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View south of part of irrigated alfalfa field in the NEY, sec. 23, T. 15 S, R. 48 E.
Light colored vegetation is dry remnants of 1962 growth. New growth is develop-
ing from recent irrigation, March 1963, Photograph by T. E. Eakin.

COVER PHOTOGRAFPH

View of northwest side of Big Dune in April 1962, Main mass of dune migrates
within a 3- to 4-square mile area in response to wind patterns. Note sand accumu-
lation trailing downward from scattered bushes in foreground. Ppnotograph by T. E. Eakie.
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FOXIEVORD

This report is the 14th in the reconnaissance ground-water series,
It covers the ground-water resources of the Amargosa Desert in Nevada
and California and considers the problem of the movement of water from
areas beyond the surficial boundaries of the area. The authors,’ )
George E. Walker and Thomas E, Eakin, conclude that only a small part
of the ground-water of Amargosa Desert, which is defined to include Ash
Meadows, derives from the precipitation which falls on the land surface
within the geographical boundaries of the area. The authors suggest that
much of the ground water of the area is a contribution from other areas
and arrives by movement through underlying Paleozoic carbonate rocks.

This report indicates that the average annual recharge to the
underground waters of Amargosa Desert and Ash Meadows is on the order
of 24,000 acre-feet. Of this amount, 17,000 acre-feet are discharged
by the springs in Ash Meadows and 7, 000 acre-feet is potentially avail-
able for pumping from the underground water in Amargosa Desert.

The report also points out that there is a very large quantity of
ground water in storage in the Amargosa Desert area. While the report
does not discuss the agricultural land resources of Amargosa Desert,
available information indicates that the acreage of good agricultural land
is limited. There seems a reasonable possibility that if all of the
estimated 7, 000 acre-feet of the annual increment was made available,

. only a modest annual withdrawal of the stored water would be necessary

to permit development of the total area of desirable agricultural land.
The situation strongly suggests that a planned withdrawal of ground-water
in excess of the estimated annual recharge may be reasonable and desirable.

As suggested in this report and in previous publications, the
subject of the inter-basin movement of ground water should be investigated.
A knowledge of such inter-basip movements of ground water is necessary
to an understanding of the ground water resources of any area in a region
in which such ground water movements occur and to the full utilization of
these resources. '

ugh A. Shamberger
Director

Department of Conservation and

Natural Resources
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GECLOGY AND GROUND WATER OF AMARGOSA DESERT,
NEVADA-CALIFORNIA

by
George E. Walker and Thomas E. Eakin

Rk ek

SUMMARY

The Amargosa Desert is a north-northwest trending intermontane
valley in the south-central part of the Basin and Range physiographic. province.
The climate is arid, and precipitation in the area averages less than 5 inches
annually, ' '

The valley is surrounded by mountain ranges composed of rocks of
Precambrian (?), Paleozoic, and Tertiary age, consisting principally of tuff
and lava, dolomite, limestone, shale, siltstone, quartzite, and slate in vary-
ing proportions. These mountains were uplifted by faulting and tilting during
the late Tertiary and early Quaternary time. Erosion products of the surround-
ing mountains have filled the basin of the valley with several hundred feet of
alluvium, including lake and stream deposits.

The amount of water that may be available annually is estimated to be
about 17,000 acre-feet from the springs issuing from Paleozoic carbonate
rocks in Ash Meadows, and about 7,000 acre-feet from wells developed in the
valley f{ill to the northwest and northeast of the springs in the Amargosa
Desert. The estimated perennial yield of Amargosa Desert is the sum of the
two, or 24,000 acre-feet, and is based on the estimate of average annual
ground-water discharge.

Ground-water pumpage by wells during the summer of 1962 is roughly
estimated to be 3,000 acre-feet. Of the 162 wells listed in this report, of
which more than 100 are for irrigation, only 18 were reported to have been
pumped during the summer of 1962.

Analyses of 28 samples of water from wells and springs in the area
indicate that the water commonly can be used for irrigation but generally is
classed as medium-salinity water or poorer and may require leaching of
the soil. Medium-~ to high~sodium water occurs locally with the poorer quality
water and generally is found in the southern part of the area.

Of 19 analyses for boron, 9 had concentrations less than 0.33 ppm,
9 had concentrations between 0,36 and 1.4 ppm, and 1 had a concentration of
2.8 ppm. The median value of 0.36 ppm for the 19 analyses suggests that
the boron concentration may offer a problem in the growing of some crops.

1,
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For public supplies the ground water generally is suitable, except
that the fluoride concentration may locally be greater than twice the optimum
recommended limits (about 1.4 ppm) of the U.S, Public Health Service.

Of 28 analyses for fluoride, 26 have concentrations greater than 0.7 ppm,
the optimum control limit recommended by U.S, Public Health Service, .Of
these, 14 have concentrations of more than 1.4 ppm and 10 have concentra-
tions of 2.8 ppm or more.

- About 1.4 million acre-feet of ground water is estimated to be stored
in the upper 100 feet of saturated alluvial deposits beneath a four -township
area roughly enclosing the area of principal concentration of wells. Although
not permissible under the present Nevada ground-water law, some considera-
tion has been given to the effects of planned over-development; that is,
regulated withdrawal in excess of the perennial yield. A simplified illustra-
tion of the effect of overdevelopment on ground-water levels suggests that
pumping at the rate of 60,000 acre-feet a year would lower water levels in
this four township area an average of 100 feet in about 25 years and would
intercept most of the recharge now moving through the valley toward the
area of natural discharge, '
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INTRODUCTION

In recent years there has been a large increase in the development
of ground water in Nevada. The increase is partly due to the interest and
efforts to bring new land under cultivation. This has created the need for
more information on the ground-water resources throughout the State,

Recognizing this need, the State Legislature enacted special legis-
lation (Chap. 181, Stats. 1960) for beginning a series of reconnaissance
studies of ground-water resources of Nevada. These studies are made by
the U.S. Geological Survey in cooperation with the Nevada Department of
Conservation and Natural Resources.

A special report series to expedite publication of the results of these
reconnaissance studies has been established by the Department of Conserva-
tion and Natural Resources. The present report is the fourteenth in this
series. It describes the physical conditions of the Amargosa Desert in Nye

County, Nevada, and Inyo County, California, and includes observations and

evaluations of the interrelation of clirmte, geology, and hydrology as they
affect the ground-water resources. It also includes an evaluation of the
chemical quality of the ground water and its suitability for irrigation and
domestic use,

‘Figure 1 shows the areas discussed in previous reports of the recon-
naissance series and in this report,

Purpose and Scope of Investigation

The present reconnaissance investigation was undertaken to appraise
and evaluate ground-water conditions in the Amargosa Desert prior to addi-
tional extensive irrigation development. The short time available limited
the scope of the investigation. However, much useful data were collected
during this investigation and are described in tables 3 to 5, 8, and 9 of this
report.

The senior author did the field work during the summer of 1962, in-
cluding an inventory of all irrigation wells, domestic wells, and springs;
collection of water samples for chemical analysis; and a geologic recon-
naissance of the valley fill, He also prepared the major part of the report.
The junior author prepared the sections on storage, chemical quality,
recharge, discharge, perennial yield, and development. The authors
profited by consultation with their colleagues, especially I, J. Winograd and
R. A. Young on several aspects of ground water in the area. Mr. Young
further gave valuable assistance in the field and in report preparation. 'I'he
investigation was made under thée general direction of G, F, Worts, Jr,.,
district chief in charge of water-resources studies in Nevada.
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Some data were obtained from unpublished manuscripts and published
reports. Much of the geologic conditions within and surrounding the area
are described in reports by Ball (1907), Denny and Drewes (written communi-
cation, 1962), Jennings (1958), Cornwall and Kleinhampl (1961), and Burchfiel
(written communication, 1960 and 1961),

Location and Extent of Area

The Amargosa Desert lies south of Beatty, Nevada, and extends south-
southeastward to Eagle Mountain, California, a distance of some 50 miles.
It is about 30 miles across at its widest point. The total surficial drainage
area of Amargosa Desert, including its tributaries Oasis Valley, Crater Flat,
Fortymile Canyon, Jackass Flats, and Rock Valley, is about 2,600 square

"miles (Pl. 1) However, most of the available data are concentrated in the

southern two-thirds of the valley, between Lathrop Wells and Death Valley
Junction, which is the principal area discussed in this report, More specifi-
cally, the principal area includes that part of Amargosa Desert between Big
Dune and the Spring Mountains southward to Eagle Mountain. This restricted
area is about 600 square miles and is shown on plates 2, 3, and 4,
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Numbering System for Wells and Springs

- The well-numbering system used in the Amargosa Desert indicated the

- location of wells and springs within the official rectangular subdivision of the

public lands, with reference to the Mount Diablo base line and meridian in
Nevada and the San Bernardino base line and meridian in California. The first
segment of a number designates the township. The "'S" for wells in Nevada
indicates that the township is south of the Mount Diablo base line; the ''N'" for
wells in California indicates that the township is north of the San Bernardino
base line. The second segment, separated from the first by a slant, denotes
the range east of the respective meridians. The third segment, separated
from the second by a dash, identifies the section number, followed by a letter
which designates the quarter section in which the well or spring is located.
The letters a, b, c, and d designate, respectively, the northeast, northwest,
southwest, and southeast quarters of the section. The number following the
letter designates the order in which the well was recorded in the quarter

4.
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section. Thus, well number 17S/51-1al indicates that this well was the
first well recorded in the NE 1/4 sec. 1, T. 17S., R. 51 E,

Owing to limited space, wells and springs on plates 3 to 5 are iden-
tified only by the quarter section and serial number. The township in which
the well is located can be ascertained by the township and range numbers
shown at the margin of the map. The section in which the well is located is
numbered for most of the area of the map, Where the section is not num-
bered, as on plate 1, the section number is added to the quarter section
and serial number for the specific well,

Most of the wells listed in table 3 are shown on plate 3, Those out-
side of the area of plate 3 are shown on plate 1.

PHYSICAL ENVIRONMENT

Surface Features

The Amargosa Desert is in the south-central part of the Basin and
Range physiographic province. It is north-northwest trending intermountain
valley. The Amargosa Desert differs from the typical basin and range inter-
mountain valley in that it is not topographically closed and the playas within
it are presently eroding. The Amargosa River and its tributaries are shown
on plate 1, which delineates the surficial drainage area north of Eagle Moun-
tain,

Bare and Yucca Mountains and Pahute Mesa are prominent to the
north, the Specter Range, northwest end of the Spring Mountains, and Resting
Springs Range are prominent to the northeast, east, and southeast, respec~
tively, The Greenwater Range and the Funeral Mountains are dominant
topographically to the southwest and west. Pyramid Peak, altitude 6,703
feet, in the Funeral Mountains is the highest peak adjoining the valley. The
average relief between the valley floor and the mountain crests is approxi-
mately 2, 100 feet, The surrounding mountains consist of clastic, carbonate,
metamorphic, and pyroclastic rocks ranging in age from Precambrian(?) to
Tertiary. The mountains are principal areas of erosion and generally are
characterized by relatively steep, barren slopes.

Coalescing alluvial fans and washes form piedmont slopes between
the mountains and the lowlands, The alluvial-fan deposits intertongue with
lake and playa deposits. The alluvial-fan and wash deposits underlie the
intermediate slopes bet ween the mountains and the lower parts of Amargosa
Desert, The surfaces of the fan deposits are not smooth but are cut by
numerous washes., These washes and the Amargosa River and its tributaries
in the lowlands contain alluvium of Recent age, :

The gradient of the main axis of the vmcy is generally south-south-
eastward and the slope ranges from more than 17 feet per mile in the vicinity

5.
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of Big Dune to about 5 feet per mile southeast of Death Valley Junction.

The channel of the Amargosa River heads in Oasis Valley; it continues
southeastward through Amargosa Desert past the west side of Eagle Mountain
and extends another 40 miles southward; it then turns northwestward, finally
terminating in Death Valley. The channel lies between a series of low bedrock
outcrops on the western side of Amargosa Desert south of Big Dune and appears
to be structurally controlled. The channel carries flood water following cloud- .
pursts or high-intensity storms. Generally, however, the Amargosa River is
intermittent, except for short sections of the channel which contain water from
springs and areas where the ground water is at the land surface. For example,
numerous springs occur along the Amargosa River in Oasis Valley between
Springdale and Beatty (Malmberg and Eakin, 1962, p. 7-8), in Ash Meadows
northeast of Death Valley Junction, and near Shoshone about 25 miles south of
Eagle Mountain. Ground-water discharge in these spring areas provides low
flow to these segments of the Amargosa River during the winter when evapo-
transpiration is at a minimum, During the summer, the discharge of the springs
is almost entirely lost by evapotranspiration, leaving little if any flow in the
Amargosa River. During part of the year, ground-water discharges into the
channel of Amargosa River near Eagle Mountain. In April 1962, a flow of about
one-half a cubic foot per second was observed on the south side of Eagle Moun-
tain,

The chief tributary of the Amargosa River in the Amargosa Desert is
Carson Slough. It is along the eastern side of the valley and flows south-
southwest where it joins the Amargosa River near Alkali Flat, just north of
Eagle Mountain. The chief source of water in Carson Slough is from springs
in Ash Meadows. Dauring the summer months, Carson Slough dries up as all
of the spring flow is consumed by evapotranspiration,

Climate

The climate of the Amargosa Desert is arid, The precipitation and
humidity are low and summer temperatures and evaporation rates are high,
Both daily and seasonally, temperature ranges are large., The U. S. Weather
Bureau has only two weather stations within the Amargosa Desert, one at
the extreme northwestern end of the area at Beatty, Nevada, and the other at
Lathrop Wells, Nevada, The monthly and annual precipitation records at
Beatty and Lathrop Wells for the 10-year period 1952-61 are given in table 1,

The average monthly and annual temperatures at Beatty and Lathrop
Wells for the 10-year period 1952-61 are shown in table 2, The recorded
extremes of temperature at Beatty range from 115°F, to 19F,, and at Lathrop
Wells, range from 115°F, to 5°F,

The U.S. Weather Bureau does not maintain an evaporation station
within the Amargosa Desert. However, the stations most representative of the
Amargosa Desert may be Caliente, or possibly Boulder City, Nevada
(Richardson, 1962, written communication).

6.



Table 1. Average monthly and annual precipitation for Beatty and Lathrop Wells, Nev, 1952-61

(from published records of the U. S, Weather Bureau)

AL

Beatty Lathrop Wells

Aver- Avers

Month | 1952}1953]11954}1955}1956]195711958] 1959]1960]1961] age 1952f 1953} 195411955]1956] 1957] 1958} 1959]1960] 1961 qgg_&é
Jane 1.98 004]11,30] 99| 02| 67| 15| .46] 70}j1.16] .75 ~={~-= 1131} .75] .05 ,69 e35] == | == ] .36} .63
Feb, €2} 00} .‘8r 12 T | .6111.12) ,96] J47{ .00} .40 we | - e36] ¢32| J00f <20] 46| «= | == ~~f +26
Mars {2.36] 15§ .70] .00] .00] .29} .59] .00] .11] 50| <47 - | == 270} <00} 00| 459} &40} == | == -=! .33
Apre | 1.48] 402 <34]| o14]1.25 .3§ 1,52 T «13} .00} oS53 || 85| -~ T <281 .91} .54 ».75 “==1.04 - .09.
May «00] .05} ,00)1,04] ,03]1,29| 45| T .00 .00 .29 -] == «00} «33] .00] +83] .46} -~ |.00 ==1 32
June .03} .00} .01} .00} .00} .17} .00} .07] .45| 03] .08 = | -~ T .00} .00} .28} ,00] -~ |.00 =-=| +05
July e76] #12] (86| J04] 37| T «00f <12} ,09) o11] 625 || ===~ | 55 ..24 240 T «00{ =~ {.00 ==1 20
Aug, «00) .11} T }1.40 .00 00| .39| .10{ .00] .23] .22 e | - «00} .75 .00‘ «00] .77 .-- «00 -=1{ 30
Sept. | .08{ .00| .45{ .00} .00} .06} 05| .69] .50| 00| .18 = | ~- 200] .00} T 000] oO5] == | == -=| L,01
“|Oct. .00} .12 ,00] ,00] T <741 .51} .00} .38 ;00 ~18 = ]=- |.T e00] «00] ¢85 o64] == | == ==l 29
Nov. e58| «18]1.66] .26] .00| 75| «40] .00{2.29] .92} .70 =] == 11.30|] .00 ;00 1,68} .62] -- |1.38 - 72
Dece [1.07] .00] +89] «32] ,00] 94| .00] o99| +00] .34| 46| == == '#35] «00] .00 .45 ¢00] ~= | .01] == 416
Annualf 8,36 .79]6.89]4431{1.67]5.91{5,18{3,39|5.12{3.29]4,.51 H w= | == |4.57]2.67]1.20]| 6,12{4.50] == e=] ~==13.76

1/ Average for S-&ear period, 1954-58
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Table 2, --Average monthly and annual temperatures for Beatty and Lathrop Wells, Nev, 1952-61,

(from published records of the U, S. Weather Bureau)

AAY

Beatty Lathrop tells

. . JAver | : Avef7
Month ] 1952]1953 11954 119551956 {1957 195511952 |196011261] agell 1952f 19531 1054119551195611957}195811959 1960]1961} ape~
Jan. 57.5 46.9 42.0 34.0(&4.6 37.343.¢ 45.6] == k5.4 ?7.7 - | == == |40.1148,2|41.9147.6) == | -~ 47,4 ==
Feb. | 4431{46.0]51.9140.3}40.449.6]47.6142.8143.4]47.9)145.4)] <~ | -~ -~ |43.9]43.8{54.7]52.6] ~=| == | == -
March | 45.1 5077 47.7]49.4]51.0|51.8]45.4] 53.415447] 51,7} 50.1|| -« | == == 153.2)56.9]156.3]50,8} =~ | 60,5 - .-
Apre | 58.9]57.6]63,6]5442|57.0[5649]54+6] 62:5]61.5] 60.3] 5847|| -~ | =~ ~-- [58.0160.1160,0162,3} =~ | 63,6 -~ --
May | 68.9]58.,6171.6]63,7]6741|62.9}68:7] 64,7]6644) 64.8] 65,7|]] =~ | -- -= | 68,0]69.9]67.,0]75,9] == | 70.,4| -- ~-
June | 71.9]73.2]75.,1] == [77.4]78,5 72,5} 78.4]79.5} 78,7] 75.8|] -~ | -- -~ |7647]|80.6]82,5}79,4} -~ | 83.6} -~ ==
July | 82,3|84,5184.2(79.8]|80.1[81.1] -~ |8&.6 83.9 85.,0{82,8]| =~ |-~ |89.0{83.7|83.6}82.8 33.2 == 88,3} == “=
Auge | 81.8]78,1178.0}82,7]77.3[7845] == |78.3|80.5]80.7] 7945f] == | ==~ | 82.5]86.9]80.5| == |86,4| =~ | 83.2| =~ ==
Sept. | 7449 7566] == {74.0]75.1|72.5} =~ 171.0]76,2]68.9 73.5)] -~ |-~ | 78.2}78.5]80.9]| =~ |77.8] ==} -] == ==
Oct. 65.5 6044]62,8]6448] 5941 |57s4] == |6443|61.7]61.1] 62.2f] =~ | == | 67.8169.5164.2) «= | == } =*| == | == ==
Nove | 46.7] 5049|53.5)4944] 50.8]46.0 52.0&52.2 5042}47.3149.9)f] == | == | 58.5| -~ |53.9[48.6] == | =~ 52.,2{ -- -
Dec. 40.9#42.6 40.1]42.5|45.0]44,2] 50,3] 45.6]45.1]41.9) 43.8}] == | == | 44.8] == |48.3]47.1] == | == | 45.7] == =
Annual 60.0'60.4 60,9} 57,7 66.4 59.7| 54.3] 61.9]63.9}61.1] 60.0]| -~ | -- == ] == {642} =~} =}~ ==} " -

Yy Average'not indicated due to incomplete record.
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The following evaporation figures, in inches, are from the Weather
Bureau's 1961 Annual Climatological Summary for Nevada

BOULDER CITY, NEVADA
Jan.Feb, Mar, Apr, May June July Aug. Sept. Oct. Nov. Dec. Year

3,47 4,97 7,07 11,26 14,16 16.90 416.00 12.82 11.29 8.18 4,62 2,26 113,00

——

CALIENTE, NEVADA
T T T 7,19 9.40 12,07 11.06 7.90 6,68 4,07 -- - --

The Amargosa Desert lies within the Las Vegas and Pahranagat growing
season zones as defined by Hardman and Mason (1949, p. 12). These growing
seasons are based in terms of crop adaptability rather than in terms of frost-
free periods. In the Las Vepgat zone, according to Hardman and Mason
(1949, p. 14), practically all temperate zone plants having a dormant period .
can be grown. The winter temperatures are too low for commercial produc-
tion of winter vegetables. Five cuttings of alfalfa may be obtained. In the
Pahranagat zone, including the northern part of Amargosa Desert, occasional
winter temperatures are too low for many of the tender plants grown in the
Las Vegas zone. Three to four cuttings of alfalfa can be expected, and late
maturing varieties of corn can be grown.

According to Houston (1950, p. 19), the average growing season for
the Beatty area is 184 days (April 26 to October 27). The actual growing
season would vary in different parts of the Amargosa Desert, but would tend
to be longer toward the southern part of the area.

GEOLOGY

The Amargosa Desert in large part is surrounded and probably under-
lain at depth by rocks ranging in age from Cambrian to Devonian. Most are

" carbonate rocks interbedded with lesser amounts of quartzite and argillite.

Rocks of possible Precambrian age crop out in parts of and adjacent to the
Funeral Mountains southwest of Big Dune and are mainly quartzite and argillite,
The rocks in the area west of Fortymile Canyon to Bare Mountain are mostly
tuff and lava flows of Tertiary age. Valley fill of Tertiary and Quaternary age
underlies most of the central part of the desert. Valley fill includes alluvial-
fan deposits and fresh-water or brackish-water playa deposits. Deposits of
Quaternary age, including stream deposits, playa deposits, and dune sand,
occur locally., Plate 1 shows the general distribution of the valley fill and the
older bedrock in the Ama.rgosa Desert and its tnbutary areas; plate 2 shows

a more detailed distribution of rock types within the restricted area of this
report,
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Rocks of Precambrian(?) and Paleozoic Age

mm—

Rocks of Precambrian(? ) age were mapped in the eastern half of the
Funeral Range by Noble and V/right (1958). Where examined, these rocks
were mostly quartzite and argillite, Similar rocks north of the Nevada-
California State line and west of Big Dune are included with Paleozoic clastic
rocks {pl. 2). The largest of these outcrops, west of Big Dune, is mostly
quartzite and the smaller ones are composed, about evenly, of sandstone,
qua.rtzite, and argillite.

The rocks of Paleozoic age surrounding the Amargosa Desert have been
mapped as the Johnnie(? ) Formation, Stirling(?) Quartkite, Carrara, Bonanza
King, and Nopah Formations of Cambrian age; the Pogonip Group, Eureka
Quartzite, and Ely Springs Dolomite of Ordovician age; undifferentiated dolo-
mite of Silurian age, and the Nevada Formation and Devils Gate Limestone
of Devonian age (Ball, 1907; Nolan, 1929, Hazard, 1937; Palmer and Hazzard,
1956; Johnson and Hibbard, 1957; Cornwall and Kleinhampl, 1961; Burchfiel,

© written communication, 1961), For the purpose of this report the Paleozoic

rocks shown on plate 2 are grouped into carbonate and quartzite or argillite
units without regard to formation designation, Cornwall and Kleinhampl (1961)
described 11 Paleozoic formations in the Bare Mountain area having a com-
bined thickness of more than 21,000 feet. The dominant rock types are lime~
stone and dolomite. The limestone and dolomite are the principal aquifers

and transmit ground water in contrast to the relatively impermeable quartzite
and argillite,

Volcanic Rocks of Tertiary and Quaternary Age

Rhyolitic and dacitic tuff, including ashfalls, welded tuff, and some
flows, constitute most of the rocks of Tertiary age. They crop out in the
Yucca Mountain area between Fortymile Canyon and Bare Mountain southeast
of Beatty., Cornwall and Kleinhampl (1961) described about 6, 000 feet of Ter-~
tiary and Quatemary volcanic rocks in the Bare Mountain area.

Undifferentiated Tertiary rocks in the southern part of the area probably
are also volcanic in origin, ‘although some of them have been deposited in
water,

The younger volcanic rocks consist of several volcanic cones adjacent
to Yucca Mountain, and are reported to range from Pliocene to Recent age by
Cornwall and Kleinhampl (1961), Most of the cones are small and are composed
of explosive debris, One, southeast of Yucca Mountain, produced a small flow
of scoriaceous basalt.

Valley Fill of Tertiary and Quarternary Age

Fresh- or brackish-water deposits occur throughout the basin of the
Amargosa Desert but are most prominent south of Lathrop Vells, These
deposits consist of several hundred feet of clay, silt, sand, gravel, and
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freshwater limestone. Individual layers are of limited extent both vertically
and horizontally, They also include a number of ash beds deposited in water.
Basaltic debris waspenetrated between 600 and 630 feet below land surface in
well 1768/49-4al, The total thickness is unknown. Inspection of the cuttings
indicate that the basaltic material was transported by ephermeral surface flow
similar to that which occurs today.

Layers of caliche were reported in the well above the basalt and rela-
uvely thin beds of lime stone(? ) have been reported in a number of other well
logs. The caliche and limestone(?) layers probably represent ancient soil
zones,

Generally, marginal to the lake bed deposits discussed above and
adjacent to the mountain areas are deposits of boulders, gravel, sand, and
silt. Commonly these are alluvial-fan or wash deposits and in general are
coarser grained than the lake-bed deposits. At depth, however, present
data do not permit separation of these two units, They were deposited more.
or less contemporaneously and locally interfinger. However, in general,
the areas shown as alluvial-fan deposits probably are underlain by a substan-
tially higher proportion of sand and gravel than the areas shown as lake-bed
deposits.

Alluvium of Quaternary Age

The areas mapped as Recent alluvium along the stream courses are,
in general, thin bodies of iinconsolidated sand and gravel from which the fines
have been washed by the occasional storm runoff. The large area mapped as
alluvium near Death Valley Junction is in the lower part of the basin and
gencrally is finer grained than elsewhere; it grades laterally into the playa
deposits. Recent playa deposits occur just north of Eagle Mou.ntam and in the
vicinity of the northwest quarter of T, 17S5., R. 51 E,

V/indblown sand forms numerous dunes throughout the desert and is
deposited against many of the Paleozoic and Tertiary outcrops, especially
around the northern rim of the basin, Big Dune, covering about 4 square
miles, is especially prominent in the northwestern part of the area. The
proximity of Big Dune to a number of Precambrian(?) or Paleozoic outcrops
leads to the hypothesis that the dune overlies a bedrock high. The principal
mass of Big Dune reportedly migrates seasonally to some extent. The limit-
ed migration may well be controlled by orographic effects and seasonal shifts
of wind direction.

Structure
e ——————

The substantial structural deformation, including several episodes of
thrust and high-angle faulting in the region, have involved the Paleozoic rocks
and to a lesser extent the Tertiary volcanic rocks. Strong deformation is
evident in most outcrops of Paleozoic rocks., Deformation and erosion of
lfaleozoic rocks make it difficult to project the Paleozoic rock surface beneath
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the valley fill, Preliminary gravity data (Healey, written communication,
1962) in the Amargosa Desert suggest that the area may be divided into three
more or less distinct topographic lows in the Paleozoic surface.

A continuous line of limestone outcrops, extending from Devils Hole
(pl. 1) to the Paleozoic outcrops in Skeleton Hills along a gravity high, separates
the playa area in T. 17 S,, R. 51 E. from the area west of . 51 E. Another
line of outcrops, extending northward from the Funeral Mountains into the
desert west of Big Dune, is alined with Paleozoic outcrops extending southward’
from Bare Mountain, This alinement coincides with a gravity high across the
Amargosa Desert in this area. Major gravity lows occur beneath the playa
in T. 17 5., R. 51 E,, the Fortymile Canyon, and along the Amargosa River
northwest of T, 14S,, R, 48 E,

The actual thickness of the valley {fill in these three major subbasins
is unlknown, as the density of the volcanic tuff is similar to that of the valley
fill. The gravity lows and highs roughly afford gravity differentiation between
the valley fill and the Tertiary tuffs and the Paleozoic rocks, Thus, gravity
data provide an approximate expression of the buried surface of the Paleozoic
rocks. According to Healey (written communication, 1962), the depth to the
Paleozoic rock surface may be on the order of 2, 500 feet below land surface
in the deeper part of the area southwest of Lathrop Vells,

Geolonic History

The geologic history of the area is at present poorly understood;
therefore, the following outline of events is hxghly generalized and approxi-
mate only,

1. During most of the Paleozoic time the area was a part of the
Cordilleran geosyncline, and substantial thicknesses of limestone, dolomite,
shale, and sandstone were deposited. In the Specter Range during the Early
Cambrian time, more than 10, 000 feet of clastic sediments and thin beds of
limestone were deposited in fluctuating marine and nonmarine environments.
During the early Middle Cambrian, there was transition from older coarse
clastic rocks to younger thick carbonate formations. More than 12,000 feet
of carbonate rocks were deposited in the Specter Range from near the middle
part of the Middle Cambrian through Late Devonian.  Unconformities in the
Paleozoic rocks indicate periods of emergence and erosion.

2. Near the end of the Paleozoic Era a period of emergence and ex-
tensive erosion occurred. This was followed by a period of oscillation between
marine and continental conditions which culminated in complete emergence.
Orogeny and erosion probably continued into Tertiary time. The dominant
deformation was thrust and associated faulting which probably was preceded
and accompanied by extensive block faulting.

4 3, Vast quantities of volcanic rocks, predominantly tuff, were
deposited during the Tertiary and early Quaternary time. Basin and range
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normal faults developed in late Tertiary and Qué.ternary time. . The present
topographic relief of the Amargosa Desert probably was formed largely during
this interval,

4. Since the late Tertiary time erosion of the surrounding mountains
and deposition in the valleys has taken place. Deposition has been principally
in a combination of subaerial and lacustrine environments. Deposits range
from clay to very coarse gravel and locally include spring and probably some
evaporite deposits. Alluvial fans spread out from the highlands to an extensive
playa that occupied about the southern half of the Amargosa Desert. Dissec-
tion of the playa probably began in the late Pleistocene,

Since the late Pleistocene, aeolian sand, alluvial detritus, and playa
deposits have been deposited in topographically favorable areas in the-Amargosa

Desert.

Water-Bearing Properties of the Rocks

Rocks of Precambrian(?), Paleozoic, and Tertiary age are exposed in
the mountains surrounding the Amargosa Desert. They include clastic, car-
bonate, and volcanic rocks which have been folded, faultéd, and metamorphosed
in varying degrees. As such, they are not good aquifers. However, locally
developed secondary openings, due to faulting, folding, and weathering, have
resulted in the development of a secondary permeability for these rocks.
Fractures in the carbonate rocks may have been enlarged by solutions and
locally increased the secondary permeability.

Secondary permeability in the carbonate rocks is the principal source
of ground-water supply in the adjoining area to the northeast at the Nevada
Test Site (Schoff, Sl. and Winograd, 1. S. 1962, p., 111-113). Most of the
discharge from the springs in Ash Meadows probably involves ground water
moving through secondary openings in the Paleozoic rocks, especially the
carbonate units, Water in Devils Hole fills solution developed caves. A
sketch profile (P. M, Neely, written communication, January 9, 1955) pre-
pared from information obtained by a group of divers from the National
Speleological Society indicates that caverns and connecting conduits extend .
more than 130 feet below water level in Devils Hole and laterally for more
than 300 feet, Further, a passage which is partly above the water-level alti-
tude of Devils Hole contains air, It is likely also that several existing wells
in the Amargosa Desert obtain at least parts of their water supply from car-
bonate rocks that locally have secondary permeabili ty.

Fractures or solutions openings locally may transmit substantial quan-
tities of water, partial examples of which may be several of the springs in Ash
Meadows., Further, although the total volume of water moving through the
bedrock may be relatively large, the proportion of fractures to total volume
of the carbonate rocks is relatively small, Therefore, the success of a well .
Penetrating the bedrock is dependent upon the well bore tapping enough of the
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secondary water-bearing zones to yield adequate amounts of water. At present,
data are insufficient to determine the chances of intercepting a sufficient num-
per of water-bearing zones in the bedrock underlying the valley fill,

The Tertiary and Quaternary volcanic rocks underlying the valley fill
are composed primarily of ash-fall tuffs which is generally capable of trans-
mitting only small amounts of water through fractures. The specific capacity
of wells developed in the tuff generally is less than a few gallons per minute per
foot of drawdown (Winograd and West, written communication, 1962) and there-~
fore, generally the yield would be inadequate for an irrigation water supply.
However, investigations at the Nevada Test Site indicate that 2 specific capacity
of as much as 30 gallons a minute per foot of drawdown was obtained in one well
developed in fractured welded tuff,

The valley fill principally includes Pleistocene lake deposits and allu-
vial-fan debris which have been eroded from the surrounding mountains, Over-
lying them are relatively thin surficial deposits of stream alluvium and aeolian
sand. The alluvial-fan deposits of unknown thickness are unconsolidated or
weakly indurated, water-lain rock debris ranging in size from boulders to clay.
Saturated zones of well-sorted sand or gravel in the alluvial-fan deposits yield
moderate to large amounts of water to wells, Of six wells in T, 16 S., R, 48 E,,
for which reported information is available, specific capacities ranged from
20 to 250 gallons a minute per foot of drawdown; for four of these wells specific
capacities ranged from 40 to 110, The coarse deposits in the valley fill are the
principal source of ground water in the valley.

The lake and playa deposits consist largely of silt and clay and some
lenses of sand and fine pebble gravel. The lake deposits locally contain deposits
of water~lain volcanic ash and fresh-water limestone. The sand and gravel
strata are the best water-yielding zones in the lake and playa deposits.

The alluvium of Recent age along the courses of some intermittent
streams is permeable but thin and generally above the water table, except
locally in the southern part of the area. Aeolian sand deposits are found over
much of the area. They are above the water table, but their relatively high
permeability permits ready absorption of precipitation on their surfaces. The
Recent playa deposits are fine-grained and saturated to within a few feet of land
surface, but are of low permeability and yield water slowly to wells. !

WATER RESOURCES

Surface Water

Surface water flows from Oasis Valley into the northern part of Amargosa
Desert through the Amargosa Narrows near Beatty only following periods of
heavy precipitation. According to Malmberg and Eakin (1962, p. 26) some
ground water moves through the Amargosa Narrows as underflow in stream
deposits, Part of the underflow is diverted by a ditch intercept ing the ground-
water table 6 to 10 feet below land surface.
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Stream flow occurs at the southern end of Amargosa Desert, near
Eagle Mountain, during part of the year., It is supplied largely from spring
discharge in the Ash Meadows area and ground water in the vicinity of the
playa during the winter when evapotranspiration is at a minimum. In April
1962 flow in the channel just south of Eagle Mountain was estimated to be about
one-half a cubic foot per second. Flow may occur in any dry channels within
the area for short periods after high-intensity precipitation.

Four small perennial ponds are within the Amargosa Desert. The
three largest ponds are about 1 mile east of Ash Tree Spring and about 4 miles
west of Crystal Spring (pl. 3). These three ponds are locally known as the
"Clay Pits", All are the result of open pit clay mining in the early 1900's,
The ponds are supplied principally by ground-water inflow. Water is dis-
charged from the ponds by evapotranspiration. The balance between recharge
to and discharge from the ponds is sufficiently close so that the ponds are
maintained throughout the year.

* The temperature of the water in the northernmost of the three ponds
was 76°F, when measured on August 22, 1962, and the specific conductance
was 1,200 micromhos; the southernmost pit had a water temperature of 700F,
when measured on June 16, 1962, and the specific conductance was 1,590
micromhos. The relatively high conductivity of the water probably results
from a high evaporation rate causing an increase in concentration of salts.
The differences in the water temperature probably are due to the difference.
in time of year when the two measurements were made.

The fourth pond, the smallest of the four, is in the northwest quarter
of sec. 21, T. 17 5., R. 51 E, The pond is in a pit which is approximately
10 feet wide, 30 feet long, and 10 feet deep. The majority of the ponds con-
tained water when observed in February (Winograd, written communication,
1962); however, by July all but one pond were completely dry. From February
until mid-August the water level in this pond declined less than 1 foot.

Ground Water

' Occurrence and Movement: Within the principal area of this report
ground water occurs in the valley fill and the underlying volcanic and Paleozoic
carbonate rocks, Recharge to the ground-water system is supplied to some
extent by precipitation within the surficial drainage area, including the tribu-
taries of Oasis Valley, Crater Flat, Fortymile Canyon, Jackass Flats, Rock
Valley, and the northern and western flanks of the Spring Mountains, Within
the drainage area of Amargosa Desert, which covers about 2,600 square miles,
recharge to the ground-water reservoir probably is derived largely from pre-
cipitation in the higher mountains, In addition to the limited amount of recharge
from precipitation within the surficial drainage area, recharge to Amargosa
Desert apparently is supplied by underflow through Paleozoic and possibly
Tertiary rocks outside the surface drainage area. The principal source of

this underflow may be from the higher parts of the Spring Mountains and to a
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jesser extent from the area to the northeast,

Although the ground water in Amargosa Desert is part of a single large
system, clements of that system are partially separated locally, This separa-
tion may be identified by variations of head or artesian pressure between some
deep and shallow wells and between some wells and springs tapping alluvium
and carbonate rocks.

¢

The water-level contours shown on plate 3 indicate that ground water
in the valley fill is moving southeastward along the axis of the Amargosa Desert
from north of Big Dune toward Death Valley Junction., The tributary valleys,
of which Fortymile Canyon is the principal one, supply some water. Move-
ment from the east is shown in the vicinity of T. 17 S., R. 51 E., and from
the springs issuing from the carbonate rocks along the east side of Ash
Meadows. The artesian head in the carbonate rocks is higher than that to the
west and north in the valley fill. - '

The springs and subsurface discharge from the carbonate rocks supplies
water to the valley fill, The relatively steep water-level slope west of the
springs in Ash Meadows closely parallels the general westward slope of the
land surface. The closely spaced contours near the northwest corner of
T. 18 S., R. 50 E., may reflect upward leakage which discharges from Ash
Tree Spring and partial return flow to ground water in the valley f{ill,

The relatively high water levels in the eastern part of T. 16 S., R. 49 E.,
probably indicate upward leakage from the underlying carbonate rocks into the
water -bearing zones supplying some of the deeper wells in that area.

The area around the southeast quarter of T, 16 S., R. 48 E. shows some
irregularity of contours. Part of the irregularity is caused by differences of
head in deep and shallow wells in the area, and part is caused by withdrawal
of water for irrigation.

In summary, the water-level contours show the generalized features of
the water surface of the ground-water reservoir., In detail, conditions are
most complex, because of the merging of ground waters in two partially separa-
ted systems -- one in the valley fill and the other in the carbonate rocks, Each
enters the area under a different head. The ground-water in the carbonate
rocks generally is under higher head -- some discharges from springs and
moves into the valley fill; some moves upward into the ground-water system in
the valley {ill where permeability of the deposits permits,

The slope of the water ~level surface generally conforms to the slope of
the land surface. However, the gradient of the water surface commonly is
somewhat less than that of the land surface. In the southern part of the area
north of Death Valley Junction the water-level gradient is about 12 feet per mile
compared to the land-surface gradient of about 13 feet per mile -- a ratio of
12 to 13 (1 to 1.1); in the vicinity of Big Dune the ratio of gradients is about
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1 to 1.25 and north of Lathrop Wells the ratio of gradients is about 1 to 7.5.
The net effect of this general relationship is that the depth to water in wells
jncreases northward. For example, at Death Valley Junction, the depth to
water in well 25N/5w%14cl is about 2 feet; in the southwest corner of T, 16 S., -
R. 49 E., the depth to water is 40 to 50 feet; in the northern part of T. 16 S.,
R. 48 E,, the depth to water is 125 to 135 feet; and near Lathrop Wells, the
depth to water is on the order of 360 feet., Local variations occur and depend
in part on the head in the water~bearing zone developed by a particular well.

Water-Level Fluctuations: Water-level fluctuations in general reflect
changes in the amount of ground water in storage. An annual rise and fall of
water-levels correspond to an annual cycle of changes in the relative quantities
of recharge and discharge. The fluctuations are small in areas remote from
areas of recharge or discharge, and the largest changes commonly are caused
by pumpmg of ground water,

Water-level measurements made by the U.S. Geological Survey in the
Amargosa Desert consist of random yearly measurements in the period
1952-62 (table 5). The longest record, that for well 165/49-31bl, includes
only 10 measurements, Water levels were measured principally in the
eastern part of T, 16 S., R, 48 E,, and the western tier of sections in
T. 16 S., R. 49 E. Thus, the measurements are not representative of the
entire area, Because the wells were measured only once a year in most cases,
the seasonal effect of pumping and evapotranspiration is evident only in a
general way,

Hydrographs for eight wells are shown in figure 2, The hydrographs |
are based on measurements made by personnel of the State Engineer's office.

Water levels taken between 1952 and 1957 generally show a relatively
constant level; those recorded after 1957 commonly show a decline. In the
area where periodic measurements were made only 12 out of about 42 wells
were drilled prior to 1957. The water-level decline in the wells measured
between 1957 and 1962 ranges from 0.1 foot to 6.1 feet over the 5~year
period, and averages about 0,7 foot per year, Most of the decline may be
due to pumping, but some may be due to deficient recharge.

Estimated Average Annual Recharge: Recharge to Amargosa Desert
is derived in part from precipitation within the surficial drainage area shown
on plate 1 and in part from ground-water underflow through bedrock from the
east and northeast beyond the drainage area.

That part of the recharge occurring within the drainage area can be
estimated as a percentage of the average annual precipitation. The average
annual precipitation can be estimated from a generalized map showing the dis-
tribution of precipitation in Nevada (Hardman and Mason, 1949, p. 10)., This
map is divided into zones of precipitation, based largely upon records of pre-
cipitation, altitude, and types of vegetation. In-general, precipitation increases
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Altitudes given are in feet above mean sea level for the land-surface datum at the well,
Altitudes given in feet and tenths were determined by plane table.
All measurements vere made by the U,5. Geological Survey.

from topographic maps,

Measurements,
Well mumber,

Table 5.--Records of water-level measurements in selected vells in the Amargosa Desert, Nevada-California,

See page & for description of well numbering system,

Altitudes given in whole feet are interpolated

All measurements have been adjusted to depth below land surface,

Well Altitudd Depth Well Altitudel Depth Well Altitude Depth Well Altitude Depth
number (feet) Date {to water number (feet) Date |to water number (feet) | Date to water| number (feet) Date }o vater
(feet) (feet) feet) (feet)
135/47-35a1] 2,788 7-15-61] 282.5 ] 16S/48-25¢1}2,326.6 | 5~ 7-52| 64,2 165/48-36d2| 2,304 S~ 7-52 49,6 1165/49-19d1|2,362.8 | 2-14-5% 94.4
7-12-62| 282.3 10- 9-52| 64.3 8-25-53 49.9 5-24-56 94.7
8-25-53] 63.8 3-15-54 49,8 8-28-57] 94.8
14S8/48-16cl 2,608 5-24-56]" 252.8 8-28-57] 65.7 2-12-55 49,9 9- 3-58 95.3
7-12-62| 253.1 9- 3-58| 64.8 - 8-28-57 49,9 9-15-59 95.9
9-15-59| 64.8 9- 3-58 50.3 - 7-6Y4 101.2
155/50-18¢5| 2,656.1 | 5- 8-521 346.7 3- 7-61] 63.9 9-15-59 50.3 7- 9-62] 99.0
6-22-53] 339.4 7- 9-62| 67.1 3- 7-61 52.6
. 7- 5-62 $4.1 [165/49-30b1| 2,348,2 | 5- 7-53 83.6
165/48-15a1} 2,375.5 | 2-14-55 95.1 |16S/48-26a1]2,336 5- 7-52] 71.2 10- 9-5 83.7
5-23-56 96.6 10- 9-52} - 71.3 165/49-18d2|2,375.1 | 8-27-53 104.0 3-16-54) 83.7
, 8-25-53f 71.3 . 2-12-55 103.1 2-12-5% 83.8
165/48-15b1}2,373.3 § 2-14-55 95.7 8-25-57] 71.5 5-24-56 103.1 8-28-571 B84.6
5-23-56 95.6 9- 3-58} 71.9 8-28-57 103.2 9- 3-58 84.5
7-1462 97.2 9-15-59| 72.1 2-15-58 103.4 9-15-59 Plugged
3- 7-61| 73.7 9- 4-58 103.7
165/48-24 | 2,367 2-12-55 94,7 7- 4-62| 75.7 9-15-59 104.7 ]165/49-31b1|2,326,3 | 5- 7-524 66.1
2-14-55 9.7 3- 7-61 104.4 10- 9-521 66.3
5-24-56 9.4 1165/48-36a1]2,323,7 | 5- 7-52| 62.9 6+-28-62 108.5 8-25-53 66.5
3-14-54] 63.2 ) . 3-16=54 66.3
165/48-24d1] 2,357.1 | 2-14-55 88.8 2-12-55| 63.1 165/49-19a1[2,373.6 | 2-12-55 103.7 2-12-55 66.4
2-14-56 88.6 8-28-57! 67.4 5-24-56 103.7 8-28-57] 66.4
. 9- 3-58| 66.5 8-28-57 103.8 9- 3-58 66.5
165/48-25a112,343.4 | 5- 7-52 79.2 9-15-59| 67.1 9- 3-58 104.8 9-15-59 67.1
j0- 9-52 79.3 3- 7-61| 68.0 9-15-59 105.6 3- 7-61 68.0
8-28-57 79.6 7- 5-62] 67.5 3- 7-61 | Plugged 6-26-621 69.4
9=- 3-58 80.3 .
9-15-59 | - 81.0 165/49-19b1|2,370.8 | 2-12-55 104.7
3- 7-61 82.4 12- 6-55 101.74
7- 9-62 84.5 5=24-56 99,7,
8-28-57 99.9
9- 3-58 100.5
3- 7-61 102.0
7- 9-62 106.0
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Hydrographa for 8 wells in Amargosa Desert



with altitude, the greater amount commonly occurring on the highest mountains.,
A comparison of the precipitation map with more recent topographic maps
(scale 1: 250, 000) indicates that the precipitation zones suggested by Hardman
and Mason roughly coincide with altitude contours, although on a state-wide
basis the precipitation zones rise somewhat in altitude in the southern one-third
of the State, The map suggests that in the area lying below 5, 000 feet the
average annual precipitation is less than 8 inches, at altitudes between 5, 000
and 6,000 feet, it ranges from 8 to 12 inches; and from 6, 000 to 7, 000 feet, it
ranges from 12 to 15 inches.

The total average annual precipitation on each zone is computed by mul-
tiplying the average precipitation for each zone by the area of that zone. Based
on these computations, the average annual precipitation within the surficial
drainage area totals 875, 000 acre-feet, '

A very small percentage of precipitation that falls on the area recharges
the ground-water reservoir. A method for crudely estimating the probable
average annual recharge from precipitation has been developed by Eakin and

,others (1951, p. 79-81). Based on this method, the recharge is estimated

as a percentage for each precipitation zone in the drainage area as follows:
-zone of less than 8 inches of precipitation, none; 8- to 12-inch zone, 1 percent;
12~ to 15~inch zone, 7 percent; and 15~ to 20-inch zone, 15 percent. The
reliability of the estimates so obtained, of course, is related to the degree to
which the assigned values approximate the actual precipitation, and the degree
to which the assumed percentages represent the equivalent amount of the actual
recharge, Neither of these factors is known precisely enough to assume a high
degree of reliability for any one valley, However, experience suggests that the
resulting estimates commonly are a reasonable approximation of average re-
charge.

Table 6 summarizes the computation of estimated recharge from precipi-
tation within the surficial drainage area of Amargosa Desert, as shown on
plate 1. The approximate recharge {column 5) for each zone is obtained by
multiplying the figures in columns 2, 3, and 4. For example, for the 12- to
15-inch zone, the estimated recharge is: 9,000 acres x 1.12 feet x .07
(7 percent) = 700 acre-feet. The total average annual recharge from precipita~
tion so estimated is 1, 500 acre-feet, most of which is derived from precipita~-
tion in the Oasis Valley and Fortymile Canyon, which are tnbuta.ry to Amargosa
Desert.

19,



Table 6.--Estimated average annual ground-water recharge from
precipitation in Amargosa Desert and tributary areas

Approximate Average Estimated
Precipitation area of annual Percent recharge
zone zone precipitation recharged (feet)
(inches) (acres) (feet) (2x3x4 -E- 100)
W (2) (3) (4) (5)
12-15 9, 000 1,12 K 700
8~12 96, 000 .83 1 800
{8 1,570, 000 : .5 - ---
Recharge from
precipitation 1,500

For Oasis Valley, Malmberg and Eakin (1962,. p. 24) estimated that the
average recharge from precipitation is about 250 acre-feet a year. Thus the
estimated average recharge to Amargosa Desert below the Amargosa Narrows
would be about 250 acre-feet a year less than the 1, 500 acre-feet shown in
table 6 for the entire drainage area, or roughly 1,200 acre-feet a year.

In considering the magnitude of recharge by underflow through bedrock
from areas to the east and northeast beyond the surficial drainage divide, the
validity of the method of estimating ground-water recharge from precipitation
is handicapped by the uncer tainity of the effective tributary area. There is a
strong suggestion that a large part of the water discharged from the springs in
Ash Meadows ultimately is derived from precipitation in the Spring Mountains
(Loeltz, 1960, p. 1917-1918),

Using the same method discussed above, the average annual recharge to
ground water from precipitation on the northern and western slopes of the Spring
Mountains, an area which may contribute recharge to Amargosa Desert, is
estimated to be about 3, 500 acre-feet., If all of this recharge reaches the ground-
water reservoir in Amargosa Desert, then the combined average recharge from
precipitation within the surficial tributary drainage area and the northern and
western slopes of Spring Mountains would be nearly 5, 000 acre-feet.

There is a definite possibih'ty that this estimate is low because the high
Proportion of permeable Paleozoic carbonate rocks in the Spring Mountains may
result in an above-average percentage of precipitation being recharge. At
Present, however, no data are available ‘on which to assign different values for
percentage recharge for the several precipitation zones, The estimate also may
be low because recharge to Amargosa Desert from the Spring Mountains may be
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derived from a much larger area than that assumed for this computation. For
" example, Maxey (1948, p. 117) estimated that recharge from the southwestern
slopes of Spring Mountains to Pahrump Valley is on the order of 23,000 acre-
feet a year., Little water is consumed by phreatophytes in Pahrump Valley,
except that supplied by water discharged from the springs. If these estimates
are correct, about 13,000 acre-feet might be available from the Spring
Mountains as underflow to the Ash Meadows spring system, which discharged
about 17,000 acre-feet a year (p. 40). )

If an average of 13,000 acre-feet a year actually were supplied to the
Ash Meadow spring system from the Spring Mountains, then the remaining
4,000 acre-feet discharged from the springs may be derived by underflow
through carbonate rocks from the northeast. Additionally, some water is
discharged from the carbonate rock system by upward leakage into the valley
fill, as suggested by the water-level contours on plate 3, about 7 miles south
of Lathrop Wells, Thus, based on these assumptions the total estimated re-
charge to Amargosa Desert from precipitation within the surficial drainage
area plus recharge to Paleozoic carbonate rocks from beyond the drainage
area would be roughly 20, 000 acre-feet a year,

The general known and inferred conditions relating to the direction of
ground-water movement in Paleozoic carbonate rocks in the area north and
northeast of Amargosa Desert and the favorable recharge conditions in the
Spring Mountains seem to support the hypothesis that recharge from the Spring
Mountains probably contributes most of the water discharged by the springs in
Ash Meadows. Assuming this to be correct, the underflow in Paleozoic car-
bonate rocks from the area north and northeast of Amargosa Desert may be on
the order of only a few thousand acre-feet a year. The difficulty of obtaining
a satisfactory estimate of ground-water recharge for Amargosa Desert, as
illustrated here, demonstrates the need for special investigations that would
lead to improved methods and techniques of estimating recharge for use in
Nevada. Such investigations have been suggested in previous reports of the
Ground-Water Reconnaissance Series (Eakin, T. E., December 1960, p. 20;
Eakin, T. E., January 1961, p. 29, 30).

Estimated Average Annua}.Discharge:

Natural DischaLrge:--Ground'water is discharged from Amargosa
Desert by the natural processes of transpiration of vegetation, evaporation
from the soil and free-water surfaces, and to a lesser extent by stream flow
and underflow from the Alkali Flat southeast of Death Valley Junction. If
the total discharge by these processes could be determined precisely, a highly
reliable estimate. of ground-water discharge could be made., However, in the
absence of precise data, annual rates of evapotranspiration by native vegeta-
tion using ground water can only be approximated from work done in other
areas. For this report rates of use are adapted from studies of evapotrans-
piration of certain phreatophytes made by Lee (1912) and White (1932) in the
Great Basin, Robinson (1958) in the western United States, and by Young and
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Blaney (1942) in southern California. Rates of use were asbigned on the basis
of vegetative types, density, and depth to water table. The crude estimates of
discharge by transpiration, evaporation, and underflow are summarized in
table 7. ' .

The principal area of phreatophytes is in T, 17 S.,, R. 50 E., and
T, 18 S., R. 51 E., along the southeastern margin of the valley, Phreato-
phytes in this area obtain their water primarily from spring discharge and
from some shallow ground water derived mainly from spring discharge,
Other small areas of phreatophytes occur along the Amargosa River channel
and in the unnamed playa in the northeastern part of the valley. These plants
obtain their water supply from shallow ground water,

There are two main areas of evaporation within the valley. The
largest extends from about 2 miles southwest of Ash Tree Spring to Eagle
Mountain., The other smaller area is in the playa in the northwestern part
of T. 17S., R. 51 E,

Data are not available to make a direct estimate of the amount of
ground-water discharged by underflow and surface flow through the gap at
Eagle Mountain from Amargosa Desert, However, the general hydrogeologic
conditions suggest that the magnitude of the outflow is on the order of 500
acre-feet a year,

The total natural discharge from Amargosa Desert is estimated to
be about 24, 000 acre-feet per year (table 7).,
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Table 7, --Estimated average annual ground-water discharge by natural
processes from the Amargosa Desert, Nevada-California

Process of ' Area  Approximate discharge
Ground-water discharge (acres) {acre-ft., per year)

Native vegetation:

Principally mesquite, saltgrass, rabbit-
brush in varying proportions; density
moderate to low but locally moderate to
heavy; depth to water ranges from a few
to about 20 feet, averaging about 10 feet
below land surface, Average annual use
about 0.5foot. . . . « ¢« ¢« 4 e o o o« . . 2,000 1,000

_Principally meadow grass, mesquite,
willow, salt grass, salt cedar in varying
proportions; depth to water 0 to 5 feet;
largely watered by discharge from
springs and shallow ground water,

~ Includes about 1,200 acres with an

estimated average annual ground-water
use of about 1.25 feet; and about 2, 800
acres of marsh grasses and 200 acres of
pasture grass and milo which normally is
flooded by spring discharge. Average
annual use about 3 feet, « ¢« ¢« ¢« ¢ o o o o 4,200 10, 500

Evaporation:

Rate could approach potential evaporation

rate from free-water system but is

limited by amount supplied from ground-

water reservoir through capillary openings;

annual rate estimatedat 1 foot . . . . . . 12,000 12,000

Outflow:
Ground-water and surface-water outflow

from the valley at Eagle Mountain (estimate
based on general hydrogeologic conditions

at the narrows by Eagle Mountain)e o« . . & 500
Estimated average annual discharge . . .. . 24,000
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Ground~-water discharge from Amargosa Desert may be estimated in
another way, which affords a partial check on the discharge by evapotrans-
piration. The several springs in the Ash Meadows area are supplied largely
by ground water moving through Paleozoic carbonate rocks as discussed
previously., Much of the spring discharge flows overland and is consumed
by transpiration of vegetation and is evaporated, but part returns to the ground-
water reservoir and is then discharged by evapotranspiration, surface flow,
or underflow from the Amargosa Desert. In either case the water issuing from
the springs is finally discharged from the area. Thus, as estimte of the spring
discharge provides a partial check on the total ground-water discharged from
Amargosa Desert by natural processes.,

Table 8 lists miscellaneous measurements for 24 seprings in the Ash
Meadows area. All were measured during the summer of 1962, The com-
bined discharge of these springs in the summer of 1962 was about 10, 300 gpm,
or 23 cfs, Measurements made in the winter of 1953 on 17 of the larger of
‘these springs indicated a total discharge of about 10,900 gpm, or somewhat
more than 24 cfs. The measurements made during the winter of 1953 are
roughly 5 percent larger than those made in the summer of 1962. The limited
data suggest relatively uniform discharge from the springs as a group, although
some seasonal variations are to be expected because of the effect of high rates
of evapotranspiration during the summer months., Assuming that flow from the
springs is relatively uniform, discharge of about 17,000 acre-feet a year is
indicated. '
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Table 8, -- Records of Springs in the Amargosa Desert, Nevada-California

(See page 4 for description of numbering system.
Waterbearing unit: Lb, Lake bed; Tr, travertine.
m: Measured by U, S. Geological Survey; all others reported.)

o Water . Date
No. for Name of bearing Yield Temp. Conduce - of -
this report Spring unit (gpm) (°F.) tivity Observations
175/49-35d1, Ash Tree Lb _1o™ 74 -—- 5-8-52
_gm - 350 7-31-62
175/50-9al. Fairbanks Lb 2357 - - 1910
2043 - -- 7-14-23
1756 - - 8-16-46
1661™ 82 -- 2-1-53
1702 - - 6-7-61
1715m 81 650 7-23-62
175/50-10cl, Bell; Lb(?) 85™ 72 .- 2-1-53
Soda 87 - - 6-7 <61
79™ 73 725 7-31-62
175/50-15a1, Rogers Lb 674 - - 12-24-23
717 84 -- 2-1-53
664 - -- 6-7 <61
736™ 82 650 7-29-62
175/50-22al. Longstreet Lb 1257 - -- 3-27-21
1239™ 80 - 2-3-53
1271 - -- 6-7 =61
1042™ - 82 640 7-29-62
175-50-23b1 ... Lb 115™ 94 -- 2-3-53
: 193™ 94 650 7-23-62
175/50-35al, «-- Lb gg™® 91 - 2-3-53
140™ 92 640 7-24-62
175/50-35bl, === Lb 17 83 620 7-23-62
175 /50-35d1, ~-- Lb 25™ 90 -——- 1-31-53
oem 94,5 620 7-24-62
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Table 8. --Records of Springs in thle Amargosa Desert, Nevada-California,

{continued)
Water-
No. for Name of bearing Yield Temp., Conduc- Date of
this report Spring unit  (gpm) (°F) tivity Observations
185/50-3al. Crystal Lb 4266 - - 6-2 =61
Pool 3071 - - 4-1-50
2815™M 89 -- 1-31-53
2981 - - 6-7-61
2824™ 91 650 7-29-62
185/£0-11d1, Davis Lb 718™ 74 -- 2-2-53
Ranch 397T™ 77 750 7-25-62
185/50-11d2. Davis Lb 174™ 74 -- 2-2-53
Ranch - it - - 7-25-62
185/50-11d3, Davis Lb 3g™m 70 - 2-2-53
Ranch 3™ 72 775 7-25-62
185/50-12¢cl. == Lb 52™ 73 -- 2-2-53
11™ 80 725 7-25-62
185/51-7d1. King; Tr 2128 - - 7-17-43
Point of 1247 89.5 - 1-31-53
Rock 685 - - 6-2-61
1078™ 90 675 7-25-62
185/51-7d2. Indian Tr 134 - - 3-31-50
Rock 69m 90 -- 1-31-53
119 - - 6-? =61
2™ 92 640 7-25-62
185/51-7d3. Indian Lb 343™ 90 -- 1-31-53
Rock 300 - - 6-2-61
379™ 91,5 645 7-26-62
185/51-7d4, === Lb 19™ 93 650 7-26-62
185/51-7d45, --- Lb 2m 93 650 7-26-62
185/51-18bl. Jack- Lb  498™ 82 - 2-1-53
rabbit; 638 - - 6-7 =61
Roger's 587™m - 675 7-27-62
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Table 8. --Records of Springs in the Amargosa Desert, Nevada-California.,

{(continued)
- Water- Date of
No. for Name of bearing Yield Temp. Conduc- Observa-
this report Spring unit {gpm) (°F.) tivity tions
185/51-19al, Big; -Lb 1122 | - - 1916
~ Deep; 1055™ 82,5 - 2-2-53
Ash 1078 - - 6-?-61
Meadows 1036™ - -- 7-19-62
: 1036™ - - ' 7-26-62
- 83 700 8-22-62
185/51-29bl, «-- Lb m 72 790 7-28-62
185/51-30al, «-- Lb 12m 72 - T1-27-62
185/51-30d1, Last Lb 1™ 68 575 7-28-62
- Chance

Water-level data used in preparation of the water-level contour map
(pLs 3) further suggest that ground water from the Paleozoic carbonate rocks in
part leaks upward into the ground-water reservoir in the valley fill, This is
indicated, for example, by the closely spaced contours in the southeastern part
of T, 16 S., R. 49 E., and by the high water levels in some of the wells imme-
diately north in the same township., The amount of this upward leakage cannot be
directly estimated, but may be several thousand acre~feet a year., Collectively
then, ground-water discharge from the carbonate rocks is more than 17, 000
acre-feet and may exceed 20, 000, if upward leakage in the ground-water reser-
voir is included, This discharge accounts for most of the 24, 000 acre-feet
estimated as ground-water discharge by natural processes,

Because the Paleozoic carbonate rocks transmit ground water into
Amargosa Desert from beyond the surficial drainage area, it may be assumed
also that some ground water may leave Amargosa Desert by similar processes.
Hunt and Robinson (1960, p. 273) hypothesized underflow from Amargosa Desert
along a transverse fault in the Funeral Mountains to supply water to springs on
the east side of Death Valley. If this is correct, and assuming that the total
discharge of the springs on the east side of Death Valley, near Furnace Creek,
were derived from Amargosa Desert, the quantity probably would be less than
3,000 acre-feet a year, However, the water-level contours (pl. 3) do not indi~
Cate westward movement to the west of California Highway 127,
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Discharge from wells, --Ground-water discharge from wells is
largely used for irrigation. Most of the water applied is used by crops or
evaporated in the process of irrigation. Undoubtedly, however, some infil-
trates to the ground-water reservoir.

Irrigation from wells has been carried on for many years, but the
amount of water pumped was very small prior to about 1955, Since that time
there has been an increasing amount pumped, although most of the wells
drilled for irrigation are not yet in use. Eighteen wells were pumped, at
least to a limited extent, for irrigation during the summer of 1962. However,
no measurements were made of the seasonal pumpage. As an approximation,
a rough computation may be made from the irrigation requirements of the
crops grown and the acreages planted. An estimated 800 acres of alfalfa and
milo maize and 600 acres of wheat and barley were irrigated during 1962,

Irrigation requirements, interpolated from Houston (1950, p. 21, 23,
24), would be about 3.4 feet for alfalfa, 1.8 feet for milo maize (assumed
approxiximately equivalent to corn), and 1.4 feet for small grains. As the
acreage of alfalfa and milo maize is not separated in the available information,
it is further assumed that about 2.5 feet of water was the average requirement
for the total acreage of alfalfa and milo maize. Based on these assumptions,
the irrigation requirements in 1962 would have been about 3,000 acre-feet.

Pumpage for domestic or public supply by comparison was very small
and probably did not exceed 100 acre-feet, -

Perennial Yield: The perennial yield is the maximum amount of water
that can be withdrawn from the ground-water system for an indefinite period of
time without causing a permanent depletion of the stored water or causing a
deterioration in the quality of the water. It is ultimately limited by the amount
of water annually recharged to or discharged from the ground-water system
through natural process plus that which might become available by artificial
recharge and water returned to the ground-water system by infiltration of
irrigation or waste water,

In an estimate of perennial yield, consideration should be given to the
effects that ground-water development may have on the natural circulation in
the ground-water system., The location of the development in the ground-
water system may permit optimum utilization of available supply or at the
other exteme may be ineffective in the utilization of the water supply. The
location of the wells may favor improving the initial quality with time or may
result in deterioration of quality under continued withdrawals., Development
by wells may or may not induce recharge in addition to that received under
natural conditions. Part of the water discharged by wells may re-enter the
ground water reservoir by infiltration of excess irrigation or waste water and
thus be available for re-use, Ground water discharged by wells eventually
reduces the natural discharge. In practice, decreasing natural discharge by
pumping is difficult, except when the wells are located where the water table
can be lowered to a level that eliminates evapotranspiration in the natural
area of discharge or underflow from the basin,
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Ground-water underflow from a basin further complicates the final
determination of perennial yield. The numerous pertinent factors are so com-
plex that, in effect, specific determination of the perennial yield of a valley
requires a very extensive investigation, based in part on data that can be
obtained best only after there has been substantial development for a number
of years.

The physical conditions in Amargosa Desert suggest that the estimate
of discharge is the better basis on which to estimate perennial yield in the
light of present information. Thus, the tentative perennial yield may be about
24,000 acre-feet a year., Of this, about 17,000 acre-feet can be obtained by
full development of the springs in Ash Meadows. The remaining amount would
be available for development by wells largely in the area northwest.and north-
east of the springs. Unused discharge from the springs that is returned to the
ground-water reservoir downgradient from the springs toward Death Valley _
Junction could be withdrawn for use. However, the chemical quality generally
becomes progressively poorer by this recycling and the suitability for the
intended use should be evaluated carefully.

Storage: A large quantity of ground water is in transient storage in the
valley {ill in Amargosa Desert, The total volume in storage is many times
the average annual recharge to the system and probably represents an accumu-
lation over a period of several hundreds or thousands. of years.

The total volume of valley fill that forms the principal ground-water
reservoir is unknown because of the variation in the thickness of the valley fill.
Accordingly the total volume of water that is stored in the main ground-water
reservoir in Amargosa Desert cannot be computed from available information.

Some concept of the total amount of recoverable ground water in storage
may be obtained, however, for the purpose of illustration, by estimating the
amount of water that may be drained from the upper 100 feet of saturated
deposits in a selected area and without regard to the effect on the surrounding
area. A block of four townships, comprising about 92, 000 acres and occupy-
ing the area in and adjacent to the principal concentration of wells, that is
Tps. 15 and 16 S,, and Rs. 48 and 49 E., is used for the example. If the
drainable pore space in the upper part of the saturated valley {ill is assumed to
be about 15 percent, the volume of water that will drain from a given volume of
saturated deposits by gravity is equal to approximately 0.15 of the volume of the
dewatered material; that is, for each hundred cubic feet of saturated deposits
approximately 15 cubic feet of water will be released by gravity drainage.
Based on these values, approximately 1.4 million acre-feet of water would
drain from storage with the lowering of the water table an average of 100 feet
beneath the 92, 000 acre area referred to above. This represents more than
50 times the estimated average annual ground-water discharge from Amargosa
Desert.
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The reliability of this estimate is contingent on the degree to which the
assumed specific yield represents the average field specific yield., The deter-
mination of the specific yield of any large volume of unconsolidated or partly-
consolidated sediments is a complex problem. Assuming that the specific yield
of samples of each grain-size group, representing definite sedimentary units,
can be determined precisely, there still remains the problem of determining
the actual volume of these sedimentary units as they occur in the area of con-
sideration. Many laboratory studies of specific yield for different sediment
sizes have been made, and a wide range of values have been. obtained for sam-
ples, particularly in the silt and clay sizes. The range in values tends to
decrease with the larger sand and gravel sizes. Cohen (1961, p. 44) summar-
jizes the specific yield of 209 sediment samples from the Humboldt River valley
near V/innemucca, Nevada, as follows: '

lange of median diameters (millimeters) All
0,004~ 0,0625-0.125~0,25~- 0.5-1 1-2 2-4 4-8 sam-
0.0625 0,125 0.25 0.5 : ples
Number of .
samples 121 15 17 23 6 19 7 1 209

Mean specific .
yield percent 19.1 21.4 25.9 25.9 22,2 20,8 17.4 17.4 20.7

Range of
specific yield 1,0- 2,5- 7.0- 7.2- 10,7- 4,6- 4,9- -- 1.0-
percent _ 34,1 36,3 35.4 39.5 35,3 36,2 27.4 -- 39.5

Piper and other (1939, p. 121) list a range of 0.5 to 12.2 percent for the speci-
fic yield of materials composed of very fine sand, silt, and clay, They also
obtained values of 34.1 and 34,9 percent for two samples of gravel and coarse
sand.

In estimating the ground-water storage capacity in the San Joaquin
Valley, California, Davis and others (1959), table 5, p. 209) assigned specific~
vield values to groups of material as follows:

Gravel; sand and gravel; and related
coarse gravelly deposits . . . . . . . ¢« + + « « o 25 percent

Sand, medium-~ to coarse-grained, loose,
Well-sorted................... 25

Fine sand; tight sand; tight gravel; and
relateddeposits « « « +« 2 s ¢ o ¢ o o s o e o o o 10

Silt; gravelly clay, sandy clay;
sandstone; conglomerate; and related deposits . . .

Clay and related very fine-grained deposits « « « « &
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The groups listed above were based on an analysis by Davis and others
(1959, p. 202-206) of nearly 6,000 drillers' logs, core records of 64 test
holes, and more than 1,000 electric logs of water wells and oil wells, Because
of variation in usage and many individual expressions used by drillers, some
300 drillers’ terms were grouped as expressing the equivalent of the groups of
material listed above. The assignment of specific yield values to the groups
was based on the results of previous studies in California, adapted to conditions
in San Joaquin Valley (Davis and others, 1959, p. 206-211),

In the present study of Amargosa Desert, available time and data do
not permit a similar analysis to the extent of that made for San Joaquin
Valley. However, a simplified example may be used for illustration. This
requires an assumption that the local drillers! terms for groups of material
can be related to specific-yield values, although actually core samples and
electric logs are not available to demonstrate an actual relationship. With
this limitation, a reconnaissance examimtion of 57 drillers' logs for wells in
Tps. 15 and 16 S., Rs. 48 and 49 E. suggests about 57 percent of material
falls in the gravel or sand and gravel range, 15 percent in the sand and fine
. sand groups, and about 28 percent in the clay and silt groups, for the 100-foot
interval below water level in the respective wells. Specific-yield values may
be assumed as 25 percent for the gravel and sand and gravel, 15 percent for
the sand group, on the basis of drillers' descriptions apparently indicating a
specific yield characteristic closer to the fine sand group than sand group in
the above listing, and 3 percent for the clay group., Multiplying these as follows,

57 x .25 = 14.25
15x.,15= 2.25
28x .03 = .84

17.34 percent

Thus the average specific yield, for the upper 100 feet of saturated
deposits, as represented by the 57 wells, is about 17 percent.

Even if the value of 17 percent actually represents the average specific
yield of the upper 100 feet of saturated deposits penetrated by the 57 wells,
the question still remains as to whether the value represents the average
specific yield for the upper 100 feet of saturated deposits throughout the
4-township area in which the wells are located. In any case, the physical
conditions of the area suggest that the average specific yield probably is
not greater than 20 percent nor less than 10 percent. The amount of stored
water in the 92, 000~-acre area in the upper 100 feet of saturated deposits
for the three assumed specific-yield values is:

20 percent. « . o 1.8 million acre~-feet
15, . * o o o @ l.4 do
10 e o o e e @ 09 dO
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It seems prudent, for the purposes of this reconnaissance report, to
use the intermediate value of 15 percent for average specific yield and a
value of 1.4 million acre-feet for the ground water in storage in the upper
100 feet of saturated deposits in the 4-township area as a reasonable illus-
tration of the magnitude of that storage. When mcre data are available an
improved estimate can be made subsequently.

This illustration of the magnitude of ground water in storage in a small
part of Amargosa Desert indicates that a substantial reserve exists for main-
taining a uniform annual supply through periods of deficient recharge. More~-
over, even if a moderate depletion of stored water should occur during extended
periods of drought, the basin can still be operated within the concept of the
State ground-water law.

Chemical Quality: The chemical quality of the water in most ground-
water systems in Nevada varies from place to place. In areas of recharge the
dissolved-solids content normally is low. However, as the ground water
moves through the system to the areas of discharge, it is in contact with rock
materials which have different solubility. The extent to which water dissolves
chemical constituents from the rock materials is governed largely by the
solubility, volume, and distribution of the rock materials, the time the water
is in contact with the rocks, and the temperature and pressure in the ground-
water system.

For the present study, samples of water from 28 wells and springs in
Amargosa Desert were collected and analyzed by the Geological Survey. The
analyses are listed in table 9, The chemical character of the water as
determined by the several analyses is shown diagramatically on plate 4.

The chemical analyses identify the more important dissolved constitu-
ents and their concentrations in the water. On the basis of the chemical
character indicated by the analyses, water can be classified as to its suitability
for a variety of uses. For irrigation water some substances, such as calcium,
magnesium, potassium, sulfate, and nitrate, are beneficial to plant growth,
whereas others, such as sodium and chloride may be detrimental to both soil
and vegetation. Minor constituents such as boron also may affect plant growth.

A method of classifying water for irrigation used by the U.S, Salinity
Laboratory (1954) is based on the electrical conductivity, or specific conduc-
tance, of the water and the sodium-adsorption ratio (SAR). The specific con-
ductance is an approximate measure of the concentration of the ionized consti-
tuents in the water, and the sodium-adsorption ratio is a measure of the
adsorption of sodium by soil. Water of low conductivity and SAR value is more
suitable for irrigation than water of high conductivity and SAR value.

By plotting the calculated value of the specific conductance at 25°C,
and the sodium-adsorption ratio on a diagram shown in figure 3, water can be
classed as to its suitability for irrigation., The Salinity Laboratory of the U.S.
Department of Agriculture (1954, p. 79) gives the following classification of = -
irrigation water with respect to the salinity and sodium hazards.
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Teble 9.--Chenical suslyses, in parts per million, of weter from selected wella snd springs in the Amssgoss Desert, Beveda-Celifornis

(Analyses by Denver and Salt Lake City lLeborstories, Quality of Weter Branch, U.S. Ceological Survey)

Date Depth [Tem- Alu- Cal= [Magne-|Stron Potas-|Lithq Bicar-| Cer« Chlo= Plu-] Mi- [Phon- Dle-~ Wardness |Per 1rvi= | Specific
Locstion of J of pere|Stitcojmse [ Iron| clum | otum | tium[Sodiue] sfum | fum | bonate| bonatel Sulfste| ride orfdeftrate{phate[Boron|solved 89 Ca00y cent] SAR 28C g¢stios] conduce~ | p¥ [Color
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Salinity hazard:

1. Lowe-salinity water (Cl) can be used for irrigation with most
crops on most voils with little likelihood that soil salinity
will develop, Some leaching is required, but this occurs
under normal irrigation practices, except in soils of
extremely low permeability.

2. Medium-~salinity water (C2) can be used if a moderate amount
of leaching occurs. Plants with moderate salt tolerance can
be grown in most cases without special practices for salinity
control. '

3. High-salinity water (C3) cannot be used on soils with res-~
tricted drainage. Even with adequate drainage, -special
management for salinity ‘control may be required’and plants
with good salt tolerance should be selected.

4. Very high salinity water (C4) is not suitable for irrigation
under ordinary conditions but may be used occasionally
under very special circumstances.

Sodium hazard:

1. Low-sodium water (S1) can be used for irrigation on almost
all soile with little danger of the development of harmful
levels of exchangeable sodium,. However, sodium-sensitive
crops, such as stonefruit trees and avocados, may accumu-
late injurious concentrations of sodium.

2. Medium-sodium water (S2) will present an appreciable sodium
hazard in fine-textured soils having high cation-exchange
capacity, especially under low-leaching conditions; unless
gypsum is present in the soil. This water may be used on
coarse~-textured or organic soils with good permeability.

3. High-sodium water (S3) may produce harmful levels of
exchangeable sodium in most soils and will require special
soil management--good drainage, high leaching, and ‘
organic matter additions.

4. Very high-sodium water (S4) is generally unsatisfactory
for irrigation purposes, except under special circumstances,

Of the 28 analyses shown in table 9, 14 are classed as C2-S1; 9 as
C3-S1; 1 as C3-54; 1 as C3-54+; 2 as C4-S4+; and 1 as C2-52, Figure 3 shows
the claasification of the several samples. Although there is considerable local
variation in the chemical quality, the poorest quality generally occurs in the
water sampled in T. 25 N,, Rs8. 5 and 6 E., near the playa in the vicinity of
Death Valley Junction, Water of relatively high salinity was also found in some
samples between Lathrop Wells and Death Valley Junction.
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SODIUM (ALKALI) HAZARD

Figure 3. Dlagram for the classification of irrigation waters. (after Wilcox,L.V., 1948).
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Residual sodium carbonate is a measure of the hazard that may be
involved in the use of high bicarbonate water. Using Eaton's (1950) concept
of "residual sodium carbonate'' (RSC) values (as described in U, S, Department
of Agriculture handbook, no. 60, 1954) for the analyses of water from the 28
samples, the range is from zero for the sample from well 135/51-28d1 to 13.6
for the sample from well 25N/6-20cl. The median value for all analyses was
1.44, According to Eaton's method of evaluation, values greater than 2.5 are
not suitable for irrigation purposes. Waters having values of 1,25 to 2.5 are
marginal and those containing less than 1,25 millequivalents per liter probably
are safe. On this basis, 5 of the analyses indicate water unsuitable for irriga-
tion; 12 of the analyses indicate water thay may be of marginal quality; and
11 of the analyses indicate water that probably is safe for irrigation. RSC
values for the individual analyses are listed in table 9.

The quantity of boron in solution is .an additional factor that must be
considered in classifying water for irrigation, In small quantities boron is
necessary for proper plant nutrition, but in quantities of slightly more than
optimum, boron is extremely toxic. Scofield (1936) proposed permissible
limnits of boron concentration for several classes of irrigation water according
to the following tabulation.

Sensitive Semi~tolerant . Tolerant
Boron class crops crops crops_
(ppm) (ppm) (ppm)
7

1 ( 0,33 ( 0.67 < 1.00
2 0.33 to 0.67 0.67to 1,33 1,00 to 2,00
3 .67 to 1,00 1.33 to 2,00 2.00 to 3.00
4 1,00 to 1.25 2,00 to 2.50 3.00 to 3.75
5 > 1.25 > 2.50 > 3,75

Of nineteen analyses for boron, nine were-less than 0.33 ppm, which is
the lower limit for adverse affect on sensitive crops. The highest concentration
of boron was 2.8 ppm in water from well 25N/6-18al, in the southern part of
Amargosa Desert at Death Valley Junction. The remaining nine analyses show
boron concentrations ranging from 0,36 to 1.4 ppm. The median value for the
nineteen analyses is 0.36 ppm of boron.

The foregoing discussion indicates that, although the chemical quality.of
ground water may be suitable generally for irrigation, water of median salinity
is common and water of high salinity occurs locally. Boron commonly is found
in relatively small concentration. However, the wide range in concentration in
the available analyses suggests that concentration at harmful levels may be
encountered locally within the area. This further suggests that the quality of
water from individual wells should be checked for suitability with due .regard to
soil and drainage conditions on land on which that water is to be used and also
to the tolerance of the proposed crops,
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The communities at Lathrop Wells and Death Valley Junction together
with possible increase in population in the area because of the development
of irrigation and industry warrant consideration of the ground water in
Amargosa Desert as to its suitability for domestic and public supply.

The presence of excéssive concentrations of major constituents, such
as magnesium, sodium, sulfate, and chloride, may make the water unsuitable
for domestic use. Also small quantities of some substances, such as
fluoride, nitrate, arsenic, iron, and manganese, in drinking water may have
adverse physiological effects on humans or otherwise impart a quality

" unsuitable for domestic use., Therefore, it is essential to know the concen~

trations of the various constituents in solution in the water.
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The range in concentration of several constituents, obtained from the
analyses of water in Amargosa Desert and which are shown in table 9, are
tabulated as follows: :

Public Health

Range
Constituent (in parts per million) (shf\:la:ia;;ds

Low High exceed)

Calcium (Ca) 1.9 85
Magnesium (Mg) 1.0 26 125

Sodium (Na) 41 1, 060

Potassium (K) 3.2 88

Bicarbonate plus carbonate

(HCO3 + CO3) 102 778
-Sulfate (SOg4) 24 484 250
Chloride (Cl) 6.0 1,050 250
Fluoride (F) - .6 7.9 a/
Nitrate (NO3) .0 17 45

a/ 0.8 ppm for annual average of maximum daily air temperature 79.3 to
90.5°F, according to Federal Register, Mar, 6, 1962--Title 42,
para. 72.205,

The permissible concentration of fluoride varies according to the
average annual maximum daily air temperatures, according to recent infor-
mation of the U, S, Public Health Service, Presumably this inverse relation
reflects the fact thiat with higher temperature, more water will be consumed
as will the total intake of fluoride of a given concentration. Thus, the Public
Health Service decreases the permissible fluoride concentration in areas of
higher annual average maximum daily air temperature. At Lathrop V/ells the
average Maximum temperature is 79.5°F, according to the U,S. Weather
Bureau. For this temperature average, the U, S. Public Health Service
- shows a recommended upper control limit of 0.8 ppm of fluoride. They
indicate that, when fluoride is naturally present in drinking water, the con-
centration should not average more than the recommended upper control limit.

The Public Health Service further recommends that average fluoride
concentration more than twice the recommended optimum control limit, (in
this case 0,7); that is, more than 1.4 ppm would be grounds for rejection
of the water supply. Of the 28 analyses for fluoride, 26 have concentrations
greater than 0,7 ppm, 14 have concentrations of more than 1.4 ppm, and 10
have concentrations of 2,8 ppm or more. The concentration of fluoride for
the individual analyses is listed in table 9, FPlate 4 shows fluoride concentra-
tions diagramatically,

Too much ﬂuoﬁde in water used for.drinking purposes commonly
results in dental fluorosis and discoloration in the teeth of children. A recent
dental examination of school children in Beatty by officers of the Nevada
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Department of Health showed that 19 out of 20 children who lived in Beatty
since birth were affected with dental fluorosis (W, White, Director, Nevada
Bur. Environmental Health, oral communication, 1962). The fluoride content
of the municipal water supply for Beatty apparently averages about 4 ppm.
This probably is an extreme example to apply to much of the area of Amargosa
Desert where fluroide concentration generally is less than 2 ppm. Even go,
problems of dental fluorosis would be expected to some extent. It is obvious
then that fluoride cancentration should be checked where ground water is to be
used regularly for public supply. -

For the other constituents, the concentration of sulfate exceeds Public
Health Service recommended limits in water from wells 135/51-30d1,
¢5N/6-18al, 25N/6-20cl, and of chloride in well 25N/6-20cl. Throughout
the main area of well development the analyses indicate that the constituents,
other than fluoride, are below the limit recommended by Public Health Service,

- Development:

Historical: Ground water in Amargosa Desert was used by the
Indians to some extent before the white man came into the region. The big
springs issuing from the Ash Meadows area undoubtedly attracted their atten-
tion because of the vegetative growth maintained by the water flowing from the
springs. Subsequently prospectors and travelers passing through the Amargosa
Desert also relied on these springs for water supply.

Mendenhall (1909, p. 36, 37) states that the Franklin well (26N/5-5bl)
was dug by Mr, Franklin in 1852 to supply water for parties surveying the
boundary line between California and Nevada, Later other wells were dug
or drilled along main travel routes between mining towns and along the aline~
ments of the Tonopah and Tidewater and the Las Vegas and Tonopah railroads
now abandoned. The T and T ranch in sec, 25, T. 16 S., R. 48 E., was
developed in about 1917 to produce crops, irrigated by wells, apparently for
the market created by mining in Bullfrog, Rhyolite, and Beatty. The drilling
of well 165/48-36al and application to appropriate ground water for irrigation
by the Tonopah and Tidewater Railroad Company in 1917 probably marks the
beginning of irrigation from wells in the Amargosa Desert.

Present: Irrigation from wells remained at a very modest scale
until recent years. Of the wells for which the year of completion is shown in
table 3, 4 were drilled prior to 1950, another 4 during the period of 195154,

39 during the period 1955-58, and 66 during the period 1959 to September 1962.
Although this represents only 113 wells out of the 162 listed in table 3, it does
indicate the rapid expansion of drilling in recent years. Of the total of 162 wells
listed in table 3, 90 are reported to be for irrigation use, 49 are unused or dry,
8 are test or observation wells, 8 are used for public supply, 5 for domestic
use, 1 for stock use, and 1 for industry.

During the summer of 1962, 18 wells were pumped for irrigation. Most

.of the remaining wells intended for irrigation are not yet in operation. Installa-

tion of pumping equipment may have been delayed in anticipation that electric
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power will soon be available, Several wells prdvide water for public supply,
principally at Lathrop Wells and Death Valley Junction. The springs in Ash
Meadows are used principally to supply water to native pasture.

Potential: The potential for development of ground water in
Amargosa Desert is limited by quantity and chemical gquality, Under the con-
cept of perennial yield, development would be limited to a quantity that is about
equivalent to the estimated average natural discharge of 24,000 acre-feet a
year from the ground-water system.

The present area of well development (Tps. 16 and 17 S., Rs, 48 and
49 E.) is several miles northwest of the area of spring discharge in Ash
Meadows, where 17,000 of the 24, 000 acre-feet of natural discharge occurs
each year. Whether pumping in the present area of well development from
the valley would ever materially affect, or intercept, the spring discharge
from the carbonate rocks cannot be evaluated at this time. Thus, pumping
from the valley fill might be limited to somewhat less than the 7,000 acre-

' feet supplied by underflow from the northwestern part of the Amargosa Desert,

from Fortymile Canyon area and by upward leakage from the carbonate rocks
south of Lathrop Wells, '

The present discharge of the springs in Ash Meadows largely supports
pasture or native vegetation during the growing season, but wastes during
the remainder of the year., Thus, only a small part of the average annual
discharge of these springs is being utilized, Moreover, it is evident that
there is a potential for a higher beneficial use of the water; that is, changes
of use probably could be achieved to result in greater economic return on a
year-around basis. For example, collection works and distribution systems
could be installed to permit fuller control of the water for high-valued crops
either in the area west and southwest of the springs or in areas where soil and
drinage conditions may be better.

In many ground-water basins outside Nevada where large quantities of
ground water in storage are known to exist, the '"mining' of ground water --
that is, withdrawing water for many years at a rate much in excess of the
average annual natural recharge or discharge--has been considered or actually
has been done. Uncontrolled pumping of ground water often has resulted in
overdevelopment with the consequent continued lowering of water levels and
depletion of stored water. In some areas lowering of water levels has
amounted to several hundred feet over a period of time. Overdevelopment
commonly has resulted in much economic benefit and may, under the right
conditions, permit raising the economic level of an area to a point where
it can support the cost of importation of needed water supplies, where such
exist, when the cost of obtaining ground water from the local area becomes
too great. However, if no sources are available for impar tation, the over-~
development of ground water implicitly indicates that at some time in the
future it will no longer be economically feasible to obtain water. One principal
problem is the difficulty of predicting the economical cost limit of withdrawing
ground water. The time may be extended, if under actual conditions of with-
drawal, more water is available than can be estimated, if greater efficiency of
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water use is achieved with time, or if changes in use result in greater economic
benefit, The time may be shortened by the reverse of the above conditions, or
by a severe recession of the economy for any of several reasons, It should be
reemphasized that in Nevada, present ground-water laws are based on the con~
cept that development should not exceed the perennial yield,

Planned overdevelopment has been used in Utah and New Mexico to
achieve some of the additional economic benefits possible for limited periods
of time. Planned overdevelopment is discussed herein only with respect to
some of the physical problems relating to the occurrence, movement and
quality of ground water to aid in obtaining a fuller understanding of the results
in the Amargosa Desert. It is intended neither to support nor negate the
possible use of such methods.

The physical process of planned overdevelopment of ground water
involves withdrawal at a rate greater than can be supplied by natural recharge
for a specified period of time, If the area of development is properly located
in the ground-water system, the lowering of water levels will result in a
diversion of most of the recharge into the area of development and permit at
least a one-time beneficial use of the stored water to a reasonable depth
before it can be discharged by natural processes, It further permits beneficial
use of a limited amount of the stored water within the area influenced by
ground-water withdrawals, For the purpose of illustration, we may refer to
the four-township area of present development, previously discussed in the
section on storage, where water levels in 1962 were 50 to 100 feet below land
surface (table 3). After a several-year period of large withdrawals water
levels would be lowered sufficiently to intercept most of the inflow moving in
the valley fill from the north and northwest and upward from the underlying
Paleozoic carbonate rocks.

The magnitude of the annual pumpage‘required to lower water levels
100 feet beneath this 92,000~acre area alone can be computed by the equations:

Stored water

Pumpage = years + annual recharge
or 1.4 million acre-feet 4 £7, 000 acre-feet
Pumpage = years :

For example, if the period of planned overdevelopment were 25 years,
pumpage could be at least 60,000 acre-feet per year., Of course if the lateral
storage depletion were included, as it would be under actual conditions, annual
pumpage could be somewhat larger,

It is evident that with a known volume of water in storage within a
definable area the time a given rate of withdrawal could be maintained with
a’'given lowering of water levels could be reasonably forecast. The accuracy
of such forecasting is dependent on having reliable geologic and hydrologic
data in the area of concern. It is evident too that the problems of administration
would be many and difficult. Sound administration of a planned overdevelopment

39.



requires full and reliable data of the phfrsica.l environment in addition to the
necessary legal authority and the proper understanding and full support of the
individuals and groups directly involved.

CONCLUSIONS

Ground-water development in the Lathrop Wells-Death Valley Junction
area of Amargosa Desert is expanding rapidly. More than 100 wells now have
been drilled for irrigation., The principal concentration of wells is in T. 16 S.,
Rse. 48 and 49 E,, and T, 17 S., R. 49 E,., for which records of 106 wells were
obtained in this investigation. However, during the summer of 1962 only 18
wells were reported to have been pumped for irrigation. Principal development
by wells has come from sand and gravel zones in the valley {ill,

Ground water in Amargosa Desert is recharged in part by infiltration
of precipitation within the tributary drainage area of about 2, 600 square miles,
but most is supplied by underflow from beyond the tributary through Paleozoic
carbonate rocks., Thus, most of the 17,000 acre-foot discharge from springs’
in Ash Meadows is‘considered to be supplied largely from ground-water
recharge in the Spring Mountains. A much smaller quantity, perhaps on the
order of a few thousand acre~-feet a year, is supplied to the ground-water
reservoir in Amargosa Desert by underflow through Paleozoic carbonate rocks
from north and northeast beyond the surficial tributary drainage area.

The average annual ground-water discharge from Amargosa Desert by
evapotranspiration and outflow is estimated to be on the order of 24, 600 acre-
feet. Of this amount, about 17,000 acre-feet is available on a perennial basis
from the springs in Ash Meadows. Most of the remainder is available to wells
in the valley {ill northwest and northeast of the springs.

~ As an illustration of the magnitude of ground water in storage in
Amargosa Desert, about 1,4 million acre~feet was estimated to be in storage

" in the upper 100 feet of saturated valley {ill in a 92,000 acre area, roughly

four townships, around the principal area of development, A simplified
example of planned overdevelopment of ground water suggests that pumpage

at the rate of 60,000 acre-feet a year probably would result in a lowering of
water levels an average of 100 feet in this four~township area in about 25 years.
Under the present State ground-water law, however, ground-water withdrawals
are limited to the perennial yield of the ground-water basin.
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PROPGOSALS FOR ADDITIONAL GROUND-WATER STUDIES

In compliance with the request of Hugh A, Shamberger, Director,
Department of Conservation and Natural Resources, State of Nevada,
suggestions for special studies are listed below to obtain needed basic
data and a better understanding of the factors that influence or control
ground water in Amargosa Desert and similar areas in Nevada, These
proposed studies are separate from the usual areal investigations, which
commonly are needed after the development of ground water in a given
area become substantial,

1. Investigation of the interrelation of the ground water in the
Paleozoic carbonate rocks and in the valley fill in the area around the
springs in Ash Meadows. The investigation should seek to define the
distribution of the difference in head between ground water in the valley
fill and the carbonate rocks, the area or areas in which subsurface leak-
age occurs from the carbonate rocks to the valley fill, and the magnitude
of subsurface leakage. The investigation requires additional study of
available data and of wells that may be drilled in the future, Further,
several test holes will be needed to obtain detailed subsurface data,
Additional detailed gravity data also will be needed to supplement avail-
able data for better control and definition of the Paleozoic bedrock
surface in selected areas.

2, An investigation of physical parameters to develop improved
estimates of ground water in storage, This will involve analysis and
correlation of drillers' logs and terms with electric or gamma logs,
samples or cores, and further study of the geology and hydrology with
respect to the distribution and range of storage and transmissibility
coefficients in the area, The study should include the application of
techniques for analyzing the effects of development on the ground-water
system., For this purpose the possible use of an electric analog model
warrants serious consideration. Potentially the electric analog model
will be of much value in demonstrating the character of various ground-
water systems and should be a valuable tool to aid in the management of
ground-water resources in Nevada. '
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Developmant Co., lnc.
178769+ 4d1|Pye County Land 1962 | 3% 16 554 .. 11%0 13 L2 49.38 9-14-62 - e - T e
Duvelopment Co., Inc.
175/6%+ 341]¥, Woore, Jr. 19356 | .2 - .. .. o 19 ° 2.3 $-26-42 - .. .. v n
178/69- 5a2{¥. Moore, Jr. 1936 }® 490.3] - L34 e 1302 e .o (1] 1-20.34 o L e DPr; U! D1, hole diam. 16*
173/6%+ 3p1{P. Moore 1956 |® 1.6 .- oo .. | 2300 e L 2 1-18-% . (23 e Dr; U| D1, hole dtem. 16"
178749+ 387|ee e (®"16.0] -. - .- 129y .- . .. .. [2d .o .- Dr; U] Bole dies. 16°
178749~ 4ol]Z, Cleveland 1935 {® $6.6] oo .- e 210 L3 .. 9 12-22-33 ae - L4 br; Ui bl
178/49- 8a2|R. Cleveland 195 [®e0s] - . e N t L] 6.4 6-20-42 .. e .- ] Dl, hole diem. 14"
178749+ 401]3. Tysss 1993 [®119.6] 12 3] 138 4 to 133 2308 Te 1.0 0.1 62642 - .- o ic 13
178/49+ 7al[T. Devie 1960 |®200.3] 14 N0 93 to 210 | -- Te 1.8 .7 82342 - L " 1c 28
178/49- 7bliR. Bavia 1960 { 300 16 390 36 to M3 | oo [ 1) 0.0 40.8 6-23-42 o . L ir 1
178/49+ 7cllR. Devis 1953 [} - - e .. - .. o 12- 3-55 .o .. .. 14 D1, well destroyed
173/4%+ 7412, Davis 1960 | 400 ] 361 34 to N0 | oo Te .2 n.s ¢-25-82 o e Te Ie 2}
173/49- Bal A, Clavelond 1956 |® s9.4] - .- L33 12| B - 31.7 3+11-34 L] . .. br; u| Dbt
173/4%9- 8cli?, Claveland v " sl .- - i - 113 B3 3.3 42541 bl . (23 [ DL, bole diam, 18°
173/49~ Bd1{A, Cleveland 19% {® 50.3| -- Lad L4 .- 1 1) o3 .1 6-23-61 .- .. - v D1, bole diem. 6™
178749+ 90118, Well, 2. Ceers 1939 | 300 1612 | &80 150 co 352 |2283.3] % 1.3 157.1 $+20-42]800-900(®154.7 | 43 Ir 16" cag. 0-332; 12"
330 to 480 cog. 330-48 p. toad,,
350
178/49-1101{C. Bettles 1933 (M1a3.4] 20 180 43 to 180 |2274.8] T¢ « LW} $-20-42 - o o 1r D1, 3p. cond., W0
178/69+1102[L. Stegel 1962 "0 3] 16 300 80 te 300 | - 1] 3 .4 $-20-42 o | e 10 j1ir n
178749150113, Sceelnee 1939 | 200 10 01 93 ¢o 200 [2264.0] Dp 5.0 2.0 $-19-41 - F&d o Ir n
178/30+13al [Bys Cowaty Leed 1962 [®ebd 6| 1614 | 480 [100 to 473 [2200.0] Tc 1.4 0.0 61442 - oo [}) Ir D1, A, 18" cog. 0-104;
Development Co., lsc. 14% eog. 173-680; amaswred
flov 2.5 gpm o8 6-14-42;
$p. cond,, 700
178/30-2941 |Bye Cowacy Laed 1942 |®e70.6 ] 1¢ 314 {130 ¢co 300 |2170.9] - L] 0.0 6-16-62| 2000 »n [} Ir D1, A, Ar; msseured flow
Developmant Co., Inc. 3.4 gpm o8 $-16-41;
. $p. cond,, 930
178/31= tatl¥, Waite 1939 | 138 L ] 133 48 to 133 12402.6] T¢ 0.0 LR ] ¢- 042t Ml "ue n 1c 01, A
178/51- Lsl|¥. Wuite tese | 103 [} 103 o 140 T 0.0 0.0 - 9-42 L - .. ® LD
178/31-230] [oo -~ " 228 L] Led .. 2328.3] Te 0.0 0.0 6 942 .. .. N s Messured flov 1/6 grm ou
G942, Bp. cond,, $00
178/312401 | e - {*22.2] .- .. L - 1 3 0.0 15.9 e 942 o L . 1 Dug well 3* x 3°
178/52+ 8cl|J. Dentele 1961 | 400 18 e | 39 te 137 J2393.4] .- .- 3 10-30-43 e .- .- e L1}
178/32- 8c2|J. Bentale - [®"84.7] 18 . - 2397.3| e ] ».8 b 982 Py - .. 1 4 Supplies weter to § families
18/88- Lol |« e |®"21.3] e . .. . I K] 15.1 6-16:63] e . - |0 Dug wall, diew. &' x 4°
108/6%- 2¢1|3. Bmbry 1962 | 402 12 374 402|303 e 402 [2183.1] e .3 1.6 7-31-62 L2 - .. ) n




Tadle J.ee(contisued.)

Cag i Mese. poiet | Wetar level
Yell sumber Yoor | Duptn [ BTa- | Dupts | Ferlor- altitwde| Da- | Mighg () or Tie1d| Drovel Temy- ' Stotus
and Owaet com= | (feat)] mater | (feet) sted (feet) focripd (Leat) balow land Deta {(spm) | dova fersture or femarke
lecatien 4 {1achesy some tion surface (teatd)] 1) ! ues
{feet) _(feet) !
Salifornis
23M/3414¢t [R. Lae 1938 [ ®139.4 12 e | 63to 0] 20%.7] 3 | 2.3 2.4 s-19-62| 200 3 1%.5]? A, 8. cond., 1,330
239/3-14c2 | 8. Lee - (% 12 os 1125 to 128] - Tc | 0.0 K} se18-62] - . ” |u Sp. cond., 1,800
258731541 {Calsfornta Div. of Righwaye e 140 ] 160 .- 2049 Te .0 s.2 7-31-62 e .. .. '3 e
250/6-18s1 o - P21y 12 - e .| 2033 Te .- + 1.1 FT 7} 3 S - [ ] A, Ar, messured flow 2
- spu on $-21-42; 3p,
cond., 1,600
- - L4
23m/6-1801 ‘o . - P22 dox30 »e . .. e Te .3 44 1942 L - 10 14 $p. cond,, 720
2507641981 do s .. [] e e .. e - - - e .- o [ $p. cond., 1,600
230/6-1902 ‘0 PO T - - - 1 | 2.2 1.6 'ea21e62]| oo | ee [ e U .
258/6-1941 L] o X L] .- .- 2013.7] T |- .2 0.0 $-21-42 Lad . (1] v Rot. flov lees then
1 gpm on 6-21-42; Sp.
cond., 2,000
230/6-20¢1 o - |™ 8.3 212 - . 2018 Te “ . 4.1 8-26-42 e | e [1] ] A, Ar; maas. flow
2.2 gpe o8 $-21-82; $p.
cond., 3,000
23076-30a8 do - |® 8.8 12 .- - 2011.7} Te¢ 1.0 * 3 $e24-62 L .- 0 v Bstimsted Llow loee than
.1 gpw on 6-11-62; 35,
coad., 5,000 .
23%/6-3141 do i o |® 3.0 . - - .. e - - .. . P - Dr; U |-~
3 2073+ SHL ‘o - |®10.8] oo - . .7 L 0.0 9.2 61082 o~ . - |u Prankits's well on topo-
graphic map
W% ML | - [y e |® 3.0] .- P - . - - . o P - «e [Dr; UDug d1am. 3' x 8*
200/836¢ do oo |® 193] o- - . - - - . . - - e | Dr; U |Dug diem. &° u &%; Kelleys
well om Copographic nap
278/6233b1 do o |® 22.8] s0200 e - 2 : 3 2.0 0.7 $-10-62 .o £Ld - ] Scrantoe wll os topoe
graphlc sap
27M/4+26b1 [Morris & Van Der lendos - 19393.4] 14 .. L 2237.2 | Tc .2 3.2 6-19-42 - e e [ ..
2TN/4<26¢c] [Morrie & Ven Der lewndon .- 300 1% - .. 22346 | 5» 0.0 1.0 6-19-61 - - - Ir ..
27W/427s1 |Morrie & Vaa Der Lasdos 1960 1 300 % - e 22019 | o~ .. o e "912.7) - 2 1z . M.; 1,100
279/42701 {Morrie & Veu Der lendon e |®126.0] 14 .o - 2243.8 1 ¢ 0.0 2.6 61962 e - e v ..
275/4-2102 {Morris & Ven Der lendon 1962 { 300 14 .- e 2247.4 | - .o 43 s-19-62 |"1273 - n Ir A, Ar; eess. yield 3-18-42;
' $p. cond., 970
278/4-27¢cl [Moreds & Veu Dur lavdons 1961 {®280.4] 14 e e 21648 | Bp K ) 40.6 6+19-62 .. e .- 1r ..




Table 4.oeDrtllete’ logs of selected wells {a the Amarpess Desert, Nevada-Caltfornia

(The well loge coataised hereim were cbtalned from the offfce of the Neveda State Ingimesr, Carson City, Nevada.

The terminolegy of the logs has been slightly wodified for walformity and clarity.)

Nstertal
138/47-35a1. Wuclesr Bagiseering Co., lec,

Loss, sandy

e, sand, and large gravel «
Craval, small, 20d ssade o ¢ = = «
large gravel, and brown

Bouldere sad streshs of red and erange, ssndy ¢
frow 181° to 2004’
Soulders, snd large gravel « « « =
Clay, browa; cored from 23’ to 290
Clay, vatte -«

. Clay, btown o « »
Soulders, multicolored, and yellow :uy
Clay, white
Clay, brown, and emall gravel
Clay, greentehebrown « o o « o
Clay, white, and bouldare = «
Clay, brown -
Quartsite =
Clay, reddish, sad soma boulders
Bou hard (quarts, grani
e saesosweoeo
arge and mall;
Clay, reddish-bPtown, shale,
Clay, browm
Boulders e = o o o =
Craval, small; vater = « =« ¢ » ¢ s o o »
Cr . %mall, sad ot
Sand, hatd, tompatted

P

P Y

L R R R B B R B N - I N S N N B R

IEEEREE

198/49-11cl. R, Washburn

Sand, gravel, and bwldno L
$and, compacet ad

Boulders and clay -
$40d, Nafd + = o o s s 2 0 o oo
hud. hard, gravel, and cnllmu
Sead and gravel
Jouldsrs (hacd, rough drilling) =
Sand, 4 VELETr © = ° o v o o .

doulders « « = =

Sacd and small grevel

aaecoeae

Total depth «
138/49-16a1. R, Washburn
°tT Totsl depth :
155/49-2281, J. Shaw
Sand, gravel, and fock =« s s s e s s e s e s e s o
Total depth »

138749+2241, R, Vashburn

Sand and doulders
Gravel e e s s s c v o ceooose

Sand, fise, gravel, and doulders

Clay snd boulders
Clay, boulders, snd gravel

Total depth »

155/49-2741, R. Washburs

Cypous, d . e

Cypeun - .o - -

Saed, grevel, and rochs = = -

Sasd, greavel; watere e = o o o

Ssad, gravel, and rochs; weter

Clay, Ted, saady, and gravel; wete

Clay, red s e cooscccsss

Clay, rod, ead gravel = e o v o s o o
1587350-18¢cl. L. Pereirds

Cmvel s s s s e o s cessscsocsvessssssca

Total dapth =

otlli.llll'..

Thichness

DR R R R R I R R R S B S R SN

ce e LR R A B RS RS Y

(feet)

370

Depeh
(Leet)

Metorisl

158/30«18¢3. L. Peretrds

Surface = e s 0 v o 0 o o
$a0d and grave) s = = = o
Sand, clay, and doulders-
$and and gravel = « + © o
Clay, hatd- e s c o e o o
Send, gravel, ead boul
Clay, havd - ..
Saad sad gravel; wet. -
Clay, hard, and boulders. -
Send and gravel = ¢ o v o«
Clsy, hard, and boulders -

Sand and grave) * + > o o
Clay
Ssad and gravel

138/30-18ch. 3. Bosstlaghen

Loan, sandy = «
Crevel, coarse, 8ud Doulders
Ssnd, hatd, cowpacted, and small gra
Clay, beown, ssddye = = e o = = » =
Sand, coatee, gravel, and boulders~
Clay, gruy, 840dy ¢ o e e o v = o o
Sned, coats
Sa0d, hard
Clay

~tb 0t B A
DR R I N R |

R

ota

158/3Q-18¢c6. B. Whellock

Surface » e s v s e e v a2 v e

Saed sod graval o o v o o =
ad bouldere

aad boulders « « » o
cs and clay
Gravel, bouldere, s0d esnd
Boulders snd clay @ = o = =
asod ssnd

Clay, har

Sand, gravel, snd
Clay, vatd o o »
Send, gravel, and
Clay, bard
Sand, gravel, ond
Clay, hard -
Sand, grevel
Clay, hard =
Sand aad gravel
Clay, ssady = =
Sand s3d gravel -
Clay, Bard = « =

boul

beulders

doulders

ad

188/68-241, D, Beath

Topeoll ¢ o o «
Sotl, ssndy

Send aed elay «
Sand, coarse, snd gravel
Cley with etrsaks of white lim
Sand asd gravel
Clsy, ted

148768341, I, Keafe

Surfsce sand and gravel o o o =
Cravel, coars
Cravel, cos
Shale, liee

.-
.o
.-
.o
.-
.o
-
-

R R R R R E R R A EEEE R
DR R R R R N I B R N I S B R N S B BN S Y
DR R R R R N N B R N B S SR RN N I BN S )

-
-
-
-
.
-
.
-
-

Thicksess
(teec)

Depth
(Loer)



168/48-441,

Tabls 4.-=(concinued)

Material

3. Taskinee

168/48-8al.

168/68-001.

168/48-901,

Topetil e e = e e oo
Clay, sandy » = -
Saed sud gruvel
Clay, sendy = » »
Cravel, semented
Clay sed gravel »
Clay, sasdy »
Sand, gray, fise

Clay, Slua, har¢ -
Cravel, large; water o
Clay, blee = s e e o w
Send and gravel o -
Clay » o = =
h-lnl(nux.-..

Ssnd, fine, snd emll |nnl

Sand e¢nd gravel - =
Cravel, very coer
Cravel, small
Gravel, coarse
Clay l:‘ gravel =

168/48-501,

Saod and swsll rect - -
Rock, 20d = = = «
Cravel = -
Clay, grey o = «
Send 20d gravel o

Sandstons o o
Sand a0d gravel
Sesdstons » o o

Band and gravel
Sandatoas - - o
Sand and gravel
Sand ood slay

Sasd and 3rawmel
Clay, ted » = »

L. Schultz

7. Voeldrtdge

Sand, gravel, sud bouldars
Clay, drova, saady, ead gravel

Sand, pedium~ o « »
Sand ad gravel - »
Sand, large o o o o o
Clay, brown, sesdy,

Clsy, sandy, sod grevel

€. Darir, Sc.

Topeotl .
Ss0d end gravel =
Claye == o s o o
Sand aad reck - -
Claye »o e = = = =
Band and gruvel -
Clay, ssndy « = «
Sand and gruvel -

-e
.o
..
-
- -
.o
-e
.o

€. Delir, Jr.

Topoeil = = =
Sand and grevel o
Clay, sandy © « o
Send 40d Fock © o
Clay ~eceoee
Send and graval -
Clay, sandy « « o
Send god gravel ¢ @ o @

165/48-921. €. Caldwell
Basd ond glay o
Cravel and sand
Clay and grevel
Sand and gravel
Basd 2o e
Sand and gravel
Roek, hard o o

R EN]

Cee ety

Crs e r et e

L R R R R A B RN '}

Total depch

PP
aean
caese
ceen
v oea
s o mem
.oaa
eano

- cecee
- ceee
hul dn:h -
r.nx dopth =
hul upn -

Thickaess
(feet)

-

- -
NP PNOULNL~CORREBENG

Depth
(teet)

Materisl

168/48-941. D. Padearecht

Topsell and sand »
Clay, sandy = = =

Sand and gravel
Clay, sandy

Clay,
$aad and grevel =
Clay snd rock = o =
Send, dard, and mk
Sasd e 0o o= = o
Clay w0 o o = =
$and and gravel
Clay e e v oo o
Ssud sad grovel
Clay e o s e o o

Tots)

H!I“-lﬁ‘l.' Nrs. A, Menkises

Ssod sad topeotl »
Clay, ssndy = = = «
Clay e » o e s aw o
Cravel, comented, coa
Clay, ssndy
Clay, hatd = « »
Cravel, loose o« = o~
Saad, fise, sud .nnl.

2a0d and gravel o
Send, coStIE * =+ =
Cravel e o @ o =

Sabd e e e v o o e
Pea gruvel, lacge
wized
Pes gravel, lacge
Boulders » o = =

DR I B SN I I )
RN
DR N B S A A Y
R I I SR A ]

Gravel = o e ¢ o =

Total depth

168/48-1001, V. Moarve

8408 ¢ e s e s e e nccsesecnancecmooa
Sand and gravel = cesasee e o e e
Cravel, cosree = cecnne es e
Cravel and sand e c o cc oo e oo ce v

168 /48-11cl. J. Plerce
Serfsce sand god gravel e c = o o o se e
Send, coatee, senll gravel » = o emeoe
Cravel, toares = = e s e 0 s o o = = oo
Cravel, scerse, strmisd with clay s e s e 0o 2 o 0 0 o
Total depth = = o

1637481341, P, Pathor
Topsoil #» @ e s e mcescseccccancmnoe
Send sad gravel =« ceeasee eeee
Clay, sandy = = » ceceovea e e oo
Ssad asd gravel o cemsecen ceea
Clay, ssody emeemmwae PR
Clay, hatt ceasencaae easa
Sand sud gre P Y -
Send, fine « -
Clay, hatd = « ceesenea T
Clay, sandy =~ seesecessae - oae
Send, fine = = essoesen PP,
Clay, sasdy = o nocovccccccns coes
Sand, hatd, asd PCk » » s s 2 = 0 = & eseoa
ccccanne secee
Clay, MM reccccacconscsccns aeveen
Total depth o « »

Thicksess
(fear)

~
ONNANSNeF

whuelulLlss

Pl
~

20
106

162

33
163

12

Depth
(fear)



Tadle 4. -~(contioued.)

Thicknass Depth T™ickness Degen
Matarial (feet) (feer) Material [$111%) (feet)
168/4841402. T. Callagher . 165/48.2041. J. Downey
Toptoll @ e e s c e o oo s . .o 2 2 Topsoil o = o » “ae - - . [ [
Sa0d acd gravel e = c o = = =« - .o ” [T Sand » o 2o e o R . - e 2 I
Clay »+ s o occaacas . .eee [} 104 Rock o oo oo e .aa - - . % *
Sand and gravel; water < = o - LRI 32 138 Sand, browm « - = .- we - - .. 158 18
Sand aad fine .o e . .o 10 113 Lisestone = = = « .o e - - Py b 1e7
Cravel, large .eas - .o 12 158 .. . - - - Y 233
Sand ¢ad five gravel = = « = . LRI 12 170 oo - - - ° 2-1
Cravel, sedium o o o e o o = - - e o 1 181 LI IR - - .. [ 2"
Pas gravel c o cc e e oo - LIRS 16 198 Lisestone, L - - .. 1) 28
Sand, fioe, snd pmall gravel - .- ] 203 Limestowne, broken « o = = « - - . 0 1)n
Sand, fine, end Light red clay -~ - eaa 37 260 Sand, Matd = o o 0 o0 oo - - .- ) e
Pea grevel and doulders = » = ~ = - .o 6 266 ota - 1~ .
PTes gravel sad d e - - oo 17 203
Sand and small gr. LR I .o n 293 165/L8-23a1. H. Cillespie
Clty s o e cooo saacoeae - PP . 01
Clay, fine, satdy = = o o o o » - -ee 1] Ky Sand and gravel » « =2 o e o o = » . 2 133
depeh - . 39 Pes gravel e o o v c e o o oo LI ‘0 .,
fand e s e c s ccemns oo .o 40 [
168/48-1641. P, Perry . Cravel » o o o o cooes o= ... 193 "
Clay s o s e cccccocsae oo . o
Rock, 8404y © » o = o v o o o o - - 90 90 .o 10
Claye s ee ceeeavaocse - - s ”
Sand and gravel = o o « = v ¢ » . - 13 110 165/48-23b1. &, Cillesple
Sand, hardpack o o oo oo o - - 18 128
Clay s s v e v cccnaces - - 18 146 oo aa e e v waossoseee 8% *%
esecceaacsa - . 18 164 ce oo ceecesssaceoe 230 1e
ceeseecsaas . - 16 180 ce oo ceceesecacass 10 %
Send and gravel « « =« e ee - - 30 210 - > e .« e ..o a ' 110
y *ec e s ceccocne - - 18 228 . Total depth = « « i
Sand snd graval « o =« o o o o o - - 12 260
- 260 168/68<23c1. N. Cillespie
163/48-13a1. [. Mankinen Topsoill e e e e s s e s e e ccccvesocccse 10 10
Sotl, saady, Cight = = = = - e s we 37 a?
Topeofl e e e e e cccecoson o . . . Sand, e ececnmsoccean 1] "
Clay e e e ceccsosvoonsecsnsese - 9 1) Clay, light. 88ndy = e e s a e e s e s = s e o o o = 27 19)
Sand, red, s0d graval « » o s e s o o - n (%3 Clay, red, with sttesks of gravel » = « « = o o o « o 3 143
840d » ¢ e v e ccecasccvewn - 3] 9 Clay, ted, sandy, with steans of white lime « « ¢ « « 129 1)
Clay, fred e s c s v c e e s e v oo - [ ] 9”7 Sand and fine gravel = » = EIC IR ] 120 (%)
$20d and gravel; water o = o o » o » - 53 150 Clay, stichy « - e aoa ? a8
- 150 Sand, costse 3 - e oo b33 531
Clay, hard, sticky « o » = es ecencons L] (3L
165/48-1501. L. Danaby Total depth « = o . 510
Topeoil = = « o o = = -w - - Y ' 1605/68-2381. V. Gillespin
Clay e s oo ceaa .- - - 1 21
Clay = ececcceee - - - [} 30 Topsoll o « o « - - . ] [}
Seod and clay » o « « - - - 1S &3 Sotl. sandy, ti - . - $a =2
Sand, hard, bdrovn - - - - - - ] (24 Sand, fine, and grave! = = = = » .. 14 ER
Send, hatd = o« o - .o - . [] 73 Clay, light, sandys = « o = o o = - ” 131
Ceavel, ved = = = o = - - - H 20 Clay, ved, with stresks of gravel .. 2 190
Clsy, drown, and esnd - - - - ? 24 Clay, ved, ady, with streaks of white lime- = = 130 120
Clay, brown, and sand - - - [} 9 Sand and 1 - L) 13 23]
Sand; weter » ¢ e c e e s e e = = - - ] 102 Clay with .. 3% «40
Ssad gad gravel e m e 2 0o 0o s 2 o o = o - 20 112 Poa graval o = e e = oo o - F13 3at
Ctavel; vater = e c ¢ s 0 o o o o o = = . ? 129 Clay, otichy @ e e c s o s = o o o = e eee 2 303
Clavel e = = c e e e s ccensnasas - [] 137 Total depth o o o 50)
Cravel; wata? = e s s o 0o s s a a = o = - [} 163
Clay and gravel = e e c o v 0 o v v = o - b 149 168/48=24et. M. Records
- 149
Sutface soil = » = . IO 2 2
165/60-16a1. . Selbech Cravel and sand - ~ s e 9 n
.- cseea 10 2
e aae e s e ween - 12 12 Send and gravel o » CECIE I Y 10 n
*eee ceacvee - 9 108 . ceea- 13 0
e eea .eeae - 1 118 PP ] [
Sand and rock = o o - oew .. - 1) 164 .- 12 (1]
Clay, sandy = = « o = seevenm - [ 10 Cravel 4nd sand . ee e 1 ~e
Send snd gravel « = = ERCIC A - - b1 208 “Clay = oo o= - e s aeae 12 L1}
Clay e s 2o coese e v e a - - & 12 Sand, graval, sand .. e oo 18 109
Sand, coare - - PR - - 16 2128 - - . *« s e ea $ (19
Clay s e e cenea - e - - [y 23 . - o neee 13 10
Sand, fioe - o - - [ 2062 - P e e wa 19 128
J ceccce -n e - - ] 250 - .= . nee [} 150
- 130 - - .o e 18 17
Seud and gravel o « .- LR ) 187
168/48-17al. J. Overhaleer Clay eccve e .. e caee 21 s
Boulders and gravel . %o eee. 1) P31)
Topsoll « @ ¢ o = o o - - 4 () Clay and doulde .. ececcon ) 256
Cravel, cemented = o - - 128 112 Ssnd .. s ecoee L] 02
Sand, fine~ e o = = o - - 2 134 Clay - CEE I 1% 2y
Cravel, comented « » - - 146 %0 Ssad, gravel, and .o e . %
- 180 ClUy e=covececcescccsse - - eeoa 8 ) 297
Sand, gravel, and boulders » - - o+ oo 19 Jie
168/48-1851. J. Bell Clay s s seccecnas .o - ees 11 b P24
. Sand and gravel » « « « = .o eeve 12 139
Topsoil e v e s e o cnccse - - s s lay cecemnscee .= e eaa 23 32
Sabd = =« =2 e e eoe P .o - 10 13 Boulders and clay = o = = o - eee b} 369
Sand, toarses = o o o ameas - - 1) 1 Clay e e s ceoacocse .- ccen o 18 387
Sand aod gravel « » « -see .- - 202 240 Soulders and clay = ¢ « = » .. e oo 3 92
Send = eeemonn= cees .o - s2 ™ Claysoeo scccosa .o ceeee 2 L6
Rock, Dreken « o « = co v a - - - 'y 98 Bovlders ¢ » o o e oo o .- e oea 7 421
Sand, 16l = « » e o o ceee .- - ” 380 c“eecee - e aee 8 Y3
T - 380 aecew -e cecewn 3 472
e oa - e oo ] ~80
Total depth « = 480

"—*-———
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Table &.a-{continued.)

Materisl

16Sse8-2ecl. R. Records

Surface so1l, sanz, and eravel

Grave,, Pediur = = = = = =
eseesseevee
ghaleg @« # e o ¢ o o &

e s e s o e mmace
e 270 gravel o -
185 wda2bdl. R, Records
Surface 1016 v = v = = = o
ravei = - o o o
gravels = o = = =
wldigl o o o oo
gfasal = o o o o
wf And SrIvel o o o o
Y 2 S
1 and 9494 = =« = o @
. S o . - e e

Cediy SANIY o ® » o = v o

Cravel, 8and. o o = o o

2. e ® s s e oo e

Sand, doulders. and sravel

8L = = e 2 = = s e e s

sand and gravel
Clay
Clay

San¢, soulders. anc cravel

Clay « = o o s = o o«

ang gravel

-
-
.
e mecae
-
-

4 boullers

imF emalSal U Reilies

Pt
[4

oi, 1ary,

-

e e s e annuae
el, Codrse. 39 B4N. o
¢ tine, and 8
Sond. hWar3, fine. witio streaks ot

L I N R N N S R S S R R B S S SO SRS

LI I R R R T T T R R I N A Y

Cravel, cementes. ano li=esiones

Gravel, “atd, 373 .i=estone «

Cravel, hars, and
Grasel, fan
Limestone,
Cravel, ceven
Cravel, loose «
3and, fine « « -
Cravel, coarse =
Cravel, tine = =

2iav, senc,
Clav, herd, san3v,

Cravel, with streans of clav « »
Cravel, tary, and limestone
Cravel, cemented, ans Limesione

one » o
el, cerented ~

Cravel and sone clav » = = »
Livestone,. santyv, very hars

105,48-27¢l. M. Barr

Sand ang lireszone o
Sand an2 gravel = « o
Cravel o = = » »
Rock and gravel
Cravel, cea
Cravel =
Sand an3 gravel
$a0d » o ® o » o
Sand and gravel«
Cravel = = = » »
Sand, {106 » = =
Cravel = = = « «
Cravel, cos
$ana, clav, and gravel
Sand, fine, and clay »

.
t e et

-
-
-
-
-

L R R R R R A I A R ]

L RS R R R P A}

T
b

DR R R I I I N e R R R R S A A

PREERY

I EEEEEERE]

limestone

aravel, anu lirestone

DR I B R SR N N R

Tot

EEEIC RN
']

S
s

b3
T

R I A
R N I

e eecasw
ceeea
c e
ceoan

oo
s oo an
e e
ceeen
ces e
ceeesw
P
P
P
e eee
al depth

Thachness

D R R A e R ]

(teat)

-

b oo re
U Ry JF RO I

)

b
°
2
7
3y
°
[}
q
L)
9
-
1]
3
1
3
3
2
?
$
b
]
8
3
)
3
3

I

I

-

Depth
{leer)

Material

165/48-27d1. ™ Delph
Top 001l o o * o o o
Limastone, very hard
Sotl, sandy
Sandstone, crusbly «
Clay, light and sand
(39 pink and sand

Sancstone, light drow

Clay, red, and little san

18S/48-)0d). Mrs.

Surtace soil » o ¢ o o = ©
Limestone, cewentad, and g
Clay, readisn, cemented, ang grav
Clay, light colered, ana sand

Sandscone, gray
Limestone, hard « = o
Clav, red, and lictl
Clay, red, acicoy =
Clay, red, and sang -
Clay, red, and gravel
Clay, brown « « = = »
Limestone, hard
Clay, whate (rale)?! -~

Clay, gray =

TR R

with eccasional boulder
(nedivm)

Livestone, gray (mediun)

16S/h%8al. K. Meese

Surface sotl = » « o »
Loose roch and gravel
Ory gravel « = = = o
Conglomerate
Sand, yellov = » = «
Sand, light colored
Ceavel, large; wvater
Clay, red; with 1

[ SRR RER]

185:49-9¢1. T, Selbach
Sand and rock «
Sand, hard pack,
Clav and rote =
Sand and rock »
Clay, sandy = =
Sand aad rock o

TOChe
rocke

Clav and
Clav = »
Sand and

Sand, har
Clay » »
Sand and
Clay = «
Sand ang

racke
Clay = = = = »

16S/69-16al. W. Johns

Losm, brown, sandy
Sand and gravel »

ceoe

Clay and boulderse « «
Clay, Lighe gray = « «
Clay, brown = »
Clay and large gravel

Clay, browvn « «
Sand, hard corpacted »
Conglomerate composed of

168/49-14b1. W, Johns

Surface poil, sand, and gravel =

ceevsavecns

$a0d and gravel
Gravel

€ gra
inches thich every & or § fe

DR I B R S R R RN R N S I

hatd, compacted,

EEEEREE
R
s e
s et e

-
-
-
d

'l.l'll‘l

M. Watson

DR R R R B N R R B S )

-
-
-

-
L

-
-
and
et

R N N B R R R R RSN R R R ']

- e

clay 4ad gravel -

Total depth

o oe
* e

Clty s e s c st casssccvansceneee

Total depth

-
t

Totsl depth

Thichness

RN R Y

.

(Laer)

140
130
100

Depth
(feet)

198

160
290
3%0
10
3%




Table &.e«(continued.)

Materisl

168768-13al. ¥. Johns

$and = » o« o 2 o o o PR e e s o v e e ee
Sand and gravel o o .. es s esceen
1. «ee .. emseeaacas
vele o o - essecenaas
ccoeseeeae cessaveas
c e e reeea ceevemesoa
e s e oo aenscesesse
Sand » s e s e s e o oo o cesanceas
Total depth =

1.8:69-18a1, V. Nanke
Surface sotl, sand, and gravel .- -
Sand and pes gravele = v - = © .o -
Sand, hatd » o = e s c s o = = .. -
leeceosonsacascs - -
et e e oo aeen . -
e e e enenena .. -
Tot -

108/69-19al. L. Mecter

Sutface 804l o = = = «

Clay = « e o s e
Sand tle = o
Clay eeoa
Sang els o -
Clav o .o
Sang ele = =

Clay -
Sand, gravel, and bouls.
Clay s e e vosocacas
Sand, doulde
Clav e e e o o v o o = &
Sand and gr. -
Clav « « -
Sand and gr. -
Clay s s s o e aecoeose
Sand, boulders, and gravel

-

-

Clay and boulderss « o «
Sand and gravel « » o

-
-
-
-

R I A R B A TR A )
L R R I N B N N R R R R S R R B S R Y AR ]

L I I I R T I R R O A N B R R R R R S R R I Y
L T I I I R I I I I B N R R I B R N S BN S N I N )

Sand and gravel
Clay e o o = o o
Sand and ¢
Clay = « .
Boulders and gravel-

Sand, gravel, and doulders = + « . -
Clay e e o= eos o «es - -
Sand and gravele « = = .o - -
Clay » = = e = a oo .ea - -
Boulders and clays = = . e - -

y e oo ea .as - .
Bouldere and clays « » .o - -
Clay e e e v o v o=~ R - -
Boulders = = = o o = = .o - -
Clay, Natd @ o = = = = .o - -

Total dept

16576941901, L. Meeter -
Surface sotl - P eseos -
Clay « « .- oo e ewoa -
Sand, gravel, and boul .o e esaa -
Clgy e s s c o s e v e s s o ea oo oee -
avel, snd bould - ea e eoow -

L I I N Y Y

gtoval, and boulde

Clay e s e e aneeee
Sand, grsvel, and doulde

Clay s s e v oo cee

P R R A R R R R B B RN B N R )
DR I S RN R N B R R R N R Y A )
RN

Total depth

Thichnase
(fear)

Depth
(taet)

40
360
383

L34
20
%20

168/49-19¢c1. R, Racords L

Sand and gravel = » o « e -
gravele - e e -

Clay and gravel = = = = e -
Cravel o e oo oo oa - e .
Clay and gravel » » = « .o -
Sand and clay = o o o - e e -
Clay and gravel = « = = P -
of graval = -

168/49-19d1. L. Meeter

Hardpen o = =
Sand and gravel
Clay == oo
Bouldere and clay

nd
Sand and gravel
Clay sad sand « -
Cravel and boulder
Clay and sant = «
Gravel and sand «

DR I R R RN I I N S B R R SR I U Y
LR I O N I R R R I BN N N B R N S N Y Iy Y

Sand snd gravel = = » = »

165/49+-20s1. M Travis, J. Larl,

]
2
a

Sa .
Gravel, cos -
Sand, fiee = «
Sand and gravel -
Cravel e o« o o

13

Sand, coarse o~
Send, fine, and
Sand, coaree -

ravel in layerss

188769-2041. L. Lasterbrook

Topsoil = = = o .
Sand and rock <« o o o o
Ssnd, hard, and Tock = «
Clay, whitee = v o = o =
Clay, and Tock = « = = =
Sand, hard, -
Clay = = = -
Send, Mard, snd rock -
Cl. -

RN

Clay = e o o o =
Sand and gravele
Sand, har
Clay, ¢
Sand and roch- « » = o

188/769+23¢1. Nre. R. Dalton

Clay e sevoccasns

Boul -

Send and gravel » « o
Sand s e e e oo
Clay, brove o « » »
Cravel with stresks
Clay, browve = « = «
Cravele « «
Clay, brows
Cravel o o o o oo

Clay, brewn »

Thicknass
{Leet)

Depth
(feat)




(\

Tadle &.ec(coutinued.)

Macerisl

163/49-2¢41. D. Biledorough

Surface 60l ~ s e s c e e e s e cc s o nancs e
Send, g3 d bouldets » = = o o - - en e
Sant
Cravel L - .o
$408 = e = o @ s » cecevoe - ceew
Sand and gravele ccae=ee - ce s
Soulders, loose~ e meceee e oo meaa
Saad snd gravel- e e escsse cvenocas
Clay oo oo o= ceseces ces e ean
Sead and gravele seemcecancsnnne e
Total depthe «
168/49+1442, R. Records
Topsoll o o e e ceces creoesn
Tight aotl » = = = cecscee e enoee
Lissatone, Wetd o e e s v o a o v o e woom e
Clay, light ¢oloreds « » = o « v = o PRIy
Clay, browm of Teddish = = e o = = me e enae

Clay, light, with sa pccasional Bard streak

overy 2 0r ) feet e e e 2 s o o
Clay, ltght colore 1¢h lens of sand sod gravele «
Clay, oticky = =

169/49-28a1, X. Wickner -

Topaoil e e rc e s vo e coa
Conglomarate with fev boulders = =
Linestoas, hatde o e v o o =« = = o
Conglomerete vith larger bouldere-
Sand, light colorede « = = = o o »
Cravel, camented =
Craval; water = =
Gravel, comented, with ved clay lens

LR B Y A
et e
DIy
R

Total depthe -
168/49-28¢1. . Mason

Topeol]l e e c e s emcccccsvocosoceea
Cooglomerute with large boulders « o sc e s
Limedtoaes » s o e a s e o na s ececaae

Gravel, cementsd
Sand and grevele «
Cravel, ¢omeated » o e ccc s v ccecocancren

Total depthe o

168/49-2841, M. Wickner

Topsoll e e s e v eesrecscccsssanse

Sand, light colored~ aeeeaa ceescee
Gravel, comsnted « « e e e s=eae * e oo e
Gravel; wvatare e e s o s e s a = e cececcne
Clay, Tedd{ah, with lfttle gravele = o « ¢ =« o =2 s o =

Total depthe o

183/49-29cl. 1, Camell

Surface s0il » » » o
Soil, sandy « = o
So1l and rocke -
Saad, light colore
Sand and gravele = o o o o «

NN
RN
D)

1687493001, 3.

Surtace soil - cenoos -

20{1, ssady - casesa -

Cravel, smll, e v e sea -

Cravel, large, tamented o« o = o o o

163/49+32¢l. J. Bousell

Sutface 00ll e e v e e = 0 0o 0 o =

Bocks sad gotl 2 e e o e a o n s o

Cravel and reddish clay = oo o =

Crevel, fisa, 80d gand » = ¢ o «» =

188/49+32¢41. X. Stephan

Clayssd 4nde s c e c e s a s vvccvoroasnse

Sand 204 gravel; water o o = = o o eesecnccae

Clsy 8od Iinestone s s s s o s v r s s w o s oo es
Total dapthe =

Thickness
[§{T13]

Depth
(Loet)

10
118

3)

Katerial
18376923001, M. Modges

Surface d01l o o
Sand and grave
Clay, sandy =« «
Sand asd gravele
Clay s« 0o oo e
S4nd o o o s o =

Clay, hard « o
Sand and gravel.
Clay, sandye = » «
Sand and grevele & o
Clay, sandye = = o

D I IR A A )
RN
LR I B A R )
IR ERE RN
LR I S R AR
DR R B SN )

°
~
.
-
-
*
-
~
>
H

163/49-3%1 N, Berry

S0l e e v ccveecce
Clay and gravels = « =
Boulders, large, and clay

Clay e v ooncae

Clay s s o == as

Total depthe = =

168/49+3501. L. McCoy

Topsolle s v e e v s s o e e
Clay, yellow « = cveoee
Boulders, Latges ¢ @ ¢ v o = = o
Clay, yollov « R
Boulders sad g .o
Clay, vhite = o « e e

163/30-7¢l. L. Cood

$and e = o o
Boulders « «
Gravel, fine
Clay » » = =

1, fine

178/48-3a1. D. Kallovell

Y e A I I A

Lisestens, white, sefs, (1) or e ecoosea
Cravel and send; L4t v 0 o o s e neee
Cravel » = o = = s ecesocsnae .o

Total depthe
178/48-1¢1, ¥. Royle

Sutface ool = » o =
Sand « =+ » o =
Clay e e 2 v 0 e =
Sand sad grovel o
Clay e e oo ooe
Poulders and
Lisactane:
Clay wich -
Clay = s nr=e-= -
Sand and gravele -
Boulders and gra -
Clay and boulderes « =
Limestone = = o o = =

Clay s o acooece
Sand asd gravel-
Clay asd grave

Linestens broken up with gravele « « = o

178/48-141. A. Bettles

Topestle o = = = o =

seecocvssscccses
.o csocaces
. .-
- ..

Lisaetonss = = = »
Lisestone, hacée
Clay, yollow < «
Clay, whigee = = »
Lisestons » = = o
Clay, vhite o « «
Creavel ond send
Clay, brove = » =
Poulder @ = ¢ o o

Total dopthe = «

Thichaess
(Leat)

SreRusewaverlunnnouvan

- g

Depen
[¢{T13]




- ch Lt e wieen s - e .. - b - - . - L.
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Table &, e={conrinved.

Thichnges Depeh

Msterial [{{T13] (teer) Thickness Depth
- Material (teer) {teet)
178/68-142. A. Bettles . 175/69-6at. L. Cleveland
Surface material o o v o o o » - &) 4) Tapsoil e @ e o e o s o o 10 10
Limestone, hotd . - 1s 38 Sotl y v e b3 "
Limegtone, porous, altered - = - &7 108 Send and gravel « = o = o b3} o
. 108 1)
Ll
175.48-1d). A. Becttlas 175749-622. L. Clevelend
Unrecorded = »  « « » o o o » - 2% T Topaoil = ¢ e e o 2 0 o o - 13 13
Sand and gock, waler = o = o « - 30 b S01l, 8oy « = o = o o o - 0 33
Sand, gravel, and lisestone . 0 [ 23 Sand and gravel « « = o o . 33 0
Limastone and sand = = = = » = - 30 116 Sand, hard, cowenced, and . 10 0
Sand and claye = = « = « . . 29 143 - 80
Clay snd qravel =« » = « - - n 17
Craval; wvater = o o » o - . o1 P13 178/69+801. J. Tynan
- 219
Topsotl « = = = [y 'y
178/768-12a1. A. Dettles Sofl, tight = « 16 20
Soil, sandy « « 2 12
Burlace 89i] » » » » 2 o o s v 2 e 2 2 s e e s e » » Clay and gravel 48 %
Limeatone, cemented, and gravele = o o ¢ v e e o o o = b} (3] 2 72
Sandstone, teddish, porous, vith gravele + = « « - 20 (3] [ 80 1852
Total depthe o s Clay, ted, with hul 3 133
. 135
178769202, M. Berry
178/49-7a1. T. Davie
Sand snd gravels « = « © - - 1] &0
Clay and sand o = o = = - - 10 30 Surface motatiale o o o = o o o o @ LR XK &0 40
«e sase - . I 0 Limestone, hatd « o o = = . .o - 13 33
some granite « - - 0 0 Limestons, porous = = « « .o e . e - 133 10
Sang, gravel, and rock - - - 40 120 Totsl dopth = = = 30
Sand and coarse gravel « - . b L] 130
Sand, coarse gravel, and - - 50 200 178749-761. N. Davie
- 00
Topsoil » e« o e o o o o - 10 10
178/6%9-4a). Nve County Land and Developsent Col, Inc. Sotl, cight - 20 n
. Cravel, comented, interbedded with hard limestons - 9 13
Sand and pedble gravel. Pink and yellow, rounded te Clay, veddian, sand and gravel, interdedded » » = - b} 190
angulsr and clear, rounded to subedral, very fine to Clay, Hight ¢olored, ond 6and = © o ¢ o = o = = = - »”0 %0
vary cosrse quarts. Rounded to angular, sand and pedble Clay, light colored @ ¢ ¢ e o s e c e v e 0 e oooaa 38 b }]
gravel (to & maxious of 10 wm) Cragments of vhite to Limsatons, vhite chhy- CE I I LI I B ) n 290
[ Yrown, and gray velded tufl. Caliche with very
fine to very coarse quatt: and magnetite. Some dlack - - &2 %0
obaidian either ang.lar or roundel with calcareous - - b) x)
deposit on outside, chert, snd magnetite. Sand dded with white limee - - 42 308
and gravel vaties i1n percentage, throughout with Sand 8ad gravel « = e c s e s 0 0 o o - - S 390
oither resching & saxinua of 80 to 89 percent, Clay, mostly greene o o o o o @ = s o - - 17 497
Tan to light brown, ailty, calcareous ¢ . d . - - 28 433
250 ane 292 e oo %0 %0 ') 0! - (3] 400
Clay, tan to light brown, s.lty, calcareous. Some v-ry Sand, dath * = = cc s v e v csoesrccncns - [}
fine to very cosree quarts and magnetite, as adove, Clay, light ¢colored = » s c e s s s e a0 v s oo ae 13 300
Some white, calcarsous meterial between 360 end )90 Total depth = = o 300
fegL = s ¢ s e e s a e s e s e s s emnnoene 100 &0
Sand and granule gravel. Pink ond yellov, rounded to 178769-Tcl. N, Davis
sngular, and cl » Tounded to suhedral, very fine
to very coarse. silty quartz. RMounded t3 angular, Surface sotle seeccccsecrnencmens 32 a2
aand and granule gravel fragments of white to red, Linsstons, comanced, and gravel » o c o c e e ¢ 0o 0o a o 29 [13
Srown, and gray welded tuff. Caliche with very fine Total depth = o o (33
1o very coarse Quart: and ssgnatite. Some black obsidian
«ither angalar or rounded with calcareous 178/49-741. T, Davis
outside, chert and mag it Clay cutti
throughout, probably cavings « « = « o 10 $10 Topsoil e o e s c v e s oo s e LI Y 10 10
Clay, tan to light drown, silcy, calcareous, Some very So1l, tight, with gravel and roc - e s e 27 »
fine eand a9 adove. White calcstecus material Detveen Clay, light colored, with fine sead - LI R n 70
5% and 600 feet. Sandy with very fine to coarse quart:, Clay, wWhit® = e c o e v o s oo .o 30 100
welded tufl, caliche, odsidian, magnetite, and some Clay, pink, with streaks of sand = = s e o oa 30 130
very fine o very coarse fragmencs of basalt with Clay, ight coloted o « o = = = = = o LI ] 11 162
- ealeite tn basal 10 Lo - oo o "0 400 Clsy, red, with scredis of gravel « « ce s ne 13} [34]
to angulac fragwents, Clay, red, with thin layers vhite limesto v eowe i3 200
vesicular, snd uluue. Some yellow Limestone(?) Did noc bail sny wud through this
saterisl(®) both loose and with basslt =« o = v = = » 3 630 tormation. Batler only dreught wp very sasll smcuate
Total depthe = 830 0f 1ioestons CULLiNgS = = v v ca s e s a o a o o v o = 20 200
Clay, red, with as occasionsl layer of white limsstone~ 20 300
17874938, W. Moore, Jr, Limestones, while, with fov lsyers of stichy clay » = = » 13
Limestons, white, with different e¢h. - 70 400
Topsolle e s e o cccoccoccsssnone . . Iy - 400
Sol1 8N POCHS = = » » e s s s e s s o v oo m - 1¢ 20
S0il, 84Ndy- + @ c s s s e s cccevoonn= - 23 &3 178/69-8a1. A. Clevelsad
Cravel, reddish, censntedes » o = = = o = - - [3)
Total depthe « % Surfeca potll e s c s s s v e e v s oeca-e 23 23
Soil, 8andy e e c cc s v ec e ceveece 13 40
175/48-3a2. V. Moote, Jr. Soll, sandy, e econssoe p1] 73
Totsl n
Surface #oll- = e ccc oo ocee - ? ?
S0L] 4nd TOCHS » > e 2 s e o v s - ) 0
$oil, safdy « e e e v e s e == = = - 10 40
Cravel, reddish, comenteds » o = o = - 4) 1))
- [ 3]
173/49-501. P, Moore )
Surace 40l e e e e c e e cmcc s e cenena 1 1
Sand and gravel comented vith ¢lay = e 2 ¢ o o = = = = [¥] [ ]
Gravel, large (taving) s e ¢ s s s v v o n v o e s oo 3 (%]
Total depth- « 43




B % T

Table &.~=(continued.)

Katertal

178/49-8c1. T. Cleveland

Surfacs soil * = = o = o
8011 with grevel o o = = o
Lisastone, whits o o « = = =
Clay, piak colored, and gravel = «

178/49-841. A, Cleveland

Surface soll = e s e e v e o naaa
Soil, sandy « e o o s o o
Ssnd, cemented, and gravel

178/49-901. 8, Wall

Topsoll e e oo
Sand, hard, and rock
Clay, sandye = = = =
Ssad sad gravele = «
Sand, havd, and rock
Sand sad vock o o o
Clay, sandy «
Sa0d and Tock -
Clay and gochkes = =
Seaé and yocks o =

Lissetess, hartd-
Sand, gray « = «
Clay, gray = =
Clay, lighc cel

178/49-1101. G. Bactles

Surfsce soll @ e o o o o o o ee e ee -
Clay # s s c o = » o o - - - e -
Cruvel and g4tde = = © = = = ceecee -
Clay sad doulderss = = = = « P — -
Sand and gravele o = = o = = e o eee -
Boulders sod tlaye o o o = & eveoa -

Sa0d sad gravel
Boulders sod ela
Sand and graval o

Total depthe
178/49-1102, Mre, L. Siegel

Topsell e o s e ccevccsacccseca
Losss zocks and 00l o = = o o
Limestone, bard, light colored
S40d, veddish » = o
Sand and graval « =
Sand snd clay s s v e o oo
Clay, whitee = = = o = v o o
Clay, ted o s s e cceooe

178/49-155. J. Steelmasn

Topsoil = o o
Grevel

Sacd and gravel; water
Gravel, cemant
Cravel; wvater~
Clay = oo«
Clay with gr
Conglomarate
Cravel; watate s s = s s s s o s o
Limastona, very porous; watere =

®s 0002

foet thick; water

Thickness
(teot)

FueenllBus

0 2o o
“eew

Depeh
(fear)

Material
173/50-13a1., Mye County Land aad Development Co., Ia.
Linestons; smell amount water = « = o

. and yallov elay~
omall amount weter =

ol;
cavel, and clay » o © o o
Liwestons, gravel, sand, and clay « o
Cravel, comented e s s o s o 2o o
Cravel, ssnd; omll smount waters « o
Cravel, comeated e e e e c v e 0 e e e aasse
Total dept!

.
=
e
. e
e
.o
.o

178730+2941. Bye County Land and Development Co_, Inc.

Topsoil =~
Limestons, Nard = « s s c e c e m v o oo s oo esa
Limestone, fractured; water « « o « « ce s e mwe
Clay, brown, eand, and limestone- o » e oo ee
Limestons ¢ e e o e = v 0 0 o v o - e e eeoe
Limestone sad sand; weter » ¢ = ¢ » o s s 0 onae
Lisestone, hatd = « = = = = = = » - > e eweae
s tlay, and gre esesv oo emose
Sand aod gravel o o IR ER] e e o oe
Cravel, comenteds ¢ e« = s c s s s v o s e coanse
Sand, gravel, and quatties = = = o o « e e oo
Ctavel, comenteds = » ¢ ¢+ ¢ e 0 o o o > e eeea
seeocaas R
Totsl depth = «
178/31-1al. W¥. White
Sand and ¢lay e c e s s s e s e e
Mocks @ v« o 0 v o oo eme
Sand, cosrse, and cececes
Mud, atieky, cecsawe
Clay oo« ceeaes=
178/52-8¢cl. J. Dantels
Clay e v ecesoccccccass .
Boulderte o o o o = cemsone -
.ee ceececceoa -
Lissscone, blacke « PRy -
188/49-2¢1. 3. Ladry
Sand and gravel s s e c e e e s s s e v e casno e
Clay, sandy = = o = = ceesese eeeeoe
Conglomerate, harde » eaes s s 00 e [
Clay, gtay « o s o o cernena oo
Cravel, large o o » = cesso e > o maa

Clay, brown =
“Opalite” o o « = =
Clay, brown = = = = =
Clay, brown, sandy
Clay, blue o = o =
Clay, bdrowva = = = o
Boulders aod large gravel =
Clay, brows, ssadys = « = «

Total dept

-
-
-
.3

Thickaess
(fesr)

&0
[ 1}

mn
10)

,?

Depth
(tear)

e



