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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 5 and 6: Replace with retyped pages 5 and 6 dated January 196*0. 

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 Ik   after "two", delete "areas", substitute 
"aquifers".

Pages l4l
and 142: Replace with retyped pages l4l and 142 dated January I960.

Page 144: 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 rra 
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 I960. 

Page 164: Replace with retyped page 164 dated January I960.
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Pages 165
and 166: Replace with retyped pages 165 and 166 dated January 1960.

Page 178: Line 18   after Carlsbad add ", adjusted for evaporation 
from and precipitation on Tansill reservoir,".

Page 185: Line 6 -- after "about", delete "25" and substitute "35". 
Line 18   after "about", delete "5" and substitute "7"-

Page 187: Line 23   after "Lake AvalonV add "(lA) seepage from the 
Pecos River between Major Johnson Springs and Damsite 3".

Page 188: Line 15   after "canals" add ", Pecos River between Major 
Johnson Springs and Damsite 3". Line 16   after "flow 
from" add "surface-water".

Page 189: Line 2 -- after "about", delete "5" and substitute "2". 
Line 3   delete "1953-55" substitute "1955". 
Lines 3 and 4 -- change sentence to read "Except for 19^9> 
1950, and 1956, this water discharged by the springs has 
diminished annually since 1942". Line 19 -- after "seasons 
of" delete "1953, 1954, and 1956" and substitute "1953-56". 
Line 19-22 -- Delete sentence beginning "During these 
relatively - ".

Page 190: Line 2   after "pumped water" add "to Carlsbad Springs".
Line 5 -- delete "22" and substitute "19".-, Line 15   after 
"Lake Avalon" add "Pecoc River above Lake Avalon" and 
delete "or" and substitute "and".

Page 195' Line 6 -- delete cap (V) and substitute lower case (v).
Line 9   after "to the" add "effective". Line 11 -- after 
"as the" add "effective".

Page 201: Line 20 -- after "50 feet in" delete remainder of sentence 
and substitute "heavily pumped areas not served by surface- 
water irrigation".

Page 205: Line 3 -- delete "at least partly". Line 4 -- after "aquifer" 
add "or from floods in Dark Canyon Draw".

Page 212: Lines 8-12 - delete sentences beginning with "Also" and 
"Furthermore".

Page 229: Line 10 -- delete "needed" and substitute "used". 

Page 233: Line 10 -- after "of" add "Tps. 22 and 23 S., rt .

Page 235: 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". Lines 17 and 18 -- delete 
sentence beginning with of this quantity -  .
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Page 243: Line 6 -- after "valley" add "alluvium".

Page 247: Line 22 -- after "1955" delete ". Because" and substitute 
"even though". Line 23   substitute period after "County" 
Start a nev sentence with "Water  ".

Page 310: Line 22 -- after "ranged from", delete "59" and substitute 
"56". Line 23 -- after "to" delete "3 cfs in 1954" and 
substitute "2 cfs in 1955".

Page 311: Line 21 -- after "Springs, the" add "principal".

Page A-15: Replace with retyped page A-15 dated January I960.

Figure 27: Replace figure 27 with figure 27 dated January 1960.

Figure 45: Replace figure 45 with figure 45 dated January 1960.

Figure 46: Replace figure 46 with figure 46 dated January 1960.

Figure 47: Replace figure 47 with figure 4? dated January I960.

Attachments V/. E. Hale 
January 1960 Din triet Engineer
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GEOLOGY AMD WATER RESOURCES OF THE CARLSBAD ABEA,

EDDY COUNTY, NEW MEXICO

By 

L. J. Bjorklund and W. S. Motts

ABSTRACT

The project area includes 1,600 square miles in the southeastern 

part of Eddy County, N. Mex. The Peeos River valley in the area of 

study lies east of the Guadalupe Mountains of the Sacramento section

of the Basin and Range province and west of the Pecos section of the
v 

Great Plains province. The major physiographic subdivisions are the

limestone uplands west of Carlsbad, the alluvial basin and terraces 

of the Pecos River and its tributaries, and the lowlands north and 

east of Carlsbad. The area is 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 

kQ miles west of Carlsbad. The growing season, May through October, 

receives about 75 percent of the annual precipitation.

Irrigation has been practiced in the Carlsbad area since i860. 

By 1907> 25,000 acres was irrigated by water diverted from the Pecos 

River. Pump irrigation, mainly to supplement surface-water irrigation, 

developed rapidly from 19^5 through 19^7 > and the principal part of 

the Carlsbad Underground Water Basin was declared by the State



Engineer of New Mexico on October 16, 19^7, when the possibility of 

overdevelopment had become evident. Approximately 30>500 acres of 

land was irrigated in 195*S of which 2^,200 acres was irrigated 

largely or entirely by ground water and 6,;OO acres was irrigated 

entirely by surface water.

The Permian rock units in southeastern New Mexico are 

characterized by four major facies: (l) the basin facies-quartzose 

sandstone interbedded-with limestone; (2) i;he reef facies-massive 

limestone; (3) the carbonate shelf facies-:.imestone and dolomite 

interbedded with sandstone; and ( k) the evpporite facies-gypsum, 

anhydrite, and other evaporite rocks interbedded with sandstone and 

shale. Basin, reef, and shelf deposits inberfinger in exposures in

the southern Guadalupe Mountains. Changes from the carbonate facies

to the evaporite facies are strikingly apparent in the shelf rocks. 

The boundary between the carbonate and evajporite facies shifts 

nearer the shelf margin in successively younger rocks.

The tectonic framework and climate of early and middle Permian 

tijate profoundly affected the types of roclfis deposited. These rocks 

control the present movement of ground water and the localization of 

deposits of oil. The relatively deep Delaware basin and the shallower 

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

Ochoa time a new environment had become established in the Delaware 

basin and great quantities of evaporite ro^cks were deposited.



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 

Guadalupe fault block.

Folds of depositions! and tectonic origin are common in the 

project area. In places mound-like structures are superimposed on 

the crests of anticlines. Most of the faulting is in the western 

part of the Guadalupe Mountains. Joints in shelf rocks trend 

generally N. to 0 to 50° W. and N. 30° to to* E. Distortion folds, 

faults of nrnall 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 a lover cherty, dolomitic limestone. The water table in the San 

Andres in the western part of the Seven Rivers embayment lies at and 

above the contact of the Glorieta sandstone at depths generally more 

 fcfran 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 evaporite facies. Many 

sinkholes provide catchment areas for recharge to the ground-water



reservoir. The Queen contains deep water-bearing zones and a shallow 

zone which yields water to wells in the Seven Rivers embayment. The 

Seven Rivers formation consists mainly of stiblithographic dolomite with 

some beds of quartzose sandstone and siltstone. The dolomite grades 

into an evaporite facies consisting of gypsum and thin beds of dolomite. 

The Seven Rivers yields water to wells 'in the limestone uplands west of

Carlsbad. The Yates formation consists of interbedded dolomite and

sandstone that grades into an evaporite facies. Water-saturated zones

overlie confining beds of clastic rocks and yield small quantities of
(

water to wells and springs in the limestone uplands west of Carlsbad. 

The Tansill formation consists mainly of thinly bedded fine-grained 

detrital dolomite and limestone that grades into an evaporite facies. 

Much water leaks from Lake Avalon into the Tansill formation.

The Goat Seep limestone and the Capitan limestone are the principal 

formations in the reef area. The Capitan limestone is composed largely 

of massive beds of limestone and dolomite that contain many solution 

channels which transmit ground water in lajrge quantities. Many wells 

of large yield tap the Capitan limestone. 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 formations of the Delaware 

Mountain group and the Castile, Salado, and Rustler formations and the 

Dewey Lake red beds of the Ochoa series. The Delaware Mountain group 

consists mainly 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 dolomite contain '""- 

relatively large supplies of ground water locally, but the water generally 

is highly mineralized.

Beds of gravel, sand, and silt of Tertiary and Quaternary age, deposited 

by the Pecos River and its tributaries, 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 

Carlsbad 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 

areas.

The system of interconnected solution channels in the reef aquifer is 

contained mostly within the Capitan limestone, but the system extends 

westward into the underlapping 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 from 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
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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,^00 acres of irrigated land 

are obtained from the reef aquifer.

The shelf formations are recharged by precipitation. Ground water fills 

Joints and solution channels through a stratigraphic interval of about 

1,500 feet in evaporite and dolomitic rocks that overlie beds of sandstone 

in the shelf deposits. Some springs discharge at the contact of the
-»

evaporite and carbonate facies. Sandstone units retard vertical movement of 

water and act as confining beds where they underlie zones of perched ground 

water. The yields of wells tapping the shelf formations are relatively 

small, owing to the thinness of saturated sections in the zones of perched 

water. Bocks overlying the San Andres limestone generally drain 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 which include seepage from the Pecos tfiver between Major Johnson 

Springs and Lake Avalon, leakage from Lake Aviilon, seepage from the canals 

and irrigated lands, and recharge from precipitation. The contribution to 

the sprlsgflcv 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-water sources has been measured,

Petestimated and accounted for upstream in the Pecos River system. That part
- 

of the discharge of the springs originating firom precipitation and return
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from irrigation from ground-water pumpage and Carlsbad sewage effluent is 

referred to as previously unmeasured water in that it appears in the river 

and is gaged for the first time in the vicinity of Carlsbad. The amount 

of spring discharge is dependent on the magnitude 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 from the reef 

aquifer. The annual average discharge rate ranged from 102 cfs in 19^1 to 

36 cfs in 1956. Equivalent previously unmeasured water contributing to 

the springflow ranged from somewhat more than $6 cfs in 19^2 to 2 cfs in 1955.

If the amount of water of good quality pumped from wells is increased 

by an amount equal to or greater than the previously 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 alluvium ran^e from less than 1 to more than 266
r /,

feet below land surface. The water table in the alluvium generally slopes 

diagonally downstream toward the Pecoc 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 , where 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 the Southern Canal southwest of Otis and 

west of Loving contains a perched water table. Parts of the area are drained 

artificially because of the high water table. The alluvium is recharged by 

precipitation, floods fin ephemeral streams, subsurface inflow, and by
^

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

7
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wells, subsurface outflow, and by springs and seeps along the Pecos River. 

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

about IT cfs. "Water from the alluvium is used for the municipal supply of
I

Loving and Thayer .Apartments, for a supplementary irrigation supply of 19,000
.

acres, and for an exclusive irrigation supply of 3,000 acres. In 195*S areas 

of exclusive use required 3-2 acre-feet of watbr per acre, or about 30 percent 

less water than areas of supplementary use   [which required 3-2 acre-feet per 

acre of ground water in addition to lA acre-feet per acre of surface water. 

About 1,^00,000 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 storage of about 9*000 acre-feet.

The water table in the alluvium of the u^per Black River valley slopes 

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

Springs, ground water moves northeastward parallel to the Black River through 

a relatively narrow belt of alluvium. The alluvium is recharged from 

precipitation in the upper Black River ba::.in (find disc barge from the alluvium 

is by springs and seeps, subsurface outflow, and wells. The principal points 

of natural discharge are Rattlesnake 3$

springs along the upper perennial reach or th^ river. About 1,600 acres of 

land near and upstream from Black River Village is irrigated with surface

Blue Spring, and many small

and ground waters. About 2,500 acre-feet of 2round water is pumped from

wells in this area each year.

Base flow in the Pecos and Black Rivers in the Carlsbad area is 

maintained almost entirely by inflow ground water, and the flow of 

both rivers is affected by pumping from wells^. Water to irrigate 

20,000 acres is diverted from the Pecos and Black Rivers by the
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Carlsbad Irrigation District. Water for irrigation also is diverted 

at Harroun Farms, Livingston Farms, Willov Lake, Rattlesnake Springs, 

and Blue Spring.

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 sodium. .The temperature of ground water generally ranges 

from 65 to 71 degrees. The reef aquifer contains 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 veils from elsewhere in the reef 

aquifer. Long-range fluctuations in quality can be attributed mainly 

to variations in the quantity of precipitation. The quality of ground 

water improved in 19^1, when the Pecos Valley received more than 30 inches 

of precipitation. Virtually all water in the alluvium of the 

Fecos Valley is not potable south of Carlsbad and east of the Southern 

Canal and near Carlsbad, Happy Valley, and La Huerta with the exception 

of some water southwest of Carlsbad. The mineral content of water in 

the alluvium, increases progressively toward the Pecos River. Irrigation 

probably is 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 increases in chemical concentration and becomes impotable downstream. 

The quality of waters in the Pecos and Black Rivers during low flow IB 

similar to the quality of ground water in th^ vicinity. The concentration 

of dissolved minerals decreases during high flow and increases during 

lov flow. Spring waters that range in quality from potable to brine 

discharge into the Pecos River.
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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 vater is increase*} through nev uses and 

intensification of .old uses. The need and use of vater has increased in 

the rapidly growing city of Carlsbad and surrounding areas. The data in 

this report provide a basis, in part, for the optimum development of 

the water resources of the Carlsbad area.

HJRPOSE AND SCOPE OF THE INVESTIGATION

The Carlsbad area, including the city of Carlsbad, the communities of 

La Huerta, Otis, Loving, Malaga, Thayer Apartments, White City, Carlsbad 

Caverns, and Black River Village, the upper Black River valley, and 

intermediate areas, obtains water supplies from three principal sources: 

(l) 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 quality 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
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water 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 suburbs has resulted in a greater 

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

in 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
i 

irrigation has increased still farther during the past few years because

of drought. Reduced recharge and increased withdrawals of water from 

the Capitan limestone and alluvial aquifers have caused water levels to 

decline in these aquifers. As a result of decline in water levels, the 

head on the springs in the discharge areas has been less, and, as a 

consequence, the base flow of the Fecos River in the Carlsbad area has 

declined.

In January 1953 the State Engineer and the city of Carlsbad proposed 

that the geology and water resources of the Carlsbad area be investigated

in cooperation with the Geological Survey

following objectives: (l) to determine tlie quantity and quality of

The study was to have the

water from various sources moving through the Capitan limestone and

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

pumping on the movement of water in the Capitan limestone and the possible

12



encroachzaent of highly mineralized -water into the city well fields, 

(3) to determine the availahility of water in the Capitan limestone 

west and southwest of the city, (k) to determine the thickness of the 

valley fill and the quantity and quality of water in the alluvium west 

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 that part 

of the area mainly east of the Southern Canal to the flow in the Pecos and 

Black Rivers.

As a result of the proposal, a study of the geology and water 

resources of the Carlsbad area was begun in July 1953 hy 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 assigned to the 

project in September 1953* The major part of the fieldwork was completed 

by 1956, but collection of hydrologic data was continued into 195^.

The study was made under the direction of A. N. Sayre, Chief, Ground 

Water Branch, Water Resources Division of the Geological Survey, 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 southvestern part of Eddy County, N. Mex. (fig. l). It is bounded 

generally on the north by the Seven Rivers Fills, which is the southern 

end of the RosvelT basin, on the east by the Pecos River, on the south by 

the southern limits of the Black River valley and the Texas State line, 

and on the vest by the Guadalupe Mountains. A small area east of 

La Huerta 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 510 square miles included in 

Tps. 21-2*v S., Rs. 2*1-29 E., was mapped in detail. Most of the 

hydrologic data vere collected near La Huerta and Carlsbad and south of 

Carlsbad and vest of the Fe.cos River to and including the Black River 

valley and the foothills of the Guadalupe Mountains --an area of about 

150 square miles..

PREVIOUS INVESTIGATIONS

Prior to 1929, several papers includiiig the classic paper "The 

Guadalupian Fauna" (1908) vere written concerning the geology of the 

Guadalupe Mountains.

In 1929 three papers vere published wliich attributed the abrubt facies 

changes in the Permian rocks of southeastern Nev Mexico to deposition in



a reef environment. 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 (1939)> 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, 191*8) established 

the relation of the Permian deposits to the tectonic framework by 

detailed geologic mapping of the southern Guadalupe Mountains and by many 

crosa sections and tectonic maps. Skinner (1947) discussed correlation 

problems of the San Andres limestone, placing it in the Guadalupe series. 

Adams and Frenzel (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 

Delaware basin and the environment during the development of the reef 

complex. Jones (1954) treated the Ochoa series and included a cross 

section from the Del aware basin northward through the shelf beds. Boyd (1955) 

«^n^ 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) ftnd 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 the possibilities for a

damsite (Damsite 3) in an area north of Carl sbad 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 (19^1) described the type section of the Tansill formation. Bretz 

and Horberg (19^*9) discussed the geomorphic history of the Carlsbad area 

and Pecos Valley and included a study of the Carlsbad Caverns. An 

interpretation of the geologic history of th^ Carlsbad Caverns was 

presented by Black (195^, P- 136-lte).

The report by the National Resources Planning Board (19^2) on the 

Pecos River Joint Investigation described the climate, water resources, 

geology, water utilization, watershed management, salinity of water, 

recreation- and wildlife, and flood-control problems of the Pecos Valley. 

The part pertaining to geology, which was written by Morgan and Sayre 

(19^)> described solution of rocks in the Pecos Valley and the geologic 

history of the valley; problems of leakage a,t Lakes Avalon and McMillan

were studied by Hale (19^5) who reported on the geology and ground water

near Carlsbad, N. Hex. In the report by Hale, and also in the report of 

the Pecos River Joint Investigation, the percentage of water from different 

sources that contribute to the spring flow j.n the Carlsbad Springs area was 

computed from quality-of-water analyses. An 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 veils.

In the Loving and Malaga area, Robinson and Lang (193d) 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 (195*0 discussed the 

feasibility of Improving the quality of water in the Pecos River by 

pumping the highly saline water in the brine aquifer at Malage Bend 

to Queen Lake for storage and eventual disposal by evaporation.

METHODS OP 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 levels, in 195^ the
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network, of observation veils measured annually was expanded by the 

addition of 13 wells. The altitudes of wells tapping the Capitan 

limestone were determined by spirit leveling, and those of wells tapping 

the alluvium were estimated from the topographic quadrangle maps of 

the Geological Survey.

During the summer of > a total of

for the purposes of measuring the discharge 

electrical input, and for obtaining data or 

irrigated. From these data were calculated

67 irrigation wells was visited

, drawdown, pumping lift, 

acreage and type of crops 

the specific capacity,
i

efficienty of the pumping plant, and quantity of water pumped per 

1,000 kilowatt-hours of energy. Electrical-consumption data were 

collected at ^5 wells, and the average amount 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 estima

pumpage per acre, multiplying'by the number of acres, and adding the 

surface water applied (estimated).

Areas of natural recharge were determined by geologic study, 

analyzing the effects of floods in arroyost and observing changes in 

piezometric gradients. Areas of natural discharge were determined 

by inspecting the stream channels for springs and seeps. The Tansill 

Dam reservoir was drained in January 1955 > permitting examination of 

the many springs in the Carlsbad Springs ajrea, which normally is inundated 

by impounded water.
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Samples of water for chemical analyses vere collected from 162 veils, 

including 2k veils from vhich samples vere collected bimonthly in an effort 

to relate quality and changes in quality with time to geology, precipitation, 

and pumpage. Spring and river waters also vere sampled for chemical 

analysis.

The geology of Tps. 21-23 S., Rs. 2^-29 E., was mapped in detail 

(pi. 2); the remainder of the area was mapped by reconnaissance methods 

or adapted from others. Formational contacts vere traced in the field 

and plotted on topographic maps and aerial photographs. Structures, 

facies changes, geomorphology, sedimentation, and lithology, as related 

to ground-water problems, vere studied. Stratigraphic sections vere 

measured by steel tape and hand level.

Three test holes drilled by the city of Carlsbad and other drilling 

sites vere visited and cuttings vere studied as drilling progressed. 

Drillers' logs of veils and test holes vere obtained from the State 

Engineer's Office. Geologic logs vere collected from oil companies, 

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

WELL-NUMBERING SYSTEM

The system of numbering water veils in this report is that used by 

the Geological Survey in Nev Mexico. The system is based on the common 

division of public land into townships, ranges, and sections, and by means 

of the system the veil number, in addition to designating the veil, locates
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its position to the nearest 10-acre tract. The number is divided by periods 

into four segments. The first segment denotes the tovnship south of the 

Hew Mexico base line, and the second segment denotes the range east of

the New Mexico principal meridian. The third

The fourth segment of the number, which 

indicates the 10-acre tract in  which the veil

segment indicates the section, 

consists of three digits,

purpose, the section is divided into k quarters, numbered 1, 2, 3, and k, 

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

southeast quarters, respectively. The first

is situated. Tor this

digit of the fourth segment

gives the quarter section, which generally i$ a tract of l6o acres.

Similarly, the quarter section is divided inlio four to-acre tracts
i , 

numbered in the same manner, and the second digit denotes the

tract. Finally, the 1*0-acre tract is divided into four 10-acre tracts, 

and the third digit denotes the 10-acre tract;. Thus, well 25.27.2^.3^2

would be in the NEj-SE^SWj sec. 2^, T. 23 S.,

well cannot be located accurately to a 10-acre tract, a zero is used as

the third digit, and if it cannot be located

R. 27 E,, (fig. 2). If a

accurately within a 1+0-acre

tract, zeros are used for both the second and third digits. If the well 

cannot be located more closely than the section, the fourth segment of 

the well number is omitted. Letters a, b, c, and d are added to the last 

segment to designate the second, third, fourth, and succeeding wells 

listed in the same 10-acre tract.

20



ACKNOWLKDGEMEUTS

Land owners and residents in the area were generous in giving 

information about wells and use. of water and in permitting measurements

at wells. Mr. Neil Wills, geologist, furnished a collection of logs
<

and other valuable'geologic data* Mr. Francis G. Tracy, Jr., Manager

of the Carlsbad Irrigation District, gave the history of the development
> . (

of agriculture and irrigation from the writings of his parents, who were
i

early settlers in the area. Mr^ J. R. Yates, engineer, retired, U. S.

Bureau of Reclamation, contributed hydrologic and historic data.
i 

Mr. Richard Merrick,County Agent, gave information about agriculture.

Mr. Thomas Yager, soil scientist of the Soil Conservation Service, U. S. 

Department of Agriculture  , made available data regarding quality of and 
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caverns to the lowest known pool of water in an effort to determine if 
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and irrigation maps, which were used as a guide in mapping irrigated 

acreage. City officials gave information regarding use of vater by 

Carlsbad.

Various members of the Geological Survey, outside the Ground Water 

Branch, rendered valuable aid to the project. These include: S. 0. Decker, 

engineer, Surface Water Branch, who furnished streamflow and other data;
L-

T. F. Stipp, geologist, and, Jack Frost, engineer, Conservation Division, 

and C. L. Jones, geologist, Mineral Deposits Branch, who furnished 

geologic logs and other information; and P. T. Hayes, geologist, Fuels 

Branch, who mapped geology in an adjacent area.
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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 Basin and Range province; to 

the east is the High Plains [Pecos] section of the Great Plains province 

(Fenneman 1931> P» ^7). The Guadalupe Mountains are the most easterly
^

of the tilted' fault blocks of the Basin and Range province; the 

Mescalero pediment of the Great Plains province rises gently from the 

Pecos River eastward to the Llano Estacado, a relatively flat, high,

and featureless plain characterizing part of eastern New Mexico and much
/-/- 

of western Texas.

The Carlsbad area is divided into three major physiographic areas, 

each of vhich has been subdivided further. The major physiographic areas 

are the limestone uplands west of Carlsbad, the alluvial plains and 

terraces of the Pecos River and its tributaries, and the lowlands north 

and east of Carlsbad. Topographic features of place names 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 northward. The western "boundary 

of the mountains, an imposing steep scarp from 2,000 to 3*000 feet high, 

is the edge of an eastward-tilted fault "block, more than 100 miles long.

The eastern 'boundary of the mountains is an exhumed reef front that

follows the old structural and strati graphic "boundary "between the 

Delaware "basin and the northwestern shelf area. The western 11mb of 

the mountainous region has "been named the "Guadalupe Mountains proper"

and the eastern limb "La Barrera del Guadal 

Between the rugged, mountainous arms of the

ape" (Land, 1937, P- 839). 

"V" lies an area of lower

relief called the Seven Rivers embayment (pi. 3). The Guadalupe 

Mountains proper, the Seven Rivers embayment, and La Barrera del 

Guadalupe form the chief physiographic divisions of the limestone 

uplands (fig. 3) 

Guadalupe Mountains proper
 

The Guadalupe Mountains proper are bounded on the west by "The Rim", 

a fault scarp-, and on the east by the Huapache monocline (fig. 3)* The 

width of the upland between the monocline and fault, averages about 

12 miles south of Texas Hill.



The upland is relieved "by broad swales and divides into which 

deep canyons have been incised; some 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 than the resistant rocks of the carbonate facies.

The broad, gently rolling topography 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 peneplane. South and east of 

Texas Hill, the dendritic drainage pattern of the three incised 

tributaries of Rocky Arroyo   North and Middle Rocky Arroyo, and 

Indian Creek   indicates that tlje Rocky Arroyo drainage here was 

superimposed on the resistant carbonate rocks of the San Andres and 

Grayburg formations from a formerly low, eastward-tilted surface of 

homogeneous rocks.

Some of the older consequent streams on the summit peneplane are 

older than the faults along the west side of the Guadalupe Mountains. 

In some places the streams were beheaded by faulting along "The Rim.." 

In these places, however, the original courses could not have been 

much farther west for, near 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, 19^, p
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Seven Rivers embayment

The Seven Rivers embayment Is an area of moderate relief. The 

shape of the embayment resembles a "broad southward-pointing wedge whose 

apex is in sec. 1, T. 2k S., R. 23 E. The western "boundary is the 

Huapache monocline; the eastern "boundary is the Seven Rivers Hill a, 

Azotea Mesa, and Bast and West Hess Hills. The wedge shape of the 

embayment is caused "by the Huapache monocline crossing the fades 

boundaries of the rocks of the Guadalupe ser:.es. The facies 'boundaries 

trend northeastward, parallel 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 its distinctive form.

The Seven Rivers embayment is characterized "by shallow swales

and gently rounded hills. The hills, where 

than 50 feet, generally trend northeastward

relief commonly is less 

parallel to the reef

escarpment. Most of the hills are capped by resistant dolomite, 

which has 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 swales are bottomed in easily erodable

gypsum and silt, but others are bottomed in the relatively impervious
. 

back-reef sandstone. The drainage In the Seven Rivers embayment consists

of the superimposed consequent streams that

and Last Chance Canyon, and a series of subsequent streams paralleling 

the strike of the resistant beds of dolomit
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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 vest by the Seven Rivers exnbayment. The 

area is underlain by resistant carbonate rocks and sandstone. The 

western part of La Barrera del Guadalupe is capped by a bed of dolomite, 

vhich is underlain by carbonate rocks east of the Seven Rivers Hills 

and by evaporite .rocks under the Seven Rivers Hills f This bed caps the 

Seven Rivers Hills and extends southward to Dark Canyon and northeastward 

to Lake McMillan.

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 series of long, arcuate anticlines and 

synclines, convex to the west, are reflected topographically by ridges 

and valleys. The ephemeral streams in Little Walt Canyon and Waterhole 

Draw flow along the axes of synclines and drain into Rocky Arroyo. A 

series of domes that include McKittrick Hill and Nagooltee Peak are 

superimposed on the crests of anticlines. The drainage pattern of the
c*

domes Immediately west of Carlsbad ranges from radial on the symmetrical 

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 "broad syncline that is transverse to the reef trend. 

Entrenched meanders of the older streams attest to the superimposition 

of the drainage. These meanders, vhich range from a quarter 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 group*

f

Alluvial plains and terraces

The alluvial plains and terraces occupy the area that is underlain 

primarily by deposits of the Pecos River and its tributaries. The 

lowlands mostly are on the west side of the Pecos River from the north 

end of the Seven Rivers Hills, about 15 miles northwest of Carlsbad, to 

a few miles south of the lower Black River, about 21 miles southeast of 

Carlsbad. They include also a narrow strip ecist of the Pecos River, an 

area near the mouth of Rocky Arroyo, and the \tpper part of the Black 

River valley. The deposits immediately underlying the lowlands range

in thickness from 0 to more than 300 feet and consist principally of

stream deposits of gravel, sand, and silt, anil a lesser amount of silt 

and sand deposited by wind.

A series of terraces and plains record tie constructional and

erosional history of the Pecos River and its tributaries (fig.

The major surfaces, from highest to Ipwest in

and Cottonwood Hills plain on the highlands- south of the Black River, 

the Blackdom plain/ the Orchard Park plain, and the Lakewood terrace.

altitude A are the Yeso
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The upper three surfaces are called plains in this report, instead of
*

terraces, 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 Lake wood 

terrace is mostly degradations! but is underlain by a thin bed of gravel 

and silt deposited by the Pecos River. These distinctive surfaces are 

names for their counterparts in the Rosvell basin. Fiedler and Nye 

(l933> P« 10) described three upper ersoional surfaces in the Rosvell 

basin: the Sacramento plain, the Diamond A plain, and the gravel-capped 

mesas, and three lover constructional surfaces; the Blackdom, the Orchard 

Park, and the Lakevood terraces. The Orchard Park and Lakevood terraces 

of Fiedler and Nye can be correlated readily vith their equivalent, surfaces 

in the Carlsbad area. The Blackdom of Fielder and Nye probably is 

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

Yeso and Cottonvood Hills plain

The area south of the Black River (including the Yeso and Cottonvood 

Hills) is a degradational plain having an average eastward slope of about 

75 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 places streams have become entrenched on the plain.

Blackdom plain

The Blackdom plain comprises the uplands north and vest 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 the Roswell area was called the klackdom 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, itf all the surfaces 

designated as Blackdom were formed at the same time.

The Blackdom terrace of Fiedler and Nye In the Roswell "basin was 

described as a terrace 30 to 50 feet higher titan the Orchard Park terrace 

of Fiedler and Nye at its eastern margin and 60 to 80 feet higher than the 

present stream channels. Nye'a cross sections (1933> p. 12 and 18) show 

thick alluvial materials "below the Blackdom terrace in the' Roswell basin.

In the same report, Fiedler and Nye suggested

along the Pecos River in the vicinity of Damsite 3 (sec. 6, T. 21 S., R. 26 E.) 

is correlative with the Blackdom terrace in tibe Roswell "basin. Horberg

(19^9, p. considered the surfaces in the

that the 75-foot terrace

vicinity of Black River
i

Village to be a counterpart of the Blackdom terrace of the Roswell basin; 

therefore, they called the uplands west of the Black River the Blackdom 

plain.

The Blackdom plain, as designated in this report, is characterized 

by degradational and aggradational surfaces. The planed bedrock and 

the thin alluvial cover overlying bedrock in the highlands north and 

west of the Black River are degradational. The surfaces underlain 

by thick alluvial deposits in the terrace rei^mants near Loving and the 

terraces near Carlsbad are aggradational. The degradational surfaces 

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

aggradational surfaces were formed by deposition of sediments by the 

Pecos River.
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West of the Black River the Blackdom plain (fig. *0 is 125 to 150 

feet above the Black River alluvium and its slope away from reef 

escarpment is about 125 feet per mile. In some 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 Chinaberry Drav have cut the surface. In some places these 

streams have deposited a calcareous and gypsiferous silt generally 

ranging in thickness from 5 to 20 feet., increasing in thickness in a 

fev places to more than 25 feet. This silt has sifted into some sinkholes 

and cavernous zones.

Evidence of solution along some of the dravs include: sinkholes

and cavernous 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 from a fraction 

of an inch to more than 3 feet.

North of the Black River, the Blackdom plain extends slightly north 

of east from sees. 2 and 11, T. 2^ S., R. 26 E., to sees. 26 and 35* 

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

in sees. 31 and 32, T. 23 S., R. 28 E. This part of the plain is a 

cut terrace underlain by caliche covering rocks of the Ochoa series 

with locally a thin alluvial mantle. An oil well drilled in 

sec. 12,-T. 2^ S., R. 26 E., penetrated a thick layer of caliche. 

Farther eastward, in sec. 3k, T. 23 S., R. 27 E., results of power-auger 

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

along 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 plain in the Loving area is 

southeast of Herradura Bend, sec. 9, T. 23 $ , R. 28 E., where the 

surface of the remnants lies 50 to 60 feet above the Pecos River. The 

caliche profiles here are not as mature as the profiles on the Blackdom 

plain to the west and north. Although thesse remnants southeast of 

Herradura Bend probably are younger than the Blackdom plain north and 

west of the Black River, they are included with the Blackdom plain 

because of their relative elevation.

The remnants of the Blackdom plain near Carlsbad are easily 

recognizable east of the Pecos River but arts less distinct on the flanks 

of Ocotillo Hills within the city. The surfaces here are about 80 feet 

above the Pecos River, and the caliche underlying the plain is 

considerably thicker than that underlying the Orchard Park plain. The 

best exposures of the caliche are about half a mile east of Carlsbad

on U. S. Highway 62. Here ^ to 5 feet of indurated bedded caliche is'"^^ 

underlain by a friable, chalky caliche. The total thickness of the

caliche is not known.

A terrace about 75 feet high has been developed along the Pecos

River about 9 miles north of Carlsbad. An 

terrace, at Damsite 3, was first described

excellent exposure of this 

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 

cemented 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 also are 

included in the Orchard Park plain. Although these higher surfaces and 

the alluvial basin south of Carlsbad lie at similar altitudes above 

their respective adjacent lowlands, their inception and growth resulted 

from different processes. The higher surfaces result from cut-and-fill 

processes, whereas the Carlsbad alluvial basin results primarily from 

solution-and-fill processes.

The Orchard Park plain south of Carlsbad rises 20 to 30 feet
:

above the Lakewood terrace 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 escarpment 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 (Piedler 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 "marked11 by a vegetal change. The soft, 

friable flood-plain silt of the Lakevood terrace is productive 

agriculturally in contrast to the gravelly uplands of the Orchard Park 

plain adjacent to the scarp, which is almost barren of vegetation.

Probably the gravel is a channel facies of Pecos River deposition.

Westward from the scarp, the gravel fancies grades into

flood-plain materials consisting of silt and fine sand. The land west
  

of the scarp is highly productive agricultrirally, especially near Otis.

Westward from Otis toward the reef escarpment, the carbonate content 

of the soil increases and the caliche profile becomes better developed.

For example, near an airport in sec. 35> T . 22 S., R. 26 B., the

caliche is about 6 feet thick and forms a hard, relatively impervious 

layer that impedes ground-water recharge.

Test drilling in the Orchard Park plain 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 a$ a depth of 3 feet. The 

soil 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 Blackdom plain, and suggests that the Orchard 

Park plain is intermediate in age between the Lakewood terrace and the

Blackdom plain. The more mature soils of

adjacent to the reef escarpment indicate that processes which lead to

the Orchard park plain

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 Carlsbad area, 

is underlain by beds of gravel and sand ranging in thickness from 0 

southwest of Loving to a little more than 300 feet near Dark Canyon.

Thin alluvium capped by a youthful caliche profile underlies the 

Orchard Park plain in the Rocky Arroyo and Hackberry Draw areas. 

Little is known about the sediments underlying the Orchard Park plain in 

the Malaga area.

Lakewood terrace

The Lakewood terrace is the lowest alluvial terrace in the 

Carlsbad basin. It is relatively flat, lies 15 to 30 feet above the 

Pecos River, and grades 10 to 30 feet per mile toward the river. It 

extends along the river in a narrow band that ranges in width from 

0.25 mile to more than 2 miles.

The terrace is underlain by soft, friable, light-brown flood-plain 

silt and well-sorted gravel and sand. The silt generally is only 10 to 

15 feet thick and in many places is only a veneer over extremely permeable 

sand and gravel. The permeable sand and gravel overlies the Orchard Park 

gravel deposits which locally are known to be cemented with calcium 

carbonate to form a conglomerate of low permeability.



Many springs discharging into the Pecos River are fed by 

awater percolating downward through the friable silt and permeable 

sand and gravel, moving downgradient along the contact of the 

relatively impervious conglomerate of the Orchard Park gravel to.the 

points of discharge. Some of the springs also are discharge points 

for water moving eastward through the alluvium toward the Pecos River.

The Lakevood terrace is highly productive agriculturally in 

most places. I .and leveling generally is not needed because the 

terrace is nearly flat. The soils of the Lakevood terrace contain 

more silica and less carbonate than those of the Orchard Park terrace 

to the west. Soils of the Lakewood terrace contain from 6 to 16 percent 

calcium carbonate of uniform distribution, as indicated by soil profiles 

obtained by the U. S. Soil Conservation Service. Lack of calcium 

carbonate is diagnostic of a young soil. In contrast, the soil profiles 

under the older Orchard Park and Blackdom plains show an increase of 

calcium carbonate with depth. Furthermore^ soils 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, sand constitutes as much as

terrace.70 percent of the soils under the Lakewood

Normally, the Pecos River does not overflow the Lakewood terrace. 

However, in 190^, a flood flow of 8l,000 cubic feet per second with

a crest of more than 20 feet covered part

and much of it directly south of Otis. The veneer of silt on the
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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 Fecos River was rejuvenated and began cutting the 

Lakewood terrace. As the stream approached grade, 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 southeast of Carlsbad 

can be subdivided into four physiographic units: an area north and 

northwest of Ocotillo Hills, designated as Adobe Flat; the Alacran 

Hillsj Indian Flats; and a lowland called the Quahada Ridge area.

Adobe Flat is characterized by a low, generally featureless 

surface dotted with 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 

half a mile in diameter; the largest, which is about 5 miles 

northwest of Carlsbad and adjacent to U. S. Highway 285 in 

sec. 11, T. 21 S., R. 26 B., is enclosed by slumped, steeply dipping 

beds of dolomite of the Tansill formation. Adobe Flat is a good 

recharge area because of its many 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 dolomite of the Rustler formation; 

the swales generally are underlain by red beds and gypsum of the 

Rustler formation and alluvium. In many places a caliche profile 

which reduces recharge has developed in ths swales.

Indian Flats, east of Carlsbad, is bounded on the northwest by 

the Alacran Hills and on the north and east by Quahada Ridge. On 

the south the flats slope to the Pecos River. The relatively 

featureless surface, like that of Adobe Flat, has some sinkholes and 

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

alluvium. Fine silty windblown sand and stream deposited silt and 

sand of Recent age mantle the Rustler formation and reworked material 

from the Rustler. Some sinkholes provide conduits for recharge to 

aquifers in the underlying Rustler formation.

The Quahada Ridge area lies east of Carlsbad and is bounded on

the west by Indian Flats and on the south by the Pecos valley. The

eastern and northern boundaries extend out of the area of study. The

area is characterized by ridges and hills.

which are separated by broad, shallow swaj.es. It is underlain mainly 

by alluvium and the Rustler formation. Scane of the hills are capped 

by resistant dolomite of the Rustler; other hills, such as southern 

Quahada Ridge, are capped by caliche. Red dune sand covers much of the 

area.
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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 drainage 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 

area 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 E. Last Chance Canyon, which 

drains the Sotol Basin and the Guadalupe Mountains in the vicinity of 

Sitting Bull Falls, is a major tributary of Dark Canyon. The Black River 

flows northeastward, southeast of and parallel to the reef escarpment, 

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 Jurnigan and Chinaberry Draws. All are 

ephemeral streams, flowing only after precipitation in the uplands.
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The Pecos River normally does not flow between Avalon Dam and

Carlsbad Springs. Water from Carlsbad Springs is impounded by Tansill'

Dam at Carlsbad, and contributes to the perennial flow of the river
' 

between the dam and Red Bluff reservoir just south of the State line in

Texas.

Reaches of Rocky Arroyo and the Black Mver flow,-perennially. The 

perennial flow of Rocky Arroyo begins at Indian Big Spring, in the 

NW-£ sec. 27, T. 21 S., R. 2^ E., and continues for 6 miles to a point 

below Barber Crossing. The flow of the Blazk River begins at springs

in the SEi, sec. 3, T. 26 S., R. 2^ E., and continues for k miles

(Hale, 1955* P« 9)' Two diversion dams havs been built downstream from 

the springs to utilize this water for irrigation. The dry-weather flow, 

which ranges between 0*5 and 3 cfs, disappears in the channel below the 

lower diversion dam. The river normally is dry to a point near the 

Junction of Blue Spring Creek and the BlacU River, in 

sec. 35^ T. 2k S., R. 26 B. The Black Rive* flows perennially 

downstream from this point to its junction with the Pecos River, except 

for a mile or two below the diversion dam in sec. 12, T. 2k S., R. 27 E.
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CLIMATE

The climate of the Carlsbad area is typical of the semiarid parts

of the Southwest in .that it is characterized by clear and sunny days,/"

large daily fluctuations in temperature, low relative humidity, and 

scant rainfall. The average 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 to miles west of Carlsbad. 

Average precipitation and normal, average temperatures, as observed at 

three observation 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 part of the project area, including the eastern slopes 

of the Guadalupe Mountains, although the Mayhill ranger station in 

sec. 26, T. l6 S., H. 1^ E., is a few miles outside the project area.

Records of precipitation kept at Carlsbad since 1889 show that 

the average annual precipitation is 13*25 inches, and the range in 

annual precipitation is relatively great. The driest year of record 

was 1924, when 2.95 inches of precipitation was measured; the wettest 

was 19^1 > when 33*9^ inches was recorded. The longest recorded period 

of continuous above-average precipitation was 6 years, 1911 through 

when the average annual precipitation was 17.1 inches. The longest 

period of continuous below-average precipitation was 5 years, 1950 

through 195^ when the average annual precipitation was 8.5 inches.



About 75 percent of the precipitation occurs as showers or 

thundershowers during the growing season, M&y through October, owing 

to frequent invasions of moist, tropical air (National Resources Planning 

Board, 19^2, ?  l)   Heavy and prolonged ra^ns in late summer or early 

fall may be caused by tropical hurricanes bearing vast quantities of 

moisture that enter Texas or Mexico from the Gulf of Mexico, and move 

inland. Floods in arroyos and the Fecos or Black Rivers generally are 

the result of these heavy rains. The time^distribution of rainfall is 

favorable for growing crops, but the amount of rainfall is inadequate 

and must be supplemented by irrigation. Precipitation at Carlsbad is 

scant during late fall, winter, and early spring; 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 annual evaporation, as observecl by the Weather Bureau, was 

105*99 inches in a land pan at Lake McMillan, just north of the project 

area, 76.13 inches in a floating pan at Lake Avalon, and 106.21 inches 

in a land pan at Red Bluff Dam, Tex., just south of the area. Land-pan 

observations generally are multiplied by 0,,7 to convert them to water- 

surface rates. Monthly evaporation rates at Lake McMillan, as observed in 

a land pan, range from 3-10 inches in January to 1^.1*9 inches in June.

The weather is modified by the dryneso of the atmosphere. Hot days

are frequent during the summer, but rapid 

cooler air from higher elevations make the

radiation and the movement of.

nights comparatively cool.
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Winters are mild except for occasional brief storms that sveep in from 

the north. Recorded extreme temperatures at Carlsbad range from a 

summer may-timim of 112*F to a winter minimm of -17°F. The average 

growing season is about 210 days, the last TrMl-tng frost occurring 

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

DEVELOBffiNT OP AGRICULTURE AMD IRRIGATION

The early economy of the Carlsbad area was based mainly on the 

raising of livestock. In l88l the Eddy-Bissel Cattle Co., a vast ranch 

with headquarters in what is now La Huerta, owned much of the area. 

Charles B. Eddy, for whom Eddy County was named, was manager of the 

company (McCormick, 19^*6)  

According to the Eddy County News of May 30, 19^7> irrigation was 

first attempted in the Carlsbad area by Mr. William Brady in l875» 

Mr. Brady irrigated a few acres with water diverted from Blue Spring, 

l6 miles south of Carlsbad. He abandoned his'irrigation 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 about i860, when 

Mr. H«-rdc Harrison irrigated a few acres with water diverted from 

Rattlesnake Springs in the upper Black River valley.



A group of itinerant Mormons were the first to attempt irrigation 

vith -water diverted from the Pecos River. These people operated a project 

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

vest side of the river for about a year (i860) and then left for reasons 

known only to themselves. A diversion to land on the east side of the 

Pecos at Double Crossing belongs to the Hairoun Ranch (Valley Land Co.), 

which holds the oldest right in the Carlsbad area to water from the 

Pecos River.

In 1887 the Pecos Valley Land and Ditcih Co. -was organized to

er was diverted from thedevelop irrigation. The following year wa1

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, floods in 1893 and 190^ destroyed

Avalon Dam and damaged the irrigation system. At the request of the land

owners, the Bureau of Reclamation bought the system in 1905 and began
.

rehabilitation of the project. Avalon Dam was rebuilt "by 1907 and the 

canal system was extended to irrigate about 25,000 acres. McMillan Dam 

was repaired in 1903, but by 19^2 silt accumulation and leakage had. 

greatly reduced the capacity of the reservpir. Moreover, as silting 

advanced, a dense growth of saltcedars spi(ead over 13,000 acres in the 

upper part of the reservoir. Alamogordo Dam, 1^5 miles upstream from 

Carlsbad, was constructed during 1936-37 4o provide additional storage.



The Pecos River Water Users 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, 19^S).

The first irrigation well (21.27-31.333) in the area was dug in 

190$ to irrigate trees and parks in Carlsbad. The first irrigation 

wells for farmland were drilled about 1930, and about 2$ wells of 

large discharge were in operation by 19^5- The major development of 

irrigation wells began in 19^5* and by 1955 about 250 irrigation wells 

of large discharge were in operation. These included 80 wells constructed 

to supply water to land not previously irrigated and 170 wells constructed 

to supply supplementary 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 available 

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 195^> 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 14.

The Carlsbad Underground-Water Basin (fig. 5) was declared by the 

State Engineer of New Mexico on October 16, 19V7, when the possibility 

of overdeveloping the ground-water resources had become evident., This 

declaration placed control of construction of wells within the basin 

under the administration of the State Engineer. On October 21, 1952



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, or poorly situated wells.

Approximately 30,500 acres of land was Irrigated during the 195^
,

growing season; 2^,200 acres was irrigated largely or entirely by ground 

water, and 6,300 acres was irrigated entirely by surface water diverted 

from streams. Of the 2^,200 acres that received ground water, 20,000 

acres in the Pecos Valley east of the Southern Canal also received 

surface water. About It,200 acres, mainly west of the Southern Canal, 

and in the upper Black River valley, was -irrigated entirely by water 

pumped from wells. About 2,300 acres near La Huerta and west of 

Carlsbad received water pumped from wells, 4nd 1,300 of these acres 

received some surface water. About 21,900 a,cres, mainly south and 

southeast of Carlsbad, received water pumpec. from wells. Of this 

acreage, id,700 acres received some surface water. Figure 6 is a map 

showing the extent of the irrigated areas a^d figure T is a map showing 

the location of wells of large yield.

In the drought of 1886 more than 35 peicent of the cattle in the 

area died for lack of feed. As a result of this and later droughts, 

most of the early irrigated farms near Carlsbad were devoted to raising 

alfalfa because of the need of the local livestock industry for feed

during periods of drought and because good luality alfalfa hay could

be economically bailed and shipped to distaat markets.



The introduction of cotton growing was an important economic event. 

According to the Eddy County News of May l6,

"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:

"...it is estimated at this time that there has 
already been between 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 abandoned 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 yields were too low . 

to make the venture profitable.



A survey in July 195^ 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 to othfer crops were: maize, 7; 

barley, 3; castor "beans, 3j irrigated pasture, 2; and others, 1. Prior

to 195^ when the Department of Agriculture reduced the allowable cotton

acreage, much more than 62 percent of the irrigated land was planted. 

Castor beans, an experimental crop planted to use part of the reduced

cotton acreage, was unsuccessful .because of

difficulties.

low yields and threshing

- 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 when beds of potassium salts 

vere penetrated at a depth of 1,000 feet during the drilling of a 

test veil for oil l8 miles east of Carlsbad. The United States Potash 

Co. was formed to explore and develop the deposit, and a 1,000-foot 

mining shaft was begun in the fall of 1930. The company produced its 

first commercial potash in September 1932. Other large potash companies
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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 19*40, 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 195^ and was 

producing potash by late 1956. The National Farmers Union, in consolidation 

with Kerr-McGee Industries, began exploration in 195** and plans to be 

in production by 1960.

Of the many potassium-bearing minerals in the Carlsbad area, only 

sylvite and laugbeinite appear to be available in sufficient quantity 

and concentration for commercial exploitation. Both sylvite (KCl) and 

langbeinite (K-S0.2MgSO.) generally are mixed intimately with halite 

(NaCl). Those ores are interbedded in massive beds of halite and other 

evaporite rocks of the Salado formation. The formation ranges in thickness 

from less than 500 feet to more than 1,200. The potash ores are mined 

from beds ranging in thickness from 5 to 1^ feet. Rectangular rooms are 

mined out and pillars of ore are left between the rooms to support the 

overburden.

In 195^> nearly lj-,000 people were 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 to percent of Eddy County's assessed evaluation 

is derived from potash mines and reserves.



Refining of potash ores requires a dependable supply of water. 

Tvo of the producing companies obtain water from the Carlsbad area. 

The International Minerals and Chemical Corp. pumps water from wells

21.27.30.^ and 14-3^ and conducts it throuih 18 miles of pipeline to
T

the refinery at rates of 1,1*00 to 2,000 gpm (gallons per minute). The 

United States Potash Co. uses water diverted from the Pecos River at 

Harroun Dam. Because sufficient water is not available in the Carlsbad 

area the other companies pump or plan to pupip water from aquifers 

underlying the High Plains in eastern New Mexico, and conduct it to 

their refineries through pipelines. The use of water by potash 

refineries is consumptive, as most of the water is evaporated from 

ponds near the refineries or from Salt Lak4 and the remainder seeps 

into the earth as highly saline water unfit for irrigation or other use.

Oil

Oil in Eddy County is produced mainly from depths ranging from 

500 to ^,500 feet. The largest field is ija the northeastern part of 

the county and partly outside the Carlsbad area. Three smaller producing 

fields, however, are near Carlsbad. Oil is produced 2 to 10 miles north 

and east of Carlsbad from depths ranging flrom 500 to 1,000 feet. Oil is

produced also from two twill fields, one north of Black River Village
«  !

and one east of Malag% at depths ranging from 1,000 to 3>000 feet.
A

Although most of the headquarters for oil operators in the area are at 

Rosvell and Artesia, several firms at Carlsbad devote their time entirely 

to the development of the oil industry.



Tourist trade

Many people from near and far, attracted by the famous Carlsbad 

Caverns, visit the area each year and contribute much to the local economy. 

The caverns did not become a national attraction until October 25, 1923> 

when President Coolidge proclaimed the caverns area to be the "Carlsbad 

Cave National Monument." The caverns received additional publicity 

when the National Geographic Society published the results of explorations 

of the caverns in 1923 and 192^ by Willis T. Lee of the Geological Survey. 

By act of Congress, on May 1^, 1930, the area became the Carlsbad Caverns 

National Park. By the end of 195^ more than six million people had 

visited the caverns. The greatest number of people to visit the caverns 

in a single year was 531>831> in 1952.

POPULATION
\

The project area includes less than half of Eddy County but contains 

two thirds of the population of the county. The population of Eddy County 

in 1950 was 26,900, but by the end of 195^ was a little more than to,000» 

This rapid growth in population was related directly to the growth of the 

potash Industry. The population of Carlsbad, the county seat of Eddy 

County and the principal urban center, was estimated by the Chamber of 

Commerce to be 26, h6k in 195^; however, the population of the Carlsbad 

community, including La Huerta, Happy Valley, and other communities near
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Carlsbad, was estimated to be approximately 35>600. Other communities in 

the area include Loving, Malaga, Thayer Apartments, Otis, Black River Village, 

and White City.

TRANSPORTATION

U. S. Highways 62, l80, and 285 cross tl^e area, making it readily 

accessible from any direction. A branch linej of the Atchison, Topeka 

and Santa Fe Railway, from Clovis, N. Mex. to Pecos, Tex., passes 

through Carlsbad, and daily passenger, express, and freight service is 

maintained. Planes of the Continental Airlines make regular stops at 

the Carlsbad airport. The Nev Mexico-Texas Co., Inc.; Carlsbad Caverns

Coaches; and Texas, Nev Mexico, and Oklahoma

betveen Carlsbad and communities to the nort-i, east, south, and southvest

Coaches operate bus service



GEOLOGY

The greater part of the city of Carlsbad, the fertile plain in 

the Pecos Valley in the La Huerta area and south of Carlsbad, the 

expanse of relatively flat rangeland southwest of Carlsbad, and much 

of the Black River valley are underlain by sand, gravel, silt, and clay, 

primarily of Quaternary age. These alluvial materials, deposited 

largely by the Pecos River and its tributaries, generally are 

unconsolidated, but in places some beds have been cemented vith calcium 

carbonate, forming a dense, hard rock. In places south of Carlsbad 

the alluvium is more than 300 feet thick. Similar but thinner deposits 

underlie most of the tributary valleys, such as Rocky Arroyo and Dark 

Canyon.

Rocks of Tertiary and Mesozoic age were deposited undoubtedly in 

much of the project area but were removed prior to the deposition of 

the alluvium. They crop out, however, a few miles east of the Pecos 

River.

Marine deposits of Permian age are the oldest rocks exposed in the 

Carlsbad area. Rocks of Permian age were deposited in the northern 

part of the Delaware basin which includes the project area. The Delaware 

basin is one of three great basins formed during Permian time in the 

Texas-New Mexico area. (See fig. 8.) Water in the basin proper was 

about 1,000 feet deep in Lamar time (King, 194-8, p. 85), but the water 

extended also onto a submerged shelf, where it was much shallower. 

The environment along the seaward margin of the shelf was at times
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ideal for the formation of reefs. A wide range of environments in 

Permian time, however, caused abrupt changes in the types of deposits. 

Because these changes influence greatly tbe occurrence and movement 

of ground water, the facies changes in the Permian rocks are 

discussed in considerable detail in following sections.

INTRODUCTION TO PERMIM GEOLOGY

In southeastern New Mexico the rock units of the Guadalupe series 

of Permian age are characterized by four major facies: (l) the basin 

facies consisting of quartzose sandstone interbedded with limestone 

was deposited seaward from the Guadalupe reef complex; (2) the reef 

facies of massive limestone; (3) the carbonate shelf facies of 

carbonate rocks interbedded with sandstone, which was deposited

landward from the Guadalupe reef complex

the evaporite shelf facies of gypsum

in back reef waters; and 

anhydrite, and other

evaporite rocks interbedded with red sandstone and shale which was

also laid down in back reef waters. All

constituting these rock units were deposited during the same time

intervals in different environments (fig

the different materials

. 12). In this report the

term "facies 11 is used to designate carbonate and evaporite aspects 

of formational units. The term "subfacdJes" is used to differentiate 

rock subunits within facies either by chemical composition or texture. 

The basin rocks were deposited in the deep waters of the Delaware 

basin, which was connected with the open ocean to the south. The

stagnant waters contained large amounts

solution because of a high concentration of carbon dioxide

of calcium carbonate in



As this water rose over the shelf margin at a higher elevation, 

its concentration of carbon dioxide was decreased by warming in the 

shallow water, and the abundant calcium carbonate became available to 

reef organisms (King, 1948, p. 87). Sunlight penetrating the shallow 

water provided the energy for prolific organic growth. The remains 

of dead organisms accumulated and formed the massive light-colored 

reef limestone.

Waves breaking on the seaward side of the reef washed down detritus 

and formed extensive fans facing the Delaware basin. Detritus also 

was deposited shelfward, but it was" finer grained than the seaward 

deposits. The carbonate rocks of the shelf deposits probably were 

deposited in shallow water, for they contain pisolites and oolites 

along with fusulinids whose axes generally are oriented parallel to 

the margin of the shelf. The orientation of the fusulinids resulted 

from longshore currents in the shallow shelf seas.

Dolomites grade into evaporites reefward on the shelf and red 

elastics become abundant. The great thickness of evaporites indicates 

that water Inundating the shelf was supersaline and that water 

containing much mineral matter in solution entered the shelf area 

continually as the water evaporated;

Basin, reef, and shelf deposits interfinger in exposures in the 

southern Guadalupe Mountains. Some investigators believe that the

Delaware basin was surrounded by a barrier reef that caused the abrupt
^h*, I f ~fe refcr

facies changes from poof to she3^ to basin. It is questionable, however,\

whether a barrier reef was essential to the deposition of the different
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facies. The shallowness of water on the shelf and its great distance 

from the open sea could have produced the same results, especially in 

an arid environment, without the existence of a continuous reef. In 

the southwestern part of the Delaware basin a barrier reef is indicated 

by massive limestone and extensive detrital fans that extend from the 

reef, or shelf margin, to the basin and to the lagoons in the shelf. 

A series of depositional reef mounds bordered the shelf in the northern 

part of the Delaware basin in late Guadalupe time. Lagoons between the 

reef mounds connected the water of the shelf and that of the Delaware 

basin.

Because the rocks deposited in the three environments differ in 

lithology, thickness, and areal extent, three stratigraphic sections 

are given: shelf; reef, or shelf margin; and basin. Stratigraphic 

nomenclature of rocks in the three environments, as used in this report 

as used in previous reports, are shown in figure 9. Disagreement

e of the difficulty of tracingcontinues about some correlations becaus

equivalent units. Knowledge of the stratigraphic relations of the rocks 

and the environments in which they were deposited has been accumulating 

through the years, and it is hoped that fthe correlations soon will be 

more definitely established.

Shelf

The Permian basin of western Texas and southeastern New Mexico 

has been considered to be a classical a:fea where rock and time units 

coincide (King, 1942, p. 575). Stratigraphic work in the shelf area
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in recent years, however, shows that this concept is not entirely 

correct, although rock boundaries may approximate time boundaries. 

For example, the San Andres limestone extends across time boundaries, 

inasmuch as fossils of Leonard age have been found in the lower part 

and fossils of Guadalupe age have been found in the upper part of 

the formation.

Shelf deposits are differentiated by facies changes, which control 

susceptibility of the rocks to solution. The most striking and readily 

observable facies changes in the shelf area are between the carbonate 

and evaporite facies. The carbonate facies consists of interbedded 

limestone, dolomite, and sandstone, with a predominance of carbonate 

rocks. The carbonate facies changes abruptly into the evaporite 

facies at different stratigraphic intervals, depending on the age of 

the rocks. The evaporite facies consists predominately of interbedded 

gypsum and anhydrite with beds of siltstone and sandstone. Near-surface 

beds in the evaporite facies contain gypsum, whereas cuttings obtained 

from the same units deeper in the subsurface generally are anhydrite, 

Indicating that the gypsum is an alteration product caused by weathering 

of the primary anhydrite. The thickness and areal extent of gypsum, 

anhydrite, and other evaporite rocks in the shelf area indicate that 

the evaporite rocks were deposited by water saturated with dissolved 

minerals and that the shelf was a giant "boiling pan" in which the 

evaporated waters were being replaced constantly by normal marine 

water from the basin.
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The position of the boundary between the carbonate and evaporite 

facies in formations of the Guadalupe series shifts nearer the shelf 

margin in successively younger rocks. (See fig. 10.) For example, 

the contact of the carbonate and evaporite facies in the upper part of 

the Queen formation is 15 to 20 miles from the shelf margin, and the 

contact of the carbonate and evaporite ff.cies of the younger Tansill 

formation is 5 to 10 miles from the shelf margin. At the close of 

Tansill time the evaporite environment transgressed the shelf margin, 

overrode the reef, and, destroyed the reef-building organisms.

A prominent topographic break in many places delineates the 

contact of the carbonate and evaporite facies. Figure 10 shows, for 

example, that the contact in the Seven Rivers formation is parallel 

approximately to the Seven Rivers Hills. Northwest of Carlsbad a scarp

is in proximity with the contact in the tansill formation.

Carbonate facies

The body of rock that constitutes the carbonate facies has been 

given various names, one of the most descriptive of which is "lime bank." 

Because the rocks of the carbonate facios are well exposed in the 

Guadalupe Mountains, the rocks may be studied in detail. The carbonate 

facies is divided into subfacies based on chemical and textural criteria.

The carbonate facies is divided injto a calcareous subfacies and 

a dolomitic subfacies. A calcareous subfacies adjacent to the reef 

deposits grades shelfward into a dolomitic subfacies. The reef and



adjacent shelf deposits are limestone predominantly. Extensive caverns 

generally are associated with the calcareous subfacies. Farther from 

the reef the rocks are dolomite predominantly, generally hard, dense, 

and sublithographic. The lateral boundary of the limestone-dolomite 

subfacies is irregular, forming a wide transition zone.

Although textural changes transgress boundaries of the calcareous 

and dolomitic subfacies, textural and chemical changes correlate to 

some extent. The shelf deposits primarily are coarse calcarenite 

adjacent to the reef. The calcarenite becomes finer grained and 

dolomitic toward the evaporite facies. The three principal textural 

subfacies from the reef front to the shelf are as follows: (l) a 

coarse detrital and fragmental subfacies adjacent to the reef 

(generally calcarenite); (2) an intermediate subfacies of fine-grained 

detrital rocks interbedded with pisolites, oolites, and micro-oolites; 

and (3) a dense, sublithographic dolomite subfacies adjacent to the 

evaporite facies. The width of the subfacies may differ both along 

the reef and with the formational unit.

The coarse detrital and fragmental subfacies, the narrowest of 

the subfacies, consists of carbonate material washed onto the shelf 

from the reef. Sko gr?in olio of hliu dctiltol and fjqgmciital iualuildl 

ilin i iniiiiMi 1m ijini ml iii til it nf -rrrr firm nnri ind n'lF] The rocks of 

this subfacies are mainly limestone near the reef front; however, in 

places they are dolomitized. The limestone of this subfacies is 

cavernous, and differential weathering commonly has etched the thinner 

bedded and more calcareous members..
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The intermediate subfacies is composed principally of fine-grained, 

detrital dolomite and limestone interbedded with minor amounts of 

pisolites, oolites, micro-oolites, microbreccias, and sublithographic 

dolomite. The detrital dolomite in many places consists of particles 

of dolomite imbedded in a calcareous matrix. Commonly, most of the 

detrital texture has been obliterated by subsequent recrystallization, 

but in places the detrital origin of the rock can be inferred from 

rounded "ghosts11 of dolomite in a crystalline matrix. Pisolites,

oolites, and micro-oolites increase in number toward the reef. Of
^ 

special interest is the number and extent of micro-oolites, which

appear to be about as abundant as the oolites. The oolitic and pisolitic 

rocks, however, .are only a small fraction of the total carbonate rocks

in the intermediate phase. Microbreccias,

particles the size of sand and silt in a fine-grained matrix are much

less common than the oolites and pisolites

consisting of angular

Dense, hard, sublithographic

dolomite within this subfacies becomes more abundant farther from the 

reef. Fragments of nodular iron oxide in the carbonate rocks and

sandstones are associated principally with the intermediate and
_ 

sublithographic dolomitic subfacies away from the reef. These nodules

may weather out, leaving irregular cavities.

A fine-grained, dense, sublithographic dolomitic subfacies, 

characteristically greenish gray on fresh surfaces, grades shelfward from 

the intermediate phase. This very fine-grained material is dolomitized,
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probably from contact with highly saline water. Newell and others 

(1953, P- 40) suggested that aragonite mud was first deposited and then 

converted by diagenesis to dolomite.

Fossils are scarce in the shelf rocks. They decrease in number 

away from the reef and are more numerous and better preserved in the 

calcareous than in the dolomitic subfacies. Beede (1910, p. 132 and 136) 

described a collection of fossils from the calcareous facies of the 

Seven Rivers formation in sees. 28 and 29, T. 22 S., R. 25 E. Fossils 

have been collected also from the dolomitic subfacies of the Seven Rivers 

formation north of Carlsbad. Beede (1910, p. 134 and 136) and Newell 

(194D, p. 279-280) also have described fossils from the Azotea tongue 

of the Carlsbad limestone. It is reported that the green algae, Mizzia. 

Macroporella. and Gvmnocodium with Mizzia are especially abundant in 

the Seven Rivers, Yates, and Queen formations (Newell and others, 1953, 

p. 155).

Evaporite facies

The evaporite facies consists of anhydrite and gypsum interbedded 

with red sandstone and silt stone and thin beds of dolomite. Anhydrite 

is present in the subsurface, whereas gypsum occurs at the surface as 

a result of hydration of anhydrite. Anhydrite has a very low 

permeability; however, its conversion to gypsum is accompanied by an 

increase in volume and porosity, which makes gypsum susceptible to 

solution by ground water. Because of increased porosity, areas 

underlain by the gypsum subfacies generally are good recharge areas.
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The evaporite facies, .where exposed, 'is easily eroded. The Seven 

Rivers embayment was formed by ̂ erosion of the soft, readily soluble 

gypsum of the Seven Rivers -and Qiaeen formations- The gypsum remaining 

in the embayment is protected from erosion largely by overlying beds of 

resistant dolomite.

The thinly bedded -doloalike associated with the gypsum generally is 

extremely vesicular and commonly is very permeable, and caverns are 

developed in many places along joints and bedding planes. The dolomite 

contains mall voids and pits in other places that are caused by the 

solution of included crystals of anhydrite. Brecciated zones resulting 

from local uplift are rather common in th^ evaporite facies.

Sandstone in the carbonate and ^vaporite facies

Persistent thin beds of siliceous sandstone and siltstone, many of 

which extend through the carbonate and evaporite facies, are interbedded 

with the carbonate and evaporite rocks. (These beds generally are reddish 

brown to brown in the carbonate facies and red in the evaporite facies.

The sandstone units vary in thickness. For example, the beds in 

the Tates formation range in thickness from 2 to 6 feet, whereas the 

massive upper sandstone member of the Queen formation is about 60 feet

thick. The lower sandstone of the lates ranges in thickness from 3 to
i

8 feet in a distance of 15 miles. Subsurface data north of Carlsbad 

indicate that some of the sandstones thicken reefward near the boundary 

of the carbonate-evaporite facies.
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Both the red beds and brownish-red beds in the upper Tates sandstone, 

the upper sandstone of the Queen formation, and other zones contain 

frosted sand grains. The etchings on the surface of the grains have 

been attributed to abrasion by wind action and to the effect- of solution 

by hypersaline water. The red and reddish-brown color of the sand grains 

is due to a thin film of iron oxide.

GEOLOGIC HISTORY

;-*. 

The tectonic framework and climate of early Permian time had a

profound effect on the rocks deposited, which, in turn, control the

present movement of ground water and the localization of deposits of
p

oil and potash. The relatively deep Delaware basin and the shallower 

shelf had become established by the Leonard epoch of Permian, time. 

The basin was characterized by relatively deep stagnant water, the 

shelf margin by comparatively normal marine water, and the shelf by 

highly saline water. Exposures in the Guadalupe Mountains indicate 

that the southwestern part of the Permian basin was enclosed by a barrier 

reef; however, a barrier reef probably did not exist near Carlsbad in 

Guadalupe time, but reef-like mounds partly separated the Delaware sea 

from the shelf lagoons. Evaporites were being precipitated from the 

highly saline shelf waters near the reef during early Guadalupe time. 

By late Guadalupe time evaporites were being deposited within a few 

miles of the shelf margin, and in early Ochoa time the deposition of 

evaporites had begun in the Delaware basin.'



A new environmental pattern had become established in the Delaware 

basin at the beginning of Ochoa time. Probably because of barriers 

that separated the Delaware seas from the open ocean, evaporation with 

resulting deposition of evaporites began 0n an enormous scale in the

basin. Organisms that contributed to the growth of reefs had ceased

to exist. Deposition of evaporites continued into later Ochoa time, 

interrupted only by the deposition of two widespread beds of carbonate 

rocks, which indicate periods of freshening water in the basin. Deposition 

of evaporites ceased and deposition of terrestrial red beds began near 

the close of Ochoa time.

The arid environment in which the Dewey Lake redbeds were deposited, 

after the withdrawal of the Permian sea, 3-asted into Triassic time. The 

Permian basin was tilted eastward at the j^lose of Permian time, as 

indicated by the unconformity between the Dewey Lake redbeds and the

overlying Dockum group of Triassic age. the Triassic deposits consist
' 

of red sand and silt deposited in an arid environment.

That Cretaceous seas invaded at least part of the area is indicated 

by a  **ti patch of marine sandstone slump of Cretaceous age in the 

Black River valley a short distance southeast of Carlsbad Caverns; 

the sandstone probably slumped because of solution of underlying rocks 

(Lang, 1947, p. 1472-1478). If Cretaceous rocks ever were present on

the Guadalupe upland, they were stripped away in later Cretaceous or

early Tertiary time. The Guadalupe Mountain area was low and emergent 

during most of middle and late Mesozoic time. King (194$, p* 140)

believed that the summit peneplane was a

that was formed in late Cretaceous and possibly early Tertiary time.

6k
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In early Tertiary time earth movements may have affected the 

Guadalupe area south of Carlsbad, where Tertiary volcanic rocks overlie

deformed Cretaceous rocks (King, 1948, p. 140). The Guadalupe Mountain
( 

area was low before the deposition of the Ogallala formation. Aggradation

was extensive in eastern New Mexico and Texas during Ogallala time (in 

the Pliocene epoch). The Ogallala formation in New Mexico and Texas is 

part of a vast apron of coarse detritus that spread eastward from the 

Rocky Mountains in a wide belt that extended from South Dakota southward 

into Texas and New Mexico. These deposits range in thickness from 0 to 

more than 500 feet. ' The siliceous gravel in the Ogallala formation 

indicates a source of crystalline bedrock generally to the northwest. 

The Jicarilla-Sierra Blanca complex in central New Mexico or the Sangre 

de Cristo Mountains in northern New Mexico are probable sources of the 

siliceous gravel in the Hobbs and Carlsbad area. The streams that 

deposited this gravel must have flowed approximately southeastward 

during a part of Pliocene time. Horberg (1949 3 p. 4-66) believed that 

the Ogallala covered the Guadalupe upland, and he stated that siliceous 

gravel, according to reports, occurred 22 miles west of Carlsbad Caverns.

Degradation and solution of evaporites and carbonates began in 

southeastern New Mexico after the Ogallala period of deposition and 

is continuing. According to Morgan and Sayre (National Resources 

Planning Board, 1942, ?  17) the Pecos River probably was formed from 

a series of sinkholes that captured the general east and southeast 

drainage and ultimately formed the present southward drainage.



The Guadalupe fault block was raised to its present position by a 

series of uplifts. The first movements probably began in Miocene or 

early Pliocene time (King, 1943, p. 120).

The Pecos River became entrenched in the Tansill formation and 

Capitan limestone near Carlsbad, providing avenues for ground-water 

entrance into, passage through, and escape from the reef of the Capitan 

limestone. The highly mineralized entrapped water drained into the 

Pecos River. The circulation of ground waiter increased during the 

pluvial glacial stages. Although the Kanian stage was the time of 

greatest humidity in the general Great Plains area (Frye and Leonard, 

1957, p. 8), precipitation was increased locally, also in later epochs 

by greater uplifts of the Guadalupe fault block.

Cavern levels, as observed in Carlsbad Caverns, were formed at the 

time of successive uplifts of the Guadalupe fault block. Cave formation 

went through a ground-water phase, during which time circulating water 

dissolved limestone along joint planes and formed large chambers 

(Bretz, 1949, ?  451). A vadose phase followed the lowering of the water

table and the draining of water from the 

stalactites, stalagmites, cave travertine

chambers. Dripping water formed 

, and associated deposits during

this phase.

West of the Pecos River breaching of} the confining beds overlying 

the Capitan limestone resulted in the flushing of stagnant water and oil 

and gas from the Guadalupe and underlying; Leonard rock units. Mound 

structures, such as Ocotillo Hills and McKittrick Hill, have been drilled
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unsuccessfully for oil. The same type of structures 5-6 miles east of 

the Pecos River, however, have produced oil. Because the Capitan 

limestone east of the river contains highly mineralized water and oil 

and gas, it is believed that very little fresh water has moved eastward.

The great amount of water percolating into the alluvium from the 

tributaries of the Pecos River during the glacial stages resulted in 

the solution and consequent lowering of the surface of the underlying 

evaporite bedrock. The Pecos River and tributaries maintained grade by 

contemporaneous deposition of alluvium as solution continued. Thus, the. 

result of this solution was the thickening of alluvium in the Carlsbad 

alluvial basin.

GEOLOGIC STRUCTURE 

Several systems of folds are present in the Carlsbad area. One
*

series of arcuate folds in the shelf area approximately parallels the 

trend of the Reef Escarpment. (See fig. 11.) These folds extend in 

long arcs convex to the west and average about ij- miles apart from 

crest to crest. The folds are expressed in part by the topography, 

the ridges coinciding with anticlines, and the valleys with synclines. 

Their alignment, parallel to the margin of the Delaware basin, suggests 

that these folds may in part be related to basement subsidence.

Domes occur at random  ^  -  -: -  £ -**-~j~ : -"- - ?&  j-rr-- -  ̂ a and many are 

superimposed on the crests of the anticlines. The domes are moundlike 

structures of biohermal origin. Many of the domes are nearly symmetrical,
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such as McGruder Hill, whereas others, such as Carnero Peak, are 

assymetrical. The long axes of many of the domes show no preferred 

orientation due to the bioherms having grown randomly in the shallow 

water of the shelf. The long axes of the domes range in length from 

less than 1 mile to more than 3 miles. Dips on the flanks of the domes

range from about 7 degrees to 30 degrees . The present dips are in part

initial dips on the sides of the bioherms, and, in part, are the result 

of postdepositional differential compaction. Generally the carbonate 

rocks thin considerably over the bioherms; the sandstone units thin 

very little over the bioherms. An excellent exposure in the

sec. 28, and Ej- sec. 29, T. 22 S., R. 25 E. shows the relationship

This bioherm is in the Sevenof a biohermal core to overlying beds. 

Rivers formation, and the overlying beds 

the Tansill and Yates formations. Near

draped over the bioherm are in 

the valley floor, the beds of

the Seven Rivers formation thicken into the biohermal core whereas 

higher on the hill the beds of the Tansill and Yates formations thin 

over the structure.

Several anticlines extend approximately at right angles to the 

trend of the Reef Escarpment. These ar^ Hackbeny Hills, and Avalon Hills 

anticlines. These anticlines have biohermal cores. The theory of 

biohermal origin of the domes and anticlines is strengthened by the 

results of test drilling discussed in the section on the Capitan

limestone. The trend of these bioherms at right angles to the Reef

Escarpment probably resulted from currents in the Permian seas moving 

from the basin onto the shelf.
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A broad northwest-southeast trending anticline extends through 

McKittrick Hill and Carnero Peak* An adjacent syncline lies to the 

south. The McKittrick Hill anticline was a tectonic positive area 

during much of Guadalupe time. This is indicated by the absence of 

red sandstone on the positive area whereas these rocks are present in 

the synclinal area to. the south.

Nearly vertical joints measured in all parts of the quadrangle have 

two prominent trends, N. 40°-50°W. and N. 30°-40°E. In places the rocks 

are jointed parallel to the bedding. These trends are similar to trends 

of joints in the southern Guadalupe Mountains (King, 1948, p. 1.14-118, 

and pi. 20).

Distortion, folds, and faults of .small displacement near the contact
s

of the carbonate and evaporite facies are the result of compressive 

forces generated tjy the conversion of anhydrite to gypsum. Slump 

structures and small gravity faults resulted from collapse due to the 

solution of gypsum by circulating ground water. The removal of the 

gypsum caused the overlying dolomite to be contorted into wavy folds 

locally and to slump and assume anomalous dips. In places gypsum and 

red silt have been injected into adjoining beds. These contorted beds 

are well exposed in Dark Canyon, in sec. 34, T. 23 S., R. 2-4 E., near 

the contact of the carbonate and evaporite facies of the Seven Rivers 

formation. Sinkholes are present, particularly where the evaporite 

facies of the Tanal11 and lates formations are overlain by beds of 

dolomite. One of the largest, about half a mile in diameter, is south
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of U. S. Highway 285 in sec. 18, T. 21 S., R. 26 E. Here Tansill dolomite 

dips steeply toward the center of a crater-like stracture bottomed in 

gypsum of the Tansill and Yates formation.

A distinctive and unique structure ir

"teepee structure. 11 The contorted beds resemble teepees in that the dip

of the beds resemble inverted V's and are

These structures are well exposed in Dark 

sec. 26, T. 23 S., R. 25 E., in vertical :

the shelf beds is the so-called

similar to small chevron folds.

Canyon, in

ones ranging from 10 to 15

feet in thickness. They occur in a zone about 35 feet thick in the 

Tansill formation above the upper sandstone of the Yates formation. 

This zone has been leached and oxidized, Indicating a considerable 

movement of ground water in the past. Sotae of the structures are 

controlled by jointing with the joint occupying the position of the 

axial phase of the fold. The entire zone that contains the teepee 

structures has numerous small cavities.

The Huapache monocline, a prominent structure that passes 

northwestward through Slaughter Canyon into the Texas Hill area, forms 

an escarpment that is the western boundary of the Seven Rivers embayment, 

(See'pi. 1.) The axis of the monocline parallels the major faults to 

the west. The monocline lies along the sixis of a deep-seated fault 

in the pre-Permian rocks. At least 4,509 feet of Upper Mississippian 

*md Pennsylvanian rocks that are present in the Seven Rivers embayment 

area are missing west of the monocline. The log of Humble Huapache 

Unit No. 1 well, in sec. 34, T. 24 S., Rl 22 E., shows a repetition 

of early Paleozoic beds, which indicates overthrusting.
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The Guadalupe Mountains are tilted fault blocks with steep 

escarpments on the west and gentle dip slopes on the east. King 

p. 110, 112-113) described a border fault zone 10 miles wide in the 

southern Guadalupe Mountains in Texas, where the faults are spaced 

three-fourths of a mile apart and in which the strata are downdropped 

2,000 to 4,000 feet on the west side of the zone. To the north, west 

of the Three Forks of Rocky Arroyo, the fault zone narrows and is 

represented primarily by a major fault expressed by the prominent 

topographic feature called "The Rim." Pray (1954, p. 103) described 

a major fault zone farther north in the Sacramento Mountains, with 

many minor faults to the east. The minor faults increase in number 

and displacement toward the major fault zone to the west.

The Guadalupe fault block attained its present form by faulting 

that began in late Pliocene time. King (194-8, p. 121) believed that 

the main movement occurred after Santa Fe time. Faults of Recent age 

along the Guadalupe block have cut the Quaternary alluvium and 

fanglomerates (King, 194-8, p. 113; Pray, 1954-, p. 103).

The shelf rocks in the project area are jointed parallel to the 

bedding and about at right angles to the bedding. The two prominent 

trends are N. 40-50 W. and N. 30-40 E. These trends are roughly 

similar to those in the southern Guadalupe Mountains (King, 1948> 

p. 114-118, and pi. 20). Solution along joints in the carbonate facies 

has created channels that transmit ground water. (See plate 5-) Caverns
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are well developed in the calcitic rocks adjacent to the reef, whereas 

solution cavities are less developed in the dolomitic rocks away from 

the reef, explaining in part the greater yields of water wells adjacent 

to the reef front.

In many places in the shelf, jointing passes through carbonate 

rocks but stops at sandstones and siltatones, the result perhaps of 

intergranular movement of the clastic grains and recementing by 

calcareous cement. In the shelf the sandstone and siltatone units are 

aquicludes, and almost every continuous clastic unit is the lower 

confining bed for a shelf aquifer.

Folding on a small scalefSS3 near the contact of the carbonate 

and evaporite facies are the result of compression forces accompanying 

the conversion of anhydrite to gypsum. Loyally the beds of dolomite 

are contorted into wavy folds and in places gypsum and red silt have 

been injected under pressure into adjoining beds. The effect of 

contortion is well illustrated in Dark Canyon, in 

sec. 34* T. 23 S.* R. 24 E., near the contact of the carbonate and 

evaporite facies of the Seven Rivers formation.

Faults of ainal 1 displacement commonly result from the solution of 

gypsum by ground water and the subsequent collapse of the overlying 

rocks downward into the solution cavities. The faults associated 

with the contact of the carbonate and evaporite facies generally 

have slips ranging from a few inches to 1 foot. A fault in
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sec. 20, T. 21 S., R. 24. E. is overthrust toward the west and has a 

displacement of several feet. Jiibtjj" believes that this is a rotational 

fault caused by differential subsidence of the dolomite which was 

due to removal of the underlying soluble gypsum.

THE ROLE OF SOLUTION IN THE CARLSBAD AREA

Solution has been and is a major geologic process in the Carlsbad 

area. Because the bedrock consists of evaporite and carbonate rocks, 

any change in environment that increases precipitation or subsurface 

infiltration of water increases the solution of bedrock. This 

investigation has revealed new data and concepts concerning solution 

in the evaporite and carbonate rocks.

The discovery of a water table below the lowest known cavern 

level in the Capitan limestone combined with additional geologic 

data are new evidence as to the time of formation of the Carlsbad 

Caverns. A previous report (Bretz, 1949) placed the time of cave 

formation as pre-Ogallala, which antedates the present topography 

and drainage. ^This report presents evidence that cave formation is 

continuing at the present and that the deeper cavern levels were formed 

in post-Ogallala time.
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The thickened alluvial deposits south of Carlsbad are the result 

primarily of solution-and-fill processed rather than erosion-and-fill 

processes.

Solution-and-fill thickening qf alluvial deposits

Since the first geologic investigations of the Pecos River valley, 

the unusually thick alluvial deposits along the Pecos River have been 

the subject of speculation. Nye (Fiedler and Nye, 1933, p. 111-113) 

explained that alluvial deposits and the terraces in the Roswell basin 

are related to the Pleistocene glacial stages. Downcutting and 

entrenching of the Pecos River and its tributaries occurred during the

humid cycles of the glacial stages, and deposition of alluvium

occurred during the arid cycles of the jjiterglacial stages. The terraces 

in the Roswell basin thus are correlated with the Pleistocene glacial 

stages.

Morgan (1938, p. 165) presented thes concept that the unusually thick 

alluvial deposits in the Roswell basin were the result of solution-and-fill 

as well as erosion-and-fill processes. His main evidence was the fact 

that the alluvial deposits are thicker :.n the middle basin and thinner

south of the basin. According to Morgan, solution resulted from upward
t

percolation of artesian water through the Chalk Bluff formation, and 

thickening along the valleys was due to the fact that upward percolation 

of water would be most rapid along the channels where the Chalk Bluff 

was thinnest and the alluvium was thickest.



Ground water does not move upward through evaporite rocks of Ochoa 

age in the Carlsbad alluvial basin owing to the impermeability of 

anhydritej therefore, solution must result from water percolating 

downward from the surface. Evidence for solution in the Carlsbad 

alluvial basin is indicated on the maps showing contour lines at the 

base of the alluvium (fig. 16) and the thickness of the alluvium 

(fig. 15). (See also figs. 13a-Ub.)

The Pecos River flows on limestone north of Carlsbad, on alluvial 

deposits about 175 feet thick in the valley south of Carlsbad, and 

then on shallow alluvium 20 miles south of Carlsbad. Similarly the 

tributaries of the Pecos River pass over thickened alluvium. For 

example, the cross sections from Dark Canyon to the Pecos River show 

the alluvium to be less than 100 feet thick where it overlies limestone 

bedrock, to be more than 300 feet thick 3 miles eastward within the 

basin where it overlies gypseous basin deposits, and to be about 

175 feet thick adjacent to the Pecos River. (See fig. l^b.) Erosion 

by streams cannot account for the irregular bedrock profile, as it is 

not possible for a stream to cut below its profile of equilibrium at 

one point and then return to its original profile downstream.

The Capitan limestone abuts against the relatively impermeable 

anhydrite of the Castile formation to the east. Exceptionally thick 

deposits of alluvium underlying drainage tributary to the Pecos indicate 

the relations between surface drainage and amount of solution. As 

solution continues to lower the evaporite-bedrock surface, surface
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drainage retains grade by contemporaneous deposition of alluvial 

materials. The more soluble constituents are carried away gradually, 

and the insoluble silt and clay remaining form a relatively impermeable 

layer that prevents further solution of th$ underlying evaporites. An 

equilibrium is reached between the amount of water discharged, the 

amount of solution, and the thickness of the clastic material 

overlying the evaporite rocks. Processes pf thickening by solution 

gnd deposition recur when surface erosion removes the protective 

blanket of silt.

The extensive alluvial deposits having a highly calcareous cemented 

conglomerate in the lower part are relics pf past solution in pluvial 

glacial stages. During the pluvial stages the lower gravel was kept 

saturated with ground water moving down from Dark Canyon and Cass Draw. 

After the last glacial stage, the amount of water decreased, the

concentration of calcium carbonate increased, and the lower conglomerate
~ 

was cemented with calcium carbonate. Water flows now through

interconnected voids in the conglomerate. The travertine deposits 

along Rocky Arroyo and the caliche profiles near Carlsbad are additional 

evidence of a pluvial stage.

Thick alluvial deposits are valuable economically as ground-water 

reservoirs and may overlie evaporite rocks in other areas of the southwest.



Cavern development

The extensive development of caverns in the Capitan limestone was 

enhanced because of the original relatively high porosity of the 

limestone, the high content of easily dissolved calcium carbonate 

material, and events in its post-depositional history. Oil wells drilled 

into the formation east of the Pecos River have penetrated large quantities 

of highly mineralized noncirculating or slowly circulating interstitial 

water, suggesting that the Capitan in this locality either had great 

original porosity or that solution since Capitan time from slowly 

circulating water has increased the original, porosity.

The Capitan limestone has a high calcium-low magnesium content. 

The calcium content of the Carlsbad group is greatest adjacent to the 

reef; the magnesium, or dolomite content increases toward the shelf. 

Carbonate rocks of the Carlsbad group are nearly pure dolomite near 

their evaporite-carbonate contact. The effects of solution became 

greater toward the reef because of the greater solubility of the 

calcareous material, which accounts for the extensive post-depositional 

solution near the reef.

Solution of rocks below the water table, principally during the 

Pleistocene epoch, accounted for most of the solution in the Capitan 

limestone. The solution is restricted, however, to a large area west 

of the Pecos River .and a small area east of the Pecos River. The 

solution began when the Guadalupe Mountains were exposed to erosion 

after deposition of the evaporite rocks of the Ochoa series, when the 

Guadalupe Mountains were tilted eastward. Some regional movement and
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tilting probably began before deposition o£ the Ochoa beds; however, 

it is considered to be small compared to the post-Ochoa movement.

The amount of solution by ground water depended partly on the 

relative elevation of fche Capitan limestone and the local base level. 

Before extensive .solution was possible, highly mineralized interstitial 

master had to draJLn from the formation. Interstitial water could have 

been drained when the overlying confining evaporite rocks were truncated 

by surface drainage. Then the Guadalupe Mountains area was uplifted so 

that meteoric water had a high point of en1;xy and could pass through the 

Capitan limestone and be discharged at a p0int of lower elevation. The 

discussion following presents evidence thai such conditions were 

necessary for extensive solution in post-Ogallala rather than pre-Ogallala 

time, as is suggested by Bretz (1949, p. 4^7-4-63). The writer agrees 

with K*"g (194B, P« 157) and Gardner (1935) that major cavern development 

occurred as the topography assumed its present form.

The Guadalupe Mountains area may have 

Permian, Mesozoic, and early Cenozoic time
* *: ' *

Carlsbad area 'is obscure from the time of

been emergent during late

Evidence o£ .erosidn in the   

eastward tilting in late Permian

time to the deposition of tke -Qgarl-lala 'fbrna-tion, afad much or the erosignal 

history must be implied from that of nearb^r areas. A regional peneplane 

existed in early Mesozoic time before deposition of the Cretaceous rocks 

(King, 194S, p. 140)   King thought that tte summit peneplane of the 

Guadalupe Mountains was formed at that time. Further movements also 

occurred in part of the trans-Pecos area during the early Tertiary period.

South of the Guadalupe Mountains, Cenozoic volcanic rocks overlie deformed



Cretaceous rocks (King, 1948, p. 140). The Huapache area of 

Guadalupe Mountains has been persistently high since early Paleozoic 

time (unpublished information, West Texas Geological Society).

The Guadalupe Mountains area prior to the pre-Ogallala emergence 

was not high enough above base level to produce extensive truncation 

and flushing of the Capitan limestone. This statement is based on the 

lack of truncation of the carbonate facies, the exhumed surface of the 

Guadalupe Mountains, and lack of solution in dolomitic rocks of the 

shelf. Solution was active in pre-Ogallala time only in the upper 

cavern levels in the Carlsbad Caverns. Erosion at the low level of 

the Guadalupe upland was sufficient to truncate the tubular cavern 

entrances described by Bretz (1949, p. 447). Truncation of beds in 

the Guadalupe Mountains has been restricted mainly to the evaporite 

facies and, to a lesser degree, to the carbonate facies.

lounger Permian rocks in the Guadalupe series (Tansill formation) 

crop out at Guadalupe Peak, and older Permian (San Andres and Grayburg 

formations) rocks crop out 40 miles to the northwest. Although 

successively older rocks crop out to the northwest, it should be recognized 

that they are included in the carbonate facies of the shelf deposits. The 

rocks that have been stripped away by erosion consist of the weak, friable, 

easily soluble evaporite facies rather than the competent rocks of the 

carbonate facies. Such weak rocks can be truncated in a relatively 

short period of geologic time.

The gently undulating upland surface of the Guadalupe Mountains 

reflects the underlying structure of the shelf beds and does not resemble 

an erosional surface. Also, the shelf dolomite shows only minor solutional
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effects whereas the limestone near the reetf shows marked solutional effects. 

If the Guadalupe Mountains had "been emergent for long intervals with the 

"base level low enough to allow passage of water through deeper parts of 

the Capitan limestone, the shelf dolomite ^ould show more evidence of 

solution. Although the dolomite is highly jointed, it allows little 

passage of water owing to the lack of solution along the joints* This 

fact is demonstrated by springs along the contact of the evaporite and 

carbonate facies in which the dolomite constitutes a barrier that 

forces water to the surface.

As indicated above, solution in pre-^gallala time was sufficient 

to develop only a small part of the extensive caverns in the reef 

deposits.

The presence of siliceous gravel, the stream patterns, and the
. 

entrenched meanders on the Guadalupe upland indicate that during the

deposition of the Ogallala formation the Guadalupe Mountain area was 

low and near base level. Siliceous gravel has been found high on the 

Guadalupe Mountain upland more than 1,500 feet above the present Pecos 

River channel (Horberg, 19^9)- Whether the gravel is of Ogallala age, 

as Horberg believed, or of early Pecos Rj.ver age, its presence indicates 

a low surface at the time of deposition. A former low surface also is 

indicated by the joining of meandering consequent streams at low angles, 

as pointed out by King (19**8, p. l^l), ajad by incised meanders. The 

sharp meanders of Dark Canyon at Serpentine Bends, T. 2*4- S., Rs. 23-2^ E. 

are in competent carbonate rocks and suggest incision into a surface that 

was being uplifted.



After the Ogallala depositional cycle, the Guadalupe Mountain 

fault "block vas uplifted and the Pecos River "began an active period of 

downcutting that is continuing. When the Pecos River cut through the 

overlying evaporite rocks into the Capitan limestone, interstitial water 

of high mineral content drained from the lover levels. Ground water 

then had an entrance and way of passage through the calcareous reef, 

and the topography necessary for extensive solution was present. 

Gardner (1935) "believed that numerous caves, including Carlsbad Caverns, 

were formed as a result of the uplift and the drainage of connate water 

dovndip. He believed that the carbonate rocks were dissolved mainly by 

connate water. However, meteoric water of low pH dissolves carbonate 

rocks better than connate water of high pH. The greater part of the 

cavern system in the reef deposits was developed in post-Ogallala time.

Solution was increased during the pluvial glacial stages. 

Frye and Leonard (1957? p. 37-38) postulated that the Kansas stage was 

the time of greatest humidity in the Great Plains and that rainfall 

decreased in successive glacial stages. In the Carlsbad area, however, 

the general decrease in rainfall was offset by greater uplift of the 

Guadalupe Mountains that caused a local increase in total 

precipitation on the upland.

Because of.confining beds above and below the Capitan limestone, 

and the presence to the south of relatively impermeable rocks, ground 

water was forced to flow northward through the limestone and be discharged
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from large springs. When the base level of the Pecos River was 

higher than at present, the ground-water outlet from the Capitan 

limestone probably was higher than Carlsbad Springs.

With successive uplift of the Guadalupe Mountains and lowering of

the Pecos River base level, successive cavern levels were formed. After

each uplift of the Guadalupe Mountains and successive lowering of the 

base level of the Pecos River, the water tabl4 also was lowered and a 

new cavern level formed by ground-water solution. The older level 

then went through a vadose stage in which cave travertine, flowstone, 

stalactites, stalagmites, and associated deposjits were formed. Bretz 

(19^9) presented excellent evidence for the plireatic and vadose stages 

of the Carlsbad Caverns; however, he stated tpat the Carlsbad Caverns 

must have antedated the present erosion cycle. His main evidence is the

presence of caverns several hundreds of feet 

surface drainage. He assumed that water must

oelow the present local 

have moved through the

caverns and was discharged in the basin to the east. This investigation
/ s

shows, however, that caverns still are being formed below the lowest

open cavern level as a result of solution by 

moves northward toward Carlsbad Springs where

ground water. This water 

it is discharged.

In summary, caverns were formed principally during uplift of the 

Guadalupe Mountains and after deposition of the Ogallala formation. 

The several cavern levels, the size of the cliambers in the Carlsbad 

Caverns, and numerous other caverns along the Guadalupe escarpment

demonstrate great solutional activity in the
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GEOLOGIC FORMATIONS AMD THEIR WATER-BEARING CHARACTERISTICS

GENERALIZED STRATIGRAPHY

Most of the consolidated rocks in the Carlsbad area are of Permian 

age and most of the major units are included in the Guadalupe series. 

The rocks in the Guadalupe series in the Carlsbad area were deposited in 

three environments. For this reason many/ of the formations of Permian age 

are discussed under the major headings of the shelf area, reef area, and 

the Delaware basin. (See tables 2, 3* and k.)

Some of the formations of the Ochoa series of late Permian age 

transgress the older depositional basins, but, for convenience, these 

formations are discussed under formations of the Delaware basin.

The general water-bearing characteristics of most of the formations 

are discussed in this section; however, the overall complexity of the 

movement and occurrence of ground water in the various interconnected 

limestone aquifers and in the alluvium of the Carlsbad area makes it 

necessary to devote a complete section to this topic.



PERMIAN FORMATIONS IN THE 6HELF AREA

San Andres limestone

The San Andres limestone was named by Lee (1909, p. 12-13 and 29) 

from exposures in south-central Nev Mexico. The type locality was 

selected later by Needham and Bates (19^3) ip> the south wall of Rhodes 

Canyon in the San Andres Mountains, in sec. ;29, T. 12 S., R. 2 E., several 

miles vest of Rhodes Pass. The San Andres limestone is 595 feet thick 

at the type locality. According to reports, it is £25 feet thick in 

Tularosa Canyon of the Sacramento Mountains, and more than 1,000 feet 

thick in the Guadalupe Mountains. The subsurface beds assigned to the 

San Andres attain a thickness of about 1,500 feet in southeastern Nev Mexico 

(Nev Mexico Geological Society, 195^ P« 32). Because no satisfactory 

regional correlations have been made, the significance of these differences 

in thickness is unknown. The San Andres limestone lies stratigraphically 

belov the Grayburg formation and above the Yeso formation. At the time of 

this vriting, the precise stratigraphic boundaries of the San Andres still 

are the subject of debate.

Boyd (1955, p. 1*7-^) considered the S^n Andres-Grayburg contact in 

the northern Brokeoff Mountains (fig. 3) to be between* thickly bedded 

dolomite and an overlying, lighter, more tfcLnly bedded dolomite. The color

change can be recognized at a distance, but

more difficult to define vith close scrutiny. Boyd described the lover
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part of the San Andres in the vicinity of Big Dog Canyon (fig. 3), one 

wall of which is The Rim, or west scarp of the Guadalupe Mountains, as 

cherty light olive-gray limestone and dolomitic limestone in beds ranging 

in thickness from k- inches to 1 foot. Above this lower member are thicker 

bedded, light olive-gray beds of limestone, dolomitic limestone, and dolomite 

that are 200 feet thick. The San Andres-Grayburg contact, as used in this 

report, is the sand-carbonate contact mapped by P. T. Hayes (1959)- A 

sandstone, 200 feet thick in places, that generally is designated the 

upper part of the Yeso formation is considered by some geologists to be 

the lower part of the San Andres. This bed has been called the Glorieta 

sandstone but has not been correlated definitely with the Glorieta to 

the north.

The Cutoff shaly member of the Bone Spring limestone, which is 

generally considered to be of Leonard age, is of Guadalupe age according 

to Boyd (1955, p. ^9)   He traced the shale of the Cutoff shaly member 

through a transition zone into the lower part of the San Andres. The Cutoff 

shaly member appears to have been deposited on the northwest side of the 

Bone Springs flexure at the same time that the Brushy Canyon formation was 

deposited in the basin.

The strati^raphic relations of the San Andres to the Grayburg and 

Queen formations are subject to speculation. Most geologists in the area 

believe the Grayburg and Queen formations to be at successively higher . 

stratigraphic intervals that the San Andres. However, Frenzel (1955> 

p. 52-57) suggested that the Queen and Grayburg formations exposed at



the surface are but sandy phases of the upper part of the San Andres. He 

based this opinion on paleontological evidence and on measured sections. 

Until this complex area has been mapped in detail and a series of sections 

measured, the problem will not be settled. Also, until the San Andres 

limestone vest of Carlsbad has been correlated with its equivalent in the 

Sacramento Mountains, the San Andres-Yeso contacts will not be resolved 

satisfactorily in southeastern Nev Mexico.

Data collected and observations made during this investigation 

show that the San Andres limestone grades in part into a thick; massive 

sandstone unit of the Cherry Canyon formation of the Delaware Mountain 

group. This sandstone unit, -which is 800 feet thick in some places, 

is exposed in the Sitting Bull Falls recreational area and in Last

Chance Canyon. The sandstone was penetrated

sec. 23, T. 22 S., R. 2k E., in La Barrera del Guadalupe but is absent

from the section in sec. 22, T. 22 S., R. 2!

in a well drilled in

E., about 1 miles to the

west. The massive part and some of the cherty part of the San Andres 

limestone grade into the massive sandstone tongue of the Cherry Canyon 

formation, as shown in the cross section (fig. 12).

West of Carlsbad the most complete exposures of the San Andres 

limestone are along The Rim. In Big Dog Canyon (fig. 3) a stratigraphic 

sequence begins in the Yeso formation, near the base of the escarpment, 

and extends upward through the San Andres to the thinly bedded dolomite 

of the Grayburg formation at the crest. A type section of the San Andres
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limestone in the Guadalupe Mountains has been designated by Mbran 

p. 1^-150). If one accepts the Grayburg-San Andres contact of Moran, 

the San Andres -would be exposed only in deep stream cuts through the 

Guadalupe Mountains proper. The Grayburg-San Andres contact, as used 

by P. T. Hayes (persona], communication), is higher stratigraphically and 

extends the outcrop belt of the San Andres south of the outcrop area that 

would be defined by using Moran's contact. (See pi. 1.)

The carbonate facies of the San Andres limestone is exposed west 

of Carlsbad and grades into the evaporite facies southwest and northeast 

of Roswell, N. Mex. (New Mexico Geological Society, 1954, p. 153-)

The San Andres limestone west of Carlsbad consists of two parts 

of different lithology. The upper part consists of thickly bedded 

dolomite; the lower part consists of cherty, dolomitic limestone 

(fig. 12). Chert nodules, measuring nearly as much as a foot in length, 

occur as irregular masses in the carbonate rocks. In some places the 

nodules appear to parallel the bedding.

The San Andres limestone is the main artesian aquifer of the 

Boswell artesian basin and has been described in detail by Fiedler and 

Nye (1933). Fiedler and Nye used the term "Picacho limestone" to include 

the San Andres limestone and the carbonate beds in the lower part of the 

Chalk Bluff formation in the southern part of the Roswell basin. 

Disregarding local differences, they considered the upper part of the 

San Andres limestone to be extremely cavernous. Most of the wells in



the Roswell artesian basin penetrated the cavernous, highly'productive 

zones at a depth of less than 500 feet. A few wells tapped aquifers 

at a maximum depth of 740 feet (Fiedler and N^e, 1933, p. 142). Fiedler 

and Nye considered the upper surface of their Picacho to be a karst

surface, as contours on top of that formation reflected.mounds, interconnected

valleys, and sinkholes.

Unconformities have been described in the San Andres limestone west 

of Carlsbad. P. T. Hayes (personal communication) described an 

unconformity between the Grayburg formation and the San Andres limestone, 

and Boyd (I955,^.p. 43) described an unconformity between the lower cherty 

member of the San Andres limestone and the upper noncherty member. These 

unconformities are not characterized by a zone of high permeability, and 

no extensive erosional surface underlain by cavernous zones of great 

porosity «y** permeability has been found in the San Andres limestone in 

the Carlsbad area. In marked contrast to it si equivalent in the Ho swell 

basin, the San Andres west of Carlsbad is relatively impermeable.

Water supply 

The San Andres limestone stratigraphically is the lowermost aquifer

considered in the area. In the western part of the Seven Rivers embayment

ground water occurs in only the lowest part of the San Andres limestone. 

Depths to water generally are more than 700 feet. Ground water moves 

northeastward through the formation toward the Ho swell basin, as is 

indicated by contours on the piezometric surface (fig. 26). The inferred 

piezbmetric surface is based on meager infornation from isolated wells in

the western part of the Seven Rivers embayment. If the data are correct, the

slope of the piezometric surface and the direction of ground-water movement
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is northeastward in the general direction of the regional dip of the 

San Andres. W. E. Hale (personal communication) suggested that the 

southern boundary of the Roswell artesian basin may be in the Seven 

Rivers embayment along the zone where the thick sandstone tongue of the 

Cherry Canyon formation grades into the San Andres liawstone.

Wells drilled into the San Andres limestone generally yield enough 

water for stock and domestic use. According to reports, several wells

in the western part of the Seven Rivers embayment tap a water-yielding

9zone above the upper sandstone in the Gloriet/ta formation. Thus, as

in other shelf formations, ground water in the San Andres limestone 

appears to occur above beds of sandstone. Bullis Springs, in a small 

canyon north of Texas Hill, discharges a few gallons of water a minute 

from the cherby member of the San Andres limestone. The spring is above 

a siltstone bed.

Grayburg formation

The Grayburg formation was first defined as a subsurface unit (Dickey, 

1940, p. ^}j however, the term has since been used for rocks exposed in 

the Guadalupe Mountains. As defined by some workers, the Grayburg in 

surface exposures is a thick sequence of interbedded dolomite and sandstone 

that lies below the Queen formation and above the San Andres limestone. 

Although some geologists have mapped the Grayburg as a separate formation, 

others have included it in the Queen formation. However, many geologists believ 

that mapping of the Grayburg as a separate unit in surface exposures is 

warranted in the Carlsbad area. It is a thick sequence of rock that differs



lithologically from the Queen formation and the San Andres limestone, and the 

carbonate facies grades into the evaporite facies further vest than does 

the carbonate facies of the Queen formation.

Moran (1954* P- 256-259) proposed a type locality for the Grayburg 

where it is exposed in a canyon above Sitting Bull Spring in sec. 9> 

T. 24 S., R. 26 E. The Grayburg formation ojf Moran is 4.75 feet thick at 

the type locality. P. T. Hayes used the same contact of the Queen and Grayburg 

formations as Moran; this prominent sandstone-carbonate contact can be 

traced for miles in the shelf area. However, Hayes 1 contact of the Grayburg 

and San Andres formations is higher stratigtfaphically than the contact of 

Moran, as mentioned previously.

The Grayburg formation is exposed vest of the Queen formation, in the

Seven Rivers embayment, and in a large area of the Guadalupe Mountains 

proper vest of Sitting Bull Falls. For the most part, the Grayburg

formation is in the carbonate facies in its area of outcrop vest and

southwest of Carlsbad. Part of the Grayburg northwest of Carlsbad in the 

area of outcrop is in the evaporite facies.

The carbonate facies of the Grayburg formation consists of a series 

of interbedded sandstone and carbonate units. Near Moran 1 s type section, 

it has more sandstone units than the underlying San Andres limestone and 

less sandstone units than the overlying Queen formation. Thick sandstone 

units, similar to the Shattuck member of Novell and others (1953) in the 

upper part of the Queen and in the thick lower member of the Queen, are 

absent in the Grayburg formation.

Detrital materials consisting of rounded grains are clearly visible 

in many of the carbonate beds, but in others they are masked by

recrystallization. Some brecciated zones
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carbonate rock in a limey matrix were noted in the carbonate sequences.. 

These probably represent local unconformities. The interbedded reddish-brown 

siliceous sandstone units have what appear to be fluvial crossbedding. 

In places where the basal sandstone units of the Grayburg formation crop 

out above the sandstone of the Cherry Canyon formation, they have greater

porosity than the hard, lime-cemented sandstone of the Cherry Canyon formation. 

Reconnaissance in the Guadalupe Mountains indicates that many of the lower 

sandstones in the Grayburg are traceable for only a few miles in the shelf 

area. One of the more continuousjsandstone units in the Grayburg consists 

of a friable light-gray clean siliceous sandstone that can be traced for a 

considerable distance in the shelf area; it also is present in the 

subsurface northeast of Carlsbad (George Riggs, personal communication).

Between Sitting Bull Falls and Texas Hill, much of the Grayburg 

formation is truncated both in the Guadalupe Mountains proper and in the 

Seven Rivers embayment. An oil test, in sec. 29, T. 21 S., R. 22 E., 

entered the San Andres limestone at 230 feet. Probably a part of the 

truncation of the Grayburg at this site is the result of stripping away 

of the softer evaporite facies. The carbonate rocks of the Grayburg 

grade into evaporite rocks at greater distances from the reef escarpment 

and at progressively lower stratigraphic intervals northwestward along 

the Huapache monocline.
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Water supply

The Grayburg formation is exposed in a large part of the shelf area 

(pi. 1), where it receives recharge. Water moves through joints in the 

limestone, percolates downward to the upper Host sandstone unit, and then 

moves downdip. Contours on water levels in wells that are bottomed in 

aquifers in the Grayburg indicate that the general movement of water is 

northeastward in the direction of the regidnal dip of the beds. (See fig. 26.)

Water levels in wells in the western part of the Seven Rivers embayment 

Indicate two principal aquifers in the Grayburg   one in the upper part of 

the formation and the other in the lower. The aquifers are beds of 

dolomite and the confining units are beds of sandstone. Because most of 

the Grayburg is in the carbonate facies wesit of Carlsbad, it contains water 

of relatively low mineral content both in 1>he upper and lower aquifers.

Queen formation

Crandall (1929) first defined the Queonformation from a sequence of

interbedded dolomite and sandstone exposed on Queen Mesa near Queen,

sec. 30, T. 24. S., R. 22 E.j however, he did not give the thickness of the 

sequence. Subsequent workers have used'different contacts for both the 

upper and lower boundaries of the Queen formation. Koran (1954) proposed 

a type section from exposures on the east wall of Dark Canyon, in the 

SWl/4 sec. 36, T. 24 S., R. 22 E. That section is 421 feet thick. 

Independently, P. T. Hayes mapped the Queen with the same upper and 

lower boundaries that 'Moran described in his type section. The Queen
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formation is composed of a carbonate facies and an evaporite facies.
X

The carbonate facies of the Queen formation caps most of Queen Mesa 

(fig. 3) and extends westward from the Seven Rivers Hills and Azotea Mesa 

in a band 3 to 6 miles wide. Most of the upper part of the Queen 

formation grades into gypsum east of uhere the lower part of the Queen 

grades into gypsum. Dolomite in the lower part of the Queen crops out 

in some places nearly 6 miles vest of Azotea Mesa.

The evaporite facies of the-Queen formation has been removed from 

Queen Mesa by erosion. It crops out in the Seven Rivers embayment 3 to 

9 miles west of the Seven Rivers Hills and Azotea Mesa, where much of 

the gypsum has been removed by erosion. The interbedded dolomite 

proteels the softer beds of red siltstone, sandstone, and gypsum from 

erosion, resulting in cuestas dipping 2 to 3 degrees to the northeast. 

The evaporite facies of the Queen is exposed also near Lake McMillan, 

outside the report area, where it probably forms part of the aquifer 

underlying the lake.

The carbonate facies of the Queen formation in the

SE£ sec. 29, T. 24 S., R. 23 E., near the old CCC camp in Dark Canyon, 

was examined and found to be 325 feet thick, according to P. T. Hayes 

(personal communication). Here the carbonate facies can be subdivided 

into three major units; (l) a lower sandstone unit 55 feet thick, (2) a 

middle unit of interbedded sandstone and dolomite 190 feet thick, and 

(3) an upper sandstone unit 80 feet thick.

The lower sandstone unit of the Queen consists mainly of massive, 

medium- to fine-grained, firmly cemented, brown sandstone. (See pi. 6.)
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Crossbedding is common in some places and iron-stained red bands 1- to 

2-inches wide parallel the bedding. The lower sandstone of the Queen, 

although not as persistent as that of the Shattuck member of the Queen, 

forms a prominent slope that can be traced for miles.

The middle unit of the Queen formation at the CCC camp consists

primarily of dolomite interbedded with sandstone. The dolomite ranges 

from a dense fine-grained sublithographic rods: to a detrital one, and 

in places is vesicular and porous. The vesicular zones generally extend 

into the underlying rocks from a few inches to a foot. The beds of 

dolomite are upturned, indicating a local unconformity.

The upper sandstone unit, which has been called the Shattuck 

member by Newell and others (1953, ?  ^5)> fo:nas a prominent slope 

of weathering and can be traced for miles in the shelf area. The term 

"Shattuck member" will be used in this report. The Shattuck member of 

the Queen formation in the Dark Canyon area can be divided into two

parts, a lower part of interbedded sandstone 

upper part of massive sandstone, both 40 feet 

from dark brown to yellow brown; however, the 

part contains some brick-red materials. Beds

Bind dolomite, and an 

thick. The color ranges 

upper massive sandstone 

range in thickness from

a fraction of an inch to about k inches.

The Shattuck member of the Queen formation is exposed in Rocky Arroyo, 

where it has been called "the Artesia red sand" by local oil geologists. 

The sandstone .is largely fine to very fine grfained, but in some places 

it is medium grained; in other places it is a, siltstone. The rock



predominantly is reddish brown, although it varies from cream to light 

gray. The reddish-brovn rock gets its color from a coating of iron 

oxide on the grains. In places, beds of red silt and sand grade within 

inches into beds of cream-gray silt and sand. The unit varies 

considerably in overall thickness.

In the last few years P. T. Eayes, N. D. Newell, and oil geologists 

have traced the Shattuck member of the Queen into the upper part of 

the Goat Seep limestone. Thus, the Queen and Grayburg in the shelf 

area are the lateral equivalents of the Goat Seep limestone of the 

reef area.

The evaporite facies of the Queen formation in the outcrop area in 

the Seven Rivers embayment consists of hard white gypsum and chalky white 

gypsum interbedded with dense fine-grained dolomite and red and light-gray 

silt. The soft gypsum at the surface has been removed almost completely 

by erosion, remaining,- for the most part, only beneath protective beds of 

dolomite. The dolomite generally is gray, but some is red or pink. 

Generally, the dolomite contains numerous cavities that increase its 

porosity, and, in places where the cavities are interconnected, its 

permeability. (See p!G9 ? ) Some brecciated zones in the dolomite 

contain interconnected cavities up to 1 foot in diameter. The cavities 

commonly are lined with crystals of calcite and amorphous calcium carbonate 

evidence of former movement of ground water. The dolomite generally has 

many open Joints, which also are coated with calcium carbonate.

Pine to very fine sand and beds of silt, which in most exposures are 

brick red, are interbedded with the dolomite. Green elastics in some 

places grade laterally into their red equivalents within a fev feet. The
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clastic units mainly are thinly bedded; the silt commonly is bedded in 

paper-thick laminae. Beds of sand are crossbedded in places and colored 

bands parallel the bedding.

Water supply

The evaporite facies of the Queen formation absorbs water readily

in its outcrop area, which probably is one of the main areas of recharge

for Permian aquifers. Water enters the carbonate facies in the outcrop 

area through joints and numerous cavities and caverns along unconformities 

in brecciated zones. In other places water flows into sinkholes in the 

gypsum and then into the dolomite. The -width of the gypsum outcrop 

increases northward toward Lake McMillan. It is possible that some 

leakage from Lake McMillan occurs through solution cavities in the 

gypsum of the Queen formation in addition to the leakage through the 

overlying gypsum of the Seven Rivers formation. Water percolates from

Lake McMillan through the evaporite rocks to 

sec. 21, T. 20 S., R. 25 E., outside the area

Major Johnson Springs, in 

The lower confining beds

for ground water are sandstones in the Queeii formation, of which the 

Shattuck member is the thickest.

The Queen formation generally contains si shallow aquifer and 

deeper aquifers. In the Seven Rivers embaym^nt the shallow ground 

water has been penetrated by several wells in the eastern part of the 

embayment. The shallow ground water present in the upper part of the 

Queen formation and in overlying thin alluviijim; the ground water appears
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to occupy a perched zone of saturation in much of its extent. The alluvium 

consists of gravel, sand, and reworked gypsum. The perched water table lies 

at depths ranging from 10 to 50 feet below the land surface in the north­ 

eastern part of the embayment. The depth to water generally is from 10 

to 25 feet below the land surface along Rocky Arroyo near the Seven Rivers 

Hills. The deeper aquifers are perched above the interbedded clastic beds 

which are retarding beds.

Water in the shallow aquifer of the Queen formation passes into 

the alluvium, from which it is discharged at Indian Big Spring. Figure 26 

shows that the water-table contours for the shallow alluvium and upper 

aquifer of the Queen converge along Rocky Arroyo at Indian Big Spring. 

Because water from the shallow aquifer is much more mineralized than 

water from the springs, it is evident that some of the water discharged 

from the springs comes from a deeper aquifer containing less mineralized 

water. The water from the deeper aquifers of the Queen and Grayburg is 

forced upward because of lateral facies changes in the formations 

underlying the Seven Rivers embayment. Ground water probably is forced 

upward into alluvium near the carbonate-evaporite contact, flows through 

the alluvium near the head of Rocky Arroyo, and is discharged downstream 

where the alluvium thins at Indian' Big Spring.

Wells drilled through the Seven Rivers formation into the Queen 

formation on the Azotea Mesa penetrated beds containing water in small . 

amounts at some places; dry holes have been drilled at other places. 

For example, in sec. 32, T. 22 S., R. 2k E., one well 350 feet deep 

and another 500 feet deep are dry, as one might expect in this area.
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Seven Rivers formation

The Seven Rivers formation is overlain "by the Yates formation and

underlain "by the Shattuck member of the Queen formation. The entire

Seven Rivers section is exposed in the northwest part of the area of 

detailed mapping (pi. 2), near the Seven Rivers Hills in Rocky Arroyo 

and Walt Canyon.

The Seven Rivers formation was named "by Meinzer, Renick, and Bryan 

(1926). It was included as a member of the Ctupadera formation and was 

divided into two units   a lower unit, consisting of thick beds of gypsum 

and beds of red sand and shale and an upper unit, consisting of brecciated 

green shale and limestone.

Lang (1937> P- 860) mentioned the facies change from dolomite to 

evaporite rocks in Rocky Arroyo, and Bates (19^2) described in detail 

this lateral gradation* He showed also that (the so-called "persistent 

brecciated zone 11 which was described as belonging to the Seven Rivers 

gypseous member, has been caused by consolidation of angular limestone 

material in Recent time.

In this report the name Seven Rivers formation is used for a thick 

sequence of limestone, dolomite, and some interbedded dolomitic sandstone 

overlain and underlain by a sequence of siliceous sandstone and limestone.

The Seven Rivers formation is exposed widely in a large area of 

La Barrera del Guadalupe. It crops out north, west, and southwest of 

Carlsbad. West of Carlsbad almost all the gjfpsum has been removed by



erosion. The Seven Rivers Hills is the western boundary of the Seven 

Rivers formation in this area and also approximately the western 

boundary of the carbonate facies (fig. 10). The Seven Rivers Hills are 

preserved from rapid erosion because the resistant dolomite of the 

Azotea tongue of the Seven Rivers formation caps the underlying soft 

gypseous beds. The gypseous beds of the evaporite facies of the Seven 

Rivers formation grade into dolomite basinward about lj miles east of 

the Seven Rivers escarpment. The prominent Azotea tongue can be traced 

from the Dark Canyon area to Lake McMillan. In this distance it dips 

gradually so that it is near lake level at Lake McMillan. The evaporite 

facies of the Seven Rivers is exposed widely in this locality.

The change from the calcareous to the dolomite subfacies in the 

carbonate facies of the Seven Rivers formation is defined clearly west 

of Carlsbad. The upper part of the Seven Rivers formation exposed in 

Little McKittrick Draw, in sees. 28 and 29, T. 22 S., R. 25 E., is in 

the calcareous subfacies and possibly the reef equivalent. The exposure 

is about k^ miles from the reef escarpment and probably about 1 mile 

from the Seven Rivers equivalent of the Capitan limestone. (See pi. 1.) 

Here the lithology is limestone and dolomitic limestone with much 

detrital carbonate. The less resistant beds of limestone have been 

etched by differential weathering.

A section of the Seven Rivers formation in Rocky Arroyo, in 

sec. 25, T. 21 S., R. 2k E., about 12 miles from the reef front, was 

measured and consisted mainly of sublithographic dolomite. The beds,
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averaging about 2 inches in thickness, contain closely spaced joints. 

Detrital textures are masked for the most part by dolomitization. 

Numerous concretions of iron oxide are scattered throughout the 

formation.

The dolomite subfacies of the Seven River£i formation grades into the 

evaporite facies, which, in Rocky Arroyo, consists of a hard -white 

gypsum, red and -white chalky granular gypsum, £ind thin beds of dolomite 

that generally are less than an inch thick. The resistant Azotea 

tongue protects the underlying more soluble evaporite rocks from 

erosion. Two prominent red bands in the evaporite facies exposed in 

Rocky Arroyo are composed of granular gypsum m:Lxed with red silt. 

An outcrop of the carbonate facies of the Seven Rivers formation is 

shown in plate 6.

Some beds of quartzose sandstone and, silt stone are present in the 

Seven Rivers formation; however, they do not appear to be continuous. 

Several cream-to buff-colored dolomitic sandstones are exposed, which 

weather to form a slope. The units of dolomitic sandstone appear to

be more persistent and abundant than quartzose

Rivers formation.

Water supply

sandstone in the Seven

Because the evaporite facies of the Seven Rivers formation is 

largely absent from the section west and southwest of Carlsbad, the 

Seven Rivers formation in this area is recharged through dolomite of
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the carbonate facies. Recharge is greatest east of the Seven Rivers 

Hills and in the calcareous subfacies adjacent to the reef. However, 

because of the low permeability of the Seven Rivers formation a short 

distance east of the contact of the carbonate and evaporite facies, it 

is thought that most of the precipitation in this area is lost to runoff. 

The small amount of water that enters the formation percolates through 

joints and fractures to the underlying bed of elastics that retards 

further downward percolation. In most of the area this bed is the 

Shattuck member of the upper part of the Queen formation.

Wells drilled into the upper part of the Seven Rivers formation 

yield only small amounts of water. However, two or three deep wells 

west of Carlsbad, completed in the lower part of the formation just 

above the Shattuck member of the Queen formation yield water adequate 

for stock use.

Eight wells were drilled into the Seven Rivers formation and 

possibly the upper part of the Queen formation in

sees. 21, 28, and 29, T. 23 S., R. 25 E. Only one of these wells in 

sec. 28, T. 23 S. R. 25 E., yields enough water for stock. Two wells, 

21.25.31.200 and 22.25.9.too, drilled into the lower part of the 

Seven Rivers formation yield enough water for stock. Mr. Frank Jones, 

owner of well 22.25.9.2^1, which is ^58 feet deep, reported that Ik 

bailers of water were removed without lowering the water level appreciably, 

Water in the Seven Rivers formation is of good quality.
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The carbonate facies of the Seven Rivers formation is well exposed 

along Dark Canyon from Mudgett's Cave, sec. 21, T. 2^ S., R. 2k E., to 

the confluence of Last Chance and Dark Canyons, where Dark Canyon cuts 

deeply into the predominantly massive dolomite of the Seven Rivers 

formation. No large movement of ground water is evident along the 

joints. Slight discoloration along the joints, and the existence of 

cavernous zones extending parallel to the "bedding planes, indicates that 

most ground water movement is along "bedding planes in the dolomite. 

Mudgett's Cave, which is in an upper cavernous zone, is an example. This 

zone can be identified not only by the serie^ of caverns parallel to the

general bedding of the formation but also by a band of vegetation, which-

can be traced for several miles.
i

The carbonate facies of the Seven River $ formation is exposed west 

and southwest of Carlsbad; the evaporite facies is exposed north of the 

project area. The crest of Seven Rivers Hills can be traced northward 

along the east side of Lake McMillan. The Azotea tongue, which is the 

upper dolomite unit of the Seven Rivers formation, forms the hills east

of the Pecos River in the Lake McMillan area and the underlying gypsum

is exposed along and slightly above river level (fig. 3)  Large caverns 

have developed in the gypsum, and water entering these caverns is discharged 

at Major Johnson Springs in sees. l6, 21, and 28, T. 20 S., R. 26 E., 

near the contact of the carbonate-evaporite facies of the Seven Rivers 

formation. Water in the gypsum of the evapqrite facies is forced upward 

by a lateral gradation in lithology from permeable gypsum into relatively 

impermeable dolomite. The lower confining beds' are probably beds of

sandstone in the underlying Queen formation

(See fig. IT-)
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Yates formation

The name "Yates formation" has been used for a subsurface 

geologic unit by oil geologists since the late 1920's. It was 

described first by Gester and Hawley (1929) from sections in 

northeastern Pecos County, Tex. The section there is more than 600 feet 

thick and is composed of three major units   a lover of limestone, 

a middle of anhydrite, and an upper consisting mainly of sandstone.

The lower unit, or so-called Big Lime consists of brown limestone, 

sandy limestone, and restively pure limestone members. The Big Lime, 

which is the chief oil-producing formation, is very porous. It contains 

irregular solution channels and cavities 0.1 to 0.5 inch in diameter, 

some of which are lined with dolomite crystals. The cavities are 

parallel to the bedding in some places.

The middle unit of the Yates at the type subsurface locality is 

500 feet thick and consists of anhydrite, which contains discontinuous 

beds of gray, green, red, and brown siltstone and shale and some beds 

of dolomite.

The upper sandstone, fine grained and brown to red, is about 

50 feet thick and contains .a scattering of frosted and rounded sand 

grains that average about 0.7 millimeter in diameter. The distinctive 

frosted sand grains provide a recognizable "top of Yates" in the 

subsurface. In general, the first major sand unit containing frosted, 

sand grains below evaporite rocks of the Ochoa is recognized by 

drillers in the shelf as "top of Yates," and the next lowest major sand 

unit containing frosted sand grains is recognized as "top of Queen."
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"Yates" also has "been used as a formations! term "by oil geologists 

for exposures in the Guadalupe Mountains. The Yates formation consists 

of a series of beds of sandstone and limestone between the carbonate 

of the Tansill formation above and the carbonate of the Seven Rivers 

formation "below. The upper sandstone unit is easily distinguishable, but

the lower sandstone is not conspicuous; it is overlain by massive

dolomite about 25 feet thick. *3~the Yates at the
i

surface has not been definitely correlated witfc the subsurface type 

section in the Texas area; however, it has beejn correlated with the 

subsurface Yates north and northeast of Carlsbad.

The Yates formation is exposed in the she^lf area north, west, and 

southwest of Carlsbad, where it caps much of the Azotea Mesa. The 

carbonate facies grades into the evaporite faqies 5 to 7 miles from the 

reef escarpment south of Carlsbad and north from Carlsbad Caverns. 

Bocks of the carbonate facies only are present west and southwest of

Carlsbad; the more easily eroded rocks of the

missing. Gypsum and elastics of the evaporite facies of the Yates

evaporite facies are

form a good recharge area north of Carlsbad ijn the Adobe Flats area (pi. 1)
A

Because of the excellent exposures west and southwest of Carlsbad, 

the Yates formation perhaps is the most easily studied of all the shelf 

formations. Beds of dolomite, limestone, anc. sandstone can be trace $ 

for considerable distances. The beds of dol<Jjmite and limestone 

generally form ledges and the beds of sandstone form slopes. The 

upper and lower sandstone unites in the Yateis formation are continuous 

throughout large parts of the shelf area; this lowermost bed of the Yates
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extends for miles approximately parallel to the reef front. It is 

fairly uniform in thickness, ranging from 3 to 8 feet.

The Yates formation is veil exposed in Dark Canyon in 

sees. 21, 22, 26, and 2?, T. 23 S., R. 25 E. In this locality 

interbedded dolomite and sandstone overlie the predominantly calcareous 

dolomite and limestone of the Seven Rivers formation. The dolomite 

generally is thinly "bedded and has a detrital and clastic texture. 

Much of the dolomite is sublithographic. Pisolites- and oolites are 

fairly common. Some beds of dolomitic limestone and limestone are 

interbedded with the dolomite. Some of the beds of sandstone and 

dolomite contain concretions of iron oxide. Siliceous silt and very 

fine sand are interbedded with the dolomite. Measured sections of the 

Yates formation are shown in tables 5 a&d 6.

Stratigraphic studies in Dark Canyon and Little McKittrick Draw 

indicate significant changes along the strike of the Yates formation 

parallel to the reef front. Red sandstone in the Dark Canyon section 

in the middle part of the Yates formation is missing in the Little 

McKittrick Draw section. The red sandstone may have been deposited in 

a highly alkaline lagoonal environment extending almost to the reef 

escarpment, suggesting that part of the Dark Canyon area was 

topographically low in Permian time. Also,pink to violet dolomite 

not present in the Dark Canyon area was observed in the Little McKittrick 

Draw area. This material commonly is contorted between overlying and 

underlying more massive dolomite and limestone, indicating the . 

possibility that it was deposited as a plastic calcareous mud. 

(See plC3 8.) These changes along the strike as well as along the dip
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of this formation are related to tectonics of the basin during Permian 

time. Detailed microstratigraphic study of the carbonate facies in 

the shelf deposits in this area should prove rewarding.

The evaporite facies of the Yates formation contains more silt 

than the evaporite facies of the Tansill forme.tion. A large area north

of Carlsbad is underlain by evaporites of the

formations.

Tansill and Yates

Water supply

Ground water in dolomite Immediately overlies confining clastic 

beds in the carbonate facies of the Yates formation; however, in some 

places ground water occurs also in the upper [part of the clastic beds* 

Wells in the Yates formation range in depth from 30 to about 250 feet.

Yields from these wells are small, only a fe 

They are used primarily for stock and domest

conductance of the water averages about 500 nicromhos in the carbonate

facies, whereas the average is higher in the

r gallons per minute.

c purposes. The specific

evaporite faciea, reaching

a minrlTinm of more than 1,000 micromhos in some places. The greater 

conductance of the water in the evaporite facies is due to dissolved 

sulf ates.

Many springs issue from the shallow aquifers in the carbonate 

facies of the Yates. Included in the shallow aquifer springs are 

McKittrick, McGruder, Yellow Jacket, Lancaster, Robb, Jurnigan, 

Grapevine, Cottonwood, and Oak Springs. Mofct of the above springs
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issue at or near a contact of a silty bed and carbonate rock (fig. 18); 

however, some issue from bedding planes in the dolomite. Two such 

springs are Mosley, in sec. 5, T. 24 S., R. 25 E., and Little Walt, 

in sec. 2, T. 22 S., R. 2k E.

Locations of most of the springs are controlled in part by 

geologic structure. Generally the springs issue where ephemeral 

streams have cut through beds of dolomite "and limestone and into the 

confining beds of sandstone. In many places springs issue on the 

sides of anticlines or near the axes of truncated synclines. 

McXittrick Spring, typical of the springs in the Yates formation, is 

situated between two depositions! mounds west of Carlsbad. The recharge 

area generally is only a few square miles. The average discharge 

from the springs is less than 1 gpm.

Water from these springs contains small amounts of dissolved solids 

and chloride. A water sample from McKittrick Spring, for example, had 

a specific conductance of 553 micromhos and a chloride content of 

6 ppm (parts per million)   similar to the quality of water from the 

shallow wells finished in the Yates formation.

The evaporite facies underlies a large area north of Carlsbad. 

Sinkholes, collapse structures, and other evidence of solution are 

common.
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Tansill formation

The Tansill formation was recognized as a subsurface unit before 

it was described formally as a surface section, A type section in 

the subsurface was never established, although DeFord and Lloyd (1940) 

gave the name Tansill to the unit above tie upper part of the Yates 

sand. DeFord and Riggs (1941) formally designated a type locality 

for the Tansill formation in the NE^SW^ sec. 26, T. 21 S., R. 26 E., 

on the Carlsbad-Artesia highway (U. S. Highway 285) 3.7 miles north 

of the Eddy County Court House. The uppqr part of the formation is 

exposed in a road cut on the highway and the lower part is exposed in 

the old CCC rock quarry in the small canyon a short distance northwest 

of the road cut. At the type locality, about 1 mile from the reef, 

the Tansill consists of thinly bedded dol.omite and is 125 feet thick.

The dolomite of the Tansill formation in the carbonate facies is

bounded at both the bottom and top by distinct lithologic breaks. 

The Tansill is overlain by the anhydrite and red beds of the Salado 

and Rustler formations, which crop out e^st of the Pecos River in the 

latitude of Carlsbad, and is underlain by a sequence of interbedded 

sand and dolomite of the Yates formation.

The Tansill formation west and southwest of Carlsbad is exposed 

in a zone, 3 to 7 miles in width, cappii|g the Cueva Escarpment and 

the Hackberry and Ocotillo Hills. Only the carbonate facies is 

exposed west and southwest of Carlsbad, the evaporite facies having 

been eroded away. The evaporite facies of the Tansill formation is 

exposed north and northwest of Carlsbad near Adobe Flat and north of
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Avalon Hills. The contact of the Tansill and Yates generally is 

marked "by an escarpment. The resistant lover dolomite in the 

Tansill forms part of the cliff; the underlying less resistant 

sandstone of the Yates forms the upper slope.

The carbonate facies of the Tansill formation northwest and 

vest of Carlsbad consists mainly of fine-grained detrital 

dolomite and limestone. It generally is thinly "bedded, the beds 

ranging in thickness from a quarter of an inch to 1 inch. The 

detrital dolomite at the type section is interbedded vith some 

dense nearly sublithographic dolomite that contains some small 

cavities; however, this rock appears to have little permeability. 

Several thin beds of silt in the Tansill formation and one major 

silt zone, the Ocotillo silt member of DePord and Riggs (19^1), 

can be traced for considerable distances in the subsurface. The 

Ocotillo silt member is 13 feet thick at the type locality and is 

a blue slightly calcareous silt that is varped between the more 

massive beds of dolomite. The blue silt can be traced laterally 

into red oxidized silt, which crops out along the Carlsbad-Artesia 

highway in sec. 16, T. 21 S., R. 26 E. A bench and an escarpment 

formed by erosion of silt of the Ocotillo can be traced for miles 

in the shelf.

The Tansill formation is thicker in the synclines and thinner 

on the anticlines that parallel the reef front on the west.
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The carbonate facies of the Tansill can be traced into the 

evaporite facies in the Hackberry Hills. The south side of the 

hills consists of carbonate rocks, and the north side, in

sec. 35, T. 21 S., R. 25 E., consists of gypsum. Nearby, in

sec. 31*-, T. 21 S., R. 25 E., the Three T^rLns Hills are composed of 

gypsum of the Tansill and Yates overlain by a thin cap of dolomite 

of the Tansill. Gypsum exposed in Adobe Flat and north and 

northeast of Lake Avalon is a part of th£ evaporite facies of the 

Tansill and Yates formations. Sinkholes are common in this area. 

(See pl£S3I9.) One of the largest, about half a mile in diameter, 

is south of U. S. Highway 285, in sec. l[8, T. 21 S., R. 26 E. Here

dolomite of the Tansill dips steeply

crater-like structure bottomed-in gypsum of the Tansill and Yates 

formations.

the center of a

Water supply

The largest recharge area for the fDansill formation is where 

the evaporite facies is exposed north a^ad northwest of Carlsbad. 

The gypsum contains numerous sinkholes that capture runoff. 

Spencer Dan was built several years ago in the evaporite facies of 

the Tansill and Yates formations, in the NE^ sec. 22, T. 21 S., R. 25 E 

It proved to be unusable , however, because the runoff flowed into 

sinkholes and disappeared immediately.
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At the type locality of the Tansill formation, above the highway 

in a road cut, a silty limestone is enlarged "by solution along "bedding 

planes, indicating past movement of ground water in the carbonate facies. 

In some places the rocks resemble a brown honeycomb and contain much 

recrystallized calcite.

A large quantity of water from Lake Avalon leaks into the Tansill 

formation. The dolomite near the facies change is very porous and 

permeable. Highly vesicular dolomite and interbedded gypsum crop out 

on the south side of Lake Avalon. This suggests that part of the gypsum 

penetrated in drilling on the northeast side of Lake Avalon is of Tansill 

age rather than being all of Castile age. Leakage from Lake Avalon is 

transmitted through the Tansill to the Capitan limestone, where it 

mingles with water of better quality moving from the south, and is 

discharged at Carlsbad Springs.

Water in the lower carbonate facies of the Tansill is of good 

quality. The specific conductance averages about 500 micromhos, and the 

chloride content averages from 5 to 15 ppm. The water is more highly 

mineralized in the evaporite facies of the Tansill. Northwest of 

Carlsbad the water has an average specific conductance of about 1,000 

micromhos and a low chloride content. Water in the Tansill formation 

northeast of Carlsbad is highly mineralized; for example, a water sample 

from well 21.26.25.142 had a specific conductance of 4,710 micromhos and 

a chloride content of 735
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PERMIAN FORMATIONS OF THE REEF AREA

Goat Seep limestone

The two principal formations in the ijeef area, or shelf margin,

are the Goat Seep ^Limestone and the Capitan limestone, both of which%

contain massive, partly dolomitized limestone reef "beds and thick to

medium thick beds of partly cemented talus . The Goat Seep limestone,

which grades into the Cherry Canyon formation of the Delaware Mountain 

group to the southeast and into the Queen and Grayburg formations to the 

northwest is buried deeply in much of the area. The formation probably 

contains water, but because no water wellsi tap it, its water-bearing 

characteristics are not known.

The Goat Seep limestone reef was formed during rapid subsidence, 

resulting in predominantly upward growth 6f the reef, as contrasted with 

the outward and upward growth of the Capitan reef (Newell and others, 

1953* ?  105)« Geologic literature indicates that the Goat Seep is 

more dolomitic than the Capitan; therefore, it is possible that the 

porosity and permeability of the Goat Seep is somewhat less than that 

of the Capitan.

Capitan limestone

The Capitan limestone was named by Richardson (190^ P- ** !) 

exposures 1 mile north of El Capitan in the Guadalupe Mountains. As 

defined, the formation included rocks at and near the Guadalupe
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escarpment; however., the formation is restricted now to the upper 

massive reef limestones and associated "beds of cemented talus in the 

Guadalupe series. The Capitan limestone interfingers basinward with 

the Bell Canyon formation of the Delaware Mountain group and shelfward 

with the Carlsbad group. It is, underlain partly "by the Goat Seep 

limestone and partly "by the Bell Canyon formation (fig. 12) and overlain 

in the subsurface by rocks of the Ochoa series.

Recent work by Adams and Frenzel (1950) and. Newell and others (1953) 

has served to differentiate the Capitan limestone into two distinct units, 

/^Oue ig a. cream-colored to very light-gray massive limestone, which is 

thought to have been an organic reef massif The, limaatoac?grades into 

recemented, in part dolomitized, breccia consisting of reef fragments, 

calcarenite, and rounded fossils that form the reef-talus deposit. 

Newell and others (1953> ?  37) has shown that the extent of this reef 

talus is greater than had hitherto been suspected; in fact, he stated 

that the major part of the Capitan consists of talus material.

The Capitan limestone is best exposed from Slaughter Canyon south 

to Guadalupe Peak, over which distance the formation rises in elevation. 

In deeply incised canyons such as Slaughter Canyon and McKittrick Canyon 

Draw, both the massive and talus phase of the Capitan are exposed. The 

Capitan crops out as a narrow band along the escarpment, between 

Slaughter Canyon and sec. 31> T. 22 S., R. 26 B. A cavernous, massive 

phase of the Capitan crops out in Dark Canyon about half a mile from the 

escarpment, and the talus phase covers the escarpment. In the vicinity
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of Carlsbad, the Capitan limestone is covered by younger rocks. It has 

been penetrated in the subsurface approximately along the boundary

between the Delavare basin and the shelf area,

The description of the Capitan limestone is based mainly on drill 

cuttings collected by the Geological Survey frcm test wells drilled by 

the city of Carlsbad. The test wells are as follows: No. 1 (22.26.1$

in the southeastern part of Happy Valley; No. 

mouth of Little McKittrick Draw; and No. 3 (23-

as shown in figure 8.

(22.26.28.lfll), at the 

25.2^.232), near the mouth

of Dark Canyon. 'Significant differences in limnology were logged in the 

three test wells. (See table 13.)

Test well 1 penetrated limestone and dolomite and a few thin beds of 

blue siliceous silt.

Test well 2 was drilled 580 feet into the Capitan limestone. The 

cuttings from this well were predominantly cream-colored to white 

macrocrystalline limestone.

Test well 3 contained detrital and fragmental calcarenite interbedded 

with smaller amounts of microcrystalline limestone.

Some of the cuttings from each well contained fragments of fossils, 

including foraminifera, crinoid stems, and what appeared to be brachiopods. 

In test wells 1 and 2 some fragments contained concentric, crinkly laminations 

that could be algae, probably stromatolites. Some cuttings contained oolites 

most of which were less than 1 mm in diameter 

That the Capitan was not a barrier reef :.n the Carlsbad area is 

indicated by the following: (l) lateral change in lithology of the Capitan, 

(2) the extension of black limestone to the shelf margin, and (3) the



mound structures. The blue siliceous silt and pyrite in Carlsbad test 

well 2 indicates that reducing conditions prevailed there, and in late 

Permian time a channel probably was present between the basin and shelf. 

The detrital material in the carbonate rocks betwen the mound structures 

probably was washed from the mounds. The dolomitized materials in 

Carlsbad test well 1 suggests that hypersaline water passed between the

Vmounds at this place
The extent of the black limestone indicates that the basin extended 

in places to the shelf margin.

Water well 21.27.32.130 penetrated more than 100 feet of black 

limestone at the stratigraphic level of the Capitan limestone. Because 

of the singularity of the cuttings, the driller took them to Mr. George 

Riggs, local geologist, for inspection. Mr. George Riggs (personal 

communication) informed the junior author that the cuttings were black 

limestone of the Delaware basin type. A little more than 1,000 feet 

to the north, wells 21.27.32.110 and 21.27.32.210 penetrated a white 

massive cavernous carbonate rock typical of the Capitan limestone. 

Northward from Dark Canyon, mound structures in the shelf are superimposed 

on the crests of anticlines. The axes of the mound structures west of 

Carlsbad are oriented at random, suggesting that the mounds are of

biohermal origin.
*
The above information indicates, therefore, that barrier reefs did 

not exist at least in late Guadalupe time, in the northern part of the 

Delaware basin near Carlsbad.
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Water supply

The Gapitan limestone is the source of water for the city of 

Carlsbad, a major potash company, and many irrigation wells in the 

Carlsbad area. Because of the importance of this aquifer, it is discussed 

at greater length in sections on the occurrence and quality of water in 

the reef aquifer.

Wells of large yield have been developed in the cavernous phase of 

the Capitan limestone near Carlsbad, and tae results of test drilling 

indicate that wells of large yield can be developed also in the cavernous 

zone of the Capitan limestone southwest of Carlsbad. However, the depth 

to the water in the limestone increases tcj the southwest.

The Capitan limestone is recharged by slow percolation of water 

through shelf deposits and direct infiltration into the cavernous zone. 

Percolation of water through shelf deposits probably furnishes the greater 

quantity of water to the Capitan limestones. Surface water flowing directly 

into the formation through caverns and enlarged joints in the area of 

outcrop adjacent to the reef escarpment aj.so is a source of recharge. 

Caverns, some of which may be seen near tpe mouth of Dark Canyon, are a 

major source of recharge. Water from Carlsbad test well 3 (23.25.2^.232) 

in the Capitan limestone, where Dark Cany0n crosses the escarpment, 

contained much silt. The presence of siljfc in these deep caverns is an 

indication that silt-laden water is percolating downward through open 

conduits to the water table.
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PERMIAN UNITS OF THE DELAWARE BASIN

Formations of the Delaware Mountain group were deposited in the 

Delaware basin. This group, consisting of sandstone and interbedded 

carbonate rocks, is the time equivalent of and interfingers with the 

Goat Seep limestone qnd the Capitan limestone of the reef zone. The 

evaporite rocks and red beds of the Ochoa series overlie the Delaware 

Mountain group. Whereas the oldest formation of the Ochoa series, the 

Castile formation, is restricted largely to the Delaware basin; the 

younger Salado, Rustler, and Dewey Lake formations extend onto the shelf.

Delaware Mountain group

Formations of the Delaware Mountain group, from oldest to youngest, 

are the Brushy Canyon, the Cherry Canyon, and the BeH Canyon/(figi j})[L 

In the project area these rocks occur only in the subsurface, but they 

crop out in the southern part of the Delaware basin. All three formations 

are predominantly sandstone. The Brushy Canyon formation is entirely 

sandstone, whereas the Cherry and Bell Canyon formations contain many 

beds of limestone that are useful in stratigraphic correlation. The 

Delaware Mountain group is underlain by the Bone Spring formation and 

is overlain by anhydrite, gypsum, salt, and silt of the Ochoa series. 

The group ranges in thickness from about 2,700 to 3,500 feet.

The Brushy Canyon formation, about 1,000 feet thick, consists of 

massive sandstone interbedded with thinner bedded fine-grained and shaly
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sandstone. The formation thins out against the Bone Spring flexure, and 

in places it rests unconformably on the Bone Spring formation (King, 

194-8, p. 29-30). Considering the magnitude of this unconformity in the 

Delaware basin, evidence of a major unconformity in shelf rocks of 

equivalent age would be expected. That no such unconformity is evident 

is one of the puzzling features of Permian stratigraphy in this area.

The Cherry Canyon and Bell Canyon formations differ in several 

respects from the Brushy Canyon formation; simong other differences, the

sandstones of the Cherry Canyon and Bell Canyon generally are finer1

grained and more thinly bedded. The major clifference, however, is 

that numerous beds of carbonate rocks in tho Cherry Canyon and Bell 

Canyon are absent in the Brushy Canyon formation. Newell and others 

(1953, p. 50) divided the carbonate units in the Cherry Canyon and 

Bell Canyon formations into a series of litiofacies from the reef to 

the basin as follows: (l) reef limestone, (2) reef talus, (3) fine­ 

grained reef detrital calcarenite, (4.) very fine grained detrital 

limestone, (5) black shaly sandstone, and (£) platy dark-gray 

sandstone, which extends throughout the central part of the basin. 

Categories (1) and (2) are in the Capitan limestone and categories 

(3) through (6) are in the limestone beds of the Cherry Canyon and

Bell Canyon formations. Newell and others (1953, p. 50-51) pointed

out that in some places the transition through the various lithofacies
TfaK*s P/IC^J^. 

from the reef to the basin typesSapless than a quarter of a mile. In
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addition, dolomitization has occurred near the margin of the basin. 

The relation of these lithologic changes to the occurrence of ground 

water will be discussed in the following section*.

The Cherry Canyon formation consists of thinly bedded sandstone 

interbedded with lenticular beds of limestone as much as 100 feet thick. 

The formation ranges in thickness from 750 to 1,500 feet (King, 194-3, 

p. 32). The lover part of the Cherry Canyon extends as a sandstone 

tongue into the shelf beds. The massive, thick bed of siliceous 

sandstone cropping out in Sitting Bull Canyon at Sitting Bull Falls 

is called a sandstone tongue in this report (fig. 12). It pinches out 

a short distance to the northwest. The tongue was penetrated by an 

oil well drilled on McKittrick Hill in the NU& sec. 23, T. 22 S., R. 24 E. 

The tongue is missing in oil wells in sec. 22, T. 21 S., R. 23 E., and 

in sec. 22, T. 22 S., R. 23 E. George Riggs (personal communication) 

stated that the sandstone tongue has been penetrated in a few wells 

north of Lake Avalon.

The Bell Canyon formation, named by P. B. Sing (in DeFord and Lloyd, 

1940, p. 8) for exposures in Bell Canyon, ranges in thickness from 600 to 

1,000 feet. It consists of beds of fine-grained sandstone separated by 

several beds of carbonate rocks that thin toward the basin and thicken 

toward the Cap!tan limestone. In the Carlsbad area black limestones 

of the^ Bell Canyon formation extend onto the shelf margin. Well 

21.27.32.130 penetrated black limestone below the evaporites of the Ochoa, 

whereas 1,000 feet to the north the evaporites of the Ochoa were underlain 

by a light-colored massive limestone typical of the reef and the shelf.
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Water supply

Rocks of the Cherry Canyon and Bell Canyon formations are 

significant in that they are stratigraphically equivalent to and

interfinger with the water-bearing beds of the Guadalupe series in the

reef and shelf areas. Therefore, the possibility of ground water moving 

from the shelf and reef areas into these rocks must be considered. To 

the knowledge of the junior author no welljs drilled into the Delaware 

Mountain group in the vicinity of Carlsbad}, yield fresh water; many
JOJ

have drilled into beds containing saline 

into beds containing petroleum and gas.

rater and some have, drilled

his suggests that little or

no fresh ground water has moved through the Delaware Mountain group 

in this locality.

Rocks of the Delaware Mountain group are the lower confining beds

of the reef aquifer5 also they constitute^ lateral confining beds on the 

basin side of the reef aquifer. The sandstone beds that extend into 

the reef prevent downward movement of water. The most efficient 

confining bed of the Delaware Mountain group in the Carlsbad area is 

the sandstone tongue of the Cherry Canyon formation. Several springs 

discharge along the upper surface of this unit where it is exposed in 

the shelf area. For example, water percolates through joints and

fractures in the San Andres and Grayburg 

formation and emerges at Sitting Bull Sp

formations to the Cherry Canyon

ring in the

sec. 9, T, 24 S., R. 22 E. The flo\| of Sitting Bull Spring was 

about 2 cfs in July 1955.
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The formations comprising the Ochoa series are (ascending) the  j

Castile, Salado, and Rustler formations, and the Dewey Lake red beds. 

Solution by ground water in post-Permian time has removed great amounts 

of anhydrite, gypsum, and halite from the Ochoa series. The clastic 

material remaining underlies most of the alluvium in the Carlsbad basin 

and forms dense, hard relatively impermeable beds of silt and clayey 

silt interbedded in some places with fragments of formerly overlying c 

carbonate rocks. These form the so-called "rubble zones" that cannot 

be subdivided into formations! units. In addition, interbedded sand 

and gravel is thought to have been deposited through sinks and solution 

channels at the time of solution. In some places it is difficult to 

distinguish the residue of the Ochoa from the overlying alluvium. 

In most places in the Carlsbad alluvial basin, however, the residue of 

the Ochoa is brick, red, and Ideal drillers call it "red beds," whereas 

the alluvium generally is brown. In the Malaga Bend area, test drilling 

shows that the alluvium consists of friable silt and sand and the red 

beds of the Rustler consist of hard, more compact silt.

The residue of the Ochoa series forms confining beds that help 

prevent further solution of the underlying halite and gypsiferous beds. 

The confining bed of residuum of the Salado and Bustler underlies the 

base of the Rustler at Malaga Bend to form the upper confining bed for* 

the brine aquifer. s Where this aquiclude is breached, as at Malaga Bend, 

upward moving highly mineralized water mingles with less mineralized return 

flow from irrigation.
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Castle formation

The Castile formation was named by Richardson (1904, p. 43) and

was described Initially as including evaporites the base of

the Rustler formation. Lang (1935, p. 262-270) restricted the name 

"Castile11 to the lower predominantly anhydrite rocks and proposed the 

name "Salado formation" for the upper predominantly salt facie3. The

Castile formation underlies much of the project area east of the reef 

escarpment. It generally is overlain by alluvium; however, it crops 

out over a large area (pi. l). Although tie Castile is composed
a

predominantly of anhydrite, it contains thick beds of halite. Under 

the Carlsbad alluvial basin the two prominent halite beds in the Castile 

pinch out abruptly to "the west. (See fig. 12.) The Castile formation 

rests conformably on the upper member of the Bell Canyon formation. 

The lowest part of the Castile may interfinger with the Cap it an limestone 

(Newell and others, 1953, p. 4?) > however, the greater part of the 

formation is younger than the Capitan.

The Castile formation acts as a barrier to eastward movement of 

ground water in the Capitan limestone. The Castile formation forms such 

an effective seal that little or no water moves eastward in the area 

south of Carlsbad*

The weathered surface of the Castile 

domes and buttes. The higher steep-sided

formation is characterized by 

buttes have cores of limestone

and anhydrite and range in height from a few to many hundreds of feet 

(King, 1943, p. 90), Irregular mounds le^s than a foot high are common
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and generally are covered by vegetation. Some of the mounds also may 

develop from the action of rain water penetrating the almost Impermeable 

soil along root channels and producing zones of pressure that force 

soil upward. ; .-_ " ,""'^-§^ -"-;   ^^' ' ^ ^ i-'p:'- :̂?: ' '  - ^,-.;-,': -- : '^.-^^*: ^>vvH' : ' ;iig 

Only in the area of outcrop does the Castile appear to contain an

appreciable amount of water, and even there the vater is confined to ;J
  ' .,.'  ">"=. ; '-r'-^V ::V-/ V:;  '':    '   i^ >-'">"  '/'-. '''-'-"' '^'.^y. :- i .- : -Y ;:^;-  ;"""-:--r ?:v -: ̂ ^iftpflpl , r 
the upper, weathered part of the formation* Wells yielding amall supplies .'

of vater for stock have been developed in the Castile between the

Quadalupe Mountains and the alluvium of the upper Black River valley.

The formation, also contains water in parts of Happy Valley and La Huerta.

Small caverns in the Castle constitute the major reservoirs for ground

water. These caverns tend to become filled with silt or broken blocks

of gypsum, the whole being recemented with gypsum. Water in the Castile /111

formation generally is highly mineralized; the sulfate content is P^^t^
, *"*~       -. '1 " ' "   v"""-. -:V ~*y *ii*' '^V^^C5&

particularly high.-   " '  '? '" -:"'' ,-..:. " ' : - ; - : ' r   --..- : ' : -'.'':?. ... :"%.",^t^^^l
^ ^ - ** .   - - ' -f.- -. - ..-,., .,       > - ; >.- -; r v.'v ' -' W-   .v'~n.(«'j-jK

v :^ :   ' ' ;""   Salado formation :
: : "; '; .  <., ".. ..--'  -,,...  ''-:: .  :.,, .     .   ' ' 

The Salada formation is composed predominantly of halite, as 

contrasted to the gypsum and anhydrite of the Castile formation. The 

Salado conformably overlies and interflngers laterally with the Castile 

formation and Is conformably overlain by the Rustler formation (Jones,

1954* P* HO). Jones described a deposltlonal cycle within the Salado
''.' *, x / 

in yhich, from Icvest to highest, a clastic bed, a sulfate bed, and a

mixed halite-clastic bed, which contains commercial deposits of potash,
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included. The JELetcher anhydrite member, which is the base of the 

Salado formation on 'tfa« shelJT,, lies with apparent conformity on the 

Tansill formation. In -places the Fletcher anhydrite member is hard 

and dolomitic.

Near the Pecos River, part of the Salado formation has been eroded 

to a residual deposit of red sd3&, clay, aM blocks of gypsum. Probable 

residue of the Salado is exposed in the SE£- sec. 33, T. 21 S., R. 27 E. 

On the geologic map this residue has not been differentiated from the 

overlying Rustler formation and the underlying Castile formation. The 

silt and clay residuum, which accumulated during extensive post-Permian

weathering, is an effective barrier to the 

retards further erosion of the underlying

movement of ground water and 

avaporites. The Salado

formation is not water bearing. Concentrated brine saturates the basal 

Hustler formation above a salt bed, which 'riale, Hughes, and Cox (1954* 

p. 17-18) considered to be a salt member of the Salado formation*

Rustler formation

The fiustler formation unconformably overlies the Salado formation 

adjacent to the reef escarpment in the Delaware basin. Eastward toward 

the center of the basin, the Rustler overljies the Salado formation 

conformably and is overlain conformably byl the Dewey Lake redbeds of

latest Permian age (Jones, 1954, p. 110). The formation consists of 

anhydrite, halite, and two continuous beds of carbonate rocks that form 

excellent stratigraphic markers.



.;?  ; f'i^iz'^-*^:^?-^-^

5§i4^ELMams (1944* p. 1614) ia credited with the lover unit

Culebra and the upper unit Magenta. Where exposed, the structure of

the resistant carbonate members commonly is greatly distorted.

Solution, which results in the removal of the underlying soluble beds

of salt and anhydrite, causes the dolomite to dip Irregularly. Gypsum

and brick-red silt, residues from solutional activity, are interbedded   >:%

The Frontier Hills are capped by carbonate rocks of the Culebra, 

which dip gently eastward. The carbonate rocks are thinly bedded, 

generally ranging in thickness from half an inch to about 4 inches,, 

with beds about 1 foot thick in some places. The rock is full of pits 

.and mall holes, ranging from a mall fraction of an inch to about 

half an inch in diameter. The Alacran Hills are capped by dolomite

alluvium and dune sand of Recent age. The Culebra Bluff is composed 

of carbonate rocks of the Culebra that cap red beds and gypsum*

Both members of the Rustler formation are persistent aquifers 

east of the Pecos River. Veils yield am/Hi to large quantities of 

water of moderate to high mineral content from these beds* Only a 

few stock wells tap the formation west of the Pecos River, inasmuch 

as the overlying alluvium usually yields more water of better quality.
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Dewev Lake redbeda

The Dewey Lake redbeds, which overlie the Rustler formation 

conformably, are the highest beds stratigraphically of the Ochoa series. 

These deposits consist of red siltatone, sandstone, and shale and 

contain no evaporites, as contrasted to the underlying rocks of the 

Ochoa series. These rocks are exposed east of the project area.

Jones (1954/ P« 107) believed that the Dewey Lake redbeds form a 

protective cover that helps prevent solution of the underlying evaporites. 

The Dewey Lake redbeds are overlain unconformably by red beds of the 

Dockum group of Triassic age. No information was obtained on the 

occurrence of ground water in this unit5 however, its lithology indicates

that the unit probably is a poor aquifer.

i

TEHTIARI AND QUATERNARY

Alluvial gravel, sand, and silt deposited by the Pecos River and 

its tributaries underlie much of the Carlsbad area. Below the alluvium, 

gypsum, red silt, and.clay are interbedded in places with thin lenses

of gravel. The red silt and clay is not alluvium but is a residue of
j 

the Ochoa remaining from soluble salts and gypsum removed by solution.

The alluvium is the main aquifer, whereas the underlying residue of the 

Ochoa serves as- a barrier to further downward percolation of ground 

water, thus retarding solution of the deeper lying gypsum and salt 

beds of the Ochoa rocks.
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The Tertiary and Quaternary deposits are, from oldest to youngest, 

residual siliceous gravel on the limestone uplands and the Yeso and 

Cottonwood Hills, older alluvium, and alluvium. Older alluvium 

includes beds of quartzose conglomerate that have been tilted and "which 

lie unconformably belov the upper gravel, the older part of the fluvial 

gravel and other alluvial material in depressions east of the Fecos 

River, *n^ deposits of the Blackdom plain. In addition much of the
s %

material underlying the Orchard Park plain may be older alluvium. The 

deposits have not been dated positively, but the oldest deposits 

probably are either of early Pleistocene age or, (Bretz and Horberg, 

19**9> P- V77~l»90), of Pliocene age. The youngest materials of the 

older alluvium probably were deposited in late Pleistocene time.

The alluvium includes most of the deposits underlying the 

Orchard Park plain and Lakevood terrace and probably was deposited in 

late Pleistocene and Recent times. It is thought that much of the 

material east of the Pecos River was deposited during these times. 

Some of the alluvial materials are shown in plates 10 and 11.

Residual siliceous gravel

The residual siliceous gravel on the limestone uplands and the 

Yeso and Cottonvood Hills are the oldest alluvial deposits in the 

Carlsbad area. They may be the earliest deposits of the 'Pecos River, 

or, as Bretz and Horberg (19^9, p. VTT- 1^) believed, of Ogallala age
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(Pliocene). Bretz and Horberg stated that this gravel caps the reef 

escarpment near Carlsbad Caverns. The gravel was deposited when the 

Guadalupe surface was topographically low, before the Guadalupe fault 

block was elevated by a series of uplifts) in Pleistocene time.

Olde

Bretz and Horberg (1949, p. 4/77-490) considered that the residual

siliceous gravel on the limestone upland of La Barrera del Guadalupe

and on the uplands south of the Black River, as tfte quart zose*

conglomerate in the Black River valley. The junior author, however, 

believes that the quart zose conglomerate is younger than Pliocene and 

that the deposits in the Black River' drainage area, in the Carlsbad 

alluvial basin, and along the Pecos River laid down by the Pecos River 

and its tributaries in Pleistocene time. Evidence of this deposition 

is the presence of the conglomerate along the present drainage 

channels, the conformable relation of much of the cemented gravel

to the overlying younger gravel, and the

material toward the escarpment. The quaztzose conglomerate subsided

decrease in siliceous

and tilted to its present position owing to solution of the underlying
1 

evaporites.

The quart zose conglomerate of the Pecos Valley has been

considered part of the older aTi^Hnm since it was first described by 

Meinzer, Renick, and Bryan (1926) , The quartzose conglomerate consists 

of sandy, lime-cemented conglomerate. Tlje conglomerate is composed
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largely of pebbles of limestone, but it also contains abundant 

pebbles of black and red chert and pebbles of quartzite and quartz. 

At Damsite 3 and other places it is overlain conformably by younger 

gravel of essentially the same constituents but unconsolidated. 

A few miles northward, however, the younger gravel is reported to 

overlie the conglomerate* unconformably. Nye described the quartzose 

conglomerate in the Roswell basin (Fiedler and Nye, 1933, p. 37) as 

generally better stratified, more firmly cemented, and more deformed 

than the younger deposits.

It is questionable whether the quartzose conglomerate in the 

Roswell basin, in the Damsite 3 area, in the Carlsbad basin, and in 

the Black River area are of the same age. In some places the quartzose 

conglomerate is tilted and distorted with respect to the overlying 

gravel, but in other places it underlies it conformably, suggesting 

that in part the quartzose conglomerate merely is the lime-cemented 

equivalent of the upper gravel. Only the tilted quartzose 

conglomerate can be placed definitely in the classification of

older alluvium.
( 

Deposits that were laid down before Orchard Park time east of the

Pecos River are included in the older alluvium. These materials have 

been deposited in some of the deeper depressions and sinks in this
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area. The older deposits consist of fluvial material, gypsum, windblown 

sand, and playa deposits. A playa deposit in the older alluvium is

exposed south of Loving in a ditch cut along U. S. Highway 285, in the
.

NW£ sec. 33, T. 23 S., R. 28 E. The deposit is composed of silty 

gypsum bedded in thin sheets   of paper thickness in some places. 

Weathering has etched out the siltier beds.

Blackdom plain deposits are exposed near Carlsbad and in the 

upper Black River area. (See fig. k>) These; deposits consist mainly of 

gravel and sand cemented with calcium carbonate and are capped by 

caliche that is thicker than that of the Orchard Park plain. In some 

places the cap is 4 to 5 feet thick, as in tjie road cut through the 

Blackdom plain about half a mile east of Carlsbad on U. S. Highway 62. 

The Blackdom gravel forms a veneer over the gypsum in the upper Black 

River valley, area. In many places the gravePL has been removed

completely "by intermittent tributary stresnu
J . . 
^/tratigraphic section by Fiedler and Nye (1933, p. l8-%) in the 
^/ v

Roswell basin show that deposits underlying the equivalent of the 

Blackdom plain are thick and extensive, suggesting a major depositonal 

cycle. In the Carlsbad area, on the other hand, the deposits underlying 

the Blackdom plain are thin and lie on a cui terrace. It is possible 

also that the deeper gravel underlying the Carlsbad alluvial basin is of

Blackdom age. If this is true the Blackdom cut terrace in the Black

River area is the equivalent of deeper baja^a alluvium to the east that 

has been covered by more recent sediments.
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Alluvium vest of the Pecos River

The alluvium that underlies the Orchard Park plain and the Lakewood 

terrace consists of gravel, sand, and silt deposited by the Pecos River 

and its tributaries.

Sediments underlying the Orchard Park plain consist of materials

deposited by streams in Dark Canyon and Cass Draw interbedded with
t_

deposits of the Pecos RiVer. Gravel constitutes the bulk of the deposits 

.near the Pecos River. The gravel becomes sandier and siltier westward 

as a result of deposition by the tributary streams. Figures 19 and 20 

show the interbedding of the gravel, sand, and silt, indicating frequent 

shifting of channel and flood-plain environments. (See also table 12.)

The lower gravel underlying much of the Orchard Park plain has been 

cemented firmly with calcium carbonate. The material is hard and 

resistant. Firmly cemented conglomerate crops out along the Pecos River 

from Carlsbad to Malaga. Springs discharge at the contact of the 

underlying relatively impermeable conglomerate and the unconsolidated 

Lakewood terrace deposits.

The isopach map of the alluvium (fig. 15) shows less than 100 feet 

of alluvium, in Dark Canyon in the shelf area, more than 300 feet 3 miles 

eastward within the basin, and about 150 feet adjacent to the Pecos River.

The youngest terrace deposits in the Carlsbad area are those 

underlying the Lakewood terrace. The deposits are unconsolidated, 

lack caps of caliche, and have a young soil profile. The silt, sand, 

and gravel is less than 25 feet thick. Many cuts in the Lakewood terrace 

expose silt interbedded with lenses of gravel and sand. The silt is
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thought to "be flood-plain material and the gravel .and sand to be 

channel material deposited .during times of flood, ;*Materials underlying 

the Lakewood terrace were dBpnEa.ted by the Pecos River.

Water supply

The alluvium yields from a fev to a few thousand gallons per minute

of water to wells in the Carlsbad area. South of Carlsbad and in the 

upper Black River valley, where solution channels have developed in the 

cemented conglomerate, the yields of wells tapping the channels are large. 

At still other places wells yield moderate amounts of water from beds of 

sand and gravel. Wells adequate only for stock use are developed around 

the margin of the alluvium and in places where clay composes the bulk of 

the alluvium.  

The quality of water in the alluvium varies considerably. In 

general, water in the alluvium west of the Southern Canal and in the "" 

upper Black River valley is of fair to good quality. The fill east of

the Southern Canal, in the Black River vallej 

contains highly mineralized water.

and in parts of La Huerta

Alluvium east of the Pec^s River
i

Alluvium east of the Pecos River includes fluvial gravel, sand, 

and silt interbedded with windblown sand and lake deposits consisting

of gypseous material and silty clay. Ail th$ surficial sediments east
  

of the Pecos River are moving down the slopep of the Mescalero pediment

toward the Pecos River. The sediments collect in sinkholes and undrained
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depressions until erosion moves them farther down the pediment. Although, 

In most places, the fluvial gravel, dune sand, and playa deposits grade 

Into one another, they are differentiated In this discussion.

The fluvial deposits consist of gravel, sand, and silt from Trlasslc 

formations and the Ogallala formation. As the cqprock of the Ogallala Is 

eroded eastward, more gravel moves dovnslope. Because the Mescalero 

pediment has no Interconnected surface drainage, ephemeral streams 

carry the gravel and sand to the nearest depression or sinkhole, where 

the gravel and sand remain until further erosion removes them.

Bed, windblown fine sand and silt form a widespread deposit on the 

Mescalero slopes. The sand and silt are derived from weathering of 

Trlasslc redbeds. The sand blows Into and fills the many undrained 

depressions and sinkholes. In some places the silt and sand are 

interbedded with lenses of gravel that were deposited during floods.

The fine-grained elastics range In thickness from 0 to more than 

400 feet. A well outside the project area in the

SWj- sec. 21, T. 20 S., R. 28 B., is reported to have penetrated 200 

feet of sand, the lower part of which contained water. After pumping 

100 gpm for 3 days, the well was abandoned as an irrigation well 

because too much fine sand and silt was pumped out with the water. 

According to reports, other veils have penetrated as much as 400 feet 

of sandy material. The outcrop of the rather permeable sand probably 

is a good recharge area; however, it is thought that much of the 

precipitation is lost to evapotranspiration. Roots of mesquite extend 

to depths of as much as 50 feet to the water table. Hendrickson and
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Jones (1952, p. 26) believed that a considerable part of the absorbed 

water is lost through transpiration.

Deposits of silty clay and gypsite similar to those in Queen Lake 

form the floor of the play as on the Mescalerd pediment. The upper

15 to H>5 feet of the playa deposits consists 

impermeable silty clay and gypseous material

of hard relatively 

deposited from impounded

water. A considerable amount of water is lost by direct evaporation 

from the undrained playas.

Where the residue of the Ochoa underlies the northern part of

La Huerta it forms an effective confining bed. Shallow water in this
, 

area has a conductance of more than 6,000 mijcromhos, which suggests

that the residuum of the Ochoa series acts as a barrier to the upward 

movement of water of good quality from the underlying limestone aquifer, 

even though the water in the limestone is under a higher head than the 

water in the alluvium. Farther west, however, adjacent to and west of

the Pecos River, where the river has eroded 

and water from the limestone leaks into the

away the protective cover 

shallow aquifer, the specific

conductance of the water ranges from 1,300 to 2,000 micromhos.

Travertine

JeveiMasses of travertine occur north of Seven Rivers Hills, along Rocky 

Arroyo east of the escarpment of the Seven Rivers Hills, in the area 

near Sitting Bull Falls, and along the Black River. Some of the 

travertine north of the Seven Rivers Hills in T. 20 S., Rs. 25 and 26 E.,
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was deposited "by springs that have gone dry since the Carlsbad area was 

settled. Some of the earliest inhabitants of the Fecos River valley 

were reported to have settled by these springs, and the travertine was 

used to build dwellings. Mr. Forrest lee of Lakewood, N. Hex. reported 

that the water from, the springs contained gypsum but was drinkable. 

Perhaps the most impressive travertine deposits occur along Rocky Arroyo 

east of the Seven Rivers Hills. (See p]»Q 12.) The extent of these 

deposits indicates a former period of greater ground-water movement and 

spring discharge. In some places the travertine crops out above gravel 

in Rocky Arroyo. Thick travertine deposits being formed at the present 

time are draped over the sandstone of the Cherry Canyon formation where 

the stream in Sitting Bull Canyon flows over Sitting Bull Falls. As 

the water cascades over the falls part of it evaporates and calcium 

carbonate is deposited along the cliff.
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GBOUND WATER

The fundamental principles governing the occurrence and movement 

of ground water in porous media have been se-d forth in detail by 

Meinzer (I923a, p. 2-102), and the reader is referred to that report 

for a detailed discussion of the subject.

Ground water occurs in a zone of saturation beneath the land 

surface in numerous openings, voids, pores, ind interstices in the rock 

constituting the outer shell of the earth. It is the source of supply 

to wells and springs. Ground water is derived mainly from water that

falls as rain or snow. A part of this water

the streams, a part evaporates, a part is used by plants, and a part 

passes througjh pore spaces in the soil and underlying rocks to the

runs off directly into

water table, where it becomes a part of the water in the zone of

saturation. In more permeable rocks, such as beds of well-sorted sand

or gravel, and some sandstone and limestone, the individual pores are

interconnected and are large enough to permit water to move with relative 

ease under gravity. In less permeable rockg, such as beds of clay, silt, 

or fine-grained sandstone, the pores are so small that water moves 

through them at an extremely slow rate. Certain rocks, such as halite

and anhydrite, contain essentially no water because they have little

porosity. Gravel is superior to most materials in its ability to store 

and yield water. Coarse clean well-sorted sand or gravel has the 

ability to absord water readily, to store it in large quantities, and 

to yield it to wells freely. On the other (aand, fine sand, silt, or 

clay may have the ability to store as much water as gravel or coarse sand
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but do not yield it readil^ to wells.

If ground water is confined under pressure, it is called artesian. 

Ground water not confined under pressure has a free upper surface 

which is called the water table and the ground water is said to be 

under water-table conditions. A moist zone just above the water table 

is called the capillary fringe. The capillary fringe ranges in 

thickness from a fraction of an inch in coarse sand and gravel to 

several feet in fine-textured clay or silt.

The quantity of water a well will yield to pumping depends upon 

the permeability, specific yield, and volume of the water-bearing
_3

material or aquifer in which the well is constructed. The yield 

depends also oh the care in construction and development of a well. 

The permeability of a water-bearing material is a measure of its 

capacity for transmitting water under pressure head. The field 

coefficient of permeability, which is used in this report, is defined 

as the number of gallons of water per day that percolates under 

prevailing conditions through each mile of water-bearing bed 

(measured at right angles to the direction of flow) for each foot of 

thickness of the bed and for each foot per mile of hydraulic gradient 

(Wenzel, 19^2, p. 7-H). Transmissibility is a term used to express 

the product obtained by multiplying the average permeability by the 

saturated thickness of the aquifer. Thus the coefficient of 

transmissibility may be expressed as the number of gallons of water a 

day, at the prevailing temperature, transmitted through each mile strip 

extending the saturated thickness of the aquifer, under a hydraulic 

gradient of one foot per mile.
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Ground water in transient storage occujrs in the rocks underlying 

the Carlsbad area; the yields of wells tapping this water vary from 

place to place, depending mainly on the geologic control. Because the

geology and occurrence of ground water differ within short distances
  

in the report area, a minutely detailed discussion of the occurrence

of ground water would necessitate the gathering of too great a mass of 

data. However, from a somewhat more generalized point of view, certain 

similarities in the occurrence of ground waiter as related to the 

geologic units "becomes apparent, and in the Carlsbad area lends to 

a discussion of the occurrence of ground w^ter in four major subareas. 

Primarily two rock types contain water in the Carlsbad area; the 

alluvium and the consolidated carbonate and evaporite rocks. The 

aquifers in the alluvium occupy the, area south of Carlsbad and

the Black River valley. The aquifers

evaporite rocks extend mostly westward from Carlsbad. Only in the

vicinity of Carlsbad do these two types of

in the carbonate and

aquifer overlap to form

an integrated system of aquifers * The occurrence of ground water in

the Capitan limestone and in the alluvium Ls illustrated in the

frontispiece.

The aquifers in the carbonate and evaporite rocks are divided 

into two general systems on the basis of geologic and hydrologic 

information. One, called the reef aquifer], consists principally of 

the reef and talus facies of the Capitan limestone but includes also the 

upper part of the underlying Goat Seep limestone and the lower part of the 

overlying Tansill formation. It extends along the east side of the Guadalupe
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Mountains southwestward from the, vicinity of Carlsbad* The other system, 

called the shelf aquifers, consists of various Permian shelf formations 

in the Guadalupe upland area. With the exception of the deeper shelf 

aquifers that drain northeastward into the Boswell basin, water in the 

shelf aquifers drains slovly into the reef aquifer, where it mingles 

with water derived from other sources and moves toward Carlsbad Springs, 

the point of natural discharge. Because the reef aquifer and the shelf 

aquifers are connected hydrologically, they are referred to collectively 

in this report -.as the limestone aquifer.

The water-bearing beds in the alluvium may be divided into two
r"

principal aquifers on the basis of areal extent and geologic control. 

One aquifer extends southward from Carlsbad to the margin of the Black

River valley. The other aquifer is the alluvium in the Black River
aflm'fe^ 

valley. These two jareasjare separated almost completely by a fairly

impermeable ridge of bedrock extending east-west along the north side 

of the Black River valley in its lower reach, but near the mouth of the 

Black River the aquifers merge to form one continuous aquifer. 

Figure 21 shows the general area occupied by each of the four principal 

aquifers in the Carlsbad area.

K&tii?' AQUIFER

Solution channels in the Capitan limestone and adjoining formations 

are, for the greater part, the result of solution along joints and, for 

the lesser part, the result of primary porosity.
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Bretz and Horberg (19^9) emphasized the extent of phreatic solution 

along Joints. The large rooms in the Carlsbad Caverns are the result 

of solution along'joints.

The system of solution channels extends Westward into the

underlapping Goat Seep limestone and westward and northward into the

abutting and overlapping shelf formations. Tiie main channels extend 

vest-ward short distances into the abutting shslf deposits of the 

Tansill, Yates, Seven Rivers, Queen, and Grayburg formations. The

limestones containing the system of solution channels form the reef

_ 
aquifer. The term "reef aquifer" is used, because the solution

channels are confined largely to the Capitan and Goat Seep limestones,

both of which are in part of reef origin. Virtually all the ground 

water occurs within a main saturated zone, so that any solution 

channel or cavity in the zone of saturation <fan yield a relatively 

large quantity of water. The eastern boundary of the aquifer is along 

the zone where the Capitan limestone and the Goat Seep limestone grade 

into the beds of the Delaware Mountain group^ which are predominantly 

sandstone. Although -the principal saturated zone in the aquifer may 

be 10 miles or more wide in the vicinity of Carlsbad, almost all the 

large-capacity wells tapping the Capitan limestone are within a belt 

2 miles wide east of and parallel to the Guajdalupe Mountain front near 

Carlsbad. The occurrence of ground water in the Capitan limestone and 

other geologic formations is shown in figure 12.
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Beds confining the water in the Capitan limestone on the east and 

south are evaporites of the Ochoa series, sandstone of the Delaware 

Mountain group and, in part, the beds of reef talus. The relatively 

impervious anhydrite of the Castile formation and the sandstone of 

the Delaware Mountain group form an effective barrier to the east. 

The sandstone of the Cherry Canyon formation essentially prevents any 

further downward movement of ground water and constitutes the lower 

boundary of the reef aquifer. (

Hydrologic properties

The transmissibility/.and permeability of limestone and dolomite 

depend largely on the size, number, and degree of interconnection of 

solution channels. Several facts point to an extremely high 

transmissibtlity in the reef aquifer: (1) Well drillers have reported 

large cavities in the limestone within the zone of saturation; (2) 

water in wells drilled in the limestone stands at approximately the 

same elevation, indicating the relatively free movement of water; (3)

seasonal and also long-term fluctuations of water levels are about equal
"9***f&* 

in all wells; and (k) several wells tapping the^omatioiijnave large

specific capacities (yield, in gallons per minute per foot of drawdown). 

Measured yields and drawdowns of water levels for some wells are 

recorded in the table of well records, table Ik. An aquifer test in 

sec. 1, T. 22 S., R. 26 E., indicated a coefficient of transmissibility 

of lj-28,000 gallons per day per foot and a specific capacity of 275 gpm 

per foot of drawdown (Hale, 19^5, p. ^3). Specific capacities of wells
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in the reef aquifer differ greatly, depending on the number and size 

of solution channels penetrated. Wells with relatively low yields 

may be completed near wells with high yields. Acidizing enlarges 

small solution channels near a well, thereby greatly increasing the 

yield.

Estimates of change in storage based on the difference between 

inflow to and outflow from the reef aquifer for various periods of

water level decline ranged from about 300 to about 1,100 acre-feet for

each foot of water-level change. If the higlily permeable part of the 

reef aquifer includes an area of 100 square ntiles, these figures would 

indicate storage coefficients ranging from about 0.005 to about 0.015.

The piezometric surface and movement of water

Both water-table and artesian conditions exist throughout a 

large part of the aquifer owing to the apparently random arrangement 

of solution channels below and above the water table. Only where the 

aquifer is confined by overlying saturated materials consisting of 

Ochoa residue and alluvium, as in the vicinity of La Huerta and 

adjacent parts of Carlsbad, do continuous artesian conditions 'prevail. 

Caverns in the Capitan limestone, such as the Carlsbad Caverns, 

intersect the present water table. The piezometric surface in wells 

tapping the limestone aquifer in the vicinit^ of La Huerta is several 

feet above the water levels in wells completed in the overlying 

alluvium. Some of the wells are reported to have flowed in 1941, when
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the piezometric surface rose above the land surface after a period 

of heavy precipitation.

The piezometric surface of the ground water is approximately 

level in the reef aquifer in the vicinity of Carlsbad. Most of the 

water levels in wells tapping the limestone in the vicinity of 

La Euerba, West Carlsbad, Happy Valley, and south of Happy Valley for 

a distance of several miles stand virtually at the same altitude. 

Differences in elevation, which usually are fractions of a foot, 

make it difficult or impossible to plot contours of the piezometric 

surface near Carlsbad. However, the ground water is believed to 

move toward a prominent point of natural discharge, the Carlsbad 

Springs. Furthermore, the water level in a well (2k.2$.Jk.23La)

tapping the Capitan limestone 20 miles southwest of Carlsbad was»

821 feet below the land surface and was about 3 feet higher than 

the water level in the limestone near Carlsbad. The water level in 

the well was more than 300 feet lower than the water table in the 

alluvium in nearby upper Black River valley and more than 200 feet 

lower than the pool of water in the lowest known part of the 

Carlsbad Caverns about k miles west of the well. The difference of 

3 feet in the water level in well 2^.25.3^.221a and that in wells 

in the vicinity of Carlsbad would indicate an average gradient of 

about 0.15 foot per mile. It is possible, however, that the gradient 

is steeper in the outlying reaches of the aquifer and flatter near 

Carlsbad, where the aquifer has an extremely high transmissibility.



The piezometric surface of the aquifer in the vicinity of 

Carlsbad Springs was about 8 feet above the water surface of the 

Pecos River in January 1953- The aquifer, although highly permeable, 

does not discharge ground water directly into the river, as the water

must pass through the ov-eri^ing 'alluvium to 

restraining influence of the less permeable

reach the springs. The 

alluvium prevents rapid

discharge and helps to maintain a higher h^<iLro static pressure within 

the limestone than would otherwise prevail.

Water levels in wells that tap the reef aquifer fluctuate in 

response to many influences. Relatively brief fluctuations may be. 

due to temporary drawdown, caused by pumping from nearby wells, 

changes in barometric pressure, or tidal effects. Long-term 

fluctuations generally are due to large seasonal withdrawals of 

water from, or additions to, the ground -water reservoir. Usually 

water levels are lowered during the growing season, when large 

quantities of water are pumped for irrigation, and recover in some 

degree between seasons. In general, a succession of dry years will

cause declines in water levels in the reef aquifer, whereas a

succession of years with greater than averige rainfall will cause 

water levels to rise . Water levels in 17 wells that tap* the reef 

aquifer were measured periodically, and hydrographs for 10 of these 

wells are shown in figure 22.

Seasonal and other long-term fluctuations of the piezometric 

surface in the reef aquifer are comparatively uniform owing to the 

relatively free movement of water within the aquifer. -j
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 H8 fry YnlniTT* of fitnrod vatac^ Most of the hydrographs in figure 22 

indicate a rise in the piezometric surface of about 4 feet from 19^8 

through 19^9, a decline of about 6 feet from 1950 through 1953* a 

rise of about 2 feet from 19 5 ̂  through 1955 and a decline of about 

4 feet from 1956 through 1957- Hydrographs prepared fron annual. 

measurements are the most uniform because the vater levels were 

measured in January vhen they are least affected by pumping for 

irrigation. Thus the hydrographs of veils 21.26.25.5W-, 21.27.29.^, 

and 22.26.11.Wf3 are almost identical in pattern, although the wells 

are several miles apart. The hydrograph of veil 21.27-30.Wf2 resembles

the others least, as almost continuous pumping of wells 21.27.30.^3^
1 , * 

and 434a is reflected; however, the trend is similar to that of the

other hydrographs.

Rises of water levels during times of greater precipitation are 

caused mainly by a combination of greater recharge to the aquifer 

and less-than-average pumping, whereas declines of water leve"1 s firing 

times of lesser precipitation are due to a combination of lesser 

recharge and more-than-average pumping. The rise in water levels from 

19^8 through 19^9 was due primarily to average and above-average 

precipitation during that time, and the decline from 1950 through 1953 

was due primarily to the drought during most of that time. The average 

annual precipitation at Carlsbad from 1951 through 1953 was 6.3 inches, 

whereas normal annual precipitation at''Carlsbad is 13-3 inches. The



drought lasted late into the growing season of 195**-   until it was 

ended by heavy rains in August and October. In figure 23, the 

hydrograph of well 22.26.2.2^-2, the abrupt rise in water level in 

October 195^ reflects recharge from the heavy general rains. 

Although precipitation for the year at Carlsbad was slightly below 

average, water levels in the reef aquifer continued to rise during 

1955 > because rains were spaced subequally t]:xroughout much of the 

growing season, and, consequently, pumping fbr irrigation was lighter.

Recharge

The reef aquifer is recharged by infiltration from precipitation, 

by seepage from streams, arroyos, reservoirs!, and canals, and by 

subsurface inflow from the adjacent aquifers; in the shelf formations.

Potable water in the reef aquifer is derived directly or 

indirectly from precipitation in the upland^ west of Carlsbad within 

the Pecos River basin. Most of the recharge water is believed to 

infiltrate through the beds of ephemeral streams such as Dark Canyon, 

Little McKittrick Draw, and their tributary arroyos. Heavy rains 

in the uplands cause flash floods in the arroyos that fill the
A*

permeable, gravelly stream beds with water. £his water moves
_ .-. * A 

downstream ̂through alluvium; uud part of ilS is diverted into joints

and solution channels in the limestone beneath the stream beds. A 

system of caverns is exposed at both sides of the stream bed of Dark 

Canyon a short distance above the mouth of the canyon. Undoubtedly
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water enters the limestone in that area during and after floods. 

Furthermore, in drilling test well 23.25.2^.232 at the mouth of 

Dark Canyon, large solution channels filled with red silt were 

penetrated at depths "between 400 and ¥*7 feet; it is believed that 

this silt was washed in from floods.

Many short reaches along arroyos probably contribute comparatively 

large quantities of water to the reef aquifer during and after heavy 

rains. Water levels in wells tapping the Capitan limestone rose 

substantially immediately after the storm of October 5-7> 195^  

Water levels rose steadily for 7 days (October 6-12) in well 

22.26.2.2te for a total rise of 2.3 feet, as is shown graphically in 

a hydrograph based on the record of an automatic recording gage at 

the well (fig. 23). Because such fluctuations in the reef aquifer 

were widespread, this rise represented a large increase in ground-water

storage. Well 22.26.2.2^2 is on high ground in the west part of
f

Carlsbad and probably several miles from the nearest point of recharge 

to the reef aquifer. During and Immediately after the heavy rains of 

October 195^j most of the ephemeral streams in the Pecos River basin 

west of Carlsbad were flowing. Slightly less than 3 inches of rain 

fell in the vicinity of Carlsbad during this general storm; however, 

it is believed that greater amounts fell on the limestone uplands west 

of the city, in the Seven Rivers embayment, and in the Guadalupe 

Mountains.

Seepage from Lake Avalon is one of the principal sources of 

water discharged from Carlsbad Springs. This water percolates downward 

from the bed of the reservoir and probably enters solution channels in



the Tansill formation "beneath or adjacent to the reservoir. At a 

ga.je height of 12 feet, the water surface in the reservoir is iibout 

uG feet above the. water table in the Tansill ferretion immediately 

south and west of Lake Avalon. During most years, 10,000 to 20,000 

acre-feet of water leaks from Lake Avalon through the underlying 

sediments into the ground-water reservoir.

The rate of leakage from Lake Avalon varies with'the water stage, 

ranging from a very small amount when the reservoir is almost empty 

(gage height 12 feet) to more than kQ cfs vhen the reservoir is almost 

full (gage height 20 feet). This relation was developed by determining 

the difference between inflow to Lake Avalon, measured at the gaging 

station at Damsite 3> and outflow, measured at the Main Canal gaging 

station, between May 1951 and December 195^ when the gage height of 

the reservoir was constant, and correcting this difference for 

evaporation from the lake surface. The Pe<j:os River loses flow between

the gagei at Damsite 3 and Lake Avalon, and

part of the leakage from Lake Avalon. In this reach the river is 

perched about 70 feet above the water table. Losses amounting to a

this loss is included as

few cubic feet per second have "been measur 

probably range normally from 1 to 5 cfs. 

flow between Damsite 5 and the outflow at

5d in this reach, and 

Kius, most of the loss of 

the Main Canal, corrected

for evaporation, represents leakage from the reservoir. The total 

leakage, assumed to be entirely from the lake, is plotted against 

the stage of Lake Avalon. The position of the plotted points suggests 

an approximately linear relation between s|tage and leakage, and a



straight line fitted by the method of least squares was drawn to 

express this relation. Quantities of leakage, discussed and 

illustrated in the following sections, were determined from this 

relation of stage to leakage. (See fig. 28.)

Average monthly leakage from Lake Avalon, based upon daily 

gage-height readings since 1939> is shown in figure 2?. A seasonal 

fluctuation is indicated; the leakage is greatest during the winter 

and early spring, when water is being stored for use during the 

approaching irrigation season. Further, greater leakage is indicated 

for the years 19^-45, when more water was available for storage in Lake 

Avalon, and less for the years 1951-54, when only a comparatively small. 

quantity was available for storage in the reservoir owing to drought.

Water percolating from Lake Avalon into the reef aquifer usually
Ofofu'/'Mj 

is rather highly mineralized, especially gfteSa period of drought.

This water has leached minerals from the earth in upstream areas, 

including the Roswell basin, where some of it is return flow from 

irrigation. Furthermore, the water has been concentrated by 

evaporation during storage in Lakes McMillan and Avalon. Part of the 

water seeping from Lake McMillan into the evaporite facies of the 

Seven Rivers formation dissolves additional minerals while moving 

through solution channels in $ypsif erous members of the Seven Rivers 

formation toward the discharge area at Major Johnson Springs at the 

south end of the Roswell basin. Only during and after floods in the 

Pecos River is the water in Lake Avalon relatively fresh.

In addition to water seeping from Lake Avalon and the Pecos River below 

Damsite 5 jrrolativoly small quantity seeps from the river between Major 

Johnson Springs and Damsite 3. This amount is thought to average about 2 cfs.



Seepage from thrae canals belonging t6 a common system is 

ostinated to contribute ^,000 to 8,000 acre-feet of water each year 

to the flow from CarlsbaoYiSprings. Seepag^ occurs frou the Main Canal, 

which is about J.-miles long-, from the diversion point at Lake Avalcn

southward to where it is divided irebo two canals, the Southern and the

East. Seepage- that contributes to the flow of Carlsbad Springs occurs

from both the.: Southerns and!East Canals for a distanco£Qf: about 3 miles
.

beyond the point of diwlJsdSm.

Water is applied to land adjacent to the Carlsbad Springs area for 

the irrigation of crops and watering of l£wns, trees, shrubs, and 

flowers. Some of this water percolates downward to the ground-water 

reservoir and is discharged at Carlsbad Springs. Probably very little 

of this water reaches the reef aquifer5 nearly all of it is thought

to move through the alluvium to Carlsbad Springs. This return water

from irrigation generally is poor in quality.

The reef aquifer acts as a huge collecting gallery for ground 

water moving in from adjoining shelf deposits of the Tansill, Yates, 

Seven Rivers, Queen,, and1 Grayburg formations, which generally dip 

toward the- x«ef'. Some water also may enter the formation from the 

adjacent Goat Seep limest-one. The possibility of this; subsurface 

movement of ground water.is indicated inl an, idealized geologic section, 

figure 12. Little or no water- moves Into- the reef aquifer from the 

alluvium of the Pecos River valley because the intervening Rustler 

and Castile formations near the reef corisist largely of relatively 

impermeable silt and anhydrite,. wMch prevent the movement of large 

amounts of ground water.
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A small quantity of water may move southward from the Roswell 

basin through rocks of Permain age to reach solution channels in the 

Capitan limestone which discharges at Carlsbad Springs. The quantity 

of such water probably is not large because of the low permeability of 

the Permian rocks south of Major Johnson Springs.

A small quantity of water probably moves into the reef aquifer 

from the east and northeast through solution channels in the gypsum 

of the Rustler and Castile formations. The quantity probably is small 

because of the difficulty of recharge through overlying relatively 

impermeable silt and anhydrite.

Discharge

Water is discharged from the reef aquifer through the alluvium 

into the Pecos River in the Carlsbad Springs area and through wells 

tapping the formation in the vicinities of Carlsbad, La Huerta, 

Happy Valley, and south of Happy Valley. Some water may move on 

eastward out of the area through the reef aquifer into eastern Eddy 

and western Lea Counties.

The reef aquifer discharges ground water at Carlsbad Springs. 

These springs and seeps occupy a reach of the Pecos River for a 

distance of about 3 miles downstream from the Southern Canal flume 

in sec. 26, T. 21 S., R. 26 E. The majority of the springs, however, 

occupy a reach of about ij miles downstream from the flume (fig.
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The springs discharge along "both banks of the river and also in the 

"bottom of the stream "bed. Many of the springs discharge through 

small openings in a limestone conglomerate, whereas others discharge 

in sand "boils along the river "bed. Some^ of the springs are seeps along 

the river "banks, where water oozes from mud and silt. Individual 

springs range in size from sinal 1 seeps to openings along the river 

"banks discharging as much as 8 A cfs.

Although the discharge of the springs is a mixture of (l) water 

from the reef and shelf aquifers south smd west of the springs, (2) 

water from the reef and shelf aquifers originating north of the springs 

in the vicinity of Lake Avalon, (3) water from the alluvium moving 

northeastward-from the vicinity of Happy Valley, and (^) water from 

.the alluvium originating as return flow from irrigation, it is "believed 

that most of the spring flow is from thte reef aquifer. Water is forced 

into the alluvium from solution channels in the limestone under a 

hydraulic head of a few feet. This heed fluctuates from season to 

season and from year to year. The wat^r then moves through the 

alluvium until it reaches solution channels in the limestone conglomerate 

that conduct it to the various points of discharge in the spring area.

During January and February 1955> when the Tansill Reservoir was 

drained for repair of damage caused "by floods, a general search for 

springs was made, water samples were collected for analyses, and 

discharge and stream measurements were made. HEtev-onty sjjiin&s wMse 

Figure 2^ shows the location, of the principal springs in

152



the reservoir area and the specific conductance and chloride content 

of the waters collected. Figure ^3 shows the gain in streamflow due 

to spring discharge. Two of the springs are shown in plate 13.

The least mineralized water discharged from the Carlsbad Springs 

area comes from springs k and 5> and the "Limestone Aquifer Spring." 

The spring is called the Limestone Aquifer Spring because the chemical 

content of its water resembles closely that of potable water pumped 

from the Cap!tan limestone. The approximate discharge of individual 

springs in this group ranges from about 10 to 200 gpm. The flow 

of the Limestone Aquifer Spring was measured at ^5 gpm and that of 

spring 5 was measured at 139 gpm. The temperature of all three 

springs was 69° P. Spring ^ discharges on an island about 2 feet 

above river level.   Tne siiugs d L inlim '.t wilier ur lower

by *he Peoog-aiasa- pilor Lg bLe JLy^ybUlui ui" bhu uueiljiM^ all

\ Sefl5~iT^T"^Q  /"*'

Most of the water in the Carlsbad Springs area is discharged in 

the subarea represented by springs 6 through 22 in figure 2^. The 

springs discharge on each side of the river and also in relatively 

deep pools in the stream bed. Seventy springs were observed in this 

subarea. This group also contains the largest springs. The discharge 

of "Carlsbad Spring" was measured at 2.3 cfs, spring 15 at 8.^ cfs, and 

several springs on the north side of the river were measured or 

estimated to discharge from 1.5 to 2.0 cfs each. The mineral content 

of water from this group of springs did not vary widely. (See fig.
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Such variance as there is probably is due to mixing of water moving 

in from the north and south. The mineral content of the water is 

lower than that of normal water from Lake Avalon but much higher 

than that of potable water from the Capitan limestone.

A third group includes springs 1 through 3> and 2k through 33

small springs whose 

30 gpm. The mineral 

lar to but slightly

in figure 2k. This group consists of many 

discharges range from rnnall. seeps to about 

content of water from these springs is sim: 

greater than that of the preceding group. These springs are fed by 

water from the Capitan limestone blended similarly to that in the two 

preceding groups but probably including more return flow from 

irrigation. It is possible also that nearby beds of the Rustler 

formation may have some influence on the mineral content of the water.

The discharge of Carlsbad Springs and 

from Lake Avalon, irrigation, streamflow,

its relation to seepage 

climate, and other factors

are discussed quantitatively in a section on the flow analysis of 

Carlsbad Springs.

About 16,000 acre-feet of water is puWped annually from the reef 

aquifer for irrigation, municipal, industrial, domestic, and stock uses. 

Records of some wells that tap the reef aquifer are included in the 

table of well records, table 1^, and the ihemical analyses of water 

from these wells is included in tables 15 and 16.

Some water is discharged from the reef aquifer into the alluvium 

through wells that tap both aquifers and are not constructed properly

to seal off the alluvium. As the head of the water in the limestone



is higher than that in the overlying alluvium, water from the limestone 

is lost to the alluvium because of the difference in pressures. This 

loss probably is not great, but if the difference in heads were to 

be reversed locally by pumping from wells tapping the limestone, water 

from the alluvium could become a source of contamination to the water 

in the limestone. A recent State regulation requires sealing off the 

alluvium in wells finished in the limestone.

The only area where it appears possible for water to flow by 

gravity - from the reef aquifer^into the alluvium is in the vicinity of 

Carlsbad and La Huerta. In other areas the head on the alluvial water 

near the reef aquifer is higher than that on the water in the reef ^ 

aquifer. In the southern part of Carlsbad, ground-water outflow from 

the Capitan limestone, although possible, is not likely because . 

anhydrite of the Castile formation lies between the limestone and 

alluvium and probably inhibits the flow. In well 22.26.13.221, 

anhydrite was penetrated from a depth of 10 to 1,000 feet in an 

unsuccessful attempt to tap the limestone for a source of irrigation 

water.

Although the bulk of the subsurface outflov from the reef aquifer 

is discharged from the alluvium at Carlsbad Springs/^£ig. gfrW a part 

of the water may move southward through the Pecos Valley alluvium. 

Water from wells 22.27.8.313 and 31^ southeast of Carlsbad (table 15), 

is of somewhat better quality than vater from other wells tapping alluvium 

in the same vicinity possibly because the alluvium is being recharged by 

inflow from the reef aquifer but also possibly because of recharge to the 

alluvium from floods in Dark Canyon Draw.
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Utilization of water

The reef aquifer is a source of water supply for municipal, 

irrigation, industrial, domestic, and stock uses. The table of. well 

records (table Ik) lists information on selected wells that supply 

water for these various uses.

Municipal water supply

The reef aquifer, in the vicinity of Carlsbad and along the 

mountain front from Carlsbad southwestward, yields large quantities of 

water of fair to good quality to municipal wells. The Capitan limestone 

is the source of supply for the city of Carlsbad and the communities of 

Happy Valley and White City.

Carlsbad. Carlsbad is supplied with water by 9 municipally owned 

drilled wells (21.26.56.221, 221a, 22.26.1,233, 233a, 233b, 233c, 233d,

233e, and 233f), ranging in depth from 115 to 327 feet and

tapping water from solution channels in the Capitan limestone. The 

wells are equipped with electrically drivefl. turbine pumps that force 

water directly into 12- to 2^-inch mains and indirectly into storage 

reservoirs. Water is stored in a 5,000,000-gallon concrete tank on a 

hill west of the city and in a 150,000-gallon steel standpipe and a 

150,000-gallon elevated steel tank within the city. Water is distributed 

by gravity, and a pressure ranging from ko to 80 pounds per square inch

is maintained at 6,330 service outlets and
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In 1954, 1,955/592,000 gallons of water of water was pumped from the 

city wells. Of this amount, 1,632,802,000 gallons was sold to residents 

and local business establishments; 319,000,000 gallons was used by the 

city; 2,900,000 gallons was sold to the Public Service Co.; and 890,000 

gallons was sold to the Santa Fe Railroad Co. Although the water is not 

treated, except for slight chlorination, a stand-by chlorination plant

is ready for use in treating the water whenever necessary.
 

The total amount of water pumped by the city since 19^7, the growth 

in population, and the precipitation are shown in figure 25. Periodic 

partial chemical analyses of water from wells 21.26.36.221, 221a, 22.26.1.233*; 

and 233d are shown in. table 16.

Happy Valley.  Happy Valley is an unincorporated suburb of Carlsbad in 

a amal.1 valley west of the Carlsbad city limits. It has a population of 

about 500 and is supplied with water from a privately owned well 

(22.26.3.2*41) on a hillside north of the community. The well and 

water-distribution system is owned by J. H. Branch (Happy Valley Water Works). 

The well is 329 feet deep, and it taps water of good quality from solution 

channels in the reef aquifer. A nearby irrigation well (the Bluebird well 

22.26.3-214, which is 600 feet deep) taps water of poorer quality from a 

deeper part of the same aquifer.

Water is pumped by an electrically driven turbine pump at a rate 

of about 170 gpm into two steel storage tanks having a combined capacity 

of 16,500 gallons. Water is distributed by gravity through 2- and 4-inch 

mains; however, a booster pump is used during midsummer when the greatest 

quantity of water is used. A pressure of 20 to 65 pounds per square 

inch is maintained at 130 service outlets. The system has no fire
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hydrants, although plans for them are under way. In 195^ > water use 

ranged from 610,000 gallons in January to 2,10^,000 gallons in July, 

and 1^,517*000 gallons were used during the year. Water is supplied 

to two dairies also. The. water is treated Vith chlorine. Several 

partial chemical analyses of samples of water from the well are shown 

in table 16.

White City. White City is a privately ownep. community and motel near 

the entrance to Carlsbad Caverns National j)ark. Its population ranges 

from 125 employees to a capacity of 1,125 Employees and guests. Water 

is supplied by the corporation, White City, Inc., from two drilled 

wells (21*.25.34.221 and 22la), 1,200 and 1,1*00 feet deep that tap water 

in solution channels in the Capitan limestone. Water is pumped from a 

depth of 850 feet below the land surface by electrically driven 

submersible turbine pumps at a maximum rate of 175 gpm. The water 

level is drawn down 6 feet when a single well is pumped at a rate of 

110 gpm. Water is pumped directly into a 210,000-gallon steel tank 

and a 72,000-gallon steel tank on a hillside below the wells but above 

the community and is distributed by gravity through ^-inch mains to 

600 service outlets and 3 hydrants. Pressures in the mains range 

from ^0 to 60 pounds per square inch. An average of 86,000 gallons 

of water per day reportedly is used during a year, although the daily 

use during the summer is reported to average 158,000 gallons. The \ 

water is not treated. Two chemical analyses of water from well 

2^.25.3^.221 are included in table 15.
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Irrigation supplies

Approximately 2,3^ acres in the vicinities of La Huerta, 

West Carlsbad, Happy Valley, and southwest of Carlsbad is irrigated 

with water pumped from the Capitan limestone. Areas using irrigation 

water from various sources are shown in figure 6.

Irrigation wells in the project area that tap water from the 

reef aquifer are drilled by the cable-tool method. Drilling proceeds 

until solution channels capable of transmitting large quantities of 

water to wells are penetrated. Wells generally are uncased below 

the top of the limestone. Yields from wells tapping the reef 

aquifer range from less than 200 to more than 2,700 gpm. Specific 

capacities as high as $63 (well 22.26.3.21^) were measured.

159



Areas of exclusive use. Areas dependent exclusively on the reef 

aquifer for a source of irrigation water include 1,050 acres north 

of the East Canal in the vicinity of La Eueria and west of the 

Southern Canal in West Carlsbad, Happy Valley, and 1 mile southwest 

of Carlsbad. The average amount of water us<;d for irrigation in this 

area in 195^> based on data collected at 8 irrigation wells, was 3«1T 

acre-feet per acre. This figure includes the irrigation of some 

alfalfa, which uses about twice as much water as row crops, such as 

cotton. The average quantity of water pumpe^. by 3 wells irrigating 

row crops was 2.78 acre-feet per acre, which is substantially less 

than the amount of water needed for row crops in most of the project 

area. Less water was needed owing to the better quality of the water 

from the reef aquifer and the slightly greater land slope, which 

provides a more efficient distribution of water. Irrigation water 

for the area was supplied from 23 wells, an average of about 1*6* acres 

per well.

Areas of supplementary use. Areas where irrigation water pumped 

from the reef aquifer is supplementary to w^ter diverted from the 

Pecofl River include 1,290 acres south of the East Canal in the vicinity 

of La Huerta, and east of the Southern Canal a short distance

southwest of Carlsbad. In the vicinity of La Huerta, where the

reef aquifer underlies a relatively thick section of saturated 

alluvium, roughly the northwest two-thirds of the irrigated land
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receives supplementary water from the reef aquifer and the southeast 

one-third receives supplementary water from the alluvium. The area 

receiving supplementary water from the reef aquifer is supplied from 

30 irrigation wells, an average of about k$ acres per well. A minor 

part of the area is irrigated by .smal 1 combination domestic and irrigation 

veils, each of which irrigate about an acre of land.

Industrial supplies

Two wells (21.27.50.^3^ and kjka.) tapping water in solution 

channels in the Capitan limestone are owned by the International 

Minerals and Chemical Corp. and are used exclusively for industrial 

purposes. The wells, drilled to depths of 315 and 316" feet, respectively, 

are equipped with electrically driven turbine pumps that pump the water 

directly into a pipeline which transmits it about l8 miles eastward 

to the potash mine and refining plant. Water is delivered to the 

plant at rates ranging from about 1,100 to about 1, *400 gpm. One of 

the two wells has been pumped continuously, except for brief periods 

of repair when the other well was pumped, since operations at the 

plant began in 19^7. The water is used mostly in separating the 

potash salts from other soluble salts in the ore. A diagram, based 

on monthly chemical analyses of the water delivered to the plant, is 

shown in figure 50  
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Domestic and stock supplies

Water in the upper part of the reef aquifer in the vicinities of*

the southern part of La Huerta, Carlsbad, in £appy Valley, and southwest 

along the mountain front is of comparatively igood quality for domestic 

and stock use. Wells are drilled and cased tlirough the alluvium

generally with 4- to 8-inch steel casing; the wells are not cased

"below the contact of the alluvium and the limsstone. Before the 

expansion of Carlsbad's water-distribution system, hundreds of 

domestic wells in west Carlsbad tapped the relef aquifer, and many of 

these wells are still in existence, although unused. Domestic and 

stock wells generally are equipped with a windmill and cylinder pump, 

although some of the wells are powered by electric or gasoline engines 

and equipped with cylinder, Jet or centrifugal pumps.

Quantities of water pumped

Municipalities and industries reported cguantities of water that they 

pumped from the reef aquifer. The quantity used for irrigation was estimated 

from well data *n& power records, and the quantity for domestic and stock 

use was estimated roughly from rural population. An estimate, in acre- 

feet of water, of the quantity pumped from tie limestone in 195^ is 

given in the following table:
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Use

Municipal 
Carlsbad 
Happy Valley 
White City

Total Municipal

Irrigation

Industrial

Domestic and stock

Total

Quantity pumped in 195 ̂  
(acre- feet)

6,120 
50 

100

^

6,270

7,500

2,310

200

16,280

In 19*49, approximately 7,200 acre-feet of water was pumped from 

the limestone (Hendrickson and Jones, 1952 p. 59), and, in 1939* 2,1*90 

acre-feet was pumped (Hale, 19^5 P-
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Possible future development of water in the reef aquifer

The vater of better quality in the reef aquifer occurs from the 

vicinity of Carlsbad southwestward. By developing the aquifer southwest 

of Carlsbad, water of slightly better quality probably could be obtained, 

but an increase in withdrawal of potable water greater than the supply 

of potable water would cause an inflow of impotable water from the north. 

Disregarding quality of water it is possible to pump as much water from 

existing wells at Carlsbad or La Huerta as could be developed from wells 

farther southwestward. However, a larger number of wells of small 

capacity spread over the area to the southvest would provide a better 

control of quality.

In recent years the pumpage of water, most of it potable, from the 

reef aquifer has almost equalled the estimated inflow of potable water. 

(See fig. 27.) This has been accompanied by decline in water level, a 

decrease in the flow of Carlsbad Springs, and a deterioration in quality 

of water in La Huerta and Carlsbad. Under present climatic conditions, 

the supply of potable water may be fully developed provided that there is 

no appreciable volume of water moving on eastward from the Carlsbad- 

La Huerta area in the reef aquifer.
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Several irrigation veils aouthvest of Carlsbad yield large 

quantities of vater of good quality from the reef aquifer. By purchasing 

such irrigation rights, the city of Carlsbad could obtain additional 

water for municipal use without adding to the quantity of water pumped 

from the aquifer.

Impounding flood waters in arroyos in the mountains west and 

southwest of Carlsbad could provide additional recharge t,o the limestone. 

A favorable3 location to divert flood water into the aquifer is indicated 

about half a mile above the mouth of Dark Canyon, where caverns are 

developed on both sides of the canyon near the base and probably are 

developed below the alluvial gravel of the stream bed. It is believed 

that considerable water from floodflow percolates downward to solution 

channels in the limestone. If water could be impounded above the 

level of these caverns, recharge to the aquifer could be increased. 

Additional study would be required to determine the feasibility of 

such a plan and the best location for dams. Furthermore, the operation 

of such a plan would have to be compatible with the Pecos River Compact, 

which apportions the amount of water that can be diverted from the river 

and its tributaries in New Mexico and Texas.

Water from municipal wells tapping the reef aquifer should be 

analyzed periodically to detect any increase in mineralization, especially 

in concentration of chloride. As the water of poorer quality below the
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potable water in the limestone is high in concentration of chloride in
* 

places, an increase of chlorides in a municipal well could indicate a 

migration of water of poorer quality into the well from deeper zones 

in the aquifer. Such a migration may be prevented by less pumping at 

a particular well or by relocating wells farther southwestward.

The reef aquifer, as a source of potable water, may be regarded 

as being fully developed. To keep pace with the growth of urban 

population, irrigation wells that tap the reef aquifer and yield potable 

water could be converted to municipal-supply wells. Irrigation currently 

is the largest single user of ground water in the Carlsbad area, from 

both reef and alluvium, aquifers, and, hence, is the main cause for 

declines in water level. If it becomes evident that highly mineralized 

water in the reef aquifer is moving from the north toward the Carlsbad 

municipal well field in west Carlsbad, a reduction in pumping from 

irrigation wells tapping the limestone west and southwest of Carlsbad 

should cause more water of good quality to move toward the municipal 

well field.
i*

An overdraft of potable water from the reef aquifer would 

accelerate the encroachment of highly mineralized water. The 2,000 

acre-feet or more of water pumped annually friom wells 21.27.30.434 and -434a 

for refining potash is similar in quality to the water pumped from the 

aquifer for municipal use, hence the industrial wells help to deplete 

the supply of potable water. On the ether h^nd, the industrial wells
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are near the edge of the good-water area and should be affected by 

encroaching highly mineralized water before the municipal-supply wells. 

In the event of encroachment of highly mineralized water some moving 

toward the municipal wells will be intercepted and discharged at the 

industrial wells. In this way the heavily pumped industrial wells 

could help prevent further encroachment of mineralized water southward 

by providing a source of discharge for it. If the mineralized water 

at greater depths could be used in industry, rather than the water of 

better quality presently being used, it would help safeguard the quality 

of the municipal-water supply. The more mineralized water at greater 

depths could be tapped by deepening the industrial wells.

SHELF AQUIFERS

Occurrence of ground water

Ground water fills joints and solution channels in evaporite 

and dolomitic rocks overlying beds of sandstone in the shelf deposits. 

The major beds of sandstone underlying evaporite and dolomitic aquifers 

are the sandstone in the upper part of the Yates formation, the Artesia 

red sand of local usage (the Shattuck member of Newell and others, 1953); 

sandstones in the upper and lower parts of the Grayburg formation, the 

Gloriexa sandstone, and the Cherry Canyon formation. These beds extend
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through a stratigraphic interval of about 1,500 feet. Water wells are 

completed in older formations west and north of the reef escarpment. 

Thus, Immediately west of Carlsbad, wells ranging in depth from 30 to 

about 250 feet are completed in sandstone of the Yates formation. 

Near the Seven Rivers Hills, wells ranging in depth from 200 to 500 

feet are completed in the Seven Rivers and. Queen formations. In the 

Seven Rivers embayment, wells are completed ip. the Queen and Grayburg 

formations. Zones of perched water are believed to merge into a zone 

in the San Andres limestone below which all rocks are saturated. Wells

yielding water in amounts sufficient for stodk use are completed only
~

above the sandstone beds.

The occurrence and movement of ground we.ter in the shelf deposits 

is affected greatly by the carbonate-evaporilte facies change and to a 

lesser extent by the limestone-dolomite subfacies change in this area. 

The evaporite facies, which consists of gypsum and, anhydrite interbedded 

with red sandstone, is more permeable than tfre carbonate facies. In the 

evaporite facies ground water occurs mainly in solution channels in the 

gypsum and in solution-enlarged joints in the dolomites. Also, in places 

the dolomites have numerous cavities, probably caused by the solution 

of anhydrite crystals, that make the rock permeable to water. In

addition occasional local unconformities result in a brecelated dolomite
  

that is susceptible to ground-water solutiofl.*

Striking evidence of the occurrence of ground water due to the 

greater permeability of the evaporite facies of the shelf deposits is 

the location of some of the springs in the sihelf area. The largest
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springs are at the contact of the evaporite and carbonate facies. For 

example, in the Pecos River channel just north of the project area, 

ground vater is restricted from downward movement by sandstone of 

the Queen formation and is forced to the surface by a lateral facies 

change from gypsum to dolomite in the Seven Rivers formation* In a 

similar manner, Indian Big Spring discharges at a facies change in 

the Queen formation

The sandstone units, which generally are continuous through 

the carbonate and evaporite facies and commonly are well cemented, 

retard vertical movement of ground water. Jointing in the carbonate 

rocks usually does not extend into the clastic beds, thus making 

these clastic beds confining units. In places water saturates the 

upper part of the clastic units, after having removed most of the 

calcareous cement by solution. The lower part of the clastic bed 

then acts as a confining unit. Thus McKittrick Spring, in 

sec. 12, T. 22 S., R. 25 E., discharges from the top of the Yates 

formation.

Solution channels developed along joints and bedding planes 

may be filled with ground water in the carbonate facies of the 

shelf deposits. The calcareous rocks of the carbonate facies are 

much more permeable than the dolomitic rocks, and, because rocks of 

the shelf become more calcareous toward the reef, the permeability 

increases toward the reef. In successively younger formations the 

calcareous subfacies is nearer the reef front. Also, the carbonate
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rocks of the shelf probably are more permeable near the boundary of the 

carbonate-evaporite fades, where carbonate rocks are jointed and 

distorted as a result of expansive forces caused by the alteration 

of anhydrite to gypsum in the evaporite facieis.

Hydrologic properti.es

The permeabilities of the various shelf aquifers range from

very low in silt stone and fine-grained sandstone to very high where

solution channels and cavities are developed 

dolomite, and gypsum. One irrigation well, ( 

in the Queen and Grayburg formations, yields

in the limestone, 

23.23.10.^30) developed

enough water to irrigate

a m»l3 farm. The yields of wells, however, generally are relatively

small because the zones of perched water are thin. Wells of sufficient

yields for stock or domestic use can be drilled almost anywhere in

the shelf deposits, although the uppermost zone of saturation may

lie at considerable depth. Wells of relatively large yields may

be developed below the water table in the Sa;i Andres limestone or

below the water table near the Capitan limestone in any of the formations

where solution channels from the reef extend into the limestone of

the shelf deposits.
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Piezometric surfaces

The distribution of ground water in aquifers of the shelf is 

complex. Near the Capitan limestone, the water table in the shelf 

deposits is continuous vith that in the Capitan limestone because 

many of the solution channels extend from the Capitan limestone into 

limestone of the shelf deposits. At a greater distance from the 

Capitan limestone reef, however, ground water in the shelf deposits 

is distributed in perched zones of saturation. The main water table 

in the shelf deposits, or that surface belov which all rocks are 

saturated to unknown depths, probably is within the San Andres 

limestone. The slope of the perched water tables in the shelf deposits 

is eastward to northeastward in approximately the same direction as 

the regional dip of the beds. Local irregularities in slopes of the 

water tables are due in the main to local folding. An idealized 

geologic section showing the relative position of the perched zones 

and the m^n water table is shown in figure 12, and the approximate 

shapes and slopes of some of the perched water tables and piezometric 

surfaces are shown in figure 26.

Recharge

Precipitation and runoff during heavy rainstorms is the principal 

source of recharge to aquifers in the shelf deposits. These deposits, 

consisting of the Tansill, Yates, Seven'Rivers, Queen, Grayburg, and
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San Andres formations, underlie an area of about 1,300 square miles west 

of the mountain front near Carlsbad and in the Pecos River basin. As 

with the Capitan limestone, recharge is greatest along arroyos during 

flash floods. Undrained depressions or sinkholes caused by collapse

of caverns also are sources of considerable recharge. Water enters

the formations mainly through Joints and solution channels.

The areas of greatest recharge to the shelf deposits probably are 

places where the e vapor it e facies is cut by streams. Such areas of 

recharge include the Seven Rivers embayment, "where evaporite rocks of 

the Queen and Grayburg formations underlie surface drainage channels 

a TV! the territory northwest and northeast of Carlsbad, where evaporites 

of the Tansill and Yates formations are exposed. In these areas, where

the relatively soft and soluble gypsum of the evaporite facies is eroded
' 

easily> water drains from the surface into solution channels and

caverns in the gypsum and thence into the underlying dolomite and 

limestone, where it enters Joints and solution channels. The water 

continues to move downward through these conduits until impermeable 

beds of clastic material are reached; then it moves eastward downdip 

along Joints and bedding planes. A considerable amount of runoff 

crossing the carbonate facies of the Grayburg and San Andrea formations 

in the Guadalupe Mountains west of the Seven Rivers embayment is thus 

drained into the evaporite facies of the Queen formation in the Seven . 

Rivers embayment.
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Although gypsum and dolomite of the evaporite facies are 

permeable and adsorb water readily, the interbedded elastics are 

relatively Impermeable. After rainstorms, the stream bed of 

Rocky Arroyo in the Seven Rivers embayment contains pools where 

underlain by beds of sandstone and siltstone, but it remains relatively 

dry where underlain by beds of dolomite.

The carbonate facies of the shelf deposits are recharged mainly 

near the Capitan limestone reef and near contacts of the evaporite 

facies. The shelf deposits are more calcareous near the reef, and 

solution by ground water consequently is greater. The capacity for 

recharge- is greatest where the carbonate facies is adjacent to the 

evaporite facies and joints in the dolomite and limestone are open 

and extensive. Open joints near the contact of the carbonate and 

evaporite facies are exposed in the western part of the Seven Rivers 

Hills.

The shelf aquifers are recharged locally by seepage from streams 

and reservoirs in the vicinity of Lake Avalon. The contacts between 

the Capitan limestone and shelf deposits of the Tansill, Yates, and 

Seven Rivers formations are close to and may underlie Lake Avalon. 

These shelf deposits are recharged by infiltration from Lake Avalon 

from a short reach of the Pecos River upstream from Lake Avalon.
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Discharge

Ground water is discharged from the shelf aquifers by springs, 

evapotranspiration, wells, and subsurface outflow.

Springs discharge from the shelf aquifers mainly where relatively 

impermeable beds crop out. Many small sprinss in the shelf area issue 

from contacts of sandstone and dolomite. Sitting Bull Spring issues 

from dolomite of the Grayburg formation, which overlies a sandstone

in the Cherry Canyon formation. McKittrick, McGruber, and Lancaster

Springs issue from a contact of sandstone add dolomite in the Yates 

formation. Near McKittrick Spring, in a small topographic basin, 

ground water moves through Joints in a dolomite of the Tansill 

formation along the surface of the uppermost sandstone in the Yates formation 

to the spring, where it is discharged at a rate of from 1 to 2 gpm. 

Other springs, such as Lancaster Spring in $ec. 8, T. 22 S., R. 26 E., 

have been dry in recent years, although they had been flowing, at least 

since the advent of the early settlers in tljie latter part of the last 

century. This decrease in spring flow undoubtedly is due to the current 

drought that began in 1951 > because the she|.f aquifers are not pumped 

heavily and the water is perched above the reef aquifer. An extended

period of normal rainfall should cause the springs to flow again.

The flow from Tn«n.«-" Big Spring in Rocfcy Arroyo is derived from 

two sources: (l) water relatively high in mineral content from the 

alluvium *"fl the upper part of the Queen formation in the eastern part



of the Seven Rivers .embayment and (2) less mineralized water from 

the Grayburg formation and the lover part of the Queen formation 

that has been forced to higher beds because of less permeable zones 

bordering the facies changes in the Queen and Grayburg formations and 

forced to discharge by similar zones in the Seven Rivers formations. 

Much of the flow from Indian Big Spring filters into evaporite beds 

of the Yates formation farther downstream.

Major Johnson Springs (sec. 21, T. 20 S., R. 26 E.) discharges 

at an abrupt facies change from gypsum to dolomite in the Seven Rivers 

formation. At Lake McMillan, where the evaporite facies of the Seven 

Rivers is near lake level, a large quantity of surface water seeps into 

sinkholes and solution channels in the gypsum, where it moves toward 

Major Johnson Springs to be forced to the point of discharge by gravity 

and a lower confining bed.

Ground water in the shelf aquifers is discharged in minor amounts 

in areas where the water table is near the land surface, such as near 

springs. Most of this water is transpired by plants whose roots extend 

to the water table.

Nearly all wells tapping shelf aquifers are drilled for domestic 

and stock use. Most of the wells are equipped with windmills. Because 

the wells are separated widely and their yields are small, only a moderate 

amount of water is withdrawn from the aquifers. The shelf aquifers
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are tapped by only one irrigation veil (23.23 .IX). ̂ 30) in the southern 

part of the Seven* Rivers embayment. The veil taps the upper part of 

the Grayburg formation and the lover part of tUe Queen formation. "Wells 

are finished in both the evaporite and carbonate facies of the shelf 

aquifers, but only vater pumped from the carbonate facies is potable.

All vater not discharged from the shelf aquifers by springs, veils,

or evapotranspiration is discharged eventually 

northeastvard dovndip into the reef aquifer or

Carlsbad area. The many interconnected solution channels of the reef

aquifer serve as a huge collecting gallery for

by movement eastward anfl, 

to points outside the

vater ml grating from

shelf deposits that dip tovard and abut against the limestone. In the 

northern part of the Seven Rivers embayment, hovever, ground vater 

moving through the shelf aquifers to the northeast probably misses 

the reef and continues to flov tovard the Ros-well artesian basin; 

especially is this true of ground vater moving in the San Andres 

limestone, vhere the vater table in the northwestern part of the Seven 

Rivers embayment appears to be continuous vith vater levels in veils 

tapping limestone aquifers vest of Artesia.

Utilization of ground vater in ishelf aquifers

Most of the domestic and stock supplies vest of the Guadalupe 

mountain front are obtained from aquifers in the shelf formations. 

Many stock and domestic wells in this area tetp water from stratified
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bedrock formations that dip toward and. abut against: the northern and 

western sides of the Capitan limestone reef, which underlies the mountain 

front west and southwest of Carlsbad. As water moves through these 

shelf deposits and into the reef aquifer, the shelf deposits may be 

regarded as tributary aquifers of the reef aquifer.

The quality of water pumped from the shelf aquifers depends 

largely on whether a well taps the carbonate or evaporite facies 

of the formation. The carbonate rocks yield water generally 

satisfactory for domestic or stock use, whereas evaporite rocks 

yield water generally satisfactory only for livestock or limited 

domestic use. Facies changes from carbonate to evaporite are 

discussed in the geologic section of this report, and the location 

and extent of these changes in various formations are shown in 

figure 10. Chemical analyses of water from wells finished in the 

shelf deposits are listed in table 15-

Wells tapping the shelf deposits generally are from 4 to 10 

inches in diameter and are not cased below the base of unconsolidated 

materials. Water levels in wells range in depth from less than 

10 to more than 500 feet below the land surface. In some areas water 

may be pumped from different depths and different formations. Wells 

generally are equipped with windmills and cylinder pumps, although 

some .5mfl.11 gasoline engines or electric motors with pump jacks are 

used. Steel or concrete tanks, generally near the well, are used for 

storage.
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FLOW ANALYSES OF CABLSBAD

One of the aims of this report is to present an analysis of the 

hydrology of the Carlsbad Springs area with special emphasis on the 

discharge of the springs during the past several years and an estimate 

of the contributions to the spring flow by various sources. The contribution

of the spring discharge to the flow of the Pecios River and the part
 
of the spring flow considered to be previous!^ unmeasured water added

to the river system are information needed in the inflow-outflow

computations required by the Pecos River Compact. The location and 

extend of the Carlsbad Springs and the origin of the water contributing 

to the spring flow have been discussed in the section on ground-water 

discharge from the reef aquifer.

Discharge of ground water at Carlsbad Springs

The flow of the Pecos River downstream from the Carlsbad Springs 

area is measured at the gage near Bataan Bridge in Carlsbad. Except 

during floods and at times when water is beiijjg released into the 

river from Lake Avalon or the Southern Canal, the flow of the river

measured at Carlsbad, represents the spring discharge. All the flow
A

at Lake Avalon usually is diverted for irrigation, so that the river 

normally is dry between Avalon Dam and Carlsbad Springs. A plot 

of the discharge of the springs area by months for 1939-56 is shown 

on figure 27.
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The discharge from Carlsbad Springs represents in the main the 

natural discharge from the limestone aquifer. Under natural conditions 

a state of equilibrium existed wherein over an extensive period the 

average natural discharge from the springs was equal to the average 

recharge. During recent years, however, a new type of discharge, 

pumping from wells, has been introduced. Today, the present natural 

discharge at the springs plus artificial discharge is more nearly a 

measure of the average recharge over an extensive period of time.

From 1959 through 1957> the monthly mean flow from Carlsbad 

Springs ranged from 2k cfs in July 195*4- to 116 cfs in November 

The flow decreased from 19^1 through 19^7> increased through 

and 19**9, and then decreased from 1950 through 195^- A slight increase 

is indicated in 1955 and a decrease in 1956". Many intermediate 

fluctuations of short duration have occurred during the period of 

record, but on the whole the discharge of the springs is greatest 

during the winter. The monthly mean flow of the springs and various 

factors that affect flow are shown in figure 27  

The rate of flow from Carlsbad Springs depends on many factors, 

among which the most important are the head in the aquifer, rainfall, 

storage in Lake Avalon, pumping from wells, irrigation, atmospheric 

pressure, and water stage in Tansill Reservoir. These factors are 

interrelated; some have positive and some have negative effects on 

the flow of the springs. Furthermore, some of the effects are
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immediate and some are delayed and extenied; consequently, the relation 

of discharge to the various factors is complex. For example, a lack 

of water in Lake Avalon results in a need for additional pumping 

from the ground-water reservoir; both th^ lack of water in the lake

and the pumping cause a decrease .in spriiig flow. On the other hand,
^

the presence of water available for irrigation, stored in Lake Avalon, 

and local rainstorms result not only in JLncreased recharge to the 

water-bearing materials but also in a reduction or cessation of pumping 

from wells for irrigation, which, in turn, causes a greater discharge 

from the springs.

Relation of spring flow to water levels

The altitude of "static" (nonpumping) water levels in wells tapping 

the reef aquifer and the rate of flow from Carlsbad Springs are closely 

related. The difference in altitude between the water surface in 

Tansill Reservoir, into which the springs discharge, and the static 

water level in wells penetrating the reef aquifer in the area is an 

index of the quantity of water in the reef aquifer that is available 

for discharge at Carlsbad Springs, althcugh the precise quantities of 

water are not known. This difference ill altitude also is the 

hydraulic head that determines the rate of movement of ground water 

toward Carlsbad Springs through the alluvium overlying the reef aquifer,
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The general relation "between the altitudes of water in wells that 

tap the reef aquifer and the rates of discharge from Carlsbad Springs 

is indicated in figures 2? and 29. The water surface in Tansill 

Reservoir usually is maintained at an altitude of about 3,095 feet, or 

slightly below the crest of Tansill Dam. Some of the springs discharge 

from the banks of the river several feet above the water surface of 

the reservoir, at altitudes of 3>097 or 3,098 feet, but most of the 

springs discharge below the water surface of the reservoir. In 

January 1950 the water levels in wells tapping the reef aquifer were 

almost at 3>108 feet elevation; consequently, the T"ftxlTT»"r' head on 

any of the springs was 13 feet. In January 1957, however, the water 

levels were at 3>100 feet elevation, and the maximum head was 5 feet. 

If and when the altitude of water levels in the reef aquifer declines 

to about 3^095 feet, the flow from Carlsbad Springs should stop. At 

this point, some flow from the lowermost springs along the bottom of 

the reservoir could be induced by lowering the water level in the 

reservoir. As the water levels in the limestone continued to decline, 

the water level in the reservoir would have to be lowered more and more 

to maintain a flow from the springs. If and when water levels in the

limestone reach a point below the water level of Tans111 Reservoir, the
j 

hydraulic gradient will be reversed, and water in the Pecos River

derived from other sources, such as floodwater, will drain from the 

reservoir into the alluvium and from the alluvium into the reef 

aquifer.
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The flow from Carlsbad Springs, computed from streamflow records 

collected since 1939> has "been greatest £,fter heavy general rains. 

During 19^1? when precipitation vas almost three times normal, the

rate of spring discharge Increased from about 60 in 191*0 to more than

100 cfs in 19^1. The effects of this heavy precipitation lasted 

for several years, and the flow remained more than 60 cfs until the 

summer of 19^6. Discharge Increased also in 19^9 ftnd 1930 as a result 

of nearly normal or slightly above normal precipitation during 19^> 

19^9j and 1930. The greatest discharge during this period-was about 

80 cfs. Drought or near-drought followed these relatively wet years, 

with the result that the spring discharge declined steadily to less 

than 30 cfs in July of both 1953 and 19=^. Late in 195^ two heavy 

rainstorms caused a rise in water levels and, consequently an increase 

in spring discharge. Relatively dry weather followed, with the result 

that the discharge from the springs became less than 30 cfs late in 1956. 

Precipitation replenishes the ground-water reservoir and causes

a rise in water levels, which, in turn, increases the head and the rate

of spring discharge. Heavy flood-producing storms seem to be more 

effective than slow, soaking storms, pribably because percolation from 

flooded arroyos provides much of the recharge. The greatest effect 

probably would result from slow, soaking rains followed by heavy rains.
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The effect of heavy rains in August and October 195 4 on water 

levels and spring discharge is shown in figure 27. The abrupt rise 

in water level was recorded by a gage on well 22.26.2.2^2, which taps 

the reef aquifer several miles from any probable source of recharge. 

Water levels in the aquifer rose almost 2 feet in a few hours during 

the October rains and then continued to rise slowly throughout 1955 

for a total of about k feet. During this time the spring discharge 

increased from a little less than 30 to a little more than 50 cfs.

Relation of spring flow to water stage at Lake Avalon

The rate of leakage from Lake Avalon to underlying rocks affects the 

rate of discharge from Carlsbad Springs. Percolation of water to the 

ground-water reservoir in the reef aquifer raises water levels and 

increases the hydraulic head that forces water to the surface at 

Carlsbad Springs. The net effect of seepage from Lake Avalon on the 

discharge at Carlsbad Springs probably lags 1 to 3 months, as is indicated 

in figure 27 for the years 1943-Vf. Data obtained during these years 

probably are the best indices of the effects of water stage at Lake 

Avalon on the discharge from Carlsbad Springs, because the water stage 

was high during the winter and low during the summer and also because 

so little water was withdrawn from the reef aquifer for Irrigation.

The correlation of leakage from Lake Avalon with the flow of 

Carlsbad Springs, shown in figure 27, was applied by quarter years 

on the basis that one-half the leakage would be reflected in the 

spring flow during the first quarter, one-third during the second 

quarter, and one-sixth during the third quarter.



Relation of spring flow to seepage from Pecos River "between Major

Johnson Springs and Damsite 3

In addition to water seeping from Lake Avalon and the Pecos River 

below Damsite 3> a ranftl 1 i quantity seeps f^om .the river, between Major 

Johnson Springs and Damsite 3* and eventually is discharged at 

Carlsbad Springs. The amount is not known definitely but is believed 

to average about 2 cfs. Water seeping from ,the river upstream from 

Major Johnson Springs returns to the river at Major Johnson Springs 

and has no effect on Carlsbad Springs.

Relation of spring flov to |pumplng from veils

Water pumped from the reef aquifer tor irrigation, public supply, 

industry, and, other uses is estimated to be about 17,000 acre-feet 

in 1956, 15,200 acre-feet in 1955> and 1$,100 acre-feet in 195^. The 

quantities estimated for 19^5 and' 1939 were about 7,200 and 2,500 acre-feet,

respectively (Eendrickson and Jones, 195£> P- 59 and Hale, 19^5> ?  39).
i ,

Increasing withdrawal of water from the aquifers during recent 

years has been a factor in causing declining ground-water levels and 

a reduction in spring flow. Although thb decline in water levels and 

spring discharge correlates with the increase in pumping from wells, 

it also correlates with the reduction in recharge due to drought. A . 

decrease in spring flow during the summer, the season of heaviest 

pumping, is indicated for 1953, 195^ 1955, and 195&" in figure 27-



Relation of spring flow to canal loss and irrigation return

Some of the water diverted from Lake Avalon for irrigation seeps from 

canals, ditches, and irrigated fields and infiltrates to the ground-water 

reservoir. .In like manner, some of the water pumped from wells for 

irrigation, including 8pr1,nkl1.ng of lawns, infiltrates back to the 

ground-water reservoir. Probably aboutf25)percent of the water applied 

to the land in the vicinity of Carlsbad seeps into the alluvium and is 

discharged into the Pecos River in the Carlsbad Springs area. Very 

little of this water reaches the reef aquifer; especially is this true 

in the vicinity of La Huerta, where water in the alluvium stands at 

a lower level than water in the underlying reef aquifer.

Seepage from the three canals near Carlsbad contributes between 

4,000 and 8,000 acre-feet of water each year to the flow of Carlsbad 

Springs. The Main Canal loses water along its 3-niile course from the 

diversion point at Lake Avalon to where it is divided into the Southern 

and East Canals. Seepage in about the first 3 miles of the Southern 

and East Canals also contributes to the flow from the springs.

It is estimated that about 5^percent of the annual flow in 

the canal system is lost by seepage in the reaches mentioned above 

and is discharged eventually as part of the flow from Carlsbad 

Springs. It is estimated also that an average of about 10 percent 

of the seepage occurs during the first quarter of each year, about 

50 percent during the second quarter, about 60 percent during the 

third quarter, and almost none during the fourth quarter. These estimates

185



are based mainly upon measurements of flow near both ends of the Main 

Canal. The leakage from canals was related by quarter years to the 

flow of Carlsbad Springs (fig. 27) on the "basis that half the leakage 

during a particular quarter appeared as spring flow during the quarter, 

one-third during the following quarter, ani one-sixth during the next.

Relation of spring flow to water in storage

The piezometric surface of water in tne reef aquifer is virtually 

level, owing to the relatively free movement of -water within the 

interconnected solution channels; consequently, a rise or decline of

water level is uniform over a large area and is an index of gain to
-i 

or loss from storage throughout the aquife|r. The change in the quantity

of water in storage over the entire aquifer represented by a change in 

water levels is not known, although the general magnitude of the volume 

may be inferred from data shown in part in table 7 and figures 27 and 29  

It is believed that between 500 and :.,000 acre-feet of water is 

required to raise the water level in the reef aquifer 1 foot throughout 

its areal extent. This conclusion is basud on the following observations 

and calculations. During the several periods when there was little or 

no net change in water level, net inflow is assumed to have equaled net

outflow. Thus, spring discharge plus pumbage during the period should
. 

equal the total recharge from seepage from Lake Avalon and canals,

irrigation return flow, and inflow to the reef aquifer from aquifers 

of the shelf area. All these sources of recharge, except inflow from
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the shelf aquifers, can be estimated directly and are shown in table 7 

and figure 27  Inflow from aquifers of the shelf was determined for 

each period by applying the equation above. The inflow ranged from 

16 cfs, when water levels were low during the summer of 1954, to 

64 cfs, when water levels were highest during 1941. The inflow usually 

ranged between 16 and 41 cfs, however. Periods of water-level decline, 

during which outflow from the aquifer was greater than inflow, were 

then selected and amounts of spring flow, pumpage, leakage from Lake 

Avalon, leakage from canals, irrigation return, and inflow from 

aquifers of the shelf were then applied for each period selected. 

!Ehe difference between inflow and outflow was the amount of discharge 

causing changes in water level and storage. Estimates of change in 

storage based on the various periods of decline, ranged from about 500 

to about 1,100 acre-feet for each foot of water-level change. If the 

highly permeable part of the reef aquifer includes an area of 100 . 

square mll.es (25 miles long and 4 miles wide), these figures .would 

indicate storage coefficients ranging from about 0.005 to about 0.015.

Interrelations of the components of discharge from Carlsbad Springs

The total discharge from Carlsbad Springs, shown graphically in 

figure 27 ft * by table J, is derived from several components. These 

components may be listed as follows: (l) discharge due to leakage 

from Lake Avalon, including that from the Pecos River immediately

upstream from Lake Avalon,. (2) discharge due to leakage from canals,
/\

(3) discharge due to irrigation return flow, and (4) discharge due
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to natural recharge that results mostly from precipitation in the 

Guadalupe Mountain area vest of Carlsbad.

Discharge due to natural recharge may be divided into two separate

components: (l) discharge due to direct r 

from precipitation and floods in arroyos e 

due to indirect recharge to the reef aquif 

in other words by inflow into the reef aqu

^charge to the reef aquifer 

roded into it and (2) discharge 

2r from precipitation, or 

Lfer from the shelf aquifers.

This natural recharge has not previously contributed to the flow of 

the Pecos River and may be regarded as "side inflow" to the Pecos River. 

All other water discharged from Carlsbad Springs presumably has been 

measured previously, estimated, and accounted for upstream along the 

course of the Pecos River.

The flow of previously unmeasured water from the reef aquifer 

shown in table 7 and figure 27, vas determined by subtracting the

amount of underground leakage from Lake Avalon s**4 canals and return <- . «*.._ * ^

flow from irrigation from the total flow of Carlsbad Springs. The amount
A

was.subtracted by quarter-year increments on the assumption tl -it half the

water was discharged from the springs during the current quarter year, 

one-third during the second quarter, and one-sixth during the third 

quarter. Other lag-effect combinations were tried; but the method 

based on the above assumptions resulted in the best correlation. Although 

the method of evaluating the flow from Catlsbad Springs is only approximate, 

the results are thought to be consistent and, in general, valid.
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The average annual amount of previously unmeasured water flowing

from Carlsbad Springs ranged from 56 cf s in 1942* to about ̂ c£s in 
 

. Except for 1949 « * 1950 and^im-dii nr 19.ni', mil 19£5j this 

water discharged by the springs has d±minished^B%e^^r since 1942. 

Heavy precipitation in 1949 and 1950 and late in 1954 increased the 

discharge of previously unmeasured water slightly. It is noteworthy

that the discharge of previously unmeasured water increased from about
/

25 cfs in 1940 to about 56 cfs in 1942, owing mostly to precipitation 

in the general area of more than 30 inches in 1941* Near average and
r-

greater than average rainfall continued through 1946, with the result 

that the discharge of previously unmeasured water remained more than 

40 cfs through 1945.

From 1946 through 1956 the amount of previously unmeasured water

discharged from Carlsbad Springs decreased significantly, owing to' \
V

the combination of general drought and diversion from natural discharge 

by pumping from wells. Although the average annual discharge of
^

previously unmeasured water remained above zero during these years,

the average quarterly discharge went below zero during or after the
_*%«

irrigation seasons of 1953 »  1954 j njiil 19g6. During iiheje iula Lively

^o<» T«^^* t +!.« pnnpngn ^ mrnnnn .P II 1 .1 u ^.uu \ . .. . ."Uj

unmnnnured water wao oupplied by water that had ooopod from Lake 

Canala, and irrigated traeto*
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The total previously unmeasured water discharged from the reef
i. C*.rUb<v.J Sp 

aquifer was determined by adding the pumpage, less return of pumped water.,

to the previously unmeasured water discharged at Carlsbad Springs. These 

quantities, computed on an average annual basis, are shown in figure 27;

they ranged from about 61 cfs in 1942 to about .-S3-cfs in 1955. It 

should be noted- that the average annual pumpage from the reef aquifer

increased from about 3 cfs in 1940 to about 22 cfs in 1954 and 1956.

As pumpage approaches the total discharge of previously unmeasured

water, more and more of the water is diverted from natural discharge.
.

If and when net pumpage becomes equal to the amount of previously
i

unmeasured water available, all the previously unmeasured water will 

have been diverted from natural discharge a:id used before it reaches the 

Pecos River. If and when net pumpage becomes greater than the total 

supply of previously unmeasured water, the difference must be supplied
Pec*S /?vuA^;.^fv^U.fc'5l^«'«.'<>^

from water seeping from Lake Avalon,^canals,°l£jr irrigated tracts; this
A

will result in a general encroachment of water of poor quality in the

reef aquifer. As more and more previously 

from natural discharge, the mineral content

unmeasured water is diverted

of the water discharged at

the springs should increase, approaching the average mineral content 

of the water in Lake Avalon. If and when prumpage becomes great enough 

to divert from springflow all the water seeping from Lake Avalon, canals, 

and irrigated tracts, in addition to previously unmeasured water, the 

springs will cease to flow.
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PBCOS RIVER VALLEY ALLUVIUM

Occurrence of ground water

Water levels in the alluvium of the Pecos ftiver valley from 

Carlsbad to Loving range in depth below land surface from less than 

1 foot near the Pecos River to more than 260 feet east of the Frontier 

Hills. A map indicating the depths to water, during January 1955, is 

shown in figure 31* A nap indicating the thickness of the saturated 

part of the alluvium is shown in figure 30.

Hvdrologic properties

The approximate coefficient of transmissibility of the alluvium 

in the project area was estimated at 26 wells by using the following 

formula, developed by Theis (Theis and others, 1954):

T' = Q/s (K - 264 log105S + 264 log1Qt) 

where T 1 = Approximate transmissibility, in gallons per day per foot

K = Constant, depending on radius of well

Q = Discharge of well, in gallons per minute

s = Drawdown in well, in feet

S =5 Assumed specific yield (20 percent in these computations)

t = Duration of pumping, in days, at time of observation. 

The coefficient of transmissibility of the aquifer at the wells was 

estimated to range from 8,000 to 290,000, with an average of 101,700 gpd 

per ft (gallons per day per foot). Half of the observed wells indicated
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a transmisaibl 1 Ity of over 71,500 gpd pet ft. A transmissibility. of 

more than 100,000 gpd per ft was indicated at 11 of the veils and more 

than 200,000 gpd per ft at 3 of the wells.

Although the above coefficients of 

alluvium probably are not accurate, it i

general, the magnitude of transmissibility in the heavily pumped areas.

The transmissibility generally was great

transmissibility of the

s believed they represent, in

er within a distance of 3 miles

from the Pecoa River, although some larg;e rtransmissibilities were 

indicated in the upper Black River valley.

The average coefficient of permeabJJLity, based on the estimated 

transmissibilities and the approximate saturated thickness of the 

alluvium as shown in figure 30, ranged from 100 to 2,100 and averaged 

870 gpd per square foot. An average permeability, however, may be 

misleading in some parts of the area underlain by alluvium containing 

a lime-cemented conglomerate whose permeability is increased greatly 

by solution channels.

The specific yield of a water-bearing material is defined as the 

ratio of the volume of water that the Saturated material vi.ll yield by 

gravity to the volume of the saturated material. Not all the water 

contained in the interstices of a material will be drained by gravity, 

as some will be retained by capillarity. The volume of water retained, 

expressed as a ratio of the total volume of the material, is called 

the specific retention. The specific yield and the specific retention 

together are equal to the porosity, which is a ratio of the total void 

space in a material to the total volume of a material. Thus, if 100
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cubic feet of a saturated material yields 8 cubic feet of water and 

retains 13 cubic feet, under gravity, the specific yield is 8 percent, 

the specific retention is 13 percent, and the porosity 21 percent. 

Detailed information regarding specific yield in the alluvium 

of the project area is lacking. A specific yield of about 20 percent, 

however, is believed to be a conservatively representative estimate, 

and that percentage is used in estimating the approximate quantity of

available water stored in the aquifer.
/-

The water table

The water table is defined as the upper surface of the zone of 

saturation except where that surface is formed by an impermeable body 

(Meinzer, 1923a, p. 32). The piezometric surface of an aquifer is 

an Imaginary surface that everywhere coincides with the static level 

of the water in the aquifer (Meinzer 1923a, p. 38). The water level 

in a well stands at the water table, under water-table conditions, 

and at the piezometric surface, under artesian conditions. If the 

piezometric surface is above the top of the well, water will flow from 

the well. The alluvium of the Carlsbad area generally contains water 

under water-table conditions. Although the water may be under artesian 

pressure locally, none of the wells tapping the alluvium are flowing 

wells. The water table and piezometric surface generally are 

continuous throughout the main body of alluvium. Depths to principal 

sources of ground water, which generally are at the same depths as the 

water table, are shown in figure 31.
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The water table, in general, is not level or uniform but is a 

warped, sloping surface. Many irregularities of slope and direction 

of slope are caused by differences in the permeability and thickness 

of the saturated material or by additions or withdrawals of water from 

the zone of saturation. Generally, ground water moves in the direction

of greatest slope of the water table or piezometric surface, and the

rate of movement, assuming a uniform cross section, is proportional to
""

that slope (hydraulic gradient) and the permeability of the water­ 

bearing material. The configuration of the water table and the

direction of ground-water movement is spown by contour lines
i   - 

(figs. 32-35)  As the water table is least affected by pumping

during the winter, data collected during January of 194-8, 1951, 1954, 

and 1955 were used in the construction of maps illustrating the shape 

and slope of the water table and changes in shape and slope of the 

water table due to pumping, natural discharge, recharge, irrigation 

by surface water, and minor contributing factors.

Water moves on or below the land surface in response to the force 

of gravity in the direction of least resistance, which is indicated 

by lines perpendicular to contours on -:he water table. The slope is 

the contour interval divided by the distance between contours and 

generally is expressed in feet per mile. The slope generally is 

steepest where the saturated section is thin or where the permeability 

of the water-bearing materials is low, and is flattest where the 

saturated section is thick and the permeability is high. The slope 

changes also with the quantity of water moving through the materials.



The quantity of water flowing through a given cross section of 

water-bearing material is directly proportional to the slope of the 

water table (I), to the permeability of the water-bearing materials 

(P), and to the area of the cross section (A) and can be expressed

by a form of Darcy's law: Q = PIA.
y 

The velocity (X) of water moving through water-bearing materials

is directly proportional to the gradient of the water table (I) and

to the permeability of the materials (P), and inversely proportional
&****- 

to the poroavby of the material (p) and is expressed by the formula:
A>

P I v s -  . if a constant quantity of water passes through a unit"

cross-sectional area, the velocity will increase as theApore space 

in the water-bearing materials decreases.

In the Pecos River valley south of Carlsbad, the water table 

slopes toward the river, generally diagonally downstream, and the 

river ie. fed by ground water in that particular area. During periods 

of low flow or dry-weather flow, all the water in the river generally 

is ground-water discharge; this flow is called base flow. In the 

main body of the alluvium, the slope of the water table ranges from 

less than 5 feet per mile to more than 30 feet and averages about 

10 feet. In areas adjacent to the mountains or in the area about a 

mile south of Loving, where the saturated part of the alluvium may 

be thin or the permeability low, the maximum slope of the water 

table may be as much as 100 feet per mile.
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A study of gradients on water-table-contour maps may indicate 

springs or seeps. Herradura Bend of the Pecos River in 

T. 23 S., R. 28 E^ projects westward from the general course of the 

river into the alluvium. The consequenjb steepening of water-table . 

gradients near the bend (figs. 32-35)> plus a probable high permeability 

and thick saturated section of the alluvium in the area suggest a 

considerable discharge of ground water. A field study of the area 

revealed many springs on the north and west sides of the "bend.

Furthermore, flow measurements on Feb. 

and below the bend, indicated that the

21, 1955, of the river above 

river gained in flow about

IT cfs in the vicinity of the bend. Ttiis gain is rougfciy three-fourths
. 

of all the flow gained in the river between Carlsbad and the mouth of

the Black River.
\ 

In addition to indicating the direction of movement of ground
" 

water, contour lines on the water tabl£ may indicate the approximate

boundaries of part or all the aquifer. The permeability and thickness 

of water-bearing materials and the shape and position of ^he>" ierlying 

bedrock affect the shape and slope of the water table. Where the 

saturated alluvium is thick and permeable, such as in the area near 

Otis, the water table tends to flatten and trie contour lines become 

more evenly spaced. On the other hand, where the saturated part of

the alluvium is thin, the permeability low, or both, the configuration
t

of the water table more nearly reflects that of bedrock or surface
\ 

topography. An area of low permeability from 1 to 2 miles wide and

about 15 miles long, Just north of and parallel to the Black River 

and extending from near its mouth to 'she foothills of the Guadalupe

Mountains, was indicated by the shape
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The contour lines delineated a ridge, vhere the vater table vas high, 

and indicated a barrier dividing the ground-vater reservoir south of 

Carlsbad into two parts. These separate basins may be called the 

Carlsbad ground-water basin, which includes the Pecos River valley 

from the vicinity of Carlsbad to the vicinity of Loving, and the Black 

River valley ground-water basin. The contour lines show also that 

movement of ground water from the north toward Blue Spring would be 

impossible   as the altitude of Blue Spring on the south side of the 

barrier is 3>320 feet, and the altitude of the water table at well 

23-26.35.11V, just north of the barrier, is 3,062 feet, a difference 

of 258 feet. Blue Spring is a further proof of the barrier, because 

the flow of the spring would drain northward into Carlsbad basin at 

a lower elevation if it were not for the barrier. The rocks in the 

barrier consist largely of materials of low permeability, such as 

anhydrite, silt, clay, gypsum, and reworked combinations thereof. 

The reader is referred also to the depth-to-water map (fig. 3l) and 

the geologic maps (pis. 1 and 2) for correlation with the water-table 

contours, and to the section of this report entitled Geologic formations 

and their water-bearing properties, Ochoa series, for a more detailed 

discussion of the lithology of the rocks composing the barrier.

Factors affecting the shape and slope of the water table are the 

location, quantity, and rate of recharge; the configuration of the 

rock surface that prevents downward movement of water; the permeability 

and thickness of the water-bearing materials; and the location, rate, 

and quantity of discharge. Recharge and discharge are the variables 

that cause changes in the shape and slope of the water table.
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The configuration of the water table in the alluvium south of 

Carlsbad changes every year because of the differing ratio between 

recharge and discharge. In years when surface water is available in 

sufficient quantities to satisfy the neteds of users, some of the 

irrigation water infiltrates to the ground-water reservoir and the 

water table rises. In dry years many Irrigation wells are pumped

heavily and the water table declines, 

the water table due to addition to and

reservoir are illustrated by water-table contours for January 19^*8 > 1951 t

1954, and 1955, (figs. 32-35) and also

Changes in configuration of 

withdrawal from the ground-water

by water-table profiles for

1919, 19^*8, 1951, 195^, and 1955, in a section of the Pecos River 

valley. (See fig. 36.)

When a well. is pumped, the water table surrounding the well 

assumes the shape of an inverted cone, or cone of depression, and 

if several closely spaced wells are pumped simultaneously, their 

cones~ of depression may merge into orie general area of depression. 

When pumping stops for the season, th4 depressions are filled with 

ground water that has moved downgradi^nt from areas between wells or 

from outside the depressed area. In this manner, water levels in wells 

rise at decreasing rates until equilibrium 'q reestablished. This

rise of water levels, or recovery, in wells between pumping seasons

is the result of redistribution of thi water and is not due to
i

recharge from precipitation, floods, br seepage from irrigation systems.

The water levels in wells finished in

quickly, whereas water levels in other wells still may be rising when

highly permeable aquifers recover
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seasonal pumping is renewed in the spring, and thus may never recover 

completely. The most reliable water-level data is collected in mid-winter 

when drawdown generally is at a minimum. The annual water-level reports 

issued "by the Geological Survey in cooperation with the State Engineer 

are based largely on measurements during January and February. Water- 

table contours (figs. 32-35)> depths to water (fig. 31) > saturated 

thickness (fig. 30), and many cross sections showing the position of 

the water table, are based on water levels measured in mid-winter.

The contour maps reveal many changes in configuration of the water 

table with time. One such major change needs to be emphasized, however. 

The map showing the contour of the water table in January 1951, (fig. 33) 

indicates that the water table near the central part of T. 22 S., R. 27 E., 

slopes toward the river and diagonally downstream. Contours in the same 

part of the area, however, in January 195^ (fife- 3^)> indicates the

slope of the water table to be roughly parallel to and slightly away
****-

from the river. Heavy pumping during the intervening years, to 

supplement a deficient surface-water supply, depressed the water table 

enough to change the direction of movement of ground water and almost 

changed a reach of the river from a gaining to a losing stream. The 

January 1955 contours indicated a slight change of direction in slope 

toward the river due to heavy rains in August and October 195^ and 

increased irrigation by surface water during the last months of 195^ 

As sufficient surface water was available for the entire growing season 

of 1955 j it is anticipated that in January 1956 the slope and movement 

of ground water again will be toward the river. Significantly, if the
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drought that ended in late 195^ k2^ continued another year or two, the 

Pecos River in the reach would have changed from a gaining to a losing 

stream. With continued drought, that reach of the river losing water 

to the alluvium would have expanded "both upstream and downstream.

The water table fluctuates in response to additions to or withdrawals 

from the ground-water reservoir. In areas where large quantities of 

ground water are pumped, such as the Carlsbad area, the water table 

generally is depressed during the pumping season and recovers gradually 

between pumping seasons. If discharge of ground water exceeds recharge 

over a period of years, a general water-table decline results. In areas 

irrigated mainly by water diverted from streams, such as the Carlsbad 

Irrigation District, in years when sufficient surface water is available, 

the water table generally rises during the irrigation season and declines 

between irrigation seasons. Periods of heavy precipitation tend to raise 

the water table, whereas periods of drought tend to lower it. Water 

levels in wells also may respond to changes in barometric pressure 

and to effects of earth tides; these fluctuations, however, are

relatively brief and generally are not large. They affect the accuracy

of observations, however, and must be considered. Water levels were 

measured annually at 9^ wells during this investigation and bi-monthly 

at 3^ wells. Recording gages were installed at five wells. Most of 

these data are published annually by the New Mexico District Office of 

the Geological Survey, Ground Water Brinch, at Albuquerque, N. Mex., 

and at 5-year intervals by the Geological Survey at Washington, D. C. 

Hydrographs based on records from selected wells in the alluvium ?re 

shown in figures 3?a-37e, and 38.
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Water levels In wells may "be affected "by pumping from nearby wells. 

Under water-table conditions, such as in the alluvium south of Carlsbad, 

the cone of depression of the water table about a pumped well develops 

relatively slowly and may spread to a radius of about a quarter of a 

mile after several days of continuous pumping. When pumping is stopped, 

water levels rise in the cone of depression, rapidly in the center at 

first, but progressively slower so that some of the drawdown from 

pumping may remain for several months after cessation of pumping.

Water levels generally have trended downward in the alluvium south 

of Carlsbad during the period of observation. Most of the wells have 

been measured at intervals since 19^7* although one well has been 

measured since 19^2. (See hydrograph of well 22.26.36.Ilia, fig. 38.) 

A period of upward trend, 1948 to 1951 > is indicated in most of the 

hydrographs. At this time ample surface water was available for 

irrigation owing to greater than average precipitation. However, less 

than average rainfall and heavy pumping in preceding and following 

years more than offset the effects of the relatively wet years.

Declines of water levels during the 7- to 10-year periods of

measurement ranged from less than a foot near the river to more than
heauvi'ty pumped ar«o.s <\dt ServeJ tu Su.r-fjut«. <o«u£er iVri'Aa.tf'on. 

50 feet inA fioronc not rocharged by iiLmu Jluui1 fiuui Ir-ricitlon. The

hydrographs in figures 37a and 38 give water-level information about 

different parts of the area.
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Water levels south of Carlsbad and west of the Southern Canal 

have declined greatly. This area does not receive surface water, 

and, as the ground-water reservoir is th£ only source of water for 

irrigation in the area, it is pumped heavily. Maps showing net 

changes in water levels are shown in figures 39-^1. The area of 

greatest change is indicated where the closed lines of equal change 

resemble a bull's-eye target on the map. Hydrographs that represent 

the water levels in the alluvium west or the Southern Canal are 

included in figures 37*> 37b, 37c, and ^8.

Although the area within the Carlsbad Irrigation District is 

recharged by infiltration of diverted i|rrigation water, the water 

table has declined generally and rather rapidly in parts of the area 

that are pumped heavily during periods of surface-water deficiency. 

Water levels near Otis declined about 25 feet between 1950 and 1955  

Although a Bmall amount of surface vater was available for irrigation 

during the growing seasons of 1953 and 195 *S veils in the area were 

pumped about as heavily as wells outside the irrigation district. 

Some of the irrigation wells typical Of those tapping the alluvium 

east of the Southern Canal are represented in figures 37b, 3?d, and 

,37e by wells 22.27.22.fc21, 22.27.26.ljA, 22.27.27.113, 23.27-lfc.12lv, 

and 23.28.23.133.

Water levels rose in the alluvium south of Carlsbad in 195^. 

Pumping was heavy during most of the irrigation season in all areas, 

but it stopped almost completely on August 22, 23, and 2k, when a
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steady, soaking rain of 2.9 inches fell. Most of the crops needed no 

more irrigation that season. Then, on October ^, 5> and 6, a general 

rain of 2.7 inches at Carlsbad and 6 or more inches in the mountains 

to the west flooded the Pecos River and nearly all the tributary 

streams and arroyos. Water levels in many wells rose in response to 

recharge due to infiltration of flood water to the ground-water 

reservoir. The greatest recorded rise in the Carlsbad area was at 

well 22.26.36.llla, about 300 feet from Dark Canyon , where water levels 

rose 11 feet in about kS hours after the flood and about 3 additional 

feet during the following week. Water levels in areas irrigated by 

surface water continued to rise through the remainder of the year, 

because surplus water in the canals was applied to the land. The data 

for January 1955 > indicated on the hydrographs in figure 3?a, show the 

effects of the flood at some of the wells. As the latter of the two 

storms furnished enough surface water in storage to supply the needs of 

local irrigators during the 1955 growing season, water levels in the 

alluvium south of Carlsbad and east of the Southern Canal continued to 

rise and were substantially higher in January 1956" than they were in 

January 1955-

Rises in water levels due to storms are the result of both direct 

and indirect causes. The principal factors effecting these rises, not 

necessarily in the order of importance, are: infiltration of water 

into the ground-water" reservoir from the general land surface and 

flooded streams during and immediately after storms; infiltration
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of rain from irrigated fields and irrigation systems after storms, 

and a shorter pumping season, which reduces the quantity of water 

withdrawn from the ground-water reservoir and gives wells more time 

to recover from effects of pumping.

Hydrographs of wells finished in

La Huerta do not indicate any significant rise or decline of the water

table during the period of observation.

le alluvium in the vicinity of

(See hydrographs of wells

21.26.36.212, 21.27-32.111, and 21.27.je.l!2a in fig. 37a.) The 

alluvial water is not pumped heavily 14 this vicinity, as most of the 

irrigation and other large-capacity we3^1s tap the reef aquifer. 

Furthermore, the alluvium is replenished by infiltration of irrigation 

water pumped from the limestone as well as by water diverted from the 

river. Another probable source of replenishment is seepage from the 

underlying reef aquifer, the water of which has a hydraulic head 

several feet higher than the water in the alluvium. As many springs 

discharge through the alluvium into the river at this location, 

discharge by pumping may be only a small part of the total discharge 

in the area and, hence, of minor importance in controlling the level

of the water table.
\ 

The hydrograph of well 22.27.8.3ll3 (fig- 37a) in the alluvium

is similar in general pattern to most of the wells in the reef aquifer. 

(See fig. 22.) The quality of water In this well is much better than



that of other alluvial veils in the general vicinity. (See table 15.) 

It is probable, therefore, that the alluvium in the immediate vicinity 

of well 22.27.8.313 is recharged '"ola leaafr partly] by seepage from the 

reef aquifer *r -fram 4'oo^s m 0<xrfci Gxn\j 0 *\. D^o-u).

The hydrograph of well 21.27.31.333 indicates that the conduits 

transmitting water to the well are connected to springs that discharge 

into Tansill Reservoir. When the Tansill Reservoir was drained, 

January 15, 1955 j the water level in the well began to decline; when 

the gates were closed at Tansill Dam on February l8 and the reservoir 

began to fill, the water level in the well began to rise. However the 

rate of rise was slower after the reservoir was full on February 2k. 

(See fig. 23.) The average altitude of the water level in well 

21.27.31.333 is about k feet above the average water level in Tansill 

Reservoir, almost a mile eastward.

Ground water is said to be perched if it is separated by unsaturated 

material from an underlying body of ground water, the upper surface of 

which is called the main water table (Meinzer, 1923 b, p . kQ, 4l).

Water levels in the alluvium are perched in an area south of 

Carlsbad in Tps. 23 and 2k S. This area extends from the Southern 

Canal 1 to 2 miles on either side from about a mile south of Otis to 

the vicinity west of Loving, a distance of about 7 miles. (See fig. 31.)
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The perched water table, except for an area near the canal, probably 

is not continuous and may consist of many unconnected bodies of 

perched ground water. An examination of drillers' logs of wells in 

the area did not indicate any layer of impermeable material capable 

of retaining a continuous perched ground4water body. However, fine 

silt and clay underlying beds of gravel and sand were indicated above 

the mftln water table in some wells within the area of perched water 

table. Sand and gravel at depths of 12 to 26 feet and silt and clay at 

depths of 26 to 38 feet were indicated ii sec. 10, T. 23 S., R. 27 E. 

Saltcedars thrive where the perched water table is near the land surface 

in the vicinity of the Southern Canal wesrb and northwest of Loving.

The slope of the perched water table is not indicated by the 

water-level data collected at the few we^ls tapping perched saturated 

zones, but it probably slopes away from ihe Southern Canal toward 

drains and places where water can move d<|3wnward to the main water 

table. Drains tap the perched water table in the vicinity of the 

Southern. Canal, but generally they tap the main water table near the 

Pecos River. Perched water levels are measured in wells 23-27.9*211, 

23.27.10.143, and 23.27.23.211, all of waich tap the perched ground- 

water reservoir. Perched water levels also are indicated in many wells

tapping both the perched and main saturated zones. Water flows from
\ 

perched saturated zones to the main saturated zone in these wells,

some of which are: 23.27.4.333, 23.27.6 

and 24.28.11.442. At well 23.27.9-211a,

.213, 23.27.9.211a, 23.28.7.131 

water cascades from a depth of
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50 feet to a depth of 109 feet with a roar that can be heard more 

than 50 feet from the veil and at a rate that may be as much as 

200 gpm. This well was drilled into the main saturated zone to 

replace well 23.27-9.211, an irrigation well yielding about ^00 gpm 

from the perched saturated zone. The latter well was converted to 

domestic use. The perched water level of 23.27.9.211 declined in 

195^ owing to drainage into a lower saturated zone by well 23.27.9-211a, 

The experience with this well suggests the possibility of draining 

perched waterlogged areas along the Southern Canal by specially 

constructed drainage wells with casing perforated at permeable zones 

in both the perched and main bodies of saturated alluvium. It is 

believed that much perched ground water could be drained into the 

main ground-water reservoir and that both beneficial drainage of 

land and recharge to the lower aquifer would be realized.

The presence of a perched ground-water body south of the Black 

River and east of Malaga is indicated at well 2^.28.11.1*42, where 

water cascades from a depth of 33 feet to 53 feet. This perched 

water body is recharged mainly by infiltration of irrigation water, 

and, contrary to a general rule in the project area, the water is 

superior in quality to the salty water in the lower aquifer. After 

well 2k. 28.11.1*42 has been idle for several days, the better water 

pouring down the well accumulates in the lower and more permeable 

part of the alluvium to the extent that the well can be pumped for 

several hours before it begins to yield highly saline water. At
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this point the pump is stopped and the well given another rest,

allowing more fresh water to accumulate ̂    ' *

Fluctuations of the perched watex table are shown in figure 38 >
.-  "£;' ^ ''

hydrographs of wells 23.2?.9-211? 23^27.10.1^3, and 23.27.23.211. 

These fluctuations are not related directly to the fluctuations of the 

main water table in the same areas. Hydrograph 23.27.10.1^3 Indicates 

a general average rise in perched water levels, whereas the main water 

table in the same area has declined about 20 feet in the 5 years

ending in December 195^   As the perched saturated zones are not

pumped heavily, pumpage is not an important factor effecting the 

fluctuations of the perched water table. The principal factors
«a

effecting these particular fluctuations are: infiltration from 

irrigation systems, infiltration from precipitation, and both natural 

and man-made drainage.

The high water table in the area between Loving and the Black

River, previously regarded as a perched water table, is now believed

to be the main water table. This belief is based on an inventory of 

wells of the area. Well 23.28.33.1^1, for example, is near the top 

of the water-table divide between the ground-water basin south of 

Carlsbad and the Black River ground-wat^r basin. The water level in 

the well is approximately 20 feet below the land surface, and the 

well is drilled to a depth of 225 feet into older alluvium composed. 

of silt, sand, and gypsum with a thin b«sd of gravel near the bottom
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of the veil. The entire section penetrated "by this well is saturated. 

Had there been a lower" main water table it should have been indicated 

by a lower water level. A water table below the bottom of the well 

is impossible, as the well extends below the lowest surface-water 

drainage in the area, and the water table in this area slopes toward 

the perennial streams. Owing to the relatively low permeability of 

the sediments underlying the area, water seeping from the canal, plus 

recharge from precipitation, drains through the sediments very slowly, 

although the gradient is relatively steep in places. In this manner 

water has accumulated to form a high water table. (See water-table- 

contour map for January 1955> fig. 35.)

Recharge

Recharge to the alluvium of the Pecos River valley in the 

Carlsbad area results from infiltration from precipitation, seepage 

from streams, canals, and reservoirs and from applied irrigation water, 

and underflow from adjacent geologic formations.

Precipitation

Recharge from precipitation depends upon many factors including 

the permeability and condition of the soil, the extent, duration, and 

intensity of storms, and the slope of the land. The ground-water 

reservoir generally is recharged only after the moisture requirements 

of the soil are satisfied. Thus, rain on land already vet frrm a
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previous rain is more effective than the earlier rain. A slow, 

soaking rain on almost flat land is much more effective than intense 

rain of short duration on sloping land, where much of the water is 

lost to runoff. In much of the humid area in the United States, about 

a third of the precipitation reaches the ground-water reservoir (Meinzer 

and others, 1949, p. 401); whereas in arid and semi-arid areas, such as 

the project area, the recharge may be only a small percentage of the 

precipitation.

Seepage from streams

The water table is recharged from floods in ephemeral streams such 

as Dark Canyon Draw, Hackberry Draw, Little McKittrick Draw, Cass Draw, 

and their tributaries. The beds of these draws are composed to a

considerable extent of permeable gravel. During floods the surface

silt of stream beds is scoured away, enabling water to percolate downward, 

During and after a flood in Dark Canyon Draw in October 1954» the water 

level in well 22.26.36.Ilia, about 300 feet from the stream bed, rose 

11 feet in 48 hours, and 3 additional fe^t the following week. A flood 

in Dark Canyon Draw is shown, in plate 14> The permeability of the stre.-uu 

bed had been noticed on previous occasions by local residents who have 

reported ."mall floodflows in the draw that failed to reach the Pecos

River owing to water lost by seepage to the ground-water reservoir. The

hydrograph of well 22.26.24.224, about half a mile from Dark Canyon Draw 

(fig. 37a), shows the effect of the comparatively wet years of 1949 and 

1950 when the draw was flooded several times.
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In preparation of water-table-contour maps for January 1948, 1951, 

1954, and 1955, it was noticed that water levels in most of the wells 

in sec. 36, T. 22 S., R. 26 E., and sees. 18, 19, 28, 29, 30, 31, 32, 

and 33, T. 22 S., R. 27 E.   an area of about 10 square miles   were 

all within a few feet of the same altitude on each of the maps and that 

the water table in much of' this area seemed to fluctuate as a unit. 

Although the water table in 1951 was about 30 feet higher than the 

water table in 1955, the water levels in the wells with respect to one 

another remained about the same. Probably most of this area is 

underlain by very permeable alluvium that helps maintain a relatively 

level water table, and probably solution channels in the limestone- 

conglomerate part of the alluvium also increases the permeability. 

Any recharge to part of this area will affect all of it, such as 

recharge from floods in Dark Canyon Draw or seepage from the Southern 

Canal.

Subsurface inflow from other geologic formations

Some ground water moves from the Capitan limestone into the 

overlying alluvium in much of the vicinity  ' Carlsbad and La Huerta. 

The piezometric surface of the water in the underlying reef -qn-ifVr 

is about 5 feet higher than the water table in the overlying alluvium. 

Consequently, water moves into the alluvium at every point of leakage. 

Some of this water, along with water from other sources, is discharged 

from the alluvium through springs and seeps bordering the Pecos River.
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The flow of water into the alluvium from the limestone is indicated at 

two wells that tap water from the alluvium. The hydrograph of well 

21.27.31.333 which taps alluvium reflects to some extent the hydrograph 

of well 22.26.2,242 which taps the reef aquifer. The well finished in 

limestone reacted rapidly to recharge from precipitation in the mountains 

west of Carlsbad, and the alluvial well reacted more slowly to the 

increase of subsurface inflow caused by the increase in hydrostatic

pressure in the limestone. (See fig. 2^
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The alluvium is recharged by inflo^ from the reef aquifer only in

the Immediate vicinity of La Huerta and Carlsbad, as that is the only

area where the hydrostatic head of the water in the reef aquifer is 

greater than that of the alluvial water, In other areas the water 

table in the alluvium is far above the piezometric surface in the 

limestone. Owing to the great transmis aibility of the cavernous 

limestone, the piezometric surface is almost level, and in much of the

area underlain by the aquifer the water level stood at an altitude of

3,104 feet in January 1955. This altitude is about 170 feet below the 

altitude of the water table in the alluvium near the mouth of Dark Canyon, 

where water levels have been measured 3]n both the limestone and alluvium. 

At well 24.2$.34-221a, on a mountain spur above White City, the water
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level in the limestone was measured at an altitude of 3,107 feet, or 

about 300 feet below the water level in the alluvium in nearby upper 

Black River valley. Thus, leakage of water from the reef aquifer into 

the alluvium in the project area, except in the vicinity of La Huerta 

and Carlsbad, is impossible.

Considerable leakage of water from the reef aquifer to the alluvium 

in the vicinity of Carlsbad and La Huerta in response to the difference 

in hydrostatic head also is apparent from geologic evidence. Leakage 

from the reef aquifer is most prevalent where beds of silt and clay of 

the Salado and Rustler formations have been removed by erosion of the 

Pecos River, rnay^pg it possible for the alluvium to lie directly on 

the limestone.

Seepage from irrigation systems and water applied to the land
f

r

The principal source of rebharge to the alluvium south of Carlsbad 

and east of the Southern Canal probably is infiltration of diverted 

Pecos River water from canals, ditches, and irrigated fields. Irrigators 

of the Carlsbad Irrigation District use about 3 acre-feet of water from 

the Pecos River per acre per year when that quantity of water is 

available. That amount is about three times the annual precipitation, 

but the direct recharge effects are much greater than three times the 

direct recharge from precipitation. A greater average amount of water 

is applied to the land at each application of irrigation water than 

would be if precipitation were three times greater, and the moisture 

requirements of the soil generally are easily satisfied, making it 

possible for more of the water to percolate downward to the ground-water

reservoir.
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During 194.8, 194.9 , and 1950, when sufficient surface water was

available to satisfy irrigation needs within the irrigation district,
^.

water levels rose. The hydrographs of many of the wells, including 

22.27.10.333, 22.27.17.124, 22.27.35-433, (fijgs. 37a and 37c) and 

others, Illustrate the rise and also show the decline in following 

years when supplies of surface water were deficient. Some recharge 

resulted as direct infiltration from precipitation during the years 

when surface water was available in sufficient supply, but most of the 

recharge was due to infiltration of water from irrigation.

The area west of the Southern Canal, although it receives no surface 

water for irrigation, is benefited from seepage from the canal and

adjacent irrigated fields. The slope of the water table in sees. 19,

20, 28, 29, 30, and 33, T. 22 S., R. 27 E., at times is westward away 

from the canal toward an area of depressed water levels caused by heavy 

pumping (figs. 34 and 35). As the cone of depression becomes deeper, 

water will move toward it from greater distances.

Recharge due to seepage from irrigation systems has caused high

water levels along the Southern Canal from aljout a mile south of Otis 

almost to the Black River. A growth of salttedars, which thrive on 

much water, marks part of the area where seej: ige water has accumulated. 

The water levels have risen to near the surface because the underlying 

materials are not permeable enough for the seepage water to drain. Water 

levels are perched in roughly the northern hblf of this area. North of 

this waterlogged area, seepage from the Southern Canal probably is as 

great or greater than that in the waterlogged area, but the water levels

214

i

i

j 
j 
j 
j



are not elevated to a marked extent "because the underlying sediments 

are permeable enough to drain the water away or to conduct it to the 

main water table at a greater depth.

Discharge

Discharge is the removal of water from the ground-water reservoir. 

Watei4 may be removed by transpiration and evaporation, streams, springs, 

drains, underflow, and wells. These types of discharges operate 

singly or in combination in all parts of the area. Over a period of 

years the quantity of ground-water discharge is approximately equal 

to the quantity of recharge.

Evapotranspiration

Water may be taken into the.roots of plants directly from the 

zone of saturation or from the capillary fringe above it and discharged 

from the leaves into the atmosphere by transpiration. I4- also may be 

brought to the land surface by capillary action and discharged by 

evaporation. The combination of these two processes is called 

evapotranspiration. The depths from whie;. plants can lift ground water 

varies greatly with the species and may be as much as 50 feet (Meinzer, 

1923a, p. 48). A plant that obtains its water supply from the zone of 

saturation habitually, either directly or through the capillary fringe, 

is called a phreatophyte. Common phreatophytes in the Carlsbad area are 

saltcedar, cottonwood, mesquite, alfalfa, and saltgrass. A study of the
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use of water by bottom-land vegetation in the Safford Valley of Arizona 

indicates that a dense growth of saltcedar can use 7.2 acre-feet per 

acre of water a year, cottonwood about 6 acre-feet, and mesquite as 

much as 3.3 (Gatewood and others, 1950, |p. 203).

Ground water is discharged from the alluvium of the Pecos River 

valley south of Carlsbad by evapotranspiration principally in low-lying 

areas along the Pecos River and in an area along the Southern Canal 

south of Otis.

During so-called wet years when sufficient surface water is 

available to satisfy demands of irrigation, the Southern Canal is full 

of water during most of the irrigation season. Leakage from the canal 

causes nearby water levels to rise and areas of high water table to 

expand* In this way, additional water, jjs lost by evapotranspiration. 

Also, if the wet cycle lasts long enough, water levels may rise in some 

low-lying irrigated land   enough to cause waterlogging and damage to 

the land.

Excessive evaporation from the land surface causes damage to the

land. On evaporation, water is brought 

action to replace the evaporated water,

to the surface by capillary 

and all the mineral residue

is retained on the surface or in the soljl as the process continues.

The height to which water can be lifted

from less than an inch in coarse sand tc more than 4- feet in heavy

soils composed of silt or clay. Alkali

is an indication that the water table isi or has been near the land

216

by capillary action ranges

or salts on the land surface



surface. Some of the land from 1 to 3 miles west and northwest of 

Loving is covered with a mineral residue., indicating discharge of 

water "by evaporation from the land surface.

If land infested with saltcedar or other phreatophytes can be 

drained, water can "be salvaged for more "beneficial use, and damage 

by waterlogging can be decreased. Much of the land underlain by 

high water levels has been drained by deep trenches.

Springs and seeps south of Carlsbad

Streamflow at low stages in the Pecos River near Carlsbad, except 

for about 3 to 10 cfs of effluent discharged by the Carlsbad sewage- 

disposal plant, is maintained by discharge of ground water mainly 

through springs and seeps along the stream channel. Saltcedar and 

other vegetation along the stream course intercept some water that 

otherwise would be discharged into the stream, and, if the discharge 

of ground water is greater than the amount required by these plants, 

the excess contributes to the flow of the river.

During February 1955 > when Tansill Dam was closed for 3 days 

to allow the previously drained reservoir to fill, a seepage 

run was made from Carlsbad to below the Harroun diversion dam to 

determine the rates and locations of changes in Streamflow due to 

seepage to or from the stream. The stream was measured at intervals 

and a search was made for springs and seeps. The flow of the Pecos 

River between the mouth of the Black River and the Malaga gaging station
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and the discharge of the Black River into the Pecos River were measured 

in July 195^ to estimate the gain in that reach of the Pecos River 

system. The flow from the Black River was derived entirely from 

ground-water discharge at the time and was included as part of the 

accumulated pickup in the Pecos River. The approximate gain in the 

Pecos River due to ground water discharged from the alluvium is shown 

in table 8. The gain in flow, along ^rith that in the Carlsbad Springs 

area above Tansill Dam, is illustrated in figure 43. The reach of the

river is divided into three parts and each part is discussed separately.

Tansill Dam to Power Dam. In the 6-mile reach of the river between

Tansill Dam and Power Dam, streamflow gained about 3 cfs from discharge

of ground water. About 1 cfs is diseiarged into the stream in the 

first mile below Tansill Dam from small springs and seeps issuing 

from ledges of limestone conglomerate and other alluvium in the stream 

bed. These springs probably are a continuation of the Carlsbad Springs 

upstream from Tansill Dam, but, inasmuch as they probably discharge 

water derived mainly from the alluviun, their discharge is included 

in table 8 and figure 43 with other water discharged from 'the 

alluvium.

About a mile below Tansill Dam, the Carlsbad sewage-disposal

plant discharged effluent into the river at rates ranging from about 

3 to about 10 cfs. It is claimed that part of the sewer line to the 

plant is'below the water table and thjat some ground water discharges

as seepage from the alluvium into the 

however, was included as ground-water
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Frcm the Carlsbad sevage-disposal plant to Power Dam, a distance 

of about 5 miles, the river gained about 2 cfs. Practically all this 

gain was "between the centers of sees. 9 and 10, T. 22 S., R. 27 E. 

Many small springs issue from the right bank of the river in this 

mile stretch. The fields adjacent to the right bank had been irrigated 

heavily a short time before the seepage investigation, and return flow 

of irrigation water may have augmented the discharge. Also some of 

the gain in this vicinity may have been from the left bank of the 

river near Esperanza Draw, which is underlain with alluvium and is 

irrigated by water diverted from the Pecos River when it is available. 

The configuration of the water table indicates that the discharge into 

the river from the right bank during January 195^ and January 1955 should 

be rather small (figs. 3& and 35).

Power Dam to Harroun diversion dam. Most of the ground water flowing 

from the alluvium to the Pecos River is discharged between Power Dam 

and the Harroun diversion dam, where a net gain of 16.5 cfs was 

indicated. Most of this gain was on the north and west sides of 

Herradura Bend, where the river swings westward and cuts deeply into 

the ground-water reservoir, intercepting the southeasterly flow of 

ground water and concentrating much of the discharge in one general 

area. The concentration of discharge of ground water is indicated by 

water-table contours in figures 32-35-

Several springs were discovered on the north and west sides of 

Herradura Bend at locations of discharge indicated by the water-table 

contours. One spring in the NW£ sec. ^, T. 23 S., R. 28 E., discharged
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from a deep trench eroded in the right bank of the river. The vest bank 

of the trench, a perpendicular wall about 7 feet high composed of partly 

cemented gravel, was saturated with ground water, which exuded water from 

its entire surface and dripped into the bottom of the trench, where it ran 

off into the river. The east bank of the trench was dry, substantiating 

the water-table contours that indicate the movement of ground water in the 

area to be southeasterly. Several springs also were discovered in Cass Draw 

about 1,500 feet from the river at the western extremity of the bend. The

flow from the draw into the river was roughly 1 cfs.

Harroun diversion dam to Malaga gaging station. The river between Harroun

diversion dam and the Malaga gaging station, a distance of 11 miles, gains

in flow from discharge of ground water at an average rate of roughly 0.5 cfs 

per mile. An additional 3 cfs is discharged into the lowest k miles of the 

Black River and flows into the Pecos River. The total gain for the two 

rivers in the 11-mile reach was about 8 cfs. Although the water table slopes 

steeply toward both rivers in most of the areta adjacent to the 11-mile reach, 

the permeability of the alluvium and other sediments that transmit ground 

water is comparatively low, and only a moderate amount of water moves 

through it to be discharged into the river.

Wells

Generally, wells are the largest source of ground-water discharge 

from alluvium in the Pecos River valley soutp of and in the vicinity of 

Carlsbad. Water is pumped for irrigation, municipal, stock, and domestic uses
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More water is pumped for irrigation than «-*n other uses combined. It is 

estimated that approximately 72,000 acre-feet of water for irrigation was 

pumped frcm the alluvium in 195^   During wet years, however, when pumping 

west of the Southern Canal is relieved "by occasional rains and areas east 

of the canal receive sufficient surface water to satisfy the needs of 

irrigation, discharge "by springs and seeps along the Pecos River may "be 

greater than the discharge "by pumping of wells.

Drains

Between 1907 and 1912, after the U. S. Bureau of Reclamation had 

purchased and rehabilitated the Carlsbad irrigation project, much irrigation 

water was applied to the land. The infiltration of water from canals, 

ditches, and irrigated fields soon caused a rise in water levels, and 

waterlogging of land became evident by about 1910. The waterlogged areas 

spread rapidly until about 10,000 acres of land in low-lying areas near 

Otis and Loving had become damaged and were being ruined. The need of a 

drainage system to lower the water table and save the land was apparent. 

The construction of drains started about 1916 and most of them were 

completed by 1919- «!  R- Yates of Carlsbad, engineer in charge of the 

drainage construction, spent several years after completion of the project 

observing the operation of drains. According to Mr. Yates, the water drained 

rapidly at first, and water levels declined significantly in some areas soon 

after the draining began, whereas in other areas several years of draining 

were needed to cause a significant decline in water levels.
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Drains were constructed in three different areas totaling about 

25 square miles southeast of Carlsbad. One is a strip of land 0.5 to 

1 mile wide bordering the right bank of the Pecos River for about k 

miles downstream from Carlsbad. Another area, containing several drains, 

is between U. S. Highway 285 and the Pecos River east of Otis to Loving. 

The third is a strip about 1 mile wide and 5 miles long, west and northwest 

of Loving and bordering the east bank of the ^outhera Canal.

The many drains southeast of Carlsbad wei-e necessary before the 

rapid development of ground water from 19^5 t<i 1950. Since that time 

the water table has been depressed by the pumping of large quantities of 

water from the ground-water reservoir for irrigation, and drains are now 

unnecessary in some areas previously drained. Most of these areas are 

between Highway 285 and the Pecos River and are underlain by a thick 

section of permeable alluvium, where water can percolate readily from 

the land surface to the main water table.

Although pumping from wells for irrigation has reduced the need for

drains in most areas, it has not affected the

perched water table west and northwest of Loving. As nearly all irrigation 

wells in the vicinity tap water from the lower main zone of saturation, 

pumping has little effect upon the upper, or perched, zone of saturation. 

For this reason, water has flowed continuously in many of the drains 

tapping-the perched zone since they were constructed, and many of the 

systems have been expanded to drain the area jnore completely. Most of the 

water drained from this perched zone of saturation seeps through more

high water levels in the

permeable materials eastward to the main zone
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by plants in the drain, or evaporates before reaching the Pecos River. 

Ground water discharges from the perched zone in

sees. 3 and 10, T. 23 S., R. 27 E., into a drain and flows about a mile 

to an area in the SE-J- sec. 2 and the SW^ sec. 1, where it seeps into the 

ground and recharges the main ground-water reservoir.

According to Francis G. Tracy, secretary-manager of the Carlsbad 

Irrigation District, an area of 6 to 8 square miles between Cass Draw and 

Loving east of the Southern Canal has been waterlogged periodically. The area 

can be irrigated for about 3 years before the water table rises to a point 

where capillary action lifts the water to the land surface, where it is 

evaporated and its contained minerals deposited. At this stage the land has 

to be taken out of use and allowed to stand idle until water levels subside. 

Mr. Tracy says this cycle has been completed several times on some of the 

land. A perched zone of saturation above the main water table contributes to 

the waterlogging.

Flows in drains vary greatly during the year and generally peak at about 

the close of an irrigation season, especially if most of the irrigation is by 

surface water and pumping from irrigation wells is light. At the time the 

seepage run and search for springs along the Pecos River was made in February 

1955, no water was flowing from any drains into the river. Flow in drains 

varies also from year to year. It is reported that very little water has 

flowed in the drains east of Highway 285 during recent years.

Most of the drains were constructed with a drag-line type of power shovel, 

These drains often become blocked with vegetation or silt and have to be 

cleaned out or deepened from time to time. Saltcedar grows and spreads 

rapidly in the drains. Occasional torrential rains cause the sides of the 

drains to cave in places and the drains to become partly filled with silt.
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Utilization of ground water in the Pecos River volley alluvium

The alluvium in the Carlsbad area is the source of water supply 

for municipal, irrigation, domestic, and stojck uses. The table of 

well records (table 1^) lists selected wellfi for various uses. 

The table of chemical analyses (table 15) indicates the quality 

of -water pumped by selected wells.

Municipal water supplies 

Most of the alluvium of the Pecos River valley south of Carlsbad

in Tps. 22 and 23 S., R- 26 E. and parts of R. 27 E., yields water of

good quality for municipal supply. Two communities, Loving and Thayer 

Apartments, use water from the alluvium for public supply.

. 

Loving. Water is supplied to the village of Loving (population about

1,300) by Nymeyer Water Service from two drilled wells (23.26.25.^20a, 

i*-20b) 8 miles west of the village. The wel^s are 20 ̂  and 210 feet 

deep and tap water from beds of gravel and conglomerate in the 

alluvium. The wells are equipped with electrically driven turbine 

pumps that have a combined capacity of 1,550 gpm. Water is pumped 

into two steel tanks at the well site, having a combined capacity of 

62,000 gallons. From storage it flows through pipelines by gravity
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to Loving at a rate of ^50 gpm. At Loving the water is stored in four 

tanks with a combined capacity of 253*000 gallons. Pressures ranging 

from 20 to 30 pounds per square inch are maintained at 370 service 

outlets and l6 fire hydrants by gravity. The water is metered and 

sold on a quantity-cost basis. In 195^ 5^76*8,965 gallons, or about 

168 acre-feet, was used. This quantity includes water sold to the 

village of Malaga by railroad tank-car lots, water sold to rural users 

in the Otis and Malaga areas, and about 6*00,000 gallons sold annually 

to a cotton gin. The water is moderately hard but is not chemically 

treated. An analysis of the water from well 23-26*.25.1»20a is included 

in table 15-

Thayer Apartments. The Thayer Apartments, a community of about 1,000 

people, has used the housing facilities of the former Carlsbad Army 

Airbase, about 3' miles south of Carlsbad, since the spring of 19VT. 

The buildings and utilities are operated by Thayer Apartments, Inc., 

and the community is supplied with water from two drilled wells 

(22.26.35.222 and 22.26.36.111) that tap water of good quality from 

the alluvium of the Pecos River valley. The wells are equipped with 

electrically driven turbine pumps that, together, force water into a 

500,OOP-gallon underground concrete tank at a rate of approximately 

570 gpm. Three pumps are available to pump the water from the underground 

tank into two 25>000-gallon elevated steel tanks at a combined rate of 

1,500 gpm, although it is seldom necessary for the three pumps to operate
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at the same time. Water is distributed by gravity from the elevated 

tanks through 10- to 6-inch steel mains. An operating pressure of 

^3 to 1*5 pounds per square inch is maintained ajt about 300 service 

outlets and 1*5 fire hydrants. Water is suppliei by the corporation 

to renters and to a few neighboring houses. The water is treated 

 with chlorine and tri-sodium phosphate. The consumption of water 

has ranged from 66,513,000 gallons in 1950 to 87,650,000 gallons

in 1952, and the monthly consumption has ranged from 3,1.22,000 gallons
i

in February 19^ to 11,585,000 gallons in August 1952. In 

85,010,000 gallons, or about 260 acre-feet, of water was pumped from 

the veils. Periodic chemical analyses of water are shown in table 16, 

and a hydrograph shoving the fluctuations of the water level in a 

nearby veil (22. 26. 36. Ilia) is shown in figure

Irrigation supplies

During the summer of 195^ *n the irrigated fields in the project 

area vere measured by automobile odometer and plotted on field maps. . 

Only one visit was made to each field, so crops; that may have been 

planted later in the year, such as alfalfa, vere not included. The 

acreage estimated from these maps, therefore, nay be slightly less 

than the total acreage irrigated. Hovever, ovtLng to damage to alfalfa 

fields by aphids during the summer, many fieldu vere not planted to 

alfalfa in the fall.
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It vas estimated that about 30,530 acres of land in the project 

area was irrigated in 195^ that about 2^, 220 acres was irrigated 

partly or entirely by water pumped from veils and that about 6,310 

acres was irrigated entirely by water diverted from streams. Of the 

2k,220 acres receiving ground water, about 20,000 acres received 

some surface water. The ^,220 acres irrigated entirely by ground 

water pumped from wells were mostly west of the Southern Canal 

south of and near Carlsbad and in the upper Black River valley. About 

2,3^*0 acres, of which about 1,290 acres received some surface water, 

in the vicinity of La Huerta and west of Carlsbad, was irrigated by 

water pumped from the reef aquifer; and about 21,880 acres, of which
* 

about 18,710 acres received some surface water, was irrigated by 

water pumped from the alluvium. A map indicating irrigated areas, 

source of water, and irrigation wells is shown in figure 6, and a 

breakdown of areas and the number of irrigation wells in each area 

is shown in table 9« One of the most productive irrigation wells in 

the Carlsbad area is shown in plate 14.

Approximately 50,500 acre-feet of water was pumped from wells 

tapping water from the alluvium of the Pecos River valley in the 

Carlsbad-Malaga area in 195^ to irrigate about 20,^*0 acres of land. 

Part of this area is dependent exclusively on ground water for 

irrigation, and, in this report, that part is called an area of 

exclusive ground-water use. Part of the area receives water primarily 

by diversion of water from the Pecos River, and ground water pumped
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from the alluvium supplements the surf ace- water supply during periods 

of shortage; hence that part is called an area of supplementary ground- 

water use, and its irrigation wells are called supplementary wells. 

In the table of well records (table 15), supplementary wells, in the 

use-of-water column, are designated "Is" to distinguish them from

exclusive-use wells, which are designated "I". Total irrigated

areas, indicating the various sources of water supply, are shown in 

figure 6, and the total acreage irrigated from various sources of 

water, along with the number of irrigation wellb involved, are shown 

in table 9.

Areas of exclusive ground-water use. The principal area that depends 

exclusively on alluvium of the Pecos River valley for a source of 

irrigation supply is south of Carlsbad in Tps. 22 and 23 S., Rs. 26 and 27 E., 

and west of the Southern Canal. This irrigated area included about 

2,^50 acres and, used about J,QQQ acre-feet of water in 195^- As 

it receives no surface water, pumpage is heavy each year. It is the

such area of about

Net changes in water

area of greatest water-level decline. Another 

30 acres is about 3 miles southeast of Malaga.

levels are shown by maps in figures 39-^l> and fluctuations of water
*

levels in wells are shown by hydrographs in figures 3?a and 38-

In addition to the main area of exclusive use, an area near Black 

River Village and an area in the upper Black River valley are discussed 

in other sections of the report.
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Areas of supplementary use. The principal area where ground -water pumped 

from the alluvium of the Pecos River valley is used to supplement 

surf ace-water-irrigation supplies is south of Carlsbad, east of the 

Southern Canal, and west of the Fecos River. A smaller area includes 

roughly the southeastern one-third of the La Huerta agricultural area 

east of the Pecos River. Areas of supplementary use of water pumped 

from both the alluvium and reef aquifer, along with other irrigated 

areas, are shown in figure 6. The approximate irrigated acreage 

deriving water from various sources and the number of irrigation wells
JJLS*4_

jioodod is shown in table 9.

Most of the land on which ground water is used to supplement 

surface water is included within the boundaries of the Carlsbad 

Irrigation District. The Carlsbad Irrigation District includes a 

mayJTinnn of 25,055 acres of irrigated land, of which about 22,590 acres 

was irrigated in 195^»

The quantity of surface water delivered to irrigated lands, based 

on canal -flow data corrected for seepage; the acreage receiving water, 

based on reports by irrigators; and the computed quantities, in acre-feet 

per acre, of surface water used from 19^9 to 195^> according to annual 

reports of the Carlsbad Irrigation District, are shown in the following 

table. The quantity of supplementary ground water, based on power records, 

is estimated in the last column.
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Year

Acre- feet of 
surface -water 
delivered to 

the land

Acres irrigated 
by Carlsbad 
Irrigation 
District

Average amount 
of surface water 
used, in acre- 
feet per acre

Estimated 
supplementary 
water in acre- 
feet per acre

19^ 

1950

1951

1952

1953

195^

53,360 

6l,278 

58 ^o6
L

1*9,276

32,908

i/30,426

20,988 2 

19,007 ! 

24,717 2

t.54 

u22 

1.36

24,338 4.03

21,931 3

17,534 i/3

..50

..7*

0.31 

 17 

.87

1.71

3.60

3.20

-' During 1954 only about 24, 600 acre- feet, or g.bout 
per acre was delivered during the growing season^.

acre- feet

The acreage irrigated in 1954, shown in th i above tabulation, is 

considerably less than the irrigated acreage estimated from the field 

survey during the summer of 195**-, shown in tablet 9* Some factors 

that may account for the discrepancy are as follows: (l) the reported 

acreage includes only net crop land, excluding roadways, farmyards, and 

other unused land that was included in the field, survey; (2) according' 

to the Carlsbad Irrigation District a fev irrigs.tors within the district 

boundaries use ground water exclusively, and the: acreage thus irrigated 

was not Included in the report of the Carlsbad Irrigation District;

(3) some alfalfa fields were abandoned early in 

owing to damage by aphids and probably were not
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acreage, although they were mapped as such during the field investigation; 

(^) some of the land mapped as irrigated pasture probably received only 

one or two applications of water and may not have been reported as 

irrigated crop land.

Duty of irrigation water in areas of exclusive and supplementary

use.-.-The field investigation during the summer of 195^ indicated that
*

areas of exclusive ground-water use required about 3.2 acre-feet of 

water per acre per year   about 30 percent less total water than areas 

of supplementary ground-water use, which required about 3-2 acre-feet 

of ground water and about l.l* acre-feet of surface water, or about k.6 

acre-feet of irrigation water per acre per year. Three reasons for 

the reduced consumption of water in areas of exclusive ground-water 

use are: (l) slightly greater land slopes, facilitating the application 

of water; (2) better quality of water (less saline), facilitating the 

process of osmosis by plants; and (3) a slightly smaller percentage of 

alfalfa, which requires about twice the amount of water needed by cotton 

and other crops. A difference in the permeability of the soils in the 

respective areas may also be a factor. The effect of the percentage 

of alfalfa was less in 195^ than in preceding years because of the 

aphid infestation. Many alfalfa fields in 195 1*- received only 3 to 5 

applications of irrigation water, whereas a good yield of alfalfa   six 

cuttings in this area   requires normally from 9 to 12 applications of 

irrigation water.
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A factor which may have caused the estimate of water pumped from 

the alluvium for supplementary use to be too great is that some well 

owners, during years of surface-water scarcity, furnish some irrigation

water to neighbors who do not own an irrigation well or to those whose

irrigation wells are inadequate. Thus the irrigated acreage reported 

for a particular well may be too small, and the use of ground water 

based on the reported acreage and the quantity of water pumped may be 

too great. In estimating the consumption of water, only the part of 

the data considered most dependable was used.

The quantity of water applied to a 3-^2-acke test plot of cotton 

in sec. T> T. 23 S., R. 28 E.,was measured carefully during the growing 

season of 1951*- by the U. S. Soil Conservation Service .of the U. S. Dept, 

of Agriculture under the supervision of T. U. Yager, supervisory soil

scientist. Irrigation water was measured at the edge of the plot with
> 

a 2-foot Par shall flume and the precipitation was measured at the site

with a standard rain gage. Four applications of irrigation water, 

pumped from well 23.28.7.131, totaled 2.20 feet and rainfall during 

the growing season totaled 0.6l foot   2.8l feet of water applied to 

the land during the growing season. The quantity of water applied was 

regarded by Mr. Yager as almost adequate for the best yield. An 

unfertilized part of the plot produced 1 3/k bales of cotton per acre 

and a fertilized part produced 2 bales of cotton per acre.

232



The amount of water measured at a site during the growing season 

is slightly less than an average amount determined from rated wells, 

annual pumpage, and acreage irrigated. Annual pumpage data include 

ditch losses and perhaps pre or post- seasonal pumpage which sometimes 

is required to prepare a field for plowing.

Domestic and stock supplies

Water pumped from veils in the alluvium of the Pecos River valley is 

used for both stock and domestic purposes, although the domestic use 

in much of the area is small. The alluvium south of Carlsbad in part

of.R. 26 E. yields water of good quality to both domestic and, stock
A

veils; the good water extends eastward into R. 27 E. in the south half 

of T. 23 S. In other areas, especially east of the Southern Canal, the 

vater is used by livestock and for limited domestic use. Drinking water 

is hauled from the municipal supplies of Carlsbad or Loving to various 

farms and homes south and southeast of Carlsbad in the vicinities of 

Otis, Loving, and Malaga. Alluvial water in the vicinities of La Huerta,

West Carlsbad, and Happy Valley generally is not used for domestic or
(

stock purposes, as better water is available at greater depths from the 

reef aquifer. The quality of ground vater collected at various places 

vithin the project area is shown in table 15, and area! zones of quality, 

based on the concentration of some of the constituents, are indicated 

in figures 52-51*-.
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Quantity of water pumped

The greatest quantity of vater pumped from the alluvium, by far, 

is for irrigation. The quantity was estimated by rating selected 

electrically pumped irrigation wells to determine the average relation

of pump discharge to electrical energy consumed and applying the

resultant factor to the total electrical energy consumed by pumping 

irrigation wells during a season. This quantity was expanded by 

extrapolation to include the wells powered by t^utane, gasoline, and 

natural gas. The quantity used for municipal supply was supplied by 

records, "and the quantity used for domestic and stock supply was 

estimated roughly on the basis of rural population.

It was determined that, during 195^ the average amount of water 

pumped to land yielding a good crop of cotton ok* other row crop, in 

both areas of exclusive use and supplementary use, was about 3-2 acre- 

feet per acre. The quantity of water pumped to produce six cuttings 

of alfalfa was" about twice this amount, or about 6.k acre-feet per 

acre. Surface water amounting to about 1.1* acre-feet per acre was

applied to land in areas of supplementary use. These amounts of water,

however, were not the average amounts applied to all the irrigated 

laud, as many fields were not irrigated for optfjnum yield.

The average electrically pumped irrigation well, based on the 

30 most representative rated wells, pumped 6.2 ^.cre-feet of water

in 195^ for every thousand kilowatt-hours of electrical energy*

consumed. The total electrical energy used by irrigation wells,
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based on data furnished by the Public Service Co., was 7, 

kilowatt-hours. The total amount of water discharged by electrically 

pumped wells, therefore, was about 1*8,200 acre-feet, and, as 83 percent 

of all the irrigation wells are pumped electrically, the total water 

pumped from *ii- sources of ground water in the project area for 

irrigation amounted to about 58,000 acre-feet in 195^- Of this amount, 

about 50,500 acre-feet was pumped from the alluvium of the Pecos River

valley, of which about 8,000 acre-feet was pumped for exclusive use and
> 

te,500 acre-feet for supplementary use.
35" per c«nt 

About on<y fourth of the irrigation water pumped from wells returns

by percolation to the ground-water reservoir, and the remainder is lost
trS* percant: 

by evapotranspiration. Therefore, about three fourtho of the water

pumped, or 3$>000 acre-feet, was lost to the aquifer through consumptive 

use by irrigation in 195^-

The total quantity of water pumped from the alluvium of the 

Pecos River valley in the Carlsbad-Malaga area for «i 1 uses amounted 

to 51j220 acre-feet in 195^. I Of this quantJtty^ about 59,000 acre- 

feet was los^b^consumptive useT? 
J  >  i

Estimate of available water in storage

Roughly 1,1*00,000 acre-feet of ground water was stored in alluvium 

of the Pecos River valley in the Carlsbad-Loving area in January 1955, 

as estimated from drillers 1 logs of test holes and wells, water-level 

data, and an assumed average specific yield for the alluvium of 20 percent,
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A base-of-alluvium map was prepared mostly from drillers' logs (fig. 16), 

a water-table-contour map was prepared from water-level data collected 

during January 1955 (fig« 35 )> and a map of the saturated thickness of 

the alluvium was prepared by superimposing the [water-table contours on 

the base-of-alluvium contours and plotting the difference in altitude. 

(See fig. 30.) The quantity of ground water in storage was obtained

by multiplying the volume of saturated material

the saturated-thickness map, by the assumed specific yield of 0.20.

Not all this water could be recovered, however,

, as represented by

as it would not be

possible to dewater the aquifer completely.

The quantity of 1,1*00,000 acre-feet is only a rough approximation 

of the available ground water stored in the alluvium. A comparatively 

accurate estimate of the quantity of ground wa^er available in storage 

would require a program of extensive test drilling to define*the aquifer

adequately and several aquifer tests to obtain 

yield of the alluvium.

Approximate quantities of water

the average specific

by changes in water level

Losses of ground water in storage in the ajlluvium of the

represented

Pecos River valley north of the Black River in the Carlsbad-Loving

area from January 191*8 until January 1955 totaled about 122,000 acre-feet
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This amount -was estimated by multiplying the volume represented in 

the change in water level for the period (fig. 39) "by the assumed 

specific yield of 20 percent. In like manner, the loss in storage 

from January 1950 until January 1955 (fig* **0) was computed to be 

about 150,000 acre-feet. As the loss from 1950 to 1955 was greater 

than the loss from 19*18 to 1955* storage must have increased from 

January 19*43 to January 1950. The gain was equal to the difference 

in the losses for the two periods, or about 28,000 acre-feet.

Although the alluvium of the Pecos River valley in the Carlsbad- 

Loving area north of the Black River covers an area of about 1^40 

square miles, only about 70 square miles are included in the area 

where water levels in wells fluctuate significantly owing to pumping 

from wells for irrigation. A change of 1 foot in the water level 

in the 70-square mile area, if the specific yield is 20 percent, 

would amount to a change in the volume of water in storage of 9-000 

acre-feet. An additional .area of alluvium south of the Black River 

in the vicinity of Malaga is irrigated from wells, "but the development 

is not great enough to cause significant fluctuations of water levels 

in that area.
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Possible future development of water in the alluvium

Municipal supplies.   Although the quality of water generally is good in 

the alluvium in Tps. 22 and 23 S. and R. 26 E., sufficient replenishment 

of supply to justify additional development for municipal use is 

doubtful. Two communities., Loving and Thayer Apartments,, having a 

combined population of about 2,500, tap this source. A dependable

estimate of the quantity of water in storage in the western part of

the alluvium of the Pecos River valley south of Carlsbad would require
f

a program of extensive,' test drilling to determine the volume of

saturated materials and several aquifer tests to determine the
  /

permeability and specific yield of the water-bearing materials. The 

results of test drilling and aquifer tests could be used to determine 

the rate of movement of ground water from the base of the mountains 

eastward and to supply a basis for a rough estimate of the rate of 

recharge. Until such quantitative information Is acquired, however,

this part of the alluvium should be regarded as

fully developed so far as wells of large discharge are concerned.

being essentially

Irrigation supplies.-"The decline of water levels due to pumping for 

irrigation indicates that further development of the alluvium for 

irrigation, in most parts of the area, is impracticable. However, the. 

alluvium possibly could be developed to a slightly greater extent in the 

vicinities of La Huerta and Malaga, where water levels have not declined 

significantly.
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The water table is rather close to the land surface in La Huerta, 

and a moderate amount of additional pumping from the alluvium would 

help prevent waterlogging of land during wet years. Most of the area 

has been free from waterlogging in the past, but the vicinity of 

Esperanza Draw east of La Huerta has been waterlogged. Some water 

could be salvaged by lowering the water table in that area and 

thereby reducing evapotranspiration. Additional pumping would reduce 

the flow of water to the Pecos River. A system of drains combined 

with pumping might serve to lower water levels, salvage water, and 

still maintain approximately the same contribution to the flow of 

the river in that area.

Although additional development of ground water is needed to 

supplement the supplies of surface water in the vicinity of Malaga, 

developing good irrigation wells is rather difficult. In most of 

this locality the permeability of the alluvium is too low for good 

yields or the water is too mineralized for irrigation. Several good 

irrigation wells have been drilled in the area, however.

Some water may be salvaged from evapotranspiration west and 

northwest of Loving in the vicinity of the Southern Canal, where water 

has accumulated in a perched zone of saturation in the alluvium above 

the main water table. Drainage wells might be constructed to drain 

water from the perched zone into the main zone of saturation. Because . 

water is pumped from the main zone of saturation, the water drained from 

the perched zone would be used eventually.
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Domestic and stock supplies. The alluvium contains sufficient water 

anywhere in the area for future development of domestic and stock 

supplies, although' the quality is not suitable for domestic use in 

much of the area. The quantity of water pumped for domestic and stock 

use is small, compared to the quantity of water pumped for other uses, 

and is not a significant factor in the depletion of the quantity or the 

deterioration of the quality of the water in the aquifer. However, 

domestic and stock wells should be drilled deep enough to anticipate 

declines in water levels caused by pumping of Irrigation wells in the 

area.

MACK RIVER VALLEY ALHT\riUM

The alluvium in the Black River valley consists largely of 

unconsolidated to consolidated beds of "boulders, cobbles, gravel, sand, 

and silt eroded mainly from the Guadalupe and Delaware Mountains. Near 

the Guadalupe mountain front the alluvium consists largely of 

unconsolidated material accumulated as coalesce*! alluvial fans in 

front of the many canyons. Near the Black River some of the alluvium 

is composed of a consolidated limestone congloiierate. The conglomerate 

contains in places siliceous pebbles derived from sources other than 

the Guadalupe and Delaware Mountains. In the Extreme upper part of the 

valley the alluvium overlies sandstone and limestone of Guadalupe age, 

but in most of the valley it overlies gypsum a£d anhydrite of Genoa age. 

In the general area where wells have been developed, the alluvium ranges 

in thickness from 0 to about 200 feet, althoug^. it probably is much 

thicker in places closer to the mountain fronts



Occurrence of ground water

Ground water in the Black River valley occurs in the alluvium under 

both water-table and artesian conditions. It saturates the void spaces 

and interstices between the particles of gravel, sand, or silt in the 

unconsolidated alluvium and in the solution channels and cavities eroded 

along cracks and joints in the consolidated limestone conglomerate which 

is part of the alluvium. This zone of saturation is bounded at the top 

by the water table and generally at the bottom by relatively impermeable 

beds of anhydrite of the Castile formation. Artesian conditions probably 

exist locally, as water in the conglomerate is under artesian pressure where 

the conglomerate is saturated completely'and overlain with alluvium of 

comparatively low permeability. Depths to water in wells range from less 

than 10 to almost 200 feet, although the depth generally is less than 

100 feet. A small amount of ground water probably moves into the 

alluvium from the rocks on either side of the Black River valley. Some 

water enters the alluvium from perched water zones in the limestone of 

the Gua.dal.upe Mountains, but the level of ground water in the main zone 

of saturation in the limestone-solution channels of the reef aquifer is 

several hundred feet lower than that in the alluvium of the Black River 

valley. The low permeability of the intervening anhydrite of the Castile 

formation prevents movement of significant quantities of water from the 

overlying alluvium to the underlying reef aquifer. A small quantity of
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water probably enters the alluvium from gypsum of the Castile formation 

underlying the Yeso Hills and other areas south and east of the Black 

River. A large quantity of water probably accumulates in the solution 

channels and cavities in the gypsum, but the area that drains into 

the Black River is only a narrow strip along the southeastern side 

of the valley. Runoff after heavy precipitation, mainly from the 

Guadalupe Mountains, constitutes the bulk of ttie recharge to the alluvium 

from the margins of the valley.

Hydrologic properties^

The alluvium of the Black River valley yields large quantities of 

 water to wells and springs. The limestone conglomerate generally is 

much more permeable than the gravel and sand but probably contains less 

water in storage owing to the greater thickness and areal extent of the 

unconsolidated deposits. The consolidated and unconsolidated deposits, 

however, are not separate aquifers, as water mcves with relative freedom 

from one to the other. The conglomerate generally is the most productive 

part of the aquifer.

Discharge and drawdown measured in 195^ a1: 

in the upper Black River valley, 25-2^.27.12^, 

and 26.2^.9.^!^ indicated yields ranging from

drawdowns ranging from k- to 23 feet. (See table of well records, table I 

The specific capcaities of these wells ranged from *v3 to 210 and averaged 

98 gpm per foot of drawdown. Farther down the valley in the vicinity of

four irrigation wells 

25.2^.27.^21, 25-2^.3^ 

555 to. 1,230 gpm and



Black River Village, the yield of well 2^.26.2^.111 was k2$ gpm with a 

drawdown of 15 feet, indicating a specific capacity of 28 gpm per foot 

of drawdown. In the lower part of the valley, a mile east of Malaga, 

the yield of well 2l»-.28.11.1»J+2 was JQk gpm with a drawdown of 50 feet,

indicating a specific capacity of 1^ gpii per foot of drawdown.
o.Hu.v<'um

Coefficients of transmissibility of the Black River valley were
^

estimated by the method described in the section describing the 

Hydrologic properties of the Pecos River alluvium. The coefficient 

of transmissibility indicated at the four wells in the upper valley 

ranged from 6*0,000 to 290,000 and averaged 13^,000 gpd per ft. (gallons 

per day per foot). Near Black River Village the indicated coefficient 

of transmissibility was 38,000 and a mile east of Malaga it was 19,000 

gpd per ft. From this and other evidence, it may be concluded, with 

some exceptions, that the transmissibility and also the permeability 

of the alluvium in the Black River valley decreases downstream.

The coefficient of transmissibility of the alluvium in the upper 

reaches of the valley (upstream from Mayes ranch) was estimated by Hale 

(1955> P* 2^) to be about 25,000 gpd per ft. This estimate was based on 

the yield of the headward springs and the gradient of the water table 

northward toward the springs.

The coefficient of transmissibility of the limestone conglomerate 

containing solution channels generally is much greater than that of the 

unconsolidated alluvium. Hale (1955, p. 3^) estimated the coefficient 

of transmissibility of the alluvium, near where Highway 62-l8o crosses



the Black River, to be about 600,000 gpd per ft. He pointed out that 

the saturated alluvium here is only about a quarter of a mile wide and 

probably less than 50 feet thick and that about 11 cfs of water moves 

through it toward Blue Spring. He stated further that the high 

transmissibility suggests a network of passageways through a limestone 

conglomerate and that a network of solution channels could be «maii in 

cross section but capable of transmitting 11 cf s of water at the 

prevailing hydraulic gradient of k$ feet per mile.

Water table

i

The piezometric surface of the ground-watdr reservoir in the upper 

Black River valley slopes diagonally downstream^ toward the Black River, 

or toward springs normally tributary to the Black River. Hale (1955) 

mapped the piezometric surface in the area, and the following discussion 

is based largely on his report.

Shape and slope of water table and movement of ground water

The gradient of the water table in the upper Black River valley

ranges from less than 20 to a little more than 100 feet per mile. The

flattest gradients are in a strip ranging in width from 1 to 2 miles 

along the bottom of the valley and extending upstream from Rattlesnake- 

Springs about 7 miles. These relatively flat gjradients probably are 

due to (l) a generally high permeability of th« water-bearing material



and (2) a relatively thick section of saturated -water-bearing materials. 

Significantly all the veils of high yield (irrigation wells) are 

included within the area where the gradients are less than 20 feet 

per mile.

Farther westward the water table slopes about hO to 75 feet per mile, 

The aquifer here is composed generally of limestone and dolomite gravel 

washed from the canyons incising the Guadalupe Mountains. Although the 

water-bearing materials presumably are very permeable, the saturated
r

part probably is relatively thin. The slope of the water tatile 

probably is controlled by the slope of the underlying bedrock or some 

relatively impermeable bed near the base of the alluvium.

The water table slopes, at a maximum, a little more than 100 feet

per mil e north of Rattlesnake Springs, between the springs and the base
/

of the Guadalupe Mountains. Here the gravel derived from the mountains 

is relatively thin, and the underlying gypsum and anhydrite rocks of the 

Castile formation are exposed in many places. The slope of the water 

table follows the land surface approximately, and the water -loves through 

the shallow alluvium or through solution channels in and near the top 

of the evaporite rocks. Most of this water, which is heavily laden with 

sulfates, is not discharged at Rattlesnake Springs but moves into the 

alluvium below the springs and mingles with water moving northeastward 

down the valley toward Blue Spring.



Downstream from Rattlesnake Springs, ground water moves northeastward 

parallel to the course of the Black River through a relatively narrow 

belt of alluvium. The areal distribution of the alluvium here probably 

is the principal reason for the flow of Rattlesnake Springs. Hale (1955) 

estimated that about 11 cfs of water drains frcm the upper Black River 

valley and moves through this constricted allu-vium toward Blue Spring,

about 11 miles downvalley. Most of this water, and some additional

water added along the way, is discharged by Blue Spring; but some of it 

moves past Blue Spring to be discharged by Castle Spring or by small 

springs and wells in the vicinity of Black River Village about 3 miles
7

farther downvalley.

A short distance below Black River Village, the aquifer either 

becomes further constricted or much less permeable. It is believed

that only a relatively small quantity of ground, water moves through
< 

the alluvium downvalley from the vicinity of Black River Village and

that most of the water moving downvalley from the upper Black River 

valley is discharged by Blue, Castle, and other springs in the vicinity 

of Black River Village and by wells in the same vicinity.

Some ground water in alluvium of the upper! Black River valley mov^s

through void spaces in unconsolidated deposits;

of it moves through solution channels in the limestone conglomerate.
i 

Especially is this true for water discharged by Rattlesnake and Blue

Springs.

probably, however, most



Fluctuations of water table

The piezometric surface of the ground-water reservoir in the 

upper Black River valley fluctuates in response to effects of seasons 

and weather. Water levels usually decline during the late summer and 

during droughts owing to heavy pumping for irrigation and lack of 

recharge. Water levels rise during and after heavy precipitation in 

the general area. Water levels rise also following the cessation of 

pumping from wells at the end of the irrigation season and usually are 

highest during late winter.

Water-levels fluctuated seasonally in the upper Black River valley 

from 1952 through 1956, but no significant downward or upward trend was 

indicated. The rather high water levels late in 1955 indicated a 

prompt response to recharge from rains   the water level in wells 

26.24.9.441 and 26.24.10.131 rose, about 5 feet in September and 

October owing to heavy local showers. Precipitation is most effective 

along the Guadalupe mountain front and on the alluvial fans bordering 

the north and west sides of the upper-valley.

Water levels declined steadily from 1952 through 1954* owing to 

drought and pumping for irrigation. By the end of 1955, however, 

water levels had risen to about where they were at the end of 1952,

owing to heavy local showers and flooding arroyos late in 1954 and
ev*n ifAouj^ 

in 1955- BflQQuao the precipitation during 1954 and 1955 generally

was less than average in Eddy County, water levels in the upper Black 

River valley should not decline significantly, barring prolonged 

drought and increased development of ground-water resources.

247



Recharge

Alluvium in the upper Black River area is recharged from 

precipitation within the upper part of the Black River basin. Much 

of the rechatrge is derived from infiltration otf flood waters from

ephemeral mountain streams flowing from canyons

that generally are underlain by 100 or more feet of permeable gravel. 

The fans function as catchment areas for recharge to the ground-water

reservoir. Local residents report that small floods in canyons
,

sometimes fail to reach the valley floor.

onto alluvial fans

The beds of the ephemeral streams in many places are extremely

permeable, being composed of pebbles and cobbles. During floods 

many of these stream beds become charged with wjater almost Immediately, 

Most of this water is beyond the reach of evaporation or transpiration 

and, percolates into the underlying alluvium as it moves slowly 

downstream through the permeable stream bed. Sinkholes and solution 

channels in gypsum terrane are sites of recharge around the southern 

and eastern margins of the valley. Sinkholes range in size from amal 1 

indentations a few feet across to depressions several acres in extent. 

Some of the sinkholes, such as the Bottomless Lakes in 

sees. 2 and 11, T. 26 S., R. 2k E., extend belo|f the water table and 

are filled with water. r The largest sinkholes are in Texas along 

the southeastern margin of the valley.
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Ground water derived from precipitation on gypseous terrane 

generally contains large quantities of calcium sulfate in solution 

and is not fit for most domestic uses; generally, however, it is fit 

for irrigation and stock use. It is especially desirable for irrigation 

of soils containing sodium salts, as it partially offsets the 

undesirable effects of the salts.

Discharge

Water is discharged from the ground-water reservoir by springs, 

seeps, and evapotranspiration mainly along three perennial reaches 

(upper, middle, and lower) of the Black River and its tributary 

streams. The principal springs are Rattlesnake and Blue Springs. 

Ground water also is discharged from wells.

Springs and seeps

Rattlesnake Springs. Rattlesnake Springs discharge from solution 

channels in a limestone conglomerate through overlying unconsolidated 

alluvium into a pond about a mile west of th,- Black River in the 

SWj; sec. 23, T. 25 S., R. 2^ E. The rate of discharge for the period 

of record has been between 1.5 and k cfs for* the most part. (See fig. M 

Sullivan (l°X)8, p. 10) reported the average flow from Rattlesnake



Springs during 1907 to be U.25 cfs. The rate of discharge fluctuates 

widely during a year; it is greatest during late winter when pumping 

from wells is lightest and least during late summer when the greatest, 

amount of water is being pumped from wells for irrigation. Hale (1955* 

p. 29-31) discussed and illustrated a direct relation between water 

levels in wells in the vicinity and the rate of discharge from the 

springs. He pointed out that the difference in altitude between the

surface of the pond and the water levels in 

the head that causes water to flow from the

some nearby wells represents 

springs.

Other springs in the upper Black River valley. Two relatively small

springs in the upper Blade River valley neat* the Texas State line,j~

XT Spring in sec. 29 and Geyser Spring in sec. 35 of T. 26 S., R. 23 E., 

yield water of excellent quality for domestic and stock use and small 

amounts for irrigation. Both springs discharge from alluvium of the 

Blade River valley.

A series of springs and seeps discharge into the Black River 

along its upper perennial reach, which extends upstream from the 

vicinity of Rattlesnake Springs about k milps.. The net gain in

streamflow ranges generally from 1 to 3 cfs . (See fig. This

water is diverted from the river for irrigation at two dams in

T. 25 S., R. 2^ E. The upper diversion darn^ is in sec. 35 and the lower

is 2 miles downstream in sec. 2k.

250



Blue Spring. Blue Spring is the main point of natural discharge for

the alluvium in the Black River valley. The spring issues from

solution channels between broken and slumped blocks of conglomerate

in the NWj- sec. 33> T. 24 S., R. 26 E. The rate of discharge usually

ranges betveen about 9 cfs and Ik cfs, although it has been measured

at 8.5 cfs. (See fig. 44.) Sullivan (1908, p. 7) determined a

discharge of 15.2 cfs in October 1907. Both recharge from precipitation

and flash floods and discharge due to pumping from wells in the upper

valley undoubtedly affect the discharge from Blue Spring, but, inasmuch

as these sources of recharge and discharge are from 11 to more than 20 miles

upvalley, their effects on the discharge of Blue Spring are obscured

by a lag in time.

Other springs in the vicinity of Black River Village. In addition to 

Blue Spring, numerous springs and seeps discharge near or directly 

into the Black River along its middle perennial reach near Black River 

Village. The largest of these is Castle Springs, which discharge 

from 0.5 to 3 cfs into a short tributary of the Black River. Most of 

the water is discharged from a limestone conglomerate along the part 

of the perennial reach upstream from Black River Village. Some ground 

water may discharge downstream from Black River Village but not enough 

to increase the streamflow perceptibly.
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Springs and seeps in the lover perennial reacty of the Black River.  Some 

water is discharged into the Black River by small springs and seeps 

along the lowermost k miles of the stream. The river begins to flow 

perennially in sec. 8, T. 2k S., R. 28 E., where stream erosion has 

deepened the channel of the Black River 50 feet. The deepened channel

is below the general water table, and heavily

is discharged into the river from relatively jjnpermeable beds of 

conglomerate and gypseous silt. Even though the water table slopes 

rather steeply toward the river, the.river ordinarily gains only 

about 3 cfs in the 4-mile perennial reach.

mineralized ground water

Discharge by wells

Ground water is pumped from wells in the Black River valley for

irrigation, stock, and domestic use. When wa^er is removed from a 

well a cone of depression on the water surface is developed in the
x

materials surrounding 'the well, thus establishing a movement of 

ground water toward the well to replace the water removed by pumping. 

Water pumped from wells is diverted from ultimate natural discharge. 

According to Hale (195$, p. 39) the net diversion (the amount of 

water that is used consumptively and.does not percolate back to the 

ground-water reservoir) that results from pum]>ing for irrigation in the 

upper Black River valley is about 1 cfs annually.
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Utilization of water in the Black River valley 

above Black River Village 

Irrigation supplies

About 1,600 acres of land in the part of the Black River valley 

upstream from and including the vicinity of Black River Village is 

irrigated with surface and ground waters. Of this land Ito acres is 

irrigated exclusively with water discharged from Rattlesnake Springs 

and water diverted from the Black River. About 720 acres in the vicinity 

of Black River Village is irrigated with water discharged from Blue 

Spring supplemented in part by water pumped from wells. About l8o acres 

near Black River Village and 5^0 acres in the upper valley upstream 

from Rattlesnake Springs is irrigated exclusively with ground water 

pumped from wells. This information is summarized in table 10. Cotton, 

alfalfa, maize, and pasture grass are the main irrigated crop . Most 

of the. flow from Rattlesnake Springs is used to provide water for 

pasture and refuge for wildlife.

Public water supply for Carlsbad Caverns National Park

Water from Rattlesnake Springs is used in the Carlsbad Caverns 

National Park. The water is pumped.from the pool into which the springs- 

discharge to the recreation area at the caverns, which are 5 miles north
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and 750 feet higher than the springs. The amount of water used is 

relatively small. The National Park Service estimated that 35, 000 

gallons per day is pumped to the caverns during the summer, the season 

of greatest use. Hale, (1955> P- 3*0 stated that, should the springs 

cease flowing, ample water for the caverns ptobably could be obtained 

from shallow wells drilled into the conglomerate near the springs.

Domestic and stock supplies

Wells equipped with cylinder pumps operated by windmills, electric 

motors, or mnftll gasoline engines provide most of the water used for 

domestic and stock supplies in the Black River valley upstream from 

Black River Village. A few Jet pumps and small centrifugal pumps 

equipped with electric motors also are used. All water pumped is 

satisfactory for stock use, but only part of it is satisfactory 

for most domestic uses. Waters from the gypsum and silt in the 

Ochoa series bordering the valley floor and from the alluvium near 

the contact with the Rustler formation generally are impotable owing 

to a relatively high concentration of sulfates. Water from the alluvium 

generally is satisfactory for both domestic sind stock use.

i

Quantity of water pumped from the alluviuni of the Black River valley

About 2,500 acre-feet of ground water i3 pumped each year from the 

alluvium of the Black River valley upstream from and including the 

vicinity of Black River Village. Of this amount about 1,700 acre-feet



is pumped to irrigate 5^0 acres in the upper valley and 800 acre-feet 

is pumped near Black River Village. The l80 acres of land near Black 

River Village that are 'dependent on wells alone for irrigation water 

required 600 acre-feet of water. These estimates are based partly upon 

the average duty of 3^2 acre-feet per acre estimated for the Carlsbad' 

area for 195^ and. partly upon the consumption of electrical energy by 

irrigation pumps.

An estimate of the amount of water pumped from wells to supplement 

the flow from Blue Spring is less accurate than an estimate where all 

irrigation water is pumped from wells. However, in the vicinity of 

Black River Village, the consumption of electrical energy per supplementary 

well is only about one-third the consumption at total-use wells, and from 

this it is inferred that the pumpage from supplementary wells is about 

a third the pumpage from total-use wells. Using this criterion, 200 acre-feet 

of water was pumped from wells to supplement water from Blue Spring to 

irrigate 720 acres of land.

It is not known what percentage of the 720 acres of land 

receiving supplementary ground water was irrigated by water pumped 

from wells. All the supplementary irrigation wells are near the 

eastern edge of the 720-acre tract and usually are not pumped heavily; 

most of the water pumped probably is used in the vicinity of the wells.
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As the flov from Blue Spring has been a dependable source of -water, 

most of the land in the western part of the area, which is farthest 

from the irrigation wells, probably receives all of its irrigation 

water from Blue Spring.

Use of spring water in the Black River valley

upstream from Black River Village

The amount of surface water applied per acrb on land irrigated 

in the Black River valley upstream from Black River Village probably is 

substantially greater than the amount of ground i*ater applied per acre 

on land irrigated solely with ground water. Neat Black River Village, 

the western half of the area irrigated with water from Blue Spring was 

used (in 195*0 "to grow alfalfa, which generally requires much more water

than cotton and other row crops.
/

Most of the flow from Rattlesnake Springs i;s used to fill ponds 

and to support native vegetation on a wildlife refuge. All the base 

flow of the Black River in the upper valley, which ranges from about 

1 to 3 cfs, is used to irrigate land on a State game farm,
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SURFACE WATER

RELATION OF STREAMFLOW TO GROUHD WATER

Base flow in most streams is dependent largely on ground-water levels 

in the areas bordering the streams. The rate at which ground water 

infiltrates toward and discharges into a stream is proportional to the 

hydraulic gradient, or slope of the water table toward the stream, and

to the permeability and saturated thickness of the water-bearing materials,
j

If water levels in areas adjacent to a stream are raised by return flow 

from irrigation or precipitation, the hydraulic gradient toward the stream 

is increased and ground-water discharge into the stream through springs 

and seeps is increased. If, on the other hand, water levels are depressed 

by drought or heavy pumping, the hydraulic gradient toward the stream is 

decreased, and a decrease in ground-water discharge and streamflow results, 

If water levels decline to a position lower than a flowing stream, the 

hydraulic gradient is reversed and water from the stream recharges the 

water-bearing materials. In this manner the flow of a stream within a 

given reach can be gaining or losing, depending on the direction of slope 

of the water table.

Base flow in the Pecos and Black Rivers in the- Carlsbad area is 

derived directly or indirectly from discharge of ground water. The 

Pecos River usually is dry downstraam from Avalon Dam to the Carlsbad 

Springs area, and the Black River usually is dry in its uppermost reaches, 

a reach between Rattlesnake Springs and Blue Spring, and a short reach
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3 to 4 miles vest of Malaga. The Pecos River flows perennially below 

Carlsbad Springs. The Black River flows perennially near Rattlesnake 

Springs and Blue Spring, and for k miles above its confluence with the 

Pecos River. Most reaches of intermittant £low in the streams are due to 

diversion of streamflow. Profiles of the Pecos and Black Rivers are shown 

in figure ^2. Rocky Arroyo and Dark Canyon also flow perennially for short 

reaches. Plows not due to surface runoff, or release of water from reservoirs,

or the discharge of effluent from the Carlsbad sewage -disposal plant, are
U 

derived entirely from discharge of ground water, from springs or seeps

along the streams, or from constructed drains.

Principal areas of ground-watfer discharge

The principal places within the project area where ground water 

discharges into the Pecos River are (l) the Carlsbad Springs area in 

the north part of Carlsbad, mostly between the Southern Canal flume and 

Tansill Dam, and (2) the reach of the river near Herradura Bend, 10 miles

downstream from Carlsbad. (See fig. The principal areas of ground-

water discharge on the Black River are (l) the reach 3 miles upstream from 

and including Rattlesnake Springs called iri this report the upper perennial 

reach, (2) the reach 3 miles downstream frdm and including Blue Spring 

called the middle perennial reach, and (3) the ^-mile reach upstream from 

the confluence with the Pecos River called the lower perennial reachi

The Carlsbad Springs area is the main, and probably the only natural 

drainage area for the reef aquifer. In thj(.s area ground water moves from 

the solution channels in the Capitan limesione and the Tansill formation
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into the valley fill of the Pecos River, or alluvium, and thence 

discharges into the Pecos River through Carlsbad Springs.

Although some ground water is discharged into the Pecos River over 

most of the reach between Tansill Dam and Malaga Bend most of it is 

discharged in the vicinity of Herradura Bend, the main drainage point 

for the valley fill of the Pecos River in the Carlsbad area.

The alluvium of the upper Black River valley drains into the Black 

River mainly near Rattlesnake Springs and Blue Spring and at many smaller 

springs. In the lowest 4-mile reach of the Black River, water seeps slowly 

from the alluvium or discharges through many small springs along the stream 

bed.

RECORDS OF STREAMFLOW

Continuous streamflow data are collected on the Pecos River and other 

streams by the Surface Water Branch of the U. S. Geological Survey. 

Miscellaneous flow measurements also are made at many sites along the 

streams. These data are published annually in Geological Survey Water- 

supply papers. Miscellaneous streamflow measurements and chemical quality 

of water data for several sites on the Pecos and Black Rivers are given in 

table 17.

Pecos River

Stream-gaging stations on the Pecos River in New Mexico, at or 

downstream from Artesia, are as follows: Near Artesia, at Kaiser Lake  

Lake McMillan channel near Lakewood, below McMillan Dam, at damsite 3> 

below Avalon Dam, at Carlsbad, near Malaga, and at Pierce Canyon Crossing
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near Malaga. A gaging station also is operated near Avalon Dam at the 

head of the Main Canal. Some of these stations are outside the area of 

investigation, Taut their records were studied, as they indicate the amount 

of water entering and leaving the area. Montmly mean flows at Artesia, 

Carlsbad, and Malaga for 193^-53 are shown in figures ^5, k6, and Vf.

Other streams

A stream-gaging station is maintained on the Black River ^ miles 

upstream from Malaga and the flow of Blue Sprang and Rattlesnake Springs, 

which are part of the Black River drainage system, are measured periodically, 

Floodflows are measured in Dark Canyon Draw ajid Rocky Arroyo as well as in 

the Pecos and Black Rivers w. Dark Canyon and pocky Arroyo, except for short 

reaches, flow only during or after heavy rainfall. Monthly mean flows at

various places in the Black River system are shown in figure

THE EFFECTS ON STREAMFLOW OF PUMPIlfc FROM WELLS

Streams derive their base flow from discharge of ground water and 

are affected by pumping from wells along their courses because water which 

ultimately would have discharged into the streams is intercepted at the 

wells. Some of the water pumped seeps back tto the ground-water reservoir 

and moves on toward the stream or is intercepted again at other wells.

Most of the water pumped, however, is transpired by plants or evaporated.'

Wells near a stream have more Immediate effects on the base flow of a stream 

than wells at a greater distance. If ground-water levels near a stream are

260



depressed by pumping to a point below the altitude of the stream surf9.ce, 

water from the stream will enter the water-bearing materials. Flow in the 

Pecos River near Carlsbad is reduced by pumping from wells tapping the reef 

pcuifer or the valley fill. Similarly, pumping from wells in the Pecos River 

valley upstream from the Carlsbad area, particularly in the Roswell basin, has 

reduced the flow of the Pecos River in the Carlsbad area.

The effects on streamflow of pumping from wells in the reef aquifer

Carlsbad Springs are the means of natural drainage from the reef 

acmifer. Water pumped from the aquifer at a well is intercepted from its 

natural course toward the springs, decreasing the spring discharge and hence 

the flow of the river. The general effect of pumping on the flow of the stream 

is not Immediate but usually is delayed.

The effects on streamflow of pumping from wells in the alluvium

Pecos River

The flow of the river is affected by pumping from the alluvium as 

well as from the reef aquifer. Areas of drawdown in the alluvium, however, 

are more localized around pumped wells or around heavily pumped parts of the 

area than in the reef aquifer, and they spread slowly so that it- may take 

months or years for the effects to become apparent in the flow of the river. 

These effects usually are masked by intervening periods of recharge, such as 

periods when surface water .is available for irrigation, which replenishes the 

ground-water reservoir and also temporarily reduces the draft on the 

reservoir due to pumping from irrigation wells.
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The Black River

Flow in the Black River is affected by pumping water from alluvium 

in the Black River valley. The fluctuation of flow in the upper perennial 

reach of the Black River is shown in figure H. Hale (1955, P- 33-3*0 

pointed out that pumping from wells near Rattlesnake Springs, normally 

tributary to the Black River, reduces the flow of the springs during the 

pumping season. Sullivan (1903, p. 10) stated that in 190? the upper

perennial reach of the Black River extended or 5 miles downstream

from the point of diversion   3 or k miles farther than the perennial

reach has extended since 1953* It should be 

pumpage has reduced the streamflow in recent 

would have been greater in 190? than in 1957

noted, however, that, although 

years, the flow normally 

because the average rainfall

at Carlsbad from 1901 through 1906 was 17-3 inches, whereas from 1951 

through 1956 it was only 7*2 inches.

Pumping from wells also diminishes streamflow in the middle perennial 

reach of the Black River. The flow from Castle Springs, a tributary to

the Black River near Black River Village and a short distance from five
<

irrigation wells, decreases during the pumping season and increases between 

pumping seasons. (See fig. kk.) On the other hand, Sullivan (1903,

p. 7-10) pointed out that in 1907, when all

vicinity was diverted from the Bleck River end its tributaries, the flow 

from springs in that vicinity was greatest during and after the irrigation 

season, owing to return flow from irrigation. After the irrigation season, 

flow from the springs gradually diminished and many ceased to flow about 60 

days after the season.

the water for irrigation in the
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Flow from Blue Spring undoubtedly is diminished by pumping from wells 

in the upper Black River valley, although a diminution is not indicated 

conclusively in the fluctuation of springflow shown in the hydrograph in 

figure kk. The lack of correlation between pumping and fluctuations of 

spring discharge probably is due to complicated lag effects caused in part 

by the distance of about 12 miles between the wells and the spring. Hale 

(1955> P« 39) estimated that if the present rate of pumpage is maintained 

the average annual discharge of Blue Spring should decrease about 1 cfs. 

Sullivan (1908, p. 7) measured the rate of diversion from Blue Spring in 

October 190? at 1^.65 cfs and stated that the min-timim flow from the spring 

probably was about 15.20 cfs   about 1 cfs greater than the largest 

measured amount since 1951 and more than 3 cfs greater than the average measured 

discharge since 1951- The smaller discharge today is due in part to pumping 

from wells but also to the relative lack of precipitation in recent years.

Geyser Spring, sec. 35, T. 26 S., R. 23 E., is several miles upstream 

from the nearest irrigation well and consequently is not affected by 

pumping for irrigation. However, the discharge of Geyser Spring in recent 

years has declined to a small fraction of its discharge rate of 50 years ago. 

In 195^ the spring supplied water to only a few acres, but according to 

Sullivan (1908, p. 10), it furnished water to 20? acres of cropland in 190?. 

Discharge measurements by Sullivan (1908, discharge sheets 1 and 2) from 

September through October 190? range from 1.88 to 3.6 cfs. Undoubtedly, 

the amount of precipitation is the major controlling factor in the 

fluctuation of discharge in Geyser Spring and probably XT Spring and other 

small springs in the vicinity.
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UTILIZATION OF SURFACE WATER

Water from the Pecos River is used for irrigation, inu)3jstry, and

recreation in the Carlsbad area, "but only the irrigation and industrial

use of the surface water is discussed.

Irrigation supply

Water for irrigation is diverted from the Pecos River at Avalon Dam

by the Carlsbad Irrigation District and at Harroun Dam by D. S. Harroun.

Also, water is pumped from the river 3 miles downstream from Carlsbad by 

the Carlsbad Irrigation District.-

Water is diverted from tributaries of the Pecos River in the 

Carlsbad area including the Black River, Dark Canyon, and Rocky Arroyo. 

Normally these streams are intermittent. The principal diversions from 

the Black River are at two dams near Rattlesnake Springs and at a dam k 

miles upstream from Malaga. The Carlsbad Irrigation District and 

Mr. Guy Reed Jointly divert water upstream from Malaga to irrigate land 

in the general vicinity of Malaga and aljout 3 miles south and southeast.

Mr. Reed stores a share of the water in Willow Lake, 2 miles south of'

Malaga, and irrigates eastward. Near Rattlesnake Springs, water is

diverted from the Black River to irrigate a State game farm. The discharge

of Rattlesnake Springs also supplies water to the State game farm and to

the Carlsbad Caverns National Park. Parlt of the flow from Blue Spring is
,

used to irrigate land near Black River pillage, and the remainder of the 

flow is discharged into the river.
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A relatively small quantity of water is diverted for irrigation in 

Rocky Arroyo and Dark Canyon. In Rocky Arroyo about 1 cfs is diverted 

downstream from Indian Big Spring to irrigate about 60 acres. In Dark 

Canyon 0.5 cfs in sec. 30, T. 2k S., R. 23 E., is diverted to irrigate a 

few acres.

Carlsbad Irrigation District

The Carlsbad Irrigation District holds water rights for 25,055 acres 

of land in the Pecos River valley near La Huerta, Carlsbad, Otis, Loving, 

and Malaga. The area irrigated by the district, however, varies from year to 

year and, in recent years, has averaged about 20,000 acres. Most of the 

water is diverted from the Pecos River, but a relatively small part 

(3/000 to ^,000 acre-feet annually) is diverted from the Black River. 

Water from the Pecos River is stored by the District at Alamogordo 

Reservoir (capacity 132,200 acre-feet), at Lake McMillan (capacity 38>660 

acre-feet), and at Lake Avalon (capacity 6,600 acre-feet). The quantity 

of water diverted ranged from 5^>330 acre-feet in 195^ to 1-4-3,000 acre-feet 

in 1917. From 1905 until 19^6 more than 100,000 acre-feet was diverted 

each year except 19^1, a year of abundant rainfall. Since 19^6, however, 

the amount of water diverted was less than 100,000 acre-feet each year 

except 1955- The average amount of water diverted from 1905 to 19^6 was 

13^,000 acre-feet per year, whereas the average amount diverted from 

19^7 to 1956 was 77,000 acre-feet per year. The amount of water, in 

acre-feet, diverted since the beginning of 1950 is: 1950, 89,300;
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1951, 91,160; 1952, 71,350; 1953, 55,^50; 195^, 5^,330; 1955,

and 1956, 9^,610. Since 19^6 the surface-water supplyj when inadequate,

has been supplemented by water pumped from irrigation wells.

Water is pumped directly from the Pecois River, about0 3 miles 

downstream from Carlsbad, to irrigate 190 acres east of the river in
'-w" 
 « '

sees. 13 and 1^, T. 22 S., R. 27 E. An amoont of water equal to the 

amount pumped is spilled into the river from the Carlsbad Irrigation

District canal system to compensate for the amount of water pumped.

Harroun Farms diversion

About 3,000 acres of land owned by D. 5. Harroun is irrigated by 

water diverted from the Pecos River at Harroun Dam 3 miles northeast of 

Loving. Most of the water diverted is derived from Carlsbad Springs and 

springs and seeps near Herradura Bend, about 10 miles downstream from 

Carlsbad. The Harroun diversion operates almost continuously because 

part of it, several cubic feet per second, is used in the refining plant 

of the U. S. Potash Co., 5 miles east of Loving, which ordinarily operates

night and day. When the diverted water is not being used for irrigation,

the part not entering the industrial intake

River. Most of the land irrigated by the Barroun diversion is along the 

east side of the river between the diversion dam and the lower part of 

Malaga Bend. (See map of irrigated area fig. 6.) This diversion is at the 

site of the initial irrigation project in the area in i860.

is spilled back into the Pecos
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Llvingston Farms diversion

Water is pumped from the Pecos River at Malaga Bend, 4 miles east 

of Malaga, and transported southward through a ditch 2 miles long to 

irrigate 250 acres on the east side of the river.

> 

Willow Lake diversion

About 1,600 acre-feet of water is diverted each year from the Black 

River k miles west of Malaga and stored in Willow Lake, a privately 

owned reservoir 2 miles south of Malaga. This water is used to irrigate 

320 acres of land east of Willow Lake. An additional 3*000 to 4,000 

acre-feet of water is diverted at this dam "by the Carlsbad Irrigation 

District to irrigate other land in the vicinity of Malaga.

Rattlesnake Springs

Rattlesnake Springs, in sec. 23, T. 25 S., R. 24 E., discharges 

from a limestone conglomerate through overlying sand and gravel. Its 

flow generally ranges from 1.5 to 4 cfs and averages 2.5 cfs, or 1,800 

acre-feet per year. A 5-year record of flow is shown in figure kk. The 

Carlsbad Caverns National Park uses about 25 gpm, or less than 1 percent 

of the natural flow, for a domestic and public supply. The remainder of 

the water is used in a duck pond and to irrigate natural vegetation in a 

State game farm.
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Blue Spring

Blue Spring flows from a limestone conglomerate zone of the Black 

River valley alluvium in sec. 33, T. 2^ S., R. 26 E. The flow from 1952

through 1956" generally ranged from 8.5 to 

Part of the water is used to irrigate 700 

Village and pert of it is discharged into

downstream by the Carlsbad Irrigation District and by Mr. Guy Reed.

cfs and averaged 12 cfs.

acres of land near Black River

the Black River to be used
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CHEMICAL QUALITY OF WATEK

All natural waters contain mineral salts in solution in qualtities 

that may limit the use of the water. Some of the minerals in solution, 

if concentrated sufficiently, are harmful to plant and animal life.

The quality of surface and ground waters in the Carlsbad area is 

affected "by "both natural and artifical conditions. Natural conditions 

include geologic environment, climate, and native vegetation; artificial 

conditions include irrigation "by diversion of river water, irrigation 

by pumping from wells, drainage of land, and the industrial use of water.

CONDITIONS AFFECTING QUALITY

Ground water dissolves many minerals from the rocks of the area. 

Most of the rocks in "both the bedrock formations and the valley fill 

near Carlsbad consist of limestone, dolomite, or gypsum. The principal 

minerals dissolved by water from these rocks include the bicarbonates, 

sulfates, and chlorides of calcium, magnesium, and sodium; mainly calcium 

bicarbonate (from limestone and dolomite), magnesium bicarbonate (from 

dolomite), calcium sulfate (from gypsum and anhydrite), and sodium 

chloride (from beds of halite and disseminated salt in the earth). 

Because the base flow of the Pecos River in the Carlsbad area depends 

on discharge of ground water, the minerals dissolved in the surface water 

during periods of low flow are essentially the same as the minerals 

dissolved in the ground water.
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Surface water diverted from the Pecos River at Lake Avalon for 

irrigation in the Carlsbad Irrigation District is derived from floods 

and from ground-water discharge upstream from the Carlsbad area. The 

diverted water has the greatest mineral content during periods of few 

floods. Rocks in the area upstream from Carlsbad, the Roswell basin

and as far north as Alamagordo Reservoir, are similar to rocks in the
i

Carlsbad area in that limestone and gypsuiji predominate; hence the 

minerals carried into the area by streamflow are similar to the minerals 

derived from the rocks locally. Water stored in Lake McMillan and 

Lake Avalon, therefore, usually is high in bicarbonate, sulfate, and 

chloride.

The mineral content of ground water and surface water generally is 

concentrated downstream by evapotranspiration. In many areas, including 

the Carlsbad area, the process is augmented by irrigation. Less than 

half of the water applied to the land percolates downward to the ground- 

water reservoir; yet this small portion contains most of the minerals 

because only comparatively mineral-free water is evaporated or transpired 

into the atmosphere and a comparatively siiall quantity is retained by 

vegetation.

POTABILITY OF GROUND wAlER

Ground water is rendered impotable by the addition of some minerals.

The taste of water is made unpleasant by ihe addition of large amounts of
,

sodium chloride (common salt), calcium sulfate (gypsum or "gyp")>
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magnesium sulfate (Epsom salts), and sodium bicarbonate (baking soda); 

whereas the addition of the carbonates and bicarbonates of calcium and 

magnesium makes the water hard but not impotable.

EFFECTS OF MINERALS IN IRRIGATION WATER

Some dissolved minerals make water undesirable for certain crops but 

is satisfactory for others. Water in which the concentration of sodium 

chloride is relatively great generally-is poor for irrigation but may be 

used for salt-tolerant crops such as cotton and alfalfa if the soil is sandy 

and well drained. On the other hand, water of relatively low mineral content 

but having a high percentage of sodium salts can be harmful to poorly drained 

land over a period of years. A high content of calcium sulfate in irrigation 

water is beneficial, where the water or the land also contains sodium salts, 

because it reduces the sodium absorption ratio of water and makes it more 

tolerable to plants (Wilcox, 1955* P« 1^-15). Much of the ground water in 

the Carlsbad area, especially near La Huerta, Loving, and Malaga, contains 

considerable sodium salts, but it is used successfully for irrigation because 

the water also has a high content of calcium sulfate. (See table 15 and figs. 

52, 53, and 5^0

DEFINITION OF SOME CHEMICAL TERMS

Definitions of some of the terms used in the tables of chemical 

analyses (tables 15, 16, and 17) and in the discussion of the chemical quality 

of water follow:
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Parts per million

The dissolved mineral constituents of water are given in parts per 

million. A part per million is a unit weight of a constituent in a million 

unit weights of water. Parts per million cajn "be converted into grains per 

United States gallon by dividing by 17.12.

Equivalents per milliion

An equivalent per million is a unit chemical combining weight of a 

constituent in a million unit weights of water. It is calculated by dividing 

the concentration of a constituent in parts per million by the chemical 

combining weight of the constituent.

Hardness

The total hardness, as calcium carbonate (CaCO,), is calculated from 

the equivalents of calcium and magnesium and includes carbonates, bicarbonates, 

sulfates, and chlorides. Carbonate hardness that is caused Ly calcium and 

magnesium bicarbonate is almost completely removed by boiling and, hence, 

sometimes is called temporary hardness. Nor.carbonate hardness generally is 

caused by the sulfate or chloride of calcium and magnesium and sometimes is 

called permanent hardness because it can not} be removed by boiling.

Percent sodium

Percent sodium is useful in calssifying a water inasmuch as a high 

value generally indicates a soft water and SL low value indicates a hard water.
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It is calculated as follows: Na x 100 where all constituents are
Na + K + Ca + Mg

given in equivalents per million. It is indicative of the hazard of sodium 

(alkali) in irrigation water to soil but is not as reliable a measure of this 

hazard as the sodium adsorption ratio (SAR).

Sodium adsorption ratio (SAB)

The SAR is useful in measuring the sodium (alkali) hazard in irrigation 

water to soil and is defined by the equation: N +

_ T r - - T T

Ca + Mg

in which all concentrations are expressed in equivalents per million* 

This is discussed in greater detail by Wilcox (1955) 

Specific conductance

The specific conductance commonly is used to indicate the concentration 

of ionized constituents in the water and is a measure of thf- ability of the 

water to conduct an electric current. For convenience in expressing results, 

the specific conductance is reported as micromhos per centimeter at 25° C. 

The total dissolved solids, expressed in parts per million, generally is 

bet-ween 60 and 80 percent of the specific conductance. The specific 

conductance also is a measure of the salinity hazard involved in the use of 

water for irrigation.
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CHEMICAL QUALITY OF GROUND WATER IN THE REEF AQUIFER

Water from the reef aquifer is hard, as is all ground vater in the 

Carlsbad area. The mineral constituents consist largely of the bicarbonates,

sulfates, and chlorides of calcium, magnesium 

such as carbonate, silica, fluoride, nitrate,

relatively amal1 "but sometimes significant amounts. The chemical analyses 

of water collected from various veils in the iirea are shown in table 15,

and repeat analyses of water from some of the

The Capitan limestone, which comprises most of the reef aquifer, is a 

massive limestone with few beds of halite, gypsum, or anhydrite. However, 

the reef aquifer in the Carlsbad area contains water of both good and poor 

chemical quality. Most of the objectionable minerals, such as the sulfates 

and chlorides of sodium, calcium and magnesium, probably were dissolved in

the water before it entered the reef aquifer.

undoubtedly originated in the Capitan limestone, "but much of it probably was 

dissolved from other rocks and carried into the Capitan by circulating 

ground water.

The system of interconnected solution channels in the reef aquifer 

is a collecting gallery for waters of different quality from different

sources. These sources include recharge from

and sodium. Other constituents, 

and boron, are present in

wells are shown in table 16.

Some calcium bicarbonate

floods in canyons and arroyos

in the Guadalupe Mountains southwest of Carlsbad, inflow of ground water from 

shelf formations   particularly the Tansill, Yates, and Seven Rivers 

formations, which abut against the Capitan li;nestone on the north and west  

and seepage from Lake Avalon, the Pecos River j and Main Canal.



Quality zones in the reef aquifer

The ground-water reservoir in the reef aquifer is divided into three 

zones: (l) a zone of relatively fresh water called the fresh-water zone; 

(2) a zone of mixed fresh and moderately saline potable water called the 

potable mixed-water zone; and (3) a zone of moderately saline water called 

the impotable-water zone. Some of the boundaries of these zones are 

indefinite; further, the boundaries between the zones migrate from effects 

of precipitation, floods, or pumping from wells. The approximate boundaries 

of the various zones of quality are described in the following paragraphs 

and indicated in figure kQ.

The fresh-water zone in the reef aquifer

The fresh-water zone contains water with a specific conductance of 

less than 1,000 micromhos per cm or total dissolved solids of less than 

TOO ppm. This zone includes the aquifer from the south part of Carlsbad 

southwestward for more than 20 miles. Water containing 30^ ppm dissolved 

solids was taken from a well tapping the Capitan limestone in McKittrick 

Canyon in Texas 20 miles southwest of the Carlsbad Caverns and 40 miles 

southwest of Carlsbad (Wallace E. Pratt, owner of well and geologist, 

personal communication). The mineral content of the water in the fresh­ 

water zone increases slightly northeastward, owing in part to a northward 

increase of evaporite rocks in the shelf deposits abutting the Capitan reef 

on the north and the west. In the 18 miles between well 2^.25.3^.221 near 

White City and several wells tapping the aquifer a short distance south of
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Carlsbad, the specific conductance increased from 5^0 to slightly more than 

800 micromhos. This is equivalent roughly to an increase in total dissolved 

solids from 1*00 to 600 ppm. Near the southern limits of Carlsbad and 

Happy Valley the mineral content of the wa^er increases rapidly northward,

so that the northern boundary of the fresh-taater zone and the southern»>

boundary of the potable mixed-water zone may be regarded as being at about

the position of the south parts of Carlsbad

directions boundaries of the fresh-water zone may be regarded as being

coincident with the boundaries of the reef

and Happy Valley. In other

aquifer.

Valley, the west and north parts of Carlsbafl, and the south

zone

The potable mixed-water zone in the reef aquifer

The potable mixed-water zone contains water ranging in specific 

conductance from 1,000 to 2,000 micromhos, pr ranging in total dissolved 

solids roughly from 700 to 1,700 ppm. This zone underlies most of Happy

of La Huerta.

This zone is bounded by the fresh-water zone on the south, by the limits of 

the aquifer on the east and west, and by the impotable-water zone on the 

north. The boundary between this zone and the impotable-water zone is an 

indefinite line from the northern part of Happy Valley northeastward 

through the Carlsbad Springs area to a point in La Huerta, about a mile 

north of the Canal Street bridge over the P<»cos River in the north part of 

Carlsbad. In La Huerta, north of the river, a part of the potable mixed- 

water zone is bounded by the impotable-water zone on three sides, the west, 

north, and east. The east margin of the mixed zone contains some impotable 

water, where the Capitan limestone is in contact with gypsum, halite, and 

anhydrite of the Rustler and Castile formations.
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The water in the mixed-water zone is the resultant mainly of two 

components   fresh water moving from the Guadalupe Mountain area ' 

northeastward through the reef aquifer to the mixed-water zone and 

moderately-saline water moving southward from the vicinity of Lake Avalon 

through the Tansill formation and Capitan limestone to the mixed-water zone. 

Thus the water in the mixed-water zone ranges in quality "between fresh and 

moderately saline , depending, upon the ratio of waters involved in the mixing. 

Most of the water pumped from wells tapping the reef aquifer for public, 

irrigation, and industrial supply is pumped from this zone,, although several 

irrigation wells south of Carlsbad tap the fresh-water zone and several 

north of Carlsbad tap the impotable-water zone.

Some of the dissolved mineral constituents of the water in the potable 

mixed-water zone of the reef aquifer come from seepage from the alluvium 

and rocks of Ochoa age that overlie the Capitan limestone near Happy Valley. 

In this part of the Carlsbad area the piezometric surface of the water in the 

overlying rocks is higher than the piezometric surface of the water in the

reef aquifer; consequently, water moves downward from the alluvium and Ochoa
11.3*9)

rocks into the reef aquifer"? The alluvium and Ochoa rocks in this part of

the area are recharged in great part by seepage from irrigation and by surface 

drainage into sinkholes in the gypsum beds of Ochoa age; consequently, the 

mineral content of the water is rather high, especially in sulfate and 

chlorides. A sample of water from well 22.26.^.2^4-, which taps Ochoa 

deposits overlying the Capitan limestone, had a specific conductance of 

k,kQQ micromhos, total dissolved solids of 3,930 ppm, a sulfate content of 

2,250 ppm, and a chloride content of ^15 ppm.
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The impotable-water zone in the reef aquifer

The impotable-water zone generally contains water having a specific 

conductance of more than 2,000 micromhos, or total dissolved solids of 

more than 1,700 ppm. This zone is north of the potable mixed-water zone 

and underlies the north part .of Happy Valley, the north part of La Huerta, 

and the intervening area to Lake Avalon. It probably also underlies most 

of the potable mixed-water zone and may underlie some of the fresh-water 

zone. The most mineralized water in this zone was taken from wells more 

than kQQ feet deep in the north part of La iuerta, about midway between 

Carlsbad and Lake Avalon. Water from well 21.26.23.133 is typical of this 

group of wells and early in 1953 had a specific conductance of 5>000 

micromhos and total dissolved solids of 3,66k ppm. The mineral content of 

water probably increases toward Lake Avalon, as the dissolved minerals in 

the water in the Pecos River at Artesia usually is between 5>000 and 7>QOO

ppm. (See fig. ^5») The water in the reef aquifer near Lake Avalon probably'

is derived almost entirely from seepage fronji the Pecos River system, which 

includes Lake Avalon.

The impotable-water zone in the reef aquifer extends northeastward 

from the vicinity of La Huerta and Lake Avalon, and the water probably 

becomes more and more mineralized in that direction. It is not known how 

far the interconnected solution channels containing and conducting the water 

in the aquifer extend. According to reporti from oil geologists, a few test 

holes have penetrated salt water in the Capstan limestone several milea east 

of Lake Avalon. Furthermore, water with more than 100,000 ppm total dissolved 

solids was reported in shelf deposits of Gu^dalupe age north of the Capitan 

reef and about 10 miles east of Lake Avalon.
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Changes in quality of water in the reef aquifer vith depth

Most of, if not all, the area underlain by the potable mixed-vater 

zone in the reef aquifer is underlain at greater depth in the same aquifer 

by the impotable-water zone. This change in quality vas discovered in 

drilling domestic and public-supply veils. Some veils drilled into the 

impotable-water zone had to be backfilled to a point in the potable-water 

zone and sealed at the bottom to exclude the water of poorer quality. The 

change in quality with depth is indicated also at.several sites where 

adjacent wells tap waters of different quality from different depths in 

the aquifer. Two wells less than 100 feet apart on the north side of 

Happy Valley are good examples. The Bluebird irrigation well (22.26.3.2110 

is 600 feet deep; an analysis indicates that the water has a specific 

conductance of 2,130 micromhos and total dissolved solids of 1,510 ppm. The 

nearby J. H. Branch public-supply veil (22.26.3.2^1) is 329 feet deep; an 

analysis indicates that the water has a specific conductance of 1,180 

micromhos, which indicates total dissolved solids of about 840 ppm.

The depth at which the change in quality takes place varies with the 

location; in general, it Is believed that the interval containing water of 

good quality increases southward. North of Carlsbad near veil 21.26.23.133, 

the water changes in quality near the top of the saturated part of the 

aquifer about kO feet below the land surface. Relatively fresh water vas 

obtained from a nearby domestic well that had been drilled to penetrate 

only a few feet into the saturated part of the aquifer to catch the 

desirable "top water". The fresh water here probably comes from
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precipitation on the hills nearby and is floating on the tody of moderately 

saline water. In the south part of La Huerta potable water is tapped at a 

depth less than 316 feet in well 21.2?.30.434a and less than 327 feet in 

well 21.26.36.221. The chance of tapping impotable water increases rapidly 

with greater depth in this part of the Carlsbad area.

The impotable-water zone was not reached in three test holes in the 

Capitan limestone southwest of Carlsbad. These holes (22.26.15.424, 

22.26.28.411, and 23.25.24.232) were drilled to 443, 530, and 452 feet, 

respectively, by the city of Carlsbad to explore the possibility of wells 

tapping the reef aquifer. During the drilling, water was collected at 

intervals and analyzed to determine changes in quality with depth. Although 

changes in quality of water were not significant, it is possible that the

aquifer contains impotable water at greater stratigraphic depths.
i \

Fluctuations in quality of water in the reef aquifer

The quality of water in the reef aquifer fluctuates with time. These 

fluctuations may be separated into two categories   seasonal and long range 

Changes in chemical content generally are expressed as changes in total 

dissolved solids. These changes, however, are indicated by changes in 

chloride or sulfate content or specific conductance, *n of which fluctuate 

approximately in direct proportion to fluctuations of total dissolved solids 

An increase in chloride, for example, usuallty indicates an increase in 

other stable constituents, specific conductance, and total dissolved solids

in about the same proportion. Bicarbonate, on the other hand, is a major
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chemical constituent of the water in the Carlsbad area, "but generally it 

does not fluctuate as do chloride, sulfate, total dissolved solids, or 

specific conductance. Bicarbonate is somewhat unstable and dissolves or

precipitates as the water is affected by changes in environment. Generally
 _ 

an increase in the pH of the water decreases the solubility of carbonate

minerals and may cause them to precipitate. The following discussion of the 

fluctuations of quality is based in part on total-dissolved-solids data and 

in part on chloride and specific-conductance data. Fluctuations in quality 

are indicated in figures 50, 51* and in table 16.

Seasonal fluctuations of quality of water in the reef aquifer

A few general conclusions may be made regarding seasonal fluctuations 

in the quality of water in the reef aquifer although the fluctuations may 

vary from year to year and from place to place. Fluctuations in quality 

of water in some wells lead or lag similar fluctuations in other wells, and 

the influence of climate in some years differs widely from that of other. 

years.

The quality of water in the reef aquifer usually is best in the 

winter and worst in the summer, as illustrated by fluctuation in chloride 

content in water from Carlsbad.Spring, Limestone Aquifer Spring, and a 

C?rlsbad public-supply well (fig. 51)> by the fluctuations of various 

chemical constituents in the water of an industrial-supply well (fig.' 50)> 

end by the fluctuation of total dissolved solids in the Pecos River at 

Carlsbad (fig. ^6). Discharge from the reef aquifer in the Carlsbad Springs 

area contributes most of the river flow at Carlsbad.
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Heavy pumping from wells tapping the reef aquifer may induce some 

movement of water of poor quality into the aquifer from the overlying 

alluvium. This movement could "begin near wells that are pumped heavily 

enough to lower the piezometric surface of the water in the reef aquifer 

below the water table in the overlying alluviim. Furthermore, bad water 

could move through wells that tap both the re ;f aquifer and the overlying

alluvium, including poorly sealed wells meant to tap only the reef aquifer.

Water of poor quality in the reef aquifer could be induced to move

toward heavily pumped wells. Such water coulcl move upward toward a pumped
_

well through solution 'channels in the Capitan limestone from deeper zones in 

the reef aquifer. Water of poor quality also could move within the aquifer 

from the vicinity of Lake Avalon to the north> especially if the average rate 

of pumping from the aquifer is greater than the average rate of influx of water

good quality from the sduthwest and west, whi<j:h, in recent years, has been
/

less than 10 cfs. (See table ? )

An imporvement in the quality of water in the reef aquifer during 

the winter may be attributed in part to relatively heavy precipitation on 

the limestone terrane southwest and west of dirlsbad during the summer and 

fall. Much of this water recharges the reef aquifer. Some floods in the 

Pecos River flush the mineralized water from the system, and Lake Avalon

becomes a reservoir of fresh water. Seepage from the reservoir at these
.

times is a source of fresh water to the reef aquifer until the mineral 

constituents of the reservoir and the river system upstream are concentrated 

by evaporation and the leaching of soluble mlaerals from the earth.
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Long-range fluctuations of quality of vater in the reef aquifer

Since 1938 the concentration of minerals in water in the reef aquifer 

has gone through two major periods of decrease and increase in addition to 

many seasonal changes and other fluctuations of realtively short duration. 

Mineralization of the water decreased during the periods 19^0-43 and 1950-52 

and increased during the periods 19^-^9 and 1953-56"   These conclusions 

are based on graphs of' chloride content, in waters from Carlsbad Spring, 

Limestone Aquifer Spring, and well 22.26.1.233d (fig. 51)- According to 

the graph of Limestone Aquifer Spring, the quality of water in the reef aquifer 

.was about the same in 1955 as it was in 19^0- The quality of the water 

probably continued to deteriorate through 1957 because it was another year of 

deficient rainfall.

Long-range fluctuations in quality of water in the reef aquifer can 

be attributed mainly to precipitation and to pumping from wells. The quality 

of ground water improved most in 19^1 when the Pecos River valley received 

more than 30 inches of precipitation. Rainfall at Carlsbad was nearly 3^ 

inches   almost three times the average. Minerals accumulated in the river 

system were flushed downstream by floods, leaving the streams and reservoirs 

in the system filled with realtively fresh water. The ground-water reservoir 

was recharged by enough fresh water from precipitation in the Guadalupe 

Mountains, floods, and seepage from Lake Avalon and the Pecos River to 

increase the discharge of Carlsbad Springs from 60 to 110 cfs (fig. 2") and 

to decrease the chloride content of the water by 100 ppm. (See fig. 51.)
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Other dissolved chemical constituents probably are decreased greatly during 

the same year. . The quality of the water remained improved for several years' 

after 19^1 because of near-normal rainfall. Deterioration in the quality of

water in the aquifer began in about 19^, owing 

to development of irrigation from wells, and to

increased pumping of ground water by the city of Carlsbad. Deterioration 

continued through 19^7 and extended into 19^9 as drought persisted pumping 

continued to be heavy and as industrial wells were developed in the aquifer.

The year of 19^9* however, was characterized by

in part to deficient rainfall, 

the growth and consequent

many rains and some floods,

and, although rainfall was only about half that in 19^1, the rainfall was 

well above average and much water of good quality was added to the aquifer. 

The quality of water in the aquifer began to improve as a result, and this 

trend persisted through 1952. Another period of deterioration in quality 

began in 1953 and continued through 1956* owing to drought and heavy pumping 

from the aquifer. Heavy rains in October 195^ improved the quality of the water 

for a few months.

Two chemical analyses of water from Carlsbad Spring in 1903 and 1908

indicate that the quality of the water in the r| 

or slightly better than it was after the heavy 

sample contained 52^ ppm chloride, the 1908 sam

eef aquifer was similar to, 

rains of 19^1. The 1903 

pie contained 430 ppm   as 

compared to an average of about 500 ppm in 19^2, 19^3, and 19^4. The reason 

for the relatively low chloride content of the 1908 sample was the greater 

than average rainfall in 1902 and from 1904 thrbugh 1908.



CHEMICAL QUALITY OF GROUND WATER IN TEE SHELF AQUIFERS

The shelf deposits of Permian age, that is, the Tansill, Yates, 

Seven River, Queen, Grayburg, and San Andres formations in the 

Guadalupe Mountains vest of Carlsbad, contain waters of both good and 

poor quality. Generally the water is relatively fresh, as the shelf 

formations consist mainly of bedded limestone, dolomite, and sandstone. 

Locally, however, the shelf formations consist of evaporite rocks, 

mainly gypsum, and ground water in these rocks generally contains 

much sulfste. Most veils in the shelf formations are constructed to 

tap the carbonate facies. Analyses of water from wells tapping various 

shelf aquifers are included in table 15.
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CHEMICAL QUALITY OF GROUND WATER IN

A few stock wells in the Carlsbad area tap the Rustler and 

Castile formations and yield Impotable water. The Rustler and Castile

consist largely of gypsum, anhydrite, and beds of halite; consequently,
. 

water from these formations contains relatively large quantities of

sulfate and chloride. Analyses of water from ^ells tapping these

formations are included in table 15. Concentrated brine derived

from basin deposits of Permian age is discharged from springs along

the Pecos River southeast of Malaga. The possibility of improving

the quality of water in the Pecos River by diverting the brine discharged

by these springs is discussed in a report by Hale, Hughes, and Cox (195*0  

CHEMICAL QUALITY OF GROUND WA3ER IN THE

PECOS RIVER VALLEY ALLUVIUM

Alluvium in the Pecos River valley in the Carlsbad area yields

composing thewater of both good and poor quality. The matt. 

alluvium and valley fill c msist largely or lim.estone, dolomite, and 

gypsum, and sand, silt, and soil derived therefrom; hence, the water 

is hard, as it contains bicarbonates of calciunj and magnesium in 

considerable amounts. Moat of the water also contains considerable
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amounts of sulfates and therefore is impotable. On the other hand, 

water in the alluvium along the west side of the valley south of 

Carlsbad is relatively free from sulfate, and, although hard, is 

potable. Between the Southern Canal and the Pecos River, where land 

has been irrigated for about half a century, the water is highly 

mineralized   with bicarbonates, sulfates, and chlorides   and 

generally is Impotable. (See figs. 52, 53, and 5^.)

Quality zones in the alluvium south of Carlsbad

Most of the area underlain by alluvium south of Carlsbad is 

classified according to quality of ground water. The classifications 

are based on various parts of the chemical analyses   including 

specific conductance, which indicates the magnitude of mineralization, 

and the concentration of mineral constituents such as bicarbonate, 

sulfate, and chloride.

Areas of potable ground water in the alluvium, southwest of Caij.sbad.

Wells tapping the alluvium southwest of Carlsbad yield potable 

water. The area of potable water is contained 1- ^ely within 

T. 23 S., R. 26 E. and the south half of T. 22 S., R. 26 E. From the 

south half of T. 23 S., R. 26 E., the area of potable water extends 

eastward several miles into R. 27 E. The zone of potable water probably
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does not extend east of the Southern Canal, except in a small area west 

of Loving where the main saturated zone in the alluvium is protected "by 

a perched saturated zone that intercepts water seeping from the canal 

or irrigated fields. (See fig. 31.) The approximate areas of potable 

water are indicated on maps showing the specific conductance and 

concentrations of chloride and sulfate in figures 52, 53, and 5^. The 

analyses of ground water from these areas are included in tables 15 

and 16. The village of Loving and the community of Thayer Apartments 

are supplied with potable water from the areas described above.

Areas of impotable ground water in the alluviiom southeast of Carlsbad

Practically **n the water obtained from alXuvium of the Pecos 

River valley is impotable in areas southeast of Carlsbad and east

of the Southern Canal and near Carlsbad, Happy '/alley, and La Huerta.

Impotable ground water occurs also in the alluvium south of Carlsbad 

in sees. 19, 20, 28, 29, 30, 31, 32, and 33, T. 2? S., R. 2? E., and 

southward in a strip about a mile wide along tho vest bank of. the

Southern Canal. A perched ground-water zone in 

Loving along the canal contains impotable water

water in the main saturated zone below is less mineralized and is 

potable.
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Areas of specific conductance in the alluvium south of Carlsbad

The mineral content of water in alluvium of the Pecos River valley 

south of Carlsbad increases progressively from the outer edge of the 

valley fill toward the Pecos River, as indicated in figure 52   a map 

showing lines of equal specific conductance of ground water. The 

specific conductances range from less than TOO micromhos per centimeter 

near the mountain front to more than 6,000 near, the river   roughly 

equivalent to a little less than 500 to slightly more than ^,000 ppm 

dissolved solids.

Irrigation is the main cause of the increase in mineralization 

of ground water toward the river. Most of the irrigation water 

diverted from the Pecos River at Lake Avalon contains from 3>000 

to 10,000 ppm dissolved solids. (See fig. U5.) During and after 

irrigation, at least half the water applied to the land is lost to 

evapotranspiration, but most of the dissolved minerals are left 

behind in the water remaining in the soil. The water remaining in 

the soil then percolates downward to the ground-water reservoir, 

where it moves slowly toward the river. However, on its way to discharge 

points along the river, it is intercepted from time to time by 

irrigation wells and again used for irrigation. Each time it is used 

the mineral content is increased.
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Muck of the soil in the alluvium is heavily laden with salts that 

accumulated during a period of great evapotranspiration "between 1910 

and 1920. During this period ample surface water for irrigation was 

diverted from the Pecos River. Owing to excessive recharge from 

irrigation, the water table rose until much of the land surface was 

damp or wet continually. Salts were deposited at tfefland surface as 

mineralized water moved from the ground-water reservoir to the surface 

by capillary action and was evaporated. Tiand drains installed about 

1920 drained the excess water, but alkali flats caused by waterlogging 

still remain in places. Some of the minerals on the surface are 

dissolved by irrigation water or precipitation and transported to the 

ground-water reservoir and the river.

In some of the areas water is heavily mineralized because of 

adjacent beds of salt or gypsum. Water from a well 2 miles south 

of Loving (23«28.33«1*H)> tapping materials consisting mainly of 

sand, silt, and reworked gypsum had a specific conductance of 

10,700 micromhos, indicating a mineral content of about 8,000 ppm. 

After 5 minutes of pumping at about 700 gpm, water from well 2^.28.1 

about a mile east of Malaga had a specific conductance of 5,010 micromhos

chlorides of only 700 ppm. However, another

collected after 11 hours pumping had a specific conductance of

micromhos and chlorides of 3>650 PP01 -

in the alluvium in this vicinity is believed to

in the Salado formation. Between periods of pumping from this well,

sample of water

ground-water reservoir

overlie salt beds
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the highly mineralized water is diluted by water of better quality 

cascading from a perched water zone, and the well generally is 

pumped only long enough to utilize the accumulated water of better 

quality.

Areas of chloride concentration in the alluvium south of Carlsbad

The pattern formed by lines of equal chloride concentration in 

figure 53 is roughly similar to the pattern formed by lines of equal 

specific conductance (fig. 52). In general, the concentration of 

chlorides in the ground water increases from the Guadalupe mountain 

front toward the Pecos River, and water ranged from 6 ppm at well 

23.26.15.42l4-, in the western part of the valley, to more than 1,000 ppm 

at several wells near the Pecos River. The increase in chlorides 

toward the river accelerates as irrigated areas are reached, especially 

areas irrigated by water diverted from the Pecos River. It is evident, 

therefore, that much of the chloride content of the ground water results 

from irrigation, especially irrigation by diverted surface water.

Although the increase in chlorides, in general, is toward the 

river and results from irrigation, a few isolated samples of water 

indicate unusual concentrations of chlorides locally. Several samples 

of water collected immediately south of Loving have chloride concentrations 

in excess of 1,^0 ppm, and one sample collected at well 23.28.22.333^ 

about a mile east of Loving, contained 2,1*07 ppm of chloride. Another
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veil about a mile east of Malaga (2lt.28.11.¥t2) yielded water containing 

TOO ppm chloride after a few minutes pumping and water containing 

3,650 ppm chloride after being pumped an additional 11 hours. The 

Salado formation, in which beds of salt are common, underlies much

of the area east of Loving and Malaga, and it is possible that the

concentration of chloride in these wells was due to these beds of salt.

Areas of sulfate concentration in the alluvipm south of Carlsbad

Areas of sulfate concentration in the grounjd water south and southeast 

of Carlsbad are Indicated in figure 5^- Tne increase in concentration 

of sulfate toward the Pecos River is similar to the increase in 

specific conductance and concentration of chlorildes, but the increase 

in sulfates at irrigated areas is more abrupt, as all the irrigated 

areas are high in sulfates   ranging from 533 to more than 2,000 ppm,

with most of the samples containing more than 1, 000 ppm. Several areas

of high concentration are indicated several miles from the river, 

suggesting the possible influence of local geologic environment. In the 

area south of Loving, the increase in conductance is due largely to 

the addition to the water of sulfate leached from deposits of silt 

containing reworked gypsum. A noteworthy example is indicated by 

analysis of a sample of water from well 23.28.3:5.1^1, about a mile 

south of Loving, which had a sulfate concentration of 7,320 ppm. 

This well was drilled 225 feet into sand and silt containing reworked
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gypsum, and the high sulfate content was derived from the gypsum. On 

the other hand, it is believed that the high sulfate content in ground 

water in'irrigated areas, in general, is derived mainly from the 

application of water diverted from the river and its consequent 

concentration by evapotranspiration.

Bicarbonate concentration in water in the alluvium south of Carlsbad

The concentration of bicarbonate, unlike specific conductance, . 

chloride, and sulfate, did not increase toward the river. Water in the 

irrigated area contained bicarbonates ranging from 128 to 250 pjm. The 

highest concentration, kk6 ppm, was outside the irrigated area in water 

from well 22.26.35-222, which yields some of the otherwise less 

mineralised and more potable water in the area. It is evident, therefore, 

that reuse of water does not increase the concentration of bicarbonate 

as it does other minerals. The principal reason for this is the 

instability of the bicarbonate. Culciun bicarbonate is unstable and 

is altered t;o carbonate and carbon cloxide by evaporation, by ii.jreased 

temperature, or by agitation (Clarke, 192^, p. 131)- Calcium carbonate 

is relatively insoluble in water and ^-.' if-rally precipitates soon after 

it is formed.
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Effects of a perched water zone in the alluvium on the

quality of water in the main saturated zone

In the maps showing areas of specific conductance, concentration 

of chloride, and concentration of sulfate in ground vater (figs. 52, 

53, and 5*0, the area of fresher or less mineralized water is shown 

extending east of the Southern Canal in the vicinity of Loving. In 

ftti other areas along the canal the more mineralized water in the 

main saturated zone in the alluvium underlies t^ie canal and extends

westward from 1 to 3 miles and eastward to the tiver.i

The water in the. main saturated zone in th£ alluvium northwest 

of Loving and westward to the,Southern Canal is less mineralized than

that in other parts of the alluvium east of the canal "because it is

protected from downward percolating water from the canal and irrigated 

fields "by a bed of relatively impermeable material acting as a ground- 

water barrier. Mineralized water moving downward is stopped by the 

confining bed and accumulates in a perched saturated zone. As the

natural movement of water in the main saturated zone is eastward toward

the river, the relatively fresh water moving in. from the west flows 

beneath the barrier and perched saturated zone and does not become 

mixed with the perched water until it reaches line eastern edge of the 

barrier. There the more mineralized perched welter percolates downward 

to the main water table. As practically all tfte wells in the area tap



the main saturated zone, the analyses of water are indicative of water 

quality in that zone. The approximate size and shape of the perched 

zone is indicated on a depth-to-water map (fig. 31)  Analyses of 

water sampled are shown in tables 15 and l6.

Fluctuations in chemical quality of ground water in the

al 1 uvium south of Carlsbad

The quality of ground water in the alluvium in areas where the 

soil is relatively permeable generally improves during periods of 

greater than average rainfall,, when relatively fresh water derived 

from precipitation percolates to the ground-water reservoir. On the 

other hand, the quality tends to deteriorate during drought, when little 

water is added to the reservoir. This phenomenon has been observed by 

many people in different areas. Mr. Prank Newrnan, a rancher from the 

Pecos River valley about half a mile southeast of the mouth of Dark 

Canyon, reported that the water in his well, 23.26.19.233, beeches softer 

after each flood in Dark Canyon and Dark Canyon Draw and slowly becomes 

harder between floods.

Return flow from irrigation in the Carlsbad area affects the 

chemical quality of ground water in the alluvium to a marked degree. 

Water for irrigation diverted from the river contains minerals dissolved 

from sediments upstream. These minerals are added to the ground water 

when return flow from irrigation percolates to the ground-water reservoir. 

Return flow from pump irrigation also adds to the mineralization of the

ground water.
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The chemical quality of ground water in the irrigated area east 

of the Southern Canal from Carlsbad to Malaga probably has changed 

considerably since the development of irrigation. The area was 

irrigated heavily with water diverted from the Pecos River from 1910 

to 1920. Ground-water levels rose consequently (fig. 36) and many 

parts of the area became waterlogged by 1916^ The great amount of 

discharge of water by evaporation from the continually moist land

surface and, by transpiration from vegetation 

of large quantities of dissolved minerals in

resulted in the retention

the ground water at or

near the land surface. The construction of an extensive system of 

drains was started in 1916 and completed in 1919- The water drained 

off rapidly at first and some lands were benefited promptly (Oral 

communication, J. R. Yates). The accumulated, minerals were drained 

for the most part, but irrigation has continued with the result that 

the mineral content of the ground water durirg recent years has remained 

about the same. Approximate equilibrium betveen the average mineral 

content added by irrigation water diverted from the Pecos River and the

average mineral content drained probably was reached sometime between

1919 j when the drains were completed, and 19w, when pump irrigation 

developed rapidly. The relatively consisted.> quality of ground water m 

in the irrigated area is indicated in table X5 by four analyses of water 

from well 23.28.23.133 taken between June 19*8 and October 1953. These 

analyses do not indicate any significant charge in quality during the 

5-year period.
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During the course of the investigation, water samples for chemical 

analysis were collected periodically at 2^ veils, 5 of which tapped 

alluvium of the Pecos River valley; the analyses are shovn in table 16. 

The data do not indicate any consistent change in quality of water in 

the alluvium during recent years.

The moderate rise in the chemical content of -water from veil 

21.2?. 19-324 in 1955 probably was due to increased irrigation by diverted 

river water, which was available in sufficient quantity for the first 

time in several years. A slight decrease in mineral content during the 

last part of 195^ probably was due to heavy general rains during August 

and October of that year. The fluctuations undoubtedly were temporary.

The mineral content of water from veil 23.27-9-211 increased 

abruptly in 1955  (See table l6.) This well taps a perched saturated 

zone about 60 feet above the main saturated zone in the alluvium and 

about 50 feet belov the land surface. Prior to 195^ the well had been 

used as an irrigation well. In 195^- the well owner transferred his 

water rights to a new well, 23.2?.9.211a, about 20 feet northwe t of 

the old veil, which was then used as a domestic and stock veil. The 

new irrigation well taps both the perched saturated zone and the main 

saturated none, and the veil vas constructed GO ..~ to allow water froiu 

the perched zone to drain to the main zone. Since that time a large stream 

of water ha:; cascaded down the well from a depth of about 50 feet to 

109 feet. The water level of the perched zone has been lowered by 

leakage to the main water oable in this well; a hydraulic gradient has 

been established, and water of inferior quality lias moved toward the well. 

The conspicuous increase in specific conductance and, hence, mineral
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content, indicates a movement of ground vater from the east, probably from 

areas adjacent to the Southern Canal and perhaps from areas irrigated 

by surface water immediately east of the canal. This movement of -water 

undoubtedly affected the quality of vater in the main ground-water body, 

at least locally. On the other hand, it should be noted that the quality 

of water from well 23-27-9.211 was relatively constant from 1951 to 1953, 

during which time water was pumped for irrigatioii from the perched zone. 

Evidently a much greater quantity of water drained down the new well than 

previously was pumped from the old well for irrigation.

The slight improvement of the chemical quality of the water in wells

22.26.25.1*20 and 22.26.36.111 in 195^, indicated 

was due partly to drawdown in the heavily pumped

in table l6, probably 

area from 1 to 3 miles

eastward and partly to natural recharge in the aljluvium westward. Fresh

water from recharge by floods in Dark Canyon moved through the alluvium
* 

toward the lowered water table in the heavily punjped area. As these wells

are between Dark Canyon Draw and the heavily pumped area, the water in the

wells was improved by that movement. Other than this change, the quality of

the water has remained practically the same during the period of observation. 

The quality of the ground water probably will continue to deteriorate

in the main saturated zone in the heavily pumped 

and west of the Southern Canal. The water table 

is depressed, and probably little water moves out.

area south of Carlsbad

discharged into drains or into the Pecos River.

surrounding area generally moves toward the center of the area, especially

during the pumping season. This water is pumped 

over and over again, and each time it is used the

in this area generally

of the area to be

The ground water in the

and used for irrigation

mineral concentration is

increased. Further, the aquifer is partly recharged by seepage of 

mineralized water from the Southern Canal.
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THE CHEMICAL QUALITY OF GROUND WATER IN THE ALLUVIUM

In this report the upper Black River valley is defined as that 

part of the valley upstream from Black River Village. The chemical 

quality of water collected from veils and springs ranged widely owing 

to a variation in geologic and hydrologic environments. The quality is 

best in the upper reaches of the area near Rattlesnake Springs, where 

the gravel deposits storing the water are thick and where the recharge 

probably is greatest. Alluvial fans consisting largely of limestone 

gravel extend from the canyons into the valley and during flash floods 

receive fresh water that infiltrates from the permeable rock-strewn beds 

of the ephemeral streams. On the other hand, the Castile and Rustler 

formations> consisting largely of gypsum, anhydrite, and other soluble 

evaporite minerals, underlie the alluvium and are exposed in much of the 

area. The formations contribute to the mineral content of the ground water 

in proportion to the degree of their contact with the water. 'lie specific 

conductance of water collected from wells in the area ranged from ^0 

micromhos at well 25.24.19.^21 to 3,200 at well 26.2^.10.3^1, and the 

sulfate concentrations indicated by the two analyses were 36 ppm and 

1,896 ppm, respectively.

East of Rattlesnake Springs the alluvium converges into a 

relatively narrow strip consisting mainly of uncolsolidated to consolidated 

gravel, sand,and silt that contain solution channels. These channels conduct
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the ground water downvalley. The proximity of the gypseous rocks of the 

Castile and Rustler formations to the alluvium results in an increase of 

mineral constituents, especially sulfate, in the water as it moves toward 

Blue Spring, the principal point of discharge. Hale (1955; P- 37-38) 

estimated that, of the 10.5 cfs of water issuing from Blue Spring, about 

9*0 cfs moved frcm the alluvium in the general vicinity of Rattlesnake

Springs and that about 1.5 cfs was derived from the gypsum bordering the

alluvium between Rattlesnake Canyon and Blue Spring. The mineral content 

of the water moving through the alluvium from the vicinity of Rattlesnake

Springs to Blue Spring changes considerably. On the basis of the analyses'

of 37 samples collected at Rattlesnake Springs and 36 collected at Blue 

Spring during 1953-57 (table 17) the average change was approximately as 

follows: sulfate, 155 to 59$ ppa* chloride, 7 to 9 ppni: and bicarbonate, 

268 to 232 ppm. The specific conductance Increased from 729 to 1,363

micromhos<  

The quality of ground water in the alluvium near Black River 

Village, about 3 miles downvalley from Blue Spring, is similar to that

of water from Blue Spring but somewhat more mineralized. As compared to

an average specific conductance of 1,363 micromhos at Blue Spring, during
0

1953-57 the water from Castle Spring near Black River Village had an average 

specific conductance of 1,667 micromhos (table 17). In 1953, water from
"T

well 2^.26.2^.1,11 had a specific conductance of 2,600 micromhos, and water 

from well 2^.26.2^.113 had a specific conductance of 2,000. (See table 15.)
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The increase in mineral content in the ground water near Black River Village 

was due partly to the added distance the water moved through the alluvium 

downstream from Blue Spring but mainly to the irrigation of land in the 

vicinity. Land near Black River Village and Blue Spring has been irrigated 

for many years* The first irrigator in the Carlsbad area used water from 

Blue Spring. During recent years some of the land north of Black River 

Village has been irrigated by water pumped from wells.

TEMPERATURE OF GROUND WATER

Temperature of ground water near the land surface in any area 

generally is the same as the mean annual air temperature in that area.' 

The temperature of the earth increases with depth below the land surface 

generally at a rate of about lj° F for each 100 feet of depth; thus, 

the temperature of ground water pumped from wells may indicate approximately 

the earth temperature at the depth from which the water is pumped. The earth 

temperature at shallow depth in the Carlsbad area is about 68°. The lower 

temperature of $6° in the Carlsbad Caverns is due to the evapc tion of 

water from wet cave surfaces by circulating air and does not indicate the-

earth temperature.
) 

Temperatures of ground vater in the Ca.-*.abad area range from about

65° to 71° F, although tiie temperature of vater in most wells is 

approximately 68°. Water in the alluvium generally is about 68° or a. 

few degrees cooler, whereas water in the reef aquifer generally is slightly 

warmer than 68° F. Water from wells 2^.26.2^.111 and o.27.12.13^ in
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alluvium were measured to be 6^-° and 66°, respectively. These slightly 

lower than average temperatures probably are due to local recharge by 

percolation of cooler water from the land surface. A temperature of 

only 70° was measured at limestone well 22.26.15.^24, which derives most 

of its water between ^00 and W-3 feet below the land surface.

The relatively low temperatures found for most water from the 

deeper wells in the reef aquifer indicate the aquifer is recharged 

rapidly with cooler water that moves downward from near the land surface 

through the open solution cavities.

QUALITY OF THE SURFACE WATER

Water samples are collected for chemical analyses periodically at 

various sites along the Pecos and Black Rivers. Streamflow and quality 

data collected at Artesia, upstream from the project area, and at

Carlsbad and Malaga are shown in figures , and V7. Flow and quality

data collected at various stations along the streams are shown in table 17

The Pecos River

The amount of dissolved minerals in the (water of the Pecos River

and its tributaries varies. The water is least mineralized during periods

of greatest runoff and generally most mineralized during periods of low 

flow, especially during and after drought. Figure ^5 shows that the total 

amount of dissolved solids fluctuates inversely with the amount of 

streamflow near Artesia. Near Carlsbad and Malaga on the other hand,
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the amount of chemical constituents fluctuates inversely with strearaflow 

for relatively large flows "but fluctuates directly with streamflow for 

moderate flows; this is shown in figures 46 and Vf. Large flows are 

derived from runoff of relatively fresh water during and after heavy 

precipitation, whereas moderate increases of flow usually are caused "by 

release of water from storage at Lakes McMillan and Aval on. Small or 

moderate floods are absorbed by the reservoirs and do not affect immediately 

the amount of flow or chemical content of the river downstream. The water 

stored in these reservoirs usually is more mineralized than that discharging 

into the river from Carlsbad Springs, therefore a release of reservoir water 

into the stream ordinarily would increase the average mineral content of the 

water. However, immediately after the infrequent large floods, the water 

stored in the reservoirs is relatively fresh, as most of the mineralized 

water in storage has been flushed downstream.

It may be noted in figures ^5, 46, and 47 that the river water was 

least mineralized in 19^1> when more than 30 inches of rain fell in much 

of the Pecos River valley. Most of the flow of the river during that year 

was due to direct runoff, and much of the dissolved solids probably was 

leached from the surficial materials.

As in most streams that drain arid and semiarid terrain, the 

mineral content of the water of the Pecos River increases progressively 

downstream. Water that discharges into the river contains in solution 

various amounts of minerals dissolved from earth materials over or
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through which it has passed. Many of the rocks in the Pecos River valley 

consist of limestone, dolomite, anhydrite, gy$sum, halite and other 

minerals that are comparatively soluble; consequently, the surface water 

and ground water in the valley contain "bicarbonates, sulfates, and chlorides 

of calcium, magnesium, and sodium derived front these rocks. Part of the 

water moving downstream is evaporated at the vrater surface and part is 

transpired by plants along the stream. The water remaining in the stream 

contains most of the minerals it contained before its reduction by 

evaporation and transpiration. The ratio of Mineralization of the water 

to its volume therefore is increased. The chemical content of the water 

also is increased downstream by irrigation, kost of the water diverted 

from the river and applied to the land is consumed by evaporation and 

transpiration; the remaining portion, probably 30 to ^0 percent of the 

water diverted, percolates to the ground-water reservoir, carrying most 

of the minerals contained in the diverted water with it. Water pumped 

from wells and applied to the land is concentrated in the same manner. 

Both ground and surface waters may be used over and over again   each time 

becoming more mineralized. During the process; the concentration of the 

bicarbonates, which are rather unstable, fluctuates but remains about 

the same after a period of time. The concentration of chlorides and 

sulfates, which are more stable, increases steadily.



Quality of water from springs along the Fecos River

Water discharged frcm springs along the Fecos River in the 

Carlsbad-Malaga area ranges in quality from potable to brine. Three 

of the springs in the north part of Carlsbad discharge water similar 

in quality to water pumped from the reef aquifer for the municiapl 

supply. These springs are shown in figure 2^ as no. **-, no. 5> suad the 

Limestone Aquifer Spring and they are discussed more fully in the 

section on ground-water discharge from the reef aquifer. However, 

the greatest number of springs, including the remaining part of the 

Carlsbad Springs and the springs near Herradura Bend 9 miles downstream 

from Carlsbad, discharge water that is impotable but fit for the 

irrigation of alfalfa and cotton.

Brine is discharged into the Fecos River through springs and 

seeps near Malaga Bend, 3 to 4 miles east of Malaga. Each day about 

^20 tons of dissolved minerals, of which about 370 tons is common 

salt, is added to the water in the river. Most of the minerals in . 

the water are derived from beds of halite in the Salado and Castile 

formations and discharged from the brine springs and seeps, which 

have a combined flow of about 200 gpm.
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The Black River

The Black River flows perennially in three separate reaches. These 

reaches must be considered separately, as their waters are derived from 

different geologic sources and differ markedly in quality. The three 

reaches are called the upper> middle, and lower perennial reaches. 

Waters from various sites along the stream within the perennial reaches 

were analyzed in laboratories of the Geological Survey at Albuquerque, 

N. Hex. These analyses, along with some streamflow data, are shown in

table 17.
. 
The general relative quality of the water in the perennial reaches

of the Black River during 1953-55 is shown in table 11 (abstracted 

from table 17).

Upper perennial reach

The above tabulation indicates a relatively high but consistent 

mineral content of the water in the Black River upstream from Rattlesnake 

Springs but a relatively low mineral content at Rattlesnake Springs.- A 

probable explanation is that the water sampled near Mayes Ranch and 

near the upper and lower diversions, represents a component of ground 

water moving toward the Black River from the south and southwest. As

. a large part of the drainage area southward is underlain by beds of
  

evaporite rocks consisting mostly of gypsumj and anhydrite of the

Ochoa series the water draining from this area into the river contains 

considerable amounts of sulfates and some chlorides. Rattlesnake 

Springs, on the other hand, drains an area along the mountain front
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west of the Black River, where the water-bearing sediments consist 

largely of limestone and dolomite gravel eroded from the Guadalupe 

Mountains and deposited in alluvial fans below the mouths of canyons. 

As ground water discharging from Rattlesnake Springs is derived largely 

from heavy precipitation along the mountain front and flood waters 

emerging from the canyons and percolating into the permeable fans, the 

water is less mineralized and hence of better quality than the ground 

water derived partly from the gypsum terrain on the opposite side of 

the valley.

Middle perennial reach

Water in the upper perennial reach that is not consumed by 

evaporation and transpiration percolates back into the earth and the 

flow disappears completely within a mile below Rattlesnake Springs. 

The Black River valley alluvium downstream from Rattlesnake Springs 

is rather narrow, less than a mile wide, and consists partly of limestone 

conglomerate. Solution channels in the conglomerate conduct most of 

the base flow of the valley between the upper and middle perennial 

reaches. The water in the Black River along the middle perennial 

reach is a mixture of water leaving the upper perennial reach plus 

water gained in the intervening distance.

Ground water discharges into the Black River from small springs 

and seeps a short distance upstream from the confluence of Blue Spring 

Creek with the river. The discharge which ordinarily is less than
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1 cfs, is rather heavily mineralized, owing to the proximity of 

evaporite beds in the Ochoa series along the right bank of the river.

A much larger quantity, about 11 cfs, of slightly less mineralized 

water flows into the Black River from Blue Spring, which discharges 

from a limestone conglomerate about 1.5 mileis northwest of the Black

River channel. Part of the water discharged from Blue Spring is used

for irrigation before reaching the Black Rivor. Water from Blue Spring 

is less mineralized than water in the upper Black River but more

mineralized than water from Rattlesnake Spring. '

Castle Spring is about a quarter of a m-j-le northwest of the 

Black River and about 2 miles downstream from the confluence of Blue 

Spring Creek and the Black River. Its discharge averages slightly 

less than 1 cfs. However, the total discharge of springs and seeps 

along the Black River in the vicinity of Castle Spring, probably is

substantially more than 1 cfs. Castle Spring, as does Blue Spring,
'

discharges from limestone conglomerate but the water from Castle Spring

is somewhat more mineralized than water from

additional mineral content of water from Castle Spring probably is 

due mainly to irrigation in the vicinity, but it may be due partly to

beds of gypsum in the 3-mile stretch betweer.

Blue Spring. The

. .ue Sj. ring and Castle Spring,

The water passing 4 miles downstream frolm Black River Village is 

a mixture of water from Llue Spring, Castle Spring, and seeps along 

the middle perennial reach of the Black River. Spot measurements below 

Black River Village do not indicate any substantial .^ains or losses in
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flow, although a small amount of water probably is discharged into the 

stream along the reach from Black River Village to Harkey Crossing, a 

distance of about 4 miles.. All the flow in the middle perennial reach 

of the Black River is diverted about 4 miles above Malaga, and the 

streambed usually is dry for about 2 miles below the dam.

Lower perennial reach

Perennial flow in this reach of the river starts in 

sec. 8, T. 24. S., R. 28 E., where the Black River has downcut about 

50 feet in a distance of about a mile. The base flow of the stream 

in this deepened channel gains progressively from this point to the 

confluence with the Pecos River 4 miles downstream, where it averages 

about 3 cfs.

Water in the lower perennial reach of the Black River is heavily 

mineralized, as is indicated in table 11. Sediments that are drained 

by the Black River in this area consist partly of silt interbedded 

with much gypsum and other evaporite material. Furthermore, some beds 

of salt in the Salado and Rustler formations underlying the valley 

fill probably have some effect on the water discharging from the fill 

into the Black River. The high mineral content of the ground water in 

this area is indicated in figures 52, 53, and 54-
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SUMMARY AND CONCLUSIONS

Water used in the Carlsbad area is derived from three principal 

sources. Surface water is diverted from the Pecos River and its

tributaries; ground water is pumped from the

associated rocks of Permian age that constitute the reef aquifer, and 

from the valley fill, or alluvium, of Quaternary age.

The base flow of perennial streams in the Carlsbad area is 

related to ground-water levels in both the reef aquifer and the valley 

fill or alluvium. Water levels in the reef aquifer affect the rate of 

discharge into the Pecos River from Carlsbad Springs, whereas water 

levels in the valley fill affect ground-water discharge into the 

Pecos River south of Carlsbad. Pumping from wells tapping either aquifer 

diverts water which eventually would have reached the Pecos River.

The average annual flow from Carlsbad Springs ranged from 102 cfs

Capitan limestone and

in 1942 to 36 cfs in 1956. This is regarded

from the reef aquifer; it is derived from several sources of recharge,

as the natural discharge

including: seepage from Lake Avalon and the

loss, irrigation return, and recharge from precipitation in the area,

especially in the Guadalupe uplands west of <

river upstream, canal

Carlsbad. Spring flow

resulting from precipitation is regarded as pide inflow, or previously

unmeasured water, in the Pecos River system. The average flow of
£

previously unmeasured water from Carlsbad Springs ranged from 5? cfs

in 1942 to jf cfs in 195/.

In most places the water in the reef aqfiifer is separated from 

the water in the valley fill by beds of anhydrite of Ochoa age. The
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anhydrite is relatively impermeable, and southwest of Carlsbad it 

prevents the movement of significant quantities of water from the reef 

aquifer into the alluvium and visa-versa. However, in the vicinity of 

Carlsbad Springs and La Huerba, the anhydrite was breached by erosion 

before deposition of the alluvium* and the valley fill is in direct 

contact with the reef aquifer, making- it possible for ground water to 

move by gravity from the reef aquifer into the valley fill. The force 

that effects this movement is a hydraulic head of only a few feet. 

Most of the water thus discharged into the valley fill is in turn 

discharged into the Pecos River at Carlsbad Springs.

Some water may move from overlying alluvium and residue of the 

Ochoa series into the underlying reef aquifer in the western parts of 

Carlsbad and Happy Valley, where a relatively thin section of Ochoa 

rocks separates the alluvium and the reef aquifer and where water levels 

in the valley fill are a few feet above water levels in the reef aquifer, 

Furthermore, wells that tap both aquifers in the vicinity of Carlsbad 

and La Huerta provide an additional means of movement of water from 

one aquifer to the other and may become a source of contamination to 

the reef aquifer.

The piezometric surface in the reef aquifer is virtually level near 

Carlsbad, but it slopes slightly toward Carlsbad Springs, the place of 

natural discharge for the aquifer, from various directions. Water   

moves downgradient with relatively little resistance through solution 

channels in the limestone toward the spring area or toward pumped wells 

that tap the aquifer. Most of the hydraulic head of water in the reef
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aquifer is lost between the aquifer and Carlsbad Springs, a vertical 

distance of about 100 feet, owing to the resistance to flow in the 

intervening alluvium.

The water table in the alluvium general-ly slopes diagonally 

downstream toward the Pecos River at a gradient ranging from less 

than 5 to more than 30 feet per mile. Water moves through the alluvium 

in the direction of greatest slope and is discharged into the river 

through springs and seeps along the river bod. Most of this water is

discharged into the river at Herradura Bend : 9 miles downstream from

Carlsbad. The river gains about 17 cfs at Herradura Bend. Locally, 

the water table slopes toward heavily pumped wells.

A perched zone of saturation above the main water table in the 

valley fill near the Southern Canal southweat of Otis and west of

Loving contributes to local waterlogging of land. Drains constructed

in the area are effective in removing excess water from most of the 

area but are difficult to maintain because of the rapid growth of 

saltcedars along the channels. A large amount of water probably could

be drained from the perched saturated zone :o the m\in ground-water

zone by drainage wells that tap both the perched and main ground-water 

zones of the alluvium. In addition to prov* 'ng drainage, these wells 

would be a source of recharge to the msin ground-water zone.

Water levels in the Carlsbad area, in poth the reef aquifer and 

the alluvium, fluctuate in response to drought, pumpage, and precipitation. 

Water levels generally decline during seasons of he--vy pumpage and 

recover partly between such seasons. Water levels also decline during 

drought and recover during periods of normal or greater precipitation.
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In 1954,68*000 acre-feet of water was pumped from the 

ground-water reservoirs for irrigation, public-supply, industry, 

domestic, and stock use. About 53,000 acre-feet was pumped for 

irrigation, and 3.2 acre-feet per acre was applied to most of the 

irrigated land. Areas where ground water is supplementary to surface 

water received 1.4. acre-feet per acre diverted from the Pecos River 

system*

The reef aquifer contains potable water generally southwest ward 

from Carlsbad and LaHuerta and Impotable water northward. The 

alluvium contains impotable water in irrigated areas south and southeast 

of Carlsbad, and the mineral content of the water increases generally 

toward the Pecos River. The alluvium contains potable water south and 

southwest of Carlsbad in unirrigated areas.

Parts of the reef aquifer presently yielding potable water could 

yield water of worse quality in the event the aquifer is over- 

pumped. If the piezometric surface in the aquifer is lowered to an 

altitude below the surface of Tansill Reservoir, into which Carlsbad 

Springs discharge, impotable water now discharging at the springs
f

could move toward the heavily pumped wells.

The ground-water resources of the Carlsbad area should be 

regarded as fully developed so far as wells of large discharge are 

concerned. The reef aquifer, especially, should not be pumped more 

heavily than it has been in recent years because a decline of a few 

feet in the water table could result in a major reduction in the 

discharge of Carlsbad Springs and induce water of inferior quality 

to move from the vicinities of Lake Avalon and Carlsbad Springs toward

the heavily pumped wells.
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Pumping from the reef aquifer could be relieved by the 

retirement of farm lands west and southwest of Carlsbad that are 

irrigated with potable water from the reef aquifer. About a million

gallons a day of potable water probably could 

alluvium a few miles south of Carlsbad in T.

be pumped from the 

23 S., R. 26 E.
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TaL'.e 1, Average precipitation and temperature for month, season, and 
year at Carlsbad, Carlsbad Caverns, and Mayhill ranger 
station, from records of the U.S. Weather Bureau.

Month 
Season 
Year

Dec.

Jan.

Feb.

Y/inter

March

April

May

Spring

June

July

August

Summer

Sept.

Oct.

Nov. '

Fall

Year

Years of record

Carlsbad
precipi­ 
tation 

(inches)

0.55

.39

.37

1.33

.52

.76

1.16

2.44

1.72

2.12

1.78

5.62

1.91

1.44

.53

3.88

13.25

55

Temper­ 
ature
<0F )

43.0

43.8

48.3

45.3

55.4

63.5

71.4

63.4

79.4

81.1

80.3

80.3

73.9

63.7

52.1

63.2

63.1

51

Carl sb ad Cave rns
Precipi­ 
tation 

(Indies)

0.60

.59

.43

1.62

.41

.63

1.73

2.77

1.68

2.03

1.93

5.69

3.27

1.55

.45

5.27

15.35

24

Temper­ 
ature 
(°F)

47.2

43.8

48.6

46.5

53.2

62.9

70.1

62.1

77.3

78.5

77.5

77.8

71.8

G4.2

53. <J

63.3

62.4

20

Mayhill ransor station
Precipi­ 
tation 

(indies)

0.79

.73

.65

2.17

.74

.60

1.45

2.79

1.94

3.56

4.17

9.67

- 3.34

1.63

.58

5.55

20.18

35

Temper­ 
ature 
CF)

38.7

35.8

39.7

38.1

42.9

50.4

57.9

50.4

65.5

67.2

66.6

66.4

61.2

52.9

44.7

52.9

52.0

13
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Section of the Yates formation in the ITiH/4 ijec. 21, 
T. 22 3., E. 25-2.,or. the north side of Darl: CLnyon 
west of Horseshoe Bend.

I'hickness 
___________________________________________(feet)

Tansill formation;
Dolc.nite, crystalline, very fine grained to

sublithographic, tan; beds are 1/2-inch-to
9-inches thick; some layers are laminated
and others are massive; soine layers have
traces of oolitic and fragnental texlures;
v/eathers to a roughly pitted light yellow-gray
surface; the upper 4 feet of the bed Is slightly
silty, more calcareous, and appears to be
brecciated; this upper section contains pores
1 /8-inch- to 1/16-inch in diameter that are
coated with drusy calcite; the upper section
weathers to a buff color                   - 11 

Dolomite, covered -                            14 
Dolomite, crystalline, very fine grained to

sublithographic, tan-gray; weathers to yellow-
orcinge gray; the upper 3 feet of the bed
comprises 1/2-foot- to 1-foot layers of
"  ii*obreccia cemented with very thin searns of
culcite; the lower 3 feet comprises 1-inch- to
8-inch layers with faintly oolitic or fragmental
textures. Note: The beds described above,
together form a prominent ledge at the base of
the Vansill formation                     -  6

Yates formation:
Covered; contains In the lower part a few s»nall 

outcrops of pale yellow-green calcareous, sllty 
very fine grained sandstone              -        15

Dolomite, fine-grained, gray to brown-gray: 
weathers to Itrht orange-gray; has faintly 
' litic and irvig.ental texturr                2

Lim.-stone, sandy, sil-ty, light-gray; weatnurs to 
i?\;ht buff; contains oolites in moderate 
abundance                     -         4

Covered                                    12
Doletite, very fine grained, hard, light-gray; 

cr.-choidal fracture; weathers to a light orange- 
giviy relatively smooth surface; comprises 2- to 
4-inch layers of oolitic microbreccia, containing 
very small vugs filled with calcite             1
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Table 5. Section of tlie Yates formation Ccntinuoc!

Thi cknes; 
(fec-t)

Yates formation Continued
Linsstone, silty, dolomitic, light-gray; weathers 

to buff nodular surface                  * 

Dolomite, very fine grained to sublithographic, 
olive-gray; the upper 1 foot of the bed is 
slightly sandy; weathers to light orange-gray

Dolomite, sublithographic, hard, subconchoidal to 
conchoidal fracture, olive-gray; weathers to 
light yellow-gray; comprises 1/2-foot to 1-foot 
layers of raicrobreccia and oolitic dolomite; 
some layers contain pores from 1 to 2 mn in 
diameter; exposures are discontinuous  

Dolomite, sublithographic; sandy and silty 3 feet 
below the top of bed; weathers to light yellov/- 
gray; poorly exposed  -       

Limestone and siItstone; sandy; calcareous; 
bedded in thin plates; very pale green; 
weathers to light buff; sand is very fine

to

ve-gray 
2-Inch to 

low-gray  -
htly
Hand

groen

Covered                      -
Dolomite, granular, very fine grained, light 

green-gray to gray; contains some microbreccia 
and traces of fragraental texture; weathoz 
light orange-gray                

Covered                   «    
Dolomite, sublithographic, hard, light ol 

to gray; conchoidal fracture; comprises 
5-inch layers; weathers to a light yol

Sandstone, very fine grained, silty, sli 
calcareous,porous, light yellow-green; 
grains are angular; poorly exposed   

Dolomite, sublithographic, hard, light 
conchoidal fracture; comprises 2-inch 
layers;-weathers to a light orange-gray 
prominent and persistent ledge       

Covered                     
Limestone, sandy, silty, granular, buff; 

inteibedded with sublithographic dolomi 
is very fine grained; weathers buff to

Dolomite, fragmental, very fine grained; 
ledrre-forming, light-brown; comprises 1 
3-inch layers; weathers to a roughly pitted 
light orange-gray surface          

Covered, dolomitic float; some fragments 
laminae of red very fine grained sand

to
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Table 5. Section of the Yates formation Continued

'ihicknees 
____________________________________________(feet)

Yates formation--Continued
Dolomite; lower part is less porous than the upper;

poorly exposed    - -             -.  :    4
Covered                                    1
Dolomite, fraimental , very fine grained; light 

green-gray; wavy bedded; comprises 1-inch to 3- 
inch layers; weathers to dark orango-^ray        2

Covered   -                                3
Dolomite, very fine grained to sublithographic, 

hard, thinly bedded; conchoidal fracture; has 
some fragmental texture; weathers to orange-gray   3

Covered for the most part; a 1-fcot layer of 
yellow-brown to brick-red, slightly calcareous, 
silty, very fine grained sandstone crops out 4 
inches below the top of the bed. -              19

Sandstone, silty, and sandy siltstone; calcareous;
thinly bedded; very pale groan; weathers to buff   6

Dolomite, fragmental, very fine grained. moderately 
porous, ledge-forming; comprises 4-Jnoh to 6-inch 
flaggy-bedded laminated layers; pores partly 
filled with calcareous material; weathers to 
light orange                                 2

Covered                                     4
Dolomite; similar to 2-foot unit above            4
Covered                                   5
Dolomite, light-tan to green-gray; ledc;e-forming; 

comprises 4-inch to 1-foot laminated, fragnental, 
and oolitic layers with some very fine grained 
layers; weathers to light yenow-yray to light 
orange                                   -- 2

Dolomite, silty, very fine grained, fragmental,
light buff; weathers buff to red               2

Dolomite, very fine grained, oolitic, buff to
yellow-brown; weathers to a buff color -----        1

Sandstone and dolomite; very fine grained; brown; 
weathers to a dark-brown surface, which is 
smoothly bossed in places; sand grains are 
angular                                    16

Dolomite, very fine grained, ledge-forming, buff; 
bedding is flaggy; contains iron concretions with 
a red streak, probably derived from the ox^erlying 
sandstone at the top of the bed; weathers to a 
rough orange to yellow-brown surface            8

Sandstone, calcareous, very fine grained, brick- 
red                                      10
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Table 5. Section of the Yates formation--continued

Thickness 
(feet)

ya.tes format ion-Continued
Dolomite, very fine grained to sublithographic, 

thickly bedded, ledge-forming, light-gray to tan; 
comprises 6-inch to 2-foot layers; contains a 
2-foot pisolitic layer about 4 feet below the top 
of the bed; weathers to an orange-brown roughly 
pitted surface        -                    10

Covered     **  *'*   *       ""  " "   """ "           "*  **  1
Dolomite; similar to the 10-foot unit described 

above; oolitic, in part, and fragmental; cliff- 
forming; contains a few pisolitic layers 1 to 
2 inches in thickness                       , 24 .

Dolomite, very fine grained to sublithographic, 
oolitic in part, ledge-forming, buff-colored to 
red-brown. Lower 5 feet partly covered      -   7

Dolomite, sandy, calcareous in places, very fine 
grained, red-brown; comprises 2-inch to 4-inch 
layers; weathers to a red-buff color        -   3

Dolomite, very fine grained to sublithographic,
oolitic in part, buff; weathers to a buff color    2

Sandstone, calcareous, very fine grained, hard, 
thin platy bedding, buff; many grains are 
red-brown                                1

Sandstone, very fine grained, yellow-brown; bed 
generally is massive with some thin platy 
bedding, some of which suggests small-scale 
preconsolidation slumping; bed is calcareous in 
upper part, becoming more dolomitic in the lower   2

Sandstone, slightly calcareous, very fine grained,
porous, white to buff              -         3

Dolomite; similar to last previous 10-foo't unit     8
Siltstone, very porous, light buff; weathers to

an orange-brown                            0.5
Dolomite, very fine grained, thin platy bedding, 

buff to yellow-brown; forms a notch in cliff 
together with the overlying siltstone            1.5

Dolomite, orange-brown; similar to 8-foot unit

Dolomite, very fine grained, thinly bedded, yellow- 
brown to red-brown; weathers to a buff 1:o red-buff
COX O17 ^   "   -LJ" «    *»M>«»^»^M>««»w»««fc«»«»M>«w«»«»M>^«»«v !  rB«H»wp _-i M«»M>M»M.«M»MMWMMM»M. ^

Sandstone, calcareous at base, very fine grained,
thinly bedded, light red-brown; poorly exposed   - 4 

Sandstone, very fine-grained, buff     (          5
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Table 5.  Section of the Yates formation Continued

Thickness 

____________________________________________(feet)

Yat es format ion  CantInu ed
Dolomite, sandy, calcareous, very fine grained,

platy bedding, buff                         _3 

Total thickness of the Yates formation 295

Seven P.ivers formation;
Dolomite, very fine grained, moderately thick 

bedded, gray to tan; contains sone tiny vugs; 
weathers gray to a lirjht gray-orange but is 
much lighter in color and less orange than the 
immediately overlying rocks                   50
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Table 6. Section of the Yates formation on the south side of Dark 
Canyon in the CE1/4 sec. 27, T. 23 S., R. 25 E.

Thickness 
(feet)

Tansill formation:
Dolomite, calcareous, thinly to thickly bedded, 

yellow-gray; extends to the top of the hill     

Yates formation:
Siltstone; consists of quartz and carbonate grains;

cemented with calcite; very poorly exposed      
Dolomite, slightly calcareous, fine-grained, very

thin to medium bedded, medium light-gray        
Giltstone, sandy, friable, pale yellow-orsmge;

poorly exposed                            
Dolomite, fine-grained, very thinly to th:inly

bedded, light-gray               '         
Siltstone, sandy, friable, pale yellow-orange;

poorly exposed -                          
Limestone, fine-grained, thinly bedded; contains

concretions of iron oxide; poorly exposed       
Limestone, fine-grained, thickly bedded, laminated;

contains layers of sandstone and siltstone
averaging 1/3-inch in thickness      -      - 

Limestone, silty, fine-grained, laminated;
poorly exposed                  -       

Dolomite, calcareous, partly recrystalliz^d-
fragmental, pisolitic, thin to medium bedded,
laminated  -                             

Covered; probably siltstone and silty limestone or
silty limestone :                        - 

Dolomite, silty, very thinly to thinly bedded;
contains much crystalline calcite in jo: nts and
cavi t i es                                  

Limestone, dolomitic, fragmental, pisolit:Lc,
medium bedded, yellow-gray                 - 

Llnu.ston< ,. irregularly bedded, interlaminated with
dolomitic limestone, yellow-gray           - 

Covered; probably siltstone; contains small amounts
of pink very thinly bedded dolomite            

Limestone, detrital, medium bedded, yellow-gray    
Dolonri ie, detrital, very thinly bedded, yellow-

gra. ; contains crystalline calcite in cavities;
may contain some siltstone; poorly exposed   

Dolomite, calcareous, porous, thin to medium
bedded, yellow-gray; contains much crystalline
calcite in cavities              

5.8

6.3

14.6

2.4

13.6

2.9

2.7 

6,8

1.8 

4.5

2.3 

1.1 

9.4

4.2 
3.0

4.1 

1.8
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Table G. Section of the Yates formation Qantinuoc!

Thickness 
____________________________________________(feet)

Yates formation Continued
Siltstone, sandy, calcareous, yellov.'-ftray; contains 
a very thin layer of pin!: thinly bedded 
sublithographic dolomite about 30 feet above the 
base of ths bee!; coorly exposed                37.5

Limestone, slightly silty, ;nedlu;.i to thick bedded; 
contains nicro-oolites ant! nuch r eery stall! zed 
calcite                                    C.5

Linestone, f ine-grained, thin to nerfiivn bedded,
larrdnated, yellow-gray; contains numerous pisolites
near the middle of the bed                    11.0

Covered                                   2.3
Dolomite, calcareous, fine-(Trained, thinly to 

thickly bedded, laininatec?, ^ray-orance to rale 
yellor/-brown; contains clastic fra^ientr and 
micro-oolites  :                            17.. 2

Covered; probably siltstono                    2.6
Dolomite, very thin to medium bedded, laardnatec1.,

yellow-gray                               5.0
Limestone and siItstone, calcareous; thinly bedded;

roorly exposed                           19.5
Dolomite, calcareous, subl it biographic, very thin to 

medium bedded, yellow-gray; contains so»ne 
crystalline calcite in cavities and pisolites in 
the upper part of the bed                    20.0

Limestone; poorly exposed       -             10.5
Dolomite, slightly calcareous, aphanitic,

laminated, vory pale oranjo                  1.6
Dolomite, sandy, fine-drained to anhanitir very

thin to thin bedded, laminated, yellow L,-ovn      10.6
Sandstone, very fine-drained, very thin to thin 

bedded, laminated, pale yellow-orange; composed 
of carbonate and quartz grains               - 10.8

Dolomite, aphanitic, thin to thick bedded, -,ale 
yellow-orange; contains pisolites in places and 
considerable amounts of crystalline calcite in 
cavities in the upper part of the bed            26.3

Siltstone, very thin to thin bedded, pale yellow- 
orange; consists of grains of quartz and dolomite 
cemented with calcite                       10.6

Dolomite, fine-grained, thickly bedded, laminated, 
very porous, very pale orange; contains much 
crystalline calcite and some iron-oxide 
concretions                               1.8

Siltstone, sandy, very thin to thin bedded, very pale 
orange; composed of quartz grains cemented with 
calcite                                  8.3
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Table 6. Section of the Yates formation Continued

Thi ckness 
(feet)

Yates formation Oontinued
Dolomite, fine-grained, thickly bedded, very porous, 
very pale orange; contains much crystalline 
calcite in cavities and some irdn-oxid 
concretions                    

Siltstone, slightly.sandy, very thin bedded,
laminated, very pale orange; consists of grains of
quartz and dolomite cemented with calcite; contains 
iron-oxide concretions            

Dolomite, fine-grained, thick bedded, very porous,
very pale orange; contains iron-oxide 
and much crystalline calcite in caviti

concretions
ss

Siltstone, slightly sandy, very thin to thin
bedded, very pale orange; consists of [grains of
quartz and dolomite cemented with calcite; 
contains iron-oxide concretions     

Siltstone, calcareous, thin bedded, gray-orange; 
composed of quartz grains         

Total thickness of the Yates formation

Seven Rivers formation;
Limestone, coarsely crystalline

medium to thick bedded, very pale oran 
extends to the bottom of the canyon  

(recryst.illized)

G.5

1.3

3.3
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Table 7. Annual average flow from Carlsbad Springs, estimates of the amounts 

contributed by the various sources of recharge, pumpage from reef 

aquifer less irrigation return, and total previously unmeasured 

water discharged from reef aquifer in cubic feet per second.

e
O TJ
PH CO 01

VH ,0 bO
03 C'

fc £ H «H
CO O h t*CD H co p,

5H fc o CO

1940 66

1941 95

1942 102

1943 95

1944 84

1945 78

1946 71

1947 62

1948 55

1949 69

1950 67

1951 54

1952 41

1953 35

1954 38

1955 42

1956 37

Contribution to

*
O G CD
HO >
&gj |__J *f*l

^J QJ pC

C CO bO
H k bO CO 03
co n p S -H ft 8 O
C ca -p o *H CD o o
f^ i-H Orf CM «H CH ^f gj^j

11 1 2

7 1 2

10 1 2

11 1 2 .

91 2

71 2

71 2

61 2

71 2

81 2

91 2

91 2

71 2

5 1 2

5 1 2 '

10 1 2

9 1 2

spring flow

ao
H

CO
CD >
bO <tj
CO
ft S CD
CD O J^4

t^«i3J

25

35

33

28

24

24

23

20

21

30

27

21

20

23

27

27

21

^> ro
H CD

3 P
O n
 H CO h

S CD CD
B "^

£ 1 §

27

50

56

53

48

44

38

33

24

28

28

21

11

4

3

2

4

CM C
CD (j 
CD P
£H 4^

01 CD
S CO (H
O CD
PH r*H Cj

«H O
 ». if-{

CD JH 4^
bo CD co
CO <M GO
Q^  H «H
3 P ^H

(S c?i

4

4

5

5

5

6

6

7

9

" 8

10

12

13

18

19

17

20

H CD 0
ca +» O
p co *H

 H CD
^ *^J *^J VH
CD CD CD <T^
LJ C^ bO Cl}

S ^ o4
CO CO

H CO A
CO CD U VH

+3 S CO CD
O 2 T\ CD

31

54

61

58

53

50

44

40

33

36

38

33

24 "

22

22

19

24

Between Major Johnson Springs and gage at Damsite 3

A-15 January I960



Ta
bl
e 

8.
 A
pp
ro
xi
ma
te
 g

ai
n 
in
 f
lo
w 
of

 P
ec
os
 R
iv

er
 d

ue
 t

o 
gr
ou
nd
-w
at
er
 d
is

ch
ar

ge
 b

et
we
en
 T
an
si
ll
 D
am

 a
nd
 

Ma
la
ga
 g

ag
in

g 
st
at
io
n.

!-
  

C>

Lo
ca
li
ty
 a

nd
 d

es
cr
ip
ti
on
 

of
 m
ea
su
ri
ng
 s

ta
ti
on

Ap
pr
ox
im
at
e 

di
st

an
ce

 
fr

om
 T
an

si
ll

 
Da
m 

al
on

g 
th
e 

ri
ve
r 
be
d 

(m
il

es
)

Fl
ow
 a

t 
me
as
ur
in
g 

st
at
io
n 

(c
fs

)

Pl
ow
 a

t 
st
at
io
n 
du
e 
to

 
gr
ou
nd
-w
at
er
 

di
sc

ha
rg

e 
(c
fs
)

Ne
t 

ga
in

 d
ue

 t
o 

gr
ou

nd
-w

at
er

 
di
sc
ha
rg
e 

fr
om

 
pr

ec
ed

in
g 

st
at

io
n 

(c
fs
)

Cu
mu
la
ti
ve
 

ga
in
 i
n 
fl
ow
 

du
e 

to
 g
ro

un
d-

 
wa
te
r 

di
sc

ha
rg

e 
(c
fs
)

se
c.
 
6,
 T

. 
22
 S

.,
 

R.
 
27
 E

. 
, 
be
lo
w 
Ta
ns
il
l 

Da
m 
in

 t
he
 P

ec
os
 R
iv

er

se
c.
 
6,
 T

. 
22
 S

.,
 

R.
 
27
 E

. 
, 
be

lo
w 
Ba
ta
an
 

Br
id
ge
 i

n 
th
e 

Pe
co

s 
Ri

ve
r

""*
* 

  
  

&

NE
£N
E£
 s

ec
. 

7,
 T

. 
22

 s
.,

R.
 
27

 E
.,

 
be

lo
w 
di
sc
ha
rg
e 

of
 C
ar

ls
ba

d 
se

wa
ge

-d
is

po
sa

l 
pl
an
t 

in
 t
he
 P
ec
os
 R
iv

er

se
c.
 
9,
 
T.

 
22

 S
.,
 

R.
 
27
 E

. 
, 
in

 t
he
 P
ec
os
 

Ri
ve

r

SE
i-

SE
^ 

se
c.
 
10

, 
T.
 
22
 S

.,
 

R.
 
27

 E
. 

, 
in
 t
he
 P
ec
os
 

Ri
ve

r

se
c.
 
24

, 
T.
 
22

 S
. 

, 
R.

 
27
 E

. 
, 
in

 t
he
 P

ec
os
 

Ri
ve
r 

at
 P

ow
er
 D
am

0

.5 2.
2

3.
9

5.
9

0

.8

4.
2

4.
0

6.
5

6.
7

0

.8 .8 .6 3.
1

3.
3

.8

-.
2

2.
5 .2

.8 .8 3.
1

3.
3



Ta
bl
e 
8.
 A
pp
ro
xi
ma
te
 g

ai
n 

in
 f
lo
w 

of
 P
ec
os
 R
iv
er
 -
 C

on
ti

nu
ed

Lo
ca
li
ty
 a

nd
 d
es
cr
ip
ti
on
 

of
 m
ea
su

ri
ng

 
st
at
io
n

NW
^S

Ej
" 

se
c.
 
11
 > 

T.
 
23

 S
. 

>

Ap
pr

o 
xi
ma
te
 

di
st

an
ce

 
fr
om
 T
an
si
ll
 

Da
m 

al
on
g 

th
e 

ri
ve

r 
be
d 

(m
il

es
)

16
.4

Fl
ow
 a

t 
me

as
ur

in
g 

st
at
io
n 

(c
fs

)

23
.2

Fl
ow
 a

t 
st

at
io

n 
du

e 
to

 
gr
ou
nd
-w
at
er
 

di
sc

ha
rg

e 
(c

fs
)

19
.8

Ne
t 

ga
in

 d
ue

 t
o 

gr
ou

nd
-w

at
er

 
di

sc
ha

rg
e 

fr
om
 

pr
ec
ed
in
g 

st
at
io
n 

(c
fs

)

16
.5

Cu
mu
la
ti
ve
 

ga
in
 i
n 
fl

ow
 

du
e 

to
 g

ro
un
d-
 

wa
te

r 
di

sc
ha

rg
e 

(c
fs
)

19
.8

R.
 
28
 E

. 
, 
in
 H
ar
ro
un
 C
an

al
 

be
lo

w 
Ha
rr
ou
n 
di

ve
rs

io
n 
da
m

se
c.
 
11
, 

T.
 
23

 
S.
, 

R.
 
28

 E
. 

, 
in
 t
he

 P
ec
os
 R
iv
er
 

be
lo
w 
Ha

rr
ou

n 
di

ve
rs

io
n 
da
m

se
c.
 
1,
 
T.
 
24
 S

.,
 

R.
 
28

 E
. 

, 
in
 t
he

 P
ec
os
 R
iv

er
 

ab
ov
e 
mo
ut
h 

of
 t
he

 B
la
ck
 

Ri
ve

r

se
c.
 
1,
 T

. 
2^
 S

.,
 

R.
 
28

 E
. 

, 
in
 t
he

 P
ec
os
 R
iv
er
 

at
 H

ar
ro

un
 C
ro
ss
in
g 
be
lo
w 

mo
ut
h 

of
 B

la
ck
 R
iv
er

Nj
- 
se

c.
 
19

, 
T.

 
24
 S

.,
R.

 
29

 E
. 

, 
in

 t
he

 P
ec
os
 R
iv
er

at
 M
al
ag
a 

ga
gi

ng
 
st
at
io
n

23
.2

23
.5

27
.3

.2

e3
.3 6.
2

8.
3

.2

e2
.9 5.
8

7.
9

.2

e2
.9 2.
9*

2.
1

20 e2
2.

9

25
.8

27
.9

e 
Es

ti
ma

te
d

* 
fr
om
 t
he

 B
la
ck
 R
iv
er



8I-V

c
CQ 
(D
a

op+
pH"
to

to 
to~u>
co 
o

,_,

O

0

en 
o
o

 JMl

M

UD 
O

O

to
o

CO
0

§

5o
cCO

£(D
C
tn
0

oM>

to
C

M>
P
O

^
pf*
0)

10
"M
M
O

to
o0
o

CO
*

o

0

CO

o

10

CO
c13

T3
H*

ioa
P
v<

6
ta
C

H»
P
O
(D

O

5
"D

b

,_,
ip

 j
8

CO

f*
CO

2b

M
to

ftl

OH*
C
CO
H-
«£
(D

C
(A
fl>

to

§
O

en

to 
0

CO

to

-si
o

en
CO

*
 ^"Z

 ̂* 
»

e
 ^
D

CO
 §
TJ
M
(D
3
(D

<^
P
i^
*^

O

U)
-
H>
P
0

r*- 
fl)

M

t;o 
o

t/o
o

*- 

to
b

to
o

w
o
r"

CD
H-

^
(D

jn
o
(p

- 
o
o

to

»- 

o
o

t-to

£$
Ml

siH>
H)
(D

^
P
r+
0)
^

Acreage irrigated within
the Carlsbad Irrigation
District

Number of irrigation
wells

Acreage not receiving
water from the
Carlsbad Irrigation
District, west, south
and southeast of
Carlsbad

Number of irrigation
wells

Acreage in upper Black
River valley including
the Black River 
Village area

Number of irrigation
wells

Total acreage

Total number of
irrigation wells

M 
0

I

wo>
3 H-
c M.
E i cr P 
o>

g.
o

OQ O
P
rf M-
H- 3

llM ro
H» O 
B> rt-

M. p
3 >1 

O
O P 

T3

O <
-3 ?en M
to M. 01 »-J

 1

H»
*1

§



CO

C
D

£ o £ p p CD o\ 8 vo SQ 0 V
JI H « V
JI 8 H -£
-

N
^
 

*
OQ

 o a 
t1

o 
£ 

P 
w

p
 

H
-

U
l 

<
J

, 
»

§
 

P
cf

 m
{? 

* o M
>

V
JI 5 V
O H 8 ro S- h1 H

a
fl

 S
 S

o 
»d

 
o 

5 
>d

 
H>

&
 H S
i 

N
H

 
H

«+
 c

i- 
tt

fl>
 

(p
 

0
 

h
 

P-
 f

l>

5*
S

S
 

t^
 
0 cf

r n> 4

->
i 8 V

jJ 3 U
4

M R
CD

 
O

 
rj

 
(_

j

M
> 

TO
(D

 
H

-
0
 

<{
(0

 
(D

5S
 

^
P

 
CO

c
t 

(D
 

(0 »1
 

0 M
>

H & H S

A
cr

ea
ge

 
ir

ri
g
a
te

d
 

in
 t

h
e 

up
pe

r 
B

la
ck

R
iv

er
 v

al
le

y

N
um

be
r 

o
f

ir
ri

g
a
ti

o
n
 w

el
ls

A
cr

ea
ge

 
ir

ri
g
a
te

d
n
ea

r 
B

la
ck

 R
iv

er
V

il
la

g
e

N
um

be
r 

o
f

ir
ri

g
a
ti

o
n
 w

el
ls

T
o

ta
l 

ac
re

ag
e

ir
ri

g
a
te

d
 i

n
 t

h
e

B
la

ck
 R

iv
er

 v
al

le
y
 

up
st

re
am

 f
ro

m
B

la
ck

 R
iv

er
 V

il
la

g
e

T
o

ta
l 

nu
m

be
r 

o
f

ir
ri

g
a
ti

o
n
 w

el
ls

H
 

n>

o>



Table 11. Specific conductance of water in the Black River, 1953-55-

Hut
an

Upper perennial reach of the Black River

Below Mayes ranch

Below upper diversion dam

Above lower diversion dam

Rattlesnake Springs

Middle perennial reach of the Black River

Range in 
mber of specific 
alyses conduct­ 

ance

25

19

19

25

Above Blue Spring Creek 20

Blue Spring Creek 26

Castle Spring 20

Harkey Crossing 14

Lower perennial reach of the Black River

Lookout Crossing

Near the Pecos River

2

3

2,130-2,240

1,910-2,200

1,870-2,250

571- 796

960-2,320

1,200-1,380

1,570-1,860

1,110-1,870

4,740-4,750

5,160-5,250

Average 
specific 
conduct­ 

ance

2,208

2,119

2,111

711

2,080

1,344
1,676

1,592

4,745
5,220

A-20



Table 12. Drillers 1 logs of selected veils and test holes in the 
Carlsbad area, Eddy County, N. Mex.

21.26.23.110 Judson Boyd 

Driller: unknown

Alluvium
P**J T

Conglomerate          -- 
Sandstone (-water)    

Castile formation

Sandstone           
Gypsum          

Thickness 
(feet)

              15 
             15

,                 10
u\,..  .-. . .......... 30

^   '    -

                20
,                 1*5

8 -
.    ,            1

Depth 
(feet)

15 
30 
llO 
70

   .^

90 
135
1*3 
iWf

T. E. Parsons

Alluvium
ejf^j T

eSft^.j

0<«~. j

day        
eSft^.j

Driller: J. P. Kimmell

Thickness 
(feet)

           .          U
                    1

Depth 
(feet)

5
Ort

*3
51
65
66
79

A-21



Table 12. Drillers 1 logs of selected wells and test holes Continued

21.27.19.^13 J. E> Bennett

Driller: A. H. Mor eland

Thickness 
(feet)

Depth 
(feet)

Alluvium

Rock, red            -          

Castile formation

^^^pT J *  *T****^*

.     35

-     5
    10

-    80
    169

*.-[
')

35 
80
85 
95

175 

375

21.27.30.1^ S. M. Bernard

Driller: H. Heniler

Alluvium

Lime and "boulders           .....   .

Sand and gravel   -   «         -       
Conglomerate   -                -     

Castile formation
fft n   __, 3 n-tmm-mt

Thickness 
(feet)

,     - It

.     5 

.     16

.     6

.     i

.     3

oft

Capitan limestone

Lime, "brovn                       
Lime, -white -   -   ...... ............

A- 22

oA

.      1*

Depth 
(feet)

12 
17 
33 
39 
1*0

71 
179 
186

250 
278 
282



Table 12.  Drillers' logs of selected veils and test holes Continued

21.27.30*330 L. V. Bortaood

Driller: J. P.

Alluvium

Castile formation

Capitan limestone

Lime, white             .       ...
T 4 ma. _ _ _

22.26. 1.233e City

Kimmell

Thickness 
(feet)

.       5

.       24

.      37

34

.      55
-      3
.      9

7i   07^ i

of Carlsbad

Depth 
(feet)

31 
55 
92

98

iS
220 
223 
232

Driller: Martin and Hurley

Alluvium

Gravel *Epd clay (water at 35 feet)  

Capican limestone
Limestone, gray, sandy       

Lime, gray, hard                - 
Limestone (water)     -.            -
Limestone, gray                  

Thickness
(feet)

O"l

5
1 O

......... J.VJ

9 ,

30

.      i

.      i
3

OT

.      15
1 O

Depth 
(feet)

35

52
71 
80 
110

111 
112
115 
136 
151 
163

A-23



Table 12. Drillers' logs of selected wells and test holes Continued

22.26.3.21 *t Bluebird Well Cojapaay 

Driller: Bluebird Oil

Thickness 
(feet)

Depth, 
(feet)

Alluvium
Gravel, sand, and silt -                  32

Capitan limestone
Limestone, white                      3
Limestone, -white, very hard             15
Limestone, yellow, sandy     -           -   10
Limestone, dark, hard               .  h      5
Limestone, open caverns                95 
Limestone, white (first water at Ik6 fe^et,

Just enough for drilling)             10 
Limestone, white; contains streaks of
magnesia -                       10

Limestone, white     -               8
Shale, blue (show of oil)              7
Limestone, blue -                     22
Shale, blue (show of oil)              8
Limestone, white                    1*2
Shale, blue, turning hard and darker      11
Sand                             H2
Limestone, hard (water at 288 feet)       25
Limestone (water, tools dropped) -        10
Sandstone, yellow                      1*5
Limestone, blue, shaley, salty           2
Shale                           7
Limestone, white               -      2
Shale, blue                        l8
Limestone, white, soft                2
Shale, blue                          1*9
Limestone, white                     2
Shale, blue                      -   l8
Limestone (show of water)         -       31
Limestone, white         -   «          k
Limestone, cavernous (strong sulfur water) - 107
Limestone, white                    53
Limestone, brown      -                2
No i0g .                       I    581

32

35
50
60
^5 

160

170

180
188
195
217
225
267
278
320

355

1*02 
1*09 
1m 
1*29

1*80 
1*82 
500 
531
535

695
697

1,278

A-24



Table 12.  Drillers' logs of selected veils and test boles   Continued

22.26.3.330 I. T. Dart 

Driller: Dunovho

Thickness 
(feet)

Depth 
(feet)

Alluvium , .
Topsoil       -                 8 8
Boulders, small, and gravel -           22 30
Shale, pink                        105 . 135

Castile formation
Gypsum      ..... .  .   .......   23 ' 15$
Gypsum, soft (rater)                 2 l6o

22.26. k.Zkb A. A. Klein

Driller: Curtis ;

Thickness Depth 
(feet) (feet)

Alluvium
Shale, red    - ---   --    --  15 15
Caliche, <white                      10 25

, red                 -     30 55
-                        15 70

Shale, red                        15 85
Gypsum                           108 193
Sand                             11 204

22.26.12.333 M. C. Scott

Driller: A. H. Morelr.nl

Sickness Depth 
_________________(feet)____(feet)

Alluvium
Topuoil                           2 2
Caliche                           10 12
Sand and gravel    -  - .       4 16
Caliche                    -     9 25
Clay, yellov                      10 35
Sandstone                         5 **0
Sandstone and gravel     - -         10 50

A-25



Table 12. Drillers' logs of selected wells and test holes Continued

22.26.13.231 C. R. May 

Driller: A. H. Moreland

Thickness 
(feet)

Alluvium ' i ' '

Castile formation

    15 
    10
    10
    10
r    5

on
in

-** ̂  j~ ** -^^mm ^^^^

Depth 
(feet)

15 
25 
35

50

70 
80 
90 
Ito
275

22.26.25.1^1 Spehcer

Driller: Spence^

Thickness 
(feet)

Alluvium
Soil                     -         9

on

37
___ _ k

Castile formation

ijtyysum aim ^XCLVCO. \ oxauc u^ wcuwcx y    .  -

Depth 
(feet)

9

60
97 

101 
160 
171

250

A-26



Table 12. Drillers' logs of selected wells and test holes Continued

22.26.25. ̂ 3 Best 

Driller: Dunovho

Thickness 
(feet)

Depth 
(feet)

Alluvium
Soil                             12 12
Boulders                         38- 50
Conglomerate -       -   ..... .... 54
Red bed                           4l
Gravel and caliche                   5 150
Lime, yellow                       20 170
Shale, gray                       * 17*
Red bed                           11 185
Red bed and dolomitic lime             22 207

Castile formation
Red bed and gypsum  -     -          8 215 
Gypsum, pink       -   - -  50 265

F. G. Tracy 
22.27.*.*** H. Kamlor.

Driller: H. Hemler
-.__-- j)epth 

_____________(feet) (feet)

Alluvium
Rock                             70 70 
Li^Sj yellow (show of water)     -    20 90

Castile formation
Red bed                            1*0 130 
Gypsvm, red                        90 .220

A-27



Table 12. Drillers' logs of selected wells and test holes Continued

22.27.17.^3 George Fisher 

Driller: H. Hemler

Thickness 
(feet)

Depth 
(feet)

Alluvium
Topsoil       
Clay and gravel 
Lime       
Sand and gravel 
Clay   -    - 
Gravel      - 
Clay       - 
Sand and gravel 
Lime       

Castile formation 
Gypsum     

k
10

22 
30 
10 
2k 
k 

1*2

70
100
110

138
180

22.2T»l8.230 Hunt an(j Spence

., Driller: Gray

Alluvium

m Q^T ___ ___ _____ _ _ ___ ____

Thickness 
(feet)

    55
    5

in

W ttmfi» J ^^-*   1

%

Depth 
(feet)

55 
60
TO
80 
90 

120

.w-23;?, r- o



Table 12. Drillers 1 logs of selected veils and test boles--Continued

22. 27*20-332 . R. Brooks

Driller: J. R. Jolley

 

Alluvium

Boulders         ---        '                 
Shale, yellov ««         -    --
Rock, conglomerate -   ̂-                  

Conglomerate, yellov, limy         -     ..

Castile formation

Thickness
(feet)

5 
25 

. 19 
U 
16
1 

119 
10

7

Depth 
(feet)

5 
30

^ 63
79 
86
205 
215

222

22.27.20.3**2 Janvay 

Driller: Brininstool

Alluvium

Thickness 
(feet)

      30

        10

       qk

Depth 
(feet)

30 
80 
90 

130 
lAk



Table 12.  Drillers' logs of selected veils and test holes Continued

22.27* 20. It-31 J. J.

Driller: Bond

Thickness
(feet)

Alluvium

22.27.21.131 o. c,

    5
    55
    53

Depth 
(feet)

h X 

T llQ

1*5 
200
253

Nichols

Driller: H. Hemler

Thickness 
(feet)

Alluvium
c

O -t T -lr \« n t*A Ort

Shale, sandy, and boulders            +       to

h*«*»*4A* S

Clay, red, 0^4 roclcj interbedded   --

Castile formation

(..._   16
16

\.      10

.      12
     12
.      21

Depth 
(feet)

5 
25 
65 
80

99 
120
123 
139 
155 
163 
173

185 
197 
218 
222

-i-30



Table 12.  Drillers 1 logs of selected veils and test holes Continued

22.27.21.133 A. L. Nichols 

Driller: H. Hemler

Thickness Depth 
___________(feet)____(feet)

Alluvium
Boulders   - ~       -          20 20
Clay, yellov    ;                  ^5 65
Sand (vater)               -       35 100
Red bed                            20 120
Sand       «  ««          6 126
Lime                             k 130
Sand                           5 135
Clay, vhite                        10 1^5
Rock, yellov, honeycombed (vater)        9 15^
Sand                            6 160
Red bed        -                 20 l8o
Lime, sandy                       13 193
Shale, blue                       -. 3 196"

Castile formation
Red bed                            13 209

22.27.21. 3 0« C. Nichols 

Driller: H. Hemler

(feet) (feet)

Alluvium
Topsoil                           k It-
Clay, vhite                        18 22
Boulders                          ^3 65
.Conglomerate (vater)                    15 80
Sand                             5 85
Clay, red, and shale                 35 120
Conglomerate and gravel (vater)       -    ^5 1^5
Clay, yellov              -              2 167



Table 12.-^-Drillers' logs of selected veils and test holes Continued

Driller: H. Hemler

Alluvium

"Dftft }\*A .............................

22.27.22.^0 Ca

Driller-/ J. P. K

Alluvium
Qy«4 1 .. ___ ' ___ ._ _____ __ _______________

Thickness 
(feet)

     30 
     10
      25 
....... 1,5
     23
     32«/* 

reiness

immell

Thickness 
(feet)

_ ' X

n«v  .. .    --  -  ............ Q

* Gni*»x3

Conglomerate   -               

     5
     17

     21*

Depth 
(feet)

30
to
65
no
133 
165

Depth 
(feet)

3 
12 
30 
35 
52 
60 
8fc



Table 12. Drillers 1 logs of selected wells and test holes Continued

22.27*25.223 Rogers and Lewis 

Driller: H. Hemler

Thickness 
(feet)

Depth 
(feet)

Alluvium
Topsoil           
Boulders and gravel   
Boulders, limy     - 
Conglomerate        
Boulders, limy  -    
Shale, red         
Lime        -    
Conglomerate        
Clay, red, and gravel 
Conglomerate       

Castile formation 
Gypsum       

5
30
17
13
17
21
10

10

5
35
52
65
82

103
113
152
178
188

199

22.27.32.310 J. B. Davis 

Dr1.l1.er: Dunowho

Thickness 
(feet)

Depth 
(feet)

Alluvium
Topsoil             
Boulders          
Shale, red, sandy       
Shale, lime              
Shale, gray              
Shale, limy            
Shale, red, sandy         
Shale, "blue (show of water) 
Shale, red, sandy         
Sand, yellow (show of water) 
Sand, white, hard        
Sand and gravel          

Castile formation 
Red bed     -

10

28
k

16
2

13 
11 
1* 
k 

10

10

10 
I»2 
70 
7k 
90 
92 

105
116
160

190

200



Table 12. Drillers 1 logs of selected wells and test holes Contitt'

22.27-33.*H2 P. V. Martinez 

Driller: H. HeUler

Alluvium .
Rock, loose                     
Wd.lilJ f *" "  "** *

Thickness 
(feet)

__ oc\
    C.J

15
TC75 
i ^Conglomerate                .  -   ^

Depth 
(feet) .

20
^5 
60

135 
ll*8
160
TOP

Castile formation 
Clay and gypsum 
Conglomerate

5
13

197
210



Table 12.  Drillers' logs of selected wells and test holes Continued

22.27.33-2^3 R. L. Halley 

Driller: Kimmell and McDaniel

: ThicknessDepth 
___________________________' ________(feet) (feet)

Alluvium
Soil                            3 3
Caliche                            17 20
Gravel                            10 30
day       -                  -   3 33
Sand                              37 70
Clay                             2 72
Sand                             13 85
Red rock                          12 97
Sand  ?                            8 105
Sand and gravel                       10 115
Sand       -                    15 130
Red rock             -            3 133
Sand (water)                        9
Red rock                          2
Sand                             1*
Red rock                          3 151
Sand                             9 1^0
Red rock                  6 166
Sandy, lime                         20 186
Sand and gravel                     2 188
Sand                              2 190
Sand and gravel                     10 200



Table 12. Drillers 1 logs of selected welld and test holes Continued

L. B. Worley

Driller: W. Beaty

Thickness 
(feet)

Alluvium 
Boulder fill         «           

Cas-oile formation 
Anhydrite(? )                        *.,

.     50

...... inn
.    70

oc

Depth 
(feet)

50 
100 
200 
270

295
300 
305 

  315

23.26.27.110 Honolulu State Oil Co

Driller: M. Yates III

Thickness 
(feet)

Alluvium

Boulders                          23

Gravel                              25

Q/*v

    35
    10
_ _ k«

Depth 
(feet)

12 
35 
50 
75 

165 
2fr5
280 
290
335 
56s

Castile formation . 
Red shale (caving) - 
Shale           
Anhydrite and shale 
Red rock and gypsum

to 
100

fro

505
510
550

r* 0



Table 12.  Drillers' logs of selected wells and test holes Continued

23.26.28.230 Magruder Oil Co. 

Driller: D. Skarkin

ThicknessDepth 
_____________________________' _____(feet) (feet)

Alluvium
Gravel   '                       75 75
Gravel                             35 HO
Sand and gravel                     75 185
Sand and gravel     -               70 255
Shale                            - 1*5 300
Boulders (vater)                     25 325.

Castile formation
Gypsum                             125 ^50 
Gypsum and shale -  -                65 515 
Gypsum and shale        -           1*0 555 
Anhydrite and gypsum                  30 ,

23.27.5.^10 A. Lopez 

Driller: H. Hemler

Thickness Depth 
(feet) (feet)

Alluvium
Topsoil                           10 10
Gravel                            20 30
Boulders                           20 50
Shale, sandy                       to 90
Conglomerate                       50 ito
Shale                              te 182

Casuile formation
Sand, clay, and gypsum      -              28 210

A-37 -:



Table 12. Drillers' logs of selected wells and test holes Continued

23.2T.6.2U H. Heftier 

Driller: H. Hemler

Alluvium

T 4 -mo ...................................

Castile formation

Thickness 
(feet) '

.    5
35

____ cA..... pt,

52 
.    la

Ok

Depth 
(feet)

5 
IK) 
98 

150 
190

21^ 
238

23*27*7.231 Robe^n 

Driller: Brininstool

Thidcness 
(feet)

Alluvium

Q___3

.    5
O/"k

1 T    - 17
, ___ cA
.     10

I.Q

,    5 .  

Depth 
(feet)

5 
25 
1*2 

100
no 
158 
165 
170



Table 12. Drillers 1 logs of selected wells and test holes Continued

23*27.10.133 Carrascd 

Driller: Kinmel and McDaniel

Sickness Depth 
____________________________________(feet) (feet)

Alluvium
Soil                           3 3
Clay         -                   9 12
Sand and gravel   -      -        llf 26
Clay                             12 38
Sand         '                   7 ^5
Clay                            50 '  95
Sand (water from 100 to 125 feet)         33 128
Clay                            22 150
Sand                             18 168

Castile formation 
Rock, red                         7 175

23.27.13.113 Vasquez Bros.

Driller: S. S. Smith
.__-_

___________________________________(feet)____(feet)

Alluvium
Soil                            8 8
Shale, red, sandy   -    -      -    62 70
Conglomerate   - .  -    - ...  .... 5 ' 75
Shale, bro-wn                        65 ito
Conglomerate                        ' 20 l6o
Shale, blue                         20 l8o
Conglomerate      -. -  .......... .. 10 190

Castile formation
Red bed and gypsum -          -    10 200

J. f^ r:
A-qcv i ' Ow.j_ 'i./ . 



Table 12. Drillers' logs of selected veils and test holes Continued

23.28.7.131 D. Brafitley 

Driller: B. and: P. DrlT.tl.lng Co.

Thickness 
(feet)

Depth 
(feet)

Alluvium
Clay                        
Sand           «--  - - 
Clay                     - 
Sand     -    -   :         - 
Clay                         
Conglomerate -       -   ---- 
r*T ov ^^ ^^_ _.         M M^^^   ^       IV*.LCkJr « « * «  « « «« «   § »« « »       »  «     «             ..-

Conglomerate    - -  - - - «H 
Sand                 :      
Sand, hard         -           
Clay  -                  
Sand, hard                   
Clay                        
Sand, hard              :      
Conglomerate             -    I  '

Castile formation
Clay        ~ -      .4
Gypsum                  4

56
2

22
23
19
10

8
lv
7
5

11
19

7

3
1

36
38
60
83

102
112
120

131
136

165
184
191

194
195

L-40



Table 12.  Drillers 1 logs of selected wells and test holes  Continued

23.28.7.333 F. V. Dovling 

Driller: Brininstool

Thickness 
(feet)

Depth 
(feet)

Alluvium
Clay, sandy    ~    
Conglomerate, limy (-water) 
Clay            -   
Conglomerate, limy (-water) 
Clay -  --      - . 
Conglomerate, limy (-water) 
Clay        ~       
Conglomerate, limy (-water)

Castile formation 
Gypsum, -white .    -.

95
7

15

3

95
102
U7 
130

218

227

23.28.12.^33 U- S. Potash Co. 

Driller: Barren

Alluvium

Castile formation

Thickness 
(feet)

10

6

3
^

01

5
6

.   i

Depth 
(feet)

10 
17 
23 
30 
33 
37

39 
60
65 
71
72



Table 12.   Drillers' logs of selected veils and test boles   Continued

23.28. 15» B.

Driller: J. P. Kiome|ll

Thickness 
(feetV

Depth 
(feet)

Alluvium
Soil            

Gravel            
Clay         -
Sand          
Clay, red       
Sand and gravel   -- 
Clay, blue         
Clay, 'red         
Gravel           
Conglomerate       
Clay, red          
Sand             

Castile formation
Clay, red, and gypsum

k 
13
5 

13

3
20
2

17
12
11
10

12

17
22
35

72
92

115 
127 
138 
lW

160



Table 12.  Drillers 1 logs of selected veils and test boles Continued
    "'.. . ' '     '  '**

23.28.16.ite Carter Farms Co.

> Driller: Howard

  . . , - ; ' ' -/ '. .'' -'-   ' -

Alluvium

Gypsum, sandy                  

Thickness 
(feet)

__ a
. ..... ^j

Of\

-      35

       20

Depth 
(feet)

2 
10 
25 
55 
75 

110 
ll*0
160

Castile formation 
< Clay, red  -T- 163

23.28. 29. Ball

Driller: J. F. Kimmell

  - . . - .^-..  -. v.,-- ; -- '. ^    -

Alluvium .

Re-worked alluvium and rocks of Ochoa serieEft)

O»oJ *-   - - ^

Red bed    -        -        -        -   

Thickness 
(feet)

18. 

18

2
9

3 
9 - 

36 
18 2 '

k

Depth 
(feet)

18 
32 
50

66
75

78 
87 123' 

Ul
. 1*3

1«52

A-43



able 12. Drillers' logs of selected wells and test notes Continued

2*».2T.8.1»31a H. Davls

Driller: E. Barren

Thi< 
(f

Alluvium
Topsoil                          

Conglomerate                            

Castile formation
Gypsum, pink                        

2J4-.28.20.aP2a C. P. Pardue and Son

Driller: H. Hemler

:kness 
at)

5 
25 
10 
10 
5 
5 

10 
10 
20

5

B

Thickness 
(feet)

Alluvium

Castile formation
Silt and gypsum -     -                  -"  

If

36 
¥f 
51 
IT 
26

3^

Depth 
(feet)

5 
30 
1K> 
50
55 
60
TO 
So

100

105

Depth 
(feet)

If 
to 
81*
135 
152 
178

212

1
1
1
1
1

.1
1

1

A-44



Table 13 » Sample logs of test wells in the Carlsbad area, 
Eddy County, N. Mex.

Log of Carlsbad test well T (22.26.15.424) drilled in February, March, and 
April, 1955. Altitude, 3,254 feet.

Thickness Depth 
________________ ' '________________;______Cfe^t) (feet)

Tansill formation* and Capitan limestone, undivided 
Limestone, light-gray to tan; contains detrital 

limestone particles that are in many places 
recrystaliized} contains, detrital dolomite 
in a calcareous matrix in the interval 9-13   21 21

Capitan limestone
Limestone, similar to 0-21; contains fragments 

of siliceous silt, cemented with silt composed 
of light-reddish-brown calcium carbonate. 
Notes logged in field as a Joint filled with 
silt; contains a fragment of purple siliceous 
material in the interval 25-30             9 30

Limestone, cream-colored; consists of fragments 
of reddish-brown siltstone; contains a 
fragment of black chert - ;        .      2 32

Limestone, cream-yellow to gray; contains
fragments of yellow-brown siltstone         3 35

Dolomite, light-gray, dense, hard; contains one
piece of dolomite that probably is detrital   7 42

Limestone, similar to 0-21; contains more
limy material                           4 46

Dolomite, similar to 35-42; contains some limy
material and an occasional piece of quartz    14 60

Dolomite, similar to 46-60 but is more

Limestone, light-gray, cream-colored and light- 
yellow, dolomltic; consists of subrounded to 
angular fragments of limy dolomite in a 
limestone matrix       -   *           7 82

A-45



Table 13  Sample logs of test wells in the Carlsbad area Continued 

Log of Carlsbad test well 1 (22.26.15.^2*0--Continued

Thickness Depth. 
(feet) (feet)

Limestone, light-gray to eream-colored, 
subrounded to angular grains; contains 
micro-oolites; some reddish material 
encloses the detrital and fragmental 
materials; contains some laminated 
fragments at 195 -             

Limestone, cream-colored to light-gray; 
consists of particles of pure calcite 
limestone /^some8 red dolomite fragment

A

in

100

109

117

122

Capitan limestone Continued
Dolomite, recrystallized; consists of dolomite

fragments in a lime stone-dolomite matrix      18

Dolomite, light-gray, fine-grained           9

Dolomite, similar to 100-109, but most 
fragments are cream-colored; contains 
micro-oolites in a dense dolomite 
matrix; contains a light-purple 
dolomite fragment              -       8

Dolomite, cream-colored and light-gray, 
slightly calcareous; contains one 
fragment of microbreccia                  5

Limestone, white, massive; contains a 
trace of detrital materials and some 
fragments of clear calcite; the interval 
1*16-150 is slightly more dolomitized aad 
contains angular dolomite fragments           1*7

Limestone, subangular grains; contains sbme 
crystallized material and a few fragments 
of red chert              -           1

Limestone, light-gray to cream-colored; 
many fragments have a laminated structure 
that could be an example of encrusting; 
algae -------------------------------4--------"1 - 6

Limestone, similar to 122-169                16

169

170

176

192

8 200

204



Table 13-  Sample logs of test wells in the Carlsbad area Continued 

Log of Carlsbad test well 1 (22.26.1$.tel*)  Continued

Thickness Depth 
(feet) (feet)

Capitan limestone   Continued
Silt, coarse, blue, siliceous, grains are
rounded to subrounded; consists predominately
of quartz cemented with calcium carbonate;
some of the silt contains a secondary
growth of pyrite                      6 210

Silt, similar to 2011-210; contains a 
reddish-brown dolomite that has some 
detrital particles and some fragments 
that may be fossiliferous                6 2l£

Limestone and dolomite, predominantly 
limestone; white and reddish-brown; 
contains evidence of foraminifera; 
some pyrite is lodged in the white 
limestone; the white material contains 
some rounded grains of siliceous silt        6 222

Limestone, white and tan, very calcareous; 
consists of very fine fragments; contains 
fragments of reddish dolomite             5 227

Siltstone, fine-grained, blue, with 
fragments of white and tan limestone; 
grains are rounded -                    7

Silt, similar to 20*1-210                   8 

Siltstone, similar to 227-23^               5

Limestone, similar to 222-227 Taut with
finer fragments                          3 250

Siltstone, similar to 227-23^, with a
greater percentage of limestone            5 255

Limestone, white and tan, dolomitic; 
contains detrital and fossiliferous 
textures   .«--  -  - -  -. - ---- 13 268

Limestone, similar to 222-227               12 280
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Table 13. Sample logs of test wells in the Carlsbad area Continued 

Log of Carlsbad test well 1 (22.26.15.^24)--Continued

Thickness 
(feet)

Depth 
(feet)

Capitan limestone Continued
Limestone, similar to 255-268 but is
predomlna^&y white Limestone         

Limestone., yellow-cream; contains some 
brownish-purple dolomite that contains 
n^griiAy particles                 

Limestone, similar to 281-291; several white 
limestone fragments have elongated ghosts, 
probably fusulinids; the darker dolomite 
has definite lamination in places       

Limestone, white, coquina texture; contains 
many oolites and some particles with 
elongated textures -               

Limestone, tan and vhite fragments, 
dolomitic; contains rounded particles   -

Lime atone, similar to 303-319; contains 
some laminated limestone - -- --------

Limestone, similar to 303-319 but with 
some ^nig^l^y** particles ----------------

Limestone, tan and white, rounded particles, 
probably recrystall1 zed; contains one 
fragment of coarse-grained blue siltstone } 
with rounded and angular grains      

Limestone, similar to 303-319          

Limestone magnesium, gray, rounded and
qpmiL«-T* particles ------------------------

Limestone, cream-colored, mostly massive; 
contains some angular fragments! and 
rounded particles -    .--  -     

10

6

16

6

13

281

291

297

303

319

325

338

350 

36*

370



Table 13« Sample logs of test veils in the Carlsbad area Continued 

Log of Carlsbad test well 1 (22.26.15Aa^)--Continued

Thickness Depth 
(feet) (feet)

Capitan limestone   Continued
Limestone, similar to 350-36^; contains 

some red fragments of material that 
appears to be chert                   5 375

Limestone, cream-colored; contains some 
well-sorted and well-rounded to subrounded 
siliceous coarse-grained silt            7 382

Limestone, similar to 375-382 but with
fewer siltstone fragments              8 390

/ 
Limestone, similar to 375-382 but with
more siltstone fragments               5 395

Limestone, similar to 350-36^             8 403

Limestone, magnesium, white to light-gray, 
dolomitic; contains some reddish 
fragments                         6 409

Limestone, similar to 1*03-^9 ; some of the 
dolomitic limestone contains cubes of 
pyrite                           7

Limestone, similar to 403-^09; contains
some black fragments                  27
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Table 13.   Sample logs of test wells in the Carlsbad area, 
Eddy County, M. Hex.

Log of Carlsbad test well 2 (22.26.23.411) drilled in April, May, and 
June, 1955. Altitude, 3,302 feet.

Thickness 
(feet)

Depth 
(feet)

Tansill formation and Capitan limestone, undivided 
Limestone, detrital; contains rounded particles 

from 0.03 to 0.17 ran in diameter; contains; 
some oolitic textures; rock is 
but detrital and angular textures are faintly 
visible    10 10

Gap!tan limestone
Limestone, similar .to 1^10; one large fragment 

contained angular fragments of limestone 
slightly more than 0.33 mm in diameter; both the 
matrix and fragments are composed of limestone; 
the smaller detrital and oolitic particles are 
dolomltlc and the matrix is calcareous   :    17

Limestone, similar to 1-10; however, the material
is more recrystall!zed; more than half of cuttings
are composed of mlcrocrystalline limestone with 
little or no traces of texture           

Limestone, cream to white, microcrystallinej 
contains some calcite crystals; limestone is 
almost completely recrystall!zed         -

Limestone, similar to 22-37; when acid is applied, 
cuttings are broken down into small angular 
fragments ranging from 0.08 to 0.33 mm in 
diameter   » ~"- «» T»-T«  «   -    "  -  .    -   

15

22

37

Limestone, light-gray to light-gray-orange,
mlcrocrystalli ne, 
texture       

vuggy; has little trace of
13

45

58

Limestone, similar to 45-58; contains several 
oolitic fragments. Oolites range in size from 
0.25 to 2.00 mm

Limestone, similar to 58-64 but containing more 
oolites        - .   7

64

71
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Table 13- Sample logs of test wells in the Carlsbad area Continued 

Log of Carlsbad test well 2 (22.26.28.1*11)  Continued

Thickness Depth 
(feet) (feet)

Limestone, similar to ^5-58              7 78

Limestone, cream-colored to /light -gray, 
generally microcrystalline; contains 
some fragments with clastic and micro- 
oolitic texture and limestone particles; 
some limestone has concentric banding 
that could be algal growth             5 83

Limestone, similar to 78-83 but with 
fewer fragments having detrital 
textures; contains some crystalline 
fragments of clear calcite             1^ 97

Limestone, similar to 78-83 but has less
detrital material                    7

Limestone, cream-colored to/light-orange, 
mainly microcrystalline material, 
suggesting re crystallization; some 
fragments contain detrital and micro- 
oolitic textures; detrital and oolitic 
bodies range in diameter from 0.03 to 
0.08 mm                           11 115

Limestone, similar to 10^-115 but has more
detrital and oolitic particles          6 121

Limestone, cream-colored to /light -gray with 
orange tint, mainly microcrystalline; 
contains a few fragments with micro- 
oolitic and detrital texture, about 0.07 mm 
in diameter; contains some masses of 
dear calcite                      7 128

flo record                          6 131*- 

Limestone, similar to 121-128            6

>
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Table 13*--Sample logs of test veils in the Carlsbad area Continued 

Log of Carlsbad test well 2 (22.26.28.4-11) Continued

Thickness 
(feet)

Depth 
(feet)

Limestone, similar to 121-128; contains 
one fragment of clear calcite  -  

Limestone, similar to 121-128, with some 
fragments of gray to black micro-ooliti 
and detrital limestone; micro-oolites 
range in diameter from 0.03 to 0.17 mm

Limestone, cream-colored to^very light-onmge, 
generally microcrystalline, very fine-grained 
material; some fragments contain micro- 
oolitic, detrital, and a few fragmental 
pieces; the micro-oolites range in diameter 
from 0.03 to 0.17 mm,            10

Limestone, similar to 15-l6; contains
detrital material and micro-oolites averaging 
about 0.03 mm in diameter; some of these 
well-rounded bodies are composed of 
calcite; others are composed of 
layers             

clear 
concentric

sry\light-orangeLimestone, cream-colored to^ve:
detrital; fragments average «£ee 0.03 
0.10 mm in diameter           

Limestone, cream-colored to gray, mainly
microcrystaHine; some textures are detrital 

Limestone, cream-colored, microcrystalll 
and detrital; some detrital fragments
are as large as 0.17 mm- in diameter

to
6

7

15

169

175

182

197

Limestone, white to cream-colored, 
microcrystalline; many fragments are 
translucent, an occasional fragment may 
contain detrital bodies about 0.03 mm li 
diameter, but these are rare     

A-52
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Table 13* Sample logs of test wells In the Carlsbad area Continued 

Log of Carlsbad test well 2 (22. 2.6 .28.4ll)~Continued

Thickness Depth 
(feet)____(feet)

Limestone, similar to 197-204; contains some 
. dark-gray and light-orange fragments        5 209

Limestone, similar to 197-204      «         6 215

Limestone, white to very light-gray; some 
fragments have an orange tint; 
microcrystalline; an occasional 
fragment may have detrital textures         14 229

Limestone, light -grayish-brown tof,cream- 
colored, detrital; contains some 
fragments of microcrystalline limestone      6 235

Limestone, similar to 229-235; contains
angular fragments aloo noted -          .---- 6 24l

Limp stone, cream-colored to-jlight-gray, 
detrital; has oolitic textures in a 
white microcrystalline ground mass         7

Limestone, similar to 241-248; has some 
black incrnsting material on some 
of the fragments                     5 253

Limestone, cream-colored to^light-gray, 
mainly detrital; particles average about 
0.10 mm in diameter; contains some light - 
gray pieces which contain fragments! 
materials, some of which are rounded and 
are as much as 0.50 mm in diameter; 
contains fragments of cream-colored
microcrystalline limestone          7 260

y /
Limestone, white to orange-cream, mainly 

microcrystalline; contains some detrital 
particles aefeed-   -                    . 25 285

Limestone, cream-colored totvery light/ 
orange -white, mainly microcrystalline; 
contains some traces of detrital and 
angul ar textures     ,--.- .   ............... 13 298
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Table 13. Sample logs of test wells in the Carlsbad area Continued 

Log of Carlsbad test-velX 2 (22.26.28JCL)~Continued

Thickness 
(feet)

Depth 
(feet)

Limestone, similar to 285-296; contains some 
gray-brown fragments         --   305

Limestone, cream-colored and light-brown; 
contains a few "black fragments; contains 
detrital and angnlar fragments less than 
0.17 mm in diameter in a microcrystalline 
matrix; the darker materials have 
considerably more detrital particles 
than the lighter ones            - 312

Limestone, similar to 305-312; color of 
fragments is lighter; a fragment has 
microfossils   a transverse section of 
foraminifera about 0.50 mm in diameter; 
other structures observed resemble parts 
of gastropods, and several are swill -. 
rounded structures having a single shell 
about Q,f mi In diameter  -   - 31B

Limestone, similar to 285-298; contains a 
fragment of crystalline calcite      

Limestone, similar to 285-298      

Limestone, cream-colored to white,
microcrystalline; contains an occasional, 
microfossil structure; some fragments 
are translucent           

Limestone, similar to 330-335; t^rt
contains no microfossils .        

Limestone, cream-colored toyiight-orange- 
gray, mostly microcrystalline but contains 
a few detrital and angular particles    

Limestone, cream-colored to white, 
microcrystalline; some fragments are 
slightly translucent    -        

6

6 330

5

7

335 

3^2

355
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Table 13-  Sample logs of test veils In the Carlsbad area Continued 

Log of Carlsbad test well 2 (22.26.28.lfll)--Continued

Thickness Depth 
(feet) (feet)

Limestone, similar to 3^*8-355 1 contains some 
faint detrital textures and some angular 
particles           --              6 36"!

Limestone, similar to 3J+8-355              13 371*-

Limestone, similar to 3^*8-355; contains a 
fragment with detrital texture and a 
/structure resembling a crinoid stem 
0.05 mm in diameter-                    8 382

Limestone, cream-colored to -white; many 
fragments contain angul ftT* and detrital 
particles in a white microcrystalline 
matrix; other fragments are microcrystalline - 6 388

Limestone, similar to 382-388; contains 
several gray and brown fragments of 
limestone     r     -                10 398

Limestone, cream-colored to white, some 
fragments are faintly translucent, 
microcrystalline -                     6

Limestone, similar to ^17-^^; one fragment 
-contains rounded- particles; of clear 
calcite              -

Limestone, similar to 39^-^*0^; a few 
fragments have detrital textures; 
"rounded fragments are as much as OA2 mm 
in diameter                         6

Limestone, similar to 398-Wf             7

LI me stone, similar to 398-^^04; many
fragments are light gray                7

No record        .    ...   -     -        6 ^30 

Limestone, similar to klX-kZk              5

Limestone, cream-colored, microcrystalline



Table 13- Sample logs of test veils in the Carlsbad area Continued 

Log of Carlsbad" test well 2 (22.26:28;4ll)~Continued

 ,- - . Thickness Depth 
____________ ' ' :- '" -    :--'^ (feet) (feet)

Limestone, similar to 440-444; one fragment 
contains ^^gily** wi^- detrital particles 
about 0.07 mm in diameter    ,       . 3 . 447

Sand, calcarenite,- cream-colored to white; 
grains^ are 0.17 to 0.50 mm in diameter; 
contains microcrystalU.ne calcite, some 
translucent fragments, and an occasional 
calcite crystal       ,-~       -   5 4$2

  *.,.-' ' -..."-':''"  " .

Sand, calcarenite, similar to 447-452, wiiih
an occasional fragment of white limestone   7 459'-.-.- '

-,.'"'   .'>;. '    -  '.-. ;"*.:. ' . .-" ' i-" - : » '

Limestone, cream-colored to«flights-gray^ 
generally microcrystalline, some 
fragments have detrital texture in a 
microcrystalline matrix  .   ;   r ~ . 13

Limestone, similar to ^59'-Vf2; contains some
crystals of dear .calcite  -       -  13

Sand, calcarenite, similar to 
contains'an occasional fragment of j 
vhlte limestone                   6 491

Ho-record     --  -:..  ; ..--.,.   4 495
    . '  ' ".. ."  * . »

Limestone, white and cream-colored
toflight-gray, microcrystalline; contains
one fragment of clear calcite and some
rounded particles *  r -            ' 5

limestone, interbedded; sand is 
composed of microcrystalline particles 
of calcarenite;. limestone is white to 
cream-colored, microcrystalline    -i    8
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Table 15-  Sample logs of test wells in the Carlsbad area Continued 

Log of Carlsbad test well 2 (22.26.28All) Continued

Sandstone; composed of microcrystalline 
particles of calcarenite with some 
limestone fragments; sand grains are 
angular to subrounded

Thickness Depth 
(feet) (feet'

Limestone., white to cream-colored, 
microcrystalline; some fragments have
faint traces of detrital texture          2 516 

/
Sand and limestone, similar to 500-508        3 519

Sandstone, calcarenite, cream to white; 
grains are subangular to subrounded; 
contains an occasional fragment of clear 
calcite                            5

Limestone, cream-colored to white,
microcrystalline; ̂ contains fragments of
clear calcite; some of the limestone
fragments are translucent               6 530

Limestone, similar to 52^-530; contains 
an occasional fragment of limestone 
eboerved      -                         5 535

Limestone, similar to 52^-530; contains 
very light -orange to/light-brown 
fragments                                  6

Sand, composed of subangular to 
subrounded grains of calcarenite, 
interbedded with microcrystalline 
fragments of limestone

Sand and silt, composed of angular to 
subrounded particles of calcarenite 
grading to calcilutite, 0.08 to 
0*50 nm in diameter       ;             - 2 550

Sand, mainly calcarenite, with considerable 
silt, microcrystalline particles range, from 
0.07 to 0.25 mm in diameter and average 
0.08 mm, angular to subrounded, an occasional 
calcite crystal observed                 2 552
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. .
Table 13 --'Sample logs of test veils in the Carlsbad area Continued 

Log of Carlsbad test well 2"(22.26.28All)--Continued

Thickness 
(feet)

Depth 
(feet)

Sand and limestone fragments, microcrystallini
calcarenite, averaging about 0.33 mm In 
diameter, angular to subrounded; contains 
fragments of giiiQr«?QT*yyfcft'm * limestone  558

Limestone, cream-colored tonight-gray, 
micr©crystalline, with some fragments 
having ftngnlar to subrounded detrltal 
particles; calcarenlte of microcrystalline 
particles is intermixed with fragments 
of limestone -        -         - d 566

Sandstone* cream-colored to white,
to subrounded calcarenlte particles 
ranging from 0.08 to OA2 mm in diameter 
and averaging 0.17 mm; some grains are 
translucent ««     -      568

Sandstone, similar to 566-568; average 
diameter of grain Is about 0.08 mm; 
contains' a considerable amount of

Silt           

No record   -     -» 

Sandstone, similar to

2

6

570

576

580
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Table 13. Sample logs of test wells in the Carlsbad area, 
Eddy County, N. Hex.

Log of Carlsbad test well 3 (23.25.2lf.232) drilled in June and July 1955 
To-bol doptb, Il5? faet. Altitude, 3,^41 feet.

Thickness Depth 
_____ . ___________________________ . ______ (feet) J feet )

Alluvium " *
Gravel: composed of limestone, dolomite C***-^** J<M*tt*f*+bJ* ,*5"-  -  ** )
and sandstone -- Dark Canyon alUxrlm 21 

a *
Gravel, similar to 2-21; contains a minor ,.. 

amount of intermixed sand               14 35
O 

Gravel, similar to ^-21                   7 42

Gravel, similar to 21-35; contains
some intermixed silt                   29 71

V

Capitan limestone
Limestone, contains, white microcrystalline
material/ Gapiton formation-              4 75

Limestone, similar to 71-75; contains a
fragment of -GKtynirft1.il nr calcite           11 . 86

Limestone, white, microcrystalline; one 
fragment of limestone has areas discolored 
by iron oxide; contains fragments of 
light -brown limestone; many of these 
.fragments are penetrated by a black 
material that resembles manganese; some 
of the white limestone also is coated with 
this material; one fragment consists of 
rounded particles enclosed in clear calcite   14 100

No record         .-                 .  6 106

Dolomite, light-reddish-brown to white; 
contains angular 'fragments as long as 
1 mm along -Sho' longest FIT In; many of 
these fragments are penetrated with 
black niflr»gft"«aflg-n kg material; also 
contains fragments of white macrocrystalline 
limestone,4 some of which contain spots and 
clusters of spots of the black material      4 110
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Table 13« Sample logs of test wells in tbe Carlsbad area Continued 

Log Of Carlsbad'test well* 5 (23.25.2^.232)--Continued

Thickness 
(feet)

Depth 
(feet)

Capitan limestone Continued
Dolomite, sinning to 106-110 with a. 

predominance of the light-reddish- 
. brown material   --V----    . 117

Dolomite, similar to 110-117; some of 
the dolomite -cuttings- appear to 
fragments-of fossils; the angular 
possibly fpssiliferous fragments are 
more higiriy dolomitized than the

contain 
ard

matrix   8 125

Dolomite, light-reddish-brown to white, 
some of which is penetrated with a 
black material; one fragment has white 
and reddish-brown' banding; each "bane, 
is about 0.3 nan in thickness; some 
white fragments.of limestone coated 
with light- reddish-brown iron oxide 
consisted of rounded to subangular ' 
particles cemented in a predominately 
limestone matrix; fragments of white 
microcrystalline material contain 
fragments consisting of silt particil.es 
cemented with calcium carbonate; ones
fragment contains smaller fragments 
angular white to-cream, limestone in

of 
the

reddish-brown calcium carbonate mati-ix; 
one. fragment consists of clear calcite

Limestone, light-reddish-brown to cresim, 
light-cream microcrystalline limestone, 
and light-reddish-brown to very light * 
purple silt; cemented with calcium 
carbonate; many of the fragments are

' impregnated with black material    

130

135

Limestone, similar to 130-135; contains, 
a greater amount of fragmental 
limestone                 
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Table 13. Sample logs of test veils in the Carlsbad area Continued 

Log of Carlsbad test well 3 (23.25.2l*-,232) Continued

Thickness Depth
' ' ' ________   ______ \ ________ (feet) (feet)

Capitan limestone  Continued
Limestone; contains cream-colored to V very 

light -brown ̂ crocrystalline limestone, 
detrital and fragmental calcarenite, and 
several fragments of clear crystalline 
calcite; the particles of limestone range 
from about 0.1 -oar to 0.7 mm along their 

* longest axes; cream-colored cuttings are 
not coated or -penetrated by the black 
material; light reddish-brown limestone 
penetrated by the black material was 
noted in small amounts--    -          -  

Limestone, similar to 1^-15 with smaller 
amounts of the reddish-brown material; 
the light- cream-colored limestone fragments 
effervesce readily in acid and are more 
calcareous than the reddish-brown 
fragments                -"         7 152

Limestone, similar to 1^5-152; contains
only one reddish-brown fragment      -   8 160

Limestone; consists entirely of the 
cream-colored to flight -brown material 
described in lto-1^5                 7 . 167

Limestone, similar to 160-167; contains a 
brown fragment consisting of angular 
silty material in a calcareous matrix      6 '173

Limestone, light cream-colored to^very
. light -cream-brown; some fragments appear
to be microcrystal 1,1 ne/ however, the
majority consist of ' angular and detrital
material; several fragments are clear .
calcite; one small fragment is
reddish-brown limestone --            «-- . 6 179

Limestone, s1.Trri.lar to the cream-colored 
to^light-gray material described in 
173-179; several fragments are light - 
reddish-brown material               k 183
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Table 13. Sample logs of test veils in the Carlsbad area Continued 

Log of Carlsbad test well 3 (23.25.2^.232) Continued

Thickness 
(feet)

Depth 
(feet)

Capitan limestone Continued
Limestone, similar to 17^-133; one fragment 

contains veil-rounded particles of cletir 
limestone  -  -           188.

Limestone, cream-colored toyiight cream-brown; 
fragments are both angular and rounded in a 
calcareous matrix; contains clear calci.te, 
some reddish-brown limestone penetrated by 
black material, and several dark-gray ]

* fragments of limestone  -       194

Limestone, similar to 188-19^; one gray 
. fragment contains two pairs of white binds 
that are separated from Q.'Z&'to 0«53. nnnr 
whore they oonvorgoj each pair consist$ 
of two white bands separated by 0.1 mm  -

Limestone, similar to 188-194

6

12

200

212.

Limestone, cream-colored to flight-"brown; 
some cuttings contain rounded to angular 
particles; others contain microcrystaHine 
material; one large fragment contains 
medium to flight-gray material separated 
sharply by light-cream material; the c^eam 
material consists chiefly of oolites that 
range from about .3 mm to 1 mm in size; the 
gray material consists in part of ooliti.c and 
in part angular fragments.   .   *   . 8 220

Limestone, cream-colored to-^light-reddish-cream-
  colored; consists of lime-cemented angular and

  detrital calcarenite and cream-colored 
microcrystalline limestone -         

Limestone, similar to 220-228;,most fragioents 
are light gray to/light gray-brown  

Limestone, similar to 212-220; most fragments 
are cream-colored       ;    

8

16

228

258
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Table 13. Sample logs of test wells in the Carlsbad area Continued 

Log of Carlsbad test well 3 (23.25.2^.232)-- Continued

Thickness Depth 
________________________ (feet) (feet)

Capitan limestone   Continued
Limestone, cream-colored to flight -orange, 

detrital and angular calcarenite, and 
microcrystalline limp stone; contains an
occasional medium-gray to plight -gray   v 
fragment                             31 289

Limestone, similar to 258-289; contains an 
occasional fragment of clear calcite and 
occasional orange to light yellow fragments    11 300

Limestone, cream-colored to-/light-gray, with 
light gray predominating; consists mainly 
of detrital and angular fragments in a 
calcium carbonate matrix and a minor amount 
of silt; one fragment consists of light -gray 
detrital Limestone separated sharply from 
^i eaa-colored microcrystalline limestone; 
cream-colored microcrystalline limestone 
and light-yellow limestone fragments 
occur in smaller amounts                  2k 32^

Limestone, cream-colored tot-very light-orange- 
gray; consists of detrital and angular 
microcrystaJ line limestone, with the 
microcrystalline material predominating       2?

Limestone, similar to .32^-3^6, with detrital 
and angular calcarenite predominating; 
several pieces contain well-rounded cl ~?ar 
calcium carbonate particles; ths part 1' ?s

from 0.1 to U.;> i.uu in culameter ----       6 352

Limestone, similar to 3^-352, with
microcrystalline material predominating

Lint -.. tone, cream-colored to-slight orange- 
gray; consists of angular and detrital 
calcarenite and microcrystalline 
limestone, with the detrital and 
angular calcarenite predominating           5 371
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Table 13. Sample logs of test veils in the Carlsbad area Continued 

Log of Carlsbad test well 3 (23-25.2^.232)--Continued

Thickness Depth 
(feet) (feet)

Capitan limestone Continued
Limestone, similar to 36*6-371; with the 
microcrystalline and detrital calcarenite 
having equal distribution        

Limestone, similar to 371-392, with smaller 
proportion of microcrystalline limestone

Limestone, similar to 392-407, with, 
occasional fragments of clear calcite

19 392

15 1*07

7

Limestone, cream-colored toVvery light- 
orange-brown, the light* orange-brown 
color predominates; contains an occasional 
fragment of gray limestone ae*e£j gray 
color appears as bands in the light-orange- 
brown material; contains fragments of 
detrital otid fl-ng'tJ^T* calcarenite and 
microcrystalline limestone and a few 
fragments of microcrystalline limestone^ 
which is cream-colored "  .     - ^  - 8

Limestone, similar to l-22, with an 
occasional fragment of clear calcite

Limestone, similar to ^14-422; some 
fragments are light yellow       h-

Limestone, cream-colored to-slight- gray 
orange calcarenite with the light gray* 
orange predominating; consists of detrital 
and angular material. An occasional 
fragment contains gray banding  
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Photograph by W. S. Motts
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Photograph by W. S. Motts
Plate 3. (A) Dark Canyon in sec. 21, T. 23 S., R. 25 E.,

looking upstream westward. Vegetation follows 
silt beds. The contact of the Seven Rivers and 
Yates formations is near the cai.yon floor. 

(B) Seven Rivers embayment looking eastward toward 
Seven Rivers Hills. The hills are mainly 
gypsum overlain by the erosion-resistant Azctea 
tongue of the Seven Rivers formation of Wilcox.
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Photograph by L. J. Bjorklund

Jhbiograph by L. J. Bjorklund.

Plate . 
, . _  _ _  . . ,_. T  "' " «*<'*y^<T~'' --= »- > «"  'it-*- - i«* -f-:ft*. #-- j,

 Pecos River at Tansill Dam, Carlsbad, Eddy County^
N. Mex., showing: 

(A) Floodflow of about 47,000 cfs, Oct. 7, 1954? }
>f about 30.cfs in January 1956. v
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Photograph by W. S. Motts

Photograph by W. S. Motts

Plate 5. Effects of the discharge of ground water in 
Walnut C-myon (T. 24 S., R. 25 E.).

(A) A seep below a bed of dolomite and at the top of 
a bed of sandstone after a heavy rain.

(B) Discolcration of limestone caused by ground-water 
discharge along a joint.



Photograph by W. S. Motts

Photcgraph by W. S. Motts

Plate n. (A) Lower massive sandstone of the Queen formation 
in Dark Canyon near old CCC Camp in ., 
sec. 29, T. 2L S., R. 23 E. Darker streaks t 
are caused by iron oxide. These massive beds 
confine ground water in many places.

(B) Hard, dense dolomite of the Seven Rivers formation 
above sandstone of the Queen formation in 
Rocky Arroyo in sec. 23, T. 21 S., R. 24, E. 
Contact is 6 few feet above arrcyo bed.



Photograph by W. S. Matt a-

Photograph by W. S. Motts

Plate 7. Dolomite in the evaporite facies of the Queen 
formation showing the effects of solution by 
ground water.

(A) Exposure along Rocky Arroyo in the Seven Rivers 
embayment;

(B) Exposure of beds showing pits probably caused 
by the solution of anhydrite.



Photograph by W. S. Motts
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Photogrir.h by W. S. Motts

Plate 8. (A) Mosley Spring in sec. 5, T. -?Z. S., R. ?5 S. , one
of many springs issuing from the Yates formation 
west 3f Carlsbad, Eddy County, M. ".-?x. 

(B) The carbonate facies of the Y=>+c>3 formation near
the evaporite facies in sec. <, I. 24. S., R. 25 E, 
Hammer is at a distorted silt bed.
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Photograph by W. S. Motts

Photograph by W. S. Motts

Plate 9. (A) and (B) Sinkholes in gypsum of the Tansill and
Yates formations northeast of Carlsbad, Eddy County, 
N. Mex. Surface runoff into the sinkholes results 
in ground-water recharge.



Photograph by W. S. Motts

Photograph by W. S. Motts

Plate 10.   (A) and (B) Lime-cemented conglomerate underlying
the Orchard Park terrace in sec. 1, T. 22 S., R. 27 E,



Photograph by W. S. Motts

Photograph by W. S. Motts

Plate 11. (A) Contact of lime-cemented gravel along the Pecos 
River and underlying residual red silt of 
Ochoa series in the NW£ sec. 3, T. 23 S., R. 28 E. 

(fi) Lime-cemented gravel along the Pecos River 
slumped over weaker red beds in 
sec. 3, T. 23 S., R, 28 E.



Photograph by W. S. Motts

Plate 12. Travertine in Rocky Arroyo in sec. 23, T. 21 S., R. 24 E, 
The travertine, which is about 2 feet thick, 
overlies more strongly cemented, gravel in 
Rocky Arroyo.
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Photograph by L. J. Bjorklund

Photograph by W. S. Motts

Plate 13." (A) and (B) Springs along the north bank of the
Pecos River in the Carlsbad Springs area during 
a period when Tansill Reservoir uas drained. 
Springs usually are inundated. Flow from 
spring in lower photograph was S./v cfs.
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Photograph by W. S. Motts

Photograph by V. S. Motts

Plate 14. (A) Dark Canyon Draw at Carlsbad during flood 
stage, Oct. 7, 1954. Flow estimated to 
be 13,500 cfs. Dark Canyon Draw usually 
is dry. 

(B) Well 22.27.15.233 on the Lakewood terrace
about 3 miles southeast of Carlsbad being 
pumped at the rate of 3,670 gpm. Water 
is derived from alluvium. The crop in the 
background is cotton.
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3oordory of the Sectored Cc'ist-ad 
Woler B'csin
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Scale

3oundo'-y cf Ccr'stod \rngai-on District

Figure 5. Map showing the Carlsbad Underground Water Basin, as declared
by the State Engineer, and outline of the Carlsbad Irrigation 
District, Eddy County, N. Hex.
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Figure 21. Map showing approximate extent of principal aquifers in the 
Carlsbad area, Eddy County, N. Mex.
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Figure 29. Graph shoving relation of water level in the reef aquifer to 
the rate of discharge from Carlsbad Springs, Eddy County, 
N. Mex.
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Figure 37d*~Hydrographa showing changes of water level in wella that
tap the alluvium of the Peoos River valley, or valley fill, I 
in the Carlsbad area, Eddy County, N. Hex.
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