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AVAILABILITY OF FRESH AND SLIGHTLY SALINE
GROUND WATER IN THE BASINS OF WESTERNMOST TEXAS

By

Joseph S. Gates, Donald E. White,
W. D. Stanley, and Hans D. Ackermann

ABSTRACT

A study of the availability of fresh and slightly saline ground water
in the basins of westernmost Texas was conducted in three phases: (1) The
collection of hydrologic data; (2) a series of geophysical surveys; and
(3) a program of test-hole drilling. The first phase included an inventory
of wells and springs, measurements of water levels in wells, and chemical
analyses of water samples.

The second phase consisted of the compilation of available gravity
data and conducting earth-resistivity, airborne-electromagnetic, seismic-
refraction, and aeromagnetic surveys. Earth resistivity was the principal
geophysical technique employed, and these data were used in estimating the
thickness and lithology of the basin fill and the quality of the ground water.
Airborne-electromagnetic data were used in estimating the lithology of the
fill and the quality of water at shallow depths. Seismic, aeromagnetic,
and gravity data were used to supplement other data in estimating the thick-
ness of the fill.

The third phase included the drilling of four test holes to depths
of 1,100 to 2,000 feet (335 to 610 meters). The test holes were logged
by borehole-geophysical methods and water samples were collected at selected
depths.

Significant quantities of fresh ground water occur in the basin fill
of the northern Hueco bolson and lower Mesilla Valley and in the Wildhorse
Flat, Michigan Flat, Lobo Flat, and Ryan Flat areas of the Salt Basin; and
may occur in Red Light Draw, Presidio bolson, and Green River Valley. The
areas in which freshwater occurs are usually the areas in which the fill
is coarse grained and near the zones of recharge. More than 20 million
acre-feet (25 cubic kilometers) of freshwater is estimated to be in storage
in the basin fill of westernmost Texas; more than half of which, or about
12 million acre-feet (15 cubic kilometers), is in E1 Paso County in the
Hueco bolson and Mesilla Valley.

In addition, the basins contain about 7 million acre-feet (8.6 cubic
kilometers) of slightly saline water in the basin fill, in the Rio Grande
alluvium in the Hueco bolson and lower Mesilla Valley, and in the Capitan
Limestone in the northern Salt Basin. Additional amounts of slightly to
moderately saline and poorer quality water occur in the fine-grained basin
fill and in the Rio Grande alluvium.



Ground-water pumping for municipal supply and industrial use in the
El Paso area caused water-level declines of as much as. 95 feet (29 meters)
during 1903-76, and pumping for irrigation in the Salt Basin caused a maxi-
mum decline of 150 feet (46 meters) at Lobo Flat during 1949-73. Additional
development of ground water in westermmost Texas will be accompanied by
further declines in water levels, and will probably induce local migration
of slightly saline or poorer quality water into freshwater areas. Land-
surface subsidence could occur in local areas where water-level declines
are large and the basin fill contains large amounts of compressible clay.



INTRODUCTION
Purpose and Scope of the Investigation

From September 1971 through 1975, the U.S. Geological Survey conducted
a study to delineate the ground-water reserves in the basins of western-
most Texas, west of the drainage area of the Pecos River and northwest of
the Big Bend country. The areas included in this investigation are shown
on figure 1.

This study was made in cooperation with the Texas Department of Water
Resources (formerly Texas Water Development Board) and was designed to
provide the department with data for its continuing assessment of water
availability within the State. The study was part of the Rio Grande Regional
Environmental Project (RGREP), which was designed to evaluate the water,
land, and economic resources of westernmost Texas and south-central New
Mexico. The U.S. Bureau of Reclamation is the coordinator of RGREP, but
the activities involve other federal agencies, State and local agencies,
and the Universities of Texas and New Mexico. The Geological Survey was
concerned mainly with the reserves of fresh and slightly saline ground water
stored in the alluvial fill of the basins. Water stored in consolidated
rocks or in alluvial fill of low permeability was not studied in detail,
and the occurrence of moderately saline or poorer quality water was not
investigated.

The basins included in the study were, from east to west: (1) The
United States part of the Presidio bolson; (2) the Salt Basin south of
the Texas-New Mexico State line; (3) the Green River Valley (designated
as Glenn Creek on some older maps); (4) Eagle Flat; (5) Red Light Draw
(designated as Quitman Arroyo on older maps); (6) the Texas part of the
Hueco bolson (which includes the city of E1 Paso); and (7) the Mesilla
Valley south of the Texas-New Mexico State line (the lower Mesilla Valley).
Comprehensive field investigations were conducted in the first five basins;
the northern Hueco bolson was evaluated by using previous reports, and
the southeasternHueco bolson and lower Mesilla Valley were evaluated by
using previous reports and geophysical surveys.

Methods of Investigation
Collection of Hydrologic Data

In all basins except the Hueco bolson and the lower Mesilla Valley,
major irrigation, municipal, and industrial wells; selected stock and
rural-domestic wells; and springs were inventoried. Water samples were
collected from representative wells and springs for chemical analyses, and
pumpage was estimated for the major irrigated areas. These data were com-
piled by White and others (1977). Hydrologic data in progress reports
prepared by the U.S. Geological Survey in cooperation with El1 Paso Water
Utilities and the Texas Department of Water Resources such as the most
recent by Meyer and Gordon (1972) were used in the study of thé northern
Hueco bolson. Data compiled by Alvarez and Buckner (1974) were used in
the southeastern Hueco bolson, and data compiled by Leggat, Lowry, and
Hood (1962) were used in the lower Mesilla Valley.

\
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Geophysical Surveys

Geophysical surveys were used to estimate the thickness of the basin
fill and to obtain information on lithology and the quality of water in
the fill. The principal methods used were electrical, including both
earth-resistivity and airborne-electromagnetic techniques. Seismic-
refraction and aeromagnetic surveys, together with gravity and seismic-
reflection data obtained from several oil companies, were also used in esti-
mating the thickness of the basin fill.

The ease with which earth material transmits an electrical current
is a function of its resistivity, and resistivity in turn can be related
to hydrogeologic properties, including lithology, porosity, permeability,
water salinity, and water temperature. Vertical electrical soundings were
. made at 175 locations in the Salt Basin, Presidio bolson, Eagle Flat, Green
River Valley, and Red Light Draw; at 65 locations in the lower Mesilla
Valley; and at 67 locations in the southeastern Hueco bolson. Interpreta-
tions of the soundings in the Salt Basin and adjacent areas and limited
interpretations of the soundings in the lower Mesilla Valley are included
in this report; interpretations of soundings in the southeastern Hueco
bolson are included in Gates and Stanley (1976).

The Schlumberger electrode array (Zohdy, Eaton, and Mabey, 1974, p.
11), which consists of a four-electrode array to measure voltage distribu-
tion for a known input current, was used for the soundings. A sounding
consists of (1) applying a voltage to a pair of electrodes (current elec-
trodes), which induces direct-current flow and an electrical field in the
earth; and (2) measuring the resulting voltage at a second pair of elec-
trodes (potential electrodes). A succession of measurements are made with
the current-electrode spacing increased for each measurement, from a mini-
mum of about 20 feet (6 m) to as much as 24,000 feet (7,300 m). Resis-
tivities for each spacing are computed from formulas derived for the elec-
trode geometry.

Earth resistivities as a function of depth are derived from the sound-
ing curve with the aid of digital-computer programs (Zohdy, 1975). Maxi-
mum electrode half-spacings for these surveys commonly ranged from 4,000
to 8,000 feet (1,200 to 2,400 m), with a few ranging up to 12,000 feet
(3,700 m). The depth of investigation was from about 1,500 to more than
5,000 feet (450 to more than 1,500 m). The 175 soundings in the Salt Basin
and adjacent areas were along 19 profiles and at 20 off-profile locations.
Cross sections have been prepared to show the interpreted resistivities
for each of the sounding profiles and the individual sounding locations
are shown on the appropriate illustrations.

The airborne-electromagnetic surveys were made in the southeastern
Hueco bolson (Gates and Stanley, 1976) and in the Salt Basin. The sur-
vey in the Salt Basin consisted of 24 flight lines, generally east-west
and spaced about 2 miles (3 km) apart, between a point about 4 miles (6
km) north of Van Horn and U.S. Highway 62-180 (fig. 4). The surveys were



made using the Barringer INPUT (Induced Pulse Transient) system,! which
consists of a vertical-axis transmitting coil encircling the aircraft and a
horizontal-axis receiving coil towed by the aircraft. A repeated, tran-
sient, primary magnetic field created by the transmitting coil induces cur-
rents in the earth whose magnitudes are a function of earth resistivities.
The receiver coil measures the secondary magnetic field resulting from the
earth currents and the results are recorded. The INPUT data primarily
reflect resistivities to maximum depths of 300 to 400 feet (90 to 120 m).

To aid in estimating the thickness of the alluvial fill, seismic-
refraction surveys were made along four resistivity profiles. Ammonium
nitrate-dynamite shots, placed in holes augered to depths of 20 to 70 feet
(6 to 21 m), provided energy for the surveys. Four spreads were shot along
two lines near resistivity profile A-A' east of the Salt Flats; three spreads
were shot along resistivity profile C-C' north of Wildhorse Flat; four
spreads were shot along resistivity profile F-F' across Ryan Flat; and
three spreads were shot along resistivity profile M-M' across Red Light
Draw. The velocity profiles and interpretations of these surveys and the
individual shotpoints are shown on the appropriate illustrations.

Aeromagnetic surveys were made over the Salt Basin and adjacent areas,
the southeastern Hueco bolson, and the lower Mesilla Valley. The data were
used to construct maps of magnetic intensity, which aided in estimating
the thickness of alluvial fill. Several oil companies contributed gravity
data that were compiled into a generalized gravity map of the Salt Basin
and adjacent areas. This map also aided in estimating the thickness of
the fill.

Test Drilling

The final phase of the investigation was a test-drilling program to
determine the thickness of the alluvial fill and the quality of water at
various depths in selected areas and to aid in the interpretation of geo-
physical data. The drilling sites were selected in areas (1) where geo-
physical and available ground-water data indicated significant thicknesses
of fill saturated with freshwater, (2) where ground-water data wére sparse,
and (3) where future development of ground water is likely to occur.

On the basis of these criteria, test holes were drilled at four sites
with the highest priority--Leopold Guerra No. 1 in Red Light Draw, 20 miles
(32 km) southeast of Sierra Blanca; Clay Evans No. 1 on Ryan Flat, 5 miles
(8 km) south of Valentine; Culberson County Airport No. 1 on Wildhorse Flat,
4 miles (6 km) northeast of Van Horn; and J. C. Davis No. 1 on Eagle Flat,
10 miles (16 km) southwest of Van Horn. At each test hole, samples of
drill cuttings were collected, borehole geophysical logs were made, and
water samples were collected from specific zones. Gates and White (1976)
summarized the test-drilling program and presented an analysis of the data.

1 The use of brand names in this report is for identification purposes
only and does not imply endorsement by the U.S. Geological Survey.

-6-



Previous and Related investigations

Several reports have been prepared as a part of this investigation.
White and others (1977) compiled the hydrologic data, and Gates and White
(1976) summarized results of the test-drilling program. Gates and Stanley
(1976) interpreted the geophysical data in the southeastern Hueco bolson
in terms of the hydrology. Zohdy, Bisdorf, and Gates (1976) compiled the
earth-resistivity data collected in the lower Mesilla Valley.

Several reports have been prepared on other investigations of ground
water in westernmost Texas, mostly by the Geological Survey in cooperation
with the Texas Department of Water Resources and its predecessor agencies.
Hood and Scalapino (1951) summarized ground-water conditions at Lobo Flat,
and Scalapino (1950) discussed ground water in the consolidated rocks in
the Dell City area, west of the Salt Flats. Davis and Gordon (1970) pre-
pared the most recent of a series of compilations of ground-water data for
the Salt Basin and adjacent areas.

Meyer and Gordon (1972) prepared the most recent of a series of prog-
ress reports for the northern Hueco bolson, which contains compilations
of data and discusses development of ground water in the El1 Paso area.
Meyer (1976) prepared the most recent of a number of reports that inter-
pret the hydrology of the El1 Paso area, and Alvarez and Buckner (1974)
compiled ground-water data and discussed the water resources of the south-
eastern Hueco bolson. Leggat, Lowry, and Hood (1962) compiled ground-water
data and summarized the hydrology of the lower Mesilla Valley. Davis and
Leggat (1965) discussed the general ground-water hydrology of the upper
Rio Grande basin, Texas. The study described in this report included the
Salt Basin and adjacent areas along the Rio Grande, the Hueco bolson, and
the lower Mesilla Valley.

Geography
Topography

The topography of westernmost Texas and adjacent areas in New Mexico
and Mexico is characterized by broad structural depressions, locally called
"bolsons,' '"flats,' or '"basins," filled with alluvium and roughly deline-
ated by isolated fault-block mountain ranges or broad plateaus. The major
features along the eastern boundary of the area of investigation include
the Guadalupe, Delaware, Apache, Davis, Chinati, and Bofecillos Mountains.
The Mexican border along the Rio Grande bounds the study area to the south-
west, and the New Mexico State line bounds it to the north. The Diablo
Plateau, in the north-central part of the area, was not included in the
investigation because it is underlain at shallow depths by consolidated
rocks that are not known to contain significant quantities of freshwater.

The major mountain ranges and uplands within the area of investigation
include the Sierra Vieja; the Van Horn, Eagle, and Quitman Mountains; the
Diablo Plateau, bordered by the Sierra Diablo on the southeast and the
Hueco Mountains on the northwest; and the Franklin Mountains. The Salt
Basin, which is the major topographic depression on the east side of the
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area, includes Wildhorse, Lobo, and Ryan Flats, and drains internally into
the salt flats in the northern and north-central parts of the basin. South-
eastern Eagle Flat drains into the Salt Basin, but the Presidio bolson,
Green River Valley, Red Light Draw, and northwestern Eagle Flat all drain

to the Rio Grande.

The Hueco bolson drains to the Rio Grande, but for all practical pur-
poses much of the bolson is undrained, and only the incised valley of the
Rio Grande (the El Paso Valley) and adjacent areas drain to the river.
West of the Franklin Mountains, the Mesilla bolson also drains to the Rio
Grande, but only the incised valley of the river (the Mesilla Valley) and
adjacent areas actually drain to the river.

Climate

The climate of westernmost Texas is arid to semiarid, with hot sum-
mers and mild winters. The average annual precipitation west of the Pecos
River drainage area for 1941-70 was 11.57 inches or 294 mm (U.S. Depart-
ment of Commerce, 1973). In and near the area of investigation, the average
annual precipitation at National Weather Service stations ranges from 7.20
inches (183 mm) at Ysleta, now incorporated into southeast El Paso, to
18.74 inches (476 mm) at Mount Locke in the Davis Mountains. In general,
precipitation is greater at higher altitudes, and is generally higher in
the southeastern part of the area (the Presidio bolson and Ryan Flat) than
in the northern Salt Basin and Hueco bolson. Precipitation in the valley
areas is about one-tenth of the potential evaporation rate, and agricul-
ture is completely dependent upon irrigation.

Population and Economic Development

El Paso, which is the major commercial center of the area, had an
estimated population of about 377,000 in January 1976; and E1 Paso County
had an estimated population of 420,000 (E1 Paso Department of Planning,
Research, and Development, 1976). In 1976, Ciudad Juarez, Mexico, sup-
plied water to about 548,000 persons, and the total population of the city
was about 650,000 (as reported in the newspaper El1 Fronterizo on July 1,
1976, and May 23, 1976).

The economy of E1 Paso is based on defense establishments (Fort Bliss
at E1 Paso and the White Sands Missile Range nearby in New Mexico), light
manufacturing, international and local trade, oil refining, smelting, and
irrigated agriculture. :

Much of the rest of the area of investigation consists of ranchland,
with irrigated farmland along the Rio Grande in the Mesilla, Hueco, and
Presidio bolsons, and in the Dell City area, Wildhorse and Michigan Flats,
and Lobo Flat. Most of the towns in the area are centers for ranch and
farm supplies or are located along and serve users of major highways or
railroads. Outside of El Paso County, the area is sparsely populated,
with the 1976-77 Texas Almanac and State Industrial Guide (A. H. Belo



Corp., 1975) reporting an estimated population in 1973 of 2,600 for Hud-
speth County, 3,500 for Culberson County, 1,400 for Jeff Davis County, and
4,900 for Presidio County.

Terminology for Water-Quality and Resistivity Data

In general, freshwater is defined as water containing less than 1,000
milligram per liter (mg/L) dissolved solids. Slightly saline water con-
tains 1,000 to 3,000 mg/L dissolved solids; moderately saline water con-
tains 3,000 to 10,000 mg/L dissolved solids; very saline water contains
10,000 to 35,000 mg/L dissolved solids; and brine contains more than 35,000
mg/L dissolved solids.

The term "salty" is used in this report in a general or relative sense
to describe the chemical quality of water in which the degree of sa11n1ty
varies or is not known.

In this report, low resistivity is defined as less than 15 ohmmeters;
moderate resistivity as 15-60 ohmmeters; and high resistivity as more than
60 ohmmeters. These definitions are applied to data obtained from the
earth-resistivity surveys. The terms high and low as applied to the resis-
tivity obtained from airborne-electromagnetic data are relatlve and do not
imply a specific numerical range.

In general, high resistivities indicate consolidated sedimentary or
volcanic rock or dry coarse alluvium; moderate resistivities indicate allu-
vium containing freshwater or indicate volcanic clastics; and low resis-
tivities commonly indicate volcanic tuff or indicate clay, sand, or gravel
saturated with slightly saline or poorer quality water.



Metric Conversions

For readers interested in using the metric system, the metric equiva-
lents of U.S. customary units of measurements are given in parentheses.
The U.S. customary units used in this report may be converted to metric
units by the following factors:

From ‘ To obtain
Unit Abbrevi- Multiply by Unit Abbrevi-
' ‘ation ation
acre -- 0.004047 square kilometer km?2
acre-foot -- 1,233 cubic meter m3
1.23378 cubic kilometer km3
acre-foot -- .3048 cubic meter per m3/m2
per acre 'square meter
foot -- .3048 meter m
foot per mile ft/mi .189 meter per kilometer m/km
foot per ft/s .3048 meter per second m/s
second
gallon per " gal/min .06309 liter per second L/s
minute :
gallon per (gal/min)/ft .207 liter per second (L/s)/m
minute per . per meter
foot
inch -- 25.4 millimeter mm
mile -- 1.609 kilometer km
square mile -- 2.590 square kilometer km?2
square foot ft2/d .0929 square meter m2/d
per day per day
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GENERAL GEOLOGY

The basins of westernmost Texas are in the southeastern part of the
Basin and Range Province, a physiographic and structural unit that extends
from western Texas across southern New Mexico and southern Arizona, through
Nevada to southeastern Oregon, southern Idaho, and western Utah. In this
province, normal faulting of Tertiary and Quaternary age formed alternating
structurally high mountain blocks and structurally low basins. The rela-
tively depressed basins, or valley areas, commonly are filled with large
thicknesses of unconsolidated alluvial and lacustrine clay, silt, sand,
and gravel eroded from the mountain blocks. These deposits are the major
sources of ground water in the Basin and Range Province, and in many basins
are the only significant sources of water.

The rocks exposed in westernmost Texas, mostly in the mountains and
upland areas, range in age from Precambrian to Holocene. Rocks of almost
all geologic systems are present, but the rocks of a few systems dominate
the stratigraphic sequences at the outcrops and in the shallow subsurface.

Unconsolidated deposits of late Tertiary and Quaternary age fill the
basins; and volcanic, volcanic-clastic, and intrusive rocks of Tertiary
age crop out over much of the southeastern part of the area, including
parts of the Quitman, Eagle, and Van Horn Mountains, and compose most of
the Sierra Vieja, the highlands south of the Wylie Mountains, and the Davis,
Chinati, and Bofecillos Mountains.

Rocks of Cretaceous age, mostly limestone and sandstone, crop out on
the southern Diablo Plateau, between the Davis and Apache Mountains, and
in the Van Horn Mountains. Thick sections of these Cretaceous rocks crop
out in the Quitman and Indio Mountains and in the mountain ranges in Mexi-
co that form the southwestern border of the Hueco bolson. Rocks of Permian
age, mostly limestone, crop out in the Wylie, Apache, Delaware, and Guada-
lupe Mountains, and on the Diablo Plateau.

The Texas lineament, a prominent structural feature that crosses the

area along the northern side of Eagle Flat (Muehlberger and Wiley, 1970),
is considered by some geologists as part of a transcontinental fracture
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zone. At Eagle Flat, the Texas lineament coincides with the boundary
between the Diablo Plateau and the Chihuahua Trough, a structurally low
area underlain by thick deposits of mostly Cretaceous age.

Volcanic rocks, which may be related to the Texas lineament and which
affect the ground-water quality, are common south of Eagle and Wildhorse
Flats, while to the north they are rare. Therefore, much of the fill in
the basins in the southern part of the area--Lobo and Ryan Flats, Presidio
bolson, Red Light Draw, and Green River Valley--is composed of relatively
insoluble volcanic rocks. In contrast, the alluvial fill of the Salt Basin
north of Van Horn and much of the Hueco bolson includes a greater percentage
of limestones and sandstones, which generally contain more soluble minerals.
The water-bearing characteristics of the geologic units that yield signif-
icant amounts of ground water are summarized in table 1.

GENERAL GROUND-WATER HYDROLOGY

The source of the ground water in westernmost Texas is local precipi-
tation, and to some extent, infiltration from the Rio Grande. Because the
annual recharge, other than local recharge from the Rio Grande, is very
small, the amount of ground water in storage has accumulated over a long
period of time. In the northern Hueco bolson, including areas in New Mexi-
co, Texas, and the Ciudad Juarez area, Mexico, for example, about 20 mil-
lion acre-feet (25 km3) of freshwater is stored in the bolson deposits
(Meyer, 1976, p. 8, 14). The annual recharge in this area is only about
6,000 acre-feet (7.4 million m3) or 0.03 percent of the freshwater in stor-
age (Meyer, 1976, p. 18).

Ground-water recharge in the basins of westernmost Texas occurs along
the foothills of the mountains and plateaus where the sediments are coarse
grained and permeable, and possibly locally along the channels of ephemeral
streams in the basins. Recharge probably does not occur unless precipita-
tion is sufficient to cause surface flow through the foothill areas and
in the ephemeral streams. Most precipitation in the area is either quickly
evaporated or infiltrated to very shallow depths where it is lost by evapo-
transpiration.

Recharge cannot be estimated accurately over most of westernmost Texas
because few data are available on the location of recharge areas and on
the amounts of precipitation and streamflow on or above the recharge areas.
However, some rough relations between drainage area, precipitation, and
recharge can be used to obtain order-of-magnitude estimates. In the north-
ern Hueco bolson, about 1 percent of an assumed annual average precipita-
tion of 10 inches (254 mm) over the 1,200 square miles (3,100 km2) of
drainage area in the United States is about 6,000 acre-feet (7.4 million
m3), which is comparable to Meyer's (1976) estimate.

The drainage area of the Salt Flats at the northern end of the Salt

Basin, which includes most of the Diablo Plateau in Texas, the extension
of the plateau in New Mexico to the foothills of the Sacramento Mountains,
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Table 1.--Water-bearing characteristics of geologic units that are significant sources of ground water

Water-bearing characteristics
Era- Physical and (Yields to wells are def%ned as small
them System Unit lithologic when less than 50 gal/min, moderate
characteristics when between 50 and 500 gal/min,
and large when greater than 500 gal/min)

Quaternary Rio Grande alluvium and Gravel, sand, silt, and clay Supplies moderate to large quantities of fresh
alluvium of tributary deposited by the Rio Grande and to moderately saline water in the Rio Grande
streams its tributaries; may be as much Valley in the Mesilla, Hueco, and Presidio

200 feet thick at some locations. | bolsons, at the lower ends of Red Light Draw
and Green River Valley, and between Green
! River Valley and the Presidio bolson; alluvium
1 . s
! of tributary streams is commonly unsaturated
! in many basins but supplies small amounts of
! freshwater for domestic and stock use in the
! Presidio bolson and .near the Rio Grande in
! other basins.
' .
: Quaternary Bolson deposits Clay, silt, sand, and gravel Principal freshwater aquifer in westernmost
° and deposited by the ancestral Rio Texas; supplies moderate to large quantities
- Tertiary Grande or streams local to indi- of fresh to slightly saline water in basin
° vidual basins; commonly 1,000 to areas; contains moderately saline or poorer
= as much as 9,000 feet thick (in quality water at depth in the Hueco bolson and
o the Hueco bolson). in parts of the Hueco, Mesilla, and Presidio
o . . bolsons and the Salt Basin, mostly in fine-
! grained lacustrine and alluvial deposits.
E
i Tertiary Volcanic-clastic and vol- Reworked tuffs and alluvial Supplies small to large quantities of fresh-
! canic deposits deposits consisting almost exclu- | water in Ryan and Lobo Flats; probably occurs
! sively of volcanic debris (vol- at depth in Red Light Draw, Green River Valley
! canic clastics) interbedded with and southeastern Presidio bolson; permeable
' ash-fall tuffs and volcanic flows | zones probably most common in the uppermost
or ash-flow tuffs; up to 6,000 1,000 feet and may include well-reworked tuff,
feet thick at Ryan Flat. well-sorted volcanic clastics, weathered zones
above and below volcanic flows, and possibly
fractured volcanic-flow rocks.

Cretaceous Limestones, undifferenti- Limestone units include beds of Limestones supply small to moderate quantities

ated, but including marl, sandstone, conglomerate, of fresh to moderately saline water in the
(3] the Campagrande Formation, siltstone, and shale, and locally | Sierra Blanca area; Cox Sandstone supplies
— Bluff Mesa Limestone, and | aggregate more than 5,000 feet in | small to moderate quantities of fresh to mod-
) Yucca Formation; and the thickness; Cox Sandstone is most- | erately saline water in the southeastern Hueco
~N Cox Sandstone ly quartz sandstone with some bolson, the Sierra Blanca area, and eastern
=) pebble conglomerate and silt- Wildhorse Flat.
[} stone, shale and limestone; very
w fine- to medium-grained; commonly
= less than 200 feet thick, but can
be as thick as 700 feet.

Permian Limestones, including the Capitan and Goat Seep Limestones Capitan and Goat Seep Limestones supply moder-
Capitan Limestone, are massive, thick-bedded reef ate to large quantities of fresh to slightly
the Goat Seep Limestone, limestone and dolomite; Capitan saline water in the Beacon Hill area and the
and the Bone Spring is 1,000-2,000 fect in the Guada- | Capitan supplies moderate to large quantities

© and Victorio Peak Lime- lupe Mountains and Beacon Hill of fresh and slightly saline water in the
; stones, undifferentiated; area and up to 900 feet thick in Apache Mountains area; the Bone Spring and Vic-
- and sandstones, including Apache Mountains area; the Goat torio Peak Limestones supply small to large
the Delaware Mountain Seep is up to 1,200 feet thick in | quantities of slightly to moderately saline
° Group the Guadalupe Mountains area; the | water in the Dell City area and the northeast-
z Bone Spring and Victorio Peak ern Diablo Plateau; the sandstones and lime-
Limestones are limestone and dol- | stones of the Delaware Mountain Group supply
< omite with sandstone and silt- small quantities of slightly to moderately sa-
o stone, aggregate thickness line water along the eastern side of the north-
1,800 to more than 3,000 feet; ern Salt Basin and the foothills of the Dela-
the Delaware Mountain Group is ware Mountains.
sandstone and limestone with some
siltstone, aggregate thickness is
on the order of 3,000 feet.
g -- Carrizo Mountain Formation Carrizo Mountain Formation is meta+ Supplies small quantities of freshwater in the
E and possibly Allamoore igneous rocks; Allamoore is lime- | Allamoore area, permeable zones probably are
2 Formation stone, conglomerate and metamor- weathered or fractured rock.
I phic, volcanic, and igneous
& rocks.
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and the northern end of the Salt Basin in Texas, totals about 5,000 square
miles (13,000 km2). Ground-water discharge in the Salt Flats is about
40,000 acre-feet (49.3 million m3) per year (Davis and Leggat, 1965, p.
U67), which probably approximates the average annual recharge. One percent
of an assumed average annual precipitation of 11.57 inches (294 mm) within
the drainage area is about 31,000 acre-feet (38.2 million m3). If this
rough relation is sufficient to yield an ordér-of-magnitude estimate,
recharge to the rest of the Salt Basin, with a drainage area of 2,760 square
miles (7,150 km2) is about 17,000 acre-feet (21 million m3) per year.

Recharge to the 1,100-square-mile (2,850-km2) area of the Presidio
and Redford bolsons in the United States (not including the tributary
Cibolo and Alamito Creek drainages outside the Presidio bolson) may be
about 7,000 acre-feet (8.6 million m3) per year. Recharge in the 160-
square-mile (410-km2) area of the Green River Valley may be about 1,000
acre-feet (1.2 million m3) per year and about 2,000 acre-feet (2.5 million
m3) per year in the 370-square-mile (960-km?) area of Red Light Draw.

Part of Eagle Flat is tributary to the Salt Basin and part to Red
Light Draw, but water-level contours do not indicate that ground water
flows to these basins from Eagle Flat. Eagle Flat, which has an area of
560 square miles (1,450 km?), may receive about 3,000 acre-feet (3.7 mil-
lion m3) per year of recharge. If the 1,560-square-mile (4,040-km?) drain-
age area of the United States part of the southeastern Hueco bolson receives
an average of about 10 inches (254 mm) of precipitation per year, this
part of the bolson may receive about 8,000 acre-feet (9.9 million m3) per
year of recharge, for a total of 14,000 acre-feet (17.3 million m3) in the
entire United States part of the bolson. Leggat, Lowry, and Hood (1962,

p. 18) estimated recharge and ground-water inflow to the lower Mesilla
Valley to be 18,000 acre-feet (22 million m3) per year.

Ground water moves from the xrecharge areas around the margins of the
basins and the ephemeral-stream channels to areas of discharge in the lower
parts of the basins. The Salt Basin is a topographically closed basin,
and ground water from the northern part of the drainage area moves toward
and discharges at the Salt Flats. Ground water in the southern part of
the Salt Basin moves generally north in the direction of surface drainage.
Part of the water discharges at the small salt flat east of the Sierra
Diablo; part of the water may discharge from the basin in the subsurface
through the limestone bedrock, possibly to the Pecos River drainage area
to the east; and some of the water discharges through volcanic rocks to
the Rio Grande drainage area to the west.

Ground water in the Presidio and Redford bolsons, Green River Valley,
Red Light Draw, the Hueco bolson, and the lower Mesilla Valley discharges
to the Rio Grande. Ground water in Eagle Flat may discharge from the
basin to the Rio Grande drainage area to the south through the subsurface.
In addition to natural discharge, large amounts of ground water are pumped
for irrigation in the Dell City, Wildhorse and Michigan Flats, and Lobo
Flat areas, and for municipal and industrial use in the Hueco bolson and
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lower Mesilla Valley. Ground water is also pumped for irrigation along

the Rio Grande Valley from the Hueco bolson to the Presidio bolson, espe-
cially when surface water is in short supply. Some of this pumping probably
intercepts ground water moving to points of natural discharge and reduces
the natural discharge.

SALT FLATS AND ADJACENT AREAS

The Salt Flats in the northern part of the Salt Basin extend from
the New Mexico State line to the northern end of the Sierra Diablo (fig.
2). The Guadalupe Mountains and Delaware Mountains, which are composed
of Permian limestones and sandstones, are on the eastern boundary; and.
the eastern edge of the Diablo Plateau, underlain by Permian limestone,

forms the western boundary.

Ground-Water Hydrology

The basin fill underlying the Salt Flats is predominantly lacustrine
clay and sand saturated with saline water. The maximum thickness of the
fill ranges from about 800 feet (244 m) north of U.S. Highway 62-180 to
about 2,000 feet (610 m) southwest of Bitter Well Mountain (fig. 2). Fig-
ure 3a-u shows interpretations of earth-resistivity and seismic data col-
lected in the Salt Basin, Presidio bolson, Green River Valley, Eagle Flat,
and Red Light Draw. Figures 3a and 3b show the general lithology and thick-
ness of the fill in the Salt Flats area as determined from earth-resistivity
data. The available data do not indicate the occurrence of any signifi-
cant volumes of basin fill that are saturated with fresh or slightly saline
water. Most of the fill, which has low permeability, is not a good aquifer.

Figure 4 shows the location of the 24 flight lines for the collec-
tion of airborne-electromagnetic data over the northern Salt Basin and
the response curves for each flight line. These curves indicate conduc-
tivity, and therefore vary inversely with resistivity. The INPUT data
reflect resistivities to maximum depths of about 300 to 400 feet (90 to
120 m), and indicate the location where significant thicknesses of low-
resistivity (high conductivity), fine-grained basin fill are bounded by
high-resistivity consolidated rock. The data also indicate the local areas
where coarse, resistive, alluvial-fan deposits grade into fine-grained
fill and where consolidated rock, probably limestone, occurs at shallow
depths in the eastern part of Wildhorse Flat. The INPUT data were used,
in conjunction with other data, to construct the maps showing the thick-
ness of the fill in the Salt Flats and Wildhorse Flat areas.

Figure 4 also indicates that the basin fill in Wildhorse Flat is
coarser and that the ground-water quality is better than to the north,
where the low resistivities of the response curves indicate that the fill
consists of lacustrine clays or sands and clays containing poor-quality
water.
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FIGURE 3f.-Cross section G-G' of electrical resistivity along an electrical-sounding profile in the Wildhorse, Lobo, and Ryan Flat areas
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FIGURE 3q.-Cross section T-T' of seismic velocity along a seismic profile in the Salt Flats area
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- FIGURE 3t.-Cross section W-W' of seismic velocity along a seismic profile in Ryan Flat
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FIGURE 3u.-Cross section X-X' of seismic velocity along a seismic profile in Red Light Draw
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The principal aquifers of the Salt Flats area are the Capitan and
Goat Seep Limestones of Permian (Guadalupian) age. These massive reef
limestones crop out in the Guadalupe Mountains and the Patterson Hills
(fig. 2), and the subcrop of the Capitan Limestone is within a few hundred
feet (100 m) of the surface in the Beacon Hill irrigation area south of
the Patterson Hills. These reefs at least partly encircled the Permian
Delaware Basin to the southeast and grade into shelf limestones to the
northwest and into sandstones of the Delaware Mountain Group to the south-
east.

The Goat Seep Limestone is as much as 1,200 feet (370 m) thick in
the Salt Flats area (King, 1948, p. 39), is about 7 miles (11 km) wide
(fig. 2), and lies below and shelfward (northwest) of the Capitan Lime-
stone. Irrigation well PD-47-09-207, west of the Patterson Hills, yields
large quantities of freshwater and probably taps a downfaulted part of
" the Goat Seep. No other wells are known to tap this limestone in the Salt
Flats area, so the extent of freshwater-bearing Goat Seep in the subsur-
face west of the Guadalupe Mountains and Patterson Hills is not known.

The Capitan Limestone is 1,000-2,000 feet (300-610 m) thick in the
Guadalupe Mountains and is about 4 miles (6 km) wide (King, 1948, p. 61).
The Capitan trends. southwest in the Guadalupe Mountains and then appears
to swing slightly to the south in the Patterson Hills. The Capitan is
probably the permeable limestone tapped by irrigation wells that yield
moderate to large quantities of slightly saline water in the Beacon Hill
area, where is is reportedly (White and others, 1977) first penetrated
between depths of 60 to 275 feet (18 to 84 m) and extends to a depth of
as much as 1,686 feet (514 m).

On the basis of the locations of wells that penetrate significant
thicknesses of the Capitan Limestone, the formation appears to swing to
the south across the Beacon Hill area to its southwestern edge, where the
Capitan is probably downfaulted into the Salt Basin (fig. 2).

Wells in the Capitan Limestone yield from about 400 to more than 6,000
gal/min (25 to more than 380 L/s); the wells on the western side of the
Beacon Hill area tend to have lower yields. Few aquifer tests have been
made in the Salt Basin, Eagle Flat, Red Light Draw, and Presidio bolson.
For this reason, transmissivity values were estimated by using the spe-
cific capacities of wells (Theis, Brown, and Meyer, 1963). The theoreti-
cal transmissivity of a typical aquifer in westernmost Texas, in ft2/d,
can be estimated roughly by multiplying the specific capacity of a well
by about 200, on the assumption that the aquifer has a storage coefficient
of 0.1, the diameter of the well is 12 inches (30 cm), and that specific
capacity was medsured after 1 day of pumping. This estimate also assumes
that the well is 100-percent efficient. A comparison of available aquifer-
test and specific-capacity data from individual wells completed in lime-
stone or basin fill suggests that in the Salt Basin, transmissivity is
better estimated by multiplying specific capacity by about 330. Specific
capacities in the Beacon Hill area range from about 6.5 to 58 (gal/min)/ft
[1.3-12 (L/s)/m], and the median value of 16.5 (gal/min)/ft [3.4 (L/s)/m]
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indicates a transmissivity of about 5,400 ft2/d (500 m?/d). One aquifer
test (Ed L. Reed, written commun., 1965) yielded a transmissivity of 16,000
ft2/d (1,500 m?/d), but the test was conducted in a well that had an above
average specific capacity. The specific yield of the Capitan Limestone

is probably large in places where the limestone is cavernous, but overall,
the specific yield of the formation is probably 5 percent or less. Maclay
and Rettman (1973, p. 7) estimated the regional specific yield of the
Edwards and associated limestones in the San Antonio, Texas, area to be

2.5 percent.

Figure 3a shows earth-resistivity measurements across the Beacon Hill
area, and indicates that the lowest resistivity in near-surface, saturated
Permian rocks occurs between soundings 33 and 34. The wells with the high-
est yields are in this same zone, which suggests that lower resistivities
correlate with higher porosities. Between soundings 34 and 35, the high
resistivity probably indicates lower porosities rather than better-quality
water because the quality of water is poorer west of sounding 34. Resis-
tivity data indicate that the edge of the Salt Basin graben is located
between soundings 35 and 38, where highly resistive consolidated rocks are
downfaulted at least 800 feet (240 m).

Figure 3q shows seismic-refraction data across the Beacon Hill area,
and indicates lower velocity, probably due to higher porosity, west of
sounding 37. Figure 3r shows velocities at the sound end of the Beacon
Hill area, where the bedrock is most likely sandstone of the Delaware Moun-
tain Group.

Recharge to the Capitan and Goat Seep Limestones and the sandstones
of the Delaware Mountain Group occurs in the outcrop areas in the Guada-
lupe Mountains, Patterson Hills, and Delaware Mountains and locally from
ephemeral streamflow in and east of the Beacon Hill area. Ground water
moves generally westward through the Beacon Hill area in the consolidated
rocks and then into the basin fill, where it discharges by evapotranspira-
tion at the Salt Flats. The water-level map of the Salt Flats area (fig.
5) indicates this general movement of ground water toward the flats, although
a slight cone of depression caused by pumping in the Beacon Hill area dis-
torts the contours.

Quality of Ground Water

Figure 6 shows that the quality of ground water in the basin fill of
the Salt Flats area ranges from slightly saline around the edge of the
basin, to moderately saline along the axis of the basin, to probably very
saline or brine beneath the Salt Flats. Ground-water. discharge along the
basin axis, and especially at the Salt Flats, has concentrated salts in
the shallow ground water. In addition, much of the basin fill in the north-
ern Salt Basin, which was probably deposited in saline lakes, contains
salts that are dissolved by circulating ground water.
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Figure 6 also shows chemical analyses of water samples in the areas
of consolidated rocks around the Salt Flats. Ground water from the Permian
limestones underlying the eastern edge of the Diablo Plateau is mostly
slightly saline. In the northeastern part of the Beacon Hill area, ground
water in and just east of the Capitan Limestone is fresh to slightly saline;
further west, ground water is slightly and moderately saline. Ground water
in the Delaware Mountain Group is slightly to moderately saline.

Development of Ground Water, Volumes of Slightly Saline
Water in Storage, and Problems of Future Development

The only part of the Salt Flats area where significant amounts of
ground water have been developed is in the northern part of the Beacon
Hill irrigation area, south of the Patterson Hills. Pumping for irriga-
tion began in about 1951 along the western side of the area and was expanded
to the north and east during the 1950's. In the 1960's, ground water in
the north-central and southern parts of the Beacon Hill area was developed,
but pumping from the Delaware Mountain Group at the southern end of the
area was short-lived, probably because of low yields, large drawdowns,
and the poor quality of the water.

Although records of pumpage are not available, it is estimated that
a maximum of 3,500 acres (14.2 km3) were irrigated with about 10,000 acre-
feet (12 million m3) per year. During 1972-74, about 1,000 acres (4.0
kmz) were irrigated with about 3,000 acre-feet (3.7 million m3) per year.
The average amount of ground-water withdrawals during 1951-72 was probably
5,000 acre-feet (6.2 million m3) per year or less.

Figure 5 shows that water levels in the northern Beacon Hill area
declined as much as 10-14 feet (3-4 m) during 1960-72. The few measure-
ments available suggest that the maximum decline since the early 1950's
is about 15 feet (4.6 m). Measurements from well HL-47-17-903, in the
southern end of the area (White and others, 1977), indicate that water
levels declined more than 30 feet (9 m) from May 1965 to January 1968,
probably because withdrawals were from the sediments of low permeability
in the Delaware Mountain Group. Water levels have slowly recovered, how-
ever, since pumping ceased in about 1967. Because water levels declined
over most of the Beacon Hill area in response to an average withdrawal of
5,000 acre-feet (6.2 million m3) or less per year, recharge in the area is
less than the withdrawals. This conclusion is based on the assumption that
water levels have declined below a depth where flow toward the general
cone of depression would be in equilibrium with pumpage and that the cone
of depression intercepts most of the local recharge.

The amount of water (mostly slightly saline) in the Beacon Hill area,
primarily in the Capitan Limestone, is about 0.5 million acre-feet (620
million m3). This estimate assumes a saturated thickness of 1,500 feet
(460 m) of Capitan Limestone with a specific yield of 5 percent in an area
of about 10 square miles (26 km2?) in the northern Beacon Hill area (fig. 2).
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More than 1,600 feet (490 m) of limestone was reported in a well on the
west side of the area, and the water table in the Beacon Hill area is in
most places approximately at the top of the Capitan Limestone.

The problems associated with developing the slightly saline water in
the Beacon Hill area include encroachment of poorer-quality water from the
west, low yields, and water-level declines. The average decline has been
about 1 foot (0.3 m) per year for an average annual pumpage of 5,000 acre-
feet (6.2 million m3) or less. If withdrawals were increased, for example
to 30,000 acre-feet (37 million m3) per year, annual declines would also
increase to on the order of 6 feet (1.8 m) or more.

Ground Water in the Dell City Irrigation Area

Ground water is pumped for irrigation from the Bone Spring and Vic-
torio Peak Limestones of Permian (Leonardian) age in the Dell City irriga-
tion area, west of the Salt Flats (fig. 1). The Dell City area was not
included in the detailed investigation because most of the water in the
Bone Spring and Victorio Peak Limestones is moderately saline; slightly
saline water occurs on the western and eastern edges of the area.

Pumping for irrigation began in the Dell City area in 1947, and by
1949 about 6,000 acres (24 km?) were being irrigated (Scalapino, 1950, p.
1). The Dell City area continues north into New Mexico, where the name
is changed to the Crow Flats irrigation area. Pumping for irrigation at
Crow Flats began in 1949, and in 1956 about 3,000 acres (12 km?) were being
irrigated (Bjorkland, 1957, p. 15). In 1960, about 100,000 acre-feet (120
million m3) of water was pumped to irrigate about 25,000 acres (100 km?)
in Texas (Davis and Leggat, 1965, p. U67); and in 1967, about 105,000 acre-
feet (130 million m3) was pumped in Texas (Davis and Gordon, 1970, p. 2).

Ground-water withdrawals in 1972 in the Dell City irrigation area
were estimated to be about 100,000 acre-feet (120 million m®) by using
spot checks of pumping in relation to power or fuel consumption for 13
wells, data from the more detailed survey in 1967, and valley-wide power
and fuel-consumption data. In 1974-74, about 40,000-42,000 acres (160-
170 km?) in Texas and 5,500-6,000 acres (22-24 km?) in New Mexico were
irrigated. Of this amount, irrigation of about 4,500 acres (18 km?) on
the western side of the area in Texas began after 1972 (L. C. Luersen,
U.S. Soil Conservation Service, oral commun., 1976). Water levels in the
Dell City area declined about 30 to 40 feet (9 to 12 m) during the 24-
year period between 1948 and 1972.

In 1948-49, ground water in the Dell City area had a dissolved-solids
concentration of 1,100 to 1,800 mg/L; but by 1968, the dissolved-solids
concentration in most of the water ranged from 3,000 to 5,000 mg/L, with
one well yielding water that contained 6,300 mg/L (Davis and Gordon, 1970,
table 2). Water from several wells had a three-fold increase in dissolved
solids between 1948-49 and 1968. This deterioration in water quality
probably occurred because part of the water applied for irrigation perco-
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lated back to the aquifer with an increased salt content due to concentra-
tion by evapotranspiration, and partly because additional salts were leached
from the shallow alluvial deposits.

In 1972-73, the specific conductance, which is an indicator of the
dissolved-solids concentration, was measured in 26 water samples from wells
in the Dell City area. The changes in specific conductance from 1966-68
to 1972-73 ranged from a 2-percent decrease to a 35-percent increase.

Water from most wells had increases of 5 to 22 percent and the average
was a 12.5-percent increase; therefore the average dissolved-solids con-
centration also increased about 12.5 percent from 1966-68 to 1972-73.
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