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By
Robert T.

ABSTRACT

In the Roswell Basin in southeastern New Mexico
artesian water is produced from cavernous zones in
the carbonate rocks of the San Andres formation and
the lower part of the Chalk Bluff formation, both of
Permian age. The Hondo Reservoir, 9 miles wesr
southwest of Roswell, was completed by the U. S.
Bureau of Reclamation in 1907, to store waters of
the Rio Hondo for irrigation. The project was not
successful, as the impounded water escaped rapidly
through holes in the gypsum and limestone of the
San Andres formation constituting its floor. Of
27 ,000 acre~feet that entered the reservoir between
1908 and 1913, only 1,100 acre-feet was drawn Ollt

for use, the remainder escaping through the floor
of rhe reservoir. Since 1939, plans have been
drawn up by the State Engineer and by Federal
agencies to utilize the reservoir to protect Roswell
from floods. It has also been suggested that water
from the Pecos River might be diverted into under
ground storage through the reservoir.

Sinkholes in the Roswell Basin are largely
clustered in areas where gypsum occurs in the bed
rock. Collapse of strata is due to solution of
underlying rock commonly containing gypsum.
Domes occur in gypsiferous strata near Salt Creek.
The Bottomless Lakes, sinkhole lakes in the es
carpment on the east side of the Pecos, are be
lieved to have developed in north-south hinge-line
fractures opened when the westernmost beds in the
escarpment collapsed. Collapse was due to solu
tion and removal of gypsiferous rock by artesian
water which now fills the lakes.

The Hondo Reservoir was built in a natural sink
which was deve loped in gypsiferous limestones
where folded and faulted in the Sixmile Hill struc
ture. Development of the sink was due in large part
to solution by floodwaters from the Rio Hondo.

A section of 770 feet of the San Andres formation
along the Rio Penasco is described in this reporr.
In the eastern part of the intake area of the Roswell
Artesian Basin the San Andres is composed almost
entirely of carbonate rocks from the Rio Penasco
nearly to the Rio Hondo, north of which gypsum
is also present.
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The principal structures in the eastern part of the
intake area are three long, narrow faulted anti
clines. The Sixmile Hill structure, more than 60
miles long, is the most variable of these, for in
places it is a simple fault and in others probably
an unfaulted anticline.

The intake capacity of the San Andres formation
in the eastern part of the intake area is classified
as moderate to very high from Salt Creek to the Rio
Hondo, and in general as moderate to low from the
Rio Hondo to the Rio Penasco. The Rio Hondo
appears to lose about 19,400 acre-feet per year by
seepage into the artesian aquifer, and the Rio
Penasco about 8,700 acre-feet per year. These
amounts are respectively about 8 percent and 4 per
cent of the total recharge of the artesian reservoir.

As precipitation and seepage losses in the east
ern part of the intake area seem inadequate to
account for the recharge of the artesian aquifer,
particularly in dry years, significant amounts of
recharge are probably contributed by precipitation
on a total intake area of about 7,000 square miles.

The sharp decrease in artesian head to the east
along Cottonwood Creek is probably due to heavy
leakage from the artesian to the shallow aquifer
there, the principal supporting evidence being the
high water level in the shallow aquifer.

If the Hondo Reservoir should be used again,
nearly all water impounded there would enter the
artesian aquifer. If this did not result in increased
withdrawal from wells, practically all this water
would eventually reach the Pecos River, but if
ground-water use were increased, the amount reach
ing the Pecos would be less.

INTRODUCTION

DESCRIPTION OF AREA

The Roswell Basin in southeastern New Mexico
is one of the most important areas of artesian
water production in the United States. In it, at
present (947), about 56,000 acres of land is irri
gated with artesian water, and about 45,000 acres
more is irrigated with shallow ground water, most
of which was originally derived from the artesian



aquifer. The area of artesian wells is elongated in
a north~south direction paralle 1 to the Pecos River
and is about 65 miles long and from 7 to 12 miles
wide.

Recharge of the artesian reservoir is effected by
precipitation on an area to the west, the total area
that contributes to recharge probably being about
7,000 square miles (fig. 1). A part of the precipita
tion on this area percolates directly to the water
t;ble where it begins to move slowly toward the
artesian reservoir, and a part flows in surface
streams for some distance before being added to
the ground-water supply by influent seepage. The
principal aquifer of the artesian reservoir is the
San Andres formation, in which the water occurs in
cavernous zones in limestone and dolomite. How
ever, in the southern part of the basin, according to
Morgan (1941, p. 781), artesian water is produced
principally from cavernous zones in limestones in
the lower part of the Chalk Bluff formation overlying
the San Andres formation.

The Hondo Reservoir lies 9 miles west-southwest
of Roswell and about 18 miles west of the Pecos
River. It was built in the first decade of the present
century as a storage reservoir to utilize the waters
of the Rio Hondo for irrigation. It was not a suc
cess, however, as its floor proved to be very leaky,
and water would not remain in it longer than a few
days after floods. In more recent years plans have
been put forward by State and Federal agencies to
us e the reservoir for flood control in order to pro
tect the city of Roswell. It has also been sug
gested that water from the Pecos River might be
diverted into the reservoir, from whence it would
go into underground storage, thus eliminating evapo
ration and transpiration. As yet (1947) none of
these plans has been put into effect.

PREVIOUS WORK

Several studies dealing either entirely or in part
with the ground-water geology of the Roswell Basin
have been made. The earliest paper of note was a
reconnaissance study of the Roswell Basin by
Fisher, which appeared in 1906. Another brief
paper by Renick (1926), on the geology and ground
water resources of the Rio Penasco area, deserves
mention.

By far the mOst complete study of the ground
water resources of the Roswell Basin was made by
Fiedler and Nye, whose excellent work was pub
lished in 1933 as Water-Supply Paper 639. A
thorough study of the shallow-water resources of
the basin by Morgan appeared in 1939, and in the
same year Theis described the origin of both base
flow and additional flow in Major Johnson Springs
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at the south end of the basip-. Morgan (1941) wrote
another paper appearing 2 years later in which he
stated that the "Dog Canyon limestone" was the
principal artesian aquifer in the southern part of the
basin. The name "Dog Canyon" has since been
abandoned and replaced by the Goat Seep limestone
(King, 1942). It is approximately equivalent to and
grades into the lower parr of the Chalk Bluff forma
tion, the lower unnamed member and the Queen
sandstone member. Further contributions to the
literature on the ground-water geology of the Ros
well Basin by Theis, /l.forgan, and others (National
Resources Planning Board, 1942a, p. 27-75) ap
peared in 1942 as parr of the study of the entire
Pecos drainage basin.

PURPOSE OF THE STUDY

The purpose of the present study is to determine
the hydrologic effects of the proposed use of the
Hondo Reservoir either for flood control or as a
catchment basin for underground storage of Pecos
River waters. In order to understand all geologic
factors involved, a geologic study was made of the
artesian area and of the outcrop area of the artesian
aquifer farther west.

The present study was made at the request of the
United States Bureau of Reclamation and with funds
made available by the Bureau.

HISTORY OF THE HONDO RESERVOIR

The Hondo Reservoir was completed in 1907 by
the U. S. Bureau of Reclamation, then called the
Reclamation Service. It was designed as an off
channel storage reservoir, the impounded water to
be used for irrigation. It was not a success, how
ever, as water diverted into it always escaped very
rapidly through sinkholes in limestone and gypsum
in its floor. Many attempts were made to utilize the
reservoir from 1907 to 1915, but without success.
The following account, taken from the official
reporr of the Reclamation Service,l describes one
of these attempts:

On June 11th (1913) the big flood came and water ran
in the river from then until July 5th, and about 900 acres
were irrigated. Some 2,000 acre~feet of water entered
the reservoir. For two or three days some of this could
have been drawn off through the outlet gates, but there
was plenty of water in the river. When the rivet dried up,
rhe water in the re servoir had fallen so that none could
be drawn out. All irrigation, both in April and in June
and July, was direcr from the river. None was taken our
of the re servoir.

IV. S. Reclamation Service, n.d., Project History from Incep
tion of Project, Feb. 24, 1904, to Dec. 31, 1915, Hondo Project,
N. Mex.: typewritten rept. in files of U. S. Bur. of Reclam. in
Albuquerque, N. Mex., v. 2, p. 115.
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Boundary of orca contributing to recharge of
'\.......- .............. arlCliian fnlicrvoir (dashed where approximate).

FIGURE 1. Mop of part of southeastern New Mexico showing total area that contributes to artesian reservoir.
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After early failures of the reservoir, efforts were
made to plug the principal sinkholes, but these
were unsuccessful. The method, according to

Foster,2 was to explode dynamite in the holes and
then backfill and tamp them with a "good material."
These holes would reopen, however, either at the
same location or very close by, when water was
again let into the reservoir. The worst leaks
developed in the northern part of the reservoir, and
on November 15, 1912, it was reported that 75 holes
were present in "gyp rock" throughout the floor.
Most of these were from 4 to 10 feet in diameter and
from 4 to 8 feet deep, but six holes were about 18
feet in diameter and from 10 to 12 feet deep. No
further attempts to plug the leaks were made
after 1911.

The following table shows the insignificant
proportion of water diverted into the reservoir that
was actually made available for irrigation. 3 No
other water was released from the reservoir or
spilled.

Inflow and Outflow at Hondo Reservoir

Year Inflow Total Outflow
(acre-feet) (acre-feet)

1908, May 1 to Dec. 31 3,000 300
1909 ............ 500 0
1910 ............ 2,000 200
1911 ...........• 11,600 500
1912 ............ 9,000 100
1913 .. ........... ...... . 1,760 0

Total 27,860 1,100

No records of inflow after 1913 are available, and
after April 1, 1917, the Bureau of Reclamation
turned the project over to the Hondo Water Users
Association, which has not attempted since to store
water in the reservoir but only to irrigate directly
from flood waters of the river (McClure, 1939a,
p. 72).

The flood that inundated Rosweli in May and
June 1937 helped awaken interest in utilization of
the reservoir for flood control, and an investigation
along that line was made under the direction of the
State Engineer. The report of this investigation
(McClure, 1939a) recommended that two rolied
earth-fill dams be constructed, one across the Rio
Hondo and one across its tributary Rocky Arroyo.
The dam on Rocky Arroyo would be locared in the
central part of sec. 16, T. 12 S., R. 22 E., just
downstream from the "breakover area," an area of

2Ibid•• p. 82.

3fbid•• p. 98-99.
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low elevation through which a part of flood flow of
the Hondo moves naturally into the Rocky Arroyo
drainage. Storage for a maximum of 11,335 acre
feet would be provided for in the Rocky Arroyo
Reservoir, and excesses over this amount would be
diverted into the Rio Hondo and the Hondo Reser
voir. A combination diversion and storage darn of
rolled earth-fill would be built across the Hondo
from the approximate center of the south line of
sec. 26, T. 11 S., R. 22 E., to a bedrock spur in the
NE~ of the same section. The Hondo Reservoir
under this plan would have a capacity of 43,800
acre-feet with the water surface 5 feet below the
top of the 20-foot dam.

Two other plans for protecting Roswell from
floods were put forward by the Federal Government
during the course of the Pecos River Joint Investi
gation (National Resources Planning Board, 1942b,
p. 158-161). The first called for diversion of flood
flows by levees south of Roswell into a draw empty
ing into the Pecos River southeast of the city. The
second called for use of the Hondo Reservoir and a
reservoir in Rocky Arroyo similar to that proposed
in the State Engineer's plan. A rolled earth-fill
dam would be constructed across Rocky Arroyo in
the same place provided for in the State plan, and
the effective flood-control storage of the reservoir
so formed would be modified by removing the
northwest-trending part of the old dike in the east
half of sec. 26, T. 11 S., R. 22 E., and tying the
remaining portion of the dike to the bedrock spur
near the center of the south line of sec. 26. The
tops of existing dikes would be raised by filling on
the downstream side, and the capacity of the reser
voir would then be about 54,900 acre-feet. Emer
gency spills from this reservoir would go across a
natural saddle to the north into the drainage of
Berrendo Creek, which passes north of Roswell and
does not flood the city. The total capacity of the
reservoir system thus would be about 64,200 acre
feet. This would have amply controlled the largest
flood on record, that of September 1941, which
would have required about 47,900 acre-feet of
storage capac ity.

It should be noted that, of the two plans for flood
protection of Roswell, only the first plan is con
sidered to be economically iustified in the National
Resources Planning Board report (l942b, p. 163
164). Any future consideration of this plan, how
ever, would probably have to be modified, as the
Roswell Army Air Base is now located across part
of the area through which the diversion channel
would pass.

As yet (1947), no plan for flood control or ~1,,,

Rio Hondo has been put into effect.

?-:'---$
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PHYSIOGRAPHY

GENERAL SURFACE FEATURES

The region covered by this report lies in the
eastern part of the long slope from the Sacramento
l\,iountains and the Sierra Blanca to the Pecos
River. Relief and elevation decrease from west to
east. In the west, relief is moderately high, as
youthful valleys have been Cut into the limestone
uplands. These valleys decrease in depth to the
east, and terrace deposits of low relief appear
10 to 28 miles west of the Pecos River and extend
to the river.

The most prominent physiographic expressions of
structure are ridges or lines of hills along the
Border Hills, Sixmile Hill, Y~O, and Bluewater anti
clines (fig. 2). All but the last of these where
typically developed are narrow faulted anticlines
tr~I1dingin a northeasterly direction. The Blue
~ater anticline (see p. 19) is much broader, trends
more nearly due north, and is marked topographi
cally by a rather abrupt increase in elevation along
its eastern limb. The Border Hills is the best
developed, physiographically, of the narrow anti
clines, as it is marked by a nearly continuous ridge.
The Hills along the Y-O structure are less promi
nent, and the Sixmile Hill structure is expressed in
its central part by valleys and saddles rather than
hills, for there it is not anticlinal but a fault of low
displacement. Other faults in the area are also
very well expressed by alined valleys separated by
saddles. The anticlinal lines of hills are breached
by prominent water gaps where crossed by main
streams.

Study of the physiographic expression of struc
ture here shows that the present drainage pattern
developed after the structural movements occurred,
or at least after they began. Main streams follow
valleys along the principal structures in some
places, which would not be possible if the drainage
were antecedent or superposed. The Rio Felix, for
example, follows the Y-O structure for 5 miles in
T. 15 S., Rs. 21 and 22 E., and the Rio Hondo
follows the Sixmile Hill structure for 3 miles just
southwest of the Hondo Reservoir. In addition,
where streams cross linear anticlinal hills, they
often do so at a point of particular structural weak
ness. For instance, the Rio Hondo crosses Border
Hills where the southern pan of the structure is
bent or offset to the west and a hinge point in the
direction of the vertical displacement of the fault
exi~ts (p. 18). Such a point must have been low
topographically, and through this point the Rio
Hondo was established. A similar situation exists
6%iniles to the southwest, where a tributary of the
Rio Felix crosses the Border Hills structure at a

point where the structure again bends sharply to
the west.

EROSION SURFACES

The highest erosion surface in the area of this
report was called the Sacramento Plain by Nye
(Fiedler and Nye, 1933, p. 14). It is preserved in
the interstream areas on the east slope of the
Sacramento Mountains and probably was once con
tinuous with the High Plains east of the Pecos.
About 200 feet or more below this surface is the
Diamond A Plain, named by Nye (Idem, p. 14).
t...forgan (National Resources Planning Board, 1942a,
p. 35) states that this surface was developed con
temporaneously with the r-.fescalero pediment east
of the Pecos. Old terrace remnants, called flgravel
capped mesas" by Nye (Fiedler and Nye, 1933,
p. 13), probably were coextensive with the Diamond
A Plain. Nye (Idem, p. 10) named the surfaces
below the Diamond A Plain in descending order the
Blackdom, Orchard Park, and Lakewood terraces.
Most of the irrigated land of the Roswell Artesian
Basin is on the Orchard Park terrace. The Lake
wood terrace forms a narrow belt on either side of
the Pecos River and is underlain by alluvium.

BOTTOMLESS LAKES

Southeast of Roswell a series of sinkhole lakes
known as the Bottomless Lakes have been de
veloped in the escarpment of the gypsiferous Chalk
Bluff formation on the east side of the Pecos River.
Water levels in these lakes are higher than the river
and the water table in the adjacent flood plain and
stand approximately at the level of the piezometric
surface of the artesian aquifer. The level of the
lakes evidently fluctuates with the artesian head,
as observations in 1947 showed a drop in the level
of Cottonwood Lake during the irrigation season.
The lake was overflowing its rim when observed on
February 7 and March 21, but was about 1 foot
below the rim on July 23. The lakes are thus
believed to be pools fed through underground chan
nels by water from the artesian aquifer.

The westernmost beds in the escarpment in the
area where the lakes occur have slumped and now
dip toward the river, and numerous fractures paral
lel to the river have formed along the hinge lines
between the nearly flat lying beds to the east and
the slumped strata. Sinkholes of all sizes have
developed in the hingewline fractures. The process
of formation of the Bottomless Lakes thus evidently
began with discharge of water from the artesian
aquifer at the base of the escarpment. This dis
charge may well have been beneath the surface, the
water passing directly into the sands and gravels
of the flood plain. The water dissolved out some

5
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of the gypsum beds in the Chalk Bluff fotmation
near the points of discharge, causing the overlying
beds nearest the river to collapse and opening
hinge~line fractures. Rainfall and surface runoff
from the immediate vicinity formed sinkholes in the
fractures, and the first of these sinks to form con
tinued (0 enlarge until their throats tapped the
channels leading from the artesian aquifer to the
disc~arge points. Artesian water then rose in the
sinkholes and the Bottomless Lakes were formed.

FURTHER SOLUTION EFFECTS

Large numbers of sinkholes occur in many places
irlthisregion. They are nOt distributed at random
but are present in clusters or groups I and most
commonly are an indication of gypsiferous bedrock
beneath the surface. They are most numerous in
the northern part of the area, where thick zones Con
taining gypsum occur in the San Andres formation.
One area of many sinks occurs in Sixmile Hill just
north of the Hondo Reservoir and extends into the
Hoar of the reservoir itself ( see below). The sinks
on Sixmile Hill show a tendency toward alinement
as they are generally developed along joints trend~

ing N. 42° E., parallel to the Sixmile Hill fault.
They occur most commonly on high ground. In the
ravines they have been largely destroyed by ero~

sian. Farther north in the Salt Creek drainage area
sinks are very numerous; for example, in the north
ern part of T. 9 S., R. 22 E.

Sinks are much less common in the southern part
of the area studied, where outcrops of gypsiferous
strata were not found. The sinks here have devel
oped almost entirely in undissected areas, un
hindered by erosion. The small area of undissected
upland largely accounts for their scarcity. The
sinks in limestone are partly filled with debris in
almost every case, although those in gypsiferous
strata to the north most commonly have open throats.
There are a few broad sinks, apparently formed in
nongypsiferous strata, along Highway 83 near the
Rio Penasco. A large sink of this type occurs
south of the Penasco near Dunken. An area con
taining a moderate number of sinks lies southwest
of the Flying H Ranch, mainly in the southeastern
quarter of T. 15 S., R. 18 E., and these sinks may
be due in part to solution of gypsiferous strata
below the surface. One of the sinks here is a
quarter of a mi Ie long and contained a lake when
observed in July 1947. A smaller sinkhole area
lies in the northeastern part of T. 14 S., R. 19 E.

South of Salt Creek, 1 to 3 miles west of Highway
285, lies an area abounding in gypsiferous rock, in
which occur not only sinks bur arcuate elevated
areaS as well. It is similar to a region south of

Carlsbad near ~Jalaga Bend in the Pecos River,
though the structures in general are not as well
developed here as near Malaga Bend. In the domes
beds of limestone dip away from the center, and
circumjacent Hrace-track" valleys are developed
in gypsum.

\Vest of the western boundary of sec. 1, T. 9 S.,
R. 22 E., a zone of gypsum apparently underlies
about 10 to 30 feet of limestone. Here deep sinks
have been developed in the limestone, owing pri
marily to the solution and removal of the underlying
gypsum. At other places in the Salt Creek region,
for example in the southeastern part of T. 8 S.,
R. 21 E., extensive flats have been developed on
gypsum. On these flats are scattered rounded hills
of the gypsiferous rock, nearly all being capped by
beds of limestone or dolomite.

PHYSIOGRAPHY OF THE HONDO RESERVOIR

The Hondo Reservoir occupies a large natural
sink on the north side of the Rio Hondo 9 miles
west-southwest of Roswell. The lowest point of the
sink is about 2 miles from the river and about 15
feet lower than the Hood plain between the sink and
the river. Sixmile Hill extends in a northeasterly
direcdon from the reservoir sink, and the axis of the
Sixmile Hill structure, which here is a complex
folded and faulted anticline (see p. 16, 17), ex
tends directly through the reservoir. Sixmile Hill
is covered by a great many smaller sinkholes, as
seen on the accompanying aerial photographs (pIs.
1, 2, and 3) which show the Hondo Reservoir and
area east ther.eof toward Roswell. It will be noted
that the small sinks extend into the northeastern
part of the reservoir itself, and undoubtedly other
openings are present beneath the silt cover at the
center of the reservoir.

At the reservoir the Rio Hondo has cut a channel
10 alluvium and terrace material the surface of
which is 30 feet or more below the level of the
upland. The reservoir sink lies directly ahead of a
northeastward-flowing segment of the Hondo and is
separated from it only by the flood plain of the river.

The location and development of the reservoir
sink apparently have been due to three factors: the
presence of the Sixmile Hill structure, the large
proportion of gypsum in the bedrock, and the loca~

rion with respect to the Rio Hondo. The Sixmile
Hill fault beneath the Hondo Reservoir probably is
composed of two strands. To the northeast a valley
has been developed along the fault, and this valley
splits just north of the reservoir, indicating that the
fault probably splits also. In fact, a segment of the
valley apparently developed along the eastern
stn'lnd of the fault can be seen on the floor of the
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reservoir about three-quarters of a mile northeast of
the old reservoir head gate. Development of the
reservoir sink probably began by the formation of
valleys tributary to the Rio Hondo along the two
fault strands and perhaps along other lines of
weakness in the complex Sixmile Hill structure.
Between and around the valleys, sinkholes were
formed by solution of the gypsiferous rocks. After
the tributary valleys had become sufficiently well
developed, flood waters from the Hondo began to
back up in them and to accelerate greatly the
process of solution as they sank into sink holes
and fractures in the rocks. As this process con
tinued the valleys deepened and broadened, umil
eventually they dissolved away practically all rock
between them and coalesced into one large sink,
the reservoir sink. The reservoir sink then con
tinued to act as a natural basin for receiving flood
waters of the Hondo until construction of the pres
ent dikes, as shown by the position of the sink and
the alluvial silt covering of its floor.

The nature of the material underlying the Hondo
Re servoir is shown by the following logs of the

Log 01 Hole No. 10

Depth

~,laterial (leet)

From To

Soil 0 1.0
Hard limestone 1.0 12.8
Broken limesrone 12.8 29.7
Clay and broken rock 29.7 31.7
Clay and gypsum 31.7 33.6
Gypsum 33.6 55.6
;{ed Clay 55.6 56.3
Gypsum 56.3 59.3
Clay 59.3 74.0
Gypsum 74.0 78.4

Log 01 Hole No. 11

Clay 0 11.1
Brok en limestone 11. 1 22.0
Clay :2.0 25.0
Cavity 25.0 30.0
broken rock, cavities 30.0 64.4
Gypsum 64.4 70.2
Clay 70.2 71.9
Cavity 71.9 73.4
Loose rock 73.4 76.8
Gypsum 76.8 79.8
Clay 79.8 80.2
Limestone 80.2 88.4
Gypsum 88.4 91.8

8

deepest diamond-drill holes put down by the United
States Reclamation Service in 1903. 4

STRATIGRAPHY

The rocks of the Roswell Artesian Basin are
Permian and Quaternary in age. Rocks not involved
in the transmission or confinement of water in the
basin will not be described in this report, as many
excellent published works on the stratigraphy of
southeastern New Mexico are available.

YESO FORMATION

The Yeso formation is the oldest Permian forma
tion in southeastern New Mexico, with the excep
tion of the Abo sandstone, on which it rests. The
Yeso is composed of limestone, sandstone, shale,
anhydrite, and some salt. The red-bed type of
lithology is common. According to Morgan,S the
Yeso is about 1,000 feet thick in the west face of
the Sacramento Mountains, but it thickens to the
east, and logs of wells show it to be over 2,000
feet thick about half way down the long east slope
of the mountains. The Yeso is the impervious
formation underlying the artesian aquifer, the San
Andres formation, in the Roswell Basin. Nye
(Fiedler and Nye, 1933, p. 70-76) assigned the
name "Nogal" to these beds, but that name has
been dropped in favor of the older Yeso.

Mor,gan states that the depth to the tOp of the
Yes 0 formation near the Pecos River range s from
about 1,900 feet near Rosweli to about 2,300 feet
near Dayton. He says that haUte, anhydrite, and
red beds in the Yeso are progressively replaced
southward in the Roswell Basin by limestone, and
at Dayton the formation contains only a few thin
beds of clastics with the limestone.

Good outcrops of the upper part of the Ye so can
be seen along Highway 70 west of Riverside in the
canyon of the Rio Hondo. Sandstones and shales
irregularly colored red and yellow are prominent,
and many thick zones of limestone are also present.
Beds assigned to the uppermost part of the Yeso by
most geologists acquainted with this region are
exposed in the Border HiBs structure where it is
crossed by the Rio Hondo. Here white to light
yellow sandstone, commonly identified as the
Glorieta sandstone member at the base of the San

4McClure, T. M., 1939, Report On Lower Rio Hondo Flood
Control lnvestigatio,l: typewritten rept. in files of State Engi
neer Office in Santa Fe, N. Mex., p. 115-116.

5Morgan, A. M., 1942, Report on the Geology of the Pecos
Valley, N. Mex.: ms. rept. in files of U. S. Geol. Survey in
Albuquerque, N. Mex.



Pl.ATE 1. Acrial photograph of Hondo Rcscrvoir oreO.
(10.24·46 1: 10 SCS 1:31,680 DDO.12.169)
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PL.ATE 2. Aerial photograph of area immediately ead.northeast of Hondo Reservoir ond north of Rio Hondo.
(6.10.46 10:37 SCS 1:31,680 DDO.3.157)
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PLATE 3. A<>rial photograph of Rio Hondo at bend about 3 mil"s southw<>st of Roswell.
(6.10.46 10:35 $CS 1:31,680 000·3·151)
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Andres formation, occurs above limestone differing
little from the limestone of the overlying San
Andres. On the south bank of the Rio Penasco, at
the Runyan Ranch in sec. 29, T. 16 S., R. 17 E.,
the lowest beds of the Yeso exposed are red,
yellow, and light~gray thin-bedded argillaceous
sandstone and thio- to medium-bedded gray dolo
mitic' limestone. Overlying these limestones are
two medium-grained white to yellow-brown calcare
ous sandstones similar to the Glorieta and sepa
rated from the Glorieta sandstone member by 109
feet of limestone and dolomitic limestone. This
sequence of sandstone, limestone, and dolomitic
limestone probably represents the uppermost part
of the Yeso. (See section, p. 13.)

Notable thicknesses of halite are found in wells
penetrating the Yeso formation north of Roswell,
according to Morgan, but salt never appears in the
outcrop area of the formation. It has undoubtedly
been removed by solution, Morgan states, down to
depths to which ground water can circulate freely.
Morgan also reports that deep water found in the
Yeso is nearly always highly mineralized and unfit
for use, but in the outcrop areas of the formation
bodies of perched water are used for stock and
domestic purposes.

SAN ANDRES FDRMATIDN

GENERAL CHARACTERiSTICS

The San Andres formation consists mainly of a
thick succession of lim-=stones, dolomitic lime
stones, and dolomites, some of which to the north
are replaced by anhydrite or gypsum. Its base is
marked by a calcareous sandstone, the Glorieta
sandstone member. A few thin beds of calcareous
shale and calcareous siltstone, commonly yellow,
occur mainly in the lower part of the formation.
East of the Pecos River wells encounter halite in
the San Andres. An erosional unconformity sepa
rates the San Andres from the overlying Chalk Bluff
formation. The San Andres is roughly the equiva
lent of the Picacho limestone of Nye (Fiedler and
Nye, 1933, p. 55).

The San Andres formation averages about 1,000
feet in thickness in the Roswell Basin. The sec
tion exposed along the Rio Penasco is 770 feet
thick, as measured by the writer, but the uppermost
part of the formation is missing. The San Andres
is exposed over most of the area from the crest of
the Sacramento cuesta to within 10 to 30 miles of
the Pecos River, where it dips beneath younger
beds. The depth to the top of the San Andres at the
Pecos increases southward from about 400 feet east
of Roswell to about 1,200 feet near Lakewood.

The San Andres formation is the principal arte-

sian aquifer in the Roswell Basin. Water occurs
under pressure in porous and cavernous Zones
mainly in the carbonate rocks of the upper half
of the formation.

GLORIETA(?) SANDSTONE MEMBER

The sandstone member at the base of the San
Andres is named the Glorieta from its type locality
at Glorieta l\lesa, where it forms the cap rock. The
name nHondo sandstone," which has sometimes
been used in the Roswell Basin, refers to the same
rock unit. The Glorieta is typically a white to
yellow medium-grained, well-sorted calcareous
sandstone. Morgan states that its thickness in
creases to the north at the expense of the overlying
limestone beds, from a thickness of about 12 feet
in the southwestern part of the basin to about 300
feet at Glorieta Mesa. The sandstone commonly
considered by geologists acquainted with this re
gion to be the Glorieta is exposed in the Rio Hondo
water gap through Border Hills. Cross bedding is
well developed in its upper part here. Lower zones
contain many solution cavities, mostly less than a
quarter of an inch in diameter, giving the sandstone
a pock-marked appearance. The sandstone here
grades downward through about 8 feet of calcareous
sand and sandy limestone into silty limestone
commonly referred to as the Yeso formation. The
upper boundary of the Glorieta(?) is much sharper,
the upper 6 inches being fine-grained, very thin
bedded sandstone stained by limonite.

A similar sandstone occurs at the Hondo water
gap 40 feet below the Glorieta(?), and two sand
stones separated by 109 feet of limestone are
present at the Runyan Ranch on the Rio Penasco
(see YESO FORMATION). It is probable that
several sandstones of similar lithologic type occur
near the contact of the San Andres and Yeso forma
tions, and at any given place it may well be impos
sible to prove which, if ;ny, is continuous with the
sand capping Glorieta ~lesa.

In the western part of the Roswell Basin the main
water body apparently extends through the Glori
eta(?) sandstone member and the overlying porous
carbonate rocks with little regard for their different
character. Morgan reports that farther east, in the
artesian area and its vicinity, water in the Glorieta
is trapped between overlying beds of the San
Andres, which are here impervious, and beds of the
Yeso below I and as a result it is almost invari
ably salty.

SAN ANDRES FORMATION
(EXCLUDING GLORIETA(?) SANDSTONE MEMBER)

In most of the Roswell Basin the part of the San
Andres formation above the Glorieta(?) sandstone
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member consists of alternate beds of limestone and
dolomite. Although there are some exceptions, the
more calcareous limestone is commonly coarser
grained and thicker-bedded than the dolomitic
limestone and dolomite. In the upper part of the
formation it is often lighter-colored also, but thick
zones of dark, bituminous limestone occur in the
lower part of the San Andres. The typical dolomite
is very dense and semi-lithographic, and occurs in
moderately thin beds having a blocky appearance.
Where fresh it is very dark, but the insoluble sub
stances it contains weather out and coat the
weathered surface, giving it a much lighter- color.
The limestone and dolomite ordinarily contain a
high percentage of insoluble matter, both silt and
clay being represented. Some of the limestone is
oolitic and much of it is crystalline. The limestone
commonly weathers to a brown or tan, and the sur
face may appear fluted. Nodular and irregular
masses of chert occur in both the limestone and the
dolomite but are more common in the limestone.
Stylolites are common in the limestone, particularly
in the lower part of the formation. They are be
lieved to be due to solution under pressure.

Beds of gypsum also occur at the surface in the
San Andres formation in the northern part of the
Roswell Basin. Where encountered in the subsur
face, the corresponding rock is anhydrite. Near
Salt Creek, hills composed of over 80 percent gyp
sum occur in several places, the interbedded rock
being dolomitic limestone. Most of the gypsum is
white or gray. Banding in various shades of gray
is well deve loped parallel to the bedding in some
places, and in others reddish argillaceous or silty
material occurs along such lamination planes.
Gypsum is much more soluble in water than most
rocks, and in areas underlain by gypsiferous rocks
solution effects such as sinks, enlarged joints, and
small caverns are very common. The zones of gyp:
sum pinch out to the south as the gypsum is re
placed by carbonate rocks. Halite also occurs in
the subsurface in the San Andres. According to

Morgan 6 the western limit of the halite lies a short
distance east of the Pecos River, and it does not
extend south of Acme.

The carbonate rocks of the San Andres formation
include certain zones containing a great many small
holes about the size of a pinhead, or slightly
larger, which are interconnected to some extent.
These rocks are often described as (lworm-eaten."
Such zones occur in limestone, dolomite, and

61\1organ, A. 1\.01., 1942, Report on the Geology 0/ the Pecos
Valley, N. t,·lex.: illS. rept. in files of U. S. Geol. Survey in
Albuquerque, N. Mex.
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dolomitic limestone. They are often very limited
vertically, and horizontally as well. They are much
more common in the upper part of the formation than
in the lower, although they may occur anywhere in
it. Nye (Fiedler and Nye, 1933, p. 65) has pointed
out that these cavities are due to solution and
removal of anhydrite which was originally pre
~ipitated as crystals or nodules with the carbonate
rock. In some places the original anhydrite, now
altered to gypsum, can be found fHling the cavities
in unweathered rock. In other places, secondary
calcite has partly or completely filled the holes.

Larger cavities, irregular in shape, also occur in
the San Andres formation. Typical examples can be
found along Highway 70 on the wall of Rio Hondo
Canyon east of Riverside. Here beds of limestone
contain numerous irregular cavities from a fraction
of an inch to more than an inch in diameter and
lined with secondary calcite. They are not freely
interconnected, but the calcite linings indicate
that there has been slow percolation of ground
water through them. A large amount of highly
porous rock having a reticulate pattern occurs in
Berrendo Creek where it is crossed by the Sixmile
Hill Structure. The porosity has been developed in
a dense dark-gray thin-bedded dolomitic limestone
crossed by numerous joints approximately at right
angles to the bedding. The reticulate pattern is
formed by secondary calcite which fills the bedding
planes and joints, the dolomitic limestone between
having been partly or completely removed. The
process apparently begins by deposition of the
calcite. Then solution of the central block of
dolomitic limestone begins, as many exposures
show rounded blocks of dolomitic limestone sur
rounded by a rectangle of calcite. In some places
the central block is missing, its removal probably
being due to mechanical weathering and erosion in
the stream bed.

Further evidence of movement of ground water
through the San Andres can be found in many
places, particularly in the walls of Rio Hondo
Canyon and to a lesser extent in the canyons of the
Rio Felix and Rio Penasco. Old solution channels
and small caverns in such places illustrate the type
of opening through which water moves in the parts
of the formation now buried. Cavernous zones are
most readily developed where the rock has been
fractured and broken, either by diastrophic forces,
as in Sixmile Hill, or by solution of underlying
beds followed by collapse, as is very common from
the Rio Hondo northward, east of Border Hills.
Cavernous zones are by no means limited to such
areas, however. For example, in the cut bank on
the south side of the Rio Penasco, near the bound-

1+,<~.-
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Partial Section on East Limb of Y-O Structure Just
West of Y-O Crossing-Continued[
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ary between sees. 20 and 21, T. 17 S., R. 20 E.,
massive dolomitic limestone in beds as much as 8
feet thick changes sharply upstream into irregular
thin beds honeycombed with solution cavities as
much as several inches in diameter and containing
much secondary calcite. This undoubtedly was
once a main underground channel which has since
been exposed to view by erosion. Water is carried
in the artesian basin in cavernous zones such
as this.

A section of the San Andres formation along the
Rio Penasco was measured in connection '\\'lth this
study and is described below. The section is com
plet~, aside from a few minor covered intervals,
from the base of the formation to the highest beds
exposed along the river west of sec. 15, T. 17 S.,
R. 20 E., which is about 9 miles west of Hope.
East of this point the canyon walls are too low and
the exposures too poor to be followed continuously.
The method employed was to measure a section
where exposures were good, and then follow a key
bed in that section up the canyon, changing beds
where necessary, until another good exposure of
different zones in the formation was reached,
whereupon it was measured. Among other things it
was discovered thut the beds stratigraphically
highest in the formation do not occur at the extreme
eastern end of the traverse, us was expected, but
at the Y-O structure, 5 miles farther west. Further
data on structure along the Penasco are given on
page 19.

Composite Section of the San Andres Fonnation
Along the Rio Penasco

Upper part of Sun Andres Formation

Partial Section on East Limb of Y-O Structure
JUSt \l.'est of Y-O Crossing

Feet
Uppermost beds absent.
Limestone, coarsely crystalline 2
Dolomite, dark gray, dense. . . . . . . . I
Dolomitic limestone, finely crystalline 6
Limestone, highly calcareous, crystalline,

medium-coarse, thick-bedded .. . . . . . 7
Limestone, argillaceous, thin-bedded, non-

resistant, characterized by persistent
yellow stain; l'yellow bed" .

Limestone, granular, all but upper foot
thick-bedded . . . . . . . . . . . . • . . . 6

Dolomitic limestone, some limestone, beds
less than 1 foot thick . . . . . . . . . . 8

Limestone, granular. . . . . . . . . . . . . 1
Dolomitic limestone, dark gray, dense,

beds less than 1 foot thick. . . . . . . . . . . . . 8
Limestone, granular 3
Limestone and dolomitic limestone, alter-

nating beds averaging I foot in thickness 9

Dolomitic limestone, and some dolomite,
medium-bedded; includes one thin
chert zone .

Limestone, upf,er 6 inches containing very
many chert nodules; forms a massive
cliff in places .

Dolomitic limestone and dolomite, dark gray
Limestone, granular, containing some

chert masses .
Dolomitic limestone, dark gray, dense,

blocky, moderately thin-bedded; weathers
to light gray. Contrasts markedly with
the limestone below .

Limestone, brown to gray, granular;
resistant, forming one massive bed in
some places but not all. Contains
some masses of chert .

Limestone, brown to gray, upper foot
thin-bedded, nonresistant, and
weathering light gray .

Continuing Partial Section at Bridge in
SW~~, T. 17 S., R. 20 E.

Limestone and some dolomitic limestone,
dark gray, granular to dense to finely
crystalline, beds averaging 1 foot in
thickness, bedding planes irregular;
some elongated masses of chert;
slightly "worm-eaten': in places .

Dolomitic limestone, thinly laminated
Limestone, light gray, greatly 'lworm-eaten"
Dolomitic limestone, some limestone and

dolomite, medium-dark gray, dense to
finely granular, some slightly "worm
eaten." Bedding as much as ly!
feet thi ck .

Limestone, shaly, brittle, fissile. At lower
contact, persistent siliceous tabular
masses containing a great many fossil
fragments, principally of brachiopods

Limestone and dolomitic limestone, three
thick beds. Some siliceous zones

Dolomitic limestone, buff, finely crystalline;
forms massive cliff; weathers to very
irregular, hackly surface .

Limestone, shaly, nonresistant .
Dolomitic limestone, gray; surface

hackly, bedding planes irregular .

Continuing Partial Section 2 Miles Downstream
from Scharbauer Ranch

Dolomitic limestone, very argillaceous,
beds averaging 2 inches in thickness

Oolomitic limestone, a little dolomite and
chert, mostly medium-dark gray, very
argillaceous; beds mostly less than
6 inches thick .

Dolomitic limestone, medium-dark gray,
very argillaceous; thicker-bedded than
zone above .

Feet

8

9
4

2

2

6

4

20
2
1

18

2

6

14

2

II

20

11



Continuing Partial Section from 0.3 Mile to 1.8 Miles
Downstream from Clements Ranch-Continued

Composite Sectz'on 01 the San Andres Formation
Along the Rio Penasco-Continued

Upper part of San Andres Formation:-Continued

Continuing Partial Section 2 Miles Downstream from
Scharbauer Ranch-Continued

Feel

Dolomite, den se, dark . . . . . . . . . . . . . . . . . 1
Limestone, medium-grained. . . . . . . . Y;;
Dolomite, dense, dark .. . . . . . . . . . Y;;
Dolomitic limestone, medium-dark gray,

very argillaceous 4

Continuing Partial Section from 0.3 ~lile to 1.8 Miles
Downstream from Clements Ranch

Limestone, oolitic, somewhat dolomitic 5
Dolomitic limestone, near dolomite, dark

gray; fractures contain calcite;
resistant, forming cliff . . . . . . . . . . 19

Dolomite, fissile, argillaceous zones at
base and top and I-foot fossiliferous
bed between . . . . . . . . . . . . . . . 3

Dolomitic limestone, some very near
dolomite, dark, fine-grained; beds
average 8 inches in thickness;
bedding planes irregular . . . . . . . . . . . . . . 9

Dolomite, dense, dark . . . . . . . . . . . . 1
Limestone, fine- to medium-grained, dark

to light gray; some of the fine is
dolomitic . . . . . . .. . . . . . . . . . . . 10

Dolomite, dark gray, dense, beds as much
as 1 foot thick. . . . . . . . . . . . . . . . 21,2

Limy material, argillaceous, incoherent,
yellow . . . . . . . . . . . . . . . . . . . . }2

Limestone, SOme dolomitic, medium to
finely granular, argillaceous, bedding
planes irregular . . . . . . . . . . . . . . 5~';

Dolomitic limestone near dolomite, dense,
dark, weathering to light gray, argillaceous 2

Limestone, medium to finely granular,
argillaceous; contains bands of silica near
top; bedding planes irregular; resistant,
forming prominent outcrops .. . . . . . . . . . 6

Cover. . . . . . . . . . . . . . . . . . . . . . . . 3
Limestone, dark to light, granular, mostly

very argillaceous; beds average 1 foot
in thickness; a few beds somewhat dolomitic. 14

Limestone, oolitic, light gray, thick-
bedded, forms cliff. . . . . . . . . . . . . . . 6

Dolomite, dense, blue-gray; very irregular
fracture; forms cliff with limestone above 2

Dolomitic limestone near dolomite, fine to
very fine-grained, dark blue-gray; beds
average about 1 foot in thickness;
siliceous masses near center. . . . . . . 8

Cover. . . . . . . . . . . . . . . . . . . . . . . . 4
Limestone, becoming dolomitic toward top;

medium-grained to dense. . . . . . . . . 7
Shale, yellow, limy, argillaceous, thinly

bu't poorly bedded. . . . . . . . . . . . . . 'l2
Limestone and dolomitic limestone, alternating 5
Limestone, with chert nodules. . . . . . . . 1
Dolomite and dolomitic limestone, mostly

dense, ·dark gray, but some granular,
blue-gray and light gray. . . . . . . . . . . 13

12

Dolomite, very dense .
Limestone, somewhat dolomitic
Limestone, granular, blue-gray,

brownish-gray, and light gray .
Dolomitic limestone, medium-light gray;

contains patchy llworm-eaten" zones, these
being more highly calcareous; forms cliff

Total, upper part of San Andres

Lower part of San Andres Formation:

Limestone, blue-gray and brov.'11, granular
to dense; contains calcite bodies which
may have been fossils; one massive bed
in mOSt places, forming prominent cliff
with beds above •...............

Limestone, medium tQ finely granular, blue-gray,
argillaceous; mostly in beds 8 inches to
2 feet thick, but several thin-bedded
shaly zones occur .

Limestone, dark brownish-gray to light gray,
medium coarsely granular, highly argil
laceous; very irregularly bedded though
much is thin-bedded and shaly .

Limestone, argillaceous, blue-gtay, granular
to dense; granular layers contain fossils;
in beds 8 inches to n~ feet thick sepa
rated by thin-bedded shaly zan es as much
as 1 foot thick; nonresistant .

Limestone, argillaceous, blue-gray, granular,
somewhar fossiliferous; in tWO massive
beds; contains stylolite seams .

Limestone, argillaceous, blue-gray, medium to
finely granular; beds 8 inches to 2 feet
thick, some separated by thin-bedded limy
shale 1 to 2 inches thick; fossiliferous,
particularly near base, containing
brachiopods and gastropods .

Limestone, argillaceous, blue-gray, dense;
one massive bed having very irregular
fracture .

Limestone, argillaceous, dark gray, dense,
bedding and fracture irregular; contains thin
laminations of differing resistance which
weather into relief; a few fossils and
fossil fragments .

Limestone, argillaceous, fine- to medium
grained, medium- to thin-bedded,
fossiliferous .

Limestone, argillaceous, blue-gray, fine
grained, beds averaging 8 inches in thick
ness; upper foot very fossiliferous

Limestone, blue-gray, medium-grained,
medium-bedded; contains many fossils
and fossil fragments, particularly horn
corals in upper 4 feet; stylolite
contact at base .

Limestone, very fine-grained, medium-bedded;
contains few fossil fragments .....

Limestone, blue-gray, poorly bedded and
irregularly fractured; contains styolite
seams, fossils, and fossil fragments .

Feet

1
2

16

20
360~~

6

21

4

13

8

6

4

6

. 7

j

8

10

6
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I
I~

I
,

,,\: ',.,.

CompOS£le Section of tbe San Andres Fonnation
Along the Rio Penasco-Continued

Lower part of San Andres Formation:-Continued

Feet

Limestone, argillaceous, gray, medium-bedded;
contains some fossil fragments. . . . . . . . . . 5

Sandstone, argillaceous and silty, red, yellow,
and light gray, thin-bedded; and medium-
bedded gray dolomitic limestone .

Total Yeso(?) formation exposed

Feet

15

144

Percentages of Various Lithologic Types in the
San Andres Formation along the Rio Penasco

Other differences between the two divisions have
already been mentioned. They include the common
dark, bituminous limestone in the lower part; the
thicker bedding in the lower part; the more numer-

The thickness of the San Andres formation meas~

ured in the section, including the sandstone at its
base, which geologists ordinarily identify as the
Glorieta sandstone member, is 770 feet. Below the
Glorieta(?), 144 feet probably belonging to the Yeso
formation was described. The San Andres falls
naturally into upper and lower divisions, the di
vision between them being at the base of a persist
ent zone of resistant dolomitic limestone 409 feet
above the base of the formation. This zone occurs
along both sides of the Penasco west of the junc
tion of Highways 83 and 24 and can also be found
for a few miles east of that junction. It is extremely
unlikely that this zone, at least with a well-defined
base, could be found and identified at more remote
points in the area, but the general separation of the
San Andres into upper and lower divisions is of
value because of differences which are persistent
over wide areas.

The greatest difference between the upper and
lower divisions of the San Andres formation along
the Penasco is the predominance of dolomitic lime~

stone in the upper part as against the overwhelming
predominance of more calcareous limestone in the
lower. The following table gives the percentage of
each rock type occurrinJ; in the two divisions.
The measured thickness of the upper division was
360~ feet; lower division above the Glorieta sand
stone, 394 feet.

I
I

•••
•••
I

•••

Continuing Partial Section Across River
from Runyan Ran ch

Dolomitic limestone, argillaceous, medium
dark gray weathering to brownish, fine
grain ed, very thick- bedded, slightly
uworm-eaten"j solution pits common on
surface; forms cliff. . . . . . . . . . . . . . 23

Limestone, argillaceous, medium-dark gray,
fine-grained; beds about 1 foot thick
except thicker-bedded upper 5 feet;
layer of fusilinids (?) 3 feet from top 19

Cover 21
Limestone, argillaceous, mostly dark gray,

bituminous, medium- to coarse-grained;
bedding averages 8 inches in thickness . 15

Limestone, mostly dark gray, bituminous,
medium- to coarse-grained, slightly argil
laceous in places; bedding ranges from
about 1}~ feet in thickness to very massive;
irregularly fractured; contains some good
brachiopods and coral specimens, but
few gastropods . . . . . . . . 191

Cover 4
Dolomitic limestone and dolomite, some

limestone toward top; fine-grained to
den se, medium- to thin-bedded ..... 12

Glorieta(?) sandstone member, calcareous,
white to yellow-brown, medium-grained. 15

Total, lower part of San Andres 409

Yeso(?) Formalion

Limestone, some dolomitic, medium-dark gray,
medium- to fine-grained; some cover ... 15

Dolomitic limestone, argillaceous, medium-
dark gray, dense; contains many vertical
joints and irregular bedding. . . . . . 8

Limestone, dark gray, medium-grained,
medium- to thin-bedded; contains
fossil fragments 16

Limestone, slightly dolomitic, argillaceous,
medium-dark gray, dense; beds averaging
4 inches in thickness . . . . . . . . . . . . . 6

Limestone, argillaceous, medium-dark gray,
finely crystalline, massivej contains
some fossil fragments 12

Limestone, dark gray, medium-bedded, dense
to medium-grained; full of fossil fragments 19

<::Over .......•... . . . . . . . . . 3
Dolomitic limestone, very silty,

greenish-gray, massive. . . . 14
l)olomitic limestone, argillaceous and silty,

medium-dark graYj beds less than
1 foot thick •.................. 16

Sandstone, silty, calcareous, yellow to gray 20

Rock Types

Limestone
Dolomitic limestone
Dolomite
Shale and chert
Cover

Upper Division

36
55

7

Less than
2

Lower Di vision
(excluding the

Glorieta (?)
sandstone

member)

85
8
I

Less than
6

I
I
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ous fossils in the lower part; and the more common
"worm-eaten II rock in the upper part. In addition
to these, the intake capacity of the upper division
along the Penasco is greater than that of the lower.
This is due to thinner bedding, the presence of a
somewhat larger number of joints, and the larger
proportion of POtous and "worm-eaten" rock in the
upper part. The difference is not gteat, the ca
pacity of the upper division being clas sed here as
moderate, and the lower as moderate to low.

The ttaverse along the Penasco showed that in
general there is much lateral variation in the rocks
of the San Andres formation. Zones distinctive
enough to be followed for a mile or more are rare.
Resistant zones often become nonresistant wirhin a
short distance, and in places very thick-bedded
zones become thin-bedded within a few feet (p. 11).
"Worm-eaten" roc k may lose its porosity in a short
distance. For example, a typical sequence of
carbonate rocks over 120 feer thick, nearly all
highly "worm-eaten," forms the north wall of a
canyon tributary to the Rio Penasco just south of
Highway 83, 3Yz miles west of the Highway 13
j unction. One mile farther east, where this tribu
tary empties into the Penasco, this same section
contains practically no "worm-eaten" rock. The
dolomitic limestone zone in the lower division of
the San Andres, 277 feet above its base, forms a
prominent cliff near the top of the canyon wall
opposite the Runyan Ranch in sec. 29, T. 16 S., R.
17 E. A little more than 2 miles downstream on the
same side the zone is less prominent but is still
composed of dolomitic limestone. Across the
canyon from this point, however, it has apparently
graded into more calcareous limestone, for no trace
of dolomitic limestone can be found in the promi
nent zone in the same stratigraphic position.

Beds of distinctive lithology can often be used
for correlation over shorr distances. Thin beds of
argillaceous limestone or limy material, commonly
yellow, have been found especially valuable in this
regard. Dolomite beds and beds of oolitic lime
stone have also proved usefuL In some places
fossiliferous zones have been very helpful over
distances as great as a mile.

Secondary calcite not only occurs in large open
ings such as solution channels, joints, and faults
along the Rio Penasco, bur also fills innumerable
small fractures and pores in apparently solid rock.
It is very common, in testing dolomite or dolomitic
limestone near dolomite with a 10-percent solution
of hydrochloric acid, to discover that effervescence
on most of a fresh surface is either lacking or very
slow, but that in minute filled fractures or pores
it is very brisk.
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A large proportion of the nodules and irregular
masses of chert in the San Andres formation are
made up of siliceous fossil fragments, mainly
brachiopods, gastropods, and corals, cemented by
silica. Banded chert is much rarer. A sample of
banded chert was found in float along the tributary
entering the Rio Penasco just west of the Y-O
structure about half a mile above its mouth.

No major lithologic changes in the San Andres
formation occur north of the Rio Penasco until the
vicinity of Rocky Arroyo. Near the eastern margin
of the limestone uplands there, numerous sinkholes
begin to appear, indicating almost certainly that
gypsum is present some distance below the surface.
Farther north the gypsum itself can be found in the
walls of some of the sinks on Sixmile Hill, and a
thin zone of gypsum crops out on the south side of
Highway 70, 3.4 miles west of the crest of Sixmile
Hill. This zone is very near the top of the forma
tion, a~ an outlier of red beds of the Chalk Bluff
formation occurs about a mile to the northeast
where it can be seen easily from the highway. The
gypsum does not extend as far southeast as sec.
9, T.12 S., R. 23 E., as no gypsum was encountered
there in the driliing of the F. L. Sherman well. Ir
ev idently also either pinches out or has been
eroded off farther west, as the H. L. Woods well
in sec. 18, T. 11 S., R. 22 E. encountered no
gypsum. The available evidence indicates that the
gypsum in Sixmile Hill and vicinity is not continu
ous with "the widespread gypsum of the Salt Creek
area. The latter has not been found at the surface
south of the second row of sections in T. 9 S.,
R. 22 E. Morgan 7 repqrts that in general the San
Andres becomes more gypsiferous northward toward
Vaughn.

A few thin yellow-brown thin-bedded shales and
siltstones are present in the lower division of the
San Andres west of Roswell. These beds are very
irregular in shape and tend to pinch out within a
short distance. A bed 7 feet thick occurs in a road
cut on Highway 70 near the top of Rio Hondo
Canyon east of Riverside. Limestone is the most
common rock in the lower division in this vicinity,
as it is along the Rio Penasco.

The beds of the San Andres along the Rio Hondo
and northward have slumped in a great many places
because of removal of material below by solution.
The resultant fracturing of the rock is an important
factor in making the intake capacity of this area
much higher than that farther south.

;Morgan, A. M., 1942, Report on the Geology of the Pecos
Valley, N. Alex.: ms. rcpt. in files of U. S. Geol. Survey in
Albuquerque, N. Mex.
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CHALK BLUFF FORMATION

The Chalk Bluff formation overlies the San
Andres formation and is separated from it by an
erosional unconformity. The Chalk Bluff is the
equivalent of the Whitehorse group in the subsur
face farther east. The Chalk Bluff in this general
region has been subdivided into the following
members, from oldest to youngest: an unnamed
lower member, the Queen sandstone member, the
Seven Rivers gypsiferous member, and the Three
Twins member. Where these members can be difw

ferentiated in the ouecrop areas, the lower member
isrypically high in dolomite, the Queen in sand
srone, and the Seven Rivers in gypsum. The Three
Twins member does not occur in the Roswell Basin.
In the northern part of the Roswell Basin the lower
member and Queen sandstone member make up all
the Chalk Bluff formation present, but in the south
ern part the uppermost beds are of the Seven Rivers
gypsiferous member.

To the south the various units of the Chalk Bluff
grade into other formations in the reef zone border
ing the Delaware Basin and in the basin itself.
Geologists are not in agreement on these correla
tions, and the only one of concern in this paper is
the gradathm southward of the lowest beds of the
Chalk Bluff into limestone in the lower part of
the Whitehorse group. According to Morgan (1941,
p. 781) this takes place in the subsurface in the
artesian area, and he states that the ttDog Canyon 1t

(Goat Seep) limestone replaces progressively higher
beds of the Chalk Bluff southward, beginning with
the base near Lake Arthur. The Chalk Bluff is
roughly equivalent to the Pecos formation of Nye
(Fiedler and Nye, 1933, p. 44), bur as srared by
Morgan (1941, p. 781) the ftDog Canyon" was in
cluded in Nye's Picacho limestone underlying the
Pecos formation.

In the vicinity of Roswell the Queen sandstone
member and the unnamed lower member of the Chalk
Bluff are composed mainly of sandstone and shale
of the red-bed type and anhydrite or gypsum, but
they also contain some thin beds of limestone.
East of the Pecos, and also north of Roswell, the
Chalk Bluff contains halite. Excellent exposures
of the Chalk Bluff occur along the east side of the
Pecos near Roswell. A large area of outcrop west
of the Pecos is present in the upper part of the
Cottonwood Creek and Walnut Draw drainages. The
Chalk Bluff formation forms the confining beds
above the artesian aquifer from the vicinity of
Roswell southward. North of Roswell the Chalk
Bluff is largely missing in the artesian area, and
clay beds in the valley fill act as the confin~
ing beds.

Water occurs in the Chalk Bluff formation in and
near the large area of outcrop in Tps. 15 and 16 S.
It is rather highly mineralized but is used for
domestic purposes in some places. East of the
Pecos water in the Chalk Bluff is commonly very
salty, according to Morgan, and often stock will not
drink it. In the artesian basin water occurs under
head in some places in beds of sand and limestone
in the lower part of the Chalk Bluff.

GOAT SEEP LIMESTONE

The lower beds of the Chalk Bluff formation
grade into the Goat Seep limestone in the southern
part of the ~rtesian basin, as noted above. Morgan
states that the lCDog Canyon" (Goat Seep) in the
subsurface between Lake Arthur and Lakewood
consists of dolomitic limestone, anhydritic and
sandy limestone, and sandstone. He says that it
thickens at the expense of the lowest beds in the
Chalk Bluff, from about 60 feet near Lake Arthur to
about 700 feet at Lakewood. The principal artesian
aquifers in the southern part of the basin occur in
the Goat Seep. They are especially well developed
in its upper part in anhydritic limestone beds which
interfinger with sandstone and anhydrite beds of the
Queen-Grayburg division of the Chalk Bluff extend
ing from the north.

TERRACE OEPOSITS

Terrace deposits of Quaternary age overlie the
Permian formation west of the Pecos River in a belt
12 to 25 miles wide. Their thickness ranges from a
feather edge to 350 feet, the thickest deposits
occurring along a line approximately parallel to the
river and about 4 miles west of it. The deposits
consist of clay, sand, and grave I, some of which
are firmly cemented into shale, sandstone, and
conglomerate. They were laid down by shifting
streams flowing from the west to the Pecos River,
and consequently the various lithologic types are
very irregular in distribution. Nye (Fiedler and
Nye, 1933, p. 35-38) refers ro rhese beds as rhe
quartzose conglomerate. The corresponding beds
on the east side of the river were named the Gatuna
formation by Lang (Robinson and Lang, 1939, p.
84-85). The beds of the quartzose conglomerate
and the Gatuna formation in most places dip at
various angles owing to collapse following solution
and removal of underlying beds of gypsum and salt.

The shallow water of the Roswell Basin occurs
in the terrace deposits.

STRUCTURE

GE;,ERAL ATTITUOE OF THE ROCKS

The rocks of the Roswell Basin in general dip
gently a little south of east on the west side of the
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Permian Basin, which underlies a large part of
western Texas and eastern New ?\.fexico as well as
smaller parts of Oklahoma and Kansas. On the
western rim of the basin lie the Sacramento Moun
tains and the Sierra Blanca. The former is a sedi
mentary cuesta capped by limestone of the San
Andres formation, which extends down its eastern
slope toward the Pecos River. The latter is a
crystalline complex composed mainly of igneous
rocks on whose eastern flanks r-..fesozoic sedimen
tary rocks occur, but within 15 miles of whose
summit the limestone appears and shortly assumes
a gentle dip to the southeast. Northeast of the
Sierra Blanca the igneous complex of the Capitan
~fountains has been pushed up through the sedi
mentary rocks along an east-west axis.

The average southeastward dip of the rocks is
about 50 to 60 feet to the mile, which is greater
than the slope of the land surface. Progressively
younger beds are thus generally exposed at the
surface to the south and east. There is consider
able variation, however, in the regional dip, and in
many places broad undulations of the strata result
in outCtOpS of younger beds at the surface west of
the outcrops of older beds. One of these is north
of Highway 70 about 2~ miles west of Sixmile Hill,
where a small outlier of red beds of the Chalk Bluff
formation lies 4 miles or more west of the main
body of the formation. The most striking structural
features are the faulted anticlines which extend for
many miles approximately along the regional strike.
These ate the Border Hills, Sixmile Hill, and Y-O
structures. Other anticlines, synclines, domes, and
minOt faults are ptesent, as will be described on
the following pages.

FAUL TED ANTICLINES

GENERAL FEATURES

The Sixmile Hill, Border Hills, and Y-0 structures
are faulted anticlines where typically developed,
although their structure varies somewhat from place
to place. The Sixmile Hill structure is a simple
fault in places, an anticline containing secondary
folds and probably a fault or faults in others, and
possibly a simple anticline in still others. Some
what less variation occurs in the Border Hills and
Y-0 structures.

The similarities of the three faulted anticlines
are notable. They all trend in a northeasterly
direction. All are very narrow, being less than a
quarter of a mile wide in places, and are remarkably
long. All are broken by a high-angle fault of rela
tively low vertical displacement which is reversed
from place to place along the structure, except
possibly in the case of the Y-O fault, where re-
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versal of displacement has not been proved. Nye
(Fiedler and Nye, 1933, p. 78) estimates that the
throw does not exceed 11200 to 300 feet" along any
of the faults, and the present writer is doubtful if
the vertical displacement is anywhere greater than
his lower figure. It is possible that the horizontal
component of movement along the faults is of the
same order of magnitude as the vertical component.

SIXMILE HILL STRUCTURE

The Sixmile Hill structure is best known west of
Roswell, where it is expressed as a hill whose
crest is between 5 anq 6 miles from the center of
the town. Here the structure is a broad anticline
broken by a fault a short distance east of the crest.
The structure is at least 60 miles long, and it can
be followed southwest from the point where it
crosses Highway 285 about 10 miles north of Ros
well until it intersects the syncline just east of the
Bluewater anticline about 2 miles north of Dunken.
Its strike along most of its extent is about N. 40°
E., but the trend changes in several places north of
the Hondo Reservoir so that it averages about
N. 31° E. northwest of Roswell. Two faults having
a more easterly trend branch off the main structure
between Rocky Arroyo and the Rio Felix (fig. 2).

The characteristics of the main structure change
in several places. Where it crosses South Berrendo
Creek two narrow anticlines are exposed. A fault
of very small displacement breaks the crest of one
of these, but this may not be the major fault. About
2 miles farther south a scarp on the east side of
Sixmile Hill evidently lies along the fault, and from
just north of Highway 70 nearly to the Hondo
Reservoir the fault lies along a nearly straight
valley broken in places by low saddles. Good
direct evidence for the existence of the fault was
found in drilling a well for oil in the bottom of this
valley, a mile and a quarter south of the highway.
Nye (Fiedler and Nye, 1933, p. 79) reports rhat two
holes were drilled a few feet apart, the second
being drilled because the bit was deflected, prob
ably along a fault plane, in the first. The same
thing happened in the second hole. The Glorieta(?)
sandstone member of the San Andres formation was
encountered at two different depths in the two
holes, and on the basis of this and other information
Nye states that the throw on the fault is "probably
less than 50 feet.» One of the holes is now a
water well and was measured in connection with
this study.

The anticlinal nature of the Sixmile Hill structure
in this vicinity can be determined by inspection of
the cuts along Highway 70, but it is obscured by
many variable dips. Some of these are due to col
lapse, bUt others are probably expressions of
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narrower folds on the main anticline. The principal
fault does not show in the road cuts, but several
smaller faults showing displacements up to 10 feet
can be seen. Most of these are probably due to
slumping or collapse rather than to the diastrophic
forces that formed the main structure.

Two wellwdefined joint systems occur in the
Sixmile Hill area and undoubtedly extend beneath
tbe Hondo Reservoir. One of these parallels the
structure and the other trends about N. 65° W., thus
intersecting the first set at an angle of abollt
100 degrees.

The intake capacity of the limestone of the San
Andres in Sixmile Hill is very high because of the
numerous sinkholes and the fractured, broken rock
caused both by slumping and by deep-seated
earth forces.

The fault valley in Sixmile Hill bifurcate s abrupt
ly within a mile of the northeast edge of the Hondo
Reservoir, and this probably indicates a bifurcation
of the fault. Southwest of the reservoir the river
valley lies along the structure for 3 miles, and a
short distance to the east shallow valleys and low
saddles mark another parallel structural line. The
latter almost certainly lies along a fault, and it may
be that a parallel fault underlies the river, the two
being continuous with the two branches of the
fault just north of the reservoir. The structure
immediately south of the reservoir shows the same
complexities it does to the north-secondary folds,
evidences of collapse, sinkholes (though not as
many), and well~developed joints.

The condition underlying the Hondo Reservoir
can be inferred from the condition of the Sixmile
Hill structure just north and south of it, remember
ing that the structure passes directly through the
central part of the reservoir (see pI. 1). The Six
mile Hill fault underneath the reservoir probably is
composed of two subparallel strands less than a
mile apart. The strata around and between the
strands have been folded and fractured further dur~

ing formation of the Sixmile Hill structure, and two
sets of joints have been developed. Small sink
holes, which are most numerous in the northeastern
part of the reservoir, show that solution has been
active at the surface, and solution at greater depths
has resulted in much irregular slumping and col~

lapse of the strata. It was in this fractured and
broken rock that the reservoir sink was formed
under natural conditions by flood waters of the Rio
Hondo before the coming of man (see p. 7), and in
this silt~covered sink the Hondo Reservoir was
built.

Five miles southwest of the reservoir along the
trend of the Sixmile Hill structure, several narrow

flexures and mwor fractures in a zone 250 yards
wide appear along the banks of Rocky Arroyo. No
clear indication of a major fault is shown. Continu
ing southwest, the structure decreases in intensity,
but it can be followed easily on aerial photographs,
as valleys have developed along the fault almost
continuously, low saddles separating the valley
heads.

Faults branch off the main structure in sec. 1,
T. 13 S., R. 21 E., and approximately on the line
between sees. 7 and 18, T. 15 S., R. 20 E. The
branch faults have a more easterly strike than the
main structure and can be followed southwestward
by their physiographic expression to the eastern
limb of the Bluewater anticline, beyond which they
do not show clearly on aerial photographs. The
more northerly fault apparently lies along the axis
of an anticline in part of its extent. The magnitude
of the disturbance is not great, however, and the
throw at the fault probably nowhere exceeds 20
feet. The vertical throw on the more southerly
fault is only 6 feet just south of the Rio Felix, the
west side being upthrown, and no anticlinal struc
ture is present.

The anticlinal nature of the main Sixmile Hill
structure disappears entirely before it reaches the
Rio Felix, and the throw of the fault at the Felix
is only 4~ feet, the east side being upthrown. Be
tween the Felix and the Rio Penasco the structure
increases in intensity again, and 1 mile north of
Highway 83 the width of the disturbance is about
250 yards. The structure here is a complex anti
cline, and beds can be found dipping at a great
many angles, some nearly vertical, on the limbs of
several sharp flexures across the structure. A few
faults of low displacement are probably present
also. The structure is of the same nature here as
it is in the vicinity of the Hondo Reservoir, except
that sinkholes and collapsed areas are missing.
The structure is known to continue to the southwest
until it intersects the syncline east of the Blue
water anticline 2 miles north of Dunken and a short
distance west of Highway 24.

The Sixmile Hill structure is thus in most places
a broad anticline containing secondary folds and
broken by one or more faults of relatively low dis
placement near the crest. In Sixmile Hill the west
limb of the fault is upthrown, but at the Rio Felix
the east side is upthrown and it is entirely possible
that there are other reversals along its extent. No
folding is present at the Felix. In many places the
existence of a fault cannot be proved, but the
physiographic evidence indicates that it is probably
continuously present or nearly so, except north of
South Berrendo Creek, where evidence of a fault is
lacking and the structure may be simply an anticline.
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BORDER HILLS STRUCTURE

The Border Hills structure is expressed as a
ridge of that name which Highway 70 crosses about
25 miles west of Roswell. The structure is clearly
a narrow faulted anticline throughout most of its
extent, although the fault does not show distinctly
in road cuts at the highway and may die out to the
north. The structure is well exposed in the walls
of Rio Hondo Canyon between 2 and 3 miles south
of Highway 70. There it is clearly a narrow anti~

cline, broken at the crest by a nearly vertical fault.
Very surprisingly, the vertical component of the
fault reverses itself across the river. North of the
river the east limb is upthrown and on the south
the west is upthrown. This observation was first
made by Nye (Fiedler and Nye, 1933, p. 79) with
some question, but it was checked by the present
writer who corroborates Nye's tentative findings.
Two excellent sketches of the structure here are
included in Nye's work (Fiedler and Nye, 1933,
fig. 11). There is a pronounced horizontal bend or
offset in the fault where it crosses the river, the
southern part of the structure being displaced to
the west.

The Glorieta(?) sandstone member of the San
Andres formation is exposed in many places near
the axis of the structure, and on the north side of
the Hondo another sandstone which is probably in
the Yeso formation appears below it. These mark
ers are very useful in determining the upthrown
side of the fault, but the writer was unable to find
them opposite each other in the same locality to
determine the amount of displacement. Dips on
either side of the anticline are as steep as 50° but
are mostly about half that amount. The base of the
eastern limb particularly is very sharp, and massive
horizontal beds assume a dip of more than 20° in a
very few feet. A well-developed joint system
parallels the structure.

The Border Hills structure is not a typical thrust~

faulted anticline. Instead it evidently was formed
by forces that pinched the rocks into a very narrow
fold which broke nearly vertically along the axis,
further relief from the stresses being gained by
relative displacement of the two limbs. Displace~

ment was partly vertical but may have included a
comparable horizontal component as well. The
total throw along this fault was not great, and
probably did not exceed 300 feet anywhere along
the structure. The zone of crushing and breccia
tion along the axis of the anticline is very wide;
however, in the saddle 300 yards south of the Rio
Hondo, for example, its width is 200 feet.

The trend of the Border Hills structure varies
considerably, but it averages about N. 32° E. Its

18

northeastward limit as mapped in this report is in
sec. 5, T. 10 S., R. 21 E., where available aerial
photograph coverage ends, but it undoubtedly ex~

tends into the Salt Creek area, for a monocline
directly in line with the structure was found in the
banks of Salt Creek in sec. 22, T. 8 S., R. 22 E.

South of the Rio Hondo, valleys parallel the
structure along much of its extent. These commonly
lie a little west of the fault, which is often marked
by less conspicuous saddles. Six and a half miles
southwest of the point where it crosses the Rio
Hondo, the Border Hills strUCture is again bent to
the west, and again the bending takes place at a
water gap, here occupied by a tributary to the Rio
Felix. On the south side of this water gap the
structure bifurcates. The east branch is mainly a
fault, and it dies out in about 3~ miles. The west
branch continues as a faulted anticline into T. 14
S., R. 18 E., and Merritt (1920, p. 55) states that
the structure continues southwestward as far as
tl a point below Elk" in T. 16 S., R. 16 E.

Y·O STRUCTURE

The Y-0 structure is a northeast-trending narrow
anticline faulted along the axis. It crosses the Rio
Penasco in three places within 2 miles west of the
Y~O Crossing, from which it takes its name. Its
direction varies only a few degrees from an average
of N. 41° E. in the area mapped, and it extends at
least from T. 18 S., R. 18 E. to the terrace deposits
in T. 14 S., R. 23 E. The structure is marked
topographically by a discontinuous line of hills
along much of its extent, but the Rio Felix also
follows it for about 5 miles, swinging back and
forth across it.

The Y~O structure is well exposed in the north
wall of the canyon of the Rio Penasco about 0.6
mile west of the Y~O Crossing. The anticlinal
structure is well developed here, and the crushed
and brecciated fault zone can be seen near the
river. The writer was unable to determine the
amount and direction of throw at this point, but 0.7
mile southwest, where the structure again crosses
the Penasco, the vertical displacement is only 10
feet, the east side being upthrown. The throw is
probably greater at the exposure to the northeast.
Dips on the flanks of the anticline along the
Penasco are generally less than 10°. The structure
decreases in intensity south of the southern bound~

ary of T. 17 S., but it continues, according to
Renick (1926, pi. 1), to sec. 31, T. 18 S., R. 18 E.
To the north, it is well exposed along the Rio Felix
in several places. In the eastern part of T. 15 S.,
R. 22 E., the eastern limb of the anticline is well
developed, but dips on the western limb are very
low. The YwO structure cannot be followed north~
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eastward across the terraces west of the Pecos
River, but Nyc (Fiedler and Nye, 1933, p. 80-81)
presents evidence from wells that it may extend as
far north as T. 10 S., R. 26 E., in the latitude
of Roswell.

OTH ER STRUCTURES

BLUEWATER ANTICLINE AND SYNCLINE TO EAST

The Bluewater anticline is a broad, complex fold
trending a few degrees east of north whose eastern
limb underlies the sharp weseward increase in
elevation and relief extending along a line through
the junction of Highways 83 and 24. Its axis is
largely west of the area mapped in detail in the
present report, and it is not shown in figure 2. JUSt

east of the anticline lies a narrow syncline (see
fig. 2), which has some characteristics in common
with the faulted anticlines previously described.
Where exposed south of the Rio Penasco, a zone of
secondary folds and r:ontorted strata 100 yards wide
occurs along its axis. A fault may be present, but
if so its displacement is small, as there is a strati
graphie break of only 60 feet between beds on
opposite sides of the central disturbed zone.

BLACK HILLS ANTICLINE

Renick 0926, p. 124) describes an anticline ly
ing south of the Rio Penasco whose axis trends
about N. 60° E. and extends from sec. 36, T. 17 S.,
R. 19 E., Hat least as far north as" sec. 14, T. 17
S., R. 20 E. The structure is known as the Black
Hills anticline, and it has been drilled for oil with
out success. The !\'fagnolia Petroleum Co. was
engaged in remapping the structure during the
summer of 1947, with the object of locating it
more accurately.

DUNKEN DOME

An anticline whose axis extends approximately
north-south along the east boundary of sees. 30 and
31, T. 17 S., R. 18 E., was mapped by Renick
(1926, p. 124) and called the Dunken dome. An
anticline crossing the Rio Penasco in the W~ sec.
6 of the same township was found during the pres
ent investigation and is believed to be a northward
extension of the Dunken dome. Dips on the flanks
of the anticline here are 5° or less.

STRUCTURE ALONG THE RIO PENASCO

Along most of the Rio Penasco between Highway
24 and sec. 14, T. 17 S., R. 20 E., the dip of the
San Andres is less than 1°. In the eastern 7 or 8
miles of this course, east of the Y-O Crossing, the
dip of the rocks is actually less than the gradient
of the river, and as a result the highest exposed
beds of the formation occur on either side of the
Y-O fold. Farther west the dip is somewhat steeper,

though still generally less than 1°, and older beds
appear farther upstream. About 7~~ miles in an air
line west of the westernmost crossing of the Y-O
structure a series of eastward-dipping monoclines
containing dips of as much as 10° appears, the
beds between dipping very slightly to the east as
before. The Dunken(?) anticline, a syncline, and
the Bluewater anticline west of these structures
have already been described.

Vertical joint systems trending N. 3So E. and
N. 26° W., the latter the better developed, are
prominent between the Scharbauer and the Clements
Ranches, and peculiar joints striking N. SO W. and
dipping 30° to 45° occur for a mile or more about
halfway between these ranches. These last joints
are unusual in that they are limited in vertical
extent to certain beds or zones which range from
5 to 50 feet in thickness. The well-developed
jointing in this vicinity increases slightly the
intake capacity of the San Andres formation.

Slumping due to solution and removal of under
lying beds does not occur along the section of the
Penasco described here. In this respect it differs
greatly from the Rio Hondo below Border Hills, and
this difference is an important factor in causing the
influent seepage of the Penasco to be much less
than that of the Hondo. (See p. 21-24.)

MINOR FAULTS

A very unusual series of minor faults occurs
between the Felix and the Penasco in and adjacent
to sec. 36, T. 15 S., R. IS E. The faults all strike
about N. 7° W., and occur in an area about % mile
wide and 2 miles long. The individual faults are
mostly very short, the longest extending about %
mile and the shortest only about 200 feet. An
east-west line drawn at random across the area
would encounter from 2 to 12 of the structures.

The displacement along the faults is very small.
In places the faults are little more than joints, but
in other places the measurable throw may be as
much as 5 feet. Strangely enough, in some places
the faults occur along the axes of anticlines very
similar, except for their minute scale, to the Border
Hills and Y-O structures, even to the development
in some places of tiny fault valleys along their
crests. Dips on the flanks of anticlines of this
type may reach 35° even thou,gh the whole structure
is only 20 feet across.

These structures occur just south of an area of
numerous sinks, and they may have resulted from
stresses set up by solution and removal of rock
underlying the sinkhole area.

Other minor faults occur in the limestone uplands.
Their length may be as great as several miles, but
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their displacement is not great, probably nowhere
exceeding 10 feet. They strike in various direc
tions, some nearly at right angles to the trend of the
principal faulted anticlines. Valleys have been
developed along the minor faults in most places,
saddles occurring where the faults cross ridges.

STRUCTURES DUE TO SLUMPING OR COLLAPSE

In certain parts of the Roswell Basin strata are
commonly found fractured, bent, and tilted at vari
ous angles as a result of slumping after removal of
underlying material by solution. These collapse
structures are most common from the Rio Hondo
northward. They Can be seen, along with other
evidences of solution such as small caverns and
solution channels, in the walls of Rio Hondo Can
yon for many miles below Border Hills. They are
abundant in Sixmile Hill, occur along Highway 70
nearly to Border Hills, and are very numerous in
much of the Salt Creek area. Farther somh col
lapse structures are much more rare. Even in the
cliffs south of Rocky Arroyo in T. 12 S., R. 22 E.,
only a few miles south of the Rio Hondo, the strata
of the San Andre s are re lative1y undisturbed except
where crossed by the Sixmile Hill structure. No
collapse structures can be seen in the walls of Rio
Felix Canyon along the Flying H Ranch road east
of R. 17 E. The few folds which do occur were
probably caused by tectonic forces. Between the
Felix and the Rio Penasco, within a few miles east
of the eastern limb of the Bluewater anticline,
slumped beds and sinks occur. Collapse structures
are not present along the Rio Penasco from T. 17
S., R. 20 E. to the Runyan Ranch 10 T. 16 S.,
R. 17 E.

All the areas of slumped beds JUSt described
probably were originally underlain by anhydrite or
gypsum interbedded with limestone. Removal of
some of the easily soluble anhydrite or gypsum
along with some limestone resulted in collapse of
the overlying beds. In the Salt Creek and Sixmile
Hill areas the gypsum probably was removed from
the San Andres formation, but farther west, along
aQd to the north of the Rio Hondo, it probably was
dissolved from the underlying Yeso. South of
Rocky Arroyo collapse structures are very rare, as
the gypsum has pinched out and been replaced by
limestone. The sinks and collapse structUres be
tween the Rio Felix and the Rio Penasco may have
been developed on gypsiferous strata near the
middle of the San Andres.

The areas containing collapse structures are
particularly important because they are areas of
large ground-water recharge. Streams flowing
across these areas lose a high proportion of their
flow by influent seepage into the rocks below; for

20

exall1ple, the flow of the Rio Hondo passing Border
Hills usually disappears entirely before the Hondo
Reservoir is reached.

DOMES IN GYPSIFEROUS STRATA

Both domes and sinks occur in strata of inter
bedded gypsum and limestone south of Salt Creek
in and near sec. 6, T. 9 S., R. 24 E. The structure
here is very complex, and partly developed domes
are much more common than complete structures.
One such partial dome, elliptical in shape, is
crossed by a westward-trending secondary road
about 1.2 miles west of Highway 285 and 1.4 miles
south of Salt Creek. The minor axis of this partial
elliptical dome is about 100 yards long. The
origin of domal structures in gypsiferous rocks has
not been determined, but it has been suggested that
they may be due to the expansion that accompanies
hydration of anhydrite to gypsum.

EFFECT OF STRUCTURE ON GROUND WATER

The most important structural feature affecting
ground water in the Roswell Basin is the gentle
southeastward dip of the rocks, which causes the
impervious strata of the Chalk Bluff formation to
cap the San Andres formation west of the Pecos
Ri ver and thus produce artesian conditions. The
effects of the local structures described on the pre
ceding pages are not great. The principal effect of
a fault or fold is to increase the intake capacity by
increasing the amount of fracturing of the rock in
the vicinity. The capacity is further increased by
the development of valleys along the faults, so that
runoff from the surrounding hills flows over the
fractured rock of high intake capacity in the bottom
of the valley. Solution in fault valleys was prob~

ably an important factor in the formation of the
Hondo Reservoir sink, as described on page 7.

GROUHD WATER

INTAKE AREA

AREA INVOLVED

The ultimate source of all the artesian water of
the Roswell Basin is precipitation that falls on the
area west and northwest of the artesian area. The
total area that is believed to contribute to recharge
to some extent is about 7,000 square miles. Of this
amount, about 1,200 square miles was called the
n principal intake area" by Fiedler and Nye (1933,
p. 238). This is the area just west of the upper
confining beds of the artesian reservoir in which
the water table lies in the San Andres formation.
An area of about 2,800 square miles west of the
tlprincipal intake areao is the catchment basin
giving rise to surface streams which cross that
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area and contribute to its ground·water supply by
seepage into the underlying rocks. It is probable
that a significant amount of water also moves under
ground into the ltprincipal intake area ll from the
west. In addition, precipitation and influent seep·
age in an area of about 3,000 square miles under
lain by the San Andres formation northwest of
Roswell also probably contributes to the artesian
basin, as noted by Morgan (National Resources
Planning Board, 1942a, p. 45). This area is rough
ly triangular in shape and extends from a base
appc"ximately along Salt Creek and the Capitan
Mountains on the south to an apex near Vaughn on
the north. Its southern part is drained by Salt
Creek and its tributaries, but drainage of the north~

ern part is entirely underground.

Several considerations indicate that a larger
proportion of recharge for the artesian aquifer
probably comes from areas outside the ((principal
intake area" than has previously been believed.
Fiedler (Fiedler and Nye, 1933, p. 246-247) shows
that 29 percent of the average precipitation on the
ttprincipal intake area" would have to reach the
artesian reservoir to recharge it completely, but he
states that nit is probable, however, that less than
25 percent of the precipitation on the principal
intake area plus the run~off from the tributary
streams that flow across that area percolates into
the artesian reservoir and is available for the use
of the artesian wells." The present writer is in
agreement with this statement, and suggests that
the amount may be (tconsiderably" less than
25 percent.

Recharge for the artesian reservoir, probably in
significant amount, comes in part from the region
west of the ltprincipal intake area." Precipitation
here is greater than in the I!principal intake area."
The main water table lies at considerable depth in
the Yeso formation in much of the area, but perched
water bodies exist in many places and furnish water
for many wells. The principal movement of the
perched water, and also to some extent the deep
water, is undoubtedly down the dip of the strata
toward the east. Some of the perched water probably
never drops below the base of the San Andres
formation as it moves slowly eastward, and thus it
finally contributes to the reservoir supplying the
artesian basin. Water deep in the Yeso must seep
through or find breaks in beds of shale before
entering the main water body to the east, but
significant amounts of it must do so.

Movement of ground water from the area northwest
of Roswell to the artesian reservoir has been
pointed out by Morgan (National Resources Plan
ning Board, 1942a, p. 45, fig. 5). As the Pecos
River does not gain in flow between Fort Sumner

and Acme, it is believed that ground water entering
the San Andres formation west of that segment of
the river must eventually be discharged in the
artesian basin. It is probable that the amount of
water contributed by this area of about 3,000 square
miles is significantly large.

DIFFERENCES IN INTAKE CAPACITY

During the present study particular attention was
paid to the differences in recharge characteristics
in the eastern part of the intake area. The exist
ence of these differences is shown well by the
comparative behavior of the Rio Hondo and the Rio
Penasco as they cross the area. The Rio Hondo
normally has a strong flow in the vic inity of Picacho
and Riverside, but after it passes Border Hills its
flow begins to decrease notably, even before the
irrigation season, and it ordinarily disappears com
pletely before reaching the Hondo Reservoir. The
Rio Penasco, on the contrary, continues to flow
under ordinary weather conditions at least as far
east as the Hope Diversion Dam in sec. 14, T. 17
S., R. 20 E., after diminishing in flow above this
point much less than the Rio Hondo. The differ
ence in the behavior of these streams is due to
differences in the characteristics of the rocks over
which they flow. Furthermore, the character of the
rocks underlying the stream bed in any given local
ity is undoubtedly similar to that shown in the
canyon walls at the same locality. Study of the
rocks in these canyon walls and in other places,
plus other considerations, points toward the follow
ing features as the principal characteristics of
areas of high recharge capacity: collapse strucR

tures, sinkholes, and numerous small caverns and
solution channels. Characteristics contributing in
a smaller way to high recharge are joints and other
fractures, thin bedding, and "worm-eaten" limestone.

The San Andres formation shows greater evidence
of a higher recharge capacity in the walls of Rio
Hondo Canyon below Border Hills than along any
other stream observed. The San Andres is best
exposed above the former Diamond A Ranch, but the
underlying rock generally increases in recharge
capacity along the river until past the Hondo Reser
voir. The recharge capacity at the reservoir is very
high. An excellent exposure in a cliff in the SEX
sec. 27, T. 11 S., R. 20 E., shows irregularly
slumped bedding and many old solution channe Is
lined with secondary calcite. About a mile west of
this point an old sink has been Cut into by a north
ward bend of the river and is now well exposed in
cross section. The beds on both sides of the sink's
throat dip downward owing to collapse after removal
of underlying material by solution. Scattered out
crops along Highway 70 north of the Rio Hondo
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indicate that the recharge capacity of the San
Andres there is also high but in many places in the
Salt Creek area the recharge capacity is probably
higher. Sinkholes and collapse structures are vety
numerous in the northern part of T. 9 S., R. 23 E.,
and the southern part of T. 3 S., R. 23 E. In some
parts of T. 8 S., R. 22 E., along the banks of Salt
Creek, the recharge capacity is as high as along
the Rio Hondo Canyon but in others somewhat less.
In general the recharge capacity of the San Andres
is moderate to very high east of the Border Hills
structure from the Rio Hondo northward to Salt
Creek. This includes all of Fiedler's llprincipal
intake area" north of the Rio Hondo.

South of the Rio Hondo the rock characteristics
common to areas of high recharge disappear quite
abruptly. The strata on the south side of Rocky
Arroyo are largely undisturbed except where crossed
by the Sixmile Hill structure, and the recharge ca
pacity to the south is less than along the Rio Hondo
and about equal to that along the Rio Felix in the
northwest part of T. 15 S., R. 22 E., except where
excessive fracturing at the Y~O structure has in
creased the recharge capacity. Along the Flying H
Ranch road east of sec. 31, T. 15 S., R. 20 E., the
San Andres formation in the banks of the Rio Felix
is undisturbed and flat lying, and the recharge
capacity is less than to the east. Farther west very
gentle folds and a few faults of low displacement
appear in places in the canyon walls, and more
evidences of solution are present. The recharge
capacity increases only slightly, however, to about
3 miles west of Flying H headquarters. West of this
point to the junction of the road to Picacho more
deformation occurs and the recharge capacity in
creases greatly. Intake capacity is also high in a
small area in the northeastern part of T. 14 S.,
R. 19 E., owing to the presence there of sinks.

Recharge capacity along the Rio Penasco in Rs.
17 to 20 E. is moderate to low as compared with
that along the Rio Hondo. Collapse structures do
not occur in the canyon walls, and solution effects
are not numerous, although some are present (p. 10).
A few sinks occur in the vicinity and are most
numerous east of the Bluewater antic line between
the Penasco and the Felix, where the intake ca
pacity locally is high. The strata of the upper
division of the San Andres between the Scharbauer
Ranch in sec. 18, T. 17 S., R. 19 E., and sec. 14,
T. 17 S., R. 20 E., dip less than 1° and are moder
ately thin-bedded, moderate ly fractured, and contain
a notable amount of Itworm-eaten" limestone.
Evidences of solution are more common than they
are upstream, and the intake capacity can be
classed as moderate. Farther west, lower, thicker
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beds of the formation are exposed. The effect of
the thicker bedding is to decrease the recharge
capacity, but this is offset in part by prominent
joints which occur in T. 17 S., R. 18 E. (see p. 19),
and by fracturing connected with the increased fold
ing and faulting in this township, and also farther
west. The intake capacity of this segment is
moderate to low, about equal to that along the
stretch from Rs. 17 to 20 E.

Study of aerial photographs and reconnaissance
on the ground indicate that there are no other siz
able areas showing characteristics of high intake
capacity between Rocky Arroyo and the Rio Pen
asco. The recharge capacity in that part of Fied
ler's ltprincipal intake area" between Rocky Arroyo
and the Rio Penasco is therefore moderate to low,
except for the few very small areas of high capacity
noted above.

Comparisons of seepage losses along the Rio
Hondo and Rio Penasco illustrate well the differ"
ences in intake capacity along various segments of
the rivers. The figures in the table llDischarge at
F our Gaging Stations on the Rio Hondo in 1908R

09 1 " on the following page, are taken from measure
ments made during the Hondo Hydrographic Survey
in 1908 and 1909 (New Mexico State Engineer, 1925,
p. 156-159). These are the only figures available
which show flow at as many as four different sta
tions on the Rio Hondo.

The losses during the winter months between the
stations listed in the table are due almost entirely
to influent seepage, and are thus of most signifi
cance for this study. During the growing season
diversions for irrigation are considerable, and
evaporation and transpiration direct from the river
are greater than during the winter. There are no
additions from tributaries here except during periods
of very heavy precipitation, and, as the records at
Roswell and the Hondo Reservoir show subnormal
precipitation for both 1908 and 1909, it is very
unlikely that any additions of this kind are repre
sented in the table.

The figures for December 1908 to February 1909,
inclusive, show that an average of 117 acre-feet per
month disappeared in the 13 miles between Picacho
and Border Ranch, where the river crosses the
Border Hills structure. In this stretch the Hondo
flows over the highest beds in the Yeso formation
and undeformed, thick-bedded limestone in the
lower part of the San Andres. In the next 12 miles
between Border Ranch and Diamond A Ranch an
average of 816 acre-feet per month disappeared as
the river flowed over beds of high intake capacity.
In the 12~~ miles between the Diamond A Ranch and
the Hondo Reservoir, an average of 1,097 acre-feet
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Discharge at Two Gaging Stations on the
Rio Penasco, April 1927

The loss in 16 miles between the two stations
was thus 212 acre~feet in 1 month, which is pro
portionately of the same order of magnitude as the
loss on the 12-mile sttetch of the Rio Hondo above

Loss in a 16-mile segment of the Rio Penasco
above the Y-0 Crossing in April 1927, is shown in
the table below (New I\texico State Engineer, 1928,
p. 98-101). Nearly complete data are available
for only one month of simultaneous operation of the
stations at the ends of this segment, and even so
the discharge for five of the last six days of the
month at the lower station is estimated. There are
no diversions for irrigation of any magnitude along
this part of the Penasco. Additions from tributaries
occur only during periods of very heavy precipita
tion , and it is unlikely that any of the flow at the
lower station represents such additions.

I
I
I
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per month was lost. Intake capacity of the San
Andres here is classified as high to very high. The
effect of high capacity is probably increased by the
face that here the river flows in part on alluvium,
some of the water seeping first into the alluvium and
then into the bedrock below.

High seepage losses on the Hondo were also
shown in the investigations by W. W. Follett in
1913-14 (Fiedler and Nye, 1933, p. 240) and in the
Booito Hydrographic Survey by the State Engineer
in 1930-31 (~lcClure, 1939h, p. 110-111). The
Bonito survey showed a loss of 39 second-feet
between Border Ranch and the intake canal to the
reservoir when the flow at the ranch was 70 second
feet. This amounts to about 2,320 acre-feet per
month, which is about 400 acre-feet greater than
the seepage shown during the Hondo survey in 1908
and 1909. The difference is undoubtedly due to

measurement during the heavy flow of 70 second
feet, for it has been shown that seepage losses
increase with increased discharge. The Bonito
survey also found that a loss of about 20 second
feet occurs in the first 4 miles below the Hondo
Reservoir. Follett's measurements show a still
greater loss of 45.3 second~feet or 2,715 acre-feet
per month between the l\loncano gage, which is be
tween Picacho and Riverside, and the reservoir.

Location

2,000 feet below road to present Clements
Ranch, sec. 6, T. 17 S., R. 18 E.

200 yards above Y-O Crossing, sec. 1,
T. 17 S., R. 19 Eo

Acre-Feet

2,770

2,558

I
I
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Discharge at Four Gaging Stations on the I?io Hondo in 1908-09

Picacho Border Ranch Diamond A Ranch Hondo Reservoir'"

t\lonth (WY; sec. 15, (S\V~4 sec. 30, (NE~/.i sec. 20, (Sec. 26.
T. ] 1 S., T. 11 5., T. 11 S., T. 11 5.,
R. ]8 E.) 1{. 20 E.) R. 21 E.) R. 22 E.)

ACTf'- r;eet Acre- Feet Acre-Feet Acre-Feet
1908

l\!ay 16-31 .. 2,073 ],410 1,ll9 460
J line. · .. 1,146 795 ]3 0
July ... · . 4,908 3.537 2. ]88 1,116
AUi<ust · . S,() 16 3.744 2,834 1,995
September 3,082 2,542 2,OB4 873
October .. 2,4% 1,578 648 ll2
November .. 2,263 1,895 1,603 153
December · . 2,546 2,377 1,740 380

1909

J anuMy . .. 2, 3~) 2,202 1,}1(! 37
February 1,628 1,57B 653 0
March 817 617 143 0
April. ],035 439 13 °May · . 092 343 0 0
June. · . 97/j 273 100 u
July · . · . 2,745 1.404 917 511

"'Total of discharge .le g,lge on in] et canal from Rio Hondo Reservoir and discharge of gage below
heali of inlet canal to llondo Eeservoir.
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Border Hills. The intake capacity of both segments
is classified here as low to moderate.

Renick (1926, p. 135) lists stream-flow measure
ments made at several points along the Rio Penasco
by Teeter in 1924 I(before the irrigation season
started." 1feasurements in and near the nprincipal
intake area" are given in second~feet as follows:
Laramore Ranch, 36.7 second-feet; Y-0 Crossing,
29.2 second-feet; Hope Diversion Dam, 24.0 second~

feet. In order to compare these with data in the
tables above, the writer has converted them into
discharge in acre-feet per month, as shown in the
following table.

Discharge along the Uio Penasco Before Irrigation
Season in 1924, in Acre-Peet per Month

Oi stance Along

Station Location
Stream from Discharge
Last Station

(miles) (acre-feetJ

Laramore Ranch Sec. 26, T. 16 S.,
R. 17 E. - 2,184

1'-0 Crossing Sec. 1, T. 17 S.,
1\. 19 E. 19 1,738

Hope Diversion Sec. 14, T. 17 S.,
Dom R. 20 E. 7 1,428

These figures show a loss of 446 acre-feet per
month in the 19 miles above the Y-0 Crossing and
310 acre~feet in the 7 miles below it. These losses
are somewhat higher than might be expected when
compared with other data. However, the greater
loss above the Y-0 Crossing may be due to con
siderable seepage where the river crosses the
syncline east of the Bluewater anticline, which here
is highly fractured. Between the Y-O Crossing and
the Hope Diversion Dam the intake capacity has
been classed as moderate, and the loss on the
Penasco is notably less than that along an equal
segment of the Rio Hondo having high-intake capac
ity, between Border Ranch and the former Diamond
A Ranch.

AMOUNT OF RECHARGE OF THE ARTESIAN AQUIFER

Records of seepage loss from the Rio Hondo and
Rio Penasco make it possible to estimate the
amount of recharge to the artesian aquifer con
tributed by each of these streams. Each gains
water in its upper reaches, and the first continuous
loss from the Hondo occurs between Picacho and
Border Ranch. The river loses, in round numbers,
120 acre-feet per month in this segment and 820
acre-feet per month between Border Ranch and the
former Diamond A Ranch, making the total loss
above Diamond A Ranch about 940 acre-feet per
month, or 11,280 acre-feet per year. The percent
age of this loss due ro evaporation can be estimated
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from the approximate area of the surface of the
ri ver and the rate of evaporation from a small sur
face in the general area, which is about 8 feet per
year (National Resources Planning Board, 1942a,
p. 19-21). The yearly evaporation loss thus com
puted is about 400 acre~feet, which makes the
ground-water increment above Diamond A Ranch
about 10,880 acre-feet per year. Below the Diamond
A Ranch, s.e:veral complicating factors make any
estimate considerably rougher. All the flow of the
river usually disappears before the eastern limit of
the intake area is reached, but a small amount
of this loss represents diversion for irrigation, and
at times of heavy discharge large amounts of water
flow beyond the intake area. In addition, some
influent seepage probably moves eastward as
perched warer and never reaches the artesian aqui
fer. In order to estimate loss of flow in a recent
year of average precipitation, records of flow at the
Diamond A Ranch during 1944, a year of approxi
mately average precipitarion on the drainage basin
of the Hondo, can be examined as shown in the
table below (D. S. Geol. Sutvey, 1946, p. 282;
1947b, p.285).

It will be noted that in no month did the discharge
exceed the 1,097 acre~feet per month estimated,
from records of the 1908-09 survey, to disappear
above the Hondo Reservoir, plus the 20 second-feet,
or 1,190 acre-feet per month, estimated, by the
1930-31 survey, to disappear in the first 4 miles
below it.

Discharge at Diamond A Gaging Station, 1944

Month Acre-Feet Month Acre-Feet

January 1,760 July 930
February 1,480 August 1.360
March 904 September 1,240
April 284 October 696
}.jay 75 November 1,220
June 17 December 1,390

Total for year 11,356 acre-feet

From a study of these figures, plus the daily
records of discharge in second-feet, it is estimated
that about 75 percent of the discharge at the
Diamond A Station, or about 8,517 acre-feet, entered
the artesian reservoir in 1944 below that station.
The total increment from seepage from the Hondo
below Picacho was then approximately 19,400 acre
feet, which can be taken as the contribution of the
Hondo to the artesian reservoir during a year of
normal precipitation. This amount is 8.3 percent of
the probable normal recharge of the artesian basin,
which is 235,000 acre-feet, as estimated by Fiedler
and Nye 0933, p. 252).
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Sherman \icll. S\\.!4N\V~4 sec. 9, T. 12 S., H. 23 E.
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Brown v/ell. NE:'4SE~~j sec. 27, T. 11 S., R. 23 Ie.:.

*'.'.inJmill pumping.

"'~Sonle work done on well since last r""lding.

212.39
212.64
212.84
213.25
213.45

\iar. 3 *211.3~ \!ny 21

\Iar. 10 21l..J6 June 2
'.Jar. 25 211. 57 June 16
Apr. II 211. 62 June 30
Apr. 21 211. 76 July 14
\lay 5

Jan. 22 256041 l>.:ay 14 **257.49
;"lar. II 255.98 '\lay 19 257.86
Mar. 14 256.18 June 2 257.82
l',idr. 25 256.81 June 16 258.37
Apr. Il 257.45 June 30 258.88
Apr. 22 257.37 July 14 259.42
~lay 6 257.92 Sept. 9 260.82

I\Jar. 3 Iti4.75 t-.lay 19 148.37
:\1ar. 12 * 145.25 June 2 148.28
'\!ar . 24 ... 146JJ4 June 16 149.49
Apr. 10 147.95 June 30 150.17
!>.~ay 5 148.91 July 14 151.22

Water Water
Date Level Date Level

Feb. 26 310.87 May 19 312.66
1\lar. II 310.98 June 2 312.63
~,jdr. 25 311.58 June 16 '313.41
Apr. 11 312.20 June 30 313.61
Apr. 22 312.45 July 14 314.05
May 6 312.82

may be due to changes in atmospheric pressure.
The Sherman Well and Bloom Well No.3 seem to
show such variations.

The effect of rainfall is shown in the period
between ifay 5-6 and J\Jay 19-21, when levels in
six of the wells rose. Further rains between ~1ay

21 and June 2 caused the levels in three of these
wells to continue to rise, and the fall in the other
three was not great. The variable effect of rainfall
indicates that it benefits certain portions of the
aquifer more quickly than others, probably because
they are nearer the underground points where down
ward-percolating water reaches the water table.

l\leasuremenlS 0/ Ij/ater Level
(In feet below land-surface datum, 1947)

\Voods \Vell No. 2. SW~4N\\'~ sec. 2, T. 11 5., R. 22 E.

Woods Well No. 1. N\Vl4S\V~4 sec. 1, T. 11 S., R. 22 E.

(i>.leasurements made in this well be,ginning in 1945
are published in the annual water-level
reports of the U. S. Geological Survey.)

VARIATIONS IN WATER LEVEL

\Vater levels in nine wells, all in the intake area
and within 5 miles of the Hondo Reservoir, were
measured every 2 weeks from late February to the
middle of July, 1947, in connection with the present
study. All were equipped with windmills and a few
\vith supplememary gasoline engines. i\lost were
used mainly for stock, but a few for domestic
supply. A record of the measurements is given in
the table below. During the period of measurement,
the warer level showed a continuous drop, with a
few exceptions. This decline during the summer is
normal and is due to the spread of tbe regional cone
of depression which results from use of tvater for
irri,gation from the artesian wells to the easc. The
rate of fall at the beginning of rhe period of meas
urements was generally much less than at rhe end;
for example, Woods Well No. 2 dropped 0.11 foot
between February 26 and :-"Iarch 11, and 0.58 foot
between June 30 and Juiy 14. Levels in many of
the wells dropped quite regularly except when
affected by precipitation and overflow of the Rio
Hondo, but in other wells there arc variations that

In veurs of normal precIpItation the Rio Penasco
flows' continuously as far as the Hope Diversion
Dam, where all except flood flows are diverted
during the irrigation season. Channel losses above
the diversion dam can be roughly estimated from the
records made by Teeter in 1924, although these
figures show larger losses per mile than records for
a shorter segment of the river in the State Engl'
neer's report for 1926 and 1927. (See p. 23.)
Teeter's records, when converted to acre-feet per
month, show a loss of 756 acre-feet between the
Laramore Ranch, where the Penasco first begins to
lose water continually, and the Hope Diversion
Dam. This amounts to 9,077 acre-feet a year, of
which about 400 acre-feet is probably evaporation
loss~ Thus, on the basis of figures which may be a
little large, but ignoring possible losses from flood
and winter flows below the Hope Diversion Dam, the
contribution of the Rio Penasco to the artesian
reservoir can be roughly estimated at about 8,700
acre-feet per year, or abom 3.7 percent of the total
recharge of the artesian reservoir.

No discharge measurements are available for the
Rio Felix, Salt Creek, or any of the other screams
crossing the intake area. Such measurements would
be valuable, but it should be noted that no other
streams contain perennial flow as far east as do the
Penasco and the Hondo, and rhus no others con
tribute as much seepage, with the possible excep
tion of Salt Creek and its tributaries. Nevertheless,
the contribution by influent seepage of streams
orher than tbe Hondo and the Penasco when taken
all together undoubtedly is significantly large.
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Measurements 01 Water Level-Continued

Bloom Well No. L NWy';SWY.; sec. 5, T. 12 S., R. 23 E.

(Measurements made in this well beginning in 1941
are published in the annual water-level reports of

the U. S. Geological Survey, where it is called
the "J. Herbst WelL")

Jan. 22 *236.47 May 19 237.40
Feb. 28 *236.06 June 2 237.51
Mar. 14 235.63 June 16 237.85
Mar. 24 *236.57 June 30 238.16
Apr. 10 236.51 July 14 238.60
Apr. 21 *236.71 Sept. 9 240.09
May 5 237.26

Blnom Well No.2. NEY.;NEY.\ sec. 6, T. 125., R. 23 E.

Feb. 25 246.62 May 19 248.51
Mar. 10 246.82 June 2 248.59
Mar. 24 247.08 June 16 ~248.81

Apr. 10 *246.85 June 30 '249.20
Apr. 21 247.94 July 14 249.15
May 5 248.36

Bloom Well No.3. NEY4SWX? sec. 12, T.12 S., R.22 E.

Mar. 10 291.04 May 21 292.40
Mar. 25 291.66 June 2 292.56
Apr. 10 291.46 June 16 293.42
Apr. 21 291.77 June 30 293.02
May 5 **293.70 July 14 293.98

Hondo WelL SWY.;SWy'\ sec. 25, T. 11 S., R. 22 E.

Mar. 14 316.48 May 19 318.22
Mar. 24 316.97 June 2 *318.31
Apr. 10 *318.31 June 16 318.77
Apr. 21 317.94 June 30 319.17
May 5 318.47 July 14 319.60

Sixmile Hill WelL NEY.;NEY.i sec. 8, T. 11 5., R. 23 E.

Mar. 3 262.87 May 19 264.82
Mar. 11 263.49 June 2 264.83
Mar. 25 263.52 June 16 265.52
Apr. 11 264.50 June 30 265.94
Apr. 22 264.77 July 14 266.48
May 6 265.10

'Windmill pumping.
"Some work done on well since last reading.

The Rio Hondo was out of its banks over a con
siderable area southeast of the Hondo Reservoir on
June 24, but the water levels in the wells that seem
most likely to be affected were not as high on June
30 as was expected. All declined during the period
of the flood. The Brown Well shows the greatest
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effect of recharge from the flood, as it dropped only
0.68 foot berween June 16 and June 30 as against
1.21 feet during the 2-week period before and LOS
feet the period after. From its location one would
expect the Sherman Well to show an effect from the
flood, but the water level declined 0.41 foot during
the flood period and only 0.20 foot each during the
period before and the period after. High atmos·
pheric pressure on June 30 may have caused the
large decline for the period ending on that day.

PERCHED WATER

Perched water bodies exist in many places in the
intake area, particularly in its western part. Two,
which are probably fed by influent seepage ftom the
Rio Penasco, were struck in the Taylor Well a
quarter of a mile south of the river at the crossing
of Highway 24. The upper aquifer, 148 feet from the
surface, went dry aftet 2 years of domestic use,
and the well was deepened to the second at 255
feet. The depth to the main water table here is
about 600 feet.

THE ARTESIAN AQUIFER

GENERAL OCCURRENCE

Water in the artesian reservoir exists under pres
sure in cavernous zones in the San Andres formation
and· the lower part of the Chalk Bluff formation.
These zones are extremely limited in extent both
horizontally and vertically; hence it cannot be pre
dicted at what elevation a well will strike water
at any given location. The cavernous zones ate
numerous, however, and the writer knows of no well
that failed to strike at least one "water rock" in an
area of known artesian production.

North of Lake Arthur, all artesian production
comes from the San Andres, except for minor
amounts from aquifers in the overlying Chalk Bluff
formation. The aquifers in the San Andres occur
almost entirely in the upper half of the formation.
South of Lake Arthur, Goat Seep ("Dog Canyon")
limestone begins to interfinger with the correspond
ing membets of the Chalk Bluff formation, beginning
with its base and increasing in thickness to the
south. Artesian production comes from the Goat
Seep in an increasing amount southward, although
water continues to occur in the San Andres.

F Or a complete description of the artesian aqui
fer, the reader is referred to reports by Fiedler and
Nye (1933, p. 140-156), and Morgan (1941).

HYDROLOGIC ANOMALIES ALONG COTTONWOOD CREEK

Hydrologic conditions along Cartonwood Creek
are unusual in that the area of artesian flow there
extends farther west than in any other part of the
Roswell Basin, and a marked decrease in head
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occurs from west to east. Areas of large yield by
artesian flow occur along all major .?rainage lines,
Cottonwood Greek being included even though its
present drainage area is not a (lmajor" one. Nye
(Fiedler and Nye, 1933, p. 183) shows that large
vie Ids of this kind probably are dl.le to very active
~irculation of ground water beneath the drainages.
The writer believes that the high head in the upper
part of the Cottonwood drainage is probably due
si;mply to an underground connection with a part of
the intake area where the water level is at suffi
ciem height to cause such a head. The decrease
in head to the east, as mapped by Fiedler and Nye
0933, pI. 30), occurs along one piezometric break
cunning approximately north-somh through sec. 5,
T. 16 S., R. 25 E., and a second break and steep
gradient about a mile wide running about north
south through section 2 of the same township
and range.

A studv of the piezometric surface in the Cotton
wood are"a was made during the present investiga
tion, using rhe figures of Fiedler and Nye (1933,
p. 325-332) on the head of wells, either when
drilled or as measured by them in 1926. The head
of the wells was computed as of 1911, using the
figures given by Fiedler and Nye (1933, p. 203,
204) for the yearly decrease in head for the area
involved, and adding or subtracting as necessary.
This method was believed to be of particular value,
as information from all the wells in the area could
be used instead of only the few whose heads were
measured in 1926. It was found that the sharp
reductions in head eastward could be explained by
steep gradients in the piezometric surface as well
as by sharp breaks, and it is believed that steep
gradients are the more accurate representation. The
steepest gradient on the upper Cottonwood was
found to lie in the eastern part of sec. 1, T. 16 S.,
R. 24 E., and the western parr of sec. 6, T. 16 s.,
R. 25 E. This probably corresponds to the western
piezometric break of Fiedler and Nye, though its
center lies about a mile and a half west of their
break. The artesian head here, computed as of
1911, drops about 24 feet in a mile. A much greater
drop occurs in the steep gradient farther east, cen
tering in sec. 2, T. 165., R. 25 E., where Fiedler
and Nye showed their eastern break and steep
gradient. The drop from the average head of sec.
3. T. 165., R. 25 E., to the average head of sec. 6,
T. 16 S.', R. 26 E., a distance of 3 miles, is about
11 0 feet.

The writer be lieves that the sharp reductions in
head in the Cottonwood Creek area are due to heavy
underground leakage from the artesian aquifer inca
the sballow aquifer in the zones \vhere the piezo
metric gradients are very steep. This tbeory

adequately explains the sbarp gradients and the
low head east of them, and it is supported by
additional evidence, chief of which is the high
water table in the shallow aquifer along Cottonwood
Creek. The high elevation of the water table is
shown best by the fact that the creek bed intersects
the water table, and flow from ground-water seepage
begins farther west than in any other stream channel
in the Roswell Basin. Flow begins, in fact, in the
vicinity of the point near the eastern boundary of
R. 24 E. where heavy leakage into the shallow
aquifer is believed to occur. Flow in Walnut Draw,
which approximately parallels Cottonwood Creek
2 or 3 miles to the north, also begins farther west
than in most streams, its beginning point being
approximately straight north of the eastern zone of
heavy leakage ioro the shallow aquifer. Further
evidence of strong shallow-water recharge is the
relatively high elevation of the water table in the
upper Cottonwood, as mapped by Morgan (1939,
pi. 2), who shows thar the slope 0-[ the water table
from the eastern boundary of R. 24 E. to the Pecos
River is notably greater than the slope in an equal
distance anywhere else in the shallow-water basin.

EFFECT OF USE OF THE HONDO RESERVOIR

PROTECTION OF ROSWELL

The most obvious beneficial effect of use of the
Hondo Reservoir for flood control would be the pro
tection of Roswell from the disastrous floods which
have periodically hit the city. The flood of Sep"
tember 1941, for example, caused damages totaling
$ 558,644 in Roswell and vicinity. The annual
damages from floods here have averaged $ 55,888
(National Resources Planning Board, 1942b, p. 152),
and these damages would be eliminated with the
utilization of the reservoir for flood control.

RECHARGE OF ARTESIAN AQUIFER

Nearly all the flood waters impounded in the
Hondo Reservoir when it was in use escaped through
sinkholes and solution channe Is in its floor into the
San Andres formation beneath. According to the
official Reclamation Service report,ll following a
flood of 2,000 acre-feet the water level in the
reservoir was so low thar after !ltwo or three days"
no water could be drawn out. Of 27,860 acre-feet
diverted into the reservoir between 1908 and 1913,
only 1,100 acre-feet was utilized for irrigation,
which was the intended purpose of the project.

Use of the I-Iondo Reservoir for flood control thus
would result in nearly all the impounded water

8U. S. Reclnmation Service, n.d., ProJect Hislory from [nce!)
Uon 0/ Project, Feb. 24, 1904, to Dec. 31, 1915, /londo Project,
N. ,\lex.: typewritten rept. in files of U. S. Bur. of Recl'llll. in
Albuquerque, N. Mex., v. 2, p. 11'5.
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entering the San Andres to replenish the artesian
water supply. A small amount of warer would be
lost by evaporation, and a somewhat larger propor
tion would not percolate into the limestone but
would seep out of the reservoir in alluvium and
terrace material, in part remaining in the uncon
solidated material to form a perched water body on
the surface of the bedrock. That this would occur
is known from reports that very shallow wells in
terrace material east of the reservoir produced
water when the reservoir was in operation. The
amount of evaporation, of course, would depend on
the length of time water remained in the reservoir
before going into underground storage, For large
floods, this time can only be estimated, as the
maximum intake for anyone yeat during operation
of the reservoir was onlv 11,600 acre-feet, ( See
table, p.4.) If 40,000 acre-feet of water should
enter the reservoir and should take 30 days to seep
out during one of the summer months, about 920
acre-feet, or 2.3 percent, would be lost by evapora
tion, using 0.8 foot of evaporation per month as a
basis for calculation (National Resources Planning
Board, 1942a, p. 20). Diversion of as large an
amount as 40,000 acre-feet into the re servoir would
be very exceptional, as control of the heaviest flood
on record, that of September 1941, would have re
quired only 47,900 acre-feet of storage. Evapora
tion from smaUer amounts of storage would be less
because the surface area would be les s and the
water would go inco underground storage in a
shorter time.

It is believed that the percentage of water from
the reservoir that would go into storage in terrace
deposits would be small, as all available accounts
of leakage describe the water as running Out through
openings in lime stooe aod gypsum in the floor and
thus entering the San Andres formatioo, It is there
fore estimated that less than 10 percent of the
water entering the reservoir would escape ioto aod
remain in unconsolidated material. This perched
water would move slowly east toward the Pecos
Ri ver. It would move over impervious beds of the
Chalk Bluff formation which occur a few miles from
the reservoir, and it would continue eastward to
augment the supply of shallow water in the artesian
area and eventually, if not pUl11ped froll1 wells, to

discharge inco the Pecos Ri ver.

As evaporation from the Hondo Reservoir would
amount to less than 2 percent of the \vater entering
it under normal conditions, 98 percent of the wate,r
would enter the two underground aquifers, the
shallow and the artesian. The writer estimates
that about 8 percent of the original amount would
enter the shallow aquifer, and 90 percenc the arte
sian aquifer.
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If the reservoir should be used for flood control,
the tate at which water would be lost by seepage
would naturally decrease as more and more silt
entered the reservoir. This effect probably would
be small at first, for after eight previous years of
use, during which repeated efforts were made to

plug the leaks, F oster9 reported that "leakage
through the reservoir bottom was apparently as bad
in the season of 1915 as it was in 1907-08."
Nevertheless, in the course of many years, leakage
might be greatly reduced by natural silting of the
outlets.

If the reservoir should be used as a catchment
basin through which water from the Pecos River
would be directed into underground storage, silting
would be negligible, as the water of the Pecos
contains less silt than the I-lando, and the reservoir
probably could be used for this purpose indefinitely,

RISE OF ARTESIAN HEAD

An estimate of the amount the artesian head
would be raised by introduction of specified amounts
of water inco the Hondo Reservoir can be made as
follows: the method is to determine as accurately
as possible the amount the he ad has been raised or
lowered in the past after years of excessive or de
ficient precipitation and, by estimating the depar
ture from normal recharge during those ye ars, to
compute the number of acre-feet of water required
to bring about each foot of rise or fall in head.
Partial records from three recorders on artesian
wells in the Roswell Basin are available for the
period 1926 to 1940 (National Resources Planning
Board, 1942a, p, 46-47), and records of six arte
sian wells and five or six wells near the eastern
edge of the intake area are available for the period
1941 to 1946 (U. S. Geo!. Survey, 1943, 1944, 1945,
1947a, 1949), Records of annual precipitation in
the Pecos River Basin up to 1939 are inc luded in
the Pecos River Joint Investigation (National
Resources Planning Goard, 1942a, r. 6-14); lacer
re cotds are available in repofts of the U. S. Weather
Bureau.

The only trustworthy correlations of prec ipitation
and change in head are those made for the years
1941-46, for which records of intake-area wells are
available. Inasmuch as a rise or decline of the
water level near the edge of the intake area should
result in nearly an equivalent fluctuation of the
artesian head in the valley, these records have
been used primarily for the correlations because
heavy pumping from the artesian aquifer does not
affect them as strongly as it does the water levels
in the artesian weils, It is as sumed hete that the

9[bid, p. 82.
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recharge of the artesian aquifer after a year of
normal precipitation is 235,000 acre-feet, as esti~

mated by Fiedler (Fiedler and Nye, 1933, p. 252).
It is also assumed that the deviation from the nor
mal in recharge is directly proportional to the
deviation from the normal of the effective precipita
tion, effective precipitation being determined by
weighting the records so that precipitation on the
eastern part of the total intake area is given twice
the effect of precipitation farther west and north.
It is further assumed that the chan,ge in water level
from one] anuary to the next is caused entirely by
the excess or deficiency of recharge during th~

intervening calendar year. Errors are of course
introduced by these assumptions, but it is believed
that the errors lie within the limits of accuracy of
the estimates made which, because of the great
number of complicating factors involved, must of
necessity be rather rough.

The table below shows the effective precipitation
in the years from 1941 to 1946, in percent of normal,
tabulated with the average change in level by the
following January, of the artesian and the intake
area wells. In the last column is shown the number
of acre~feet of recharge above or below normal that
has been computed to cause a rise or fall of 1 foot
of head, on the basis of the intake-area records.
This quantity is not given for 1944, as the precipi~

tation during that year was practically normal. The
figures for 1945 suggest that the decline in head for
years of greatly deficient precipitation may not be
as great as would be expected. The rise in head
of the artesian wells between 1946 and 1947 was
due to rains late in 1946, which greatly reduced the

lrngation draft on the reservoir and thus allowed
more complete recovery of the artesian head. A
rough check was made on the figures in the last
column of the table by comparing the departure from
normal recharge with the change in head of artesian
wells for the years between 1926 and 1940. It was
found that the computed variation in the amount of
recharge per foot of change is much greater than
that shown in the table because of the much greater
influence of pumping, but that the average is about
the same.

It is, therefore, estimated that the artesian head
rises about 1 foot for each 30,000 acre-feet of
additional recharge. The rise is proportional to the
amount of recharge so long as the effective porosity
of the aquifer is constant through the interval of
rise or fall, and such is believed to be essentially
the case.

This, of course, represents the rise that occurs
because of increased recharge throughout the intake
area. It is to be expected that rapid addition of
water in a comparatively small area such as the
Hondo Reservoir would result in a much more rapid
and greater local rise than would be indicated by
this average. The amount of rise and the duration
of the higher stage of water level would depend upon
the rapidity of leakage of water from the reservoir,
the transmissibility and porosity of the aquifer, and
the effect of the large springs at Roswell in drain
ing off the excess watet.

All these factors are unknown. The hydraulic
characteristics of the limestone aquifer do not lend
themselves to determination by the methods used

L
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Ue/ation oj Excess or Deficiency oj Recharge to Change in Waler Level of
lnlake~i\rea Wells and Artesian Wells, 1941-46

Average Change in Level of Wells
from January of Year Considered Amount of l\eclurge

Effective to Following January Excess or Causing ChJ.nge of
Year (+ denotes rise; -denotes fnll) Deficiency 1 Foot in Level

Precipitation of Recharge of Intake-Area
Intake-Area Artesian Wells

\<.'ells \\'ells
(flereen! of normal) (feet! (feet) (acre-feel) (acre-jeet)

PH 1 205 +10.67 +14.5 +247,000 23,000
1942 114 + 1.93 - 1.0 + 33,000 17,000
19,j J 7~ - 1,35 - 1.7 - 50,000 37,000
1944 ;'7 ,+ .48 - ,6 - -
1945 5(, ,- 1.81 - 4,3 -103,000 57,000
1946 N6 ,,- .93 + J.3 - 33,000 35,000

'"Includes measurement of one well in !\larch 1945. No January reading avaihtble.

'"'"Includes measurement of one well in November 1946. January 1947 reading shows abnormal fal! of 3.0 feer from

November reading.
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for sandy aquifers. Preliminary work indicates that
because of the very high transmissibility of the
aquifer the rise in head in the artesian basin will
probably be less than 10 feet at any time in the
event that 50,000 acre-feet of water should be
stored in the reservoir. The effects of leakage ..from
Hondo Reservoir on the artesian aquifer are con~

sidered in a supplementary report by Charles
V. Theis.

EFFECT ON THE PECOS RIVER

The opinion is held by some that all water im~

pounded in the Hondo Reservoir and escaping from
it by seepage would be forever lost to water users
downstream on the Pecos River. Such is not neces
sarily the case. Addition of water to the artesian
aquifer causes the head to rise, as described above,
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and increased pressure on the confining beds Causes
an increased amount of leakage upward into the
shallow aquifer. Water is discharged continually
from the shallow aquifer into the Pecos River, and
an increase in amount of shallow water would cause
an increase in discharge into the Pecos. Use of
the reservoir would further increase the amOunt of
shallow water by the small proportion which seeps
out of the reservoir and moves eastward in terrace
material. Thus, if the amount of water pumped from
the shallow and artesian aquifers were not increased
because of-the availability of additional water con~

tributed to the aquifers from the Hondo Reservoir,
practically all such additional water would eventu~

ally be discharged into the Pecos River. Any
additional pumping, however, would result in reduc
tion of this discharge.
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Prediction of the effect of storage of flood waters
in Hondo Reservoir upon the artesian aquifer of the
Roswell Basin is made difficult by several factors.
The size of the maximum flood is unknown. The
effect of continual use of the reservoir upon the
caverns and passageways permitting leakage is
unknown. The permeability and porosity of the
limestone of the San Andres formation in the vicini
tV of the reservoir are indicated by the history of
the reservoir to be large but are unknown quanti
tatively. Because of the factors that apparently
will remain unknown until large quantities of water
are placed in the reservoir, it appears that only the
order of magnitude of the effect produced by im
pounding can be ascertained. It is believed, how
ever, thar the order of magnitude has considerable
significance.

The largest flood of record in the Hondo River,
that of September 1941, would have required a
storage capacity of 47,900 acre-feet (National
Resources Planning Board , 1942, p. 159). In most
years little or no water would enter the reservoir.
As the flood of 1941 coincided with an annual
precipitation that far exceeded that in any other
year of a 75-year period of record , it is probable
that the storage needed would exceed 50,000 acre
feet rarely, if ever. The following computations of
the effect of a flood on the artesian aquifer are
based upon such a figure. It is probable that so
much water would never go underground in the
reservoir - that in case of a large flood a consider
able part of the water would be re leased through
surface channels after the flood peak had passed.
The period during which the water would go under
ground is assumed for computation as 25 days.
Although there is necessarily considerable conjec
ture as to the rate at which Water could seep under
ground in the reservoir, the old records of operation
of the reservoir show (Bean, p. 4) that when more
than a few thousand acre-feet of water entered the
reservoir it was possible to release some water at a
later time through the gates. A rate of leakage

in excess of that assumed would not
affect the rise in artesian head in the irri

area, if the total quantity of leakage remained
same.

The factors that would control the flow of water
in the aquifer are the transmissibility and storage
coefficients of the aquifer. For the comparatively
large openings in the artesian aquifer which were
formed by solution, the storage coefficient is equal
to the porosity of the aquifer. Both these factors
are difficult to determine for the artesian aquifer,
because the methods for determining the coefficients
by pumping tests that are applicable to uniformly
porous aquifers, such as sands or sandstones, can
not be used with an aquifer composed of cavernous
limestone.

The coefficient of transmissibility in the notthern
part of the artesian basin is shown, by the very
flat gradient of the piezometric surface in that area,
to be very large. The water level in a well at the
Hondo Dam in the SW\iSW\i sec. 25, T. 11 S., R.
22 E. was at an altitude of 3,578 feet in rvfarch
1947, and that in a well at the Bloom Ranch in the
NW14SW14 sec. 5, T. 12 S., R. 23 E. was at an alti
tude of about 3,575 feet. It appears that the water
levels in these wells were somewhat higher in
1927 , when a piezometric map of the aquifer was
prepared by Fiedler (Fiedler and Nye, 1933, pI. 30),
for the depth to water in the Bloom Well (idem,

p. 358, well 1684) was given as 230 feet at that
time as against 236 feet as measured in l\Iarch 1947.
The altitude of the water levels in these two wells
therefore probably can be taken as 3,583 and 3,580
in 1927. Fiedler's piezometric map of 1927 shows
the 3,565-foot contour to lie 10 miles east of these
respective wells, indicating a gradient of about 1.5
feet per mile. In the south end of the basin the
gradient is at present apparently considerably
higher but it is doubtful thar it was much higher
before drilling of artesian wells and the consequent
great drop in artesian head in tde south part of the
basin.

The quantity of water passing into the aquifer in
the northern part of the artesian basin is also difii
cult to determine. Fiedler and Nye (1933, p. 252)
estimated the recharge of the artesian basin as
235,000 acre-feet annually, of which about 210
cubic feet per second or 155,000 acre-feet per )rear
was formerly discharged at the large springs near
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Roswell. J\Jr. Bean concludes that the northern part
of the basin presents a much better opportunity for
recharge than the southern part. The estimated re
charge of 235,000 acre-feet, divided by a length of
outcrop of about 75 miles, represents an average
recharge per mile of about 3,100 acre-feet. Con
sidering the greater opportunity for recharge in the
northern section, it would appear that something
like 5,000 acre-feet per year per mile probably
percolates eastward in this section into the arte
sian area. This quantity is equivalent to 4.5 million
gallons a day per mile, and at a hydraulic gradient
of 1.5 feet per mile it represents a transmissibility
of the aquifer of 3,000,000 gallons a day per foot.
This figure for transmissibility is very high but
apparently must be at least of the right order of
magnitude.

An estimate of the porosity may be made from
Bean's data. He estimates (p. 29) that the water
table rises 1 foot for each 30,000 acre-feet of re~

charge. This amount of water over the 1.200 square
miles of ({principal" intake area (p. 20) indicates
a porosity of about 4 percent. It is believed again
that, because of the greater amount of gypsum in
the limestone of the northern part of the basin, the
porosity here is somewhat larger than this average
figure. The porosity here is assumed to be 5 per
cent for the purposes of computation, but it may be
somewhat higher.

If it is assumed that water would enter the San
Andres formation at a rapid rate by leakage from the
Hondo Reservoir, a cone of water-table elevation
would be built up beneath the reservoir, which in
these permeable beds would spread rapidly. Water
would be stored in the limestone as the water table
rose. The cone would presumably spread freely to

the north, south, and west, and to the east to the
line of intersection of the water table with the over
lying Chalk Bluff formation which forms the confin
ing bed for the artesian aquifer. From this line
eastward the head of the water would rise but
probably no water would go into storage. The cone
presumably would spread to this point fairly uni
formly in an aquifer having a coefficient of trans
missibility of about 3,000,000 gallons a day per
foot and a coefficient of storage of about 5 percent.
After part of the pressure cone entered the confined
part of the aquifer, the rise in pressure would
proceed at a more rapid rate than it would in an
entirely unconfined aquifer, if no other compensat
ing factors required consideration. However, with
the rise in pressure it is probable that the springs
at Roswell would again start flowing as they did
after the heavy rains in 1941. The increased dis
charge would relieve the hydraulic pressure in parr.
It seems probable, therefore, that in this area the
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effects of increase of head because of a rapid
leakage of water from Hondo Reservoir probably
would not exceed the head that would be caused by
such a leakage into an aquifer without partial
confinement and \vithout nearby natural outlets.

The effects of a recharge of 2.000 acre-feet a
day or 450

1
000 gallons a minute into an aquifer

with the assumed characteristics can be computed
according to methods previously published (Theis,
1935).

The water in the reservoir probably would leak
through many openings in the floor. For computa
tion it is assumed that the leakage would take
place over an area of 1 square mile through nine
holes - at the corners, the centers of the sides, and
at the center of the square mile. Such an arrange
ment would simulate the unknown actual condition.
Computations are given for distances of 2,500 feet
and 25,000 feet from the nearest side of the square
array of wells. It appears that the line of intersec
tion of the water table with the overlying confining
bed is at a distance of about 5 miles, or approxi
mately 25,000 feet, from the Hondo Reservoir. It
is believed that the rise in head at that distance
\vould represent the maximum rise of water level in
the artesian basin. Computations are given in the
following table for an aquifer having what are be
lieved to be the most probable hydraulic charac
teristics: a transmissibility of 3,000,000 gallons a
day per foot and a porosity of 5 percent; for one of
the same transmissibility but a porosity of 10 per
centi and for twO aquifers having a transmissibility
of 1,000,000, one having a porosity of 5 percent and
the other, 10 percent. It is believed that these
represent the greatest possible range of values for
the San Andres formation in the vicinity of the
Hondo Reservoir.

It appears, because of the exceptionally high
transmissibility of the limestone of the San Andres
formation in the vicinity of the Hondo Reservoir,
thac the effect of the addition of a large quantity of
water to the aquifer at the reservoir would be
quickly spread over a large area and that water
levels would rise over a large area in the outcrop
area of the San Andres formation to the extent of a
few feet. For a short time, and in a small area in
the immediate vicinity of the reservoir, the water
level would rise perhaps 100 feet. In most of this
area the depth to water exceeds 200 feet. The
increased head would be large ly dissipated before
the confined part of the aquifer was reached.

The increased head within the irrigated area
probably would be so small as not to cause any
increase in well discharge. If the flood occurred
in the summer and as a result of rainfall that did
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Expected Increase in Head, in Feet, in Roswell Artesian Basin, Caused by Leakage 0/50,000 Acre-Feet of
Water lrom Hondo Reservoir in 25 Days. FOUT Combinations of Assumed Coeificients of Transmissibility

and Storage were Used in Order to CoveT Possible Range of These Coelficients

Coefficient of
1,000,000Tran smissibility 3,000,000

(gpd/ft!

Coefficient of
0.10Storage 0.05 0.10 0.05

Distance from 2,500 25,000 2,500 25,000 2,500 25,000 2,500 25,000
Reservoir (feet)

Days Since Beginning
of Leakage

25 54 6 42 2 108 2 77 1

50 12 7 11 4 33 7 31 2

75 7 5 7 4 22 8 19 3
100 5 4 5 3 14 9 14 4
200 2 2 2 2 7 5 7 4

300 2 2 2 1 4 4 4 3
400 1 1 1 1 3 3 3 3

I
I
I
I
I

not include the irrigated area, the head in the irri~

gated area would be low and the effect would be to
raise water levels somewhat in the wells. The
effects on the flow into the river probably would not
be felt until winter when, with the seasonal rise in
water level, the flow from the springs on the lower
Berrendo would increase. If the flood occurred in
the winter the effect would be to increase the flow
from the natural outlets of the springs. If it oc
curred in conjunction with a widespread storm, and
therefore when irrigation from wells was suspended,
the head in the irrigated area would rise rapidly
because of both increased recharge and cessation
of discharge from wells, and the large springs would
start flowing, as they did in 1941. If the Pecos
River were in flood, the effect of impounding the
flood water of the Hondo in the reservoir (.in effect
di verting a part of the flood underground) would be
to furnish additional regulation of the flood and to
postpone part of the flood runoff.

It is possible that the effects of leakage from the
reservoir and the consequent increase in head might
be localized somewhat by more or less continuous
cavernous passageways running from the reservoir
site. The effect of such passageways, insofar as
they exist, would be to cause a relatively large
increase in artesian head in their vicinity and a
correspondingly smaller increase elsewhere. In
asmuch as such passageways were developed by
ground water tributary to the large springs at Ros
we 11, it is probable that they would tend to divert
the water rapidly from the reservoir site to the
springs, cause thereby a relatively rapid bleeding

off of the increased head, and on the whole dimin~
ish the effect of the increased head from that
computed.

The increased artesian head probably would
cause some increase of leakage from the artesian
aquifer into the valley fill (shallow~water aquifer).
Some of this water might be diverted by pumps near
the western edge of the irrigated area and never
reach the river. However, as the amount of leakage
through the confining bed is only a small part of the
total discharge of the artesian aquifer and as the
increased head would be only a small part of
the total head that causes the leakage, the propor~

tion of the water that leaked inco the alluvium
probably would be small. In the areas near the
river any increased leakage from the artesian aqui h

fer probably would find its way through the alluvium
to the river through drains and by direct inflow.

The effect computed is for a flood on the Hondo
that would be very rare. The much smaller amounts
of water that would be diverted into the reservoir
every few years apparently would cause no sig
nificant increases in artesian head. It appears,
therefore, that the diversion of water undergrounq
through the Hondo Reservoir would not furnish
encouragement for increased use of artesian water
for irrigation. If the use of water from wells were
not increased, the effect of diversion of water
underground would probably be beneficial to the
flow of water in the Pecos River, as it would help
to regulate the flow and, at least in large measure.
would avoid the loss of water by percolation into
the alluvium that now occurs when the Hondo in
flood spreads widely over the alluvium.
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