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GEOLOGY AND HYDROLOGY OF THE CARLSBAD POTASH AREA,
EDDY AND LEA COUNTIES, NEW MEXICO

By
Arnold L. Brokaw, C. L. Jones, M. E. Cooley, and W. H. Hays

ABSTRACT

The potash mines of southeastern New Mexico are in a sparsely
populated area 15-30 miles east of Carlsbad. Topographic relief s
low, surface drainage poor, and collapse features common. The climate
is semiarid.

Sedimentary rocks attain thicknesses of more than 20,000 feet and
range in age from Ordovician to Quaternary. The area includes the
northern end of the Delaware basin and the largely buried Capitan Reef.
The basin contains as much as 13,000 feet of Permian strata. The
oldest exposed rocks are of Late Permian aga, but drilling has provided
much data on the buried older rocks. The principsl structures are broad
gentle features related to late Paleozoic sedimentation: the northern
Delaware basin, a shelf north and west of the basin, and a central basin
platform to the east. These structures were tilted eastward before
Pliocene time, have been inactive since, and now show a general eastward
dip of less than 2°.

The salt deposits are in the Late Permian Ochoan Series composed of
a thick aalt-bearing evaporite lawer part (Castile, Salado, and Rustler
Formations) and a thin non-salt-bearing upper part (Dewey Redbeds).

The Castile Formation consists largely of interlaminated gray
aphydrite and brownish-gray limestone, but includes much rock salt. It
is about 1,500-1,600 feet thick along the southern edge of the potash
area; it thins northward to about 1,000 feet near the margim of the
Delaware basin and tongues out in the southernmost parts of the
northwest shelf. All the salt is concentrated in a thick middle member
which lies 200-300 feet above the base of the formation.

The Salado Formation, the main salt-bearing unit of the potash
ares, ranges in thickness from about 1,900 feet in the south to about
1,000 feet in the north. The formation is charscterized by thick
persistent units of rock salt alternating with thinner units of anhydrite
and polyhalite. Thin seams of claystone underlie the anhydrite and '




polyhalite unit, and there are a few beds of sandstone and siltstone at
large intervals. The Salado Forwation is divided into three informal
units: & lower and an upper salt member, generally free of sylvite and
other potassium and magnesium evaporite minerals; and the McNutt potash
zone, generally rich in these minerals.

The Rustler Formation mostly anhydrite and rock salt, thins from
300 to 400 feet in the southern part of the area to about 200-250 feet
in the northern part. Some dolomite is present in the upper and lower
parts of the formation, and thin to thick units of sandstone and shale
are interbedded at long to short intervals.

The Dewey Lake Redbeds at the top.of the Ochoan Series consist of
reddish-brown siltstone and fine-grained sandstone. The formation 1is
250-550 feet thick im the potash area.

Three wain hydrologic units control the ground-water hydrology of
the Carlsbad potash mining area: the Pecos River, the water-bearing
strata overlying the Salado Formation, and the Capitan Limestone and
other water-bearing strata underlying the Salado. The distribution and
development of large dissolution features, particularly in the Nash
Draw and Clayton Basin areas, exert a major effect on the occurrence
and movement of the ground water. The Pecos River receives nearly all
of the ground-water out flow from the area., Most of that outflow reaches
the Pecos near Malaga Bend.

The wain water-yielding units overlying the Salado Formation are
the basal solution breccia zone and the Culebra Dolomite Mewber of the
Rugtler Formation, the Santa Rosa Sandstone, and the alluvium. The
bagsal solution breccia zone 1s the hydrologic unit most significant in
the solution of halite from the upper part of the Salado Formation,

The easternmost extent of evaporite solution in the potash mining area

is roughly at the common boundary between Ranges 30 and 31 E. The
formations above the Salado Formation seem to be connected hydrologically
and can be considered a single multiple aquifer system., Solution
activity and associated collapse, subsidence, and fracturing have
increased the overall permeability of the rocks and the interformational
movement of water in the aquifer system.

Ground water in the formations above the Salado moves generally
southward and southwestward across the potash mining area toward the
Pecos River. Although the total amount of ground water discharging to
the Pecos River is not known, it has been estimated that 200 gallons
per wminute enter the river from the basal solution breccia zone.

rparvm et

The potentiometric and water-table contours outline & series of
ground-watex ridges and troughs which are imposed on the regional
southward to southwestward pattern of ground-water movement. A large
southwestward-plunging ground-water trough extends from Malaga Bend
northeastward roughly through Nash Draw to beyond the wmining area in
the vicinity of Laguna Plata. Another much smaller trough 18 east and
southeast of the Project Gnome site.

The Salado Formation has an intergranular porosity and
permeability that ranges from low to virtually none. Locally, fractures
and solution openings impart a spotty formational permeability. 1In
the potash mining area, the Salado Formation is dry except for water in
the leached zone at the top of the formation and small pockets of water
or water and gas encountered occasionally during mining.

The Cauwbrian to Permian sedimentary rocks underlying the Salado
Formation contain water of brine composition and are under high artesian
pressure. These rocks are not exposed in the potash mining area but lie
deeply buried throughout much of southeastern New Mexico and western
Texas. 1In the potash mining area the elevations of the potentiometric
sur faces of different zones of these rocks range from a few feet to a
few hundred feet above or below the land surface. :

INTRODUCT ION

The U.§. Geological Survey, on behalf of the Atomic Energy
Commission, hag summarized the available geologic and hydrologic
information on the Carlsbad, N. Mex,, potash area, The purpose of this
summary 18 to furnish the Atomic Energy Commission with data that would
be useful to them in their evaluation of various geologic formations
for the disposal of radioactive wastes. The project was started on
April 1, 1972, and completed on June 30, 1972,

In preparing this report we have drawn liberally on publighed
reports and on unpublished file data of the U.S. Geological Survey, We

have benefited fram the full cooperation of R. S. Fulton, Regional




Mining Supervisor, U.S. Geological Survey, Carlebad, N. Mex., and 3
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of the mines are in Carlsbad, Loving, and the swall communities of
Malaga, Otis, Loco Hills, and Maljamar. Population is highly dependent
on the petroleum and potash industries, and any large increase other

than through possible expansion of these industries seems improbable.

Sur face water

The Pecos River, which rises in northeastern New Mexico and
ultimately joins the Rio Grande at the Mexican border, is the only
through-going perennial stream in this area. Here and farther south
the Pecos receives almost all the surface discharge and at least the
greater part of the subsurface discharge from the area. Surface drainage
from most of the area is poor. The only significant continuously
flowing tributary of the Pecos is Black River, south of Carlsbad:. The
abundant small intermittent streams generally drain into depressions
produced by sand dunes or by solution subsidence where the water
evaporates or sinks into the subsurface. Of the intermittent streams,
the longest is in Monument Draw, which drains southward along the eastern
edge of Lea County. It is rare for such generally dry channels to carry
continuous flows of water, as the runoff from thunder showers ordinsrily
sinks into depressions in the floor.

The Pecos River, small reservoirs behind two dams between Carlsbad

and Loving, and a small part of Salt Lake, east of Loving, are the only

bodies of perennial surface water within 14 miles of any potash mine.
The northern edge of Salt Lake is 4 miles southwest of the International
Mineral and Chemical Corp. mine. Other lakes (or "lagunas') east of
the Pecos contain water only after heavy rains. Lakes McMillan and
Avalon and the smaller reservoir on the river at the east edge of

Carlgbad are 15 miles or more from the nearest mine.

Topogr aphy

The topography of the area (fig. 1) falls easily into four large
divisions: the eastern GuAdnl;pe Mountaing and its foothills; the
High Plains; isolated areas of low hills, principally south of Carlsbad
and southwest of Eunice; and widespread pediments and alluvial plains,
north, east, and southeast of Carlsbad. Colllplé features locally .
wodify the topography throughout the region.

Guadalupe Mountains.--The Guadalupe Mountains form a moderately
dissected plateau, gently inclined to the northeast (Hayes, 1964).
South of Carlsbad the mountains are bounded abruptly on the southeast
by the Reef Escarpment, the face of an exhumed Permian reef that bordered
the Delaware bnsin; This striking topographic and stratigraphic
feature emerges from the subsurface near Carlsbad. It becomes steeper
and higher southwestward from Carlsbad and culwminates in Guadalupe Peak

(8,751 feet), S0 miles from the city. Northwest of Carlsbad, the




;argin of the mountains is far less spectacular; the northeastern slope
there descends gradually to the pediments that flank the Pecos River.

High Plaine.--The Righ Plains are & large remnant of the depositional
surface on top of the Pliocene Ogallala Formatiom. The surface of the
plains is remarksbly even and slopes east-southeast about 15 feet per
mile. It is underlain by a thick layer of caliche, which 1s mant led
in places by thin soil. West of Hobbs and Lovington, the plains are
sharply bounded by a southwest-facing erosional scarp, 100-300 feet
high, known as Mescalero thgé. South of Hobbs, the boundary is only
vaguely defined (Nicholson and Clebsch, 1961).

Low hills.--The Gypsum Hills, & group of low rounded hills eroded
from gypsiferous Permian rocks, occupy much of the area between the Pecos
River aud the Reef Escarpment, 20 miles south of Carlebad, Farther
north, small hills locally project above the piedmﬁnt sur faces flanking
the escarpuent. In Lea County, two low ridges, north and west of San
$imon Sink may preserve outlying remnants of the High Plaine surface
(Nlchols;n and Clebsch, 1961).

Pediuents and alluvial plaineé.--Over most of the area shown on
figure 1, the ground surface has low relief and slopes gently
(20-40 feet per mile) away from the borders of the Guadalupe Mountafins

and the High Plains toward the Pecos River or locally toward Black River

and Monument Draw, Included, in general, is all the large area east of

the Pecos River and south and west of the High Plains, the area near
Artesia from the river west to the foothills of the Guadalupe Mountains,
and the area south of Carlsbad between the Pecos River, the Gypsum
Hills, and the Reef Escarpument. ‘

The basic form of almost all the ground surface of the region 1is
erosional and consists of Pleistocene pedizents and partial pediments
that have been modified to varying degrees. Nearly all the surface
east of the Pecos River, including the vicinity of the potan; mines,
is a pediment or group of coalesced pediments of probable early
Pleistocene age (Morgan and Sayre, 1942, p. 35). This surface vas
wodified during and since its formation by nolutlon-collaple.featurea.
It has been dissected locally by streqms, and large parts of it are
mantled by shifting or stabilized sand dunes.

Along the Pecos River and west of the river, the surface is younger
than that to the east and consists of a complex of three terraces that
comuonly rise like broad low steps frowm the river to the foothillg or
to the escarpuent of the Guadalupe Mountains (Fiedler and Nye, 1932,
P. 10-12). The upper two terraces are interpreted g8 remnants of
Pleistocene pediments (Horberg, 1949, p. 472; Morgan and Sayre, 1942,
P. 35), whereas the lowest and youngest terrace was produced by
moderate entrenchment of the river and its na jor tributaries into

narrow discontinuous alluvial plaims.




Collapse features.--Collapse features produced by subsurface
solution are varyingly common throughout the region. They are most
abundant east of the Pecos River in parts of the widespread old
pediment. Solution occurs where unsaturated circulating ground water
passes through or nloﬁg the contacts of layers of salt, gypsum,
anhydrite, or, to less extent, carbonate rock. These soluble rocks
predominate in the Late Permian Ochoan Series, which underlies all the
area east of the Pecos River.

The collapse features range in size from small sinks to depressions
many miles long. Indeed, the present courge of the Pecos River was
probably determined by a train of coalesced Pleistocene sinks captured
by a headward-working tributary of the Rio Grande (Morgam and Sayre,
1942, p. 37). Other conspicuous expressions of ground-water solution
include the subsidence of the floor beneath the alluvium of the
Roswell-Artesia basin to as much as 140 feet below the bedrock outlet of
the basin south of Artesia (Morgan and Sayre, 1942, p. 37), the several
nbrupt-changeo in flow in the Pecos River within 20 wmiles north of
Carlgbad (Morgan and Sayre, 1942, p. 37), Nash Draw and Clayton Basin
clogse to the potash mines east of Carlsbad, and San Simon Sink southwest

of Eunice.
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Climate

The climate of nearly the whole region is sewiarid. The average
annual precipitation ranges from about 12 to 13 inches near the Pecos
River and Jal to almost 16 inches at Hobbs. In the Guadalupe
Mountains, precipitation rises to about 22 inches near the summit.
Most precipitation is from local thundershowers that occur from
June to October. The variation in the yearly total is large.

The relative humidity in the region 18 low. Winters are mild
with little snow, and summers are warm. The average July temperature
near Carlsbad 1s a little over 80° F. Windstorms, mainly in the

spring of the year, may be severe.

Industry

Mineral production in Eddy and Lea Counties has been nationally
significant, and, as of 1967, Lea County ranked first in the State
in value of production, The petroleum, gas, and potash industries
have dominated the economies of the two counties for several decades.
All yearly production values given below are abstracted or derived
from data compiled by Stotelmeyer (1969).

Production values of crude petroleum, natural 888, natural-gas
liquids, and natural gasoline totaled $72.4 million in 1967 1a Eddy

County. Of this, $54.8 million was crude petroleum. In Lea County,
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the production value of crude petroleum alone, largely from the central
and southern parts of the county, was $247 million in 1967.

The production is gradually increasing. Exploration 18 active and
1s particularly spurred by increasing demand for natural gas. Sanger
and Saultz (1971, p. 1039), in discussing exploration in 1970 ia the
district of West Texas and eastern New Mexico, stated that the
Delavare basin, *...still in the early stages of its exploratory
history, continued to be very active and to have the greatest potential,..
Deep gas reserves from Devonisn through Ordovician (Ellenburger)
continue to be of prime consideration.”

The potash mines east of Carlsbad are the principal source of
potash available ;ithin the United States and constitute all of the
production in New Mexico. The total value of potash produced since
1932 18 $1.75 billion. In 1966, the value was well over $100 willion
(Stotelmeyer, 1969). Since then, foreign competition has greatly
reduced production, and some mines are closed. Decline in the industry
resulted in reduction in the population of Carlsbad from 25,500 in 1960
to an estimated 20,500 in 1972 (Rand McNally and Co., 1972). Large
reserves of potash remain, and the future of the industry seewms to
depend on demand, which is influenced greatly by the extent of foreign

competition.

12

Agriculture over most of this dry region consists solely of the
grazing of cattle and sheep. Irrigated farms concentrated along the
Pecos River near Artesia and south of Carlsbad account for a large
part of the total ngricult;rnl income. There 18 dry farming on the
High Plains.

Tourist dollars are an important part of the local economy .,
Carlsbad Caverns, Whit€é Sands, and other nearby natural features draw

many thousands to the ares each year.

Accessg

The vicinity of the potash mines is readily accessible by highway,
railroad freight, and acheduled air service. The wmines are served by
hard-gurface State or federal highways that provide easy year-round
access from Carlgbad. Federal highways extend from Carlsbad in
several directions. Spur lines of the Santa Fe Railroad serve the mines,
connecting via Carlsbad with the main 1ine at Clovis, N. Mex., about
180 miles to the nmortheast. Carlsbad has scheduled air service to
El Paso, Albuquerque, and Dallag-Ft. Worth via Texas International

Airlines.

STRAT JGRAPHY
The potash mines in southeastern New Mexico (fig. 1) are in an

area of great stratigraphic significance. Sedimentary deposits ranging
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in age from Ordovician to Quaternary attain total thicknesses exceeding
20,000 feet. The area includes the northern end of the Delaware basin,

a Late Permian depositional trough with Pennsylvanian and earlier Permian
antecedents. The edge of the basin is commonly defined as the front of
the largely buried Capitan Reef. As much as 15,000 feet of Permian
strata was deposited within the area of the basin, which constitutes the
most complete succession of the Permian in North America. The oldest
rocks exposed in the area are of Late Permian age, but drilling has
provided abundant information on still older rocks.

The text that follows is largely limited to brief discussions of
sedimentary environments, gross thicknesses, relations between
stratigraphic units, and occurrences of petroleum. Lithologic descriptions
and thicknesses of individual units are shown on the accompanying

{1lustrations.

Precagbrian basement

The depth of the Precambrian basement ranges from as little as
7,000-8,000 feet below the surface in the northwestern corner of the
area and easternmost Lea County to more than 20,000 feet in southernmost
Lea County. Drill data from scattered localities indicate that the
basement consists of granitic, metasedimentary, metavolcanic, and
volcanic rocks (Flawn, 1954 end 1956, p. 25-29; Hayes, 1964, p. 5;

Foster and Stipp, 1961, p. 17, 19-29). The Precambrian rocks are

14

generally overlain by Ordovician strata that lapped northwestward
onto & positive area in northern New Mexico and Colorado. Locally,
near the esstern boundary of Lea County, late Paleozoic uplift

caused erosion of all older Paleozoic rocks, and Permian strata lie

directly on basement,

Pre-Permian Paleozoic deposition

From Ordovician through Peansylvanian time, mnrlnf sediments
accumulated slowly but fairly continuocusly in the southeastérn corner
of New Mexico. Deposition was in and marginal to broad, nearly flat,
subsiding bﬁlinl th;t were northern arms of the Ouachita trough. This
trough passed through Oklahoma and central and trans-Pecos rexug and
connected with open sea in the vicinity of the present gulf coast or
the coast of southern Californis. In Early Pennsylvanisn time, the
initial rise of a median ridge that was to be known as the central basin
platform of Permian time (fig. 1) divided an earlier very wide basin
into the ancestral Delaware basin and the Midland basin farther east.
The various Paleozoic basins were areas of especially active subsidence
vhose surfaces were generally lower Fhan those on the more stable
shelves, platforms, or arches bounding them. Total deposition was
thickest in the central part of the Delaware basin where subsidence was
greatest, but the deposits of some time intervals, notably the

Pennsylvanisn Period, were thickeet on the wargins.
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The total thickness of the pre-Permian sedimentary rocks 18
5,000-5,500 feet in the immediate vicinity of the potash mines. The
rocks thicken southeastward to more than 7,000 feet in southern
Lea County and thin northwestward to about 3,300 feet near the niddle
of the northern edge of Eddy Couaty. 'The rocks are predominantly
shale and carbonates (fig. 2). Rocks of Mississippian and
Pennsylvanian age are dominantly shale in the central parts of the basins
of deposition and carbonates along the edges. Middle Ordovician and
Lower Pennsylvanian sandstones a few hundred feet thick occur in the
vicinity of the potash mines and the Gnome site.

Rocks of Ordovician, Silurian-Devonian, and Pennsylvanian age
form important petroleum reservoirs bemeath the central basin platform
and the northwest shelf (fig. 1). Production from rocks of these ages
in the northern Delaware basin is widely scattered and interest is

increasing in deep exploratory drilling there.

Permian deposition
Wolfcampian, Leonardian, and Guadalupian Series.--Over a large ares

in the general vicinity of Carlsbad, the total thickness of the
Wolfcampian, Leonardian, and Guadalupian Series is 8,000-9,000 feet.
The section thins gradually northward from the wines. The rocks are

noted for remarkably complex lateral changes in facies.
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The subsidence that defined the ancestral Delaware basin in
Pennsylvanian time accelerated in Early Permian Holfclﬁpiun time and
continued at a high rate througﬁ Guadalupian time. During much of
:hisitntervnl, the basin extended a few tens of miles northwest of
the late Guadalupian limfits defined by the Capitan reef of that age.
The subsiding basin was covered to varying depths by marine water and
recelived depoa;ts of shale, fine-grained sandstone, and dlrk-co;ored
limestone. The rock column for this interval (fig. 2) fs representative
of.the type of deposition in the northern part of che basin. Light-colored
shallow-water carbonates generally bounded the basin on the shelves to
the west and north, and the platform to the east. RKeefs or banks of
less cohesive skeletal material ve;y commonly composed the basinward
edges of these carbonates (fig. 3), and submarine talus formed steep
slopes descending to the floor of the basin. As the reefs grew upward,
some algo grew basinward, overriding their talus,

Close behind the reefs and banks, the contemporaneous shelf rocks
(fig. 3) consist of bedded dolomite, subordinate amounts of lineitone,
shale, and sandstone, and locally a little anhydrite. The gradational
contact between ghelf and reef faclies, .like that between reef and basin
facies, commonly transects bedding as it rises in the section
tasinwvard. FParther back of the reefs, the dolomite of the uppet.plrt of
the Guadalupian Series (the Artesia Group) and, to much less extent,
that of the lower Guadalupisn and Leonardian Series tends to give way

Increasingly to anhydrite, formed in shallow evaporative llgoonn:
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The reefs bounding the northern edge of the Delaware basin

progressed from a position north of the present potash mines, in

Leonardian and early Guadalupian time, to a position within the mining

area in late Guadalupian time (fig. 3). Elsevwhere on the wargins of

the basin there was a similar basinward progression. At the end of

Guldlldplnn time, the Capitan Reef almost completely encircled the

basin, restricting southern &cce&s to the sea and setting the stage

for basinal evaporite deposition.

The northwest shelf, north of the Delaware basin, and the central

basin platform, east of the basin, have been important producers of

petroleum from Permian rocks. Extensive pools in sandstone and

carbonates of the Artesia Group and the San Andres Formstion are

concentrated in a belt immedlately above and behind the buried Capitan

Reef, but there has been significant production from almost all parts

of the Wolfcampisn, Leonardian, and Guadalupian section in various areas

on the shelf and platform. Established pools within the morthern

Delavare basin are more scattered and are principally {n sandstones of

the Delaware Mountain Group.

Ochoan Series.--The floor of the Delaware basin in early Ochoan

time is generally estimated to have been at least 1,200 feet below the
top of the Capitan Reef, which almost encircled it. While many

hundreds of feet of Castile Formation evaporites accumulated in the

20

basin, apparently little accumulated in the reef and back-reef sreas
Probably rather late in Castile time, the basin was filled to the extent
that & thin tongue of achydrite extended locally across the bounding
reef and onto the shelf, The uppetmouf part of the Castile

intertongues reefward into bassl halite of the Salado Formation (Jones
1954, p. 108-109; Jones and Madsen, 1968, pl. 2), l

The Salado Formation is one of the Principal deposits of halite -
on the North American continent. It overlies the Castile conformably
in the Delavare basin and extends over the Capitan Reef to the north
and east, far beyond the limita of the srea here described. Whether
the Salado once extended west of the basin 18 unknown, The Salado
Se8 was, in general, even aore saline than the sea of Castile time.
lacking a ghield of carbopate reefa, it received, however, considerable
fine clastic sediment. Its halite deposits are generally lesa pure
than those of the Castile,

After widespread deposition of the Salado salt, the ses water
freshened somewhat, and anhydrite again dominated deposition during
Rustler Flne (table 1). The Rustler Formation is very largely
coextensive with the Salado in this area. In the subsurface of the
northern Delaware basin and of the shelf to the north, the Rus;ler
Appears to be conformable to the Salado (Jones, 1954, p, 110; 1960

’
P. 12), from which {¢ is coomonly geparated by a layer of solution

brecctn, discussed later in this report
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section

of rocks and sed

iments of latest Permian
end on its northern and eastern mar ing

Tatle 1.~-Generalized
age in the northern Delaware basin E

Description

Varistions in
thickness and
distribution

Light-brown to pale~
reddish-brown par-
tially stabilized
fine- to medium-
grained dune sand.
Alluvial sand, silt,
and gravel, Playa
deposits of mainly
reworked slluvium
and dune sand.
Travertine as
spring deposits.

Dune sand, as much as

60 feet thick, dis-
continuously cover-
ing wmuch of area be~
tween Pecos River and
High Plains. Thick
alluvium limited to
vicinity of rivers.

Unconformity

System Series Formation Thickness
(feet)
Holocene Dune sand, 0-300
alluvium, w2y
playa
deposits,
and
travertine
Quaternary
Pleisto- Gatuna 0-300
cene(?)

Mainly reddish-orange
or pale-red very
fine to wmedium-
grained sand and
silt. Locally some
gravel and clay and,
uncoamenly, gypsum
and fresh-wvater
limestone. Bedding
commonly obscure
and discontinuous.
Mostly capped by
caliche, Local
high permeability.

Discontinuous and high-
ly variable in thick-
ness over large area
southwest of High
Plains and mainly
esgt of Pecos River,
in Eddy County and
probably Lea County.
Moatly less than

100 feet thick.

——{incon formit y-—

Tahle ].-~Generalized geccton of rocks and sediments of latest Permian

-
age in the northern Delaware basin and on its northerc and eagtern n!sin."c ti d
ontinue

System

Beries 41 Formation

Thickness
(feet)

|

Description

Varfations in
thickness and
distribution

Tertiary

Pliocene

Ogallala

0-300

Chiefly white, gray,
and reddish-brown
fine-grained sand,
which locally has
calcite cement.
Subordinate gravel,
silt, and clay.
Lenticular, discon-
tinuous bedding.
Mainly capped with
caliche., Highly
permeable,

Triassic

Upper
Triassic

Chinle(?)

0-1,200

Unconforaity

Underlies High Plains
and ouch of Lea County
farther south. Pro-
bably sbsent frow Eddy
County except for
northeast corner.

Reddish~brown and
greenish-gray clay-
stone and subore-
dinate amounts of
reddish-brown gilt-
stone and fine-
grained sandstone.
Some secondary
gypsum. Low per-
weabilicy.

Thickest in eastern

Lea County; erosion-
ally thinned west-
ward to wedge out
near eastern edge of
Eddy County.
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eection of rocke and sediments of latest Permian ggost-sundo] and younger
--Cont inued

basin and on its northern and eastern WAL ins

Table 1,~-Generalized
age in the northern Delawdre E

Systen Series Formation Thickness Description Variations in
(feet) thickness and
distribution
Mainly pale-reddish- | Absent near and west
bzown, pale-red of Pecos River and
and gray fine- to locally farther east.
uedium-grained
commonly cross~
Triassic Upper Santa Rosa 0-300 stratified sand~
Triassic stone, Lenses of
pebble counglomer-
ste. Local thin
layers of reddish-
brown siltstone
and claystone,
High local permea-
bility.
Voconformity™
Reddish-orange to Mainly 200-300 feet
reddishebrown fine- thick in vicinity of
grained sandstone, Gnome site and pot-
siltstone, and ash mines; locally
shale. Saundstone absent. Thins gra-
Permian Ochoan Devey lLake 0-600 and siltstone are dually northward.
Redbeds commonly clayey. Absent west of Pecos
Thin lasination River.
and swall-scale
cross lamination
common. Permea-

|

bility geserally
lowu.

Table 1.--Ceneralized secrio
Leneralized o n_of rocks and se
e _in the northern Delawvare basin A2diments of latest Permien

&
K and on its northern and eastern mrgins--Contmuedwn

ost=5alado) ard

Syatem S
eries Formation Thickness Description v
(feec) ariacions in
thickness and
distribution
Mostly anmhydrite
. Thins ve
. Ty gradual
eonud:n::: salt, northvnrd;‘t Thtcllx!
clmnyey Yoc ty or negs ranges from
o cen;“lcm.-rl.ug 200 to 500 feet ip
P Delavars lu::;t ‘:: v:cinity of Gnome
sit
ermian Ochoan Rustler tends to lens out to :n:::b:‘:n::bdu
Two - .

. 0-500

at nrsin‘.
dolomite layers, a
basal sandstone,

and seversl thinper

layers of fine
clastics are wide-
Spread. Main

squifer in Carlgbad

area,

surface solution,
Which increases
westward.




The Bustler represents the last Permian saline sea and the upper

layer of & remarkable sequence of predominantly evaporite rock of Ochosn

age. The entire sequence is as much as 3,500 feet thick in the northern
part of the basin. The thickness drops rapidly to about 1,500 feet on

the shelf near the northern potash mines and decreases more gradually

farther north.

After the sea withdrew, the Dewey Lake BRedbeds were deposited on

broad mudflats over the former sea bed. The appearance of sedium-scsle

cross lsmination in sandy lenses in the upper part of the formation

probably indicates & gradual change to fluvial conditions (Vine, 1963,
23) as the final episode in the loug complex history of the Permian

P

deposition.

Except for dolomite and sandstone layers in the Rustler Formstiom,

the Ochoan Series generally has very low permeability. The little oil

produced from lower Ochoan evaporites apparently escaped from

underlying sandstone (Adams, 1965, P. 2148) .

Triassic and Cretaceous deposition

Fluvial deposition regumed in Late Trisssic time, when the Sants

Rosa Sandstone and the finer grained redbeds of the Chinle(?) Forumatios

formed on flood plains in a very large area over and beyond the

borders of the Delaware basin. The Jurassic Period is not reprelcnud
by deposition in this reglion and was a time of erosional removal of

Triassic rocks west of the basin.

Lat 1 rl
e in Ea y CrGt‘Ceou' t‘-me. a 'hﬂllw Bea 5dv.ﬂced from the

south and co
vered southeastern New Mexico. It soon withd
rew leaving

behind a thin de
posit of limestone a
nad sandstone, The
. only remnants

of this deposi
p t in the vicinity of the northern Delaware bast
sin are

in very smal
1 areas in easternmost Lea County, in the west G
ern Gypsum

llllll, and Perh. on ef Escar e
P8 the crest of the Re
pment (Hlyel,

1964,

. Tertjary and Qucternnrz deposition

No ear ly or middle Tert depo'tt. are known to be pregent in
1‘!, resen 1

8 . us p il ! ] p in
the region Cre taceo depos tion wa, fol lowed h’ br oad v 1t
i

the ici lty of the G .d‘lupa Mounta y
vicin U ins and far ther north and b

erosion of C
retaceous aand Trlllllc rocks to form & surface of low

relief slo
plog gently esst and goutheagt. In Pliocene tim
e, this

sur E‘C‘ extend
d from T 1 h P sen p v
(] near or within the resent Guada 1y e Ho\lnt‘tn

area and from th
e uplands north of that area southeastward into T
exas.

It was mantled
by the fluvial Ogallalas Formation, whése upper gurf
ace

of de osit y P
P itd n is £ irl 1 reserved on the Htsh Pl.t“ t
O & wel eserv Od.y.

ﬂlete are no def te re: t o easter:
ini mnant 8 £
the Ogllllll west o
4 8 nmost

Yy U ty but a!‘vﬁl. in the eCc08 valley and on high ar o th
» n gh p ts f e

Guadalupe M
pe Mountains have been interpreted as belonging to thi
8

formation (Bretz and Horberg, 1949)

Most aut
uthors believe that the Pecos valley was formed {1
n

Qut.tmf time afte o] ‘ll. a depo, o] ion .ub]ldgnca he
y
’ r 0g 1 P .1:10“- S lut
s t
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coalescing of solution depressions by surface erosion and further
solution, and headward erosion by the Pecos River and its tributaries
contributed to the formation of the valley. After much erosion, a
period of nggrud.tlonAin the valley mantled the slopes and filled
depressions with the Gatuna Formation, whose sediment is largely of
local origin, Renewed downcutting by streams and suﬁsurface solution
and resultant subsideace have continued to the present and have

been accompanied by interamittent local accumulations of pediment and

terrace alluvium and playa deposits.

STRUCTURE
General features

The rocks in the general vicinity of the potash wines (fig. 1)
are for the most part little deforwed, and they have been tectonically
stable since Tertiary time.. The principal structural units are broad
features related to late Paleozoic sedimentation: the northern
Delaware basin, the shelf north and west 6f the basin, and the central
basin platform to the east (fig. 1), The small part of the Guadalupe
Mountains included in the area, though topographically high, is
structurally part of the ahelf.. The major structures were tilted
gently eastward mainly during pre-Pliocene time. The tilt produced

& general eastward dip of no wore-:than 2° (flggf;ggenq.ﬁ).
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Delaware basin

The Delaware basin was first defined in Early Pennsylvanian time,
when an earlier very broad basin was divided by initial uplift of a
large median ridge that became the central basgin platform of Permian
time. The basin lub.t&ed relative to the bounding platform and
shelf until Late Permian time, when its history &s an active structural
feature ended.

The form of the northern part of the basin, a8 defined by
contours on the surface of the Precambrian floor (Foster and Stipp,
1961), is & broad asymmetrical trough, treanding north and plunging
south. The axis is in central Lea County, roughly parallel to tﬁe
central basin platform. The eastern slope of the trough rises rapidly
to the platform, whereas the western slope is much gentler.

As in any gradually subsiding basin, the older sediments are
downwarped in & form like that of the basement floor, and the warpiung
dies out upward in the basin section (f1g. 4A). The Late Peruian
Ochosn rocks and the Triassic rocks expogsed in the basin today co not
reflect baainwide warping, and their major structural feature is the
regional eastward glope mentioned above. This slope is 75-100 feet
per mile in proximity to the Gnome site and the southern potash aines.

Disruption of the regional slope of the Ochoan and younger rocks

1s minor. The vicinity of the Gnowe site and the southern mines is

30

apparently representative in its scattering of open folds, domes, and
small faults, which may be, in part, of tectonic origin, Deep-seated
faults with more than 20 feet of vertical displacement are rare if
not absent there (Jones, 1960, p. 16). Near the western edge of the
basin and the present upper course of the Black River, Cenozolc
"tectonism may be involved in a northvest-trending monoclinsl flexure.
Kelley (1971, pl. 5) showed 600 feet of relief across this monocline
on the upper surface of the Bell Canyon Formation. Several wminor |
high-angle faults cutting the Castile Formation in the same part of

the basin and two inferred faults at the northwestern edge of the

basin (Kelley, 1971, p. 48-51) are wost probably products of solution
subsidence, Subsurface solution has produced wany other minor faults
and numerous local flexures in the near-surface rocks, as well ag the
many sinks and larger depressions. In addition, small gurficial

domes that are attributed to differential solution of salt or to
expansion of anhydrite during hydration are numerous (Vine, 1960) .

The generally simple surface structure of the basiu is doubtless
souewhat deceptive. A fault zone in the Guadalupe Mountains may have
extended southeastward into the western edge of the basin, below
the younger wonocline described above, and may have been active during
Mississippian to Early Permian time (Hayes, 1964, p. 42). Pennsylvanian

deformation, for which there is widespread evidence in eastern New
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Mexico a

100 feet farther east.

nd western Texas, way be repregented elsewhere in the subsurface,

and rapid Early Permian subsidence of the basin was accompanied by

widespread block faulting within it (Adams, 1965, p. 2144).

Northwest shelf

———————————————

The regional structursl slope in that part of the shelf north

and west of the Delaware basin (fig. 1) 1s as much as 200 feet

per mile in the Guadalupe Mountains and generally no more than -

In the vicinity of the northern potash mines,

this slope is interrupted locally by minor dowes, folds, monoclinal

flexures, end faults similar to structural festures described near

the southern mtnes. A differeunce here is that some of the domes are

probably of depositional origin, resulting from irregularities in

Guadalupian carbonate deposition (Motts, 1972). Nowhere, here or

aear the southern mines, are there “strong or well-defined zones of

folding or faulting representing response to compressive or tensional

forces" (Jones and Madsen, 1968, p. 9).

Beyond the vicinity of the mines, the aﬁelf north of the basin
includes a few more strongly expressed structursl features.
Several miles northwest of Artesis, & buried northeast-trending fault,
offeetting Upper Permian rocks slong a distance of about 30 miles, is
probably part of s prominent set of northesst-trending shear zones thst
extends far to the north, Movement on these zones was initiated in

Carboniferous or earlier time and may have been basically right
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l‘ter‘l (KElley. 1971. P. )- het bur ied member of this et
l.(. 48 Anot ]

aay P.ss 1md“tely Bo\lthglit of Lake Hd’ill.n (Roswell GGOIOS‘-C.I

Societ
ety, 1968, fig. 9). A long low east-trending arch in Late Permia
n

T .
ocks the Artelll-Vlcuun .tCh. passes a littlg south of Artesia It

is
at least largely the product of differential compaction over th
e

Abo Reef of Early Permian age,

In the part of the Guadalupe Mountains included in the area

discussed, monoclines and folds are the prominent structures. A

bur 4,
ed broad fold or arch of Leonardian and early Guadalupian age

t
rends northeast a little behind the present Reef Escarpment (Ha
yes,

1964, p. 42~
964, p. 42-43), 1t apparently controlled the location of growth

of th
e Goat Seep and Capitan Reefs, Much later, probably during

Tertia
ry time, monoclinal flexing contributed to the basinward dips

1
n the Late Permian rocks of the escarpment, Other folds, on the
»

rid
ge above the escarpment and also about 12 niles west of Carlgbad
»

are of early Terciary or perhaps older age
ot .
her than minor surficial deformation related to solution and

hydt.tion of ev.potltes, the entire Bhelf in tht‘ area .ppe.l' to have

been stable tn Quaternary time.

Central basin plat form

Th
e central basin platform, whose western edge 18 included in

the ar
ea discussed here, has an event ful history involving more

intense deformation than that of the basin and shelf
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In latest Mississippian or Early Pennsylvanian time, the area

was deformed to an elevated emergent fold belt, trending north-northwest,

The belt may have been bounded by high-angle faults and may have a
horst structure (Adsms, 1965, p. 2143), After submergence and
deposition in Middle nnd.plrt of Late Pennsylvanian tiwme, renewed
orogeny further elevated the area and "gharpened, compressed, and
faulted the folds" (Hills, 1963, p., 1717-1718). Uplift continues
ltrongiy through Wolfcampian time sud then slowed, Since f1lling of
the Midland and Delaware bagins in Late Permian time, the platform has

been structurally stable.

GEOLOGY OF SALT DEPOSITS--OCHOAN SERIES

All cthe salt deposits in the Carlsbad potash area are in the
Ochosn Series of Late Permian age., The Ochoan canlllto entirely of
sedimentary rocks, but it has two distinct parts--a thick lower section
of salt-bearing evaporites and a thin upper -ect;on of red beds. The
lover section includes, in ascending order, the Castile, Salado, and
Rustler Formations, whereas the upper sectiom consists entirely of
the Dewey Lake Redbeds. The Castile Formation is confined to the
Delavare basin in the southern half of the potash area and is known
only in the subsurface (fig. 4A). The three younger formations form

the pre-Quaternary bedrock across the greatest part of the area
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(fig. 4) and, although they n;e largely covered by extensive dune
sand, caliche, and alluvial deposits, they are well known from the
countless boreholes drilled in exploration for potassium salts and
petroleum.

Exposures of Ochoan evaporites in the potash area are exceedingly
poor for stratigraphic studies or any other invegstigations requiring
precise knowledge of the composition, sedimentary structures, or
thickness of the three evaporite formations. This is true because of
the considerable lithic and structural changes that have lccomblnled
extensive evlporit? solution and rewoval by meteoric waters. Solution
of halite a;d other readily soluble salts has been complete to depths
of several hundred feet, and all anhydrite and other soluble calcium
salts have been weathered to gypsum. The removal of soluble salts
has resulted in a great reduction of formation thicknesses and in
much subsidence and accompanying brecciation of all residual gypsum
and overlying deposits. Consequently, the entire area of evaporite
outcrop is in reality ‘a “"regolich" liberally dented and creased by

nunerous sinks, fissures, and linear solution valleys.

Cagtile Formatiaon
The lower part of the Ochoan Series is represented in the Carlgbad

potagh srea by the Castile Formation. The Castile was named and
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defined by Richardson (1904, p. 43) to include several hundred feet of
gypsum that overlies the Bell Canyon Formation and underlies the
Rustler Formation at the surface in the western part of the Delaware

basin. Somewhat later, the interval represented by gypsum at the

surface vas found by drilling to comsist of a much larger sequence of

evaporites in the subsurface, tacluding mostly anhydrite in the lower
parts of the evaporite sequence and mostly rock salt in the upper

part. For a time the two parts of the evaporite sequence were clagsed

ae lover and upper members of the Castile, but they were considered
to be separate formatiouns. Finally, Lang (1935) restricted the name
Castile to the lower part of the sequence and applied the name Salado
to the upper part. Regionally, the criterion most commonly used to
differentiate one formation from the other is the predominance of
anhydrite in the Castile and the predoninance of halite in the Salado.

The Castile Formation underlies the southern half of the potash

area at depths ranging from about 500 feet in the west to almost

3,200 feet in the east. The nearest outcrops of the formatiom are in

the Gypsunm Hills in southern Eddy County, N. Mex,, about 16 miles

southwest of the potash area. In that area the Castile consists of
foter laminated white gypsum and dark-brownish-gray limestone and

some laminated brownish-gray limestone and a little broun dolomite,
Near the ceater of the Gypsum Hills the formation dips beneath the

Salado Formation and gypsum gives way to anhydrite in the subsurface.
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In the subsurface of the Carlsbad potash area, the Castile
Formation s veadily divisible into three informal members. The
tripartite subdivision includes a lower and an upper anhydrite member
separated by a thick salt member (f1g. 4A). The three wmembers are
distinctive, are conformable, and constitute laterally persistent
rock units in the potash area and over vwide sections of the Delaware
basin. Near the margin of the basin, however, the three members
merge iuto a single wedgelike mass of anhydrite that rapidly thins
to a narrow tongue and extends across the basin margin for a few miles
before thinning out in the southera part of the northwest shelf.

The lower anhydrite mem?er of the Castile Formation gradationally
overlies the Bell Canyon Formation in the Delavare basin, but
overlaps the Capitan Limestone along the wargin of the basin. Within
the area of overlap, the lower member of the Castile is presumed to
die out abruptly, in part by pinchout against the Capitan Limestone and
in part by lateral gradation into laminated limestone that grades in
turn {nto waseive limestone of the Capitan. The wember ranges fn
thickness from 210 to 230 feet in the gouthern parts of the potash
area, but thickens northward and attaine thicknesses of 320-380 feet
a short distance from the overlap of the Capitan Limestone. The
predominant rock in the wember 1s interlaminated gray anhydrite and
brownigh-gray limestone. A few beds of dark-gray and brownish-gray
limestone, a few {nches to several feet thick, are persistent in the

1
ower and middle parts of the wember; some are practically of basinwide

extent.
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The middle member of the Castile Formation is a salt-rich lentil
that forms a widespread, 1ithologically distinct stratigraphic warker.
The mewber is 550-700 feet thick in the southern part of the Carlsbad
potash area, but thickens northward and attsins thicknesses of
800-1,000 feet along & broa& 2- to 3-mile-wide belt that parallels the
wmargin of the Delaware basin. North of this belt, the mewber
terainates, in bart by lateral gradation to anhydrite and in part
by intertonguing with anhydrite (fig. 4A). The member is predominantly
rock salt, but it contains thin to thick layers of interlaminated
snhydrite-limestone rock. The thickest of these layers averages about
100 feet, sad it divides the member into two almost equally thick
salt beds. The lower of the two beds is free of interlaminated
anhydrite-limestone layers, whereas the upper bed includes several of
these layers, some of which are 2-5 feet thick.

The upper member of the Castile Formatfon is an anhydrite-rich
unit that exhibits the most lithologic complexity. It consists mainly

of interlaminated anhydrite-limestone; but wmassive anhydrite and rock
salt are preodnt in appre:iable amounts and there are lesser amounts
of dolowmite and magnesite. The mewber includes s northward-thinning
tongue of magnesitic anhydrite that overlaps the Capitan Limestone
along the margin of the Delaware basin and extends a few miles into

the northwest shelf (fig. 4A). The main body of thg member 1s
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700-800 feet thick in the southern part of the potash area, but thins
northward and s as little as 150-300 feet thick in the areas near
the margin of the Delaware basin where the underlying salt member s
thickest.

The Castile Formation {s overlain by &he Salado Formation. The
contact between the two formations has been considered to be an

angular unconformity (Adams, 1944, p. 1608). Contrary to this
interpretation, subsurface studies in the Carlsbad potash area and
elsevhere in the Delaware basin show that the upper beds of the Castile
grade laterally into, and intertongue with, the lower beds of the |
Salado. In this transitional sequence, the Castile intertongues with
successively older rocks of the Salado, causing a gradual stratigraphic
descent in the top of the Castile, vhich 1a responsible for the decrease
in the thickness of the upper member of the Castile from about 800 feet

in the southern part of the potash area to about 150 feet and less in

the central part of the ares and then to 0 in the northern pare,

Salado Foruation

Considerable economic ltgniflcdncg 18 attached to the Salado
Formation because it contains the potash deposits for which the
Carlsbad area is well known among geologists. The deposits are the

dominant source of the potassium salts mined in the United States,

and their wide extent suggests that they will maintain this ranking
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for years to come., Deposits containing sylvite (KCl)--the main
potassium wineral of economic importance--have been mined at
11 localities (fig. 1), but they underlie practically the entire
eagtern half of the potash area and extend eastward beneath much of
‘ southwestern Lea COunty.‘H. Mex., (fig. 6). The Salado also contains
wany deposits rich in polyhalite [K,Ca,Mg(50,),2H;0] that are
extensive and widely distributed but lack the economic importance
of the sylvitic deposits. The polyhalitic and sylvitic deposits are
fairly important elements in the stratigraphy of the Sll‘do Formation,
and 8 special section of this report (appendix A) lwnnltltel‘IODG
details of their distribution and geology.

The Salado Formation, named by Lang (1935), is the oldest
unit in the Ochoan Series that crops out in the Carlsbad potash area.
The main exposures of the formation are near Lake Avalon, north of
Carlsbad,” N. Mex. Here the Salado overlies the Tansill formation
and underlies the Rustler Formation, but the atratigraphic relations
cannot be determined positively from examination of the outcrop.
The Salado appears to overlie the Tansill Formation conformably and
to grade upward iato the Rustler Formation. The lower part of the
Salado grades laterally southward into the upper part of the Castile

Formation. The gradational contact between the Salado and the

FIGURE o
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Castile rises in stratigraphic position from north to south and 1is
depicted schemnticaliy on the geologic structure sections (fig. 4A).

East of the outcrop, the Salade Formation underlies the central
part of the potash area at depthe of 250-700 feet. In general, the
depth to the Salado lnc;elses with distance from the outcrop, and
it is as much as 1,600 feet at the northeast corner of the area and
about 1,000 feet at the southeast cormer.

The Salado Formation 18 characterized by thick persistent units
of rock salt alternating with thinner unite of anhydrite and
polyhalite (fig. 7). Thin seams of claystone underlie virtually
all the anhydrite and polyhalite units, and there are a few thin |
beds of sandstone and giltstone at long intervals. All the anhydrite
units and beds of clastic rocke are distinctive members that serve
as stratigraphic warker beds; two are formally named rock units.
The widespread Cowden Anhydrite pember, named for the North Cowden
oilfield in Ector County, Tex. (Glesey and Fulk, 1941), lies
90-200 feet above the Castile Formation. The Vaca Triste Sandstone
of Adams (1944) near the middle of the Salado Formation {is a
quartz- and clay-rich unit of fragmental rocks contrasting sharply
with adjacent beds of crystalline evaporite rocks.

In exposures of the Salado Formation along the west side of the

Carlsbad potash area, all the salt has been removed by solution and
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the anhydrite and polyhalite have been altered to gypsum. - The
alteration of the evaporite rocks extends to depths ranging from
260 feet to almost 1,600 feet below the surface and is responsgible
for a fourfold to sixfald reduction in the thickness of that part of
the Salado and for a chnnge in composition from dominantly rock salt
in the subsucrface to dominantly gypsum in the outcrop. The contact
between the two highly dissimilar parts of the formation, known
locally as the "base of leached zone" and also as the “top of salt,”
1s highly irregular, with many closed depressions and isolated
pinnacles (fig. 8). The contact dips generally eastward but rigea in
stratigraphic position from the base of the Salado near the wegt
éide of the potash area to the top of the formation near the
Eddy-Lea County line at the east side of the area. The altitude of
the contact ranges from a high of slightly more than 3,200 feet near
the northwest corner of the ares to a low of slightly less than
1,500 feet at the south edge of the area.

The mexioum thickness of the Salado Formation in the potash
area is slightly more than 2,000 feet in a northwestward-trending
Zone that parallels the margin of the Delaware bagin at the Eddy-Lea
County line (fig. 9). The thickness of the Salado decreagses slowly

southward within the basin, but diminishes rather rapidly northward

and westward from the zone of maximum thickness. The northward
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reduction 18 part of a broad pattern of regional change in thickness
at or near the south edge of the northwest gshelf area, whereas the
westward reduction is related largely, 1f not entirely, to evaporite
gsolution and removal by mgteoric waters. Within the shelf area,
local reductions in thickness are sharp over pre-Salado knolls
or "highs" at the Getty, Barber, Halfway, and other small oilfields
which appear as domal features on the structure map of southeastern
New Mexico published by Stipp and Haigler (1956).
The Salado Formation is divided into three informal units: a
lower salt member, a potash-rich member, known locally as the
McRutt potash zone, and an upper salt member (fig. 7). The three
members are coanformable, are laterally persistent rock units, and
are about equally rich in rock salt, anhydrite, polyhalite, magnesite,
and clastic rocks. In fact, they are generally similar in virtually
all but one respect. The lower and upper wembers are almost entirely
free of sylvite and other potagéium and most wsagnesium evaporite
minerals over much of the Carlsbad potash ares, whereag the McNutt
zone 18 generally rich in these minerals over much of the ares and
contains several extensive sylvite-bearing potash deposits of economic
importance. These deposits are the obvious lithologic feature that
gets the McNutt potash zone apart from the lower and upper members

of the Salado and makes it a fairly natural stratigraphic unit. The
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depos ts are re cted to a few small rou mine ze B t
1 restrict '3 pPs of neralized al

b
eds or ore zones which are gcattered at irregular but fairly sh
ort

intervals through parts of the McNutt zone (fig. 10). Nearly aili
. . y s

th
e deposits in the McNutt zone are mineralogically complex and

contain & host of hydrous minerals that are thermally reactiv
e at

fairly low to moderate temperatures (table 2).

Rustler Formation

2USL er Formation
The Rustler Formation, named by Richardson (1904), 1; the

youngest salt-bearing unit in the Ochoan Series. The formation ig

me
inly exposed in inliers scattered irregularly through the central

and western parts of the Carlebad potash area, It 18 overlain b
3 y

t
he Dewey Lake Redbeds. The contact between the two formations ig

b
obgcured in outcrops by sluaping and warping due to evaporite

ydr.tl ? » 1 4 1 y { . subs 141
h on .Oll.lt fon and emoval b meteoric wvaters From urface

st 1
udies, however, it appears that the formations are unconformable

at places near the western edge of the Dewey Lake Redbeds. The

d
iscordance and hiatus are not great and they disappear eagstward

Over broad sections of the area the Rusgtler and the Devey Lake appear

to be conformable.
In the subsurface below the zone of ground-wvater penetration
»

t
he Rustler Formation is mostly anhydrite and rock sailt (fig. 11)

47




Table 2.--Evaporite minerals in sylvite and polyhalire depogits in the Cazlstad potzsh area

(Modified from Berg, 1970)

M, melting; B, boiling; Dec, decomposition; Deh, dehydratien; T, transition)

Thermal effects and temperature (*C)

Mineral Formula
M B Dec Deh T
Anhydritesee---==CaS0, - - - - 1,193
aphthitalice-=-==={(K, Nl)3“l(504)2] 940 - - - 437
Bloedites=--~-=-=-=NasMg(504) 2 *4H20 670 - 625 110* -
. . 220*
Clrnlllite--------KH3013-6320 160* 190 - 230 -
- v 425
w - .
Glauberites~v----=-NazCa(50,) 7 964 - 520-540 - -
Halite--=oc-—ccee- NaCl 800 - - - -
Kainite-e-a~=e-===KMgS0,Cl-3H0 - - 490-540 160* 425
277*
Kieserites--n-----HgS0, *Hz0 1,124 - . 340 -
Langbeinite~------KoMg(50;) 3 930 - - - -
Leonite~=cec=ce===K.Mg(50,) , *4H20 760 - - 140% 580
2t w22 180w
Loeveite---e-s-=-Ns1oMg7(50;) 13" 1580 670 - 625 220 .
Magnesite-==-----=-MgCO3 - - 350 - -
Mineral Formula Thermsl effects and temperature *c)
. B Dec Deh T
Picrome cvecass
rite KoMg(50,,) 2 +6H,0 760 128
: h 140* 580
P ———eee 180+
Clynalice =~KzCa,Mg(50,) , 21,0 880 . . 310-32
Sylviteeacaa-o ——— . =320 -
ke 770 . X
Thenarditeececcaas : - -
e "‘zs°a 884 . i
Vanthoffite----- -e - 240
) NegMs(50,), 800 - 515 .

* Mineral has more than one phase,




Some polyhalite 18 coumonly present near the middle of the formationm,
. and thin to thick units of sandstone, siltstone, and shale are
E., . g O i{interbedded at long to short intervals. Dolomite is present in the
] lower and upper parts of the formation and forms distinct stratigraphic
igx,
‘iiui._ marker beds which have wide and persistent development in the potash
L]
[3 l 'Yl
- 22:_‘;: area and other sections of southeastern New Mexico. The dolomite
- 3 L ]
i i in the lower part of the formation is known as the Culebra Dolomite
<
< w
. < Member and that in the upper part as the Mageanta Dolomite Member
- =
- 2
3 ° g (Adans, 1944, p. 1614).
€ 3 .
* s % The Rustler Formation reaches a maximum thickness of about
© 500 feet in the eastern part of the potash area. The formation thins
Z .
Q
'; toward the outcrop in the central part of the area (fig. 12). Here
l}: i i A\ b % the formation generally ranges in thickness from about 200 feet to
§ued HRR ‘
. l‘;}f i ] g 400 feet, but ite thickness varies considerably over short distances.
- : s £z ! 3 3 :
Ei;s it § The variable thickness 18 due in great part to the leaching of salt
Z .
. . g and the hydration of anhydrite by meteoric waters. In general, the
: = ° ]
3 H - w
3 ° ; removal of salt accountsé for a marked reduction in the thickness of
' ; % the forwation, and the hydration of anhydrite results in an increase
i !
: H E = of thickness (fig. 11).
a s ﬂ
2
g
. Devey Lake Redbeds
"R, i‘ﬂ 1
!2.}; l‘sg The Devey Lake Redbeds, named by Page and Adams (1940), 1is the
2 2 ; “ . :
g i‘.;-;‘;i ; ‘%l .\_’______,_v___’————'—‘J: youngest unit in the Ochoan Series, but unlike all other wembera of
a 1 £32 wojiowiog IeNIhY
E i —,Egu HY the Ochoan it is entirely free of rock salt and other evaporite rocks.
’ e _ |
[
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giltstone and fine-grained

The Dewey Lake Collﬁtst‘ e“tirely of
B hickness from about ‘000 feet
.nd‘tone .nd el\el:llly r.nse' in t
s 8
in 1 ffl in
It is elpoﬂﬁd oM blu the Ceﬂtt.l and eastern

4)

50 feet.
- and 1is unconformable with

parts of the potash area (fig.

overlying Triass ic rocks.
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GROUND-WATER HYDROLOGY
Three main hydrologic units control the ground-water hydrology

of the Carlsbad potash mining area. These are: (1) the Pecos River,
which receives the ground-water outflow from the project erea; (2) the
water-bearing strats overlying the Sslado Formation; and (3) the
Capitan Limestone and other water-bearing strats underlying the
Salado Formation. The distribution and development of large solution
features, particularly in the Nash D ay and Clayton Basin areas,
exert &8 major effect on the occurrence and movement of the ground F

water.

Pecos River
The .Pacol River receives nearly all the natural discharge of
ground water that moves through the rocks of the potash mining area.
The principal places of natural ground-water inflow are at Carlsbad,

vhere water derived from the Capitan Limestone discharges to the

river or to the alluvium bordering the river, and near Malaga Bend
(fig. 1), where highly mineralized water is discharged from the Rustler
Formation to the river. Between Carlsbad and Malaga Bend the river
receives water from the alluvium, except in areas where pumping has

lowered the water tabla below river level.

Water-bearing units overlying Salado Formation

A small amount of ground water occurs in all the geologic
formations overlying the Salade Formation, but the main aquifers or
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water-yielding units are the Culebra Dolomite Member and basal

solution breccia zone of the Rustler Formation, the Santa Rose Sandstone,
and the alluvium. Locally, the Gatuna Formation yields water to wells.
In the area west of and near the Pecos River, water from the alluviwe

is utilized extensively foll: irrigation purposes. East of the river,

in the potash mining area, only a few wells have encountered potable
.vnter. The yields of the wells are generally low and most are used

for the watering of livestock. The Culebra Dolomite Membsr occurs

throughout much of the area and 18 the main source of water tapped by

stock wells. The basal solution breccia zone of the Rustler Formationm,
often referred to as the "brine aquifer,” is the unit that is most
significant in the solution of the halite in the upper part of the
Salado Formation. Table 3 summarizes the hydrology of the geologic

formations overlying the Salado Formation.

The formations above the Salado Formation seem to be connected
hydrologically and can be considered as constituting & single multiple-

aquifer system (figs. 4A, 8). How perfectly this aquifer system f¢

developed 18 an open question and cammot be determined from the
existing hydrologic imformation, although th; levels of water standing
in wells are sufficiently uniform that potentiometric and water-table
contours can be constructed throughout the area (fig. 8). This water
table and potentiowetric surface renges from less than 200 feet to
about 1,400 feet above the contact between the gypsiferous residue and

salt-bearing rock in the Salado Formstion (fig. 13).
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Solution activity and associated collapse, subsidence, and fractur-
ing have increased the overall permeability of the rocks and enhanced
the interformationsl movement of water in the aquifer system. The

solution action in the area of the potash mines also has detrimentally

affected the chemical quality of the ground water. Analyses of well 5%:
’ i, 3it

r 43

vater indicate that the ground water in the mining area contains 55151
much higher amounts of dissolved subsptances than does the vater of the g;;!f
surrounding xegion of New Mexico; this distributional relationship is fg_f:gs
° i3
3]

indicated best by the total dissolvad solids (f1g. 14) and
chloride (fig. 15). i '

. Ground vater in the formations above the Salado Formation -pv.(
ganonlly'-outﬁmrd and southwestward across the potash mining area
toward the Pecos Biver (ftg...s). Most of the discharge of the ground
water takes place in the reach of the Pecos River near Malaga Bend.
This discharge is from about 850 square miles of the mining area
north of Projact Gnoms site and from at least an additional 400 square
miles lying to the northeast of the mining area. Although the total
amount of grqund water discharging to the Pecos River is not known,
Theis and others (1942, p. 69) estimated that 200 gallons per sinute
entered the river from the basal solution breccia zonme.

The potentiometric and water-teble contours outline & series of

ground-vater ridges oxr highs and troughs or lows (fig. 8), which are

imposed on the regional southwamd to southwestward pattern of ground-

water movament. A large southwestward-plunging ground-watar trough
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extends from Malaga Bend northeastvard roughly chrough Nash Draw to

the vicinity of Laguna Plata. Another much smaller trough is east-

southeast of the Project Gnome site and extends from the southeastern
_____ “ i%' part of T. 24 S., R. 30 E. east-northeastward across T. 246 S., R, 31 E.,
M e e5 .
....... AT 2
-------- ""'..0“,,4/ ! 5;s § i%i to T. 23 S., R. 32 E. A southward-plunging trough is in the area of
¥ H LT84 H .
’ s ----_}___! Ei 35 ity Clayton Basin. Water moves southeastward toward the center of this
---------- _t" 3 4 E?-E‘E;
----- |. Ei $5ici. trough from the northwestern part of the mining area, southward from
i s&g- k¥
1 ;82383
1 ” CE- 1
i ® 1383
' iisd

the northern border region of the mining area, and southwestward and

westward from & narrow ground-water ridge between Clayton Basin and
Laguna Plata. South of Clayton Basin ths trough is not a well-defined
' hydrologic feature.

R e——
ror oo v 0 2

( Cmweeh (P81

Much of the water in the trough does not move

-+ S0C ppw of tairee Do

8
.
1
L
g e B Formation, TN

3 directly toward the Pecos River from the Clayton Basin area., Instead,
3 ;; the water ie diverted south-southeastward through the rocks underly-
X i
¥ %‘i; ing Quahada Ridge into the ground-water trough in the Nash Draw area
L3
Eil (see Gatuna Formation, table 3), where it joins water moving south-
£t
ii% westward toward the Pecos River.
ili
§i1 .
E‘,? Salado Formation
138
‘;‘{5 The Sslado Formation has an intergranular porosity and permeability
T‘i%% that ranges from low to virtually none (Stevens and others, 1970,
,.i‘ table 1).
il

Locally, fractures and solution openings impart a spotty
formational permeability. In the potash mining area, the Salado

Formation is dry except for small pockets of water or water and gas

that have been encountered occasionally during mining and test-drilling
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operations and for water present in the leached zone devaloped at the
top of the formation. Some of the water and gas pockets are confined
under high pressure. In much of the mining area ground water moviag
through the basal part of the Rultl.t.tot-ltion has formed a leached
zone along the top of the ‘Salado Pormation {(fig. 4A). In places, the
Jeached zone extends more than 200 feet into the Salado Formation.
Most of the dissolved solids in the brime in the basal solution zone
of the Rustler Formation has been obtained from the leached zone.

G. 0. Bachman (written commun., 1972) estimatas that during the
past 5 million years..."salt has been dissolved laterally in the
vicinity of Csrlsbad, New Mexico, at an average rate of about 3 1/2
to &4 miles per million years... This conclusion is» blu_d on ths fact
that the distance from the eastern front of the Guadalupe Mountains
to the present western limit of major salt beds {s about 18 to 20
miles and on the following assumptions: (1) the Ogallala Formation
formerly extended across tha Pecos River valley at least as far as the
front of the Guadalupe Mountains, (2) the Pecos River valley in thf
vicinity of Carlsbad has been formed since Ogallala time, and (3) the

Ogallala Formation has been eroded and the Permian salt diuolv.od from

ble
this area during the past 5 million years. It does not seem proba
that salt extended much farther west then the fxont of the Guadalupe
Mountains before Ogsllsla time; if the salt was less sxtensive before

Ogallala time this estimate is conservative."
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Strata undgrlxlng Salado Formation

The Permisn to Cambrian sedimentary rocks underlying the Salado
Formation contain water of brine composition and are under high
artesian pressure. These rocke are not .itpl;lod in the potash mining
area, but they lie desply buried in the subsurface throughout much of
southeastern New Mexico and western Texaa. McNeal (1965, figs. 1-7)
showed that in the potash mining area the etevation of the ﬁoton-
tl_tuc.lurhcu of different zones (excluding the Capitan Limestone)
of thess rocks ranges from a few feet to a few hundred feet above or
below the land surface. At Project Gnome ‘-no wvhere the average
elevation of the land lurhcc is about 3,400 feet, the potentiometric
surfaces are Qt elevations between 3,400 and 3,800 feet, which is
600-1,000 feet above the top of the halite in the Salado Formation.
the d frection of ths alope of the potentiometric surfaces dtft'.n_
Soméwhat, but it is gensrally to the east or northeast in southeastern
New Mexico,

The Capitan Limestone and associated dolomitic part of the Yates
and Tansil] Formationa form the t;:p-o-t aquifer in the strata beneath
the Salado Formation. These formations crop out or lie at shallow
depths southwest of Carlebad, but they are deeply buried east of the
city near the potash mines (fig. 4A). The Capitan Limestone comprises
4 giant reef 1-2 miles wide thet extends northeastward and eastvard from

Carlsbad acrose the mining area; the Yates and Tansill Formations adjoin
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Methods of prospecting and exploration

done by
All prospecting and exploration in the district has been

holes 4 j]l‘d from the surface. Mast of the h les were l‘.l ed imnto
r ] 19 d 1

P £ y £ hur r rota y il 1“‘ tia.- The
the top o the Salado by means of churn o otar dr 1

8 v .-ond dtill- c..ins
hole. were completed throu h the ore zonea ith a di

of the
et in the upper part of the hole and cemented into the cop
was @

salt t‘\. cagin, and cement aea prev ted wate ler nd
1 8 t 1 pr en t fr th t
. b om e Rus a

leted
er rocks from entering the hole. After the holes were comp
young .
nd led, the casing was pulled and the holes plugged with ceme
and sampled,

flﬂ bottom to top- In some Df th‘ Olrllet dttllins th‘ lower plttl of

t o a above [ £ the
u h 1" were Pl“ss‘d with -Id, but those P rts bo the ¢t P ©.

salt were filled with cement. It can be assumed that all exploration
holes drilled for potash have been effectively sealed.

The density and distribution of the exploration and development
drilling are shown on figure 17. 1In gensral, the psttern and dcnl:t:h
of drilling reflects the position or the economic limits of the pota

eposits. mt'td‘ the dense 1 dri l‘d areas the ore orizons th‘
(! i y 1 hori n in
P

£
Salado are probably composed of halite and only minor amounts o
. N

potaah.

. bsits are mnea 1 lat areas,;
he b dded potl.h d.P it rly £ lying over l.l'se o ’
1' edde

th‘t‘f“e Mified Co‘l'-ininz uth“. have been “..d in “tr.c:i“s
»

The ore-bearing horizons are resched through vertical
the ore. -
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shafts from which wain entries are driven into the ore bodies. Panels

of rooms and pillars are developed off the wain entries.

The main entries are generally 15-20 feet wide and 8 feet high,
Where double entries are driven, they are spaced 50-55 feet apart.

The breakthroughs are about 7 feet high, 32-34 feet wide, and are

driven oun 100- to 150-foot centers. The average room sizes are

34 x 42 feet. The height of the rooms, determined by the thickness

of the ore beds being mined, ranges from 4-10 feet.

Each ore body is developed to its economic limits by the above
method. This cycle of mining is referred to as “firat mining" gnd

resulta in an ore recovery of about 50-55 percent.
Second mining or final mining is the removal of pillars and the

retreating fxom the outer edges of the developed area toward the main

baulsgevays and shafts. When this aining cycle is completed, the total

ore recovery approsches 85-90 percent.

Final mining results in the removal of pillax support and the

eventual eubaidence of the mined Areas, Reentry into the caved areas

is not posaible.

Shafca

Twenty-five shafts have been sunk at the sites of the 11 mines in

the diatrict (fig. 4). The shaft locacions and other pertineunt dacs

4re ahown in tabular form on table 4. None of the shafts has been

sbandoned or decommissioned. Nearly all shafts are concrete or steel
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At each shaft the aquifers
At several of the shafts pumping

ringe and sumps have been constructed, and pumps installed to handle

lined and have standard hoisting and auxiliary equipment capable of
above the Salado Formation have been sealed with cement grout, water
is no longer required, and at others the amount of water pumped is

handling large tonnages of mined material.
water seepage from the grouted areas.
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The effectiveness of the methods employed to control the
Part of the investigations for the Gnome project showed that the

water in the shaft areas is evidenced by the fact that the records show

that no water has entered the mine workings.
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Water-level measurements were

Farm Chemical Resources Development Corp. shaft in eastern Eddy County

had been abandoned and contained water.

Teen)

qidad

made in this shaft during October and November 1961 and in December 1961

i
sty
L 33
a1l

°1
‘3
‘3
|

At the time

after the Gnome device was detonated on December 10, 1961,

-3940 1

vesasacsnena"10d

“oN Jo

the measurements were made the water level stood at 1,687 feet below

_____f_z‘ “3se -107 28 10

During

Presumably the

It is listed on table 4

the surface or 13 feet above the bottom of the shaft.
The collar was comstructed high enough above ground level

the period of inactivity the water had overflowed the sump and collected
The shaft has since been equipped with the usual complement of

source of the water was the aquifer in the Rustler Formation.

to prevent surface water from draining into the shaft.

machinery and is now in operating condition.
as Kerr-McGee Chemical Corp. No. 1.

in the shaft.
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It is reported thet the shafts, with the possible exception of

Teledyne Potash Co. No. 1 and No. 2, are in excellent condition.

Extent of mine workings
Forty years of large-tonnage mining in the relatively thin-bedded

ore deposits in the district has resulted in an extensive maze of under-
ground vorhngl. The mine workings in the district cover an area in
excess of 45 square miles. The sverage height of the workings away
from the vicinities of the shafts and the main entries is about 7 faet.
The floors and backs are generally flat or gently sloped because the min-
ing methods and the mine layouts are designed to follow the nearly flat
regionsl dip of the beds.
The mined areas are irregulsr in shape but most are elongate in
a north-northeast direction. This configuration reflects the variation
of the potash content of the ore beds and anot the continuity of the en-
closing salt beds. 1In other words, these are chemical variations, or
 chemical facies within s single bed, n;d are not variations in the
regienal sedimentation.
Ore bes been mined from four beds or zones in the Salado Formstion.
The most extensive workings are in the lowest or “Pirst" ore zone, which
1s between 650 and 800 feet below tha top of the Salado. Nine mines in
the district have produced ore from this zons. Teledyne Potash Co. No. 1
has produced from the “First" and v“pourth” ore zones. Internationsl
Minersls and Chemical Corp. has produced from the "pPirst," “Fourth,”

and "Fifth" zones. Duval's Nash Draw mine has produced from the "pirst"
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j11 ]
and "Teath" zones. National Potash Co.'s Les mine and the Kerr-McGe
- e

Chemical Corp. mine have produced from the "Tenth" ore zope. Th
. ]

spproximate stratigraphic positions of the ore zones are shown {
n

figure 10,

Stability of mine workings
The entries, rooms, and pillars developed during the “first

¢ l n
ycle” mining are designed to insure stability coumensurate with safe

and efficient mining practice. Back failure may occur where the back

is only a few inchee to a foot below a clay seam. The unsupported

sal
t beds have a tendency to pull avay from the clay bed because of the

loose b
ond between the two rock types. Back falls are controlled by

the judicious and cxtohllvc use of bolting

(}nvlng and subsidence
Duri
: ng final ll.nlng most of the pillar support is removed and the

worked-out areas gradually subside or cave. More than 50 percent of

the
mined areas are now cavad (fig. 16). In those nines whare wining

has been completed, the subsidence is nearly 100 percent of the
mined hﬂghc.

In most caved areas the subsidence is reflected in the ovorlying.

surface by the development of gentle depressions. Fracturing at the

surface in the subsidence areas cannot be accuracely mapped or deter

mined because of the cover of unconsolidated surficial materials Some

fracturing has been noticed in the paved highways that cross the sub-

8ided areas.
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Although detailed studies of the subsidence areas have not been

made, some speculations concerning the mechanisa involved can be made.
’

ocks
Syubsurface observations of the subsiding aveas indicate that the r

k
above the wined areas move slowly downvard as a simple cohesive bloc

the
after final mining 18 completed. Fracturing may well occur in

Salado
subeiding block, particularly in the dolomite beds above the Sa ’

£ the
but the pattern is not known. Tha unique physical properties o

s
salt prohibits the development of open fractures. The fracture

formed ars tight or quickly sealed by flowage O recrystallization

as
of the salt. The absence of vater seepage into the mines in the are

of subsidence 18 tndicative of the self-sealing character of the salt

beds.

Further evidence for the cohesiveness of tha subsidence block 1s

ds
that mining 1o currently being carried on in two minas in ore be

714
about SO and 100 feet above the bottoms of the caved blocks or low

1
mining levels. The ore beds being mined have suffered no noticeable

t
structural deformation other than the sag end elevation changes due to

the subaidence.

No data are available on tha effect that subsidence has had o

the movement of water in the aquifers above the Salado.

Gnoms shaft and workings

The Cnome site and shaft are near the center of sec. 34,

{ ]
r. 23 5., R. 30 E., Eddy County, N. Mex. (f1g. 16). The shaft wa
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sunk by the Y. S. Atomic Energy Commission as a part of the Plowshare

program. Only a brief summary of the geology and description of the

mined areas is given in this report. Details can be obtaiped from

reports on Project Gnome (U. 5. Geol. Survey, 1962).

The Gnome shaft was sunk to a depth of 1,202 feet. The sheft

1s circular ip Plan, has an inside diameter of 10 feet, and 1s lined

with reinforced concrete to a depth of 722 feet. It penetrated about
200 feet of surficial and Pleistocens deposits and 1,000 feet of

Permian rocks. The top of the salt {s about 650 feet below the collar

of the shaft. The bottom of the shaft 1s in salt

the top of the Salado Formation.

about 550 feet below

Rocks exposed in the shaft are shown

on table 5. The shot chamber is connected to the shaft by two parallel

drifts each approximately 1,100 feet long. The drifts and chember are

near the base of the upper third of the salt section. About 1,000 feet

of massive salt 1s estimated to be present below the bottom of the
shaft and drife.

The Gnome shaft vas abandoned and sealed by the AEC in November
1968. The decommissioning of the shaft was done under the surveillance

of Reynolds Electrical and Engingering Co. and 1s reported on by Tappan

and Lorenz (1969). All materfals giving & contact radiation dose rate

of more tham 0.1 williroentgens per hour were removed from the surface
and placed in the shaft br flushed as o brine slurry down a drill hole

that intersacted ona of the drifts.

711
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Table 5.--Rocks exposed in the Gnome shaft

Depth below 'rhtckn;u
hol Age surface (fest
Neame Lithology eres,
Alluvial bolson Unconsolidated Holocens 0-§3 '43.9
deposite sand
Gatuna Formstion |Friable sand- Pleistocena(?) 43-91.9 48.9
stons and
conglomsrate
Dewey Lake Redbeds|Thin-bedded Permian 91.9-29% 202.1
. siltstona
Rustler Formationt coeedBicocaces . 294-651.2 ?51.2
Porty-niner Chiafly veeellOessccees| 294-361.3 67.3
Momber gypsus and
cnh_ydr ite
Magenta Dolomita|S51ilty dolomite veeeflOueeoensss |361,3-382.2 20.?
Member '
Tamarisk Member |Chiefly veeedBuvenvese]|382.2-495.5 | 113.3
anhydrite
and gypsus
Culebra Dolomite|Dolomite verelOsereeera|095.5-523.5 28.0
Mamber
Lowver member Chiefly clay veeelOusoeaess|523.5-651.2 | 127.7
: . and silt with
some gypesus
and anhydrita
Sll‘do Formation: o.o.douonwvco- 651.2‘1,202 550.3
Upper leached Chiefly clay- veoe@0.eevoass|651.2-709.3 58.1
member stone and
siltstona
Uunleached Saledo|Chiefly impure |... d0cecvaacs 799.3-1,202 492.17
Formation halite rock
with some
anhydrite,
polyhalite, and
siltstone
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The shaft contains conn-inlted mstal lcnp, ons dump truck, four

mine cars, a hoht nn-cn;c, and vattoul othor utorull, including a

considerable amount of contaminated soil and salt muck. The report does

uot stats how far up the shaft the contaminated materisls extend. Uncon-
taminstad soil was placed in the upper part of the shaft to within 5 feet
qt the sucface, and a permanent plug was formed by filling the last

5 faat with concrete.

In addition, all test drill holas were plugged with cement to the
top of the Salado.-
Bacause of the conditions that now exist at the shaft, the Gnome

shaft or drifts probably cannot be safely and leconomically rehabilita-
ted,

Solution mining activities

The Kansas City Testing Laboratory was the first of two companies
to conduct experimental solution mining projacts in the Carlsbad area.
This sxperimental project involved attempts to establish a connection
between two boreholes about 200 feat apart in the WW 1/4 aec. 22,
T. 20 8., R. 29 K. The project was started during the lace 1940's and
ended during the 1950's.

During the ud-1‘§60'| Continantal 0il Co. conductsd an exper-
imental solution mining project in the Caxlsbad area (Davis and 8hock,
1970).. Four test holes were drilled in the SW 1/4 sec. 12, T. 19 8.,

R. 30 K., about 3 1/2 mileg east of the Southwsst Potash Co. shaft.

13



The drilling pattern was in the shape of an equilateral triangle
with a fourth hole in the center, 200 feet from the apex wells. The
wells were drilled to a depth of 1,150 feet and were completed in the
“Ihird" ore zone of the Salado Formation. Subsurface connections between
wvells wera established by hy;lr.ullc fracturing from the center or in-
jection well.

During the life of the experiment an elliptical cavity 280 feet
long and about 80 feet wide at its broadest part and 5-10 feet deep
vas formed. About 175,000 cubic feet of salts were removed. The shape
and size of the cavity was determined by & sonar survey.

The wells were cased and cemented into the top of the Salado to
prevent water from the pear-surface aquifer entering the holes. Pre-

sumably these holes were plugged with cement when the project vas

completed.

OIL AND GAS PRODUCTION

041 vas first produced in Eddy County, N. Mex., from the famous
Artesia pool vhich was discovered in 1924. Since that time there has
been a steady increase in the production of oil and gas in south-
eastern New Mexico. The oil and gas fields in Eddy and Lea Counties
are the -olt ptodJcElvcln New Mexico. As of 1966, the fields in
Eddy County had produced &lmost 197,000,000 bbls (barrels) of oil and
112,000,000 MCF (thousand cubic feet) of gas. The production from lea

County was about 1,700,000,000 bbls of ol and 2,600,000,000 MCF of gas.

7%

Lea County, with more than 60 percent of the total oil and gas sales

ia the State, ranks first among all counties in the United States in

the value of hydrocarbon production. The Producing wells are concentrated

in an arcuate belt that in general reflects the position of the buried
reef that marks the transition zone between the Delavare basin and the
northwest shelf area and the central basin platform.

Tha most productive oil and gas zones are in the Permian rocks
lying below the Castile Formation. However, some production has come

from upper, middle, sand lower Paleozoic strata in the eastern, western,

and northeastern part of the area. The producing zones for the oil and

gas pools in Eddy and Les Counties are shown in table 6.

Prodnc:ipn in the viciunity of Carlsbad is mostly from rocks of
Guadalupian age, particularly the Grayburg and San Andres Formations,
from the rocks of Leonardian and Wolfcampian age, and from rocks of

Pennsylvanian age. The distribution of wvells and developed oil and

gas fields as of 1964 are shown on figures 18 and 19. 1In general, the
wells near the west margin of the Delaware basin are 0,000-16,000 feet
deep, most of tho-_e in the vicinity of tha potash mines are from 1,500
t;’ 3,000 feet deep, and many welld are more than 3,000 feet deep. In
the more central and eastern part of the basin, the depths of the wells
generally are 4,000-14,000 feet. The deepest well in the De¢lavare basin,
drilled 21,275 feet to bll.nl;t, encountered large reserves of gas con-

densate in several zones and probably is the first of sany wildcats that

will be drilled in the relatively unexplored deeper parts of the basin.
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Southeastern New Mexico 1s now a well-established oil- and
gas-producing area. The general geology is well known, but unexplored
large aress still remain. The search for stratigraphic traps and
favorable structures in the deeper parts of the Delawvare basin undoubted-
ly will result in the discovery of new fields. The srea will probably
continue to be one of the most actively explored areas in the mation

bacause of the high success ratio.

CONCLUS IONS
That part of the Carlsbad potash area in Tps. 21, 22, 23,
and 24 5., Re. 31 and 32 E., has the lowest density of drill holes
for potash, otl, and gas, is farthest from the dissolution front inm
the salt section, has a substantial thickness of consolidated cover
above the salt section, and contains the maximum thickness of Salado
Formation salt at ressonable depths below the surface. Sows of the

mined-out potash mines may provide useful storage.
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