of so HHE”% mmbm m.mma
__om_mom.mﬁpw@ 18 doubtless due in large Bommduo.&o,.M__.um._m;ﬁmﬂoﬂ i&r
mmmww&..ﬂo. the great-alluvial fan at the end of g.owim River, éwwmr
gupplies an abundance of fine sand, together with the ﬂowomgwm c
conditions, which are favorable to the movement of the wind with
high velocity across the broad- expanse of ,m?? Leke.. Probably m,.Hmo
'some of the sand had its origin in the:ancient Lake Mohave, which
overed the playa at one time..  (See.p. 563.). me,.?m%p and lake
. .@%ﬁ_m are described briefly in & subsequent section. o

om
g suggests: a- fault.

- South of the road between Halloran Spring and Valley Wells: fg
several miles there 1s no great molnstain mass. but a long slope rise
more or less continuously from Silver Lake eastward for many mile
to a rounded peak m the center of T 14 N, R: 13 . - This highlan;
ares, 8 sort of plateau with a slight westward slope, 1s separated friom
the -alluvial slopes 1n the lowest part of the area by a meore abrup
slope 1n the.eastern part of Tps. 13 and 14 N., R. 10 E,, and allvo:
Tps. 13 and 14 N., R. 11 E. At the'southeast end of the valley thi
mountans are again more continuous. Tn the southeastern: part
T. 15N, R. 11 E., and northeastern. part of T. 14 N, R:.11 E., ther
1s & nearly flat area, with steep slopes ‘descending on .the northwes .
and west but with more gradual sscert on the east, From theroad:
several miles north of it the flat ares appears to be a [ava fow: simila;
to.the one lying just north of the road. :

The physical features of this part of the valley are rather strikin

The long gradual slope rising to an altitude’of 4,800 feet aboy
the bottom of the valley and 5,700 féet. above: sea level has therap
pearance .of an alluvial slope, but granite at a depth of only: a: fe
feet 1 mine shafts and small.outero
the alluvium is at best very thin. : .
& mountain pediment or erosional surface beveled across the bedroc;

‘The southern border of Soda Lake Valley 1s formed by:high moun:
tains, which separate 1t from Broadwell Valley and -which m
called the Broadwell Mountains.: g g T

Several more or less isolated mountain ridges-fie m the middle of
the great trough, near the eastern border of Soda, Lake. . These i
& northerly or slight northwesterly trend and are rather narrow. «:.

Several features.suggest that the great trough occupled by Soda
Lake and Silver Lake, as well as the part farther north, had 1ts ongin

i fautting—that it is a great block of the earth’s:crust that ‘has
dropped between blocks on each side. Especially noticeable 18 the .
elongated ridgelike character of the mountsins west of the playas:
and of several low mountains on the east side.of Soda Lake. .Ong
high mountain ridge in the eastern part of T. 12°N., R. 11 E., sn
the townships sdjoining it on the north and south. is parsalleted £
smaller ridges to the west and northwest, -The rather abrupt descent
at the western edge of the plateau in the eastern part of the troug
18 ‘alsor approximately parallel to this ridge. At Soda station & knob
of limestone 15 separated from the mamn mass of the Soda Lake
Mountains, which are composed of granite overlain by lava, 1n. su H
& way as to suggest faulting.

THE PLAYAS

,_Hw.m two .ww@%@m. Soda Liake and Silver Lake, present some unusual
éatures. Sods Take 1s one-of the largest E@%mm. mn gm ‘Mohave
Desert region, having an area of about 60 square miles. ...m__d_mﬂ. .H.,_me
‘s much smaller, having an area of only 12 or 13 square HEHmm.. ,,
-Aiview of part of Soda Lake 18 shown in Plate 31, .mn. “The playa
a3 8 whole 18 one of the wet or %mowgmpbm._qgh - At ;m_ moﬁgé@mn
end the ground water 1s near the surface and 1n deep 2&5 18 55.9,
ufficient pressure- to flow. - (See p. 529.)- : When the writer: .%.pm mw
Soda station ‘i late October; 1917, and 1 December, 1919, smal
streams of water were flowing on %F@Eﬁ._.msmmg. ‘ The %39.
ppeared to come 1n part from the springs pﬂ.mom?mgﬁoﬁ but H/Mwmo
m-part from ground water that reached the surface of the flat. - mwl
“qmte, principally of the sprawling, wﬁmb.% type, 18 found sround o e
western and southern borders and: possibly grows on the east side.
n.consequence of the discharge of ground water there 18 more or less
allkali on. the surface, which is soft and mushy. In dry years Wagons
and-horses can be driven across the flat, but in other years it is too
soft. The area covered by visible .&.Wm&. appears-to fluctuate with
.?m"_pbgoci of water poured into the basin by floods and is:greatest

ave

. .. o
Strangely, 1arge as they are, neither of these playas was snown on the original thmﬂm H_wn.,m.. .anm._vo
S.s.meu plats, and as & reswlt.they hove been omitted from later maps, even some published withi

H 1]
last [ew years.
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In very wet years, when the ground water reservoir is full and the

water level 1s near the surface throughout a larger area. Probably

i such years pools of water stand on the surface of the plays.
When the writer visited Soda Lake it was observed that the alkali

was most abundant around the borders of the playa, very little being -
present in the more central part. This may be because the impervious -

nature of the plays mud prevents much ground water from moving
far inward toward the center of the playa. The greatest accession of
ground water 1s from the alluvial slopes, and accordingly the greatest
opportumty for deposition of alkali is nearer their borders.

As shown on Plate 31, 4, allkali 1s especially abundant on the west

side of Soda Lake just north of Soda Lake station. There is no alkali

at the extreme northern border of the playa just south of Baker sta-

tion, for the reason suggested on page 561, -
Formerly there was a definite though low divide between Soda Lake
and Silver Lake, but in comparatively recent geologic time a channel
has been cut across the divide, and during floods water flows from Soda
Lake to Silver Lake. A few yeers ago the Tonopah & Tidewater

Railroad cut a second. channel between the two playas to ‘protect its

tracks. It is certain, however, that a natural channel was cut
between the playas before any changes by man, as is shown by the

following statement by Williamson,” written in. 1855, which, so far-

as the writer 15 aware, 15 the first published desecription of the reglon.,

On the morning of November 18, at 5 o’clock we started by fine moonlight and
traveled to the northern extremity of the:sslt lake [Soda Lake| and thenee to.the

next one [Silver Lakel. We found the two connected by a diteh, cut by water in .-

the clay soil.and about 20 feet wide, with banks 2 feet high., The two lakes were
from 3 to 4 miles apart. E

The former divide between the two playas was apparently less than

10 feet high. 1t was formed by the coalescence of alluvial fans built -
out: from the mountains on the east and west sides of the valley..

According to profile surveys of the Tonopah & Tidewater Railroad:

*

Silver Lake at Silver Lake station 1s about 15 fect below the north -
end of Soda Lake, near Baker station. However, the north end of

Silver Lake 1s possibly a little lower than the south end. S
Silver Lalke 1s different from Soda Lake in that all its features are

those of a playa of the dry type. Ordinarily the surface is very hard
and mud cracked. Alkali1s entirely absent. The soil of the playais :
unusually dark as compared to that of most of the playas obsgerved?

Similar dark soil, however, 1s found in Soda Lake and Bast Cronise

Lake; and 1t probably comes from s common source, perhaps from
some material washed into the playas by Mohave River. No SpIINGS -
are known to exist around Silver Lake, and as shown below the depth

" Willismson, &, 8., and othars, Report of explorations in California for railroad routes to connect with'
thoroutes nsar the 35th and 324 parallels of latitude: U, S, Pacifie R. R, Expi., vol. 5, p. 33, 1855, .

»
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to water beneath the playa 1s from 30 to 60 feet. No mesquite grows
anywhere around the playa.

Sesuvium portulacasirum was sbundant around the edges of the
playa in the fall of 1917, and Suaeda suffrutescens (inkweed) grew
thickly at its south end. Both these plants grow where the soil is
alkaline and generally where the water table 1s not far from the
surface. . In this locality, however, they appear not to indicate ground
water ab a slight depth but fo have got a start during a high food that

covered the playa from January, 1916, to July, 1917,

At wrregular intervals Silver Lake is covered with water to s depth
of asmuch as 10 feet. (Seep.494.) Tn view of this fact it 1 perhaps
surprising that there 1s no more visible evidence of allali left upon the
evaporafion of the water. It is reported that after one flood about
1900, the playa surface was white instead of black, as it usually is.
The difference between the surface features of Soda Lake and Silver
Liake seems to be a permanent condition and not due to seasonal
conditions at the time of the writer's visits, for Williamson ™ in 1855
wrote:

"The character of the second lake [Silver Lake] was entirely different from that
of the first [Soda Lakel. Tt was a dry, hard elay bed in which the snoes of the
mules searcely made an unpression; while the other was covered with salt and in
many places too soft to travet over.

It 1s believed that these differences in the surface features of the
two playas-are due almost wholly, if not wholly, to differences i the

- ground-water conditions. On the west, southwest, and south bor-
- ders of Soda Lake the water table is close to the surface, and it is on

these parts of the playa that the alkali 15 most abundant. No

- 1nformation 18 available as to conditions on the east side of the plava.

At the north end of Soda Lake and beneath Silver Liake, where alkali
1s absent, the depth to water below the playa surfaces ranges from

- about 20 to 50 feet or more. (See pp. 568-569.)  The relation of the

water table to the piays surfaces is shown in Figure 16, which is
based on railroad altitudes and leveling with a telescopic alidade by
the writer in the vieinify of Baker and Silver Lake. The significant
feature of this profile 1z that the water table slopes continuously

northward and 1s lowest near the town of Silver Lake. This condi-

tion is believed to indicate that there is underground drainage from
the basin at some place near the northern part of Silver Lake. Suffi-
clent information 1n regard to the depth o water at different points
18 not available to show definitely the point of this outlet. The
extreme north end of Silver Lake is surrounded by rock hills, which

- are- without doubt sufficiently impervious to prevent percolation.
However, a short distance east of the Tonopah & Tidewater Railroad
- these hills disappear beneath alluvium, which extends eastward several

: .. ‘3 Williamson, R. 8., and others, op. cit., p. 33.
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miles to the foot of the Turquoise Mountams. The alluvium slopes
upward to these mountains from the railroad, but the profile of the
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higher altitude than those on the west. These factors would
naturally tend to produce larger rawnfall and greater run-off from
the east, with the result that much more alluvium has been
poured out mto the valley bottom from the east than from the west.
As the great alluvial slopes were built out from the east they cut off
the connection to Riggs Valley, and presumably a lalke, or at least &
. playa, was formed just south of the barrier between the valleys.
As the alluvial slopes have continued to grow they have crowded the
playas to the west side of the valley so that their western edges are
practically at the base of the low mountams, from which relatively
- little alluvium has been carried out mnto the valley.

LAEKE MOHAVYT

There is unmistakable evidence that at some fime in the past a
. large lake covered both Soda and Silver Lakes, not only submerging
the low divide between them, but also reaching slightly beyond the
borders of the present playas. The existence of this ancient lake has
been recognized by several writers,” but the details of the evidence
have not been previously presented. As the ancient lake was for a
long period the end of the Mohave River drainage system, and as the
discharge from this system was probably the prime factor in 1ts for-
mation, the writer has suggested that 1t be called Lake Mohave.™
- The evidences of the existence of Lake Mohave comprise wave-cut
- cliffs and terraces, beach ridges and other beds deposited n lakes,
* and an unmistakable outlet channel toward the north. The most
manifest evidence consists of wave-cut cliffs and terraces at the edges
of rock hills on the west side of Silver Lake, opposite the town of that
name snd also at the extreme northeast end of the playa. (See pl.
31, B.) Beach ridges are also well developed at the north end of Silver
Lake. The best, perhaps, s a ridge that reaches from the railroad
wesbward to a limestone hill that extends southward from the mamn
reck hills. 'This ridge, which rises nearly 40 feet above the playa,
apparently was a sand bar, for bstweenit and the rock hills that form
the divide of the basin a few hundred feet farther north i1s & completaly
* closed depression or lagoon, the bottom of which is about 15 feet below
the top of the beach. Wesl of the limestone hill the beach ridge 1¢
" not so evident, for 1t lies close to the rock hills and the depression
north of 1t 13 not well developed. About 400 feet south of Baker
gtation the railroad passes through s short cut in a low gravel ridge
that rises westward to the foot of the alluvial glope from the mountains.
~This ridge was probably a bar or spit formed by shore currents or by

7 (tale, H. 8., Notes on the Quaicrnary lakes of the Great Bagin: U. 8. Geol. Survey Bull. 540, p. 401,
. '1914. TFree, E. E., The topographic features of the desart basin of the United States with romprencs to the
possible ocenrrence of potash: U, 8. Dopt, Agr. Bull. 54, p. 45, 1914; An anclent lako basin on the Mehave
River: Cernegio Inst. Washinglon Yearbook for 1916, pp. 90-91. Huntington, Ellsworth, The curtail-
ment of rivers by destceation: Carnegle Inst. Washington Yearbook lor 1915, 1. 96.

% Thompson, D. G., Pleistocene lales along Mohave River, California (abstract): Weshington Acad.
Sei. Jour.. vol. 11. No. 17, p, 424, 1921,
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Ing the existence of the lake were similar. to those at present,-the sounth
end of the lake was probably much shallower than thé north end, for
‘then; as now, Mohave River doubtless washed in so much alluvium
that the playas had a slight northward slope.

The age of Lake Mohave 1s uncertain. Mollusk shells were found
in the beach deposits at Baker, but the species are of little value in
determining the age of the beds, except that they are probably Quater-
-nary: On the assumption that during the Pleistocene epoch the
precipitation throughout the entire Basin and Range province was
somewhat greater than at present the lake is believed to have existed
‘contemporaneously with other lakes now extinet, such as Lake Bonne-
ville, Lake Lahontan, and the Qwens-Searles Lake system. - (See
P-110.) ~As described on pages 111, 450, and 538-539, lakes are also
‘believed to have existed at shout the same fime m Cronise. Valley

(Little Mohave Lake) and in.the Lower:Mohave Valley near Manix
*(Manmx Lake).

The relation of Lake Mohave to Little Mohave Lake
and Mamix Lake 1s uncertain and raises some guestions, as pointed
“out-below.

“The total area now tributary-to the playas that mark the site of
Lake Mohave 1s estimated from planimeter measurements to be about
3,500 square miles. - Certain areas now separated {rom the basin by
low alluvial divides but then possibly parts of it may have increased
the drainage area by 500 to 1,000 square miles. About half of the
Present area is tributary to the piayas through Mohave River; of the
remainder about 670 square miles is tributary through Kelso Wash,
and the rest slopes more or less directly to the playas,

It 13-sald by inhabitants of the valley that when Soda and Silver
akes become real lakes, af irregular intervals, the discharge from

Mohave River is the only important source of water. Although the
mountsins east of Soda Lake rise 5,000 to 7,000 feet above sea ievel,

the largest arroyo 1s only 2 or 3 feet deep and a few yards wide, and

apparently most of the water sinks into the alluviam before 1t resches

the playa: Most of the run-off that causes the flooding of the playas

now comes from the very heavy precipitation m en ares of little

more than 200 square miles in the San Bernardino Mounteins, about
125 miles distant. (See p. 386.)

In discussing the origin of the
@:mﬁmﬁm&w lakes of the Great Basin, Gale  has pointed out that the

the deposition of alluvium washed in from near-by Eoswmﬁumc odu MMM .
west. At Soda Lake station a low ridge of &FﬁEB" es ”odiﬁal
the main mountain and & small hgmm@owm _Eo_w that wﬁ%mgm E% ..
playa. Several feet of gravel with clay h.gmmm 18 eXPOseE WE mhm,ww Mo "
cut through the ridge. Accerding to railroad surveys the wm 1 cdmgm
{hus gravel is just about the meBm ww the w_mdmﬁ ﬁ% MWMMmmMW W_mmw@m e
nd. of Silver Lake. It1s 15 or eet . :
MMM% muam were observed east of the &oéﬁﬁ& WMMMWWMMMVUSMOMq Mﬂoﬂ
ful. may show them to exist. 1t » B i
MMMMHMM MMNWMVMWMMEJBM@ they have been obliterated by alluvial épmw
. A118. "
mwomwuwr% MMMSW&Q Mohave had an outlet northward w: %M mﬂmﬁ.
valley that reaches to Death 4&3%“ This outlet passed & Hoﬂm 2 %ma
noteh eut in the roel hills north of Silver Lake playa, at a @oww mar "
X 1n Plate 31, B. From the playa a mwm.asmf slope Ewwmz,ow moﬂﬂu .
hundred feet to the barrier beach west of the limestone hi m_am_”oﬂ Mw_.
above. North of this beach the land slopes again towar M@MMM% .
hills and to the outlet. - When the writer SawW the odEoﬁ n e
conditions were clearly shown, for a short time previously m%5¢ mm.; dm :
ficial excavation had been made, apparently as part of an & daﬁmmmmﬁ
drain the piaya by pumping water over the &ﬂ% after it Was o
i 1916.  The outlet channel was-cut slightly mto .._.,o.ow _wﬁ é.@mwwpw w. :
filled again with sand and gravel, which form the divide in the o_ muww :
The top of the alluvium in the channel 1s at about the mﬂim. a%mﬁ. :
the top of the besch ridge, but the U.mmaoow i the channe Hw abo L8
feet lower than the top of the beach E@mo. The rock oﬁmmuaw Mmﬁ
divide is generally less than 20 feeb §mw ﬁ.& only a few M.m _ummv. "
The rather small size of the channel .E&omdmm that the disc wmmw of
the lake was not great. The lake mﬂ&mﬁﬂ% mﬁwb@maocm%od Em ‘
porders of the present playas of Soda and Silver Lalkes. | n MUM H._MH,H 1
and west the borders of the ancient Lake Mohave were rather % nite W
determined by rock hills.  On the east, south, and southwest, “ Mé@g:.... .
alluvium may have been washed in mdu.om the lake ceased to m.umm Wwﬁm -
mg the border of the playas some %mgﬁom.ﬁéma from .ﬁ mm oumm
lake border. There is some evidence of zﬁ.m near Ogoﬂo,. oH.H _ﬁ :
clay and blue sand, generally believed to indicate depostiionin a N a.m. ..
were found in wells in sec. 18, T.11 N, R.8E.,20r 3 Enwﬁmwﬁmm ﬁo._
the present border of Soda Lake playa. {See p. 519.) ooo ota .
area of ancient Lake Mohave was probably between 75 and 100 square -
Ewwwm.m surface of Silver Lake plays .Hm. about 900 feet pvodm ges, ”53_.
Altitudes determined on the beach H.Emmm show &?ﬁ at 1ts Bmﬁ.B%uW.
the water surface was about 40 feet tugher, so that at the north en vm. :
the basm the lake was fully that deep. .Hﬁ was, m fact, proba U%.
somewhat deeper, having been shallowed 1o 1ts later stages by the

Ty

i

by perennial streams originating in high mountains where the rain-
fall 15 much greater than in the lower portions of the basin. He
believes that a slight increase in the precipitation might be sufficient to
form lakes in basms fed by these rivers. In the Lake Mohave basin
conditions are very similer, though on a smaller scale. Unless the
precipitation i the rest of the basin was greatly increased, the head-
.1 Glals,

‘H, 8., Quaternary iakes of the Great Basin: U. 3, Geol Survey Bull, 540, pp. 402-403, 1914,
HRR 120 7
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water region of Mohave ‘River must have been the principal ?c#on.
in'producing Lake Mohave v wee i I
~Assumung; therefore; that the greater part of the water that mogm@a
Lake Mohave came from-the San Bernardino Mountains, & guestion
arises as to the relative’age of Liake Mohave,: Little Lake Mohave
and Manix Lake. Did Mohave Riverreach the site of Lake Mohave
before Mamx Liake was forméd? -1If:so, when the river channel was.
damrmed; 1n's manner as-yet unsolved, and Mamx Lake was .S.mmnma.
no- great: suppiy of water reached :the:T.ake: gobzm, gm.ﬁ..swﬂ_
Manix Lake had overtopped its barrier..: Was-the Silver Lake basin
closed by the mwash of alluvium northeastiof: Silver bmWn prior .wo_.ﬁv.a
formation of Manix Lake, or duririg:its existence, or even mot unti
sometime after it ceased 1o exizt? ' ‘Buwalda ™ states that the: barTier
at the northeast border of Manix Lake 1s composed of comparatively
unconsolidated 'alluvium; ‘and:once the lake overtopped this barrier:
the water would presumably: deepeniits channel and dram thetlake
rather rapidly. It may mot have been until this occurred nrﬁ Lake
Mohave came into existence. Under such circumstances, with: only
one of the two'lalkes existing at the:same time; a.much smaller supply
of water would have been required ‘than if they had existed contem-
poraneously: - In:view ofthe:possible variations in- the correlation
of-the-age of these lakes1t1s believed that further studies of the:lake-
beds 'in!the Mohave River:basin:may be worth while: m order:to
obtam: information - for “mterpreting: the climatic conditions -under-
which the lakes:exasted. - 5 . .G e
Of more than passing mterest 18 the:finding - September, 1917; -
of the dried remamns of many:fish along the edge of :the Silver Lake ”
plava.: Several specimens- collected: by the. writer “were submitted
to:Dr.: B A, Bean, of: the United: Statess National: Museum, ‘who
identified them as the.ordinary catfish, ‘Amevurus nebulosus; which.
presumably -had ‘been mtroduced from:other parts of the oocuﬁw.,,w.
and o species of -the:chub; Siphafeles -mohavensis: . Both: of: these,
species are’ known to live in pools: at different’ places on:Mohave
River. - Apparently they:had- been washed:into:'Silver Lake by the.
waters of Mohave River during:the flood:of. 1916, -and astheé temporary
. Jake dried up they were stranded arnd dried. ~They were'so nuUmerous,
howaever, ‘that: there 1is:some question astowhether all had’been”
washed 1 or whether only: a comparatively few were:carried by the
floods and maost of them had' been born and: grew during:the year .
more that thelake existed.: Thefish'must have béen cartied at leas
25 ‘miles by the flood:waters.and pro _om.cq.m_Bros.‘.mamﬁmﬂ..w&mguo.
from' their regutdr habitat:  ..v . . T s i
- The occurrence -of these fish remains on-a desert playa many miles.
from their regular habitat' emphasizes the fact. that the finding: of

fresh-water remains 1 deposits i a desert region that show some of
the chiaracteristics of lake beds can mot-be téo strictly Interpreted to
~indicate the existence of a perenmual fresh-water lake. If these fish
remains were bured by later deposits and ‘subsequently exposed,
their presence might be considered erroneously to indicate that they
had lived m a lake that existed for a period.of years, And if, per-
chance, the wave-cut cliffs and terraces of Lake Mohave were still
visible they mught be even more erroneously correslated with the lake
‘that eut the cliffs. Tt 1s of interest to note that both Orcutt * and
MacDougal ™ record a similar occurrence of fish remains in Lake
Magquata, an ephemeral lake on the delta of Colorado River a few
miles south of the Mexican boundary, Fish have been carried nfo
‘this playa when 1t 1s flooded from time to tume by the river under
conditions similar to those that resulted in the formation of Salton
Sea. In addition to the fish remains Orcutt found millions of fresh-
water snails and clam shells, although water that was present on
part of the piaya was very salty.

The writer has endeavored to find eriteria that may be used 1m
determining whether deposits m the desert basins like those in the
Silver Lake basin have beenlaid down in perennial lakes or m ephem-
eral lakes that existed for & year, or two or three vears at the most,
with intervening periods when the lakes evaporated and playas
- resulted. However, untess there is physiographic evidence in the

form of wave-cut cliffs or.beaches the only reasonably reliable eri-
. terton appears to be the color of the sediment. The prevailing con-

ception 1s that a greemsh or blutsh color of the beds mdicates deposi-
tion beneath weater; but the writer has not been able to find any
information as to whether this 1s an infallible indication of deposition
n-s lake enduring for only a year or several years, or whether it
indicates the existence of the lake for mMany years.
-~ The presence of Siphateles mohavensis m the Mohave dramnage
isystem 1s-suggestive m connection with the question of the former

-extent of that system, as pointed out by Snyder® In describing this
‘species he writes:

The fishes of the Mohave River belong to a single spectes, a member of the
genus. Siphateles, a channel and lake minnow which ocours in the Sacramento-
Ban Joaquin, Klamath, Oregon Lake, Columbia,

and Lahontan systems ana
Owens River.

The species of this group are very closely related, intergradation
-of distinetive characters being not unusual. In a measure they resemble geo-
graphie races or subspecies of birds and mammals as usually defined, except
-that, bemng fluvial and lacustrine forms, the range of each 15 definitely circum-

eribed, and no intermingling or mterbreeding of individuals of different forms

.mwommmcwm.mvmﬂmmoﬁ,@“@guammmggﬁwgéu?ogmm&?bsm or Colorado
=Rivers,

PR R

Orcutt, G. R,, A visit to Lake Maquata: Wesiern Am. Scientist, vol. 7, No. 59, pp. 139, 161, 1891.
MacDougai, D. T., Ths desort bastus of the Colorado Delta: Am, Geog. Soc. Bull,, vol. 89, p, 720, 1907.

" Buwalda, T. P., Fleistocons bods at Manix, with eastern Mohave Desert region: -California-Uni Snyder, J. 0., The fishes of Monave River, California: U. 8, Nat. Mus. Froc., vol, 5¢, pp. 307-299, 1918.

Dapt. Geology Bull,, vol. 7, p. 458, 1814, . . ..
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Snyder states that the Mohave species was oimwumzw oo.wmﬁmwmn_
identical with and described as a cotype of a form found in the Sacra~
mento-San Joaqum system (Siphateles formosus), but he has con-
sidered the Mohave form sufficiently different to constitute a new:
species. He writes further:

west side of Soda Lake from Sods station southward are discussed
‘under Crucero Valley on pages 523-534.

Five of the nine wells mentioned (Nos. 1, 2, 3, 5, and 6, pl. 28)
‘are dug and reach only a few feet below épﬁma Eqm_ Well 6, belong-
g to R. Y. Willlams, was dug all the way in material reported as
“hard gravel.” -In the well of G. Brauer (No. 1) the upper 14 feet
of material was gravel and sandy clay with small pebbles. For the
‘remaining depth the matertal was slightly coarser and sandier. No
‘data were obtained in regard to the materisls penetrated i any of
the other wells. The depth to water in the wells ranges from about
20 to 60 feet. The greatest depth to water 1s at Silver Lake station,
not far from the edge of the playa. A profile of the water table in
-an- approximate north-south direction beneath the two playas 1s
shown in Figure 16. This profile is based principally on saltitudes
at several points along the railroad. The exact altitude of the wells
» Was not determined accurately, but the error at most of them can
. .not be more than a few feet, g0 that the profile shows the conditions
- with reasonable accuracy. The significant features are that the
water table 1s near the surface beneath a large part of Soda Laks,
‘but at the north end of that playa and benesth the whole of mmﬁﬁ.
Lalke 1t lies a6 a greater depth; and the water table slopes continuously
irom the south end of Soda Lake to the north end of Silver Lale.
The great depth to water at the north end of Soda Lake in contrast

~to the shallow depth farther south 1s seen to be.due to the fact that
*the playa surface at the north end is nearly level, or at least does not
have as great a slope as the water table. The northward slope of
~the water table beneath Silver Lake and its great depth seem to
‘indicate without any doubt that there is percolation from the basin.
:As indicated on page 562 this probably does not occur ‘through the
~.rock hills at the north end of the playa, but around their east end,
- where the divide appears to be ooﬁ%owoa of alluvium to a considerable
aowdc .

So far as the writer is aware there are no wells on the east side of
‘Soda Lake, A single well belonging to the Los Angeles & Salt Lake
wmmaopg has been drilled st Balch station. According to a log of the
‘well furnished by the railroad the materials penetrated were sand
‘and. clay to 55 feet, gravel at 55 to 88 feet, sand and gravel at 88 to
/160 feet, sand and clay at 160 to 175 feet, sand at 175 to 205 feet,
and boulders at 205 to 212 feet. The depth to water was 55 feef.
‘A railroad profile shows that the surface of the well is about 50 or
60 feet above the lowest point where the railroad crosses the south
rend of Soda Lake, where the presence of alkali shows that the water
level 1s near the surface, and the water level in the well is ab about
‘the same altitude as bemeath the playa.

The depth to water at different HuoEnm near the edges of the playas
1s probably not much greater than is shown in Figure 16,

The large series of speclmens from the Mohave reveals a considerable degree
of differentiation when comparisons are made with specimens of 8. formosus and’
S. obesus, the two species which are geographically nearest them. &. obesus:i;
indigenous to the Tahontan systers and Owens River. The immediate relation-
shin of the Mohave torm, which may be known as Siphaieles mohauensis, omb,.bo*_
be determined with certainty from an examination of the fishes, and unless the
geology of the region points to some previous connection bétween the Mohave
pasin and the Sseramento-San Joaquin or the Lahontan gystems, the :question
may remain only partly answered. There 13 reason to doubt the possibility that
the species reached the Mohave through stream capture near the wmmaéi_ﬁm_ as;
the species of Siphatelés appear to be lacustrine and channel forms and are not,
kiown to mmgrate far up into the smaller tributames. The occurrence of Em_
genus in streams without deep, sloughlike channels or direct contection with B,
lake 15 rare, and individuals are not at any $ime found at a distance from mﬂa.
places. :

As described on pages So;HS -8 chain 94 fakes extended ?oE_,Epm
Owens River bazin through:Searles Lake to the Panammt Valley:
Tt 18 believed that there was overflow from Hu@ﬁpgubw Lake to Ummap.
Valley, where the existence of & lake has Sbm ‘been suspected dﬁ.o"uq..
recently confirmed ® (See p. 186.) Mohave River als0 m@ one HBm. ..
reached the south end of Death Valley. Tt seems quite En&uﬂgmﬂ
an ancestral form of Siphateles obesus, which now inhabits Owens
River, may have traveled through the Oéawm-bogw <m=8ﬁm%m§.b
and through a permanent or temporary .EWO in Death .<p=¢% and:
entered the Mohave River basin, where it became modified to the
S. mohavensis form.  If the fish once reached Death Valley, there e
no impassable barriers to prevent 1t ascending Ea ?How@é“ wwoﬁ&bm‘
the water m the valley was not so saline as to kill 1. 1f fish entered:
Mohave River from Death Valley, it would be reasonable to mxw.m%...
that the same species also entered Amargosa River, which joined the
Mohave about 25 miles north of Silver Lake. Perhaps, gmw&.ow?.
Siphateles may be found living in the Amargosa River basin.

GROUND WATER
GENERAL CONDITIONS

Meager dats were obtained 1m regard to four weils in the valley:
of Silver Lake and five wells in the valley of Soda Lake near Baker.
These data are given in the table on page 524, and the location of
the wells iz shown on Plate 28, Ground-water conditions onthe

& Noblo, L. F., Note on a colemanite deposit near Shoshons, Calif, with s sketch of the geology of & parf
of Amargosa 42_3. . 8. Geol. Survey Bull. 785, p. 69, 1926; The San Andress rift and some other mnsﬁ
faulls in tho dosert region of southeastern California: Carnegie Inst. Washington Yearncoux 25, p. 426, 1928,

There 1s
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no large supply of ground water moving toward the’ playas, -except,
from Mohave River in Crucero Valley. Therefore the water ‘table
on each side of the playas probably does not rise very much toward.-
the mountains, -Accordingly at-points farther and farther up- the:
alluvial slopes the depth to water will be increasingly great; by ,._pn
grnount about equal to the difference n the surface altitude.: In:
general a depth to water of 100 feet may be expected within 1 or2
milez of the borders of the playa and’ of 200 feet within 3- to 5
miles. SRR
No information is available as to the yield -of the drilled wells. -
The yield of the dug wells for which data are available 1s only a-few.

gallons a minute. This small yield 1s probably due in part to the .-
fact that the wells are dug only «a few feet below the water level;

and the water level 18 quickly lowered to the botiom of the well+if
the rate of pumping 1s very great. ‘However, there 1s also some:

evidence that the water-bearing capacity of the materials penetrated

is not very great. This may be explained by the fact that the wells: -
are near the playas, in & position where the materisl ‘deposited ‘was
neturally rather fine. Indeed, some of the materials may have been.

deposited in the playa lakes oran ‘Lake Mohave if those lakes at one -

time covered a larger area than the present playas. It seems reasons:
able that farther from the playss the alluvivm may be somewhat
more permeable, and wells drilled a mile or more from-the borders.
of the playas may yield more water than those for which data are’
available. : i
QUALITY OF WATER

Analyses have been made of water from two wells, Nos. ' and 6:: :

(See analyses 1 and 2, p. 532.), “Both waters are highly mineralized,
contaiming 1,269 and 2,208 parts per million, respectively. The

sample from well 6 1s high in sodium chloride, or common salt, but .

the other is a sodium bicarbonate water. The water from well 118
only fair for domestic use, and that from well 6 15 bad for such use..

Both samples are poor for wrigation and very bad for boilers. e
The rather high mineralization of the waters 1s undoubtedly due to-
their location near the playas. The flood water that occastonally: .

covers the playas becomes concentrated as 1t evaporates, and such

wator as enters the alluvium carries with it much of the mineral matter
that accumulstes durmg the process of concentration. The ground
water at points some distance from the playss may perhaps be of’

better quality, but this 18 not certain.

WATERING PLACES
Tn addition to the wells at Silver Lake and Baker stations there are

several places in or near the mountains on the east side of the Soda:

Lake-Silver Lake basin where water may: be obtmaned under certain
mrenmshances. , : : :

the high rounded summit that 1s 6 miles northwest of Cima.

SOPA LAEE -AND- SILVER. LAKE VALLEYS - 571

| ﬁ Huyten's .Q&.Inmﬁm:um Well is about: 10 miileseast of Silver. Liake,
s %Mgu&@m & -8 mile.south of the road. from Silver Lake: gé_ﬂmﬁou“
elis and Nipton. The wellis really an inclined shaft dug E,mgs;ﬁ

_In:which the depth to water 15 about 125 feet. In 1917 the well was

equipped with a bucket and windlass.  The water has not been ana-
lyzed, _“:,; 1t appears to be of good quality. It isreported thatiwater
can be obtaied from thiee shallow wells at & stamp EE, hmvo& 114
.,E.nmm" south .Om.m.u;mb_“m Well. . - Hyten’s-Well should not be confus Qw
&#Fﬂﬁmﬂ\m"mwﬁﬁmm n the southwestern part of F..10 N R. 9 E @
: ww,.mawwows@“mwcﬁsm.l_lmmbogn Spring s 14.5 miles east:of .mﬂg_w_bm.hm
yway of the road to Valley Wells.. :Itismnear the junction of this road
ﬁgrgo_ﬁméﬁaoma..?os.w&woﬁ to Valley "Wells. and.-Roach, which
,mmmmbmm.. ﬁmﬂoumb Wash. (See:pls. 7 and _Hm...v ; Hg..m@aﬁ Hm ,mu the
uo_H,E side of the-easterly: one of two. targe branches of the _Spmb.,, ab
,_Em.émmﬁmw@ of low hills that nse toward a large lava flow farther mew
The sprihg 1ssues from granite about 100 feet east of the m”._“_.qmu.bmwmw
road. A buried pipe line carmes: the water-to. a. bmpﬁ.a% trough-for

- watering catble. D. F. Hewett reported that in 1927 the trough

was equipped witha ball float, which was housed in such a way that

. fresh water could not be ebtained from the pipe. As shown by analysis

2 (p. 532), the water is moderatel i
AP-092), the water 1s moderately muineralized. A sample collected
mﬁvﬂ_@d_ﬂmﬂ on ,O“obog.ﬁ.w_@_. 1917, contaned 854 paris per million
of total solids, azid one collected by (. A, Waring on August 23,1016

i

ntained sbout’ 890 ‘parts per million more of total solids. The

: LIRS R ai : Lo A R
water is a sodium carbonate water and 1 fair for domestic use.

ﬁa@@ﬁ”M@ﬁan.!mwuﬁ?ﬂ._mw_mwﬂm is 1n the north-central part of T.
N T m%%m *(See ,E._.o 12.). No definite information'is available
1 Tegard ¢ spring, but 1t'is ‘beli ‘be used a8 & watering
place for,cattle. ~ - " befleved fo.be used s & T
,& mﬁﬂ,@ Spring.—Henry Spring is reported to be about 134 miles
.H,BMMZQQHM?W& of Granite Spring, in the northwestein part of
g - R 11E. Itis said to flow about a gallon & minate and is

ed as & watering place for cattle. Tt can be reached g&,m" road

leading from.the main road between Valley Wells and Halloran Spring

- Deer Spring.—Deer Spring 18 shown on the Ivanpah topographic

map in sec. 20 or 21, T. 14 N., R. 13 E., about 114 miles northwest of
hear any road, and nothihg 1s known abotut it.’ , fhis not

Indian. Creek.—It 15 stated that water runs throughout the year at

the head of Tndian Creek, 18 miles almost due west of Cima. A pipe

ﬁum Mow.gmi% omﬁw& water ?_og this creek to the Whitney tine, bus
W L was forn up in 1917.  The'road that leads to the west of the omamw
rom Marl Springs to Silver Lak: .
mobiles because of heavy sand,

1

e, is W.E.@..mo Um..wgwmmmm.cwo for auto-

_ Unnamed, well.-—About 4.5 miles east of Halloran Spring, a4 8

point 500 feet south of “the Silver T.ake-Nipton road, is an indlined
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shaft dug in granite, which in 1917 contained water at & depth of
about 35 feet. Water for use In emergency probably could vm.“‘ov-
tained from this well with a rope and bucket. :

‘valley that slopes southeastward and lies approximately parallel to
and just east of the boundary line between Nevada and California.
This valley, which 1s known as the Amargosa Desert, 15 5 to. 8
miles wide and practically unbroken by hills for 50 Enmm The
‘Tonopah & Tidewater Railroad lies in this valley from Rhyolite to
Sperry -siding. According to the topographic .map the course of
Amargosa River for most of this distance is only a sandy wash. The
river crosses the Califormia-Nevada boundary line at tatitude 36° 30’
-and‘continues in a more southerly direction. Near Iatitude 36° 157,
:about 5 miles south of Death Valley Junction, the valley is somewhat
constricted by a low mountain known as Eagle Mountain, which lies
practically in the middle of the valley. 'The drainage apparently is
- partly ponded behind this barrier, for a plays or somewhat similar clay
flat lies just north of it. Flood waters, however, may pass to the
~west.side of the mountain. South of Eagle gosﬁpﬁ the valley here
continues for about 25 miles, but its width 1s only 2 to 5 miles. Near
. Shoshone, in T. 22 N., R. 7 E. (see pl. 11), the valley is AggIn Con-
‘stricted.  South of that point for about 10 miles, although the valley
13- wide it 13 much dissected, and the smooth siopes of the portion
Jerther north are lacking.. Just south of Tecopa Amargosa River
cuts through low mountains for about 10 miles, and between Sperry
EE Dumont 1t emerges from them onto an open alluviel slope.

-~ From the point where the river leaves the mountains, near Dumeont,
t-flows southwestward down the alluvial slope for about 10 B;mm“
dropping In that distence an average of about 50 feet to the mile.
Near the west-central part of T. 18 N., R. 6 E., the river turns north-
westward into the south end of Death Valley and continues in that
- direction for about 30 miles, to the great salt flat that lies in the
‘bottom of the valley. In this part of its course the grade is only

about 15 feet to-the mile.

For convenience in description the Amargoss Basin and certain
- important tributary areas have been divided into several sections—
namely, the Upper Amargosa Basin, the Middle Amargosa Basin,
the Lower Amargosa Basin, Wingate Valley, Lower Kingston Valley,
Upper Kingston Valley, and Riggs Valley. The Upper bapum%m
- Basin does not lie within the Mohave Desert region and is not de-
. scribed in this report. The boundaries of the other aress sre shown
on Plate 7. These areas are described m the following pages.

PROSPECTS FOR IRRIGATION

Tn 1917 there was no agricultural development in either Soda HLES
or Silver Lake Valley. No ranchers were living 1n the <p:m%m,. and
there seems to be no prospect of any worth-while development in:the.
future. . The meager information available indicates that near- the
playas the yield of wells is likely to be mEm.z and the quality of water:
poor for irmgation. Higher up on the alluvial slopes, where the water-
bearing beds may possibly yield water more freely and the pﬁwﬁ@
of the water may be better, the depth to water 18 Eoom&q 80 great
that water could not be pumped economically for irrigation. The:
valleys are so far from any market that irrigation could be wwomnp_o_m._
only under mMoaUEospEw favorable conditions, and such uoommmp&m
conditions do not exist 1 the reglon. :

AMARGOSA DRAINAGE BASIN
GENERAL FEATURES

The Amargosa drainage basin is one of the largest in the Mpmﬂ. and
Range provinee. It is larger than any other drainage basin mﬁ.ﬁwm.
Mohave Desert region, although the part of it that is wholly m the
region 1s exceeded by the area that is tributary to Soda and Silver
Lakes, which include the basin of Mohave River. .

The maimn drainage feature of the basin is Amargosa River i”:ob.
empties into Death Valley. Like Mohave River, the .»Bmmmog 1s an -
intermittent stream, with no water flowing in most oﬂ:ﬁ course
except m the cool months or in unusually wet years. Besides Amar-
gosa River there 18 no perennial stream in the region, although 1n :
some of the mountain canyons short streams may persist for mbo@..
periods after heavy rams. The swrface features of the part of the.
dramnage basin outside of the area covered by this report are shown on .
the topographic maps of the Kawich and Furnace Creel @Gm&pﬁﬁm.
and the Amargosa reglon. ‘ o

What may be termed the headwater region of the Amargosa &.Eb-. -
age basm—that is, the part farthest from the lower end of the TIver—
is 1o & high dissected area known as Pahute Mesa, @Uoﬁw 30 miles
north of the town of Rhyolite, Nev., and more than 90 miles north- -
west of the pomnt where the river enters the northern part of gm
Mohave Desert region as shown on Plate 11. me rmmgﬁ.ﬁaw drain--

age from & large area of mountamnous country wm collected m mm%wg_.
major drainage lines. Amargosa River is considered as beginning &
few miles north of Rhyolite. Near Rhyolite the river emerges from
the more or less dissected hilly and mountamous region mto a broad

MIDDLE AMARGOSA BASIN
GENERAL FEATURES

‘In the present report the Middle Amargosa Basin is considered as
that part of the basm above the mountains south of Tecops. Most
of the area is not in the Mohave Desert region. The writer did not
see any of the Middle Basin, and the following brief statements i
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