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Abstract

Eastern Valencia County contains a part of the wide Rio Grande
graben; part of the Lucero uplift, which bounds the graben on the
west; and a small part of the Manzano Mountains, which bound the
graben on the east. The graben contains several thousand feet of
poorly consolidated sediments of the Santa Fe Group of middle (?)
Miocene to Pleistocene (?) age. The Rio Grande occupies a valley
entrenched into the Santa Fe in the central part of the graben. The 2-
to 4-mile-wide flood plain of the river is underlain by river-deposited
alluvium of Recent age that is as much as 120 feet thick in places.
East of the Rio Grande valley in Valencia County are several terraces
that represent successive stages of downcutting of the ancient Rio
Grande from a high of about 340 feet above present river level. The
lowermost two terrace levels, 160 and 120 feet above river level,
respectively, are underlain by unconsolidated alluvial deposits that
probably facilitate ground-water recharge.

The most extensive and thickest aquifer system in the area is in the
sediments of the Santa Fe Group. The ground water occurs in the sys-
tem under water-table conditions. A few wells near the Rio Grande
valley yield as much as 1000 gpm (gallons per minute) from this aquifer
system. However, most of the wells completed in the Santa Fe are stock
wells that are designed to pump only a few gallons per minute. The po-
tential discharge rates for the Santa Fe in most of eastern Valencia
County thus have not been determined; it is probable that yields of at
least 100 gpm can be obtained wherever the Santa Fe is thick, allowing
deep well penetration below the water table.

Most of the large-capacity wells in eastern Valencia County are com-
pleted in the alluvial aquifer in the Rio Grande valley. Reported dis-
charges from these wells are as much as 2500 gpm. The highest discharge
measured during this study was 1840 gpm. Most of the wells are used to
supply irrigation water to supplement the surface-water supply.

The alluvial aquifer is effluent in some places and influent in other
places in the valley. Sources of recharge are irrigation water supplied in
excess of the moisture-holding capacity of soils, infiltration losses from
irrigation ditches and the river, and precipitation. Ground water is dis-
charged by drainage ditches and evapotranspiration. The several re-
charging and discharging functions interact, and the result is a tendency
toward a controlled water table in which seasonal and longer period
water-level fluctuations are reduced or eliminated.

East of the Rio Grande valley the water table slopes toward the Rio
Grande. West of the valley the water table also slopes generally toward
the Rio Grande except along a water-table trough that enters the county
from the north between the Rio Puerco and the Rio Grande. The trough
joins the alignment of the Rio Grande in the vicinity of Belen. The
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slope of the water table is much steeper near the margins of the graben than
in the central part.

The average depth to water under the Rio Grande flood plain is
seven to nine feet. On both sides of the valley, the depth to water in-
creases owing to the sharp topographic rise of the valley walls.
Eastward toward the Ojuelos fault and westward toward the Lucero
uplift, the depth to water ranges from 100 to several hundred feet.
Springs discharge along the Ojuelos fault and the fault zone bounding
the Lucero uplift. Ground water descends from land surface to depths
several hundred feet below land surface as it crosses the Ojuelos fault.

The amount of dissolved solids in ground water east of the axis of
the water-table trough is low, and the water from this part of the area is
potable. Westward from the axis of the trough, the dissolved solids
increase as a result of recharge of very saline water from the Lucero
uplift. Here the ground water is generally impotable. In the Rio San
Jose valley in the northwestern part of the area, however, some potable
water is obtained from the alluvium.



Introduction

Valencia County is in central-western New Mexico. The county ex-
tends from the Manzano Mountains westward to the Arizona state line.
The area described herein is that part of the county lying east of longi-
tude 107° 15" W., and south of U.S. Highway 66 and the Rio San Jose.
The area comprises approximately 1100 square miles and lies mostly
within the Rio Grande structural trough. The towns of Los Lunas and
Belen are the principal centers of population. Figure 1 shows the area
described in this report and the areas described in previous ground-water
reports published by the New Mexico Institute of Mining and Tech-
nology, State Bureau of Mines and Mineral Resources Division.

Agriculture by irrigation historically is the basis of the Rio Grande
valley's economy. The Indians irrigated land by simple surface-water
diversions long before the Spanish explorers arrived in the early
1500's. Irrigation practices were improved and expanded by the
Spanish colonists and, later, by the American settlers. Present-day
irrigation practices involve the use of both surface and ground water.
Ground water is the source of most drinking-water supplies for cattle
and sheep on the range lands. Unrestricted development of ground
water has been prohibited since the New Mexico State Engineer's
order of November 29, 1956, that declared the Rio Grande
Underground Water Basin. The declaration stated that surface waters
of the Rio Grande in New Mexico are fully appropriated and that the
surface and ground waters in the basin are intimately interrelated parts
of a single supply. The ground water in the basin is under the
jurisdiction and administration of the State Engineer, and additional
development is permitted only to the extent that equivalent existing
surface-water rights are retired. However, permits may be granted for
watering livestock, for irrigation of not more than one acre for
domestic use, and for certain other specific uses.

Most of the people in eastern Valencia County live in the inner valley
of the Rio Grande. The population of eastern Valencia County in 1960
was about 16,100 (U.S. Bureau of Census, 1960). The two incorporated
towns, Belen and Los Lunas, had populations of 5031 and 1186,
respectively. The rest of the population is in small, unincorporated com-
munities and on the many farmsteads in the valley. Los Lunas is the
county seat.

Farming is restricted for the most part to the flood plain of the Rio
Grande because of the ease of obtaining water for irrigation. According
to an estimate by John R. Justice of the Bureau of Reclamation (oral
communication, 1958), about 22,600 acres was farmed in 1956 in the
valley between the south line of the Isleta Pueblo Grant and Bernardo,
nine miles south of Valencia County. About half the agricultural pro-
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duction is alfalfa; the rest is mostly wheat, corn, pasturage, and silage. The
average value of crops was about $98 an acre in 1956 (U.S. Bureau of
Reclamation, 1957).

The Middle Rio Grande Conservancy District maintains and operates a
system of diversion dams and ditches that supply surface water to most of
the farms in the valley in Sandoval, Bernalillo, Valencia, and Socorro
counties. The U.S. Bureau of Reclamation has estimated (1947) that
production of an average annual yield of alfalfa (about 4 tons an acre)
requires 52 inches of water. The weighted average requirement of water
for all crops is 43 inches a year. Most of the water supplied by the
Conservancy District is diverted from the Rio Grande; thus, low flows in
the river during the irrigation season result in shortages. The Middle Rio
Grande Conservancy District also maintains a system of drainage ditches,
or "drains,” in the flood plain of the river to prevent waterlogging of the
farm land.

Between 1945 and 1957 many wells were drilled by farmers to sup-
plement or replace the surface-water supply for irrigation. More than 80
irrigation wells were in use in the Rio Grande valley in Valencia County
in 1957. Irrigating with water from wells is advantageous because the
water supply is not dependent upon seasonal precipitation and because
weed seeds are not brought into the fields as with surface water.
Irrigating with ground water, however, requires that the farmer bear the
expense of drilling, maintaining, and pumping a well.

This study of the ground-water resources in eastern Valencia
County, New Mexico, was made by the U.S. Geological Survey in
cooperation with the State Bureau of Mines and Mineral Resources
Division of the New Mexico Institute of Mining and Technology, and
the New Mexico State Engineer. The purpose of the study was to
determine the general availability and chemical quality of ground water,
to investigate the relationship between geology and the occurrence of
ground water, and to determine the effect of present water usage on the
hydrology of the Rio Grande valley. General areas of recharge and
discharge were determined, information on the quantity and types of
ground-water use in the area was obtained, and factors influencing
ground-water movement were studied.

The field work upon which this report is based was started in February
1956 and continued, with occasional interruptions through December
1957. The investigation included locating and describing all irrigation,
municipal, industrial, and stock wells in the area and measuring water
levels in these wells where possible. A few domestic wells were also
investigated in localities where supplemental information was needed.
Samples of water from selected wells throughout the area were collected
for chemical analysis. Geologic maps were spot-checked in the field. The
geologic map accompanying this report is largely a compilation of these
maps. Special attention was given to the geology of the
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Santa Fe Group and the alluvium of Quaternary age in the field because of
their importance as aquifers.

Fundamental data from wells are included in Appendixes A and B;
data from springs are included in Appendix C. Chemical analyses of
ground water and surface water are recorded respectively in
appendixes D and E.

Topographic maps prepared by the U.S. Geological Survey on a scale
of 1:24,000 are available for all but the western part of the area. These
maps have been published since 1951. Recent topographic maps on a
scale of 1:62,500 are available for the western part of the area.

The earliest publication on the geology and ground-water resources
of the Rio Grande valley was written by W. T. Lee (1907). A report by
Darton (1928) described the geologic structure and stratigraphy in the
vicinity of the Rio Grande. Various aspects of the geology of the area
have since been described by Bryan and McCann, Read et al., Kelley
and Wood, Parry Reiche, and J. T. Stark. The results of a re-
connaissance of the water resources of the upper Rio Grande, which
includes the reach of the river in Valencia County, were reported in the
Rio Grande Joint Investigation, released by the National Resources
Committee in 1938. The section of that report on ground water in the
middle Rio Grande valley was prepared by C. V. Theis.

Officials of the U.S. Bureau of Reclamation, the United Pueblos
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Agency of the U.S. Bureau of Indian Affairs, and the Soil
Conservation Service supplied well logs, water-level measurements,
and data on irrigation in the Rio Grande valley. Their cooperation is
gratefully acknowledged. Mr. Arthur Bibo, Valencia County rancher,
supplied much interesting and valuable historical information on the
ranching country west of the Rio Puerco. Special thanks are extended
to the many farmers, ranchers, and well drillers who supplied
information on wells in the area.

WELL-NUMBERING SYSTEM

The system of numbering wells and springs in this report is that
used by the U.S. Geological Survey for numbering water wells in New
Mexico; it is based on the common subdivisions in sectionized land.
The system is illustrated in Figure 2. Each well and spring is assigned a
number that is divided into four segments separated by periods. The
first segment denotes the township north of the New Mexico base line,
the second segment denotes the range cast or west of the New Mexico
principal meridian, and the third segment denotes the section. The letter
"W" is added to the second segment of the number if the well is west of
the New Mexico principal meridian; no letter is used if the well is east
of the principal meridian.

The fourth segment of the well number consists of three digits which
denote the particular 10-acre tract in which the well is located within the
section. The section is quartered, and the quarters are numbered in
normal reading order. The first digit locates the well within one of these
quarters. The procedure is then repeated within the 160-acre tract to
obtain the second digit. The second digit locates the well in the proper
40-acre tract. The process is repeated once more to determine the third
digit, which indicates the 10-acre tract containing the well. Where more
than one well occurs in a 10-acre tract, second and subsequent wells are
identified by adding "a", "b", etc. to the well number. If the actual
location of the well cannot be determined to within a 10-acre tract, a
zero is used for the third digit; similarly, if it cannot be determined to
within a 40-acre tract, a zero is used for the second digit.

Less than half the area investigated has been sectionized. To locate
wells by the numbering system described and to facilitate the location
of other features, section lines were projected from the sectionized
part of the area into the un-sectionized part. The projected lines are
shown by dashes on maps accompanying this report.



Physiography

The Manzano Mountains on the east and the Lucero uplift on the
west bound a physiographic trough more than 35 miles wide in
eastern Valencia County (fig. 3). Fenneman (1931) assigned the
trough
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PHYSIOGRAPHIC DIAGRAM OF EASTERN VALENCIA COUNTY AND VICINITY

and the bordering Manzano Mountains to the Mexican Highland section
of the Basin and Range province. The Lucero uplift he assigned to the
Datil section of the Colorado Plateau province. On the east side of the
trough the land surface slopes downward from the foot of the mountains
to the incised inner valley of the Rio Grande. Similarly, on the west
side of the trough the land surface slopes toward the incised inner
valley of the Rio Puerco. The Rio Grande and the Rio Puerco are
separated by the gently rolling, steep-sided upland of the Llano de
Albuquerque. Throughout this report the names "Rio Grande valley"
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and "Rio Puerco valley" are used in a restricted sense to identify only the
incised inner valleys of these streams.

The rugged west face of the Manzano Mountains has a topographic
relief of about 4000 feet. The bajada at the foot of the mountains con-
sists of well-developed, coalescing, alluvial fans. The heads of many
of the fans have been somewhat dissected by erosion, probably as the
stream channels within the mountains approached a graded profile.
(See Blissenbach, 1954.) A mile or more away from the foot of the
mountains, deposition on the bajada has resulted in a nearly featureless
slope. However, five to seven miles west of the mountain front, the
scarp of the Ojuelos fault locally forms a prominent break in the slope
(pl. 1). An old erosion surface is preserved on the top of the uplifted
block. Erosion in arroyos has worked head ward into the uplifted block
only one to one and a half miles.

West of the Ojuelos fault the land surface slopes smoothly downward
for about four miles. The few small stream channels on the slope are
braided and are not incised below the general land surface. The channels
become smaller to the west and ultimately disappear. Locally, gravel
caps east-west, elongate, general rises that are as much as 20 yards wide
and a foot or more high. These are old stream channels that stand above
the general land surface because of the protection afforded by the gravel
from erosion by wind and sheet wash.

The land surface immediately east of the Rio Grande valley, in a
strip several miles wide, is gently rolling and has slight relief. The
topography consists of wide, very shallow valleys with a general
north-south alignment; large, shallow, closed depressions; and wide,
poorly defined terraces. Caliche, a soil or sediment layer cemented by
calcium carbonate, underlies much of the surface soil and the local
cover of fixed sand dunes. These features are probably remnants of
channels that once contained the river and are evidence that the
ancestral Rio Grande occupied this part of the physiographic trough.
Several levels of terrace remnants are recognized (fig. 4).

The flat upper surface of each terrace is the area designated in
Figure 4. The slopes between the terraces are not patterned. The highest
terrace preserved in Valencia County is 340 feet above the present level
of the Rio Grande. A 370-foot remnant is preserved east of the river in
southern Bernalillo County. The river gradient during establishment of
at least the lowermost four terraces was about the same as that of the
river at present.

The two lowest terraces (120 feet and 160 feet above the present
level of the river) are underlain by deposits of river-laid alluvium. No
evidence is present to indicate that the higher terraces ever had more
than a veneer of alluvium over the older sediments. The alluvium under
the 160-foot terrace is at least a few tens of feet thick. The alluvium
under the 120-foot terrace is, at least locally, more than 130 feet thick.
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EXPLANATION
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TERRACE LEVELS REPRESENTING PROBABLE CHANNEL REMNANTS OF THE
ANCIENT RIO GRANDE IN VALENCIA COUNTY, N. MEX

The present flood plain of the Rio Grande is underlain by more
than 100 feet of alluvium. The thickness of the alluvium
underlying the present Rio Grande flood plain and of the alluvium
of the two lower terraces is obviously greater than could be
scoured and filled during even maximum floods. It is therefore
concluded that in establishing each of the three latest channel
stages, the river cut well below the channel level now recognized
and then partly refilled the valley with alluvium.

Bryan stated in 1938 (p.218) that the present Rio Grande channel and
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flood plain had ". . . been rising in the last few years. . . ." Happ (1948) found
that the Rio Grande floodway between Cochiti (40 miles north of
Albuquerque) and San Antonio (10 miles south of Socorro) aggraded at a rate
of about one foot in 10 to 12 years in the period between 1917-18 and 1941. It
should not be concluded, however, that the entire thickness of alluvium in the
present valley has been deposited at a rate of one foot in 10 to 12 years. This
rate is probably much higher than the long-term average. It would indicate
that when Coronado was exploring this part of the Rio Grande valley in 1540
the flood plain was 35 to 40 feet lower than at present—a condition not
supported by archaeological evidence. The aggradation possibly may be
related to extreme erosion of arroyos in the southwest that began about a
hundred years ago. (See Happ, 1948; Bryan, 1928.) The rate of aggradation in
the floodway between the levees may be greater than it would be if the river
were free to aggrade the entire natural flood plain beyond the levees.

Hell Canyon Wash near the Bernalillo County line is the only arroyo in
Valencia County that extends from the Manzano—Manzanita mountain front
to the inner valley of the Rio Grande. Other arroyos draining the west side of
the mountains disappear on the slope between the mountain front and the
valley. The Hell Canyon drainage area in the Manzanitas in Bernalillo
County is larger than that of any of the other arroyos.

The Llano de Albuquerque, a long, narrow upland west of the river,
separates the valleys of the Rio Grande and the Rio Puerco in Valencia and
Bernalillo counties. The surface of the Llano is about 400 feet above the level
of the flood plain of the Rio Grande at the south boundary of Valencia
County, and north of El Cerro de Los Lunas it is about 450 feet above the
flood plain.

The Llano de Albuquerque has a persistent caliche cap two to four feet
thick that tends to protect the surface from erosion. Wind-blown sand covers
large parts of the Llano and has been distributed across it in streaks and bands
by strong southwest winds. A north-south line of recent cinder cones several
miles long lies across the Valencia—Bernalillo county line on the Llano.
Basalt flows associated with the cones cover an area of about ten square miles
in Valencia County and an equal area in Bernalillo County.

The margins of the Llano in most places are cut by steep-walled gullies.
The gullies and intervening spurs along most of the margin are not oriented
parallel to the general slope off the Llano as would be expected; they have a
strong preferred orientation to the southwest on both the east and west sides
of the Llano. The southwest lineation of the spurs parallels the lineation of the
streaks of wind-blown sand. The southwest winds have evidently influenced
the direction of development of the gullies. Drainage of surface water off the
Llano in Valencia
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County is insignificant except in a minor tributary arroyo to the Rio
Puerco in T. 7 N., R. 1 W. Most of the precipitation on the Llano is
absorbed by the soil. Heavy rainfall may produce local sheet wash, but
only occasionally does water collect in topographic depressions.

The surface of the Llano de Albuquerque, the Ortiz erosion surface,
developed in late Pliocene to Pleistocene time according to Bryan and
McCann (1936). Elongate depressions and shallow valleys that are pre-
served on the erosion surface in Valencia County suggest that at the
time the surface was established the local drainage was southward.

The Rio Puerco, one of the principal western tributaries of the Rio
Grande, flows generally southward across Valencia County and joins the
south-southeastward flowing Rio Grande in Socorro County about 12
miles south of Valencia County.

The Rio Puerco valley in eastern Valencia County has a broad flat
floor into which the Rio Puerco was incised 40 feet or more in the latter
part of the seventeenth century. The interesting historic evidence of
changes in the channel of the Rio Puerco has been described by Kirk
Bryan (1928). The deep erosion has not exposed the base of the valley
alluvium. Alluvium deposited by the Rio Puerco before the recent down
cutting is well exposed in the near-vertical walls of the channel.

The east side of the Rio Puerco valley rises sharply to a break in slope
at the edge of the Llano de Albuquerque known as the Ceja del Rio
Puerco. The slope of the west side of the valley is not so steep as the slope
of the east side.

West of the Rio Puerco valley the land surface slopes upward toward
the Lucero uplift. In the southern part of Valencia County and in the
adjacent part of Socorro County, the slope is gentle and nearly constant
for many miles. This sloping plain has been called the Llanos del Rio
Puerco. Several arroyos drain toward the Rio Puerco across this surface,
and some, such as Arroyo Comanche, have cut valleys several tens of feet
below the general surface.

H. E. Wright (1946) has mapped remnants of several erosion surfaces in
this area. He recognized three surfaces in the Llanos del Rio Puerco. These
are 60 feet, 175 feet, and 400 to 500 feet above the present grade of the major
drainage.

An area of badlands topography comprising more than ten square
miles is roughly centered in sec. 36, T. 6 N., R. 2 W., on the southwest
flank of the Gabaldon anticline. This is the "Gabaldon Badlands" de-
scribed by Wright. Here a thick section of evenly bedded sediments of
the Santa Fe Group dipping 10 to 15 degrees to the west is exposed. The
strata have generally weathered to rounded forms, with the more re-
sistant beds leaving slabby blocks.

Two prominent masses of volcanic rock form hills which are about
a mile apart and which lie mainly in the northeast part of T. 6 N., R. 2
W. The hills consist of basaltic sills and flows interbedded in the Santa
Fe Group (Wright).
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The west margin of the Rio Grande physiographic trough in T. 6 and
7 N. coincides with a fault zone that approximately follows the west
side of R. 2 W. The margin of the uplifted block west of the fault is
marked by extremely rugged topography and high relief. The land sur-
face rises more than 1200 feet in two to three miles from the surface of
the trough to the flat top of basalt-capped Mesa Lucero. The slope has
been deeply dissected by erosion.

Farther south, at Gray Mesa, the trace of the fault zone swings
southwest across T. 5 N., R. 3 W., then turns south again in secs. 6 and
7, T.4 N., R. 3 W. near the Socorro County line. Here the uplifted block
forms a large, west-dipping hogback. West of the hogback differential
erosion of shale has formed the north-northeast-trending Los Valles. Los
Valles is an elongate valley which is roughly divided into an eastern and
a western section by low cuestas formed from sandstone beds inter-
layered with the shale. The sheer face of Sierra Lucero, a spectacular
wall 1000 to 1500 feet high, forms the west side of Los Valles. Nearly
flat lying beds of sedimentary rocks crop out in the east face of the
Sierra and basalt flows cap the higher parts.

Mesa Lucero, at the north end of Sierra Lucero, occupies an area of a
little more than 13 square miles in T. 7 N., R. 3 W. The flat top of the
mesa is capped by a basaltic lava flow. Large landslide blocks of basalt
cover the north and west slopes, and slides consisting of long, thin
slivers of basalt are particularly well developed on the west slope of the
mesa.

In summary, the physiographic trough of the Rio Grande in eastern
Valencia County is subject to an interesting combination of erosional and
depositional conditions. The surface of the Llano de Albuquerque is
protected from erosion by a resistant cap of caliche and from inundation
with additional sediment by the position of the valleys of the Rio Grande
and the Rio Puerco. The terraces east of the Rio Grande and west of the
Rio Puerco signify downcutting of the rivers in stages. Most of the
terraces are underlain by layers of caliche which formed during one or
more periods. The Manzano and Manzanita mountains and the Sierra
Lucero continue to contribute sediment to the trough. Sediment that
originates west of the Rio Puerco is transported to the Rio Puerco and
thence southward out of Valencia County. East of the Rio Grande,
however, the only stream course in the county that extends from the
mountains to the Rio Grande is Hell Canyon Wash. The sediment that is
contributed to the trough from the Manzano and Manzanita mountains,
except that being transported down Hell Canyon Wash and into the Rio
Grande, comes to rest between the foot of the mountains and the ancient
channel remnants east of the river.



General Geology

Eastern Valencia County is dominated structurally by the Rio
Grande graben, a broad, down-faulted trough that is roughly coexten-
sive with the physiographic trough. Complex faulting in Laramide
time, in late Tertiary time, and continuing into Recent time, has lifted
the Manzano Mountains on the east and the Lucero region on the west.
The intervening Rio Grande graben has been depressed and probably
intensely faulted and then covered with several thousand feet of ter-
restrial sediment. The terrestrial sediment has been subjected locally to
volcanic activity and minor folding and faulting.

The rocks that crop out in the uplifted blocks on each side of the
graben are of igneous, metamorphic, and sedimentary origin and mostly
range in age from Precambrian to Cretaceous (pl. 1). A small area on
top of Sierra Lucero is capped by basalt of Tertiary age; basalt of
Quaternary age covers Mesa Lucero and part of the valley of the Rio
San Jose northwest of Mesa Lucero. Each of the major rock classes has
significance in the geologic control of ground water in the area.

The sediment in the structural trough consists mainly of clastic
material that has been transported into the trough from bordering high-
lands. Most of this material was deposited during two periods of sedi-
mentation in Tertiary time; material also was deposited in Quaternary
time. The most recent deposition has been in the valleys of the Rio
Grande and the Rio Puerco, which are underlain by alluvium of Qua-
ternary age that in places is more than 100 feet thick. The main
tributaries of these streams also have alluvium in their channels.

STRUCTURE

The principal deformation exposed in eastern Valencia County is in
the margins of the uplifts that bound the Rio Grande graben. Here major
faults and folds of more than one age roughly parallel the edge of the
graben. Only a few faults and folds occur in sediments of Tertiary and
Quaternary age within the graben. Rocks of pre-Tertiary age in the down
dropped block of the graben are likely to be complexly faulted and
folded; if so, the folds and faults are, of course, concealed by the thick
cover of younger sediment.

The complex structure of the Manzano Mountains will not be de-
scribed in detail in this paper. For such a description the reader is re-
ferred to publications by Read et al. (1944), Reiche (1949), and Stark
(1956).

A normal fault of great magnitude lies along the west side of the
Manzano Mountains, probably near their foot. This fault has been inferred
by all previous geologic investigators, although it is nowhere exposed.
Reiche (1949, p. 1203) stated that the fault is ". . . unmistakably
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implied by a battered fault scarp 1,000 feet high . . ." along the north
Manzano Mountains. He thought that this inferred fault might connect
to the north with a fault in secs. 20, 29, and 32, T. 8 N., R. 5 E. (pl. I),
which bounds the Manzanita Mountains. According to Stark, a vertical
displacement of 7400 feet at the mountain front is possible, based on
the stratigraphic relief between the Paleozoic sedimentary rocks that
crop out a few miles west of the mountain front and those that crop out
on top of the mountain.

A second normal fault having a large displacement lies three to six
miles west of the front of the mountains. This is the Ojuelos fault named
by Reiche for the three springs called Los Ojuelos that lie on the fault in
sec. 20, T. 6 N., R. 4 E. This fault is best exposed in the Los Ojuelos
district in T. 5 and 6 N., R. 4 E., where it is marked by a west-facing
scarp about 120 feet high. Sedimentary rocks of Permian and Triassic
age crop out along the scarp and on the uplifted block east of the scarp.
The maximum width of the outcrop belt is about two miles. East of this
belt these rocks are covered by a wedge of Cenozoic sediment which
thickens toward the mountains. Data reported by the U.S. Bureau of
Indian Affairs for a water well in the NE v;NW1/4 sec. 5, T. 7 N., R. 5
E. (only a few hundred feet outside of Valencia County) indicate that at
this location, a mile west of the mountain front, the sediment wedge is
about 300 feet thick.

The latest movement on the fault in the Los Ojuelos district was
about 25 feet, which is indicated on the uplifted block by the height of
flat valley floors that as yet are little entrenched (Reiche). An erosional
bench or terrace preserved locally about 60 feet above the surface of
the downthrown block and another bench 120 to 140 feet above the
down-thrown block indicate two earlier periods of uplift. The
youthfulness of the dissection of the scarp would suggest that
movement has taken place in Recent geologic time (Reiche).

Several long, narrow mesas project westward for one to more than
three miles from the mountain front in the northeast and central parts
of T. 5 N., R. 4 E. The mesas consist of Cenozoic terrestrial sediments
similar to those deposited along the entire mountain front. Their upper
surface, 100 to 200 feet above the bajada, is smooth and slopes down-
ward to the west at an angle somewhat greater than the general slope
of the bajada.

For several miles south of the mesas, and south of the end of the
Ojuelos fault scarp, the arroyos at the heads of the alluvial fans appear
to be somewhat more deeply incised than do arroyos to the north and
south.

The fingerlike mesas and the incised arroyos suggest that in the vi-
cinity of the south end of the Ojuelos fault scarp the bajada was up-
lifted and tilted to the west concomitant with recent movement on the
Ojuelos fault. The mesas are remnants of the uplifted surface that have
not yet been removed by the erosion which has produced the present
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surface. The general westward migration of the successive stages of the
ancient Rio Grande shown on Figure 4 suggest that tilting of the land
surface was not restricted to the south end of the Ojuelos fault scarp, but
affected at least the east half of the Rio Grande trough in eastern
Valencia County.

North of the vicinity of sec. 8, T. 6 N., R. 4 E., the trace of the Ojuelos
fault is indistinct in Valencia County. Its location is probably marked by a
slight break or increase in slope that follows a somewhat sinuous path
northward (pl. 1). Two branches of the fault are poorly exposed in the
walls of Hell Canyon Wash. Just north of Valencia County, strata of
Permian age crop out in the uplifted eastern block of the fault, as in the
Los Ojuelos district to the south.

The total displacement on the Ojuelos fault is not known. An oil-test
hole, the Grober No. 1 Fuqua, was drilled in 1940 to a depth of 6300 feet
in the NE1/4 NWIANE1/4 sec. 19, T. 5 N., R. 3 E., about six miles west
of the trace of the Ojuelos fault. (A log of the hole is on file at the State
Bureau of Mines and Mineral Resources Division of the New Mexico
Institute of Mining and Technology.) At least the upper 4550 feet of this
hole are in sediments of Tertiary age (R. L. Bates in Reiche, 1949). If the
Tertiary strata are nearly flat-lying between the fault and the test hole,
displacement on the fault is at least a few thousand feet.

Deformation of rocks of the Santa Fe Group within the Rio Grande
graben in most of eastern Valencia County has not been great. Where
dips can be measured on the Santa Fe between the Rio Grande and the
Ojuelos fault, the beds are flat-lying or dip to the west at angles of only
a few degrees. Under the Llano de Albuquerque the strata of the Santa
Fe Group are in most places nearly flat. An exception is on the west
flank of El Cerro de Los Lunas, where the strata clip away from the
volcano as much as 20 degrees. A little more than a mile to the west of
the volcano the dip is almost horizontal.

A small north-northeast-trending structural feature is poorly exposed
east of Isleta Pueblo in sec. 19, T. 8 N., R. 3 E., partly in Valencia County
and partly in Bernalillo County. The structure is indicated by a thin,
calcareous sandstone which caps a low ridge about three quarters of a
mile long. The sandstone dips to the east at about 10 degrees near the
north end of the ridge and 15 degrees at the south end. The southern end
of the feature has been truncated by erosion. The deformation is probably
related to the volcanism to the northwest in Bernalillo County.

The Gabaldon anticline, in which strata of the Santa Fe Group have
been deformed, has been described in detail by H. E. Wright. According to
him, the anticline trends northwest from sec. 32, T. 6 N., R. 1 W. to sec.
11, T. 6 N., R. 2 W., and plunges gently to the northwest. The structure is
asymmetric, with dips as great as 35 degrees on the northeast flank and 10
to 15 degrees on the southwest flank. On the southwest flank of the
anticline, 4800 feet of Santa Fe sediment are exposed, according to
Wright. Most of the northeast flank is buried under the
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alluvium of the Rio Puerco valley. The anticline is cut by several
faults, most of which are transverse to the alignment of the anticlinal
axis. Wright stated that on the largest fault, which is in sec. 35, T. 6
N., R. 2 W., the southeast block has been dropped down 1500 feet
relative to the northwest block.

The following description of the geologic structure of the Lucero
region was drawn mostly from Kelley and Wood (1946).

The zone of deformation that bounds the Lucero uplift and
extends beyond it to the north and south was named the Rio Puerco
fault zone by Kelley and Wood. In the southern part of Valencia
County, the east edge of the Lucero uplift is marked by a major
thrust from the west which Kelley and Wood named the Comanche
thrust fault. In the northern part of the county, the margin of the
uplift is marked by normal faults. The thrust faults and the normal
faults were superimposed on, and have cut the east limb of, the
Lucero anticline, which trends generally north-northeast. Dips on
the west limb of the anticline range from 2 degrees to about 10
degrees.

The sinuous trace of the Comanche thrust fault is probably due to
undulations in the fault plane. Kelley and Wood thought that the dip
of the thrust plane in general may be flatter than they could observe
in exposures. Movement on the Comanche fault in Valencia County
may have been a few thousand to several thousand feet. The Madera
Limestone is the lowermost sedimentary unit that is exposed on the
thrust block in most places (fig. 5). Extensive deposits of travertine
cover most of the trace of the Comanche thrust fault in T. 4 and 5 N.
and locally extend more than a mile east of the fault. In T. 6 N.,
where the outcrops are not covered by travertine, the Madera can be
seen lying on the upper part of the Yeso Formation.

In T. 7 and 8 N., several normal faults cut the Paleozoic and
Mesozoic strata along the east side of the Lucero uplift. The faults
generally trend northward. In T. 7 N., travertine covers many of the
fault traces. The normal faults, which are mostly younger than the
thrust, may have originated during a period of relaxation after the
thrusting. Renewed movement on the normal faults in middle
Miocene time, during formation of the Rio Grande graben, probably
caused most of the displacement now evident. The faults west of the
Sierra Lucero and in Los Valles may be of the same age as the
normal faults on the margin of the Lucero uplift.

The Santa Fe fault, which trends northward through the western
part of T. 7 N., R. 2 W., is post-Santa Fe in age. Rocks of the Santa
Fe Group east of this fault have been dropped down relative to the
pre-Tertiary rocks west of the fault. Minor folding in the rocks of the
Santa Fe Group near the fault is associated with displacement on the
fault. The post-Santa Fe displacement on the Santa Fe fault may be
due to rejuvenation and possibly reversal of movement on an older
buried fault plane (Kelley and Wood).
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The deformation within and bounding the Rio Grande graben
probably took place during several distinct time intervals. During the
Laramide revolution the Lucero anticline developed and was broken on
the east by the Comanche thrust fault. Also during the Laramide,
thrusting to the east occurred in the present locality of the Manzano
Mountains. Normal faults developed in the Lucero area, probably
during the period of relaxation after thrusting. Commencing in middle
Miocene time, the normal faults along the margin of the Lucero uplift
were rejuvenated and new faults were formed that dropped down the
west side of the Rio Grande graben. The east side of the graben was
dropped along faults ". . . near, or within a few miles to the west of,
the present Ojuelos fault . ." (Reiche, p. 1210); presumably this fault-
ing also commenced in middle Miocene time. Later, probably in Plio-
cene time, the inferred normal fault west of the Manzano Mountains
developed, uplifting the mountains relative to the Rio Grande graben
(Reiche). The Ojuelos fault also developed in Pliocene time. Con-
temporaneous movement may have taken place along the west side of
the graben. Toward the end of deposition of the Santa Fe Group, com-
pressional forces formed the Gabaldon anticline, and minor folds were
developed in the center of the Rio Grande graben. Deformation of
strata of the Santa Fe Group in the center of the graben was associated
with volcanism. The scarp of the Ojuelos fault indicates renewed
movement on the fault in Recent time.

ROCKS AND THEIR WATER-BEARING PROPERTIES

Rocks exposed in eastern Valencia County range in age from Pre-
cambrian to Recent. All major geologic time intervals are represented
except for the Cambrian through the Mississippian periods. The rocks of
Precambrian age are igneous and metamorphic. Rocks of late Paleozoic,
Mesozoic, and Cenozoic ages are mostly sedimentary. Outcrops of rocks
of pre-Cenozoic age are restricted to the uplifts that bound the Rio
Grande graben and to the scarp of the Ojuelos fault. Rocks of Cenozoic
age are restricted for the most part to the Rio Grande graben. In general
these sediments are unconsolidated or poorly lithified. They are more
permeable than the older rocks and constitute the most important aquifer
system in the area. The older rocks which crop out on both sides of the
graben are, in general, not highly productive aquifers. Hydrologically
they are noteworthy, however, because they are important sources of
recharge and as such affect the quantity and the chemical quality of
ground water in sediments of Cenozoic age in the trough.

PRECAMBRIAN ERA

Rocks of Precambrian age crop out over most of the west face of the
Manzano Mountains. They consist principally of granitic igneous rocks and
metamorphosed sedimentary rocks that are now schist, gneiss, and
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quartzite. (See Reiche, 1949, and Stark, 1956.) The rocks are not dif-
ferentiated on the geologic map (pl. 1). All these rocks, whether they be
igneous or metamorphic, arc relatively impermeable, and ground water
can move only through fractures and openings produced by weathering.
Granitic rocks are particularly susceptible to relatively deep weathering.
In the weathered zone chemical erosion has removed some of the rock
material, forming small cavities and fissures between grains of more
resistant material, and thus has increased the permeability.

Several small springs in rocks of Precambrian age, along the west
side of the Manzano Mountains, bring ground water to the surface.
Bustamonte Spring (3.4.11.144) is on the north side of a small, alluvium-
filled re-entrant. The spring is at the contact between quartzite and
granite and the alluvium. Water issues from a pit that has been dug into
the alluvium, but the source of the water is probably from fractures in the
granite and quartzite. No wells are known to produce water from the
rocks of Precambrian age in eastern Valencia County.

One small outcrop of Precambrian granite occurs on the Comanche thrust
fault in the Rio Puerco fault zone in secs. 13 and 24, T. 5 N., R. 3 W. The size
of the granitic body probably increases with depth.

PENNSYLVANIAN SYSTEM
Sandia Formation

The oldest sedimentary rocks that have been described in eastern
Valencia County belong to the upper clastic member of the Sandia
Formation of Early Pennsylvanian age. The Sandia Formation consists
characteristically of alternating irregularly bedded sandstone, coal, car-
bonaceous shale, and occasional impure beds of limestone, divided into a
discontinuous lower limestone member and an upper clastic member (New
Mexico Geological Society, 1952, p. 107-108). In the Rio Grande graben
south of Valencia County, the Sandia Formation is as much as 370 feet
thick. The clastic member crops out in small areas on each side of the Rio
Grande trough. In the southeastern part of the county the clastic member
crops out under the lowermost unit of the Madera Limestone (Wilpolt et
al., 1946). In the Lucero area about 100 feet of coarse-grained sandstone,
assigned by Kelley and Wood to the Sandia Formation, crops out above
Precambrian rocks in secs. 13 and 24, T. 5 N., R. 3 W. The formation has
not been utilized as an aquifer in eastern Valencia County. It would
probably yield water to wells in most places where it occurs in the
subsurface. Here, however, it is commonly overlain by a thick sequence of
Madera Limestone from which small quantities of water usually may be
obtained.

Madera Limestone

The marine limestone and interbedded clastic rocks of the Madera
Limestone crop out extensively on both sides of the Rio Grande graben.
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The formation caps the Manzano and Manzanita mountains and forms the dip
slope on the east side of the mountains. On the west side of the graben in
Valencia County, the Madera crops out along the Rio Puerco fault zone from
the Socorro county line northward for about 15 miles. The prominent
hogback along the Comanche thrust fault, which forms the east wall of Los
Valles, is composed of Madera Limestone. The formation is of Middle and
Late Pennsylvanian age.

East of the Rio Grande graben the Madera Limestone has been divided
into two members: the lower gray limestone member, which is as much as
850 feet thick, and the upper arkosic limestone member, which is as much as
1200 feet thick (New Mexico Geological Society, p. 108). West of the
graben the formation consists of three members. In ascending order these are
the Gray Mesa Member, as much as 900 feet thick; the Atrasado Member, as
much as 800 feet thick; and the Red Tanks Member, as much as 300 feet
thick (New Mexico Geological Society, p. 115). The lower and upper
members of the Madera in the Manzano Mountains are approximately
correlative to the Gray Mesa and Atrasado members in the Lucero area (New
Mexico Geological Society). The Red Tanks Member is transitional between
the marine limestone of the Madera and the terrestrial red shale and
siltstones of the overlying Abo Formation. It occupies a position equivalent
to that of the Bursum Formation, which occurs east of the graben.

The lowermost member of the Madera Limestone consists of thin-bedded
to massive, gray, cherty limestone, containing minor amounts of interbedded
calcareous shale. The upper member of the Madera (the Atrasado Member in
the Lucero area) consists of thin- to medium-bedded gray limestone,
containing less chert than the underlying member and more interbedded shale
and sandstone. In the Manzano Mountains the upper member of the Madera is
arkosic.

The Madera Limestone yields small amounts of water to a few wells and
springs in eastern Valencia County. Movement of ground water is inferred to
be through fractures, joints, and openings along the bedding plains inasmuch
as little movement could occur in the dense limestone, tight shale, and well-
cemented sandstone.

One spring (3.5.30.100) discharges very small amounts of water from the
Madera in the southeastern part of the county. Other wells and springs that
yield water from the Madera in eastern Valencia County are on the west side
of the graben in Los Valles and along the Comanche thrust fault. In Los Valles
two wells (5.3W.20.232 and 5.3W.20.333) yield small amounts of water from
the Madera Limestone. On the south end of Gray Mesa, well 5.3W.28.143 also
yields water from the Madera. Several water gaps breach the hogback that
separates Los Valles from the Rio Grande physiographic trough. In each water
gap there is a spring or a large salt flat. (See springs 4.3W.6.444, 5.3W.29.441,
and 6.3W.35.340.) The discharge from spring 6.3W.35.340 has been estimated
to be 30
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gpm. Ground water discharging from these springs comes from the west and
moves up dip through the Madera.

PERMIAN SYSTEM
Bursum Formation

The Bursum Formation of Permian age crops out in the extreme
southeastern part of Valencia County. Here it is 130 feet thick and con-
sists of thick beds of dark-purplish-red and green shale separated by
thinner beds of arkosic conglomerate and gray limestone (New Mexico
Geological Society, p. 50, 111-112). The Bursum is a transitional
sequence of sedimentary rocks between the underlying marine limestone
of the Madera and the terrestrial red beds of the overlying Abo
Formation. The top of the Bursum is the top of the uppermost marine
limestone in the sequence.

Stratigraphically the Bursum Formation occupies the same relative
position as the Red Tanks Member of the Madera Limestone in the
Lucero uplift. The Bursum, however, is of Permian age and thus is
younger than the Red Tanks. These marine—terrestrial transitional
strata evidently are older to the west and north and younger to the
south and east.

A few wells yield small amounts of ground water from the Bursum
Formation in eastern Valencia County. According to Spiegel (1955),
ground water occurs in the limestone and sandstone interbedded with the
shale of the Bursum. The water may be perched or may be under artesian
pressure. Water from the Bursum is usually soft, but it may be
objectionably high in sodium and carbonate, such as in well 3.5.32.210

(Spiegel).

Abo Formation

The Abo Formation crops out on both sides of the Rio Grande
graben. It rests conformably on, and intertongues with, strata of the Bur-
sum Formation in the southeastern part of the county and with the Red
Tanks Member of the Madera Limestone in the Lucero uplift (New
Mexico Geological Society). It is also exposed on the uplifted block of
the Ojuelos fault in T. 5 and 6 N., R. 4 E. In the type locality of the Abo
Formation (in Abo Canyon, Torrance and Socorro counties, just outside
the southeast corner of Valencia County), the unit is 810 feet thick
(Bates et al., 1947). Here it consists of about 60 percent red shale, about
40 per cent sandstone, and some arkose and conglomerate (Smith,
1957). The dark red to maroon color of the Abo is distinctive. A conti-
nental origin of the formation is indicated by color, mud cracks, current
ripple marks, cross-bedding, tracks of land vertebrates, plant impres-
sions, and the lenticular character of the sandstone beds. Fossil plants
that were collected from the upper part of the Abo and identified by
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C. B. Read suggest that this part of the formation is Leonard in age (New
Mexico Geological Society, p. 12).

Reiche (p. 1199) mentioned ". . . nearly 1,400 feet of dark-red clays,
siltstones, and sandstones, many of which are flaggy and ripple-marked . .
" east of the Ojuelos fault a few miles north of Valencia County. These
rocks he assigned to the Abo Formation. They rest on a dark-gray
limestone. Although the Abo does not crop out on the eastern block of the
Ojuelos fault in Valencia County, it probably occurs in the subsurface.

West of the graben, in Los Valles, the thickness of the Abo Formation
ranges from 870 to 900 feet (New Mexico Geological Society, p. 1160). Here
the Abo can be divided into a lower unit, consisting of soft, red-brown shale
and occasional beds of thin, fresh-water limestone, and an upper unit of red-
brown, cross-bedded, massive sandstone alternating with shale. The cross-
bedded sandstone forms a line of low cuestas in the center of Los Valles
(Kelley and Wood).

Small amounts of ground water are obtained from a few wells that tap the
Abo Formation in eastern Valencia County. The ground water probably
comes from the fine- to coarse-grained, well-cemented sandstone in the
formation. The permeability of the sandstone is usually low. Well 3.5.28.444
in the southeastern part of the county yields potable water from the Abo
Formation (Spiegel). Three wells in Los Valles (5.3W. 19.111, 5.4W.26.411,
and 6.8W.28.333) yield ground water from the Abo Formation.

Yeso Formation

Rocks of the Yeso Formation crop out west of the Rio Grande graben in
the Lucero uplift and on the uplifted block of the Ojuelos fault in T. 5 and 6
N., R. 4 E. The Yeso also crops out on the east side of the Ojuelos fault a
few miles north of VValencia County. In this area the Yeso is about 1200 feet
thick and consists of orange-red siltstone and sandstone and minor white
sandstone. A few thin beds of limestone are present in the upper part
(Reiche). Only part of the Yeso Formation is exposed along the Ojuelos
fault in Valencia County.

In the Lucero area two members of the Yeso Formation are recognized.
The lower is the Meseta Blanca Sandstone Member and the upper is the Los
Vallos Member. The Meseta Blanca Sandstone Member is about 250 feet
thick. It crops out with the sandstones of the upper part of the Abo
Formation. The Los Vallos Member, named by Kelley and Wood from strata
cropping out in the vicinity of Los Valles, constitutes the bulk of the Yeso
Formation and is probably correlative with the Torres, Canas, Gypsum, and
Joyita Sandstone members in the Joyita Hills, Los Pinos Mountains, and
Oscura Mountains (New Mexico Geological Society, p. 116). It underlies the
western part of Los Valles and forms the lower slopes in the east face of
Sierra Lucero. The large
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outcrop of rocks of Permian age in the southeastern part of T. 7 N., R. 3
W. is mostly the Los Vallos Member. According to Kelley and Wood,
the lower part of the member is dominantly a elastic unit, but contains
several persistent thin limestone and thicker gypsum beds. In the upper
part of the Los Vallos Member, gypsum makes up about 50 percent of
the section.

One well (6.3W.10.233) in eastern Valencia County probably obtains
water from the Yeso Formation. This well is at the north end of Los
Valles.

Glorieta Sandstone

The Glorieta Sandstone crops out on the uplifted block of the
Ojuelos fault and on the sheer face of Sierra Lucero. In the Los Ojuelos
district the Glorieta is ". . . about 125 feet thick and consists of yellow
and buff, well-bedded friable sandstone; it commonly has low-angle
cross-bedding . . ." (Reiche, p. 1199).

In the Lucero area the Glorieta Sandstone, 180 to 220 feet thick,
crops out as a double cliff in the face of the Sierra Lucero (New
Mexico Geological Society). Gypsum is interbedded with the
sandstone. The Glorieta rests conformably on and intertongues with the
Los Vallos Member of the Yeso Formation (Kelley and Wood).

No wells or springs are known to yield water from the Glorieta
Sandstone in eastern Valencia County. On the uplifted block of the
Ojuelos fault, ground water moves westward toward the fault,
probably partly through the Glorieta. Here small to moderate yields of
water might be obtained from wells drilled into this formation. Water
also might be obtained from the Glorieta in the vicinity of Sierra
Lucero. However, water in the Glorieta in this area probably would be
highly mineralized because of the interbedded gypsum.

San Andres Limestone

The San Andres Limestone crops out locally on the east side of the
Ojuelos fault and extensively in Sierra Lucero. Reiche stated (p. 1199-
1200) that in the Los Ojuelos district, "The San Andres Limestone, 90-
100 feet thick . . . includes an upper 20-35 feet of limestone which is
relatively massive and weathers yellowish-brown; an unexposed 35-
foot slope-forming member of reddish clay or soft shale; and a lower
35 feet of thin-bedded, gray, locally cherty limestone, which in its
lower part carries a poorly preserved gastropod fauna. . . ."

In Sierra Lucero Kelley and Wood mapped an evaporite member
and an upper limestone member of the San Andres. (The Glorieta
Sandstone, which has subsequently been elevated to formation rank,
they included as the lowermost unit of the San Andres.) According to
Kelley and Wood, the evaporite member of the San Andres crops out
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in a series of steep slopes and ledges in Sierra Lucero. The sandstone and
shale beds which are interbedded with the gypsum in the evaporite member,
are generally white to buff. The lower part of the formation also is exposed
beneath basalt caprock on Mesa Lucero along the south and east sides of the
mesa. The upper limestone member caps much of Sierra Lucero and crops
out on the gentle dip slope on the west side of the sierra. The evaporite
member is 300 to 350 feet thick, and the upper limestone member is 100 to
120 feet thick (New Mexico Geological Society).

Two wells (7.4W.25.111 and 7.4W.35.443) obtain water from the San
Andres in eastern Valencia County. The water probably is yielded to the
wells from the lower part of the limestone member of the San Andres. Well
7.4W.35.443 was blowing air when visited, which suggests that the
limestone member is cavernous above and presumably also below the water
table. Wells that penetrate cavernous formations often blow or suck air in
response to changes in barometric pressure. Two springs (7.2W.18.313 and
7.2W.30.132) yield water from the limestone member of the San Andres in
the Rio Puerco fault zone. In the Rio San Jose valley two mound springs
(7.4W.3.344 and 7.4W.11.431) yield water probably from the limestone
member of the San Andres.

TRIASSIC SYSTEM

Reiche (p. 1200) mentioned that the Chinle Formation, which is
incompletely exposed in the Los Ojuelos district, " . appears to be
conformable on the Permian strata. Dark-red clays, siltstones and sandstones,
minor buff to brown sandstones, and a few limestones are present.” The
Chinle Formation as described by Reiche is the topmost pre-Santa Fe unit
exposed on the upthrown block of the Ojuelos fault.

In the Lucero area Kelley and Wood mapped the Shinarump separately
from the Chinle. The Shinarump Member of the Chinle Formation crops
out widely on the gentle west slope of Sierra Lucero where sandstones in
the lower part of the formation cap the slope. The Shinarump here consists
predominantly of red-brown shale and minor amounts of sandstone. The
unit contains little or no conglomerate. In this report all Triassic red beds
are included in one map unit. The Chinle probably underlies the basalt in
much of the Mesa Lucero area. The red shale of the Chinle under the basalt
cap of Mesa Lucefo accounts for the extensive landslide splinters and
blocks on the west and north sides of the mesa. The Chinle crops out
locally beneath extensive travertine deposits in the northern part of the Rio
Puerco fault zone. The formation is more than 1000 feet thick (New
Mexico Geological Society, p. 117).

Los Ojuelos, the three springs in sec. 20, T. 6 N., R. 4 E., on the Ojuelos
fault, yield water from sandstones in the Chinle Formation. No ground water
is known to be yielded by wells from rocks of Triassic age
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in eastern Valencia County; however, ground water probably could be
obtained from wells finished in sandstone beds of the Chinle
Formation where this unit occurs in the subsurface east of the Ojuelos
fault. Immediately east of Los Ojuelos, of course, wells that yielded
water from the Chinle Formation would tend to reduce the discharge
of the springs. In the northern part of the Rio Puerco fault zone,
several springs yield highly mineralized water from Triassic rocks.
One spring on the north side of Mesa Lucero (8.3W.35.100)
reportedly yields water low in dissolved solids from the Chinle.

JURASSIC SYSTEM

Rocks of Jurassic age occur only in the northern part of the Lucero
area in eastern Valencia County. They thin abruptly south of the Rio
San Jose, and the southernmost outcrop is in sec. 18, T. 7 N., R. 2 W.
The Entrada, Todilto, and Morrison formations are all present in the
outcrops. On the south side of Mesa Gigante, a few miles north of the
northwest corner of the mapped area, the Entrada Sandstone is 160 to
220 feet thick; the Todilto Limestone is 90 to 110 feet thick; and the
Morrison Formation may be as much as 600 feet thick.

No wells obtain water from rocks of Jurassic age in eastern
Valencia County. However, three springs (8.2W.19.421, 8.2W.30.340,
and 8.3W. 12.342) yield water from sandstone in the Morrison
Formation. The chemical quality of water from each of the springs
differs from that of the other two. This difference suggests that the
water being discharged from the Morrison Formation is migrating into
it from other nearby rocks.

CRETACEOUS SYSTEM

The Dakota Sandstone and the Mancos Shale comprise the rocks
of Cretaceous age cropping out in the area of this investigation. These
rocks are best exposed in the sides of Mesa Redonda, the small mesa
in secs. 14 and 23, T. 8 N., R. 3 W. They also crop out in the northern
part of the Lucero fault zone west of the Santa Fe fault. Spring
7.2W.6. 210 reportedly discharges water from the Mancos. Spring
7.2W.6.434 discharges water from the Dakota Sandstone. These rocks
are not known to yield water to wells in eastern Valencia County.

TERTIARY SYSTEM
Rocks of pre-Santa Fe Age

Outcrops of rocks of Tertiary age older than the Santa Fe Group
of middle (?) Miocene to Pleistocene (?) age have not been found in
eastern Valencia County. Immediately south of Valencia County, in
T.4 N., R. 3 W,, Socorro County, Spiegel assigned rocks exposed in
Red
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Tanks Arroyo to the Popotosa Formation of late Miocene age. North of
the outcrop these rocks are covered by surficial deposits. In Valencia
County, typical buff siltstones of the Santa Fe Group crop out in an ar-
royo about one mile north of the county line. Here the Santa Fe is
capped by a well-cemented conglomerate as much as five feet in
thickness (fig. 6A).

Figure 6A

CONGLOMERATE CAPPING SILTSTONE OF THE SANTA FE GROUP IN THE
NEVANELV/A4 SEC. 10, T. 4 N.,R. 3 NV., VALENCIA COUNTY, N. MEX.

In compiling the geologic map (pl. 1), it was assumed that the surficial
gravel is underlain by the Santa Fe Group in Valencia County. The
Popotosa Formation and early Tertiary terrestrial sediments may under-
lie the Santa Fe in part or all of the Rio Grande trough. Their dis-
tribution in the subsurface, however, has not been determined.

The volcanic rocks in EIl Cerro have been assigned a ". . . probable
pre-Santa Fe age . . ." by Kirk Bryan (in Wright, p. 398). According to
Bryan, the hill consists of rhyolitic tuff and lava.

Tertiary rocks of pre-Santa Fe age are not known to yield water to wells in
eastern Valencia County.

TERTIARY AND QUATERNARY (?)
SYSTEMS Santa Fe Group

The Santa Fe Group is a thick accumulation of terrestrial sediments
which were deposited in the Rio Grande graben during middle (?) Mioe
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cene to Pleistocene (?) time. The group consists of interbedded sand,
silt, clay, and conglomerate, mostly buff to reddish brown, with some
white to gray. The material is thinly bedded and commonly is poorly
indurated. The description of a 200-foot partial section of the Santa
Fe exposed in the side of the Rio Grande valley west of Belen
exemplifies the lithologic characteristics of the part of the group that
usually crops out in Valencia County (fig. 6B and table 1). Near the
base of this out-

Figure 6B

OUTCROP OF THE SANTA FE GROUP IN THE WEST WALL OF THE RIO GRANDE
VALLEY IN THE NEIANWIA SEC. 23, T. 5 N., R. 1 E,, NEAR BELEN, N. MEX. The
stratigraphic section in Table 1 was measured along the road in the foreground.

crop, a driller's log of well 5.1.13.332 shows that for at least 500 feet
beneath the outcrop the lithologic characteristics of the Santa Fe are
similar to those in the outcrop (table 2).

Volcanic rock (usually called malpais or lava in drillers' logs) re-
portedly is interbedded with the clastic sediment in the subsurface in
the north-central part of the area studied. Logs of water wells and oil-
test holes indicate that these rocks may occur near the surface and to
depths of several thousand feet. The rocks are presumed to be flows
or, in some places, sills of basalt. Well 7.1W.2.324 reportedly yields
water from malpais between 570 and 612 feet below land surface.

El Cerro de Los Lunas, a mass of volcanic rock at the margin of the
Rio Grande valley, is equivalent in age to part of the Santa Fe Group.
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TABLE 1. STRATIGRAPHIC SECTION OF PART OF THE SANTA FE GROUP
EXPOSED ALONG THE ROAD IN THE NENANWIA SEC. 23, T.5N.,R. 1 E,,
WEST OF BELEN, VALENCIA COUNTY, N. MEX.

THICKNESS
DESCRIPTION
(feet)

Tertiary and Quaternary(?) Systems:
Santa Fe Group:
Lag gravel, maximum particle size 2 inches, particles partly coated
WHITE o
Sandstone, very silty, and little gravel, calcareous cement, white,
friable, CAlIChE ..ooeiieiicece e 2
Clay and sand, brownish red to buff, partly compacted and cemented, clay
breaks with hackly surface, a few layers up to 2
inches thick contain nodules of caliche ............ccccooiiiniiiniiiiie 4
Gravel, very sandy, gray to reddish tan, maximum size 3 inches, slightly
cemented with calcite, very friable, cross-bedded, con-
tains small lenses of very silty sandstone ..........cc.ccocevvveviieiniinneincnnnn, 12
Sandstone, quartzose, buff, coarse to fine, partly cemented, very finely
laminated, locally magnetite sand between laminae near
top, poorly cross-bedded; few medium gravel lenses .........c..cccceevevnnne. 16
Shale, partly slightly sandy, grayish to reddish tan, compact, hackly
fracture, beds 1 to 2 feet thick; alternating with sandstone, silty, white,
very fine to fine, slightly cemented, beds

1 to 2 feet thick except for 5-foot bed at base of unit ............cccceoevnenn. 39
Gravel, very sandy, brownish gray, fine to medium, little coarse,
mostly unconsolidated, Caps SPUIS ..c.cveveererieesesieieese e e s 6

Sandstone, slightly silty, yellowish brown, fine to medium, little coarse,
mostly unconsolidated, few thin layers tightly cemented,
lower 5 feet poorly laminated ..o
Gravel, very sandy, gray, fine, unconsolidated
Sand, tan, fine to coarse, mostly unconsolidated

Gravel, very sandy, gray, fine, unconsolidated, caps SPUrs .........cccecvverveivrnnns 6
Sandstone, white, fine to coarse, very slightly friable, thin-bedded 4
Sand, silty, very argillaceous at base, buff, unconsolidated except

compact where argillaceous; little clay near base ..........cccoevvvivriiinnnne 32
Total thickness eXPOSEA ........ccccvrieriiiiriirieisiesee e 198.1

Wind Mesa and Parea Mesa, masses of volcanic rock a few miles
north of Valencia County, also appear to be equivalent in age to part
of the Santa Fe Group. Basalt flows to the west, interbedded with
sediments of the Santa Fe Group, are exposed in two small hills near
the northeast corner of T. 6 N., R. 2 W. Volcanic rocks within the
Santa Fe Group also are reported near the east line of sec. 17, T. 5
N., R. 4 E. Here a’small tabular igneous body has been reported as an
early Tertiary intrusive by Read et al. and a small remnant of . . . an
olivine basalt flow . . ." by Stark (p. 30).

Locally, outcrops of the Santa Fe Group contain pumice. A 6-foot
lens of white, sugary, friable, nearly pure pumice crops out near the
center of sec. 26, T. 7 N., R. 1 E., northwest of EIl Cerro de Los
Lunas. Elsewhere, pumice in the Santa Fe usually occurs as pebbles
and discrete grains in the silt or sand of the normal sedimentary
sequence. A stratum of pumiceous, sandy conglomerate five feet
thick crops out in
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TABLE 2. MODIFIED DRILLER'S LOG OF WELL 5.1.13.352,
BELEN MUNICIPAL WELL 3

THiCKNESS DEPTH

DESCRIPTION (feet) (feet)

Quaternary System:
Sand, brown, and pea gravel in streaks .................. 25 25
Tertiary and Quaternary(?) Systems:
Santa Fe Group:

Sand, cemented, hard; fine gravel; gray conglomerate ...... 4 29
Clay, brown, silty; interbedded sandstone layers .......... 36 65
Sand and gravel, 1003€ ... ...cnirvsinainsiinipassiiiaes - 69
Clay, brown; interbedded sandstone layers ............... 8 77
Sand and gravel, gray, loose ............ccviihiiiianaaan 5 82
Sandstone and brown clay, interbedded ................. 10 92
Sand and gravel; streaks and interbeds of brown clay .... 16 108
Sandstone, hard; interbedded clay ....................... 19 127
Sand, fine, brown, gray; little clay; water ................ 29 156
Sandstone, hard; interbedded brown clay ................ 17 173
Sand, coarse, gray, partly cemented; gravel; water ........ 11 184
Clay, light red; streaks fine gravel; brown sandstone ...... 10 194
Sand, fine, coarse, brown, gray; little clay interbedded .... 25 219
Clay, brown; few sandstone and gravel interbeds, hard .... 64 283
Sand, coarse, gravelly; clay, brown; some water .......... 23 306
Clay, brown, pink; fine gray sand .........00000enaiadiias 40 346
Sand, gray; small gravel; water ..............00000i0anss 6 352
Clay, pink, DYOWI ovovvviiiimes ot o sk v m b aisielo 11 363
Sand, coarse, gray; littlegravel .....c..o0 ineimnsrennianis 18 376
Clay, DIOWE @IV Sl oo o v m s b b e e, v 13 389
Sand, gray; JI0OSE: WALET ..o iic v raas e i s s 2 391
L e L e 7 398
Sandstone, brown, gray; interbedded clay, sandy, brown, red;

Jittle gravel ... Ll v iR al G e e 14 412
Sand, coarse; gravel WHIEK ......ccccasinnnaosveenensas : 5 417
Chay; sansdy, Drown; SandBRONE -+ .. osvoiivmmiinviverssseis 28 445
Sand, brown, gray, loose; interbedded loose clay and gravel .. 16 461
Sand, coarse; gravel; red clay; water ................. ..., 24 485
Clay, brown: sERd . ... iicciiiiicaviviinasssssdonasss 34 519

Hell Canyon Wash in the SDAND/, sec. 26, T. 8 N., R. 3 E. This stratum
is cross-bedded, with the dip of the cross-beds to the west.

Beds of cemented conglomerate are present on the west side of
the Rio Grande trough in eastern Valencia County. The beds range in
thickness from two to ten feet. In the SW% sec. 5, T.6 N., R.2W., a
small mesa, several hundred feet high, is capped by a conglomerate
bed ten feet thick. Cemented conglomerate also is exposed at the foot
of the mesa on the south side, about 400 feet lower stratigraphically.
This bed probably was about four feet thick before erosion.

The outcrops of the Santa Fe Group, as shown on the generalized
geologic map (pl. 1), include some rock units that are related to, but
technically not part of, the Santa Fe Group. These units include the
so-called "pediment gravels” which are lag gravels on both Recent
and older erosion surfaces; caliche beds at the top of the present
Santa Fe
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outcrop; and fanglomerate material, particularly at the foot of the Manzano
Mountains, which is continuously being added to the bajada. In this study no
attempt was made to subdivide the Santa Fe Group. Wright has described
4100 feet of what he considered to be playa deposits exposed in the Gabaldon
anticline. The base of the Santa Fe section was not exposed. He correlated the
playa deposits with the lower and middle members of the Santa Fe described
by Bryan and McCann (1937) in Sandoval County to the north. Playa deposits
have not been described elsewhere in the Santa Fe. Wright stated that the
playa deposits are overlain by at least 700 feet of alluvial-fan material, which
he correlated with Bryan and McCann's upper member. The total Santa Fe
section described is thus about 4800 feet thick.

Caliche caps much of the Santa Fe Group where it crops out on surfaces
with gentle relief. Caliche is well exposed along the escarpments of the Llano
de Albuquerque and along the east side of the Rio Grande north of EI Cerro.
In most places the caliche is poorly developed and ranges from a foot to a few
feet in thickness.

The thickness of the Santa Fe Group and other rocks varies widely in
different parts of the graben. The Grober No. | Fugua oil-test hole in the
NEIA NWIA NE % sec. 19., T. 5 N., R. 3 E. penetrated 4550 feet of the
Santa Fe Group, according to R. L. Bates (in Reiche, 1949). Drillers' logs
from several oil-test holes within a radius of a few miles of Dalies suggest
that the Santa Fe in that area also is several thousand feet thick. The electric
and gamma ray neutron logs of the Humble No. 1 Santa Fe Pacific test hole
at the center of the SELASEIA sec. 18, T. 6 N., R 1 W., on the flank of the
Gabaldon anticline, suggest that the Santa Fe Group and earlier Tertiary
rocks here extend to a depth of about 9700 feet; the proportionate thickness
of Santa Fe to pre-Santa Fe Tertiary rocks is open to speculation. Sample
cuttings from this hole are on file at the State Bureau of Mines and Mineral
Resources Division of the New Mexico Institute of Mining and Technology,
but they have not been described. As mentioned previously, Wright
described 4800 feet of Santa Fe exposed on the Gabaldon anticline; the base
of the deposit was not exposed. On the uplifted block of the Ojuelos fault,
the Santa Fe Group and younger sedimentary rocks together probably have a
maximum thickness of only a few hundred feet. The pre-Tertiary bedrock
floor of the Rio Grande graben may have considerable relief and be highly
faulted. The maximum thickness of the Santa Fe Group within the Rio
Grande graben is probably more than 5000 feet.

Part of the Santa Fe Group has been removed by erosion. El Cerro de Los
Lunas was covered by the Santa Fe and later exhumed. The beveled edges of
the eroded strata are exposed west of the hill. El Cerro (near Tome) probably
also was completely covered. Remnants of the Santa Fe crop out high on the
sides of this hill.

Few quantitative data are available on the hydraulic characteristics of the
Santa Fe Group in eastern Valencia County. Most of the wells
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that obtain water from the Santa Fe are stock wells equipped with
windmills. Most of the stock wells end between 30 and 60 feet below
the water table, although some penetrate considerably more than 100
feet. A few wells (5.1.13.332, 7.2.18.421, and possibly wells 4.2.32.141
and 4.2.32.243) near the Rio Grande valley, yield about 1000 gpm from
the Santa Fe. These wells are on the outcrop of alluvium of Quaternary
age, rather than on the Santa Fe. However, the water from each well is
probably derived from the Santa Fe. The alluvium is mostly or entirely
above the water table. The specific capacities of these wells are 25 gpm
per foot of drawdown or slightly more.

At greater distances from the Rio Grande valley, maximum vyields are
in the range of 100 to 160 gpm. These yields have been obtained from
only three wells (4.2.25.434, 4.2.36.221, and 6.1.5.412). On the basis of
reported data, specific capacities are on the order of 2 to 3 gpm per foot
of drawdown. Deeper penetration below the water table might result in
larger yields and specific capacities, although well 6.1.5.412 was drilled
nearly 630 feet below the water table. The small number of large-
capacity wells or of wells having high specific capacities in the Santa Fe
Group, particularly east of the river valley, may be due mainly to the lack
of attempts to construct such wells. Discharges of at least 100 gpm
probably can be obtained from properly constructed and developed wells
wherever the Santa Fe is thick enough to allow deep penetration below
the water table. Areas in which the potential is considerably higher than
100 gpm will be proved only by drilling. Where the Santa Fe is thin, as
on the upfaulted block between the Ojuelos fault and the Manzano
Mountain front, the potential yield from the aquifer may not be so great
as it is farther west where the aquifer is thicker. However, the greater
content of gravel in the Santa Fe near the mountains, locally, could cause
high permeability in the sediments and possibly large yields of water
could be obtained at places here.

QUATERNARY SYSTEM

The rocks of Quaternary age described in this section include stream
alluvium in the graben, basalt flows on the Llano de Albuquerque and
around the north toe of Mesa Lucero, and part of the travertine deposits
along the Rio Puerco fault zone. The landslide and mudflow deposits are
principally where basalt flows overlie shale of Triassic age on Mesa
Lucero. The alluvium of the Rio Grande is divided into older alluvium
and younger alluvium of Recent age, depending on the time of
deposition. The alluvium in other stream valleys has not been
subdivided.

Older Alluvium

The sediments identified in this report as older alluvium form the
depositional terraces that are about 120 and 160 feet above the present
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river level. The deposits are now preserved along most of the east side of the
river valley. On the west side of the valley they are preserved northwest of
Los Lunas (pl. 1). The contacts are indistinct along the margins of the
deposits, so the geologic map indicates only the general location of the
contacts. The alluvium associated with the 160-foot terrace is at least a few
tens of feet thick. The alluvium associated with the 120-foot terrace is 132
feet thick where it was penetrated by well 7.2.18.421. (See table 3.)

The alluvium was derived largely from sediments of the Santa Fe Group.
It consists of interbedded and intermixed brown, buff, and gray sand, silt,
clay, and gravel. The sand is commonly cross-bedded. The alluvium
commonly is uncemented, but the clay beds are mostly compacted. The
principal difference between the older alluvium and sediments of the Santa Fe
is in the degree of cementation. The alluvium is more easily distinguished
from sediments of the Santa Fe Group where the alluvium is directly
associated with a terrace. The upper part of the alluvium associated with the
120-foot terrace is well exposed in a road cut in the NW/SE/SE/ sec. 20, T. 7
N., R. 2 E. (fig. 7A).

Beds of gravel are interspersed throughout the older alluvium; however,
they appear to be best developed in the lower part of the deposit. The thick
gravel beds along the east side of the Rio Grande may be a part of the
alluvium associated with the 120-foot terrace. Part of the gravel sequence is
well exposed in a gravel quarry inthe SW I/ sec. 81, T. 7 N.,R. 3E.

A zone of caliche is locally poorly developed on the 160-foot terrace east
of Belen. Caliche was not found on the 120-foot terrace. Climatic conditions
that had sustained formation of caliche prior to the establishment of the 120-
foot terrace were apparently modified, and no caliche has developed since.

The deposits of older alluvium are above the water table, except east of
the river in the southernmost part of the county. Here the lower part of the
older alluvium may be saturated. The deposits are of interest because they
probably facilitate recharge to the Santa Fe. Recharge is discussed in a later
section.

Alluvium of Recent Age

The alluvium of Recent age is limited to the flood plain of the Rio Grande
and to the lower part of the principal tributaries in eastern Valencia County. It
consists, generally, of unconsolidated sand, silt, gravel, and clay. The strata
are usually tan to brown; some of the clayey beds are red. Below the water
table much of the fine to medium sand is gray to bluish gray. "Blue black
muck," at a depth of 34 feet, is recorded in the log of well 5.2.18.412, and a
"tree stump" or log was found at a depth of 60 feet during the drilling of well
6.2.16.423. Gravel
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TABLE 8. MODIFIED DRILLER'S LOG OF IRRIGATION WELL 7.2.18.421

THICKNESS DEPTH

DescrIPTION (feet) (feet)

Quaternary System:
Soil mandy .. .. A - 2 2

Older alluvium:
Clay, stiff, brown, caliche ............covveirniianacnennss 5 7
Clay, brown .....vesivs ST e S SR A A 11 18
LT R L e e e e o S 2 20
Clay, sandy, brown .........cccciiuiieiiorisanensancnnes 14 34
Sand, fine, BIOWE .....cioucessonasanrnacssrsasasiossne 14 48
Clay, $30dy, DYOWI .:.ovoiimmnsnnmasmenessass s R 27 75
Sand, fine, brown, and some clay ........ RS e R e s 6 81
Sand, fine, brown, and pea gravel ........ e S 1 82
GIRVEL ..oniiimnrsmserpassmssmmnsmenm s sasgnssmn sty 4 86
Sand, fine, BIOWH . .::ciissivviviivaee G e R e 1 87
L D e e S ey e 8 95
CIaY, DIOWR ..ounvnisaneimensnanedsssancans siuinnesspssss 1 96
Sand and gravel, bBrown ..........iveiinrennascanecananns 9 105
Sand, fine, brown, and some gravel ............c.c00iainns 6 111
GV s va s sara st R RS A e 15 126
Sand, B0e BIOWEE o ivaisiianinsessnrsssdnssaresasiss 4 130
Clay and gravel, conglomerate ............c..covvueninnns 2 182

Tertiary and Quaternary(?) Systems:

Santa Fe Group:
Sand and gravel, gray, formation is tight ................. 10 142
Clay, sandy, brown, compact and dense ................... 3 145
Sand, gray, coarse, streaks of white clay, water. Porosity is
poor as formation s tght ... .ceermrmeranaracnchn. 29 174

Clay, brown, with some gravel ..........cccccivvnvinannn, 1 175
Sand, coarse, brown, some packed pea gravel, water ......... 3 178
Sand, coarse, brown, and cemented gravel ................ 1 179
Clay, brown, and gravel .........cocovuivnineas i 1 180
Sand, coarse, brown, and gravel ................coooeniin 2 182
Clay, brown, sid GEAVEL . ... cvineennanesins smanaini assasss 15 197
Clay, mndy, WRawWn . ..ovaliis e st sedas v 8 205
Sand, CORESC, BXAY, WRIEE .« vuncrom s ssndspny e il asese sises 1 206
Sand, coarse, gray, and pea gravel, water .................. 6 212
CIRY BTRY o c s v s siiieinle sauiaislsanswsld/osioie s/ aeasis 1 213
Sand, coarse, gray, and pea gravel, water ................. 2 215
CIRY BYBY oisosia oo Bl e o o e S o o el s i s & s 217
Sand, medium coarse, brown, and pea gravel and clay, water . 4 221
Sand, coarse, brown, and gravel ... ceiveneseieane s e 4 225
RN BIAY. viiiciivnnsans srraesre s AR s e airs 5 230
Clay, brown, and sand ....... S e I e AR 2 232
At RO DEOWRL, -0 von samiiin S e SO R A R 3 235
EARY: BEOWR o iidivnsvnns s pan s me s s e s s e v e 13 248
Sandd, Bne, DYOWR .. ...o0cvesarmneannreansanynnsonsamwssaes 10 258
Clay, brown, anl samd .. cousuibonicenpas e e 2 260
Sand, coarse, brown, and gravel, water ................... 5 265
Clay, brown, and cemented sand .............. i 3 268
Sand, coarse, brown, and gravel, water ................... 10 278
Chy, hyowh, Yery dende . o oo isveiasiansanenanaianns 17 295

Sand, coarse, brown, and pea gravel, water ............... 5 300
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Clay, brown, and cemented Sand ..........cccocerirvieriiiienneienieeeae 6 306
Sand, coarse, gray, and small gravel . 3 309
Clay, brown, and conglomerate ........ 5 314
Sand, hard, gray, cemented ........... 1 315
Sand, coarse, gray, loose, taking water 9 324
Clay, sandy, brown ........cc.cccoovvninn. 1 325
Sand, coarse, gray, Water .................. 14 339
Clay, brown, and cemented sand ...... . 3 342
Sand, fine, brown, and clay ..........ccocovviiiiiiiiii 23 365
Sand, coarse, brown, cemented .............ccoceveriiiiiienei e 3 368
Clay, brown, and cemented sand ...... 3 371
Sand, coarse, gray, wWater .................. 12 383
Sand and gravel, cemented . w2 385
Sand, COArse, gray, WAater ........ccccooiererrrereniieenisieesesieesesneeeas 4 389
Clay, gray, SHCKY ....cccieiiiieiisie e 5 394
Clay, sandy, brown .. 4 398
Clay, light-brown ......... 3 401
Clay, reddish brown ..... w4 405
Clay, sandy, Brown .........cccoeieiiiiiii e 2 407

Figure 7A

OLDER ALLUVIUM ASSOCIATED WITH THE 120-FOOT TERRACE OF THE Rio
GRANDE
Outcrop in the NWIASEIASEIA sec. 20, T. 7 N., R. 2 E., west of Los Lunas, N. Mex.



36 NEW MEXICO BUREAU OF MINES & MINERAL RESOURCES

Figure 7B

THE RIOPUERCO CHANNEL INSEC.6, T.6N,,R. IW,, SOUTHOFSTATE
HIGHWAY 6

The channel has been incised 40 feet into alluvium of Recent Age in historic
time.

is more common below a depth of 35 feet than above, according to
drillers' logs.

The alluvium under the Rio Grande flood plain probably has a
maximum thickness of little more than 120 feet. In the driller's log of
well 5.2.18.412 (Belen Municipal well No. 2), the depth of the base of
the alluvium was provisionally set at 119 feet (table 4). Large-capacity
wells that obtain water from the alluvium average 80 to 100 feet deep.
Some wells are 110 feet deep, only a very few being deeper than 110
feet. Most of the wells are bottomed near the base of a gravelly
sequence of alluvium that probably represents the lower part of the
river deposit.

Under most of the valley the alluvium is highly permeable and
yields water readily to wells. Pumping rates of 1840 gpm have been
measured, and pumping rates of 2500 gpm have been reported. The
average specific capacity of 15 wells, in which the drawdown and dis-
charge was measured by the Geological Survey, was 31 gpm per foot
of drawdown. An additional 21 wells, in which the drawdown and
discharge were reported, had an average specific capacity somewhat
higher. Wells in the heavily pumped area on the east side of the river
north of El Cerro have an average specific capacity 25 to 30 percent
higher than the average for the entire valley in Valencia County. This
is true for both measured data and reported data. Many extraneous
factors,
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TABLE 4. MODIFIED DRILLER’S LOG OF WELL 5.2.18412,
BELEN MUNICIPAL WELL 2

THickNEss DEpTH

DEescripTION (feet) (Feet)

Quaternary System:
Alluvium of recent age:

RAODE oo S e e R e e 4 4
BRI EPE  WRET. oL - oo e e R e ey 29 33
Muek, bloe-black .o e s 1 34
SEN JTRY, WBLEY s i v e s s s A s i 1 38
Sand, gray. Some Bravel, WaleT ......occivvcosnsossrsessss 18 56
Sand and gravel, concreted -.ociiann v aeeih 23 79
Clay, dense, light-red .......ccovirnraiscnvrrvonsnnsnscsss 17 9
SAnd, CORTRE, WRUET ..viuiwsvewamisiva s ssmsasnasmsasd 10 106
SRNd; COREIC, EXRVEL 0 e G st e e e 13 119

Tertiary and Quaternary(?) Systems:
Santa Fe Group:

Sand. Dyowin, havd paied ...oviaieeiniin ok cne s e 18 137
Sandstone 300 .. s e e e s 2 139
e 3 142
SAN. BERY; WRLEE 1w o omwiioes i s s s a1 ss v s s weisy 10 152
Clay, ceamr-o0loret .o i sisent swesaaiaian sa sea sl 3 155
Gravel, clean, Water .........ccovreeiincarnssnesssnsnsnsns 5 160
Sand and gravel, oDnCTOed .ouoiviiie i e 9 169
Clay, sticky, cream-colored ..., oo ovinsanvs emimniannihing 6 175
Clay, red, hard-cemented 8anid .. .cvvviverssinssvvonsosins 37 212
Sand, gray, and pea gravel, water .................00enne 8 220
CIOTHOOWE -5 o bl s i SR e R R 4 224
Samith, COMESE, GYAY WRICT ouvonisivnsin s chion s fasmspns 6 230
B R T S R e e S AN 13 243
Sand. (e GRS WRIHE . oo\ wrsin st gy s e 2 245
Chay, MY, Dol oo o eesoniv s sinas s s s 13 258
Clay, sandy, ted Beld oo sihis s i messn s 13 271
L R L e e 5 276
Sandstone,-soft, Brown .ouciiinansini s s s 1 277
LN S o S Y 6 283
Sand, packed; DYOWR «ocuwmsmvuiniivismis s s o 2 285
o I ey S h e 2 287
Sand, packeld, BrOWH . o« vunsissman oussmmmessmmsme s 2 289
CIaY, T8 s e e S e e S e e e 1 290
Sand Gitked oW - L0l e s sl e e 2 292
CIOY T s i i e T e R e T 4 296
Sand, fine, brown, WRLET ... .. .. iiisissasvdsnasusvsssas 8 304
Clay and gravel, hard ............ e 2 306
Glay and sand, DIOWE ..o ovonmiasmssman v sne s 1 307
Clay, cream-colored ... ... .o iiiianiinniisiiae e 3 310
SEndstons, BATd, BIAY ..covnmisnss vt v sty s 1 311
Clay, cream-0olored . ;. couinsaivimiiesie e ses i 17 328
Sand, coarse, GTay, WALET .....co-usvavisessossss A 9 337
T S S Y Ao R 2 339
Clay, sandy, DIOWR ..oiuiieiianvainesnsss saniinnsnaisssis 5 344
Clay and sand, brown ..............ciiciiiiiiiiiiiienn, 1 345
CAay, ANy, BIOWIL ;.. v s e momeie i ek v o o s 6 351

Sand, coarse; RTAY, WALET . ... cuicsusenersnssimisrasnsnsss 2 358
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TABLE 4. MODIFIED DRILLER’S LOG OF WELL 5.2.18.412,
BELEN MUNICIPAL WELL 2 (con’t.)

DEescrIrtion THickNEss DEPTH
(feet) (feet)

Sand, gray, streaks of brown silt, tight formation, can be

perforated, Water ...........cciiiiiiiiiiiaiianiiians 7 360
Clay, cream-colored ........oeiissmvsmniaiasneasisioans 2 362
Sand, tight, gray, with streaks of brown silt ............... 2 364
Sand, fine, gray, Water ...... ;. oiveanineiinmenivaivse s 11 375
Chay, Yol o i wen e SR AR Ere e e 1 376
Sand, Eray, COATIE, WALEL .....o-vonccomrnomnsmsenneassnns 1 377
Clay, ved, stieky. . ivvoovs e mvnsiesamiivdisserss 35 412
Sand, very fine, brown, quicksand .......... ... 000 0iiiaan 7 419
Clay, red, dense and stheky .....cccovevecivvsnnnrenvross 15 434
Sand, brown, and clay conglomerate ..............co.00n 8 442
Sant), PIRY, WALEY ... varvnssine sy s an e S e 3 445
Clay, brown, streaks of water sand ...................... 11 456
Clay, rod conglomerate .. .iqsesivasssansessssasssassssaes 4 460

such as well diameter, well completion and development procedures,
and type and number of perforations in the casing, affect specific
capacities; however, there is little question but that the higher specific
capacities of wells in this part of the valley indicate higher aquifer
transmissibility.

Theis and Taylor (1939) have calculated that the coefficient of trans-
missibility for the alluvial aquifer is 50,000 gpd (gallons per day) per
foot. (The coefficient of transmissibility, commonly designated by T, is
the amount of water in gallons that will pass in one day through a
vertical strip of the aquifer one mile wide and extending through the
entire thickness of the aquifer, under a gradient of one foot a mile. It is a
measure of the overall permeability of the aquifer.) Theis and Taylor
determined that the transmissibility is the same whether measured paral-
lel or perpendicular to the alignment of the river. In addition, they
arrived at a specific yield for the alluvium of 14 percent. (Specific yield
is the volume of water that will drain by gravity from a unit volume of
aquifer. It is expressed as a percent of the aquifer volume.)

Clay layers near the top of the aquifer, and presumably throughout
the aquifer, restrict the vertical movement of ground water. Perched
ground water, as is indicated by the anomalously high altitude of the
water table in well 6.2.18.211, may be caused by beds of clay, which
slow or prevent the movement of recharge water to the true water table.
A short pumping test of well 6.2.5.311 suggests that beds of clay a short
distance below the water table separate the aquifer into two distinct
zones with different hydrologic properties. Above the clay layers the
water is unconfined, whereas below the confining clay layers the ground
water is under slight artesian pressure.

The Rio Puerco valley, like the Rio Grande valley, is underlain by a thick
deposit of alluvium. The present channel of the Rio Puerco is
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incised as much as 40 feet into the alluvium (fig. 7B). Near the
confluence of the Rio Puerco with the Rio Grande, a few miles south
of Valencia County, the thickness of the Rio Puerco alluvium is
probably about the same as that of the Rio Grande. The alluvium
exposed in the near-vertical walls of the present channel consists of
silt and sand beds and some clay. Round clay balls, many more than
two feet across, are exposed in the outcrop. Because of the poor
chemical quality, ground water in the Rio Puerco alluvium has not
been utilized widely.

The Rio San Jose valley is underlain by alluvium that yields
ground water to a few stock wells. The alluvium consists of sand,
silt, and gravel. It reportedly contains interbeds of malpais which are
probably basaltic lava flows similar to those covering the present
surface in part of the area.



Occurrence of Ground Water

Ground water in eastern Valencia County occurs mostly under water-
table conditions. The water table is the free upper surface of a body of
ground water that is not confined under pressure. Below the water table
all accessible pore spaces and other openings in the rock contain water.
The rock is saturated.

Locally, ground water in eastern Valencia County occurs under
artesian conditions. Artesian conditions are those in which ground water
is confined under pressure between rocks of very low permeability. The
artesian pressure is maintained by water in the recharge area standing
above the general level of the aquifer. A well drilled into an artesian
aquifer may be dry until the upper confining bed is penetrated. When the
confining bed is penetrated, however, the water rises in the well to the
height of the piezometric surface. The piezometric surface is a pressure
surface connecting all potential static water levels for an aquifer. It
indicates the altitude at which water will stand in a well that is drilled
into an aquifer at any location. The water table in an unconfined aquifer
is a special case of a piezometric surface.

A sloping piezometric surface indicates a pressure gradient. Because
water tends to move in the direction of lowest pressure potential, a slop-
ing surface implies that the movement of ground water is in the direction
of downward slope. The movement of ground water in response to a
pressure gradient is generally very slow, because of the small, tortuous
channels through which the water must move. Relatively steep pressure
gradients, that is, steeply sloping piezometric surfaces, therefore, are
common in ground-water reservoirs. The rate of movement of ground
water is usually measured in feet per year.

STRUCTURAL CONTROL OF GROUND WATER

The occurrence of ground water is inevitably controlled by the geol-
ogy of an area. Structural adjustments that have folded, faulted, offset,
or otherwise affected aquifers, also affect the occurrence and movement
of the ground water that is contained within the aquifers. The borders of
the Rio Grande graben are areas where this control is well displayed.
Here the traces of major faults are also lines separating distinctive areas
of ground-water occurrence.

THE FAULTED BORDER OF THE MANZANO MOUNTAINS

Bustamonte Spring (3.4.11.144) and a small unnamed spring a mile
to the south (3.4.14.140) probably are structurally controlled. The
springs are on each side of the mouth of a wide re-entrant in the west
face of the south Manzano Mountains (pl. 1). The trace of a major Lara-
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mide thrust fault crosses the mouth of the re-entrant, but it is here
covered by alluvium. The two springs are on or very near the trace of
the fault. The water that is discharged from Bustamonte Spring
probably rises along the fault. The water that is discharged from spring
3.4.14.140 may rise along the fault, or it may be water from the
alluvium that is forced to the surface by thinning of the alluvium where
post-Laramide normal movement on the fault has elevated the bedrock
under the re-entrant.

THE OJUELOS FAULT ZONE

Several springs along the trace of the Ojuelos fault discharge ground
water from the eastern uplifted block. Among the largest are the three
springs known collectively as Los Ojuelos, which are in sec. 20, T. 6 N.,
R. 4 E. Others are Carrizo Spring in sec. 8, T. 6 N., R. 4 E. and Ojo de la
Cabra in sec. 29, T. 8 N., R. 4 E. Two former springs (6.4.5.232 and
7.4.6.434) were dry when visited in 1956-57. A large cottonwood tree
commonly marks the site of each of the springs and seeps (fig. 8A).
These are the only large trees on the east slope of the Rio Grande
physiographic trough.

Figure 8A

SLOPING SURFACE BETWEEN THE MANZANO MOUNTAINS, IN THE
BACKGROUND, AND THE RIO GRANDE

The cottonwood tree in the middle ground marks the location of spring 7.4.6.434 on a branch of the
Ojuelos fault.
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Figure 8B

TRAVERTINE DAMS THAT HAVE PRECIPITATED FROM GROUND WATER
DISCHARGED FROM SPRING 6.3W.35.340, VALENCIA COUNTY, N. MEX.
The Madera Limestone crops out in the background.

Ground water moves westward from the Manzano Mountains toward
the Rio Grande in the Cenozoic sediments which rest on rocks of
Permian and Triassic age in the up thrown block of the Ojuelos fault.
Ground water also is presumed to move westward toward the fault
through permeable beds of the older underlying rocks. East of the
Ojuelos fault the water table in much of the area is less than 100 feet
below land surface; at the fault the several springs indicate that the
water table is at the surface; west of the fault the water table is 400 to
500 feet below the surface (pl. 2). As water moves across the fault into
the more permeable rocks of the Santa Fe, it cascades abruptly to the
lower level within a short distance. The slope of the water table east of
the fault is between 100 and 200 feet a mile (pl. 3). West of the fault,
beyond the zone of cascading ground water, the water-table slope in
most places is less than 10 feet a mile. Although the Ojuelos fault does
not have a topographic expression that is recognizable in the southern
part of Valencia County, the location of the ground-water cascade over
the fault can be determined within four or five miles by the
configuration of the water table. Unfortunately, the control points at
which water-level altitudes could be obtained are not spaced closely
enough for more precise location of the fault.
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Ojo de la Cabra (8.4.29.424) is in a tributary to Hell Canyon Wash
where that tributary crosses a prong of the Ojuelos fault. Water dis-
charging from this spring flows down the tributary about a quarter of a
mile, enters Hell Canyon Wash, and continues down the narrow valley to
the point at which another fault crosses the canyon. Here the surface
flow soaks into the ground. The fault splinter crossed by the surface flow
is apparently saturated with ground water along the arroyo.

The average permeability of rocks of pre-Tertiary age in the uplifted
block of the Ojuelos fault is surely less than the permeability of the
overlying Cenozoic sediments. However, because of the thinness of the
Cenozoic deposit, the coefficient of transmissibility of the pre-Tertiary
rocks may be as high or higher than that of the Cenozoic rocks. If this is
true, the pre-Tertiary rocks, which are a few thousand feet thick and are
in fault contact with the Santa Fe Group along the Ojuelos fault, transmit
more water than the overlying Cenozoic rocks.

THE GABALDON AREA AND THE WESTERN PART OF THE RIO GRANDE
GRABEN

Certain inferences regarding the structure of the western part of the
Rio Grande graben can be drawn from the configuration of the water
table. The gradient of the water table is a function of the transmissibility
of the aquifer. In general, where the slope is steep, the ability of the rocks
to transmit water is low, and where the slope is gentle, the ability of rocks
to transmit water is high. The slope of the water table in the central part
of the graben ranges from-two to four feet a mile (pl. 3). The slope
increases sharply along a sinuous line near the west side of the graben. In
T.5 N., R. 2 W,, the slope is as much as 300 feet a mile. The exact
location of the break in slope is difficult to determine because of the
sparse data. Such a difference in transmissibility must be due to a
difference in the thickness or the permeability of the sediments.

The easterly bulge of the steeply sloping water table in T. 6 N., R. 1
and 2 W. is apparently due to the structurally high position of the fine
sediments in the Gabaldon anticline. In addition, the southwest-trending
faultsin sec. 19, T.6 N., R. 1 W. and in sec. 35, T. 6 N., R. 2 W. (pl. 1)
may have a retarding effect on the southeastward movement of ground
water.

North of the Gabaldon anticline the steep slope of the water table
combined with a topographic scarp on the east side of Cat Mesa suggest a
north-south trending fault in the Santa Fe. The transmissibility of the
rocks west of the fault is much lower than that of the rocks to the east.
This could be due to fine-grained sedimentary rocks that have been
uplifted to a structurally high position in the western block. The trans-
missibility of the Santa Fe would be reduced in proportion to the amount
of uplift because the thickness of the Santa Fe on the uplifted block would
be decreased by the amount of the uplift.
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South of the Gabaldon anticline the steeply sloping part of the water
table swings southwest around the end of the anticline and then back to
the southeast, thus delineating a ground-water trough in the central part
of T. 5 N., R. 2 W. The depth of the trough and the configuration of the
water table south of the axis of the trough are based on widely scattered
control points. The alignment of the contours in the Valencia County
part of T. 4 N., R. 2 W. possibly should be southward instead of
southeastward. The steep slope of the water table south and southeast of
Gray Mesa is probably due, at least in part, to the thinning of the Santa
Fe Group. Thus, it may indicate that one or more faults occur east of the
fault mapped by Kelley and Wood, which is shown on the geologic map
(pl. 1). A water well in Socorro County, a little more than a mile south
