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FOREWORD

THE REGIONAL AQUIFER-SYSTEM ANALYSIS PROGRAM

The RASA Program represents a systematic effort to study a number of
the Nation’s most important aquifer systems, which, in aggregate, underlie
much of the country and which represent an important component of the
Nation’s total water supply. In general, the boundaries of these studies are
identified by the hydrologic extent of each system and, accordingly, tran-
scend the political subdivisions to which investigations have often arbi-
trarily been limited in the past. The broad objective for each study is to
assemble geologic, hydrologic, and geochemical information, to analyze and
develop an understanding of the system, and to develop predictive capabili-
ties that will contribute to the effective management of the system. The use
of computer simulation is an important element of the RASA studies to
develop an understanding of the natural, undisturbed hydrologic system
and the changes brought about in it by human activities and to provide a
means of predicting the regional effects of future pumping or other stresses.

The final interpretive results of the RASA Program are presented in a
series of U.S. Geological Survey Professional Papers that describe the
geology, hydrology, and geochemistry of each regional aquifer system. Each
study within the RASA Program is assigned a single Professional Paper
number beginning with Professional Paper 1400.

Thomas J. Casadevall
Acting Director






FIGURE 1.
2.

3. Map showing generalized geology of the Southwest Alluvial Basins study area..........
4.
5. Map showing ground-water-level changes in the unconsolidated unconfined valley-fill aquifer system from December 1969 to

CONTENTS

Page
ADSITACE ..ottt ettt ettt b ket t e e ettt e et et ren R s s et s Al
IRETOQUCTION ...ttt s ettt bt e b e en s ame b seb e babseo s enstnes 2
PUIPOSE ANA SCOPE ....ceviuieciiiieiitenreee ettt e s e es et s s st s e sr s et sasses bt e et enncresenns 2
Description Of the StUAY ATEA .........cccoviveveiieirieire it cera et es sttt et sase st sar et st asnaens 2
Geologic and Hydrologic SEttNE ...........c.ccceveuireiiinrieceeiriceeiesis ettt senscse e sese e sstsessessssessssnscas 2
Summary Of Basin ANAIYSES ..........ccovverreiireeieiiieteeeiec ittt ssstsse s ettt seses st et sts s eaessss s estssasaenes 5
SaN LUIS BASIN ...ttt ettt b st 5
GOIOZY ..vieeeieitieeeteee ettt ettt e e st s sae et st eaea st e bes s e et eRessent st et eteaseteseas ehannnet s b seat et en seres 5
Ground-Water FIOW SYSIEIM ......c.c.ociivruiieieieieririiie e rsesessare s ssas s st et ses et ebet et rsasaessrocs 7
Albuquerque-Belen Basin .............ccocoooioiiiirioioie ettt b s ettt 11
GEOIOZY ..ottt eea bt eae ettt r et o san e es e s st e 12
GEOChEIMISITY ....eeuirieiiiiciet ettt ettt skt et nenee e 17
Ground-Water Flow System 17
Socorro and La Jencia BaSiNg ..ottt s e e e 22
HYAEOIOZY ...oevoveret ettt e et et er e er s esan e et eenen 22
GEOChEMUSITY ....ocivvmietiecieriet ettt e b et et er e r st s sn et mn st senes 24
MESIIA BASIN ...ttt ettt senen 25
Geology ........ .25
Geochemistry ... - .25
Ground-Water Flow System . 28
MiImbres Basin GEOLOZY .....ccc.cuvveiireriiiiieeiiitereeecin e eser e eeesees et sacts s en s e enensaresesensenssensenee 30
Summary of ReZIONal ANAIYSES ........cccrvvevirorrerireiiietiirirenint s sesnestess st ass s sesess st sessesesesorseacsesosssentenee 30
Lithologic Analyses ......... 30
Potentiometric Surface ........c...cc.c.c.... ... 31
Ground-Water Chemistry . 35
TEMPEIALULE ........coiiiiiiiiiri ettt et et sbe e bt ss s e et s sb e s er s s b s e b s s e anes 35
SPECIfic CONAUCLANCE .......oiieveeiccecie et v ettt sea et sese s s sseasenebesaas et eanssseesasesnresssnes 35
Water Chemistry
Recharge
Water Use
REGIONAI SYNNESIS ....c.c.cvieriiriiieirieriricie ettt ettt et s r s sabebesa st ae

SEIECtEd REFEIEICES ......coceeieiiviteeiicecitier ettt s e s b s s bt e s sss et saraesasesaresasnbasastersesaneesesseens

ILLUSTRATIONS

Map showing location of Southwest Alluvial Basins study area, basin boundaries, and physiographic provinces...............coocuvvererereerennenereniens A
Map showing alluvial areas of open and closed surface-water drainage Basins..............oocoevrierieirenieienee e ere st s sseacesesenereesesesnesnnsen

Map showing physiographic subdivisions and geographic features of the San Luis Basin. .........ccccccoviveirircveieerineccnniineecnieecnss s

January 1980, San LUuisS BaSIN .......cc.c.ceuiiiiiiieireiirii e ees e e e es ot s e ba s s e bbbt R e 13



VI

FIGURE 6.

7.

8.

9.
10.
11.
12.
13.
14.
15.
16.
17.

18.
19.
20.
21.
22.
23.

24,

CONTENTS

Chart showing ground-water withdrawals and surface-water diversions for irrigation in the San Luis Basin
Map showing principal geographic and geologic features of the Albuquerque-Belen Basin............c...cccvueeiemurieirenseniesieseseses st esssssenes

Map showing lithologic zones in the Albuquerque-Belen Basin...........c.cccooevevrreeeenenneee.

Diagram showing generalized ground-water subsystems in open basins ........c..cccoc.ceveneeee.

Graph showing ground-water withdrawals in the Albuquerque-Belen Basin and in the Rio Grande valley, 1907-79

Map showing average ground-water withdrawal in the Albuquerque area, 1956-59........................

Map showing average ground-water withdrawal in the Albuquerque area, 1976=T9...........cccovoerireiuiemreuseroscemsectnnesnessesueeseseserssesseasesassresserassinse
Map showing cultural and geographic features of the Socorro and La Jencia Basifis ...........ocoveeveeumimrirenisrsmneeneeeceeceesee s aess s ssssssssessssessnssesssssanns
Map showing cultural and geographic features of the Mesilla Basin north of the United States-Mexico international boundary

Map showing lithologic zones in the Mesilla Basin north of the United States-Mexico international boundary ...........ccccccouu....
Schematic diagram showing interactions between ground water and surface water in the Mesilla Basin.........

Graph showing estimate of net irrigation flux in the Mesilla valley, 1915-75 .........ccooeenrrecrnrcnenne.
Map showing lithologic zones in the MImDbIES BaSiN ..............c...veeeieiircnicteeiei ittt et saess sttt s tse et e et et e esae b rae e eaneseen
Map showing potentiometric surface in the basin-fill aquifer system, 1972-81 .........c.cocriuiiiiiiiirie e ese e s s

Map showing ground-water temperatures in the basin-fill aquifer system

Map showing specific conductance of ground water in the basin-fill aquifer system.........c..........

Map showing chemical water types in the basin-fill AQUIfEr SYSLEIM..........cco.ocvririiririreinirie ettt et ettt et et b s bbb asse s sneeen

Map showing estimated recharge to the basin-fill aquifer system

Map showing irrigated aCTEAZE, 1978=80.........ccccovrrrriiiirmriermrirririessesse s asessessatesesssrssnsebassssestss st essssassasssesrsassasabassassssesssssnsnsansnssssassssnsessatassassasnsans

TABLES

. Water budget for the Costilla Plains (1950-80) of the San Luis BaSi...........ccccoovevvivivierereiieereeecrsesseeeseessesssse s ssssssssssssese s ses s sesesssansessssssssasas
. Water budget for the Alamosa Basin (1950-80) of the San Luis Basin
. Calculated evapotranspiration for nonirrigated areas in the AlAMOSa BaSHl.........c.coceurernireiieriirirircinreres s sssesasesesssesessncssssssisssnsseesens
Crop type, consumptive use, and evapotranspiration for irrigated areas in the Alamosa Basift ............cocooveviviererercenrennininrnree s rerseesienanns
. Water budget for the Albuquerque-Belen Basin, 1960-61 and 1976-79........ccc.coovvvveverrrerrrnnns
Simulated mass balance for the Mesilla Basin, pre-1915 and 1975 ........cococvmieveiiorncnreneree e
. Percentage of wells in each lithologic category, by saturated interval, Albuquerque-Belen, Mesilla, and Mimbres Basins...
. Estimated recharge 10 alluvial DASINS. ...........ccoceeurirreeureeieiiiictie et seecs et et b sssts s sae e sttt et esasan s essssasa s sasas s s staea et arassnsnsessaseaemetebetasecnererneen
. Unit recharge (ratios of total estimated recharge to alluvial area) and estimated recharge from basin boundaries per boundary length
. Irrigated acreage in alluvial Dasins, 1978—80 .........cc.cccourimuiiiiuiiieeiieee et casisa st ettt es s e e ss s sas s poss st s betat et s e ss s s se st et et s et emesasee

CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain

inch 254 millimeter
foot 0.3048 meter
cubic foot 0.02832 cubic meter
cubic foot per second 0.02832 cubic meter per second
foot per second 0.3048 meter per second
foot per mile 0.1894 meter per kilometer
mile 1.609 kilometer
acre 0.4047 square hectare
square mile 2.590 square kilometer
gallon 3.785 liter
gallon per minute 0.06309 liter per second
acre-foot 1,233 cubic meter
acre-foot per year per 0.0004761 cubic hectometer per year

square mile per square kilometer

Temperature in degrees Celsius (°C) can be converted to degrees Fahrenheit (°F) by the equation:

°F=9/5 (°C) + 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 both the United States and Canada, formerly called Sea Level Datum of 1929.



REGIONAL AQUIFER-SYSTEM ANALYSIS—SOUTHWEST ALLUVIAL BASINS, NEW MEXICO AND
ADJACENT STATES

SUMMARY OF THE SOUTHWEST ALLUVIAL BASINS
REGIONAL AQUIFER-SYSTEM ANALYSIS IN PARTS OF
COLORADO, NEW MEXICO, AND TEXAS

By D.W. Wilkins

ABSTRACT

The Southwest Alluvial Basins study area consists of 70,000 square miles
in parts of Colorado, New Mexico, and Texas, and includes 22 alluvial basins
along and adjacent to the Rio Grande. Rocks of the region can be divided into
four basic types: (1) basin-fill deposits--unconsolidated to poorly consolidated
sand and gravel interbedded or intermixed with clay and silt; (2) volcanics--
primarily basalt, including volcanic flow rocks, tuff, and small intrusive bod-
ies; (3) consolidated sedimentary rocks--primarily shale and sandstone,
including limestone, gypsum, and salt; and (4) crystalline rocks--intrusive
igneous rocks and metamorphic rocks.

Structurally and hydrologically the 22 basins can be divided into two gen-
eral types: open basins that have surface-water discharge and closed basins
that have no surface-water discharge. The Rio Grande is the primary hydro-
logic connection among basins that have surface-water discharge. Recharge to
the ground-water system is greater in the northern basins. About 3,580 cubic
feet per second annually is recharged to the San Luis Basin. Recharge to the
Mesilla Basin in southern New Mexico and western Texas annually is 6 cubic
feet per second.

Basin-fill deposits, including fan deposits, river alluvium, and unconsoli-
dated to consolidated sediments and some volcanics of the Santa Fe Group or
Gila Conglomerate are hydraulically connected and form an aquifer system.
Coarse-grained sediments were deposited by the relatively high energy ances-
tral Rio Grande; whereas, fine-grained lake or playa sediments were deposited
in topographically closed basins.

Simulation of ground-water flow in the San Luis Basin indicates that of the
535 cubic feet per second of water that was withdrawn from the basin-fill
aquifer system in 1980, 80 percent was from salvaged evapotranspiration, 14
percent was from aquifer storage, and 6 percent was from streamflow capture.

The total saturated thickness of sediments penetrated by wells in the Albu-
querque-Belen Basin is made up of a mixture of clay, silt, and sand. Ground
water in the southeastern part of the Albuguerque-Belen Basin contains cal-
cium and sulfate as primary jons. Calcium generally is the dominant cation;
bicarbonate is the dominant anion along the northeast side of the basin.
Ground water in the flood plain of the Rio Grande generally is of a calcium
sulfate type. A sodium chloride brine is found in the extreme southwestern
part of the basin.

The ground-water flow model of the Albuquerque-Belen Basin shows that
from 1976 to 1979 ground-water withdrawals outside the flood plain were
composed of 36 percent intercepted ground-water discharge to the flood-plain
system, 32 percent induced recharge from the flood plain; 25 percent aquifer
storage; and 7 percent underflow from the Santo Domingo Basin, to the north.

Ground water east of the Rio Grande valley in the Socorro Basin contains
large percentages of calcium, magnesium, and sulfate. Ground water in the
southern part of the Rio Grande valley generally has a larger percentage of
sodium and a smaller percentage of sulfate than ground water in the northern
part of the valley. Water is a calcium bicarbonate type in the La Jencia Basin,
in the principal recharge area to the east. The increase in the percent of
sodium downgradient from the recharge area is significant.

The total saturated thickness of sediments penetrated by wells in the
Mesilla Basin is made up of a mixture of clay, silt, and sand. Ground water is
a sodium and sulfate type water along the northwest basin margin. Along the
southwest basin margin one water type contains dominant ions of sodium and
bicarbonate; another type contains dominant ions of sodium and chloride.
West of Las Cruces chloride generally is the dominant anion in ground water.

Shallow ground water in the Rio Grande flood plain in the Mesilla Basin
generally has a larger specific conductance than water deeper in the aquifer.
Ground water associated with Mesozoic and Paleozoic rocks north and east of
Las Cruces has a larger percentage of sulfate and chloride and greater specific
conductance than water associated with volcanic rocks east of Las Cruces.
The ground-water flow model shows that for nonirrigation ground-water with-
drawals in the Mesilla Basin, 80 percent is from the surface-water system,
including streamflow capture; 10 percent is from aquifer storage; and 10 per-
cent is from salvaged evapotranspiration.

Ground-water movement in the study area is generally from west and east
to the center of the valley and then southward. Through much of the study
area the Rio Grande flood plain acts as a drain for the basin-fill aquifer
system. Temperature of ground water from the San Luis Basin south to the
northern end of the Albuquerque-Belen Basin generally ranges from 5 to 15
degrees Celsius. South of the northern end of the Albuquerque-Belen Basin
the ground-water temperature generally ranges from 15.1 to 25 degrees Cel-
sius. Ground water generally has a specific conductance less than 750 micro-
siemens per centimeter at 25 degrees Celsius, north of the Albuquerque-Belen
Basin. East of the Rio Grande and south of the Albuquerque-Belen Basin the
specific conductance of water is usually in the range of 751 to 2,250 microsi-
emens per centimeter at 25 degrees Celsius.

Chemical processes affecting ground-water quality are dissolution of cal-
cite, dolomite, gypsum, and halite; precipitation of calcite and dolomite;
exchange of calcium for sodium; and mixing of local recharge, geothermal, or
inflowing ground water from adjacent basins with ground water in the area of
study. Recharge water from the east and west, in basins north of the Albuquer-
que-Belen Basin, is a calcium bicarbonate type; the principal chemical pro-
cess is dissolution of calcite. Chloride water is found in the Albuquerque-
Belen Basin and basins to the south.

Al
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Recharge to basins is predominantly from uplifted areas east and west of
the basins. Runoff from snowmelt and storms infiltrates the alluvial material
near the contact of the alluvium and rocks of the uplifted areas. Recharge to
the San Luis and Espaiiola Basins was estimated to be 0.984 and 0.175 cubic
foot per second per square mile of alluvial area, respectively. Recharge rates
in the Mesilla, Mimbres, and Lordsburg Basins, in the southern part of the
study area, ranged from 0.004 to 0.003 cubic foot per second per square mile
of alluvial area.

Irrigation is the primary use of surface water in open basins. In closed
basins 93 percent of the irrigated acreage uses ground water as a source. In
the Albuquerque-Belen Basin from 1975 to 1985, at least 90 percent of
ground-water withdrawals were for uses other than agriculture. In the Mesilla
Basin from 1975 to 1985, 32 to 45 percent of all ground water withdrawn was
for nonagricultural uses.

INTRODUCTION

This report summarizes findings of the Southwest Alluvial
Basins (SWAB) study, part of the Regional Aquifer-System
Analysis (RASA) program of the U.S. Geological Survey in
parts of southern Colorado, New Mexico, and west Texas.
The main purposes of the SWAB study were to enhance the
understanding of the regional hydrology of alluvial basins
that serve as major ground-water reservoirs and to study the
hydrologic effects of stresses on the system. Twenty-two
alluvial basins are within the area. A planning report by
Wilkins and others (1980) provides a more detailed descrip-
tion of the SWAB study.

The SWAB RASA is described in Professional Paper
1407, which will consist of two parts. Part A (this report) is
a summary of the study. Part C (Frenzel and Kaehler, 1992)
describes the geohydrology and ground-water quality of the
Mesilla Basin. A summary of ground-water flow models
planned as Part B of Professional Paper 1407 has been
released as Open-Rile Report 90-361 (Kernodle, 1992) and is
not included as a Professional Paper chapter.

PURPOSE AND SCOPE

This report summarizes studies of selected basins and dis-
cusses water quality, ground-water flow systems, and water
use in the study area as a whole. Selected basins were stud-
ied in detail using various geohydrologic techniques. Geol-
ogy, ground-water flow, ground-water geochemistry, ground-
water recharge, and aquifer characteristics were studied. Dig-
ital flow models of the ground-water systems were developed
for three basins. The techniques used and results of basin
studies are presented in reports for the individual basins.

DESCRIPTION OF THE STUDY ARFA

The study area includes parts of four physiographic prov-
inces (fig. 1). The northern part of the study area is within
the Southern Rocky Mountains province. The Basin and
Range province includes most of the study area south of the

Espaiiola Basin. The Colorado Plateau province includes
small areas of the Albuquerque-Belen and San Agustin
Basins. The Great Plains province lies along the east edge of
the study area.

The study area is structurally and hydrologically divided
into 22 basins of two general types: open basins that have
surface-water discharge and closed basins that have no sur-
face-water discharge. The Rio Grande is the primary hydro-
logic connection among basins that have surface-water
discharge in southern Colorado, central New Mexico, and
western Texas (fig. 2). Closed basins primarily are in south-
western and south-central New Mexico and western Texas.
Of about 70,000 square miles in the study area, 7,500 square
miles are in Colorado, 53,000 square miles are in New Mex-
ico, and 9,500 square miles are in Texas.

GEOLOGIC AND HYDROLOGIC SETTING

The Rio Grande rift is a fault-bounded structural feature
with uplifted blocks on the east and west and downdropped,
alluvial-filled grabens in the middle. Rifting began about 26
million years ago (Chapin and Seager, 1975). Structural mod-
els and the observed fault patterns indicate that either regional
extension caused by differential drift within the continental
plate (Chapin, 1971; Kelley, 1977) or broad regional uplift
(Baltz, 1978) resulted in downdropped basins (grabens) and
tilted fault blocks that formed the Rio Grande depression.
Woodward and others (1975, p. 239) placed the rift’s southern
limit at Socorro, New Mexico. Seager and Morgan (1979, p.
101) extended the rift into western Texas and northern Mex-
ico, on the basis of shallow manifestations of the deep struc-
ture, such as “active faults and volcanoes, high heat flow, and
exceptionally deep basins.” The tectonic map by Woodward
and others (1975) shows “generally thick, synorogenic sedi-
mentary deposits in the Rio Grande rift; Miocene to
Holocene” as far south as Presidio, Texas. Rifting took place
along a general north-south structural grain, probably in
response to east-west extension. The basins and bounding
uplifts generally are arranged en echelon with each basin or
uplift being offset slightly to the east of the one to its south.
This pattern, together with gravity anomaly lineaments, indi-
cates that the crust broke along north-northeast and north-
northwest trends oblique to the main north-south structural
grain (Ramberg and others, 1978). Uplifted blocks to the east
of the basins generally rise several thousand feet above the
valley floor. The basins are bounded on the north, east, and
west mainly by Paleozoic and Mesozoic sedimentary rocks
and Tertiary and Quaternary volcanics. The southern bound-
ary of the study area is arbitrarily placed at the Mexico-United
States international boundary. Detailed descriptions of border-
ing rocks and geologic features can be found in Chapin
(1971), Hawley (1978), and Riecher (1979). Other geology-
related publications are listed in bibliographies by Stone and
Mizell (1979) and Wright (1978, 1979a, b).
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TaBLE 1.—Water budget for the Costilla Plains (1950-80) of the San Luis Basin.
[From Hearne and Dewey, 1988, table 13. All estimates are in cubic feet per second]

Flow source Estimated flow
Inflow
Sangre de Cristo MOUNLAINS. ........cccceeiiereereneeresensesesrenesserassesssssssessessassssssssssssssasssssssssas 440

TA0S PLALEAU .....ccuciriereerirrenierisecruinrtnieesesessassessessesanesssessasessessassessssasssassnessesssssssassssossasss s 2O
Precipitation on the Costilla Plains...........ccccceeeererrenrentnneesenseeseesesessssssessessssassssssesssasscsss 390
Rio Grande, near Lobatos, COlOTado .........cccuereerecreareecrenenerensesassaesessssessessesasssesasessonsesse 390
Ground-water flow past the San Luis HillS.........ccccccenvinririnnrerenneeriesecsesesssssnsesserassacsssones )

—_—
Total infl 1,408
o OW .eeeerrrnrrereressersnssasssessesessasssnsascasssssssassssasassessassssnsssasesssssnnssssansasaanesassaranse by

Outflow

Evapotranspiration from the Costilla PIains ...........cccoveceeeerereecerescnneseescscsesnesesecsesesaeseess 140

A9

(Nonirrigated areas--490 (rounded).
Irrigated areas--250).

Rio Grande, near EMbudo, NEW MEXICO......uioveivieeieirverieceeeeccseessseesssnssessssssssssesssasssesess 080
Total OUTIOW.....iciieieiriiieeereieeecenenneneees reveessteessseessssnserssasessssessasasssssssssssaesssnassssnses L, 420
INot estimated.

In addition to precipitation, irrigation withdrawals were
made from surface and ground-water sources for application
to irrigated areas. Irrigation depletion is the amount of water
from surface-water and ground-water withdrawals that is
consumed by crops or lost to the atmosphere during irriga-
tion. A depletion rate of 1.14 feet per year was used to calcu-
late a depletion of 130 ft¥s for the 84,000 irrigated acres in
the Costilla Plains (Hearne and Dewey, 1988, p. 40-41).
Ground-water discharge at Embudo, New Mexico, is
assumed to be negligible.

On the Taos Plateau for 1950-80, precipitation is estimated
to exceed ‘evapotranspiration by 28 ft’/s. About 28 ft¥/s is
estimated to flow through fractured volcanic rocks and dis-
charge as spring flow or seepage flow to the Rio Grande.

Ground-water inflow to the Costilla Plains through and
around the San Luis Hills cannot be measured directly. Inad-
equate definition of the transmissivity of the volcanic rocks
of the San Luis Hills precludes an independent estimate of
inflow using the hydraulic gradient (Hearne and Dewey,
1988, p. 40-41). “To balance the water budget, inflow
should equal outflow. Ground-water inflow was calculated as
the residual of the water budget to be about 10 cubic feet per

second by subtracting other estimated inflows from estimated
outflow. Because the flow is small relative to other items in
the budget, this estimate is not accurate and was not included
in table 13” [table 1 in this report] (Hearne and Dewey,
1988, p. 41).

The water budget for the Alamosa Basin (table 2) shows
the estimated rates of inflow, outflow, and change in storage
for 1950-80. Irrigation development is extensive only in the
Alamosa Basin. Surface-water irrigation has been extensive
since about 1890. Significant ground-water irrigation began
about 1950. Recharge was estimated using the previously
described methods. Precipitation was estimated to be 0.64
foot per year. Evapotranspiration was assumed to depend on
land use and depth to water. Evapotranspiration consumes
water from both precipitation and ground water. For nonirri-
gated areas, calculated evapotranspiration was dependent on
depth to water. For nonirrigated areas, evaporation was
assumed to consume ground water to meet part of the vege-
tation demand. Evapotranspiration from ground water in
water-course and riparian areas along the Rio Grande and
Conejos River was assumed to be 4.5 feet per year. Evapo-
transpiration from ground water in other areas where the
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TABLE 2.—Water budget for the Alamosa Basin (1950-80) of the San Luis Basin.
[From Hearne and Dewey, 1988, table 17. All estimates are in cubic feet per second]

Flow source Estimated flow
Inflow
Sangre de Cristo Mountains................. rveereeeesrneesneeeane eereresetessseesaeeesasnaesnsasssnras cereereeneee 340
San Juan Mountains................. tevesvetreeseeserssatasteesssbatarasaasssnerrntaeaens teerssentarseessesesnnns ...2,800
Precipitation on the Alamosa Basin.........cccceeeevieirenninnenenienenisreneneeessescssessssencsssssens 1,500
Total inflow......ccccceeevuveeevrennnnen. rereeesaeerssaeerbeenseessatrenen reeraeeesraeennee creeeerneenenneens ...4,640
Decrease of storage in the aquifer
Alamosa Basin .......cccveeevveeenveeninrienneceneenns tereesreeebesastesssaeseesraessresssesraerrrrestassrsessanssaee e T
Outflow
Evapotranspiration from the
Alamosa Basin.............. teeeeeerteeesteeessressstaeeatae e aeaehaeeaabesebte e s teentaaeessseearatesanstasenantes 3,900
(Nonirrigated areas--2,000.
Irrigated areas--1,900)
Rio Grande, near Lobatos, Colorado................... rrreeseerennnsas teeesttteeeiaaeeasarnbatsretesessanane 350
Ground-water flow past the San Luis Hills.......... ceerreens (1)
Total outflow.......eeeeeveeeeeennnennne. rereessraeereseibssestaaesesarbesen rerreseesnreenenaraes rereeeeennens 4,250
INot estimated.

depth to water was less than 2 feet was assumed to be 3.1
feet per year (69 percent of that from water courses). Simi-
larly, evapotranspiration from ground water (table 3) was
estimated for other depth-to-water zones (Hearne and Dewey,
1988, p. 43-46).

Within the irrigated areas, calculated evapotranspiration
was dependent on crop type and an assumed depth to water.
Evapotranspiration includes consumptive use required by the
crop. Of the 710,000 acres irrigated in the Alamosa Basin,
320,000 acres were harvested; 210,000 acres (30 percent)
were assumed to be nonirrigated pasture; and the remaining
180,000 acres were assumed to be irrigated pasture. Con-
sumptive use for four major crops--alfalfa, grass, spring
grains, and potatoes--was estimated. The consumptive use for
each crop was assumed to be supplied by a combination of
irrigation, shallow ground water, and precipitation. Table 4
shows the crop types, area of each crop, consumptive use,
and evapotranspiration for irrigated lands. All precipitation
on irrigated areas was assumed to be returned to the atmo-
sphere by evapotranspiration.

The Rio Grande flows through the Alamosa Basin from
Del Norte, Colorado, to the gap in the San Luis Hills. Flow
in the Rio Grande near Del Norte, Colorado, is included in
the estimated inflow from the San Juan Mountains. Average
outflow in the Rio Grande near Lobatos, Colorado, averaged
350 ft3/s for 1950-80.

The decrease in the volume of water stored beneath the
Alamosa Basin from 1950 through 1969, estimated from an
analog model simulation, was 730,000 acre-feet; 70 percent
was from the unconfined aquifer, and 30 percent was from
the confined aquifer (Emery and others, 1975, table 5). From
1970 to 1980, the decrease in storage in the unconfined aqui-
fer, estimated from change in hydraulic heads, was 860,000
acre-feet (Crouch, 1985). The storage decrease in the uncon-
fined aquifer was assumed to be 70 percent of the total. Total
storage decrease for both the unconfined and confined aqui-
fers was about 1,200,000 acre-feet. From 1950 to 1980, stor-
age was estimated to decrease about 1,900,000 acre-feet
based on the estimates presented previously (Hearne and
Dewey, 1988, p. 50).
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Total

gvapotranspiration

(ftiyr)  (ftfs)
4.5

0.0

(percent)? (ft/yr)

from precipitation

Evapotranspiration

(ft/yr) (percent)!
100

4.5

from ground water

Evapotranspiration

[From Hearne and Dewey, 1988, p. 45. fuyr, feet per year; ft*/s, cubic feet per second]

30,000
150,000

Area

TaBLE 3.——-Calculated evapotranspiration for nonirrigated areas in the Alamosa Basin.
(acres)

Depth-to-water zone

Water course and riparian

Less than 2 feet
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The approximate areal extent of water-level changes from
December 1969 to January 1980 in the unconfined valley-fill
aquifer system of the San Luis Basin is shown in a water-
level-change map (fig. 5). According to Crouch (1985, sheet
1), “There are several factors that may have contributed to
the general water-level decline in the San Luis Valley during
the 1970’s. These include an increase in ground-water with-
drawals from the unconfined aquifer for irrigation of an
expanded acreage and a decrease in surface-water diversion
with a resultant decrease in ground-water recharge.”

Annual ground-water withdrawals for 1940-79 vary from
3,000 acre-feet (less than 1 percent) of total irrigation water
used in 1941 to greater than 981,000 acre-feet (66 percent)
in 1977, an atypical year for surface-water diversions.
NS Ground-water withdrawals and surface-water diversions for
’ 1940-79 are shown in figure 6.

A preliminary analysis of the Alamosa Basin using a two-
dimensional cross-sectional model concluded that (1) a
seven-layer model, representing 3,200 feet of saturated thick-
ness, could accurately simulate the behavior of the flow sys-
tem, and (2) the 1950 condition was approximately stable
and would be a satisfactory initial condition. Subsequently, a
seven-layer, three-dimensional areal model was constructed
to represent the aquifer system in the Alamosa Basin (Hearne
and Dewey, 1988). Values of aquifer characteristics were
assumed or estimated from the work of previous investiga-
oo tors. Recharge and discharge were defined to represent the
changes since 1950 in ground-water withdrawals, return flow,
salvaged evapotranspiration, and streamflow capture. Hydro-
logically consistent modifications to ground-water withdraw-
o als resulted in simulated head changes approximating the
' measured data--water-level declines within 6 feet or less for
1950-69 and water-level declines within about 5 feet of mea-
sured values for 1970-79. The sources of the 535 ft¥/s of
water withdrawn from the aquifer system in 1980 were 80
percent from salvaged evapotranspiration, 14 percent from
storage in the aquifer, and 6 percent from streamflow capture
(Hearne and Dewey, 1988, p. 111).

Sensitivity tests on the three-dimensional model indicated
that simulated 1970-79 hydraulic-head declines were most
sensitive to ground-water withdrawals. However, for most of
the simulations, salvaged evapotranspiration was the major
source (69 to 82 percent) of ground-water withdrawals. The
simulations implied that evapotranspiration of ground water
does occur in irrigated areas and that evapotranspiration has
decreased as hydraulic head has declined (Hearne and

680
270
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140
520
2,000

33

1.7
98
64

23

20
37
A7
.58

31
58
73
91
100

69
42
27

3.1

1.9

12
40

85,000
82,000
100,000

390,000

1,000,000

IPercent of water-course evapotranspiration.

g Dewey, 1988, p. 111).
=]
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2 3 B ALBUQUERQUE-BELEN BASIN
Bt 3}
ag E The Albuquerque-Belen Basin in central New Mexico (fig.
= g ) 7) contains the city of Albuquerque and surrounding metro-
88 § o B S politan area. This basin was selected for detailed study
é &8 ::l‘ - E 5 because water use has increased significantly, primary land
<t \O — g (] g use has changed from agricultural to urban, and wells are
g8 = B being drilled deeper and farther from the Rio Grande as the
a<twO metropolitan area expands.
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TaBLE 4 —Crop type, consumptive use, and evapotranspiration for irrigated areas in the Alamosa Basin.
[From Hearne and Dewey, 1988, p. 48. fu/yr, feet per year; fi*/s, cubic feet per second]

Consumptive
Area use Evapotranspiration

Crop type (acres) (ft/yr) vy (ft3/s)

Alfalfa ......ocevierreieeeiieeceeseeeeeene 99,000 22 2.4 330

Other hay......cccoveevveveeveniiecennene 91,000 1.8 2.0 250

Grain ......ccovveeveeverrerneneesreenneene 96,000 1.2 1.6 210

Potatoes.......coveeveenveeeveennenrnnsenns 34,000 14 1.8 85

Irrigated pasture...........ccceueenenne. 180,000 1.8 2.0 500

Nonirrigated pasture................... 210,000 ) 1.7 490

Total (rounded) 710,000 1,900
INot estimated separately.

GEOLOGY Sediments containing more than 50 percent sand, gravel,

The description of the structure and geology of the Albu-
querque-Belen Basin is excerpted from Kernodle and others
(1987, p. 12, 17). The structural basin is 35 to 40 miles in
width and about 100 miles in length. The basin is bounded
on the east and west sides by faults. Total fault displacement
along the east side of the Rio Grande rift is 5,000 to 6,000
feet greater than that along the west side. Sandia and Hub-
bell Springs faults (fig. 7) separate the basin from the Sandia,
Manzanita, and Manzano Uplifts on the east; whereas,
numerous faults with less displacement separate the basin
from Sierra Lucero, the Ladron Mountains, and the San Juan
Basin on the west. These faults, having elevated benches of
pre-Santa Fe Group bedrock near or at the present-day land
surface, mark the east and west boundaries of the regional
ground-water system in the Albuquerque-Belen Basin. The
southern end of the basin is terminated by converging faults
and bedrock highs at the San Acacia constriction. Flood-
plain alluvium and a thin layer of Santa Fe Group deposits
are present within the constriction, allowing some ground-
water outflow southward to the Socorro Basin. The northern
end of the Albuquerque-Belen Basin, as defined in this inves-
tigation, is at the southern and southeastern edge of the
Jemez volcanic complex and along the southern and south-
western edge of Santa Ana Mesa. The central part of the
Albuquerque-Belen Basin has been downfaulted in relation
to the bordering highlands. Material derived by erosion of
the highlands and sediment transported into the basin by the
Rio Grande and other streams have filled the graben to a
thickness locally in excess of 18,000 feet.

The areal distribution of lithologic sediment types for the
total saturated depth analyzed is 20 to 50 percent clay, silt,
mudstone, shale, or caliche in a band north to south through-
out the central part of the basin (Kaehler, 1990) (fig. 8).

cobbles, or boulders are more prevalent in the Albuquerque
area and to the north. Sediments containing more than 50
percent clay, silt, mudstone, shale, and caliche are found
along the western side of the basin adjacent to Albuquerque.

The areal distribution of saturated lithologic types for 100-
foot-thick intervals to a depth of about 600 feet is basically
the same as that for the total depth. In the interval from 600 to
900 feet below the water table, the coarse-grained sediments
are found around Albuquerque and areas to the west and
north; fine-grained sediments are found in the southern part of
the basin. Generally, coarse-grained sediment is the predomi-
nant type to a depth of 600 feet below the water table. Below
600 feet, fine-grained sediments, or occasionally fine-grained
mixed sediments, are predominant (Kaehler, 1990).

Analyses of borehole-geophysical logs suggest that the
basin fill consists of sand lenses alternating with clay or silt
lenses. The layering appears to be random; individual lenses
cannot be traced from well to well. The clay lenses have a
maximum thickness of 45 feet and are more common on the
eastern side of the basin.

Analyses of gravity data (Birch 1980a, p. 19) show that
the Albuquerque-Belen Basin is separated from the Santo
Domingo Basin to the north by Neogene sediments less than
3,300 feet thick, defined by Birch (1980a, p. 5) as the upper
Tertiary Santa Fe Group and Quaternary sediments. In most
of the Albuquerque-Belen Basin the Neogene-sediment thick-
ness is about 4,900 feet. A north-trending zone of Neogene
sediments with a thickness of 6,500 to 8,200 feet (Birch,
1980a, p. 19) is present on the east side of the basin. In the
southern Albuquerque-Belen Basin, the depth to Precambrian
rocks decreases from 9,800 feet to near land surface north of
the constriction between the Albuquerque-Belen and Socorro
Basins (Birch, 1980a, fig. 22).















SOUTHWEST ALLUVIAL BASINS, NEW MEXICO AND ADJACENT STATES

GEOCHEMISTRY

Surface-water quality in the Albuquerque-Belen Basin is
variable depending on the stream. Average specific conduc-
tance of water from September 1969 to August 1982 in the
Jemez River was 1,283 microsiemens (microsiemens per
centimeter at 25 degrees Celsius); in the Rio Puerco, near the
confluence with the Rio Grande, it was 2,047 microsiemens;
and in the Rio Salado, in the southwestern part of the basin,
it was 1,670 microsiemens (Anderholm, 1988, p. 32). All of
these streams empty into the Rio Grande within the Albu-
querque-Belen Basin. For the same period, the specific con-
ductance in the Rio Grande in the northern part of the basin
was 358 microsiemens; whereas, downstream in the southern
part of the basin it was 752 microsiemens. The downstream
increase is attributed to solute concentration through evapo-
transpiration, tributary inflow, and return flow of excess irri-
gation water (Anderholm, 1988, p. 33).

Ground-water quality in the basin also is variable. The
southeastern part of the basin contains water with calcium
and sulfate as primary ions; specific conductance ranges
from 1,000 to 1,200 microsiemens. Calcium is the dominant
cation and bicarbonate generally is the dominant anion along
the east side of the basin where ground-water quality is
affected primarily by recharge of runoff from the high moun-
tains. Ground water from the mountains to just east of the
Rio Grande has a specific conductance of less than 400
microsiemens. Specific conductance of ground water in the
flood plain of the Rio Grande south of Los Lunas ranges
from 281 to 2,170 microsiemens (Anderholm, 1988, p. 59).
The increased specific conductance probably is due to mix-
ing of excess irrigation-return water with resident water in
the aquifer system. Specific conductance of water west of the
Rio Grande flood plain but east of the vicinity of the Rio
Puerco ranges from about 500 to 900 microsiemens.

On the western side of the southern Albuquerque-Belen
Basin, sodium chloride brine, containing specific conduc-
tance as large as 91,000 microsiemens, enters the basin-fill
aquifer system. The brine then flows south and east, mixing
with ground water in the basin. Specific conductance of the
water in the general area of mixing varies from about 400 to
9,000 microsiemens because of different mixing ratios of the
inflowing brine and existing ground water. In general, the
specific conductance of the mixed water decreases as it
moves eastward because of dilution of the brine with less
saline recharge water from the east. The mixed water in this
area dissolves gypsum as the water moves through the aqui-
fer system, as indicated by a general increase in percentages
of calcium and sulfate in the mixed water in comparison
with percentages of calcium and sulfate in the brine. In the
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southwestern part of the basin, ground water has large chlo-
ride concentrations. These elevated chloride concentrations
are probably due to upward movement of deep circulation
water. The upward movement probably is caused by a con-
striction of ground-water flow in the extreme southern end of
the basin (Anderholm, 1988, p. 77).

The overall ground-water quality in the northern part of
the basin is a result of mixing of waters from the Jemez geo-
thermal reservoir to the north and ground water in the basin-
fill aquifer system (Anderholm, 1988, p. 101). Concentra-
tions of chloride, as large as 1,300 milligrams per liter (mg/
L), and of silica, as large as 91 mg/L, are found. These con-
stituents generally are indicators of ground-water flow from
the Jemez geothermal reservoir.

Sodium is the dominant cation in ground water west of
Albuquerque. Ion exchange of calcium and magnesium for
sodium is the dominant process affecting the ground water.
Fine-grained sediments, indicated on drillers’ and geophysi-
cal logs, provide the medium and constituents for the
exchange process (Anderholm, 1988, p. 101).

GROUND-WATER FLOW SYSTEM

The main components in the water budget in the Albu-
querque-Belen Basin are surface-water inflow and outflow in
the Rio Grande. Inflow is derived from tributary streams,
ground-water recharge from infiltrating tributary streams,
mountain-front recharge to ground water, and ground-water
inflow from the Santo Domingo Basin to the north. Outflow
includes ground-water outflow to the Socorro Basin to the
south, withdrawal of ground water from wells, ground-water
and surface-water discharge to the flood plain of the Rio
Grande, and evapotranspiration (Kernodle and others, 1987,
p. 6). The surface-water system consists of the Rio Grande
and its tributaries, irrigation canals, drainage ditches, and
water that periodically flows in arroyos or washes, or is
impounded in flood-retention reservoirs. The Rio Grande is a
through-flowing river with an average steady-state inflow to
the basin of 1,150 ft’/s and an average outflow of 924 ft3/s
from 1948 to 1960. The difference of about 226 ft*/s of
water was only a part of the water the river lost in its pas-
sage through the basin. Also lost from the steady-state sur-
face-water system were average tributary inflows of about
110 ft¥/s for the same period. The majority of this total net
loss of 336 ft*/s probably was caused by evapotranspiration
in the flood plain (Kernodle and Scott, 1986, p. 11). How-
ever, since 1960 in the Albuquerque area an increasing pro-
portion of evapotranspiration is being captured by the
ground-water cone of depression associated with ground-
water withdrawals (Kernodle and others, 1987, p. 6).
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Evaporation accounts for a loss of about 5 feet per year in
areas of exposed water. Evapotranspiration in the flood plain,
whether from agricultural or riparian vegetation, is about 3
feet per year. About 0.5 foot of precipitation per year helps
reduce evapotranspiration, but the net loss for the flood plain
is estimated to be 428 to 539 ft*/s (J.D. Dewey, Hydrologist,
U.S. Geological Survey, written commun., 1983). The differ-
ence between the flood-plain loss and the surface-water loss
(336 ft’/s) is made up by loss from ground-water storage
(Kernodle and others, 1987, p. 8).

The Albuquerque-Belen Basin ground-water system can be
divided into two subsystems. The first subsystem is in and
near the area of the Rio Grande flood plain; the second is the
basin ground-water subsystem adjacent to and under the Rio
Grande flood-plain subsystem (Kernodle and others, 1987, p.
8). The first ground-water subsystem (fig. 9) consists of
ground-water flow within the flood-plain alluvium of the
river valley, which interconnects the Rio Grande, canals,
drains, and evapotranspiration. In this subsystem, ground
water flows because of hydraulic-head differences imposed
by surface-water bodies, evapotranspiration, and recharge of
excess irrigation water. Although a large volume of ground
water moves through the flood-plain alluvium, the hydraulic
heads and gradient remain unchanged from one year to the
next, except in the vicinity of increasing ground-water with-
drawals. Seasonal hydraulic-head changes seldom exceed 5
feet (Kernodle and others, 1987, p. 12).

The second basin ground-water subsystem (fig. 9) operates
outside of, but is hydraulically connected to, the flood-plain
alluvium. Two forms of ground-water recharge occur out-
side of the flood plain: (1) tributary recharge from streams
as they traverse basin fill between the mountains and the
river; and (2) mountain-front recharge from flows that infil-
trate almost immediately after entering the basin from virtu-
ally impervious bedrock that encircles the basin-fill deposits.
Tributary and mountain-front recharge totals about 180 ft¥/s
and maintains high ground-water levels around most of the
margin of the basin. Ground water then flows downgradient
toward the axis of the basin, not necessarily toward the Rio
Grande or its flood plain. As the flow approaches the axis of
the basin, the flow paths curve and continue southward to the
lower end of the basin (Kernodle and others, 1987, p. 12).

Ground water flows vertically as well as horizontally. In
areas of recharge, some ground water moves into deeper
parts of the aquifer system and follows a generally more
direct route to the basin’s ground-water discharge area.
Although the shallow ground-water system includes and is
substantially affected by the flood-plain alluvium of the Rio
Grande, that effect decreases rapidly with depth (Kernodle
and others, 1987, p. 12).

Diversion of surface water for irrigation was the earliest
modification of the natural water system in the Albuquerque-
Belen Basin. Irrigation continued, and the volume of diverted
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FIGURE 9.—Generalized ground-water subsystems in open basins.

water increased until drains to control waterlogging and salt
accumulation in the soil became necessary in the 1930’s
(Kernodle and others, 1987, p. 19).

Until the mid-1940’s Albuquerque’s municipal water needs
were met by ground-water withdrawals from wells completed
in the flood-plain alluvium. The effect on the natural water
system was insignificant in comparison to the effect of irriga-
tion. Dry weather and decreased streamflow in the 1950’s
forced an increased dependence on ground water for irriga-
tion. In addition, Albuquerque’s population began to increase
rapidly and municipal ground-water withdrawals increased.
Legal regulations imposed in 1959 made construction of
municipal wells outside of the flood plain increasingly attrac-
tive. The area of greatest ground-water stress began to shift
away from the flood plain. In the area east of the flood plain,
municipal withdrawals caused a decline in ground-water lev-
els of about 20 feet by 1960 and an additional 60 to 80 feet
by 1980. Since the 1980’s, Albuquerque’s municipal water
needs have been met by ground-water withdrawals matched
by the purchase and retirement of surface-water rights for
water removed from the Rio Grande (Kernodle and others,
1987, p. 19-20).
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From the simulation, about 80 percent of all ground water
withdrawn for nonirrigation purposes was derived either from
induced infiltration of surface water or capture of natural
ground-water discharge to the surface-water system, 10 per-
cent was from aquifer storage, and the remaining 10 percent
was from salvaged evapotranspiration. These percentages
remained essentially unchanged for a test of the model’s
response to a range of aquifer diffusivity (transmissivity
divided by storage coefficient) from one-quarter to four times
the diffusivity of the calibrated model. Ground-water with-
drawals of 50 ft3/s for 1941-75 first were simulated as a line
of wells parallel to and just west of the flood plain and then as
a line of wells parallel to but 12 to 14 miles west of the river.
For the line of wells simulated near the flood plain, the
sources of withdrawn water remained in the same proportion
as for the historical simulation; 80 percent of withdrawals
were from streamflow depletion, and changes in diffusivity
had little effect. For the line of wells simulated 12 to 14 miles
from the flood plain, streamflow depletion was 53 percent of
the total withdrawal for the large diffusivity, 15 percent for the
calibrated model, and 3 percent for the small diffusivity.

MIMBRES BASIN GEOLOGY

The Mimbres Basin in southwestern New Mexico (fig. 1)
is a closed basin into which several intermittent streams flow.
The Mimbres Basin was selected for a lithologic study
because development of ground-water resources for irrigation
made many drillers’ logs available for the analysis.

Analyses of drillers’ logs show that total saturated sedi-
ments penetrated by wells in the central part of the basin
contain a mixture of sediment types. The extreme northwest
corner of the basin contains sediments identified as conglom-
erate on drillers’ logs (fig. 18). Areas of clay and silt are
present principally near Deming, extending east and west,
and in the Columbus area.

Wells primarily penetrate conglomerate in the first 200
feet of saturated sediments in the upper reaches of the Mim-
bres River and San Vicente Arroyo. The central part of the
basin is composed predominantly of clay and silt. In the
depth interval between 200 and 400 feet below the water
table, conglomerate becomes more common than at shal-
lower depths, except in the central part of the basin.
Although data are sparse, the 400- to 1,000-foot depth inter-
val in the northwest corner of the basin is composed of
poorly sorted sediments; clay and silt predominate in the
central part of the basin.

On the basis of gravity data, Birch (1980b, p. 12) con-
cluded that the thinning of sediments along the international
boundary is similar to that found in the Mesilla Basin. Aver-
age thickness of sediments in the Mimbres Basin is about
1,570 feet. The gap between the East and West Potrillo
Mountains is estimated to be about 6 miles wide and 1,640
feet deep and may provide a hydraulic connection between
the Mesilla and Mimbres Basins.
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FIGURE 17— Estimate of net irrigation flux in the Mesilla Valley, 1915-75.

(From Frenzel and Kaehler, 1992, fig. 16.)

SUMMARY OF REGIONAL ANALYSES

Regional analyses also were conducted as part of the
SWAB study. Aquifer characteristics, water chemistry, and
various hydrologic topics are described for the complete
study area in the remainder of this report.

LITHOLOGIC ANALYSES

Lithologic trends with depth in the Albuquerque-Belen,
Mesilla, and Mimbres Basins are shown in table 7. The litho-
logic categories are defined by Kaehler (1990, fig. 4). For the
Albuquerque-Belen and Mesilla Basins, the lithologic cate-
gory for the total saturated thickness in each well for which
a lithologic analysis was completed is most commonly a
mixture of sand and gravel (category 5), particularly in the
upper 600 feet. The second most common category for both
basins is predominantly clay and silt (category 1). Generally,
sand and gravel (category 5) are slightly more common than
clay and silt at depths greater than 600 feet in the Mesilla
Basin (table 7). In the Mimbres Basin, clay and silt (category
1) are common in most saturated depth intervals, except for
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Calcium plus magnesium sulfate water is most common in
the south-central and southeast parts of the study area but
also is found in most basins south of the San Luis Basin.
This type of water can be associated with Mesozoic and
Paleozoic rocks (fig. 3). The Mesozoic and Paleozoic rocks
commonly are a source of sulfate.

Calcium plus magnesium bicarbonate water is the most
common water type in the study area. This type of water is
characteristic of recharge water and has low values of spe-
cific conductance (fig. 21).

Sodium chloride water is found in several basins south of
the Espafiola Basin. The presence of sodium chloride water
probably is the result of different processes in each of the
different basins. In the Albuquerque-Belen Basin, inflowing
ground water from the San Juan Basin to the west is the
source of the sodium chloride (Anderholm, 1988, p. 67).
Inflowing ground water along fault zones west of the Albu-
querque-Belen Basin is a sodium chloride brine; the specific
conductance of water flowing into the basin is greater than
20,000 microsiemens. Small areas of sodium chloride water
occur in the Engle and Palomas Basins and in the northern
part of the Mesilla Basin. These areas are in or near Known
Geothermal Resource Areas. Upwelling of water from a
deep geothermal reservoir may be the source of this sodium
chloride water.

Sodium chloride water also is found in the southern end of
the Mesilla Basin, the southern end of the Tularosa-Hueco
Basin, and the northern part of the Eagle Basin in west
Texas. These areas are not associated with a known geother-
mal source or with inflow of water from adjacent basins with
large sodium or chloride concentrations. Dane and Bachman
(1965) and the Bureau of Economic Geology (1968) have
mapped the Permian Hueco Limestone and Yeso Formation
as the primary rock types in these areas. Dissolution of halite
from the formations may be the process responsible for
sodium chloride water in these basins.

Sodium sulfate and sodium bicarbonate water is found in
discharge areas in most basins (fig. 22). In closed basins,
sodium sulfate and sodium bicarbonate ground water is
present in areas of playas. A clay-rich aquifer matrix can
supply cation-exchange sites for exchanging calcium or mag-
nesium for sodium.

RECHARGE

Recharge to the ground-water system was estimated for all
basins in the study area using the “mountain water-budget”
and the “mountain-yield” methods of Hearne and Dewey
(1988). Total recharge and recharge from specific basin
boundaries are listed in table 8. Recharge estimates from the
western boundary of the San Luis Basin north of the San
Luis Hills were determined using the mountain water-budget
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method. In the remainder of the study area, the volume of
water that discharges to the alluvial aquifers was estimated
using the mountain water-yield method. Precipitation on the
basin surface was not included in the total recharge value
because it is assumed to be lost by evapotranspiration while
in the first few inches of the soil. Unit recharge is the annual
estimated recharge, in cubic feet per second, divided by total
alluvial area for a basin, in square miles. Unit recharge and
recharge per length of basin boundary for each basin are
given in table 9. Recharge from the eastern and western
boundaries of each basin was computed by dividing recharge
from the mountain front by mountain-front length. Recharge
amount and general locations are shown in figure 23.

Recharge is greater in the northern basins than in the
southern basins. Runoff from high mountains adjacent to the
basins is the primary source of recharge. The San Luis Basin
has the largest quantity of estimated unit recharge. Average
annual estimated mountain water-budget and mountain-front
recharge is about 3,580 ft¥/s, nearly 15 times the recharge to
the Espafiola Basin, the basin in the study area with the next
largest recharge rate (table 8). The ratio of estimated
recharge from the western boundary divided by the western
mountain-front length of the San Luis Basin is more than 12
times the ratio for recharge from the western boundary of the
Espaiiola Basin, to the south.

The Espafiola Basin has the second largest unit recharge,
followed by the Engle Basin (table 9). The large recharge is
due to the adjacent high mountains that receive large
amounts of precipitation. Recharge on the west side of the
Engle Basin from the San Mateo Mountains and the small
alluvial area of the basin contribute to the large unit recharge
although there is no significant recharge from the east side of
the basin. The Mesilla Basin has the smallest unit recharge
along the Rio Grande. The absence of large, high mountain
areas together with small amounts of precipitation accounts
for the small unit recharge.

Estimated recharge to basins located partly in Mexico is
greatest for the Tularosa-Hueco Basin. Runoff from the Sacra-
mento Mountains to the east of the basin produces most of the
recharge. Recharge from west of the basin also is greater than
for the Eagle, Redlight Draw, and Presidio Basins (table 9).

Among closed basins (fig. 2), the San Agustin Basin has
the largest unit recharge. This basin is surrounded by rela-
tively large, high mountain areas. In contrast to most other
basins in the study area, the San Agustin Basin also has a
significant quantity of recharge from the northern and south-
ern boundaries of the basin. The only other basins to receive
recharge from the north or south are the Jornada del Muerto
and Mimbres Basins.
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SOUTHWEST ALLUVIAL BASINS, NEW MEXICO AND ADJACENT STATES

WATER USE

A comprehensive water-use study for the study area was
not done due to the large number of basins, the complexities
of determining the amount of water used from ground-water
and surface-water sources for irrigation, and the lack of sig-
nificant stress in many basins. The percentage of water from
each source varies, depending on irrigation practices, the
amount of surface water available, and the crop type. In
basins other than the Albuquerque-Belen and Mesilla, munic-
ipal, domestic, and industrial uses are not a primary use of
water; therefore, irrigated acreage was compiled as an indica-
tor of water use. Water use in the study area was most accu-
rately estimated in the San Luis (Hearne and Dewey, 1988),
Albuquerque-Belen (Kernodle and others, 1987), Mesilla
(Frenzel and Kaehler, 1992), and Animas Basins (O’Brien
and Stone, 1983) during development of ground-water flow
models. Detailed water-use information for the above men-
tioned basins may be found in the discussion of the particu-
lar basin and in the referenced reports.

Table 10 summarizes irrigated acreage by basin and source
of water. The water used per acre is variable, depending on
the quantity of precipitation, the source of the water (ground
or surface), the efficiency of the farm operation, and the crop
being irrigated.

Eighty-one percent of the irrigated acreage is in basins
adjacent to the Rio Grande (fig. 24). With the exception of
the San Luis Basin, where the percentage of the acreage irri-
gated by surface or ground water is not available, about 60
percent of the irrigated acreage is irrigated with both surface
and ground water. In the open drainage basins, 24 percent of
the irrigated acreage is irrigated by only surface water, 10
percent is irrigated by only ground water, and 66 percent is
irrigated by both.

In closed basins ground water is the source of water for 93
percent of the irrigated acreage. Surface water is the source
for 6 percent of the irrigated acreage from the Mimbres
River in the Mimbres Basin. Mixed surface water and ground
water are the source for 1 percent of the irrigated acreage.

In basins where the population is growing, ground-water
withdrawals for uses other than agriculture are becoming
greater. Percentages for other than agricultural use given
below are calculated using data from Sorensen (1977 and
1982), Wilson (1986), and Don White (Hydrologist, U.S.
Geological Survey, oral commun., 1987). In 1975, 1980, and
1985, ground-water withdrawals for uses other than agricul-
ture in the Albuquerque-Belen Basin were 94, 90, and 95
percent, respectively, of the total ground-water withdrawal.
Total withdrawals were 135,000, 161,000, and 152,000 acre-
feet in each respective year. In the Mesilla Basin, which has
a smaller population and less industrial development, nonag-
ricultural ground-water withdrawals were 32, 41, and 45
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percent of the total ground-water withdrawals in 1975, 1980,
and 1985, respectively. Total withdrawals from the system
were 108,000, 99,000, and 108,000 acre-feet in each respec-
tive year. Water use is predominantly for agriculture in the
Socorro Basin. Only the town of Socorro has significant
municipal withdrawals. Therefore, nonagricultural uses were
21, 13, and 29 percent of total ground-water withdrawals for
1975, 1980, and 1985, respectively. Total withdrawals were
40,000, 32,800, and 19,700 acre-feet in each respective year.
No significant nonagricultural ground-water withdrawals
were made in the Mimbres Basin. Therefore, only 3, 4, and
4 percent of the total ground-water withdrawals of 156,000,
122,000, and 112,000 acre-feet, respectively, were used for
nonagricultural uses in 1975, 1980, and 1985.

REGIONAL SYNTHESIS

Structurally and hydrologically the 22 basins of the South-
west Alluvial Basins study area can be divided into two gen-
eral types: open basins that have surface-water discharge
and closed basins that have no surface-water discharge. The
Rio Grande is the primary hydrologic connection among
basins that have surface-water discharge.

Basin-fill deposits, including fan deposits, river alluvium,
and unconsolidated to consolidated sediments and some vol-
canics associated with the Santa Fe Group or Gila Conglom-
erate, are hydraulically connected and form an aquifer
system. Lithologies reflect the geologic setting and deposi-
tional history of the basins; predominantly coarse-grained
sediments were deposited by the relatively high energy,
ancestral Rio Grande; whereas, fine-grained lake or playa
sediments were deposited in topographically closed basins.

Ground-water flow simulations show that aquifer storage
supplies from 25 percent of ground water withdrawn in the
Albuquerque-Belen Basin to 10 percent withdrawn in the
Mesilla Basin. The remainder of the ground water withdrawn
comes from surface water and capture of water that other-
wise would have been lost to evapotranspiration.

A regional potentiometric-surface map of the basin-fill aqui-
fer system indicates that ground-water movement is generally
from west and east to the center of the valleys and then south-
ward. Throughout most of the study area, the Rio Grande flood
plain acts as a drain for the basin-fill aquifer system.

Generally, calcium and magnesium are the predominant
cations and bicarbonate is the predominant anion in ground
water in basins along the Rio Grande and in the closed
basins in southwestern New Mexico and western Texas.
South and east of the Socorro Basin, extending into western
Texas, calcium plus magnesium sulfate generally is the
chemical water type. In the southern Tularosa-Hueco Basin,
the water contains sodium chloride.
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TaBLE 10.—Irrigated acreage in alluvial basins, 1978-80.
[NA, only irrigation total is available; —, no data)

Surface Ground Combined
Basin water water water Total

San Luis ...covveeveenenreennenne NA NA NA 796,500
Espafiola.......c.ceereruenne ——ns 22,600 420 730 23,750
Santo Domingo ................. 34,100 1,200 24,600 59,900
Albuquerque-Belen............. 5,500 -- 130 5,630
SOCOITO....cooeverireeereenneeennees 2,300 -- 12,000 14,300
LalJencia....cccoceeereernneennnen. - -- -- --
San Agustin.........cceceereenenne -- 600 - 600
San Marcial..............ceuue.en... - -- -- --
Engle ..., 590 320 330 1,240
Palomas.......cccceeerureereninennns 70 14,200 22,700 36,970
Jornada del Muerto ............. -- 440 -- 440
Mesilla..........ooooveenveenennnen. -- 5,700 69,300 75,000
Tularosa-Hueco................... 650 6,400 47,800 54,850
MiImbres......ccovvveenvecrenranens 11,000 51,000 1,000 63,000
Hachita.......coooeerueeerennvennnen. - - -- --
Playas....... creennenns reeretereenrenns -- 12,000 -- 12,000
Animas.......oveeevreeneeninenraens -- -- -- --
Lordsburg.........ccccevevveeveeraens -- - 1,100 1,100
Salt .o -- - 5,000 5,000
Eagle ....covveeiciieiececrenenns -- 9,100 -- 9,100
Redlight Draw.......cc.ccceeueeue -~ 14,000 -- 14,000
Presidio .ooeveeeeeeeceneeenenneennne -- 73,000 -- 73,000

Totals 176,810 1188,380 1184,690 1,246,380

!Totals do not include acreage in the San Luis Valley, Colorado.

Principal processes that influence the chemistry of ground
water in the study area are varied. The mixing of water from
adjacent ground-water systems, geothermal systems, and
along faults modifies water chemistry in the basin-fill aquifer
system. The presence of Mesozoic and Paleozoic rocks along
ground-water flow paths causes increases in ions dissolved
from the rock. Ion exchange in clay-rich aquifer matrix
allows cation exchange of calcium or magnesium for sodium.

Recharge is greater in the northern basins than in the
southern basins. Runoff from high mountains adjacent to the
basins is the primary source of recharge. Average annual esti-
mated recharge ranges from 3,580 ft*/s in the San Luis Basin
to 6 ft¥/s in the Mesilla Basin.

Water use in the study area is changing with time and var-
ies from basin to basin. The percentage of ground water
withdrawn for nonagricultural uses is increasing as urban
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areas and population in these areas increase. From 1975 to
1985 there was a 1l-percent increase in nonagricultural
ground-water withdrawals in the Albuquerque-Belen Basin,
which represents an increase of more than 17,000 acre-feet.
Similarly, there was a 1-percent increase in nonagricultural
ground-water use in the Mimbres Basin relative to the total
ground-water withdrawal. This actually amounts to a 200-
acre-foot decrease in the amount of ground water withdrawn
for nonagricultural use because of the overall decrease in
total ground-water withdrawal from 1975 to 1985.
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Selected Series of U.S. Geological Survey Publications

Books and Other Publications

Professional Papers report scientific data and interpretations
of lasting scientific interest that cover all facets of USGS inves-
tigations and research.

Bulletins contain significant data and interpretations that are of
lasting scientific interest but are generally more limited in
scope or geographic coverage than Professional Papers.

Water-Supply Papers are comprehensive reports that present
significant interpretive results of hydrologic investigations of
wide interest to professional geologists, hydrologists, and engi-
neers. The series covers investigations in all phases of hydrol-
ogy, including hydrogeology, availability of water, quality of
water, and use of water.

Circulars are reports of programmatic or scientific information
of an ephemeral nature; many present important scientific
information of wide popular interest. Circulars are distributed
at no cost to the public.

Fact Sheets communicate a wide variety of timely information
on USGS programs, projects, and research. They commonly
address issues of public interest. Fact Sheets generally are two
or four pages long and are distributed at no cost to the public.

Reports in the Digital Data Series (DDS) distribute large
amounts of data through digital media, including compact disc-
read-only memory (CD-ROM). They are high-quality, interpre-
tive publications designed as self-contained packages for view-
ing and interpreting data and typically contain data sets,
software to view the data, and explanatory text.

Water-Resources Investigations Reports are papers of an
interpretive nature made available to the public outside the for-
mal USGS publications series. Copies are produced on request
(unlike formal USGS publications) and are also available for
public inspection at depositories indicated in USGS catalogs.

Open-File Reports can consist of basic data, preliminary
reports, and a wide range of scientific documents on USGS
investigations. Open-File Reports are designed for fast release
and are available for public consultation at depositories.

Maps

Geologic Quadrangle Maps (GQ’s) are multicolor geologic
maps on topographic bases in 7.5- or 15-minute quadrangle
formats (scales mainly 1:24,000 or 1:62,500) showing bedrock,
surficial, or engineering geology. Maps generally include brief
texts; some maps include structure and columnar sections only.

Geophysical Investigations Maps (GP’s) are on topographic
or planimetric bases at various scales. They show results of
geophysical investigations using gravity, magnetic, seismic, or
radioactivity surveys, which provide data on subsurface struc-
tures that are of economic or geologic significance.

Miscellaneous Investigations Series Maps or Geologic
Investigations Series (I’s) are on planimetric or topographic
bases at various scales; they present a wide variety of format
and subject matter. The series also incudes 7.5-minute quadran-
gle photogeologic maps on planimetric bases and planetary
maps.

Information Periodicals

Metal Industry Indicators (MII’s) is a free monthly newslet-
ter that analyzes and forecasts the economic health of five
metal industries with composite leading and coincident
indexes: primary metals, steel, copper, primary and secondary
aluminum, and aluminum mill products.

Mineral Industry Surveys (MIS’s) are free periodic statistical
and economic reports designed to provide timely statistical data
on production, distribution, stocks, and consumption of signifi-
cant mineral commodities. The surveys are issued monthly,
quarterly, annually, or at other regular intervals, depending on
the need for current data. The MIS’s are published by commod-
ity as well as by State. A series of international MIS’s is also
available.

Published on an annual basis, Mineral Commodity Summa-
ries is the earliest Government publication to furnish estimates
covering nonfuel mineral industry data. Data sheets contain
information on the domestic industry structure, Government
programs, tariffs, and 5-year salient statistics for more than 90
individual minerals and materials.

The Minerals Yearbook discusses the performance of the
worldwide minerals and materials industry during a calendar
year, and it provides background information to assist in inter-
preting that performance. The Minerals Yearbook consists of
three volumes. Volume I, Metals and Minerals, contains chap-
ters about virtually all metallic and industrial mineral commod-
ities important to the U.S. economy. Volume II, Area Reports:
Domestic, contains a chapter on the minerals industry of each
of the 50 States and Puerto Rico and the Administered Islands.
Volume III, Area Reports: International, is published as four
separate reports. These reports collectively contain the latest
available mineral data on more than 190 foreign countries and
discuss the importance of minerals to the economies of these
nations and the United States.

Permanent Catalogs

“Publications of the U.S. Geological Survey, 1879-1961”
and “Publications of the U.S. Geological Survey, 1962
1970” are available in paperback book form and as a set of
microfiche.

“Publications of the U.S. Geological Survey, 1971-1981" is
available in paperback book form (two volumes, publications
listing and index) and as a set of microfiche.

Annual supplements for 1982, 1983, 1984, 1985, 1986, and
subsequent years are available in paperback book form.



