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FOREWORD

The ground-water reconnaissance study is the first phase of the State's
water-resources planning concerning ground water as outlined in the progress
report to the Fifty-sixth Legislature entitled "Texas Water Resources Planning
at the End of the Year 1958.'" Before an adequate planning program for the
development of the State's water resources can be prepared, it is necessary to
determine the general chemical quality of the water, the order of magnitude of
ground-water supplies potentially available from the principal water-bearing
formations of the State, and how much of the supply is presently being used.

To provide the data necessary to evaluate the ground-water resources of Texas,
reconnaissance investigations were conducted throughout the State under a coop-
erative agreement with the U. S. Geological Survey. The ground-water recon-
naissance investigations were conducted by river basins so that the results
could be integrated with information on surface water in planning the develop-
ment of the State's water resources. The river basins of the State were
divided between the Ground Water Division of the Texas Water Commission and the
U. S. Geological Survey for the purpose of conducting and reporting the results
of the ground-water investigations.

This bulletin contains three reports, presenting the results of ground-
water reconnaissance investigations in the upper, middle, and lower parts of
the Rio Grande Basin in Texas. These reports have been published in a single
volume in order to save time and cost in printing, thus facilitating the dis-
tribution of information contained herein to water-development planners and the
general public, as well as affording a more composite view of ground-water
resources in the entire basin in Texas. For convenience to the reader, the
page, illustration, and table numbers of the upper basin report are coded with
a prefix letter "U," those for the middle basin report are prefixed with '"M,"
and those for the lower basin with "L." The reports for the upper and lower
parts of the basin were prepared by personnel of the U. S. Geological Survey;
the middle Rio Grande Basin report was prepared by personnel of the Texas Water
Commission.

The reports in this bulletin provide a generalized evaluation of the
ground-water conditions in the basin and point out areas where detailed studies
and continuing observations are necessary. The additional studies will be
required to provide estimates of the quantity of ground water available for
development in smaller areas, to provide more information on changes in chemi -
cal quality that may affect the quantity of fresh water available for develop-
ment, and to better determine the effects of present and future pumpage.
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RECONNAISSANCE INVESTIGATION OF THE
GROUND-WATER RESOURCES OF THE

UPPER RIO GRANDE BASIN, TEXAS

ABSTRACT

The reconnaissance of the upper Rio Grande Basin was undertaken as part of
a statewide program to provide estimates of the general order of magnitude of
ground-water supplies potentially available from the principal water-bearing
formations of Texas. The upper Rio Grande Basin, as defined for the study,
occupies about 22,000 square miles wholly within Texas, extending along the Rio
Grande from Anthony on the Texas-New Mexico state line to the Pecos River and
from the western drainage divide of the Pecos River to the Rio Grande.

The upper Rio Grande Basin is part of the Trans-Pecos area of Texas and is
characterized by complex geologic structures and mountainous terrain. The
drainage generally is toward the Rio Grande except in the Salt Basin, which has
no exterior drainage.

The upper Rio Grande Basin is in the arid climatic zone except for the
mountainous areas in the eastern part, which are semiarid. Rainfall is insuf-
ficient for growing most crops without supplemental supplies of water, and
irrigation is practiced extensively in the valley of the Rio Grande between
Anthony and Redford, in La Mesa and Hueco bolsons, and in the Salt Basin.

The rocks cropping out in the basin range in age from Precambrian to
Recent, almost all of the geologic systems being represented. However, only
the alluvial and bolson deposits of Cenozoic age are primary aquifers; second-
ary aquifers in the basin include the Bone Spring and Victorio Peak Limestones,
undifferentiated, the Marathon Limestone, the Trinity, Fredericksburg, and
Washita Groups and equivalents, and igneous rocks.

The quality of ground water used in the basin ranges from fresh to moder-
ately saline.

The largest supplies of fresh ground water, including a small proportion
of slightly saline water, are in the bolson deposits near El Paso, which con-
tain at least 9 million acre-feet of theoretically recoverable water in storage.
An additional large volume is available in the bolson deposits in the southern
part of the Salt Basin. Data were insufficient to determine the quantity of
fresh water in the rest of the upper Rio Grande Basin, but it probably is rela-
tively small. The alluvial deposits along the Rio Grande contain large volumes
of slightly to moderately saline water. The volume of the water in storage is
not known, but the recharge from infiltration of surface water applied to the
land surface for irrigation is large.



In 1960, about 250,000 acre-feet of ground water, or about 220 million
gallons per day, was pumped in the upper Rio Grande Basin. About 70 percent
was for irrigation, 2U percent was for public supply, and 5 percent each for
industry and for domzstic and livestock purposes,

The most serious problem common to the areas where ground-water develop-
ment is greatest is the declining water table. In these areas water is being
"mined," denoting a serious problem of a decreasing supply of ground water in
an area whose economy depends upon ground water. Associated with the decrease
in ground water in storage is the possibility of contamination of the fresh-
water supplies by saline water that overlies, underlies, or adjoins the fresh-
water beds in the bolson deposits. On the other hand, the saline water repre-
sents a potential additional supply of water to be used either by mixing with
the fresh water or by demineralization.

The lack of sufficient data hampers determination of the water budget for
a large part of the upper Rio Grande Basin. It seems doubtful, however, that
supplies approaching the magnitude of the fresh water known to be in storage
are available in the other parts of the upper Rio Grande Basin.



RECONNAISSANCE INVESTIGATION OF THE
GROUND-WATER RESOURCES OF THE

UPPER RIO GRANDE BASIN, TEXAS

INTRODUCTION

Purpose and Scope

The Texas Legislature, by the Texas Water Planning Act of 1957, created a
Water Resources Planning Division within the Texas Board of Water Engineers
(changed to Texas Water Commission, January 1962). The act directed the Board
"To prepare and submit to the Legislature a Statewide report of the water
resources of the State... and to make recommendations to the Legislature for
the maximum development of the water resources of the State...." As a result,
a report entitled, 'Texas Water Resources Planning at the End of the Year 1958,
A Progress Report to the Fifty-sixth Legislature,' was prepared and states
(Texas Board Water Engineers, 1958, p. 78), "...Initial planning for develop-
ment of the State's water resources will require that reconnaissance ground-
water studies be made in much of the State because time is not available to
complete the recommended detailed investigations. Studies of this type will be
made chiefly to determine the order of magnitude of the ground-water supplies
potentially available from the principal water-bearing formations."

To implement the directive of the Legislature, the Texas Board of Water
Engineers and the U. S. Geological Survey in September 1959 began a cooperative
project entitled, "Reconnaissance ground-water investigations in Texas."

The Planning Division of the Texas Board of Water Engineers based its
approach to water-resources development planning upon the needs and availability
of water (both surface and ground) of each river basin and subdivision of a
basin; therefore, the cooperative program between the Ground Water Branch of
the U. S. Geological Survey and the Texas Board of Water Engineers was planned
by major river basins also.

The reconnaissance studies of the river basins were designed to have their
principal emphasis on the following items (Texas Board Water Engineers, 1958,
p. 78):

1. Inventory of large wells and springs.

2., Compilation of readily available logs of wells and preparation of
generalized cross sections and maps showing subsurface geology.

3. Inventory of major pumpage.



4. Pumping tests of principal water-bearing formations.

5. Measurements of water levels in selected wells,
6. Determination of areas of recharge and discharge.

7. Compilation of existing chemical analyses of water and sampling of
selected wells and springs for additional analyses.

8. Correlation and generalized analysis of all data to determine the
order of magnitude of supplies available from each major formation in the area
and the general effects of future pumping.

9. Preparation of generalized reports on principal ground-water resources
of each river basin.

Fieldwork in the upper Rio Grande Basin (Figure Ul) was started in Septem-
ber 1959 and was completed in August 1961. The inventory of wells included
locating all the public supply, industrial, and irrigation wells. The locations
of the wells and selected domestic and livestock wells are shown on Plates Ul
and U2. Complete data on individual irrigation wells were obtained on approxi-
mately 10 percent of the wells in areas of concentrated development. Electric
logs of water, oil, and gas wells, along with water samples from 34 wells and
springs that were collected and analyzed during the study, and several hundred
other analyses that had been made before the study began were used in determin-
ing the extent of the fresh-water-bearing deposits. Pumping tests in about 20
wells were made to determine the water-bearing characteristics of the forma-
tions.

Location and Extent of the Area

The upper Rio Grande Basin, as defined in this report, lies wholly within
Texas and extends southward along the Rio Grande from Anthony on the Texas-New
Mexico state line nearly to the Pecos River and from the Rio Grande eastward to
the western margin of the Pecos River drainage area; it also includes the Salt
Basin. The area contains all or parts of 9 counties and encompasses about
22,000 square miles. Most of the area lies between latitude 29° and 32°N and
longitude 102° and 107°W.

Economic Development

The upper Rio Grande Basin occupies about 8 percent of the area of Texas,
but has only slightly more than 3 percent of the population of the State, about
331,000. More than 314,000 people or 95 percent of the total are in El Paso
County; 276,617 resided in the city of El Paso in 1960,

The economy of the basin is diversified. In areas where the rugged ter-
rain precludes farming, the principal industry is the raising of beef cattle,
goats, and sheep. Farming is practiced primarily in several widely scattered
areas where water for irrigation is available.

According to the U. S. Census of Agriculture (U. S. Bureau of the Census,
1959, p. 174-193), about 98,000 acres was irrigated in the basin in 1959, of

U-4
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which nearly 60,000 acres was in the long narrow valley of the Rio Grande
between Anthony and Fort Quitman (Plate Ul). In the area, which includes the
EL Paso Valley and a part of the lower Mesilla Valley, irrigation water is
obtained primarily from the Rio Grande except where surface water rights are
not available. In the Hudspeth County part of the valley, irrigation water is
obtained from wells, but excess surface water from El Paso County is used when
it is available in the river. Another intensively irrigated area is in the
Salt Basin, which extends from near Dell City in northeastern Hudspeth County
southward to a divide near Valentine in Jeff Davis County. In this area in
1960, approximately 30,000 acres of cotton, alfalfa, and truck crops was irri-
gated by wells. In the valley of the Rio Grande between Candelaria and Redford,
about 5,300 acres was irrigated in 1960,

Industry in the upper Rio Grande Basin is concentrated in El Paso and
includes primary smelting and refining of ores, petroleum refining, and building
materials and apparel manufacture.

The defense establishments, such as Fort Bliss and Biggs Air Force Base at
El Paso and the White Sands Proving Grounds nearby in New Mexico, contribute
much to the economy of the El Paso area.

The upper Rio Grande Basin is served by air, rail, and bus lines and hun-

dreds of miles of paved Federal and State highways and secondary roads.

Previous Investigations

Previous investigations of the ground-water resources in the upper Rio
Grande Basin have been confined to small specific areas. Harrington (1890)
discussed briefly the ground water in the El Paso Valley and on the mesa north-
east of El Paso. Richardson (1904) discussed in more detail the occurrence of
ground water in the upper Rio Grande Basin north of the Texas and Pacific Rail-
way, which is that part of the basin lying roughly north of a line through
Sierra Blanca and Van Horn. Slichter (1905) reported on the ground-water con-
ditions in the vicinity of El Paso. Further investigations were not made until
1935, when a cooperative program was started among the Texas Board of Water
Engineers, the U. S. Geological Survey, and the city of El Paso. Since then
detailed reports concerned primarily with ground water have been published at
intervals (Sayre and Livingston, 1945; Knowles and Kennedy, 1958; and Leggat,
Lowry, and Hood, 1962).

Other reports discuss the development of ground water for irrigation in
the Dell City area in Hudspeth County (Scalapino, 1950); the Lobo Flats area
in Culberson and Jeff Davis Counties (Hood and Scalapino, 1951); the geology
and ground-water resources in the vicinity of Alpine (Littleton and Audsley,
1957), Marathon (DeCook, 1961), and Marfa (Davis, 1961). Numerous other
short reports (see Selected References) in addition to progress reports have
been published and many reports covering small areas are in the open files of
the U. S. Geological Survey and the Texas Water Commission.

Acknowledgments

The writers acknowledge the cooperation of the many well owners, well
drillers, govermment officials, and consulting firms who so generously supplied
information upon which this report is based.
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Well-Numbering System

The numbers assigned to wells and springs in the report conform to the
statewide system used by the Texas Water Commission. The system is based on
the division of Texas into l-degree quadrangles bounded by lines of latitude
and longitude. Each l-degree quadrangle is divided into 64 smaller quadrangles,
7z minutes on a side, each of which is further divided into 9 quadrangles, 2%
minutes on a side, Each of the 89 l-degree quadrangles in the State has been
assigned a 2-digit number for identification (Figure U2). The 7%#minute quad-
rangles are given 2-digit numbers consecutively from left to right beginning in
the upper left-hand corner of the l-degree quadrangle, and the 2Z-minute quad-
rangles within each 7:-minute quadrangle are similarly numbered with l-digit
numbers. Each well inventoried in each 2% #minute quadrangle is assigned a 2-
digit number. The well number is determined as follows: From left to right,
the first 2 numbers identify the l-degree quadrangle, the next 2 numbers iden-
tify the 7:-minute quadrangle, the fifth number identifies the 2Z-minute quad-
rangle, and the last 2 numbers designate the well within the 2l-minute quadran-
gle.

In addition to the 7-digit well number, a 2-letter prefix is used to
identify the county. The prefixes for the nine counties that are all or partly
in the upper Rio Grande Basin are as follows:

County Prefix County Prefix
Brewster BK Pecos us
Culberson HL Presidio uw
El Paso JL Terrell XX
Hudspeth PD Val Verde YR
Jeff Davis PS

In the report only the degrees of latitude and longitude are shown on the
maps; the 72-minute and 2:-minute lines are not shown as they would obscure
other details. However, a well whose number is known can be located by identi-
fying the l-degree quadrangle from Figure U2 and using the degree lines on the
individual well maps. Similarly, a well located on a map can be identified ap-
proximately by dividing a l-degree quadrangle into 7:3-minute and 2Z-minute
quadrangles.

GEOGRAPHY

Physiography

The upper Rio Grande Basin lies within the Mexican Highland and Sacramento
sections of the Basin and Range physiographic province and on the Edwards Pla-
teau section of the Great Plains province as designated by Fenneman (1931,
pl. 1); the basin is a part of the generally applied regional term Trans-Pecos
Texas. Characteristically, the basin is a region of mountains and canyons and
stretches of plateau plain and bolson between two relatively broad valleys=--the
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Rio Grande on the west and the Pecos River on the east. In general, the moun-
tain ranges trend south and southeast and are separated by parallel belts of
lowlands or bolsons. The mountains are irregular in shape, "Some...are really
plateaus, deeply dissected by erosion in some of their marginal areas; others
are asymmetrical ranges, or cuestas, with a steep scarp on one side and gentle
slope on the other, others are more or less isolated peaks or ridges, some
places grouped together more or less irregularly..." (Baker, 1934, p. 137).

In general, the northern part of the basin, which is entirely within the
Basin and Range province, can be divided into three relatively mountainous areas
separated by elongated lowlands; from west to east these features are the
Mesilla Valley or La Mesa bolson, the Franklin Mountains, the Hueco bolson, the
Diablo Plateau including the Hueco and Finlay Mountains, the Salt Basin, and
the Guadalupe-Delaware-Apache Mountain chain, which roughly forms the east edge
of the basin (Plate Ul). The mountains and basins are formed by faulting, the
basins being partly filled with material eroded from the highlands. The highest
of the mountains is Guadalupe Peak in the Guadalupe Mountains (8,751 feet),
which rises nearly 5,000 feet above the floor of the adjoining Salt Basin.

The Hueco bolson, the largest of the intermontane lowlands, separates the
Franklin and Hueco Mountains and extends from a low transverse divide a few
miles north of the state line in New Mexico southward into Mexico southwest of
the Quitman Mountains. The Salt Basin, which is a depressed fault block, is
one of the most extensive intermontane basins in the region, extending from
within a short distance of the Rio Grande north of the Chinati Mountains north-
ward into New Mexico (Plate Ul).

In the southern part of the upper Rio Grande Basin, the mountains are
"...closely allied with the northeastern Mexico province of overfolds and over-
thrusts towards the east-northeast" (Baker, 1934, p. 211). In general, the
mountains in this part of the basin are lower and are characterized by an abun-
dance of intrusive igneous and volcanic rocks. These rocks, which form the
mountains, typically have been tilted, flexed, and strongly folded in places.
The Davis Mountains are the most extensive of the volcanic mountains. South of
the Davis Mountains are several groups of mountains made up chiefly of volcanic
rocks. Of these, the Chisos Mountains in Big Bend National Park consists of a
group of sharp peaks, rising to an altitude of 7,835 feet, or nearly 6,500 feet
above the Rio Grande.

Along the east side of Big Bend National Park and extending northwestward
are the Sierra del Carmen, Santiago, and Del Norte Mountains, which represent
the eastermmost range of conspicuous summits in the upper Rio Grande Basin. The
Sierra del Carmen continues southward into Mexico, although it is cut by the
Rio Grande in a series of deep canyons below Boquillas. East of this range of
mountains in the southeastern part of the basin, the main topographic feature
is the Stockton Plateau (Fenneman, 1931, p. 47), which is a part of the Great
Plains province. The plateau, which is cut by deep canyons, is a westward exten-
sion of the Edwards Plateau, it being separated from the Edwards Plateau by the
Pecos River.

Extending southward from the Diablo Plateau and roughly paralleling the
Salt Basin on the west are several mountains of unlike origin, consisting of
solitary peaks, low mountains, areas of elevated plateaus, buttes, cuestas, and
volcanic necks and dikes. They include the Carrizo, Van Horn, and Tierra Vieja
Mountains.



Extending northwest of the Tierra Vieja Mountains are the Eagle, Quitman,
and Malone Mountains, which are a part of the Mexican overthrust province
(Baker, 1934, p. 156), and the Finlay Mountains.

The Rio Grande, the only through flowing stream in the report area, forms
a continuous border on the west and south. All other streams in the area are
ephemeral.

In general, vegetation in the upper Rio Grande Basin is scanty, consisting
chiefly of desert grasses and shrubs. On the higher elevations, the greater
rainfall maintains a moderate grass cover and a sparse growth of trees, which
includes both eastern and Rocky Mountain varieties of oak and pine. In the Rio
Grande Valley, cottonwood, willow, salt cedar, and mesquite are abundant.

Climate

The climate of the upper Rio Grande Basin is typical of the arid and semi-
arid parts of the southwestern United States. The days generally are warm and
the nights are cool. In the late winter and spring, high winds and blowing
sand and dust are common, although the sandstorms are less frequent in the
southeastern part of the basin.

According to Thornthwaite (1952, p. 32), the basin is predominantly in the
arid zone except for the mountainous areas in the eastern part, which are
classified as semiarid. In both of the zones moisture is deficient; the mois-
ture deficiency index, which is based on a comparison of potential evapotran-
spiration and precipitation, ranges between 40 and 60 in the arid zone and
between 20 and 40 in the semiarid zone.

Precipitation in the basin is low, generally averaging less than 12 inches
a year except in the mountainous areas where it is greater (Figure U3). Most
of the precipitation falls in thundershowers during the summer months, about 60
percent of the average annual precipitation occurring during the months of June
through September. The average monthly precipitation at El Paso, Van Horn,
Presidio, and Alpine, which is 23 miles east of Marfa, is shown in Figure U4.
The average annual precipitation at these stations ranged from 8.39 inches at
Presidio to 15.50 inches at Alpine. Although most of the precipitation is
during the summer, it generally is insufficient for growing most crops without
supplemental supplies of water.

The low relative humidity and, consequently, high rate of evaporation are
characteristic of the basin. Relatively long-term records of evaporation rates
are available only for the Ysleta station near El Paso. Although the station
is in the most arid part of the basin, evaporation rates measured there are
probably of the correct order of magnitude for the upper Rio Grande Basin.
Evaporation from a U. S. Weather Bureau Class A pan at Ysleta for the period
1953-60 averaged 99 inches (Figure US5), or about 10 times the average annual
precipitation. Figure U5 shows that evaporation is greatest in June but is
less in July when the precipitation is greater.



o
LA N
L

COKLAHOMA

-0
B
=
4
{

‘|
CTAT TN L2 W
NEW MEXICO ( f(' \ ||I ‘ |i |.~L ~ |
] , T
N LAY
N7 1A M A
. | - \
;:] | | (H/ A‘\\/\ {
|

N}
< T
NS k"\
: { . =
w— TOUSTON €2
p Fi LY lum a8
b
=4
an
REPUBLIC OF MEXICC
/36
’:Eﬁn; GULF
s
oF
I] MEXICO
| ',\
\\
/ i-,;'
20 ‘:— S lI
24 AOWNSVILLE
Figure U3
Map of Texas Showing Mean Annual Precipitation, in Inches, Based
on the Period 1931-55
(After map prepared by U S. Weather Bureau)
U.S. Geological Survey in cooperation with the Texas Waoter Commission
100
U-12




£€1-1

100

PRECIPITATION, IN INCHES

PRECIPITATION, IN INCHES

El Paso Presidio
2 Average annual : Average annual
precipitation 865 in precipitation 839 in.
—
I
ey .
I_—I
o]
Averoge monthly precipitation I1878-1960 Average monthy precipitotion 1931-1960
3
[
Alpine
Average annual —
e
V5o precipitation 1550 in,
2 Average annual
precipitation 9.52 in.
1
T e
0 .
c |l a|l ¢l ¢ 2| 2| =| 2| 5 <] 2| o cls| 5| =z | = =olalalz|8
S|el=[s[=|5[3]3|&]8]2]|8 S|le|2|)|2|3|3]4[8]|8[2]8
Average monthly precipitation 1939-1960 Average monthly precipitation 1931 -1960
Figure U4
Average Monthly Precipitation at EI Paso, Presidio, Van Horn, and Alpine

(From records of the U S. Weather Bureau)

U.S. Geological Survey in cooperation with the Texas Water Commission




INCHES

EVAPORATION, IN

/Evaporafion

Temperature

/ \
/
2 / \
(0]
Jan.|Feb.| Mar | Apr. | May | June | July | Aug. |Sept.| Oct. | Nov. | Dec.

Figure US

1o°

100°

20°

80°

70°

60°

50°

40°

Average Monthly Evaporation and Temperature at Ysleta, 1953-60

(From records of the U.S, Weather Buregu)

U S Geological Survey n cooperalion with the Texos Woter Commission

TEMPERATURE, IN DEGREES FAHRENHEIT

U-14




Drainage

The upper Rio Grande Basin is drained by the through-flowing Rio Grande,
except for the Salt Basin which is without exterior drainage. The course of
the Rio Grande from Anthony to Presidio follows structural basins. North of
El Paso, the river flows from the Mesilla Valley through a narrow gorge into
the broad lowland of the El Paso Valley (Plate Ul). The El Paso Valley narrows
southward and is terminated where the river cuts through a narrow gorge at the
southeast end of the Quitman Mountains. Downstream from the canyon through the
Quitman Mountains, the river flows through another valley, which terminates
near Glenn Creek. Southeastward from Glenn Creek to Candelaria, the river
flows through a narrow valley emerging in a broad valley that continues from
Candelaria to Redford. Below Redford, the Rio Grande again becomes a mountain
and canyon river flowing through three successive canyons in Big Bend National
Park--Santa Elena, Mariscal, and Boquillas (Plate U2). Downstream from Boquil-
las Canyon, the river flows northeastward and eastward between precipitous
limestone cliffs.

A large number of tributaries, most of which are short arroyos that have
been formed by storm runoff from sudden heavy showers, enter the Rio Grande in
the basin. A few of the tributaries, particularly those that rise in the moun-
tains, drain large areas and may have small perennial flows in their upper
reaches, but the flows generally do not reach the Rio Grande. The southeastern
part of the basin, which includes parts of Terrell and Val Verde Counties, is
drained by streams flowing in long deep canyons (Plate U2). These include Big
Canyon, Meyers Canyon, Lozier Creek, and Sanderson Canyon, all ephemeral
Streams.

Prior to the construction of Elephant Butte Dam in New Mexico, the Rio
Grande from New Mexico to the Rio Conchos, which enters the Rio Grande from
Mexico near Presidio, was a desert stream receiving only little inflow from
tributaries. The flow of the Rio Grande was highly variable, and often the
summer water supply for irrigation and drinking purposes was erratic and unre-
liable. Follet (in National Resources Committee, 1938, v. 1, p. 73) reported
that before 1888 the river went dry at intervals of about 10 years and "Since
1888 it has been dry every year but two." Slichter (1905, p. 21) also reported
no water in the Rio Grande below El Paso for 9 months prior to August 25, 1904,
Since construction of Elephant Butte Dam, however, the flow of the Rio Grande
in summer is maintained principally by releases from the dam and in the winter
by return drainage flow from irrigation. The flow of the river decreases
between Anthony and a short distance above Presidio, at which point the Rio
Conchos which heads in Mexico flows relatively large volumes of water into the
Rio Grande. Between the Rio Conchos and Pecos River, the Rio Grande receives
flow from its tributaries only during periods of rainfall.

The Salt Basin, which is a closed basin, has three relatively large
drainageways that flow toward the Salt Lakes between Van Horn and Dell City.
The Sacramento River, which drains a large area north of Dell City in New
Mexico, flows only after heavy rains; however, the flows seldom reach the salt
flats in Texas. In the southern part of the Salt Basin, Chispa Creek, which
heads in Presidio County, flows northward joining Wildhorse Creek near Chispa.
Wildhorse Creek heads in Jeff Davis County and flows northward to disappear in
the flats near the Baylor Mountains north of Van Horn. The western part of
Eagle Flat, which is west of the main Salt Basin, drains interiorly to a depres-
sion about 10 miles east of Sierra Blanca; the eastern part drains southeastward
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to the Salt Basin. Evapotranspiration removes water from the Salt Basin at a
greater rate than water drains into the basin so that the Salt Lakes are dry
for long periods.

The upper Rio Grande Basin has been delineated into major subdivisions by
the Planning Division of the Texas Water Commission (Plates Ul and U2). The
subdivisions range in size from 90 to 4,295 square miles and are numbered start-
ing at the north end of the basin and proceeding downstream to the Pecos River
drainage area, which marks the southern limit of the upper Rio Grande Basin.

For the purposes of this report and to permit the use of adequate scale
maps, the upper Rio Grande Basin has been divided into two regions. Region I,
including the Salt Basin, contains subdivisions 1 through 7, 10, and 24 (Plate
Ul); Region II includes subdivisions 8, 9, and 11 through 23 (Plate U2). Sub-
divisions 3, 13, and 20 have not been delineated by the Planning Division.

GEOLOGY

Geologic History

The geology of the upper Rio Grande Basin is extremely complex and the
many processes such as faulting, folding, and igneous intrusions have been im-
portant in the formation of many of the large ground-water reservoirs in the
basin. The rocks that are exposed in the basin range in age from Precambrian
to Recent, almost all of the geologic systems being represented. Although the
rocks are principally of sedimentary origin, igneous rocks occupy a large part
of Jeff Davis, Presidio, and Brewster Counties.

During a part of Precambrian time, sediments were deposited in the basin
and later in the same era were intruded by sills and dikes of igneous rocks.
These rocks are exposed near El Paso and Van Horn. In some places, as near Van
Horn, the Precambrian rocks were altered and subjected to structural deformation.

A long period of erosion followed and probably continued into early Paleo-
zoic time. During most of Paleozoic time, the basin was a part of the large
Llanoria geosyncline and the broad depression that adjoined the geosyncline on
the north and northwest. At times the seas of the Paleozoic Era were withdrawn
probably entirely from at least parts of the broad depression and the geosyn-
cline, and at other times the area was flooded extensively (Sellards, 1932,

p. 23). Beginning in Cambrian time and continuing through a part of Pennsyl-
vanian time, the Paleozoic deposits accumulating in the geosyncline prevailingly
were clastic, while sediments accumulated over the foreland part of the region
were partly clastic and partly organic or chemical (Sellards, 1932, p. 18).
Prior to the deposition of the Permian sediments, the basin was subjected to
uplifting, folding, and overthrusting. Following the Late Pennsylvanian defor-
mation, the former area of subsidence of the Llanoria geosyncline stood as a
land area, probably of mountainous character. North and northwest of this land,
thick sections of Permian sediments were deposited in the new areas of subsi-
dence (King, 1935, p. 233).

In early Mesozoic time (Triassic and early Jurassic), the Paleozoic rocks
were subjected to erosion and a large part of the basin was peneplained. 1In
Late Jurassic time, an invading sea extended northward through Mexico into the
upper Rio Grande Basin, depositing clastic sediments presently exposed in the
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Quitman and Malone Mountains. The seas progressively inundated the area of the
basin during Cretaceous time until the close of the Cretaceous Period when the
area again became emergent.

The Cenozoic Era was one of extensive erosion, volcanism, uplifting, and
faulting. The northwest-trending belts of mountains and the associated basins
were formed by faulting during the Tertiary Period and the filling of these
depressed blocks or basins continued into the Quaternary Period. The largest
basins are the Hueco bolson, Salt Basin, and that part of the Rio Grande Valley
west of Shafter between Candelaria and Redford. At the close of the mountain-
building period, the region was drained into a series of inclosed basins. Near
the close of the Tertiary Period, the basins, except the Salt Basin, were
drained and the Rio Grande formed its present course. During the Recent Period,
erosion continued in the highland areas, whereas sediments continued to be
deposited in the Salt Basin, which is still undrained.

Figure U6 is a generalized geologic map of the upper Rio Grande Basin show-
ing the outcrop areas of rocks representing the geologic eras.

Table Ul shows the thickness of many of the rock units in the basin and
gives a brief description of their lithologic and water-bearing properties,
although it was not feasible to describe all the formations that crop out in
the basin or that are penetrated in wells. In the following discussion, only
those rock units that are important to the ground-water resources of the basin
are discussed. In some cases, it was beyond the scope of the reconnaissance to
differentiate the known water-bearing formations within a particular series or
group of rocks.

Descriptions of the Water-Bearing Units

Practically all the geologic formations in the upper Rio Grande Basin
yield some water, but only the primary and secondary aquifers are discussed.
A primary aquifer is defined as one that yields a large quantity of water
throughout a large area; a secondary aquifer is one that yields small quantities
of water in a large area or a large quantity of water in a small area. On this
basis, the Cenozoic bolson and alluvial deposits comprise the only primary
aquifer in the basin, whereas the Marathon Limestone, the Bone Spring Limestone
and Victorio Peak Limestone, undifferentiated, the rocks of Trinity, Fredericks-
burg, and Washita Groups and equivalents, and the Tertiary igneous rocks are
secondary aquifers. Many other water-bearing formations yield small quantities
of water in the basin, but because of their local extent they are considered as
insignificant and are not discussed in the text but are included in Table Ul.

Paleozoic Era

Ordovician System

Marathon Limestone
The Marathon Limestone, which crops out in the town of Marathon, has a

thickness ranging from 800 or 900 feet at Marathon to about 350 feet 6 to 14
miles south of Marathon. It consists principally of dark-gray flaggy limestone
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and gray or green clayey shale. Sandstone and conglomerate are interbedded
with the limestone and shale. Near the middle of the formation is a massive
mottled dolomitic limestone which has a maximum thickness of 90 feet.

The Marathon Limestone is a secondary aquifer, but is the most productive
aquifer in the Marathon area. According to DeCook (1961, p. 10), "It yields
water to 92 wells, most of which are in the town of Marathon. The yields of
the wells vary widely, ranging from a few gallons per minute to probably more
than 300 gpm.... Most of the water probably is obtained from the limestone beds
that have been extensively fractured as a result of folding. Small quantities
of water may be obtained from the beds of sandstone and conglomerate and per-
haps from the well-indurated, brittle and fractured shale."

Permian System

Bone Spring and Victorio Peak
Limestones, Undifferentiated

The Bone Spring and Victorio Peak Limestones crop out in a narrow sinuous
belt along the west-facing escarpment of the Guadalupe Mountains. They pass
beneath the surface of the Salt Basin, but crop out again in the eastern part
of the Diablo Plateau. In the Dell City irrigated area of the Salt Basin, the
Bone Spring and Victorio Peak Limestones are overlain by 5 to 150 feet of allu-
vial deposits of Cenozoic age; south of Dell City they occur at increasingly
greater depths. About 10 miles south of U. S. Highway 62, the top of the lime-
stone was reported at a depth of at least 1,620 feet (Baker, 1934, p. 171).
Although these formations are readily recognized in the outcrop, they are dif-
ficult to differentiate in drillers' logs of wells, and for the purpose of this
report, they are undifferentiated.

In the outcrop area, the Bone Spring Limestone, which is the oldest forma-
tion exposed in the Guadalupe Mountains, typically consists of black, cherty,
dense, fine-textured, thin-bedded limestone. Some of the limestone beds are
separated by partings of shaly black limestone. The thickness of the Bone
Spring, which here is restyicted to the black limestone sequence, is at least
500 feet.

Overlying the Bone Spring is the Victorio Peak Limestone, which is a suc-
cession of thick-bedded layers of gray limestone having a total thickness of
about 800 feet. The lower part of the Victorio Peak consists of gray-brown,
fine-grained, dolomitic limestone in beds several feet thick, the limestone
containing widely spaced chert nodules; the upper part of the formation is more
calcitic, light gray and noncherty. A sequence of thin-bedded, light-gray or
white limestone, containing buff, fine-grained calcareous sandstone, separates
the lower and upper parts of the formation.

The occurrence of ground water in the Bone Spring and Victorio Peak Lime-
stones is related in a large part to the geologic structure. Fault zones east
and south of the Dell City irrigated area, as well as at the west foot of the
Guadalupe and Delaware Mountains, are related to the recharge, movement, dis-
charge, and quality of the ground water. In the area west of the main body of
Salt Lakes, the nearly level water table in the limestone may result, in part,
from a damming action caused by a difference in permeability at the fault zone.
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Table Ul.--Rock units and their water-bearing properties, upper Rio Grande Basin

Maximum
Era System Series Unit thickness Lithologic properties Water-bearing properties
(feet)

Sand, gravel, clay, silt, and caliche. |Supplies large quantities of fresh to
moderately saline water for public supply,
domestic, irrigation, and industrial pur-

Quaternary Alluvium 390 poses in the Rio Grande Valley. Small

quantities of fresh to moderately saline
water obtained from tributaries of Rio
Grande .

Sand, gravel, clay, and caliche. Principal aquifer in the upper Rio Grande
Basin. Supplies large quantities of
fresh to slightly saline water in La Mesa

Bolson 4,920+ and Hueco bolsons and in the Salt Basin.

Conozoio deposits Contains large volume of moderately
saline to very saline water in Hueco and
La Mesa bolsons.

Tertiary Lava flows and associated tuffs and Small to large supplies of fresh water
unconsolidated sand, gravel, and obtained from Tascotal Formation of
silt. Rhyolite, trachyte, syenite, Goldich and Seward (1948) in Marfa area.
and basalt. Small to moderate quantities of water

obtained from Rawls Basalt of Goldich and

Tgniious. rocks 45000 Seward (1948) and Duff Formation of

Goldich and Elms (1949) in Marfa area,
Small supplies obtained from igneous
rocks in Jeff Davis, Presidio, Brewster,
and Hudspeth Counties.

Rocks of Fred- Hard, massive light-gray crystalline Small quantities of fresh water obtained
ericksburg limestone, with layers of soft from Devils River Limestone in Terrell
and Washita chalky limestone; contains layers and Val Verde Counties, and small sup-
Groups 600 and nodules of flint and some small plies of fresh water are obtained Erom
(undiffer- nodules of hematite. limestone in eastern Brewster County.
entiated) Equivalents of the Georgetown and Edwards
and equiva- Limestone and Walnut Clay are important
lents water -bearing units.

Cretaceous

Mesozoic Massive soft brownish sandstone and Small quantities of slightly to moderately

Rocks of interbedded gray limestone, con- saline water obtained from Cox Sandstone
Trinity glomerate, and shale. in vicinity of Finlay and Quitman
Croup and 12,000 MT:n;a{ns. 1?mall quant;tiis :ftfreshhto

slightly saline water obtained from the
equivalents Maxon Sandstone in Terrell and southern
Pecos Counties.
. Malone Conglomerate, brown sandstone
Jurassic Upper Jurassic - 200 limestune,’and siig Ehaie. ! Not known to yield water to wells.
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In the area the less permeable alluvial deposits abut the limestone, in which
the openings and consequently the permeability are large. An east-trending
fault or fault zone probably is related to the availability of water in suffi-
cient quantities for irrigation. South of the zone, wells generally yield
insufficient quantities of water for irrigation, whereas north of this line
some wells yield more than 2,000 gpm (gallons per minute). In the Dell City
area east of the Salt Lakes, water of good quality occurs in limestone east of
a line of north-trending faults; west of this line, the water increases rapidly
in mineralization.

The Bone Spring and Victorio Peak Limestones, undifferentiated, yield
large quantities of slightly to moderately saline water to wells in the Dell
City irrigation area. In a small area near U. S. Highway 62 and along the
Culberson-Hudspeth county line, fresh water is obtained from at least one well
which taps limestone probably of Bone Spring or Victorio Peak age. Generally,
the water from the limestone is unsatisfactory for municipal supply, but it is
used successfully for irrigation because of the highly permeable soil which
provides for adequate leaching.

Mesozoic Era

Cretaceous System

Trinity Group and Equivalents

Rocks of Trinity age crop out in scattered disconnected areas forming a
belt roughly paralleling the Rio Grande between the southern end of the Hueco
Mountains and Presidio. Rocks of Trinity Group and equivalents are exposed
also in the Van Horn Mountains and south and southeast of Marathon. Rocks of
the Trinity Group and equivalents probably underlie a large part of the upper
Rio Grande Basin, but only in the Stockton Plateau and in Hudspeth County are
they considered as a source of ground water.

In this report the rocks of Trinity Group and equivalents refer to the
basal sands, the exact correlation of which is doubtful, the Maxon Sandstone,
the Cox Sandstone, and to limestone, which may be equivalent to the Glen Rose
Limestone. Other formations have been assigned to Trinity age by various
authors, but they are of only local importance as sources of ground water.

Rocks of Trinity Group and equivalents everywhere contain a basal sand or
conglomerate where it is present in the basin, but because of the transgressive
nature of the deposits, they are of different ages in different places. Local-
ly, the rocks of Trinity Group and equivalents are composed principally of mas-
sive soft brownish sandstone of the marginal facies, but in places they contain
also gray limestone and shale of the offshore neritic facies.

The thickness of the rocks of Trinity age differs from place to place
because the sediments were deposited on an eroded surface of moderate relief.
Baker (1927, p. 13) reported a maximum thickness of the rocks of Trinity age in
the vicinity of the Quitman Mountains of probably more than 3,500 feet, but
this included 1,500 feet of Finlay Limestone of Fredericksburg age. However,
Scott (1939, p. 978) reported that the thickness of the section of Trinity age
in the Quitman area is more than 12,000 feet and that no repetition of beds was
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found. In the Marathon area, King (1937, p. 112) reported a thickness of 650
feet, of which 500 feet consisted of beds of massive limestone and soft marl of
Glen Rose age. The thickness of the rocks of Trinity age in much of the remain-
ing part of the basin is not known because few wells have penetrated completely
the Cretaceous rocks.

The Cox Sandstone crops out along the southwestern flank of the southern
Quitman Mountains in Hudspeth County; it forms the hogback of Devil Ridge; it
occupies most of the area of the southern Eagle Mountains; and crops out exten-
sively in the Van Horn Mountains (Baker, 1927, p. 19). The Cox consists largely
of massive soft brownish sandstone, which is, in places, crossbedded gray lime-
stone and dark maroon sandy clay. In the eastern Van Horn Mountains west of
Lobo, Baker (1927, p. 19-20) reported 1,500 feet of Cox Sandstone and in Quit-
man Gap, which is about 9 miles east of Fort Quitman, about 2,000 feet was
referred to the Cox.

The Maxon Sandstone, which roughly is equivalent to the Cox Sandstone,
crops out along the east side of the Marathon area and in the southern part of
Pecos County where it forms massive ledges between the Glen Rose Limestone and
the overlying limestones and marls of the Fredericksburg Group. The subsurface
extent of the Maxon is not known, but drillers' logs of wells at Sanderson in-
dicate that it underlies at least a part of the Stockton Plateau in Terrell
County. The Maxon consists of brown, well indurated, coarse to medium-grained
sandstone with prominent crossbedding, thin shaly layers, sandy marl, and con-
glomerate. It has a thickness of 102 feet in the Marathon area (King, 1937,
p. 114), but Livingston and Bennett (1940, p. 7) reported a thickness of about
305 feet in a well drilled for the city of Sanderson.

The rocks of Trinity Group and equivalents are classed as a secondary
aquifer. They yield small quantities of fresh to slightly saline water in a
rather large area. In the southern part of Pecos County, the sandstone of the
Trinity Group, probably the Maxon Sandstone, furnishes small quantities of
water to domestic and livestock wells. Some wells in the area, however, may be
screened in both the Maxon Sandstone and the Cenozoic alluvium, which constitute
the Pecos aquifer of Armstrong and McMillion (1961, p. 43).

Fredericksburg and Washita Groups,
Undifferentiated, and Equivalents

Rocks of the Fredericksburg and Washita Groups, undifferentiated, form the
surface of the Stockton Plateau in Brewster, Terrell, and Pecos Counties. Rocks
of Fredericksburg and Washita Groups, and equivalents are exposed also in a
relatively large area in the southern half of the Diablo Plateau in Hudspeth
County as well as in several small widely scattered areas in Presidio and
southern Brewster Counties.

For the purpose of this report, the rocks of the Fredericksburg and Washita
Groups are undifferentiated; where they are important as a source of ground
water, they include the equivalents of the Georgetown Limestone of the Washita
Group and the Edwards Limestone and Walnut Clay of the Fredericksburg Group.

In the southeastern part of the area, particularly in Terrell and Val Verde
Counties, the rocks have been referred to as the Devils River Limestone (Christ-
ner and Wheeler, 1918, p. 12).
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The Devils River Limestone consists principally of limestone which ranges
from hard massive limestone to soft chalky material. The limestone is light
gray and crystalline and contains layers and nodules of flint and small nodules
of hematite. The thickest exposures of the Devils River Limestone in Terrell
County are along the Rio Grande where the limestone cliffs are slightly more
than 600 feet high (Christner and Wheeler, 1918, p. 13).

The rocks of the Fredericksburg and Washita Groups, undifferentiated, and
equivalents form a secondary aquifer in the upper Rio Grande Basin. In the
Stockton Plateau in Terrell and Val Verde Counties, the Devils River Limestone
yields small quantities of fresh water to wells, and in the eastern part of
Brewster County, limestone of the Fredericksburg and Washita Groups furnish
small supplies of fresh water for domestic and livestock uses.

Cenozoic Era

Tertiary System

Igneous Rocks

Igneous rocks of Tertiary (or Late Cretaceous) age occupy an extensive
area in the southern part of the upper Rio Grande Basin (Figure U6). The rocks
are both extrusive and intrusive. Despite their widespread occurrence, they
generally are insignificant as sources of ground water although locally they
yield moderate quantities of fresh water and are classed as a secondary aquifer.

The extrusive or volcanic rocks consist of a succession of solidified lava
flows with associated tuffs and unconsolidated sand, gravel, and silt. The
lavas are predominantly rhyolitic but also syenitic, trachytic, andesitic, and
basaltic. The maximum thickness of the extrusive rocks is not known, but Baker
(1927, p. 35) reported a thickness of 4,000 feet or more in the Tierra Vieja
Mountains, and Davis (1961, p. 40, table 4) reported a thickness of 3,000 feet
near Marfa.

In general, the extrusive rocks are not considered as important sources of
ground water except in the Marfa area where the Tascotal Formation of Goldich
and Seward (1948) yields small to large quantities of water to public supply,
domestic, and livestock wells. The Tascotal Formation crops out in a belt of
irregular width and pattern in the western and southwestern parts of the Marfa
area and underlies an area of possibly 80 square miles south of Marfa extending
along the valley of Alamito Creek to the vicinity of Casa Piedra; north of Marfa
the formation is absent. The Tascotal, which has a thickness of at least 707
feet (Davis, 1961, p. 14), consists predominantly of sandy tuff, tuffaceous
sand, and thick beds of sandstone and conglomerate.

Small to moderate quantities of water are obtained locally near Marfa from
the Rawls Basalt of Goldich and Seward (1948) and the Duff Formation of Goldich
and Elms (1949).

Intrusive igneous rocks, chiefly in the form of plugs and sills, crop out
in widely scattered small areas in the southern part of the upper Rio Grande
Basin. Because of their small areal extent, they are mapped with the volcanic
rocks on Figure U6. The intrusive rocks are nearly impermeable; consequently,
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they yield only small quantities of water. Only the wells that tap fractures
or joints produce sufficient water for livestock use. Small supplies are
obtained from these rocks in parts of Jeif Davis, Presidio, Brewster, and
Hudspeth Counties.

Bolson Deposits

The sediments that occupy the extensive intermontane basins of the upper
Rio Grande Basin are herein referred to as bolson deposits. The deposits prin-
cipally are Tertiary in age although an unknown but probably relatively small
part may be of Quaternary age.

The bolson sediments occupy La Mesa and Hueco bolsons; the Salt Basin,
which includes its western extension, Eagle Flat; Quitman Arroyo; Glenn Creek;
and the Rio Grande Valley between Candelaria and Redford.

In general, the sediments consist oi unconsolidated sand, gravel, clay,
and caliche derived primarily from the weathering and erosion of local rock.
They also contain interbedded lava flows. The character of the deposits varies
considerably from basin to basin. In the Hueco bolson and Salt Basin, the sedi-
ments are poorly sorted, and individual layers range in thickness from zero to
about 1UU feet. Individual beds and lenses of sand, gravel, and clay generally
are not continuous over wide areas but instead pinch out or grade laterally or
vertically into finer or coarser materials. However, in the part of La Mesa
bolson in Texas, the sand in the lower part is well sorted, thickly bedded, and
moderately uniform. Whether this body of uniform sand extends over a large
part of the bolson is not known definitely. Overlying the sand, which locally
is referred to as the '"deep aquifer,' are alternating layers of sand and clay
of the "medium aquifer" which are similar in character to the deposits in the
other basins.

The maximum thickness of the bolson deposits is not known. On La Mesa
bolson, a well near Canutillo, which is 6 miles south of Anthony, was in uncon-
solidated deposits at a depth of 1,705 feet (Leggat and others, 1962, p. 14).
On the Hueco bolson, King (1935, p. 253) reported 4,920 feet of unconsolidated
sediments penetrated in an oil test about 2 miles south of the New Mexico-Texas
state line near U. S. Highway 54. In the Salt Basin, a well drilled about 10
miles south of U. S. Highway 62 was still in bolson deposits at 1,620 feet
(Baker, 1927, p. 40). About 2 miles south of Van Horn, the base of the bolson
deposits was penetrated at a reported depth of about 1,200 feet. About 1 mile
north of Chispa, the thickness of the bolson deposits is known to be 1,180 feet
(Sellards, 1934, p. 377). In Eagle Flat at Hot Wells, a railroad siding 11
miles west of Van Horn, a well was in bolson deposits at 1,000 feet. In the
Rio Grande Valley, a Santa Fe railroad boring at Presidio was in boldon deposits
at 1,320 feet.

The bolson deposits of La Mesa and Hueco bolsons and the Salt Basin near
Van Horn and Lobo Flats furnish large quantities of fresh to slightly saline
water for municipal, domestic, irrigation, and industrial purposes. In addi-
tion, moderate to large quantities of slightly saline to moderately saline
water are obtained from the bolson sediments in the vicinity of Dell City.
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Quaternary System

Alluvium

Alluvial deposits of Quaternary age occupy a large part of the Rio Grande
Valley between Anthony and Presidio and smaller tributary streams; they mantle
the Hueco and La Mesa bolsons and also occur in places in the upland areas.

The alluvium of the Rio Grande Valley consists for the most part of poorly
sorted sand, gravel, clay, and silt. The thickness of these sediments is not
known definitely, but in the Lower Mesilla Valley, Leggat and others (1962,

p. 15) estimated the thickness as probably not exceeding 150 feet. It may be
assumed, therefore, that the alluvium that overlies the bolson deposits in the
Rio Grande flood plain below ELl Paso probably is not greater than 150 feet. On
La Mesa and Hueco bolsons the alluvium is thin, generally consisting of a veneer
of sand and gravel overlying a layer of caliche which forms a caprock for the
bolson deposits. The alluvium in the bolsons probably is less than 20 feet
thick except near the slopes of the mountains.

In the upland areas, the alluvium, generally in the form of a surficial
mantle or as alluvial areas along the mountain fronts, is composed of debris
derived from the disintegration of local rocks. Generally, the alluvium in the
upland areas is relatively thin, probably about 30 feet thick, although Davis
(1961, p. 16) reported a thickness of about 390 feet in the Marfa area. In the
Marathon area at the base of the escarpment of the Glass Mountains, a thickness
of as much as 125 feet of alluvium was reported by DeCook (1961, p. 15).

Large supplies of fresh to moderately saline water are obtained from the
alluvium in the valley of the Rio Grande principally for irrigation. However,
where the water is fresh or only slightly saline, relatively large supplies
also are pumped for municipal and industrial supplies. In the upland areas,
the alluvial deposits yield small to moderate quantities of water principally
for domestic and livestock purposes but in a few places also for irrigation.

GENERAL GROUND-WATER HYDROLOGY

Source, Occurrence, and Movement

The fundamental principles of the source, occurrence, and movement of
ground water entail an understanding of the hydrologic cycle. Figure U7 is a
diagrammatic representation of the cycle, but only that part of the cycle per-
taining to ground water will be discussed in the report.

Ground water contained in the rocks in the upper Rio Grande Basin is
derived chiefly from precipitation. A part of the precipitation runs off the
land surface and enters streams, a part is evaporated or used by plants, and a
part passes through pores and openings in the rocks and as recharge enters a
zone in which the rocks are saturated, thus becoming ground water.

The volume of water that can be stored by a rock depends on its porosity-=-
that is, the number and size of the openings in the rock. In sedimentary rocks
the porosity is a function of the size, shape, sorting, and degree of cementa-
tion of the component particles. In soluble rocks, such as limestone, the
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porosity is chiefly a function of the size and distribution of cavities or
channels. In dense rocks, such as igneous or metamorphic rocks, the porosity
is largely a function of the size and distribution of fractures or crevices.

The porosity of rocks generally decreases with depth as the interstices or
pores decrease in size, partly because of increased pressures, and partly
because of cementation by mineralized waters. The porosity may be defined as
the ratio of the volume of voids in the rocks to the total volume of the rock.
It determines only the amount of water the rock can hold and not the amount it
may yield to wells.

The permeability of a rock relates to its capacity to transmit water under
a hydraulic gradient. Well cemented sandstone and conglomerate, dense lime=-
stone, and fine-grained materials, such as clay, silt, and shale, generally
have low permeabilities. They may act as barriers impeding the movement of
water into or out of more permeable rocks. On the other hand, cavernous lime-
stone, gravel, and well-sorted sand generally are highly permeable. Beds of
sand and gravel and permeable zones of limestone serve not only as conduits
through which ground water moves, but also as reservoirs in which water is
stored.

Ground water moves slowly but steadily under the influence of gravity from
areas of intake to areas of discharge. The rate of movement is proportional to
the permeability of the rocks, and the slope of the water table or artesian
pressure surface is called the hydraulic gradient. The movement of ground water
ranges from tenths of a foot per day to many feet per year in most sand and
gravel; whereas, the movement may be comparable to that of surface streams in
some cavernous gypsum or limestone aquifers.

A water-bearing formation that yields water in usable quantities is termed
an aquifer. On the basis of water occurrence, aquifers may be classified as
water-table or artesian. In a water-table aquifer, the water is unconfined.
The static water level in a well finished in a water-table aquifer stands at
the level at which water first entered the hole when the formation was pene-
trated. The water surface in unconfined aquifers is termed the water table.

In an artesian aquifer, ground water is confined under pressure by an overlying
formation of relatively low permeability. The water level in a well that is
finished in an artesian aquifer and is tightly cased through the confining beds
stands above the level where water was first encountered. The surface formed
by water levels in wells tapping an artesian aquifer is termed the piezometric
surface. Although the terms, water table and piezometric surface, are synony-
mous in the outcrop area, the term piezometric surface alone and as used in
this report is applicable only in artesian areas.

Recharge and Discharge

The ground-water reservoirs in the upper Rio Grande Basin are recharged by
infiltration of precipitation and stream runoff, by seepage from canals and
irrigation water applied to the land, and by underground inflow from outside
the basin.

The amount of precipitation that reaches the water table is determined by
the duration, intensity, and type of precipitation, the thickness of the cover,
porosity and permeability of the soil and underlying rocks, and the areal extent
of the recharge area. A large part of the precipitation occurs during the
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summer when the evaporation rate is high, thus only a small fraction of the
precipitation escapes evaporation and becomes recharge. However, most of the
recharge occurs from the torrential rains that fall during the summer. Runoff
from the downpours emerges from the steep slopes of the mountainous areas,
spreads out over the alluvial fans, and percolates into the porous material
forming the fans. Some recharge occurs from runcff ponded in the many depres-
sions in the bolson areas. The ponded water seeps rapidly from some of the
depressions, whereas in others, it stands for long periods, being slowly con-
sumed by evaporation.

Ground water is discharged by springs, seepage to streams, lakes, and
marshes that intersect the water table, transpiration, and evaporation through
the soil where the water table is close to the land surface. It is discharged
also by seepage upward through the confining beds in the artesian aquifers into
the overlying alluvial deposits, whence the water is discharged by evapotran-
spiration or by flow into the river. In some areas orf the basin, large amounts
of ground water are discharged by pumping.

Fluctuations of Water Levels

Water levels in wells in the upper Rio Grande Basin fluctuate almost con-
tinuously in response to natural and artificial processes. Fluctuations of
water levels in wells indicate changes in the amount of water in storage in
the aquifer, the magnitude of the change in storage depending on the degree of
confinement of the water, and the causes of the fluctuations. The major fluc-
tuations of water levels are the effects of pumping; minor fluctuations are
caused by such factors as changes in atmospheric pressure, loading and unload-
ing of the aquifer, and earthquakes.

Water levels in artesian wells are many times more sensitive to changes in
storage than are water levels in water-table wells, owing to the great differ-
ence in storage coefficients. A fluctuation of several feet in artesian wells
may be equivalent to a change of a fraction of a foot in a water-table well.

In either case, the magnitude of the change in water level depends on the prox-
imity of the well to the center of pumping.

Water levels have been observed in a large network of wells in the upper
Rio Grande Basin. Because of variations in seasonal pumpage, measurements made
in December or January of each year are the most reliable for showing annual
changes of water levels.

Hydraulic Characteristics

The capacity of an aquifer to yield water to wells depends largely upon its
hydraulic properties. The coefficients of permeability, transmissibility, and
storage are terms used to describe these properties.

The coefficient of permeability is the rate of flow of water in gallons per
day through a cross section of one square foot under a unit hydraulic gradient
at a temperature of 60°F. In practice, however, because of the nearly constant
temperature of the ground water in a given region, the coefficient of permea-
bility generally is determined at the prevailing field temperature of ground
water in each aquifer tested.
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The development of certain formulas and field methods for appraising the
hydraulic properties of water-bearing formations has resulted in wide adoption
of the term coefficient of transmissibility in place of coefficient of permea-
bility. The coefficient of transmissibility, which was introduced by Theis
(1935, p. 520), is the number of gallons of water that will move in 1 day
through a vertical strip of the aquifer 1 foot wide and having the height of
the aquifer when the hydraulic gradient is unity. It is the field coefficient
of permeability times the thickness of the aquifer in feet.

The coefficient of storage of an aquifer is the volume of water it releases
from or takes into storage per unit of surface area of the aquifer per unit
change in the component head normal to that surface. For an unconfined aquifer,
the coefficient of storage is virtually the same as the specific yield, which
is defined as the unit volume of water that will drain by gravity from a unit
volume of saturated material. Although in an artesian aquifer, water generally
is not available from storage by drainage from the saturated materials, some
water is released from storage when the hydrostatic pressure declines owing to
the compressibility and elasticity of the aquifer and adjacent confining beds
and to the slight expansion of water itself.

The hydraulic properties of the rocks can be determined by laboratory or
field methods, the preferred method being pumping tests of wells. This method
is preferred because a large area of the aquifer can be tested, whereas samples
tested in the laboratory may be representative of only small areas. Moreover
in most instances, samples collected during the drilling of a well are not
representative of the undisturbed material of the aquifer.

When a well is pumped or allowed to flow, the water level in the well drops
and an hydraulic gradient is developed toward the well from all directions. As
the hydraulic gradient increases, the water flows faster toward the well. With-
in limits, the rate at which water will enter the well varies directly with the
amount the water level is lowered. The ratio of the yield of a well to the
drawdown is called the specific capacity and may be expressed as yield in gal-
lons per minute per foot of drawdown. The term might imply that the ratio of
yield to drawdown is constant, but the specific capacity of a well is only an
approximation because of the effects imposed by the rate of withdrawal and the
element of time. Moreover, a comparison of the specific capacities as an indi-
cation of aquifer productivity is subject to considerable error unless the
methods of well construction and the degree of development are taken into
account.

Chemical Quality

The chemical quality of water depends on the dissolved minerals present and
often determines its suitability for use. A general classification of water,
according to dissolved-solids content, is shown on the following page (Winslow
and Kister, 1956, p. 5).

Most of the ground water used for municipal supplies in the upper Rio

Grande Basin is classified as fresh, although in some areas slightly saline
water may be used.
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Dissolved solids

Description content (ppm)
Fresh Less than 1,000
Slightly saline 1,000 to 3,000

Moderately saline 3,000 to 10,000

Very saline 10,000 to 35,000

Brine More than 35,000

Criteria of general application in evaluating the chemical aspects of
ground water in relation to domestic and public-supply use, industrial use, and
agriculture or irrigation use serve as useful guides. The water required for
domestic and public-supply use, in general, must not contain radiological, bio-
logical, chemical, or physical substances in concentrations which may be health
hazards; should be free of turbidity, taste, and odor to the extent that it is
not objectionable to the user; and should not be excessively corrosive to the
water-supply system (U. S. Public Health Service, 1962, p. 2152-2155).

The United States Public Health Service (1962, p. 2152-2155) has estab-
lished standards of drinking water to be used on common carriers engaged in
interstate commerce. The standards were designed to help protect travelers
from digestive upset, but generally are used in evaluating the suitability of
public water supplies in the United States. According to the standards, chemi-
cal constituents should not be present in a water supply in excess of the listed
concentrations where other more suitable supplies are available or can be made
available. The concentrations of the chemical constituents commonly are ex-
pressed in ppm (parts per million). The standards of the Public Health Service
for some of the more common constituents are given in the following table:

Substance Concentration
(ppm)
Chloride (Cl) 250
Fluoride (F) &
Iron (Fe) 3
Manganese (Mn) .05
Nitrate (NDB) 45
Sulfate (S0,) 250
Dissolved solids 500

* When fluoride is naturally
present in drinking water, the
concentration should not average
more than the appropriate upper
limit shown in the following table.
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Annual average of maximum Recommended control limits of
daily air temperatures fluoride concentrations (ppm)
(°F) Lower Optimum Upper

50.0 - 53.7 0.9 1.2 £,7

53.8 - 58.3 .8 1.1 1.5

58.4 - 63.8 .8 1.0 1.3

63.9 - 70.6 .7 «9 1.2

70.7 - 79.2 o7 .8 1.0

79.3 = 90.5 .6 o7 .8

Water having concentrations of chemical constituents in excess of the
recommended limits may be objectionable for various reasons. Concentrations of
nitrate in excess of 45 ppm have been related to the incidence of infant cyano-
sis (methemoglobinemia or "blue baby" disease), a reduction of the oxygen con-
tent in the blood constituting a form of asphyxia (Maxcy, 1950, p. 271). High
concentrations of nitrate may be an indication of pollution from organic matter,
commonly sewage. Excessive concentrations of iron and manganese in water cause
reddish-brown or dark-gray precipitates that stain clothes and plumbing fix-
tures. Water having a chloride content exceeding 250 ppm may have a salty
taste, and sulfate in water in excess of 250 ppm may produce a laxative effect.
Excessive concentrations of fluoride in water may cause teeth to become mottled.
When fluoride is naturally present in the water, the concentration should not
average more than the appropriate upper limit shown in the preceeding table.
Thus, in the arid and semiarid upper Rio Grande Basin, fluoride in excess of
1.0 ppm may cause mottling of the teeth. However, fluoride in concentrations
of about 1 ppm may reduce the incidence of tooth decay (Dean, Arnold, and
Elvove, 1942, p. 1155-1179).

Calcium and magnesium are the principal constituents in water that cause
hardness. Although hardness as such is not a criterion for the suitability of
drinking water, it is important in general domestic use. Excessive hardness
causes increased consumption of soap and induces the formation of scale in hot
water heaters and water pipes. The commonly accepted standards and classifica-
tion of water hardness are shown in the following table:

Hardness range

(ppm) Classification
0 - 60 Soft
61 - 120 Moderately hard
121 - 180 Hard
More than 181 Very hard

Water quality in industry is used without reference to the concept of
potability. A water of suitable quality for industrial use may or may not be
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acceptable for human consumption. Ground water used in industry may be classi-
fied into three principal use categories: cooling water, process water, and
boiler water.

Cooling water usually is selected for its temperature and the source of
supply, although its chemical quality is significant also. Any characteristic
that may affect adversely the heat exchange surfaces is undesirable. Calcium,
magnesium, aluminum, iron, and silica may cause scale. Corrosiveness is another
objectionable feature. Calcium and magnesium chloride, sodium chloride in the
presence of magnesium, acids, oxygen, and carbon dioxide are among substances
that make water corrosive.

The quality of boiler water for the production of steam must meet rigid
requirements. Here the problems of corrosion and encrustation are greatly in-
tensified. Silica in boiler water is undesirable because it forms a hard scale,
the scale-forming tendency increasing with pressure in the boiler.

Process water is subject to a wide range of quality requirements. Usually
rigidly controlled, these requirements commonly involve physical, chemical, and
biological factors. Unlike cooling water and boiler water, much of the process
water usually is consumed or undergoes a change in quality in the manufacturing
process and generally is not available for reuse.

The suitability of water for irrigation depends not only on the chemical
quality of the water but also upon such factors as soil texture and composition,
infiltration rate, drainage, climate, salt tolerance of the crop, and irriga-
tion practices. Many classifications of irrigation water express suitability
of water in terms of one or more of these variables and offer criteria for
evaluating the relative overall suitability of irrigation water rather than
placing rigid limits on the concentrations of certain chemical constituents.
The most important chemical characteristics that are pertinent to the evalua-
tion of water for irrigation are (1) relative proportion of sodium to other
cations, an index to the sodium hazard; (2) total concentration of soluble
salts, an index to the salinity hazard; and (3) concentration of boron. The
total concentration of soluble salts is related to the electrical conductivity
expressed in micromhos per centimeter.

Sodium can be a significant factor in evaluating quality of irrigation
water because of its potential effect on soil structure. A high percent sodium
in water tends to break down soil structure by deflocculating the colloidal
soil particles. Consequently, soils can become plastic, movement of water
through the soil can be restricted, drainage problems can develop, and cultiva-
tion can become difficult. A system of classification commonly used for judging
the quality of water for irrigation was proposed in 1954 by the U. S, Salinity
Laboratory Staff (1954, p. 69-82). The classification is based primarily on
the salinity hazard as measured by the electrical conductivity of the water and
the sodium hazard as measured by the sodium-adsorption ratio (SAR). This
classification of irrigation water is diagrammed in Figure US8.

The significance and interpretation of the classification of water with
respect to sodium content have been described by the U. S. Salinity Laboratory
Staff (1954, p. 69-82).

An excessive concentration of boron will render a water unsuitable for
irrigation. Scofield (1936, p. 286) has indicated that boron concentrations
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as much as 1 ppm are permissible for irrigating the more average boron-sensitive
crops, and concentrations as much as 3 ppm are permissible for the more average
boron-tolerant crops.

Quality limits for livestock are variable. The limit of tolerance depends
principally on the kind of animal and, according to Heller (1933, p. 22), the
total amount of soluble salts in the drinking water, more so than the kind of
salt, is the important factor. Heller also suggests that as a safe rule 15,000
ppm dissolved-solids content should be considered the upper limit of subsistence
for most of the more common stock animals.

GROUND WATER IN THE UPPER RIO GRANDE BASIN

The use of surface-water supplies in the upper Rio Grande Basin had its
beginning with the early Spanish settlers, the development of these supplies
being concentrated in the Rio Grande Valley. The use of ground-water supplies
other than for domestic and livestock purposes began at least by 1892 when 30
shallow wells were drilled in the bed of the Rio Grande for the municipal sup-
ply of El Paso. Drilling gradually spread to the uplands where a large supply
of good quality water was developed first in the City Artesian subarea of the
Hueco bolson then in the Mesa subarea (Plate Ul).

The earliest use of ground water for irrigation in the upper Rio Grande
Basin is not known, but Slichter (1905, p. 31) gave data on five irrigation
wells near El Paso in the valley of the Rio Grande. However, large-scale devel-
opment of the ground water in the valley probably began about 1950, owing to an
annually decreasing supply of surface water for irrigation. By 1960, about 811
wells were available in the vicinity of El Paso for municipal and industrial
purposes and for irrigation.

In the other parts of the upper Rio Grande Basin, excluding the Rio Grande
Valley, only small amounts of ground water were used for irrigation prior to
1947. In the few years following 1947, the use of ground water for irrigation
in the Salt Basin expanded rapidly, the development being concentrated in or
near Dell City, Van Horn, and Lobo. By 1960, 336 wells were available for irri-
gation in these areas.

In 1960, the withdrawals of ground water in the upper Rio Grande Basin
from all sources was about 250,000 acre-feet, or 220 mgd (million gallons per
day). Of this total, 170,000 acre-feet was for irrigation and 53,000 acre-feet
was for public supply.

For the purposes of this report, the development, occurrence, availability,
and quality of ground water in the upper Rio Grande Basin are discussed by
areas (Figure U9). The areas have been delineated principally on the basis of
the ground-water development and also on the occurrence of the primary and
secondary aquifers. Some areas in which the development of the ground-water
resources has been relatively insignificant have been delineated on the basis
of physiographic features.

The areas which are discussed in their order of importance include the
El Paso area, Salt Basin, Marfa-Presidio area, Marathon area, and the Stockton
Plateau. Areas in which development of available ground-water supplies is small
or insignificant include the Quitman Arroyo-Glenn Creek area, Big Bend area,
and Diablo Plateau.

U-36



LE-N

100

NEW MEXICO

T TITeT £ NI AT T AT T T P e

TEXAS il
il

SPE
EH

gl;iildhoru-
T30 Lobo Flats
suborea

EXPLANATION O

T e 01

Boundary of araa of ground-wolter development, dotfed whare
it does not coincide with boundary of @ major subdivisions

Boundary of major subdivision
Major subdivision number 4 of upper Rio Grande Basin

Boundary betwasn Dall City and Wildhorse—Lobo Flets subareas

5 0 5 10 15 2025Milan
[ e e

Figure U9
Map of the Upper Rio Grande Basin Showing Major Drainage Subdivisions
and Principal Areas of Ground-Water Development

U.S. Geological Survey in cooperofion with the Texas Water Commission

[} VAL VERDE




The El Paso Area

General

The ELl Paso area includes major subdivisions 1, 2, and 4 of the Rio Grande
Basin (Figure U9). It encompasses all of El Paso County and the western part
of Hudspeth County.

The El Paso area has been subdivided into four parts on the basis of
ground-water development (Plate Ul):

1. The Mesa subarea, which is a part of the Hueco bolson, is bounded on
the east by the Quitman, Malone, Hueco, and Finlay Mountains; on the north by
the New Mexico state line; on the west by the Franklin Mountains; and on the
south and southwest by the rimrock or scarp at the edge of the El Paso Valley
of the Rio Grande.

2. The City Artesian subarea, which also is a part of the Hueco bolson,
includes part of the city of El Paso and extends to Ysleta between the rimrock
and the Rio Grande. '

3. The Lower Mesilla Valley subarea, a part of La Mesa bolson, extends
from Anthony on the Texas-New Mexico state line to the gorge northwest of El
Paso.

4, The Lower Valley subarea extends from Ysleta southward to Fort Quitman.
The occurrence of ground water in the Lower Valley subarea is similar to that
in the City Artesian subarea; however, the Lower Valley is primarily an irri-
gated farming area and is separated from the City Artesian subarea on that
basis only.

Occurrence and Movement

Ground water in the El Paso area occurs in the unconsolidated bolson
deposits of the Hueco and La Mesa bolsons, in the river alluvium of the Mesilla
and Lower Valleys, and in consolidated rocks principally of Cretaceous age.

In the Mesa subarea of the Hueco bolson, ground water occurs under water-
table conditions and the sediments are filled with water to an altitude of
about 3,735 feet at the Texas-New Mexico state line and to about 3,660 feet at
the southern edge of the Mesa subarea near the rimrock. Except in the vicinity
of areas of heavy pumping and along the foot of the Franklin Mountains, the
gradient of the water table in the Mesa is approximately 4 feet per mile toward
the south-southeast. The depth to water below the Mesa varies according to the
slope of the land surface. The surface of the Mesa is troughlike, sloping
steeply upward toward the Franklin Mountains and more gently upward toward the
east. The depth to water ranges from about 206 feet near well 8 of section A-A'
(Figure U10) to more than 400 feet on the slopes of the Franklin Mountains.

In the Mesa subarea, saline water occurs beneath and east of the fresh
water-bearing beds in the bolson deposits. The depth to the salt water varies
considerably within short distances largely due to the presence of clay beds
and other relatively impervious material. In general, however, the fresh-water
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body occurs as a trough roughly paralleling the Franklin Mountains. The contact
between the fresh and salt water slopes steeply upward near the Franklin Moun-
tains and more gently upward toward the east on the east side of the trough.

Fresh water occurs only in small quantities east and southeast of El Paso,
and in some places it may be absent entirely. Results of chemical analyses of
water from several wells drilled southeast of El Paso for construction purposes
indicated a progressive increase in mineral content of the ground water in that
direction.

Ground water moves from the Mesa subarea into the City Artesian subarea
passing beneath relatively impermeable sediments and there becomes confined
under pressure exerted by the higher elevation of the water surface underlying
the Mesa. Figure Ul0 shows the abrupt thinning of the fresh-water sands south
of the rimrock, which is the south edge of the Mesa subarea. It also shows
that saline water overlies and underlies the fresh-water body in the City Arte-
sian subarea. A part of the saline water may be attributed to the accumulation
of salts resulting from evaporation of irrigation water. A larger part, how-
ever, probably is due to concentration by evaporation of ground water that for-
merly was discharged upward into the alluvium,

Figure Ull shows that saline water adjoins the fresh-water body on the
south and that the fresh-water body thins to extinction approximately 15 miles
downstream from the outcrop of the bedrock in the gorge near El Paso. Figure
Ull shows a small lenticular body of relatively fresh water in the bolson
deposits in the vicinity of Fabens (well 11 on Figure Ull). The source of the
water is probably in Mexico, being derived from precipitation and runoff from
the east slopes of the Sierra del Presidio, southwest of the Rio Grande in
Mexico. Test wells indicate that this zone of relatively fresh water extends
only a short distance northeast of the Rio Grande.

In the Lower Mesilla Valley subarea, ground water occurs in the unconsoli-
dated bolson deposits and in the overlying alluvium under both confined and un-
confined conditions. In the valley, water in the bolson deposits is under ar-
tesian pressure, which is maintained by the altitude of the water table under-
lying the La Mesa bolson surface. Before pumping started in the bolson sedi-
ments, the hydrostatic pressure was sufficient to cause the water level in
tightly cased wells in the valley to rise above the land surface. Pumping tests
and fluctuation of water levels in observation wells reveal that the bolson
deposits and the overlying river alluvium are hydraulically connected to some
degree and pumping from the bolson deposits affects the water levels in the
river alluvium,

In the Lower Valley subarea, ground water occurs in the alluvium under
water-table conditions. In the underlying bolson deposits, however, ground
water is under artesian pressure.

In the Mesa subarea near the southern end of the Hueco bolson in major
subdivision 4, ground water occurs in sandstone probably of Trinity age. Few
data are available to indicate the source of the water, but it probably is
derived from precipitation on the outcrop of the sandstone, which lies north-
east at the southern edge of the Diablo Plateau. The extent of the rocks of
Trinity age is not known, but because of the post-Cretaceous block faulting the
rocks of Trinity age probably underlie the Rio Grande Valley at depths greater
than 3,000 feet. The ground water in these rocks probably is discharged into
the overlying bolson deposits.
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The general movement of ground-water flow in the uplands is toward the Rio
Grande except where large or concentrated withdrawals of ground water have
formed cones of depression. The cone of depression is produced in the water
surface by pumping and is shaped, roughly, like an inverted cone.

Rechapge and Discharge

Recharge to the Hueco bolson is by infiltration of runoff from the moun-
tains and of precipitation on the surface of the bolson. The principal area of
recharge is relatively narrow, extending along the foot of the Franklin Moun-
tains and mountains in New Mexico, although some recharge occurs from runoff
ponded in several depressions in the bolson surface. The ponded water seeps
rapidly from some of the depressions, whereas in others the water stands for
long periods, slowly being consumed by evaporation. Sayre and Livingston (1945,
P. 72) estimated that the average annual recharge to the Hueco bolson northeast
of the Rio Grande was about 13 mgd. The amount of recharge from the Mexico side
of the Rio Grande is not known.

Prior to the start of pumping in the Hueco bolson, the natural recharge
was balanced approximately by the natural discharge. The ground water moved
southward and southeastward to the Rio Grande, where the principal method of
natural discharge was by seepage upward through the confining beds of the arte-
sian part of the aquifer into the alluvial deposits where the water was dis-
charged by evapotranspiration or by flow into the Rio Grande. However, as a
result of heavy pumping, the hydrostatic pressure in the artesian part of the
aquifer has been lowered below the level of the water table in the over lying
alluvium and natural discharge upward has ceased in some places, and, instead,
the saline water in the overlying deposits probably is moving downward into the
fresh-water body. Although pumpage of ground water from the Hueco bolson far
exceeds the average rate of natural recharge, all of the natural discharge of
ground water by seepage into the valley alluvium has not been intercepted. 1In
the southern part of the bolson in the El Paso Valley, the natural discharge
from the bolson sediments upward probably is continuing.

Recharge to the bolson deposits in the Lower Mesilla Valley subarea is
derived from precipitation on the bordering uplands and by underflow from the
valley in New Mexico north of Anthony. It is estimated that recharge to the
bolson sediments amounts to at least 13 mgd (Leggat and others, 1962, p. 18).
Recharge to the shallow alluvium is principally by infiltration of surface water
applied to the land surface for irrigation, but also to a lesser extent by
seepage from canals and precipitation on the valley floor. It has been esti-
mated (Leggat and others, 1962, p. 51) that the potential annual accretion to
the alluvium in the valley is at least 36,000 acre-feet or about 33 mgd when
surface-water supplies for irrigation are adequate and storage space is availa-
ble in the alluvium,

Ground water in the bolson deposits in the Lower Mesilla Valley subarea is
discharged naturally by upward movement in the shallow alluvium where it is lost
by evapotranspiration, drain flow, and seepage to the Rio Grande. In localized
areas pumping from the bolson deposits has retarded the movement of water into
the alluvium from the bolson deposits. Moreover, if pumpage is great enough,
the flow may be reversed.

Recharge and discharge of ground water in the shallow alluvium of the Lower
Valley subarea is influenced by conditions similar to those in the Lower Mesilla
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Valley. Recharge is principally by infiltration of surface water applied to
the land surface for irrigation and limited amounts of seepage from canals and
precipitation on the valley floor. The alluvium may be recharged also by up-
ward seepage of water from the underlying bolson deposits. Discharge is by
evapotranspiration, drain flow, and seepage to the Rio Grande.

Utilization

The development and utilization of ground-water supplies are concentrated
more in the El Paso area than in any other part of the upper Rio Grande Basin.
The general location and density of major water wells and other selected wells
in the area are shown in Plate Ul. However, in a part of the area, the density
of wells was too great to permit locating individual wells, but the number of
wells for a specific use in a concentrated area is shown. The amount of water
pumped by the major wells for various uses in the El Paso area is shown in Table
U2 (major subdivisions 1, 2, and 4).

In 1960, the withdrawal of ground water from all sources in the El Paso
area was approximately 92,000 acre-feet, or about 82 mgd. Of this total, 46.1
mgd, or 56 percent, was pumped for public supply. Pumpage from small domestic
and livestock wells was about 3,300 acre-feet or nearly 3 mgd, which represents
less than 5 percent of the total pumpage in 1960.

The city of El Paso is the principal user of ground water in the area. In
1960, the city pumped an average of 40 mgd, 65 percent of which was obtained
from 42 wells in the Hueco bolson deposits. The remaining 35 percent was pumped
from 13 wells in the recently developed well field northwest of Canutillo in the
Lower Mesilla Valley subarea. Some of the wells in the Canutillo well field are
in the La Mesa bolson deposits and some are in the alluvium.

The industrial use of ground water in 1960 was about 7 mgd (Table U2), of
which nearly 90 percent was obtained from 25 wells in the Hueco bolson; less
than 1 mgd was pumped from the alluvial deposits in the Lower Mesilla Valley
for industrial use.

Irrigation in the El Paso area is limited principally to the Lower Mesilla
and Lower Valleys, although a few acres are irrigated in the Mesa subarea. In-
asmuch as the ground-water supplies in the alluvial deposits of the Lower Mesil-
la and Lower Valleys supplement the surface-water supply from Elephant Butte
Reservoir in New Mexico, the quantity of water pumped for irrigation is related
inversely to the availability of surface water., In 1960 when 3.25 acre-feet per
acre of surface water was allotted, 14,000 acre-feet was pumped from the allu-
vial deposits in El Paso County. Approximately 600 wells were available to ir-
rigate about 58,500 acres of cotton, alfalfa, and truck crops. Because of the
large surface-water allotment, however, many of the wells were not used. In
that part of the Lower Valley in Hudspeth County, which is not included in the
Rio Grande Reclamation Project, irrigators must rely on waste water from the
project or ground water. In 1960, the amount of waste water available to the
Hudspeth County Reclamation and Conservation District No. 1 was 2.58 acre-feet
per acre; consequently, only 9,100 acre-feet of ground water was pumped from
the alluvial deposits to irrigate about 9,500 acres.

Most of the 28,000 acre-feet of ground water pumped for irrigation in the

El Paso area was slightly saline except in Hudspeth County, where the ground
water ranges from slightly to moderately saline. In the Mesa subarea, however,
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sands containing fresh and slightly saline water are screened in the same wells
and somewhat more than 4 mgd was pumped for irrigation in 1960.

Fluctuations of Water Levels

Changes in water levels in wells in the El Paso area have been observed for
many years. Prior to 1950, most of the changes were in the Hueco bolson where
the withdrawals have been concentrated.

The withdrawals of ground water in the Hueco bolson have caused a decline
in water levels over substantial parts of the Mesa, City Artesian, and Lower
Valley subareas. Because the water occurs under both artesian and water-table
conditions in the bolson, the decline represents an actual dewatering of the
aquifer only in the Mesa subarea, whereas it represents a decline in pressure
in the bolson sediments that underlie the City Artesian and Lower Valley sub-
areas.

Water levels in observation wells in the Mesa subarea have declined stead-
ily since at least 1936, the declines being greatest in wells closest to the
areas of concentrated withdrawals (Figure Ul2). As the demands for additional
water supplies increased, well fields were developed at progressively greater
distances from the old well fields. Since 1937, water levels in the Mesa sub-
area have declined as much as 33.9 feet (Figure Ul3). The area of decline ex-
tends to the north beyond the Texas-New Mexico state line and to the east pro-
bably more than 10 miles from the main areas of pumping.

During the period 1959-60, the water levels in 45 wells in the Mesa sub-
area declined an average of 2.0 feet, the largest declines occurring in the
north-central part of the city in the vicinity of the city of El Paso old Mesa
well field and Biggs Field.

Water levels in wells in the City Artesian subarea respond rapidly to
changes in pumping rates in the area. Furthermore, the effect of pumping from
the Mesa subarea has caused an additional decline in the water levels. The
hydrographs of two observation wells (Figure Ul2) show a fluctuation over a
rather wide range, which is typical of the fluctuations in an artesian aqui fer.
They show that during the period of record, the water levels were highest in
1951. Since then they have declined steadily until 1956 when they began to
level off or to rise slightly. In 1959, pumpage from the City Artesian subarea
by the city of El Paso and industry decreased, resulting in a general rise of
water levels; in 21 wells the rise averaged 3.0 feet. The largest rises in
water levels were centered in the downtown section of El Paso and the refinery
area of the industrial section in east El Paso.

Since 1937, the water levels declined a measured maximum of 29.5 feet in
the industrial section (Figure U13) and declines as great as 26.6 feet were
measured in downtown El Paso. Data are not available to determine the extent
of the area of decline, but because of the barrier formed by the Franklin
Mountains, which halts the spread of the cone of depression to the nor thwest,
it is probable that the effect of pumping from the City Artesian subarea extends
a considerable distance into the Lower Valley subarea.

In the Lower Mesilla Valley subarea, water levels in the alluvium fluc-
tuate chiefly in response to changes in the availability of surface water for
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irrigation. In most wells, the water levels generally were relatively stable
through 1950, except for seasonal variations (Figure Ul4). The uniformity in
the water levels indicates that the supply of surface water for irrigation was
adequate. In general, water levels were highest during the growing season be-
cause of the infiltration of surface water applied to the land, and lowest dur-
ing the winter in response to the discharge of ground water to the drains and
river. During the period from about 1950 to 1957, the water levels in the al-
luvium declined throughout the Lower Mesilla Valley subarea, the rate and mag-
nitude of the decline depending on the amount of ground water pumped to supple-
ment the steadily decreasing supply of surface water. Most water levels rose
during the period 1957-59 in response to the increase in surface-water allot~-
ments for irrigation and the substantial decrease in the pumpage of ground
water, except in those parts of the valley where the irrigation supply is en-
tirely from ground water. In January 1960, the water levels in some wells in
the subarea (well JL-49-04-701, Figure Ul4) were higher than the lowest water
levels in 1946, probably because silting had raised the beds of the drains and
the river. In any well in the alluvium the minimum level is controlled largely
by the altitude of the bottom of a nearby drain or the river, and it occurs
just before irrigation begins in the spring.

The Lower Valley subarea is an irrigated farming area and the availability
of water and fluctuations of water levels in wells tapping the alluvium are
similar to those in the Lower Mesilla Valley subarea. The hydrographs of six
wells tapping the alluvium in the Lower Valley subarea are shown in Figure Ul5.
In general, the water levels in wells in the Lower Valley subarea showed a
steady downward trend from 1953 to 1957. Since then, the water levels have
risen steadily until in January 1960 they were higher than in January 1953 ex~-
cept in the part of the valley northwest of Ysleta where in recent years irri-
gation has been greatly reduced. As a consequence, less surface water has been
applied for irrigation, which resulted in less recharge to the alluvial depos-
its. The decline in water levels in three wells in the latter part of 1959
indicates that the reservoir was full and the excess water was being discharged
to the drains and the river.

Aquifer Tests

Ground-water development from aquifers in the El Paso area is dependent
largely upon the hydraulic properties of the aquifers, principally the ability
of the aquifers to transmit and store water.

Measured transmissibility values ranged from as high as 200,000 gpd (gal-
lons per day) per foot in the Mesa subarea of the Hueco bolson to as low as
22,000 gpd per foot in the City Artesian subarea. An average transmissibility
in the fresh-water zone of the Mesa subarea is probably about 150,000 gpd per
foot, but in the artesian part of the bolson, where the thickness of the fresh-
water sands is much reduced, the average transmissibility probably is on the
order of 100,000 gpd per foot.

The specific yield of the bolson deposits is difficult to determine from
pumping tests of short duration. Sayre and Livingston (1945, p. 29) estimated
the average specific yield of all the bolson deposits in the Mesa subarea to be
about 17.5 percent. Southward in the artesian part, the coefficient of storage
is considerably smaller than that of the sediments in the Mesa subarea; pumping
tests of five wells showed that the coefficient of storage was relatively uni-
form, ranging from 0.0027 to 0,00063, and averaging 0.0015 (Leggat, 1962, p. 25).
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The yields of wells in the Hueco bolson range over wide limits., Yields as
great as 3,000 gpm have been obtained on test; however, the average yield of
most of the wells in the Mesa subarea probably is about 1,500 gpm; in the City
Artesian subarea, the yields are smaller, probably averaging less than 1,000
gpm. Specific capacities as high as 58.0 gpm per foot of drawdown were meas=-
ured in the Mesa subarea, but the average is probably about 25 gpm per foot.

In the City Artesian subarea, the specific capacities in 11 wells ranged from
10.6 to 23.0 gpm per foot, and averaged 16.0 gpm per foot, nearly 35 percent

less than the average specific capacity of wells in the Mesa subarea (Leggat,
1962, p. 25).

In the Lower Mesilla Valley subarea, aquifer tests indicate that the aver-
age transmissibility of the bolson and alluvial deposits, which are intercon-
nected, is about 250,000 gpd per foot, of which 100,000 gpd per foot probably
is representative of the bolson sediments; the remaining 150,000 gpd per foot
probably is the average transmissibility for the shallow alluvial deposits.
Aquifer tests in the bolson deposits revealed an average coefficient of storage
of 0.0007; however, after 24 hours of pumping from the deep aquifer, which is
the homogeneous sand body in the lower part of the bolson deposits, the draw-
down in the wells was less than the predicted drawdown, indicating leakage from
the overlying aquifers (medium aquifer and the alluvium). Actually, the coef-
ficient of storage from the bolson deposits ultimately may equal the 0.1 speci-
fic yield estimated for the alluvium (Leggat and others, 1962, p. 34).

Yields as great as about 3,000 gpm have been measured in wells that tap
the alluvial or bolson deposits in the Lower Mesilla Valley subarea. Most of
the wells used for irrigation or public supply had yields greater than 1,000
gpm. In the uplands, however, yields were considerably less owing to a marked
decrease in the saturated thickness of the bolson deposits toward the Franklin
Mountains. Because of the wide variation in well construction and the heter-
ogeneity of the alluvial deposits and the upper part of the bolson deposits,
specific capacities ranged from 3.0 to 61 gpm per foot of drawdown. Specific
capacities of six wells that tap the deep aquifer of the bolson deposits ranged
from 19.7 to 30.7 gpm per foot; in a well screened in the medium aquifer, the
specific capacity was 14.0 gpm per foot (Leggat and others, 1962, p. 31).

The hydrologic properties and performances of wells tapping the alluvium
in the Lower Valley subarea are similar to those of wells in the Lower Mesilla
Valley subarea. The bolson sediments, however, may be considerably different
than those in the Lower Mesilla Valley. Several wells obtain water from the
bolson deposits underlying the alluvium in the Lower Valley subarea and the
data from one of the wells indicated that the coefficients of transmissibility
and storage are low, probably on the order of 25,000 gpd per foot and 0.00003,
respectively (Leggat, 1962, p. 27). If these low coefficients are representa-
tive of the bolson deposits in the Lower Valley subarea, large drawdowns and
considerable mutual interference would characterize wells screened in the bolson
deposits. Yields of the wells tapping the bolson are relatively small, rang-
ing from 150 gpm in wells supplying the city of Fabens to 530 gpm in a well
tapping a sand at a depth of 1,454 to 1,647 feet 3 miles southwest of Fabens.

If the geologic and hydrologic conditions are favorable, the coefficients
of transmissibility and storage may be used to predict the general order of
magnitude of drawdown in water levels caused by withdrawal of water or an in-
crease in pumping in an area. The theoretical drawdown curves in Figure Ul6
were computed from representative coefficients for the bolson sediments in the
Mesa and City Artesian subareas.
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Quality of Water

Ground water in the El Paso area ranges from fresh to very saline. Fresh
ground water actually constitutes a small fraction of the total quantity of
water in storage. Where fresh ground water is available, it is underlain,
overlain, or adjoined by slightly saline water, the water becoming increasingly
mineralized with depth as well as laterally.

Table U3 shows the chemical analyses of water from selected wells in the
El Paso area (major subdivisions 1, 2, and 4). The analyses shown are only a
small fraction of the analyses on record, but they may be considered represen-
tative of the water that occurs in the area. The locations of the wells sam-
pled are shown in Plate Ul. The dissolved-solids, chloride, and sulfate content
of water from additional wells, some of which are not included in Table U3, are
shown in Plate U3.

In the Hueco bolson, or major subdivision 2, the water pumped for public
supply from the Mesa subarea generally is moderately low in dissolved-solids,
chloride, and sulfate content, and is moderately hard. Southward in the City
Artesian subarea, water pumped from the bolson for public supply and industry
is somewhat more mineralized, and in many wells the chloride content exceeds the
limits proposed by the U. S. Public Health Service. However, when the water is
mixed with fresh water in suitable proportions, it is usable for public supply.
The high chloride content in some wells tapping the bolson in the City Artesian
subarea is due, in part, to contamination from overlying or underlying highly
mineralized water which enters the wells through leaks and by interformational
leakage.

In the Lower Mesilla Valley subarea, the quality of the water varies
areally and also with depth. North and northwest of Canutillo, the bolson
deposits yield fresh water which is low in dissolved-solids content and is soft.
In 1960, the city of El Paso obtained 30 percent of its ground-water supply
from the bolson deposits. According to Leggat and others (1962, p. 41) the
fresh water in the bolson deposits probably could be used for irrigation,
"Although the percent sodium generally exceeds 80, the residual sodium carbon-
ate and the boron content...are lower than the recommended limits." West and
southwest of Canutillo, however, the water in the bolson deposits increases in
mineral content until it becomes unfit for most uses.

The quality of the water in the alluvium in the Lower Mesilla Valley sub-
area varies laterally and also with time. In general, the water is slightly to
moderately saline, although in the city of El Paso well field northwest of
Canutillo, water from the alluvium is relatively fresh but is higher in
dissolved-solids content than the water in the underlying bolson deposits.
However, during periods when the surface-water supply for irrigation is inade-
quate, ground water is pumped as a supplemental supply. As a consequence, the
salinity of the water increases primarily because of concentration of the salts
by evaporation. When surface-water supplies are adequate, the ground-water
reservoir is replenished with water containing lower mineralizatiom. Southward
from the El Paso well field, the water in the alluvium increases in mineraliza-
tion, but generally it is of better quality than the water in the under lying
bolson deposits. Although the water is used for irrigation, excess water is
applied to leach the soil of accumulated salt. Based on data from Longenecker
and Lyerly (1959, table 2, p. 4), the water is classed as very high in salinity
hazard. Generally, water of this type may be used under special circumstances,
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Table U3.-=Chemical analyses of water from selected wells and springs Lo the upper Rio Grande Basin=--Gontlinued

Ma Jor Detac~) Dty Cal- |Magne- | Sodium | Potas-|Bicar-{Sul- |Chlo-|Fluo-| Ni- |Boron| pis- |MArd=|Per- iﬁ:il';- iﬂn“dliif
sub~= n:f:é:r b::;- uz{‘l cg:;::::m ?:ié;; :;:;‘ cium | sium (Na) sium |bonate|fate ride (F) |trate| (B) |solved nﬁ:" 2;‘5‘ tion ance pH
ldivision unit | (Fe) (ca) | (Mg) (K) | (HCO4) | (50,) | (G1) (804) solids €aCO3 |dium ratio (mictuThou
(SAR) | at 25°C.)
9 UN=51=56-902] Qa 99 | Aug. 3, 1958| 65 0.01 | 57 6.6 14 8.3] 219 1o 6.2| 1.4 8.410.18 295 169| 14 0.5 410 1.2
T=16-301 Ti 1,185 | Aug. 1, 1958] 26 .03 .8 W0 115 4| Y 243 25 13 2.8 7.5] .21 319 2199 | 35 503 8.8
24201 11 694 do 21 .01 1.6 2 119 L7\ Y 223 37 18 2.0 |13 +29 336 5|98 | 23 520 8.5
10 UW=74-30-402] Qa 48 | July 19, 1948| 60 .05 | 78 9.8 63 8.4) 260 114 28 1.2 9.6| == 524 235| == 1.8 - u=
403 Qa 50 | Mar. 29, 1961| 52 - 210 | 22 289 6.1 346 | 624 [194 | == |43 | .53 [1,600 | 61|50 | 5.1 2,240 6.8
11 | uw-74-32-401 Ti Spring | Nov. 23, 1949| 59 - Ay 6 24 2,01 151 20 16 1.1 ] 12 213 257 134] 28 .9 359 7.8
4 39-501| Qa 25 | Nov. 2, 1949| 67 - 125 21 439 5.1 252 566 |383 4.0 | 32 5 |1,790 398| 70 9.6 2,650 7.6
12 1t/ BK-73-44-802] Qa 34 | Sepr. 22, 1949| 29 - 143 17 142 7.0 196 552 il 1.3 |1 .18 |1,050 427 41 3.0 1,360 7.9
46-801| Ti |Spring| July 13, 1960| 24 —— a7 1.8 *29 134 30 7.5] 3.3 3.8] == 208 1001 39 1 A | 301 7.2
14 £/ BK-73-55-601 K |Spring | Sept, 22, 1949| 38 = 76 6.8 67 2,01 1330 43 18 2.9 -= | .24 427 218| 40 2,0 677 8,0
15 BR=-73-47-501| Qa 217 | July 13, 1960| 30 - 45 3.5 "1 154 21 10 1.4 7.8 == 226 1271 26 .8 327 Tel
B 49-401| Qac |Spring | Sepr. 22, 1949| 26 -— 134 38 101 5.9 273 inz 71 2.1 b .32 934 5411 31 1.9 1,290 7.5
502 Qac |Spring | July 13, 1960| 22 - 126 36 *100 266 34k 69 1.9 1.5 == 900 462 32 2,0 1,210 7.0
16 BK=52-55-103| Om 200 [ Mar. 9, 1957 16 - 68 46 *g2 322 123 98 1.8 3.0] -- 59 358] 33 1.9 1,020 7.3
61-502| Kfw |Spring | Mar. 5, 1957| 16 - 72 10 *13 258 27 5,8 +6 5| = 276 220| 12 o 464 77
63~101 P 125 | Mar. 12, 1957| 26 - 108 22 ’L'd 342 107 36 .8 5.0] -- 5