


Ground water in the alluvium along the Rio Grande at the lower end
of both Red Light Draw and Green River Valley is of poorer quality, com-
monly slightly to very saline. The high salt content probably results
from evapotranspiration in the ground-water discharge zone along the river.
However, in the Indian Hot Springs area, along the Rio Grande in the south-
easternmost part of the Hueco bolson just west of lower Red Light Draw:
(fig. 22), part of the poor-quality ground water in the alluvium is hot,
salty water that has leaked upward along faults. Most of the springs in
the area are geothermal, and water is discharged at temperatures of 104
to 122°F (40 to 50°C).

Development of Ground Water, Volumes of Freshwater in
Storage, and Problems Associated with Future Development

Little ground water has been developed in Red Light Draw, Eagle Flat,
" and Green River Valley. Most wells yield small amounts of water for stock
and domestic use, although 10 wells have been drilled to irrigate local
tracts of land along the Rio Grande from Indian Hot Springs to Green River.
Water levels over the entire area probably have changed little since it
was settled.

The areas where significant quantities of fresh ground water might
be available are shown on figure 20. The volumes of water in storage were
estimated by using geophysical data; therefore, these estimates are uncer-
tain because few hydrologic data are available for correlation with the
geophysical data, and the geophysical data are insufficient to determine
the base of water-bearing, permeable basin fill and volcanic clastics.

About 600,000 acre-feet (740 million m3) of fresh ground water may
be stored in the south-central part of Red Light Draw, assuming an average
thickness of permeable material of 750 feet (230 m), a saturated thick-
ness of 350 to 450 feet (110 to 140 m), and a specific yield of 7.5 per-
cent over an area of 32 square miles (83 kmz). Although the geophysical
data indicate thicknesses of 1,000 to more than 2,000 feet (300 to more
than 610 m) of permeable material, the Geological Survey test hole Guerra
No. 1 penetrated only about 1,100 feet (335 m) of permeable material and
the average thickness is probably less than 1,000 feet (300 m). Becausc
much of the material may be volcanic clastics, similar to that in Lobo and
Ryan Flats, the specific yield was assumed to be 7.5 percent.

In Green River Valley, limited geophysical data suggest significant
thicknesses of potentially freshwater-bearing material on either side of
the outcrops of volcanic rock midway up the valley. No hydrologic data
are available in this area, but if the average thickness of the water-
bearing material is assumed to be 750 feet (230 m), the saturated thick-
ness is estimated to be 450 to 550 feet (140 to 170 m), and the specific
yield is 7.5 percent over 12 square miles (31 km2), about 280,000 acre-
feet (345 million m3) of freshwater is in storage.
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The resistivity data, which indicate significant amounts of freshwater-
bearing material in Green River Valley at soundings 148 and 153, also sug-
gest that this material has low porosity and permeability. In thick sec-
tions of moderately coarse-grained and resistive material, the water table
commonly can be detected as a decrease in resistivity if the porosity is
high. The data from soundings 148 and 153 do not indicate the altitude
of the water table; consequently, the potential water-bearing material may
have low porosity and permeability, and possibly is tuff or interbedded
tuff and volcanic flows.

Along the east front of the Eagle Mountains in southeastern Eagle
Flat, resistivity data from soundings 140 and 141 indicate some potentially
freshwater-bearing, permeable material. In this area, however, the water
table is 500 to 1,000 feet (150 to 300 m) below the land surface, and the
saturated material is probably thin.

No problems are known to be associated with developing ground water
in Red Light Draw and Green River Valley. In both basins, the water levels
in areas containing fresh ground water are 200 to 400 feet (60 to 120 m)
higher than the water levels in areas of saline water along the Rio Grande.
Encroachment of saline water should not be a problem until water-level
declines are significant.

PRESIDIO BOLSON AND ADJACENT AREAS

The Presidio bolson extends along the Rio Grande from Candelaria,
Texas, to outcrops of volcanic rock 6 to 10 miles (10 to 16 km) southeast
of Presidio, Texas. The smaller Redford bolson continues along the Rio
Grande for another 12 miles (19 km) southeast of the volcanic outcrops.
Data on the northern end of the Presidio bolson are shown on figure 14;
data on the rest of Presidio bolson and the Redford bolson are shown on
figure 23. Both the Presidio and Redford bolsons are drained by ephemeral
streams tributary to the Rio Grande. The southeastern end of the Presidio
bolson is also drained by two streams that flow into the bolson from the
north,

The Presidio bolson is bounded on the northeast by the Chinati Moun-
tains, composed of Tertiary intrusive rocks and volcanics underlain by
Permian siltstone, limestone, and sandstone, and Cretaceous limestone,
shale, sandstone, and conglomerate. To the southeast, the bolson is bounded
by the Cienega Mountains, the Black Hills, and other hills composed of
Tertiary intrusive rocks, conglomerate, and volcanic clastics, underlain
by Cretaceous limestone, shale, and sandstone; and by the Bofecillos 'Moun-
tains, composed of Tertiary volcanics and volcanic clastics. The Redford
bolson is bounded on the east by the Bofecillos Mountains, and the United
States parts of the Presidio and Redford bolsons are bounded on the west
by the Rio Grande.
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Ground-Water Hydrology

’

Much of the Presidio bolson is underlain by a thick section of fine-
grained basin fill, most of which is probably lacustrine clay. and silt
containing salty water, and volcanic clastics(?). Figure 3m shows resis-
tivity along the axis of the Presidio bolson near the Rio Grande from .
Ruidosa to Redford bolson. Figure 3n shows resistivity across the Presidio
bolson from the Chinati Mountains to Presidio, and figure 3p (section S-S')
shows resistivity between the Chinati Mountains and the Rio Grande. Fig-
ures 30 and 3p (sections Q-Q' and R-R') show resistivity roughly east-west’
and north-south across the southeastern part of the Presidio bolson in
the Alamito-Cibolo Creeks area.

Resistivity-sounding profiles 0-0', P-P', Q-Q', R-R', and S-S' (figs.
3m-3p) indicate the occurrence of large maximum thicknesses of fine-grained
material, ranging from about 1,600 feet (490 m) near the Chinati Mountains
to as much as 5,000 feet (1,520 m) along the bolson axis. Near the moun-
tains, as at soundings 101 on figure 3n and 114 on figure 3p, volcanic
flows apparently occur at shallow depths, although some of this material
could be coarse-grained alluvial-fan deposits derived from the mountains.
Sounding 108, near the mountains at the northern end of the bolson (not
shown on the resistivity sections), also indicated moderately resistive
material to a depth of about 1,300 feet (400 m). This material is probably
coarse-grained fan deposits, but may be volcanics. ‘ '

Seismic-reflection data obtained from an‘oil company were used to
estimate the thickness of the basin fill and volcanic clastics(?) at selected
sites shown on figure 23. Most of these thicknesses are of the same order
of magnitude as the thicknesses determined from the resistivity data..

Soundings 116, 165, and 117, at the southeast end of the section on
figure 3m in the Redford bolson, indicate that the basin fill in this area
is thinner, about 500 feet (150 m) thick, and coarser grained. Sounding
164 shows the shallow volcanic rocks separating the Presidio and Redford
bolsons.

Figures 30 and 3p (section R-R') suggest that the basin fill and vol-
canic clastics(?) in the Alamito Creek area are coarser grained than in
the rest of the Presidio bolson. Soundings 119 through 163 on figure 3o
and 160 through 119 on figure 3p, as well as sounding 161 on figure 3m,
show that the basin fill and volcanic clastics(?) range from 1,000 to 2,500
feet (300 to 760 m) thick and are moderately resistive, especially at sound- -
ings 118, 160, 161, and 162. Much of this material may be coarse-grained
alluvial sediments deposited by Alamito Creek, although the deeper material
may be tuff or interbedded tuffs and volcanic flows. As in Lobo and Ryan
Flats, the resistivity data cannot be used to distinguish alluvium from
volcanic clastics or permeable material from deposits of low permeability.

The resistivity data do not accurately indicate the thickness of the

alluvium overlying the fine-grained bolson fill along the Rio Grande flood
plain, although the data suggest that the alluvium is less than 100 feet
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(30 m) thick. Because the alluvium generally contains ground water of
poor quality, the resistivity of the coarser alluvium is as low as the
resistivity of the bolson fill. The few drillers' logs available of wells
along the river also indicate that the alluvium is less than 100 feet (30
m) thick.

Most wells in the Presidio bolson above the Rio Grande flood plain
pump small amounts of water for stock or domestic use, but one irrigation
well along Cibolo Creek and another well along Alamito Creek both reportedly
yield 600 gal/min (38 L/s). About 80 large-diameter wells in the Presidio
bolson, chiefly around Presidio, and 11 in the Redford bolson, most of
which originally were dug or drilled for irrigation, were inventoried dur-
ing this study. Most of these wells reportedly yield between 300 and 800
gal/min (19 and 50 L/s), although three wells in the northern end of the
Redford bolson reportedly yield 1,200 to 1,500 gal/min (76 to 95 L/s).
Reported specific-capacity data indicate that the transmissivity of the
Rio Grande alluvium in the Presidio and Redford bolsons is about 5,000 to -
21,000 ft2/d (500 to 2,000 m2/d).

Recharge to the Presidio and Redford bolsons occurs along the margins
of the bordering mountains and in the channels of Cibolo and Alamito Creeks
and ephemeral streams. The Rio Grande, during periods of high flow, locally
recharges the alluvium along its flood plain. By using a rough relation-
ship between recharge and drainage area, recharge to the Presidio and Red-
ford bolsons, not including recharge by the Rio Grande or recharge in the
drainage areas of Cibolo Creek and Alamito Creek outside the Presidio bol-
son, is about 7,000 acre-feet (8.6 million m3) per year. Additional ground
water enters the southeastern part of the Presidio bolson as underflow in
the Alamito Creek Valley.

Water-level contours in the Presidio and Redford bolsons (fig. 24)
indicate that ground water flows from the margins of the bolsons to the
Rio Grande, where it discharges to the river. Water-level data are sparse
outside of the Rio Grande flood plain, and much of the data are from shal-
low wells (less than 100-200 feet or 30-60 m deep) in or near the channels
of ephemeral streams and Cibolo and Alamito Creeks. Water levels in these
wells may be higher than would be typical of wells in the deeper bolson
fill because of periodic recharge from the streams or because the water
is perched.

Water levels in two wells that are 350-400 feet (110-120 m) deep,
one next to the upper part of Cibolo Creek and one adjacent to Alamito
Creek, were 140 to 160 feet (43 to 49 m) lower than water levels in the
shallow wells, and may be more representative of conditions in the deeper
bolson deposits. However, in much of the Presidio bolson northwest of
Cibolo Creek, the deeper bolson fill is mostly fine-grained lacustrine
deposits; and most ground-water circulation in this area probably is in
the channel deposits along the ephemeral streams tributary to the Rio
Grande.
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Quality of Ground Water

The quality of ground water in the Presidio and Redford bolsons and
adjacent areas is shown on figure 25. Almost all of the ground water sam-
pled above the flood plain of the Rio Grande, both in the bolsons and in
the adjacent hills and mountains, was fresh. However, in the area north-
west of Cibolo Creek between the foothills and the flood plain, where the
resistivity data indicate that the bolson fill is mostly lacustrine clay
and silt, the ground water probably is fresh only in the alluvium along °
the stream channels. Water in the bulk of the fine-grained bolson fill
probably is moderately saline or of poorer quality. In the Cibolo-Alamito
Creek area, resistivity data indicate that the entire section of bolson
fill is coarser grained and may contain freshwater.

In the alluvium along the Rio Grande northwest of Presidio, ground

- water ranges from fresh to very saline, but mostly is moderately saline.
Below Presidio and in the Redford bolson, ground water in the alluvium
generally is slightly saline. The Rio Grande above Presidio commonly has
low flow or is dry; after the Rio Conchos enters the Rio Grande 4 miles
(6 km) above Presidio, it becomes a perennial stream. In 1973, the Rio
Grande had a discharge of 6,600 acre-feet (8.1 million m3) at the gaging
station 7 miles (11 km) northwest of Presidio while the discharge was
791,000 acre-feet (975 million m 3) at the station downstream from the Rio
Conchos and Alamito Creek junctions (International Boundary and Water
Commission, United States and Mexico, 1973, p. 16 and 19). The inflow
from the Rio Conchos and Alamito Creek has maintained the ground water
along the Rio Grande at a better quality below the confluence of the Rio
Conchos.

The generally poor quality of ground water in the alluvium along the

Rio Grande results from the discharge of ground water by evapotranspira-
tion along the flood plain of the river. The quality of ground water in
the alluvium, however, varies both with area and time, reflecting periodic
recharge from the river. The alluvium locally contains freésh to slightly
saline water, probably because of recharge from the river, subsurface
inflow, or recharge from tributary streams, such as Pinto Creek, Cibolo
Creek, and Alamito Creek.

Development of Ground Water, Volumes of Freshwater in
Storage, and Problems Associated with Future Development

Ground water has been developed for irrigation along the flood plain
of the Rio Grande and locally along Cibolo and Alamito Creeks; in other
parts of the Presidio and Redford bolsons, ground water is withdrawn only
for stock and domestic uses. Davis and Leggat (1965 p.- U38) estimated
that in 1960 about 5,400 acre-feet (6.7 million m3) of water was pumped
for irrigation above the confluence of the Rio Grande and Rio Conchos.

Below the Rio Conchos, surface water is normally available and ground water
is pumped only for supplemental irrigation supply.
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Long-term water-level declines along the Rio Grande are probably
small because pumping is minimal and -high flows in the Rio Grande peri-
odically recharge the alluvium. Two observation wells at Presidio and
Redford showed no significant water-level changes during 1966-76.

The only areas where significant amounts of fresh ground water might
be in storage are around Alamito Creek in the southéastern Presidio bolson:
and in the Redford bolson (fig. 23). The estimated amount of water stored
in the Alamito Creek area was based only on geophysical data. This esti-
mate is uncertain because. no hydrologic data were available to verify the
geophysical data, and because the base of the water-bearing and permeable
material is not known. The estimate for the Redford bolson is slightly
more reliable because some hydrologic data are available.

. As much as 800,000 acre-feet (986 million m3) of fresh ground water
may be stored in the Alamito Creek area, assuming an average thickness
of potentially permeable basin fill and volcanic clastics(?) of 750 feet
(230 m), an average saturated thickness of 600 feet (180 m), and a specific
yield of 7.5 percent over an area of about 29 square miles (75 km?). About
200,000 acre-feet (247 million m3) of fresh and slightly saline ground
- water may be stored in the Redford bolson, assuming an average basin-fill
thickness of 350 feet (110 m), an average saturated thickness of 200 feet
(60 m), and a specific yield of 10 percent over an area of 17 square miles
(44 kmé) The specific yield was assumed to be 10 percent because the
material to depths of about 500. feet (150 m) in the Redford bolson is bol-
son fill and probably does not include any volcanic clastics. Most of
this water is fresh, because the slightly saline water occurs only in the
river alluvium to depths of 100 feet (30 m) or less.

The volume of slightly saline water in the alluvium under the Rio
Grande flood plain of the Presidio bolson was not estimated because it
is probably insignificant. Most of the water in the alluvium of this reach
of the river is moderately saline or poorer quality.

No problems are known to be associated with developing the fresh
ground water in the Presidio and Redford bolsons. Water levels along the:
Rio Grande near Presidio are about 200 feet (60 m) lower than the average
water level in the Alamito Creek area, so the poor-quality water in the
alluvium would not move north unless development in the Alamito area low-
ered water levels more than 200 feet. The lack of hydrologic data in the
Alamito Creek area, however, makes it impossible to accurately determine
the potential of this area for the development of freshwater.

HUECO BOLSON

The Hueco bolson, an interstate and international ground-water reser-
voir, includes areas in Texas, New Mexico, and Mexico. The northern part
of the bolson, in Texas and New Mexico, lies between the southern Organ
Mountains and the Franklin Mountains on the west and the Hueco Mountains
on the east; the southeastern part of the bolson, in Texas and Mexico,
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lies between several mountain ridges in Mexico on the west and the Diablo
Plateau and the Finley, Malone, and Quitman Mountains on the east (fig.
26).

The Organ Mountains are composed of Tertiary intrusives and volcanics,
Paleozoic limestones and dolomites, and Precambrian rocks; the Franklin
Mountains are composed mostly of Precambrian rocks and Paleozoic limestones
and dolomites; and the Hueco Mountains and the Diablo Plateau are composed
mostly of limestone, sandstone, and shale of Paleozoic and Cretaceous age.
The Finley and Malone Mountains are composed mostly of limestone, sandstone,
and shale of Paleozoic, Jurassic, and Cretaceous age; and the Quitman Moun-
tains are composed of Cretaceous limestones and Tertiary volcanics. The
rocks of the mountain ranges bounding the bolson in Mexico are mostly lime-
stone, sandstone, and siltstone of Cretaceous age (DeFord and Haenggi, 1970,
p. 175). '

The Rio Grande is entrenched about 200 to 250 feet (60 to 80 m) into
the Hueco bolson. The relatively undissected and undrained surface of
the bolson is commonly termed the ''mesa,' and the hilly eroded area between
the edge of the mesa and flood plain of the Rio Grande is called, in this
report, the '"sandhills area" (fig. 26). The flood plain of the Ri6 Grande
on the United States side of the river is locally called the E1 Paso Valley.

Ground-Water Hydrology

The primary water-bearing material of the Hueco bolson is the uncon-
solidated basin fill, which in previous hydrologic studies (Knowles and
Kennedy, 1958, p. 19-20; and Alvarez and Buckner, 1974, p. 33-34) commonly
has been divided into the Rio Grande alluvium, composed of the channel
deposits of the modern course of the Rio Grande, and the older bolson
deposits, mostly deposited before the Rio Grande drained the bolson.

In the northern part of the bolson, Davis and Leggat (1967, p. 8 and
fig. 2) reported that on the basis of seismic-refraction, gravity, and
resistivity data, the thickest section of basin fill occurs as a trough-
shaped body adjacent and parallel to the Franklin Mountains. The total
thickness of this section may be as much as 9,000 feet (2,740 m). In this
area, a deep test hole drilled by El1 Paso Water Utilities about 12 miles
(19 km) north of downtown El Paso penetrated 4,363 feet (1,330 m) of fill
that was predominantly sand and gravel in the upper 600 feet (180 m), sand
and clay in the interval from 600 to 2,300 feet (180 to 700 m), and mostly
lacustrine clay with some evaporites below 2,300 feet or 700 m (Davis and
Leggat, 1967, p. 14-16). Cliett (1969, fig. 2) identifies the upper 1,400
feet (430 m) as fluvial deposits and the material below 1,400 feet (430 m)
as lacustrine deposits.

In the southeastern part of the bolson between El Paso and Clint,
Davis and Leggat (1967, fig. 2) indicated that the basin fill is from 1,000
to 3,000 feet (300 to 910 m) thick. Gates and Stanley (1976, p. 34) inter-
preted resistivity data collected over much of the southeastern Hueco
bolson between El1 Paso and Esperanza to indicate that the basin fill was
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of freshwater, mostly in the interval between the land
surtoce ond o depth of 200 feet (60m). Moditied from
Alvarez and Buckner {1974, figs. 10 and 11)

To obtain meters multiply feet by 0.3048
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FIGURE 26b.-Hydrologic data for the Hueco bolson and locations of electrical soundings




from less than 1,000 feet (300 m) to about 5,000 feet (1,520 m) thick.
An oil test drilled 2 miles (3.2 km) northeast of Tornillo (fig. 26a)
reportedly penetrated about 9,000 feet (2,740 m) of basin fill (Alvarez
and Buckner, 1974, p. 33). This thickness is anomalous for this part of
the bolson and is not indicated by the resistivity data. However, the
deep trough of fill adjacent to the Franklin Mountains may extend south
into Mexico and possibly swings southeast into the United States near
Tornillo. Gates and Stanley (1976, p. 35) stated that much of the basin
fill in the southeastern part of the bolson has low resistivity and is
composed of clay, probably playa-lake deposits, including some sand beds
containing salty water.

An ancient course of the Rio Grande probably extended into the Hueco
bolson through Fillmore Pass between the Organ and Franklin Mountains and
along the east front of the Franklin Mountains (Strain, 1966). Part of
the uppermost 600-1,400 feet (180-430 m) of relatively coarse-grained basin
fill east of the Franklin Mountains may be deposits of the ancestral Rio
Grande. Airborne-electromagnetic and resistivity data from the southeast-
ern part of the bolson indicate the occurrence of a band of resistive
material several hundreds of feet (about 100-200 m) thick along the edge
of the mesa roughly parallel to the Rio Grande (Gates and Stanley, 1976,
figs. 5 and 7). This zone may represent a continuation of the coarse-
grained material deposited by the ancestral Rio Grande on its course to
the southeastern end of the bolson.

The Rio Grande alluvium is the material deposited by the Rio Grande
along its present course through the bolson. Davis (1967, p. 5) estimated
its maximum thickness at about 200 feet (60 m); Alvarez and Buckner (1974,
p. 22) stated that in two test holes drilled along the river, the coarsest
material, most of which is alluvium, extended to a depth of 250 feet (76 m).

Transmissivities of the bolson deposits along the Franklin Mountains
range from 6,700 to 33,400 ft2/d or 620 to 3,100 m2/d (Meyer, 1976, fig.
8). No data are available on transmissivities in the southeastern part
of the bolson or in the Rio Grande alluvium. The wells of E1 Paso Water
Utilities, east of the Franklin Mountains, yield as much as 1,800 gal/min
(113 L/s) with specific capacities of up to 40 (gal/min)/ft [8 (L/s)/ft].
Irrigation wells tapping the Rio Grande alluvium in the El1 Paso Valley
yield as much as 2,000 gal/min (126 L/s).

Recharge to the Hueco bolson occurs along the mountains bordering
the bolson, and at times locally along the Rio Grande. Meyer (1976, p.
18) estimated, from digital-model studies, that the annual recharge around
the perimeter of the northern end of the bolson, including areas in New
Mexico and around Ciudad Juarez in Mexico, was about 6,000 acre-feet (7.4
million m3). By using a rough relationship between recharge and drainage
area, and by assuming an annual average of 10 inches (254 mm) of precipita-
tion, recharge to the éntire United States part of the bolson, not includ-
ing recharge from the Rio Grande, might be about 14,000 acre-feet (17.3
million m3) per year.
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Before the Rio Grande drained the Hueco bolson, ground water probably
flowed to depressions or lakes in the lowest parts. of the bolson, where
it was discharged by evapotranspiration. After the river cut through the
bolson, the flood plain served as the discharge zone. Meyer and Gordon
(1972, fig. 8) showed estimated water-level contours for the northern part
of the bolson in 1903, prior to significant ground-water development
These contours 1nd1cate that ground water moves generally south across
the Texas-New Mexico State line toward the Rio Grande. A 1970 water-level
map (Meyer and Gordon, 1972, fig. 4) shows that much of the ground water
now flows into two cones of depression in the water table east of the Frank-
lin Mountains, where it is discharged by municipal-supply and industrial
wells.

Over most of the bolson, ground water occurs under water-table con-
'ditions. In the El1 Paso Valley, however, ground water is under water-
- table conditions in the Rio Grande alluvium and partially under artesian
conditions where sands occur in the underlying bolson deposits. Along the
Rio Grande flood plain between downtown El Paso and Ysleta, the water in
the bolson deposits is under slight artesian pressure; and Davis and Leggat
(1965, p. U38) defined this as the city artesian area. Within this area,
the freshwater in the bolson deposits is overlain by slightly saline water
and underlain by slightly saline and poorer-quality water. The freshwater
zone is as much as 600 feet (180 .m) thick and the top of the zone is at
depths of 200 to 500 feet (60 to 150 m). The water in the city artesian
zone is fresh because the recharge area is nearby, the fill is relatlvely
coarse, and ground-water circulation is relatively rapid.

Davis and Leggat (1965, p. U40) envisioned the city artesian area to
be a locality where ground water passes beneath beds of lower permeabil-
ity and is confined under pressure. The clay beds in the deposits of the -
northern part of the bolson, however, are discontinuous lenses; consequently,
there is no single confining bed in the city artesian area. The increase
in pressure with depth in the.city artesian area may be as much a result
of the upward movement of ground water and low vertical permeability as
it is a result of the water passing beneath confining beds.

In most of the city artesian area, pumping of ground water from the
bolson deposits has lowered the water level below the water level in the
overlying Rio Grande alluvium; and the original direction of ground-water
movement has been reversed. Water now moves downward from the alluvium
to the bolson deposits. This reversal of flow, together with the lining
with concrete of a 4.35-mile (7.0-km) segment of the Rio Grande below E1l
Paso del Norte in downtown E1 Paso in 1968, has in turn lowered water levels
in the alluvium. In southeastern El Paso, downstream from the end of the
lined section of the river, the Rio Grande is now a source of recharge to
the alluvium rather than an area of discharge.

The digital model of the ground-water system of the northern part of
the bolson indicated that the river furnished between 10,000 and 20,000
acre-feet (12.3 and 24.7 million m3) per year of recharge to the alluvium
between 1953 and 1973 (Meyer, 1976, table 1). The model indicated that
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the rate of recharge progressively increased, except just after the par-
tial lining of the Rio Grande in 1968, when recharge decreased and subse-
quently continued to increase. This recharge, which did not occur before
ground water was developed in the bolson, has been induced by water-level
declines caused by pumping in the city artesian area. If this estimate
of induced recharge is correct, the amount is substantially greater than
the 6,000 acre-feet (7.4 million m3) per year of recharge estimated to
occur under natural conditions around the margin of the nothern end of
the bolson.

El Paso Water Utilities drilled two test holes southwest of Fabens
(one of these tests, 3.5 miles or 5.6 km southwest of Fabens, is shown
on figure 26a) that penetrated a zone of alternating sands and clays between
1,300 and 1,900 feet (400 and 580 m). This zone, which yields slightly
saline water (958 to 1,540 mg/L dissolved solids) under sufficient pres-
sure to flow at the land surface, has been informally called the 'Fabens
artesian zone." In this zone, the pressure probably is the result of
ground-water confinement. Electrical logs of the test holes indicate -
that the materiial overlying the artesian zone is predominantly clay, which
probably forms an effective confining bed.

The Fabens artesian zone also has been tapped by wells drilled far-
ther west in Mexico. Hydrologic and resistivity data from the Mexican
side of the Rio Grande near Fabens (Hector A. Gameros, Secretaria de
Recursos Hidraulicos, written commun., Apr. 24, 1975; and GeoFimex S. A.,
1970) indicate that the top of the artesian zone is shallower there, per-
haps at a depth of about 900 feet (270 m). The zone may be composed of
coarser sediments eroded from the Sierra del Presidio, Sierra de Guada-
lupe, and Sierra de San Ignacio, which bound the bolson to the south in
Mexico and rise to elevations of 6,000 to 7,000 feet (1,830 to 2,130 m)
above mean sea level. Resistivity data collected in the Fabens area sug-
gest that the artesian zone extends to a depth of 2,800 feet (850 m), and
resistivity and hydrologic data suggest that it is limited in the United
States to the area immediately south and west of Fabens (Gates and Stanley,
1976, p. 31; Davis and Leggat, 1965, p. U40).

Quality of Ground Water

Figures 26a,b show the areas of the Hueco bolson that are underlain
by significant thicknesses of fresh and slightly saline ground water.
The largest amount of freshwater in the Texas part of the bolson occurs
in the northern part, in a trough-shaped body up to 1,000 feet (300 m)
thick and about 7 miles (11 km) wide adjacent to the Franklin Mountains.
This body of freshwater occurs in sediments that include coarse debris
eroded from the mountains and alluvium deposited by the ancestral Rio
Grande. Recharge occurs mainly by infiltration of runoff along the Frank-
lin and Organ Mountains. The combination of a nearby source of recharge
and coarse-grained and permeable sediments results in relatively rapid
and deep circulation of freshwater. Water pumped from wells in this area
commonly contains less than 500 mg/L dissolved solids.
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East of the axis of the trough, toward the Hueco Mountains, the fresh-
water section thins to less than 100 feet (30 m). Along the eastern side
of the southeastern part of the bolson, available well data also indicate
that where present, the freshwater is generally in a zone less than 200
feet (60 m) thick (figs. 26a,b). In these areas, the fill is finer grained,
less permeable, and probably contains more soluble material. The rate of
recharge is less from the low Hueco Mountains and Diablo Plateau, ground-

water circulation is slow, and the water contains a greater amount of dis-
solved minerals. ' ;
Ground water in the Rio Grande alluvium in the El1 Paso Valley is pre-
dominantly slightly saline in El1 Paso County and moderately saline or of
poorer quality in Hudspeth County (fig. 26 and Alvarez and Buckner, 1974,
figs. 10 and 11). In the city artesian area at the north end of El Paso
Valley, the water in the Rio Grande alluvium is of poorer quality than
the water in the underlying bolson deposits, but at many locations down
valley, the water in the alluvium is of better quality than the water in
the underlying fill. The poor quality of the water in the Rio Grande allu-
vium probably results from the concentration of salts through evapotrans-
piration of shallow ground water during the long period when the river was
the zone of discharge for ground water in the Hueco bolson. In addition,
irrigation in the valley has increased the concentrations of salt in the
water.

Southeast of Ysleta, water in the bolson deposits beneath the Rio
Grande alluvium is moderately to very saline, generally containing mpre
than 5,000 mg/L dissolved solids (Alvarez and Buckner, 1974, fig. 14).
Only 2 of the 15 deep test holes that have been drilled to depths of: 600
to 3,500 feet (180 to 1,070 m) in the El1 Paso Valley southeast of Ysleta
encountered any freshwater, and this water was limited to the upper 300
feet (90 m) of material penetrated, most of which was Rio Grande -alluvium.
‘Soluble material in the fine-grained, predominantly playa-lake bolson depos-
its, and the lack of ground-water circulation at depth probably accounts ’
for the poor-quality water in the basin fill in the El Paso Valley.

Some fresh and slightly saline ground water occurs in the Rio Grande
alluvium and underlying bolson deposits in the sandhills area between the
flood plain and the mesa, most significantly between Fabens and Tornillo
(fig. 26a). In this area, several wells penetrated sediments containing
fresh and slightly saline water to depths of as much as 500 feet (150 m).

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

Pumping ground water from the Hueco bolson for municipal and indus-
trial supplies began in the early 1900's. The rate of withdrawal has
steadily increased along with the area's population and industrial growth.
From 1906 through 1975, about 1.80 million acre-feet (2.2 km3) was pumped
from the Texas part of the northern Hueco bolson; and from 1925 through
1975, about 570,000 acre-feet (703 million m3) was pumped from the Ciudad
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Juarez area in Mexico, for a total of 2. 37 million acre-feet (2.9 km3).

In 1975, 72,000 acre- feet (89 million m3) was pumped from the Texas part

of the northern bolson and about 40,000 acre-feet (49 million m 3y was pumped
from the Ciudad Juarez area, for a total of 112,000 acre-feet (138 million
m3). From 1903 to January 1976, water levels decllned as much as 60-70

feet (18-21 m) in the northern and southeastern part of El Paso and as

much as 95 feet (29 m) in downtown El1 Paso and Ciudad Juarez (U.S. Geolog-
ical Survey, unpublished records).

When the flow of the Rio Grande is low and little water is available
for irrigation, large amounts of ground water are pumped from shallow wells
in the Rio Grande alluvium for supplemental irrigation supplies. As much
as 150,000 acre-feet (185 million m ) per year has been pumped when sur-
face water was in short supply, and less than 10,000 (12.3 million m3)
per year has been pumped when the surface-water supply was adequate (Alvarez
and Buckner, 1974, table 7). Water levels decline in the alluvium during
years of heavy pumping but recover when surface water is plentiful and
recharges the alluvium. Except in the city artesian area, water levels
in the Rio Grande alluvium have not shown -any long-term declines.

Meyer (1976, table 2) estimated on the basis of digital-model studies
that in 1973, about 10.6 million acre-feet (13.1 km3) of fresh ground water
was stored in the trough east of the Franklin Mountains. Gates and Stanley
(1976, p. 28) estimated that 400,000 to 800,000 acre-feet (0.5 to 1 km3)
of fresh to slightly saline ground water occurs from Fabens to and south-
east of Tornillo, mostly in the sandhills area (fig. 26a). This estimate
was based on an average saturated thickness (50 percent sand) of 500 feet
(150 m), a specific yield for the sands of 10 percent, and an area of 25
to 50 square miles (65 to 130 km?).

In addition to these volumes of water, Knowles and Kennedy (1958, p.
37) estimated that 6.2 million acre-feet (7 6 km3) of fresh ground water
is stored in the part of the freshwater trough in New Mexico, which extends
about 12 miles (19 km) north of the State line to the southern end of the
Organ Mountains. Data are not available to estimate the volume of fresh
ground water in the Mexican part of the Hueco bolson, although Meyer (1976,
P. 14) made a rough estimate of 4 million acre- feet (5 km3) in the Ciudad
Juarez area.

At each electrical sounding (figs. 26a,b), the thickness of material
potentially saturated with freshwater is shown. This thickness, which is
defined as all intervals below the water table having a resistivity of
more than 20 ohmmeters, was obtained from figure 6 of Gates and Stanley
(1976). The resistivity data show little potentially freshwater-bearing
material southeast of E1 Paso. With the exception of sounding H-H' north
of Ysleta (fig. 26a), no soundings in the El Paso Valley showed any poten-
tial for the occurrence of freshwater. In the sandhills and mesa areas,
with the exception of the Fabens-Tornillo area, most soundings indicate
200 feet (60 m) or less of freshwater-bearing material. Greater potential
thicknesses of sediments containing fresh ground water occur at several
localities--up to 300 feet (90 m) northeast of Ysleta, up to 440 feet (130
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m) northeast of Clint, and up to 570 feet (170 m) northeast of Fort Hancock
in Hudspeth County. However, wherever well or test-hole data are available
near an electrical sounding in the southeastern Hueco bolson, they indicate
that the resistivity data overestimate the thickness of sediments contain-
ing freshwater. ' '

In addition to fresh ground water in storage, large volumes of slightly
saline water are stored in both the Rio Grande alluvium and in the deposits
of the Hueco bolson. Alvarez and Buckner (1974, p. 17) estimated that
about 1.8 million acre-feet (2.2 km3) of slightly saline water occurs to
depths of about 200 feet (60 m) in the Rio Grande alluvium of the El Paso
Valley. Most of the slightly saline water is in El1 Paso County (fig. 26a).
Slightly saline and poorer-quality water also underlie the freshwater
trough east of the Franklin Mountains. Meyer and Gordon (1972, p. 27 and
29) roughly estimated the volume of slightly saline water in the northern
part of the bolson to be about 3.4 million acre-feet (4.2 km3).

Continued withdrawals of ground water from the Hueco bolson will result
in additional water-level declines, and will probably cause contamination
of the freshwater by poorer-quality water, and could possibly cause land-
surface subsidence. Meyer (1976, fog. 13) predicted, by use of a digital
model, water-level declines of up to 110 feet (34 m) in El1 Paso and 140
feet (43 m) in Ciudad Juarez for 1903-91. The prediction for Juarez is
probably conservative, because Meyer assumed an average annual pumping rate
for 1973-91 of 36,000 acre-feet (44 million m3) for Ciudad Juarez, and this
amount was exceeded by 1974.

The freshwater trough is underlain by and adjacent to poorer quality
water. In the deep test hole drilled by E1 Paso Water Utilities north
of downtown El Paso, the bolson sediments contained freshwater to a depth
of 960 feet (290 m). However, below that depth water quality deteriorated
markedly. Water samples from depths of 1,225-2,856 feet (373-871 m) con-
tained from 11,200 to 41,900 mg/L dissolved solids (Davis and Leggat, 1967,
table 1). In addition, freshwater in the city artesian area is overlain
by slightly saline water in the Rio Grande alluvium. As pumping lowers
water levels in the bolson deposits, water in the Rio Grande alluvium will
move down into the freshwater and will contaminate it to an unknown degree.
Similarly, water-level declines could induce upward and lateral movement
of poorer-quality water into the freshwater trough. The rate and extent
of such contamination has not been predicted, but it will probably be grad-
ual. Within limits, however, some mixing of fresh and slightly saline
water would produce a large volume of usable water.

Large water-level declines have produced land-surface subsidence in
parts of the United States (Poland, 1973) where aquifers include signifi-
cant thicknesses of clay and the declines have induced drainage of water
and compression of the clays. Subsidence has been predicted tentatively
to accompany future water-level declines around Tucson, Arizona (Davidson,
1973, p. E51-E54), an area in which the geohydrologic characteristics have
some similarity to those of the Hueco bolson. No land-surface subsidence
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has been recorded in the Hueco bolson and none has been predicted, but

if water levels decline several hundreds of feet (about 100 m), some sub-
sidence may occur, especially in the heavily pumped city artesian area in
the U.S. and Mexico.

LOWER MESILLA VALLEY AND ADJACENT PARTS OF
THE MESILLA BOLSON

The Mesilla Valley of the Rio Grande crosses the east side of the
Mesilla bolson west of the Franklin and Organ Mountains. The lower Mesilla
Valley is that part -between the Texas-New Mexico State line at Anthony
and E1 Paso del Norte between the Franklin Mountains and Sierra de Cristo
Rey at the Mexican border (fig. 27). The Franklin Mountains to the east
are composed of Precambrian rocks and Paleozoic and Cretaceous limestone,
dolomite, and sandstone. Tertiary intrusives flanked by Cretaceous rocks
form the Sierra de Cristo Rey and the hills southeast of Cristo Rey on the
east side of the Rio Grande. The west side of the lower Mesilla Valley is
La Mesa, the undissected surface of the Mesilla bolson that is underlain
by basin fill of late Tertiary and Quaternary age.

The Mesilla bolson extends over a wide area of New Mexico, Texas,
and Mexico, from Las Cruces, New Mexico, on the north to the salt flats
in Mexico about 50 miles (80 km) south of the border. The western side
of the bolson, opposite the lower Mesilla Valley, is about 15 miles (24
km) west of the area shown on figure 27. This boundary is formed by the
East and West Potrillo Mountains, composed of Tertiary volcanic and intru-
sive rocks and Paleozoic and Cretaceous rocks that are mostly limestone.

Ground-Water Hydrology

Most of the Mesilla Valley and Mesilla bolson are underlain by thick
sections of basin fill, which are probably underlain by thick sections of
volcanic rocks. The basin fill of the Mesilla bolson is composed of clay,
silt, sand, and some gravel and includes the Santa Fe Group of Miocene to
Pleistocene age and the Rio Grande alluvium of Holocene age. Resistivity
and well data indicate that a fault bounds the east side of the basin
between Interstate Highway 10 and Texas Highway 20 (fig. 27). East of the
fault, the bedrock that is encountered at depths of about 100 to 600 feet
(30 to 180 m) is probably Paleozoic or Cretaceous limestone. ’

West of Texas Highway 20, a number of test holes and wells penetrated
more than 1,000 feet (300 m) of basin fill. A test hole 1 mile (1.6 km)
southwest of Anthony penetrated an igneous sill between 1,271 and 1,385
feet (387 and 422 m) but then apparently reentered unconsolidated fill and
remained in it to its total depth of 1,705 feet or 520 m (Leggat, Lowry,
and Hood, 1962, p. 14 and table 3). A well drilled 1 mile (1.6 km) south-
west of Strauss reportedly penetrated 1,810 feet (552 m) of basin fill
and from 1,810 feet to its total depth of 1,980 feet (604 m), the well
penetrated 110 feet (34 m) of rock underlain by 60 feet (18 m) of clay,
which may represent the bedrock.
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Kottlowski (1973, p. 42) stated that the Texaco No. 1. Weaver Federal
oil test, 12 miles (19 km) west of Anthony, penetrated basin fill to a
depth of 2,430 feet (741 m) and then volcanic rocks to a total depth of
6,620 feet (2,020 m). The electrical, sonic, and formation-density logs
of the oil test, however, suggest that the change from basin fill to vol-
canics could also occur at depths between 1,800 to 2,000 feet (550 to 610
m). Kottlowski (1973, p. 42) described the volcanic sequence in the Tex-
aco oil test as rhyolitic ash-flow tuffs and sediments, underlain by tuff
breccias and flows that are interbedded with siltstones. Interpretation
of resistivity data collected in the lower Mesilla Valley (Zohdy, Bisdorf,
and Gates, 1976) indicates as much as 3,000 to more than 5,000 feet .(900-
1,520 m) of low-resistivity material under the valley, which probably
includes the basin fill and underlying volcanics.

Much of the deeper part of the Santa Fe Group probably was deposited
when the Mesilla bolson was a closed basin and is predominantly coarse
grained around the margins of the bolson and fine grained in its center.
Most of the upper part of the basin fill was deposited by the ancestral
Rio Grande, which entered the bolson from the north, or was deposited in
lakes that formed periodically in the Mesilla and adjacent bolsons (Strain,
1973, p. 33). The river deposits are mostly coarse grained and the lake
deposits are mostly fine grained. The Rio Grande alluvium was deposited
by the river after it established its present course through the Mesilla
bolson to enter the Hueco bolson at El Paso del Norte. The alluvium under-
lies the flood plain of the river in the Mesilla Valley, and cannot be
distinguished easily from the underlying Santa Fe Group. Leggat, Lowry,
and Hood (1962, p. 15) estimated the thickness of the Rio Grande alluvium
to be 150 feet (46 m) or less. .

Leggat, Lowry, and Hood (1962, p. 10-15) defined three water-bearing
zones (shallow, medium, and deep aquifers) in the unconsolidated rocks of
the valley, mostly based on electrical logs of wells in El Paso Water Util-
ities' well field northwest of Canutillo (fig. 27). The shallow aquifer,
which includes the Rio Grande alluvium and part of the underlying Santa
Fe Group, is composed of sand and gravel with some silt and clay, and
extends from the land surface to depths of 160 to 260 feet (49 to 79 m).
The aquifer at medium depth, which includes most of the upper part of the
Santa Fe Group, consists of alternating beds of sand and clay, and extends
from the base of the shallow aquifer to depths of about 460 to 680 feet
(140 to 210 m). The medium aquifer appears to thicken to the west and
north (Leggat, Lowry, and Hood, 1962, figs. 4 and 5).

The deep aquifer is tapped by wells and defined only in the Canutillo-
Anthony area, where it extends from the base of the medium aquifer locally
to depths of more than 1,200 feet (370 m). In the deep test hole 1 mile
(1.61 m) southwest of Anthony, the base of the deep aquifer may be the
114-foot (35-m) igneous sill encountered at 1,271 feet (387 m)--the water-
bearing properties of the unconsolidated material below the sill are not
known. The deep aquifer is a uniform, thick-bedded, fine to medium sand
with relatively little clay. Electrical logs indicate that it thickens
to the west, and the aquifer (or laterally equivalent beds) contains brack-
ish water in the southern end of the valley.
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The shallow, medium, and deep aquifers each yield as much as 2,000
to 3,000 gal/min (126 to 189 L/s) to wells; and their transmissivities
are about 18,000, 5,000, and 8,000 ft2/d (1,670, 460, and 740 m2/d), respec-
tively (Leggat, Lowry, and Hood, 1962, p. 31, and unpublished data sup-
plied by E1 Paso Water Utilities). Specific capacities of irrigation wells
in the shallow aquifer of the northern part of the valley averaged 46 (gal/
min)/ft [9.5 (L/s)/m]. Wells in the medium aquifer of the Canutillo field
had an average specific capacity of 16 (gal/min)/ft [3.3 (L/s)/m], and
wells in the deep aquifer had an average specific capacity of 25 (gal/min)/
ft [5.2 (L/s)/m].

Recharge to the Mesilla bolson occurs from infiltration of runoff
around its margins. In and adjacent to the Mesilla Valley part of the
bolson, recharge also occurs from flow in the channels of ephemeral streams
tributary to the valley and as seepage from the Rio Grande, canals, and
infiltration of excess irrigation water. Unpublished water-level maps
prepared by the Geological Survey indicate that in general, ground water
moves from north to south in the bolson parallel to the Rio Grande, and
in the southern part of the bolson moves eastward into the lower Mesilla
Valley, which serves as a discharge zone. Before irrigation and ground-
water pumping began, the lower Mesilla Valley probably was a swampy area
of ground-water discharge. The narrow outlet at El Paso del Norte restricts
ground-water outflow from the valley, and results in most of the water
being discharged by evapotranspiration. Water-level contours do not indi-
cate that any significant amount of ground water moves south across the
border toward the salt flats in Mexico (C. A. Wilson and R. R. White, U.S.
Geological Survey, oral commun., Nov. 17, 1976).

Leggat, Lowry, and Hood (1962, p. 18) estimated that ground-water
inflow to the three aquifers of the lower Mesilla Valley from La Mesa to
the west, from the foothills of the Franklin Mountains to the east, and
from the Mesilla Valley north of Anthony was about 18,000 acre-feet (22
million m3) per year. This estimate was based partly on transmissivities
and water-table gradients. If the lower Mesilla Valley is the major dis-
charge zone for the entire Mesilla bolson, and if the transmissivity and
gradient data are representative of actual conditions, this value may be
the approximate recharge to the entire bolson.

Quality of Ground Water

The quality of ground water in the lower Mesilla Valley varies con-
siderably, both areally and with depth. Ground water in the shallow aqui-
fer is influenced by the quality of water in the Rio Grande because of
irrigation and direct infiltration from the river and canals. In general,
the water in the shallow aquifer is poorer in quality than the deeper
ground water. North of Canutillo, water from the shallow aquifer contains
from 260 to 2,300 mg/L dissolved solids, and south of Canutillo contains
as much as 24,800 mg/L (Meyer and Gordon, 1972, fig. 14). Water from the
medium and deep aquifers in the Canutillo-Anthony area is of better quality,
the best of which, from the deep aquifer, commonly contains less than 300
mg/L dissolved solids. Leggat, Lowry, and Hood (1962, p. 40-41) observed
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that the base of the freshwater in the Santa Fe Group is progressively
shallower toward the south and east, and that south of Canutillo, most
ground water contains more than 1,000 mg/L dissolved solids. At the south-
ern tip of the valley, wells commonly yield water containing more than
3,000 mg/L dissolved solids. Leggat, Lowry, and Hood (1962, p. 41) believed
that the poor quality of ground water in the southern half of the valley

is related to the lack of ground-water outflow. The narrow valley outlet
at E1 Paso del Norte prevented flushing of the original and possibly poor-
quality water from the Santa Fe Group, and forces most of the ground water
to be discharged by evapotranspiration, which concentrates dissolved salts
in the shallow ground water,.

The temperature of the ground water in the intermediate and deep aqui-
fers is abnormally high. Leggat, Lowry, and Hood (1962, p. 10) reported
that the thermal gradient in the Canutillo well field ranged from 1°F per
33 feet to 1°F per 41 feet (1°C per 18 m to 1°C per 22 m), which is con-
siderably more than the gradient of about 1°F per 50 feet (1°C per 27 m)
in the Hueco bolson. Water typical of El Paso Water Utilities' Canutillo
well field from depths of about 600 to 1,100 feet (180 to 340 m) has an
average temperature of 96°F (36°C).

Development of Ground Water, Volumes of Freshwater in
Storage, and Problems Associated with Future Development

Ground water is pumped from the lower Mesilla Valley for municipal
supply, irrigation, and industrial use. The amount of land irrigated by
surface and ground water is 14,000 to 15,000 acres (57 to 61 km2), with
about 1,000 acres (4 km?) of that amount irrigated with ground water only
(Meyer and Gordon, 1973, p. 7 and table 2). When surface-water supplies
are insufficient, water is pumped from standby wells in the shallow aqui-
fer for irrigation.

Most of the municipal pumpage in the valley is by the El Paso Water
Utilities from the Canutillo field. During 1957-75, the city pumped an
average of about 5,500 acre-feet (6.8 million m3) annually from the shal-
low aquifer, 3,500 acre-feet (4.3 million m3) from the medium aquifer, and
9,200 acre-feet (11.3 million m3) from the deep aquifer. In 1975, with-
drawals by the city were about 5,000 acre-feet from the shallow aquifer,
about 1,400 from the medium aquifer, and about 12,700 from the deep aqui-
fer (6.2, 1.7, and 15.7 million m3, respectively).

Other wells in the valley withdraw water for municipal supply for

the town of Anthony and the community of Westway, 3 miles (4.8 km) south-
east of Anthony; for irrigation and municipal supply by the Federal Cor-
rectional Institution at La Tuna, 1.5 miles (2.4 km) southeast of Anthony,
and Santa Teresa Development east of Strauss; and for industrial use by
several firms, including El Paso Electric Co.'s Rio Grande station in the
southern end of the valley. The pumpage for these uses totaled about 8,000
acre-feet (9.9 million m3) in 1975, of which the major amounts were about
3,500 acre-feet (4.3 million m3) pumped by El Paso Electric Co. from the
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shallow aquifer, 2,000 acre-feet (2.5 million m3) by Santa Teresa Develop-
ment from the Santa Fe Group (medium aquifer?), and 1,400 acre-feet (1.7
million m3) by the Federal Correctional Institution from the shallow and
medium aquifers.

In 1973-75, a period of adequate surface-water supply, 3,000-5,000
acre-feet (3.7-6.2 million m3) per year was pumped for irrigation. How-
ever, during a period of drought such as the mid-1950's, when little or no
surface water was available, as much as 40,000-50,000 acre-feet (49-62
million m3) reportedly was pumped from the shallow aqu1fer for irrigation
(Leggat, Lowry, and Hood, 1962, table 1). Current pumping for all uses
from the lower Mesilla Valley is about 30,000 acre-feet (37 million m )
per year, but durlng a severe drought, could be as much as 80,000 acre-
feet (99 million m3) per year.

Water levels in the shallow aquifer have had little long-term change
because the aquifer is replenished by infiltration from canals, the river,
and applied irrigation water. Water levels in observation wells in the
medium and deep aquifers of the Canutillo well field declined during the
initial period of development in 1957-60, and essentially have stabilized
since 1960, indicating that pumping from the field is balanced by ground-
water inflow. The most likely source of inflow is leakage (vertical perco-
lation) from the shallow aquifer induced by water-level declines in the
medium and deep aquifers. Initially, the water level in the deep aquifer
was at or a few feet (about 1 m) above the land surface; the water level
in the medium-depth aquifer was about 5 feet (1.5 m) lower. In January
1976, the water level in an observation well in the medium aquifer was
12 feet (3.7 m) below the land surface, and water levels in three obser-
vation wells in the deep aquifer ranged from 32 to 71 feet (10 to 22 m)
below the land surface.

. Figure 27 shows the approximate thickness of basin fill containing
fresh ground water in the lower Mesilla Valley. This map was prepared
by using electrical-log and water-sample data from wells and test holes,
supplemented by interpretations of electrical-sounding data. The map shows
the areas underlain by more than 1,000 feet (300 m), 500-1,000 feet (150-
300 m), 100-500 feet (30-150 m), and less than 100 feet (30 m) of freshwater-
bearing material.

The map shows that the thickest section containing freshwater, locally
more than 1,000 feet (300 m), is in the northwest part of the valley. The
freshwater section thins to the east and south, and in the southern end
of the valley, little or no fresh ground water is available, probably because
of evapotranspiration and possibly due to a lack of flushing. The Canutillo
well field is on the southeast edge of the thickest freshwater section.
Within the field, the section ranges from 560 to more than 1,100 feet (170
to more than 340 m) thick. In the sandhills and mesa areas, the top of
the freshwater section generally coincides with the water table; while on
the flood plain, the freshwater commonly is overlain by 50 to 230 feet
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(15 to 70 m) of slightly saline water, mostly in the shallow aquifer.
The occurrence of this poorer-quality water probably results from the
concentration of salts by evapotranspiration and by recycling of pumped
irrigation water. '

About 820,000 acre-feet (1.0 km3) of fresh ground water is stored
under the Texas portion of the lower Mesilla Valley and the adjacent mesa
to the east. This figure was estimated using the contours of figure 27
and assuming that the specific yield of the unconsolidated deposits is
0.10. About 4.7 million acre-feet (5.8 km3) of fresh ground water is stored
under the New Mexico part of figure 27. This includes the New Mexico por-
tion of the lower Mesilla Valley and the mesa to the west, south of an
east-west line extending from the Texas-New Mexico State line at Anthony,
Texas. The estimated figure for the New Mexico part of the Mesilla Valley
area is less reliable than the figure for the Texas part because fewer data
are available in New Mexico. However, the total amount of fresh ground
water stored in the New Mexico part of the entire Mesilla bolson doubtless
is much larger than 4.7 million acre-feet (5.8 km3) because it includes
water in areas north and west of the boundaries of figure 27. Davis (1967,
p. 5) estimated that about 450,000 acre-feet (555 million m3) of water con-
taining less than 2,500 mg/L dissolved solids occurs in the Rio Grande allu-
vium of the Texas part of the lower Mesilla Valley. This estimate includes
the freshwater in the alluvium, so part of this volume is included in the
freshwater estimate made in this report. The volume of slightly saline
water in the Rio Grande alluvium in Texas is estimated to be about 300,000
acre-feet (370 million m3). |

The relatively stable water levels in the medium and deep aquifers
indicate that the current rate of pumping is approximately balanced by
ground-water inflow. If more ground water is pumped from these aquifers,
water levels will decline. The Geological Survey is presently developing
a digital model of the lower Mesilla Valley that will simulate the hydro-
logic conditions and will be used to estimate water-level declines result-
ing from various amounts of future withdrawals.

The slightly saline and poorer-quality water in the southern end of
the valley may move northward and contaminate the freshwater in response
to future water-level declines. The slightly saline water in the shallow
aquifer that locally overlies the freshwater in the medium and deep aqui-
fers also may move downward and contaminate the freshwater to some degree
in response to water-level declines. In addition, poorer-quality water
probably underlies the freshwater locally, and could move upward into the
freshwater. Analyses of water from production wells in the medium and deep
aquifers of the Canutillo field have not indicated any significant changes
in water quality. However, the dissolved-solids concentration in water
from an observation well in the deep aquifer in the southern end of the
field has increased from 510 mg/L in 1957 to 1,260 mg/L in 1975. This
increase may reflect vertical leakage around the well casing or encroach-
ment of poorer-quality water from the south.



SUMMARY AND CONCLUSIONS

The most significant aspect of the ground-water hydrology of western-
most Texas is the amount of fresh and slightly saline water stored in the
permeable sections of the unconsolidated alluvial fill of the basins of
the area. The natural recharge and discharge are small fractions of the
amount in storage; consequently, any significant withdrawals of ground
water in these basins will easily exceed the natural recharge. Develop-
ment of ground water, therefore, generally consists of '"mining'" the water;
and the critical factors are the quantities of water in storage; the hydrau-
lic properties of the aquifer, especially the specific yield; and the prob-
lems associated with increased withdrawals. The only exception is the
pumping of ground water from the Rio Grande alluvium when surface water
is in short supply. This water is replenished by the Rio Grande during
periods of high flow and no long-term depletion has occurred.

The quality of water in the basin fill ranges from fresh to very
saline, and is locally brine. Water in the consolidated rocks is gener-
ally slightly saline or of poorer quality. In the basin fill, the best
quality water is found where the fill is coarse grained and near areas of
significant recharge, such as in the northern Hueco bolson and southern
Salt Basin. In areas where the coarse-grained fill is composed mostly of
relatively insoluble volcanic material, the ground water is of exceptionally
good quality, such as in the southern Salt Basin and in Red Light Draw.
Areas of ground-water discharge, such as the Salt Flats in the northern
Salt Basin and the flood plain of the Rio Grande, commonly have poor quality
water, mostly because salts are concentrated by evapotranspiration. In
areas in which the sediments are mostly fine-grained basin fill, as in
parts of the closed basins that are or have been the sites of ground-water
discharge, the water also tends to be of poor quality, such as the south-
eastern part of the Hueco bolson, the northern Salt Basin, and much of
the Presidio bolson.

Table 2 summarizes current (1977) estimates of the volumes of fresh
and slightly saline water stored in the permeable basin fill of western-
most Texas, and in one local, permeable, consolidated-rock aquifer, the
Capitan Limestone in the northern Salt Basin. This table shows that more
than 20 million acre-feet (25 km3) of fresh ground water may be stored in
the basin fill in the Texas parts of the Salt Basin, Red Light Draw, Green
River Valley, the Presidio bolson, the Hueco bolson, and the lower Mesilla
Valley. In addition, the basin fill of these areas, including the Rio
Grande alluvium in the Hueco bolson and lower Mesilla Valley, and the
Capitan Limestone contain about 7 million acre-feet (8.6 km°) of slightly
saline water. More than half of the freshwater, about 12 million acre-
feet (15 km3), and more than three-fourths of the slightly saline water,
about 5.5 million acre-feet (6.8 km3), is in storage in El Paso County
in the Hueco bolson and lower Mesilla Valley. Future detailed exploration
in the Salt Basin, Red Light Draw, Green River Valley, and the Presidio
bolson may, however, delineate the occurrence of more fresh and slightly
saline water than is shown in table 2. However, it is likely that El Paso
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Table 2,--Estimated volumes of fresh and slightly saline ground water in aquifers of the Salt Basin, Red Light Draw,
Green River Valley, Presidio and Hueco bolsons, and lower Mesilla Valley

Volume of water

Area Aquifer (millions of acre-feet) . Remarks
Fresh Slightly saline
Beacon Hill Capitan Limestone minor 0.5 Estimate based mostly on reported hydrologic and
geologic data and is fair to good.
i . 1.0
g:;dhorse Flat 1.52 3 Estimates based on extensive hydrologic data’and
Michigan Flat. Bolson fill 42 geophysical data and are good.
(Subtotal 1.94)
Lobo Flat area: Bolson fill, volcanic- .54 Insignificant Estimate based on extensive hydrologic data and
Northern and central clastics, and possibly geophysical data and is good.
Lobo Flat, volcanic rocks.
Southern Lobo Flat .73 Estimate based on limited hydrologic data and
and Chispa Flat. - geophysical data and is fair.
Rubio Dome subarea .23 Estimate based on geophysical data and is poor
(Subtotal 1.50) to fair.
Ryan Flat: Bolson fill and Insignificant
.volcanic-clastics.
Ryan Flat .76 Estimate based on limited hydrologic data and
(restricted subarea). is fair.
Ryan Flat 2.1 Estimate is based on geophysical data and is
(extended subarea). poor to fair.
Rubio Dome subarea .22 Estimate is based on geophysical data and is

(Subtotal 3.1},

poor to fair.

Red Light Draw

Bolson fill and
volcanic-clastics(?).

.6

Insufficient data
to estimate.

Estimate based on geophysical data and is poor.

Green River Valley

Bolson fill and
volcanic-clastics(?).

.28

Insufficient data
to estimate.

Estimate based on geophysical data and is poor.

Presidio bolson
and

Redford bolson
(Texas only).

Bolson fill and
volcanic-clastics(?).

Bolson fill and Rio
Grande alluvium.

_.2 (includes some
slightly saline)
(Subtotal 1.0)

Insufficient data
to estimate.

Insufficient data
to estimate.

Estimate based on geophysical data and is poor.

Estimate based on limited hydrologic data and
geophysical data and is fair.

Hueco bolson
(Texas only):

Northern Hueco bolson

El Paso Valley

Fabens-Tornillo area,
in the sandhills and
under the mesa.

Bolson fill

Rio Grande alluvium

Mostly in bolson fill,
some in Rio Grande
alluvium.

10.6

Insignificant

.4-.8 (includes both
fresh and
slightly saline)

Estimates of freshwater by Meyer (1976) based on
extensive hydrologic data and digital-model
studies and is good; estimate of slightly saline
water by Meyer and Gordon (1972) based on hydro-
logic data and is fair to good.

Estimate by Alvarez and Buckner (1974) based on
extensive hydrologic data and is good.

Estimate by Gates and Stanley (1976) based on
limited hydrologic data and geophysical data and
is fair.

Lower Mesilla Valley

Bolson fill

.82

Insufficient data
to estimate.

Estimate based on extensive hydrologic data and
geophysical data and is good; includes some
freshwater in the Rio Grande alluvium.

(Texas only) Rio Grande alluvium .(approximately 0.10-0.15 in- .3 Estimate by Davis (1967) based on hydrologic
cluded in freshwater estimate data and is fair to good.
above)
TOTAL 20.6 7.0
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County has a disproportionally large share of the total amount of usable
water, and most of this water is stored in the freshwater trough east of
the Franklin Mountains.

The Hueco bolson and lower Mesilla Valley also have the largest amounts
of freshwater reserves that are considered as reliable estimates. Of the
13.9 million acre-feet (17.1 km3) of freshwater reserves considered to be
good estimates because they are based on extensive hydrologic data (table
2), 11.4 million acre-feet (14.1 km3) occurs in the northern Hueco bolson
and lower Mesilla Valley; 1.94 million acre-feet (2.4 km3) occurs in Wild-
horse and Michigan Flats; and 0.54 million acre-feet (0.67 km3) occurs in
northern Lobo Flat. Freshwater reserves considered to be fair estimates
because they are based on limited hydrologic data and geophysical data
total as much as 2.5 million acre-feet (3.1 km3 ) in southern Lobo Flat,
in the area around Valentine in Ryan Flat, in the Redford bolson, and in
the Fabens-Tornillo area in the southeastern part of the Hueco bolson.
Freshwater reserves considered to be poor to fair estimates because they
are based only on geophysical data total 4.2 million acre-feet (5.2 km3 )
in the areas between Lobo and Ryan Flats and in Ryan Flat, in Red Light
Draw, in the Green River Valley, and in the Presidio bolson.

Large volumes of ground water also occur in the fine-grained basin
fill in westernmost Texas, primarily in the Salt Basin north of Wildhorse
Flat, in much of the Presidio bolson, at the southern ends of Red Light
Draw and Green River Valley, and in the Hueco bolson east of the fresh-
water trough, and in the southeastern part of the Hueco bolson. This water,
however, is moderately saline or of poorer quality and would be difficult
to withdraw because most of the fill in these areas has low permeability.
Significant volumes of moderately saline and poorer quality water also occur
in the permeable Rio Grande alluvium from the lower Mesilla Valley to the
Presidio bolson.

Ground water occurs in consolidated rocks in westernmost Texas, as
in the Dell City and Sierra Blanca areas, under the Diablo Plateau, and
in other mountain and upland areas. Freshwater occurs locally in consoli-
dated rocks, but the total volume is not significant. Most of the water
in the consolidated rocks is slightly saline or poorer quality, and much
of it occurs in rock of low permeability. The only areas in which the
rocks are known to yield moderate to large amounts of fresh to slightly
saline water include the Beacon Hill area, from the Capitan and Goat Seep
Limestones; the Apache Mountains area, from the Capitan; and the Sierra
Blanca area, from Cretaceous limestones. In the Dell City area, the Bone
Spring and Victorio Peak Limestones yield large amounts of slightly to
moderately saline water.

Significant volumes of freshwater are also known to occur in parts
of the Hueco and Mes111atmlsons outside of Texas. Approximately 6 mil-
lion acre-feet (7.4 km3) is in storage in the New Mexico part of the Hueco
bolson, 4 million acre-feet (4.9 km3) in the Ciudad Juarez area in the
Mexican part of the Hueco bolson, about 4.7 million acre-feet (5.8 km3)
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in the New Mexico part of the lower Mesilla Valley and adjacent mesa to
the west, and an unknown volume in the rest of the Mesilla bolson in New
Mexico.

Development of ground water in the basins of westernmost Texas results
in water-level declines because the water is mined from storage. In the
El Paso area, municipal and industrial pumping caused as much as 95 feet
(29 m) of decline during 1903-76; and pumping for irrigation caused up
to 150 feet (46 m) of decline at Lobo Flat in the Salt Basin during 1949-
73. Water-level declines have been especially large in Lobo Flat because
the effective specific yield is low, and these declines have forced water
users to deepen wells and(or) lower pumps. .In other areas that have basin
fill and volcanic-clastic deposits with hydraulic properties similar to
Lobo Flat, but which are relatively undeveloped, such as Ryan Flat, Red
Light Draw, Green River Valley, and the northeastern Presidio bolson, with-
drawals of ground water may cause large water-level declines.

In most of the basins of westernmost Texas, fresh and slightly saline
ground water is underlain and(or) adjacent to water of poorer quality,
such as in the Beacon Hill area of .the northern Salt Basin, Wildhorse Flat,
-Red Light Draw, Green River Valley, the Presidio bolson, the Hueco bolson,
and the lower Mesilla Valley. Locally along the Rio Grande in the Hueco
bolson and lower Mesilla Valley, freshwater also is overlain by slightly
saline water in the Rio Grande alluvium. Withdrawals of large volumes of
freshwater in these areas may lower water levels enough to induce migration
of water of poorer quality vertically or laterally into freshwater areas.
This process could ultimately degrade the remaining freshwater to the degree
that it is unsuitable for municipal supply or industrial use. The only
areas where significant amounts of poor-quality ground water are not known
to occur are in Lobo and Ryan Flats.

Large water-level declines could result in land-surface subsidence
in areas where the basin fill includes significant thicknesses of compres-
sible clay, but there is no evidence that subsidence has occurred at the
present (1977) time.
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