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An appraisal of the possibilities of artificial recharge 

to ground-water supplies in 

the Roswell basin, New Mexico

by 

Ward 8. Motts and R. L. Cushman

Abstract

TbB persistent downward trends of water levels in wells tapping 

the two major aquifers (a main aquifer, consisting of consolidated

rocks, and an aquifer) of the Roswell basin of southeastern New Mexico
A.

indicate that the discharge of water from these aquifers has exceeded 

the replenishment since 19^2. Although the supply of water in storage 

is not nearly exhausted, the decline in pressure in the artesian 

part of the limestone aquifer has disturbed the equilibrium of a fresh 

water-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-vater encroachment 

can be halted or retarded by reducing tfao rate &f 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 

probably could be increased substantially by inducing additional 

infiltration of surface water through sinkholes and permeable sections

of stream channels.
i^as s fadi'ed rn

The recharge potential, -of 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.vao atudied-i



The Yeso Formation, San Andres Limestone (including its Hondo 

,:'andcto'.".e Menber^ jrrvl the Artec!.?. Group, oil Cx Permian age, crop 

out extensive...   . *  ....     >? -. tapped by veils in the basin west of 

the Pecos River.

Unconsolidated, and some consolidated, gravel, sand, and silt 

oi' Tertiary and Quaternary ago corroose the ulluvr.um of ! lio lovland 

ai'ea.



Major structural zones, the Border Hills, Sixmile Hill, Y-0, 

Fourmile, Vandewart-Cornucopia, and Huapache are characterized in 

the otudy area by modified surface drainages and generally higher 

than average permeability.



Sinkholes and closed depressions, ccnmon in the study area, were 

formed by ground vater 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 w&ter table; and by a combination of those two methods.



The main aquifer, the principal aquifer of the basin, is 

within the Permian rocks. Water in most of the main aquifer vest 

of the Pecos River is under vater-table conditions. From 10 to 20 

miles vest of the river the vater table in i:ie main aquifer intersects 

the "base of semiconfining beds in the Artesia Formation, and from that 

point eastward the water in the nain aquifer is under artesian pressure.

6



Artlficlel-rechnrge potentials of the Miaeatoaa aquifer are more 

favorable where the aquifer is highly permeable. Areas of highest 

permeability in the recharge are« are along the major drainages, along 

structural zones, and in the vicinity of carbonate- evaporite fades 

boundaries.

The secondary aquifer 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.

!Ihe study area was divided Into seven recharge areas: the western
th-e. 

limestone area; the eastern limestone area J A northern evaporite area;

the southern evaporite area; the ireotem carbonate area; the eastern
A

evaporlte-alluvial area; and the alluvial lowland area.



th*.
The artificial-recharge potential of western 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 aren 

is moderate to good. Dams could be constructed to impound water over 

the more permeable areas of stream channels to increase the length of
*« *

time/\water remains in contact with these areas of the channels. Some 

water probably could be diverted to sinkholes from drainages nearby.

8



In the northern part of theweoieru tarliuuBbe 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

southern half of the wootajp, curb' nut e area. and aianll dnms could be 

constructed to retard streoiaflow over the more permeable sections of 

streambeds .



The artificial-recharge potential of the eastern evaporlte-alluvial
TV» »l <\

area probably is poor. Water recharged to the Uniealuae aquifer in the 

northern part of the area apparently moves east of the Pecos River and 

then southward; therefore, the water does not move directly to the 

Rosvell-Artesia sector. Ground vater moving into the Rosvell- ortesia 

sector from much of the etistern evaporite-alluvial area probably is 

highly mineralized.

The artificial-recharge potential of both the northern evaporite 

urea and the southern evaporlte area Is good.

10



The alluvial lowland ia rot a natural recharge area for the 

main aquifer; however, it has soiae potential for artificial recharge 

to the main and alluvial aquifers. Recharge vater to the main aquifer 

in moot places would have to lie :i v looted through recharge wells UOO 

to 1,000 feet deep. Tae raost favorable places Tor veils recharging 

the main aquifer would be the vesterri and southern halves, where 

the static water level in the recharge well would be several tens 

of feet belov the land surface.

The alluvial lowland probably is wore 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.

11



Waters in the Roswell basin that probably could be made available 

for artificial recharge are: flood-waters in Pecos River tributaries 

that would be lost by evapotransplration on floodplains; floodwr.ters 

in tributaries that debouch onto lands at the terminus of well-defined 

channels and would be lost by evapotranspiration; 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 these 

apparently unappropriated waters would have to be established before 

proceeding with their use in artificial recharge.

12



Introduction

Location and extent of the report area

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

Figure 1. 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 Rosvell basin 

began in the early 1900's with the discovery of artesian water in 

carbonate rocks that form the main aquifer 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. Seepage 

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 

water to irrigate additional acreage. Persistent downward trends 

in artesian and nonartesian water levels since 19^2 indicate that 

the amount of ground water used and discharged naturally from the 

Roswell basin exceeds the average annual recharge to the ground- 

water basin.



The depletion of ground water in storage to on uneconomical 

pumping level is not imminent in the Roswell basin; however, the 

decline in artesian pressures lias disturbed the equilibrium of a 

fresh-water saline-water interface in the artesian system. In this 

report, water containing zaore than 1,000 ppm (ports per million) is 

saline water. This interface vns at or slightly east of the Pecos River 

prior to the start of heavy purjping of artesian wells in the Roswell- 

Artesia sector. About 1952 the easternmost artesian walls in the 

vicinity of Roswell began to yield increasingly saline water. ^ 

periodic water-sanpling program vcs started in 1952 to monitor the 

change in the chenical quality of water from artesian and nonertesian 

wello. Hood, Venter, and Grogin (1959, p. 33) indicated that if saline 

water continued to encroach na it did between August 1952 end September 

1957* nrtesian wells along the eastern city limits of Roswell probably 

would begin punping vnter with a chloride content of at least $00 ppm 

(pcrts per million) sometime in 1960. By 1960 a few artesian wells 

east of Roswell were abandoned and plugged because they were yielding 

saline water. Saline vnter Is encroaching wostvord in several areas 

between Roswell end /.rtesia. Cftie most rapid encroachment is toward 

the centers of heaviest puiaping from artesian wells.

15



Most of the water recharging the nonartesian aquifer in the 

Roswell-Artesia sector is from the artesian system, either as seepage 

-iflHB from aiptontan vatei1 uppli»I tu the, irrigated fields or as upward
fY\ c*~ ( Y~\

leakage through the formation that separates the artesian limestone 

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.

Uhe 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 a perennial 

supply of ground water of a quality suitable for irrigation. This 

can be done by reducing the-rate-e? discharge, by increasing the rata. 

v£ 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 nuch the discharge of ground water 

can be reduced by eradicating the nonbeneficial bottom-land vegetation. 

The investigation described in this report £9 concerned with methods 

of increasing recharge to the basin .undog prevailing-climatic- uuiidl

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 a 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.
include a /K\ 

Most of the area shown on figure 1 was -ooverad toy a reconnaissance*.j

typs oiafrji; however, sinkholes, streams, and geologic formations in 

the area bounded by the Pecos River, Cienega del Macho, 

long 105°00" W., the Seven Rivers Hills, and the Guadalupe Mountains 

were studied more intensively.tfaan olairlar features-elsewhere--in the

17



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 enqi.tolAy by periodic air flights 

over sinkhole areos\ and was measured in detail in a few selected 

sinkholes by periodic reading of staff gages set in the ponds. Sinlt- 

holes in which changes in pond levels were measured in detail were 

mapped topographically with a plane table to determine the volume

and rate at which the ponded water entered the ground.
at/a// a.bl& 

A geologic map was compiled of a part of the area using eniotiinfe
A

geologic data. Some geologic mapping was done to delineate the more 

permeable 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 channel 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 ajea- and the- discharge
^5 

area. 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.

19



Previous investigations

The following is a brief summary of the reports that were
of.

especially helpful to the recharge study. Fisher (190T) reported on

the hydrologic and geologic features of the artesian aquifer of

the basin and outlined the area in which flowing veils were being
<{e$crflof<t 

developed. Renick (1926) di««««flCd briefly the geology of the

Rio Penasco drainage above Hope, N. Hex. Fiedler and Hye (1933) 

described in considerable detail the hydrology and geology of that
.

part of the Rosvell basin west of the Pecos River. That study led 

to the enactment of ground-water laws for the State of Hew Mexico and 

the Rosvell basin. Morgan (19?8) described the nonartesian- water 

resources of the Rosvell 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, 19^2). Bean (191*9) 

made an intensive study of the Hondo Reservoir. Theis (1951) reported 

on the effects of storing floodvater in the Hondo Reservoir. Hendrickson

and Jones (1952) discussed the geology and ground-vater resources of
, A//4 icJi c+* rrmj 

Mdy County/ the southern part of the Rosvell basin^lrc In BMj OminKy.

Hantush (1955) presented quantitative estimates of the amount of
yO«re/»>9/A/

recharge and discharge, ground vater in storage, and the -s*£e yield
^

for the Rosvell basin. Hood and others (1959) pointed out that saline 

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

westward toward areas in which artesian veils are pumped heavily for 

irrigation supply.

20
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Well-numbering System

The system of numbering wells in Rev Mexico is based on the 

land-survey system of the Federal Government. The veil number, in 

addition to designating the well, locates its position to the nearest 

10-acre tract in the land net. The first segment of tlie veil number 

denotes the township, the second denotes the range, the third denotes 

the section, and the fourth denotes the location vithln the section. 

In the project area tovnsMpa are north and south of the base line 

and oast of the principal meridian; however, all e# the veil; discussed 

in this report are in townships south of the base line.

22



The fourth segment of the number, vhich consists of three
/ > 

digits, vjuth a lowercase letter sometimes added, denotes the particular

10-acre tract in which the well is situated. For this purpose, 

the section is divided into four quarters, numbered 1, 2, ~5, and k 

in the normal reading order for the northwest, northeast, southwest, 

and southeast quarters, respectively. The first digit of the fourth 

segment gives tlie quarter section, which generally is a tract of 160 

acres. Sinilarly, the quarter section is divided into four l»-0-acre 

tracts numbered in the sane manner, and the second digit denotes the 

l*0-acre tract. Finally, the 40-acre tract is divided into four 10- 

acre tracts, and the third digit denotes the 10-acre tract. Ufaus, 

well 11.25.13.3^ in Chaves County is in the

SE£SE£SW£ sec. 13, T. 11 S. , R. 25 E. If the well cannot 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 lj-0-acre tract, zeros 

are used for both the second and third digits. If the well cannot 

be located more closely than the section, the fourth segment of the 

veil is omitted. When it becomes possible to locate more accurately 

a well is whose number zeros have been used, the proper digit or 

digits are substituted for the zeros. lowercase letters a, b, c,... 

are added to the last segment to designate the second, third, fourth, 

and succeeding wells Investigated in the same 10-acre tract. (The 

following diagram shows the method of numbering the tracts within a 

section (fig. 2).

Figure 2.  System of numbering nells in Hew Mexico. ""

and



Topography

The project area is characterized by mountains along much of 

the western margin, a bedrock surface that dips gently eastvard 

from the crest of these mountains, and a rel&tively 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 22,000 feet. The 

altitude of the lowest point in the project area is about 3>J500 

feet, where the Pecos River crosses the southeastern boundary of 

the Roowell basin.

The broad alluvial plain in the eastern part of the project 

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

rocky slope that descends from the crest of the rcountains on the 

west to the lowland urea is referred to in thie report as the 

upland area. (See fig. jj.)

Figure 3. Generaiized cross section (A-A 1 ) from the Sacranento" 

Mountains to the Pecos River.



Lowland area

The lowland area is characterized by three constructional terraces 

named by Fiedler and Nye (1933> P« 10) the Lakevood -bMfaee, the
-3"

Orchard Park-'borraoo, and the Blackdom terrace^. (See Fiedler and 

Nye, 1933, pi. U.)

The Lakewood terrace is a flat plain adjacent to the Pecoa
/.s 

River and about 10 to 25 feet above the bed of the river. Parts
A

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 about 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 ?0 to 50 feet above the Orchard 

Park terrace/ and it has an eastward gradient of 30 to UO 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 RLo Felix in the 

sec. 21, T. Ik S., R. 23 E.
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Upland area

In this repoi-t the upland area is divided into five areas or 

surfaces: Sacramento plain, Diamond A plain, upland surface of the 

Guadnlupe Mountains, Enibayment plain, and Vaughn-Macho plain. These 

are shown on figure 1 and are referred to as geoaorphic surfaces, 

because the subdivision of the upland area was based on the similarity 

in land forms and their geologic history. Fiedler and Nye (1933, p« 

13-1*0 described three surfaces in the upland area, and from highest 

to lowest they tire: Sacramento plain, Diamond A plain, and gravel- 

capped mesas. In this report the gravel-capped mesas are included 

in the Embayment and Vnughn-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. Bear 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
i-f- 

the Rio Ruidoso because the plain could not be identified.

The altitude of the plain ranges from 8,^00 to 8,500 feet from
/f

Ruidoso southward to Cloudcroft. In this areafrho plain 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 

eastward 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 Hye (1933, p. 14) as 

the Diamond A plain does not exist as a true surface throughout the 

area shovn as the Diamond A plain on figure 1. Tbe surface to vhlch 

they referred was a relatively uniform rock surface that has been 

eroded away except for a fev remnants preserved on the tops of the 

higher hills and interstream divides. This report retains the name 

Diamond A plain for the area once covered by that rock surface.

The area shovn on figure 1 as the Diamond A plain is veil 

dissected and has a well-integrated drainage system. The Interstrem 

divides generally are sharp; however, a fev snail divides are flat. 

The surface of the plain ranges from an altitude of about 7,500 feet 

on the vest side to about ^,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 vaters, are 

common; although they are not as numerous as in other parts of the 

project are*.



Upland surface of the Guadalupe Mountains

The upland surface of the Guadalupe Mountains is an eroaional 

surface bounded on the vest by a prominent escarpment called "The 

Rim", which forms the western slope of the Guadalupe Maintains, and 

on the east by a less prominent break in topography that marks a

monocline. (See Huapeche structural zone in fig. 3§.) The surface 

between The RLtu 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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Embayment plain

The Eobayment plain, as referred to in this report, consists 

of two separate units. (See fig. 1.) The larger unit is in the 

southern part of the project area. It is characterized by shallow 

svales and gently rounded hills, which trend northeast; the relief 

ef commonly is less than 50 feet. The altitude of the land surface 

in the Bribayment plain ranges from U,500 to 3,200 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 have developed within the swales. Many of the evales 

have no exterior surface drainage.

The smaller unit of the Etobayiaent 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 Rye (Fiedler and Hye, 1933, p. 13) 

as "gravel-capped mesas."



) Vaughn-Macho plain

The Vaughn-Macho plain is cut on relatively soft and easily 

credible 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 Hosvell basin. Drainage 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 vith no external 

surface drainage) are cannon. A few were studied in detail, but
f-ec.on y-> o/ -fv,-« d ,

many were studied only eaoually-.
A

Some sinkholes resemble shallow basins and range from a few 

feet to several hundred feet across 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. Hie bottoms 

of most sinkholes are covered with silt, clay, and rock rubble. 

Some have no visible openings through which water could drain;
r^

others have small cave\like openings in the sides and bottoms.

Some are almost circular in shape, tchile others are very irregular. 

The sides of some are alriost vertical, and others slope gently 

from the rim to the bottom.



In places several sinkholes formed vlthln a relatively anall 

area and subsequent erosion destroyed the rock barrier betveen them 

and formed a single large irregular'shaped depression. Some of these 

depressions are as ouch as 1 olle across.

Xfeatmaral ponds and small lakes appear in some sinkholes and 

closed depressions in the upland area after rains. The vater stands 

until evaporated in sinkholes whose bottoms are relatively impermeable* 

In sinkholes having permeable bottoms, the vater drains underground 

before much  wtoar is lost by evaporation.

Permanent ponds and lakes occupy some sinkholes in the lowland 

near the Pecos River. The vater surface in some of these coincides 

with the vater table; in others the vater surface is above the vater

table and indicates a probabl^ connection vith the artesian system.
of 

The formation fee sinkholes is described in this report in the

 action of structural features resulting from solution. The vater   

retaining and recharge characteristics of son* sinkholes and depressions 

are described in the hydrology section of this report.
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Drainage

Tbe Pecos River is the master stream of the area; it originates 

north of the Roevell 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, Cienega del Macho, and Salt Creek. North of the 

drainage divide in the northern part of the Vaughn-Macho plain, 

drainage is internal to sinkholes and closed depressions. (See fig. 1.) 

The principal tributaries draining the Sacramento and Diamond A plains 

and most of the lowland are the Rio Hondo, Rio Felix, Cottonvood 

Creek, Eagle Creek, and Rio Penasco. The principal tributaries 

draining the upland surface of the Quadalupe Mountains and the 

Etobayment plain are North, Middle, and South Seven Rivers and Rocky 

Arroyo.



Streams in the Rosvell basin, including the Pecos River, are 

intermittent itj^tew 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 Rosvell basin and Salt Creek 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 Bli earns in their upper reaches. The Rio Hondo, Rio 

Felix, Cottonwood Creek, and Rio Penasco are perennial atraama near 

their confluence with the Pecos River.
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Development of drainage

The development of drainage and drainage patterns in the 

Rosvell basin is related to the type of rocks in the basin and to 

structural and topographic features. The ancestral streams of the 

major tributaries draining the east slope of the Sacramento Mountains 

probably originated on a comparatively smooth eastward-sloping plain, 

probably post-Cretaceous in age. As the streams developed on this 

plain, they cut into it and helped erode the surface. Before this 

surface was completely eroded away, streams had cut into the 

underlying Permian rocks which form the present-day surface of the 

area and the drainage patterns that had developed on the original 

surface were superimposed on the Permian rocks. The Rio Hondo and 

Rio Penasco are superimposed on the Sacramento and Diamond A plains, 

and the Rio Felix is superimposed on the Diamond A plain.



At places the Rio Penasco, Rio Hondo, and Rio Palix have been 

deflected by some of the major structural and topographic features. 

The RLo Penasco flows northward for 5 miles along the Vandewart» 

Cornucopia structural zone (fig. l)> the Rio Hondo flows northward 

for several miles along the Sixmile Hill structural zone> and the 

Rio Felix flows northward along the Y-0 structural zone for about 

5 miles before turning eastward. Bean (1951? P' 5) stated that 

the major streams cross the Y-0, 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
U>/-f£l

displacement along faults is reversedA4* 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 drainage 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-0 structural zones. The ground 

water 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 c*. 

the hard limestone, subsequent streams formed along the trends of

both major and minor structures. The following are examples of
A

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 S., Rs. ly-20 E. (fig. l) . Tributaries of the Rio Penasco 

and Bluewater Creek flow for several miles along the Vandewart- 

Cornucopia 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
t*

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

drainage patterns on anticlines in the area.



In places the drainage pattern 10 not the same on the western

and the eastern sides of the structural zones. For exanple, along
/ 

the Border Hills structural zone from Blackwater Draw In

T. 10 S. t R. 21 E., to the north?vestern part of T. 13 S., R. 19 E., 

the drainage vest of the structural zone consists 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 vest 

and east of the structural zone.



Climate

The climate of the Rosvell basin is semiarid. Precipitation is 

scant and is most intense in summer; relative humidity is low; daily 

temperature fluctuations are large; and moot of the days are clear 

and sunny. The average annual rainfall at Rosvell, 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 19^1 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 1*1 °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 98.1*! 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 la of considerable help In delineating 

which sinkholes, depressions, flood plains, and other areas ore 

covered with water infrequently and which are covered with water
C.QU-Z red

frequently. Areas that are frequently fmirlntfg^ by water have a 

darkened appearance when viewed from the air^ and are green if water 

has covered them recently and the vegetation has benefited because 

of the moisture. The areas appear fee-be black if water has not 

covered the area for a considerable tine and the vegetation is dead 

or dormant.

Quick-growing plants can thrive in depressions and sinkholes 

contain water for short periods of time, even in those depressions

that receive water infrequently, possibly once every few years.
piQu)«e<i 

Some of the quick-growing plants of the area are: pigi aah (Amaranthus

spp. ), ragweed (Ambrosia sp^. ), lambs quarter (Chenepodium alba), 

kochia (Kbchla scoparius), and ruseian thistle (Salsola pestifer). 

Flood plains of some of the tributaries of the Pecos River and
/"^ r

sorae sink holes receive enough water evey year to support perennial 

plants. Some of the perennial plants are tobosa grass (Helaria 

inutica), buffalo grass (Buchlolo dactylordes), burro grass (Sclerapogon 

brevifolious), cholla cactus (Opuntla arborescens), bitterweed 

(Hynenoxys odocata), and creeping muhly (Wohlenburgia repens). 

Phreatophytes such as saltcedar (Tamorix gallica) and jaesquite(Prosope3 

Juliflora) grow along the flood plain of the Pecos River and the lower 

reaches of some tributaries.



Sacaton (Sporobolus vrightii) and alkali sacaton (Sporobolus 

anoides) are perennial plants that formerly were common in aoutheastern 

Hew Mexico. Sacaton grew abundantly along many of the flood plains 

and some sinkhole areas. In these areas, other native grasses such 

as blue gramma (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
j, 

protective ground cover 31 many places. The sacaton, alkali sacaton
tK«t 

and blue gramma grasses have been replaced by shorter grasses which

have shallower and weaker root systems, such as buffalo grass.

Runoff has increased in some of the tributaries, channels have 

deepened and gulliec have formed as a result of overgrazing and

changes in grass cover. The deepened channels and gullies date from
-^

the late l800 ' s when grazing began in the Ro swell area. Floodwater
A

flows in the deeper channels in some streams rather than over the 

shallow 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 small rains reduced the vegetation
;n

cover, which resulted in less infiltration and greater runoff.
J A



Bills as seen from the air 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 black granraa grass (Bouteloua Ciraci^es and Bouteloua J&iopoda) 

now are not as contaon as the Invading fluff grass (Tredeus 

puclchellus) and hairy tridon (Tridens peloaue) on the hilly areas. 

In the southern part of the project area the beds of silt and sand­ 

stone along the hills can be traced readily on aerial photographs 

by the vegetation, growth along tho o lag-tic-bad*. One of the coctnon 

plants growing in the silt along the benches of limestones is the 

tar bush (Flourencia sp.).

Gyp granraa (Bouteloua breviseta) and gyp grass (Sporobolua 

neeleyi) are tvo consaon 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. ^).

Figure ^. Structural provinces during Permian 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, 19^8, 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 and its tributaries in the Tertiary and Quaternary periods 

overlie the stratified bedrock with profound unconformity. These 

alluvial deposit*; are only a veneer on the Permian rocks in most of 

the upland area but range in thickness from a iro,ev,iwa ~f a foot to 

more than 500 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 lovest formation 

that is an aquifer on the east slope of the Sacramento Mountains, 

the San Andres Limestone, and the Artesia Group. The Artesia Group 

includes the carbonate and evaporite fades of the back-reef deposits 

of the Guadalupe Series. The Guadalupe Series in southeastern 

New Mexico is characterized by four major facies: a basin facles 

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 nassive limestone of the reef 

complex of Guadalupe age; a carbonate facies consisting of carbonate 

rocks interbedded with sandstone, which was deposited landward from 

the reef complex of Guadalupe 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.

55



Yeso Formation

The Yeao Formation is the lowest stratigraphlc unit of Permian

age that crops out extensively in the Rosvell basin. The Yeao
Hondo Member *f -ft** Sa   AntfrtT Li^e 

is overlain by the Olorlefan Sandstone^ and underlain by the Abo Sand­ 

stone. It is exposed vhere 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 Rosvell 

____basin, Hew Mexico.



The Yeso Formation in southeastern New Mexico consists of 

anhydrite and gypsum interbedded with sandstone, siltstoue, 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 -*J^ 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,COO 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 

Mountains consists of brown and yellow sandstone, siltstone, 

shale, limestone, and gypsur.1.. The sandstone and siltstone, which 

are cemented by calciura carbonate near the top of the Yeso, are 

similar in iaost respects to sandstone and siltstone in the Hondo 

Sandstone Member of the Sari /jadres. Drill cuttings of the Yeso 

frod a hole in the NE-J- ^oc. 10, T. 18 3., R. 21 E., consisted of 

light greenish-gray shale, siltstone, nudstone, liiaestone, and 

anhydrite. The calcareous cenented quartzose siltstone ranged from 

yellowish brown to light yellow. Much of the shale was dark gray, 

and soiae was black with laminae less than 1 mn in thickness. Cuttings 

from well 7.20.16-53^, PVACD 1 (Pocos Valley Ariesiari Conservancy 

District), show the upper 235 feet of the Yeso Formation to consist 

principally of yellow and red sandstone and siltstone, some white 

chalky gypsura, and light gray-brown anhydrite with minor amounts 

of claystone (Cravford and Dorton, 1961, p. 263-269).
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The Yeso Formation is the most extensive aquifer in the area. 

The permeability of the Yeso is low, especially vhere the formation 

underlies the San Andres Limestone. Ground vater is in the coarser 

grained^ siliceous clastic rocks and in solution channels in the 

carbonate rocks and evaporite rocks. The sandstones and ailtstonea 

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 yield less than 10 gpm (gallons per minute). The 

vater in the Yeso is potable to impotable but generally is suitable 

for stock use.



San Attires Limestone 

Hondo Sandstone Member

The Hondo Sandstone Member is generally defined as n sandy 

unit that is overlain by carbonate rock of the San Andres Limestone 

and underlain by the gypsun and red siItstone of the Yeso Formation. 

Locally 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 Sacramento Mountains, sandstones similar to those of the 

Hondo occur Vn a zone about 150 feet thick in the overlying parts 

of the 3an Andrea Limestone.

The Hondo Member 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 neraber is 

mapped with the San Andres Licteotone on fig. 5«



P-O-"
The Qloriottu Sandstone In a well In the<i

sec. 10, T. 18 S., R. 21 E. , consists of three units, an upper 

ye How- orange quart zose- sandstone unit 20 feet thick, a middle 

ailtstone unit 10 feet thick, and a lower sandstone unit 10 feet
Cort\po5«c/ of

thick. The upper sandstone unit isA 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 yellow-j- brown and cemented with calcareous cement. The lower 

sandstone unit is silty and generally light yellowVbrown and is 

interbedded with some light-gray shale.

The Hondo Sandstone Member of the San Andres , vhi-ch may bo. 

corrolfffeivH with Hie Q3*Mi4eta_3flndgtQaeT is about 150 feet thick in 

the upper reach of the Rio Hondo and consists of an upper quartzose*- 

sandstone unit kO 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 quartzose 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 considerable silt. The sand generally is reddish brown

to a coating of limonite on the grains. Where the qiorieta-Sandstone 

is adjacent to intrusive rocks, the sandstone may have been meta­ 

morphosed to ^ quart zite.
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The Hondo Sandstone Msmber is an aquifer in large areas of the 

east slope of the Sacramento Mountains. Its water-yielding 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 3., 

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 B., 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 evaporlte rocks.

The upper part of the San Andres Limestone is overlain by the Artesia 

group and underlain by the Hondo Sandstone Member and Yeso Formation.
.^

The San Andres-Artesia Group contact used in this report is a carbonate 

rock-sandstone contact, as mapped by Hayes and Kbogle (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 > ?  131-1^0) and £* the northern

Guadalupe Mountains (Motts in Bjorklund and Motts, 1959 * P- 58-61 ).
of bke. CeurbdnAT*  £*.<-!*£ 

Bean (19^9, p. 13) pointed out that the upper partAof the San Andres

Limestone has a greater amount of dolomite than the lover part. 

The relationship of the upper dolomite to the lover limestone is 

shown in figure 7- Thin bedding is more comtaDn in the upper part 

than in the lover part. Hedler and Hye (1933> P« 614-70) and Bean 

(l9l*9, P* 9- 11*) 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 dolomitae, particularly
A

north and vest of Roswell. Test holes in the

HW£ sec. 33* T. US., R. 21 E., penetrated numerous beds of anhydrite

and gypsum interbedded with dolomite.



Variations in thickness 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 (fi&. 6)*. However, some anomalies occur

west and southwest of Roswell. A study of well logs compiled by
Above. £ke. Hondo 

Crawford and Sort on (I96l) indicates that the San Andres Limestone^

is 21*3 feet thick in well 13.20.1J.22 (FVACD k}^ 380 feet thick in 

wen 11.21.18.333 (PVACD 8)V and 500 feet tlick in well 10.21. 16.222 

(FVACD 3). The apparent differences in thickness nay result from the 

presence of lens, of sandstone^ in the lower part of the San Andres
Qe-fof_»* 9 T/9  *

Limestone or from local structural eflMttfeisar and truncation.
or rustle zonej-

Intrafonaational breccias (fig. 7) are cocanon in the San Andres

Figure 7«   Generalized section along the Pecos River from 

____ Carlsbad to South Spring Creek near Roswell, R. Mex. ______ 

Limestone. The breccias 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 brecciated 

zones. A terrace generally has formed where the brecciated teds are 

exposed. Weathering by slope retreat eroded the weaker beds of 

breccia and formed a bench on the underlying hard carbonate rocks. 

The "worm-eaten" and |lpinhead" type of porosity is more cannon 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 pinheod to more than a foot in diameter. Many of the openings 

are interconnected.
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The carbonate rocks of the San Andres Limestone are highly 

permeable in many areas west of the Pecos River and yield water
S«ct-or

readily to wells. In the Rosvell-Artesia cultivated area, the yields 

of irrigation wells generally range fron ho to 70 gpm per foot of 

drawdown, and the average rate &f discharge is about 1,500 gpm. 

Water in the San .oidres Limestone in the recharge area and 

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

generally is 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 inmediately 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 identifiable 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 where the formations are well defined, and the name Artesia 

Formation will be used where the units are not separable. The Artosia 

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.



Grayburg Formation

The Qrayburg Format!on, aa defined in -mir£ae« 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 1435 feet thick (Hayes and
_. r^ 

Koogle, 1958) that differs lithologically from the Queen Formation

and the San Andres Limestone, and its carbonate facies grades into 

evaporite rocks farther vest than does the carbonate facies of the 

Queen.
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The Grayburg Is exposed in the project area in

T. 21 and 22 5., Rs. 22 and 23 E., and Tps. 19 and 20 S., Rs. 23 and 2U E. 

North and west of the carbonate-evaporite facies boundary, the 

formation grades abruptly into evaporite rock, which consists 

chiefly of gypsum and forms the basal part of the evaporite 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-brown siliceous sandstone units in places show 

fluvial cross bedding.

Bjorklund and Motts (1959, p.92) concluded that the Grayburg 

Formation has two aquifers. The aquifers are beds of dolomite 

separated 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 Lakewood. A large amount of ground water moves into the 

Grayburg from the San Andres west and southwest of Artesia.



Stock and domestic wella 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 vater in the Grayburg in the 
ran<)«-s

outcrop area 1« from 300 to kCO ppm. Northeast and east of Artesia /\

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

oral conmunication, 1960).
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The Artesia Formation

The Artesia Formation (Chalk Bluff Formation of former usage) 

crops oiAt in the vicinity of Hope, "between Eagle Creek and Walnut 

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

formation underlies much of the alluviura along the Pecos River and 

in part forms the upper confining bed for the artesian vater in 

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.

ytis evaporirfee-f-aeiee  e£ $he Artesia Formation is chiefly^

gypsum and anhydrite interbedded with red siltstone and sandstone.

The character of the formation vapi««- with atratigraphic position. f\ ft

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. 

Surface ̂ exposures are poorly preserved and show evidence of considerable 

solution by ground water.

70



The Artesia Formation is highly permeable at some places and 

poorly permeable at others. It commonly is highly permeable in its 

outcrop because ground vater has dissolved large amounts of gypsum 

along interconnected solution channels. The formation generally is 

poorly permeable vhere it underlies several feet of alluvium. Ground 

vater under artesian head in the underlying San Andres Linestone rises 

through the Artesia Formation and slowly dissolves the gypsuir. but 

leaves the silt and sand behind. This process of selective reooval 

reuults in a relatively ii^peniieable silt and sand blanket that retards 

the oovencnt of ground water. Hie vide range in permeability of the 

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

vater vhere the permeability is low yield only u fev gallons per 

rf^Jnute; but veils in the higiily permeable areas yield uo ouch as 

l,i. OC £pr; (J. V. Hood, oral ccciiunication, 1"<59)   2^e vater generally 

is iapotable because of the high dissolved-colido content, and in 

sone places it is u;o3uitable for irrigation.

71



Rocks of Mesozoic age

Bocks of Triassic and Cretaceous age are in the Ruidoso^ 

Capitan area. (See fig. 5.) The rocks of Triassic age are the 

Dockum Group. In the study area the Dockum Group includes a lower
So. * as To/?«e_ 

unit probably equivalent to the Santa Rosa^FowBakiea and an upper

unit probably equivalent to the Chinle Formation. The Santa Rosa 

equivalent is about 295 feet thick (Alien and Jones, 1951) and 

consists mostly of interbedded sandstone, silstone, and minor 

amounts of chert pebble conglomerate. The Chinle equivalent la 

about l80 feet thick (Alien 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 Dakota Sandstone, which is about 135 feet thick, is chiefly 

quartzose sandstone and interbedded shale. The Mancos Shale is 

about 39-0 feet thick and consists of interbedded shale and limestone. 

The Mesaverde Group is about 535 feet thick; the upper 200 feet 

consists chiefly of quartzose sandstone (Alien 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 "fiarly Tertiary in age.
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In the general area of Ruidoso, Cap!tan, and Carrizozo, the 

rocks of 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 nmfl.ll area

of rocks of Cretaceous age in Tps. 1^15 3., R. 13 K. ^(Pray and Alien,
i~^ 

1956 ). Little is known about the water-bearing characteristics of
<*~

the rocks of Triassic and Cretaceous age, because only few wells 1m ve
\

been drilled in them (W. A. Mourant, oral communication, 1959).
c^-

g»ae AuekB will aut be d1,SPUR»ed further In this report , -because 

artificial recharge to these rocks would not be effective recharge to 

the Roswell-Artesia sector of the Roswell basin.



Rocks of Tertiary and Quaternary age

Unconsolldated and some consolidated gravel, sand, and silt
o o-f 

of Tertiary and Quaternary age comprise the alluvium (fig. 5).the
A

project area. Snail 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 veil-cemented
<A)ere_ 

conglomerate, gravel, sand, and clay on the gravel-capped mesas have-

baea called limestone conglomerate by Nye (Fiddlier and Rye, 1933; 

p. 33). The limestone conglomerate caps Mils 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 

Etabayment plain.

The corsolidated eea& unoonaolidatod gravel, sand, and silt 

underlying the younger alluvium of the Blackdom, Orchard Park, and 

Lakevood terraces of the lowland area was called quartzose 

conglomerate by Nye (Fledler and Rye, 1933> P- 35-37)« Rye pointed 

out that the quartzose conglomerate generally Is veil stratified, 

firmly cemented, and in some places deformed, whereas the younger 

material is commonly structureless, unconsolidated, and undeformed. 

Bye 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.



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. Oil tests in 

sees. 25 and 27, T. 17 S., R. 2o 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 «*aper±te^f*«i<»e 

of tlac Artesla Formation as alluvium. Fiedler and Hye (1933, p. 35) 

wrote that the maximum thickness of the deposits of the Blackdom 

terrace where they are exposed is at least 80 feet and may be 

considerably more. Morgan (1938, p. 1^), 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 Orchard 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 Ijaaookenc aquifer as a 

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

Intrusive and extrusive igneous rocks are mostly in the 

northern part of the Sacramento Mountains (fig. 5)  The sierra 

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 Capitan 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 mass on the east slope of the Sacramento 

Mountains (fig. 5) > in T. 12 S., 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.
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Geologic structure

Major geologic structures in the project area trend northwest­ 

ward, northward, northeastward, and eastward. The six major structural 

zones zones along which joints, small faults, and flexures have a 

similar or parallel trend are the Huapache, Founaile, Vandewart- 

Cornucopia, Border Hills, Sixmile Hill, and Y-0 structural zones. 

(See fig. 5.)
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Structural features that trend northwestward

The major structural features tliat 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 S. 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 Late Pennsylvanian time and throughout 

Early Permian time.

More than H,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 timej 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.
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The Guadalupe Mountains were elevated to their present 

topographic position in Tertiary time. The Permian rocks in tiiat 

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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StructureeAthat trend northward

Large structural features that trend northward are the faults at 

the west edge of the Sacramento Mountains (vest of area mapped in 

fig. 5) and the Vandevart-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 

eastward 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 is characterized 

by faults, folds, and numerous subsidiary structural features west and 

east of the major structural zone. West of the structural zone, in 

Tps. 16 and 17 8., 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 tbe trend of the 

zone. The limiting fold of this series crosses approximately through 

the eastern half of Tps. 16 and 1? S., R. 16 E., and extends northward 

into Tps. Ik and 15 S. f Rs. 19 and 20 £. The Manning anticline is at 

the northern end of the Vandewart-Cornucopia structural zone. (See 

fig. \.)
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Structural features '  > ̂  trend northeastward

The Border Hills, sixnile III11, and Y-0 structural zones are 

jnajor structures that trend northeastvard. These structural zones 

consist of long linear charply folded anticlines that pass into 

faults in places.

The Border Hills structural zone is narked by a. prominent 

topographic ridge. On the vest and east sides of the ridge, strata 

probably have buckled upward at places. Fiedler and Kyc (1933> p. ?8) 

quote C. H. Crandall as saying that the Border Hills fault reverses 

itself at several places and that for a few riles south of the 

Rio Hondo the beds on the east side are dowiithrown relative to those 

on the vest side. At rost places the beds on the west side of the 

zone appear to be dovnthrowii in relation to the beds or, 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 faults are in a series of grabens and horsts.

The Sixnile Hill and Y-0 structural zones are sharply folded 

and faulted anticlines that are not as well expressed topographically 

as the Border Hills structural zone.
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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 _lower Permian strata have been thinned. West 

of the Y-0, Sixmile Hill, and Border Hills structural zones, the 

Pennsylvanian and .lower 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

Sacramento Mountains. The contraction and subsidence.vbiab resulted
A

from cooling of the Capitan Mountains igneous mass may have produced 

a northeastward-directed force. These two forces may have resulted 

in slipping of the San Andres Limestone across the gypsiferous beds 

of the Yeso Formation. If slipping occurred, gypsum in the Yeso 

acted 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 probably was northeastward along old fault 

zones that formed in Pennsylvania^ time. This movement caused 

buckling in places of both flanks of the linear! sharply folded 

anticlines and the thrusting of gypsum and sandstone of the Yeso and
 S«xn /Arl^re-S-

Glorieta Formations toward the surface. There may have been a 

strike-slip movement also, and the western side of the slip moved 

northeastward relative 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 permeability in the bedrock. Easier movement of ground water in 

those areas accelerated solution activity. Many sinkholes are along 

the Sixmile Bill structural zone. The cavernous sinkhole in which 

the Hondo Reservoir forms is between two limbs of the Sixmile liill 

structural zone (Bean, 19^9, p. 7).



Structure* that trend eastward 
-f

The intrusion that forms the Capitan Mountains and two dikes
6~

(not mapped) (Dane and Bachman, 19^8) a few miles northeast of
C ou I «/

Roswell trend eastward. A general eastward trend probably can be 

inferred because the Capitan Mountains and the two dikes align.

Fouraile structural zone is between Fourmile Draw and Sorth Seven 

Rivers (fig. 5). Complex faulting and Jointing occur at many places 

along this zone west of R. 19 E., and in places the extensive
Ho r\ fl/o

fracturing has a herringbone pattern. The shattering of the tftogiata
Mtrvi ber

Sandstone.and Yeso Formation may have increased the permeability of ^

those formations in the Fourmile structural zone. Information from 

well logs indicates an area of higher permeability along this zone. 

This eastward-trending zone of fracturing may be the result of 

differential uplift of the Guadalupe and Sacramento fault blocks 

during Tertiary time.



Structural feature resulting from solution 
1

Sinkholes and closed depressions in the Roswell basin vere 

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 

conmonly 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 its periphery, thus forming a 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 accessible sinkholes in the Roswell basin, of the type 

formed by upward movement of artesian water, are those forming 

Bottomless Lakes (fig. l) just east of the Pecos River near Roawell.



Sinkholes formed by infiltrating surface water may be classed
^,'yil<h°l<zS, haUi'rt<3 bftirxa

as broad depression!^ vtfeh- gently ̂ sloping sides and generally partly 

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.
S'l V\kloo)-«.3

The broad depression^ are most common where rocks of the evapcrite 

facies are covered by a thick blanket of alluvium. As the gypsum is 

removed by solution, silt and clay fill the solution openings and 

there is little or no slumping of the bedrock. An example is Juan 

Lake sinkhole (fig. 8) where solution has been slow and a thick 

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

Figure d.   Subareas of the recharge area, major sinkhole areas, 

and generalized pattern of water movement in the limestone aquifer 

in part of the Roawell basin, Hew Mexico.

There is no visible opening on the bottoui ui iiiis sinkhole. Solution 

almost stops when the silt and clay layer becomes very thicli.
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If the alluvium is thin, the solution openings in the soluble 

bedrock do not fill with silt and clay. An example Is Antelope 

sinkhole (fig. 8) in which the alluvial fill is less than 25 feet thick 

and which has open solution cavities in the bottom. Sinkholes of the 

broad depression type Awtfcfe open solution channels in their bottoms
a t>r A*

are referred to in this report as open sinkholes, and those wttk a 

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 lar^e drainage area from which detrital material is

washed into the sinkhole. An example of this type of sinkhole is
D

Marley sinkhole (fig. 8) in Blackwater Jjraw 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.



The Antelope sinkholes. 1 ike some others, are bottomed In thin 

al uvium and nonresistant evaporite rocka 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 also are structural 

benches. The Pajarito sinkholes. for examp]e, 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 or. 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 reader is referred to other 

publications about water resources of the basin for a more complete 

description of all hydrologic elements.

Jfost of the ground water in the basin is in a main aquifer, 

consisting of consolidated rocks, and an alluvial aquifer. The 

alluvial aquifer is secondary to the main aquifer because much of 

the water that recharges the alluvial aquifer conies 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
(C/o^

the project area. This aquifer is within the Yeso Formation, OJio

Sandstone, San Andres Limestone, Grayburg Formation, and evaporite
A

facies of the Artesia Formation. These formations dip gently eastward 

from the crest of the Guadalupe and Sacramento Mountains 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 £. is in the Yeso Formation and the Hondo 

Sandstone Member of the San Andres Limestone. The main aquifer 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, 

water 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 San 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 

Formation 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 niles 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. Q_



Hydraulic properties of the main aquifer

Information is meager about the vater-trananission and storage 

properties of much of the niain aquifer. Hantush (1955> p. ?8) 

estimated that the average coefficient of transmissibility of the 

aquifer in the recharge uy»3a (ground-water provinces of the Hondo 

and Yeso and the upper part of the Son Andreo) la approximately 

75,000 gpd (gallons per day) per foot. This iiaplies that 75,000 

gallons 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 confuted 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 k percent in the principal intake area 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.
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Fiedler and Nye (1955, P- -V'5-1'6, 183-185, and pi. ' l) 

concluded that the permeabilit" of the main aquifer in five areas 

between Tps. 9 and 2r S. is greater than in the intervening areas-- 

based on a comparison of veil yield and dravdovn in veils. Their 

observations vere made on veils tapping the main aquifer vithin 

the province of the upper part of the San Andres; no observations 

vere 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 permeability 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 fev veils in the artesian part of the 

ground-water province of the upper part of the San Andres were 

about ],'OC,000 gpd per foot near Rosvell, about 75,CCC gpd per 

foot near Dexter, about 150,000 gpd per foot near Artesia, and 

about 66,000 gpd per foot near Lakevood. These tests vere made in 

segments of the basin described by Fiedler and Nye (195^, P- l''5-l'6, 

l85-l85, and pi. ' 1) as areas of large yields from veils and areas 

of greater permeability than intervening areas. These coefficients 

can be used to make a general comparison between the transmissibility 

in one segment and that of other segments; hovever, 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. Tills difference is indicated 

by the smaller yield 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 aquifer.

The vater-transmission properties of the main aquifer in these 

two provinces is indicated also by a difference in hydraulic gradients 

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 9 and 1C and less than 10 feet per mile

Figure 1C.--Contour map of the piezometric: surface in the main 

aquifer in part of the Roswell basin, ITew 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.
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The permeability of the main aquifer is not uniform vit'hin 

the province of the Hondo and Yeao. 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 o.C the San Andrea 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 Andrea. Above-average permeability in the Vandewart- 

Cornucopia structural zone pro^-ab^:- r resulted from uplift of the 

upper confining bed in the Yeso Formation. In places along this 

structural zor.e, ground water has discharged from the Hondo 

Sandstone Member and Yeso Formation into large solution openings 

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

average everywhere along this structural zone.
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Causeo cf differences in hydraulic properties 

in the limestone aquifer

Tlie high permeabilities of rocks that conpose the main aquifer 

in the ground-water province of the upper port of the San Andres 

are the result of the criminal utructure, porosity, and eeditseirtary 

characteristics of the carbonate rocks of Permian o£«; the position 

of the curbonate-evaporite facics boundaries of the Peruian shelf 

rocks; and the erosion of Pension rocka in Tertiary and Quaternary 

time.
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Chemical and texture! 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. Adjacent 

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 vhose 

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 of i«£« Permian, Triassic, and younger rocks over 

the rocks of the Leonard and Guadalupe Series protected the older rocks 

from erosion. A- a result, highly mineralized water probably was 

entrapped in ths zones of original porosity in the Permian rocko. 

During the late Pliocene and Plaistocene.flpochc the Guadalupe and 

Sacramento Mountains were uplifted, the San Andres Limestone was 

exposed on the mountain slopes, and the Pecos River cut into 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 under pressure beneath the Artesia Formation, though 

sane water leaked upward through the Artccia Formation and drained 

into the Pecos River. Much of the highly mineralized water west 

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

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

a passageway through, and an outlet from the main aquifer.
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As the mountains vere uplifted and the level of the Pecoa River 

was lowered, streams that drained areas of cvaporite rocks formed on 

the east slope of the Sacraiaerrto Mountains. Few solution channels 

formed in the carbonate rock.and nost of the water flowed over rather 

than infiltrated the surface. In addition, water infiltrating from 

the surface probably could not nave to any great depth because of 

the entrapped highly mineral"? zed water at shallow depth in the main 

aquifer. The Rio Hondo, the Rio Felix, and the Rio Penasco developed
loer-o.

large drainage systems, which ape- superiniposcd on the carbonate rocks
A

before the evaporite rocks were stripped from much of the area.



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 Al^dres Limestone and 

Grayburg Formation interfinger in the area of gradation between the gross 

carbonate facies and gross evaporite facies. Thus, for a given 

stratigraphic interval-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 Andrea Limestone is greatest in 

the RoBwell area. Water that infiltrated from the Rio Hondo, Blackwater 

Draw, and Salt Creek probably caused much of the solution. The permeability 

is lower toward Artesia. The permeability of the San Andres Limestone 

north of Salt Cree& 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 lakes 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. Itoese 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 coraprose the western limestone area. The western limestone 

area is underlaid primarily "by carbonate rocks of the San Andres 

Limestone. Most of the area is highly dissected; however, some 

undissected remnants remain. Many of the undissectod 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 

is moderate to low; water infiltrates principally through joints 

and faults. Water that infiltrates this limestone surface and 

passes to depth recharges either small perched bodies of water or 

the main ground-water body in the province of the Hondo and 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. In areas where deep canyons intersect the water 

table of the province of the Hondo and Yeso, ground water discharges 

from the main ground-water body to the stream channels 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 1? E., and the 

Mayhill sinkholes in T. 17 S., 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 

approximately 100 sinkholes. This 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 

Yeeo 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.



Red Lake, in sees. 9 and 1C, T. 13 S., R. 16 E., and Deadman 

Lake, in sec. 25, T. 12 S., R. 16 E., are in the largest of the 

Pajariot sinkholes. Deadman Lake, the largest, is about 2,500 

by 1,300 feet and has a drainage area of about ' square miles. 

Red Lake is about 1,500 by 1,000 feet and has a drainage area of 

about 2 square miles. About 10 of the Pajarito sinkholes are 

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 compose the Mayhill sinkholes. They range 

in size from a fraction of an acre to about 20 acres. The floor 

of the sinkholes ranges between 1C and 50 feet below the general 

land surface. The sinkholes were formed in carbonate rock of the 

San Andres Limestone.

The floor of most sinkholes in the western limestone area 

consists of silty sand, which is moderately permeable and silty 

clay, which has a 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.
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Infrequent observations were nade of the approximate rate 

that water discharged from sinkholes in Pajarito and MayhiHl 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 

water on November 2, 1958; and by February "5, 1959* only P sink­ 

holes contained water. No water entered the sinkholes during this 

period. Some of the water in these sinkholes was consumed by 6,Of 0 

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 

probably can be attributed to greater precipitation rather than 

lower 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» a!3 the sinkholes were dry. Mr. Fisher, a local 

farmer, informed the senior author that 1 f these lakes fill with 

water in July and August, they generally hold water about 7 months. 

He also reported that the maximum depth of the water in these 

sinkholes is about 5 feet, as indicated by high-water marks on 

fence posts in the sinkholes.
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The great length of time that water remained in these sinkholes 

indicates that several tens of acre-feet of water are discharged by 

evaporation. Although large amounts of water enter the rocks of the

western limestone area^ and some additional water could be added by
--S*

artificial recharge, probably only a small percent^of the additional

water would be effective recharge for the limestone aquifer in the 

Roswell-Artesla 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 area 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 Formation. 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 a third of a 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 organic 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 veil-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, pi. 2) as being the principal recharge 

area for the main aquifer. Recharge along the stream channels could 

be increased if 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 thau goes 

underground quickly. Water accumulating in the Flying H sinkholes

c K« *** <r*
after thunders******* discharges in 1 to 2 months, mostly to the 

subsurface .

The artificiat-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 dam 

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 in the sinkhole areas. The greatest 

problem would be in getting the water from the streams to the sinkholes.

A detailed study of Hope sinkhole in sec. 33, T. 16 S., R. 19 E.
A

iLb muha^gu uluu'acjfcmlbbic-tt is described in the section on 

water-loss studies in selected sinkholes.
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Northern evaporite area

3!he extreme southern part of the Vaugon-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 

fades 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 flow 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 

aoae infiltrates to the subsurface. Mast of the precipitation that is 

not discharged by ev&potranspiration 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 cvaporite area as veil as 

transport water into this evaporite area froa upstream sources. These 

drainages lose a considerable amount of vater by infiltration in the 

northern evaporite area. Snail csvelike 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, strearoflov entering the 

subsurface through the solution holes in the channel reappears as stream­ 

flov emerging from other solution holes in the channel downstream. 

This vas observed in Middle Arroyo, where flow disappeared in solution 

holes in sec. 19, T. 7 S., R. 21 E., and reappeared about 1,000 feet 

downstream. Wet-weather springs are nuraerous 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 soli> 

tion channels in the side of a 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 before the water surface reaches the nouth of the solution 

channel. If the permeability of the floor is very low, most of the vater 

ponded below the level of the channel mouth is discharged by evaporation.
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The artificial-recharge potential of the area is good and

recharge to the tiaestoae. aquifer might be increased substantially 

in the northern evaporite area. All of the streamflow in the 

major drainages that cross the area is not lost within the 

northern evaporite area; therefore, more vater Might be put 

underground if the flow could be Impounded and then released at a 

rate that would infiltrate the permeable streaabeds. The stream 

channels are narrow, and reservoir capacity behind a dan would be 

small, consequently numerous 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 

areas where the water put into the subsurface would not emerge 

from solution holes in nearby stream channels. Sinkholee located 

(where streamflov could be diverted to them easily) totrt- floored by
-..       __. ___.   - ..    - .    --£ -      - -

material of lov permeability probably could be used for artificial 

recharge if recharge wells were constructed in the sinkholes. Some 

sinkholes In which large quantities of water pond before aoaa wtaar

solution channels in the sides of the <rtnkhel» probably 

could be made more efficient recharge points by lowering the souths 

of the solution channels.
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Southern evaporite area

Both segncnts of the Enbayraent plain and a srsall part of the 

lowland area compose the southern evaporite area. The surface of the 

area is characterized by shallow swales and gently rounded hills. The 

drainage is well integrated. Collapse and broad-depression sinkholes 

are corataon on the interstream areas; however, the broad depression IB 

the moat consaon. Most of the broad depressions are open sinkholes 

becauue 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 6eeaingly 

is higher in the northern part than in the southern part. The reason 

for this difference is not entirely clear; however, it may be the result 

of a greater thickness of aquifer and laore brecciated zones in the 

northern part.

The southern evaporito area is underlaid primarily by rockc of the 

middle and lower parte of the Artesia Formation (equivalents oi' the 

Ceven Rivers, Queen, and Grayburg Formations) and to a minor extent 

by evaporite rocks of the San Andres Limestone. Gypsum is the major 

constituent of the rocks of the southern evaporite area. The permeability 

of the carbonate rocks i£ relatively high In parts of the area because 

of interformational breccias consisting of angular to subangular blocks 

of carbonate material in a calcareous silty matrix. Solution by water 

readily 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- 

water flov from the eastern limestone area. Some recharge to the
Wl.4.1 *N

3Aaao»oug aquifer Is from precipitation Infiltrating the surface 

of the interstream areas; however, most of the recharge is frost 

vater that reaches sinkholes and stream channels. Considerably 

more vater recharges the aquifer through streaabeds 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 moot of the streamflow 

originates from precipitation on areas upstream. Much of the 

streamflow entering the area is depleted by infiltration within the 

southern evaporite area. Estimates were made of streamflow 

losses in Rio Penaaco and Fourmile 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 a 1-mile reach within sees. 16 and 21, T. 1? S., R. 21 E. 

Streamflow estimated to be about 200 cfs diminished to about 125 cfa 

in an 8-inile 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 a total channel distance of about l'i.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 streatuflows will not get past 

solution openings in the bed of Johnston Draw in the 

y sec. 23, T. 16 S., R. 21 E.
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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 k- square -mile tract in T. l8 S., R. 23 E 

however, most of the s nkholes in this group, including the largest 

of the group, are entirely within sec. 23, T. 18 S., R. 23 E. The 

Antelope sinkholes are actively growing as indicated by fractures 

around them. Their growth is by subsidence as a result of solution 

of the gypsum bedrock. During growth, some sinkholes have Joined 

and form one large compound sinkhole. One compound sinkhole of the 

Antelope group ooweo an area of about Q.k square mile. The 

material on the floor of many of the sinkholes in the Antelope 

group is a granular toybnrod coarse-grained silt that is friable. 

The permeability of this material ic 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 

(T. l8 S., R. 2k E.) probably is less permeable than that of the 

Antelope sinkholes. Soae of the sinkholes having floors of low 

permeability are adjacent to sinkholes having highly permeable 

floor? When the sinkholeshaving How permeability ffloors/become
rv\ j ,- ~~      * A\

filled with water, the overflow^into nearby sinkholes having more 

permeable floors.
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The Fanning sinkholes in T. <?2 S., R. 22 E. consist of about 

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

(T. 22 3., P. ?3 E.) are two of the largest in the southern evaporite 

area. Bone Tank sinkhole is about 1,800 feet long and 8oc feet vide; 

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.



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 a month. The 

amount of water that would be saved from evaporation 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 

daras and reservoirs.

Some of the water infiltrating to the subsurface in the southern 

part of the area enters an upper aquifer in the Orayburg and Queen 

Formations and moves southeastward from the Roswell basin into the 

Carlsbad area. This water is not effective recharge to the Koswell^ 

Artesia sector.



*w
ilieaat c area

The western port of the Vaughn- Macho plain comprises the northern 

limestone area. The northern part of th«r northern 11 moot one -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. Ifcich of the 

precipitation evaporates from the land surface> some infiltrates 

the surface> and some drains to sinkholes and stream channels. Most
y in **C\ on

of the recharge to the ground-water body is .ooopage through sinkholes
\

and atreambeds.

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 '±50 to 650 feet thick in the southern part 

of the area and thin northward to  * thioknoaa of about 20 to 30 feet 

near Vaughn. Generally, the carbonate rocks of the San Andres

Limestone are more permeable than the sandstone, siltstone, and
fr*ntfo M«/vN/j,er 

evaporite rocks of the underlying Olui'iulm 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 liaefftone aquifer. 

Although sinkholes are scattered throughout the area, they are more 

numerous and closer spaced in the following four major groups: 

Vaughn sinkholes, Richards sinkholes, Hasparos sinkholes, and Bogle 

sinkholes. (See fig. 8.) The northern limestone area was not studied 

in detail, and most observations of the sinkholes were made from an 

airplane ana aerial photographs^ eemaequentlyy the ̂fo^borrfctig deooipip- 

tions of -bhe ainkholoo ao-4i»-origin and aia»-»aay ba avtbjee1

porno error-. The sinkholes -appear 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, whereas in other parts, 

sinkholes occupiie about 50 percent of the land. Sinkholes in the 

latter area are circular, are bottomed with green vegetation, and
S««vn

appewwd 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 Eastern 

Cap!tan sinkholes, are a few miles north of Capitan Mountain (fig. 8). 

Samples of soil from the floors of the Eastern Capitan sinkholes 

consist of a poorly permeable silty clay.
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The perneabillty of the materials flooring the Vaughn, Richards, 

Hasparos, and Bogle sinkholes was inferred from observation of the 

length of time vater remained in the sinkholes after 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. Hone of the Richards, Basparos, 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 Richards, Hasparos, and Bogle 

sinkholes probably are highly permeable.

A considerable 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.

12?



In that part of the northern limestone area having well- 

integrated drainage, dams could be constructed on some streams either 

to Impound vater over a permeable area 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.

I
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Eastern evaporite-alluvlal area

rilie eastern part of the Vaughn-Macho plain composes tiie eastern 

evapcrite-alluviGl area. The area io underlain oy e.^"Wite rocks 

of the San Andrew Limestone and younger rocks of PerriAi age and 

by alluvium of probable late Tertiary a^e. The areas of evoporite 

rock arxcl areas of alluvium arc not differentiated on figure *.

DraixiOije is ^/eli integrated in much of the area; however, in the 

nQrthwesteru part of the area drainage is internal to cinkhole.;. Uono 

vater draint; to simdioles oa the iateru^roaia areas.

Precipitation ou the area a;d surface- arid ground-vator riov to 

the ares from bhe northern liae^tone area are the sources of water. 

VJater uoviiig downward laay enter aquiferc at shallow depth in tlic alJ.uviun 

and Arte^ia Foiination and then ciove east-rfard axid discharge aa ueep.; 

and cpriixiB alon^ the Pecot; I\Jver. L...ttle is known about theae cncllow 

aquifers. In. general, watei- looviiig to the subsurface in tlie western 

part of the area probably recharges the main aquifer, and the vater 

aoviiig to the subsurface in the eastern part recharges the sl 

aquifers.



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 

Lewis sinkhole T. k S., R. 22 E.), whereas 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 evaporite-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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Alluvial lowland area

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. Ihe natural 

hydraulic gradient is upward from the main aquifer 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 veils. 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 in the well. This would be necessary 

in wells near the Pecoe 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.
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Movement of water in the main aquifer

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 of the basin within a reasonable length of time and the recharged
Coo. ̂

water .ea» move to the artesian aquifer without gaining an undesirable
A

concentration of dissolved solids.
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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 Roewell-Artesia sector 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 years.depending in part on the distance of the recharge site from 
A

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 arrows in figure 8 represent the general direction of ground- 

water movement. The water that enters the main aquifer in the northern 

quarter 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.



The selection of the next- most favorabl-e area vith reopect to
*

distance would-4«pead oir ~whictr par t i cular part of -the

«- ̂ benefited fira%. In the Roswell-Dexter area, where 

the encroachment of saline water has been most pronounced, benefits 

from recharge would arrive faster from recharge Bites 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 vould arrive quicker in the area 

between Dexter and Lakewood from recharge sites in the southern 

evaporite area and the eastern limectone area; however, water 

recharged to the upper aquifers of the Grayburg and Queen Formations

would move eastward from the Roswell basin. Most of the western
noriJiei-i'i li'tvi^sttin e_ 

limestone area, the wo s torn carbonate area, the eastern evaporite-

alluvial area, and the western half of the eastern limestone area 

probably are too remote to be considered for some of 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.
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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 aquifer should be considered together in evaluating 

sites for artificial recharge.
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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 aquifer

Water in the alluvial aquifer generally ia 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 thickness of the zone of saturation 

is considerably less. The depth to the water table ranges from a 

fraction of a foot near the Pecoa 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.
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Etydraulic 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 HantuBh ranged from 56,000 to 139,000 gpd 

per foot. A few tests made during the study period 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.
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The apparent vide range in transmissibility of the aquifer is 

reflected in the vide range in veil yields in relatively small 

areas. Irrigation veils in use yield from less than 500 gpm to as 

much as 1,500 gpm; the average yield is betveen 800 and 1,000 gpm. 

Specific capacities betveen 10 and 8c gpm per foot of dravdovn, 

and averaging betveen ''0 and 50 SP  per foot of dravdovn, vere 

obtained during a random sampling of veils in the alluvium. These 

yields probably are reasonable indicators of the range in rates 

at vhich vater can be recharged through veils to the alluvia]. 

aquifer. Sites for large-capacity recharge veils probably vould 

not be too difficult to find in spite of the apparent large 

differences in the aquifer's hydraulic properties from place to 

place.



Recharge to the alluvial aquifer

The recharge area of the alluvial aquifer in the Roswell- 

Artesia sector is the alluvial lowland. Natural recharge to the 

alluvial aquifer consiGts of (l) artesian water leaking upvard 

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; (U) 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 pert 

by (l) water-infiltration characteristics of the alluvium, (2) topo­ 

graphy of the alluvial surface, (3) thickness of the alluvium, and 

location in relation to the Pecos River and its tributaries.



Factors affecting water infiltration of the alluvium

In the arid climate of the Rosvell 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.



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,
iff** Cexus-c. ft^

Orchard Park, and Lakewood tercaces hoc yooultiiAiia differences in
A

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 sllty clay and caliche cap (fig. 11) that

Figure 11.--Particle-size distribution in soii samples from" 

____the B' horizon of Blackdom and Orchard Park terraces._____ 

forms the "B" horizon of the soil of the Blackdom terrace contained 

Vf percent clay and 36 percent silt. She 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 a foot to several feet have formed in this cap on the flanks 

of hills t and surface water enters these openings readily.

Soils underlying the Lakevood 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 soils 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.



Moat of the irrigated land of the Boswell-Artesia eector is 

on the Orchard Park terrace, and the low permeability of the soil 

prevents a high rate of recharge to the alluvial aquifer aa seepage 

loss from irrigation water. Hantush (1955* P- 57) estimated that 

about 20 percent of the irrigation water applied to the

recharges the alluvial aquifer. Ibis estimate nay be too large. 

|Aftta: conq?»rlngsamples pf the "B" horizon ofReeves^pam 

eatoles of

permeability^] the coefficient of permeability of the "B" horizon4"
iioaKJwas estimated to be about 0.01 gpd per square foot. 

Computations based on this coefficient indicate that the recharge 

fron irrigation water probably is 10 percent or less of the vater 

applied.

The development of caliche in the "B" horizon reduces the 

infiltration capacity of soils in interatream areas, and cementation 

of gravel, sand, and silt in strearabeds in the alluvium by calcium 

carbonate reduces the infiltration capacity of those streams. 

Surface water in contact with large volumes of calcareous rocks 

takes quantities of calcium carbonate and calcium bicarbonate into 

solution. Calcium carbonate precipitating fron solution where 

water accumulates and evaporates along intermittent streams ceceuts 

the streanbed materials and forms hard, relatively impermeable 

conglomerate. Conglomerate formed in this manner is coercion in the 

streambeds of the Rosvell basin.



- The- cementation of gravel, sand, and silt also, eecuro in the
S?

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 

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 reduced in the areas underlying the smaller 

streams.



The amount of recharge from streams has not been determined., W~H 

^juantitatively, however^ It nay not be act largeejas generally believed.j 

Long reaches of the main tributary streams crossing the alluvium are
V

silty in places and apparently of low permeability. Rio Felix, one

of the largest and deepest of the streams crossing the alluvial
*V 

recharge area, is underlain -ia places by veil- rounded sand and
A+ 

gravel that is relatively permeable. -In- other places the sand and

gravel is relatively impermeable owing to a matrix of silt and clay.
r\or *w« l| il

Two /perennial ponds and an intermittent pond lie above the 

water table in poorly permeable parts of the Rio Felix channel. The 

largest of the perennial ponds; in the BW£ sec . 29, T. Ik S. , R. 23 E. , 

is from 1*00 to 500 feet long, 40 feet vide, and in places is from 

5 to 10 feet deep. The other perennial pond Is 2 miles upstream, in
<o<«> -1 S° £eet

the SB£ sec. 25, T. 14 S. , R. 22 E. , and is gee to W yajaa long
*l 4W 

and 7 to 8 feet deep. A local rancher reportp that thltr latter

pond normally holds water all year; however, during the drought 

yeagg in the early 1950' s it was dry. An intermittent pondjin the 

HE£ sec. 22, T. lit S., R. 23 E. , holds water during and after floods. 

In October 1953, this pond was 800 feet long, 5 to 6 feet deep, and 

about 50 feet c^osa. Other temporary ponds, lasting from 1 to 2 

nonthSjform along the channels of the Rio Felix, Rio Penasco, 

Seven Rivers, and Rio Hondo after large floods. The channels of 

the smaller streams also have many impermeable reaches on which

water, ponds after floods. Infiltration of water from the smaller 
A

tributaries appears to be ouch less per unit vetted area than that 

from the larger streams.

11*7



The apparent poor infiltration characteristics of Interstream 
of

areas and t«- 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
eti.

loot by evaporatiea.. 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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Gtopographic features that affect recharge of the 

alluvial aquifer

Qorfooe 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 is on the Lakevood 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 fev feet below the flood plains. Swales and depressions
^t -V th*y«r* 

are very shallow/ aai i» many places £»e| more than 1,000 feet wide, 4»i>"V
 ***> 

and extend/downslope several miles.

Most of the sinkholes are dry ouch of the tine^ although some 

contain small perennial lakes. Lake Van and several of the Bitter 

Lake sinkholes (fig. 8) contain water all year; Prlchard Lake 

sinkholes contain water diverted from the lower end of the Hagerman 

Canal; and Juan Lake, Felix, and darks Lake sinkholes contain water 

only after heavy rains in their vicinity.



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 low,and much

water is lost from them by evaporation and transpiration. 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 areas and damage 

croplands.
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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 lover 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 Rosvell-Artesla 

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 in 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 widespread 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 aquifer.

Water injected through wells to recharge the alluvial aquifer 

should be free of suspended sediment and algae-forming bacteria 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
*t 

vater were made te four sinkholes   Juan Lake, Hope, Marley, and

Berth Mar ley (fig. S). These sinkholes vere chosen for study 

because of their area, depth, and accessibility.

Topographic napayvere prepared Lgf these sinkholes/. Staff gages 

installed in the sinkholes vere read periodically to measure the 

change in vater level. Samples of the alluvial sedinents underlying 

the floor of the sinkholes vere collected by angering and vere 

analysed for particle size and penaeability. flnnples of the vater

ponied in the sinkholes vere collected periodically and analyzed to
a;-s*o)i/«<i ^oli^

determine kinds and concentrations of ghemicaia]/in the vater.

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

Figure 12.   Topographic map of Juan Lake, North Juan

Mar ley, Borth Mar ley, and Bope sinkholes, Roswell basin, 

____ Hev Mexico. ______________________________ 

the entire sinkhole. Only that port of a sinkhole vas mapped that
Se«^v\JS«T cAMr'A^

appeared likely to be inundated by vater  *  the study period. Tba 

contours for the topographic nap of Marley sinkhole are referenced 

to Dean sea.- level because a bench+mrk of known altitude vas near the 

sinkhole. Contours shovn on maps of the other sinkholes are 

referenced to assumed datuoa.



The volume of vater 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 vater the sinkhole would 

contain at various contour altitudes, The volume of water in the

sinkhole was determined by periodic readings of the water-surface
I  

altitudeJon a staff-gage that woo ias%aH«d in the-etakhole for tfae

period of study-1 A second graph was prepared showing the volume of 

the water in the sinkhole in respect to time^ytthia the study peyie

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 nearly exact evaporation 

rate.
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Juan Lake sinkhole

& 
Juan Lake sinkhole is in sees. 30 and 31> T. 12,6., 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 Thirteenmile 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. Analyses 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, wwhcoheslveness, and <i higk dry-breaking strength. 

Laboratory tests using variable head permeaneters indicated that the 

coefficient of permeability of the alluvial fill is abe**. C.01 gpd

per square foot. This low permeability is the result of the high
^a

percent of clay (58 percent) and fine silt (29 percent) in the fill.
/v

(See fig. 13.)

Figure 13. Particle-size distribution in soil samples of 

alluvium in Marley, North Marley, and Juan Lake sinkholes.
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Juan Lake sinkhole filled with water to the 52-foot contour 

(fig. 12) would have 995 acre-feet of water, a water surface area 

of 256 acres, and a maximum depth of 9 feet. When the water level 

in the sinkhole rises above the 52-foot contour, water spills 

northward into North Juan Lake sinkhole. North Juan Lake filled to 

the ^6-foot contour would have 150 acre-feet of water, a water surface 

area of 17 acres, and a maxiiaun depth of 11 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 1*6.31 feet. 

Figure l^t shows the change in volume of water in the sinkhole from

Figure 11+. Depletion of water in Juan Lake sinkhole by

evaporation and infiltration in the period October 1, 1953 

____ to March 7, 1959 ________________________________ 

October 1, 1958, to March 1, 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 87 acre-feet or 70 percent infiltrated the bottom of the sinkhole.
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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
 S«.erne</

period. The surface material appotu-.c to be more permeable at the

higher levels in the sinkhole; therefore, water loss by infiltration
toeV^ed. 

probably would be larger per unit ourfaoe area along the flank than

in the lower areas of the sinkhole. Also, the infiltration rate per
uJetW 

unit*area 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

Mar ley sinkhole, the largest of the four sinkholes studied 

In detail, is a compound sinkhole In T. 10 S. , R. 22 E. The shape
. I nc» ic-c«.TCS

of the sinkhole as shown by a topographic nap (fig. 12 U suggests 

that it vas formed by the coalescing of three sinkholes. The 

sinkhole, if filled to the k, 016-foot contour vould contain about 

2,000 acre- feet of water, vould have a fr*9 vater surface of abettt 

550 acres, and vould have a maximum depth of -about 9 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 vas concluded that In 

the southern two- thirds of the sinkhole the permeability of the

floor is lov vithln the area that vould be encircled by-* 4,011-
A

foot contour. The permeability of the floor above the 4, Oil- foot
j ra jL~t c. f

contour is somewhat ̂ higher.
-J-T- rt> K«.a«nrr\i f\ o.-A'f I u

rfcoil in the area of lov permeability predominately Is a silty -'
f i \ A

clay that has high plasticity and high dry-breaking strength. 

Laboratory tests shoved that the coefficient of permeability of 

the silty cLay is about- 0.007 gpd per square foot. A particle- 

size analysis for this silty clay is shown in figure 13.

The area of higher permeability Is underlain in part by sand 

and silt having relatively high permeability), and in part by silty 

clay having lov permeability. The coefficient of permeability of 

a soil sample vas -abotsfc 0.2 gpd per square foot.
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In places the sllty clay Is at least 1*8 feet thick. (See 

table 3, test hole 2.) This large thickness of "Mie 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 vater flows when Marley sinkhole is 

filled to capacity.

Marley sinkhole receives large quantities of vater -when 

Blackvater 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 U,0li*-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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Horth Marley sinkhole

North Marley sinkhole, in T. 10 S., R. 22 E., ia underlain by 

carbonate rocks of the San Andres Lizaestone. These carbonate rocks 

are interbedded vith evaporlte rocks and indicate that the sinkhole 

area is in the evoporite facies of the San Andres. Solution channels 

in rocks of the cvaporite facies of the San Andres exposed in adjacent 

areas indicate that the rocks underlying the sinkhole probably are

highly permeable.
I*' 

Areas along the flanks of Horth Harley sink*}" particularly in

the northvestem and southeastern part, are underlain by sandy silt
iTfr ̂ « a >r-u>

that vas transported and deposited by the cbKuLaages-entering the
fl

sinkhole. Laboratory analyses Indicate that the coefficient of 

permeability of the sandy silt is tfSBat Q.k gpd per square foot. 

This coefficient is relatively high for alluvium, in the JRosvell 

basin and is due to the large percent of coarse silt and sand.as 

shown in the analysis of a sample from test hole 10 (fig. 15). The 

central part of the sink is under .lain by a clayey silt, having a 

coefficient of permeability of abeut 0.1 gpd per square foot. The 

logs, of a test hole augered in Horth Marley sinkhole is given in 

table 3«

Borth Marley sinkhole, if filled vith vater to the 150-foot 

contour (fig. 12), would have-abettt 3>700 acre-feet of vater, a

vater surface area of afeou* 228 acres, and a maximum depth of
f 

«boat 31 feet.
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North Marley sinkhole, whose drainage area is about 5 square miles, 

seldom 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 water-surface area of 50 

acres. Water remained in the sinkhole Qk days. During that period, 

JO 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 area 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 3., R. 19 E., is in carbonate 

rock of the San Andres Limestone. The vails 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 «abeut 

85 acres; the area of alluvium (about 70 acres) corresponds to the 

area within the H&~foot contour. The total volume of water required 

to Inundate the area of alluvium is about 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 1Q5.5-foot level, 

 er equivalent to afeccrt 130 acre-feet of water. Water remained in 

Hope sinkhole for 179 days. Evaporation looses from a pan near 

Lake Avalon, which is about 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 70 percent of that amount, the total evaporation 

loss from Hope sinkhole would be afeewt-1.6 feet. Therefore, 

80 acre-feet of water evaporated from Hope sinkhole and about. 50 

acre-feet infiltrated the floor.



Hope sinkhole contained water part of each year during the 3 

years of the preoent investigation and local ranchers report that 

the sinkhole contains vater every year. Hope sinkhole fills more 

often than the other three selected sinkholes.

During the senior author's visits to Hope sinkhole, the vater 

level was never higher than the 10k- foot contour (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 

walls above the alluvium.

A recharge well would put water underground faster than // i 

-eeeors under natural conditions through the alluvium. The 150 

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
CO A. l(i

recharge veil within 1 montluand reduaad the evaporation tosa to no\ * 

more than 15 acre- feet. A recharge well in Hope sinkhole probably

would increase the recharge to the limestone aquifer 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

Low flows and most of the flood flows in the Pecos River and
M -x j c. bee o 

its tributaries 4M*e appropriated waters. Under the aitlntlnc laws
A

and compacts -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 vaters are not 

considered as a source of water for artificial recharge; however, 

if some of these waters were available. 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 1 s supply and might be considered as 

unappropriated water. Those waters not appropriated are waters
< r«

that overflow the banks of tributaries and are lost by evaporation
A

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 detail. The author
b*-

estimates that this loss might nmoiurti te several thousand acre- 
  A

feet in some years, and in other years the loss might be negligible. 

Additional information on tributary flows would be required totT 

determine the volume of flow certain tributaries could transport 

without wasting onto flood plains.
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If it- were determined that certain tributaries could contain
if 

a specified rate of flov within their banks and that any rafre-e£
A

flow in excess of that would Bpill and be lost, then facilities
or

could be built on those tributaries to impound and/ ov divert the
A

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 Draw, Greenfield Draw, 

Foumile 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 

wateri and probably could be used for artificial recharge if salvaged.

The water that accumulates naturally in sinkholes may or may 

not be available for artificial recharge. The water that collects 

in some sinkholes forms natural stockwataring ponds, and depleting

the water of those ponds at a faster rate than by natural means
X 

might require the construction of a facility thai* would make water

available to stock in lieu of the pond water.
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Another probable source of vater for artificial recharge is 

that vhich might be salvaged after eradicating -water-loving 

vegetation, particularly saltcedar, from the bottom land along 

the Pecos River and its tributaries in the Rosvell-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 70 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 were eradicated, not all "OiL the 52,000 acre-feet 

could be recovered and used for artificial recharge. Some measure 

would have to be taken to prevent oaltcedar's regrowth, and most 

plane to do that would require some water. One plan would be to 

plant the denuded area to grasses whose water requirements would
Jgii Th<x«O

be .above oue-fifth 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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Reducing water consumption in the bottom land probably would 

necessitate pumping some water fVom the alluvial aquifer by wells 

in the bottom land 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 

arbifically recharge either ohe main aquifer 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

TV* of 
The concentration of sediments andA dissolved-solids content i« surface

water used for artificial recharge should be within liaits that ore dictated 

by the particular recharge operation, otherwise the efficiency of the
be. ifriP0.ire.cl

recharge works would reduce. Ideally, water used for artificial recharge 

should be free of suspended sediment and low in dissolved-solids content. 

Host of the surface water that mi^ht be available for artificial recharge 

in the Boswell 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 wita that 

in other New Mexico stre&us.
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Suspended sediment

Large quantities of vaters -of low 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 efficiency of those facilities would deteriorate 

slower if the sediment load in the water was reduced. Temporary storage 

of the water in settling basins (sinkholes aad reservoirs behind 

impoundment dams) would result in the settling -^wfc. of most of the

sediment except the collodial materials.
tt 

Surface water injected to the alluvial aquifer through recharge

wells probably would require filtering in addition to a settling period 

to remove much of the very fine material 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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Dissolvad-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. Artificial recharge 

in such areas would not, be desirable. Natural recharge should be 

retarded by artificial means where the water recharged gains too hi^h 

a mineral concentration enroute to the Roswell-Arteeia sector. If 

water artificially, recharged to the main aquifer in the northern part 

of the northern limestone area (fig. 8) and in the eastern evaporite- 

alluvial area moved to the Roswell-Artesia sector it probably would 

increase the amount of highly mineralised water in that part of the 

main aquifer. 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 hijjhly mineralized water 

to the Roswell area. Water entering the main aquifer is most of the 

other recharge areas would not adversely affect -he chemical quality 

of the water in the Roswell-Artesia sector.
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The water that accumulated in the four sinkholes selected for 

water- loss studies was analyzed for its chemical constituents at 

various times. The results of these analyses show 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 clayi^ on the floor of the sinkholes or may have

been the result of the absorption of the sulfate constituents by plants
«/ Con c « ̂-Vi-orf » «r> i o -f

and algae in the sinkhole. Specific conductance^ sodium, calcium, 

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

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

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

Ion-exchange between the dissolved solids in water, or their absorption 

by plants and algae in the sinkhole may explain the anomaly. North 

Marley sinkhole contains more vegetation than either Hope or Juan

Lake sinkholes.
*" J                l3*1 "4-* 1* 

Ufater *e--be rechargejQ in the Roswell basinnreuld be stored above

ground only for short periods of time. The principal objective would 

be to put the water underground quickly to reduce fry evaporation 

JLcaooo; consequently, the water probably would enter the aquifer with 

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

the surf ace- 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 counterbalancing or reversing the trend of declining water 

levels in the main and alluvial aquifers and in combattin^ 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 

,;at:.-r that could be made available for use in recharge of the ^round- 

v/uter system and where the waosr would be available.

Waters that probably could be made available for artificial recharge 

in the Roswell basin are: (l) floodwaters in Pecos River tributaries 

that c.re lost by evaportranspiration on flood plains; (2) floodwaters 

in tributaries that debouch onto lands at the uerminus of the well- 

definad channels and is lost by evapotranspiration; (3) v.ater that 

could be saved by controlling saltcedar growth in the basin; and 

(4) water chat evaporates from ponds in sinkhole areas. For the 

purposes of this report, these wauers are assumed, to be unappropriated. 

The riuht to these apparently unappropriated v/tv;ers would have to be 

established before proceeding with their use in artificial recharge. 

The scops of an artificial-recharge program could be increased if 

some of the appropriated water in the basin lo-.i flows and much of 

the flood flows in the Pecos River and its tributaries 'could be used 

for recharge.
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Moat of the waters that night be ~ade available Tor artificial 

recharge would be obtained by salvage rethods; consequently, it would 

be desirable to nave the point? of recharge at or adjacent to the 

points of salvage. Floodj,®. oer that would be lost on flood plains 

and below the terminus of well-defined channels would be salvaged 

upstream fron the area of potential loss. One method of salvaging 

the water would be to restrict the utreamflov to a 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 fron flcodflows 

would be required on Cienega del Macho in the eastern evaporite- 

alluvial area; Salt Creek and Biackwater Draw in the northern evaporite 

area; Rio Hondo in the eastern limestone area; IHiirteentaile, Zubi,
 t

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 lover 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 maxima "n amount that a water-salvage operation could 

undertake to recover without infringing on established water rights.

Hot all "&£  the water recovered would be available for artificial recharge
For 

because some would be needed te nee* irrigation.-aeedts.
^

The 1»*«ri. 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 on the uiiltu ui? several tens of thousands of acre- feet. 

Computations of evaporation and infiltration losses in three sinkholes 

in the 6-oonth period September ly^S-February 1959, indicated that of 

about 570 acre-feet of water in those sinkholes\ about 165 acre-feet

(kk percent) discharged by evaporation. Evaporation leooeo by 

individual sinkholes ranged from 1*0 to 65 percent. Data were inadequate

»hioJ» to compute the evaporation toee froa those sinkholes for a
of 

complete year undo*- normal precipitation.oonditiioni?.,
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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 northem limestone area and in 

the northern half of the eastern evaporite-aliuvial 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 main aquifer in the southern 

quarter of the eastern limestone area would move through the Dayton- 

Lakewood area 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 (fij. 8) 

eventually would be effective recharge for the main aquifer beneath the 

Roswell-Artesia sector.
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  of fU
The length of. time required for water or its pressure effects to

move from a point of recharge to the Rosvell-Artesia sector can be
C o n * / J "f*< n T uiJ-f-^

answered only in terms ef rolo.tivi.fry basud- on the knowledge available 

when this report was prepared. In general, the elapsed travel time in­ 

creases with distance fron the Roswell-Artecia sector; however, travel 

time from recharge points equidistant 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 13, rue string 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 -at a faster *»fce toward the Roswell-Artesia sector than 

from recharge sites elsewhere in the basin. Water recharged to the 

limeotone aquifer in the alluvial lowland, northern and southern evaporite 

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

area would provide effective recharge faster to the Roswell-Artesia 

sector than would other recharge areas.



Solely on the basis of speed in getting the benefits of recharge 

to the main aquifer in the Rosvell-Artesia sector, the full recharge 

potential of the alluvial-lowland, the northern and southern evaporlte 

areas, and the southern quarter of the eastern evaporlte-alluvial 

area should be developed first. That development probably would require 

water-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.
co/r/«/v +  

In general, the eeneontratAoo of 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-sollds content would be in the water salvaged in a saltcedar- 

control program.

Water recharged in some areas probably would increase the amount 

of highly mineralized water reaching the Rosvell-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" 

atlon 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 opening* in highly permeable limestone. Water 

injected through recharge veils, particularly to the alluvial aquifer, 

would require filtering to obtain a sediment-free water and chemical 

treatment to control slime «aehalgae» (x>vei b^.-'teri'x..

The alluvial aquifer 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 ground-water body in
~c."^> e  *. -i i '-I 

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

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 aquifer.
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natural topographic features in the Rosvell 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 iinpounded temporarily behind 

small dams. Man-made facilities that could be constructed to inprove 

the recharge capacity of these natural features are recharge wells> 

diversion channels between streams and sinkholes nearby? and channels 

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 accumulate 

In the veil screen and aquifer as a result of the recharge operation.
V X i ^

The depth of wells recharging the limestone- aquifer outside >»£ the*i

artesian area probably can be less than the depth to the main water 

table if most of the well bore is in highly permeable limestone.



Suggested sites for artificial recharge

The sites described in this section are the most promising 

ones observed during the ptrigd ftf His field study. The reconnaissance

natm-ii of the invotrtigfttlon allowed time for a detailed inspection in
/>«+ »»ly

areas of the Guadalupe and Sacramento Mountains, and a general inspec­ 
ts ~o«// 

tion in the Vaughn-Macho plain; therefore, sites^ «o3tae«UrfM> or better

suited to artificial recharge than some of those suggested probably 

could be found during a more intensive study.

The sites suggested are in tvo categories: sinkholes and 

impoundment areas along drainages. The sites are identified by numbers 

on figure 15 the numbers are for convenience of identification and

Figure 15. "Selected sites for artificial recharge in a part 

_____of the Roswell basin, Nev 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 

vould be flovs in Blackvater Drav. Blackvater Drav and associated 

tributaries upstream from Marley sinkhole have a drainage area of 

about 270 square miles. Marley sinkhole receives vater from 

Blackvater Drav only during high floods low flovs bypass the 

sinkhole in a low-flow channel. When the amount of vater entering 

the sinkhole exceeds the storage capacity of the sinkhole, vater flovs 

over the south rim of the sinkhole and southward to rejoin Blackvater 

Drav. Downstream from Marley sinkhole flovs from BJackvater Drav 

pass through parts of ELghtmile Draw, south Berrendo Creek, and the 

Rio Hondo before reaching the Pecos River. Large floods from 

Blackvater Drav cannot be contained within the channels of Bightmile 

Draw and South Berrendo Creek.,and much water is lost by 

evapotranspiration on their flood plains. If the vater lost by these 

means were considered to be unappropriated vater if salvaged, then

withholding some of the vater and artificially recharging the
'-n a<- o 

-limestone aquifer in an upstream area to reduce the stage of the

floods to the amount that vould pass through the downstream drainages 

without spilling onto flood plains would be a method of salvaging 

the unappropriated water*
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The water stage in Blackwater Draw Immediately downstream from
Const ri\c."tin at

Marley sinkhole could be regulated by tealIdlBg the mouth of a 

diversion channel leading to Marley sinkhole at an altitude that 

would allow floods below a certain size to pass Marley sinkhole but 

would divert water from floodflows that would spill over banks if 

permitted to pass downstream. The construction of an adequate 

diversion facility probably would be relatively simple.

Better distribution of the water in the sinkhole might increase 

the recharge efficiency of the sinkhole. Undo* oxiatlnc n^uAUlona 

the large part (southern two-thirds) of the sinkhole fills to above 

the ^,01^-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 tine the southern part is filling,thus
rv^ore ^ ** i c It I««

putting water in contact with a larger area,. quicker. Onde*-exi«tia&_ 

eoi*li lions- 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 ^,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 k,0l6-foot level.
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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 sinkhole is relatively close to the area of heavy pumping 

from the Mmeeteae aquifer in the vicinity of Roswell. According to 

the water-Doveaent pattern shown on figure 3, water entering the

petty toward the 

heavily pumped area.

OV -»-l "I

llaeatone aquifer at Marley sinkhole would move
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Rorth Marley sinkhole site 2

Borth Marley sinkhole seems to have a relatively high potential 

for draining vater underground if water were ponded at a high level in 

the sinkhole. The chief problem of artificial recharge in this 

sinkhole is  pr"> r** water 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 sinkhole. The channel leading water from Blackwater Draw 

would need to extend only to a point on the drainage area of North 

Marley sinkhole,fron which the water would drain naturally to the 

sinkhole. Another method of diversion would be to pump water from 

Marley sinkhole to the nearest point on the drainage to Horth Marley 

sinkhole when vater 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 in made of the area 

betveen 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 naturals-recharge conditions for some tine, the accumulation of 

silt from the floodvater 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 Sacrataento 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 S., R. 22 £. would keep the flow of Rio Hondo 

within its banks and 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 

(19^9) and Theis (1951) for a description of Hondo Reservoir and its 

recharge characteristics.
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Juan Lake sinkholes site U

The Juan Lake sinkholes in T. 12 S., Re. 22-23 E., could drain 

to the subsurface more of the flood vaters in Thirteentnile Draw if 

diversion structures and canals were built on the draw to shunt 

more vater to the sinkholes, iteaey-exlatlng conftltlnnB jaaall floods 

in the draw enter the principal sinkhole, Juan Lake sinkhole, but 

much of the vater in large floods bypasses that sinkhole. The channel 

of tniirteenraile Drav is not continuous to the Pecos River, and 

floodvaters in the draw move downstream from the sinkhole and are lost 

by evapojofeloB and- transpiration vhen the vater spreads over lands in 

T. 15 S., R. 25 E. The floodwatero that normally would be lost, *kf~ 

eensidered to be \aaappsrepriated wates*, could be used for artificial 

recharge in the Juan Lake sinkholes.
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A more accurate estimate of the size of floods In Thlrteenmile 

Draw would be required to know whether or not sinkholes in this group 

other than Juan Lake and Worth Juan Lake sinkholes would be needed 

to contain the floods. The construction of a diversion structure in 

the draw and a channel to Juan Lake sinkhole while discharge studies 

were in progress could be the first steps In a recharge program in 

the vicinity of the Juan Lake sinkholes. A channel cut through the 

low divide between Juan Lake and Forth Juan Lake sinkhole would 

facilitate the entry of vater from the draw by keeping the general

water surface low in the sinkhole while the sinkhole *» filling.
n

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
ma i * »

this group. The permeability of the Mtna stone aquifer is relatively 

high in the general vicinity of the Juan Lake sinkholes. according

to figure 9> ani large capacity of recharge wells probably could be 

constructed in Juan Lake sinkhole.

Most of the water infiltrating the floor of Juan Lake would
rv\.<XI rl

discharge directly to the HmMteac- aquifer, but some might move 

eastward through the alluvial fill and be intercepted by wells In
rv\ a. I >0

the alluvium. Water entering the liaeotone aquifer In the vicinity 

of Juan Lake sinkhole would, move toward the orchard Park-Hagerman 

eeetlou uf thai agulfm1 .
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Felix sinkholes site 5

An unnamed sinkhole in sees. 19 and JO, T. 1^ S., R. 26 E., 

one of the Felix sinkholes, has an area of about 250 acres and has 

a 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 

uoo costly because the wells would have to be about 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 lov 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 evaporation. Water in the sinkhole could be put into the 

alluvial aquifer through recharge wells at a rate that would minimize 

the evaporation loss. The recharge wells would be shallow, probably

less than 150 feet In depth. Morgan (1938, pi. 1) estimated that 
A

the valley fill beneath the sinkhole is 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 19^0. If silt- and bacteria-free 

recharge water IB used, the recharge wells probably could be less than

100 feet in depfeh, and discharge into the alluvium at a- level above
A A

the water table; however, if the wells are finished in the eeetioa 

below the water table they could be pumped occasionally to remove silt 

and algae that roight accumulate in the veil and aquifer.

The sources of water for recharge probably would be the Mo 

Felix and water salvaged in a saltcedar- control program in the

bottom land of the Pecos RLver. If water from floodflovs in the Rio
l<mg

Felix is available, a canal or pipe line about 2 niles fan length would^

deliver the water to the sinkhole. Water from the saltcedar-control 

area probably would be transported by the Hagerman Canal and then 

pumped through a 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 rocks are underlai& by
«-F ik«_ u^fXs- O«CT of -fcK* __ v

carbonate rocks of the\San Andres/ground-vater provincej(fig. 9)* 

which have relatively low permeability in this area. The carbonate 

rocks are partly in the Orayburg Formation and partly in the San 

Andres Limestone.

The Antelope sinkholes have sufficient volume to hold several

hundred acre-feet of vater. The floors and walls of most of the
svew

sinkholes appear to 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. Artditixmai study ia inquired before it Is--deaided. 

whether -or whea^e recharge veils weuM benoeeded 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 Eagle Creek have about a l,UCO-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 accumulates in swampy areas near the river and either 

evaporates or supplies water to a dense growth of saltcedar.



Additional data on etreamflow, geology, and topography are
upi tr-«a*vi p»- e rn

required for these drainages. Streamflov data afeev« the Antelope
A

sinkholes would be valuable for the location and design of gn»li 

impoundment dams; streamflov 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
*T1c».C O

liaoctan* aquifer (fig. 3), water entering the aquifer at the 

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

According to -MilirMnn vater lavs, vater may be impounded in 
 *. 

floodwater retaining structures for 72 hours and then must be
^

released. Proof that the water impounded would have been lost by 

evaporation and, transpiration might alter the interpretation and 

execution of those lavs. Several sites for impounding vater 

behind dams in stream channels are shown in figure 15; the sites 

designated as 1, Q, Ik, 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 appear to be suitable for small dams.

Ploodwater-retarding structures are being built at sites 11-13 by
H.-i- 

the Soil Conservation Service.
A
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Cienega del Macho and Salt Cre«k sites 7 and 8

Bear sites 7 and 8 in Cienega del Macho and Salt Creek, a 

series of am^n dams could be constructed to impound some water 

from floodflovs over sections of the channel In vhioh there arc. 

numerous solution openings. The dans vould 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 

RLo Hondo and its tributary are highly permeable. The dansites 

shown would impound water over some of the pefaoalaXo channel area, 

and.in addition^water could be released from these dams a*-« slowlw 

*»*»-to allow a longer period of contact between water and channel 

in areas imnediately downstream frcxa the dams.

198



Thirteentnile, 2ubi, and Oreenfleld Draws   sites 11-15

The U.S. Depajrtment-ef-Agrl^ultupe., Soil Conservation Service

Bivlaionr &  constructing floodwater- retarding structures at sites
A

11, 12, and 13 to control the floods in thlrteenmile, Zubi, and 

Greenfield Draws. The largest water- Inpguodaent area of these 

three is that on 2ubl Draw. Recharge wells might be constructed

in the water -impoundment areas behind these structures to put some
vn o. i n 

water into the alluvial aquifer and possibly the 3 tmostone aquifer.

199



Founaile Draw and North Seven Rivers sites 14-16

Fouraile Draw at site 14 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. 

Some of the floodwaters impounded could be injected in the main 

aquifer 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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Table 2. Records of selected wells in the Roawell basin, Hew 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, tenant, or driller.

Diameter: The diameter of the casing, if cased, or the mean diameter of the hole if uncased.
~'rv> t

Water level: Depths expressed to nearest tenth of a foot were measured by Geological Survey; expressed in whole feet were reported by owner, tenant, or driller. 

Principal water-bearing bed: Determined by field observation, from well cuttings, or by interpretation from mapa.
f-^5 -  ,, r «ar _ . .c-sTr-f Mf"ii°e' o~ T& c --' *" Hri** *?*.   > mt i.: f -  : p ̂  p:L  '' £$ <*. -'  " *"" '

Stratigraphic unit: Py, Yeso Formation; Bglrr-<Jlwi«%a-S«»datoHe; Ps«, San Andres Limestone; Pg, Grayburg Formation;, Peby; Cbalk Blaff Formation.

Method of lift: 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; 0, observation; 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; Is, limestone.
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Table 2.--Records of selected veils in the Rosvell basin, Nev Mexico - Continued

Location 
nuaber

'. 20.2.J40

6.1*10

16.335

36.220

'.21.12.1*20

29.333

r. 22. 19. 130

r. 23. 8. 220

23.21*2

J. 20. 23. *10

33.230

1.21.30.500

3l*. 21*0

5.22.10.211*

Owner or na*e

R. L. Corn

D. Corn

PVACD No. 1

W. J. Ball

Ronald Corn

W. J. Ball

Ronald Corn

-

Jess Corn

W. B. Jones

C. Marley

W. B. Jones

Charles Douthitt

Tom and Richard Corn

Driller

-

-

K. 0. MiUer

-

George Perry

W. E. Doolin

Oscar Noscar

-

-

A. Cole

-

-

< 

t-

Tear
com­ 

pleted

-

-

1955

-

-

1950

-

-

-

19*3

-

-

-

«*

Depth of 
well 
below 

land sur­ 
face 

(feet)

 i,6(*

700

750

1*67

71*0

755

720

-

1*26

1*50

-

1*70

1*65

580

Diaa- 
 ter of 
well 

(inches)

-

-

7 to

5 1/2

-

8

8

«»

11*

8

-

-

-

Altitude 
above 

mean eea 
level 
(feet)

i*,6oo

k,&6

k,69k

*,376

*,313

*,53l

**,313

3,92l*

3,811*

>*,U3

I*,l*o8

i*,26o

l*,125

M58

Water level Principal water-bearing bed

Depth be­ 
low land 
surface 
(feet)

Date

fef 19*0

600

1*52

i*30

650

1*- 3-50

12-31-57

3- -50

-

700 U- 3-50

680

360

239.8

1*38

360

1*5*

1*37-3

5*5

-

6- 1-50.

5-26-51

-

1*- 3-50

-

1*- l*-58

Character of 
material

Blue sandy

sh

-

Ss, gyp, and

carb. rk

Gray sh and

carb rk

10

-

La

«*

Ls and gyp

-

-

-

-

Ss

Stratigraphic 
unit

-

 »

t Py and pjf

-

p»*0)
-

*»*(?)

-

Pa» and P4b(?)

-

-

-

-

4f

Meth­ 
od of
lift 
and 
power
source

P

P

P

P

P

P

P

is

P

P

P

P

P

Use 
of 

water

S

S

0

D, 3

D, 6

S

8

D, 8

Irr

-

D, S

D, S

D, S

S

Remarks

Pumped 5 gpn.

-

Cased vith 7-inch pipe from 0 to 20 feet and vith 5 l/2»inch pipe

from 1*75 to 657 feet.

Reportedly yields vater of good quality. Two veils about 60 feet

apart; vest veil not used.

Pumped 10 gpm. Reportedly yields vater of good quality.

 

Cased to 20 feet. Pumped 10 gpm. Reportedly yields vater of

good quality.

-

-

Pumped 5 gp"». Reportedly yields vater of good quality. Sucks

dry sometimes, may have caved.

-

-

Reportedly yields potable vater.

Pumped 10 gpm.
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Table 2. Records of selected wells in Roswell basin, New Mexico - Continued

Location 
number

8.23.22.2n

8.24.16.333

9.19.35.333

9.20.21.410

9-21.18.110

31.133

9-22.20.444

35.323

9.23.25.324

10.20.8.134

16.444

10.21.16.222

24.322a

10.23.12.212

15.131

Owner or nsuse

J. Corn

PVACD No. 10

S. C. Marley

do.

-

Marley and Whitney

Alton Corn

Dick Alexander

Elmer Sons

S. C. Marley

PVACD No. 2

PVACD No. 3

Marley and Whitney

Juan Sena

J. D. and R. 0. Pyeatt

Driller

-

A. H. Lewis

-

A. Cole

*»

-

H. R. Davis

do.

W. 2. Doolin

-

K. G. Miner

do.

do.

Ray Taylor

Tear 
com­ 

pleted

1940

1957

1940

1939

-

-

-

1956

1948

-

1956

1956

1958

-

1948

Depth of 
veil 
below 

land sur­ 
face 

(fe«t)
410

435

280

550

-

425

725

575

775

486

503

672

603

167

700

       i
Diaa- 

 ter of 
veil

( inches )

8

8£ to 7

-

-

-

-

-

8

10

5

6

10 to 7

8

6

13

Altitude

mean eea 
level 
(feet)

3,918

3,622

4,747

4,490

4,330

4,305

4,228

4,100

3,675

4,596

4,504

4,190

4,088

3,670

3,728

Water level Principal water-bearing bed

Depth be­ 
low land 
surface 
(feet)

365

78.9

222.2

44o

426.9

365

675

525

109

426

422.6

590.4

530

no

174.6

Date

1940

12-26-57

5-16-57

1955

4-18-50

5-18-50

-

1956

1949

5-18-50

12-31-57

12-31-57

1958

7- -56

1-22-57

Character of 
material

Carb rk

Dolo, ss,

and gyp

Siltst(?)

-

-

-

White and

yellow ss

Ss and carb rk

Ls

-

Ss and carb rk

Ss and carb rh

Siltst

Siltst and

carb rk

Ls

Strati graphic 
unit

PS*

Pea- and P«i

&i^
p*c?)

-
-
sh 

PfL

P|L

Ps*
3*7 

ffFf\ ( Y J

3 fo

P49L

P£

PSf

Psf

Meth­ 
od of 
lift 
and 

power 
source
P

-

P

P

P

P

P

P

Tg

P

-

-

P

-

Te

Use 
of 

water

6

0

S

S

S

S

S

D

Irr

8

0

0

S

Irr

Irr

Remarks

Pumped 15 gpm

Cased with 8^-inch pipe from 0 to 155 feet and with 7-inch pipe

from 0 to 395 feet.

 *

-

-

-

-

Reportedly yields water of good quality.

Cased to 297 feet. Pumped 2,000 gpm.

-

Cased to 503 feet.

Cased with 10-inch pipe from 0 to 40 feet and with 7-inch pipe

from 0 to 670 feet.

-

Cased to 137 feet. Deepened from 137 to 167 feet in 1956.



Table 2.--Records of selected wells in the Roavell basin, Hew Mexico - Continued

Location 
nvntoer

10.23.27.23fc

33-fc33

n.20.20.fcfc2

n.21.9.333

18.333

28.1fcfc

32. in

11.22.2.131

fc.221

18. 2n

22. in

25.331
n.23.3fc.ifc3

12.20.1.131

Owner or naae

E. M. Baley

C. 0. Morrow

R. C. Nunez

J. P. White

PVACD No. 8

J. P. White

Tom White

B. L. Woods

Marley and Whitney

H. L. Woods (State land)

J. P. White

J. B. Patterson

B. L. Brown

Lee B. and Harold Corn

Driller

A. H. Lewis

do.

Bin

Marachbanka

Smith and

Gib son

A. B. Lewis

L. L. Pate and

L. A. Hanson

H. R. Davis or

C. Keyes

A. Cole

-

Cole Bros.

-

-

Case Drining

Co.

H. R. Davis

Tear
com­ 

pleted

19fc9

1953

1955

19fcfc

1957

19*6

195*

-

-

19fc7

-

19*9

19*9

19*5

Depth of 
well 
below 

land sur­ 
face 

(feet)

fc25

303

561

687

52fc

675

600

326

*33

515

fcio

fc30

500

550

Diam­ 
eter of
well 

( inches )

16

7

8

 

7

6

6

-

-

6

-
  8

16

8

Altitude 
abcve 

mean eea 
lerel 
(feet)

3,725

3,8*0

*,699

fc,312

*,283

*,278

fc,302

3,888

3,965

fc,o66

3,9*3

3,895

3,751

*,559

Water level Principal water-bearing bed

Depth be­ 
low land 
surface 
(feet)

160.9

273

520

620

399.0

593

570

312.8

*12

fcafc.i
362.8
318.5

I8fc.5

*75

Date

2- 3-5*

-

*- -55

1956

12-31-57

19*6

1956

5-6-fc7

6-15-57

7-l*-*7

5- 5-*7

5- 5-*7

1-27-52

-

Character of 
material

Ls

La

8s and carb

rk

-

Ss and carb

rk

* 

-

-

Carb rk

Carb rk

Carb rk

Carb rk

Ls

*

Stratigraphic 
unit

**

Psf

riifo)

5/1
T?tCL

P*l

P#

-

P.^

Pali

PS*

PS*

Pef
PSjt

i^

Meth­ 
od of 
lift 
and 

power 
source

Te

Pe

P

P

-

P

P

P

P

P

P

PS

Te

P

Uce 
of 

water

Irr

D

S

B

0

8

S

D, S

S

8

S

S

Irr

S

Remarks

Cased to 168 feet. Pumped 1,200 gpm. Yields water of good quality

Cased to 51 feet.

Cased to 207 feet.

Pumped 10 gpm.

Cased to 52* feet.

Cased to 658 feet.

Cased to fc38 feet. Pumped 12 gpm.

-

4*

Cased to 18 feet.

-

-

-

-

2.0?



Table 2.--Records of selected veils in the Rosvell basin, Rev Mexico - Continued

Location 
number

12.20.8.243

11.341

12.21.16.220

27.121

12.22.12.144

15.344

12.23.10.331

13.20.13.222

13.21.30.120

13.22.28.232

32.211

13.23.6.312

19.321

31.444

35.333

13.24.3All

17.222

Owner or name

J. P. White

Lee Corn

S. P. Johnson, Jr.

Tom White

Mrs. J. E. Bloom

J. B. Patter son

B. L. Brown

PVACD No. 4

8. P. Johnson, Jr.

Mrs. A. M. Threikeld

Iva Chesaer

State of New Mexico

Mrs . Savino

do.

do.

Glaze Sacra

do.

Driller

H. R. Davis

-

S. P. Johnson,

Jr.

Keyes Drilling

Co.

-

-

H. R. Davis

K. G. Miller

W. A. Melson

A. F. Smith

-

W. A. Melson

-

-

Kincaid

-

-

Year
com­ 

pleted

1943

1916

1948

1953

-

-

1956

1955

1950

1952

. -

1955

-

-

-

-

1900 '«

Depth of 
well 
below 

land sur­ 
face 

(feet)

870

600

800

712

-

357

260

386

665

560

560+

424

500+

-

300+

225

-

Diaa- 
eter of
well 

( inches )

6

-

6

8

-

-

7

7

6

8

-

-

-

10

10

5 1/2

 

Altitude 
above 

mean eea 
level 
(feet)

5,045

4,680

4,436

4,463

3,874

3,929

3,776

4,524

4,786

4,046

4,075

3,945

3,926

3,917

3,834

3,689

3,710

Water level Principal water-bearing bed

Depth be­ 
low land 
surface 
(feet)

810

550

600

600

293-7

347.5

220

260.3

630

500

550

394

364.5

364.8

301.6

165

148

Date

-

-

6-18-59

1956

5- 5-47

5-21-57

1956

12-31-57

6-18-59

1952

7- 7-58

7- 1-58

10-17-58

10-25-58

10-25-58

4-24-58

4-23-58

Character of 
material

-

-

 

-

Ls

 -

-

8s

La

La

-

La

La

La

L-

La

La

Stratigraphic 
unit

Py(T)
-

-

P&O

**
-

I*

Pgl

***

Paa;

-

PM

*+

Paf

Psf

*+

H

Meth­ 
od of 
lift 
and 
power 
source

P

P

P

P

P

-

-

- .

P

P

P

P

P

P

P

P

P '

i

Use 
of 

water

S

B

a

S

8

B

-

0

S

D, S

S

S

S

S

S

8

S

Remarks

-

-

Yields water of good quality.

Temp. 70'F.

-

-

Cased to 165 feet.

Cased to 386 feet.

Cased to 20 feet. Yields water of good quality.

-

Reportedly yields vater of good quality.

Pumped 9 gpm for 3 hours without any significant change in diachargi

Yields water of good quality.

Baa large drawdown. Yields impotable vater.

Yields water of good quality.

Pumped 10 gpm. Yields water of good quality.

Pumped 11 to 12 gpm. Yields water of good quality.

**
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Table 2. Records of selected veils in the Rosvell basin, New Mexico - Continued

Location 
maker

15.24.21.22*

14.22.15.444

14. 25. 22. 214

S4.444

55.210

15.20.5.150

50.250 

15.21.15.550

56.220

15.22.1.121

15.25.4.511

6.222 

16.20.6.210

io.no

16.210

18.555

16.21.6.550

Owner or name

Glaze Sacra

Jack Price

Elvin Crow

M. D. Kincaid

Elvin Crow

W. F. Waller

C. Hendricks 

W. F. WaUer

£. J. Treat

Elvln Crow

do.

do.

Lloyd Treat

do.

R. J. Parks

PVACD No. 5

R. J. Parks

Driller

-

A. Fiddler

-

 

-

Tom James and

Ed Bryant

H. Everett 

H. R. Davis

W. A. Kelson

Leonard George

Kincaid

W. A. Melson

-

-

K. G. Miller

Ray HiU

211

Tear
com­ 

pleted

-

Depth of 
well 
below 

land sur­ 
face 

(feet)

225

1954 580

-

-

-

1914

1951 

1946

1947

1950

1948

1920 

1944

1917

1947

1956

1947

240

-

4oo

44o

525

660

670

595

400

445

620

700

850

767

660

Diaa- 
eter of 
well 

( inches )

5

-

-

6

-

-

6

-

-

-

^

-

-

6 5/8

-

Altitude 
above 

mean sea 
level 
(feet)

5,715

5,929'

5,780

5,725

5,910

4,8oo

4,777 

4,192

4,192

5,970

5,919

5,950 

4,500

4,422

4,554

4,489.0

4,500

Water level Principal water-bearing bed

Depth be­ 
low land 
surface 
(feet)

160

568

220

152.1

560

4oo

522

600

650

580

555.2

405 

580

670

810

580.1

625

Date

4-24-58

7- 5-58

7- 7-58

7-15-51

7- 7-58

7- 2-58

7- 9-58 

7- 2-58

7-51-58

7- 7-58

10-23-58

5- 5-58 

7- 9-58

7- 9-58

7-24-58

12-51-56

7-24-58

Character of 
material

Ls

Ls

Le

Ls

La

Ls

Ss and siltst 

SB and siltst

Le

-

Le

Ls

Ss and siltst

Ss and siltst

Ls

Ss and carb

rk

Ls

Stratigraphic 
unit

P«f

**

_ 1 1 
l*{tfl

PS*

Ps*7

PSjl

sn

**£

-

**

5/7

p|£
Fiji

Pgl and Ps^i

Pe*

Meth­ 
od of 
lift 
and 
power 
source

P

P

P

P

P

Pg

P

Pg

P

P

P

P

P

P

P

-

P

Use 
of

water

S

D, S

8

S

D

D, S

S 

S

S

S

S

8 

8

S

S

0

8

Remarks

Pumped 11 to 12 gpm.

Pumped 5 to 5 gpm. Reportedly yields water of good quality.

Do.

-

Pumped 5 to 5 gpm. Reportedly yields water of good quality.

Pumped 15 gpia. Reportedly yields water of good quality.

Pumped 5 gpm. Sands up. Yields water of good quality. 

Pumped 5 to 8 gpm. Reportedly yields water of good quality.

Do.

Pumped 5 to 5 gpa. Reportedly yields water of good quality.

Do.

Pumped 12 gpm. Yields water of good quality. 

Pumped 5 to 5 gpni. Reportedly yields water of good quality.

Do.

Pumped 4 gpm. Reportedly yields water of good quality.

Temp. 68°F.

Cased to 610 feet.

Pumped 5 to 4 gpm. Yields water of good quality.



Table 2. Records of selected well* in the Roswell basin, Hew Mexico - Continued

Location 
nuatoer

16.21.19.220

33.11*0

16.23.20.233

27.120

16. 2U. 6. 1*1*1*

7.21U

9.31*3

10.123

20.130

17.20.5.1*20

10.320

18.1*31*

31*. 3l*0

17. 21. 15.3^0

17. Mo

Owner or nao*

R. J. Parks

do.

Lyle Hunter

-

C. and M. Ranch

Everhart

F. T. Boyce

do.

Henry Coffin

Scharbauer Cattle Co.

Felix Cauhape

PVACD No. 7

George Teel and Felix

Cauhape

Sam Hunter

E. F. Harris

,2/2-

Driller

Glenn Stevenson

Ray Hill

Haakell Harris

-

-

Of

-

-

L. A. Summers

H. R. Davis

Haskell Harris

A. H. Lewis

H. R. Davis

C. E. Qeiser

Paul Stevenson

Year
com­ 

pleted

1938

191*8

1951

-

-

-

-

-

191*6

1938

191*8

1957

1939

-

191*8

Depth of 
well 
below 

land sur­ 
face 

(feet)

760

670

1*1*0(?)

200

-

-

180

250

315

760

833

801

900

700

750

Diam­ 
eter of 
well 

( inchea )

-

-

8

6

6

i*

6

6

8

-

-

7

*»

6

7

Altitude 
ab-ve 

mean sea 
level 
(feet)

1*,377

1*,220

3,969

3,775

3,659

3,667

3,653

3,595

3,666

I*, 703

l*, 593

1»,512

*,700

1*,215

i*,26o

Water level Principal water-bearing bed

Depth be­ 
low land 
surface 
(feet)

710

625

Uoo

195.3

95.»*

99.7

117.1

82.3

160

790

1*63

850

620
*

660

Date

7 -21* -58

1957

1951

1-13-50

1-10-55

1-10-55

1-10-55

1-10-55

7-21-58

7- 8-58

7-8-58

7- -57

7- 8-58

191*8

1-11-1*9

Character of 
material

Ls

Ls

Ls

Ls

LS

Ls

LS

Ls

La

L.(0

Ls

Carb rk

Ls

Ls

Ls

Stratigraphic 
unit

Psrf

PS*:

Psa

PS*(?)

**4
Psa'

PS/

PS^

Ps*

PsaXt)

^

**

Pf

P^

p.*:

Meth­ 
od of
lift 
and 
power
source

P

P

P

P

P

P

-

P \

P

P

P

«m

P

P, Pe

P, Pe

Use 
of 

water

S

D, S

S

S

S, 0

D, S

N

>, s, o

S

s

D, S

0

S

D, 8

D, S

Remarks

Pumped k to 5 gpm. Reportedly yields water of good quality.

Pumped 8 gpm. Yields water of good quality. Deepened to 670

feet in 1957-

Pumped 11* gpm. Yields water of good quality. Temp. 68°F.

-

-

-

 

-

Cased to 33 feet. Yields water of good quality.

Punped 8 gpm. Yields hard water. Temp. 62°F.

Pumped 3 to 1* gpm. Yields water of good quality. Deepened to

833 feet in 1955.

Cased to 801 feet.

Pumped 3 to 1* gpm. Yields water of good quality.

Pumped 12 gpm. Yields water of good quality. Redrilled to

700 feet in May 1959-

Cased to 130 feet. Pumped 10 gpm. Yields water of good quality.

Temp. 63°F.



Table 2,--Record* of selected veils in the Rosvell basin, Rev Mexico - Continued

Location 
musber

17.23.9.120

27.132

30.111

3*.*20

17.2*.3.*22

11.3*2

13.3**

25.2**

18.20.22.**0

28.120

18.21.3.*20

8.120

18.23.8.1*1

8.2*0

12.111

Owner or name

R. H. McAshan

J. C. Ward

Hope Cooperative Corp.

J. J. Steele

Paul Jones

do.

-

Paul Jones

Jack Casabonne

do.

Henry Crockett

Elna Teel

0. L. Anderson

R. W. Newbill

J. J. Steele

Driller

H. Everett

Haskell Harris

Leonard George

Haskell Harris

-

-

-

-

H. R. Davls

do.

Haskell Harris

Paul Stevenson

Reeves Drilling

Co.

do.

Haskell Harris

^2/3

Year
com­ 

pleted

19*8

Depth of 
well 
below 

land sur­ 
face 

(feet)

515

1950 515

I

195*

19*7

-

-

-

 *

1913

19**

1955

1939

19*9

19*9

19*7

6OO

520

-

-

-

-

888

9*0

669

888

*6o

*6o

620

i             n

Dia«- 
eter of 
well 

(inches)

8

7

1*

-

6

6

6

6

-

-

8

8

8

-

6

Altitude 
above 

mean eea 
level 
(feet)

*,000

*,000

*,100

3,950

3,713

3,7H

3,69*

3,667

*,378

*,*98

*,200

Water level Principal water-bearing bed

Depth be­ 
low land 
surface 
(feet)

*75

**5

508.9

500

268.0

261.9

238.3

198.1

800

875

6kO
i

*,239

3,950

3,950

3,885

630

*00.9

*20

*63.9 1

Date

6.30-58

7-21-58

3-17-5*

7-21-58

1- 7-55

1- 7-55

1- 7-55

1- 6-55

1952

8-16-57

7-15-58

1939

7-16-51

19*9

!*-i-55

Character of 
material

La

La

La

La

La

La

La

La

-

-

.

La

La

LS

La

Stratigraphic 
unit

PS*

**

PSf

Pa^

Pa^

*»*

Pa*

Pa*

Py(?)

Py C 7 /

..

[Pttdi

f*i

 4
Ps/

Meth­ 
od of
lift 
and 
power 
source

P

P

Te

P, Pe

P

P

P

P

P»

P, P«

Pg

Pe

-

Pe

P

Use 
of 

water

S

8

Ps

D, B

B, 0

D, S

S

S

Dj S

B

S

S

D, S

D, S

*

Remarks

Cased to *0 feet. Reportedly yields water of good quality.

Cased to 515 feet. Pumped 3 to 5 gpm. Yields sulfurous water of

poor quality.

Cased to 558 feet. Yields water of good quality.

Pumped 3 to 5 gpm. Yields water of good quality.

-

-

-

.

Cased to 60 feet. Pumped 6 gpm. Reportedly yields water of good

quality.

Pumped 6 gpm. Reportedly yields water of good quality.

Pumped 18 gpm. Reportedly yields water of fair quality.

Cased to 20 feet. Pumped 6 to 8 gpm. Reportedly yields water of

good quality. Temp. 66 8F.

Yields water of good quality.

Do.

Cased to 300 feet. Pumped 3 to 5 gpa. Yields high sulfurous water

of poor quality. Deepened from 5*0 to 620 feet in 1956.

 



Table 2.  Records of selected veils In the Rosvell basin, Mew Mexico - Continued

Location 
jxuatoer

18.23.15.113

15.130

20.410

18.24.11.222

19.20.3.310

16. in

19.21.5.230

19.23.4.222

6.333

20.20.19.330

20.23.26.131

21.20.35.240

Owner or naae

Paul Jones

Mrs. Edgar Williams

W. K. Tulk

Paul Jones

Jack Casabonne

PVACD No. 6

Elna Teel

Prank Runyan

do.

W. M. Tulk, Jr.

Frank Runyan

Armstrong and Armstrong

Driller

*

-

Black

-

H. R. Davls

K. 0. Miller

Paul Stevenson

-

-

-

-

-

Tear
com­ 

pleted

-

-

-

-

1938

1956

1947

1955

1934

-

1925

1952

Depth of 
well 
below 

land sur­ 
face 
(feet)

-

540

500

-

1,157

1,120

850

4oo

585

1,050

485

1,200

Diaa- 
eter of
well 

( inches )

6

-

-

8

8

10 1/3 to

9 to 7

10

5

6

8

6

-

Altitude 
'abcre 

mean eea 
level 
(feet)

3,933

3,950

^,025

3,680

4,600

*,591

*,375 .

3,950

4,025

5,000

3,950

5,250

Water lerel Principal water-bearing bed

Depth be­ 
low land 
surface
(feet)

441.1

475

460

222.0

1,050

993.2

820

370

502

970

455

1,000

Date

1- 6-55

7-21-58

1957

1- 5-55

1938

12- -56

1956

8-28-58

8-28-58

7-24-58

8-28-58

10-22-58

Character of 
material

U

Ls

LB

Ls

-

8s and carb

rk

Ls

Ls

IM

-

Ls

t

-

Stratigraphic 
unit

P*

P*

P.*

Ps*

py

Pd

Ps*<?)

Pa*

PS*

Py or P^

PM(

Py or P^L

Meth­ 
od of
lift 
and 
power
source

P

P

P

P

P

-

Pe

P

P

P

P

P

Use 
of 

water

8

8

S

S

S

0

D, S

S

D, S

S

S

S

Remarks

-

Pumped 3 to 5 gpn. Reportedly yields water of good quality.

Deepened from 480 to 540 feet in 1956.

Yields water of fair quality.

-

Cased to 20 feet. Pumped 5 gpn. Reportedly yields water of

good quality.

Cased with lofc-inch pipe to 40 feet, with 9-inch pipe to 180

feet, and with 7-inch pipe to 1,120 feet.

Pumped 6 to 8 gpm. Reportedly yields water of good quality.

Deepened from 815 to 850 feet in 1956.

Cased to 200 feet. Reportedly yields sulfurous water of fair

quality.

Punned 3 to 5 gp»i. Reportedly yields water of good quality.

Cased to 40 feet. Pumped 6 to 8 gpm. Yields water of good

quality. Deepened to 1,050 feet in 1947.

Cased to 485 feet. Pumped 3 to 5 gpm. Yields sulfurous water

of fair quality.

Cased to 20 feet. Pumped 4 to 6 gpm. Yields water of

excellent quality.



Table 2.--Records of selected veils In the Rosvell baa In, Hev Mexico   Continued

Location 
xuusber

21.21.7.^30

56.213

Owner or najm

Armstrong and Armstrong

C. F. McWilliams

Driller

 

T. Hillyer

Tear
com­ 

pleted

\ QOll

1 QllT

Depth of 
well 
below 

land sur­ 
face 

(feet)

1,300

962

Diast- 
eter of
well 

(inches)

-

6

Altitude 
abCTe 

mean sea 
level 
(feet)

H,76o

-

Water lerel Principal water-bearing bed

Depth be- ' 
low land 
surface 
(feet)

1,100

9^2

Date

10-22-58

19*8

Character of 
material

-

Strati graphic 
unit

Py or tg/L&n

*+

Meth­ 
od of 
liff 
and 
power 
source

P

P

Use 
of 

water

D, S

8

Renarks

Cased to 1^0 feet. Punped k to 6 gpm. Yields water of good

quality.

.



Wble 3  -Logs of selected shallov teet holes
II 13

(See figures IS and 18. for particle-size distribution of material 

in selected intervale in these test holes.) 

Test hole 2 Mar ley sinkhole sec. 20, T. 10 S., B. 22 E.

Thickness 

(feet)

Depth 

(feet)

Alluvium

Clay, slightly silty, calcareous, dark- 

brown, cohesive, compact, high

plasticity, very high dry-breaking

strength; contains much organic

material                     5 * 5 

Clay, similar to 0-5, but has less

organic material                8 13 

Clay, slightly silty, calcareous, light

yellowish-brown, cohesive, compact,

high plasticity, high dry-breaking

strength                     15 28 

Clay, silty, calcareous, light brovnish-

yellov, cohesive, compact, high

plasticity, medium dry-breaking

strength                    5 33 

Clay, silty, calcareous, yellowish- 

brown, cohesive, medium plasticity,

medium dry-breaking strength       15 1*8

2 i



Table 3«:  Logs of selected shallow test holes - Continued 

Test hole 3 Marley sinkhole sec. 20, T. 10 S., R. 22 E.

ThicknessDepth

________________________________(feet) (feet) 

Alluvium

Silt, calcareous, slightly sandy, 

yellowish-tan, coarse-grained, well- 

sorted, low plasticity; contains a 

scattering of granule to small pebble- 

size gravel partly coated with calcium 
1

carbonate -----         .-.-  6.5 6«5 

Clay, silty, similar to 0-6.5, but

contains more gravel       -    1 7»5 

Silt, calcareous, slightly sandy,

yellowish-tan, well-sorted] contains a

scattering of granule to medium pebble-
;

si zej3 gravel partly coated with calcium 

carbonate                     1 8.5 

Silt, gravelly, sandy, coarse-grained, 

veil-sorted, low plasticity; contains 

veil-sorted, very fine^gCTiuud. iiiuia> 

and coarse-grained sand to angular, 

medium pebble-size0'gravel          I*.5 13

211



Table 3. Logs of selected shallow test holes - Continued 

Test hole 3 Marley sinkhole - Continued

"Thickness Depth 

________________________________(feet) (feet) 

Alluvium - Continued

Gravel, calcareous, sandy and silty,

granule- to medium pebble-size,
t

subangular to subrounded, poorly sorted; 

matrix is predominantly very fine- 

sand                 3 16

3.1*
 see



Table ?.--Loga of selected shallow test holes - Continued 

Test hole 10 North Marley sinkhole see. f, T. 10 S., R. 22 E.

~" Thickness Depth 

_______________________________(feet) (feet) 

Alluvium

Silt, slightly sandy, calcareous, 

coarse-grained, veil-sorted, lov 

plasticity, lov dry-breaking

strength  -  -             3 3 

Silt, sandy, calcareous, coarse-grained, 

poorly sorted; contains some sand and 

granule-sizer gravel       ._-._-__ !». j 

Gravel, mostly limestone, angular to
«*J *»>1«A,C.A *"f

veil-rounded; up to 1 inch in

diameter                     6 13

669"



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 

strength                     1* k 

Clay, silty, yellowish-tan, cohesive, 

medium plasticity, high dry-breaking 

strength                     9 13

22.0
-BiO



Table 5. Logs of selected shallow test holes - Continued 

Test hole 15 Blackdom terrace SW-J- sec. }1, T. 12 8., R. 23 8.

Thickness Depth

_______________________________(feet) (feet)

Clay, silty, yellovlsh-tan, high

plasticity; contains a few silty lenaeo

and calcareous nodules ---- -- ---------- 8 8

Silt, clayey, sandy, calcareous, yellowish- 

tan, poorly sorted; contains subangular to 

subrounded granule-si ze^ gravel         5 15

Gravel, limestone, sandy, granule- to large

pebble-size, subangular to subrounded; f
contains some coarse^armiasd aand -  -  - k 17

211



5.  Logs of selected shallow test holes - Continued 

Test hole 16  Orchard Park terrace  sw£af£swi sec. 2^, T. 12 S., R. 25 E.

IMckness Depth 

(feet) (feet)

Sand, quartz, brown, medium-grained, sub- 

rounded to well-rounded, well-sorted       0.8 0.8

Sand, very silty and clayey, poorly sorted   .2 1.0

Silt and sand, reddish-brown, moderately use// t 

sorted, wet; contains coarse-grained silt "~ 

and very fine«gja±B04 sand; some caliche   1.5 2.5

Silt, clayey, very dark-brown with white 

spots, low plasticity, friable; scattered 

sand grains; impregnated with white 

caliche                         1.5 ^.0

Silt, very sandy, slightly clayey, yellowish- 

brown, coarse-grained, ooderately sorted, 

low to oedium plasticity; some very fine^ to 

fine-qpn&Bad sand; scattered caliche, amount 

decreases from k. 0-6.0 feet            2.5 6.5 ^

Sand, siliceous, slightly silty, brown, very *  

fine- to medium-grained, subangular to well- 

rounded, moderately well sorted         1.5 8.0

222 
 32-

/
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