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Abstract,

A regional interbasin groundwater
castern Nevada is generally identified on the t

tem including thirtcen valleys in south-
of preliminary appraisals of the distribu-

71

tion and quantities of the cstimated gronndwater recharge and discharge within the region,
the uniformity of discharge of the principul springs, the compatibility of the potential hydraulic
gradient with regional groundwater movement, the relative hydrologic properties of the
major rock groups in the reglon, and, to a limited extent, the chemical character of water
issuing from the principal springs. The principal findings are: (1) Paleozoic carbonate rocks
are the principal means of transmilting groundwater in the interbasin regionnl systein—the
regional transmisgibility provisionally is estimaled o be about 200,000 gal/day/It; (2) esti-
mates of recharge and dizcharge show wide diserepancics in individual valleys, but hydrologie
balanee with recharge and discharge esfimates of about 100,000 acre-[t/yr obtains within the
{hirteen-valley region; and (3) the discharge of the Muddy River Springs, the lowest of the
three principal spring groups, is shown to be highly uwnitorm, whicl is consistent with their
being supplicd from a large regional groundwater svsteny The relation between this regional
system and others in castern and southarm Nevada is now under study by the Geological

Survey. (Key words: Hydrologic svstems; lLydrology (limcstone); springs; groundwaler)

INTRODUCTION

Reconnaissance appraisals of the groundwater
resources of various valleys in Nevada have been
made for several years. One of the assumpiions
on which these studies originully were predicated
was the generully accepted concept that most
hydrologic systems were more or Jess co-exten-
sive with the topographically closed basins in
the Basin and Range province, As studies for
various arcas were completed, it became evident
that groundwater systems in certain valieys of
eastern and southern Nevada extended bhevoud
the limits of the particular valley. Some valleys
have a much larger spring discharge than could
be sustained by Jocal recharge, and other valleys
have deep water levels that preelnde an an-
nual groundwater dizcharge by evapotranspiri-
tion eomparable with probable Incal recharge
If 1hese ohservations are correel, o mnliivalley
regional  groundwaler system i2 required  to
satisly the general hydrologic equation that in-
flow equalz entflow,

This report deseribes the coneral Teatures of

tPublicadion authorized by the Dircetoy, 78
Geologieal Survey.

a regionul groundwater system in a part of the
Basin and Range province in southeastern
Nevada, Although the scope of the report is
limited by the recounaissnnce nature of the in-
vestigalions on which it is based, virtually all
components of the hivdrologic svstem are evsl-
nated

Locutiun and eztent of the region. The re-
gion lisenssed includes the area within the drain-
age divides of zix vallevs drained by the White
River in Pleistocene time and seven adjacent
but topographically separated vallevs. It is in
southeasterns Nevada and lics within Jat 36°40
and 41°10°N and long, 114°30" and 115°45'W.
It includes parts of Clark, Elko, Lincoln, Nye,
and White Pine counties (Figure 1). From its
north end i1 southern Elko Connty, the region
extends =outhward to include the upper Moapa
Valley, o distance of about 240 miles, Its maxi-
mum width is about 70 miles near lat 38°X,
The region ineludes an area of abont 7700 square
miles

Topoyraphic sctting. Figure 2 chows the
loentions af the prineipal vallevs and ranges in
the reaion. Of the thirteen valleys, Long, Jakes,
Cave, Ty Take, and Delamar valleys are

tapograpdieally closed. Garden Valley surfici-
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ally may drain into Coal Valley but together
they form a topographically closed unit. The
remaining six valleys were drained by the
Pleistocene White River, then a tributary to the
Colorado River system. The six valleys are
White River, Pahroe, Pahranagat, Kane Spring,
Coyote Spring, and upper Moapa.

This region of mountains and valleys generally
has a southward gradient (Figure 2). Along the
White River Wash the altitude decreases from
about 5500 feet in the latitude of Lund to about
1800 feet in the vicinity of the Muddy River
Springs in a channel distanee of about 175 miles.
The average gradient along the Wash is about 21
feet per mile. The White River Wash forms an
axial topographic low between Garden and Coal
valleys on the west and Cave, Dry Lake, and
Delamar valleys on the east.

The mountains generally are 2000 to 4000
feet higher than the floors of the adjacent valley
(Fignure 2). The erests of the ranges commonly
exceed 8000 feet above sca level and locally
exceed 10,000 feet in the north part of the arca,
In the south part of the arca the crests of the
ranges excced 8000 fect above sea level only
locally and commonly are less than 7000 feet
in altitude.

THE REGIONAL GROUNDWATER SYSTEM

The regional groundwater svstem includes
both the rocks and the groundwater of the de-
fined arca. It includes the areas of recharge and
discharge, storage and transmission of water,
and geologic units that control the ocenrrence
and movement of water. Semiperched ground-
water in the mountains and in the valley fill of
at least some valleys contributes to the regional
system but is not emphasized herein.

The identification of this regional ground-
water system is based upon (1) the relative hy-
drologic properties of the major rock groups in
the area of consideration; (2) the regional move-
ment of groundwater as inferred from potential
hydraulic gradients; (3) the relative distribution
and quantitics of the estimated recharge and dis-
charge; (4) the relative uniformity and long-
term fluctuation of the discharge of the prineipal
springs: and (5) the chemical quality of the
water discharged from the principal springs
Much af the available data pertinent ta the
analysis is included in Tubles 1,4, 5, and 6 and

on Fianres 4 and 6, Thesc elements are discussed
in the following seetions,

Geolugic setting. The rocks provide the
framework in which groundwater occurs and
moves, Groundwater may oceur in interstitial
openings, in fractures, or in solution openings in
the rocks, The openings may have been formed
at the time the rocks were deposited or at a
subsequent, time by fracturing, weathering, or
solution. The distribution and nature of these
openings may relate generally to other physi-
eal and chemical characteristics of {formations
or granp= of rocks. Thus, the general niture and
distribiiion of the rocks in the region permit
some injerences regarding the occurrence and
movemnt of gronndwater

A number of geologic studies in parts of the
aren of this report have been made. For present
purposes, the reconnaissance geologic map of
Lincoln County [ Tschanz and Pampeyan, 1961],
the reconnaissance genlogie map of Clark County
[Bowyer et al. 105R], the zencral geologic man
aceomp:iving the auidehook to the gealogy of
east-contial Nevada  [Boettcher and  Sloan,
19607 for White Pine and parts of northeastern
Nye counties, and unpnblished information
from ¥ T, Kleinhampl for sezments of the
region in northeastern Nye County have been
most uzcful with reference to the areal geology
of the region. For the White Pine County part
of the region many of the papers in the guide-
hock tn the geolozy of east-central Nevada
[Boettcher and Sloan, 1060] are of much value.

Althonch not known to crop cut within the
area of this report, Precambrian rocks are ex-
pozed in the northern Egan Range east of Long
Vallex, in the Schell Creek Range [Young.
19607, nlong the enst side of Cave Valley and
northward, and in the Mormon Mountains
[Tschanz ond Pampeyan, 10617 east of Covote
Spring Valley and mav ke inferred to underlie
all the region of this report,

A thick section of Paleozoic rocks was de-
posited thronghout and bevond the area. Lo-
eally, the stmtigraphie thickness of the Paleozoic
rocks exeeeds 30,000 feet [Kellog, 1963, p. 685]
Clastie rocks ocenr prineipally in the upper
and Jower parts of the scction. Carbonate
rocks, which comprize more than hall of the
seetiom, are generally found in the central part
of the Tilenzoie seetion.,

Toower Trizssic marine deposits are noted by
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EXPLANATION

L1-
Valley [l
Principally clay, silt. sand. and gravel; locally may include fresh-
water limestone or evaporile;consolidated to uncansolidated.
Deposited under subaerial, stream or lacustrine environments.
Lower Tertiary deposits involved in delormation; upper
Tertiary and Quaternary deposits moderately deformed,
locally, Sand and gravel deposited in stream channels and
alluvial fans transmit water freely;line-grained deposits, where
salurated, transmit water slowly but contain a large velume of
water in slorage

TERTIARY AND QUATERMARY

=

“
Valcanic rocks

Principally volcanic tuff and welded tulf or ignimbrite, but
include other valcanic rock types and locally sedimentary
deposils.Ganerally transmits water slowly, but locally highly
fractured waiged tull may yield water re In mountains
“differentinl tzansmissibiiity, bedding planes, or fracture
sysiems result in sem\perched ground water which supplies
many small springs. Where saturated transmits water slowly
but conlain a large volume of water in storage

TERTIARY

[Em .

Paleozaic rocks
undivided

Ptincipally. imestong and dolomite. Seconoary fracture or _1
solution openings result in trangmission o substantial i
auantities of water, at leas! focally. In gross where snturated, |

i

store o large volume of wat

Principal regional aguifer

PALEQZOIC

Include some shale, sandstone . and quartzite which generally
act as o Barrier to ground-water movement, Locall ly.however,
fractured or weathesed tones transmil SOme water J

Fig. 3.
Countys Tsehanz and P pe yan
munieation, 1963 for parts of Nyve County,
aren

Generalized seolugy of the rewiou
FTIGLT for Lanroln County ;s 10

Adapted from Bowyer et al.

11059
IKlemilennpl (privale voim-
and Bocticher and Sloan 119601 {or remaining

15 25

Scale in Miles

] fue Clark
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EXPLANATION

Area of evapotranspiration of ground water

4600

Playa and approximate altitude, in feel, above sea level

JLund Spring (5595)

Data point, name, and approximate
altitude of water level above sea level

30
°

Data point and serial number, Points described below include
name or well number followed by depth to waler and by altitude
of water level. For il tests, only total depth (T.D. } of well given

1o=Well 21N/53-18d2; 83; 6000
2.—Well 21N/58-33b1 | 63; 6000
3.—Well 20N/58-14a7, 177: 6000

5.—lllipah Croek

6 —0Il test, Hayden Creek Unit ne. 1. T.D, 5117

T.—Wall 14N[81-10c7; 280; 5780

E—Ellisan Cresk

9. —White River
10.—Qil test, County Line Unit ne. 1; T.0. 4850
M. =Emigrant Springs; 5415

12,=Morman Spring: 5300
23.—Butterfield and Flag Sorings: 5278
4. —Well SN/B0-23a1, 2%; 5100

15, —Wail 8N/64-30c7; 231, 5800

16.—Well SN/B4-14a1: 214 (dry); - 5386
17.—Woll 3N/B4-20b1; 317 4820

18 —Well ZN[6-3b1 ; 664, 4350

9. —Well 1NJ&4-28a1 -
. —Well ANJE1-36c1; 90; 49

21.=Well 3INJE2-Bc1; 297; 4835
2Z.—Well 3NE2-3551; 252: 4770
23.—~Well 2N/63-31h1; 800 (dey); - 412%
24, —Well 25/81-23a1; 302 (dry): <3800
25, —=Well 2N/55-28b1; 250 (dry). - 4775
6. —~Well 4N[53-8d1;9; 5340
2T.—Well 3NT58-1561; 235, 5040
28.—Well 3N 1,33
29.~Well 15/52-301; 570; 5020
36.—Well 65/63-12a1; 900 (dry): <3700
3 —Well 45/81-15B1
32, —=Wall 55/60-8c
3. —Wull 35/60-2401 1
. —Well 45/60-2a1; 105; 3870
35.~—Hiko Spring. ulll‘udc 3380
3. ~LCrystal Springs, altitude 3805
37.—Ash Springs, altitude 3610
35.—Upper Pahranagat Lake
3. —Maynard Lake
A0 ~Well 105762-14a1;416; 2175
41.—Loyote Spring, altitude 2575
42.—Well 135/83- 2521 ; 330 1875

Fig, 4

Stokes [1060, Fignres 2] near Currie, Nevida,
and near Wah Wah, Utaly, abont 70 miles north
and 00 milex southeast of Ty, vespeelively.
Nolan ot ol [1956, pp. 63701 deseribed the

—Qll test, Summit Springs Unet ns, 1; T.D. 11453

;
e L

tb-l'.'f.;
B ‘ »‘-lcmls-w‘t (6108

Aﬂ,‘-"\ Presion Sorings (5660)

\) %L_.nﬁ sg\.;nu (ss05)

f\K moerly
K Liberty Pt

Dolamar {gte)

N \c‘;\_‘ ‘\.f

VY
Muddy River Springs / -,,:K

(1800 10 1780) --.__________‘_H

=

Pahranagat Sarings
{

Location pointx of sclected data in the area of this report,

nomnnrine Newnrk Canyon Formation of 1arly
Cretueenns age, which occurs in the vieinity of
Furcka, Nevada, 70 miles wist of Elv. To the
southeast i nerthwest Arvizona and adineent
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areas, substantial sections of Mesozoic rocks oc-
cur. Stokes [1960, p. 121] indicates that south-
eastern Nevada was generally above sea level
for most of Mesozoic time. At least in late
Mesozoic time, parts of the area were being
eroded and had exterior d rainuge.

Nonmarine sedimentary rocks of Tocene age
in and adjacent to the White River Valley have
been described by Winfrey [1960], who named
themn the Sheep Pass Formation. Their ngoregate
thickness is 3220 feet. As tentatively ontlined
[(Winfrey, 1960, Figure 31, the basin in whicl
they were deposited extended from about THN
to T1IN in the southern White River Va lley
and from Cave Valley on the east to beyond the
White Pine Mountains on the west. Contem-
porancous deposits have not been deseribed
clsewhere in the region, althongh the lorse

Spring Formation of Eocene (?) age in the
Muddy Mountains, sonth of Coyote Spring
Vallex, may be cquivalent in e [1Finfrey,

1960, p. 133].

During middle Tertiary time an extensive and
thick scclion of voleane rocks was laid down in
eastern Nevada. Cook [1960, Figure 1] indicates
that an extensive ignimbrite provinee included
much of the arca of this report. To some extent.
nonmarine sediments, such as the lLicustrine
limestone and cobble conglomerate in the Pahroc
Range reported by Tschanz (1960, p. 2047, are
interbedded Tocally with the voleanie rocks, The
thickness of the voleanie rocks varies sub-
stantially frem place 1o place, but Dolgof] [1063,
n. &78] extimates a thickness of over 3000 feot
for the volenie sequence i the Pahranagat
area

Continental deposits overlic the Terfiary vol-
canie rocks in the present valleys. Commonly
these are fine grained lacustrine or playva de-
posits that grade laterally to conrser fractions
toward the source arcas in the mountains, The
Muddy Creek Formation of Pliocene (?) age
[Longwell, 1928, pp. 90-06] is partly exhumed
in Moapa Valley. Longquell [1928, p. 047 sug-
wested that o thiekness of 1700 feet for the
Muddy Creck Formation was not exc gsive in
the eentral part of the hasin, Somewhat similir

fine arnned deposits e exposed along parts of
the White Channel Their masinmm
thickness is uot known. In White River Valley
the Connty Tine ol (e (point 10, Piguree 4)
penettated TS feet of valiew Gl as reported

Rever
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by McJannett and Clark [1960a, p. 245], who
infer that part of this valley ll is of Pliocene
(?) age. Obviously, as the deposits were laid
down in basins or valleys, the thickness should
be variable, ranging {rom a feather edge at the
margins to a substantial thickness in the central
parts of the valleys.

Quaternary deposits include gravel, sand, silt,
and clay laid down in stream-channel, alluvial-
fan, and pluya environments, White River, when
it was a through-flowing stream in late Pleisto-
cene time, probably removed more material than
it deposited in the lower parts of the valleys in
which it flowed. The depth and extent of dissec-
tion arc greatest in the southern or downstream
valleys,

Most of the mining districts have arcas of
exposed intrusive rocks, and Bauer et al. [1960,
p. 223] discuss some of the intrusive rocks in
the Robinson Mining District west of Ely,
Adair and Stringham [1960, Figure 1] show the
location of five intrusive igncous bedies or dike
groups adjacent to the White River Valley, Two
areas arc in the White Pine Mountains, and
three arcas are in the Egan Range.

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

Occurrence of groundwater. Tor the pur-
poses of this report the several stratigraphic
units discussed briefly in the previous scetion
ean be grouped hroadly on the basis of apparent
gross hydranlic properties,
<Lhree grou

e v

brian_and
have fracture
permeability, se rocks probably provide a
"IE\IEF"“ﬁmig to groundwater cireulation, not
otherwise limited, at depth. Where these rocks
are expozed and are continuous with depth,
they also should form a barrier to the lateral
movement of eronndwater.

Fracture and solution openings in (he Pale-
ozoic carbonale rorks locally store and transmit
substuntial quantitios of groundwater. The great
thickness of Paleozaie enrbanate rocks in Ihis
region fends to fvor o rewional hivdranlie eon-
tinuity, even though the Paleozoie rocks have
been subjected 1o sevor:] perinds of substantial
faulting,
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The oceurrence of groundwater in carbonate
rocks is demonstrated by the widespread distri-
bution of many large springs associated w
Palepzoic

n
carhonate rocks throughout eastern
For example, most of the flow of
i Palirana (Figure
1 the bottom of adjucent

i _from
carbonate rocks, which are exposed and also
underlie the adjacent vallev &if. The other
‘principal s rings, suely as Ash and Hiko Eprings
in Pahranagat Vallev, the Inrge springs in upper
Moapa Vallev, and Hot Creek, Mormon, and
Lund springs in White River Valley, e from
Points at or near contacts with earbonate rocks
and valley fill,

Grommdwater ope

s in carbunate rocks at
depth, as in the Deep Ruth, Kelinske, and
Starppinter shafis in the Robinson Mining Di
triet (T.. Green and Dale, oral eommuniesn-
tian, 1064, These she are about 1 mile east
of Tiberty pit, shown on Fimure 4. Ground-
water also ocenrs in carbonate rocks in the
Bristol Mine in the Bristol Range (Paul Gem-
mill, private commnnication, 1964). Fresh water
was reported [Meannett and Clari:, 10005, .
2497 in ‘eavernous zones’ of the Joana Limestone
(Lower Mississippian) at depths of 4058 to
4007 Toct below land surface in the Havden
reck ail test (data point 0, Figiire 4). This
interval is roughly 3000 feet lower than the
flonr of T Valley, which is ahout
northeast of tie tost well,

1 roeks: inelid
giony ure’ 37tend to aet 4 barriere 1o
grodndws movement compared with ear-
bonate rocks. However, fractured elastio rocks
do store and transmit some groundwater at
least Tocally, as in the Piache district,

“The older Tertiarv sedimentary rocks, such
a5 the Sheep Pass Formation of Winfrey [19607,
are generally consolidated and are helieved to
hava dittle primary permeahility, Toeally they
are faulted, which mav provide seeondary frac-
tures through which same water mav bhe trans
mitted to springs, siel) 0% in TN, RS
the Tgin Ranee wherp 1hat formation P
posed. Where sueh rocks anderlio (he valley
floor and are saturated, they may contain a ean-
sideralle volume of groundwater in o storaee,
even thongh the averime nermeshility s emnll

5 miles

the Paleoxnie
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tie rocks generally have
ordinarily are
eiit to which they

The Tertiary voles
el PO
oW _permes

v transmit groundwnter
By the degree to wi

yogpaced fractures
rocks are welded or

vich
ocenr in them. Where th
maore or | ' may be somewhat
aprn_and locall ndwater frecly.
A well north of Lathrap Wells in southern Ne-
E Rnown to he eapable of oducing
several hundred gallons of wator per ute
from the welded tuff (Winograd, private com-
munieation, 1063, Commonly, however, somi-
perehed groundwater in fracture svstems in the
Tértiary voleanie rocks supplies the water for
numerous small springs in the monntains, such
a7 1hose in e eouthern Butie AMountains, in
the Quinn Canvon Range along the west side of
Garden Valley, and in the Delatnar Range along
the perthweet side of Kane Spring Valley,

Wlwie these rorks are beneath the valleys and
are =turated, substantial quantities of zreynd-
wiler may be stored in them. The extent to
b they may transmit araundwater is rather
netion of the cross-sectional area through
h the water may move and the hvdraylie
grinliont than of the unit permeability, which
grnerally is very low.

The partly consolidated or comented fine-
arained valley 8l of Pliocene(?) and Pleistocene

age generally vields water slawli, Ti'ﬁ\‘-’f’\'l‘!.",
Covure Spring in Coyote Spri Valley vields
1 =t sy of water, at ane time nearly

from a combined
wells in
Brownie Spring
about 1 eubie foot

v eithie font per seeand

anid
L]

1wl

apment of A t
nined vallew

per seetind from a
glomerate. Where & ted, the fAne-grin val-
lex fill is eapable of storing Jaree quantities of
water. The unconsolidat nd and gravel de-
posits of the vounger vallew £l and in alluvial
fans are eapahlo of transmitting water freely.
This <and and eravel lepas
valles have

- of anv nnen

af the vounger

commaonis

nrmen

the regian. Tl

e e Whine Tiver,

arge-ranaeity irrie

Pehiranagat, amd

upper
A salless are developied in thiese depao
Grvmidieater  wmaremet The hytira
grndivtils Bitwepn  =nrin ane soleetfod  wells,
el e gty (e el st el
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radient, indicate the general dircction of poten-
ial lateral groundwater movement in the re-
ional system. Actual movement is dependent
pon the hydraulic conductivity of the rocks.
The principal springs, which are the major
points of discharge from the regional system, are
on or adjacent to the White River Wash, and
Ahe altitudes of theiv orifices deercase south-
ward. Thus, in White River Valley, Preston Big
Lpring issues at av altitude of 5630 feet above
&ca level and Hot Creek Springs, abont 40
["!}ilcs south, issues at an altitwde of 3175 feet
ﬁbove sea level (Figure 4). In T
*2v from north to south, Hi ko, Cryst: 1
$prmrrs issue at altitudes_of about 3\)[] 3805,
and 3610 feet, respectivelv. In upper Moapa
\/7{119“\ the closely grouped Muddy River Springs
[ sue bc‘cwcen altitudes of 1800 and 1780 {t.
Compared with the low parts of adjacent
+ opographically closed vallevs of the regional
9: roundwater system, the White River Wush is
sencrally considerably lower at equivalent lati-
%udes (Figure 4). The playa of Cave Valley is
gbout 5975 feet ahove sea level. Due west in
White River Talley the Wash altitude is less than
£200 feet. In Coal Valley the playa is af an
iltitude of about 4930 fect, whereas due east the
Fhite River Wash altitude = about 4800 feet
Ji Dry Luke Valley the playa altitude is slightly
ess than 4600 feet. At the Iatitude of the central
rt of that playa, the White River Wash is
ibout 440 feet. The Delamar Valley plava is
thout 4400 feet above sea level, and upper
>ahranagat Lake due west is about 1000 feet
ower,
In all the above valleys plus Garden Valley,
vhich surficially drains to Coal Vulley, water
Yovels are several hundred fect or more helow

-~ he respeciive plavas Representative known,
ovported, o omlerred Jow water-level alttades
nr Cave, Dry Luke, Delimar, Garden, and
C\ml valles s, tespeetively e SN00, 1300, 3700
NS00 nmd Tess than 1TTS feer (points 15

19, 30, 29, and 25 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 Jati-
tudes. Most of these water levels are considered
to represent semiperched groundwater in valley
fill. As suech, it is inferred that water levels in
the earhonate rocks underlying the several wells
would be at somewhat lower allitudes. Even so,
the potential gradient and movement from the
adjacent valleys apparently iz toward the
trough n((npiml Dy the White River Wash.

For JTakes and Long valleys, lying north of
White River Valley, the valley floors are at
altitudes of 6295 and 6030 feet, respectively, and
are higher than White River Valley. The lowest
known water-level altitude beneath the playa of
Long Valley is about 6000 feet, and in Jakes
Valley the wuter level is unknown but is esti-
mated to be as mueh as 400 fect below the playa
surface. A potential though low  southward
gradient through the carbonate rocks toward
White River Valley apparently exists, as the
altitnde of the water level in a well (point 7, Fig-
ure 3) in northern White River Valley is about
5780 feet and at Preston Springs, about 12 miles
farther soutl, is about 56350 feet,

Outerops of Paleozoic carhonate rocks at or
adjneent to most of the springs are at altitudes
lower than other Paleozoic carbonate rocks at
or noril of the latitnde of the respeetive out-
crops within 1his region. For example, in White
River Valley the ecarhonate-rock outerops ad-
jacens to Lund Spring (Figures 3 and 4) are at
a lower altitude than other enrbonate-rock out-
erops at or norlh of that Intitude in White
River, Jakes, or Long valleys. The carbonate-
rock outcrops {rom which Hot Creck Springs is-

sne are also at lower altitudes than any others at
or north of that Tatbde i White Tiver, Jakes,
Long, and Cave valleys,

sinlarly, the Paleazoe chbonate roeks
From whieh Crvstal Sprines ivsnes in Palivinaet

—ee
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‘nalie\‘ are at a lf‘“cr altitude th'm other out-
»Tms same relatlon 1pp]m to the P11eozmc car-
bonate rocks exposed adjacent to the Muddy
River Springs. This repetitive association of
large springs with areas of topom’lphlcw]l) low
outerops of Paleozoie earbonate locl\s demon-
strales their close association and supports the
infe ¢ Tegional movement of Frouiid-
witer, T T
~—The regional potential groundwater surface
is not everywhere defined by a smooth surface.
On the contrary, limited data suggest that the
water surfaces have local hydraulic discontinui-
ties resulting from barrier effects or from other
causes.

The profile in Figure 5 shows the land-surfnce
and water-level altitudes along the approximate
longitudinal axis of the region. 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 scales the same,
to illustrate the small proportion of relief in the
region as a whole. The lower profile shows the
land surface and water levels at a vertical ex-
aggeration 10 times the horizontal seale for the
purpose of more readily showing the local diver-

gence of water level from land surface. As can

be seen from the lower profile, the “atcr Tevel
gradient is near and parallel te the lnnd—~urface
Fadiont in the White River, Pahranagnt, and
upper-Moapa valleys, the arcas of principal
spring discharge. Elsewhere, the gradient loeally
may be steeper than the land surface, as is in-
dicated in the north end of Pahroc and Coyvote
Springs vnlleys, and in other scetions the
gradient is less than that of the land surface, as
in the central and southern parts of Pahroc and
Coyote Spring valleys.

At the north end of Pahroc Valley and the
south end of White River Valley the depth to
water in the valley fill along White River Wash
in 4 wells (points 20, 21, 22, and 23, Figure 4)
increases progressively from about 90, to 217, to
252, and to more than 800 feet below Jand sur-

face. The land-surface gradient in this scgment
of the wash iz about T feet peromiles and the
distanees hetween the wells e 3, 45, and 6

miles, respectively., Thus, the indieated water-
level gradient hetween the upstreant pair of
wells (paints 20 amd 21 s

ahont 56 feot per
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mile, between the middle pair of wells (points
21 and 22) is nearly 22 feet per mile, and be-
tween the downstream pair of wells (points 22
and 23) is over 100 feet per mile. Several miles
northwrst of the upstream well (point 20) the
water-level gradient is parallel to and within
about 10 feet of land surface. The stecpening of
the watcr-level gradient in the valley fill in this
section of the White River Wash is inferred to
reflect a relatively abrupt change of head in the
grcundwater in the underlying earbonate rocks.
This chunge or dlfference in head may be as-
sociated with faultmrr n the carbonate rocks,
whiich Tesults in a barrier effect to the movment
of groundwater across the fault, or with an
mcrewe in the e atne capaclty to transmit

e \:\llev 1 soutlm ard
from M l\mrd Lake (point 39, Figure 4). The
reported depth to water in the well (point 40)
in northern Coyote Spring Valley was 416 feet,
orat an altitude of 2175 feet. The well is about

-8 miles south of Mavnard Lake. The indicated

water-level gradient between Maynard Lake
and the well is about 117 feet per mile. This
gradient too is considered to reflect a relatively
steep apparent water-level gradient of the
aroundwiter in the underlying Paleozoic car-
bounate 1ocks in the vieinity of Maynard Lake
gip. The most likely cause here is a barrier effect
resulting from faulting in the \1c1mty of the
Mavnard Lake gap. Tschanz and Pampeyan
[10617 sliow a prominent fault complex eross-
ing White River Wush just semth of Maynard
Lake, which could provide the necessary local
barrier offect to southward groundwater move-
ment.

In ceniral Pahroc Valley, the well {point 23)
was dry at a depth of 800 feet, or at about an
altitude of 4125 feet, as noted above; the alti-
tude of Hiko Spring, 31 miles southwest along
the Wush, is about 3890 feet. The indicated
gradient is less than 8 fect per mile. However,
the water-level altitude in the carbonate rocks
is probably somewhat lower thau in the over-
Tving valley Al in the vieinity of the well. Thus,
the infrrred gradient in the car-
bonate rocks between these two points may be
than the above indicated gradient of
S foet per mile

witter-level

oven Jess
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In Coyote Spring Valley, the indicated hy-
Iraulic gradient between the two wells (points
0 and 42) is about 135 feet per mile. This
ower gradient is in contrast with the steep
aadient near the north ond of the valley, as
vas also the case in Pahroe Valley. Between
he southern well (point 42) and Muddy River
springs the difference in altitude of water level
s about 75 feet in a distance of about 10 miles,
Che apparent gradient is about 7.5 feet per
aile, Again the inference is that the water-level
radient in the underlying carbonate rocks is
irobably somewhat less than that in the valley
Il for most of the length of the valley. The
bove information suggests that a general
rudient in the carbonate rocks in this region
1y be less than 8 feet per mile. Thus, the rela-
ive altitudes of the principnl sprines, wells in
ey locations, and regional topogragihy support
he inference of regional groundwater gradient
> the south.

Recharge of groundwater Tuble 1 sum-
lrizes the estimates of recharge to and of dis-
harge from the groundwaler svstem. These
stimates were derived mainly in the reports
oferred to in the table

Precipitation pravides the prineipal souree of
ater for rechurge (o the vegional groundwader
estem. The direct measurement of recharge js
ot feasible, nor perhaps even possible, over an
rea of any great size. However, the geeral rola-
onships that polentinl recharge increases with
iereased precipitation and that precipitation
rnerally inereases with altitude have been used
» make estimates of lung-term average annual
:charge. The average annual recharge to
-oundwater from precipitation in a valley has
cen eslimated empirically for the rcconnais-
inee investigations by a technique that seem-
igly produces reasonable estimates for most
rens of Nevada. Brieflv, precipitation zones
wlicated by Hardman and Wason 11949, p. 10]
re taken to be approximately represented by

=

titude zowes on the 1:250,000-zcale topo-
aphie maps, The suecessively higher zones have
igher average annnal precipitation avd ae-
wdingly are eonsidered to have a higher per-
mtage of the precipitation  recharginge the
anndwater reseryoir The valies gener Iy s
imed are shown in LTable 2

Obvionsly, reeliarge is oot aniforly die-
thited either over the area or i fime How-

ever, average precipitation is greatest in the
mountainous areas at altitudes of 7000 feet and
higher, Much of the precipitation in the moun-
tains oceurs as snow, which accumulates during
the winter and melts in the spring, This process
is favorable for accomplishing recharge. In gen-
eral, then, mast of the recharge from precipita-
tion is probably centered in and adjacent to the
several principal mountain ranges.

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

Winter precipitation usually results from
general storms  that originate in the north
Paeifie. Summer precipitation oceurs as high-
intensity showers resulting mainly from south-
cast storms and loecal convectional storms. This
relationship results in a pattern in which most
of the precipitation oecurs during the winter
half of the year but with a secondary summer
maximum in July and August. The summer
maximum tends to be more pronounced in the
southern part of the region.

The distribution of water runofl from the
mountains also permils some inferences of the
distribution and manner of recharge to the
groundwater system. For mountain areas of
otherwise similar characteristies, proportionally
large runoff suggests little recharge by deep in-
filtration in bedrock in the mountains, and small
runoff suggests proportionally large recharge by
deep infiltration in the hedrock. Also, substantial
runoff from the mountains sugzests that re-
charge by infiltration from strcamflow on the
valley fill may be signifieant,

Records are not available to demonstrate the
magnitude and distribution of streamflow
throughout this region, but a general descrip-
tion of the streamflow conditions provides illus-
trative support.

The present-day White River is a hoadwater
remnant of the aneestval White River (Figures
1 and 4). The White River formerly was a
throughflowing stream that surficially drained
the White River, Pahroe, Pahranagat, Coyote

Spring, Wane Spring, s upper Mospe valloys
to the Colurudo River. It wus a prominent
stream ag Iate s e Pleistorene thne. Probubiy,

toa, i extremely rave and most fivorhle con-
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TABLLE 2.

THOMAS E. EAKIN

Assumed Values for Precipitation and Per Ceut Recharge for Several
Allitude Zones in Aren of This Report

Precipitation Altitude
Zone, Zone,
in, ft
Less than § below 6000
S to 12 6000 to 7000
12 to 15 7000 to 8000
15 to 20 00U to 9000

AMore than 20

more than 9000

litions, through streamflow may have occurred
«ince Pleistocene time. The position of the an-
restral White River is marked by a wash or
srench along the topographical axis of the
White River, DPaliroe, Pahranagat, Covote
3pring, and upper Moapa valleys. The wash is
neised from a few to several hundred feet below
he adjacent valley surfaces. Percunial flow
wesently oceurs only from the White Pine
\lountains and downstream from the prineipal
springs in the White River, Pahranagat, and
Voapa valleyvs. The prineipal present-doy flow
weeurs 1 the downstremn part of the ancestral
dver. Here Muddy River tlows [rom Muddy
River Springs near the head of Moapa Valley
hrough Moapa Valley to Lake Mead (Figure
1). Otherwige, flow occurs along limited sections
»f the wash only after high-intensity storms or
very favorable snowmelt conditions.

The present-day White River and its princi-
»al tributary, Ellison Creck, drain a part of the
wst side of the White Pine Mountains, The
White River flows rom these mountains at a
oint  about 5 miles northwest of Preston
3prings, During periods of high flow or when
vapotranspiration is at a minimun, the stream-
low may extend to the zouth end of White River
Valley, a distanee ol about 50 miles, in part

TABLE 3.
Period of Alti-
Station Record tude Jan. Tcb., Mar. Apr.
Sdnvon 1000 -1a02 s e ot
\lamo 192 0 0o 70 Uoos
Simberly  1031-1458 150 155 Va2
Werton e ey (LR B S R

Average Monthly and Annual Precipitation for Adaven,
und Overton, Nevudy, for Peind of Record

Assumed Assumed Average
Average Annual Recharge
Annual to Groundwuter,
Precipitation, o7 of avernge
¢ precipitation
variable negligible
0.83 3
1.12 7
1.46 15
1.75 23

sustained by flew from the several springs along
the floor of the valley. However, during much of
the year ztreamflow from {he mountains is small
and s dis=ipated by diversion for irrigation
and evapotranspiration before it reaches the
Nye County line. At times of minimum stream-
flow the channel may be dry only a short dis-
tance downstream from where the stream Jeaves
the mountains. The streamllow reportedly
[Maxey end Fakin, 1940, p. 15] has been as
much as 73 ¢fs (cubic feet per sceond) during
the spring freshet, although commonly the
stremmflow 13 about 2 ¢fs during the swmmer
season in the vieinity of Preston, Mavey end
Eqkin [1040, Table 17 list o number of meas-
urements on the White River, made during the
period 1908-1943,

Most of the streams having sufficient flow to
be utilized for irrigation head in the ranges
bordering the west side of Jakes, White River,
and Garden valleys. The streamflow iz derived
largely {rom the seasonal snow aceumulation.
Peak flow ccenrs with the spring runoff, and
Jow fow iz partly supplicd from =mall mountain
springs.

Throughout the arvea streamfow may occur
for short periods alter high-intensity storms,
most af which prohably oecur during the sum-

\amn, Kimberly,

May June July  Augz. Sept. Oct. Nov, Dec, \nnual
(LI S T Y S (1 S STV R T BT I 2 Y 1n

047 016 067 W72 0LH B U gl

132 066 0un 083 1068 08 1R a

01 B od 020 mds w2 wir wll
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mer months, On the whole all streamllow is
dissipated within the area by evaporation,
transpiration, and recharge, except for minor
amounts generated by high-intensity storms
either in Coyote Spring or Kane Spring valleys,
which occasionally results in runoff through Ar-
row Canyon into the Muddy River in upper
Moapa Valley.

The nature of the bedrock in the mountains
apparently affects the runoff in the area. Lo-
cally, the Palcozoic earbonate rocks, which trans-
mit water readily, scemingly receive recharge

from precipitation that otherwise would be-
| come runoff in the mountain canyons. Thus,

Illipah Creek (point 3, Figurc 4) scems to be
smaller than one might expect from the altitude
and area of its drainage basin. Perhaps a more
surprising example is the near lack of perennial
runoff into the valley for the well-watered Egan
Range.

The distribution of present-day perennial and
seasonal runoff is closely associated with the dis-
tribution of the higher mountain ranges and
generally supports the concept that the greater
avernge precipitation is assoclated with the
higher mountain ranges.

Avernge annual runoll from the mountains
of the region is estimated to be about 80,000
gere-feet, as computed by the altitude-runoff
method described by Riggs and Moore [1965].
Of this amount, about 70% is estimated to be
generated in the northern half of the region.
Thus, the distribution of runoff indicates that
the northern part of the area is relatively well
watered. This indication in turn suggests that the
potential for recharge from streamflow also is
relatively favorable in the northern part of the
region.

Discharge of groundwater. The principal na-
tural discharge of groundwater is from the three

' groups of springs in the White River, Pahrana-

gal, and upper Moapa valleys. The discharge

- of the springs in the White River and Puhruna-

ert—valleys -subsequently is lost from those
vitleys, laraely by evapotraugpiralion, ineluding
the water utilized for irrigation, In upper Moupa
Valley most of the spring discharge leaves the
valley as streamflow in the Muddy River. The
combined _average  discharge  of these three
gronps ol springs s estimaded 1o be abont
08,000 acre-feet a vear (Table 1). Additionally,
discharee of croundwater by evapoiranspiration

in the other valleys, which is not associated with
the principal springs, is estimated to be nearly
5000 acre-feet a year and largely occurs in
Long, Garden, and Cave valleys.

relitively n_fl

variat tindoubiedly oceurs, 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 at reg-
ular weekly intervals sufficiently o demonstrate
a relatively constant flow characteristie. Preston

Mg Spring | 7

wn of flov

7

) hias_beon

l,and 1951, and {
Armoldson S
s) sand Nicholis

‘ovember during
1 May to Sep-
ngs (discharge
3 gz (discharge
about 3.0 efs) have been mensured at about
weekly intervals from Septemnber 1948 to Sep-
{fember 1952, These records indicate that the
minimum discharge is only about 109 less than
the maximum.

Arnoldson, Nicholas, and Cold springs alzo
were measured at about weckly intervals {from
Mareh to August 1936. These measurements
also indieated pearly constant flow. During this
period the flows of Arnoldson (38 efs) and
Nicholas (2.7 cfs) springs were somewhat if-
ferent than the flows during the later period of
meazurement, apparently the result of ehanging
the autlet level of one of the springs. However,
the comhined flow of the two springs for both
periods was almost identical. These data sug-
gest 2 highly uniform flow of the springs. The
hest tecord to indicate the Jong-term spring-
flow characteristies, however, iz the gaging rece-
ord of 1he Mudd¥ River near Moapa. The gug-
ing gtution is within 2 miles of the Muddy River
springs, which supply most of the flow of the
Muddy River, With appropriate adjustments,
that record ean he used to represent the dis-
charge of the springs

The streamflow of the Muddy River, near
Moapa, has been recorded for the periods July
13 tn September 1915, May 1916 to Septem-
Ler 191N, June 1928 to October 1031, April (o
July 1032, and from October 1044 to the pre-
sont, The” stremmflow record at thi= station
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epresents the aetual di

wrge of the springs),

gtreamflow at th

v from
n)telmt) rains within the immediate dr'umr'c
area; and (2} streamflow at the station is lower
than spring discharge when water is diverted
ahove the gaging station for irrigation, and

perivds of loeal

when evapotranspiration between the station [ to discharge.

.aud the springs depletes t
Station site.

A partial adjustinent for the effect of over-
land runoff, during the period 1944-1962, was
made by Feakin [19064, 1. 23]. This adjustment
resulted in a residual flow that, in effect,
enlirely derived [rom spring discharge. The
meaty, median, and adjnsted mean monthly mnd
annual discharges for 25 complete water years of
record through 1962 are given in Table 4

Recently FEakin and oore [1064] further
analyzed the reeord of dischurge of the Muddy
River to evaluate the characteristics of the flow
of the springs supplying the river. Corrections
for evapotranspiration losses between the springs
and gaging station virtually eliminated the sea-
sonal wvariation shown by the month-to-month
variations of mean streamflow at the gaging
station. Junuary characteristicnlly is the month
having the minimum average temperature and
rate of evapotranspiration. Accordingly, the
mean annual discharge of the springs supplying
Muddy River is thus clozely represented by
the mean January discharge (49.8 ecfs) re-
corded at the gaging station

The analysis indicated a high degree of uni-
formity of spring discharge. The minimum
annual mean discharge was about 909 of the
maximum year. However, the small range in
annual mean discharge apparently is significant
in that the variations appear to he orderly and

the flow at the zaging

was

“charge 1s estimated to
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to oceur, with cousiderable time lag, in response

kY o A . .
tation | to varintions in precipitation and consequent

recharge. Both the high degrec of uniformit
of discharge and the small variations in annual
mean discharge are compatible with the ex-
pected character of discharge from a regional
groundwater system.

Relation of estimated groundwater recharge
The estimates of recharge to and
discharge from the regional system shown in
Table I agree closely for the region as a whole:
the estimated recharge is 104,000 acre-feet a
vear, and Tl estimated dlqchfir"e is 103 00(]
acre-feet, o vear. The estimates are comldcred
reasonable and represent the magnitude of
water naturally entering and leaving the re-
gional system. The elose ngreement in the nu-
merical values is considered to be coincidental
rather than to indicate a high order of accuracy
in the estimating techniques.

Although the regional cstimates agree closely,
there is wide divergence in the estimates for
particular valleys. For example, in the White
River and upper Moapa valleys the estimates of
spring discharge are 37,000 and 36,000 acre-fee*
respectively. The estimate of recharge (3S,(
ncre-feet) from precipitation within the su
ficial drainnge arca of White River Valley ap-
proximates the estimate for spring disehuarge,
but the estimated recharge from preeipitation
in the local drainage area of upper Moapa
Valley is negligible,

Figure 6 shows the distribution of the esti-
mated recharge to and discharge from the re-
aional groundwater system and a gencralized
representation of the regional flow
From the figure it is scen that about
the recharge extunated to
northern valleve, and about

1= Qeer
6265 of the

be from the springs in

TABLE 4. Monthly Discharge of Muddy River, near Moapa, [or 25-vear Period
Ending September 30, 1962
Oct. Nov. Iec. Jan. Teb. Mar. Apr. dMay June July Aug. Sept. Year
A6 1 487 495 408 497 4831 458 450 432 43 4 4.2 16.5
25-yenr median 46.5 420 49035 403 402 476 465 454 3.4 459 433 b4 467
Mean adjusted for
effeet o locad
surface-water
runofl 460 482 405 498 404 480 468 449 432 430 A35 4 4 46
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Estimated average annual recharge to and
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the Pahranagat and upper Moapa vallevs in
the southern part of the region,

Thus, the general balance between the over-
all estimates of recharze and discha rge suggests
4 regional system within the 13-valley area,
Further, the gross di ution of recharge and
discharge infers a generally southward move-
ment compatible with the regional movement
indicated by the potential hydraulic gradient
discussed in the previous section.

Regional transmissibility of the Paleozoic car-
bonate rocks. Transmissibility, one of the
hyvdraulic properties of an aquifer, is usually
determined by pumping tests under controlled
conditions, Values so obtained are then used to
compute the quantity of groundwater flow
through a specified segment of aquifer. Wells
are not available in this region to obtain trans-
missibility data of the carbonate rocks.

However, the generalized flow pattern and
natural recharge-discharge relations shown on
Figure 6, together with the hydraulic gradients
discussed 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 Paleozoic carbonate rocks, The
formula used is

T = Q/0.00112 IW (1
where T is the transmissibility in gal/day/ft;
@ is the underflow in acre-foct per year; [isthe
hydraulic gradient in feet per mile; W is the
effective width of the aquifer in miles, through
which southward flow oceurs; and the constant
0.00112 iz a factor to convert gallons per day to
acre-feet par year,

Three general sections were sclected to esti-
mate transmissibility: (1) a section near the
north end of White River Valley through which
most of the underflow ocours from Long and
Jakes valleys; (2) a seetion near the south end
of White River Valley through which most of
the underflow ocours from White River and
Cave wvalleys; and (3) a tion in céntral
Coyote Spring Valley through which most of
the underflow occurs from Pahranagat and
Delamar valleys, Gradients used are the indi-
cated regional minimums, as discussed in the
section on groundwater movement, Locally,
actunl gradients may he only a foob or (wo
per mile or as much as several hondred feet
pevomile where controllind Lo Tony i

River and Pabv
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The estimated transmissibilities for the thn
sections were comnuted by using equation |
and the values are listed in Table 5. Thes
values suggest that a first approximation of th
regional transmissibility of the Paleozoic car
bonate rocks is on the order of 200,000 gal/day/
ft. The value is not large considering the sul-
stantial thickness of the Paleozoic carbonate)
rocks. However, as the actual transmission of
groundwater in the carbonate rocks is localized
largely in fracture or solution zones, local trans-
missibility values undoubtedly are much higher,
perhaps 10 times or more, than the indicated
average regional value. On the other hand, large
areas of carbonate rocks that have little or il
fracturing and solution openings transmit very
small amounts of water,

Chemical quality of water in the regional
system. The chemical character of ground-
water in part reflects an interaction between
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 thesc Springs represent most of the
diseharge for the regional system, chemieal con-
stituents are a composite of the variations and
coneentrations thit ordinarily may he found in
the sysiem. Locally, higher or lower coneentra-
tions of individual constituents and total dis-
solved constituents undoubtedly oceur.

The water from the springs in the White
tically
i a caleium-magnesium bicarhonate type, and
the dissolved-solids econcentration ranges from
246 to 343 ppm (parts per million). Water from
the Muddy River Springs in upper Moapa
Valley has ahout twice the dissolved-solids con-
centration (614 and 620 ppm) and is of a
mixed type.

In a complex hydrologic system with many

TABLE 5. Three Estimates of Transmissibility
in the Regional Groundwater System

Underflow Estimated
(Q) from  Effective

Estimated
Computed Transmis-

Sec- Figure 2, Width (W), Gradient, sibility,
tion acre-It/yr mi ft/mi gpd/it
(a) 25,000 15 6.4 230,000
(b) 40,000 25 R 180,000
(o) 0000 15 Q 200,000

System (in ppm)

Chemical Analysea for Selected Springs in the Regionnl Groundwater

TABLE 6,

(Analyses by U. S. Ceological Survey)
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interrelated subsystems, the causes of many of
the chemical variations of the groundwater
naturally would be obscure. However, the anal-
yses of water from springs in the White River
'@Ie&,_show a reasonable uniformity of com-
_position for water that probably has been de-
rived from nearby areas and has moved largely
through carbonate rocks, but which includes
some water that has moved partly in voleanic
and sedimentary rocks. If the hypothesis of the
regional system is approximately correct, most
of the water supplying the springs in Pahrana-
gat Valley should be derived from a consider-
able distance beyond the immediate surface
drainage area; that is, several tens of miles at
least. The comcentration 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
springs shown in Table 6 are indeed low, rang-
ing from 286 to 313 ppm of dissolved solids.

The dissolved-solids concentration of the
water from two of the springs in upper Moapa
Valley is about 2 times that of the other two
groups of springs. Much of the increase is due
to an increase in sodium, sulfate, and chloride
ions. Calcium is moderately higher, but mag-
nesium is nearly constant in the water from all
the springs. This general increase in concentra-
tion is more or less to be expected for water
issuing from a position in the regional system
relatively removed from most areas of dis-
charge. The moderate degree of concentration
suggests that circulation in the regional system
is comparatively active.

Boundaries of the regional groundwater sys-
tem. In the preceding discussion the general
boundary of the White River regional system
has been represented as being approximately
coincident with the outer topographic divides of
the appropriate valleys. In basin and range
hydrology, mountains usually are assumed to be
hydraulic barriers. Ordinarily few data are
available to demonstrate this assumption as a
fact, but one or more of several factors pro-
vide tho hasis for this generally correct assump-
tion, These factors include the following:

1. The consolidnted bedrack forming the
mottaing i vir(nally impermeable, Sccondary

openings due to surficial fracturing or weather-
ik whieh pvnste vt B adopithe of e
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than a few hundred feet, may transmit groundf® Wwater level is within a few feet of land
watér, but the lateral movement of water closelfitface, which is .at an altitude of about 6375
conforms to the general slope of the land suff®t- This mountain- area is geologically and
face. tructurally complex, and water levels have

2. The major structural trend commonly $€P affected sqmewhat by mining operations.
about parallel to the principal topographic axfoWever, the genera]ized information indicates
of the range. Ordinarily, faults and structurdedt 2 hydraulic divide is several hundred feet
alignments tend to act as barriers to groundgsber than the water level in either White
water movement across or at right angles tfiVeT or Steptoe valleys and is within perhaps
them. mile of the topographic divide.

3. The mountains characteristically receiv Limited water-level information also indi-
much greater average precipitation than do thted the position of the hydraulic divide at the
adjacent valleys; greater precipitation providg =' end of the antc_)l Range._The wate.ar-level
a greater potential for recharge. If greater ntitude at a.‘well (point 17, Figure 4) in Dry
charge occurs per unit area, other things bein ake Valley is about ‘_1820 feet; about 8 m.ﬂes
equal, a hydraulic high (or divide) will b§= the water-level altitude in the Bristol Mine,
maintained between the areas of lesser or pgs Teported (oral communication, 1964) by Paul
recharge, emmill (formerly of Combined Metals Re-

4. Surface water divides are coincident witfiuction Company), is about 5675 feet. Still
the topographic divides, which suggests that th§® rther east in _the next valley, about 4 mﬂgs
groundwater divide is also aligned with thgortheast of Bristol Mine, the water-level alti-
topographic divide. bude in a well is about 5610 [Rusk, 1964, Table
5]. Groundwater in the Bristol Mine oceurs in
Paleozoie carbonate rocks, and, according to

The position of the hydraulic boundary of th{
3 . y mill, the level apparently fluctuates to some

regional groundwater system is indicated s ) o
only a few locations. For example, in the Egaff ent Wlth varlatm_ns n recharg.e ! cI‘he Exouns:
Range, the water-level altitude in the wel*ter enconnieredyin tl39 relEpsein vall.ey i
(point 7, Figure 4) 12 miles north of Presto] od may be under a higher head than in the
Springs in White River Valley is about 578 nderlying car‘bonate_ Tocks, I\J.'everthe.less,. th_e
feet. Northeastward about 11 miles, the watet ater-level altl.tUd? ik the Bristol Mine md.l-
level altitude in the Alpha Shaft is reported jites a'hydraulxr_: il seliheliopogTephic
be 6108 feet [Mazey and Eakin, 1949, p. 41ff 0 In the Bristol Range.

Fastward about half a mile, the water-levd} The .Pahra.nagat and Sheep ranges form the
altitude in the Liberty Pit is maintained hif— side of P'ahranagat and Coyote S.p Ting
pumping at an altitude of about 6475 feclh? Ie‘}'s, respectlvely.. Recharge fro_m.preclprca-
Drill holes on the east side of Liberty Pit a2 % t}}e§e.mquntams, alt.h oug.h_hm.lted, prob:
reported to have water-level altitudes ranging bly T e videpalore tl.m
from about 6360 to 6960 feet. Groundwater ifpountain a%]gnment. Data on i ielleveloai
carbonate rocks was encountered in the nearhjjet aleozoic carbonate rocks in these moun-

Deep Ruth and Kelinske shafts. About 2 mi s are not available. However, the altitude of
east the water-level altitude in the Kimberifgre Water levellin a well (point 32, Figure 4) in
Pit is somewhat below 6600 feet, and adjacenf" va!ley fill is about 4025 fe(.at, OTiabeIR2Z0
altitudes in drill holes range from about G618 higher than .Crystal Springs, about 3]7./2
to 6822 feet. The above-water-level informatiol o> to the east in Pa.hra.uagx_at Valley. This
for the Robinson mining district area was _rtude‘ suggests that‘ the gradient of ground-
ported by L. Green and M. Dale of the Kenngli*ter in the underlying carbonate rocks may
cott Copper Company (private communicatioff=® be genera.]ly from the Pahranagat Range
1064). About 3% miles southenst of the Kim@@ward the White River Wash to the cast. Some-
berly Pit, Murry Springs, which provide thff"tt §1m11arly, the se.rmper_ched groundwa'ter
municipal watcr supply for the City of Eljepplying Coyote Springs in Coyote Spring
issue at an altitude of about 6600 feet. Finallgfieley i considered to be derived from recharge
sl iiiee cast by Sl v of At Vil lny@? the Rheep Range tn the west and moves
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through the older valley fill toward the White
River Wash. As the recharge area is necessarily
at a higher altitude than the spring area, it may
be assumed to be at an altitude high enough to
provide a hydraulic barrier in thé carbonate
rocks in the Sheep Range.

The Delamar Range and Meadow Valley
Mountains form the east sides of Delamar and
Kane Springs valleys. Some groundwater is
perched in the Tertiary volcanic rocks and
supplies several small springs in the Kane
Spring Valley side of the Delamar Range. Near
the townsite of Delamar (Figure 4), some water
initially was developed at several small seepages
from limestone and granite [Carpenter, 1915,
p. 67] and was insufficient for the requirements.
That these springs were derived from perched
groundwater is suggested strongly by the fact
that, according to Carpenter, the mine at Dela-
mar was totally dry to a depth of 1400 feet.
The altitude of the bottom of the mine is not
known but apparently was of the order of 5300
feet. West of Delamar, in the lower part of
Delamar Valley, the apparent water-level alti-
tude may be below 3700 feet, based on reports
that a well (point 30, Figure 4) was dry at a
depth of 900 feet. East of Delamar, water levels
in the floor of Meadow Valley Wash are at an
altitude of about 3800 feet. The meager re-
charge in the Delamar Range and the presence
of relatively impermeable Paleozoic clastic and
Tertiary voleanie rocks are probably sufficient
to maintain a hydraulic divide between Meadow
Valley Wash and Delamar Valley, even though
the divide may be much below the level of
Delamar mine in that area.

More generally, on the basis of substantial
recharge potential, it may be inferred that the
Butte Mountains and Egan, Schell Creek,
Bristol, and Highland ranges, which form the
eastern boundaries of Long, Jakes, White River,
Cave, and Dry Lake valleys, respectively, are
probably aligned with the east side hydraulic
boundaries of those wvalleys. Similarly, the
Maverick Springs, Ruby, and the White Pine
mountains and Grant and Quinn Canyon ranges
are probably aligned with the west side hy-
draulic houndnries of Long, Jakes, White River,
and Garden valleys.

Some sections of these cast- and west-side
groups of mountains, such as the Antelope
Mowmdning and TToten Wange, are relntivoly low,



