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FIGURE 3— GEOLOGIC MAP OF AZTEC QUADRANGLE. 
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HYDROGEOLOGIC SHEET I 

Abstract 

The Aztec 15-minute quadrangle lies about 15 mi northeast of Farmington in 
northeastern San Juan County, New Mexico, near the center of the San Juan 
structural basin. Although drained by the Animas and San Juan Rivers, the area 
is semiarid to arid. Quaternary alluvium or terrace deposits, together with the 
San Jose and Nacimiento Formations (Tertiary), cover the surface. The area has 
relied heavily on surface-water supplies, but population growth is intensifying 
competition for this water. Because virtually all surface water is appropriated, 
water for future municipal or industrial use must be either ground water or 
negotiated surface water. The most significant source of ground water is the 
Quaternary alluvium in the river valleys: yields of up to 500 gpm are possible; 
total dissolved-solids content ranges from about 300 to 1,900 ppm. Sandstones 
of the San Jose Formation offer the best potential for a bedrock source of 
ground water. Yields of up to 1,200 gpm have been predicted for this unit east of 
the study area. Total dissolved-solids content of spring waters from the San Jose 
ranged from 110 to 1,528 ppm. The underlying Nacimiento Formation has 
yielded variable quantitites and qualities of ground water; the coarse sandstones 
in the upper part of this unit have the best potential. The Ojo Alamo Sandstone, 
underlying the Nacimiento, is the only unit of those not exposed in the area that 
has any potential for ground-water development. Reported yields range from 
35-180 gpm; total dissolved-solids content may exceed 1,000 ppm, but values 
ranging from 360 to 824 ppm have been reported outside the Aztec quadrangle. 
Deeper units are too costly to develop and hold waters of inferior quality for 
most uses. 

THE HYDROGEOLOGIC SHEET SERIES 

1 Before 1971 the New Mexico Bureau of Mines and Mineral Resources 
published most of its water-resource data in the Ground-water Report series. 
That series was discontinued in 1971 and superseded by the Hydrologic Report 
series. Both series have presented results of water-resource studies of large areas 
(one or more counties). On the other hand, published results of water-resource 
studies of smaller areas have been scattered among other Bureau publications 
(Stone, 1976). Many of these studies, published in the Bureau's Circular series, 
lack the illustrations typical of the Hydrologic Reports. To facilitate the 
documentation, distribution, and use of the results of water-resource studies of 
small areas, a new series—Hydrogeologic Sheets—is initiated with this report on 
the Aztec quadrangle. The specific objectives of this series are to provide a single 
outlet for water-resource studies of small areas, to present results in a condensed 
and convenient style with emphasis on illustrations, and to make basic water-
resource information for small areas available at less cost than is possible for the 
Hydrologic Reports. Paragraphs are numbered to facilitate citation. 

2 Technical terms used in the text are explained in the section on Hydro-
geologic Principles (found in the box on back of this sheet). Most quantitative in
formation is given in English units, followed by metric units in parentheses. 
Chemical concentrations are given only in English units (ppm—parts per 
million). For concentrations less than 7,000 ppm, the ppm and mg/1 (milligrams 
per liter, the metric equivalent) values are about the same. Values for elevation, 
distance, depth, thickness, and volume are often estimated or generalized for 
regional applications and thus are often rounded to the nearest hundred units. 
Metric equivalents for such values are rounded to the nearest Five units. Where 
the English values are small or obviously precise, we have attempted to present 
similarly precise metric equivalents. Metric equivalents were calculated by 
multiplying English units by conversion factors as follows: 

English unit x conversion factor = metric unit 
acres (not abbreviated) 0.4047 hectares (ha) 
acre-feet (acre-ft) 0.0012335 cubic hectometers (hm1) 
feet (ft) 0.3048 meters (m) 
feet squared per day (ftVd) 0.0929 meters squared per day (mVd) 
gallons (gal) 0.00379 cubic meters (m J) 
gallons per minute (gpm) 5.45 cubic meters per day (m Vd) 
gallons per minute (gpm) 0.0639 liters per second (1/s) 
gallons per day (gpd) 0.003785 cubic meters per day (mVd) 
inches (not abbreviated) 2.54 centimeters (cm) 
miles (mi) 1.6093 kilometers (km) 
square miles (mi2) 2.59 square kilometers (km2) 

3 All wells, springs, and samples are identified in the tables by two numbers. 
The First is a short letter-numeral combination in which the letter identifies the 
aquifer and the numeral is a field number assigned during inventorying or sam
pling. Because this letter-numeral combination is the shorter designation, it is 
used on the maps and figures and in the text. 

4 The other system of numbering used is that used by the New Mexico State 
Engineer and is based on the township, range, and section land grid (fig. 1 on 
back of sheet). In this system each well or spring has a unique location number 
consisting of four parts separated by periods: 31N.10W.24.213. The first part 
refers to the township, the second designates the range, and the third identifies 
the section (fig. 1A). The fourth part locates the well or spring within the section 
to the nearest 10-acre tract (fig. IB): each section is divided into quarters, which 
are assigned numbers such that the northwest quarter is number 1, the northeast 
quarter is number 2, the southwest quarter is number 3, and the southeast 
quarter is number 4. Each quarter section is then divided into quarters numbered 
in the same manner. Each quarter-quarter section is similarly divided and 
numbered. If the location of a well or spring cannot be determined to quarter-
quarter section or quarter-quarter-quarter section, a zero is used in the appro
priate position in the fourth part of the number. A well designated 
31N.10W.24.213 is located in the SW'/«NW V*NEV* sec. 24, T. 31 N., R. 10 W. 
(fig. 1). A spring located in the NWW sec. 31, T. 2 S., R. 1 W. would be 
numbered 2S.1W.31.1O0. In unsurveyed areas, locations are approximated by 
constructing a township grid on the best available map. In this report, all 
townships are N. , and all ranges are W.; therefore, compass designations are not 
used in location numbers. Location 3IN. 10W.24.213 will read 31.10.24.213. 

10 We wish to thank A. J. Budding and Allan Sanford, Geoscience Depart
ment, New Mexico Institute of Mining and Technology, for use of the depart
ment's triaxial apparatus and portable seismic unit. Subsurface data were ob
tained through A. R. Kendrick, New Mexico Oil Conservation Commission, 
Aztec, and Robert Bieberman, New Mexico Bureau of Mines and Mineral 
Resources. Chemical analyses were made under the direction of Lynn Brand-
void, New Mexico Bureau of Mines and Mineral Resources. The use of water-
well records on file with the U.S. Geological Survey, Albuquerque, and El Paso 
Natural Gas Company, Farmington, is also gratefully acknowledged. 

REGIONAL SETTING 

11 The topography is dominated by the flat-topped Mesa Mountains, which 
extend from Colorado into the northern part of the area, and by the extensively 
eroded divide between the Animas and San Juan Rivers. Numerous intermittent 
streams have cut narrow, steep-walled canyons through the sandstones and 
shales at the surface in the area. The maximum relief is greater than 1,600 ft (480 
m), with a low elevation of 5,600 ft (1,707 m) in the river valleys and a high eleva
tion of 7,216 (2,199 m) at Tank Mountain in the northeast. Local relief may ex
ceed 1,000 ft (305 m) where undercutting along rivers has caused steep, high 
bedrock cliffs. In the southern and western parts of the areas, where shales cover 
the surface, badland topography has developed. 

12 The Aztec quadrangle is drained by two major perennial streams: the 
Animas and San Juan Rivers. The Animas River rises in the San Juan Mountains 
of Colorado and flows southwesterly across the quadrangle, draining approx
imately 140 mi 2 (360 km2) of the quadrangle. The average annual discharge is 
814,200 acre-ft (1,005 hm3) 4 mi (6.4 km) north of Cedar Hill (Cooper and 
Trauger, 1967). The San Juan River also rises in the San Juan Mountains of Col
orado and flows westerly across the southeastern corner of the quadrangle, 
draining about 100 mi 2 (260 km2) of the study area. The average annual 
discharge is 943,300 acre-ft (1,165 hm') at Archuleta, New Mexico, just outside 
the quadrangle to the east (Cooper and Trauger, 1967). 

13 The climate is arid to semiarid with an average annual precipitation at 
Aztec Ruins National Monument of 9.33 inches (23.7 cm) for the period 1901 
through 1960 (Maker and others, 1971). Almost half (45.4 percent) of the annual 
precipitation occurs from July through October. Most falls during intense 
thunderstorms in which runoff is great. The mean monthly temperature for July 
is 74° F (23° C) and for January is 29° F (-1.7° C); the mean annual temperature 
is 51.3° F (10.7° C). Winds are predominantly from the southwest. Annual class 
A pan evaporation at nearby Farmington averages 67.37 inches (171.12 cm) for 
the period 1948-1962 (Cooper and Trauger, 1967). 

14 Six soil associations have been mapped and described in the quadrangle 
area (Maker and others, 1971). Soils developed on the Quaternary alluvium in
clude the following associations: the Werlow-Fruitland-Turley, Doak-Shiprock, 
and Hilly gravelly land. All have slight to high irrigation potential. The soils 
developed on the Tertiary deposits include the following associations: Persayo-
Farb, Badland-rock land, and Travessilla-rock land—none generally suited for 
irrigation. 

15 The quadrangle is situated near the center of the San Juan structural 
basin, a broad, northwest-southeast-trending depression that formed during the 
Laramide orogeny. The basin is asymmetrical, with steeper dips or tilting of 
strata along the northeast margin; it is also deep and contains a thick sequence of 
sedimentary rocks. The total stratigraphic record exceeds 14,000 ft (4,270 m), as 
proved in the El Paso Natural Gas Company well near Gobernador (sec. 7, T. 29 
N..R. 5W.). 
16 Quaternary alluvium or terrace deposits, together with the San Jose and 
Nacimiento Formations (Tertiary), cover the surface in the Aztec quadrangle 
(figs. 2, 3, and 4). The position of the contact between the Nacimiento Forma
tion (Paleocene) and the overlying San Jose Formation (Eocene) has always posed 
a problem in the northern part of the San Juan Basin. In the south, the San Jose 
Formation lies on the Nacimiento Formation with angular unconformity (Baltz 
and West, 1967). In the north, however, the apparent continuous deposition in 
Paleocene and Eocene times (Reeside, 1924; Simpson, 1948) caused the grada-
tional nature of the contact there. Its location has differed by as much as 5 mi on 
maps by Reeside (1924) and Dane and Bachman (1965). Fig. 3 shows this contact 
remapped in detail. 

17 Criteria used in mapping the Nacimiento-San Jose contact were similar to 
those of Reeside (1924, p. 46): the contact was generally placed at the base of the 
first thick, erosion-resistant, coarse-grained sandstone above which a sandstone 
lithology dominated and surpassed shale lithology in thickness (fig. 5). In 
numerous places the contact is easily located by these criteria because a good 
portion of the Nacimiento Formation is exposed below. From these and other 
localities, the contact can be traced laterally with relative ease. In other areas, 
however, the contact is partially covered or uncertain because the San Jose For
mation is poorly represented owing to erosion. 

FIGURE 5—CONTACT BETWEEN THE NACIMIENTO FORMATION (Tn) AND SAN JOSE 

FORMATION (Tsj) IN MOUNT NEBO NEAR CEDAR HILL . NEW MEXICO. SE!4 sec. 

22, T. 32 N., R. 10 W.; view toward east; note bridge where Denver and Rio 
Grande Western Railroad crosses Animas River. 
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FIGURE 2—GENERALIZED STRATIGRAPHY AND WATER-RESOURCE INFORMATION FOR THE AZTEC QUADRANGLE; TDS = total dissolved solids, SC = specific 

conductance. 

THE AZTEC QUADRANGLE 

5 The Aztec 15-minute quadrangle is located about 15 mi (25 km) northeast 
of Farmington in northeastern San Juan County, New Mexico. The population 
of about 7,000 people includes the communities of Aztec, Cedar Hill, and 
Turley. Aztec (population 6,000) is the San Juan County seat. 
6 Land use and economy in the Aztec quadrangle are dominated by the 
petroleum industry and agriculture. Approximately 400 wells have been drilled 
since the discovery in 1920 of natural gas 1 mi (1.6 km) south of Aztec (Barnes, 
1950). In the valleys, approximately 4,000 acres (1,620 ha) are irrigated for farm
ing; the uplands are used for grazing beef cattle. 

7 Residents of the area have relied heavily on surface-water supplies derived 
from the Animas and San Juan Rivers. As the regional population has grown 
with the increased industrial activity (especially energy-resource development), 
the competition for this limited surface water has intensified. However, virtually 
all surface water has been appropriated, and water for future use must be either 
ground water or negotiated surface water. 

8 In response to growing interest in ground-water resources in northwestern 
New Mexico, the State Engineer declared the San Juan Basin an underground 
water basin on July 29, 1977. The purpose of declaring such basins is to protect 
existing surface-water rights from possible impairment by uncontrolled ground
water development. Once a basin is declared, its ground water is subject to ap
propriation, and development is strictly regulated. The detailed rules governing 
declared basins have been listed by the New Mexico State Engineer's Office 
(1966), and the ramifications of basin declaration have been suggested by 
Shomaker and Stone (1976). 

9 Ground water has accounted for less than one percent of all water used in 
San Juan County because: 1) surface water has been readily available, 2) ground 
water has been considered to be too deep or too saline for use, and 3) little has 
been compiled on the ground-water potential of the area. In an effort to better 
define the ground-water resources of northwestern New Mexico, the U.S. 
Geological Survey, the New Mexico Bureau of Mines, and the Office of the State 
Engineer are cooperating in a study of the San Juan Basin. Although such a 
study is necessarily regional in scope, some appreciation of the water-resource 
situation on a local scale is being provided by detailed studies of selected 15-
minute quadrangles. Because the Aztec quadrangle was one of those studied in 
conjunction with the large basinwide project, this report is intended in part to 
characterize the water-resource situation in the northern part of the basin— 
especially that of small communities experiencing water shortages because of 
reliance on surface-water supplies. The main purpose of this report, however, is 
to summarize the hydrogeology and ground-water potential of the Aztec 
quadrangle. 

18 The Nacimiento-San Jose contact varies in elevation across the study 
area—not surprising in view of the stream-channel origin of the San Jose sand
stones. The most significant irregularity is the low near the Animas River in T. 32 
N. , R. 10 W., where the contact drops from an elevation of greater than 6,300 ft 
to less than 6,200 ft (1920-1990 m). 
19 A major change in lithology of the lower part of the San Jose Formation 
is the much higher sandstone/shale ratio in the southeastern part of the study 
area. Basal sandstones in the northern part of the area seldom exceed 93 ft (28 m) 
in thickness; to the southeast more than 320 ft (98 m) of continuous sandstone 
were measured in the San Jose Formation in SWW sec. 19, T. 30 N., R. 8 W. 
(Brown, 1976, appendix A, measured section 8). 

AQUIFERS 

Valley f i l l (Quaternary) 

20 The valleys of the Animas and San Juan Rivers and their major 
tributaries are partially filled with alluvium consisting of gravel, sand, silt, and 
clay (fig. 3). These materials, deposited by streams in Pleistocene and Recent 
time, are being eroded by gullying that began regionally about 1880 (Bryan, 
1928). 

21 In the valley of the Animas River, the alluvium consists predominantly of 
sand and gravel. This material is outwash from Pleistocene glaciers in the San 
Juan Mountains to the north (Bandoian, 1969). Most driller's logs report the 
thickness of the alluvium in the Animas Valley to be 40-100 ft (12-30 m). The 
average thickness appears to be approximately 60 ft (18 m) and generally occurs 
in the center of the valley. At the sites of two anomalous reported values for 
alluvium thickness (170 ft and 308 ft ; 52 and 94 m), the depth to bedrock was 
determined with a small portable seismic unit. Soundings showed the alluvium to 
be less than 100 ft (30 m) thick in both cases and so compatible with the regional 
average. 

22 Few data exist concerning the thickness of the valley fi l l of the San Juan 
River in the study area. The highest value on record is 54 ft (16.5 m) at well A25 
(table 1). Rapp (1959) reported a maximum thickness of about 80 ft (25 m) for 
this aquifer in the Farmington area. This value may also apply to the Aztec quad
rangle because well A25 probably only partially penetrates the alluvium. Area 
drillers admitted that they try to avoid going so deep that they encounter the 
underlying bedrock because salty waters are often concentrated near this 
contact. 

23 The alluvial deposits of the Animas and San Juan River systems are the 
most important source of ground water in the Aztec quadrangle and provide 
moderate supplies of water to numerous shallow wells (table 1). While no yield 
data are available, a local driller reported that most domestic wells in the Animas 

River alluvium yield 10-20 gpm (55-110 mVd). He suggested that these values 
might be increased tenfold with improved construction and development, (John 
Gilbert, personal communication). Yields of up to 500 gpm (2,725 mVd) from 
properly completed wells in 70 ft (21 m) of similar saturated alluvium at Farm
ington were reported by Rapp (1959, p. 11). 
24 The saturated thickness of the Animas River alluvium varies with the 
water-table position and the thickness of the valley fill. The water table fluc
tuates considerably throughout the year, depending on recharge by precipitation, 
irrigation, and Animas River flow. Because all of these are highest in the spring 
and summer and lowest in the winter, the water table is highest in August and 
drops to its lowest level during March. 
25 An example of the seasonal water-table fluctuation comes from the 
Bishop well (A9, table 1 and fig. 9). Following a spring and summer of very high 
runoff in the Animas River, the depth to water on August 8, 1975, was 7.9 ft (2.4 
m). After a very dry winter, the depth to water on February 26, 1976, was 19.3 ft 
(5.9 m). The owner reported that this drop of 11.4 ft (3.5 m) is typical. 

26 In the numerous tributary canyons and arroyos of the Animas and San 
Juan Rivers, five wells were located that are believed to be completed in valley 
f i l l . Four have been abandoned in favor of small earthen reservoirs that had been 
constructed nearby to capture surface runoff. 
27 The quality of water from the Animas River valley-fill aquifer is generally 
good. The average of 10 analyses of ground water samples is 43 percent sulphate, 
18 percent sodium, 15 percent bicarbonate, 14 percent calcium, 4.5 percent 
chloride, 4 percent magnesium, and 0.5 percent potassium (table 3, fig. 9). These 
waters would be classified as calcium, magnesium, sodium, sulfate, bicarbonate 
waters (fig. 10). The average total dissolved-solids content is 732 ppm, and 
values range from 308 to 1,923 ppm. The quality of this water is generally good 
for two reasons: 1) the water is pumped from relatively clean sands and gravels 
(low in muddy matrix that contains readily soluble materials) and 2) the aquifers 
are near the surface and are recharged with relatively fresh water by runoff, irri
gation return flow, and direct precipitation. 

Terrace deposits (Quaternary) 

28 Bandoian (1969) mapped six separate terrace levels in the Animas River 
valley. These features are actually outwash terraces, traceable to late Pleistocene 
moraines in the San Juan Mountains, Colorado (Richmond, 1965). The posi
tions of these terrace levels, not distinguished on the geologic map (fig. 3), vary 
from 70-470 ft (21-143 m) above the present level of the Animas River. The ter
races are capped by deposits of coarse, rounded gravels and sands varying in 
thickness from 6-18 ft (1.8-5.5 m) and are commonly overlain by up to 12 ft (3.7 
m) of fine wind-blown material or loess. 

29 In addition to the six terrace levels, remnants of higher gravelled surfaces 
occur on many topographic highs. One, the Mesa Mountain surface, is partially 
preserved on both sides of the Animas River, just south of the Colorado border, 
at an elevation of 6,800-7,000 ft (2,072-2,134 m). Gravel deposits associated with 
this surface are 20-30 ft (6-9 m) thick (Bandoian, 1969, p. 53). Atwood and 
Mather (1932) suggested that this surface is part of their San Juan peneplain, 
formed in late Pliocene time by erosion of the late Tertiary volcanic plateau oc
cupying much of the San Juan region of Colorado. The significance of another 
high surface recognized by Bandoian is unclear (Brown, 1976, p. 31). 

30 Although the terrace deposits probably hold small quantities of water, 
they are relatively thin; most recharge is probably lost through drainage at 
springs, evaporation, or infiltration into the bedrock below. Where the gravels 
are thicker and the water becomes temporarily perched on an impermeable layer, 
storage may exceed such losses; small yields could be expected, with quantity be
ing directly related to saturated thickness. 
31 Chemical analyses were not made, but water quality is likely to be best 
where precipitation has been the main source of recharge. 

San Jose Formation (Eocene) 

32 The San Jose Formation covers approximately half of the surface area of 
the Aztec quadrangle (fig. 3). This unit generally consists of coarse, yellow, cliff-
forming sandstones interbedded with olive-green, gray, and purple shales and 
white slope-forming sandstones. The predominance of one lithology over the 
other was used by Baltz and West (1967) to subdivide the San Jose Formation in
to four intergrading members in ascending order: the Cuba Mesa, Regina, 
Llaves, and Tapacitos Members. This fourfold subdivision, used by Baltz and 
West in mapping on the Jicarilla Apache Indian Reservation, does not apply in 
the Aztec quadrangle. Possibly only the lower member (Cuba Mesa) is present. A 
major lithologic change was noted in the northern part of the area where part of 
the San Jose Formation is dominated by shale (fig. 4). 

33 In the study area, the San Jose Formation consists predominantly of buff 
and yellow, conglomeratic, coarse to very coarse grained, thick-bedded sand
stones (Brown, 1976). These sandstones, more abundant in the lower part of the 
formation, have a thickness of up to 320 ft (98 m) per layer and form steep cliffs 
in most places. In some localities, the thinner sandstones are lenticular and local, 
but most of the thicker units are continuous and can be traced in outcrop for 2-3 
mi (3-5 km). 

34 The San Jose shales are silty to sandy in texture and include interbedded, 
olive-green, light- to dark-gray, and purple shales, claystones, and siltstones as 
well as a few slope-forming gray-white sandstones. 
35 The San Jose Formation was described by Reeside (1924) as lying "nearly 
horizontal" in the study area, but in T. 32 N., R. 12 W., he assigned it an easterly 
dip of one degree. Cross sections prepared by Brown (1976, pis. 4 and 5) show 
dips are southeasterly at 5° except locally where strata are horizontal. 
36 Relatively few wells have been drilled in the San Jose Formation. Cooper 
and Trauger (1967) suggested, however, that the San Jose Formation, together 
with parts of the underlying Nacimiento Formation, "should be considered an 
important reservoir of large volume" in the eastern part of the San Juan Basin. 
These authors reported yields of up to 200 gpm (1,090 m'/d); Baltz and West 
(1967) predicted yields of up to 1,200 gpm (6,540 m'/d) from San Jose aquifers. 
The average total depth of 43 wells, reported by Baltz and West (1967, p. 28) to 
be in various members of the San Jose Formation on the Jicarilla Apache Indian 
Reservation, is 213 ft (65 m). Reported yields range from 0.2-60 gpm (1.09-327 
mVd) and specific capacities range from 0.07-1.04 gpm/ft (0.2-0.7 1/s/m) of 
drawdown. 

37 In the Aztec quadrangle, eight water wells are known to be completed in 
the San Jose Formation (table 1). Most of these wells were drilled in the 1950's 
by the El Paso Natural Gas Company to obtain drilling water. Most of the wells 
are now plugged or inaccessible, but company records report yields of 6-40 gpm 
(32-218 mVd) from individual sandstone units having thicknesses of 25-123 ft 
(8-38 m). Total depths range from 118-585 ft (36-178 m). 

38 The San Jose sandstones have the properties of good aquifers: grains are 
generally well sorted and porosities of up to 25 percent have been determined 
microscopically (Brown, 1976, appendix B). Because of the lack of pumping-test 
data for the San Jose aquifers, measurement of the hydraulic conductivity of 
various San Jose sandstones was attempted in the laboratory by means of a triax
ial compression apparatus. The crumbly nature of even the best surface samples 
that could be obtained made testing difficult. A hydraulic conductivity of 
.000605 cm/sec was determined for a small core subjected to a confining 
pressure of 600 psi (pounds per square inch) or 4140 kN/m 2 (kilonewtons per 
square meter), which simulates a depth of about 600 ft (185 m) (Brown, 1976, 
appendix F). 

39 At various localities and elevations, springs issue from coarse San Jose 
sandstones. These springs are estimated to have discharges of less than 2 gpm (10 
mVd); all issue at sandstone/shale contacts. The springs are generally marked by 
an overhang of coarse sandstone caused by undercutting and washing out of the 
softer shale below and the presence of cottonwood trees or other phreatophytes. 
Most springs in the study area are fenced and developed for stock by means of 
pipes, metal tanks, or concrete reservoirs. 

40 Chemical analyses were not available for the El Paso Natural Gas Com
pany water wells tapping the San Jose Formation. In the present study the qual
ity of water from aquifers of the San Jose Formation has been determined only 
for spring waters (table 4). The average of analyses of 11 spring samples shows 
dissolved constituents in the following proportions: 28 percent calcium, 27 per
cent sulphate, 20 percent bicarbonate, 14 percent sodium, 8 percent magnesium, 
2 percent chloride, and 0.4 percent potassium. Like those from the alluvium, 
these waters would also be classified as calcium, magnesium, sodium, sulfate, 
bicarbonate waters (fig. 10). Total dissolved-solids content of waters from the 11 
springs averaged 515 ppm, varying from 110-1,528 ppm. The water quality is 
usually quite good and is comparable to that of waters from the alluvium (fig. 
9)—probably because the water in both cases has not traveled far from the sur
face, has traveled through relatively clean sediment or rock material, and has 
been in the aquifer a relatively short time. Water can be expected to deteriorate in 
quality after traveling along a sandstone-shale interface or after coming to rest 
on weathered shale. 

Nacimiento Formation (Paleocene) 

41 The Nacimiento Formation covers more than a quarter of the surface area 
of the Aztec quadrangle (fig. 3). The formation generally consists of gray, olive-
green, and purple shales and gray-white to yellow, soft to hard sandstones. In the 
study area, it is approximately 2,000 ft (610 m) thick. Electric logs from oil and 
gas wells show it to be silty or sandy throughout, but particularly so near the up
per and lower boundaries (both gradational). Baltz and West (1967) discussed the 
Ojo Alamo-Nacimiento contact and suggested that intertonguing of Nacimiento 
sandstones is responsible for the apparent increased thickness of the Ojo Alamo 
Sandstone in the northern part of their study area. Such intertonguing was also 
pointed out by Powell (1973) and has been observed in areas north and south of 
Farmington. 

42 The sandy nature of the upper part of the Nacimiento Formation is par
ticularly noticeable near Cedar Hill in T. 31 N. , R. 10 W. Here, thick, coarse

grained sandstones are indistinguishable from those of the overlying San Jose 
Formation. These Nacimiento sandstones are also prominent at Mount Nebo 
(fig- 4). 
43 Throughout most of its thickness, the Nacimiento Formation cannot be 
expected to yield large quantities of water to wells because of the discontinuous, 
silty nature of its sandstones (Brimhall, 1973). In its upper part, where more ex
tensive coarse sandstones occur, the Nacimiento can provide valuable sources of 
good-quality water (Cooper and Trauger, 1967). Baltz and West (1967) reported 
a yield of 42 gpm (229 m'/d) from a 20-ft (6-m) sandstone in the upper part of 
the Nacimiento Formation on the Jicarilla Apache Reservation. Specific capacity 
of this well is only 0.07 gpm/ft (.011/s/m) of drawdown. 

44 Brimhall (1973) reported on a major Nacimiento aquifer of local im
portance, the Kaime Ranch aquifer, in Canyon Largo about 30 mi (48 km) 
southeast of Aztec. This predominantly sandstone aquifer is estimated to cover 
approximately 5 mi 2 (13 km2); one well there flows a full 8-inch (20-cm) stream 
from a perforated interval of 400 ft (122 m). 
45 In the Aztec quadrangle, 21 water wells are known to be completed in the 
Nacimiento Formation (table 1); nine are El Paso Natural Gas Company water 
wells with reported yields from 16-100 gpm (87-545 mVd). Several of these wells 
have been completed in two to four intervals to exploit total perforated intervals 
of20-150ft(6-45 m) (table 1). 
46 Three other nondomestic wells in the study area have been completed in 
the Nacimiento (table 1): the Port of Entry well is 750 ft (228.6 m) deep, the 
Knickerbocker Butte Water Well No. 1 is approximately 900 ft (275 m) deep and 
is completed in four horizons to obtain water for drilling purposes, and the 
Atlantic State No. 1 well is 520 ft (158.5 m) deep and is completed in three 
horizons for a total perforated thickness of 55 ft (16.8 m). 

47 Nine domestic wells drilled into the Nacimiento Formation have an 
average depth of approximately 115 ft (35 m) and average depth to water after 
completion of 24 ft (7.3 m) (table 1). Being confined by overlying shales, many 
Nacimiento sandstone aquifers are artesian. The R. Valencia well, in sec. 35, T. 
30 N. , R. 9 W., was reported to flow forming a fountain rising 2 ft (.6 m) above 
ground level (table 1). The Kaime Ranch aquifer of Brimhall (1973) was also 
reported to be artesian. 

48 Because of its shaly lithology, the Nacimiento Formation yields water of 
generally poor quality. Chemical analyses of four water samples are given in 
table 3. Total dissolved-solids content of these samples range from 1,004 to 6,754 
ppm. Sodium, calcium, and sulfate are the prominent dissolved constituents 
(table 3, fig. 9). These waters would be classified as calcium, sodium, chloride, 
sulfate waters (fig. 10). 

49 Field values of specific conductance obtained for water from six shallow 
wells believed to be completed in the Nacimiento Formation range from 1,120 to 
4,500 umbos a n d average 2,073 ^mhos (tables 2 and 3). Two other wells 
penetrating this unit, but not presently in use, yield impotable waters according 
to the owners. 

Ojo Alamo Sandstone (Tertiary) 

50 The Ojo Alamo lies beneath the Nacimiento Formation and is not ex
posed in the Aztec quadrangle. However, in cliffs east of the La Plata River near 
Farmington, this formation consists of 158 ft (48.2 m) of thick-bedded, coarse
grained to very coarse grained, crossbedded, conglomeratic sandstone (Brown, 
1976, appendix A). Intertonguing at the upper contact causes irregularity at the 
top of this unit (fig. 6). In the Aztec quadrangle, the Ojo Alamo Sandstone lies at 
a depth averaging approximately 1,500 ft (460 m) and has an average thickness 
of about 100 ft (30 m) (figs. 7 and 8). 
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FIGURE 6—MAP SHOWING STRUCTURE OF TOP OF OJO ALAMO SANDSTONE IN 

AZTEC QUADRANGLE. 
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FIGURE 7—MAP SHOWING DEPTH TO TOP OF OJO ALAMO SANDSTONE IN AZTEC 

QUADRANGLE. 
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FIGURE 8—MAP SHOWING THICKNESS OF OJO ALAMO SANDSTONE IN AZTEC 

QUADRANGLE. 
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