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CHEMICAL QUALITY OF GROUND WATER IN 
THE NORTHERN PART OF THE ALBUQUERQUE-BELEN BASIN, 

BERNALILLO AND SANDOVAL COUNTIES, NEW MEXICO* 
by 

WILLIAM L. HISS', FRANK W. TRAINER' 
BRUCE A. BLACK , and DOUGLAS R. POSSON' 2

INTRODUCTION 
Aquifers within Cenozoic strata in the Rio Grande rift con-

stitute some of the most important ground-water reservoirs in 
New Mexico. The Albuquerque-Belen basin, the largest of the 
south-trending series of grabens that forms the Rio Grande 
rift, is about 30 mi (48 km) wide and 90 mi (145 km) long 
(Figs. 1 and 2). Albuquerque, with a population of about 
285,000, pumps an average of 68.5 million gallons of water 
per day (260,000 m3/day) from wells tapping Cenozoic 
aquifers (Bureau of Business and Economic Research, 1975; 
Wombold and Adcock, 1975; and Dan Reddy, Water Depart-
ment, city of Albuquerque, personal commun., July 8, 1975). 
This stress on the aquifer system is increased by pumping for 
the estimated additional 100,000 people living in nearby com-
munities and suburban developments—perhaps as much as 23.5 
million gallons of water per day (89,000 m3/day). 

Extrapolation of historic trends in population growth and 
water use (Reeder, Bjorklund, and Dinwiddie, 1967, p. 9-10) 
suggests that considerable additional development of the 
aquifers within the Cenozoic fluvial deposits filling the rift will 
be required in the future. A knowledge of the quantity and 
quality of ground water stored in the basin will therefore be an 
important factor in planning for both orderly economic 
growth and expansion of the population. 

The stratigraphic nomenclature used by the New Mexico 
Geological Society, followed in this report, does not neces-
sarily conform to that used by the U.S. Geological Survey. 
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the Santa Fe Pacific No. 1 well and analysis of water 
samples available to the writers. Mr. Dan Reddy, Water 
Department, city of Albuquerque, privided data and made 
helpful comments about water development in the 
Albuqueruqe area. The cooperation of the engineering staff 
and other personnel associated with communities and 
industrial plants in the area greatly facilitated the collection 
of data outside the city. 

GEOLOGY 
The structural setting of the Albuquerque-Belen basin is 

illustrated in Figures 1 and 2. To the east, a fault boundary 
separates the graben of the Albuquerque-Belen basin from the 
Sandia and Manzano uplifts (Black and Hiss, 1974, pl. 2). 
Precambrian crystalline rocks and upper Paleozoic sedimentary 
rocks stand high above the surface of the adjacent valley fill, 
dominating the landscape of the Albuquerque area. To the 
west, a series of subparallel faults extends southward from 
near Jemez Caldera, in the Jemez uplift, south-southwest, 
separating the graben from the Nacimiento uplift, the Puerco 
platform, and the Lucero and Ladron uplifts (Kelley, 1954; 
Slack, 1973). Precambrian, upper Paleozoic, and Mesozoic 
rocks are exposed in the uplifts west of the basin margin but 
attain much lower altitudes than rocks of similar age east of 
the Rio Grande rift. Joesting, Case, and Cordell (1961) es-
timate that stratigraphic displacement may be as great as 
22,000 ft (6,700 m) along the western margin of the Sandia 
Mountains and about 16,000 ft (4,880 m) along the western 
margin of the Albuquerque-Belen graben. 

Faulting and subsidence, which probably began in late 
Miocene time (Kelley, 1952, p. 101), were accompanied by 
deposition of alluvial sediments. The upper Cenozoic strata 
exposed in the northern part of the Albuquerque-Belen basin 
and adjacent areas to the north and northeast have been 
studied by Galusha, 1966; Spiegel, 1961; Stearns, 1943, 
1953a, and 1953b; and Black and Hiss, 1974. Smith, Bailey, 
and Ross (1970) show the areas of exposure of these deposits 
in the southern Jemez uplift, at the north edge of the basin. 
Because these rocks have not been studied in detail at the 
surface farther south along the basin margins, or in the sub-
surface, they are not subdivided in this report. In general, they 
consist of the Santa Fe Group (undivided) and the Zia Sand 
Formation of Galusha (1966). Both units were recognized in 
the Shell Oil Company Santa Fe Pacific No. 1 well and are 
termed "valley fill" in this report (Table 1). The upper Ceno-
zoic rocks are buried beneath a relatively thin veneer of 
Quaternary alluvium along the Rio Grande. 

The valley fill consists of gravel, sand, silt, and clay 
deposited as fans extending into the subsiding trough and, 
perhaps, in later stages of the history of the trough, as the 
deposits of a through-flowing stream. The local composition of 
the valley fill largely reflects the nature of the rocks in adja- 





 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

cent uplifts (Kelley, 1952, p. 101). Sedimentary rocks largely 
derived from volcanic rocks are interbedded with igneous 
flows south of the Jemez uplift. Valley fill derived from the 
Sandia and Manzano uplifts is largely composed of poorly 
sorted, coarse granitic, and carbonate rock debris. Erosion of 
Mesozoic shale, sandstone, and thin limestone and gypsum 
west of the rift has contributed generally well-sorted, fine-
grained sediment to the valley fill. 

The sedimentary rock sequence found beneath the valley fill 
in the northern Albuquerque-Belen basin is shown in data 
obtained from the Shell Oil Company Santa Fe Pacific No. 1 
well (Table 1). The porosity and permeability of the pre-
Cenozoic rocks is much lower than that of the overlying valley 
fill. However, water-bearing zones in these strata are believed 
o be of potential significance to the hydrology of the 
Albuquerque-Belen basin because moderately mineralized 
water ound in these rocks (Table 2; and Berry, 1959) may 
be in ydraulic communication with flow into the valley fill 
(Fig. 2). 

HYDROLOGY 

Ground-Water Sources 
Ground water in the Albuquerque-Belen basin is derived 

from five sources: (1) precipitation within the lowland part of 
the basin; (2) underflow from the Rio Grande Valley upstream 
from the basin, and infiltration from the Rio Grande; (3) 
inflow from the Jemez uplift, to the north; (4) inflow from 
outside the trough, from the east; and (5) inflow from 
outside he trough, from the west. The chemical 
composition of several of these source waters is illustrated 
by diagrams in figure 3. 

Local Precipitat ion 
Water that infiltrates the channels of arroyos during 

understorms probably provides substantial recharge to the 

 

upper part of the saturated zone. This water is of a calcium 
sodium bicarbonate composition and moderate dissolved-solids 
concentration, like that of samples collected southeast of 
Bernalillo (Fig. 3). 

Rio Grande, Upstream 

Water brought into the basin by underflow is of a calcium 
sodium bicarbonate composition and some of it also contains 
appreciable sulfate. Samples collected along the Rio Grande 
upstream from the Jemez River are typical examples (Fig. 3). 

Hydraulic interrelations between the Rio Grande and the 
aquifers along its course control infiltration from the river. A 
water-level contour map presented by Titus (1961, Fig. 1) 
shows the following: For some tens of miles upstream from 
Bernalillo, the Rio Grande is a gaining stream or it receives 
ground-water inflow along one bank and loses water by seep-
age along the other bank. Near Bernalillo and continuing to or 
near the south end of the Albuquerque-Belen basin, the Rio 
Grande is a losing stream. The infiltrated water is of relatively 
good chemical quality, although (as is noted later) the quality 
of Rio Grande water below the Jemez River reflects the dis-
solved load brought in from the Jemez uplift. 

Inflow from Jemez Uplift 
The Jemez River is a losing stream for much or all of its 

course below San Ysidro. Water with a high content of 
sodium, chloride, sulfate, and several minor constituents 
brought from the Jemez and Nacimiento uplifts infiltrates into 
the ground-water system from the Jemez River (Trainer, 
1974). The water from mineral springs, such as those west and 
north of San Ysidro (Fig. 3), flows into and mixes with the 
moderately mineralized water of the Jemez River from above 
San Ysidro. Other inflowing water from valley-fill deposits (as 
north of Zia Pueblo) is of good quality but of insufficient 



 

quantity to have a significant effect on the quality of the 
stream water. 

The effect of the Jemez-Nacimiento water is also expressed 
indirectly along the Rio Grande south of the mouth of the 
Jemez River, where water from the Rio Grande that has re-
ceived the dissolved load of the Jemez River infiltrates into the 
ground-water system. (In part, the quality of ground water 
near the Rio Grande south of Bernalillo also reflects the effect 
of concentration of dissolved solids by evapotranspiration.) 

The mineral springs near San Ysidro are representative of 
many in the fault zone at the west margin of the rift near and 
up-canyon from this village. They feed into the Jemez River 
and, at the south end of the Sierra Nacimiento, into Rio 
Salado. Analyses shown in Figure 3 (in and south of San 
Ysidro, at the south edge of Zia Pueblo, and along the Jemez 
River downstream from Zia Pueblo and at Jemez Canyon 

Dam) illustrate the dissolved load in ground water in alluvium 
along the Jemez River and are representative of the water 
which seeps into the streambed. 

In addition, mineralized ground water from the Jemez 
Mountains may flow directly into the valley fill in the rift by 
way of the marginal fault zone. Trainer (see article in this 
guidebook) suggests that along some flow paths in consoli-
dated rocks in the fault zone mineralized water has flowed at 
least as far as Jemez Pueblo (about 20 mi, 32 km, from the 
rim of Jemez Caldera, and nearly to San Ysidro) without 
great modification through dilution and dispersion. The 
absence of springs along the fault zone where it passes into 
the valley fill near San Ysidro is believed to reflect subsurface 
discharge into relatively permeable strata in the valley fill. 



 



 

Preliminary study of geohydrologic data from the Jemez 
Mountains suggests that mineral-water discharge from that re-
gion is principally to the southwest along the margin of the 
rift. Because of the intricate patterns of the faults, however—
many of the known faults extend far into the rift (Smith, 
Bailey, and Ross, 1970)—this water may enter the valley fill 

over a front of many miles. The information available thus 
indicates both the availability of mineralized water in the 
Jemez Mountains and the presence of routes foP,its subsurface 
discharge into the rift. 
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Inflow from Sandia and Manzano Uplifts 
Inflow from outside the trough, from the east, as subsurface 

flow or as surface flow that infiltrates arroyo floors, brings 
water of good quality to the Albuquerque-Belen basin. Cal-
cium bicarbonate water is derived from carbonate-bearing 
rocks; see analyses at Placitas (Fig. 3). Water containing cal-
cium, sodium, and bicarbonate ions flows from arkosic rocks 
as indicated by the analyses east of the graben-margin fault 
zone, east and northeast of Albuquerque. The shallow ground 
water in the Albuquerque area east of the Rio Grande appears, 
on the basis of the chemical analyses, to have been derived 
from the Sandia Mountains or from precipitation in the local 
area. Appreciable concentrations of sulfate in water east of the 
Rio Grande are believed to have been derived from rocks of 
the Todilto Limestone and associated strata east of the Sandia 
and Manzano uplifts near Tijeras. 

Inflow from the Western Margin of the Basin 

Very little was known about the quality of ground water in 
the deeper aquifers within the Albuquerque-Belen basin until 
Shell Oil Company drilled the Santa Fe Pacific No. 1 well in 
sec. 18, T. 13 N., R. 3 E., about 18 mi (30 km) north-
northwest of downtown Albuquerque (Fig. 1). A very com-
plete suite of electrical logs was run to determine and evaluate 
the physical characteristics and the fluids contained in the 
rocks penetrated in this deep wildcat well (Table 2). Samples 
of water were collected from several aquifers during drill-stem 
tests of possible petroleum-bearing zones, and subsequent 
attempts were made to collect samples of water from aquifers 
in the valley fill prior to abandonment of the well (Table 3). 

Fluid was recovered during tests of potential aquifers in the 
Santa Fe Group, the Zia Sand Formation, the Dakota Sand-
stone, the Todilto Limestone and Entrada Sandstone com-
bined, and the Meseta Blanca Sandstone Member of the Yeso 
Formation. Descriptions and analyses of the recovered fluid 
are given in Table 3. 

Water samples collected from the Dakota Sandstone and the 
Meseta Blanca Sandstone Member of the Yeso Formation are 
of a sodium bicarbonate sulfate type and appear to be repre-
sentative of the waters contained in these aquifers. Water was 
not recovered during a drill-stem test of the Todilto Limestone 
and Entrada Sandstone, combined. Therefore, this test was 
inconclusive. A small amount of water was recovered through 
casing perforations from the Zia Sand Formation during a 
brief swabbing test. The representativeness of the water re-
covered has been questioned (Table 3, samples 35-37). How-
ever, supplemental information given below suggests that the 
water is representative of the Zia Sand Formation. Water 
recovered during a similar test of the Santa Fe Group is 
thought not to be representative of the water contained in this 
aquifer (Table 3, samples 38 and 39). 

The salinity of ground water contained in formations of 
several geologic ages penetrated in the Shell Oil Company 
Santa Fe Pacific No. 1 well was computed from electrical logs 
and expressed as sodium chloride (Table 2). Salinities com-
puted for the Dakota Sandstone and Meseta Blanca Sandstone 
Member of the Yeso Formation agree, in general, with the 
content of dissolved solids determined from chemical analyses. 
Computed salinities of the water in the Mesozoic rocks are also 
in agreement with the dissolved-solids content of the water in 
Jurassic and Cretaceous rocks mapped by Berry (1959, pls. 
VIII and X) in the San Juan basin to the west. These compari 
sons tend to confirm the validity of the computed salinities. 

By extension, the computed salinities are indicative of 
deterioration of water quality in the Cenozoic aquifer with 
increasing depth, assuming effective hydraulic communication 
between the Paleozoic and Mesozoic rocks and the Cenozoic 
valley fill. 

The salinity of the water from one zone, at a depth of 850 
to 856 ft (259 to 261 m), was computed to be approximately 
500 mg/I sodium chloride. This thin zone containing fresh 
water is both over and underlain by rocks containing saline 
water (Table 2). (For purposes of this report, saline water is 
defined as water containing more than 1,000 mg/l dissolved 
solids.) 

The radiochemical content of one sample of water swabbed 
from the Zia Sand Formation was also determined (Table 4). 
The unexpectedly high alpha and beta activities and dissolved 
radium and uranium content were initially thought to be 
indicators of contamination from water entering the aquifer 
from the drilling mud. However, the alpha and beta activities 
of the drilling mud, determined for comparison purposes, were 
much lower than those of the produced water. No other wells 
are known to tap the Zia Sand Formation in this region, but 
the radiochemical content of waters from several wells that tap 
shallower aquifers in the general vicinity was determined. 
These data (Table 4) suggest that a relatively low radiochem-
ical content is typical of the water in the shallower aquifers in 
the valley fill. 

This interpretation taken with the computed salinities 
(Table 2), suggests that the water sampled was not entirely 
mud filtrate and may have been representative of water in the 
Zia Sand Formation. If so, the altitude of the fresh-saline 
water interface may be only about 4,500 ft (1,370 m) above 
sea level. This inference suggests, in turn, that fresh water may 
be a relatively thin lens only 500 to 800 ft (150 to 245 m) 
thick in this part of the Albuquerque-Belen basin. Some minor 
interfingering of fresh and saline water below this depth vary 
as suggested by the computed water salinities (Table 2). 

A comparison of the potentiometric surfaces from the 
Dakota Sandstone and the Entrada Sandstone in the San Juan 
basin prepared by Berry (1959, pls. VII and IX) with a similar 
map compiled for the valley fill in the Rio Grande rift by Titus 
(1961, Fig. 1, p. 187), supplemented by a general knowledge 
of the geologic framework of the area suggests that the Rio 
Grande may drain water from the San Juan basin where the 
two structural provinces meet along the western margin of the 
Rio Grande rift (Fig. 1). 

Moderately mineralized water of a sodium bicarbonate 
sulfate type probably moves into the Rio Grande rift from the 
San Juan basin in a broad zone between the Nacimiento uplift, 
on the north, and the Ladron uplift, to the south (Fig. 1). 
Water moving into the Rio Grande rift from the San Juan 
basin probably also carries uranium and other radioactive 
elements dissolved from the uranium-bearing rocks found in 
and on the margins of the San Juan basin (Hilpert, 1969). 

Mineralized water moving south-southwestward along faults 
parallel to the basin margin from the Jemez uplift into the 
western margin of the Rio Grande rift would be another 
important source of saline water. An unknown amount of 
saline water probably was added to the hydrologic regimen by 
Holocene volcanism in the Albuquerque-Belen basin and 
vicnity (Fig. 2; and Kelley, 1974, p. 29-35). 

A trough in the potentiometric surface from the aquifers in 



 



 



 



 



 



 



 



 



 



the valley fill is shown on a map compiled by Titus (1961, Fig. 
1, p. 187). The axis of this trough lies 5 to 10 mi (8 to 16 km) 
west of the Rio Grande paral lel or subparal lel to the river. 
Near Albuquerque, the axis slopes gently southward at an 
average gradient of 6 ft per mile (1.1 m/km). This gradient is 
approximately equal to the average downstream gradient of 
the Rio Grande, the natural linear drain for the Rio Grande 
trough. Titus (1961, p. 189) suggested that the position of the 
axis of the trough in the potentiometric surface may be due to 
an increase in the transmissivity of the Santa Fe Group west of 
the Rio Grande. However, if saline water of relatively higher 
density is entering the valley fill from the north and from the 
west, as is suggested by our interpretation of the data now 
available, the aquifer head is likely to be low (relative to that 
in fresh water) in a linear area localized along the numerous 
faults that parallel the west margin of the Albuquerque-Belen 
basin (Fig. 2). When more information becomes available, it 
may be possible to test this hypothesis by constructing a 
potentiometric surface adjusted for changes in density of the 
water following methods developed by Lusczynski (1961) and 
Bond (1972 and 1973). 

SUMMARY AND CONCLUSIONS 
Extensive chemical data for water from the upper part of 

the saturated zone in the northern part of the Albuquerque-
Belen basin show that the ground water is of relatively good 
quality-it commonly contains less than 1,000 mg/I dissolved 
solids. However, data obtained from the Shell Oil Company 
Santa Fe Pacif ic No. 1 wel l,  and sal init ies computed from 
those data, suggest marked deterioration of water quality with 
increasing depth. A trough in the potentiometric surface for 
the valley-fi l l aquifer in the western part of the basin may 
reflect the local ized occurrence, in a l inear area near and 
parallel to the marginal fault zone, of water of high density. 
The form and location of the trough suggest fault control of 
the "pool" of mineralized water and argue for derivation of at 
least part of the water from the fault zone-and indirect ly 
from the Jemez uplift to the north and (or) from the volcanic 
field near Albuquerque. Part of the saline water could have 
migrated into the rift from the San Juan basin to the west. 

Our interpretation of these data strongly suggests a need for 
further, well-planned, deep hydrologic exploration of the 
Albuquerque-Belen basin. If mineral ization of the ground 
water increases with depth, and the scanty information avail-
able suggests that it does, the quantity of potable water stored 
in the valley fill is but a fraction of the available water. Ex-
ploration is therefore a prerequisite for the future ground-
water development impl ied by project ions for cont inued 
growth of the population and the economy of Albuquerque 
and the surrounding area. And, because some of the other 
grabens in the Rio Grande rift may occur in a geohydrologic 
setting similar to that of the Albuquerque-Belen basin, such a 
hydrologic study should have considerable transfer value in 
hydrologic development of other parts of the Rio Grande 
Valley. 
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