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SALINE-WATER RESOURCES OF NEW MEXICO

By James W. Hoop and Lester R. KisTER

ABSTRACT

Use of fresh water in the United States is increasing markedly. To add to
the future supply, work is being done to develop economically feasible methods
of converting saline water into fresh water. The supplies of saline water must be
studied to determine the quantity and quality of water and the areas in which it
is available.

Water is classified herein as saline if it contains more than 1,000 ppm (parts per
million) of dissolved solids. The degree of water salinity in terms of dissolved
solids is defined as slightly saline (1,000 to 3,000 ppm), moderately saline (3,000
to 10,000 ppm), very saline (10,000 to 35,000 ppm), and brine (more than 35,000
ppm).

Parts of most aquifers in New Mexico contain saline water, and some of the
aquifers can yield large quantities of saline water to wells. The aquifers con-
sidered herein range from Pennsylvanian to Recent in age. The Pennsylvanian
rocks generally yield small to moderate quantities of saline water.

The Yeso formation and the San Andres and Capitan limestones of Permian
age yield large quantities of water to wells mainly in or near the Pecos Valley.
The Yeso and some other Permian rocks contain large amounts of evaporites,
the solution of which contributes to the salinity of water in much of the State.

Most of the Triassic and Jurassic rocks in New Mexico are fine grained or well
cemented and are poor aquifers. In many areas they yield only small quantities
of saline water.

Rocks of Cretaceous age crop out in, or underlie, about 30 percent of New
Mexico. A relatively thin section of them, belonging mainly to the Dakota
sandstone, yields small to moderate quantities of saline water. The Upper
Cretaceous series is 3,000 to more than 5,000 feet thick and generally yields
small to moderate quantities of fresh to moderately saline water.

Tertiary aquifers include the Nacimiento formation in the San Juan basin,
which probably can yield moderate quantities of saline water, and the Ogallala
formation on the High Plains, which contains some saline water in southern
Lea County.

In central and southwestern New Mexico, several thousand feet of Tertiary
and Quaternary rocks partly fill intermontane basins. The fill forms some of
the largest saline-water reservoirs and in many parts of the State it can yield
large quantities of saline water.

Quaternary rocks mantle most of New Mexico, but yield large quantities of
saline water only in the valleys of the Pecos River and the Rio Grande.

Saline surface waters are important irrigation supplies in New Mexico, especially
in the Pecos Valley. The Pecos River is slightly saline at Puerto de Luna and
moderately saline at Red Bluff, N. Mex.

1



2 SALINE-WATER RESOURCES OF NEW MEXICO

The Rio Grande, Canadian, and San Juan Rivers generally are fresh, but they
receive saline water occasionally from intermittent tributaries and possibly
from a few perennial tributaries.

Saline reservoirs in New Mexico are Alamogordo Reservoir and Lakes McMillan
and Avalon, all on the Pecos River. Many small permanent and ephemeral
lakes in New Mexico also contain saline water.

INTRODUCTION

Use of fresh water for domestic, industrial, and irrigation purposes
is increasing rapidly in the United States. In most areas in New
Mexico the total available supply of fresh water is now utilized, and in
some places the demand for fresh water already exceeds the supply.
In a few places only saline-water supplies are available. Because a
shortage or lack of fresh water is a deterrent to economic expansion,
serious consideration now is being given to augmenting fresh-water
supplies by converting saline water into fresh water.

PURPOSE AND SCOPE

Since about 1952 the U.S. Department of the Interior has been
investigating economically feasible processes for converting saline
water into fresh water. An integral part of the Saline-Water Con-
version Program is the acquisition of information of the saline-water
resources of the Nation. Such knowledge is required for two purposes.
First, the development of a demineralizing process requires that the
chemical quality of the water to be processed be known in advance.
Second, should an economical process of conversion for the water be
developed, the location and extent of areas containing sufficient
suitable water for processing must be known.

Heretofore, water-resources investigations have dealt mainly with
supplies of water that are naturally suitable for domestic, industrial,
and agricultural uses. Although considerable quantities of saline
water are known to exist in the United States, those waters have not
been studied as possible sources for conversion to fresh water. In
order to implement the Saline-Water Conversion Program, recon-
naissance reports describing the saline-water conditions in the United
States as a whole and several individual States have been prepared.
This report is a part of that series and is based on a reconnaissance
of the occurrence, quantity, and quality of saline waters in New
Mexico. It describes areas where considerable quantities of saline
ground and surface waters are available, points out areas where little
or no fresh water is available, describes the physical characteristics
of the saline aquifers and streams, and describes the quality of the
saline water from the various sources in New Mexico.
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SOURCE OF DATA

The chemical analyses listed in this report were made by the U.S.
Geological Survey, and most are on file in the Albuquerque, N. Mex.,
office. The analyses selected for presentation are those which not
only give the “est areal coverage but also indicate the known maxi-
mum range in chemical quality of the saline water.

The outcrop maps are based principally on the geologic map of
New Mexico prepared by Darton (1928b). For use in this report,
many parts of Darton’s map were modified using the results of more
recently published and unpublished reports and the work copies and
preliminary editions of the forthcoming revision of the geologic map
of New Mexico (Dane and Bachman, 1957, 1958). Most sources of
data are listed in the selected references which are part of this report.
These sources have been consulted freely and their use is acknowl-
edged, with the authors’ thanks.

WELL-NUMBERING SYSTEM

The system of numbering wells in New Mexico, as used in thiS
report is based on the common subdivisions in sectionized land. The
well number, in addition to designating the well, locates its position
to the nearest 10-acre tract in the land net. The number is divided
by periods into five segments. The first segment denotes the quarter
of the State with respeect to the New Mexico base line and principal
meridian. The quarters of the State are numbered 1, 2, 3, and 4, in
the normal reading order, for the northwest, northeast, southwest,
and southeast quarters, respectively. The second segment denotes
the township; the third denotes the range; and the fourth denotes
the section.

The fifth segment of the number, which consists of three digits,
denotes the particular 10-acre tract in which the well is situated.
For this purpose, the section is divided into four quarters, numbered
1, 2, 3, and 4, in the normal reading order, for the northwest, north-
east, southwest, and southeast quarters, respectively. The first digit
of the fifth segment gives the quarter section, which is a tract of 160
acres. Similarly, the quarter section is divided into four 40-acre
tracts numbered in the same manner, and the second digit denotes
the 40-acre tract. Finally, the 40-acre tract is divided into four
10-acre tracts, and the third digit denotes the 10-acre tract. Thus,
well 4.12.36.24.123 is in the southeastern quarter of the State in
Lea County and is in the SW4NEYNWY sec. 24, T. 12 S., R. 36 E.
If a well cannot be located accurately within a 10-acre tract, a zero
is used as the third digit, and if it cannot be located accurately within
a 40-acre tract, zeros are used for both the second and third digits.
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If the well cannot be located more closely than the section, the fifth
segment of the well number is omitted. Letters a, b, ¢, . . . are
added to the last segment to designate the second, third, fourth, and
succeeding wells in the same 10-acre tract.

The following diagram (fig. 1) shows the method of numbering the
tracts within a section.
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FIGURE 1.—Well-numbering system.

CHEMICAL ANALYSES OF WATER

The chemical analyses reported herein show the concentrations
of most of the major water-soluble constituents. Concentrations of
the individual constituents are expressed in parts per million. A
part per million is a unit weight of the dissolved substance in 1 million
unit weights of solution. Concentrations of the individual constitu-
ents also may be expressed for purposes of computation in equivalents
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per million. An equivalent per million is 1 equivalent weight in 1
million weights of water. The equivalent is the weight with reference
to some standard (such as the combining weight—either of oxygen,
8, or of hydrogen, 1.008) of that quantity of an element, radical, or
compound, that will react with another element, radical, or compound
to complete a definite chemical reaction. An equivalent of an element
or ion is exactly equal in combining power to an equivalent of another
element or ion.

A comphrehensive discussion of the individual mineral constituents
is not included in this report. Definitions, however, are given for
specific conductance, dissolved solids, and percent sodium because
they are considered to be the most important criteria in classifying
water as fresh or saline.

Specific conductance is a measure of the ability of an aqueous
solution to conduct an electric current under standardized conditions
and is expressed in micromhos per centimeter at 25° C. It servesas
a general indication of the amount of dissolved mineral matter in
the water.

The dissolved-solids concentration, in parts per million, is the
weight of dissolved material in water and is determined either as the
residue after evaporation of water and drying of residue at 180° C or as
the arithmetical sum of the weights of the individually determined
constituents, the bicarbonate being computed as carbonate. The
residue from some water containing more than 1,000 ppm (parts per
million) of dissolved solids may include organic matter and water of
crystallization in sufficient quantities to cause considerable variation
in the reporting of dissolved solids. For this reason, most of the
values for dissolved solids in the tables of chemical analyses in this
report are the sums of the individually determined constituents, but
a few are the weights of the residue after evaporation because the
number of determined constituents was insufficient for computing a
sum

The percent sodium is a computed quantity obtained by dividing
the equivalents per million of sodium, multiplied by 100, by the
sum of the equivalents per million of calcium, magnesium, sodium,
and potassium. An excessive proportion of sodium in the water
applied to land may cause the soil structure to break down and the
soil to become relatively impermeable. The percent sodium, there-
fore, is important to the prospective user of water for irrigation. The
usefulness of water for irrigation purposes also may be indicated by the
sodium-adsorption-ratio (SAR) described by the U.S. Department
of Agriculture Salinity Laboratory Staff (1954). However, percent
sodium is used in this report, because most of the available analyses
express the sodium hazard to soil as percent sodium.
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DEFINITION OF SALINE WATER

Saline water generally is considered to be water containing large
quantities of dissolved solids. The tolerable limit of dissolved solids,
or of any individual constituent, depends largely on the intended use
of the water. For example, water too mineralized for drinking may
be suitable for irrigation, and water too mineralized for irrigation
may be satisfactory for some industrial processes. Because standards
for quality of water can be based on different criteria, the term “‘saline
water’” is defined so that its use in this report will be understood.

The U.S. Public Health Service (1946) permits no more than 1,000
ppm of dissolved solids in drinking water used on interstate carriers
subject to Federal quarantine regulations. In this report, water con-
taining more than 1,000 ppm of dissolved solids is termed “saline,”
although in many parts of New Mexico the only water available has
higher concentrations and is consumed by local residents without
apparent ill effect. The degree of the salinity of the waters discussed
in this report is the same as in the system of classification used by
Winslow and Kister (1956) in their report on the saline-water resources
of Texas. This system of classification is as follows:

Dissolved solids, in parts

Description per million
Slightly saline._ . ... . 1,000-3,000
Moderately saline. . o . .o o e 3,000-10,000
Very saline . - .. e 10,000-35,000
BriNe o o e e e e ———— More than 35,000

Slightly saline water is used on many farms and ranches and in
many small communities. It is unsatisfactory for some domestic pur-
poses, but generally this class of water is not harmful to health.
Water containing as much as 3,000 ppm of dissolved solids may be
used for irrigation, although under some conditions it is unsatisfactory.

Moderately saline water is unsatisfactory for most uses and is sel-
dom used for domestic supply. However, moderately saline water
has been used for irrigation for years in parts of the Pecos River
valley in New Mexico. This is possible because of favorable natural
drainage and suitable texture of the soil. Experiments have shown
that 10,000 ppm is about the upper limit of salinity that can be
tolerated by livestock (Smith, Dott, and Warkentin, 1942, p. 15).

The upper limit of concentration of very saline water is about
equal to the average concentration of sea water. Very saline water
may be obtained from some aquifers and some closed drainage basins
in New Mexico.

Water containing more than 35,000 ppm dissolved solids is called
brine. Brines are present in a few aquifers in New Mexico, notably
in the southern Pecos Valley, where inflow of brine adds to the min-
eral load of the Pecos River. At the present time, brines cannot be
economically demineralized.
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CAUSES OF MINERALIZATION

Nearly all ground water in New Mexico, both fresh and saline, is
derived from infiltration of precipitation and seepage from streams.
All water in an aquifer is at least slightly mineralized because it has
dissolved minerals from the soil and rock with which it has come into
contact. Some strata, especially those of Permian age in New Mexico,
include beds of evaporites such as common salt and gypsum, and
water passing through these easily dissolved minerals becomes saline
within a comparatively short distance. Other strata, although they
do not include evaporites, contain other types of soluble minerals.
Some additional factors governing the degree to which water becomes
mineralized are the rate of water movement, the temperature of the
water, and the hydrostatic pressure.

In areas where the water table is at or near the surface, evapo-
transpiration of ground water causes the dissolved minerals to become
more concentrated in the remaining water. Evapotranspiration is
greatest in the summer when high temperatures are coupled with low
relative humidity. Evaporation from playa lakes also may result in
an increase in the salinity of ground water, because, when the lake
dries up, the salts remain on the former lake floor and later may be
dissolved by infiltrating water. Irrigation exposes large amounts of
water to the atmosphere, and even though fresh water is applied, the
return water from irrigated areas may be saline. In the river valleys
where return flow from irrigation is used and reused several times,
the water becomes more and more saline. In the valleys of the Pecos
River, Rio Grande, and some of the smaller streams, the numerous
phreatophytes transpire large quantities of ground water, thereby
causing the remaining ground water to become increasingly mineralized.

Water in aquifers where structural or stratigraphic traps have
prevented flushing is termed ‘‘connate water.” Such water is com-
monly saline. No large reserves of connate water are known to be
present in New Mexico.

The mineral content in nearly all the saline stream waters in New
Mexico can be traced to one or more of the following causes: (a) inflow
of saline ground water into surface-water channels; (b) solution of
minerals from rocks and soil over which the water flows; (¢c) evapo-
ration which tends to concentrate the minerals in the remaining
water; (d) growth of phreatophytes, especially those that exude salts
from their leaves; and (e) inflow of drainage from irrigated lands.
Evaporation is the most important factor in increasing the salinity
of water in lakes and reservoirs in the State.

In the perennial streams, such as characterized humid regions, the
concentration of dissolved solids usually is least during periods of
large discharge and is greatest during periods of small discharge.
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This relation of dissolved solids concentration to discharge exists
because the overland runoff contributing to the large discharge is less
mineralized than the ground water that maintains the small discharge.
The reverse is true of many intermittent streams draining arid areas.
In the channels of such streams evaporation may cause salts to ac-
cumulate when the stream has a small discharge or no discharge, and
later, when a rainstorm causes a large discharge, the salts are dissolved
and add to the concentration of dissolved solids in the water. Thus
the initial flow from a stream in flood may be saline and the latter
part fresh, and the later flow following the flood also may be fresh.

Evaporation and inflow from saline streams, springs, or seeps
causes the water in reservoirs and natural lakes to become more
mineralized. Generally water in the reservoirs is less mineralized
than the saline flows of the streams and more mineralized than the
fresh flows.

GENERAL GEOLOGY AND SALINE-WATER AQUIFERS

The rock strata in New Mexico have undergone widely different
changes in attitude. In the Great Plains province (fig. 2) and part
of the Colorado Plateau, for example, most of the rocks retain their
original position or have been warped only slightly, whereas the
pre-Tertiary strata in the Southern Rocky Mountains, Basin and
Range province, and parts of the Colorado Plateau have been com-
plexly folded and faulted and have been intruded by igneous rock. In
these latter areas, only the rocks of Tertiary and Quaternary age
are relatively undisturbed. Owing to differing attitudes, rocks of
different geologic ages are exposed within relatively small areas,
and rocks of the same age are exposed in widely separated areas
in the State.

Rocks cropping out in New Mexico range in age from Precambrian
to Recent. In the southern part of the State, Paleozoic rocks of
Cambrian to Devonian age directly overlie the Precambrian basement,
whereas available data for the remainder of the State indicate that
in most areas rocks of Pennsylvanian age rest on the Precambrian
rocks. Intrusive and extrusive igneous rocks of Tertiary age crop
out in extensive areas in the State. Because the Precambrian rocks
generally yield little or no water, because the Paleozoic rocks older
than Pennsylvanian yield only small supplies and generally are
deeply buried, and because the Tertiary igneous rocks generally
yield fresh water, the water in these rocks is not considered further
in this report.

Few of the aquifers in New Mexico contain exclusively fresh or
saline water. Most aquifers that contain fresh water at one locality
contain saline water at another. Considerable study of the fresh-
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FIGURE 2.—Map of New Mexico showing physiograpbie, structursl, and geographie features referred to in
text. After Fenneman (1931).

water areas have been made, but the saline-water areas usually have
been neglected. In some parts of New Mexico all ground water is
saline, and in some of these areas all the aquifers yield comparatively
small amounts of water. For this reason, data have been included in
this report on some aquifers that yield only small amounts of water.
For the purposes of discussion, yield of 100 gpm (gallons per minute)
or less are considered small, 100 to 300 gpm, moderate, and more than
300 gpm, large. The saline-water aquifers are described on following
pages and are listed with a brief description of their characteristics
in the following table. Chemical analyses of samples of saline ground
water are given in table 1 and on the maps showing the outcrops of
saline-water aquifers. Data relating to the sources of water for
which analyses are given are listed in table 2.
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12 SALINE-WATER RESOURCES OF NEW MEXICO

PENNSYLVANIAN SYSTEM

According to available data rocks of Pennsylvanian age are the
oldest strata in New Mexico capable of yielding more than small
quantities of water to wells. In most of the State these rocks are in-
cluded in the Magdalena group. In the central part of the State the
group includes three units. In ascending order these are the Sandia
formation of Devonian(?), Mississippian, and Pennsylvanian age, the
Madera limestone of Pennsylvanian age, and the Bursum formation
of Permian age. Read and others (1944) report that the Magdalena
group in the northeastern Basin and Range province and the Southern
Rocky Mountains province ranges in thickness from 1,000 to about
1,600 feet. The thickness of Pennsylvanian rocks increases from the
central part of the State to the southeastern part of the Basin and
Range province, where Pray' measured approximately 3,000 feet of
rocks belonging to the group, but excluded the Bursum formation.
The Bursum formation now is considered to be early Permian in age
(Dane and Bachman, 1957). Along the southern State line and in
trans-Pecos Texas the Pennsylvanian rocks are called the Magdalena
limestone (King, King, and Knight, 1945).

Pennsylvanian rocks crop out in the Southern Rocky Mountains
and in the Basin and Range province (fig. 2 and pl. 1), and are present
beneath the surface in most of the State. The principal types of rocks
in the Pennsylvanian are limestone, shale, and sandstone; some of the
sandstone is arkosic and some of the limestone consists of bioherms.

Smith (1957) reports that several irrigation wells tapping Pennsyl-
vanian rocks in Torrance County discharge from 350 to 850 gpm of
fresh water. Spring 1.1.2.7.100, in northwestern Socorro County,
discharges about 500 gpm of moderately saline ground water and re-
portedly sustains the low flow of the Rio Salado below that point.
The group of springs utilized by health resorts at Truth or Conse-
quences, in Sierra County, issue from Pennsyvanian rocks and discharge
hot saline water. Although the discharge from individual springs is
small, the aggregate discharge of water from them and from wells near
the springs was nearly 1,600 gpm in 1940 (Theis, Taylor, and Murray,
1941).

The observed quality of water from rocks of Pennsylvanian age
varied from slightly saline to very saline. (See table 1.) On the basis
of the available chemical analyses, it appears that the quality of saline
water in the Pennsylvanian rocks is far from uniform from one part of
the State to another and that several types of water may be obtained
from the rocks. The location of wells and springs sampled and the
areas of outcrop of rocks of Pennsylvanian age are shown on plate 1.

1 Pray, L. C., 1052, Stratigraphy of the escarpment of the Sacramento Mountains, Otero County, New

Mexico: Ph. D. thesis, California Inst. Technology. On file at New Mexico Inst. Mining and Technology,
State Bur. Mines and Min. Resources Div., Socorro, N. Mex.
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PERMIAN SYSTEM

The Permian rocks are among the most important reservoirs of
saline water in New Mexico. The Permian system not only contains
some of the most productive aquifers, but also is the source of the
salts in much of the saline water in the State. Permian rocks crop
out extensively in the eastern part of the Basin and Range province
and in the Pecos Valley; they crop out also on the flanks of the Southern
Rocky Mountains and in the Zuni uplift. They underlie the Great
Plains province, most of the Basin and Range province, and part, if
not all, of the Colorado Plateau. Generally, the Permian rocks are
relatively thin in the western part of the State and thicken toward
the southeast.

In most parts of New Mexico, the saline-water aquifers in the
Permian system are the Abo and Yeso formations, the Glorieta sand-
stone, the San Andres limestone, and rocks in the Guadalupe series
other than the San Andres. Although the San Andres limestone is
partly of Guadalupe age, it is discussed separately, owing to its
importance as an aquifer. For the sake of simplicity in this report,
the term Guadalupe series is used in place of the names of the Bernal
and Chalk Bluff formations, which crop out in the northern and
central Pecos Valley and eastern Basin and Range province, and the
Grayburg, Queen, Seven Rivers, Yates, and Tansill formations in the
southern Pecos Valley of New Mexico, which are of the same age as
the Chalk Bluff formation, but differ lithologically. The Capitan
limestone also is approximately equivalent in age to the Chalk Bluff
formation but is described separately herein because it is an important
aquifer in the vicinity of Carlsbad.

Rocks of late Permian age bear water only in the southernmost
part of the Pecos Valley. Owing to the large amounts of included
evaporites the Castile and Rustler formations contain brine.

In parts of Socorro, Torrance, Lincoln, Guadalupe, and DeBaca
Counties one of the principal aquifers is the Yeso formation which,
in most of these areas, contains slightly to moderately saline water.
In much of this region water of suitable quality for public and domestic
use is scarce. Water of good quality is also scarce in southern Eddy
County in the area where the Rustler and Castile formations crop
out.

Saline water from most of the Permian rocks in New Mexico is
predominately of the calcium sulfate type. However, some of the
brines from the San Andres limestone and the Castile and Rustler
formations are of the sodium chloride type. The Salado formation
underlying the Rustler is the principal source of mineralization of
water pumped from the Rustler formation.

634404—62——2
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Analyses of saline water from aquifers of Permian age are given in
table 1. Location of wells and springs sampled and areas of outcrop
of Permian formations are shown on plates 2 and 3 and in figure 3.

ABO FORMATION

The oldest Permian rocks in New Mexico are those of the Abo
formation; for simplicity this report does not differentiate the older
Bursum formation nor the top of the Sangre de Cristo formation of
Pennsylvanian and Permian age in the vicinity of the Soutliern
Rocky Mountains. The Abo formation consists mainly of red shale,
sandstone, arkose, and conglomerate. In the southeastern Basin and
Range province there is also a limestone tongue—the Pendejo Tongue
of Pray (1954)—which thickens southward, to the exclusion of the
red bed and sandstone facies.

The Abo formation crops out principally around the flanks of the
Southern Rocky Mountains and in the Basin and Range province
(pl. 2). It crops out also in small areas in the Zuni uplift. Bates and
others (1947) measured 810 feet of tlie Abo in Abo Canyon, in and near
the southwestern part of Torrance County. In central Otero County,
Pray? found the maximum thickness to be approximately 550 feet.
The Bursum formation in about the same area lias a maximum thick-
ness of about 350 feet. The Abo formation underlies most of the
Great Plains province and is approximately 1,500 feet thick in the
vicinity of Artesia (Roswell Geol. Soc., 1956). The formation also
underlies most of the Basin and Range province and at least part of the
Colorado Plateau.

The sandstone and conglomerate of the Abo formation are the
water-bearing units of the formation, but yield only small quantities
of water. Smith (1957) reports that a test well drilled for the Punta
de Agua community in Torrance County (T. 4 N., R. 6 E.) was drilled
to a depth of 400 feet and penetrated the Abo formation. Upon
testing, it liad a yield of about 3 gpm. In other parts of the Basin
and Range province, the sandstone, where fractured, yields moderate
amounts of slightly to very saline water, predominately of the cal-

cium sulfate type.
YESO FORMATION

In much of central and south-central New Mexico the Yeso for-
mation affects the quality of ground water because it yields salt to
the water within it and it also discharges this mineral-laden water to
the Tertiary-Quaternary bolson fill in some areas. The Yeso forma-
tion crops out principally in thie Basin and Range province, from cen-
tral Santa Fe County southward to the State line. Where it does not

2 See footnote, p. 12.
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crop out, the Yeso formation underlies much of the eastern Basin and
Range province and has been penetrated by deep wells throughout
much of the Great Plains province. In the north-central and central
parts of the State, the Yeso consists of gypsum, limestone, sandstone,
siltstone, and shale ranging in color from orange and red through
yellow and pink to white. In the southeastern Basin and Range
province the formation grades southward into a section composed
mainly of limestone with some shale. The limestone of the Yeso
near the New Mexico—Texas line is part of a sequence of limestone
which has been called the Bone Spring limestone (King, 1944 ; Scala-
pino, 1950).

Smith (1957) reports that the Yeso formation in Torrance County
ranges in thickness from about 680 to 1,000 feet. In the east-central
part of the Basin and Range province, the thickness ranges from less
than 500 feet to more than 1,800 feet. Beneath the Pecos Valley
the formation is approximately 2,000 feet thick. The Bone Spring
limestone is several thousand feet thick in the area of the intersection
of the eastern edge of the Basin and Range province with the New
Mexico-Texas line.

The Yeso formation generally yields small to moderate quantities
of slightly to moderately saline water, but it yields large quantities of
water where the rock is cavernous or fractured. A group of springs
in the mountains in central Otero County yields fresh water at an
average rate of about 700 gpm, and an irrigation test well in Torrance
County reportedly yields about 600 gpm. The limestone near the
New Mexico—Texas line is one of the most productive aquifers in New
Mexico. The yields are due to the high permeability of the limestone
where solution of the rocks has produced cavernous zones. The
cavernous zones characteristically are not limited to any specific
horizon, nor are they uniformly distributed throughout the area.
Consequently, some wells do not discharge sufficient water for irriga-
tion, the principal use of ground water in the area. Irrigation well
4.26.18.28.113, in southeastern Otero County had a measured yield
of 3,620 gpm and a drawdown of 10 feet on April 12, 1956 (Bjorklund,
1957). However, the average yield of wells in the area probably is on
the order of 1,500 gpm.

Most of the water samples from the Yeso formation were slightly to
moderately saline and characteristically were calcium magnesium
sulfate water with low concentrations of chloride (pl. 2). Several
samples, however, had relatively high concentrations of chloride, and
were from wells which penetrate the Yeso formation where it is deeply
buried. Examples, are wells 2.11.28.30.232 and 4.18.8.5.430 (tables
1 and 2).
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GLORIETA SANDSTONE

Overlying the Yeso formation is the white to yellow Glorieta
sandstone. It crops out in several areas in the eastern part of the
Basin and Range province, in the western part of the Pecos Valley,
and in the Zuni uplift. The Glorieta sandstone, as discussed here,
includes limestone in some areas; at places limestone of the Yeso
grades upward into limestone of the Glorieta, and the two formations
are difficult to distinguish. The Glorieta sandstone also crops out
in small areas around the east and west edges of the San Juan basin
(Dane and Bachman, 1957) and apparently underlies much of the
basin. The formation underlies much of the Basin and Range
province, and from the highlands along the east edge of that province
it dips eastward beneath younger strata in the Great Plains province.

The thickness of the sandstone differs from place to place. Its
thickness is about 100 feet in the Zuni uplift, 150 to 300 feet in Tor-
rance County, and 250 to 400 feet in Guadalupe County. Southward,
in Lincoln and Otero Counties, the Glorieta sandstone generally is
much thinner, being only a few feet thick in some places; it is absent
in some areas.

Generally, the sandstone is rather tightly cemented and yields only
small amounts of water to wells, but locally it yields moderate to
large amounts. Smith (1957) reports an irrigation well tapping the
Glorieta sandstone in Torrance County was pumped at rates exceed-
ing 3,000 gpm, with a drawdown of 6 feet.

Analyses indicate that the water from the Glorieta sandstone is
slightly to moderate saline and is of the calcium sulfate type (pl. 3).

SAN ANDRES LIMESTONE

Among the economically important aquifers in New Mexico is the
San Andres limestone, which overlies the Glorieta sandstone. The
San Andres crops out in the Zuni uplift, caps several of the mountain
ranges and upland plateaus in the Basin and Range province, and
dips eastward beneath younger rocks in the Pecos Valley. In the
southern half of the Basin and Range province and in the Pecos Valley
the San Andres is mainly limestone and dolomitic limestone. In
this general area the formation ranges in thickness from about 500 feet
to more than 1,000 feet. From the latitude of Roswell northward, and
from the vicinity of the Pecos River, west to the eastern edge of the
Colorado Plateau, the San Andres includes beds of gypsum as well as
limestone. Sandstone is interbedded with the limestone in the Zuni
uplift. In these latter areas, the formation generally is less than 500
feet thick.

In most areas where the San Andres limestone is water-bearing it
yields moderate to large amounts of ground water to wells. The
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aquifer is most important in the Pecos Valley, where more than a
thousand irrigation wells have been completed in the formation.
In this area the limestone contains cavernous zones, and at many
wells it is capable of yielding 1,000 to 2,000 gpm of slightly to moder-
ately saline water. An example of extremely large yield is that from
well 4.11.25.22.210, which in 1926 discharged 5,710 gpm by natural
flow (Fiedler and Nye, 1933). The San Andres is a source of ground
water for irrigation and other uses on the eastern and northern parts
of the Zuni uplift. Some wells in that area yield 500 to 2,000 gpm
of slightly to very saline water.

In DeBaca and adjacent parts of northern Chaves, northeastern
Lincoln, eastern Torrance, and Guadalupe Counties, the San Andres
limestone, the underlying Yeso formation, and the overlying rocks of
Guadalupe age all reportedly certain saline water. Moderate to large
supplies of saline water probably can be obtained throughout the
region, however, water chemically suitable for domestic and other
purposes generally is difficult to obtain and the lack of adequate
supplies of usable—slightly saline, or better—water has retarded
the economic development of the area considerably. The lack of
water suitable for locomotive boilers is an exarple. In order to supply
suitable boiler water at stops along its road from Carrizozo north-
eastward to Santa Rosa, the Southern Pacific Co. found it necessary
to lay more than 100 miles of pipeline from the mountains in west-
central Lincoln County, along the railroad to the area of Vaughn.

GUADALUPE SERIES

Overlying the San Andres limestone are red beds, gypsum, silt-
stone, sandstone, limestone, and dolomite belonging to the Guadalupe
series. The principal area of outcrop is in the Pecos Valley from
San Miguel County southward to the Texas State line. North of
Eddy County rocks of the series have been referred to the Chalk
Bluff formation in most areas. Small outcrops have been recognized
in the eastern Basin and Range province, where these rocks of Guada-
lupe age have been called the Bernal formation.

In the vicinity of Guadalupe County, the Chalk Bluff formation
generally is less than 300 feet thick and consists of beds of siltstone,
fine-grained sandstone, gypsum, and dolomite. The formation
thickens southward, exceeding 1,000 feet in Chaves County, where it
includes red beds, siltstone, gypsum, limestone, and dolomite. South-
ward, in Eddy County, the Chalk Bluff grades laterally into 5 separate
units which, in ascending order, are the Grayburg, Queen, Seven
Rivers, Yates, and Tansill formations. The section consists of sand-
stone, dolomitic limestone, red beds, and evaporites, and has a
maximum thickness of about 1,800 feet in the Guadalupe Mountaing
(W. 8. Motts, oral communication). The rocks described above are
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designated by some authors as the Whitehorse group. Rocks of
Guadalupe age underlie a large part of the Great Plains, east of the
Pecos River.

In some areas the rocks of Guadalupe age are not aquifers. In
Guadalupe County, however, yields of slightly to moderately saline
water are obtained from the Chalk Bluff formation. In the Roswell
Pasin beds of clay and shale in the Chalk Bluff formation are the
aquicludes which cause artesian conditions in the underlying San
Andres formation, but locally the Chalk Bluff yields slightly to moder-
ately saline water to irrigation wells. In Eddy County, the Guadalupe
series yields small to large amounts of water to wells. One well
northwest of Carlsbad is pumped at a rate of about 500 gpm and
reportedly yields slightly saline water.

Water from rocks of the Guadalupe series generally is of the calcium
sulfate type and has a low concentration of chloride, but several
samples from Chaves and Lea Counties, which had dissolved-solids
concentrations in excess of 5,000 ppm, also contained large quantities

of sodium and chloride.
CAPITAN LIMESTONE

Another formation which is considered to be a part of the upper
Guadalupe series is the Capitan limestone. This formation is a reef
limestone that lies between the Permian back-reef or shelf facies,
occurring in most of New Mexico, and the fore-reef or basin facies in
the southeastern corner of the State and in Western Texas. It crops
out (fig. 3) in a narrow belt from the New Mexico-Texas line northeast-
ward to near Carlsbad, and ranges in thickness from 1,000 to 1,500
feet. From the State line to Carlsbad much of the formation contains
fresh water; however, north of Carlsbad and at some depths beneath
Carlsbad the formation contains saline water.

Ground water in the Capitan limestone is largely in cavernous
zones. Yields from the Capitan vary widely, depending on the char-
acter and number of solution channels penetrated by the individual
well. Maximum yields are 2,000 gpm or more. Water from the
formation is used for a municipal supply by the city of Carlsbad, for
industrial purposes, and for irrigation from more than 50 wells in the
area. Water from the Capitan limestone is slightly saline and gen-
erally is of the calcium sulfate type.

CASTILE FORMATION

Southeast of and adjacent to the Capitan limestone a thick section
of evaporite rocks overlies the Guadalupe series. The lower part of
the evaporite section, the Castile formation, consists mainly of
anhydrite and gypsum with thick beds and lenses of salt and thin
beds of limestone and sandstone. The formation is as much as 2,500
feet or more thick in the subsurface east of the Pecos River, but
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where it crops out south of Carlsbad, in the southernmost part of the
Pecos Valley (fig. 3), it is considerably thinner. The upper part of
the evaporite section, the Salado formation, consists mainly of halite
with beds of anhydrite and other evaporite rocks. The formation is
about 800 feet thick in the Pecos Valley, and, although not an aquifer,
it considerably modifies the quality of water in the overlying Rustler
formation.

The Castile formation yields water to stock and domestic wells in
an area west of the Pecos River. The depth to water generally is less
than 100 feet, and the water occurs under artesian conditions in some
places. One such place is a few miles west of the Pecos River where
the formation contains a supersaturated sodium and magnesium
sulfate brine, which is processed for sodium sulfate. Generally the
Castile yields only small amounts of slightly to moderately saline
water, although sufficient for needs in the area where it is an aquifer.
However, because the formation consists in such large part of highly
soluble rock, moderate to large yields of calcium sulfate water might
be obtained locally.

RUSTLER FORMATION

The Rustler formation, the youngest of the Permian water-bearing
rocks in New Mexico, is 200 to 500 feet thick and contains anhydrite,
red beds, and two distinct dolomite beds. It crops out in Eddy
County, in the southern Pecos Valley (fig. 3), and is present in the
subsurface in much of the southeastern part of the State. The lower
of the dolomite beds, which is the principal aquifer in the formation,
yields large quantities of ground water. A potash company near
Carlsbad reports that the combined discharge from 3 wells in the
dolomite bed is 2,400 gpm. The second water-bearing zone, porous
gypsum at the base of the Rustler, contains a supersaturated brine
under artesian pressure, and the zone is permeable enough to yield
moderate to large quantities of water. Springs and seeps issuing from
this aquifer near the State line contribute to the salinity of water in
the Pecos River. The discharge of about 200 gpm of brine into the
river, adds about 420 tons per day of dissolved minerals to the river
(Hale, Hughes, and Cox, 1954).

TRIASSIC SYSTEM

DOCKUM GROUP

Rocks of Triassic age are exposed in many places in northern and
eastern New Mexico. The largest areas of outcrop are in the Colorado
Plateau, the northern Pecos Valley, and the Canadian River valley;
Smaller areas of outcrop are along the flanks of the Southern Rocky
Mountains, at widely separated points in the Basin and Range prov-
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ince, and east of the river in the central and southern Pecos Valley.
In some areas in the eastern part of the State the Triassic has been
separated into two formations, the Santa Rosa sandstone below and
the Chinle formation above, which comprise the Dockum group; but
in most areas, the two formations are difficult to distinguish. In the
Colorado Plateau, in the vicinity of Gallup, most of the Triassic rocks
are assigned to the Chinle formation. Throughout the State, Triassic
rocks consist of sandstone, siltstone, red shale, and conglomerate.
The thickness of the system is about 1,600 feet in the vicinity of
Gallup and from 1,000 to 2,000 feet in the eastern part of the State.
Because most of the sandstones are relatively fine grained and tightly
cemented, they yield only small amounts of water to wells. In most
areas where wells tap the Triassic rocks they do not discharge more
than 50 gpm.

The quality of water from rocks of the Dockum group is governed
by the lithology 1In general the water is slightly to moderately
saline, but one sample, from well 4.9.29.22, was a brine. Most of the
samples analyzed were sodium sulfate waters with dissolved-solids
concentrations ranging from 1,000 to about 5,000 ppm, but several
were calcium magnesium sulfate waters. In Roosevelt and Chaves
Counties several samples show the water to be of the sodium chloride
type with dissolved solids in concentrations from about 6,000 to about
36,000 ppm. A sample from well 4.3.31.30.300, also in Roosevelt
County, contained 6.4 ppm of fluoride. Water from the rocks of the
Dockum group, if applied to the soil, probably would produce black
alkali conditions because it contains so much residual sodium
carbonate.

The location of wells and springs and the areas of outcrop of rocks
belonging to the Dockum group are shown on plate 4, and the analyses
of saline water are given in table 1.

JURASSIC SYSTEM

Rocks of Jurassic age crop out in the Colorado Plateau, on the
flanks of the Southern Rocky Mountains, in the northern Pecos Valley,
and in the Canadian River Valley (fig. 2), and underlie the Colorado,
Raton, and Las Vegas Plateaus. The various formations of the
Jurassic system in New Mexico have been assigned different names in
different areas. There are, in ascending order, the Carmel formation,
Entrada sandstone, Todilto limestone, and Morrison formation,
together with a number of correlative units and other formations of
intermediate age. The rocks consist mainly of sandstone, siltstone,
and shale with lesser amounts of limestone and conglomerate. In
the Pecos Valley and the Canadian River valley the Morrison and
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Entrada generally are less than 800 feet thick. In the vicinity of
Gallup the Morrison formation and a partial correlative, the Zuni
sandstone, have an aggregate thickness of about 700 feet.

In most areas the Jurassic rocks are predominantly fine grained
and not very permeable, and therefore yield only small quantities of
water. Locally, however, they yield moderate or even large quanti-
ties, as at spring 1.8.3.10.222 and well 1.15.19.29.300.

The Entrada sandstone and Morrison formation mostly contain
slightly saline water. A sample of very saline sodium chloride water
was obtained from well 1.7.2.6.434, in Valencia County. Waters
sampled from other wells were predominantly of the sodium sulfate
type, and some contained undesirable amounts of residual sodium
carbonate. Location of wells and springs sampled and outcrops of
rocks of Jurassic age are shown on plate 4, and analyses of the saline
water are given in table 1.

CRETACEOUS SYSTEM

Rocks of Cretaceous age crop out in or underlie about 30 percent
of the surface area of New Mexico. The two principal areas of
Cretaceous rocks are the Raton and Las Vegas Plateaus and the
Colorado Plateau. In the former area, the Great Plains stratigraphic
nomenclature generally is used. The section, in ascending order,
includes the Purgatoire formation, Dakota sandstone, Graneros shale,
Greenhorn limestone, Carlile shale, Niobrara formation, Pierre shale,
Trinidad sandstone and Vermejo formation (Griggs, 1948; Griggs and
Hendrickson, 1951; and Woods, Northrup, and Griggs, 1953), and
has a thickness of about 3,200 feet in Colfax County. In the Colorado
Plateau and in most of the minor outcrops in the State, the lithology
of the Cretaceous rocks is different and other formation names are
used. In these latter areas the name Dakota has been retained for
the Lower(?) and Upper Cretaceous, and the Upper Cretaceous rocks
are divided into a large number of formations, many of which are
partly or entirely correlative, one to another. The Cretaceous rocks
are thickest in the San Juan basin where they are more than 5,000
feet thick. Owing to the complex stratigraphic relations of the Upper
Cretaceous in the Colorado Plateau, these rocks are discussed as a
unit with reference to the availability of saline water.

DAKOTA SANDSTONE

Rocks of Lower(?) and lowermost Upper Cretaceous age in New
Mexico belong mainly to the Dakota sandstone. Prior to 1951, the
Dakota sandstone in all areas was considered to be in the Upper Creta-
ceous series; however, investigations in western Colorado by Cobban
and Reeside (1951) and in southeastern Colorado by McLaughlin
(1954) indicate that the Dakota sandstone in those areas is partly,
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if not entirely, Lower Cretaceous. In New Mexico, the Cretaceous is
correlated, to some degree, with formations in Colorado.

In the Colorado Plateau, the Dakota shows complex facies changes.
It consists of lenses of sandstone, shale, and some conglomerate and
coal. In the Raton and Las Vegas Plateaus, the lower part of the
Dakota sandstone includes some beds of shale which may correlate
with the Purgatoire formation (Griggs, 1948). In Colfax County the
sandstones generally are tightly cemented, here the formation is about
200 feet thick. In the vicinity of Gallup in western New Mexico, the
thickness of the formation ranges from 50 to 250 feet.

Because the Dakota differs in lithology from place to place, the per-
meability differs also. The tight sandstones of the formation in the
vicinity of Colfax County generally yield less than 50 gpm to individual
wells. The sandstone in the Colorado Plateau generally yields small
to moderate quantities of water, although large yields of saline water
might be possible locally.

According to Griggs (1948) the salinity of water in the Dakota sand-
stone in southern Colfax County probably is related to igneous activity
during Quaternary time. The principal constituents of the water are
calcium, sodium, sulfate, and chloride. Some of the water also con-
tains large amounts of bicarbonate and relatively large amounts of
fluoride. The sodium bicarbonate and sodium chloride, and possibly
the fluoride, probably have been added to the water from igneous
emanations rising along the boundaries of dikes and plugs. Griggs
also says, in effect, that the permeability of the sandstone in the area
is such that the salinity of the water probably is not due, primarily, to
the presence of connate water. Dikes of Quaternary age are not
known to be present in eastern Colfax County, and the Dakota sand-
stone contains fresh water in much of that area.

The salinity of one sample of moderately saline water obtained from
the Dakota in Sandoval County probably is due to the depth of burial
of the formation at well 1.18.3.21.210, which is an oil test.

Ground water sampled from the Dakota sandstone was slightly to
moderately saline, and most contained more than 60 percent sodium.
The location of wells sampled and the areas of outcrop of the Dakota
sandstone are shown on plate 5. Analyses of saline water from the
formation are given in table 1.

UPPER CRETACEOUS SERIES

Rocks of Upper Cretaceous age that crop out in the Raton and
Las Vegas Plateaus in northeastern New Mexico consist principally of
shale and marl with some intercalated limestone. Some sandstone
and coal are present in the upper part of the series. The series is
about 3,000 feet thick in Colfax County and yields only small amounts
of water to wells.
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On the Colorado Plateau in northwestern New Mexico the Upper
Cretaceous consists of sandstone, much of which is thick and massive,
shale, conglomerate, and some coal in the lower half of the series.
Many of these rocks can be traced from one part of the San Juan
Basin to another, but the series is complex owing to the numerous
lithologic changes in the form of tongues and lenses. The series
differs in thickness from place to place, but generally the thickness
increases toward the center of the basin, where it exceeds 5,000 feet.

The ground-water conditions in much of the Colorado Plateau
have not been investigated. In areas where data are available, the
sandstone and conglomerate yield small to moderate quantities of
slightly to moderately saline water to wells. An example is the
Gallup sandstone which is from 150 to 250 feet thick in the vicinity
of Gallup and consists chiefly of fine-grained sandstone with inter-
bedded shale and coal. The yields of wells drilled into the sandstone
range from 30 to about 200 gpm.

If used for irrigation on poorly drained soil, the water from some
of the rocks of Lake Cretaceous age contain sufficient residual sodium
carbonate to cause black alkali conditions. One well in Colfax
County (2.24.24.15.111), 130 feet deep in Graneros shale, yielded
water containing approximately 40 epm of residual sodium carbonate.
According to Eaton (1950) water containing more than 2.5 epm of
residual sodium carbonate is not suitable for irrigation use under
normal conditions.

Spring 1.8.2.30.430, in Valencia County, yielded very saline water
containing 4.3 ppm of fluoride. The analyzed water samples from
Upper Cretaceous rocks (were from) slightly to very saline. The
chemical analyses in table 1 indicate that several types of water are
obtained from Upper Cretaceous rocks. Among these are waters of
the calcium magnesium sulfate, sodium sulfate, sodium bicarbonate,
and sodium chloride types.

The location of wells and springs sampled and the areas of outcrop
of the Upper Cretaceous series are shown on plate 5.

TERTIARY SYSTEM

PALEOCENE SERIES
NACIMIENTO FORMATION

The oldest Tertiary rocks containing saline water in New Mexico
are the sandstones of the Nacimiento formation which crops out in a
roughly circular band around the central part of the San Juan basin
(fig. 4). The Nacimiento formation has been mapped as a unit
around the southeast, south, and west sides of the basin (Dane and
Bachman, 1957), but at the east side of the basin, the formation
grades into the upper part of the Animas formation. In the same
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area the Ojo Alamo sandstone of Upper Cretaceous age, which under-
lies the Nacimiento formation, grades into the lower part of the
Animas formation. The Nacimiento formation herein includes that
part of the Animas in the San Juan basin which is correlative to the
Nacimiento. The beds consist of sandstone, shale, and conglomerate,
and represent a continuation of the complex intertonguing and other
facies changes that are typical of the underlying Upper Cretaceous
series (Baltz, 1953).

The Nacimiento crops out in a comparatively undeveloped part
of the State, and only a few domestic and stock wells have been drilled
into the formation. On the basis of lithology, however, the authors
believe that the formation would yield small to moderate quantities
of water to wells.

Water from the Nacimiento formation is of the calcium and sodium
sulfate type and is slightly saline. Location of wells sampled and
analyses of saline water from the formation are shown in figure 4,
and table 1, respectively.
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PLIOCENE SERIES
OGALLALA FORMATION

Unconsolidated gravel, sand, clay, and caliche of the Ogallala
formation of Pliocene age underlie the High Plains in the eastern
part of New Mexico (fig. 5), and cap a few erosional remnants in
the Pecos Valley and the Raton and Las Vegas Plateaus. In the
High Plains the Ogallala ranges in thickness from a veneer to about
250 feet and lies upon the eroded surface of Triassic rocks and ero-
sional remnants of Lower Cretaceous rocks.

In most areas on the High Plains the Ogallala yields moderate to
large quantities of fresh water to irrigation and public-supply wells.
However, water yielded by wells 4.18.38.30.223 and 4.21.33.2.422a in
southern Lea County (fig. 5 and table 1) was slightly saline. Water
from well 4.18.38.30.223 also contained fluoride in excess of 1.5 ppm
which seems to be typical of saline water from the Ogallala formation
on the High Plains of Texas. Although specific data are meager,
saline water reportedly occurs in the Ogallala north of the wells
described.

TERTIARY AND QUATERNARY SYSTEMS
SANTA FE GROUP AND RELATED BOLSON FILL

Most of the rocks filling the structural troughs or basing of the
Basin and Range province in New Mexico belong to the Santa Fe
group and to other bolson fill of equivalent or nearly equivalent age.
The rocks consist of caliche, clay, silt, sand, gravel, and larger parti-
cles of erosional debris. The Santa Fe group also includes some
interbedded volcanic flow and tuffaceous rocks. The various rock
types are irregularly distributed, and within a short distance the lithol-
ogy may differ considerably. Consequently, individual beds gen-
erally cannot be traced very far. They are unconsolidated or slightly
consolidated, and in most areas have been slightly deformed by struc-
tural movements of the underlying or adjacent consolidated rocks
(Bryan, 1938). In some areas, as in Torrance County, the thickness
of the fill ranges from less than 1 foot to 300 feet or a little more.
However, much greater thicknesses of erosional debris have accumu-
lated in several of the deeper structural troughs. An oil test near the
State line in El Paso County, Texas, was drilled through more than
4,000 feet of fill (Sayre and Livingston, 1945). More than 5,000 feet
of upper Tertiary rocks were deposited in the vicinity of the present
Rio Grande valley in northern Socorro County (Spiegel, 1955).
Elsewhere, recorded data show that the fill in the several basing
ranges from a veneer to more than 1,000 feet in thickness (Meinzer
and Hare, 1915; Murray, 1942; Conover, 1954). Although the fill
contains fresh water in many areas, large quantities of saline water
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are stored in the several basins. The fill has a wide range of perme-
ability, and therefore has a wide range of yields. In Torrance County
yields of wells penetrating the Tertiary and Quaternary fill is as much
as about 2,000 gpm. Southward and westward, in eastern Valencia
and Socorro Counties, parts of Lincoln, Sierra, Otero, and Dona Ana
Counties, the bolson fill yields 500 to 1,000 gpm to individual wells.
In the southwestern Basin and Range province, near Deming, in
Luna County, the fill yields as much as 1,500 gpm, and in Hidalgo
County it yields as much as 1,800 gpm to wells.

The bolson deposits were derived from a variety of consolidated
rocks of different ages, and the quality of the ground water in the fill
differs from place to place as a result of the differing source rocks.
Most of the water samples analyzed were of the sodium chloride and
calcium and sodium sulfate types and were slightly to moderately
saline. One sample, from well 4.17.8.13.231, was a sodium chloride
brine. Several samples contained relatively large quantities of minor
constituents, such as 11 ppm of fluoride from well 3.28.7.9.411 and
24 ppm of nitrate from well 4.17.9.23.333.

Several areas in New Mexico contain bolson deposits in which little
or no fresh water is stored. The Tularosa Basin and the Jornado
del Muerto are the largest of those areas. The bolson deposits there
consist largely of debris from limestone and evaporites. Recharge
consists mainly of floodwater from the adjoining mountains, and as a
result of the method of recharge and of the chemical nature of the de-
posits, the only fresh water that has been found is stored at the bases
of the adjoining mountains. Thus, in an area of about 3,000 square
miles in the Tularosa Basin, it is doubtful that more than 200 square
miles are underlain by aquifers that contain fresh water. Elsewhere
in the State, as in the Rio Grande Valley, large supplies of saline water
are available from the bolson deposits, but fresh-water supplies are
more abundant than in the Tularosa Basin and Jornado del Muerto.

Analyses of saline water from the Santa Fe group and related
bolson fill are shown in table 1. Location of wells and springs sampled
are shown on plate 6. Qutcrops of these rocks are not shown on
plate 6, mainly because they underlie Quaternary deposits in many
areas and because they are difficult to distinguish from the overlying
Quaternary rocks.

QUATERNARY SYSTEM
PLEISTOCENE AND RECENT ALLUVIAL AND EOLIAN DEPOSITS

Much of the land surface of New Mexico is underlain by a veneer
of Pleistocene and Recent alluvial deposits and, locally, dune sand.
Generally, these deposits are either thin or net saturated and thus
yield little or no water, but, in a few areas, they are water-bearing
and thick enough to be important aquifers. Among the important
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alluvial aquifers of the State are the sands and gravels beneath the
flood plains of the Pecos River and the Rio Grande.

In the Pecos Valley the alluvial deposits are most important in
Chaves and Eddy Counties. There, the alluvium ranges in thickness
from less than a few feet to a little more than 300 feet. The alluvium
yields as much as 1,500 gpm of slightly to moderately saline water
(Morgan, 1938).

The relatively narrow Rio Grande flood plain is underlain by
alluvium that averages about 100 feet and reaches a maximum thick-
ness of about 200 feet. The river flows through several sub-basins
from Sandoval County to El Paso, at the southern State line. In
this reach of the river valley, the alluvial deposits yield large quan-
tities of fresh to moderately saline water to irrigation and some
public-supply wells. Yields of irrigation wells are as much as 2,000
gpm.

In the Basin and Range province alluvial fans at the mouths of
mountain canyons also are sources of water. In central Otero County,
alluvial fans yield as much as 500 gpm of slightly to moderately
saline water to irrigation wells.

Throughout the State, alluvium along minor streams yields small
to moderate quantities of water to stock, domestic, and irrigation
wells, In addition, terrace gravels, such as those in Colfax County,
yield small quantities of water.

Dune sand is rarely water bearing in New Mexico, but the dunes
are important recharge areas. However, dune sand is water-bearing
in western Otero County, but because the sand there is composed
principally of gypsum, the ground water is highly mineralized and is
not utilized at present.

The analyzed samples of saline water from Quaternary rocks (table
1), were slightly to moderately saline, and generally caleium, sodium,
chloride, and sulfate were the predominant ions. In a few samples
magnesium was the predominant cation. Like the bolson fill, the
alluvium is derived from rocks of differing lithology and, therefore,
the quality of water in the alluvium differs from place to place.
Unlike that in most of the older rocks, water in the alluvium is subject
to changes in quality owing to changes of surface conditions. In-
creased or decreagsed recharge, evapotranspiration, and other factors
can cause fluctuations in the quality of water from wells in the alluvium
or from springs issuing from it. The location of wells and springs
sampled is shown on plate 7.

SALINE SURFACE WATER

Several areas in New Mexico depend upon moderately saline surface
water for irrigation. Most of these areas are in the Pecos River
634404—62——3
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Valley below Santa Rosa, a town that utilizes saline surface water
in part for a public supply. Slightly saline water is frequently used
for irrigation in the Rio Grande basin both above and below Elephant
Butte Reservoir.

The U.S. Geological Survey has studied the chemical quality of the
surface waters in New Mexico for many years. The studies have
been partly under the Federal program for collection of basic data and
partly in cooperation with the New Mexico Interstate Stream Com-
mission and the Pecos River Commission, and for the most part have
been limited to the main stems of the most important streams;
therefore, few or no data are available for most of the less important
tributaries. Analyses of samples containing maximum, minimum,
and modal concentrations of dissolved solids for the period of record
and weighted averages of analyses of surface water for representative
years are shown in table 3. A modal concentration of dissolved
solids is that concentration which recurs most frequently during the
period of record. A weighted average of analyses represents the
approximate chemical composition of the water passing a point
during a period of 1 year if all the water were impounded and thor-
oughly mixed, and there were no losses by evaporation. Records
and stream data of saline surface water in New Mexico are shown in
table 4.

In this report the occurrence of saline surface waters is discussed
by river basins. The approximate boundaries of the river basins in
New Mexico and location of sampling points are shown on plate 8.
For simplicity of illustration several closed basins which may or may
not be hydraulically connected with the rivers are included in the
river basins. These closed basins are: San Augustine Plains, Mimbres
Valley, Estancia Valley, Jornada del Muerto, and Tularosa Valley in
the Rio Grande drainage area, and Salt Basin in the Pecos drainage
area.

CANADIAN RIVER BASIN

The Canadian River, one of the principal tributaries of the Arkansas
River, rises in northern Colfax County, flows southward through
Conchas Reservoir, then turns eastward and leaves the State about
40 miles northeast of Tucumeari. The Canadian River drains approxi-
mately 12,500 square miles in New Mexico.

The concentration of dissolved minerals in the water'in the Canadian
River fluctuates widely. Although low flows in the Canadian River
near Taylor Springs and Sanchez (pl. 8) often are slightly saline, the
weighted average of analyses indicates the impounded river water
would be fresh near Sanchez. The water is the calcium and magne-
sium sulfate type.
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While impounded in Conchas Reservoir the saline low flows and
the fresh high flows become mixed, and the resulting water is fresh.
Probably the water in the Canadian River in New Mexico below the
dam also is fresh.

Chicorica Creek and Cimarron River are fresh-water streams in
their upper reaches. However, available data show that they contain
slightly saline water at times.

The flow of the Cimarrron River near Springer is partly controlled
by Eagle Nest Lake and by diversions for irrigation above the station.
The saline-water, low flow of the Cimarron River is the calcium and
magnesium sulfate type. The salinity of the water probably is due
to irrigation return flows entering the river and to the dissolving
action of the river on gypsiferous rocks in the Niobrara formation
and Pierre shale both of which crop out in the river channel.

Water from Chicorica Creek and Una de Gato Creek, which are
both near Hebron, is at times slightly saline and is the calcium and
magnesium sulfate type. These creeks also traverse gypsiferous rocks.

Location of sampling points and chemical analyses of saline water
in the Canadian River basin are shown on plate 8 and in table 3,
respectively.

RIO GRANDE BASIN

The Rio Grande heads in southwestern Colorado, flows in a south-
erly direction through central New Mexico, and leaves the State at
El Paso, Texas. The drainage area in New Mexico is approximately
24,500 square miles.

For most years of record the weighted average of dissolved solids
in water in the main stem of the Rio Grande in New Mexico is less than
1,000 ppm.

Generally the day-to-day base flow in the Rio Grande is fresh;
however, the concentration of dissolved solids in the water varies
considerably from time to time in the summer, owing to rapid changes
in flow caused by flash floods. Occasionally the main stem of the Rio
Grande is saline below Bernardo because of flow from the major trib-
utaries upstream from San Acacia. Irrigation drains also contribute
saline water to the Rio Grande. Saline flows in the main stem of the
Rio Grande probably are of short duration.

Because most of the saline surface water in the basin is in the trib-
utaries of the Rio Grande, the occurrence of saline water in the basin
is discussed by sub-basins.

RIO PUERCO AND RIO SALADO

The Rio Puerco and Rio Salado are important tributaries of the Rio
Grande that contribute saline water. Both intermittently yield the
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same type of saline water because both flow across beds of gypsum and
shale that contain large quantities of soluble salts. Usually, the first
flows of summer floods are highly mineralized and cause an increase
in dissolved-solids concentration of the water in the main stem of the
Rio Grande at San Acacia.

Recent data seem to indicate that the storm runoff in the Rio Puerco
is usually saline whereas the storm runoff in the Rio Salado is saline
only about halt the time. The salts carried by these streams consist
largely of sulfates of calcium, magnesium, and sodium.

RIO SAN JOSE

The Rio San Jose rises in northwestern Valencia County, flows
southeastward, and enters the Rio Puerco approximately 40 miles
southwest of Albuquerque.

Chemical analyses show that water in the Rio San Jose during inter-
mittent high flows is slightly saline but that water during sustained
flows of about 3 to 6 cfs (cubic feet per second) generally is fresh. The
saline water is of the calcium sulfate type.

Analyses of saline surface water from regular stations on the Rio
Grande and of miscellaneous samples on the major tributaries in the
basin are shown in table 3. Sampling points are shown on plate 8.

PECOS RIVER BASIN

The Pecos River heads in the Southern Rocky Mountains in
northern New Mexico and flows in a generally southeastward direction,
leaving the State south of Carlsbad. The drainage area in New
Mexico is approximately 19,600 square miles.

Samples for chemical analyses have been collected regularly at
many sampling stations on the Pecos River and infrequently from
the major tributaries and from reservoirs on the river. Records of
the U.S. Geological Survey indicate that most of the saline water in
the Pecos River in New Mexico is below Santa Rosa in central Guada-
lupe County. It is in this reach of the river that considerable quan-
tities of water are diverted for irrigation.

According to the weighted average of the chemical analyses,
water from the Pecos River ranges from slightly saline at Puerto de
Luna to moderately saline near Red Bluff (table 3). Analyses of
composites of daily samples taken during periods of low flow near
Acme show the water to be very saline.

The concentration of dissolved solids increases and the chemical
composition of the water changes between Puerto de Luna and Red
Bluff. In the reach of the river from Puerto de Luna to Malaga
the river traverses deposits of gypsum, thus enabling the water to
leach out considerable calcium sulfate. In the Malaga Bend area,
however, numerous springs and seeps discharge enough sodium
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chloride brine into the river channel to change the chemical com-
position of the water from predominantly calcium sulfate to pre-
dominantly sodium chloride.

Location of sampling points and analyses of saline water from the
Pecos River basin are shown in plate 8 and table 3.

SAN JUAN RIVER BASIN

The San Juan River rises on the western slope of the Continental
Divide in southwestern Colorado and northwestern New Mexico.
Where it enters the State it forms the boundary between Rio Arriba
and San Juan Counties and flows in a southwesterly direction. It
then swings to the west and northwest and reenters Colorado near
the four corners of New Mexico, Colorado, Utah, and Arizona. Its
drainage area in New Mexico is approximately 10,000 square miles.
Nearly all the surface water in the San Juan basin is fresh. Although
La Plata River discharges saline water into the San Juan River at
Farmington, the San Juan below Farmington is fresh, owing to the
dilution effect of the larger flow of the main stem.

Records of chemical analyses at approximately monthly intervals
show La Plata River near Farmington to be slightly to moderately
saline. From low concentrations to as much as about 2,000 ppm of
dissolved solids, the water is of the calcium and magnesium sulfate
type. At greater concentrations, the water is predominantly the
sodium sulfate type.

The location of the sampling point and chemical analysis of saline
water in the San Juan basin is given in plate 8 and table 3, respectively.

SALINE LAKES AND RESERVOIRS

Severel natural lakes in New Mexico are saline. Some of these may
have been fresh originally, but the concentration of dissolved solids
has increased more or less progressively because all the inflowing
water is mineralized to some extent, however small, and none of the
minerals are removed with the water that evaporates from the surface
of the lakes. A lake with no outlet may be freshened temporarily by
precipitation on its surface and by inflowing water that is less min-
eralized than the lake water, but eventually it is even more mineralized
than it was before it was freshened.

The water in a reservoir generally contains dissolved solids in
amounts somewhat lower than the saline flows of the river and some-
what higher than the fresh flows. In many instances the quality of
the water in the reach of a stream below a dam is better than that
upstream from the reservoir because the saline low flows are mixed in
the reservoir with the fresh high flows. Evaporation from reservoirs
results in some increase in the concentration of dissolved solids in
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the impounded water. The most significant amount of saline water
in reservoirs in New Mexico is in the Pecos River below Puerto de
Luna.

Saline lakes and reservoirs in the Pecos River basin in New Mexico
for which chemical analyses are available are Alamogordo Reservoir
near Fort Sumner, Lakes McMillan and Avalon near Carlsbad, all
on the Pecos River, and several lakes in the Bottomless Lakes State
Park east of Roswell.

Several spot samples taken from Alamogordo Reservoir show the
water to be slightly saline and of the calcium sulfate type.

Samples taken from Lake McMillan at different stages show that
the water is commonly slightly saline and of the calecium sulfate type
at high elevations (gage height 24.4 feet) and very saline and of the
sodium chloride type at low elevations (gage height 13.6 feet). The
reason for this apparent relation of quality of water to stage of Lake
MecMillan is that at high stages the reservoir storage is usually made
up primarily of flood waters or water of good quality released from
Alamogordo reservoir whereas at low stages the water entering Lake
McMillan is primarily base flow derived from ground-water discharge
to the Pecos from the Roswell Basin. This base flow is highly min-
eralized. Lakes in the Bottomless Lakes State Park contain waters
that probably are moderately saline to very saline. Specific conduct-
ances of these waters range from 5,250 to 20,400 micromhos. Analyses
of surface samples from several of these lakes show the water to be
of the calcium sulfate type. However, the highly concentrated water
from one lake (20,400 micromhos specific conductance) is of the
sodium chloride type.

Many small lakes scattered throughout New Mexico have become
saline because of evaporation. However, the volume of water in
these lakes is probably not sufficient for the establishment of a de-
mineralization project.
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