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FOREWORD

This report on A Regional Groundwater System in the White River
Area in southeastern Nevada is a by-product of a cooperative program
by the Nevada Department of Conservation and Natural Resources and
the United States Geological Survey. Under this program, studies of the
groundwater resources of the larger part of the area covered in this
paper have been made and reports on these studies have been published
by either the Office of the Nevada State Engineer or by this department.

The more recent of these studies have been made by the United States
Geological Survey under a cooperative program with this department
for reconnaissance surveys of the groundwater resources of the valleys
of Nevada. Reports on these studies have been issued by this department
in a series devoted to this subject. :

All of the data on which this paper is based were derived from exist-
ing records and no field studies for its development have been made.
All reports which bear on the subject of this study are listed in this pub-
lication and those reports that contain significant data are fully reviewed.

This well documented study is a significant contribution to the knowl-
edge of the movement of groundwater in southeastern Nevada.

2 fRA.

ELmo J. DERiceo, Direcior
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Abstract. “A replonal interbasin groundwater svdlem including thirteon vallovs in south-
eastern Nevada is generally identified ‘on the ‘busis of preliminary appraisals of the distrbu-
tion and quantities of the estimated groundwater techarge and discharpe within the resion,
the uniformity of discharge of the principal springs, the compatibility of the potential hydeaulie
gradient with vegional groundwater movement; the relative hydrologic propertics of the
major rock groups in the region; and, to o limited extent, the chemical character of waler
Issuing frony the principal springs. The prineipal findings are: (1) Paleozoic carbouate rocks
are the principal means of transnitting groundwater in the interbasin regional systom—the
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Reconnaissance appraisals of the groundwate
resourees of various valleys in Nevada have been
made for several vears. One of the assumption
onwhich these studies originally were predicated
was: the generally accepted coneept that most
hydrologic systems were more or less co-exter
sive with the topographically closed ‘basing in
the Bagin and Range provines, As studies for
various areas were completed; it became evident
that groundwater systems in-certain valleys of
eastern and gouthern Nevads extended beyond
the Limits of the partieular vallev: Some valles
have a much larger spring discharge than could
be sustained by Jocal rechargs, and other valleys
have deep water levels that preclude an an-
nual-groundwater discharge by evapotranspira-
tion comparable with- probable loedal recharge.
1f these observations are correct, & multivalley
regional cgroundwater system s “requived to
satisfy the general hivdrologic equation that in-
flow equaly cutflow.

This report deseribes the general features of

e

i

1 Publication authorized by the Director; 1.
Geologioal Survey,
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hydrology (imestone); springs: groundwater)

a regional groundwater system in 8 part of the
Basm and Range provinee in southesstern
Nevada. Although the seope of the report s
Bmited by the reconnaissance nature of the ino
vestigations on which it is based, virtually all
components of the hydrologic system are eval-
uated.

Location and ‘extent af the region. The re
gion discussed includes the aren within the drain-
age-divides of six vallevs drained by the White
River in Plestocene time and seven adjacont
but topographically separated vallevs It 15 n
southeastern Nevada and lies within st 36°40
and:- 41° 10N and long. 114°30 and 115745'W
It ineludes parts of Clark, ko, Lineoln, Nye,
and White Pine ecounties (Figire 1), From its
north end i southern Elko County, the region
extends southward to include the upper Moaps
Valley, o digtance of about 240 miles. Tts maxi
mum: width s about 70 miles mear Iat 38°8
The region includes an area of about 7700 square
miles, '

Topographic  selling.

Figure 2 chows the

loeations of the principal valleys and ranges in |

the region. OFf the thirteon valleys, Lone, Jales,
Cave, Dry lLake and Delamar valleve are
topographieally closed. Garden Valley surfiei
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EXPLANATION

1. SHEEP RANGE

2 BRISTOL RANGE

3. HIGHLAND RANGE

4. EGANRANGE

5. HORSE HANGE

§ GRANT RANGE

T:BCHELL CREEK RANGE

B.PAHRANAGAT RANGE

9. ANTELOPE MOUNTAINS
10 ARROW CANYON RANGE
11, QUINN CANYON RANGE
12, WHITE PINE MOUNTAINE
13, GOLDEN GATE RANGE
14, FAHROE RANGE
15 DELAMAR RANGE
16 BUTTE MOUNTAINS
17 MAVERICK SPRINGS RANGE
14, MEADOW VALLEY MOUNTAINS
19, WORTHINGTON MOUNTAINS
20, SEAMAN RANGE @

Altitude
zones in feet
above sea level;
interval, 2000 feet

Fig 2. General topography of the aren of this
repork. :




Interbosin Groundwater System

ally may drain inte Coal Valley but topether
they form a topographically closed unit, The
remaining six valleye wers drained by the
Pleistocene White River, then a tributary to the
Colorado River svstem. ‘The six vallevs are
White River, Pahroe, Pabiranapat, Kane Spring,
Covote Spring; and upper Monpa,

This region of mountains and vallevs generally
bas g southward gradient (Figure 2), Along the
White River Wash the altitude decréases from
about 5500 feet m the latitude of Lund to about
1800 feet in the vieinity of the Muddy River
Bprings in a channel distance of about 175 miles.
The average gradient along the Wash is sbout 21
feel per mile, The White River Wash fornis an
axial topographie low between Garden and Coal
valleys: on the west and Cave, Dry Lake, and
Delamar valleys on the east.

The mountaing generally are 2000 to 4000
fect higher than the foors of the adjacent valley
(Figure 2). The crests of the ranges commonly
exceed 8000 feet above ses level and loeally
exceed: 10,000 feet in the north part of the ares;
In the south part of the area the ervests of the
ranges ‘excecd 8000 feet above sea level only
loeally and commonly ave less than 7000 feet
in altitude,

THE BEGIONAL GROUNDWATIR STETEM

The regional groundwater system meludes
both the rocke and the sroundwater of the de-
fined avea. It inclides the arens of recharge and
discharge, storvdage dnd transmission of water,
and geologic units that control the ocourrenve
and movement of water, Bemiperched ground-
water in the mountains and in the valley 01l of
at least some valleys eontributes to the regional
gvatemn but s not emphasized herein. ;

The identification -of this regional ground-
water system s based tpon (1) the relafive hy-
drologie properties of the major rock groups in
the area of consideration: (2) the regional miove-
ment-of groundwater as inferred from potential
hydraulic gradients ; [3) the relutive distribution
and guantities of the estimated vecharge and dis-
charge; (4) the velative uniformity and Jong-
term fuctuation of the diseharge of the principal
springs; and (5} the chemical quality of ihe
water discharged from the principal sprines.
Much of the available data pertinent to the
analyais 18 neluded in Tables 1,4, 5, and 6 and
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on Figures 4 and 6. These elements are discussed
in the followine sections. ‘

Gleolooie setting. 'The rocks provide the
framework i which sroundwater oooure and
moves, Groundwater may oecour in infersiitinl
openings, in {ractures, ot in solution openingsin
the rocks. The openings may have been formed
at the time the rocks were deposited or at o
subgequent time by fracturing, weathoring, or
solution. The distribution and nature of these
openings may relate generadly to other phys
cal and chemical charaeteristics of formations
or groups of rocks Thus, the eeneral nature and
distribution of the roeks in the region permit
somie inferences regarding the oceurrence and
movement of eroundwater, .

A namber of geolozic studies m parts of the
ares of this report have been made. For present
purposes, the reconnaissance geologic map of
Lincoln Cointy [Tschanz and Pampeyon, 19611
the reconnmissance ceoloric map of Clark Connty
[Bowier et ol 105871, the general seologic map
accompanying the euidebook to the sealogy of
east-central Nevada [Boeticher and Shan,
19601 for White Pine and parts of novtheastern
Nye countieg, -and unpublished nformation
from F. I Kleinhampl tor seoments of the
region in northedstern Nye County have been
mosh uselul with reference to the areal geolony
aof the region. For the White Pine County part
of the region many of the papers in the suide-
book fo the geology of esstecenital Nevada
[Boettcher ond Sloan, 10601 are of much value

Although not known te erop out within the
ares of this report, Preeambrian rooks are ex-
posed in the northern Hean Range east of Long
Valley, in the Schell Creck Range [VYoung
10601, along the east side of Cave Vallev and
northward. and in the Mormon Mountains
[ Tschane and Pompenan, 196171 east of Uovnta
Bpring Valley and may be inferred to underlie
all the region of this report.

A thiek section of Paleosoie rocks was deo
posited throughout and bevond the ares. Too
cally, the stratieraphic thickness of the Palsosoie
racks exceeds 80000 foel [Rellog, 1063 p 6851
Clastie rocks oceur principally in the upper
and lower paris of the seetion. Carbonate
vocks, which comprise more than half of the
section, are generally found in the {:entmi bart
of the Paleoroie section

Lower Triassic marine deposits are noted by
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EAPLANATION

i

Valey fill

Brincipally clay, sty sand, and gravel] locally may include fresh-
water limestone or evaporite;consolidated tounconsolidated,
Depositedundersubgerialy stream orlacustrine environments;
Cowsr Tertiary deposits involved in deformation;upper
Tertiary and Quaternary deposits moderately deformed,
focally. Band and gravel deposited in stresm channels and
alluvial fans transmit water freely;fine-grained deposits, where

satiratedtrangmitwater slowly but contain a large volume of
waterinoslorage

TERTUARY. AND: GUATERNARY

Voloanictotks

Principally voleéanic tuff and welded tuff oriignimbrite, but
intlude other voloanic rock types and locally sedimentary
deposits, Generally trangmits water slowly, butocally highly
tractured weided tuff may vield water readily. In mountains
differantial transmissibility, bedding planes, of fracture
systemsresull nsemiperched ground water which supplies
many small springs, Where saturated transmits water slowly
tutcontain alarge volume of water in-storage

{ﬂl!% m{hw : }iif"«mﬂn,‘

TERTIARY

[

Paleozoic tocks
undivided

Pringipally “limestene and dolomite: Secondary fracture.or
solution openings result in transmisgion of substantial
gquantities of water, at'least locally. In gross where saturated, |
store alarge volume of watér, Principal reglonal aquifer. i

|

PALEDZON

Include some shale; sandstone , and quartzite which generally
act-as A barrier to ground-water movement. Locallyhowever,
fractired orwaathered rones transmit gome water J

: i %m'ﬂ" }[i;;gﬁ;m

i ¢

A

Fig. 3. Generalized geology of the region: Adapted from Bowyer el al. [1859] for Clark
Sounty: Tschuns and Pampeyon F19611 for Lineoln County; F. Kleinhampl {private com-
munication, 1963) for parts of Nye County; and Boeticher ond Sloor 119601 for remaining
ares,



PLANATION

Area o evapotranspiration of ground wate

LABOO
B=

Playa and approximate altitude, in fest, above sedlavel

'Lurvd Bpring (55957

Data potnd, naméandiapproximate
altitude of waterleval above sed level

,3()

Daty pointand serial number. Points destribed below include
altitude
ell.giver

name of well number followed by depth to water and by
abwaterlevel. ‘Foroil tests ‘only ol depth (T D) of

ocWell 21N/59-18d2; B8; 6000
DWWl 21N58-33061; BRI 5000
- Well PONBE-T4al 1176000

Interbasin Growndiater System

(6475)

/\gKimberly
. a\ Liberty Pit

AlphaiShalt (6108)
Preston Springs (5680)

Lung Spring (5595

400l tast Summit Sorings - Unit noc U D 11458

5.-<Hlipah Creek
6.0l test, Hayden Creek Unit nio. 14 7,0
T Well TANB1-10cT /280, 5780
B.~~Ellizon Créek
9.««White River
100l test, County Line Unit no, 15 T.D, 4850
T—Emigrant Springs: 5418
12 —Marman Spting; 5300
13~Butterfield and Flag Springs: 8275
TdiaWall SNJ60-25417 25, 5100
15~ Well BNJB430cT; 381 ; 5800
16.-Well BN/8414a1 214 (dry); 5388
17~ Well 3NJ64-20b1; 3174820
18 Well 2NIB4-301 1 664, 4350
18 Well THI6-0daly 308 4800
2--Well dN/BT-38c1) Bo 4870
Wl 3NJE2-801: 2174838
22.~Well 3NJB2-36b1; 252; 4770
3 Wall ZNJBI-31 b1 800 (dry);
4 Well DRIBT-23417 302 (drvy:
25, W el ON/B9-0201: 250 (dry);
2B ~Well ANJBI6IT 675040
27 Well BN58:18b1) 235, 5040
2B.-~Well aN/57-16c1 - 3316150
20 -Wall18]57-3a1; 570, 5000
30-—Well 85/63-12a1; 800 (drv): <
- Well 45181-1881:670,3700
32.—Wall 55]60:6c1; 380; 4025
B3~ Well 35/60-2401 7 187 Ia1s
M Well 451602517 TOR 387D
I5i-Hiko Boring, altitude 3890
36 —Crystal Bprings, allitude 3808
A7 ~~Ash Bprings, allitude 3510
38.~—Upper Pahranagat Lake
39-=Maynard Lake
A0~ Well 10580 Ha1 £18, 2178
41~ Coyote Spring, altitude 2575
420-Wall 13583 25a1; 3801 1875

Fig. 4. Toe

Stolkes [1960, Figure 2] near Currie, Nevida,
and near Wah Wah, Ttah, about 70 miles nort
and 90 miles SGuﬂlQEtSt of - Hlv, tespectiv
Nolan et al. [1956, pp. 68-70] described the

5117

Bristol Mine
a7 (5?‘?5)

De!aﬂmar (site)

9
U0

Muddy River Springs
(1800 10 1780)

/ \.wk

L

on. points of selected data in the aren of this report.

nonmarine Newark Canvon Formation of Early
Cretaceous age, which eceurs In the vieinily of
Fureka, Nevads, 70 miles west of Ely, To the
southeast in northwest Arizova and sdjacent
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areas, substantial sections of Mesozoic rocks oc-
cur. Stoles [1060, n. 1217 indicates that south-
enstern Nevada was peverally above sea level
for most of Mesozole time Af lesst in late
Mesozoie fime, parts ol the area were being
eraded and had exterior dramage,

 Nonmapine sedimentary rocks of Focene ago
in and adjacent to the White Biver Valley have
been deseribed by Winfrey [19607], who pamed
them the Sbeep Pass FPormation. Their aggregate
atively outlined

[ Wanlrey, 1960, Figure 51, the bagin in which
they were deposited extended from about THN
to TIIN in the southern White River Valley
and from Cave Valley on the east to beyond the
White Pine Mountains on the west. Contem-
poraneous deposits have not been deseribed
elsewhere in ‘the region, although the Horse
Bpring Formation of Hocene (7)) ape in the
Muddy  Mountaing, south of Coyote Bpring
Valley, may be equivalent in age [Winfrey,

1960, p. 1531,

TDruring middle Tertiary time an extensive and
thick section of voleanie rocks was laid down in
eastern Nevada: Conk 11960, Figure 1] indicates
that sn extensive ignimbrite province inchided
miuch of the area of this report, To some exient

_ponmarine sediments, such as the lacustrine
limestonie and eobble conglomerate m the Pahroe
Hange reported by Tschong [1960, p, 2041, are
mterbedded locally with the voleanic rocks. The
thiekness of the “veleanic: rocks varies sub-
stantially from place fo place, but Dolgoff [1963,
p. 8787 estimates a thickdess of ‘over 3000 feet
for the voleanie sequence in- the Pabtanagat
area.

Continental deposits overlie the Tertiary val-
canie rocks in the present valleys, Commonly
these are fine gramed lacusteine or plava de-
posite that grade laterally to coarser fractions
toward the souree areas in the mountaing. The
Muddy Creck Formation of Pliccene (7) age
| Longwell, 1928, pp. 90-96] is partly exhumed
n - Moaps Vallcy. Longwell 1928, p. 941 sug-
gosted that a thickness of 1700 feet for the
Wuddy Creek Formation was nol excessive in
the central part of the basin, Somewhat similar

eained - depoesits are exposed slong parts of
ihe W te - River Chan Their maximum
thickness 18 not known. In White River Valley
the County Line oil test (pomt 10, Figure 4)
penetrated 1475 feat of ‘valley fill’ as teported

B

THOMAS E. EAI{IN

by Melonnett and Clork I"l%()a, b 2451 who
infer that part of this valley 6ll is of Plocens
(7) age. Obviously, ss the deposite were lnid
down in basing or valleys, the thickness should
be variable, ranging from a feather edge at the
mareins to a substantial thickness in the eentral
parts of the valleys.

Quaternary deposits mclude gravel, sand, silt,
and clay Isid down in stream-channel, alluvial-
fan, and playa environments. White River, when
it was & throngh-flowing stream in late Ploisto-
cene time, probably removed more material than
it ‘deposited in the lower parts of the valleys in
which it flowed. ‘The denth and extent of dissec-
tion are greatest in the southern or downstream
villeys, ‘

Most of the mining districts have areas of

exposed intrusive rocks, and Baer et al. [1960,

p. 2221 discuss some of the intrusive rocks in
the Robinson Mining Dustriet west of By
Adair and Stringham [1060, Figure 1] show the
loeation of five mirusive igneous bodies or dike
gronps adincent to the White River Valley. Two
arens ave in the White Pine Mowitaing, and
three arveas are in the Eean Ranoe

The rocks have been faulted, fractured, and
displaced in a comiplex way and in varying de-
grees within the region during several periods
of structural activity,

Occurrence o} growndwater. For the pur
poses of this report the several straticraphic
tnits diseussed briefly 1 the previous section
can be zrouped broadly on the basis of apparent
gross hydraulic properties; '

Three groups are shown on Figure 3. The
relative ‘hydraulie properties are noted in the
explanation, Not shown are Precambrian and
irtrusive ‘rocks that have neglieible fracture
permieability, These rocks probably provide 5

lower limif to eroundwaler cirenlabion, nol

otherwise limited, at depth. Where these rocks
are exposed and are continuous with depth,
they also should form & bavrier to the lateral
niovement of groundwater,

Fraeture and solution openings in the Pale«
ozoic carbonate rocks locally store and transmit
substantial quantitios of groundwater. The great
thickness of Paleozoie carbonate rocks in this
region tends to faver a regional hydraulic con-
tinuity, even though the Paleozoic roeks have
been suhicoted to several periods of substantial
faulting.




Interbosin Groundwater Sustem

‘The oecurrence of groundwater in carbonate
rocks §s demonsirated by the widespresd distric
bution of many large springs aseociated with
Paleosoic varbonate roeks throughout eastern
Nevadn, For example. most of the flow of
Crystal Springs in Pahranagat Valley (Figure
4) issues in the bottom of pools and adiseent
seeps from villey fill. However, part of the
flow of Cryelal Springs issues directly from
carbonate rocks, which are exposed and also
underlie the adjaeent valley fill. The other
prineipal springs, such as Ash and Hike springs
in Pabiranagat Valley, the laree springs in upper
Moaps Valley, and Hot Creck, Mormon, and
Jand sprines in White River Valley, igsue from
points at or near contacts with carbonate rocks
and valley fill.

Groundwater oceurs in earbonate roeks at

depth, as 1n the Deep Ruth, Kelinske, and
Starpointer shafts in the Robingon Mining Dis-
triet (L. Green and M. Dale; oral communics-
Hon, 19643, These shafts are abont 1 mile sast
of Liberty pif, shown on Figure 4. Ground-
water also “oecurs in earbonate rocks in the
Bristol Mine in the Bristol Bange (Paul Gerns
mill, private communieation, 1964). Fresh water
was reported [ Medannett and Clark, 19605, b,
2497 in ‘eavernons zones’ of the Joana Limestone
{Lower Missisaippian) - at depthe of 4058 fo
4097 feet below land surface i the Hayden
Creek oil test (dats point 6, Wigare 4). This
mterval iz roughly 3000 feet lower than the
flonr of Jakes Valley, which is about 5 miles
northeast of the test well.

The clastic rocks included in the Paleozo
group in Figure 3 tend to act as barriers 1
groundwater movement compared with ea
bonate rocke. However, fractured clastic rooks
do store and fransmit some groundwater
least loeally, a8 m the Pioche distriet.

The older Tertiary sedimentary rocks, such
as the Bheep Pass Formution of Winfrey [1060],
are generally consolidated and are believed
have Dittle primary permeability, Loeally they
are faulted, which may provide secondary frae
tures through which some water may be frans-
mitted to sprivgs, such as in TIIN, R62E in
the Twan Range where that formation ig ex
posed. Where sueh rovks underlie -the valley
Hoor and are saturated, they may eontain o cons
siderable volume of egroundwater in storaps.
ever though the average permeability iz small

R S
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The Tertiary voleanic rocks generally have
low permeability. These rocke ordinarily are

rather fine grained, and the extent to which they

may transmit eroundwater is possibly controlled
by the degree to which closely spaced fractures
oecr in them, Where these tocks are welded or

mote ot less elasey, fractires may be somewhat

open and loeally transmil sroundwater freely
A well north of Lathrop Wells in southern Nee
vada s known to be eapable of produeing

several hundred esallons of water per minute

from the welded tuff (Winoerad, private conm-

munieation, 19631, Commonly, however semi
perched groundwater in fraciure svatems i the

Tertiary voleanie rocks supplies the water for
numerous small springe in the mountains, such

a8 those in the southern Butte Mountaing in
the Ouinn Canvon Range along the west side of

Sarden Valley, and in the Delamar Range along

the northwest side of Kane Bpring Valley

Where these rocks are beneath the vallevs and
are saturated, substuntial quantities of ground.

water may be sfored in them The extent fo

which they may tranemit evoundwater is rather

a4 funetion of the etosssectional arvea through

whieh the water may move and the hyvdraulic

gradient than of the unit permesbility, which
genierally is very low,

The partly consolidated or cemented fine
grained valley il of Pliveene(?) and Plelstocene
age generally wields water slowly, Towever
Coyote Bpring in Coyote Spring Valley vields
a-modest supply of water, at one time nearly
Half 4 eubie foot per second, from a combined
development of a funpel and several wells in
fine-grained valley-fill deposits. Brownie Spring
i Pahranaoat Valley vields about 1 cubie foot
per second from a tunnel in consohidated con.
elomerate, Where saturated the fine-grain val
ley £l is capable of storing laree quantities of
water. The uneconsolidated sand and gravel deo
posits of the younger valley A1l and in alluvial
fang are capable of fransmitting water freely,
The sand and gravel deposite of the vounger
valley fill commonly have the hichest unit
permesbility of any uneonsolidated deposife in
the region. The larse-capacity irmeation wells
i the White River Paliranaoat, and unper
Moapa vallevs are developed in these deposita

Groundwater movement. The hydraulic
gradients between springs and seloeted wells
and, more genevally, the yesional topogranhic
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gradient, indicate the general direction of poten-
tial latoral groundwater movement in the re
gional systern. Actual movement iz dependent
upon the hydraulic sonductivity of the roeks.

The principal springs, which are the major
points of discharee {rony the regional system, are
in ot adjacent to the White River Wash, and
the altitudes of their orifices decrease south-
ward. Thus, in White River Valley, Prestou Big
Spring issves atian altitude of 5680 feet ahove
sea level and Hot Creek  Bprings; about 40
miles south; issues at an altitude of 5175 feet
above sea level (Figire 4). In Pahranagat Val-
ley from north to south, Hikoe, Crystal, and Ash
springs fssue at altitudes of about 3890, 3805,
and 3610 feet, Tespeetively. In upper Moaps
Valley, the closely grouped Muddy River Springs
issue between altitudes of 1800 and 1780 ft.

Compared with the Jow parts of adjacent
topographioally -closed valleys of ‘the regional
eroutidwater systera, the White River Wash is
generally considerably lower at equivalent Jati-
tudes (Fioure 4). The playa of Cave Valley is
about 5975 feet above sen level. Due west in
White River Valley the Wash altitude is less than
5200 feet. In Coal Valley the playa is at an
altitude of about 4050 feet, whereas due east the
White River Wash altitude is about 4800 feet.
In Dry Lake Valley the playa altitude is glightly
- loss than 4600 feet. At the latitude of the eentral
part of that playa, the White River Wash is
about 440 feet; The Delamar Valley playa is
about 4400 feet above ses level, and upper
Pahranagat Lake due west ig about 1000 feet
Tower;

In all'the above valleys plug Garden Valley,
which surfieially drains to Coal Valley, water
levels are several hundred feet or more below
the respective playas. Representative known,
reported, or inferred low water-level altitudes
for Cave, Dry Lake, Delamar, Garden; and
Coal valleys, respectively, are 5800, 4300, 3700
{7}, 5020, and less ‘than 4775 feet (points 15,

19,30, 29, and 26 on Figure 4). The altitudes of
these water levels are higher than known or in-
ferred altitudes of water levels along White
River Wash at or south of the equivalent It
tiddes. Most of these waler levels ave congidered
to represent semiperched groundwater in valley ‘
fll. As sueh, it ig inferred thal water levels in
the earbonate rocks underlving the several wells
would be at somewhat lower altitudes. Even so,
the potential gradient and movement from the
adjacent - vallevs apparently is townrd the
trough oecupied by the White River Wash,

Tor Jakes and Long valleys, lylne north of
White River Valley, the valley Hoors ave af
altitudes of 6205 and 6050 feet, respectively, and
are higher than White River Valley. The lowest
kriown water-level altitude beneath the plava of
Tiemg Valley 15 about 6000 feet, and in Jakes
Valley the water level Is unknown but iy esti-
mated to be as much as 400 feet below the playa
surface. A “potential though low southward
gradient through the earbonate rocks toward
White River Valley apparently exists, ag the
altitude of the water level in a well (point 7, Fig-
ure 5) in northern White River Valley is about
5780 feet and at Preston Springs, about 12 miles
farther south, is about 5680 feet,

Outerops of Paléozoie carbonate rocks at or
adiacent to most of the springs are at altitudes
lower than other Paleozoie carbonate rocks ab
ot niorth of the latitude of the respective out-
crops within this region. For example, in White
River Valley the carbonate-rock outerops ad-
jacent to Lund Spring (Figures 3 and 4) are at
a lower altitude than other carbonate-rock out-
erops at or north of that latitude in White
River, Jakes, or Long valleys. The carbonate
roek outerops from which Hot Creek Springs is-
sue are also at lower altitudes than any others at
or north of that latitude in White River, Jakes,
Long, and Cave valleys.

Similurly, the - Paleozoic  carbonate  rocks
from whieh Crystal Sprines issues in Pahranacat
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Nalley ave at a lower altitude than other onte
crops-of carbonate rocks north of that latitude,
This same relation apphies to the Paleosoie ear-
bonate rocks exposed adincent to the Muddy
River Bprings. This repelitive association of
Iarge springs with areas of topographieally low
outerops of Paleozoid earbonate rocks demon-
strates therr close assoeiation and supports the
inference of the regional movement of sround-
water:

The regional -polential eroundwater surface
8 notoeverywhere defined by a smooth surface.
Orr the contrary, limited data suggest that the
water surfaces have loeal hyvdraulie disconfinui-
ties vesulting from barrier effects or from other
causes:

The profile in Figure 5 shows the land-surface
and water=level altitudes along the approximate
longitudinal axis of the resion. It follows the
general alignment of the White: River wash
southward from the latitude of Preston Springs.
The upper line of the profile shows land surface
with the vertical and horizontal seales the same,
to-illustrate the small proportion of relief in the
region as ‘s whole, ‘The lower profile shows the
tand surface and water levels at o vertical ex-
aggeration 10 times the horizontal seale for the
purpose of more readily showing the loeal diver-
gence of water level frome land surface. As can
be seen from the lower profile; the water-level
gradient is neavand parallel fo the land-sarfage
gradient in the White River, Pshranapat, and
upper Moapa valleys, the areas-of priveipal
spring diseharge. Elsewhere, the gradient loeally
miny be steeper than the land surface, ag is in-
dicated in the north end of Pahroe and Coyote
Bprings - valleys, and other sections the
gradient is less than that of the land surface, s
m the eentral and southérn parts of Pahrocand
Covote Spring valleys.

At the north end of Pabroe Valley iand the
gouth end of White River Valley the depth to
water inthe valley fill alome White River Wash
in 4owells (pomnts 20, 21, 22, and 25, Figure 4)
inerenses progressively from about 90, to 217, to
252, and to move than 800 feat below land sur-
face. The landssurface gradient in this segment
of the wash ig about 14 feel per mile, and the
distanees between the welly are 8, 45 and B
miles, respectively. Thua, the indieated wate
level gradient between the upstream pair
wells” (poirits 20 and 211 18 about 56 feet per

i
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mile, betwesn the middle pair of wells (points
21 and 22) s nearly 22 feot ver mile, and hee
tween the downsiream palr of wells (points 22

and 23} is over 100 feet per mile. Several miles

northwest of the upstream well (point 20) the
water-level gradient s parallel 1o and within
about 10 feét of land surfuce. The steepenine of
the water-level gradient in the valley fll in this
section of the White River Wash is mierved 1o
reflect o relatively abrupt change of head in the
groundwater in the underlying carbonate toeks
This change or difference in head may be s
soeiated with faulting in the varbonate rocks,
which resulis in 4 barrier effect to the movment
of groundwater asross the fault, or with an
inerease m the velative capacity to transmit

water in the Paleozoie eatbonate rocks down.
stream from this section, '

A somewhal similar discordance in altitude of
water levels océurs in the valley fll southward
from Maynard Lake (point 39, Hieure 41, The
reported depth to water in the well (point 40)
in norfhern Coyote Sprime Valley was 416 feet
ot at an altitude of 2175 feet. The well is about
&milés south of Mavnard Lake. The indieated
water-level pradient between Maynard Lake
and the well i about 117 feet per mile. This
gradient too is considered to reflect s relatively
gteep  apparent waterlevel gradient of the
grovndwater in the underlymg Paléozoie ear
bonate rocks in the vieinity of Mavnard Take
gap. The most likely canse here s o barrier effect
resulting from faulting in the vicinity of the
Mavnard Lake pap. Tschanz and Pampeyon
[10617] show a prominent fault compler cross-

ing White Hiver Wash just south of Maynard

Liake, which could provide the necessary Ioeal
barrier effect to southward groundwater move.
ment. ,

In central Palroe Valley, the well (point 23)
wag dry ab-g depth of 800 feef, or at about an
altitude of 4125 feet, as noted above: the alti-
fude of Hiko Spring, 21 miles southwest along
the Wash, is about 3800 feet. The indieated
gradient is less than & feet per mile. However,
the water-level altitude in the carbornate rocks
ig-probably somewhat lower than in the aver.
lying valley fill in the vicinity of the well, Thus,
the inferred water-level cradient in fhe car.
bonate rocks between these two points nay be
even less than the above wmdicated gradient of
8 feet per mile,
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In Coyote Spring Valley, the indicated hy-

draulie gr*idiem hetween the two wells (points
40 and 472) 15 about 135
lower eradient is in contrast with the steep
sradient near the novth end of the valley, as
was also the ease in Pahroc Valley. Detween
the southern well {point 42) and Muddy River
Borings the difference n altitude of water level
1w about 75 feet in a distanes of about 10 miles,
The spparcnt gradient is about 7.5 feet per
mile. Again the inference is that the water-level
_gradient in the underlying carbonate rocks is
probably somewhat less than that in the valley
fill for most of the length of the valley. The
above  information ‘sugecsts that a - general
_gradient in the carbonate rocks in this region
. may be less than 8 feet per mile, Thus, the rela-
tive altitudes of the prineipal éprings, wells in
key lopations, and regional topography support
the inference of regional groundwater gradient
to the gouth,
 Recharge of growndwaeter, Table 1 sum-
matizes the estimates of recharge to and of dis-
charge from the groundwater system. These
estimates were derived mainly in the reports
referred to in the table,

Premm‘caimn provides the principal souree of
water for recharee to the regional groundwater
systern. The direet measurement of recharge is
not feasible, nor perhaps even posdible, over an
area ofany size. However, the general rela~
tionships that pote
imeressed precipits

ol recharge increases with
jon and that precipitation
generally inereases with altitude have been used
o make estimates of long-term average annual

recharoe,
eroundwater from precipitation in a valley has
been estimated empiriéally for the reconnais-
ranee investieations by & technique that seem-
ngly produces reasonable estimiates for most
areas of New Briefly, preeipitation zores
indicated by Hardman and Mason {1949, p. 10]
are taken to be approximately represented by
altitude  zones on - the17250,000-seale - fopo-
graphie maps, The ively higher zones have
higher average annual precipitation and: ac-
covdingly ave considered to have a higher per<
centase of the precipitation recharping the
groundwater rescrvoir, The values generally as-
sumed are shown in Table 2,

Obviowsly, recharge iz not upiformly dis-
tributed either over the ares or in time, How-

feet per mile. This

The  average annual - rvecharge 1o
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ever, average precipitation i grea‘cegt in the
mountainous areas at altitudes of 7000 feet and
bigher. Much of the precipitation i the moun-
tains oceurs as snow, which accumulates during
the winter and melte in the spring. This process
i favorable for accomplishing recharge. In gen-
eral, then, most of the recharge from preeipita-
tion 18 prohably centered in and adiacent to the
several principal mountain ranges.

The general relations of increased precipita-
tion with altitude and the seasonal distribution
of procipitation ave shown by the average
monthly and annual precipitation for Kimberly,
Adaven, Alamo and Overton (Table 3). Btation
lopations are shown on Figure 1

Winiter preeipitation usually results from
seneral storms. that originate in the north
Pacific. Summer precipitation oecurs as high-
intensity showers resulting mainly from south-
east storms and loeal conveetional storms. This
relationship results in a pattern in which most
of the precipitation oceurs during the winter
half of the year but with a secondary summer
maximum in July and August. The summer
maximum fends to be more pronounced in the
southern part of the region,

The distribution of water runoff from the
mountaing also pernits some inferences of the
distribution and manner of recharme to the
grounidwater system: For mountsin aress of
otherwise similar characteristies, proportionally
large runoff suggests little recharee by deep in-
filtration in bedrock in the mountaing, and small
vunioff suggests proportionally lare recharee by
deep infiltration in the bedrock. Also, substantial
runoff from the motntains suggests that re-
charee by miltration from streamflow on the
valley 6ll may be significant,

Records are not available to demoustrate the

magnitude and  distribution of streamflow
throughout this region, but a general deserip-
tion of the streamflow conditions provides illus-
trative support.

The present-day White River is 4 headwaler
remnant of the ancestral White River (Figures
1 and 4}, The White River formerly was o
throughflowing stream that surficially drained
the White River, Pabroe, Pahranaeat, Covole
Spring, Kane Bpring, and upper Monpa valleys
to the Colorado River. It was a prominent
stresm as late as late Pleistocene time. Probably,
too, in extremely rare and most favorable con-
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TABLE 2.

Ausumed Vilues for Precipitation and Per Cent Recharge for Beveral

Altitude Zones in Arcs of This Report

Precipitation Altitude
Zone, Zone,
. it

Assumed Average

Annual Becharge

Annual to Groundwater;
Precipitation, o7 of gverage
ft precipitation

Assumed
Average

Less than 8
Bto 12

12 t0 15

1510 20

More than 20

below 6000
6000 to 7000
700010 8000
2000 1o D000
more than 9000

yariable
0,85
112
1.46
1.%0

negligible
a3

ditions, throush streamflow may have oceurred
sinee Pleistocene time. The posttion of the an-
sestral White River is marked by a wash or
trench along the topographical axis of the
White River, Pahroe,  Pahranagat,  Coyole
Spring, and upper Moapa valleys. The wash is
incised from o few to several hundred fect below
_the adjacent valley surfaces. Perennial flow
presently occurs only from the White Pine
Mountains and downstream from the principal
springs in the White River, Pahranagat, and
Moapa valleys. The principal present-day flow
geeurs in the downstream part of the ancestral

divar, Here Muddy River flows from Muddy
River Springs near the head of Moapn Valley
through Moapa Valley to Lake Mead (Figure
1) Otherwise, flow oecurg along limited soetions
of the wash only alter high-intensity storms or
very favorable snowmelt conditions.

The present-day White River and its princi-
pal tributary, Ellison Creck, drain a part of the
sast side of the White Pine Mountains, The

White River flows from these mountains at a
point about 5 miles northwest of Preston
Springs. During periods of high flow or when
evapotranspiration I8 al o minimutn; the stream-
flow may extend to the south end of White River
Valley, a distance of about 50 miles, in part

sugtained by flaw from the several eprings along
the floor of the valley, However, during much of
the year streamflow from the mountains is small
and i discipated by diversion: for irrigation
and - evapotranspiration before it zeaches the
Nye County line. At times of minimum gtream-
flow the chamnel may be dry only a short dis-
tance downstream from where the stream leaves
the ‘mountaing. The  streamflow ' reportedly
[Mazey and Eakin, 1949, p. 15] has been as
much a8 75 ofs (cuble foet per second) during
the  &pring freshet,  although eommonly the
streamflow is about 2 efs during the summer
gsedson in the vieintty of Preston, Maxey oand
Bakin 11049, Table 1] list o number of mens-
urements on the White River, made during the
period 1908-1943,

Mozt of the streams having sufficient flow fo
be utilized for irrigation head in the ranges
bordering the west side of Jakes, White River,
anid Qlarden valleye, The streamflow i3 derived

largely from the seasonal snow accumulation.

Peal flow occurs with the spring runoff, and
low flow is partly supplied {rom small mountain
Bprings.

Throughout the aren streamflow may oecur
for short periods after high-intensity storms,
st of which probably veetur during the sume

TABLE 8. Average Monthly sud Anousl Précipitation for Adaven, Alamio; Kimberlvy
snd Overton; Nevads, for Period of Batord

Alti-
tuds 5 e o

Period of

Station Heoord

Age, Oobl - Nov. Annual

BE50 85 ¢ 40 04
3610 | A ; PRI
7230 i i E 32
1220 A

1919=1062
18221060
1931-1058
1040-1062

Adaven
Alamo
Kimberly
Dyerton

084
0.45
084
045

2.1
654
1330
4. .22
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mer months. On the whaele all streamflow s
dissipated  within the aren by eévaporation,
transpitation, and recharge, except lor munor
amounts genetated by highdntensity storms

- either in Coyote Spring or Kane Spring valleye,
which oceasionally resulis in runoff through Ar-
row Canvon anto the Muddy River in upper
Moupa Valley,

The nature of the bedrock in the rmouitaing
apparently alfects the rumofl in the ares. Lo-
cally, the Paleczoie carbonate rocks, which trans-
mit water readily, seemingly receive  recharge
from precipitation that otherwise: would: be-
come. rumoff i the mwountain canvons, Thus,
Hiipah Creek (point 5, Figure 4) séems fo be
srialler than one might expect from the altitude
and arencol its deginage basin. Perhaps & more
surprising example is the near lack of perennial
ranollinto the valley for the well-watered Egan
Range:

The distribution of present-day perenmial and
seasonal runoff iz closely associated with the dig-
tribution of the higher mountain ranges and

- zenerally supports the concept that the greater
average precipitation iy associated “with the
higher mountain ranges.

Average annual runef from the mountaing
of the region is estimated to be about 80,000
gere-fest, as cowiputed by the altitude-runeff
method described by Biggs and Moore [1965]
Of-this amount, about: 709 s estimated to be
generdted in the northern half of the region.
Thus, the distribution of runoll indicates that
the northern part of the area iz relatively well
watered. This indieation in furn suggests that the
potentinl “for recharge from gtreamflow: dlso 18
relatively favorable inthe neorthern part of the
Tegion. :

Digcharge of growndwater, The prineipal ha-
tural discharge of groundwater is Troni the three
groups of gprings in the White River, Pahrana-
gat, and upper Moapa valleys. The discharge
of the springs in the White River and Pahrana~
gat valleys  subsequently s “lost  from those
valleys, largely by evapotranspiration, meluding
the water utilized for Irrigation. In upper Moapa
Valley most of the gpring discharge ‘leaves the
valley as streamflow in the Muddy River. The
combinied  average -discharge “of “these' thres
groups of gprings is estimated to be about
98000 dere-feet g year (Table 1), Additionally,
diseharge of groundwater by evapottanspiration
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in the other vallevs, whieh is not associated with
the principal sprives, is estimated fo be neatly
5000 serefect o vesr and largelv ovcurs in
Long, Garden and Cave valleys,

The springs of the three groups generally are
known to have relatively uniforn flow. Some
vatiation of flow undoubtedly ceeurs, but the
occasional measurements of discharge made at
most of the springs are not adequate to define
minor variations. In White River Valley, the
Preston Springs-principally Big. Arnoldson,
Cold, and Nicholas-have been measured al 1o
ular weekly mtervals sufticiently to demonstrale
a-relatively constant How chardeteristic. Preston
Big Spring {dizscharge about 856 efs) has been
measured at about weekly intervals during the
periods Nareh to Aupust 1936, September to
November 1945, April to November durme
1949, 1950, and 1951, and from May to Bep-
tember 1952, Arnoldson  Bpringes  (discharse
about 3.5 cls) and Nicholas Springs (discharge
about 80 cfs) have been medsured at aboul
weekly intervale from Bepltember 1948 to Sep
tember 1062, These records indicate that the
minimum discharge 15 only about 109 Jess than
the maximum,

Arnoldson, Nicholas, and Cold springs alse
were measured at about weekly intervals from
Marchi to August 1938, These measuroments
also indicated nearly vonstant flow. During this
period the flows of Arnoldson (38 ofs) and
Wicholas (2.9 ofs) springs were somewhat dit
ferent than the Aows during the later period of
measurement, apparently the result of chanpme
the outlef level of one of the springs. However,
the combined flow of the fwo springs for both
periods was almost identical. These data suge
gest 5 highly tmform flow of the sprngs. The
best record to indicate the lonp-ferm spring.
flow characteristics, however, is the gapine rec.
ord of the Muddy River near Moapa. The pag-
ing station is within 2 miles of the Muddy River
springs, which supply most of the flow of the
Muddy -River. With appropriate adjustments,
that vecord can be vsed to represent the dis-
charee of the springs.

The streamflow of the Muddy River, near
Moaps, has been recorded for the periods July
1913 to September 1915 May 1916 to Seplem-
ber 1918, June 1928 {6 October 1031, Apnl 1o
July 1932, and from Ostober 1044 1o the preo
gent. The streamflow record at this siation
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represents the ‘actual diseharge of the springs,
except as follows: (1) streamflow at the station
may be higher than spring discharge during
periods of local Tunoff, particularly from high-
intensity rains within the immediate drainage
area; and (2) streamflow at the station is lower
than spring discharge when water is diverted
above the gaging station:for irrigation; and
when - evapotranspiration between the  station
and the springs depletes the flow at the gaging
station site.

A partial adijnstment for the effect of over-
Tand runofl, during the period 1944-1962, was
made by Balin 1964, v, 237, This adjustment
vosulted in-a residual flow that, in effect, was
entirely derived  from spring  discharge. The
mean; median, and adjusted mearn monthly and
annual discharges Tor 25 complete water years of
record through 1962 are given-in Table 4.

Recently Hokin ond  Moore {19641 further
anglyzad the record of discharge of the Muddy
River to evaluate the chardcteristics of the'flow
of the wprings supplying the niver, Corrections
for evapotranspiration losses between the springs
and gaging station virtually eliminated the sea-
sanal variation shown by the month-to-month
variations of ‘mean streamflow at the gaging
station. January characteristically is the month
hiving the minimum average temperature and
rate of evapotranspiration. Accovdingly, ‘the
wiean annnal digcharge of the springs supplying
Muddy - River ‘s thus closely represented by
the mesn  January - diseharge - (49.8 efd) re-
corded at the gagiug station.

The analysis indicated ‘4 high degree of uni-
formity of epring - discharge:  The minmimn
annual medn discharge was about 90% of the
maximum year: However, the small ravge in
atmual mean diseharge apparvently s significant
i that the variations appearto be orderly-and
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to oeeur, with cousiderable time lag in response
to variations in precipitation and consequent
recharge. Both the high degrer of unifermity
of discharee and the small variations in annual
mein discharge are compatible with the ex
peeted character of discharge from a regional
grotndwater gystem,

Relation of estimated groundwater recharge
to-discharge. ‘The estimates of recharge to and
discharge from the regional system shown in
Table 1 agree closely Tor the region as a whole:
the “egtimated recharge is 104,000 ncre-feet a
year, and the estimated discharge iz 103,000
aere-feet. s vear, The estimates are considered
reasonable “and represent the magnitude of
water naturally entering and leaving the re-
gional system. The ecloge agreement in the nu-
merieal vahies is considered fo be coineidental
rather than to indieate a high order of seciracy
. the estimating techniques. ~

Although the regional estimates agree closely,
there i ‘wide divergenes in the estimates for
particular valleys. For example, in the White
River and upper-Moapa valleys the estimates of
gpring discharge are 37,000 and 36,000 acre-fect,
regpectively, The estimate of recharge (38000
aere-feet) from “precipitation within the sur-
ficial ‘drainage area of White River Valley ap-
proximates the estimate for spring discharge,
Tt the ‘estimated recharge from precipitation
i the -local drainage ares of upper Moapa
Valley is negligible,

Figure 6 shows the distribution of the esti-
nisted recharge to and dissharge from the re-
giomal groundwater system and 2 generalized

representation of the regional flow system,

From the figure 1t is seen that about 78% of
the recharge s estimated to ecour in the 4
northern valleys, and abont 629% of the dis-
charge is estimated to be from the springs in

TABLE 4: Monthly Discharge of Muddy River; near Moapa, for 25-yesr Period
Ending September 30, 1962

Ot Nov,” Dee... Jan,

Feb, Mar,

Apr. May Jupe July - Aug. Bept. Year

46.1. 487
46.5 480

495
493

2o-year mean

256-year median

Meanadjusted for
effect of local
surface-water
runoff

49:3

46.0 482 49.6

49:8 497 48.1
492 476

49.8 - 49.4 480

432 43 .4
43.4 439

44.2
433

46.8 45 44 .4
oo

0
46.5 454

46,8 44.9-43.2 430 D 44 .4

o
G
b}
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a
Estimated average annusl recharge to and ,V‘ )
digcharge (= J from the regional ground-water / '
systems,inthousands of acre-feel per year: f"ﬁ 'j
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the Pahranagst and upper Moapa valleye in
the southern part of the region,

Thus, the general balance between the over-
all estimates of recharge and discharze sugoests
o regional system within the 18-valley arvea.
Further, the gross distribution of recharge and
discharge infers a generally southward move-
ment compatible with the regional mmovement
wdicated by the potential hydraulic: gradient
diseussed in the previous section.

Regional transmissibility of the Paleozoic cor-
bonate rocks.  Transmissibility, one -of the
hydranlie properties of an aquifer; s usually
determined by pumping tests under pontrolled
conditions, Values so obtained are then used fo
compute the guantity of groundwater flow
through a specified segment of aguifer. Wells
gre not available in this region to obiain trans-
missibility data of the carbonate rocks.

However, ‘the generalized - flow pattern and
natural recharge-discharge -relationg shown on
Fieure 6, fogether with the hydraulic gradients
diseussed in the previous section on movement
and generally shown in the profile on Figure 5,
can be used to estimate the regional transmissi-
bility of the Paleazoie: carbonate  rocks, The
formula used I8

T = Q/0.00112 IW (1

where T ig the transmissibility in gal/day/ft;
) iz the underflow in acre-feet per year; 1 is the
_ hydraulic gradient in feet per mile; W ig the
effective width of the aguifer in miles, through
which southward flow oeours; and the constant
000112 1s & factor to convert gallons per day o
aere-feet per year.
Three general sections were selected to estl-
mate transmissibility: . (1) a ‘section near the
north end of White River Valley through which
most of the underflow ocours from Long and
Jakes valleve: (2) o seetion near the south end
of White River Valley through which most of
the underflow occure from  White River and
Cave valleyss and (3) & szection in central
Covote Spring Valley through which most of
the underflow  oceurs from. Pahranagat and
Delamar valleys. Gradients used are the indi-
cated rewional minimums, as discussed in - the
seetion on groundwater  movement.  Loeally,
actual gradients may “be only a fool or two
per mile or as mueh as several hundred fect
per mile where confrolled by bartiers,
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The estimated transmissibilities for the three
gections were computed by using equation ]
and the values arve listed in Table 5. These
values sugeest that o first approximation of the
regional transmissibility of the Paleozoic ear-
bonate rocks i on the order of 200000 gal/day/
ft. The value is not large considering the sub-
gtantial thickness of the Paleozoie carbonate
rocks, However, as the aetual travsmission of
groundwater in the carbonate rocks is localized
Lirgely in fracture or solution zones, local trans-
missibility values undoubtedly are much higher,
perhaps 10 fimes or more, than the indieated
sverage tegional value. On the other hand, large
areas of carbonate roeks that have little or no
fracturing and solution openings transmit very
small amounts of water,

Chemical quality o] «water in the regiongl
system. The. chemical . character of grouml-
water in’ par reflocts an inderaction hetween
the water and the rocks through which it passes.
Chemical analyses of water from several of the
principal springs in the region are listed in
Table 6. As these springs ropresent mogt of the
diseharge for the regional system, chemieal con-
stituents are o composite of the vanations and
concentrations that ordinarily may be found in
the gvstem. Locally, higher or lower conecentra-
tions of individual coustituents and total dis-
solved constituents undoubtedly oveur.

The water from the springs inthe White

River and Pahranagat valleys chavacteristically

g a ealeinm-magnesium biearbouate type, and
the “dissolved-solids concentration ranges from
246 to 543 ppr {parts per million). Water from
the Muddy River Bprings in upper Moaps
Valley has about twiee the dissolved-solids con-
centration (614 and 620 ppm) and 15 of &
mised type. :

In & complex hydrologie system with many

TABLE 5  Three Estimates of Transmiseibility
in the Regional Groundwater Bystem

Underflow Estimated Estimated
(@) from . Effective Computed Transmis-

Seew Figure 2, Width (W), Geadient,  sibility,
tion  acre-ft/vr mi it /mi gpd /It
() 25,000 15 6.4 230,000
{b) 40,000 25 8 130,000
(e) 45,000 15 8 260,000
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interrelated subsystems, the causes of many af
the chemical variations of the groundwaler
naturally would be obseure. However, the anal-
yses of water from springs in the White River
Valley show 5 resgonable uniformity of eor~
position for water that prebably has been de-
vived From nearby aress and has moved-largely
through ecarbonate rocks, but which includes
sothe water that has moved partly in voleanie
and sedimentary rocks. If the hypothesis of the
regional system is approximately eorrect, most
of the water supplying the springs in Pahrana-
gat Valley should be derived from a consider-
able distance bevond the immediate  surface
drainuge area; that is, several teng of miles at
le The coneentration of water: from - these
springs might remain relatively low if the water
moved almost entirely in carbonate rocks. The
analyses of water from Hiko, Crystal, and Ash
sprivgs shown in Table 6 are indeed low,; rang-
ing from 286 to 313 ppm of dissolved solids.
The  dissolvedssolids ~concentration. of the
water from two of the gprings in upper Moapa
Val J i% abmﬁ; 2 times ‘h'ﬂj of ﬂm other two
s g odue
to an increase in sodmmf uliato md ehloride
jons Caleium -5 moderately higher, but mag-
nesium s nearly cor
the springs. This g

relatively - rémoved from
charge. The moderate de

ion the general
regional sy
approx

sl
bmmd Ty Of 1hL Whﬁe l iver
‘ ad -as being
coim‘zidenta with the outer topographic divides of

the _appropriate ve : in and- range
rolagy, mountains usually are assumed to be
hydraulic barriers. Ordinarily few data are
ailable 1o demonstrate thiz assumption as &
aet, but one or more of several factors pro-
vide the basis for this generally correct assutop-
tion. These factors include the following:

1. The eonsolidated  bedrock ™ forming -the
ing s virtually imperieable. Becondary

ial fracturing or weather-

- ing, whwh rarely extend to- depths of more

than a fow hundred feet, may transmit sround-
water, but the lateral movement of water closely
conforms to the general slope of the Jand sur-
face.

9. The major structural trend commonly is
about parallel to the prineipal topographie axis
of the range. Ordmarily, faults and structural
alignments tend 1o ach as baryriers fo pround-
water movement aeross or at right angles to
them,

3 The mountains - characteristically - receive
much greater average precipitation than do the

ent valleys: greater precipitation provides
wter potential for recharge. 1 preater ro

die high (or divide} will be
ween the areas of lesger or no

4 ‘"“mrﬁwe water divides are eotucident with
the topographic divides, which suggests that the
groundwater *divide is also aligned with the
topographic divide.

~ The position of the hydraulic boundary of the
regional groundwater system is indieated  af
only & few locations. For example, in the Igan
Range, the water-level altitude in the well
{(point 7, Figure 4). 12 miles north of Preston
smmgs i White  River: Valley 1z about 8780
tward about 11 miles, the water-
level altitude in the Alpha Bhaft is reported fo
be 6108 fest [ and Bakin, 1949, p, 417
Fastward about hal mile, the waterdevel
altitude -in the Lﬂuﬁx Pit is main‘mh '
puriping - ab ¢ ‘
"l)mﬂ holes on the east mde& ni' leetfv Pzt are

fr ¥ otk f‘ 0 1o i)‘%f) ,et (mimdw o
vfubonfrce\ rocks was encounitered in the nearby
Deep Ruth shafts, About 2 miles
: f ﬂ\o water e‘wl leh‘(ude in the Kimberly
S, and adjacent

v about 6618 ¢

, .Ve} information
for hc—\ Rnbmv,(m mnnﬂ;,, distriet arcs was re-
ported by L. Green and M. Dale of the Kenne-
cott Copper Company (private eommunication,
1964). About 3% miles southeast of the Kim-
berly Pit, Murry Springs, which provide the
municipal water supply for the City of Ely,
iesne at an altitude of about 6600 feet. Finally,
severdl miles east in the floor of Steptoe Valley,
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the water level i within 4 few foct of land
surface, which is at an altitude of about 6978
Test. This mountam ares is peologically and
straeturally complex, and water levels have
been affected somewhnt by mining operations
However, the generalived mformstion indicates
that & hydraulic divide is several hundred feet
higher than the water level in either Whi
River or Steptoe valleys and is within perhap
& mile of the topographic divide.

Limited ~water-level information also indi-
cited the position of the hydraulic divide at the
north end of the Bristol Range. The water-leve
altitude at a well (point 17, Fignre 4)in In
Lake Valley s about 4820 feet: about 8 mile
east the water-level altitude in the Bristol Mine,
a5 reporfed (oral cominunieation; 1964) by Pau
Gemmill - (formerly” of Combined Metals T
duction Company}), is about: 5675 feet: Stil
farther east in the next valley, about 4 mile
northeast of Bristol Mue, the water-Tovel alti
tude - a well ig about 5610 [ Rush, 1964, Table
157, Groundwater in the Briztol Mine oceurs in

o5 B e

Lt gl

o

fade”

¥

R

¥

Paleozoic - catbonate rocks, and, scesrding fo
Gemmill, the level apparently fluctiates to some

extent with variations in recharge. The growiic
water encountered in the wells is m valley fll
and may be under o higher héad than 1 the
underlying carbonate rocks, Nevertheless, the
water-level “altitude in the Bristol Mine ind
cdtes a hydraulic divide close to the topograph
divide in the Bristol Ranse.

The Pahsanagat snd Shesp ranpes form the
west sude ol Pabranagat and Coyote Bpring
valleys, respectively, Rechargs from precipita-
tion' i these mountains; although Timited, prol
ably muaintaing 4 hydraulic divide along the
mountain -alignment, Data on water lovels in
the Paleozoic carbonate rocks it these moun

i

4

e

1

E}

taing ave ot available. However, the altitude al

the water Jevel in a well (point 32, Figure 4) i
the valley fill iz about 4025 feet, or about 22
feet higher than Crystal Springs, about 3%
miles” to the cast 1 Pahranagat Valley. This
altitude sugests that the pradient of ‘ground
water in. the wunderlying earbonate roeks may
also be generally from the Pahranagat Range
toward the White River Wash to the éast. Some-
whit similarly, the semiperched groundwate
supplying Covete: Springs in Covole Bpring
Valley is vonsidered fo be derived from vecharge
in the Sheep Rangé to the west and moves

g_»

4

throuzgh the older valley il toward the White
River Wash, Ac the recharge aven 1@ necossarily
at 4 higher altitude than the spring area, it may
be assined to be at an altitude high enouzh 1o
provide a hydraulic barsier n the earbonite
rocks in the Blicep Range,

The Delamar Range and Meadow Valley
Mountains form the east sides of Delamar and
Kane Springs valleys. Bome oroundwaler iz
perched in the Tertiary voleanic rocks and
supplies several small springs in the Kane
Spring Valley side of the Delamar Bange Near
the tewnsite of Delamar (Figure 41, some waler
mitislly was developed at several emall seepages
from limestone and granite [Carpenter, 1015,
1 671 and was insullicient for the requirements
That these springs were derived from perehed
groundwater is suoeested stronegly by the fact
that, according to Carpenter, the mine at Dela-
mar’ was totally dry 1o 4 depth of 1400 feet

The altitude of the bottom of the mine s not

known bub apparently was of the order of 5500
foet, West of Delimar, i the lower varl of
Delamar Valley, the apparent water-level alti
tude may be below 3700 feet based on reports
that o well {point 30, Fignre 4) was dry at 2
depth of 900 feet st of Delamar, water lovels
i the foor of Meadow Valley Wash are at an
altitude of about 3800 feet. The meager ro-
charge 10 the Delamar Bange and the presonee
of relatively impermeable Paleozoie clastic and
Tertiaty volearie rocks are probably suflicient
to maintain a hydraulic divide between Meadow
Valley Wash and Delainar Valley, even thoueh
the divide mav be much below the level of
Delamar mine i that area.

More generally, on the basis of substantial
rochates potential, 1t may be inferred that the
Butte Mountains and Fean  Schell  Cresk,
Bristol, and Highland ranges. which form the
eastern boundaries of Long, Jakes, White River,
Cave, and Dry Lake valleys, respectively, are
probably alioned with the east side hvdraulic
boundaries of those valleve Bimilavly, the
Maverick Bprings, Bubv, and the White Pine
mountains and Grant and Quing Canyon ranges
arc probably aliened with the west side hye
draulie boundaries of Long, Jakes, White River.
and Garden valleve,

Some sections of these east and west mej(‘ .
groups of mountaing, sueh as the Amﬁfmpe '
Mountains and Horse Range, are relati
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and precipitation and resultant groundwater
recharge alone may be insufficient to maintain g
bydranlic divide in these sections. The effective-
nass of these divides cannot be determined at
this time. However, the prominent structural
trends parallel fo these ranges probably act as
barriers or partial barriers to groundwater
movement across those alignments. Provision-
ally, then, it is assumed that the principal
struetural trends are sufficient to maintain hy-
draulie divides in these mountains.

Very little recharge oecurs in the low Meadow
Valley Mountains. The degres of influence of
these mountains on groundwiler movement in
the earbonate rocks in this area is‘not known
but might very well be almost negligible.
Croundwater in the carbonate rocks pceurs ab
higher altitudes, both in the region of this re-
port and northeastward in the Meadow Valley
aren. However, in the Meadow Valley ares the
estimates of recharge from precipitation and
discharge by evapolranspiration are in relative
agreement [Rush, 1964, pp. 20-247. This agree-
ment sugoests that if the Meadow: Valley area
eoniributes grotndwater that ultimately dis-
charges from the Muddy River Springs, then
the quantity 13 only o small proportion of the
total discharee of the springs.

Tn contrast, the combined estimated recharge
from precipitation fu the aren considered to be
supplying this regional groundwater system is
in reasonable agreement with estimates of dig-
charge from the springs only if the Muddy River
Springs are eluded with those in. Pahranagat
and White River valleys. For the present; then,
information [avors the theory that most-of the
water supplyine Muddy ‘River Springs-is de-
vived from within the boundaries ‘of the re-
gional groundwater system as deseribed in this
report.

CLOBSING STATEMENT

"The rtegional interbasin groundwater systein
here deseribed ressonably explains several other-
wige anomalous oeeurrenceg. of large natural
spring discharge in ‘dry” areas and of very deep
water levels in valleys where at least limited
natural: discharge of groundwater by evapo-
tramepiration ordinarily would be expected. The
identification of this regional system 18 provi-
sional in that it s based largely ‘on indirect
methods and Hmited data, However, the gross

THOMAS U BARIN

nature 0f the regional sysiem i considered fo
be valid ‘

Other regional or multivalley eroundwater
systems potentially may oceur elsewhere in the

Dasin and Range provinee, espeeially within the

principal area of carbonate deposition in Paleo-
soic time, which is the area sometimes referred
{4 as the Paleopoic miogeosynclingl ares in
sagtern and southern Nevads, parts of western
Utah, and possibly in southern Idahe.

West - of the aren of fhis report, intensive
studies are being completed on interbasin move-
ment in Paleozoie earhonate rocks in and ad-
jacent to the Nevada Test Site by the Geologi-
¢al Survey. Further, additional data are being
obtained relating to the location and extent of
regional groundwater systems, in conjunction
with fhe regulay investigations under the eo-
operative program of the Geological Survey in
Nevada.

Acknowledgments. Critieal reviews and con-
ments by my colleagues G. ¥, Worts, Jr, J 1.
Poole, & T, Rantg, and 8. F. Kaputska and olthers
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of this paper.
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with the Nevada Departuient of Conservation and
Natural Besources,
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