UNITED_STATES DEPARTMENT OF THE INTERIOR
Ray Lyman Wilbur, Secretary . .

GEOLOGICAL SURVEY
George Otis Smith, Director

Water-Supply Paper 578

THE MOHAVE DESERT REGION
CALIFORNIA

A GEOGRAPHIC, GEOLOGIC, AND HYDROLOGIC
RECONNAISSANCE

BY

DAVID G. THOMPSON

UNITED STATES
GOVERNMENT PRINTING OFFICE
WASHINGTON : 1929

i
¥For sale by the Buperintendent of Documents, Washington, D, C, - - - $2.00 (prmer cover)

PWS-0044-0001

|

]



PWS-0044-0002



CONTENTS

: Pago
Preface, by O. E, Meinzer. - . _ _ o« oo X
PART 1. General features. - . oo oo oo m ————— 1
Introduction. . .o oo e em e 1
Purpose and scope of report. - oL 1
Acknowledgments - - - oo 4
Geography e 4
Location and extent of area. . ... _____.________.. 4
Name of the region . . . oo e 5
Relief maps._ _ . ool 7
Historical skebeh o o - oo e oo e e 9
Journeys of Gareés, 1776__ ... . o
Early American explorers, 1826-1848__ _ . ________________._. 11
The Death Valley party, 1849 __ . _ ... 13
Explorations and settlement since 1850 ___________.___ 16
Settlements and population. - - e e oo 23
Transportation. - - . - - o oo e 25
Mineral resoUTCes . _ o o e 26
Statistics of produetion. . __ . ___ .. 26
Metals . . . e e 29
BIVer o e o e e 29
GOld - - o e mmm 30
COPPeY .. - oo ot o e 31
Lead and 2inC. o oo cee o 31
Tungsten . _ _ e e 31
Other metals. . _ e 32
Nonmetals _ _ .- - e 33
Borax _ o e 33

Potash . _ _ e 33
Salb e e 34
GyPSUIM - oo 34
Calcium ehloride. - - oo e 35
Cement_ . o eeeeee 35
Lime and limestone _ _ - . o 35
Granite and otherstone_ _ _ . oo _ . . ... 35
Gems. e 35
Petroleum _ _ . e 36
N8B - o e e o e e e 38
Other nonmetals. - - . e 30
Agriculture and stock raising_ _ ______ . ___ o em_- 39
B IO e e e e 41
General features of desert vegetation. . . ..o . __________ 41
Vegetation of the high mountains_ . ... .o.._.. 45
Vegetation of the lower mountains and alluvial slopes. _ .. ..__. 46
Vegetation where water table is near surface. .. .. ooo.... 51
Species of plants collected in the Mohave Desert region. .. .... 54
B aUna et O BT

ux

PWS-0044-0003



v CONTENTB
Part I—Continued. Page
B0118.. e e e mem e e e e crccememe—c———m e s e s S e ——————— 60
General characteristics of desert 80118 - cce oo 60
Alkali in 80118 e ercemccmececemcce—rae— e — - 61
Distribution of 80il8. o ce e cmncamcecccncmcera e 63
Soils of the alluvial 810Pe8c e ccmmcccccrmcccccmccccaa e 63
Soils of playas and adjoining lands. c e caoio o 64
Soils along the principal rivers oo oo oo 68
Climate. .. ... e —m——————————————————————————— ot —————— 68
Climatic records. a ee e cce e e mmm e ———————————— 68
General conditions. o - oo o e mcccccmme—————— - 69
T emMpPeTAtULe. - e e ceercccm—meccemcccccceen—m——————— 70
Humidity - o cceeceee e rmeemcctccccccacmcccaan —— 73
WiIndse o e ee e emcam e e n——————— ommmc—m——— 75
Evaporation_ ..o e m—e e 75
Precipitation_ _ e cmccemc e aa 77
Influence of cliraate on human activities o c e cocaenamoanao 95
Drainage. .o e eecmcemccmcemcmeccm———- 97
GeOlOgY e e e ccccemccccma—e e 98
Previous literature  _ . e cccrccccvec e ——— 98
Present contribution. . . e 100
Stratigraphy . - o e mcccccmecmeee 102
General features. . cvacavcemcmeccacrcrcccc e ——— 102
Sedimentary rocks. oo ccec e ccceccicce——— 108 -
Pre-Tertiary sedimentary rocks. e 103
Cambrian IroCKS.cmmcemcrccecrracncmcrcan e —e—— 103
Ordovician roeks. - cmee e e 104
Silurian rocKkS . mc cccerec e ccccnccca e ———— 104
Devonian T10cKS. o o eecm e 104
Carboniferous rocks - e v o e ccmee e 104
Mes0z0ie T0CKS e e e e e ecr e mc - 105
Tertiary sedimentary rocks.ococao-- e o e 105
Quaternary deposits. .o ecmcennc———————— 108
General features._ - . e cccc e 108
Alluvium of streams, valleys, and slopes. . ....... 108
Playa and lake deposits e ccee oo e 109
Owens, Searles, and Panamint Lakes system.. 110
Manix lake beds. e comcc oo eeeee 111
Other lake and playa deposits. - - v cecnen 112
Dune sand. - e e 118
Igneous and metamorphioc rocks. v e o ome oo 114
Pre-Tertiary igneous and metamorphie rocks.. . ... 114
Tertlary igneous roeks. c oo oo eee 115
Quaternary igneous rockS. - cemeocccamcccc e 118
Structure. o o oo e ecmeea S 118
Folding o e ———————— 116
Faults.._.._ e —————————————————— e e e 117
San Andreas rift - oo e eeeen 117
Garlock fault. .. .o oo 118
Sierra Nevada faults._ ... momc oo 119
- Other faults..._ . __ . _____... e m e mmc e a————————— 119
s e Geologie history - - oo e e 121
Ground WAbeT . o v o e eoen R, 124
O CCUITONCO - e e et e e e e e 124
B OUT e . = o e e e e e e e 124

PWS-0044-0004



OONTENTS v
Part I—Continued.

Ground water—Continued. Page
DHSChATEe e e e e e mme e c—c e e mmmemmm———a——————— 124
Artesian eonditions. .- oo deccccccmaee 126
QUANtILY- - - e c————— 126
Utilization - - e e e e ——— 127
QUAKEY _ - e o e oo —— e 127
Temperature. - . - oo cceecm e c————cc————— 128

Suggestions for desert travel __ .. 132
General counsel. . - o o e cm—c——— 132
Bquipment. .« oo e mmm e ——————————— 133
Road difficulties . - - - - o e e ——— 134
Roads to watering places .o oo oo ool 136
Types of watering places. oo oo oo 137
Finding watering places .. oo e 138
Quality of desert watera_ - ..o . 139
Emergencies. .. - - o oo e eccc e —ema 140

Main routes of the desert. o o oo oo 141
Midland Trail. - o o ccc e 141
National Old Trails road. o oo e 142
Ocean to Ocean Highway . . ___ 142
Arrowhead Trail . e 143

Part II. Descriptions of valleya . . o o ccco oo e 144

Indian Wells, Coso, and Rose Valleys.. o - oo oo 144

Searles and Salt Wells Valleys. o oo oo oo 170

Panamint Basin, including Pilot Knob Valley . .. - oo 182

Leaeh Valley o o oo 192

Avawatz Valley o oo oo e cdccccecccc e c——- 199

Granite Valley. . e mmaa 200

Fremont Valley. _ e mcmma———— 201

Golden Valley . o oo e mecec e mea 223

Superior Valley .o et ————— 237

Goldstone Valley. - - e e 255

Bicyele Valley - . oo oo oo et e e m e ———— 257

Langford Valley - - oo cce e e man——— 259

Red Pass Valley. - oL vmmmmmmmemmeemmaee 204

Harper Valley - - o oo oo oo e mcecc e —a 266

Coyote Valley . - - oo ecccececcecccccme—a- 279

Antelope Valley . o _ oo rdcece e cccac——- 289

Mohave River Basgin _ o e 37
Transportation and settlements_ . o oo __. 372
Industries. - - oo oo n 873
Physical features..eeccee e e P 374
Precipitation . e ceeiacea. 376
Surface Water. . e cccmcan. 378
Irrigation projects. . oo caa o oo cce e 381
Local details.. - o oo oo ecnaaae 33b

Headwater region e« e oo 885
Upper Mohave Valley o e v - o v 387
Middle Mohave Valley .. oo e eeeeecaaea 423
Lower Mohave Valley . - e ecnman 437
Cave Canyon. oo eccvccccccccccccccccsnean- 509
Crucero Valley.ee mv e cccc oo oo cecmecccamccccnccccnana 512
Cronise Valloy - wvew oo oo oo e cecccccaneas 536

PWS-0044-0005



VI COXTENTS

Parr IT—Continued. Page
Kelso Valley. - o e e e e e 548
Soda Lake and Silver Lake Valleys . o e e cccccccmcccmeacaem 564
Amargosa drainage Basin. .- v coeec e ccccmcemcaanaa 572
General features _ _ - oo o e e ——————— 572
Middle Amargosa Basin . oo o ccmcemccm————————— 573
Lower Amargosa Basin (including South Death Valley) - -..____ 576
Wingate Valley oo o eceecccemcceccaccmemcecee—c——————— 5901
Riges Valley - - _ o e e cemam——————————————— 594
Upper Kingston Valley o o oo oo oo ceccmemcmm e 598
Lower Kingston Valley _ v e cmcieecccccmccem———————— 604
Pahrump, Mesquite, Ivanpah, and Roach Valleys_ - - - ceceeeooo-. 606
Las Vegas and Sutor Valleys.- « - o oo oo cccececcccmececcmcecmmm 610
Tiucerne Valley - o v co e eeeecmmmc e mmm——————— 610
By Valley o e e e e e e — e m—————————— 624
Johnson Valley . o e e e e ceceecam e ccm—————————— 625
Bessemer Valley . - o oo emccmccmmmc e mmc e m——————— 631
Means Valley - oo e iceeice e iecemcccsemaec—cer—ecm——————— 632
Ames Valley e ceeemmmcmccccecccmmmnmeaee—e 033
Surprise Valley - o v oo eeccmamcmcmemccm e mc————————— 633

Morongo, Warren, Copper Mountain, Twenty-nine Palms, and Dale
Valleys, by John S. Brown. . - ccce e e mmm 638
General features. _ .o meeeceecmceeceae—mee—————— 638
Country between Whitewater River and Morongo Canyon..... 638
Morongo Canyon - e e e eemmmecamm——mcmme———————— 640
Morongo Valley - - e e uemeoe e ecceccccme e —— 641
Warren Valley. ..o ccee e cccccccmmceccccmce———a———— 642
Copper Mountain Valley - ..« oo oo ceecemcmeam 645
Twenty-nine Palms Valley - - _ _ .« cccmmcceccccccccecccccmm———- 646
Twenty-nine Palms to Dale_ _ oo 648
Old Virginia Dale. e oo cecececceccmecc e ce—cc—————— 649
New Dale. oo e c—cmccme e ——————— 649
Dale pumping plant. - o oo mcmemaa 650
Road t0 AmboOy - e e e e 650
Dale Valley - - o e e ceececmccm e ———— 650
Lavic Valley . ___ ... e m e e e — e mm e mm e — e ————— 651
Broadwell Valley .. o o oo ecccccmececmaa—m 656
Bristol-Lanfair Basin . - - oo e e e cmec— e 660
General features. . - oo oo e ccceccemmcac—c———————— 660
Lanfair Valley . e e eememcce e mmmm e 662
Fenner Valley . _ . e 676
Bristol and Cadiz Valleys._ . oo eecccecmccmee e em 689
Ward Valley _ . o oo memm i m e m————— e 704
Rice Valley . e emm e mmam——————————— 711
Colorado River Basin_ oo emeccec— e 716
General features. - v oo e iccecccccccam—c—n—n 716
Piute Valloy o oo oo ecccmccmmmm e ——m—m e 716
Colorado River Valley between Mohave City and Topock...... 728
Chemehuevis Valley .o e e cmeccccccccemm——ne————— 736
Vidal and Calzona Valleys. v cce e cccccmcecncamemcaann= 741
Index . e e cemmmmmeeeeemeee——eme———————— 749

PWS-0044-0006



ILLUSTRATIONS
Page
Prate 1. Map of the arid region of the United States showing areas
covered by guides to watering places and other water-supply
papers of the United States Geological Survey._ ... ... 4
Index map of the Mohave Desert region_ _ . occmooo______ 4

Ll o

A, View looking north up Wall Street Canyon in Galico Moun-
tains; B, Mesquite bush on sand dune along Mohave River. . 44
4. A, Typical view in Mohave Degert; B, Joshua frees or giant

yueeas near Cima.____ _ .o e 44
5. A, Roots of a creosote bush exposed by flood wash; B, C,
Roots of a giant yucca (Yucca arborescens) .- oo -.. 44
6. Annual precipitation at nine control stations in or near the
Mohave Desert region . _ - oo oo ecaaas 92
7. Map of the Mohave Desert region showing boundaries of
drainage basins and character of playas- - - _____ In pocket.
8. Reconnaissance geologic map of the Mohave Desert region. In pocket.
9. Map of part of Mohave Desert region showing desert watering
places (Sheet I)_ __ . In pocket.
10. Map of part of Mohave Desgert region showing desert watering
places (Sheet IX) . o eeas In pocket.
11. Map of part of Mohave Desert region showing desert watering
Places (Sheet ITX) _ . o L oo In pocket.
12. Map of part of Mohave Desert region showing desert watering
places (Sheet IV)_...___. o ————— In pocket.
13. Map ef part of Mohave Desert region showing desert watering .
places (Sheet V). oo In pocket.

14. A, Alluvium exposed in cut along Atchison, Topeka & Santa
Fe Railway 214 miles east of Daggett; B, Pilot Knob, in

. . T. 29 8., R. 44 E. Mount Diablo meridian__ . _ . _._.______ 108
15. A, Leach Spring and part of Granite Mountains; B, Indian

Spring, in Superior Valley .« c oo oo 108

16. Map of Fremont Valley_ oo oo eeecaee 212

17. Map of Harper Valley and Middle Mohave Valley.. .. —-—.__ 268

18. A, Surface of Harper Dry Lake showing ridge of alkali-covered
“gelf-rising ground’” and less alkaline smooth ground; B,
Waste from uncapped well in the SE. 4 sec. 16, T. 7 N., R.

" 12 W. San Bernardino meridian, Antelope Valley. ... __ 268
19, Map of Antelope Valley . oo e 292
20. A, Mohave River 1,000 feet above Barstow wagon bridge,

November 30, 1919; B, Mohave River looking upstream
from Barstow wagon bridge, January 23, 1920._._.________ 372

21. A, Mohave River about half a mile below Camp Cady, Novem-
ber 21, 1919; B, Lower end of Mohave River about half a
mile below point shownin A _ ___ o eeea 872

22. Map of Upper Mobave Valley. o oo oo caccccecececeeeam 388

23. A, View looking east and southeast across Mohave River Val-
ley at Victorville; B, Alluvial slope rising to the Granite
Mountains, on the north side of Bicycle Valley..........._ 888

PWS-0044-0007



vix - ILLUSTRATIONS

Prath 24. Map of Lower Mohave Valley . . - mcoecoc oo e m 436
25. A, B, Stratified alluvium along Mohave River south of Yermo. 444
26. A, View looking east and north across Mohave River about
2 miles east of Old Camp Cady; B, Sand-dune belt in south-
central part of Lower Mohave Valley. o o cceeoao oo __. 444
27. A, Near view of Manix lake beds; B, Terraces cut in Manix
lake beds along Mohave River 3 or 4 miles east of Camp

Ca Y e e ————————————————— 444
28. Map of parts of Cronise, Ctucero, Soda Lake, and Silver Lake

Valleys. o e e e———— e 516
29. 4, B, Panoramic views of Crucero Valley.emauecccame ccnn 516

~ 80. A, Wave-cut cliff and strand lines in SW. £ see. 20, T. 12 N.,
R.7 E. San Bernardino meridian, East Cronise Valley; B, The
mystic maze, an ancient Indian ceremonial ground 14 miles

southeast of Needleso o oo cammmm——— - 516
81. A, Soda Lake; B, Silver Lake._ . oo oo cecccceeceee 556
32. A, B, Mount Pisgah cinder cone and lava flow. - ccceacmaaas 652
33. Map of Lanfair Valley - - o - oo oo oo oo 660

34. A, “Self-rising ground” on surface of Cadiz Dry Lake; B,
View looking south across Danby Dry Lake; C, Large erosion

channel cutting surface of Danby Dry Lake_ .. .__.__.._ 660

Ficurs 1. Mean monthly precipitation at stations in or near the Mohave
Desert region. - .o oo c— e ——— 88

2. Percentage of precipitation in each month at stations in or near
the Mohave Desert region. - oo eo o com oo ceeeeaea 89

3. Relation of mean annual precipitation to altitude between San
Bernardino and Barstow - aee e oo oo ccacicccccaae 94
4. Map of Indian Wells Valley - - oo oo oo ccmeacaceen 149

5. Profiles of the surface and of the water table between Rogers
Dry Lake and Kane Dry Lake. « oo oo oocecceenae 217
6. Map of Golden Valley . - cc o cmcvcoeecc e e e 224
7. Map of Superior and Goldstone Valleys. .- ccmccccuae 238
8. Section along a north-south line through Superior Valley ..... 249
9. Map of Coyote and Langford Valleys- o -c- - oo coocacnan 260
10. Sketch map of the vicinity of Paradise Springs_ - - -_..____. 286

11. Diagrammatic cross section of Antelope Valley__.__-_..___.. 318 -

12. Fluctuations of water table in wells near Little Rock Creek,
Antelope Valley . o e emaae 328

13. SBections showing effect of discharge from Little Rock Creek,
Antelope Valley, in building up the water table...._._ -——- 338

14. Generalized section of Lower Mohave Valley along an approxi-
mate east-west line through Daggett- . o cceoeo . 473

15. Profiles of the surface and of the water table in different parts
of Lower Mohave Valley .- oo e ccecemmeam 475

16. Profile of surface and of the water table from north to south
across Soda Lake and Silver Lake playas oo occcoeeooo 562
17. Map of Lucerne Valley .- oo ec e 616

18. Hypothetical section between Lavic and Troy Dry Lakes.-.. 655

19. Profiles of the surface and the water table along main line of
Atchison, Topeka & Santa Fe Railway between Cadiz and
Colorado River...cc e cecccccacecmcm——cc—————- 684

20 Sketch map of Piute Valley . -« oo ceceeemmecceeeceeem 721

PWS-0044-0008



PREFACE

By, 0. E. MEINzZER

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

tion of underground currents and artesian wells, and the preparation g

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

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

'490-A to 490-D, Routes to desert watering places in California and
Arizona.! _

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

.1 Brown, 1. B, Boutes to desert watering places in the Salton Sew regien, Calif; U. 8. Geol. SBurvey
Water-Supply Paper 490-A, pp. i-v, 1-86, pla. 1-7, 1920. Thompson, D. G., Rauses to desert. watering
places in the Mohave Desert region, Calil.: U. 8. Geol. Survey Walist-Bupply Paper #00-By pp. i-vil,
1+4; 87-269, pls. 14, 8-38, 1031. Ross, O. P., Routes to desert watering plans in the lowse (Gilla Tegion,
Aris.: U, 8. Geol. Survey WatenSupply Paper 490-~C, pp. i~iv, 1-4, 271-315, pis, 1-3, 19-28, 1902, - Bryess..
Kirk, Routas to desert wataring places in the Papage country, Axix.: U. B, MWW
Paper 480-D, pp. i-vi, 14, 317-420, pla. 1-3, 16, 23-28, 1022,

II
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x PREFACE

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

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

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

The Mohave Desert region has an area equal to the combined area’
of Massachusetts, Rhode Island, Connecticut, and New Jérsey, but
it would be difficult to conceive of two regions more strikingly dif-
ferent—one densely populated and teeming with industry, the other
in large part virtually uninhabited. Almost equally striking, how-
ever, and in some respects of more practical importance is the con-.
trast between this almost undeveloped desert region and the region-
just across the mountains to the west and southwest, including the
valley of southern California and other valleys nearer the coast, with
their exceedingly productive and valuable irrigated lands. Ag these
better-watered valleys nearer Los Angeles have approached the limits
of possible development, their enterprising inhabitants have looked
more and more earnestly toward the Mohave Desert region and asked
the question whether in its vast expanse, with its 50 desert valleys,
each occupying a closed drainage basin of its own, there are not
opportunities for making irrigation developments similar to those
that have been so successful in the coastal region. Many attempts
have already been made to develop irrigation districts in different
parts of the region, in a few places with considerable success, a8 in
Antelope Valley, but more commonly with complete failure. The
interest in the possibilities of irrigation in this region is, however,
unabated, and the United States Geological Survey is constantly

Ji.9 The thres reports previously published are Brown, J. 8., The Salton Sea region, Cslif., a geographie,
geologie, and hydrologie reconnaissance, with a guide to desert watering places: U. 8. Geol. Survey Waters
Supply Paper 497, xv, 292 pp., 19 pls., 1923; Ross, O. P., The lower Gila region, Ariz., s geographic, geologie, .
and hydrologie reconnaissance, with s guide to desert watering plates: U. 8. Geol. Survey Water-Supply
* Paper 498, xiv, 237 pp., 23 pls., 1923; Bryan, Kirk, The Papago country, Aris., & geographic, geologie,
and hydrologie reconnaissance, with a guide to desert watering plaees U. 8. Geol, Survey Watar»Buppiy-
Paper 499, xvhl.ﬁzpp 27 pls., 1925,
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PREFACE ‘XX
receiving inquiries in regard to the ground-water conditions of one
locality or another in the region.

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

PWS-0044-0011



THX MONAYE DESERT REGION, CALIFORNIA 289
ANTELOPE VALLEY

. Antelope Valloy is one of the few areas in the Mohave Desert -
region in which irrigation has been successful to a considerable extent.
The water supply of the valley was described by Johnson ” in 1911,
but since that time many new wells have been drilled. The writer
collected information in the valley in December, '1918, December,
1919, January, 1920, and April and May, 1921.

The writer is indebted to Messrs. H. A. Brodie and L. S. Tudor, of
the Southern California Edison Co.; Burt Cole, engineer for the
Palmdale irrigation district; J. W. Scott, engineer for the Little Rock
irrigation district; and Harry Austin, R. H. Orr, C. L. Mason, and
N. S. Abbott for information in regard to wells, acreage under irrige-
tion, and other valuable data. W. R. Parkhill and C. H. West, engi-
neers of the Federal Land Bank of Berkeley, also kindly furnished data.

In addition to the report by Johnson cited above, several other
published reports ® contain brief data in regard to Antelope Valley.
The writer has also been permitted to examine several unpublished
reports by engineers in regard to the utilization of the surface waters
of certain parts of the valley for irrigation.

LOCATION AND SETTLEMENTS

Antelope Valley lies in Los Angeles and Kern Counties, in the
southwest corner of the Mohave Desert region (see pl. 7), and is
bounded on the south and west by the high San Gabriel and Tehachapi
Mountains. These ranges serve as barriers to the rain-producing
winds that blow from the Pacific Ocean in winter, and for that reason
the precipitation is so low that in most parts of the valley crops can

7 Johnson, H. R., Water resourcss of Anfelope Valley, Calif.: U. 8. Gaol. Survey Water-Supply Paper
278, 1911

#® Davis, A. P., Report of progress of stroam messurements for the calendar year 1896: U, 8. (Qeol. Survey
Eighteenth Ann. Rept., pt. 4, pp. 402-405, 1897, Describes a stream-gaging station on Little Rock Creek
and gives the estimated discharge of the creck for 1896,

Schuyler, J. D., Raservoirs for irrigations Idam, pp. 711-715, 737, Deseribes proposed reservoirs of the
Antelope Vallay Water Co. snd the Alpins (now called Harold) reservoir of the Seuth Antelope Valléy
Inrrigation Co.

Operations at river stations, 1897, Part II: U, 8. Geol. Survey Water-Supply Paper 16, p, 193, 1898, Gives
record of daily gage height at gaging station on Little Rock Creek for 1897,

Newell, ¥, H., and others, Report of progress of stream measurements for the calendar year 1897: U. 8,
Geol. Burvey Nineteenth Ann. Rept., pt. 4, p. 527, 1809, QGives estimated monthly discharge of Little
Rock Creek for 1807, .

Qperations at river stations, 1898, Part I1: U. 8. Geol. Survey Water-Supply Paper 28, p, 189, 1809, Givas
Jecord of daily gage heighi at gaging station on Little Rock Creek for 1808, ’

‘Newell, F. H., Report of progress of streazn measursments for the year 1898: U, 8. Geol. Survey Twen-
tisth Ann, Rept., pt. 4, p. 540, 1900. Gives estimated monthly discharge for Little Rock Creek for 1808,

Newoll, F. H., Report of progress of streamn measurements for the year 1899: U. S. Geol. Burvey Tweonty-
first Ann. Rept., pt. 4, pp. #0471, 1901, Gives estimated monthly discharge of Little Rock Creak fer 1880,

Johmson, H. R., Water resources of Antelope Valley, Calif.: U. 8. Geol. Burvey Water-Supply Paper
278,1911.  Describes in congiderable detail both the ground water and surface water supplies of the valley.
Givas dats in regard to 353 wells.

Tait, C. E., Irrigation resgurces of southern California: California Conservation Comm. Rept., pp. 822~
324, 1912. Gives a brief outline of developments in the valley up to 1913,

Adams, Frank, Irrigation districts in California, 1887-1915: California Dept. Engineering Fifth Bienn,
Rept., appendix B, pp. 10, 37-39, 91-03, 1917. (Originally printed as Bull. 2 of State Dept. Engincering,
1916.) Qivas briefly the history of ths different irrigation districts formed in the valley.
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not be grown without irrigation. The more prominent topographic
features of .the region are shown on Plate 19 and on the relief maps,
Plates 9 and 10.

The valley lies 40 miles north of Los Angeles, but the distance. by
railroad or highway is nearly twice as great, owing to the fact that
high mountains necessitate a wide detour to the west. The line of
the Southern Pacific Railroad ‘that runs from Los Angeles to San
Francisco by way of San Joaquin Valley crosses the valley from south
to north, and the line of the Atchison, Topeka & Santa Fe Railway

from Bnﬁfnw to San Francisco crosses the northeast corner. Tha
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valley is also connected with Los Angeles by a good paved road,
which is. part of one of the roads that connects southern California
with the Lincoln Highway between San Francisco and Salt Lake City.

The largest town is Lancaster, on the Southern Pacific Railroad
near the center of the valley. The next in size is Palmdale, on the
railroad 8 miles south of Lancaster, near the foot of the San Gabriel
Mountains. The only other town on the railroad is Rosamond, 12
miles north of Lancaster. Lancaster and Palmdale are thriving
towns, with hotels, good stores, and banks. Little Rock, 10 miles
southeast of Palmdale; Del Sur, 9 miles west of Lancaster; and
Fairmont, 19 miles west of Lancaster, are small communities, each
with a post office and general store. Valyermo and Llano, each 20
miles southeast of Palmdale; Wilsona, about 20 miles northeast of
Palmdale; Neenach, 28 miles northwest of Lancaster; Domina, 18
miles west of Rosamond; and Muroe, on the Atchison, Topeka &
Santa Fe Railway, are post offices that serve scattered ranches.® All
these communities are reached by automobile, and roads lead from
the valley to desert towns lying to the north and east.

HISTORY OF IRRIGATION

Stock raising was probably the first agricultural activity of white
men in this region. The first attempts at farming any large portion
of the valley seem to have been made near the foot of the mountains
' along the south side of the valley, where the rainfall is somewhat
greater than in the center of the valley. Some of the early settlers,
especially those on the lands west of the Southern Pacific Railroad
around Del Sur, Fairmont, and Neenach, tried to grow crops without
rrigation. In years of abundant rainfall they seem to have been
successful. For instance, it is said that 750 carloads of wheat was
shipped from the valley in 18933 most of it presumably from the
region between Del Sur and Neenach, One man is said to have had
1,000 acres in wheat and barley. The following year, however, the
rainfall was deficient, and the crop failed.

_ 8 Runnington post office, shown in Plate 9, and Casa Desierto post office, shown on Plate 10, are not
listed in the 1928 edition of the Postal Guide and apparently have been discontinued.
# Farm, Fleld, and Fireside, vol. 17, No. 16, pp. 524-527, Apr. 21, 1804,
PWS-0044-0013



. .vdduring the early nineties a wave of schemes of land: settlemment .
swept over the Western States, and in Californin -conditions: ware
made favorable by the passage in 1887 of a law known as the Wright
Act.  This law “sought to confer on farming communities powers.of
muhicipalities in the purchase or construction and the operationiof
itrigation works.”” # In Antelope Valley six irrigation districts were
arganized under the Wright Act between 1890 and 1895, known as'the
Neenach, Manzana, Amargosa, Palmdale, Little Rock Creek, and
Big Rock Creek districts. The Little Rock Creek district is the only
one that can be said to have been entirely successful, after a hazardous
career, and the Big Rock Creek district is the only other one that
still exists. Recently a new Palmdale district, which embraces in
part the lands of the old Palmdale district, has been organized under
a new law. S

Oneof themost pretentious projects waslocated on Rock Creek {often
called Big Rock Creek), then called Rio del Llano (river of the plain).
This project was fostered by a paper devoted to farming imterests,
which proposed the establishment of a colony where the colonists
would have an opportunity to build homes for themselves.®* The
plan seems to have been a bons fide scheme, which promised no great
profits to the promoters, and the land with water rights was sold
much cheaper than in neighboring districts. Before the land was
obtained by the colony several hundred acres of fruit trees, grapes,
and alfalfa had been brought to a productive state by a few ranchers,
who used water from the creek. The promoters of the colony
obtained 8,000 acres of land, all of which was quickly sold under
contracts, and steps were taken to obtain an additional area of 10,000
acres, but this area was in litigation and was not immediately ob-
tainable.

During the same period that the Rio del Llano colony had its
inception other colonies were being started along the north foot of the
mountains. The Alpine Springs colony was located on the site of
the present Little Rock Creek district. It contained 1,300 acres,
planted mostly with almonds and prunes.®* At Manzana 1,500 acres
was sold and planted, mostly in almonds,® and at Almendro, at the
west end of the valley, it was planned to set out 800 acres in 1895,
mostly in almonds. Probably -at least 1,000 acres additional -had
been set out by private parties. It is probable that during this
period areas aggregating from 12,000 to 15,000 acres were bought
in different parts of the valley by prospective colonists who expected

# ‘Adams, Frank, Irrigation districts in California, 1887-1915; California Dept. Eng., Fifth Bienn, Begik.,
appendix B, p. 8, 1017, This report was also published as Californis Dept. Engineering Buil. 3, 3818, |

# The information o0 the early history of this colony is gathered frémi numercus articles in differted
numbers of Farm, Fiald, and Fireside, vols. 17-20, 1864-1897, ' t

% farm, Field, and Fireside, vol. 17, p. 828, June 23, 1804,

& Idem, pp. 521524, Apr. 21, 1504,
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t0 set out orchards. Some idee of the magnitude of the developments
may be obtained from the following quotation from Hinton: ¥ «

tln the Antelope Valley proper, since April, 1889, some 10,000 acres have been
brought uander oultivation; this area can be readily increased to 25,000 aeres.
It is estimated that in all 50,000 acres are now under ditech. The surface supply
i# obtained from mountain streamss, stored in three reservoirs, with a total
capacity of 30,000,000 gallons.®® The works include five dams, five headways,
seven weirs, and six tunnels driven into the foothills. The main ditches are 50
miles in length, 5 feet wide at the top. There i8 an equal mileage of distributing
and lateral ditches.

The colonization projects seem to have been started at what proved
to be the most inopportune time in the history of the valley. During
eight out of the eleven years from July 1, 1893, to June 30, 1904, -the
mean annual rainfall for the places at which precipitation records
have been kept for a long period was considerably below the normal.
(See table on p. 85 and pl. 6.) For two successive yedrrs, 1897-98 and
1898-99, the precipitation was the lowest yet recorded at several of
the stations for which the records are given; the longest record covers
a period of 50 years.

The colonists had hardly set out their orchards when they were hit
by the unprecedented drought. The orchards on the west side of the
valley, which depended almost entirely on rainfall for water, were
the first to wither, but it was not long before Rock and Little Rock
Creeks dwindled to a point where they did not carry enough water
for the large acreage set out. Most of the settlers were forced to
give up their new homes. A very few were able to continue on their
places until years of more abundant rainfall. Tracts amounting to
many hundreds of acres were abandoned, for in 1910 less than 5,000
acres was irrigated in the valley.

Mr. O. Lewis, of Little Rock, states that in the dry years of 1897~
1899, as the flow of Little Rock Creek dwindled, family after family
moved out until he was practically the only landowner left in the
district. He installed a pumping plant in a well dug in the creek
bottom and was thus able to keep his orchard from dying. After
the drought had passed some of the settlers gradually drifted back,
and eventually the Little Rock Creek district was placed on a sound
basis. The original orchards were largely planted with almonds and
olives, but these trees suffered greatly from the drought, and in the
years since that period most of the orchards have been set out with
pear trees and a smaller number of apple trees.

Since its beginning the Big Rock Creek Irrigation District has been
divided into two parts, known as the East Side and the West Side,
located respectively on the east and west side of Rock Creek Wash.

& Hinton, R. J., Progress report of irrigation in the United Btates, pt. 1, p. 50, U. 8. Dept. Agr., 1801,

% About 90 acre-feet.  Either the figure given by Hinton is wrong or the storage capacity was execedingly
small in comparison witk the diversion works that had been built according to his statement. )
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When the lands were first colonized in 1894, the headguarters of the
. East Side were at Liano and of the West Side at Almondsle.

In 1914 an attempt was made to rehabilitate the Rio del Liano
project by a group of socialists, who established a cooperstive colony.
Several hundred members joined the colomy, each ocontributing a
certain amount of money. It was to be operated on idesl socialistic
principles of equal division of work and of benefits aceruing therefrom,
and it was expected that the colony would eventually become mecarty
independent of the outsidle world. Internal troubles arose over the
menagement of the colony. In the early part of 1918 most of the
colonists were sent to Louisiana to form a new colony, and Llano was
practically abandoned. In 1919 a large part of the area that was
formerly irrigated was badly neglected.

Almondale was abandoned during the extreme drought of the nines
ties and has not been revived, but a community known as Longview
has been established on some of the West Side lands, and several
hundred acres of fruit trees are being irrigated. It is reasonable to
believe that eventually the district may become as highly developed
as the Little Rock Creek district. .

The districts on the west side of the valley did not survive the
drought of the nineties. It was found that the water supply that was
to be used for irrigation was not sufficient except in seasons when the
precipitation was above the normal, and the projects were abandoned.
Hundreds of acres of almond and olive trees were allowed to die, but
about 1,000 acres of trees at Manzana are still cultivated without
irrigation and in some years produce good yields.

At about the time the Little Rock Creek Irrigation District was
organized the South Antelope Valley Irrigation Co., later called the
Palmdale Water Co., was organized as a private corporation, not
under the Wright Act. This company also used water from Little
Rock Greek, carrying it by open ditch to a natural depression, known
as the Alpine or Harold Reservoir, about a mile south of Palmdale.
Until recently no storage was provided on the creek. The Lattle
Rock Creek district has used the flow of the stream only during the
irrigation season, but the Palmdale Co. has stored some of the winter
flow in the Harold Reservoir. This reservoir, however, has a capacity
of only about 3,000 acre-feet, and in winter, whep the run-off is
greatest, much water has been lost. Recently the Palmdade Irriga-
tion District has been organized. It covers practically the same terri-
tory that was served by the Palmdale Water Co., which has sold its
holdings and water mights to the new district. The Palmdale district
and the Little Rock Creek district joined on a project to build a con-
crete dam on Little Rock Creek with a view to itnpounding the greater
part of the excess flow that is not diverted to the Harold Reservoir.
In January, 1919, a bond issue of $580,000 was veted for this purpose. ~

5631—29——20 \
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In the Palmdale district about 700 scres has. been irrigated, and in
the Little Rock Creek district about 1,600 acres, practically all in
pears or apples. . When the new storage works are completed the
plans provide for irrigating about 5,000 acres in the Palmdale district
and about 3,000 acres in the Little Rock Creek district.®

While the southern margin of Antelope Valley has been developed
by water from Rock and Little Rock Creeks, a large area in the cen-
tral part has been developed by water from drilled wells. Early in
the eighties it was discovered that flowing wells could be obtained
in the lower part of the valley near Lancaster by drilling to depths
of 200 to 500 feet.® The development of the ground-water resources
at first was not rapid. Johnson’s report gives a list of 353 wells
that had been drilled up to January, 1909.* Only 23 wells are given
in this list as being drilled during the 10-year period 1881 to 1890,
but Hinton states that in 1890 more than 100 wells were in use, of
which five were flowing wells.®* Definite figures for the period since
1908, when the field work on Johnson’s report was finished, are not
available, but the rate at which wells have been drilled has appar-
éntly been somewhat greater than before 1908. One driller put down
about 80 wells from 1912 to 1919, and another about 40 wells from
1917 to 1919. Other drillers have also put down a considerable
number of wells. Probably at least 150 wells have been drilled since
1908, and the total number that have been drilled in the valley is
not far from 500, but not all of these are now in use.

In the early years the land in the central part of the valley was
devoted principally to cattle raising. Gradually, however, an in-
creasing area was irrigated from wells. The water for irrigation was
at first obtained almost entirely from flowing wells. Practically no
pumping plants were used for irrigation prior to 1900. In the list
of 353 wells given by Johnson less than 40 are indicated as equipped
with pumping plants in 1908, including several that were used by
railroads or for manufacturing. Since 1908 the number of pumping
plants has increased greatly. In January, 1920, the Southern Cali-
fornia Edison Co. was furnishing electric power to more than 200
pumping plants, and in addition there were 25 to 50 pumping plants
operated by gasoline or oil engines.

The greatest development at first took place in the area of artesian
flow because of the ease with which water could be obtained. In a
large part of this area, however, there is so much alkali that the land

% The dam has been completed since the above statement was written, but no information is available
a8 to the results of its use. All statements in this report are based on conditions as they were in 1919,
unaffected by storage of water which has since taken place.

» Hinton, R. J., Progress report of irrigation in the United States, p. §0, U. 8. Dept. Agr., 1891. Jobnson,
H. R., Water resources of Antelope Valley, Calif.: U. 8. Geol. Survey Water-SBupply Papez 278, well No,
298, p. 86, 1911,

" Johnson, H, R., op. cil., pp. 70-88.

2 Hinton, R.J., op. cit., p. 80.
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is useless for crops. Nevertheless many wells were put down on land
covered with alkali merely to get title to the land under the desert-
land laws. . At a-number of places the settlers tried to grow crops,
only to have them killed by alkali or by salt grass that got a better
footing in the alkali soil.

The developments in recent years have been conﬁned largely
raising alfalfa on land that lies near the margins of the area of artesian
flow, where the alkali is not bad, and land that lies not more than a
mile or two outside the area of artesian flow, where the pumping
lift is not more than 50 feet. In the last few years a number of wells
have been drilled higher up on the alluvial $lope to be used in irrigating
fruit orchards, which yield a sufficient return to warrant a high lift.
The most notable development of fruit orchards has been between
Palmdale and Little Rock and northwest of Palmdale, where several
hundred acres of fruit trees, mostly pears, have been set out. Al-
though some fruit trees are being grown in the alfalfa-producing
region, fruit growing on a commercial scale is practically confined to
the higher lands on the south side of the valley. In 1920 experiments
were made in growing rice on the clay flat of Rosamond “Dry Lake”’
on the north side of the valley, but the results were not satisfactory.

In addition to the lands irrigated in Antelope Valley several hundred
acres 18 under cultivation in mountain valleys that are tributary to
the main valley. Near Valyermo 300 sicres or more of pear and
apple orchards are irrigated with wateér from Rock Creek and
yield good returns. A few hundred acres is devoted to fruit and
grain in Leonis Valley, a long, narrow valley drained by Amargosa
Creek, west of Palmdale. The rainfall here is greater than in
Antelope Valley and irrigation is not practlced Some of the lands
are naturally moist.

In the last few years the development of Antelope Valley has been
rapid. In a report published in 1912 the area of irrigated land in
the valley is given as 4,629 acres.® The following summary, com-
piled from information obtained by the writer from various sources
in January, 1920, gives some indication as to the ares irrigated in
the valley in 1919.

9 Tait, C. E., Irrigation resources of southern California; Cahipmia Conservation Comm. Rept., p. 326,
1912,
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Estimaied area srrigated in Anlelope Valley in 1918

Locality and sonrce of water Nature of erop (ares

Water supply {rom surface streams: .
Valyermo and Pallett ranches. . .o oo Frait_ oo 300
) T YD Fruit and alfslfa 300
Lo VEOW o e et e——m——————————————— Frui 350
LAttle ROCK e eeeecersvecvcnecmencnarammasaescemmanccanssansan 1,600
Palmdale . . e ————— 700

Water supply from wells:

Electric pumping plants e. 1, 556
. Alfalfa 56,856
Qasoline pumping plants and flowing wells. . oo ooccmocamencan Fruit and alfalfa_..... 300
11, 960

= The estimates of acreage irrigated by water from electrically driven pumping plants were obtained from
H. 8. Brody, district agent of the S8outhern California Edison Co., which furnishes power to probably %0
per cent of the pumping plants in the valley.

b Data received from Mr. N. 8. Abbott, Lancaster, Calif., in December, 1924, show that the area of alfalfa
irrigated as given in the above table may be too high. He stated that in 1919-20 the directors of the Alfalfa
Growers Association of Antelope Valley made & careful survey and estimated the acreage then planted to
be gbout 4,400 acres. He further stated that a careful compilation by L. 8. Tudor, district agent of the
Southern California Edison Co., showed an acreage planted to alfalfa in July, 1923, of 8,013 acres. Mr,
Abbott stated that in recent yeats there had been a yearly increase in alfalfa acreage of about 1,000 acres.

The most rapid expansion probably occurred within the last year
or two, to infer from shipments of certain products as given in the
following table, furnished by the freight department of the Southern

Pacific Railroad. Records for shipments prior to 1917 are not
available. .

Agricultural products shipped from stations in Antelope Valley, 1917-1919, in
carloads

Hay Grain Live stock Deciduous fruit

Station
1917 | 1918 | 1919 | 1917 | 1918 | 1919 | 1917 | 1918 | 1919 | 1917 | 1918 | 1819

809 | 1,479 2 2 3 54 73 63 8 3 1
17 e N T 10 N I 2 102
20 L 0 ORI PPN IR NP [ 3 PR O SO

846 | 1,536 2 2 6 54 83 69 8 75 103

The hay shipped from the valley is nearly all alfalfa. Most of it is
shipped from Lancaster, and Rosamond ranks second. In addition
to the shipments given in the table, an increasing tonnage of hay has
been shipped to Los Angeles by motor truck. Mr. R. C. Hitte, of
the Lancaster Feed & Fuel Co., estimates that in 1919 from 2,000 to
3,000 tons (equivalent to 180 to 270 carloads) was shipped by truck.*

About 80 per cent of the shipments of fruit consists of pears, and
most of the remainder of apples. Practically all the fruit is shipped
from Palmdale—that is, from the more elevated valley lands, where
the orchards are irrigated from the mountain streams or where the

% Statistics furnished by the 8outhern Pacific Co. for shipments from 1920 to 1926 show that shipments
of hay by railroad hava decreased to almost nothing, apparently as a result of increasing shipments by auto-
mobile truck. The data are obviously of no value as an indication of agricultural produetion in the valley
and hence have not been added to the table.
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pumping lift is great. The small quantity of grain shipped comes
principally from the dry-farm district between Deal Sur and Neenach.
In this connection the statement that 750 cars of grain was shipped

in 1893 is of interest. .
SOILS

A soil survey has been made of a large part of the Antelope Valley
region.” The soils are composed essentially of detrital material
washed into the valley from the mountains—that is, of fragments of
granite, schist, gneiss, limestone, and volcanic and other rocks. On
the alluvial slopes the materials range in coarseness from clay to
sand, gravel, and boulders. In the lower part of the valley, around
the playas, the-soil contains a large amount of clay and silt and a
proportionately smaller percentage of sand and gravel. The material
that underlies the playas is practically all clay or silt.

Throughout the greater part of the alluvial slopes the soil seems to
be fairly productive when provided with water, but on the lower
land which surrounds the playas and extends for several miles from
them the soil contains more or less alkali. Although alfalfa and other
crops are grown in some places on the alkali soil, most of this land
is not cultivated. In some places where low mounds of wind-blown
sand are scattered over the surface alkali may not show at the sur-
face, but when the land is leveled for irrigation alkali may later
appear. This condition apparently exists only near the outer edge
of the area of alkali soil, for elsewhere if there is much alkali it will
rise to the surface of the sandy areas. The alkali in the soil in the
lower part of the valley seems to be due principally to evaporation
of ground water that has reached the surface by upward capillary
movement. A

As a result of the evaporation of the lakes that once existed in
some of the closed basins of the Mohave Desert region common salt
and other alkali salts were deposited with the clay and silt of the lake
bottoms and the soils in such places, as well as the ground waters,
are highly impregnated with alkali. This does not seem to have
happened in Antelope Valley, for no extensive salt deposits have
been found, and the water from wells drilled on or close to the playas
is rather low in mineral matter. No data are available as to the depth
to which the alkali extends. However, as it is due to €vaporation,
it is probably most abundant in the uppermost foot or two.

In the'present investigation the boundary of the area of alkali soils
was determined approximately at several places on the south side of
the valley east and west of Lancaster. Where thus defined it agreed
closely with the limit of the area in which flowing wells existed at
the time of the investigation, which is shown on Plate 19, and doubt-

% Carpenter, E. J., and Cosby, 8. W., Soil survey of the Lancaster avea, Calif.: U, 8. Dept. Agr. Bur*
Soils Field Operations for 1922, advance sheets, 1926.
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less the boundaries for the two areas are approximately the same
throughout the valley. On this assumption it is estimated that the
valley includes 75,000 to 100,000 acres in which the soil contains
more or less alkali. In this area the cost of obtaining. water from
wells is less than in any other part of the valley, but unfortunately
the topographic and soil conditions are not favorable to methods
used to reduce alkali in other arid areas. In view of the fact that
there is a vast acreage of land with better soil elsewhere in the valley
much of the low land will doubtless remain uncultivated.

NATIVE VEGETATION

Many kinds of native plants grow in Antelope Valley, although the
variety in any one locality is more or less restricted. The distribu-
tion of the different plant species is determined by a combination of
factors that include variations in soil, moisture, and temperature.
Hence there are plant zones the boundaries of which follow approxi-
mately the contour of the land.

The plant forms over most of the valley proper are desert shrub
varieties, the large species being confined to the mountains or upper
slopes of the valley. In the high mountains coniferous trees are
found. These areas are included in national forests and are difficult.
of access, and hence these trees are used verylittle. The most notice-
able treelike form in the valley is the Joshua tree, or giant yucca,
which grows principally on the upper parts of the alluvial slopes
and 18 rare below altitudes of 2,500 feet above sea level. The pifion
or juniper is found in the upper part of the yucca zone and extends
‘upward on the mountains. Between Fairmont and Neenach these
two forms grow in greater abundance than has been observed by the
writer at any other place in the Mohave Desert region. The yucca
is the only large tree in the valley that can be easily obtained for
fuel. It is composed of rather pithy material, however, which,
although it gives much heat, burns out quickly. Deciduous trees
are very rare in the valley, except where they have been planted by
ranchers.

Some of the native plants are good indicators of the nature of the
soil or the depth to ground water. Salt grass (Distichlis spicata)
is one of the best of these indicators. It grows where the depth to
ground water is shallow and also generally indicates some alkali
in the soil. In some places in the alkali-soil area it is abundant;
in others it is very sparsely distributed. Other types, commonly
known as salt brush, grow in the alkali soil of the lower part of the
valley. Mesquite trees, which are ususally good indicators of shallow
ground water, grow at places in the area of artesian flow and along
the wash of Rock Creek southwest of Lovejoy Buttes.®® Sagebrush

" Johneon, H, R., op. cit., p. 19.
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(Artemisia tridentaia) was observed on: the intermediate part of:the
alluvial slope, the growth being particularly dense south and south.
west: of the Portland rench, 6.or 7 miles west of Lancaster, at an altis -
tude of about 2,400 feet above sea level. It is unusual to find this
species growing at so low an altitude in the Mohave Desert region.
There is probably no relation between the distribution of this plant
and the shallow-water zone, but it is said to indicate good agricul-
tural land. The creosote bush (Covillea iridentata), which is the
dominant plant over most of the Mohave Desert region, is almos$
entirely absent throughout a large part of Antelope Valley and grows
in abundance only around the borders of the valley.

PHYSICAL FEATURES '
GENERAL FEATURES

Antelope Valley lies in a closed basin—that i is, a basin which has
no outlet for its surface streams. All the storm water either sinks
into the ground or collects in the lower parts of the valley, Where it
is disposed of by evaporation.

The boundary of the drainage basin of the valley is shown on Plate
19. Itisroughly triangular, like a huge arrowhead. On the south and
southwest the valley is separated from a region that drains to the
Pacific Ocean by the San Gabriel Mountains (on some maps named
the Sierra Madre) and their westward extension—Sawmill Mountain
and Liebre Mountain. The trend of these mountains is approxi-
mately N.70° W. The San Gabriel Mountains are very steep and
high. North Baldy, the highest peak in the divide of Antelope
Valley, rises 9,389 feet above sea level, and several other peaks
attain altitudes of more than 6,000 feet. The peaks of Sawmill and
Liebre Mountains, however, are less than 6,000 feet above sea level.

On ‘the northwest the valley is separated from the south end of
San Joaquin Valley by the Tehachapi Mountains, the highest peak
of which is Double Mountain, 7,950 feet above sea level. The
trend of the Tehachapi Range is N. 65° E.

The divide between Antelope Valley and adjacent regions on the
porth and east is not so distinct as that formed by the San Gabriel
and Tehachapi Mountains. In these directions the divide is marked
in some places by low rock ridges or isolated buttes, but in other places
it lies on slopes of alluvial material which have so gentle a grade that
it is difficult to determine just where the divide is situated except by
careful leveling or observation on the flood run-off. A large fan built
out in front of Oak Creek, west of Mojave, slopes both southeastward
toward Antelope Valley and northeastward to Fremont Valley, and
the exact boundary between the two valleys is not known. It is
probable that flood waters of Oak Creek at one time or another flow
in both directions. The boundary north of the railroad between .
Bissel and Kramer is located with comparative accuracy. Topo-
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graphic maps are not available for the east side of the valley, and it is
not certain that the boundary of the basgin from Kramer southward to
the northern part of T. 6 N. is correct as it is represented in the map.
South of T. 6 N. it is reasonably accurate, but at the extreme south~
east corner of the basin a large alluvial fan has-been built at the
mouth of Sheep Creek, and it is impossible to determine accurately
from the topographic map into which drainage basin that stream
empties. The divide on the east and north is much lower than that
on the southwest and northwest, the maximum altitude being not
much over 3,500 feet above sea level.

Antelope Valley lies at a higher altitude than any of the valleys
beyond the mountains that surround it, with one exception. The
valley of Mohave River, on the east, is higher at its upper end than
Antelope Valley, but toward the north it drops to an altitude between
2,100 and 2,200 feet. The lowest part of Antelope Valley is about
2,275 feet above sea level. The lowest part of Fremont Valley, to
the north, is about 1,900 feet above sea level. The south end of San
Joaquin Valley, which lies west of the Tehachapi Mountains, is only
about 1,000 feet above sea level. San Fernando Valley and San
Gabriel Valley, on the south side of the San Gabriel Mountains, do
not reach altitudes of more than 1,000 feet.

The drainage basin of Antelope Valley includes topographic fea-
tures of three principal kinds—mountains, alluvial slopes, and playas.
The alluvial slopes and the playas form the valley proper. The
alluvial slopes contain most of the area that is devoted to agriculture,
but nearly all the water that is available for irrigation comes from the
mountains.

The playas, usually called ‘“dry lakes,” occupy the lower parts of
the valley and are nearly flat expanses underlain by clay or silt. The
alluvial slopes are underlain by sand, gravel, and clay. Théy rise
gradually from the playas and become steeper as they approach the
mountains. From the upper limit of the alluvial slopes the mountains
rise very steeply, and their sides are generally rough and rocky. The
origin of the three kinds of features is described briefly in the following
paragraphs. Their relation to the water resources of the valley will
be discussed on subsequent pages.

MOUNTAINS

The San Gabriel Mountains and probably the Tehachapi Mountains
have been raised to a great altitude by faulting—that is, they are huge
blocks of the earth’s crust that have been broken from the surrounding
rocks and pushed up to a great height. This movement was probably
very slow and it was probably accompanied by earthquakes. After
being elevated, part of the mountains have been worn away by
streams and other agents until now they are much dissected and
very rugged.
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Since the main mass of the San Gabriel Mountains and the western
continuation of that range, the Sawmill and Liebre Mountains, were
elevated, faulting of lesser magnitude has occurred along -the morth
base of the range. The most obvious evidence of this later faultirig
is a succession of long, narrow valleys that have a northwesterly
trend, separated from the main valley by narrow ridges. The outer
ridge that adjoins the valley has been lifted up, or the valley behind 1t
is a block that has dropped down. Several of these valleys stand out.
prominently on the relief maps (pls. 9 and 10); the most notable is the:
one occupied by Elizabeth and Hughes Lakes (Lieonis Valley), whieh
is drained by Amargosa Creek, Swartout Valley, and Lone Pine
Canyon. The ditch of the Palmdale irrigation district from Little
Rock Creek to the Harold Reservoir follows one of the valleys which
is less prominently shown on the map but which is nevertheless &
distinet valley. The Harold Reservoir also occupies one of these
valleys. The direct road from Little Rock to Valyermo follows in a
' general way the fault Iine. Portal Ridge is a prominent ridge that
separates Elizabeth and Leonis Valleys from the main valley. Careful
observation shows less notable features that indicate the continuatiom
of the fault line at other points along the north base of the Sam
Gabriel Range.”

The succession of valleys and ridges or other features that indicate
the fault zone can be traced northwestward and northward to San
Francisco and beyond and southeastward through Cajon Pass and
San Gorgonio Pass to the Salton Sea Basin. This long zone of faulting
has been called the San Andreas rift. Movement along this rift
farther northwest, particularly near San Francisco, caused the earth~
quake of April 18, 1906, which did so much damage in that city and
elsewhere. There apparently was no movement along the San
Andreas rift in Antelope Valley in 1906, but faulting along the rift
has occurred in the region at least as recently as 1857.% Evidences
of faulting are found at other places in the San Gabriel Range; the
fault lines are approximately parallel to the San Andreas rift, but none
of them are as continuous as the rift.

The origin of the rock hills on the north and east sides of Antelope
Valley is somewhat obscure. There is evidence that the hills at the
north end of the valloy west of Rosamond have been faulted, but the
extent of this faulting is not known. However, definite evidence of
faulting has not been found in the hills on the east side. These hills
are low, and their appearance suggests that they represent an old
land surface that had been worn down nearly to a plain. They are
now almost buried by alluvium.

% Lawson, A. C., and others, The California earthquake of April 18, 1906 (report of the State Earth-
quake Investigation Commission): Carnegie Inst. Washington Pub. 87, vol. 1, pp. 43-44, pls. 24-28, maps
7-10 in atlag, 1008, '

8 Ydem, pp. 43, 52, 449.
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ALLUVIAL SLOFPES

Antelope Valley is underlain by a large amount of rock débris, which
has been washed down from the surrounding mountains. By the
process known as weathering the surface rocks of the mountains are
being continually though slowly broken into fragments that range
in size from mintue particles to boulders several feet in diameter.
This débris is carried to the valley by the mountain streams. At
flood stage the streams may carry very coarse material, including
boulders a foot or more in diameter. In the mountains, where the
grade of a stream is steep, its carrying power is great, but when the
stream reaches the foot of the mountains its grade becomes less, the
velocity of the water decreases, and it therefore drops some of its
load. It deposits the coarsest material first and carries the silt and
clay farthest. ;

Most of the débris is deposited in front of the mouth of the canyon,
where the stream leaves the mountains, because the velocity of the
stream usually decreases most rapidly at that place. It often happens
that so much débris is deposited in the channel that the stream over-
flows on either side, giving rise to distributary streams, which also
deposit sand and gravel. By this process a sloping fan-shaped plain,
called an alluvial fan, underlain to great depths by coarse alluvium,
is formed at the foot of the mountains. The fans built by several
streams along the foot of the mountains may coalesce, forming a
more or less continuous alluvial slope. |

PLAYAS

If the mountain streams furnish enough water ponds or lakes may
be formed in the lower parts of a closed basin. When the streams
carrying débris flow into such a lake their velocity is further lessened
and all material is dropped close to the shore, except the very finest
silt or clay, which may remain in suspension for some time but finally
settles to the bottom. In the Antelope Valley region, as in many
other desert valleys, the rainfall is so slight and the evaporation is
8o great that not enough water is carried to the bottom of the valley
to form a lake except after heavy rains in the mountains. The lake
that is formed during great floods usually contains only a few inches
of water which evaporates in a few weeks or months, leaving a bare,
smooth flat of clay or silt which is locally known as a ‘“dry lake”
but which geologists call a playa.

There are several playas in the lowest parts of Antelope Valley, of
which the largest are Rosamond, Rogers (Rodriguez), and Buckhorn
Dry Lakes. It is probable that at one time all three formed a single
large playa, but they are now separated by low sand dunes. There is
also reason to believe that at an earlier period a perennial lake covered
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these playas. Along the Atchison, Topeka & Santa Fe Railway about
5 miles northeast of Muroc, in T. 10 N., R. 8 W., Rogers Dry Lake 18
separated from a smaller playa by a low ridge of gravel about 5 feet
high which was evidently deposited in standing water as a beach ridge.
A well-defined beach ridge, the top of which is 10 or 15 feet above the
surface of the playa, was observed on the northeast side of Rosamond
Dry Lake. At most places around Rogers Dry Lake there is a sharp
rise of 1 to 6 feet or more from the clay flat to the surrounding land,
suggesting & wave-cut cliff. These features may be due to wave
action in a temporary lake formed by unusually heavy floods from the
mountains, the lake disappearing after a few months or a year or two
at the longest. Other higher and more prominent cliffs were observed
from a distance by the writer on the north side of Rosamond Dry
Lake, about 5 miles east of Rosamond. He did not have an oppor-
tunity to examine them closely, and as a fault, which might account
for them, was observed in this locality only a mile or two farther west,
it was not definitely established that they are wave-cut cliffs. The
presence of a considerable thickness of blue clay, which is generally
considered to indicate deposition under water, in wells in the lowest
part of the valley (see p. 306) further suggests the existence of a lake.
It is known that in the Pleistocene epoch perennial lakes existed
in other basins in the Mohave Desert region that now contain only
playas,” and it is not improbable that further examination will show
that a perennial lake once covered the playas in Antelope Valley.
It is generally believed by geologists that these ancient lakes were
due to slightly greater precipitation and less evaporation throughout
the desert region than at present. If the difference in rainfall was
sufficient to produce lakes in other parts of the Mohave Desert region,
the rainfall in the San Gabriel and Tehachapi Mountains must have
been sufficient to produce a perennial lake in Antelope Valley. _
If a perennial lake did exist in Antelope Valley covering the area-
of the three playas mentioned, it probably overflowed northward
into another basin, known as Fremont Valley, by a channel extending
from the north end of Rogers Dry Lake along the west side of T. 11
N., R. 9 W. San Bernardine meridian. It has been stated that in
the Pleistocene epoch Rogers Dry Lake drained to Mohave River.!
The writer does not believe that this was the case. So far as is
known, the lowest point in the divide on the east side of the playa is
along the Atchison, Topeka & Santa Fe Railway a mile or two west
of Kramer, where the altitude, according to levels run by the topo-

¥ Gale, H. S., Salines in the Owans, Searles, and Panamint Basins, southeastern California: U, 8, Geol .
Survey Bull, 580, pp. 251-323, 1914, Buwalds, J. P., Pleistocene beds at Manix, in the eastarn Mohave
Desert region: California Univ. Dept. Geology Bull,, vol. 7, pp. 443464, 1914. Thompson, D. G., Pleisto-
oene lakes along Mohave River, Calif.: Washington Acad. Sei. Jour., vol. 11, pp. 423424, 1921 (abstract of
paper read before Geological Soclety of Washington, April 28, 1920).

! Free, E. E., The topographic features of the desert basins of the United States with reference to the
possible occurrencs of potash: U, 8, Dept. Agr. Bull. 54, p. 45, 1514,
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graphic branch of the United States Geological Survey, is slightly
more than 2,500 feet above sea level.? At the north end of Rogers
Dry Lake, however, the altitude of the divide between Antelope
Valley and Fremont Valley, according to the Searles Lake topo-
graphic map, is less than 2,400 feet. The exact altitude is mnot
known, but apparently it is not much over 2,300 feet. Unless there
ia a low point on the rim on the east side of Rogers Dry Lake not
observed by the writer, it would be natural for any overflow to go
northward. A very marked channel extends northward from the
south side of T. 32 S., R. 38 E. Mount Diablo meridian, between
Desert Butte and Castle Butte, to a playa in Fremont Valley. Where
this channel is crossed on the road from Mojave to Atolia, near the
north line of sec. 20, T. 32 S, R. 38 E., it is fully 500 feet wide and
from 10 to 15 feet below the surrounding territory. It is apparently
much too large to have been cut by the drainage from the territory
that is now tributary to it and strongly suggests an outlet channel
from Rogers Lake. About 4 miles farther southeast, almost due
east of Desert Butte, on the lowest part of the divide, however, there
is no noticeable channel of any sort. The conditions here are not
clear, and the writer did not have opportunity to determine definitely
whether or not an outlet existed at the north end of Rogers Dry Lake.

GEOLOGY

' KINDS OF ROCKS

The rocks of the mountains and hills that form the border of Ante-
lope Valley are as a rule not water-bearing or yield only meager
supplies, whereas most of the deposits that underlie the valley yield
water, some of them very freely.

The rocks which yield little or no water comprise (1) limestone,
(2) granite and. rocks of a similar nature, (3) metamorphosed rocks,
such as slate, schist, and gneiss, and (4) volcanic rocks. These rocks
are compact and hard and contain almost no pore spaces that can
hold water. Practically the only water that is contained in them
exists in fissures. The fissures are usually small and form only a
small percentage of the entire rock mass, so that the quantity of
water that these rocks can yield is very small.

The main water-bearing formation is the valley fill, which consists
chiefly of the alluvial gravel, sand, and clay that underlie the greater
part of Antelope Valley. These deposits are very porous and are
capable of holding large quantities of water, but the pores in the clay
are so minute that they yield their water very slowly.

The following brief notes on the rocks of the valley, based on
observations by the writer, on previously published reports, or on
personal communications from L. F. Noble and J. P. Buwalda, both

? Spirit leveling in California, 1896 to 1923, inc]usive: U. 8. Geol. Survey Bull. 766, p. 86, 1925,
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of the United States Geological Survey, will be of value in interpreting
conditions. Mr. Noble has studied in detail the geology in theé vicin-
ity of Little Rock and Valyermo, and Mr. Buwalda has studied the
geology of the mountains on the west side of Antslope Valley.

DISTRIBUTION OF NON WATER-BEARING ROCKS

The rocks of the Tehachapi and San Gabriel Ranges and the hills
on the east side of the valley consist principally of granite, together
with some limestone and schist or gneiss. The rocks of the buttes
on the north side of the valley and the buttes northeast of Rosamond
are principally volcanic rocks with some sandstone. Although these
rocks are more porous than the granite, they will yield little Water
and may be considered practically impervious.

The fill of the valley is probably underlain by erystalline or voleanic
rocks. The chief evidence in support of this belief is the presence of
such buttes as the Antelope or Fairmont Buttes, the Little Buttes,
northeast of Fairmont, and Quartz Hill, northwest of Palmdale,
which are composed of volcanic or granitic rocks. Hard rock has
also been encountered in several wells in the valley. (See wells 24,
97, and 107 in table, p. 356, and map, pl. 19.) On the other hand,
the depth to solid rock in some parts of the valley is great. A well
was drilled for oil in sec. 11, T. 7 N., R. 12 W., to a depth of 2,000
feet, apparently without having reached bedrock. Shale struck at
about 1,300 feet probably represents a consolidated phase of the
valley fill.

Non water-bearing rocks practically surround and underlie the
valley, forming an essentially water-tight basin in which lie the
water-bearing beds. At two places and possibly elsewhere the rim
of the basin is composed of porous materials, but it is evident that
impervious rocks underlie them at no great depth. (See pp. 324-325.)

DISTRIBUTION OF WATER-BEARING FORMATIONS

The water-bearing formations may be separated into two divisions—
those that occur in the mountains and hills and those that underlie
the valley.

Small areas of water-bearing formations occur at several places in
the mountains. Sandstone occurs at the extreme west end of the
valley, near the junction of the Tehachapi Mountains and the north~
west continuation of the San Gabriel Range. It is overlain by less
consolidated beds of sand and gravel.® Other deposits of more or
less consolidated gravel and sand cover a considerable area pear the
north base of the San Gabriel Mountains. Good exposures of them
- woceur south of Valyermo post office, where they have been broken
and tilted by faulting along the San Andreas rift zone.

3 Johnson, H. R,, op. cit., p. 25. |
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These sedimentary rocks.belong to the group of water-bearing
formations, but they are of little economie value. Around Valyermo
they occur only in the mountains, where they are so dissected by steep
valleys that the land is practically woprthless for agriculture. They
are separated from the water-bearing rocks of the valley by non water-
bearing rocks. The water-bearing rocks in the hills at the west end
of the valley occur under somewhat similar conditions, but they may
continue out into the valley beneath the valley fill that forms the
alluvial slope. Their outerops cover small areas, however, and they
are of no great value as sources of water. The water-bearing rocks
of the mountains absorb more water during heavy rains than the less
porous rocks, such as granite, but much of their water is later returned
slowly to the surface through springs or seeps and is evaporated.

The notable water-bearing formation in Antelope Valley is the
alluvium that underlies the valley. It is composed of gravel, sand,
and clay washed down from the surrounding mountains. A study

- of well logs and of samples from wells indicates that the water-bearing
beds that are penetrated in the wells are much like the materials
that lie immediately below the surface and were deposited by
processes that may be observed at the present time.

A peculiar type of water-bearing rock, locally called ‘“‘honeycomb
cement” or simply ‘‘cement,” is encountered in many wells in the
alluvium in Antelope Valley. It is so named because of its resem-
blance to artificial cement and because of its porous texture. Accord-
ing to Johnson * it is & limy hardpan, either in clay or in sand, which
has a more or less cellular texture, apparently due to water dissolving
out some of the constituent material.

Deposition of clay, either on a large playa or in a perennial lake,
occurred for a long period in the lowest part of Antelope Valley,
for a thick body of clay is encountered in wells north and northeast
of Lancaster. Mr. Harry Austin states that in a well on the Morgan
ranch, in the NE. 14 sec. 3, T. 7 N., R. 12 W., blue clay was pene-
trated from a depth of 120 feet to 240 feet, practically without any
change to coarser material. In a well in the SE. 14 sec. 34, T. 9 N.,
R. 12 W, blue clay was struck at about 100 feet and was about 80
feet thick. Near Redman School blue clay is reached at a depth of
about 265 feet and is about 200 feet thick.

CLIMATE
TEMPERATURE, WINDS, AND EVAPORATION

High .temperatures are common in summer, the thermometer rising
above 100° F. on many days each season and frequently reaching
110°0r 115°. Records kept at Mojave, a few miles north of the north

4 Johnson, H. R., Water resources of Antelope Valley, Celif.; U, 8. deol, Burvey Water-Supply Paper
278, p. 39, 1011, )
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~ side of the valley; for the 16-year period 1891 to 1906 give the maxi-
mum temperature as 115° F.> During this period the annusl maxi-
mum was never below 105°, and for 7 out of the 16 years it was above.
110°. ' The air usually cools rapidly after the sun sets, with the result
that there is generally a large daily range of temperature, frequently
amounting to 30° and sometimes to 45°. The summer evenings are
nearly always delightfully cool, and the heat seldom prevente sleep.
The winter temperatures are somewhat higher than those in regions
of the same latitude and altitude farther inland. The thermometer
frequently rises to 60° or more in the day and usually drops only & -
few .degrees below freezing at night, although it sometimes goes as
low as 15° above zero or even lower. The lowest minimum tempera-
ture recorded at Mojave during the 16-year period mentioned above
was 15°. It is said that on December 30, 1895, the temperature.foll
to 6° above zero near Lancaster.® The daily range is probably

- sonmewhat less in winter than in summer.

It is generally believed that along the foot of the mountains on the
south side of the valley the winter temperature is usually several
degrees higher and the summer temperature a few degrees lower than
in the lower part of the valley. Mr. Dickey, who for a number of
years has been in charge of large almond orchards at Manzana, in
the west end of the valley, states that in many years freezing tem-
peratures occur at Lancaster six weeks earlier than at Manzana.

Strong winds blow across the valley at times. Such winds fre-
quently carry fine sand and clay, which gather into low dunes in
_ some parts of the valley, principally on its east side. The fine sand -
is at times blown against young plants with such force that they are
cut off as if by a knife, and it is necessary to protect newly SOWn
alfalfa or other crops by windbreaks.

Data in regard to evaporation from a floating pan on Harold
Reservoir are given on page 76.

PRECIPITATION

Records of precipitation have been kept for periods of 1 to 13 years
at a number of places in the valley, as follows:” Monterio (Knecht’s
ranch), on Cottonwood Creek about 30 miles northwest of Lancaster;
the Liebre ranch, about 30 miles west of Lancaster; the E. T. Earl
ranch, about 5 miles southwest of Lancaster, in sec. 36, T. 7 N,
R. 13 W.; Palmdale; Palmdale headworks, at head of ditch on Little
Rock Creek; Valyermo, on Rock Creek, 20 miles southwest of Palm-
dale; Llano, 20 miles east and a little south of Palmdale, in sec. 21, T. 5 *
N.,R.9 W.; Fairmont; Manzano; and Lancaster. (See pp. 78-80.)

8 Johnson, H, R, op. cit., p. 17.
¢ [dem., p. 17.
7 The repords w re compiled {n 192021, and subssquent records hb.ve not been obtained.
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The corrected long-term average annual precipitation of the sta-
tions in Antelope Valley has been calculated by the method described
on page 83 and is given in the table on page 87.

The data in these tables must be used with some caution, for there
are great differences between the indexes of the several control sta-
tions in some years, though for most of the years the differences are
not great.

A study of the data on precipitation shows certain dominant
features. (1) There is a distinct seasonal distribution of the pre-
cipitation, most of it coming in the winter; (2) tHe precipitation differs
in different parts of the valley, being affected by topographic features,
but in general it is least in the low central part of the valley and
greatest in the high mountains; (3) the mean annual precipitation in
most of the valley is less than 10 inches, an amount so small that
irrigation is necessary for successful agriculture.

The seasonal distribution of the precipitation is very marked.
According to the records from 70 to 85 per cent or more falls from
November to March. The greatest precipitation ysually occurs in
January, February, and March.

The winter precipitation comes from storms that cover large areas.
‘These storms move, in general, from the Pacific Ocean eastward.
‘The precipitation from such storms is more or less steady, continuing
from several hours to two or three days, and an inch or more may
fall during a storm. Most of the precipitation in the valley is in the
form of rain. Snow falls occasionally, but it usually melts within a
few hours. In the high San Gabriel and Tehachapi Mountains much
of the winter precipitation occurs as snow, which remains on the
ground for longer periods.

The precipitation during the dry season is irregular. It usually
occurs in thunderstorms in which the fall may be only a fraction of
an inch, but occasionally the fall is very great in a short time. The
summer rainfall is not of much value to crops, because it is so slight
and irregular, and the severe thunderstorms may do more damage
than good. As the greatest precipitation occurs in the winter, when
the plants use a minimum quantity of water, the water must be
stored either in the soil, in artificial surface reservoirs, or in the
natural underground reservoir composed of the water-bearing sand
and gravel that underlie the valley.

The records, as adjusted to the long-term period, for stations in
and near the valley show that the mean annual precipitation differs
considerably at different points, ranging from 18.10 inches at Monte-
1i0 to 3.96 inches at Gray Mountain. It is a striking fact, however,
that the mean annual precipitation is greater at stations high above
sea level than at lower stations. The moisture-laden winds from
the ocean, after passing over the mountains, descend to lower levels

PWS-0044-0031



TR
} vt
| .
|

|
f

1 .
C v L ANWELORE WALEEY s «iicc v 808

end, becoming mr. can sbsorb more moisture, so Mﬁ o!mru Ea
toon rather than predipitation takes place, er, if the air is:still ower~
saturated, :¢the reinfall becomes less and less at. sumesmmi;g bmr{ L
altitudes. . .Becanse of these condltmns the rainfall at & given altis ,
tude in Antelope Valley is somewhat less than that at a corresponds =
ing .altitude om the oceanward side of the mountains &hat bordm
the valley.

Although in general the higher the altitude the greater. the proelaiu
tation, this relation is not uniform for all parts of the basim, -/This
dgerepancy ocan best be shown by dividing the number of inshes; of
the correeted long-term average annual precipitation for s given
station by the altitude of the station in feot. The vatios chus.obs =~
tained for sll the stetions in the basin and for the control statiens =~
around it are given in the last column of the table on page 87. Tirese -
results show that the precipitation at the stations on the south side
of San Gabriel Mountains and the west side of the Tehachapi Moun-
tains (Bakersfield, Tejon ranch, Fort Tejon, Newhall, Los Angeles,
snd San Bernardino) is grester than at the corresponding sltitudes
in Antelope Valley or on the mountain slopee trbuisay to.ity Py
marily because theso stations are on the windward side of the mewae
tains with respect to the moisture-bearing winde from the ecean. . .
- Among the stations in Antelope Valley the reinfall per foet af
altitude is greatest at Fairmont, and it depreases esstwerd and
westward from thst point. At the Lisbre ranch, for ipstames; if |
~ altitude were the only factor affecting the rainfall, the: Famgy

snnual precipitation should be greater than at Fairmon{, buwh in |
raa.hty it is considerably less. On the east, the rainfell at Valposme = .
is likewise much Jess than at Fairmont, although the altitude .ie
greater. The north side of the valley as a whole is xauch drier then
the south side. These variations are probably due {0 lpcal topps
graphic features that influence the course of the rain-beerimg winds =
from the ocean. Mr. William Dickey, of Manzana, states thet.4he =
rain-bearing clouds at that place generally move from the sputheast,
and Mr. J. C. Knecht, of the Lishre ranch, states that the hegt raing
there come from the south. On the other hand, near Little Rock
the rain clouds generally come from .the direction of the hesd .pf
Soledad Canyon.

Aceording to the theory that precipitation increases with altmade,
the mean snnnal rainfall in the San Gabriel and Tehachapi Mouns
tains should he congiderably greater thau is recorded at the nearest
stations. If, for jpstance, the precipitation on North Baldy Paeak
bears the same ratip to the altitude as that at Valyermo, the meen
spausl precipitation at the symmit would be about 28 inghes. Thare
ig.no.means of determining the accuracy of this astimate, but it seeins
reasonable. The eorrected long-term average annual precipitation

5631—29——21
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in Little Bear Valley, in. the San Bernardino Mountains, about 50
miles southeast of Antelope Valley, at an altitude of 5,200 feet, is
33.72 inches, and that at Bear Valley, a short distance farther south-
east, at an altitude of 6,500 feet, is 36.18 inches. The ratio of pre-
cipitation to altitude at these points is greater than at Valyermo,
but it is believed that the topographic conditions in the San Ber-
nardino Mountains are more favorable for heavy precipitation than
those in ‘the region between North Baldy and Valyermo. It is
considered that 30 inches is a fair figure to assume for the maximum
average annual precipitation on the leeward side of the highest part
of the San Gabriel Mountains. For most of the north side of the
mountains it would be much less than that amount. On this basis
the average annual precipitation for the entire area between Val-
yermo and North Baldy would be about 20 inches.

RUN-OFF -

In the drainage basin of Antelope Valley perennial streams are
found only in the mountains. Where the streams emerge from their
mountain canyons upon the alluvial slopes most of the water is
absorbed. It is only during the flood run-off following heavy rains
that the streams flow very far down into the valley. Occasionally
some of the water may flow to the playas (dry lakes) in the lower part
of the valley, from which it disappears principally by evaporation.

Rock Creek and Little Rock Creek, which rise in the high San
Gabriel Mountains, are the two largest streams in the valley. Cotton- .
wood Creek, which rises in the Tehachapi Mountains, is probably
next in size. These creeks are all mountain streams with steep grades.
Amargosa Creek, which drains Leonis Valley, is probably perennial
for part of its course. It is not a typical mountain stream but flows
in a flat-bottomed alluvium-filled valley in which it has cut a narrow
trench 10 to 20 feet deep with nearly vertical walls. This trench has
been cut recently, probably as a result of uplift along the San Andreas
rift. Several minor streams at the extreme west end of the valley
are said to have a small perennial flow. Oak Creek, which rises in the
Tehachapi Mountains, is said to be a perennial stream of fair size,
but where it emerges from the mountains it is on the summit of a
large alluvial fan that slopes both northeast and southeast, and it
is not known whether the surface run-off goes to Antelope Valley or
. to Fremont Valley. Similar conditions exist in the extreme south-
eastern part of the valley, at the mouth of Sheep Creek Canyon.

Stream-flow measurements have been made on Rock and Little
Rock Creeks. Daily gage-height readings were made on Little Rock
Creek during 18961899, from which the run-off for these years has
been computed.! The monthly discharge is given in the following

8U. 8. Geol. Survey Water-Supply Paper 300, pp. 402-405, 1913,
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table. The run-off year is considered as extending from October 1 to
September 30. Inasmuch as the run-off for July, August, and Sep- .
tember is small the records can be compared without great error with
the precipitation records, which are given for years beginning July 1.

Monthly discharge of Liitle Rock Creek for 1896—1859

|Drainage area, 65 square miles]

e

Acre- Acre-
Month feet Month feot
1896 1897-08—~Gontinued 1
RES (11T o S 1,144 January e cmccccmcca—aaee. 38
FeDrUArY . e e eeecvmeccccccmccccemmnanaee 1,070 FobIUATY e ceacenenrcncamcecoccccaramamnenn 389
areh. e 3,332 March. .. .eeneccrecccnccnenccmccmccnmnn—- 37
Aprile. oo reeercmcm—— v ———— 470 N 71 864
MY .o memecmcncerenscacacccemacamoane 110 MAY cusnccmmavammmcccssenoncsesmnncomnanan 819 |
L7117 SN 30 JUNC. e eceeeecaeae - g
..................................... 12 B} 1 1V, .8
A e e ————c—————— 12 August. e . 18
September. v e eeececcec e ceanae 30 September. o e e T
The period & . et 6,210 The Fear. .o om oo ccaccacnan B ﬁ
1896-97 1898-90 i
L] 61 || October = ]
November. .. iinanas 89 NOVEMDRr e ccccncemccncmcccnmansvnnens - 8
LTec 117 SRR 234 December__.. ——- - .
s B | i -
113 g1t ¥ o A ebruary... ——— .
b € {1 4,187 Y v | T, 472
April s 6,284 || ApHl e an—a—- 268
Y e e ecemmemcmmcmmm————e——m;———- 2,189 ay a—— PN 168
B 171 Y T 399 JUNC. e e e cema e ————- 116
k|71 3 U 221 || JU Y eeceecicnccccacccnrccanmcscencancsanen i2
August. oo 128 AUgUSt_ . ccecacm——ane 12
Beptember. oo meaeee 119 || September. coe oo 12
The Fear. v eenceacrecsvnmncmcns 17,300 The year..._.... eecmcmccccec——n- 1,620
| mT——
1897-08 1899
QctobBr. ... oo eeeeecmmmeccccmancmanae 338 (0752 76) 1) O 0
November. . . ...oooumemccccae e 411 NOVemMber . cae e cvccmccrccmcmaccennnmsmmcen . ]
Pecembor. . oo eicunnacnaaa——- 350 December_ o cecacacaceee - 61

& The record for October, November, and December, 1895, is lacking.

. The record is complete for the three years 1896-97, 1897-98, and
1898-99. Reference to the average precipitation indices for thede .
years in the table (p. 85) shows that in the first year, when the run-off
wes 17,300 acre-feet, the precipitation in the region was about 113
per cent of the long-time average but that in the other two years it
was less than half of the average. A gaging station has been main-
tained on San Gabriel River near Azusa, Calif., from which complete
records of run-off from a drainage area of 222 square miles are avail- -
able from 1896 to 1926. This drainage area comprises part of the
same mountain range as that, drained by Little Rock Creek but lies :
on the Pacific slope of the range, where the rainfall is materdally
higher. The annual variation, however, should be roughly com-
parable in the two areas. The run-off during the 3-year period 1897
to 1899 on San Gabriel River was 34 per cent of the mean for the
31-year period ending September 30, 1926. On this basis the average
annual run-off of Little Rock Creek would be apprommately 21,0@0
acte-feet, or 323 acre-feet to the square mile. /
: PWS-0044-0034
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Measurements of the discharge of Reck Creek have been made
regularly since January 17, 1923. The monthly summaries of the
recorda-are given in the accompanying fable. The gaging station
is in the NE. 4 sec. 20, T. 4 N., R. 9 W., about & quarter ¢f a mile
south of the boundary line of the Angeles National Forest and about
134 miles southeast of Valyermo. It is above the point where Pallett
Creek discharges into Rock Creek. A number of miscellaneous
measurements have also been made on Pallett Creek and Rock Creek
below the regular station.!

Manthly dischurge of Rock Creek near Valyermo, January, 1923, to September, 1926

[Drainage aren, 23 square miles]

1923 Acreeet 1924-25 Actedost
January 17-21 o oo 301 | Ootober. _ - ccrmeecaana- 170
Pebrusry. .. 844 | November__ _. ... ______ 145
March_ . 1,060 | December________________._ 206
Aprl _____ . 1,210 | January .. - oo 217
May - o 1,010 | February. .. oo _aa._ 174
June._ .. 827 | March_ _ e 239
July e - 664 | April ... 508
Avgust. . ____ . ______. 483 | MAY - ccomcccm e 486
September. . .. ___._____. 872 | JUD@. e 204
JUlY o e iaeeae 148
The period_ . ________ 6,830 | August. .o 184
memaza= | September. oo oo ococaoonoo 142
1923-24 " Theyear . ococoecccen- 2, 860

October. . . eaaa 409 25-26
November... ... 4121 atober 19 5__ _________ 143
Deoember.... - - - - weomoooeen 430 | N ovember oo oooooae 159
JBDUATY - oo oo 824 December. . ,. .............. . 186
February . .- cceooooooo. 258 | 5, nuary 7 188

() 1 YU p . ¥ S
-M”. TemommnTeT Pebruary. v orec e e 245
Aprile e e e 702 MEICh o oo e mmam 414
May oo eemm e 612 1 A pril e oo 4,680
JUN6 e oo 305 | 31, 2, 810
) Y mcmmmmmmmmmmemmmmeone )
JUlY e 183
June . e 1, 520
Augmt- EERE T LR R L Al LRt Rl 149 Jul m
. | 2R
sﬁptember.- L w0 Ty G oy e o 8 o am e oe 1 55 Aumt ................... 534
‘ Septerber. - oo ne 376
Theyear. - oo 180 .

°y * The Y& - - mreme e 12, 200

The precipitation was below normal in both the years 1923-24 and
1924-25, as is indicated by the fact that precipitation indices at Los
Angeles, San Bernardino, Bakersfield, and Tejon ranch ranged from
only 43 to 87 per cent of the normal in 192324 and from 51 to 83 per

* Dally records sre given in U. §. Gool. Survey WaterSupply Peper. 510, pp.52-53, 1925 Waler-Supply
Paper 590, pp. B4-85, 1028; Water-Sppply Paper 610 (in press); and Water-Supply Paper 630 (in propasp-

tion).
© The records of these misssllanceus measuremoents are contained in Water-8npply Papers 831, p. %6,

1025; 610 (in press); 630 (in preparation).
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cent in 1924-25. .- The discharge of Rock Creek in these years was
undoubtedly far below the true average. In 192526, when.the run-
off wag 12,200 acvefeet; the precipitation was- 127 per.cent of.the
normal at San Bernsedino and 113 per cent at Los Angsles, huttntby
90 Per cent at Bakersfield and 67 per cent at Tejon raneh. - A: com-
parison of concurrent records on Rock Creek and San Gabriel! Riwer
indicates that the mean run-off of Rock Creek for the 3-vear peried
ending September 30, 1926, was approximately 45 per cent of the
long-term mean. On this basis the average annual run-off of Rock
Creek would be approximately 14,500 acre-feet, ar 630 acm-fm to: ﬁm
square mile, A
- Amargosa Creek, which drains Leonis Valley, is & peranm&l strenm :
but no data are available in regard to its discharge.. Ite drainuge
basin, of about 40 square miles, differs considerably from thoss:of dny
of the other perennial streams, and the flow of the creek is probably
affected accordingly. The highest point in the basin is more then
5,000 feet above sea level, but the slopes are on the whole much mote
gentle than those in the basins of Rock and Little Rock Creeks. i The
bottom of the valley is wide, nearly flat, and underlain. by 4 consider-
sble thickness of alluvial material or of disintegrated rock that s
capable of absorbing much of the rain. The water table beneath
much of the land in the bottom of the valley is o close to the surfuee
that the soil is more or less moist, and evaporation takes: plaes.
Although the preeipitation in Leonis Valley is doubtless as great: as
in any other part of Antelope Valley that lies af the same altitude,
the run-off per sguare mile is probably not more than half as g'reu;
a8 in the basins of Rock and Little Rock Creeks. "
- Estimates of the run-off of several streams in the. Teha,ehapf Mﬂm»
tains were given to the writer by Mr. John C. Knecht, foreraan: of
the Liebre ranch, and by Messrs. Leeds & Barnard, consulting engi-
neers in charge of the construction of a reservoir on the raneh. - These
estimates lead to the conclusion that the total annugl flow of «ll the
gtreams in the Tehachapi Mountains. from Osk Creek southward,
which drain an area of about 65 square miles, is about 2,300 acre-feat.
The run-off per square mile of Cottonwood Cresk and prebably

other streams. However, an exsmination of these twu creeks I
F. C. Ebert, hydraulic engimeer, of the United States @eologics
Survey, and the writer showed that the run-off to the square miba.i
doubtless much less in the Tehachapi Mountains than in the basi
of Rock Creek and Little Rock Creek. The Tehachapi Mountai
are much lower than the San Gabriel Mountains and have much less
precipitation. The surfsce slope over a large part of the southwes
end of the mountaing is much less than that in the Little Rock Cree
and Rock Creeft businis. In addition it is believed that a comsiderable
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area in the mountains at the west end is underlain by porous rocks,
which absorb much of the rain, whereas in the two main drainage
basins at the east end of the valley the rocks are mostly granite,
which is incapable of absorbing much of the rain.

East of Rock Creek there is an area of about 45 square miles of
mountainous country tributary to Antelope Valley that reaches alti-
tudes as great as 8,000 feet. .The principal drainage basin in this
region is Swartout Valley, drained by Sheep Creek. It is believed
that the region is sheltered from the rain-bearing winds by high
mountains, such as North Baldy and Old Baldy, and that the precipi-
tation is not as great as in the basins of Rock and Little Rock Creeks.
The run-off per-square mile from this region is perhaps only half as
much as that.from the two basins west of it.

Between Rock and Little Rock Creeks there is an area of about 20
square miles of mountainous country. This region is not very high,
and its run-off per square mile is very much less than that in the Little
Rock Creek basin.

Between Little Rock Creek and Amargosa Creek is another area
drained by several intermittent or ephemeral streams. Most of this
drainage is prevented from reaching the valley proper by a long, low
ridge that lies north of the valley, along the San Andreas fault line.
Some of it reaches the natural depression occupied by the Harold
Reservoir and another small basin to the east. Farther east most of
the run-off is absorbed by porous material in the fault valley, produe-
ing ciénaga conditions in an area where much of the water evaporates.
It is believed that there is a small flow from the ciénaga lands into the
main part of Antelope Valley. The run-off per square mile from this
area is small. Several short intermittent or ephemeral streams drain
the north slopes of Sawmill and Liebre Mountains, and the run-off
from this area likewise is small.

Fairmont, the point in the valley at which the greatest average
annual precipitation is recorded according to the table on page 87, is
situated at the northwest end of Portal Ridge. The streams that
drain Portal Ridge are short, and the contribution per square mile
from this ridge is not great. _

The average annual run-off from all parts of the mountainous area
that surrounds Antelope Valley is roughly estimated, on the basis
of the fragmentary information above given, to be about 75,000
acre-feet.

GROUND WATER

IMPORTANCE OF GROUND-WATER SBUPPLY

About 80 per cent of the land at present irrigated in Antelope
Valley receives its water supply from wells. (See p. 326.) The total
area of land in the valley that is level enough to be farmed is about
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500,000 acres. Ground water—that is, water recovered by means of
wells—is contained in the alluvial deposits that underlie practic
the whole of this large area, but in about half of the area the depth
water is 80 great that under present economic conditions the: wate
can not be profitably pumped for irrigation. It is estimated that i
about 275,000 acres the depth to the water table is not more than 15
feet. Under present economic conditions in southern Californi
however, only products that bring high cash returns per acre, such as
apples, pears, and other fruits, can be raised where the pump hft is
greater than 100 féet.

The ultimate limiting factor, however, is not the depth to
water table, but the quantity of water that is available. A
volume of water is stored in the alluvial deposits that underlie
valley, but if enough water were pumped from this ground-wa
reservoir to irrigate 275,000 acres the water level would spon
lowered so far that pumping for irrigation would be unprofitable.
In the long run pumping must not exceed intake. '

OCCURRENCE OF GROUND WATER

The water that is pumped for irrigation in Antelope Valley occ
in the alluvial deposits—clay, sand, and gravel. The mount
and hills that surround the valley are composed of rocks that
practically impervious to water. These rocks form a basin which|is
nearly water-tight and which contains a great accumulation of
porous alluvial deposits that are capable of holding a large volume of
water. A part of the water that falls as rain on the alluvial deposits
or that is carried by the mountain streams upon these deposits si
into them and becomes ground water. The alluvium is essentially a
great underground reservoir in which the run-off from the mountai
is stored.

It is believed by some people that the ground-water supply of the
vealley comes from some distant source, such as the Sierra Nevada, °
north of the valley. In particular it has been said that the water
comes from Mount Whitney, 125 miles north of Lancaster, and other
high mountains that are tributary to Owens Valley, reaching Ante-
lope Valley by underground channels that are supposed to exist |in
the rocks which lie between that region and Antelope Valley. Despit
efforts made in the previous report by the Geological Survey " to
correct these mistaken ideas as to the source of the water supp
the erroneous notions have persisted and are still advocated by some
persons. It is therefore considered necessary to point out again why
they are fallacious. :

1
Lq;lohnson, H. R., Water resources of Antelope Vallay, Calif.: U. 8. Geol. Survey Water-Supply P
PD. 59-61, 1911. g
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. Practically all the run-off on the west side of the high Sierrd is
earried by Kings, Kaweah, Tuls, and Kern Rivers and other streams
inito Ban Joaquin Valley. That on the east side is carried to Owens
Valley anrd farther south to Indian Wells Valley and Fremont Valley.
Each of these vallays is inclosed by rocks that are a¢ impervious as
those that surround Antelope Valley. The watér table is 100 to 500
feet Jower in Fremont and Indian Wells Valleps than in Antelope
Valley. (Seepp.162,217.) Therefore, even i the rocks between the
basitls weré permeable the ground weter in Artelope Valley would

Faem it
drain into Fremont Valley rather than receive any acquisition from

that valley or from Indian Wells Valley. It iv true that the water
table ih Owens Valley is several hundred faet higher than in Antelope
Valley, but there is no way for water from Oweéns Valley to reseh
Antelope Valley: unless it follows channels that penetrate the sold
rock-mass of the Sierra Nevads. It is inconceivdble that fissures ot
othe? chammels sufficiently large to carty water t6 Antelope Valley
could exist in the graniti¢ rocks that eompose the Sierra, parwilél to
the trend of the range, without the coexistence of fissures in other
directions that would permit the leakage of the water to the lower
lands on the east, or to San Joaquin Valley on the west, which is more
than 1,000 feet below Antelope Valley.

Smnlarly, the valleys that lie south and east of Antelope Valley are
;lower than this valley, so that if the rocks that surround.the.valley
were.not impervious, the movement of water would be away from it
and not toward it. It.is obvious that there can be ng contribution of
any comsequence to the ground-water reservoir of Antelope Valley
from sources outside of its drainage basin. Essentially all of its
supply comes from the rain and snow that fall within the boundaries
of its own basin.

Much of the water is absorbed by the alluvium and sinks, down-
ward until it reaches a level below which the alluvium is ‘complebely
saturated, all the interstices between the rock particles being filled
with water. If & hole is sunk into this zone of saturation water will
flow into the hole, making it & well. The upper surface of the zone
of saturation is called the water table.

The water table is not a horizontal surface. Its shape is govamed
by the nature and structure of the alluvium, the source of the water,
the areas of discharge, and other conditions. Well date indicate
that the water table is nearly horizontal in the central part of Ante-
lope Valley but that it rises gradually toward the mountains. It is
highest in the alluvial fans near the mouths of the canyons from
which emerge such streams as Rock Creek and Little Rock Creek.
(See pp. 336-338 and figs. 11 and 13.)

The water table is highest beneath the upper paits of the principal
alluvial fans because the greatest supply of water is added to the
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ground-water reservoir where the principal streams pour out from the
mountain canyons upon the porous gravel. The body of ground :
water secks to reach a uniform leve] and moves from-these upper

levels toward the central part of the valley. Its movement through

the alluvium is very slow, and consequently the water table does not ;
quickly become a level surface. If there were no precipitation in =~ ¢
any part of the valley for a number of years, so that there would be -+
no addition to the ground water, it would have an opportunity to
reach an equal level throughout the valley, and the water table would
become practically horizontal. As a result of precipitation, however,

a new supply of water is added each year, and as the greatest addition
occurs on the fans of such gtreama as Little Rock Creek the water .
table stands highest in sush places. During the dry summer the
ground water of the alluvig] fans moves slowly towsard’ ths denter of
the valley and the water table beneath the upper parts of the fans
falls, only to rise again when the ground-water supply is replenished =
by the heavy rains of the following winter. Fluctuations of the water
table arg discussed further on pages 326-335. ,

ARTESIAN CONDITIONS

In the lower parts of Antelope Valley, the beds near the surface
are composed of clay and silt, which act as a nearly water-tight cover
over the underlying water-bearing beds and tend to prevent the
water from rising to the surface. These beds extend for some dis-
tance up the alluvial slapes, confining the ground water under them. .
As the water table is higher heneath the alluvial slo_pes than in the
bottom of the valley it exerts h;ydrostatm pressure on'the water
beneath the confining beds. - If a well is drilled through the confining
beds to the W&ter-bearmg beds the water will rise in the well under
hydrostatic p;eswre If the well is in the lower part of the valley .
the water may rise high enough to overflow at the surface, preducmg
a flowing well, or if the casing is extended upward the water may rise
to a level saveral feet above the surface. If the well is drilled on the
alluvial slope a ghort distance above the lowest part of the valley,
the water may rise in the well but not high enough to reach the
surface. The condltlons that give rise to wells of either kind are
called artesian condmons The conditions that zesult in flowing
wells are shown in Figure 11. :

Many flowing wells have been obtained i in Antelope Va!ﬂey, SOme
of which yield large quantities of water without pumping. Wells
near Rossmond Dry Lake are reported to flow at the rate of 100 -

iner’s inches (about 2 second-feet, or 900 gallons & minute). In a ;
well drilled for the Southern Pacific Co. at Oban, 5 mied-north of T
La.ncastér, the water rose 22.5 feet above the surface upon its com- L
pletion in 1910. Artesian conditions in the yalley are described in
some detail in Water-Supply Paper 278.

L)
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* In Plate 19 the' apprommate boundary-of the ares of artesian flow
|Is given. In part of the region two lines are shown~-one the boundury
a8 it Was in,1909, as shown on the map in Water-SuppIy Paper 278,
Imd the|other the boundery as indicated by date obtamed by .the
writer in December, 1919, and January, 1920. There is some uncer-
tainty as to the original boundary northwest of Lancaster, for several .
wells that were represented on the map in Water-Supply Paper 278
as being situated in the area of artesian flow are said never to have
flowed. The position of the boundary in the winter of 1919-20 was
not, determmed for the entire area.

The water level in artesian wells is subject to ﬂuctuatmns, like
that in other wells. If the pressure is weak the well may cease to
flow durtng the summer and begin to flow again in the fall or winter.
If the pressure is strong the only evidence of fluctuation may be'a
slight decrease in the volume of flow.

QUANTITY OF GROUND WATER AVAILABLE

The alluvium-filled basin of Antelope Valley has already been
likened to a surface reservoir. In any surface reservoir there is dis-
charge hy surface outflow, underground leakage, or evaporation, and
the same is true of a ground-water reservoir. During a long period
of years the average annual inflow into the ground-water reservoir,
which may be called the recharge, will be about equal to the average
annual discharge. Although there may be minor fluctuations from
season to season, if the average inflow is greater than the quantity
used for economic purposes and that lost by leakage in various ways,
the reservoir will overflow, and if it is less the reservoir will be drained.
The most desirable condition is that as much water be used as possible
without exceeding the average annual recharge.

GROUND-WATER RECHARGE

SOURCES

The conditions that affect the recharge of the ground-water reser-
voir may best be summarized by the following quotation from
Meinzer: '

Contributions to the underground supply are made at the localities where
the following three conditions exist: (1) The formations lying between the
surface and the water table are not water-tight; (2) the water from rain or snow
is applied in sufficient quantity to percolate to the water table without being
entirely absorbed by the capillary pores of the dry zone between the surface
and the water table; and (3) the water table is not already at the surface. These
three conditions are provided most fully on the upper parts of the alluvial fans,
, where water is poured from the mountains upon gravelly deposits through which
iit can pércolate freely to the water table. They are largely wanting in the

o Moeinzer, O. E., Geology and water resources of Big 8moky, Clayton, and Alkali Spring Valieyc, N‘v X1
U. 8. Geal. Survey Water-Bupply Paper 423, pp. 78-79, 1917, ‘
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mountaing, where dearly impervious bedracks are nenr ihe surfare, and iw the
lower paris of the vallpy, whernthandutoomhttoadmit waler freely and
where over large areas the weter table is so near the surface that water is being
discharged from the valley fil] instead of being téken in. :

Contributions to the water in the valley fil are made by (1) ¢he perennial
streams that flow out of the larger canyons; (2) the floods discharged 3t lang

. interveds from the canyons which am normelly dry; (8) the underfiow of some

of the ganyons; {4) the rain that falls in the valley; and (5) waier discharged
underground froma openings in the bedrocks.

CONTRIBUTIONS PROM BRUN-OFF

The water that is carried by the streams from the moyntains out
upon the alluvial slopes is disposed of in two ways—some of it perco-
lates to the water table and replenishes the ground-water supply,
and the remainder evaporates before it reaches the water table.. As
Antelopé Valley is a closed basin no water is carried away from the
valley on the surface. However, in wet years considerable surface
water may resech the playas, where it evaporates without getting
below the surface.

The largest contribution to the ground water comes from the
pﬁrenmﬂl streams, most of it from Rock Creek snd Ligtle Rock
Creek (see fig. 13) and less from Amargosa Creek and several streanss
at the west end of the valley. Although the run-off from Sheep
Qreﬂk is probably considerable, the position of the alluvial fan upon
which it empties is such that a large part of the water, either surfupe
or underground flow, goes eastward toward Mobave River gnd does
ngt reach Antelope Valley.

. The run-off from more than hslf of the mountamous area is not
wrled by perennisl strpams bus by streams that flow oply after
rains. The flow from these stresms lalgely sinks beneath the surf,ace,,
but most of it goes to wet the soil and is evaporated or taken up by
plants before it reaches ‘the whter table. In ordinary years the
contribution to the ground-water reservoir by these intermittent or
ephemeral streams is very small, but in exceptionally wet years they
msay furnish an appreciable amount of ground water. About 7,000
acre-feet of the flow of the perennial streams was used in 1919 for
irrigation and was not available for recharge except as it percolated
‘dotwnward after it had been applied to the irrigated land. (See p, 326.)

CONTRIBUTIONS FROM UNDERFLOW

. The coarse water-bearing alluvium extends some distance up -the
canyons and fills them to considerable depths. BSurface water maey
-enter the aﬂuvmm several miles above the mouth of the canyon,
percolate down the canyon, and reach the main ground-water rese;-
voir without again appearing at the surface. Evidence of the exist-
ence of this underflow is seen about a mile above the mouth of the
‘canyon of Little Rock Creek, where the Little Rock Irrigation Dis-
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‘triet hei built a low concrete dam that presumably: machhs hedrock.
AY times when:-the oreek isdry for a long distance abovd:and helow
the dem a small pool of water stands just behind the dem snd .«
!m:endzmbie stream. flows conmnually from :this pool mtﬂv tha im»
gating ditches.

Mesasuraments made by J. B. Lippineott in June, 189&, neer the
place where the submerged dam was later built showed that at that
time the water was percolating through the gravel at the rate of
sbout 2.16 feet an hour, or 3.53 miles a year.? The submerged dam
is 368 feet wide and 11 feet 8 inches high. If the cross section through
which the water percolates were equal to that of the dam and the
rate of flow were that given above, the underflow in one year would
be a little less than 2,000 acre-feet. As the dam extends above the
creek bed, the cross section of the underflow is probably not as great
s that of the dam, but, on the other hand, the seasen of 1895@9&,
when the measurements were made, was unusually dry

It is probable that a considerable quantity of water is dlsch&rgod as
underflow by Rock Creek. ‘The lower mile of its canyon is filled with
cosrse slluvium, which must contain a large quantity of water.
Attempts have been made at various times to recover some of this
underflow by a tunnel driven through solid rock to a point nesr.the
place where the road from Little Rock to Valyermo crosses the creels,
where it i3 turned under the gravels. The yield from this tunnel is
#aid to be about 100 miner’s inches (about 1,500 acre-feet a year),
but the underflow has never been developed to its full capacity.

There is probably some underflow in the canyons of Oak, Cotton-
wood, and Amargosas Creeks. It is said that in the summer water
‘ceames to flow at the surface in Cottonwood Canyon ss far upstream
as Knecht’s ranch, 6 miles or more above the mouth of the canyen.
Much of it sinks into the alluvium and continues downstresin as
underflow. The exact conditions in Oak Canyon are not known, but
it is understood that most of the surface flow enters the alluvium
some distance above the mouth of the canyon. In January, 1920
practically no water was flowing in Amargosa Creek where it emerges
from the pass at the east end of Portal Ridge, although a stream was
flowing farther up the canyon. It is probable that most of the rug-
off from Swartout Valley, east of Rock Creek, enters the, &llumum '
of the main part of the valley as underﬂow, for Sheep, Creef{
shown on the topographic map as an intermittent stream, and the
alluvial deposits extend for some distance up the canyon.

CONTRIBUTIORS FROM PRECIPITATIOR IN THE VALLEY

- Some of the rain that falls on the valley may percolate to the' Wa:tgr
‘table. The rainfall on the valley lands is low, and the quantity that
falls in & single storm is ordinarily not great. The lower p‘art’ ‘of tl!e

B _hn_-l—JAA_A._- 5

T Schuyler, J. D., Reservoirs for irrigation: U, 8. Geol. Survey Eighteenth Ann. Rept.,
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valley is largely underlain by a clayey soil which absorbs water very
slowly, and most of the rain that falls en such soil remains near the
surface until it evaporates. Furthermore, in most of the area In
which flowing wells exist the water table is so close to the surface that
discharge rather than absorption is the dominant process. Outside
the area of artesian flow the soil is more permeable, and percolation
may occur. A large part of the precipitation that enters the soil is,
however, taken up by the yuccas and other plants that cover the
alluvial slopes. After exceptionally heavy storms some of the
precipitation doubtless reaches the zone of saturation.

CONTRIBUTIONS FROM BEDROCK

The rock formations in the mountains are nearly impervious, and
the quantity of water that enters them is so small that any contribu-
tion to the ground-water reservoir by percolation from this source is
probably negligible. The only region where there might be much
percolation is on the south side of the valley, where faulting has
produced s series of valleys, some of them undrained, behind Portal
Ridge and the low hills that form a continuation of this ridge toward
the esst. Although the surface material of Portal Ridge consists of
comparatively loose, porous soil, exposures at several points indicate
that solid rock occurs at no great depth. It has been suggested that
the faulting might have so greatly shattered the rock ridges that
separate the valleys along the fault line from the main part of the
valley that water from these closed valleys could percolate into the
alluvium of the main valley. The very fact, however, that ciénagas
are found at several points in the fault valley and especially the pres-
ence of Elizabeth and Hughes Lakes constitute evidence that there is
not much seepage, for otherwise the lakes and ciénagas would be
drained.

CONCLUSION

It has been estimated that the total run-off from the mountain
areas into Antelope Valley averages about 75,000 acre-feet a year. A
large part of the run-off from perennial streams is added to the
ground-water supply, but only small quantities of water from the
ephemeral streams and from rainfall in the valley reach the water
table. It is roughly estimated that from all sources an average of
about 50,000 acre-feet a year is added to the ground water.

GROUND-WATER DISCHARGE

The contributions to the ground-water supply are about balanced
during & period of years by losses from the ground-water reservoir.
The natural losses occur chiefly in three ways—by evapdration where
the water is brought to the surface in springs or by capillary action;
by transpiration by plants; or by percolation out of the basin through
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underground passages. Moreover, water is. mthdr&wpq; from the -
ground-water reservoir through flowing wells and by, pumping. °
Estimates of the amount of discharge by the different processes would
serve a8 a basis for estimating the quantity available for:irrigatiom. :.
DISCHARGE FROM SPRINGS t o &

A number of sprmgs exxst. in the dramage basin - of A.ntelope :
Valley. Many are in the mountains on the south and west sides of
the valley, but the water from these mountain springs does not come
from the main ground-water reservoir heneath the valley, and hence
their - dxscharge does not represent a loss from the main grounde-
water supply.

Several springs discharge water from the main ground-water ra»
servoir. The Willow Springs, about 8 miles west of Rosamond, ..
which probably form the largest group of springs in the valley, are
estimated to flow about 100 acre-feet a year. Other springs are
Buckhorn Springs, about 12 miles east of Rosamond; Lovejoy
Springs, about 16 miles east of Palmdale; and Moody Sprmg, sbhout 20
miles east of Palmdale.

DISCHARGE FROM SOIL AND PLANTS

To determine accurately the area in which discharge by evapora~
. tion is occurring, it would be necessary to make numerous borings
with a soil auger or to measure shallow wells to find where the water
was close enough to the surface to be within the limit of capillary
rise. The writer did not have opportunity to do this work. Studies
in other regions of the desert, however, have shown that certain sur-
face conditions are fairly reliable evidence of discharge by evapora-
tion, and some of these conditions are present in Antelope Valley.
Where evaporation has continued for a long time deposits of alkak
may be seen at the surface. The alkali was held in solution in the
ground water, and as the result of long-continued evaporation t»he
mineral matter has been left on the surface as a deposit.
The presence of the water table within a few feet of the surface is ;
~also shown by certain plants which are found almost exclusively in ' -
areas where the water table is near the surface. One of the most
reliable of these plant indicators is salt grass (Distichles . spicata).
Where salt grass is the predominating vegetation the depth to water
is usually not more than 8 feet. Such plants discharge ground water. = -
The plant roots reach down to the capillary fringe and perhaps even ;
to the water table and draw up the water, giving it off into the air
through pores in the leaves, a process known as transpiration.
L The presence of alkali on the surface and of salt grass shows that
- 'discharge of ground water by evaporatlon and transplratmn is taking -~ "
‘place at a number of places, mvolvmg a large acreage m the law,ar,

)
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part of ‘Antelope Vallsy. It is noteworthy that evidence of such
discharge is found at many places within the area of artesisn flow
but with- minor sxceptions is generally absent outside of that ares.
There is, therefore, some suggestion that the discharge is related to
the artesian conditions. However, the fact that the indications of
discharge are not everywhere present in the area of artesian flow
raises & question as to whether the loss is from the artesian supply or
only from the surface zone that is separated from the artesian aquifers
by relatively impervious clay. If it is a loss from the artesian
aquifers it will probably be reduced as the head on them is lowered
by an increase in the use of water for irrigation. On the other hand,
if it is a loss from the surface zone no great reduction may result
with greater use of water, and conceivably it may increase; for the
water level may be raised by additional return seepage from irriga-
tion which the underlying clay will prevent from reaching the artesian
aquifer.

On the south side of Lovejoy Buttes, about 15 miles east of Palm-
dale, the water table is close to the surface and there is evidence of
discharge, but the area of discharge is not great. Salt grass was
observed at a number of places in Leonis Valley, in the fruit valley
between the Harold Reservoir and Little Rock Creek, and at other
places, but at these places the discharge is not from the ground-water
reservoir of the main part of the valley.

In experiments in Owens Valley Lee * found that when the water
table was at the surface the evaporation and transpiration from a
salt-grass area in one year was about 62 inches and that the evap-
oration decreased at a nearly uniform rate with the depth of the
water table and ceased entirely at a depth of about 714 feet. Ch-
matic records indicate that the evaporation is fully as high in Ante-
lope Valley asin Owens Valley. The total area in Antelope Valley in
which there is discharge by evaporation and transpiration is unknown,
but from the writer’'s observations it is considerable, and there must
be a substantial loss of ground water by these processes.

PERCOLATION OUT OF THE BASIN

North of Rogers Dry Lake, the divide between Antelope Valley
and Fremont Valley is not very high above the dry lake, and although
rock hills are present on both sides, the divide for a distance of about
4 mile is probably composed of alluvium. If a perennial lake ever
eovered Rogers Dry Lake it may have overflowed at this point into
Fremont Valley.

At Muroc the water table is lower than it is farther south in the
valley; and at the north end of the playa, as nearly as can be deter-

B Lee, C. H,, The ‘determination of safe yield of underground reservoirs of the clossd basin type: Am,
Hée, Civil Brg. Trans., vol. 78, pp. 181-196, 1915; An intensive study of the Waber resourced of & part ¢
Owens Valley, Calif.; U, 8. Geol. Survey Water-Supply Paper 204, pp. 53-64, 1912,
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mmeci in several wells, it is still lower, indicating thatthe wster table
alopes toward the north. In the vicinity of Redman Schiool, in T. 8
N., R. 10 W., where the altitude is more than 2,300 feet the whist
rises to the surface. In December, 1917, it flowed several feet above
the ground in a test hole for potash (well 6 in table on p.348 and pl.
19) drilled on Rogers Dry Lake near the center of sec. 20, T. 9 N,
R. 9 W., where the altitude is about 2,275 feet above sea level. The
depth to water in the Atchison, Topeka & Santa Fe Railway well at
Muroc is about 33 feet and the altitude of the ground about: 2,285
feet; the altitude of the water table is about 2,255 feet. In waﬂ 4,
in the northeast corner of the NW. 1 sec. 6, T. 19 N,R OW, the
depth to water is about 90 feet, and it is about the same in well 3 in
northeast corner of sec. 34, T. 11 N., R. 9 W. As nearly #s ¢an be
determined the altitude of the surface at these wells is niot much
over 2,300 feet, and the altitude of the water table is probably
.between 2,210 and 2,240 feet. These conditions are shown in Fig-
ure 5. The slope of the water table toward the north seems to indi-
cate that the water is percolating northward under the alluvinm intg
Fremont Valley.

. The water table in Fremont Valley is much lower than in Antelope
Valley The depth to water in well 55 (see pl. 16 snd tabls on
p. 222), about 2 miles east of Desert Butte,in T. 12 N, R. 10 W., ih
January, 1920, measured 199 feet. The surface at this well is be-
lieved to be not more than 2,375 feet above sea level and the alti-
tude of the water table not more than 2,175 feat. The water table
in wells northwest of this well is even lower. (See fig. 5.3 It is
therefore evident that a rock barrier exists below the alluvial. sur-
face at the divide which acts as a submerged dam holding up the
water table in Antelope Valley but which may ellow some ground
water from Antelope Valley to waste underground into the valley
to the north.

The bounda.ry of the drainage basin at the northwest corner ef the
valley is formed by an alluvial fan that has been built out in front
of the canyon of Oak Creek, and at the southeast corner of the
valley it is formed by a similar fan in front of the canyon of Sheep
Creck. In each region, however, the water table, as shown by depth
to water in wells, is higher than it is in the lower part of the v&llsy,
indicating that the ground water moves toward the lower level in
the valley and not out of the drainage basin. ‘

| QUARTITY OF WATHR USED ¥OR IRRIGATION - . . o

| " Estimates of total consumption of water for irrigation in Antelope
| Va,lley, from both surface and underground sources, are summmzed SRR
m the accompanying table. The figures for quanﬁty‘ of water ap- Figr
plied in ifrigation, commonly called d ty of water, are based oh’ ﬁb 1
5631—2@-—-—-22
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~ formation given by a number of ranchers. They are average figures
and do not represent extreme quantities used on different tracts of
land. :

Estimate of water used for irrigaiion in the drainage basin of Antelope Valley, 1919

Quantity
princinal | 2RSS | consnmm
Source of supply and locality (&rr:g) 'c“rlgpp {gl;atlfﬁon- tion o
oo | FeL,
per acre)
Bup%ly obtained from wells
lectric power plants mostly near Palmdale..___cu.o..... 1,555 | Fruit...... 134 2,100
KElectric power plants mostly near Lanecaster. ... _...._.. 6,855 | Alfalfa.. .. 4 21, 400
Gasoling power Plants. .. e ————e 300 oo dOana. 4 1, 200
Supply obtained from streams:
ttle ROCK QiSbrict. v ce oo eeem e e 1,600 | Fruit_.___. 1 2,100
almdale district. ... e iee———— 700 {eaa@Oueuno.n 1 900
LODZVIOW . o e e e mae e e e emm e ————— 350 l...do .. 134 500
Liano { 150 |...do__._._. 114 200
"""""""""""""""""""""""""""""""""""" 150 | Alfalia.. .. 600
Valyermo and Pallett ranches. ..o veeoeeciccenann- 300 (1) | Fruit..... Q) 3,100
11,960 | fearacen 38,100

* Total quantity used is based on statement of estimated continuous flow diverted during irrigation
$085011.,

The water obtained from flowing wells for irrigation is not included
in the above estimates, but the quantity is probably not great.
Where the flowing wells have sufficient head to yield supplies ade-
quate for irrigation without pumping, the soil generally contains so
much alkali that not much land is under cultivation. Much artesian
water, however, is wasted. This waste probably amounts to several
thousand acre-feet a year.

According to the data presented above, in 1919 about 31,000 acre-
feet of ground water was pumped annually for irrigation, and about
7,000 acre-feet was obtained from streams. Some of the water, how-
ever, percolated downward and returned to the water table, so that
the net draft on the ground-water reservoir was not as great as
stated.

FLUCTUATIONS OF THE WATER TABLE
ANNUAL FLUCTUATIONS

The water table rises during or shortly after the rainy season.
The rise is generally greatest on the higher portions of the alluvial
fans near the mouths of the mountain canyons, where the water is
added to the alluvium in the rainy season faster than it can move
through the sand and gravel to lower levels, and it is least in the
lower central part of the basin. The nature and amount of these
seasonal fluctuations are illustrated by measurements made in four
wells at approximately monthly intervals from November, 1915, to
- November, 1916, by E. W. Martin, of Little Rock, which are given on
page 327. The fluctuations are shown graphically in Figure 12. All
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! |
ese wells are in or near the wash of Little Rock: Creek, near the
int where it emerges from its mountain canyon upon the alluvial
slope. 1 , -
| \ Water levels in wells near Litile Roock Creek .

[Measurements by E. W. Martin]

Depth to water below reference. ;‘boint (feet) | y
Date .
Littleton | Kellerman &ﬁvlu Holloway
well o well ? . well ¢
1916 S
Nov.8...... 33.3 52.6 13.5
Dec. 2 43.3 b 54 Dry. 15.7
1916
e F N T S 85 s Dry. 16 10,7
Feb. 1 SN 218 26.3 O] 0.5
MaAr, 17 .o cciceurcmmemmecamem———————————————————— 20,7 28.3 0 10.7
%fr. S e mamesm———m————am——~—————————————— 19.3 b1 B S OO -~ 10.8
ay2.... eememcemmaeena————— 18 32 2 11
June 6 emeeemmeeacmmemmesene——————— 23 40 5- 14
B 1 . T B 45 10 . 15
AN 1o cevmecmcacecmemenmm——m—m——————————— 30 5 13.6 15.8
Sept. 8 e mm—m——emm————————————————— 23.8 - 52 Dry. 18,5
NOV. B ecacenrcacecmcanmcmcn e cccmmcmmammmmmmamam 37 47 Dry. 15.3

a Littleton well (No. 1390 on pl. 19), in southeast corner SW. }{ NW, }{see. 14, T. 5N, R, 1 W, A
drilled well 1.3 feet in diameter, about 43 feet desp. Reference point for measurements, m&d oasing 1.5
fest al;ov:;)grfg?nd. On Jan. 9, 1920, the depth to water, measured by the writer, was 30.8 leet below the
referénce N : > ‘ )

» Kollerman well (No. 140), approximately in NE. 14 8W. }{ sec. 14, T. § N., R. 11 W.,- ahput 75 feet
from bank of Little Rock Creek. The well is dug 54 feet deep. It was nearly dry on Dee. 2, 1915, and com-
pletely dry on Jan. 4, 1916. Referenca point, nail in curb about 18 inches above surface of ground.

¢ Koyes well (No. 141}, near northeast corner of sec. 22, T. 5 N., R 11 W, close to bank of ereek. Reler-
ence point is a piece of pipe that projects from curb about 15 inches Below surface of ground. Well could

'not be measured Feb. 1, 1915, because of high water in creak. Waell is 14 feet dg'%p.

¢ Holloway well (No. 142), near northwest corner of se¢. 23, T. 5§ N., R. 11 W, close fo bank of oreek,

Reference point, surface of ground.

The measurements were made during a year of unusually heavy
rainfall, and hence both the high and low water levels were probably
higher than during normal years. Nevertheless they show the
general fluctuation, the water being highest in the winter or early
spring and lowest in the late summer or fall. The marked rise in the
Keyes well between December 2 and January 4 was due to heavy
rains in the later part of December. From 6 to 8 second-feet of water
was flowing in the creek at that time. The well is close to the creek
bank and practically within the canyon, being dug in the alluvium
that fills the canyon. It responds very quickly to the flow of the
stream. In contrast to it is the Kellerman well, which on January
4 was dry. It is farther from the stream channel, and the water

" that percolated through the alluvium from the stream had not reached

- the well. Water ceased flowing in the stream as far as the Littleton

- well about April 11. Annual fluctuations are shown by somewhat
less detailed observations on a number of wells, the records of which

; are given on pages 364-371.

| ' |
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Ranchers in differenit parts of the valley have observed fluctuations
of the water teble int thie different scssons of the year. A. C. Whidden
stated that on his ranch in secs. 9 and 16, T. 7 N., R. 13 W, the dif-
ference between the marimwm and minimum beight of the water
table is about 12 feet.

The water table reaches its highest and lowest levels in different
parts of the valley at different times, but in general it is highest late
in winter or in spring just before irrigation is begun and lowest in
the late summer or fall, near the end of the irrigation period, when
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Fiovst 12~ Fluctuation of water table in wdlls near Little Rock Creels, Antelopd Valley,
November, 1915, to November, 1916

the heavy pumping produces some of the change in level. There
are, however, exceptions to this statement.

E. B. Wargren, whose ranch is in the SW. 14 NE. 14 sec. 21, T, 7
N., R. 12 W., stated that the water in his well reaches its lowest level
and begins to rise about the later part of September. A. Z: Wilson
stated that at his ranch in the southeast corner of zec. 2, T. 7 N., R.
11 W., the water begins to rise in the pump pit in June, although at
the same time the pumping lift apparently continues to increase and
the yield decreases for several weeks., The apparent rise in the water
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table is evidently dus to the return Wa&m ﬁvmmmm
8uach » condition has been observed in other irrignted regions.. This |
- water may be prevented from reaching the prinsipsl water. . '
bearing bed by impervions layers. In support of the theory that
this rise is due to seepage from the surface Mr. Wilson gave the fods
fowingevidenee. Areservoirafew hundred feet from Mr. Wilson's wall . -
does not hold water readily. When the ressrvoir was filled the water
seeped out, and in one week the water in Mr. Wilson’s pusap pit rose
2 feet. In a well at the reservoir the water rose 4 feet. It subsided
in both wells after the reservoir was empty. A.C. Whidden stated
that in his wells in secs. 9 and 16, T. 7 N., R. 13 W., the lowest level
is reached during July and the water begins to rise during the latew
part of that month, while the pumping is the neighborhood is as heavy
as at any time. The conditions hers are probably similar to those
cited by Mr. Wilson. In the wells near the mouth of Rock Creek
Canyon the lowest level was not reached until December-—that ia,
later than in most parts of the valley. This lag may be partly ade
counted for by the fact that no wells are pumped within g radius of
several miles, and hence the effect of reduced pumpmg is &mnatmia

8ty

BRECULAR ,FLUCWATIONB

Fluctuations before 1920—In addition to its annual ﬂucmﬁm _
the water table moves slowly up and down during longer and fnore
lrregular periods, owing chiefly to series of wet and dry years Heavy
pumping tends to lower it.

The testimony of well owners in the valley as to whether there &«
been any marked ehange in the water table during reeent yesrs is:¢é
8 certain extent conflicting. Some stated definitely ‘that there hds
been a gradual lowering of the water level; others stated that they
have noticed no change; and a few-stated t"hat the waterlevel in 1019
was higher than during the preceding few years. - Many well- owners
did not know whether the water level in their ‘wells had chiangzed 4nd
apparently had not given the matter any thought, elthough it really
is of much importance. Usually the pumps are instélled in such 4
manner that the depth to water can not be readily sbserved. 1Ifthe
water rises the owner has no indication of the fact, nor ewven if it
falls, unless the drop is so great as to reach the suction limit or 4
. revealed by a great increase in his power bill or & decresse in the dis-
cherge of the pump. Even if any of these indications are observed
they are sometimes attributed to mechanical trouble in the pump
' and not to a lowering of the waterlevel. The desirability of measuring
the depth to the water level, from time to time, ¢can not be too sﬁrongly
urged on the owner.

Several well owners have observed that the water in pump pits
rose earlier or to a higher level than in past years. The return seepage
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of irrigation water causes a rise of the ground water in the upper beds
while at the same time the level of water in the beds that yield:the
strongest supply may still be low. In a dry season irrigation is
often begun earlier than in normal years and more water is applied
to the land. It would therefore not be surprising that in a a dry year
like 1919 the level of the water in the upper beds would rise earlier
or to a higher level than during normal years. On the whole, the
information from well owners indicates a lowering of the water table
both within and outside the area of artesian flow.

The proprietor of the hotel at Rosamond stated that in 1919 the
water was about 2 feet lower in his well (No. 21) than in 1918. The
depth to water, as measured by the writer on January 12, 1920, was
25 feet below the top of the casing, about 8 inches above the ground.
This well probably is No. 69 in Water-Supply Paper 278, for which
the depth to water was given as 15 feet. If not the same well it is
very close to that well, and evidently the water table has dropped.
A few hundred feet south of it a well at an old saloon, which is said
to have been owned formerly by a Mr. Simpson and to be the well
designated No. 267 in Water-Supply Paper 278, was dry in January,
1920, at a depth of 19 feet below the surface. The depth to water in
1009 was given as 16 feet. This well apparently has been partly
filled up. ‘

The Southern Pacific Railroad has a flowing well (No. 37) at Oban,
in the NE. 14 sec. 21 or NW. 14 sec. 22, T. 8 N., R. 12 W, which isso
arranged that the water rises naturally into an elevated tank for
supplying engines. F. M. Worthington, division superintendent of
the railroad, stated in a letter that in 1910 the water in this well rose
22 feet 6 inches above the surface of the ground, in 1918 it rose 19
feet, and in 1920 it rose 17 feet 6 inches. He did not say whether the
tests were made at approximately the same time each year, but
presumably the height given for each year is the maximum height
at which the water stood at any time during that year. The railroad
also has a well at Lancaster in which the water stood at the surface
when drilled in 1914 and 2 feet below the surface in 1920.

Mr. L. M. Huntington, superintendent of the P. D. Gaskill raneh,
in the SW. 1 sec. 35, T. 8 N., R. 13 W, stated that in 1919 the water
in the well (No. 20) was about 8 feet lower than in previous years.
This year was the first in which it was necessary to prime the pumps.
- When the well is not being pumped the water stands about 22 feet «
below the surface. On the map in Water-Supply Paper 278 this
place is shown as inside the area of artesian flow. If this map was
correct when made, the drop in the water level since 1909 would be
more than 22 feet, but there is some question whether this part of
the region was within the area of artesian flow. Two wells in the
section that adjoins the Gaskill ranch on the south, Nos. 88 and 89 in
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Water-Supply Paper 278, were indicated on the map in that report de
flowing wells, but in the table on pages 74 and 75 of that report: ‘the
depth to water is given as 7 and 734 feet, respectively, and they are
both referred to as “donﬂomng artesian” wells. Mr: Huatington
stated that the depth to water in well 89 (in Water-Supply Paper 278);
owned by F. A. Ingersoli, is now 22 feet. Ewdent&y the water’ tﬁbl&
in this well has dropped considerably. '

Mr. A. C. Whidden, owxier of the Portland ranch, in the: NE. %
sec. 16 and the N. 14 sec. Q,IT 7 N., R. 13 W, stated that, as faras
he could determine, the water table dropped on the average about 1
foot a year in the nine years prior to 1920. It was not possible to
measure his wells (Nos. 51, 52, and 53), but there is evidence that the
drawdown increases each year. It has become necessary to prlma the
pumps earlier in the year than formerly.

Mr. Harry Austin, who has drilled many wells in the valley, stated
" that wells 42a to 42¢ (in Wiater-Supply Paper 278), in the N. 14 sec.
2, T.7N., R. 13 W, ceased flowing for the first time in 1919. Onthe
Reese Snowden ranch, in the NW. 14 sec. 11, a short distance south of
the wells mentioned above,/the depth to water in a well 225 fest-deep.
(No. 56) was 3 feet 8 inches when measured on January 16, 1920. In
Water-Supply Paper 278 wells on this ranch and also wells farther
west were noted as ﬂowing wells. Evidently the area of artesian’ ﬁow
has been reduced in size in 'this vicinity.

Mr. H. A. Prendel, whose well (No. 62) is in the SW. 1{ NE. 34
sec. 24, T. 7 N., R. 13 W, stated that his well began to flow later in
the fall of 1919, the flow was smaller than usual, and the pumping lift
during the irrigation season was apparently greater. The maximum
drawdown on the vacuum gage during the pumping season in 1928:
was equivalent to 22 inches of mercury.. In 1919 it was 23 inches;
which indicates a difference in the water level of about 1 foot. In
previous years the water rose high enough to begin flowing usually in
October, but in 1918 it did not flow until the later part of November;
and in 1919 not until the early part of December. About 1916 the
well was changed so that the discharge pipe was about 4 feet.abowve
ground, and at that time it flowed from 10 to 15 gallons a minute.
When visited by the writer on January 10, 1920, it flowed at the same
level not more than 2 ga,llons a minute. This well is near the edge
of the area of artesian flo Mr. Prendel stated that when he came
to the region about 1910 Well (No. 61) about half a mile west of
his place flowed 5 or 6 miner’s inches. On January 10, 1920, the
water stood in this well about 6 inches below the surface. This well
is evidently No. 247 in Water-Supply Paper 278. The well when
measured by the writer was 211 feet deep.

Mr. E. B. Wargren, whose ranch is in the SW. 14 NE. 14 sec. 21 o
T. 7 N., R. 12 W, stated that when his well (No. 69) Wasdnliedm R

o
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1914 the water barely flowed at the surface. In January, 1920, it
was about 3 feet below the surface. .

On January 14, 1920, the depth to water in an 8-inch well (No 67)
on the B. T. Earl ranch, near the northwest corner of sec. 36, T. 7 N.,
B. 18 W,, a8 measured by the writer, was 79 feet below the ﬂc_)or of tnhﬁ
pump house. Mr. J, A. White, superintendent of the ramch, stated
that in April, 1918, the depth to water in a 16-inch well only a few
feet from the 8-inch well was 72 feet. As the water in both wells is
eongidered to stand st practically the same level it was aboyt 7 feet
lower in 1920. It should be noted, however, that the higher level was
recorded in April, when the water table is probably at its maximum
level, and perhaps in Jsnuary, 1920, the water had not yet reached its
highest point, Mr. White stated that in 1918 the 16-inch well was
pumped dry several times. In 1919, however, the pump yielded
more water. The low leve] of the water in 1918 was atiributed to
the effect of an earthquake. Although this may have been the cause -
it is more likely that the rea] cause was a lowering of the water table,
which vose again in 1019.

Mzr. Donald Graham, resident manager of the Guy C, Earl ranch,
in the NW. }{ sec. 35, T. 7 N., R. 13 W, stated that the drawdown
of hig wells during the lrrlgatlon geason has gradually increassd. As
indicated by s vacuum gage in 1913, it was equivalent to 20 inches
~ of mercury (about 23 feet) and in 1919 to 26 inches (about 29 feet),
which is an ayerage drop of about 1 foot a year.

“The depth to water in well 48, near the center of sec. 14, T.7N,,
R 14 W., a5 measured by the writer on December 18, 1919, was 147
feot beélow the top of the casing, which is about 1 foot above the sup-
face, This is evid&ntly well 35 of Water-Supply Paper 278, in which
the depth to water ig given as 120 fest.

Mr. J, L. Meder stated that on his brother’s ranch, in the NE. }4

NW 34 sec. 13, T. 7 N,, B. 12 W., the crops wers originally lrngf;tea
from flowing wells (No. 74) without pumping, but it is now necessary
to pump. The wells still flow in the winter -but not as much ag
formenrly.
. The depth to water in a well (No. 85) on the J. B. Nourse ranch, gt
the southwest corner of sec. 12, T. 7 N., R. 11 W., 3s measured by the
writer on January 15, 1920, was 13 ﬂeet below the surface. 'This is
well 77 of Water-Supply Paper 278 and flowed when it was drilled in
1906. Mr. Nourse believes that the pumping lift has increased in the
last four years, basing his statement on his yearly power consumption
sinco he began using electricity. In 1916 Mr, Nouise lowered hig
pump 8 or 9 feet.

Mr. A. Z. Wilson, whose ranch is in the southeast corner of $BO 2;
T.7 N., B. 11 W, stated that the water table in the snmmepy is now
sbout 10 feet lower than when he settled in the valley in 1807. - One
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of hig wells (No. 84), when it was drilled in July, 1907, ﬂm& M i
6 miner’s inches. The well has flowed every winter until thesesson .
of 1910-20, but the flow was less each year. On January 15 the wall. -
had not begun to flow, and Mr. Wilson did not believe it would flow -
Soon after the well was drilled a centrifugal pump was instaHed, beidg

get at the ground level. It has since been necessary to lower:the
pump, setting it in & 12-foot pit. The writer was informed: that it hae

been necessary to lower the pumps in several othér wells int the vicinity

of the Roosevelt School, but he did not have an oppor’cunity to obtain
detailed information in regard to conditions in that part of thb :
valley.

Mr. Grant Frakes for several years irrigated about 5 aeres of alfaifa
in sec. 30, T. 8 N, R. 10 W, from a flowing well (No.- 43) without
pumping. For the last three years the flow has céased during: part
of the summer. In 1919 there was no flow from about July 1 t0
about November 1. ‘The flow from this well was originally about 28
miner’s inches. ' o

Mr. Charles Eberts, who has installed and repaired many pumips
in the valley and hence has been in a position to observe conditicns
in different parts of it, expressed the opinion that the water table had
been lowered from 3 to 10 feet in the six years ending im 1919,
although the water in the upper alluvial beds had risen several feet
in somé wells, owing to the return seepage from irrigation. -

Several other persons reported that the pumping lift ha&mwm
10 to 12 feet since their wells were drilled. Two of these wells are
situated several miles east of Lancaster, in the Roosevelt:distries;
and two others about 4 miles southeast of Palmdale, in regimt‘ of
comparatively new development.

Some of the lowering is doubtless due to deﬁcmnb‘prec}pituﬁwn in
the four years prior to 1919, but most of it is apparently due to the
draft on the supply for irrigation. It is manifestly impossible for ad
great a quantity to be pumped from the ground-water reservoir
without affecting the water table. The consumption has imcresded
more or less regularly in recent years. The several years of deficient
precipitation have had & cumulative effect in reducing the reeharge -
in proportion to the discharge, for not only has the recharge eath
year been less than in normal years but the consumptmn has beeh
greater for s given area because in dry years irrigation is uﬁtﬂﬂy
begun éarlier than in normal years.

Fluctuations in 1920-1926.—After the writer’s mvest:ganon n
dapuary, 1920, it was reslized that periodic measurements of the
depth to water in a number of wells were necessary to determime
the true nature of fluctuations of the water table. Unfortunately.
funds weré not available to permit observations as frequently as
desirable, but a considerable number of mesasurements have beéen
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made which yield valuable information. Mr. N. S. Abbott, a citizen
of Lancaster who has installed many pumps in the valley, has meas-
ured about 25 wells from two to five times a year since 1921. The
writer expresses his appreciation of the service thus rendered by
Mr. Abbott. Beginning in October, 1924, measurements of the same
wells have been made twice a year by F. C. Ebert or H. G. Troxell,
of the United States Geological Survey. These observations have
been made early in the spring, when the water table is about at its
highest point, and in the fall, when it is about at its lowest point.
The records of depth to water are given on pages 364-371. The loca-
tions of the wells, with numbers corresponding to those in the tables,
are shown on Plate 19.

~ To judge from observations in other investigations in which auto-
matic recorders were used to obtain a continuous record of water
levels, the seasonal rise or fall of the water level may be interrupted
by fluctuations as pumps on other wells are stopped or started.
Furthermore, the lowest and highest levels reached each season are
affected by several factors that vary from year to‘'year, such as
amount of precipitation and its time of occurrence. The difference
in precipitation from year to year may affect the water level directly
in so far as it affects recharge of the ground-water reservoir; and
indirectly in that pumping for irrigation may be necessary earlier
or later in some years than in others. Because of these variable
conditions, it is unlikely that the water level reaches its lowest or
highest level at exactly the same time each year. It is highly de-
sirable that automatic water-level recorders be installed on several
observation wells to obtain continuous records of the movement of
the water level, from which the highest and lowest points reached
each year can be determined.

All the wells show more or less seasonal fluctuation, the water
level being lower in summer than in winter. The amount of fluctua-
tion ranges from a few inches in wells 48 and 163, to 41 feet in well
160. Several of the wells have a seasonal range of more than 10
feet, notably Nos. 59, 61, 155a, 160, and 169. These are all near
wells that are pumped regularly during the irrigation season, and the
great lowering of the water level in them in the summer is obviously
due to pumping of the near-by wells. There is no conclusive evi-
dence of any definite trend from 1921 to 1925. In the summer of
1926, however, lower water levels were observed in every well for
which the records are complete than at any previous time during the
period of the observations with the exception of well 48. Further-
more, in 8 out of 17 wells measured in 1927, including well 48, the
water level was lower than in any previous year.

The difference between the lowest level in the summer of 1926 and
~ the previous lowest level ranged in different wells from 0.6 foot to
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12.8 feet. In three wells it was between 5 and 10 feet, in six wells
it was between 1 and 5 feet, and in four wells.it was 1 foot or less.
The difference between the low levels of 1927 and those of:1926 was
mostly less than 1 foot.

It appears that only a moderate decline in the water level occurred
in 1926 and 1927, and this is believed to be due in part to some
increase in draft and in part to deficient precipitation.

RECENT DEVELOPMENTS OF GROUND WATER

Many new wells have been drilled in different parts of Antelope
Valley since the first report on the water resources of the valley was
published.’®" As a result of the drilling of some of these wells condi-
tions were revealed that had not been previously known. The trend
of the new developments in different parts of the region is given
briefly in the following pages.

In the central part of the valley the new developments have taken
place largely around the border of the area of artesian flow, either
extending a short distance inside the boundary of the area or reaching
a mile or two away from it. In this territory alfalfa is the principal
crop. Few new wells have been drilled in the interior of the area of
artesian flow doubtless because it i3 not adapted to alfalfs. The

_greatest lift observed by the writer where water was pumped for
alfalfa was about 70 feet, in the northwestern part of T.8 N.,,R. 13 W,
but throughout most of the valley water for alfalfa is not pumped
more than 50 feet. The land rises more gradually toward the east
and west than toward the south, and it is perhaps for this reason that
more new wells have been drilled around the east and west margins
of the flowing-well area. A large number of wells have been drilled
west, northwest, and north of Esperanza School. Many have been
drilted 4 or 5 miles east and southeast of Lancaster, and a large
number within a radius of several miles of the Roosevelt-and Redman
Schools. The depth to water directly east of the flowing-well area
is nowhere very great. '

The depth to water in the ‘well of William H. Brooks (No. 89), in
the SE. 14 sec. 10, T. 7 N., R. 10 W, is only 25 feet. In well 91,
in the NW. 14 sec. 20, T. 7 N., R.9 W., belonging to W. T. Graham;
it is about 80 feet. This is nearly at the eastern limit of the irrigable
area, for rock hills rise beyond it. Few wells seem to have been drilled
southwest of Lancaster, probably because the land rises more rapidly
in that direction, and the pumping lift increases rapidly. In the
lower part of the valley most of the wells drilled years ago were only

" 4, 6, or 8 inches in diameter. At many places new wells of larger

diameter have been drilled to replace the old ones.

" 18 Johnson, H, R., Water resources of Antelope Valley, Calif.: U. 8. Geol. Survey Water-Supply Paper
278, 1911,
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‘Many new wells have been drilled nortleast of Palmdale and
between that town and Little Rock. In Water-Supply Paper 278
only & few wells wors shown in and near Palmdale, and these were
used principally only for domestic purposes or manufacturing. The
depth to water was supposed to be too great to permit the uss of the
wells for irrigation. In recemt years seversl wells have been drillad
between Palmdale and Little Rock in whichk the depth to water was
found to be much less than was supposed. The depth to. water in
the upper part of the alluvial fan of Little Rock Creek is slight near
the mouth of the canyon of the creek and increases for some distance

to the northwest, north, and northeast of the mouth of the canyon.
: In well 39, the Littleton well, & few feet northwest of the bridge

_ over Little Rock Creek, in the NW. 14 sec. 14, T. 5 N, R. 11 W, the
depth to water on January 9, 1920, was 38 feet. (See p. 327 for data
on fluctuations of the water level in this well.) The depth to water
increases for some distance to the northwest, north, and northeast.
West of Little Rock Creel, in the NE. 1{ sec. 9, T. 5 N, R. 11 W,
the depth to waterin well 138, belonging to Robert Stuart, is reported
to be about 90 feet. In well 111, owned by John Boyle, in the souths
east corner of the SW. 14 sec. 32, T. 6 N., R. 11 W., the depth to
water is said to be about 100 feet. In well 110, near the southwest
corner of the NW. 14 sec. 31, T. 6 N., R. 11 W, owned by Carl W.
Lerenz, the depth to water is reported to be 146 feet, and in well 101,
in Palmdale, just east of the Palmdale Inn, owned by the Palmdale
Land Co.; the depth to water as measured by the writer on January
75 1920, was 245 feet.

‘Not only does the depth to water increase northwestward from the
mouth of the canyon of Little Rock Creek, but it also increases to
the north and northeast, for some distance. The depth to water in
well 107, in the SE. 1/ sec. 21, T. 6 N, R. 11 W., owned by George
B. Otis; is reported to be about 165 feet, and in other wells near this
the depth to water is nearly as great. It is worthy of note that
granite was struck in this well at a depth of about 300 feet. So far
88 is known rock was not reached in any other wells in this vicinity.
On the Rowland ranch, in sec. 14, T. 6 N., R. 11 W., about § miles
north of the Littleton well, the depth to water is reported to be 117
féet. In the well of E. W. Martin (No. 143), in the NW. 14 sec. 12,
T. 5 N, R. 11 W,, about a mile northeast of well 39, the depth to
water when. drilled in August, 1918, was 86 feet. The depth to water
in well 16, in the NW. 14 sec. 28, T. 6 N., R. 10 W,, owned by
J. Hintermsann, is said to be 125 feet. About 1134 miles northeast of
this the depth to water in well 117, iu sec. 22, owned by Mr. Bowland,
is said to be about 75 feet. Many other wells have been drilled east
and southeast of Palmdale, but these need not be discussed in detail.
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- The waber table is so close to the surface near the momth of the
eanyon of Little Rock Creek apparently because so much water iy
. poured out onto the gravel and absorbed near the heed of the alluviad

te1n. The water after it reaches the saturated zone does mot-movs
rapidly toward the lower part of the basin, and the result is & piling
up; 80 to speak, of the water near the mouth of the canyon. I mo
water were added to the ground water beneath the fan for several
years, it would have an opportunity to spread out and reach a uniform
level. Because the water table stands so much higher under the
alluvial fan of Little Rock Creek it is probable that during s period
of extra dry years the water level will drop more in that locality than
in the lower part of the valley, where the water table is more mearly
level. It is also possible that the water table would return to or
nearly to the original level in a single winter of exceptionally heavy
and advantageously distributed rainfall.

The influence of discharge from the water table of Little Rock
Creek in building up the water level beneath its fan are shown in
three profiles in Figure 13. Profile B extends along a line aluiost due
north from the mouth of Little Ro¢k Creek, and shows how -the
water table beneath the alluvial cone rises more than 400 {eet above
its level in the lower part of the valley. Along profile A, which
extends from the mouth of the creek northwestward through Palm-
dale, the water table slopes rather steeply for some distance from the
mouth of the cone. In this profile the water table in well 96 is
represented to be slightly higher than in well 101. This may be
due partly to inadequate data in regard to the altitude of the surface
at the wells. However, it is also probably due in part to the fact
.that there is a buried rock ridge, of which Quartz Hill is a part,
which acts as a barrier to the northward movement of water, so that
the water stands at a higher level behind it than at corresponding
altitudes farther to the east and west. Profile C extends along a
line extending from the San Gabriel Mountains northward through
Palmdale—that is, it is between the mouths of Little Rock and
Amargosa Creeks.® In contrast to the other two profiles, which
extend from the mouth of Little Rock Creek, profile C shows that
the water table does not rise steeply near the mountains but has only
a gradual slope, with little doubt because there is no important ¢on-
tribution to the ground-water reservoir in this part of the valley.

The recent development of the ground-water supply on the upper
part of the alluvial slope, hetween Palmdale sud Little Roek, has
- been due in a large measure to the high returns received fzom ihe
poar and apple orchards in the Little Rock irrigation district, where -
the water supply is obteined from Little Rock Creek. The prices

# The eo;atonr interval on the Elizabeth topographic map, on which the surfaps proﬂh ia,bqnd is so
Jarge that the valley cecupled by the Harcld Resorvoir i3 net shown,

PWS-0044-0060



338 THE MOHAVE DESERT REGION, CALIFORNIA

received for the fruits produced in these orchards are sufficient to
justify high pumping lifts, much greater than can be borne in alfalfa
growing. The lands nearer the mountains that are irrigated by
ground water are therefore devoted almost entirely to pear and
apple orchards. In the four or five years prior to 1919 several
hundred acres of trees had been set out, and in 1919 the oldest were
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FiGURE 13.—Bections showing effect of discharge from Little Rock Creek, Antelope Valley, in
building up the water table. A, Profile from mouth of Little Rock Creck northwestward through
Pelmdale; B, profile northward approximately along longitude 118°; C, profile along a line from
porth to south through Palmdale .

just reaching the bearing stage. The pumping lifts in this part of
the valley range from 100 feet to as much as 160 feet. .
Conditions similar to those on the fan on Little Rock Creek probably
exist on the fan of Rock Creek, but fewer data are available in regard
to the latter region. - The lift in well 145, in the Longview colony,
owned by G. C. Chase and believed to be in sec. 25 or 26, T. 5 N.,
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R. 10 W; is reported to be about 50 feet. The only other information
obtained was in regard to wells nearer Lovejoy Buttes. The depth
t- water in well 120, in the S. 14 sec. 28, T. 6 N., R. 9 W., owned
by E. E. Reinsberg, was reported to be about 28 feet. Farther
north, near the south side of the buttes, the water stands very close
to the surface, producing a ciénaga around Love]oy Springs.” One
well near the springs, owned by Alexander Stewart, flows, and in
another the depth to water is only 2 feet.

The nearness of the water table to the surface in this vicinity is
evidently due to the presence of the Lovejoy Buttes, which act as a
barrier behind which the water is held, for north .of the huttes
the depth to water is much greater. J. C. McGowan reports
that in his well (No. 94), in the SE. 14 SW. 14 sec. 34, T..7
N., R. 9 W,, the depth to water is 100 feet. In the well of Aaron
C. Huff (No. 121), near the northwest corner of sec. 18, T. 6 N.;
R. 8 W., the depth to water is 165 feet. The barrier -apparently
continues as a buried rock ridge eastward from the Lovejoy Buttes
toward Gray Mountain, for data collected in 1917 by G. A. Wering; .
of the United States Geological Survey, show that the water table
in secs. 13 and 14, T. 6 N., R. 8 W,, was only 30 to 50 feet below
the surface. (See wells 122-125, pp. 358-359.) Additional dats are
presented in a recent report on water for irrigation in Upper Mohave
Valley,” which adjoins Antelope Valley on the east. - On Plate 1 of that
report, contours of the water table show that the water table is
higher immediately south of Gray Mountain than to the east.. Ap- -
parently a part of the ground water that comes from the flow of
Sheep Creek is held back by the rock hills in the vicinity of Mirage
Dry Lake and is diverted westward along the south side of the buried
ridge between Gray Mountain and the Lovejoy Buttes. If this is
true, the depth to water along the south side of T. 6 N., R. 8 W,;.
would not be very great.

Northwest of Palmdale the distance between the ﬂowmg—well area
and the foot of the mountains is short and the land rises rapidly.
Accordingly, the depth to water increases rapidly from the flowing-
well area toward the mountains. In well 98, owned by W. R.
Cowan, in the southesst corner of the NE. 14 NE. 14 sec. 4, T. 6 N,
R. 12 W,, only 3 miles from the flowing-well area, the depth .to
water was 150 feet when the well was drilled in 1914. The pumping
lift in this well was estimated by the driller to be 180 feet when the
yield was 30 miner’s inches (270 gallons a minute). In well 67, o
the E. T. Earl estate, in the northwest corner of sec. 36, T. 7 N., R.
13 W, the depth to water, as measured by the writer on January 14,
1920, was 79 feet. ‘

17 MeClure, W. F., and others, Report on the utilization of Mojave River for irrigat:iop in Vietor Vﬂhy.
Calit.: California Dept. Engineering Bull. 5, pp. 5455, pl. 1, 1918, N

-’
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South of Quartz Hill, in see. 6, T. 8 N., R. 12 W., no| good wells
have been obtained. Well 97, near the northeast coimer of .the
NE. }{ sec. 1, T.6 N.,R. 13 W, south of Quartz Hill, struck hard rock
at 77 feet. Water was found at 76 feet, but the quantity i8 small, and
it was estimated hy the driller that the well would not pump more
than 5 or 6 miner’s inches (45 to 64 gallons a minute). In wel 96,
sbout 1}4 miles southwest of this, probably in the SW. 3{ sec. 2, T.
6 N, R. 13 W, on the ranch of Dr. W. Winnard, hard rock was
struck at about 125 feet. The water stood about 130 fest from the
surface when the well was completed in January, 1920. The quantity
was eaid to be only enough for domestic use. About half a mile north-
wesat of Doctor Winnard’s well hard material was struck in well 93,
on the place of Fred Godde, at a depth of 137 feet. Water was found
st 96-feet, and when drilling was finished it stood at about that depth.
The quantity available is apparently not great.

It is not certain whether the material called #rock”’ in the Winnard
and Godde wells is granite, or other unweathered igreous rock, or
. whether it is material derived from the weathering of such rocks,
which has been cemented together. At any rate, it apparently is
not very porous and does not yield much water. It is also perhaps
significant that there is no stream in this locality dike Little Rock
Creek whieh might pour out a large quantity of water to build up the
water table. -

There has been practically no development by irrigation in the
* west or northwest part of the valley. In January, 1920, the writer
observed only one or two ranches that were irrigated west of the road
batween Del Sur and Willow Springs. This condition is due largely
to the fact that the depth of water inereases toward the moun-

tains. The depth to water in well 30, near the northeast corner
-of see. 30, T. 8 N,, R. 13 W., as measured by the writer on Jan-
uary 16, 1920, was 56 feet. The depth to water in well 26, owned
‘by.R. A. George, near the southeast corner of sec. 14, T. 8 N., R. 14
W., is reported by the driller to have been 90 feet when the well
was finished in August, 1918. According to the report by Johnsen #
the depth to water in a well in the NW. 1/ sec. 6, T. 8 N., R. 14
W., is 140 feet. In the same report the depth to water in a wéll
(No. 25 on pl. 19) in sec. 10, T. 8 N, R. 16 W, is given as 200
feet. The depth to water in a well 214 miles west of that well, in
sec. 8 of the same township (well 24, pl. 19), is given as only 94 feet.
The reason for this difference is not known, but it is believed that in
the well where the depth to water is only 94 feet the supply comes
from a local bed which is perched above the main water table. This
belief is supported by information supplied by C. H. Windham in

#Yohnson, H. R., Water vesources of Antelope Valley, Cslif.: U, 8. Geol. Burvey Water-Bupply
Paper 278, p. 70, well 9, 1911,
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regard to a well drilled for oil (No. 23, pl. 19) on
approximately near the center of sec. 27, T. 9 N.,

was not encountered in this well until & depth of 53(
and it rose within about 400 feet of the surface bt
down. According to the topographic map this wel
300 feet above the well in sec. 6, T.8 N., R. 16 W
tude of the water table is apparently lower than in|
ground. Normally it would be more likely that
‘would be higher nearer the mountains. It has be
this report that there is no great contribution to
streams at the west end of the valley, and for t

341

the Liebre ranch,
R. 17 W. Water
} feet was reached,
1t could be bailed
| is not more than
, and yet the altd-
the well on lower
the water table

shown earlier in
s water table by

reason it is not

surprising that the depth to water is great, for there is no *piling mp,”
80 to speak, of the water such as occurs on the alluvial fan of ﬁ%ln
Rock Creek.

Several wells have been drilled west and northwest of Wﬂlew
Springs, but so far as is known none of them have been used for irri-
gation. Mr. Fred M. Hamilton, owner of Willow Springs, states that
in well 15, drilled by him in the SE. 1{ SE. 14 sec. 1,T.9N.,R. 14 W.,
water was struck at 67 feet and rose within 57 feet of the surface. In
well 13, on the place of John Lane, in the NE. 1/ gec. 4 of the same

township, the first water was struck at 275 feet.
bearing bed was struck at 550 feet, and the water r
of the surface. On Mr. Naquin’s place, in the N1
N., R. 13 W, north of the lava butte that lies east
the depth to water in well 16 is said to have been 4

A number of wells have been drilled on the near]
lie between the lava buttes north of Rosamond (cal
Buttes), Soledad Mountain, and hills north of the
& Santa Fe Railway. So far as can be determing
graphic maps ‘the region is a part of the Antelop
basin, but the ground-water conditions are probabl
with those in the main part of the valley. It is lik
to impervious non water-bearing rocks is at no pla
the topography is such that there is no source for any
to the ground-water supply. Besides the rainfall
region, the only other possible contribution may be
off from QOak Creek.

Near the southwest corner of sec. 24, T. 10 N, R.

to water in an 8-inch well (No. 10) owned .by 1.
40 feet, and the total depth pf the well is 75 feet.
only with a windmill and is

Another water-
se within 250 feet.
W. 14 sec. 8, T. 9
of Willow Springs,
L7 feet.
ly level lands that
led the Rosamond
Atchison, Topeka
pd from the topo-
e Valley drainage
v not comparable

ely that the depth

ce very great, and
large contribution
in the immediate
a part of the run-

12 W., the depth
J. Sopp, is about

The well is equipped
Flsed, for irrigating a small patch of alfalfa.

Another well (No. 11), on'the D. H. Walker ranch, in the NW. 34
NE. 14 sec. 26 of the same township, is reported to yield 30 miner’s
inches, with a lift of about 90 feet. The water is used to irrigate 20

5631—29—-23 :
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‘acres of apple trees. A well (No. 9) on the place of R. A. Canning,
near the northwest corner of sec. 18, T. 10 N., R. 11 W, is 150 feet
deep, and the depth to water is about 50 feet. The well is equipped .
with a windmill, and the water is used to irrigate about 5 acres of
fruit trees and a small patch of alfalfa. On the place of Mr. Rathbun,
in sec. 34, T. 11 N., R. 11 W, in well 8, which is 300 feet deep, the
depth to water is reported to be 70 feet. Rock was struck within
60 feet of the top, and the water comes in from crevices. The yield
is small, estimiated at about 100 barrels in 24 hours. In another
well (No. 7) owned by Mr. Rathbun, probably in sec. 4, T. 10 N.,
R. 11 W, the depth to water is reported to be 70 feet. The totali
depth is 200 feet. The yield of this well is also small. It is reported
that the water in both of Mr. Rathbun’s wells is slightly salty. Other!
wells are located in this region, but no information was obtained inl -
regard to them.

Several wells have been drilled at the north end of Rogers ‘“Dry
Lake,” but not much information was obtained in regard to them.
Well 3, on the place of H. M. Meckley, in the NE. 14 sec. 34, T. 11
N, R. 9 W,, is 260 feet deep, and the depth to water is reported to
be 90 feet. With the pump running to its full capacity this well is
said to have yielded 35 miner’s inches with a 2-foot drawdown. The
~owner believes that the well will furnish 65 miner’s inches if equipped
with a larger pump. E. F. Edinburgh has a well (No. 4) in the north-;
east corner of the NW. 14 sec. 6, T. 10 N., R. 9 W., which is 280 feet
deep. The depth to water is 90 feet. The well had not been t,ested
when the information was obtained by the writer in December, 1917.;
The depth to water in well 5, owned by the Atchison, Topeka &
Santa Fe Railway, at Muroc, is only about 30 feet. Although
definite information is not available in regard to the relative altitude
of the ground surface at Muroc and at the wells at the north end of
the “dry lake,” it is believed that the water table is lower at the
north end of the lake than at any other place in the valley, and that
there is percolation northward into Fremont Valley. (See p. 325.)

The possible contribution to the water table from precipitation in
the region around the north end of Rogers Dry Lake is small. It is
not definitely known whether the deposits underlying the playa are
all clay or silt, and therefore so impervious that ground water from
the main part of the valley can not move to beds that underlie the
north end of the playa. However, in well 6, drilled near the center:
of sec. 20, T. 9 N, R. 9 W, on the playa, as a test for potash, water-
bearing gravel, which yielded a strong flow of water, was struck at a
depth of less than 145 feet. It is quite probable that there is free
communication between the water-bearing beds at the north end Ofi
the ‘“dry lake’ and those beneath the main part of the valley. |
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QUALITY OF WATER

Analyses of several samples of water are published in Water-
Supply Paper 278 (p. 57), and analyses of 6 samples collected by the
writer are given in the accompanying table. In addition, in Water-
Supply Paper 278 (pp. 70-89) the total solids as determined by con-
ductivity measurements are given for samples from 180 other wells.
These analyses indicate that water suitable for domestic use and
irrigation can be obtained from deep wells almost anywhere in the
valley. All but two of the 12 waters analyzed are classed as either
fair or good for domestic use, boilers, and irrigation. The total dis-
solved solids range from 158 to 766 parts per million, but only two
samples contained more than 330 parts. The water which con-
tained 766 parts per million (No. 69) was obtained from a shallow
well only 15 feet deep, and alkali is abundant on the surface a short
distance from the well. It is hard but not unsuitable for drinking
or irrigation.

Analyses of ground wdlers in Anielope Valley, Calif.

[Parts per million]

g % @ = & = 2 @ -

S g | Ez | B 3 C] c] i g

° = Pt =] o | o x| T o - L

9 8 = o & LEE B 20 | B g @ %

- = = o g o g Il =15 ~ = RS et

- g ) ! ~ =) Bz | 20 | 2 o gl ol =4

= s & B 7 | SC |30 | 88 | 2 | 82 | 2z | O@

- 5 Sl & | B |9 |eg|62|85 |22 8|58 |5

@ 2 2 I = g B |83 |2 53 | & | .8 = =2

S s = g ] BE | 4 = = = = o

z a @ b & = @ © /m @ o z (SR
(e Dec. 13,1017 | 27| 0.21| 61| 19| 204| 91| 18| 71 6.2 0.78 301
59______| Jan. 10,1920 30| .07 36 83| »a27 0| 150 95| 16 |33 255
g Jan. 10,1920 35| .06 46 1 b 48 .0| 150 | 88 28 |12 6
69______ Jan, 14,1920 40| .07 | 167 23 75 .0 | 3864 |1 77 |61 766
Bzt Jan. 13,1920 23| .07 2 2.2] 20| 17| 07| 19 10 50 158
148 . 1908 45| .86 57| 1.8] 154| 96| 325| 55 29 0 480
149~ 1908 52| .84| 51| 62| 02| 19 106 | 54 65 64 330
150.___ 1908 16 08 | 40 7.0 54 0| 176 | 44 25 7.0 283
TNy 1908 39 05| 36 12 41 0| 46| 31 18 |30 267
1520 1908 30 o7 | 23 3.7 25| 6.0 86 | 25 55| L7 161
(N 1908 25| .25| 44 9.1 54 0| 155|100 D 313
(4)..... Dec. 13,1017 | 46| .06 93| 17| v82 0| 164 59 8.6 | .48 281

¢ For additional data see corresponding map number in table on pp. 848-363.
b Caleulaiod.

* Not numbered on map. Willow Springs, sec. 11, T.9N., R. 14 W.

4 Not numbered on map. Buckhorn Springs, sec. 27, T. 9 N., R. 10 W.

Analysts: No. 6 and Buckhorn Springs, A. T. Geiger; Nos. 59, 65, 69, and 86, M. D. Foster; Nos. 148-152
and Willow Springs, Wzalton Van Winkle,

Of the 185 samples from wells listed in Water-Supply Paper 278
only 19 contained more than 300 parts per million of total solids and
only 2 contained more than 500 parts per million. In general, the
water obtained from shallow wells is more highly mineralized than
that from deeper wells. This is especially true in the area of artesian
flow, where the water table is so close to the surface that more or less
alkali has been deposited at and near the surface as the result of
evaporation. The concentration of alkali in the soil may extend
down a number of feet, or surface watier containing alkah may seep
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into the well. The water from deep wells near and on the playas is
nearly as good as that from wells some distance from them, despite
the presence of alkali at the surface. Water that contained only 301
parts per million of solids was obtained at a depth of less than 150
feet in a well (No. 6) drilled as a test for potash near the center of
sec. 20, T. 9 N., R. 9 W., on Rogers Dry Lake. This drilling did not
penetrate any beds of salt or gypsum.

WELL CONSTRUCTION

Drilling in Antelope Valley is done by the hydraulic rotary and the
mud-scow or California methods. g

In the fine deposits that underlie the lower parts of the alluvial
slopes the hydraulic rotary method is commonly used. The hole is
not cased until it is drilled the entire depth or until the diameter 1s
reduced. To prevent caving before the casing is inserted the wafer
that is forced into the hole is laden with mud, which fills the porous
alluvium and acts as a lining. Unperforated casing is usually inserted
to a depth of 50 feet or more, and perforated casing of small diameter
in the rest of the well. The casing is perforated before it is inserted.

In the coarse bouldery deposits that underlie the upper parts of the
alluvial slope the mud-scow method is used. A sand bucket or mud
scow, consisting of a long iron pipe with a sharpened edge, 18 commonly
used for both loosening and removing the material, but if large
boulders are encountered the drilling may be done with a heavy iron
bit. To prevent caving the casing must be driven down as the hole
progresses and is perforated after it is inserted in the well. It may
be perforated throughout, but usually it is perforated only where
good supplies of water were -struck when the hole was drilled. If
because of inaccurate measurements the casing 1s perforated a little
too high or too low, the water supply may be much less than if the
measurements were carefully made.

If the water is under artesian pressure and the casing is perforated
for most of its length, the pressure at different horizons may be differ-
ent and the water from one bed may be forced into another. In sev-
eral wells 500 to 600 feet deep the water level stood 5 to 15 feet or
more above the level of the water in wells only half as deep.

Most of the wells that were drilled during the early development of
the valley were only 6 or 8 inches in diameter. In recent years most
of them have been 10 or 12 inches, and a few as large as 16 inches.
One reason for the larger wells has been the increase in the use of deep-
well turbine pumps.

PUMPING PLANTS

Three general types of pumps are used in Antelope Valley. In the
upper parts of the alluvial slopes, where the lift is great, reciprocat-
ing or cylinder pumps are much used. They are especially adapted
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to pumping rather small supplies of water for fruit orchards. In the
lower parts of the alluvial slopes, where the lift is not great, and
especially in the area of artesian flow centrifugal pumps of both hori-
zoutal and vertical types have been used to a great extent, the pumps
usually being set in pits. In the last few years the drop of the water
table has made it necessary to lower a number of the centrifugal
pumps, and this required the deepening of the pump pits. To avoid
additional expense from this trouble many of the well owners have
installed deep-well turbine centrifugal pumps, which are placed in the
woll casing at any desired depth. These pumps are also well adapted
to use where the lift is great, as in the fruit-raising districts.
Probably 90 per cent of the irrigation wells are pumped by electric-
ity, most of the rest being too far from the transmission lines to war-
rant the expense of connecting them. Practically all the plants that
are not operated by electricity are run by internal-combustion engines
that use the cheaper grades of fuel known as “tops” and distillate.

CONSERVATION OF WATER SUPPLY

The information presented in this report shows that the available
water supply is not sufficient to irrigate all the tillable land in the val-
ley; but it is believed that the safe yield of the ground-water reservoir
has not yet been reached. Nevertheless, conservation of the water
supply is necessary if the maximum use of the water is to be obtained.
In some other areas, notably the Santa Ana and San Gabriel Basins,
the ground-water supply has been increased by a process called water
spreading, which consists of spreading the flood water over a large
territory, thus increasing the area of the surface where percolation
may occur.® In Antelope Valley most of the run-off is spread
naturally over the alluvial fans, so that the benefits to be attained by
artificial spreading probably would not be great. Possibly some
of the water that occasionally reached the playas, where it is evapo-
rated, might be added to the ground-water reservoir by spreading.

Losses of grounrd water may be reduced by reducing the natural
losses and the waste through wells. The natural loss by evaporation
and transpiration probably will be reduced as increased pumpage
causes the water level to be lowered. This condition will also reduce
somewhat the loss by percolation out of the basin, if there is any.
One very practical means of increasing the irrigation supply is by
eliminating needless waste from flowing wells, many of which are
allowed to flow freely throughout the year, although no use is made
of the water. (See pl. 18, B.) This waste amounts to at least

1% Loe, C. H., Subterranean storage of flood water by artificial methods in San Bernardino Velley, Calif.:
California Conservation Comm. Rept., pp. 330-399, 1913, Tait, C, E., Proliminary report on consarvation
eontrol ¢f flood water in Coachella Valley, Calif.: California Dept. Eng. Fifth Bienn. Rept., appendix D,
PD. 23-27, 1017,
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several thousand acre-feet a year. The water thus wasted is probably
to a large extent lost permanently, because much of the water is
dissipated by evaporation and transpiration and probably only e
very small part of it returns to the ground-water reservoir. Other
uneconomic results of this waste have been pointed out in the report
by Johnson.? When wells are allowed to flow freely the pressure
head in near-by wells is reduced, and it may become necessary .to
install pumps. The waste of water increases the alkali in the soil."

Doubtless some water may be saved by a careful study of the
distribution and application of water to the crops. Several reports
on the elimination of waste in water applied.in irrigation have been
published by the United States Department of Agriculture or State
experiment stations.? The quantity of water required for a unit
area may be reduced by the growth of crops that require less water
than alfalfa. Deciduous fruit trees require much less water than
alfalfa, but it is said that the climatic conditions in the lower parts of
the valley differ so greatly from those in the Palmdale and Little Rock
fruit districts that fruit grown in the lowlands can not compete with
the choice fruit produced on the higher lands to the south. The truth
of this statement can best be determined by actual experimentation,
and several persons on the lowlands are raising small oLfchards.

RECORDS OF WELLS

Detailed data in regard to many wells in Antelope Valley are given
in the following table. The well numbers in the first column cor-
respond to those on Plate 19.2 Most of the wells listed have been
drilled since the publication of Water-Supply Paper 278, but a few
which are listed in that report, and which are mentioned specifically
in the text of the present report, are included in the table. The reader
is referred to Water-Supply Paper 278 for data in regarj to many wells
drilled prior to 1909. Some wells in the valley are not listed in either
report. ‘

The well data were obtained from a number of sources. The in-
formation in regard to about one-third of the wells was obtained from
drillers’ logs, which did not give information in regard to the pumping
plants. Some of the data were reported by the owners of the wells
or by other persons. The data obtained from so many sources are. of
various degrees of accuracy. In the tables so far as possible the

® Johnson, H. R., op. cit., pp. 66-67. . )

2 Etchoverry, B. A., Increasing the duty of water: California Univ. Coll. Agr. Exper, 8ta, Circ. 114, 1014,
Smith, G. E. P., Uss and waste of irrigation water: Arizona Univ. Coll. Agr, Exper, Ste. Bull. 83, 1919,
Fortior, Saruel, Irrigation of alfalfa: U. 8. Dept. Agr. Farmers Bull. 865, 1017. Adams, Frank, Robert-
son, R, D., Beckstt, 8. H., Hutchins, W. A., and Israslsen, O. W., Investigations of the economical duty of
water for alfalfa in Sacramento Valley, Calif., 1910-1915: Californis Dept., Eng. Fit;ln Bienn. Rept., appen-
dix C, 1917; also printed as California State Dept. Eng. Bull. 3.

#1 Owing to a necessary rearrangsment of the well numbers after Plate 19 was d}mwn, certain nnm'beq
have been omitted from the map. )
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source of the date has been indicated by means of footnotes. In
general, the information in regard to the depth to water can be con-
sidered of value only for the few places where the date of measure-
ment is given, in order that the relation of the water level at the time
of measurement to the seasonal fluctuation may be known. In the
drillers’ records of a number of wells that spparently are located
within the area of artesian flow the depth to water is given as several
feet below the surface. It is probable that the depth given is the
depth at which shallow ground water not under artesian pressure was
struck and that at greater depths water under artesian pressure
probably rose to the surface, but this fact was not stated in the records.
In many places the depth to water is based on measurements made
several years ago, and the water level hag since changed considerably.
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364 THE MOHAVE DESERT REGION, CALIFORNIA

Measurements of depth to water in wells in Antelope Valley, Calif.
Well 21; W. 8. Webb, owner; NW. 1 s8ec. 21, T.9N., R. 12 W.
[Well equipped with windmill, behind hotel at Rosamond. ]Re&renea point, top of casing 8 inches above

ce of ground,
Depth to Depth to}
Date of {',’;‘}ﬁ?r Date of mg
measure- | | oeon Measured by measure | g Measured by
ment ence ment anca
point point
1920 Feet - 1025 Feel
Jan. 12.... 25.0 | D. G. Thompson, May 5...-. 28.4 |F.C.Ebertand H, G. Troxell,
1921 Oct. 6een-. 2?. 9 Do.
May 30.... 26.2 | D. G. Thompson and N. 8. 1926
Abbott. Jan.9...... 30.0 | N. 8, Abbott.
Oet. 3.nu-o 28.6 | N. S. Abbott. May 13____ 29.5 | F. C. Ebert.
1022 : Aug. 25| 32,0 | N. 8. Abbott.
Fob. 7. 2.2 Do. Oct.15....| 32.0| F. C. Ebert.
1024 1927 b
Oct.Z....| 20.4|F.O. Ebertand H. G, Trox- || 380 0----| 300 N3 S0batt
ell. Oct. 27...-| 329 Do.

Well 48; George Marigold, owner (7); southeast corner NW. 1y see. 4, T.TN,,R. 4 W,
[Reference point, top of casing and few inches above surface of ground)

1919 1024
Dec. 18._..] 147.0 D. G. Thompsnn. Nov. 15-___ 146.2 | N. 8. Abbott.
1921
Apr.30.._.| 146.5 | D. G. Thompson and F. C. 1925
5 Ebert. Feb.17.._.] 1457 Do.
Oct. 14....] 147.1 | N. 8. Abbott. May6..... 146.8 | F.C.Ebertand H. Q. Troxell.
1922
June 8_.._. 145.9 | N. 8. Abbott.
S| e | B Julg 2.7 63| Do,
8y 24....| 146.5 Do. Oct. 6. 146.7 | F. C. Ebert.
Oct. 26....] 147.0 Do. 1626
1923 Jan, 9..... 145.8 | N. 8. Abbott.
Feb.24___.| 146.3 Deo. May 16._..] 145.5| F. C. Ebert.
Julyill....| 146.6 Do. Aug.30....] 146.6 | N. B. Abbott.
1924 Oct. 15..... 146.8 | F. C. Ebert.
Janj9_ ... 146.3 Do. 1927
Mar, 28....| 146.95) Do Jan, 20..... 6. | N. 8. Abbott.
Y &o-e-- - 9. May 9..... 146.3 | F. C. Ebert. |
Oct. 22....] 147,0 | F. 1(13 Ebertand H. G. Trox- Oct. 26 148.0 Do
oll. .26, .. . .

Well 59; ewner unknown; SE, 14 sec. 15, T. TN, R. I3 W,

[Opposite ranch of Mr, Bonnefenx. Well inclosed above surface with sewer pipe. Reference point, top
of sewer pipe about 5 feet above top of casing and surface of %ound until 1924; thereafter top of esslnf;
Tn 1924 well was plugged by débris at a depth of about 7 feet, but when high enough the water was ab
to percolate through the débris.]

1920 1933
Jan. 10..._._| (o D. G. Thompson. July11____ 22.1 | N. 8. Abbott.
1921 1924
Apr.30.___ 17.5 | D. G. Thompson and F. C. || Oct. 20____ €3.4 Do.
Ebert. Oct.22._.. £2.5 | F. G, Ebertand H, G. Troxell,
May 30____ 10.4 Dl&gf) ’{élompson and N. S. 1925
ott.
Jan.22.._| (9 N. 8. Abbott.
Oct. 2..... 13.7 | N. 8. Abbott. May 5. 0} F.C. Ebert and H., G. Troxell,
1922
Jaly 7._._. (" N. 8. Abbott.
Jan021_.. | (¢ Do.
s a1 Do. Oct. 6.._ .. (§ | F.C.Ebert.
May 24.... © Do. 1926
Qct. 26.... 6.1 Do. Jan. 9. .| (9 N. 8. Abbott.
Nov.20....! (9 Do. Aug.30....1 (9 Do.
1923 1027
Feb.25._._ (9 Do. Jan. 20_._. () Do.
May M4.... 16.9 Do.
& Pumping very slowly.
t Not pumping.
¢ Flowing.

4 ﬁowing abfout 40 t(;gallo[ns a 'mi‘n(t%;;e.
¢ Measured from top of casing (7).
18ewer pipe broken up. Reference point, top of casing about 5 feet lower than original reference point.

¢ Water below débris plug.
PWS-0044-0087



ANTELOPE VALLEY o 866

Measurements of depth to water in wells in Anielope Valley, Calif.—Continued
Well 61; owner unknown; NE. 14 sec. 28, T, 7 N,, B. 13 W., probably near sontheast corner

[Reference point, originally top of casing 1.1 feet above surface of ground until some time prior t0 Oct. 22,
1924, when top of casing waspbroken off loevel with surface of gn%rmd. Measurements prior to 1024 have
been corrected to presont reference peint by subtracting 1.1 feet from the observed reading. Well
plugged with débris at a depth of 21.5 feet, but in winter water rises above plug]

Dep%l;r to) Dep%h to
Dateof | W8 Dateof | Jaler
measure- brg}grv_v Measured by measure- lr)g}g:_v Messured by
ment ence ment ence
point point
1920 1925
Jan, 10...._ 0.6 | D. G. Thompson. Jan. 22..._. 4.0 | N. S. Abbott.
May 6. 18.6 | F. C. Ebert and H. @,
1921 Troxell.
Apr. 30.... 19.2 | D. G, Thompson and F. C. || July 17....| (%) N. 8. Abbott
Ebert Oct. 6. 19.9 | F. C. Ebert.
May 30...- 13.0 | D. gb Thompson and N. 8. 1926
Oct. 2...__ 12.5 | N. S. Abbott. Jan.9._.... 4.4 | N. 8. Abbott.
May 13 24.2 | F, C. Ebert.
1923 Aug.30___.| (¢ | N.8. Abbott.
Feb. 25.._. 2.5 Do. Oct, 15.... 20.3 | F. C. Ebert.
May 4. 16.6 Do.
July 11.... 22.2 Do. 1927
Jan. 20....- 5.7 | N. 8. Abbott,
1924 May 9. () ¥. C. Ebert.
Bept. 29.___ 20,5 Do. Oct. 26.... 17.0 Do.
Oot. 22.... 9.6 F. C. Ebert and H. Q.
Troxell.
Nov. 15.... 8.8 | N. 8. Abbott.

Well 85a; J. B. Nourse, owner; SW. 4 sec. 12, T. 7N,, R. 11 W.
fUOnused well a few feet from well equipped with pump Reference point, top of casing, level with surface

of ground]
1920 1922
Jan, 15..... 10.2 | D. G. Thompson. Feb. 8. 20.3 | N. 8. Abbott.
May 8.....| 349 Do.
1021
May %] (28| D. Gorh aN. 8. || oct. % ¢) |F. C. Ebert and H. G
ay M...- « G 0ImMPpson an: - N el 25 ... . .
Abbott. pse Troxell.
Aug.21.._| 316 | N.S. Abbott.
Oct.3.20.0 26.3 Do.

‘Well 86a; George A. Niller, owner; SW. 1/ sec. 23, T. 7 N, R. 11 W.
[Dug well at house. Reference point, three notches cut in south side of curb, 1.7 feet above surface of

ground]
1620 1924
Jan, 13- 3%.5 | D. G. Thompson. Oet. 23._.. 33.2| F. C. Ebert and H. G.
Troxell.
1921 1925
May 20.... 37.6 DAgbngmmpson and N. S. || May6.____ 37.5 Do.
Aug.21__.| ® N. S. Abbott. Oct. 6. 38.8 | F. G, Ebert.
Oct, 2..... (® Do.
1926
1922 May13....| (® Do.
May23._.. 3.3 Do.
¢ Water below débris plug. i Pump installed in well.
& Plugged and dry at 21.5 feet. t Dry at 40.5 feet.
4 Wel% 10 feet to south running. i Filled in and dry at 83 feet.

PWS-0044-0088
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Measurements of depth to water in wells in Antelope Valley, Calif—Continued

Well 111; J. Boyle, owner; SW. 1y sec. 82, T. 6 N, R. 11 W.
[Reference point, bottom of pump base, level with surtace of ground)

Deptéh to Deptiz;lexr to,
Dateof | Jyaer Dateof | 2
measure- 22%2: Measured by measure- ?2%3: Measured by
ment ence ment ence
point point
1919 1925
September 114 J. Boyle. May §..... 137.1 F.T C. lfﬂbert and H. G.
roxell.
1921 Oct. 7e...- 140.7 | F, C. Ebert.
August.... 119 Do.
1926
1921 May 12....| » 136.5 Do.
Feb.12....] 118.1 | N. 8. Abbott. Oct. 16._ .. (») Do.
1924 1927
Oct.24....| 1345 F. C. Ebert and H. G. | Mayl0....| 2147.0 Do.
Troxell. Oct.26....] (@ Do.

Well 139; Littleton well, on north side of road a short distance weat of bridge over Litile Rock Creek
near town of Little Rock, probably near southwest corner of NE. 1; NW.1,gec. 14, T.5 W, R.11 W,

[Reference point, top of casing 1.5 feet above surface of ground. See p. 827 for additional measurements]

AY

Yo, 6o 3.8 | D.G.Th 1024
‘“"m- ----- - » & Thompson. Oct.2¢__..| (® Fa?. Ebert and H. G. Trox.
1 .
Apr.29...| 385.2 | D. G, Thompson and F. C. 1925
Ebert. May5..... ® Do.
Oet. 9.__.. 36.4 | N. 8. Abbott.
1922 Oct. 7-n... (') F, C. Ebert.
Jan. 5...... 38.35 Do. 1926
Oct.21....| 853 Do. May 12....| +32.65 Do.
1923 Oct.16..__.| 36.4 Do.
July14....| 341 Do. 1027
1924 May10._..| 23.7 Do.
July 16....| 944.4 Do. Oct.26_.._| 32.4 Do.

Well 155a; Chris Laras, owner; SW, 14 sec. 5, T. 7 N, R. 10 W,
[Abandoned well 25 feet north of pumping plant. Reference point, top of casing about level with surface

of ground]
Ma%vggs}.--- 28.9 | D. G. Thompson and N. 8. N 1921?3 25.3 | N. 8. Abbott
Abbo \ OV- - . - - .
Aug.21._..| 33.45| N.S. Abbott. 1925
Oct.1..... 35.6 Do. Feb.10....| 25.3 Do.
1922 May6..... v 46.7 | F. C. Ebert and H, G. Trox-
Feb. 8. ... 21 Do. ell.
May 23....| »34.4 Do. Aung.12__._.} #49.9 | N. 8. Abbott.
Bept. 8..... w40.1 Do. Oct.6..... v46.4 | F. C. Ebert.
Oect. 30....] 23.8 Do.
Feb.2....| 23.1 Do. jan. 4. 2.4 ) N. 8. Abboit.
Moy 13....| 2909 Do May 13._.| ©16:3 | F. O. Ebert.
ot 107 “al Do Aug. 16| =544 | N. 8. Abbott.
Dec. 12 ___ 8.5 Do. Oct.16..._} v34.4 F. C. Ebert.
1924 1927
Apr.12._..| 63.7 Do. Jan. 18 __.. . 8. Abbott.
July 8..... 45.1 Do. F. C. Ebert.
Oct.23....{ 28.5 | F. l? Ebert and H. G. Trox- Do.
ell.

= Pump pulled

» Pumping.

¢ Pumping in the vicinity.

r* New pump set, could not measure.

¢ Well cleaned out.

r Well dry at 44.5 feet.

* Well dry.

¢ Ilaailtltéie Rock Reservoir filled; considerable water wasted down Little Rock Creek.

“ P

running near by.
* Well 25 feet to the south being pumped.
* Well to the sonth being pumped.
= Although the fact is not indicated in the record, a pump near by was probably running at the time this

megsurement was made.
PWS-0044-0089
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_Measurements of depth to water in wells in Antelope Valley, Calif—Continued

Well 1573 Harry White, owner; NE. I{ sec. 20, L. N, R. 13 W,
[Referenoe point, top of casing level with surfase of ground)

Depg;r to ' Depttl; to
Dateof | g \ Dateof | pacer
messure- m Measured by measure- ﬁgx’ Measured by
ment ence ' ment ence
point point

1821 1924

May 30....; 37.2 | D. G, Thompson and N. 8. || Dec. 31....| 387.4 | N. 8. Abbott.
Abbott, 1925
Oct. 3._... 87.85 | N. 8. Abbott, Feb. 10.._ .| 87.4 Do.

1922 , May 5..... 40,4 | F. C. Fhert and H, G.
Jan.21....] 36.6 Do. R Trozell.
ﬁ})r. 20....] 880 Do. May8..... 40.9 | N. 8. Abbott.

ay2¢4._..| 36.6 Do. July21_._.| 4L8 Do.
Qct, 17_...] 88.5 Do. 1926

1923 Jan. 9____. 38.5 Do.
Apr.30....] 40.2 Deo. May 13_...] 40.556 | ¥, C. Ebert.
July 10....| 40.2 Do. Ang, 20....| 42.8 | N, 8. Abbott.
Aug. 8..... 40.4 Do. Oct.15._.| 423 |7, 0. 1.

1024 ‘ 1927 : L
Aﬁr. 18] 401 Do. Jan.19.___| 41.0 | N, 8 Abbott,
July4_....} 40.4 Do. May9_._.. 43.1 | F, C. Ebert.
Oct. 23._..] 38.7 F.Trc.enEbert and H. G. || Oct. 27_....| 43.0 Do. ’

oxell,

Well 160; Mr. Rice, owner, formerly owned by Mr. Chapman; southeast cormer NE. I{ () see. 2, T. T N,,
R.11 W. Ol well 50 feet north of pumping plant. Refe;enw point, 1921-22, top of curb, 'vel with
of ground. After July, 1923, top of casing about 1 foot above curb

1921 1924
May29....] 20.0 D}&gi) tglompson and N. 8. J| Nov. 13__.. 7.2 | N. 8. Abbott.
ott,
Aug.21._.| 2.9 | N.8. Abbott. Feb oy 59 Do.
Oct. 1...... 17.6 Do. May 6....| #44.8 | F. C. Ebert and H. G
1922 Troxell. L
Feb, 7...... O] Do. Aug. 12.__.| =#55.6 | N.B. Abbott.
QOot. 30____ 6.6 Do. Oct. 6..... 12.7 | F. C. Ebert.
1923 1926
Feb. 26 ___ 2.7 Do. Jan. ... 6.6 | N. 8, Abbott.
May13....[ 250 Do. Mar. 17....] 1L9 Do.
Julyi12_...{ (@) Do. Mgy 13....{ 9237.9 | F. C. Ebert,
Oct. 10....| * 20.0 Do. Aug.20.___.| 286,56 | N. 8. Abbott.
1924 Oct.16._..| 29.2 [ F. . Ebert.
Jan. 10..... 0.00 Do. 1927
Mar. 7_.... 16.4 Do, Jan. 18..... 8.8 | N.8. Abbott.
Julys..... w4l 2 Do. Oct. 27....1 30.7 | F. C. Ebert.
Oct.23....|] 160 | P, O, Ebert and H. G.
Troxell.

Well 181; owner unknown; dug well in sec. 8, T. 8 N,, R, 10 W.
(At ebandoned shack on west side of road to Buckhorn Springs and Muroe. Reference point not reported]

1921 1924
Aug. 21____ 14.5 | N. 8. Abbott. Jen. 10.._.. 12.4 | N. 8. Abbott.
Oct.1..... 14.0 Do. Mar. 7..... 16. 4 Do.
1022 July 8..... 17.1 Do.
Feb. 7. 12.3 Do. Nov. 13.... 13.3 Do. .
Apr. 22%.--- %gg go. 1925
8y 28.... . 0. Feb. 10___. 15.2 Do.
July20....| 157 Do. T A o.
Oct.30.-.| 137 Do. A“gmlz'; 78 b
1923 Jan. 4..... 16,7 Do.
%‘;ﬂb. 23.--- ig.g gg. l\%gr. 17.... 16.0 Do.
Y 13e... . . L 16..-. 19.9 Do.
Julyis.| 164| Do Aug. 16 o
QOet. 10.... 15. 2 Do. 1927
Dee. 12.... 4.8 Do. Jan. 18..... 16.6 Do.
¢ Flowing.

1 Well 10 feet to south running.
« Pump running pear by, )
s Although the faet is not indicated in the record, a pump near by was probably runaing at the timie this

measurement was made,
° Pump removed; new refsrence point, top of casing about 1 foot above surface of ground.

s Pump 50 feet away running. .
PWS-0044-0090
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Measuremenis of depth to water in wells in Antelope Valley, Calif—Continued

Well 162; J. M. Hamilton, owner; NW. 1{ 8W. }{gec. 9, T.SN.,, R. 10 W,
{A shallow well, with no perforations in casing. Bsferenog} point, top of casing about 1.8 feet above surface

of groun
Deptil;r to Dep%l;r to /
Dateof | &2 Dateof | o3
measure- brg}g;’f Measured by meastre- br:}gl‘f Measured by
ment ance ment ' ence
point point

1921

May 20_.__| 11.25| D. G. Thompson and N. 8. || Oct. 28....| 12.5 | F. C. Ebert and H. G.
Abbott. Troxell,
Aug. 21--_. 12.9 | N. 8. Abhatt, Mav, 12 12.4 | N. 8. Abbott.
Oct. 1. __ 1.4 Do. !/
1925

1922 Feb.10....f 122
Feb. 7.....| 1.3 Do. May 6. 1.9 | F. C Ebert snd H. Q.
Apr.29.__.| 10.6 Do. Trozel
July20....1 11.3 Do. Aug.10....i 12.6 | N.S. Abbott
Oct. 30..-.; 1L8 Do. Oct. 6. ... 12.8 | F. C. Ebert.

1923 1926
Feh.26___.| 116 Do. Jan, 4..... 12.6 | N. 8. Abbott.
May 13....| 1L6 Do, Mar. 17..._| - 12.5 Do.
July12....] 1L9 Do. May13....] 12,45 | F. C, Ebert.
Oct. 10_... 12,0 Do. Ang. 16____ 13.4 | N. 8. Abbott.
Dec.12....| 1L7 Do. Oct. 18....| 13.4 | F. C. Ebert.

1924 1927
Jan, 10.....| 1.8 Do. Jan. 18..... 18.2 | N. 8. Abbott.
Mar. 7. 11.6 Do. Mar. 9.....] 12.8 | F. C. Ebert,
July 8....- 12.0 Do.

Well 163; owner unknown; probably near northeast corner of NE. 14 sec. 24, T.8§ N,, R. 4 W,

[Well with windmill at corral of cattle camp. Reference

Fomt, top of casing about 3 inches above surface

1921
May 30....

Oet. 3__.._

Oct. 17_...

1923
July 10....

1924
July 27....
Oct.

Oct. 22.___

of ground
1926
D. Trozell and N. B. || Feb.11___.
Abbot May 5..--.
N. 8. Abbott.
June8.....
July21____
Do. Oct. 6_ .-
Do.
Do. 1928
Janm. 9o o ...
May 13..-.
Do. Aug. 25...
Oct. 15__.
Do. . 1927
Do. Js.n. 19....
F, C. Ebert and H. G. AY Dmene
Troxell. Oct. 27

2

;i O
o

QOO

2333 I3

832
OO~y

N. 8. Abbott.
F. O. Ebert and H. G.

Troxell.
N. 8. Abbett.
Do.
F. C. Ebert.

N. 8.
¥.C.
N. 8.
F. C

Abbott.
Ebert.
Abbott.
Ebert.

N. 8. Abbott.
F. C. Ebert.
Do.

Well 184; owner unknown; probably in NE. 14 see. 30, T. 8 N., R. 13 W.

[Abont 1,000 feet west of a well owned by H. L. Martin, which stands near road. Reference point, fop of
casing, 6 inches above surface of ground)

. 1021 Oct.22..... 5.9 |F. C. Ebert and H. G.
Oct. 3. 65.2 | N. 8. Abbott. Troxell.
1922 Feb. U....| 86.9 | N.8. Avbott
Jan. 6. . ... 55.4 Do. May 5....-- 61.5 . C el Ebert and H. G.
Apr- 80— 2.8 Do. Junes..... 619 | N. s Abbott.
Aug. 23 L6 Do, July21....} 643
Oet. 17 ... £0.8 Do. Octigﬁz.s.--- 62.4 F. O Ebert
Mo | sro Do Jan. 9. ... 3.5 | N. 5. Abbot.
J‘uly 10 - 59- 0 DO‘ May 13.... 62.3 FC.E
e e - 9 Do Aug. 36,7 667 | N.S& Ao,
Auz. 9. 626 Do. 0"‘;91257- ---| 854 | F.C. Ebert.
Wi as| B il me g
i ° ay ¥v..... « Ko .
Oct. 20....| .3 Do. Oct 27---| 662 Do.
s Pumping.
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Measuremenis of depth to water in wells in Anielope Volley, Calif.~—Gontinued
‘Well 1653 Mr. Dall, ewner ()3 occupled by Mrl.z.xlsn%mk; northeast corner SE, 14 see. 20, T. 7T N.,

{Dug well. Reference point, nail in carb about 3 feet from top of box]

Dsp%l;r tol Dopttl;rm
Dateof | 78 Datoof | 1o
measure- | DOIOY Messured by measure- | Delow Measured by
ment ence ment ence
point point
1921 1923
Oet. 4. 39.9 | N. B. Abbott. Feb.25....| 89.5 | N. 8. Abbott.
July 10....| 40.1 Do.
1922
Jan. 21....{ 30.68 Do. 1924
May 24....| 230.7 Do. Jan,10__..| 89.7 Do.
Oct. 26._..] 30.95 Do. Oct. 22....] ® F. C. Ebext and H., Q.
Troxell.
Well 166; Mr. Lord, owner; NE. 1, SE. 1 8e¢. 32, T.TN., R. 12 W.
[Reference point, hole drilled in pump base, about 1 foot above surface of ground]
1921 1925
Oct. 4..... 116.1 | N. 8. Abbott. Feb. 190....i 118,0 | N. 8. Abbott.
May 5.____ 1181 | F. O. Ebart and H. G
1 J Troxell.
Feb, 8..... 115.3 Do. June 8..... 118.6% N, 8. Abbott.
May21._...] 1153 Do. Aug.12.__] 1184 Do.
Oct.26___| 116.6 Do. Oct. 6. 119.5 | F. C. Ebert,
Déc. 29....] 119.2 | N. S. Abbott.
1923
May13....] 118.4 Do. 1926
July 11.... 116, 8 Do. May 13.... 119.5 | F. C. Ebert.
Aug. 25....| 121.3 | N. 8. Abboit.
1924 Oct. 16.... 121.6 | F. C. Ebert.
Mar, 28.... 116. 5 Do.
July 16....| #117.8 Do. 1927
Oct, 22....! 1185, F. C. Ebert and H. G. || Jan.20._..| 120.8 | N. 8. Abbott.
- Troxell. Mayo.....] 125 F.C.E
Nov. 15....] 118.4 | N. 8. Abbott. Oct. 26....] 124.0 Do.
Well 167; Mr. Morrion, owner (?); SE. Y, NE, 1, gec. 34, T. TN, R. 12 W,
[Reference point, hole in casting resting on well]
1021 1925
Oct. 4.....] 123.6{ N. 8. Abbott. June 8..... 125.9 | N. 8. Abbott.
Aug.12___.) 128.7 Do.
Oct. 6...._ 127.2 | F. C. Ebert.
Feb. 8..... 12L7 Do, Dec. 20....| 126.9 | N. 8. Abbott.
May2l...| 1225 Do.
Oct, 26....] 1251 Do. 1926
May 12....| 126.7 | F'. C. Ebert.
1923 Aug. 25._..] 133.4 | N. 8. Abbott.
May 13....| 128.5 Do. Oet. 15....] 128.5 | F. C, Ebert.
July 1.0 1248 Do. 1097
1924 Jan. 20_.... 130.0 | N. 8. Abbott.
July 16....| 125.4 Do. May 9..... 128.5 | F. C. Ebert.
Oct. 22.... 127.0 | F. C. Ebert and H., Q. | Oct.26_...| 130.7 Do.
Troxzell.
Nov, 14..._] 126.1| N. 8. Abbott .
1925
Feb,19....] 126.6 Do.
Mayb.....| 125.5| F. C. Ebert and H. Q.
Troxell.

s Well

L Wingi;yﬁl running,
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Measurements of depth to water in wells in Anielope Valley, Calif —Continued

Well 168; Harper & Parnmore, owners; scutheast evrner SE. 1 see. 15, T.¢ N, R. 11'W.
[Reference point, top of casing 6 inches above surface of ground]

Deptéh to Deplz!;rto
Date of | Jyater Dateot | 8
measure- t}gggz Measured by measure- ?g}grvf Measured by
ment ence ment ance
point point
1921 1924
Oct.8..__. 113.0 | N. 8. Abbott. Nov.14....] 1140 | N. 8. Abbott.
1922 1925
Feb.12.... 1126 Do. Feb.27.__.] 114.6 Do.
Oct. 2. 1188 Do June 9..__. 115.6 Do. '
Nov.4..... 116.9 Do.
1923
May18.._.| 11L7 Do. 1926 !
July 12....0 1128 Do. Jan.4._.... 117.4 Do.
Aug. 20.... 117.0 Do.
1924
Feb.16._..| 1129 Do. 1
July15___"| 113.9 Do. Jan. 17..._. 120.6 Do.
Well 169; C. B. Sharp, owner; SW. 1 sec. 10, T.7N,, R. 11 W,
{Well is 300 feet northeast of house. Reference point, top of easing]
1921 1924
Msay 9.... 19.0 | D. G. ’Fhompson and N. 8. || Nov, 13.... 8.0 | N. 8. Abbott.
Abbolt.
Oct. 2. 18,5 | N. S. Abbott. 1925
Feb, 10.... 6.1 Do.
1922 May 6..-.. 26.6 | F. C. Ebert and H. G.
Feb.8___._ 1.7 Do. Troxell,
Oct. 30--.. 8.0 Do. Aug. 12.... 34.2 | N. 8. Abbott.
1923 1926
Feb. 26 2.9 Do. Jam §....-. 6.5 Do.
May 13.... 20.1 Do. Mar. 17.... 1.0 Do.
July 12.... 27.9 Do. May 13.... (¢ | F. C. Ebert.
Oct. 10. . 2.7 Do. Aug. 23.... 47.0 | N. 8. Awbott.
1924 1927
Apr. 12.... 24.8 Do. Jan, 18..... 9.7 Do.
July 8.._... 33.2 Do. .
Oct. 23 .. 13,7 | F. C. Ebert and H. G.
Troxell.
Well 170; owner unknown; near northwest corner NE. 1/, gec. 31, T. 7 N., R. 10 W.
[Reference point, top of casing, about 2.5 feet above surface of ground]
1921 1924
May 29...- 8.2 D.A(gi) 'ﬁxompson and N. 8. || Nov. 14.__. 85.5 | N. 8. Abbott.
ott.
82.5 | N. 8. Abbott. 1925
82.0 Do. Feb. 10.... 84,8 Do.
May 6...._ «87.3{F. C. Ebert and H. G,
Troxell,
81,2 Do. June 9..... «87.9 | N. 8. Abbott.
83.0 Do. July17....| »80.2 Do.
» 851 Do. Oct. 6o 89.4 | F. C. Ebert.
“85.4 Do. Oct. 80.... £0.0 | N. S. Abbett.
1926
»84 1 Do. Jan. 4...._. 87.0 Do.
«85.9 Do. Mar. 16 87.3 Do.
dd 85 4 Do. May 13.... 89.9 | F. C. Ebert.
85,2 Do. Aug, 16.... 94.8 | N. 8. Abbott
84.8 Do. Oct.16___.| ¢4 93.9 | F, C. Ebert.
1924 1927
Apr.12.._. 83.7 Do. Jan. 17...... 90.2 Do.
July 10.... 87.3 Do. May9.__.. s Q4 8 Do.
Oct. 23.... 8.7 F. C. Ebert and H. G. | Oct.27_.__ 96. 1 Deo.
Troxell.

s Pump running near by.

« 'Well covered. Could not measure.
4¢ Pump not running.

*¢ 'Well 100 feet to north being pumped.
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Well 171; Mr. Adair, owner; SE. 1, SE. Y seo, W, T. TN, B. 10 W, .

of ground. No putip in well]

Measurements of depth to water 4n wells in Anielope Valley, Calif —Continued
{Reference point, top of cernent pump base level with anm}

Depthto DLpth to
Datoof | Jeater Datoof | Jater
measure- | oe. Measured by measure | pop Meoasured by
ment ence ment ence
point peint
1921 1924
May29....| 6205 D.A(g_l.) 'fglompeon and N, 8. || Nov. 13....| 64.1-| N. 8, Abbott.
ott.
Aug. 211 622 | N. 8. Abbott. 1925
Oct.2.....|] €23 Do. Feb.10....] 63.8 Do.
Dec. 30....] 623 Do. May6..._. 645 | F. C. Ebert and H, G.
Troxsll.
1922 June 9..... 64.8 | N. 8. Abbott.
MA{ ) 63.4 Do. Sept. 10__..| 65.5 Do,
Sept. 2.....| 62.7 Do. Oct.6._...; 656 | F.C. Ebert.
Oet. 17....] 628 Do. Oct. 30___.{ 65,4 | N. S. Abbott.
1923 1926
May8..... 62.9 Do. Jan.4__....] 648 Do.
Julyi12....| 863.1 Do Mar. 15....| 649 Do.
Oct.B___..| 63.3 Do May13..._| 6565 | F. C. Ebert.
Dec. 7..... 63.2 Do Aug. 16_.. 66,9 | N. S. Abbotf.
Oct. 16_. 687.4 | F, C. Ebert.
1024
Feb, 16....{ 68.05 Do. 1927
Apr.12____} 63.4 Do. Jan. 17..... 66.3 | N. 8. Abbott.
July9..... 84,0 Do.
Aug. 12| 641 Do. May9.____. 67.6 | F. C. Ebert.
Oct. 28... 64.3 | F. C. Ebert and H. G. || Oct. 27-__. @) Do.
Troxell. -
i Well 10 feet to south running,

MOHAVE RIVER BASIN

The drainage basin of Mohave River is one of the largest in the
Mohave Desert region. Agricultural development has been greater
in this basin and the prospects for future development are also greater
_than in any other basin of the region except, perhaps, Antelope
Valley. Several projects to irrigate large areas in the basinh have
been proposed, but so far none of them have been completed. A
number of reports, published and unpublished, have been made
upon these different projects. The most comprehensive report is
Bulletin 5 of the California State Department of KEngineering,
“Report on the utilization of Mohave River for irrigation in Victor
Valley, Calif,,” by W. F. McClure, J. A. Sourwine, and C. E. Tait.
This report, like most of the others, considers principally problems
concerned in|the utilization of the surface flow of the river.

The basin ¢ontains several large areas where conditions are favorable
to agricultural development,separated by less favorably situated areas.
The physical and geologic conditions are such that there seems no
doubt that the development of either the surface or ground-water
supply in one part of the basin will affect the development in areas
farther downstream. No report, so far as the writer is aware, has
given more than passing consideration to the effect of developments
in one part ¢of the drainage basin on developments in another part.
In the following pages attention is called to some of these problems,
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