
Water Re£ources of 
the Zuni Tribal Lands, 
Mc!~~.1ley and Cibola 
Counties, New Mexico 

United States 
Geological 
Survey 

· Water-Supply 
Paper 2227 

Prepared in 
cooperation with 
the Pueblo of Zuni 



COVER: The symbolic figure of the Zuni "Rainbow Man" is shown over Dowa Yallane Mesa, 

a prominent topographic feature near the Pueblo of Zuni. 



Water Resources of 
the Zuni Tribal Lands, 
McKinley and Cibola 
Counties, New Mexico 

By BRENNON R. ORR 

Prepared m cooperation w1th 
the Pueblo of Zu m 

U.S. GEOLOGICAL SURVEY WATER-SUPPLY PAPER 2227 



DEPARTMENT OF THE INTERIOR 

DONALD PAUL HODEL, Secretary 

U.S. GEOLOGICAL SURVEY 

Dallas L. Peck, Director 

UNITED STATES GOVERNMENT PRINTING OFFICE 1987 

For sale by the Books and Open-File Reports Sect1on, U S Geolog1cal Survey, 
Federal Center, Box 25425, Denver, CO 80225 

L1brary of Congress Catalogmg in Publication Data 
Orr, Brennon R 
Water resources of the Zum tnbal lands, McKmley and 

C.bola Count1es, New Mex1co 
(Water supply of lnd1an reservations) (Geolog1cal survey 

water-supply paper, 2227) 
"Prepared m cooperation w1th the Pueblo of Zum " 
B1bhography p 45 
Supt of Docs no I 19 13 2227 
1 Water resources development-New Mex1co-McKmley 

County 2 Water resources development-New Mex1-
co-C1bola County 3 Water, Underground-New 
Mex1co-McKmley County 4 Water, Under
ground-New Mex1co-C.bola County I Zum, (N M) 
II T1tle Ill Senes IV. Senes. U.S Geolog1cal Survey 
water-supply paper , 2227 

TC424 N6077 1985 553 7'9'0978983 84-600264 



Contents 

Abstract 1 
Introduction 1 

Purpose 1 
Location and geography 1 
System for numbenng wells and spnngs 2 

Regional geological history 3 
Hydrogeology of ground-water systems 3 

Geologic controls of hydrologic charactenstics 3 
Precambnan units 4 
Permian units 4 
Tnassic units 4 
Jurassic units 5 
Cretaceous units 5 
Tertiary units 6 
Quaternary units 6 

Structural controls of hydrologic charactenstics 7 
Regional structural features 7 
Fracture systems 8 

Aquifer properties 8 
Gloneta-San Andres aquifer 9 
Sandstone beds within the Chinle Formation 14 
Zuni-Dakota aqutfer 22 
Water-bearing sandstones of the Gallup Sandstone and Crevasse 

Canyon Formation 24 
Bidahochi aquifer 27 
Alluvial aquifers 30 

Hydrology of surface-water systems 37 
The Zuni Rtver and tnbutanes 37 
A vadabihty and quahty of surface water 37 

Summary 42 
References 45 
Supplementalinformation 47 

Glossary of selected terms 48 
US Environmental Protection Agency (1976) Intenm dnnking-water 

standards 50 

PLATES 

1. Geologic map of Zuni tnballands, McKinley and Cibola Counties, New 
Mexico In pocket 

2. Geologic sections through Zuni tnballands, McKinley and Cibola Counties, 
New Mexico In pocket 

FIGURES 

1. Map showing location of study area 2 
2. Map showing major structural features In the study area and VICinity 7 
3. Map showing potent10metnc surface and outcrop area of the Gloneta-San 

Andres aquifer In the study area and VICinity 10 
4 Map showtng location and graph showing combined discharge of spnngs 

near 0Jo Cahente 11 

Contents Ill 



5 Graphs showing results of aquifer tests conducted In wells completed In 
the Gloneta-San Andres aquifer 13 

6 Tnhnear plots of well and spnng water-quahty analyses denved from the 
Gloneta-San Andres aquifer 15 

7 Map showing potentiometnc surface (September 1979) and outcrop area 
of the Chinle Formation 17 

8 Map showing location of and section showing hthology penetrated by Zuni 
wells Z-6, H-1, and Z-4 18 

9 Graphs showing results of aquifer tests conducted In wells completed In 
the Chinle Formation 19 

10 Tnhnear plots of well and spnng water-quahty analyses denved from 
sandstones In the Chinle Formation 21 

11 Map showing potentwmetnc surface (September 1979) and outcrop area 
of the Zuni-Dakota aquifer 23 

12 Graphs showing results of short-term recovery tests conducted In wells 
completed In the Zuni-Dakota aquifer 24 

13 Tnhnear plots of well water-quahty analyses denved from the Zuni
Dakota aquifer 25 

14 Map showing potentiometnc surface (November 1979) and outcrop area 
of the Gallup Sandstone and the Crevasse Canyon Formation 26 

15 Tnhnear plots of well water-quahty analyses denved from the Gallup 
Sandstone and Crevasse Canyon Formation 28 

16 Map showing water-table contours (September 1979) and outcrop area of 
the Bidahochi Formation 29 

17. Seismic profiles of the pre-Tertiary buned surface underlying the 
Bidahochi FormatiOn, North Purchase Area 31 

18 Tnhnear plots of well water-quahty analyses denved from the Bidahochi 
Formation 32 

19. Map showing water-table contours and distnbutwn of channel alluvi
um 33 

20. Map showing location and graph showing combined discharge of spnngs 
near Pescado 35 

21 Tnhnear plots of well and spnng water-quahty analyses denved from 
alluvial aquifers 36 

22 Map showing Zuni River drainage basin upstream from the New Mexico
Anzona State hne 38 

23 Graphs showing mean and median monthly discharge of the Zuni River 
near Black Rock, 1911-30 and 1969-79 water years 39 

24 Graphs showing mean monthly, calendar-year, and water-year precipita
tiOn for weather statwns at McGaffey and Black Rock, 1911-30 and 
1969-79 41 

25 Graph showing mean and median monthly discharge of the R10 Nutna, 
1969-79 water years 42 

TABLES 

Approximate thickness, hthology, and water-supply charactenstics of rocks 
In the study area 52 

2 Records of wells and spnngs on and adjacent to Zuni tnballands 54 
3 Water-quahty analyses from wells and spnngs on and adjacent to Zuni 

tnballands (Including trace-element and radiOchemical analyses from se
lected wells and spnngs) 66 

4 Reservoirs along the Zuni River and Its tnbutanes 74 
5 Water-quahty and sediment analyses from streams 75 

IV Contents 



Metric Conversion Factors 

In this report values for measurements except water-quahty measurements are 
given m mch-pound umts only The followmg table contams factors for convertmg to 
metnc umts 

mch 
foot 

Multiply mch-pound umts 

foot per mile 
foot squared per day 
cubic foot per second 
acre 
acre-foot 
mile 
square mile 
gallon per mmute 
gallon per mmute per foot 
ton 

By 

25 4 
0 3048 
0 1894 
0 0929 
0 02832 

4047 
1233 

1 609 
2 590 
0 06309 
0 207 
0 9072 

To obtam metnc umts 

millimeter 
meter 
meter per kilometer 
meter squared per day 
cubic meter per second 
square meters 
cubic meter 
kilometer 
square kilometer 
hter per second 
hter per second per meter 
metnc ton or tonne 

Natwnal Geodetzc Vertzcal Datum of 1929 (NGVD of 1929) A geodetic datum denved 
from a general adJustment of the first-order level nets of both the Umted States and 
Canada, formerly called "Mean Sea Level" NGVD of 1929 IS referred to as sea level m 
this report 
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Water Resources of the Zuni Tribal Lands, 
McKinley and Cibola Counties, New Mexico 

By Brennan R. Orr 

Abstract 

An evaluation of the water resources of the Zum tn
bal lands m west-central New Mexico was made to deter
rome the yteld, vanabthty, and quahty of water avallable to 
the Pueblo of Zum Th1s study 1s needed to aid m orderly 
development of these resources 

Rocks of Permtan to Quaternary age supply stock, 
ungatwn, and domestic water to the Zum Indtans The 
Gloneta Sandstone and San Andres Ltmestone (Gloneta
San Andres aqutfer) of Permtan age and sandstones m the 
Chmle FormatiOn of Tnasstc age provtde most of thts 
water supply 

Water m the Gloneta-San Andres aquifer IS confined 
by mmtmal-permeabthty shales and ts transmitted through 
the aqmfer along mterconnected solutiOn channels and 
fractures Water-level and water-quahty mformation mdt
cate greater hydrauhc conductivities along the southern 
boundanes of Zum tnballands 

Well ytelds from the Gloneta-San Andres aqmfer are 
as much as 150 gallons per mmute,and aqmfer transmiSSIV
Ity ranges from 30 to 1,400 feet squared per day Long
term, water-level dechnes of as much as 29 feet have been 
measured near pumpmg centers at Black Rock Multiple
well aqutfer tests are needed to further define aquifer 
properties (storage, transmtsstvity, and leakage from con
finmg umts) and the effects of well design on well yields 
Dissolved-sohds concentratiOns m water from the aquifer 
range from 331 to 1,068 mllhgrams per hter Calcmm and 
sulfate are the predommant tons 

Water m sandstones of the Chmle Formation IS con
fined by adJacent shales and IS transmitted along Intercon
nected fractures Well ytelds range from 5 to 125 gallons 
per mmute, and aquifer transmisstvtty ranges from 40 to 
1,400 feet squared per day Water-level dechnes of as much 
as 2 7 feet have been measured near Zum VIllage Dts
solved-sohds concentrations m water from the aquifer 
range from 215 to 1,980 mtlhgrams per hter Sodmm and 
btcarbonate are the predommant Ions 

Other sources of ground water are used pnmanly for 
hvestock watenng by means of wmdmtlls, with the excep
tion of buned alluvtal channel deposits along the Rto Pes
cado These deposits provide domestic and Irngat10n water 
through sprmgs and wells to Pescado and Black Rock 

The Bidahocht Formation of M10cene and Phocene 
age could potentially provide an additional supply of water 
chemiCally suitable for most uses Seismic-reflectiOn tech
mques are bemg used to locate buned channels eroded m 
the rocks underlymg the Bidahochi FormatiOn These bur
ted channels may contam thicker sections of saturated 

sands and gravels that could be developed for stock and 
domestic use 

INTRODUCTION 

Purpose 

In recent years, the populatiOn of the Pueblo of 
Zuni has Increased rapidly with a corresponding rap
Id expansiOn of the Tnbe's economy Consequently, 
demand on existing water supphes IS Increasing. Ad
ditional municipal and domestic water supphes will 
be required In order to meet the continuing 1ncrease 
In populatiOn and water use For this reason, the U S 
Geological Survey, In cooperatiOn with the Pueblo of 
Zuni, conducted a comprehensive water-resources 
study of the Zuni tnbal lands This report provides 
an analysis of the hydrology of ground- and surface
water systems and chem1cal quahty and availability 
of water from wells, spnngs, and streamflow on Zuni 
tnbal lands that will aid In the design of new sup
phes 

Location and Geography 

The study area encompasses approximately 620 
square miles of tnbally owned and reservation land 
In west-central New Mexico (fig 1) Land-surface al
titudes range from 6,000 feet on the Zuni River at the 
State hoe to about 7, 500 feet In the Zuni Mountains 
In the northeastern part of the study area and In the 
southeastern part of the study area PrecipitatiOn 
ranges from 12 to 17 Inches annually, and streams 
flow Intermittently VegetatiOn consists predomi
nantly of pnion, JUniper, sage, and range grasses, with 
ponderosa pine forests at higher altitudes. 

Much of the Zuni population IS centered 
around Black Rock and Zuni VIllage Other smaller 
communities Include the villages of Pescado, Nutna, 
and 0JO Cahente The Zuni population Increased 
from 4,700 to 6,450 between 1965 and 1975, and 
continued population Increase IS anticipated (Pueblo 
of Zuni, 1976) 

lntroductson 1 
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Figure 1. Location of study area. 

The Zuni economy has traditionally been de
pendent on the raising of sheep and cattle, and agri
culture, both of which require easily obtainable water 
resources. Jewelry manufacture and tourism have be
come more recent Zuni industries. In the future , min
ing of natural resources, such as coal and uranium, 
may contribute to the local economy. 
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System for Numbering Wells and Springs 

The location of wells and springs in this report 
is identified by a number based on the common sub
division of lands into townships, ranges, and sec
tions. Section lines are extended from sectionized 
lands across previously unsectionized areas for the 



purpose of accurately locating wells, spnngs, and oth
er features 

The locatiOn number based on the township
range system IS divided by penods Into four seg
ments The first Indicates the township north of the 
New Mexico Base Line, and the second denotes the 
range west of the New Mexico Pnncipal Mendian 
The third segment IS the number of the sect10n with
In the township, and the fourth Indicates the tract 
Within which the well or spnng IS Situated To deter
mine the fourth segment of the locat10n number, the 
sect10n IS divided Into four quarters numbered 1, 2, 
3, and 4 for the NW'14, NE'/4, SW'14, and SE1/4, respec
tively Where map accuracy permits, these quarters 
are further subdivided down to the nearest 1 0-acre 
tract The numbers are based on a 1-mtle square sec
tion that IS determined from the southeast corner of 
the sect10n The use of zeros In the fourth segment of 
the locat10n number Indicates that the well or spnng 
could not be accurately located For example, well 
number 10 19 28 400 would Indicate that the well 
could not be located any closer than the southeast 
quarter of sect10n 28 

The following diagram shows the method of 
numbenng the wells according to the township-range 
system 

9 17 19 112 
Well ECW-8 

System of number1ng wei Is 

REGIONAL GEOLOGICAL HISTORY 

Deposition of sedimentary rocks In what IS now 
west-central New Mexico began In early Paleozoic 
times Thick sequences of sandstone, hmestone, and 
shale were deposited on the Precambnan crystalhne 
surface Penods of manne, transitional, and conti
nental depositiOn were frequently Interrupted by pe
nods of uphft and eros10n Dunng Late Cretaceous 
and early Tertiary times, reg10nal tectonic forces 
formed several large domal uphfts, Including the Zu
ni uphft, encirchng the San Juan Basin In northwest
ern New Mexico Reg10nal folding related to this 
mountain-butlding episode took place on the south
western flanks of the Zuni uphft, forming several 
northwest-trending anttchnal and synchnal struc
tures Subsequent erosional penods carved cuesta 
valleys and ndges, as well as deep, steep-walled can
yons, across this area of broad structural deformatiOn 

HYDROGEOLOGY OF GROUND-WATER 
SYSTEMS 

The most dependable and readlly avallable sup
ply of water In the study area IS obtained from aqui
fers underlying Zuni tnbal lands Development of 
aquifers Within the study area has been restncted to 
wells In or near populated areas and, to a lesser ex
tent, to Isolated stock wells The Gloneta-San Andres 
aquifer and the water-beanng sands of the Chinle 
Format10n currently provide most of the municipal, 
domestic, and stock water for the Zuni Tnbe (pis 1 
and 2) The Gallup Sandstone, Bidahochi Formation, 
and alluvial deposits provide most of the remaining 
ground-water supply Other potential supphes re
main undeveloped because of the depths to water, 
small hydrauhc conductivities, excessive dissolved
solids concentrations, or distance to areas of need 

Geologic Controls of Hydrologic Characteristics 

The hthology of geologic formations helps to 
determine hydrologic charactenstics of an aquifer 
The grain size and the cementing matenal affect the 
abihty of the rock to store and transmit fluid The 
soluble minerals that are present In the rocks affect 
the chemical composition of water passing through 
them The approximate thickness, lithology, and 
water-supply charactensttcs of rocks In the study area 
are summanzed In table 1, p 52 

Reg10nal Geolog1cal H1story 3 



Precambrian Units 

Granitic crystalline rocks form the Precam
bnan basement that underlies Zuni tnballand These 
rocks are not exposed In the study area but are ex
posed to the northeast In the center of the Zuni 
Mountains The Precambnan basement underlytng 
the study area Is overlain by 2, 500 feet or more of 
sedimentary rocks Water quality probably Is unsuit
able for most uses,and hydraulic conductivity proba
bly IS small enough to preclude the Precambnan 
basement rocks as potential sources for additional 
Zuni ground-water supplies 

Permian Units 

Abo and Yeso Formatzons-The Abo Formation and 
the overlying Yeso FormatiOn (Lee and Girty, 1909) 
unconformably overlie the Precambnan granitic 
basement rocks These two Permian rock units, 
which consist of more than 900 feet of Interbedded 
sandstone, siltstone, limestone, and anhydnte, are 
not exposed In the study area No water wells have 
been completed In either unit In the study area, and 
future development IS doubtful because of the great 
depth, presumed small hydraulic conductivity, and 
presumed unsuitable water quality 

Gloneta Sandstone-The Gloneta Sandstone (Keyes, 
1915) conformably overlies the Yeso FormatiOn and 
consists of buff to white, medium-grained, well
sorted, crossbedded, and well-cemented sandstone 
The Gloneta Sandstone was deposited In the Inter
tidal zone of Permian seas throughout much of 
north-central New Mexico Near Zuni VIllage, the 
Gloneta Sandstone IS approximately 200 feet thick 
Exposures are located In canyons eroded Into the 
southwestern flank of the Zuni Mountains (pl 1) 
The Gloneta Sandstone underlies all the study area 

San Andres Lzmestone-The San Andres Limestone 
(Lee and G1rty, 1909) conformably overlies the 
Gloneta Sandstone and consists of gray to pink, fos
siliferous, thick-bedded limestone that was deposited 
In a manne environment throughout much of New 
Mexico and adJOining States The San Andres IS con
sidered to be the equivalent of the Kaibab FormatiOn 
In Anzona (Momper and Tyrrell, 1957, p 23) The 
San Andres Limestone IS approximately 1 00 feet 
thick In the viCinity of Zuni VIllage Local vanatwns 
In thickness are the result of karst dissolutiOn dunng 
penods of erosiOn The San Andres Limestone under
lies all the study area and IS exposed near Nutna and 
0JO Caliente (pl 1) 

Within the study area, the Gloneta Sandstone 

4 Water Resources of the Zum Tr1bal Lands 

and the San Andres Limestone are considered as one 
aquifer because they are hydraulically connected 
The San Andres Limestone probably yields more 
water than the Gloneta Sandstone because the San 
Andres contains a well-developed system of Intercon
nected solution channels and caverns that Increase 
the hydraulic conductivity The Gloneta-San Andres 
aquifer consists of the oldest and deepest geologic 
units from which water IS obtained within the study 
area Three municipal wells, Black Rock PHS well 
(1 0 19 13 444 ), Black Rock well 3 (1 0 19 24 122b ), 
and Zuni well F-5 (1 0 19 27 112), are completed In 
this aquifer (table 2 at back of report) Two stock 
wells, Cities Service Zuni-1 (9 18 5 324) and the Sam 
Pablamo well ( 12 16 5 000), also produce water from 
the Gloneta-San Andres aquifer Spnngs near Nutna 
(12 16 8 314 and 12 16 17 232) and near 0JO Calien
te (8 20 16 324, 8 20 20 422, and 8 20 21 144) are 
pOints of surface discharge from the Gloneta-San An
dres aquifer 

Triassic Umts 

Chznle Format zan-The Chinle FormatiOn (Gregory, 
1915) unconformably overlies the San Andres Lime
stone The Chinle In the study area Includes rocks 
descnbed as belonging to the Monitor Butte Member 
and Petnfied Forest Member Rocks previOusly Iden
tified as the Moenkopi(?) Formation are considered 
part of the Chinle In this report because of lithologic 
and hydrologic similanties within the study area 

The Petnfied Forest Member of the Chinle For
mation at Zuni may be further subdivided on the 
basis of available well data Into the lower and upper 
parts separated by the Sonsela Sandstone Bed The 
lower part consists of approximately 600 feet of 
channel deposits of grayish-red, white, and purple 
mudstone and siltstone The Sonsela Sandstone Bed 
consists of approximately 100 feet of grayish-red to 
brown channel sandstone, conglomerate, and Inter
bedded siltstone and mudstone shale The upper part 
consists of approximately 600 feet of fluvial graytsh
red to reddish-brown mudstone and siltstone with 
some Interbedded, lenticular sandstone 

The Chinle underlies most of the study area It 
IS exposed at places along the Nutna monocline and 
at Zuni VIllage where erosiOn has removed the over
lytng units (pl 1) Across much of the western one
third of the study area, the Chinle IS found In the 
shallow subsurface, mantled by Tertiary eolian sands 
Shale outcrops occur as easily weathered clayey 
mounds and slopes, and sandstones are exposed as 
cliffs and ledges 

The Sonsela Sandstone Bed and sand lenses In 



the upper part of the Chinle contain water The entue 
municipal supply for Zuni VIllage IS produced from 
these units. At least 38 wells across the central part of 
the study area supply water for municipal and stock 
use from these units (table 2) Contact spnng seepage 
commonly occurs In the Chinle along canyon walls 

Wmgate Sandstone-The Rock Point Member of the 
Wingate Sandstone (Dutton, 1885) IS Late Tnassic In 
age and conformably overhes the Chinle FormatiOn 
The Rock Point Member IS the only member of the 
Wingate present In the study area Exposures consist 
of fluvial reddish-orange to reddish-brown stltstone 
and fine-grained sandstone The Rock Pmnt Member 
forms shaley ledges and chffs where exposed (pl 1) 
and IS found In the subsurface throughout much of 
the eastern two-thuds of the study area, where It IS 
approximately 150 feet thick 

Well RWP-17 (10 18 22 333b) IS completed In 
the Wingate (table 2) No spnngs of consequence are 
known to discharge from the Wingate 

Jurassic Units 

Zum Sandstone-The Zuni Sandstone (Dutton, 
1885) unconformably overhes the Wingate Sand
stone The Zuni Sandstone Includes the lateral 
equivalents of the Cow Spnngs Sandstone and the 
Entrada Sandstone. The Westwater Canyon Member 
of the Mornson Formation occurs above the Zuni 
Sandstone In the northern part of the study area. This 
unit IS Included as part of the Zuni Sandstone for 
hydrologic purposes The Zuni Sandstone consists of 
reddish-brown to buff, fine- to coarse-grained, mas
Sively crossbedded eohan sandstone Exposures form 
steep-walled cliffs where capped with the Dakota 
Sandstone and form rounded hllls elsewhere (pl 1) 
The Zuni Sandstone occurs In the subsurface 
throughout the eastern one-half of the study area and 
IS approximately 500 feet thick. 

At least five stock wells produce water from the 
Zuni Sandstone. These wells are RWP-25 
(8 17 2 314), ECW-8 (9 17.19 112), ECW-1 
(1118.21.132) (Zuni and Dakota Sandstones), 
RWP-38 (11 20 22 211), and RWP-37 
(11 20 27 314) (table 2). 

Cretaceous Units 

Dakota Sandstone-The Dakota Sandstone (Meek 
and Hayden, 1862) unconformably overhes the Zuni 
Sandstone The Dakota Sandstone consists of very 
pale orange to very pale brown, fine- to coarse
grained, well-Indurated sandstone Interbedded with 
yellowish-gray and carbonaceous shale and thin coal 

seams In places The Dakota was deposited In an 
Intertidal to fluvial environment It Is exposed 
throughout the central one-third of the mapped area 
(pl 1) and underhes the eastern one-half of the study 
area Exposures form a caprock on the more easily 
weathered Zuni Sandstone and form dip slopes on 
the sides of cuesta valleys The Dakota Sandstone In 
the study area IS approximately 150 feet thick The 
lower contact IS angularly unconformable, with the 
Dakota resting on progressively older rocks to the 
south 

Seven wells obtain stock water from the Dakota 
Sandstone These wells are the Encho well 
(9 17 22 000), ECW-13 (10 16 32 144), ECW-6 
(10 17 35 412), ECW-10 (11 17 28 143), the Lonce
swn well (11 18 5 424), ECW-1 (11 18 21 132) (also 
completed In the Zuni Sandstone), and RWP-34 
(11 18 27 411) (table 2) No spnngs of consequence 
are known to discharge from this unit within the 
study area, however, several spnngs flow from the 
Dakota near Lupton, north of the study area 

Mancos Shale-The Mancos Shale (Cross, 1899) In
tertongues with the underlying Dakota Sandstone 
and the overlying Gallup Sandstone The Mancos 
Shale In the study area consists of gray to black, car
bonaceous, fissile shale that was deposited In a 
manne environment The Mancos has been removed 
by erosiOn throughout much of the western two
thuds of the study area, It IS exposed as weathered, 
mounded slopes and cuesta valley floors (pl 1) and 
occurs In the subsurface throughout the eastern one
third of the study area The Mancos Shale IS approxi
mately 300 to 400 feet thick 

The Mancos Shale, generally charactenzed by 
very small hydrauhc conductivity, probably IS a con
fining unit for adJacent and Intertonguing rocks The 
Mancos has httle potential as a source of usable 
ground water within the study area 

Gallup Sandstone-The Gallup Sandstone (Sears, 
1925) Intertongues with the underlying Mancos 
Shale The Gallup Sandstone consists of pink to tan, 
fine- to coarse-grained sandstone Interbedded with 
some carbonaceous shale and thin coal seams Exten
sive erosion has removed the Gallup Sandstone from 
most of the western two-thirds of the study area (pl 
1) In the eastern one-thud of the study area, the 
Gallup Sandstone crops out as a caprock over the 
more eastly weathered Mancos Shale and occurs In 
the subsurface, underlying the Dileo Coal Member of 
the Crevasse Canyon FormatiOn Gallup Sandstone 
outcrops also are exposed In the southwestern part of 
the study area The Gallup Sandstone was deposited 
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In a littoral to nonmanne environment on the bound
anes of the regresswnal Cretaceous seas The Gallup 
consists of the lower unit, approximately 225 feet 
thick, and the upper unit, approximately 200 feet 
thick, separated In places by upper tongues of the 
Mancos Shale 

Wells completed In the Gallup Sandstone with
In the study area Include the Epaloose well 
(7.21 3 122a), RWP-26 (8.20 33 422), Miller's well 
(9 16 34 412), ECW-22 (10 17 9 244), Nutna camp
ground well (11 17 5 322), ECW-14 (11 17 24 432), 
Z-6R (11 18 1 000), RWP-32 (12 16 7 331), and 
Bowannie well ( 12.1 7 24 442) (table 2). 

Crevasse Canyon Formatzon-Rocks of the Crevasse 
Canyon Formatwn (Allen and Balk, 1954) conform
ably overlie the Gallup Sandstone In the study area, 
these rocks are assigned to the Dileo Coal Member 
(Sears, 1925) and the Bartlett Barren Member (Sears, 
1925) They consist of a thick section of dark, carbo
naceous shale and coal seams Interbedded with gray 
to brown, lenticular siltstone and sandstone, and 
were deposited In Cretaceous swamps and flood 
plains Lithologic logs from mineral-exploration dnll 
holes Indicate thicknesses greater than 500 feet In the 
extreme northern part of the study area Outcrops 
remain across the northeastern one-fourth of the 
study area (pl 1 ), but extensive erosion has removed 
members of the Crevasse Canyon Formation else
where 

At least four wells In the study area supply 
water from sandstone units within the members of 
the Crevasse Canyon Formation These wells Include 
RWP-28 (11 16 8 131), RWP-29 (12 16 30 242), 
ECW-16 (12 17 15 213), and Z-7R (12 17.32 323) 
(table 2) 

Tertiary Units 

Bzdahochz Formatzon-The Bidahochi FormatiOn 
(Reagan, 1924), Mwcene and Pliocene In age, con
sists of white to very pale brown, loosely consolidated 
fluvial sandstone Interbedded with gravelly conglom
erate and volcanic ash The Bidahochi Formation 
was deposited over the pre-Tertiary beveled surface 
of the ancestral Little Colorado River (Cooley and 
others, 1969, p A-17) These basinal deposits extend 
eastward Into New Mexico Thick sequences of the 
Bidahochi Formation blanket the western one-fourth 
of the study area, and vestiges remain as Isolated 
exposures on mesas In other parts of the study area 
(pl 1). Thicknesses may be more than 650 feet In 
places 

Four stock wells, RWP-27 (10 20 8 243), Irn-
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gatwn well 1 (10 20 18 314), RWP-30 (10 21 
11 221), and RWP-24 (10 21 23 322), produce water 
from the Bidahochi FormatiOn (table 2) No spnng 
discharge of consequence IS known, but some contact 
spnng seepage occurs along upstream reaches of Wil
low Wash (9 19 31 323) 

Quaternary Units 

Burzed channel deposzts-As much as 150 feet of allu
vium, consisting of unconsolidated sand and gravel, 
IS buned under basalt along the R10 Pescado and 
Zuni River. These deposits are saturated, and the 
water that moves through them IS confined In places 
by Interbedded clays, they yield water to spnngs at 
Pescado and Black Rock and to domestic wells along 
the R10 Pescado valley 

Basalt flows-Regional volcanism took place dunng 
a 1-million-year Interval dunng late Cenozoic time 
This volcanism was responsible for a senes of basalt 
flows that moved down the Rio Pescado and Zuni 
River valleys and ended at Black Rock (pl 1) This 
well-JOinted, black vesicular basalt IS dated at 0 70 ± 
0 55 million years (Laughlin and others, 1979) 
Source areas are to the east of the study area Test 
holes In Yellowhouse Canyon penetrated as much as 
29 feet of basalt, and wells at Black Rock penetrated 
as much as 24 feet The basalt IS not known to yield 
water to wells or spnngs 

Surficzal deposits-Surficial deposits In the study area 
Include alluvium, terrace deposits, eolian deposits, 
and colluvium (pl 1) Alluvium and terrace deposits 
are composed of clay, silt, sand, and gravel that were 
deposited In a fluvial envuonment along drainage 
systems Eolian deposits Include active and stabilized 
dunes and a veneer of sand overlying older rocks 
Colluvium consists of boulders and talus slides along 
hills and cliffs 

Wells completed In the alluvium of the Zuni 
River valley produce water for stock and domestic 
use The thickness of the alluvium 1n the Zuni River 
valley ranges from a few feet along valley margins to 
more than 200 feet In places Well F-5 
(10 19 27 112) penetrated 145 feet of alluvium, the 
Leo Nastac10 well (10 19 30 232) penetrated 152 feet, 
and the Bowman Pewa well (9 20 4 000) penetrated 
235 feet At least 33 wells are known to produce 
water from alluvium In the study area (table 2) The 
average depth of wells completed In alluvium along 
the Zuni River generally IS less than 20 feet These 
wells commonly are hand dug 



Structural Controls of Hydrologic 
Characteristics 

A geologic structure may be defined as the phys
Ical arrangement and modificatiOn of the rock masses 
of an area through deformational processes such as 
faulting, folding, and Igneous mtrus10n Geologic 
structures are of hydrologic Importance because they 
significantly affect hydrauhc conductivity, the distn
butiOn of recharge and discharge areas, the direction 
of ground-water flow, the chemical quahty of water, 
and surface-drainage charactenstics 

Reg1onal Structural Features 

Zuni tnballands he within the southern bound
ary of the Colorado Plateau province, which encom
passes parts of northwestern New Mexico, northeast
ern Anzona, southeastern Utah, and southwestern 
Colorado RegiOnal structural features In the study 
area are related to Late Cretaceous and early Tertiary 
geologic uphft and folding The features Include the 
Zuni uphft to the northeast and the Gallup embay
ment over which most of the study area hes (fig 2) 
Other regional structures that help to define the re
giOnal hydrologic system Include the San Juan Basin 
to the north, the Defiance uphft to the northwest, and 
the Mogollon slope to the southwest These structural 
features and the more locahzed features associated 
with them exert a significant control on the ground
water and surface-water systems In the study area 

The Zuni uphft consists of a northwest-trend
Ing, asymmetncal dome that marks the southern 
boundary of the San Juan Basin The Zuni uphft, 75 
miles long and 30 miles wide, IS bounded on the 
north by the Pinedale monochne and the Chaco slope 
and on the southwest by the Nutna monochne (fig 
2) The Nutna monochne, known locally as the Hog
back, crosses the northeastern part of the study area 
and extends northward to Gallup Along the mono
cline, Permian through Cretaceous rocks dip to the 
southwest at near vertical angles where they pass over 
the margin of the uphft 

Structural rehef across the Zuni uphft Is ap
proximately 5,500 feet (Kelley, 1951, p 126), but 
post-uphft bevehng of the domal structure has re
moved much of the overlytng rock untts, exposing a 
core of Precambnan gramtic rocks at the center, 
banded by progressively younger rocks toward the 
margins 

The Gallup embayment IS an elongate, north
ward-plunging structural depression bounded by the 
Zuni uphft on the east, the Defiance uphft on the 

y ~ 1P 1,11 ~ MIL.ES Structural geology 
0 rb ~0 ~0 KIL.OMETE,.S from Kelley (1967) 

Figure 2. MaJor structural features m the study area and 
VICinity. 

west, and the Mogollon slope on the south This fea
ture extends northward across the Chaco slope to 
JOin the San Juan Basin In northwestern New Mexi
co. The Gallup embayment, also known as the Gallup 
sag, 1s 8-28 miles wide and approximately 70 mtles 
long (Kelley, 1967, p 29) The steeply dipping beds 
of the Nutna monocline and the Defiance monochne 
form the eastern and western stdes of the Gallup 
embayment The embayment floor, In contrast to the 
steep stdes, IS of moderate structural rehef 

Several synchnal and anticlinal folds modify 
the relatively flat structural floor of the Gallup em
bayment (pls 1 and 2, fig 2) The Alhson synchne 
extends along the eastern side of the embayment, 
parallel to the Nutna monochne, and marks the 
structural trough of the embayment The Pu'ion 
Spnngs anticline extends from the southern bound
ary of the study area northwestward along Galesttna 
Canyon, passes between the villages of Zuni and 
Black Rock, and terminates west of Gallup The 0JO 
Cahente anticline, a northwest-trending fold In the 
southwestern part of the study area, IS bounded on 
the southwest by a feature known as the 0Jo Caliente 

Hydrogeology of Ground-Water Systems 7 



fault, which IS either a large-displacement fault or a 
steep monoclinal fold The geometry of this feature IS 
difficult to ascertain because of the Tertiary and Hol
ocene deposits blanketing the area Other minor folds 
parallel to regional structural features modify the 
limbs of these larger features within the Gallup em
bayment 

Fracture Systems 

The movement of ground water can be signifi
cantly affected by fractures In rocks The capability of 
a rock to store and transmit water IS Improved by an 
Increase In the number of Interconnected fractures In 
a given rock volume This Increase commonly occurs 
In areas that have undergone structural deformatiOn 
associated with faults and folds Rock JOinting, a re
sult of compressiOnal or tensiOnal forces on rocks, IS 
usually associated with tectonic features such as up
lift, folding, and removal of overlying rocks Rock 
JOints are defined as fractures along which no dis
placement has occurred Faults, In contrast, have had 
displacement along planar surfaces. Joints and faults 
are hydrologically Important because they modify 
rock permeability, aid In weathenng, and help to 
control the development of surface-drainage systems 

Geohydrologic data from the study area Indi
cate a relatiOnship between the density of JOint sys
tems and theu proximity to regwnal structural fea
tures These data consist of mineral-exploratiOn 
lithologic logs, aenal photographs, dnll-hole tests, 
and onslte observatiOns Analyses of aquifer-test data 
from Chinle FormatiOn wells located along the axis 
of the Pnion Spnngs anticline Indicate that the capa
bility of the rocks to transmit water IS significant, but 
the storage capability IS minimal This combinatiOn 
of aquifer charactenstlcs Indicates a fracture system 
In which the fractures readily transmit fluid but have 
a relatively small capacity for storage The tests con
ducted In wells In this area between the villages of 
Zuni and Black Rock Indicate that well yields and 
aquifer charactenstics are vanable. The vanable 
yields may be attnbuted In part to lithologic changes 
In the producing units but are probably closely relat
ed to the number of Interconnected fractures that are 
Intercepted by the Individual wells 

Additional evidence for a structure-related frac
ture system Includes geologic-exploratiOn data. Lost 
cuculahon of dnlhng fluid was observed In boreholes 
dnlled by the Bokum Corporation along the eastern 
flank of the Pnion Spnngs anticline (pl. 1) This fluid 
loss IS Indicative of zones of fractunng within the 
rocks The U S Bureau of ReclamatiOn preliminary 
InvestigatiOn of the Yellowhouse Dam site noted a 
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zone of fractunng In the Zuni Sandstone along Y el
lowhouse Canyon walls (U S Bureau of ReclamatiOn, 
1973, p 29) 

Aenal photographs and topographic maps of 
tnbal lands clearly show a well-developed JOint and 
fracture system along the axis of the Puion Spnngs 
anticline The predominant trends Include one JOint 
set parallel to the axis and onented between north 
40° west and north 50° west and a perpendicular 
JOint set onented between north 40° east and north 
50° east Galestina Canyon, which follows the anticli
nal axis, probably developed along the related JOint 
and fracture system Tnbutanes to Galestina Canyon 
generally are developed along the perpendicular JOint 
set A small-displacement fault north of Yellowhouse 
Canyon IS apparently the result of movement along 
this perpendicular set 

Aquifer Properties 

The six aquifers that currently provide a source 
of water In the study area are the Gloneta Sandstone 
and San Andres Limestone (Gloneta-San Andres 
aquifer), sandstones Within the Chinle FormatiOn, 
the Zuni and Dakota Sandstones (Zuni-Dakota aqui
fer), sandstones In the Gallup Sandstone and 
Crevasse Canyon FormatiOn, the Bidahochi Forma
tiOn (Bidahochi aquifer), and alluvium Recharge, 
discharge, directiOn and rate of ground-water flow, 
and water quahty are determined by specific charac
tenstics of these aquifers These charactenshcs are 
defined In the glossary of selected terms (Supplemen
tal InformatiOn) as excerpted from Lohman and 
others ( 1972) 

Recharge to ground-water systems In the study 
area occurs In places where the rock units are ex
posed to direct precipitatiOn and where water In 
streams and reservmrs comes Into contact with aqui
fer outcrops Additional contnbutwns to water 1n a
quifers occur In the form of leakage or Inflow from 
adJacent rock units Recharge areas are determined, 
to a large extent, by geologic structure Extensive out
crop areas exist In places where structural uphft and 
subsequent erosion have exposed permeable rock 
units Structural deformatiOn has enhanced hydraulic 
conductivity, allowing for Increased recharge on out
crops and Inflow from adjacent geologic units. 

The chemical composition of ground water IS 
dependent on several environmental factors These 
factors Include the chemical compositiOn of water 
entenng the system, lithologic compositiOn, hydrau
lic conductivity, and temperature of the rock, geolog-



IC structure, and the residence time of the water as It 
passes through the rock Each of these factors affects 
the type and the volume of matenal that IS dissolved 
or earned In suspensiOn by the water 

As water comes Into contact with specific rock 
units, the more soluble rock constituents dissolve and 
the chemical compositiOn of the water changes to 
reflect the geologic medmm The relatiOn between the 
compositiOn of the rock and the chemical quahty of 
water passing through the rock IS Indicated by Piper 
tnhnear diagrams Piper tnhnear diagrams show the 
chemical composition of water In terms of millie
quivalent percentages of the maJor catwns ( calcmm, 
magnesium, and sodium-potassium) and the maJor 
anwns (carbonate-bicarbonate, sulfate, and chlonde) 

Water may be discharged naturally from aqui
fers by flow to other aquifers, evapotranspiratiOn, or 
by flow to the land surface through spnngs Different 
mechanisms are responsible for different types of 
spnngs Spnng discharge may occur In places where 
fractures connect the land surface with an artesian 
aquifer whose potentwmetnc surface Is higher than 
the land surface Spnngs also may occur In places 
where water-beanng units are Intersected by canyons 
These spnngs are referred to as perched spnngs be
cause the ground-water system supplying them gener
ally 1s perched above the regiOnal flow system by 
underlying confining units A third type of spnng 
discharge occurs along alluvium-filled channels 
where water Is brought to the surface because a barn
er In the channel alluvium has backed up underflow 
In the study area, spnng discharge Includes both sea
sonal seepage In stream channels and canyon walls 
and large perennial spnngs that provide a year-round 
source of Irngatwn, stock, and domestic water sup
ply 

Discharge from ground-water systems also 
takes place In the form of well pumpage Water re
moved from a flow system by pumping IS ultimately 
diverted from pmnts of natural discharge Excessive 
overdraft caused by well pumpage can result In large 
dechnes In the potentiometnc surface and decreased 
flow from spnngs 

Glorieta-San Andres Aqu1fer 

The Gloneta Sandstone and the San Andres 
Limestone form a hydraulically Interconnected aqui
fer as much as 300 feet thick 1n the study area Most 
water In this aquifer IS transmitted along solutiOn 
channels within the San Andres Limestone The 
Gloneta Sandstone probably IS charactenzed by 
small hydrauhc conductivity 

There IS considerable potential for recharge to 
the Gloneta-San Andres aquifer on outcrop areas 
along the southwestern flank of the Zuni Mountains 
and across the basalt-covered subcrop areas of the 
North Plains (fig 3) Recharge occurs by d1rect pre
cipitatiOn or by surface flow across the outcrop areas 
Water Infiltrates along fractures and solutiOn chan
nels that have developed along the structural features 
associated with the Zuni uphft 

Several spnngs located on the outcrop of the 
Gloneta-San Andres aquifer probably represent re
JectiOn of available recharge This reJected recharge 
takes place because the aquifer IS unable to transmit 
all available recharge water (Theis, 1940, p 277) 
Many of these spnngs are found along the northern 
outcrop boundanes 

Discharge from the Gloneta-San Andres aqui
fer occurs at large spnngs near 0JO Cahente In the 
southwestern part of the study area These spnngs, 
Rainbow and Sacred Spnngs (8 20 21 144 and 
8 20 20 422), are related to the OJo Cahente anti
chne, which uphfted the Gloneta Sandstone and San 
Andres Limestone (pl 1) Subsequent erosiOn re
moved the overlying rocks and exposed the Gloneta
San Andres aquifer Fractures and solutiOn channels 
associated with the antichne permit upward move
ment of water from the confined Gloneta-San Andres 
aquifer to the surface These spnngs have provided a 
subregiOnal pmnt of discharge for a great length of 
time, as IS Indicated by the development of 
cavernous solutiOn features In the outcrop of San 
Andres Limestone to the south and by the occurrence 
of extensive, thick travertine deposits capping the 
hills around the spnngs Travertine IS formed by the 
rapid chemical precipitatiOn of calcium carbonate In 
solutiOn In water by evaporatiOn around the mouth 
of a spnng 

The spnngs near 0Jo Cahente have long been 
developed for crop Irngatwn and for domestic, reh
gwus, and recreatiOnal use These spnngs are located 
along the south side of a wide valley flanked on both 
sides by sandstone, conglomerate, and shale of the 
Chinle FormatiOn. Two main spnngs have been de
veloped near 0JO Cahente (fig 4) Rainbow Spnng IS 
enc1rcled by a rock-hned pit approximately 30 feet 1n 
diameter Water Issues Into the base of the pit 
through openings filled with loose sand Water from 
this spnng Is piped to the north side of the 0JO Ca
hente Reservmr where It Is diverted for Irngatwn 
and domestic use Sacred Spnng has been developed 
by the constructiOn of earthen dikes surrounding the 
spnng area Water from this spnng 1s p1ped to Irnga
tlon distnbutwn points along the south side of the 
reservmr 
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EXPLANATION 

c=J AREA OF OUTCROP OF THE GLORIETA-SAN ANDRES AQUIFER 

O- _POTENTIOMETRIC CONTOUR OF THE GLORIETA- SAN ANDRES AQUIFER--
--640 Dashed where approximate. Contour interval 100 feet. Datum 

is sea level. Contours based on static water levels in 
wells measured during 1975-78, and in the Cheechi lgeetho 
well (12.20.25.123), abandoned in 1953, and the Roy Eidal 
test well (9.15.32.330), abandoned in 1971. 

* 672 J --Top number is dissolved-solids concentration of water 
6500 e WELL • · 11 · 1 . B b . 1 . d f 1n m1 1grams per Jter. ottom num er IS a tJtu eo 

water level, in feet above sea level. N =no dissolved-
B.Q__'1::> SPRING sol ids concentration reported. *=aquifer tests avai ]able. 
6300 

(1977) 

Figure 3. Potentiometric surface and outcrop area of the Glorieta-San Andres aquifer in the study area and vicinity. 
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A seepage area hes between Rainbow Spnng 
and Sacred Spnng This seepage area IS drained by a 
system of open ditches that divert flow to the reser
voir AdditiOnal water moves laterally through the 
valley alluvium to be discharged along the walls of 
Plumasano Arroyo to the north 

Penodic discharge measurements at the spnngs 
(fig 4) Indicate that the average combined discharge 
from the spnngs Is approximately 1 cubic foot per 
second or 450 gallons per minute with a total annual 
discharge of 720 acre-feet Discharge dunng the pen
ad of measurements ranged from 670 gallons per 
minute on May 31, 1979, to 315 gallons per minute 
on August 22, 1979 This decrease may be caused by 
Increased phreatophyte water consumption at the 
spnngs dunng summer months and by Irngatwn 
management of water levels In the spnngs Dis
charges from 54 to 67 gallons per minute have been 
measured flowing Into Plumasano Arroyo for an ad
ditional 87 to 109 acre-feet per year 

A potentiometnc-surface map was constructed 
for the Gloneta-San Andres aquifer from altitudes of 
water levels In the few existing wells In and adJacent 
to the study area (fig 3) Potentwmetnc contours of 
the Gloneta-San Andres aquifer Indicate the west
ward movement of water across the eastern one-half 
of the study area The d1rect10n of ground-water flow 
In this aquifer changes to the northwest across the 
western one-half of the study area 

The potentwmetnc gradient changes across the 
study area To the north, the contours are close to
gether, mdicating steeper potentiometnc gradients 
(as much as 90 feet per mlle) To the south, the con
tours are more widely spaced, Indicating flatter gradi
ents (as small as 12 feet per mlle) 

Much of the water recharged on the Zuni 
Mountains moves west to discharge at 0JO Cahente 
The remaining water of the Gloneta-San Andres 
aquifer In the study area moves slowly westward and 
northwestward 1nto Anzona A northwest-trend1ng 
fault crossing the southwestern flank of the 0JO Ca
liente anticline may bnng Cretaceous rocks of small 
hydraulic conductivity Into fault contact with the 
Gloneta-San Andres aquifer This fault may prov1de 
a no-flow boundary for the Gloneta-San Andres aqui
fer and may funnel ground water to the northwest 

Water levels In wells completed In the Gloneta
San Andres aquifer near Zun1 and Black Rock vll
lages have dechned steadlly The water level In the 
City Services A-1 stock well (9 18 5 324), 4 mlles 
southeast of Black Rock, has dechned 23 feet from 
1963 to 1980 (table 2). The water level In Zuni well 
F-5 (1 0 19 27 112), 2 5 mlles southwest of Black 
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Rock, has dechned 12 feet from 1973 to 1978 The 
water level In Black Rock well 3 ( 1 0 19 24 122b) has 
dechned 29 feet from 1968 to 1978 These wide
spread dechnes are probably the result of pumping 
from Black Rock well 3, In service since 1968, and 
from the Black Rock PHS supply well ( 1 0 19 13 444 ), 
In service since 197 5 

Single-well aquifer tests have been attempted In 
several wells completed In the Gloneta-San Andres 
aquifer (fig 5) These wells Include Black Rock well 
3, Zuni well F-5, and the Black Rock PHS supply 
well, all located within several mlles of the Pn1on 
Spnngs anticline Boundary conditions related to re
gwnal structures (recharge or no-flow boundanes) 
probably did not affect those single-well tests because 
these boundanes are many mlles away from the test
ed wells 

Black Rock well 3 was dnlled In 1968 to a total 
depth of 1,060 feet (table 2) The hole was cased and 
cemented to a depth of 810 feet, and a 6-Inch-diame
ter perforated liner was Installed from 81 0 feet to 
1,060 feet Lithologic logs Indicate a sectwn of 85 
feet of San Andres Limestone and 1 70 feet of 
Gloneta Sandstone penetrated by the perforated liner 
In this well 

A step-drawdown and recovery test was con
ducted on Black Rock well 3 by the U S Bureau of 
Indian Affairs on March 27-28, 1968 (fig 5) This 
test consisted of pumping at a rate of 23 4 gallons per 
minute for 1 hour, Increasing to a rate of 35 gallons 
per minute for 1 5 hours, and finally to a rate of 50 5 
gallons per minute for 13 5 hours A drawdown of 
221 feet was measured after pumping 16 hours at an 
average pumping rate of approximately 4 7 gallons 
per minute, Indicating a 16-hour specific capacity of 
0 21 gallon per m1nute per foot of drawdown A 
semllog method for analyzing recovery of a step
drawdown test (Harnll, 1970, p C212-C213) was 
used to estimate a transmissivity of approximately 
300 feet squared per day (fig. 5) 

Zuni well F-5 was dnlled In 1973 to a depth of 
1,161 feet (table 2) The hole was cased and cemented 
to a depth of 1, 108 feet w1th 6-Inch-diameter cas1ng 
The Interval between 1, 108 and 1, 161 feet remained 
open hole A loss of dnlhng fluid was noted at 1,155 
feet, Indicating that the borehole had Intersected a 
permeable zone, probably the result of solutiOn chan
neling or fractunng The total producing Interval 1s 
descnbed In lithologic logs as consisting of 53 feet of 
San Andres Limestone 

Pumping and recovery tests were conducted on 
Zuni well F-5 by the U S Bureau of Indian Affairs 
on February 13, 1973 Semilog plots of drawdown 
and recovery (fig 5) were used to calculate a trans-
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AlTITUDE OF LAND SURFACE, IN FEET 
ABOVE SEA lEVEl 6310 

TOTAL DEPTH OF WEll IN FEET 1161 

PERFORATED (OR OPEN HOLE) INTERVAL, 
IN FEET BElOW lAND SURFACE 1108-1161 

TYPE OF TEST RECOVERY 

DATt OF TEST FEBRUARY 13, 1973 

Dl SCHARGE RATE, IN GAllONS PER HI NUTE 100 

6s'/(log10tlt') "2 5 FEET 

1400 FEET SQUARED PER DAY 

10 100 1000 
TIME SINCE PUMPING BEGAN (t), IN MINUTES 
TIME SINCE PUMPING ENDED (t'), IN MINUTES 

. 

Hatchpolnt (Cooper leaky aqutfer type curve) 
l(u,v)=1 v=03 

1-
1/u = 10 s = 86 feet 
Dtscharge = 150 gallons per minute 
Transmissivity approximately equal to 

30 feet squared per day . . . . . . ........ . 
Hatchpol nt (TheIs type curve) 

/ 

W(u) .. 1 s = 16 feet 
1/u = 10 t = I 25 minutes 
Transmtsstvlty approximately equal to 

140 feet squared per day 

WELl BlACK ROCK PHS ( 10 19 13 444) 
AlTITUDE OF LAND SURFACE, IN FEET 

ABOVE SEA LEVEl 6441 
TOTAl DEPTH OF WEll, IN FEET 1175 
PERFORATED (OR OPEN HOLE) INTERVAL, 

FEET BELOW lAND SURFACE 938-1175 
TYPE OF TEST PUMPING 
DATE OF TEST JUNE 16-17, 1975 

~~~~LL~~--~~~~--~~~~~~_.~~~ 

I 10 100 1000 10,000 

TIME SINCE PUMPING BEGAN (t), IN MINUTES 

Figure 5. Results of aqu1fer tests conducted m wells completed m the Gloneta-San Andres aqwfer 

miSSIVIty of approximately 1,400 feet squared per 
day, a value significantly larger than that for Black 
Rock well 3 The specific capacity of this well could 
not be accurately determined because of Insufficient 
test duratwn, but It IS probably much larger than the 
16-hour specific capacity for Black Rock well 3 

The Black Rock PHS well was dnlled In 1975 to 
a total depth of 1,175 feet (table 2) Steel casing was 
Installed to a depth of 938 feet, and the Interval from 
9 3 8 feet to 1, 1 7 5 feet was kept open hole This 2 3 7-
foot Interval probably Includes a complete sectwn of 
San Andres Limestone and most of the Gloneta 
Sandstone 

Pumping and recovery tests were conducted on 
the Black Rock PHS well by the US Geological Sur-

vey on June 16-17, 1975 (fig 5) The well was 
pumped at a rate of 150 gallons per minute for 24 
hours with a drawdown of 133 feet, Indicatlng a 24-
hour specific capacity of 1 1 gallons per minute per 
foot of drawdown Curve-matching techniques were 
used to estlmate a range of transmiSSIVItles from a 
loganthmic curve of drawdown versus tlme (fig 5) A 
Theis curve match results In a transmiSSIVIty estl
mate of approximately 140 feet squared per day, and 
a Cooper leaky-confined curve match results In a 
transmiSSIVIty estlmate of approximately 30 feet 
squared per day 

In the Theis solutwn, Initlal well losses were 
assumed to be 18- 30 feet (estlmated from a compar
Ison between pumping and recovery tests), and the 
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Theis curve match was obtained using the early-time 
drawdown minus assumed well losses and the very 
late-time drawdown values Well-bore storage and 
well losses probably affect this method In the pump
Ing well, and the late-time drawdowns allow for a 
wide range of curve matches In the Cooper solutiOn, 
although an adequate curve match was obtained, 
well-bore storage and well losses In the pumping well 
again affect a determinatiOn of transmiSSIVIty 

The actual value of transmiSSIVIty In the vicini
ty of the PHS supply well probably IS within this 
range of estimates The drawdown curve probably IS 
affected by well-bore storage, well losses, release from 
storage In confining units, flow anisotropy from frac
tures, and partial penetration of the aquifer 

The results of these single-well aquifer tests are 
approximate at best In order to accurately determine 
aquifer charactenstics such as the storage coefficient 
and transmiSSIVIty, and In order to better evaluate 
hydrologic effects resulting from boundary condi
tions, fractures, and leakage from adjacent confining 
units, carefully controlled aquifer tests with multiple 
observatiOn wells are needed 

The wide range In values of transmiSSivity and 
specific capacity for the wells completed In the 
Gloneta-San Andres aquifer reflects lateral changes 
In fracture and solutiOn-channel porosity as well as 
different techniques of well constructiOn Larger 
yields can be expected In wells that Intercept more 
Interconnected fractures Wells In which the casing IS 
cemented and gun-perforated may have smaller 
yields In the fractured and solution-channeled rocks 
of the Gloneta-San Andres aquifer 

Water-quality data for the Gloneta-San Andres 
aquifer consist of analyses or partial analyses from 
seven wells and four spnngs In or adJacent to the 
study area (table 3 at back of report) Tnlinear plots 
of these data show similanties In the relative concen
tration of constituents (fig 6) Predominant IOnic 
constituents Included calcium, ranging from 78 milli
grams per hter at Nutna Spnng to 162 mtlhgrams per 
hter In Black Rock well 3, and sulfate, ranging from 
35 mtlhgrams per hter at an unnamed spnng near 
Nutna to 555 mtlhgrams per liter In Black Rock well 
3 Relatively large concentrations of calcium and sul
fate wns probably reflect the occurrence of soluble 
evaporates, such as gypsum, within the Gloneta-San 
Andres aquifer Other IOnic constituents Included 
magnesium, sodium, bicarbonate, and chlonde 

Dissolved-sohds concentratiOns normally In
crease with distance from the recharge areas, mainly 
due to Increases In calcium and sulfate Water from 
the unnamed spnng near Nutna had the smallest dis
solved-solids concentration (331 mtlhgrams per h-
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ter) Black Rock well 3 had the largest dissolved
solids concentratiOn (1 ,068 mtlhgrams per hter) 
Water from the spnngs near 0JO Caliente (Sacred 
Spnng and Rainbow Spnng), farther from outcrop 
areas, contained smaller concentratiOns of dissolved 
solids (740- 761 milligrams per liter) than did wells 
near Zuni and Black Rock villages (table 3, fig 6) 
This anomaly may be caused by a more developed 
solutiOn-channel system along the southern side of 
the study area between the Zuni Mountains and the 
spnngs This system also may be Indicated by the 
greater separatiOn of the contours to the south on the 
potentiometnc-surface map of the Gloneta-San An
dres aquifer (fig 3) Water from seepage to Plumasa
no Arroyo (8 20 16 324) contained larger concentra
tions of sodium, sulfate, and chlonde, which may be 
the result of the leaching of salts from the ungated 
lands around the spnngs near 0JO Caliente Concen
tratiOns of sulfate In Gloneta-San Andres waters gen
erally exceed the recommended U S Environmental 
ProtectiOn Agency secondary standards for dnnking 
water (Supplemental InformatiOn). Other constitu
ents are within acceptable limits 

If It becomes necessary to further evaluate the 
availability and quality of water In the Gloneta-San 
Andres aquifer, deep exploratory wells dnlled along 
the southern boundary of Zuni tnballands could pro
vide InformatiOn on the more developed flow system 
In that area Properly designed multiple-well tests 
would be useful In further evaluatiOn of charactens
tics of the Gloneta-San Andres aquifer 

Sandstone Beds within the Chinle Formation 

Recharge to the sandstone beds within the 
Chinle FormatiOn takes place on outcrop areas that 
are exposed to direct precipitatiOn and surface-water 
runoff The maJor recharge areas In the study area are 
the exposures along the Nutna monocline (fig 7) 
Additional recharge may take place where sandstone 
units are exposed near OJO Caliente ErosiOn of the 
easily weathered Chinle mudstone and siltstone along 
the Nutna monocline created extensive cuesta val
leys, exposing the permeable rocks of the Sonsela 
Sandstone Bed and other sandstones within the lower 
and upper parts of the Petnfied Forest Member Sur
face water from the large drainage areas along the 
southwestern flanks of the Zuni Mountains flows 
across these cuesta valleys to contnbute recharge to 
the exposed sandstone Recharge to the Chinle takes 
place pnmanly along fractures and bedding planes 

ErosiOnal beveling of the anticline near 0JO Ca
liente exposed concentnc bands of Interbedded sand
stone and shale within the Chtnle The easily weath-



Number 
on 

f1gure 

I 
2 
3 

4 
5 
6 
7 
8 
9 

10 
II 
12 

Well or 
spr1ng 

name 

Ramah 2 
Ramah I 
Plumasano 
Arroyo Spring 
Sacred Spring 
Ra 1 nbow Spring 

/ 

0 00 o...,. 

C1ty Serv1ces A-1 
Ramah Mutual 
Black Rock PHS 
Black Rock 3 

do 
Zun1 F- 5 
Unnamed spr1ng 
near Nut r 1 a 

Locat 1 on Dissolved-
number so 11 ds 

concentration, 
1n m 1 11 1 grams 

per l1 te r 

8.1527311 667 
8 15 27 342 572 
8 20.16.324 966 

8.20 20 422 740 
8 20 21 144 761 
9.18.5.324 730 

10 15 17.414 340 
10 19.13.444 889 
10 19 24 122b 1068 

do 994 
10 19.27 112 884 
12.16.17.214 331 

Figure 6. Tnhnear plots of well and spnng water-quality analyses denved from the Gloneta-San Andres aqu1fer 
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ered shales form gentle cuesta valleys and badlands 
The sandstones form broad benches and slopes that 
dip away from the antlChnal axis Some of these out
cropping sandstones, most prominently, the Sonsela, 
can be correlated with sandstone penetrated at depth 
In wells Intermittent-stream channels draining ex
tensive upland basins cut across these outcrops Sur
face-water runoff In these channels probably contnb
utes to recharge along fractures 

AdditiOnal recharge may take place along the 
fractured zone related to the Pinon Spnngs antlchne 
This fractured zone overhes and penetrates the 
Chinle However, because fractures tend to close as 
depth Increases, this recharge component probably IS 
significant only to the shallow, discontinuous sand
stones In the upper part of the Petnfied Forest Mem
ber of the Chinle 

The adJacent mudstones and siltstones confine 
the water moving through the sandstones of the 
Chinle Water levels In wells completed In these con
fined systems nse above the tops of producing units, 
and some wells have been known to flow at the land 
surface 

Local discharge from the Chinle takes place at 
small spnngs and seeps where the water-beanng units 
are at or near the land surface Discharge also takes 
place laterally Into alluvium-filled channels such as 
the Zuni River valley The municipal wells supplying 
Zuni V lllage account for part of the local discharge 
from the Chinle Withdrawals from wells completed 
In the Chinle at Zuni V lllage from July to December 
1979 Indicate a pumping rate of approximately 450 
acre-feet per year The remaining water In the Chinle 
moves west to JOin a regional flow system Much of 
this water may discharge to the alluvium along the 
Puerco River In Anzona 

A potentwmetnc-surface map was constructed 
based on water-level altitudes In wells completed In 
the Chinle In the study area (fig 7) This potentl
ometnc surface Indicates a predominantly westward 
movement of ground water away from recharge areas 
In the Zuni Mountains Recharge to the exposed 
Chinle sandstones near 0JO Cahente adds a north
west component to the duectlon of ground-water 
flow A potentwmetnc trough following the Zuni 
River valley Indicates that local discharge to valley 
alluvium Is occurnng In places where water-beanng 
sandstones have been cut by the Zuni channel This 
trough may also be enhanced by municipal pumpage 
at Zuni V lllage The hydrauhc gradient In the Chinle 
generally ranges from 20 to 100 feet per mlle across 
the study area (fig 7) 

16 Water Resources of the Zum Tr1bal Lands 

Recharge to sandstones within the upper part of 
the Petnfied Forest Member may result In a locally 
perched ground-water supply The sandstone beds 
that supply stock well RWP-33 (9 19 20 132) (table 
2) probably represent such a perched system The 
producing sandstone In this well, If extrapolated to 
the north, IS present In the Chinle exposure south of 
Zuni VIllage and probably IS not hydraulically con
nected with deeper water-beanng sandstones This 
anomalous data pmnt was not used In the potentl
ometnc-surface contounng 

Well yields from sandstones In the Chinle range 
from 5 to 125 gallons per minute (table 2). The wide 
range of well yields, although In part related to pump 
capacity and well construction, probably represents 
changes In fracture-system development from place 
to place Most wells having larger yields are located 
In the vicinity of the Pinon Spnngs antlchne, where 
structural fractunng IS most developed 

Moderate dechnes In water levels have taken 
place In municipal-supply wells In response to 
pumpage (table 2) Zuni well F-1 (1 0 19 28 343) had 
a dechne of 23 feet from 1953 to 1978, Zuni well F-2 
(10 19 33 121), 27 feet from 1954 to 1978, and Zuni 
well F-3 (10 19 28 141), 24 feet from 1957 to 1978 
Stock wells located away from pumping centers have 
shown httle or no dechne over the years 

Zuni municipal well Z-6 (1 0.19.22 231) was 
dnlled to a total depth of 400 feet In 1976 (table 2) 
The well was cased and perforated In the water-bear
Ing Intervals that were determined from borehole ge
ophysical logs (fig 8) These Intervals consist of 88 
feet of sandstone and shale from a depth Interval of 
122 to 210 feet and 4 7 feet of sandstone from a depth 
Interval of 345 to 392 feet (Sonsela Sandstone Bed of 
the Petnfied Forest Member) A recovery test was 
conducted on well Z-6 on August 1, 1978, after a 
pumping penod of more than 1 day Because the 
actual pumping tlme was unknown, semllog plots of 
residual drawdown versus tlme since pumping start
ed divided by tlme since pumping ended were con
structed for assumed pumping penods of 1 and 20 
days By applying this approach, the sensitivity of 
transmissivity calculatiOns to vanatlons In the length 
of assumed pumping penods was found to be not 
significant The resultant curves were used to calcu
late a transmiSSIVIty of approximately 40 feet 
squared per day (fig 9) and an average hydrauhc 
conductivity of approximately 0 30 foot per day for 
the water-producing Intervals or approximately 0.85 
foot per day If the lower perforated sect10n IS as
sumed to be much more permeable than the upper 
perforated sectwn 
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'~ ALTITUDE OF LAND SURFACE, IN FEET 
0 

• ~ 
ABOVE SEA LEVEL 6345 • ~ 

TOTAL DEPTH OF WELL, IN FEET 400 
. ~ 

PERFORATED INTERVAL, IN FEET BELOW 
LAND SURFACE 122·21 0, 345-392 

TYPE OF TEST RECOVERY 

DATE OF TEST AUGUST 1, 1978 

0 I SCHARGE RATE, IN GALLONS PER HI NUTE 30 
FOR AN ASSUMED PUMPING PERIOD OF 1 DAY (1440 MINUTES) 

65'/(log 10t/t')• 28 feet 
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TRANSMISSIVITY • 4(1 32 FEET) 7 48 GALLONS PER CUBIC FOOT 
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TIME SINCE PUMPING BEGAN, IN MINUTES Dl STANCE, SQUARED, FROM PUMPED WELL 

TIME SINCE PUMPING BEGAN 

F1gure 9. Results of aqutfer tests conducted m wells completed m the Chmle Format1on 

Dunng the recovery test on well Z-6, water
level changes were monitored In Zuni well H-1 
( 10 19 22 241 ), 1,200 feet northeast of well Z-6 (fig 
8) ObservatiOns Indicated that pumping and recov
ery of well Z-6 had httle or no effect on water levels 
In well H-1, which, according to geophysical logs, IS 
completed only In the upper sandstone penetrated In 
well Z-6 

Zuni municipal well Z-4 (10 19 23 143) was 
dnlled In 1976 to a total depth of 220 feet (table 2) 
Geophysical logs are available to a depth of 1 00 feet 
In a nearby hole that caved In dunng dnlhng Well 

Z-4 IS perforated at a depth Interval of approximate
ly 120 to 210 feet Geophysical InformatiOn from the 
upper part of the hole and from correlatiOn with well 
Z-6 Indicate that well Z-4 probably IS perforated 
through the equivalent of the upper sandstone that IS 
penetrated by well Z-6 (fig 8) 

Pumping and recovery tests were conducted on 
well Z-4 on October 17, 1978 (fig 9). A transmiSSIVI
ty of approximately 680 to 780 feet squared per day 
was calculated from these tests The hydrauhc con
ductivity was estimated to be 8 feet per day for the 
producing Interval of 90 feet 
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Dunng these tests, water-level changes were 
monitored 1n well H-1, 2,600 feet northwest of well 
Z-4 Water levels 1n well H-1 rap1dly responded to 
pump1ng and recovery of well Z-4 Dunng the 4-
hour pumping Interval, the water level 1n well H-1 
dechned 1 6 feet 

Drawdown values 1n well H-1 were plotted on 
loganthm1c paper against the distance squared from 
well Z-4 d1v1ded by the time s1nce pumping began 
(fig 9) Th1s drawdown curve was supenmposed on a 
The1s-type curve to compute estimates of transmis
SIVIty and storage The transmissivity estimate from 
the H-1 test was 1,400 feet squared per day, a value 
tw1ce the estimate computed from the pumping and 
recovery test 1n well Z-4 The storage coeffic1en t 
computed from the H-1 test was 3 x 10-5 

The The1s method for aquifer-test analysis as
sumes homogeneity, Isotropy, and 1nfin1te extent of 
the aqu1fer These assumptiOns are not completely 
fulfilled 1n the sandstone aquifers of the Ch1nle For
matiOn These aquifers are charactenzed by abrupt 
lateral changes 1n texture typ1cal of fluvial deposits 
where lenticular bod1es of coarse-gra1ned channel 
sandstone Interfinger w1th fine-grained siltstone In 
add1t10n, fractunng of the aqu1fer occurred 1n re
sponse to regional fold1ng Th1s fractunng probabl;' 
enhanced the hydrauhc conductivity of the aquifers, 
but 1t also Increased the potential for anisotropy of 
the aquifers w1th respect to ground-water flow 

Regional recharge and no-flow boundanes are 
more than 20 miles from the tested wells It 1s doubt
ful that these boundanes affected the aquifer tests 
The estimates of transmiSSIVIty and storage comput
ed from the Z-4 and H-1 tests may be affected by 
local Inhomogeneities and anisotropy resulting from 
htholog1c changes and fractures 1n the Ch1nle Forma
tiOn Dnller's logs and geophysical logs from adjacent 
wells 1nd1cate abrupt lateral changes from coarse- to 
fine-grained sediments w1th1n the aquifer Fractunng 
of the aquifer may be more pronounced because of 
the prox1m1ty of the well s1tes to the ax1s of the Pn1on 
Spnngs antichne Carefully designed tests us1ng a 
productiOn well and several observatiOn wells would 
be needed 1n the event that better defined values of 
transmiSSIVIty and storage were desired from sand
stone aquifers 1n the Ch1nle FormatiOn 

Spec1fic-capac1ty data have been collected from 
13 Zun1 wells that produce water from the sandstone 
un1ts of the Ch1nle (table 2) The values of spec1fic 
capacity range from 0 027 to 0 6 gallon per m1nute 
per foot of drawdown and average 0 23 gallon per 
m1nute per foot of drawdown They have been used 
to estimate transmiSSIVIty util1z1ng a technique dis
cussed 1n detail by The1s (The1s and others, 1954, p 
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1-11) A storage coefficient of 5 x 1 o-5 was assumed 
for the water-beanng sandstones based on Lohman's 
technique for estimating storage (Lohman, 1972, p 
8) Estimated values of transmiSSIVIty range from ap
proximately 5 to 140 feet squared per day w1th an 
average estimated transmiSSIVIty of 50 feet squared 
per day 

Little well-constructiOn 1nformat10n 1s available 
for many of the wells for wh1ch spec1fic-capac1ty val
ues were obtained These spec1fic-capac1ty values 
may be affected by well-constructiOn methods and by 
partial penetratiOn of the aquifer, thus, actual values 
of transmissivity may be larger than the estimates 
based on spec1fic-capac1ty values 

Spec1fic-capac1ty and transmiSSIVIty values for 
the Sonsela Sandstone Bed 1n adjacent areas range 
from 0 026 to 0 085 gallon per minute per foot of 
drawdown and from 1 7 to 45 feet squared per day for 
the Fort W1ngate area (Shomaker, 1971, p 70) and 
0 20 gallon per m1nute per foot of drawdown and 20 
feet squared per day for the Navajo-Hop! area (Coo
ley and others, 1969, p A-47) Values of specific ca
pacity and transmiSSIVIty that are estimated or calcu
lated from available data 1n the study area generally 
are w1th1n these accepted regional values The much 
h1gher transmissivity calculated from the Z-4 pump
Ing-recovery test 1s probably representative of a local
Ized, extensively fractured zone along the ax1s of the 
Pu1on Spnngs antichne 

Chemical analyses of water samples collected 
from wells producing from the Ch1nle are Included 1n 
table 3 P1per tnhnear plots of these analyses general
ly 1nd1cate that water 1n the Ch1nle 1s nch 1n sod1um 
and bicarbonate (fig 1 0), 1n contrast to the calcium
and sulfate-ennched water of the underlying 
Gloneta-San Andres aqu1fer (fig 6) 

The predominant dissolved constituents Includ
ed sod1um, rang1ng 1n concentratiOn from 39 to 650 
milhgrams per hter, bicarbonate, rang1ng from 136 to 
662 mllhgrams per hter, chlonde, rang1ng from 56 to 
350 milhgrams per hter; and sulfate, ranging from 4 8 
to 900 m1lhgrams per hter Other dissolved constitu
ents, 1nclud1ng calcium, magnesium, potassium, and 
carbonate, generally had smaller concentratiOns 1n 
water 1n the Ch1nle D1ssolved-sohds concentratiOns 
ranged from 215 to 1,980 milhgrams per hter, w1th 
an average of 725 milhgrams per hter, alkahn1ty 
ranged from 96 to 543 m1lhgrams per hter, w1th an 
average of 288 milhgrams per hter 

Larger concentratiOns of sod1um probably are 
due to the 10n1c-exchange properties of shale Inter
bedded w1th sandstone of the Ch1nle A detailed dis
cussiOn of these exchange properties can be found 1n 



Number We II or 
on spring 

figure name 

I ECW-7 
2 ECW-4 
3 ECW-5 
4 ECW-18 
5 lower W1 I low 

Wash Spreng 
6 RWP-35 
7 Chavez Spr1ng 
8 do 
9 Ondelacy 

10 Dowa va II ane 
Spr1ng 

II ECW-2 
12 RWP-17 
13 Zun1 z-6 
14 ZunI H-'1 
15 Zuni Z-3 

locat 1 on 
number 

8 18 24 221 
8 19 4 321 
8 19. 12 211 
8 19 22 313 
8 20 I 322 

8 20 4 344 
8 20 8 443 

do 
9 18 19 423 
9 19 I 144 

9 21 II 314 
10 18 22 333b 
10 19 22 231 
10 19 22.241 
10 19 22 244 

Dessolved- Number 
so leds on 

concentrat eon, figure 
1n m1ll1grams 

per 11 ter 

532 
455 
621 
431 
922 

694 
480 
968 

1980 
246 

215 
472 
790 
474 
802 

21 

16 
17 
18 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

1-4,9,13,17 
20,22-26, 
28,30 

Well or Locat 1 on Dissolved-
spring number solids 

name con cent rat 1 on, 
I n m 1 II 1 g rams 

per liter 

Zuni Z-2 10 19 22 421 709 
Zuni Z-5 10 19 22 433 826 
Zune Z-1 10 19 23 134 486 

(Curtis) 
Zuni Z-4 10 19.23 14l 622 
Black Rock 2 10 19 24 221 1561 
Zuni F-4 10 19.28 131 760 
Zuni F-3 10 19 28 141 910 
Pat Kelsey 10.19.28 314 967 
Zuni F-1 10.19 28 343 742 

do. do. 874 
Zuni F-2 10. 19 33 121 1003 
Bosson Ranch 10 20 22 211 458 
ECW-9 10.20 32 421 969 
Spring II 20 34 244 229 
16T-545 12 21 24 423 339 

Figure 10. Tnlmear plots of well and sprmg water-quahty analyses denved from sandstones m the Chmle Format1on. 
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Hem ( 1970) Btcarbonate concentratwns may reflect 
dtssolutwn of carbonate cement wtthtn the aqutfer 
Large concentrations of sulfate may represent the 
weathenng of sulfide mtnerals, such as pyrite, whtch 
are present wtthtn the Chtnle shale Dtssolved con
stituents may be expected to Increase tn concentra
tlon wtth dtstance from the potnt of recharge 

Concentratwns of dtssolved sohds tn Zun1 well 
F-1 (10 19 28 343) and well F-2 (10 19 33 121) have 
Increased stnce these wells were dnlled The specific
conductance value, an tndtcator of the dtssolved wn
tc matenal tn water, has Increased from 936 
mtcromhos tn 1953 to 1,400 mtcromhos tn 1980 tn 
well F-1 and from 1,250 mtcromhos 1n 1953 to 1,620 
mtcromhos tn 1972 tn well F-2 (table 2) These In
creases tn specific-conductance values wtth tlme may 
represent some leakage of water contatntng larger 
concentrations of dtssolved sohds from adJotntng 
shales tn response to local pumptng stress 

Exploratory dnlhng and multtple-well aqutfer 
tests, particularly 1n areas of Intense fractunng, are 
needed to further evaluate the avatlabthty and quah
ty of water tn sandstones of the Chtnle Formatwn 
Mapptng of hneaments based on satelhte tmagery 
and tnterpretatwn of aenal photographs can be used 
to locate fractured zones Penodtc monttonng of con
centrations of dtssolved sohds tn water from pubhc
supply wells would be useful 1n defintng trends tn 
water chemtstry related to pumptng 

Zuni-Dakota Aquifer 

The Zunt-Dakota aqutfer has a thtckness of 
more than 700 feet of potentially water-beanng sand
stone that underhes the eastern one-half of the study 
area (pl 1) These rocks are constdered as one hydro
logic untt because of the predominant sandstone h
thology and the lack of maJor tnterventng untts of 
small hydrauhc conductivity Recharge to thts aqui
fer may take place on the almost vertical exposures 
along the Nutna monochne and on the exposures 
that form a dtp slope across the central one-thud of 
the study area (fig 11) Recharge probably occurs 
from runoff and dtrect prec1p1tation on outcrops 
Water probably moves through the Zunt-Dakota 
aqutfer as tntergranular flow and along fractures re
lated to regtonal structures 

A potentwmetnc map constructed on the basts 
of the few wells completed tn thts aqutfer tndtcates 
that flow 1s westward across the study area at a gradi
ent rangtng from 50 to 100 feet per mtle (fig 11) 
Flow hnes drawn perpendicular to the potentwmetnc 
contours converge toward Yellowhouse Canyon, sec-
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tions 10 and 11, T 10 N , R 18 W, tndtcattng possi
ble dtscharge to shallower untts such as the channel 
alluvtum 

Eleven wells are known to be completed tn ei
ther the Zun1 Sandstone or the Dakota Sandstone In 
the study area (table 2) Summers ( 1972, p 57) re
ported a hydrauhc conductivity of 1 6 feet per day 
for well ECW-1 (11 18 21 132) completed In both 
the Zuni and Dakota Sandstones A specific capactty 
of 0 97 gallon per minute per foot of drawdown was 
obtained for this well 1n 1934 Spectfic-capactty val
ues for wells completed only 1n the Zun1 Sandstone 
Include 0 14 gallon per mtnute per foot of drawdown 
for wells RWP-38 (11 20 22 211) and RWP-37 
(11 20 27 314) Summers (1972, p 57) repoJ1ed 
transmtsstvtties from 7 1 to 13 4 feet squared per day 
and hydrauhc conductiVIties from 0 083 to 0 16 foot 
per day for wells completed tn the Dakota Sandstone 
Esttmates of transmtsstvtty from 1 to 7 feet squared 
per day were made for wells ECW-13 (10 16 32 144) 
and ECW-6 (10 17 35 412) from short-term recovery 
tests conducted on May 30, 1979 (fig 12) Both wells 
are completed tn the Dakota Sandstone A hydrauhc 
conductivity of 0 07 foot per day was estimated for 
well ECW-6 from these tests A spectfic capacity of 
0 07 gallon per mtnute per foot of drawdown was 
calculated for well ECW -10 ( 11 1 7 28 143), another 
well completed 1n the Dakota Sandstone 

Larger transmtsstvtties and tmproved well 
ytelds tn the Zunt-Dakota aqutfer may be expected 
where Increased fractunng has taken place as a result 
of structural deformation A zone of Increased frac
tunng has been noted prevwusly along the eastern 
hmb of the Pn1on Spnngs antichne (Summers, 1972, 
fig 9) Fractunng may be expected to decrease east
ward as the Zunt-Dakota aqutfer 1s more deeply bur
ted by the younger Cretaceous sediments 

Water-quahty analyses are avatlable for wells 
completed 1n etther the Zun1 or the Dakota Sand
stones (table 3) MaJor dissolved constituents Includ
ed sodtum, rangtng 1n concentratwn from 24 0 to 376 
mllhgrams per hter, bicarbonate, rangtng 1n concen
tration from 146 to 387 mtlhgrams per hter, and 
sulfate, rangtng 1n concentratwn from 11 0 to 2,04 7 
mtlhgrams per hter 

Tnhnear plots of water-quahty analyses from 
wells tn the Zunt-Dakota aquifer are shown 1n figure 
13 Well RWP-25 (8 17 2 314), well RWP-38 
(11 20 22 211), and Jones Ranch well PM-3 
(12 20 17 133) produce water from the Zun1 Sand
stone Water samples collected from wells 1n recharge 
areas (RWP-38 and PM-3) typtcally are ennched 1n 
calctum and bicarbonate, 1n contrast to the calctum-
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Figure 11. Potentiometric surface (September 1979) and outcrop area of the Zuni -Dakota aquifer. 
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COULD NOT BE DETERMINED WITHOUT THE KNOWLEDGE OF THE TIME PUMPING BEGAN 
HOWEVER, THIS TEST DOES PROVIDE AN ESTIMATE OF THE MAGNITUDE OF TRANS
MISSIVITY IN THE VICINITY OF THE WELL 

Figure 12. Results of short-term recovery tests conducted m wells completed m the Zum-Dakota aqurfer 

and sulfate-ennched water 1n well RWP-25 
(8 17 2 314), a well some distance from recharge ar
eas Analyses are available from wells ECW -13 
(10 16 32 114), ECW-6 (10 17 35 412), ECW-10 
(11 17 28 143), and RWP-34 (11 18 27 411), all of 
whtch are completed 1n the Dakota Sandstone The 
range of constituent concentratiOns 1n these waters 1s 
small (table 3), and the tnhnear plots (fig 13) Indi
cate water typically ennched w1th sodium and sul
fate Sulfate concentratiOns may Increase as water 
mov1ng through the Dakota Sandstone comes 1n con
tact w1th sulfides or selenite Excessive sodium con
centrations may result from ton exchange 1n Inter
bedded shales w1th1n the Dakota 

Water from well RWP-25, completed 1n the 
Zun1 Sandstone, contained significantly larger con
centratiOns of dissolved sohds than were found 1n 
water from the Dakota Sandstone The sulfate con
centratiOn was particularly excessive (2,04 7 milli
grams per hter) Well RWP-38 and the Jones Ranch 
well PM-3 produced water that had significantly 
smaller concentrations of dissolved sohds The con
centratiOns of dissolved sohds 1n these wells were 189 
and 246 milligrams per hter, compared w1th a range 
of 668 to 1, 199 milligrams per hter 1n wells of the 
Dakota and 3,440 milligrams per hter 1n RWP-25 
The smaller concentratiOn of dissolved matenal 
probably 1s related to locahzed recharge to the Zun1 
Sandstone where 1t 1s exposed or thinly mantled w1th 
Tertiary sands of the B1dahoch1 FormatiOn and Hol
ocene alluvium Well RWP-25, 1n contrast, 1s ap-
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proximately 15 miles from the recharge area. Water 
pumped from th1s well has traveled at great depth 
through the Alhson synchne 1n rocks that have small
er hydrauhc conductivity because of the depth of 
bunal The excessive sulfate concentration may Indi
cate the d1ssolut10n of gypsum or oxidatiOn of sulfide 
minerals w1th1n the Zun1 Sandstone 

Hydrologic InformatiOn from the few wells 
completed 1n the Zun1-Dakota aquifer 1n or adJacent 
to the study area 1nd1cates that the potential of th1s 
aquifer as a permanent source of water for pubhc 
supply or trngatwn Is hm1ted However, 1f 1t becomes 
necessary to further evaluate the availabthty and 
quahty of water from the Zun1-Dakota aquifer, deep 
test wells could be dnlled along the Alhson synchne 

Water-Bearing Sandstones of the Gallup Sandstone and 
Crevasse Canyon Formation 

Sandstones within the Gallup Sandstone and 
the Crevasse Canyon FormatiOn yteld water to stock 
wells across the eastern one-third of the study area 
These sandstones generally are Interbedded with 
shales that have small hydrauhc conductivity and do 
not form a unified aquifer system 

Local recharge to these sandstones takes place 
on outcrops by tnfiltratwn of surface runoff along 
fractures and JOints Recharge areas Include broad 
mesas tnctsed by stream drainages (fig 14) 



Number We 11 name Location Dissolved-
on number solids 

figure concentration, 
in m i 11 i grams 

per 1 iter 

I RWP-25 8.17. 2.314 3440 
2 ECW-13 10.16.32.144 1085 
3 ECW-6 10.17.35.412 749 
4 ECW-10 II . 17.28. 143 1199 
5 RWP-34 II. 18.27.411 685 
6 do. do. 668 
7 RWP-38 II . 20.22. 21 I 189 
8 Jones Ranch 12.20.17.133 246 

PM3 

Figure 13. Tnhnear plots of well water-quality analyses denved from the Zum-Dakota aqu1fer 
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Figure 14. Potentiometric surface (November 1979) and outcrop area of the Gallup Sandstone and the Crevasse Canyon 
Formation. 
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The Rto Nutna and R10 Pescado dratnages are 
well entrenched tn the Gallup Sandstone and 
Crevasse Canyon Formation across the study area 
These dratnages are an avenue for localized ground
water dtscharge from the sandstone untts cut by 
them Altitudes of water levels tn wells tndtcate the 
movement of water from recharge areas on the htgher 
mesas toward potnts of dtscharge to the alluvtum 
along the R10 Nutna and R10 Pescado valleys (fig 
14) Locahzed dtscharge may occur as seepage to ta
lus slopes along the valley margtns or to channel-fill 
matenaltn places where the sandstone untts are trun
cated North of the study area, ground water tn areas 
where these untts are not tnctsed by surface drainages 
probably moves northward along the Allison syncline 
to JOin a regtonal flow system near Gallup, New Mex
Ico 

Well ytelds of 4 to 5 gallons per mtnute are 
reported from several stock wells completed tn sand
stone untts of the Gallup Sandstone or the Crevasse 
Canyon FormatiOn tn the study area (table 2) Sum
mers (1972, p 57) reported a spectfic capactty ofO 04 
gallon per mtnute per foot of drawdown, a transmts
stvtty of approximately 2 feet squared per day, and a 
hydraulic conductivity of 0 13 foot per day for the 
Gallup Sandstone tn the study area A spectfic capaci
ty of 0 20 gallon per mtnute per foot of drawdown 
was measured tn the Bowannte well ( 12 1 7 24 442), 
whtch ts producing from the Gallup Sandstone (table 
2) 

Potential water supplies wtthtn the thtn, discon
tinuous sandstone beds of the Crevasse Canyon For
matiOn are locally recharged Where ground water 1s 
present tn these sandstone beds, 1t probably ts 
perched and has little potential for extenstve devel
opment Mtnor ground-water supplies could be de
veloped tn the northeast part of the study area To 
the south, where the Crevasse Canyon Formation IS 
breached by canyons, the sandstone beds generally 
are unsaturated. 

In the NavaJo-Hopt area, Cooley and others 
(1969, table 7) reported a range of specific capacities 
from 0 03 to 4 78 gallons per mtnute per foot of 
drawdown for wells completed tn the Gallup Sand
stone and from 0 03 to 0.64 gallon per mtnute per 
foot of drawdown for wells completed tn the 
Crevasse Canyon FormatiOn Wells tn the study area 
completed tn these untts can be expected to have 
spectfic capacities nearer to the lower hmtts of these 
ranges Transmtsstvtties probably will be less than 10 
feet squared per day, and well ytelds probably wtll be 
less than 1 0 gallons per mtnute Potential ground
water supplies from the Gallup Sandstone and 
Crevasse Canyon Formation are hmtted by the later-

al extent of the perched, saturated untts, parttcularly 
tn the Crevasse Canyon FormatiOn 

Ptper tnhnear plots tndtcate that no stngle 
chemtcal composttion ts typtcal of water from the 
Gallup Sandstone or Crevasse Canyon Formation tn 
the study area (fig 15) Thts probably IS due, at least 
tn part, to the lateral changes tn lithology common to 
these untts Shales tend to cause larger sodtum con
centratiOns through ton exchange, the presence of sul
fides or sulfates tn the rocks tends to cause larger 
sulfate concentratiOns tn the ground water 

Dtssolved solids tn water from wells completed 
tn etther the Gallup Sandstone or the Crevasse Can
yon Formatton (table 3) ranged tn concentration 
from 254 to 1,100 mtlligrams per hter, btcarbonate, 
from 183 to 402 mtlhgrams per hter; and sulfate, 
from 6 2 to 530 mtlhgrams per liter ConcentratiOns 
of dtssolved constituents tend to tncrease wtth the 
dtstance the water must travel from the pomt of 
recharge Most wells probably are located close to 
pmnts of surface recharge, and the concentratiOns of 
dtssolved solids are correspondtngly small 

B1dahochi Aqu1fer 

Very httle runoff takes place over the outcrop of 
the Btdahocht aqutfer, as tndtcated by the hmtted 
dratnage system that commonly termtnates tn closed 
depresswns on the Btdahocht surface. Prectpttatwn 
on the extenstve exposures of the Btdahocht and 
overlytng dune depostts ts etther returned to the at
mosphere through evapotransptratwn or ts qutckly 
absorbed by the permeable sands and gravels of the 
Btdahocht On the average, evapotransptratwn great
ly exceeds tnfiltratwn, as ts typtcal of and areas of the 
Southwest Water that IS recharged moves downward 
to a thtn zone of saturatiOn above the relattvely Im
permeable Tnasstc shales 

A map of the water table tn the Btdahocht aqui
fer was contoured on the basts of well data (fig 16) 
The westward-dtpptng water table tn the northwest
ern corner of the study area generally parallels the 
gradtent of the underlytng Zunt eroswnal surface 
shown by Akers ( 1964, pl 2) 

Channels and remnant ndges on the Zunt ero
SIOnal surface probably exert a stgntficant control 
over the occurrence of ground water and the saturat
ed thtckness of overlytng Btdahocht sands and grav
els Akers ( 1964, pl 2) tndtcated the extstence of a 
maJor buned channel near the State hne north of 
State Htghway 53 Thts buned channel and tnbutary 
channels probably dtrect locally recharged ground 
water westward tnto Anzona Remnant ndges be
tween dratnage channels may he very close to the 
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Number We 11 name Location Dissolved-
on sol1 ds 

figure concentration, 
1 n m i ll1 grams 

per 11 ter 

I Ramah 13 * 7.16.21.342 475 
2 Epaloose * 7. 21 . 3. I 22a 1010 
3 lrr1gat1on 3* 8.20.31.321 725 
4 Miller ''t 9 16 34 412 531 
5 Nutria Camp- 11 . 1 7. 5. 322 428 

ground * 
6 ECW-14 .'t 11.17.24.432 II 00 
7 RWP-32 "#'t 12.16. 7.331 632 
8 16T-567 * 12.18.28.434 254 
9 RWP-28 + II .16. 8.131 971 

10 RWP29 + 12.16.30.242 575 
II ECW-16 + 12 17 15.213 446 
12 Z-7R + 12.17 32 323 342 

WELL COMPLETED IN. 

* Gallup Sandstone 

+ Crevasse Canyon Formation 

Figure 15. Tnlmear plots of well water-quality analyses denved from the Gallup Sandstone and Crevasse Canyon 
Format1on 
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Figure 16. Water-table contours (September 1979) and outcrop area of the Bidahochi Formation. 

Hydrogeology of Ground-Water Systems 29 



altitude of the water table, and saturated thicknesses 
may be m1n1mal or nonexistent over these ndges 

From 25 to 50 feet of saturated B1dahoch1 sedi
ments are penetrated 1n most of the wells across the 
western s1de of the study area (table 2) The W1nter 
Cattle well ( 11 21 23 000) was dnlled to a total depth 
of 650 feet before 1t was abandoned as a dry hole 
Irngatwn well 1 ( 10 20 18 314) penetrates 204 feet of 
Quaternary alluvium and B1dahoch1 that overlie Tn
assic bedrock The saturated thickness 1n Irngatwn 
well 1 1s 25 feet, 1n 1939, the well reportedly ytelded 
44 gallons per minute w1th no measurable drawdown 
(table 2) Th1s well probably ts completed 1n trans
missive sands and gravels that fill a buned channel at 
that s1te Y1elds from other wells completed 1n the 
B1dahoch1 1n the area range from 3 to 15 gallons per 
minute Y1elds, specific capacities, and transmiSSlVl
ties may be expected to vary greatly from location to 
locatiOn depending upon the onentat10n of the bur
Ied drainage system, the saturated thickness, and the 
type of matenal (sand, gravel, silt, or clay) penetrat
ed 

A preliminary 1-mile seismic-reflectiOn survey 
was conducted 1n July 1979 by Charles B Reynolds 
and Associates (wntten commun, 1979) under con
tract w1th the US Geological Survey The purpose of 
th1s survey was to determine whether seismic-reflec
tion techniques could be used to locate buned chan
nels 1n the B1dahoch1 1n future ground-water Investi
gations. The survey was conducted north from well 
RWP-30 (10 21 11 221) and 1nd1cated the existence 
of an uregular buned surface thought to be Tnass1c 
bedrock that was traversed by erosional channels 

Se1sm1c data 1nd1cate that the topographic relief 
of the buned Tnass1c surface 1s approximately 200 
feet (fig 17) As much as 550 feet of Tertiary and 
younger deposits overlie buned channels along the 
se1sm1c line, and as much as 300 feet of these depos
Its cover buned ndges Th1s se1sm1c technique ap
pears to be effective 1n locating the buned channels, 
which presumably contain thicker saturated sections 
of B1dahoch1 sands and gravels. However, test dnll
Ing 1s needed to confirm the reliability of th1s tech
nique and to further evaluate the potential water sup
ply available 1n the B1dahoch1 Formation 

The B1dahoch1 aquifer typically produces water 
ennched w1th calc1um and bicarbonate, as 1nd1cated 
by trthnear plots of three analyses from wells (fig 18) 
D1ssolved-sohds concentrations were small, ranging 
from 256 to 269 milligrams per liter, calcium ranged 
1n concentration from 53 to 64 milligrams per liter, 
and bicarbonate ranged 1n concentration from 11 7 to 
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143 milligrams per hter (table 3) Other dissolved 
constituents Included magnesium, sod1um, chlonde, 
and sulfate 

The predominant sand and gravel stratigraphy 
of the B1dahoch1 FormatiOn has a duect effect on the 
quality of water from the B1dahoch1 Larger hydrau
lic conductivities prevent the buildup of large con
centratiOns of dissolved matenal by decreasing the 
travel time from the pmnt of recharge The concen
trations of the predominant constituents, calcium 
and bicarbonate, probably are denved from the calci
um carbonate that loosely cements the B1dahoch1 
Formation 

Alluvial Aquifers 

Alluvial deposits 1n the study area pnmanly are 
limited to the ma1n dra1nageways, such as the R10 
Nutna, R10 Pescado, and Zun1 R1ver, and to smaller 
tnbutary drainages (fig 19) Recharge to the alluvium 
1s denved from stream runoff and d1rect precipita
tiOn Additional Inflow comes from ground-water 
flow from aquifers 1nc1sed by the alluvium-filled 
channels 

Water 1n alluvium moves 1n the same general 
d1rect10n as surface flow and 1s under water-table 
cond1t10ns, except for the buned channel deposits 
along the R10 Pescado Because these saturated sands 
apparently are confined by overlytng sediments, 
water levels 1n wells nse above the zone of saturatiOn 

Natural discharge from the alluvium takes place 
from spnngs and seeps along the channel bottoms of 
the Zun1 R1ver, R10 Nutna, and R1o Pescado Th1s 
flow either re1nfiltrates w1th1n a short distance down
stream or 1s lost to evaporatiOn Phreatophyttc vege
tatiOn along the stream channels removes add1t10nal 
water from the alluvium through transpiratiOn Other 
discharge takes place 1n the form of spnng d1vers1ons 
at Pescado and Black Rock and pumpage from do
mestic wells 

Water levels 1n wells completed tn alluvium 
generally are between 5 and 40 feet below land sur
face (table 2) Most wells completed 1n the alluvium 
are dug wells, and the total depths of these wells are 
only a few feet below the water table Y 1elds from 
these wells generally are less than 10 gallons per min
ute 

Two large spnngs, referred to locally as the Up
per Pescado Spnng (10 17 12 442) and the Lower 
Pescado Spnng ( 10 1 7 12 431 ), have long provided 
water for the Zun1 Tnbe at Pescado VIllage Water 
from the spnngs flows from saturated alluvium un
derlying the basalt flow along the R10 Pescado valley 



X 
.-o PROFILE ~- t I""" 
!'WI 

Q. 

SOUTH CU:3 -a: 

70001 Land Surface 

6500
1 Bidahochi Formation 

_____....__ 

6ooo' 
Triassic rocks 

5500' 
0 0 0 
0 0 0 
0 0 0 
~ If') N 

DISTANCE. IN FEET 

PROFILE 2 -1X 
WEST ..!! EAST 
7000' 

65001 

Base from U S. Geological Survey 
High Lonesome Well, 1:24,000, 1971 

R 21 W 

0 

0 

05 

05 

CONTOUR INTERVAL 20 FEET 
DATUM IS SEA LEVEL 

' , __ , 

0 
0 
~ 

1 MILE 

KILOMETER 

NORTH; 
I 

0 

Figure 17. Se1sm1c prof1les of the pre-Tert1ary buned surface underlymg the B1dahoch1 Format1on, North Purchase Area 

Hydrogeology of Ground-Water Systems 31 



Number Well name Location Dissolved-
on number so 1 ids 

figure concentration, 
in milligrams 

per 1 iter 

1 RWP-27 10.20. 8.243 256 
2 Irrigation 1 10.20.18.314 269 
3 do. do. 263 

Figure 18. Tnhnear plots of well water-quality analyses denved from the B1dahoch1 Format1on. 
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Development of the upper spnng has Included the 
constructiOn of a rectangular stone-masonry reser
voir, headgates, and a d1tch-d1stnbut10n system The 
lower spnng has been developed by the constructiOn 
of an earthen d1ke, rock reta1n1ng wall, and headgate. 
Recently, both spnngs have been made part of a 
p1pehne-d1stnbut10n system that ultimately dis
charges to the R10 Pescado upstream from a concrete 
Irngat1on-divers10n structure 

A senes of penod1c discharge measurements 
have been made at the Pescado Spnngs s1nce 1978 1n 
order to determine the volume and the vanab1hty of 
flow (fig 20) Measurements shown 1n figure 20 rep
resent the flow from both spnngs Measured dis
charges ranged from 0 87 cub1c foot per second on 
December 4, 1979, to 1.60 cub1c feet per second on 
February 25, 1980 The average discharge for th1s 
penod was approximately 1 1 cub1c feet per second, 
or 500 gallons per m1nute, for a total annual flow of 
approximately 800 acre-feet Irngation return flow 
and overflow from the d1vers10n on the R10 Pescado 
Infiltrate to the channel alluvium or are lost to evapo
ration Some vanab1hty 1n discharge throughout the 
year 1s due to changes 1n water levels w1th1n the 
spnng reservoirs FluctuatiOns may be attnbuted, 1n 
part, to runoff across the recharge areas. Changes 1n 
storage 1n nearby Pescado Reservoir also may have 
some effect on spnng discharge. 

Alluvial seepage of perhaps 200 to 300 gallons 
per m1nute has been partly developed for community 
use at Black Rock Th1s seepage emerges from buned 
channel depos1ts exposed where an arroyo has been 
1nc1sed around the north s1de of the Pescado basalt 
flow A collectiOn gallery known locally as the "spnng 
house" (1 0 19 13 224) has been constructed 1n the 
arroyo channel Water from the spnng house 1s 
pumped to Black Rock, where 1t 1s m1xed w1th more 
m1nerahzed water from the two wells completed 1n 
the Gloneta-San Andres aqu1fer (PHS well and Black 
Rock well3) 

The concentratiOns of dissolved sohds 1n water 
from alluvial aquifers ranged from 207 to 2, 940 mil
ligrams per hter (table 3) Major catiOns were calci
um, rang1ng 1n concentratiOn from 34 to 500 milli
grams per hter, magnesium, from 2.4 to 560 
milhgrams per hter; and sod1um, from 22 to 1,000 
milhgrams per hter Major an1ons were bicarbonate, 
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rang1ng 1n concentration from 79 to 540 milligrams 
per hter, chlonde, from 18 to 1, 100 milhgrams per 
hter, and sulfate, from 3 4 to 2,200 milhgrams per 
hter. Nitrate concentrations ranged from 0 31 to 86 
milhgrams per hter 

No distinctive chem1cal composition of water 1s 
1nd1cated by water-quahty analyses from wells com
pleted 1n alluvium w1th1n the study area, however, 
local water-quahty s1milanties ex1st as a result of geo
hydrologic conditions The s1milanties are shown on 
tnhnear plots of chemical analyses (fig 21) Alluvial 
wells 1n upland tnbutary canyons produce water w1th 
large concentrations of calcium, sod1um, and sulfate 
In the buned channel deposits of the R1o Pescado, 
water has a small d1ssolved-sohds concentration Ma
JOr 1ons are calc1um and bicarbonate In alluvial wells 
near Zun1 V1llage, water has large concentratiOns of 
sod1um and chlonde The predominant 1ons 1n the 
water along the downstream reaches of the Zun1 Riv
er typically are calcium, sod1um, and sulfate. 

Water-quahty vanatlons 1n different alluvial 
wells and spnngs are the result of several factors, 
1nclud1ng the hthology of alluvium, the source of 
recharge to the alluvium, and the potential for sur
face contamination. Clay minerals w1th1n the alluvi
um enhance the Ion-exchange process, 1ncreas1ng dis
solved sod1um 1n the water and decreasing some of 
the divalent cations ( calc1um, magnesium, and Iron) 
Salts that accumulate 1n the soil from evaporation 
and transpiration are flushed 1nto the alluvial aquifer 
by penod1c flooding, 1ncreas1ng the dissolved-chlo
nde and d1ssolved-sohds concentratiOns Inflow to 
the alluvium from adjacent aquifers locally Increases 
the dissolved constituents found 1n those waters FI
nally, the quahty of water 1n shallow alluvial wells 1n 
the Zun1 R1ver valley 1s more easily affected by sur
face processes such as flooding, waste-disposal con
taminatiOn, and seasonal fluctuations 1n precipita
tion 

The susceptlbthty of alluvial water to surface 
contam1nat1on and the hm1ted extent of alluvial aq
uifers 1n the Zun1 study area preclude extensive use 
of th1s water resource If 1t becomes necessary to fur
ther evaluate the availab1hty and quahty of water 1n 
the alluvium, test wells could be dnlled 1n the Zun1 
R1ver valley southwest of Zun1 VIllage and 1n the 
buned channel deposits along the R1o Pescado 
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Number Well or Location Dissolved-
on spring number solids 

figure name concentration, 
In ml11i grams 

per I Iter 

Number Well or Location Dissolved-
on spring number solids 

figure name concentration, 
In milligrams 

per liter 

1 RWP-31 8.21.12.312 1821 
2 ECW-20 8.21.26.321 1143 
3 ECW-19 9.17. 5.112 2290 
It Stock well 9.17.33.324 2940 
5 Spring 9.18.16.242 218 

catchment 
6 A-1 9.20. 8.223 1850 
7 Pab II to Chavez 9.20.18.434 457 
8 Romanclto g. 21. 25.433 695 
9 Lower Pescado 1 0 • 1 7. 12 . 431 319 

Spring 
10 Upper Pescado 10.17.12.442 300 

Spring 

11 Fidel Chahate 10.17.12.433 370 
12 Yellowhouse 10.18.11.143 570 

test hole 7 
13 Black Rock 10.19.13.224 252 

14 
Spring 

do do 293 
15 Black Rock 1 10.19.24.122a 454 
16 St. Anthony 10.19.28.114 2899 

Mission 
17 Nastacto 10.19.30.232 541 
18 Hand pump 12.17.23.244 1098 

well 
19 Cheech II gee tho 12.20.25.123 207 

Figure 21. Tnlmear plots of well and sprmg water-quality analyses denved from alluv1al aqu1fers 
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HYDROLOGY OF SURFACE-WATER SYSTEMS 

The Zuni River and Tributaries 

The Zuni River and Its tnbutanes contnbute 
surface-water runoff to the Colorado River drainage 
system of east-central Anzona and west-central New 
Mexico The total drainage area for the Zuni River 
upstream from where It leaves the study area at the 
New Mexico-Anzona State hne Is about 1,300 
square miles (fig 22) This area consists of the Zuni 
River headwaters on the southwestern flanks of the 
Zuni Mountains, the northern one-half of the Ramah 
NavaJO tnbal lands, and most of the Zuni tnbal 
lands Approximately 100 square miles of the Zuni 
basin near El Morro IS a closed drainage system and 
does not contnbute surface flow to the Zuni River 
(fig 22). The Zuni River drainage basin IS bounded 
on the north by the Puerco River watershed, on the 
east by the Continental Divide, and on the south by 
the headwaters of the Little Colorado River 

The Zuni River begins at the confluence of the 
RIO Pescado and the RIO Nutna, 4112 miles upstream 
from Black Rock V lllage, flows to the southwest, 
passing through Zuni VIllage, and flows out of New 
Mexico In the extreme southwestern corner of Zuni 
tnballands The Zuni River flows across east-central 
Anzona to JOin the Little Colorado River approxi
mately 13 miles northwest of Concho, Anzona. 

The Zuni River, the RIO Pescado, and the RIO 
Nutna flow Intermittently In the study area, except 
for short reaches that flow perennially In response to 
discharge from spnngs. Penods of sustained flow 
commonly occur dunng spnng runoff, and sporadic 
flows occur In response to summer rainfall Other 
tnbutary arroyos to the Zuni River flow only In re
sponse to Intense, localized rainfall 

Stream discharge from the Zuni River and 
tnbutanes vanes greatly because of annual and sea
sonal fluctuations In the distnbution of precipitation 
A senes of small- to medium-sized dams have been 
constructed In order to better use the surface-water 
supply and to provide some protection from floods 
Dams are located near the villages of Nutna, Pes
cado, Black Rock, Zuni, and 0JO Caliente, and at the 
upper end of Galestina Canyon (fig 22). Several 
structures not In the study area, Including McGaffey 
and Ramah Dams (fig. 22), help to control the runoff 
of the Zuni River and Its tnbutanes 

Availability and Quality of Surface Water 

Stream-runoff data were collected for the Zuni 
River at Black Rock dunng 1903-05 and 1908-30 
These records consist of the total yearly runoff In 
acre-feet for 1903-05 and 1908-10 and total monthly 
runoff In acre-feet and cubic feet per second for 
1911-30 measured at Black Rock Reservoir (U S 
Geological Survey, 1954, p 532) Runoff volumes 
Into Black Rock Reservoir for these penods of record 
were calculated by adding or subtracting the appro
pnate change In reservoir storage to measured re
leases from Black Rock Reservoir Evaporation losses 
from the reservoir surface were not considered Dally 
and monthly stream-discharge records have been col
lected by the U S Geological Survey from October 
1969 to the present ( 1981) at a streamflow-gaging 
station on the RIO Nutna near Ramah (09386900) 
and at a streamflow-gaging station on the Zuni River 
2 miles upstream from Black Rock Reservoir 
(09386950) (fig 22). The Rio Nutna gage monitors 
discharge from a total drainage area of 71 4 square 
miles In the Zuni Mountains, and the Zuni River 
gage monitors discharge from a total area of 810 
square miles The drainage area monitored by the 
earlier reservoir gage at Black Rock (through 1930) 
was 58 square miles larger than that monitored by 
the present gage 

Total monthly discharges Into Black Rock Res
ervoir from 1911 to 1930 were used to calculate aver
age monthly discharges for the Zuni River for the 
penod of record (fig 23) at the Black Rock gage 
Dunng this penod, spnng runoff normally began In 
February and ended In May Runoff from summer 
storms began In July and ended In October, peaking 
In July Runoff dunng the remaining months was 
minimal The average runoff for the Zuni River at 
Black Rock dunng this penod was about 26 cubic 
feet per second or 19,000 acre-feet per year The 
mean monthly discharges on the Zuni River at Black 
Rock for 1911-30 are significantly weighted by sever
al years of extreme flow, as IS Indicated by a com pan
son between the mean and median monthly dis
charges (fig 2 3) 

Mean monthly flow for the Zuni River above 
Black Rock from October 1969 to September 1979 
(US Geological Survey, 1969-79) IS shown In figure 
23 Flow past the gage dunng this penod occurred 
pnmanly dunng the spnng snowmelt runoff and dur
Ing late summer thunderstorms For the penod of 
record, runoff vaned erratically from year to year 
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Mean monthly discharges for the Zuni River 
above Black Rock for 1969-79 Indicate the distnbu
tion of surface-water runoff (fig 23) However, the 
mean monthly discharge IS based upon such a short 
penod of record that It may not reflect long-term 
trends. Spnng runoff normally began In February and 
ended In May, with a peak In Apnl. Late summer 
runoff began In July and ended In October, with a 
peak In August Frequent and extended no-flow pen
ods occurred In other months The average flow for 
the Zuni River above Black Rock for October 1969 
to September 1979 was about 11 cubic feet per sec
ond or about 8,000 acre-feet per year, 11,000 acre
feet per year less than for 1911-30 The mean month
ly values are again significantly weighted by several 
penods of extreme flows, as Indicated by a compan
son between mean and median discharges (fig 23) 

The construction of reservOirs on Zuni River 
tnbutanes (table 4) probably accounts for much of 
the decrease In flow In the Zuni River at Black Rock 
between 1911-30 and 1969-79 The completiOn of 
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reservOirs, Including the Nutna and Pescado Reser
voirs In the 1930's, Ramah Reservoir In 1936, and 
many smaller flood- and erosion-control structures 
built since then, has Increased the capacity for up
stream storage and corresponding losses to evapora
tion and seepage Evaporation losses from reservoirs 
In the Zuni study area total approximately 54 Inches 
per year (Kohler, Norderson, and Baker, 1959, pl 2), 
the greatest losses (73 percent) take place from May 
to September. The surface area of reservoirs up
stream from Black Rock Reservoir totals approxi
mately 1,400 acres (table 4) With an average evapo
ration rate of 54 Inches per year, this area would 
account for an annual evaporation loss of more than 
6,300 acre-feet from these reservoirs Because these 
reservoirs are not filled to capacity throughout the 
year, this value probably IS a maximum 

The 1,400 acres of reservoir surface area up
stream from Black Rock Reservoir Include approxi
mately 900 acres within the study area Downstream, 
Black Rock ReservOir, Bolton, Eustace, Tekapo, and 

Q 60 
:z 
0 
u 
L&J 
(/) 

a: 
50 

L&J 
a.. 
I-
L&J 
L&J 40 
u.. 
u 
CQ 
::::> 30 
u 
:z 

.. 20 
L&J 
CJ 
a: 
<( 
::I: 
u 10 
(/) 

Q 

0 

c: ..0 ~ '-
ltJ Q) ltJ a. ...., u.. ~ <( 

October 1969 
to September 1979 

Mean annual discharge 
was 10.9 eub1c feet per 
second or 7897 acre-feet 
per year 

Mean monthly 
discharge 

Q) >- +J 
>- c: 0'1 a. ""' > u 
ltJ :J :J :J Q) u 0 Q) 

~ ...., ...., 
<( (/) 0 :z Q 

Figure 23. Mean and med1an monthly d1scharge of the Zum R1ver near Black Rock, 1911-30 and 1969-79 water years 
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0Jo Cahente Reservoirs add an additional 630 acres 
of surface area w1th1n the study area, for a total of 
approximately 1,500 acres. Based on an annual evap
oration rate of 54 1nches, approximately 6,800 acre
feet of water are lost to evaporation each year from 
the reservo1rs w1th1n the study area Aga1n, th1s vol
ume probably 1s an overestimate because 1t 1s calcu
lated assum1ng that each reservo1r 1s full year-round 
However, the calculatiOn does not take 1nto account 
the surface area of the smaller eros1on- and flood
control reservoirs, some of wh1ch conta1n water year
round (Galestina reservo1rs) and others wh1ch hold 
water for short Intervals 1n response to floods. Evapo
ration losses from the comb1ned on- and off-tnbal 
land storage facilities (approximately 2,000 acres of 
surface area) could be as much as 9,000 acre-feet 
annually 

Seepage through reservoirs 1ncreases recharge 
to aqu1fers 1n the study area Th1s seepage may also 
contnbute to a decrease 1n flow 1n the Zun1 R1ver 

Decreases 1n prec1p1tat10n probably had a less 
s1gn1ficant effect on runoff than d1d evaporation 
losses Long-term records of prec1p1tat10n are avail
able for McGaffey Ranger Station (McGaffey 4 SE), 
located on the northern headwaters of the R1o Nu
tna, and for Black Rock (Zun1 Federal Aeronautics 
Adm1n1strat10n Station), located at the downstream 
end of the dra1nage area mon1tored by the gag1ng 
station above Black Rock Reservoir (fig. 24) For 
1911-30, exclud1ng 1914 and 1915 when no data 
were available, the mean annual prec1p1tat10n at Mc
Gaffey was 1 7 26 1nches w1th a med1an value of 
16 60 1nches For 1969-79, the mean annual precipi
tation at McGaffey was 1 7.1 7 1nches w1th a med1an 
value of 16.88 1nches At Black Rock dunng 
1911-30, the mean annual prec1p1tation was 12 33 
1nches w1th a med1an value of 12.60 1nches. At Black 
Rock dunng 1969-79, exclud1ng 1974 when no data 
were available, the mean annual prec1p1tat1on was 
11 95 1nches w1th a med1an value of 11 72 1nches 
The mean annual precipitation for 1911-30 was 0 09 
1nch greater at McGaffey and 0.38 1nch greater at 
Black Rock than for 1969-79 This decrease In the 
mean annual prec1p1tation probably 1s not suffic1ent 
to expla1n a decrease of 59 percent In the mean annu
al discharge for the Zun1 R1ver above Black Rock for 
these two penods of record 

Shifts 1n seasonal prec1p1tation also may ac
count for minor changes 1n discharge between the 
two penods Prec1p1tat10n data are tabulated for the 
water year (October-September) and for the cooler 
w1nter months (November-March) for McGaffey and 
Black Rock for 1911-30 and 1969-79 (fig 24). The 
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average percentages of annual prec1p1tat10n 1n w1nter 
at McGaffey were 36 percent for 1911-30 and 41 
percent for 1969-79. The average percentages of an
nual prec1p1tat10n 1n w1nter at Black Rock were 30 
percent for 1911-30 and 36 percent for 1969-79 
These trends toward 1ncreased prec1p1tation dunng 
the w1nter could decrease surface flow by sublimation 
losses of w1nter snowpack 

In summary, evaporation losses and seepage In
to ground-water systems from reservoirs probably ac
count for much of the decrease 1n Zun1 R1ver dis
charge Less s1gn1ficant factors 1n th1s decrease 
1nclude d1fferences 1n the average annual precipita
tion rates and changes 1n the seasonal d1stnbut10n of 
precipitatiOn for the two penods of record 

Average monthly d1scharges at the R10 Nutna 
gage are shown for October 1969 to October 1979 
(fig 25) Base flow at th1s station 1s sustained almost 
continuously by d1scharge from a spnng of the 
Gloneta-San Andres aqu1fer 1n the VIc1n1ty of the 
gage A penod of h1gh flow from snowmelt runoff 
normally begins In February and ends In May, w1th a 
peak 1n Apnl Late summer rainfall does not signifi
cantly affect the flow pattern at th1s gage, partly be
cause of the small dra1nage area and the relatively 
dense vegetative cover. 

Four water samples were collected from the Zu
ni R1ver upstream from Black Rock Reservo1r from 
November 1979 to February 1980 (table 5) The first 
two samples were collected at low flow on the reces
sions of small w1nter flows The second two samples 
were collected dunng penods of high flow that result
ed from the spnng snowmelt runoff. The concentra
tions of d1ssolved sohds for the samples taken dunng 
low flow were 426 and 51 7 milligrams per hter The 
concentrations of d1ssolved sohds In the samples tak
en dunng h1gh flows were 178 and 180 milligrams per 
hter 

The smaller concentrations of d1ssolved constit
uents In the h1gh-flow waters poss1bly can be attnbut
ed to the relationship between quahty of the flow 
component from bank storage and the quahty of the 
flow component from direct runoff Bank-storage 
water 1s water that 1s absorbed dunng penods of 
higher flow by the permeable sands and gravels adJa
cent to the stream channel. As flow decreases, this 
water beg1ns to move back toward the stream to be 
d1scharged from bank storage Water In bank storage 
has had the opportunity to dissolve matenal from the 
alluvium and has a greater concentration of dissolved 
sohds The direct-runoff component of flow repre
sents water denved directly from prec1p1tation or 
snowmelt Th1s water has not had the opportunity to 
d1ssolve much soluble matenal As the direct-runoff 
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HcGAFFEY RANGER STATION (1911-30) 
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Calendar year . • 
Water year (October-September) 

.17.26 1nches 
• 17 40 1 nches 

Hean w1nter (November-March) prec1p1tat1on 

Tota1 • • . • • .6.22 1nches 
As percentage of mean 
water-year prec1p1tat1on . 36 percent 
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BlACK ROCK {1911-30) 

Hean annual prec1p1tat1on 
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Calendar year • • ••••. 12 33 1nches 
"'ater year (October-September). 12 76 1 nches 

Hean Winter (November-March) prec1p1tation 

Total ••.•.••••••• 3 88 1nches 
As percentage of mean 
water-year prec1p1tat1on ••••••• 30 percent 
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McGAFFEY RANGER STATION (1969-79) 

Hean annua1 precipitation 

Ca 1 endar year • • • • • • • • • • 17 17 Inches 
Water year (October-September) •••• 16.65 1nches 

Hean winter (November-Harch) precipitation: 

Tota1 ••••••••••••••••••••••••••• 6.91 inches 
As percentage of mean 
water-year precipitation •••••••• 40.7 percent 

Mean monthly prec1p1tat1on 
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BLACK ROCK (1969-79) 

Hean annual prec1p1tat1on 

Calendar year 
Water year (October-September) 

11 95 1nches 
12 20 Inches 

Mean Winter (November-March) prec1p1tation 

Total ••• 4 40 1nches 
As percentage of mean 
water-year prec1p1tat1on 36 percent 

Figure 24. Mean monthly, calendar-year, and water-year prec1p1tat1on for weather stations at McGaffey and Black Rock, 
1911-30 and 1969-79 
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Mean annual d1scharge 
for 1969-79 water years 
was 5.17 CUbiC feet per 
second or 3745 acre-
feet per year 

Mean monthly discharge 

Median monthly 
discharge 

Q) >-
c..o 1... 1... >-C O'l 
ro Q) ro ~ ro ~ ~ ~ 

...., LL. ~ <! ~ ...., ...., <! 

.j...J 

~ .j....l > u 
Q) u 0 Q) 

(/) 0 ""7 c 

Figure 25. Mean and med1an monthly d1scharge of the R1o 
N utna, 1969-79 water years. 

component Increases dunng a flow, the hydraulic 
head In the stream Increases, decreasing or even re
versing the flow gradient from bank storage As this 
occurs, the bank-storage component IS decreased or 
eliminated, decreasing the dissolved-solids concen
tratiOn In runoff Conversely, on the flow recession, 
the bank-storage water begins to move back toward 
the stream where It mixes with the surface flow The 
water becomes more mineralized as the flow reces
siOn continues This relatiOnship between the volume 
of discharge and the dissolved-solids concentration 
appears to be true for the Zuni River and Its tnbuta
nes However, more water samples taken at different 
discharge rates need to be collected and analyzed In 
order to more accurately determine the relationship 
between runoff and water quality 

Reservoir water IS denved pnmanly from high
flow runoff (table 5) Water losses from evaporation 
on the reservoir surfaces concentrate dissolved solids 
In the reservoir water, and the water quality can be 
expected to detenorate somewhat from the less min
eralized Inflow resulting from penods of high runoff. 

Reaches of the R10 Pescado, Rio Nutna, and 
Zuni River flow perennially In response to discharge 
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from spnngs Concentrations of dissolved matenal 
along these reaches dunng low flows reflect the water 
chemistry of the aquifers supplying these spnngs (ta
ble 3) The water quality of 0Jo Caliente Reservoir 
also reflects ground-water quality because the reser
voir pnncipally IS supplied by spnng flow 

Sediment transported by the Zuni River and Its 
tnbutanes has had a significant effect on the availa
bility of the surface-water supply. Black Rock Reser
voir had an onginal storage capacity of 15,800 acre
feet In 1908 By 1944, the storage capacity had been 
decreased by sedimentatiOn to 2,600 acre-feet (US. 
Geological Survey, 1954, p 532) Much of this sedi
ment accumulation may have occurred dunng a few 
years of significant precipitation and runoff, but no 
sediment-load data are available to support this pos
sibility An additional 15,000 acre-feet of storage ca
pacity had been lost within the same time penod In 
reservoirs upstream from Black Rock Reservoir as a 
result of sedimentation and flood damage 

Sediment-load data have been collected at the 
Zuni River streamflow gage above Black Rock since 
October 1979. These data and the discharges at the 
time of sample collection are shown In table 5 Sedi
ment loads range from 25 milligrams per liter at a 
discharge ofO 85 cubic foot per second (November 7, 
1979) to 2,090 milligrams per liter at a discharge of 
441 cubic feet per second (Apnl 18, 1980) A vallable 
sediment-load data on the Zuni River Indicate that 
greater discharges carry more sediment per unit vol
ume Additional Information would be useful, In
cluding the distnbution of sediment load dunng 
flood peaks and subsequent flow recessions, In order 
to better define the relationship between runoff and 
sediment load 

SUMMARY 

MaJOr structural features In the Gallup embay
ment, such as the Nutna monocline, Allison syncline, 
Pifion Spnngs anticline, and 0JO Caliente anticline, 
affect regional hydrologic systems. Recharge areas, 
aquifer permeability, directions of ground-water 
flow, and points of subregional and regional dis
charge are significantly controlled by these features 

Ground-water supplies for the Zuni Tnbe are 
denved pnmanly from six aquifer systems, ranging 
In age from Permian to Quaternary These aquifer 
systems are the Gloneta-San Andres aquifer, sand
stones within the Chinle Formation, the Zuni-Dakota 
aquifer, the water-beanng sandstones of the Gallup 
Sandstone and Crevasse Canyon Formation, the 
Bidahochi Formation, and alluvial deposits along 
nver channels 



The Gloneta-San Andres aquifer consists of as 
much as 300 feet of Permian sandstone and lime
stone It 1s exposed on the southwestern flanks of the 
Zun1 Mountains and near 0JO Cahente 

Recharge to the Gloneta-San Andres aquifer 
takes place along the southwestern flanks of the Zun1 
Mountains and across the basalt-covered subcrop 1n 
the North Plains to the east Water moves under arte
Sian conditions through fractures and solution chan
nels 1n a west and northwest duect10n across the 
study area Spnngs at 0JO Cahente, 1n the southwest
ern part of the study area, provide a po1nt of subre
gwnal discharge of approximately 450 gallons per 
minute Water-level and chemical data 1nd1cate the 
development of a system w1th greater hydrauhc con
ductivity from east to west along the southern parts 
of the study area The 0JO Caliente fault, whtch 1s not 
well defined at the surface, may be an effective ham
er to westward flow. 

Wells completed 1n the Gloneta-San Andres 
aquifer at Black Rock V 1llage supply water for mu
nicipal use Dunng a 1 0-year penod, pumpage from 
these wells may have caused water-level dechnes of as 
much as 29 feet 1n nearby wells completed 1n the 
Gloneta-San Andres aquifer Transmtss1v1ties deter
mined from aquifer tests range from 30 to 1,400 feet 
squared per day, specific capacities range from 0 21 
to 1 1 gallons per minute per foot of drawdown, well 
ytelds range from 50 to 150 gallons per minute. Well 
ytelds are affected by the number of fractures Inter
cepted 1n the well and by well-construction tech
niques. Smaller ytelds may be expected from wells 
completed by cas1ng, cementing, and gun-perforating 
the producing Intervals 

The Gloneta-San Andres aquifer 1n the study 
area typically produces water ennched w1th calctum 
and sulfate, and dtssolved-sohds concentrations 
range from 331 to 1,068 milligrams per liter. Chemi
cal quality may be expected to detenorate w1th dis
tance from the outcrop and 1n areas of smaller hy
draulic conductivity 

The Chtnle FormatiOn, approximately 1,300 
feet thtck, contains Interbedded sandstones as much 
as 100 feet thtck, the most prominent of whtch IS the 
Sonsela Sandstone Bed of the Petnfied Forest Mem
ber Recharge to these sandstones takes place along 
the Nutna monocline. Some additional recharge may 
take place where the beveling of the 0JO Caliente 
anticline has exposed the sandstones w1th1n the 
Chtnle The adJOining shales are confining un1ts, and 
water moves westward across the study area under 
confined conditions along fractures and bedding 
planes The hydraulic gradient ranges from 20 to 100 
feet per mile A trough 1n the potentiometnc surface 
of the Chtnle Formation along the Zun1 Rtver 1nd1-

cates that discharge 1s occurnng to the alluvium 

Well withdrawals from the Chtnle were approx
Imately 450 acre-feet dunng 1979 Well yields range 
from 5 to 125 gallons per m1nute, w1th larger ytelds 
noted along the fractured zone associated w1th the 
ax1s of the Ptfion Spnngs anticline Water-level de
clines of as much as 27 feet dunng 24 years have 
been measured near the center of pumptng at Zun1 
V 1llage Water levels 1n stock wells located away from 
this pumping center show little or no decline Trans
mtsstvtties determined from aquifer tests on muniCI
pal wells at Zun1 VIllage range from 40 to 1,400 feet 
squared per day, specific capacities range from 0 027 
to 0 6 gallon per minute per foot of drawdown A 
storage coefficient of 3 x 1 o-s was calculated from a 
multiple-well aquifer test The Chtnle characteristi
cally produces water ennched w1th sod1um and bicar
bonate, and dissolved-solids concentratiOns range 
from 215 to 1, 9 80 mllhgrams per liter 

The Zun1-Dakota aquifer, Including approxi
mately 700 feet of Jurassic and Cretaceous sand
stones, provides water to at least 11 stock wells 1n the 
eastern one-half of the study area Recharge takes 
place on exposures along the Nutna monocline 
Water moves westward through fractures under arte
sian conditions created by adJOining confining shales 
Flow gradients range from 50 to 100 feet per mile. 
Local discharge may take place to channel deposits 
along the Zun1 R1ver 1n Yellowhouse Canyon 

Wells 1n the Zun1-Dakota aquifer generally 
have been completed 1n one of the two water-beanng 
units, and few data are available on the combined 
potential for transmittal and storage of ground water 
A hydraulic conductivity of 1 6 feet per day for the 
Zun1 and Dakota Sandstones and transmtsstvtties 
from 1 0 to 13 4 feet squared per day for the Dakota 
Sandstone have been reported Specific capacities 
range from 0 07 to 0 97 gallon per minute per foot of 
drawdown These values are s1mllar to values report
ed for lateral equivalents of the Zun1-Dakota aquifer 
1n other areas In places where fractunng 1s more 
extensive, for example, along the eastern limb of the 
Ptfion Spnngs anticline, transmiSSIVIty values and 
well ytelds may be larger 

The Zun1-Dakota aquifer w1th1n the study area 
typically produces water ennched w1th sod1um, bi
carbonate, and sulfate, dtssolved-sohds concentra
tions range from 189 to 3,440 milligrams per liter 
Water quality may be expected to detenorate w1th 
distance from the outcrop 

Saturated sandstones w1th1n the Gallup Sand
stone and Crevasse Canyon FormatiOn yteld water to 
at least 14 stock wells 1n the eastern one-thud of the 
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study area. Local recharge to these rocks takes place 
on mesa-top exposures The Rto Nutna and Rto Pes
carlo drainage systems breach these rocks, provtdtng 
for localized discharge to the channel alluvium More 
deeply buned Gallup and Crevasse Canyon units 
probably transmit ground water northward along the 
plunging Allison syncline to JOin a regional flow sys
tem near Gallup 

Y telds from wells completed In the Gallup 
Sandstone or Crevasse Canyon FormatiOn tn the 
study area range from 4 to 5 gallons per minute, 
specific capacities range from 0 04 to 0 20 gallon per 
minute per foot of drawdown, a transmiSSIVIty of 2 
feet squared per day was reported These values are 
at the lower limits of ranges determined for the same 
units wtthtn the Navajo-Hopt area. Water-beanng 
units generally are thin and discontinuous In the 
study area, and transmtsstvtties of less than 10 feet 
squared per day may be expected 

No single chemical composition appears to be 
typical of the dissolved constituents In water from 
the Gallup Sandstone and Crevasse Canyon Forma
tiOn. Thts IS due In part to the vanable lithology and 
discontinuous nature of the water-yteldtng units Dis
solved-solids concentratiOns range from 254 to 1, 100 
milligrams per liter, and water quality may be ex
pected to detenorate wtth distance from the point of 
recharge 

The loosely consolidated sands of the 
Btdahocht Formation quickly absorb precipitation, 
whtch percolates downward to a thin zone of satura
tiOn above bedrock The westward movement of 
ground water IS controlled by a buned drainage sys
tem developed on the erosional surface of the pre
Btdahocht bedrock. 

Saturated thicknesses of the Btdahocht pene
trated by wells In the study area range from 25 to 50 
feet, ytelds range from 3 to 44 gallons per minute 
The thickest saturated sections may be expected tn 
buned drainage channels eroded Into the bedrock 
surface Setsmtc-reflectiOn techniques are betng used 
to locate these buned channels on the Tnass1c sur
face 

The Btdahocht FormatiOn typically produces 
water ennched wtth calcium and bicarbonate. Dis
solved-solids concentratiOns range from 256 to 269 
milligrams per liter 

Alluvium along the Rto Nutna, Rto Pescado, 
and Zuni Rtver provtdes a source of stock, Irngation, 
and domestic water Alluvial aquifers are recharged 
pnmanly by surface runoff, but they also receive 
water discharged from other ground-water systems 
Water In the alluvium moves downstream under 
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water-table conditions, except In the confined buned
channel deposits underlying a basalt flow along the 
Rto Pescado Discharge takes place through evapo
transpiration and from spnngs and wells. 

Spnngs at Pescado VIllage, producing from the 
buned-channel deposits, yteld approximately 500 
gallons per minute or approximately 800 acre-feet 
per year for IrngatiOn and domestic supply Spnng 
flow at Black Rock VIllage supplements available 
ground-water supplies Shallow, hand-dug wells along 
alluvial channels provide small quantities of water 
for stock Water levels In most of these wells are 
between 5 and 40 feet below the land surface, and 
yields are less than 10 gallons per minute 

Concentrations of dissolved solids In water 
from the alluvium range from 207 to 2,940 milli
grams per liter Alluvial water IS not charactenzed by 
any particular set of dissolved constituents. Alluvial 
water tends to reflect the lithologic charactensttcs of 
the local alluvium, the source of recharge (surface or 
other ground water), and contamination from the 
surface 

Surface runoff across the study area IS earned 
almost entirely by the Zuni Rtver and Its tnbutanes 
For 1911-30, annual discharge of the Zuni Rtver at 
Black Rock averaged about 26 cubic feet per second 
for a total of about 19,000 acre-feet per year For 
1969-79, annual discharge averaged about 11 cubtc 
feet per second for a total of about 8,000 acre-feet per 
year The decrease tn the average annual flow ( 11,000 
acre-feet) was partly caused by the post-1930 con
struction of several reservoirs upstream from Black 
Rock Reservoir Reservoir construction after 19 30 
Increased the surface area of reservoirs upstream 
from Black Rock Reservoir to 1,400 acres Evapora
tion losses from these additional reservoirs could be 
as much as 6,300 acre-feet per year Total evapora
tiOn losses for all reservoirs on Zuni tnbal lands and 
areas upstream could be as much as 9,000 acre-feet 
per year. Seepage from these reservoirs to ground
water systems, although not lost to potential use, con
stitutes an additional depletion of surface runoff 
Changes In annual rates of precipitation and seasonal 
shifts tn precipitatiOn, whtch may affect total runoff, 
possibly have a less significant role In the decrease of 
flow In the Zuni Rtver. A shtft toward Increased win
ter precipitatiOn may have resulted In additional sub
limatiOn losses from the snowpack. 

Low-flow concentrations of dissolved solids for 
the Zuni Rtver were 426 and 51 7 milligrams per liter 
ConcentratiOns dunng spnng runoff were 178 and 
180 milligrams per liter Water quality of surface flow 
IS dependent upon the ratio between the contribution 
of flow from the more mineralized bank-storage com-



ponent and the less mineralized duect-runoff compo
nent Water quahty generally IS less mineralized dur
Ing higher flows Reservoir water, normally denved 
from the less mineralized direct runoff, becomes 
more mineralized due to evaporation losses Low
flow water quahty In perennial reaches reflects the 
dissolved constituents of the ground water providing 
base flow 

Measured sediment loads In the Zuni River 
ranged from 25 mllhgrams per hter at a discharge of 
0 85 cubic foot per second to 2,090 mllhgrams per 
hter at a discharge of 441 cubic feet per second Larg
er discharges are capable of transporting greater sedi
ment loads because of the Increase In flow velocities 
More data are needed to better define the relation
ship between runoff and total sediment load 
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Glossary of Selected Terms 

The followmg definitions mclude excerpts from 
Lohman and others ( 1972) These definitiOns are mcluded 
to aid the reader m an understandmg of general termmolo
gy used m this report For a more detailed discussion of 
these and other hydrologic terms, the reader IS referred to 
the report by Lohman and others ( 1972) 

Anticline. Sedimentary rocks are normally deposited m 
flat-lymg strata When subjected to uplift or other tectonic 
forces, these strata become distorted or folded The folded 
strata are descnbed as anticlines, synclines, or monoclines 
Anticlines form concave-downward structural ndges, syn
clines form concave-upward troughs, and monoclines are 
descnbed as a local steepening m the dip of the rock strata 

Aquifer. An aqmfer IS a formatiOn, group of formatiOns, or 
part of a formatiOn that contams sufficient saturated per
meable matenal to yield significant quantities of water to 
wells and spnngs 

The term aquifer was defined by 0 E Memzer from a 
geological concept m which water bodies are classified m 
accordance with stratigraphy or rock types Memzer clearly 
mtended that an aquifer mclude the unsaturated part of the 
permeable unit 

Conductivity, hydraulic, K. Hydraulic conductivity, K, re
places the term "field coefficient of permeability," P 
which embodies the mconsistent units gallon, foot, and 
mile If a porous medmm IS Isotropic and the fluid IS homo
geneous, the hydraulic conductivity of the medmm IS the 
volume of water at the existmg kmematic viscosity that will 
move m unit time under a unit hydraulic gradient through 
a unit area measured at nght angles to the direction of flow 

Hydraulic conductivity can have any units of length 
divided by time suitable to the problem mvolved In data 
tabulations of the Geological Survey, hydraulic conductivi
ty may be expressed m feet per day and, so that the work of 
the Geological Survey may be readily mterpreted m other 
countnes, also m meters per day Thus, 

K= 

K= 

ft 3 

= ft day - 1 

day ft2 ( - ft ft- 1) 

m3 
------- = m day - 1 

day m2 ( -m m- 1) 

Hydraulic conductivity Is dependent pnmanly on the 
nature of the pore space, the type of liquid occupymg It, 
and the strength of the gravitational field 

Confining bed. Confining bed IS defined as a body of 
"Impermeable" matenal stratigraphically adjacent to one 
or more aquifers In nature, however, Its hydraulic conduc
tivity may range from about zero to some value distmctly 
less than that of the aqmfer Its conductivity relative to that 
of the aquifer It confines needs be specified or mdicated by 
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a smtable modifier such as slightly permeable or moderate
ly permeable 

Ground water, confined. Confined ground water IS under 
pressure significantly greater than atmosphenc, and Its up
per limit IS the bottom of a bed of distmctly lesser hydrau
lic conductivity than that of the matenal m which the con
fined water occurs 

Artesian Is synonymous with confined Artesian water 
and artesian water body are equivalent respectively to con
fined ground water and confined water body An artesian 
well Is a well denvmg Its water from an artesian or confined 
water body The water level m an artesian well stands 
above the top of the artesian water body It penetrates 

Ground water, perched. Perched ground water IS unconfined 
ground water separated from an underlymg body of ground 
water by an unsaturated zone Its water table IS a perched 
water table It IS held up by a perchmg bed whose permea
bility IS minimal 

Perched ground water may be either permanent, 
where recharge IS frequent enough to mamtam a saturated 
zone above the perchmg bed, or temporary, where mter
mittent recharge IS not great or frequent enough to prevent 
the perched water from disappeanng from time to time as a 
result of dramage over the edge of or through the perchmg 
bed 

Ground water, unconfined. Unconfined ground water IS 
water m an aqmfer that has a water table 

Head, static, h. The static head Is the height above a stand
ard datum of the surface of a column of water (or other 
liquid) that can be supported by the static pressure at a 
given pomt 0 

The static head IS the sum of the elevation head, he, 
and the pressure head, hp, that IS, h = h. + hp Under 
conditiOns to which Darcy's law may be applied, the veloc
Ity of ground water Is so small that the velocity head, hv = 
v2/2g, Is negligible 

Hydraulic gradient [dimensionless]. The hydraulic gradient 
Is the change m static head per unit of distance m a given 
direction If not specified, the direction generally IS under
stood to be that of the maximum rate of decrease m head 

Isotropy. Isotropy IS that condition m which all significant 
properties are mdependent of direction Although no aqui
fers are Isotropic m detail, models based upon the assump
tiOn of Isotropy have been shown to be valuable tools for 
predictmg the approximate relatiOnship between discharge 
and potential m many aquifers 

Monocline. See Anticline 

Porosity, n [dimensionless]. The porosity of a rock or soil Is 
Its property of contammg mterstices or vmds and may be 
expressed quantitatively as the ratio of the volume of Its 
mterstices to Its total volume It may be expressed as a 
decimal fraction or as a percentage With respect to the 
movement of water only the system of mterconnected m
terstices IS significant (See "Porosity, effective") 



Porosity, effective, [dimensionless]. Effective porosity refers 
to the amount of mterconnected pore space available for 
flmd transmission It IS expressed as a percentage of the 
total volume occupied by the mterconnectmg mterstices 
Although effective porosity has been used to mean about 
the same thmg as specific yield, such use IS discouraged 

Potentiometric surface. The potent10metnc surface IS a 
surface which represents the static head As related to an 
aquifer, It IS defined by the levels to which water will nse m 
tightly cased wells Where the head vanes appreciably with 
depth m the aqmfer, a potent10metnc surface IS meamngful 
only If It descnbes the static head along a particular speci
fied surface or stratum m that aquifer More than one 
potent10metnc surface IS then required to descnbe the dis
tnbutiOn of head The water table IS a particular potenti
ometnc surface 

Specific capacity. The spectfic capacity of a wellts the rate 
of dtscharge of water from the well divided by the 
drawdown of water level withm the well It vanes slowly 
wtth duratiOn of discharge which should be stated when 
known If the specific capacity 1s constant except for the 
time vanat10n, It IS roughly proportiOnal to the transmis
SIVIty of the aqmfer 

The relation between discharge and drawdown IS af
fected by the construction of the well, Its development, the 
character of the screen or casmg perforation, and the veloc
Ity and length of flow up the casmg If the well losses are 
sigmficant, the ratio between dtscharge and drawdown de
creases with mcreasmg discharge, It IS generally posstble 
roughly to separate the effects of the aquifer from those of 
the well by step drawdown tests In aqutfers wtth large 
tubular opemngs the ratio between discharge and 
drawdown may also decrease with mcreasmg dtscharge be
cause of a departure from lammar flow near the well, or m 
other words, a departure from Darcy's law 

Specific yield, [dimensionless]. The specific yteld of a rock 
or sollts the ratiO of ( 1) the volume of water which the rock 
or soil, after bemg saturated, wtll yteld by gravity to (2) the 
volume of the rock or soil The defimt10n tmphes that 
gravity dramage 1s complete 

In the natural environment, specific yield 1s generally 
observed as the change that occurs m the amount of water 
m storage per umt area of unconfined aqutfer as the result 
of a umt change m head Such a change m storage IS pro
duced by the drammg or filhng of pore space and IS there
fore dependent upon particle size, rate of change of the 
water table, time, and other vanables Hence, spectfic yteld 
IS only an approximate measure of the relation between 
storage and head m unconfined aquifers It IS equal to po
rosity mmus specific retention 

Storage, bank. The change m storage m an aqutfer resultmg 
from a change m stage of an adjacent surface-water body IS 
referred to as bank storage 

Storage coefficient, S [dimensionless]. The storage coeffi
cient IS the volume of water an aqmfer releases from or 
takes mto storage per umt surface area of the aqmfer per 
um t change m head 

In a confined water body the water denved from stor
age wtth dechne m head comes from expansiOn of the 
water and compression of the aquifer, Similarly, water add
ed to storage wtth a nse m head ts accommodated partly by 
compression of the water and partly by expansiOn of the 
aqutfer In an unconfined water body, the amount of water 
denved from or added to the aquifer by these processes 
generally ts negligible compared to that mvolved m gravity 
dramage or filhng of pores, hence, m an unconfined water 
body the storage coefficient IS virtually equal to the specific 
yteld 

Stream, gaining. A gammg stream IS a stream or reach 
of a stream whose flow IS bemg mcreased by mflow of 
ground water 

Stream, losmg. A losmg stream IS a stream or reach of 
a stream that 1s losmg water to the ground 

Syncline. See Antlchne 

Transmissivity, T. TransmiSSIVIty IS the rate at which water 
of the prevailmg kmematic VISCOSity IS transmitted through 
a umt width of the aqmfer under a umt hydrauhc gradient 
It replaces the term "coefficient of transmiSSibility" because 
by conventiOn It IS considered a property of the aquifer, 
which IS transmiSSive, whereas the contamed hqmd IS 
transmtsstble However, though spoken of as a property of 
the aqmfer, 1t embodtes also the saturated thickness of the 
aquifer (b) and the properties of the con tamed hqmd It IS 
equal to an mtegration of the hydrauhc conductivities 
across the saturated part of the aqmfer perpendicular to the 
flow paths 

Water table. The water table IS that surface m a ground
water body at which the water pressure IS atmosphenc It 1s 
defined by the levels at which water stands m wells that 
penetrate the water body JUSt far enough to hold standmg 
water In wells which penetrate to greater depths, the water 
level Will stand above or below the water table If an upward 
or downward component of ground-water flow exists (See 
also "Ground water, perched ") 
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U.S. Environmental Protection Agency (1976) 
interim drinking-water standards 

Constituent 

Arsemc 
Banum 
Cadmmm 
Chromium 
Lead 
Mercury 
Nitrate (as N) 
Selemum 
Stiver 
Endrm 
Lmdane 
Methoxychlor 
Toxaphene 
Chlorophenoxy 2, 4 - D 
Chlorophenoxy 2, 4, 5 - TP Stlvex 
Fluonde 

Temperature 

Degrees Degrees 
Fahrenheit Cels1us 

53 7 and below 
53 8 to 58 3 
58 4 to 63.8 
63 9 to 70 6 
70 7 to 79 2 
79 3 to 90 5 

12 0 and below 
12 1 to 14 6 
14 7 to 17 6 
17 7 to 21 4 
21 5 to 26 2 
26 3 to 32 5 
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Max1mum 
concentration, m 

milligrams per liter 

0 05 
1 00 

010 
05 
05 
002 

10 0 
01 
05 
0002 
004 
1 
005 
1 
01 

24 
22 
20 
1 8 
1 6 
1 4 

The followmg max1mum concentrations for secondary 
constituents are prov1ded as a gUide 

Concentration, m 
m1lllgrams per liter 

Constituent except as noted 

Alkahmty 30-500 
Bicarbonate 700 
Calcmm 75-200 
Carbonate 350 
Chlonde 250 
Color 15 umts 
Odor 3 umts 
Conductance 1,000 mtcromhos 
Copper 3 
Hardness 250 
Iron 03 
Magnesmm 125 
Manganese 0 05 
pH 60-85 

umts 
Potassmm 1,000 
Sodmm 200 
Sulfate 250 
Turbtdtty (field test) 1- 5T U 
Zmc 5 

Modified from U S Envuonmental Protection Agency, 1976 
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N 

~ Table 1. Approximate th1ckness, lithology, and water-supply charactenst1cs of rocks m the study area ~ 
~ 
~ Formation Symbol Approx1mate I'D 
'II 

System on tables th1ckness, Water-supply 0 or 
c rock type and maps m feet Lithology charactenst1cs ... or senes n 
I'D 
'II 0-200 Sand, gravel, silt, and clay YIelds from shallow stock s. 
~ Alluvmm deposited along surface wells generally less than 
I'D dramages 10 gallons per mmute 
N 
c Qal 
= :;t Buned 150 Channel deposits of sand, gravel, Domestic Irngatwn supply 
c- Quaternary channel silt, and clay underlymg from spnngs and wells, 
~ 
r- deposits basalt along R10 Pescado and spnng discharges as much as 
1:11 
~ upstream reaches of Zum River 500 gallons per mmute Q. 
'II 

Basalt Qb 24-59 Flows along the Rio Pescado Not known to yteld water to 
well or spnngs 

Tertiary Bidahochi Tb 0-650 Fluvial deposits of sandstone, Locally water yieldmg, stock 
Formation conglomerate, and volcamc wells yteld from 3 to 44 gallons per 

ash mmute 

Crevasse Kc > 500 Siltstone, shale, sandstone, 
Canyon and coal deposited m swamps 
Formation and flood plams ~ Locally water yteldmg, stock 

wells generally yield 
Gallup Kg >425 Non-manne and littoral sandstone, I 4 to 5 gallons per mmute 
Sandstone shale, and coal 

Cretaceous 
Mancos Km 300-400 Manne, carbonaceous shale Mimmal permeability, 
Shale confinmg umt 

Dakota Kd 150 Intertidal to fluvial sandstone, 

} 
Both formations are used 

Sandstone shale, and coal 
pnmanly for stock supply, 

JuraSSIC Zum Jz 500 Wmd-deposited, crossbedded wells yteld from 1 to 32 
Sandstone sandstone gallons per mmute 

Wmgate 'J{w 150 Fluvial siltstone and sandstone May be locally water yieldmg 
Sandstone 

Tnassic 
Chmle 'J{c 1,300 Fluvial siltstone and shale with Zum mumcipal supply, well 
Formation bedded channel sandstone ytelds from 5 to 125 

gallons per mmute 



~ 
Ill 
r:::r 
;;-

Ill 
IN 

Permian 

Precambnan 

San Andres 
Limestone 

Gloneta 
Sandstone 

Yeso and 
Abo 
FormatiOns 

Crystalline 

Ps} 
Pgs 

Pg 

Py,Pa 

p£ 

100 Manne, fossiliferous hmestone 

l 
"Gloneta-San Andres aqmfer", 
mumcipal wells yield as 
much as 150 gallons per 

200 Intertidal sandstone, well mmute, spnngs discharge as 
cemented much as 450 gallons per 

mmute at 0JO Cahente 

900 Interbedded sandstone, siltstone, No mformat10n available m the 
hmestone, and anhydnte study area 

- Gramtlc crystalline rocks No mformat10n available m the 
study area 



Table 2. Records of wells and spnngs on and adJacent to Zum tnballands 

Name of well or spnng Geographical or place names, names of owners, or numencal assignments are tabulated m most cases m order to 
aid m well or spnng IdentificatiOn 

LocatiOn Wells and sprmgs are located m this table to the nearest 10-acre plot as descnbed m the text Wells and spnngs whose exact 
locations are not known are designated by zeros m the three-digit locator (for example, 11 21 23 000) When two or more wells are 
located withm the same 1 0-acre plot, they are designated with alphabetic descnptors followmg the three-digit locator ( 10 19 28 123a, 
10 19 28 123b, and so forth) 

Altitude The altitude of land surface IS obtamed from U S Geological Survey 7Ih-mmute topographic maps unless otherwise noted Left 
blank where well or spnng Is not accurately located 

Casmg Water Water level 
Name of well Total depth diameter producmg Geologic (feet below 

or spnng Location Altitude (feet) (mches) mterval umt land surface) Date 

Ramah 13 ------------------ 7 16 21 342 7,115 589 8 540-589 Kg 96 08-03-53 
211 07-15-69 

Epaloose ------------------- 7 21 3 122a 6,040 8lf2 Kg Flowmg 06-19-79 

7 21 3 122b 6,040 4 Kg -1 0 06-19-79 

7 21 3 122c 6,040 dug Qal 30 06-19-79 
Ramah2 ------------------- 81527311 7,478R 3,590 85fs 3,246-3,590 Pgs 978 05-14-75 
Ramah 1 ------------------- 81527 342 7,445R 3,574 8 3,345-3,574 Pgs 954 05-10-73 

RWP-25 ------------------- 8172314 7,380 1' 175 65fs 1 '000-1 ' 1 7 5 Jz 196 07-28-72 
411 9 05-30-79 

Irngat10n 3 ----------------- 8 17 2 322 7,380 57 65fs Qal 50 4 06-20-79 
8173142 7,320 dug Qal 31 0 06-20-79 

Sefenno -------------------- 8178413 7,300 
ECW-7 -------------------- 8 18 24 221 7,219 1,460 65fs 1,400-1,460 606 - -35 

557 06-20-79 
ECW -4 -------------------- 8 19 4 321 6,885 590 65fs 493-590 351 - -34 

355 10-12-78 
ECW-5 -------------------- 81912211 7,325 1' 115 65fs 1,009-1,115 755 - -35 

Spring---------------------- 81913114 6,995 Jz 
ECW -18 ------------------- 8 19 22 313 6,725 495 65fs 416-495 'Rc 221 0 07-28-72 

220 0 10-12-78 
Lower Willow Wash 

Spnng----- --------------- 8 20 1 322 6,540 'Rc 04-07-78 
RWP-35 ------------------- 8 20 4 344 6,359 515 6 'Rc 30 - -61 

45 8 07-21-72 
45 9 06-21-78 

Chavez Sprmg-------------- 8 20 8 443 6,260 'Rc 

Plumasano Arroyo 
Spring-------------------- 8 20 16 324 6,290 Pgs 

Qal 

8 20 18 333 6,180 86 6 Qal 69 4 05-31-79 
Sacred Spnng -------------- 8 20 20 422 6,300 Pgs Flowmg 1978-79 
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Water producmg mterval Feet below land surface 

Geologic umt abbreviations Pgs, Gloneta-San Andres aquifer, 1k , Chmle FormatiOn, "Rw , Wmgate Sandstone, Jz, Zum Sandstone, 
Kd, Dakota Sandstone, Kg, Gallup Sandstone, Kc, Crevasse Canyon Formation, Tb, Bidahochi Formation, Qal, alluvmm 

Specific conductance Micromhos per centimeter at 25 degrees Celsms 

Other abbreviations p, pumpmg, R, reported, pb, plugged back, NA, no access, UTM, unable to measure, ABND, abandoned, GL, 
geophysical logs available, DST, dnll stem test, -, no data 

Product1on data 
Spec1f1c 
capac1ty 

(gallons per Pumpmg 
Well y1eld mmute durat1on Spec1f1c Temperature pH 

(gallons per mmute) per foot) (hours) Date conductance (degrees Cels1us) (umts) Date Remarks 

7 9 0 02 31h 07-29-53 760 88 08-31-71 Domestic, stock 

4 06-19-79 1,250 16 0 73 06-19-79 Bokum exploration 
(flowmg) well 

Bokum exploratiOn 
well 

2,200 18 0 78 06-19-79 Stock 
69 41 8 05-14-75 989 36 0 79 05-14-75 Domestic, mumcipal 
88 48 24 05-11-73 1,000 33 0 83 05-11-73 Domestic, mumcipal 

3 3,440 23 0 80 07-28-72 Stock 

Abandoned stock 
Stock 

12 27 10 05-22-35 700 8 3 08-31-79 Stock, GL 

12 5 28 - -34 740 18 0 88 08-01-72 Stock 

6 0 13 07-01-35 990 18 0 88 08-01-72 Stock 
2 07-12-70 

730 22 0 90 08-01-72 Stock 

5 1,850 13 5 04-07-78 
8 03 - -61 1,050 18 0 7 5 08-09-72 Stock 

0 02-26-80 1,400 9 5 7 1 02-26-80 CollectiOn gallery for 
stock 

54-67 1,150 28 0 8 1 06-19-79 Lateral seepage from 
0JO Cahente Sprmgs 
through alluviUm 

See 1978-79 1,100 22 0 7 3 06-21-78 Irngation, combmed 
remarks discharge for Sacred 

Spnng and Rambow 
Spnng ts 450 gallons 
per mmute 
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Table 2. Records of wells and sprmgs on and adJacent to Zum tnballands- Contmued 

Name of well 
or spnng Locat1on 

Rambow Spnng ------------ 8 20 21 144 

Irngatwn 3 ----------------- 8 20 31 321 
RWP-26 ------------------- 8 20 33 422 

8 21 1 000 
R WP-31 ------------------- 82112312 

CollectiOn Gallery---------- 8 21 15 243 
ECW-20 ------------------- 8 21 26 321 

8 21 34 000 
Roy Eidal Test ------------- 9 15 32 330 

Miller's--------- ------------ 9 16 34 412 

ECW -19 ------------------- 9175112 

ECW-8 -------------------- 91719112 

Ericho- --------------------- 9 17 22 000 
COA-21 ------------------- 9 17 24 132 

9 17 33 324 
Cities Service Zum-1 ------- 9 18 5 324 

Spnng Catchment---------- 9 18 16 242 
Warren Ondelacy----------- 91819423 

Mullen Canyon Sprmg ----- 9 18 31 442 
Dowa Yallane Sprmg------- 9 19 1 144 
RWP-33 ------------------- 9 19 20 132 

Upper Willow Wash Sprmg 9 19 31 323 
Pewa ----------------------- 9 20 4 000 
LoUie Chavez -------------- 9 20 7 444 

A-1 ------------------------ 9 20 8 223 
Tekapo --------------------- 9 20 10 313 
RWP-39 (Bica) ------------ 9 20 11 443 

Pabhto Chavez------------- 9 20 18 432 
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Casmg 
Total depth d1ameter 

Alt1tude (feet) (mches) 

6,320 

6,260 225 65fs 
6,510 600 65fs 

6,130 71 65fs 

6,100 
6,061 15 Dug 
6,066R 
7,197R 3,110 85fs 

7,160 125? 8 

6,950 30 36 

7,190 660 65fs 

7,480R 688 5112 
7,310 24 

7,270 40 Dug 
6,473 2,591 75fs 

7,190 
7,292 1,230 65fs 

7,040 
6,390 
6,900 400 55fs 

6,680 
352 

6,166 

6,190 
6,190 15 6 
6,300 780 65fs 

6,170 18 Dug 

Water 
producmg 

mterval 

2,858-2,940 

550-650 

610-688 

366-400 

169-352 

220-230 
330-345 

Water level 
Geolog1c (feet below 

umt land surface) 

Pgs Flowmg 

Kg 192 4 
Kg 300 

434 6 
Qal 17 8 
Qal 45 9 

43 2 
Qal 84 
Qal 1 1 

04 
Pgs 693 

(DST) 

Kg 98 4? 

Qal 68 
25 7 

Jz 440 
447 8 

Kd 350 
Qal 11 

68 
Qal 35 1 
Pgs 235 

250 
258 4 
258 1 

Qal 
'J{c 

Qal 
'l{c 
'J{c 131 4 

145 2 
Tb? 
'J{c 34 
Qal UTM 

Qal 17 
Qal 11 6 
'J{c 97 0 

Qal 16 0 

Date 

1978-79 

08-21-79 
- -72 

08-21-79 
08-02-72 
07-27-72 
11-28-78 
12-05-79 
07-27-72 
07-27-72 
05-23-71 

06-20-79 

07-31-72 
06-20-79 

- -35 
10-12-78 
07-26-73 
07-31-72 
05-29-79 
06-20-79 

- -63 
08-01-72 
04-05-78 
02-26-80 

07-28-72 
10-12-78 

- -71 
12-05-79 

07-26-72 
06-21-78 
09-05-79 

06-21-78 



Product1on data 

Spec1f1c 
capac1ty 

(gallons per Pumpmg 
Well y1eld mmute durat1on Spec1f1c Temperature pH 

(gallons per mmute) per foot) (hours) Date conductance (degrees Cels1us) (umts) Date Remarks 

See 1978-79 1,050 22 0 70 06-19-79 Irngat10n 
remarks 

for Sacred 
Spnng 

10 - -39 900 18 0 76 08-21-79 Stock 
Stock 

1 2 0 07 11-28-78 2,450 7 5 07-27-72 Stock 
2,600 11 0 74 11-28-78 

Stock 
1,600 23 0 79 07-27-72 Stock 

Old artesian well 
Wildcat petroleum 
test, plugged back to 
surface, GL 

850 20 0 90 07-28-72 Stock, pump column 
leakmg 

2,720 82 07-31-72 Stock 
2,870 17 0 78 06-20-79 

6 - -35 Stock 

6 - -73 
11? 07-31-72 Stock 

2,900 14 0 68 06-20-79 Stock 
10 0 01 04-27-64 980 30 5 79 04-27-64 Wildcat petroleum 

1,140 05-04-64 test, plugged back 
to 1,574, stock GL 

Seep 04-06-78 362 17 0 04-06-78 Stock 
5 06 6 11-23-72 2,650 14 0 89 08-21-79 Stock, gasoline pow-

ered Jenson pump 
Jack 

Est 50 
Est 45 04-05-78 500 16 5 04-05-78 

10 - -61 700 12 0 10-21-78 Stock 

910 11 0 04-07-78 
55 10-19-71 

Filled to surface 
12-05-79 

5 07-26-72 2,880 14 0 78 07-26-72 

5 02 8 04-08-76 Stock 

830 79 07-27-72 Stock 
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Table 2. Records of wells and spnngs on and adJacent to Zum tnballands- Contmued 

Casmg Water Water level 
Name of well Total depth d1ameter producmg Geolog1c (feet below 

or sprmg Locat1on Alt1tude (feet) (mches) mterval umt land surface) Date 

Hugh Nastac10 ------------- 92019142 6,160 19 Dug Qal 18 07-27-72 
17 9 06-21-78 

ECW-3 (old)--------------- 9 20 22 312a 6,275 552 65fs 487-552 'l{c Flowmg 1935 
Flowmg 1972 

ECW-3 (new) -------------- 9 20 22 312b 6,275 65fs 'l{c 32 07-27-72 
1 6 03-20-78 

9 20 30 114 6,160 21 Dug Qal 17 3 06-21-78 
Spring---------------------- 9 20 34 214 6,420 'l{c 

ECW-2 -------------------- 92111314 6,292 475 8 351-475 'l{c 131 2 07-26-72 
Romancito ----------------- 9 21 25 433 6,140 17 5 Dug Qal 2 1 07-27-72 

14 Op 12-05-79 
9 21 36 322 6,128 8 5 24 Qal 68 12-05-79 

Ramah Mutual------------- 101517414 7,100 3,150 8 Pgs 615 09-14-73 
619 01-18-75 

ECW-13 ------------------- 10 16 32 144 7,069 707 65fs Kd 229 5 05-30-79 

10174342 6,680 77 4112 Qal 33 4 04-18-79 

Old Sawmill---------------- 10 17 5 442 6,680 Qal 46 1 08-02-71 

ECW -22 ------------------- 10 17 9 244 6,850 282 7 240-282 Kg 187 - -42 
198 3 10-11-79 

Lower Pescado Spnng ------ 101712431 6,760 Qal 

Fidel Chahate -------------- 10 17 12 433 6,770 93 65fs Qal 27 0 07-31-80 

Upper Pescado Sprmg ------ 10 17 12 442 6,780 Qal 

10 17 12 434 6,770 Qal 

ECW -6 -------------------- 10 17 35 412 6,964 712 65fs 610-712 Kd 250 01-29-35 
279 07-31-72 
219 05-30-79 

Yellowhouse Test Hole 7 --- 101811141 6,531R 102 1'/4 82-102 Qal 04 08-14-71 
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Well y1eld 
(gallons per mmute) 

1 5 
5 

9 
10 

1 5 

40 
33 

4 

See 
Remarks 

25 

See 
Remarks 

12 
24 

Production data 

Spec1f1c 
capaoty 

(gallons per 
mmute 

per foot) 

0 05 

13 

33 
34 

14 
04 

Pumpmg 
durat1on 
(hours) 

24 
24 

Date 

- -35 
- -35 

- -34 
- -72 

11-05-79 

09-14-73 
01-18-75 
05-29-79 

- -42 

- -70 

05-02-35 
05-29-79 

Spec1f1c Temperature pH 
conductance (degrees Cels1us) (umts) Date Remarks 

Stock 

Stock 

Stock 

350 17 0 84 08-01-72 Stock 
990 13 0 72 07-27-72 Stock 
900 14 0 7 5 12-05-79 

32 0 09-14-73 Mumcipal, GL 
550 80 09-30-75 

1,780 16 0 88 07-31-72 Stock 
1,890 05-29-79 

Domestic, completed 
m buned channel de-
posits 
Completed m buned 
channel deposits 
Stock, coal mme well 

420 14 0 76 06-18-79 Stock, ungahon, com-
pleted m buned 
channel deposits, 
combmed discharge 
for Upper and Lower 
Pescado Spnngs IS 500 
gallons per mmute 

640 80 01-04-71 Domestic, completed 
m buned channel de-
posits 

410 14 5 77 06-18-79 Stock, IrngatiOn, com-
pleted m buned 
channel deposits, 
combmed discharge 
for Upper and Lower 
Pescado Spnngs IS 500 
gallons per mmute 
Hand pump, complet-
ed m buned channel 
deposits 

1,190 20 0 88 07-21-72 Stock 

900 83 - -71 Bureau of Reclama-
tlon test hole, com-
pleted m buned chan-
nel deposits 
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Table 2. Records of wells and spnngs on and adJacent to Zum tnballands- Contmued 

Name of well 
or sprmg Location 

Yellowhouse Test Hole 6 --- 10 18 11 143 

RWP-17 (old)-------------- 101822333a 

RWP-17 (new)------------- 101822333b 
RWP-41 ------------------- 10 18 33 344 

Lister Oil test--------------- 10 19 2 414 

Black Rock Spnng---------- 10 19 13 224 

Black Rock PHS------------ 10 19 13 444 

Joe Haskle Spnng ---------- 1019 15 113 
Zum Z-6 ------------------- 1019 22 231 

Zuni H-1------------------- 10 19 22 241 

Zum Z-3 ------------------- 10 19 22 244 

Zum Z-2 ------------------- 10 19 22 421 

Zuni Z-5 ------------------- 101922433 
Shoppmg Center ----------- 10 19 22 443 
Mormon Church ----------- 10 19 22 444 
Zum Z-1 (Max Curtis) ----- 10 19 23 134 

Zuni Z-4 ------------------- 10 19 23 143 
Black Rock 1 --------------- 10 19 24 122a 

Black Rock 3 --------------- 10 19 24 122b 

Black Rock 2 --------------- 10 19 24 221 

Zum F-5 ------------------- 101927112 

Samt Anthony 
MissiOn ------------------ 1019 28 114 

Zuni F-4 ------------------- 10 19 28 131 

Zuni F-3 ------------------- 10 19 28 141 

Pat Kelsey------------------ 10 19 28 314 

60 Water Resources of the Zum Tr1ballands 

Casmg 
Total depth d1ameter 

Alt1tude (feet) (mches) 

6,529R 244 

6,610 37 30 

6,610 112 5 
6,895 520 65fs 

6,580 1,636 4112 

6,400 

6,441 1' 175 8 

6,400 
6,345 400 6 

6,350 220 6 

6,340 100 6 

6,335 120 5 

6,320 590 65fs 
6,313 70 6 
6,310 27 6 
6,340 80 65fs 

6,332 220 6 
6,350 160 13 

6,350 1,060 8 

6,454 932 6 

6,310 1,161 6 

6,285 120 
6,285 610 10 

6,285 556 6 

6,275 250 6 

Water 
producmg 

mterval 

162-244 

270-310 
450-468 

938-1' 175 

122-210 
345-392 
120-180 

120-210 
10-70 

810-1,060 

624-932 

1' 1 08-1' 161 

244-259 
516-556 

Water level 
Geolog1c (feet below 

umt land surface) Date 

Qal Flowmg 08-09-71 

Qal 33 5 08-08-72 
32 2 04-06-78 

'Hw 33 2 04-06-78 
1k 246 0 07-31-80 

Qal 

Pgs 279 06-17-75 

'He 
'}{e 56 7 08-02-78 

'He 54 4 03-20-78 

'ie 46 0 03-20-78 

'ie 37 9 03-20-78 

'ie 31 9 03-20-78 
'ie 21 2 03-09-78 
Qal 16 0 08-03-72 
'He 40 3 01-15-80 

'ie 35 2 10-17-78 
Qal 9 8 02-27-80 

Pgs 168 3 03-27-68 
197 05-30-78 

'ie 64 - -57 
99 6 04-07-78 

Pgs 158 6 02-13-73 
171 04-14-78 

Qal 
'ie Flowmg - -67 

'ie 19 - -57 
43 4 03-21-78 

'He 



Product1on data 

Spec1f1c 
capac1ty 

(gallons per Pumpmg 
Well y1eld mmute durat1on Spec1f1c Temperature pH 

(gallons per mmute) per foot) (hours) Date conductance (degrees Cels1us) (umts) Date Remarks 

33 08-09-71 Bureau of Reclama-
t10n test hole, com-
pleted m buned chan-
nel deposits 

14 - -35 1,250 18 0 83 07-31-72 Stock, dug well 

88 73 08-08-72 770 13 0 80 08-08-72 Stock 
57 Stock, also known as 

Frank Vacit well4 
Well plugged back to 
surface m 1970 

50-75 Est 405 14 0 7 7 02-26-80 Municipal, completed 
m buned channel de-
posits 

150 1 12 24 06-17-75 1,380 27 5 72 - -75 Municipal 
1,150 21 0 72 02-27-80 

Seepage 02-26-80 Undeveloped 
30 03-21-78 1,150 88 07-06-76 Municipal, producmg 

mterval from well log 
776 15 0 76 07-27-78 Municipal, unused, 

GL, producmg mter-
val from well log 

950 86 06-04-75 Municipal, GL 
1,360 07-07-76 
1,230 84 07-06-76 Well sands badly, un-

used, GL 
14 1,170 20 5 88 07-06-76 Municipal, GL 

Unused 
Domestic 

50 - -76 880 8 1 12-17-75 Municipal 
84 11-05-79 
75 1979-80 

120 74 4 10-17-78 940 87 07-06-76 Municipal 
55 5 58 8 06-18-51 780 79 07-22-66 Irngat10n 

127 1 32 48 07-07-66 
50 23 16 - -68 1,470 26 6 78 03-27-68 Municipal, GL 

1,400 7 7 08-03-72 
13 5 02 10 - -57 2,510 20 0 84 08-03-72 Municipal 

100 15 8 02-13-73 1,200 26 6 77 02-13-73 Unused, observatiOn 
well, GL 

5,080 20 0 83 08-03-72 
55 - -72 1,400 82 - -72 Municipal 
32 1979-80 1,330 08-03-72 
60 41 3 - -57 1,700 18 0 87 08-03-72 Municipal 
30 - -72 1,520 08-03-72 
60 1979-80 

1,570 20 0 84 08-03-72 Domestic 
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Table 2. Records of wells and spnngs on and adJacent to Zum tnballands- Contmued 

Casmg Water Water level 
Name of well Total depth drameter producmg Geologrc (feet below 

or sprrng locatron Altrtude (feet) (mches) mterval unrt land surface) Date 

Zum F-1 ------------------- 10 19 28 343 6,292 1,500 8 500-530 1k Flowmg - -53 
650 22 6 03-21-78 
(pb) 

Zum F-6 ------------------- 101929214 6,285 620 6 350-381 '"ic 62 7 02-27-80 
434-439 
509-520 
597-618 

~astacto-------------------- 10 19 30 232 6,275 152 65fs Qal 30 9 03-20-78 
Zum F-2 ------------------- 10 19 33 121 6,298 492 85fs 180-200 '"ic 8 - -54 

320-340 35 4 03-21-78 
430-500 

R WP-2 7 ------------------- 10 20 8 243 6,591 600 65fs Tb 154 9 07-25-72 
150 6 09-28-78 

Irngat10n 1 ----------------- 10 20 18 314 6,503 204 65/s 170-204 Tb 175 - -39 
196 5 07-26-72 
177 0 09-04-79 

Bosson Ranch -------------- 10 20 22 211 6,337 102 65fs 80-100 '"ic 60 07-19-57 
61 1 07-25-72 
61 4 09-28-78 

ECW-9 -------------------- 10 20 32 421 6,333 575 65fs 509-575 '"ic 122 6 07-26-72 
90 4 03-20-78 

RWP-30 ------------------- 10 21 11 221 6,696 551 65fs 500-551 Tb 510 07-10-79 
R WP-24 ------------------- 10 21 23 322 6,622 480 65fs 450-480 Tb 324 0 07-26-72 

430 4 09-05-79 
RWP-28 ------------------- 11168131 7,047 105 65fs Kc 48 - -58 

44 5 09-27-78 
~utna Campground-------- 11 17 5 322 6,889 450 65fs 396-450 Kg 220 - -63 

231 5 07-31-72 
201 9 11-06-79 

11 17 8 322 6,693 36 Dug Qal 25 6 07-31-72 
24 5 04-06-78 

Solomon ------------------- 111712211 6,870 134 4 Kc 73 07-12-57 
49 8 08-01-72 
49 4 09-27-78 

ECW -14 ------------------- 11 17 24 432 6,920 438 65fs 190-258 Kg 122 0 07-12-57 
301-323 159 7 11-06-79 
366-410 

ECW-10 ------------------- 11 17 28 143 6,771 760 65fs 675-760 Kd 130 - -35 
77 8 08-15-72 
72 1 04-06-78 

Z-6R------------------ ----- 11 18 1 000 7,150R 500 115-383 Kg 382 5 11-07-75 
Lonces10n ------------------ 11 18 5 424 6,980 380 65fs 355-365 Kd 280 07-15-72 

11 18 13 000 6,700R Dug Qal 
ECW-1 -------------------- 11 18 21 132 6,752 345 65fs 65-345 Jz 45 - -34 

Kd 47 9 07-31-72 
45 4 07-31-78 

RWP-34 ------------------- 111827411 6,661 220 65fs 150-220 Kd 76 1 08-10-72 
73 2 09-28-78 
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Product1on data 

Spec1f1c 
capac1ty 

(gallons per 
Well y1eld mmute 

(gallons per mmute) per foot) 

51 
20 
30 

30 
lOOR 
96 
83 

3 

44 

6 
5 5 

18 

12 

1 5 

10 

4 

6 

1-2 
20 

32 
84 

29 

34 

0 20 

31 

13 

04 

0 07 

97 
84 

11 

Pumpmg 
durat1on 
(hours) 

2 

3 

2 

5 

10 

Spec1f1c Temperature pH 
Date conductance (degrees Cels1us) (umts) Date Remarks 

- -53 
- -69 

1979-80 

- -72 
- -53 

07-06-66 
1979-80 

- -72 

05-01-39 

- -64 
08-17-72 

- -36 

- -56 

08-16-72 

- -63 

06-15-36 

06-12-25 

11-07-75 

12-12-34 
08-11-72 

08-10-72 

936 
1,190 
1,400 

990 
1,250 
1,620 

450 

360 

800 

1,600 
1,300 

1,360 

700 
720 

1,300 

1,760 
1,810 
2,000 

1,020 
850 

1,030 
1,100 

20 0 

20 0 

16 0 
20 0 

14 0 

17 5 

16 0 

14 5 
20 5 

22 0 

14 0 

13 5 

13 0 

14 5 

8 7 - -53 Mumc1pal 
08-03-72 

8 3 07-30-80 

Mumc1pal 

83 08-02-72 Stock 
- -53 Mumc1pal 

83 08-03-72 

77 07-25-72 Stock 

84 09-05-79 Stock, no drawdown 
when pumped at 44 
gallons per mmute m 
1939 

78 07-25-72 Stock 

03-20-78 Stock 
83 09-04-79 

Abandoned, stock 
Stock, GL 

86 08-16-72 Stock 

8 8 07-31-72 Domestic 
04-06-78 

Unused 

Abandoned, stock 

76 11-06-79 Stock 

11-05-63 Stock 
8 1 07-31-72 

04-06-78 
GL 

10-22-63 Stock 
04-07-78 

84 07-31-72 Stock 
84 04-06-78 
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Table 2. Records of wells and sprmgs on and adJacent to Zum tnballands - Concluded 

Casmg Water Water level 
Name of well Total depth d1ameter producmg Geolog1c (feet below 

or sprmg Locat1on Alt1tude (feet) (mches) mterval umt land surface) Date 

Gonzales------------------- 11 19 20 444 6,620 60 65fs Qal 39 9 07-26-72 
35 5 09-28-78 

Spring---------------------- 11 19 29 233 6,660 
R WP-38 ------------------- 11 20 22 211 7,020 500 65fs Jz 227 1 09-05-79 
R WP-3 7 ------------------- 11 20 27 314 6,664 248 65fs 100-248 Jz 150 - -64 

150 0 07-26-72 
149 4 09-28-78 

Irngatwn 2 ----------------- 11 20 31 112 6,738 715 8 650-715 'Rc 555 2 09-05-79 
Spring---------------------- 11 20 34 244 6,440 'Rc 

Wmter Cattle--------------- 11 21 23 000 6,900 650 Tb Dry 
Sam Pablamo -------------- 12 16 5 000 7,000 423 65fs Pgs 10 - -72 
Spring---------------------- 12166211 7,000 Pgs 
RWP-32 ------------------- 12 16 7 331 Q,860 100 65fs Kg 40 - -50 

69 2 08-01-72 
64 8 p 09-27-78 

Nutna Sprmg -------------- 12168314 6,860 Pgs 
Sprmg near Nutna --------- 121617214 7,060 Pgs 
RWP-29 ------------------- 12 16 30 242 6,860 228 65fs 78-94 Kc 71 8 08-01-72 

202-209 103 p 09-27-78 
ECW -16 ------------------- 12 17 15 213 6,900 594 65fs 295-325 Kc 106 0 08-01-72 

340-357 111 6 11-06-79 
465-490 
546-554 

Hand pump ---------------- 12 17 23 244 6,780 Qal 13 0 08-12-75 
John Bowanme ------------- 12 17 24 442 6,780 546 65fs 510-546 Kg Flowmg 08-12-75 

Z-7R----------------------- 12 17 32 323 6,868 215 65/s 158-183 Kc 165 - -76 

16T -567 ------------------- 12 18 28 434 7,320 635 67/s 445-635 Kg 464 09-02-76 
Jones Ranch PM-3 --------- 122017133 6,990 580 6 220-245 Jz 128 3 09-24-73 
Cheechllgeetho School ----- 12 20 25 123 6,810 1,607 5 1,350-1,607 Pgs 1' 111 06-04-52 

16T -545 ------------------- 122124423 6,839 541 65fs 241-420 'Rc 94 07-07-67 
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Product1on data 

Spec1f1c 
capaoty 

(gallons per Pumpmg 
Well y1eld mmute durat1on Speof1c Temperature pH 

(gallons per mmute) per foot) (hours) Date conductance (degrees Cels1us) (umts) Date Remarks 

Stock 

0 12-04-79 Ephemeral 
11 14 8 03-01-76 240 19 5 8 1 09-05-79 Stock 
12 14 4 - -64 340 07-26-72 Stock 

15 - -39 1,250 07-26-72 Stock 
0 1 03-26-80 388 80 84 03-26-80 Stock, honzontal 

dnve pomt - rock col-
lapsed mto sprmg 
area 
Abandoned 

1,030 10-23-63 Stock 
1,190 16 0 82 08-01-72 

50 573 11 0 12-14-50 
1 03-26-80 500 40 82 03-26-80 

6 - -58 900 14 5 78 11-06-79 Stock 

5 9 - -36 811 80 11-13-79 Stock 

1,660 12 0 82 08-01-72 
25 0 20 

(flowmg) 
10 04-01-76 660 79 04-01-76 Well near Carbon 

Coal Company dnll 
hole 

420 8 5 06-20-73 GL 
5 0 07 8 09-24-73 410 80 09-24-73 Domestic 
36 - -52 2,880 23 0 06-12-52 Well plugged back to 

2,760 06-13-52 100 feet 
10 31h 07-07-67 530 92 10-11-72 Stock 
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Table 3. Water-quality analyses from wells and spnngs on and adJacent to Zum tnballands (mcludmg trace-element and 
rad1ochem1cal analyses from selected wells and sprmgs) 

Name of well or spnng Geographical or place names, names of owners, or numencal assignments are tabulated m most cases m order to 
a1d m well or spnng 1dentlficat10n 

LocatiOn Wells and spnngs are located to the nearest 10-acre plot as descnbed m the text Wells and spnngs whose locatiOn 1s not known 
exactly are designated by the use of zeroes m the three-d1g1t locator (for example, 7 21 3 000) 

Spec1fic conductance M1cromhos per centimeter at 25 degrees Celsms 

Part A-Water-quahty analyses from wells and 

MaJOr cat1ons MaJor amons 

Temper- Mag- 81car-
Name of well or ature Calc1um nes1um Sod1um Potass1um bonate Carbonate Chlonde Sulfate N1trate 

spnng Locat1on Date rq (mg/L) (mgjl) (mg/L) (mg/L) (mg/l) (mg/L) (mg/L) (mg/l) (mg/l) 

Ramah 13------- 7 16 21 342 08-31-71 80 37 162 T 245 19 82 156 T 
Epaloose -------- 7 21 3 122a 06-19-79 16 0 120 40 160 45 305 0 45 480 0 01 
Spnng 1 

---------- 7 21 3 000 07-27-72 132 559 282 59 232 25 110 722 62 
Ramah 2 -------- 8 1 5 2 7 311 05-14-75 36 0 120 36 42 70 257 0 19 300 0 
Ramah 1 -------- 8 15 27 342 05-11-73 33 0 116 34 60 3 9 248 11 19 305 
RWP-25 -------- 8 17 2 314 07-28-72 23 0 557 156 171 6 3 260 18 74 2,047 

ECW-7 --------- 8 18 24 221 08-31-79 64 5 170 1 0 256 0 59 210 14 
ECW-4 --------- 8 19 4 321 08-01-72 18 0 20 1 2 176 1 6 302 30 16 70 4 34 
ECW-5 --------- 8 19 12 211 08-01-72 18 0 20 1 2 214 24 297 33 12 168 62 
ECW-18 -------- 8 19 22 313 08-01-72 22 0 20 T 164 2 7 247 32 14 101 62 
Lower Wtllow 

Wash Spnng -- 8 20 1 322 04-07-78 13 5 56 6 5 260 30 91 280 49 
RWP-35 -------- 8 20 4 344 08-09-72 18 0 128 38 57 3 9 328 T 35 296 62 

Chavez 
Sprmg--------- 8 20 8 443 07-27-72 64 6 1 102 39 296 10 57 34 

Do -------------- do 02-26-80 9 5 140 140 180 44 341 0 290 120 8 1 

Plumasano 
Arroyo 
Spnng--------- 8 20 16 324 06-19-79 28 0 140 30 150 50 268 0 43 450 25 

Sacred 
Spnng--------- 8 20 20 422 06-21-78 22 0 140 40 55 57 310 0 32 300 05 

Rambow 
Spnng--------- 8 20 21 144 06-19-79 22 0 140 41 54 58 329 0 32 310 01 

lrngatwn 3 ------ 8 20 31 321 08-21-79 18 0 51 19 160 4 1 183 0 21 370 02 
RWP-31 -------- 8 21 12 312 07-27-72 11 0 279 46 245 T 310 26 117 864 1 9 
ECW-20 -------- 8 21 26 321 07-27-72 23 0 222 40 98 5 1 270 32 67 554 31 
Mtller's---------- 9 16 34 412 07-28-72 20 0 20 1 2 196 1 2 272 33 8 9 151 62 
ECW-19 -------- 9 17 5 112 07-31-72 17 0 361 71 250 5 1 299 18 18 1,344 1 2 

9 17 33 324 06-20-79 14 0 500 150 160 36 317 0 50 1,900 86 
Ctttes Servtce-

Zum 1 -------- 9 18 5 324 05-04-64 30 5 124 26 93 10 2 218 9 3 18 396 25 

Spnng Catch-
ment ---------- 9 18 16 242 04-06-78 17 0 41 83 22 11 79 28 56 1 40 

1M1ght be sample from well 7 21 3 122c 
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AbbreviatiOns T, the constituent IS noted, but m quantities too small to measure, mg/L, milligrams per liter, J.Lg/L, micrograms per liter, 
pCI/L, picocunes per hter, oc, degrees Celsms, Pgs, Gloneta-San Andres aqmfer, 1k, Chmle FormatiOn, '"Rw, Wmgate Sandstone, 
Jz, Zum Sandstone, Kd, Dakota Sandstone, Kg, Gallup Sandstone, Kc, Crevasse Canyon FormatiOn, Tb, Bidahochi FormatiOn, Qal, 
alluvmm, Lab, laboratory conductmg analysis BIA, Bureau of lndtan Affairs Laboratory, USGS, U S Geolog1cal Survey Laboratory, 
< , less than, -, no data 

sprmgs on and adjacent to Zum tribal lands 

Hardness 

Phosphate Total 
as ortho- alkalrmty Non- D1ssolved SodiUm 

S1hca Iron Fluonde phosphate Boron CaC03 carbonate Ca/Mg Spec1f1c solrds pH adsorpt1on Geolog1c 
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) conductance (mg/L) (units) rat1o Lab Unit 

0 02 1 0 T 0 28 201 35 760 475 88 11 91 BIA Kg 
96 32 30 250 210 460 1,250 1,010 73 3 20 USGS Kg 

T 88 T 28 191 369 560 2,200 1,584 78 5 19 BIA Qal 
15 01 70 0 09 30 211 270 450 989 667 7 9 90 USGS Pgs 

3 5 46 02 12 204 226 430 1,010 672 83 1 25 BIA Pgs 
03 42 02 T 213 1,817 2,030 3,440 3,440 80 1 65 BIA Jz 

11 05 70 210 0 18 700 532 83 17 0 USGS 'ltc 
08 1 2 T 82 248 10 740 455 88 24 16 BIA 'Itc 
43 44 T 1 16 243 10 990 621 88 29 4 BIA 'ltc 
08 22 05 72 203 50 730 431 90 30 59 BIA 'ltc 

16 99 1 6 340 0 170 1,850 922 8 80 USGS 'ltc 
02 58 T T 269 206 475 1,050 694 7 5 1 13 BIA 'ltc 

T 42 T 05 243 185 830 480 78 3 25 BIA 'ltc 
15 01 60 280 130 410 1,400 968 7 1 3 90 USGS 'ltc 

Pgs-
14 02 50 220 250 470 1,150 966 8 1 3 00 USGS Qal 

14 50 03 12 250 260 510 1,100 740 7 3 1 10 USGS Pgs 

15 01 50 270 250 520 1,050 761 70 1 0 USGS Pgs 
9 5 01 30 150 56 210 900 725 7 6 49 USGS Kg 

0 02 0 29 T 0 42 254 631 885 2,450 1,821 7 5 3 58 BIA Qal 
01 28 12 222 498 720 1,600 1,143 79 158 BIA Qal 
18 92 0 02 42 223 10 850 531 90 26 94 BIA Kg 
02 52 T 05 245 945 1,190 2,720 2,290 8 2 2 61 BIA Qal 

8 8 32 30 260 1,600 1,900 3,315 2,940 68 1 60 USGS Qal 

01 T 50 179 220 1,140 730 79 1 99 BIA Pgs 

60 02 10 65 72 140 362 218 0 80 USGS Qal 
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Table 3. Water-quahty analyses from wells and sprmgs on and adJacent to Zum tnballands (mcludmg trace-element and 
rad1ochem1cal analyses from selected wells and sprmgs) - Contmued 

MaJor cat1ons MaJoramons 
Temper- Mag- B1car-

Name of well or ature Calc1um nes1um Sod1um Potass1um bonate Carbonate Chlonde Sulfate N1trate 
sprmg Locat1on Date rq (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

Ondelacy -------- 9 18 19 442 08-21-79 14 0 14 1 0 650 1 1 350 900 02 
Dowa Y allane 

Sprmg--------- 9 19 1 144 04-05-79 16 5 36 80 39 1 8 219 0 22 14 21 
Upper Willow 

Wash Spnng -- 9 19 31 323 04-07-78 11 0 64 10 96 1 5 244 0 66 120 13 
A-1 ------------- 9 20 8 223 07-26-72 14 0 214 33 349 20 252 17 514 495 2 1 
Pabhto Chavez-- 9 20 18 432 07-27-72 62 7 3 117 T 315 10 23 126 12 
ECW-2 --------- 9 21 11 314 08-01-72 17 0 18 36 53 23 136 10 18 24 99 
Romanc1to ------ 9 21 25 433 12-05-79 14 0 98 67 130 1 1 293 0 100 110 19 
Ramah Mutual 1015 17 414 09-30-75 32 0 74 25 12 1 6 251 7 3 7 5 84 62 
ECW-13 -------- 10 16 32 114 07-31-72 16 0 14 24 376 47 336 28 171 333 62 
Lower Pescado 

Spnng--------- 10 17 12 431 06-18-79 14 0 42 14 43 32 244 19 39 80 
Ftdel Chahate --- 10 17 12 433 12-15-70 58 19 49 3 5 284 15 12 70 1 9 
Upper Pescado 

Spnng--------- 10 17 12 442 06-18-79 14 5 40 14 39 32 244 10 35 82 
ECW-6 --------- 10 17 35 412 07-31-72 20 0 60 1 2 248 47 229 26 21 299 62 
Yellowhouse 

Testhole 7----- 10 18 11 141 - -71 41 79 146 T 192 T 32 250 
RWP-17 (new)-- 10 18 22 333b 08-08-72 13 0 44 97 110 T 198 19 7 1 190 0 62 
Black Rock 

Spnng--------- 10 19 13 224 08-03-72 46 49 46 0 78 209 10 8 9 43 43 
Do -------------- do 02-26-80 14 0 47 43 52 1 0 232 0 10 40 1 2 
Black Rock PHS 10 19 13 444 02-27-80 21 0 110 27 120 9 1 87 0 34 540 03 
Zum Z-6 -------- 10 19 22 231 07-06-76 80 1 2 281 1 6 404 31 55 201 42 
Zum H-1-------- 10 19 22 241 07-22-78 15 0 67 70 100 39 341 0 19 91 77 

Zum Z-3 -------- 10 19 22 244 07-07-76 24 3 6 283 3 1 453 26 51 202 56 
Zum Z-2 -------- 10 19 22 421 07-06-76 58 97 207 20 342 76 64 245 56 
Zum Z-5 -------- 10 19 22 433 07-06-76 20 5 40 T 299 24 387 29 62 174 56 
Zum Z-1 (Max 

Curt1s) -------- 10 19 23 134 12-15-75 40 36 182 78 360 T 34 144 62 
Zum Z-4 -------- 10 19 23 143 07-06-76 16 1 2 202 1 6 311 16 32 129 1 5 
Black Rock 1 ---- 10 19 24 122a 07-22-66 71 13 70 20 302 5 1 25 103 1 24 

Black Rock 3---- 10 19 24 122b 03-28-68 26 6 155 22 124 8 5 198 T 33 551 25 

Do -------------- do 08-03-72 162 27 114 11 226 T 28 555 62 
Black Rock 2---- 10 19 24 221 08-03-72 20 0 14 24 540 1 2 384 31 277 507 62 
Zum F-5 -------- 10 19 27 112 02-13-73 26 6 150 29 79 43 229 T 11 442 12 
St Anthony M1s-

swn ----------- 10 19 28 114 08-03-72 20 0 46 24 1,042 3 1 143 21 1,084 748 62 
Zum F-4 -------- 10 19 28 131 08-03-72 24 1 2 292 20 560 24 88 109 62 

Zum F-3 -------- 10 19 28 141 08-03-72 18 0 60 1 2 331 90 354 32 164 189 1 2 
Pat Kelsey------- 10 19 28 314 08-03-72 20 0 60 1 2 365 T 662 32 73 157 0 62 
Zum F-1 -------- 10 19 28 343 08-03-72 20 0 40 1 2 461 T 394 32 48 181 62 
Do -------------- do 07-30-80 20 0 52 30 330 20 439 67 240 02 
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Hardness 

Phosphate Total 
as ortho- alkahmty Non- Drssolved Sod rum 

Srhca Iron Fluonde phosphate Boron CaC03 carbonate Ca/Mg Specrfrc sohds pH adsorptron Geologrc 
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mgjl) conductance (mg/L) (umts) ratro Lab umt 

40 04 28 96 0 39 2,650 1,980 89 45 USGS 'Rc 

16 01 40 180 0 120 500 246 1 50 USGS 'Rc 

20 01 1 7 200 1 0 200 910 500 2 90 USGS Tb? 
T 92 T 72 207 463 670 2,880 1,850 78 586 BIA Qal 
T 64 02 20 259 185 830 457 79 3 73 BIA Qal 
T 25 02 T 112 60 350 215 84 2 89 BIA 'Rc 

20 04 30 240 32 270 900 695 7 5 3 40 USGS Qal 
14 T 37 T T 206 57 275 550 340 80 0 30 BIA Pgs 

T 38 T 66 278 45 1,780 1,085 88 24 38 BIA Kd 

35 01 30 200 0 160 420 319 76 1 50 USGS Qal 
35 44 04 223 600 370 84 1 42 BIA Qal 

35 01 30 200 0 160 410 300 77 1 40 USGS Qal 
T 2 1 T 42 188 20 1,190 749 88 24 15 BIA Kd 

68 T 157 135 900 570 83 547 BIA Qal 
0 01 0 44 T T 163 150 770 472 80 3 89 BIA 'ltw 

T 37 05 T 172 135 460 252 80 1 73 BIA Qal 
18 45 30 25 190 0 140 405 293 7 7 1 90 USGS Qal 
44 80 60 03 71 320 390 1,150 889 72 2 70 USGS Pgs 

20 86 04 70 383 25 1,150 790 88 24 40 BIA 'Rc 
14 03 70 43 19 280 0 200 776 474 76 3 10 USGS 'ltc 

02 56 02 62 415 75 1,360 802 8 6 14 21 BIA 'l{c 
02 64 T 55 296 185 1,230 709 84 6 62 BIA 'Rc 
05 1 6 33 70 365 10 1,330 826 8 8 41 11 BIA 'Rc 

T T T 03 295 115 880 486 8 1 7 37 BIA 'Rc 
13 60 T 55 283 45 940 622 8 7 13 12 BIA 'l{c 
07 40 006 02 252 0 125 780 454 7 9 2 00 BIA Qal 

15 1 3 T 10 162 315 477 1,470 1,068 7 8 2 48 BIA Pgs 
02 1 3 T 28 186 329 515 1,400 994 77 2 18 BIA Pgs 
T 60 T 20 315 45 2,510 1,561 84 35 04 BIA 'Rc 
55 1 0 T 12 188 307 495 1,190 884 77 1 55 BIA Pgs 

T 1 8 T 98 117 8 125 5,080 2,899 83 40 56 BIA Qal 
T 1 9 T 58 459 65 1,330 760 82 15 75 BIA 'Rc 

T 20 T 72 290 20 1,520 910 87 32 15 BIA 'Rc 
0 06 0 50 0 18 0 34 543 20 1,570 967 84 35 51 BIA 'l{c 

T 26 02 82 323 15 1,190 742 8 7 30 42 BIA 'l{c 
11 04 1 9 06 360 0 14 1,400 874 8 3 38 01 USGS 'Rc 
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Table 3. Water-quality analyses from wells and spnngs on and adJacent to Zum tnballands (mcludmg trace-element and 
rad1ochem1cal analyses from selected wells and spnngs) - Contmued 

MaJor cat1ons MaJor amons 
Temper- Mag- B1car-

Name of well or ature CalciUm nes1um Sod1um Potass1um bonate Carbonate Chlonde Sulfate N1trate 
spnng Locat1on Date (OC) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

Nastacw--------- 10 19 30 232 08-02-72 34 7 3 189 T 542 25 44 34 62 
Zum F-2 -------- 10 19 33 121 08-03-72 20 0 80 1 2 356 T 561 19 66 251 62 
RWP-27 -------- 10 20 8 243 07-25-72 14 0 64 6 1 17 1 17 143 14 20 21 33 

Irngat10n 1------ 10 20 18 314 07-26-72 62 49 22 20 117 11 43 27 34 
Do -------------- do 09-05-79 17 5 53 49 25 26 134 34 23 73 
Bosson Ranch--- 10 20 22 211 07-25-72 16 0 62 7 3 108 T 306 25 53 61 1 6 
ECW-9 --------- 10 20 32 421 09-04-79 28 5 6 1 50 350 22 451 0 51 320 11 
RWP-28 -------- 11 16 8 131 08-16-72 140 34 160 5 5 315 12 21 471 62 
NutnaCamp-

ground-------- 11 17 5 322 07-31-72 22 0 14 24 145 20 267 24 53 105 62 
ECW-14 -------- 11 17 24 432 11-06-79 14 0 140 50 15 52 390 15 530 09 
ECW-10 -------- 11 17 28 143 07-31-72 13 5 34 12 367 6 3 387 21 12 547 62 
ECW-1 --------- 11 18 21 132 10-23-63 13 0 8 9 434 
RWP-34 -------- 11 18 27 411 07-31-72 42 13 172 47 228 15 1 8 327 62 
Do -------------- do 08-10-72 14 5 42 12 167 T 214 20 53 320 62 
RWP-38 -------- 11 20 22 211 09-05-79 19 5 32 82 24 1 2 159 0 7 2 11 1 4 

Spnng ----------- 11 20 34 244 03-26-80 80 8 8 2 1 78 70 207 56 10 69 
RWP-32 -------- 12 16 7 331 08-01-72 16 0 74 27 158 82 402 19 60 196 0 62 
Nutna Sprmg --- 12 16 8 314 12-14-50 11 0 78 26 8 5 283 80 72 0 50 
Spnng near 

Nutna -------- 12 16 17 214 03-26-80 40 100 83 8 5 1 70 317 10 35 0 08 
RWP-29 -------- 12 16 30 242 11-06-79 14 5 41 98 170 38 402 20 120 0 13 
ECW-16 -------- 12 17 15 213 11-13-79 56 21 69 42 329 0 20 90 0 14 
Hand pump----- 12 17 23 244 08-01-72 12 0 126 51 171 20 349 13 122 337 86 

Z-7R------------ 12 17 32 323 04-01-76 60 22 55 2 7 367 T 11 53 T 
16T -567 -------- 12 18 28 434 06-20-73 34 8 5 49 24 218 16 3 6 62 0 25 
Jones Ranch 

PM-3 --------- 12 20 17 133 09-24-73 38 8 5 39 20 146 14 28 37 11 
Cheech1lgeetho 

School -------- 12 20 25 123 06-13-52 586 249 7 340 656 
16T -545 -------- 12 21 24 423 10-11-72 40 T 124 T 194 51 13 48 0 62 
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Hardness 

Phosphate Total 
as ortho- alkahmty Non- D1ssolved Sod1um 

S1hca Iron Fluonde phosphate Boron CaCOJ carbonate Ca/Mg Spec1f1c sohds pH adsorpt1on Geolog1c 
(mgjl) (mg/L) (mg/l) (mg/l) (mgjl) (mg/L) (mg/l) (mgjl) conductance (mg/l) (umts) rat1o lab umt 

03 1 0 02 58 444 115 990 541 8 3 7 67 BIA Qal 
T 54 02 34 460 25 1,620 1,003 83 31 00 BIA '"Rc 
T 21 T 12 118 67 185 450 256 77 54 BIA Tb 

T 20 T 1 9 96 79 175 470 269 80 72 BIA Tb 
22 02 40 110 43 150 360 263 84 90 USGS Tb 

T 33 T 50 251 185 800 458 78 3 46 BIA '"Rc 
10 40 62 370 0 17 1,300 969 8 3 37 USGS lk 

T 35 T T 231 490 1,360 971 8 6 3 14 BIA Kc 

T 1 5 T 20 219 45 700 428 88 9 38 BIA Kg 
15 40 320 240 560 1,300 1,100 76 2 80 USGS Kg 

02 39 T T 318 135 1,810 1,199 8 1 13 75 BIA Kd 
1,020 USGS Jz 

T 29 02 12 187 160 1,030 685 84 5 93 BIA Kd 
T 25 T T 176 155 970 668 89 5 85 BIA Kd 

21 06 30 130 0 110 240 189 8 1 1 00 USGS Jz 

17 73 30 170 0 31 325 229 8 1 6 10 USGS '"Rc 
0 01 0 56 T 0 20 330 295 1,190 632 8 2 3 99 BIA Kg 

84 30 341 573 341 USGS Pgs 

11 03 20 260 24 280 500 331 82 0 20 USGS Pgs 
10 1 9 330 0 140 900 575 78 6 20 USGS Kc 
22 01 40 270 0 230 811 446 80 2 00 USGS Kc 

T 52 03 28 286 239 525 1,660 1,098 82 33 32 BIA Qal 

T 98 02 19 301 240 660 342 79 1 6 BIA Kc 
T 26 T 11 179 120 420 254 8 5 1 95 BIA Kg 

T 30 03 T 120 10 130 410 246 80 1 49 BIA Jz 

80 0 107 2,760 USGS Pgs 
18 T 32 10 530 339 92 17 11 BIA '"Rc 
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Table 3. Water-quahty analyses from wells and sprmgs on and adJacent to Zum tnballands (mcludmg trace-element and 
rad1ochem1cal analyses from selected wells and sprmgs) - Concluded 

Part 8-Trace-element and radaochemacal 

Date 
Geolog1c of Arsemc Banum Cadm1um Chrom1um Copper Lead Manganese Mercury 

Well or spnng Locat1on umt sample (J.lg/L) (J.Lg/L) (J.Lg/L) (J.Lg/L) (J.Lg/L) (J.Lg/L) (J.Lg/L) (J.Lg/L) 

Black Rock Spnng-- 10 19 13 224 Qal 02-26-80 20 200 40 00 1 0 00 60 00 
Black Rock PHS---- 10 19 13 444 Pgs 02-27-80 20 20 16 0 0 0 340 0 
Zum Z-6 ----------- 10 19 22 231 1tc 07-06-76 40 T T T T T 
Zum Z-3 ----------- 10 19 22 244 ltc 07-07-76 40 10 T T T T 
Zum Z-2 ----------- 10 19 22 421 ltc 07-06-76 44 41 T T T T 

Zum Z-5 ----------- 101922433 "ic 07-06-76 89 T T T T T 
Zum Z-4 ----------- 10 19 23 143 1{c 07-06-76 30 20 T T T T 
Zum F-1 ----------- 10 19 28 343 "ic 07-30-80 1 0 40 1 0 0 40 30 20 0 
ECW -1 ------------ 11 18 21 132 Kd 06-19-80 1 0 40 1 0 0 0 1 0 0 
Z-7R--------------- 12 17 32 323 Kc 04-01-76 54 T T T T 
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analyses from selected wells and sprmgs 

Gross alpha 
as natural uramum 

(pCI/L) 

Selemum S1lver Zmc 

Gross beta 
as cesJUm 137 

(pCI/L) 

Gross beta 
as stront1um 90 

(pCI/L) 

Gross alpha as 
uramum-sod1um 

(J.lg/L) 

(J.lg/L) (J.lg/L) (J.lg/L) d1ssolved suspended d1ssolved suspended d1ssolved suspended d1ssolved suspended 

2 0 1 0 10 4 3 < 1 8 < 1 8 <52 
0 0 30 < 11 0 9 3 9 5 < 160 
T T 
T T 
T T 

T 
T 
0 
0 
T 

T 
T 
0 30 ' < 10 
0 30 <82 <04 
T 

<7 3 
<55 <07 

<70 
<53 

< 15 
<07 < 12 < 0 6 

D1ssolved Dissolved 
potassiUm 4Q uramum 

(pCI/L) (J.lg/L) 

07 1 7 
68 < 6 

1 5 50 
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Table 4. ReservOirs along the Zum R1ver and 1ts tnbutanes 

[R, recreatiOn, I, irrigatiOn, S, sediment control,-, no data Modified from Rossillon and Lewandowski, 1969, Summers, 1972] 

Surface 
Reservo1r Date Dramage area Capac•ty area lrngated area 

name Stream completed (square m1les)1 (acre-feetfdate) (acres) Use (acres) Remarks 

McGaffey ------ Rio Nutna 12 R 
Nutna Diver-

SIOn ---------- RIO Nutna 1922 80 1511969 25 1,503 Replaced m 
1932 because 
washed out, re-
paired m 1974 

Nutna No 3 --- Rio Nutna 1934 68 46111968 265 s 0 Ongmal capacity 
1,076 acre-feet 

Nutna No 4 --- RIO Nutna 1938 (21 87811969 88 R 0 
Nutna No 2 --- RIO Nutna 1932 31 256011969 418 R 0 Failed m 1933, 

rebmlt m 1934 
Ramah --------- RIO Pes- Early 58 13,000/1969 482 Failed andre-

cado 1900's bmltm 1910, 
failed m 1930's, 
rebmlt m 1936 

Pescado -------- RIO Pes- 1931 68 720/1969 120 1,250 Raised top, 
cado 1943 

Black Rock----- Zum River 1908 692 2,60011969 436 I,F,R 3,603 
Eustace--------- Zum River 1958-59 7 23011969 32 R 3,603 
Tekapo --------- Zum River 30011972 104 I 315 
0JO Cahente---- (1) 

--------- 250/1972 61 I,R 1,553 
1Excludmg dramages contnbutmg to upstream reserv01rs 
Receives water from Nutna No 3 
'Receives water from 0JO Cahente Spnng 
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Table 5. Water-quality and sed1ment analyses from streams 

[All measurements m mtlhgrams per hter unless otherwise noted,-, no data, analyses by US Geological Survey] 

Part A.-Water-quality analyses 

Stream R1o Nutna above Nutna Zum R1ver above Black Rock 

Date of collect1on 02-22-80 06-20-79 11-07-79 01-18-80 02-22-80 02-26-80 04-09-80 

Instantaneous discharge 
(cubic feet per second)---- 31 200 0 85 3 9 227 56 771 

Water temperature (de-
grees Celsms)------------- 20 12 5 60 30 45 30 10 5 

Calcmm ------------------- 29 35 59 69 31 35 
Magnesium---------------- 79 17 21 24 11 8 1 
Sodium-------------------- 43 27 65 78 18 17 
Potassmm ----------------- 1 1 37 53 47 32 3 3 

Bicarbonate--------------- 115 207 305 329 134 122 
Carbonate-----------------
Chlonde------------------- 3 1 6 5 15 24 72 11 
Sulfate -------------------- 16 40 89 140 36 29 
~Itrate -------------------- 3 1 0 0 40 
Silica---------------------- 94 6 21 15 49 88 

Iron (micrograms per hter) 20 50 560 
Fluoride------------------- 3 4 3 3 3 2 
Phosphate as orthophos-
phate------------------- -- 21 03 

Boron (micrograms per h-
ter)----------------------- 110 

Total alkahmty as calciUm 
carbonate ---------------- 94 170 250 270 110 100 
~oncarbonate hardness --- 11 0 0 1 0 13 11 

Calcmm-magnesmm hard-
ness ------------------ • --- 110 160 230 270 120 120 

Specific conductance 
(micromhos per centime-
ter at 25 ocelsms) --------- 224 370 681 828 310 287 

Dissolved sohds ----------- 128 232 426 517 178 180 
pH (umts) ----------------- 80 8 1 84 80 80 78 
Sodmm adsorptiOn ratio 
(SAR) (umtless) ---------- 2 9 1 9 2 1 7 7 
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Table 5. Water-quahty and sed1ment analyses from streams- Concluded 

Part B.-Sediment analyses 

Date of 
sample Instantaneous d1scharge Water temperature Sed1ment, 

Stream collect1on (cub1c feet per second) (degrees Cels1us) suspended Remarks 

Zum River above 
Black Rock----- 06-20-79 200 12 5 44 

Do 11-07-79 88 60 25 99 percent smaller than 0 062 mllh-
meter 

Do 11-13-79 1 3 20 111 
Do 12-17-79 20 1 0 45 92 percent smaller than 0 062 mllh-

meter 
Do 01-18-80 39 30 216 
Do 02-11-80 22 20 121 
Do 02-22-80 247 45 962 88 percent smaller than 0 062 mllh-

meter 
Do 03-06-80 195 85 217 
Do 03-10-80 126 70 206 
Do 03-12-80 106 12 0 203 
Do 03-14-80 94 11 0 216 
Do 03-18-80 157 441 
Do 03-24-80 290 40 427 
Do 04-02-80 94 13 5 137 
Do 04-04-80 98 13 5 1,320 
Do 04-06-80 162 6 5 453 
Do 04-09-80 771 10 5 388 
Do 04-18-80 441 17 0 2,090 
Do 05-14-80 78 16 0 27 
Do 06-06-80 0 25 21 0 39 
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