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CONVERSION FACTORS

For use of readers who prefer to use metric units, conversion factors for
terms used in this report are listed below:

Multiply inch-pound unit By To obtain metric (SI) units
mile 1.609 kilometer
acre 0.4047 hectare
foot 0.3048 meter
acre-foot per year 0.001233 cubic hectometer per year
foot per mile 0.1894 meter per kilometer
acre—-foot 0.001233 cubic hectometer
inch 25.40 millimeter

Temperatures in degrees Fahrenheit (°F) or degrees Celsius (°C) can be
converted as follows:

°F = 9/5 (°C) + 32
°C = 5/9 (°F - 32)
Sea level: In this report "sea level” refers to the National Geodetic

Vertical Datum of 1929 (NGVD of 1929)--a geodetic datum derived from a general
adjustment of the first-order level nets of both the United States States and
Canada, formerly called "Sea Level Datum of 1929."

viii



GROUND-WATER GEOCHEMISTRY OF THE ALBUQUERQUE-BELEN
BASIN, CENTRAL NEW MEXICO
By
Scott K. Anderholm
ABSTRACT

The Albuquerque-Belen Basin, located in central New Mexico, is dependent
on ground and surface water for irrigation and municipal |use. The
geochemistry of ground water in the basin was studied as part of the Southwest
Alluvial Basins Regional Aquifer—-Systems Analysis. The purpose of this study
was to define the areal distribution of different water qualities, use the
distribution to help define the ground-water flow system, and identify
processes resulting in differences in ground-water quality in the Albuquerque-
Belen Basin.

The Albuquerque-Belen Basin contains as much as 18,000 feet of basin-fill
sediments of the Santa Fe Group, which form the principal aquifer in the
basin. The majority of ground-water inflow to the principal aquifer occurs as
infiltration of surface water through river channels, infiltration of surface
inflow from adjacent areas, infiltration of excess irrigation water, ground-
water inflow from adjacent bedrock units, and ground-water inflow from the

upgradient Santo Domingo Basin. In general, ground water flows from the
margins of the basin toward the basin center and then southward to the
adjacent Socorro Basin. The majority of ground-water outflow 1is

evapotranspiration, ground-water pumpage, and ground-water outflow to the
Socorro Basin.

The chemistry of inflow water to the aquifer has the largest effect on
the distribution of different water qualities in the Albuquerque-Belen
Basin. In the southeastern area of the basin, inflow is derived from
Paleozoic and Mesozoic rocks that contain gypsum. Specific conductance ranges
from about 1,000 to 1,200 microsiemens per centimeter at 25 °Celsius in this
area of the basin, and calcium and sulfate generally are the dominant ions.
On the eastern side of the basin, inflow is derived from Precambrian and
Paleozoic rocks.,. Ground water in this area of the basin has a specific
conductance usually less than 400 microsiemens per centimeter, and calcium and
bicarbonate are the dominant ions. Along the southwestern margin of the
basin, ground water enters the basin from adjacent Paleozoic rocks and from
the infiltration of surface water from adjacent areas. These two waters mix
in the aquifer. The inflow from adjacent bedrock units has a specific
conductance generally greater than 20,000 microsiemens per centimeter. This
water contains large concentrations of sodium and chloride. The mixing of
this water and the infiltration of surface water from adjacent areas, which
generally has a small specific conductance, result in ground water with a
large range of specific conductance. Sodium and sulfate are the dominant ions
in ground-water inflow from Cretaceous rocks along the western margin of the
basin.
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In the northern area of the Albuquerque-Belen Basin, ground-water inflow
from the Jemez geothermal reservoir mixes with local recharge water and ground
water in the aquifer. Large concentrations of silica and chloride generally
are indicators of ground water from the Jemez geothermal reservoir.

In a large area west of Albuquerque, sodium is the dominant cation in
ground water. In this area of the basin, the exchange of calcium and
magnesium for sodium probably is a dominant process affecting ground-water
quality. This is the same area of the basin that is underlain by relatively
fine grained sediments as indicated by drillers' and geophysical logs.

Ground water in the Rio Grande valley is affected by the infiltration of
excess 1irrigation water. Excess irrigation water generally has a larger
specific conductance than other ground water in the Rio Grande valley, so the
mixing of these waters results in shallow ground water with a generally larger
specific conductance than the deeper ground water,

INTRODUCTION

In 1978, Congress appropriated funds for a comprehensive national ground-
water investigation program called Regional Aquifer-Systems Analysis (RASA).
This program was designed to study large areas of the country that are
underlain by a regional aquifer system. A regional aquifer system as defined
by this program consists of hydraulically connected aquifers that underlie
large regions, usually parts of several States.

Twenty-nine regional aquifer systems were identified for study (Bennett,
1979, p. 38). Individual regional aquifer—-system studies are scheduled to
take 4 to 5 years. The RASA program is expected to last for 10 years, with
several regional studies starting each year. Although each regional system is
different, the overall objectives are to assemble hydrologic information and
develop predictive tools for management of the Nation's ground water (Bennett,
1979, p. 38). In general, the predictive tools consist of some type of
computer model that will simulate the ground-water systems.

The Southwest Alluvial Basins (SWAB) East RASA study began in fiscal year
1978, The SWAB area includes the alluvial basins along the Rio Grande from
its headwaters in southern Colorado to western Texas and several closed
alluvial basins in southwestern and central New Mexico (fig. 1). Twenty-two
alluvial basins were identified in this study area. Because of the duration
of the project and the large number of basins identified, not all basins were
studied with the same amount of detail. The principal objectives of the SWAB-
RASA study are: (1) To develop a computerized data base; (2) to study the
ground-water flow systems and ground-water quality; and (3) to develop digital
computer models of the ground-water flow systems in selected basins (Wilkins
and others, 1980, p. 10).





















Well-Numbering System

The system of numbering wells in New Mexico is based on the common
subdivision of public lands into sections (fig. 3). The well number, in
addition to designating the well, locates its position to the nearest l0O-acre
tract in the land network. The number is divided by periods into four
segments. The first segment denotes the township (T.) north (N.) or south
(S.) of the New Mexico Base Line; the second segment denotes the range (R.)
east (E.) or west (W.) of the New Mexico Principal Meridian; and the third
segment denotes the section (sec.). The fourth segment consists of three
digits that denote the 160-, 40-, or 10-acre tract, respectively, in which the
well is located. For this purpose, the section is divided into four quarters,
numbered 1, 2, 3, and 4, for the northwest, northeast, southwest, and
southeast quarters, respectively. The first digit of the fourth segment gives
the quarter section, which is a tract of 160 acres. Similarly, the 160-acre
tract is divided into four 40-acre tracts denoted by the second digit and
numbered in the same manner. Finally, the 40-acre tract is divided into four
10-acre tracts that are denoted by the third digit.

If a well cannot be located accurately within a 10-acre tract, a zero is
used as the third digit, and if the well cannot be located accurately within a
40-acre tract, zeros are used for the second and third digits. If a well
cannot be located more closely than the section, the fourth segment of the
well number is omitted.

Well 5S.

w.21.221
Figure 3.--Well-numbering system in New Mexico.
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GEOLOGY

An understanding of the geology of the Albuquerque-Belen Basin and
surrounding areas is important when determining water—-quality types and their
distribution and extent in the basin. Rocks from Precambrian to Holocene age
are found in or surrounding the Albuquerque-Belen Basin (pl. 1). Each
geologic unit is described in some detail in the following sections.

Precambrian Rocks

Precambrian rocks generally are exposed on the eastern side of the basin
in the Sandia, Manzanita, Manzano, and Los Pinos Mountains (pl. 1).
Precambrian rocks also are exposed in the Ladron Mountains in the southwest
part of the basin. The Precambrian rocks consist of granite, gneiss, schist,
quartzite, and greenstone (Kelley, 1977, p. 8).

Paleozoic Rocks

Mississippian and Pennsylvanian rocks border the Albuquerque-Belen Basin
on all but the northern and northwestern sides (pl. 1). On the eastern side
of the basin, these rocks cap the Sandia, Manzanita, Manzano, and Los Pinos
Mountains. On the southern and southwestern sides of the basin, these rocks
are exposed at the land surface or are in fault contact with the Santa Fe
Group (Formation) of late Tertiary and Pleistocene age in the subsurface. The
thickness of Mississippian rocks varies considerably. In many areas,
Mississippian rocks are missing due to erosion or to not being deposited. In
a measured section near Placitas, Mississippian rocks consist of a basal
sandstone and conglomerate (6.6 feet thick), followed upward by stromatolitic
dedolomite (33 feet thick) and limy mudstone and dolomite (34 feet thick)
(Kelley and Northrop, 1975, p. 29).

Pennsylvanian rocks consist of the Sandia and Madera Formations. The
Sandia Formation consists of sandstone, shale, limestone, and conglomerate,
and averages approximately 150 feet thick (Kelley, 1977, p. 32). The Madera
Formation forms large dip slopes around the eastern, southern, and
southwestern sides of the Albuquerque-Belen Basin. The Madera Formation in
the Sandia and Manzano Mountains is composed of a lower part dominated by gray
marine limestone and an wupper part of interbedded 1limestone, arkosic
sandstone, conglomerate, and red shale. The thickness of the Madera Formation
in the Sandia Mountains ranges from 1,300 to 1,400 feet (Kelley and Northrop,
1975, p. 34). In the Mesa Lucero area (fig. 2), the Madera Formation is
composed of a lower dark-gray cherty limestone, a middle limestone with
interbedded red shale and arkosic sandstone, and an upper interbedded red
sandstone, red shale, conglomerate, and limestone (Kottlowski, 1961, p.
100). The thickness of the Madera Forma¢ion near Mesa Lucero is approximately
1,700 feet (Kottlowski, 1961, p. 100).
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Permian rocks consist of the Abo Formation, Yeso Formation, Glorieta
Sandstone, and San Andres Formation. The Abo Formation represents fluvial
subareal deposition and consists of alternating reddish-brown mudstone and
sandstone and minor conglomerate and limestone (Kelley and Northrop, 1975, p.
49-50), The thickness of the Abo Formation is approximately 700 to 900 feet
in the Sandia Mountains (Kelley and Northrop, 1975, p. 50) and approximately
800 to 900 feet in the Mesa Lucero area (Baars, 1961, p. 115).

The Yeso Formation consists of gypsum, tan to brown sandstone, siltstone,
limestone, and dolomite. Outcrops of the Yeso Formation are exposed in the
southeastern and southern parts of the basin and on the southwestern side of
the basin near the Ladron Mountains and Mesa Lucero. The presence of gypsum
(CaSOa.2H20) in this unit is important because gypsum is soluble and ground
water that comes into contact with the Yeso Formation or associated sediment
of the Yeso Formation tends to have large concentrations of calcium and
sulfate, The Yeso Formation is approximately 500 feet thick in the Sandia
Mountains (Kelley and Northrop, 1975, p. 51).

The Glorieta Sandstone and San Andres Formation undivided consists of the
Glorieta Sandstone, composed of clean white sandstone, and the San Andres
Formation, composed of limestone with minor interbedded sandstone and an
overlying sandstone with interbedded limestone (Kelley and Northrop, 1975,
p. 52). In the Sandia Mountains, the Glorieta and San Andres sequence is
approximately 350 feet thick (Kelley and Northrop, 1975, p. 52); in the Mesa
Lucero area, the formation is approximately 700 feet thick (Baars, 1961,
p. 118).

Mesozoic Rocks

Triassic rocks consist of the Santa Rosa Formation and the Chinle
Formation. The Santa Rosa Formation that crops out along the eastern margin
of the basin consists of white to reddish-brown sandstone and minor
conglomeratic lenses (Kelley and Northrop, 1975, p. 52). The Chinle Formation
along the eastern side of the Albuquerque-Belen Basin consists predominantly
of reddish-brown mudstone and interbedded thin sandstone stringers. On the
western side of the basin, the Chinle Formation consists of a lower sandy
facies and an upper red mudstone and shale and has a combined thickness of
approximately 500 feet (Smith, 1961, p. 121-122).

Jurassic rocks are exposed near San Ysidro, Placitas, and Mesa Lucero
(pl. 1). Jurassic rocks consist of the Entrada Sandstone, Todilto Formation,
Summerville Formation, Bluff Sandstone, and Morrison Formation. The Entrada
Sandstone is a buff to white sandstone that is approximately 100 feet thick
(Kelley and Northrop, 1975, p. 54). The Todilto Formation consists of a lower
flaggy limestone and an upper massive gypsum and has an approximate thickness
of 180 feet (Kelley and Northrop, 1975, p. 55). The stratigraphic sequence of
rocks between the Todilto and Morrison Formations is different on the eastern
and western sides of the Albuquerque-Belen Basin., On the eastern side of the
basin, the Todilto Formation is overlain by the Morrison Formation. The
Morrison Formation consists of green to red mudstone and siltstone with
interbedded white to orange sandstone (Kelley and Northrop, 1975, p. 56). On
the western margin of the basin, the Todilto Formation is overlain by the
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Summerville Formation and the Bluff Sandstone. The Summerville Formation
consists of a lower brown mudstone and an upper light-brown sandstone and is
approximately 120 feet thick (Moench and Schleep, 1967, p. 14). The overlying
Bluff Sandstone consists of a well-sorted buff sandstone that is approximately
300 feet thick (Moench and Schleep, 1967, p. 15). On the western side of the
basin, the Morrison Formation consists of a lower white sandstone and an upper
red to green mudstone with interbedded white sandstone (Smith, 1961, p. 126-
127).

Cretaceous rocks crop out along the northeastern and western sides of the
Albuquerque—-Belen Basin and consist of the Dakota Sandstone, Mancos Shale, and
Mesaverde Formation., The Dakota Sandstone consists of white to buff sandstone
and some black shale near the upper part of the unit (Kelley and Northrop,
1975, p. 58). The wunit is approximately 120 feet thick on both the
northeastern and western sides of the basin (Kelley, 1977, p. 9). The Mancos
Shale is predominantly a black to green shale that is approximately 1,300 feet
thick (Kelley and Northrop, 1975, p. 60). The Mesaverde Formation consists of
interbedded mudstone, siltstone, sandstone, and coal. The Mesaverde Formation
is approximately 3,500 feet thick in the northeastern part of the basin and
1,250 feet thick in the northwestern part of the basin (Kelley, 1977, p. 9).

Cenozoic Rocks including the Santa Fe Group (Formation)

The Galisteo Formation of early Tertiary age crops out in the northern
part of the basin (pl. 1) and consists of interbedded sandstone and mudstone
and some interbedded conglomerate (Lucas, 1982). The formation ranges from
1,000 to 4,000 feet in thickness (Kelley and Northrop, 1975, p. 66).

Outcrops of the Tertiary Baca Formation are found in the southern part of
the Albuquerque-Belen Basin (pl. 1) and consist of interbedded sandstone,
mudstone, and conglomerate. Lucas, Schoch, and Manning (1981, p. 965) showed
that the Baca and Galisteo Formations were deposited at approximately the same
time.

The Datil Formation of Oligocene age crops out in the southeastern part
of the basin and is composed of rhyolitic to andesitic ash-flow tuffs and
volcaniclastic conglomerate and sandstone as much as 2,000 feet thick. The
Espinaso Formation of Stearns (1943) of Oligocene age crops out in the
northern part of the Albuquerque-Belen Basin and consists of interbedded
volcanic breccia and conglomerate approximately 1,400 feet thick (Kelley and
Northrop, 1975, p. 67). The Galisteo Formation, Baca Formation, Datil
Formation, and Espinaso Formation are pre-Santa Fe Group units that are
associated with Laramide basins (early Tertiary) and volcanic centers (mid-
Tertiary) that predate Rio Grande rift development.
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Galusha (1966) first named the Zia Sand Formation for exposures in the
northwestern part of the Albuquerque-Belen Basin (fig. 5). He subdivided the
Zia Sand Formation into two members, the Piedra Parada Member and the Chamisa
Mesa Member, both of Miocene age. Galusha (1966, p. 11) indicated that the
Chamisa Mesa Member was described as the lower gray member of the Santa Fe
Formation by Bryan and McCann (1937). Gawne (1981, p. 1,003) named a third
upper member, the Cafiada Pilares Member, in the unit she referred to as the
Zia Sand. Tedford (1981, p. 1,014-15) showed that this wunit is of
Hemingfordian (early Miocene) age or about 16 to 20 million years old.

The Piedra Parada Member of the Zia Sand consists of a thin basal
conglomerate that grades into a thick sequence of eolian sand. The overlying
Chamisa Mesa Member is composed of eolian sand and some clay, silt, and
limestone, In general, the Chamisa Mesa Member is finer grained than the
Piedra Parada Member (Gawne, 1981). Gawne (1981, p. 1,003) reported that the
Piedra Parada and Chamisa Mesa Members were deposited in a large dune field
where water levels were close to land surface. The uppermost Caflada Pilares
Member consists of red claystone and some interbedded sand. Gawne (1981,
p. 1,003) reported that the Caflada Pilares Member was deposited as flood-plain
and lacustrine deposits. In general, the sediments of the Zia Sand are
oxidized and the grain size decreases upward. The total thickness of the Zia
Sand in outcrop is approximately 1,000 feet (Galusha, 1966, p. 3; Gawne, 1981,
p. 999). Galusha (1966, p. 4 and 11) mapped the beds above his Zia Sand
Formation as the Santa Fe Formation (Santa Fe equivalent in measured section)
and considered these beds to correspond to the middle red member of Bryan and
McCann (1937). The lower part of the middle red member is included in the
Cahada Pilares Member by Gawne (1981).

Wright (1946) mapped an area in the Albuquerque-Belen Basin from
approximately T. 4 N. to T. 11 N, (fig. 4). Generally, this is south of the
areas studied by Galusha (1966) (fig. 4). Wright (1946) did not find any
outcrops of the lower gray member of the Santa Fe Formation as defined by
Bryan and McCann (1937) (equivalent to the Chamisa Mesa Member (Galusha,
1966)) south of U.S. Highway 66 (Interstate Highway 40) (fig. 4). Wright
(1946, p. 404) traced the middle red member (Bryan and McCann, 1937) southward
to the Gabaldon Badlands. Wright (1946, p. 403-404) discussed a thick
sequence of playa deposits in the badlands that interfingers with the middle
red member and described the middle red member as consisting of pink and buff
calcareous sandstone interbedded with red clay, silt, and gravel lenses. He
also described approximately 4,100 feet of playa sediments in the Gabaldon
Badlands that consist of tan, buff, and brown sand and brown to red
gypsiferous silt and clay. Wright (1946, p. 410) suggested that these playa
deposits are equivalent to the lower gray and middle red members of Bryan and
McCann (1937).

Kelley (1977, p. l4) considered the middle red member to be the main body
of the Santa Fe Formation and included the playa deposits of the Gabaldon
Badlands in the main body of the Santa Fe Formation (fig. 5). Lozinsky (1986)
showed that fossils collected from the middle third of the Gabaldon Badlands
section represent a time span of 7 to 9 million years ago, which is much
younger than the lower gray and middle red members of Bryan and McCann
(1937). Lozinsky (1986) also found sediments at the top of the Gabaldon
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Badlands section that were deposited by a large fluvial system, which probably
indicates a change from closed-basin to through-flowing drainage.

Denny (1940) named the Popotosa Formation from outcrops on the east side
of the Ladron Mountains (south of the Gabaldon Badlands). Osburn and Chapin
(1983) described the Popotosa Formation as consisting of a lower mudflow
facies and an upper playa facies near Socorro. The lower facies consists of
well-indurated red conglomerate, and the upper facies consists of red to green
claystone; however, these facies grade and intertongue with other facies and
volcanic units. Machette (1978a) assigned the Popotosa Formation to the Santa
Fe Group and indicated that the Popotosa is early to late Miocene (fig. 5).

The preceding discussion shows how much confusion exists concerning the
terminology of the rocks in the Santa Fe Group. The concept that both the
upper part of the Popotosa Formation and sediments in the Gabaldon Badlands
have been described as playa sediments is significant. These rocks also are
approximately the same age (fig. 5). These sediments (upper part of Popotosa
and sediments in the Gabaldon Badlands) possibly may represent deposition in
the same sedimentary basin.

Bailey, Smith, and Ross (1969, p. 8-9), in a study of the stratigraphy of
the Jemez Mountains, named the Cochiti Formation of early through middle
Pliocene age (now designated late Miocene and early Pliocene by the U.S.
Geological Survey, based on a 5-million-year Pliocene-Miocene boundary). They
placed the base of the Cochiti Formation at the top of the basalt of Chamisa
Mesa, northeast of San Ysidro (the top of Gawne's (1981) Zia Sand is at the
base of this basalt unit)., An age date determined after the work of Bailey,
Smith, and Ross (1969) was completed indicates that the basalt of Chamisa Mesa
is approximately 10.5 million years old (Hawley, 1978, p. 239), and work by
Gardner and others (1986, p. 1,766) indicates the Cochiti is middle to late
Miocene age. The Cochiti Formation consists of a thick sequence of volcanic
gravel and sand. Bailey, Smith, and Ross (1969) indicated that the formation
becomes finer grained south of the Jemez Mountains and grades into coarse red
sands that contain a larger proportion of granitic debris and a small
proportion of volcanic material. It is possible that the lower part of the
Cochiti Formation may represent deposition along the margins of the basin in
which the Popotosa Formation and Gabaldon Badlands sediments may have been
deposited. The Cochiti Formation may be about the same age as the playa
sediments of the Gabaldon Badlands and the wupper part of the Popotosa
Formation (Gardner and others, 1986).

Lambert (1968) mapped and referred to sediments in the Albuquerque area
equivalent to Bryan and McCann's (1937) upper buff member as the "upper buff
formation.” Lambert (1968, p. 74-75) described his upper buff formation as
consisting of a lower part of mainly grayish-orange sands with some
interbedded clay, mud, gravel, and mudstone and an upper part consisting of
yellow to gray sandy-pebble gravel and pebble sand and minor interbedded clay,
mud, and sand. Lambert (1968, p. 100, 102) believed that the lower part of
his upper buff formation was deposited in the distal end of a piedmont slope
and the adjoining basin floor and that the upper part of his upper buff
formation was deposited on a piedmont alluvial plain by subparallel shifting
streams. Lambert (1968, p. 104-106) did not find any axial-stream deposits
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that could be traced into his upper buff formation but indicated that it was
possible that axial-stream deposits (upper buff(?) gravel and upper buff(?)
sand) in the Albuquerque area correlate with his upper buff formation.

Kelley (1977, p. 18-20) named and described the Ceja Member of the Santa
Fe Formation, which is roughly equivalent to the upper buff formation of
Lambert (1968) and the wupper buff member of Bryan and McCann (1937)
(fig. 5). Kelley (1977) noted that the Ceja Member thins and pinches out at
approximately T. 8 N., R. 1 W.

Machette (1978a) named and described the Sierra Ladrones Formation of the
Santa Fe Group of early Pliocene to middle Pleistocene age on the basis of
outcrops in the southern Albuquerque-Belen Basin. The Sierra Ladrones
Formation consists of light-brown to reddish-brown sandstone and conglomerate
with minor interbedded silt, clay, and basalt. Machette (1978a) interpreted
the Sierra Ladrones Formation as representing alluvial-fan, piedmont-slope,
flood-plain, and axial-stream (ancestral Rio Grande) deposits.

The Sierra Ladrones Formation (Machette, 1978a) is broadly equivalent to
the upper buff member and part of the middle red member of the Santa Fe
Formation of Bryan and McCann (1937, fig. 5). Machette (1978b) mapped the
units, which Kelley (1977) called the Ceja Member and Wright (1946) called the
upper buff, as Sierra Ladrones from latitude 34° to latitude 35° North. The
lower part of this unit may be equivalent to the uppermost part of the Cochiti
Formation (Bailey and others, 1969) (fig. 5).

Although much confusion exists concerning the nomenclature of the upper
part of the Santa Fe Group, the presence of generally coarse grained material
in the upper buff member (Bryan and McCann, 1937) in contrast to the clay and
fine-grained sediments of the middle red member is a characteristic upon which
most investigators agree. The presence of axial-stream deposits in the Sierra
Ladrones Formation and axial-stream deposits that Lambert (1968) tentatively
correlated with his upper buff formation suggests that there may have been
axial drainage in the Albuquerque-Belen Basin during deposition of the upper
buff formation (Lambert, 1968) or Sierra Ladrones Formation. A study of
geophysical 1logs of wells generally less than 2,000 feet deep in the
Albuquerque area determined that there is a general change from coarse-grained
material in the upper part of the logs to fine-grained material in the lower
part of the logs. Lambert (1968, p. 97, fig. 2) also noticed this change in
lithology and intepreted it to be the approximate contact between his upper
buff formation and the Tertiary undivided alluvium (Bryan and McCann's (1937)
middle red member). This change in lithology can be seen over a large area
under the Llano de Albuquerque (fig. 6). This contact may represent a change
from closed-basin to open-basin deposition.
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Lambert (1968, p. 154) named and described, in ascending order, the "Los
Duranes, Edith, and Menaul formations"™ (informal usage) on the basis of
outcrops in the Albuquerque area and assigned the units to the Santa Fe
Group. Lambert (1968, p. 161, 165, and 181) interpreted these formations as
representing deposits of an axial river. The Los Duranes formation consists
of alternating clay and mud layers with some interbedded pebbly sand and sandy
gravel. The Edith formation consists of sandy-pebble to cobble gravel with
some interbedded sand, mud, and clay. The Menaul formation consists of sandy-
pebble gravel., Lambert (1968, p. 161, 163, and 181) interpreted the Edith and
Menaul formations as representing axial-river deposits of late Pleistocene
age. Lambert (1968, p. 154) indicated that the Los Duranes formation fills a
broad valley that is eroded into his upper buff formation. He estimated that
the formation is approximately 300 to 400 feet thick. The Edith and Menaul
formations were interpreted to be deposits much like the Los Duranes, but not
as thick and extensive as the Los Duranes (Lambert, 1968) (fig. 7). Lambert
(1968, fig. 2) included the Los Duranes, Edith, and Menaul formations in the
Santa Fe Group, but Hawley (1978, p. 238) indicated that these inset valley
fills postdate the Santa Fe Group as defined by Spiegel and Baldwin (1963).
Lambert (1968) also mapped upper Pleistocene to Holocene flood-plain alluvium
in the present Rio Grande valley near Albuquerque. This alluvium consists
mostly of sand and gravel and is approximately 120 to 130 feet thick (Lambert,
1968, p. 216). This lithology and thickness probably are similar in the
present Rio Grande valley throughout the Albuquerque-Belen Basin.

Structural Geology

Callender and Zilinski (1976), Slack and Campbell (1976), and Kelley
(1977) studied the structural geology of the Albuquerque—-Belen Basin and
adjacent areas. Much of the following discussion is from their publications.

The Albuquerque-Belen Basin 1is bounded by the Lucero uplift and Rio
Puerco fault zone on the west side (fig. 2). The Lucero monocline (Lucero
uplift) is a westward-tilted fault block of Paleozoic rocks. The boundary
between the Lucero uplift and the Albuquerque-Belen Basin is the Comanche
fault and the Santa Fe fault (pl. 1). The Comanche fault is a west—dipping
reverse fault (Callender and Zilinski, 1976). In this area of the uplift,
Pennsylvanian rocks are juxtaposed with Precambrian rocks; north of this area,
Pennsylvanian rocks are juxtaposed with the Permian Yeso Formation.

The Santa Fe fault is east of the Comanche fault and generally trends
north (pl. 1). The fault juxtaposes the Santa Fe Group with the Permian Yeso
Formation or the Triassic Chinle Formation. Callender and Zilinski (1976,
P. 57) estimated that the stratigraphic separation on the Santa Fe fault may
be greater than 11,500 feet.

The Rio Puerco fault zone consists of a northeast—-trending fault belt.,
Stratigraphic separation of the Rio Grande rift faults of the Rio Puerco fault
zone, which are downthrown to the east, is as great as 3,300 feet (Slack and
Campbell, 1976, p. 51). Generally, Mesozoic rocks are juxtaposed with the
Santa Fe Group along faults related to the Rio Grande rift.
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Structural features on the northern boundary of the basin consist of the
southern end of the Nacimiento wuplift and the Jemez volcanic complex
(fig. 2). The Nacimiento uplift is a Laramide uplift. Paleozoic sedimentary
rocks dip eastward off the Nacimiento wuplift under the Jemez volcanic
complex. The Jemez volcanic complex consists of a large pile of Pliocene to
Quaternary volcanic rocks that straddle the Rio Grande rift and the Nacimiento
uplift (Woodward, 1982, p. 144).

The east border of the Albuquerque-Belen Basin consists of a north-
trending fault-line scarp associated with the Sandia-Manzanita-Manzano
Mountains and the Los Pinos Mountains (fig. 2). The Sandia-Manzanita-Manzano
and Los Pinos Mountains consist of a west-facing core of Precambrian rocks and
east-facing dip slopes of Paleozoic rocks. The Hubbell Bench trends parallel
to the west-facing fault-line scarp of the Sandia-Manzanita-Manzano and Los
Pinos Mountains (fig. 2 and pl. 1). The Hubbell Bench is 2 to 6 miles wide
and 55 miles long (Kelley, 1982, p. 159). Rocks from Precambrian to the upper
Tertiary Santa Fe Group are exposed along the bench (pl. 1). This bench has a
significant effect on the ground-water flow system on the eastern side of the
Albuquerque-Belen Basin.

The southern boundary of the Albuquerque-Belen Basin consists of the Los
Pinos Mountains, Joyita Hills, and the Ladron Mountains (fig. 2). The Joyita
Hills consist of outcrops of Precambrian, Paleozoic, and Mesozoic rocks with
low topographic relief. Kelley (1982, p. 160) indicated that the Joyita Hills
are the southernmost extent of the Hubbell Bench. The Ladron Mountains
consist of Precambrian rocks with a west-facing dip slope of Paleozoic
rocks. Sediments of the Santa Fe Group have been disturbed by uplift of the
Ladron Mountains. Kelley (1977, p. 38) described the Ladron Precambrian mass

as "...like a giant rivet driven up from below tacking down the southwest
corner of the basin with the border.”

There are many faults within the Albuquerque-Belen Basin, but the faults
are difficult to recognize because of the unconsolidated nature of the Santa
Fe Group and the undeformed sediments that cover many of them. The floor of
the Rio Grande rift has considerable structural relief, as evidenced by the
few deep oil-test wells and seismic work (Brown and others, 1980). The dip of
the sediments (Santa Fe Group) in outcrop areas generally is less than 5°.
The calculated thickness (based on gravity data) of the Santa Fe Group (Birch,
1980) is presented in figure 8.

Some major structural features in the basin are in the Ziana anticline,
Belen fault, Monte Largo embayment, Apache graben, Sand Hill fault, and the
large number of faults near Santa Ana Mesa (pl. 1). A more detailed
discussion of the structure in the Albuquerque-Belen Basin may be found in
Kelley (1977) and Brown and others (1980).
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GROUND-WATER FLOW SYSTEM

The Albuquerque-Belen Basin contains as much as 18,000 feet of basin-fill
Tertiary and Quaternary Santa Fe Group to Holocene sediments. These sediments
are considered to be the alluvial-basin aquifer, hereafter referred to as the
aquifer. There is continuous recharge of ground water to and discharge of
ground water from the aquifer, as indicated by the potentiometric-contour map
(fig. 9).

Recharge

Recharge can have a significant effect on ground-water quality. In
localized areas where there are large variations in ground-water quality,
recharge commonly is a factor causing this variation.

Recharge to the aquifer in the Albuquerque-Belen Basin is due to six main
processes (fig. 10):

1. Infiltration of surface water through river channels.

2. Infiltration of surface-water inflow from adjacent areas,.
3. Direct recharge of precipitation.

4. Ground-water inflow from adjacent bedrock units.

5. Ground-water inflow from the Santo Domingo Basin.

6. Infiltration of excess irrigation water.

Infiltration of surface water through river channels is an important type
of recharge to the aquifer. The Rio Grande is the main through-flowing
drainage in the Albuquerque-Belen Basin., Since the 1930's, riverside drains
along both sides of the river have controlled ground-water levels near the
river. These drains maintain the water level below the level of the bottom of
the river channel, thus the river loses water. Part of this lost water is
recovered in the riverside drains, some of this water is used by vegetation
along the river bank, and some recharges the aquifer. The quantity of this
ground-water recharge was not calculated in this study because of the complex
interaction between the riverside drains and the Rio Grande and because of the
large errors inherent in evapotranspiration calculations.

The Jemez River, Rio Puerco, and Rio Salado are major drainages where
channel infiltration is significant (fig. 10). J.D. Dewey (U.S. Geological
Survey, written commun., 1980) calculated the recharge to the aquifer due to
infiltration of surface water through river channels to be approximately
25,000 acre-feet per year for the Jemez River, 10,300 acre-feet per year for
the Rio Puerco, and 13,000 acre-feet per year for the Rio Salado.
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Table 2. Surfacewater—quality data for selected sites,
Septenber 1969 to August 1982

(mg/L, milligrams per liter]

Number
of Standard
Type of data measurements Mean deviation Minimum Maximum

08319000 Rio Grande at San Felipe, New Mexico

Specific conductance (microsiemens per

centimeter at 25 °Celsius) 85 357.6 65.4 173.0 510.0
Temperature (degrees Celsius) 121 11.8 6.4 9 24.9
Calecium, dissolved (mg/L as Ca) 74 41.4 8.2 22,0 59.9
Magnesium, dissolved (mg/L as Mg) 74 7.2 1.5 3.5 10.0
Sodium, dissolved (mg/L as Na) 74 21,1 5.9 4.5 34.0
Sodium + potassium, dissolved

(mg/L as Na) 8 19.3 4,1 12.0 26.0
Sulfate, dissolved (mg/L as 504) 74 63.7 18.9 27.0 110.0
Chloride, dissolved (mg/L as Cl) 75 6.2 2.0 2.3 13.0
Alkalinity, field (mg/L as CaCO3) 65 105.9 22.7 57.0 142.0
Dissolved solids, residue at 180

°Celsius (mg/L) 63 228.5 46.9 125.0 320.9
Dissolved solids, sum of constituents

(mg/L) 69 225.6 47.6 115.0 314.0

08329000 Jemez River below Jemez Canyon Dam, New Mexico
Specific conductance (microsiemens per

centimeter at 25 °Celsius) 210 1,283.2 650.5 174.0 4,700.0
Temperature (degrees Celsius) 226 11.3 7.8 .0 32.5
Calcium, dissolved (mg/L as Ca) 109 72.3 42.7 28.0 334.9
Magnesium, dissolved (mg/L as Mg) 109 9.8 5.4 2.7 35.9
Sodium, dissolved (mg/L as Na) 104 192.1 115.7 26.0 770.0
Sodium + potassium, dissolved (mg/L

as Na) 15 215.4 88.7 46.0 380.0
Sulfate, dissolved (mg/L as 804) 108 215.5 199.5 27.0 1,500.0
Chloride, dissolved (mg/L as CL) 128 178.1 102.7 19.0 610.0
Alkalinity, field (mg/L as Cad)3) 105 196.2 65.0 70.0 417.0
Dissolved solids, residue at 180

°Celsius (mg/L) 11 661.5 384.8 214.0 1,290.0
Dissolved solids, sum of constituents

(mg/L) 107 815.8 471.6 179.0 3,390.0
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Table 2., Surface-water—quality data for selected sites,
September 1969 to August 1982 — Continued

Number
.of Starndard
Type of data measurenents Mean deviation Minimm Maximum

08331000 Rio Grande at Isleta, New Mexico

Specific conductance (microsiemens per

centimeter at 25 °Celsius) 119 463.4 104.2 220.0 720.0
Temperature (degrees Celsius) 122 15,5 6.7 1.0 27.4
Calcium, dissolved (mg/L as Ca) 96 47.9 10.1 23.0 74.0
Magnesium, dissolved (mg/L as Mg) 96 7.7 1.5 4.0 11.0
Sodium, dissolved (mg/L as Na) 96 33.5 9.7 9.9 56.0
Sodium + potassium, dissolved (mg/L

as Na) 11 29.2 9.3 13.0 41.0
Sulfate, dissolved (mg/L as 804) 96 80.0 23.0 27.0 160.0
Chloride, dissolved (mg/L as Cl) 96 17.2 6.6 3.1 34.0
Alkalinity, field (mg/L as CaC0y) 87 121.5 23,5 62.0 183.0
Dissolved solids, residue at 180

°Celsius (mg/L) 87 291.5 65.3 132.0 429.0
Dissolved solids, sum of constituents

(mg/L) 94 290.6 65.6 123.0 435.0

08332010 Rio Grande Floodway near Bernardo, New Mexico
Specific conductance (microsiemens per

centimeter at 25 °Celsius) 130 520.4 127.3 224.,0 900.9
Temperature (degrees Celsius) 244 12.8 7.1 .0 31.0
Calcium, dissolved (mg/L as Ca) 119 54.1 15.8 .0 130.0
Magnesium, dissolved (mg/L as Mg) 119 8.7 2.2 .0 16.0
Sodium, dissolved (mg/L as Na) 109 41.6 14,2 .0 94.0
Sodium + potassium, dissolved (mg/L

as Na) 23 40.4 13.3 20.0 73.9
Sulfate, dissolved (mg/L as SO,) 120 98.8 39.5 34.0 310.0
Chloride, dissolved (mg/L as Cl) 120 20.6 8.4 2.9 46.0
Alkalinity, field (mg/L as CaCOs) 114 137.4 30.6 54.0 236.0
Dissolved solids, residue at 180

°Celsius (mg/L) 17 346.1 90.8 190.0 513.0
Dissolved solids, sum of constituents

(mg/L) 119 338.6 9.9 112.0 589.9
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Table 2.

Surface-water—quality data for selected sites,

September 1969 to August 1982 — Continued

Number
of Standard
Type of data measurements Mean deviation Minimm Maxdmum
08353000 Rio Puerco near Bernardo, New Mexico

Specific conductance (microsiemens per

centimeter at 25 °Celsius 240 2,047 .4 820.9 437.0 4,870.0
Temperature (degrees Celsius) 173 18.6 6.5 .0 30.9
Calcium, dissolved (mg/L as Ca) 234 176.0 83.6 27.0 47.0
Magnesium, dissolved (mg/L as Mg) 233 38.7 19.8 4,2 98.0
Sodium, dissolved (mg/L as Na) 201 254.6 125.1 41.0 780.0
Sodium + potassium, dissolved (mg/L

as Na) 48 249.4 109.6 86.9 688.9
Sulfate, dissolved (mg/L as S0,) 233 838.7 422.4 86.0 2,269.9
Chloride, dissolved (mg/L as Cl) 233 87.5 70.7 20.0 500.0
Alkalinity, field (mg/L as Ca004) 231 164.1 48.3 1.0 353.0
Dissolved solids, residue at 180

°Celsius (mg/L) 12 1,519.1 647 .4 754.0 2,710.0
Dissolved solids, sum of constituents

(mg/L) 231 1,512.8 680.5 258.0 3,779.9

08354000 Rio Salado near San Acacia, New Mexico

Specific conductance (microsiemens per

centimeter at 25 °Celsius 54 1,670.5 941.3 275.0 5,230.0
Temperature (degrees Celsius) 88 22,7 5.1 10.9 31.9
Calcium, dissolved (mg/L as Ca) 53 138.9 63.2 19.0 370.0
Magnesium, dissolved (mg/L as Mg) 53 30.2 16.6 3.2 838.0
Sodium, dissolved (mg/L as Na) 46 203.8 153.8 29.0 860.0
Sodium + potassium, dissolved (mg/L

as Na) 7 165.9 116.8 47.9 380.0
Sulfate, dissolved (mg/L as 804) 51 431.7 258.8 35.0 1,500.0
Chloride, dissolved (mg/L as Cl) 52 158.0 196.2 17.9 1,000.0
Alkalinity, field (mg/L as CaQ0,) 51 231.3 79.9 91.0 428.0
Dissolved solids, residue at 1

°Celsius (mg/L) 5 1,130.2 709.8 127.0 1,970.0
Dissolved solids, sum of constituents

(mg/L) 49 1,102.2 639.9 171.0 3,430.0
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Table 2. Surface-water—quality data for selected sites,
September 1969 to August 1982 — Concluded

Number
of Standard
Type of data measurements Mean deviation Minimum Mastimum

08354800 Rio Grande Conveyance Chammel at San Acacia, New Mexico

Specific conductance (microsiemens per

centimeter at 25 °Celsius) 75 751.5 421.1 256.0 3,209.9
Temperature (degrees Celsius) 301 15.7 7.4 .0 28.9
Calcium, dissolved (mg/L as Ca) 5 125.9 148.9 53.0 391.9
Magnesium, dissolved (mg/L as Mg) 5 20.5 22,7 8.9 60.9
Sodium, dissolved (mg/L as Na) 5 107.5 113.4 44.0 308.9
Sodium + potassium, dissolved (mg/L

as Na) 0 — —_ —_ -
Sulfate, dissolved (mg/L as 804) 4 117.5 29.8 90.0 160.0
Chloride, dissolved (mg/L as Cl) 4 29.2 9.5 19.0 42.0
Alkalinity, field (mg/L as Ca(l)3) 1 177.0 - 177.0 177.0
Dissolved solids, residue at 180

°Celsius (mg/L) 1 2,699.9 — 2,699.9 2,699.9
Dissolved solids, sum of constituents

(mg/L) 4 400.0 85.5 331.0 525.0
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GROUND-WATER GEOCHEMISTRY

One purpose of this study was to define the areal distribution of
different water qualities. An examination of the available chemical analyses
of ground water indicated that there is a paucity of trace-metal data and that
most major—ion data are from wells completed in the upper 400 feet of the
aquifer. Because of the small amount of data, the water—quality part of the
study was limited to the major dissolved ions in the upper part of the
aquifer; no attempt was made to examine the distribution of trace metals.
Changes in ground-water chemistry with time also were not examined because of
a lack of data.

When this study began, very few ground-water—-quality data and well-
completion data were stored in the U.S. Geological Survey Water—-Data Storage
and Retrieval System (WATSTORE), a system of computer files containing
hydrologic data. The water—quality file for surface water and ground water
and the ground-water site-inventory (GWSI) file are parts of that system. The
first step of this study was to enter previously collected data into the
WATSTORE system. An initial examination of the distribution of data in the
updated WATSTORE file indicated that more data needed to be collected in some
areas. Therefore, in the summer of 1980, data were collected where possible
in areas where few data were available, and the new data were added to the
WATSTORE system. All data for the Albuquerque-Belen Basin were retrieved and
stored in a computer file.

In most areas, the density of data was sparse, and all available water-
quality data from any site were used. For areas with dense data, the data
were sorted, and representative analyses were selected. The sorting of this
data involved a step-by-step process to use only the most complete and
accurate data (fig. 14). The data were first plotted on a map to examine data
density. The second step consisted of checking to see if a particular sample
had been analyzed for major ions (is analysis complete?). If the analysis was
complete, the anion-cation balance was checked. The analysis was eliminated
if the balance had an error of 5 percent or greater. The next step was to
examine the well-completion data; wells that did not have any completion data
were eliminated. Wells that sampled very deep parts of the aquifer (deep
exploratory oil-test wells) and wells that sampled shallow parts of the
aquifer known to be affected by irrigation practices were eliminated because
samples from these wells are not representative of the general water quality
of the area. Multiple analyses (well sampled at several different times) were
examined for any significant changes in water chemistry with time. If there
were significant changes, only the first sample analyzed was used and all
other samples were eliminated. Changes in water chemistry may indicate some
type of stress on the system, and the purpose of this study was to examine
relatively unstressed distributions of water quality. If there were still
many analyses for an area, a representative analysis was selected.

After the data set was sorted and the density of wells was considered to

be adequate, the data were plotted on maps. These areal plots were used to
examine patterns in water chemistry.
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Figure 14.--Flow chart showing the method used to sort the water-quality

data set for areas with a high density of data.

40



This study of the geochemistry of ground water in the Albuquerque-Belen
Basin involved the wuse of many different methods of evaluating and
interpreting the data. The methods that were the most helpful and beneficial
are described below.

Piper diagrams (Piper, 1944) are wuseful aids when examining the
differences in water quality of many samples. One water analysis 1is
represented by three points on a Piper diagram (fig. 15). The point in the
left triangle represents the percentage of the total milliequivalents per
liter (meq/l) of the major cations: sodium plus potassium, magnesium, and
calcium. The right triangle represents the percentage of the total
milliequivalents per liter of the major anions: bicarbonate plus carbonate,
chloride, and sulfate, The diamond-shaped field is used to represent the
overall composition of the water with respect to ion concentration. The point
in the diamond-shaped field is at the intersection of the rays projected from
the points in the cation and anion triangular fields (fig. 15). For water
that has a density approximately equal to 1 gram per cubic centimeter, the
concentration, in milliequivalents per liter, of a specific ion is calculated
with the following equation:

meq/l = concentration of ion in milligrams per liter x valence of ion (1)
molecular weight of ion

The percentage of total milliequivalents per liter of a particular anion
is calculated with the following equation:

percentage of total meq/l of anions = meq/l of the particular anion x 100 (2)
total meq/l of anions

The same equation is used for the cations with the substitution of the
particular cation and the total milliequivalents per liter of cations. The
calculation of the milliequivalent percentages and the plot of the analysis
are demonstrated by the example in figure 15. In the discussion of water
quality, any reference to percentage is with respect to the Piper diagram;
thus, the percentage is percentage of total milliequivalents per liter of the
major cations or anions.

The Piper diagram is useful but limited when comparing water with large

differences 1in dissolved solids. This 1is due to the calculation of
percentages of total milliequivalents per liter, which has the effect of
normalizing the relative concentrations. For example, a water with a

dissolved-solids concentration of 500 milligrams per liter and a water with a
dissolved—-solids concentration of 30,000 milligrams per liter will plot as the
same point on a Piper diagram if they both have the same ionic-percentage
composition.
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CHEMICAL CONSTITUENTS
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PERCENTAGE OF TOTAL IONS, IN MILLIEQUIVALENTS PER LITER

CONCENTRATION CONCENTRATION
DISSOLVED ION (milligrams (milliequivalents PERCENT CATION
per liter) per liter) OR ANIONS
Calcium 27 1.35 28
Magnesium 7 .57 12
Sodium plus potassium 66 2.87 60
Chloride 12 .34 7
Sulfate 96 2.0 43
Carbonate 0 .0
Bicarbonate 140 2,3 50

Total milliequivalents per liter for cations = 4.79
Total milliequivalents per liter for anions = 4.64

igure 15.--Sample Piper diagram and example of calculations used to

plot a data point on the diagram.
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A computer program called WATEQF (Plummer and others, 1978) is used in
the discussion of water quality to examine the saturation state of the ground
water with respect to specific minerals. WATEQF models the thermodynamic
speciation of inorganic ions in solution for a given water analysis. WATEQF
(Plummer and others, 1978) also calculates the saturation index (SI) for
minerals with the following equation:

S1 = log (ion-activity product for the mineral-water reaction (3)
equilibrium constant of a particular mineral)

If the SI is greater than 0, the water is supersaturated with respect to the
particular mineral. If the SI is less than 0, the water is subsaturated with
respect to the particular mineral.

The chemical composition of ground water in the aquifer generally does
not increase in dissolved constituents downgradient or down a flow line. In
many areas, there are large differences in the chemical composition of ground
water in a relatively short distance. Ground water downgradient from several
of the basin margins has less dissolved constituents than ground water near
the basin margins. The general lack of a pattern in ground-water chemistry
down a flow line or a well-defined evolution of ground water in the aquifer
may indicate that recharge has a dominant effect on the chemical composition
of ground water. Because the ground-water system is not a closed system,
mass—balance calculations between individual wells were not appropriate. As
an alternative to mass-balance calculations between individual wells, some
water—quality data were examined assuming that all dissolved species were
derived from chemical weathering of minerals in the aquifer or adjacent
areas. Garrels and MacKenzie (1971, p. 135-173) discussed this method and
called it a "material balance.” This method is useful when examining water-
quality data because the relative contributions of dissolved constituents
through chemical processes that result in a specific water chemistry can
easily be examined. The method also is wuseful to test if the chemical
processes proposed adequately describe the chemical nature of the ground
water.

The chemical processes used in the material-balance model need to be
consistent with the mineralogy of the aquifer and surrounding areas. WATEQF
(Plummer and others, 1978) and other chemical-speciation programs can be used
to examine chemical-equilibrium relations between the ground water and
specific minerals in the aquifer system.

On the basis of geology and examination of results of many WATEQF
(Plummer and others, 1978) runs, six major chemical processes were used to
explain the chemical evolution of water in the Albuquerque-Belen Basin. These
processes are as follows: dissolution or precipitation of <calcite;
dissolution of dolomite; dissolution or precipitation of halite; dissolution
of gypsum; alteration of plagioclase to calcium montmorillonite; and cation
exchange (calcium exchanged for sodium on clay minerals). These processes
probably are not the only processes that affect the chemical composition of
ground water in the Albuquerque-Belen Basin, but they probably are the major
processes that can be represented in the model. The reasoning used to arrive
at these processes is discussed after the description of the material-balance
model.,
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The material-balance model was used to examine water analyses and to
define the most dominant chemical processes. This model examines the sodium,
calcium, magnesium, bicarbonate, sulfate, chloride, and silica ions. The
model is based on the assumption that precipitation, a major source of
recharge, virtually is distilled water that reacts with minerals, resulting in
the ground-water chemistry observed in the aquifer. The model stepwise
removes (subtracts) dissolved species from water corresponding to the ratios
determined by the assumed reactions and in effect calculates the number of
mmoles (millimoles) of each mineral dissolved to replicate a specific water
analysis.

A simple flow chart of the material-balance model and a sample
calculation are presented in figure 16, The model first calculates the
concentration, in mmoles, of each dissolved constituent. Chloride is removed
from the water, assuming a sodium to chloride ratio of 1l:1 representing the
dissolution of halite. Generally, there is a net excess of dissolved sodium
after chloride is removed. Magnesium and a part of the calcium and
bicarbonate are removed next. This step represents dissolution of dolomite
with a magnesium to calcium to bicarbonate ratio of 1:1:4. Sulfate and some
calcium are removed next from the solution. This reaction represents the
dissolution of gypsum with a sulfate to calcium ratio of 1:1 for this
reaction. The alteration of plagioclase feldspar to calcium montmorillonite
is the next reaction modeled. All of the silica is removed from solution in
this step, along with part of the sodium, calcium, and bicarbonate. The
sodium to calcium to silica to bicarbonate ratio for this reaction is
0.85:0.38:0.61:1.62. Bicarbonate is the next constituent removed from
solution, If the calculated bicarbonate concentration at this step is
positive, bicarbonate is removed along with part of the calcium to represent
the dissolution of calcite. If the calculated concentration of bicarbonate is
negative, it is assumed that calcite has precipitated from solution at some
point in the evolution of the water because it is not possible to have a
negative concentration. If this is the case, the negative concentration of
bicarbonate calculated by the model is added to the solution to zero the
bicarbonate concentration. Calcium is added to the solution to represent the
calcite precipitation at a calcium to bicarbonate ratio of 1:2.

At this point in the model calculations, all of the chloride, magnesium,
sulfate, silica, and bicarbonate have been removed from a particular water
analysis (fig. 16). The remaining constituents in the water are sodium and
generally a negative concentration of calcium. The next reaction modeled is
cation exchange, whereby one calcium ion is removed from solution (exchanged
to a clay surface) and two sodium ions are released into solution. To model
this reaction, the calculated calcium concentration, which generally is
negative at this point in the model, is added to the calculated sodium
concentration., The resulting value is referred to as the excess (fig. 16). A
positive value represents excess sodium unaccounted for in the water. A
negative value represents an excess of calcium in the system. Because
magnesium, bicarbonate, and sulfate are "zeroed" out at the expense of
calcium, the input or output to the system of these constituents, at a ratio
different than the assumed ratios by any mechanism other than the mechanisms
used in the model, will result in an excess.
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FLOW CHART

Chemical-analysis
input

I

Calculation of concentra~
tion, in millimoles, of
dissolved constituents

{

Chloride removed
Na : C1
1 i 1
Magnesium removed
Mg : Ca : HCO3

1 : 1 : 4
Y
Sulfate removed
Ca : SOh

1 : 1

{

Silica removed
Na : Ca : Si : HCO

0.85 : 0.38 : 0.61 : 1.62

!

Bicarbonate removed

Ca : HCO
@ 3

1 :2
lon exchange
Na : Ca
2 1
Output of
results

RESULTS OF SAMPLE CALCULATION

tnitial Chloride Magnes i um Sulfate Silica Bicarbonate lon
Constituent concentration removed removed removed removed removed exchange
(millimolies) (mitlimoles) (millimoles) (millimoles) (millimoles) (millimoles) (millimoles)

Sodium (Na) 1.48 1.25 1.25 1.25 0.51 0.51 0.03
Chioride (C1) .23 0 0 0 0 0 0
Magnesium (Mg) .25 .25 0 0 0 0 0
Calcium (Ca) .57 .57 .33 - .20 - .54 —.2h 0
Bicarbonate (HCO,) 1.80 1.80 .82 .82 .60 0 0
suifate (50,) > .53 .53 .53 0 0 0 0
Silica (Si) .53 .53 .53 .53 0 0 0

Figure 16.--Flow chart of material-balance model and results of

sample calculation.

45



The assumptions that the dissolution of calcite, dolomite, and gypsum and
the precipitation of calcite are major geochemical processes occurring in the
basin are based on physical evidence and chemical-speciation calculations.
Many of the sediments in the Albuquerque-Belen Basin have calcite cement, and
beds of gypsum also occur in the sediments. The presence of limestone,
dolomite, and gypsum beds in rocks bordering the aquifer suggests that
calcite, dolomite, and gypsum are disseminated in the principal reservoir
because the sediment matrix of the aquifer was in part derived from these
rocks., The presence of calcite, dolomite, and gypsum in samples from the
aquifer was documented by whole-rock X-ray analysis (Anderholm, 1985).
Chemical-speciation calculations wusing WATEQF (Plummer and others, 1978)
indicate that, in many cases, ground water is in equilibrium with calcite or
dolomite or both and, in some cases, in equilibrium with gypsum. The
chemical-speciation calculations do not prove that the dissolution or
precipitation of these minerals is occurring, but the calculations, in
conjunction with documentation that these minerals are present in the aquifer,
strongly suggest that these chemical processes are occurring.

The material-balance-model step of removing sodium and chloride assuming
dissolution of halite may not be a true representation of the chemical
processes occurring because large deposits of halite are not found near or
within the basin. Chloride concentrations in ground water probably result
from solution of fluid inclusions in igneous rocks or mineral grains,
dissolution of disseminated halite in marine sedimentary deposits in areas
adjacent to the basin, and infiltration of surface water from runoff due to
precipitation. The sodium to chloride ratio for precipitation in the study
area is approximately 1:1. The assumption of halite dissolution was used in
the model for simplicity because of the l:1 ratio of sodium to chloride in the
mineral halite. This does not, however, imply that all chloride in a
particular water is the result of the dissolution of halite.

There probably are many silicate mineral-alteration reactions occurring
in the basin. The silica concentrations generally increase from the basin
margins toward the basin center and usually are less than 40 milligrams per
liter (fig. 17). Plagioclase and orthoclase were the most abundant silicate
minerals detected by whole-rock X-ray analysis of samples from the aquifer
(Anderholm, 1985), Calcium montmorillonite was the most abundant clay mineral
detected by X-ray analysis of the clay fraction of samples from the aquifer
(Anderholm, 1985). Potassium was not included in the material-balance model
because of the large number of samples that were not analyzed for potassium
and because of the small potassium concentrations in ground water. The
alteration of orthoclase to kaolinite was not included in the material-balance
model because dissolved potassium is a product of this reaction and potassium
was not included in the model.

The alteration of plagioclase to calcium montmorillonite was assumed to
be the only source of dissolved silica in the material-balance model. The
composition of the plagioclase used in the model is not based on any
analytical data of plagioclase compositions in the Albuquerque-Belen Basin,
but is the plagioclase composition used by Garrels and MacKenzie (1967) in
their material-balance analysis of spring water from the Sierra Nevada.
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The alteration of volcanic glass may be another source of dissolved
silica in the Albuquerque-Belen Basin. A large part of the aquifer material
probably is derived from volcanic rocks that contain volcanic glass. No
attempt was made to include the alteration of volcanic glass in the material-
balance model. In cases where there is a calculated, seemingly anomalous
concentration of dissolved constituents after the removal of silica in the
model, the alteration of volcanic glass may be a significant reaction.

The sediments in the aquifer generally are composed of a mixture of sand,
silt, and clay. The presence of clay with generally large ion-exchange
capacities was documented by X-ray defraction of samples from the aquifer
(Anderholm, 1985).

Other chemical processes may be taking place in the system with the same
ratios as those proposed in the model. The model results, however, would not
change. For example, the weathering of albite to kaolinite can be written:

2NaAlSi308 + 2C02 + 11H,0 = AIZSiZOS(OH)4 + 2Na©T + 2HCO3— + 4H,5104 (4)

This reaction would input sodium and bicarbonate into the system. If the
water affected by this reaction were modeled, an abundance of sodium after the
removal of chloride would result. There would be a negative concentration of
calcium when bicarbonate was removed. But because the ratio of sodium to
bicarbonate for the feldspar reaction is 2:2, the calcium bicarbonate
(calcite) reaction ratio is 1:2, and the ion-exchange reaction of sodium to
calcium is 2:1. This reaction is completely masked in the model. Errors also
would result if the calcium to magnesium ratio in dolomites that dissolve were
not 1:1 and if the ratio of calcium to sodium in the plagioclase—alteration
reaction were not the same as plagioclase in the aquifer.

The Albuquerque-Belen Basin was divided into four areas to aid in the
discussion of the ground-water quality. The divisions were based on the
geology, ground-water flow system, and ground-water quality or chemical
processes of an area.

The discussion of each area begins with a description of the boundaries
and the flow system in the area. This is followed by a discussion of the
chemical nature of the recharge water to the area and the general chemical
nature of ground water. In some cases, the chemical nature of ground water in
an area is complex and the available data are sparse. Because of the complex
nature of the geochemistry in some areas, processes affecting quality of water
from individual wells are discussed. Where similar processes affect large
parts of an area (groups of wells), the water quality is discussed on a
regional scale. When processes are discussed that affect water from an
individual well, estimates cannot be made as to the extent of the area
affected by these processes.
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Southeastern Area

The southeastern area is bounded on the east and south by the Los Pinos
Mountains and the Joyita Hills (pl. 2). The Joyita Hills and part of the Los
Pinos Mountains consist of Paleozoic and Mesozoic rocks (pl. 1). The
Paleozoic rocks contain gypsum; thus, much of the water entering the basin
from these areas may have been in contact with gypsum—-bearing rocks. Gypsum
also probably would be found in sediments of the aquifer in this area. The
northern boundary of the area is the approximate northern extent of ground
water in the aquifer that is affected by the chemistry of recharge water from
Abo Arroyo (pl. 2). Recharge water from Abo Arroyo is derived from Paleozoic
and Mesozoic rocks, whereas recharge water north of Abo Arroyo is derived
mainly from Precambrian rocks. The western boundary of this area is the Rio
Grande.

Major recharge to the southeastern area occurs as infiltration of
surface-water and ground-water inflow from the adjacent areas. Ground water
in this area flows northwestward and westward toward the Rio Grande (Spiegel,
1955, pl. 2).

Recharge

Wells IN.2E.15.223 and 3N.4E,.28.244 are near the southeastern basin
boundary adjacent to Paleozoic and Mesozoic rocks. Calcium and sulfate are
the dominant ions in water from the wells (table 3). The chemical composition
of water from these wells is similar and probably represents the general
chemical composition of recharge water from Paleozoic and Mesozoic terrane.
The material-balance model indicates that there is a negative concentration of
bicarbonate after the magnesium is removed from the analysis and that the
sulfate concentrations are relatively large (table 4). The negative
concentration of bicarbonate probably indicates that calcite has precipitated
from the ground water, which probably 1is caused by the dissolution of
gypsum. As gypsum dissolves, the calcium concentration increases, causing
calcite saturation and precipitation of calcite. The calcite that has
precipitated, as calculated by the material-balance model, is equal to one-—
half the bicarbonate after removal of silica (table 4). A negative value in
the column "Bicarbonate after silica removal” indicates calcite precipitation,
and a positive value indicates calcite dissolution.

Well 2N.3E.28.221 is near the basin boundary but adjacent to Precambrian
rocks. Water from this well also represents recharge water, but this water
has a smaller specific conductance and a larger percentage of bicarbonate than
does the other recharge water (fig. 18 and table 3). The differences in
specific conductance and percentage of bicarbonate in recharge water are due
to the rock type in the area from which the water is derived. Water derived
from Precambrian terrane does not come into contact with the same proportion
of soluble minerals as water derived from the Paleozoic and Mesozoic terrane;
thus, recharge water from Precambrian terrane generally has a smaller value of
specific conductance than does recharge water from Paleozoic and Mesozoic
terrane. The model indicates that water from well IN.2E.15.223 and well
3N.4E.28.244 dissolved 5.42 and 8.65 mmoles of gypsum, respectively, whereas
water from well 2N.3E.28.221 dissolved only 0.61 mmole of gypsum (table 4,
under sulfate),
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Ground Water Downgradient from Recharge Areas

The majority of ground water downgradient from the recharge areas has a
specific conductance of approximately 1,100 microsiemens; sulfate is the
dominant anion, and the percentage of calcium plus magnesium is greater than
65 (table 3 and fig. 18). The specific conductance of ground water
downgradient from the recharge area is smaller than the specific conductance
of ground water in the recharge area, which is derived from Paleozoic and
Mesozoic rocks (table 3). This may indicate that recharge derived from
Paleozoic and Mesozoic rocks mixes with other recharge that has a relatively
small specific conductance. Examination of the material-balance-model results
indicates that, in general, there is a negative concentration of bicarbonate
after removal of silica (table 4). This may mean that calcite has
precipitated from the water, which may be caused by increases in the calcium
concentration resulting from dissolution of gypsum. Gypsum dissolution is a
significant reaction in the evolution of ground water in this area, as
evidenced by the relatively large sulfate concentrations in the material-
balance-model results (table 4). The material-balance-model results also
indicate that ion exchange is an important process in the evolution of ground
water in this area, as indicated by the negative calcium concentration after
the removal of silica (table 4).

Mixture of Upward-Moving Ground Water
and Local Ground Water

The chloride concentration of water from well 3N.2E.33.222 is 1,100
milligrams per liter, which is very large for this area (table 3). This well
is close to a rift-zone boundary fault (southern extension of Hubbell Springs
fault (pl. 1). The chloride concentration in water from two other wells in
this area, 3N.2E.31.431 and 3N.2E.27.123, also is relatively large compared to
that in other ground water in the southeastern area (fig. 19 and table 3).
Well 3N.2E.31.431 is downgradient from well 3N.2E.33.222 (fig. 19). Well
3N.2E.27.123 is northeast of well 3N,2E.33.222 and approximately the same
distance downgradient from the rift-zone boundary faults (fig. 19). The large
chloride concentration in water from these wells probably is due to the mixing
of ground water with large chloride concentrations moving upward along the
rift-zone boundary faults and ground water moving downgradient from the
recharge area. The wupward movement of ground water with large chloride
concentrations probably is localized because water from other wells east of
the rift-zone boundary faults does not have chloride concentrations as large
as that of water from well 3N,2E.33.222 (fig. 19). The volume of ground water
with large chloride concentrations moving upward along the rift-zone boundary
faults also probably is small because of the large decrease in chloride
concentration in water from wells 3N.2E.33.222 and 3N.2E.31.431 (fig. 19).

50



Ground water in the southeastern area generally has a common chemical
evolution. The material-balance model indicates that in all but one case,
when silica is removed, there is a deficit of bicarbonate, This may be due to
precipitation of calcite while gypsum dissolves (table 4). The conceptual
chemical evolution of ground water in the southeastern area is as follows: (1)
dissolution of dolomite and calcite, (2) dissolution of gypsum and the
precipitation of calcite due to the common ion effect, and (3) continual ion
exchange. Water from wells 1N.2E.15.223 and 3N.4E.28.244, which probably
represents water that has just entered the aquifer, has negative
concentrations of bicarbonate after removal of silica. This indicates that
dissolution of calcite and dolomite probably does not occur in the aquifer and
that these minerals are precipitated within the aquifer as cementing
materials.

Conclusions

The available data indicate that the quality of ground-water recharge
along the Los Pinos Mountains and Joyita Hills is of two types. One type
contains a large percentage of calcium and sulfate. The other type generally
has a small specific conductance; bicarbonate is the dominant anion and no
cation is dominant.

The specific conductance of water in the aquifer in the southeastern area
generally is in the range of 1,000 to 1,200 microsiemens, and calcium and
sulfate generally are the dominant ions. Some ion exchange occurs in the
area, which is indicated by the large range in the percentage of calcium in
the ground water. There seems to be some upward-moving ground water with a
large chloride concentration near the rift-zone boundary faults. The extent
and volume of upward-moving water probably are not large, as evidenced by the
lack of a large plume of ground water with large chloride concentrations.
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