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CONVERSION FACTORS

English units are used in this report. " For the benefit of readers who
prefer metric units, the conversion factors for the terms used herein
are listed below:

Multiply Inglish wnit By To obtain matric wnit
acres 4.047 x 10~ hectares
acres/mi (acres per mile): 2.515 x 10! hectares per kilometer
acre-ft (acre-fbet) 1.233 x 10°3 cubic hectometers
acre-ft/mi? (acre-feet per 4.763 x 10°3 cubic hectometers per .
: square mile) square kilometer
34 (feet) 3.048 x 107} meters
\\_// ft3/s (cubic feet per 2.832 x 102 cubic meters per second
second)
ft/mi (feet per mile) 1.894 x 10°! meters per kilometer
gal (gallons) . 3.785 liters
gal/d (gallons per day) 3.785 liters per day
. gal/min (gallons per .- 6.309 x 1072 liters per second
rinute)
gal/hr (gallons per 1,082 x 10°3 liters per second
hour)
(gal/min)/mi? (gallons 2,44 x 10°2 liters per sécond per square
per minute per square . kilometer
mile) i
in (inches) 2.540 x 10 millimeters
mi (miles) ‘o 1.609 kilometers
2 (square: niles) 2.580 o square kilometers



APPRAISAL OF THE WATER RESOURCES OF DEATH VALLEY, CALIFORNIA-NEVADA

By G. A, Miller

ABSTRACT

Water supplies in Death Valley Nationgl Monument and vicinity are limited
to ground-water sources, almost without exception. Most streams in the desert
arez flow only ephemerally, typically during flash floods. Ground water
supports perennial flow over a few short reaches of some streams. There are
several hundred fresh-water springs and seeps in the monument, but only a
small percentage of these, including most of the large springs, are in areas
of present or projected intensive use by man, Most springs are in mountainous
areas; most visitor use of the monument is on the floor of Death Valley,

Ground water underlies the entire area, but its availability and
suitability for use zre greatly restricted by the chemical quality and to a
. lesser extent by the permeability of water-bearing materisls.

The hydrologic system in Death Valley is probably in a steady-state
condition--that is, recharge and discharge are equal, and net changes in the
quantity of ground water in storage are not occurring. Recharge to ground
water in the valley is derived from incerbasin underflow and from local
precipitation, The two sources may be of the same magnitude,

Ground water beneath the valley moves toward the lowest aresz, a
200.square-mile saltpan, much of which is underlain by rock salt and other
saline minerals, probably tc depths of hundreds of feet or even more than
1,000 feet, Some water discharges from the saltpan by evapotranspiration.
Water beneath the valley floor, excluding the saltpan, typically contains
between 3,000 and 5,000 milligrams per liter of dissolved solids, Water from
most springs and seeps in the mountains contains a few hundred to several
hundred milligrams per liter of dissolved solids., Water from large springs
that probably discharge from interbasin flow systems typically contains
between 500 and 1,000 milligrams per liter dissolved solids. :
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< APPRAISAL OF WATER RESOURCES, DEATH VALLEY, CALIFORNIA-NEVADA

Present sites of intensive use by man are supplied by springs, with the
exception of the Stovepipe Wells Hotel area. Potential sources of supply for
this ar=a includs (1) Emigrant Spring area,. (2) Cottonwood Spring, and
(3) northam Mesquite Flat.

Promising areas on the valley floor to explore for additional ground-
watar supplies ars (1) the Eagle Borax Spring-Bennetts Well area, (2) near
Midway Well and Triangle Spring, and (3) northern Mesquite Flat. Data
indicats that ground water in these areas contains 500 to 1,500 milligrams
per liter of -dissolved solids and locally is undar sufficient artessian
pressures to flow from wells, Because of the paucity of subsurface hydrologic
data, test drilling is nscassary to appraise the ground-water resourcss of
these areas,

Many springs at intermediate altitudas in the Panamint Range have been
trampled and polluted by wild burros; the trampling tends to disperse the

discharge at small springs and seeps, thus lessening available open water for
wildlife.

INTRODUCTION -

Purpose and Scove

During the early 1960's the National Park Service requested the U.S.
Geological Survey to study, in a reconnaissancs mannsr, ths watsr resources
of Death Valley National Monument (fig. 1). Visitor use of the monument had
increased rapidly, and the Park Servics needed information on watsr resources
in ordsr to properly davelop and manage this dessrt area,

The scope of the work included the compilation of hydrologic maps, field
canvass of selacted wells and springs, study of the geochydrology at selacted
springs, collsction of water samples for chemical analysis, opesration of
continuous water-level rscorders on wells and springs, and augering of shallow
test holes. Specific sites studies requested by the Park Servics also ware
made, The work was finded by the Western Service Center, National Park
Sérvice, San Prancisco, Calif.

Most of the fisldwork concerned hydrologic features within Death Vallay
Naticnal Mcnument. Lass attention was paid to details in the valley south and
north of the monument boundaries.

In this report a general discussion of the geohydrology of the vallay is
followed by a more datailed description of the several hydrologic areas into
which the valley was subdivided.
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4 APPRAISAL OF WATER RESOURCES, DEATH VALLEY, CALIFORNIA-NEVADA
Conclusions

The most important findings of the study are summarized below:

1. Ground watar underlies the entire area, but its availability and
suitability for use ares greatly restricted by its chemical quality and to
a lesser sxtent. by the permeability of the water-bearing materials. - Surface-
water supplies ars either nonexistent or unreliable, except in a few areas.
where perennial flow over short reaches is. susta;ned by ground-water
discharge.

2. The gecographic distribution of fresh-water springs and Zround
water of good quality does not everywhere correspond to areas of pressnt or
projected intensive use.

3. Much of the total discharge from fresh-water springs is concentrated
in three areas of high visitor use near Furnace Creek Ranch, near Scottys
Castle, and at Park Village, about 3 mi northeast of the monument headquarters
(fig. 2). The discharge in the first two areas exceeds present and projected
needs in these areas,

4. Water quality is the most important factor limiting the development
and use of water resources in the monument. N4

5. The ground water becomes a sodium chloride type as it moves toward
and enters the saltpan,

6. The poor quality of water in the valley is almost entirely the
result of natural chemical processes, wieresby the water increases in
dissolved solids both by prolonged contact and interaction with weathering
rock materials and .soluble minerals and by concentration of salts through
evapotranspiration.

7. The ground-water system, as a whole, is probably in a steady-state
condition, with respect to recharge, storage, and discharge.

8. Evidence suggests that in a few small remote areas recharge has
diminished in recent decades; some springs have gone dry, and there are
dead and dying phreatophytes. This probably is due to a general decline in
rainfall since 1945,

9. Interbasin underflow from the northeast supplies much of the total
flow from springs in the valley and much of the ground-water recharge. !inor
quantities of ground water may enter the valley from basins to the west and
northwest.

10. Many of the springs and seeps used by wildlife and man could be
more reliable sources of water if they were daveloped properly and wer —
protect‘d from flash floods, from trampling and polluting by wild burros,
and from evagotranspiration by phreatophytes.
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11. The three most promising locations on the valley floor for
developing additional ground-water supplies of usable quality are in (1) the
Eagle Borax-Bennetts Well aresa (24N/1E), (2) the vicinity of Midway Well
(14S/452-18D1), and (3) the north edge of Mesquite Flat (14S/44E). Test
drilling will be necessary in each area to adequately evaluate the ground-
water supply.

12, Manmade and natural hydrologic stresses in and near the monunent
are causing and will continue to cause changes in water levels in wells,
changes in discharge from springs, and changes in water quality. An adequate
hydrologic monitoring program will be required to properly evaluate such
changes.

Acknowledgments
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through the cooperation of the monument superintendents and their staff,
Field discussions with Bennis W, Troxel of the California Division of Mines
and Geology and Professor Lauren A, Wright of Pennsylvania State University
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samples and provided data on discharge from several remote springs.

Geogranhy and Climate

Death Valley is a northwest-trending valley about 140 mi long at the
southwest edge of the Great Basin in southeastern Califormia. Part of the
northeastern drainage boundary and part of the Death Valley National
Monument extend into Nevada. The area studied encompasses about 4,400 mil.
The valley is bounded on the east by the Black, Funeral, and Grapev1ne
Mountains, and by Slate Ridge (fig. 2). The altxtude of the crest of thess
mountains is generally 3,000 to 5,000 ft, with some peaks between 6,000 and
8,000 ft. On the south and west are the Avawatz and Owlshead Mountains, the
Panamint Range, the Cottonwood Mountains, and the Last Chance Range. The
altitude of the crsst of these mountains is generally 4,000 to 9,000 fr.
The highest peak in the area is Telescope Peak (11,049 ft) in the Panamint
Range. This peak is about 15 mi west of 3adwater, near where the valley
floor is the lowest area (-282 ft) in the United States,

A 70-mi segment of the valley floor, from the middle of Mesquite Flat o
just south of Confidence Hills, is below sea leval, About 45 mi of this
segment, from the south end of Salt Cresek Hills to near Shore Line Butte, is
below -200 £t and contains the monotonously flat saltpan.
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During the summer much of the floor of Death Valley is hotter and drier
than any other part of the United States. Records of the National Weather
Service indicate the average annual precipitation at Furnace Creek Ranch is
1.8 in, and the daily high temperature during July and August commonly is
above 120°F (49°C). An official zir temperature of 134°F (56°C) was recorded
at Furnace Creek Ranch, July 10, 1913 (Hunt and others, 1966, p. BS). At
Badwater, 16 mi south of the ranch and 100 £t lower in altitude, maximum
summer air temperatures are a few degrees higher than at Furnace Creek Ranch. '
Winter temperstures on the valley flocor are mild. Table 1 shows average
monthly temperature and precipi:aticn at Furnace Creek Ranch.

In higher parts of both the Panamint Range and the Grapevine Mountains
the climate is subzlpine, Annuzl precipitation in Wildrose Canyon at .
altitudes between 4,000 ft and 9,000 ft averages 6-8 in, Much of the
precipitation on high peaks is snow, and much of it evaporates rather than
percolates into soil and rock. Summer tempera:ures in Wildrose Canyon at
altitudes above 4,000 ft seldom exceed S0°F (32°C), and winter low
temperatures of near 0°F (-18°C) occur. ="

The entire.xret is in cthe rain shadow of the Sierra Nevadd. and the

climate on the valley floor is strongly influenced by adisbatic processes as
air masses move down the mountain slcpes fron the west.

TABLE 1.--Avemga manthlg tampmtamc and prectpztahan at Fuamace Cragk Ranch

(Dats from puhlicaticns of the National Weather Service]

Tbmperature Precipitation

(*F) (inches) .
January-- - - 52.0 0.21
Febm‘:’y - cecscsccacs 58. z B - ) . .2‘
March ~ee R 67.3 » 17
Aprileeas cccccscss 77.0 : .16
Mayeoes - e 85.1 .07
Jme"-“-ﬁ“ y ceeocew 93. 9 . 01
July seee coces .- 101.6 .12
August - wesescereescennaa 99.1 14
September ‘ cocncmceneee 50,0 o 11
Qctoberesa. covn aea 77.0 . .10
November . - cocscnsccsans - 6l1.S | .18
December"‘""'““‘“-----0.----------.‘-‘-’.. 53. ’. . 27 -
Average annualeccececccceccccccccccaccacaa 76.3 1.78

IR eB B BY e Mo G L@ % . cmme G cap————
o et g - —— -
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The climate in some aresas of the valley seems to be drier than in past
decades, as evidenced by several rscently dried springs and by dead or dying
phreatophytes in some spring areas. For example, Park Service files indicate
that several springs in Sheep Canyon, in the Black Mountains about 12 mi
southeast of 3adwater, wers judged in 1939 as a ",,.watering place...used by
Bighorn (sheep) from time immemorial."” DOuring the late 1950's, Drewes (1963,
p. 4) noted those springs as "Small seeps {that] lie about 30 ft above the
valley floor..." 1In April 1967 Chief Ranger Homer Leach and the author hiked
down Sheep Canyon to canvass these springs. All wers dry, and several dead
cottonwood trees and dying mesquite clumps wers noted.

Presant and Potential Water Suoply

The water supply in the valley is all from ground water, some of which
originates locally from precipitation and some of which moves into the
valley as underflow from basins on the north and east. With a few minor
man-related exceptions, the hydrologic system seems to be about at equilibrium
and the average supply available is about the same as it has been for many
dacadas and perhaps centuries, Locally, intensive use of water by man has
alterad the flow system, but effects on the environment from such use are
mainfast only in a few areas. For sxample, piping water from Texas Spring
(27N/1E-238S1) and from Travertine Springs (27N/1E-23,25,265) for use on the
alluvial fan downstream has resultaed in local but intensive changes in the
native vegetation in Furnace Creek Wash and at the downstream places of
use, Similar changes have occurred at and below Nevares Spring and on a
lesser scale at Scottys Castle, Emigrant Spring-Stovepipe Wells Hotel, and
Wildrose Canyon,

Any planned extensive changes in the prasent pattern of use should take
into account long-term effects that may arise as a result of altering the
natural hydrologic regime.

Water for Man

The existing centers of water use primarily are Furnace Creek, the
Stovepipe Wells Hotel area, Wildrose Canyon, Scottys Castle, and Park
Village. There is a quantity of water (1,660 gal/min) available from
Texas, Travertine, and Nevarss (23N/1E-36GS1) Springs that seems to be stable.
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At Stovepipe Wells Hotel, potable water was for many years trucked from a
storage tank at Emigrant Ranger Station 9 mi southwest and 2,150 ft higher in
altitude, The storage tank there is supplied by a buried pipeline from -
Emigrant Spring (17S/44E-278BS1), which is in Emigrant Canyon about § mi south
- of the ranger station at an altitude of about 3,800 ft, Flow from the spring
probably averages 3 gal/min during the winter months, when demand is highest,
and 2 gal/min during the summer, During 1973 the Park Service comstructed an
underground storage tank in the alluvial fan south of Stovepipe Wells Hotel
and began trucking water to it from Nevares Spring for use in the area, At °
least five sources of pdtable water are available £br use at the Stovepipe
Wells Hotel area. - . ..

INTRODUCTION s

- 1. The local brackish (3,000 milligrans per liter dissolved solids) but
abundant ground water that is presently being desalinized by a small
installation.

2. Several springs within 2 mi of Emigrant Spring that could be tapped
to furnish, during the winter, as much as 15 gal/min of water containing
S00 to 700 mg/L. (milligrams per liter) dissclved solids. This water could be
conveyed to the area of use by gravity pipelire.

_ 3. Cottonwood Springs (16S/42E-25KS1), 14)s mi southwest of the hotel and

at an gltitude of about 3,600 ft. On April 28, 1968, this spring was flowing
73 gal/min and the water contained 330 mg/L dissolved solids. This spring
probably could supply, by gravity pipeline, 25te 75 gal/min durinz the
winter.

4, Ground water less than 100 ft deep near the north end of Mesquite
Flat and 12 mf northwest of the hotel, at a land-surface altitude of about.
150 ft. This water contains 600 to 700 mg/L dissolved solids. The water-
bearing properties, extent, and general water quality of the aquifer system
are not well known, but it seems reasonable to expect that 50 gal/min of
potable water could be cbtained from this source.

s. Shallow ground wtter about 1 ml southeast of Triangle Spring
(145/44E-14ES1) and 8 mi northeast of Stovepipe Wells Hotel, where ample
water for road construction was obtained during 1969 from a shallow sump
dug intc the diluvial-fan deposits at sbout sea level. More then
1 million gallons reportedly was pumped during a ls-month period. The
conductivity of the pumped water ranged from 1,750 to 1,950 umho (micromhes),
suggesting that the water contained 1,100 to 1,200 mg/L dissolved solids.

In Wildrose Canyon the supply from & spring half & mile upstream from
the ranger station historically has been a reliable S to 9 gal/min of water
containing 600 to 00 mg/L dissclved solids. This supply, with a proper
storage facility, is adequate to supply several hundred campers, as well as
the small National Park Service residence area.
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At Scottys Castle the supply of about 200 gal/min from Stainingers Spring ~
(11S/43E-5ES1) is adequate for foreseeable uses and could be incresased by
mor2 intensive dsvelopment at the spring to capture more of the underflow in
the alluvium-filled wash, The water contains 400 to 600 mg/L dissolved
solids, Additional supplies, perhaps another 200 gal/min, could be piped
from Grapevine Springs (11S/42E-2,3,10S) without appreciably altering the
hydrologic and ecologic system there. Water from this source contains 6350
to 800 mg/L dissolved solids.

In addition to the areas of present and projectsd significant use »
discussed above, potable ground water occurs at shallow depths under artesian
head in the Eagle Borax-3ennetts Well area (24N/1E), and probably in a
similar manner beneath a 10-15 mi strip along the west side road betwaen
Bennetts Well and Tule Spring. Water from several wells and test holes in
this strip contains 360 to 670 mg/L dissolved solids. Recharge to the area
is such that 50-100 gal/min probably could be developed without significant
ecologic or hydrologic effects on the discharge area.

Water for Wildlife

Widespread springs and seeps in the more habitable parts of Death Valley
have provided a generally adequate supply of water for wildlife. During dry
periods, as epnemeral springs and seeps go dry, much animal life moves to ~
arcas of more permanent water.

Proper development could maintain flow from many of the springs and
seeps that now go dry during prolonged droughts, in particular thoss where
lush growths of phreatophytes indicate perennially saturated ground at
shallow depths. Because the typical water needs of wildlife at a spring are
snall, requiring 2 reliable supply of 5 to 6 gal/hr at most, development
techniques should consider the following: (1) Outflow to whatever drinking
facility is used should be restricted to the minimum quantity needed, so as
not to deplets ground-water storage; (2) flow should be conveyed to a
suitable storage and drinking facility; (3) the entirs system should be so
constructed that it will be protected from damage by freezing, vandalism,
floods, and from trampling and contamination by wild- burros.

The burro population in the monument aggravates the problem of
maintaining persnnial flow in open channels and storage in pools at small
springs and seeps, Widespread trampling and the resultant puddling of the
discharge area diffuses cthe small quanticty of discharge over a large area,
thereby increasing evaporation and seepage in areas away from the orifice
and recducing the availability of open water for drinking. Such effects ware
noted at several springs and seeps during this study. Burros also have
contaminated the water supply at many outlets with fecal matter and urine,
This has happened at most springs in the Hunter Mountain, Wildrose, Emigrant,
and Anvil Spring Canyon areas,



INTRODUCTION 11

Sorings, Seeps, and Wells

Current Situaticn

Welles and Welles (195S) compiled data for 320 springs and seeps,
40 wells, and 20 miscellaneous water-related items in the monument, During
the present study, 150 wells were canvassed in the monument, including '
SO test holes that were sugered or drilled, and dats were obtained from .
various sources on another 40 wells, Concurrently, 230 springs were canvassed
in the monument, and data were obtained on S0 others. In additien,
40 springs, seeps, and wells were canvassed outside the monument but within
Death Valley. All the above are given in round numbers.

Most of the springs and seeps are in the mountains, and most discharge

" less than 1 gal/min, The open water and associated vegetation at the widely

distributed springs are important to the wildlife ecology of the monument.
Man's long-term use of springs for water supply has been concentrated near
Furnace Creek Ranch and at Stovepipe Wells Hotel (which uses water from
Emigrant Spring), Wildrose Canyon, and Scottys Castle., In addition, miners,
hikers, and campers utilize springs throughout the monunent, '

Seventy percent of the springs are at altitudes above 3,000 ft and more
than half are above 4,000 ft. This largely reflects the relation of
precipitation and ground-water recharge to altitude and the lessened
evapotranspiration at higher altitudes,

Of the spproximately 40 wells in the valley listed by Welles and Welles
(1959), most are now either dry or destroyed. Many of the wells were dug
during the early mining and exploration days of the late 1800's and early
190Q's. , . _

‘Data on wells ;nd‘sprinz:’collected during this study are in the files
of the U,S. Geological Survey, The ones described in the text are located
in figure 3.,

s

o+

~ Numbering System for~Wells and Springs

Wells and springs in California and Nevada are assigned numbers according
to their location in the rectangular system for subdivision of public land,
In most unsurveyed areas, protraction diagrams furnished by the U.S, Bureau of
Land Management were available to assist in assigning numbers.

The study area lies partly in the northeast quadrant of the San
Bernardino base line and meridian and par;ly in the southeast quadrant of the
Mount Diablo base line and meridian (fig. 1).
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Examples: .
California well 155/42E-32C2
15S is township; 42E is range; 32 is saction; C is 40Q-acre subdivision
of section. The 2 indicatas that this is the second well recordad in the
40-acre tract., [f this were a spring instead of a well, an S would be
inserted before the final digit. Where half-townships exist, such as
T. 22% N.in the Black Mountains, the sections are included in the next
township north by adding 36 to the original number.
Nevada well 7S/40E-27cal
Same system as for California, except that the quarter-sections are
labeled abed and the 40-acrs tracts abed on each quarter-section.
§{Sidi3|2 ) ;
718¢9 {10112 5
13117118115} 14]13 :
132021222321 ~
19129128 [21)2 o
//4 o \3‘3' \\ '
‘/ .

155/426-32C
0 [ TG / o \ JEDE
E|Flc|H c1dlefd
2 / \ 2 | 202 b
o 3
Ml L] K| e i
Nl p|a R/ \c|d ¢ | d

Califarnia Wetl . Nevada Wall

Where a Z has been substituted for the lettar designating the 40-acre
tract, the Z indicates that the well is plotted from unverified location
descriptions; the indicated sites of such wells were visited, but no evidence
of a well could be found.

Other well and spring numbers have been assigned by Mendenhall (1909),
Welles and Welles (1959), and Mr. R. W, Hunter (for springs in the Hunter
Mountain aresa). These have subsequently been renumbersd according to the
aoove described system.
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. The Geological Survéy's nationwide system of:ndhbering wells and springs,
based on the latitude and longitude of the site, is used in the Survey data
files on each well and spring.

Surface-water sazmpling and flow-measurement sites are numbered by the
system used in California, except that the final serial digic is omitted.

Previous Investigations

. A large number of reports relating to the geology and water resocurces of
Death Valley have been published, Several of them are cited herein and others
are included in the list of selected references, The most useful reports for
the readers and workers interested in the sources and availability of ground
water are by Hunt and others (1966) and by Pistrang and Kunkel (1964). The
first report describes the desert environment in considerable detail but
concentrates also on definition of the rock types and evaluation of spring
discharge and quality. A large part of the report is a treatment of the
geochemistry of the saltpan.

The report by Pistrang and Kunkel deals with a 6- by 8-mi area
encompassing Furnace Creek Wash where several important springs are located,

GEQHYDROLOGY OF THE MONUMENT

Death Valley is an elongate closed desert basin where the only outlet

- for surface runoff and ground-water flow is by evaporaticn. Most of the
valley floor is underlain by unconsolidated to semiconsolidated sediments of
Cenozoic age, which may be as much as several thousand feet thick., The

. surrounding mountains are made up largely of rocks ranging in age from
Precambrian to Tertiary.

Surface water enters the valley flcor from canyons in the surrounding
mountains, from Salt Creek (north), and from the south via the Amargosa River
and Salt Creek (south), There are two Salt Creeks in Death Valley; one at
the south end flows northwestward and joins the Amargosa River, and one near
Stovepipe Wells drains southeasstward into the saltpan., In this report they
are denoted Salt Creek (south) and Salt Creek (north). Ground-water discharge
from the saltpan has several sources: Recharge that originates in the valley
from seepage during flash floods; seepage and underflow from the Amargosa
River, Salt Creek (south), and the Mojave River system; interbasin underflow
from the Sarcobatus Flat-amargosa Desert areas; and possibly minor quantities
of underflow from basins on the north and west,




13 APPRAISAL OF WATER RESOURCES, DEATH VALLEY, CALIFORNIA-NEVADA

Geologz

The valley is bounded by block-faultad mountain masses that are made up
principally of folded and faulted rocks of Precambrian Y and Z ages and
Paleozoic agel. The valley fill, of Cenozoic age, is made up in large part
of detritus from these rocks. .

For a more comprehensive discussion of the geologic features of the area,
the readsr is referred to work by Hunt and Mabey (1966), Drawes (1363),
McAllister (1952, 1970), and Reynolds (19668). Published maps by Jennings
(1958}, Jennings and others (1962), and Strand (1567) present the arsal
geology of tha Death Valley region (f1g. 3). .

Stratigraphy and Water-Bearing Character of the Rocks

The oldest rocks exposed in the valley are a crystalline basement
complex, which consists of gneiss and schist of sedimentary and igneous
origins, and other metamorphosed igneous rocks, all of Precambrian (probably
Precambrian Y) age. These rocks are widely exposed in the central and
southern Black Mountains and crop out locally in the Avawatz Mountains,
Owlshead Mountains, and the Panamint Range. The basement rocks contain small
quantities of water in near-surface weathered zones and in altersd and crushed
zones associated with faults and fractures. These features are not widespread
and the quantity of ground water contained in these rocks, per unit volume of
rock, is probably less than in any other rock type in the-valley.

Overlying the basement complex is a thick sequence (10,000 ft) of
metamorphosed sedimentary rocks of Precambrian Z age. The rocks, chiefly
shale and carbonate, have been extensively folded and faulted. They crop
out over wide areas in the southern Black Mountains, Avawat:z Mountains,
northern Funeral Mountains, and various parts of the Panamint Range. They
also crop out in the northern Owlshead Mountains and on Slate Ridge.

lPprecambrian Y includes rocks from about 800 million to 1,600 million
years old. Precambrian I includes rocks from about 570 million to 800 million
vears old,
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The Precambrian rocks are probably part of a large interbasin aquifer
system that extsnds northward and eastward from Death Valley. Saratoga and
Keane Wonder (15S/46E-1RS1) Springs issue from these rocks and probably
discharge water from this system., Ground water occurs in these rocks in
fracturss and solution openings and is more abundant than in the crystalline
basement but probably less abundant than in the overlying sedimentary rocks
of Paleozoic age.

Sedimentary and metamorphic rocks of Paleozoic age crop out in most of
the mountain aresas, They consist in large part of limestone, dolomite,
sandstone (now largely quartzite), and shale. These rocks are intensively
folded and faultad, and the brittle carbonate and quartzite layers are highly
fractured. Locally, the fractures in carbonates rocks have been enlarged by
the dissolving action of water. The carbonate rocks, and to a lesser degree
the fracturesd quartzite, make up the most important part of a large interbasin
flow systsm (Winograd, 1971; Winograd and Thordarson, 1975) that extends
northward and eastward into Nevada. In the Pananint Range and Grapevine
Mountains many springs issue from faulted and fractursd zones in these rocks.
Locally, as in the northem Cottonwood Mountains and Last Chance Range, large
areas of outcrop at high altitudes are almost devoid of springs, probably
because fractures and solution openings allow racharge to move readily
downward and laterally into Death Valley as ground-watar flow,

Fractured quartzitic strata, widespread in the mountain areas, are a
potantially productive aquifer for wells. This rock is strong enough to
maintain open fractures at great depths, and its chemically inert nature and
low solubility generally prevent fractures from being filled with secondary
minerals that would reduce the permsability. A test well (16S/44E-12N1) about
2 mi south of Stovepipe Wells Hotel, drilled with air percussion tocols,
penetrated several hundred feet of highly fractured quartzite above the water
table. The rock was judged to be capable of yielding several hundred gallons
per minute if saturated.

Shale of Paleozoic age typically is dense and minutely fractursd, but
the fractures are generally not open or interconnected and this type of rock
comuonly forms barriers to the movement of ground water. Locally, limy
shale layers contain open fractures and constitute the aquifer system for
several small springs.

Granitic rocks of Mesozoic age crop out in most of the mountain ranges,
and sedimentary and volcanic rocks of Triassic age crop out in a small area
near Butte Valley., The Triassic rocks are similar in hydrologic nature to
the Precambrian Z and Paleozoic rocks. The granitic rocks, some of which are
of early Tertiary ags, are similar in hydrologic nature to the rocks of
Precambrian Y age. Many small springs issus from weathered and fractured
zones in granitic rocks on Hunter Mountain and Magruder Mountain,
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\~—f - Rocks of Tertiary age are sedimentary and volcanic in origin and include
soft sandstone, mudstone, conglomerate, impure limestone, shale, evaporites,
tuff, rhyolite, and related rocks. All have been folded and faulted, but to a
lesser degree than the older rocks. These materials vary widely in their
hydrolegic properties, The volcanic rocks are for the most part above the
water table, but fractures and rubbly flow boundaries in them form highly
permeable zones, The shale, mrudstone, and evaporite deposits, although
locally highly porous, are only slightly permeable. and the sandstone and
fanzlomerate are little more so.

Alluvial-fan deposits compose most of the material of Quaternary age
peripheral to the valley floor, Older fan deposits of Pleistocene age occur
in nost interstream areas on the fans, and younger fan deposits occupy active
washes and fan channels, The fan material consists chiefly of gravel, sand,
and silt; boulders are common locally. These clastic materials range from
well-sorted stream-channel gravel to poorly sorted mudflow deposits, The
older fan deposits generally are more indurated and less permeable than the
younger fan deposits, and outcrops typically are darkly colored with desert
varnish. Most of the younger fan deposits are above the water table; however,
they provide the major pathway for reeharge tec the underlying strata by
seepage during floodflow. ,

Salt-impregnated deposits of silt, sand, and elay cccur around the edge -
of much of the saltpan., These alluvial materials contain abundant carbonate
\\_// and sulfate salts that have accumulated by evaporation from the capillary
fringe above the shallow water table and as salt deposited in 2 Holocene lake
that filled the valley to g depth of gbout 30 ft (Hunt and Mabey, 1966,
p. A79-83).

Evaporite deposits of impure rock salt (sodium chloride) cover much of
the saltpan (Hunt and others, 1966)., The salt surface ranges in texture from
very rough and jagged where it is almost pure sodium chloride to smooth where
impure and silty. The saltpan, fed by capillary movement from below, nearly
everywhere discharges zrcund water by evaporation.

Dune sand and playa (lake) deposits of silty clay, which occur in few
areas, are mostly above the water table.

E2R

Structure

The effects of geologic structure on the hydrology of Death Valley are
principally those related to (1) large-scale folding and block faulting which
formed sedimentary basins now filled with clastic material and which contain
most of the ground water in the valley; (2) faulting and intense folding that
fractured the hard limestone, dolomite, and quartzite, so as to greatly
increase the permeability of these rocks; and (3) faulting and folding that

\\_,/ resulted in hydrologic barriers to the movement of ground water, thus causing
many springs to issue in faulted areas; specific examples are cited elsewhers
the texz.
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Most of the folding and faulfing of the thick section of Prescambrian
and Paleozaic sadimentary rocks occurred during late Mesozoic and early
" Tertiary tize.

Most rocks of Tertiary age in the valley have been folded and faulted,
especially along the northern Death Valley-Furnace Creek fault zone,

Locally, the déposits of Quaternary age, in particular the alluvial fan
deposits along the northern Death Valley-Furnace Creek fault zone and the fans
in the southern part of the Pznam;nt Range, have been gently folded and
faulted, .

Drainage Relations

" About 4,000 mi? drains directly into Death Valley., In addition, the
Amargosa R;ver drains almost 3,500 mi? north and east of the valley, and
Salt Cr=ak (south) drains about 1,500 mi2. During part of the Pleistocene
Epoch, the Mojave River (12,300 miz of drainage) flowed into Death Valley by
way of Silver Lake, and the Owens River may have emptied into the valley by
way of Searles Lake and Panamint Vallsy through Ninzate Wash (Gale, 1914;
Snyder and others, 1964).

In addition to surfacs drainage into the valley, underflow of ground
water from the north and east originates in arsas that probably aggregate
several thousand--possibly more than ten thousand--square miles in Nevada
(Winograd, 1971, p. 27). Underflow from the Mojave River system probably
enters the valley via Salt Cresk (south) (Hunt and others, 1968). Some
underflow probaoly enters the valley from small closed basins that total
20 to 30 mi? in the southern Cottonwood Mountains. Thus, the saltpan appears
to be the ultimate sump or discharge area for some of the water that falls as
precipitation on many thousands of square miles that lis on all sides of
Dsath Valley.

The major surface drainages are the Amargosa Rivar at the south end of
the valley and Salt Creek (north)-Death Valley Wash at the north end. Both
are ephemeral dasert streams that flow only during infrequent floods, except
for short perennial reaches fed by ground water. Floods on the Amargosa River
periodically have filled many square miles of the saltpan to depths of a foot
or more during the past few decades.
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With few exceptions, streams and washes in the valley flow only after
unusually heavy rdins. The coarse bed material in almost all stream channels
that debouch from the mountains attests to flows of high velocity and energy.
During the course of the investigation several flash floods occurred that are
worthy of note. In July 1568 a storm in Grapevine Canyon caused a peak
discharge of about 700 ft3/s below Scottys Castle., During the same month a
flash flood in Furnace Creek Wash, originating as an intense thunderstorm
almost entirely in the Ryan-Dantes View area, flowed at a peak between

7,000 and 10,000 £t3/s near Zabriskie Point and destroyed or damaged several

niles of Highway 190, This flood appreciably deepened the channel of the -
wash near its diversion into Gower Gulch at Zabriskie Point (Troxel, 1974;

‘Dzurisin, 1975) and deposited a large quantity of debris in the valley.

- An extensive storm occurred in the Tucki Mountain-Pinto Peak area in
February 1969, resulting in several miles of destroyed or damaged road between
Emigrant Ranger Station and Harrisburg Flats, Cones of debris from
tributaries to Emigrant Canyon that were §-10 £t high blocked the highway
at many places. Recharge from this storm to the alluvium in Emigrant Canyen
caused a spring with an initial flow of about 450 gal/min (1 £ft3/s) to appear
in the wash near Upper Emigrant Spring (17S/44E-27KSl1). This spring flowed
for about a month.

On June 1, 1972, a summer thunderstorm zbout 2 mi wide crossed the large

" alluvial fan at the mouth of Cottonwood Canyen from southwest to northeast
and caused peak flows of sbout 30 ft3/s in many of the shallow washes on the

fan., Several times during the late 1960's and early 1970's the road through
Titus Canyon was closed because of flood damage.

These and similar unpredictable storms have sculptured many of the
details of the modern landscape and provided much of the ground-water
;echarze to the valley, ’

Salt Creek (north) is the most notable flowing stream in the valley.
Ground water discharges to the surface in z marshy area upstream from Salt
Creek Hills and results in 0.1 to 1 ft3/s of base flow where Salt Creek
(north) crosses uplifted beds of siltstone and shale,

- -
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Ground Water

Occurrence and Movement

Ground water in appresciable quantities occurs beneath most of Death
Valley and the surrounding mountains, but the ready availability and utility
of the water varies widely from place to place. With some important
exceptions, there is a general inverse relation between the age of water-
bearing rocks and their water-besaring capability. For example, the ‘
crystalline basement rocks of Prscambrian Y age contain less water and are
less permeable than the younger sedimentary rocks of Precambrian Z age, which
in tumn contain less water and ars less permeable than the sedimentary rocks
of the Paleozoic Era. The dstrital sedimentary rocks and other deposits of
Tertiary age are generally much more porous than older rocks, but in tum
they ars less porous than most deposits of Quaternary age. An exception to
the above generalizations is the intrusive granitic rock of the late Mesozoic
Era and Tertiary Period, which is hydrologically similar to the crystalline
basement of Prscambrian Y age. An important exception is the carbonate rock
of late Precambrian and Paleozoic age with its fractures zones and solution
features. Such openings, although they typically constitute a minor
percentage of the total void space in the rock body, commonly provide a ready
passageway for movement of large volumas of water under a low hydraulic
gradient,.

Ground water in Death Valley moves toward the valley floor, and bensath
the floor toward the saltpan. The movement may be locally impeded or
enhancad by faults; fault planes in unconsolidated materials typically form
barriers to movement, whersas faults in consolidated rocks commonly form
highly permeable zones. Upliftsd beds of shale and mudstone, such as at
Valley Spring and at Salt Creek (north), locally cause ground water to
discharge at the land surfacs. Lateral changes in the lithology of
water-bearing strata also affect the movement of ground .water; the permeable
coarse-grained alluvial fan deposits near the mountains grade into silt and
clay near the edge of the saltpan, thus ponding the ground water and causing
discharge in several arsas by springs, phresatophytes, and evaporation.

Recharge

Interbasin flow of ground water and seepage from stream channels during
floods are by far the dominant sources of recharge. Direct infiltration of
precipitation probably is a rare event in the alluvial part of the valley
because the combination of low annual precipication and high temperature
resylts in large deficiencies in soil moisture. Infilcration probably occurs
in fractured rocks in the mAountain areas during intense or prolonged storms
and during periods of snowmelt (Eakin, 1966, p. 263).
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Sparse historical data suggest that water levels in wells and discharge
from most springs have not changed appreciably, and thus for the period of
record the long-term recharge seems TO equal discharge.

 Data and methodology are available on which to base a crude estimate of
recharge (excepting underflow) in desert areas similar to Death Valley. Eakin
and Maxey (1951) developed an empirical method of estimating recharge in
eastern Nevada, which was later applied to the nearby Amargosa Desert by
Walker and Eakin (1963) and to Clayten Valley-Stonewall Flat by Rush (1968).
Rantz and Eakin (1971, p. 86) surmarized this "first-approximacion” method.
The basis of the method is the concept that precipitation increases with-
increasing altitude, that some percentage of precipitation becomes ground-
water recharge, that this percentage increases with increasing precipitation,
and that in the Basin and Range province the higher mountains are consolidated
rock that promotes runoff and the valleys are alluvium that absorbs
streamflow, The distribution of phreatophytes along the toes of the -alluvial
fans on the west side of the saltpan (see figs. S and 9), which reflects to
some degree the availabilicy of incoming fresh ground water, suggests that
these general assumptions are valid. in Death Valley, and it also suggests that
lictle recharge to ground water occurs where watersheds do not extend above
6,000 ft in altitude. '

Utilizing the method referred to above, the areas of altitude zomes at
1,000-ft intervals above 6,000 ft within the valley drainage basin, excluding .
the Amargosa drainage basin outside Death Valley, were used to compute
recharge, as shown in table 2. The average annual recharge thus derived is
estimated to be 8,000 acre-ft. The applicability of this method to Death
Valley was checked by using estimates of ground-water discharge tc the

~ saltpan from part of the Panamint Range. Hunt, Robiasen, Bowles, and

Washburn (1966, table 25) estimated that springs and seeps in the Bennetts
Well-Tule Spring area (2SN/1E-24), which is downgradient from the highest
part of the Panamint Range, discharge about §70 acre-ft snnually. Using

the area-altitude method described above, the gnnual recharge from this part
of the range is estimated to be 1,000 acre-ft, Hunt, Robinson, Bowles, and
Washburn (1966, table 25) also estinated that the total ground-water discharge
along the west side of the valley, excluding about 10 mi st the north end, is
about 4,700 acre-ft annually, most of which is from 8,500 acres of mudflats.
Recharge from this part of the Panamint Range is estimated to be only

2,700 acre-ft annually, using the area-altitude method.

Another crude check was made in the Hunter Mountzin area, where ground-
water outflow is concentrated at Cottonwood Springs (165/42E-25KS1). The
average annual recharge in the local drainage basin, using the area-sltitude
method, is estimated to be 200 acre-ft, whereas the total discharge at the
spring and by phreatophytes is estimated to be 80 acre-ft annually.
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TABLE 2.--Z8timated growd-uater recharge from precizitation,
Decth Valley, Calif.

Annual Assumed gverage
Altitude zone precipitation annual recharge
Assumed
Approximate Estimated , Percentage -
Teet square range :32::le of precti- Feet ?:re :::;
miles (inches) g pitaticn oun
(feet)
Coustants from Rantz and Eakin (1971. p. 86)
Below 6,000 - <8 Variable Negligible - - -
6,000~ 7,000 150 - 8=12 0.83 3 0.025 2,400
7,000~ 8,000 65 12-15 1.12 7 .078 3,200
8,000~ 9,000 10 - 15=20 1.46 15 .22 1,400
¢,000-10,000 3 >20 1.75 25 vy 840
>10,000 <l >20 1.75 25 b 200
Total (rounded) - 8,000
. Constants frem Rush (1968, table 5)

Below 6,000 . -— - e -

6,000-7,000 150 <8 oS ‘Minor - -
7,000-8,000 65 8-12 «8 3 024 1,000
dbove 8,000 14 >12 1.1 7 077 6950
Total (rounded) — 1,700

These large discrepancies in the estimates of recharge and discharge are
not readily explained; however, several factors may contribute to them: .

1. - The drainage areas ares small compared to those used to develop the
ares-altitude method, and thus wide variations may exist (Rantz and Eakin,
1971, p. 86) when applied to small zreas,

2. The drainaxe slopes cited above face north and east, and thus
evaporation probably is below average.

3. Uncertainties in the estimates of discharge may account for some
of the discrepancies,

4, The last e;ample (Cotzonwood Springs) is well above the valley floor,
and thus subject to lower temperatures and less evapotranspiration than lower
areas, : ' '

e . ete . S . —w- -
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5. Some ground water may move eastward through the Panamint Range and
thus add to the discharge along the saltpan. Recharge enters Death Valley as
interbasin flow of ground water from ar=as on the north and east (Hunt and
others, 1966, p. B-27, 28; Winograd, 1971; Winograd and Thordarson, 1975} and
probably in small quantities from the west,

6. The constants used (Rantz and Eakin, 1971, p. 86) probadly need
adjustment for use in Death Valley; thus, the above figures should be
considersd only as crude estimates., For example, Rush (1968, table §)
estimated that in Oriental Wash and in Grapevine Canyon only '3 percent of the
precipitation that falls between 7,000 and 8,000 ft altitude becomes recharge;
that amount of precipitation is less than shown in table 2. Applying Rush’s
figures (table 2), the avearage annual rscharge from local pr~c1p1tat10n can
be sstimatad to be less than 2,000 acre-ft, as compared to 8,000 acre-ft- by
using data from Rantz and Eakzn.

7. The several thousand square miles below an altitude of 6,000 ft may
contribute some recharge (Crippen, 1965, p. E17), and cthis will slightly raise
the estimates shown in table 2.

8. Data collected in the Wildrose Canyon area for several yesars suggest
that the relation of average pracipitation to altitude may not be as
straightforward as shown in table 2, Incomplets data from six precipitation
stations thers at altitudes ranging from about 4,300 to 9,900 ftr suggest
that the average annual precipitation rises from about 6.5 in at 4,300 ft to
a maximum of 3.6 in at 7,200 f£t, then seems to decline to about 6.5 in at
9,900 ft. If such meteorological patterns are representative of the high
areas of the entirs vallsy, then the constants for average precipitation
used in table 2 ars much too high.

9. Finally, the £akin and Maxey method and its variants are simplistic;
they do not consider critical factors such as rock type, permeability of
weathered mantle and soil, permeability of stream-channel deposits where
recharge occurs during runoff soil-moisture condxtxons at the time of
precipitation, and slope. .

A detailed sstimate of total recharge to and discharge from the valley is
beyond the scope of this report. The above discussion merely gives some
indication of the uncertainties involved in such a study.

Seepage from and underflow beneath the Amargosa River channel adds
recharge to the south end of the valley. Surface flow in the river channel
into the valley is intermittent and occurs mostly during the wintsr months,
typically at rates of a few cubic feet per second except during large f{loods.
These low flows move down the valley several miles to the vicinity of
Saratoga Sering (ISN/SE-2ES51,2) in a sancdy channel which is 20-30 ft above
the water table. The low seepage rTate may be caused bty calichelike deposits
underlying the charnel bottom. Ouring the 1969 water year the peak flow at
.ﬁe §age at Tecopa, about 1; mi upstream from the valley, was about

,000 €t3/s, and the total flow was 6,650 acre-ft. Mean annual flow past this
gag~ is abour 1,300 ac'--f:, of which probably haif or less becomes recharge
t2 greund water in Death Valley,

.o - - - ——— . - - e
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Discharge

Discharge of water from Death Valley is entirely by evapotranspiration.
Hunt, Robinscn, Bowles, and Washburn (1966, p. B37-38) estimated that the
annual discharge of ground water from most of the valley floor was nearly
13,000 acre-ft, Additicnal discharge by evapotranspiration takes place at
springs and seeps in the mountains and upstream from the areas considered by
Hunt, Robinson, Bowles, and Washburn, For example,-evapotranspiration by
phreatephytes and from open water surfaces is about 200 acre-ft annually
at Sarastoga Spring (Kunkel, 1966) and 30 acre-ft annually at Cottonwsood
Sprin:s (Miller, 1970). -Annual evaporation from the several hundred small
springs and seeps in the entire area probably excseds 1,000 acre-ft. Annuzl
evapotranspiration from the moist vegetated areas at Valley Spring
(19N/4E-24FS1), near Midway Well (14S/45E-18D1), and at Grapevine Springs
(11S/42E-2,3;10S) is estimated to be 100, 300, and 700 zcre-ft, respectively.
Evapotranspiration is 3,000 to 5,000 acre-tt annually from the marsh that
feeds Salt Creek (north). From the large area of scattered mesquite and
other phreatophytes in Mesquite Flat (excluding the area near Midway Well),
the evapotranspiration is probably amether few thousand acre-feet annually.

From the foregoing, 20,000-25,000 acre-ft is a crude estimate of ground-
water discharge from the entire valley. This ranges from 2 to 10 times as
nuch as the estimated recharge, and much of the discrepancy may be attributed
to interbasin flow of ground water, largely from the north and east.

Interbasin Flow of Ground Water into Death Valley

Several large springs along the east side of Death Valley appear to be

. discharging from & large interbasin flow system that extends many miles to
the north and east (Winograd, 1971; Winograd and Thordarson, 1975; Hunt and
others, 1966, p. 25-28). These springs, which are discussed below, are, from
south to north, Saratogs, Travertine, Texas, Nevares, Keane Wonder,
Stainingers (at Scottys Castle), and Grapevine (table 4)., Most of these
springs occur nesar the contact of alluvial deposits and consolidated rocks;
three di:cha:ga along major faules,

. Interbasin flow of ground water in the southemn part of the Basin and
Range province has been discussed by several workers, including Eakin (1966);
Eakin and Moore (1964); Eakin and Winograd (1965); Grove and others (1969);
Hunt and Robinson (1960); Hunt and others (1966); Loelt:s (1960); Maxey (1968);
Maxey and Mifflin (1966); Pistrang and XKunkel (1964); Walker and Eakin (1963);
Winograd (1962, 1971); and Winograd and Thordarson (1975). All reported
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certain indirect or direct lines of evidence for interbasin flow. These and
other lines of evidence noted in Death Valley are summarized as follows:

(1) Little or no fluctuation in the discharge rates of major springs, (2) a
near-constant ground-water temperature between 6 and 15 degrees (Ceslsius)
higher than the mean annual air temperature, (3) little or no discemible
change in water chemistry with time, (4) dxscharge that is many times larger
than may reasonably be expected from the size of the surface drainage area and
nature of the climate, (S) the presence of fractured carbonate rocks and
quartzite several thousand feet thick upgradient from some springs and between
the springs and adjacent ground-water systems, and (§) water levels, in
adjacent upgradient basins, that are several hundred to a thousand feet above
the altitudes of springs.

Water chemistry may, in some instances, offer limited evidence of
interbasin flow (Hunt and others, 1966, p. B40); however, for the postulated
flow system between Sarcobatus Flat-Amargosa Desert and Death Valley two
unknown factors, or at least uncertainties, limit the use of water qualicy
as evidencs: (1) The sourcs of samples of water in the upgradient areas is
limited to existing wells that generally tap only the alluvial fill and
probably are not representative of water in the underlying carbonats-rock
aquifer, which may carry most of the underflow, and (2) long travel paths
and presumably accompanying long residence time in contact with the rocks
between the supposed source and the springs could change the water chemistry
by such mechanisms as mineral weathering, ion exchange, and inflow of water of
unknown quantity and quality from other sourcss., Preliminary carbon-14 data
obtained by [. J. Winograd (oral commun., 1375) suggest that water prasently
discharging from Texas-Travertine-Nevares Springs (28N/1E-27) may have been in
transit for as long as 10,000 years.

At all che springs in Death Valley mentioned above, data indicace that
most or all the above criteria or characteristics of interbasin flow prevail.
The data also strongly suggest, in fact almost require, that the water at
these springs is derived from outside the immediate drainage area.

The lines of evidencs mentioned earlier, either singly or in combination,
are not conclusive proof of intsrbasin flow, and with few exceptions, water-
level and hydraulic data are not available to prove that a hydraulic continuum
exists between basins. All except the line of evidence in item (4)--discharge
versus drainage area--may characterize a spring discharging from a single
large, desp ground-water basin with coincidental surfacs drainage, and item
(4) is perhaps the lesast amenabls to quantitative definition. Most discharge
values attributed by previous workers to interbasin flow are many times as
large per unit of catchment size, as the discharge of springs in the same
arsa, which ares almost certainly discharge points for local aquifsrs, based on
their geologic setting and hydraulic characteristics.
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Saratoga Svring.--Saratogas Spring (18N/SE-2ES1,2) may be a point of
discharge for interbasin flow, probably from the Shoshone-Tecopa area,
although some of the water may be derived locally from underflow beneath the
nearby Amargosa River. The water temperature at the spring, as measured six
times between 1908 and 1967 ranged from 28° to 29°C, which is probably 6° to
8° warmer than the mean annual air temperature, Discharge from the main
spring ranges from 76 to 80 gal/min, based on 12 measurements during the
period April 1967-November 1968 and on continucusly recorded flow during part
of this period, ODuring this time the monthly flow in the Amargesa River at
the Tecopa gage (25 mi upstrear from Saratoga Spring) ranged from no flow in
August 1967 and September 1968 to 390 acre-ft during February.1968. Judging
from the record at Tecopa, floodflow in the river and concomitant ground-
water recharge probably occurred in the alluvium-filled valley a quarter of a- -
mile south of the spring three or four times during the period of measurements
at the spring, but no fluctuations in spring discharge were noted nor did
chemical quality vary significantly.

The geohydrologic setting at Saratogs Spring suggests that ground water -
moves, at depths as much as a few thousand feet, through folded and faulted
sedimentary rocks of Precambrian 7 gge from a large groundewater basin in
the Shoshone-Tecopa area about 1S mi northeast of the spring and discharges
at a fault zone along the west side of the Saratoga Hills., Limited datz
indicate that the groundewater levels near Tecopa are about 1,200 fc higher
than at Saratoga Spring. Additicnal’'but inconclusive evidence that much of
the flow at Saratogs Spring is derived from underflow from the northeast is
provided by the chemical nature of the water, The water from Sargtogas Spring
most closely resembles that from the Teccps area, tllowing for near-surface
cooling and for increases in several constituents during the postulated 15 mi
of travel through fractured carbonate, shale, quartzite, and other types of
rocks, This evidence is certainly not conclusive or unambigucus; however,
the hydrologic setting and constancy of both flow and chemistry with time are
compelling evidence for interbasin flow to Saratoga Spring.

Travertine, Texas, and Nevares Sorings.--The source of water for these
large springs (28N/1£-27) discharging 1,190, 210, and 260 gal/min, :
respectively in January 1977, near Fumnace-Creek was discussed by several
workers, including Hunt and Robinson (1960); Pistrang and Kunkel (1964);
Hunt, Robinson, Bowles, and Washburn (1966); Winograd (1971); Winograd and
Friedman (1973); Winograd and Thordarson (1975); and J. P. Akers (written
commun., 1974), Wich the exception of Pistrang and Kunkel (196¢, p. 20),
these investigators concluded that the source of water discharged by these
springs is the large basins north and east of Death Valley. Pistrang and
Kunkel argued (1964, p. 20) that ",..there ippears to be "sufficient recharge
from this source [precipitation in the local Furnace Creek drainage]...to
explain all measured ground-water discharge in the area.” Several lines of
evidence from subsequently developed data almost preclude a local origin for
most or even any appreciable quantity of the water discharging from these
springs. The evidence is summarized as follows:

4 cEoLoaIcAL sa%
¥ puo saxx

MAR 13 1378
LIgRARY




B

»-

- ceew e i - —— - — e -+ o ——
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1. Using methods discussed earlier for estimating recharge in the
general area (Eakin and Maxey, 1951; Rantz and Eakin, 1971) and precipitation
dara and astimates by Hunt, Robinson, Bowles, and Washburn (1966, figs. 3 and
4), it is apparent that little recharge occurs from precipitation in the
Furnacs Creek watershed, because of the low altitude and low precipitation in
the drainage basin.

2. Ia order %o increass the possible drainage area to Travertine and ]
Texas Springs (27N/1E), Pistrang and Kunkel (1964, p. 20) tentatively assumed
that undsrflow from the upper resaches of Furnace Crsek Wash, upstream from
Zabriskie Point whers dry shale is exposed in the floor of the wash, moves
", ..entirely in the cracks and fissures or along faults and bedding planes of
the -lacustrine deposits of Tertiary age." About 8 mi upstream from Zabriskis
Point and 2,000 ft higher in altitude, and presumably upgradient (Pistrang and
Kunkel, 1964, p. 20) from the spring, data from tast drilling and from
dewatering an open-pit borate mine 2 mi northwest of Ryan indicats that
several impurs limestone beds in the lacustrine sequence rsferred to above
are highly permeable but that the permeability is localized, Of gresatesr
significance, however, is the fact that these beds at the open-pit mine
contain highly mineralized water with a substantial percentage of boron. It
is reasonabls to conclude that the chemical quality of watsr from Travertine
and Texas Springs would be vastly diffsrent if the discharge contained a
significant quantity of this water.

3. Furthermors, the rate of-discharge at thess springs is remazkably
constant, aven following flash floods in Furnace Crsek Wash. During the
period from April 10, 1968, to August 10, 1971, continuous racorders wers
operatad cn an 13-in rectangular weir at Texas Spring and on test well
27N/1E-24E1, located between Travertine and Texas Springs. On July 8, 1968,
a thunderstora cantered near Dantes View produced a flash flood in Furnace

reek Wash with an estimated peak flow of 7,000 to 10,000 fti/s :
(E. G. Pearson, written commun,, 1963). Local rssidents rsported that the
flood was one of the most damaging in memory. Such an unusual event should
have affectad the ground-water system at the springs if local recharge makes
up 3 significant part of the flow. There was no change in water level in.the
test well actributable to the flood. Discharge from the spring remained .
almost constant, and no-changes rtslated to the flood could bs detected from
the recorder charts or from subsequent msasurements. Figurs & shows a
continuous record of flow at Texas Spring from April 30, 1968, to

Novenber 15, 1963. The envelope of daily fluctuations, shown on- the charet,
probably reflects ths effects of barometric fluctuations on the aquifer
feeding the spring and diurnal températures fluctuations acting on the
springhouse that supported the recorder above the concrete weir box.
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The short-term fluctuations in discharge at Travertine Springs
(27N/1E-23RS1, 25DS1,2, and 26AS1-7) are greater than at Texas Spring
(27N/1E-238S1) (Pistrang and Kunkel, 1964). This may be attributed in part
to variations in the condition and efficiency of the complex collector systen
of ditches that conveys the flow from 10 springs (Pistrang and Kunkel, 1964,
p. 26) to the measuring point (a flume in Furnace Creek Wash) and in part %o
variation in evapotranspiration losses in the collector arsa. The combined
flow from the springs averaged 850 gal/min during the period 1956-72, with no
apparsnt long-term trend away from this average.

Data for South Travertine Spring (27N/1E-268Sl), which flows from a
manmade sump in the alluvium in Furnace Creek Wash, show rises in discharge
for short periods in response to flash floods in the wash, then rapid
declines, A short distance upstream from the spring, at Zabriskie Point, the
entire section of alluvium in Furnace Creek Wash is dry, as shown whers the
base of the alluvium rests on shale and siltstone beds at the point whers the
Wash has besn directed into Gower Gulch. The source of most of thes water at
this spring is the same as that at Texas and Travertine Springs.

4, Similar drainages in the National Monument having springs in the
downstream reaches do not produce nearly the quantity of ground water as the
springs in Furnace Creek Wash., For example, Willow Spring (23N/3E-S54JS1),
in the Black Mountains about 30 mi south of Furnace Creek, discharges at a
bedrock narrows downstrsam from the alluvial part of Gold Valley. The valley
is a 19-mi? alluvium-floored mowntain drainage basin underlain by crystalline
bedrock (Drewes, 1963, pl. 1) of low permeability. Altitudes range from
2,700 fr at the spring to 5,000-5,500 ft along most of the drainage divide.
The climate is similar to that of the upper reaches of Furnace Creek, and the
geohydrology suggests that little or no ground water leaves the basin except
as discharge at the spring. The discharge at Willow Spring, based on
14 instantaneous~discharge measurements from March 1967 through January 1971
and including about a year of near-continuous record, was distinctly seasonal
in character and ranged from 2 to 20 gal/min. The estimated average dischargs
was 10 gal/min, or about 0.5 (gal/min)/mi2, which is slightly less than
1 acre-ft/mi? per year. :

This rate is less than a hundredth that postulated by Pistrang and
Kunkel (1964, p. 20) as being available from precipitation in the Funeral
Mountains tributary to Furnace Creek. Thus, the approximately 1,660 gal/min
of discharge at Travertine, Texas, and Nevares Springs (28N/1E-27) (Pistrang
and Xunkel, 1964, table 4) must originate ocutside Death Valley.

The geologic structure and hydrologic properties of rocks in the
Travertine-Taxas-Nevares Springs area (McAllister, 1970; Pistrang and Kunkel,
1964) appear to set some recognizable limits on the nearby flow paths of
ground water. Figure 7 shows that the permeable alluvial deposits in the
Texas Spring syncline (Hunt and Mabey, 1966, n. A60) are in contact at the
surface with carbonate rocks of Paleozoic age (a2 probable interbasin aquifer)
only between Echo Canyon and a northeast-trending fault about Z mi to the
southeast. Gaologic sections across the syncline (McAllister, 1970) indicate
that shale of the Pliocene Furnace Creek Formation lies below the permeable
alluvial deposits and may effectively retard upward movement of watez. The
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most logical pathway for ground water from the east to enter the alluvial
deposits in the syncline seems to be through the 2-mi gap mentioned earlier,
then westward toward the springs. Some water may move northwestward and
emerge at Cow Spring (27N/1E-3AS1) and at the saitpan. The major springs
are at an altitude of 330-400 ft and the alluvium-carbonates rock contact is
at 1,600-1,800 ft. The water level in test well 27N/1E-24E1 is at an
altitude of 413 fr, which suggests that the ground-water gradient is not
steep across the syncline. No data are available on the naturs of the entry
of water into the syncline, Several test holes 100 ft or less in depth are
nesded north and east of the springs to better delineate the pattern of flow.

.Keane Wonder Soring.--This spring (15S/46E-1RS1) issues from somewhat
metamorphosed sadimentary rocks of Precambrian age along the Keane Wonder
fault, about 12 mi northwest of Nevares Spring (28N/1E-36GS1). The spring

~site is near the south end of a large cmound-like mass of gray to tan

travertine that marks old discharge sites. The historically consistent rate
of flow (25-30 gal/min) based on a few measurements, the above-normal
temperature (32.3°C), and the high discharge rate compared with the few square
miles of drainage all point to other than a local source for the water,
probably from the north and east beneath the Amargosa Deserc.

Stainingers Soring (11S/43E-SES1) and Gravevine Sorings (11S/42E-2,3,10S).--
These springs probably derive much of their water from the Sarcobatus Flat
arsa, by underflow through alluvium, volcanic rocks, and carbonate rocks.
Water-level data from wells in Bonnie Claire Flat northeast of the springs
suggzest that the hydraulic gradient thars is southwestward toward Death
Valley at 7 to 10 ft/mi, but the water lsvel at the springs is a few hundred
feet lower than in the nearest well in southemn Bonnie Claire Flat. The wells
are drilled into alluvium and probably penetrate the underlying volcanic
rocks.

Long-tern discharge measurements ars not available at Stainingers Spring,
which supplies water to Scottys Castle, or at Grapevine Springs. At
Stainingers Spring, a measurement of 187 gal/min was reported in 1924,

180 gal/min was measured in 1958, and about 200 gal/min was reported by Rush
(1968, p. 32). On January 14, 1971, the author measured 188 gal/min, using
fluze and volumetric measurements at several distributary points in the
water system., This suggests that discharge probably has remained fairly
constant., Data from Ludwig (1958) suggest that the flow increases following
rainstorms but quickly diminishes to the above rate. Water temperature at
the spring was 26°C on January 14, 1971, which is perhaps 6° to 8°C warger
than the mean annual air temperatures. The drainage area in Grapevine Canyon
above Stainingers Spring (altitude 3,220 ft) comprises about 22 mi? of
alluvial fan and volcanic terrane, all below an altitude of 6,000 ft; less
than 0.5 mi? is above 5,000 fr. Thus the drainage arez is all lower in
altitude than the most significant water-nroductive :zones outlined by Rant:
and Eakin (1971). Rush (1968, p. 22) estimated that the recharge by
precipitation in Grapevine Canyon amounts to 50 acre-ft annually, which is
about one-sixth of the annual discharge from the spring. In order to sustain
a flow of 190 gzal/min the annual recharge would have to be 13 acre-fr/mi?,
more than 10 times the recharge rate estimated previously for a similar
drainage in Gold Valley.
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Grapevine Springs, located near the northern boundary of the monument,
consists of z dozen or mcre springs and seeps that, in the aggregate,
discharge more than 1 frtd/s of water ranging in temperature from 22°C to
38.5°C. The total discharge from the area includes evapotranspiration from
about 150 acres of phreatophytes (mostly mesquite) and moist ground, which
together is equivalent to about 100 acres of 100-percent cover by
phreatophytes, The springs issue from travertine deposits built up to form -
an eleongated topographic bench aleng the east side of the northern Death
Valley-Furnace Creek fault zone at an altitude between 2,700 and 2,800 ft.
The travertine appears to overlie carbonate rocks of Ptleozoic age which,
along with veclcanic rocks of Tertiary age, probably transmit water from the
Sarcobatus Flat area through the same aquifer system that feeds.Stainxngers
Spring. The surface drainage area above the springs is about 13 mi2, all at
altitudes below 6,000 ft, which seems far inadequate to account for the
quantity of discharze.

Ne historical data are available on the consistency of the water
chemistry, but the geologic secting, above-normal temperature, and small
drainage basin for the magnitude of the discharge sugzest an interbasin
source for this water. .

Water Qualicy

The quality of the water beneath the floor of Death Valley is the most
critical limitation on widespread utilization of ground water in the
monument, Water from most of the springs in the mountains is of usable
quality, generally less than 1,000 mg/L dissclved solids and commonly less
than 500 mg/L. In contrast, water beneath the valley fleoor (excluding
beneath the saltpan where near-saturated brines occur) from the south end of
the valley northward to and including most of Mesquite Flat commonly contains
3,000 to 5,000 mg/L dissclved solids, A few exceptions are areas where
appreciable recharge of water of better quality enters the valley, such as
at Fumnace Creek and aleng the toes of the alluvial fans downstream from the _
highest parts of the Panamint Range and southern Grapevine Mountains.

As ground water nears the saltpan it rises toward the surface and
evaporates, ' As evaporatien proceeds, dissolved solids are concentrated to the
peint where certain’ minerals precipicate. Under these conditions, calcium and
magnesium carbonates and gypsum are least soluble. lience, these minerals are -
precipitated around the periphery of the saltpan, and the brine remaining is
enriched in sedium chloride. Thus, from the periphery toward the ceanter of
the saltpan, the brine shifts toward a sodium chloride type, regardless of
the original composition of the source ground water (Hunt and others, 1966},

Chemical analyses of the water in the Death Valley Vational Monument
(table 3) show the variations in type and quality froz place to place,
Repested analyses over a long period, show that, at least at Saratoga Spr'ng.
lizzle change in water quality takes place with time,
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38 APPRAISAL OF WATER RESOURCES, DEATH VALLEY, CALIFORNIA-NEVADA

Ground water in crystalline bedrock terranss such as occurs in the B8lack
Mountains, the southern Panamints, Hunter Mountain, and in the northernmost
part of the valley, typically is a calcium-sodiun bicarbonate type, is
moderately hard, and contains 300 to 500 mg/l dissolved solids. The largest
supplies of water readily available from the crystalline rocks are at
Cottonwood Springs (16S/42E-25KS1) in the Hunter Mountain area, Willow Spring
{23N/3E-54J51) in Gold Valley, and Willow Spring (235/46E-30LS1) in Butte
Valley.

Ground watsr from springs that appear to discharge from local hydrologic
systems in limestone and dolomite of Precambrian I and Paleozoic age varies
widely in chemical makeup. The major anion generally is bicarbonate, and
calcium, magnesium or rarely sodium may be the major cation. The wazsr
typically is hard and contains 200 to 500 mg/L or more dissolved solids.

The carbonata rocks commonly contain secondary minarals as the rasult of
metamorghism and introduced vein material, which may account for the varied
water chemistry.

Ground water in volcanic rocks of Tertiary and Quatemmary age typically
contains 200 to 500 mg/L of dissolved solids, and the prsdominant ions are
sodium and bicarbonate. The water is soft, possibly attributable to ion
exchange in tuffacsous material.

Most lacustrine rocks of Tertiary age contain ground water that is high
in dissolved solids. The prsdominant ions typically are sodium and sullate,
and the water commonly contains several hundred milligrams per liter of
chloride and is high in fluoride and boron.

Ground water in sandstone and conglomerate of Tertiary age varies
considerably in its dissolved constituents; typically it contains from
several hundred to a few thousand milligrams per liter dissolved solids, and
the predominant icns are sodium and bicarbonate. The concentration of
fluoride commonly exceeds 1 mg/L, and the water is hard,

Several springs issue from semiconsolidated fanglomerate of Tertiary
and (or) Quarternary age. Water from these deposits generally contains
between 200 and 1,000 mg/L dissolved solids, the water is soft to moderately
hard, and its dissolved constituents reflect somewhat the principal type of
rock in the fanglomerate. The predominant anions generally are bicarbonate
and sulfate, and the predominant cations generally are calcium and sodium,

Ground water in alluvial fans of Quaternary age in central and southermn
Death Valley typically contains a few thousand milligrams per liter dissolved
solids. Limited daca suggest that nuch of the ground water in fan deposits
north of Mesquite Flat and east of the higher part of the Panamint Range
contains 500 to 800 mg/L dissolved solids. The predominant ions in the poor-
quality water in alluvial fans are almost invariably sodium and chloride, and
sulfate and bicarbonate are commonly present in concentrations of several
hundred milligrams per liter esach. The water is haxd, and much of it contains
several milligrams per liter of fluoride and boron. The predominant ioms in
the berter auvality water in the alluvial fans =ypically are sodium and
bicarboraze; in some areas sodium and sulfate or cnloride are predcminant.
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Ground water in alluvial deposits around the edéb of the saltpan is
highly variable in quality, depending largely on the local rate of recharge by
fresn water, the presence of saline deposits, and the effects of
evapotranspiration, For example, on the west side of the saltpan, water from
Eagle Borax Spring, which discharges into 2 swampy arex of dense
phreatophytes, contains about 5,000 mg/L dissolved sclids. A nearby test
well, 50 ft deep, encountered artesian (flowing) water containing less than
700 mg/L dissclved solids. The water from the spring, of sodium chloride
type, is hard and contains several milligrams per liter of fluoride and
boron. The better water, such as from test holes at Bennetts Well and near
Eagle Borax Spring, contains 500-700 mg/L dissolved solids, is hard, and
contains sodium, sulfate, and chloride as the major ions.

Much of the saltpan contains ground water that is at or near saturation
with sodium, chloride, and sulfate,

The quality of surface water during local storm runoff inte the valley
is highly variable, depending in large part on the solubility of surface
material over which flow occurs, Most of the stormflow in the Amargosa River
originates outside Death Valley and contains 5,000 to 30,000 mg/L dissolved
solids (Hunt and ochers, 1966, fig. SO)

Two samples of surface flow were collected June 1, 1972, during runoff
from & summer thunderstorm on the Cotzonwood Canyon glluvial fan, The water,
which had travelled half a mile to a mile acrvss the fan before being sampled,
was surprisingly fresh, Flow of about S ft3/s in a channel contained only
83 mg/L dissclved solids; a flow of 2 ft3/s in & channel s few miles away
contained 349 mg/L dissolved solids, The major icns in both samples were
sodium, bicarbonate, and chloride., (See "Surface water” in table 3).

A summary of the quality of water supplies at the major points of use

by man in the valley is included in table 3., The coverall gquality, in terms

of dissolved solids, is equal to or better than that of the supplies available
to many users in the southwestern United States,

HYDROLOGIC AREAS

For dis:zx;ston in this report, the monuneni was subdivided into eight
areas (fig. 8), each being relatively homogenecus in its hydrologic regime.
For each arez the geology and the occurrence, movement, qualicy, and

availabilizy of water are discussed, and needs for addicional data are pointed

out,
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HYDROLOGIC AREAS a1

Southern Death Vialley

The southern Death Valley hydrologic area includes the valley floor, the
north slope cf the Avawat: Mountains, the Owlshead Mountains, the 8lack
Mountains south of Rhodes Wash, and the [bex Hills. Much of cthe valley floor
here appears to be underlain by several hundred feet of alluvial sand, silt,
and gravel of Quaternary age. Shale, siltstone, and evaporite deposits of
Tertiary age crop.out locally., The largest cutcrop is a belt of folded
evaporite-bearing beds north of the Avawatz Mountains siong the southern part
of the valley floor. The belt is about 9 mi long. Rock salt and associated
saline deposits of Tertiary age crop out in this belt and may underlie much of
the valley fleor. The beds are well exposed in Salt Basin, about 4 mi south
of Saratoga Spring., Gravelly and bouldery alluvialefan deposits mantle much.
of the slope between the valley and the mountain frents., As noted by
Mendenhall (1909), these fan deposits are ‘exceptionally bouldery along the
north slopes of the Avawatz Mountains, The fans derived from granitic rocks
in the Owlshead Mountains are much less bouldery. Fan depesits in major
washes locally are thin; a dry test hole in Buckwheat Wash was bottomed in
consolidated carbonate rocks at z depth of 31 ft, Granitic rocks preobably
underlie much of the fan deposits on the north slope of the Avawatz Mountains,

The Amargosa River enters the arez from the northeast and drains the
valley toward the saltpan on the northwest (fig, 8). Perennial flow occcurs in
the river in a short reach below Valley Spring (19N/4E-24S1). A perennial
- flow of brackish water in Salt Creek (south) enters the area from the
southeast but sinks into the zlluvium a short distance downsctream from 3
granitic bedrock gorge.

Ground water moves intc the valley from the surrounding mountains and
alluvial fans, as underflew beneath the Amargoss River, and probably as
interbasin underflow from the north, The water then moves northwestward
down the valley toward the saltpan. The water table is near the surface from
Saratoga Spring to below Valley Spring, and considerable evapotranspiration
occurs in this reach where salt-crusted, puffy, efflorescent ground and ’
phreatophytes are common, Details of the flow system are not well known;
however, the gradient appears tc range from about 10 ft/mi north of the
Confidence Hills to at least 20 ft/mi near Valley Spring.

All ground water sampled in the valley flcor in southern Death Valley
contains mgrde than 3,000 mg/L dissolved solids, and the major ions are
sodium, chioride, and sulfaze. Water from most springs in the Avawatz
Mountains coritaing 2 few hundred to several hundred milligrams per . liter
dissclved solids; the predominant ions typically are sodium, bicarbonate,
and sulfate, Calcium, magnesium, and sulfate are the predominant ions in
water from several springs., Massive beds of rock salt and other evaporites
probably contribute salt to the local ground water, Water from 2 test hole
67 fr deep (18N/SE-13J1), about 2 mi northeast of and apparently downgradient
from Salt Basin, centained 4,760 mg/L dissolved solids; the major ions were
sodium and chloride, ‘
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42 APPRAISAL OF WATER RESOURCES, DEATH VALLEY, CALIFORNIA-NEVADA

Rhodes Wash, near Rhodes Spring (21N/4E-11MS1) and 3radbury Well
(2IN/4E-15R1), appears to bes one of the mors promising areas for developing a
potable ground-water supply in southern Death Valley. On January 13, 1967,
and March 23, 1970, Rhodes Spring was flowing about 6 gal/hr from a sump in
gneissic bedrock. During a flow test, the water level in the spring was
drawn down 2 ft, and the level recovered at a rate ‘that indicated a capacity
of half a gallon per minute. The water, sampled at the end of the drawdown
period, contained 667 ng/L dissolved solids, and the predominant ions were
sodium and-bicarbenate (table 3). An earlier sample (January 13, 1967)
contained only 490 mg/L dissolved solids. The quality of this water makes it
useful for many purposes, although the concentration of fluoride (2.6 mg/L)
is above the limit recommended by the U.S. Envircnmental Protection Agency
(1972). ’ ’

Bradbury Well is in weathered crystalline rock on a highly fractured
east-crending fault zone, The well is partially filled with dabris and
was dry at a depth of 10 fr on January 13, 1967. A test hole (21N/4E-15R2)
about 25 ft northeast of 3radbury Well was augered to a depth of 27 fr. The
witer level was about 12 ft below land surface in this well February 20, 1969.

The specific conductance of the water was 1,500 micromhos, which suggests that ~

the concentration of dissolved solids was about 1,000 mg/L. A sample of water
from 3radbury Well, taken in 1932, contained 1,018 mg/L dissolved solids, and
the predominant ions were sodium, sulfate, and bicarbonate.

Black Mountains

The Black Mountains hydrologic ar=a includes the Black Mountains betwesn
Rhodes Wash and Furnace Creek Wash. The topographic divide is almost
everywhere near ths east side of the area, and nearly all the area drains
dirsczly westward into Death Valley.

Most of the mountain mass is crystalline bedrock, chisfly gneiss of
Precambrian age and quartz monzonite of Creztacsous or 2arly Tertiary age.
Volcanic rocks of Tertiary age blanket much of the northern and eastern parts
of the mountains, and sedimentary rocks of Tertiary age crop out in the
northern part of the area. Alluvial deposits of Tertiary and Quaternary age
occur in some of the high mountain valleys, notably Rhodes Wash, Gold Valley,
and Copper Canyon. Intensely faulted sedimentary rocks of Precambrian Z and
Cambrian age crop out in an east-west belt along the south 2dge of the area
(Noble, 1941). The western front of the mountains typically is marked by
steep slopes relat=sd to fault scarps of the Death Valley and Amargosa faul:
zones (Hunt and Mabev, 1968).
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Perennial streamflow in the Black Mountains occurs only in a1 short reach
of a bedrock gorge downstream from Willow Spring in Gold Valley. Runoff
during infrequent flash floods from the steep mountain front into Death Valley
has built up short, steep alluvial fans and cones of boulders and bouldery
mudfiow material between much of the mountain front and the saltpan.

Several small seeps and springs discharge ground water into small manmade

or natural pocls that provide water for wildlife. Average annual
precipitation is slight in the high mountains, perhaps 3 or ¢ in, and recharge
to ground water occurs as seepage through alluvial channels during infrequent
flash floods.

Because of. the wide#pread and almost impermeable crystalline bedrock, the
‘groundswater divide probably coincides with the topographic divide, and most
ground water coves toward Death Valley.

Water from the springs and seepi contain;_JOO to almése 1,000 nz/Lv
dissolved solids, and the major ions typically are sodium and bicarbonate.

Virgin Spring (21N/4E-6ASl), Hidden Spring (23N/3E-37QS1), spring
22N/3E-34DS1 in Scottys Canyon, and Lemonade Spring (2SN/2E-13GS1) probably
flow persnnially, although the flow from each is 2 small fraction of a gallen
per minute during much of the year, Willow Spring in Geld Valley is the
largest spring in the area, the flow averaging 10 gal/min during much of the
period 1967-72.

Several seeps and springs in Sheep Canyon reported tq be flowing during
the 1940's and 1950's were dry when examined April 6, 1967, and they sppeared
toc have been dry for many years, Locally in the canyon, some of the mesquite

. clumps and other phreatophytes (phragmites and arrowweed) seemed to be growing
vigorously, indicating that ground water is near the surface, Several
cottonwood trees were dead or distressed, probably as a result of a lowered
water table. All phreatephytes are on the north side of the steep canyon
wgll, .and many seemed to be rooted in weathered crystalline bedrock seversl
feet above the alluvium-filled channel, These sites probably sare good
prospects for developing small water supplies for wildlife by drilling near-
horizontal holes inta the bedrock of the north wall of the canyen,

Recharze durinz fltsh floods thst reach the alluvial fans near the
saltpan may vesult in local lenses -of fresh ground water floating on the
near-saturated, heavier brines beneath the valley floor. The most likely .
place for this to occur is beneath the coalescing fans at the mouths of Sheep
Canyon and Willow Creek and the fan at the mouth of Copper Canyon.
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Funeral !ountains

This hydrologic area includes the Funeral Mountains, the alluvial fans
extending from them into Death Valley, and part of the alluvial valley east
of the mountains (fig. 3).

Folded and faulted sedimentary rocks of Precambrian Z and Cambrian ages
form the central and northern parts of the Funeral Mountains. The rocks thers
becoms mors metamorphosed, and progressively older rocks are exposed, from the
central Funeral Mountains to the north end. The degree of metamorphism ranges
from phyllitic phases in the south to rocks of the amphibolite phase that
contain staurolite, garnet, muscovite, and kvanite in the Chloride Cliff-
Monarch Canyon ar=a (Troxel, 1974). This results in a general decrease in
porosity and probably in permeability in these rocks from scuth to north.
Dolomite, limestone, and quartzite of Paleozoic age make up the southemn
part of the Funeral Mountains south of the latitude of Nevares Peak. These
rocks are foldad and broksn by many north- and northeast-trending faults.

Sedimentary rocks of Tartiary age, mostly mudstones, shale, sandstone,
and conglomerate, crop out at saveral placess on the westward-sloping alluvial
apron of the Funearal Mountains. A thin mantle of alluvial-fan depositcs of
Holocene age. overliss these rocks. The fan dasposits consist, in large pare,
of channel deposits composad of discontinuous beds of sandy gravel and poorly
sorted mudflow material.

Ground water occurs in fractures and solution openings in the rocks of
Precambrian and Paleozoic age. The carbonate rocks probably ars the most
permeable of the consolidated rocks in the area (Winograd and Friedman, 1972,
. 3693, 3704; Winograd and Thordarson, 19735; Maxey, 1968, p. 16) and are
considered to be part of an aquifsr system through which water moves from the
Amargosa Desert to discharge at saveral large springs near Furnace Creek and
at Keane Wonder Spring (155/46E-1RS1). Some of this underflow probably
continuss westward and finally discharges at marshy areas along the edge of
the saltpan between Furnace Creek Wash and Salt Cieek Iills., The occurrence
and movament of ground water at Travertine, Texas, and Nevares Springs have
been greatly altered by manmade divarsions, whersby most of the flow, which
formerly seeped into alluvial deposits below the springs and then moved
toward the valley, i3 now piped downslope a few miles for use.

Litetle local recharge occurs; small springs near Indian Pass, in Monarch
Canyon, and at Navel Spring (18S/2E-13FS1) sesem to be fed by locdl recharge.
Taey discharge at higher altitudes than thes water level in wells across the
nountains in the Anargosa Desart. Some resportadly go dry at times, and at
some the discharge race reportadly increases greatly following rainstorms.
Local recharge by seepage of floodwatar to the alluvium in the lower reaches
of Furnace Creek and to the large alluvial fan at Furmace Creek Ranch has been
drastically diminished during the past few decades because of a manmade
diversion of Furnace Creek Wash into Gower Gulch at Zabriskie Point (Troxe!l,
1974). This diversion also caused gr=at changes in the erosional-depositional
Tegine of the channels.
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HYDROLOGIC AREAS E 45
The large springs in this area, 2ll considered to be a part of an
interbasin underflow system, were discussed earlier in this reporet.

The quality of ground water, as measured by the concentration of
dissolved solids, varies widely, from zbout 600 mg/lL at Keane (30N/1E-7ASl),
Travertine, Texas, Nevares, and Navel Springs to about 1,500 mg/L at the
springs in the canyon east of Indian Pass, and to about 3,000 mg/L at Keane
Wonder Spring. The predominant ions in water from most springs are sodium,
bicarbonate, and sulfate. Fluoride exceeds 2 mg/L in many of the springs.

Most springs in the area that are near roads or mines have been developed
by man to some degree.” The large springs near Furnace Creek have elaborate
collection facilities and several miles of pipeline to convey water to points
of use. Some of the remote springs in the canyon east of Indian Pass
reportedly flow intermittently; however, clumps of mesquite and tamarisk
reportedly grow at the springs and indicate that a perennial supply of ground
water exists at shallow depths, This probably could be developed as 1
reliable water supply for wildlife,

Grapevine Mountains

This ares includes the Grapevine Mountains between Daylight Pass and the
north boundary of the monument, the part of the monument in Nevada (including
the Bullfrog Hills), and the szlluvial fans extending into Death Valley Wash,

The southern and central parts of the Grapevine Mountains are underlain
chiefly by intensely folded and faulted sedimentary rocks of Paleozoic age.
Limestone, dolomite, quartzite, and siltstone are the common types of rocks
(Reynolds, 1966). Similar rocks crop out in & small area between Grapevine
Springs and the northern boundary of the area. Basaltic voleanic rocks of
Tertiary age cover much of the northemn Grapevine Mountains, and sedimentary
and velcanic rocks, in large part tuffacecus beds of Tertiary age, overlie
the Paleozoic rncks of the mountain core along much of the eastern flank of
he mountains.,- .

The Bullfrog Hills are made up largely of scattered, resistant outcrops
of volecanic vocks of Tertiary age and a2 few exposures of sedimentary rocks
of Paleozoic age and crystalline rocks of Precambrian age. Apparently thin
alluvial-fan deposits of Quaternary age lie between the hills. Scmewhst
thicker alluvial-fan deposits occur in a-broad area at the north end of the
Amargosa Desert between the Bullfrog Hills and the Grapevine Mountains and
at the south end of Sarcobatus Flac.
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16 APPRAISAL OF WATER RESQURCES, DEATH VALLEY, CALIFORNIA-NEVADA

Thin alluvial-fan deposits of Quaternary age overlie and partly cover
folded and faulted sedizmentary rocks of Tertiary age in small areas west of
the nountain front. Near Mesquite Spring (11S/42E-27RS1), shale and siltstone
of Tertiary age crop out in low hills near Death Valley Wasn. Folded and
faulted fanglomerate of Tertiary and Quaternary age crops out in the west-
central foothills of the Grapevine Mountains.

Ground watsr occurs in fractures and solution openings in the sedimencary
rocks of Paleozoic age. These rocks ars alzmost sverywhere intensasly folded
and locally are faultad into coarses breccia zones, The Paleozoic rocks

- probably transmit ground water through the Grapevine Mountains from Sarcobatus

Flat, and perhaps from the Amargosa Desert, to Death Valley. Also, several
small springs discharge from apparently perched ground-water bodies in these
rocks ‘along the western slope of the mountains,

Water occurs both in fractures and in intergranular spacss in rocks of
Tertiary age and in fracturss and interflow zones of the volcanic rocks. The
sedimentary rocks of Tertiary age that crop out along the east flank of the
mountains contain beds of shaly siltstone and volcanic tuff, These beds are
tilted generally eastward., To the depth that they extend, they may retard the

low of ground water into the underlying Paleozoic rocks from the alluvium-
filled Amargosa Desert. Sedimentary rocks of Tertiary age that crop out along
the west flank of the mountains consist for the most part of silty sandstone
and mudstone that contain water in the intersticss. Numerous small springs
and seeps discharge from these beds.

Alluvium of Quaternary age is an {mportant aquifer in the Amargosa
Desert, in Sarcobatus Flat, and probably in Death Valley Wash. Alluvium-
filled channels in the Bullfrog Hills and in the mountains transmit recharge
to the underlying rocks during periods of runoff,

The chemical quality of the water from small springs and seeps in the
mountains is generally good when compared with ather desert arsas, The
concentration of dissolved solids, based on chemical analyses and as estimatad
from specific conductance, is as low as 150 mg/L in several springs and is
less than 500 mg/L in most springs. Sodium and bicarbonate are the
predominant ions, and the concentration of fluoride commonly is between 2 and
S mg/L.

Dissolved saolids range from about 400 to 700 mg/L in the large springs
at Scottys Castle (Grapevine Springs) and at Mesquite Spring. Sodium,
bicarbonate, and sulfate are the most abundant ions in the water.

Many of the small springs and seeps reportedly go dry during the suamer
months and during prolonged dry periods. Their reliability as a source of
water for wildlife could be improved by proper development and by reduction
in the density of phreatophyrtes.
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Northern Death Valley .

The Northern Death Valley hydrologic area encompasses the valley floor
north of the monument boundary and the Death Valley drainage of the Gold
Mountain and Slate Ridge highlands to the east, Magruder Mountain to the
north, and the Last Chance Range and Dry Mountain on the west,

. Sedimentary rocks of Precambrian age crop out on Magruder Mountain and
in small areas on Gold Mountain and Slate Ridge. These rocks consist of
‘limestone, siltstone, dolomite, and quartzite, all intensely folded and
faulted. Some are metamorphosed locally., Sedimentary rocks of Paleozoic age,
 chiefly carbonate rocks and quartzite, crop out along the east side of the
Northemn Death Valley-Fumnace Creek fault zene at and north of Grapevine
- Springs and on Magruder Mountain and form most of the Lasc Chance Range and
Dry Mountain, Granitic rocks of Mesozoic age crop out in Oriental Wash and
underlie much of the foothill ares between Magruder Mountain and Death Valley.
Rhyolitic ash flows, indurated tuff, and basalt, all of Tertiary age, form the
foothills south of Gold Mountain, and similar rocks cccur locally in the Last’
Chance Range, Sedimentary rocks and other deposits of Tertiary age, mostly
shale and mudstone, crop out in g few places in the Last Chance Range. Most
of the valley floor is covered with alluvial-fan deposits of sand and gravel
of Quaternary age, which probably overlie sedimentary deposits of Tertiary
age. Several narrow, elongate hills of shale and mudstone of Cenozoic age
occur along the Northern Death Valley-Furnace Creek fault zone between Little
Sand Spring and the north end of the valley, and lacustrine beds and volcanic
ejecta of Quaternary age occur in the valley floor st the south edge of the
area near Ubehebe Crater,

Sedimentary rocks of Precambrian and Paleozoic age contain ground water
in fractures in siltstone, shale, and gquartzite and in solution features in
carbonate rocks. Several springs issue from siltstone and shale beds along
faults on the socuthern slope of Magruder Mountain. Last Chance Spring
(8S/39E-2KkS1) flows several gallons per minute from fractured limestone ir a
fault zone on the east slope of Last Chance Mountain; however, it and &
smaller nearby spring are the only springs known in the Death Valley drainage
of the Last Chance Range and Dry Mountain, This is unusual when compared
with other nearby mountain ranges, considering that the altitude of much of
the crest of the range is between 6,000 and 7,000 ft, The faulted and
fractured carbonate rocks that undgrlie the range apparently are highly
permeable and rapidly conduct recharge from flood runoff downward, where it
moves by underflow into the alluvium-filled valley.

© Similarly, no springs occur in the large area of highly permeable
volcanic rocks of Tertiary age southwest of Gold Mountain., Sand Spring
(9S/41E-7RS1) and little Sand Spring issue from soft sedimentary rocks of
Cenozoic age aleng the Northern Death Valley-Furnace Creek fault zone.
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43 APPRAISAL OF WATER RESQURCES, DEATH VALLEY, CALIFORNIA-NEVADA

Ground water moves generally from areas of recharge in the mountains
toward thea valley floor, then southesastward down the valley, probably through
alluvial-fan deposits and underlying sedimentary rocks of Tertiary age. This
npattermn of movement is deduced largely from the general physiographic,
hydrologic, and geologic features in the area; few wells and springs exist in
the valley to substantiate details of ground-water movement. The
geochydrologic setting at Sand Spring and Grapevine Springs in the northem
Grapevine Mountains area suggests that the Northern Death Valley-Furnace Creek
fault zone is a2 barrier to the movement of ground watasr, with much higher
ground-water levels on the northeast side of the fault., Sand Spring and
Liztle Sand Spring are at an altitude between 60 and 80 fr above the dry
course of Death Valley Wash half a mile to the west, and the Grapevine Springs
discharge is about 600 ft in altitude above the wash. No data are available
on the depth to ground water beneath the wash, so the total difference in
watsr lavel across the fault is not known. : :

Water in springs that issue from granitic rocks is .of good to excellent
quality; the concentration of dissolved solids in most of the springs, based
largsly on specific conductance of the water, ranges from about 200 to
400 mg/L. Water from most springs that issue from sedimentary rocks of
Precambrian and Paleozoic age and volcanic rocks of Tertiary age contains
200 o 300 ng/L dissolved solids, and water from sedimentary rocks of Cenozoic
age at Sand Spring and Little Sand Spring contains 650 to 850 mg/L dissolved
solids. The major ions in watsr from these two springs are sodium and
sulfate, A few wells and springs in canyons on the southern slope of Magrudsr
Mountain are in thin alluvial deposits of sand and gravel of Quatarnary age.
Water from these contains about 300 mg/L dissolved solids. At most wells and
springs in the arez, there is evidence of development by man for stock and
mining uses.

Cottonwood Mountains

The Cottonwood Mountains hydrologic area includes the northern Panamint
Range from Towne Pass on the south to Tin Mountain on the north., It extends
westward to the monument boundary and includes Ubehebe Peak and Racetrack
Valley. Ths eastern boundary is Deacth Valley Wash and the west edge of
Mesquite Flat.

The northemn thrse-fourths of the Cottonwoad Mountains is precipitous
terrain underlain by fractursd and -folded sedimentary rocks of Paleozoic age.
These rocks consist chiefly of limestons, dolomite, and shale. Locally, about
4 mi southeast of Tin Mountain, they ars intruded by small bodies of igneous
Tock. Most of the southwestsarn part of the area consists of steeply relling
slopes underlain by weathered granitic raocks, mostly quarzz monzonite of
Mesozoic age, which is in sharp intrusive contact with the Paleozoic rocks.
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The sguthemmost part, between Panamint Butte and Towne Pass, consists of
steep, rugged terrain carved inte sedimentary rocks of Paleozoic age that are
locally overlain by basalt flows of Quaternary age. Alluviunm of Quaternary
age floors several intercontane valleys in the southwestern part of the ares,
notably Racetrack Valley, Sand Flat, Ulida Flat, Hidden Valley, and an area in
the valley of Cottonwood Canyon above Cottonwood Springs. All but the last
mentioned of these valleys are closed topegraphic basins. Alluvial-fan
deposits of Quaternary age extend into Death Valley from the mountain front.
The largest fan, which covers almost 20 mi2, extends intc the valley from the
mouth of Cettonweed Canyon, :

About 10 small springs and seeps issue from Paleozoic.rocks in the

. northern three-fourths of the moyntairm range. Several flow perennially and

make up the total water supply for about 200 mi? of bighom sheep range.
Dozens of small springs and seeps issue from-the fractured and weathered
granitic rocks in the scuthern part of the area that is -east of Hunter
Mountain., Feral burros, a few wild horses, and deer utilize these springs.
Cottonwood Springs, cne of the largest springs in the monument, flows from
alluvium at a granitic bedrock narrows in Cottenwood Canyon.

Ground water flows generally eastward toward Death Valley from areas of
recharge. in the mountains., Ground-water flow toward the valley is also
probable from some or- all of the closed basins mentioned above., Ground water
does not discharge st the surface from any of these closed basins, and an
almost continucus belt of nearly impermeable granitic rock lies west of the
basins. At the north end of Racetrack Valley, however, inconclusive evidence
from the geologic setting and from a deep well drilled for mineral exploraticn
suggests that some ground water there may move toward the west and discharge
inte Saline Valley. - )

Water from several springs that issue from sedimentary ricks of Paleozoic
age generally contains S00 to 1,200 mg/L dissolved solids, and the predominant
ions are caleium, magnesium, and sulfate., Ground water from seeps and springs
in the granitic rocks contains 250 to 400 mg/L dissoclved solids, and the major
ions are calcium, sodium, and bicarbonate. Ground water in several test holes
near the toes of alluvial fans that extend into central and southern Mesquite
Flat contains a few théusand milligrams per liter dissolved solids. Sodium
and chloride typically are the major ions. Ground water in these fan deposits
probably is of better quality beneath the higher parts of the fans near the
sountain front. '

During twe pack trips made to investigate springs in the Cottonwood
Canyen-Marble Canyen drainages in the Hunter Mowntain area early in 1968, ne
live bighotn-sheep were seen in this well-watered area. Several dozen burres
were seen, and most springs and seeps were trampled and contaminated by burre
fecal matter so that the water was discolored and maledorous; the water from
mest springs and seeps was judged unsafe for drinking and unsuitable for
obtaining a representative sample for chemiczl analysis. :
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50 APPRAISAL OF WATER RESOURCES, DEATH VALLEY, CALIFORNIA-NEVADA

Southam Panamint Range

This hydrologic ar=a includes the rugged Panamint Rangs between Tucki
Mountain and Towne Pass on the north and Wingate Wash on the south. The area
extands wastward to the monument boundary, which coincides with the mountain
crest in the south-central part of the range and includes some areas at high
altitude in the northern part that drain into Panamint Valley. The southem
Panamints make up the highest mountain mass in the area.

Sedimentary rocks of Precambrian Z and Paleozoic age form most of the
mountain mass. Theses rocks consist chiefly of dolomite, lizmestone, quartzite,
and shale, all intensely folded and faulted. The Pracambrian. rocks are
prograssivaly mors metamorphosed from south to north. Sedimentary and
volcanic rocks of Mesozoic age crop out in a small area east of Butta Valley.
Granitic rocks of Mesozoic age occur as intrusive masses in Butte Valley,
Anvil Spring Canyon, and Warm Spring Canyon. Intrusive rocks of Tertiary age
occur in Hanaupah Canycn, and the granite at Skidoo is Tertiary or Mesozoic
in age. Granitic basement may underlis most of the range at shallow depths
(Hunt and Mabey, 1965, p. 139-141). A thick pile of volcanic rocks of
Tertiary age, for the most part rhyolite and basalc flows, agglomerate, and
tuff, form most of the range south of Anvil Spring Canyon. Fanglomerats
deposits of Tertiary and Quartarnary ages, with intserbedded volcanic rocks,
form a dissected highland southwest of Tucki Mountain that culminaces in Pinto
Peak (altitude 7,510 fr). Volecanic rocks compose most of these deposits in
the northwestern part of the highland. Lava flows and volcanic ash occur at
the base of the fanglomerats south of Emigrant Spring, lying unconformably
on folded sedimentary rocks of Prscambrian or Paleozoic age. Bouldery
alluvial deposits of Quaternary age occur in stream channsels and in broad
valleys in Anvil Spring and Wildrose Canyons. Sandy alluvial deposits floer
the intermontans valleys in Harrisburg Flacs, White Sage Flac, and Butts
Valley.

Numerous springs, among then the largest in the range, issus fronm

. fractured sedimentary rocks of Precambrian and Paleozoic age. Hunt, Robinsen,

Sowles, and Washbumn (1966, p. 29) noted that most of the springs in the
Panamint Range dijcharge along low-angle faults. Several springs occur in
fractured and weathersd granitic rocks and near their contact with
sedimentary rocks in Hanaupah Canyon (20S/47E). In Butte Valley (23S/46E)
several small springs issue from weathersd and fractured granitic rocks.
About a dozen springs and seeps flow from fanglomerate and interbedded
volcanic rocks near Emigrant Spring, north of Pinto Peak. Most are near the
base of the deposit, where volcanic rocks and ash apparently form an almost
impermeable layer that irmpedes downward movement of ground watsr into the
underlving older sedimentary rocks, thus forming a perched ground-water body.
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Several springs occur where the cross-sectional ares of alluvial deposits
in canyens is reduced at bedrock narrows, Willew Spring (23S/46E-30CS1) in
Butte Valley and the spring at Wildrese Ranger Station occur at such
constriczions, and each flows several gallons per minute throughout the year,
Mesquite Spring (21N/1E-7CS1) in Anvil Spring Canyen is at 2 channel
constriction in granitic bedrock. The spring reportedly has been dry for
several years, but a2 heavy growth of mesquite along the channel at the site.
attests to the presence of shallow ground water.

The movement of ground water in the Panamint Range is not well
understocd. Along the eastern slope of the mountains water probably moves
toward Death Valley, entering the extensive alluvial fan deposits and
eventually discharging at the saltpan, Most of the ground water beneath the
western slope of the range probably moves toward Panamint Valley. At
Wildrose Canyon, however, and perhaps in other areas on the western slope,
some ground water may move eastward, downedip in the sedimentary rocks, and
inco Death Valley. The cutflow of spring 19S/44E-23KS4 that supplies Wildrose
Ranger Station (altitude 4,000 ft) is €-9 gal/min. This 10.1S acre-ft per
year discharge is about the same yield per square mile as from the 24.mi?
drainage in Gold Valley in the Black Mountains, The latter drainage is in
the rain shadew of the Panamints, the zltitude is lower, and presumably the
precipitation is much less. James J. French (written commun,, 1963) noted
this small flow at Wildrose in relaticn to the geohydrologic setting and
postulated that sppreciable ground-water recharge in the canyon moves eastward
under the mountains and discharges into Death Valley.

Several small springs and seeps at an gltitude of 4,300-4,500 ft gt the
northeastern base of Manly Peak discharge less than 1 gal/min each which
infiltrates into slluviglefan deposits. This water and cther local recharge
apparently moves eastward across Butte Valley for about 1 mi to reappear at
Willow Spring (altitude about 3,600 ft) which typically flows seversl gallens
per minute at z granitic bedrock narrows at the toe cof the alluvial-fan
deposits., Discharge from Willow Spring infiltrates into the alluviuz in
Anvil Spring Canyen within a short reach and moves eastward toward Desth
Valley. Farther downstream at & bedrock narrows, ground water is again near
the surface gt Mesquite Spring (dry). This general pattern of movement is
typical over most of the Panamint Range, wheredby many springs occur st high
altitudes and the water flows for short reaches and seeps into the ground,
soemetimes resppearing downstream at hydrologic constrictions and eventually
discharging at the saltpan.

About a-dozen small springs and seeps with an aggregate flow of perhaps
10-15 gal/min ‘issue from fanglomerate and associated volcanic rocks of
Tertiary and Quarternary age in the Emigrant Spring-Pinto Peak ares. Most'
of them occur near the base of the unit where lava, tuff, and ash form an
alnost irmpermeable layer that retards downward flow into the underlying older
rocks. . Much of the discharge is consumed by phreatophytes at the springs.

Some infiltrates into alluvium-filled washes and then downward inte fractured

and faulted older rocks where presumably the water moves northward and
eastward toward Death Villey. ‘ : 3
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52 APPRAISAL OF WATER RESOURCES, DEATH VALLEY, CALIFORNIA-NEVADA

Most ground water in the southern Panamint Range contains less than
SO0 mg/L dissolved solids. Water from a few springs contains about 700 mg/L
dissolved solids. Water from springs that issue from carbonate rocks of
Precambrian and Paleozoic age gensrally contains 300 to 500 mg/L dissclved
solids. A few large springs that flow from these rocks contain 150 to
200 mg/L dissolved solids. Calcium and bicarbonate commonly are the
predominant ions, and magnesium and sulfate are abundant,

Ground watsr from springs in granitic rocks near the north base of Manly
Peak typically contains 200-300 mg/L dissolved solids, and calcium, sodium,
and bicarbonata ars the major ions. The concentrations of chloride and
sulfate typically are 20-30 and 30-40 mg/L. A sazple of water from-Willow
Spring in Butte Valley, which presumably receives much of its recharge from
the Manly Peak area, contained 475 mg/L dissolved solids, and ¢alciunm,
magnesium, and sulfate were ths major ions. The water contained 35 nmg/L
chloride and 205 mg/L sulfate., The significant increase in sulfate may be
causad by the addition of sulfate from oxidizing sulfide minerals buried
beneath alluyvial-fan deposits upgradxent from Willow Spring. Sevaral iron-
oxide-stained fracturss that crop out in zones of altered rock on Manly Peak
have been prospectsd. :

Watsr from springs that issue from volcanic rocks of Tertiary age in the
Pananmint Range generally contains 200-300 mg/L dissolved solids. Scdium and
bicarbonate are the major ions.

Springs in fanglomerate deposits in the Pinto Peak area typically cemtain
250 to 5SSO0 mg/L dissolved solids, and calcium, sodium, and bicarbonate are the
predominant ions.

Most springs in the alluvium contain 500 to 300 rmg/L dissolved solids,
and the major ions ares calcium, sulfate, and bicarbonate.

Many of the more easily accessible springs have been developed for uses
such as mining and domestic water supplies. Some of the developments are in
disrepair and have been abandoned for many  years, and heavy use by feral
burros has damaged spring boxes and othsr works. Trampling and fecal matter,
relatad to use by burros, has polluted dozens of springs in the Butte Valley-
Anvil Spring Canyon and Wildrose Canyon-Pinto Peak areas.

- Mescuite Flar

Mesquite Flat lies north of Tucki Mountain between the Cottonwood and
Grapevine Mountains. Most of the flat lies between altitudes of -100 ft and
+100 ft, Death Valley Wash snters the flat from the north, and Salt Crssk
(north) drains the flat southward to the saltpan. Much of the flac is a
monotonously smeoth alluvial plain 6-8 mi wide by about 15 mi long and
surrounded by alluvial fans rising from its edge toward the mountains.
Orifting sand dunes cover about 10 mi? of the southemrn part of the flac and a
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few square miles of the northwestern part., A thin blanket of drifting,
windblown sand covers much of the rest of the flat., Ground water occurs at
depths ranging from § to 30 ft beneath much of the flat, and mesquite and
cther phreatophytes grow in scattered clumps over much of the area. Mesquite
typically grows around the edges of the flat. Arrowweed and other salt-
tolerant species gre more common in the central and southern parts where the
ground water becomes progressively more saline as it moves toward the saltpan,

Deposttk of Cenozoic age that -are estimated from gravity data :ovbe'as
much as 2 mi thick underlie part of the flat (Hunt and Mabey, 1966, p. Al07).
These deposits probably are mostly alluvial and lacusctrine in origin and may

- vesemble the beds of conglomerate, sandstone, mudstone, and shale that crop

out in a discontinuous belt zlong the east side of the Northern Death Valleye
Furnace Creek fault zone and in the Salt Creek Hills, Several lakes have
formed and evaporated during the geologic history of Death Valley, leaving
extensive plays and lacustrine deposits, some of which contain evaporite

~ depesits of readily soluble salts (Hunt and Mabey, 1966, p. $9-62, 79-83).

Thus it seems reasonable to assume that such deposits make up part of the
thick sedimentary f£ill beneath the flat,

Severzsl square miles in the northwestern part of the flat are underlain
by flatelying beds of white, soft, impure, lacustrine limestone, probably of
Quaternary age. DOrifting sand, sand dunes, thinly layered mudflow deposits,
and sandy alluvium, all of Quaternary age, mantle the rest of the flat, These
deposits intertongue with gravelly alluvial-fan deposits of Quaternary age
glong the edge of the flatc,

Scant data are availgble ocn the water-bearing characteristics of the
aquifers in this area. Water wells at Stovepipe Wells Hotel yield
20-30 gal/min, Well 16S/44E-12N1, drilled by the Park Service to 2 depth of
702 £t inte carbonate rocks during 1971, yielded 10 gal/min with 20 ft of
drawdown., Well 16S/44E<1Cl was drilled toc a depth of 315 ft in slluviglefan
deposits by the Park Service in 1973 to supply water for a small destlination
plant. It yielded 72 ztllnin with 14 ft of drawdown. :

Flash floods from the nearby mouncains debouch onte the alluvial fans
around the flat, often seversl times & year. These local floods, and floods

in Death Valley Wash that originate north of the flat, lose water by seepage -

into flood-channel deposits and are & source of ground-water recharge.  Other
sources, which pay be more significant, are underflow from rocks of Paleozoic
age in the Cottonwocd- Mountains (Miller, 1970, p. -11), underflow from the
noreh through- slluvial deposits beneath Death Valley Wash, and underflow from
the east. The latter two sources are probably made up of water derived from
local recharge and water that has moved beneath the mountains as underflow
from Sarccbatus Flat and perhaps the northern part of the Amargosa Desert.

Total recharge to the flat, as judged from the outflow at Salt Creek
(nerth), from discharge by a large area of phrea:ephvtes, and from the several
square miles of puffy efflorescent ground, may be in the 5 to 30 ftl/s range.
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There is a large quantity of ground water beneath the flat and in the
adjacent alluvial-fan deposits. The hydrologic setting and data from several
shallow tast holes and a few watar wells indicate that ground water moves
generally southeastward beneath the flat, under a gradient of 10-12 fe/mi. A
few miles upstream from the Salt Creek Hills, near California Highway 190,
the water table is almost at the ground surface, and a large marshy area that
heads a short distance downstream from the highway fseds Salt Crsek (north).
This marshy area is the result of what appears to be discharge of most of ths
ground water noving through Mesquits Flat. Ground water probably occurs at
shallow depths under confined (artesian) conditions beneath much of the
southsastern part of the flat, and the general geohydrolegic setting suggests
that confined conditions occur at greater depths under most of the flae,

Ground water occurs locally under confined conditions at shallow depths
in the northeastern part of the flat east of the Northern leath Valley-Fumrnace
Creek fault zone. At Midway Well a2 test hole (145/45E-183D2) 97 fr deep and
screesned from 95 to 97 ft .flowed from the top of the 2-in casing which is 3 ft
above land surfacs. Pressure measurements on the capped well indicate that
the hydrostatic lavel is about 15 ft above land surface. In contrast, the
depth to water in Midway Well (9 ft deep, about SO ft to the north and at the
same altizuds) was about 6 ft below land surface, indicating a head difference
in the aquifsr system of about 20 ft in a vertical depth of less than 90 ft.

The chemical quality of ground water is poor beneath most of Mesquite
Flat., Samples from wells typically contain more than 3,000 mg/L dissolved
solids. Sodium, chloride, and locally bicarbonate ars the major ions in water
from most sources in the flat. The concentration of fluoride excseds 1 mg/L
in most wells., Water from one test hole (14S/44E-6L1), about l's mi west of
Death Valley Wash near the north edge of the flat, contained cnly 632 mg/L
dissolved solids. The major ions in the water are sodium and bicarbonate, but
the water contained 8 mg/L fluoride. Watar from the artesian test well at
Midway Well (mentionsd above) contains about 1,500 mg/L dissolved solids.
Sodium, bicarbonate, and sulfate are the predominant ioms.

As water moves southeastward beneath the flat toward Salt Creek (north)
the concentration of dissolved solids and the percentage of sodium and
chloride incrsases. Two sarples from Salt Creek (north) contained 12,000 and
23,000 mg/L dissolved solids. The progressive increase in dissolved salids is
manifest in the type of vegetation. Mesquite, which can tolerats ground water
conzaining as much as 5,000 mg/L dissolved solids (Hunt and others, 1966,

p. 22), is prevalent in the northern three-fourths of the flat, Near
California Highway 190, nmesquite gives way to arrowwesd which tolerates grownd
water containing as much as 20,000 mg/L dissolved solids (Hunt and others,
1966). Pickleweed, which grows whers ground water contains as much as

60,000 mg/L dissolved solids, is prevalent in the marshy area chat feeds Salt
Creek (north).
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Additional test holes are needed in the northern part of Mesquite Flat to
undersctand better the occurrence and availability of the relatively good water
there. A test hole 500-1,000 ft deep, with piezometers installed in several
depcth zones as indicated by logging the hole, would provide more information
on the depth of occurrence of potable water, 2s well as the nature of the flow
system. In addition, several shallow holes about 100 ft deep in the northeast
corner of the flat will be necessary to understand better the occurrence and
quality of confined water so that the water resources in this area can be
adequately evaluated,

The Saltpan and Adjacent Alluvial Fans

The saltpan covers more than 200 mi?2 of the valley floor, all of it below .
ses level, between Salt Creek Hills on the north and near the mouth of Wingate
Wash on the south. The surface material of the centrzl part of the pan is
high in sodium chloride; locally, as at Devils Golf Course, it is hard, rough,
rock salt. At many places near the edge of the pan the sodium chloride grades
progressively fanward into sulfate and carbonate salts., Deposits of silt and
sand that are impregnated with salt cover much of the rorth and south ends of
the pan. Little is known of material that underlies the salt. The total
thickness of alluvial £fill beneath the pan may be as much as 8,000 ft, and
locally the more salty sequence of beds is as much as 1,000 ft chick (liunt and
cthers, 1966, p. 13, 42, and 43),

Steep alluvial fans of boulders, gravel, and mudflow material slope into

"the valley from the Black Mountains and intertongue with finer-grained
sediments beneath the saltpan. In the central and northern parts of the ares
these fans typically are 0,5 to 1 mi leng from apex to tee, and they slope
panward at 500 or more feet per mile. Some of the steep fans south of Mormon
Point resemble talus cones or rockeavalanche deposits. In contrast, the fans
that head in the Panamint Range generally extend 3-6 mi into the valley and
slope 2t no more than 4S50 fe/mi, This asymmetry between the fans on either
side of the valley is due to tilting of the valley floor to the east as the
fans were deposited, thus crowdinz the saltpan next to the Black Mountains
(liunt and Mabey, 1966) ,

The Black Mountains snd Funeral Mountains yield little runoff and,
therefore;, little recharge to the fans in Death Valley. This is most clearly
evidenced by the near absence of phrestophytes along the toes of the fans
where major drainages reach the saltpan., In contrast, appreciable runcoff and
concomitant recharge originate in the highér parts of the Panamint Range.
Phreatophytes, mostly mesquive, are common along the toes of the fans hetween
Trail Canyon and Salt Well, a discance of 20 mi. The abundance of
phreatophytes here correlates well with the crest altitude of the mountains
(fig. 9). Hunt and others (1966, table 25) estimaced that more than 6 ft s
(2,700 gal/min) of ground water discharges as evapctranspiration along the
toes of the Panamint fans and the nearby edge of the saltpan,
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WELL AND SPRING MONITORING 57

The underflew system inte the saltpan probably is complex, because of
intertonguing of strata deposited in fans and in the saltpan and because of
the hydraulics of the fresh water-salt water system, Shallew test wells near
Tule Spring (fig. S) and near Eagle Borax Spring encountered progressively
higher heads and progressively fresher water with depth; water flowed from

.test wells abcut SO0 ft deep that tap these strata at these sites. The
freshening with depth in these shallow holes probably is related to near-
surface buildup of salt as a result of transpiration from deep-rocted
phreatophytes and evaocration from the capillary fringe.

The more dense salt water heneath the saltpan probably extends
mountainward beneath the fans as a wedgze, with fresh water above it, The
depth to salt water and the slope of the fresh water-salt water wedge, as well
as the slope of the water table, are not known. The wedge of fresh water
floats on the heavier salt water, and its pesition, shape, and depth along the
edge of the salcpan are determined largely by the quantity of inflewing fresh
water. Thus, near Eagle Borax Spring where the inflow is greac the wedge of
fresh water probably extends eastward for & short distance beneath the saltpan
while at Salt Wells where the inflow is less the wedge may roughly coincide
with the edge of the pan. Intertonguing of highly permeable fan deposits and
much less permesble saltpan deposits complicates the location and shape of the
wedge.

Ground water in the flowing test hole near Esgle Borax Spring .
(24N/1E-15051) contains about €70 mg/L dissolved solids, &nd the major ions
are sodium, chloride, and sulfate. Water from Bennetts Well (24N/1E-27F1,2)
and from nearby shallow test holes concains 400-500 mg/L dissolved solids.
The six major ioens in available analyses from these wells are nearly equal in
concentration but tend toward sodium and sulfate dominance.

A test well near Bennetts Well between 500 and 1,000 £t in depth would
provide needed information on the flow system and chemical quality of the
groumnd water, s well as the magnitude and availadility of the fresh-water
resources there, Several shallow (100 £t 2) holes are needed along the toes
of the fans between Gravel Well (23N/1E<23E1) and Tule Spring (ISN/1E-33FS1)
to better define the cccurrence and availability of fresh water in this area.

WELL AND SPRING MONITORING

.- - -

Hydralogic monitoring in Death Valley, of the ground water in particular,
should be based on (1) obtaining general background or baseiine informaticen on
the natural variztions with time over the entire area, and (2) detecting,
identifying, and understanding changes that take place in areas known to be or
anticipated to be affected by man. Where changes occur during the course of

ronitoring, cause-effect relations can be more thoroughly understood, and, as
© 3 rule, problems related to such changes can be dealt with at an early stage,
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Several wells and springs throughout the valley should be measured
periodically and a faw measursd continuocusly with recorders for a short time
to develop baseline data against which future changes can be compared. After
a period of 2-5 years, data evaluation could reduce the frequency of
measurements at many sites, probably by a factor of 2 to 5. Springs and wells
that might be included in this program are listed in tables 4 and S and shown
in figure 3. The wells and springs in these tables are considered to fulfill
only minimum requirements for monitoring. If they were svenly distributad,
they would represent roughly one data point for each 100 mi? of the area. The
U.S. Geological Survsy stream gage on the Amargosa River at Tzacopa and the :
discontinued station in Wildrose Canyon provide additional baseline data.

Manmade changes in tha hydrologic system are presently occurring at
places of uss, as in the Stovepipe Wells Hotel area, at Furnaces Creek, at
Wildrose Canyon, at Eaigrant Spring, and at Scottys Castle. The monitoring at
these placss could include periodic photographic coverage (Malde, 1973) from
fixed stations and from aircraft so as to better identify and evaluate any
surfacs changes that may accompany the diversion of water for man's use,

Water qualicy may changze in response to use by man; however, the changes
are apt to occur mors slowly than hydraulic (water-level or spring-discharge)
changes. To help dectsct thase slower changes, an initial chemical analysis of
the watsr at each suggestsd monitoring site listed in tables 4 and 5 should be
made, followed by periodic field measursments of temperaturs, pH, and specific
conductancs at the springs and at flowing or pumped wells, Chemical analyses
should be rspeatad svery 5 years, or more frequently if significant changes
are detscted from the fisld measurements of water level, spring discharge,
temperaturs, pH, or specific conductancs.

If the results of the monitoring are reviewed as the data are collectad,
adjustments can be made in tha program to keep it abresast of changes.
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TAULE A.--Data for eeleated eprings in Death Valley National Momment and ﬁicinity .

Cha

Suitabla for

Bissalved solids Specific .
. Flow, in . monltoring ()
Spring name gallons Pate - in mdidigrans per conductance, and suggested Remarks
and No, : ticer in micromhos
per minute {epproximnte) (spproninate) Erequancy, in
PP *rp times per year
Sheep Creek " 4-25-67 200 1,200 3
1IN/ LE-50S8 :
Saratoga s 4-27-67 3,100 4,700 o3 Cowhined flow of two springs from
JUN/SE-2ES50,2 larpe pool,
Rhode s N | 3-23-70 $00-700 750-1,000 3 Perched spring ia southerm Black
204/4E- L aeid Mountains.
Hillow (Guld (1} 4-15-69 800 1,200 *3 Flow varies between 2 and
Valicy) ) 20 gallons per sinute,
238/73E-5445)
Eagle Borax 300 .- 1,600 2,500 -
24N/ 0E-1505)
Tule o ' 5-16-67 2,000 3,000 .-
2SN/1E-33F5)
Teaas 210 32-08-76 600 1,000 .3 Discharge Is froa interbasin flow,
2TN/1E-2385) '
Travertine 00 1-06-77 600 1,000 *3 Dlscharge is from Intevbasin flov,
27N/0E-23,25, Aggragata of saveral springs,
268
South a0 1-06-77 640 1,020 3 Discharge 3s from interbasin flow,
Travertine
2N/ 0E-26081
fhnamsd 40 V-07-717 550 850 .- Near Nevares Sl;tlnls.
28N/ Lk~ 36FS ) :
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TARLE 4,--Data for selected. oprings in Death Valley National Monmwment and vicinity--Continued

e bissolved solids, Speci fic Sultable for A
- Flow, in . monitoring (°) c
Spring nase allons Date is milligrins per conductance, and suggested Remarks

and Ho, Ralions a Mer in microwhos ™
per wihute (approximate) (approximate) frequancy, In 3

times por year [

o

Hevares 220 1-07-717 630 1,000 *Continuous UVischarge i3 from interbasin flow, -
2HN/ 18- 300N ) Aggregute of several springs, &
™

thanamed 2 -- 300 S$00 *3 Upgradient from Rooscvelt Well in ;‘
1/ A0k - 1545 ) Magruder Mountein arcu, Nevada, -

Saml o4 5-01-08 50 1,300 *3 Northem headwaters of beath E
un/4LE-THS ) Valley. g
o

Grapevine 450 -- ©50-800 1,000-1,200 - Numcrous outlets. Flow given is (]
i m

Hn/a2e-2,3, aggregate., wn
1as *

&

Mesgunte Y -- 900 1,300 *3 Largest spring in floor of >

LIS/420- 2705 norchern beath Valley, o

Statningers 200 -- 480 730 *Cont inuous Supplies Scottys Castle; probhably ;

IS/ 43E-505) interbasin flow, E

Suipriae 5 -- 460 700 *3 Supplies Grapevine Ranger Station, ,"<

HIn/a80- 1S, 2 Perched water in volcanic rocks. A
5-

boaer | -- 200 320 *3 E:

FES/440- 320t n

) w. O

Quiitz 2 2-14-67 480 800 3 laporcant to bighorm sheep habitac, 23.

LIS /41 2um) =
[]

Klare 1.5 11-17-08 570 880 3 ™

1367450 -4081 ;:

o

Loldbe 1t N 5-20-71 150-250 250-400 3 >

EO5/ 400 324002
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TABLE 4,.~-Data for seleoted

i

eprings in Death Valley National Momument and vicinity--Continued

Missolved solids,

Suitable for

2357408 - 331510

540

. Specific
. . Flow, in Spec monitoring (*) ‘
5":::;‘“:‘“ gallons Dute in .":::::“ per ::":‘:::M'“; amd suggestoed Remarhs
: per minute frequency, in
(spproninate) (spproximate) times N"""

Kcane Wunder 30 11-17-68 3,100 4,500 .3

1SS/746L-1nS0

Jachais 3.0 4-23-68 - - .-

1657421 -1 8RS}

- Cot tanwond 7 4-24-68 150 520 ‘1

165/426-25K8)

Tucki 10 6-10-57 .- - --

1657 45E-2905)

tmigrant 1.9 11-09-71 350 $50 “%

175/43E-2785)

lpper Emigrant .8 H-09-70 S30 850 *6

1757 44E-27%8 )

Wi ldrose 7.0 1-05-72 s00 200 *Continuous Supplics ranger station,
VUS/AE-21RS1 :
Greater View .3 " 4-27-62 350 520 -- At Russell Camp,
235/45E-2¥)S)

Willow (Buite 6,7 4-28-67 320 soo 3

Valley) ’

2357401 - 30050

Syuaw 2.1 $-15-67 350 --
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TABLE S,--Duta for eelected wells in Death Valley National Momument and vicinity

Sultable for

. R Dissolved solids, Specific . N
. Bepth, bepth to in milligrans conductance, sonitoring (*)
Well No. in water, Date e in microshos and suggested Remark s
feet in fect ' per liter \ ' frequency, in
’ (approximate) (upproximate) times per yesr

JEN/SL- 1400 6? 32,0 4-27-63 4,800 7,400 *3

T9N/GE- L ON) 208 252.3 2-17-67 3,900 $,900 -3 Upgradient from Surstogs
Springs. Ho pumping in
arca.

20N/ 4k -9K) 3 87,0 4-27-63 3,900 5,900 ‘3 In waderflow section
along Amargosa River to
south end of saltpan.

21N/ 31 - 2881 275 160 -- 6,500 9,800 *3 Do.

20N/ 15K2 27 12 2-2b-69 1,000 1,500 3 Test well In fractuve
1one at Bradbury Well,

220/ tk- 12 50 H) -- 6,000 9,500 *3 In recharge area from

(Salt veld) southern Panamint Range.

230/0E-2300 20 17 -- 2,000 3,300 *Continuous Do,

{Gravel Well)

24N/ 1E-4F ) 19 2.2 5-16-07 550 850 ‘3 bo.

(Shurtys Well) .

Z4N/ 1158 S0 ‘0 ~e 620 1,200 *3 Flowing and nonflouwing
pletometers in same
borehole,

240/ 1E- 1 SE2 18 6 -- -- -- 3 o,

24N/ 1E-2710) 32 18.0 4-27-68 $00 700 ) In fresh-water area
near edge of saltpan,

24N/ 1E-212 93 17 -- 400 S00 *3 Do,
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TAME S.--Data for seleoted wells in Death Valley National Momment and vioinity--Continued

.

Suitable for

_ Dissolved solids Specific
Bepth Depth te . ' monitoring (°) .
Well No, in * water, Date "‘P::'::f::“ ::":"’:‘“f:; snd suggested Remarks
feer in feet : : frequency, in
A (spproximate) (spproximate) times I\M’.I“'
24N/ 1E-27F) 12 ? - 390 s80 3 tn fresh-water area
(Benncits Well) noay edge of saltpan,
2IN/IE-27F2 18 9,2 $-19-N1 - -- *y . Do,
(Bennectts Weil) *
2SN/ IE-288) 23 14,5 11-20-68 2,000 3,100 3
25N/ 1K -28M1 22 10,7 1-20-68 2,100 ''3,300 -3
25M/1E-338) 1 7 .- - - *3 Flowing and nonflowing
’ piezometars in some
. borshole,
25NR/1E-33F2 $2 (] - 1,000 1,800 3 Pa,
2SN/1E-33F3 29 [} - - - 3 Do,
2N/ BE-J6R) 200 38 $-10-73 1,300 2,100 3 Tost wal)l on Furnace
Creek fan,
M/ IE-248) 250 4.5 12-08-76 8§70 950 3 Test well on Fumace
Creek syncline,
2MN/4E-268) -- 2s - aa - % In Amasvgosa Desert
- northeast of Furnace
Creek,
2M/4L-2702 - 45 - 600 940 b o,
28N/ 1k - 30G) 20 1.5 1-07-77 - .- .-
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TABLE §,--Data for selected wells in Death Valley National Monwnent and viainity--Continued

Suitable for

. ) Dissolved solids, Specific Lo .
Well No “"::lh’ “:';:::rw Uate in ailligrams conductance, ::3‘::;;:5‘:.‘) Remarks
' feet n fcc; per liter in microsios frequency, in
(appronimate) (approximute) ”.25 MT'IWT
IS/AN-200 a0 -- 75 .- 320 500 *} In Hevada,
(Houscve it Well)
4574 30:-23001 -- 45 .- -- - % Upgradient from
Stainingers and
Grapeviae Springs,
s /428 - 20 S0 270 - 460 090 *6 bo,
14574362400, 10-92 .- -- 3,000-5,000 4,500-9,000 3 Test wells on
1457448316, Cotronweod fan,
AN/ 440:- 32014, 2, upgradieat from arca
1557446-400,2, of pumping at Stovepipe
ISS/Z4406- 0000, Wells Noted, :
1557400330, aud
1O/ 400 - 3an)
145/744k-01.0 Y7 90 -- 630 1,000 *3 Taps fresh water in
novthem Mesquite Flat,
14574586 - 1800 Y ] -- 1,400 2,100 *3
(Madway Welld)
A%/ 4450 12 'y I -- 1,100 1,00 *3 Fluwing test well,
{Flowiang)
1457458 - suliy o3 4.8 4-24-64 1,300 2,000 -
LIS/40:-2ad0 -- 25% .- -- .= ‘6 In Amargosa Desert
{(Nevada) northeast of
Furnace Croek,
LIS/ 481 - 8200 -- 220 -- -- -~ ‘b th,

e

14

VOVASN-YINYOSITYD ‘AITIVA HIVIQ ‘S3IOYNOSI ¥ILVM 40 TVSIVEdAY

———— - —— - —




TABLE §,--Data for eeleoted wells in Death Valley National Momument and vicinity--Continued

[

5.

Suitable for

Bepth, Depth to m::“:::':,’:::‘:“ c 5"" c::’::e monitoring (*)
Hell No, . in water, Pate per ll:nr in -lcro-ho; and suppested Remarks
feat in feet frequency, in
{spproximate) . (spproximate) times J'"'”“
155/ 44K~ 36K) 80 so 1966 ,000 24,000 - At sirstrip.
1557446 -30K2 . . S0 39.3 1-10-67 Salty .- -- o,
155/ 44K-36M1-P) -- 20-120 . 3,000-9,000 24,000 “% Test wells in pusping
and 1S5/35KE-3200 depression at
Stovepipe Hells Hotel.
168/44E-1C0 ns -- - -- .- -~ 72-gallons per minute
yleld,
1657445 - 1280 702 -- - - -- -- 10-gallons per minute
. yield,
1657488 15al .- 100 - 250 380 *6 In Amargosa Desert
' ’ (MNevida) northeast of
Furmace Creek,
165/ 35K -1 BLY .- 90 e oo .- *6 Do,
1957448 -23K) 27 24 .- S$00 800 ‘6 Test wall in Nilddrosc

Canyon,
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