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Abs t r a c t  
Torrance County, in central New Mexico, has an area of about 3,340 

square miles and a population of 8,012 (1950). Estancia Valley, which 
ranges from about 6,000 feet to 7,500 feet in altitude, is the largest 
physical feature in the county. This valley is bordered on the west by the 
Manzano Mountains (altitude 7,500 — 10,000 feet), on the east by the 
Pedernal Hills and eastern uplands (altitude 6,000 — 7,600 feet), and on 
the south by the north end of Chupadera Mesa (altitude about 6,500 — 
7,250 feet). The northern end of Estancia Valley, which reaches an 
altitude of about 6,400 feet, merges with a plateau in southern Santa Fe 
County. The surface of the eastern uplands, in the eastern part of Tor-
rance County, is indented by the relatively shallow and small Encino and 
Pinos Wells drainage basins. The altitudes of these drainage basins range 
from about 6,100 to 6,500 feet. 

The surface drainage of most of the county is into closed basins, of 
which the principal ones are Estancia Valley and the Encino and Pinos 
Wells basins. The surface drainage on Chupadera Mesa is into sinks, and 
that of the southeast corner of the county into sinks and a closed 
drainage basin centering in Guadalupe County. Near the southwest 
corner of the county the surface drainage is into the Jornada del Muerto 
and the Rio Grande. Surface drainage in the northeastern part of the 
county is into the Rio Grande by way of the Pecos River. 

The average annual precipitation in the county is about 14 inches, 
according to records at localities in or near the county. It is 11.58 inches 
at Otto and 19.54 inches at Tajique. Agriculture is the principal occu-
pation in the county, and irrigation by ground water has become in-
creasingly important since 1947. 

Precambrian rocks crop out in the higher part of the south end of 
the Manzano Mountains, in the Pedernal Hills, in Cerrito del Lobo, and 
in Chameleon Hill and areas north of that hill. The Precambrian rocks 
furnish small to moderate quantities of water to wells in their larger 
areas of exposure and to some wells in adjacent areas where the 
Precambrian rocks are overlain by Permian rocks. The oldest sedi-
mentary rocks in Torrance County are those of the Magdalena group of 
Pennsylvanian and Permian age, which includes the Sandia formation 
and the overlying Madera limestone of Pennsylvanian age and the Bur-
sum formation of Permian age. In this investigation the Bursum forma-
tion was mapped with the overlying Abo formation for convenience. 
The upper arkosic limestone member of the Madera limestone is the 
principal aquifer in the northern part of the Manzano Mountains and 
eastward to Estancia Valley. It furnishes water of satisfactory quality to 
stock and domestic wells. Overlying the Magdalena group is the Abo 
formation of Permian age, which furnishes water to stock and domestic 
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wells between the Manzano Mountains and Estancia Valley in the area south 
of Manzano and north of Chupadera Mesa. 

The Yeso formation of Permian age, which overlies the Abo forma-
tion, is the principal aquifer in about half the county. It furnishes water 
to stock wells over most of its outcrop area, to public-supply wells near 
Mountainair, and to irrigation wells in a small area of fractured rock 
south of Cerrito del Lobo. The chemical quality of the water from most 
of the wells in the Yeso formation is undesirable for drinking or 
irrigation but is usable for stock. The overlying Glorieta sandstone 
member of the San Andres formation of Permian age furnishes water 
to irrigation wells north of Moriarty in an area where is is fractured. 
The limestone member and upper clastic member of the San Andres 
formation do not yield water in Torrance County. 

The beds of the Dockum group of Triassic age bear water of good 
quality at depths of less than 300 feet in the northeast corner of the 
county. No wells were noted that obtain water from the Ogallala for-
mation of Pliocene age, but perched water may be found where the 
Ogallala is comparatively thick and overlies relatively impervious rocks 
in the eastern part of the county. The alluvial fill of Estancia Valley, of 
late Tertiary(?) and Quaternary age, furnishes water to irrigation and 
other wells in most of the valley. 

The county has been subdivided into six ground-water areas on the 
basis of the distribution of water-bearing geologic units, geologic struc-
ture, and ground-water occurrence. These areas are the Estancia Valley, 
Manzano Mountains, Pedernal Hills and eastern uplands, Chupadera 
Mesa, Encino basin, and Pinos Wells basin. 

In Estancia Valley, a closed drainage basin, the valley fill is the 
principal aquifer for irrigation, stock, domestic, and community-supply 
wells. The present development of irrigation in Estancia Valley began 
in 1940, but the development was relatively insignificant until about 
1947. Observations of water levels show a maximum decline in water 
level from 1941 to 1952 of nearly 13 feet. Most of the wells range in 
depth from 100 to 300 feet. The non-pumping water levels in most of 
the irrigation wells range from 10 to 150 feet, and in most of the stock 
wells from 10 to 250 feet, below the surface. In general, the water from 
wells in Estancia Valley west of State Highway 41 is chemically satis-
factory for drinking, domestic, stock, and irrigation use. However, in 
areas east of the highway, particularly in the vicinity of the playas, the 
water is generally undesirable to unsatisfactory for drinking, most do-
mestic use, and irrigation, but is satisfactory for stock. 

In most of the Manzano Mountains area ground water is obtained 
from the arkosic limestone member of the Madera limestone. In the 
southern part of the Manzano Mountains and in Abo Canyon the Abo 
formation is the principal aquifer. Wells in the Manzano Mountains 
area are as deep as 1,080 feet, and water levels in wells for which data 
were obtained range from 6 to 412 feet below the surface. Aquifers in 
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the area furnish water to stock and domestic wells, but the probability of 
obtaining sufficient water for irrigation is small. Chemically the water is 
satisfactory for drinking, stock, domestic, and irrigation use. 

The igneous and metamorphic rocks of the Pedernal Hills furnish 
water principally to stock and domestic wells. In this area the wells 
range from 53 to 405 feet in depth, and water levels in the wells range 
from 34 to 360 feet below the surface. Chemically the water from the 
wells is generally satisfactory for stock, irrigation, and most domestic 
use, but some of it is undesirable for drinking. 

In the eastern uplands the Yeso formation is the principal aquifer in 
about 90 percent of the area and yields sufficient water for windmill 
wells. The depths of the wells in this area range from 75 to 3,600 feet, 
and water levels range from 72 to 940 feet below the surface. The water 
from wells in the eastern uplands has a great range in chemical quality; 
the worst is unsatisfactory for drinking and most domestic purposes, but 
satisfactory for stock and irrigation. 

On the northern end of Chupadera Mesa in Torrance County the 
Yeso formation is the principal aquifer. Wells range from 250 to about 
970 feet in depth, and water levels in the wells range from 200 to about 
750 feet below the surface. Chemically the water is suitable for stock 
but is unsatisfactory for drinking or domestic use. 

In the Encino drainage basin the Precambrian rocks are the prin-
cipal aquifer in the western third of the basin and the Yeso formation 
in the remainder. The wells, which are used for stock and domestic 
purposes and for railroad supply, range in depth from 24 to 640 feet, 
and water levels range from 18 to 540 feet below the surface. 
Chemically the water from the wells is satisfactory to unsatisfactory for 
drinking, domestic use, and irrigation, but satisfactory for stock. 



 

I n t r o d u c t i o n  
LOCATION AND AREA 

Torrance County, in central New Mexico, has an area of about 3,340 
square miles or 2,138,000 acres. The dimensions of the county are about 
54 miles from north to south and about 62 miles from east to west. The 
area discussed in this report (fig 1) does not include the relatively small 
part of Torrance County west of the crest of the Manzano Mountains; 
however, Corona and the surrounding region in Lincoln County and 
parts of Bernalillo and Santa Fe Counties adjacent to the northwestern 
part of Torrance County are discussed in the report. 

The relation of some political and geographic features of Torrance 
County to such features in surrounding counties is shown in Figure 2. 

SCOPE OF INVESTIGATION 

This investigation was made by the U. S. Geological Survey in coop-
eration with the New Mexico Bureau of Mines and Mineral Resources 
and the State Engineer of New Mexico. It was under the general super-
vision of A. N. Sayre, chief of the Ground Water Branch, U. S. Geo-
logical Survey, and under the direct supervision of C. V. Theis, former 
district geologist, and C. S. Conover, present district engineer in charge 
of ground-water investigations for the U. S. Geological Survey in New 
Mexico. 

In the Pinos Wells drainage basin the principal aquifer is the Yeso 
formation, which furnishes water to stock wells. The wells range from 
60 to 525 feet in depth, and water levels in the wells range from 27 to 
345 feet below the surface. Chemically the water is unsatisfactory for 
drinking and most domestic use and undesirable to unsuitable for irri-
gation, but it can be used for stock. 

The Estancia, Moriarty-Buford, Willard, McIntosh, Encino, and 
Negra communities in Torrance County appear to have no community 
water-supply problem, insofar as available quantity is concerned. These 
communities should be able to obtain additional supplies of water when 
needed by drilling additional wells. The communities of Mountainair, 
Torreon, Tajique, Chilili, Punta de Agua, Manzano, and Pedernal may 
find it necessary to supplement the present supply of water by additional 
wells but may experience difficulty in obtaining an adequate quantity of 
water. The communities of Corona, Duran, Abo, Torrance, Varney, 
Gran Quivira, Cedarvale, Progresso, and Pinos Wells are situated where 
it is improbable that a community supply of water of suitable quality 
could be obtained from wells in the immediate areas. However, Duran 
may be able to obtain sufficient water from a well about 2 miles 
southeast of the village. 
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The geology and ground-water resources of a large part of Torrance 
County are discussed by Meinzer (1911) and by others in several reports 
which are listed at the end of this report. Information from these pre-
vious investigations has been used in preparing this report. Well logs 
from the files of the office of the State Engineer were used in preparing 
the map of the depth to bedrock and the discussion of the water-bearing 
formations in Estancia Valley. Chemical analyses of water (table 16) 
collected from 1944 to 1953 were made at the Quality of Water Labora-
tory of the U. S. Geological Survey, at Albuquerque. 

The geologic map of Torrance County (pl 1) accompanying this 
report was compiled from several sources. Oil and Gas Investigations 
Preliminary Map 21 (Read et al., 1944) was adapted for the northwest, 
north-central, central, and west-central parts of the county, and Oil and 
Gas Investigations Preliminary Map 61 (Wilpolt et al., 1946) was 
adapted for the southwest part. The remaining part of the county was 
mapped in reconnaissance fashion by R. E. Smith and Zane Spiegel, 
and a small part of the eastern portion of the county by Alfred Clebsch, 
Jr. The names of all geologic units on the map conform to terminology 
currently used by the U. S. Geological Survey. The terminology in the 
well logs, with minor exceptions, is that used in the original source. 
The stratigraphic designations in the well logs were determined for use 
in the report on the basis of the available data. 

Field work was done by R. E. Smith from November 1949 to Sep-
tember 1950, assisted by W. L. Champion from June to September 1950. 
During the investigation data were collected for more than 400 wells (see 
table 14). Depths to water were measured in these wells wherever 
possible, and samples of water were collected from representative wells 
for chemical analysis. Discharge rates and specific capacities of some 
wells were determined. Elevations were determined with an aneroid 
barometer. Members of the Albuquerque office of the Ground Water 
Branch contributed helpful suggestions during the course of the in-
vestigation and gave further help in critically reviewing the report. The 
sections on "Structure" and "General Principles of Geology and Ground 
Water" were written essentially by E. H. Herrick. 

After the first draft of the report was completed, considerable effort 
was expended by personnel of the Albuquerque office in revising the 
well table and the maps (pls 2 and 3), utilizing the topographic sheets of 
part of western Torrance County that had become available after 
completion of the field work. Also some of the hydrologic interpreta-
tions for the eastern part of the county were revised by Alfred Clebsch, 
Jr. as a result of data collected in Guadalupe County in 1955. The office 
of the State Engineer of New Mexico furnished numerous drillers' logs 
of wells in Estancia Valley, without which the map (pl 1) of the thickness 
of the valley fill could not have been made. 
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WELL-NUMBERING SYSTEM 
The system of numbering water wells in this report is that used in 

New Mexico by the U. S. Geological Survey and is based on the common 
system of subdivision of public land into sections. The well number, in 
addition to designating the well, locates it to the nearest 10-acre tract in 
the land net (fig 3). The number is divided into four segments by periods. 
The first segment denotes the township north or south of the New 
Mexico base line; the second denotes the range east or west of the New 
Mexico principal meridian; and the third denotes the section. The 
southern boundary line of Torrance County coincides with the base line 
of the State; consequently, in the discussion of wells south of the county 
line the letter "S" is added to the first segment of the well number. 

The fourth segment of the number, which consists of three digits, 
denotes the particular 10-acre tract of the section in which the well is 
situated. For this purpose, the section is divided into four quarters 
numbered 1, 2, 3, and 4, in the normal reading order, for the 
northwest, 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 quarter section is divided into four 
40-acre tracts numbered in the same manner, and the second digit 
denotes the 40-acre tract. Finally, the 40-acre tract is divided into four 
10-acre tracts, and the third digit denotes the 10-acre tract. Thus, well 
7.7.12.342 in Torrance County is in the NEVISE1/SW1/4 sec. 12, T. 7 
N., R. 7 E. Letters a, b, c, and so on, are added to the last segment to 
designate the second, third, fourth, and succeeding wells listed in the 
same 10-acre tract. If a well cannot be located accurately to a 10-acre 
tract, a zero is used as the third digit, and if it cannot be located within 
a 40-acre tract, zeros are used for both 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. 



 

 



 

Geog r aphy  
PHYSICAL FEATURES 

The western two-thirds of Torrance County lies within the Basin and 
Range province, and the eastern third in the Great Plains province 
(Fenneman, 1931, pp 393-394). In the Basin and Range province in Tor-
rance County the basin of Estancia Valley, of which the southern two-
thirds is in the county, is the main physical feature and covers the largest 
area. 

The Estancia Valley is a relatively flat-floored basin completely sur-
rounded by higher land. The main axis of the valley trends north-
south; arms of the valley extend southwestward and southeastward 
from the southern end of the main part of the valley. The lowest part 
of the valley is occupied by a number of playa lakes, the largest of 
which is Laguna del Perro; it is about 12 miles long and as much as 1 
mile wide. The lowest altitude is about 6,000 feet in the playa area; 
altitudes increase gradually toward the edges of the valley, becoming 
highest along the western border, where the valley merges with the 
Manzano Mountains at about 7,500 feet. The northern end of Estancia 
Valley, which reaches an altitude of about 6,400 feet, merges with a 
plateau in southern Santa Fe County. The Manzano Mountains, which 
form the western border of Estancia Valley and lie approximately 
along the western boundary of Torrance County, range in altitude 
from about 7,500 to 10,000 feet. This mountain range is the 
easternmost major range in the Basin and Range province in this 
latitude. It is characterized by very steep slopes on its western side and 
more gentle slopes toward the east. 

Looking southward from near the center of Estancia Valley, one sees 
the prominent escarpment of Chupadera Mesa, which rises about 500 
feet above the valley floor. The northern escarpment of Chupadera Mesa 
is cut in several places by open valleys, so that much of the surface 
drainage from the northern end of the mesa is toward the Estancia Val-
ley. The northeastern part of the mesa surface is gently rolling and is 
marked by broad shallow sinkholes. The surface rises toward the south-
east, where Chupadera Mesa joins the Gallinas Mountains. The western 
part of Chupadera Mesa is deeply dissected. The highest altitude on the 
mesa is about 7,250 feet. On the eastern margin of Estancia Valley in 
Torrance County are the Pedernal Hills,' which include Pedernal 
Mountain, the Hills of Pedernal, Rattlesnake Hill, and Cerro del Pino of 
Darton (1928-b, p 283). This range of hills is characterized by gentle, 
grass-covered slopes in its marginal areas and has, in general, the sub-
dued appearance of an ancient, weathered mountain range. Even in the 
crest area the local relief is moderate. The Pedernal Hills range in altitude 
from about 6,200 to 7,600 feet and mark the boundary between the 

1 Also called Pedernal Mountains. 
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Basin and Range province and the Great Plains province. The Gallinas 
Mountains, whose northern end projects into Torrance County, also are on the 
boundary between these provinces. 

The principal physical feature in the Great Plains province in Tor-
rance County is the eastward sloping eastern uplands, whose surface is 
indented by the relatively shallow and small Encino and Pinos Wells 
drainage basins and still smaller adjoining basins. The altitudes of the 
eastern uplands range in Torrance County from about 6,000 to 7,000 
feet. The altitudes of the Encino and Pinos Wells basins range from 
about 6,100 to 6,500 feet. 

East and southeast of these two closed drainage basins, isolated 
buttes stand above the general level of the sinkhole-marked country in 
the southeastern portion of the county. Similar topographic features 
are prominent in the northeastern part of the county also. Upland sur-
faces are, in general, gently rolling; valley walls, particularly those of 
Pintada Canyon and its tributaries, are steep and rocky. The eastward 
trending valleys draining the eastern slopes of the Pedernal Hills are 
broad, open features that become more rugged toward the eastern 
boundary of the county. 

The locations of the principal physical features in Torrance County and 
surrounding areas are shown in Plate 1 and Figure 2. 

The surface drainage of most of the county is into closed basins, of 
which the principal ones are Estancia Valley, Encino basin, and Pinos 
Wells basin. In these basins the surface drainage ends in playas. Water is 
on the surface of these playas only after heavy rains, and remains on the 
playas until it evaporates. Because heavy rains are infrequent, the playas 
are dry most of the year. The surface drainage on Chupadera Mesa is 
into sinks. Near the southeast corner of the county the drainage is into 
sinks and a closed drainage basin centering in Guadalupe County. Near 
the southwest corner of the county the surface drainage is into the 
Jornada del Muerto and the Rio Grande. Surface drainage in the 
northeast part of the county is into the Rio Grande by way of the Pecos 
River. Inasmuch as most of the surface runoff in Torrance County flows 
into closed drainage basins within the county, precipitation that is not 
evaporated or transpired soon after it falls is recharged to groundwater 
reservoirs, and even that is eventually evaporated or transpired. 

CLIMATE 
The climate of Torrance County is semiarid. The average annual 

precipitation (table 1), according to records of the U. S. Weather Bu-
reau, ranges from 12.59 inches at Estancia, near the middle of the irri-
gated area in the county, to 19.54 inches near Tajique, on the east side 
of the Manzano Mountains. The record of annual precipitation in the 
mountains is limited to the period 1910-1919 at the Rea ranch, in the 
Manzano Mountains, about 9 miles west of Tajique. Precipitation at the 
Rea ranch (altitude 9,200 feet) averaged 26.20 inches annually for the 
10-year period. 
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The average annual precipitation for 12 stations in and near Torrance 
County (table 1) shows that there is a general increase in precipitation 
with increase in altitude, but the influence of topographic features other 
than altitude also is important. A comparison of the precipitation at 
Tajique and Palma illustrates the influence of topography. Although the 
altitudes of Tajique and Palma are about the same, the precipitation at 
Tajique is appreciably greater. Tajique is near the base of the Manzano 
Mountains, which influence storms, whereas Palma is about 45 miles 
eastward on an upland whose effect on storms is not much different from 
that of the surrounding lower area. The average precipitation given for 
Pedernal probably is somewhat low, as most of the record is for the 
drought years since 1942. 

Precipitation is greatest in July and August, the monthly average 
for the 12 stations given in the table being 2.49 inches in July and 2.46 
inches in August. More than half the annual precipitation occurs in the 
form of showers in the 4 summer months from June to September, 
when the temperatures and the evaporation rates are highest. 
Precipitation is the least in the late fall and winter, the average for the 
12 stations given in the table being 0.57 inch in November and 0.63 
inch in January. Ordinarily the snowfall and low temperatures in the 
winter are not sufficient for snow to remain on the ground, except in 
the mountains, for more than a few days at a time. Precipitation 
records from 1924 through 1953 show that there is considerable 
fluctuation from the annual and monthly averages for the 12 stations. 
The extent of the fluctuation, as revealed in the data, is summarized in 
Table 2. The greatest monthly fluctuation occurs during the summer 
months, when the precipitation also is usually the greatest. Thus, it is 
probable that in the Torrance County area little, if any, ground-water 
recharge occurs in the drier years, whereas a large part, if not most, of 
the recharge occurs during the years or extended periods in which the 
precipitation is appreciably greater than average. 

Although extreme temperatures at the weather stations in the area 
range from around —20°F to almost 100°F, the average January tem-
peratures range from 24°F at Tajique to 34°F at Corona, on the south-
ern county line, and the average July temperatures range from 65°F at 
Tajique to 72°F at Vaughn (U. S. Weather Bureau, 1953). 

Excluding the higher mountain areas, the average date of the last 
killing frost in the spring ranges from April 24, at Duran, in the south-
eastern part of the county, to May 17, at Tajique. The average date of 
the first killing frost in the fall ranges from October 19, at Duran, to 
October 3, at Tajique. At Estancia the average date of the last killing 
frost in the spring is May 13 and of the first killing frost in the fall, 
October 8; thus, the Valley has an average growing season of 148 days. 

The nearest U. S. Weather Bureau evaporation stations are at Albu-
querque and Santa Fe. The average annual pan evaporation, which may 
be defined as the average amount of water that will evaporate annually 
from the Weather Bureau pan of water in a given area, is 76 inches at 
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Albuquerque, based on records for the period 1927 to 1932, and 65 
inches at Santa Fe, based on records for the period 1917 to 1926 (U. S. 
Weather Bureau, undated). As the altitude of much of Torrance County 
lies between the altitudes of Albuquerque and Santa Fe, the average pan 
evaporation probably would be between those figures. 

AGRICULTURE AND NATURAL RESOURCES 
The principal occupations in Torrance County are stock raising and 

farming. According to the 1950 census (U. S. Census Bur., 1952), there 
were more than 30,000 cattle and calves, 28,000 sheep and lambs, and 
22,000 thickens in Torrance County in that year, and the total value of 
livestock was about 60 percent greater than the total value of crops. Most 
of the stock ranches are in the eastern half of the county and south of 
Mountainair and Willard. 

The natural vegetation of Torrance County, according to a map by 
Cockerill, Hunter, and Pingrey (1939, p 32), consists of short grass in 
most of Estancia Valley, the eastern uplands area, and Chupadera 
Mesa; of woodland, principally juniper and pinon, in the Pedernal 
Hills, the slopes of the Manzano Mountains, and the area west of 
Chupadera Mesa; and of forest, principally Ponderosa pine, spruce, 
and fir, in the higher parts of the Manzano Mountains. The area west 
of Chupadera Mesa, most of the Manzano Mountains, the Gallinas 
Mountains, and the eastern part of Chupadera Mesa are part of the 
Cibola National Forest. 

The United States census of agriculture for 1945 (U. S. Census Bur., 
1946), lists the cropland in the county as 148,670 acres, of which 80 per-
cent was in seed beans (mostly pinto beans), grown dry. The dry-farmed 
seed-bean acreage in the county was just over half the acreage for that 
crop in the entire State. Most of the remaining cultivated acreage in the 
county was in corn, sorghum, and wheat. Sugar beets were introduced in 
the irrigated area about 1950. A field check by personnel of the Geo-
logical Survey in the fall of 1950 indicated that about 800 acres was 
planted with sugar beets. Irrigation in the Estancia Valley is done with 
water from wells. The irrigated acreage increased from about 725 acres in 
1946 to about 19,000 acres in 1950. Other than farming, the principal 
occupations of the inhabitants are servicing the farms and ranches and 
catering to the tourist trade. 

Carbon dioxide gas was encountered in 6 of 9 wells drilled about 10 
miles northwest of Estancia between 1931 and 1940. The gas occurred in 
rocks of the Magdalena group at depths of 305 to 1,271 feet below the 
surface. The initial daily production from the 6 individual wells ranged 
from 140,000 to 860,000 cubic feet and average about 460,000 cubic feet. 
A plant for the production of dry ice from the carbon dioxide was built 
about 5 miles north of Estancia at a locality known as Witt. The amount 
of dry ice produced at this plant is unknown, and the plant and carbon 
dioxide wells were abandoned prior to 1949. 
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The office of the State Inspector of Mines has no record of produc-
tion of minerals or rocks in Torrance County since 1939. The only writ-
ten record found regarding mineral production in the county concerns 
salt from the playas east of Estancia and carbon dioxide from the wells 
northwest of Estancia. Although there are verbal reports of mining in the 
county, it is unlikely that production has been significant. It is possible 
that additional prospecting might uncover some mineral deposits of 
economic value. Northrop (1942) lists 15 of the minerals that occur in 
Torrance County; 9 of those described are reported from the playas of 
Estancia Valley. 

Halite (sodium chloride, common salt) is the only mineral known 
to have been removed from the playas for commercial use. The playas 
have been a source of halite for centuries, and in the days of Spanish 
rule the salt was transported as far as 700 miles to silver mines in 
Chihuahua, Mexico (Northrop, 1942, p 168). In modern times the salt 
was first worked commercially in 1915 at Laguna Salina, about 2 miles 
east of Laguna del Perro, and, at the time of a report by Talmage and 
Wootton (1937, p 146), was still being worked as a private enterprise. 
The principal difficulty in commercial mining of the salt from Laguna 
Salina was said to be insufficient financing rather than any lack of salt 
of good quality. 

Rocks of possible economic value in Torrance County include lime-
stone, sandstone, clay, gypsum, and gravel. The quality of these rocks for 
commercial use is questionable; however, because access is difficult, it is 
unlikely at present that they could be quarried profitably except for local 
use. 

POPULATION 
The population of Torrance County in 1950 was 8,012 (U. S. 

Census Bur., 1951). This is a decrease for the county of 27.3 percent 
between 1940 and 1950, whereas the population of the State increased 
28.1 percent during that period. However, the population of Torrance 
County is considered as rural, and the increase of the rural population 
for the State from 1940 to 1950 was only 3.1 percent. A large part of 
the decrease in population in Torrance County for the 10-year period 
can be attributed to the general trend of movement of population from 
rural to urban areas. 

The largest municipality in the county is Mountainair, which had a 
population of 1,477 in 1940 and 1,418 in 1950. The second largest is 
Estancia, the county seat, which had a population of 668 in 1940 and 
916 in 1950. The increase in population in Estancia is probably at-
tributable mainly to the increase in irrigation in the Estancia Valley. 
The population in 1950 of other communities in the county listed by 
the Bureau of Census was 408 for Encino and 296 for Willard; cor-
responding figures in 1940, were 652 for Encino and 462 for Willard. 



General Principles of Geology and 
Ground Water 

The occurrence of ground water in any area depends to a large ex-
tent upon the local geology, and an understanding of geological prin-
ciples is essential to a clear interpretation of ground-water conditions. 
Several excellent reference books dealing with elementary geology are 
available in most public and university libraries, and the reader is 
referred to such books for a more complete discussion of the subject. 

The rocks in Torrance County are described in later sections of this 
report and are summarized in Table 3. Brief descriptions of the water-
bearing characteristics of each rock unit accompany its description. 
Many details of the relation of ground water to geology are deferred to 
the descriptions of the various areas in the county. 

The occurrence of water in the ground is governed by principles 
which must be understood if ground water is to be developed most 
efficiently. The principles governing the occurrence of ground water 
have been discussed by Meinzer (1923), Tolman (1937), and others, to 
whose works the reader is referred for a detailed consideration of the 
subject. 

Water is contained in the rocks of the earth's crust in openings, 
generally called interstices or pores. Interstices are of several types, 
depending upon the character of the rocks. The particles of unconsoli-
dated sedimentary rock, such as alluvial deposits containing sand and 
gravel, and the particles of sandstone are not fitted together perfectly, 
and thus an appreciable amount of water may be stored in the spaces 
between the particles. Soluble sedimentary rocks, such as limestone and 
gypsiferous rock, may contain solution cavities formed by the dissolving 
activity of circulating ground water. Consolidated rocks, such as lime-
stone, sandstone, and granite, contain fractures, such as joints and 
faults, which are produced by structural stresses in the earth's crust and 
by cooling and contraction. These openings also store and transmit 
ground water. The percentage of the total volume of a rock that is occu-
pied by interstices is called the porosity of the rock. Initial porosity may 
be modified by secondary processes, such as solution or cementation by 
ground water. 

If ground water is to be available, a rock must be not only porous but 
also permeable; that is, the interstices must be interconnected and 
sufficiently large that ground water may move freely to wells or springs. 
A shale or clay may be very porous and yet have a low permeability 
because the interstices are so small as to retard the movement of ground 
water. On the other hand, a firmly cemented sandstone of low perme-
ability may be rendered more permeable by fractures. 
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In most areas the rocks of the earth's crust are saturated with water 
below a certain depth. The zones of saturated rock that will yield water 
to wells are termed aquifers. The upper surface of the saturated zone, if 
not confined, is called the water table. The water table slopes from an 
area of recharge, where the water enters the rock, to an area of dis-
charge where the water leaves the rock. The water table generally has a 
form which is essentially a modification of the overlying topography. If 
the ground water is confined by an impermeable stratum overlying the 
permeable material, artesian conditions exist. Under artesian conditions 
water in a tightly cased well will rise above the zone of saturation to the 
piezometric surface, an imaginary surface to which the water from a 
given aquifer will rise under its full head. 

Under certain conditions a ground-water body may be separated 
from an underlying body of ground water by an unsaturated bed. For 
example, two sandstone beds, both saturated in their lower parts, may 
be separated by shale upon which the topmost water body is said to be 
perched. Under such conditions, if a well is drilled to the underlying 
aquifer and is uncased, or the casing is perforated opposite the satu-
rated zones, the perched water will drain to the underlying partially 
saturated sandstone bed. 

The replenishment of a ground-water reservoir by water is called 
recharge and is dependent upon many factors. The ultimate source of 
recharge is precipitation. Part of the precipitation upon the earth's surface 
flows into surface drainage channels and ultimately to lakes and the 
ocean, and some is absorbed by the soil. A large part of the water 
absorbed may be evaporated or transpired by plants, but ordinarily in 
favorable areas a small part moves downward to recharge the ground-
water body. Recharge is added also by seepage from streams that flow at 
an elevation above the water table. In certain places, aquifers may be 
recharged by subsurface movement of water from other aquifers. 

Natural discharge of ground water from saturated beds may be by 
spring flow or seepage into a surface water body, or by evaporation 
and transpiration. Under natural conditions ground-water bodies are 
essentially in a state of equilibrium; that is, the rate of discharge from 
the ground-water basin is equal to the rate of movement of water 
through the saturated zone, which in turn is equal to the average re-
charge. The movement of ground water in unconsolidated sediments is 
generally slow, on the order of a few feet or less per day. 



 

Quality of Ground Water 
The quality of water is affected by the presence of bacteria or other 

micro-organisms and of dissolved mineral matter in the water. Ground-
water supplies, when properly developed, generally are less likely to be 
biologically contaminated than surface-water supplies. The soil and 
rocks through which ground water moves act as filters and tend to re-
move bacteria that may have been present in the water. However, 
contamination is possible, particularly in shallow ground water. As 
contaminating material moves in the direction of ground-water flow, 
wells should be constructed up the slope of the water table from pos-
sible sources of contamination. The casings of wells drilled in forma-
tions that may contain contaminated shallow water should be tightly 
sealed to prevent the contaminated water from entering the wells. 
Though biologic contamination of ground water is uncommon, well 
water should be given a bacteriologic test before it is used for domestic 
purposes. The bacteriological quality of water is outside the scope of 
this report. Several reports dealing with the proper construction of wells 
to prevent contamination are available (Fiedler, 1936; U. S. Public 
Health Service, 1946-b, 1950). 

Ground water, although derived initially from precipitation, always 
carries mineral matter that has been taken into solution as the water 
moves through the soil and rocks. The chemical quality largely de-
termines the usefulness of ground water for various purposes. 

During the period 1944-1953 samples of water were obtained from 
about 270 wells and 2 springs in Torrance County, and chemical 
analyses of these samples were made at the Quality of Water Labora-
tory of the U. S. Geological Survey, Albuquerque, N. Mex. These 
analyses appear in Table 16. The chemical analyses of the water from 
the wells are discussed under each area and are discussed briefly in the 
description of the rock units under geology. Abbreviated chemical 
analyses of the water are given in the discussion of each area. 

The chemical quality of the water is considered with respect to its use 
for drinking, other domestic purposes, stock, and irrigation. Because of 
the general absence of industries in Torrance County, the chemical 
quality of the water for industrial use in the various areas in the county is 
not discussed; however, the ground water in the county would require 
treatment for most industrial uses. The standards of the U. S. Public 
Health Service (1946-a) for drinking water used on interstate carriers and 
for public supplies are followed for drinking water; they recommend that 
the following minerals in water to be used for human consumption 
should not exceed the concentrations given: iron and manganese 
together, 0.3 ppm (parts per million); sulfate, 250 ppm; chloride, 250 
ppm; magnesium, 125 ppm; fluoride, 1.5 ppm; dissolved solids, 500 ppm 
(1,000 ppm permissible when water of better quality is 
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not available). One part per million (1 ppm) equals one part, by weight, 
of the constituent per million parts, by weight, of the water. It is recog-
nized that human beings can tolerate a higher mineral content. These 
standards are set with intentionally low mineral content in order to 
provide a factor of safety, especially for travelers who are not accus-
tomed to the local water. It should be remembered that a chemical 
analysis does not indicate the extent to which the water may be 
polluted; however, a high nitrate content, such as that found in the 
water from some of the wells in the county (see table 16), suggests the 
possibility of pollution. 

Sulfate in high concentrations is found in the water from wells in 
parts of Estancia Valley and also in a large part of the remainder of 
Torrance County. In some parts of the county the water is unfit for 
most purposes because of the high sulfate content. Chloride also is 
present in large quantities in some water samples analyzed from Tor-
rance County, especially in samples from the playa-lake area. In cases 
where the water from the wells contained more than 125 ppm of mag-
nesium, it usually contained sulfate much in excess of 250 ppm. 

Fluoride concentrations of about 1 ppm in drinking water have 
proved to be beneficial in the reduction of tooth decay in growing 
children. Fluoride in excess of 1.5 ppm generally is considered unde-
sirable for human consumption because children's teeth may acquire 
permanent staining and disfigurement (American Water Works Asso-
ciation, 1951). Many of the water samples analyzed from Torrance 
County contained fluoride in excess of 1.5 ppm. 

Hardness is caused almost entirely by compounds of calcium and 
magnesium. The hardness of the water is reported herein in parts per 
million as calcium carbonate. Water having a hardness between 120 and 
200 ppm is considered hard, and laundries and those industries in which 
hardness is detrimental may profitably soften the water supply. Water 
having a hardness of more than 200 ppm usually requires some 
treatment for reduction of hardness before being satisfactory for most 
purposes. Although most of the water analyzed from Torrance County 
had a hardness of more than 200 ppm, some of this water was used for 
domestic purposes without treatment. A more complete discussion of 
the various constituents and properties determined in typical chemical 
analyses can be found in several U. S. Government publications dealing 
with the subject. 

The tolerance of livestock to dissolved mineral matter is much 
greater than that of human beings, and very few wells in Torrance County 
produce water unfit for stock use. The effect of the various mineral 
constituents on irrigation is discussed in the section dealing with the 
chemical quality of water in Estancia Valley. 



 

Description of Rock Units 
PRECAMBRIAN ROCKS 

Crystalline igneous and metamorphic rocks that probably are Pre-
cambrian occur principally in the higher parts of the Manzano Moun-
tains and in a large area on the east side of Estancia Valley, called the 
Pedernal Hills. Scattered smaller outcrops occur in the area southeast 
of the Pedernal Hills and in a small knob (Cerrito del Lobo) northwest 
of the Pedernal Hills (see pl 1). Precambrian rocks are present also at 
depth below all areas underlain by younger sedimentary rocks; but 
except in a few localities the Precambrian rocks are deep beneath the 
surface, are hard to drill, and do not yield appreciable water. 

Topographically high areas of Precambrian rocks persisted in Tor-
rance County throughout late Paleozoic time (Read et al., 1944) and 
contributed detrital materials to rock units which lapped upon them. The 
existence of these positive areas is responsible at least in part for the 
many outcrops of Precambrian rocks in eastern Torrance County and 
for the several instances of pinching out and overlapping of Permian 
rocks. A Precambrian sequence of slightly metamorphosed clastic 
sediments and acidic and basic volcanic rocks intruded by a granitic 
stock is overlain by the Magdalena group in the Manzanita and northern 
Manzano Mountains (Reiche, 1949) west of, and in, western Torrance 
County. At the high south end of the Manzano Mountains metamorphic 
rocks, principally quartzite, form the crest of the range, and 
metamorphosed sedimentary rocks and metamorphosed rhyolite 
intruded by granite crop out in the lower, west-facing slopes and at the 
south tip of the mountains (Stark and Dapples, 1946). 

Darton (1928-b, p 283) gives the following description of the crystal-
line rocks near the central part of Torrance County: 

On the east side of Estancia Valley there is a ridge of Precambrian 
white quartzite which culminates in Pedernal Mountain. . . . A short 
distance to the west are the Hills of Pedernal, and 15 miles to the 
northwest is the Cerrito del Lobo, all consisting of the same kind of 
quartzite. . . . The Pedernal Mountain ridge extends only a short distance 
south of the peak, but outcrops of Precambrian crystalline rocks appear at 
intervals to the south, notably in the ridges extending from Rattlesnake Hill 
to Cerro del Pino and also at Chameleon Hill. . . . They are also found 
underground in wells at Lucia [Lucy], Negra, and other places. To the north 
the prevailing rock is white quartzite, in part schistose; to the south are 
granite, gneiss, diorite, and other crystalline rock. Rattlesnake Hill, 12 miles 
southeast of Willard, consists of black amphibolite. . . . Cerro del Pino and 
Chameleon Hill are made up of coarse massive granite. 

A black schist is found in a valley 4 or 5 miles north of Negra. An 
examination of the crystalline rock in the Chameleon Hill area shows the 
rock to be a granitic gneiss. About 5 miles north of Chameleon Hill a 
small area of metamorphic rock is exposed, which probably is of the 
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same age as the rock of Chameleon Hill and at least is related in origin 
to, if it is not of the same origin as, the rock of Chameleon Hill. 

Several windmill wells derive water from crystalline igneous and 
metamorphic rocks in the Pedernal Hills (see area pC, pl 2). Such rocks 
furnish an adequate supply of water for stock and domestic wells, but 
enough water for irrigation wells is not to be expected. The highest 
known yield of a well obtaining water from crystalline rocks in Torrance 
County is the Atchison, Topeka & Santa Fe Railway well about 3 miles 
north of Negra. Reportedly, when this well was test pumped at 100 
gpm, the drawdown was 60 feet. Chemical analyses of the water from 
wells in the crystalline rock of eastern Torrance County indicate that the 
water is satisfactory to undesirable for drinking, but that it is satisfactory 
for stock, irrigation, and most domestic uses. 

PENNSYLVANIAN AND PERMIAN SYSTEMS 

MAGDALENA GROUP 

The Magdalena group, as present at the surface in Torrance 
County, is of Pennsylvanian and Permian age and lies unconformably 
on the Precambrian crystalline rocks of the Manzano Mountains 
(Reiche, 1949, p 1198). Thus, it is the oldest un-metamorphosed 
sedimentary rock that crops out in the county. The Magdalena group 
crops out near the western boundary of the county between the 
outcrop belts of the Precambrian crystalline rocks of the Manzano 
Mountains on the west and the valley fill of Estancia Valley on the 
east. Magdalena rocks form the crest of the northern part of the 
Manzano Mountains. Rocks of the Magdalena group in Torrance 
County dip eastward and lie beneath the valley fill of Estancia Valley 
in an area approximately north of a line between Manzano and 
Estancia and west of New Mexico State Highway 41 (see pl 1). 
According to sections measured by Read et al. (1944), the Magdalena 
group ranges in thickness from about 1,000 to 1,600 feet. This group 
in Torrance County consists of three formations, which in ascending 
order are the Sandia formation and the Madera limestone, both of 
Pennsylvanian age, and the Bursum formation of Permian age. 

Sandia Formation 
The Sandia formation is divided into a discontinuous lower limestone 

member and an upper clastic member. The lower limestone member is 
not known to occur in Torrance County. The upper clastic member of 
the Sandia formation crops out only in small areas in the higher parts of 
the Manzano Mountains, but it should be present below the Madera 
limestone in most of the extent of the Magdalena group. The upper 
clastic member can be expected to occur generally at a depth of 300 to 
1,000 feet in parts of the lower slopes of the Manzano Mountains, but 
generally at depths of more than 800 feet in areas farther east. Although 
no wells were found that derived water from the upper 
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clastic member, under favorable conditions the member probably would 
yield sufficient water for windmill wells. 

Madera Limestone 
The marine Madera limestone of Pennsylvanian age conformably 

overlies the Sandia „formation. It is usually divided into a lower gray 
limestone member and an overlying arkosic limestone member. The 
gray limestone member of the Madera limestone consists mostly of a 
sequence of gray cherty limestones and calcareous shales. The member 
is present at depths of less than 200 feet in parts of the lower slopes of 
the Manzano Mountains, but generally lies at depths of more than 400 
feet in areas farther east. The arkosic limestone member, which ranges 
from about 500 to 850 feet in thickness in the Manzano Mountains 
area, consists of alternating red or brown arkosic sandstone, arkosic 
limestone, gray limestone, and shale. 

A generalized section of the arkosic limestone member of the Madera 
limestone in Abo Canyon is given below as modified from a section by 
Bates et al. (1947, pp 17, 18). 

GENERALIZED SECTION OF THE ARKOSIC LIMESTONE MEMBER OF THE 
MADERA LIMESTONE MEASURED ALONG RAILROAD IN ABO CANYON AND IN 
NORTH TRIBUTARIES, SOCORRO AND VALENCIA COUNTIES, N. MEX. 
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GENERALIZED SECTION OF THE ARKOSIC LIMESTONE MEMBER OF THE  
MADERA LIMESTONE MEASURED ALONG RAILROAD IN ABO CANYON AND IN  

NORTH TRIBUTARIES, SOCORRO AND VALENCIA COUNTIES, N. MEX.  
(continued) 

 
A road cut in the arkosic limestone member of the Madera limestone 

at the south edge of Tajique illustrates the change that can occur 
vertically in a few feet in the member. A section measured at this road 
cut as shown in the illustration (pl 4) is given below. 

SECTION OF A PART OF THE ARKOSIC LIMESTONE MEMBER OF THE MADERA 
LIMESTONE MEASURED IN A ROAD CUT ALONG STATE HIGHWAY 10 
AT SOUTH EDGE OF TA JIQUE, TORRANCE COUNTY, N. MEX. 

 
Although the lower gray limestone member crops out over only a 

small area in the Manzano Mountains, appreciable recharge probably is 
contributed to the member here by melting snow and storm runoff. 
Ground water in the lower gray limestone member probably discharges 
into the overlying arkosic limestone member. The arkosic limestone 
member crops out over an area of about 250 square miles in the Man-
zano Mountains, and this is one of the principal recharge areas for the 
ground-water body of Estancia Valley. 

Ground water in the Madera limestone occurs in joints and solution 
channels. Some of the channels are large, and there are some caves in 
the area in which the formation crops out. The Madera limestone 
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OUTCROP OF ARKOSIC LIMESTONE MEMBER OF MADERA LIMESTONE IN ROAD 
CUT, SOUTH EDGE OF TA JIQUE, N. MEX. 



PLATE 5 NEW MEXICO BUREAU OF MINES & MINERAL RESOURCES 

 
A. VIEW WESI ACROSS SOUTHERN END OF LAGUNA DEL FERRO TOWARD 

MANZANO MOUNTAINS. 

 
B. GENTLY SLOPING UPLAND SURFACE OF NORTHERN PART OF CHUPADERA 

MESA. 

P H Y S I O G R A P H I C  F E A T U R E S  
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furnishes water to wells and springs in this area; as it underlies the 
Tertiary(?) and Quaternary valley fill in Estancia Valley, it furnishes 
at least part of the water in many of the valley wells (see IP m, p12). Most 
of the ground water in the formation, however, is discharged into the 
overlying valley-fill deposits of Estancia Valley. 

The general sequence of limestone, sandstone, and shale beds at 
various localities can be correlated. (See graphic sections by Read et al., 
1944.) The part of the section present in a particular area can be esti- 
mated from the geologic map and from correlation of outcrops with 
these graphic sections; the depth to the thicker beds of limestone and 
sandstone can be inferred from the sections. The distribution of frac- 
tures and solution channels in the Madera limestone is apparently not 
predictable; therefore, production of water from the limestone beds is 
sometimes erratic. It is sometimes necessary to drill to deeper strata if 
no water is encountered in the shallower limestone beds. Solution 
channels in the limestone are generally not large enough or sufficiently 
interconnected to yield large quantities of water for irrigation. 

The specific conductance of water from 15 wells that derive their 
water from the rocks of the Madera limestone ranges from 431 to 861 
micromhos. Water within this range of specific conductance is generally 
suitable for domestic, stock, and irrigation use, though it may be hard, 
iron-bearing, or otherwise objectionable. 

Specific conductance is the reciprocal of the resistance of a water 
sample to an electric current. Although the conductance determination 
does not indicate the chemical nature of the material in solution, it 
does indicate approximately the concentration of dissolved solids in 
water. In general, the greater the concentration of dissolved solids in 
water, the greater its specific conductance. The specific conductance of a 
water in micromhos multiplied by 0.7 is approximately equal to the sum 
of the dissolved constituents in parts per million. 

Bursum Formation 
The Madera limestone in most places in western Torrance County 

has a gradational contact with the Abo formation and interfingers 
therewith. Along the western county line at the south end of the Man-
zano Mountains transitional beds were mapped as the Bursum forma-
tion by Wilpolt et al. (1946), but in this report they are mapped with 
the Abo formation for convenience. The Bursum formation has not 
been described elsewhere in the county, but correlative beds may exist 
in the subsurface. 

PERMIAN SYSTEM 
ABO FORMATION 

The Abo formation crops out over about 50 square miles in Torrance 
County at the foot of the east slope of the south end of the Manzano 
Mountains and south from the town of Manzano for a distance of 
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about 17 miles. The Abo formation directly underlies the valley fill of 
Estancia Valley in an area lying approximately south of a line between 
Manzano and Estancia and west of Laguna del Perro, and north of 
Estancia in a general north-south belt near New Mexico State Highway 
41. (See pl 1.) Data are insufficient to determine the location of the 
contact between the Abo and the Yeso formations below the valley fill. 

Wilpolt et al. (1946) state that the Abo formation consists of dark-red 
shale, dark-red sandstone and arkose, conglomerate, and lime-pellet con-
glomerate. The continental origin of the formation is shown by the red 
color, mud cracks, current ripple marks, cross bedding, tracks of land verte-
brates, plant impressions, and the lenticular character of the sandstone beds. 
The shales erode easily; in contrast the coarser elastics are highly resistant 
and form prominent ridges and cuestas. 

In the type section of the Abo formation in Abo Canyon, in and near the 
southwestern part of Torrance County, the formation is 810 feet thick 
(Bates et al., 1947, p 27) and consists of about 60 percent red shale and 
about 40 percent sandstone, with some arkose and conglomerate. The 
sandstone ranges from fine grained to coarse grained and conglomeratic 
and from quartzose to arkosic, and is interbedded with shale. 

The section of the Abo formation in Abo Canyon given below is 
modified from a section by Needham and Bates (1943, pp 1, 656). 

Only a few wells in Torrance County derive their water from the 
Abo formation. These wells are in two areas (see Pal, Pat, pl 2): one area 
extends from about 7 miles east of Punta de Agua (sometimes called 
Punta) west to the county line and thence south along the county line 
into T. 2 N., R. 5 E. The boundary of the other area (T. 9 N., R. 12 E.) 
is somewhat questionable, and it is not certain that the Abo is the 
aquifer in this area. On the east edge of Punta de Agua a well intended 
for irrigation was drilled to a depth of 300 feet, where the hole 
bottomed in the Abo formation. The only known water-bearing zone, 
encountered at 76 feet, probably was valley fill. The well was reported 
to yield 600 gpm when tested, but would pump dry in 15 minutes. The 
sustained pumping rate was 20-25 gpm. In 1950 this well was 
abandoned and the equipment removed. In February and March 1951 
the New Mexico State Department of Public Health drilled a well for 
the Punta de Agua community about a quarter of a mile west of the 
abandoned irrigation well. The well was drilled entirely in the Abo 
formation to a depth of more than 400 feet. The yield of the proposed 
community well was about 3 gpm. Although there are several dug wells 
in the village area, there is no reliable information as to the yield of 
these wells. About 1 mile west of the Quarai State Monument, which is 
about half a mile west of Punta de Agua, water from a spring that 
discharges from the Abo is diverted by a ditch to the village. According 
to some reports, the spring is dry during the summer season. 

Data from irrigation wells penetrating the Abo formation below the 
valley fill in Estancia Valley indicate that the water in these wells comes 
from the valley fill and not from the Abo formation. On the basis 
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SECTION OF THE ABO FORMATION IN ABO CANYON,  
VALENCIA AND TORRANCE COUNTIES, N. MEX. 

 
of available information concerning the lithology of the Abo formation, 
well data, and limited field observations, the Abo formation in Torrance 
County is considered to be unsatisfactory as a source of enough water 
for irrigation and uncertain even for domestic or stock water. 

The specific conductance of samples of water from 5 wells deriving 
their water from the Abo formation in the Abo Canyon area ranged 
from 405 to 792 micromhos. The specific conductance of samples of 
water from 2 wells in the Abo formation in the Clines Corners area was 
1,180 and 1,320 micromhos. Water of this chemical quality is generally 
usable for domestic, stock, and irrigation use. 

YESO FORMATION 

In the southern part of Torrance County, where the Yeso formation 
crops out in a general east-west band along the escarpment of Chupa- 
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dera Mesa and the slope of the Gallinas Mountains, the Yeso overlies 
the Abo formation with apparent conformity. In the northeastern part 
of the county the Yeso overlaps older strata and rests directly upon the 
Precambrian igneous and metamorphic rocks of the Pedernal Moun-
tains (Read et al., 1944). In the southeastern part of the county the 
Yeso may pinch out against isolated Precambrian rocks. The Yeso 
formation is exposed on the west and south sides of the old lake bed 
south of Encino (see Encino drainage basin, p 80) and along U. S. 
Highway 54 near Torrance. The area of outcrop of the Yeso formation 
in the county is about 650 square miles. The formation directly 
underlies the valley fill of Estancia Valley (see pl 1) in an area lying 
approximately southeast of a line between Mountainair and Willard and 
east of a line between Willard and Cerrito del Lobo. The data are 
insufficient to determine the location of the contact between the Abo 
and Yeso formations below the valley fill. 

The Yeso formation has been divided into four members. As de-
scribed by Wilpolt et al. (1946) the four members in the southwestern 
part of the county are: the Meseta Blanca sandstone member at the 
base, 104-222 feet thick, consisting of uniformly bedded red-brown and 
variegated sandstone and sandy shale; the Torres member, 350-600 feet 
thick, consisting of alternating beds of orange-red and btiff sandstone 
and siltstone, gray limestone, and gypsum; the Callas gypsum member, 
as thick as 103 feet, consisting mostly of white gypsum and some gyp-
siferous siltstone and limestone; and the Joyita sandstone member at the 
top, 60-90 feet thick, consisting of orange-red, buff, and yellow sand-
stone, silty sandstone, and siltstone. In a composite section (Bates et al., 
1947, pp 29-31), which is given below in modified form, the Yeso 
formation near the southwest corner of Torrance County is 678 feet 
thick and consists of about 47 percent sandstone, 23 percent gypsum, 8 
percent siltstone, 7 percent limestone, and 1 percent shale. Fourteen 
percent of the section is concealed. 

The thickness of the Yeso formation in the eastern part of Torrance 
County is unknown, but according to Griggs and Hendrickson (1951, p 
24) about 600 feet of the Yeso was logged in well 10.14.20.400 in San 
Miguel County, about 3 miles north of the Torrance County line. The 
examination of scattered outcrops of the Yeso in the eastern part of 
Torrance County indicates the presence of the red sandstone, gypsum, 
and gray limestone and shale that are characteristic of the formation in 
the western part of the county. The thickness of the Yeso formation near 
the Gallinas Mountains is about 1,000 feet. 

The Yeso formation is the principal aquifer in the northern part of 
Chupadera Mesa, in a belt from 1 to 7 miles wide at the north base of 
Chupadera Mesa, and in the eastern and north-central parts of the county 
— a total area of about 1,700 square miles, or half of Torrance County. 
The locations of these areas in the county are shown by Pyl, Py2, Py3, 
Py4, Py5, Py6, Py7, and Py8 on Plate 2. In most of these areas the Yeso 
formation furnishes water to windmill wells. 



 

 
Under favorable conditions, however, the Yeso formation furnishes 

larger quantities of water (part of Py2, pl 3). The water supply for 
Mountainair in 1952 was from two wells (well 4.7.23.312 and well 
4.7.23.312a) about 4 miles northeast of Mountainair. Water from these 
wells is derived from limestone, which apparently contains cavities, in 
the Yeso formation. These wells are equipped with turbine pumps. 
According to the superintendent of the Mountainair water-supply sys-
tem, meter readings of the wells showed an original yield in 1944 of 500 
gpm for well 4.7.23.312a and a yield in 1951 of 240 gpm, a decrease of 
about 50 percent. Well 4.7.23.312 had a yield of 460 gpm originally and 
of 133 gpm in 1951, a decrease of about 60 percent. Well 9.11.6.311, 
drilled to 516 feet for the Corps of Engineers in 1950, about 10 miles 
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west of Clines Corners, is finished in the Yeso. formation. When this 
well was test-pumped at 90 gpm for 24 hours, the drawdown was about 
30 feet. 

Between Cerrito del Lobo and Laguna del Perro (see Py4, p1 3), in 
an area of at least 17 square miles, the principal aquifer is fractured rock 
of the Yeso formation. The fracturing of the rocks in this area may have 
been caused by movement along the major structural axis of Cerrito del 
Lobo. In this area, well 7.10.18.431 was reported to have pumped 3,000 
gpm, and well 7.10.19.112, in a test, is reported to have pumped 2,250 
gpm, the maximum capacity of the pump used for the test. Although 
these wells of relatively high yield were in the Yeso formation, the yield 
of most wells deriving water from the Yeso formation is less than 15 
gpm, on the basis of reports received. Only in the areas of fractured 
rock (Py4) or limestone cavities (Py2) should yields greater than 15 gpm 
generally be expected from the Yeso formation. 

Recharge to the ground-water body in the Yeso formation in most 
areas in Torrance County can be expected to occur only occasionally. 
When recharge does occur it is from local precipitation in some areas, 
and from surface runoff, or discharge from an aquifer adjoining the 
Yeso formation, in other areas. On Chupadera Mesa local precipitation 
percolates through the San Andres formation to recharge the ground-
water body in the Yeso formation (Py3, pl 2). The movement of ground 
water beneath most of Chupadera Mesa is southward. Eventually the 
water discharges into the overlying valley fill of Tularosa Basin. The 
presence of a low ground-water divide extending northwest-southeast 
from T. 3 N., R. 8 E., into T. 2 N., R. 10 E., suggests somewhat more 
concentrated recharge in that area. North of the divide ground water 
moves toward the main part of Estancia Valley. 

Recharge to the ground-water body of the Yeso formation in the area 
south of Cerrito del Lobo (Py4, pl 3) is by inflow from the Glorieta 
sandstone member of the San Andres formation east of the area and 
probably to some extent from the valley fill west of the area. Incomplete 
data indicate that the ground water in this area discharges to the south 
into the valley fill of Estancia Valley. 

The recharge to the ground-water body of the Yeso formation in the 
eastern and north-central parts of Torrance County (Py5, Py6, Py7, and 
Py8, pl 2) apparently is mostly from local precipitation, although some 
recharge is from surface runoff and ground-water discharge from crys-
talline rocks of the Pedernal Hills. The movement of the ground water 
through the Yeso formation west of a north-south line through the 
Pedernal Hills is westward; east of this line, the movement is eastward. 
West of the line the ground water of the Yeso formation discharges into 
the fill of Estancia Valley; east of the line the ground water moves 
eastward out of the county through the Yeso formation. 

The specific conductance of samples of water from 57 wells deriving 
water from the Yeso formation ranged from 335 to 5,150 micromhos. 
The specific conductance of water from 40 of these wells ranged from 
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1,730 to 5,150 micromhos. The water from only 14 wells can be con-
sidered fit to drink, and in some of these wells the water is undesirable 
for drinking. Thus, water derived from rocks of the Yeso formation is 
generally unsatisfactory for drinking or domestic use. Wells 4.7.23.312 
and 4.7.23.312a, which furnish water to Mountainair, are the only wells 
in the county yielding water suitable for drinking and domestic use that 
unquestionably derive water from the Yeso formation. If gypsum beds 
are not encountered in drilling in the Yeso formation, and if gypsum 
beds are not adjacent to the water-bearing limestone or sandstone beds 
in the well, there is a good chance of obtaining water that is satisfactory 
for drinking and domestic use. The quality of water from the Yeso 
formation ranges from satisfactory to undesirable for irrigation; some of 
it is unsatisfactory. Water from the Yeso formation nearly always is 
satisfactory for stock. 

SAN ANDRES FORMATION 

The San Andres formation is divided into three members: the Glorieta 
sandstone member at the bottom, a middle limestone member, and an 
upper fine-grained clastic member. 

Glorieta Sandstone Member 
The Glorieta sandstone member of the San Andres formation lies 

conformably on the Yeso formation. It crops out over about 425 square 
miles in Torrance County. The area of outcrop is mainly in the eastern 
half of the county, and also along the escarpment of Chupadera Mesa. 
The Glorieta sandstone member is a white to yellow sandstone, with a 
red surface coating in some places where exposed. Usually it is well 
sorted, well cemented, and resistant to erosion. Frequently it forms mesas 
or escarpments. Massive beds and cross bedding are common. The 
thickness of the Glorieta in the county ranges from about 150 feet near 
the northern county line to about 280 feet at the north end of Chupadera 
Mesa, south of Willard. The contact of the Glorieta with the underlying 
Yeso formation is gradational, and some units in the Yeso are almost 
identical lithologically with the Glorieta. Consequently, the units are 
difficult to distinguish in much of eastern Torrance County. Small 
depressions caused by wind erosion of less-cemented phases of the 
sandstone or overlying sandy soil occur locally. 

The Glorieta sandstone member of the San Andres formation is the 
principal aquifer over about 130 square miles of Torrance County. In 
most of the remaining area in Torrance County where the Glorieta 
sandstone member occurs, it is above the zone of saturation; that is, 
above the water table. On Chupadera Mesa recharge to the Yeso forma-
tion from precipitation percolates through the Glorieta. On the east side 
of the Gallinas Mountains, the Glorieta is above the zone of saturation, 
and most wells obtain water from the underlying Yeso formation. North 
and south of the mesa east of Corona, however, some wells derive water 
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from high-level zones in the Glorieta (Psg3, pl 2). The Glorieta is the 
principal aquifer in an area of about 80 square miles in the eastern part of 
Estancia Valley, southeast, east, northeast, and north of Cerrito del Lobo 
(Psg2, p13). 

North and northeast of Moriarty the member furnishes water to 
irrigation wells (Psgl, pl 3). Under usual conditions the permeability of the 
sandstone is not sufficient to yield an adequate quantity of water for 
irrigation wells. Drillers' logs of the irrigation wells, however, indicate that 
the Glorieta sandstone member is fractured. The fracturing of the rocks 
in this area may be related to movement along the major structural axis of 
Cerrito del Lobo. The drawdown measured in well 10.8.35.211, which 
obtains its water from the Glorieta, was 6 feet when the well was being 
pumped at more than 3,000 gpm. 

Recharge to the ground-water body in the Glorieta sandstone mem-
ber in Torrance County is mostly from local precipitation and surface 
runoff. However, recharge occurs only when precipitation persists long 
enough to permit infiltration beyond the root zone. Near Corona, re-
charge to the Glorieta is largely from local precipitation east of the 
town, although some recharge is by surface runoff from the mesa. 
Ground-water movement in this area is generally southward, out of the 
county. 

In the area southeast, east, and north of Cerrito del Lobo, the re-
charge to the Glorieta is by local precipitation, by percolation through 
overlying valley fill, and possibly by inflow from the Yeso formation to 
the east. In this area the dip of the strata to the west seemingly is greater 
than the slope of the water table. The water moves generally southwest-
ward, discharging into the valley fill and then into the playa area of 
Estancia Valley. 

In the irrigated area north of Moriarty in which the Glorieta sand-
stone member is the aquifer, the recharge is mostly by inflow from the 
valley fill north of the area, and the ground water moves through the 
Glorieta sandstone member to discharge into the valley fill south of the 
area. 

The specific conductance of water from 8 wells in the Glorieta sand-
stone member ranged from 891 to 6,040 micromhos; the specific con-
ductance of water from 5 of these wells ranged from 891 to 1,910. The 
specific conductance of water from 3 of the wells was from 3,040 to 
6,040 micromhos. For drinking and domestic use the water from 5 of the 
wells is satisfactory to undesirable, and that from 3 of the wells is unsatis-
factory. The water from the 8 wells is satisfactory for stock and from all 
but the well having the specific conductance of 6,040 (well 7.10.35.111) is 
satisfactory for irrigation use. 

Limestone Member 
The limestone member of the San Andres formation forms the sur-

face of Chupadera Mesa. It crops out also along the eastern Torrance 
County line in an irregular north-south belt, in the vicinity of Clines 
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Corners, and in outliers east and south of Cerrito del Lobo. The total area 
of outcrop of the limestone member in Torrance County is approximately 
500 square miles. On Chupadera Mesa the limestone member is about 
200 feet thick and consists of fine crystalline limestone containing 
numerous solution channels, massive white gypsum, and white to yellow 
medium-grained sandstone. In the eastern part of Torrance County the 
limestone member consists largely of gray limestone and some gypsum. 
Near Clines Corners the limestone member is about 100 feet thick. 

In the vicinity of Derramadero the limestone member dips gently 
eastward and forms a cuesta ridge, which is conspicuous for its pock-
marked appearance. The narrow belt of outcrop is pitted with small 
sinkholes and collapsed caverns. Cave breccias are common. One large 
mass of cave breccia northwest of Derramadero contains, in addition to 
limestone blocks, light-colored sandstone blocks, which are probably 
remnants of the upper clastic member of the San Andres formation. 
Sinkholes containing remnants of the upper clastic member are common 
in this area. The Dockum group lies unconformably upon the pock-
marked surface. Therefore, the extensive solution of the limestone and 
development of a karst topography took place possibly in Early Triassic 
time, after the deposition of the upper clastic member, but before the 
deposition of the Dockum group. However, in other areas collapse of the 
Dockum group into caverns and sinks in the Permian rocks indicates 
some later solution. 

The thickness of the limestone varies in the belt along the eastern 
county line. Locally it is more than 100 feet in the areas where it appar-
rently has not been affected by solution. The limestone member has been 
removed entirely by solution in an area of several square miles northeast 
of Encino. 

The limestone member of the San Andres formation in Torrance 
County is everywhere above the water table, and no wells are known to 
derive water from it. 'Wherever the limestone is at the surface, precipita-
tion and surface runoff are absorbed readily. 

Upper Clastic Member 
The upper clastic member of the San Andres formation apparently 

has been eroded from Chupadera Mesa (Wilpolt et al., 1946), although 
it may be present locally in the form of collapsed blocks in sinkholes. It 
is present in the vicinity of Clines Corners, where it consists of about 
50 feet of pink and buff siltstone, and near the eastern county line, 
where it consists of about 40 feet of dark-red shale and siltstone. In the 
vicinity of Derramadero, scattered remnants of the upper clastic 
member were observed in collapsed areas, but details of the 
stratigraphic relations were not apparent. Most of the sections 
consisted of tan or gray friable fine-grained sandstone and siltstone, 
but a small outcrop of red siltstone lying on the limestone member of 
the San Andres was noted at Derramadero. 
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The total area of outcrop of the upper clastic member in the county 
is probably less than 40 square miles. No wells are known to derive 
water from the member. It is not likely to be water bearing in Torrance 
County, as it is underlain by the very permeable limestone member and 
is above the water table. Because of its limited areal extent and small 
influence upon the occurrence of ground water, the clastic member was 
not differentiated from the limestone member on Plate 1. 

TRIASSIC SYSTEM 

DOCKUM GROUP 
Coarse-grained gray and white sandstone, commonly containing 

pebbles of limestone and quartz, is mapped as the Santa Rosa sandstone 
in the type locality of that unit 40 miles east of Torrance County, and in 
adjacent areas. Overlying this sandstone section, which is locally as 
much as 350 feet thick, is the Chinle formation, a thick section of red 
shale containing thin interbedded sandstone strata lithologically similar 
to the Santa Rosa. These two units generally constitute the Dockum 
group of Late Triassic age in eastern New Mexico. The sandstone and 
shale facies have not been mapped individually for this report and are 
designated as the Dockum group. In Torrance County the Dockum 
group is composed mostly of gray conglomeratic sandstone, red shale, 
and some limestone conglomerate. 

The Dockum group crops out in scattered areas near Cerrito del 
Lobo, from the vicinity of Clines Corners east to Palma, and in the 
northeast corner of Torrance County, north of a line between Palma 
and Derramadero. The total area of outcrop is about 90 square miles. 
In the vicinity of Derramadero gray thick-bedded lenticular sandstone, 
weathering dark-gray or reddish-gray and interbedded with dark-red 
shale, forms a prominent escarpment. Approximately 300 feet of the 
Dockum group is present here; higher beds of the group are present in 
the adjacent outcrop area east of Torrance County. The general dip of 
the Dockum group is eastward, but locally it is disturbed owing to col-
lapse into caverns and sinks in the underlying Permian rocks. The 
Dockum group unconformably overlies the San Andres formation and 
at Cerrito del Lobo lies directly on Precambrian rocks (Read et al., 
1944). 

Specific data were obtained on only two wells (9.15.14.134 and 
9.15.32.241) deriving water from the Dockum group in Torrance County. 
The water is of relatively good chemical quality (see table 16). Some 
wells a few miles north of the county line (see Trd, p12) probably obtain 
water from sandstone in the Dockum group (well 10.11.35.122, in the 
southeast corner of Santa Fe County, and wells 10.15.34.113 and 
10.15.19.220, in San Miguel County, near the northeast corner of Tor-
rance County). These wells furnish adequate water for stock and 
domestic purposes. The water is reported satisfactory chemically for do-
mestic use. Water in these sandstone beds apparently is separated by the 
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red shale at or below the base of the Dockum group from water of 
poorer quality in underlying Permian aquifers. The Dockum group is, 
therefore, important in providing geologic conditions favorable for the 
accumulation of potable perched ground water at appreciably shallower 
depths than are prevalent in underlying Permian aquifers. It is probable 
that potable water sufficient to supply windmill wells can be obtained in 
much of the area where the Dockum group crops out in Torrance 
County. However, if the perched water is not encountered, it probably 
will be necessary to drill to a depth of 800-1,000 feet to the main body of 
water in the Yeso formation. 

TERTIARY AND QUATERNARY SYSTEMS 

Although Jurassic and Cretaceous rocks may have been deposited 
over much of Torrance County, they were removed by erosion during 
Tertiary time. No sedimentary rocks of early Tertiary age are known to be 
present in Torrance County, and it is presumed that basins of deposition 
did not form in Torrance County during this time. 

INTRUSIVE ROCKS 

A swarm of hornblende diorite and diabase dikes and sills were de-
scribed and mapped in Gran Quivira quadrangle (southwestern Torrance 
County, northeastern Socorro County, and southeastern Valencia 
County), by Bates et al. (1947, pp 36-40). The dikes and sills intrude the 
Yeso and San Andres formations, and sills commonly have entered along 
the contact between these two units. In the Encino-Duran area numer-
ous outcrops of igneous rocks form an igneous center (see pl 1). These 
igneous rocks are mostly fine grained. It is probable that the rocks are 
from a sill or a series of sills which are early Tertiary in age and may be 
related to the Gallinas Mountains intrusive center. Several dikes also 
occur north of Pedernal Mountain. The dikes and sills in southwestern 
Torrance County are probably early Tertiary in age and probably 
equivalent to the intrusives of the Gallinas Mountains and to the several 
intrusives in southern Santa Fe County. The data available are 
insufficient to show in detail the effect of these intrusive rocks on the 
occurrence and movement of ground water in the county. 

UPLAND SURFICIAL DEPOSITS 

Remnants of sand, silt, and gravel occurring at high levels at scattered 
localities in the county are correlated in part with the Ogallala formation 
of the Llano Estacado to the east, on the basis of general lithologic 
similarity and topographic position. Sediments correlated with the 
Ogallala formation, which is Pliocene in age, lie unconformably upon 
Precambrian quartzite near the peak of Pedernal Mountain, upon the 
Yeso formation north of Negra, on the San Andres formation along the 
eastern county line, and on the Dockum group in the north- 
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east corner of the county. Other upland unconsolidated or poorly con-
solidated deposits are probably reworked Ogallala material. 

Darton (1928-a) mapped the Ogallala formation southeast of the peak 
of Pedernal Mountain, and Bretz and Horberg (1949, p 482) identified 
other deposits of the Ogallala in the county along U. S. Highway 60. 
Numerous other scattered deposits of the Ogallala formation were found 
east of the Pedernal Hills during the field work for this investigation. The 
total area of outcrop of the Ogallala formation in Torrance County 
probably is less than 25 square miles. 

The Ogallala formation in Torrance County is well consolidated in 
some places. The gravel of the Ogallala consists largely of fragments of 
quartzite, some of cobble size. The thickness of the Ogallala formation in 
Torrance County is not known, but it is much less than the 200-300 feet 
typical of the Llano Estacado. In the northeast corner of the county it 
may exceed 100 feet in small areas. Where the Ogallala formation rests on 
the San Andres formation and beds of the Dockum group, thicknesses 
are extremely variable because of deposition on the rough topography 
resulting from continued solution of Permian rocks and collapse of 
overlying strata. In the vicinity of Palma many good outcrops show the 
Ogallala to be essentially horizontal in collapse depressions where steeply 
dipping beds of the Dockum group are exposed. Remnants of the 
Ogallala were not found west of the Pedernal Hills, and it is probable that 
during Pliocene time this area contributed detritus to the Ogallala 
formation farther east. 

No wells were noted in Torrance County that were finished in the 
upland surficial deposits, as they are all above the main water table. 
However, it is possible that sufficient water to supply windmill wells 
could be obtained from perched ground-water bodies in this material in 
some areas where the beds are underlain by an impermeable bed such as 
shale of the Dockum group or the Yeso formation. 

VALLEY FILL 
Estancia Valley is underlain by sand, gravel, silt, and clay. These ma-

terials were deposited in a structural basin which formed as a result of 
mild downwarping related to late stages of the development of the adja-
cent Rio Grande trough. Uplift of the Manzano Mountains west of 
Estancia Valley provided a source area for the sediments deposited in the 
valley, but the thickness of these sediments is less than the thickness of 
equivalent beds of the Santa Fe group in the Rio Grande trough, because 
the downwarping of Estancia Valley was relatively small compared to the 
depth of the Rio Grande trough. The fill in Estancia Valley is more than 
300 feet thick in some places (see pl 1). 

The valley fill of Estancia Valley, which extends north into Santa Fe 
County about 15 miles, is probably equivalent to the upper beds of the 
Santa Fe group (Zane Spiegel and Brewster Baldwin, personal com-
munication, 1956) north of Galisteo Creek. The upper beds of the Santa 
Fe group are locally unconformable on Miocene and Pliocene beds of 
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the Santa Fe group in the Rio Grande trough, but they interfinger with 
younger units of the group which are of late Pliocene(?) and Pleistocene 
age. Therefore, the fill in Estancia Valley is considered to be of late 
Pliocene(?) and Pleistocene age. 

The fill in Estancia Valley is the aquifer tapped by most of the irri-
gation wells in the valley. The valley fill is recharged by water from 
infrequent local precipitation and floods, and by discharge from under-
lying consolidated deposits. All wells drilled in the valley below the water 
table have yielded water. However, wells that do not yield sufficient water 
for irrigation but furnish an abundant supply for stock and domestic use 
sometimes are spoken of in the valley as "dry holes." West of New 
Mexico Highway 41, in the Torrance County portion of Estancia Valley 
(see TQl, pl 3), the water from wells in the valley fill is satisfactory for 
drinking and domestic use. East of the highway the water from the valley 
fill becomes progressively more mineralized as the playa area is 
approached. Most of the water east of the highway (see TQ2, pl 3), is 
unsatisfactory for drinking and domestic use, and some of it is 
unsatisfactory for irrigation and undesirable for stock. The poorer quality 
of the water in the playa area is the result of the concentration of the 
minerals dissolved in the water by evaporation. 

LAKE AND DUNE DEPOSITS 
Lake deposits of Pleistocene age in Estancia Valley cover an area of 

about 300 square miles and overlie the late Pliocene(?) and Pleistocene 
valley fill. An examination of well logs indicates that the lake deposits 
probably range in thickness from 30 to 80 feet near the center of the area 
that was occupied by the lake. The lake deposits consist largely of clay or 
shale, with some layers of sand. As the lake progressively dried, gypsum 
was deposited. The wind has removed part of the lake deposits and 
deposited them as dunes considered to be Pleistocene and Recent in age. 
Additional details concerning the lake deposits are discussed in the 
section on Estancia Valley. The salt basin south of Encino also is near the 
center of an ancient lake of Pleistocene age. Deposits similar to those 
formed by the lake in Estancia Valley were formed in the Encino basin 
and are of about the same age. 

The lake deposits are not known to furnish water to any irrigation 
wells, and, because of their low permeability, these deposits cannot be 
expected to furnish water in quantities sufficient for irrigation. The lake 
deposits furnish water, however, to some windmill wells. 

RECENT STREAM DEPOSITS 
Outside Estancia Valley, Recent stream deposits are present in some 

of the deep drainage channels. Ground water sufficient for windmill 
wells may occur locally in lenses in these stream deposits where they 
overlie older deposits consisting of relatively impermeable beds, such as 
clay or shale. Where, however, the alluvium overlies permeable rocks, 
such as sandstone or limestone, such ground-water bodies are not 
present. 



 

S t r u c t u r e  

Torrance County is bounded on the west by the Manzano Moun-
tains, which extend south from the northwestern corner of the county 
along the county line to the southern part of T. 4 N., and then south-
west across the southeastern corner of Valencia County. The Manzanos 
are block-fault mountains, and their high, westward facing escarpment 
exposes Precambrian granite and metamorphic rocks capped by east-
ward dipping rocks of the Magdalena group, which consist principally of 
limestone but contain some sandstone and shale. In the vicinity of 
Chilili the outcrop area of the Magdalena group is about 15 miles wide 
and extends nearly to the middle of Estancia Valley. In the vicinity of 
Manzano Peak (altitude, 10,086 feet), in the northwestern part of T. 4 
N., R. 5 E., the eastward dip of the Magdalena rocks is steeper, and the 
area of outcrop of these rocks is correspondingly narrower. Numerous 
faults, most of which trend generally north-south, extend along the 
higher parts of the range and its west slope. A thrust fault, named the 
Paloma fault by Stark and Dapples (Bates et al., 1947, p 42), extends as 
far north as T. 6 N., R. 5 E., in Torrance County and marks the eastern 
structural boundary of the Manzano Mountains. 

East of the Manzano Mountains is Estancia Valley, a broad closed 
basin that occupies the central part of the west half of Torrance County 
and extends northward into southern Santa Fe County. Much of the 
surface of the valley lies at an altitude between 6,100 and 6,400 feet. 
Essentially, the valley is a structural basin, bounded on the west by the 
eastward dipping monocline of the Manzano Mountains and on the east 
by resistant ridges of Precambrian quartzite which form the Pedernal 
Hills and Cerrito del Lobo. The central part of Estancia Valley is cov-
ered by gravel, sand, and clay, which are partly lacustrine in origin. The 
maximum thickness of these deposits is more than 300 feet. The 
underlying Pennsylvanian and Permian strata dip gently eastward and 
abut against the crystalline rocks east of the valley. The surface of the 
basin rises gently northward, and in the southern part of Santa Fe 
County the valley is bounded on the north by Upper Cretaceous sand-
stones and shales, which extend southward a short distance under the 
valley deposits. 

South of Estancia Valley is the northward facing escarpment of 
Chupadera Mesa, which rises about 500 feet above the floor of the valley. 
Chupadera Mesa extends across the eastern part of Socorro County and 
the southwestern part of Torrance County. Structurally, Chupadera Mesa 
is a broad, very shallow syncline in which rocks of the Yeso and San 
Andres formations dip very gently to the south and east. The mesa is 
capped by the limestone member of the San Andres formation and 
contains numerous sinkholes. 
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In the southwestern corner of Torrance County the strata between 
Chupadera Mesa and the Los Pilios Mountains, in Socorro County, dip 
gently to the southeast. Several dikes and sills have been mapped in the 
area. The dikes cut the Yeso formation and the lower part of the Glorieta 
sandstone member of the San Andres formation. Most of the dikes trend 
northeast, and they are responsible for several minor folds that interrupt 
the gentle southeast dip of the strata. The sills are in both the Yeso and 
San Andres formations and are nearly horizontal. These igneous 
intrusions are probably Tertiary in age. 

East of Estancia Valley and south of Pedernal Mountain are several 
outcrops of Precambrian rock that differ lithologically from the white 
quartzite that forms Pedernal Mountain. Rattlesnake Hill, in the western 
part of T. 4 N., R. 11 E., consists largely of black amphibolite. Cerro del 
Pino, in the southwestern part of T. 3 N., R. 12 E., is made up of coarse-
grained massive granite (Darton, 1928-b, p 283), and Chameleon Hill, 
southeast of Torrance in T. 1 N., R. 14 E., consists of granite gneiss. 

The Gallinas Mountains are mostly in Lincoln County but extend 
northward into Torrance County southwest of Torrance. Their structure 
is that of a complex dome formed by the intrusion of laccoliths and sills 
into Permian rocks, probably during early Tertiary time. 

East of Pedernal Mountain the Permian rocks dip very gently to the 
east or southeast and form a wide plateau in eastern Torrance County 
and southwestern Guadalupe County. To the west the Permian rocks 
overlap the Precambrian quartzite of the Pedernal Hills. To the north-
east, in northeastern Torrance County, the Permian rocks dip beneath 
Triassic beds of the Dockum group. 



 

Geo logy  and  Ground Wate r  b y  Areas  
In the following discussions Torrance County is subdivided into 6 

areas on the basis of the distribution of water-bearing geologic units, 
geologic structure, and ground-water occurrence. The areas are the 
Estancia Valley, Manzano Mountains, Pedernal Hills and eastern uplands, 
Chupadera Mesa, Encino basin, and Pinos Wells basin. Figure 4 shows 
the approximate boundaries of the various areas in the county and 
important subdivisions within each area. The boundaries of these areas 
do not coincide exactly with the boundaries of the physiographic 
features. Table 4 summarizes the distribution of the county population, 
lists the communities within each area, and gives the principal uses of 
ground water in each of the areas. 

For each area the geology, principal aquifers, and ground-water 
recharge, movement, discharge, availability, and use are discussed. The 
important chemical constituents in water from representative wells are 
summarized in a table for each area. Although information was not 
obtained for all wells in the county, the discussion based on the wells 
for which information was obtained should give a reliable indication as 
to the availability, chemical quality, and use of the ground water in 
each area. 

The Estancia Valley area is the most important ground-water area of 
the county because of the availability of large supplies of ground water 
and the irrigation development that has taken place. As Estancia Valley 
receives water from adjacent ground-water areas, particularly the Man-
zano Mountains area, the valley is not a complete hydrologic unit. 

ESTANCIA VALLEY 

Estancia Valley is a wide, relatively flat-floored basin of interior 
drainage. The valley proper is about 50 miles long from north to south 
and ranges in width from about 12 miles near Moriarty to 30 miles near 
Willard, averaging about 16 miles. On the north the valley extends 
about 15 miles into Santa Fe County. The area of the valley floor is 
about 900 square miles, of which about 650 square miles is in Torrance 
County. The surface drainage area of Estancia Valley includes about 
2,000 square miles. On the north, Estancia Valley merges with a gravel-
veneered plateau that overlooks the drainage area of Galisteo Creek. 
On the south it is bordered by Chupadera Mesa. On the west it merges 
with the east slopes of the Manzano Mountains. On the east it is bor-
dered by the Precambrian rocks of the Pedernal Hills and by Permian 
sedimentary rocks. On the southwest the valley is separated from Abo 
Canyon by a low divide underlain by Permian rocks, and on the south- 



 

 
Figure 4 

BOUNDARIES OF GROUND-WATER AREAS IN TORRANCE COUNTY, N.  
MEX., AS DISCUSSED IN THIS REPORT. DASHED LINES INDICATE IMPOR-  

TANT SUBDIVISIONS WITHIN THE GROUND-WATER AREAS. 

east it is separated by a low divide from small basins just west of the Pinos 
Wells basin. 

East of New Mexico State Highway 41, in Estancia Valley, are nu-
merous playas or relatively dry lake beds and associated windblown 
deposits. The playas in Estancia Valley occupy about 19 square miles 
or 12,000 acres. Laguna del Perro (pl 5A), by far the largest of these 
playas, occupies an area of about 71/2 square miles or 4,800 acres. The 
playas contain little or no surface water except after heavy rain or 
snow. After a heavy downpour, surface water from as far away as the 
east slope of the Manzano Mountains may flow into the westernmost 
of the playa lakes. 
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GEOLOGY 
Estancia Valley is underlain by valley fill deposits of sand, gravel, and 

clay, in which caliche has been developed locally. The valley fill is 
underlain by bedrock of varied lithologies. The bedrock dips gently to 
the east, so that successively younger strata (from west to east the 
Madera limestone, the Abo formation, the Yeso formation, and the 
Glorieta sandstone member and the limestone member of the San 
Andres formation) underlie the valley fill. The approximate positions of 
the contacts between the Madera limestone and the Abo formation and 
between the Yeso formation and the San Andres formation beneath the 
valley fill, as determined by well logs and surface geology, are shown in 
Plate 1. The valley fill is made up largely of material eroded from the 
mountains to the west and, to a lesser extent, of material from the 
Pedernal Hills area to the east, Chupadera Mesa to the south, and the 
higher areas to the north in Santa Fe County. The valley fill, as 
mentioned previously (see p 39), is considered to be of late Pliocene(?) 
and Pleistocene age. Well logs indicate that the valley fill attains a 
thickness in Torrance County of at least 340 feet, as shown in the log of 
well 8.9.19.133, about 6 miles south of Moriarty. In Santa Fe County, 
about 2 miles southwest of Stanley (see fig 2), the valley fill is at least 405 
feet thick. The well log given below indicates the type of material that 
can be expected when drilling into the valley fill. The log is from the files 
of the New Mexico State Engineer. 

In the south-central part of Estancia Valley, lake sediments of Pleis-
tocene age overlie stream deposits of the valley fill. The area covered by 
the lake sediments is about 375 square miles, and examination of a limited 
number of logs of wells drilled in the last 5 years indicates that the lake 
deposits may be as much as 80 feet thick. 

Evidence of the presence of a lake in Estancia Valley during the 
Pleistocene epoch includes lake deposits, sea cliffs, terraces, beach ridges, 
spits, and bars. The shore features were made at various stages of the lake 
(Meinzer, 1911, pp 19-22) and became smaller and less pronounced as the 
lake gradually decreased in size and then dried completely. After the lake 
dried, modification of the central playas began. In the area now occupied 
by the playas, wind erosion cut into the lake sediments and removed the 
fine-grained lake deposits as the ground-water level dropped. These fine-
grained materials were re deposited as dunes by the prevailing winds, on 
the margins of the playas, principally on the east or leeward side. The 
original lake sediments are exposed in many places as cliffs below the 
overlying eolian hills. Considerable gypsum derived from the lake 
deposits is contained in the eolian deposits. At the time deflation (wind 
erosion) was taking place, some of the gypsum and limestone from the 
Yeso formation below the lake deposits was being dissolved and brought 
to the surface by ground water. The gypsum in the 
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lake sediments exposed near the playas came largely from the underlying 
Yeso formation. 

Meinzer (1911, pp 26, 27) believed that both the playas (salt basins) 
and the associated clay hills are the work of the wind, and that the ma-
terial excavated from the salt basins was deposited to form the hills. 
According to Meinzer the excavation by the wind proceeded to the 
ground-water level but could be carried no deeper; the result was the 
flat, miry, "alkali"-floored salt basins or playas. The materials of which 
the hills are constructed are thoroughly sorted and contain nothing 
coarser than the wind can handle. Because southwest winds have pre-
vailed in this region, the hills are best developed on the east and north 
sides of the playas. 

Deflation, admittedly, is taking place still, but it is probable that the 
playas as they are today are a result of the combined action of solution, 
subsidence, and deflation. Available well logs and other geologic 
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evidence indicate that the bedrock underlying the area covered by the 
playas is the Yeso formation,' which consists largely of red sandstone 
interbedded with gypsum, gray limestone, and some shale. Ground 
water moving through the Yeso formation gradually dissolves the gyp-
sum and discharges naturally at the surface, where the water evaporates 
and the dissolved mineral matter is deposited, to be removed later by 
the wind. 

PRINCIPAL AQUIFERS 
Although some wells in Estancia Valley obtain part of their water 

from bedrock, the Tertiary(?) and Quaternary valley fill is the principal 
aquifer in about 90 percent of the part of the valley in Torrance County 
(see pl 3). The valley fill ranges in thickness in Torrance County from a 
featheredge at its margins to at least 340 feet in well 8.9.19.133, about 6 
miles south of Moriarty. Plate 1 indicates the thickness of the valley fill 
as determined from well logs. The fill, which consists of sand, clay, and 
gravel lenses of varying extent and thickness, was deposited under 
varying conditions, so that layers of sand are commonly separated by 
layers of clay and silt in these deposits. Consequently, the valley fill 
contains numerous water-bearing beds of local extent that are separated 
by relatively impermeable beds. As a result, it is not unusual to en-
counter water under water-table, artesian, and perched conditions in 
different places, or even at successively greater depths at the same place. 
According to well logs, caliche was encountered in most of the wells 
and usually was less than 20 feet thick. The log of well 6.8.10.433 and 
the log of an Atchison, Topeka & Santa Fe Railway well at Willard, both 
given below, illustrate the heterogeneous nature of the valley fill where 
it furnishes water to wells. 

The arkosic limestone member of the Madera limestone is the prin-
cipal aquifer in Estancia Valley along the western margin of the valley fill 
in a belt about 1-3 miles wide extending from Manzano northward into 
Santa Fe County. In this belt the arkosic limestone member contains 
water under artesian pressure. Valley fill covers most of this belt but is 
generally less than 100 feet thick. As an aquifer the arkosic limestone 
member is much less reliable for yield and permanence than is the valley 
fill to the east. One well (8.8.28.311a) had a reported initial yield of 1,100 
gpm. A year and a half later, however, the output of this well had 
decreased to a sustained yield of about 300 gpm. 

In the northeastern part of Estancia Valley in Torrance County and 
the adjoining part of Santa Fe County (pl 3, Psgl, Psg2), the Glorieta 
sandstone member of the San Andres formation, which there is highly 
fractured, is the principal aquifer. The fractured zone in this area appears 
to be related to movement along the major structural axis of Cerrito del 
Lobo. In the area designated Psgl, the Glorieta is recharged from the 
valley fill to the north and furnishes sufficient water for irriga- 



 

 
'l he well was scaled in 1907 at 152 feet and at 100 feet was pumped at 100 gpm without an 

appreciable lowering of the water level. The length of the test is not known. 

tion wells. A drawdown of about 6 feet was measured in well 10.8.35.211 
while it was being pumped at a rate of more than 3,000 gpm. The per-
formance of this well indicates that the sandstone is fractured, as the 
specific capacity of wells elsewhere in the Glorieta is much less. In the 
area designated Psg2 the Glorieta furnishes water to stock and domestic 
wells. The log of well 10.8.36.111, in which the Glorieta is the principal 
water-bearing unit, is given below. 

The Yeso formation is the principal aquifer in parts of Estancia 
Valley. It is about 700 feet thick in a section measured at the surface near 
the southwest corner of Torrance County. Between Cerrito del 



 

 
Lobo and Laguna del Perro, and about 9 miles northeast of Estancia (see 
pl 3, Py4), is an area of about 17 square miles in which the principal 
aquifer is fractured rock of the Yeso formation. The fractured zone in 
this area also appears to be related to movement along the major 
structural axis of Cerrito del Lobo. 

The Yeso formation is the principal aquifer in a belt about 7 miles 
wide at the base of Chupadera Mesa, and also along the eastern border of 
Estancia Valley in the northern part of Torrance County (pl 3, Py2, Py3, 
and Py5). In an oil-test well in sec. 32, T. 4 N., R. 7 E., north of 
Mountainair, the Yeso formation is 380 feet thick, the upper part of the 
formation having been removed by erosion. About 4 miles northeast of 
the oil-test well are two of Mountainair's water-supply wells. These wells 
derive their water from limestone in the Yeso formation; each yields 
more than 100 gpm. The log of well 4.7.23.312a, which has the higher 
yield of the two Mountainair wells, is given below. 

Only in the southwestern part of Estancia Valley is the Abo forma-
tion a principal aquifer; it supplies water to stock and domestic wells in 
T. 4 N., Rs. 6 and 7 E. 

RECHARGE 

The mean annual precipitation, as averaged for five weather stations 
in Estancia Valley (Estancia, McIntosh, Mountainair, Otto C.A.A. AP, 
and Progresso) and the weather station at Tajique, is 14.46 inches. About 
two-thirds of the precipitation occurs during the period April- 



 

 
September, the heaviest precipitation occurring during July and August. 
A large amount of the precipitation in Estancia Valley comes as short, 
heavy downpours. Such downpours cover limited areas and occur at 
irregular and, commonly, infrequent intervals. 

Recharge to the ground-water body of Estancia Valley comes from 
local precipitation and from surface-water runoff from the east slopes of 
the Manzano Mountains, the west slopes of the Pedernal Hills and 
eastern uplands, the slopes of South Mountain and the San Pedro 
Mountains in Santa Fe County, and the northern rim area of Chupadera 
Mesa. Only exceptional precipitation on the valley floor itself is capable 
of producing significant direct ground-water recharge; thus, the direct 
recharge from precipitation in the average year is probably small. A large 
part of the recharge to the valley fill comes from ground water in the 
Madera limestone, derived originally from precipitation and, in the 
summer, flood runoff on the east slope of the Manzano Mountains. A 
small amount of recharge can be expected from runoff on the west 
slopes of the Pedernal Hills and from ground water moving westward 
through the Yeso formation and the Glorieta sandstone member of the 
San Andres formation. The surface runoff from the Manzano Moun-
tains to Estancia Valley reaches the valley in a matter of hours, or, at the 
most, a matter of days. However, the rate of movement of ground water 
from the Manzano Mountains to Estancia Valley can be expected to be 
only a few feet a day. Thus, the local recharge from precipitation or 
surface runoff to the ground-water body in Estancia Valley may have a 
noticeable effect on the water levels within a short time, but recharge to 
the valley fill from the ground-water body of the Manzano Mountains 
may have no noticeable effect upon ground-water levels in the valley for 
some years. 
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The hydrographs of representative wells in the valley (see fig 5) show 
a pronounced rise of the water level after the unusually heavy rainfall in 
the basin during 1941, in some of the wells within a short period and in 
others over a period of several years. The U. S. Weather Bureau 
reported 23.63 inches of precipitation at Estancia for 1941, 11.04 inches 
above average; 22.30 inches at McIntosh, 9.06 inches above average; and 
32.21 inches at Tajique, 12.67 inches above average. The average 
precipitation in 1941 at the three stations was 26.05 inches. This figure is 
178 percent of the average for the three stations for the period of 
record. (See table 2.) 

The average rate of recharge for the entire drainage area of 
Estancia Valley (about 2,000 square miles) is estimated at about half an 
inch a year (see p 52) on the basis of the estimated natural discharge 
from the playas. The recharge is not constant from year to year nor in 
all areas of the valley. There is considerable variation from area to area, 
and it is expected that on the average the recharge in or at the edge of 
the mountainous areas generally exceeds half an inch, whereas in the 
lower areas it is less. However, in particularly wet years, such as 1941, 
the recharge even in the lower areas may exceed half an inch. The 
average annual recharge in an area of about 115 square miles south of 
Santa Fe, where the topography, climate, and geology are similar to 
those of Estancia Valley, has been estimated at approximately half an 
inch (Zane Spiegel and Brewster Baldwin, personal communication, 
1956). Theis (1937) previously computed the average annual recharge 
to the ground water of the High Plains in eastern New Mexico and 
western Texas to be somewhat less than half an inch, using several 
different methods applicable there. 

MOVEMENT AND DISCHARGE 

The shape and slope of the water table in Estancia Valley are shown 
on Plate 3 by means of contour lines. The direction of movement of 
the ground water is perpendicular to the contour lines and down the 
slope of the water table. The shape and slope of the water table depend 
upon several factors. Generally speaking, the smaller the interconnected 
interstices of a saturated formation the lower the permeability and the 
greater must be the slope or gradient of the water table for a given 
quantity of water to be transmitted through the aquifer. Thus, other 
factors being equal, a steep water-table gradient indicates an aquifer of 
relatively low permeability, and a gentle gradient indicates an aquifer of 
relatively high permeability. 

The slope of the water table is dependent, in part, upon the con-
figuration of the surface of rocks of lower permeability beneath the 
aquifer. If valley fill is underlain by relatively impermeable bedrock, 
whose surface is essentially horizontal, the water table will tend to be 
flatter, and the zone of saturation thicker, than if the underlying bedrock 
has a considerable slope. 
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The relative altitudes of the water levels in wells in the drainage area 
of Estancia Valley show the general movement of ground water to be 
toward the playa area (see pl 3). Available information on water levels in 
wells indicates that there is no movement of ground water out of the 
valley; but data on water levels in wells in and beyond the southeastern 
part of the valley are sparse. However, if ground water moves 
southeastward out of the valley, the chloride content of the water should 
increase in that direction, as mineralization of the water increases by 
solution of the materials in the aquifers as it moves. Chemical analyses 
of water collected from wells around the edges of Estancia Valley show 
that the concentration of chloride increases only toward the center of 
the basin. Therefore, it is inferred that ground water does not move out 
of the valley to the southeast, and that the natural discharge of the 
ground water in Estancia Valley is entirely by evapotranspiration in the 
vicinity of the salt lakes. 

Chemical analyses of samples of water taken at 3 depths from well 
7.10.19.112 (table 16, Yeso) in the playa area show a decrease in the 
concentration of dissolved solids with an increase in depth. They indi-
cate that the ground water is moving upward and are further evidence 
that the playas are the area of natural discharge for the ground water in 
Estancia Valley. Except for short periods after rains, surface water 
generally is not present on the playas. However, the material immedi-
ately beneath the surface of the playas is always moist. An observation 
well was dug to a depth of about 10 feet at a distance of about 200 feet 
west of the edge of the Laguna del Perro in sec. 11, T. 4 N., R. 9 E. The 
water in this well was under artesian pressure and rose in the well to a 
level about 10 feet above the surface of the lake. The artesian conditions 
in this well and the seepage of water during the winter from the western 
margins of the playa onto the playa surface indicate that the ground 
water is under pressure beneath the lake surface and discharges through 
the relatively impermeable lake beds at a rate that, on the average, is 
equal to the rate of evaporation from the playa surface. 

The pan evaporation in Estancia Valley is probably between 65 and 
76 inches per year (see p 12, 15). The evaporation from the playas is less 
than the pan evaporation. One reason is that the evaporation from a 
large water surface is less than that from a small pan. Another is that the 
ground water is salty and therefore evaporates more slowly at a given 
temperature than would fresh water. A possible third reason is that 
during a large part of the year a free water surface does not exist on the 
playas, and the water must be drawn up from the zone of saturation by 
capillarity before it can be evaporated. For purposes of estimation it is 
assumed that 50 inches per year of ground water evaporates from the 
playas. As the playa surfaces total about 12,000 acres, the annual natural 
discharge is about 50,000 acre-feet, exclusive of some transpiration by 
vegetation on the surrounding higher lands. As the total drainage area of 
Estancia Valley is about 2,000 square miles, an average recharge rate of 
about half an inch per year is indicated. 
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In any aquifer, pumping of wells constitutes a new discharge super-
imposed upon the natural equilibrium between recharge, movement, and 
discharge. At first, most of the water pumped is withdrawn from storage 
in the aquifer near the wells. If water continues to be taken from storage, 
water levels in the area will decline. In order for a new equilibrium to be 
established, recharge to the ground-water body must be increased, or 
natural discharge must be decreased, or both, in a total amount equal to 
the amount of water removed by pumping. Otherwise, water will be 
removed continuously from storage, and water levels will continue to 
decline. 

DEVELOPMENT OF IRRIGATION 

Numerous attempts have been made in the past to develop ground 
water for irrigation in Estancia Valley. Such attempts in the first decades 
of the present century were unsuccessful largely because of the poor 
efficiency of pumping equipment and because the attempts at develop-
ment were restricted chiefly to the central part of the valley, where con-
ditions were unfavorable for such development. The revival of interest in 
irrigation resulted in studies of ground water in the area by the office of 
the State Engineer of New Mexico, beginning in 1923 and extending 

  through 1930. The results of these investigations have been 
published  
in the 6th, 7th, 8th, and 9th Biennial Reports of the State Engineer (New 
Mexico State Engineer, 1924, 1926, 1928, 1930). 

Interest in the development of the ground-water resources of Es-
tancia Valley again diminished in 1930, but revived in 1940. This re-
newed interest resulted in the program of observation of ground-water 
levels in Estancia Valley which began in 1941. The program has con-
sisted largely of measuring water levels but has included also the ob-
taining of data on the wells that have been drilled. Estimates of the 
amount of land irrigated with ground water have also been made yearly. 
In spite of considerable interest in ground-water irrigation, little devel-
opment occurred between 1941 and 1944, when about 200 acres was 
being irrigated and about 200 acre-feet of water was being used. The 
rate of development of irrigation is indicated by the following data. 

 
YEAR 

IRRIGATED  
AREA 
(acre) 

WATER  
USED 

(acre-feet) 
1944 200 200 
1945 250 500 
1946 725 1,000 
1947 5,000 5,000 
1948 6,000 5,400 
1949 10,000 8,000 
1950 19,000 19,000 
1951 20,000 40,000 
1952 22,000 33,000 
1953 21,000 36,500 
1954 23,000 33,000 
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In 1948 there were about 60 irrigation wells in the Torrance County 
portion of Estancia Valley and 10 wells in the Santa Fe County portion. 

Figures for irrigated area except for 1952 are based on information 
provided by the County Agent of Torrance County. In 1952 a partial field 
check was made by personnel of the U. S. Geological Survey. Figures for 
water used were determined from data on the number of wells, length of 
pumping period, and average rate of pumping. In January 1950 the State 
Engineer of New Mexico declared Estancia Valley as a ground-water basin 
subject to control under the State law. In 1951 about 80 percent of the 
irrigated area in Estancia Valley was in Torrance County. It is estimated that 
this percentage holds for 1949, 1950, and the period 1952-1954. 

FLUCTUATION OF WATER LEVEL 

The Albuquerque office of the U. S. Geological Survey has made 
periodic measurements of water levels in selected wells in Estancia Valley 
since 1941, in cooperation with the New Mexico State Engineer. These data 
have been published annually in U. S. Geological Survey water-supply 
papers (1943-1945; 1947; 1949-a, b; 1951-a, b; 1952-1954). Water levels 
have been measured annually, usually in February, beginning with about 50 
wells in 1941 and increasing to about 120 in 1952, as the development of 
irrigation wells increased. These annual measurements, when compared, 
show the net changes in ground-water level brought about by variations in 
pumping and recharge. In addition to the annual measurements, water levels 
have been measured periodically, generally every 3 months, in a number of 
wells, to determine the seasonal changes in the water table. 

The fluctuations in water level since 1941 in five selected observation 
wells are shown in Figure 5. The characteristics of fluctuations of water 
levels depend upon conditions at and near each particular well. In well 
7.8.27.221 the fluctuations of water level were minor in the first few years of 
record, and there was a small upward trend resulting from the heavy rains of 
1941. The effects of installation of irrigation wells in the vicinity of the well 
are apparent beginning in 1946, as evidenced by the characteristic lowering 
of water level in the summer during the pumping season and rise in the 
winter, and a general overall downward trend. Well 4.8.24.222 is somewhat 
distant from irrigation wells, and the fluctuation of water level is minor, only 
long-term natural trends due to changes in recharge being evidenced. The 
water level in this well reached a peak level in 1948, about 7 years after the 
heavy rains of 1941. Generally the graphs exhibit the increased rate of 
decline of water levels resulting from the increase in pumping of ground 
water for irrigation. 

From 1941 to 1952 the maximum decline in the water table in Estancia 
Valley, as indicated by water-level measurements in wells, was a little less 
than 13 feet. This decline was in the heavily pumped area about 7 miles 
southwest of Estancia. As shown in Figure 6, most of this 
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decline was in the period from 1947 to 1952, after the heavy pumping 
began. Other heavily pumped areas that showed a relatively large de-
cline from 1947 to 1952 are the area 3 miles north of Estancia, where 
there was a maximum decline of more than 8 feet, and the area 9 miles 
north of Estancia, where there was a maximum decline of more than 6 
feet. 

Figure 7 shows the net change in water levels in 1951, as determined 
by comparing water levels measured in wells in February 1951 with those 
in February 1952. The areas of maximum decline of water levels are 
generally the same as from 1947 to 1952. However, the decline in 1951 
was greater than the average annual decline for the 5-year period, 1947 to 
1952. This is the result of increasing development of irrigation. For 
instance, development which began in 1948 in the area about 4 miles 
north of Moriarty, and in 1949 in the area about 2 miles southwest of 
Willard, gradually has expanded. 

A quantitative evaluation of the changes in water level as related to 
pumpage and the ground-water supply in Estancia Valley is beyond the 
scope of this report. However, in an area where the average annual 
recharge is estimated at 50,000 acre-feet and the natural discharge con-
tinues in like amount, not yet having been affected by pumping, the 
significance of pumping at an increasing rate that already is approaching 
the rate of recharge is obvious. 

AVAILABILITY 
The availability and character of ground water in the Estancia Valley 

area depend upon the aquifer. The Tertiary(?) and Quaternary valley fill is 
the principal aquifer that furnishes water for irrigation in most of 
Estancia Valley. The arkosic limestone member of the Madera limestone, 
the Glorieta sandstone member of the San Andres formation, and the 
Yeso formation also furnish water to irrigation wells in Estancia Valley. 
The Abo formation furnishes water to stock and domestic wells in the 
valley. An example of the relation of geologic units and the water table in 
Estancia Valley is shown by the cross-section from west of Manzano to 
east of Willard (see pl 2). 

In the area in which ground water is obtained principally from the 
valley fill, the stock and domestic wells generally are not as deep as the 
irrigation wells. Water levels range from at or near the surface, in the 
central part of the valley, to more than 100 feet below the surface, in 
the irrigation wells near the west edge of the valley, and to more than 
200 feet below the surface in the stock and domestic wells near the 
west edge. 

The arkosic limestone member of the Madera limestone furnishes 
water to irrigation wells and to stock and domestic wells along the 
western border of Estancia Valley. The Glorieta sandstone member of 
the San Andres formation furnishes water to irrigation wells and to stock 
and domestic wells north and northeast of Cerrito del Lobo, and 
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to stock and domestic wells east and southeast of Cerrito del Lobo in a 
belt-shaped area about 5 miles wide. In the southwest part of the valley, 
north of Mountainair, wells that derive their water principally from the 
Abo formation have not proved to be satisfactory for irrigation. The 
availability of water in Estancia Valley is summarized in Table 5. 

The specific capacity of a well is defined as the number of gallons 
of water per minute that can be pumped from the well, per foot of 
drawdown of the water level in the well. It is determined by dividing 
the yield of the well, in gallons per minute, by the drawdown of the 
well, in feet. A well being pumped at a rate of 500 gpm with a 
drawdown of 50 feet is said to have a specific capacity of 10 gpm per 
foot of drawdown. 

The yield of a well per foot of drawdown is a function of many char-
acteristics of the well, such as diameter, depth, openings in casing, and 
degree of development, as well as the thickness and permeability of the 
aquifer. The specific capacity is not constant but generally decreases as 
the length of time the well has been pumped increases, because the water 
level continues to decline slowly, though at a decreasing rate, as the cone 
of depression expands. A reliable specific capacity can be determined 
only when a fairly constant pumping level has been reached. 

Little has been published concerning the relation between perme-
ability of aquifers and specific capacities of wells. However, it is well 
established that in fully developed wells high average specific capacities 
indicate a highly permeable aquifer, and low specific capacities, a poor 
aquifer. Therefore, some idea of the nature of an aquifer can be gained 
from knowing specific capacities of wells that penetrate it. Some repre-
sentative specific capacities of wells in Estancia Valley are given in 
Table 5. 

Most of the available information regarding the specific capacity of 
wells in Torrance County is restricted to Estancia Valley; even there 
data are limited. Although the specific capacity has been determined 
for many wells in the valley, many of the data are not strictly repre-
sentative or comparable, as neither the pumping times nor the extent 
to which pumping levels had become stabilized were known. However, 
as most of the drawdown of water level in a well while it is being 
pumped generally occurs within a relatively short time, it is believed 
the values given in the table are useful in showing the productivity of 
the wells in a general way. 

CHEMICAL QUALITY AND USE 

The chemical quality of water from wells was determined for all the 
principal aquifers in Estancia Valley. The general pattern of the chemical 
quality of the water in Estancia Valley is shown in Plate 3 by means of 
lines of equal specific conductance (see p 27). 

Because of the range in the mineral content of the ground water, the 
size of the valley, the importance of ground water to the economy 
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of the valley, and the number of wells for which the water has been 
analyzed chemically, Estancia Valley has been divided into subareas, as 
shown in Table 6, according to the chemical quality of the water. 

The chemical quality of ground water from the Tertiary(?) and 
Quaternary valley fill of Estancia Valley differs considerably with the 
locality. In general, as the ground water moves from the outer edges of 
the valley to the playa area, the mineral content becomes progressively 
higher. In the stretch from Estancia to Willard, a distance of about 4 
miles, the mineral content of the ground water increases markedly 
eastward, from a specific conductance (see p 27) of about 500 
micromhos, near the highway, to more than 4,000 micromhos, near the 
playas. (See p13.) 

The water is much better chemically in the western part of Tps. 4, 
5, and 6 N. in Estancia Valley than in the eastern part. The same is 
true in Tps. 7, 8, 9, and 10 N., but in these townships the division 
between the water of comparatively good quality, to the west, and the 
water of poorer quality, to the east, is not so distinct. Just north of the 
county line, in Santa Fe County, the chemical quality of the water from 
the valley fill of Estancia Valley is better in the northern part of T. 10 
N., R. 9 E., than in the southern part. 

Repeat analyses have been made of waters from 22 wells in 
Estancia Valley after intervals ranging from 1 to 6 years, in order to 
determine any changes in mineral content. In most of these wells the 
mineral content of the second sample of water showed little or no 
change from that of the first sample. A significant decrease in the 
mineral content of the water occurred, however, in the second sample 
from 4 of the wells, and an increase occurred in the water from 4 of 
the wells. Additional chemical analyses of the water from these wells 
are needed to establish any definite trend in the mineral content of the 
water from the valley fill. Comparative analyses of the water from 
these 21 wells are given in Table 7. 

The use of the water from wells in Estancia Valley for which infor-
mation was obtained is given according to the aquifer in Table 8; it is 
apparent that irrigation is the most important use in this valley. 

The suitability of water for irrigation depends in part upon the 
chemical quality of the water. Use of water high in dissolved solids, or in 
which the percent sodium is high, is most likely to cause difficulty, but 
many other factors are involved, such as the nature of the soil and 
subsoil, method of application of water, and the type of crops grown. 
Waters containing several thousand parts per million of dissolved solids 
sometimes are successfully used for irrigation, where irrigation practices 
permit the application of large volumes of water on well-drained lands. 
Percent sodium (table 16) is reported in most of the analyses of waters 
used for irrigation and is the ratio of sodium to the total of the principal 
dissolved basic constituents (sodium, potassium, calcium, and 
magnesium), all expressed in equivalents per million, times 100. The 
percent sodium is important when water is used for irrigation, because 



 



 



 



 

64 NEW MEXICO BUREAU OF MINES & MINERAL RESOURCES 

water in which it is more than about 60 may react with the soil, making it 
less pervious to water and difficult to till. None of the water samples 
obtained from the main irrigated areas in Torrance County were found to 
contain as much as 60 percent sodium; however, water east of the main 
area of irrigation, in the vicinity of the playas, contains more than 60 
percent sodium. 

MANZANO MOUNTAINS AREA 

The most prominent topographic feature in Torrance County is the 
Manzano Mountains, which form a north-south ridge about 30 miles 
long and coincide roughly with the western county line for most of that 
distance. From the crest of the range short, steep-gradient canyons drain 
westward to the alluvial fans of the Rio Grande valley. On the east side 
of the range slopes are much gentler than on the west side, and the land 
surface is cut by rather long, straight shallow valleys. A few low foothills 
lie to the east of the main part of the Manzano Mountains, but, in 
general, the mountains area merges gradually with the very gently 
sloping western part of Estancia Valley. The mountains have an average 
width of about 5-6 miles. On the south the Manzano Mountains are 
separated from the Los Pilios Mountains by Abo Canyon. On the north 
they merge into the lower Manzanita Mountains, which in turn are 
separated from the Sandia Mountains by Tijeras Canyon. Abo Canyon 
and its drainage tributaries, and the area of outcrop of the Magdalena 
group east of the Manzano Mountains (see geologic map, pl 1), are 
considered part of the Manzano Mountains in this report. 

The altitude of the crest of most of the Manzano Mountains south of 
Capilla Peak is above 9,000 feet. The crest of the northern part of the 
mountains is between 8,000 and 9,000 feet along most of its length. 

GEOLOGY 

The highest part of the Manzano Mountains south of Capilla Peak 
consists largely of Precambrian quartzite, and some schist and granite at 
the southern end, near Abo Pass. The Sandia formation crops out in a 
narrow belt on the middle slopes of the mountains south of Capilla 
Peak, and the Madera limestone crops out on the lower slopes. From 
Capilla Peak northward the Madera limestone crops out on the crest and 
the east slope of the Manzano Mountains and is underlain by the Sandia 
formation, which lies directly upon the Precambrian rocks. The arkosic 
limestone member of the Madera limestone is exposed over most of the 
area in which the Madera limestone crops out. The arkosic limestone 
member ranges from about 500 to 850 feet in thickness in the Manzano 
Mountains area and consists of alternations of red or brown arkosic 
sandstone, arkosic limestone, gray limestone, and shale. The variation in 
the rocks that may be encountered in drilling a well into the arkosic 
limestone member is illustrated by the sections given on pages 25 and 
26. 
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PRINCIPAL AQUIFERS 
The arkosic limestone member of the Madera limestone is the 

aquifer yielding water to all the wells for which data were obtained in 
the Manzano Mountains proper and the area included to the east. As 
far as is known, no wells in the Manzano Mountains derive their water 
from the Sandia formation or from Precambrian rocks. 

The Abo formation is the aquifer (see pl 2) in most of the northern 
part of the drainage basin of Abo Canyon, and the Yeso formation is the 
aquifer in most of the southern part. The well log given below, modified 
from a log obtained from the Atchison, Topeka & Santa Fe Railway, 
indicates the character of the rocks penetrated in a well drilled at the 
town of Abo, in sec. 28, T. 3 N., R. 6 E. The well started in the Yeso 
formation and was drilled into the Abo formation, but the position of the 
contact between the two formations is not evident from the log. 

LOG OF WELL 3.6.28 IN THE YESO AND ABO FORMATIONS AT  
THE TOWN OF ABO IN SOUTHWESTERN TORRANCE COUNTY 

 

RECHARGE 
The average annual precipitation at the Rea ranch (altitude 9,200 

feet) on the east slope of the Manzano Mountains, near Tajique, was 
26.20 inches in the period 1910-1919. The average annual precipitation 
at Tajique (altitude 7,100 feet) is 19.54 inches. The average annual 
precipitation on the east slope of the Manzano Mountains is probably 
between these figures. Although, on the average, approximately two-
thirds of the annual precipitation in the Manzano Mountains occurs in 
the period April-September, it is probable that most of the recharge to 
the ground-water bodies in the area occurs during the winter and early 
spring months. This is because the evapotranspiration rate is great in 
the summer months, and only exceptional rains can be expected to 
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furnish recharge to the ground water at that time of year. The average 
evaporation rate for the period October-March is about 25 percent of 
the average annual rate, and the October-March transpiration rate 
probably is only a fraction of the annual transpiration rate. Thus, be-
cause of lower evapotranspiration rate and the lower rate of runoff 
which results from the slow melting of snow, a larger percentage of 
the precipitation, in the form of snow melt, probably reaches the 
groundwater body during October to March than during March to 
October, even though precipitation is greater in the summer. 

During the warmer months of the year, when precipitation is in the 
form of rainfall, the forest cover on the mountains helps to retard runoff 
and allows more of the water to sink into the soil. If the precipitation has 
been heavy, some of the water may run into arroyos and reach Estancia 
Valley on the east side of the Manzano Mountains. However, most of the 
flow of the arroyos sinks into the ground or is lost by evaporation before 
reaching the center of the valley. During periods of unusually heavy 
rainfall some of the runoff from the Manzano Mountains reaches the 
salt-lake basins in Estancia Valley, where it remains on the surface until 
evaporated. At the south end of the Manzano Mountains, excess surface 
water moves into Abo Canyon and thence out of the county into the Rio 
Grande valley. There, also, a large part of the precipitation returns to the 
atmosphere by evapotranspiration, and only a small fraction of it enters 
the ground-water body. 

MOVEMENT AND DISCHARGE 

In the high southern part of the Manzano Mountains, in the out-
crop area of the Precambrian rocks, ground water moves through 
openings in the mantle rock and through fractures in the dense under-
lying rocks. In the northern part of the Manzano Mountains, ground 
water moves through the crevices and solution channels of the Madera 
limestone. Such crevices and solution channels in the Madera 
limestone are visible in caves (which themselves are solution channels) 
and road cuts in the area where the Madera limestone crops out, and 
are reported by well drillers to exist in the limestone in the subsurface. 

There are numerous intermittent springs and a few permanent 
springs in the mountains (table 15). These springs occur where relatively 
impervious beds locally prevent or restrict further downward subsurface 
movement of the water, and deflect the water to the surface. The 
portion of this discharge that does not return to the amosphere by 
evapotranspiration reenters the rocks downslope. Ground water in the 
mountain areas moves eastward through the Pennsylvanian rocks, and in 
the Estancia Valley it moves laterally or upward into the valley fill, 
whence it is discharged artificially by wells or naturally by transpiration 
and by evaporation from the playa basins. At the south end of the 
Manzano Mountains, some ground water moves westward out of the 
county through the channel alluvium in Abo Canyon. 
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In its movement from the mountains to the valley the ground water 
passes between impervious beds of varying extent, which confine the 
water under hydrostatic pressure. Data from wells in the Manzano 
Mountains area are insufficient to determine the extent of artesian con-
ditions, but some artesian pressure may be expected locally in wells that 
penetrate the main zone of saturation. 

AVAILABILITY 

There are numerous springs in the Manzano Mountains area, but 
most of them do not flow during dry periods. Water wells for which data 
were obtained in the mountains and adjoining area are as deep as 450 feet 
(well 10.7.30.321, just north of the Torrance County line). Water levels in 
this area ranged from 6 feet below the surface, in well 6.5.25.344, to 412 
feet below the surface, in well 10.7.30.321. In the Manzano Mountains 
area most of the dug wells and many of the drilled wells in the Madera 
limestone obtain water from perched water bodies above the main zone 
of saturation. Several examples of such dug wells are in sec. 36, T. 7 N., 
R. 6 E. The quantity of water that can be obtained from the perched 
bodies usually is not more than 3 or 4 gallons per minute, and some of 
these wells go dry at times. Water wells that reach the main body of 
ground water are reported to obtain supplies of water adequate for stock 
and domestic use. In drilling wells for stock and domestic use in the 
Manzano Mountains area, it is important to drill below the top of the 
main ground-water body, the altitude of which is indicated by the 
contours of the water level on Plate 2. 

Wells 6.6.11.334 and 6.6.13.210 were reported to yield at least 20 gpm, 
the capacity of the small pumps on the wells. Although irrigation wells 
are not known in the Manzano Mountains area, some irrigation wells near 
the western edge of Estancia Valley derive most of their water from the 
arkosic limestone member of the Madera limestone (see p 47). It is 
possible that a well drilled in the Manzano Mountains area might 
encounter crevices and solution channels in the arkosic limestone mem-
ber and might produce a large initial yield. However, depending on the 
location of the well with respect to sources of recharge, the yield might 
decline appreciably within a few years. 

In the Abo Canyon area, water from wells is commonly somewhat 
high in sulfate and therefore not desirable for domestic use. Conditions 
are generally unfavorable for a sufficient supply of ground water for 
irrigation. A well (see log, p 66) drilled in 1907 for the Atchison, Topeka 
& Santa Fe Railway, at Abo, N. Mex., was test-pumped at 8 gpm and 
then abandoned. In this well a water-bearing zone was penetrated at a 
depth of 135 feet in the Yeso formation, and the water rose to within 50 
feet of the surface. At 384 feet another water-bearing horizon was en-
countered, which was probably in the Abo formation. At this horizon 
the water rose to within 25 feet of the surface. Salt-water aquifers at 990 
and 1,080 feet probably were in the Abo formation. 
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CHEMICAL QUALITY AND USE 

Chemical analyses of water from wells on the east slope of the 
Manzano Mountains indicate that the ground water is suitable for stock 
and irrigation use. Although these waters are considered hard, they can 
be used satisfactorily for ordinary domestic use. In the Abo Canyon 
area the chemical analyses of water from four wells indicate that the 
ground water is suitable for stock; although it is generally not desirable 
for domestic use, it is used for that purpose. The chemical quality of 
the water from well 3.6.29.243 was better than that of water from the 
other three wells in the Abo Canyon area, probably indicating that the 
water from this well had passed through less gypsum of the Yeso 
formation. Generally, wells that obtain water from the Yeso formation, 
where the water has moved an appreciable distance through several 
gypsiferous beds in the formation, yield water undesirable for drinking. 
The analyses of the water from wells in the Manzano Mountains area 
are summarized in Table 9. 

Water from nearly all wells for which data were obtained in the 
Manzano Mountains is used for stock or domestic purposes, or both. 
Well 6.6.11.334 was used for water supply at a sawmill but has since been 
purchased by the town of Tajique for the community water supply. No 
irrigation wells are known in the Manzano Mountains area. 

PEDERNAL HILLS AND EASTERN UPLANDS 
The Pedernal Hills and eastern uplands, an area of mountains, hills, 

low, rounded ridges, and plateaus, lie in the eastern half of Torrance 
County and surround Encino and Pinos Wells basins. (See fig 4.) The 
western limit of the area coincides with the western limits of the 
outcrop of Precambrian igneous and metamorphic rocks which form 
Cerrito del Lobo and the Pedernal Hills. Between Cerrito del Lobo and 
the Pedernal Hills is a strip of land about 12 miles wide underlain by 
sedimentary rock. This strip of land is a part of Estancia Valley. Cerrito 
del Lobo and the Pedernal Hills are more resistant to erosion and are 
consequently higher than the surrounding area. The Pedernal Hills 
form the principal drainage divide between Estancia Valley and the 
eastern part of Torrance County. Cerrito del Lobo is about 7 miles 
from north to south and averages more than 2 miles from east to west, 
and projects above the gently sloping floor of Estancia Valley as a low 
dome. The Pedernal Hills range in altitude from about 7,200 feet to 
about 7,600 feet and are characterized by rather gentle slopes, except in 
the crest areas, where local relief is moderate. The western and 
southern margins of the Pedernal Hills grade into the nearly flat 
surface of Estancia Valley. The Pedernal Hills extend about 30 miles in 
a north-south direction and are as much as 10 miles wide. 

The eastern uplands of Torrance County include the area east of the 
Pedernal Hills, exclusive of Encino and Pinos Wells basins. A wide 
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variety of topographic forms is exhibited in the eastern uplands, con-
trolled in part by the type of rock exposed or just beneath the surface. 
Much of the southeastern part is distinctive for its many solutional de-
pressions. In the east-central and northeastern parts of the uplands, 
unconsolidated sands and gravels give rise to almost flat or gently rolling 
surfaces. 

Isolated steep-walled mesas and buttes rise above the upland surfaces 
in many places, and the northern half of the uplands is dissected by 
Pintada Canyon and its tributaries — steep-sided valleys that have been 
cut, in some places, several hundred feet into the upland. The higher 
portions of these valleys, some of which head in the Pedernal Hills, are 
broad and open. 

GEOLOGY 

Cerrito del Lobo and the Pedernal Hills consist of Precambrian 
igneous and metamorphic rocks which are overlapped by the valley fill 
of Estancia Valley on the west and by Permian beds on the east. 
Cerrito del Lobo and the Pedernal Hills north of Negra consist of 
quartzite, in part schistose. Cerrito del Lobo and Pedernal Mountain 
are white quartzite. South of Pedernal Mountain the quartzite is mostly 
red, but near Negra it is black. The Pedernal Hills southwest of Negra 
are made up of quartzite, granite, gneiss, diorite, and other crystalline 
rocks (Darton, 1928-b, p 283). Rattlesnake Hill consists of black 
amphibolite, and Cerro del Pino is made up of coarse-grained massive 
granite, in part gneissic. 

In the eastern uplands the Yeso formation, the Glorieta sandstone 
member of the San Andres formation, the limestone and upper clastic 
members of the San Andres formation, the Dockum group, and the 
upland deposits of sand, silt, and gravel crop out. The Ogallala formation, 
the stream gravels, and the caliche developed in numerous places in most 
of the formations were not mapped separately, nor have all their 
exposures been shown on the map. 

Along the eastern edge of the Pedernal Hills the Yeso formation 
thins out against the igneous and metamorphic rocks, but to the east it 
overlies the Abo formation. The Yeso formation immediately underlies 
about a third of the area of the eastern uplands. Not all the Yeso forma-
tion is exposed in the eastern uplands area of Torrance County, and logs 
of wells penetrating the entire formation are not available. However, in 
the Gallinas Mountains the Yeso formation is about 1,000 feet thick, and 
the log of a well in San Miguel County indicates a thickness of about 600 
feet. To the north and east of the outcrop of the Yeso formation are 
narrower outcrop belts of the Glorieta sandstone member and the 
limestone member of the San Andres formation. The Dockum group 
crops out only in the northern and northeastern parts of the eastern 
uplands. East of the Pedernal Hills the sedimentary rocks dip gently to 
the east and southeast. Igneous and metamorphic rocks crop 
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out in the eastern uplands in the southeast part of the county east of 
Varney (Chameleon Hill), northeast of Torrance, and between Duran 
and Vaughn. 

PRINCIPAL AQUIFERS 
The principal aquifers of the Pedernal Hills and eastern uplands are the 

Precambrian rocks, the Abo formation, the Yeso formation, the Glorieta 
sandstone member of the San Andres formation, and beds of the Dockum 
group. 

The Precambrian igneous and metamorphic rocks are the aquifer in 
the Pedernal Hills, which cover an area of about 200 square miles, and 
in about 25 square miles of the eastern uplands. The log (see p 8283) 
of a well near Negra illustrates the general type of rock that may be 
encountered and conditions that may be expected in drilling in the 
Pedernal Hills area. 

The Abo formation probably is the principal water-bearing forma-
tion over about 35 square miles of the eastern uplands of Torrance 
County near Clines Corners. The Abo formation, which consists largely 
of red shale and sandstone, is about 300 feet thick in a well northeast of 
Clines Corners. In the vicinity of Clines Corners the lower part of the 
Abo consists of reworked crystalline rock. The Abo does not crop out in 
eastern Torrance County. The log of a well at Clines Corners, in which 
the aquifer is arkosic material of the Abo formation, is given below. 
This well was drilled in 1945 to 1,038 feet; it was deepened in 1950 to 
1,301 feet, when the water level in the well was reported to be 899 feet 
below the surface. 

DRILLER'S LOG OF WELL 9.12.16.213, AT CLINES CORNERS  
Material Thickness 

(feet) 
Depth 
(feet) 

Upper elastic member and limestone member of the San Andres 
formation 

  
Soil 2 2 
Caliche 63 65 
Gravel, stream bed 38 103 
Sand, yellow, and limestone 72 175 

Glorieta sandstone member of the San Andres formation   Sandstone 42 217 
Limestone, gray 14 231 
Sandstone 62 293 
Sand, yellow, clay and gravel 8 301 
Sandstone 33 334 
Clay, yellow, sand and gravel 12 346 
Sandstone 24 370 
Clay, yellow, sand and gravel 25 395 
Sandstone 15 410 
Sand, yellow, clay and gravel 20 430 
Sandstone 37 467 

Yeso formation and Abo formation (upper part), undifferentiated   Conglomerate 20 487 
Clay, yellow, sand and gravel 17 504 
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Hills area. The southern part of the uplands receives some underflow 
from the Pinos Wells basin. 

During periods of heavy precipitation, runoff west of the divide of 
the Pedernal Hills area flows into the Estancia Valley area. Runoff east 
of the divide flows into Pintada Canyon and Encino and Pinos Wells 
basins. The runoff into Pintada Canyon that does not evaporate or sink 
into the ground is lost from the county by surface flow into the Pecos 
River. Water that seeps into the bed of Pintada Canyon recharges the 
main zone of saturation in the Yeso formation. The runoff into Encino 
and Pinos Wells basins either evaporates or enters the ground-water 
body, the discharge from which is discussed on pages 84 and 87, 
respectively. 

Precipitation and surface runoff in the Pedernal Hills area which is 
not lost to evapotranspiration sinks into the soil and mantle rock 
covering the crystalline rocks, and then into crevices in the crystalline 
rocks to reach the ground-water body. From the crystalline rocks most of 
the ground water is discharged into the sedimentary rocks of Estancia 
Valley, Encino basin, Pinos Wells basin, or the eastern uplands. A small 
part of the water is discharged at springs, where it evaporates or moves 
over the surface a short distance before reentering the ground. The 
ground water in the eastern uplands, which occurs mostly in the Yeso 
formation, moves generally eastward into the adjoining counties. 

In the area of outcrop of the limestone member of the San Andres 
formation in the southeastern part of the county, water from local 
precipitation percolates from the limestone member into the Glorieta 
sandstone member and then into the Yeso formation. There is no inte-
grated surface drainage in the area of outcrop of the limestone member, 
and all runoff discharges into the many sinkholes in the limestone, where 
it moves underground into adjacent areas. 

AVAILABILITY 

In the Pedernal Hills and Cerrito del Lobo areas where Precambrian 
crystalline rocks crop out, there is a wide range in both the depths of 
wells and the depths to water. Well 8.9.26.332 on Cerrito del Lobo is 53 
feet deep, and the depth to water is 34 feet. In the vicinity of Clines 
Corners well 10.12.29.311, which obtains water from the Abo formation, 
is 3,600 feet deep, and the depth to water is 800 feet. In 10 wells in the 
Pedernal Hills the wells range in depth from 108 to 405 feet, and the 
depth to water ranges from 66 to 360 feet. 

In the eastern uplands, wells 9.12.16.213, 9.12.32.430, and 10.12.33.- 
341, which obtain their water from the Abo formation, range in depth 
from 960 to 1,301 feet, and the depth to water ranges from 840 to 899 
feet. The depths of 53 wells in the eastern uplands, all finished in the 
Yeso formation, range from 110 to 941 feet, and the depth to water 
ranges from 51 to 890 feet. Well 9.15.15.420, probably finished in the 
Yeso formation, is 1,054 feet deep; the depth to water is reported to be 



 

76 NEW MEXICO BUREAU OF MINES & MINERAL RESOURCES 

922 feet. In general, the areas in which wells are shallowest and the 
depths to water least in the Yeso formation are close to the Pedernal 
Hills. Wells of greater depths are nearest to the eastern county line. The 
depths of 5 wells in the Glorieta sandstone member of the San Andres 
formation range from 80 to 175 feet, and the depths to water range from 
67 to 146 feet. The depths of wells 9.15.14.134 and 9.15.32.241, which 
are in the Dockum group, are 150 and 360 feet, and the depths to water 
are 126 and 142 feet, respectively. The depths of wells 10.11.35.- 122 and 
10.15.34.113, north of the Torrance County line and finished in beds of 
the Dockum group, are 10 feet and 185 feet, respectively. The depth to 
water in well 10.15.34.113 is 137 feet. 

CHEMICAL QUALITY AND USE 

Chemical analyses of the water from wells in the Pedernal Hills 
indicate that the water is generally satisfactory for stock, irrigation, and 
most domestic use. The chemical analyses indicate that in the vicinity of 
Corona the water is undesirable to unsatisfactory for drinking and most 
domestic purposes, satisfactory to unsatisfactory for irrigation, and 
satisfactory for stock. The chemical analyses of water from wells in the 
eastern uplands in Torrance County show this water to be satisfactory to 
unsatisfactory for drinking, domestic use, and irrigation, but generally 
satisfactory for stock. The analyses of water from wells in the Pedernal 
Hills and eastern uplands are summarized in Table 10. 

Of the 86 wells in the Pedernal Hills and eastern uplands for which 
information was obtained, 61 are used for stock, 12 for domestic and 
stock water, 8 for domestic water, and 1 for railroad supply; 4 are 
unused or abandoned. 

CHUPADERA MESA AREA 
South of Willard an escarpment rises about 500 feet above the floor 

of Estancia Valley. The top of this escarpment at its northern end is 
called Mesa Jumanes, but in its entirety the mesa is known as Chupadera 
Mesa. Chupadera Mesa is about 65 miles in length, north-south. Only the 
northern portion of this mesa (about 325 square miles) extends into 
Torrance County, where the mesa is 15-20 miles wide, east-west. 
According to Bates et al. (1947, p 10), the highest altitude in Gran 
Quivira quadrangle is 7,250 feet, which is probably the highest altitude on 
Chupadera Mesa. Chupadera Mesa in Torrance County is typified by a 
gently rolling to hilly surface. The gently sloping areas contain numerous 
broad shallow sink holes; the hilly areas are rocky and covered with pinon 
and juniper. In many places on the mesa abandoned fields give evidence 
of attempts at dry farming. The northern escarpment of Chupadera Mesa 
merges eastward into the Gallinas Mountains, which have a maximum 
altitude of 8,750 feet (pl 5B). The mountains are just west of Corona and 
cover about 30 square miles. Only their northern tip extends into 
Torrance County; for convenience this small area 
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is included in the Chupadera Mesa area of this report. The mesa in 
Torrance County ends on the west in an area dissected by tributaries 
of Canyon Cueva and Arroyo Seco. However, the area beyond the 
mesas, in the southwestern corner of the county, is included in the 
area described in this section, because of hydrologic continuity across 
the physiographic boundary. 

GEOLOGY AND PRINCIPAL AQUIFER 
Chupadera Mesa is capped by the limestone member of the San 

Andres formation. The limestone member is underlain by the Glorieta 
sandstone member of the San Andres formation, which in Torrance 
County is exposed in the escarpment on the north and west sides of 
the mesa. Beneath the Glorieta is the Yeso formation, which is best 
exposed at the base of the escarpment on the north and west sides of 
the mesa. Rocks of the Abo formation and the Magdalena group are 
not exposed around the escarpment of Chupadera Mesa but probably 
underlie the mesa below the Yeso formation. Darton (1928-b, p 87) 
states that: 

In general the central and northern parts of Chupadera Mesa form a 
broad, very shallow syncline in which the beds lie nearly horizontal. This 
syncline pitches (southward) under the broad valley of the Tularosa basin. 

To the west of Chupadera Mesa, in the southwest corner of the 
county, rocks of the Yeso formation, the Glorieta sandstone member and 
the limestone member of the San Andres formation, and Tertiary intru-
sive dikes and sills crop out. In a section measured near the southwest 
corner of Torrance County, the Yeso formation has a total thickness of 
674 feet (see pages 30 and 31). The formation has been divided (Kelley et 
al., 1946) into four members, which are: (1) the Joyita sandstone member 
at the top, which consists of sandstone and siltstone and is 62 feet thick; 
(2) the Callas gypsum member, which consists mostly of gypsum and is 
105 feet thick; (3) the Torres member, which consists largely of 
sandstone, with some gypsum and limestone, and is 402 feet thick; and 
(4) the Meseta Blanca member at the base, which consists of sandstone 
and sandy shale and is 105 feet thick. The core of the Gallinas Mountains 
consists of Precambrian granite and gneiss and is surrounded by Permian 
sediments and cut by later intrusive rocks. 

Data from 30 wells on Chupadera Mesa indicate that the Yeso forma-
tion is the aquifer from which the wells on the mesa derive water. The Yeso 
formation is tapped also by 3 wells in the area west of Chupadera Mesa, in 
the southwest corner of the county. 

RECHARGE, MOVEMENT, AND DISCHARGE 
The normal annual precipitation at Gran Quivira, on Chupadera 

Mesa, is 14.62 inches; 70 percent of the precipitation occurs during the 
period April-September, when evapotranspiration is greatest. However, 



 

80 NEW MEXICO BUREAU OF MINES & MINERAL RESOURCES 

CHEMICAL QUALITY AND USE 

Chemical analyses of the water from wells on Chupadera Mesa indi-
cate that it is suitable for stock but is not desirable for domestic use. 
Although some of the water probably is used domestically, a number of 
the people who live on the mesa haul water from Mountainair for do-
mestic use. Water from wells in the southwest corner of the county was 
not analyzed; however, the chemical quality of the water there can be 
expected to be similar to that from wells on the mesa. The water from 
well 3.9.33.433 is of better chemical quality than the water analyzed from 
six other wells on Chupadera Mesa, probably because this well derives 
water from the upper part of the Yeso formation. The analyses of the 
water from wells on Chupadera Mesa are summarized in Table 11. 

ENCINO BASIN AREA 
Encino basin, in the east-central part of Torrance County, is a 

closed drainage basin having an area of about 240 square miles. The 
western part of the area draining into the basin includes the eastern 
part of the Pedernal Hills. Encino, near the center of the basin, is at the 
north end of an ancient lake similar to the one in Estancia Valley. Near 
the center of the lake bed is a playa resembling in its origin the playas 
in Estancia Valley. As in the playas of Estancia Valley, water appears 
on the surface only after runoff from local rains or snow melt. A sepa-
rate closed drainage basin, about 45 square miles in area, near the 
southwest margin of Encino basin is included in the Encino basin area 
for purposes of discussion. In 1950 about five percent of the 
population of Torrance County lived in the Encino basin. 
Communities in this area are Encino, Pedernal, and Negra. 

GEOLOGY 
The geological formations in the Encino basin area strike in a gen-

eral north-south direction and dip gently to the east and south. Along 
the west side of the area Precambrian crystalline rocks crop out. In the 
northern part of the belt of outcrop, these rocks are quartzite; in the 
southern part they are largely quartzite but include some schist and 
igneous rock. East of the crystalline rocks the Yeso formation and the 
Glorieta sandstone member and the limestone member of the San 
Andres formation crop out successively in irregular north-south belts. 
The Yeso formation immediately underlies the surface in more than 
half the basin. 

The playa, about 2 miles south of Encino, is near the center of the 
ancient lake. The playa is also near the contact of the Yeso formation and 
the Glorieta sandstone member of the San Andres formation. The lake 
and dune deposits near Encino are not nearly so extensive, however, as 
the deposits in Estancia Valley. According to Darton (1928-a), the lake 
and dune deposits are Quaternary in age. South of the playa, between 
Encino and Duran, are numerous outcrops of igneous rocks (see 
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LoG OF WELL 6.13.33.414 ABOUT 3 MILES NORTH OF NEGRA, N. MEX. 
(CONTINUED)  

Material Thickness 
(feet) 

Depth 
(feet) 

Precambrian rocks — continued   
Similar to above, only softer; water 24 499 
Stone, sand, red, very soft 40 539 
Quartzite, clear 5 544 
Quartzite, gray, hard; at 558 feet, pumping at 70 gpm lowered the 

water level to 190 feet, where it held; pumping 100 gpm 
lowered the water level to 212 feet. 

55 599 

Quartzite, gray, softer 40 639 
Sandstone, schistose, red, gray, and black 5 644 
Diorite, schistose, green 5 649 
Quartzite, glassy, clear 1 650 
Diorite, schistose, green 15 665 
Rock, gray and brown, and quartzite; water 15 680 
Diorite, schistose, green 10 690 
Quartzite, brown 7 697 
Granite, red, very hard 3 700 

 

The Yeso formation is the principal aquifer in about the eastern two-
thirds of the Encino basin area. The Yeso crops out in the western part 
of this area and is overlain by the San Andres formation in the eastern 
part. The log (see p 74) of a well at Varney illustrates the type of 
sediments that may be encountered, and the conditions that may be 
expected, when drilling in the region of the Encino basin area in which 
the Yeso is the water-bearing formation. 

Although information was not obtained for any wells deriving water 
from lake or gravel deposits in the area of the lake beds south of Encino, 
gravel deposits may be present that contain sufficient water to supply 
domestic wells and possibly to irrigate small gardens. 

RECHARGE, MOVEMENT, AND DISCHARGE 
Recharge to the ground-water body in the Encino basin area comes 

largely from local precipitation and to some extent from inflow of 
ground water from the Pedernal Hills. After heavy rains some runoff 
reaches the playa south of Encino, where the water remains until it is 
evaporated. The average annual precipitation, as determined by the U. 
S. Weather Bureau at weather stations in or near the Encino basin area, 
is 12.75 inches at Pedernal, 13.29 inches at Vaughn, 14.16 inches at 
Duran, and 12.68 inches at Palma. However, the average annual evap-
oration potential for the Encino basin area is several times the average 
annual precipitation. Thus it can be expected that only water from ex-
ceptionally heavy precipitation will furnish recharge to the ground-
water body in this area. 

In the western part of the Encino basin area the ground water moves 
in an easterly direction through fractures in the Precambrian crystalline 
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rocks, and through fractures and solution channels in the Yeso forma-
tion, which in the eastern part of Torrance County dips generally to the 
east. The surface of the playa south of Encino probably is at or near 
ground-water level, and in the movement of the ground water eastward 
some of it is discharged to the playa, where it is lost by evaporation. 
However, most of the natural discharge of the Encino basin area is east-
ward from the basin through the beds and out of the county into the 
Pecos River drainage system. 

AVAILABILITY 

Of the 27 wells in the Encino basin area for which information was 
obtained, 5 obtain their water principally from the Precambrian rocks, 
and 5 more probably do. The depths of wells in the Precambrian rocks 
range from 150 to 700 feet, and the water levels range from 40 to 362 
feet below the surface. In 14 wells the Yeso formation is the aquifer, and 
in 3 wells the Yeso is the probable aquifer. Depths of these wells range 
from 24 to 640 feet, and water levels range from 18 to 540 feet below 
the surface. 

The largest output reported for any of the wells in the Encino basin 
area is 110 gpm, as determined in a pumping test of the railroad well 
(6.13.33.414) about 3 miles north of Negra. This output is inadequate for 
irrigation on a large scale. The valley-fill deposits near Encino constitute 
the only aquifer in the Encino basin area that might yield enough water 
for irrigation. It appears, however, that the area and thickness of the 
valley fill are too small for it to furnish sufficient water for irrigation. The 
chances are good for obtaining sufficient water for stock and domestic 
use from wells drilled into permeable beds almost anywhere in the 
Encino drainage basin area. (See p12.) 

CHEMICAL QUALITY AND USE 

The chemical quality of the water from wells in the Encino basin area 
differs from one aquifer to another. A summary of the chemical analyses 
of the water from wells in the Encino basin is given in Table 12. 
Although some of the water from the Yeso formation in the basin can be 
used for some purposes other than stock, most of it is unsatisfactory for 
drinking, most domestic uses, and irrigation. Of the 26 wells in the 
Encino basin area for which information was obtained, 18 wells were 
used for stock, 5 were domestic and stock wells, 1 was a domestic well, 1 
was a railroad and municipal-supply well, and 1 was abandoned. 

P I N O S  W E L L S  B A S I N  A R E A  

Pinos Wells basin covers an area of about 180 square miles in the 
southeastern part of Torrance County, southwest of Encino basin. Like 
Estancia Valley and Encino basin, it has no outlet for surface drainage. 
Excess surface runoff collects in the playas in the northwest part of the 
basin, which resemble the playas in Estancia Valley and Encino basin. 
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A region of longitudinal blowouts about a mile in width lies east of the 
playas, and a smaller region of sand dunes, composed largely of gypsum, 
lies southeast of the playas. Cerro del Pino to the west, the Gallinas 
Mountains to the southwest, and small mesas to the east, near Duran, are 
surrounding highlands which contribute surface runoff to the basin. A 
group of smaller basins that cover an area of about 65 square miles, west 
of Pinos Wells basin (see fig 4), is included in Pinos Wells basin for 
purposes of discussion. In 1950 less than 5 percent of the population of 
Torrance County lived in the Pinos Wells basin area. The only com-
munities in this area are Cedarvale and Pinos Wells. 

GEOLOGY 

The surface rock over most of the area of Pinos Wells basin is the 
Yeso formation. East of Pinos Wells the Yeso formation is covered by 
about 15 square miles of playa and dune deposits, which are composed 
largely of gypsum derived from the Yeso formation. According to Dar-
ton (1928-a), the playa and dune deposits are of Quaternary age. The 
origins of the playas in Estancia Valley, Encino basin, and Pinos Wells 
basin are apparently similar, but the physical features of the playas of the 
Pinos Wells basin differ somewhat from those of Estancia Valley and 
Encino basin. Ancient shorelines, the characteristic flatness of ancient 
lake beds, cliff-like walls around the playas, and laminated lake sediments, 
which are present in Estancia Valley and Encino basin, have not been 
found in Pinos Wells basin (Meinzer, 1911, p 83). 

PRINCIPAL AQUIFER 

Although Meinzer (1911, p 83) mentions some dug stock wells near 
the playas, which might obtain their water from the playa deposits, the 
Yeso formation is the only water-bearing formation in the area of Pinos 
Wells basin for which information was obtained for this report. Only a 
part of the total thickness of the Yeso formation is exposed in the Pinos 
Wells basin, and logs of wells that penetrate the entire formation in the 
basin are not available. However, in the Gallinas Mountains, to the south, 
the Yeso formation is about 1,000 feet thick. In Abo Canyon, to the 
west, the thickness is about 700 feet, and the log of a well to the north, in 
southwestern San Miguel County, indicates that the formation is about 
600 feet thick. It is probable, therefore, that in Pinos Wells basin the 
thickness of the formation is within the range of these figures. The log 
(see p 74) of a well at Varney illustrates the type of sediments that may be 
encountered, and the conditions that may be expected, when drilling a 
well into the Yeso formation in Pinos Wells basin. 

RECHARGE, MOVEMENT, AND DISCHARGE 

Most of the recharge to the ground-water body of the Pinos Wells 
basin comes from local precipitation. There is some movement of 
ground water into the basin, however, from the Gallinas Mountains 
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and from the south end of the Pedernal Hills, including Cerro del Pino. 
After heavy rains some runoff reaches the playas near Pinos Wells, 
where the water remains until it is evaporated. The average annual 
precipitation, as determined by the U. S. Weather Bureau at weather 
stations near Pinos Wells basin, is 13.29 inches at Vaughn, 14.19 inches 
at Progresso, 14.16 inches at Duran, 12.75 inches at Pedernal, and 15.09 
inches at Corona. The average annual evaporation potential for Pinos 
Wells basin is several times the average annual precipitation. Therefore, 
it can be expected that only heavy precipitation will furnish appreciable 
recharge to the ground-water body in the basin. 

Ground water generally moves eastward from the Pedernal Hills and 
northward from the northern end of the Gallinas Mountains into the 
Pinos Wells basin. The ground water moves eastward out of the basin 
into the sedimentary rocks of the eastern uplands. However, a depth to 
water of 27 feet in well 3.13.33.413, about 1 mile south of one of the 
smaller playas, indicates that the water table probably is near enough to 
the surface in the area of the playas for some of the ground water to be 
discharged by evaporation. 

The eastward movement of the ground water from the basin is re-
stricted by metamorphic rocks of low permeability, which crop out about 
2 miles northeast of Torrance station, and by igneous rocks, which crop 
out between the south end of the Encino basin playa and the mesa west 
of Duran, and between Duran and the county line northeast of Duran 
along U. S. Highway 54. The surface configuration of the crystalline 
rocks is not known, so that the total restrictive effect of the rocks cannot 
be estimated. 

AVAILABILITY 
The 16 wells for which information was obtained in the area of Pinos 

Wells basin range in depth from 60 to 525 feet, and the water levels range 
from 27 to 345 feet below the surface. Little information is available in 
regard to the yield of the wells. According to reported information, 
windmill well 2.13.35.344, which is near the edge of the basin and 525 
feet deep, and in which the non-pumping water level was 345 feet below 
the surface, had a weak yield, and the water level dropped to 515 feet 
below the surface when the well was pumped. However, about a mile 
south of the playa region, windmill well 3.13.33.413, reported to be 98 
feet deep, and in which the water level was measured to be 27 feet below 
the surface, was reported never to have pumped dry. 

In the area of the smaller basins west of Pinos Wells basin, well 
2.11.22.313, in August 1949, was equipped with a turbine pump and 
was reported to yield about 600 gpm. However, a year later the pump 
had been removed from this well, and the supply of water was reported 
to be inadequate. The aquifer for this well is limestone of the Yeso 
formation, which was reported to be of honeycomb texture. Possibly 
the limestone is permeable, but the local rate of recharge is low, and 
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the well quickly depleted the ground water in storage. The supply of 
water from stock and domestic wells in the area west of Pinos Wells 
basin ranged from adequate to inadequate. 

The possibilities for irrigation in the Pinos Wells basin appear to be 
even less favorable than in Encino basin. Even if sufficient quantities of 
water should be found for irrigation, the chemical quality probably would 
be unsatisfactory. The water from well samples ranged from undesirable 
to unsuitable for irrigation. 

CHEMICAL QUALITY AND USE 

A summary of the chemical analyses of the water from wells in the 
area of Pinos Wells basin is given in Table 13. Of the 16 wells in the area 
of Pinos Wells basin for which information was obtained, 8 were used 
for stock, 7 were for domestic and stock use, and 1 (2.11.22.313) was 
proposed for irrigation. 



 



 

C o m m u n i t y  S u p p l i e s  
ESTANCIA 

Estancia, the county seat of Torrance County, had a population of 
916 in 1950. The community water supply is obtained from two wells. 
One well is 75 feet deep and is equipped with a pump reported to have 
a capacity of 250 gpm. The other well is equipped with a pump 
reported to have a capacity of 460 gpm, but its depth is not known. 
According to the superintendent of the water-supply system, the daily 
consumption of water in Estancia averages 75,000 gallons in winter and 
150,000200,000 gallons in summer. There is one elevated reservoir with 
a capacity of 50,000 gallons. Thus, either pump is capable of furnishing 
the average daily demand for the town. The aquifer tapped by the wells 
is the Tertiary(?) and Quaternary valley fill. Although the water is hard, 
it can be used for domestic purposes. The mineral content of the water 
is within the maximum limits prescribed for drinking water by the U. S. 
Public Health Service. The water supply should be ample for fire 
protection and sufficient for some time to serve the needs of the town 
at its present rate of growth. If more water should be needed, 
additional wells of similar depth nearby should furnish an adequate 
supply; such wells should be spaced at distances sufficient to avoid 
excessive mutual interference. 

MOUNTAINAIR 
Mountainair, with a 1950 population of 1,416, is the largest town in 

the county. The town water supply in 1952 was furnished by two wells 
about 600 feet apart. According to the superintendent, the water ob-
tained from these two wells was adequate for the town needs, even 
though their combined yield of 370 gpm is considerably less than the 
original combined yield of 960 gpm. Of these two wells, well 4.7.23.312a 
is 175 feet deep and is pumped at 240 gpm; well 4.7.23.312 is 178 feet in 
depth and is pumped at 130 gpm. The original static level in the latter 
well was 115 feet below the surface in 1944, 27 feet above the level 
measured in July 1951. The pumping level in both wells is about 150 
feet below the surface. The pumping levels, the large decline in yield, 
and the lowering of static levels suggest that the wells are being over-
pumped and probably interfere excessively with each other, and that the 
available water stored in the aquifer is limited. Limestone of the Yeso 
formation is the principal aquifer for these wells. 

An additional supply of water for Mountainair is a serious problem. 
Although more water might be found in the locality of the present wells, 
the prospect is not encouraging. The quality of the water probably would 
be satisfactory; the quantity, however, would be uncertain. It would be 
necessary to find cavities beneath the surface similar to the 
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cavities near the bottom of wells 4.7.23.312 and 4.7.23.312a, and even 
then there would be the question of the permanence of the supply. In 
order to obtain a relatively permanent and adequate supply of water for 
the community of Mountainair without the risk of drilling several dry 
holes, it might be necessary to locate a well in an aquifer having a 
higher and a more permanent yield than the Yeso formation. The 
closest such aquifer is the Tertiary(?) and Quaternary valley fill in the 
irrigated area southwest or northwest of Willard. Although drilling wells 
in that location would involve considerable expense for a pipeline, the 
cost might be less over a period of several years than the total cost of 
replacing wells deriving water from an aquifer having an inadequate and 
less permanent yield. 

Since the preparation of this report, the town of Mountainair has 
experienced a severe water shortage, and additional geologic and hydro-
logic data have been gathered by P. D. Akin and Zane Spiegel, of the 
New Mexico State Engineer's office. These data are included in a 
"Memorandum relative to a reconnaissance investigation of a municipal 
water-supply problem at Mountainair, N. Mex.," June 1955. The memo-
randum presented information on five possible sources of additional 
water for Mountainair and suggested that, as a first course of action, a 
test hole in the SE1/4NWN sec. 26, T. 4 N., R. 7 E., be deepened to a 
total depth of 350-400 feet. 

After this well was deepened to about 450 feet, it yielded approxi-
mately 40 gpm, which was deemed inadequate. Subsequently the shortage 
was relieved temporarily when the town purchased a well in the 
SWIANWN sec. 24, T. 4 N., R. 7 E. This well is 210 feet deep and yields 
about 200 gpm (Zane Spiegel, personal communication). 

The town uses 150,000-200,000 gallons of water per day. The water-
supply system has two reservoirs, an elevated tank having a capacity of 
50,000 gallons, and a vertical tank on the surface, with a capacity of 
240,000 gallons. 

Chemical analyses of the water indicate that the composition of the 
water from the two principal wells is very similar. (See table 16.) Except 
for hardness, the water is of satisfactory quality for domestic purposes. 

Usually the water derived from the Yeso formation in Torrance 
County is unsatisfactory for drinking and other domestic use. The water 
derived from the Yeso formation in the two Mountainair wells for which 
information is available is satisfactory for a community supply because 
the water-bearing beds are limestone, and the water, in its movement to 
the aquifer, has not passed through gypsiferous beds. In this locality 
gypsum is absent in the part of the Yeso formation between the valley fill 
above and the limestone beds which are the aquifer. 

MORIARTY AND BUFORD 
The population in 1950 of Precinct 8 in Torrance County was 655, 

and most of this number lived in Moriarty and Buford. These two com- 
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munities are within the irrigated part of Estancia Valley. Neither community 
has a public water supply; the people are served by individually owned wells 
which derive water from the valley fill. The individual wells adequately meet 
the needs of the people at the present time. Should Moriarty and Buford feel 
the need of installing a community-supply system, sufficient water can be 
obtained in the valley fill from a depth of about 50-200 feet. The chemical 
quality of the water is satisfactory for drinking, and, although the water is 
hard, it can be used for most domestic purposes. 

WILLARD 

Willard (population 296 in 1950) has no public water-supply system. The 
inhabitants obtain water from individually owned wells which are dug or 
drilled. The wells in the town are equipped with buckets, windmills, or 
pressure pumps. Information for wells in or near Willard indicates that water 
sufficient for the needs of the community and of a desirable chemical quality 
can be obtained from the valley fill within a depth of 150 or 160 feet. The 
water is of satisfactory quality for drinking and, although hard, can be used 
for most domestic purposes. However, east from Willard and toward the 
playas, the water from wells rapidly becomes unsatisfactory in quality for 
drinking or most domestic use. 

CORONA 
Corona is in Lincoln County, half a mile south of the Torrance County 

line. Ground-water conditions in the vicinity of Corona were studied in 
connection with the investigation of Torrance County. Corona, with a 
population of 530 in 1950, has a community water-distribution system 
which has obtained water from the supply system of the Southern Pacific 
Railroad, whose source is the Bonito Reservoir in the Sierra Blanca, east of 
Carrizozo, in Lincoln County. The railroad has sold this reservoir to the 
city of Alamogordo, and a pipeline from the reservoir to Alamogordo is 
under construction. 

A study was made in the vicinity of Corona to determine the possibility 
of obtaining a local supply of ground water for the town. Wells were visited 
within a radius of 5-8 miles of Corona, and samples of water were taken 
from most of these wells for chemical analysis. The water from none of the 
wells, for which the Yeso formation was the principal aquifer, was desirable, 
and the water from most of the wells was unsatisfactory for drinking or 
general domestic use. All the water is very hard, and the sulfate content is too 
high for the water to be satisfactory for drinking. It is unlikely that water in 
sufficient quantity, and of a satisfactory quality, can be expected from the 
Yeso formation in this area. It is possible that water of a satisfactory quality 
might be obtained from the Abo formation, which is nearly a thousand feet 
below the surface, but the Abo may not furnish adequate quantities. It is 
likely that it 
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would be necessary to look several miles to the south from Corona in order to 
obtain sufficient ground water of a satisfactory quality to supply the needs of 
the town. 

ENCINO 

Encino (population 408 in 1950) has a community water-distribution 
system to which water is piped from wells of the Atchison, Topeka & 
Santa Fe Railway, about 3 miles north of Negra. Five wells have been 
drilled at this location. The latest one drilled, which was completed in 
1930 and obtained its water from Precambrian crystalline rocks, was 
tested at about 100 gpm (see log, p 82-83). This quantity by itself should 
be sufficient to supply the needs of the railroad and the town of Encino. 
Chemical analyses of water at Negra made by railroad personnel indi-
cate that the water is satisfactory for drinking. 

T O R R E O N  

The population of Torreon was not determined, but the population 
in 1950 of Precinct 2 in Torrance County was 519, and most of this 
number lived in Torreon. Torreon has a water-supply system and ob-
tains its water from a spring and windmill well adjacent to the spring. 
The water supplied by both the spring and the windmill well comes 
from the Madera limestone. The system has two storage tanks having a 
total capacity of 11,000 gallons. According to the New Mexico Depart-
ment of Public Health, the water supply in 1950 was ample for the 
needs of the town. The quality of the water is satisfactory for drinking, 
and even though the water is hard, it can be used for most domestic 
purposes. There are several windmill wells near the town. If additional 
water should be needed for the local supply, it probably could be ob-
tained in the Madera limestone within a depth of 200 feet. 

T AJ I QUE  
The population of Tajique was not determined, but the population 

in 1950 of Precinct 1 in Torrance County was 290, and most of this 
number lived in Tajique. Tajique is supplied with water from two 
wells. According to the superintendent of the water system, the two 
wells together supply only 1,000 gallons a day to the town, a 
quantity insufficient to meet the demands. Each of these wells was 
drilled in 1948, in cooperation with the New Mexico Department of 
Public Health, to a depth of 200 feet in the Madera limestone. The 
yield of one was reported to be 41/2 gpm and of the other 3 gpm at 
the time of drilling. 

Well 6.6.11.334, at a former sawmill camp just east of the northeast 
edge of town, was reported to yield a much greater quantity of water 
than the town wells. This well, which was equipped with a pump jack 
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and a 1-horsepower electric motor, is 180 feet deep. The water commis-
sion of Tajique purchased this well for use as part of the community 
supply, but as of 1952 it was not being so used. Well 6.6.13.210, about 2 
miles east of Tajique, also is reported to have a higher yield than the town 
wells. This well is about 240 feet deep and equipped with a pump jack and 
a 1/2-horsepower electric motor. The comparative depth and surface 
altitude of wells 6.6.13.210 and 6.6.11.334 and the Tajique wells indicate 
that the latter probably were not drilled deep enough to penetrate the same 
water-bearing bed in the Madera limestone tapped by the wells of higher 
yield. 

CHILILI 

Chilili, although in Bernalillo County, is surrounded partly by Torrance 
County and consequently was included in the investigation of Torrance 
County. The population of Chilili was not determined, but the population 
in 1950 of Precinct 34 in Bernalillo County was 264, and most of this 
number lived in Chilili. The town at the present time has no municipal 
water-supply system. Two windmill wells in the town obtain their water 
from the Madera limestone. One of these wells, reported to be 86 feet deep 
and to furnish an adequate supply of water, is used by several people in the 
town. The water from this well is of satisfactory chemical quality for 
drinking and, although it is hard, it can be used for most domestic 
purposes. If additional water is desired, it probably can be obtained from 
the Madera limestone by drilling another well. It should be kept in mind 
that if insufficient water is obtained at one horizon, the possibility still 
exists for obtaining more water by drilling to a deeper bed in the Madera 
limestone. 

DURAN 

The population of Duran was not determined, but the population in 
1950 of Precinct 10 in Torrance County was 221, and most of this 
number lived in Duran. At present the community obtains its water from 
the water line of the Southern Pacific Railroad, the same source as that 
for Corona. 

A field study was made near Duran to determine the possibility of 
obtaining a local supply of ground water (Smith, 1953). The groundwater 
problem in the area is one of both inadequate quantity and poor chemical 
quality. The water from most of the existing wells is derived from the 
Yeso formation, which in this area is known to yield sufficient water to 
supply only windmills or small pumps. The quality of the water from the 
Yeso formation in the area is unsatisfactory for a community supply. 

A well nearly 2 miles southeast of Duran in sec. 28, T. 3 N., R. 15 E., 
about 150 feet deep, was reported to pump about 200 gpm in a test. The 
chemical quality of the water is satisfactory for drinking and do- 
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mestic use. This water is derived from a perched zone in the Glorieta 
sandstone member of the San Andres formation, or possibly from a 
limestone unit in the upper part of the Yeso formation. The water in the 
zone must be derived from precipitation within the local area, and the 
quantity of water in storage in the perched zone undoubtedly is not large. 
Nevertheless, on the basis of data obtained during a 70-hour pumping 
test made in November 1955, there appears to be an adequate quantity of 
water in storage to supply the needs of Duran at its present rate of 
consumption. 

PUNTA DE AGUA 

The population of Punta de Agua was not determined, but the 
population in 1950 of Precinct 5 in Torrance County was 215, and most 
of this number lived in Punta de Agua. Punta de Agua has no 
community water-supply system, but it is understood that the 
community recognizes the need for one. In the early part of 1951 a well 
was drilled in the town, with the cooperation of the New Mexico State 
Department of Public Health, to obtain water for a community supply. 
This well was drilled 400 feet deep into the Abo formation. The yield of 
the well was reported to be less than 2 gpm, a quantity inadequate for 
the needs of the town. Another well was drilled under the same 
arrangement about half a mile west of town to a depth of 102 feet into 
the Abo formation. The yield of this well was reported to be one-half 
gpm. Although it is recognized that an additional well might not yield a 
sufficient quantity of water, the present supply probably could be 
supplemented by drilling another well. Such a well should be drilled at 
least to the depth of the well in town, 400 feet. Chemical analyses of 
water from dug wells near Punta de Agua show that the shallow water 
is satisfactory for drinking and domestic use; probably the deeper water 
also is satisfactory, at least as far down as 400 feet. 

TORRANCE AND VARNEY 
The railroad stations of Torrance and Varney are furnished water 

from the water-supply system of the Southern Pacific Railroad, which 
supplies Corona and Duran also. Sufficient water for Torrance and Var-
ney probably can be obtained from wells drilled into the Yeso 
formation, but chemical analyses of water from wells in the area indicate 
that the water probably would be unsatisfactory for drinking and for 
most domestic use. 

NEGRA 
The railroad station of Negra, which is supplied by water from the 

Atchison, Topeka & Santa Fe Railway well (6.13.33.414), about 3 miles 
north of Negra, has more than a sufficient quantity of water of a suitable 
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chemical quality for its needs. The five wells in this well field obtain water 
from Precambrian crystalline rocks. 

OTHER COMMUNITY SUPPLIES 

Other communities in Torrance County are supplied with water 
from individually owned sources. In most places the inhabitants get 
water from dug or drilled wells which are equipped with a bucket or 
a windmill. 

The small community of McIntosh is in the irrigated area of Estancia 
Valley, and sufficient water of a quality satisfactory for drinking and 
domestic use is available from the valley fill. 

The ground water in the vicinity of the community of Manzano, in 
the foothills of the Manzano Mountains, also is of satisfactory quality 
for drinking and domestic use, but individual wells may yield only a 
small quantity of water. However, a quantity of water sufficient to serve 
the needs of a community system probably could be obtained from 
several wells of small capacity. 

The quality of water at Pedernal is satisfactory for drinking and do-
mestic use. Windmills pump a quantity sufficient for the needs of the 
town, and additional water probably can be obtained from more wells. 

Gran Quivira, Cedarvale, Progresso, and Pinos Wells are all small 
communities where sufficient quantities of water can be obtained from 
individually owned windmill wells to serve the needs, but the chemical 
quality of the water is unsatisfactory for drinking and domestic use. 

At Abo, water of satisfactory chemical quality was obtained from a 
shallow well; however, the yield was not dependable for a public supply. As 
the quality of the ground water at Abo is generally unsatisfactory for 
domestic use, it would be necessary to go some distance to find a depend-
able supply of satisfactory quality for the community. 
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dera limestone 
Lucy, pl 1, p12, p13 

Madera limestone, 19, 25-27, 45, 50, 93, 
94, p11 
arkosic limestone member, 19, 25-26, 
62, 64, 65, 66, 68, p12 
availability, 44, 47, 55, 59, 68, fig 5 
gray limestone member, 25 
ground-water movement, 26, 67 
lower gray limestone member, 19, 
26 quality, 27, 62, 63 
sections, 25-26, 28 
wells and springs, 27 

Magdalena group (see also Bursum for-
mation; Madera limestone; Sandia 

formation), 19, 24-27, 40, 64, 78 
carbon dioxide gas, 15-16 

Manzanita Mountains, 64 
geology, 23 

Manzano, 4, 27, 44, 47, 96, pl I, pl 2 
geology, 27-28 

Manzano Mountains area, 6, 10, 19, 25, 
27, 38, 42, 43, 44, 50, 64-70, pl 1, pl 2 
aquifers, 66-67 
availability, 68 
extent, 64 
geology, 22, 24, 40, 64-65 
ground-water movement, 66-68 
precipitation, 66 
quality, 68, 69, 70 
use, 68, 69 
water level, 68 

Manzano Peak, 40, p1 1, pl 2 
McIntosh, 4, 96, p11, p12, p13 

precipitation, 51 
Meinzer, 0. E., 7, 17, 45, 86 
Mesa Jumanes, 76, p11, p12 
Meseta Blanca sandstone member, see 

Yeso formation 
Mesozoic, 18 
Miocene (see also Tertiary), 18, p11 
Moriarty, 4, 6, 42, 44, 45, 47, 55, 56, 57, 

91, pll, pl 2, p13 
availability, 34 

Mountainair, 4, 6, 16, 44, 58, 80, 90-91, 
p l l , p12 , p13  
water supply, 31, 33, 49, 58 

Movement (see also Areas, discussed in 
text, ground-water movement), 17, 20 

Natural discharge, see Discharge 
Natural resources, 15 

Needham, C. E., and Bates, R. L., 28 
Negra, 4, 44, 82, 84, 93, 95-96, pl 1, pl 
2 geology, 23, 37, 71 

New Mexico: 
Bureau of Mines and Mineral Re-
sources, 4 
State Department of Public Health, 
28, 93 
State Engineer, 4, 7, 45, 53, 54, 
91 State Inspector of Mines, 16 
Northrop, S. A., 16 

Ogallala formation, 37-38, 71 
Oligocene (see also Tertiary), 18, pl 1 
Otto, pl 1, p12, p13 

Paleozoic, 18-19 
Palma, 44, 77, p11, pl 2 

geology, 36, 38 
precipitation, 12, 83 
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Paloma fault, 40 
Pan evaporation, see Evaporation 
Pastura, 6 
Pecos River, 75, 84 
Pedernal, 4, 44, 96, pi 1, pi 2 

precipitation, 74, 83, 87 
Pedernal Hills and eastern uplands 

area, 6, 10, 19, 24, 38, 42, 43,44, 45, 50, 
69-77, 87, pi I, p12 
aquifers, 72-74 
availability, 75-76 
extent, 69-71 
geology, 30, 37, 40, 41, 71-72 
ground-water movement, 74-75 
precipitation, 74 
quality, 76, 77 
use, 76 

Pedernal Mountain (see also Pedernal 
Hills), 10, 37, 41, pl 1, pl 2 

Pennsylvanian (see also Magdalena 
group), 19, 24-27, pi 1 

Percent sodium (see also Quality, analy- 
ses; Specific conductance), 64 
defined, 60 

Perched conditions, 37, 47, 68 
defined, 20 

Permeability, 51, 58 
defined, 17 

Permian (see also San Andres forma- 
tion; Peso formation; Aho formation; 
Bursum formation), 18.19, 24, 27-36, 
p11 

Physiographic provinces, 6, 10-11 
Pingrey, H. B., see Cockerill, P. W. 
Pinos Wells, 4, 44, 86, 96, pi 1, pi 2 
Pinos Wells area, 4, 6, 11, 42, 43, 44, 69, 

75, 84-89, pl I , p12 
aquifier, 86 
availability, 87-88 
extent, 84, 86 
geology, 86 
ground-water movement, 86-87 
precipitation, 87 
quality, 88, 89 
use, 88 

Pintada Canyon, 11, 71, 75, p1 I , pl 2 
Playas, 6, 10, 11, 43, 45, 52, 60, 64, 67, 80, 

84, 86, 92, pi 1, pi 2 
origin, 46 
quality, 22 

Pleistocene (see also Quaternary), 18, 
p11 

Pliocene (see also Tertiary), 18, pi 1 
Population (see also Community sup- 

plies), 16 
Porosity: 

defined, 17  

Precambrian, 19, 23-24, 30, 36, 40, 41, 
44, 66, 69, 71, 72, 75, 82, 84, pi 1, pl 2 
amphibolite, 41, 71 
availability, 19, 24 
diorite, 71, 82 
gneiss, 23, 41, 71, 78 
granite, 41,64, 71, 78, 83 
log, 82-83 
quality, 19, 24, 85 
quartzite, 37, 41, 64, 71, 82 
schist, 41, 64, 71, 78, 83 
wells, 24 

Precipitation, 11-14, 49-50, 66, 74, 78, 83, 
87, fig 5 

Production of minerals: 
carbon dioxide, 15-16 
salt, 16 

Progresso, 4, 44, 96, pi 1, p12, pl 3 
precipitation, 87 

Proterozoic, 19 
Pueblo Blanco Canyon, pl 1 , p12 
Pumping level, 58 
Punta de Agua, 28, 44, 95, pi 1, pl 2 

Quality of water, 18, 19, 21-22, 29, 32-33, 
34, 36, 39, 88 
analyses, 7, 21, 22, 52, 60, 61-63, 70, 
71 See also Chloride; Community sup-
plies; Contamination; Drinking water; 
Fluoride; Hardness; Percent sodium; 
Specific conductance; Sulfate; Wells, 
discussed in text 

Quarai State Monument, 28 
Quartzite, see Precambrian 
Quaternary (see also Dune deposits; Lake 

deposits; Stream deposits; Valley fill), 
18, 37-39, p11, pl 2 

Rattlesnake Hill (see also Pedernal 
Hills), 10, p11, p12 
geology, 41, 71 

Read, C. B., et al., 7, 23, 24, 27, 30, 36 
Rea ranch: 

precipitation, 11, 66, pi 1, pi 2 
Recent (see also Quaternary), 18, pi 1 
Recharge (see also Areas, discussed in 

text, ground-water movement), 12, 20, 
26, 32, 33, 34, 39 
average rate, 52 

Reiche, Parry, 23, 24 
Rio Grande trough, 38 

Salt, 16 
Salt basins, 46 
Salt lakes, see playas 
Salt water, 66, 68 
San Andres formation, 18, 33-36, 37, 38, 
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40, 41, 71, 78, 83, pi 1 
availability, 33-34, 35, 36, 47, 55, 59, 
73, 76 
Glorieta sandstone member, 18, 33-34, 
45, 47, 48, 50, 62, 63, 65, 78, 95, p12 
ground-water movement, 32, 33, 34, 
47, 75, 79 
limestone member, 18, 34-35, 45 
logs, 49, 72 
quality, 34, 62, 63 
upper clastic member, 18, 35-36 

Sandia formation (see also Magdalena 
group), 19, 24-25, 64, 66, p11 
availability, 18, 24-25 
upper clastic member, 19, 24 

Sandia Mountains, 64 
San Miguel County, 71, 74, 86 
San Pedro Mountains, 6, 50 
Santa Fe, 6, 15 
Santa Fe County, 37, 38, 40, 42, 45, 47, 

50, 54, 60, 74 
Santa Fe group, 38, 39 
Santa Rosa sandstone (see also Dockum 

group), 36 
Saturated zone (see also Water table), 20 
Schist, see Precambrian 
Shore features, 45, 86 
Sills, 18, 37, 41, 78, 82, plt 
Sinkholes, 10, 11, 35, 36, 71, 75, 76, 79 
Socorro, 6 
Socorro County, 10, 37, 40, 41, 79 
Solution channels, cavities: 

Madera limestone, 27, 67 
San Andres formation, 30, 35, 79 
Yeso formation, 31-32 

South Mountain, 6, 50 
Specific capacity, 59 

defined, 58 
Specific conductance (see also Quality), 

22, 29, 32-33, 34, 60, pl 3 
defined, 27 

Spiegel, Zane, 7, 38, 51, 91 
Stanley, 6, 45 
Stark, J. T., and Dapples, E. C., 23, 40 
Stream deposits, 39, 67, 71, 83 
Structure, 24, 38, 40-41, 45 

Cerrito del Lobo, structural axis, 32, 
47, 49 

Sulfate (see also Quality, analyses; Spe- 
cific conductance), 22 

Surface drainage, 11 
Surficial deposits, upland, 18, 37-38, 71, 

pt 1 

Talmage, S. B., and Wootton, T. P., 16 
Tajique, 4, 44, 93-94, pi 1, pi 2 
geology, 26 

precipitation, 11-12, 51, 66 
temperature, 12 
water supply, 69 

Temperatures, 12 
Tertiary (see also Intrusive igneous 

rocks; Ogallala formation; Surficial 
deposits; Valley fill), 18, 37-39, pl 1, 
p12 

Theis, C. V., 4, 51 
Tijeras Canyon, 6, 64 
Tolman, C. F., 17 
Torrance, 4, 44, 95, p11, p12 

geology, 30 
Torrance County: 

acreage, 15 
area, 4 
availability, pl 2 
climate,11 
County Agent, 54 
geological map, p11 
irrigation, 15 
location, 5 
occupations, 15 
physical features, 6, 10, p11 
population, 16 
quality, p12 
vegetation, 15 

Torreon, 4, 44, 93, p11, pt 2, p13 
Torres member, see Yeso formation 
Triassic (see also Chinle formation; 

Dockum group; Santa Rosa sand- 
stone), 18, 36-37, p11 

Tularosa Basin, 6, 32, 79 

Upland surficial deposits, see Surficial 
deposits 

Upper clastic member, see San Andres 
formation; Sandia formation 

U. S. Census Bureau: 
occupations, 15 
population, 16 

U. S. Department of Agriculture, 74 
U. S. Geological Survey, 4, 8 

Ground Water Branch, 7 
Quality of Water Laboratory, 7 

U. S. Public Health Service, 21, 9() 
U. S. Weather Bureau, 15 

precipitation, 13, 14, 51, 83, 87 
records, 11 

Valencia County, 37, 40 
Valley fill, 7, 18, 38-39, 44, 45, 47, 51, 79, 

84, 90, 91, 92, 96,p11 
availability, 27, 28, 39, 55, 59, 84, fig 5 
ground-water movement, 32, 34, 39, 
47, 50, 67, 79 
logs, 45, 46, 48, 49, 50 
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quality, 39, 60, 61, 63 7.11.9.120, 59 
use, 65 8.7.29.322, 94 

Varney, 4, 44, 72, 95, pl 1, p12 8.8.28.311, 59 
Vaughn, 6, 72 8.828.311a, 47, 59 

precipitation, 83 8.9.19.133, L45, L47  
temperature, 12 8.9.26.332, 75  

Vegetation, see Torrance County 8.14.3.214, Q77  
 9.8.26.430, L46  

Water level (see also Areas, discussed in 9.9.11.341, Y59  
text, availability), 52-55, 56, 57, 68, 72, 
pl 3, fig 5 

9.11.6.311, Y31-32 
9.12.16.213, L72-73; 75  

Water table: 9.12.32.430, 75  
contour lines, 55, 66, p12 9.15.14.134, Q36; 74, 76  
defined, 20 9.15.15.420, 75  
slope or gradient, 20, 51 9.15.32.241, Q36; 74, 76  Well-numbering system, 8 10.7.30.321,68  Wells, discussed in text: (L, log; Q, 

quality; Y, yield) 
10.8.32.211, Y59 
10.8.35.211, Y47; 34  

1.13.22.200, L74, Y73; 83, 86 10.8.35.411, Y59  1.13.35.432, 73 10.8.36.111, L48, L49  
1.14.30.144, 73 10.11.35.122, Q36; 74, 76  

2.11.22.313, Y87; 88 10.12.29.311, 75  
2.13.35.344, Y87 10.12.33.341, 75  
3.6.28, L66, Y68 10.14.20.400, 30  
3.6.29.243, Q69, Q70 10.15.19.220, Q36  
3.9.3.122, Q6I 10.15.34.113, Q36; 74, 76  
3.9.5.424, Q6I 1S.13.14.143, 73  
3.9.33.433, Q80, Q81 Willard, 4, 6, 16, 42, 44, 47, 55, 56, 57, 
3.11.5.444, Q77 60, 91,92, p11, p12, p13  3.13.33.413, Y87 Wilpolt, R. H., et al., 7, 27, 28, 30, 35  4.7.23.312, Y31, Y33; 90, 91 Witt, 15, pi 1, p12  
4.7.23.312a, L50, Y31, Y33; 49, 90, 91 Wootton, T. P., see Talmage, S. B.  
4.8.24.222, 54, fig 5   
4.9.8.144, L47, L48 Yeso formation, 4, 19, 29-33, 37, 40, 41, 
5.8.5.344, Y59 48, 49, 65, 66, 69, 71, 78, 84, 86, 87, 90, 
5.8.17.323, fig 5 92, 94, 95,1611, p12  
5.9.6.311, Q61 availability, 30-32, 55, 59, 68, 73, 75, 
5.9.18.400, Q61 78, 79, 83, 84, 86, 87.88  
5.9.18.424, Q61 Callas gypsum member, 30, 31, 78  
6.5.25.344, 68 
6.6.11.334, 68, 69, 93, 
94 6.6.13.210, 68, 94 
6.6.14.111, 93 

    ground-water movement, 32, 48, 75, 
79 Joyita sandstone member, 30, 31, 
78 logs, 48, 49, 50, 66, 72-73, 74, 82 
Meseta Blanca sandstone member, 30, 

6.8.10.433, L47, L48     31, 78 
6.8.11.420, 90     quality, 32-33, 52, 62, 85 
6.8.24.111, fig 5     section, 31 
6.13.33.414, L82-83, Y24; 82, 84, 93, 95 Torres member, 30, 31, 78 
7.7.12.342, 8, 9     use, 65 
7.7.12.444, fig 5      7.8.27.221, 54, fig 5     Yield of well, see Wells, discussed in 
7.10.18.431, Y32     text 
7.10.19.112, Y32, Y52     defined, 58 
7.10.35.111, Q34      


	Title
	Contents
	Abstract
	Introduction
	Geography
	Physical Features
	Climate
	Agriculture and Natural Resources
	Population

	General Principles of Geology and Ground Water
	Quality of Ground Water
	Description of Rock Units
	Precambrian Rocks
	Pennsylvanian and Permian Systems
	Permian System
	Triassic System
	Community Supplies
	References Cited
	Index

