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An appraisal of the possibilities of artificial recharge
to ground-water supplies in
the Roswell basin, New Mexico
by
Ward S8, Motts and R. L. Cushman

Abstract

The persistent downward trends of water levels in wells tepping
the two major aquifers (a main aquifer, consisting of consolidated
rocks, and éﬁf&gﬁiger) of the Roswell basin of southeastern New Mexico
indicate that the discharge of water from these aquifers has exceeded
the replenishment since 1542. Although the supply of water in storege
is not nearly exhausted, the decline in pressure in the artesian
part of the limestone aquifer has disturbed the equilibrium of a fresh
vater-saline water interface in the main aquifer, and saline water is

gradually encroaching westward to the heavily pumped Roswell-Artesia

sector of the basin.




The decline in water levels and the saline-water encroachment
can be halted or retarded by reducing the—rate—eof discharge, by
increasing the-rate—of recharge, or by a combination of these two
methods. The amount of recharge to the main and alluvial aquifers
probebly could be increased substantially by inducing additional
infiltration of surface water through sinkholes and permeable sections
of stream channels. ;
was s tudied 1n

The recharge potential,\ef an area that extends from the vicinity
of Vaughn, N. Mex., southward to the Seven Rivers Hills and the
Guadalupe Mountains, and westward from the Pecos River to the crest

of the Jicarilla, Sierra Blanca, and Sacramento Mountains, was—studieds
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. Major structural zones, the Border Hills, Sixmile Hill, Y-O,
Pourmile, Vandewart-Cornucopie, and Huapache are characterized in

the study area by modified surface drainages and generally higher

than averé.ge permeability.




Sinkholes and closed depressions, common in the study area, were
formed by ground water under pressure moving upward in zones of weakness
and dissolving the soluble rock; by surface water infiltrating the
surface rocks, dissolving the soluble rocks, and carrying the dissolved

materials to the water table; and by a combination of those two methods.
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Artificiel-recharge potentials of the ‘J:haestom aquifer are more

favorable where the aquifer is highly permeable. Areas of highest
permeability in the recharge area are along the major draineges, along
structural zones, end in the vicinity of carbonate-evaporite facies
boundaries.

The secondary aguifer of the basin is the alluvium along the Pecos
River. Water in the alluvium is under water-table conditions. Recharge
to the alluvium is inhibited in places by a layer of caliche.

The study area was divided into seven recharge areas: the western

the
limestone area; the eastern limestone area;,.northern evaporite ares;

northern ';mqs‘toht_

the southern evaporite area; the Avestem-e&rhanate area; the eastern

eveporite-alluviel area; and the alluvial lowland area.




Tt he
The artificial-recharge potential owaestern limestone area is

poor because much of the water put underground would appear as surface
flow within that area.

The artificial recharge potential of the eastern limestone area
is moderate to good. Dams could be constructed to impound water over
the more permeeble areas of stream channels to increase the length of
tinxg:\:;ter remains in contact with these areas of the channels. Some

water probably could be diverted to sinkholes from drainages nearby.




|
|

northern |imestong
In the northern part of the R:eﬁem—czu-bom‘be area the surface

drainage is internal to sinkholes. Inducing additional recharge in

that area would involve increasing the infiltration rate in sinkholes

to reduce evaporation losses. Drainage is well integrated in the
northarn limestine

southern half of the western carbenste area’and small dams could be

constructed to retard streamflow over the more permeable sections of

gtreambeds.




The artificial-recharge potential of the easterp evaporite-alluvial
area probably is poor. Water recharged to the l;;;gcne aquifer in the
northern part of the area apparently moves east of the Pecos River and
then southwerd; therefore, the water does not move directly to the
Roswell-Artesia sector. Ground water moving into the Roswell- rtesia
sector from much of the eastern evaporite-alluvial area probably is
highly mineralized.

The artificial-recharge potential of both the northern evaporite

area and the southern evaporite area is good.

10




The alluviel lowland is not & natural recherge area for the
main agquifer; however, it has some potential for artificial recharge
to the main and alluvial aquifers. Recharge water to the main aquifer
in most places would have to be injected through recharge wells 400
to 1,000 feet deep. The most favorable places for wells recharging
the main aquifer would be the vestern end southern halves, where
the static water level in the recharge well would bLe several tens
of feet below the land surface.

The alluvial lowland probably ls more favorable for artificial
recharge to the alluvial aquifer than to the main aquifer. Wells
injecting water to the alluvial aquifer could be less than 200 feet

deep.




Waters in the Roswell basin that probably could be made available
for artificial recharge are: floodwaters in Pecos River tributaries
that would be lost by evapotranspiration on floodplains; flocdwoters
in tributaries that debouch ocnto lands at the termimus of well-defined
channels and would be lost by evapotranspiretion; water that would be
saved by controlling saltcedar growth in the basin; and water that
would evaporate from ponds in sinkholes. The right to use théae
appaerently unappropriated waters would have to be established before

proceeding with their use in artificial recharge.




Introduction

Location and extent of the report area

The area of investigation for this report (fig. 1) is the major

Figure l.--Map of part of the Roswell basin showing major
geomorphic surfaces, structural zones, generalized outline
of cultivated area in the Roswell-Artesia sector, and
an insert map of New Mexico outlining physiographic provinces

and the area of investigation (diagonal lines).

part of the recharge area for a large ground-water basin in southeastern
New Mexico. This basin is bounded on the north by a ground-water

divide in the vicinity of the town of Vaughn; on the west by
ground-water divides near the crests of the Jicarilla, Sierra Blanca,
Sacramento, and Guadalupe Mountains; and on the south by poorly
permeable rocks underlying the Seven Rivers Hills and the Guadalupe
Mountains. The eastern boundary of the basin probably is east of

New Mexico. The area described in this report is that part of the
basin west of the Pecos River in New Mexico and in this report is

referred to as the Roswell basin.

13




Purpose of the investigation

Large-scale development of ground water in the Roswell basin
began in the early 1900's with the discovery of artesian water in
carbonate rocks that form the main aguifer in the Roswell-Artesia
sector of the lowland adjacent to the Pecos River. The water was
used to irrigate fields on the alluvium along the river. GSeepage
of irrigation water into the ground raised the water table in the
nonartesian alluvial aquifer and threatened to waterlog large parts
of the alluvium near the river. Drains and shallow wells, construc-
ted to counteract the rising water level in the alluvium, furnished
vater to irrigate additional acreage. Persistent downward trends
in artesian and nonartesian water levels since 1942 indicate that
the amount of ground water used and discharged naturally from the
Roswell basin exceeds the average annual recharge to the grounds=

water basin.

1k




The depletion of ground water in storsge to en uneconomical
punping level is not imminent in the Roswell basin; however, the
decline in artesien pressures has disturbed the equilibrium of e
fresh~water saline-water interface in the artesisn system. In this
report, veter containing more than 1,000 ppm (parts per million) is
saline vater. This interfece was at or slightly east of the Pecos River
prior to the start of heevy punping of artesian wells in the Roswell-
Artesia sector. About 1952 the easternmost ertesian wells in the
vicinlty of Roswell begen to yleld increasingly seline weter. A
pericdic water-sempling progrem was started in 1952 to monitor the
change in the chemical quality of water from artesisn and nonertesien
wells. Hood, Mower, and Grogin (1959, p. 33) indicated that if seline
water continued to encrcach as it did between August 1952 and September
1957, crtesian wells along the eastern city limits of Roswell probably
would begin pumping water with a chloride content of at least 500 ppm
(paxrts per million) sometime in 1960. By 1960 a few artesien wells
eest of Roswell were abandoned and plugged because they were ylelding
saline water. BSaline water is encroaching westward in several areass
between Roswell end Artesia. The most rapid encroaclhment is toward

the centers of heaviest pumping from srtesian wells.




Most of the water recharging the nonartesian aquifer in the
Roswell-Artesia sector is from the artesian system, either as seepage
Feter—Sppiied—to—tim irrigated fields or as upward

mMa i

leakage through the formation that separates the artesian timestone

aquifer and the nonartesian alluvial aquifer. Thus, deterioration
in chemical quality of the artesian water results in deterioration in
chemical quality of the nonartesian water.

The westward encroachment of saline water must be halted, and,
if possible, the saline-fresh-water interface must be pushed back
to the east if the Roswell-Artesia sector is to be assured & perennial
supply of ground water of a quality suitable for irrigation. This
can be done by reducing the—rate—of discharge, by increasing the—xrate
of recharge, or by a combination of these two.

Studies are being made in the Roswell basin to determine ways
of restoring the balance between recharge and discharge. Some
reductions in discharge are being effected by improved irrigation
practices and the retirement from cultivation of lands that do not
have legal ground-water rights. The discharge of water by nonbeneficial
vegetation in the bottom land of the Pecos River and tributaries is
being studied to determine how much the discharge of ground water
can be reduced by eradicating the nonbeneficial bottom-land vegetation.
The investigation described in this reporéug;?coucerned with methods

of increasing recharge to the basin, unde:

16




Scope and methods of investigation

This investigation, made in cooperation with the Pecos Valley
Artesian Conservancy District and the New Mexico State Engineer,
was & study of the physical and geologic features in the Roswell
basin to determine whether or where artificial recharge would be
possible. The study was to define areas in which artificial recharging
might be done and in which intensive studies of some features should
be made before artificial-recharge projects were started. Some
opinions are expressed about the general type of recharge works
that might be suitable in some areas.

- included jn

Most of the area shown on figure 1 was"ocumdaay a reconnainsancex}
Q stadsy however, sinkholes, streams, and geologic formations in
the area bounded by the Pecos River, Cienega del Macho,
long 1o§°oo" W., the Seven Rivers Hills, and the Guadalupe Mountains
were studied more intensively, thensimtinr features eilsewhere-in-the

rroject—aren.
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Literature describing the geology and hydrology of the basin was
studied. These studies revealed that sinkholes were numerous in parts
of the basin. Holes were augered in a few sinkholes to obtain soil
samples for permeability studies and to determine the thickness of
' sediments in the sinkholes. The length of time that water remained
in sinkholes after rains was noted easueddy by periodic air flights
over sinkhole areas\ and wvas measured in detall in a few selected
sinkholes by periodic reading of staff gages set in the ponds. Sink
holes in which changes in pond levels were measured in détail were
mapped topographicelly with a plane table to determine the volume
and raﬁe at which the ponded water entered the ground. .

available

A geologic map was compiled of a part of the area usingAenie%&ag
geologic data. Some geologlc mapping was done to delineate the more
pexrmeable geologic formations that crop out in the area.

Flood flows in a few tributaries entering the Pecos River from

the Sacramento Mountains were measured or estimated to determine

natural seepage losses in the middle and upper reaches of those streams.

Flow losses were studied with relation to the character and type of
rock in which the channel was cut to assist in classifying the relative

permeability and recharge potential of certain geologic formations.

18




Tributaries that occasionally flood, overflow their banks,
and lose water by evapotranspiration were studied to locate sites
for small dams upstream from the overflow areas. The small dams
could be used either for diversion of water into canals leading to
suitable sites for artificial recharge or for temporary impoundment
of water in a section of the chamnel overlying a relatively permeable
formation.

Water levels were measured in numerous wells outside the
cultivated areas in the Roswell-Artesia sector to define better the
position and form of the water table and the general pattern of
ground-water movement between the recharge amea and ¢he discharge
areé? Knowledge of the pattern and rate of ground-water movement
is important in selecting sites for artificial recharge. A point
from which the ground water neither moves to the Roswell-Artesia
sector within a reasonable time nor increases the artesian pressure
in the cultivated area would not be a suitable site for artificial

recharge to benefit the areas of extensive withdrawal.
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Previous investigations

The following is & brief summary of the reports that were
especially helpful to the recharge study. Fisher (lgg?{’) reported on
the hydrologic and geologic features of the artesian aguifer of
the basin and outlined the area in which flowing wells were being
developed. Renick (1926) Mlbriefly the geology of the
Rio Penasco drainage above Hope, N. Mex. Fiedler and Nye (1933) |
described in considerable detail the hydrology and geology of that
part of th:j';gsifell basin west of the Pecos River. That study led
to the enactment of ground-water laws for the State of New Mexico and
the Roswell basin. Morgan (1938) described the nonartesian-water
resources of the Roswell basin. A discussion of the geology and
ground water of the basin was included as a part of the comprehensive
study of the Pecos River system (Theis and others, 1942)., Bean (1949)
made an intensive study of the Hondo Reservoir. Theis (1951) reported
on the effects of storing floodwater in the Hondo Reservoir. Hendrickson
and Jones (1952) discussed the geology and ground-water resources of
Eddy Couzréy/ t'g :;:th:;; part of the Roswell basin La—éhm.
Hantush (1955) presented quantitative estimates of the amount qf/
rec?:arge and discharge, ground water in storage, and thf;:sr:;e” /;mld .
for the Roswell basin. Hood and others (1959) pointed out that saline

water in the artesian aquifer east of the Pecos River was encroeching

westward toward areas in which artesian wells are pumped heavily for

irrigation supply.

20
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Well-Numbering System

The system of murbering wells in New Mexico is based on the
land-survey system of the Federal Govermment. The well number, in
addition to designating the well, locates its position to the nearest
10-acre tract in the land net. The first segment of the well number
denotes the township, the second denotes the range, the third denotes
the section, and the fourth denotes the location within the section.
In the project area townships are north and south of the base line
and east of the principal meridian; however, all ef the wells discussed
in this report are ™ townships south of the base line.




The fourth segment of the number, which consists of three
digits, wilth a lowercase letter sometimes added, denotes the particular
10-gcre tract in which the well is situated. For this purpose,
the section is divided into four quarters, numbered 1, 2, 3, and 4
in the normal reading oxder for the northwest, northeast, southwest,
and southeast quarters, respectively. The first digit of the fourth
segment gives the quarter section, which generally is a tract of 160
acres. Similarly, the quarter section is divided into four %0O-scre
tracts mumbered in the same mamner, and the second digit denotes the
ko-acre tract. Finally, the 40-acre tract is divided into four 10-
acre tracts, and the third digit denotes the 1lO-acre tract. Thus,
well 11.25.13.34% in Chaves County is in the
SEisEisw: sec. 13, T. 11 S., R. 25 E. If the well camot be located
accurately within a 10-acre tract, a zero is used as the third digit,
and if it cannot be located accurately within a 4O-acre tract, zeros
are used for both the second and third digits. If the well camnot
be located more closely than the section, the fourth segment of the
well is omitted. When it becomes possible to locate more accurately
a well 1s whose number zeros have been used, the proper digit or
digits are substituted for the zeros. ILowercase letters a, b, c,...
are added to the last segment to designate the second, third, fourth,
and succeeding wells investigated in the same lO-acre tract. The
follovingdiagrmshowethemethodofmmbeﬂ.ngthetnctswithina

section (fig. 2).

Figure 2.--oystem 0f nmumbering wells in New Mexico.
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Topography

The project area is characterized by mountains along mach Qf
the western margin, a bedrock surface that dips gently eastward
from the crest of these mountains, and & relatively flat alluvial
plain near the Pecos River. (See fig. 1.) The altitude at the
general crest of the Sacramento Mountains is about 9,000 feet;
however, individual peaks rise considerably higher. The altitude
of the highest peak, Sierra Blanca, is about 12,000 feet. The
altitude of the lowest point In the project area is about 3,300
feet, where the Pecos River crosses the southeastern boundary of
the Roswell basin.

The broad alluvial plain in the eastern part of the project

area is referred to in this report as the lowland aree, and the

rocky slope that descends from the crest of the mountains on the
west to the lowland area is referred to in this report as the

uplend area. {See fig. 3.)

Figure 3.--Generalized cross section (A-A') from the Sacramento

Mountains to the Pecos River.

o
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Lowland area

The lowland area is characterized by three constructional terraces
nemed by Fiedler and Nye (1933, p. 10) the Lakewood bermace, the
Orchard Park errace, and the Blackdom terrace. (See Fiedler and
Nye, 1933, pl. k.)

The Lakewood terrace is a flat plain adjecent to the Pecos
River and:\ibout 10 to 25 feet above the bed of the river. Parts
of this terrace are inundated when the Pecos River is in high flood
stage, and the terrace is commonly referred to as river-bottom land.
The water table is at a shallow depth beneath most of the terrace,
and much of the terrace is covered by a lush growth of water-loving
vegetation.

The Orchard Park terrace extends as a strip along the west side
of the Lakewood terrace and for considerable distances westward
along the valleys of the major tributaries. The terrace rises
5 to 10 feet above the Lakewood terrace, and it has an eastward
slope of abewt 20 to 30 feet per mile. Almost all the irrigated

fields of the Roswell-Artesia sector are on the Orchard Park terrace.
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The Blackdom terrace rises 30 to 50 feet above the Orchard
Park terrace, and it has an eastward gradient of 30 to 40 feet
per mile. It is the most dissected of the constructional terraces
because of its greater age. The relief generally is abeut 20 to 35
feet. Low rolling hills generally capped by relatively resistant
caliche are characteristic of many parts of the terrace. The caliche
cap and the deposits underlying the Blackdom terrace are excellently
exposed in a cliff along the Rio Felix in the

NWg sec. 21, T. 14 S., R. 23 E.
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Upland aree

In this report the upland area is divided into {ive ereas or
surfaces: Sacramento plain, Diamond A plain, uplend surface of the
Cuadalupe Mounteins, Embayment plain, and Vaughn-Macho plain. These
are shown on figure 1 and are referred to as geomorphic surfaces,
because the subdivision of the upland area was based on the similarity
in lend forms and their geologic history. Fiedler and Nye (1933, p.
13=1k) described three surfaces in the upland area, and from highest
to lowvest they are: Sacramento plain, Diamond A plain, and gravel-
capped mesas. In this report the gravel-capped mesas are included

in the Embayment and Vaughn-Macho plains.




Sacramento plain

Remnants of an ancient surface cut mainly on carbonate rocks
of the San Andres Limestone occur near the crest of the Sacramento
Mountains. Fiedler and Nye (1933) referred to this surface as the
Sacramento plain. Near the crest of the mountains the major streams
are entrenched more than 800 feet below the surface of the plain.

In places the plain is indistinct because of its advanced stage
of dissection and because of structural deformation. The eastern
limit of the Sacramento'plain was not shown on figure 1 north of
the Rio Ruidoso because:\fhe—piafn could not be identified.

The altitude of the plain ranges from 8,%&00 to 8,500 feet from
Ruidoso southward to Clouderoft. In this m,atﬂw—p%n is relatively
flat. South of Cloudcroft the altitude of the plain ranges from
9,200 to 9,600 feet along the crest of the mountains and slopes
eagtward about 70 to 75 feet per mile to an altitude ranging from
8,200 to 8,600 feet along its eastern margin.
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Diamond A plain

The surface referred to by Fledler and Nye (1933, p. 14) as
the Diamond A plain does not exist as & true surface throughout the
area shown as the Diamond A plain on figure 1. The surface to which
they referred was a relatively uniform rock surface that has been
eroded away except for a few remmants preserved on the tops of the
higher hills and interstreeam divides. This report retains the name
Diamond A plain for the area once covered by that rock surface.

The area shown on figure 1 as the Diamond A plain is well
dissected and has & well-integrated drainage system. The interstrean
divides generally are sharp; however, a few small divides are flat.
The surface of the plain ranges from an altitude of about 7,500 feet
on the west side to about 4,000feet on the east side.

In general, the surface of the plain is on the San Andres
Limestone; however, in places the bedrock surface is masked by a thin
mantle of soil, gravel, and boulders. Sinkholes, developed by the
solution of the underlying rocks by surface and ground waters, are
common; &lthough they are not as mumerous as in other parts of the

project area.
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Upland surface of the Guadalupe Mountains

The uplend surface of the Guadalupe Mountains is an erosional
surface bounded on the west by & prominent escarpment called "The
Rim", which forms the western slope of the Guadalupe Mountains, and
onthewtbyalesspgmimntbmkintmmr‘tmtma
momocline. (See Huspache structural zome in fig. @.\ The surface
between The Rim and the monocline is a tableland characterized by
broad swales and rolling divides. The altitude of the tableland ranges
from about 6,000 feet at The Rim to less than 5,000 feet at the
monocline., Canyons are incised in the tableland, some to depths of
more than 600 feet. The surface cuts across several geologic formations.
The missing strata for the most part, consisted of rock that was
more easily eroded than the present limestone surface.
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Eobayment plain

The Embayment plain, as referred to in this report, consists
of two separate units. (See fig. 1.) The larger unit 1s in the
southern part of the project area. It is characterized by shallow
swvales and gently rounded hills, which trend northeast; the relief
of commonly 1s less than 50 feet. The altitude of the land surface
in the Bubayment plain renges from 4,500 to 5,200 feet. The hills
are capped by rock, generally dolomite, that is more resistant to
erosion than the underlying gypsum and sandy and silty red beds.
Some sinkholes heve developed within the swales. Many of the swales
have no exterior surface drainage.

The smaller unit of the Embayment plain is mainly in
Tps. 15 and 16 S., R. 23 E. In this area the plain is capped by
gravel, vhich forms a protective cover for the underlying rocks, and
is one of the areas referred to by Nye (Fiedler and Hye, 1933, p. 13)

as "gravel-capped mesas.”




Veughn-Macho plain

The Vaughn-Macho plain is cut on relatively soft and easily
erodible rock. The plain is characterized by low rolling hills,
swales, large closed depressions, and sinkholes, Sinkholes and
depressions are more numerous in this area than in other parts of
the Roswell basin. Drainasge channels are poorly developed, except
in the eastern and southern parts of the plain because the runoff
is to sinkholes and closed depressions. The altitude of the plain
ranges from 3,500 to 6,500 feet.
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Sinkholes and closed depressions

Sinkholes and closed depressions (depressions with no external

surface drainage) are common. A few were studied in detail, dbut
Freconmoi tere d.
many were studied onlyAeaeuaHy.

Some sinkholes resemble shallow basins and range from a few
feet to several hundred feet ascross the top. The depths of the
floors of most sinkholes range from 10 to 50 feet below the general
land surface, although some are more than 50 feet deep. The bottoms
of most sinkholes are covered with silt, clay, and rock rubble.
Some have no visible openings through which water could drain;
others have small cave(;nke openings in the sides and bottoms.

Some are almost circular i—a—shapzf'::l::&: others are very irregular.,
The sides of some are almost vertical, and others slope gently

from the rim to the bottom.
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In places several sinkholes formed within a relatively small
area and subsequent erosion destroyed the rock barrier between them
end formed & single Mrge irregulmlsbaped depressicn. Some of theee
depressions are as much as 1 mile across.

Ephemeral ponds and small lakes appear in some sinkholes and
closed depressions in the upland area after rains. The water stands
until evaporated in sinkholes whose bottome are relatively impermeable.
In sinkholes having permeable bottoms, the water drains underground
before much waber is lost by eveporation.

Permanent ponds and lakes occupy scme sinkholes in the lowland
near the Pecos River. The wvater surface in some of these coincides
with the water table; in others the water surface is above the water
table and indicates a probab]} comnection vith the artesian system.

The formation isinkholea is described in this report in the
section of structural features resulting firom solution. The water—
retaining and recharge characteristics of some sinkholes and depressions

are described in the hydrology section of this report.
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Drainsge

The Pecos River is the master stream of the area; it originates
north of the Roswell basin and flows southward through the basin.
The principal tributaries of the Pecos River draining the eastern
and southern parts of the Vaughn-Macho plain are Yeso Arroyo,
Arroyo de la Mora, Ciemega del Macho, and Salt Creek. North of the
drainage divide in the northern part of the Vauglm-Macho plain,
dreinsge is internal to sinkholes and closed depressions. (See fig. 1.)
The principal tributaries draining the Sacramentoc and Diamond A plains
and most of the lowland are the Rio Homdo, Rio Felix, Cottomwood
Creek, Eagle Creek, and Rio Penasco. The principal tributaries
draining the upland surface of the Cuadalupe Mountains and the
Embayment plain are North, Middle, and South Seven Rivers and Rocky
Arroyo.




Streams in the Roswell basin, including the Pecos River, are
intermittent in=f3ew through much of their reaches in the basin.
The Pecos River generally is dry in much of its reach between the
northern limit of the Roswell basin and Salt Creég’principally
because flow from upstream areas is controlled by Alamogordo Reservoir.
Springs and seeps in the river channel and man-made drains in the
irrigated area discharge to the river and maintain some flow in
the reach of the river between Salt Creek and the southern limit
of the basin. The Rio Hondo, Rio Penasco, and some of their tributaries
are perennial Stresms in their upper reaches. The Rio Hondo, Rio
Pelix, Cottonwood Creek, and Rio Penasco are perennial sé»eesms near

their confluence with the Pecos River.
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Development of drainage

The development of drainage and drainage patterns in the
Roswell basin is related to the type of rocks in the basin and to
structural and topogrephic features. The ancestral streams of the
mwmmeswmmm-mortmwmmm
probably originated on a comparatively smooth eastward-sloping plain,
probably post-Cretacecus in age. As the streams developed om this
plain, they cut into it and bhelped erode the surface. Before this
surface was completely eroded sway, streams had cut into the
underlying Permian rocks wvhich form the present-day surface of the
W)mtmmmttmmtmwapedmtheoﬂgiml
surface were superimposed on the Permlan rocks. The Rio Hondo and
Rio Penasco eare superimposed on the Sacramentc and Diamond A plains,
and the Rio Felix is superimposed on the Diamond A plain.




At places the Rlo Penasco, Rio Hondo, and Rio Felix have been
deflected by some of the major structural and topographic features.
The Rio Penasco flows northward for 3 miles along the Vandewarts=
Cormucopia structurel zone (fig. 1)) the Rio Hondo flows northward
for several miles along the Sixmile Hill structural zone) and the
Rio Felix flows northward along the ¥-0 structural zone for about
5 miles before turning eastward. Bean (1951, p. 5) stated that
the major streams cross the Y-O, Border Hills, and Sixmile Hill
zones at points of structural weakness that were low topographically.
He also indicated that the Rio Hondo crosses the Border Hills zone
where part of the flexure is offset to the west and where the
digplacement along faults is reversedb:f':n respect to upthrown and
downthrown sides. Two alternate explanations can be advanced. After
consequent drainage had been established and the post-San Andres
rocks had been eroded, movement occurred along the structural zones.
This disrupted the drainege temporarily and forced the streams to
flow along the structural zone until an exit across the zone was
reached at a topographic low. On the other hand, the streams may have
been deflected without antecedent movement in the following manner:
As the streams were incised into the bedrock, ground water was
moving generally eastward and was dissolving large quantities of
soluble gypsum. Ground water may have been deflected along the
Sixmile Hill, Border Hills, and Y-O structural zones. The ground
wvater would have developed permeable zones in the soluble gypsum
along the flanks of the structures more easily than in the less
soluble limestone in the anticlinal hills. Collapse of gypsum
along the flanks of the zones may have deflected the streams
into courses parallel to the structural zones.
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After the principal superimposed drainage was established 52

the hard limestone, subsequent streams formed along the trends of
al features

both major and minor structurag: The following are examples of
the subsequent drainage: A tributary to Blackwater Draw flows
northeastward for several miles parallel to the Border Hills
structural zone in Tps. 10-11 S., Rs. 20-21 E. A tributary of the
Rio Hondo parallels the Border Hills zone for 5 miles in
T. 12 8., Rs. 19-20 B. (fig. 1). Tributaries of the Rio Penasco
and Bluewater Creek flow for several miles along the Vandewart-
Cornucopla zone. ©Soon after the establishment of subsequent
drainage, a well~integrated pattern of resequent and obsequent
drainage was formed on the slopes. The subsequent, obsequent, and
resequent streams have greatly dissected the Sacramento and Diamond
A plains; however, the main structural and topographic trends have

n
not be‘obliterated. The trellis pattern of drainage is typical of

drainage patterns on anticlines in the area.




In places the drainage pattern is not the same on the western
and the eastern sides of the structural zones. For example, along
the Borderl Hills structural zone from Blackwater Draw in
T. 10 S., R. 21 E., to the northifwestern part of T. 13 8., R. 19 E.,
the drainage west of the structural zone comnsists of numerous shallow
drainage lines, whereas east of the zone the drainage consists of a
few but deeply incised drainage lines. The difference in drainage
patterns reflects the difference in size of the drainage areas west

and east of the structural zone.
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Climate

The climate of the Roswell basin is semiarid. Precipitation is
scant and is most intense in summer; relative humidity is low; daily
temperature fluctuations are large; and most of the days are clear
and sunny. The average annual rainfall at Roswell, which is in the
lowland area, is about 12 inches. In the period 1878-1959 the
annual precipitation at a weather station in Roswell ranged from a
high of 32.92 inches in 1941 to a low of 4.35 inches in 1956.
Precipitation is greater in the upland area than in the lowland area;
the average annual precipitation is about 15 inches at Picacho, about
19 inches at Mayhill, about 21 inches at Ruidoso, and about 26 inches
at Cloudcroft.

More than 50 percent of the annual precipitation at Roswell
occurs as showers and thunderstorms between July 1 and September 30.
Summer temperatures in the lowland are high and at times, from May
to September, exceed 100°F. The average annual temperature at
Roswell is 59.5°F. Average monthly temperatures range from 41°F in
December to 83°F in July. The high temperatures and low humidity
in combination with a high rate of wind movement cause high rates
of evaporation. The evaporation for 1958 was 86.14 inches at Bitter
Lake National Wildlife Refuge, and 98,41 inches at Lake Avalon.
Precipitation and evaporation data for the years 1957-59 are given

in table 1 for selected stations in the Roswell basin.
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Vegetation

The study of vegetation is of considersble help in delineating
vhich sinkholes, depressions, flood plains, and other areas are
covered with water infrequently and which are covered with water
:reqxxentlg. Areas that are frequmt]yimﬁ by water have a
darkened appearance when viewed from the alr)y and are green if water
has covered them recently and the vegetation has benefited because
of the moisture. The areas appear $o—be black if water has not
covered the area for a considerable time and the vegetation is dead
or dormant.

fquck-growing plants can thrive in depressions and sinkholes
\rg:h’\ contain water for short periods of time, even in those depressions
that receive water infrequently, possibly once every ‘few years.

Some of the quick-growing plants of the area are: w (Ameranthus
spp. ), ragweed (Ambrosia spp.), lambs quarter (Chenepodium alba),
kochia (Kochia scoparius), and russian thistle (Salsola pestifer).

Flood plains of some of the tributaries of the Pecos River and
some sink holes receive enough water m} year to support perennial
plants. Some of the peremnnial plants are tobosa grass (Helaria
mitica), buffalo grass (Buchlolo dactylordes), burro grass (Sclerepogon
brevifolious), cholla cactus (Opuntia arborescens), bitterveed
(Bymenoxys odocata), and creeping muhly (Muhlenburgie repens).
Phreatophytes such as saltcedar (Tamorix gallica) and mesquite(Proscpes
Juliflora) grow along the flood plain of the Pecos River and the lower
reaches of some tributaries.




Sacaton (Sporobolus wrightii) and aslkali sacaton (Sporobolus
anoides) are perennial plants that formerly were common in southeastern
New Mexico. BSacdaton grew abundantly along many of the flood plains
and some sinkhole areas. In these areas, other native grasses such
as blue grame (Bouteloua gracilles) also were abundant. The dense
growths of high native grasses not only retained much of the runoff
but also collected considerable amounts of silt and prevented erosion.
Overgrazing by cattle and sheep resulted in the removal of the
protective ground cover &fmany places. The sacaton, alkali sacaton
and blue gramme grasses have been replaced by shorter grasses m
have shallower and weaker root systems, such as buffalo grass.

Runoff has increased in some of the tributaries, channels have
deepened and gulliesc have formed as a result of overgrazing and

7/
changes in grass cover. The deepened channels and gullies date from

~ the late 1800's when grazing began in the Roswell area. Floo-;:vater
flows in the deeper channels in some streams rather than over the
shallov flood plains. The result not only is increased erosion and
gullying but also a decreased amount of growth of forage plants.

A decrease in frequency of rainfall (Leopold, 1951) could also
account for the modern epicyle of erosion. Leopold believes that
the decrease in the number of smsll rains reduced the vegetation

n turn

cover)vhich/\resulted in less infiltration and greater runoff.
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Hills as seen from the alr commonly are lighter colored
than nearby flatter areas owing to a sparser growth of plants
such as creosote bush (Larrea tridentata). Also, the native blue
and bleck gramme grass (Bouteloua ﬁmi{paandnmtelm #riopoda)
nov are not as common &8 the invading fluff grass (Tredeus
puclchellus) and hairy tridon (Tridens pelosus) on the hilly areas.
In the southern part of the project area the beds of silt and sand-
stone along the hills can be treced readily on aerial photographs
by the vegetation growbh-along-the-olastic beds. One of the common
plants growing in the silt along the benches of limestones is the
tar bush (Flourencia sp.).

Gyp grazme (Bouteloua breviseta) and gyp grass (Sporobolus
neeleyl) are two common grasses growing in depressions underlain by

gypsum.




Geology

Consolidated rock at the surface in most of the project area
and to a depth considerably below the bottom of the deepest water
well consists chiefly of a complex accumulation of marine rocks

of Permian age deposited in various types of environments (fig. 4).

Figure 4.--Structural provinces durinéfiérmian time in southeastern
New Mexico and western Texas. The wider spaced slant lines
delineate the basins, the closer spaced slant lines delineate
the area of deformed pre-Permian rocks, the remaining areas are
shelf and platform provinces. The stippled areas delineate
outcrops of Wolfcamp, Leonard, Guadalupe, and Ochoa Series

of Permian age, and their equivalents (after King, 1948, p. 25).

Consolidated rocks of Triassic and Cretaceous age crop out in a small
area; however, they are relatively unimportant to this report because
they do not have an appreciable potential for additional recharge.

Unconsolidated gravel, sand, and silt deposited by the Pecos

River end its tributaries in the Tertiary and Quaternary periods

overlie the stratified bedrock with profound unconformity. These
alluvial deposite are only a veneer on the Permian rocks in most of
the upland area but range in thickness from a fracoviva of a foot to

more than 300 feet in the lowland area.
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Rocks of Permian age

The rocks of Permian age that crop out in the Roswell basin
comprise the Yeso Formation, the stratigraphically lowest formation
that is an aquifer on the east slope of the Sacramento Mountalns,
the San Andres Limestone, and the Artesia Group. The Artesia Group
includes the carbonate and evaporite facies of the back-reef deposits
of the Guadalupe Series. The Guadalupe Series in southeastern
New Mexico is characterized by four major facies: & basin facies
consisting of quartzose sandstone interbedded with limestone, which
was deposited in the deep waters of the Delaware basin southeast of
Carlsbad; a reef facies consisting of massive limestone of the reef
complex of Guedalupe age; & carbonate facies consisting of carbonate
rocks interbedded with sandstone, which was deposited landward from
the reef complex of Cuadalupe age in back-reef waters; and an evaporite
facies consisting of gypsum, anhydrite, and other evaporite rocks
interbedded with red sandstone and shale, which also was laid down
in back-reef waters. Each of these rock types was deposited at the

same time but in different environments.
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Yeso Formation

The Yeso Formation is the lowest stratigraphic unit of Permian
age that crops out extensively in the Roswell basin. The Yeso +
Hondo Member of the San Andres LimesTone
is overlain by theﬂaisaﬁm Sandstone,and underlain by the Abo Sand-
stone., It is exposed where the large streams tributary to the Pecos
River have cut deeply into the uplands of the Sacramento Mountains
and where the overlying San Andres Limestone has been stripped from

local uplifts (fig. 5).

Figure 5.--Generalized geologic map of part of the Roswell

basgin, New Mexico.
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The Yeso Formation in southeastern New Mexico consists of
anhydrite and gypsum interbedded with sandstone, siltstone, shale,
and carbonate rocks. Sandstone and siltstone become progressively
more abundant in the formation northwestward across the Roswell basin.
The formation contains salt beds in the subsurface near and east of
the Pecos River. The lack of salt in the formation west of the Pecos
River may be the result of solution by ground water. The removal
of salt from the section also could account for -tdfe- thinning of the
Yeso Formation west of the river. The Yeso is about 1,800 feet thick
in the Sacramento Mountains and more than 2,000 feet thick east of

the Pecos River in the vicinity of Roswell.
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The Yeso Formation on the east slope of the Sacramento
Mounteins consists of brown and yellow sandstone, siltstone,
shale, limestone, and gypsun. The sandstone and siltstone, which
are cemented by calcium carbonate near the top of the Yeso, are
similar in most respects to sandstone and silistone in the Hondo
Sandstone Member of the San Andres. Drill cuttings of the Yeso
from a hole in the NE{ sec. 10, T. 18 5., R. 21 E., consisted of
light greenish-gray shale, siltstone, rmudstone, limestone, and
anhydrite. The calcareous cernented quartzose siltstone ranged from
yellowish brown to light yellow. Much of the shale was dark gray,
and some was black with laminae less than 1 mm in thickness. Cuttings
from well 7.20.16.333, PVACD 1 (Pecos Valley Artesian Conservency
District), show the upper 235 feet of the Yeso Formation to consist
principally of yellow and red sandstone and siltstone, some white
chalky gypsun, and light gray-brown anhydrite with minor amounts

of claystone (Crawford and Borton, 1961, p. 263-269).
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The Yeso Formetion is the most extensive aquifer in the area.
The permeability of the Yeso is low, especially where the formation
underlies the San Andres Limestone. Ground water is in the coarser
gre.ined\ siliceous clastic rocks and in solution channels in the
carbonate rocks and evaporite rocks. The sandstones and ailtstones
are confining beds where they are cemented by calcium carbonate.
Perched water on top of these impermeable sandstone beds discharges
as springs where canyons cut into the Yeso Formation in the Sacramento
Mountains. Wells tap the Yeso Formation generally west of R. 21 E.,
and most of them yleld less than 10 gpm (gellons per minute). The
water in the Yeso is potable to impotable but generally is suitable

for stock use.
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San Andres Limestone

Hondo Sandstone Member

The Hondo Sandstone Member is generally defined as a sandy
unit that is overlain by carbonate rock of the Sen Andres Limestone
and underlain by the gypsum end red silltstone of the Yeso Formation.
Iocally it is difficult to distinguish the Hondo from the Yeso and
the upper part of the San Andres; for example, on the east slope
of the 3acramento Mountains, sandstones similar to those of the
Hondo occur vn a zone about 150 feet thick in the overlying parts
of the San Andres Limestone.

The Hondo Menber is exposed in canyons on the east slope of
the Sacramento Mountains where the tributary streams of the Pecos
River have cut deeply into the Permian rocks. This member is

mapped with the San Andres Limestone on fig. 5.
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Hondo Mewt ber
The Slexriets Sandstone Ain a well in the

NBE} sec. 10, T. 18 8., R. 21 E., consists of three units, an upper
yellow-orange quartzose-sandstone unit 20 feet thick, a middle
silltstone unit 10 feet thick, and a lower sandstone unit 10 feet
OamposeJ of
thick. The upper sandstone unit is, fine-to-medium grained\ well~
rounded sand cemented with calcium carbonate; however, many of the
grains are poorly cemented. The lower part of this unit contains
considerable amounts of .silt. The siltstone unit is light yellow
to yellowibrown and cemented with calcareous cement. The lower
sandstone unit is silty and generally light yellowybrown and is
interbedded with some light-gray shale.

The Hondo Sandstone Member of the San Andres ,—which-may-lbe.
<correlative with the Glerdeta Sandstoney is about 150 feet thick in
the upper reach of the Rio Hondo and consists of an upper quartzosew—
sandstone unit 40 feet thick; a middle silty limestone, siltstone,
gypsum, and anhydrite unit 90 feet thick; and a lower quartzose
sandstone unit 20 feet thick (W. A, Mourant, oral communication,

July 1958). The gquartzose sandstone typically consists of sand that
is well rounded and well sorted and has an average grain size

ranging from medium to coarse on the Wentworth scale. In places it
contains considerasble silt. The sand generally is reddish brownA;:e‘-”
to & coating of limonite on the grains. Where tmﬂmmm
is adjacent to intrusive rocks, the sandstone may have been meta-

morphosed to X quartzite.
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The Hondo Sandstone Member is an aquifer in large areas of the
east slope of the Sacramento Mountains. Its water-ylelding properties
are variable, and it may be a confining bed where the member is very
silty. In parts of the Embayment plain in Tps. 20, 21, and 22 8.,
the upper sandstone of the Hondo forms the lower confining bed
for water in the overlying part of the San Andres Limestone. Wells
tap the Hondo Sandstone Member generally west of R. 21 E., and most
of them yield less than 10 gpm. The water from these wells is chem-

ically suitable for stock and domestic use.
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The San Andres Limestone above the Hondo Member is the most widely
exposed stratigraphic unit in the area of investigation and caps large
areas of the Sacramento and Guadalupe Mountains. North and west of the
town of Artesia, the upper part of the San Andres Limestone grades
laterally into evaporite rocks.

The upper part of the San Andres Limestone is overlain by the Artesia
imup and underlain by the Hondo Sandstone Member and Yeso Formation.
'I;xe San Andres-Artesia Group contact used in this report is a carbonate
rock-sandstone contact, as mapped by Hayes and Koogle (1958). The
contact between the upper part of the San Andres Limestone and Hondo
Sandstone Member is a carbonate rock-sandstone contact, which is

exposed in the deeper ravines in the Sacramento and Guadalupe Mountains.
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Rocks of the carbonate facies of the San Andres Limestone have
not been studied in detail, but dolomitization of the upper part
of the carbonate facies probably is similar to that in the carbonate
facies of formations of late Guadalupe age in the southern Guadalupe
Mountains (Newell and others, 1953, p. 131-140) and #a the northern
Guadalupe Mountains (Motts in Bjorklund and Hotts , 1959, p. 58-61).

of the &a.rbonc';l facies
Bean (1949, p. 13) pointed out that the upper part,of the San Andres
Limestone has a greater amount of dolomite than the lower part.
The relationship of the upper dolomite to the lower limestone is
shown in figure 7. Thin bedding is more common in the upper part
than in the lower part. Fiedler and Nye (1933, p. 64-70) and Bean
(1949, p. 9~14) noted and described the “worm-eaten" or "honeycombed"
appearance of the upper part of the San Andres Limestone. This
appearance is characteristic of rocks of the carbonate facies where
they are subjacent to evaporite rocks of the San Andres and younger
rocks.

The vacillating front between the areas of deposition of
carbonate and evaporite rocks of the San Andres Limestone resulted
in the interbedding of evaporite rocks and dolomitg} rb;l:x{ticularly
north and west of Roswell. Test holes in the |
MW sec. 33, T. 4 8., R. 21 E., penetrated mumerous beds of anhydrite

and gypsum interbedded with dolomite.
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Variations in thiclkness of the carbonate facies of the San
Andres Limestone are rather consistent. The carbonate facies
decreases in thickness to the north and west at right angles to the
regional facies changes {f4g+6). However, some anomalies occur
west and southwest of Roswell. A study of well logs compiled by

above the Hondo Mem ber
Cravford and Borton (1961) indicates that the San Andres Limestone,
is 243 feet thick in well 13.20.13.22 (PVACD 4)) 380 feet thick in
well 11.21.18.333 (PVACD 8)) and 500 feet tlick in well 10.21.16.222
(PVACD 3). The apparent differences in thickness may result from the
presence of lens".sof sandstoney in the lower part of the San Andres
Limestone or from local structural and truncation.

or rubble 20nes

Intraformational brecclas A(ﬁg. 7) are common in the San Andres

Figure [.--Generalized section along the Pecos River from
Carlsbed to South Spring Creek near Roswell, N. Mex.

Limestone. The brecclas consist of tilted and rotated blocks of
carbonate rocks, as much as 2 feet in diameter, in a silt matrix.
The breccias probably formed when the Permian seas withdrew temporarily
and left the topographically high areas subject to erosion. Many of
the large cavernous openings in the San Andres are in the breccilated
zones. A terrace generally has formed where the breccilated teds are
exposed. Weathering by slope retreat eroded the weaker beds of
breccia and formed & bench on the underlying hard carbonate rocks.
The "worm-eaten" and"pinhead” type of porosity is more common in the
San Andres Limestone than in the stratigraphically higher carbonate
rocks of the Guadalupe Series. The size of openings ranges from that
of a pinhead to more than a foot in diameter. Many of the openings
are interconnected.

&b




The carbonate rocks of the San Andres Limestone are highly
permeable in many areas west of the Pecos River and yield water

readily to wells. In the Roswell-Artesia cultivated :;;t;o,rthe yields

of irrigation wells generally renge from 40 to 70 gpm per foot of

drawdown, and the average rete—eof discharge is about 1,300 gpm.
Water in the San :mndres Limestone in the recharge area and

in most of the cultivated area is low in dissolved solids and

\

generally 1s potable. Adjacent to and east of the Pecos River the

water in the San Andres is saline.




Artesia Group

The Artesia Group extends from the top of the Tansill Formation
to the base of the Grayburg Formation and includes (descending) the
Tansill, Yates, Seven Rivers, Queen, and Grayburg Formations. The
formations of the Artesian Group crop out as easily identifiable
formational units immediately outside the southeastern margin of the
Roswell basin. The Tansill, Yates, and Seven Rivers cannot be
identified as separate formations in the Roswell basin, and equivalents
of these formations may be absent in the basin. The Queen Formation
crops out as an identifieble unit only in the extreme southeastern
part of the basin. The Grayburg Formation crops out in the
southeastern part of the basin and becomes, through a facies change
to the northwest, an evaporite unit along a line extending from about
Dayton toward Texas Hill. Recharge to the Queen, in large part, moves
from the Roswell basin, and the Queen is not considered of sufficient
importance to warrant a detailed discussion in this report.

For the purposes of this report, the name Artesia Group will be
used vhere the formations are well defined, and the name Artesia
Formation will be used where the units are not separable. The Artesia
Formation as used in this report includes the evaporite facies of
the Artesia Group and may include the evaporite rocks of the San
Andres Limestone and is the equivalent of the Chalk Bluff Formation

of former usage.
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Grayburg Formation

The Grayburg Formation, as defined in surface exposures, is
a thick accumulation of interbedded dolomite and sandstone that
occupies the interval between the Queen Formation and the San Andres
Limestone. It is a rock sequence about 435 feet thick (Hayes and
Koogle, 1958) that differks lithologically from the Queen Formation
and the San Andres Limestone, and its carbonate facies grades into
evaporite rocks farther west than does the carbonate facies of the

Queen.
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The Grayburg is exposed ;n the project area in
T. 21 and 22 S., Rs. 22 and 23 E., and Tps. 19 and 20 8., Rs. 23 and 24 E.
North and west of the carbonate-evaporite facies boundary, the
formation grades abruptly into evaporite rock, which consists
chiefly of gypsum end forms the basal part of the eveporite facies
of the Artesia Formation.

The carbonate facies of the Grayburg Formation consists of
interbedded sandstone and carbonate units. The Grayburg contains
rubble zones (fig. 7), but they are not as common as in the San
Andres Limestone. Many of the sandstone beds in the lower part of
the Grayburg Formation can be traced only short distances. The
inter-bedded reddish~browvn siliceous sandstone units in places show
fluvial cross bedding.

Bjorklund and Motts (1959, p.92) concluded thet the Grayburg
Fbrﬁation has two aquifers. The aquifers are beds of dolomite
sgparated by relatively impervious beds of sandstone. How far
north into the Roswell basin the two aquifers extend is conjectural.
Bjorklund and Motts (1959, fig. 26) indicated that water in the
upper aquifer moves east toward Carlsbad and that water in the
lower aquifer and underlying San Andres Limestone moves northeast

toward Lekewood. A large amount of ground water moves into the

Grayburg from the San Andres west and southwest of Artesia.




Stock and domestic wells in the Grayburg in the outcrop area
generally yield from 5 to 10 gpm. Irrigation wells in the Grayburg

in the vicinity of Artesia yield as much as 1,000 gpm.

The total dissolved solids in water in the Grayburg in the
ranges
outerop area 3¢ from 300 to LOO ppm. Northeast and east of Artesia

the dissolved solids content may be greater than 1,000 ppm (J. W. Hood,

oral communication, 1960).




The Artesia Formation

The Artesia Formation (Chalk Bluff Formation of former usege)

crops out in the vic

ty of Hope, between Eagle Creek and Walnu

Creek, and in a large area noxrth of Roswell. (See fig. 5.) The

e ~ L

formation underlies much of the alluvium along the Pecos River and

o £ . % ! nd riee o3 - ‘ " 2
in part forms the upper confining bed for 2 artesian water in

<« -l A 3 o T4 .
the San Andres Limestone.




The formation ranges in thickness from about 1,500 to 1,800
feet in the subsurface east of the Pecos River. West of the river
its thickness is considerably less, owing to erosion and to solution
of the evaporite rocks.

Fhe—evaporite faelesof the Artesia Formation is chiefly

gypsumn and a.nhydrite interbedded with red siltstone and sandstone.
/ﬁob ,c_ a_L\ara.cT'er:-‘ ‘f‘lcf vor

The oi‘ the formation ve&eﬁ with stratigraphic position.

For example, in the upper and middle parts of the formation, the

equivalents of the Yates and Queen Formations contain more sand

and silt than the equivalents of the Tansill and Seven Rivers

Formations. The Artesia Formation is poorly resistant to erosion.

Sarfece exposures are poorly preserved and show evidence of considerable

solution by ground water.
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The Artesie Formation is highly permeeble at some places and
poorly permeable at others. It commonly is highly permeable in its
outcrop because ground water has dissolved large amounts of gypsum
along interconnected solution chamnels. The formation generally is
poorly permeable where it underlies several feet of alluvium. Ground
water under artesien head in the underlying San Andres Limestone rises
through the Artesia Formation and slowly dissolves the gypsum but
leaves the sllt and sand behind. This process of selective removal
results in a reletively impermesble silt and sand blanket that retards
the movement of ground water. The wide range in permeability of the

formation is reflected by the yield of its wells. Wells that produce

wvater vhere the permeabllity 1s low yield only a few gallons per

. e e ¢s 31 Rl et B s i wanaiTs avacer ard
K jrute; but wells in the highly permeable areas yield as much as

1,000 gpm (J. W. Hood, orel commmnication, 1959). The water generally

is impoteble because of the high dissolved-solids content, arnd in

some pleces it is unsuitable for irrigation.

-~
~




Rocks of Mesozoic age

Rocks of Triassic and Cretaceous age are in the Ruidoao;
Capitan area. (See fig. 5.) The rocks of Triassic age are the
Dockum Group. In the study area the Dockum Group includes a lower

Sandstone
unit probably equivalent to the Santa Rosa Formetien and an upper
unit probably equivalent to the Chinle Formation. The Santa Rosa
equivalent is about 295 feet thick (Allen and Jones, 1951) and
consists mostly of interbedded sandstone, siltstone, and minor
amounts of chert pebble conglomerate. The Chinle equivalent is
about 180 feet thick (Allen and Jones, 1951) and consists of
interbedded shale, siltstone, and mudstone. The rocks of Cretaceous
age include the Dakota Sandstone, the Mancos Shale, the Mesaverde
Group, and possibly the Cub Mountain Formation of Bodine (1956).
The Dekota Sandstone, which is about 135 feet thick, is chiefly
queartzose sandstone and interbedded shale. The Mancos Shale is
about 390 feet thick and consists of interbedded shale and limestone.
The Mesaverde Group is about 535 feet thick; the upper 200 feet
consiste chiefly of quartzose sandstone (Allen and Jones, 1951).
The Cub Mountain Formation (Bodine, 1956, p.8-11) is sandstone
interbedded with some conglomerate, shale, and clay. According to

Bodine, the Cub Mountain Formation may be either Late Cretaceous

or \@rly Tertiary in age.
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In the general area of Ruidoso, Capitan, and Carrizozo, the
rocks o Triassic and Cretaceous age are preserved in a synclinorium
that has been perforated by igneous intrusions. South of the
synclinorium on the Sacramento plain, rocks of Triassic and
Cretaceous age have been removed by erosion except for a small area
of rocks of Cretaceous age in Tps. 14-15 8., R. 13 E. _(Pray and Allen,
l956h). Little is known about the water-bearing characteristics of

a_
the rocks of Triassic and Cretaceous age, because only«few vells lave

been drilled in them ~ (W. A. Mourant, oral communication, 1959).

artificial recharge to these rocks would not be effective recharge to

the Roswell-Artesia sector of the Roswell basin.




Roeks of Tertiary and Quaternary age

Unconsolidated and some consolidated gravel, sand, and silt
of Tertiery and Quatermery age compx:d.se the alluvium (fig. 5):::113
project area. Small thin deposits of gravel at places on the
Diamond A plain and on the higher surfaces of the Sacramento plain of
the upland area are of Tertiary or Quaternary age. The well-cemented
conglomerate, gravel, sand, and clay on the gravel-capped mesas LA;'::-—
been called limestone conglomerate by Nye (Figller and Nye, 1933,

p. 38). The limestone conglomerate caps hills and mesas near Melena
in the extreme southeastern part of the Vaughn-Macho plain and along
Eagle and Cottonwood Creeksnorth of Hope in the northern segment of the
Embayment plain.

The corsolidated and unconselidated gravel, sand, and silt
underlying the younger alluvium of the Blackdom, Orchard Park, and
Lakewood terraces of the lowlend area was called gquartzose
conglomerate by Nye (Fiedler and Nye, 1933, p. 35-37). Rye pointed
out that the quartzose conglomerate generally is well stratified,
firmly cemented, and in some places deformed, whereas the younger
material is commonly structureless, unconsolidated, and undeformed.

Kye considered the limestone conglomerate of the upland area to be
younger than the quartzose conglomerate in the lowland area; however,

Morgan (1938) considered the two deposits to be the same age.
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Morgan (1938, p. 17) estimated that the thickness of the
alluvium ranges from a few feet to more than 300 feet and averages
about 150 feet in the cultivated part of the basin. Thicknesses
greater than 300 feet have been reported. O0il tests in
secs. 25 and 27, T. 17 S., R. 20 E., reportedly penetrated about
900 feet of alluvium~~an unusually thick sequence for the Roswell
basin. This excessive thickness may be the result of incorrectly
identifying a thick rubble bed of breccia in the exaporite faeies
of—the Artesia Formation as alluvium. Fiedler and Nye (1933, p. 35)
wrote that the meximum thickness of thé deposits of the Blackdom
terrace where they ere exposed is at least 80 feet and may be
considerably more. Morgan (1938, p. 14%), however, believed that the
actual thickness of the Blackdom sediments probably is less than
20 feet and that the 80 feet ascribed to the deposite by Nye includes
material belonging to the underlying quartzose conglomerate. Morgan
considered that the thickness of the deposits underlying the Orchard
Park terrace ranges from a few feet to 20 feet. The deposits under-
lying the Orcherd Park terrace are flood-plain and channel deposits

of the Pecos River and its tributaries and consist of beds of inter-

fingering gravel, sand, and silt. The deposits underlying the Lakewood

terrace are generally similar to those underlying the Orchard Park
terrace and range in thickness from a few feet to about 25 feet, The
alluvium in the lowland area is second to the 1a:B:£3ne aguifer as a

source of water to irrigation wells in the basin.
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Igneous and metamorphic rocks

Intrusive and extrusive igneous rocks are mostly in the
northern part of the Sacramento Mountains (fig. 5). The Sierre
Blanca and Capitan Mountain areas were sites of extensive igneous
activity. The Sierra Blanca extends about 20 miles north of the
Sacramento Mountains and consists of a complex of intrusive and
extrusive rocks. The Capiten Mountains are about 20 miles long
and extend eastward from the north end of the Sierra Blanca. The
Capitan Mountains are composed chiefly of microgranite. Pajarito
Mountain, an intrusive mess on the east slope of the Sacramento
Mountains (fig. 5), in 7. 12 8., Rs. 15-16 E., is composed mainly
of syenite (which crops out in an area of slightly more than 1
square mile). The crystalline rocks of the Pajarito Mountain area
are intrusive rocks of Tertiary age.

These igneous rocks have no apparent potential for artificial

recharge.




Geologic structure

Major geologic structures in the project area trend northwest-
ward, northward, northeastward, and eastward. The six major structural
zones~-zones along which Jjoints, small faults, and flexures have a
similar or parallel trend-~are the Huapache, Fourmile, Vandewart-

Cornucopia, Border Hills, Sixmile Hill, and Y-0 structurel zones.
(See fig. 5.)
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Structural features that trend northwestward

The major structural features that trend northwestward are the
Huapache structural zone (fig. 5) and the faults that delimit the
west side of the Guadalupe Mountains. Structural features that
trend northwestward can be traced into Tps. 19 and 20 8. where they
intersect structural features that trend northward and eastward. The
area of intersection is highly fractured and structurally complicated.

A prominent structural feature that forms an escarpment at the
eastern boundary of the upland surface of the Guadalupe Mountains
is a monocline (not mapped) in the Huapache structural zone. The
axis of the monocline is parallel to major faulting to the west.

The monocline is the result of deep-seated faulting in the Precambrian
basement during pre-Abo time. Faulting in the Huapache structural
zone probably was active in lLate Pennsylvanian time and throughout
Early Permian time.

More than 4,500 feet of Upper Mississippian and Pennsylvanian
rocks are missing west of the monocline, but are present east of
the monocline. The Abo Sandstone and Yeso Formation are thin west
of the monocline. The San Andres Limestone is 1,100 feet thick east
of the monocline and is 900 feet thick west of the monocline.
Thinning of the San Andres Limestone might be attributed to faulting
during Permian time; however, it may be the result of changes of
facies in the San Andres between the carbonate and evaporite facies
and subsequent erosion of the rocks of the evaporite facies. Removal

of these rocks would produce the thinning of the San Andres.




The Guadalupe Mountains were elevated to their present
topographic position in Tertiary time. The Permian rocks in that
area dip to the northeast as a result of the uplift. The north-
eastward dip controls the surface drainage and the movement of

ground water in that area.
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o Features
StnxcturesAthat trend northward

Large structural features that trend northward are the faults at
the west edge of the Sacramento Mountaine (west of area mapped in
fig. 5) and the Vandewart-Cornucopia structural zone. The eastward
dip of the rocks of Permian age is the result of the uplift that
raised the Sacramento Mountains to their present altitude. This
eastwvard dip controls the surface drainage and the movement of ground
water on the east side of these mountains.

The trend of the Vandewart-Cornucopia structural zone probably
is related to deep-seated basement faulting. The trend 1s characterized
by faults, folds, and mumerous subsidiary structural features west and
east of the major structural zone. West of the structural zone, in
Tps. 16 and 17 S., several faults (not mapped) follow the trend of
the zone. East of the structural zone, in Rs. 17 and 18 E., a series
of gently dipping folds (dip 5° or less) parallel the trend of the
zone. The limiting fold of this series crosses approximately through
the eastern half of Tps. 16 and 17 S., R. 18 E., and extends northward
into Tps. 14 and 15 S., Rs. 19 and 20 E. The Manning anticline is at
the northern end of the Vandewart-Cornucopia structural zone. (See

S
fig' *G )




Structural features that trend northeastward

The Border Hills, Sixmile Mill, and ¥-0 structural zones are
major structures thot trend northeastward. These structural zones
consist of long linear sharply folded anticlines that pass into
fanlts in places.

The Border Hills structural zone is marked by a prominent
topographic rildge. On the west and east sides of the ridge, strata
probably have buckled upward at places. Fiedler and Nye (1933, p. 78)
quote C. H. Crandall as saying that the Border Hills fault reverses
itself at several places and that for a few miles south of the
Rio Hondeo the beds on the east side are downthrown relative to those
on the west side. At most pleces the beds on the west side of the
zone eppear to be downthrown iln relation to the beds on the east
side. West of the Border Hills structural zone, and south of the
Rio Hondo, several faults follow the trend of the structural zone.
The foults are in a series of grabens and horsts.

The Sixmile Hill and ¥-0 structural zones are sharply folded
and faulted anticlines that are not as well expressed topographicelly

as the Border Hills structural zone.




The origin of the structural zones that trend northeastward
probably is related to deep-seated basement faulting and to slipping
along bedding planes in gypsum of the Yeso Formation during Tertiary
time. The Huapache and the Y-0 structural zones intersect at about
right angles. West of the Huapache structural zone, Pennsylvanian
strata are missing and =l§wer Permian strata have been thinned. West
of the Y-O, Sixmile Hill, and Border Hills structural zones, the
Pennsylvanian and éower Permian strata seem to thin in steps. Basins
formed during Pennsylvanian time trend northeastward and northwestward.
These data suggest that the Huapache structural zone and the structural
zones which trend northeastward may be related and possibly were

active in Late Pennsylvanian and early Permian time.
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The uplift of the Sacramento fault block during Tertiary time
produced an eastward-directed force on the east slope of the

that
Sacramento Mountains. The contraction and subsidence,whish resulted

A
from cooling of the Capitan Mountains igneous mass msay have produced
& northeastward-directed force. These two forces may have resulted
in slipping of the San Andres Limestone ecross the gypsiferous beds
of the Yeso Formation. If slipping occurred, gypsum in the Yeso
ected as a lubricant for movement of the carbonate rocks of the San
Andres. The establishment of a water table in the Yeso Formation and
the conversion of anhydrite to gypsum probably facilitated the
movement. The movement probebly wes northeastward along old fault
zones that formed in Pemnsylvanian time. This movement caused
buckling in places of both flanks of the 11neari sharply folded
anticlines and the thrusting of gypsum and sandstone of the Yeso and
San Andres
‘-G&erietn Formations toward the surface. There may have been &
strike-slip movement also, and the western side of the slip moved
northeestward reletive to the eastern side.

The Border Hills, Y-0, and Sixmile Hill structural zones seem to
be areas of high permeability. The fracturing, buckling, and
dislocation of the bedrock within these structural zones increased
the permeaebility in the bedrock. Easier movement of ground water in
those areas accelerated solution activity. Many sinkboles are along
the Sixmile Hill structural zone. The cavernous sinkhole in which
the Hondo Reservoir forms is between two limbs of the Sixmile Hill

structural zone (Bean, 1949, p. 7).
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P4 a“-ure_s
Structures trend eastward
-«

The intrusion that forms the' Capitan Mountains and two dikes
D
(not mapped) (Dane and Bachman, 19¥8) a few miles northeast of

Roswell trend eastward. A general eastward trend ’re;:;;;a-u be
inferred because the Capitan Mountains and the two dikes align.
Fourmile structural zone is between Fourmile Draw and North Seven
Rivers (fig. 5). Complex faulting and jointing occur at many places
along this zone west of R. 19 E., and in places the extensiveH .
onde

fracturing has a herringbone pattern. The shattering of the Glewieta

Member
Sandstone and Yeso Formation may have increased the permeability of

N
those formations in the Fourmile structural zone. Information from
vell logs indicates an area of higher permeability along this zone.
This eastward-~trending zone of fracturing msy be the result of
differential uplift of the Guadalupe and Sacramento fault blocks

during Tertiary time.
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Structural feature resulting from solution
4

Sinkholes and closed depressions in the Roswell basin were
formed by ground water under pressure moving upward through zones
of structural weakness and dissolving the soluble rocks, by surface
water percolating downward and laterally and dissolving the soluble
rocks, and by a combination of these two processes.

Sinkholes formed by the upward movement of ground water are
comuonly characterized by a high degree of roundness and a lack of
surface drainage area. A sinkhole of this type may have three or
four smaller sinkholes on 1lts periphery, thus forming & compound
sinkhole.

Some of the sinkholes penetrating the San Andres Limestone in
the area west of R. 21 E. probably were formed by water under pressure
in the Yeso Formation moving upward along structural zones and
dissolving large quantities of the San Andres Limestone. At places
in these structural zones faulting has raised the lower confining
beds in the Yeso against the permeable upper beds that compose the
principal water-bearing beds in the Yeso, and water in the Yeso moves
upward in the structural zone. Where the Hondo Sandstone Member,
overlying the Yeso Formation, is silty adjacent to the structural
zones, the water in the Yeso is confined by the Hondo.

The most accesslible sinkholes in the Roswell basin, of the type
formed by upward movement of artesian water, are those forming

Bottomless Lakes (fig. 1) Jjust east of the Pecos River near Roswell.
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S8inkholes formed by infiltrating surface water may be classed
sinkholesy having

as broad depression ) vith gentlyysloping sides and gemerally pa?uy
filled with alluvium,and collapse sinkholes in which the walls are
steepsided.

Some collapse sinkholes in the Roswell basin are as much as
200 feet in diameter; in general, however, they are small compared
with other types of sinkholes. Many collapse sinkholes contain silt
and large tilted blocks of gypsum that have slumped and subsided.
Collapse sinkholes are common in the Vaughn~Macho plain and in parts
of the Embayment plain.

Sinkholes

The broad depressionikare most common where rocks of the eveporite
_ facies are covered by a thick blanket of alluvium. As the gypsum is
removed by solution, silt and clay fill the sclution openinge and
there is little or no slumping of the bedrock. An example is Juan
Lake sinkhole (fig. 8) vhere solution has been slow and & thick

layer of silt and clsy has accumulated on the bottom of the sinkhole.

Figure O.--Subareas of the recharge area, major sinkhole areas,

and generalized pattern of water movement in the limestone aqguifer

in part of the Roswell basin, New Mexico.

There is no visible opening on the bottom oi this sinkhole. Solution

almost stops when the silt and clay layer Lecomes very thick.




If the alluvium is thin, the solution openings in the soluble
bedrock do not fill with silt end clay. An example is Antelope
sinkhole (fig. 8) in which the alluvial fill is less than 25 feet thick
and which has open solut;on cavities in the bottom. Sinkholes of the

)"IQUIY\
broad depression typeAw&%h?qpen solution channels in their bottoms

are referred to in this report as open sinkholes, and thoeei;;ign
thick silt and clay layer and no visible openings are referred to as
tight sinkholes.

Intermediate between the open sinkholes and the tight sinkholes
are sinkholes having tight bottoms but permeable sides. These may
form if the sinkhole is bottomed in permeable material, and the
sinkhole has a large drainage area from which detrital material is
washed into the sinkhole. An example of this type of sinkhole is
Marley sinkhole (fig. 8) in Blackwater %raw drainage. The permeability
of the bottom of this sinkhole is low because silt and clay cover the
bottom to a depth of about 50 feet; however, large solution cavities

in the evaporite rock of the San Andres Limestone are in the sides of

the sinkhole above the silt and clay floor.
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The Antelope sinkholes. like some others. are bottomed in thin
al uvium and nonresistant evaporite rocks and red beds of the
Artesia Formation, whereas sinkholes in other areas are bottomed
in carbonate rocks of the San Andres Limestone. Some sinkholes
shown on figure 8 are on topographic benches that alsc are structural
benches. The Pajarito sinkholes, for example, are on a flat structural
bench, which is the limiting area of nearby folds. The Flying H
sinkholes are on a bench east of the Vandewart-Cornucopia structural
zone, and the high area east of these sinkholes may be the approximate
location of a fault trending north-south. The Mayhill sinkholes are
on the west side of the Vandewart-Cornucopia structural zone on
another topographic bench.

The sinkholes shown on figure 8 occur over such a large area
that it was not possible to visit and classify all of them. Parts
of the project area were studied only by using aerial photographs
and by making observations from an air plane, and, thus, the
sinkholes in these areas could not be classified with any degree
of assurance. All the sinkholes within the project area are not

shown on figure 8.
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Hydrology

The description of the hydrology is given in greater detail
for the area between Tps. 7 and 22 S. and between R. 19 E. and
the Pecos River because this part was studied more intensively than
other parts of the Project. Principally those elements of hydrology
are described that relate to natural and artificial recharge of the
two chief aquifers in the basin. The reeader is referred to other
publications about water resources of the basin for a more complete
description of ell hydrologic elements.

Most of the ground water in the basin is in a main aquifer,
consisting of consolidated rocks, and an alluvial agquifer. The
alluvial aquifer 1s secondary to the main aquifer because much of
the water that recherges the alluvial aquifer comes from the main

aquifer.
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Main aquifer

The main aquifer is beneath the upland and lowland areas
and extends eastward beyond the Pecos River, the eastern limit of

Hahdo
the project area. This aquifer is within the Yeso Fomat:lon,*

Sandsto/r‘fe: ,M SI::rAndres Limestone, CGrayburg Formation, and evaporite
facies of the Artesia Formation. These formations dip gently eastward
from the crest of the Guadalupe and Sacramento Mounteins at the western
margin of the basin; the dip is modified in the vicinity of the struc-

tural zones described in the section on geology.




Occurrence of water in the main aquifer

Most of the ground water in the main aquifer between the western
margin of the basin and R. 21 E. is in the Yeso Formation and the Hondo
Sandstone Member of the San Andres Limestone. The main aguifer west

of R. 21 E. is ground-water province A of this report (fig. 9). Ground

Figure 9.--Ground-water provinces of the main aquifer in the Hondo
Member of the San Andres Limestone and Yeso Formation, and the San
Andres Limestone, and comparative permeabilities of rocks in ground-
water province A with those in ground-water province B, in part of

the Roswell basin, New Mexico.

water in this province generally is unconfined (nonartesian); however,
wvater may be confined under artesian pressure, beneath the Hondo in

the vicinity of structural zones at places where the Hondo is highly
silty. At the eastern boundary of ground-water province A the water
table in the main aquifer intersects highly permeable beds in San Andres
Limestone; from this boundary eastward to the Pecos River the main
aquifer is referred to in this report as ground-water province B.

The upper part of the Sean Andres Limestone is the important source of
ground water in ground-water province B, although south of Artesia the
water principally is in the Grayburg Formation. Aquifers in the Artesia
Formetion at places form a part of ground-water province B. Ground water
in this province generally is unconfined from the western boundary of
this province to within 10 to 20 miles of the Pecos River. At approx-
imately this distance west of the river the water table intersects the
base of beds of low permeability in the Artesia Formation. Water in
ground-water province B from this point of intersection eastward is

under artesian pressure. 95




Rydraulic properties of the main aquifer

Information is meager about the water-transmission and storage
properties of much of the main aquifer. Hantush (1955, p. 28)
estimated that the average coefficient of transmissibility of the
aquifer in the recharge areca (ground-water provinces of the Hondo
and Yeso and the upper part of the San Andres) 1o approximately
75,000 gpd (gallons per day) per foot. This implies that 75,000
gallong of water per day would move through an average section of
the aquifer 1 mile wide under a hydraulic gradient of 1 foot per
mile. The value was computed from an estimate of the average annual
recharge to the aquifer and the average slope of the water table in
the aquifer.

Theis (1951, p. 2) estimated that the porosity of the main
aquifer is about 4 percent in the principal intake aree and that
the porosity in the vicinity of Roswell is 5 percent or possibly
higher. He estimated that the coefficient of transmissibility of
the aquifer in this latter locality is between 1,000,000 gpd per

foot and 3,000,000 gpd per foot.




Fiedler and Nye (1933, p. 1"5-1"6, 183-185, and pl. "1)
concluded that the permeability of the main aquifer in five areas
between Tps. O and 20 S. is greater than in the intervening areas--
based on a comparison of well yield and drawdown in wells. Theilr
observations were made on wells tapping the main aquifer within
the province of the upper part of the San Andres; no observations
were made in the province of the Hondo and Yeso. They noted that
the areas of apparent greater permeability are along major surface
drainage lines. Where the permeebility of the main aquifer is
greater, the coefficient of transmissibility probably is greater
also, as the coefficient of transmissibility is equal to the average
permeability of the aquifer times its thickness.

Coefficients of transmissibility derived by Hantush (1955,

p.-29) from tests in a few wells in the artesian part of the
ground-water province of the upper part of the San Andres were

about 1,"0C,000 gpd per foot near Roswell, about 75,000 gpd per

foot near Dexter, about 150,00C gpd per foot near Artesia, and

about 66,000 gpd per foot near Lakewood. These tests were made in
segments of the basin described by Fiedler and Nye (1933, p. 1h5-1'6,
18%-185, and pl. "1) as areas of large ylelds from wells and areas

of greater permeability than intervening areas. These coefficieﬁts
can be used to make & general comparison between the transmissibility
in one segment and that of other segments; however, the tests were
too few and too widely spaced to give any assurance of a true sampling

of the transmissibility in any one segment.




The average permeability of the main aquifer in the province
of the Hondo and Yeso seems to be less than that of the province
of the upper part of the San Andres. This difference is indicated
by the smaller yleld per foot of drawdown in wells in the province
of the Hondo and Yeso than in the other province. The smaller
yield-drawdown ratio is principally the result of lower permeability
in the aguifer. i

The water-transmission properties of the main aquifer in these
two provinces is indicated also by a difference in hvdraulic gredients
between one province and the other. The average hydraulic'gradient
is about 70 feet per mile in that part of the province of the Hondo

and Yeso shown on figures O and 1C and less than 10 feet per mile

Figure 10.--Contour mep of the piezometric surface in the main

aquifer in part of the Roswell basin, New Mexico, 1958-59.

in the province of the upper part of the San Andres. The area
having the lower hydraulic gradient has the higher transmissibility
because the same or larger quantity of water must be moving through
the province of the upper part of the San Andres as through the

province of the Hondo and Yeso.




J The permeability of the main aquifer is not uniform within
L | the province of the Hondo and Yeso. The permeability of the
aquifer in the province of the Hondo and Yeso along Fourmile and
Vandewart-Cornucopia structural zones is above average for that
,':; province. The above-average permeability in the Fourmile structural
[ zone probably resulted from fracturing of the Hondo Sandstone
Member of the San Andres and Yeso Formation and, in places, by

reef zones that cross the structural zone. This area of above-~

average permeability extends into the province of the upper part

of the San Andres. Above-average permeability in the Vandewart-
Cornucopia structural zone probably resulted from uplift of the
upper confining bed in the Yeso Formation. In places along this
‘ structural zone, ground water has discharged from the Hondo
Sandstone Member and Yeso Fo::mation into large solution openings

in the San Andres lLimestone. The permeability may not be above

average everywhere along this structural zone.
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Causes cf differences in hydraulic preoperties

in the limestone aquifer

The high permeabilities of rocks that compose the main aquifer

in the ground~water provinece of the upper part of the San Andres

waal

are the result of the original structure, porosity, and sedimentary

characteristics of the carbonate rocks of Permian age; the position

of the cerbonete-evaporite facles boundaries of the Permian shelf

rocks; and the erosion of Permian rocks in Tertiary and Quaternary

time.




Chemical and textural subfacies (the term "subfacies" is used
to differentiate rock units either by chemical composition or texture)
influenced the extent and amount of original porosity and permeability
of the carbonate rocks of Guadalupe and Leonard age in the shelf area.
The chemical and textural subfacies correlate to some extent. AdJjacent
to the reef zone in most rocks of post-San Andres age, the deposits
of the carbonate facies primarily are coarse calcarenite and coquina,
and the composition is dominantly calcareous. Shelfward the coarse
calcareous materials grade into a fine-grained calcarenite whose
composition is dominantly dolomitic. Rocks having the greatest
original permeability and porosity are adjacent to the reef front.
Most of the reef and adjacent shelf rocks of the San Andres

Limestone probably have been dolomitized.
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The deposition ofnleze Permien, Triassic, and younger rocks over

the rocks of the Leonard and Guedalupe Series protected the older rocks
from eroslon. As a result, highly mineralized water probably was
entrapped in the zones of original porosity in the Permian rocks.
During the late Pliocene and Pleistocen?,ﬁpeehe the Guadalupe and
Sacramento Mountains were uplifﬁed, the San Andres Limestone was
exposed on the mountain slopes, and the Pecos River cut intc the
younger rocks and broke the seal. The hydrostatic pressure of the
water entrapped in the rocks was increased considerably in the

Pecos Valley by the uplift. Water moved downdip by gravity and was
partly confined ander pressure beneath the Artesia Formation, though
some water leaked upward through the Artesia Formation and drained
into the Pecos River. Much of the highly mineralized water west

of the river was flushed from the main aguifer by fresh water entering

the rocks on the mountain slopes. Water then had an entrance to,

& passageway through, and an outlet from the main aquifer.




As the mountains were uplifted and the level of the Pecos River
was lowered, streams that dralned areas of evaporite rocks formed on
the east slope of the Sacramento Mounteins. Few solution channels
formed in the carbonate rock,and nost of the water flowed over rether
than infiltrated the surfege. In addition, water infiltrating firom
the surface probably could not move to any great depth because of
the entrapped highly mineralized water at shallow depth in the main
aquifer. The Rio Hondo, the Rio PFelix, the Rio Penasco developed

Wwera

large drainage systems, which are superimposed on the carbonate rocks

before the evaporite rocks were stripped from much of the area.
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The evaporite rocks of the east slope of the Sacramento Mountains
were stripped away, and a great amount of the carbonate rocks were
dissolved along the present large drainage systems because infiltration
of water was greater along the drainages.

High porosity and permeability developed in rocks of the main
aquifer in the vicinity of boundaries .of the carbonate-evaporite facies.
The carbonate and evaporite facies of the San Axdres Limestone and
Grayburg Formation interfinger in the area of gradation between the gross
carbonate facies and gross evaporite facies. Thus, for a given
stratigraphic interva%)dolomite generally grades into a sequence of
dolomite interbedded with gypsum which grades into anhydrite. The
upper part of the San Andres Limestone begins to grade into anhydrite

a few miles north of Artesia (fig. 6), and farther to the north

progressively more and more anhydrite is in the section.
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The permeability of the San Andres Limestonevis greatest in
the Roswell area. Water that infiltrated from the Rio Hondo, Blackwater
Draw, and Salt Creek probably caused much of the sclution. The permeability
is lower toward Artesia. The permeability of the San Andres Limestone
north of Salt Creek is much lower than near Roswell. The relatively
low permeability in this northern area may be related to the lack of
streams. Precipitation on the Vaughn-Macho plain between Salt Creek
and Vaughn flows short distances, usually in small rivulets or as
sheet runoff, to ponds and small lekes in closed depressions, where

much of the water evaporates and only small amounts enter the ground.
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Recharge area of the main aquifer

The recharge area of the main aquifer is herein divided into
seven subareas on the basis of rock type and surface-drainage
features that might affect recharge. These subareas are shown
on figure 8 and are referred to in this report as western limestone
area, eastern limestone area, northern evaporite area, southern
evaporite area, northern limestone area, eastern evaporite-alluvial

area, and alluvial lowland area.
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Western limestone area

The Sacramento plain and the western part of the Diamond A
plain compfgse the western lihestone area. The western limestone
area is underleid primarily by carbonate rocks of the San Andres
Limestone. Most of the area is highly dissected; however, some
undissected remnants remain. Many of the undissected areas are
structural benches in which sinkholes have formed. The deeper
drainages have cut into the gypsum and red beds of the Yeso Formation
within the western limestone area.

Precipitation is the only source of water entering the area.
Precipitation on the western limestone area discharges from
the area as runoff, discharges from the general land surface by
evapotranspiration, infiltrates the rock surface to a depth below

the zone affected by evapotranspiration, or drains to sinkholes.
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. The permeability of the San Andres Limestone on the surface

e et i e et

is moderate to low; water infiltrates principally through joints

and faults. Water that infiltrates this limestone surface and
passes to depth recharges either emall perched bodies of water or
the main ground-water body in the province of the Hondo end Yeso.
Some of the water in the perched bodies percolates to the main
ground-water body, but much of it discharges as seeps and springs

in the canyons. 1In areas where deep canyons intersect the water
table of the province of the Hondo and Yeso, ground water discharges
from the maln ground-water body to the stream chamnels and maintains
perennial flow. Some of the water reaching the water table may
move eastward in the province of the Hondo and Yeso into the

province of the upper part of the San Andres.

Some of the water that drains to sinkholes evaporates from
open water surfaces of lakes and ponds in the sinkholes, and some
water infiltrates to the subsurface through the bottom and sides
of the sinkholes.

The Pajarito sinkholes in T. 13 S., Rs. 16 and 17 E., and the
Mayhill sinkholes in T. 17 8., R. 16 E. (fig. 8), are the major
sinkholes in the western limestone area. The Pajarito sinkholes,
the largest sinkhole area in the western limestone area, consist of
epproximately 100 sinkholes. Thie sinkhole area is on a structural
bench that is capped by carbonate rocks of the San Andres Limestone
and underlaid by sandstone and evaporite rocks of the Hondo and the
Yeso Formation. The sinkholes probably are the result of solution of

‘ the evaporite rock in the Hondo Sandstone Member and Yeso Formation
and slumping of the overlying San Andres.
116
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Red leke, in secs. 9 and 10, T. 13 S., R. 16 E., and Deadman
Lake, in sec. 25, T. 12 8., R. 16 E., are in the largest of the
Pajariot sinkholes. Deadman Iake, the largest, is about 2,5C0
by 1,300 feet and has & drainage area of about " square miles.

Red Lake is about 1,300 by 1,000 feet and has a drainage area of
about 2 square miles. About 10 of the Pajarito sinkholes aré

from 17 to 22 acres In extent, and their drainage areas range from
one-quarter to one-half square mile. The floor in most of the
Pajarito sinkholes is between 2C and "0 feet below the general
land surface.

About 10 sinkholes compfose the Mayhill sinkholes. They range
in gpize from & fraction of an acre to about 20 acres. The floor
of the sinkholes ranges between 10 and 5C feet below the general
land surface. The sinkholes were formed in carbonate rock of the
San Andres ILimestone.

The floor of most sinkholes in the western limestone area
consists of gilty sand, which is moderately permeable and silty
clay, which has & relatively low permeability. If the permeability
of the floor is high, water infiltrates the bottom and drains from
the sinkhole in a few days. If the permeability is low, most of the

water evaporates.




Infrequent observations were made of the approximate rate
that water discharged from sinkholes in Pajarito and Mayhill sink-
holes; the observations were made during air flights in 1958 and
1959. About 25 lakes in the Pajarito sinkhole area were full of
water on August 8, 1958; about the same number still contained
wvater on November 2, 1958; and by February 3, 1959, only 2 sink-
holes contained water. No water entered the sinkholes during this
period. Some of the water in these sinkholes was consumed by 6,000
to 8,000 cattle in that area. Mr. Fred Pellman of the Mescalero
Apache Tribe informed the senior author that 20 to 25 years ago
many of these sinkholes contained water throughout the year. This
probebly can be attributed to greater precipitation rather than
Jower permeability of the sinkhole floors at that time. The Mayhill
sinkholes reportedly filled with water during July and August 1958.
Four of these sinkholes contained water on November 2, 1958. On
February 3, 1959, all the sinkholes were dry. Mr. Fisher, a local
farmer, informed the senior author that if these lakes fill with
water in July and August, they generally hold water about 3 months.
He also reported that the maximum depth of the water in these
ginkholes is about 5 feet, as indicated by high-water marks on

fence posts in the sinkholes.




. The great length of time that water remained in these sinkholes
indicates that seversal tens of acre-feet of water are discharged by
evaporation. Although large amounts of water enter the rocks of the
western limestone areq,and some additional water could be added by
artificial recharge, probably only a small percent‘:?;} the sdditional
water would be effective recharge for the limestone aquifer in the
Roswell-Artesia sector of the basin. Most of it probably would appear
as seepage to streams in the western limestone area. The artificial-

recharge potential of the areea is poor.
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Eastern limestone area

The upland surface of the Guadalupe Mountains and much of the
eastern part of the Diamond A plain compose the eastern limestone
area. North of State Highway 83, the eastern limestone recharge
area is underlain primarily by carbonate rock of the San Andres
Limestone; south of that highway the area is underlain primarily
by carbonate rock of the Grayburg Formetion. The ground-water
province of the Hondo and Yeso underlies all the area except the
extreme eastern part, which is underlain by the ground-water
province of the upper part of the San Andres.

The area is highly dissected, and the drainage system is
well integrated. In general, the interstream divides are sharp;
however, there are a few small flat interstream areas. Sinkholes
occur on some of the interstream areas. The Flying H sinkholes in
T. 15 S., R 18 E., constitute the major sinkhole area. (See fig. 8.)
The largest sinkhole of this group is about & third of & mile in
diameter, and its floor is about 25 feet below the general land
surface. This sinkhole is partly filled by silty sand and sandy

silt and in places by a black orgenic silty clay.
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Water enters the eastern limestone area directly as precipitation
and as surface and ground-water flow from the western limestone area.
The precipitation that neither evaporates from nor infiltrates the land
surface reaches stream channels quickly because of the sharp interstream
divides and well-integrated drainage. Little of the precipitation drains
to sinkholes. The permeability of the carbonate rock on the surface is
moderate to low, and surface water infiltrates these rocks primarily
through joints and faults. The amount of recharge to the main ground-
water body from the interstream areas probably is small. The main
ground-water body in the eastern limestone area is recharged principally
along the major streams. Much of the eastern limestone area was des-
cribed by Fiedler and Nye (1933, pl. 2) as being the principal recharge
area for the maln aquifer. Recharge along the stream channels could

be increased 1f the streamflow could be retarded.
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The quantity of water infiltrating to the subsurface through
sinkholes in the eastern limestone area is relatively small, because
the amount of water draining to them is small. The bottoms of the
sinkholes in this area are relatively permeable,and water ther goes
underground quickly. Water accumulating in the Flying H sinkholes
after chundersi'ai’a‘:s“:i’iecharges in 1 to 2 months, mostly to the
subsurface.

The artificial-recharge potential of this area is moderate to
good. Good sites for small dams would not be difficult to find. Dams
constructed where their reservoirs would inundate the more permeable
areas of the channel would increase the recharge from streams. If dem
sites could not be found to impound water on the permeable areas,
water could be impounded upstream from the more permeable areas and
released at a rate that would increase the amount of recharge over
that of uncontrolled flow in those areas. Diverting streamflow to
sinkholes would increase recharge Iin the sinkhole areas. The greatest
problem would be in getting the water from the streams to the sinkholes.

the rechavee choracter ifics
A detailed study okaope sinkhole in sec. 33, T. 16 S., R. 19 E. #e

tearnmits Techerge chmracteristies is described in the section on

water-losgs studies in selected sinkholes.




Northern evaporite area

The extreme southern part of the Vaughn-Macho plain composes
the northern evaporite area. The area is characterized by areas of
rolling hills and valleys, broad flats, and well-integrated drainage.
Sinkholes are numerous but localized by structural and lithological
variations in the evaporite rocks.

The northern evaporite area is underlain by rocks of the evaporite
facies of the San Andres Limestone and, to a minor extent, by evaporite
facies of the Artesia Formation. The permeability of the surface and
subsurface rock is moderate to high. Many of the hills are capped by
carbonate rocks and underlain by gypsum that is poorly resistant to
erosion.

Some of the hills are expressions of anticlines. The cores of
some of the anticlines consist of gypsum in which water has dissolved
channels and caverns. large solution channels in the gypsum and older
solution channels that are filled with angular slump and detrital
material occur along the Sixmile Hill structural zone.

Water enters the northern evaporite area as precipitation and
surface- and ground-water f{low from the eastern limestone area and
adjacent parts of the Vaughn-Macho plain. Much of the precipitation
on the interstream areas is discharged by evapotranspiration, and
some infiltrates to the subsurface. Most of the precipitation that is
not discharged by evapotranspiration drains to stream channels and
sinkholes.
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Blackwater Draw, Salt Creek, and the tributaries of Cienega del
Macho drain a large part of the northern evaporite area as well as
transport water into this evaporite area from upstream sources. These
drainages lose a considerable amount of water by infiltration in the
northern evaporite area. Small cavelike solution holes are common in the
channels of several drainages, and streamflow enters the subsurface
readily through these openings. Quantitative studies were not made to
determine the amount of loss; however, the seepage loss per mile of
channel probably is greater in the northern evaporite area than in
other parts of the project area.

In some areas silt beds at shallow depth prevent the deep percola-
tion of water entering the ground. At places, streamflow entering the
subsurface through the solution holes in the channel reappears as stream-
flow emerging from other sglution holes in the channel downstream.

This was observed in Middle Arroyo, vhere flow disappeared in solution
holes in sec. 19, T. 7 8., R, 21 E., and reappeared about 1,000 feet
downstream. Wet-weather springs are numerous in the northern evaporite area.

The permeability of the floors in sinkholes in the northern evaporite

area ranges from very low to high. Many sinkholes floored by thick silt
beds of low permeability have solution channels in the sides. The solw
tion channels in the side of & sinkhole may be from a fraction of a foot
to a few feet above the floor, and a considerable volume of water ponds
on the floor hefore the water surface reaches the mouth of the solution
channel. If the permeability of the floor is very low, most of the water

ponded below the level of the chamnnel mouth is discharged by evaporation.
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to eycc/[«»'(’,
‘ The artificial-recharge potential of the area is aood and

recharge to the H.:;;uaqtufer might be increased substantially
in the northern evaporite area. All ef the streamflow in the
major drainages that cross the area is not lost within the
northern evaporite area; therefore, more water might be put
underground if the flow could be impounded and then released at a
rate that would infiltrate the permeable streambeds. The stream
channels are mrro\band reservoir capacity behind a dam would be
small, eonseqﬁently mmerous dams would be required to provide
sufficient storage capacity.

Some streamflov could be diverted to sinkholes having
permeable floors; however, the sinkholes selected should be in
areaswﬁerethewaterput into the subsurface would not emerge

‘ from solution holes in nearby stren channels. Sinkholecs lecaied

e o
e

@restreamﬂnwwxldbedimtedtothen si]q but floored by

material of low pezmbilitprrobably could be used for artificial

recharge if recharge wells vere constructed in the sinkholes. Some

sinkholes in which large quantities of water pond before some water
be.lo ~» the ‘QUQ‘ d(’

can-enter solution channels in the sides of the sinkhole probably

.could be made more efficient recharge points by lowering the mouths

of the solution channels.




Southern evaporite area

Both segments of the Embayment plain and a smell part of the
lowland area compose the southern evaporite area. The surface of the
area is characteriged by shallow swales and gently rounded hills. The
drainage is well integrated. Collapse and broad-depression sinkholes
are common on the interstream ereas; however, the broad depression is
the most common. Most of the broad depressions are open sinkholes
because of solution channels in their floors.

The main aquifer in the southern evaporite area is a part
of the ground-water province of the upper part of the San Andres. The
transmissibility of the aquifer in the southern evaporite area seemingly
is higher in the northern part than in the southern part. The reascon
for this difference ies not entirely clear; however, it may be the result
of a greater thickness of aguifer and more brecciated zones in the
northern part.

The southern evaporite area is underlaid primarily by rocks of the
middle and lower parte of the Artesia Formatlion (equivalents of' the
Seven Rivers, Queen, and Grayburg Formations) and to & minor extent
by evaporite rocks of the San Andres Limestone. Gypsum is the major
constituent of the rocks of the southern evaporite area. The permeabllity
of the carbonate rocks is relatively high in parts of the area because
of interformetional breccias consisting of angular to subangular blocks
of carbonate material in a calcareous silty matrix. Solution by water
readlily removes the carbonate and creates many interconnected

channels in the brecciated zone.
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Water enters the area as precipitation and surface- and ground-
wate;!.- flow from the eastern limestone area. Some recharge to the
l-:;;;u aquifer is from precipitation infiltrating the surface
of the interstream areas; however, most of the recharge is from
water that reaches sinkholes and stream channels. Considerably
more water recharges the aquifer through streambeds than through

sinkholes.
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The streams in the area are not gaged; therefore, the discharge
of surface water is unknown. None of the streams are perennial
within the southern evaporite area, and most of the streamflow
originates from precipitation on areas upstream. Much of the
streamflow entering the area 1s depleted by infiltration within the
southern evaporite area. Estimates were made of streamflow
losses in Rio Penasco and Fouwrmile Draw after a thunderstorm on
May 7, 1959. Streamflow estimated to be between 80 and 90 cfs
(cubic feet per second) was lost by infiltration in the bed of
Rio Penasco in & l-mile reach within secs. 16 and 21, T. 17 8., R. 21 E.
Streamflow estimated to be about 200 cfs diminished to about 125 cfs
in an 8-mile reach downstream from sec. 22, T. 18 S., R. 20 E.

(this 8~-mile reach is within the eastern limestone area), and
disappeared completely in & total channel distance of about 14.5

miles (the last 6.5-mile reach is within the southern evaporite area).
Much of the water lost from streamflow enters the alluvium in the
streambed and then infiltrates the underlying evaporite rocks. Parts
of some streambeds are directly on the evaporite rocks, that contain
solution channels, through which the streamflow disappears underground.
A local rancher reported that small streamflows will not get past
solution openings in the bed of Johnston Draw in the

NEL sec. 23, T. 16 S., R. 21 E.




Antelope, Tank Mill, and Fanning sinkholes (fig. 8) form the
three largest groups of sinkholes in the southern evaporite area.
Antelope sinkholes are in a 4-square-mile tract in T. 18 S., R. 23 E.;
however, most of the sinkholes in this group, including the largest
ofthe-greup, are entirely within sec. 23, T. 18 8., R. 23 E. The
Antelope sinkholes are actively growing as indicated by fractures
around them. Thelr growth is by subsidence as a result of solution
of the gypsum bedrock. During growth, some sinkholes have joined
and fomeéme large compound sinkhole. One compound sinkhole of the
Antelope gmupnﬁ::m an area of about 0.4 square mile. The
material on the floor of many of the sinkholes in the Antelope
group is a granular sexbured coarse-grained silt that is friable.
The permeability of this material is moderately high. Much of the
water entering the Antelope sinkholes goes underground quickly,
generally in less than 1 month, because of the permeable material
and solution channels in their floors.

In general, the material flooring the Tank Mill sinkholes
(7. 18 5., R. 24 B.) probably is less permeable than that of the
Antelope sinkholes. OSome of the sinkholes having floors of low

permeability are adjacent to sinkholes having highly permeable

floor® When the sinkholeshaving \low ility noo;.-:
A

may drain

filled vith vater, the overflow,into nearby sinkholes having more
permeable floors.




The FPanning sinkholes in T. 22 S., R. 22 E. consist of about

10 sinkholes. Bone Tank (T. 21 S., R. 23 E.) and Tule Lake

(7. 22 8., R. 23 E.) are two of the largest in the southern evaporite

area. Bone Tank sinkhole is about 1,800 feet long and 800 feet wide;
Tule Lake sinkhole is roughly square, and each side is about 1,000

feet long. These were not visited but were observed from an airplane.
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The artificial-recharge potential of the area is good to excellent.
The larger sinkholes in the southern evaporite area generally hold
water for less than 2 weeks and rarely for more than & month. The
amount of water that would be saved from eveporation by putting the
water underground faster artificially by wells probably would be too
small to justify the construction of recharge wells in sinkholes of the
southern evaporite area. It might be advantageous, however, to construct
drains and channels in some of the larger sinkholes to connect ponds
within a sinkhole to openings in the sinkhole. Dams either to impound
water in permeable areas of stream channels or to divert water from
streams to sinkholes may be feasible in the western part of the area.
Streambeds in the eastern part of the southern evaporite area are
broad and shallow; therefore, few places would be satisfactory for
dams and reservoirs.

Some of the water infiltrating to the subsurface in the southern
part of the area enters an upper aquifer in the Grayburg and Queen
Formations and moves southeastward from the Roswell basin into the
Carlsbad area. This water is not effective recharge to the Roswelli

Artesia sector.
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Novthern limes tone
—Hesbern sankenste area
The western part of the Vaughn-Macho plain canp;isea the northern
limestone area. The northern part ef—the-noritheran limesitone-area has
no integrated drainage, and drainage is internal to numerous sinkholes.
The southern part of the northern limestone area is well dissected
by streams. A surface drainage divide (fig. 8) is between the northern
area, which has internal drainage, and the southern area, which has
well-integrated drainage. Precipitation directly on the northern
limestone area is the only water entering the area. Much of the
precipitation evaporates from the land surface) some infiltrates
the surface) and some drains to sinkholes and stream channels. Most

bj tn £1lrction
of the recharge to the ground-water body is seepage through sinkholes

A
and streambeds.

Carbonate rocks of the San Andres Limestone are exposed in the
area except where they are covered by a veneer of soil and gravel.
The carbonate rocks are 450 to 650 feet thick in the southern part
of the area and thin northward to e—$thickmees-—of about 20 to 30 feet
near Vaughn. Q@enerally, the carbonate rocks of the San Andres
Limestone are more permeable than the sandstone, siltstone, and

Hondo - Mem ber
evaporite rocks of the underlying &dorieda Sandstone, and Yeso

Formation.
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Sinkholes are more common in the northern limestone area than
in any other part of the recharge area of the Q;n;tﬁone aquifer.
Although sinkholes are scattered throughout the area, they are more
mmerous and closer spaced in the following four major groups:
Vaughn sinkholes, Richards sinkholes, Hasparos sinkholes, and Bogle
gsinkholes. (See fig. 8.) The northern limestone area was not studied
in detail, and most observations of the sinkholes were made from an

b .Sf“ucft'hQ
airplane e.nc? Aearial photographsy consequentiyy—the-following-deserip.

Seewnws

some-ervrer~ The sinkholes appeaxr to be of the collapse and broad;

depression type, and many have solution openings in their sides and
floors. The diameter of the sinkholes in the Vaughn group ranges from
100 to 1,000 feet. Within the Vaughn group, sinkholes occupied less
than 10 percent of the land in some parts, whereaes in other parts,
sinkholes occupila about 50 percent of the land. Sinkholes in the
latter area are circular, are bottomed with green vegetation, and
a;;::a:'d to be deeper than those in areas in which the areal density
of sinkholes is less. No attempt was made to compare physical
characteristics of sinkholes in the Richards, Hasparos, and Bogle
groups .

Two less well defined sinkhole areas, the Western and Bastern
Capitan sinkholes, are a few miles north of Capitan Mountain (fig. 8).
Samples of soil from the floors of the Easterm Capitan sinkholes

consist of a poorly permesble silty clay.
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The permeability of the materials flooring the Vaughn, Richards,
Hasparos, and Bogle sinkholes was inferred from observation of the
length of time water remeined in the sinkholes efter rains. The
conclusions are approximate because flights were not made over
the area after each rain. Many of the Vaughn sinkholes contained
water in the period July-December 1958, and were dry by early
February 1959; consequently, the permeability of the floors probably
is relatively low. None of the Richards, Hasparcs, and Bogle
sinkholes contained water, although sinkholes adjacent to these three
major sinkhole areas contained water after heavy rains in July and
August 1958. The floors of the Richaxds, Hasparos, and Bogle
sinkholes probably are highly permeable.

A considereble volume of water is evaporated from sinkholes
floored by material of low permeability. Recharge wells constructed
in the larger sinkholes of the Vaughn group and other sinkholes in
which water ponds and evaporates would increase the recharge in the
northern limestone area. Many sinkholes have solution openings that
are higher than much of the floor. Water ponded in the sinkholes
below the solution openings could be drained underground by lowering
the mouths of the solution openings and constructing drain channels

to these openings.
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In that part of the northern limestone area having well-
integrated drainage, dams could be constructed on some streams either
to impound water over a permeable earea or to divert water to
sinkholes. The southern half of the northern limestone area seems
to be well suited to artificial recharge because of the great thickness
of the San Andres Limestone. The artificial-recharge potential of

the northern limestone area seems to be moderate to good.




Bagtern eveporite-alluvial area

The eastern part of the Vaughn-Macho plalin composes the eastern
evaporite-alluvial area. The area is underlain by evaporite rocks
of the Ban Andres Llimestone and younger rocks of Perrien age and
by alluvium of probable late Tertiary age. The areas of evaporite
rock and areas of alluvium are not differentiated on figure 3.
Drainege is well Integrated in much of the area; however, in the
northwestern part of the area dralnage ls internal to sinklvles. OSone

water drains to sinkholes on the interstream areas.

Precipitation on the area and surface~ and ground-water Llow to
the area from the northern limesltone area are the sources of water.
Water moving downward may enter aquiferc at shallow depth in the alluvium
and Artesia Formatlon and then move eastward and discharge as seeps
and springe along the Pecos River. Little is known about these shellow
aquifers. In general, water moving tc the subsurfece in the western
part of the area probably recharges the main aguifer, and the water

moving to the subsurface in the eastern part recharges the shallow

aguifers.
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Sinkholes are common in the eastern evaporite-alluvial area.
Broad-depression sinkholes that have solution holes in their floors
drain water to the subsurface quickly (large solution holes are in
Levis sinkhole T. 4 8., R. 22 E.), vhereas water ponds and evaporates
from broad-~depression sinkholes floored by material of low permeability.
The Steel, Wright, and Yeso sinkholes (fig. 8) comprise the major
sinkhole areas; however, there are many isolated sinkholes throughout
the eastern evaporite-alluvial area. The area was studied principally
during flights over the area.

The possibilities for recharge of the main aquifer by artificial
means are poor in the eastern eveporite-alluvial area. In the western
part of the area some additional water could be put underground
through recharge wells and by channeling water to solution channels
within these sinkholes. Some water might be diverted to sinkholes in

the western part of the area.
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Alluviel lowland area

The alluvial lowland is not a natural recharge area for the
main aquifer because water spread on the ground cannot move downward
from the land surface to the main aquifer in that area. The natural
hydraulic gradient is upward from the main agquifer to the alluvial
aquifer. Water could be induced to enter the main aquifer through

recharge wells in the alluvial lowlands.
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The altitude of the artesian-pressure surface of water in the
main aquifer in the alluvial lowland might make certain areas
of the lowland more favorable than others for recharge wells. In
areas where the artesian-pressure surface is near the land surface,
water would have to be pumped into the well under pressure to
reverse the pressure gradient ir the well. This would be necessary
in wells near the Pecos River in the vicinity of Roswell. Where the
artesian-pressure surface is several feet below the land surface,
water discharged into the mouth of the wel® would move downward into
the aquifer by gravity. Recharge wells south of Dexter would be in
this category.

The most favorable sites for recharge wells in the alluvial

lowland would be in the western and southern halves, where the water

level would be several tens of feet below the land surface.




Movement of water in the main agquifer

The direction of water movement and the rate that the water or
the pressure effects move are important factors to consider in selecting
recharge sites for the main aquifer. The pressure effects move much
faster than the water. Favorable recharge sites are those where the
recharge would increase the artesian pressure in the Roswell-Artesia
sector oﬁlthe basin within a reasonable length of time and the recharged
Cou

waterAeen move to the artesian aquifer without gaining an undesirable

concentration of dissolved solids.

135




GG wwd s

If the main aquifer is recharged at a site overlying the
nonartesian part of the aquifer, the rise in the water table as
the result of recharge will cause some rise in the artesian
pressure in the Roswell-Artesia séctor long before the water reaches
the artesian part of the aquifer. The difference between the travel
time of the pressure effect and that of the water may be days, months,
or yeax-'-s;depending in part on the distance of the recharge site from
the artesian part of the aquifer in the Roswell-Artesia sector. In
general, the closer the recharge site is to the artesian part the
less time it will take for the recharge to benefit the artesian part

of the aquifer.
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The errows in figure 8 represent the general direction of ground-
water movement., The water that enters the main aquifer in the northern
guarter of the northern limestone area and the northern half of the
evaporite-alluvial area probably moves east of the Pecos River and
then southward, rather than directly to the Roswell-Artesia sector.
Water entering the main aquifer in the southern quarter of the eastern
limestone area and in the southern half of the southern evaporite area
may be intercepted by wells in the Dayton-Lakewood area, but some
probably moves out of the Roswell basin underground and discharges
from Major Johnson Springs. Most of the water that enters the main
aquifer at other points eventually reaches some part of the Roswell-
Artesia sector. Artificial recharge to the main aquifer at sites within
the alluvial lowland would be effective immediately in the Roswell=-

Artesia sector.
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The selection of the next mostfavorable area with respect—to
distance—vwould-depend on which partieular pari-of the Reswell-Ariesis

seetor -was—teo-be -benefited firss. In the Roswell-Dexter areq,uhere

the encroachment of saline water has been most pronounced, benefits
from recharge would arrive faster from recharge sites in the northern
evaporite area, the northern half of the eastern limestone area, and
the extreme southern part of the eastern evaporite-alluvial area. The
benefits from artificial recharge would arrive quicker in the area
between Dexter and Lakewood from recharge sites in the southern
evaporite area and the eastern limestone area; however, wvater
recharged to the upper aquifers of the Grayburg and Queen Formations
would move eastward from the Roswell basin. Most of the western
northern ll‘mv.rfen e
limestone aree, the westerncarbonate area, the eastern evaporite-
alluvial area, and the western half of the eastern limestone area
probably are too remote to be considered for some—ef-the initial
sites for artificial recharge. Sites in those areas would not be

excluded because of distance in a complete and long-term program

of artificial recharge for the basin.




The velocity at which water moves through an aquifer is directly
proportional to the permeability and hydraulic gradient and inversely
proportional to the porosity of the aquifer. Because of the relatively

high permeability of the main aquifer in the vicinity of some of the

major drainages, artificial recharge in parts of those areas might

reach the pumped area as quickly as recharge in areas closer where
the permeability is less. Distance, permeability, hydraulic gradient,
and porosity of the aguifer should be considered together in evaluating

sites for artificial recharge.




Alluvial aquifer

The alluvial aquifer is within the alluvial-lowland area shown
on figure 8. The alluvium is not saturated in the western part of
the alluvial=lowland area. The alluvial aquifer consists of irregular
beds of gravel, sand, silt, and clay. The various beds of gravel
and sand are in part poorly connected, but these permeable beds

probably are sufficiently interconnected to form a common aquifer.
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Occurrence of water in the alluvial aguifer

Water in the alluvial aquifer generally is not confined, although
it may be confined locally by beds of silt and clay.

The average thickness of the alluvium in the alluvial lowland
is about 150 feet, but the average thickmess of the zone of saturation
is considerably less. The depth to the water teble ranges from a
fraction of a foot near the Pecos River and the lower reaches of
major tributaries to more than 100 feet in the western part of the
aquifer and in some areas of heavy withdrawal south of Hagerman. The
water table in the alluvial aquifer is being lowered further each

year in the areas of heavy withdrawal.




Hydreulic properties of the alluvial aquifer

Hantush (1955, p. 27) used several irrigation wells that tap
the alluvial aquifer for aquifer tests and computed an average
coefficient of transmissibility of about 100,000 gpd per foot for
the part of the aquifer near those wells. The coefficients
obtained from the tests by Hantush ranged from 36,000 to 139,000 gpd
per foot. A few tests made during the study périod of this report
indicated a wider range in coefficients of transmissibility in the
alluvial aquifer. The transmissibility of the aquifer varies
within relatively short distances probably because of the erratic
occurrence of gravel, sand, and silt. Transmissibilities probably
are larger near major streams crossing the alluvial lowland than

in the interstream areas.




The apparent wide range in transmissibility of the aquifer is
reflected in the wide range in well yields in relatively small
areas. Irrigation wells in use yield from less than 50C gpm to as
much as 1,500 gpm; the average yield is between 80C and 1,000 gpm.
Specific capacities between 10 and 80 gpm per foot of drawdown,
and averaging between "0 and 50 gpm per foot of drawdown, were
obtained during a random sempling of wells in the alluvium. These
yields probably are reasonable indicators of the range in rates
at which water can be recharged through wells to the alluvial
aquifer. Sites for large-capacity recharge wells probably would
not be too difficult to find in splte of the apperent large
differences in the aquifer's hydraulic properties from place to

place.




Recharge to the alluvial aguifer

The recharge area of the alluvial aquifer in the Roswell-
Artesia sector is the alluvial lowland. Natural recharge to the
alluvial aquifer consists of (1) artesian water leaking upward
through the Artesia Formation from the main aquifer; (2) infiltration
of irrigation water applied to cultivated fields; (3) infiltration
of surface water from stream channels and flood plains; (4) infiltra-
tion of precipitation on the land surface; and (5) ground-water flow
entering the area in the alluvium of stream channels. Only inducing
more infiltration of precipitation and surface water could increase
the ground-water supply.

Infiltration of water to the alluvium is governed in large part
by (1) water-infiltration characteristics of the alluvium, (2) topo-
graphy of the alluvial surface, (3) thickness of the alluvium, and

(4) location in relation to the Pecos River and its tributaries.
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Factors affecting water infiltration of the alluvium

In the arid climate of the Roswell basin, geologic processes
retard and, in places, prevent the passage of water from the land
surface to the water table in alluvial deposits. Particularly,
the formation of caliche tends to reduce the amount of recharge.

In general, caliche forms when water removes calcium carbonate
from the soil in the "A" horizon (the zone of leaching in the soil)
and deposits it in the "B" horizon (the zone of deposition in the
soil); therefore, the accumulation of caliche in the "B" horizon
depends on a source of calcium carbonate in the "A" horizon and
sufficient movement of water through the "A" to the "B" horizon
without much water passing below the "B" horizon. Soils in the
Roswell basin are rich in calcium-bearing materials. When the
quantity of water is sufficient to pass through the "B" horizon,
some of the calcium carbonate is leached from that horizon and

carried to greater depth.
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The thickest caliche deposits are in undrained areas, recent
flood plains, near the apex of alluvial fans, on floors of intermittent
streams, and in some irrigated areas--these are areas where water in
addition to direct precipitation is available to further the weathering
processes.

Caliche in interstream areas in the alluvium of the Blackdom,

s the Ccause oF

Orchard Park, and Lakewocod termace%‘hae—peau&%ed-éa differences in

permeability and infiltration capacity of soils of those terraces.

Soils underlying the Blackdom and Lakewood terraces are, in general,

more permeable than those underlying the Orchard Park terrace.




A sample of the silty clay and caliche cap (fig. 11) that

Figure 1l.--Particle-size distribution in soil samples irom
the "B" horizon of Blackdom and Orchard Park terraces.

forms the "B" horizoun of the soil of the Blackdom terrace contained
47 percent clay and 30 percent silt. The permeability of such materials
is relatively low and has been decreased further by cementation with
calcium carbonate. Solution channels ranging in diameter from a
fraction of & foot to several feet have formed in this cap on the flanks
of hills, and surface water enters these openings readily.

Soils underlying the lLakewood terrace have, at places, a well-
developed "B" horizon consisting of clay and silt; at other places
the soils have a poorly developed "B" horizon. The permeability of
the so0ils of the lakewood terrace probably has a greater range than that
of the other two terraces.

Much of the Orchard Park terrace is underlain by a relatively
thick "B" horizon consisting of clay and caliche. The permeability of

this material is low and is further decreased by cementation.
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Most of the irrigated land of the Roswell-Artesia sector is
on the Orchard Park terrace, and the low permeabllity of the soll
prevents a high rete of recharge to the alluvial aguifer as seepage
loss from irrigation water. Hantush (1955, p. 57) estimated that
ahout 20 percent of the irrigation water applied to the land
recharges the alluvial aguifer. This estimate may be too large.

:i of m coe ent\:é
b
e

i ty_:l t,/he coefficient of permeablility of the "B" horizon
of Reeves—leam|vas estimated to be about 0.0l gpd per square foot.
Computations based on this coefficient indicate that the recharge
from irrigation water probably is 10 percent or less of the water
applied.

The development of caliche in the "B" horizon reduces the
infiltration capacity of scils in interstream areas, and cementation
of gravel, sand, and silt in streambeds in the alluvium by calcium
carbonate reduces the infiltration capacity of those streams.
Surface water in contact ﬁth large volumes of calcareous rocks
takes quantities of calcium carbonate and calcium bicarbonate into
aoluftion‘. Calcium carbonate precipitating from solution where
weter accumilates and evaporates along intermittent streams cenments
the streambed materials and forms hard, relatively impermeable
conglomerate. Conglomerate formed in this manner is common in the
streambeds of the Roswell basin.
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e d o Prath—f
. The cementadiern of gravel, sand, and silt also‘oeeurs in the

alluvium, at depths below the "B" horizon beneath streamways. The
downward percolation of water is obstructed at places by confining
beds of silt and clay. If the downward movement of water is stopped
at a shallow depth, the water may accumulate and evaporate. The
deposition of calcium carbonate further lowers the permeability of é
the bed. The accretions of calcium carbonate may fill the beds of
gravel and sand to the extent that the material becomes a hard cemented
conglomerate. Later, water may form solution channels in the
conglomerate similar to those in limestone. These processes of
cementation and solution probably produce the greatest differences

of permeability between the areas underlying streams of large flow

and the areas underlying streams of small intermittent flow. The
permeability is greatly feduced in the areas underlying the smaller

streams.
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The amount of recharge from streams has not been determined, but

quantitatively, however, it may not be as la.rge@E generally believed.)
long reaches of the main tributary streams crossing the alluvium are
silty in places and apparently of low permeability. Rio Felix, cne\
of the largest and deepest of the streams crossing the alluvial
rechm'gemm,iaunderlamgpMesbynll-mmedsmdam
gravel that is relatively permeable. gotherplmestheemdand
gravel is relsﬁive]:y inpermeable owing to a matrix of silt and clay.
M/WWMthmtmneabontm
water table in poorly permeable parts of the Rio Felix channel. The
largest of the peremnial ponds,in the MW} sec. 29, T. 14 8., R. 23 E.,
is from 400 to 500 feet long, 40 feet wide, and in places is from
5 to 10 feet deep. The other perennial pond is 2 miles upstream, in
thesn}sec.as,r.1hs.,m22m,mu§£mM1wg
and 7 to 8 feet deep. AloMrmmrmon;Atmttmmur
pond normally holds water all year; however, during the drought
yeaws in the early 1950's it was dry. An intermittent pond,in the
NEd sec. 22, T. 14 S., R. 23 E., holds water during and after floods.
In October 1958, this pond was 800 feet long, 5 to 6 feet deep, and
sbout 50 feet a%i$ss. Other temporary ponds,lasting from 1 to 2
months, form along the channels of the Rio Felix, Rio Penasco,
Seven Rivers, and Rio Hondo after large floods. The chammels of
the smaller streams also have many impermeable reaches on which

accumulates rn
water/\pond.s after floods. Infiltration of water from the smaller
sSeewms
tributaries appesars to be much less per unit wetted area than that

from the larger streams.
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The apparent poor infiltration characteristics of interstream
areas andnin-long reaches of the streams crossing the alluvial lowland
indicate that artificial recharge by ponding water on the land surface
in those areas would not be efficient. Much of the water would be
+ostLy evaporat;g;. Periodically scarifying these surfaces in areas
where a surface-water supply is available for recharge might increase
the water-infiltration potential of those areas. Additional study

would be necessary to evaluate the feasibility of such an operation.
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Topographic features that affect rechaige of the

alluvial aquifer

TJPogr"-PA"‘—
&trﬁunk features have a bearing on the recharge characteristics

of the alluvial lowland. Most of the lowland is on the Blackdom and
Orchard Park terraces; a minor part 1s on the Lakewood terrace.
Topographic features superimposed on the terraces are broad shallow
swales and depressions, some sinkholes, broad flood plains along
drainages tributary to the Pecos River, and stream channels that are
entrenched a few feet below the flood plains. Swales and depressions
bat A+ they are
are very ahallow,/"ai% many placen‘Bnore than 1,000 feet wide, doud
—
and extend/downslope several miles.
lbstorthesinkholeemdrymhofthetiu,althmghm
contain small peremmial lakes. Lake Van and several of the Bitter
Leke sinkholes (fig. 8) contain water all year; Prichard Lake
sinkholes contain wvater diverted from the lower end of the Hagerman
Canal; and Juan Lake, Felix, and Clarks Lake sinkholes contain water

only after heavy rains in their vicinity.
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Most of the sinkholes in the alluvial lowland are less than 200
feet in diameter and are shallow; however, a few are large. The
relatively long time that water remains in the sinkholes after rains
indicates that much of the water in sinkholes in the alluvial area
is evaporated. Studies made of infiltration and evaporation of water
from Juan Lake sinkhole in the alluvial area are described in the
section on water-loss studies in selected sinkholes.

Many of the streams in the alluvial area have flood plains
1,000 to 3,000 feet wide, and overflow onto the flood plains is
common. The inability of the stream channels to contain flood flows
is more pronounced on the east side of the alluvial lowland than
on the west. The permeability of the flood plains is 1ow,and nuch
water 1s lost from them by evapd;;;;;;:;;E-Eranspiration. Drainages
such as Thirteenmile Draw, Greenfield Draw, and Eagle Creek do not
have well-defined channels in their lower reaches near the Pecos
River. Floods in such drainages spread over large sreas and damage

eroplands.
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Western limit of the recharge area of the alluvial aquifer

The alluvium is thin in much of the western part of the alluvial
lowland, and the saturated alluvium does not extend to the western
margin of the lowland. Most of the water that infiltrates the alluvium
in that area passes through the alluvium to the underlying Artesia
Formation and the San Andres Limestone, and only a small part of the

water moves eastward in the alluvium.
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Bottom lands of the Pecos River and lower reaches of its tributaries

Most of the water that enters the alluvial aquifer in the bottom
lands of the Pecos River and its tributaries in the Roswell-Artesia
sector is discharged in a relatively short time, either through seeps
and springs to those drainages or as evapotranspiration. The water
table of the alluvial aquifer intersects the channels of the Pecos
River and the lower reaches of its major tributaries. Dense growth of
saltcedar and other water-loving vegetation consume large quantities of
water annually, much of which is obtained directly from the capillary
fringe above the water table. Additional recharge to the alluvial
aquifer that would increase the natural discharge of ground water would
not add to the usable water supply im the aquifer; and, therefore, the
bottom lands would be poor areas for artificial recharge of the alluvial

aquifer.
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Possibilities for artificial recharge of the alluvial aquifer

The widespreed caliche at shallow depth in the interstream
areas, materials in streambeds, and the low permeability of sinkhole
floors would retard recharge to the alluvial aquifer except through
artificial openings. The location of recharge wells would not be
limited to any one part of the alluvial lowland but could be anywhere
that an irrigation well can be developed in the alluvial aguifer.

Water injected through wells to recharge the alluvial aquifer
should be free of suspended sediment and algae-forming becteria that
eventually would clog the well screen and aquifer near the well if
not removed from the water. If recharge wells were constructed in
sinkholes, the sinkholes could serve as natural settling basins for
the sediment; however, settling and filtering basins could be

constructed where needed.
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Water-loss studies in selected sinkholes

Studies of infiltration, evaporation, and chemical quality of
wvater were made ﬂ; four sinkholes-~-Juan Lake, Hope, Marley, and
North Marley (fig. 8). These sinkholes were chosen for study
because of thelr area, depth, and accessibility.

Topographic maps WeFe prepavedlof these sinkholeg. Staff gages
installed in the sinkholes were read periodically to measure the
change in water level. Samples of the alluvial sediments underlying
the floor of the sinkholes were collected by augering and were
analyzed for particle size and permeability. Samples of the water
ponded in the sinkholes were collected periodicg]l_};,; ;??g ey to
determine kinds end concentrations of E_nmicaﬁj[m the vater.

The topographic meps of the sinkholes (fig. 12) do not include

Figure 12.--Topographic map of Juan Lake, North Juan Lake,
Merley, North Marley, and Hope sinkholes, Roswell basin,
Hew Mexico.

=

the entire sinkhole. Only that pert of a sinkhole was mapped that
seemed éur%v\a

sppeared likely to be inundated by water 4m the study period. The

contours for the topographic map of Marley sinkhole are referenced

to mean sea-level because a benchsmark of known altitude was near the

sinkhole. Contours shown on maps of the other sinkholes are

referenced to assumed datums.
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The volume of water that would be in a sinkhole at various
altitudes of the water surface was computed from the contour maps.
A graph was prepared showing the volume of water the sinkhole would
contain at various contour altitudes. The volume of water in the
sinkhole was determined by periodic readings of the water-surface

a.ltitud :

pertod—ef—atudﬂ A second graph was prepared showing the volume of

the water in the sinkhole in respect to tim@wg

The loss of water from the sinkhole was considered to be entirely

by infiltration and evaporation. Infiltration was not measured
directly but was computed as the difference between total water

loss and water loss by evaporation. The evaporation rate from

Juan Lake and Marley and North Marley sinkholes was computed as

0.7 of the evaporation rate that was measured in an evaporation pan
near Bitter Lake, northeast of Roswell. The evaporation rate from
Hope sinkhole was computed as 0.7 of the rate from a pan near Lake
Avalon, south of Artesia. The rate of evaporation from water standing
in sinkholes may be more than 0.7 of the pan evaporation. Additional

studies are needed to determine a more neerly exact evaporation

rate.
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Juan Lake sinkhole

4F
Juan Lake sinkhole is im secs. 30 and 31, T. 12B., R. 23 E.,

in the western part of the alluvial lowland area (fig. 8). Most of
the water enters the sinkhole from Thirteenmile Draw, which has
about 20 square miles of drainage area upstream from the sinkhole.
Water flows in Thirteemmile Draw only after moderate to heavy precipita-
tion on its drainage area. Apparently, all the water from small
flows drains into Juan Lake sinkhole, but some of the water from large
flows bypasses the sinkhole.

Test holes were augered 10 to 13 feet into the floor of Juan
Lake sinkhole to obtain samples of the fill. None of the holes
penetrated the full thickness of the fill. Anelyses of these samples
indicated that the fill is a uniform dark-brown to black clay and
silty clay. (See table 3, test hole 12.) The clay has high plasticity,
compactness, and~cohesiveness, and e-kdsk dry-breaking strength.
Laboratory tests using variable head permeameters indicated that the
coefficient of permeability of the alluvial fill is abeut 0.0l gpd
per squere foot. This low permeability is the result of the high
percent‘,’::f clay (58 percent) and fine silt (29 percent) in the fill.

(8ee fig. 13.)

Figure 13.--Particle-size distribution in soll samples of

alluvium in Marley, North Marley, and Juan Lake sinkholes.

156




Juan Lake sinkhole filled with water to the 52-foot contour
(fig. 12) would have 995 acfe-feet of water, a water surface area
of 2% acres, and a maximum depth of 9 feet. When the water level
in theIsinkhole rises above the 52-foot contour, water spills
northward into North Juan Leke sinkhole. North Juan Lake filled to
the 46-foot contour would have 130 acre-feet of water, a water surface
area of 17 acres, and a maximum depth of 1l feet.

Although water entered Juan Lake sinkhole in September 1958,
observations of the water level in the sinkhole were not started
until October 9. The water level on that date was L46.31 feet.

Figure 14 shows the change in volume of water in the sinkhole from

Figure 14.--Depletion of water in Juan Lake sinkhole by
evaporation and infiltration in the period October 1, 1958

to March 7, 1959.

October 1, 1958, to March T, 1959; the graph was extrapolated to
include the period October 1-9. Approximately 33 acre-feet of water
or about 30 percent of the amount in storage on October 1 was evaporated,

and O7 acre-féet or TO percent infiltrated the bottom of the sinkhole.

157




Infiltration data obtained for the area of the sinkhole
inundated during the study period probably should not be extrapolated
to the area of the sinkhole above the high water level of the study

seemead

period. The surface material eppesa«s t0O be more permeable at the
higher levels in the sinkhole; therefore, water loss by infiltration
probably would be larger per unit égég;g?area along the flank than
in the lower areas of the sinkhole. Also, the infiltration rate per
uni%wg;:i increases as the depth of water, or pressure head, increases.
If the infiltration rate is comparable throughout the sinkhole, a
recharge well could put several tens of acre-feet of water underground

each year that under natural recharge conditions would be lost by

evaporation.
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Marley sinkhole

Marley sinkhole, the largest of the four sinkholes studied
in detail, is a compound sinkhole in T. 10 8., R. 22 E. The shape
of the sinkhole as shown by & topographic map (fig. 12), disaiee
that it was formed by the coalescing of three sinkholes. The
sinkhole, if filled to the 4,016-foot contour would contain ebout
2,000 acre-feet of water, would have a fsee water surface of sbout
530 acres, and would have a maximum depth of ebewt O feet.
Test holes were augered in the sinkhole area to sample the
subsurface materials. After studying the surface of the sinkhole
and analyses of the subsurface materials, it was concluded that in
the southern two-thirds of the sinkhole the permeability of the
floor is low within the area that would be encircled by::f,m-
foot contour. The permeability of the floor o.bove the 4,011~foot
contour is sanewmt,\;:iigr\:
% orcq(m‘man‘(‘/:’
~Soil in the area of low permeability predeminately is,a silty
clay that has high plasticity and high dry-breeking strength.
Laboratory tests showed that the coefficlent of permeability of
the silty clay is sbout- 0.007 gpd per square foot. A particle-
size analysis for this silty clay is shown in figure 13.
The area of higher permeability 1s underlain in part by sand
and silt having relatively high pmbmty\ and in part by silty
clay having low permeability. The coefficient of permeability of
a soll sample was aboud 0.2 gpd per square foot.
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In places the silty clay is at least 43 feet thick. (See
table 3, test hole 2.) This large thickness of the material suggests’
that the deposits of silty clay settled from flood waters that ponded
in the sinkhole.

Marley sinkhole is on rocks of the evaporite facies of the
San Andres Limestone. A prominent escarpment east of the sinkhole
has a dolomite cap overlying gypsum. The gypsum contains numerous
solution openings into which water flows when Marley sinkhole is
filled to capacity.

Marley sinkhole receives large quantities of water when
Blackwater Draw overflows during high floods. Water entering the
sinkhole from Blackwater Draw flows into the southern part of the
sinkhole. When the water surface in that part of the sinkhole rises
above the 4,0L4-foot level, water spills into the northern part of

the sinkhole.
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Measurements of infiltration and evaporation in the sinkhole
could not be made during the study because so little water entered.
A local rancher reported that the sinkhole fills about twice in a
10-year period,and, as of March 1959, the sinkhole had not filled
since 1954. When water is in the sinkhole, the water level reportedly
recedes to about the level of the 4,010-foot contour within a few
weeks, and water remains for several months in parts of the sinkhole
below the 4,010-foot contour. Studies should be made when the
sinkhole contains water to obtain more reliable infiltration

characteristics.
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North Marley sinkhole

North Marley sinkhole, in T. 10 S., R. 22 E., 1s underlain by
carbonate rocks of the San Andres Limestone. These carbonate rocks
are interbedded with evaporite rocks and indicate that the sinkhole
area is in the evaporite facies of the San Andres. Solution channels
in rocks of the evaporite facies of the San Andres exposed in adjacent
arecas indicate that the rocks underlying the sinkhole probably are
highly permeable.

Areas along the flanks of North Marley sink’;";aruculauy in

the northwestern and southeastern part, are underlain by sandy silt
that wes transported and deposited by the m;;ta;(e;tm;‘ug the
sinkhole. Leboratory analyses indicate that the coefficient of
permeability of the sandy silt is sSowt 0.4 gpd per square foot.
This coefficient is relatively high for alluvium in the Roswell
basin end is due to the large percent of coarse silt and sand, as
shown in the analysis of & sample from test hole 10 (fig. 13). The
central part of the sink is underlain by a clayey silt, having a
coefficient of permeability of mbewt 0.1 gpd per square foot. The
logg of a test hole augered in North Marley sinkhole is given in
table 3.

Rorth Maerley sinkhole, 1f filled with water to the 130-foot

contour (fig. 12), would have -abeut 3,700 acre-feet of water, a

water surface aree of abous 228 acres, and a maximum depth of

abort 31 feet.




North Marley sinkhole, whose drainage area is about 5 square miles,
seldam contains much water. Observation of the water level in this
sinkhole was started on October 3, 1958. On that date the sinkhole
contained 120 acre-feet of water and had a wvater-surface area of 50
acres. Water remained in the sinkhole 84 days. During that period,

30 acre-feet of water was evaporated and 90 acre-feet infiltrated to

the subsurface. The natural rate of infiltration for that part of the
sinkhole inundated during the study period is lower than anticipated.
The sinkhole if filled with water to a higher level probably would

have a much higher rate of infiltration per unit area, partly because
the rock forming the sinkhole walls are more permeable than the alluvium
in the low arce of the sinkhole.

The large depth and relatively small surface area exposed to
evaporation in relation to the volume of water contained would make

North Marley sinkhole an excellent site for artificial recharge.
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Hope sinkhole

Hope sinkhole in sec. 33, T. 16 8., R. 19 E., is in carbonate
rock of the San Andres Limestone. The walls of the sinkhole consist
of carbonate rock; the floor is alluvium consisting of compact silty
clay. The silty clay has high plasticity and a high dry-breaking
strength. Samples of the silty clay taken from test holes in the
sinkhole are similar to samples of clay from Marley sinkhole that
have a coefficient of permeability of 0.007 gpd per square foot.

The area of Hope sinkhole within the 106-foot contour is abeout
85 acres; the area of alluvium (abowt 70 acres) corresponds to the
area within the 104-foot contour. The total volume of water required
to inundate the area of alluvium is sbout 163 acre-feet. Water in
excess of that amount would be in contact with carbonate rock that
contains joints and solution channels.

Water entered Hope sinkhole from widespread rains on
September 7, 1958 and filled the sinkhole to the 103.5-foot level,
or equivalent to sbout 130 acre-feet of water. Water remained in
Hope sinkhole for 179 days. Evaporation losses from & pan near
Lake Avalon, which is @beut 50 miles southeast of Hope sinkhole
and 1,500 feet lower in elevation, was 27.6 inches or 2.3 feet
during the 179-day period. Assuming that the evaporation loss at
Hope sinkhole is TO percent of that amount, the total evaporation
loss from Hope sinkhole would be &bews- 1.6 feet. Therefore, sbeut.
80 acre-feet of water evaporated from Hope sinkhole and ebout. 50

acre-feet infiltrated the floor.
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Hope sinkhole contained water part of each year during the 3
years of the present :lnvestigation,and local ranchers report that
the sinkhole contains water every year. Hope sinkhole fills more
often than the other three selected sinkholes.
During the senior author's visits to Hope sinkhole, the water
level was never higher than the 1O4-foot comtour (top of the
alluvium). The water level probably was higher immediately after
heavy rains, but lowered quickly to the level of the upper limit of
the alluvium because of the rapid infiltration of water into the
Joints and solution channels of the carbonate rock in the sinkhole
wells sbove the alluvium.
A recharge well would put water underground faster than /# imfiltrates
-eecurs under natural conditions through the alluvium. The 130
acre-feet of water that was in the sinkhole at the start of the
1958-59 study period probably could have been put underground by a
cowld have been neduced
recharge wvell within 1 mnth\and redused the evaporation 4}:eots to no
more than 15 acre-feet. A recharge well in Hope sinkhole probably
would increase the recharge to the limestone aguifer by at least

100 acre-feet of water in a year of normal precipitation.
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Probable sources of water for artificial recharge

Lovw flows and most of the flood flows in the Pecos River and
have been

its tributaries are appropriated waters. Under the essisiing laws
and compacta,these waters probably are not available for artificial
recharge of the ground-water reservoir in the Roswell basin. For
the purposes of this report the appropriated waters are not
considered as a source of water for artificial recharge; however,
if some of these waters were a.vailable)the size and scope of the
plans for artificial recharge in the basin could be increased
enormously.

Some of the flood water in tributaries normally is not a
part of any appropriator's supply and might be considered as
unappropriated water. Those waters not appropriated are waters

; evapetrens P iration

that overflow the banks of tributaries and are lost by“mpon:unn
and—-transpiretion before reaching a point of beneficial use. The
amount of water lost in this way is unknown because flows in the
tributaries are not measured in sufficient detall. The author
estimates that Ethia loss mightﬁalg;%—to several thousand acre-
feet in some years, and in other years the loss might be negligible.
Additional information on tributary flows would be regquired to @
determine the volume of flow certain tributaries could transport

without wasting onto flood plains.




If i%-weredetermined that certain tributaries could contain
a specified rate of flow within their banks ani;i;nt—aaa—rate~e£
flow in excess of that would spill and be lost, then facilities
could be built on those tributaries to 1mpoundA:;;fos divert the
surplus water for artificial recharge. In this manner, the
appropriators' rights would not be impaired, and water waste would
be reduced.
Drainages such as Thirteenmile Draw, Zubi Drav, Greenfield Draw,
Fourmile Draw, and Eagle Creek do not have well-defined channels
near the Pecos River. Floods in these drainages spread over cropland
and do much damage. Much of this flood water is lost by
evapotranspiration. This loss of water,like the loss by
evapotranspiration on flood plains,might be considered as unappropriated
vater‘ and probably could be used for artificial recharge if salvaged.
The water that accumulatee naturally in sinkholes may or may
not be available for artificiel recharge. The water that collects
in some sinkholes forms natural stockwatering ponds, and depleting
the water of those ponds at a faster rate than by natural means
might require the construction of a facility tb;i would make water

available to stock in lieu of the pond water.
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Another probable source of water for artificial recharge is
that which might be salvaged after eradicating water-loving
vegetation, particularly saltcedar, from the bottom land along
the Pecos River and its tributaries in the Roswell-Artesia sector.
Mower and others (in press) estimated that saltcedars consumed about
52,000 acre-feet of water in 1958 in the area extending from where
U. S. Highway 7O crosses the Pecos River north of Roswell to where
State Highway 83 crosses the river east of Artesia. The water was
derived principally from precipitation and from the alluvial aquifer.
If the saltcedar vere eradicated, not all wof the 52,000 acre-feet
could be recovered and used for artificial recharge. Some measure
would have to be taken to prevent saltcedar's regrowth, and most
plans to do that would require some water. One plan would be to
plant the denuded area to grasses whose water requirements would

less than
beAaboxe—eaa-£§£%h that of saltcedar. The amount of water used
annually by saltcedar minus that amount used annually by a grass

cover might be put to beneficial use if it could be recovered.
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Redueing water consumption in the bottom land probably would
necessitate pumping some water fiom the alluvial aguifer by wells
in the bottom lend to prevent ground-water levels from rising too
high. Water pumped during the summer probably would be used for
crop irrigation, but water pumped in the winter might be used to
artifically recharge either the main aqui?er or the alluvial aquifer
where the water table is several feet below the land surface. The
amount of water that might be available from this operation is unknown.
The ownership and probable disposal of water salvagable by control of

saltcedar has not been determined.
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Quality of water with respect to artificial recharge

e of
The concentration of sediments and dissolved-solids content im surface

water used for artificial recharge should be within limits that are dictated
by the particular recharge operation, otherwise the efficiency of the
recharge works wouldhzzgzggimaédeully, water used for artificial recharge
should be free of suspended sediment and low in dissolved-solids content.
Most of the surface water that might be available for artificial recharge

in the Roswell basin would be low in dissolved=-solids content and,
therefore, would be acceptable chemically for recharge. The concentration
of sediment in these waters is light to moderate in comparison witih that

in other New Mexico streaus.
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Suspended sediment

aoyrb;.m'/ "
Large gquantities of watersqef lovw to moderate concentrations of

suspended sediment probably could be drained underground through solution
holes and channels and recharge wells in highly permeable limestone;
however, the recharge efficlency of those facilities voula deteriorate
slover 1f the sediment load in the water was reduced. Temporary storage
of the water in settling basins (sinkholes and reservoirs behind
impoundment dams) would result in the settling-sud of most of the
sediment except the collodial materials.

Surface water injected:bo the alluvial aquifer through recharge
wells probably would require filtering in addition to a settling period
to remove much of the very fine materiael that would fill the interstices
of that aquifer in the vicinity of the well. Periodic pumping of alluvial
recharge wells would help remove the sediment that enters the aquifer

through the wells.
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Digsolved=-solids content

The dissolved~solids content of much of the potential recharge
water is low and would not be a recharge problem. Water artificially
recharged in some areas would reach the Roswell«Artesia sector with a
dissolved-solids content too high for most uses because of the large
amount of minerals taken into solution enroute. Artificlal recharge
in such areas would not be desirable. Natural recharge should be
retarded by arcificial means where the water recharged gains too high
a mineral concentration enroute to the Roswell-Artesia sector. If
water artificially recharged to the main aquifer in the northern part
of the northern limestone area (fig. 8) and in the eestern evaporite=-
alluvinl area moved to the Roswell-Artesia sector it probably would
increase the amount of highly mineralized water in that part of the
main aguifer. Additional study of water quality is needed for the
northern limestone and eastern evaporite~alluvial areas to determine
vhat areas would be less likely to contribute highly mineralized water
to the Roswell areca. Water entering the main aquifer is most of the
other recharge areas would not adversely affect che chemical quality

of the water in the Roswell-Artesia sector.
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The water that accumulated in the four sinkholes selected for
wvater-loss studies was analyzed for its chemical constituents at
various times. The results of these analyses showv some anomalies.

The sulfate content of water in Juan Lake and Hope sinkholes

decreased soon after the water entered the sinkholes and then increased

during the interval in which no additional water entered. The initial

decrease of sulfate content may have been the result of ion-exchange

from the water to clayk on the floor of the sinkholes or may have

been the result of the absorption of the sulfate constituents by plants
and toncantrations of

and algae in the sinkhole. Specific conductanceA sodium, calcium,

and potassium decreased with time in the water in North Marley sinkhole.

Normally the dissolved-sclids content of the water in the sinkhole

should increase with time as the result of evaporation of the water.

Jon-exchange between the dissolv_ed solids in water, or their absorption

by plants and algae in the s:lnkhole,may explain the anomaly. North

Marley sinkhole contains more vegetation than either Hope or Juan

Lake sinkholes.

Id
£ 5}1 oW
\Mater $e—be recharged] in the Roswell besin)wewid be stored above

ground only for short periods of time. The principal objective would
be to put the water underground quickly to reduce by evaporation
4.00_&20; consequently,the water probaebly would enter the aquifer with

about the same low dissolved-solids content as it had when it entered

the surface-storage basin.
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Certain bacteria will produce slime and algae that quickly
clog screens of recharge wells and interstices of the aquifer near
the well. These bacteria can be controlled by chemical treatment
of the water. Additional study would be needed to determine the
extent of this problem, particularly in surface basins in which
recharge wells would be used. Public health agencies would have
to be assured beyond doubt that bacterial contamination of the
ground water would not result if surface waters were placed

underground through wells.
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Conclusions

Artifical recharge is one of several methods that might assist
in either counterbalencing or reversing the trend of declining water
levels in the main and alluvial aquifers and in combatting the
deterioration of the chemical quality of ground water in the Roswell=-
Artesia sector of the Roswell basin. The scope of an artificial-
recharge program in the basin would be governed by the amount of
wator that could be made avallable for use in recharge of the ground=-
wotler system and where the water would be available.

Waters that probably could be mede aveilable for artificial recharge
in the Roswell basin are: (1) floodwaters in Pecos River tributaries
that =re lost by evaportranspiration on flood plains; (2) floodwaters
in tributaries that debouch onto lands at the terminus of the well-
defined channels and is lost Ly evapotranspiration; (3) water that
could be saved by controlling saltcedar growth in the basin; and
(4) water that evaporates from ponds in sinkhole areas. For the
purposes of this report, these waters are assumed, to be unappropriated.
The right to these apparently unappropriated weters would have to be
established before proceeding with their use in artificial recharge.
The scope of an artificiale-recharge progrem could be increased if
some of the appropriated water in the basin--lov {lows and much of
the flood flows in the Pecos River and its tributaries--could be used

for recharge.
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Most of the waters that uight be made available for artificial
recharge would be obtained by salvege methods; consequently, it would
be desirable to have the points of recharge at or adjacent to the
points of salvage. Flood::a"'.;cr that would be lost on flood plains
and below the terminus of well-defined channels would be salvaged
upstream from the area of potential loss. One method of salvaging
the water would be to restrict the streamflow to & rate at which the
water would be contained within the stream banks and would infiltrate
as recharge before reaching the terminus of well-defined channels.
Control facilities to assist in the salvage of water from floodflows
would be required on Cienege del Macho in the eastern evaporite-
alluvial area; Salt Creek and Blackwater Draw in the northern evaporite
area; Rio Hondo in the eastern limestone area; Thirteemmile, Zubi,
and Greenfield Draws in the alluvial-lowland area; Rio Felix in the
eastern limestone and alluvial-lowland areas; and Eagle Creek,

Rio Penasco, Fourmile Draw, and North Seven Rivers in the eastern limestone
and southern evaporite areas. The amount of water that could be

salvaged from these for artificial recharge is unknown.
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Salvage of water by the control of saltcedar would be in the
bottom land along the Pecos River and lower reaches of some tributaries
within the alluvial lowland. The amount of water consumed in the
saltcedar areas less the amount consumed in the control of saltcedar
would be the maximum smount that a water-salvage operation could
undertake to:recover without infringing on established water rights.

Not all & the water recovered would be available for artificial recharge
because some would be neededAtef::et irrigation, acedss

The totel amount of water lost annually by evaporation from
open-water surfaces in sinkholes in the recharge area of the Roswell
basin was not determined during this investigation, however, it
probably is em-ithe—orderoé$ several tens of thousands of acre-feet.
Computations of evaporation and infiltration losses in three sinkholes
in the 6-month period)Septaber i958-?ebnm'y 1959,indicated that of
about 370 acre-feet of water in those sinkholes\ about 163 acre-feet
(4% percent) discharged by evaporation. Evaporation leesee—by froma
individual sinkholes ranged from 4 to 65 percent. Data were inadequate
from—whielh to compute the evaporation »ess from those sinkholes for a

of
complete yearﬁ-udea- normal precipitation eemdiéiens.
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Only a fraction of the water that might be recharged artificially
to the main aquifer in some areas would reach the main aquifer beneath
the Roswell-Artesia sector. Most of the water recharged to the main
aquifer in the northern quarter of the northern limestone area and in
the northern half of the eastern evaporite-alluvial area probably would
move east of the Pecos River instead of to the Roswell-Artesia sector.
Some, if not most, of the water put underground in much of the western
limestone area would discharge through seeps and springs within the
area. Some of the water recharged to the mein aguifer in the southern
quarter of the eastern limestone area would move through the Dayton=-
Lakewvood arees and discharge from the Roswell ground-water basin through
springs in the Pecos River. Water recharged to the upper aquifer in
the Grayburg and Queen Formations in the southern part of the area
would move southeastward from the Roswell basin. Water entering the
main aquifer at most other points in the seven recharge areas (fig. 8)
eventually would be effective recharge for the main aquifer beneath the

Roswell=Artesia sector.




Qqu e:‘h’on GF'H!!-

Thgﬁlangth of time required for water or its pressure effects to

move from a point of recharge to the Roswell-Artesie sector can be
Cons/stanT i+

enswvered only in terms“ef—re%asévfﬁy—bassé~on the knowledge available

vhen this report wes prepared. In general, the elapsed travel time in-

creases with distance from the Roswell~Artesia sector; however, travel

time from recharge points equidistent from the Roswell-Artesia sector

probably would be different because of permeability differences in

the aquifer. The rate of water or pressure movement in an aquifer generally

is more rapid along areas of greater permeability, thus the benefits

of water recharged to the fggg;ione aquifer along the major tributary

drainages, along major structural zones, and in the vicinity of

carbonate~evaporite facies boundaries in the Roswell basin probably

would move @4—a faster rabe toward the Roswell-Artesia sector than

from recharge sites elsewhere in the besin. Vater recharged to the

l£§3%¥3ae aquifer in the alluvial lowland, northern and southern evaporite

areas, and the southern qQuarter of the eastern evaporite-alluvial

area would provide effective recharge faster to the Roswell-Artesie

sector than wewdd other recharge areas.
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Solely on the basis of speed in getting the benefits of recharge
to the main aquifer in the Roswell-Artesia sector, the full recharge
potential of the alluvial-lowland, the northern and southern evaporite
areas, and the southern quarter of the eastern evaporite-alluvial
area should be developed first. That development probably would require
wvater-impoundment structures in upstream areas, particularly in the
eastern limestone area. Development of the full recharge potential of
the eastern limestone area and the southern half of the northern lime-
stone area would be next. Development of the full recharge potential
of the remainder of the recharge area would follow; however, the
elapsed time necessary for recharge benefits to move from the more
distant areas probably would put plans for artificial recharge in those
areas only in a long-range recharge program.

comlam *

In general, the eoneceniration—e#f dissolved solids,in the water
that might be available for recharge would be less than that in the
water in the main aquifer in the Roswell-Artesia sector. The highest
dissolved-solids content would be in the water salveged in a saltcedar-
control program.

Water recharged in some areas probably would increase the amount
of highly mineralized water reaching the Roswell-Artesia sector because
of the large mineral content gained enroute. Additional recharge in the
northern halves of the northern limestone and eastern evaporite-alluvial
areas probably would result in such recharge of highly mineralized water;
additional recharge in all other areas probably would not. Some consider-
ation should be given to retarding natural recharge in areas where the
recharging waters bring highly mineralized water to the Roswell-Artesia

sector.
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The concentration of suspended sediment in floodwaters used
for artificial recharge should be reduced before putting the water
underground. Temporary storage in settling basins probably would
reduce the sediment load to an acceptable concentration for recharge
through solution openings in highly permeable limestone. Water
injected through recharge wells, particularly to the alluvial aquifer,
would require filtering to obtain a sediment-free water and chemical
treatment to control alim’cad—ugu, ond bacter] o .

The alluvial agquifer can be artificially recharged directly
only in the alluvial lowland. Water recharged to the alluvial
aquifer in the vicinity of the Pecos River and its tributaries
probably would discharge in part to those drainages through seeps
and springs and, therefore, would be inefficient recharge of the
aquifer. Water put into the alluvium in that part of the alluvial
lowland beyond the western limit of the main grcund—va._::r body in

€ main

the alluvial aquifer would move, in part, downward to itmestone

aquifer,and. some would move laterally eastward to the alluvial

aquifer. Substantial quantities of water can be put into the
alluvial aquifer through recharge wells in the general vicinity of
irrigation wells that tap the alluvial aguifer.
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Batural topographic features in the Roswell basin that would
be useful in an artificial-~recharge program are sinkholes and closed
depressions and parts of stream channels where several tens or
hundreds of acre-feet of water could be impounded temporarily behind
small dems. Man-made facilities that could be constructed to improve
the recharge capacity of these natural features are recharge wellh
diversion channels between streams and sinkholes nenrb}) and chamnels
within the sinkholes to obtain a more rapid distribution of water to
solution openings and other permeable areas of the sinkholes.

Wells through which water could be injected into the alluvial
aquifer should be of sufficient depth to permit pumping water from
the aquifer to remove slime, sediment, and algae that might accumlate
in the well screen and aquifer as a result of the recharge operation.
The depth of wells recharging the Ann;:'be;;o- aquifer outside™se the
artesian area probebly can be less than the depth to the maln vater

table if most of the well bore is in highly pemmeable limestone.
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Suggested sites for artificial recharge

The sites described in this section are the most promising
ones observed during the sewled—ef=<the field study. The reconnaissance
neture—eof—-the—investigatian allowed time for a detailed inspection in

bu"' °n,_'j
areas of the Cuadalupe and Sacramento Mountains, Aaad a general inspec-

tion in the Vaughn-Macho plain; therefore, siteq“:l:;:d'-lao or better
sulted to artificial recharge than some of those suggested probably
could be found during a more intensive study.

The sites suggested are in two categories: sinkholes and
impoundment areas along drainages. The sites are identified by numbers

on figure l5~-the numbers are for convenience of identification and

Figure 15.--8elected sites for artificial recharge in a part

of the Roswell basin, New Mexico.

do not denote a priority preference.
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Sinkholes

Marley sinkhole~-site 1

The principal source of water for recharge in Marley sinkhole
would be flows in Blackwater Draw. Blackwater Draw and associated
tributaries upstream from Marley sinkhole have & drainage area of
about 270 square miles. Marley sinkhole receives water from
Blackwater Draw only during high floods--low flows bypass the
sinkhole in & low-flow channel. When the amount of water entering
the sinkhole exceeds the storage capacity of the sinkhole, water flows
over the south rim of the sinkhole and southward to rejoin Blackwater
Draw. Downstream from Marley sinkhole flows from Blackwater Draw
pass through parts of Eightmile Draw, gouth Berrendo Creek, and the
Rio Hondo before reaching the Pecos River. Large floods from
Blackwvater Draw cannot be contained within the chamnnels of Rightmile
Drawv and South Berrendo Creek,aud mich water is lost by
evapotranspiration on their flood plains. If the water lost by these
means were considered to be unappropriated water if salvaged, then
ntmlung some of the water and artificially recharging the
J.m:em aquifer in an upstream area to reduce the stage of the
floods to the amount that would pass through the downstream drainages
without spilling onto flood plains would be a method of salvaging

the uneppropriated water.
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The water stage in Blackwater Draw immediately downstream from

Const ruo‘h'n
Marley sinkhole could be regulated by buidding the th of a

/‘
diversion channel leading to Marley sinkhole et an altitude that
would allow floods below a certain size to pass Marley sinkhole but
would divert wvater from floodflows that would spill over banks if
permitted to pass downstream. The construction of an adequate

diversion fecility probably would be relatively simple.

Better distribution of the water in the sinkhole might increase

the recharge efficiency of the sinkhole. Usnder—existins-conditions
éhe large part (southern two-thirds) of the sinkhole fills to above

the 4,0l4-foot contour before water flows into the smaller part
(northern one-third) of the sinkhole. If a channel was cut through
the divide between these two parts, water would fill the northern
part of the sinkhole at the time the southern part is f£illing, thus

™More

aick!
putting water in contact with a larger ma,.‘qu&&er. ) Undes—axiating
eenditions water enters the solution openings along the base of the

escarpment at the east side of the sinkhole only when the water

surface in the sinkhole is near the 4,016-foot level. The mouths of
these openings could be lowered and channels cut to the openings to
drain water to the openings before the water surface in the sinkhole

reached the 4,016-foot level.




If water would not go underground at a sufficient rate by
natural infiltration of the sinkhole floor and the solution openings,
the rate could be increased by using recharge wells. Test drilling
would help locate the best sites for recharge wells within the
sinkhole. large-capacity recharge wells probably could be developed
at a relatively shallow depth, probably less than 200 feet.

Marley si‘nkhole is reletively close to the ares of heeavy pumping
from the L&m aquifer in the vicinity of Roswell. According to
the v‘rater-mvement pattern shown on figure 8, va:er ex/;tering the

molm frecliy

lizestone aquifer at Marley sinkhole would move diretly toward the

heavily pumped area.
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North Marley sinkhole--site 2

North Marley sinkhole seems to have a relatively high potential
for draining water underground if water vere ponded at a high level in
the sinkhole. The chief problem of artificial recharge in this
sinkhole is sne of Qater supply, because its 5-square-mile natural
drainage area does not supply much water to the sinkhole. Some of
the floodwaters in Blackwater Draw could be diverted to North Marley
sinkhole. .The diversion could be from the draw at a point upstream
from Marley sinkhoie. The channel leading water from Blackwater Draw
would need to extend only to a point on the drainage area of North
Marley sinkhole, from which the water would drain naturally to the
ginkhole. Another method of diversion would be to pump water from
Marley sinkhole to the nearest point on the drainage to NHorth Marley
sinkhole when water is in Marley sinkhole. The particular route and
method of transporting water from the draw to the sinkhole could be
decided after a detailed topographic survey is made of the area

between the draw and the sinkhole.
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If discharge studies of Blackwater Draw indicated that the
amount of water available for recharge frequently would exceed the
natural-recharge capacity of the sinkhole, it might be feasible to
increase the recharge capacity of the sinkhole by constructing
recharge wells. Even though the sinkhole might function satisfactorily
under natural-recharge conditions.for some time, the accumulation of
gilt from the floodwater might necessitate the construction of

recharge wells later to sustain an adequate rate of recharge.
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Hondo Reservoir--site 3

The Rio Hondo, like other major drainages on the east slope of
the Sacramento Mountains, sometimes overflows its banks in the lowland
area and loses large quantities of water by evapotranspiration.
Diverting some of the water from unusually large floods to the Hondo
Reservoir in T. 11 8., R. 22 E. would keep the flow of Rio Hondo
within its bnnks‘nnd prevent wasteful flooding downstream. The water
diverted to the reservoir would infiltrate underground and move toward
the heavily pumped area near Roswell. The reader is referred to Bean
(1949) and Theis (1951) for & description of Hondo Reservoir and its

recharge characteristics.
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Juan Lake sinkholes--site 4

The Juan Lake sinkholes in T. 12 8., Rs. 22-23 E., could drain
to the subsurface more of the flood waters in Thirteermile Draw if
diversion structures and canals were built on the draw to shunt
more water to the sinkholes. Under-existing conditions gnl.ll floods
in the drew enter the principal sinkhole, Juan Lake sinkhole, but
mich of the water in large floods bypasses that sinkhole. The channel
of Thirteenmile Draw is not contimious to the Pecos River, and
floodwaters in the draw move downstream from the sinkhole and are lost
by evapomtrmpimtion vhen the water spreads over lands in
T. 15 S.;, R. 25 E, The floodwaters that normally would be lost, &
considered to be unapprepriated waten, could be used for artificial
recharge in the Juan Leke sinkholes.
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A more accurate estimate of the size of floods in Thirteemmile
Draw would be required to know whether or not sinkholes in this growp
other than Juan Lake and North Juan Lake sinkholes would be needed
to contain the floods. The construction of a diversion structure in
the drawv and a channel to Juan Lake sinkhole while discharge studies
vere in progress could be the first steps in a recharge program in
the vicinity of the Juan Lake sinkholes. A channel cut through the
lov divide between Juan lake end Forth Juan Lake sinkhole would
facilitate the entry of water from the draw by keeping the general
wvater surface low in the sinkhole while the sinkholo‘:;: f1lling.

If the amount of water available for recharge exceeds the natural
infiltration rate of the sinkhole, one or more recharge wells could
be constructed in the sinkhole. This might be more economical than
building diversion structures and channels for other sinkholes in
this growp. The permesdiiity of the Miushéae aquifer 1s relstively
high in the general vicinity of the Juan Lake sinkholec)acconding

to figure 9, aml large capacity of recharge wells probably could be
constructed in Juan lLake sinkhole.

Most of the water 1nﬁ1tr‘at1ng the floor of Juan lLake would

AN
discharge directly to the imestone-aquifer, but some might move

eastwvard through the slluvial fill and be intercepted by wells in
mal n

the alluvium. Water entering the limesteme aquifer in the vicinity

of Juan lake sinkhole would move toward the orchard Park-Hagerman area.

seetion of-that—amuiler.
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Felix sinkholes==site 5

An unnamed sinkhole in secs. 19 and 30, T. 1% S., R. 20 E.,
one of the Felix sinkholes, has an area of about 250 acres and has
& water=-storage capacity of about 900 acre=feet. This sinkhole is in
the alluvial lowland, and natural infiltration of water in the sinkhole
floor would recharge the alluvial aquifer. Recharge wells could be
constructed to put water into the main aquifer; however, that might be
too costly because the wells would have to be sbout 1,000 feet deep.
Artificial-recharge injected through this sinkhole probably should be

used only to recharge the alluvial aquifer.
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The permeability of the alluvium in the sinkhole may be low in
the first few feet below land surface. The infiltration of water
under natural conditions probably would be slow and much water would
be lost by evaparation. Water in the sinkhole could be put into the
alluvial aguifer through recharge wvells at a rate that would minimize
the evaporation loss. The recharge wells would be shallow, probably
less than 150 feet Am. Morgan (1938, pl. 1) estimated that
the valley fill beneath the sinkhole 1is between 100 and 200 feet thick.
The depth to the water table was between 90 and 100 feet in 1959, or
about 50 feet below the level of 1940, If silt- and bacteria~free
recharge vater is used, the recharge wells probadbly could be 'leu than
100 feet Ag::u, amc‘g‘fslcharge into the alluvium at—a—ievel above
the wvater table; however, if the wells are finished in—the-section
below the water table,they could be punped occasionally to remove silt
and algae that might esccumulate in the well and aquifer.

The sources of water for recharge probably would be the Rio
F;zlix and water salveged in a saltcedar-control program in the
bottom land of the Pecos River. If water from floodflows in the Rio
Felix is available, a canal or pipe line about 2 milea::" would
deliver the water to the sinkhole. Water from the saltcedar-control
area probably would be transported by the H;agenmn Canal and then
pumped through & pipeline to the sinkhole.
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Antelope sinkholes--site 6

Antelope sinkholes in T. 18 8., R. 23 E., are in the southern
evaporite area (fig. 8). The sinkholes are bottomed in highly
n
permeable evaporite rocks. The evaporite rocke are underlsiq by

of the upper part of the bl
carbonate rocks of the)gan Andres/ground-vater province) (fig. 9),

which have relatively low permeability in this area. The carbonate
rocks are partly in the Grayburg Formation and partly in the San
Andres Limestone.

The Antelope sinkholes have sufficient volume to hold several
hundred acre-feet of water. The floors and walls of most of the
sinkholes qg:aermto be highly permeable, and water should infiltrate
to the subsurface rapidly. Recharge wells in some sinkholes having
less permeable floors would facilitate the drainage of water to
the subsurface, Additional study is required before it is-deeided
wvhether or where reeharge wells weould beneeded in these sinkholes-

The source of water for artificial recharge in the Antelope
sinkholes would be floodflows in Rio Penasco and Fourmile Draw. The
channels of these drainages are near the sinkholes, and relatively
short canals would connect these drainages with the sinkholes. The
flow in Rio Penasco might be increased by diverting flow from Eagle
Creek into Rio Penasco west of Hope. Rio Penasco, Fourmile Draw,
and Bagle Creek have about a 1,400-square-mile drainage area upstream
from Antelope sinkholes. Little of the floodflow that passes Antelope
sinkholes in these drainages reaches the Pecos River; most of the
floodflow accunmlates in swampy areas near the river and either

evaporates or supplies water to a dense growth of saltcedar.
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Additional data on streamflow, geology, and topography are

“PSt"tQ«m pro e a)

required for these drainages. Streamflow datahabexo the Antelope

sinkholes would be waluable for the location and design of small
impoundment dams; streamflow data downstream from Antelope sinkholes
would help determine the amount of water lost by evapotranspiration.
According to the general pattern of water movement in the

meat M

limestone aquifer (fig. 8), water entering the aguifer at the

Antelope sinkholes would move toward the Artesia-Lakewood area.
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Impoundment areas along drainages

According to ewdsaiing water laws, water may be impounded in
flood;ater retaining structures for 72 hours and then must be
released. Proof that the water impounded would have been lost by
evapom transpiration might alter the interpretation and
execution of those laws. Several sites for impounding water
behind dams in stream channels are shown in figure 15; the sites
designated as 7, 8, 14, 15, and 16 are reaches of the channel in
which dams probably could be built; the exact location of the dams
are not shown because the channels were not studied in sufficient
detail. Sites 9 and 10 a;;.-;rmt«o be suitable for small dams.
Floodwater-retarding structures are being built at sites 11-13 by

u.S .
the ASoj.]. Conservation Service.
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Cienega del Macho and Salt Creek--sites 7 and 8

Near sites T and 8 in Cienega del Macho and Salt Creek, a
series of small dams could be constructed to impound some water
from floodflows over sections of the chammel 4n—which-there-are
numerous solution openings. The dams would serve to prolong the
period that water is in contact with those highly permeable

sections of the channels.
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Rio Hondo and tributary--sites 9 and 10

At sites 9 and 10, the floor and sides of the channels of the
Rio Hondo and its tributary are highly permeable. The damsites .
‘ that /s Pecmeab | e
shown would impound water over some of the permeadbile channel areo;.,
and }in addition water could be released from these damns eé—& slov’j
sabe-t0o 8llow & longer period of contact between water and channel

in areas immediately downstream from the dams.
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Thirteenmile, Zubi, and Greenfield Drews--sites 11-13

The U.S. Bepartment-of -Agriculture, Soll Conservation Service
/.n /f{g LWas
Bivieion, Ak constructing floodwatersretanding structures at sites
11, 12, and 13 to control the floods in Thirteemmile, Zubi, and
Greenfield Draws. The largest water-impoundment area of these
three is that on Zubi Draw. Recharge wells might be constructed
in the water-impoundment areas behind these structures to put some

MO | N

vater into the alluvial aquifer and possibly the limestone aquifer.
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Fourmile Draw and North Seven Rivers--sites 14«16

Fourmile Draw at site 1% and North Seven Rivers and its tributary
at sites 15 and 16 cut deeply into carbonate rocks, and excellent
damsites and large water-impoundment areas could be found easily.

Saome of the floodwaters impounded could be injected in the main
equifer through recharge wells in the impoundment area. Test drilling
would be necessary to determine the proper depth of the recharge wells.
The permeability of the main aquifer is relatively high at these
sites,and high-capacity recharge wells probably could be developed.

The controlled release of water from the impoundment areas after
floods probably would result in some additional recharge to the

main aquifer by increasing the infiltration of water in permeable

sections of the streambed downstream from the dams.
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Teble 2.--Records of selected wells in the Roswell basin, New Mexico

Location number: See page 22 of text for explanation.
Owner or name: The owner or name used for well at time of visit. PVACD, Pecos Valley Artesian Conservancy District observation well.

Depth: Reported by owner, temant, or driller.

Diameter: The diameter of the casing, if cased, or the mean diameter of the hole if uncased.

Water level: Depths expressed to nearest tenth of a foot were measured by Geological Survey;;;§£ressed in whole feet were reported by owner, tenant, or driller.
Principal water-bearing bed: Determined by field observation, from yell cuttings, or by interpretation from maps.

7 5 4 = ~7 O‘
Fs 17 ~eonde Sandsteme Memiev ot 7he —@n [TnQrcs i) We€s7pne ana /LT’L Fivies/a

Stratigraphic unit: Py, Yeso Formation; Pgi,-Glerieta-Seadstone; Ps;. San Andres Limestone; Pg, Grayburg Formation; Peby Chaelk Bluff Formation.

[—ormsiren

Method of 1ift: N, none; P, plunger or cylinder pump, wind driven; Pe, plunger or cylinder pump, electrically driven; Pg, plunger or cylinder pump, gasoline driven; Te,
turbine pump, electrically driven; Tg, turbine pump, gasoline driven.

Use of water: D, domestic; Irr, irrigation; N, none; O, cbservation; Ps, public supply; S, stock.

Remarks: All wells are drilled; gpm, gallons per minute; Temp., temperature of water in degrees Fahrenheit.

Character of material: Siltst, siltstone; ss, sandstone; carb rk, carbonate rock; sh, shale; gyp, gypsum; dolo, dolomite; ls, limestone.
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Table 2.--Records of selected wells in the Roswell basin, New Mexico - Continued

I 3‘ Desillmlof ]T R | AltitudeT Water level Principal water-bearing bed | Mzth; [ { 5
| { Year b | above %3 E¥ FRERAN A R Lo | U
Location Owner or name * ol i ias i com | below 1 eter of | mean ses | Depth be- f fc) «f : I' 11ft | ot | Bet i
number [ | pleted land sur- | well | s ik low land | St Character of | Stratigraphic | and : L,
| 1 face i (inches) | (feet ) surface | | material ’ unit | power | e v
f 7 V%___“_Ww____,_Amd+w_“____mL4"(fe¢t)%,+u__,ﬂ i % it B0 LU0 L L e TR o S L _| source |
‘ , ! E ‘ 40 | ; GG RS RSN MR gy s i SR ey
7.20.2.340 | R. L. Corn | - i - ,604 | - | b,600 | féh e 'Blue sandy E - 1 P S |Pumped 5 gpm.
; I , ‘ | | "
| | | | | sh | | |
| | ‘, ' | { | )
| { ‘ ‘ 1 l . ‘
6.410 D. Corn ! - } - | 700 ‘ - | h,ok6 | 600 | 4- 3-50 | B i - | P L ”
| | l ‘ ;
| | ? | | | 1 | o | | |
16.333 f PVACD No. 1 | K. G. Miller 1955 | 750 |7 to | 4,694 | k52 |12-31-57 |8s, gyp, and | | Py wnd Fi& i - e ;Cased vith 7-inch pipe from O to 20 feet and with 5 1/2-inch pipe
1 ! ‘ ; 1 = 1 : - ‘
| | | 51/2 | | | | carb. rk | | | from MT5 to 657 feet.
: i E | ! | | ' ; |
36.220 W. J. Ball | - i f b67 | - | ,376 | k30 | 3- 50 ;Gray sh and | - f P | D, 8 |Reportedly yields water of good quality. Two wells sbout 60 feet
| | ? | | | 3’ |
: | % | | | carb rk | ; | apart; west well not used.
| | ' | | g | { 4‘
7.21.12.420 | Ronald Corn ; George Perry - i THO | - | &,313 ; 650 | - | 1s | Psp(?) P ' D, & |Pumped 10 gpm. Reportedly yields vater of good quality.
| | { | { | E i {
29.333 | W. J. Ball | W. E. Doolin 1950 755 ! 8 | b,531 f 700 ; 4- 3-50 | - 1 ¢ P | 8 | %
| | | | f i ’ ? f
T.22.19.130 Ronald Corn | Oscar Noscar - i 720 E 8 E h,31% ’ 680 | - i Ls | Psg(?) P { 8 %Cased to 20 feet. Pumped 10 gpm. Reportedly yields water of
i ) ; | | l 3 ! 5
| | 1 f ( | i | | ; good guality.
7.23.8.220 - | - - o - I 3,924 | 360 } 6- 1-50. | - 1 - P | D, 8 | -
. | ; ; | % ! : ‘
23.242 Jess Corn | - i - | 426 | 14 ’ 3,814 | 239.8: 5-26-51 !Ls and gyp TPI’ and Pﬁg(?) T i Irr | -
| | | | ' ‘ !‘ '
‘, | | { | | | | ‘ !
8.20.23.410 W. B. Jones | A Cole ; 1943 | k50 { 8 b,hb3 | 438 | - | - | - P i -~ |Pumped 5 gpm. Reportedly yields water of good quality. Sucks
1 | ! | { |
\ E | | | : i * i ! i | dry sometimes, may have caved.
‘ \ ‘ 1 : - " ? l | |
33.230 C. Marley | - o . ] - | - | m%08 | 360 | b-3-50 | - | - P |>,8] -
| i : i | i | | | |
8.21.30.300 W. B. Jones | b b = K70 % - | b,260 | bsh | - | . | 3 P i D, § | ¥
34,240 Charles Douthitt { - o 465 : - | 4,125 | h57.3’ - 4-58 ; - ; - P | D, 8 ?Reportedly yields potable water.
| | | | | | s/ | |
8.22.10.214 Tom and Richard Corn | - 2801 580 | E | 4,138 | 545 | - | Ss | Pa P | s FPumped 10 gpm.
| | | |
%
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Table 2.--Records of selected wells in Roswell besin, New Mexico - Continued

| Depth of Tutitu P Water level Principal water-bearing bed | Meth- |
Location | ool b':llo];v .Ic)::-.;f | abOve | th be- » Oldi;tf uoe
number | g o Rl s ARSI ploted | 1and sur- | well | P8 964 | iow land | .. | Character of | Stratigraphic | and Py i i
iL e : ff:‘c: : (inches) (feet) i a(ufx;ia;c)e J material unit B?U\;ecre it e &
8.23.22.211 lr 3. Gorm 5 1940 410 8 3,918 | 365 1940 | Card rk Psef P 8 Pumped 15 gpm
8.24.16.333 | PVACD No. 10 }A. H. Lewis 1957 435 8t to 7 3,622 78.9 | 12-26-57 | Dolo, ss, Psg and p& - 0 Cased with 8f-inch pipe from O to 155 feet and with 7-inch pipe
| and gyp ;. from O to 395 feet.

9.19.35.333 |S. C. Marley - 1940 280 - b, 747 222.2 | 5-16-57 | siltst(?) E’g’;{a& P 5 -
9.20.21.410 ; do. . Cole 1939 550 3 4,490 440 1955 | " ': Pga(7) P s ”
9.21.18.110 | 4 d : y ; 4,330 | 426.9 | b-18-50| - ) P | s 3

31.133 Marley and Whitney - - hos - b,305 365 5-18-50 - 5 P S -
9.22,20.444 Alton Corn R. Davis - 725 - 4,228 675 - Fhite and Pﬁ P S -

yellow ss

35.323 Dick Alexander do. 1956 575 8 4,100 525 1956 ©s and carb rk Pfﬂj P D Reportedly yields water of good quality.
9.23.25.324 Elmer Sons . E. Doolin 1948 775 10 3,675 109 1949 Ls Pgl Tg Irr Cased to 297 feet. Pumped 2,000 gpm.
10.20.8.13% |S. C. Marley ; G 186 5 b,596 426 | 5-18-50 g PEA(?) P 8 .

16. b4k PVACD No. 2 . G. Miller 1956 503 6 4,504 422.6 | 12-31-57 Bs and carb rk Pﬁ - 0 Cased to 503 feet.
10.21.16.222 |PVACD No. 3 do. 1956 672 10to 7 4,190 590.4 | 12-31-57 |ss and carb rk Péi - 0 Cased with 10-inch pipe from O to 40 feet and with 7-inch pipe

from O to 670 feet.

24.322a |Marley and Whitney do. 1958 603 8 4,088 530 1958 | siltst Pel P s *

10.23.12.212 |Juasn Sena Ray Taylor - 167 6 3,670 110 7- =-56 Biltst and Psg - Irr Cased to 137 feet. Deepened from 137 to 167 feet in 1956.
carb rk :
15.131 |J. D. and R. 0. Pyeatt - 1948 700 13 3,728 17h.6 | 1-22-57 Ls Ps§ Te Irr -
208




Table 2.--Records of selected wells in the Roswell basin, New Mexico - Continued

Remarks

Depth of P Water level Principal water-bearing bed | Meth-
Yais well Diam- Shce od of | .
Location Bt o et et er s below eter of | .a | Depth be- 1ift ot
o | pispe| MR B | Tt | s | it o | o, | e
(feet) (feot) | "(reet) source |
10.23.27.234 |E. M. Haley | A H. Lewis 1949 425 16 3,725 160.9 2- 3-5h4 Ls ng Te | Irr |Cased to 168 feet.
33.433 |C. 0. Morrow | do. 1953 303 7 3,840 273 - Ls Psg Pe D |[Cased to 51 feet.
11.20.20.442 |R. C. Nunez Bill 1955 561 8 4,699 520 4- -55 | Ss and carb Péi(?) P § |Cased to 207 feet.
Marschbanks rk : l
11.21.9.333 |J. P. White Smith and 19k 687 - b,312 620 1956 - PEQ P 8§ |Pumped 10 gpm.
Gibson |
18.33% |PVACD No. 8 A. H. Lewis 1957 524 7 4,283 399.0 |12-31-57 | S8 and carb Péi - 0 Cased to 524 feet.
rk
28.14% |J. P. White L. L. Pate and | 1946 675 6 4,278 593 1946 - Péé P 8 |Cased to 658 feet.
L. A. Hanson
32.111 |Tom White H. R. Davis or | 1954 600 6 4,302 570 1956 - - P s Cased to 438 feet.
C. Keyes
11.22.2,131  |H. L. Woods A. Cole - 326 - 3,888 312.8 | 5- 6-47 - Psd P D, 8
k.21 Marley and Whitney - - L33 - 3,965 k1o 6-15-57 |Carb rk Psd P S
18.211 |H. L. Woods (State land) Cole Bros, 1947 515 6 4,066 L8k, 1 T7-14-47 |Carb rk Psg P s Cased to 18 feet.
22.111 |J. P. White - - k10 - 3,943 362.8 5- 5-47 |Carb rk Psgl P 8
25.331 |J. B. Patterson - 1949 430 8 3,895 318.5 | 5- 5-47 |[Carb rk Psd Pg 8
11.23.34.143 |B. L. Brown Case Drilling | 1949 500 16 3,751 18k,5 | 1-27-52 Ls Pn; Te Irr
Co.
12,.20.1.131  |Lee B. and Harold Corn H. R. Davis 1945 550 8 4,559 bT5 - - Pi;(?) P s
209 :

Pumped 1,200 gpm. Yields water of good quality.

Pumped 12 gpm.
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Teble 2.--Records of selected wells in the Roswell basin, New Mexico - Comtinued

Depth of Altitude Water level Principal nterfbearing bed | Meth~-
Location veir | S oter of | aPOve Depth be- Tare | Uee
oo Oy Or namd brilles COm= | 1ond sure | well |PONR SR | oy land Charmeter of | Stratigraphic | anda | °F Rimarkn
pleted | ~" pce | (inches) (lf":tl) surface | Dmte material unit power | “ater
(feet) (feet) source v

12.20.8.243 J. P. White H. R. Davis 1943 870 6 5,045 810 - - Py(7) P s -

11.341 |Lee Corn - 1916 600 - &,680 550 - - - P s &
12.21.16.220 8. P. Johnson, Jr. 8. P. Johnson, 1548 800 6 L,436 600 6-18-59 - - P 8 | Yields water of good quality.

| Jr. ‘
27.121 Tom White Keyes Drilling 1953 712 8 4,463 600 1956 - Pﬁ(':) P S Temp. TO°F.
Co.

12.22.12.1k4 [Mrs. J. E. Bloom - - - E 3,874 293.7 5+ 5-b7 Ls P-” P 8 .

15.34% |J. B. Patterson - - 357 - 3,929 M7.5 5-21-57 - - - N -
12.23.10.331 |B. L. Brown H. R. Davis 1956 260 7 3,776 220 1956 - Peg - - | Cased to 165 feet.
15.20.13.222 | PVACD No. &4 K. G. Miller 1955 386 7 b, 524 260.3 |12-31-57 S8 Pgl - 0 |Cased to 386 feet.
13.21.30.120 |8. P. Johnson, Jr. W. A. Melson 1950 665 6 4,786 630 6-18-59 Ls Psg P 8 | Cased to 20 feet. Yields water of good quality.
15.22.28.232 |Mrs. A. M. Threikeld A. F. Smith 1952 560 8 b, 046 500 1952 Le Psg P D, 8 %

32,211 |Iva Chesser - - 560+ - 4,075 550 7= 7-58 - - P 8 | Reportedly yields water of good quality.
13.2%.6.312 State of New Mexico W. A. Melson 1955 Lok - 5,945 394 7~ 1-58 Ls Psg P 8 Pumped 9 gpm for 3 hours without any significant change in discharge.

Yields water of good gquality.

19.321 |Mrs. Savino - - 500+ - 3,926 364.5 | 10-17-58 Ls Psg P S | Has large drawdown. Yields impotsble water.

31, b4l do. - - - 10 3,917 364.8 | 10-25-58 Ls Psg P 8 | Yields water of good quality.

35.333 do. Kinceid - 300+ 10 3,834 301.6 10-25-58 Ls Ps* P 8 Pumped 10 gpm. Yields water of good quality.
1%.24.3.%11 Glaze Sacre - - 225 5 1/2 3,689 165 b-24.58 Ls Psd P § | Pumped 11 to 12 gpm. Yields water of good quality.

17.222 do. . 1900's | . . 3,710 148 4-23-58 Ls Psg P s .

230
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Table 2.--Records of selected wells in the Roswell basin, New Mexico - Continued

Depth of 23 ¢t Eude | Water level Principal water-bearing bed | Meth-
Location sk 1:1101- cei;.c;t above Depth be- o:u?tf "
number (o). mx. S ML p‘;zf' = lanfd sur- | well ™70 °°%| low land | . |Character of | Stratigraphic | and H:tfe e
(t:::) (inches) (feet) a(urreia;c)e material unit s;;ou:e:e

13.24.21.224 |Glaze Bacra - - 225 S 3,715 160 b -2k-58 Ls Psg P S | Pumped 11 to 12 gpm.
14.22,13 hhk Jack Price 'A. Fiddler 1934 380 - 3,929 368 | T- 3-58 Ls Psg P D, S |Pumped 3 to 5 gpm. Reportedly yields water of good quality.
14.23%.22,214 ' Elvin Crow - - 2ho - 3,780 220 T7- 7-58 Le Paf P 8 Do.

2.4k M. D. Kincaid - - - 6 3,725 152.1 7-13-51 Ls Psg P i -

33.210 Elvin Crow - - 400 - 3,910 360 T7- 7-58 Ls Ps# P D Pumped 3 to 5 gpm. Reportedly yields water of good quality.
15.20.5.130 W. F. Waller Tom James and 1914 440 - 4,800 koo 7- 2-58 Ls Plf Pg D, S |Pumped 15 gpm. Reportedly yields water of good quality.

Ed Bryant

30.230 |C. Hendricks H. Everstt 1951 525 - &, 777 522 7- 9-58 | S and siltst Péf P S |Pumped 3 gpm. Sands up. Yields water of good quality.
15.21.13.33%0 W. F. Waller H. R. Davis 1946 660 6 4,192 600 7- 2-58 | S8 and siltst Péf Pg s Pumped 5 to & gpm. Reportedly yields water of good quality.

36,220 |E. J. Treat W. A. Melson 1947 670 - 4,192 630 7-31-58 Ls Psg P S Do.
15.22,1.121 Elvin Crow !Leonard George | 1950 395 - 3,970 380 7~ T-58 - - P S |Pumped 3 to 5 gpm. Reportedly yields water of good quality.
15.23.4.311 do. Kincaid 1948 400 - 3,919 355.2 |10-23-58 Le Psgd P S Do.

6.222 do. | - 1920 443 - 3,950 403 | 5- 5-58 Ls Psff P S Pumped 12 gpm. Yields water of good quality.
16.20.6.210 Lloyd Treat W. A. Melson 19k4 620 - k,500 580 | 7- 9-58 | 88 and siltst PE{ P S Pumped 3 to 5 gpm. Reportedly yields water of good quality.

10,110 do. - 1917 T00 - h,ho2 670 7- 9-58 | 88 and siltst Péf P 8 Do.

16.210 R. J. Parks - 1947 830 - b, 53k 810 7-24-58 Ls Psd P S Pumped 4 gpm. Reportedly yields water of good quality.

| Temp. 68°F.
18.333 |PVACD No. 5 K. G. Miller 1956 767 6 5/8 4,489,0 | 580.1 |12-31-56 |Ss and card Pl and Psg - 0 |Cased to 610 feet.
rk
16.21.6.330 R. J. Parks Ray Hill 1947 660 - k,300 625 7-24-58 Ls Psf P 8 | Pumped 3 to 4 gpm. Yields water of good quality.
21/
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Table 2.--Records of selected wells in the Roswell basin, New Mexico - Continued
Depth of Water level Princi water-bearing bed | Meth-
Location =" s:tllolv o}t)i:.::f rﬂ";i;t":d’ Dapth. b= | = [ ] Fire | U !
o i T | Lk S T | s | i of (B | 4 | T
(feet) (feet) | (feet) _,_jr Ly SN 7 |
16.21.19.220 R. J. Parks Glenn Stevenson | 1938 760 - 4,577 710 [ 7-24-58 Ls ; Psd P s TPtm;,wc‘i k to 5 gpm. Reportedly yields water of good quality.
33,140 do. Ray Hill 1948 670 - 4,220 625 | 1957 Ls i Pn/f P D, S |Pumped 8 gpm. Yields water of good quality. Deepened to 670
; i feet in 1957.
16.23.20.233 |lyle Hunter Haskell Harris | 1951 4%0(7) 8 3,969 koo 1951 Ls Psd P S |Pumped 1% gpm. Yields water of good quality. Temp. 68°F.
27.120 - - - 200 6 3,775 195.3 1-13-50 | Ls Psp(7) Fooal s -
16.24.6. k44 C. end M. Rench - - - 6 3,659 95.k 1-10-55 Ls Psg P S, 0 -
7.214 Everhart - - - 4 3,667 99.7 1-10-55 Ls Psg P D, 8 -
9.343 F. T. Boyce - - 180 6 3,653 117.1 1-10-55 Ls Psyg - N i
10.123 do. - - 250 6 3,595 82.3 | 1-10-55 Ls Psd P 1,80 .
20.130 |Henry Coffin ‘L. A. Summers 1946 315 8 3,666 160 7-21-58 1s Psg P S Cased to 33 feet. Yields water of good quality.
17.20.5.420 Scharbauer Cattle Co. H. R. Davis 1938 760 - k,703 710(2) | T7- 8-58 Le(?) Psg(1) P S |Pumped 8 gpm. Yields hard water. Temp. 62°F.
10.320  |Felix Cauhape Haskell Harris | 1948 833 - 4,593 790 7- 8-58 Ls Psg P D, 5 |Pumped 3 to & gpm. Yields water of good quality. Deepened to
833 feet in 1955.
18.434  |PVACD No. 7 A. H. lewis 1957 801 7 b,512 k63 7- =57 |Carb rk Psd - 0 |Cased to 801 feet.
3. 340 George Teel and Felix H. R. Davis 1939 900 - 4,700 850 7~ 8-58 Ls Pag P | S Pumped 3 to b gpm. Yields water of good quality.
Cauhape f
17.21.15.340 | Sam Hunter /C. E. Geiser - 700 8 4,215 620 1948 Ls Psg P, Pe | D, S | Pumped 12 gpm. Yields water of good quality. Redrilled to
700 feet in May 1959.
17.510 |E. F. Harris Paul Stevenson 1948 750 7 4,260 660 1-11-49 1s Psgd P, Pe D, S | Cased to 130 feet. Pumped 10 gpm. Yields water of good quality.
Temp. 63°F.
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Table 2,--Records of selected wells in the Roswell basin, New Mexico - Continued

|

Depth of Water level Principal water-bearing bed | Meth-
Location Tear I ::11; oi:):-.;f u‘t”i‘;u‘de Depth be- ofit?tf g
number PR OO M- riilee SOM" | land sur-| well |™2% %% 30w land Character of | Stratigraphic | and od s 2k
yiate face (inches) (1;::3') surface e material unit power spoactad
. (feet) (feet) source
| 17.23.9.120 R. H. McAshen H. Everett 1948 | 515 8 4,000 k75 6-30-58 is Pey P S |Cased to 4O feet. Reportedly yields water of good guality.
27.132 |J. C. Ward Haskell Harris 1950 515 7 4,000 Lks 7-21-58 Ls Ps¢ P s Cased to 515 feet. Pumped 3 to 5 gpm. Yields sulfurous water of
} ! poor quality.
30.111 | Hope Cooperative Corp. Leonard George | 195k . 600 14 k4,100 508.9 3-17-54 | Ls Psg Te Ps |Cased to 558 feet. Yields water of good quality.
3%.420 |J. J. Steele Haskell Harris | 1947 520 - 3,950 500 7-21-58 Ls Psd P, Pe |D, 5 |Pumped 3 to 5 gpm. Yields water of good quality.
17.24.3.422 Paul Jones - - - 6 3,713 268.0 1- 7-55 Ls Psd P 8, 0 -
11.342 do. - - B 6 3,711 261.9 1- 7-55 Ls Psd P D, 8 -
. 13.344 - - - - 6 3,694 238.3 1- 7-55 Ls Pagd P < -
25.2kk | Paul Jones - B - 6 3,667 198.1 1- 6+55 Ls Psg P S . *
18.20.22.440 |Jack Casabonne H. R. Davis 1913 888 - 4,378 800 1952 - Py(?) Pe D, 8 |Cased to 60 feet. Pumped 6 gpm. Reportedly yields water of good
gquality.
28.120 do. do. 19y oko - b, 408 875 8-16-57 - Py(7) P, Pe s Pumped 6 gpm. Reportedly yields water of good quality.
18.21.3.420 Heary Crockett Haskell Harris 1955 669 8 k,200 640 7-15-58 - - Pg s Pumped 18 gpm. Reportedly yields water of fair quality.
8.120 Elna i’eel Paul Stevenson 1939 888 8 4,239 630 1939 Ls Pag Pe s Cased to 20 feet. Pumped 6 to 8 gpm. Reportedly yields water of
good quality. Temp. 66°F.
18.23.8.141 0. L. Anderson Reeves Drilling | 1949 k60 8 3,950 400.9 7-16-51 Ls Psg - D, S |Yields water of good guality.
Co.
8.240  |R. W. Newbill ao. 1949 460 - 3,950 420 1949 Ls Psd Pe |D, s Do.
12,111  |J. J. Steele Haskell Harris | 1947 620 6 3,885 463.9 } 1- 6-55 Ls Psp P 8 |Cased to 300 feet. Pumped 3 to 5 gpm. Yields high sulfurous water
of poor quelity. Deepened from 540 to 620 feet in 1956.
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Table 2.--Records of selected wells in the Roswell basin, New Mexico - Continued

Depth of Atitnde Water level Principal water-bearing bed | Meth-
eur | weld Diam- | pa ot | vee
ﬁ” P Ay o o g o h:;l:u- “::1; * | mean sea ?ﬁthl.b;' Character of | Stratigraphic lat;t % e
pleted | * pace | (1nches) (1;:::) surface e material unit power | “rer
(feet) (feet) source
18.23.15.113 | Paul Jones - - - 6 3,953 bh1.1 1~ 6-55 Ls Pag P 8 "
15.130 | Mrs. Bdgar Williams - - 540 - 3,950 L75 7-21-58 1a Psé P 8 Pumped 3 to 5 gpm. Reportedly yields water of good quality.
Deepened from 480 to 540 feet in 1956,
20.510 | W. M. Tulk Black - 500 - 4,025 460 1957 Ls Psg P S | Yields water of fair gquality.
18.24.11.222 | Paul Jones - - - 8 3,680 222.0 1- 5-55 Ls Ps§ P 8 -
19.20. 3,310 Jack Casabonne B. R. Davis 1938 1,157 8 4,600 | 1,050 1938 - Py P S | Cased to 20 feet. Pumped 5 gpm. Reportedly yields water of
good quality.
16.111 | PVACD Ne. 6 K. 6. Miller 1956 1,120 (10 i,’d to| 4,591 993.2 | 12- -56| Ss and carb Pﬁ - 0 | Cased with 10f-inch pipe to 40 feet, with 9-inch pipe to 180
9t T rk feet, and with 7-inch pipe to 1,120 feet.
19.21.5.23%0 Elna Teel Paul Stevenson | 1947 850 10 4,375 | 820 1956 Ls Psa(?) Pe | D, 5| Pumped 6 to 8 gpm. Reportedly yields water of good quality.
Deepened from 815 to 850 feet in 1956.
19.23.4.222 Frank Runyan - 1955 400 5 3,950 370 8-28-58 Ls Pos P S | Cased to 200 feet. Reportedly yields sulfurous water of fair
quality.
6.335 do, - 1934 585 6 4,025 502 8-28-58 1s Psp © D, S | Pumped 3 to 5 gpm. Reportedly yields water of good gquality.
20,20.19.330 W. M. Tulk, Jr. - - 1,050 8 5,000 970 7-24-58 - Py or pﬁ P S Cased to hO feet, Pumped 6 to 8 gpm. Yields water of good
quality. Deepened to 1,050 feet in 1947.
20.25.26.131 | Frank Runyen - 1925 485 6 3,950 k55 8-28-58 Ls Psi/ P S | Cased to 485 feet. Pumped 3 to 5 gpm. Yields sulfurous wvater
v s | of fair quality.
21.20.35.2840 | Armstrong and Armstrong - 1952 1,200 - 5,250 | 1,000 10-22-58 - Py or Péé. P § | Cased to 20 feet. Pumped 4 to 6 gpm. Yields water of

2.4

excellent quality.




Table 2.--Records of selected wells in the Roswell basin, New Mexico - Continued

Remarks

Cased to 140 feet. Pumped 4 to 6 gpm. Yields water of good

quality.

T T Depth of Altitude Water level Principal water—bearing bed | Meth~
. l ] Year wall & above ] [ o4 Of_ Use
Location Dids Gt 1 Driller ol below eter of i ’ Depth be~ %} 11ift of
e R o g g | Teteq | 1and sur- | well ’”‘”‘1 1| low land bate | Character of | Stratigraphic | amd | S
! | o face (inches) ( fee'et) | surface | | material unit power |
| ,,,[ *L | (feet) - | SN % oY, | ! At source 5
£1.21.7.430 | Armstrong end Armstrong i - 1924 1,300 - b, 760 | 1,100 | 10-22-58 | » Py or PBA 4| P D, S
| | | | | |
1 |
| | | | |
3.213 | C. F. McWilliams | P, Hillyer 1941 962 6 ,550 | o9k2 | 1948 r Ls | Pag P | 8
{ ' | \ | |
! | | | | |
| | | | | | |
| adeiid ‘
|
|
| |
| | |
| i
| .
| |
| |
| |
| t | !
)
| |
? [ 1
| | |
| | | |
| ,
! ! t
| | f | | |
| 1 | } ;
| | | | |
| i |
|
| | *
3 bR ' J




Table 3.~~Iogs of selected shallow test holes
1 )3
(See figures IO and 1R for particle-size distribution of material
in selected intervals in these test holes.)

'I’est Mle 2-'&!'10}' BinkhOlO--BOC. 20, T! 10 So’ Ro & Bl

Thickness  Depth

(feet) (feet)

Alluvium
Clay, slightly silty, calcareous, dark-
brown, cohesive, compact, high
plasticity, very high dry-breaking

strength; contains much organic

Clay, similar to O-5, but has less

organic materifl «----mescmmcccnnmean. 8 13
Clay, slightly silty, calcareous, light

yellowish-brown, cohesive, compact,

high plasticity, high dry-breaking

strength «cececenmmccncccnn e cene 15 28
Clay, silty, calcareous, light brownish-

yellow, cohesive, compact, high

plasticity, medium dry-breaking

Clay, silty, calcareous, yellowish-
brown, cohesive, medium plasticity,

medium dry-breaking strength =-e-ewe= - 15 48




Table 3.-- Logs of selected shallow test holes - Continued

'lb.t hole 5"-mrley Sinkhole—-ﬂec- 20, To 10 So, Ru 22 Ec

Thickness  Depth

(feet) (feet)

Alluvium

8i1l1t, calcareous, slightly sandy,

yellowish-tan, coarse-grained, well—

sorted, low plasticity; contains a

scattering of granmule to small pebble-

sizﬁigruvel partly coated with calcium

carbonate =----emeecncmn e ————— 6.5 6.5
Clay, silty, eimilar to 0-6.5, but

contains more gravel ~eeeeescecvno-aa e 1l TS5
5ilt, calcareous, slightly sandy,

yellovish~tan, well-sorted; contains a

scattering of granmule to medium pebble-

sizeJ

A

gravel partly coated with calcium

carbonate =--v=cercmrccn e ——— 1 8.5
81lt, gravelly, sandy, coarse-grained,

well-sorted, low plasticity; contalns

well-sorted, very fine-grained—sand;

and coarse-grained sand to angular,

medium pebbla-lizé’/ gravel ~--ee-m-e-- —— 4.5 13

2)7
20t




‘ Table 3.--Logs of selected shallow test holes - Continued

Test hole 3-~Marley sinkhole - Continuved

Thickness Depth

(feet) (feet)

Alluvium - Continued

Gravel, calcareous, sandy and silty,

granmule- t0 medium pebble-size?l

1

subangular to subrounded, poorly sorted;

matrix is predominantly very fine-

2/°

3 16




Table 3.-~Logs of selected shallow test holes - Continued

Test hole 10--North Marley sinkhole--sec. 7, T. 10 8., R. 22 E.

Thickness Depth
(feet) (feet)

Alluvium
8ilt, slightly sandy, calcareous,
coarse-grained, well-sorted, low

plasticity, low dry-breaking

S5ilt, sandy, calcareous, coarse-grained,

poorly sorted; contains some sand and

gramle-aizec{ gravel ---semceceea-oo ——— 4 T
Gravel, mostly limestone, angular to

as mach as

well-rounded; up—$0 1 inch in




Table 3.-~Logs of selected shallow test holes - Continued

Test hole 12--Juan Lake sinkhole--sec. 31, T. 12 S., R. 23 E.

Thickness Depth
(feet) (feet)

Alluvium
Clay, calcareous, dark-brown to black,

cohesive, compact, high dry-breaking

Clay, silty, yellowish-tan, cohesive,

medium plasticity, high dry-breaking




Table 3.-~Logs of selected shallow test holes - Continued

Test hole 15--Blackdom terrace--SW§ sec. 31, T. 12 8., R. 23 E.

Thickness Depth
(feet) (feet)
Clay, silty, yellowish-tan, high
plasticity; contains a few silty lenses
and calcareous nodules ---- --s-eccccaecoo. 8 8
8ilt, clayey, sandy, calcareous, yellowish-
tan, poorly sorted; contains subangular to
subrounded granule-sizéj gravel ~----=-mmeee 5 13
Gravel, limestone, sandy, gramule- to large
pebble-sizs‘f,{ subangular to subrounded;
contains some coarse<grained sand ----- - L 17
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Table 3.--Logs of selected shallow test holes - Continued

Test hole 16--Orchard Park terrace--SWiSwWisws sec. 24, T. 12 8., R. 25 B.

Thickness  Depth
(feet) (feet )

Sand, q\mrtcheban, nmedium~grained, sub-

rounded t; well-rounded, well-sorted --«=--- 0.8 0.8
Sand, very silty and clayey, poorly sorted -- .2 1.0
Si1t and sand, reddish-brown, moderately ce//

sorted, wet; contains coarse-grained silt

and very fine«gxatmell sand; some caliche -- 15 2.5
811t, clayey, very dark-brown with white '

spots, low plasticity, friable; scattered

sand grains; impregnated with white

caliche ~~--meecemccmc e ———— p 3 k.0
8ilt, very sandy, slightly clayey, yellowish-

brown, coarse-grained, moderately sorted,

low to medium plasticity; some very fineyp to

finegnyeined sand; scattered caliche, amount

decreases from 4.0-6.0 feet ----=-ecccee- -- 2.5 6.5
sand, silicecus, slightly silty, brown, very

fine- to mdilm-gmined, subangular to well-

rounded, moderately well sorted -----====-= 1.5 8.0
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