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FOREWORD

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 -basin movements df 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. '

Hugh A, Shamberger

Director ‘
Department of Conservation and

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

by
ks George E. Walker and Thomas E, Eakin

ekl

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 tuif
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
A about 17, 000 acre-feet from the springs issuing from Paleozoic carbonate
roclks in Ash Meadows, and about 7, 000 acre-feet from wells developed in the
valley fill to the northwest and northeast of the springs in the Amargosa
Desert. The estimated perennial yield of Amargosa Desert is the surmn of the
two, or 24, 000 acre-feet, and is based on the estimate of average annual

el ground~water discharge. ‘

Ground-wat er 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 19562,

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.

g

Of 19 analyses for boron, 9 had concentrations less than 0.33 ppm,

3 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

"

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.S5, 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 valléy toward the
area of natural discharge,



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.S5, Geological Survey in cooperation with the Nevada Department of
Conservation and Natural Resources.,

A speécial report séries to expedite publication of the results of these
reconnaissance studies has been established by the Department of Conserva~
tion and Natural Resources. The présent 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 ¢lirm te, geology, and hydrology as they
affect the ground-water resources. It alsoincludes 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 ¥ 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 prepa.red 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. The
investigation was made under the 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 Fagle 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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Survey for permission to draw upon the draft of their report on the geology of

the Ash Meadows quadrangle, Nevada-California.

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 dands, 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, ¢, 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.,



section. Thus, well number 175/51-1al indicates that this well was the
first well recorded in the NE 1/4 sec, 1}, T. 175., 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. i

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 erading. 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 between 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 valley is generally south-south-
eastward and the slope ranges from more than 17 feet per mile in the vicinity

5.



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~
bursts 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 QOasis 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. During 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,
B oth 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 10F., and at Lathrop
Wells, range from 115°F, to 5°F,

The U,S5, 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.
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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 16,00 12,82 11,29 8.18 4,62 2.26 113.00

CALIENTE, NEVADA
- - - - 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 Vegas 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 Amargosa Desert and its tributary 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

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,
quartzite, and argillite.

The rocks of Paleozoic age surrounding the Amargosa Desert have been
mapped as the Johnnie(?) Formation, Stirling(?) Quartzite, 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 Wells, 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 175/49-4al1, 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-
tively thin beds of limestone(? ) 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 unconsolidated 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
generally is finer grained than elsewhere; it grades laterally into the playa
deposits., Recent playa deposits occur just north of Eagle Mountain and in the
vicinity of the northwest quarter of T, 17 5., R. 51 E,

Windblown 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 2 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

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
Paleozoic rocks make it difficult to project the Paleozoic rock surface béneath
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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 suriace.

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 R. 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 S., R. 51 E,, the Fortymile Canyon, and along the Amargosa River
northwest of T. 14 5., R, 48 E,

The actual thickness of the valley fill in these three major subbasins
is unknown, 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 feetbelow land surface
in the deeper part of the area southwest of Lathrop Wells.

Geologic History

The geologic history of the area is at present poorly understood;
therefore, the following outline of events is highly 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.

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 Quaternary 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, I. 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«~ -
ber 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 a 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 5., 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 specifig
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 intercepting 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 2 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, 178,, 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-
tainéd water when observed in F ebruary (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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lesser extent from the area to the northeast.

Although the ground water in Amargosa Desert is part of a single large
system, eclements 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 5., 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 fill,

The relatively high water levels in the eastern part of T, 16 5,, 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 separar
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 fill 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
increases northward, For example, at Death Valley Junction, the depth to
water in well 25N/5914cl 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 varjations occur and depend
in part on the head in the water ~bearing zone developed by 2 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 pumping 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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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 areasas 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 tributary to Amargosa
Desert.
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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 — 100)  *
(1) (2) (3) (4) (5)
12-15 9, 000 1.12 7 700
8-12 96, 000 .83 1 800
o 1, 570, 000 .5 - L eee

Recharge from ,
precipitation - L, 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 possibility 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 Annual.Discharge:

Natural Discharge:--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 l.ee (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 s‘o‘u’fhern California, R;tteé of use were assigned on the basis
of vegetative types, density, and depth to water table. The crude estimates of
discharge by transpiration, evaporatlon, and underflow are summarized in
table 7,

The principal area of phreatophytes is in T, 17 5., R. 50 E., and
T, 18 5., R, 51 E., along the southeastern margin of the valley. Phreato-
phytes in this area obiain their water primarily from spring discharge and
from some shallow ground water derived.mainly from spring discharge,
Other small areas of phreatdphy‘tes 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, 17 S., 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 Ama.rgosa Decert is esiimated 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 ‘ ' 7 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 4 e . . . . 2,000 1,000

Principally meadow grass, mesquite,
willow, salt grass, salt cedar in varying
proportions; depth to water O 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 3feet, + « + « o « « » » 4,200 10, 500

Ewvaporation:

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 estimated at 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), . . . . 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 estimate 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 springs 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 10,00 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 Amariqsa Desert, Nevaﬁda—Califor’nia.

(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.)

Water ) I_.’Jate
No. for Name of bearing Yield Temp. Conduce - of
this report Spring.  unit (gpm)  (°F.) tivity Observations
175/49-35d1, Ash Tree Lb _ 1™ 74 -a— 5-8-52
gm -- 350 7-31.62
17S/50-9al. Fairbanks Lb 2357 - - 1910
2043 - - 7-14-23
1756 - - 8-16-46
1661™ 82 - 2-1-53
1702 - e 6-7 «61
1715m 81 650 7-23-62
175/50~10c1, Bell; Lb(?) 85% 72 -- 2-1-53 f
Soda 87 - -- 67 =61
79 73 725 7-31-62
175/50-15al, Rogers Lb 674 - -- 12.24-23
71711 84 - 2-1-53
664 - - 6=? =61
736™ 82 650 7-29-62
175/50«22a1, Longstreet Lb 1257 - e 3-27-21 |
1239™ 80 - 2-3-53
1271 - -e 6-7 -61
1042™ 82 640 7-29-62
175+50-23b1 wo- Lb 115™ 94 - 2-3-53 :
193™ 94 650 7-23-62
175/50-35a1. ~=n b 88™ 93 - 2-3.53 |
140™ 92 640 72462
175/50-35b1, we- Lb 17 83 620 7-23-62
175 /50-35d1, we= Lb 25™ 90 N 1-31-53
6™ 94,5 620 T~24~62
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Table 8. ~--Records of Springs in the 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-?-61
Pool 3071 - - 4-1-50 .
2815™ 89 . 1-31-53
2981 - -- 6-?-61
2824™ 91 650 7-29-62
185/50-11d1. Davis Lb 718 14 - 2-2-53
Ranch 397™ 77 750 72562
185/50-11d2. Davis Lb 1742 74 - 2~2-53
Ranch 5™ - -- 7-25-62
185/50~11d3, Davis Lb 38™ 70 - 2~2-53
Ranch 3™ 72 775 7-25-62
185/50-12¢1, -~ Lb 52 73 -- 2-2-53
11™m 80 725 7-25-62
185/51-7d1. King; Tr 2128 - - 7-17-43
Point of 124770 89,5 - 1-31-53
Rock 685 - - 6-?-61
1078™ 90 675 72562
185/51-7d2. Indian Tr 134 - - 3-31-50
Rock 69m 90 - 1-31-53
119 - - 6-7 61
22m 92 640 7-25-62
185/51-7d3. Indian Lb 3431 90 - 1-31-53
Rock 300 - - 6-7-61
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™ - 675 7-27-62

e we e s e e ww mw wk w el b e D MR W A% T W TP Sm M EE M A R W W Wm e sk omr sh mh W AR AR R MR M Er R Em wr e b MV R SR S e e mm mm e o e ww SR S TR
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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 - - 6-7-61
Meadows 1036™ - -— 7-19-62
1036™ - - 7-26-62
- 83 700 8-22-62
185/51-29b1, ~=- Lb 1™ 72 790 7-28-62
185/51-30al, =--=~ Lb 12m 72 - 7-27=-62
185/51-30d1, Last Lb 1™ 68 575 7-28-62
Chance

- e o AR bR A AR EE e wm e v S AR R M e e AR e M Mm R me mr e e e M NP R M M e MR MR e e o M AL e R AR e o e = R

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 5., 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.

21.



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,

i

Irrigation requirements, interpolate& 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 separateéd 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 yi€ld, 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 dlscharge 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 su1tab111ty for the
intended use should be evaluated carefully,

Storage: A large quantity of ground water is in transient storage in the
valley fill 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 orthousands of years.

. The total volume of valley fill that forms the principal ground-water

S 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 fill 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, Assurning 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-
izes the specific yield of 209 sediment samples from the Humboldt River valley
near Winnemucca, Nevada, as follows:

Range 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 e 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-
yield values to groups of material as follows:

Gravel; sand and gravel; and related
coarse gravelly deposits . . . . . . . + + « .+

25 percent

Sand, medium- to coarse-grained, loose,
Well--SOI‘ted - . . ) - L . - - LI * . LI * L] . 25

Fine sand; tight sand; tight gravel; and
related deposits « « « « + . ¢« 4 o 0 o s . . . o 10

Silt; gravelly clay, sandy clay;
sandstone; conglomerate; and related deposits . . . 5

Clay and related very fine-grained deposits « « « « » 3
30,
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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 examimation 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,

57T x .25 = 14,25
15x,15 2.25
28 x ,03 . 84

17,34 percent

1]

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, . . . 1.8 million acre-feet

15 0 & v & o« & « 1.4 do
10..‘.- .« & @ .9 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. T he 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 2 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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Figure 3. Diagram for the classification of irrigation waters. (after Wilcox, L. V., 1948).
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Salinity hazard:

Loww~salinity water {C1) can be used for irrigation with most
crops on most goils 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.

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,

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 planta '
with good salt tolerance should be selected,

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

under very special circumstances.

Sodium hazard:

Low~sodium water (S1) can be used for irrigation on almost
all soils 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,

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.

High-sodium water (53) may produce harmiful levels of
exchangeable sodium in most soils and will require special
soil management~-good drainage, high leaching, and
organic rnatter additions.

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 C2-51; 9 as
C3-51; 1 as C3-54; 1 as C3-54+; 2 as C4-54+; and 1 as C2-52, Figure 3 shows
the classification 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., Rs, 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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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 135/51-28dl 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
limits 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)
rd

1 ( 0‘33 <‘ 0.67 \ 1.00
2 0.33 to 0.67 0.67 to 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 ®» 125 > 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

C s . Range - Standards
onstituent (in parts per million) (should not
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 (SO4) 24 484 250
Chloride (C1) 6.0 1,050 250
Fluoride (F) .6 7.9 al/
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 that 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 Wells 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, Plate 4 shows fluoride concentra-
tions diagramatically,

Too much fluoride 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 :Hea.lth, 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 flurocide concentration generally is less than 2 ppm. Even so,
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 135/51-304d1,
2£5N/6-18al1, 25N/6-20¢cl, 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/5-5b1)
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 provide 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 quality. 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 importation, 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 . {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
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requires full and reliable data of the physical 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.,
Rs. 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 fill.

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 fill 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 fill 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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PROPOSALS 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 ar'e 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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. Nevada Department of Conservation and Natural Resources

Previously Published Reports of the
Ground-~-Water Resources Reconnaissance Series

_ Report No.
= 1, Ground~Vater Appraisal of Newark Valley, White Pine Co., Nev,
- Dec, 1960 By Thomas E. Eakin
2. Ground-Water Appraisal of Pine Valley, Eureka and Elko Counties, Nev.
Jan., 1961 By Thomas E. Eakin
= 3. Ground-Water Appraisal of Long Valley, White Pine and Elko Counties
¢ June 1961 By Thomas E. Eakin
4, Ground-Water Resources of Pine Forest Valley, Humboldt Co., Nevada.
Jan, 1962 By William C. Sinclair
5. Ground~Water Appraisal of the Imlay Area, Humboldt River Basin,
Pershing County, Nevada.
Feb, 1962 By Thomas E. Eakin
6. Ground~Water Appraisal of Diamond Valley, Eureka and Elko Counties
Feb, 1962 By Thomas E, Eakin
: 7. Ground-Water Resources of Desert Valley, Humboldt County, Nevada,
Q April 1962 By William C, Sinclair
) 8. Ground-Water Appraisal of Independence Valley, Western Elko Co., Nev,
- May 1962 By Thomas E, Eakin
9. Ground-Water Appraisal of Gabbs Valley, Mineral and Nye Counties
June 1962 By Thomas E. Eakin
10, Ground-iVater Appraisal of Sarcobatus Flat and Oasis Valley, Nye Co.
Oct, 1962 By Glenn T. Malmberg and
Thomas E, Eakin
- 11. Ground-Water Resources of Hualapai Flat, Washoe, Pershing and
Humboldt Counties, Nevada,
Oct, 1962 By William C. Sinclair
12, Ground-Vater Appraisal of Ralson and Stonecabin Valleys, Nye County
Oct. 1962
: 13, Ground-Water Appraisal of Cave Valley in Lincoln and White Pine
Counties, Nevada.
1962 By Thomas E, Eakin
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Well number and location:
Depth of well;
“Albitude;

interpolated from topographic maps

Ttable 3.--Record of selected wells in

the Amargosa Desert, Nevada-California

i other depths are reported.

Land” sur[ace abuve mean gea level.

determined by plane table.

< Measuring point:
Ep, eatry point;

Abover land surﬁace.
Dp, digcharge pipe.

See page’ 4-for description of nusbering system.
m, - measured by U.5.G.8,

Altitudes gived in whole feet are
Altitvdes given in feet and tenths were

L, -land surface; Te, top of casing;

Water level:
Yield:
Dravdown;
Status or use:
T, demastic;
Remarka: A,

Ir, irrigation;
E, explaration;
chemical analysis;

Ir,
U, unused; S,
Ar,

In feet and tenths if measiiced by U:§, G5, 3 in feet m\ly Lf repurL:d

m, measured by U.§5.6.5.; other yields are reparted
=, measured by U.5.G.8.; other drawdowns are reparted

dry; P, public supply; Obs, observation;

atock; Ind, industry.

cadivchemical analysis; DI, drillers log,

8p. cond., specific conductance in micromhos/centimeter at 25°C

Casing Meas. polnt Water level B
Well mumber|’ Year |Depth Dia-  {Depth Perfor=- Altituda De- Height|Above (+) or Yield |Draw-| Temp- |Statiy
and Owney com=- | (feet)| meter {feet ated (feet) [serip- (feet)|below land Date (gpm) |down }erature; or Remarks
locaticn pleted {inches) zone tion surface feet)| (°F) uge
(feet) (feet)
138/47-35s1) Nuclear Enginegring Co. 1961 8 573 | 453 to 493; 2788 To . .5 - 282.3 7-12-62] 100 43 84 B Dl
- i 513 to 573 .
138/51=30d1| -- . 19577 i329. 12 a/6 Q3z7 077 o 1097;3443 Tc 3.0 1046 9-13-57 103 4R 9 Ind A
1244 to 1300)
148/47-2441| W. Dale -- | ™84, '_1A - -- 2608 L -- 253.1‘ 7—1?-6; 2180 -- -- u --
145/45-3251 Rose's Station - |M77.8) _AixAZ 10 -- 2842 L -- -- -- -- -- -- br Depth to water rept. 208’
. . in U.5.6.5. Bull. 308,
1:45/5()— 6al - 1957 887 17; 3/4 887 793 to B&B | 31Z8 Te 3.0 734 10-31-57 200 -- 78 3 A
lSS/AQ—llc‘l RE. Washburn 1958 (D363 4] 12 -- -- 2679 Te 4] -- -- -- -- -- DF, U | Dl; original depth 986'
155/49-14al R. Han‘n\:urn 1953 ™ 77.% -- -= -- -- -- -- -- -- -- -- -- Dr; W |Dl; A, original depch 90°
1558/49=22al) J. Shaw ; 1953 570 14 380 70 to 188 | 2612.2| Te 4.0 290.9 12~ 753 300 - 80 Ir Dl; 8p. cond. 276
]5.‘;/{;9—2‘2:{1 R. Washburn 1958 | M4B6, 8] 14-10 374 300 0 to 300 | 2372 Te 4 255.8 7-12-62 800 10 -- It Dl )
155/49-27d1| R. Waghburn 1958 | 442 12 2374 | 433 300 to 420 | 2340 Te -- 229 10-18-58 - - - Ly Dl
155/50~-18cl| L. Parsirda 1952 395 B-b 395 335 to 395 | 2664 - - -- -- -- -- - U DL, A
155/50-18c2| T.; Pereirda 1950. ™353 - ] 373 -- 2665 Tec .9 351.3 6-12-62 - -- -- U -
165/50-18e3| L. Pereirda ' 1955 507 10 507 380 to 507 | 2665 Te .8 358.8 6=-12-62 - -- - B Dl
l.iS}SO—chA B. Bussingham 196_1 471 12 471 103.6-122.4] 2664 -- -- 332 5-20-61 -- -- - il DL
167,7-271.0:
293.2-214.0
451.3-471.0 R
. 188/50-14c3| Neynda Aighway Department -- 360 ’ -- -- -- 2686.1 | Tc .3 339.1 6-22-53 -- -- -- P A, Ar
135/30-16c6| B. Whellock 1955 505 10 505 360 to 505 | 2655 Te 1.8 365.6 6-12262 -- -- -- P Dl
'165/48- 2bl} -~ 19‘62 332 12 - - 24212 Te 1.8 135.9 7= 2=62 - b - Ir "
165/48= 2d1|D. Beath 1961 | ™409.6 14 422 212 eo 422 §2409.7 Tc 1.3 124.3 7- 2-62 - - T4 Ir ot
168/48- 3al|F, Keefe 1960 | ©234.6 12 3/4 | 250 120 to 250 |2412.3[ Tec a 127 .4 7- 2-62( 650-900| 30 72 1r Dl
165/48- 4dl E‘ Mankinen 1961. 308 12 3/4 | 308 203 to 298 - Ep 4 108.6 7- 2-62] 1,900 20 -- Ir Dl -
16&'_:/‘48- 5b1|F, Wooldridge 1960 250 12 3/4 25_0 130 te 150 |2405.3 | Te 1.3 127.6 7- 2-62 -- -- 68 It D1
A]ﬁS/’;H- 544 T. & T. Railrond -- |2 51.-0 14 -- -- -- -- -- -- o -- -- - e Original depg}\'>179‘
165/48~ 8al|E. Schulte 1962 | ™272.6 12 3/4 | 3158 189 to 315 | 2382 Te 8 109.2 7- 2-62 -- -- -- Te D1
168/48- 8b1[C, DoFir, Sr. 1959 250 12 250 100 to 250 | 2284 Tc 6 111.9 7- 2-62 1,400 8-10 = ir bl
165/48- 9bl|C. DeFir, Ir. 1959 | ™242 0| 12 250 100 to 250 -- Te 8 165.2 7= 3-62 - - - Ir n
168/48= 9cl|C. Caldwell 1958 35;) 14 347 105 to 347 [2373.1 Te 4 100.4 7- 3-621 1,150 -- -- Ir Dl
165/48= 9d1|D. Fadenrecht 1959 410 12 410 144 to 410 2385.3 | Ep [} 108:0 ’ 7-.3-62| 1,550 [ -- Ir Dl
168/48-10a1 A, Mankingn 1961 320 12 3/4 | 320 L50 to 320 -- En 6 107.8 7= 2-62( 2,000 -27 v ir ol ’
168/48-10bl|W. Monroe 1938 300 12 3/4 | 300 200 to 300 (2397.8 | Ep 2 116.6. 7- 3-62 - - b3 Ir D1 ’ -2
168/48-11e1| 7, P?.cr:c 1960 | D288, 4: 12 3/4 [302 130 te 302 -- Te 4 112.3 7= 4=62 - -, 72 1r bl
165/48-13al| P. Parker 1938 250 14 - - 2386.1 Ep 8 116.8 7- 4-62 -- -- -- Ir m
168/48=14b1(T. Gallagher 1955 |B315,2| 12 3/4 349|146 vo 158; 2381 Te 2.0 102.7 7- 4-62| - . - 1 o1
. 170 to 195
240 to 295
163/48-14d1| P. Perry 1958 240 12 240 -IDU. to 240 -- ——I‘ - 9z 1-26-58 -- -- -- Ir m ’
165/48-15al L. Mankinen 1954 156° 14 150 - 2375.5 | Te 1.0 96,6 5-23-56 800 40 -- It ™, A
165/48=15b1] L. Denaby 1954 149 14 149 -- 2373.3 | Te 1.0 97.2 7- 4-62|700-800 - -- ir bl
165/48-16a1 E, Selbach . 1938 250 12 250 - 2375 -- -- Ll 8-15-58 (1100-120Q: -~ - Ir D1
168/48-17a11J, Overhalser 1959 280 12 280 120 to 280 [2370.3 Tp .2 100.& 8-18-62 [1200-1500 == 75 ir D1, A,-Ag.
165/48-18E1}J.. Bell 1961 |™361.1 16 380 140 to 218;|2361 Ep B 9g.0 7- 3-62 - -~ 72 Ir m
258 to 380
168/48-20d1{J. Downey 1961 | 266 16 264 119., to 255 [2340.7 | Dp |'3i2.7 £5.6 7- 4-62 | 1500 38 72 |1Ir m -
165/AB—£3u1 1. Gillespie : Lloeg | 330 L4 330 80 to 330 (2338 == S 84 4= =60 1466 - - ir Dl, Sp. cond., 3—50
165/48=23b1{H. Gillespie 1960 330 12 330 100 to 330 -- - -— 94 3-13-60 -- -- 75 It D1, A, Ar
165/48=23c1|H. Gillespie 1961 510 14 485 170 to 485 {2341.2 | Te [} 75.7 7- 7-62 -- -- 74 Ir jus
165/48-23d1|V. Cillespie 1961 |®616.0F 14 503 1270 vo 303 | -- Te 1.2 79.1 7- 7-62 -- -- A u D1
165/48-24al M. Records’ 1956 | 480 14 == - 2387 -- - 94.4 5=24-56 | 1600 - 80.5 |1r D1, Sp. cond., 345
165/48-24c1|R, Records 1960 |™249,3 12 3/4 (306 110 to 306 [2346.9 | Te 2 841 7- 9-62 -- -- 74 T n
Ll65/48-24d1 R, Records -- 421 14 421 wa 23571 | Te .3 88.6 5-24-56 1 1100 -- 8l.5 |1 Dl, Sp. cond.,” 323
165/48-25al |G, Bettles 1921 | ®164.6 16 164 6D fo 150 (23434 Tt; 0 84.6 7- 9-62 -- - - Oby Dl -
PR



Table 3,--(continued,) . - : - - . : I’

. . Casin | Meas. pulnt Water level o .
Wall number Yeas | Depth | Dla-  [Depth [ Parfor- Altitude| Do- J Belght|Above (+) or| . Yigld | Draw-| Temp- | Status
and Owner com= | (fect) |meter |(fect) ated (Foct) [seripd (feet)|bulow land Date {spm) | down |erature] or . Remarks
locaLion pleted . ({inches) zone tion surface . (Ecck)| (°F} use
(feetr) (Feat) _ e
168/48-25¢1|G. Bettles - .- 12 - -- 2326,6] - 67.1 7- 9-62| 500 18 - |ave |-
l68/48-26al(G. Bettles - [Mare | e -- o feme | oze o0 . 75.7 | 7-heb2| el an P VR .
165/48=27¢cl{n, Barr ’ 1960 | 238 12 236 | 106 to 236 | 2321.6] 1e 4 57.0 7- 4eb2 | S5 - 7% | TIrc . a
168/48-27¢2| €. Bace i 1960 |™ 11.43 10% -- - -- - -- [ -- - -- == |'Dt, U |D1, original depth 236° .
165/48-2741| M. Delph 1956 {M188.4 | 12 200.°| 65 to 200| 2324.6| Ep K s8.8 | 7-hgz| oo ) - Rk ol L
165/48-3681{ G, Dettles . 19t7 | 165 -- - 2323.7.] Te | 0 67.5 7- 5:62, 1,000, - 76 | b, lr {A;-Ar, Sp. cond., 620 Lo
168/48-36d1| F, Watson 1959 | 407 | 14 407 | 185 to 407 2303.3| -- | -- a2 6-25:50|m940 | - | 70 |ir . |Di, A, Ars Sp. comd., 675 ®
164/48-26d2( G. Beftles ) L 62 |. 16 - - 2304 Te 6 sl 7- 56370 wa | an .- |obs |-- R ,f 2
168749 6al| -- : . 19627 350 % - | 160 to 3501 2441 L - 14875 |10-12-52 | ie | - - U -- B
168/45- BallM. Meese ) 1962 | D290,5 | 14 300 .| 270 to 300| -- Te 3| 1484 6220762 | - -- 63 | T ol
165/49= 9c1|T. Selhach o 1958 | 300 12 300 - 2434 - -- 130 7-15-58 | 02764 - 75 [1e  |Dl, A, Ar
168/49- 941[Nyc County Tand 1962 |“189.8 | 6} - - .- Te 9 160.8 o202 | | - - D .-
Devalopment Co., Inc, . L. ) N
168/49-10c1| Hiller Wall #\1 -- 68 60 - - 24’&5.2 -- -- -- - - - == 1 Dr, U |QOriginally described in
' U.§.G.5, Bull. 308 as
186' deep and having a
) water level of 1B3'
168/49-12¢1] - - [ Basg0 | 1z -- -- - e |0 1739 | 6-29-62 | - |- - —~ v - ‘ . A
. 168/69-14al|W. Johns 1989 | 300 12 | 290 | 51 to 290 2450 Te K 158.7 6-29-62 '.‘4;00_\‘_ . — | o ' V
iﬁs/a9‘1a'b1 W. Johns 1960 |®a70.8 | 12 3/4| 390 | 150 to 390 -- Te KA 157.3 62962 | == | == 3 | m -
165/49-15a1] .. Johns ! 1960 |™90.2 | 12 3/4| 420 | 150 to 420| - Ep B 168.8 6-29-62 | -~ -l o7s |Ir D1
T 165/49-1Bal| W, Harks 1960 | 420 12 3/4| 420 | 140 €0 420| - Te- .2 116.2 6-28-62 | - - 73 |1 ol ;- .
. 168/49-18d1| -- . -- S -- -- 2383 £p .5 116.3 6-28-62 ", -- N BT b ¢ -
165/49-1842 U.S;.n.i...r_i.: S - [™sma1 ) 12 -- -- 2a75.1| 1 | 0 108.5° | b-28-82. -- -- o fove |- 5
165/44-1901| ., Mocter ‘ 1955 | ™04.5.1 14 480 | 130 £o 480 2373.6| Te | 3.0 04,6 9-15.50 | .- - - o DI, Used by U.5.G.5. as
abs, well from 1255=59.
. “Hell. cavad in 1960
L68/49-19b1| L. Meeter 1955 | 725 168 | 725 | 100 to 725| 2370.8| Ep | 1.0 106,07 | 7- 9-62 | 2,400 — |1 bl, 14" csg. from 0 to’
: . . . 326", 8" cag. frow 526 to
725" o
165/42-1961| R, Rocords - 1960 | 300 12 3/4| 300 [ 100 to 300| 23579 | Te KA 98.0 7= 9262 7% | Ir Dl B
165/49-19d1( L. Monter ' o 1954 | 307 14 307 | 120 to 307| 2362.8] Dp .5 99.10 7. 962" -- |1 il s ,
168/69-2001{ M, Travis, J. karl] Pl Clement| 1959 [™204.1 | 14 | 300 | 110 tw LS| 2384 Te 1.0 118.4 6-28-67 | - -- ao. Te pl ’
. . - - 17010 190 . .
220 'to 240 : LT
280 Lo 300 . Fo s "
165/44-20d1| E, Eastérbrook 1955 | 410 12 410 | 156 co 40| 2366 -- -- -- - -- -- - I D1 B .
1658/49-2251| -- B . -- | ™46.9 | 12 . - 2395 .| e 1.1 131.] 6-28-62 | -- -- - |1 -
165/49-22d1) == -- |®60.8 | L6 - -- .- Fp 4 2.l | 6-28462 | - - - | --
166/49-23a1| R, Dalton 1961 |™381.7 | 12 ,Lmub 120+ o 500| 2603 Te | 1.3 1055 | 6-28-62 | - | - - | bl )
165/49-26d4| p. Bilsborough 1960 [ ®278.2 |- g_a.i 300 - 2350 | Te | .5 82,7 | 6-26-62 | ax | ax ] e |1 [ wrn
168/49-26d2| M. Records 1961 | 300 10 3/4] 300 | 140 vo 300| 2352 Ep 4 106.8 fo26-2 | - | - — | e bl
165/49-26d3| 11, Welmer - - 196y | 200 10 3/4| 200 -- - -- -- 12 6-20-62 | == - PR --
165/49-28al| M. wickner 1959 | 300 16 300 | 120 to 300| 2367 -- -- 106 3-15-39 | == - 75 |1r D1, Sp. cond. 44D v
165/69-28¢c1| E. Mason 1959 |MaBs.2 | 16 200 | 107 o 00| 236y Ep .8 92.0 6-26-62 | -- -- 65 | 1r DL w7 v L
168/49+28d1| M, Wi ckner 1959 | 2560 | 16 300 | 117 o 300| 2354 Ep 1 97,0 62662 | o= | -- | 65 |ur Dl
168/64-29¢1[ L. Gan;:‘l’l‘“ 1986 | ™ 82,4 | -- - - 2338 | L 0 80,9 6-26-62 | == | == [ == |U D1, no cug, hole iy
. o . . diameter 14"
- 168/49-30b1] ¢, Bettles - s | s - - 2348.2 | Te A a4’ 9- 3-55. -, - - Dr; U |Origina! depth rept. 180
' 168/49-31b1] 6. bettles ' - |ms2.s | 16y R 23263 | Te |0 69.4 | 62662 | --- 2= —- |obs . |Meas. by U.8.G.5. yeerly
165/49-32b1| 1. Housell S L1956 B 740 | - -- . 28 | “ - EE -- - D Dl, ‘mo cag. )
168/49=32¢1[ I, Housell 1956 (™ 66,2 | -- - - 2317 L 0 '\ 63.6 .| 6-26-62 | = -- - | D1, no cig. : e
168/69-32dL[ M. étePliens : 195? m232.8 12 3/4| 253 9 ta gaa 2324 Te .9 69,2 " 6—7:&—11?.( Lo -- 70 Ir Dl
165/49-33b1| M. Bodyes ) 1960 |%217.1 | 14 300 | 100 to 300( 2336 | Te | 1.2 RTI 6-26-62 | ax | es e | 1r Dl
168/49-33¢1] P, ng‘ 1962 |™321.0 | 14 - - -- Ep 2 ‘a5 622062 | -- -- = | -- - . - .
168/45u34cl | n- ’ . 1962 | == -- - - - L -- 88.17 [10-24-62 | 450 - - i - 3 :
168/46-3521|N, Berry . 1957 |m70.6 | 16 200 | 110 to 200| 2323 Bp .2 99.3 6-27-62 | 750 | e Ir n o _ ..
165/49-35b1| E. MaCoy 1959 | 325 14 223 | 100 ko 223 | 2341 - - 3-15-59 - 76 Ir bl, A, Ar = N
168/49=36al Rradley . - - 12 -- - - -- - - L . - - - 1r - L
168/50- 7c1|L, Cook- 1961 | 200 6 200 1120 to 200) 2480 | i= - | == | 140 7-31-62 | - .- | bl, A, AT . )
165/5;1— 7e2|L., Couk ) 1962 | 335 12 - -- w78 |re - e, | 1128 8-18-62 | -- -- — | --
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Table 3,-Z(continued.)

ST B . ) Casing - “.. | Meas. point Water level s B -
Well numbér . _Year |Depth [ Dia- |Depth | .Perfors Altitidel De- . [ fiolght|Above(r) of] . Yield| Praw- i ,
and Y, Ovmer f com=-| (feet)] meter | (feet) ated ., (Eeet) | serip-| (feet)|below land | .Date (gpm)| * down Remarks
location T pleted| “| (inthes) .|, zome tion . surface M (feet)
: . (feet) . {fegt) i -
168/51-28d1 | Miller Well #2 - m oo 6 - -- 2370.6[ " -- -- 70 1907 -- -- -- |Df; U |:Watér level.repr. 70 in
. ) U.5.G.E. Bull., 308, 1907
: R - M
165/51=36al]-== 1962 | - 8 -- - 2444 .4 o 99.5 8-30-62| '~ -- - e T :
166/52= Bcl|Les Végas and Tanopan R.E, [ L} 2 3/4 == -- 2777 = . - -- -- -- -- loe; wiToD. in1952%was 149.5;
- L. . . well was dry;-well now -,
! ! déstroyed
165/53- 4b1|-- 1962 | 1946 | 13 374} 1360 |800 o 1050{ 3154 B -- 786 7- 62| 438 130 | 89 [P A
; o S| te-6 1/8 -
175/48- lal|D. Hallowell, ' 1957 | 135 16 135 | 73 to 131 | 2303 Te .2 51.6 7- 5:62| 750 15 - ar DL
178/48- 1c1{W, Hoyle 1955 | 214 14 214 | 92 ro 205 |2205.7) Te .5 45,2 7- 3-62[ - - PR 3 Dl- )
175/68- 1dL[A, Bertles i 1959 | 203 12 203 | 60 ro 202 | -- Dp .8 43.8 7- 5-62] - -- - |1z Dl
175748~ 142|A. _Bettlea 1960 |®101.91, - 14 105 | 43 wo 205 | -- T | .2 45,6 | 7-5-620 - | =- {.-- I ;0
178/48: 1434 Barclbe 1960 188,40 14 197 | 30 to 197 |2202.6] 1T .5 43.7 7- 5462 == - 0 |1 |m
176/48-12a1[A. Bettles L. 1985 | 8s 14 - -- - - -- 42 12= 6255 == -- - JIr nl
175/48-12a2{ A, Bettles | 1935 [ es.4| 12 -- -- 22844 Ep .8 55.0 6-25-62] - - - Jir --
178/48-1241 f == . B 1962 205 14 205 | 60 to.205 | -- L - 51,03 |Ll0-31262(  an - - |u -
178/49= '2b1| == 2 N LIV YRR 1 - - 2301 Te 1 81.6 6.26-62| -~ - - |Ir --
176/49- 2b2|H. Berry {1987 (@ B2.2| .- - - 2305 - - 60 5- 7-57{ 850 60 -~ |pe; u|Dl, well uncased
175/49- 2el|-- |- (P12 12 -- -- 2292 Te .9 71.8 6o26-62| - . - Ix -
178/49- 4al|Nye County Lind 1962. 2’6307 [. 14 588 -- - L - 80.68 |10-30-62| 650 | 125 83 |71t --
Development Co.; Inc. - o
. AR . . - el
178749~ -4d1 | Bye County Land 1962 | 554 16 554 -- 2290 L -- 69,38 | 9-l4-62| = - - |E --
L DevE lopment Go., Tne, o
175/49- 5al|W. Moore, Jr. Jose |®un2| - - -- 2317 L]0 84.3 6=26-62| == -- - e Dl
178/49- 5a2|W. Moore, Jr. A 1956 | 49.5| - . - 2302 -- 68 1-20-56 - -- -+ |Dr; U D1, hole diam. 16"
178/49- 5b1|P. Moore | fese |® sl.6| -s - -- 2300 -] = T es 52 1-16-56 - -- - |V | D1, nole diam, 16" :
178/49- 5b2|-- B IEEETLE L TN R -- -- 2249 - -- - -- -- - - | ey U| Rolé dism. 26"
178/49- 6allE. Cleveland ) ) 1955 | 56.6| - -- - 2310, | == -- 59 12-22455] == - - e | o
175/49- 6a2|E. Cleveland 1956 [P 68.6] s | - T 2298 L 0 66.4 6-26-62] . -- -- - v |'piy hole disii, 16"
175/49- "6b1|J.. Tygen 1955 [M119.6] 12 3/4| 155 | 68 o 1852305 | #é | 1.0 50.1 6-26-62]  -- 2. - J1r 'm T =,
178/49- 7al|T. Davie -, 960 {P200.3| 14 210 | 55 t0.210-| == Te | 1.8 56.7 6-25-62| -- -- 76 {1r  |Dl . .
178/49-_ 7bl |5 Davis - 1960 | 500 16. 390 | 36 ro 385 | -- Ep | 0.0 40.8 6-25-62| - -- - fIr m ;
175/49- 7cl|H. Davis 1955 | 61 - - - -- -- P [ 12- 3-55) - -- - |u D1, well destrayed
: ) . . )
178/49= 741|T. Davis 1960 | 400 16 31| 54 £0.360 | == Te .2 57,8 6-25-62| < - 74 |Ir nl
178/49- 8alla, €leveland 1956 | 59.4| -- - - 2284.7] Ep 4 57.7 | 5-1l=56 == -- -~ |or; ujoL o
17§/49- 8ellP, Cleveland 1956 |® 61,1, -- - - -- Ep KA 42.3 622562 - -- - |u D, hole diauw. 16" :
175/49- 8d1|A. Cleveland 1936 (™ 50,3 -- -- - - Ep .5 48,1 [ '6=25-62] - -- - |u pl, hole diam...16"
175/49- 9b1|5. Wall, R. Geers, 1959 | 500 16-12 | 4B0 |150 to 352 (2285.5| Ep | 1.5 157.1 | 8-20-62{g00-900[™54,7 | 65 |1z b1, 16" csg. 0-353; ‘12"
: : 330 to 480 cag. 330-480; Sp, cond.,
. 350
" 175/49-11b1{G, Béttles - 1955 |®145.4| 10 160 | 45 to 160 |2274.8| To 6 61.6. | '6-20e62| == - - Ir P1, Sp. cond., 960
- P v T
178/48-11b2 | L. Siegel 1962 B274.5] 14 300 | 80 to 300 | -- Ep 4 59.4 6-20-62| -- ¢ -- 70 |1x D!
175/49-15b1|J. Steelman 1959 |. 200 10 201 | 55 to 200 .{2264.8] Dp | 5.0 52.0 5=19-62} - i - l
175/50-15al |Nye County Land 1962 |™464.6 | 16-14 | 480 |100 to 475 |2289.8( Te | l.4 0.0 6-14-62 - 67 |1ir D1, A, 16" esg. D-186;
Development Co., Ine. . - 14" cag. 175-480; meazured
flow 2.5 grm on 6-14+b2;
8p.reond., 700
175/50-2941 |Nye County Land 1962 |™470.6 [ - 16 514 |150 to S00 |2170.9| -- - 0.0 6-16-62{ 2000 a0 | 67 | 1r D1, A, AT} messured flow
Davelopment Co., Inc. 5.4 gpm oo 6-16-62;
. Sp.. cond., 950
.
178/51- 1al|w. white 1959 | 135 -8 135 | 48 to 135 |2602.6) Tc | 0.0 59.8 6= 9-62] “191.1| ™1.0f 73 | Tr DL, A
178/51- la2lw, White 1959 | 103 8 103 - 2403 T | 0.0 60.0 6= 9-62| - -- - |n -
175/51-23b1'|== - |m22.8) & -- -- 2328.3| T | 0.0 0.0 6- 9-62) - - 68 |5, Moasured £low 1/6 gpm on
. g N 6-9-62; Sp, cond,, 60O
178/51-24b1 [-- -— P22z -- - - - L 0.0 15.9 | 6- 9-62 - - - U Dug well 57 x §'
175/52+ 8cl|J. Daniels 1961 | 400 16 .- 1739 ta 139 |z3eaal| - - 33 10-30-61] == -- - | D!
176/52- 8¢2|J. Daniels - ™47 18 - -- 2397.3| T | O 3.8 6- 9-62| -- - - | ¥ Supplies water to B families
188/49- lal|-- - |®oeaLag .- -- - -- Ep .8 15.1 6-16-62| == - - U Pug well, diam. 4' x &'
188/49- Zcl|B, Embry 1962 | 402 12 3/4) 402|303 to 402 |2183.1} Tc . 71.6 7-31-62) == -- - Ip DL




Table 3.--(continued.) . . N . }
. L Casing i Meas’. 'poin\‘:' - Water.level . 7_ . B} .
Well number| “ “ .| Yesr| Ddpth Dia- | Depth Perfor- Altjtude | De- '| Heighy Above(+) or ) Yield | Draw=] Temp- |-Status
and - : com= | (feet)] meter | (feet) ated (feet) {scripq (feet)|'below.land Date | (gpm) | '‘down |eraturg ot Remarks -
location . pleted (inches + zane . tion surfade (I «(feet}| - (*F) use o
4 o L . *. (feet) . i (feet) - e . N
California _ e :
25N/5-14e] |E. Leé . 1935 | ®139.2 12 --. | &5 to 70°[" Fp 2.3 2.4 6-19-62| - 200 35 745 P A, §p, cond., 1,350 .
25N/5-14e2 | E. Lee s ' -- [ ®eR.6 12 == {125°to 128 _Tc‘ 6.0 9 b-18-62 -- -- 73 U 5p. cond., 1,800 L X -
258/5-15a1 | Galifornia Dv. of Righways -- | 160 8 160 Teo K] 5.2 7-31-62 --| -- - P - . - : PR
. N . ' . ’ “
25N/6-18a1 { . - -da . - | oarsl oz - -- Te .6 1.0 18e24=62] e | . aa 671 |u A, Ar, measured Elow 2 :
o . v gpm am 6-21-62; Sp. -
- - cond., 1,600 _ A
25N/6-18b1 | ° T, ¢ == [ 7.2] 30x30 - - - T .3 4.8 | B-19-62 EEE '7,0 U ‘| Sp. cond., 720 -
25N/6-1981 | - T - Te T - - .8 i - - .- s L e T - Sp. cand., 1,400 =
5N/6-19a2 | . de : - P a3 & -- - -- Te | 2.2 L6 |8t21-e2] . 1l [T L AT R
258/6-19d1 4 S il Y0 TS I B 2013.7| Te |- .1 © 0.0 62162 68 |U  |EstPflow leis thun
. . N C . 1 gpio on 6-21-62;:8p, N
B ) Hs : cond., 2,600
25N/6-20c1 T do - ? el 12 ] - - 2015 Te 4 + 4.1 8-24-62| -- 68 | @ A, AT; memst flow
: . 2.2 gpm om 6-21-62; Sp.
cond., 5,000 _ N
25N/6-30a1 T de : - fmogelt 127 | - . 217 | Te | 1.0 + .5 g-24062 |© e | =e 1070 U Estimated flow less Ehin
. . . . - .1 gpm on 6-21-6%; Sp, ”
N : cond., 5,000 : i
258/6-31a1° | a0 | a0 e -2 - - | .- - - B RA e s
26N/5- 5b1 ! do . - |® 0.4 -- ER IR R 0.0 Sa.2 - U Pranklin'e well on topo- .
- e . . - graphic map -
P . . ) : - L - -
'26N/5+ 9d1 do - - | ® 30| - - R - R . -- | D2y U | Dug diam. 75" x S
26N/5-34cl : do . [T 9.3 - FERE G - . - - f BT - |pr; U |Dug diam, 4% x 4'; RelTeys ¢ . L
: N o . X well’ on topographic map o
27N/4-25b1 do . <= | ™ 22.8] 60x60 - - 2231 Te | 2.0 20.7 6-18-62 | -- | - |--- |u Screnton well on topo-
¥ ) » : R e 0o graphic map
27H/4-26b1" | MorTis &-Van Doz, Lendam - P34l 160 L - - i2237,2 | Te | L2 25,2 6-19-62 S o-- - |o .
27N/4-26cl |Morris Leadon -1 v300 14 -= == 22346 | Ep | 0.0 32.0 642062 |. -- - | --
27R/4=27al |Morria-& Van.Der Lendon ' 1980 | 300 14 -- == 2261,9 | --, -- -- C - 1™312.7 -- 72 Ir Sp. cond., 1,100, - X )
27N/4-27b1 {Hortis & Vom Det Lendom . - - |20l 1w - - azmse | e oo |42 lemresez] o oo clio - N
i 278/6-27b2 |Moriiu.& VanDer Lendon 1962 | 300 14 - -- l2267.4 | -n - 45 lg-19-62 [®1275 | =27 | 72 |1¢ A, Ary meas, yield 8-18-62;
. N ' . . T 5p, cond,, -
[P 2TN/4-27c1 Lendon 1961 |®284.4 | 14 - == |2244.8 | Ep 9| 40 6-19-62 | -= e R P
S
-
B ’ . ) * R - =
.
b . EX
i B
l
N
.
*




- . Table A.——Drlliers' logs of selected wells in the Amargosa Deaert, Nevada-Callfornia

(The uell loga contained herein were obtained from the offlve of the Nevads State Engineer, Curann‘ City, Nevada.
The terminology of the logs has been alightly modified for uniformity and clavity.)

- Thickuoss  Depth Thickness Depth
- Material (feet) (feat) Materinl {feet)" (feet)

% - 135/47-35a1. Kuclear Engineeriog Co., Ime, - 158/50-18c3, L, Pereirds

[ Loam, sandy = - - = = = = - - & - - - - - - - 4 - - - - - 2 i 2 Surfage - - - - - - - - - - - - - - - - - - -~ - - 2 2

e e Bouldera, saad, and large gravel - - - - - - - - - - - - - 3 T o33 Sand gnd gravel - - - - - - = - - - - - - - - - - 126 © o128

. Cravel, small, and mand- -. 12 45 Sand, clay, and boulders= ="= = = = = = = = = = = = « - 76 204

. Boulders, large gravel, ¢ - 89 134 Sand aod gravel - - - - - - - - - - - 4o 4o oo 5 209

.. Boulders - - - - - - - - 147 Clay, MAIde = = = = w = n ¢ = = = = = = == - - - - - - 45 234

. * Clay, brown E - 1 148 Sand, gravel, and bouldera= = = = = = = = = = = = = = = 16 270

- Bouldera and large gravel - - - - - - - = - - - - - - - - 8 156 Clay, hard - - - - - L e e e f o C e o e o - o - 91 361
o Clay, browvn, and shale - = = = = = = = = = = = = = = = = B 5 161 Sand and gravel; water- - - = = = = = = = = = = = - - - 4 365
T N Boulders and streaks of red and orange, sandy clay; cored Clay, hard, and boulders- - - - - - - = = = « = o o« - 11 376

PP R from 181" to 208%' - - - - - - - - - - - - - - - - - - - 235 Sand and gravel - - - - - - - - - - - - - - - - - - - - 6 382
JTie e Boulders, and large gravel - - = = = = = v v = v v o .. 30 265 Clay, bard, and boulders = = = = = = n - - = = - - = = 2 406
- ' Clay, brown; cored from 275' to 2807 - - a7 302 Sand and gravel = = - = = = = = & = & = - . N 27 433

Clay, white - = - — = - - - - - = — - Lo ato - 308 Glay - - - - - - - B I I A 14 <447
Clay, brown "= = = - = = = = = = - - - - - - ¥ - - - - - - 14 322 Sand and gravel = = = = & 7 - - - - - - - - - - - - - - 22 4869
Boulders, multicolored, and yellow clay - - - - - - - - - 32 354 Clay - - - - - =& === == === =-==-==-=2 7 476
Clay, white - - - - = = = = = = & - = - - = n = =« -~ - 3 357 Sand and gravel = = = » ¢ ¢ - -k - r - - - - - - - - - 10 486
Clay, brown, and small gravel = = = = = = = = = = = = = = 21 378 Cldy - - - = = == = == =2 2 2 =222 ======o=-= 10 496
Clay,: greenish-brown : - 6 384 Qlay = = - - - - - - - - - - - - - - - - 11 507
Clay, white, and houlders - 22 406 . Total depth = = = - 507
- Glay, brown = = = = = = « 4 & - - W 4 - . - ie 425 .
E] . . . Quartzite - - - -5 - - - -2 - 11 436 155/50-18¢c4. B. Bossingham
B * Clay, teddish, and some bouldars-= = = = - 9 445
. © Boulders, hard (quartz, granite, dolomlte) - - - - - - - - 22 467 Loam, sandy = = - = = - = = v = - = - - - - - - - - - - 3 a
N Clay, TEBU - = = r - r r = e = mmmmmmwmaaea. - 5 472 Gravel, coarse, and boulders = = = = = = = = = = = = = 62 a5
. Boulders, large and small; water = = = = = = -« =« - - - - 16 4885 gand, hard, compacted, and small gravel - = - « - - « < 239 304
k . Clay, reddish-brown, shale, and boulders - - - - - - - - - 41 529 ‘Clay, brown, sandyr = = = = = = = - = - - - - - - - - - o " “a34

. . Clay, bfown = = = = = = = = = = = = = 2 = = = = = = = = - 9 538 Sand, coarse, gravel, and bouldars= = = = = r = = = = ~ 19 - . 353
r = Boulders = = = = = = = = = = = = = = = = = = 4 = &= - 15 553 Glay, gray, @andy = = = =« = = « = = = = = E R I 7 360
""Gravel, small; water - - - - - - = = - - - - - - - - - - - a 561 Snad, coarse, gravel, and bouldaps- - - « - -+« w - 33 393
Gravel, amall, and acrenks of yellow clay = = = = = = = - 5 566 gand, hard = = = = = = = = = = = - - - - - 27 4320
.“8and, hard, compactad = = + - = = = & 4+ w = 4 4= a o o - 9 575 51 . 471
P : Total depth - - - 575 Total depth - - - = 471

’ 155/49-11cl. R. Washburn . . 1358/50-18¢6. B. Whellock

I - .

. L Sand, gravel, and boulders = = = = = = = = = = « = = = « - 140 140 Surface = = = = = = = = = = = = = = = = == - =& 5 _ 5
T . Sand, compacted, and gravel = = = = = = = = = = = = = = - Tlad 284 Sand ond grAvEl = = = 4 4 = s m s s e s e mmm s .. 6 11
. - T 7. Band And gPAVELs v - s = r e - e w e e e e e e - 199 483 Gravel, sand, and boulders = = = = = = = = = = = = = = 17 28

: : “Clay and 8and - = = = @ = — 2 @ 4 - w ool oo oo - 30 513 Sand - 7 35
JBouldera and elay - - - - - - = - - 0w - - e e - 39 552 Clay, BAQdY = = = = = = = = = = @ = = = = = = = = = = = 10 ot 45
“Sand, hard - = - % @ = - m e - - e oo oo oo - 27 579 Gravel and boulders - — — - = = = — = - — — — « - - -~ 31 76
. 'Band, hard, gravel, and comglomerate - - - ~ = - = & - - - 2147 793 Bouldera and clay = = = = = = = = = = = = = = = = = = 13 t 89
‘Band and gravel = = = = = = & @'8 @ @4 mu 4w aaa . - 11 204 Gravel, bpuldera, and gamd - - - - - - - - - - - 4 - = 57 146
H Boulderas (hard, rough drilisag) E - & &10 Boulders apd clay = = = =" = = = = = = ¢ ¢ = = = - - - - 11 -187
Sand, fing] WALEIr - = = = = = = = = = = = = = = = = = = = "5 815 RBoulders, gravel, and sand =« = = = = = = = = = & = = = 51 208
Sand, gravel, and boulders - - - & - 75 890 Boulders and €lay - = - = - - - - - - - - - -.- - =& 26 234
L Bouldera (reugh drilling) - - - - - - - - - - - - - - - - 5 Y95 €lay, hard = = = = = = = = = = = = = = = ... 131 - 365
N SGand and small gravel - - v = w = - ¥ = w v - - - ... - 73 968 Sand, gravel, and boulders = = = = = = = = = = = = = = 4 369
- Total depth « - = -968 Clay, hagd - = = = = = = = = = = = = = = = = - =« = = = 70 - 376
T . ) - . Sand, gravel, and boulderg - - - » - - - - - - - - - - & - 382
155/49-14al, R, Washburm - . Clay, hAEd = = = = = = = = = = = = = = = = = = = - 12 - 394
o : . Sand, gravel, sod boulders - - - - & < = 4 = = a2 - - 5 - 399
Sand and gravel - - - - - - - - - - - - - oo oo - - - 15 13 Clay, hard = = = < = = = = = = = ¢ = £ = = ¢ - ¢ - - - 12" D411
Bouldera = = = = = = == == e mmeaEeEe..a. - 25 40 Sand, gravel, and boulders = = = = = = = = = = = =« = = & To419
- Boulders, brown and white - - = = = » = & u w = = = au - 50 590 Clay, hazd - - - -" - = 12 431
. T Total depth - - - Te0 Sand and gravel = - - -~ - - - - - - - - - - - = 2 == 14 445
- - Clay, Bandy = = = = = = = = 31 476
oo - 158/49=22al. J. Shaw Sand and gravel 5 481
- . Clay, hard =+ = = = = = = = = = = = = = = = = == ==« 24 505
Sand, gravel, amd rock - - - = - - - - - - - - - - - - - - 5720 570 505
P SR Total depth.= = = 570
2 " . 165/48-2d1, D, Heath .
; . 158/49+22d1.  R. Washbum '~ . :
i - e - . Topseil = w - = - - - - - - - - 2 - 12 12
B - Sand and boulders - - - - - - - - - - - S o oo - 2 22 Soil, sandy 46 58
" R . Gravel = n = = = = = = = = = = = = = = = = = = B L 1] 48 Sand, fioe, and gravel = = = = = = = = = = = v - = - - ‘- 96
. 8and, fine, gravel, and bouldérs 20133 181 Sand and ¢lay = =« < = = - = = = L mmmmennan . 40 136
‘Gand, fine - - - - = - = = - = I I I T NI . 14 195 Sand, coarse, amd gravel - - - -« - - - - 148 284
Gravel, sand; WALET = = = = = = = = =« = = = = = - = = - 25 220 clay with streaks of white lime = = = = = = 78 362
Sand, gravel, and boulders = = = = = = = = = = = = = = = - 53 275 Sand and gravel - - - 4 4 4 4 s e mmsaa s 57 419
Gravel; water- - - - - - - = - - 4 = 4 === = - == - 59 334 Clay, Ted - - = - - - - - - - - - - e swus s 3 422
Clay and boulders - - - - = = S = - = - = - - - - - - - - 13 349 Total depeh - - - - 422
Clay, boulders, and gravel layers = = = = = = = = = = = = 151 500 i . :
. - Totdl depth - - - . 500 165/68-3al, F, Reelfe
158/49-2741. R. Washburm Surface aand and gravel - = = = = = = = = = = = = = = = 40 40
Gravel, coarge, and sand - - - = = = = = = = a = - s - 95 135
*54 Gypsum, sandy, and gravel- - - - - - - - - - 2 - - - - - - & . 4 Gravel, coarse, #nd-limcy shale - - - - - - - - - - - - 85 220
Gypsum - = = = = = = == === S = om == - 3 7 Shale, limey, and €lay = = = = = = = = = = = = ~ = = r 20 240
Sand, gravel, and rocks . - 222 229 Clay .= = 2 = - < - 25 - - - oo oo e e e 10 250
Sand, grAvel; WALET= = = = = = = = = = ¥ ¥ === w .= - 25 . 254 Total depth - = - = 250
Sand, gravel, and rocks; water = - =~ = = = = & Tm e a s - 82 346 :
Clay, red, sandy,-and-graved; water- - - - - - - - - - 2 - - 72 418
Clay, ITed = v = = = = v = = = v = = = v = = v = r = - = - & 426
_Clay, red, ‘and gravel - - = = = = = S %@ a4 w .- - 16 442
- e : ©  Total depth - - - 4hz
g 155/50-18¢1, L. Pereirda
Graval = = = = = = = = = = = = @ = @ = m= =@ ===~ - 395 395
Total depth > - - 395
s )
£
A .- )




Table 4.==(continued)

Material
165/48=4d1. E. Mankinen

TopBOil = = = = = = = = =2 = = = 4 = =& 4 o oo - oo o
Cl..sy,ﬁnm-.ly—————-———---_-_q_T .....
Sand 80d gravel = = = = = = = = = = = = = = = 2 4 = 2 - -
Clay, sandy - = = &« — w u - - - - _ o

Gravel, comgnted - - -
Clay and gravel = = = =
Clay, sandy - - -
Spnd, gray, fine
Sand, fine, and gravel; water

B L

Sand and RIAVEL = = = = = = = = = = = = = = == -
Clay, blue, hard
Gravel, lav¥ge: waAter - - - - — - — — — = -« - = = - - =
Clay, blug = = = = = = = = = = = = = = = = = = = = = = =
8and and ‘gravel
Clay = = = = = = = = = = = = = = = = = = =
Sand and gravel
Sand, fine, and small grayel = - - = - - = = = = - - - -
Sond ond Gravel = = = = = = = = = = = = = = = = = = = = =
Gravel, very coarse - - -
Gravel, small - = = = = =
Gravel, coArge = o - - - - - -0 - - 4 - - - - - - - - -
Glay and ETAVRL = = = = = = = = = = = = =2 = = 2= = = = =

165/48=5b1. F. Wooldridge

Spnd and #4mall rock -
Rock, T8d = = = = = = = ='= = = = = = = = = = = = = = = =
Gravel.- - - - o - % - - - - - - - - - - R
Clay, TAY = = = = = = = = = = = = = = = w = = = =w = = =
Sa8nd 80d Gravel = = = = = = = = = = = = = = = = = = = = =
Sandetofe - = = = — & - - - - - - & & - - & - - - - o -
Sand and gravel - - - - - - 5 - - - - - r e e .- - .
SandstOne = = = = = = = = = = = = = = == =" maman-

Sandstone - - s -

Sand = = = = = = =
Sandstone
Bapd "= = - -
Gravel
5andstong = == = = = = = = = = = = = = = = == == = = =
Sand aond gravel - - -« - - - - - - - - - - ¢ .- -
SAandAtOnE = = = = = = = = = = = = = = = == == == = = =

Sand and graval = = = = = = = = = = = = = 2 = = m-noa.- .

Sand and elay - - - - = - - - - - - - - - - - - o o o
Sand and gravel = = = = = = = = = = - - .- -
. Clay, red.= = = = = = = = = = = = = @« = = = == = =« =« 4

168/48-821, E, Schultz

Sand, gravel,.and boulders = = = = = = = = = = = = = = =
Clay, brown; sandy, and gravel = = = = = = = = w = = & =
‘Sand, medftm- - - - ¢ - - - % ff - o ke - - - - - - D
Sand.and gravel - = = = = = = = = = = = = = = = = = = - &
Sand, large
Clay, brown, sandy, and gravel - -
Sand and smmlil goavel - = = = - - - - - - - A
Clay, browm, Bandy = = = = = = = = = = = = = = = = = = =
Sand, 4Zge = = = = = = = = = = = = = = ===
Clay, sandy, and.gravel

165/48-8b1. C. DePir, Sr.

Topsoil = -.=.= K
Sand &nd gravel = = = = = = = = = = = = = = =2 =2«
3

Sand and gravel = = = = = = = = = = @ © = = = = = ===~
Clay, sandy = = = = = = = v v v = = = == v - = = ow v
Sand and gravel = = = = = = = = = = = = = = = = = = = = «

165/48-9b1. C. DeFir, Jr.

TOP#oil = = = = = = = = = == - S I R
Sand and gravel
Glay, sandy
. Band and rock = = =. = = = = = = = = = = = = == = == ==
Clay
Sand ‘and gravel
Clay, sandy
Sand and gravel - -~ - - - - - - - - - - - - - - - - - a
Total depth - -

165/48-921. G. Caldwsll

Sand and clay = = - % - - % % = 4= 2 2@242=22-=
Gravel and sand = = = = = = = = = - - w - - 4 0 - F - - -
Clay and-gravel = = = = = = = = = = = = = = = = = = = = =
Band and gravel =« - - - - - - - - = & - 444 sl s maa
T R T
8and and gravel = = = = = = ® = . - - m ... - -
Bock, hard = = = = = = = = = = = = = = = 2.2 = = = = ==

Total depth = =

Thickuess
(feet)

=

N

-
NE NG WD

—
[ Y

Depth
(fast)

302

308

250

185
205
250
250

100
110
180
245
320

350
350

Material
165/43-9d1, D, Fadenrecht

Topsoll and 38Md = = = = = = = = = = = = = &« = = = = =
Clay, 8andy = =~ = = = = = = = = = & 8 - - - - - - - -
Band and gravel - - - - - - - - - - - ¢ . .- m = .
Clay, sandy = = = = = = = = = = = = = = - - - - - - -
Sand and gravel - - - - - - - - - - - - - - -
Sand, hard, and gravel - - = = - v = = = = = = 2 - ==
..Clay, sandy = = = = = = 4 = & wow o= o= ao o - - - -
Sand, fine - - - - - - - - - - - - R, - -
Sapd, hatd, and reck
Clay, sandy =
Sand and gravel - - - - - - - - - - - - - - - .o
Clay and tock - - = = =
Sand, hard, and rock - - . .
Sand - - - - - - oo o oo oo s e e

Clay = = = = = = = = e i mm e as EICU- IR LN

Sand and gravel - - - - - - - - - - - - - - - -4 -
Glay E
Band and gravel = = = = = :
Clay - = = = = = = = = = = = = = = - - - - - - - -~

168/48-10al. Mrs. A. Mankinen

Sand and topsoil
Clay, sandy = = =

Gravel, comented, COBTER = = = = = = = = = = = = = = =
Clay, 8andy = = = = = = = =2 = = = = = = = = =2 = = = =
Clay, hatd ~ - - - = = - - - - - - - - m--mm- -
Gravel, 1lo0Fe = = = = = = = = = == & ‘e m e a .
Sand, fine, and gravel; water =~ = = = - = - = - - - -
Gravel, coarae - - - - - - - e e e e e e e - e - - -
Clay, hatd = = = = = = = = = = = = =

Gravel, coarse =
Clay, sandy
Sgnd, fine = w = = = = = = = = = = = = = = = = ‘.- om

Sand and gravel = = = = = = = = = = v - = = - -
Sand, coAYEE = ="= = 4 < 4 4 - - 4 mm o mo oo Lo o
GIravel = = = = = = = = = = = = = = = * = * ===
Sand - - - 4 - - oo oo oo n oo a oo
Pea gravel, latge =
Pea gravel, mized
Pea gravel, large
Roulders -
Pea Eravel = = = = = = = = = = = = = = = = =

165/48-10b1. W. Monroe.

Sand « © - 4 = = 4 e s uhmm e e ea s
Sand and gravel :
Gravel, coarse - -
Gravel and sand -~ =

Total.depth = - -
165/48=11cl. -J. Pierce

Surface sand and gravel - - - - - - - - - - - - - L -
Sand, coarse, and small gravel = = = = = = = = « = = -
Gravel, coarse + = = == = = e e = e e s e o a e s
Gravel, coarse, streaked with elay - - -'- - - - - - -

165/48-13a1, P, Earker
Topsoll = = = = = = = = = = = = = e w m o omowomomomow
Sand and gravel = = = = = = = = = = = = = = = = = = =
Clay, saady - - - - = « = = = € = = = 22 2 2w oo
Sand and gravel - - - - - - - - - - - - - - - - - - -
Clay, s80dy = = = = = = = = = = = = = = = = = = = = =
Clay, hatd = = = = = = « = = = = = 2 = = = = = = = = =
Sand and Fravel - - = m = - - e - - - - - - - m - - -
Sand, Fine - « = = 4 - 2 & 2 = = m o= o= mmaaaaan.
Clay, hard = = = - = = = = = = = = = = = = = = - - - -
Clay, Bandy = = = = = = = = = = = = = = = = = = = = =
Sand,
Clay, gamdy - - - = = = = = = = = = == =« - - -
Sand, hard, and rock = = = = = = = = = = = = R
Clay, sandy
Sand, coatse
Clay, sandy
Sand and rock
Clay, hard = = = = = = = = = = = = = r = = = = = = = =
Total depth ~ = =

Thicknesa
(feat)

20
106
Lo12
“162

.33
165

Depth
(feet)

30
50
72

120
142
170
145
21¢
230
250
278
294
320
336
362
374
394
410

410

" a0

250

= -
5 .
.



s,
. - =
& ol
%
© ol
5.
£
L
-

a 1
v
- A
=
B
-
B
B
4.

T " ‘Matertal

‘- Gravel, large

Table 4,==(continued,)

165/48=14bl. T. Gallagher

Topsoll - - = = = = = = = = = » e mww = = = -
Sand and gravcll !
Clay - - - - - .
Sand and gravel; water =~ -
Sand and fing gravel

Sand and fiue"g‘ravcl -
Gravel, medium - - -
Pea gravel = = ='= = =
Sand, fine, end small gravel = » - - - - - - - - - -
Sand, fine, and light red c¢lay - - - - - - - - - - -
Pea gravel and boulders - - - - - - - 4w - w2 s m .
Pea gravel and sand® = = = = = = = = & = ='v - - - -
- Sand and small gravel
Clay - - - - - - =
Clay, finé, sandy”

168/48214d1. " P, Perry

Rock, sandy’
Clay = = < =
Sand and graval
Sand, hardpack = = = == »
Clay : :
Sand, fine
Clay
Sand and gravel
Clay = = == == == w o e’mmm oo 2D L
Sand and gravel -~ - - - - - - - - - - - - - 4 - - s

168/48-15al, E. Mankinén

Topaoil
Clay -
Sand, red, and gravel =~
Sand = == - - -
Clay, ved:
8Sand and gravel; water

165/48-15b1. L. Damsby <~ *

Topgoil - = - = r = = = = = = = - - - -4 4L s maa
Clay - - =
Clay = === === ===+
Sand and clay
Sand, hard, brown =
Gand, hard =
Gravel, red”-
€lay, brown, and sadd
Clay, brown, and. sand
Sand; water. - -
Sand dnd grave
Gravel; water "
Gravel .= = - -~
Gravel; water

Clay and gravel - -

165/48-16al, E, Selbach

Soil, sandy . = = =
Sand and.rock -

Clay, gsandy - « ='= = = = = = = = » = = = v = - - - -
8and ‘and: rock

~ Clay, sandy - - - - - =4 4 4 4 mmmme ...
“Sand and gravel == = = = = w - - - - - - - - - . :
Clay ¢ = = & "= == =+ e == mmm. ----
54nd; COATBE " - = = = = = = == = = = = = ==« - -
Clay -

* Sand, finé
Clay’ .-,

+165/48-17al. T, Overhalsas

Topsoll - = = = =
Gravel; cemented
Sand, fines = = = = = = = === = .. - -
Gravel, ‘gemented - - - - - - - 5 - - - = .= ===

165/48-18b1, J. Bell

Topsoll
sand - - - - - -
Sand, coarges = =

Sand And- gTAVEL = = = - - = = == = - - 4 2 ===

Sand - - - 5 - - s s s e e e e e e - .

Rock, broken = = = = = = = - = - - - - - - - - - - -
Sand, red - - - - - - - - - - 4 = == ==
Total depth -

Tétal depth -

‘Thickness
(fect)

4
T8

16

0
23
202

Depth
(feet)

95

136
146
158

170"

141

195
203
249
246
263
295
301
349

349

20

110
128
146
164
180
210
228
20
240

<12
103
118
164
L70
208
212
228
234
2462

250

250

132
134
280
280

15

a8
240
292
294
-380
380

e ' Material T (feet)
165/48220d1, J, Downey

Topsoil e LA . g

Sand = = - - - - R R N R R R - 022

Rogk ' = -= - = = 4 = = = = = ’,._Z._

Band , brown

- Limestone 2
Sand, Lrown k T R
Limestone, hroken I3
Limestone 14
Limestone, broken 11
Limestone, broken 50
5and, hard - - - - - - - T I N 30

16§/48=23al, H, Gillespie

* Sand and gravel
Pra gravel - -
Sand - - - - % = = = = =

Gravel = = = - = = = = = = = = = 7 - - - - - - - - - 155

“165/48-2351, H. Gillespie

Gravel, coarse 84
Gravel = - - - 230
Gravel and clay = = = = - - - - - - - R 10
Clay = = -~ - - - - e e e e e e — o N 6
Total depth = = - :

165/68-23ely N, Gillesple .

S-Topsoil - - - = == m e - - - - - - B 10
Hoil, sandy, tight ——---------—----_:- 57
Sand, line, and gravel = - - - - - - -'= « « 4 = =70 18
Clay, light, sandy - - - = = = = = = = - = = = = - - 77
Clay, ted, with streaks of gravel - 33
Clay, red, sandy, with steaks of white lime - = -.- - « L8
3and and_fine gravel - - 120
Clay, sticky - - - - - -

Zand, coarse, and gravel 21
Clay, hard, sticky = = - =

168/48-2341. V. CGillespic
Tapspil - = = == = = = = =« - - e e e e a e )
Soil, sandy,  tights = - = = - = = = = = = - = - - - - S
Sand, fine, and gravel = = = = - - - - - - - - « = = 19
Clay, light. sandy= = - - = = = - = = = = = = = = = - .77
Clay, red, with streaks of gravel = = » = = - - - - - a2
Clay, red, sandy, with streaks of white lime- - == = 130
Sand and flne gravel= = = -"= - = - - = « = = = = = ~ 125
Clay with streaks of white lime - - el
Pea gravel - - - - = R RT3 |
Clay, sticky = = & = = - = % - - - 4 == =0 - - - 2

. Total depth - - -
168/48-26al, M, Records
Burface goil - = -"- - - ="= - « = = = = - - - - - - 2
Gravel and sand 9

Clay = - - - - s mmmmdm oo oo - ke 10
Sand and-gravel =*- : 10
tlay = &= - - 15
Sand and - #
Clay - - o= == : 12
Gravel and sdnd 13
Clay -5 = = == = r = == - - -« - vz
Sand, gravel, and boulders 1B
Gley "= = ="= = =Tm o= e - w - - - - - - 3
Gravel and boulders’ 15

Clay = o ovi- - - 19
Bund and gravel® 8
“Clay = = = - - - - - = - == =@ %'t === L8
Sand and gravel =23
Clay = = = = = 7 = = = = - — = == = w5 =~ - - - - 21
Boulders and gravel = = = --= = = = - - - - = = = = - ,”
Clay and boulders - - - - - - = - = == - - - - - 23
Sand and gravel - - - - = = = = = = - - - - - - - - - 8
Clay - - === == e¢ === === =% = 22 ==~ - 14
Sand, gravel, B
Clay = - - - == - === = - - >=-------=-=-= 13
Sand, gravel, and haulders - - - = ="« = = r v = = - 19
Clay == - ----- - -« ===~ S 11

'.. sand and gravel E 12
Clay - = = ==~ 23
wBoulddrs andseclay’ = = = - "7
“Clay E - - 18
Boulders and vlay - - - « = = 5
ciay - - - - 21
Boulders - « 7
Clay, hard - 48
Boulders - = = 3
Rock - = = - g

Total depth = = =

Thickness

Depth
(feer)

30
kX
185
187

©25%

261
25
286
336
pLh)
300

oy

93

175

330

- 330

330

A4
4
324
330
330

10
a7
a5
1k
195
323
443
480

310
G910

62
al
158
190

320 -

445

_4A0.

501
503
503

31k
kY
329
362
369
387
392
414
421
409
472
430
480

.

el



Table 4. =-(rontinued.)
Material

165/48=24cl. R. Records

Surface soil, sand, and gravel - - - - - - - - - - - - -
GEavel, medium = = = = = = = = = = = © = = 4 4 o o o o o

Clay = =o0 = = = === m o mm— oo o - o e e .
Lime shale = = = = = & = & & o = 0 o - — - - - o - =
Clay = = = = == = = = = = w = = = = === as
T Lime shale und gravel - - - - - - - - . e e e

1o8/4R-24d1, R, Rugords

Surface s0il « - = = = = = = - - - - - - - - - - - - - - )

Sand and gravel - - - - - B
Clay
Sund and fravel = = o= = = mimom o= ow o o oo o oo L
Clay - -
Sand and
Clay - - I .
Sand and pravel - - - - - - - - - - - - - - - - - .- -
Glay Andigravel = = = = « - - - - - - PR
L Sand wnddgravel 2- -1 - - oo simie e e e e el

Clay « mimisim = @ m o oo oo oo oo oo
Sand and gravel - - & - - B T T N T

Clay = =9 @ mww s mm oo e

Boulder and gravel - - = = ¢ - = = P
Clay, hard - - = - - = - R R -
Gravel and sand ¢ o= ¢ owam = Remowom oo s o
Clay, hard'= = = & = 2 2 w0 e e m oo oo

Clay, sandy

Gravel, sandy "= e e e e el el
Clay = = == = < - = T T T N T R R,
Sand, bouldexs and pravel - - - - - - - - - - B
Clay - - - - - f e e m e e m el omo oo oo oo
Sand and gravel - - - - - - - - T
Clay: < -
Clay == == = = = = e e e e e e e -

Sand, boulders, and gravel
Clay,-------.A---——
, Boulders and gravel = = = = = =

Clay = - == - - = - - R
Gravel ..u\d s.uu.l ——————————————— - = -
Benlders and pravel = = LR I I RN
Clay =" =" EE
Gravel and bouldexs

¢ lny ---------

Gravel Jl\d sand - - - = = = - - = = = = - LRSS
Clay - - -."-.

168 /482250176, Bettles

Pit = e aim = omm v
Gravel, coa
Gravel, hard, fine, and sand = - - - - - -
“Band, hard Fne, with streaks of clay = -
.m.m_l’- cémented, and limestone- - - - = & = = = = - -
Gravel,, hard, and limestone - - - - - - - - - - - Ce - -
Gravel, hard, and sand = = = = = = & = 2w o .o oo o
Gravel, fine, and sand - = = = = = = = = = = = = - - - -
Limestone 4 HELA(?) - = « = = = - & - - - - - - - - - - -
Gravel, cemenfod = = = =« ¢ = @ = = - = = = = = au o

,oand sand e v o= v om o= omomom oo o om

Gravel, oose = - = = = = = = = = = = = = =@ = = = - - -
Sand, fine.- -
Gravel, co
travel, fine - -
Cravr‘ll hard, coarse, clay, and 1imosrone = = = + = = =
‘Cldy, $dndy = = = = = = = == = = = = = = -« - - - -
Clay, hard, sandy', gravel, and limestone - - - - - - -
Gravel, with streaks of clay & = = = = = = = 2 - = &2 a
Gravel,shard, and limestons

(rnvcl, ccmcntr‘d‘ and limestone = = = = = = = = = w = - .

Limestone - = - & = - = - -
Gravel, cemented .
Limestone, hard - - = = = = = = = - - -
Gravel, cemented = - « - - - - - - - -

Grave] and -
Limestune, sandy, very hard - -='= - - - - - -

165/48-27¢1. M. Barr

sund @nd LimeSCone = = = = = = = == = = = = = = = - -
“Sand and gravel - - - - - - - - - e e e e oo
Gravel.= = = = = = = & - - = - crm == - - - e e
Rock and gravel
Gravel, coarse - - -
Gravel - = = = = 5 = = = = = - - - -
Sand and gravcl‘ [

Sand and Hsvel -------------------- -
Gravel ¢ ='= = = =2 = = @ @ = m == e e e a e
Sand, Fir
Gravel = =
Gravel, vodrse
Sand, clay, and gravel = = = - = = - - - - - - - - - - -
Sand, line, and clay = = == = = = = = = = = = = = = - -

Total depth = -

Depth
(feer)
35 35
60 93
40, 135
70, . 205
25 .30
76 306
: 106
2 2
6 a
& 14
L4, 28
9 37
h A2
1L E
15 69
74 93
4 97 .
[ 103°
15 118
11 129
8 137
6 143
1% 162
10 72
12 . 184
12 156
17 213
14 227
12 boae
16 255
12 267
16 ;283
16 299
13 312
21 333
1 334
5 33
22 361
17 IR
4 182
3 JHR
3 391
20 411
1o 471
421
5 s
b 11
12 L. b3
-7 .50
3 53
3 39
1 65
9 74
6 a0
9 89
4 93
8 101
3 104
21 125
3 . 128
6 Lo T
12 146
9 155
Coge 160
5 5. 165
w0 - 175
8 183
o3 b6
4 190
5 . 195
3 RTT
v o198
53 ]
20 73
10
10
19-
30
10: w152
10 “162
10 172
20 192
10 T
5 207
0 217
10 227
9 236
236

Thickness

Material = T ol ©(feer)

LoS/48-27d1. M, Delph ‘
Top.soil 5
Limestane, very hatd = = 4
wBoll, sandy 20
Sandstone .26
“Clay, light;and sand - - = - - - e mae o oo 50
Clay, pink and sapd - - - - - - - - - - - emeam 15
- Sandstone, light brown - - - - - B - - 45
Clay, red, and little. sand = = = <@m 2w o - = - - - - 15
’ Total dépth = =
‘165/48-36d1, Mrs, W, Watson,, L )
Surtace soil = = = =7 = = ae ma . - 32
Limestone, cewenced, and gravel- -.- - 13
Clay, r’eddish, cemented; and, pravel - 15
Clay, light colored, and sand = = = - a5
Sandstoue, gray - - - - - - - ! [E— 10
Limestong, hatd =.= = = . Loa - 5

Clay; red, and lictle sand
Clay, red, ‘sticky = =
Clay, red, and gand -
Clay,. ted, and gravel
Clay, brown - - - - -
Limestone, hard - - - - - -

Clayy white (tale)? - - - - - - 43
Clay, gray, with occasional. buulder 5%
- Limestone,; gray (med‘iunl) R 12
Clay, gray =" - : R 13
.Limestone, gray: (medium}) B i R TR 12
" : Total depth = =
"165/48-8a1. M. Meese
..Surface soil - - B
Loose rogk .and., _gravel - = x &2
, bry gravel - - - -'- - - - & s 6
Conglomerate = - - - - - - - sS4
Sand, yellow = = » = - = = < 20
send, light colored =i= = = = 20,

hravel large; water - - - - - - - - P 3
-Clay, red with lens, of Eravel and sand a few

inches thick r‘w.‘ry 4 o 5 feet= = - 105
165/49-9c1. T. Selbach

Sand And rock = = w.m w o= s o= = oam _ 1.
Sand; hard pack, and’ rock - A
Clay and tock = = & = = = . 18
Sandrand rock -, - - - - = o3y
Clay, sandy - - - - - _ il
Sand and rock - - - - - 3

Clay, sandy
Sand = = = =" =

Sand and oo
Sand and -
Cluy and -
Clay _

28and and .-
Clay == = = = = = = == = IR o " .-

Sand, hard - - - - - R - - 7
Clay = = = = = Y]
Sand and rock - 8
Clay = = = =.= « = = w = - = - 22

gand and rock- 8
Clay . 2.

163/49-14al.  W.. Johoa. . o
Loaw, brown, sandy - - - - - - - R e L2
Sand and gravel = = = =fe = = === e ime et o 5.
Bulilders - — - - = - = == - === - - - - - -1

Gravel, Iarge = = = = = e = mm s - 32
tGravel, hard, compacted, aqd gand - - - - - - - - 5%
Clay and boulderss - -« « - = - = - 14
Clay, Jight gray = « = = = = L = ‘5

Clay, brown - - - - - - - 1%

Clay and larpe gravel 10.
Liwestone, hard - A Z
Clay, browm ='¢ “am = = 31
Sand; hard compacted - .~ 2

Conglamerate composed-.of clay and gravel™ - - - - I - 40
. . Total.'depth = =

168/49<14b1, W. Johds

Surface soil, sand, sadugravel - - - - - - = = - = = 2 140
4and and gravel -= -7 150
T gravel - - - - - 100

Clay = == = = =@ = = s wmm = mmm e e oo E

Total depth -= = .

CTepth
(fret)

25
9
49

125
140
185
200
200

iz

60
95
105 7
110
151

- 150
200
243
257
295
350
362
395
407 °
407

242
260
68
290
298
300
oo

A

290
390
390
390




Table 4.--(continued.)
o Thickness  Depth
N B Material {feat) (feet) : : Thickness Depth
= - . st 0 (feet). . (feet) |
h 168/49=15a1. W. Johns 165/49-19cl. R. Records
B . T 23 23 Sand and gravel - = = = = = == = = o - - e e e et 2% %
A tand and Bravel = = = = @ # F e . ow ow e e - - - - - - 35 58 Sand and coarsc gravel - = =y 3007 - 54
L Gravel - - = - = = = - - - - - - - - - - - - - - - - 28 86 Gravel, coarse 100 E 154
z sand and.gravel 114 200 Clay - - - - - | 20 - 174
o Clay, brown 109 309 Clay and gravel 10 - 184
. - Clay, gray 33 342 Gravel 10- . 194
Glay, brown 28 370 Clay and gravel = - 60 - 254+
Sand - - - - - - - - - - - - 50 420 Sand and-clay - - 20 vt 274
' 420 .Clay and gravel 10 284
= Clay and small amaunt of grave] - - - - 10 294
R 165/49-18al. w. Hanks Clay - = == = = % mem - m - - = L 6 300
) . Total depth.= = 300
- Surface suvil, sand, and gravel - - « - - - - - - - - = B0 80
- %and and pea gravel= = = = = = = rox - o2 r o w e ow v - 280 ibo 165/49=19d1. L. Meeter
“8Band, chard - - - - - - - - - - - - - - - - o - o oo |25 185
Gravel = = - = - - - &+ = 2 & = & = =4 -4 - - s . 13 400 Surface 8oil- = - - - = = = = = & &« momm o aamom L2 2
Sand, lard = = = = = = = = = = = = = == == oo - - 20 420 . Sand and gAYl = - - = - = - - - = = - - - o - - - . 1 3
Clay = = = = = = = = = = = = = = = == - —— = - - 420 Hagdpan - - = = = = = = % %= =% = === L6, 9
Total depth = 420 Sand and gravel = = = = = = = = = 5 r - w5 .- LR 13 22
. Clay = = = = = wr = = - - - - - -~ - - - - - - - 3 - 25
= 163/49-19al. L. Mester Boulders and clay - - = = = = = = = = — = = = — = - = 2 . 27
Clay = = = = = = = =« = = = = = - b 33
Surface Boil - - = = - = = = = = - - & - - - - - - - - 2 2 Sand and gravel - - - 14 47
Gravel and sand- = = = = + = = = = AR Q 11 Clay and gand - - - - - - - - - - - - R R 17 64
Clay = = = = = = = = = = = = = - - - - - - - - - - - 10 21 Sand and gravel = = = = = » = v = - - c - v . = ..~ 9 73
- Sand and gravel- - - - - - - - - - - - - - - - - - - 10 31 Clay and sand - - - = - - = - = - - - - - - - - - - - 12 a5
Clay = = = = = &4 - = = = = = = 2 = = =2 = = = = = = = = 13 4t Grave] and boulders - - - - - - - 4 = - - - - - - - - 22 107
Sand and gravels = =« £ w w - - - - -« - - - - - x o A 54 Clay and sand 8 115
[ I 12 66 Gravel and sand 4 119
Sand and gravels - = = = 4 4 & 4 & = = = m = A m .. 13 7% Glay and sand 15 - 134
Clay = = = = = = w = = = = = = = = = = e = o - oo o 12 9l Gravel and sand 12 146
- Sand, gravel, and boulders - - - = + - = 4 - & - 4 & . 18 109 Clay and gravel 12 158
Clay = = = = = = = = = = = = = = = = = = = « = == =~ 5 114 Sand and gravel 15 173
Sand,, boulders, and gravel - - - - - - - - - - - - - - 15 129 Clay and sand - - - r.= - = - - 8 181
Clay = = =2 = - - 2 = =2 = = = = 2 =22 === =-= - 19 148 Boulders - - = 18 199
Sand and gravel= = - = = B R I & 136 Clay and gravel = 177 216
Clay = = = = = = = = = = = = = - - - - - - - - - - - 18 174 Boulders and gravel 10 226
Sand and gravels = = = = m e m e momaamas = 23 197 Sand and gravel = - - « - 4 - - o = m = a4 - 4 eoa 3 13 - 239
Clay = = = = = = v » = = = w ¢ x v = " = o= = a1 218 Clay = = = = = = = = = v = = = v w £'¢ = = = = = == 7 246
Sand, boulders, and gravel - - - - - - - - - - - - - - 13 231 Gravel = = = = = = - - - - - - - - - - - - - - - - - 20.. 266
Clay and boulders- - - - - - =« = = = 2 & - - - - - 4 = 21 254 Clay and gravel - - - - - - - - -« - - &« - - w - . 7 273
, 5and and gravel = = = = = = = # = = = = = = "' o- 9 2h3 Gravel and sand « = = = = = = 4« = = = = = =2 a - 12 - 4 285
Clay = - = = = = = = = = = = = = - =« = - - - - - - - 13 276 Clay, h8Td = = = = = = » = = r = = = - = - - - - 5 . 240
Sand, gravel, and boulders - - - - - - - - 4+ =2 2 = & = B 284 Sand, bouldera, and gravel 7 297
Clay = = = = = = = = = = = s = = = 0 = = 02 cw=~ 13 297 Clay <6 303
: Sand, gravel, and boulder$ - - - = - = = = = -~ - - - - 19 316 Sand and gravel = = = = = = v = = - - - - -« - - b 307
B Clay - - - - = = - - - - A A R R 11 a7 Total depth.- - . 307
Sand and gravel 12 339 )
Clay = = = = = = = = = = = = = = = = = v = = = = = - - 23 362 165/49-20al. M. Travis, J. Earl, and P Clement
Boulders and clay- - - - - = = = - - - - - - - - - - & . 7 169 . x e
Clay = = = = - =2 + = & = =2 4 a4 = = = = = 2 2====-= 18 387 Sand and 88h= = - - ='= = = & = a = mmm L 80 B8O
Roulders and clay L8 392 Gravel, coarsc 10 90
Clay 22 W14 Sand, Fine - == = = - = m m e e mm oo - 20 v 110
Boulders = = = = = = = = = = = = = w = = = = = = w w o~ 7 471 Sand and gravel = = = = = = @ = = ... . ... 58 - 168
Clay, hagd 48 469 Gravel = = = = - - - - - - - - - - - - - - - - - - - 15 .- 183
Boulders = = = = = = = = = 3 472 Sand, COATBE = = - = = = = o= = o owow o= o= omomomoww . 24 . 207
o RoCk = = = » = = = v = v = w = = = r xr = % r - - - = B 480 Sand, fine,-and gravel in layers - s 37 - 264
- 480 Sand, coarse 36 300
a0
165/49-19b1, L. Meecter . PN
165 /49-20d1, E. Earterbrook
Surface sofl - - - = - - - - - - - - - & - 4 4 e 3 -3 >
Hardpan = = = = = = = = = = = = = = = = = = = = = = - 2 5 Topsoil « = = = = = 2 = @ @ = m e am - ... 2
Band - = = = = = = = = = = = = = = = = = = == - - § 11 Sand and Tock - - - - - - = = = = = = = = = = - - = 22
- Clay - - = = = = = = = = - - - 12 23 HBand, hard, and rock - - 18
Sand and gravel 3 18 41 Clay, white . B
e Clay = = = = = = = = = e e e e e e e e e o oo 8 49 Clay, and rock 50
Sand and gravel 27 76 Sand, hard, and rock = = = 25 135
Clay = = = = = = v = n s e = oememeenme - 31 107 Clay = = = = " = = = == == = n =« oo oL 17 152
Sand = = = = == m - === e mm— oo e - 22 129 Sand, hard, and rack - - - - = = - % & - = = - - 58 210
Clay = = = = = % = = = = = mmm e e aa e 19, 148 Clay = = = = =~ == = = ~ . 8 = = = = = = = = = = = = 25 235
5and and Eravels = = = = = = = = = & .0 .- ... 16 164 Sand and gravel = == = r - = = - = & - = - & -« - 23 257
- Clay = = = = = = = = = = = = i, 13 177 Clay = v = = 2 = 2= == — == - - 19 - 276
4 Sand, gravel, and boulders = = = = = = = = = = = = = = 22 199 Sand and gravel= = 34 30
Clay = = = = = = = = = = = = = = = = & = = & = & - - - 22 221 Sand, hard, and gravel - - 34 344
Sand, gravel, and boulders = = = = = = = = = w « =+ « 20 241 Clay, red = = = = = = = » = - 26 . 370
. Clay = = = = = = = = = = = = = = = = = = = - - = - - - 2l 262 Sand and rock- - - - - - 4 s - a - = s ama e e .. 40 410
. 3and and gravel 16 278 . Total depth- - 410
5 Clay - - = = = = v = = = - - w - m o m - - o - - 16 294
* Sand and gravel 26 320 165/49-23a}. Mrs. R. Dalton
Clay = = - = = ¢ == = = mwam oo o oo oo 17 137
Sand and gravel - - - - - - - - - - = = s uw x omco=o= 11 348 Clay - - = = = = = = = = = = =@ w w = =7 v = = v« = 10 10
- Clay = = = = = = = = = = = v = = = = w v = = ==~ 24 31z Sand and cldy - = = - = = = = = = - = - - - - - - - = 30 40
Boulders and gravel- - - - - - - - - —"- - - - - - - - 15 , 387 Boulders- - - - - - - - - - - R R 10 50
Clay 16 403 Sand and gravel = = = = = = = = = - - & - - - - - - 53 103
Sand and gravels -0 S - = - - - - o o oo o .o oo 23 426 Sand = = - - - - - - - - D - oo - oo 1 117
Clay - - - - = = = = = = - - - &4k - - - —— - oo 13 439 Clay, brown « = = - - = = = 2 = = = = = = = = 2 = = = 3 120
¥ E Sand, gravel, and boulders = = = = = = = = = = = = = « 13 452 Gravel with streaks of clay = = ~ r = = - = = = - - - k) 155
. Glay = = = % 6 = == = = = = — © & oo - oo oo~ 17 469 10 . I65
L Sand = = = = = = e = mmmm e e m e e e e o 13 482 2 167
Clay, hard = = = = = = = = = = = = = = = = = = = = = = & 485 - 43 210
Sand, gravel, 14 502 45 255
Clay - = = = = = = = = = 4 - = = = =w = = m === oa=o. 19 521 Clay, DYOWR = = = = = = = = = =« = = = v = = = = = = » 50 303
- Sand, gravel, A 565 GLAVEL - = = = = = = = = = = = = = — - mmm - - 27 312
r Clay - - - - - - 3192 64 Clay, brown, sandy- - = = - - 4 o = = = = = = = = = = 27 359
M Y %and, gravel, 22 626 Gravel = = = = ¢ 7 = - - ® w r ww - - - - - - - - - 3 362
- - 17 643 Clay, brown, gandy= - = = = = - = = = = = = = = = = = a8 400
. fand, gravel, 18 661 Gravel = = = = = w = = = = ® = = == & = — - - - - o 2 402
- Clay = = = = = = = = = = = = = = = = = = - - - - - - - RE:S 679 Clay, hrewn, sandy - - - - - - - - - - = & - - = =« a1 433
Sand, gravel, 22 701 Sand, hard= = = = = = = = = « = = - 37 470
Clay - == == == e == e = e == = = = = = = = = = = 10 711 Clay, brown 15 485
Sand and gravel 7 718 Sand, hard 5 490
B Clay = = = = = = = == = = = = = v+ v - o= —w= == 7 725 Clay, brown 10 500
Total depth - 725 ‘Total depth = = 500
“
~
) . ~ . A ' . . ~ e,
N . + o o T e o




Table 4.==(continued.)

- Material

165/49-26d1. D. Bilsborough

Band end gravel.
Boulders, looae
Sand and gravel=
Clly-------------------e ------
Sand and gravel:

165/49-26d2, M, Recoxds

Topgatl = - — = = = «+ r — = yr = m ow omow = ommoaoan

Tight:soil
Limestone, hard = = = = = = = @ @ @ & WL w oo oo o
Clay, light coloreds = = = = = = = = = = = = = = = = =
Clay, brown or reddish = =~ - - - - - - - = - EER -
Clay, light, with an occasional hard streak

every 2 0r 3 fERE. - v = = = 2 = v === m o a .

Cla&. light colored, with lens of sand and gravel- ---
Clay, aBfeky = == = = = = = = = = == = = = om oo =

. 165/49-28a1.. M. Wickuer

Topsoil .
Conglomerute with few boulders - - =~ - - - - - - - -
Limestone,
Cunglcmnnto with larger boulders
Sand, light coloted
Gravel, cemented -
Gravel; water = 3

. Gravel, ccilicntud. with red clay 'lens .= == = = = = « =

168749~ ZBcl E Mason

Topaoll _-‘
‘Conglomerate
Liweltonc- -
. Canglmeﬂte -
Said, light colored= = = = = = = = = = = e e e
Gravel,. CEENted = = = = = m == mmm . [
Sand and gravel- - - - - - = e m r w m o om o om o=
Gravsl, cmnted e s e s s e s s s s e - - -

ith' large bou 1ders

155/49-‘23:11.‘ M. wuk{:a"r

N Tapuoil = m,

; . Gonglomezate with few boulders = = = = = = = = = = = =

Limeatons - '— - - - - = = = = £ = = = = = = = = = =
Conglomerate = = = = = = = — = @ = = « = = = = — = - -
Sand, light  colored:

) Gravel, cepented - - - - -

Grnvel water=
Clay, reddish, with ‘little gravel= = - - - - = - - - -

165/&9_—29:1: L. Gamell

'Sur.face TR S T
+ 8011, sandy = = « = == -
501l and .rocke
““Sand, lighticolored

" Sand: and gravels = ='= = = = = = = = - 2 a - - - oo !

165/49-32b1. J. Housell

Sarface woil - - -
- 80il; saudy™;
Graval, emall, cementad ...............
- Gravel, large, cemented - -

165/49-32¢84,

J. .Housell

Surface Befl = = = = = = Wow oo - Lo oo oo
Rocke and '50il = = = = = = = = = = = = = = = = = = = =
Gravel and reddish elay - - - - - - - - - - - - - - -
Gravel, fine, and sand = = = & = = = = « = & 4 - - - -

168/49-32d1, . M, Stephen

Clay:and sand= = = = = = = = - == - m e
Sand and gravel; water - - - - - - = - = - - - - - - -
Clay.and limestong = = = = = = = = = = = = = = = = = =

Total depthe =

Thickaess

(feet)

120

15

15
13

25
27

27

20

70

135

Depth
(feet) Matcrial
168/49=33b1. M. Hodges
2 Surface 8ot - - - - ¢+ = = = m = === oo oo o
100 Sand and gravel- - - - - — v« = v = = 4= o oo .
107 Clay, sandy =~ - - - — = = = -~ — =~ — = = = = 4 2=~
118 Sand and gravels = = = = = @ & & 4 4 o1 - - 4. - .
~124°
1180 Samd.o= = = = = = @ - - - - - -
207 Gravel and boulderss = = = = = = = Cm e e o oo oo
230 Clay, hard [ ——
232 Sand and gravel R
300 Clay, 8andy~ = = = = = = = = = = = = = = v = = 2 = = =
300 Sand and gravel
Clay, gandy- - - = = = = = = = = = = 4 - -~ - - - - -
’ Total depth- - -
& 165/49-35a1 N, Berry
15
22 Boll = = = = = = = = = 4 4 - o - - o - - e n e
40 Clay and gravel- - — = = = = = = = = = = = o - = - - -
50 Bouldera, large, and ¢lay- - = = = = = = v = = = = = =
Clay m = = = = = = = = = = © = & o o o o oo oo oo
140 Boulders and elay
280 BANA = v = womom o= omomomomom o omomoa oo oo oo o
300 Clay - - = = = = = m = = = = = = = == = a2 4o
300 Clay and boulders- - - - - - - - - e e e mm e
Clay = = = = = = = & — « 4 o C o oD oo oo amea
Tota) depth- - -
8 165/49=35b1. E. McCoy
38 .
© 40 Topsoil~ « « « - I EEEEEE
115 | Clay, yellow - = - = = ¢ = = = = = = = = = = o - - - o
150 BouldeTs, large— - - - = <« « = = = = = .= a o ou -
250 Clay, yellow = = = = = = = = = = = = = = = = = = = = =
253 Boulders and gravel = = = - = = = - - - - - - - -
300 Clay, white - - - = = = = = = = - & = = =2 = = = = 2 =
300 Total depthe - =
165/50-7c1l. L. Cock
7 Sand - -« + - - = = aa . e e e e w oo oo
40 Boulders - - - = = = = = v = = e e e e e e
48 Gravel, fine = = = = = = - - - - - - - - 4 - 4 . .. -
115 Clay - - = v = = = = = = = = e e e e mmao e oo
155 Gravel, fine, and boulderz - - - - « e e e e m o
170 Boulders = = = = = = = - © - = = — = = 4+ 2w .= ..
184 Cldy = = = = = = = = = = = = [T,
200 ! Total depth- = =
200
178/48-1a1, D, Hallowsll
Band = = = = = = = = = = = - = = = s« 4 2 = o - - - = .
8 Limeatone, white, a0fE, (7) or tufg= = = = = = = = = =
35 Gravel and sand; water - - =« - - 2 - - - = & - &« - ¥
42 Gravel = = « - » = = = m § = === omaw W o
120 Total depth= = =
160
280 1758/48-1c1. W. Hoyle
285
300 Surface 80l - - - - - - - . ¢ - 2 e s - - m e e
300 Sand - -
Clay PR
Sand and gravel -
Clay = = = = = = = = wom & w &= & o o o & & - - - - -
15 Boulders and gravele = = = = = = = = = = = = = = = = =
32 Limestome- - = = = = = = = = = = - - & r * o w oo o=
45 Clay with gravel = = = = = = = & = = - - - & - - - - -
70 Clay = = = = = = = = = v v = = v ow o= m ===
a7 Sand and gravel- = = - - — - - - - -+ - - - - & - . -
97 Boulders and gravel- - = = = = :
Clay and boulders
Limestone = = =
Clay = = = = = === —mi e mmm m e e
15 Sand and gravel
" 32 Clay and gravel
&5 Clay
88 * Sand and gravel
&8 Clay = = = = = = = = = = = = = = = = - - - - = - - - -
Clay and gravel
Limestone broken up with gravel- - - - - - - - - - - -
s * Total depth- = -
32 176/48-1d1. A. Bettles
60
A0 Topsoil.
80 Clay, yellow R
Gravel and boulders- - - - - - - - - = - -« -~ o *on
Clay, yellow = = - = = = = & = = 4 = « -
Boulders - - - - - - = = x r r -t s+ m == maa . .
70 Limestone - - - - = = = = = = = = = — - & - 4 - - - -
118 Glay, yellow = = =
253 Sand and gravel- -
253 Limeatomes = = = = = = ="= = « = & - - - - 4 - - - - -
Limegtone, hard- - - - = = = = = = = - = = = = -
Clay, yellow - - - - = = 2 « = = = - - - - - - - -
Clay, whiter = n = = = r = - - = = 2aamas===2
Limestone = « « - - = « = -
Clay, white - - = - . - - - - -
Gravel and zand « - - - -
Clry, brown = = = = = = = = & R R
Boulder - - - = = - = = - = - - - - 5 fr - - el ..
Total depth- - -
F—
) PRI s .

Thicknesas
{feet)

3%
30
10 .
60

Depth
(feet)

27
3z
72
74
105
14z .
162
213
238
3
300
300

25

40

a0
110
114
160
180
200
200°

12
124
135
220
238
325
325

35
65
75
135
135

214

203

4
3
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. Table 4.-~(eontimund,} v '
B - Thickness pepth Thickasss bepth
Hateria ) {feet) (foat) © Mararial {feet) (faet)
" N ) 175/50-1%al, &ye County Land ang Devalspment Co., In, . v
178/49-8¢1. F, Glaveland '
Limastone; small amounc WALAT - - - . . o BRI 40 40
R garfaca godl « - L. 12 1 Limestone, hroken, and yollew clays - - - _ - o . . . 85 . 125
: o pedlutchgravel - - ..o C T TIITTTIT 0 0 - 12 Sand and gravel; saall amoust water - - - o . - o o o L 5 130
Mmeatone, white - - ... J 71171 TT1 " 5 37 Limestane, gravel, and elay ~ - - oL L. 112 %2
Clay, pink coloved, and Rravel - - = - o oo .o 1] 85 Limestons, gravel, 3and, and clay - - - - - ..o oL _ L a3 345
Total deptho - 65 Gravel, comanted - - - . . .. _ . _ " = - -, 58 400
) Gravel, sand; small ABOUDE WaLer= « - - - o L . _ . T 5 405
178/49-8d1. A. Clevaland ) Gravel, eemented - . o . 11Tt 42 497
Total depth - - - 497
Sumface moll - . . .. L.l . 20 20 ) .
N Jodl, aamdy - ... _ 7 111777 12 kH 173/50-29d1. Nye Ceunty Land and Development Co., Ine, -
. Sand, cemenced, sod gravel - - .. - ... ... 28 §0 - .
Total depth- - &0 Topsoll - = = = - - - L. L L . 3 3
. Limastono, hard = - = = - . . 1% 2z
178/49-9b1, 8, waly . Linesténe, fracrured; wter - .« -2 o .- L. 07" 10 12
! Clay, brown, sand, and lipcstones - = - = . . . . 11 43
Topmoil ~ - - - . . e e 8 B Limedtone - = = - o - - o _ _ _ 27 70
Jand, hard, and ek - - .. .. 111717 26 k11 Limestone and sand; water = - - o _ _ _ _ _ . 5 75
Clay, saudy- - - - . _ . _ 1177177 46 L] Limestone, hard - - - - . - . _ | . _ _ . 65 140
Sand and gravel- - - oL o 1] 28 108 Limestona, fractureds - - - - 2 . . _ . ... _ . &0 200
3and, hatd, and reck - [ 152 Clay, geay- - - - .- ... I TT7TTTe 10 210
Samd and pock - .. .. TITITCTo-- 36 188 Limeseone, fractured- - . ... .. _ 77" 17 227
Clay, samdy - ... _II7TTvroo- ‘22 210 Clay, gray and clay - - ~ = - T m e ee L 18 %3
Swnd and zook- - - . ... L T 71T TTTTe 30 240 Sand; water - - ... _ . _ 7 7TTTCCo- 5 250
Clay and rock= -~ - . ... 2011 T e e 32 272 Sand, clay, and gravel- » - - - .. __._ . _ . 77" 30 280
Sand and rock- - .. Lo DI TITTTTm 78 150 Sacd and gravel - - - . .. .. 17717 ¢ 40 120
Lineatone, harg- . . . .. 1 I 17177t 3 ' 356 Gravel, cememted- - - . - .. L. __ __ 71" 18 118
Sand, gray - -~ o .. L IIIIITIo- &4 420 Sand, gravel, and quartze < = - ... . _ ... 7" 4 42
Clay, gray - - - -« .. CIITIIITin- 40 460 Gravel, cemented- - - - - ... _ .. _ 1777 7* 73 413
Clay, light colored- = = =« - . . _ . . LIRS 40 500 Sand; water - - - - . L. . R L I T T R 75 . 490
Total depth- - 500 Clay, red, and Java - = « - .. . _ 17777 15 525
Clay, ved - = - ... .. __1_ 107 RG] 5 530
176/49-1161, G. Battles Total depth - - - 530
Surface soil T e e 26 26 176/51-1a1. W. White
Clay -~ = « = m o oo R R R 18 44
Cravel and sand= - - . - . . 0D D AL IR 4 48 Sand and clay - - - - ...l L. 30 a0 :
. Clay eud bewlders- - - o .. 00 (1] _ 1T 14 62 Rocks = - = - L 0. L oL L 5 35
Sand and gravel- - . .. o (0 DI 7T 7 69 Sand, coarse, aed clay- - <. - ... __.___17" 20 55
e Boulders and alay- « w -w oo, D117 9 78 Mud, stieky, gray - 2. - .. .. D 11000 TC 9 &4
5 Sand and gravele - - - . . . . e e e e e a e oao e 7 a5 Glay = o - - . ... _L_ .. .10¢C 14 80
Bouldevs and elay- » - . ... DI 1101700 .- ] 91 Clay, slipping, and bouldars 22 102
Sand and gravel - .. ... _ J I Tt 50 141 Clay, white - = = - = _ _ . 20 122
J; Bouldern and clay- - .. . [ 11T 17T 3 144 Clay aod gravel - - - . = _ . . 13 135
{ Sand apd graval - . _ _ _ Y e e e e s e mnmao . 41 185 135
' Total depth- - 185
L . 178/52-8el. I, Daniels
! 178/49=11b3 Mea, 1, Simgal
Clay == = - e e oL L. 33 23
. Y 4 4 Boulders- - - -« .- ... _ [ 111" 12 45
: 12 yae rocks and sefl « = o .o oL LaL o707 13 17 Oravel, iarge - ~ ~ - - - ... .. 1 _ 177" 7 52
Limantona, bard, Mght eolored - - - - - . ... _ 53 70 Boewlders- - - - - oo Lo 2T 268 iz0
Fasd, readiah ~ ' 2. . ... 1T ITTITTo 20 100 | Limegtong, black- - = =« - - - .. _ ... __ 177" 80 400
Sand and gravel - - . - .. ol __ 11 1I7C-c- 158 258 Total depth - « . . 400 .
‘Sand and clay - - .. .. oL 1. I007" 20 278 185/49-2e1. B, Embry L
Clay, white= = « = =« w - oo _ 7 285
! Clay, red 15 00 Sand and gravel - - = - . .. o L. 10 10
i Total depth- - 300 Clay, mamdy = - -« - oo oL _ 11 77" 12 22
i . Conglomarate, hard- = - - = - .o ... __ ... _." 7 29 .
{ 178/69-1581. J. Steaiman Clay, gray - - - e oo oo 100100 11 40
Y . Gravel, largs - - = - oo _ . .. _ .. 2" - 2 42
T Topgafl - - - ww - oL L. 4 4 Clay, gray = - - o - . _ .. _ _____I.1TT"" 81 125
| Goavel - « - - o o oLl LoD 7 11 ropalite - - - ..o L _ LIl I0C 2 127
' Caliche = = - = oo oL .. 27 38 Qlay, brown - - - - . .- . _ .l _ 7" 13 140
Gravel, cemented - -~ - oo L. 17" 17 55 Topalite" ~ - o ... CI10ICC ie 150
Seod aud gravel; water - - w - - - . - _ . __ .. 2 37 Glay, brown - - - . .. .. _ o _ 10 111" 50 200
. Graval, comented - = = - - 2w oo ... .. 9 &6 Glay, hrown, sandy- - - - ... . _ _ .1 _ 177 ] 46 2446
;‘ Oravel; wabwr- - - -~ . - o ..o _____ 7T 8 74 Clag, blue - = oo L. _ 0 IToTTC 43 291
) Clay - -- - .o L ___1.1I0: 5 79 Glay, brown - - - - - . _ . _ __ _____IT°7° 13 304
¥ Clay with gravel lens 3 ta & feet thick; water - - - . 64 43 Bouldera and large gravel - - = - o L L oL _ L. 16 320
i Canglemerate - - - - ... LT T 3 146 Clay, brown, skady- = = - » = - o - . . _ . ... .. 82 402
P Graval, water- - - - = . - .. __ . ... __.__" 18 164 Total depth - - - 402
v Limeatone, very POTONR; wAaLEY- = - - = & - o . oo 13 177
- Sand and gravel; wAter - = = - 0o w - o ow ..o 23 200 R
Total depth- - 200

¥



Table &.--{contimed.)
” T Thickneas .Depth \
. ' Material (feet) (feer) Thickness bepth
i Materiai (feat) (feer)
B
175/48-1d2. A. Bettlag _ 175/49~6al. E. Clavelund
Surface material -~ - - = - - == 7 - - - - & 4= aa 43 43 Topsoil - ~ = = - - = =« 4= = - - = - = S 10 10
Limestons, hard - = = - = = = = - - - - - - - - ==~ 13 58 Soil, sandy - = - = © % = = . x - == == 0T om0 25 35
Limestone, poraus, altercd - - - - = = s = = == - - - 47 ws 3and and gravel - = = - - - - 4 4w - =~ - = ST 32 48
Total depth- - 105 - Total depth = - = B8
175/48-143. A, Bettles 175/49-6a2, E. Cleveland
Uncecorded - - = - - = = = = - = - - - = . - - a== 24 ° 2% Topsoil = — - = = - = v v === m == - L5 15
Sand and rock; WAIET - - - - - - - - - = - S - === 10 54 Spil, sandy = = - = - s - - e - - === o= = 20 a5
Sand, grayel, and lipestone = = = = = = s = 30 ab Sand and gravel = - = = = = = = = = - - & 4o = 35 70
" Limestone and sand = = - v ¢ - - - - - 30 114 Sgnd, hard, cemented, and gravel- — = = - - - = = - = = 10 80
Sand ad alays -~ - = = = = = = = = = = = « 29 143 Toral depth = = - 30
tlay and gravel - - - - - - = AL L IR 31 174 '
Gravel; watey = = = = ~ ~ « - = - - - - - - - = ERR IR 41 215 178/49-6b1, T, Tynan
Total depth- - 215
Topsoil = = - - = 7 - = - - - - - " - - 2= o m S 4 4
' 175/48-12al. A. Bettlen S0il, tight . 16 0
. - 8611, sandy 2 22
SUTEACE 80fL - - - = - - - = = s o === 30 30 Clay and gravel = = = = = v = = = ==~ == - == 48 70
Limestone, cemented, and gravei=- - - - = - = = = - - = 33 65 Sand, light colored & = = - = = = - w = = - -« == - - H 72
. Sandstone, reddish, porous, with gravel = - - = = = = 20 85 Glay, Teddish, and gravel in layera - = - =« - - - = = 80 152
Total depth- = a5 Clay, ted, with little sand - - = « « « = = = = = = = = 3 155
. Total depth = - - 155
175/49-282. H. Barry
175/49=7al, T. Davis
Send and gravel- - = = = - - = = m - - = - =0 - - == 40 40
Clay and sand = = = - = = = = - = == - -+ - = === 10 50 Surface mAterifls = « = = = = - - 4 - = == o - == 40 40
Hacdpan = = = = -~ - - = = = = = = = - - 2 = === 10 &0 Limostone, Nazrd = = = = = - - - & = = = r = - = = =~ - 15 55
Sand, and some granite - - - = = - - @ = = = - - - - - H BQ Limeztone, porous = = = - - = = = = v - = = < 2 = = - - 155 210
Sand, gravel, and rock 40 120 Total depth = = = 210
Sand and, codrze gravel 39 150
Sand, coarse gravel, and some clay « = = = - - - - = = 50 200 178/4%-761, H. Davis
fotal depth- - 100 .
Topstil — - - = = = = = - - - - = =o s sow - - it 10
178/49-4a). Nye County Land and Development Col, Ine. Soll, ight m = = = = « @ = = = = = =« - = -4 == 28 38
‘ Cravel, cemented, interbedded with hard lLimeytone - - = 97 135
Sand and pebble gravel  PFiak and yellow, rounded to Clay, reddish, sand and graval, intecbedded = = = = - 55 190
angular and clear, rounded to euhedral, very fine to Clay; light colored, and sapd - = = = = = = - = -- .- 60 250
very cosrte quartz. Rounded to angulat, sand and pebble Clay, light coloTed - - - = = - = = = - - - -« &« - 35 283
gravel (fo a maximum of 10 mm) fragmencs of white to Limestone, whité, chalky- - - = = ~ = = - - -« = =-- 13 298
rod, brewu, and gray welded tufi, Calicha with very ¢lay, reddish, interbedded whire limestone and
tine to very coarase quartz and magnetite. Seme black grAy, POTOUS LIMESEQNE - - « = = = = = = - = = = - = 42 0
obaidian either angulir or rounded with calcareous Gravel, cosrse, and sand = = = = = - 4 2 - === = - - 3 343
deposic on outside, chert, and magnetite. ' Sand Clay, red, interbedded with white limestone - - = = - - 42 385
and gravel vaties in percentage, throughout with Sand and gravel = = = v - - - - = == aw oo = e s 5 390
N aithar fe2ching a maximum of 80 ta 85 percent. Clay, mostly green- - = = = = = = = - - — = = = = = = ~ 17 4a7
Tan te light brewn, silty, calcaracus clay betwaen Clay, ved, laterbadded with white limestone -~ - - - - - 28 4135
2460 -ad 250 fogt = = - - - = wow oo -+ - s === 340 340 Clay, red, interbedded with gray porous limestene - - = 43 49
Clay. tan to light brous, siity, calecargous, Sume very Sand, datk = - - - = = = = = omomow - - - - === 5 485 °
ine to very coaras quartz and magpetite, as above. Clay, Iight tolored = = = = r = - = = = « = = = = = ~ - 15 500
Some white, coloaregus marerial between 360 and 390 Total depth = = = 500
feEg - - - - - % - 4w e e e e e - o — e e e s = 100 440 '
%and and granule gravel, FPiok and yellow, reunded to 178/49-7¢), H. Davis
angular, and ¢lear, rounded to euhedral, very fine
to very coarse, a1lty quartz. Rounded to angulay, Surface soil- = = = m = = = = — %+ = = = = = = = - - 4 & 32 ‘a2
sand and gramule gravel fragments of whire ro ted, Limaatone, cemented, and gravel -~ = - - - - « = = = = = 29 61
brown, and gray welded tuff. Caliche with very fine Total depth - - - b1
to very coarse quartz and magnetiie. Some black obsidian
either angular or tounded with caleareous deposit am 175/49=7d1. T. Davia
outside, chert and magnerite. Glay cuf{tings praseant
throughout, probably cavings - - - - - - = - = = - 70 510 TOpsEil = = = = = - - == == e omosoa- - === 10 10
Clay, tan to Llight brawn, 2ilty, caleareous. Some very Soil, tighr, with gravel and rocka- = = = = - » ~ - - - 27 37
fine sand as abave, White calcarsous material between Glay, light colored, with fine sand =~ = = = - - = = = = 33 70
%50 and 600 [eet Sandy with very fine to coarae quartz, Clay, white = - - - — = === = mx ¢ == - ===~ 30 100
welded tuff, caliche, vba:idian, magnetite, and some Clay, pink, with streaks of saad - « - - = = - - -« - 50 150
very fine to very couarse fragments of basalt with Clay, dight colored - - = = — = = = = = = = = = — =« = - 12 162
caleita tn basal 10 feet- - - = = - = = = - - - - - 90 B0 Clay, red, with screaks of gravel - - - - - = = - - - = 13 175
Basalt, geay Co black, subrounded ro angular fragments, Clay, red, with thin layers of white limeseome - = = - 25 200
dense, vesipular, and caleitic. Some yellow Limestone(?) Did not bail any mud chrough this
matertal(?} beth lovse and with basalt = = = = - = = 30 630 formarion, Bailer unly brought up very small amounts
Total depth- - 630 of limastone cultings = = « o o v m = = = = = = = - = a0 280
Clay, red, with an oceasipnal layer of white limeatone- 20 300
175/49=5al. W. Moore, Jr. Limestons, white, with few layets of sticky clay - - - 30 30
Limestone, white, with ditfecent changes of hardness- - 70 400
TopaoLll= r = = = = = 4 m % mmw - - === 4 4 Totat dapth - - - 400
Snil and rocks = - - - - - 4 4 - 4w - - - ma e - - 16 20
Soil, samdy~ - = - - - - - - - 5 - - e e - - - o= == 2% 43 175/49-Bal. A, Cleveland
Gravel, reddiah, cemented- - - - - =« =~ = - - = =« = - - 49 94
. Total depth- - 94 Supface' §0il ~ - - = - - = = = = = o= v = - o omow = - = 25 25
Soil, sandy — - = = "% - - - - - - === - -+ - = 15 40
178/49-522. W, Moore, Jr. S0il, saady, and gravel - - - = = = = = - = - - - = = = 38 8
Total depth = = - 78
Surface go1l- - - = = 7 T T - - - = = oua - o= 7 ?
Spil apd rocks = = - - - - - - - - - - - - - - == - 23 3Q
S0fl, Zafdy- « = = - - - = = T v o= au - - - == 10 40 -
Gravel, reddish, cemented= - - - - = = = = = =+ -« = 43 83
Total depth- - 83
178/49-5b1, P, Hoore
Surface 88i1 - - - = 4 ™ = = = = = & 4 r = m a2 - = 18 18
Sand and gravel cemented with clay = = = = - = = - = - 42 60
Gravel, latge {eaving) = - - - - - - - = - - = = - - = 3 [X]
Total depth- - 63
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EXPLANATION

P,
Qd
> Alluvium
z Qal, unconsolidated sand and gravel in present drainage channels, reworked by recent ephemeral
-!g 9 = streamflow; sand and gravel ordinarily not saturated; Qp, recent playa deposits , north of Eagle Mountain
...... -
........ o § and in parts of T.17 S., Rs. 50 and 51 E.; partly saturated but yield water slowly to wells; Qd, dune
o
sand ; windblown sand deposited in drift areas, indiscrete dunes, and against some steep slopes; locally
dunes fixed by vegetation ; generally above the zone of saturation
N
o e 3 o
-t oA
Fa
o
Younger volcanic rocks
i Basalt flows and explosive debris from Pliocene Pleistocene cones near Yucca Mountain, Above zone of
& saturation where exposed
2
1
o
I
&
= Valley fill
._{:.E QTu, predominantly subaerial and water-laid deposits of boulders, gravel, sand, silt, and clay, undifferent-
|i’ iated , generally alluvial fan detritus adjacent to the principal outcrops of Tertiary volcanic and Paleozoic
rocks. QTap, lake, playa and spring deposits. Predominantly silt and clay where exposed, but locally include
y layers of sand and gravel, and fresh-water limestone. Sand and gravel zones in QTu and QTap, where
R.5E R. 6 E R.7E saturated, comprise principal supply to large-yield wells
N
—
A /\T!“| A
i P ~_/7
2
%4 Volcanic rocks
ﬁ Largely volcanic tuff and ash fall material, locally welded; includes some flows. Yields to wells small unless
developed throughout thick section of saturated tuff or in highly fractured welded tuff
SIS
il
o -
] Sedimentary rocks
%< Pzc, Limestone and dolomite of Paleozoic age; transmits water freely where highly fractured or where
o solution openings occur; Pzg, quartzite or sandstone and argillite of Paleozoic age or, southwest
of Big Dune, of Precambrian (7) age
| ——

Geologic contact , approximate Boundary of Death Valley National Monument

— o — 8 —

Boundary of plate, in part Boundary of military reservation

drainage divide Scale 1:125,000

5 0 5 Miles
Ee—T1— i |

: 1962
Base: U. S. Geological Survey  1:62,500 scale  Topographic quadrangles; Ash Meadows (1952),
Big Dune (1952), Eagle Mountain (1951), Ryan (1952), and Specter Range (1952); and Lathrop Wells

(unpublished); and 1:250,000 scale = Topographic quadrangle, Death Valley (1958) Geology by G. E, Walker , 1962

PLATE2. GENERALIZED GEOLOGY MAP OF THE AMARGOSA DESERT IN THE VICINITY OF LATHROP WELLS, NEVADA , AND DEATH VALLEY JUNCTION , CALIFORNIA
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Hydrology by G. E. Walker and T. E. Eakin, 1962

PLATE 3. HYDROLOGIC MAP OF THE AMARGOSA DESERT IN THE VICINITY OF LATHROP WELLS, NEVADA AND DEATH VALLEY JUNCTION, CALIFORNIA
SHOWING LOCATION OF WELLS AND SPRINGS, AND GENERALIZED WATER-LEVEL CONTOURS IN 1962
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Hydrology by T, E. Eakin, 1962

PLATE 4. MAP OF THE AMARGOSA DESERT IN THE VICINITY OF LATHROP WELLS, NEVADA AND DEATH VALLEY JUNCTION, CALIFORNIA,
SHOWING DIAGRAMS REPRESENTING CHEMICAL QUALITY FOR WATER SAMPLES COLLECTED FROM SELECTED WELLS AND SPRINGS.



	rpt14-amargosa_valley
	Amargosa 1
	Amargosa 2
	Amargosa 3
	Amargosa 4



