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United States
Department of the Interior
Geological Survey
Albuquerque, New Mexico

Errata for
Geology and water resources of the Carlsbad area, Eddy County, New Mexico

By

L. J. Bjorklund and W. S. Motts

Please make the following changes as indicated:
Pages S5 and 6: Replace with retyped pages 5 and 6 dated January 1960.

Pages 7 and 8: Replace with retyped pages 7 and 8 dated January 1960.

Page 138: Line 13 and 14 -- after "and", delete "extend into".

Page 139: Line 14 -~ after "two", delete "areas", substitute
"aquifers".

Pages 141

and 142: Replace with retyped pages 141 and 142 dated January 1960.

Page 14k4: Line 1 -- after "surface of" add "water in".

Last line -- delete sentence beginning with "Small changes---".

Page 146: Change sentence beginning with "This" to read "As this

water moves downstream, a part of ---".

Page 149: Line 14 -- after "especially", delete "after" and substitute
"during". Line 26 -- after "Damsite 3", delete "a
relatively small quantity" and substitute "water”.

Page 152: Lines 23 and 24 -- Delete "Seventy Springs were observed".

Page 153: Line 13, 14, 15, and 16 -~- Delete sentence beginning "The
springs --=".

Page 155: Replace with retyped page 155 dated January 1960.

Page 164: Replace with retyped page 164 dated January 1960.
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Pages 165

and 166:

Page

Page

Page

Page

Page

Page

Page

Page

Page
Page

Page

178:

185:

187:

188;

189:

190:

195:

201:

205:

212:

229:
233:
235:

Replace with retyped pages 165 and 1656 dated January 1960.

Line 18 -- after Carlsbad add ", adjusted for cvaporation
from and precipitation on Tansill reservoir,".

Line 6 -- after "about", delete “25" and substitute "35".
Line 18 -- after "about", delete "5" and substitute "7".

Line 23 -- after "Lake Avalon! add "(1A) seepage from the
Pecos River between Major Johnson Springs and Damsite 3".

Line 15 -- after "canals" add ", Pecos River between Major
Johnson Springs and Damsite 3". Line 16 -- after "flow
from" add "surface-water".

Line 2 -- after "about", delete "5" and substitute "2".
Line 3 -~ delete "1953-55" substitute "1955".

Lines 3 and 4 -- chaage sentence to read "Except for 1949,
1950, and 1956, this water discharged by the springs has
diminished annually since 1942". Line 19 -- alter “seasons
of" delete "1953, 195k, and 1956" and substitute "1953-56".
Line 19-22 -- Delete sentence beginning “During these
relatively ---".

Line 2 -- alter "pumped water" add "to Carlsbad Springs".
Line 5 -~ delete "22" and gsubstitute "19". Line 15 -- after
"Lake Avalon" add “Pecos River above Lake Avalon" and
delete "or" and substitute "and".

Line 6 -- delete cap (V) and cubstitute lower case (v).
Line 9 -- after "to the" add "effective". Line 11 -- after
"as the" add "effective".

Line 20 -- after "50 feet in" delecte remainder of sentence
and substitute "heavily pumped areas not served by surface-
water irrigation".

Line 3 -- delete "at least partly”. Line 4 -- after "aquifer"
add "or from floods in Dark Canyon Draw".

Lines 8-12 - delete sentences beginning with "Also" and
"Furthermore".

Iine 10 -~ delete "needed" and substitute "used".
Line 10 -- after "of" add "Tps. 22 and 23 S.,".

Line 10 -- after "about" delete "one-fourth" and substitute
"35 percent". Line 12 -- after "about" delete “three-fourths"

and substitute "65 percent". Line 13 -- after "or" delete
"38,000" and substitute "33,000". Linesl7 ang 18 -- delete

3

sentence beginning with "ot this quantity ---
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Page 243:

Page 247:

Page 310:

Page 311:

Page A-15:
Figure 27:
Figure 45:
Figure Lé6:

Figure 47:

Attachments
January 1960

Line 6 -- after "valley" add "alluvium".

Line 22 -- after "1955" delete ". Because" and substitute
"

"even though". Line 23 -- substitute period alter “"County".
Start a new sentence with "Water --".

Line 22 -- after "ranged from", delete '"59" and substitute
"56". Line 23 -- after "to" delete "3 cfs in 195" and
substitute "2 ecfs in 1955".

Line 21 -- after "Springs, the" add "principal”.

Replace with retyped paie A-15 daled January 1960.

Replace figure 27 with figure 27 dated January 1960.
Replace figure 45 with figure 45 dated January 19GO.
Replace figure 46 with figurc 46 dated January 19GO.

Replace fipure 47 with figure W7 dated January 1960.

RN RN
W. E. lale
District Engineer




GEOLOGY AND WATER RESCURCES OF THE CARLSBAD AREA,

EDDY COUNTY, NEW MEXICO

By

L. J. Bjorklund and W. S. Motts

ABSTRACT

The project area includes 1,600 sqpare miles in the southeastern
pa?t of Eddy County, N. Mex. The Pecos River valley in the area of
study lies east of the Guadalupe Mountains of the Sacramento sectilon
of thé Basin and Range province and west of the Pecos section of the
Great Plains province. The major bhysiographic subdiv;sions are the
limestone uplands west of Carlsbad, the allu&ial basin and terraces
of the Pecos River and its tributaries, and the lowlands north and
east of Carlsbad. The area 1s drained entirely by the Pecos River.
The average annual precipitation ranges from 13 inches in the Pecos
Valley near Carlsbad to 22 inches near the crest of the mountains
L0 miles west of Carlsbad. The growing season, May through October,
receives about TS5 percent of the annual precipitat;on.

Irrigation has been praéticed in the Carlsbad area since 1880.
By 1907, 25,000 acres wes irrigated by water diverted from the Pecos
River. Pump irrigation, mainly to supplement surface-water irrigation,
developed rapidly from 1945 through 1947, and the principal part of

the Carlsbad Underground Water Basin was declared by the State



Engineer of New Mexico on October 16, 1947, when the possibility of
overdevelopment had become evident. Approximately 50,500 acres of
land was irrigated in 1954, of which 2&,29? acres was irrigated
largely or entirely by ground water and 6,‘ O acres was irrigated
entirely by surface water.

The Permian rock units in southeastern New Mexico are
characterized by four major facies: (1) the basin faciles-quartzose
sandstone interbedded with limestone; (2) hg reef facies-massive
limestone; (3) the carbonate shelf facies-limestone and dolomite
interbedded with sandstone; and (4) the evgporite facies-gypsum,
anhydrite, and other evaporite rocks interbedded with sandstone and
shale. Basin, reef, and shelf deposits interfinger in exposures in
the southern Guadalupe Mountains. Changes from the carbonate faciles
to the evaporite facies are strikingly apparent in the shelf rocks.
The boundéry between the carbonate and evaporite facies shifts
nearer the shelf margin in successively younger rocks.

The tectonic framework and climate of early and middle Permian
time profoundly affected the types of rocMé deposited. These rocks
control the present movement éf ground water and the localization of
deposits of oil. The relatively deep Delaware basin and the shallower

shelf had become established by Leonard tJme. With the beginning of

Ochoa time a new enviromment had become eétablished in tﬁe Delaware

basin and great quantities of evaporite rocks were deposited.
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Cretaceous seas later invaded at least part of the area. The
Guadalupe fault block was raised, forming the Guadalupe Mountains,
largely during Tertiary time. Cavern levels,‘as observed at
Carlsbad Caverns, were formed during successive uplifts of the
Guaedalupe fault block. {

Folds of depoéitional aﬁd tectonic origin are common in the
project area. In places mound-like structures are superimposed on
the crasfs of anticlines. Most of the faulting is in the western
part of the Guadalﬁpe Mountains./ Joints in-shelf rocks trend
generally N. 40° to 50° W. and N. 30° to 40° E. Distortion folds,

: fﬁults of small displacement, and "Teepee structures" are the result
of local compressional forces that accompanied the conversion of
anhydrite to gypsum.

, Each of the various shelf deposits includes one or more aquifers.
The San Andres limestone consists of an upper thickly bedded dolomite
and axlower cherty, dolomitic limestone. The water table in the San
Andres in the western part of the Seven Rivers embayment lies at and
above the gontact of the Glorieta sandstone at depths generally more
than TOO feet below land surface. The Grayburg formation in exposures
consists of a thick sequence of interbedded dolomite and sandstone. The
Grayburg contains two beds of dolomite that yield water to wells. The
Queen formation consists of a carbonate and an evapo;ite facies. Many .

ginkholes provide catchment areas for recharge to the ground-water
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reservoir. The Queen contains deep water-bearing zones and a shallow
zone which yields water to wells in the Seven Rivers embaymenﬁ. The
Seven Rivers formation consists mainly of sublithographic dolomite with
some beds of quartzose sandstone and siltstone. The dolomite grades
into an evaporite facies consisting of gypgum and thin beds of dolomite.
The Seven Rivers yields water to wells in ﬂhe-limestone uplands west of
Carlsbad. The Yates formation consists cfjiﬁterbedded dolomite and
sandstone that grades into an evaporite facies. Water-saturated zones
overlig confining beds of clastic‘rocké and yileld small quantities of
water éo wells and springs in the limestone uplands west of Carlsbad.
The Tansill formation consists mainly of thinly bedded fine-grained
detrital dolomite'gnd limestone that grades into an evaporite facies.
Much water lesks from Lake Avalon into the Tansill formation.

The Goat Seep limestone and the Capith limestone are the principal
formatiéns in the reef area. The Capitan limestone is composed largely
of massive beds of limestone»and dgicmite that contain many solution
channels which transmit ground water in ldrg; quantities. Many wells
of iérge yield tap the Capitan 1imestone.: Most of the "reef aquifer"
discussed in the report is contained within the Capitan limestone.

Permian rocks in the Delaware basin consist of the Brushy Canyon,
the Cherry Canyon, and the Bell Canyon fo%mations of the Delaware
Mountain group and the Castile, Salédo, aﬂd Rustler formations and the
Dewey Lake red beds of the Ochoa series. The Delaware Mountain group

consists maiﬁly of beds of sandstone and limestone, whereas the Ochoa




series consists mainly of beds of anhydrite, gypsum, and halite with some beds
of limestone, dolomite, and silt. Beds of limestone and dolomiie contain ;j
relatively lafge supplies of ground water locally, but the water generally

is highly mineralized.

Beds of gravel, sand, and silt of Tertliary and Quaternary age, deposited
by the Pecos River and its tribﬁtaries, underlie much of the Carlsbad area.
Older alluvium underlies the Blackdom plain, and younger alluvium underlies
the Lakewood terrace and Orchard Park plain. The alluvium yields large
quantities of water to wells in the Pecos and Black River valleys in the
Ca?lsbad area. A residue of Ochoa rocks, generally consisting of red silt,
clay, and fragments of carbonate rocks, underlies the alluvium in most of
the.area. Beds of travertine overlie the alluvium in some relatively small
éreas. k

The sysiem of interconnected solution channels in the reef aquifer is
contained mostly within the Capitan limestone, but the system extends
westward into the undérlapping Goat Seep limestone and northwestward for
short distances into the Tansill, Yates, Seven Rivers, Queen, and Grayburg
formations. Ground water is under pressure in the reef aquifer near
Carlsbad, and the hydraulic head is nearly level and is a few feet above
the water table in the overlying alluvium.

The reef aquifer is recharged from precipitation in the uplands west
of Carlsbad, seepage from Lake Avalon, seepage from the river between Major
Johnson Springs and Lake Avalon, seepage from canals and irrigation systems,
and subsurface inflow'frcm adjacent areas. Ground water is discharged
from the aquifer mainly by Carlsbad Springs and by wells tapping the

aquifer. About 16,000 acre-feet of water is pumped annually from the

5 . January 1960



aquifer for irrigation and for municipal, industrial, domestic, and stock
use. Public water supplies for Carlsbad, Happy Valley, and White City, and
all or part of the water for approximately 2,300 acres of irrigated land
are obtained from the reef aquifer. 3

The shelf formations are recharged by pr%cipitation. Ground water fills
Jjoints and solution channeis through a stratiéraphic interval of about
1,500 feet in evaporite and dolomitic rocks Fhat overlie beds of sandstone
in the shelf deposits. BSome springs discharge at the contact of the
evaporite and carbonate fza.cies.~ Sandstone units retard vertical movement of
wvater and act as confining beds where they underlie zones of perched ground
water. The ylelds of wells tapping the shelf formations are relatively
small, owing to the thinness of saturated secfions in the zones of perched
water. Rocks overlying the San Andres limestone generally drasin into the
reef aquifer, whereas the San Andres drains toward the Roswell basin.

The discharge of Carlsbad Springs is a mixture of waters from many
sources ﬁhich include seepage from the Pecos River between Ma jor Johnson
Springs and Lake Avalon, leakage from Lake Avalon, seepege from the canals
and irrigated lands, and recharge from precipitation. The contribution to
the sprizgflcw from the river upstream from Lake Avalon, leakage from Lake
Avalon, leakage from the surface-water distribution canal system, and that
return of irrigation water from surface-wate:}sourées has been measured,
estimated and accounted for upstream in the PLcos River system. That part

- |
of the discharge of the springs originating from precipitation and return
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from irrigation from ground-watér pumpage and Carlsbad sewage effluent is
referred to as previocusly unmeasured waﬁé; in that it appears in the river
and 1s gaged for the first time in the vicinity of Carlsbad. The amount

of spring discharge is dependent on the maénitude of the contributions

from these various sources and in addition on the amount of pumpage from

the aquifer in the alluvium in the vicinity of Carlsbad and {rom the reef
aquifer. The annual average discharge rate ranged from 102 cfs in 1941 to

36 cfs in 1956. Equivalent previously unmeasured water contributing to

the spriﬁgflow ranged from somewhat more fhan 56 ¢fs in 1942 to 2 cfs in 1955.

If the amount Qf water of good gquality pumped from wells is increased
by an amount equal to or greater than the p}eviOusly unmeasured water
discharging at Carlsbad Springs the result will be a general decline in
quality of water in the reef aquifer.

Depths to water in the ?lluvium range from less than 1 to more than 260
feet below land surface. The water table in the alluvium generally é&bpes
diagonally downstream toward the Pecos River at gradients ranging from less
than 5 to more than 30 feet per mile and averaging about 10.. Declines of
the water table generally are greatest west of the Southern Canal, vwhere all
water for irrigation is pumped from wells. The water table in the alluvium
rises in response to precipitation‘and to return flow from surface-water
irrigation. The alluvium along ihe Southern Canal southwest of Otis and
west of Loving contains a perched water tablé. Parts of the area are drained
artificially because.of the)high water table. The alluvium is recharged by
precipitation, floods ‘in ephemeral streams, subsurface inflow, and by

seepage from irrigation. Ground water is discharged from the alluvium by

January 1960



wells, subsurface outflow, and by springs and seeps along the Pecos River.

The natural discharge is greatest near Herradura Bend, where the river gains

about 17 cfs. Water from the alluvium is used for the municipal supply of

Loving and Thayer Apartments, for a supplementary irrigation supply of 19,000
acres, and for an exclusive irrigation supply Lf 3,000 acres. In 1954, areas
of exclusive use required 3.2 acre-feet of watFr per acre, or about 30 percent
less water than areas of supplementary use -- Fhich required 3.2 acre-feet per
acre of ground water in addition to 1.4 acre-Jeet per acre of surface water.
About 1,400,000 acre-feet of ground water was‘in storage in the alluvium in
the Carlsbad-loving area in January 1955. A change of 1 foot in ground-
water levels effects a change in storgse of about 9,000 acre-feet.

The water table in the alluvium of the uéper Black River valley slopes

|
from less than 20 to more than 100 feet per mile. Downstream from Rattlesnake

Springs, ground water moves ncrtheastuard parallel to the Black River through
a relatively narrow belt of alluvium. The ulluvium is recharged from
precipitation in the upper Black River buausin #nd discharge from the alluvium
is by springs and seeps, subsurface wutflow, +nd vells. The principal points
of natural discharge are Rattlesnake Springs,{nlue Spring, and many small
springs along the upper perennial reach of thk river. About 1,600 acres of

\
land near and upstream from Black River Village is irrigated with sgrface

Py

and ground waters. About 2,500 acre-feet of ground water is pumped from
wells in this area each year. F

Base flow in the Pecos and Black Rivers[in the Carlsbad area is
maintained almost entirely by inflow ground Jater, and the flow of
both rivers is affected by pumping from wells. Water to irrigate

\
20,000 acres is diverted from the Peccs and ?1ack Rivers by the
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Carlsbad Irrigation District. Water for irrigation also is diverted
at Harroun Farms, Livingston Farms, Willow Lake, Rattlesnake Springs,
and Blue Spring. A

The chemical quality of surface and ground waters in the Carlsbad
area is influenced both by natural and artificial factors. The principal
dissolved minerals include bicarbonates, sulfates, and chlorides of calcium,
magnesium, and sodiuq. .The temperature of ground water generally ranges
from 65 to Tl degrees. The reef aquifer cogtains waters of good and bad
chemical quality. The ground-water reservoir in the Capitan limestone
is divided into a fresh-water zone, a zone of mixed fresh and moderately
saline water, and a zone of moderately saline water. Water of poor
quality can move toward heavily pumped wells from elsewhere in the reef
aquifer. Long-range fluctuations in gquality can be attributed mainly
to variations in the quantity of precipitation. The quality of ground
water improved in 1941, when the Pecos Valley received more than 30 inches
of precipitation. Virtually all water in the alluvium of the |
Pecos Valley 18 not potable south of Carlsbad and east of the Southern
Canal and near Carlsbad, Happy Valley, and La Huerta with the exception
of scmé water southwest of Carlsbad. The mineral content of water in
the alluvium increases progresaively toward tﬁ; Pecos Biver. Irrigation
probably 1s the main reason for the high chemical content of ground

water in the alluvium. Much of the concentration of minerals developed

because of waterlogging before the construction of drains in 1919.



Ground water in the Black River valley generally is potable, but
it iﬁcreases in chemical concentration and becomes impotable downstream.
The quality of waters in the Pecos and Black Rivers during low flow is
similar to the quality of ground water in the vicinity. The concentration
of dissolved minerals decreases during high flow and increases during
low flow. Spring waters that range in quality from potable to brine

discharge into the Pecos River.

10




. INTRODUCTION

Water contributes, directly and indirectly, to more human wants than
any other natural resource. As the population grows and the standard of
living is raised, the demand for water is increased through new uses and
intensification of .0old uses. The need and use of water has increased in
the rapidly growing city of Carlsbad and surrounding areas. The data in
this report provide a basis, in pa.r't , for the optimum development of

the water resources of the Carlsbad area.

PURPOSE AND SCOFE OF THE INVESTIGATION

i The Carlsbad ares, 1ncludix;g the city of Carlsbad, the communities of
. La Huérta., Otis, Loving, Malsga, 'Ifhayer Apartments, White City, Carlsbad

Caverns, and Black River Village, the upper Black River valley, and
intermediate areas, obtains water supplies from three principai sources:
(1) the Pecos River and its tributaries, (2) aquifers in Permian bedrock,
and (3) the alluvial aquifer. These sources are intimately and complexly
related. Generally the use of one source affects all the others, and
problems involving one source involve the others also.  For instance,

the quelity and quantity of the water in the Capitan limestone of Permian
age (the "reef aquifer"), from which Carlsbad obtains its water supply,
is affected by seepage from Lake Avalon, which is a reservoir for

irrigation water. Also the flow of the Pecos River is affected by pumping



wvater from aquifers either in Permian bedrock or the alluvium. The

water level in wells and the shape of the water table in the alluvium
is affected in turn by the diversion of river water for irrigation.
. | .
The rapid growth of Carlsbad and su::Ibs has resulted in a greater

demand for water of good quality. Altho potable water never has been

1in short supply in Carlsbad, fluctuations of water levels in wells finished
in the Capitan limestone suggest that a shortage is possible; also the
" chemical quality of water from different parts of the aquifer indicates that
deterioration in quality in places is possible, partly because of increased
draft on the ground-water reservoir. Furthermore, pumping of water for
irrigation has increassed still further dur&ng the past few years because
‘ of drought. Reduced recharge and increased withdrawals of water from
the Capitan limestone and alluvial aquifeﬁs have caused water levels to ‘I
decline in these aquifers. As a result OA decline in water levels, the
head on the springs in the discharge area4 has been less, and, as a
consequence, the base flow of the Pecos R#ver in the Carlsbad area has
declined. ]

In January 1953 the State Engineer the city of Carlsbad proposed
that the geology and water resources of the Carlsbad area be investigated
in céoperation with the Geological Survey. The study was to have the

following objectives: (1) to determine tLe quantity and quality of

|

water from various sources moving througthhe Capitan limestone and

emerging in the Carlsbad Springs area, (2) to determine the effects of

'

pumping on the movement of water in the Chpitan limestone and the possible
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encroachment of highly mineralized water into the city well fields,

(3) to determine the availability of water in the Capitan limestone.

west and southwest of the city, (4) to determine the thickﬁess of the
valley fi11 and the quantity and quality of water in the al;uvium ﬁest

of the Southern Canal, and (5) to determine the effects of pumping from
wells in the alluvium and the relation of the ground water in th#t part
of the area mainly east of the Southern Camal to the flow in the Pecos and
Black Rivers.

As a8 result of the proposal, a study of the geology and water
resources of the Carlsbad area was begun in July 1953 by the Ground
Water Branch of the Geological Survey in cooperation with the State
Engineer of New Mexico, the city of Carlsbad, and the Carlsbad
Irrigation District. |

Fieldwork was begun in July 1953, when W. S. Motts, geologist, was
assigned to the project. L. J. Bjorklund, engineer, was assiéned to the
project in September 1953. The major part of th; fieldwork was completed
by 1956, but collection of hydrologic data was continued into 1958.

‘The study was made under the direction of A. N. Sayre, Chief, Ground
Water Branch, Water Resources Division of the Geologlcal Survéy, and under
the supervision of C. S. Conover, District Engineer in charge of
ground-water investigations in New Mexico. W. E. Hale, Assistant District

Engineer, had immediate supervision of the project.
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LOCATION AND EXTENT OF THE AREA

The area described in this report includes about 1,600 square miles
in the southwestern part of Eddy County, N. (‘Mex. (fig. 1). It is bounded
generally on the north by the Seven Rivers Hills, which is the southern
end of the Roswell basin, on the east by the Pecos River, on the south by
the southern limits of the Black River valléy and the Texas State line,

and on the west by the Guadalupe Mounta.ins.‘ A =small area east of

I
.
|

La Buerta and Carlsbad also is included.

Although investigation was made of the area as a whole, more detailed
studies were made of certain parts of the area; for example, the geology
of‘the entire area was studied, but only Slb square miles included in
Tps. 21-24 8., Rs. 24-29 E., was mapped in ideta.il. Most of the
hydrologic data were collected near La Huerta and Carlsbed and south of
Carlsbad and west of the Pecos River to a.u% including the Black River
valley and the foothills of the Guadalupe ﬁountaina -- an area of about

|
150 square miles.

FREVICUS INVESTIGATIONS

Prior to 1929, several papers including the classic paper "The
Guadalupian Fauna" (1908) were written concerning the geclogy of the

Guadalupe Mountains.
In 1929 three papers were published which attributed the abrubt facies

changes in the Permian rocks of southeastern New Mexico to deposition in
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a reef enviromment. The first paper was written by Lloyd (1929),

and it was followed by papers by Blanchard and Davis (1929), and
Crandall (1929). Lang (1937) named rock units and topographic features
and strengthened the reef hypothesis by describing features of the
environment.

Lang (19%9), Adams (1944), and others treated problems of the
Delaware basin which includes part of the Carlsbad area. Bates (1942)
demonstrated that the dolomite and gypsum beds in Rocky Arroyo west of
Carlsbad grade laterally into each other. King (1942, 1948) established
the relation of the Permian deposits to the tectonic framework by
detalled geologic mapping of the southern Guadalupe Mountains and by many
crosa sections and tectonic maps. Skinner (1947) diécussed correlation
problems of the San Andres limestone, placing it in the Guadalupe series.
Adsms and Fren?el (1950) discussed the geologic history of the Guadalupe
reef complex and advanced new theories on the general setting and
environment of the reef. Newell and others, (1953) correlated the
Permian rocks and treated many of the sedimentary features in the southern
Delaﬁare basin and the enviromment during the development of the reef
complex. Jones (1954) treated the Ochoa series and ipcluded é cross
section from the Delaware basin northward through the shelf beds. Boyd (1955)
and Frenzel (1955) published papers concerning stratigraphic problems
of Permian rocks in the Guadalupe mountain region. Hayes of the Geological
Survey mapped the Carlsbad Caverns East quadrangle (1957) and Carlsbad

Caverns West quadrangle (1958). C. L. Jones of the Geological Survey
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is studying rocks of the Ochoa series both in and north of the Delaware
basin, with special reference to potash-bearing deposits.

The immediate Carlsbad area was studied by several investigators.
Meinzer, Renick, and Bryan (1926) discussed T'he possibilities for a
damsite (Damsite 3) in an area north of Carlsbad and included information
on the terraces and alluvial deposits. Later the damsite was studied more
comprehensively by the United States Army, Corps of Engineers. DeFord and
Riggs (1941) described the type section of t#e Tansill formation. Bretz
and Horberg (1949) discussed the geomorphic history of the Carlsbad area
and Pecos Valley and included a study of thel Carlsbad Caverns. An
interpretation of the geoclogic history of thk Carlsbad Caverns was
presented by Black (1954, p. 136-14k2). |

The report by the National Resources Plgnning Board (1942) on the
Pecos River Joint Investigation described the climate, water resources,
geology, water utilization, wat;rshed manag%ment, salinity of water,
recreation and wildlife, and flood-control froblems of the Pecos Valley.
The part pértaining to geology, which was written by Morgan and Sayre

(1942), described solution of rocks in the Pecos Valley and the geologic

history of the valley; problems of leskage Tt Lakes Avalon and McMillan
were studied by Hale (l9h5) who reported on the geology and ground water
near Carlsbad, N. Mex. In the report by Haie, and also in the report of
the Pecos River Joint Investigation, the percentage of water from different
sources that contribute to the spring flow in the Carlsbad Springs area was

computed from quality-of-water analyses. unpublished paper written in
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1951 by E. H. Herrick described ground water in the vicinity of Black
River Village. Hendrickson and Jones (1952) described the general
geology and ground-water resources of Eddy County, N. Mex. In a report
on ground water and geology in the vicinity of Rattlesnake Springs, -
Hale (1955) described the relations of spring flow to pumping from
irrigation wells.

' In the Loving and Malaga area, Robinson and Lang (1938) determined
that the saline springs issuing from the Malaga Bend of the Pecos River
are the result of discharge from a brine aquifer in the lower part of
the Rustler formation. Hale, Huges, and Cox (1954) discussed the -
feasibility of improving the quality of water in the Pecés River by
pumping the highly saline water in the brine aquifer at Malage Bend

to Queen Leke for storage and eventual disposal by eveporation.

METHODS OF INVESTIGATION

Data from previous reports were utilized extensively. Pertinent
data regarding most of the wells in use were obtained from the Office of'
the State Engineer at Roswell. Wells of large discharge were visited to
confirm location and to obtain additional data, including depths to water
at selected wells. Water levels were measured to the nearest 0.01 foot
by the wetted-tape method. During the investigation water levels were
measured monthly or bimonthly in about 30 wells and annually in about

95 wells to determine changes and trends in water levéls. In 1954 the
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network of observation wells measured annually was expanded by the

addition of 13 wells. The altitudes of wells tapping the Capitan
limestone were determined by spirit leveliné, and those of wells tapping
the alluvium were estimated from the topographic quadrangle maps of
the Geoclogical Survey.
| During the sm;mer of 1954, a total of 67 irrigation wells was visited

for the purposes of measuring the discharge, drawdown, pumping lift,
electrical input, and for obtaining data on acreage and type of crops
irrigated. From these data were calculated the specific capacity,
efficienty of the pumping plant, and quanti‘lty of water pumped per
1,000 kilowatt-ﬁours of energy. Electrical{L-conamption data were
collected at 45 wells, and the average a.mo&nt of water pumped per acre
of irrigated land was computed on the basis of the 30 wells for which ‘
data were most dependable. |

Total irrigated acreage was determined by measuring each field by
odometer, plotting the fields, and measuring the plots by planimeter.
Total water used for irrigation was estimated by determining the average
pumpage per acre, multiplying by the number of acres, and adding the
surface water applied (estimated). |

Areas of natural recharge were dete ined by geologic study,
analyzing the effects of floods in arroyosL and observing changes in
piezometric gradients. Areas of natural dh.scharge were determined
by inspecting the stream channels for spri‘ﬁngs and seeps. The Tansill
| permitting emix;ation of

\
r‘

|
the many springs in the Carlsbad Springs area, which normally is inundated
: J

Dam reservoir was drained in January 1955,

by impounded water. 1‘
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Samples of water for chemical analyses were collected from 162 wells{
including 24 wells from which samples were collected bimonthly in an effort
to relate quality and changes in quality with time to geoloéy, precipitation,
and pumpage. Spring and river watgrs also were sampled for chemical
analysis.

The geology of Tps. 21-23 S., Rs. 24-29 E., was m;pped in detail
(pl. 2); the remainder of the ares was mapped b& reconnaissance methods
or adapted fram'oﬁhersf Fbrmafional contacts were traced in the field
and plotted on topograpgiic maps and aerial photographs. étructures,
facies changes, geomorphology, sedimentation, and lithology, as related
to'ground-water problems, were studied. Stratigraphic sections were
measured by steel tape and hand level.

| Three test holes drilled by the city of Carlaﬁﬁd and other drilling
sites were Qisited and cuttings were studied as drilling p;ogresaed.
Dfillers' logs of wells and test holes were obtained frcﬁ the State
Engineer's Office. Geologic logs were collected from oil companies,

local geologists, and the Conservation Division of the Geological Survey.

WELL-NUMBERING SYSTEM

The system of numbering water wells in this report is that used by
the CGeoclogical Survey in New Mexico. The sysfem is based on the common
division of public land into townships, ranges, and sections, and by means

of the system the well mmber, in addition to designating the well, locates
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its position to the nearest 1lO-acre tract. The mumber is divided by periocds
into four segments. The first segment denotes the township south of the
New Mexico base line, and the second segment #enotes‘the range east of

the New Mexico principal meridian. The thirdLsegment indicates the section.

The fourth segment of the mumber, which consists of three digits,

indicates the 1l0-acre tract in which the welljis situated. Tor this
purpose, the section 1s divided into b quarters, mmbered 1, 2, 3, and k4,
in the normal reading order, for the eorthwes , northeast, southwest, and
southeast qpartera, respectively. fhe first digit of the fourth segment
gives the quarter section, which generally is a tract of 160 acres.
Similarly, the quarter section is divided inﬁo four 4O-acre tracts
numbered in the same manner, and the second disit denctes the LQ-acre
tract. Finally, the 40-acre tract is divide@ into four l0-acre tracts,
and the third digit denotes tee 10-acre tracj. Thus, well 23.27.24.342
would be in the NERSERSWE sec. 24, T. 23 5., R. 27 E., (£ig. 2). If a
well cannot be located accurately to a lO-acre tract, a zero is used as
the third digit, and 1f it cannot be located accurately within a 40-acre
tract, zeros are used for both the second an¥ third digits. If the well
cannot be located more closely than tﬁe section, the fourth segment of
the well mumber is omitted. Letters e, b, c; and d are added to the last
segment to designate the second, third, fourkh, and succeeding wells

listed in the same l0-acre tract.
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GEOGRAPHY .

TOPOGRAPHY

The Pecos Valley, in which Carlsbad is located, is a section of
the Great Plains physiographic province. To the west are the Guadalupe
Mountains of the Sacramento section of the Bas;n and Range province; to
the east is the High Plains [Pecos] section of the Great Plains province
(Fenneman 1931, p. 47). The Guadalupe Mountains are the most easterly
of the tilted fault blocks of the Basin and Renge province; the
Mescalefo pediment of the Great Plains province rises gently from the
Pecos River eastward to the Llano Estacado, a relatively flat, high,
and featureless plain chara;terizing part of eastern New Mexico and much
of western Texas. g |

The Carlsbad area is divided into three major physiographic areas,
each of which has been subdivided further. The major physiographic areas
are the limestone uplands west of Carlsbad, the alluvial pleins and |
terraces of the Pecos River and its tributaries, and the lowlands north

and east of Carlsbad. Topographic features of place nemes within the

project area mentioned in the text are shown on figure 3 and plates 1 and 2.
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Limestone uplands

The Guadalupe Mountains from their highest point in Texas extend
into New Mexico as a "V" whose limbs extend northwestward and
northeastward, decreasing in elevation nort#ward. The western boundary
of the mountains, an imposing steep scarp fﬁcm 2,000 to 3,000 feet high,
is the edge of an eastward-tilted fault bloﬁk, more than 100 miles long.
The eastern boundary of the mountains is an exhumed reef ffont that
follows the o0ld structural and stratigraphi boundar& between the
Delaware basin and the northwestern shelf area. The western limb of
the mountainous region has been named the "?uadalﬁpe Mountains proper"
and the eastern limb "La Barrera del Guadalupe" (Land, 1937, p. 839).
Between the rugged, mountainous arms of the "V" lies an area of lower
relief called the Seven Rivers embayment (ﬁl. 3). The Guadalupe
Mountains proper, the Seven Rivers embaymeJt, and La Barrers del
Guadalupe form the chief physiographic divisions of the limestone

uplands (fig. 3).

Guadalupe Mountains proper
J

The Guadalupe Mountains proper are boﬁnded on the west by "The Rim",
|
a fault scarp, and on the east by the Huspache monocline (fig. 3). The .
width of the upland between the monocline and fault, averages about

|

12 miles south of Texas Hill. ;
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The upland is relieved by broad swales and divides into which
deep canyons have been iqciseﬁ; same are more than‘600 feet deep. The
surface is.erosional, as more than 1,000 feet of beds at Guadalupe Peak
in Texas are missing at Texas Hill, 35 miles to the northwest.
Equivalent beds are present in the subsurface east of the Pecos River.
The missing formations mostly were the easily eroded rocks of the
evaporite facies rather then the resistant rocks of the carbonate facies.

The broed, g;ntly rolliné t?pography of the summit peneplane in the
Guadalupe Mountains proper indicates that the pre-faulted surface was
near base level. Differences in relief of this surface may reflect
differences in relief on the original peneplsane. South.and‘east'of
Texas Hill, the dendritic drainage pattern of the three incised
tributaries of Rock& Arroyo =- North and Middle Rocky Arroyo, and
Indian Creek -- indicates that the Rocky Arroyo drainage here was
superimposed on the resistant carbonate rocks of the Sen Andres and
Grayburg formations from a formerly low, eastward-tilted surface of
homogeneocus rocks.

Scme of the older consequent streams on the summit peneplane are
older than the faults along the west side of the Guadalupe Mpuntains.
In some places the streams were beheaded by fauiting along "The Rim,"
In these places, however, the original courses could not have been
much farther west for, neﬁr the points of beheading, the streams branch
into many tributaries, none of which could have been capable of .

draining a large territory to the west (King, 1948, p. 1Li2).
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Seven Rivers embaymenL

The Seven Rivers embaymeﬁt is an aresa oﬂ moderate relief. The
shape of the embayment resembles a broad sou huard;pointing wedge whose
apex is in sec. 7, T. 24 S., R. 23 E. The western boundary is the
Huapache monocline; the eastern boundary is the Seven Rivers Hills,
Azotea Mesa, and East gnd West Hess Hills. wedge shape of the
embsyment‘is caused by the Huapache monoclin‘ crossing the facies
boundaries of the rocks of the Guadalupe series. The facles boundaries
trend northeastward,'barallel to the reef front, and the Huapache
monocline trends northwestward. The rocks o# the softer evaporite
facies of the Guadalupe series have been eroded away, giving the
embayment 1its distinctive form. - '

The Seven Rivers embayment is characterized by shallow swales
and gently rcundeé pills. The hills, where Telief comonly is less
than 50 feet, generally trend northeastward parallel to the reef
escarpment. Most of the hills are capped regsistant dolomite,
which hag retarded erosion of the underlying softer beds of gypsum and
of red sand and silt. Sinkholes have developed in these weaker beds
in the swales. Many of the sweles are bott%med in easily erodsble
gypsum and silt, but others are bottcmed in;thé relatively impervious
back-reef sandstone. The drainage in the fven Rivers embayment conaisté
of the superimposed consequent streams that| have excavated Rocky Arroyo
anﬁ Last Chance Canyon, and a series of subsequent streams paralleling

the strike of the resistant beds of dolomite.
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La Barrera del Guadalupe

La Barrera del Guadalupe is bounded on the east by the exhumed
reef escarpment and on the west by the Seven Rivers embayment. The '
area 1s underlain by resistant carbonate rocks and sandstone. The
western part of La Barrera del Guadalupe is capped by a bed of dolamite,
which is underlain by carbonate rocks east of the Seven Rivers Hills
‘and by evaparite rocks under the Seven Rivers Hills, This bed caps the
Seven Rivers Hills and extends southward to'Dark Canyon and northeastward
to Lake McMilian. |

The topography is influenced strongly by geologic structure.

South and west of Carlsbad, the surface of La Barrera del Guadalupe is

a dip slope. West of Carlsbad a serieé of long, arcuate anticlines and
synclines,.cbnvex{to the west, are reflected topographically by ridges
and valleys. The ephemersl streams in Little Walt Canyon and Waterhole
Draw flow along the axes of synclines and drain into Rocky Arroyo. A
series of dames that include McKittrick Hill and Nagooltee Peak are
superimposed on the crests of'anticlines. The drainage pattern of the
doﬁes immediately west of Carlsbad ranges fram radial on gﬁe symmetri&al
domes, such as McGruder Hill, to trellis on the elongated structures of
the Hackberry Hills and the‘Ocotillo Hills.

The major drainage basins -- Rocky Arroyo, Last Chance Canyon,
and Dark\Canyon -~ probably are superimposed on the uplands.

Rocky Arroyo flows northeastward across the Azotea tongue and
its course probably was consequent on the original fault-block

surface of the Guadalupe Mountains. Dark Canyon drainage basin
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apparently follows a bréad syncline that is trgnsverse to the reef trend.
Entrenched meanders of the older streams attest to:the superimposition

of the drainage. These meaﬁders, which renge from a qua?ter of a mile

to a mile in length and width, are prominent especially at Serpentine
Bends, where Dark Canyon has cut into the carbonate rocks (in this report,
limestone and dolomite) of the Carlsbad sr.'oué.’

{

Alluvial ﬁlains and terraces

The alluvial plaiﬁs and terraces occupy,#he area that 1s underlain
primarily by deposits of the Pecos River qnd ts tributaries. The
lowlands mostly are on the west side of the Pecos River from the north
- end of the Seven Rivers Hills, about 15 m;les[northwest of Carlsbad, to
a few miles south of the lower Black Rivef, a:out 21 miies goutheast of
Carlsbad. They include also a narrow strip east of the Pecos River, an
. area near the mouth of Rocky Arroyo,'and the upper part of the Black

| ﬁiver valley. The deposits immediatély under#ying the lowlands range
in thickness from O to more than 300 feet and}cousist principally of
streem deposits of gravel, sand, and silt, | & lesser amount of silt
and sand deposited by wind. |

A series of terraces and plains récord the constructional and
erosional history of the Pecos River and its tributaries (fig. k).

The major surfaces, from highest to lowest altitude, are the Yeso
and Cottonwood Hills plain on the highlends. outh of the Black River,

the Blackdom plain, the Orchard Park plain, and the Lakewood terrace.
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The upper three surfaces are called plains in this repért, insteed of
teriaces,~to conform with local usage of terms designating these surfaces.
The Orchard Park plain is mainly a constructional surface and is underlain-
by the thickest deposits of alluvium in the Carlsbad area. The Lakewocd
terracé is mostly degradatiénal but is underlain by a tﬁin bed of gravel
and silt deposited by the Pecos River. These distinctive surfaces are
names for their counterparts in the Roswell basin. Fiedler and Nye

(1933, p. 10) desgribed three upper ersoional surfaces in the Roswell
basin: +the Sacramento plain, the Diamond A plain, and the gravel-capped
mesas, and three lower constructional surfaces; the Blackdam, the Orchard
Park, and the Lakewood terraceé. The Orchard Park and Lakewood terraces
'of Fiedler and Nye can'be correlated readily with their equivalent surfaces
in the Carlsbad area. The Blackdam of Fielder and Nye probably is

correlative. Correlation of higher erosional surfaces has not been made .

Yeso and Cottonwood Hills plain

The area south of the Black River (including the Yeso and'COttonwood
Hills) is a degradational plain having an aweragé eastwﬁrd slope of about
T5 feet per mile. Siliceous gravel is scattered on the upper surface.

In most places the surface cuts the bedrock across the bedding plains.

In many blaces étreams have become entrenched on the plain.

Blackdom plain

The Blackdom plain comprises the ﬁﬁlands north and west of the

Black River, the higher surfaces immediately adjacent and northeast of

Carlsbad, and isolated remnants in the Loving area. The correlative of
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this plain in fhe Roswell area was called the blackicm terrace by Fiedler
and Nye (1933, p. 12). The Blackdom plain as mapped for this report is | '
higher than the Orchard Park plain and lower than the uplands south of
the Black River. It is not known, however, if all the surfaces
designated as Blackdom were formed at the s time.
The Blackdom terrace of Fiedler and Nye the Roswell basin was
described as a terrace 30 to Sovfeet highe£ th the Orchard Park terrace
of Fiedler and Nye at its eastern margin and 60 to 80 feet higher then the
present stream channels. ﬁye's cross section? (1933, p. 12 and 18) show
thick alluvial materials below the Blackdom t%rrace in the Roswell basin.
In the same report, Fledler and Nye suggested that the T5-foot terrace
along the Pecos River in the vicinity of Damsite 3 (sec. 6, T. 21 S., R. 26 E.)

18 correlative with the Blackdam terrace in the Roswell basin. Horberg

(1949, p. 470) considered the surfaces in ther‘ vicinity of Black River
Village to be a counterpart of the Blackdom Jerrace of the Roswell basin;
therefore, they called the uplands west 6f the Black River the Blackdom
plain. I

. The Blackdom plain, as designated in thﬂs report, is characterized
by degradational and aggradational surfaces.{ The planed bedrock and
the thin alluvial cover overlying bedrock infthe highlands north and
west of the Black River are degradational. fhe surfaces underlain
by thick alluvial deposits in the terrace re&nants near Loving and the
terraces near C(Carlsbad are aggradational. fhe degradational surfaces

were formed by lateral planation by tributaries of the Pecos River; the

aggredational surfaces were formed by depoai#ion of sediments by the
' |

Pecos River.



West of the Black River the Blackdom plain (fig. 'h) is 125 to 150 |
feet above the Black River alluvium and its slope away fram reef
escarpment is about 125 feet per mile. In scme places the surface of
the plain is underlain by gravel 10 to 25 feet thick; in others the
gypsum bedrock is exposed, especially where -small tributary streams
such as Chinsberry Draw have cut the surface. In some places these
streams have deposited a calcarecus and gypsiferous silt generally
ranging in thickness from 5 to 20 feet, increasing in thickness in a
- few places to more than 25 feet. This silt has sifted into some sinkholes
and caverncus zones.

Evidence of solution along same of the draws include: sinkholes
and cavernmous zones, some of which are indicated by small faults that
resulted‘from local subsidence; reworked gypsum deposits; and gypsum
breccia, whose individual fragments range in diameter fram a fraction
of an inch to more than 3 feet.

Nortﬁ of the Black River, the Blackdom plain extends slightly north
of east from secs. 2 and 11, T. 24 8., R. 26 E., to secs. 26 and 35,

T. 23 8., R. 28 E. It forms a broad sloping nose trending eastward

in secs. 3L and 32, T. 23 S., R. 28 E. This part of the plain is a

cut terrace underlain by caliche covering rocks of the Ochoé series
with locally a thin alluvial mantle. An oil well drilled in

sec. 12,°T. 24 8., R. 26 E., penetrated a thick layer of ;aliche.
Farther eastward, in sec. 3%, T. 23 S., R. 27 E., results of power-suger

drilling indicate that the caliche rests on gypsum. East of this point,

aléng the nose, gypsum bedrock and younger deposits of gypsum crop out,
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forming an effective ground-water barrier between the Black River basin
and the Carlsbad alluvial basin. This phenomenon is discussed further
in the section on the shape and slope of the water table in the alluvium.

' The largest remnant of the Blackdom plein in the Loving area is
southeast of Herradura Bend, sec. 9, T. 23 é., R; 28 E., where the
surface of the remmants lies 50 to 60 feet ebcve the Pecos River. The
caliche profiles here are not as mature as ﬁhe profiles on the Blackeom
plein to the west and north. Although these remments southeast of
Herradura Bend probably are younger than the Blackdom plaiﬁ north and
west of the Black River, the& are included with the Blackdom plain
because of their relative elevation.

The remnants of the Blackdom plain neay Carlsbad are easily
recognizable east of the Pecos River but are less distinct on the flanks
of Ocotillo Hills within the city. The aces here are about 80 feet
above the Pecos River, and the caliche unde#lying the plain is

considersably thicker than that underlying the Orchard Park plain. The-

best exposures of the caliche are about a mile east of Carlsbad
on U. S. Highway 62. Here 4 to 5 feet of indurated bedded caliche is
£~
~

underlain by a friable, chalky caliche. ; total thickness‘of the
caliche is not known. j |

A terrace about 75 feet high has been developed along the Pecos
River about 9 miles north of Carlsbed. An #xeellent exposure of this
terrace, at Damsite 3, was first described by Meinzer and others
(1926, p. 6).. The upper surface has a caliche profile of similar

maturity to the profile east of Carlsbad.  Beneath the caliche,




limestone gravel that contains a small amount of quartzose material
extends almost to the base of the exposure where the gravel is

éeﬁented firmly by calcium carbonate.

Orchard Park plain

The Orchard Park plain, the most extensive of the alluvial-lowland
'surfaces near Carlsbad, extends over most of the alluvial basin south
of Carlsbad. The higher surfaces along Little McKittrick Draw,
Hackberry Draw, Rocky Arroyo, and areas along the Black River aléo are
~included in the Orchgrd Park plain. Altﬁcugh thgse higher surfaces and
the alluvial basin south of Carlsbad lie at similar altitudes above
their respective adjacent lowlands, their inception and growth resulted
fram different processes. The higher surfaces result from cut-and-fill
processes, whereas éhe Carlsbad alluvial basin results primarily.from
solution-and-fill processes.

The Orchard Park plain south of Carlsbad rises 20 to 36 feet
above the Lakewood t;rrace along the Pecos River. The Orchard Park
plain slopes eastward toward the river and its gradient ranges from
50 feet per mile near the reef éscarpment to 25 feet per mile near“the
Lakewood terrace. The elevation of the Orchard Park plain and its
eastward.gradient are similar to'those of the Orchard Park terrace in
the Roswell basin (Fiedler and Nye, 1933, p. 11-12) .

A prominent scarp separates the Lakewood terrace and Orchard Park

plain from Carlsbad to near Herradura Bend on the Pecos River. A

lime-cemented conglomerate caps this escarpment along much of its length.
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The topographic break is "marked" by a vegetal change. The soft,
friable flood-plain silt of the Lakewood terrace is productive
agriculturally in contrast to the gravelly uplands of the Orchgrd Park
plain adjacent to the scarp, which is almo%t barren of vegetation.
Probably the gravel is a channel facies of Pecos River deposition.

Westward frcm.the scarp, the gravel f;cieq grades into
f;ood-piain materials consisting of silt and fine sand. The land west
of the scarp is highly produétive agricul ‘ ally, especially near Qtis.

Westward from Otis toward the reef escarpment, the carbonate content
of the Boil increases and the caliche profille becomes better developed.
For example, near an airport in sec. 35, T. 22 8., R. 26 E., the
caliche is about 6 feet thick and forms‘a'ﬁard, relatively impervious
layer that impedes groundowater recharge.

Test drilling in the Orchard Perk pl‘ revealed a concentration
of calcium carbonate at depth, and indicates a moderately mature soil
profile. The concentration of calcium carbonate increases from about
15 percent at the surface to 30 percent aﬁ a depth of 5 feet. The
soll profile of the Orchard Park plain differs from both the uniformly
young soil profile of the Lakewood terrace and the well-developed
profile of parts of the Blackdoﬁ plain, aLd suggests that the Orchard
Park plain is inﬁermediate in age between the Lakewood terrace and the
Blackdom plain. The more mature solls othhe Orchard Park plain
adjacent to the reef escarpment indicate that proceéses which lead to

the development of caliche have been more effective near the escarpment.



The gravel, sand, and silt underlying the Orchard Park plain
resulted from deposition of sediments from Dark Canyon and, to a
lesser degree, from deposition by the Pecos River. The Orchard Park
plain, which is the largest aggradational surface in the Carlsbed area,
is underlain by beds of gravel and sand ranging in thickness fram O
southwest of Loving to a little more than 300 feet near Dark Canyon.
Thin alluvium capped by & youthful caliche profile underlies the
Orchard Park plain in the Rocky Arroyo end Hackberry Draw ereas.
Little is known sbout the sediments underlying the Orchard Park plain in

the Malage area.

Lakewood terrace

The Lakewood terrace is the lowest alluvial terrace in the

Carlsbad basin. Itlis relatively flat, lies 15 to 30 feet sbove the
Pecos River, and grades 10 té 30 féet per mile toward the river. It
extends along the river in a narrow bend that ranges in width fram
0.25 mile to more than 2 miles. '

| The terrace is underlain by soft, friable, liéht-brown.flood-plain
silt and well-sorted gravel and sand. The silt generally 18 only 10 to
15 feet thick and in.many placés is only a veneer over extf;mely permesable
sand and gravel. The permeable sand end gravel overlies the-Orchard Park
gravel deposits which locally are known to be cemented with caleium

carbonate to form a conglamerate of low permeability.
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Many springs discharging into the Pecos River are fed by
,water percolating downward through the friable silt and permesble
sand aﬁd gravel, moving downgradient along the contact of the
relatively impervious conglomerate of the Orchard Park gravel to.the
points of discharge. BScme of the springs also are discharge points
for water moving e;stward through the alluvium toward the Pecos River.
The Lakewood terrace is highly productive agriculturally in
most plaées. Land leveling generally is n t needed because the
terrace is nearly flat. The solls of the ﬁakewood terrace contain
more silica and less carbonate than those éf the Orchard Park terrace
to the west. Boils of the Lakewood terrace contain from 6 to l6’percent
calcium carbonate of uniform distribution, as indicated by soil profiles
obtained by the U. S. S8oil Conservation Service. Lack of calcium
carbonate is dlagnostic of a young soil. In contrast, the soil profiles
under the older Orchard Park and Blackdom Llains show an increase of
calcium carbonate with depth. FurthernmmeL solls under the Lakewood
terrace are sandier than soils under the Orchard Park plain. The
former average 50 to 60 percent sand, 25 to 30 percent silt, and
13 to 20 percent clay; in some places, s constitutes as much‘as
TO percent of the soils under the Lakewood terrace.
Normally, the Pecos River does not overflow the Lakewood terrace.
However, in 1904, a flood flow of 81,000 cubic feet per second with
e crest of more than 20 feet covered part of the terréce west of Otis,

and much of it directly south of Otis. Tﬂe veneer of silt on the




Lakewood terrace probably was deposited during floods when the
river flowed at a high level.

After the phase of deposition in which the Orchard Park terrace
was formed, the Pecos River was rejuyénated and began cutting the
Lakewood terrsce. As the stream approached érade, the thin blanket
of Lakewood gravel was deposited. Downcutting was resumed in Recent

time, and the present river channel developed.

Lowlands

The lowlands northwest, northeast, and southeest of Carlsbad
can be subdivided into four physiographic units: en area north and
northwest of Ocotillo Hills, designated as Adobe Flat; the Alacran
' Hills; Indian Flats; and & lowland called the Quahada Ridge ares.

Adobe Flat:ia characterizéd by a low, generally featureless
surface dotted w;th sinkholes, and bordered by hills of resistant
dolomite. It is a good recharge area because of its many sinkholes.
In places, the sinkhole topography has resulted from solution of the
underlying beds of gypsum. The sinkholes range from a few feet to.
halr & mile in diameter; the largest, which is about 5 milesl
northwest of Carlsbad and adjacent to U. S. Highway 285 in
sec. 17, T. 21 S., R. 26 E., is enclosed by slumped, steeply dipping
beds of dolomite of the Tansill formation. Adobe Flat is & good

recharge area because of its meny sinkholes.



The Alacran Hills northeast of Carlsbad are bounded on the

west by the Avalon Hills, on the east by Indian Flats, and on the
south by Esperanza Draw and La Huerta. They are characterized by
isolated hills 20 to 50 feet high rising from broad, shallow swales.
The hills are capped by resistant dolomitejof the Rustler formation;
the swales generally are underlain by red beds and gypsuﬁ of the
Rustler formation and alluvium. In maﬁy p@aces a caliche profile
which reduces recharge has defeloped in the swales.

Indian Flats, east of Carlsbad, is bounded on the northwest by
the Alacran Hills and on the north and eaJt by Quahada Ridge. On
the south the flats ?lope to the Pecos River. The relatively
featureless surface, like that of Adobe Fﬂat, has some sinkholes and

is underlain by gypsum and red beds of the Rustler formation and

alluvium. Fine silty windblown sand and streem deposited silt and
sand of Recent age mantle the Rustler fomtion and reworked material
from the Rustler. Some sinkholes provide conduits for recharge to
aquifers in the underlying Rustler formation,

The Quahada Ridge area lies eagt of ‘arlsbad and is bcunded on
the west by Indian Flats and on the south by the Pecos valley. The
eastern and northern boundaries extend ou of the area of study. The

area is characterized by ridges and hills as much as 50 feet high,
which are separated by broad, shallow swales. It is underlain mainly
by alluvium and the Rustler formation. of the hills are capped
by resistent dolamite of the Rustler; other hills, such as southern

Quahads Ridge, are capped by caliche. Re dune sand covers much of the

aresa.



DRAINAGE

The project area is drained by the Pecos River and its tributaries.
Numerous sinkholes and undrained depressions have precluded development
of major systems of surface dralnage in the eastern part of the project
area. Streams in Rocky Arroyo and Dark Canyon, and the Black River are
the major tributary streams flowing generally northeastward. Rocky
Arroyo drains the Indian Basin in the Seven Rivers embayment and a large
aree west and south of Texas Hill in the Guadalupe Mountains. Dark
Canyon, which drains an area of about 250 square miles in the southern
Guadalupe Mountains, heads in T. 26 S., R. 21 E., and its stream flows
for more than 20 miles northeastward, parallel to the reef front, and
enters the alluvial basin in T. 23 S., R. 25 B. Last Chance Canyon, which
drains the Sotol Basin end the Guadalupé Mountains in the viéinity of
Sitting Bull Falls, is a major tributary of Dark Canyon. The Black River
flows ﬁortheastward, southeas# of and parallel to the reef éscarpment,
to the vicinity of Black River Village and thence eastward to the
Pecos River. The Black River has many tributaries that rise in the
limestone uplands, among which are the streams in Walnut, Rattlesnake,
and Slaughter Canyons, |

In addition to the main drainage basins of Rocky Arroyo, Dark
Canyon, and the Black River; many consequent streams drain the reef
front and adjacent areas, The largest of these are streams in
Little McKittrick and Sheep Draws. Others include streams in

Cass Draw, Elbow Canyon, and Jurnigen and Chinaberry Draws. All are

ephemeral streams, flowing only after precipitation in the uplands.

29



The Pecos River normally does not flow between Avalon Dam and
Carlsbed Springs. Water from Carisbad Sprix‘igs is impounded by Tansill
Dam at Carlsbaed, and contributes to the perernnial flow of the river
between the dam and Red ﬁluff reservoir Jus’tjﬁ south of the State line in
Texas. _ : |

Reaches of Rocky Arroyo and the Black River flow.perennially. The
perennial flow c;f Rocky Arroyc begins at Indian Big Spring, in the
NWi sec. 27, T. 21 8., R. 24 E., and continues for 6 miles to & point
below Barber Crossing. The flow of the Bla%k River bvegins at springs
in the SEX, sec. 3, T. 26 S., R. 24 E., and continues for 4 miles
(Bale, 1955, p. 8). Two diversion dams have been built downstream from
the springs to utilize this water for irri%étion. The dry-wea.ther flow,
which ranges between 0.5 and 3 cfs, disappears in the channel below the
lower diversion d.am The river normally is dry to a point near the
Junction of Blue Spring Creek and the Black River, :Ln
sec. 35, T. 24 8., R. 26 E. The Black 31er flows perennially
downstream from this point to its Junc;tion with.the Pecos River, except

for a mile or two below the diversion dam in sec. 12, T. 24 S., R. 2T E.




CLIMATE

The climate of the Carlsbad area is typical of the semiarid parts
of the Southwest in that it is characterized by clear égd sunny days,
large deily fluctuations in temperature, low relative humidity, and
scant rainfall. The averﬁge annual precipitation ranges from about
13 inches in the Pecos Valley near Carlsbad to about 22 inches near
the crest of the Guadalupe Mountains about 40 miles west of Carlsbad.
Average preclpitation and normal average temperatures, as observed at
threeyobservation stations of the U.'S. Weather Bureau,. are shown in
table 1. Weather at the Carlsbad station is typical of the valley and
that at the Carlsbad Caverns station‘is typical of the foothills of the
Guadalupe Mountains. Weather at the Mayhill ranger station is typical
of the western parf of the project aréa, including the'eastern slopes
of the Guadalupe Mountains, although the Mayhill ranger station in
éec. 26, T. 16 8., R. 14 BE., is a few miles outside the project area.

Records of precipitation kept at Carlsbad since 1889 show thaﬁ
the average annual precipitation is 135.25 inches, and the range in
annual precipitation 1s relatively great. The driest year of record
was 1924, when 2.95 inches of precipitation was measured; the wettest
was 1941, when 33.94 inches was recorded. The longest recorded period
of continuous above-average precipitation'was 6 years, 1911 through 1916,
when the average anﬁual precipitation was 17.1 inches. The longest
perliod of continuous below-average pfecipitation’was 5 years, 1950

through 1954, when the average annual precipitation was 8.5 inches.
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About 75 percent of the precipitation occurs as showers or

thundershowers during the growing season, May through October, owing

to frequent invasions of moist, tropical air (National Rescurces Planning
Board, 1942, p. 1). Heavy and prolonged rains in late summer or early
fall may be caused by tropical hurricanes eraring vast quantities of
moisture that enter Téxas or Mexico from the Gulf of Mexico, and move
inland. Floods in arroyos a.ndi the Pecos or Black Rivers generally are
the result of these heavy rains. The time-q‘distribution of rainfall is
favorable for growing crops, but the amount of rainfall is inadequate

-

and must be supplemented by irrigation. Pr#ecipitation at Carlsbad is

scant during late fall, winter, and early épring; it averages only

. |
3.12 inches for the period November through April.

The rate of evaporation in this part of the Pecos Valley is high.

The average anmual eveporation, as observed by the Weather Bureau, was
105.99 inches in a2 land pan at Lake Md«.\_jo, Just north of the project
area, T6.13 inches in a floating pan at La:&e Avalon, and 106.21 inches
in a land pan at Red Bluff Dam, Tex., Jjust south of the area. Land-pan
obsérvations generally are multiplied by O | T to convert them to water-
| Isurfa.ce rates. Monthly evaporation rates at Lake McMillan, as observed in
a land pan, range from 3.10 inches in J ry to 14.49 inches in June.

The weather isg modified by the drynes% of the atmosphere, Hot days
are frequent during the summer, but rapid #a.diation and the movement of.

cooler alr from higher elevations make the nights comp;.ratively cool.
. & 2




Winters are mild. except for occasional brief storms that sweep in from
the north. Recorded extreme temperatures at Carlsbad range from a
summer maximum of 112°F to a winter minimum of -17°F. The average
growving season is about 210 days, the last killing frost occurring

about April 1 and the first killing frost about November 1.

DEVELOPMENT OF AGRICULTURE AND IRRIGATION

The early economy of the Carlsbad area was based mainly on the
raising of livestock. In 1881 the Eddy-Bissel Cattle Co., 2 vast ranch
with hesdquarters in V{hat is now La Huerta, owned much of the area.
Charles B. Eddy, for whom Eddy County was named, was manager of the
company (McCormick, 1946). .

According to the Eddy County News of May 30, 1947, irrigation was
first attempted in the Carlsbad area by Mr. William Brady in 1873.

Mr. Brady irrigated a few acres with water diverted from Blue Spring,
16 miles south of Carlsbad. ﬁe abandoned his irrigetion project
finally and went to Lincoln, N. Mex., where he became sheriff and was
.killed by Billy the Kid during one of the latter's spectacular jail
breaks. Probably the next attempt to irrigate was sbout 1880, when‘
Mr. Hank Harrison irrigated a few acres with water diverted from

Rattlesnake Springs in the upper Black River valley.
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A group of itinerant Mormons were the first to attempt irrigation
with water diverted from the Pecos River. These people operated a project

‘at a place called Double Crossing near the present Harroun Dam on the

west side of the river for about a year (1880) and then left for reasons

known only to themselves. A diversion to on the east side of the
Pecos at Double Crossing belongs to the Ranch (Valley Land Cé‘.),
which holds the oldest ‘right in the Carlsbad area to water from the
Pecos River.

In 1887 the Pecos Valley Land and Ditch Co. was organized to
develop irrigation. The followlng year water was diverted from the
Pecos River for irrigation in the vicinity of the present Lake Avalon.
By 1893 Avalon and McMillan Dams had been constructed to impound water
for storage and a system of canals and ditches had been built to distribute
water to 15,000 acres of irrigated land. %loods in 1893 and 1904 destroyed
Avelon Dam and damaged the irrigation system. At the request of the land
owners, the Bureau of Reclamation bought t:he system in 1905 and began |
rehabilitation of. the project. Avalon Dam was rebuilt by 1907 and the .
ca.né.l system was extended to irrigate about 25,000 acres. McMillan Dam
was repaired in 1908, but by 1942 silt accumilation and leakage had,
greatly reduced. the ca.pa.city of the reservbir. Moreover, as silting
advanced, a dense growth of saltcedars spxiead over 13,000 acres in the
upper part of the reservoir. Alamogordo Dam, 145 miles upstream from
Carlsbed, was constructed during 1936-37 1%0 provide additional storage.

' |




The Pecos River Water Usefs Association was organized in 1906 and represented
the water users until 1933, when the Carlsbad Irrigation District (fig. 5)
was formed to operate the project (Krug and Straus, 1948).

The first irrigation well (21.27.31.333) in the area was dug in
1905 to irrigate trees and parks in Carlsbad. The first irrigation
wells for farmland were drilled about 1930, and about 25 wells of
large discharge were in operatioA by 19&5. The major development of
irrigation wells began in 1945, and by 1955 sbout 250 irrigation wells
of large discharge were iﬁ operation. These included 80 wells constructed
to supply water to land not previously irrigated and 170 wells constructed
to supply supplementar& water to lands mainly in the Carlsbad Irrigation
District which had been irrigated previously entirely by surface water
diverted from the Pecos River. As the supply of irrigation water avallable
from the river in most years was not adequate to raise crops, irrigation wells
became necessary to the economy of the area. The amount of ground water
pumped during dry years, such as in 1953 and 1954, exceeded by far the
amount of water diverted from the Pecos River at Lake Avalon. Records
of selected wells in the area visited during the investigation are shown
in table 1kh.

The Carlsbad Underground-Water Basin (fig. 5) was declared by the
State Engineer of New Mexico on October 16, 1947, when the possibility
of overdeveloping the ground-water resources had become evident.. This
declaration placed control of gonstruction of wells within the basin

under the administration of the State Engineer. On October 21, 1952
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the declared basin was extended to include the upper Black River valley.
Since the time the ground-water basin was declared, construction of new
irrigation wells in the area.has been permitted only to supplement surface
water rights or to replace worn, damaged, orjpoorly situated wells.

Approximately 30,500 acres of land was erigated during the 1954

growing season; 24,200 acres was irrigated lérgely or entirely by ground
water, and 6,300 acres was'irrigated entirely by surface water diverted
from stresms. Of the 24,200 acres that receFved ground water, 20,000
acres in the Pecos Valley east of the Southern Canal alsoc received
surface water. About 4,200 acres, mainly west of the Southern Canal
and in the upper Black River valley, was~irﬁigated entirely by water
pumped from wells. About 2,300 acres near da Huerta and west of
Carlsbad received water pumped from wells, and 1,300 of these acres
received some surface ﬁater. About 21,900 cres,'mainly south and
socutheast of Caflsbad, received water pumpeJ from wells., Of this
acresge, 18,700 acres received some surface water. Figure 6 is a map
showing the extent of the irrigated areas and figure 7 is a map showing
‘ the iocation of wells of large yield. _

In the drought of 1886 more than 35 péi-cent of the cattle in the
area dled for lack of feed. As a result of this and later droughts,
most of the early irrigated farms near Carlgbad were devbted to raising
alfalfa because of the need of the local li&estock industry for feed
during periocds of drought and becagse good ﬁnality alfalfa hay could

be economically bailed and shipped to distaftlmarkets.




. . The introduction of cotton growing was an important economic event.
According to the Eddy County News of May 16, 1947:
"The first attempt at commercial cotton growing in

New Mexico was made for the United States Department of

Agriculture in a field west of farmer Greene Ussery's

place in La Huerta. There in 1903, two acres of Egyptian

cottom were grown under instructions by Mr. Tracy, who

directed and supervised the project. This produced the

best crop of the four trial patches in the four different

states where this undertaking was attempted: New Mexico,

Texas, Arizona, and California."
Cotton was found to thrive in the area and, once established, contributed
greatly to the local economy. According to the Carlsbad Current of
June 23, 1911:

"...1t is estimated at this time that there has

already been hetween five and six thousand acres of alfalfa

planted; between four and five thousand acres planted in

cotton and about one-twentieth of the entire project planted

. to orchards, the major portion of which is planted to peaches."

Cotton growing increased steadily until it equalled alfalfa in acreage
in 1919. Cotton became the principal crop in 1920 and has remained so.
Significantly, both cotton and alfalfa are salt-tolerant plants that
thrive even though the water used for irrigation is highly mineralized.

Raising other crops, including sugar beets and various fruits,
was attempted, but success was local and temporary and the projects
were gbandoned finally. A sugar factory was constructed and operated
in Carlsbad in 1896 but was forced to shut down in 1899. Although
the sugar content of the beets was high, the crop ylelds were too low

to make the venture profitable.
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A survey in July 1954 indicated that of the 30,500 acres of land
irrigated, approximately 62 percent was planted to cotton and 22 percent
to alfalfa. The percentages planted t§ other crops were; maize, T;
barley, 3; céstor beans, 3; irrigated pastuTe, 2; and others, 1. Prior
to 1954, when the pepartment of Agriculture reduced the allowable cotton
acreage, much more than 62 percent of the irrigated land was planted.
Castor beans, an experimentel crop planted to use part of the reduced
cotton acreage, was unsuccessful because of low yields and threshing

difficulties.

N
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. INDUSTRIES

The main industry is the mining and refining of potash. Oil is
secondary, although exploited earlier than potash. The Carlsbad Caverns

have been a national tourist attraction for many years.

Potash

Potash was first discovered in 1925 w%en beds of potéssium salts
were penetrated at a depth of 1,000 feet during the drilling of a
test well for oil 18 miles east of Carlsbad. The United States Potash
Co. was formed to explore and develop the &eposit, and a 1,000-foot
mining shaft was begun in the fall of 1930. The company produced its

first commercial potash in September l952? Other large potash companies




soon entered the area to begin exploratory drilling and mining operations.
Production of potash was begun by the Potash Co. of America in 1935, by

the International Minerals and Chemical Corp. in 1940, and by the Duval
Sulphur and Potash Co. and the Southwest Potash Corp. in 1952. The
National Potash Co. began construction of a mine shaft in 1954 and was
producing potash by late 1956. The National Farmers Union, in consoclidation
with Kerr-ycGee Industries, began exploration in 1954 and plans to be

in producéion by 1960.

Of the many potassium-bearing minerals in the Carlsbad ares, only
sylvite and langbeinite appear to be available in sufficient quantity
" and concentration for commercial exploitation. Both éylvite (KC1) and
langbeinite (K,S0)2MgS0)) generally are mixed intimately with halite
(NaCl). Those ores are interbedded in massive beds of halite énd other
evaporite rocks of the Salado formation. The formation ranges in thickness
from less ﬁhan 500 feet to more than 1,200. The potash ores are mined
from beds ranging in thickness from 5 to 14 feet. Rectangular rooms are
mined out and pillars of ore are left between the rooms to support the
overburden.

In 1954, nearly 4,000 people vere employed by five potash companies
and more than $1,500,000 in salaries was paid each month. These five
companies produced about 90 percent of all potash produced in the
United States. More than 40 percent of Eddy County's assessed evaluation

is derived from potash mines and reserves.



Refining of potash ores requires a dependable supply of water.
Two of the producing companies obtain water from the Carlsbad ares.
The International Minerals and Chemical Corp. pumps water from wells
21.27.3%0.434 and 434a and conducts it throu#h 18 miles of pipeline to
the refinery at rates of 1,400 to 2,000 gymf(gallons per minute). The
United States Potash Co. uses water diverte& from the Pecos River at
Harroun Dam. Because sufficient water is not available in the Carlsbad
area the other companies pump or plan to pump water from aquifers
underlying the High Plains in eastern New Mexico, and conduct it to
their refineries through pipelines. The ﬁSe of water by potash
refineries is consumptive, as most of the water is evaporated from
ponds near the refineries or from Salt Laké and the remainder seeps
into the earth as highly saline water unfil for irrigation or other use.
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