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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain
inch 25.4 millimeter
foot 0.3048 meter
mile 1.609 kilometer
square foot 0.09290 square meter
acre 4,047 square meter
square mile 2.590 square kilometer
foot per day 0.3048 meter per day
0.000353 centimeter per second
foot squared per day 0.0929 meter squared per day
acre-foot 1,233 cubic meter
gallon 3.785 liter
0.003785 cubic meter
gallon per minute 0.06309 liter per second
gallon per minute per foot 0.2070 liter per second per meter
gallon per day 0.00004382 liter per second
gallon per day per foot 0.124 square meter per day
cubic foot 0.02832 cubic meter
cubic foot per second 0.02832 cubic meter per second
28.32 liter per second

Temperature in degrees Fahrenheit (°F) can be converted to degrees Celsius (°C) as follows:
°C=5/9(°F-32)
Sea level: In this report "sea level" refers to the National Geodetic Vertical Datum of 1929--a

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

Specific conductance is reported in microsiemens per centimeter (uS/cm) at 25 degrees Celsius.
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GROUND-WATER RESOURCES OF CATRON COUNTY, NEW MEXICO

By George T. Basabilvazo

ABSTRACT

This report describes the occurrence, availability, and quality of ground-water and related
surface-water resources in Catron County, the largest county in New Mexico. The county is
located in the Lower Colorado River Basin and the Rio Grande Basin, and the Continental Divide
is the boundary between the two river basins. Increases in water used for mining activities (coal,
mineral, and geothermal), irrigated agriculture, reservoir construction, or domestic purposes
could affect the quantity or quality of ground-water and surface-water resources in the county.

Parts of seven major drainage basins are within the two regional river basins in the
county--Carrizo Wash, North Plains, Rio Salado, San Agustin, Alamosa Creek, Gila, and San
Francisco Basins. The San Francisco, Gila, and Tularosa Rivers typically flow perennially. During
periods of low flow, most streamflow is derived from baseflow. The stream channels of the Rio
Salado and Carrizo Wash Basins are commonly perennial in their upper reaches and ephemeral
in their lower reaches. Largo Creek in the Carrizo Wash Basin is perennial downstream from
Quemado Lake and ephemeral in the lower reaches.

Aquifers in Catron County include Quaternary alluvium and bolson fill; Quaternary to
Tertiary Gila Conglomerate; Tertiary Bearwallow Mountain Andesite, Datil Group, and Baca
Formation; Cretaceous Mesaverde Group, Crevasse Canyon Formation, Gallup Sandstone,
Mancos Shale, and Dakota Sandstone; Triassic Chinle Formation; and undifferentiated rocks of
Permian age. Water in the aquifers in the county generally is unconfined; however, confined
conditions may exist where the aquifers are overlain by other units of lower permeability.

Yields of ground water from the Quaternary alluvium in the county range from 1 to 375
gallons per minute. Yields of ground water from the alluvium in the Carrizo Wash Basin are as
much as 250 gallons per minute for short time periods. North of the Plains of San Agustin,
ground-water yields from the alluvium in the San Agustin Basin range from 1 to 10 gallons per
minute.

Irrigation wells completed in the Quaternary bolson fill produce as much as 975 gallons per
minute immediately east of the county. Water from the bolson fill in the Plains of San Agustin has
specific-conductance values generally ranging from 180 to 3,300 microsiemens per centimeter at
25 degrees Celsius (uS/cm).

Yields from the Gila Conglomerate generally range from 2 to 5 gallons per minute. Water
samples from two springs from the Gila Conglomerate have specific conductances of 289 and 381

uS/cm.

The Tertiary Datil Group is present in the Carrizo Wash, San Agustin, San Francisco, and
Gila Basins. The Datil Group commonly is unconfined, but may be confined at depth. Water levels
of wells completed in this unit range from 60 to 1,260 feet below land surface. Wells completed in
the Datil Group typically yield 1 to 15 gallons per minute. Specific conductance of water from the
Datil Group ranges from 210 to 820 uS/cm. The Tertiary Baca Formation in the Carrizo Wash
Basin produces 5 to 20 gallons per minute in stock wells. Water from wells completed in the Baca
Formation has specific-conductance values ranging from 312 to 752 uS/cm.



Aquifers in Cretaceous rocks are present in the Carrizo Wash, North Plains, and Rio Salado
Basins. The potential yield from wells completed in Cretaceous rocks in northwestern Catron
County is from 1 to 122 gallons per minute. Specific conductance of water from Cretaceous rocks
ranges from 210 uS/cm in the Moreno Hill Formation to 4,490 pS/cm in the Mancos Shale. Yields
of ground water from Cretaceous rocks in the Carrizo Wash Basin typically range from 1 to 100
gallons per minute; in an artesian well, however, the yield in the main body of the Cretaceous
Dakota Sandstone during an aquifer test was 350 gallons per minute. Ground-water yields from
the Cretaceous Crevasse Canyon Formation in the North Plains Basin range from 0.5 to 1.5 gallons
per minute. Specific conductance of water from the Mesaverde Group, Crevasse Canyon
Formation, Mancos Shale and intertongued Dakota Sandstone, and the main body of the Dakota
Sandstone ranges from 370 to 4,370; 1,200 to 2,500; 980 to 4,490; and 500 to 980 uS/cm,
respectively.

Yields of ground water from two wells completed in Permian rocks in the Carrizo Wash
Basin are 12 and 80 gallons per minute. Water from Permian and Triassic sedimentary rocks has
specific-conductance values generally ranging from 1,300 pS/cm in the Permian San Andres
Limestone and/or Glorieta Sandstone to 3,460 uS/cm in the Triassic Chinle Formation.

In Catron County, the total ground and surface water withdrawn was about 21,000 acre-feet
in 1990, of which the primary use was for irrigated agriculture. In 1990, ground- and surface-
water withdrawals for irrigated agriculture were 20,022 acre-feet or 95.5 percent of the total
withdrawals in the county. The principal irrigated areas are along the San Francisco River, near
Quemado, and in the Plains of San Agustin. About 87 percent of the water used in the county in
1990 was surface water. Surface water in the county is used for irrigated agriculture, livestock,
and commercial purposes. The San Francisco, Gila, and Tularosa Rivers are the major source for
almost all surface water diverted for irrigation, livestock watering, and commercial purposes.
Ground water in the county is used for irrigated agriculture, mining, public water supply,
domestic, livestock, commercial, and industrial purposes.

Geothermal areas are sparsely distributed throughout Catron County. They are located but
are not restricted to areas (1) along the San Francisco River in the southwest part of the county,
(2) along the headwaters of the Gila River and in the forks of the upper reaches in the southeast
part of the county, (3) around the Plains of San Agustin in the east-central part of the county, and
(4) northwest of the community of Quemado in the northwest part of the county. In geothermal
areas, elevated water temperatures are probably related to high heat flow from shallow magma
bodies and ground-water circulation through highly fractured, faulted, and permeable rocks near
the heat source.

INTRODUCTION

Catron County is located in west-central New Mexico and is the largest county in New
Mexico, containing approximately 6,900 square miles (4,400,000 acres) (fig. 1). The county is
located in the Lower Colorado River Basin and the Rio Grande Basin. The Continental Divide is
the boundary between the two river basins. Parts of the Gila-San Francisco and Rio Grande
administrative ground-water basins, as declared by the New Mexico State Engineer June 30, 1991,
also are in Catron County.
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About one-half of the county is federally owned and is in part of the Gila or Apache National
Forests. In 1980, the population of Catron County was 2,720, which ranks the county as the third
least populated county in New Mexico. Tysseling and others (1986) estimated that in 1980 the
population of the Gila-San Francisco Basin was 1,728. Employment in Catron County is primarily
by agriculture and government. Agriculture is dominated by livestock production, primarily in
the San Francisco River Valley (Tysseling and others, 1986). Government employment is
dominated by Federal employees at the Apache and Gila National Forests.

Increases in water used for mining activities (coal, mineral, and geothermal), irrigated
agriculture, reservoir construction, or domestic purposes could lower water levels and affect the
quantity or quality of surface-water and ground-water resources in the county. In the Gila-San
Francisco Basin, surface-water use is limited by the Arizona v. California decree of 1964 (Tysseling
and others, 1986); thus, any increase in withdrawals would require acquisition of water rights
from existing users. In addition, any new appropriations of ground water would need approval
by the New Mexico State Engineer Office because the Gila-San Francisco and Rio Grande are
declared ground-water basins. Because of increasing interest and concern about the ground-
water resources of Catron County, the U.S. Geological Survey, in cooperation with the New
Mexico State Engineer Office and the New Mexico Bureau of Mines and Mineral Resources,
investigated the ground-water resources of Catron County, New Mexico.

Purpose and Scope

This report describes the occurrence, availability, and quality of ground-water and related
surface-water resources of Catron County, New Mexico. Existing hydrogeologic data from
published and unpublished reports on the county were used to characterize the aquifers and
hydrochemistry of the water in the aquifers. New hydrogeologic data were collected from
selected wells, springs, and lakes in the Carrizo Wash Basin in northwestern Catron County,
which is an undeclared administrative ground-water basin. Included in this report are a
summary of (1) ground-water resources, (2) surface-water gaging stations and crest-stage
stations, (3) geothermal areas, and (4) water use in the county.

Although Catron County has an abundance of wells and springs, many records for these
water sources were collected prior to 1980 and do not have information concerning aquifer
designation, water quality, or well-completion specifications. Parts of this report are based on
interpreted aquifer assignments from geologic maps from 1965 and earlier, and limited water-
quality data.

System of Numbering Wells and Springs

The system of numbering wells and springs is based on the common subdivision of public
land into sections. A well or spring is located to the nearest 10-acre tract in the land network
(fig. 2). The first number denotes the township north or south of the New Mexico Base Line, the
second denotes the range east or west of the New Mexico Principal Meridian, and the third
denotes the section in which the well or spring is located. The fourth number locates the well or
spring within the section to the nearest 10 acres by the system of quartering shown in figure 3. If
two or more wells or springs occur in the same 10-acre tract, the wells or springs are distinguished
by letters (A, B, and so on) following the location number. The use of zeros in the fourth segment
of the location number indicates that the well or spring could not be more accurately located. For
example, well number 025.12W.05.400 would indicate that the well could not be located more
accurately than the southeast quarger of section 5.



\ 2\
\

WELL 105.21W.12.334

Figure 2.--System of numbering wells and springs.

Description of Study Area

Catron County contains plains, mesas, deep canyons, volcanic maars, necks, dikes, and
mountain ranges. The major mountain ranges in the county include the Mogollon, Saliz, San
Francisco, Tularosa, Gallo, Mangas, and Datil Mountains (figs. 1 and 3). In general the
mountainous and forested areas are in the northeastern and southern parts of the county. Part of
the Gila Wilderness Area is in the southern one-quarter of the county, which has some of the
highest altitudes in the area, ranging from about 4,600 feet above sea level near Glenwood to
about 10,892 feet above sea level at Whitewater Baldy in the Mogollon Mountains. The north-
central and northwestern areas of the county are dominated by mesas and plateaus interspersed
with gently sloping canyons, steep ridges, and hills. The watershed in the northwestern part of
the county is bordered by the Gallo and Mangas Mountains and is drained by Largo Creek and
the intermittent Carrizo Creek. Zuni Salt Lake is also located in the northwestern part of the
county.

The soils in Catron County are divided into two general categories: moderately dark colored
soils of the western plateau region and moderately dark and dark-colored soils of the
mountainous region. Vegetation in the county ranges from pine, fir, and spruce forests to pifion
and juniper woodlands. Grasslands are found in the plains, hills, and valleys. Semidesert brush
and cacti grow at some of the lower altitudes.

Climatic factors are controlled primarily by altitude. Annual precipitation varies from 9
inches per year in the drier, low-lying areas to as much as 30 inches per year in the higher altitudes
(Maker and others, 1972). Generally, the drier areas are in the northern one-quarter of the county.
Approximately half the annual precipitation falls between the months of July and September
(Maker and others, 1972). Average annual snowfall ranges from 6 to 40 inches. Mean annual
temperatures range from 58 °F in the lowlands to 45 °F in the mountainous areas. The average
number of days with freezing temperatures ranges from 128 at Glenwood to 245 at the Luna
Ranger Station (fig. 1) (Maker and others, 1972).

5
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Regional Geology

Catron County is located in the Colorado Plateaus physiographic province (fig. 3) and the
Mogollon-Datil Section. The Mogollon-Datil Section (Osburn, 1983), previously referred to as the
Datil Section (Fenneman, 1931), represents a transitional structural zone situated between the
Colorado Plateaus physiographic province and the Basin and Range physiographic province,
located south of Catron County. The Mogollon-Datil Section is characterized by volcanic rocks
and features, such as necks, plugs, maars, dikes, cauldrons, and ash-flow tuffs and basalts. In the
southern part of the county, rugged mountains, high tablelands, and structural basins are
developed primarily in Tertiary epiclastic, volcanic, and volcaniclastic rocks.

Rock outcrops in Catron County range in age from Pennsylvanian to Quaternary (fig. 4).
Rocks of Precambrian age are not exposed on the surface, but they have been penetrated in oil-
test drill holes (Foster, 1964). According to Dane and Bachman (1965), the Paleozoic Era is
represented by rocks in two minor outcrops: a small exposure of Pennsylvanian rocks in the west-
central part of the county and an exposure of Permian rocks on the northern margin of the Plains
of San Agustin.

Major outcrops of Triassic and Cretaceous rocks are present in buttes, plateaus, and mesas
incised by local canyons and separated by broad valleys in the extreme northwest and northeast
parts of the county (fig. 4). Rocks of the Triassic Chinle Formation are deposits from a stream
system that flowed into a large basin that covered the area during the Triassic age (Stewart and
others, 1972). Rocks of Late Cretaceous age in the county were deposited in an epicontinental sea
that covered most of northwestern New Mexico during that period (Hook and others, 1983). The
transgression and regression of this seaway deposited a sequence of intertonguing sediments that
record the prior existence of marine, paralic, and nonmarine environments. Because of several
sequences of inundation of the Cretaceous seaway, the lateral correlation of stratigraphic units is
difficult, and some of the nomenclature of Late Cretaceous strata has been subdivided and
subsequently revised (Hook and others, 1983).

Tertiary sedimentary and volcanic and intrusive rocks crop out in the county consisting of
the Baca Formation, the Datil Group, and the Bearwallow Mountain Andesite. Beginning in the
Eocene, intermontane basins developed adjacent to uplifts along the southern margin of the
Colorado Plateau (Cather, 1989). These intermontane basins were slowly filled by fluvial and
lacustrine processes that deposited the strata of the Baca Formation (Johnson, 1978; Cather and
Johnson, 1984, 1986; Cather, 1989). During the middle Tertiary (43 to 23 million years ago) period,
many volcanic and intrusive rocks were deposited and emplaced, and the cauldrons, depressions,
and Mogollon Plateau were formed. The Mogollon Plateau (fig. 3) is the surface expression of an
inferred underlying granitic pluton beneath the southern one-quarter of the county (Elston and
others, 1976). The Tertiary volcanic rocks that are exposed on and along the Mogollon Plateau
constitute a unique and complex volcanic sequence. Dane and Bachman (1965) mapped these

rocks collectively as the Datil Formation (raised to a group status by Weber, 1971).

The rocks of the Mogollon Plateau include an extensive, primarily ignimbrite sequence
ranging in age from 40 to 22 million years (New Mexico Bureau of Mines and Mineral Resources,
written commun., 1991). Most of the rocks in this sequence are out-flow sheets; cauldron fill units;
and associated interfingering fluvial, alluvial, and eolian deposits (Osburn and Chapin, 1983;
R.M. Chamberlain, New Mexico Bureau of Mines and Mineral Resources, written commun.,
1991). Elston and others (1976; fig. 8) recognized three overlapping magma suites and associated
volcanic rock types in the Mogollon Plateau. These volcanic rock types include: (1) calc-alkalic
andesite to rhyolite, generally a medium-colored andesite to rhyolite about 43 to 29 million years
in age, (2) high-silica alkali rhyolite, generally ash-flow tuffs and flow-banded rhyolites about 32
to 21 million years in age, and (3) basalt and calc-alkalic basaltic andesite, typically dark-colored
basaltic andesites and andesites about 37 million years to recent in age.

7



R. 12 W.

13
30 MULES

14

15
30 KILOMETERS

16

T T | .
g7 AW o 1S B £
K_.. T4 o= ‘:«.M o € * (-]
s g s . .
q ] 58 b o
S Dl nma - F & =]

! c-2d

N \C

!

LSS
m{\
Pye

\} $07ue g,

}‘.’ _“m

ol

/

FALLOW
'”\
y

17

18

19

20

QT
Tbm

WM[
p & @vo.
. v;rib. VENE i W “ Y% E .mmm
% S E “m IJ WN:@I\&MJ\.D\ A . = mm\k
PO T waNEset/ : IS
m @k .‘On .nbu R xdm ) e A mm m S /
N Z ) 3z L 5 s o - = e meam
[ - §
s 3Rt eeR )T & 48 N 5 T
8

340
K"N\‘
Qal~
Td —
Toe —
340
od
Pu
33
30

R. 21 W,



EXPLANATION

Qal Alluvium
QUATERNARY Qab Bolson fill
Qb Basait
QUATERNARY
AND {QTg Gila Conglomerate
TERTIARY
Tbm Bearwallow Mountain Andesite
TERTIARY Td Datil Group
Tbc Baca Formation
Kmv Mesaverde Group
Kcc Crevasse Canyon Formation
Kg Gallup Sandstone
CRETACEQUS Km Mancos Shale and intertongued
Dakota Sandstone
Kd Main body of the Dakota
Sandstone
TRIASSIC {'ﬁc Chinle Formation
PERMIAN {Pu Permian rocks, undifferentiated

PENNSYLVANIAN {l‘Pu Pennsylvanian rocks, undifferentiated

CONTACT

Figure 4.--Generalized geology of Catron County, New Mexico (modified from
Dane and Bachman, 1965).



Detailed maps of the structure of and geology in and around the Mogollon Plateau have
been completed since the effort of Elston and others (1976). Studies in this region include Ratte
(1981); Richter, Eggleston, and Duffield (1986); Richter, Lawrence, and Duffield (1986); Houser
(1987); Richter (1987); Ratte (1989); Ratte and Brooks (1989); and Richter and Lawrence (1989).
Subdivision of the various Tertiary volcanic rocks on the Mogollon Plateau is hindered by their
similar physical appearance and their complex, overlapping stratigraphic and temporal relations.
The age and stratigraphic relations of the volcanic rocks of the Mogollon Plateau are not
completely known, and hydrologic data are limited.

Volcanic and tectonic events during the middle of the Tertiary Period were followed by
Basin and Range faulting, which started approximately 21 million years ago (Elston and others,
1976). Coney (1976) stated that approximately 21 million years ago most of the Mogollon Plateau
had been eroded to an undulating surface. Air-fall and ash-flow pumice were then deposited on
the surface. As the pumice supply waned, sandstone and conglomerate were deposited over the
pumaceous deposits. Faulting, uplift, and subsidence coincided with the eruption of basaltic
andesite. The resultant depressions from uplift and subsidence were filled with basaltic andesite
flows and fluvial and alluvial-fan sediments of the Gila Conglomerate.

Tertiary and Quaternary geology is partly characterized by infilling of the basins and
downwarps by alluvial, fluvial, and lacustrine processes. Bolson-fill and sedimentary rocks of
Tertiary and Quaternary age and alluvial deposits of Quaternary age exist at various places
throughout the county. The principal bolson-fill deposits in the county occur in the Plains of San
Agustin of the San Agustin Basin (fig. 3). Bolson-fill deposits are also present in the North Plains
Basin and in the eastern part of the Carrizo Wash Basin. Alluvium is found in arroyos, washes,
and stream channels. During the late Pleistocene, lakes developed within the depressions and
basins. Drier conditions since the Pleistocene have caused incised drainages and playas where
some of the pluvial lakes previously existed.

Surface Water

The Continental Divide passes through Catron County, delineating the Colorado and
Western Gulf of Mexico River Basins. Parts of seven major drainage basins are within the county,
including the Carrizo Wash, North Plains, Rio Salado, San Agustin, Alamosa Creek, Gila, and San
Francisco Basins (fig. 5). Outside the county or in identification of declared ground-water basins
in New Mexico (fig. 1), the Gila and San Francisco Basins are referred to as the undivided Gila-
San Francisco Basin. In Catron County, however, the basins are separated by a drainage divide,
the Mogollon Mountains, and are considered separate surface-water drainage basins in this
section of the report.

The Carrizo Wash, San Francisco, and Gila Basins are in the Colorado River Basin. The New
Mexico State Engineer Office includes the parts of these basins that are in Catron County in their
Lower Colorado River Basin (Wilson, 1992, p. 139). The Rio Salado and Alamosa Creek Basins
drain to the Rio Grande, which in turn drains to the Gulf of Mexico. The North Plains and San
Agustin Basins are closed basins. The Rio Salado, North Plains, San Agustin, and Alamosa Creek
Basins are in the Western Gulf of Mexico River Basin. The New Mexico State Engineer Office
includes these basins in its Rio Grande Basin (Wilson, 1992, p. 139). A small part of the Alamosa
Creek Basin is within the county, but hydrologic data are limited.
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Quemado Lake, Snow Lake, and Wall Lake are the three largest freshwater recreational
reservoirs in Catron County (fig. 5). Quemado Lake is located in the Carrizo Wash Basin on Largo
Creek. The original capacity of this reservoir was about 2,000 acre-feet of water (New Mexico State
Engineer Office, oral commun., 1992). Snow Lake and Wall Lake are in the Gila Basin. Snow Lake
drains into the Middle Fork of the Gila River. The original capacity of Snow Lake was about 1,600
acre-feet of water (New Mexico State Engineer Office, oral commun., 1992). Wall Lake, the
smallest of the three reservoirs, drains into the East Fork of the Gila River. The original capacity
of Wall Lake was about 188 acre-feet of water (New Mexico State Engineer Office, oral commun.,
1992). Zuni Salt Lake and cinder cone lake (see fig. 9) contain saline water and are located in a
maar area about 18 miles northwest of Quemado, New Mexico. This area has long been used by
Pueblo Indians for religious purposes and for the production of salt.

Streamflow

The San Francisco, Gila, and Tularosa Rivers typically flow perennially, but no flow has
been recorded during some months at a surface-water gaging station (since discontinued) near
Alma on the San Francisco River (table 1; all tables are in the back of the report). During periods
of low flow, most streamflow is derived from baseflow. The stream channels of the Rio Salado and
Carrizo Wash Basins commonly are perennial in their upper reaches and ephemeral in their lower
reaches. Largo Creek in the Carrizo Wash Basin is perennial downstream from Quemado Lake
and ephemeral in the lower reaches.

Three surface-water gaging stations on the San Francisco River and one on the Tularosa
River record discharge, and several crest-stage partial-record stations on other creeks and streams
record discharge in Catron County (fig. 5). Minimum, maximum, and mean monthly discharges
at streamflow-gaging stations in Catron County through 1992 are listed in table 1. Data collected
at the crest-stage partial-record stations are annual maximum flows during each water year. The
1990 annual maximum discharges at partial-record stations and miscellaneous sites in Catron
County are listed in table 2.

The U.S. Geological Survey, in cooperation with the New Mexico State Engineer Office,
maintains and collects data for 25 irrigation ditches in Catron County during the irrigation season,
April through October (table 3). The Tularosa Cruzville ditch diverts water from the Tularosa
River; all other ditches divert water from the San Francisco River. The gaged irrigation ditches in
Catron County typically are earthen lined. Mean monthly diversion discharges for ditches in the
county are listed in table 3. The period of record for mean monthly diversion discharges is the
time, in years, during which daily values have been collected. Prior to about 1989, ditch diversion
was determined by an electronic data device that collected a 3-month total (April to June and July
to October). Additional information is available from the U.S. Geological Survey, Water
Resources Division in Albuquerque or the New Mexico State Engineer Office in Santa Fe.

During water years 1960-92, the mean annual discharge was 20,500 acre-feet per year (28.3
cubic feet per second) at the gaging station San Francisco River near Reserve (09442680) (table 1).
In comparison, during water years 1960-92 the mean annual discharge was about 79,700 acre-feet
per year (110 cubic feet per second) at San Francisco River near Glenwood (09444000). The mean
annual discharge gained between these two stations on the San Francisco River was about 59,200
acre-feet per year (81.7 cubic feet per second). For water years 1966-92 the mean annual discharge
was 2,540 acre-feet per year (3.5 cubic feet per second) at Tularosa River above Aragon (09442692).
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The gaging station at San Francisco River near Glenwood records the largest annual mean
discharge because it is located on the most downstream reach of the San Francisco River in the
county. The annual mean discharge of the San Francisco River near Glenwood for 1928-92 ranges
from 14 to 350 cubic feet per second (fig. 6). The 5-year moving average of annual mean discharge
smooths out variations (fig. 6). From 1937 to 1941 the 5-year moving average at the San Francisco
River near Glenwood was above average for the period of record; from 1942 to 1963 it was below
average. From about 1975 to 1992 the 5-year moving average was again above average for the
period of record.

Seasonal streamflow patterns in Catron County show a fairly distinct pattern. The largest
percentage of runoff results from snowmelt during the spring, but runoff also results from late
summer thunderstorms (fig. 7). The spring runoff season can last from February to about May,
but the highest mean monthly discharge occurs in March. The peak for mean monthly discharge
in October at the San Francisco River near Alma (09443000) is related to late summer rains and
runoff from the mountainous areas in the southwestern part of the county.

Flow-duration curves, useful tools for characterizing streamflow, were constructed for the
data collected at the three gaging stations on the San Francisco River and the gaging station on
the Tularosa River (fig. 8). The flow-duration curve is a cumulative frequency curve that shows
the percentage of time specified discharges were equaled or exceeded during a given period. For
example, figure 8A shows that the daily mean discharges of 28 cubic feet per second at the San
Francisco River near Glenwood, 13 cubic feet per second at the San Francisco River near Alma,
and 8 cubic feet per second at the San Francisco River near Reserve gaging stations were equaled
or exceeded 50 percent of the time for each period of record. Figure 8B shows that 90 percent of
the time the daily mean discharge of the Tularosa River above Aragon is about 2.6 cubic feet per
second.

The shape and steepness of the flow-duration curve can be used to compare streamflow
characteristics. The steepness of the curve for the San Francisco River near Alma at the 80- to 85-
percentile range indicates that this reach of the river loses water. No flow has been recorded at
this station from March through June (table 1). The curve for Tularosa River above Aragon is
flatter at the 85th to 95th percentile, indicating sustained baseflows or a more regulated stream.

Zuni Salt Lake area

The Zuni Salt Lake area in Carrizo Wash Basin is about 18 miles northwest of Quemado
(fig. 1). Aligned cinder cones and maars present within this basin were formed by volcanic and
phreatic explosions in the late Pleistocene (Bradbury, 1967, 1971). Zuni Salt Lake is the
northernmost maar in this sequence. Three Quaternary geohydrologic features in the maar are
Zuni Salt Lake, cinder cone lake, and Smith Spring (fig. 9).

Zuni Salt Lake is on the northern part of the floor of a maar about 175 feet below the
surrounding area. According to Bradbury (1971) the maximum drainage area for Zuni Salt Lake
is about 22 square miles. The surface area of the lake varies in size in response to evaporation and
runoff but generally is less than 0.7 mile north to south by 0.5 mile west to east. The depth of water
in Zuni Salt Lake usually is less than 4 feet. According to Myers (1992) water for Zuni Salt Lake
has five major sources: (1) surface-water runoff from the surrounding basin, (2) brackish ground
water from seeps and springs along the northeastern and southeastern edges of the lake, (3) brine
springs and seeps along the southern edge of the lake issuing from the northern edge of the
western cinder cone, (4) freshwater from the Quaternary alluvium and air-fall tuff south of the
maar at Smith Spring, and (5) direct precipitation on the surface of the lake.

13



DISCHARGE, IN CUBIC FEET PER SECOND

360

340
320 -—
300 L
280 L
260 ;
240
220 -
200 -
180 -
o0
140 ——
120 -—

100 -

ANNUAL MEAN DISCHARGE

5-YEAR MOVING AVERAGE OF
ANNUAL MEAN DISCHARGE

AVERAGE DISCHARGE 1
(1928-92)

80
60 |
40 |-

20

Figure 6.--Annual mean discharge for 1928-92 and 5-year moving average of annual mean

WATER YEAR

discharge for the San Francisco River near Glenwood (09444000),

Catron County, New Mexico (location shown in figure 5).

14




DISCHARGE, IN CUBIC FEET PER SECOND

220

200

180

160

140

120

100

80

60

40

(09444000)
L (1928-92) 7
— /\ 7
I\
L SAN FRANCISCO RIVER NEAR ALMA !\ 7
(09443000) [N /

SAN FRANCISCO RIVER NEAR GLENWOOD N

(1965-91)

SAN FRANCISCO RIVER

NEAR RESERVE
(09442680)
20 (1960-92)
- .
0 | 1 | | 1 L | | 1 |
JAN FEB MAR APR MAY  JUNE  JULY AUG  SEPT  OCT NOV  DEC

Figure 7.--Mean monthly discharge for the San Francisco River near Reserve, near Alma,
and near Glenwood, Catron County, New Mexico (locations shown in figure 5).

15



1000 e T
L A 1
i SAN FRANCISCO RIVER NEAR GLENWOOD
(09444000) ]
a (1928-85)
2100 - N\ =
S \ 3
] [ AS ]
n [ ]
= | ) ]
o N T~ T m-—. L
~ r ~ - ]
L0 |- -
o I 3
o r ]
3 [ SANFRANCISCO RIVER NEAR RESERVE - ]
> (09442680) ~ o
z ¢ (1960-85) ]
ui L |
©
E 1 —3
5 F SAN FRANCISCO RIVER NEAR ALMA ]
@ F (09443000) .
3 (1965-85) .
F i
s |
P P U U S IO SR U B R B
0 10 20 30 40 50 60 70 80 90 100
PERCENTAGE OF TIME DISCHARGE WAS EQUALED OR EXCEEDED
10 T T ) 1 I i 1 [ I T T 1 1 T T T T T T T T ' 1 + 1 ) T T 1 T T T T T rl il T D—I"—I T T
r_ -
7L B _
9 o -
Q I TULAROSA RIVER ABOVE ARAGON ]
Q st (09442692) _
o | (1967-85) 1
o
& 4l ]
'_
w L 4
w
[T
O 3| —
m \
p
o | .
Z
uj
g 2#— —
I
O
2]
a -
S I N R N IR U S S U BV
0 10 20 30 40 50 60 70 80 90 100

PERCENTAGE OF TIME DISCHARGE WAS EQUALED OR EXCEEDED
Figure 8.--Flow-duration curve for daily mean flows at the (A) San Francisco River and

(B) Tularosa River, a tributary of the San Francisco River, Catron County,
New Mexico (data from Waltemeyer, 1989).

16



‘(01 @inbi} ‘2661 ‘SivA wol) paijipow) 0o1Xa MmaN ‘Aluno) uolle) ul Baie 8yen }es iunz--'g ainbi4

{9A8) BaS S| wnjeq

1994 0¢ |eAldjul Inojuod

YILIWOTNEO 0
Tuwso 0
‘N
€
‘1
ALNNOD
NOHLYD Vay
dvIN
%
7

: . : . 2.6} 000've:l 9)elljes lunz
M8l 'H M6l H Aanng |eoibojoan "g N wolj aseg

«0€
,92
o¥E

17



The water in Zuni Salt Lake had an onsite specific conductance of 221,000 uS/cm on October
28, 1985 (Myers, 1992). The dominant ions of the water were sodium and chloride. Piezometers
installed to as much as 1 foot below land surface were used to sample a brackish seep on the
northeastern side of Zuni Salt Lake (Myers, 1992). On May 14, 1986, artesian and flowing artesian
water was noticed in the piezometers. The water from the seep had an onsite specific conductance
of about 1,800 to 2,200 uS/cm. Water from well 03N.18W.31.312, between the cinder cones and
the south wall of the maar (fig. 9), had a specific conductance of 2,330 uS/cm. The depth of the
well is about 48 feet below land surface on the maar floor. Water quality below this depth is
unknown. Ground water in the maar floor alluvium has four sources: (1) Smith Spring, (2)
surface-water runoff from outside the maar, (3) water from the Cretaceous sedimentary rocks,
and (4) direct precipitation on the alluvium.

Cinder cone lake is located just south of Zuni Salt Lake at the southern end of the maar floor
(fig. 9). Three cinder cones are located in this area, the largest of which contains cinder cone lake
within its crater. The crater of the cinder cone is about 85 feet deep in the center. The lake is as
much as 23 feet deep and has a surface area of about 4.7 acres. Major sources of water for the lake
are precipitation within the crater and brine springs in the cinder cone. Bradbury (1971) indicated
that water quality remains somewhat constant at the bottom of the lake, but varies with
precipitation and with time of the year at the top of the lake. The specific conductance of the water
at the top of the cinder cone lake was 148,000 pS/cm on October 28, 1985 (Myers, 1992). The
dominant ions in the water were sodium and chloride. The specific conductance of brine that
seeps from the northwestern edge of the cinder cone ranged from 146,400 to 148,000 uS/cm on
May 14, 1986 (Myers, 1992). The specific conductance of brine that seeps from the northeastern
side of the cinder cone ranged from 133,600 to 134,000 uS/cm on May 14, 1986. Myers suggested
that the major source of water for the seeps into the cinder cone is the Permian sedimentary rocks
underlying the maar.

Smith Spring is on the southern end of the maar (fig. 9). Flow from the spring generally is
less than 5 gallons per minute (Myers, 1992). Water discharging from Smith Spring to the maar
floor had a specific conductance of 1,100 uS/cm on May 14, 1985. Dominant ions in the spring
water were sodium and bicarbonate. According to Myers the source of spring water is the shallow
Quaternary alluvium and air-fall tuff in the arroyo south of the maar in the vicinity of Smith
Spring. Myers also indicated that most of this water from the spring seeps into the alluvium in
the floor of the maar before it reaches Zuni Salt Lake.

GROUND-WATER RESOURCES

The geologic units of regional hydrologic interest, in ascending order, are sedimentary rocks
of Permian, Triassic, and Cretaceous age; sedimentary, igneous, and volcanic rocks of Tertiary
age; bolson-fill and sedimentary rocks of Tertiary and Quaternary age; and Quaternary alluvial
deposits. Jurassic rocks, Paleozoic rocks older than Permian age, and Precambrian rocks are not
known to be of hydrologic interest in the county. A summary of the major aquifers and water
quality is presented in this section. Well and spring records in Catron County are listed in table 4.
Water-quality records for selected wells and springs with chemical analyses are listed in table 5.

Aquifers in Catron County are present in the following units: (1) Quaternary alluvium,
(2) Quaternary bolson fill, (3) Quaternary and Tertiary Gila Conglomerate, (4) Tertiary
Bearwallow Mountain Andesite, (5) Tertiary Datil Group, (6) Tertiary Baca Formation, (7)
Cretaceous Mesaverde Group, (8) Cretaceous Crevasse Canyon Formation, (9) Cretaceous
Mancos Shale, (10) Cretaceous Dakota Sandstone, (11) Triassic Chinle Formation, and (12)
undifferentiated Permian rocks. Ground water is not withdrawn from Jurassic, Pennsylvanian, or
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Precambrian units in the county. The New Mexico Bureau of Mines and Mineral Resources is
presently (1992) working on a revised State geologic map. The area of greatest change will be
Catron County (Orin Anderson, New Mexico Bureau of Mines and Mineral Resources, oral
commun., 1991). Therefore, the geologic units and hydrologic units described in this report may
be revised.

Regionally and locally, the hydrologic characteristics of the aquifers are often variable.
Variations in grain size, cementation, stratigraphic thickness, structural modifications (faulting
and fractures), aquifer geometry, and topography can change the availability, occurrence,
movement, and quality of ground water in Catron County. Water-level altitudes in most of the
aquifers are controlled by major surface drainages and topography. Water in the aquifers in the
county generally is unconfined; however, confined conditions may exist where the aquifers are
overlain by other units of lower permeability.

Some wells may be completed in more than one aquifer. The paucity of well-completion
data and lithologic logs does not allow determination of the aquifer in which many of the wells
were completed. For this report, determination of the geologic unit in which wells were
completed mainly is based on interpretation of well information and geologic maps from reports
by Willard (1957a and 1957b), Willard and Givens (1958), Willard and Weber (1958), Weber and
Willard (1959a and 1959b), Willard and others (1961), and Willard and Stearns (1971). The location
of some wells, such as those shown as completed in Quaternary alluvium or bolson fill (see figs.
11 and 13, respectively), may sometimes not coincide with the geologic units designated in figure
4 because of the scale used to display the generalized geology.

The following terms are used to describe dissolved-solids concentrations in water (Freeze
and Cherry, 1979, p. 84): freshwater--dissolved-solids concentrations less than 1,000 milligrams
per liter; brackish water--dissolved-solids concentrations between 1,000 and 10,000 milligrams
per liter; saline water--dissolved-solids concentrations between 10,000 and 100,000 milligrams
per liter; and brine--dissolved-solids concentrations greater than 100,000 milligrams per liter.

The quality of water from the aquifers in Catron County varies from fresh to saline.
Aquifers in rocks of Quaternary and Tertiary age generally yield freshwater; some ground water
could be brackish locally, however. Some ground water in sedimentary rocks of Cretaceous,
Triassic, and Permian age range from fresh to brackish. In many instances, the water quality of
an aquifer has been analyzed in only three or fewer samples, usually collected in only a small area.
Data are not adequate to accurately characterize ground-water quality in Catron County.

Water quality is commonly related to the specific electrical conductance of a solution.
Specific electrical conductance (specific conductance) is a measure of the ability of a substance to
conduct an electric current (Hem, 1985). Specific conductance is measured in microsiemens per
centimeter at 25 degrees Celsius. As ion concentration increases, conductance of a solution
increases. Figure 10 is a plot of dissolved-solids concentration and specific conductance of the
water analyses listed in table 5. The coefficient for the regression analysis is 0.70. This coefficient
multiplied by a given specific-conductance value in the range of specific-conductance values
listed in table 5, minus 31, may be used to approximate a dissolved-solids concentration with an
average uncertainty of +80 milligrams per liter. High values of specific conductance are found in
ground water containing large dissolved-solids concentrations, due to one or more of the
following factors: (1) mixing of ground water with other water having large dissolved-solids
concentrations, (2) long residence time of the water in contact with soluble rocks or minerals, (3)
mixing of ground water with geothermal water, and (4) evapotranspiration from shallow,
unconfined aquifers.
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Quaternary Deposits

Alluvium

Alluvium is found in arroyos, washes, and stream channels. This alluvium is often terraced
and consists of unconsolidated deposits of clay, silt, sand, and conglomerates. The texture of
alluvium varies from clay and silt to conglomerates composed of gravel and boulders.

The altitude of water levels in Quaternary alluvium is shown in figure 11. Some wells with
deeper water levels may be completed in both the alluvial and underlying aquifer. Water levels
in the alluvium can fluctuate seasonally depending on the volume of runoff and recharge.
Sources of recharge to the alluvium include infiltration from perennial and ephemeral streams,
precipitation, storm runoff, and possibly interaquifer movement. Alluvial aquifers probably
recharge underlying bedrock aquifers. In general, ground water in the alluvial deposits in Catron
County moves in the same direction as surface streams. Yields of ground water from the
Quaternary alluvium in the county range from 1 to 375 gallons per minute. Water quality and
water type are generalized in this section because data are insufficient to indicate ground-water
quality in many of the localities that have alluvial deposits.

Alluvial deposits in most of the Carrizo Wash Basin are underlain by Mesozoic sedimentary
rocks or Tertiary volcaniclastic rocks. The thickness of alluvium in the valleys and canyons in this
drainage basin probably does not exceed 100 feet (Galloway, 1968). However, the Salt River
Project (1983) indicated that Quaternary alluvium may be as thick as 200 feet approximately 12
miles north of Quemado.

Ground water in the alluvium in the Carrizo Wash Basin typically is unconfined. However,
confined conditions may exist at depth. Insufficient water-level data in the Carrizo Wash Basin
do not allow determination of water-level trends.

Many of the wells completed in the alluvium in the Carrizo Wash Basin are used for stock
and domestic purposes (table 4). No community water-supply systems are known to derive water
from the aquifer in the alluvium in this drainage basin. However, self-supplied domestic systems
probably derive water from the alluvium.

The Salt River Project (1983) found that the alluvium could yield as much as 250 gallons per
minute of water in the area around 4N.16W.30.240 for short periods of time (table 4). A 26-hour
aquifer test was conducted in the alluvium near Frenchs Arroyo by the Salt River Project (1983)
October 7 and 8, 1983. The production well was cased to a depth of 177 feet below land surface
and screened from 137 to 177 feet below land surface. Average transmissivity of the aquifer was
determined to be 1,290 feet squared per day (9,640 gallons per day per foot), and the storage
coefficient was 2.5 x 10, indicating that the alluvial aquifer in the vicinity of 4N.16W.30.240 is
probably confined.

~ Water in the alluvial aquifers in the Carrizo Wash Basin generally is fresh, and specific
conductance ranges from 315 to 2,330 uS/cm (table 4). The dominant ions in water are sodium and
bicarbonate. Specific conductances of water from wells 3N.18W.30.433 and 3N.18W.31.312 and
from spring 3N.18W.31.314 are 1,960, 2,330, and 1,230 pS/cm, respectively (table 4). The higher
specific conductance of these samples may result from the interaction of ground water from the
Zuni Salt Lake flow system with water from Cretaceous sedimentary rocks.

The alluvium in the San Agustin Basin overlies the bolson fill of Quaternary age or volcanic,
igneous, or sedimentary rocks of Tertiary age. Myers and others (1994) referred to the aquifers in
the alluvium near the Plains of San Agustin as the shallow upland aquifers. Alluvium in the San
Agustin Basin is found in arroyos, washes, and canyon bottoms and consists of varying amounts
of clay, silt, sand, and gravel. Estimated maximum thickness of the alluvium in the San Agustin
Basin is 65 feet.
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Water in the alluvium in the San Agustin Basin typically occurs under unconfined
conditions. Water levels in wells completed in the San Agustin Basin range from about 3 to 85
feet below land surface (table 4). The alluvial aquifers in the San Agustin Basin are recharged from
precipitation and infiltration from runoff, and from transmission losses in ephemeral stream
channels. Ground water in the alluvium in the San Agustin Basin generally moves in the same
direction as surface drainage (fig. 11). Springs that develop where the water table in the alluvium
intersects land surface are listed in table 4.

Wells completed in the alluvium north of the Plains of San Agustin typically produce 1 to
10 gallons per minute. Hydrographs of three wells completed in the alluvium in the San Agustin
Basin are shown in figure 12. The hydrograph for well 25.12W.32.243 shows a water-level rise
from 1980 to 1993. The aquifers in the alluvium are used for stock watering purposes (table 4),
probably because of low yields.

Specific conductance of water from wells completed in the alluvium in the San Agustin
Basin ranges from about 280 to 1,100 uS/cm (tables 4 and 5). The dominant ions in water in this
unit are sodium, calcium, and bicarbonate (table 5). Specific conductance of water in the alluvium
may increase downstream because of evapotranspiration from the shallow water table.

Alluvium in the Gila and San Francisco Basins overlies the Gila Conglomerate of
Quaternary to Tertiary age or volcanic, igneous, and sedimentary rocks of Tertiary age. In some
wells completed in the Gila and San Francisco Basins, distinguishing between the alluvium and
the upper Gila Conglomerate is difficult because of their similar lithologies. Alluvial deposits in
these basins generally are coarser grained than the alluvium in the Carrizo Wash Basin. Wide
temperature fluctuations, steeper topographic gradients, higher precipitation, and a source
material that weathers to a conglomeratic lithology help create coarser grained alluvial deposits
in these basins.

Ground water in the alluvium in the Gila and San Francisco Basins typically occurs under
unconfined conditions and is fresh. Insufficient long-term water-level data in these basins do not
allow determination of water-level trends. Alluvium in the Gila and San Francisco Basins
probably is connected hydraulically to the perennial streams in these valleys. Water is used for
domestic, stock, irrigation, and public supply purposes (table 4).

Specific conductance of water from wells completed in the alluvium in the Gila and San
Francisco Basins ranges from 95 to 340 uS/cm (table 5). Based on limited water-quality data, the
dominant ions of ground water in these basins generally are sodium, calcium, and bicarbonate
(table 5).

In 1965, the community of Reserve acquired their public water supply from the alluvium
(Dinwiddie and others, 1966). The estimated thickness of the alluvium near Reserve is 100 feet.
Water levels in the alluvium near Reserve range from 15 to 28 feet below land surface (table 4). In
1965, well 75.19W.01.340, used for public water supply, had a water level 15 feet below land
surface and could produce 80 gallons of water per minute. Specific conductance of water from this
well was 340 uS/cm, and the dominant ions were calcium, sodium, and bicarbonate (table 5).

In 1978 an aquifer test was conducted in well 75.19W.23.431, completed in the alluvium near
Reserve. Thickness of the alluvium in the vicinity of the well is estimated to be 100 feet. Prior to
the test the static water level was 10.33 feet below land surface. The test duration was 240 minutes
with an average discharge of 9.9 gallons per minute. The transmissivity was 1,949 feet squared
per day (14,579 gallons per day per foot) (American Ground Water Consultants, Inc., 1979).
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Residents near Glenwood reported good yields from domestic and irrigation wells
completed in the alluvium (Bishop, 1972). The thickness of alluvium near Glenwood is estimated
to be about 80 feet. Water levels in wells completed in the alluvium vary from 2.45 feet below land
surface in well 115.20W.26.122A to about 55 feet in well 125.20W.14.2. Water levels deeper than
about 120 feet are probably completed in permeable zones of the Gila Conglomerate, Bearwallow
Mountain Andesite, or Tertiary volcanic rocks.

Well 115.20W.26.312 is probably representative of water wells completed in the alluvium
near Glenwood; water depth is 23 feet below land surface and specific conductance is 279 uS/cm
(Dinwiddie and others, 1966). The specific conductance of water from well 115.20W.26.122A is 95

uS/cm.

Quantitative information on the alluvium near Glenwood is limited to two short aquifer
tests conducted in wells 115.20W.26.122A and 115.20W.26.122B in 1955. The withdrawal rate for
well 115.20W.26.122A was 375 gallons per minute and the transmissivity was estimated by the
Theis curve-matching method to be 1,765 feet squared per day (13,200 gallons per day per foot)
(Bishop, 1972). The withdrawal rate for well 115.20W.26.122B was 18 gallons per day. Bishop
(1972) indicated that the long-term performance of the wells could not be evaluated because of
the effects of the numerous hydrogeologic boundary conditions in the vicinity of the wells.

According to Trauger (1963) the alluvium is the most reliable source of water in the valley
near the Gila Cliff Dwellings. Trauger estimated the thickness to vary from a few feet to 50 feet.
Thickness of the alluvium in well 125.14W.25.342 is estimated to be 35 feet. Water levels in the
alluvium typically are shallow (less than 40 feet). Wells typically produce 5 to 10 gallons of water
per minute (Trauger, 1963). Water levels in wells 125.14W.25.124 and 125.14W.25.311 are 9.69 and
12 feet below land surface, respectively.

Only two wells can be used to characterize the quality of water in the alluvium near the Gila
Cliff Dwellings. Water from well 125.14W.25.342 has a specific conductance of 219 uS/cm and
the dominant ions are calcium and bicarbonate (Trauger, 1963). Water from well 125.14W.25.124
has a specific conductance of 304 pS/cm and the dominant ions are sodium, potassium, calcium,
and bicarbonate.

Bolson Fill

The principal bolson-fill deposits in the county are in the Plains of San Agustin (fig. 3) of the
San Agustin Basin. Bolson-fill deposits are also present in the North Plains Basin and in the
eastern part of the Carrizo Wash Basin; however, insufficient data are available to determine the
hydrogeology of these bolson-fill deposits. Myers and others (1994) discussed in detail the
characteristics of the bolson-fill aquifer in the Plains of San Agustin.

The lithology of the bolson-fill aquifer consists of unconsolidated deposits of clay, silt, sand,
and gravel. Bolson-fill sediments commonly are derived from the surrounding volcaniclastic
deposits, so the lithology is similar. Blodgett (1973) stated that several drill holes had been drilled
in the Plains of San Agustin; the deepest was 1,800 feet. Ratte and others (1988) indicated that a
uranium exploration company drilled a test hole to a depth of 2,100 feet near the central part of
the Plains of San Agustin and did not locate bedrock. Myers and others (1994, p. 14) used data
from surface electrical-resistivity soundings to suggest that the maximum thickness of the bolson
fill in the western part of the Plains of San Agustin is about 4,600 feet and the maximum thickness
in the eastern part is about 3,300 feet. Because no deep test wells in the Plains of San Agustin have
lithologic or water-quality data to calibrate the surface electrical-resistivity data, it is not known
whether the lower part of the aquifer is bolson fill or volcaniclastic desposits of the Datil Group.
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The aquifer in the bolson-fill deposits in the San Agustin Basin typically is unconfined.
However, confined conditions may exist at depth. The altitude of water levels in the bolson-fill
deposits is shown in figure 13. In the Plains of San Agustin, water levels in wells completed in
the bolson fill range from about 26 to 316 feet below land surface (table 4). Hydrographs of wells
completed in the bolson-fill deposits in the Plains of San Agustin are shown in figure 14. Water-
level measurements in well 55.09W.23.231 show a general water-level decline; however, water
levels in other wells in figure 14 are quite variable and show no distinct trend. The shallower
water levels are in wells on the southwestern side of the Plains of San Agustin, and the deeper
water levels are in wells on the eastern side (table 4).

The altitude of water levels measured between 1950 and 1980 in the bolson fill generally
decreases to the south and southwest (fig. 13). Myers and others (1994) also indicated that the
flow direction in the bolson is south to southwest from water levels measured between 1979 and
1980. The presence of brackish to saline water (specific conductance as great as 40,800 uS/cm for
well 55.13W.32.33143) in the western part of the bolson-fill aquifer in the Plains of San Agustin
indicates little or no water moving from the bolson-fill aquifer to the Datil Group in 55.15W.
Therefore, no water from the southwestern part of the bolson-fill aquifer may flow through the
Datil Group to the springs and streams in the upper San Francisco Basin.

Recharge to the bolson-fill aquifer results from precipitation, runoff, and probably from
interaquifer movement. Several springs are along the graben boundary faults on the western side
of the Plains of San Agustin in 55.14W. and 15W. (table 4). Spring 55.14W.09.41213 discharged
212.5 gallons per minute and had a field specific conductance of 233 pS/cm on November 8, 1952.
These springs may be derived from water in the Datil Group or the alluvium rather than from the
bolson fill because of the lower specific conductance of the water (233 to 301 pS/cm).

The bolson-fill aquifer yields small to large quantities of water to wells (Cooper, 1967). Stock
wells completed in bolson-fill deposits produce less than 1 to 20 gallons per minute (table 4).
Irrigation wells completed in the bolson-fill deposits immediately east of the county yield as
much as 975 gallons per minute (Myers and others, 1994).

Several aquifer tests were conducted on irrigation wells completed in the Quaternary
bolson-fill deposits in the northeastern part of the Plains of San Agustin, adjacent to Catron
County in northwestern Socorro County (table 7). The duration of the tests varied from 80 to 480
minutes. Transmissivities ranged from 2,300 to 48,000 feet squared per day. The specific capacity
of these wells varied from 5.70 to 90.00 gallons per minute per foot. On October 26, 1978, an
aquifer test was conducted in a well completed in bolson-fill deposits in the southeastern part of
the Plains of San Agustin in 55.9W.23; the transmissivity was estimated to be 70,588 feet squared
per day (J. Everheart, New Mexico State Engineer Office, written commun., 1992).

Specific conductance of water in the bolson-fill aquifer in the Plains of San Agustin typically
ranges from about 180 to 3,300 uS/cm (table 4). As previously mentioned, however, water from
well 55.13W.32.33143 had a specific conductance of 40,800 uS/cm. Dominant cations in the water
having a specific-conductance range of 180 to 3,300 uS/cm vary from calcium to sodium plus
potassium. Dominant anions generally are bicarbonate for water having a specific conductance
below 900 uS/cm, and chloride or sulfate for water having a specific conductance greater than 900
1S/ cm. Specific conductances ranging from 803 to 3,300 uS/cm are more common on the western
and southwestern side of the Plains of San Agustin and probably result in part from evaporation
of the shallow water.
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Quaternary to Tertiary Gila Conglomerate

The Gila Conglomerate overlies the older Tertiary volcanic sequences in most localities in
Catron County. In Grant County this unit interfingers with the Bearwallow Mountain Andesite.
The Gila Conglomerate represents the infilling of the block-faulted grabens by alluvial-fan and
fluvial processes. Lacustrine deposits within the Gila Conglomerate strata represent ponding of
the intermontane fluvial systems. These lacustrine deposits consist of clay and silty clay and can
act as aquitards, or they might perch ground water. The largest exposures of the Gila
Conglomerate are in the San Francisco and Gila Basins (Dane and Bachman, 1965).

The thickness of the Gila Conglomerate varies depending on where it was deposited and
how much of it has eroded since its deposition. Ratte (1989) estimated the maximum thickness to
be 600 feet south of Reserve. Ratte (1981) estimated the thickness of this unit to be at least 600 feet
within 1.2 to 3.2 miles basinward from the mountain front near Alma, and Rhodes (1976)
estimated the thickness of the Gila Conglomerate to exceed 820 feet near Glenwood. Richter and
others (1986) estimated a maximum thickness of 750 feet south of Beaverhead, New Mexico (near
the head of Beaver Creek; fig. 1).

The aquifer in the Gila Conglomerate typically is unconfined. Hydraulic head in the Gila
Conglomerate generally is high in topographically high areas and low in lower areas. The altitude
of water levels in the Gila Conglomerate is shown in figure 15. A hydrograph of a well completed
in the Gila Conglomerate is shown in figure 16.

The lower part of the Gila Conglomerate is a poor aquifer because of poor sorting of the
grain size and high degree of consolidation (cementation) of the sediments. The upper part of the
Gila Conglomerate supplies small to moderate quantities of water to wells. Trauger (1960) found
that drawdown in wells completed in the Gila Conglomerate is as much as 50 feet for each gallon
of water withdrawn per minute. The reported yields from wells 10S.21W.12.334 and
105.20W.13.341 completed in the Gila Conglomerate are both 5 gallons per minute (table 4). The
water levels in these wells are 230 and 450 feet below land surface, respectively. Transmissivity
was not estimated for the Gila Conglomerate because of insufficient data.

Water from spring 85.21W.24.323 in the Gila Conglomerate had a specific conductance of
381 pS/cm on May 17, 1957 (table 4). Water from spring 125.14W.27.224, located near the Gila
Cliff Dwellings, had a flow rate of 2 gallons per minute and a specific conductance of 289 uS/cm
on July 17, 1962 (Trauger, 1963). The dominant ions in water from spring 125.14W.27.224 were
sodium, calcium, and bicarbonate.

Tertiary Rocks

Tonking (1957), Brown (1972), Deal (1973), Elston and others (1976), Chapin and others
(1978), Lopez and Bornhorst (1979), and Osburn and Chapin (1983) have disagreed on the
stratigraphic order and nomenclature of the Datil Group and the Tertiary ignimbrite sequence.
Early workers who assigned Tertiary volcanic rocks to the Datil Group were confronted with the
following problems: similar textural characteristics from unit to unit; complicated stratal relations
and varying stratigraphic thickness; differences in lithology and flow characteristics within a unit;
and poor age constraints.

Detailed geologic mapping by Ratte (1981, 1989); Richter and others (1986a, 1986b); Houser
(1987); Richter (1987); Ratte and Brooks (1989); and Richter and Lawrence (1989), and recent
stratigraphic investigations and radiometric age dating of the Tertiary rocks by the New Mexico
Bureau of Mines and Mineral Resources will help provide a more accurate stratigraphic
subdivision of the Tertiary stratigraphic sequence. The maps and reports that are available should
be referred to for a detailed understanding of the geology, structure, and stratigraphic relations
of the Quaternary and Tertiary units.
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WATER LEVEL, IN FEET BELOW LAND SURFACE
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Figure 16.--Water level in well 7S.20W.13.410, interpreted to be completed in the Gila
Conglomerate, Catron County, New Mexico.
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In this report Tertiary rocks are divided into the Bearwallow Mountain Andesite, the Datil
Group, and the Baca Formation. To be consistent with the established hydrogeologic
nomenclature, the geologic mapping of the Datil Group by Dane and Bachman (1965) and the
definition of the Bearwallow Mountain Andesite by Elston and others (1976) are used in this
report. Aquifersin the Tertiary volcanic rocks on and along the Mogollon Plateau are collectively
termed the Datil Group aquifer.

Bearwallow Mountain Andesite

The Bearwallow Mountain Andesite has only recently been determined to be a suitable
supplier of water. Hydrogeologic data are not adequate to determine the quantity and quality of
water in Bearwallow Mountain Andesite in Catron County, but this unit may be a potential
source of ground water in the central and southern parts of the county.

In 1987, the Bearwallow Mountain Formation of Elston and others (1976) was redefined as
the Bearwallow Mountain Andesite by Marvin and others (1987). Marvin and others (1987)
excluded several exposures of rhyolitic, dacitic volcanic rocks and some of the younger basaltic
rocks, included by Elston and others (1976), as the Bearwallow Mountain Andesite. In this report,
the basaltic outcrops (QTb) mapped by Dane and Bachman (1965) located south and west of the
Plains of San Agustin are included in the Bearwallow Mountain Andesite. Further geologic
studies of this unit are being conducted by the New Mexico Bureau of Mines and Mineral

Resources.

The Bearwallow Mountain Andesite consists of basaltic andesite, basalt, dark andesite, dark
latite flows, lesser amounts of red scoria, and agglomerate (Coney, 1976). In the mountainous
areas, where these deposits are interpreted to represent composite cones and volcanic centers, the
thickness of this unit can be as much as 2,000 feet. In the plateau areas, where the deposits are
interpreted to represent distal flows, the thickness of this unit is commonly 100 to 500 feet.

This unit was deposited throughout a large area in Catron County. Numerous driller's logs
indicate that wells are completed in rock types that are similar to the Bearwallow Mountain
Andesite. Many of the wells in previous records were considered to tap the Datil Group or Gila
Conglomerate although the water was probably derived from water-yielding strata of the
Bearwallow Mountain Andesite.

Three wells have been determined to be completed in the Tertiary Bearwallow Mountain
Andesite. Well 115.21W.29.442, reported to be completed in red cinders and probably belonging
to the Bearwallow Mountain Andesite, has a water level 511.7 feet below land surface and yields
5 gallons per minute (table 4). Water from this well has a specific conductance of 456 uS/cm. Well
115.20W.05.222 has a water level 195 feet below land surface (table 4) and is reported to have good
yields (Trauger, 1960). Well 45.16W.35.230 is probably completed in the Bearwallow Mountain
Andesite and yields 2.5 gallons per minute.

South and southwest of the Plains of San Agustin, some stock and domestic wells may be
completed in the Bearwallow Mountain Andesite aquifer. Many of the wells that are completed
in black rock, andesite, or basalt could be partly or wholly completed in the Bearwallow Mountain

Andesite.
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Datil Group

Regionally, the Datil Group is represented by many interbedded igneous, volcanic, and
sedimentary rocks. Locally, water can be derived from one unit, from several units, or from part
of a unit that composes the Datil Group. Therefore, the following hydrologic characteristics of the
Datil Group are generalizations and may apply only locally. The use of the name Datil Group is
controversial in the geologic community. The present (1992) stratigraphic and geologic definition
of the Datil Group was revised from the previous definition when ground-water records archived
by the U.S. Geological Survey identified Tertiary rocks in Catron County as the Datil Group.

Winchester (1920) first introduced the term Datil Formation for the Tertiary bedded volcanic
rocks in the Datil Mountains in Catron County and the Gallinas and Bear Mountains in Socorro
County. The Datil Group was raised from a formation rank to a group status by Weber (1971).
Osburn and Chapin (1983) defined the Datil Group as the predominantly volcaniclastic rocks that
lie stratigraphically between the Baca Formation and the Hells Mesa Tuff. Sediments of the Datil
Group represent the early volcaniclastic apron of the northeast Datil-Mogollon volcanic field. In
the southeastern part of the Datil-Mogollon volcanic field, the Datil Group is equivalent to the
Rubio Peak Formation. According to Cather (1989), the thickness of the Datil Group ranges from
980 to more than 3,000 feet.

The Spears Formation (Chapin, 1971; Brown, 1972; Chamberlain, 1974; and Chapin and
others, 1978) is the basal unit of the Datil Group and consists of minor lava rocks and several
interbedded ash-flow tuff sheets (Osburn and Chapin, 1983). Cather (1989) subdivided the Datil
Group into two informal members--the lower and upper. He indicated that the lower member is
distinguished by volcaniclastic rocks and minor lavas of intermediate composition, mainly high-
potassium andesites and high-potassium dacites, whereas the upper member is characterized by
a bimodal suite of mafic lavas, silicic ash-flow tuffs, and volcaniclastic rocks. The most abundant
lithology in the unit is basaltic andesite.

The Tertiary Datil Group is present in the Carrizo Wash, San Agustin, San Francisco, and
Gila Basins. The Datil Group commonly is unconfined, but may be confined at depth. The altitude
of water levels in the Datil Group is shown in figure 17. Water levels of wells completed in this
unit range from 60 to 1,260 feet below land surface (table 4). Wells completed in the Datil Group
typically yield 1 to 15 gallons per minute. Specific conductance of water from the Datil Group
ranges from 210 to 820 uS/cm (table 4). Additional water-level information from 1979 to 1980 in
the Datil Group in the San Agustin Basin can be found in Myers and others (1994, p. 25).

The Datil Group is in the eastern and southern parts of the Carrizo Wash Basin (fig. 4) and
overlies the Baca Formation of Tertiary age and the Mesaverde Group of Cretaceous age. The
Datil Group consists of a volcanic sediment facies of reddish-gray and greenish-gray to gray
mudstone, siltstone, sandstone, and volcaniclastic conglomerate, and locally some thin beds of
rhyolite tuff (Willard, 1957; Willard and Weber, 1958). The Datil Group is a few hundred feet thick
in this basin and thins to the north (Foster, 1964; Osburn and Chapin, 1983).

Water levels in the Datil Group in the Carrizo Wash Basin range from about 98 to 340 feet
below land surface (table 4). The altitude of water levels in the Datil Group decreases toward
Largo Creek. Similar heads in the bolson fill and the Datil Group (figs. 13 and 17) indicate that
the units probably are hydraulically connected; however, the degree to which the units are
connected is not known because of insufficient well-control and water-quality data.
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