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WATER RESOURCES AND GEOLOGY OF THE RIO HONDO DRAINAGE BASIN,

CHAVES, LINCOLN, AND OTERO COUNTIES, NEW MEXICO

By

Walter A. Mourant

ABSTRACT

Both surface water and ground water have been used for domestic,
stock, and irrigation supply for many years in the Rio Hondo drainage
basin. The supply of water has fluctuated, because precipitation,
which has been variable, affects the flow of streams and the storage of
ground water. The supply, however, has been sufficient to meet the
current demands. Water levels have remained relatively stable in the
western and central parts of the basin. Water levels in the San Andres
Limestone have been.lowered in the eastern part of the basin because
large amounts of water from the San Andres have been used for irriga
tion in the Roswell artesian basin, of which the Hondo Valley is
hydrologically a part.

The geologic formations in the Hondo basin range in age from
Permian to Recent. The San Andres Limestone of Permian age and the
alluvium of Quaternary age are the only formations that yield large
supplies of water to wells. The San Andres yields as much as 2,000
gpm (gallons per minute) of water to wells, and the alluvium in the
main valleys of the Rio Hondo, Rio Bonito, and Rio Ruidoso yields as
much as 3,500 gpm of water to wells. All formations in the Hondo
basin yield adequate supplies of water for domestic and stock uses.

The concentrations of sulfate in both the ground and surface
water range from 29 to 2,130 ppm (parts per million), and 72 percent
of the water samples analyzed contained more than 250 ppm of sulfate,
the recommended upper limit for domestic supplies; however, the water
is generally satisfactory for irrigation and stock use. Ground water
in the extreme eastern part of the basin is highly saline, and the
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saline water is encroaching westward, because of reduced artesian
pressure in the San Andres Limestone.

Surface water has been used for irrigation in the eastern part of
the Hondo basin since about 1880. Water from the Rio Hondo, Rio
Ruidoso, and Rio Bonito has been used to irrigate land west of River
side for about a hundred years. About 3,650 acres are irrigated in
these stream valleys under surface-water rights, but ground water is
used as a supplemental supply on 2,650 of these acres during periods
of low streamflow. Surface water from Rio Hondo tributaries also
supplies in whole or in part a few municipal water systems, including
that of Alamogordo which is outside the drainage basin.

A large amount of ground water from the San Andres Limestone and
the valley alluvium is used in irrigation, and some is used for muni
cipal supply. The city of Roswell obtains its water supply from wells
that tap the San Andres Limestone. Ground water also serves domestic
and stock needs throughout the basin.

The supply of water in the alluvial aquifer in the main valleys
of the Rio Bonito and Rio Ruidoso and the upper Rio Hondo seems to be
adequate for all the current demands. Little irrigable land remains
that could be developed in these valleys. The amount of water in
storage in the aquifer is fairly constant. Water levels in the allu
vium of the main valleys and the underlying Yeso Formation generally
have not been lowered during the period of record. Water levels in the
San Andres Limestone in the eastern part of the basin have been low
ered, and they probably will continue to be lowered, causing greater
pumping lifts and inducing additional westward encroachment of saline
water. The amount of water that is available from the San Andres in
the eastern part of the basin determines the amount of land that can
be irrigated.

INTRODUCTION

The Rio Hondo drainage basin, which lies in Chaves, Lincoln, and
Otero CQunties, southeastern New Mexico (fig. 1), has a diversified
economy adapted to the climate, the topography, and the water supply.
Irrigated farms on the alluvial plain near Roswell grow cotton, al-·
falfa, and small-grain crops. Stock raising also is important in this
area, and much of the small-grain crop is used locally for livestock
feed. The basin comprises about 1,400 square miles.

Apples and alfalfa are the principal crops of the irrigated farms
in the main valleys of the Rio Hondo, Rio Bonito, and Rio Ruidoso west
of Riverside. The apple crop in 1958 was estimated by the County
Agricultural Agent to be 250,000 bushels. The upland slopes are uti
lized for sheep and cattle grazing. Logging on the Capitan and
Sacramento Mountains supports several sawmills.

The basin is favorably situated for commerce. Roswell, the prin
cipal center of population in a large trade area, is served by major
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rail, air, bus, and truck lines.
Hondo basin from east to west and
runs north-south through Roswell.
the basin.

4

U.S. Highways 70 and 380 cross the
connect with U.S. Highway 285 which
Several State highways also serve

Growth of the economy of the Hondo basin has been hampered to some
extent by a shortage of water. The agricultural industry has been
affected especially.

The lower end of the Rio Hondo drainage basin is in the Roswell
artesian basin, and part of the recharge water for the Roswell artesian
basin moves underground from the upper part of the Hondo basin. The
factors that affect the movement of ground water and the effect of
additional water use in the Hondo basin on the recharge to the Roswell
artesian basin have not been previously defined. Also, the interrela
tion of surface and ground water in the Rio Hondo drainage basin had
not been investigated.

This study of the water resources and geology of the Rio Hondo
drainage basin, made by the U.S. Geological Survey at the request of
and in cooperation with the New Mexico State Engineer, was intended to
supply information that would aid water users in planning future oper
ations and aid the State Engineer in administering water rights in
both the Hondo and Roswell underground-water basins.

Previous ground-water investigations in the area include a study
of the eastern part of the Rio Hondo basin by Fisher (1906), by Fiedler
and Nye (1933), and by Morgan (1938); a study in the vicinity of
Ruidoso was made by Jones and Murray (1948) and the geology of the
Hondo Reservoir area was investigated by Bean (1949) and Theis (1951).
The occurrence of saline ground water near Roswell has been described
by Hood, Mower, and Grogin (1960), and by Hood (1963). The geology of
the Capitan quadrangle has been mapped by Dr .. John E. Allen of New
Mexico Institute of Mining and Technology, State Bureau of Mines and
Mineral Resources. Many of his geologic data were made available to
the author.

This investigation was begun in April 1955, and the ground-water
resources of the central and western parts of the Rio Hondo drainage
basin were emphasized. water levels have been measured bimonthly in
24 observation wells since January 1956. Other field work included 1)
collection of data pertaining to all irrigation wells in the basin,
except for the wells in the Roswell area for which data already were
on file, 2) inventory of domestic and stock wells for supplemental
information, 3) reconnaissance geologic mapping of areas not preVi
ously mapped, and 4) determination of the altitude of the land surface
at several wells by aneroid barometer. Samples of water were collect
ed from selected springs, wells, and streams for chemical analysis.
Streamflow was measured at several places and a recording gaging
station was established at Picacho during the investigation.
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System of Numbering Wells In New Mexico

All wells referred to in this report are identified by the loca
tion-number system used by the Geological Survey and the State Engineer
for numbering water wells in New Mexico. The number is a description
of the geographic location of the well, based on the common subdivi
sion of public lands. It indicates the location of the well to the
nearest IO-acre tract, when the well can be located that accurately.
The location number consists of a series of digits corresponding to
the township, range, section, and tract within a section, in that
order, as illustrated below. If a well has not been located closely
enough to be placed within a particular section or tract, a zero is
used for that part of the number. The letter "s" preceding a location
number is used to indicate a spring.

The system of numbering wells in sections which are not 1 mile
square is as follows: Seven measurements of 1/8 of a mile each are
made from the southeast corner of the section parallel to the south
and east lines. The tracts are numbered in the same manner as those
in the l-mile-square sections, except that the location is scaled from
the southeast corner.

The letters a, b, c, etc., are added to the last segment to
designate the second, third, fourth, and succeeding wells in the same
tract.

The system of numbering wells is illustrated in figure 2.

Sections within a township

R 14E

Tracts within a section

Sec i2

T
9
5

~
I, , • , I

I I
, S , 10\ " r-.:.i I I 2

Well

\ "\
N IIS " " "

,,\
f--- --, - 12-- --

.1';'" '0 " " ,. I II I 2

"- 1\, I
'0 " "~ " " f----3-~-1 4'Ii I I'~ ,,\ 3 I- -4-

" " " r-..." 1 3J11 4jwell/" Y' C I

I "-<\ I / / /
I mile I6 miles

{//
Well 9. 14. 12.344

Figure 2. --System of numbering wells in New Mexico
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Geographic Setting

Altitude and Relief

Precipitation and the proportional amount of stream runoff and
ground~waterrecharge in any area are related to altitude and relief.
Steep slopes are conducive to rapid runoff and immediate loss of the
water from the area. Gentle slopes and plains favor infiltration of
the water into the ground, where it moves slowly to points of dis
charge J mainly in stream valleys. The ground water is available for
use in the area long after the precipitation has ended. The topog
raphy also influences the depths to which wells must be drilled
because the configuration of the water table does not necessarily con
form to that of the land surface. The depth to water is generally
greater beneath the ridges than in the valleys.

Relief in the Rio Hondo drainage basin ranges from an almost
level alluvial plain in the east to deeply dissected mountains in the
west. The altitude at the confluence of the Rio Hondo and Pecos River
is 3,445 feet; that of Sierra Blanca Peak in the western part of the
basin is 12,003 feet.

The eastern alluvial plain comprises three terraces: the Lakewood,
Orchard Park, and Blackdom (Fiedler and Nye, p. 10-12). The Lakewood
terrace, which adjoins the Pecos River and the lower Rio Hondo, is
about 20 to 30 feet higher than the bed of the Pecos River and about
10 to 20 feet higher than that of the R~o Hondo. The central part of
the city of Roswell is built on the Lakewood terrace. The Orchard
Park terrace is about 10 feet higher than the Lakewood terrace. It is
the least dissected of the three, its surface being a smooth grassy
plain. Most of the irrigated farms in the Pecos River and lower Rio
Hondo valleys are on this terrace, and the city of Roswell has expanded
extensively onto it in recent years. The Blackdom terrace is about 40
feet higher than the Orchard Park terrace. Only a few square miles of
this terrace are in the Hondo basin drainage area.

Remnants of an ancient plain that probably extended through much
of the region can still be traced on high mesas in parts of the Hondo
basin. This plain was much higher and older than the alluvial
terraces near the rivers.

The upland area west of the Pecos River alluvial plains is dis
sected deeply, especially at high altitudes in the western part of the
Rio Hondo basin. The valleys are U-shaped in the eastern and central
parts of the basin and are progressively more V-shaped westward in
this upland area.

The mountainous areas consist of the Capitan Mountains, the
Sacramento Mountain~,. and Pajarito Mountain. The Capitan Mountains,
which rise about 4,000 feet above the surrounding terrain, trend east
west about 20 miles and form part of the north boundary of the Hondo
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basin. The altitude of the highest peak is 10,230 feet; the relief is
sharp. Talus is common on the steep slopes and an alluvial fan of
rounded boulders has been deposited around the flanks of the mountains.
The Sacramento Mountains form a long north-south range, and a reach of
about 15 miles of their crest forms the west boundary of the Hondo
basin. Sierra Blanca, the highest peak in the Sacramento Mountains,
has an altitude of 12,003 feet. Sierra Blanca was glaciated during the
Pleistocene Epoch, and has a glacial cirque on its northeast slope
(Ellis, 1935, p. 25). Pajarito Mountain forms part of the southern
boundary of the Hondo basin. Pajarito Peak has an altitude of 8,014
feet.

Pine, spruce, cedar, juniper, and quaking aspen grow on the high
hillsides, and thick grass grows in the V-shaped valleys of the moun
tainous areas. The central part of the basin is covered thinly by
grass, weeds, cactus, and mesquite. The eastern part is covered mostly
with grass; some saltcectars grow in the stream channels.

Climate

Altitude and relief contribute to a varied climate in the Hondo
basin. The eastern plains in the vicinity of Roswell, which have a
semiarid climate that is typical of the Southwest, receive an average
annual precipitation of about 12 inches. The mountainous regions in
the western part of the basin receive more than 20 inches of precipi
tation annually. The average annual precipitation at eight stations
and the altitudes of the stations are given in the tabulation on page 8.

The eastern plains receive more than 50 percent of their prec1pl
tation as thundershowers during the summer months. The rainfall is
insufficient for cultivated crops, and surface or ground water is used
to irrigate the farms. Winters are generally mild and snowfall is
light. The mean annual temperature at Roswell is 59 degrees; sunshine
averages 70 percent of the amount possible for the year.

The area west of the plains has lower mean annual temperatures.
This area receives an appreciable amount of snowfall, especially near
the crests of the mountains. A few small areas are dry-farmed, but in
general the precipitation is not dependable and irrigation is necessary
for growing crops.

Drainage

The principal streams in the Rio Hondo basin drain generally east
ward toward the Pecos River from their points of origin high on the
Sierra Blanca and the Capitan Mountains. (See pl. 1.) The principal
streams are perennial only where their canyons are cut below the water
table. Most of the tributary streams are intermittent.

The drainage pattern in the Rio Hondo basin is influenced by the
geology. The valleys generally are narrow where the resistant upper
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SUMMARY OF PRECIPITATION AT EIGHT STATIONS IN THE RIO HONDO
DRAINAGE BAS IN , CRAVES, LINCOLN, AND OTERO COUNTIES, N. MEX.

(From U.S. Weather Bureau records)

Altitude Average
(feet annual

Station above sea precipitation Years of record
level) (inches)

Roswell 3,612 12.6 1895-1960

Picacho 4,965 13.8 1945, 1954-55, 1957-60

Hondo 5,235 10.3 1945, 1947, 1951-60

Fort Stanton 6,230 15.1 1856-59, 1870, 1884-85,
1887-92, 1894, 1902-03
1906-25, 1927, 1930-40,
1944-52, 1954-60

Capitan 6,350 16.4 1911-42, 1947-49, 1951-60

Ruidoso 6,755 21.2 1942, 1946-60

Nogal lake 7,163 13.5 1945-47, 1950-56, 1958-60

Bonito Dam 7,280 22.1 1949-51, 1953-60

part of the San Andres Limestone underlies the valley floors, and they
are broader where the less resistant Hondo Sandstone Member of the San
Andres or the Yeso Formation underlies the valley floors. Folds and
faults have diverted some streams from their original courses~ The
Sixmile Hill structural zone has diverted the Rio Hondo and Eightmile
Draw several miles to the northeast. The drainage in T. 10 S., R. 20 E.,
has been diverted to the northeast by the Border Hills structure,
leaving a wind gap in the ridge where the stream had formerly flowed.
Other wind gaps, cut by streams that were later diverted, are present in
the Border Hills structure.

The flow of streams has been measured intermittently since 1903,
,nd the data have been published in water-supply papers of the U.S.
Jeological Survey and in reports of the New Mexico State Engineer.
The flows of Rio Bonito and Rio Ruidoso at Hondo were gaged from 1931
to 1955. Figure 3 shows a comparison of surface-water discharge with
precipitation. The duration and intensity of the precipitation, the
condition of the SOil, the temperature, and the relative humidity all
influence the amount of direct runoff from precipitation.

The main valleys are U-shaped in cross section J and they contain
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thick deposits of alluvium. The streams are entrenched about 15 feet
in the alluvium, and they meander along the relatively flat valley
floors. The smaller valleys in the mountainous areas are V-shaped, and
they contain little or no alluvium.

Rio Hondo

The Rio Hondo is formed by the confluence of Rio Bonito and Rio
Ruidoso at Hondo, 50 miles west of Roswell, and it drains into the
Pecos River 5 miles east of Roswell. The Rio Hondo is a perennial
stream in the upper reach, and it generally gains in flow because the
bed of the stream is below the water table from Hondo to Picacho.
From Picacho east to Roswell the Rio Hondo loses water to the rocks
beneath the bed of the stream. All the flow at Riverside is commonly
diverted into an irrigation ditch for downstream use on the Diamond A
Ranch. From Riverside to Roswell the Rio Hondo is dry most of the
year; however, it is perennial in the reach from Roswell to the Pecos
River because the bed of the stream is lower than the water table in
the alluvium.

The loss in flow of the Rio Hondo from Riverside to Roswell has
been measured or estimated many times. Flow records for 1904-06
indicate many days during which the Rio Hondo did not flow at Roswell.
The Hondo Reservoir was constructed by the U.S. Reclamation Service
(now Bureau of Reclamation) to utilize the flow in the Rio Hondo near
Roswell, but the reservoir was ineffective because of rapid leakage
into the underlying San Andres Limestone. An undated report of the
project history is in the files of the Bureau of Reclamation in
Albuquerque and the State Engineer Office in Santa Fe. From a study
of streamflow data, Bean (p. 24) estimated that, during a year of
normal precipitation (12 inches at Roswell and 15 inches at Fort
Stanton), approximately 19,400 acre-feet of water is lost from the Rio
Hondo east of Picacho and becomes recharge to the Roswell artesian
basin. A seepage investigation in October 1955 when the flow at
Riverside was 28 cfs (cubic feet per second) and a similar investiga
tion in April 1958 when the flow at Riverside was 80 cfs indicated a
seepage loss of about 1 cis per mile of river channel between
Riverside and the Diamond A gaging station in sec. 20, T. 11 S.,
R. 21 E., and a seepage loss of about 1.5 cfs per mile of stream
channel east of the Diamond A gaging station.

The Rio Hondo east of Roswell gains in flow by seepage from the
ground-water reservoir in the alluvium, and the flow is greatly in
creased at times by discha.rge into the stream channel of several thou
sand gallons of water per minute from two Hagerman Irrigation Company
wells in sec. 35, T. 10 S., R. 24 E. These wells tap the San Andres
artesian aquifer and flow naturally in winter, but they are pumped
during the summer when the artesian pressure is less. Much of the
flow of the Rio Hondo is diverted into the Hagerman Canal in sec. 31,
T. 10 S., R. 25 E. From the diversion point eastward, the Rio Hondo
has a perennial flow that is supplemented by the discharge of several
drains, and it always contributes some flow to the Pecos River at
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the confluence of the two streams in sec. 9, T. 11 S., R. 25 E.

Rio Bonito

The headwaters of the Rio Bonito are in the Sacramento Mountains,
and in the mountainous area the flow in the main channel is perennial.
In about 1907 the flow in the headwaters was diverted into a pipeline
system by the El Paso and Southwestern Railroad (later the Southern
Pacific Railroad). In 1930-31 the Southern Pacific Railroad built a
dam on Rio Bonito in sec. 12, T. 10 S., R. 12 E., to provide storage of
Rio Bonito water to serve the pipeline system.

The Rio Bonito is generally a perennial stream from about 4 miles
below Fort Stanton downstream to 10 miles northwest of Hondo. The 10
mile reach of the Rio Bonito northwest of Hondo has large seepage
losses and is dry much of the year. The water table is about 12 feet
below the streambed in parts of this reach.

Rio Ruidoso

The headwaters of the Rio Ruidoso are on the forested slopes of
Sierra Blanca, an area that receives about 5 feet of snow each winter.
The Rio Ruidoso is perennial throughout its length. except that a few
short reaches may not flow when water is being diverted for irrigation.

The beds of the mountain streams are cut below the water table,
so that they have some flow even during most periods of little or no
precipitation.

Small tributaries

Flows in the smaller tributaries and subtributaries, such as
Magado Creek, Eagle Creek, Little Creek, Salado Creek, Cienegita Creek,
Carrizo Creek, Bluewater Creek, and the Berrendo Creek system, are
perennial only in short reaches of their channels. Many of the small
streams flow in the spring because of melt water from snowpacks on
Sierra Blanca and the Capitan Mountains.

Lakes and Ponds

Nogal Lake is in a natural basin near the northwestern drainage
divide of the Hondo basin. The El Paso and Southwestern Railroad used
Nogal Lake as a storage reservoir in its pipeline system to supplement
low flows of the Rio Bonito. The lake has a capacity of 400 million
gallons (about 1,200 acre-feet), but it leaks excessively at high
stages, so that the effective storage is probably about 163 million
gallons (500 acre-feet).

Bonito Lake is formed by a dam across Rio Bonito in sec. 12,
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T. 10 S., R. 12 E. The dam was built by the Southern Pacific Railroad
to provide supplemental storage for the pipeline water system, when
it was determined that Nogal Lake could not furnish the needed storage
because of excessive leakage in its upper elevations. The dam is 480
feet long On the crest and has a maximum height of III feet. water is
drawn through a 24-inch cast iron pipe from an intake tower 140 feet
upstream from the dam. The lake had an initial capacity of 400
million gallons.

The spillway was 30 feet below the top of the dam when it was
built. In 1946 the spillway was raised 17 feet to recover the storage
capacity lost by accumulation of sediments which washed into the
reservoir during floods in 1941.

Many natural and artificial ponds in the Hondo basin contain water
intermittently, depending on precipitation, evaporation, and seepage
loos.

Floods

All the streams in the Hondo basin occasionally flood. A local
cloudburst may transform a dry arroyo into a roaring stream within a
period of a few minutes. Small floods occur every year, but usually
they do only minor damage. Several times in the past 50 years major
floods in the Hondo basin have washed out bridges, covered cultivated
fields with debris, and inundated parts of Roswell.

A flood-retarding dam has been built on the Rio Salado in Lincoln
County 6 miles east of Capitan in sec. 9, T. 9 S., R. 15 E. The dam
was built on porous limestone where the water table was about 50 feet
below the streambed. Some of the water temporarily impounded by the
dam seeps into the ground and recharges the ground-water reservoir.

The Hondo Reservoir has been used to temporarily store some of the
flood waters of the Rio Hondo. In past years nearly all the water im
pounded in the Reservoir seeped under ground (Bean, p. 27).

The Two Rivers Reservoir Project, about 12 miles west of Roswell,
was proposed to control floods on the Rio Hondo and Rocky Arroyo and to
prevent damage to Roswell and vicinity. Construction has been started
(1961) on this project. The water table at the Two Rivers Reservoir
site is about 400 feet below the streambed. Porous limestone crops out
and underlies the land surface in the vicinity of the project site.

The alluvial terraces in the vicinity of Roswell are subject to
floods from the pecos River and the Rio Hondo. Rio Hondo has over
flowed onto the Lakewood terrace several times in recent years.



13

WATER RESOURCES AND GEOLOGY

The earth's supply of water is constantly being recirculated, and
the geologic formations and their structural attitudes are critical
regulators in the circulation system. The hydrologic or water cycle
includes precipitation, infiltration, runoff, underground storage,
evaporation, and transpiration. Part of the precipitation infiltrates
into the ground directly and is stored temporarily in the rocks, and
part runs off in streams. Part of the water in streams also infil
trates into the ground. Water that is stored in openings in the rocks
of the earth moves slowly underground to points of discharge as springs
or as seepage to streams, or the water is evaporated or transpired by
plants. Much of the ground water in storage probably accumulated for
hundreds of years. The low or base flows of our streams are maintained
chiefly by the discharge of ground water from the rocks, generally as
springs.

The rocks below the land surface in the Rio Hondo drainage basin
contain many openings which are interconnected and which persist to
depths of many hundreds of feet below the land surface. The zone in
which all the openings in the rocks are filled with water is termed
the zone of saturation. The top of the zone of saturation in uncon
fined aquifers is the water table. The zone of aeration extends from
the land surface to the water table, and this zone does not yield water
to wells. Water takes material into solution as it moves through the
crust of the earth, and it loses this material as it is evaporated.

The ground water in much of the Rio Hondo basin is unconfined;
that is, the upper surface of the zone of saturation is under atmos
pheric pressure. The water table is not flat but is a sloping or
undulating surface. In general the water table reflects in a subdued
manner the topographic features in areas where recharge is distributed
uniformly. The water table in the San Andres Limestone west of
Roswell is almost flat, having an eastward gradient of about 2 feet per
mile. (See pl.l.)

In the San Andres Limestone in the vicinity of Roswell ground
water is confined under artesian pressure, a pressure great enough to
cause the water to rise in wells above the top of the formation in
which the water is confined. The upper confining beds are the less
permeable Artesia Formation and alluvium. The lower confining beds are
beds of the Yeso Formation or beds of the San Andres Limestone which
are low in permeability. The altitude of the water table in the San
Andres Limestone west of Roswell determines to a large extent the
altitude to which water will rise in wells in the artesian area in the
vicinity of Roswell. However, the altitude of water levels in the
artesian wells near Roswell will always be somewhat lower than the
altitude of the unconfined water levels west of Roswell. Clay lenses
cause local artesian pressures in the alluvium in the Roswell area and
in the valleys of the Rio Hondo, Rio Bonito, and Rio Ruidoso. These
pressures do not affect significantly the height to which water will
rise in a well o
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Precipitation on the upland areas is the principal source of re
charge for ground water in the Hondo basin. Most of the recharge water
is from intense precipitation of short duration. The storm-runoff
water collects in rocky arroyos and percolates downward through open
ings in the rock. Recharge from precipitation in 1941 was unusually
large, because of greater than normal amounts of precipitation.
Roswell and Capitan received 32.92 and 30.74 inches of precipitation,
respectively, in 1941 -- more than half of which fell in May, September,
and October.

The locations of wells, the depth to water and altitude of water
levels in many of the wells, and the water-level contours in the Rio
Hondo drainage basin are shown in plate 1. Additional data on the
wells are given in table 1 and data on springs are given in table 2.

Geologic Formations and Their Water-bearing Properties

The rocks that crop out in the Rio Hondo drainage basin range in
age from Permian to Recent. Their surface distribution is shown on the
geologic map, plate 2, and the general physical and hydrologic proper
ties of the rocks are summarized in the accompanying section. The base
ment rocks, according to logs of deep oil tests, consist of dacite,
dacite porphyry, and granite or granite wash. These rocks probably are
Precambrian in age. The geologic formations are described in ascending
order on following pages.

Permian System

The Permian System in the Rio Hondo basin has been divided in
ascending order into three formations: Yeso Formation, San Andres Lime
stone, and Artesia Formation. Rocks of Permian age but older than the
Yeso Formation underlie the Yeso in the eastern part of the basin.
Logs of two oil-test wells near Picacho indicate that the Yeso lies
on Precambrian rocks, at least locally, in the central part of the
basin. None of the rocks below the Yeso Formation are considered to be
potential sources of ground water.

Yeso Formation

The Yeso Formation (Leonard Series) designated Nogal Formation in
the Roswell basin by Nye (Fiedler and Nye, p. 70-76), consists of beds
of siltstone, sandstone, shale, limestone, anydrite, gypsum, and salt.
The bedding is generally thin, but varies from massive to very thin.
Logs of oil-test wells indicate that the Yeso Formation is about 1,800
feet thick near Picacho and about 2,000 feet thick at Roswell.

The Yeso Formation underlies at varying depths most of the Hondo
basin. The formation crops out in the valleys of the Rio Ruidoso and
Rio Bonito and in the valley of the Rio Hondo west of Sunset (pl. 2).
It also crops out on the flanks of the Pajarito and Capitan Mountains
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GENERALIZED SECTION Of GEOLCGIC FOlUl.\TIONS AND THEIR lIYOROl..oGlC PROPERTIES III
TIlE RIO HONDO DRAINAG!; DASH/, CHAVES, LINCOLN, AND OTERO COUIITIES, N. MEX.
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StratigraphiC
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Thickness
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Sand.tnne
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Formntlon
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Sandstone
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of Roswell the
surface.

the Mescalero Apache
top of the formation

Indian Reservation.
is about 1,000 feet

In the vicinity
below the land

The logs of oil wells indicate that salt beds are present through
out the interval of the Yeso Formation in the vicinity of Roswell. The
logs of oil-test wells near Picacho do not record salt beds in the
lower 1,300 feet of the formation, and salt beds were not observed in
outcrops of the Yeso Formation in the Hondo basin, even where as ffiLch
as 1,000 feet of the formation is exposed in the area north of Ruidoso
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Downs (pl. 2). None of the logs of water wells in the basin contain
records of salt beds in this formation. Salt probably was not depos
ited in the upper 500 feet of the Yeso Formation west of Picacho.

A 150-foot-thick sandstone unit of the Yeso Formation, locally
termed the Drinkard Sandy Member of King (1945), lies 1,200 feet below
the top of the formation and reportedly contained fresh water at the
Stanolind oil test well (12.18.10.121) near Picacho. The sandstone
unit was not observed in outcrops of the formation. The sandy member
may be a potential source of ground water.

The Yeso Formation does not transmit water readily. The openings
in the rocks generally are small, and much of the water in the zone of
saturation is held in the formation by molecular and capillary forces.
The beds of limestone and sandstone apparently transmit water to wells
more readily than the other rocks. Where the formation is tightly
folded, as in the Tinnie fold zone, transmission of water is negligible
(see pl. 3A and B). Several wells drilled into the Yeso Formation
where it is tightly folded were called dry holes. Eventually these
wells filled with water to the level of the regional water cable, but
they do not yield enough water even for stock supply.

The water table in the YesG Formation in the upland areas gener
ally is in the upper three hundred feet of the formation.

The Yeso Formation generally crops out in steep slopes which are
not conducive to ground-water recharge. Most of the recharge is -from
downward percolation of water through the more permeable alluvium, or
through the San Andres Limestone which crops out more extensively than
the Yeso. For several miles east of Picacho the water table in the
Yeso Formation is below the streambeds, and water percolates from the
streambeds through the alluvium to the Yeso Formation.

The general direction of ground-water movement in the Yeso Forma
tion is to the east. Local folds and faults, such as the Border Hills
structural zone, probably retard the eastward movement of ground water
but do not stop it. (See pl. 3A and B.)

Water discharges from the Yeso Formation to the overlying alluvium
in the valleys of the Rio Hondo, Rio Bonito, and Rio RUidoso, main
taining perennial flow in long reaches of those streams. Ground water
moves from the Yeso Formation into the Hondo Sandstone Member in the
subsurface in the central part of the Hondo basin, and eventually
reaches the Roswell artesian basin.

Several hundred stock and domestic wells obtain water from the
Yeso Formation (table 1). Most of these wells yield less than 5 gpm.
The Yeso does not yield adequate supplies of water for irrigation
where it has been tested. Figure 4, which shows the fluctuations of
water levels in four wells that tap the Yeso Formation, indicates that
the Yeso Formation has not been developed to the extent that ground
water levels have declined significantly.
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Figure 4. -- Hydrographs of four wells that tap the Yeso Formation,
Lincoln County, N. Mex.

Many more domestic and stock wells than now exist could obtain
water from the Yeso Formation without noticeably lowering the regional
water level in the formation. Stock wells that have been drilled into
the zone of saturation in the Yeso Formation both from the tops of
ridges and the bottoms of valleys generally have obtained sufficient
amounts of water for stock.

Water in the Yeso Formation is hard, with a range of 404 to 2,520
~pm; and it is high in sulfate content, with a range of 541 to 2,130
ppm. (See table 3 and pl. 4.) Generally, the water from the Yeso
Formation does not meet the U.S. Public Health standards for potable
water of less than 1,000 ppm dissolved solids, but it has been used for
domestic purposes for many years, apparently without ill effects.
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San Andres Limestone

The Hondo Sandstone Member (Leonard Series) of the San Andres
Limestone consists of a basal sandstone bed about 20 feet thick, beds of
silty limestone, siltstone, gypsum, and anhydrite about 90 feet thick,
and an upper bed of sandstone about 40 feet thick. The sandstone is
friable, and it consists of well-sorted, medium, subangular, frosted
grains of quartz cemented with limonite, which colors the sandstone
light tan to dark red. The Hondo, as herein described, has been previ
ously mapped as a member of the Chupadera Formation (Lang, 1937, p. 850),
and is called the Glorieta Sandstone by Hood, Mower and Grogin (p. 13).
The subangular, frosted, quartz grains and the absence of other minerals
make the Hondo Sandstone Member a good marker bed, as it is easily
distinguished from other formations in the area.

The Hondo Sandstone Member crops out in canyon walls in many
places west of Riverside (pl. 2), and it underlies at varying depths
most of the Hondo basin. The Hondo is an aquifer in much of the basin.
It transmits water readily through the beds of sandstone, but some of
the beds of siltstone are nearly impermeable. Cross sections through
T. 9 S. and T. 11 S. indicate that the occurrence of water in the Hondo
is influenced by both the structure and the stratigraphy of the forma
tion. (See pl. 3A and B.) The thickness of the zone of saturation in
the Hondo, as portrayed in the cross sections, ranges from 0 to 150
feet. The total volume of water in storage in the Hondo is large.
The rock is highly permeable because the grains are well sorted and
little of the intergranular space contains cement.

Fritz Spring (table 2), in sec. 29, T. 10 S., R. 17 E., discharges
about 400 gpm of water from the Hondo Sandstone Member. In some parts
of the basin water is discharged from the Hondo by evaporation and
transpiration where the water table is near the land surface, as in
T. 9 S., R. 18 E.

Many more stock and domestic wells could tap the Hondo without
significantly lowering water levels. Figure 5 shows that the water
levels in two wells that tap the Hondo have not been lowered by past
withdrawal of water. Irrigation with water from the Hondo Sandstone is
not feasible at most places, because the depth to water is too great or
the land is unsuitable for cultivation.

Ground water in the Hondo is usually less saline than that in the
Yeso Formation. (See table 3 and pl. 4.) The range in salinity is
large, depending on whether the water has moved into the aquifer from
the upper part of the San Andres Limestone, the Yeso Formation, or
other sources. Water from the Hondo ranges in hardness (as calcium
carbonate) from 287 to 830 ppm. The concentration of sulfate ranges
from 128 to 617 ppm, that of chloride from 14 to 98 ppm.

The upper part (Guadalupe Series) of the San Andres Limestone
consists of cherty limestone and dolomite and minor amounts of silt
stone, sandstone, gypsum, anhydrite, and shale. Limestone or dolomite
from the lower half of this. unit is exposed in the Hondo basin from 3
miles to 60 miles west of Roswell (pl. 2). In the eastern part of the
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Figure 5.-- Hydrogrophs of two wells that tap the Hondo Sandstone
Member of the San Andres Limestone, Lincoln County, N. Mex.

Hondo basin the San Andres Limestone is overlain by the Artesia Forma
tion or by alluvium.

The upper part of the San Andres is about 1,200 feet thick east of
the Pecos River in Tps. 10-11 S., Rs. 26-27 E., according to logs. of
oil wells. West of the Pecos River in Tps. 10-11 S., R. 24 E., the
upper part of the San Andres is about 750 feet thick. Morgan states
that evidence supports hypothesis that cavernous zones were formed in
the San Andres Limestone during an erosional interval in Permian time
(Morgan, 1941, p. 782). In the outcrop area the maximum thickness of
the upper part of the San Andres is about 700 feet. Allen and Jones
(1951) reported that the upper part of the San Andres was 685 feet
thick in the Salado Creek area of Lincoln County. In that area the
contact between the San Andres and the overlying Artesia Formation is
not exposed. Kelley (1952, p. 69) stated that about 1,000 feet of the
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upper part of the San Andres is exposed in the area west of the
Capitan Mountains in T. 8 S., R. 14 E., and that the complete thick
ness is not exposed. The San Andres as defined by Kelley includes
the Artesia Formation of this report. An oil-test well near Capitan
in sec. 36, T. 8 S., R. 14 E., penetrated 360 feet of San Andres.

Nearly all the wells that penetrate the San Andres Limestone
intersect cavities, some more than 1 foot across, in the limestone and
dolomite. The cavities were caused by the enlargement of joints and
other openings by solution. The large solution channels transmit water
readily through the San Andres Limestone, as is evidenced by the low
gradient of the water table in the area west of Roswell and the rapid
response of the water levels to pumpage from the artesian aquifer
(fig. 6). Well logs indicate that the San Andres is porous throughout
most of the basin. There are a few impermeable beds in the San Andres
which result in perched water, but these beds are not extensive.

The westward-dipping beds of the San Andres Limestone in the
western part of the basin appear to be very permeable in the outcrop
area, but little is known of their character in the subsurface. The
well used for a standby supply at Fort Stanton yields about 150 gpm at
a drawdown of 54 feet, and it probably taps the westward-dipping beds
of the San Andres. A short distance west of Fort Stanton the depth to
the San Andres is several hundred feet, and wells have not been drilled
to the formation.

The San Andres Limestone stores large amounts of ground water in
the eastern part of the basin. The numerous large interconnected open
ings in the rocks are filled with water to the level portrayed on the
cross section through T. 11 S. (see pl. 3). The San Andres does not
contain ground water in most of the central part of the basin, except
for perched water locally, because the formation is drained effec
tively by the permeable beds that it contains.
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The ground water in the San Andres Limestone is recharged by preci
pitation on its outcrops and by ground water moving down the water
table gradient from the Hondo Sandstone Member into the upper part of
the San Andres Limestone. The extensive outcrop of San Andres in the
Hondo basin provides excellent opportunity for water to enter the rock
and recharge the San Andres Limestone and underlying formations.

Recharge from the above-normal precipitation of 1941 raised the
water table in the San Andres Limestone west of Roswell about 17 feet,
which indicates a large increase in ground water storage o The large
rise in water level caused the springs in the vicinity of Roswell to
start flowing again (Theis, p. 35). After 1942 the water level in the
San Andres declined about 12 feet per year but did not reach the 1940
level until 1950 (fig. 7). The amount of precipitation in 1941 was
unusual, and it may not be duplicated for hundreds of years. Figure 8
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shows a comparison of water levels in well 11.23.3.342 with precipita
tion in 1960. The hydrograph indicates that water levels in the well
are not affected as much hy recharge from precipitation as by other
factors.

Local rainfall may cause a decrease in pumpage with subsequent
rise in water levels in the well, such as occurred in June and July,
1960. During periods of minor pumpage, such as October, the heavy
rainfall (3.5 inches) did not cause a sharp rise in water levels,
because the relative decrease in pumpage was small. This demonstrates
that fluctuations in the water levels in the Roswell artesian basin are
caused mainly by pumpage rather than by recharge from local precipita
tion.

The saturated zone in the westward-dipping San Andres Limestone in
the western part of the Hondo basin is recharged by ground water moving
down the water-table gradient from the overlying younger formations and
from precipitation on the outcrop of the San Andres.

Water in the San Andres Limestone moves generally to the east,
perpendicular to the contours on the water table west of Roswell.
The Sixmile Hill structural zone does not appear to cause any change in
the configuration of the water table, but it may retard slightly the
movement of the ground water.

Ground water discharges naturally from the upper part of the San
Andres Limestone by downward percolation into the Hondo Sandstone
Member in the central part of the basin or by upward leakage into the
semiconfining beds of alluvium and the Artesia Formation in the eastern
part of the basin. North and South Springs and Berrendo Springs near
Roswell were artesian springs that originally discharged large amounts
of ground water.* These springs ceased to flow when the head in the
artesian aquifer declined because of the withdrawal of ground water for
irrigation, but the springs flowed again for several months following
the rise in head in the artesian aqUifer which resulted from more than
normal precipitation in 1941 (Theis, p. 35). Ground water probably
does not discharge from the San Andres Limestone east of the Pecos
River, as logs of oil wells indicate that the water in the San Andres
in that area is a brine. Also, in some areas east of the Pecos Rive~

oil is obtained from the San Andres Limestone. Some ground water may
be moving from the westward-dipping beds of the San Andres Limestone
in the western part of the basin into other formations in the Tularosa
basin.

The discharge of ground water from the San Andres Limestone by
Government Spring reportedly has diminished significantly since 1950.
The diversion of water from the Rio Hondo drainage basin to the
Tularosa basin probably has caused the flow of Government Spring to

* North and South Springs were at the head of North Spring River
and South Spring Creek, respectively. The Berrendo Springs were in
sections 5, 8, and 9 of T. 10 S., R. 24 E.
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diminish because of a reduction of ground-water recharge in the area
above the springs. The report of the Hondo Hydrographic Survey
(Sullivan, 1909, p. 11) says, "There is no relationship between the
waters of the South Fork of the Bonito and the waters of the Government
Springs." These waters are related, ~s there is a continuous water
table between the two areas.

Ground water is discharged artificially by several hundred wells
that tap the San Andres Limestone (table 1). Many of the irrigation
and municipal wells yield about 2,000 gpm each from the San Andres
Limestone in the Hondo basin near Roswell. The many stock and domestic
wells discharge 5 to 10 gpm of water each from the San Andres Limestone.

The annual lowering of the water table in the San Andres Limestone
west of Roswell (fig. 7) indicates that water is being removed from
ground storage faster than it is being replaced. Additional development
would result in more rapid depletion of the water in storage. Salt
water encroachment into the fresh water in the aquifer and higher
pumping lifts will result from further lowering of the artesian pressure.

Water in the San Andres Limestone is very hard. (See table 3 and
pl. 4.) The water is suitable for irrigation except in the area east of
Roswell, where it contains excessive amounts of chloride. Hardness of
the water ranged from 340 to 1,050 ppm, the sulfate concentration
ranged from 119 to 765 ppm, and the chloride concentration ranged from
14 to 340 ppm (table 3 and pl. 4). Water from wells in the extreme
eastern part of the Hondo basin contains more than 3,000 ppm chloride.
This area contained saline water when the artesian basin was first dis
covered about the turn of the century. Because of decreased pressure
in the artesian aquifer, the saline water has encroached into the
fresh-water zone in a general westward direction. The rate of saline
water encroachment was about 0.1 mile annually between August 1952 and
September 1957 (Hood, Mower, and Grogin, p. 33).

Artesia Formation

The Artesia Formation (Guadalupe Series) consists of siltstone,
gypsum, shale, anhydrite, sandstone, and thin beds of impure limestone
or dolomite. An erosional unconformity separates the Artesia Formation
from the underlying San Andres Limeston~. In the Hondo basin the
Artesia Formation probably includes equivalents of the Bernal Formation
the Whitehorse Group, undifferentiated rocks of Guadalupe age, and the
lower formations of the Artesia Group. Tait and others (1962) proposed
the term Artesia Group for the formations between the top of the
Tansill Formation to the base of the Grayburg Formation.

The Artesia Formation crops out in a narrow belt in the western
part of the basin and near Sixmile Hill (pl. 2), but it is generally
poorly exposed in the basin. In the Fort Stanton area the formation
includes tan and red siltstone, thin-bedded limestone,and gypsum.
Because the formation is easily eroded and has little topographic
expression, the outcrops are principally in roadouts or in canyons
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Santa Rosa Sandstone

Triassic System

of water levels in well 9.14.12.324
The cause of the large fluctua-

Figure 9 shows the fluctuations
which taps the Santa Rosa Sandstone.
tion in 1956-57 is not known.

The Santa Rosa Sandstone commonly yields about 10 gpm of water to
wells. Larger yields probably could be obtained from fully developed
wells in favorable areas. The water is generally satisfactory for
stock and domestic use.

The outcrops in the Sixmile Hill area consist of red beds and
gypsum. Logs of wells that penetrate the formation in the subsurface
in the vicinity of Roswell list the rocks as red beds, gypsum, sand
stone, shale, clay, and limestone.

In the western part of the basin, the openings in the Artesia
Formation are mainly joints and bedding planes in the beds of siltstone,
limestone, and gypsum. In the vicinity of Roswell the limestone and
gypsum are thicker, and they contain solution channels that are filled
with ground water. The beds of siltstone in the Artesia Formation tend
to confine the water in the San Andres Limestone in the vicinity of
Roswell.

where the formation is overlain by the more resistant beds of the
Santa Rosa Sandstone.

Water in the Artesia Formation in the eastern part of the Hondo
basin is mainly recharged by upward leakage from the San Andres Lime
stone and moves into the overlying alluvium and is discharged eventu
ally to the Pecos River.

The yield of water from the Artesia Formation is variable. In the
western part of the Hondo basin the few wells that tap the Artesia
yield about 5 gpm. In the eastern part of the basin yields of 20 gpm
are common, and near the Pecos River where the water in the formation
is under greater artesian pressure larger yields are obtained.

The Santa Rosa Sandstone (Upper Triassic), lower formation in the
Dockum Group, consists of sandstone, siltstone, limestone, shale, and
conglomerate. The Santa Rosa crops out (pl. 2) or is overlain by
younger formations only in the western part of the Hondo basin. Allen
and Jones reported a thickness of 295 feet for the formation in the
southeastern part of the Capitan quadrangle. An oil-test well in
sec. 19, T. $ S., R. 14 E., penetrated 380 feet of Santa Rosa Sand
stone. In the village of Capitan a test well penetrated 300 feet of
the Santa Rosa.

The chemical quality of water from the Artesia Formation was not
determined, but the large quantities of gypsum in this formation
suggest that the water would be high in calcium and sulfate concentra
tions.
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Chinle Formation

The Chinle Formation (Upper Triassic), upper formation in the
Dockum Group, consists mainly of red shale where it crops out near
Capitan. Cuttings from a water well at Capitan indicate that the Chinle
also contains gray shale and white, gray and pink, dense limestone.
The Chinle crops out (pl. 2) or underlies younger formations only in
the western part of the Hondo basin. Allen and Kottlowski (1958) re
ported that the formation was 181 feet thick, where measured.

The Chinle Formation yields about 5 gpm of water moderately low in
dissolved solids to stock and domestic wells.

Rocks of Jurassic age have not been definitely identified in the
Hondo basin. Allen and Jones (P. 3) mention the possibility that a few
feet of limestone overlying the Chinle Formation may be a part of the
Morrison Formation of Late Jurassic age. A reconnaissance geologic map
of the Ruidoso area by G. H. Wood and C. R. Murray shows questionable
Morrison Formation in fault contact with the San Andres Limestone
(Jones and Murray). The preliminary geologic map of southeastern New
Mexico by Dane and Bachman (1958) does not list Jurassic rocks in the
Hondo basin. The rocks that have been tentatively assigned to the
Jurassic System by previous investigators are included in the Chinle
Formation in this report.

Cretaceous System

Dakota Sandstone

The Dakota Sandstone, which crops out (pl. 2) or underlies younger
formations only in the western part of the Hondo basin, consists of
ferruginous, quartzose sandstone interbedded with gray shale and
conglomerate. The Dakota is a cliff-forming sandstone, and the faces
of the cliffs commonly are stained with iron oxide. A water well
drilled at Capitan penetrated 130 feet of the Dakota Sandstone, and
Allen and Jones reported a thickness of 134 feet for the Dakota. In
the Hondo basin the Dakota grades into the Mancos Shale, and a sharp
contact is not discernible. Allen and Kottlowski (p.22) have described
the contact as the place where the beds contain more than 50 percent
shale in relation to sandstone.

The Dakota Sandstone generally is an excellent aquifer for small
to moderate water supplies in the western part of the basin. Yields of
5 to 125 gpm have been obtained. The water in the Dakota appears to be
of excellent chemical quality, except where it has moved into the
Dakota from the overlying Mancos Shale.

Mancos Shale

The Mancos Shale (Upper Cretaceous) which crops out (pl. 2) or
underlies younger formations only in the western part of the basin
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Figure 9.-- Hydrogroph of well 9.14.12.324, which tops the
Sonta Rosa Sandstone, Lincoln County, N. Mex.

consists of black fissile shale and thin-bedded or fissile limestone,
intercalated with beds of sandstone in the upper part of the formation.
The Mancos underlies many of the grass-covered valleys in the vicinity
of the villages of Capitan and Ruidoso. The Mancos was reported to be
389 feet thick by Allen and Jones.

The Mancos Shale yields 6 to 75 gpm of water containing the great
est concentration of dissolved solids in the Hondo basin. (See table 3.)

Mesaverde Formation

The Mesaverde Formation (Upper Cretaceous) which crops out (pl. 2)
or underlies younger formations only in the western part of the basin
consists of quartzose sandstone, thin beds of limestone, siltstone,
shale, and coal. The sandstone is gray, yellowish-brown, and buff.
The sandstone is thin bedded to massive and partly crossbedded. It
generally is coarse grained, although in part it is poorly sorted.
The grains are angular to well rounded. The limestone is interbedded
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with gray shale. The shale generally is fissile, dark colored, and
carbonaceous. Bituminous coal is common, but the beds are thin.

Bodine (1956, P. 6) divided the Mesaverde into three units: a
lower sandstone unit about 156 feet thick, a middle shale unit about
275 feet thick, and an upper sandstone unit about 60 feet thick.
Bodine stated that the upper sandstone unit may be part of the Cub
Mountain Formation of Bodine.

The Mesaverde yields 5 to 20 gpm of water of poor chemical quality
to domestic and stock wells. The coal beds and the carbonaceous shale
contribute to the poor quality of the water.

Tertiary(?) System

Cub Mountain Formation of Bodine (1956)

Bodine (p.8-11) describes the Cub Mountain Formation, which crops
out only in the western part of the area (pl. 2), as a chert-pebble
conglomerate overlain by a series of poorly indurated beds of sandstone,
siltstone, and variegated shale. He states that the formation must be
at least 500 feet thick in the Capitan area. Allen and Kottlowski
(P. 25) state that the Cub Mountain Formation is at least 2,200 feet
thick at Cub Mountain south of Carrizozo, a few miles west of the area
of this report.

The Cub Mountain Formation of Bodine yields 5 to 50 gpm of water
to wells. The chemical quality generally is poor for domestic use but
satisfactory for stock. The depth to the water table generally is
within 200 feet of the land surface.

Igneous Rocks

Intrusive igneous rocks of the Hondo basin crop out on Sierra
Blanca, in the Capitan Mountains, on Pajarito Mountain, and in many
sills and dikes west of Tinnie (pl. 2). Extrusive igneous rocks crop
out on Sierra Blanca, and they probably make up a large part of the
mountain. The extrusive igneous rocks are complexly interspersed with
the intrusive rocks. All the igneous rocks probably are Tertiary in
age. They consist mainly of granite, rhyolite, trachyte, and diorite.
The Capitan Mountains are composed of microgranite that is remarkably
uniform in texture throughout its length and breadth.

Pajarito Mountain is an igneous intrusive body, probably Tertiary
in age, that has domed the rocks of the Yeso Formation, the Hondo Sand
stone Member,and the upper part of the San Andres Limestone. Motts and
Gaal studied the intrusive body and concluded that the core is syenite
and that the rocks grade outward into granite adjacent to their contact
with the Hondo (Ward S. Motts, written communication).

Many dikes and sills have intruded Permian and younger strata west
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of the Tinnie fold zone. Many sills have intruded the Permian rocks
along the contacts of the Yesa, Hondo, and San Andres. The intensity
of intrusions increased progressively westward o In the Sierra Blanca
area the contact between the sedimentary and the igneous rocks is diffi·
cult to determine because of the great amount of igneous activity that
has taken place.

Most of the dikes or sills have altered or baked a few inches of
tbe intruded rock on each side of the intrusive body. Near the
Sacramento Mountains the intrusive activity was so intense that the
Mesaverde Group and the Cub Mountain Formation of Bodine (1956) have
been greatly altered in character and compositiollo

Most of the water in the igneous rocks is in joints, which gener
ally decrease in size and number with depth. Many small springs dis
charge ground water from igneous rocks of the Sacramento Mountains and
the Capitan Mountains. Most of these springs probably are gravity
springs, that is, springs at places where the water table coincides
with the land surface. Some of the springs may be along the contacts
between intrusive and extrusive rocks which have different capacities
for storage and transmission of water Q

Only small domestic supplies of water have been obtained from the
igneous rocks in the Hondo basinQ Two analyses of water from igneous
rocks are given in table 3. The quality of this water is by far the
best of any ground water in the area.

Tertiary(?) and Quaternary(?) Rocks

Pediment gravels of probable Tertiary and Quaternary age, consist
ing of angular to rounded unsorted fragments of igneous, sedimentary,
and metamorphic rocks, cap several flat-topped, high ridges in the
western part of the basin (pl. 2). These deposits range in thickness
from 0 to 50 feet, and they lie on an erosional plane that truncates
rocks ranging in age from Permian to Cretaceous Q The pediment gravels
probably do not contain ground water.

Quaternary System

Alluvium

Alluvium of Quaternary age has accumulated in a large area in the
eastern part of the Hondo basin, in the main stream valleys, around the
base of the Capitan Mountains, and in a few upland areas (pl. 2).

The alluvial plain in the eastern part of the basin consists of
unconsolidated to partly consolidated sand, gravel, and clay. Most of
the alluvium was derived from the San Andres Limestone. Porphyritic
igneous rocks from the Sacramento Mountains and microgranite from the
Capitan Mountains have been observed also. Nye (Fiedler and Nye,
p. 28-40) and Morgan (1938, P. 167-171) have described the alluvium of
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the eastern plain in detail. The thickness of the alluvium in the
eastern part of the basin ranges from 0 to 210 feet.

The alluvium in the eastern part of the Hondo basin is recharged
mainly by upward leakage of water from the underlying Artesia Formation
or San Andres Limestone. Additional recharge comes from irrigation
water and direct precipitation. Yields of 1,000 gpm from wells that
tap the alluvium are common, but the yields of wells vary widely even
between wells that are only a few hundred feet apart. The ground water
in the alluvium in the eastern part of the Hondo basin moves in an
easterly direction and some discharges into the Pecos River.

The ground water in the alluvium in the eastern part of the Hondo
basin is satisfactory for irrigation except in the extreme eastern area
where it is too saline for irrigation. The ground water in this part
of the area has been saline since before the turn of the century when
the development of the artesian basin was begun. As the salt water
encroaches westward in the San Andres Limestone, because of lowering
pressures, saline water can be expected to encroach into the alluvium
also, because the principal recharge to the alluvium is from the San
Andres.

Alluvium has accumulated in narrow, irregular bands in the valleys
of Rio Hondo, Rio Bonito, and Rio RUidoso, and in the small tributary
canyons. The alluvium consists of poorly sorted, unconsolidated to
weakly consolidated, angular to well-rounded particles ranging from
clay to boulders as much as a foot in diameter. The material is strati
fied in stringers, lenses, and even parallel beds at places, especially
in the eastern part of the basin. The clay lenses are semiconfining
layers locally, and where they are extensive they cause artesian condi
tions in the underlying coarser material. Some of the springs in the
river channels discharge water from the artesian beds. Nye stated that
perched ground water exists locally in the alluvial deposits of the Rio
HondO, in a well in sec. 20, T. 11 S., R. 21 E. (Fiedler and Nye,
p. 120).

Ground water in the valley alluvium is recharged by migration of
water from the zone of saturation in the Yeso Formation and by flood
flows, irrigation, and precipitation.

Natural discharge is by numerous springs and seeps that issue into
the entrenched meanders of the Rio Hondo, Rio Bonito, and Rio RUidoso,
and by evapotranspiration where the water table is shallow.

The hydrographs of water levels in 10 wells that tap the valley
alluvium of the Hondo basin indicate that the water supply in the allu
vium has not been overdeveloped (figs. 10-13).

The chemical quality of the ground water in the valley alluvium
and that of the base flow of the Rio Hondo, Rio Bonito, and Rio Ruidoso
is similar at most places, because the base flow is maintained by
ground-water discharge from the alluvium. The water in the valley
alluvium is hard (720 to 1,080 ppm hardness); the range of sulfate
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concentratio'ls is 511 to 796 ppm, and the range of chloride concentra
tions is 37 to 67 ppm. The water is satisfactory for irrigation use,
but most is too hard and too high in sulfate content to he desirable
for domestic supply, even though it is w~dely used for this purpose.

The alluvium around the base of the Capitan Mountains forms a
series of coalescing fans which consist of unsorted rock debris from
the microgranite intrusive rocks. The fans slope about 500 feet to the
mile away from the Capitan Mountains. The alluvium ranges from a fine
sand to boulders several feet in diameter. The thickness is not known.
A well drilled in sec. 10, T. 9 S., R. 16 E., near the front of the
alluvial-fan material, penetrated 60 feet of boulders. Only a few
wells have been drilled through this alluvium, mainly because of the
difficulty of drilling through boulder deposits.

A few springs on the lower slopes of the Capitan Mountains dis
charge ground water from the alluvium. Most of the alluvium in the
fans does not contain water, because the coarse texture of the material
permits rapid percolation of the water downward into underlying forma
tions.

The alluvium in the upland areas probably is less than 20 feet
thick, and it occurs in broad valleys or canyons. Most of the upland
alluvium overlies the Yeso or Hondo and forms a treeless, grass
covered surface. The upland alluvium does not contain ground water.

Structure

The rock strata in the Rio Hondo drainage basin dip generally
eastward at about 1 degree. The gentle eastward dip is interrupted
locally by many sharp folds (pl. 3A, B, and C). The strata in the
western part of the area dip westward at angles of several degrees,
as determined by well logs (pl. 3A and B). The westward dipping
beds are on the east flank of the Sierra Blanca synclinorium.

Some of the other structural features in the Hondo basin are
Sixmile Hill structural zone, Border Hills structural zone, Picacho
anticline, McKnight anticline, Tinnie fold zone, McDaniel anticline,
and the anticlinal area from Salazar Canyon through Ruidoso.

The Sixmile Hill structural zone is less than a mile wide and
about 70 miles long, trending northeast from T. 17 S., R. 17 E., to
T. 9 S., R. 24 E. Twenty miles of this zone is in the Hondo basin.
The structure rises about 200 feet above the surrounding area in the
southern part and about 50 feet in the northern part of the Hondo
basin. The structure is anticlinal with many minor folds which can be
seen in the road cuts 6 miles west of Roswell. The structural relief
caused by the folding is about 300 feet. Escarpments of westward
dipping strata on the east side of the structural zone in T. 10 S.
mark a fault zone with the down thrown side on the east. The magnitude
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of displacement probably was a little less than 100 feet. No evidence
of faulting is present in T. 11 S. in the vicinity of the Hondo
Reservoir.

The Border Hills structural zone forms a prominent topographic
ridge less than a mile wide and about 50 miles long, which extends
from T. 7 S., R. 23 E., to T. 14 S., R. 18 E. Twenty-three miles of
this zone is in the Hondo basin. The ridge rises about 300 feet above
the surrounding area in the southern part and about 50 feet in the
northern part of the Hondo basin. It appears to be a very narrow fold
combined with a thrust fault. Stipp (1956, P. 17) states that the
Border Hills and Sixmile Hill structural zones probably are surface
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expressions of faults extending up from the Precambrian basement rocks.
Some of the strata in the structural zone are vertical. The structural
relief caused by the folding and faulting is about 800 feet.

Several large faults have been mapped in the area near Capitan
(pl. 2). Bodine (P. 14) states that many faults in the Capitan area
have displacements of 5 to 10 feet.

Some springs in the Hondo basin reflect the control of geologic
structure on the movement of ground water. Two such springs are Hale
Spring and Fritz Spring. (See table 2.) These springs issue from rock$
which have been folded and faulted in such a manner that normal ground-
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water movement has been restricted. Lincoln Spring probably is con
trolled by structural deformation also.

Chemical Quality of Water

Water is often called a universal solvent, and it dissolves and
retains in solution, until evaporated, some part of most substances
with which it comes in contact. The relative abundance and the solubi
lity of the many types of minerals varies widely in the Rio Hondo drain
age basin, so that the chemical quality of the water necessarily varies
The chemical quality of either surface water or ground water at any
particular place reflects the kinds of rocks over or through which the
water has passed.

Olemical analyses of water from a large number of wells and
springs in the Hondo basin are listed in table 3, and analyses of sur
face-water samples are listed in table 4. Selected partial analyses of
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both surface water and ground water are presented in plate 4 to show
the areal distribution of chemical quality.

Floodflow water in the Rio Hondo drainage basin contains fewer
dissolved solids than the low or base-flow water, because the base flow
is derived primarily from the discharge of ground water containing
relatively high concentrations of dissolved solids and the floodflow is
derived from precipitation which has had little opportunity to dissolve
rock materials. In the mountainous part of the basin where the rocks
consist predominantly of low-solubility minerals, such as the silicate
minerals of the igneous rocks, even the base-flow water in the streams
(Eagle Creek, Rio RUidoso, and Rio Bonito) generally is low in dissolved
solids. Base-flow water in Magado Creek is high in dissolved solids,
because the water ha3 been in contact with highly soluble minerals in
the shale and sandstone of the Mesaverde Formation and the Mancos Shale
The base-flow water of the Rio Bonito, Rio RUidoso, and Rio Hondo from
R. 13 E. to R. 19 E., where most of the irrigation supply is available,
is high in dissolved solids, as it has passed through carbonate rocks
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of the upper part of the San Andres Limestone, the sandstone and lime
stone of the Hondo Sandstone Member,and the gypsiferous rocks of the
Yeso Formation. ~enerally, ground water contains more dissolved solids
than the surface water does in the same area.

The chemical sUitability of water can be evaluated only on the
basis of its intended use. The chemical analyses of water in the Hondo
basin are compared with recommended limits for selected uses, and the
principal sources and significance of constituents or properties of the
water are summarized in table 5. For a more comprehensive dissertation
on the origin and significance of the chemical quality of water, the
reader is referred to a publication by the (California) State Water
Pollution Control Board, 1952, and to a U.S. Geological Survey publica
tion by John D. Hem (1959).

Water Utilization

Surface Water

Surface water has been used for irrigation in the eastern part of
the Hondo basin since about 1880 by diversion from the North Spring
River, South Spring Creek, and Berrendo Creek. The Northern Canal, now
part of the Hagerman Canal, was built to divert water from these
streams to irrigate land south of Roswell. A few acres of land east of
Roswell are still irrigated with water from these streams, but the
original ditches were abandoned when the flow in the upper part of the
streams declined or stopped. Flood water is diverted into several irri
gation ditches when it is available.

Water from the Rio Hondo, Rio RUidoso, and Rio Bonito has been
used to irrigate land west of Riverside for about a hundred years.
Many ditches are used to divert the surface water onto the flood plains
of the main streams. The use of ground water to supplement the supply
of surface water during low-flow periods probably began about 1920.
About 3,650 acres are irrigated in the flat-floored valleys of the Rio
Hondo, Rio Bonito, and Rio Ruidoso from surface water. Ground water is
used to supplement the surface-water supply for 2,650 acres of this
land during periods of low streamflow. Records of the quantity of
surface or ground water used have not been kept, but assuming an aver
age duty of water of 3 acre-feet per acre and a 50 percent supplemental
use of ground water, it is estimated that an average of 7,000 acre-feet
of surface water is used annually in the Hondo basin. Mower (1960)
states that about 20 percent of the water applied to the fields in the
Roswell basin percolates downward to the water table and 80 percent is
consumed. These figures, if applied to the Hondo basin, indicate that
about 5,600 acre-feet of surface water is consumed annually.

The flow from the headwaters area of the Rio Bonito is stored in
Bonito Lake, which was built to provide uniform diversion of 5 cfs
(3,600 acre-feet per year) of water to a pipeline system that now fur
nishes water to the city of Alamogordo in the Tularosa basin. The
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diversion of water from Bonito Lake to another drainage basin decreases
the water supply available to downstream users in the Hondo basin. The
average amount of water that has been diverted out of the Hondo basin
since ~he pipeline was installed has been a little more than 1,000 acre
feet per year. The Southern Pacific Railroad, which constructed the
reservoir and pipeline, sold the system to the city of Alamogordo, and
the city began using water from the system about the middle of 1957.
In 1960 about 1,660 acre-feet of water was diverted from Bonito Lake
for use by the city of Alamogordo.

The pipeline system also collects water from the headwaters of
Eagle Creek. In addition to Alamogordo, water from the pipeline system
is supplied to Fort Stanton, Capitan, Ruidoso, and a few mountain
ranches.

Ruidoso, a resort town which has a transient summer population of
15,000 (estimated) and a permanent winter population of 1,557 (U.S.
Bureau of the Census, 1960) obtains most of its water supply from Rio
Ruidoso. This supply is supplemented with water from the Eagle Creek
part of the Rio Bonito pipeline system. Ruidoso also has two wells for
standby use. About 44 million gallons of water was delivered to the
residents of Ruidoso in 1954. Water treatment includes flocculation,
rapid sand filtration, and chlorination. The intake and treatment
plant is at the Otero-Lincoln County line on the Rio Ruidoso.

Fort Stanton, which had a population of about 500 in 1960, has a
contract right to use water from the Rio Bonito pipeline, and the com
munity obtains about 100,000 gallons per day (70 gpm) from the system.
A well has been rehabilitated and equipped with a turbine pump, which
will deliver about 150 gpm, for standby use. Water treatment includes
flocculation, filtration, and chlorination. The pipeline system uses
water from Rio Bonito and Eagle Creek.

Capitan, which had a population of 552 in 1960 (U.S. Bureau of the
Census, 1960), formerly used wells which obtained water of poor quality
from the Mancos Shale. In 1957 the town became affiliated with the
Eagle Creek Inter-Community Water Supply Association, which supplies
the town with water from the Rio Bonito pipeline system. Storage is
provided by a 100,000-gallon steel tank. Treatment consists of filtra
tion, settling, and chlorination. About 15 million gallons were used
in 1960.

Water from some of the small streams on the south side of the
Capitan Mountains is diverted into pipes and delivered to storage tanks
several miles down the slopes for domestic and livestock use. Many
natural depressions and man-made earth tanks in the upland areas are
utilized for watering stock.

Ground Water

Data on a large number of wells in the Hondo basin are listed in
table I, and the locations of the wells are shown in plate 1. Listed



38

are all irrigation and public-supply wells, except for those at
Roswell, and many, but not all, of the stock and domestic wells. The
locations of most of the irrigation and public-supply wells in the
eastern part of the basin are not shown in this report, because these
have been shown previously by Mower (fig. 5). Logs of 23 selected wells
are presented in table 6.

Irrigation wells in the eastern part of the Hondo basin obtain
water from the San Andres Limestone or from the overlying alluvium.
The wells that tap the San Andres generally are cased only to the top of
the limestone. Many of the artesian wells flow during the winter, but
they do not flow during the summer because of the heavy withdrawal of
artesian water. All the irrigation wells are equipped with pumps.

Most of the irrigation wells that tap the alluvium are cased to
the bottom, and 20 to 40 feet of the casing is perforated in the zone of
saturation. The perforations in the casing, which generally are cut
with a welding torch, vary in size and distribution. Factory
manufactured well screens are seldom used in wells in the Hondo basin.
Development generally consists of pumping the well for several hours at
a high rate. None of the water contains large amounts of sand. The
sources of power for the turbine pumps are electricity, gasoline,
diesel fuel, butane, propane, and natural gas.

The wells that tap the San Andres Limestone west of the artesian
zone, where the limestone is at or near the land surface, generally are
cased to depths of only 20 to 40 feet.

The quantity of ground water that is withdrawn annually from the
wells in the eastern part of the Hondo basin, many of which yield as
much as 2,000 gpm, has not been computed, except as a part of the over
all pumpage in the Roswell artesian basin.

About 85 irrigation wells obtain water from the alluvium in the
flat-floored valleys of the Rio Hondo, Rio Bonito, and Rio Ruidoso in
the central part of the Hondo basin. These wells yield as much as
3,500 gpm. The amount of ground water that is pumped from these wells
has not been measured nor computed. Most of the wells are used inter
mittently, because ground water is used mainly as a supplement to the
surface-water supply. Only about 350 acres of land is irrigated
entirely by ground water.

A close interrelation of ground water and surface water in the
Rio Hondo valley west of Picacho has been observed. When the surface
flow is insufficient for irrigation needs, irrigation wells are used to
supplement or replace the surface supply. The ground-water withdrawal
lowers water levels in the shallow aquifer, which causes an additional
lessening of seepage to the stream and a reduction in streamflow e

The water supply for the city of Roswell, which had a population
of 39,593 in 1960 (U.S. Bureau of the Census, 1960) is entirely ground
water. The pumpage for the city in 1960 was 3.6 billion gallons or
11,000 acre-feet. The water was obtained from 13 wells that tap the
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San Andres Limestone. The wells, which yield 350 to 2,000 gpm each,
are in the eastern part of the Hondo basin. The water is untreated,
and it is pumped directly into the mains or into storage tanks.

Ruidoso Downs (formerly Greentree), which had a population of 407
in 1960 (U.S. Bureau of the Census, 1960), and the adjoining Agua Fria
Development share equally the yield of Hale Spring. The yield of Hale
Spring reportedly has been almost constant at about 250 gpm for many
years. The spring is fed by water in beds of limestone of the Yeso
Formation on the hillside south of town. The water is not treated
before use.

Lincoln, an unincorporated village of about 100 population, is
served by the Lincoln Mutual Domestic Water Consumers Association,
which uses a community well that taps the Yeso Formation. The water is
untreated. Storage is in a 10,000-gallon capacity steel tank on a hill
side with gravity feed to the water mains.

Ground water serves most stock and domestic needs in the upland
areas of the Hondo basin. Many wells are used to supply domestic and
stock requirements in the valley areas, too. Most of the stock and
domestic wells are cased to their full depth, and the lower 20 to 40
feet of the casing is perforated with torch-cut slots. Some of the
beds of siltstone in the Yeso Formation tend to cave in uncased wells,
although many uncased wells in the Hondo basin have never caved. The
stock and domestic wells usually have lift-type pumps in which a piston
or plunger lifts the water and caUses it to flow out of the discharge
pipe. These pumps are powered by Wind, electricity, gasoline, diesel
fuel, butane, and propane.

Several springs in the Hondo basin have been developed for irriga
tion, municipal, stock, or domestic use. Fritz Spring and Peter Hurdfs
spring are used mainly for irrigation. Several residents of the valley
haul water from Fritz Spring for their domestic supplies, because the
water from the spring is less saline than most of the well water in the
area. Hale Spring supplies Ruidoso Downs and a housing development.
Several springs on the slopes of the Sacramento Mountains and Capitan
Mountains have been developed for stock and domestic use. The develop
ment usually consists of a minor amount of excavation at the spring
openings and the construction of a small reservoir and -pipelines to
control the flow.

Data on many of the springs in the Hondo basin are listed in table
2. Many of the springs on the slopes of the mountains and a few in the
stream channels are not listed.

CONCLUSIONS

The decline of the water table in the San Andres Limestone in the
eastern part of the Hondo basin can be expected to continue at a rate
of I! to 2 feet a year, if the pumpage and recharge remain the same.
(See figs. 6 and 7.) Automatic water-level recorders in observation
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wells about 8 miles and 15 miles west of Roswell, where the gradient of
the water-table in the San Andres is low, would be useful in detecting
changes in ground water storage in thes8_ areas. The recorders should
be located as far as possible from pumping wells.

A definite trend of lowering of ground water levels in the central
and western parts of the Hondo basin has not been established. (See
figs. 4, 5, and 9-13.) The ground water in those areas has not been
affected measurably by pumpage in the Roswell artesian basin. Ground
water from these areas moves eastward and recharges the artesian aquife~

near Roswell. Any additional consumptive use of water in the upper two
thirds of the Hondo basin or diversion of water out of the basin would
reduce the amount of water that would be available for recharge to the
Roswell basin.

Successful wells have been drilled in all townships of the Rio
Hondo drainage basin. The few wells that have been abandoned as un
satisfactory either were not drilled to the regional water table, or
the yield was insufficient for the intended use'. The regional water
table is more than 500 feet below the land surface at many places in
the basin. (See pl. 3.)

The chemical quality of the surface and ground water is generally
satisfactory for irrigation and stock use, except in the extreme eastern
part of the basin (see pl. 4). Locally, as in the upper drainage areas
of tributaries to the Rio Hondo, the surface water is satisfactory for
municipal supply. The ground water is generally objectionable for
domestic or municipal use, but it is used for those purposes because
water of better quality is scarce throughout most of the region.

The use of water in the Rio Hondo drainage basin, especially in
the eastern part, may change gradually from principally agricultural to
principally industrial, municipal, and domestic. Industrial, municipal,
and domestic users can afford to pay more than agriculture can for
treated and piped water, and such users may represent a potential market
for desalinized water. According to the Office of Saline Water, U.S.
Department of the Interior, the cost of desalting inland brackish water
per 1,000 gallons was $4 in 1952 and $1 in 1962. Present cost in
Roswell of municipal water delivered to the tap is about 20 cents per
1,000 gallons, of which amount about 18 cents per 1,000 gallons is spent
for distribution and administration. Cost of irrigation water at the
well head in the area is about 2 cents per 1,000 gallons. Even with
present overdraft, aquifers in the region have sufficient usable water
in storage to last for many years, and it is apparent that the cost of
producing desalinized water Will, for some time, continue to be a factor
in its use.
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TABLE 5

COMMON Cm;MIc.\L COllSTITUENTS AIIO CllARACTERISTICS OF WATER AND SU1UlARY OF ANALYSES OF
WATER IN TH£ RIO HONDO PRAINAGE BASIN, CHAVES, LH/COL.>(, AND OTERO COUNTIES, N. MEX.

!Rcco=cndcd lim\ts arc mostly those net forth by the California State Wllter Pollution
Control Board (1957). Con!ltltuent has no hllr",!ul physiological effect, unl""" specHied.)

Constituent
Or property

Principal

"ouree
Principal

slgn\f1cance
Reco"",,cndcd limits
for selected usen

Range in
concentration
for Il'''''plca
analyzed

ll""'hcr
M

detcr
'''-In

atlcns

Number of
determination"
more than (:»

Or les" than «)
selected

concentrations

Siliceous ",atertals Forms hard scalc In boilers and pipes.
arc present In
virtually all

rocks.

I ppm for high-pressure to 40 ppm for 7,3 to 11 pp'"
low-pressure boiler feed; 10 to
~O pp", for other Indus-
trl'll processes.

18 > 10 ppm
1>10ppm

I rOn (Fe)

Calcl",. (Ca)

Sodium (lIa) plus
potn.%lum (k)

III<:arbonate (UC03 J
and ca"bonate

(C03 )

Iron-bearl"!, min~

",·"ls, \lIeli
eU"lntl, pip"" and
,aoral;~' tanks.

Limestone, dolo
mi te, gypsum.

Ooloml t" and 50me
Il;neou" rocks,
connat" brines.

Som" 19neou"
rocks, salt,
and clay.

Carbon31e mlneraln
and carbon diOXide
In al r.

More than about U.3 ppm stains laundry and
ut"nsils. Obj"ctionable tor many industrial,
toed-proc"ssint:, and heverag" useS. Imparts
objectionable taste wh"n greater than
ahout 1.0 ppm.

causes hardnes" and scalc-formlnr, prop"rties
of "'ater. Ben"Oclal In irrigation ",ater.

Similar to calcium. salts of mal;nesium
arc cathartics.

Causes foan\lnr: in hollers when concentra
lIon of sodium plus pota"slum exceeds
50 ppm. II1l':h concentrations arc tOXic to
plants, harmful to soil conditions, and
are cathartic.

In combination with calcium amI magn"sIum
form scale and release corrosive carbon
dioxide I;as. Carbonate and bIcarbonate in
excess of equivalents nf alkaline earths
may cause water to be unsullable for
Irrig31ion.

Traces for electroplating: less than
0.2 ppm for most industrIal usc.
Maxi.lUm of 0.3 ppm for the SWll of
iron and manganese In domestic
supplles.

Sec hardness.

12:> ppm for domostle supply.

50 ppm or 50diW1l plus potaSSium
for boiler water; sec SAR for
effect on Irrigation wat~'r.

100 ppm for boiler lise.

0.00 to 2.1

""

2.1 to 500 ppm

5,0 to 171 ppm

1.2 to 121 ppm

34 to 411 ppm '"

:><0.2PP"'
3>0.3ppm

1 > 125 ppm

8>50ppm

14 < 100 ppm

f'luoride (n

Gypsum and anhy~

drl teo

Sail and other
chloride min~

erais.

Som" types of
Ign<'ou" rocks

O"cayed organic
matl"r, sewage,
and nl traW
furtllizers.

In eombinatlon with calCium forms hard
sea Ie. Magnesium and sodi um sui fate
are cathartics.

Illgh concentrations of chloride sallS
Impart sulty taste; may be toxic to
plants: may accelerate corrosion of
p.pes.

Rcduces Incidence nf tooth decay In
chlldren when concentration Is 0.5 to 1.5
ppm', mOre than about I.~ ppm causeS
mottling of tooth enam<>! In children.

Valu"s higher than 5 ppm may sug!:est
pollution, more than about 41 ppm may
eaus" methemoglobnnemla (Infant cyanosis).

250 ppm for domestic use.

250 ppm for domeSllc use.

l.0 ppm for dom"stle usc,

11 ppm for domestic usc.

" '0 '" 117 > 250 ppm
2,130 ppm

'.0 '0 W" 6:> 250 ppm
128 ppm

0.' to 2.0 " 4>1.Oppm

"" " 1.5 ppm

0.' to 21 ppm '"
, , 10 ppm

Dissolved solids All rock minerai". Hlr:h concentratlons are harmful to plant and 1,000 ppm for domestic use; 1,000
animal life and can cause foaming In boilers. ppm for most industrial uses.

IO~ to
2,660

10;> 1,000 ppm

lIardne"" (as
caCOJ )

Sodlum- ~d50rpt ion
ratio (SAil)

Sp"CIfi c conduct~

anct· (mleromhos
al 25' C)

Mainly calcium and
manneslum In
"olutlon.

liard water cause" excessive soap consumption
scale In holler" and pipes, toughening of
cooked vel':etabtes.

Index of sodlWll hazard In Irrigation water.

Specific conductance values arc dircctly
proportional to the dissolved 50 lids
concentration.

Water having a hardness of more
than 100 ppm neneralty consi
dered to be hard; 0 to 50 ppm for
laundering; 80 ppm for hoi ler feed
water at 0 tn 1:>0 pounds per
square inch pressure.

Less than 3.0 v.enerally satis
factory on all solts. More Ihan
26 &enerally un5ll.tlsfactory.

More than 1,500 generally e"eeods
standards for domestIc water,
More Ihan 3,000 unsui table for
Irrigation under most conditions.

53 to
2,520 ppm

0.0 to 8.0

140 to 3,790

'" 109 > 500 ppm
19 '" 100 to 500 ppm

7 < lOll ppm

, , ,
21 < 3.0

73> 1,500
8 > 3,000

pI! (Ioga"i tllm of
the reciprocal
of the hydrogen*
Ion concentra
tion In "oles
pl'r lIler)

pH Is a function of Value5 le"s than 7 Indicate acidity: values
the hydrollen~lon more than 7 indicate alkalinity.
concentration In

·waler. It Is af-
fected by the
amount and type of
dissolved !("ases,
a~ricultural and
Industrlal.,astcs,
etc.

6.7 to 8.7 138>7.0
3 '" 7.0
6 < 7.0
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TABLE 6

LOGS OF SELECTED WELIS IN THE RIO HONDO DRAINAGE
BAS IN , CRAVES AND LINCOIN COUNTIES, N. MEX.

Logs were modified slightly for uniformity of presentation.
Stratigraphic correlations were made by W. A. Mourant, unless otherwise
indicated.

Stratigraphic unit and material
Thickness

(feet)
Depth
(feet)

Well 9.15.15.423 I. A. and R. Aldaz

QUATERNARY SYSTEM:
Alluvium:

Boulders ~ .

PERMIAN SYSTEM:
Yeso Formation:

Shale J yellow .
Redbeds .
Shale, yellow ..
Sand and grave 1 ..

Well 9.16.10.112 J. V. Morris

50

40
17

8
10

50

90
107
115
125

QUATERNARY SYSTEM:
Alluvium:

Boulders 60

PERMIAN SYSTEM:
Upper part of San Andres Limestone, Hondo Sandstone

Member, and y~so Formation .••.•....••.•.•.•••.. 320

Well 9.18.17.422 Anthony Sanchez

60

380

Not recorded ............................................................................. 120 120

PERMIAN SYSTEM:
Hondo Sandstone Member (?):

Sands tone, yellow .
Rock; water ..
Sand ..

10
10

8

130
140
148
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TABLE 6 (continued)

Stratigraphic unit and material
Thickness

(feet)
Depth
(feet)

Well 9.20.11.233 Texam No. 1 - Boyle

Samples described by R. L. Borton, New Mexico State Engineer Office

PERMIAN SYSTEM:
Upper part of San Andres Limestone:

No sample .
Limestone, brown and gray, very fine grained,
argillaceous; contains fragments of red lime
stone, some calcite crystals in vugs, traces
of clear broken calcite crystals, yellowish
gray sandy limestone, dark gray, and very
fine grained dolomitic limestone from
142 to 147 feet ••••..••••••••••••.••••..•••••

Limestone, gray-brown, very fine grained;
traces of 11 intruded" pink. very fine grained
limestone with manganese stain; trace of pink
brown drusy-surfaced cavity lining calcite
from 150 to 157 feet •••.•.•.•..•••..••••••.••

Limestone, gray-brown, very fine grained; some
calcite crystals up to 4 rom across included in
gray limestonej some limonite stain from
164 to 184 feet ••••....••...•.•••••••.•••••..

Limestone, gray-brown, very fine grained;
traces of pink very fine grained limestone;
some light-green very fine grained limestone
from 194 to 200 feet •..••••.•••••••••••.•••••

Limestone, 80 percent gray and brown, very fine
grained; 20 percent light-yellow-red silty
limestone .•.•........... 0 ••••• '0 •••• 0.0.0 •••••

Limestone, 50 percent gray and brown, very fine
grained; 50 percent light-yellow-red silty
limestone; trace of mica in silty limestone;
trace of milky white chert from 212 to 216 feet

Limestone, gray-brown, very fine grained, and
some milky white chert •••••.••••.••.•••.••.•.

No sample •.•.... 0 •••••••••••••••••••••••••••••

Limestone, 50 percent dark gray, very fine
grained, and 50 percent light-brown,
dolomitic, very fine grained 0 ••••••••••••••••

Limestone, gray, very fine grained, and traces
of yellow siltstone and gray limestone
fragments ......•.•.•.........................

Limestone, 50 percent light-gray and soft; 50
percent medium-gray and hard; both very fine
grained " .

No sample •..•.•••..••...••..•.•.•.•..••..••..•

138

9

10

27

16

6

10

4
5

13

7

9
111

138

147

157

184

200

206

216

220
225

238

245

254
365
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TABLE 6 (continued)

Stratigraphic unit and material
Thickness

(feet)
Depth
(feet)

5 370

5 375

5 380

5 385
5 390
7 397

12 409

3 412
7 419

32 451

12 463

16 479

4 40'-3

Well 9.20.11.233 Texam No.1 - Boyle (continued)

PERMIAN SYSTEM: (continued)
Upper part of San Andres Limestone (continued)

Limestone, light- and dark-gray very fine
grained .

Limestone, medium-gray, very fine grained;
dolomi tic ..

Limestone, 70 percent medium-gray, very fine
grained, and dolomitic: 30 percent light-gray
silty, finely crystalline •.••.••••••••••••.••

Limestone, 90 percent medium-gray, very fine
grained, and dolomitic; 10 percent brown,
limey siltstone .

Limestone, gray-brown, argillaceous .•..•......
Limestone, dove-gray, very fine grained .
No sample .••.••••.••••.•••..•...•.••.•.•...•..
Limestone, gray and pink, very fine grained;
trace of orange-yellow siltstone .••.•.•......

Limestone, gray and buff, very fine grained
Limestone, medium-gray, very fine grained;
trace of light-gray, very fine grained
limes tone from 446 to 451 feet •••..•.•••...••

Limestone, gray-brown, very fine grained and
medium soft ..

Limestone, gray-brown; some vugs filled with
calcite; trace of dark-brown, hard, highly
ferruginous limestone from 474 to 479 feet •.•

Limestone, light gray: some pink, very fine
grained limes tone ..

Hondo Sandstone Member:
Limestone, 70 percent light-gray and some pink,
very fine grained; 30 percent white calcareous,
medium grained, angular, well-sorted sandstone 7

Sandstone, white calcareous, medium-grained,
angular, well-sorted ...•..•.•..•... 0. . . . . . . . . 7

No sample .•..••••••.•••••••.•••.••••.••.•.•.•. _7
Sandstone, white, calcareous, medium-grained,
angular, well-sorted; stained yellow from
543 to 546 feet •••••••..•.•••••.•••••••••.••. 42

Sandstone, 70 percent calcareous, medium
grained angular, well-sorted, stained yellow;
30 percent light-gray, very fine grained
limestone and traces of mica •....•• 0.0....... 5

Limestone, 80 percent gray and yellow with traces
of white chert; 20 percent calcareous, medium
grained, angular, well-sorted sandstone stained
ye~low; ~andstone decreasing and some clear
quartz fragmen.s {2-4 mm) from 557 to 568 feet 17

490

497
504

546

551

568
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TABLE 6 (continued)

Stratigraphic unit and material
Thickness

(feet)
Depth
(feet)

Well 9.20.11.233 Texam No.1 - Boyle (continued)

PERMIAN SYSTEM: (continued)
Hondo Sandstone Member (continued)

Limestone, 70 percent, gray-buff, very fine
grained; 30 percent yellow-stained sandstone 12

Sandstone, 90 percent white, fine-grained
friable well-sorted, yellow stained; 10 per-
cent gray, very fine grained limestone 9

Sandstone, 70 percent, white, fine-grained,
friable well-sorted, yellow-stained; 30 per-
cent gray, very fine grained limestone ••..•.•• 4

Sandstone, 95 percent white, fine-grained,
friable well-sorted, yellow stained; 5 percent
gray, very fine grained limestone ...•...•..... 7

Sandstone, 70 percent; 30 percent gray, very
fine grained, limestone G 5

Sandstone, 95 percent white, fine-grained,
friable, well-sorted, yellow stained •••••••..• 13

Sandstone, white, fine-grained, friable, well
sorted, yellow stained; some gray siltstone ••• 6

Sandstone 50 percent, white, fine-grained
friable well-sorted, yellow stained; 50 percent
gray and gray-brown limestone; trace of gray
siltstone 4

Limestone, 90 percent, dark-gray and buff, very
fine grained; trace of white chert; some pink
limestone intergrown with gray limestone from
631 to 635 feet ••.•••.•••••••.•.••••.•..•.•••• 7

Limestone, 50 percent, and 50 percent sandstone
with trace of brown and gray, very calcareous
siltstone..................................... 5

Sandstone, 90 percent, silty, very calcareous,
fine-grained, angularj 10 percent medium-gray,
very fine grained, limestonej trace of black
chert .......•..•......•..... 0 0 •••••••••• 0 • • • • • 5

Sandstone, 80 percent, silty, very calcareous,
fine-grained, angUlar; 20 percent gray and
yellOW, calcareous, arenaceous siltstone 4

No sample •••..••••••.••.•••••••••••••••••....•. 8
Sandstone, 95 percent, yellow and white,

calcareousj 5 percent red, calcareous siltstone;
trace of limestone grainsj some silty gray
sandstone from 661 to 664 feet .•..•..••.....•. 7

Sandstone, 60 percent, yellow and white,
calcareousj 40 percent red, very calcareous,
arenaceous siltstone 6

580

589

593

600

605

618

624

628

635

640

645

649
657

664

670
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TABLE 6 (continued)

Stratigr4phic unit and material
Thickness

(feet)
Depth
(feet)

Well 9.20.11.233 Texam No.1 - Bayle (continued)

677

674

7 684

16 700
31 731

5 736

39 775
6 781

22 803

5 808

5 813

15 828

5 833
4 837

4 841
4 845

15 860
2 862
2 864

9 873
4 877

13 890
5 895
6 901

99 1000No sample .

Siltstone, red gray, and white; trace of very
fine grained, gray limestone .•••••..•••.••••••

No sample ..
Siltstone, red-brown, light-gray, calcareous •••
Siltstone, red, brown, buff, mustard, and gray;
buff siltstone is hard with scattered
limestone fragments in it .

Limestone, 90 percent, gray, very fine grained,
trace of pyrite; 10 percent red siltstone •.•••

Limestone, 95 percent, medium-gray, very fine
grained; trace of white anhydrite •••••••••.••.

Limestone, 60 percent, gray; 40 percent gray
and brown-red siltstone .••.•.•.•.•.••••••.••••

Siltstone, 90 percent, gray, calcareous •.••••..
Siltstone, 75 percent gray; 25 percent white

gypsum .
An.l1ydri te, gray .
Anhydrite and gypsum, white and gray ..••••.••••
Anhydrite and siltstone, gray .•..•••••.••.•.••.
Mudstone, gray, gyppy ••.••••••••.••••••••••••.•
Mudstone and siltstone, gray and buff; some

white gypsUIU .
Mudstone, blue-gray and mottled •..•....•.•••.•.
Siltstone, gray and dark-gray, arenaceous,
calcareous; red-brown and gray from
880 to 890 feet .••.••.••.•.•••••••..•••••.•.••

Si1ts tone, gray ..
Siltstone, gray, bUff, and some mustard

No sample ..

PERMIAN SYSTEM: (continued)
Hondo Sandstone Member (continued)

Sandstone, 50 percent, yellow and white, calcare
ous; 50 percent red and mustard siltstone ••••. 4

Yeso Formation:
No sample ~.""""" " """"""".". 3
Siltstone, white, gray, red and mustard,

arenaceous and calcareous; trace of gray chert,
and yellow siltstone with ironstone inclusions
from 681 to 684 feet •••.•••••.•••••••••••.••••

Siltstone, brown, red, and gray, calcareous,
arenaceous; trace of white anhydrite; increase
in gray siltstone from 693 to 700 feet ••.•••.•

Siltstone, red-brown, calcareous, arenaceous •..
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TABLE 6 (continued)

Stratigraphic unit and material
Thickness

(feet)
Depth
(feet)

Well 9.20.11.233 Texam No. 1 - Boyle (continued)

11 1017

6 1023
7 1030

14 1044
9 1053

5 1058
5 1063

1 1064
3 1067

19 1086

4 1090

5 1095
8 1103

Gas Leasing) ;

165 1268
982 2250

260 2510

1052 3562

PERMIAN SYSTEM; (continued)
Yeso Formation (continued)

Sandstone, 90 percent, gray, very calcareous,
fine grained; clear subangular, fairly well
sorted quartz grains " ".. "" .

Sandstone, 60 percent, gray, very calcareous,
fine-grained; clear subangular, fairly·well
sorted; quartz grains, 40 percent gray silt
stone; trace of white gypsum and selenite
fragments; some brown, poorly sorted,
slightly calcareous sandstone from
1,012 to 1,017 feet .•........•.•.•••.••.•••

Sandstone, 90 percent, brown, poorly sorted,
slightly calcareous " .

Siltstone, gray and brown .
No sample .....••.•.•.•..••.•..•....•....•.•.
Siltstone, gray, very calcareous .... 0 •••••••

Siltstone, 80 percent, gray, brown, and redj
20 percent white gypsum .••..••.•••.••••.•..

Siltstone, gray, brown, and red .
Siltstone, red and gray; some gypsum and

gray sands tone 0 • 0 •••••••

Siltstone, red, calcareous 0 •••••••••••••••••

Siltstone, brown and gray; traces of white
gypsum and muscovite from 1,081 to 1,086 feet

Anhydrite, 90 percent, brown; 10 percent
brO\VIl s i 1 ts tone ~ .........• ~ .

Anhydrite, 50 percent, brown; 50 percent
brown siltstone .•..••...••.•••••.•.••••••.•

Siltstone, brown-red, calcareous 0.00 ••• 0.0 ••

(Log from U.S. Geological Survey, Branch of Oil and
Yeso Formation (continued)

Anhydrite, sand and shale, lime shale, and
lime; water ... 0 •• 0 ••• 0 ••••• 0 •••••••• 0 ••••••

Dolomite, anhydrite, sand, shale and lime
Abo Formation;

Dolomite, anhydrite, sand, shale and lime
PRECAMBRIAN;

Granite wash, shale, and streaks of lime
and shale, metamorphic 0 ••••• '.' ••• 0 •

6 1006
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TABLE 6 (continued)

Stratigraphic unit and material
Thickness

(feet)
Depth
(feet)

Well 10.20.16.444 Pecos Valley Artesian Conservancy District

Samples described by R. L. Borton, New Mexico State Engineer Office

PERMIAN SYSTEM:
Upper part of San Andres Limestone:

Limestone, light- and medium-brown, dolomitic
finely to very finely crystalline, slightly
silty; traces of clear yellow vug-filling
calcite, from 20 to 30 feet •..•.••......•....

Limestone, light- to medium-brown, dolomitic;
lighter limestone is silty, appears to be
clastic darker limestone very finely
crys ta lline •.•.•...•...•........••........•••

Limestone, medium-gray-brown, very finely
crystalline, dolomitic; traces of yellow
and clear, vug- and fracture-filling calcite ..

Limestone, light- and medium-gray-bro\vu, finely
to very finely crystalline, dolomitic; trace
of yellowish-gray, soft, silty, very finely
crystalline limestone .•.•.•...•..••...•..••..

Limestone, buff, partly silty, very finely
crystalline, and light brown, silty very finely
crystalline dolomite; trace of blue-gray chert
and scattered loose crinoid buttons up to
2 rmn in diameter 0 .

Dolomite, medium-gray-brown, very finely
crystalline slightly fossiliferous with
crinoid buttons ..•...••.•.•.•.•.•.•.•.•.•.•..

Dolomite, light-gray, very finely crystalline;
hard; some fragments with scattered pinpoint
porosity; trace of light-gray medium
crys talline dolomi te .•••..•..•..••.••••••..•.

Limestone, buff, dolomitic, slightly silty,
very finely crystalline, and gray-white, soft,
very silty, dolomitic limestone .

Limestone, medium-gray-brown and scattered
yellow staining, fine to medium crystals .....

Dolomite, gray-brown, very finely crystalline,
and light gray, very silty limestone; very
light gray, cryptocrystalline, very silty,
soft dolomite from 193 to 205 feet ...•.••.•..

Dolomite, medium- to light-gray-brown, very
finely crystalline; hard ..•.••........•.•.. ,.

Limestone, mottled cream and gray-brown,
dolomitic, finely to very finely crystalline .•

Limestone, medium-gray-brown, dolomitac, very
finely crys talline .•...•.....•..••..••.•..•..

30

10

20

33

11

31

25

5

5

35

20

5

10

30

40

60

93

104

135

160

165

170

205

225

230

240
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TABLE 6 (continued)

Stratigraphic unit and material
Thickness

(feet)
Depth
(feet)

10.20.16.444 Pecos Valley Artesian Conservancy District (cont~nued)

PERMIAN SYSTEM: (continued)
Upper part of San Andres Limestone (continued)

No sample ..•••.•..•...••.•••.•••••..•••••.•••. 10 250
Limestone, yellowish-gray-brown, semi translucent ,
finely to very finely crystalline, dolomitic. 15 265

Limestone, gray, very finely crystalline,
dolomi tic •.•••.•••..••••...•••...••.•...•••.. 20 285

Limestone, gray-brown, semitransillcent, very
finely crystalline, dolomitic ••••••..•.•••.•. 5 290

Limestone, gray, very finely crystalline, and
light gray-brown, very silty, scattered
pinpoint porosity, soft limestone 0. 10 300

Limestone, light-gray-brown, very finely
crystalline, medium silty, dolomitic; scattered
aggregatrB of clear calcite crystals .•.••.•... 10 310

Limestone, light-gray-brown, semitrans lucent ,
finely to very finely crystalline, and light-
gray, very silty dolomite; trace of white chert 15 325

Hondo Sandstone Member:
Sandstone, gray-white, friable, quartzose,

calcareous, well-sorted, grains subangular to
subrounded; zones within this interval are
silty, highly iron-stained, or contain partings
of yellow clay; some fragment of white gypsum. 53 378

Sandstone, gray-white, friable, quartzose,
calcareous, well-sorted, grains subangular to
subrounded; abundant light-gray, silty, very
finely crystalline dolomite; sandstone is
well-cemented with calcite ......•..••.••..•.• 12 390

Dolomite, dove-gray, very finely crystalline,
slightly silty; some white, friable sandstone
from 415 to 440 feet, becoming iron-stained
and well cemented at base of interval........ 50 440

Sandstone, yellow to brown, silty, fine-grained
well-cemented with calcite and iron; grades
into dirty-gray, very finely crystalline
dolomite; gray, brownish-yellow, calcareous
siltstone; scattered fragments of soft white
gypsum; traces of pyrite in the gray siltstone 24 464

Dolomite, dove-gray and dark-gray, very finely
crystalline; poorly cemented quartzose sand-
stone, (cavings?) from 480 to 485 feet........ 21 485

Yeso Formation:
Siltstone, light-gray, salmon-red, and yellowish
green, slightly calcareous, gypsiferous ...•.. 10 495

Siltstone, pink, calcareous, sli~htly micaceous 8 503
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TABLE 6 (continued)

Stratigraphic unit and material
Thickness

(feet)
Depth
(feet)

Well 11.15.12.112 P. Jones - E. Perry, Sr., U.S. Forest Service

PERMIAN SYSTEM:
Upper part of San Andres Limestone

Limestone, white, broken, and conglomerate
Crevices 0 •••••••••••••••••••••••••••••••••••••

Conglomerate, white .
Crevices .
Limes tone, whi te; broken ...•..................
Crevices .
Limestone, white; broken .
Crevices .................................•....
Limestone, whi tej broken .
Limestone, white; broken and crevices .
Crevice ." .
Limes tone, whi te j broken .........•............
Limes tone, yellow; honeycomb .
Limes tone, whi te; broken .
Limestone, yellow ..

Hondo Sandstone Member:
Sand, whi te .
Urnes tone, whi te ..
Limes tone, yellow .
Shale, blue ••..••.••.•....••..•.••.•.•••••.•.•
Urnes tone, gray ..
Shale, blue ..•.•.•..••.•••.••..•..•••.......•.

Yeso Formation:
Shale, red ..
Shale, blue " .
Limestone, black .
Anhydri te, gray .•••.••....•..•......•.•.....••
Limestone, dark-gray, and shale; water 765 feet
Shale, red, and gypsum ...•.•.•.•••.••••.••..•.
Anhydri te, gray ..•...•.•....•••.....••......•.

Well 11.18.21.212 National Exploration Co.

25 25
10 35
25 58

3 61
13 74

2 76
8 84

18 102
10 112
38 150
17 167
53 220

5 225
110 335

50 385

35 420
60 480
20 500
20 520
10 530
20 550

135 685
10 695
10 705
39 744
31 775
20 795

5 800

QUATERNARY SYSTEM:
Alluvium:

Sand, boulders, and clay •..•...••••••..•..•...
PERMIAN SYSTEM:

Yeso Formation:
Clay, changeable .•••.•••..•.•.•...••.••••.....
I.J.me; hard " .
Shale, yellow .....••.••.•...•••......••......•
Shale, blue ...••.•..•....•......•.•.••.•...•..
Shale, blue, and gyp .....•.•...•.•.•......••••

113

117
10
15

5
70

113

230
240
255
260
330
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TABLE 6 (continued)

Stratigraphic unit and material
Thickness

(feet)
Depth
(feet)

Well 11.18.21.212 National Exploration Co. (continued)

PERMIAN SYSTEM: (continued)
Yeso Formation (continued)

Shale, blue """"""."".""" ".""" .. """""""""
I...ime """ .. "" ... "" <> " " " <> " .. <> " <> • <> <> " " <> • " " <> <> <> <> <> <> " .. <> • " <> "

Shale, blue <> <> <> <> <> <> <> <> <> <> <> <> " <> " <> .. <> " .... <> <> <> <> " " .. <> <> .. <> <> ••

:Lime <> <> " " " " " <> <> <> <> <> " <> " <> <> <> <> .. <> " " <> " <> <> <> <> <> <> " <> " .. " .. " " <> <> <>

Shale, blue, and gyp ,,",," <> <> <> " <> <> <> " <> <> <> " " <> " " <> " <> <> <> <>

Clay, red ,," <> <> <> " <> <> <> " <> " <> <> " <> <> <> <> " " <> <> .. <> .. " <> " .. <> " " <> " " "

Clay, red, and gyp .....•••••...••••.••••••••••
Clay, red "<> <> <> " • " <> <> <> <> " <> <> <> <> " <> <> <> <> .. <> <> <> <> <> " <> <> <> <> <> <> <> <> "

l.J.me, gray; soft <> <> <> <>."" <>" "<> <> <> .. " <> <>"" <> <> <> <>" <> <>"" <> <>

iJ.me and shale <>" <> " " " <> <> " <> " " " <> <> <> " <> <> .. <> .. " <> " " <> <> " <> <> "

liime, whi te; hard ,," <> <> " <> <> " <> " <> <> <> " .. <> " " <> <> .. " " " <> " <> <> <>

Clay, boulders and gravel ••..•••••••...••••...
I..J.me and sands tone "" <> <> " <> " " " " <> " <> " <> .. " " <> <> <> " " <> <> <> <> "

Unle J gray; hard """ <> .. " .. " " .. <> <> " " " .. " <> <> <> " " " <> " <> <> <> <> "

Ume, dark; hard .
I..J.me, gray; hard; sand .
Sand, red .
I...i.me, shale, and sand .................•.......
Lime, black; hard •..•..••....•••.•..••.••.••••
Sand, gray .••••.••.•......••.••..•••...••••.•.
Ume, gray .
Lime, graYi hard .............•................
Sandrock .
Lime, hard, and gray sandstone .
Sand; \vater " .
I..ime and sand .
Sand, fine i hard .
Sand, white; hard; traces of lime; water raised

to 190 feet from top of hole. Some non
inflammable gas in sand ••.•••.••.•••••..••..

Sand; soft ...•••••......•••••••.•.•.••••••••..
Sand, whi te .
Sand, yellow " " " .
Sand, red; hard .
Clay, red, sandy; non-inflammable gas in hole

at 904 feet ..••......•.•••••••.••.••••••....
Conglomerate; hard .
Clay, red, sandy .•....••.••••.•..••••.••..•..•
Boulders .
Clay, red .
Lime, gray .
Sand, gray, hard and gravel •...•.••.••...••.••
Clay, red ..••.•.•.••....•..••.•••.•..•••••••..
Sand; hard ..•••.•.•..••••..•.•••••.....••.••..

18 348
2 350

40 390
10 400
45 445

5 450
60 510
20 530
55 585

5 590
29 619

9 628
7 635
4 639

27 666
12 678
10 688

7 695
22 717

4 721
21 742
18 760

5 765
13 778
11 789
13 802
17 819

11 830
18 848

7 855
10 865
17 882

33 915
6 921

29 950
3 953

15 968
58 1026
47 1073

7 1080
29 1109
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TABLE 6 (continued)

Stratigraphic unit and material
Thickness

(feet)
Depth
(feet)

Well 11.18.21.212 National Exploration Co. (continued)

PERMIAN SYSTEM: (continued)
Yeso Formation (continued)

Rock salt •..•..•.•.•.••••.••••.••..•••.....•.•
Sand ...•......•....••..•..•........•..•.••.•••
Lime and sand •.•.•.••..•.••.•..•..•...••.••...
Sa1 t ...•......................................
Sal t and sand; hard ..•••.....•.••...•••.....••
Sand; very hard •••..••...••.••.••.•..••••••...
UIDe; hard .
Clay and a layer of shale ..••..•.••....••.•••.
Lime ••••••.•••••••....•.••..•....•...••••.•.•.
Sal t .
Ume .
Shale, h1ue .••..••....••.••..••..••..••.•••••.
Lime .
Clay, red .••••...•.••..•..•..••••.•..••••..•.•
I..ime .
Shale, hlue ...•••.••...•••.•.•••••..••......•.
Lime, gray ...•••.••••.....••••.•••••••••••.••.
Rock J red 0 ..

Lime, gray •••••..•.....•..•.....•.............
Sha Ie, brown ..•.••..•..•••..••.••..••.•.•••.•.
Ume ..
Sla te, blue ••...••.•••••••....•..••.•.•.......
Shale, brown ••..•......•..•••••••.••.......•..
Shale, blue ..•..•.....•..•...••..•.....••..•..
Rock, red ..
Shale, blue .•.....••••.•••.••.•.•.••••..•.•...
Sand •.••••••.•••••••.....•.•.••••.•..••.•.••..
Sand and a Ii ttle lime .
Unte 1 black 0 .

Shale, brown .
Shale, blue " .
Shale, bro'Wll .
Lime, hard .
Shale, brown ..••.•.•••.••••..•.•••.••.••••.•..
Sand .
Shale, blue .
Granitic sand or conglomerate ..

We1111.19.27.124 J. P. McKnight

QUATERNARY SYSTEM:
Alluvium:

Soil, gravelly .
Boulders, small .

16
11
22
12
15
10
15
IS
10
12
48

7
4
2
3
9

12
5

15
10

5
15

3
2

18
20
20
17
10
17
13
40

7
28
40
10

561

3
49

1125
1136
1158
1170
1185
1195
1210
1228
1238
1250
1298
1305
1309
1311
1314
1323
1335
1340
1355
1365
1370
1385
1388
1390
1408
1428
1448
1465
1475
1492
1505
1545
1552
1580
1620
1630
2191

3
52
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TABLE 6 (continued)

Stratigraphic unit and material
Thickness

(feet)
Depth
(feet)

Well 11.19.27.124 J. P. McKnight (continued)

PERMIAN SYSTEM:
YesG Formation:

Clay, red •...••••••••.••.••.••....•..• , •.•••.
Boulders and rock •.••..•.••....•..•.••.••.•..
Clay, ye llow ~""""""' .. "" .. ' 0 •• 0 ••• " ••••••••

Urnes tone .
Clay, red •.••..••..••.••.••..••••.•.•• ' .••.•.
Rock; loose .
Sand and gravel; water 0" ..

Redbed .. " ..

Well 11.20,20.442 R. C. Nunez

14
38
12
12
70
77
11
74

66
104
116
128
198
275
286
360

Not recorded ........................................................................... 530 530

PERMIAN SYSTEM:
Hondo Sandstone Member:

Limerock 0 .

Sandrock, yellow ••..•.••.••...•..••..•....• ,.

Well 11.21.15.444 A. J. Cole

Not recorded •.•.••...••.•••..•••.•..•••...•.•.•..••

PERMIAN SYSTEM:
Hondo Sandstone Member:

Lime, sandy ..
Umestone; hard "" ..
Sands tone; porous 0 " .

wase sand .

15
16

736

10
20

4
7

545
561

736

746
766
770
777

Well 11.21.18.333 Pecos Valley Artesian Conservancy District

Samples described by R. L. Borton, New Mexico State Engineer Office

PERMIAN SYSTEM:
Upper part of San Andres Limestone:

Limestone, medium-gray-brown, finely
crystalline, and dove-gray, finely
crystalline, silty dolomite ••.••.••....•.•..

Dolomite, dove-gray, and medium-gray-brown,
finely crystalline, very calcitic, finely
crystalline, medium-gray dolomite from
30 to 40 feet •...•..•.••.••..•.••.•••.••.•••

20

20

20

40
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TABLE 6 (continued)

Stratigraphic unit and material
Thickness

(feet)
Depth
(feet)

Well 11.21.18.333 Pecos Valley Artesian Conservancy District (continued)

30 120

30 150
10 160

30 190

10 200

80 280

10 290

50 340
20 360

10 370

10 380

PERMIAN SYSTEM: (continued)
Upper part of San Andres Limestone (continued)

Dolomite, light to medium gray-brown, finely
crystalline, silty, calcitic; contains areas
of light gray-brown, finely crystalline
dolomi te •••.•..•..•.......•.••..............

Dolomite, dove-gray and light pink, finely
crys talline .••..•..•••••.•.•........•.......

Limestone, light gray-bro\vu, finely
crystalline, dolomitic, silty ...•.•....•..•.

Limestone, pink, finely crystalline, slightly
fossiliferous (brachiopod), and light gray
brown, fine to medium grained dolomitic,
silty limestone .

Limestone, medium gray-brown, finely crystal
line, silty; some light tan, finely
crystalline limestone partly stained yellow

No sample ...••.•••.•.........••.••...•.••....
Limestone, gray, finely crystalline,
dolomitic, silty; some light bUff, finely
crystalline, very silty limestone ...•.....••

Dolomite, medium gray-brown, finely crystal-
line, silty, and light bUff, finely
crystalline, very silty limestone .

Limestone, gray-brown, finely crystalline,
very dolomitic, silty .

Limestone, very light bUff, finely
crystalline, dolomitic, very silty .

Limestone, medium gray-brown, finely crystal
line, dolomitic, and light gray, fine to
medium-grained limestone from 330 to 340 feet

Limestone, medium gray-bro\vu, finely crystalline
Dolomite, dove-gray, finely crystalline, very
silty, slightly calcitic •......•••.•... .....

Limestone, light gray-brown, fine to medium
grained slightly dolomitic ••.........•......

Hondo Sandstone Member:
Sandstone, light yellow to white, quartzose,
fine to medium-grained, well-sorted, sub
angular to rounded, friable, calcareous;
some iron stain .

Dolomite, dove-gray, finely crystalline •.•..•
Sandstone, light yellow to white, quartzose,
fine to medium-grained, well-sorted, sub
angular to rounded, friable, calcareous;
some iron stain 4 ••• 4.

30

10

10

10
10

60

70

80

90

390
400

460
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TABLE 6 (continued)

Stratigraphic unit and material
Thickness

(feet)
Depth
(feet)

Well 11.21.18.333 Pecos Valley Artesian Conservancy District (continued)

PERMIAN SYSTEM: (continued)
Hondo Sandstone Member (continued)

Dolomite, medium-gray-brown, finely
crys talline •••.••.•••.•••••.•..••••.••••..•.

No sample ••.•.•••...•.•.•.•..••••..•..••.••.•
Limestone, light and medium-gray-broWl1, fine
to medium-grained dolomitic ......•..•.......

Well 11.21.28.144 J. P. White

Casing record:

7-inch casing from 0 505 feet
5~-inch liner from 483 - 685 feet

20
20

24

480
500

524

TERTIARY AND QUATERNARY SYSTEMS:
Pediment gravels:

Eoulders ....................•................
Gravel 0·0 ..

PERMIAN SYSTEM:
Upppr part of San Andres Limes tone:

lame; broken 0 ..

Gravel ..
I..ime; broken .
Crevice: lost drilling water ............•....
Lime, brown; broken; lost drilling water .
Crevice ..
Lime J brown; broken, rotten ..
Shale, soft ..
I...ime shells .
Iiime, bro\Vll ..
Lime, broken .
IJ.me, bro\VIl ..
IJ.me, gray .

Hondo Sandstone Member:
QUicksand, whi te •••.•.•.•••..•••••••••••••••.
Lime shell, yellow shale, and hard sand ••..•.
Sand .
Sand, brown, and yellow clay .........•.......
Lime she11, brown •..•••••..••.•.•..••••.••.•.
Sand, hard .••.....•••...•.•.•.••.•..•••••..••
Lime, gray; rotten; lost drilling water •..••.
Ume, gray; hard .
Lime, shells and yellow clay ..•.•...•....••..
ld.me .

23 23
3 26

20 46
4 50

65 115
2 117

103 220
3 223

44 267
3 270

70 340
17 357
98 455
18 473
22 495

11 506
16 522

8 530
4 534
1 535

25 560
2 562

26 588
7 595
6 601
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TABLE 6 (continued)

Stratigraphic unit and material
Thickness

(feet)
Depth
(feet)

Well 11.21.28.144 J. P. White (continued)

PERMIAN SYSTEM: (continued)
Hondo Sandstone Member (continued)

Sand; hard •...•..•..•.•.•••.•.••••••••......•
Sand; hard streaks; water ..
Sand and sandy shale ..•.•.........••...•..•..
Lime, rotten, and sandy shale ••..•••.•.•...•.

Yesa Formation:
Lime, gray .••.•••••••..••...•...•.•..•...•.•.
Shale, gray, sandy ...••....•.••••.••...•..••.

Well 11.22.18.211a H. L. Woods

PERMIAN SYSTEM:
Upper part of San Andres Limestone:

Caliche and gravel ..•...•..•••.••.•..•.•.•..•
Lime J gray; soft " ..
Clay, blue " ..
Lime and clay .•.••.•.•..•.•..••..••••••.••••.
Clay, yellow .•.•..••.••..•.••.••.•••..••..••.
Urne, gray " ..
IiLme, gray, and shale ..
Lime, gray, hard, and shale .........•........
I.J.me, gray; hard ..
Shale, yellow .•••.••••••.••••••...•••.••.•••.•
Lime, gray and black ..•..•••.••.....•.•..•..•

Well 11.23.3.342 J. L. Mask

PERMIAN SYSTEM:
Upper part of San Andres Limestone:

Caliche " ..
Clay, yellow, and broken lime •.•.•••••.•..••.
Lime, gray and brown ••••..••.•••.•••.••••••.•
Lime, gray, sandy; broken ..

5
13
26

9

16
5

20
80

5
25
15
55

150
40
10

125
35

53
101
286

38

606
619
645
654

670
675

20
100
105
130
145
200
350
390
400
525
560

53
154
440
478

Well 11.23.8.222 Forsythe No.1 - Gibson

PERMIAN SYSTEM:
Upper part of San Andres Limestone:

I.J.mestone, brow11; soft ..
liime, pink; soft D ..

I.J.me, gray; hard ..
Lime, ye llow; hard •...•••••••.•••••.••.••••..

36
9

35
35

36
45
80

115
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TABLE 6 (continued)

Stratigraphic unit and material
Thickness

(feet)
Depth
(feet)

Well 11.23.8.222 Forsythe No.1 - Gibson (continued)

PERMIAN SYSTEM: (continued)
Upper part of San Andres Limestone (continued)

Lime, gray; hard " " ..
Lime J gray; very hard Q ..

Ume, bro\Vll; hard ..
Lime J gray; hard 0- " ..

UTIle, dark; hard "
Ume, bro\Vllj soft ..
Lime, black and gray; hard ••.••.•••••.•••....
Lime, gray j hard ..
Lime, brown and gray; soft ..
Lime, gray; soft ..
Urne, dark-bro-wnj soft " ..
Lime, brown sandy j water ..
Lime, black and brown ...••...•..••.•••.•...••
Lime, black and brown; calcite crystals .
Lime, gray; hard ~ " .
l.J.me, gray; soft .
Lime, gray; soft; calcite crystals .
Lime, brown; calcite crystals .
Lime, black and gray; hard ........•.•...•....
I...d.me, gray; hard " .
Lime, brown; hard; calcite crystals .
Lime, dark; hard " 0 ••• " ••• 0 ••••• 0

Lime, brown 1 sandy; calcite .. "" .
Lime, black; hard ......•.......•.•••..••.••..
I...ime, brO\VIl; hard .
Lime, gray; hard .
I...ime, black and gray; hard "..
Ume, gray; hard 0 •••••••••••••

Lime, gray; hard; calci te erys tals .
I...ime, gray; soft; caleite crystals G •••••••••••

I..ime , gray; soft G ••••••••••••••••••••••••••••

l.J.me, gray; hard G ••••••••• " •••••••••••••• "

l.ii..me, gray; soft " " .
Hondo Sandstone Member:

Sand, white, quartz, iron pyrites; quartz
crys tals •••.•...•...••...•.•.••••••.•...•••.

Sand, white, quartz, iron pyrites; hematite
and quartz erys tals ~ .

5 120
50 170
10 180
15 195
15 210
15 225

9 234
9 243
7 250

25 275
10 285

2 287
13 300

5 305
10 315

5 320
10 330
20 350
10 360
90 450

5 455
5 460
5 465

16 481
7 488

26 514
8 522

53 575
7 582

18 600
10 610
20 630
15 645

10 655

2 657
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TAB LE 6 (continued)

Stratigraphic unit and material

Well 11.24.1.430 J. P. White

Casing record:
10-inch casing from 0 to 55 feet.
S-inch casing from 0 35S feet.

Thickness
(feet)

Depth
(feet)

Samples described by Morgan Davis, Humble Oil Co., 1927

QUATERNARY SYSTEM:
Alluvium:

Not sampled .•..•••....•.••..•••.••.••...••...•
Sand (quartz) coarse, and gravel consisting
of limestone, chert, igneous rocks, and
purple quartzite pebbles .••...•..•.......•..•

Clay, brick-buff, and caliche •..••.......•...•
Clay, gray, and cali che .
Sand (quartz) coarse, and gravel .......•......
Sand, tan, fine to medium; a few small pebbles.
Sand, bUff, fine ••..•.•.••...•.•••••••••••....
Sand, yellowish-tan, fine, argillaceous and

calcareous 0 ••• 0 ••••• 0 • 0 •••••• 0 •••••••••••••••

Clay, gray, sandy; lime nodules ..•..•..•......
Sand, yellow, fine; calcareous •...•...........
Sand, dark-gray, fine, argillaceous and

calcareous; clayey sand or sandy clay from
195 to 205 feet; lighter color from
205 to 210 feet ....•.•••.•••••••••..•.....•..

PERMIAN SYSTEM:
Artesia Formation:

Shale, dark-gray .•..•..•....•.•.•..•.••..•....
Shale, gray ••.•.......•....•......•.........•.
Shale, gray, and dull-brick-red, fine,
argillaceous sand; pebbles from above(?) ...•.

Sand, dull-trick-red, fine, argillaceous;
pebbles from above •........•...•.•••.•....•..

Clay, brownish-red, sandy (or argillaceous
fine sand) .•••...••..••....••..•.•.....•.•..•

Sand, dull-brick-red, argillaceous, fine, (or
sandy clay) green lumps from 290 to 300 feet .•

Sand, dull-brick-red, argillaceous, fine (or
sandy clay) ............••.......••.•...•..•..

Sandstone fragments, light-brick-red, fine;
rounded chert and quartz pebbles from above(?)

Sand, brick-red, fine .
Sand, quartz; red and white, sandy, red clay

and limestone and chert pebbles •.•..•.•...•.•

90 90

5 95
5 100

20 120
10 130
10 140

7 147

9 156
9 165

10 175

35 210

20 230
15 245

5 250

10 260

10 270

30 300

20 320

5 325
20 345

5 350
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TABLE 6 (continued)

Stratigraphic unit and material
Thickness

(feet)
Depth
(feet)

10 360

5 365

5 370

5 375
5 380

5 385
5 390

10 400

10 410
40 450

17 467

Well 11.24.1.430 J. P. White (continued)

PERMIAN SYSTEM: (continued)
Upper part of San Andres Limestone:

Limestone, purplish-red and light-gray;
calcite crystals; few chert fragments
and pebbles from above(?) •.•.••.••...•.•.•...

Sandstone, white and red, as fine
fragments; small amount of red clay •.••.••.••

Limestone, light-gray fragments; calcite
crystals and SOme hard, red, fine sandstone ..

Sand; red, argillaceous sandstone; light-gray,
calcareous clay; light-gray, calcareous
shale and calcite crys tals ....•••••••••..•.••

Limestone, purplish-red to yellowish-gray •.••.
Limestone, yellow, gray, and purple; calcite
crys tals •••.••..••..•••...•.•••.•••.•.•••.•..

Limestone, yellow, finely granular, sandy
Limestone, dark and light gray and red streaks
vesicular, and red sandy? limestone .

Dolomite, gray and dark-gray; dolomitic limestone
some red limestone partly vesicular ... 0 ••••••

Clay, creamy, calcareous, and dolomitic limestone
Sand (quartz), finely granular, argillaceous

limestone; some red sandstone particles .
Limestone, granular, vesicular; chert and
granular limestone; quartz and calcite
crystals; some fragments of dolomitic, gray,
argillaceous limestone .••.••.••..•..•.•.•.•.• 13 480

Limestone, finely granular, creamy-gray and
gray, and some argillaceous quartz •.••..•..•. 15 495

Well 11.24.3.412 J. A. Nieto

QUATERNARY SYSTEM:
Alluvium:

Soil 0 •• 0 •••••••• 0 .

Caliche ...•.•.....•........•.••.••.••.••.•..••
Sand; water " 0 ••••••••

Clay, ye llow..•.•.••......•.•..•..•..•.•......•
Clay, blue ...••..••.••....••.••••.•..•.••...••
Sand .. "......•...•.............. "...........•.

PERMIAN SYSTEM:
Artesia Formation:

Clay, blue ..•... " " .

5 5
20 25
10 35
15 50

110 160
5 165

62 227
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TABLE 6 (continued)

Stratigraphic unit and material
Thickness

(feet)
Depth
(feet)

Well 11.24.3.412 J. A. Nieto (continued)

PERMIAN SYSTEM: (continued)
Upper part of San Andres Limestone:

Lime rock .•.••••••••••.•••••..•..••.•••.••.•..
Clay and rock •..•.•.•.••.••••••..•••.•..••••.•
liime rock ".. """" .
Water rock ".. " " " " ""
Clay and rock .••..•••.••.•••••••.••.•.•.•.•••.
Rock and wa ter .. ".. " " " " .. " " ..
liime rock " " " ".. "" " " " ..
Clay and rock .•.••.•.••.•..•.•...•••••..•...•.
Wa ter rock .•.••••••••••.•.••••••••••...••..•..

Well 11.24. 4.114d City of Roswell

20
23
10
12
13
13
32

4
11

247
270
280
292
305
318
350
354
365

Samples described by Morgan Davis, Humble Oil Co., 1926

15 180
25 205

25 230

20 250

31 281

54 335
10 345

105 450

QUATERNARY SYSTEM:
Alluvium:

Soil, limestone pebbles, and dark clay ...••...
Caliche, and clay or silt "" ..
Clay, gray and brown, and large (1 inch +)

rounded pebbles .. " " " " " "
Clay, bluish-gray, and caliche .•••.•••.•••••••
Pebbles, rounded " " " "" .. "..
Clay, red and gray, and limestone or quartzose
gravel "0." '. " " " ..

PERMIAN SYSTEM:
Artesia Formation:

Limestone, dark-gray, slightly pitted with
outer white chalk-like shell, white grading
into gray, giving burned appearance .

Clay, calcitic, red and gray; some caliche(?)
Upper part of San Andres Limestone:

Limestone, light-creamy, dense; some few iron
stains " " " " " .

Limestone, gray, vesicular, dolomitic, and
calcitic, pink to red shale .••••.•...•...••.•

Limestone, dark-gray and creamy-gray, some of
the dark-gray limestone is pitted and vesi
cular, coarse, clean fragments ~-inch across

Limestone, gray "sand" (fine), fine dirty
limes tone fragments •...•••••.•••...•.••.•••..

Clay, yellow and grayish-tan .•••.•••..••.••••.
Limestone, creamy-gray and light-gr~y; dolomitic
limestone; calcite crystals; coarser from
400 to 450 feet •••••..••.•••.•••.•••.••..••.•

44
21

20
30
10

40

44
65

85
115
125

165
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TABLE 6 (continued)

Stratigraphic unit and material
Thickness

(feet)
Depth
(feet)

Well 11.24.4.114d City of Roswell (continued)

PERMIAN SYSTEM: (continued)
Upper part of San Andres Limestone (continued)

Limestone, light- and dark-gray .
Limestone, light- and dark-gray; gray-black,
petroliferous limestone " .

Limestone, light- to dark-gray, and flakey
limestone and black petroliferous limestone
from 900 to 1,005 feet .••.•.•.•..••••.•.•.•.

Hondo Sandstone Member:
Sand (quartz) fine, subangular to subrounded ..
Quartz grains and dolomitic limestone

f ragments " "." .
Sand (quartz), some iron stain; dolomitic

limestone fragments; blue-gray shale .•......
YeSG Formation:

Shale, red, brown, and gray ................•.
No sample ....•...•..•.•...•.••..••.•••••••••.

Well 11.24.6.331 W. G. McGuire

QUATERNARY SYSTEM:
Alluvium:

Soi 1, brO\Vll " "." " " .
Clay, ligh t red .•.•...•...•••..••••.•••..••••
Clay and gravel ." 0 .

PERMIAN SYSTEM:
Upper part of San Andres Limestone:

Rock, gray; porous concrete ........•.....•...
l..i.me, red and gray .
\Va ter rocl.;:, gray " .
Lime, graYj hard Q. Q ••••••••••••

Water rock and crevices QQ ••••••

I..J.me, gray; hard e • e ••• Q •• e ••••••••••••

Well 11.25.8.311 Fred Payton

50 500

350 850

155 1005

85 1090

22 1112

10 1122

178 1300
171 1471

3 3
17 20
48 68

12 80
20 100
24 124
14 138
32 170

3 173

QUATERNARY SYSTEM:
Alluvium :

Soil Q •••••••••••••• e ••••••• e ••••••••••• e.

Caliche e •••••••••••••••••••••••• " •••• " "

Clay and rock ••....•.•.•••..•.•.•.••.•••.•.••
Sand and coarse gravel; water Q •••••• "

6
6

78
70

6
12
90

160
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TABLE 6 (continued)

Stratigraphic unit and material
Thickness

(feet)
Depth
(feet)

Well 11.25.8.311 Fred Payton (continued)

PERMIAN SYSTEM:
Artesia Formation:

Sand J red ." ..... ".. """."""""""" .. """"""""""""""
Clay, red •....•.•..•.•.•..••••.•.••..•.•.•.•..

Upper part of San Andres Limestone:

I.J..merock J hard """""." ... """ ... """""." ...... """.".
Not recorded .••...•.••••.•••.••..•.••.•....••.
Lime; first flow of water •.•..••.•••..•.•.•..•
Not recorded •...••.••.•..•.••.•••...••.•.•..••
Sand, red; second flow of water ......•........
Not recorded ..•..••.••.••..•..•.•••••••••..•..
Rock and gravel; third flow of water •••.•..•..

210 370
20 390

6 396
9 405
3 408

10 418
5 423

13 436
4 440

Well 12.18.10.121 Stanolind - Picacho No.1

Casing record:
13-inch casing from 0 to 20 feet
10 3/4-inch casing from 794 to 1171 feet

8 5/8-inch casing from 1578 to 1876 feet

PERMIAN SYSTEM:
Upper part of San Andres Limestone:

Lime " " """"" " """""".""" .. " .. "" .
Hondo Sandstone Member:

I.J.me and sand .""." •.••. "" .. " ... "."."" •. " .... "." .. "
Sand; ~ gpm of water from 300-400 feet .••.....

lJ.me ."".""." ... " .•• "".""" .•.• """ •• ""."." •• " .• ""
lime and sand ." ".. "".""."."" """""."
Sand •.••..••..•...••••...••....••.•..••....•..

YesG Formation:
Redbeds .....••.••..••........•...•........•...
Anhydri te ••...•.....•.••...••.••..••....••..••
Anhydrite and lime; good supply of water .•.•..
Anhydri te •••..•.•..••••......•.........•....•.

Ume "".".".""""."""".""""""""."""" .. ".... ".. ".
Shale, yellow •.•..•.••..••••.•........•.......
Shale, blue, and lime shells ••..•.•..••.•....••
Redbeds, yellow shale and lime shells .
Anhydri te ..•...•......•.•.•.•..•••.••.•...•...
Redbeds ••.•••..••.•.•.•.••..••..•....•......•.
Shale, blue ...•..•...••.••••.•.•••••.....•...•
Redbeds •..•...•........•.•....••..•••..••.•..•
Shale, blue and gypsum •••.•...•.......•.....•.
Redbeds •....•.........•.••..••.....•..........
Shale, blue ...•..•..•..•..•••..••....•......•.

352 352

9 361
48 409
59 468

7 475
25 500

115 615
80 695

5 700
55 755
20 775
69 844
36 880
37 917
33 950

6 956
58 1014

6 1020
32 1052
20 1072
10 1082
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TABLE 6 (continued)

Stratigraphic unit and material
Thickness

(feet)
Depth
(feet)

Well 12.18.10.121 Stano1ind - Picacho No. 1 (continued)

PERMIAN SYSTEM: (continued)
Yeso Formation (continued)

:Lime ••...••.•.•••.••. 0 •••••• 0 ••••••••••••••••

Gypsum •.••.••••••••••••••••••••••••••••••.•••
Redbeds •..•••••••..••.•••••••••.••.•.•••.•.••
GYpsum, anhydrite, and shells •••..•..•.••••••
AIl11ydri te .......•....•.•.••.••....•.....•....
Redbeds ••.•••••••..••••••••.•..•..•...•••.•.•
Anhydri te 0 ••••••••••••••••••••••••••••

lii.me .••• 0 ••••••••••••••••••••••••••••••••••••

Redbeds •..•.•.•.•••.••••••••.•••••••••.••••••
Shale, blue, and lime shells •..•.••.•••.•••••
Shale, blue .•.•••••••••••.•••..•••.•••.••••••
I..J.me .
Redbeds ••••• " •••.•••••.•••••••••..•••••••••••
A:nl1ydri te .•............................•••...
Ume .
Redbeds ••.•..••.••..•.•.••••••.••••.•.•......
Lime •.•••••••••.•••.•.•..•..•.•.....••••••...
Sal t and redbeds •••.•.•••.•.....•••.•.••••..•
Lime •..••...••.••••.••••••.••.•.•.••.•••••...
Lime and redbeds •••.•.••.•.••...•••.••.••.•..
Lime .
Sand; fresh water (1712-38) •..•••...••.•.•••.
Sand and redbeds ••..•••.••.•••.•••......•....
Anhydri te ..•........•.•.•.•.••.....•.•.••..••
Sand •...•........•..•••.••.•••......•..••..•.
Redbeds and brown shale •.....••..•.••..•..•..
Redbeds •.•....••••...•..••.••...•.•.••....•..

Urne """ .. """" """""" .. """ .. " " ,, .
Redbeds .••••••.•.•.•.•••••..••..••••...••..••
Anhydri te •..•.•.•...•.•..••••••.•.••....•..•.

Redbeds .... "" .... " ...... " .... " ...... "" .... " .... """ .... """""""""
Salt and anhydri te ..••••...•••••••••...•••.•.
Lime and brown shale •.••••.••...••••••.•..••.

Redbeds "".".".""." " •• "" .. " •. """" •• "".""
Iame " "." ".. "."" .. "."".""" ".. "".
Redbeds •...•.•..•.•..•••.•••.••••..•..•......
Gypsum .•••....•.••••••••••••.•..••.••.....••.
Sal t •.•..•.•..•••••••••••••.••••.•..••..••...
Anhydri te •..•........••••••.•..•.•.••.....•••
Ume "" "." "." ".. " "" .
Shale, brown •...•••••••.••.•.••••••••••..•...
Anhydri te ••.•.•.••••••.•••...•..••••...•...•.
Grani te wash .. " " " " " .. " "

14
10
19
19
66
26
24
37

3
10
10
45

9
16
55

9
106

10
20
20

102
141

11
19
29
53

5
10
20
27
13
10
25

5
25
10
10

9
41
45

5
90

528

1096
1106
1125
1144
1210
1236
1260
1297
1300
1310
1320
1365
1374
1390
1445
1454
1560
1570
1590
1610
1712
1853
1864
1883
1912
1965
1970
1980
2000
2027
2040
2050
2075
2080
2105
2115
2125
2134
2175
2220
2225
2315
2843
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TABLE 6 (continued)

Stratigraphic unit and material
Thickness

(feet)
Depth
(feet)

Well 13.20.13.222 Pecos Valley Artesian Conservancy District

Samples described by R. L. Borton, New Mexico State Engineer Office

PERMIAN SYSTEM:
Upper part of San Andres Limestone:

Soil, gravel, and limestone boulders ...•......
Limestone, medium-gray, finely crystalline,
slightly silty; trace of light-cream, semi
translucent, finely crystalline limestone
from 30 to 35 feet ••.•.•...••.•.••.•..••.••..

Limestone, medium-gray, finely crystalline,
slightly silty; some light-reddish-brown,
slightly calcareous claystone •..•••.••.•••...

No sample ••.•..••••.••.•.••••••..•••.•••.••••.
Limestone, light-gray-buff, very finely crystal
line; lightly flecked with red and medium-gray,
very finely crystalline limestone; one large
fragment of dark limestone may be fossiliferous
and appears to be of clastic origin .•....•••.

Limestone, medium-gray, very finely crystal
line, and light-gray, clastic appearing silty,
very fine-grained limestone; crinoid stem
fragments and tiny brachiopods; trace of red
brown and slightly calcareous claystone •...•.

Limestone, medium-gray, finely to very finely
crystalline; some light-gray brown, very silty
limestone; some crinoid buttons; trace of
whi te gypsum (satinspar) •••.••.••.•...••.•.•.

Limestone, light-buff flecked lightly with
black manganese stain, microcrystalline to very
finely crystalline limestone; trace of very
light gray, chalky, very silty limes tone .....

Limestone, chalky, light-buff flecked lightly
with black manganese stain, microcrystalline
to very finely crystalline, and medium gray,
very finely crystalline limestone, and
numerous calcite stringers .......•...........

Limestone, light-gray-brown, slightly stained
red,very finely crystalline, silty •..•••••..•

Limestone, light-gray-brown, finely to very
finely crystalline, semi-translucent, hard
light-gray, very fine-grained, silty limestone
trace of very finely crystalline limestone
light-cream mottled faintly with red from
110 to 115 feet •••.•.••.•••••••.•..••••••.•••

15

20

5
10

5

5

20

5

15

5

10

15

35

40
50

55

60

80

85

100

105

115
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TABLE 6 (continued)

Stratigraphic unit and material
Thickness

(feet)
Depth
(feet)

Well 13.20.13.222 Pecos Valley Ar·cesian Conservancy District (continued)

PERMIAN SYSTEM: (continued)
Upper part of San Andres Limestone (continued)

Limestone, light-gray-bro,vn, finely to very
finely crystalline, semi-translucentj trace
of medium-gray, very finely crystalline
limestone and red-brown, slightly calcareous
claystone •...•.••..••.•••.••..••.•.•.••....• 5 120

Limestone, light-buff lightly stained by
manganese finely to very finely crystalline,
slightly silty; trace of white, earthy
gypsum; crinoid stems and some red-brown
claystone from 130 to 135 feet •.•••.••...••. 15 135

Limestone, medium-gray, finely to very finely
crystalline, slightly silty; abundant cavity
filling calcite aggregates; some tiny
crinoid stems ••.•..••••••••••••••••.•.•••••• 5 140

Limestone, medium-gray, finely to very finely
crystalline; some light-gray-brown, very silty
fairly soft, very finely crystalline dolomite 5 145

Limestone, light-buff, very finely crystalline
slightly fossiliferous (crinoid stems),
mottled lightly yellow; some scattered pinpoint
porositYj some marly, tan, very soft and
highly silty limestone...................... 5 150

Limestone, light-gray-brown, very finely
crystalline, and light-gray, very silty, very
finely crystalline dolomite .....•...•••..•.. 5 155

Limestone, medium-gray, very finely crystalline 5 160
Limestone, light-gray-brown, slightly fossili-
ferous (crinoid stems and sponge spicules
poorly preserved), very finely crystalline;
hard; abundant, light gray, silty, micro-
crystalline to very finely crystalline
dolomite from 180 to 185 feet •.••.......••.. 25 185

Dolomite, light-gray, silty, microcrystalline
to very finely crystalline .•....•.•.•...•..• 10 195

Limestone, light-gray, very finely
crystalline (poor sample) ...••.•••..•.•••.•. 5 200

Limestone, light- to medium-gray, finely to
very finely crystallinej some gray, silty,
very finely crystalline dolomite; trace of
red-brmvn claystone ....••..••.••••••...•.••. 5 205

Limestone, light- to medium-gray, finely to very
finely crystalline; some gray, silty, very finely
crystalline dolomite; trace of red-brown clay
stone and finely crystalline, mottled yellow
limes tone 5 210
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TABLE 6 (continued)

Stratigraphic unit and material
Thickness

(feet)
Depth
(feet)

Well 13.20.13.222 Pecos Valley Artesian Conservancy District (continued)

PERMIAN SYSTEM: (continued)
Upper part of San Andres Limestone (continued)

No sample .••••••.•••.•••••••••••..••.••••••••• 5 215
Limestone, light-gray-bro\Yn, very finely
crystalline, and light-gray-brown, moderately
silty, very finely crystalline dolomite; trace
of gypsum (clear selenite) .•..••..••••..••••• 5 220

Dolomite, light-gray-brown, moderately silty,
very finely crystalline; some limestone; trace
of cavity-filling calcite aggregate •....•.••• 23 243

Hondo Sandstone Member:
Sandstone quartz, fine to very fine grained,
fairly well-sorted, pdorly cemented, angular to
subrounded, calcareous cement, grains clear to
slightly milky and gray-brown to medium-gray
very finely crystalline dolomite ••..•.•••..•. 5 248

No sample •.••.•.•..••..•..•••.•••••..••.•••... 2 250
Limestone, light-gray, finely to very finely
crystalline; some quartz sandstone 2 252

Sandstone, and some light-gray limestone ..••.. 38 290
Sandstone, quartzose, white, fine-grained, well-
sorted, mostly subrounded, poorly cemented with
calcite; and dove-gray, very finely crystal-
line slightly silty dolomite; scattered
pinpoint porosity 10 300

Sandstone, quartzose, white; trace of light-
gray very finely crystalline dolomite ..•..... 23 323

Sandstone, quartzose, white; some white, sandy
very finely crystalline limestone ••••.•..•.•. 6 329

Sandstone, limy, and sandy, light-brown to
yellow limes tone •.••...•..•.•.•.•••••.•...••• 11 340

Dolomite, dirty-gray, very finely crystalline
silty; trace of pink calcite (aragonite?) with
intergrown columnar texture (dogtooth); some
sandstone 5 345

Sandstone, very limy; sandy limestone; and
light-gray, very finely crystalline dolomite.. 5 350

Sandstone, quartzose, white partly stained
yellow, calcareous; some dolomi te 5 355

Sandstone, quartzose, white partly stained
yellow, calcareous; well-cemented, silty; con-
tains some ironstone; some gray dolomite •••.• 19 374

Sandstone, gray, very calcareous, and very sandy,
gray, finely crystalline limestone ••.•...•... 6 380

Siltstone, pink and bUff, moderately calcare-
ous; trace of white gypsum; some sandstone .•. 4 384
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