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View south of padt of irrigated alfalfa field In the NE 1/, sec. 23, T. 15 S., R. 48 E.
Light colored vegetation is dry remnants of 1962 growth. New growth is develop-
ing from recent irrigation. March 1963. Photograph by T. E. Eakin.

COVER PHOTOGRAPH

View of northwest side of Big Dune n April 1962. Main mass of dune migrates
within a 3- to 4-square mile area In response to wind patterns. Note sand accumu-
lation trailing downward from scattered bushes in foreground. Photonrph by T. E. Eakin.
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F OREWORD

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-basiz movements f 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 -CA LIF ORNIA

by
George E. Walker and Thomas E. Eakin

SUMMARY

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

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

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

Ground-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 1962.

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

Of 19 analyses for boron, 9 had concentrations less than 0.33 ppm;
9 had concentrations between 0. 36 and 1.4 ppm, and 1 had a concentration of
2.8 ppm. The median value of 0.36 ppm for the 19 analyses suggests that
the boron concentration may offer a problem in the growing of some crops.
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For public supplies the ground water generally is suitable, except
that the fluoride concentration may locally be greater than twice the optimum
recommended limits (about 1.4 ppm) of the U.S. Public Health Service.
Of 28 analyses for fluoride, 26 have concentrations greater than 0.7 ppm,
the optimum control limit recommended by U.S. Public Health Service. -Of
these, 14 have concentrations of more than 1.4 ppm and 10 have concentra-
tions of 2.8 ppm or more.

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



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, State. 1960) for beginning a series of reconnaissance
studies of ground-water resources of Nevada. These studies are made by
the U.S. Geological Survey in cooperation with the Nevada Department of
Conservation and Natural Resources.

A special report series to expedite publication of the results of these
reconnaissance studies has been established by the Department of Conserva-
tion and Natural Resources. The present report is the fourteenth in this
series. It describes the physical conditions of the Amargosa Desert in Nye
County, Nevada, and Inyo County, California, and includes observations and
evaluations of the interrelation of clira te, geology, and hydrology as they
affect the ground-water resources. It also includes an evaluation of the
chemical quality of the ground water and its suitability for irrigation and
domestic use.

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

Purpose and Scope of Investigation

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

The senior author did the field work during the summer of 1962, in-
cluding an inventory of all irrigation wells, domestic wells, and springs;
collection of water samples for chemical analysis; and a geologic recon-
naissance of the valley fill. He also prepared the major part of the report.
The junior author prepared the sections on storage, chemical quality,
recharge, discharge, perennial yield, and development. The authors
profited by consultation with their colleagues, especially I. J. Winograd and
R. A. Young on several aspects of ground water in the area. Mr. Young
further gave valuable assistance in the field and in report preparation. The
investigation was made under the general direction of G. F. Worts, Jr.,
district chief in charge of water-resources studies in Nevada.

3.



Figure 1. Map of Nevada

showing areas described In previous reports
of the ground-water reconnaissance series

and the area described In this report



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
. ~ ~ ~ ~ ~ - A

The Amargosa Desert lies south of Beatty, Nevada, and extends south-
southeastward to Eagle Mountain, California. a distance of some 50 miles.
It is about 30 miles across at its widest point. The total surficial drainage
area of Amargosa Desert, including its tributaries Oasis Valley, Crater Flat,
Fortymile Canyon, Jackass Flats, and Rock Valley, is about 2, 600 square
miles (Pl. 1). However, most of the available data are concentrated in the
southern two-thirds of the valley, between Lathrop Wells and Death Valley
Junction, which is the principal area discussed in this report. More specifi-
cally, the principal area includes that part of Amargosa Desert between Big
Dune and the Spring Mountains southward to Eagle Mountain. This restricted
area is about 600 square miles and is shown on plates 2, 3, and 4.

Acknowledgements

Acknowledgment is made to all the individuals who have given informa-
tion on their wells and especially to those who have permitted repeated access
to their properties. Mr. H. V. Weimer and Mr. L. C. Cook, well drillers
within the area, supplied a number of well logs (table 4) and other data. Most
of the well logs shown in table 4 were supplied by the State Engineer's office.

Special thanks are due to C. S. Denny and H. Drewes of the Geological
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 lands, with reference to the Mount Diablo base line and meridian in
Nevada and the San Bernardino base line and meridian in California. The first
segment of a number designates the township. The "S" for wells in Nevada
indicates that the township is south of the Mount Diablo base line; the N" for
wells in California indicates that the township is north of the San Bernardino
base line. The second segment, separated from the first by a slant, denotes
the range east of the respective meridians. The third segment, separated
from the second by a dash, ientifies the section number, followed by a letter
which designates the quarter section in which the well or spring is located.
The letters a, b, c, and d designate, respectively, the northeast, northwest,
southwest, and southeast quarters of the section. The number following the
letter designates the order in which the well was recorded in the quarter
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section. Thus, well number 17S/51-lal indicates that this well was the
first well recorded in the NE 1/4 sec. 1, T. 17 S., R. 51 E.

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

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

PHYSICAL ENVIRONMENT

Surface Features

The Amargosa Desert is in the south-central part of the Basin and
Range physiographic province. It is north-northwest trending intermountain
valley. The Amargosa Desert differs from the typical basin and range inter-
mountain valley in that it is not topographically closed and the playas within
it are presently eroding. The Amargosa River and its tributaries are shown
on plate 1, which delineates the urficial 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 approd-
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 ads 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 Oasis Valley between
Springdale and Beatty (Malmberg and Eakin, 1962, p. 7-8), in Ash Meadows
northeast of Death Valley Junction, and near Shoshone about Z5 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.
Both daily and seasonally, temperature ranges are large. The U. S. Weather
Bureau has only two weather stations within the Amargosa Desert, one at
the extreme northwestern end of the area at Beatty, Nevada, and the other at
Lathrop Wells, Nevada. The monthly and annual precipitation records at
Beatty and Lathrop Wells for the 10-year period 1952-61 are given in table 1.

The average monthly and annual temperatures at Beatty and Lathrop
Wells for the 10-year period 195 2-61 are shown in table . The recorded
extremes of temperature at Beatty range from 1150F, to 10F., and at Lathrop
Wells, range from 1150F. to 5"F.

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

6.



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

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

Beatty Lathrop Wells

Aver- Aver-L
Honth 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 ae r 1952 1953 1954 195511956 1957 1958 1959 1960 1961 aRe

Jan. 1.98 .04 130 .99 .02 .67 .15 .46 .70 1.16 .75 __ __ 1.31 .75 .05 .69 .35 -- -- .36 .63

Feb. .C .00 . 8 .1 T .61 1.12 .96 .47 .00 .40 __ .36 .32 ,00 .20 .46 __ __ __ .26

r. 2.36 .15 .70 .00 .00 .29 .59 .00 .11 .50 .47 __ __ .70 .00 .00 .59 .40 __ __ __ .33

Apr. 1.48 .02 .34 .14 1.25 .39 1,52 T .13 .00 .53 .95 T .28 .91 .54 .75 __ .04 __ .49

May .00 .05 .00 1.04 .03 1.29 .45 T .00 .00 .29 _ .00 .33 .00 .83 .46 __ .00 __ .32

June .03 .00 .01 .00 .00 .17 .00 .07 .45 .03 .08 __ __ T .00 .00 .28 .00 __ .00 __ .05

July .76 .12 .86 .04 .37 T .00 .12 .09 .11 .25 _- __ .55 .24 .24 T .00 __ .00 __ .20

ug. .00 .11 T 1.40 .00 .00 .39 .10 .00 .23 .22 _ .00 .75 .00 .00 .77 _, .00 __ .30

Sept. .08 .00 ,45 .00 .00 .06 .O5 .69 .50 .00 .18 __ .00 .00 T .00 .05 -- .01

Oct. .00 .12 .00 .00 T .74 .51 .00 .30 .00 .18 -_ __ .T .00 *00 .85 .64 __ __ __ .29

Nov. .58 .18 1.66 .26 .00 .75 .40 .00 2.29 .92 .70 __ __ 1.30 .00 .00 1.68 .62 _ 1.38 __ .72

Dec. 1.07 .00 .89 .32 .00 .94 .00 .99 .00 .34 .46 __ __ .35 .00 .00 .46 .00 __ .01 __ .16

nual 8.36 .79 6.89 4.31 1.67 5.91 5.18 3.39 5.12 3.29 4.51 __ __ 4.57 2.67 1.20 6.12 4.50 __ _ 3,76

sj Average for 5-year period, 1954-58
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Table 2. -- Average monthly and annual temperatures for Beatty and Lathrop Wells, Nev. 195Z-61.

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

Beatty ii Lathrop Wells

1954 1956 1959 1
Aver

19611 ae 1953 1956 I 'M
fiveX-

19611 fl.Mnnth 1952 11953 1955 19571195S 1960 1952 195411955 1957 1 1958 1960
----- I-_ _ 0. -- . -- L. .., I _ - -- -

. .

co
0

Jan.

Feb.

March

Apr.

May

June

July

Aug.

Sep t.

Oct.

Nov.

Dec.

Annual

37.5

44;1

45.1

58.9

68.9

71.9

82 .3

81e

74.9

67.5

46.7

40.9

60. 0

46.9

46.3

50.7

57.6

58,6

73,2

84.5

78.1

75.6

60.4

50.9

42.4

42.0

51.9

47.7

63,6

71*6

175.1

84,2

78.0

62,8

53.5

40.1

34.0

40.3

49.4

54.2

63.7

79.8

82.7

74.0

64.8

49.4

42.5

44.6

40.4

51.0

57.0

67.1

7704

80.1

77.3

75.1

59.1

50.8

45.0

60.4

-37.3

49.6

51.8

56.9

62.9

78.5

81.1

78.5

72.5

5704

46,0

44.2

59.7

43. C

47.6

45.4

54.6

68.7

72.5

52.C

50*3

5403

45.6

42.0

53.4

62.5

64.7

78.4

84.6

78.3

71.0

64.3

52.2

45.6

61.9

.

43.4

54.7

61.5

664

79.5

83.9

80.5

76,2

61.7

50,2

45.1

63*9

47.9

51.7

60.3

64.8

78.7

85*0

80.7

68.9

61.1

47.3

41.9

61.1

45.4

50.1

58.7

65.7

75.8

82.8

79.5

73.5

62.1

49.9

43.8

60.0

.5.4 7.7

_

I__

::

_

89.0

82.5

78.2

67.8

58.5

44.8

__ 40.1

43.9

53.2

58.0

68.0

76.7

83.7

86.9

78.5

69.5

-f"

48.2

43.3

54.9

60.1

69.9

80.6

83.6

80.5

80.9

64.2

53.9

48.3

64.1

-
l _

41.9

54.7

56.3

60.0

67.0

82,5

82.8

48.6

47'.1

47.6

52.6

50.8

62.3

75.9

7904

83.2

86.4

77.8

__

I__

__

47.4

__ 

60.5

63,6

70.4

83,6

88,3

83.2

52.2

45.7

__

__
A_

::i
60.4 60.91 57.7

__

. . . . . . . . | _ l _. . . . . _-
- - - I - I 1 - 1 t - � -f -) - , p -, - - I - p - 0 - . 0 C -

Y Average not indicated due to incomplete record.



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

3.474.977.07 11.26 14.16 16.90 16.00 12.82 11.29 8.18 4.62 2.26 113.00

I 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 Vega* 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.

9.
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B ock5 of Precambrian(?) and Paleozoic Age

Rocks of Precambrian(?) age were mapped in the eastern half of the
Funeral Range by Noble and W'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 (p1. 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 argiflite.

The rocks of Paleozoic age surrounding the Amargosa Desert have been
mapped as the Johnnie(?) Formation, Stirling(?) Quartkite, Carrara, Bonanza
King, and Nopah Formations of Cambrian age; the Pogonip Group, Eureka
Quartzite, and Ely Springs Dolomite of Ordovician age; undifferentiated dolo-
mite of Silurian age, and the Nevada Formation and Devils Gate Limestone

! of Devonian age (Ball, 1907; Nolan, 1929, Hazard, 1937; Palmer and Hazzard,
; 1956; Johnson and Hibbard, 1957; Cornwall and Kleinhampl, 1961; Burchfiel,

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

Volcanic Rocks of Tertiary and Quaternary Age

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

i 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
Anargosa D~esert 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 175149-4al. The total thickness is unknown. Inspection of the cuttings
indicate that the basaltic material was transported by ephermeral surface flow
similar to that which occurs today.

Layers of caliche were reported in the well above the basalt and rela-
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 rained 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 inconsolidated 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 S., 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 a number of Precambrian(?) or Paleozoic outcrops
leads to the hypothesis that the dune overlies a bedrock high. The principal
mass of Big Dune reportedly migrates seasonally to some extent. The limit-
ed migration may well be controlled by orographic effects and seasonal shifts
of wind direction.

Structure

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 beneath
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the valley fill. Preliminary gravity data (Healey, written communication,
1962) in the Amargosa Desert suggest that the area may be divided into three
more or less distinct topographic lows in the Paleozoic surface.

A continuous line of limestone outcrops, extending from Devils Hole
(pl. 1) to the Paleozoic outcrops in Skeleton Hills along a gravity high, separates
the playa area in T. 17 S., R. 51 E. from the area west of 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 S., 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 feet below 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 Aange 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, faulted, 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, 1. 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 permeability.

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 Rater 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 S., R. 48 E.,
for which reported Information is available, specific capacities ranged from
20 to 250 gallons a minute per foot of drawdown; for four of these wells specific
capacities ranged from 40 to 110. The coarse deposits in the valley fill are the
principal source of ground water in the valley.

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

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

WATER RESOURCES

Surface Water

Surface water flows from Oasis Valley into the northern part of Amargosa
Desert through the Amargosa Narrows near Beatty only following periods of
heavy precipitation. According to Malmberg and Eakin (1962, p. 26) some
ground water moves through the Amargosa Narrows as underflow in stream
deposits. Part of the underflow is diverted by a ditch intercepting the ground-
Water table 6 to 10 feet below land surface.

14.



Stream flow occurs at the southern end of Amargosa Desert, near
Eagle Mountain, during part of the year. It is supplied largely from spring
discharge in the Ash Meadows area and ground water in the-vicinity of the
playa during the winter when evapotranspiration is at a minimum. In April
1962 flow in the channel just south of Eagle Mountain was estimated to be about
one-half a cubic foot per second. Flow may occur in any dry channels within
the area for short periods after high-intensity precipitation.

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

The temperature of the water in the northernmost of the three ponds
was 760F. when measured on August 22, 1962, and the specific conductance
was 1, 200 micromhos; the southernmost pit had a water temperature of 700F.
when measured on June 16, 1962, and the specific conductance was 1, 590
micromhos. The relatively high conductivity of the water probably results
from a high evaporation rate causing an increase in concentration of salts.
The differences in the water temperature probably are due to the difference
in time of year when the two measurements were made.

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

Ground Water

Occurrence and Movement: Within the principal area of this report
ground water occurs in the valley fill and the underlying volcanic and Paleozoic
carbonate rocks. Recharge to the ground-water system is supplied to some
extent by precipitation within the surficial drainage area, including the tribu-
taries of Oasis Valley, Crater Flat, Fortymile Canyon, Jackass Flats, Rock
Valley, and the northern and western flanks of the Spring Mountains. Within
the drainage area of Amnargosa 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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leser extent from the area to the northeast.

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

The water-level contours shown on plate 3 indicate that ground water
in the valley fill is moving southeastward along the axis of the Amargosa Desert
from north of Big Dune toward Death Valley Junction. The tributary valleys,
of which Fortymile Canyon is the principal one, supply some water. Move-
ment from the east is shown in the vicinity of T. 17 S., R. 51 E., and from
the springs issuing from the carbonate rocks along the east side of Ash
Meadows. The artesian head in the carbonate rocks is higher than that to the
west and north in the valley fill.

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

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

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

In summary, the water-level contours show the generalized features of
the water surface of the ground-water reservoir. In detail, conditions are
most complex, because of the merging of ground waters in two partially separa-
ted systems -- one in the valley fill and the other in the carbonate rocks. Each
enters the area under a different head. The ground-water in the carbonate
rocks generally is under higher head -- some discharges from springs and
moves into the valley fill; some moves upward into the ground-water system in
the valley 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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I 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
vater in well 5N/5wl4cl is about 2 feet; in the southwest corner of T. 16 S.,

R. 49 E., the depth to water is 40 to 50 feet; in the northern part of T. 16 S.,
R. 48 E., the depth to water is 125 to 135 feet; and near Lathrop Wells, the
depth to water is on the order of 360 feet. Local variations occur and depend
in part on the head in the water-bearing zone developed by a particular well.

Water-Level Fluctuations: Water-level fluctuations in general reflect
changes in the amount of ground water in storage. An annual rise and fall of
water-levels correspond to an annual cycle of changes in the relative quantities
of recharge and discharge. The fluctuations are small in areas remote from
areas of recharge or discharge, and the largest changes commonly are caused
by 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 16S/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. Ingeneral, precipitation increaser
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Table .--Records of vater-level measurements in selected wells in the AmarRosa Desert, Nevada-California.

Altitudes given are in feet above mean sea level for the land-surface datum at the well. Altitudes given in whole feet are interpolated
from topographic maps. Altitudes given in feet and tenths were determined by plane table.

Measurements. All measurements were made by the U.S. Geological Survey. All measurements have been adjusted to depth below land surface.
Well number. See page 4 for description of well numbering system.

Well Altitud Depth Well Altitude Depth Well Altitude Depth Well Altitude Depth
number (feet) Date to vater number (feet) Date to water number (feet) Date to water number (feet) Date o water

____________ ________ (feet) ____________ _______ (feet) (feet) (feet)

13S/47-35a1 2,788 7-15-61 282.5 16S/48-25c1 2,326.6 5- 7-52 64.2 16S/48-36d2 2,304 5- 7-52 49.6 165/49-19dl 2,362.8 2-14-55 94.4
7-12-62 282.3 10- 9-52 64.3 8-25-53 49.9 5-24-5 94.7

8-25-53 63.8 3-15-54 49.8 8-28-57 94.8
14S/48-16c 2,608 5-24-56 252.8 8-28-57 65.7 2-12-55 49.9 9- 3-5 95.3

7-12-62 253.1 9- 3-58 64.8 8-28-57 49.9 9-15-59 95.9
9-15-59 64.8 9- 3-58 50.3 3- 7-61 101.2

15S/50-18c5 2,656.1 5- 8-52 346.7 3- 7-61 63.9 9-15-59 50.3 7_ 9-62 99.0
6-22-53 339.4 7- 9-62 67.1 3- 7-61 52.6

7- 5-62 54.1 16S/49-30bl 2,348.2 5- 7-52 83.6
16S/48-15al 2,375.5 2-14-55 95.1 16S/48-26a1 2,336 5- 7-52 71.2 10- 9-52 83.7

5-23-56 96.6 10- 9-52 71.3 165/49-18d2 2,375.1 8-27-53 104.0 3-16-54 83.7
8-25-53 71.3 2-12-55 103.1 2-12-55 83.8

16S/48-15bl 2,373.3 2-14-55 95.7 8-25-57 71.5 5-24-56 103.1 8-28-57 84.6
5-23-56 95.6 9- 3-58 71.9 8-28-57 103.2 9- 3-58 84.5
7-14-62 97.2 9-15-59 72.1 2-15-58 103.4 9-15-59 Plugged

3- 7-61 73.7 9- 4-58 103.7
16S/48-24 2,367 2-12-55 94.7 7- 4-62 75.7 9-15-59 104.7 16S/49-31bl 2,326.3 5- 7-52 66.1

2-14-55 94.7 3- 7-61 104.4 10- 9-52 66.3
5-24-56 94.4 16S/48-36a1 2,323.7 5- 7-52 62.9 6-28-62 108.5 8-25-53 66.5

3-14-54 63.2 3-16-54 66.3
16S/48-24dl 2,357.1 2-14-55 88.8 2-12-55 63.1 16S/49-19al 2,373.6 2-12-55 103.7 2-12-55 66.4

2-14-56 88.6 8-28-57 67.4 5-24-56 103.7 8-28-57 66.4
9- 3-58 66.5 8-28-57 103.8 9- 3-58 66.5

16S/48-25&1 2,343.4 5- 7-52 79.2 9-15-59 67.1 9- 3-58 104.8 9-15-59 67.1
0- 9-52 79.3 3- 7-61 68.0 9-15-59 105.6 3- 7-61 68.0
8-28-57 79.6 7- 5-62 67.5 3- 7-61 Plugged 6-26-62 69.4
9- 3-58 80.3
9-15-59 81.0 16S/49-19bl 2,370.8 2-12-55 104.7
3- 7-61 82.4 2- 6-55 101.7i
7- 9-62 84.5 5-24-56 99.7

8-28-57 99.9
9- 3-58 100.5
3- 7-61 102.0
7- 9-62 106.0
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with altitude, the greater amount commonly occurring on the highest mountains.
A comparison of the precipitation map with more recent topographic maps
(scale 1: 250, 000) indicates that the precipitation zones suggested by Hardman
and Mason roughly coincide with altitude contours, although on a state-wide
basis the precipitation zones rise somewhat in altitude in the southern one-third
of the State. The map suggests that in the area lying below 5, 000 feet the
average annual precipitation is less than 8 inches, at altitudes between 5, 000
and 6, 000 feet, it ranges from 8 to 12 inches; and from 6, 000 to 7, 000 feet, it
ranges from 12 to 15 inches.

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

A very small percentage of precipitation that falls on the area recharges
the ground-water reservoir. A method for crudely estimating the probable
average annual recharge from precipitation has been developed by Eakin and
others (1951, p. 79-81). Based on this method, the recharge is estimated
as a percentage for each precipitation zone in the drainage area as follows:
-zone of less than 8 inches of precipitation, none; 8- to 12-inch zone, 1 percent;
12- to 15-inch zone, 7 percent; and 15- to 20-inch zone, 15 percent. The
reliability of the estimates so obtained, of course, is related to the degree to
which the assigned values approximate the actual precipitation, and the degree
to which the assumed percentages represent the equivalent amount of the actual
recharge. Neither of these factors is known precisely enough to assume a high
degree of reliability for any one valley. However, experience suggests that the
resulting estimates commonly are a reasonable approximation of average re-
charge.

Table 6 summarizes the computation of estimated recharge from precipi-
tation within the urficial 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

'-8 1,570,000 .5 -

Recharge from
precipitation 1,500

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

In considering the magnitude of recharge by underflow through bedrock
from areas to the east and northeast beyond the surficial drainage divide, the
validity of the method of estimating ground-water recharge from precipitation
is handicapped by the uncertainity 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 te 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 Lee (1912) and White (1932) in the
Great Basin, Robinson (1958) in the western United States, and by Young and
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Blaney (1942) in southern California. Rates of use were assigned on the basis
of vegetative types, density, and depth to water table. The crude estimates of
discharge by transpiration, evaporation, and underflow are summarized in
table 7.

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

There are two main areas of evaporation within the valley. The
largest extends from about 2 miles southwest of Ash Tree Spring to Eagle
Mountain. The other smaller area is in the playa in the northwestern part
of T. 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 Amargosa Desert is estimated to
be about 24, 000 acre-feet per year (table 7).
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Table 7. -- Estimated average annual ground-water discharge by natural
processes from the Amargosa Desert, Nevada-California

process of Area Approximate discharge
Ground-water discharge (acres) (acre-ft. per year)

Native vegetation:

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

Principally meadow grass, mesquite,
willow, salt grass, salt cedar in varying
proportions; depth to water 0 to 5 feet;
largely watered by discharge from
springs and shallow ground water.
Includes about 1, 200 acres with an
estimated average annual ground-water
use of about 1.25 feet; and about 2, 800
acres of marsh grasses and 200 acres of
pasture grass and milo which normally is
flooded by spring discharge. Average
annual use about 3 feet . . . . . . . . . 4, 200 10, 500

Evaporation:

Rate could approach potential evaporation
rate from free-water system but is
limited by amount supplied from ground-
water reservoir through capillary openings;
annual rate 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 i 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 cs. Measurements made in the winter of 1953 on 17 of the larger of
these springs indicated a total discharge of about 10, 900 gpm, or somewhat
more than 24 cfs. The measurements made during the winter of 1953 are
roughly 5 percent larger than those made in the summer of 1962. The limited
data suggest relatively uniform discharge from the springs as a group, although
some seasonal variations are to be expected because of the effect of high rates
of evapotranspiration during the summer months. Assuming that flow from the
springs is relatively uniform, discharge of about 17, 000 acre-feet a year is
indicated.
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Table 8. -- Records of Springs in the Amargosa Desert, Nevada-California

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

Water Date
No. for Name of bearing Yield Temp. Conduc-,- of
this report Spring unit (gpm) (OF.) tivity Observations

17S/49-35dl. Ash Tree Lb _ 10m 74 --- 5-8-52
gm -- 350 7-31-62

175/50-9al. Fairbanks Lb 2357 -- -- 1910
2043 - -- 7-14-23
1756 - -- 8-16-46
1661M 82 -- 2-1-53
1702 - -- 6-?-61
1715M 81 650 7-23-62

_________________________________________________________________________

17S/50-10cl. Bell; Lb(?) 85m 72 __ 2-1-53
Soda 87 - -- 6-?-61

7 9 m 73 725 7-31-62
_________________________________________________________________________

175/50-15al. Rogers Lb 674 - -- 12-24-23
7 1'7m 84 -- 2-1-53
664 - -- 6-?-61
736m 82 650 7-29-62

17S/50-22al. Longstreet Lb 1257 - -- 3-27-21
1239m 80 2-3-53
1271 - -- 6-?-61
1042M - 82 640 7-29-62

_________________________________________________________________________

17S-50-23bl --- Lb 115M 94 -- 2-3-53
193m 94 650 7-23-62

_________________________________________________________________________

i7S/50-35al. --- Lb 88m 91 -- 2-3-53
140m 92 640 7-24-62

…________________________________________________________________________
17S/50-35bl. --- Lb 17m 83 620 7-23-62
_________________________________________________________________________

17S/50-35dl. --- Lb 25 m 90 --- 1-31-53
6m 94.5 620 7-24-62

______________________________________________________________________5._
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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) (OF) tivity Observations

18S/50-3al. Crystal 'Lb 4266 - -- 6-?-61
Pool 3071 - -- 4-1-50

2 8 1 5 m 89 -- 1-31-53
2981 - -- 6-?-61
2 8 2 4 m 91 650 7-29-62

-- _______________________________________________________________________

18/50-Ildl. Davis Lb '7 1 8 m 74 2-2-53
Ranch 3 9 7 m 77 750 7-25-62

,_- --- - - ------ _---_______________________________________________-

1S/50-lld2.Davis Lb 1 7 4 m 74 _ Z-2-53
Ranch 5 m - __ 7-25-62

___-----------------------------------------_____________________________

18S/50-Ild3.Davis Lb 38m 70 2-2-53
Ranch 3 0 m 72 775 7-25-62

-_------_--_-_____________________________________________________---

18S/50-12cl. _ Lb 5 2m 73 -- 2-2-53
lm 80 725 7-25-62

_______________________________________________________________________-

18S/51-7d1. King; Tr 2128 - -- 7-17-43
Point of 1 2 4 7 m 89.5 -- 1-31-53
Rock 685 - -- 6-?-61

1078M 90 675 7-25-62

18S/51-7d2. Indian Tr 134 - -- 3-31-50
Rock 69m 90 __ 1-31-53

119 - -- 6-?-61
2 2 m 92 640 7-25-62

_-_______________________________________________________________________

18S/51-7d3. Indian Lb 3 4 3 m 90 __ 1-31-53
Rock 300 - -- 6-?-61

3 7 9 m 91.5 645 7-26-62
_ -_______________________________________________--____b_93650_726
18S/51-7d4. --- Lb 19m 93 650 7-26-62

________________________________________________________________________-

18S/51-7d5. --- Lb 2m 93 650 7-26-62
… _______________________________________________________________________

18S/51-18bl. Jack- Lb 4 9 8 m 82 -- 2-153
rabbit; 638 - -- 6-?-61
Rover's 5 8 7 m _ 675 7-27-62

…________________________________________________________________________
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Table 8. -- Records of Springs in the Amargosa Desert, Nevada-California.
(continued)

Water- Date of
No. for Name of bearing Yield Temp. Conduc- Observa-
this report Spring unit (gpm) (OF.) tivity tions

18S/51-19al. Big; Lb 1122 - -- 1916
Deep; 1 0 5 5 m 82.5 -- 2-2-53
Ash 1078 - -- 6-?-61
Meadows 1 0 3 6 m - -- 7-19-62

1 0 3 6 m - -- 7-26-62
- 83 700 8-22-62

________________________________________________________________________

185/51.-29bl. --- Lb im 72 790 7-28-62
________-_____________________________________________________________--

18S/51-30al. --- Lb 1 2 m 72 __ 7-27-62
________________________________________________________________________-

lSS/51-30dl. Last Lb 1 M 68 575 7-28-62
Chance

…________________________________________________________________________.

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

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

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

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

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

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

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

The physical conditions in Amargosa Desert suggest that the estimate
of discharge is the better basis on which to estimate perennial yield in the
light of present information. Thus, the tentative perennial yield may be about
Z4, 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 northwestwand north-
east of the springs. Unused discharge from the springs that is returned to the
ground-water reservoir downgradient from the springs toward Death Valley
Junction could be withdrawn for use. However, the chemical quality generally
becomes progressively poorer by this recycling and the suitability for the
intended use should be evaluated carefully.

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

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

Some concept of the total amount of recoverable ground water in storage
may be obtained, however, for the purpose of illustration, by estimating the
amount of water that may be drained from the upper 100 feet of saturated
deposits in a selected area and without regard to the effect on the surrounding
area. A block of four townships, comprising about 9Z, 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 9, 000 acre area referred to above. This represents more than
50 times the estimated average annual ground-water discharge from Amargosa
Desert.
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The reliability of this estimate is contingent on the degree to which the
assumed specific yield represents the average field specific yield. The deter-
mination of the specific yield of any large volume of unconsolidated or partly-
consolidated sediments is a complex problem. Assuming that the specific yield
of samples of each grain-size group, representing definite sedimentary units,
can be determined precisely, there still remains the problem of determining
the actual volume of these sedimentary units as they occur in the area of con-
sideration. Many laboratory studies of specific yield for different sediment
sizes have been made, and a wide range of values have been, obtained for sam-
ples, particularly in the silt and clay sizes. The range in values tends to
decrease with the larger sand and gravel sizes. Cohen (1961, p. 44) summar-
izes the specific yield of 209 sediment samples from the Humboldt River valley
near WJinnemucca, Nevada, as follows:

Range of median diameters (millimeters) All
0.004- 0.06Z5- 0.125-0.25- 0.5-1 1-Z 2-4 4-8 sam-
0.0625 0.125 0.25 0.5 ples

Number of
samples 121 15 17 23 6 19 7 1 209

Mean specific
yield percent 19.1 21.4 25.9 25.9 22.2 20.8 17.4 17.4 20.7

Range of
specific yield 1.0- 2.5- 7.0- 7.2- 10.7- 4.6- 4.9- -- 1.0-
percent 34.1 36.3 35.4 39.5 35.3 36.2 27.4 -- 39.5

Piper and other (1939, p. 121) list a range of 0.5 to 12.2 percent for the speci-
fic yield of materials composed of very fine sand, silt, and clay. They also
obtained values of 34.1 and 34.9 percent for two samples of gravel and coarse
sand.

In estimating the ground-water storage capacity in the San Joaquin
Valley, California, Davis and others (1959), table 5, p. 209) assigned specific-
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-sorted . . . . . . . . . . . 25

Fine sand; tight sand; tight gravel; and
related deposits . . . .. . . . . . . 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 examination of 57 drillers' logs for wells in
Tps. 15 and 16 S., Rs. 48 and 49 E. suggests about 57 percent of material
falls in the gravel or sand and gravel range, 15 percent in the sand and fine
sand groups, and about 28 percent in the clay and silt groups, for the 100-foot
interval below water level in the respective wells. Specific-yield values may
be assumed as 25 percent for the gravel and sand and gravel, 15 percent for
the sand group, on the basis of drillers' descriptions apparently indicating a
specific yield characteristic closer to the fine sand group than sand group in
the above listing, and 3 percent for the clay group. Multiplying these as follows,

57 x .5 = 14.25
15x.15= 2.25
28 x .03 .84

17.34 percent

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

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

20 percent . . . 1.8 million acre-feet
15.. . . 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 the4-township area as a reasonable illus-
tration of the magnitude of that storage. When mcre data are available an
improved estimate can be made subsequently.

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

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

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

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

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

By plotting the calculated value of the specific conductance at 250 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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Salinity hazard:

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

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

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

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

Sodium hazard:

1. Low-sodium water (S1) can be used for irrigation on almost
all 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.

2. Medium-sodium water (52) will present an appreciable sodium
hazard in fine-textured soils having high cation-exchange
capacity, especially under low-leaching conditions; unless
gypsum is present in the soil. This water may be used on
coarse-textured or organic soils with good permeability.

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

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

Of the 28 analyses shown in table 9, 14 are classed as CZ-S1; 9 as
C3-S1; 1 as C3-S4; 1 as C3-54+; 2 as C4-S4+; and 1 as CZ-SZ. 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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Figure 3. Diagram for the classification of Irrigation waters. (afterWilcox, L.V., 1948).



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 13S/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)

1 ( 0.33 e 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 > 1.25 > 2.50 > 3.75

Of nineteen analyses for boron, nine were less than 0. 33 ppm, which is
the lower limit for adverse affect on sensitive crops. The highest concentration
of boron was 2.8 ppm in water from well ZSN/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 excessive 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

Constituent (in part eRange StandardsConstituent(inw parsgpr h (should not
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 + C03) 102 778
Sulfate (SO4 ) 24 484 250
Chloride (CI) 6.0 1,050 250
Fluoride (F) .6 7.9 a/
Nitrate (NO3 ) .0 17 45

a/ 0. 8 ppm for annual average of maximum daily air temperature 79. 3 to
90. 5°F, according to Federal Register, Mar. 6, 1962--Title 42,
para. 72.205.

The permissible concentration of fluoride varies according to the
average annual maximum daily air temperatures, according to recent infor-
mation of the U. S. Public Health Service. Presumably this inverse relation
reflects the fact 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 79.5oF, 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 fhloride in water used for drinkina, purposes commonly
results in dental fluorosis and discoloration in the teeth of children. A recent
dental eicamination of school children in Beatty by officers of the Nevada
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Department of Health showed that 19 out of 20 children who lived in Beatty
since birth were affected with dental fluorosis (W. White, Director, Nevada
Bur. Environmental Health, oral communication, 1962). The fluoride content
of the municipal water supply for Beatty apparently averages about 4 ppm.
This probably is an extreme example to apply to much of the area of Amargosa
Desert where fluroide concentration generally is less than 2 ppm. Even so,
problems of dental fluorosis would be expected to some extent. It is obvious
then that fluoride cncentration 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 13S/51-30dl,
ZSN/6-18al, 25N/6-20cl, and of chloride in well 25N/6-20cl. Throughout
the main area of well development the analyses indicate that the constituents,
other than fluoride, are below the limit recommended by Public Health Service.

Development:

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

Mendenhall (1909, p. 36, 37) states that the Franklin well (26N/5-5bl)
was dug by Mr. Franklin in 1852 to supply water for parties surveying the
boundary line between California and Nevada. Later other wells were dug
or drilled along main travel routes between mining towns and along the aline-
ments of the Tonopah and Tidewater and the Las Vegas and Tonopah railroads
now abandoned. The T and T ranch in sec. 25, T. 16 S., R. 48 E., was
developed in about 1917 to produce crops, irrigated by wells, apparently for
the market created by mining in Bullfrog, Rhyolite, and Beatty. The drilling
of well 16S/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 1951-54,
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 Arnargosa 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, 000 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 averdevelopment 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 are listed below to obtain needed basic
data and a better understanding of the factors that influence or control
ground water in Amargosa Desert and similar areas in Nevada. These
proposed studies are separate from the usual areal investigations, which
commonly are needed after the development of ground water in a given
area become substantial.

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

2. An investigation of physical parameters to develop improved
estimates of ground water in storage. This will involve analysis and
correlation of drillers' logs and terms with electric or gamma logs,
samples or cores, and further study of the geology and hydrology with
respect to the distribution and range of storage and transmissibility
coefficients in the area. The study should include the application of
techniques for analyzing the effects of development on the ground-water
system. For this purpose the possible use of an electric analog model
warrants serious consideration. Potentially the electric analog model
will be of much value in demonstrating the character of various ground-
water systems and should be a valuable tool to aid in the management of
ground-water resources in Nevada.
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Sake Gad erwel; ter .. .. .. .. .. .. .. .
$.d .ad I.. t ................

58.4 od ft. $rat ................
Cravat. -41. ...................

18.4. Isa. 804 light r4d c I A .----- 

Pas grvl ad ................
180 a.- t1 gradl ................
Ce ft- t... - . ..-.
Cly tIn, 4..y .. .. .. .. .. .. .. .. .

Total depth.

tkS/40-t4dl. P. ?.rry

ck. .Y .....................

Cl4 . ... ....................
See d d I .1.l .. .. .. .. .. .. .. .. .. .
5oad bh dpock . . . . . .. . . . . . . ...

C .............
18.4. ft.e.........
cl, . .. .. .. .. .. .. .. .. .. .. .. .

.od .a grav ..................
CLy . .. .. .. .. .. .. .. .. .. .. .. .

8.4 od gra.1 . . . . . . . . . . . . . . . . . . .
Total dapth

K.., .d n lz1... ......ToSo46.. .. - ...................

C L y . ... ... .. ... .. ..... . . . . . .. . . . .
S8.4, .4. 8.4 Sra....I 

Saee d 8.4 Sre.l. -er - .- - - - - - - - - - - - -
TotaI depth

160/43-15bt. L. Doby

CIA,- ---o -- - - - -....... -.. - - -
CLay . .. .. .. .. .. .. .. .. .. .. .. .

Seesi d sLay . .. .. .. .. .. .. .. .. .. .
S..d, brd, br- . .. .. .. .. .. .. .. .. .

Seed. Murs .. .. .. .. .. .. .. .. .. .. .
Cr.4l r .. .. .. .. .. .. .. .. .. .. .
Cly. bren, *ad ^.d . .. .. .. .. .. .. .. .

Clay. br-an, 4.d oo4 - -.-.....-.........- -
S. d~ - te - - - - ----------------

$Sed 4.4 91..1 .. .. .. .. .. .. .. .. .. .
Cr"t0l, woxr . .. .. .. .. .. .. .. .. .. .

Cr*a .... 1..... .. .. .. .. .. .. .. .. ..

Cavel; w^Ier . .. .. .. .. .. .. .. .. .. .

Clay .. d r.'el -.-.....- ..- ..- ..- ..- ..- ..- 
Total depth

Uit. 6o.4y -.- .....- ..- ..- ..- ..- ....- .-

Jo..d .. I rock -.-.....- ..- ..- ..- ..- ....- .-

Seed .4 rcE -. .

S.d d rn. .- . . . .- 
Clay . . .. . .. .. .. .. .. .. .. .. .. .
Seed~r . ........ .. .. .. .. .. .. ..
CS . . .. .. .. .. .. .. .. .. .. .. .. .

CLay . .. .. .. .. .. .. .. .. .. .. .. .
SUI depth 

165/43-1741. J Oh1or

Gre-l C^t d . .. .. .. .. .. .. .. .. .
*- d, I .... . . . . - - - - - - -
Cr'.1, _.ted . .. .. .. .. .. .. .. .. .

SoUI depth.

IGS/49-18bl. J .11

Setsoil . .. ...........

Use da -- - -. - - - - - - - - - ---------
S..d d gusti - -
$.ad . .. .. .. .. .. .. .. .. .. .. .. .
Sock. brea . .........

S..fd. d . .. .. .. .. .. .. .. .. .. .. .

Setal eth.

2hitkno8 Depth
(f.et) (fat) Kat.ck

tb5148.204t. J. V*ay

2 2 Tpo ......
93 95 SAnd .. 
9 604 lark

22 t05 Sack b.. .. 
32 tOO 08,4. ro. .. .....

12 170 L e.tatom. broa -. 
it let Li-t - -- - --.
14 195 Lt.aaa.. broka.

8 203 Lestte. brake. t
57 290 S8,. hard 
* 246

1? 253
32 295 1SI48.23.1. . Ctll.pl

6 301
&g 3.9 5-4 ad groat.

3.9 Pa. ravat. . . . . . .
S.Ord . . . . . . . . . .
Crawl . a * - - -
Ct ......

(faet) fta)

...............

...............

...............

. . . . . . . . . . . . . . .
..............
..............

...............
..............

. . . . . . . . . . . . . . .

...............
. . . . . . . . . . . . . .

Total d.pth

. . . . . . . .s e . v .

......... . . .

90 120

18 A

It 180
10 I10

950 9

18 228

12 95
to ti 1

15IS4S-23bt. b. Ctitaple

22 50

2 be 251
a Z2l

It 2..

It I Id

50 I .,
20 Itr

I..

to So

IS 1'l

"I 3 23

532I

250 I..

610

X 1X0
) 0.

57 A

220 4.3

12 621

21 522

S10

Craat. . . .................
erva. .... ..................
Cf.'.l and edgy . . .. .. .. .. .. .. .. .. .
Ct... .. . . . .. . . .

CS~~~~~~~~ea ....... ven ...... . . .Tat.t 8.prh

6/14-22ct. N. Cilepi

TpSetol .......................
StLI. taoy. ti2t .................
Soad, ft.. e4 ng elv .... . . . . . . . . . .
Cly. ligt. 84y ......
Clay. r.4. atth tteeks of grto. .........
Clay, red. s dy ith ateas 1 a i.tt t _ - - - -
S..d 8d II.* grast . . . . . . . . . . . . . . . .

Seed. csra.. and grat ..............
Cly, hard. tcky .. .. .. .. .. .. .. .. .

Total h-rd . . .

4 4

9
.1 "I0

150

1t

2:

20I

4 15tI4-2dl. V. Cil-.a
2t

30 7 .. Sot ... ... ... . ..... . .
40 fot. dsy. 1h. . ....
87 S.d. te. nd g . . .
75 Clay. tight. a -- -- ---. --- 
so Cly. rAd. th SCrea of rv --. -
07 Clta. red. baody. Wth t k of hit . 1-- - - - -

93 Sed a.4d fe 8a.L................
102 ClAy Lth t18k8 aS hlt, ,-o -
t22 Pa. g'at. .
t2 Clay. ticky...................

7 .ot epth .. .

149 16 S/05-2481. a. la rda
149

C;9
CIA.

12 12 5..4 a.l.4 grano.
2 10 C. ..
61 Sted &.4 r- .v .t
46 14 . Clay.

Ito C ... ,...................w s38 206 Ca.
4 212 $84. grav-t. sad hl1d.

16 228 Ct.. 
6 2 Cravat 8.4 hutder.

| }Xt ~~Clay . . . . . . . .O 242 CIA.d r ae l

ISO C . . . .
18.4 ad arvat. 

Claytd &ad grael.r

C rvS .04 hv4r.

Se. ad grat.

S 28 Cla.00 65c1 B .a .d .... . . . . . . . .

23 3S Cla.

02 22 Ct.. 

6 25 I'lld r.

82 380 Ctay. herd.
360 lactiar.-- 

Bak............
TOtl dopth.

* 7

5S. -12

I I
10 1

t 0

tO 21.

1 7

on 3

12 6

63 25

62 29

as O
1 11

It.

1 21r

11 21

23 20:

7 3*'a 2'

12 472462



71.ls...snnscud.S

Thackness Zeprk
(feat) (lss

Thick..s. DPth
(feat) (fret)M ter I MaterilI

l6S,.6.-c.. ft. Records

Sufce soll aunt and ravel ..
C ruses. nce . .. . . . .. . . .

Line s h ct.............

C:-lkl .6Zidl. ft Recordsf

Satiate soil.......

Cl.
5^Cn rv . .. . .... SAnd And grantl ... ... .
Cl.v. . . . . .. . . . . . .
CZ: al" .rar - . . .. ....
C-. and *r..L' .
Ian. and .ravol . ..

C-.

Sand and aruunl.. . . . . . . . .

I,. Lot an .ra. l .... .. .

A, 4. .......... . . . .

r..<; ,J @j- . ...........

C. ar. . . . . ... .
Iravel, an. ...................

C: . . . . . . .'

Crave.. sand. J ...... . . . . ...

21,t..A.. . .. .. .. .. .. .. .. .. . .

as, .oni .ra - . ... ..
Cl.s..........................

SoC lJ . .a.n.d.r.

Ci-l. la :I toe ... .. .. .. . . . .

Clay.............
Grace) and 4sd ........
Cl1. ...... . .........

Cz8... .. .. .. .. .. .. .. .. . . .

Cravel antosl~wr .. . . . .. . .r ..

¢-s~~~~~~e.~ ~ .n . ... . . . . . . ... . .

C..

Total depth..

;- . A.- . tl...s

Cray.). corse. a,. sr ............. . . . .
Grovel. ,ard. inn, a A sn.....-
Sand. in ins.ct. S trea at 'I .

Grave. sra. .na .ssn ..
Cr an. c...r. . . . . . .
Crae Sin, an. . . .....
Los A. Ar '. .................
staen..-::. . .. . . . . . .
Crave. ons .

Cra-l. soars. . . .
Cram)1 , ... .. ..... ..
Cras;. 'art ar, ... .c .i . . . . . . .

:.. v, Il.n:.. . . ........

Cla. lrd. aao. aravel an hees . .
Grace). sit Sireasa 4ciCs........
Gra. tan and les . .

Gra n . . .u .. . . .s . . . . .
Crane). cerenede... I . ....
Icrestone rJ.. hard. ... ..
Gravel. aerenes. ..
Gravel are sose cIv..........
Li*isnnn. sans'. ry. hue . ..-....

Tecal deh..

Sand and lire. . . .. . . . . .
Sand and grams). .--- . . .. . . .

Graeln coat...........
Crave) 4re.....

Sand an gravel ............
Sand .............
Sine ad grn)...........
Grave).*

Crane), Ger..........

Sand. tins nd trla.------ 

STerl depth. 

Is 3S
h0 93

70 13$

75 235

!n 30.3e 0s

.

1

I)

IS
:I

Ii
13
t

.
It
I1

1:
::
In

1.

L1

I,
:1

I0

I.

Is
,

13

11
1';IS.

III

I9
'..

103

1)9

:L2
13

I 

14

In)

l'2

'44

2)3
32 7

11

*:1I -

333
334

339
3. L

35)

114i

:1L

tbS41.3dl. M Dnp

Toy oil ...... .. .. . .. . . .......
Li-estone. ery rd . .... . . . . ........

Soi, sadSandscons. cr1ok).

Cly ldt nd sand.........
Clay, pink and nd .......

Clay, md, and its I. and........
Total depth

AlS35sld1. Mrs. .Watson

tarface ....

Limstone. cemented, ond gnshoe....
Clay reddish. so.nted n grve ..

Clay, light sole*d. d and ............

Sandstone gray ...

.intn hard.
Clam. ea, and little card.-*---*- 
Clay. red, etiY 
Clay. ced and ...

Cla. red, and gre . . .

Cly. . .............

LAsone, n.d ...

Clay, white (told-? .........
Clay ra. with t - . ..c.) . . -.

Dry~o~ $".. . _ l_ . . . . . .

Cm.erat.ry.. ... .

LirsIone gray .diu.) .. .

thick ~ ~ ~ O& A Y4 A. ... . .
Tetal dpth

165/44.9I. . knees

Loots reck nd grace) .......
Dry grsoel..
Gongoesrat ...........
Sand, yslhe.*--.--.--- 
Sand, laIt e sred*--*--*
Crone), large; nater.
Clay, red: with lena of grad and sand a ew

kennl cnk cer * or S (en .-** 
Tetal inptn 

lkS'M.4s1. t. Snlhach

21 15
4 3I
21 1:30 49

0 125

15 I.,43 185
13 200

200

32 332

II 60

15 15

S Ito

1 162

iS 3100
10 t00

9 133
43 293

13 362
51 395
11 407

A07

11 10
S 1S

S, 130
33, 170

10 Igo

153 300
300

Sand and reck . .
Sand, hard pack, ad
Clan and -.
Sand and rosa . .
Clay. eandy - -

:S 23 Sand and rec . . .

a 31 Cl. nsndy

" O 1 Sar an ci
so iO ' d A 1w " A -1

3 53 San nd reek. -A -

19 Clan and reck. - .
e . Cli .

74 SOnd nd gra . .
n 80 C ay . . . . . . .
9 S9 SAnd. har d
X 43 Clay.**- 

S 101 Sang nd deli- 
3 I10 Cl~ a .-* 
I1 I2i Sand ass rock.- 
3 126 Cla .
5 13.

12 146

9 51 )S1S49.14a1. W. Jls
3 110
3 lbS L00-. brrwn. sandy

10 175 Sud and grne. *
ft 153 5a-der -. -
3 La. Grael, Larg
4 190 Gracel, trd5 teoat
3 19 Cliy ad ilder .
3 599 Clay. Itrt sray

148 Clay, brown . .
Clay and lrge gran

LiA te hard
Clay bw ..

33 S3 Sand n hrd tyac~tnd
20 13 Conglo-rote e pen
IS 51

10 1
1 2)3 161119.14k1. 11 Jons
30 143
10 132 Sarfaceeaoll, ad,
10 162 Sand a grace *
10 172 CraneS - - - - -
50 195 CIa .

15 202

10 21

9 236

21

d rok .. .. .. .. .. .. ..
. .. .. .. .. .. .. .. ..

. .. .. .. .. .. .. .. ..

. .. .. .. .. .. .. .. ..

. .. .. .. .. .. .. .. ..

. .. .. .. .. .. .. ... .

. .. .. .. .. .. .. .. ..

. .. .. .. .. .. ... .. .

. .. .. .. .. .. .. .. ..

. .. .. .. .. .. .. .. ..

. .. .. .. .. .. .. .. ..

::::::::::::::::::.. . .
. .. .. .. .. .. .. .... .

. .. .. .. .. .. ... .. .

To . .... ... . .

3 It
IS 32
37 69
41 110

3 113
7 110
B 12t1

Nk 143
ft 130

22 290I30 :0
2 2)0

33 203

32 390

00

le 11.

14 124

3h 163
10 173

3 177
31 255

2 310
90 300

140 140
1s0 290
I00 390

190

390

. .. .. .. .. .. .. .. ..

. .. .. .. .. .. .. .. ..

. .. .. .. .. .. .. .. ..

e . .. .. .. .. ...

Toa UI *ptilh

ad grel. . ....

Totl depth 



T1e ...eolload.$

Think...8 D-pth
(fst) (leet Thik-.. vapth

(I..:) (t**t1

IGS/49-ts$l. W. Joh.

S..
land I. . .. . . .. .

e..4 .... ... .. .. .. .. .. .. ..l~n4 Sli g ro v ol--..........
C.oy. p 0ay .. . .....

CC1.11 h,-~~~~~.01 .71
Cl~~~~w,~~ .w .. .. .. . .. ... ..... .....

I-S,49 .l l. W I .k

Syface sil. *4. n IdF . . .
S-nd .0d peo 3nov41.......
5.nd. bard .....................
C,.. 1` ....... .. .. .. .....

S.nd. hrd .. ........
Clay . . . . . . . . . . . . . . . . . . . . . .

T1 dth.

16/49 .1 1. L.. Pet-

C.r Id. Sd .. 4.
Cel . d . ..............

Cl..Load 440 3 0 l.. ... .. . .

C. a.
Sand and i t a no. .... . . . . .

Cl.'
S.na. bSd * t at,4 ;l .

CL^............

C4ie. l Sn4 h .. .....

S..,. 0d ;,;.;L:odmovl
5 hd, grvl. .d . .a .. .. .. .. .. ..
Cl.r............
Sand nd branoI.
l..
Sand d graol.

Cl..

Sad. .udrS. d ..
CSy and eelarol.......r...
Sand and *rwoel.. . . . . . . . .

C1S.Y~y

Shc.n. ~o .. .o......

Sand. panal. dod booldor. ept

Cl ,. . . . .. .. . .. . . .

S1nd I0 ool

C"...........

S. ld S -. I..

*-n, Ir . . ^ . ei . .. . . . .

S4 Id4 . . .. . . . . . . . . . . . . . . . . . .

S..d

5ewy . . . . . . . .... . . . . . .

S.ldo r.... . . . . . .

Cla . .. . ..
bid)l dpn1.

9S1eed. ll.;. *.. .. . . . .

lardp ........

C , .
Sand nd uv .1 ..... ..........

5**~d &Id 5r-: :: ::: . . . . . .

9-14f; . .. . . . . . . . . .

Cl. .....

S d dod ! 1.. ..l

CI:.

S^. . o4bwdr . -- . . . . . . . . .

Cie . we. r . e . . . . .. . .

Sand .a0 *tol.

CSa.
Sond. r80.41 .. dWr. ..........

Clo.

Sand. 05 1 .ad b-td..
Cl..

S1.0440 . .. .. ...

5.04 anbd 3rnn l..................

l..----.......
San rd gr-z. e.l f.. . . .. . .

Cl...............

Cl..4...........
Sand .04 p-oS. ̂d1e 

Sand. IOSOSI. Sod4 44 0l.0.....

cl..............

Sand. granal. Sod b4ald......

5Sand. *rnnel. S04 boolor ........

£404 30Sl1~ .00.l.r.........
Clo. 

£404. *onn.I. Sod etbl aldur.

3

11
I

109
33
33
so

IS/49-9l. It. tRlcord.

23 S.04 od glS... .
5 £404 ald Cese gra- . ........ . . . . .

80 C.rsl. .r .. . . . . . . . . . . . . . . . . . . .
200 Cl.. 
309 Clay Sod gro.l 
34. Cosol 
370 Cloy od 300 . . . . . . . . . . . . . . . . . . .
430 5.0d d L,. .
&ZO Clay Sod grI. .

Clay od _.11 -- t *t gr-l . . . . . .. . .
Cu ..

__ - 1Ttal depth10

24 24
OO 54

100 1S
20 174
10 Itb
10 194
t0 254
20 374
1S 24
10 294
0 300

300

0

IS
32

305
400
'03

20

4a2t

IN

10b

211
1,

254

28

297
279

1

29
]1

414
14

9

310
A.0

23

4

370

10

129
133
I7t
lit

414

221
241
262
2*l

"7

8

32

*03

*2*

I

t3

41

'9

01
121

18

144

19

211
21
23

16S/49.19d1. L. 0..gar

Claco SoIl.-
5.04and gol.***
11karp............
Sand Sod g,,.
c l . . ..

Clay l . .. . . . . . .
£44 od S. 4.. . .
Cla .4 Sandr....S^ * d $.. - - - - - . . . . . . .

Cly nd tod . ...

Clay .d on...

C-.n aod a;d.........
Clay .. 4 ace . .Sandl od -0d8.01.::::: 
Cly 4 ndI . .
e...*l Sr:: .. *n t *. .::::.. . . . ..

ClAy Slid &a10 ...... .....
Sondr od gra .........l.Beslers . ... .. .. . . . . . . . .

Cly Sad v08001 .........

S. ad 6..

Clay .................... 
CSnl *-- 5.............

P! T-t. J. rl. .. 4 P ....... t

Cloy, hard .. . . . . . . . . .
S0d alod-r. go .. .do.
Cla..... .. ..
Bond .4goodrwe...l......

1.041 dopro

105149.30.1. tl 10 ..I 0. ty.? Sd P Cl-,

on . 04 .8. ................ .

Sand. II.. t~b

Crovol.e-
Bond. ... Sa ae...
Se.d i..n . *0-d nh ....0 .. .
Sond. L0408 - .

IOS/49. dl. . L.1.r000

S d 4 0 4d 0 r0 . .

Sad. hard. b04 anroo ..k... 

Cly. 001.w - - .-.-.-.-- ......

C~~~sy. 404 oooh. a deth

0.0/4. h3ar. lere Ros. Dl

cla.

Sad. h.r. .nd ro .
Clay.............
Sand and 80081 ..........
Cla....

S . hrde. . .re . ........ .... . .

£4.4 44 rook. ------- 

Cis.

..., 14..

Clay. , seedy .... ....

C,4ad. h... .. .. .. .... . . . . .

Cie Y Ire_ .. .. . . .. .- .. ...-----

Cselo l 000818.8 f at.y......

Cl. e....bo........
Cr80l.1 ...........
CLAy. br0 . . . . . . . . . . .

Cly hor.bre..nd.............
Cr50l.1.........
Cly ~.. 040.ood.......

Clay.l 00..50..
£4oy. hard.d . .. . . .. . .
Cly. ho..

S.r4 hard ...........
Clay. boo ..... . . . . . . .

S tol 48710- 

2 2
1 2
0 91
13 33
$ 35
2 27

14 47
17 b4

9 73

22 toy
6 11$
4 111

is 134
12 140
13 15$
1 173

to 199
17 310
10 226
13 239
7 240

20 200
7 273

12 285
S 390
7 247
0 303
4 307

307

so so
1o 90
20 110
S8 108
1 13
24 207
$7 24
30 300

300

2 2
22 24
is 42

'eO Il10

2$ 135
17 1I
$l 210
2S 235
22 257

34 310
34 344
23 370
40 *10

410

10 10
30 40
10 W0
s 103
14 fly
3 130

33 13$
t0 10$

2 17
43 210
4$ 25
SO 30$
27 332
27 359
3 302

3d 400
2 402

31 433
37 470
Is 48$
$ 490

10 Soo
Soo



7ble 4-Cso.ctl-e.4.)

Thicbsee Dpth
(teet) (feot)Materio l

149-2641. D Silsbe lb

s.. .. .. d . .. . ..

Crvl *d U6nr . . ...............
ood.........................

Se d g e $." . ... . . . .. . . . ...
oldn. La .. ................

S..oo od gr o vl...................
Cl.............
3.04 ccl gnTOl -*--- -----I 

Total depth.

14/ 9.242. I. JasctI

TS otl .. ....................
?lght .. II .. .. .. .. .. .. .. ........
Uiaatooa. ard ...................
Clay. lilht o e .
Clay. bre SC faddish ...........
Cly light. .0th a. occtlel hard treak

"vOry 2 3 tc.t .....----- ... -
Clay. lght *lond. With LeW of od *ed eol . ..
Clay. tik .....................

Total depth.

16/49-21al. I. likor -

Topsol ................... . . ..
C-e4Iroto with t bldn ...........
L.ctoa. h ad............... .....
C-Slete wIth larger b oIddn----- .
S". light ol ld. -
Crnl. oemtd ...................
Cra'el; -toe ....................
Corasi Coocotod. wIth Oed ly 1 . . . . . .

ote.l depth..

I/49-2kl. 1. aom

Topseil .......................
Coall .t. with ro bIder S . . . . . . . . . -
Lt"co . . . . . . . . . . . . . . . . . . .
Calnt . . . . . . . . . . . . . . . . . . .
Ses, light lord.- - - - - - - - -
Cneel. *cotd ...................
good ccd l-I . . . . . . . . . . . . . . -
Crowdl. a-td ...................

ToU I doth.

161146-21d1. . Wlckcor

Topsoil .......................
Coo4 lormte with Lee b o1Je d . . . .
1.etwee ......................
Co o o g e tt. . . . . . . . . . . . . . . . . . . .
keJd. Light oolaerd- - - - - - - - - - -
Crawi. *oda
Convel; ar.. .
Clay. reddish. oath little gr a v el- . . -. . -

Total depth.

163/49.29cl. L. C.-II

LIr..e oil .......... . . ..
lSll. 6 c c4y .....................
Sell .4 r ...........
Soed. light c leee...d..............
Iod o gO.................

Tetal depth.

141/49.3h1. J. 9.11

Sott~t, sl .. .. .. .. .. .. .. .. .. .. .

toll. assy - -d - - - - - -
Cro. ocoIl, *etced ...............
Crowo. urge. cocod ...............

Totol dpt-.

IUh/49.32el. J. bseell

II. W torio I

163/494301l. . lod..

Thitk .... Dpth
(fet) (fect)

7

6
56
22
23
2

2 Sofatc &il. ......... .
100 "al oed goo...
to? Clay. oy . . .
its loord cd l... . . .
124 Cl..
18 g - - -.
202 Crovl co bld. .
220 Clay. hd . . . . . . . . . . . . . . . . . . . . . .
232 hod cnd Srel.
300 Clay, cyc . . . . . . . . . . . . . . . . . . . .
300 1.0d cod grc ..l. .

Totol dept..

LI

40

37
20
1

I I31

2?2

32
72

I
213
228
249
300
300

S

7II

140
10

1I
30

3

4?

1I
2

40

140
280
300
300

16S16t.35S1 . sorry

sell.........................
Clay d sr el...................
lIoodoro. large, cod ety .. . . . . . . . . . . . . .
Cl.y . . . . . . . . . . . . . . . . . . . . . . . . .
eldore Cod CI.y . . . . . . . . . . . . . . . . . .

ho d ........................
Cly ..
Cloy cod bdo . .................
Clay . . . . . . . . . . . . . . . . . . . . . . .

Total depth.

50
20

46
20
20

12
112

1 1

87

4
20
40
90

110
114
hOo

10
100
200

12
124
133
220
226
322
323

6 16149-3b. l. 1. McCoy

40 TopSl.
1I) Clu. yll. 
IS0 S tt ..ere. la..
210 CLF,. yolloo
?3I Bol;14.e 4 :..l. - . . . . . . . . . . .
300 Clay. 'Alit.....................
300 Total epth . -

161/30-el. L. Cook

7
33
a

41
40
is
14
16

1
40
I

113I)

200
20C

1oed .........................
Solder. . -. . . . . .
Crevel. ftl . . . .. . . . . . . . . . . . . . . . .
C ..........................
Crw, f, od b dr ..............
SlIrd ............. ...........
Cly.........................

Totol dpth.

170/41.-ItD. tollovoll

Sl te. Whit1, olt. () or te .. ........
Cnel &ad " d: ter . .. .. .. .. .. .. .. .Crnvel ... co..oc...........

Totol dcpth.

71S/44.1.l. W. oyle

2)

6

4

22
a9

104
11.4
Ito
It/.
200

7

I40
120

is

3S
42

120
160
21020)

3)5
30
to
40

33
63
7)

131

I 
17
13

27

130 Sotfo.. ocli.
100 Sood.

Clay ... . . . -
1.04d greeI

10 s otloe d grovel..........
Sll Soe A.; groS I . .

32 LI-.. -se.
S Clay vith g. .l 
70 CI. .

97 0.04 and Irso l.
97 ,ICLd:ro eod glo .

65 Clay cod . . .la. ..
cL, ., d ,1T& ............

LIoot............

13 1.04 *0f4 grovol

31 Cla cod 5nov61

Clay cod gn .l.
LI-to" breo" o wIth gr.-- -

Total depth.

2

1I
4

Io

10I

12
I

63

3

I,
a

21
23
30
32
24
Ss
64

52
101,
Ill

.116:

137
1I5L
2I4
214 

is
I?
33
22

r~fc coil .....................
0 d 1...................

Gravel 60 rdish lay...............
Cre. ti. Sw p . . . . . . . . . .

Total Jryth. 

27I
26
20

32I
60
so
so

161/49.3241. X. ltephof

ClA, 44 7 7 0 - - -70 70
Se scl gonel te. . . .. .- ... $ 1

Clay ccl IL-atW .................. 135 213
otal doepth. 2 Ds

17S/4-14d1. . lettlo

TopSail.......................
ex". , So_ .. .. .. .. .. .. .. .. .. .. .
Onset old blder*- . . . . . . . . . . . . . . * 
Co velI Ws .....................
5"der, .. .. .. .. .. .. .. .. .. .. .. .
Clay. yollcy...........

Ucot....--.-X -----

UInoce, - e - - . - - - - - - - !- - - - - -

Lesee wtl _ . .. .. .. .. .. .. .. .. .. .CI. tcoo, r.. . . .

LII,_. ..................
Clay. hit .....................
Cn-l ead aced . . . . . . . . . . . . . . . . .* relr --- cccl.--w @**-Clay. hyoto.....................
bold44 .......................

bida dopib .

1I

3

. 6

16I

11

I

624
19
42
60
Os

104
120
its
130
140
1t
1s?
1oo
112
202
203
203



, - - I

tabl 4...(cntieved.)

7S/401.Id2. A. Settl..

S-lfag. mterAl ...................
lnte. hard ...................

Limestea.. bper.. . ....d ....... ..
lotal depth.

1iS:48.a1.3 A. eltle

ilerererded ...........
and and rock, ee ...... .

Lt e..e nd *.nd .....
San4 And aeI.y...
Clay Ad ire 
Crene; we .

ta depth..

17SAS-2al. A. ettle.

5- at... ac I ... ..... -tLeceetee cetoed, and gravel.....
Savdeene. tedish pr.. with geva. ...

Intel deth..

TIhmnsa Deptt
(teen) (feet) Thlickee Depth

(fest) (fest)

A3
1S

24

30
30

I1
'I1

VS149-'a. . Cle.eland

43 Tepeell.I. -
so Sol dy .

105 Sand aed tael.
105 tetel depth . . .

51.

114
1413
1,

1V5149.l. 0. Cleenleed

. . . ..ll. .........
tel. Sndy - ........
ioed a.d gravl . . .
Sand. hard. Caen.tCd. and gve.. ..........

Staal depth - - -

3*

20

I 15 17Sf-4bl. J. Synn
'IS

Sell. aevd.

)O CLay :ra.. .
69 Saed. light eled. 
Is CLay. tedlab. dra lv t ap er ..
d5 Clp red. it.e little sond .

Stel depth...
VSSIA522. .Barry

Sand nd g vel ....... . . .AS. ........ 
Clay 6ed "and .... . . . . . . . . . . . . . .. IS
Hlde .. .. .... ...... . .. . .. .. .. .. .. .. ;
S-. aed aa st. .... . . .......... 2

land. gae1. nad rck ............. . 40
Sand ad eare. gravel . .3
Snd. asee gravel. and mae ..... .. 5... .

tetal depth.

lP1A5/.1 al Sna C-.vty Land nd D-lap .. nC Cel. I-.

5ane and Pebsle gravel. Psek nd Voltev, rdd e
an4.icr ad csla,. rvvdvd t hedrl. efry flee 
*ry eara t.erta. R.ueded to aeg r.. and ana pbkle
traelt a ai. e I _) fragents *t a bte t
ve, b*e, an ta weidad at. Ca lte y vih ery

fine te vary teree qatant *n gete . S- black
*eheitin amb~er aetic at reandal vith caltarevee
depait an euealae ivat and _agntlte. 5td
aod gravel vance in hrrot t .shct vth

t,er reofg ia t S0 t SS peent.
n te ligt breve ilty. calcare clay between

2 .: .- .2 . e . . . . . . . . . ***.............................. 4
Clap, tan t light brawn, a. Ity. caa Same ve ery

fiv t very voate aarta nd -antlt.. * aea..
Se eite. taltv o ateriel beWev 360 ad 390

fee.150 Zh":.15 ed nd granal. gravel. Pith and p.11ev, remdad te
angler a d vvar, randd t vaadeal, ary five
to ery coarsa 'aty qfa Beceded iangala
aed and granl grael tragmnts *f hIte tC ed.

brevv an sray welded tef. Callab. th vary flea
to vry er.. qafte aed agnlt. am black abedian

ItCher angar er rnevec wNIth Calcar ..P d.elt an
atld.. chert at d -egatn.. Clap Pttlvge prev
throaghect. p-ababip 70

Clay, an t lght brtwn. .* alty a Same very
finveavnd a* abae. Wite cacaeena matertal bzeean
ISO avd 930 ft tndy vith very five go ease quat..
nldad taft. calahe, beldlan. magnetIc. ad a_
nvry fie ta very cerce fraotte at haalt weth
alcite ta basal S tea.9 t

B adlt. tra te black. sbv1nde s angular r v tnat
densee ealelar. end alt.t . . ..ev

atelai(' 1*th leve nd bttF eaat .30
lai dpth.

40
10
40

120
IS0

1?S/9.P1. . terti

Stt. matel...................
Liate.. hrd ....................
Lieta.* tprt ....................

Totel depth - - -

10 It
35 35
33 AS

'a

Ls is
20 1S
IS 70
10 so

00 3
to

& 4
1' 20

2 22
As PS

2 72
so 12

3 155

*0 *0AS 1.0

ISS t10
210

10 la28 3B
I? 131

11 190
hO 250
35 Ml
13 255

42 3.O
3 3413

42 ]IRS
S 390

17 407
28 431
AS 480

5 All
1 100

100

i0o 17S3A,,Pkl. . t,.i
200

tl... tIgh .......
Gov. atad. Intarhaddad with hard liestv.
Clay. reddie. ae d and tel. Itarheddd.
Clay. Sh ared, d e ..........
Clay llht telared ..............
Lmetav. wIt. chalby.
Clay. reddlh. iteraded ite lmtas .had

trap eranc isteva". ......
ravel. tar.. and d ....

CLAy, red lterebddad with white lIetasc-.*
Sod gral;...................
Cly, meetly grv.. ",h ..... s
Clap. red. letbedded wi1th whte lltav~..

3t0 Clay red Ivtarbddad aith $toy pvreu ls.tve ..
tavd. dark.
CLAP. light Ce1re.

tetal depth

171S9-7cl. .Dt-l

Surfaces el......................
Lmttev. cene*d. ad grael.

Steal deth . ..

5 10 tepal I.
Sell, t1ght, with gravel and re ......
Clap, light ear.d. with fea sn. .
Claph ., .
Clap, pith with et at Mad ......
CL., iht elad . ...

SOO CL4p. ned, with arsk a grve S .
CL. .td, th th in lpara . whte lII-t.e
Llaost.t(Ta) Dld nat bll ap md thrnash thl

9)0 Sormatl. tlle caly brataglt p ory _11 amytte
930 *f lmeetee. astteg. 

Clap, red, wIth ac ecael lyer at whie 11metm.
Ll.ete"v. white, th t 1 t sticky clay
Limea~m. wthie. rith differest hoae. t hards..

4 total depth

32 32
29 I1

h1

to 10
27 37
33 70
30 100
50 ISO
II 192
ZS 17
22 200

so 280
20 300
30 330
70 400

400

21 25
15 40
Is 7

7p

175AIi.I. . erf. Sr.

Sell aed r. - - - - -.

Cravel, eddish. camenta.
Setal depth.

SI'"'-5.2. W. Vet J.

Sfa.Ca a.
Sail nd ro ....................
Sil, dy .....................
ral, raddh. t. - - - - -. - - - -

toul depth.

1751 9.bl. P. t

surae ell ....................
Sand nd r"vel aet*d tth LA ..........
Cravel. Lrge (tavit -..............

ltl depth.

16
25A

23

10
43

20

'4
'4

IPSI49-6ul. A. Clo.etavd

Surfac 11 ..........
taI, sondy ......................
Soil. ntdy. od gMvl - .- - - - - - - - - -

Utatl ith . . .

P30
40

83

is
*2

3l
I$

'3
As



Tahia sly (.n.d.)

Thick-o Depth
(ftot) (foat)Pat.fIA I

17S130-lut. y. C..ty d 0.. nloPot C . l.

thn.. D th
(fast) (fast)

l?8149.8a1 7. Cl l.. .

l .4t3 . .................
Clay, isk eolored. en ...........

total depth.

17S 494dl. A. CUnsead

a.fr~ce sel.... ......1 
Sets c""T - - - -.-.....- ..-..-..... -

Sand. e-t.d. sod g.rnl ..............
Total 4ash.

t3/49.-9bl. S. 3011

Sand. hard. mad c ................
Clay. "y - - - - ................

Seed. hard. sd - .................
m.d l.d slee - - - - - .... - - - .. - .
Clay. sedy - -.................
gsad m rk...................

Sood sad r.....................
Llesstea A............... .ha r...
gaud. 8?0 ........ 
Clay. S............S.S........

Cly ight Caed . .. .. .. .. .. .. .. . .

Total depth. .

17SA9.llkl. C. ttl..

S.atce Gott .....................
Clly .........................
Cn el sad 4nd- - - - - - - ........
Clay so4 b1ae.. .. .........
Sad sod gn o r .. . . . . . . . . . . . . . . . . -
S-dWer sad clay---------.......
land s04 gSm l- . . . . . . . . . . . . . . . . . . .
SlId. sad clay .. ..............
- nd sw gel - . . . . ..............

lHere sd ay........ . . ........
ad sad gtaro1 ...................

Total dopth. .

1S3/49.l1k2. re. L. Silel

Is... rook. sad .11 . . .. ............
1.sagtme. hard, ls1t colored ............
good. 14ds ....................
Seed .d gro l . . . . . . . . . . . . . . . . . . .
Sa sed .* * ..................
CIA' s . .. 1............. .....
Clay. .4 ......................

Total depth.

178149.15b1. J. St..la

T,,,..: . . . . . . . . .. .. .. .. .. .. .. .

Co li c ............
Carol . . . -. . ...............
Load *ad grrl; oter ................
Cnl C_afied . . . . .. .. .. .. .. .. .. .

Carol; ter.........
Cll .... ...................
Clay .tt grs-I 1I. 3 t tet thitc. -ter ....

LI-ats1_, sory pTes.; ot.o
sed s6 Orl; -er .t...

Total deh. .

12
22
28

12
3 2
2?
'3
'S

20
32
80

isssto-s; 11 a.t -ter . o O . . .
ns.. broks, s. ell.. clay. ........

send *-4 Saaa; s1Il as-t ter ..........
tesoto.. r At. sd .............
Liseto., pa-.r, "s4d. ad lay ...........
Cao,. cose tld ..................
Coorol sd.4 sall os.t ote............
Ca. sood...................

Total depth

1tSO-21d. ft. Cty Lsad s.4 Doloot Co. IK.

40
aS
3

1110213

*2

123
130

243

400
40S

47
20
12
25

28
26
'4
28
22
30
22O

78

40
40

*0 osoal. . ........ .
iaseteos. hard ....................

LIsotoao. trod; nto .............
Clay. hr..n. nd. sd Itsesos ...........

I Ll"Ien......-.- - - - - - - - - - - - - - - .
24 LInoto ad sa - .n: clo .
82 I_^ LIat"o.. hard .. . . . . . . . . . . .

108 LIast".a. frowrd. . . . . . . . . . . . . . . . .
122 Clay. r.. .
18 Lisasto*s. fCtre. . .
210 Clay, stay sod ca. .
240 S.ad; t...
272 Sood. clay. ssd greSre . . . . . . . . . . . . . . . e

230 Sa d ond Sr.. ..
22h Croel,. So no..
420 Sand, gro.l, ad q art.
440 Croel. d. . . . . . . . . . . . . . . .
I00 oad; nto. . . . . . . . . . -
100 Clay. red. sd la . . . . . . . . . . . . . . . . . -

Clay. d . . . .
total p..th

1b

10
2?
S

11

*0
11

4I

73
3
S

22
2
42

30

l'0
200

2101?
245
230

201
320

1.2
4 IS
490
323
130
SI0

IS
4

14

9

1.

2s
4'
45
82
89
78

51
141
14'

185I"l

lS/3St.la. . hit.

gn0 and etCA . ... . .............
oc..........................

Sand. Coa.. d cla . ...............
3'd. sticky. s.y . . . . . . . . . . . . . . . . . .
Clay .........................
Clay. slppiag. sd ldr$..............
Clay. hit ......................
Clay *ad gra.t ....................

Total dpth

30

20

2
20

12

20
33
S3
41.

82
02

l22

135

N l7YS/28-c1. .. Dotel.

4
13
33
30

13
20
17

4
17
70

100
238
278
282
200
300

Cn,. tS .....................
dr..... . . . . . . . . . . . . . . .

I.st.aess. black....................
Total depth

183/49-2c1. S. teary
ho s. * .01.

oad san dy.t . . . . . . . . ..........

CoagtTots. hard...................
Clay. gr ......................

Clay. ,aY . ...................

Clay. b .- - - - - - - - - - - - - - - -

C lay. bhr......................
Cupy. b .. .o....................

Clay. b. . ................

Clay. bron. nd.- - - - - - - - - - - -------.-
Totol 4apol.

33
12

288
so

to
12

Il

5]
3

so

48
'I
12
18
82

33
'3
32

220

400
400

10
22
29
40
2t

123
140
130
202
244
2`91
304
32
402
402

4

2?

S

II
13

22

It
38
Is
I?
'4
74
'9

143
14
14
I??
200
zoo


