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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 is
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 age, but drilling has provided
much data on the buried older rocks. The principal 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. depoéits aré in thé Late Permian Ochoan Series composed of
a thick salt-bearing evaporite lower part (Castile, Salado, and Rustler
Formatioms) and a thin non-salt -bearing upper part (Dewey Redbeds).

The Castile Formation consists largely of 1nterlaminated gray
anhydrite 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 marginm 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 Formatiom, the main salt-bearing umit of the potash
area, ranges in thickness from:about 1,900 feet in the south to about
1,000 feet in the morth. The formation is characterized 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 Formation:is divided into .three informal P
units: a 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 is
250-550 feet thick in the potash area. '

Three main 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 outflow from the area. Most of that outflow reaches
the Pecos near Malaga Bend.. :

The main water-yielding units overlying the Salado Formation are
the basal solution breccia zone and the Culebra Dolomite Member of the
Rustler Formation, the Santa Rosa Sandstone, and the alluvium. The
basal solution breccia zone ‘is 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 minute enter the river from the basal solution breccia zone. . 4



The potentiometric and water-table contours outline a series of
ground-water 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 mining area inm
the vicinity of Laguna Plata. Another much smaller trough is 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. In
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 Cambrian to Permian sedimentary rocks underlyimng the Salado
Formation contain water of brine composition and are under high artesian
pressure. These rocks are not exposed in the potash miming area but lie
deeply buried throughout much of southeastern New Mexico amnd western
Texas. In the potash mining area the elevations of the potemntiometric
surfaces of different zonmes of these rocks range from a few feet to a
few hundred feet above or below the land surface.

INTRODUCT ION

The U.S. Geological Survey, on behalf of the Atomic Energy
Commission, has summarized the available geologic and hydrologic
information onm the Carlsbad, N. Mex., potash area. The purpose of this
summary is 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 Jume 30, 1972,

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

have benefited from the full cooperation of R, S. Fultom, Regional



Mining Supervisor, U.S. Geological Survey, Carlgbad, N. Mex., and

D. M. Van Sickle, Regional Geologiét» U;Sf Géological Survey, Rosyell,

N. Mex. We had ﬁhe p}eaSure‘of discussing thé objectives of this project
. with Donald Baker9 D;rector, New Mexico Bureau of Minés and Mineral

N :

Rééoq;cess and with Frank Kottlowski and Roy Fosfer, also of that
orgami;;;ion, Discussions and umdérgrbudd trips with William Stanley

of the U.S. Potash Company, and Karl Ehlers of the Duval Company were

also very helpful in our work.

GEOGRAPHY

' Location and;pgpulation , Vo

The potash miﬁes‘bf southeastern New Mexico are in eastern Eddy
County and westernmost Lea County. Most of the mines lie along a
north-trending line 15 miles eaét of the city of Carlsbad and
25-45 miles north of the Texas border (fig; 1)} Two mines are 10 miles
farthef east,

The area ié Sparsely pbpulated° Populationé given here are
éstimates for Jan. 1, 1972 (Rand'McNally and Co., 1972). Eddy County
has a population of'39,800 and Lea Couﬁty 48,800. Other than Carlsbad
(20,500), the only cities of 1,000 or larger population withiﬁ 50 miles
of the mines are Hobbs (25,800), Artesia (10,300), Lovington (8,900),
Eunice (2,600), Jal (2,600), and Loving (1;200), Except for widely

scattered ranch and farm houses, the only habitations within 20 miles
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Area of figure 4 outlined by hachures.

Northern boundary of Delaware basin is defined by Reef Escarpment and buried front of Capitan reef.



of the mines are in Carlsbad, Loving, and the small communities of
Malaga, Otis» Loco Hills, and Maljamar. ~Population is highly dependent
on the peﬁrolehm and potash industries, and any large increase other

~ than through possible expamsion of these industries seems improbable.

Sur face water

The Pecos River, which fiseé in northeastern New Mexico and
ultimately joins the Rio Grande at the Mexican border, is the only
through=-going perennial,stréam in this area. Here and farther south
the Pecos receives almost all the surface discharge and at least the
greater part 6f the subsurface discharge from the area. Surface drainage
from most of the area is poor. The only significamt contimuoﬁsly
flowing tributary of the Pecos is'Black‘River, south of_Caflsbad. The
abundant small intermittent streams gemerally drain into depressions
produced by sand dunes qf by solution subsidence where the water
evaporates or sinks into the subsurface. Of the intermittent streams,
the longesﬁ is in Monument Draw, which drains southward aloﬁg the eastern
edge of Le&‘County. It is rare for such generally dry chamnnels to carry
continuous flows of water, as the runoff from thunder showers ordinarily
sinks into depressiomns in the fléoro

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 surfacé 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

Carlsbad are 15 miles or more from the nearest mine. -

Topography
The topography of the area (fig. 1) falls easily into four large

divisions: the eastern Guadalupe Mountains and its foothills; the

High Plains; isolated areas of low hills, principally south of Cérlsbad
and southwest'of Eunice; and widespreéd pediments and alluvial plains,
north, éast, and southeast of Carlsbad. Collapse features locally

modify the topography throughout the region.

Guadalupe Mountains;-eThe Guadalupe Mountains form a moderately
dissected élateau,‘gently inclined to the northeaét (Hayes,.l964)°
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 basin. This striking topographic and stratigraphic
feature emerges from the subsurface near Carlsbad, It becomes steeper
apd higher southwestward from Carlsbad and culminates in Guadalupe Peak

(8,751 feet), 50 miles from the city. Northwest of Carlsbad, the



margin of the mountains is far less spectacular; the northeastern slope
there descends gradually to the pediments that flank the Pecos River.
High Plains.--The High Plains are a large remnant of the depositiomal
surface on top of the Pliocene Ogallala Formatiom. : The surface of the
plains is remarkably even amd'slopes,eastésoutheastvabout 15 feet per
mile. It is underlain by a thick layer of caliche, which is mantled
in places by thin soil. West of Hobbs and Lovingtom, the plains are
sharply bounded by a southwest-facing erosional scarp, 100-300 feet
hiéh known és Mescalero Ridgeo South of Hobbs, the boundary is only
vaguely defined (Nicholson amd Clebsch 1961) . |
Low hills.ecThe Gypsum Hills9 a group of low rounded hills eroded
from gypsiferous Permian rocks, occupy much of thelarea between the Pecos
River and the Reef Escarpment 20 miles south of Carlsbad Farther
north, small hills 1oca11y prOJect above the piedmomt surfaces flanking
the escarpment. In Lea County, two low rldges, north and west of San
Simon Slnk may preserve outlying remnants of the High Plarns sur face
(Nicholson and Clebsch, 1961). -

Pediments and alluvial plains°v°0ver most of the area shown on

figure 1, the ground surface’hss low relief and slopes gently
(20-40 feet per mile) away from the borders of the Guadalupe Mountains
snd the High Plains toward the Pecos River or locally toward Black River

and Monument Draw. Includcd, im general, is'all the large area east of



the Pecos River and south and west of the ﬁigh 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‘River9 the Gypsum
Hills, and the Reef Escarpment.

The basic form of almost all the ground surface of the region is
erosional and consists of Pleistocene pediments and partial pediments
that have been modified to varying degrees. Nearly all the surface .
east of the Pecos River, including the vicimity of -the potash mines,
is .a pediment or group of coalesced pediments of probable early
Pleistocene age (Morgan and Sayre, 1942, p. 35). This surface was
modified during and since its formation by solutiom-collapse features.
It has been dissected locally ﬁy streams, 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
commonly rise like broad low steps from the river to the foothills or
to the escarpment of the Guadalupe Mountains (Fiedler and Nye, 1932,
p. 10-12) . The upper two terraces are interpfeted as 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 major tributaries into

narrow discontinuous alluvial plains.



Collapse features.--Collapse featurés produced by subsurface

solution are varyingly common throughout the regiom. They are most
abundant east of the Pecos River in parts of the widespread old
pediment. Solution occurs where unsaturated circuldting ground water
passes - through or along the contacts of léyers of salt, gypsum,
anhydrite, or, to less extent, carbomate 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 presemnt course of the Pecos River'was
probably determined by a train of coalesced Pleistocene sinks captured
by atheadward-working tributary of the Rio Grande (Morgan and Sayre,
1942, p. 37). Other conspicuous expfessions 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 basiﬁ south of Artesia (Morgan and Sayre, 1942, p. 37), the several
abrupt changes in flow in the Pecos River within 20 miles north of
Carlsbad (Morgan and Sayre, 1942, p. 37),'Nash Draw and Clayton Basin
clése 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 semiarid. The average
annual precipitation ranges frbm 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 is low. Winters are mild
with little snow, and summers are warm. The average July temperature
near Carlsbad is a little over 80° F. Windstorms, maimiy in the

spring of the year, may be severe.

Industry

Mineral prbdﬁction 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 potaéh industries
have dominated the economies of the'twd céunfies for several decades.
All yearly production values given below are abstracted or derived
from data compiled by Stotelmeyer (1969).

Production values of crude peiroleﬁm, natural gas, natural-gas
liquids, and natural gasolime totaled $72.4 million in 1967 in Eddy

County. Of this, $54.8 million was crude petroleuh, In Lea County,

11



the production value of crude petroleum alome, largely from the central
and southern parts of the county, was $247 million in 1967.

The production i§ gradually incre#éiqgo -Exploration is active and
is particularly spurred by increasing demand for matural gas. Sanger
and Saultz (1971, p. 1039), in discussing exploration in 1970 in the
district of West Texas and eastern New Mexico, stated that the
Delaware basin, "...still in the early stages of its exploratory
history, continued to be very-gctive and to have the greatest potential...
Deep gas reserves'from.Devoniaﬂ-through Ordovician (Ellenburger)
continue to be of prime consideration."

The potash mines east bf Carlébadrare the principal source of
potash available within the United States and comstitute all of the
production in New Mexico. The total value of potash produced since
1932 1is $1,75-biliio‘n° In 1966;‘the value wés‘ﬁell over $100 million
(Stotelmeyer, 1969). Sinée then,.foreigm qompetition‘has greatly
reduced ptoductiom; and soﬁéjmiﬁés are;closed° Decline in the industry
resulted in reduction iﬁiﬁhe pépul&tion of Carlsbad from 25:500 in 1960
to an estimated 20,500 in 1972 (Rand McNally énd Co., 1972). Large
reserves of potash remain, and the fﬁture of the industry seems to
depend on demand, which is influenced greatly by the extent of foreign

competition.
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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

: &f ,‘A'vi—{’”é" ‘
part of the total agricultural income. There is dry farming on the
A
High Plains.
. Tourist dollars are an important part of the local economy.

Carlsbad Caverns, White Sands, and other nearby natural features draw

many thousands to the area each year.

Access

The vicinity of the potash mines is readily accessible by highway,
railroad freight, and scheduled air ser?ice. The mines are served by
hard-surface State or federal highwayg that provide easy year-round
access from Carlsbad. Federal highways extend from Carlsbad in
several directions. Spur lines of the Santa Fe Railroad serve the mines,
connecting via Carlsbad with the main line at Clovis, N, Mex., about
180 miles to the northeast. Carlsbad has scheduled air service to
El1 Paso, Albuquerque, and Dallas-Ft. Worth via Texas International

Airlines.

STRATIGRAPHY
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.Ordovicianuto‘Quaternary‘attain'totalrthicknessesnexceeding
20,000 feet.' The area»inclndes:theinorthennﬂendfof the'Delaware'basin,

a Late Permian depositionsl:trough withfPennsylvanian“and earlier Permian
antecedents. - The edge of:the’basin is commonly ‘defined as the front of
the largely buried Capitan Reef. As much as 13,000 feet of Permian
strata was deposited within the drea 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 informatiom on still older rocks.

The text that follows is largely limited to brief discussions of
sedimentary environments, gross thicknesses, relations between
stratigr&phic units, and occurrences‘of petroleum; Lithologic descriptions
and - thicknesses of individual units are shown on the accompanying

illustrations.

.. Precambr ian basement -

The depth of the-Precambrian basement ranges from.as little as-
7,000-8,000 feet below the surfece'in'the'northwesternicorner of the
area and easternmost Lea County to more than 20,000 feet in southernmost
Lea County. Drill data from scattered 1oca1ities indicate that the
basement consists of granitic, metasedimentary, metavolcanic,'and
volcanic rocks (Flawn, 1954 and 19569 p° 25 29 Hayes, 1964, P- 5;

' Foster and Stipp, 1961, Po 17 19- 29) The Precambrian rocks are
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generally overlain by Ordovician strata that lapped northwestward
onto a positive afea in northern New Mexico and Colorado. Locally,
near the eastern 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 Pennsylvanian time, marine sediments
accumulohed slowly but fairly continuously in the southeastern corner
of New Mexico. Deposition Qas in and marginal to broad, nearly flat,
subsiding basims that were northern arms of the Ouachita trough. This
trough passed through Oklahoma and central and trans-Pecos Texas and
oonnected with open sea in the vicinity of the present gulf coast ofi
the coast of southern California. In Early Pénnsylvanian time, the
initial rise of a median‘;idge that was'to be known as the central basin
platform of Permian time (fig. 1)'divided an earlier véry wide basin
into the ancestral Delaware basin and the Midland basin farther east,
The various Paleozoic basino were areas of especially active subsidence
whose surfaces were generally lower than those on the more stable
ohelves, platforhs, or arches bounding them. Total deposition was
chickesﬁ in the central part of -the Delaware basin where subsidence was
greatest, but the deposits of some time intervals, notably the

Pennsylvanian Period, were thickest on the margins°
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The total thickness. of- the- pre-Permian :sedimentary rocks is
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 middle
of the northern edge of Eddy County. The rocks aré predominantly
shale and carbonates (fig, 2) Rocks of Mississippian and
Pennsylvamian age are dominamtly shale in the central parts of the basins
of deposition and carbonates along the edges° Middle Ordovician and
Lower Penmsylvanian sandstones a few hundred feet thick occur in the
vicimity of the potash mineshend the Gnome site° |

Rocks of Ordovician, Silurlaanevonian, and Pennsylvanian age
form importamt petroleum reservoirs beneath the central basin platform
and the northwest shelf (figo 1) 'froouctionAfrom rocks of these ages
in the northern Delaware basin is widely scattered and imterest is

imcreasing in deep exploratory drillxng there

Permian deposition -

Wolfcampian, Leonardian, and Guadalupian Series.=-Over a large area

in the general vicinity of Carlsbad; the totdl thickness of the
Wolfcampian, Leonardian, and Guadalupian Series is 8,000-9,000 feet.
The section thins gradually northward from the mines. 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 im Early Permian Wolfcampian time and
continued at a high rate through Guadalupian time. During mﬁch of
this interval, the basin extended a few tens of miles morthwest of
the late Guadalupian limits defimed by the Capitam reef of that age.

The subsiding basin was covered to varying depths by marine water and
received deposits of shale, fine-grained sandstome, and dark-colored
limestone. The rock column for this interval (fig. 2) is representative

of the type of deposition im the morthern part of the basin. Light-colored
shallow-water carbonates generally bounded the basin on the shelves to

the west and morth, and the platform to the east. Reefs or banks of

less cohesive skeletal material very 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 also grew basinward, overriding their talus.

Close behind the reefs and banks, the contemporaneous shelf rocks
(fig7 3) consist of bedded dolomite; subordinate amounts of limestene,
shale, and sandstone, and locally a little anhydrite. The gradational
contact between shelf aﬁd reef facies, like that between reef and basin
facies, commonly transects bedding as it rises in the section
basimwardf Farther back of the reefs, the dolomite of the upper part of
the.Guadalupian Series (the Artesia Group) and, . to much less extent,
that of the lower Guadalﬁpian and Leonardian Series tends to.give way

increasingly to anhydrite, formed in shallow evaporative lagoons.
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SYSTEM

FORMATION
(WHERE

SERIES
GROUP

DIFFERENTIATED)

LITHOLOGY
THICKNESS,
IN FEET

DESCRIPTION

QUATER-
NARY

Dune sand,
Gatuna, and
Dewey Lake
Redbeds

A N

P ERM

290

Rustler

Sand, clay, and sandstone, unconformable on redbeds.

360

Anhydrite or gypsum and subordinate salt, dolomite, and fine clastics.

Salado

Ochoan

1,600¢

Castile

Mainly halite and arglilaceous halite. These rocks, thinner layers of sulphate
minerals (chiefly anhydrite and polyhalits), and minor claystons, siltstone,
and sandstone occur in cyclic sequences, 2-30 feet thick. Potosh ore in
irregularly lenticular to tabular bodies neor middle. Generally 1,600-2,000
feet thick near Gnome site and southern potash mines; thins northward
over buried Capitan Reef to 700-1,200 feet near northern mines.

Thinner farther north.

1,600+

Bell Canyon

Mainly anhydrite, generally interlaminated with calcite in central and lower
parts of formation. Two intervals of fairly pure halite, generally 200-350
feet thick, persist throughout northern Deloware basin. Minor limestone. Thins
abruptly shelfward within vicinity of mines and elsewhere at margins of
basin; no more than a thin tongue crosses buried Capitan Reef. Thickness
fairly uniform within basin.

1,150%

Brown and gray sandstone and minor limestone and shale. Grade at edges of
Delaware basin, including vicinity of potash mines, into reef of light-gray
Capitan Limestone, as much as 2,000 feet thick. Behind the reef, dolomite,
siltstone, sandstone, and anhydrite of upper Artesia Group is equivalent and
similar in thickness to Bell Canyon.

Cherry Canyon

Guadalupian

1,050%

Gray and brown sandstone, limestone, and minor shale. Near northern-most
mines and eisewhere along margin of basin, it grades laterally into carbonate
reef (Goat Seep Reef) or bank and then, behind the reef, into dolomite,

anhydrite, and fine clastics of lower Artesia Group and upper San Andres
Formation.

Delaware Mountain

Brushy Canyon

1,600%

Gray sandstone and a little brown and black shale and brown limestone. Thins
north of potash mines and gives way to mainly dolomite (lower San Andres
Formation) on shelf to north. Laps out against ancient arch west of basin.

Bone Spring

Leonardian

3,000t

Brown and dark-gray limestone and subordinate brown and gray shale and gray
sandstone. North of the mines and elsewhere generally behind the younger
Permian reefs, it grades laterally into carbonate reefs and banks (Abo Reef,
Victorio Peak Limestone) and finally into dolomite and minor shale, siltstone,
sandstone, and anhydrite (principally Yeso Formation).

Wolfcampian

.........

1,750+

81

PENNSYLVANIAN{

R

Similar to Bone Spring Formation. Brown and gray limestone and shale and gray
sandstone. Much of limestone grades westward to dolomite beneath Guadalupe
Mountains. Thins gradually northward in vicinity of Gnome site and potash mines.

2,500%

MISSISSIPPIAN

UNCONFORMITY

Dark-gray shale and subordinate gray and brown limestone in central part of
ancestral Delaware basin, near and south of Gnome site. To north and west, shale
becomes subordinate to limestone, and lenses of sandstone are common,

especially in lower part. To east, in Lea County, conglomerate and sandstone
are common locally. Thickest (about 3,000 feet or more) in central Lea

County ond western Eddy County.

UNCONFORMITY

1,100%

ORDOVICIAN-
S{lLURlAN- DEVONIAN

Upper sequence of gray, black, and brown shale, with some carbonates in
northern and western parts of region. Lower sequence of gray and brown,
commonly cherty limestone and basal dark-gray organic-rich shale. Limestone
partially grades to shale southeast of Gnome site. System thickens to south-
east and thins to west.

N
1,900%

Dolomite and limestone, commonly cherty. Subordinate shale and sandstone. Thin
detrital unit common at base. Thickens to east and southeast.

lPRECAMemAN

UNCONFORMITY

Probably mainly granitic rocks. Local metasedimentary, metavolcanic, and
volcanic rocks,

T Ve Y
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Anhydrite or gypsum
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Modified by W. H. Hays from drawing by J. B. Cooper (1971, Fig. 5)
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Figure 2. --Generalized stratigraphic column at Gnome site and

description of lateral variations.
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Figure 3-- Generalized geologic cross section from south to north through the vicinity of the Gnome site and the
potash mines, Eddy and Lea Counties, New Mexico
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The reefs bouﬁding the northern edge of .the Deiéwéfefﬂasin
progressed from a position norfh of the present potash mines, in
Leonardian and early Gﬁadalupian time, to a position within the mining
area in late Guadalupian time (fig. 3). Elsewhere on the marginé of
the basin there was a similar basiﬁward progression, At the end of
Guadalupian time, the Capitan Reef almost completely encircied the
Basim,’restricting southern access to the sea and setting the stage
for basinal evaporite deposition. .

The northwest shelf, north of the Delaware bésin5 and the central
basin platform, east of the basim9\have‘been,important ﬁroduce;s of
petroleum from Permian rocks. Extensive poolé in sandstone and
carbomates of the Artesia Gfoup and the San Andres Formation are
concentrated in a belt immediately above and behind the buried Capitan
Reef, but there has been'sigﬁificant production from almost all parts
of the Wolfcampian, Leonardian, and Guadalupian secgiomvin various areas
on the shelf and platforﬁ° EStabiished pools within the northern
Delaware basin are more scattered and are principally in 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‘evapbrites accumulated in the
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basin, apparently little accumulated in the reef and sackareef areas.
Probably rather late iﬁ Castile time, the basin was filled to the extent
that a thin tongue of anhydrite extended locally across‘the bounding
reef and oﬁto the shelf. The uppermost part- of the Castile
1ntertongues'reefward‘into basal halite of the Salado Formation (Jones,
1954, p. 108-109; Jones and Madsen, 1968, pl. 2).

The Salado Formation is one of the principal deposits of halite
on: the North American continent. It overlies the Castile conformably
in thebDelaware basin and extends over the Capitan Reef to the north
and east, far beyond the limits of the area here described., Whether
the Salado once extended west of the basin is uﬁk;{own° The Salado
sea was, in general even more saline than the sea of Castile time,
Lacking a shield of carbonate reefs, it received, however, considerable
fine clastic sediment. Its halite deposits are generally less pure
than those of the Castile.

After widespread deposition of the Salado salt, the sea water
freshened somewhat, and anhydrite again dominaged deposition during
Rustler time (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 Rustler
appears to be conforméble to the Salado (Jones, 1954, p. 110; 1960,

p. 12), from which it is commonly separaéed by a layer of solution

breccia, discussed later in this report,
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Table 1.--Generalized section of rocks and sediments of latest Permian (post-Salado) and younger

‘age in the northern Delaware basin and on its morthern and eastern margins

System Series Formation Thickness Description ’ Variations in
: ' (feet) thickness and
- distribution
Light= brown to pa1e= Dune sand as much as
- " reddish-brown par- 60 feet thick, dis-
C s tially stabilized ‘continuously cover-=
Holocene Dune sand, . fine- to medium- - ing much of area be-
SRS _alluvium, . grained dune sand. tween Pecos River and
playa. . - Alluvial sand, silt,|  High Plains. Thick
deposits, and gravel, 'Playa ‘alluvium limited to
and . ‘deposits of mainly | .vicinity of rivers.
travertine reworked alluvium' : = :
S and dune sand.
N . Travertine as -
. spring deposits,
'”Unconfofmity
Quaterngry Malnly reddish=orange Discontinuous and high-
or pale-red very ‘ly variable in thick-
fine to medium= ness over large area
grained sand and southwest of High
silt. ‘Locally some Plains and mainly
gravel and clay and,|{ B east of Pecos River,
3 Pleisto- Gatuna 0=300 uncommonly,; gypsum . in Eddy County and
_cene(?) and fresh-water " probably Lea County.
. - limestone. Bedding Mostly less than
commonly obscure 100 feet thick.
and discontinuous. : '
Mostly capped by
caliche. Local
high permeability.
e

o oo e e ao oo

Unconformity



Table 1l.--Generalized section of rocks and sediments of latest Permian (post=Salado) and vounger
age in the northern Delaware basin and on its northerm and eastern margins--Continued

System Series Formation Thickness Description Variations in
(feet) thickness and
distribution

1 %4

Chiefly white, gray, | Underlies High Plains

and reddish<brown and much of Lea County
fine-grained sand, farther south. Pro-
which locally has bably absent from Eddy
Tertiary Pliocene Ogallala 0-300 calcite cement. . County except for
" Subordinate gravel, northeast corner.

silt, and clay.
Lenticular, discon-
tinuous bedding.
Mainly capped with
caliche. Highly

permeable.
Unconformity

Reddish-brown and Thickest in eastern
greenish-gray clay- Lea County; erosion-

stone and subor- ally thinned west-

. . dinate amounts of | ward to wedge out
Triassic Upper Chinle(?) 0-1,200 reddish-brown silt- near eastern edge of

Triassic stone and fine- Eddy County.

grained sandstone.
Some secondary
gypsum. Low per-
meability.
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Table l.--Generalized section of rocks and sediments of latest Permiam (post-Salado) and_younger
age in the northerm Delaware basin and on its northern and eastern margins--Cont inued

System Series Formation Thickness Description Variations in
(feet) thickness and
. distribution
Mainly pale-reddish- | Absent near and west
brown, pale-red of Pecos River and
and gray fine- to locally farther east.
medium-grained :
 commonly cross-
Triassic Upper Santa Rosa 0-300 stratified sand-
Triassic . stone., Lenses of
pebble conglomer=
‘ate. Local thin
layers of reddish-
brown siltstone
and claystone. _
ngh local permea-
bility.
Unconformity - w
Reddish-orange to Mainly 200-300 feet
reddish-brown fine- thick in vicinity of :
grained sandstone, Gnome site and pot=
siltstone, and ash mines; locally - -
shale. Sandstone absent. Thins gra=
Permian Ochoan Dewey Lake 0-400 and siltstone are dually northward.
: : Redbeds commonly clayey. Absent west of Pecos

Thin lamination

and small-scale

cross lamination
common. Permea-
bility generally
low.

River.
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Table 1.--Generalized section of rocks and sediments of latest Permian (post-Salado) and younger

age in the northern Delaware basin and on its mortherm and eastern ma;gins==Comtinued

Description

Variations in
thickness and
distribution

System | Series Formation Thickness
(feet)
“Permian Ochoan Rustler 0-500

Mbstly anhydrite.

Considerable salt,
commonly silty or
clayey, occurring
in central part of
Delaware basin and
tends to lens out
at margins. Two
dolomite layers, a
basal sandstone,
and several thinner
layers of fine
clastics are wide-
spread. Main
aquifer in Carlsbad
area.

| Thins very gradually
northward. Thick-

ness ranges from
200 to 500 feet in
vicinity of Gnome
site and mines due
to variable sub-
sur face solution,

which increases .

westward.




The Rustler rebresents the las;_?ermiam ;alineAsea and the upper
layer of a remarkable sequence of prédominaﬁtiy evaporite rock of Ochoan
age. The entire seguence is as mucﬁ;és 3,500 féet thick im‘;he northern
part of the basin. :Theﬁthickness:dtppsifapidifvtO'about:19500 feet on
the shelf near thg hqrthern pocash mines- and decreases more gradually
farther north. |

After the sea with&tewgithé‘Deﬁey.Lake.RédBéds were deposited on
broad mudflats over theiquméfuséa:bed.i The appeafahce of @gdiumescale
cross lamination inbsanéy_lén;;sjin the uﬁpgr part of the formation
probably indicates & g?édgai-éﬁgdge:to figvialiconditions (Vime, 1963,
p. 23) as the final eéiSodé iﬁltaéllodg coﬁplex history of the Permian
deposition. v | R 7

Except for dolbmite énd Sandstong.layers in the Rustler Formation,
thé'Oéhoan Serieé gene£a11y~has very 16w pérmeaﬁility. The little oil
ptéduced from ioﬁer;Oprap“evapdgi;gsngppéfgntly escaped from

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

Triéssic and Cretaceous deposition

Fluvial depositigq“resumed iq La;e“Triassic time, when the Santa
Rosa Sandstome and the finer grained redbeds of the Chinle(?) Formation
formed on flood plains in a very large area over and peydnd“the
borders of the DelaWare.basin,l The Jurassic Period is motvrepresented
by deposition in this region aﬁd was & time of érosional removal of

Triassic_rocks west of the basin.
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Late in Early Cretaceous time, a shallow sea advanced from the
south and covered southeastern New Mexico. It soon withdrew leaving
behind a thin deposit of limestone and sandstone. The only remnants
of this deposit in the vicinity of the northern Delaware basin are
in very small areas in easternmost Lea County, in the western Gypsum

Hills, and perhaps on the crest of the Reef Escarpment (Hayes, 1964,

p. 38).

Te:tiarz and Quaternary degosition

No early or middle Tertiary deposits are kﬁown to be present in
the region. Cretaceous deﬁosition was followed by broad uplift in
the vicinity of the Guadalupe Mountains and farther north and by
erosion of Cretaceous and Triassic rocks to form a surféce of low
.relief sloping gently east and southeast. In Pliocene time, this
surface extended from near or within the présent Gﬁadalube Mountain
area and from the uplands north of that area southeastward into Texas.
It was mantled by the fluvial Ogallala Formation, whose upper surface
of deposition is fairly well preserved on the High Plains today.
There are no definite remnants of the Ogallala west of easternmost
Eddy Céunty, but gravels in the Pecos valley and on high parts of the
Guadalhpe‘Mountaims have been interpreted as beloﬁgimg to this
formation (Bretz and Horberg; 1949) .

Most authors believe that the‘Pecos valley was formed in

Quaternary time, after Ogallala deposition, Solution Subéidence, the

27



coalescing of solutio&_depressipns by surface erosion and further

. Splution?Jand headward erosion-by.the. Pecos River and .its .tributaries
contributed to thé formation of the valley. After much erosion, a
period_of aggradation in.the valley mantled the slopes and filled
depressions_WifE théiGatuga Formation, whose sediment. is largely of
-local origin. Renewed downcutting by”streams«and;subsurf;ce solution
and resultant subsidence have continued to the present and have

been accompanied by intermittent local accumulations of pediment and

terrace alluvium ana‘p1éya*aép6s1£s;“

--STRUCTURE .- . - -

© - General features

_ng}Theirqcksfin'qhe:generélqvicinityaoflthe potash mines (fig. 1)
are for the most part little.deformed, and they have been tectonically
stable since Tertiary time.. - The principal structural-units are broad
features related to.-late Paleozoic sedimentation: -the -morthern
Delgware.ﬁasin,nthe;shelf_north;and west of .the basin, and the -central
basin platform to the east-(fig. 1). - The small part of the Guadalupe
Mountains included in‘the'aiea,fthough~topographica11y high, is
structurally part of. the shelf. The major structures were tilted
gently eastward wmainly during pre-Pliocene time. . The til; produced

a general eastward dip of mo more than 2° (figs.i4uand,5).
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" Delaware basin:

The Delaware basin was first defimed in Early Penmnsylvanian time,
when an earlier very broad basin was divided by initial uplift of a
large median ridge that became the central basin platform of Permian
ti@e; The basin subsi&ed-relative to the bounding platform and
shelf until Late Permian time, when its History as an active structural
feature ended.

The form of the northern part of the basin, as defiﬁéd by
contours on the surface of the Precambrian floor (Foster and Stipp,
1961), is a broad asymmetrical trough, trending mnorth aﬁd plﬁnging
south. The axis is in central Lea County, roughly parallel to the
cen;ral basin platform. The eastern slope of the trough rises rapidly
to the platform, whereas the western slope is much gentler.

As im any gradually subsiding basin, the older sediments are
doanafped in a form like that of the basement floor, and the warping
dies out upward in the basin section (fig. 4A). The Late Permian
Ochoan rocks and the Triassicwrocks»eiposed'iﬁ the basin today do not
reflect basimwide warping, and their major structural feature ‘is the
regional eastward slope mentioned above. This slope is 75-100 feet
per mile in proximity to the Gnome site and the southern potash mines.

Disruption of the regional sloﬁe of the Ochoan and younger rocks

is minor. The vicinity of the Gnome site and the southern mines is
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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 edée of the
basin and the present upper course of the Black River, Cenozoic
tectonism may be 1nv01ved in a northwest trending monoclinal flexure,
Kelley (1971, pl. 5) showed 600 feet of relief across this monocline
on the upper surface of the Bell Canyon Formation. Several minor
high-angle faults cutting the Castile Formation in ﬁhe same part of
the basin and two inferred faults at the northwestern edge of the
basin (Kélley; 1971, p. 48-=51) are most probably products of éolution
subsidence. Subsurface solution has produced many other minor faults
and numerous local.flexures in the near-surface rocks, as well as the
many sinks and lérger depressions. In a&dition, émall surficial
domes that ;ré\atﬁributed to differential solution of salt or to
expansion of anh}drite during hydration are nuﬁerous (Vine, 1960).
The generally simple surface structure of the basin is doubtless
somewhat decéptive. A fault zone in the Guadalupe Mountains may have
extended southeastward into the western edge of the basin, below
the younger monocline described above, and may have been active dufimg
Missiésippiam to Eérly Permian time (Hayes, 1964, p; 42) ., Pennsylvanian

deformation, for which there.is wideépread evidence in eastern New
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Mexico and western.Texas, may be represented elsewhere in the subsurface,
‘and rapid Early Permian subsidence of the basin was accompanied by

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

ijorthwest shelf

The regional structural s10pe in that part of the shelf north
and west of the Delaware basin (fig. 1) is as much as 200 feet
per mile in the Guadalupe Mountains and generally no more than .
100 feet farther east, In the vicinity of the northern potash mines,
this slope is interrupted locally by minor domes9 folds, monoclinal
flexures, nnd faults similar to strueturai features described near
the southern mines, A differenee here is‘that some of the domes are
probably of depositional origin, resulting from irregularities in
Guadalupian carbonate deposition (Motts, 1972) Nowhere, here or
near 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). o

Beyond the vicinity of the mines9 the shelf north of the basin
includes a few more strongly expressed structural features°
Several miles northwest of Artesia, a buried northeast-trending fault,
offsetting Upper fermian rocks alongba distance of about 30 miles, is
probably part of a prominent set of’northeast=trending:shear-zones that
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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lateral (Kelley, 1971, p. 44-48). Another buried member of this set
may pass-immediately southeast of Lake McMillan (Roswell Geological
Society, 1968, fig. 9). A long low eastwtrending arch in Late Permian
rocks the Artesia-Vacuum arch, passes a little south of Artesia. It
is at least largely the product of differential compaction over the
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
buried broad fold or arch of Leonardian and early Guadalupian age
trends northeast a little behind the present Reef Escarpment (Hayes,
1964, p. 42-43). It apparently controlled the location of growth
of the Goat Seep and Capitan Reefs. Mﬁch later, probably during
Tertiary time, monoclinal flexing contributed to the basinward dips
in the Late Permian roéks'of Eﬁe escarpment. Other folds, on the
ridge abévevfhe esdétpment and also about 12 miles west of Ca?lsbad,
are of early Tertiary or perhaps older age.

Other than minor surficial deformation related to solution and
hydration of evaporites, the entire shelf in this area appearsbto have

been stable in Quaternary time.

Central basin platform

The centrél basin platform, whose western edge is included in
the area discussed here, has an eventful history involving more

intense deformation than that of the basin and shelf.
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" In latest Mississippian or Early Pennsylvanian time,'éhe‘aréa
was deformed to an elevated emergent fold bé1t, trending north-northwest.
The belt may-have been bounded by high-angle faults and may have a
horst structure (Adams, 1965, p. 2143).- ‘After éubdérgence and
deposition im Middle and part of Laﬁe_Pénnsylvanian fime, renewed
orogeny further elevated the area and '"sharpened, compressed, and
faulted the folds' (Hills, 1963, p. 1717-1718). Uplift continues
strongly through Wolfcampian time and then slowed, Since filling of
the Midland and Delaware basins in Late Permian time, the platform has

been structurally stable.

GEOLOGY OF SALT DEPOSITS~-0CHOAN SERIES

All the sal#.deposifé ig ;he Caflsbad potaqh.area are in the
Ochoan~Ser1es of iate'Péfﬁiéﬁ age. ihe Ochoan cgnsistsdentirely of
sedipentgry :ogks” but it has fyp d;sfinct partsefa_thick lower section
of saltebeafiﬁg evaporites and'a.thim upper section:of red beds. The
lower sec;ioq iﬁgludgg,‘}m“ascending order, the Castile, Salédo, and
Rustler Formations, whereas the upper sectiom cqnsi§té entirely of
the Dewéy Lake Redbeds. The Castile Formation is confined to the
Delaﬁare‘basim in the southern half of the potash area and is known
only in theisubsurface (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 are largely covered by extensive dune
sand, caliche, and alluvial deposits, they are well known from the
countless boreholes &rilled in exploration for éotassium salts and
petroleum.

Exposures of Ochoan evaporites in the potash area are exceedingly
poor for stratigraphic studies or any other investigations requiring
precise knowledge of the composition{ sedimentary structures, or
thickness of the three evaporite formations. Thig is true because of
the cons;derable lithic and structural changes that have accompanied
extensive evaporite solution and removal by meteoric waters. Solution
of halite and other readily soluble salts has been complete to depths
of several hundred feet, and all anhydrite and other soluble calcium
salts have been Qeathered 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 ''regolith' liberally dented and creased by

numerous sinks, fissures, and linear solution valleys.

Castile Formation
The lower part of the Ochoan Series is represented in the Carlsbad

potash area 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
su;face was found by drilling to consist of a much.larger sequence of
é;aporites in the subsurface, including mostly anhydrite in the lower
parts of the‘evaporite:seqﬁence and mostly. rock salt in the upper
part. For a time the two parts-of the evaporite sequence were classed
as lower and upper members:of the Castile, but they were comsidéred(
to be séparate formations. gFinaily, Lang (1935) restricted the name
Caétile to the lower part of the sequence and applied the name Salado
‘to the upper part.: Regicnally, the criterion most ‘commonly used to
differentiate -one formation ‘from the other is the predominance of
anhydrite in éhe Castile:and the preddminance_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 almosﬁ
3,200 feet: in the east. The nearest outcrops of the formation are in
the Gypsum Hills in southerh'Eddy~Coumty;,N. Mex., about 16 miles
southwest of the potash area. In that area the Castile consists of
interlaminated white gypsdﬁuaﬁq dark;bfbwﬁish~gtay limestone and
some laminéted‘brow;iéhng;;yviigestone ;ﬁa # iittle Bfowm doio@ite.
Near the éenterrof the.Gyésﬁh-HiliS thébgoréatién 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
Formafion is readily divisible into three informal members. The
tripartite subdivision includes a lower and an upper anhydrite member
separated by a thick salt member (fig. 4A). The three members are
distinctive, are conformable, and"constitute laterally persistent
rock units in the potash area and over wide sections of the Delaware
basin, Near the margin of the basin, however, the three ﬁembers
merge into a single wedgelike mass of anhydrite that rapidly thins
to a narrow tongue and extends across the basin wmargin for a few miles
before thinning out in the southern part of the northwest shelf.

The lower anhydrite member of.the Castile Formation gradationally
overlies the Bell Canyon Formation in the Delaware basin, but
overlaps the Capitan Limestone along the margin 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 limestome that grades in
turn into massive limestone of the Capitan. The member ranges in
thickness from 210 to 230 feet in the southern parts of the potash
area, but thickens northward and attains thicknessgs of 320-380 feet
a short distance from the overlap of the Capitan Limestone. The
predominant rock in the member is interlaminated gray anhydrite and
brownigh-gray limestone. A few beds of dark-gray and brownish-gray
limestone, a few inches to several feet thick, are persistent in the
lower and middle parts of the member; 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; 1ithologicallyAdistinét stratigraphic marker.
The member is 550-700 feet' thick in the southern part of the Carlsbad
potash area, but thickens north&ard and attains thicknesses of
800-1,000 feet along a broad 2- to 3-mile-wide belt that parallels the
margin of the Delaware basin. North of this belt, the member |
terminates, in part by .lateral gradation.to.énhydrite and in part
| by intertonguing with anhydrite (fig. 4A). The member is predominantly ‘
rock salt, but it contains thin to thick layers of interlaminated
anhydrite-limestone rock. The thickest of tliese layers averages about
100 feet, and it divides the member into two almost equally thick
sait beds. The lower of the fwovbeds is free of interlaminated
anhydrite-limestone layers, whereas the"dpper'ﬁed includes several of
these layers, some of which afe‘265 feet thick.

The uppér,member of the Castile Formation is an anhydrite-rich
unit that exhibits the most lithologic complexity. It consists mainly
of interlaminated anhydrite-limestone; but massive anhydrite and rock
salt are present in appreciable amounts and there are lesser amounts
of dolomite and magnesite. The member includes a northward-thinning
tongue of magnesitic-anhydrite that overlaps the Capitan Limestone
along'fhéimarginuof the Delaware basin and extends a few miles into

the northwest shelf (fig. 4A). Thé main body of the member is
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700-800 feet thick in the southerm: part of the potash area, but thims
northward and is as little as 150-300 feet thick in the areas near
the margin of the Delaware basin where the underlying salt wember is
thickest, .

The Castile Formation is overlain by the Salado Formation. The
contact between the two formations has been considered to be an
angular unéomformity (Adams, 1944, p. 1608). Contrary to this
interpretation, subsurface studies in the Carlsbad potash area and
elsewhere in the Delaware basin show that the upper beds of the Castile
grade laterally into, aﬁd intertomgue with, the lower beds of the
Salado. In this transitiomal sequence, the Castile intertongues with
successively older rocks of the Salado,  causing a gradual stratigraphic
descent in fhe top of the Castile, which is 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 area and then to O in the northern part.

Salado Formation

Coﬁéiderable economic significancé is attached to the Salado
Formation because it contains the potash depoéits for whiéh the
Carlsbad érea is well known among geologists. The deposits are the
dominant source of the potassium salts ﬁimed in ;he United Statés,

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 mineral of-economic importance--have been mined at
11 localities (fig. 1), but they.underlie practically the entire
eastern half of the pétash area and éxtendveastward beneath much of
southwestern Lea County, N. Mex. (fig. 6). The Salado also contains
many deposits rich in polyhalite [KZCaZMg(SOA)4°2H20] 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 Saléao Formation,.
and a special section of this report (appendix A) summarizes some
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 thevRusgler Formation, but the stratigraphic relations
cannot be determined positively from examination of the outcrop.
The Salado appears to overlié tﬁe Taﬁsill Formation:conformably and
to grade upward into the Rust1erAF6rmation, The lower part of the
Salado grades laterally southward into the upper part of the Castile

Formation. The gradational contact between the Saladb and the
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Castile rises in stratigraphic position from morth to south apd is
depicted schematically on the géologic structure sectioﬁs (fig. 4A).

East of the outcrop, the Salado Formation underlies the central
part of the potash area at depths of 250-700 feet. In general, the
depth fo the Saiado increases with distance from the 6utcrop, and
it is as much as 1,600 feet at the northeast corner of the area and
about 1,000 feet at the southeast corner.

The Salado Formation is characterized by thick persistent units
of rock salt alternating with thinner units 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 siltstone at long intervals. All the anhydrite
units and beds of clastic rocks are distinctive members that serve
as stratigraphic marker beds; two are formally named rock units.

The widespread Cowden Anhydrité Member, named for the North Cowden
oilfield in Ector County, Tex. (Giesey and Fulk, 1941), lies

90-200 feet above. the Castile Formation. The Vaca Triste Sandstone
of Adams (1944) ﬁear'the middle of the Salado Formation is a
quarté=° and clay-rich unit of fragmental rocks contrast{hg sharply
with adjacent béds of crystalline evaporite rocks.

In exposures of the Saladeo Férmation along the west side.of the

Carlsbad potash area, all the salt has been removed by solution and



'the anhydrite and polyhalite haﬁe been altered to gypsum. - The
alteration of the -evaporite :ocksAegtémds to erths ramgiﬁg from
260 feet to almost 1,600 feet below the surface and is responsible
‘for a fourfold to sixfold reduction in the thickness of that part of
the Salado and for a‘chénge in composition from dominantly rock salt
in the subsurface to do@inantly gypsum in the outcrop. The contact
between the two highly dissimilar parts of the formation, known
locally as the ;base of leached zone' and aléo as the '"top of salt,"
is highly irregular, with many closed depressions and isolated
pinnacles (fig. 8). The contact dips generally eastward but rises im
stratigraphic position from the base of the Salado near the west
side of the potash area to the pdp 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 mortthst corner of the area to a low of slightly less than
1,500 feet at tﬁé south edge of the area.

The maximum thickness of the Salado Formation in the potash
area is slightly more than 2,000 feet in a mdrthwestwardetremdimg
zone that parallels the margiﬁ‘of thé Delaware basid at the Eddy-Lea
County line (fig. 9). The thickness of the Salado decreases 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 is part of a broad pattern of regional change in thickness
at or near the SOUFh edge of the northwest shelf area, whereas the |
westward reduction is:relateallérgely,vif not entirely, to evaporite
solution and rembval by metedric waters. Within the shelf area,
local reductioﬁs in thickness are sharp over pre-Salado knolls
or "highs" at the Getty,‘Barberg Halfway, and other small oilfields
which appear as domal feé;urgs on the structure map Qf southeastern
New Mexico published by Stipp and Haigler (1956) . -

The Salado Formation is divided into three informal units: a
lower salt member, a pot#§h=rich mémbgr, known locally as the
McNutt potash zone, and an upperjsalt member (fig. 7). The three
members are conformable, are laterallylpergistent rock units;, and
are about equaily rich in rock_sglt;'anhyd;ite, polyhalite, magnesite,
and -clastic rocks. 1In fact, they are general}y similar in virtually
.all but one respect. The-loweg and upper members are almost entirély
free of sylvite and other"potaésium and most magnesium e?aporite
minerals over much of the Carlsbad potash area, whereas the McNutt
zone is generally rich in these minerals over much of the area and
contains several extensive sylvite-bearing potash deposits of economic
importance. These deposits are the obviqus lithologic feature that
sets the McNutt potash zone apart from the lowef and upper members

of the Salado and makes it a fairly natural stratigraphic unit. The
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deposits are restricted to a few small groups of mineralized salt
beds or ore zones which are scatfered at irregular but fairly short
intervals through parts of the McNutt zone (fig. 10). Nearly all
the deposits in the McNutt zone are mineralogically'complex and
contain a host of hydrous minerals that are thermally reéctive at

fairly low to moderate temperatures (table 2).

Rustler Formation

The Rustler Formation, named by Richardson (1904), is the
youngest salt-bearing unit in the Ochoan Series. The formation is
mainly exposed in inliers scattered irregularly through the central
and western parts of the Carlsbad potésh area, It is overlain by
the Dewey Lake Redbeds. The contact betweeﬂ fhe’two formations is
obscured in outcrops by slumping and warping due to evaporite
hydration, solufion, and removal by meteoric waters. From subsurface
studies, ﬁowever, it appears that the formations are unconformable
at places near the western edge of the Dewey Lake Redbeds. The
discordance and hiatus are not great and they disappear east’ward°
Over broad sections of the area the Rustler and the Dewey Lake appear
fo be conformable.

In the subsurface below the zone of ground-water penetration,

the Rustler Formation is mostly anhydrite and rock salt (fig. 11).
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Table 2.--Evaporite minerals im sylvite and polyhalite deposits im the Carlsbad potash areca
(Modified from Berg, 1970)
[M,hmelting; B, boiling; Dec; decomposition; Deh, dehydration;,’l‘s transition]
Mineral Formula Thermal effects and temperature (°C)
M B " Dec Deh T

Anhydritesc=co==== CaSoy - - - - 1,193
Aphthitalites===c-- [(K, Na) 3Na(so4)_2] 940 - - - 437
Bloedite===-=o-==- Na,Mg (S04,) 9 - 4Hp0- 670 - 625 110% .
A ST T o 220%
Carnallite-=--===-KMgCl,+6Hy0 160% 190 Coe 230 -

PR 425% ' - :
Glauberite=s==n==c-= NayCa(S0,), 9u4 - 520-540 - -
Halite==-=em=maccos Nacl.. 800 - - - Loa -
Kainite=======s=c== KMgS0,C1 - 3H,0 - - 1 490-540 . 160% 425

: o ‘ L L 277%

Kieserites=======- MgSOA°HzQ 1,124 \ = 4 ° 7 f 340 -
Langbeinite-<=c==- KgMg(SOa)3 930 A - = = -
Leonite-cmnmmcmanss KoMg (SO,) . *4H,0 760 . - - " 140% 580

D2UBANYY 9 B2 . .

o ' 180% |
Loeweitesoecocos-o Naj oMgy(S0,) 13° 15H,0 670 - 625 220 -
Magnesites======== MgCO3 - - 350 - -
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Table 2.--Evaporite minerals in sylvite and polyhalite deposits in the Carlsbad potash area
(Modified from Berg, 192_)==Continued

Thermal effects and temperature (°C)

Mineral . Formula

M B Dec Deh T

Picromerite-=c===< KoMg(504) 2 -6H20 760 - 125 - 140%* 580
. ] I - - 180%

Polyhalite=s--e=°=K2Ca2Mg(804)4'2H20 880" - - © 310-320 : -
Sylvitee==--=----=KCl 770 - . - - -
Thenardites=----=- Na,S0, 884 - - - 240
Vanthoffite-=~===- Na6Mg(804)4 : 800 - 515 - . -

_ % Mineral has more than one phase,
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Some polyhalite is commonly present near the middle of the formation,
and thin to thick_uni§§_of sands;one,,§i};s§ong,,and shale are
interbedded at .long to shgrt¢intervgls. Dolomite is preseqt in the
lower and upper parts of the fqr@agiop andqugms distinct ;tratigraphic
marker beds which have,widq(and"pgrsggpent:developmegt in the gotash
area and other sections of southeastern New Mexico. The dolomipe
in the lower‘part of the formation is known as the Culebra Dolomite
Member and that in the upper part as the Magenta Dolomite Member
(Adams, 1944, p. 1614).

The Rustler Formation reaches a maximum thickness of-about
500 feet in the eastern part of the potash area. The formation thins
toward the outcrop in the central part of the area (fig. 12). Here
the formation generally ranges in thickness from abbut 200 feet to
400 feet, but its thickness varies considerably over short distances.
The variable thickness is due in:great part to the leaching of salt
and the hydration of anhydrite by meteoric waters. In general, the
removal of salt accounts for a marked re@uction in the thickness of
the formation, and the hydration of anhydrite resﬁlts in an increase

of thickness (fig. 11).

Dewey Lake Redbeds

The Dewey Lake Redbeds, named by Page and Adams (1940), is the
youngesf unit in the Ochoan Series, but unlike all other members of

the Ochoan it is entirely free of rock salt and other evaporite rocks.
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The Dewey Lakefconsists"eﬂtirely”ofisiltétone and fine-grained
‘sandstone, and generally ranges in 'thickness from about 400 feet .

" to 550 feet. If is exposed in low bluffs in the central and eastern
parts of the potash area (fig. 4) aﬁd‘is}uﬁconformable with

overlying Triassic rocks.
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GROUND-WATER HYDROLOGY

Three main hydrologic units coﬁtrol the ground-water hydrology
of the Carlsbad potash mining area. These are: (1) the Pecos River,
which receives the ground-water outflow froﬁ>the broject‘area; (2) the
water-bearing strata overlying the Salado Formation; and (3)’the
Capitan Limestone and other water-bearing strata underlying the
Salado Formation. vThe distribution and development of large solution
features, particularly in the Nash Draw and Clayton Basin areas,
exert a major<effect on the occurrence and movement of the ground

‘water.

Pecos River

The Pecos 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,
where 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 table below river level.

Water-bearing units overlying Salado Formation

A small amount of ground water occurs in all the geologic
formations overlying the Salado Formation, but the main aquifers or

53



EE I

water-yielding units are the Culebra.Dolomite Member and basal
solution breccia zone of the Rustler Formstion, the Santa Rose Sandstone,
and the alluviumf Locallw, the Gatuna Formation.yields water to wells.
In the area west of and near the Pecos River, water from the alluvium
is utilized extensively for 1rrigationlpurposesq East‘of the river,
in the potash mining area, only a few wells have encountered potable‘
water,‘ The yields of the wells are generally low snd most are used
for the watering of livestock, The Culebra Dolomite Member occurs
throughout much of the area an& is the main source of water tapped by
stock wellso The basal solution breccia zone of the Rustler Formation;
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
Sala&b Formation° Table 3 summarizes'tne hydrology-et the geologic -
form&tions“bverlying the Salado Formation; - |

“The formations above the‘Saladbfformation:seem tcibe connected -
hydrologically and can be considered -as constituting a single multiple-
aquifer system (figs° 4A, 8) How perfectly this aquifer system is
developed is an open question and cannot be determined from the
existing hydrologic information, although the levels of water standing
in wells are sutficiently uniform that_pptentiometricvand water-table -
conteurs cen be constructed througheut‘the area (fig. 8). This water
table and potentiemetric surfscehrsnées”fron less thsn 200 feet to
about 1 400 feet above the contact between the gypsiferous residue and
salt- bearing rock in the Salado Formation (figv 13). -
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Solution activity and. associated ‘collapse,: subsidence; and fractur-
iog have increased the overall permeability of the rocks and enhanced
the interformational 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
water indicate that the ground water in the mining area contsins
much higher amounts of dissolved substances than does the water of the
surrounding region of New Mexico, this distributional relat1onship is
.indicated best by -the total dissolved solids (fig° 14) and
chloride (fig° 15) | V ‘

Ground: water in the formations above the.Salado Formation moves
generally southward and southwestward across the potash mining area
. toward the Pecos River ('figo“8)° Most of the discbarge 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 Project Gnome site and from at least an additional 400 square
miles lying to the northesst of the mining a;tea° Although the total
amount of ground water discharging to the Pecos River is not known,
Theis and others (1942, p. 69) estimated that 200 gallons per minute
entered the river from the basal solution breccia zone.

The potentiomettio and water-table contours outline a series of

ground-oater ridges or highs and troughs or lows (fig. 8), whioh are
1wppsed oo the ;egional southwamd to southwestward pattern of ground-

water movement. A large southwestward-plunging ground-water trough
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extends from Malaga Bend northeastward roughly through Nash Draw to
the vicinity of Laguna Plata. Another much smaller trough is east-
southeast of the Project Gnome site And extends from the southeéstern
part of T. 24 S., R. 30 E. east-northeastward across T. 24 S., R. 31 E,,
to T. 23 S., R. 32 E. A southward-plunging trough is in the area of
Clayton B&sin. Water moves southeastward toward the center of this
trough from the northwestern part of the mining area, southward from
the northern border region of the mining area, and southwestward and
westward from a narrow ground-water ridge betﬁeen Clayton Basin and
Laguna Plata. South of Clayton Basin the trough is not & well-defined
hydrologic feature. Much of the water in the trough does not move
directly toward the Pecos River from the Clayton Basin area. ips;ead,
the water is diverted south-séutheastward through the rocks:underly-
ing Quahada Ridge into the ground-water trough in the Nash Draw area
(see Gatuna Formatg9ﬁ, table 3), where it joins water moving south-

westward toward the Pecos River.

Salado Formation
The Salado Formation has an intergranular porosity and pérmeability
that ranges from low to virtually ﬁone (Stevens and others, 1970,
table 1). Locally, fractures and solution openings impart a spotty
formational permeability. 1In 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-d;illing
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operations and for water present 15'Ehe ieached~zone developed at the
top.of the formation° Some of the water'and gas pockets are‘confined
under highkpreSSMreo In mucﬁ of the mihing area ground water moving
through the‘basalfpart sf‘the Rustler Formation has formed a leached
zone along the top of the Salado Formation (fig. 4A). In places, the
leached zone extends more than 200 feet into the Salado Formation.
Most of the dissolved solids ih the brine in the basal solution’tone
of the Rustier Formation has been obtained‘froﬁ‘the leached zone.

G. Oo Bachman (written cammun,, 1972) estimates that during the
past 5 million years..."salt has been dissolved laterally in the
vicinity of Carlsbad, New Mexico, at an average rate of about 3 1/2
to &4 miles per million years,.. This.conelusion is based on the fact
that the distance from the eastern front of the Guadalupe Mountains
to the present western limit of maJor salt beds is about 18 to 20
miles and on the following assumptions: (1) the Ogallala Formation
formerly extended across the Pecos River valley at iesst as far as the
front of the Guadalupe Mountains, (2) the Pecos River valley in the
vicinity of Carlsbad has been formed since Ogallala time, and (3) the
Ogallaia Formation has been eroded and the Permian salt dissolved .from
this area during the past 5 million years. It does not seem probable
that salt extended much farther west than the front of the Guadalupe
Mountains before Ogallala time; if the salt was less extensive before

Ogallala time this estimate is-cqnsérvativeo"
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Strata underlying Salado Formation

The Permian to Cambrian sedimentary rocks underlying the Salado
Formation contain water of brine cbmposition and are under high
artesian pressure. These rocks are not exposed in the potash mining
area, but they 1lie deeply buried in the subsurface throughout much of
southeastern New Mexico and western Texas. McNeal (1965, figs. 1-7)
showed that in the potash mining area the elevation of the poten-
giometric surfaces of different zones (excluding the Capitan Limestone)
of these rocks ranges from a few feet to a few hundred feet above or
below the land surface. At Project Gnome site where the average
elevation -of the land surface is about 3,400 :feet, the potentiometric-
surfaces are at elevations betweeni3,400 and 3,800 feet, which is
600-1,000 feet above the top of the halitetin the Salado Formation.
the direction of the slope.of the potentiométrfc surfaces differs |
somewhat, but it is generally ﬁo_the east or northeast in southeasterp
New Mexico. | |

The Capitan Limestone and associated doi&mitic(part of‘the Yates
and Tansill Formations form the t;pmost.aquifer in the strata beneath
the Salado Formation. These fofmaﬁions crop out or lie at shallow
depths southwest of Carlsbad, but they'are &eeply buried east of éhe
city near the potash mines (fig} 44). The Capitan Limestone compriseg
a giant reef 1-2 miles wide that extends noftheéstéard and eastward from

Carlsbad across the mining area; the Yates and Tansill Formations adjoin
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the north side of the Capitan Limestonme reef.. West of the Pecos River,
the Capitan Limestone is developed as a source of water for“the city of
Carlsbad and ﬁor:irrigation;*fEastrdf the river only a few water wells:
penetrate this unit’ or the Yates and Tansill Formations. - East of the
Pecos River, water in the Capiten Limestone and in the Yates and
Tansill Formations is under strong artesian-preSSurej‘ According to - -
Halpenny and Greene (1962, table 2)}“the potentiometric surface of
water in these units is 1arge1y;abobe the land surface in the area east
of the Pecos River (figs. 4, 4A)., Within an area that extends 14 miles
east-northeast of Carlsbad, some of the water in the Yates and: Tansill
Formations may"mbve upward, imix With’ﬁater"in the ostler Formetion;
and aid in the solution of halite, gypsum, and anhydrite in the -
Rustler ‘and Salado Formations. Thevdistribution of chloride shown

on figure 15 is consistent with the concept that upward movement of

water does take place.-
'“BOTASR MINE§»

History of mining
The potash mines in Eddy and lea Counties, N. Mex., produce
about 84 percent of the potassium minerals mined in the United States.
Mining activity in the area began-in 1931 after the disclosure by the
Federal Government in 1926 ‘that large tonnages of potassium-bearing
‘minerals were present'in'Permtan strata-near»Carlebad, N. Mex. Peak :

production was reached in 1966. The higher grade commercial ore in

62



the area is nearing depletion and most of the seven ptoducing
companies have less than a 10-year supply. Large lqw:grade-depasits
'remain, but their recovery may not be competitive with the Canadian
production. Recent production cutbacks resulted in a reduction of
employment that has seriousiy affected the economy of the Carlsbad

area.

Location of mines

Most of the potash mines in the Carlsbad district have been developed
‘on.deposits in a north-trending belt 10-12 miles east of Carlsbad.
Nine mines have been developed along this trend. Tw§ mines have been
opened on deposits 6-8 miles £afthér east, near the Eﬁdy-Lea County
line (fig. 16). . -
The mines are owned and operated by the Teledyn;tfoﬁash Co.
(a subsidiary of Continental'American Royalﬁy Co.), Pbtash Company of
America (a division of Ideal Basic Industries, Inc.), DuVél Corporation,
International Minerals and Chemical COrporatioh,‘Souchwest Potash
Co. ;(a subsidiary of Freeport Sulphur Co.),and Kerr-McGee Chémical
Corp.
At the present time, eight mines operate in thevdistrict (figs. 4,
16). Three mines are closed, Wills-Weaver (Duval), éaunders (Duval),
and Lea (National). The Teledyne Potaéﬁ'No° 3 mine is. scheduled for

closure in August 1972.
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Methods of prospecting and exploration

All prospecting and exploration in the district has been done by
holes drilled fron the surface. Most of the holes were drilled into
the top of the Salado by means of churn or rotary drilling rigs. The
holes were completed through;the ore zones with a didmond drill. Casing
was set in the npper part of‘the hole and cemented into the top of the
saltf The casing and cement seal prevented water from the Rustler and
younger rocks from enterlng the hole. After the holee were complete&
and sampled the casing was pulled and the holes pl\mgged with cement
from bottom to top° In some of the earlier drilling the lower parts of
the holes were plugged with mod{ but those parts above the too of the
salt.were filled with cementl -It can be assumed thet;all exploration'
holes drilled for potdsh have been effectively sealed. .. i

The density and distribution of the exploration and development
drilling are shown on figure 17. In general, the pattern and densityiﬁ
of drilling reflects the position or the eeonomic limltsvof the poteeb
deposits; Oﬁteide the deneely drilled»areae the ore horizons in the
Salado are probably composed of halite and only minor amounts of

potash.

Mining methods -
The bedded potash deppsits are nearly flat lying over large areas;
therefore, modified coal-mining methods have been used in extracting

the ore. The ore-bearing horizons are reached through vertical
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shafts from which main entriés are driven into the ore bodies. Panels
of rooms and piliars are:developed off the main 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 épart:°
The breakthroughs are about 7 feet higﬁ, 32-34 feet w;de, and are
driven on 100- to 150-foot centers. The average room sizes are
34 x 42 feet., The height of the robmé, determined by the thickness
of the ore beds being mined; fanges'from 4-1;0‘“feet°

Each ore body is &gbéiobed to its economic limits by the above
method. This cycle of mining is réferfed to as "first mining" and
results in an ore recovery of about 50;55 percent.

Second mining or final mining is the removal of pillars and the
retreéting“from the outer edges of ‘the developed areé tdward the'main
hauiggeﬁgys and shafts. Whéﬁ this mining cyclé is cﬁ&pleted, tﬁe total
ore éé;OQery apﬁrpachés.85-90:percento.' -

Final mining results in the removal of pillar support and the
eventual subsidence of the mined areas. Reentry into:the caved areas

is not possible,

Shafts
Twenty-five shafté havg been sunk at the sites of the 11 mines in
the disfrict (fig. 4). The shaft locationms and other pertinent data
are shown in tabular form on table 4. None of the shafts hés been

abandoned or decommissioned. Nearly all shafts are concrete or steel
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Name and shaft numbers Sec., Twp. Rg.
Te ledyne Potash Co.
No. 1 12-218-29E
No. 2 ~~13-218-29E,, ‘|
No. 3 .13-205-30E
No. & 13-205-30E
Potash Company of A&erica
No. 1 . 4-20S-30E
No. 2 ) 4-20S-30E
No. 3 17-20S-30E
International Minerals and Chemical
No. 1 12-228-29E
No. 2 . 1-225-29E°
No. 3 11-422S5-29E
No. 4 23-225-29E
Duval Corp. )
No. 1 35-208-30E
No. 2 35-20S-30E
No. 3 22-18S-30E
No. & 22-18s-30E
No. 5 33-225-30E
No. 6 33-22S5-30E
National Potash Co.
No. 1 18-20S-32E,
No. 2 18-20S-32Ev,
No. 3 T 25-205-29E
No. &4 N .25-205-29E
Southwest Potash'cgﬂ
No. 1 - 9-195-30E
No. 2 9-195-30E
Kerr-McGee Chemical Corp..
No. 1 .4-21S-31E
No. 2 -4-21S8-31E

Corp.

Table 4.--Shaft location index, Carlsbad potash mining distr@;t

Location

1500 ft N., 2500 ft W. of SE. cor. sec. 12-------
719 ft S., 137 ft W. of S. 1/4 cor., sec. 12----
648 ft W., 1300 ft N. of SE. cor.--------=---=c-

1399 ft N., 1218 ft W. of SE. cor.--------------=
1660 ft N., 2230 ft W.

2204 ft N., 2678 ft W.

80 ft S., 1040 ft E.

416.43 ft S. of N. line; 2127.42 ft W. of E. line
2150.77 ft S. of N. line, ' 121.63 ft W. of.E: line
2438.87 ft N. of S. line, 2265.12 ft W. of E. line

379.64 ft S. of N. line, 2627.07 ft W. of E.

300  ft Ss.,
600  ft S.,
593,02 fc N.,
487.97 ft N.,
376.6 ft S.,
280

675 ft W.
675 ft Ww.
2932.78 ft W.
3213.78 ft W.
1495 ft W.

651.35 ft S., 2149.01 ft W.
971.46 £t S., 2148.96 ft W.

2638
2868

£t N., 2894
ft N., 2664

ft E.
ft E.

of NE.
of NE.
of SE.
of 'SE.
of NE.

ft S. 46° W. of No. 5 shaft--c=ecccmrc-ena

of E. 1/4 cor.
of E. 1/4 cor.
of SW. cor,-==~-----
of SW. cor.===s--~=-

955.50 ft N., 430.30 ft W. of SE. cOr.---==-----=
555.00 ft N., 430.30 ft W. of SE. cor.-=----=------

727 ft N., 2550 ft W. of SE. cor.==---=c-v-cmcu--
250 ft N., 3 ft 8 1/3 in. W. of No. 1 shaft------

line

Depth

(feet)

1,062
1,000, ¢
1,188
1,180

1,086
985
764

Dimensions

5 1/2 ft x 20 ft

5 1/2 ft x 15 ft 10 in.
15 ft diameter

36 in. Interior diameter

|

5.t 8 in. x 16 ft.4 in.

5/ft 8 in. x 16 ft 4 in.
- 15 ft diameter

\

1,086 7 £

21 fr
21 fc.
21 ft
21 fr

6 ft x 18 1/2 ft
6 ft x 18 1,2 ft

diameter

‘diameter
~diameter

“diameter

diameter

t diameter

diameter
diameter

diameter
diameter

ft diameter

X

985 > 7 ft x
90 7 ft x
856 7 ft x
.

1,559

1,463

1,087 .14 ft
989 9 ft

1,020 14 ft
920 12 fr

1,886 18 ft

1,760 15 ft
846 15 ft
826 12 ft

1,089 15 fe
927 20 ft

1,760 15

1,700 8

1/2 ft diameter

L;nﬁpg

Wood lagging to top of salt.
cegeDoL i
Concrete into salt.

Steel casing into salt.

Concrete into salt.

....Do,.:,....f%.
ceesDOLL et

Concrete to ore. zone.

R Ry

ccrernecsceane

Concrete to ore zone.
Steel casing into salt.



lined and have standard hoisting and auxiliary equipment capable. of
handling large tonnages of mined material. At each shaft the aquifers
above the Salado Formation have been sealed with cement grout, water
rings and sumps havg been construéted, and pﬁmps ins;alled to handle
water seepage from the grouted areas. At several of the shafts pumping
is no longer required, ;nd at othefs the amount of water:pumped is..
minimal. .The effectiveness bf the methods employed to controi the
water in the shaft areas is evidenced by ;he fact that the records show
that no water has entered the mine workings.

Part of the investigations for thg Gnome project showed that the
Farm Chemical Resources Development Corp. shaft in eastern Eddy County
had been abandoned and contained water. Water-levellmeasurements were
made in this shaft during October and November 1961 and in December 1961
after the Gnome device was detonated on December 10, 1961. At the time
the measurements were made the water level stood at 1,687 feet below
the surface or 13 feet above the bottom of the shaft. Presumably the
source of the water was the aquifer in the Rustler Formation. During
the period of inactivity the water had overflowed the sump and collected
in the shaft. The éollér was constructed high enﬁugh abave ground level
to prevent surface water from draining into the shaft.

The shaft has since been equipped with the usual éomplement of
machinéry and is now in operating condition. It is listed on table 4

as Kerr-McGee Chemical Corp. No. 1.
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It is reported that the shafts, with the possible exception of

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

Extent of mine working_

Forty yeers of large tonnage mining in the relatively thin- bedde&
ore deposits in the district h&s resulted in an extensive maze of under-
ground workings. The mine workings in the district cover an area in
excess of 45 squere miles. The average height of the workinos away
from the vicinities of the shafts and the main entries is ebout 7 feeta
The floors and. becks are generally flet or gently sloped because the min-
ing methods and the mine layouts are designed to follow the nearly flat
regional dip of the beds° |

The mined areas are irregular in shape but most‘are elongete in
a north-northeast direction, This configuration reflects the variation.ﬁ
of the potash content of the ore beds and not the continuity of the en-‘
closing sslt beds. In other words, these are chemical variations, or
chemical‘facies within a single bed, and are not variations in the
regional sedimentation,v |

Ore has been mined ftom.four beds or zones in tﬁe Sslsdo For:mationo
The most extensive workings are in the lowest or.“First" ore zone, which
is betneen 650'and 800 feet below the top oflthe Salado. Nine nines in
the district.have produced ore from this‘zoneo Teledyne Potash Co. No. 1
has produced from the “Fifst" and "Fourth" ore zonmes. International‘ |
Minerals and Chemical Corp. has produced from the "First," "Fourth,"

and "Pifth" zones. Duval%s Nash Draw mine has produced from the "First"
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and "Tenth" zones. National Potash Co.’'s Lea mine and the Kerr-McGee
Chemical Corp. mine have produced from the'"Tenth"lore zone. The
approximate stratigraphic positions of the ore zones are shown in

figure 10.

Stability of mine workings

The entries, rooms; and pillars developed during the "first
cycle'" mining are designed to insure stability commensu;éte with safe
and efficient mining practice. Back failnre‘hay occur where the back
is only a few inches to a foot below a clay seam. The unsupported
salt beds have a tendency to pull aﬁay from the clay bed because of the
loose bond between the two rock types. Back falls are controlled by

the judicious and extensive use of bolting.

Caving and subsidence - -

During final mining most of the pillar support isuremoved and the
worked-out areas gradually subside or cave; More than 50 percent of
the mined areas are now caved (fig. 16). In those mines where mining
has been completed, the subsidence is nearly 100 percent of the
mined height.

In most caved areas the subsidence is reflected in the overlying
surface by the development of gentle depressions. Fracturihg at the
surféce in the éubsidence areas cannot:be accurately mapped or deter-
mined because of the cover of unconsolidated surficial materials. Some
fraqfuring has been noticed in the<paved highﬁéyé that cross the sub-

sided areas.
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Although detailed studies of the subsidence areas have not been
made, some speculations éoncerﬁing the mechanism involved can be made.
Subsurface observations of the subsiding areas indicate that the rocks
above the mined areas move slowly downward as a simple cohesive block
after final mining is completed. Fracturing may wellloccur in the
subsiding block, partiéularly iﬁ the dolomifétbeds above the Salado,
but the pattern is not known. The unique physical properties of the
salt prohibits the de&elqpmeht of open fractures. The fractures
formed are tight or quickly sealed by flowage orrrec:ystallizafion
of the salt. The absenge o£7wnter~seepage into the mineévin the areas
of subéideﬁée_is indiéative of the self-sealing character of theisalt
beds. | | | |

Further evidence for the cohesiveness of the subsidence block is
that mining is currently being carried on in two mines in ore beds
about 50 and 100 feet above the bottoms of thé”cavea'blbcks'or lower
-gining levels. Th? ore beds being mined have suffergd no noticeable
structural deformation other:thgp the sag and élevaﬁion changes due to
the@ubsidéhce°

No data are available on the effect that subsidence has had m

the movement of water in the aquifers aboveé the Saladoe.

Gnome shaft andiworkings -

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

T. 23 S., R. 30 E., Eddy County, N. Mex. (fig. 16). The shaft was
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sunk by the U. S. Atomic Energy Commission as a part of the Plowshare

program. Only a brief summary of tﬁé‘geologj‘and déscription of the

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

reﬁorts on Project Gnome (U. S. Geol. Survey, 1962);

The Gnome shaft was sunk to a aepth of 1,202 feet, ,ihe shaf§ 
is circular in plan, has an iﬁside diameter of 10 feet, and is lined
with reinforced concrete to a depth of 722 feet. It penetrated about
200 feet of surficial and Pleistocene deposits and 1,000 feet of
Permian rocks. The top of the salt is about 650 feet below the collar
of the shaft. The bottom of the shaft is in salt aBout 550 feet below

the top of the Salado Formation. Rocks exposed in the shaft are shown

on table.5. The shot chamber is,copgected‘to the shaft by two parallel

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

near the base of the upper third of the salt. section. About 1,000 feet
of massive salt is estimated to be present below the bottom of the
shaft and drift.

The Gnome shaft was abandoned and sealed by the AEC in November
1968. The decommissioning of the shaft was done under the surveillance
of Reynolds Electrical and Engineering Co. and is reported on by Tappan
and Lorenz (1969). All materials giving a contact radiation dos; rate
of more than 0.1 milliroentgens pei hour were removed from the surface
and placed in the shaft or flushed as a brine slurry 60wn a drill hole

that intersected one of the drifts.
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‘Table 5.<-Rocks exposed in the CGnomé shaft

Depth below

lbmember

I~

Unleached Salado
Formation

stone and
siltstone

Chiefly impure -
halite. rock
with some
anhydrite,
polyhalite, and

siltstone .

..1709.3-1,202 |

. L L Thickness
Name Lithology Age surface | (feet).
: , ; SR v - (feet) S
Alluvial bolson. Unconsolidated Holocene 0-43 43,0
deposits ‘sand B : Co R
Gatuna Formation |Friable sand- Pleistocene(?)| 43-91.9 48.9
| stone and »
" ‘conglomerate
Dewey Lake Redbeds|Thin-bedded Permian 91.9-294 - | 202:1
. siltstong : ‘
Rustler Formation:| cocedoiooo oo | 294-651.2 | 357.2,
Forty-niner Chiefly 0000d0ccoocsos| 294-361.3\) 67.3.
. Member ‘gypsumand | BRI N :
~ anhydrite o
Magenta Dolomite|Silty dolomite ceeedOoooo.:..(361.3-382.2 ¢ 20.9
Member = | ' Tt R TR IR A
Tamarisk Member |Chiefly" weedO....is..[382.2-495.5 113.3
anhydrite - -
" 'and gypsum -
Culebra Dolomite|Dolomite - Geei@0..asie. . |495.5-523.5 |\ 28.0
Member : ' K : _
Lower member Chiefly clay: veeedOeon.r...523.5-651.2 | 127,7
e " and silt with SR T : !
some gypsum
and anhydrite -
Salado Formation: | veeedOu.iin.ai|651.2-1,202 | 550.8 |
Upper leached | {Chiefly clay- - |....d0.c0co0.0|651,2-709.3 ~"58:1_//

492.7
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The shaft contains contaminated metal scrap, one dump truck, four
7mine éafs; a Aoigﬁ ﬁ#g-;agé,Aggé Qaii&hé Sgﬁéf ;éfé;;;ls, including a
considerable amount of contaminated soil and salt muck. The report does
not state how far . up the shaft the contaminated materials extend. Uncon-
taminated soil was placed in the upper part of the shaft to within 5 feet
of the surface, and a permanent plug was formed by filling the last
5 feet with concrete.
In addition, all test drill holes were plugged with cement to. the
top of the Salado.
Because of the conditions that now exist at the shaft, the Gnome

shaft or drifts probably cannot be safely and.economically rehabilita-

ted.

Solutibn'mihing activities

The Kansas City Testing Laboratory was the first of two cﬁmpénies
to conduct experimental solution mining projects in the Carlsbad area.
This experimental project involved attempts to establish a connection
between two boreholes about 200 feet apart in the NW 1/4 sec. 22,
T. 20 S., R. 29 E.. The. project was started during the. late 1940's and
ended during the 1950's. |

During the mid-1960's Continental 0il Co. conducted an exper-
imental solution mining project in the Cazrlsbad area (Davis and Shock,
1970). Four test holes were dr;lled in the Sﬁ.lla sec. 12, T..19 8.,

R. 30 E., about 3.1/2 miles east of the Southwest:Potash Co. shaft.
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rThe”Hrilling pattern was in'the"shﬁpé of an equilateral triangle
with a fourth hole in the céﬁtef,"?bo feet from the apex wells. “The' "
wells were drilled to a depth of 1,150 feet and were completed in the
"Third" ore zome of the Salado Formation. ‘Subsurface connections between
wells were established by hydraulic¢ fracturing from the center or in-
jection well, o

Dﬁring 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
was formed. About 175,000 cubic feet of salts were removed. The shdpe
and size of the cavity was determined by a sonar survey.

The wells were cased and cemented into the top of the Salado to
prevent water from the near-surface aquifer entering the holes. 'Pre:‘"
sumably these holes were'pluggeg with‘ceﬁgnt‘whep the project was

completed.

" OIL AND GAS PRODUCTION

0i1 was first prodiced in Eddy County, N. Mex., from the famous
Artesia poolfwhiéh 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~fie1d§ in Eddyﬁand Lea Counties
are the most‘prodﬁdtivé'in New Mexico. .AS‘of 1966, the fields in
Eddy County had produced ‘almost 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 oil and 2;600,000,000 MCF of gas.
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Lea County, with more than 60 percent of the total oil and gas sal@s

in the State, ranks firét'aéoﬁg all cﬁunties in the United Staces-in

the value of hydrocarbon production. The produéinglwéilé aré concentrated
in an arcuate'Pelt th#t in general reflects the position of the buried
reef that marks the transifion zone between the Delaware basin and the
northwest shelf area and the central basin platform.

The most productive oil and gas zones are in the Permian rocks
lying below the Castile Formation. However, some production has come
from upper, middle, and 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 Lea Counties are shown in’tmble 6.

Production in the vicinity of Carlsbad is mostly from rocks of
Guadélupian age, particularly the Grayburg and San Andres Formations,
from the ?ocks of Leonardian and Wolfcampian age, and from rocks of
Pennsylvanian age. The distribution of wells and developed oil and
gas fields as of 1964 are shown on figures 18 and 19. 1In general, the
wells near the west ﬁargin of the Delaware basin are 8,000-10,000 feet
deep, most of those in the vicinity of the potash mines are from 1,500
to 3,000 feet deep, and many wells 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 Delaware basin,
drilled 21,275 feet to basement, encountered large reserves of gas con-
densate in several zones and probably is the first of many wildcats that

will be drilled in the relatively unexplored deeper parts of the basin.
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Table 6.--Nomenclature of oil- and gas-producing zones, southeastern New Mexico
(From Stipp and others, 1956, p. 29-30.)
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SYSTEM SERIES STRATIGRAPHIC UNIT
Basin | Shelf LEA COUNTY POOLS EDDY COUNTY POOLS
OCHOA Rustler
Salado
Castile Glenn
Tansill Hale, Scanlon
Arrow, Baish, Corbin, Eaves, Aid, Barber, Benson, Burton
Eumont, Gem, Halfway, Jalmat, | (ABD), Cedar Hills, Empire,
Lusk, Lynch, North Lynch, Getty, Hackberry, Lusk, W.
Rhodes, San Simon, Teas, Lusk, P.C.A., Russell,
£ Yates Wilson, North Wilson. Shugart
Fa)
& (Black River, Dark Canyon,
© Fenton - Delaware Basin
= Malaga, Santa Nina)
8 Arrow, Bowers, Cooper Jal, Aid, Angell, Empire, Fren,
Eaves, Eumont, South Eunice, McMillan, Palimillo (ABD),
Seven East Hobbs, Jalmat, Langlie Turkey Track - Seven Rivers.
Rivers Mattix, leonard, Tonto,
Watkins, West Wilson.
Arrow, Caprock, North Cap- Culwin, Grayburg - Jackson,
a rock, Cooper Jal, Corbin, Highlonesome, McMillan,
2 Queen Dollarhide, Eumont, Langlie Shugart, North Shugart,
S : - Mattix, South Leonard, Turkey Track, East Turkey
g Pearsall, Penrose Skelly, Track, Loco Hills - Queen.
=z - e Young,
] H Arrowhead, Eunice-Monument, Anderson, Artesia, Cave(ABD),
nza z Hardy, Hobbs, Maljamar, East Dayton, East Dayton (ABD),
& 8 Grayburg Maljamar, North Maljamar, Grayburg-Jackson, South High-
S South Maljamar, Penrose lonesome, Leo, Loco Hills,
I Skelly, Roberts, Skaggs, Maljamar, Millman, Premier,
2 Vacuum, Watkins. Red Lake, Robinson, Square
© ¥ I : Lake, Turkey Track.
" Eighty Four Draw, Eunice- Anderson, Artesia, Atoka,
.Monument, Garrett, Hobbs, Daugherity, Forest, Grayburg-
San Andres .East Hobbs, ‘House, Littman, Jackson, Grayburg - Keely,
’ Lovington, West Lovington, Henshaw, South Highlonesome,
Maljamar, East Maljamar, Loco Hills, Logan Draw,
Brushy North Maljamar, Sawyer, Maljamar, Nichols, Red Lake,
Canyon Vacuum. Robinson, Square Lake.
"Glorieta" Justis, Lovington, Monument,
Sandstone Maljamar, Paddock.
© Blinebry, East Hobbs,
= . Yeso, Monument, Terry.
-8 Bone includes Tubb ]
) Spring Sandy Dollarhide, Drinkard, Fowler,
Member Hobbs, House, Nadine, Skaggs,
i Warren, Weir.
oo Anderson Ranch, East Caprock,
Wolfcamp Abo - Hueco Denton, D-K, Gladiola, King,
- Lovington, Townsend, Tulk,
Wantz,
Allison, Bagley, Bough, Cass,
. Crossroads, Edison, High-
IPENNSYLVANIAN tower, Lazy J, East Loving-
ton, Mescalero, Moore,
Saunders, South Saunders,
Shoe Bar.
MISSISSIPPIAN ""Mississippi limestone''| Denton
Anderson Ranch, Bagley., Bronco
East Caprock, Crossroads,
Denton, Dollarhide, Echol,
PEVONIAN North Echol, Gladiola, High-
tower, Knowles, South Knowles,
Maljamar, Mescalero, Moore,
Shoe Bar, Teague.
BILURIAN FusSelman Dollarhide, Fowler, McCormick.
Upper Montoya cary
Hare, South Hare, Teague,
ORDOVICIAN Middle Simpson Warren, North Warren.
Brunson, Dollarhide, Fowler,
Lower Ellenburger Teague
PRECAMBRIAN



Figure 19.--Map of oil and gas fields in southeastern New Mexico.
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Southeastern New Mexico is now a well-established oil- and
gas-producing area. The general geology is well known, but unexplored
large areas still remain. The search for stratigraphic traps and
favorable structures in the deeper parts of the Delaware basin undoubted-
ly will result in the discovery of new fields. The area will probably
continue to be one of the most actively explored areas.in the natioh

because of the high success ratio.

CONCLUSIONS
That part of the Carlsbad potash area in Tps. 21, 22, 23,
and 24 S., Rs., 31 and 32 E., has the lowest density of drill holes
for potash, oil, and gas, is farthest from the dissolution front in
the salt section, has a substantial thickness.of consolidated cover
above the salt section, and conﬁains thé maximh@ thickness of Salgdo
Formation salt at reasonable depths“below the su;face. Sqme_of the

mined-out potash mines may provide useful storage.
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Introduction

Exploratory drilling of sait beds and other evaporites of
the Ochoa Series (Upper Permian) in the Permian basin
of south-western United States has yielded a great amount
of information on the occurrence of potash and the
character and disposition of potassium-rich rocks. Detailed
studies using this wealth of data yield a better understanding
of the nature of the potassium-bearing evaporites, and
point the way to new concepts regarding the history of
potash accumulation. Now apparent are variations of
form and arrangement of potash deposits that deviate
from idealized concepts of evaporitc deposition. Briefly,
the present stratigraphic distribution of potash in cyclical
sedimentation units is strongly bimodal{, with one maximum
near the base of the units and the other near the top.
Many of the conclusions presented here were derived
from interpretation of stratigraphy, petrography, and
mineralogy of the Ochoa evaporites. Some of the basic
data and evidence for the conclusions arc available in a
report on the stratigraphic and mincrulogic details of
potash occurrences in one of the ore-bearing salt beds in
the Carlsbad district (Jones and Madsen, 1968). Additional
details on the occurrence and regional distribution of
potassium minerals in the salt and anhydrite beds of the
Ochoa Series are given by Mansfield and Lang (1935),
Smith (1938), Kroenlein (1939), and Jones (1954). Further
details of potash occurrences in mineralized salt beds have
been reported by Dunlap (1951) and Linn and Adams
(1966) from studies made in mine workings. Last to be
cited, but probably most notable, is the mineralogical work
of Schaller and Henderson (1932) in demonstrating the con-
siderable importance of complex diagenetic changes in the
formation of many evaporitic rocks containing potassium.

Permian basin

The Permian basin, as the term is used in this report, is a
composite structural and sedimentary basin centred beneath

the south end of the Great Plains in the south-western
United States. The basin is a region of extensive sedi-
mentary deposits that is well known to geologists from
exploratory drilling for petroleum and potassium salts in
Permian rocks. The broad, elliptical midsection of the
basin, to which evaporites of the Ochoa Series are restricted,
is about 420 km long north to south, about 350 km wide,
and covers almost 150,000 square km (Fig. 1). Just how
closely these dimensions approach those of the original
area of evaporite deposition is unknown, but they may be
significantly smaller. Collapse breccias related to the
solution and removal of salt and gypsum are common in
outcrops between the Pecos River and the western limit
of the Ochoa, and beds of salt and other evaporites are
overlapped by vounger deposits in the broad shelf areas
which border the basin on thiree sides.

The broad section of the Permian basin which contains
the Ochoa evaporites lies mainly in western Texas,
although one corner extends into south-eastern New
Mexico.. The evaporite-bearing section includes parts of
the Delaware and Midland basins and the adjacent shelf
areas which persisted throughout the Permian as fairly
distinct tectonic features. Rock salt in deposits as much
as 230 metres thick underlie about 95,000 sq km, or
roughly two-thirds of the area; it is the predominant
evaporite north-east of the Pecos River. Toward the
south-west, in the area between the Pecos and the southern
limit of the evaporite-bearing section of the basin, gypsum
and anhydrite predominate. Carbonate rock, chiefly
dolomite, is most abundant in small patchy strips at the
south edge of the gypsum-anhydrite area. Potash deposits
are found throughout almost the entire southern half of
the section underlain by rock salt; most consist of
polyhalite, rather than sylvite or some other mineral of
economic importance.

Of all the evaporite-bearing sections of the Permian
basin known to be underlain by potash deposits, only
the Carlsbad district in the central Pecos River valley

1. Publication authorized by the Director of the United States Geological Survey.

Unesco, 1972, Geology of saline deposits. Proc. Hanover Symp., 1968. (Earth sciences, 7.) 191
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contains minable deposits. The district has dominated the
production of potassium salts in the United States for
about three decades, and in that time it has produced
67 million tons of salts with an aggregate value of slightly
more than $1,500 million. Few mining districts can rival
the spectacular history of this small, highly productive
section of the Permian basin.

Evaporite stratigraphy

The salt and other evaporites which contain the potash
deposits of the Permian basin are part of the Ochoa Series
of Late Permian age. The Ochoa is predominantly evapo-
rites, but contains some red beds. The evaporites are
sandwiched between two groups of dissimilar rocks
(Fig. 2), of which the lower comprises the Capitan Lime-
stone and associated carbonate-bearing formations of
pre-Ochoa (Guadalupe) age, and the upper comprises
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FiG. 1. Distribution of Ochoa evaporites with respect to sub-
sidiary structurcs in the Permian basin, south-western United
States (modificd from King 1942).

the Dewey Lake Redbeds of the Ochoa Series. The
evaporites are largely anhydrite and rock salt, but include
a series of evaporitic rocks that range in composition from
calcitic limestone to complex potassium-rich rocks and
ores. Considered broadly, these evaporites represent a
transitional zone between underlying reefoid and normal
marine limestones, and overlying red beds deposits under
brackish or restricted marine conditions.

The major lithologic subdivisions of the Ochoa
evaporites include three formations: the Castile, Salado,
and Rustler Formation, in ascending order. The three
formations have a combined thickness of about 1,300
metres; they are largely anhydrite and rock salt, but
dolomite, limestone, and magnesite are present in moderate
to small amounts. Both the Castile and the Rustler are
distinctly poorer in rock salt and richer in anhydrite and
carbonate rock than the Salado (Table 1), and they cor-
respond in large measure to the lower and upper stages
in a crude tripartite vertical transition from limestone and
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FiG. 2. Schematic diagram of Ochoa evaporite formations in
potassium-rich sections of the Permian basin, south-western
United States.

TaBLE 1. Summary of lithology of Ochoa evaporite formations -

in potassium-rich sections of the Permian basin,
south-western United States

Carbonate Sulphate Chloride Clastic
rocks! rocks? rocks? rocks®
(per cent) (per cent)  (per cent)  (per cent)

Rustier Formation 10 30 43 17
Salado Formation ' 1 12 85 2
Castile Formation 1 59 30 0
Complete sequence 6 33 59 2

1. Includes limestone, dolomite, and magnesite.

1. Includes anhydrite, glauberite, and polyhalite.

3. Includes halite and associated potash deposits containing sylvite. carnallite,
langbeinite, and related potassium and magnesium bittern minerals,

4. Includes claystone and siltstone. :

anhydrite, through rock salt and assoctated putash deposits,
to anhydrite and dolomite.

Of all the Ochoa evaporites, the Sialado Formation
is by far the most complex lithologically and structurally;
it is also the principal host of the potash deposits for
which the Permian basin is well known among geologists.
Particularly characteristic of the formation is a coarse
and fine layering of anhydrite, halite, and claystone which
shows that there were many cycles of flooding and
desiccation during Salado time. Repetition of the lithic
sequence is common, and, in countless cyclical sedimen-

{) |FORMATION |THICK. LITHOLOGY
x (matres)
u
7]
Siitstone
Rustler 90- Anhydrite, holite, dolomite PSRRI AU S TR ST
Formotion 130 ond sandy siltstone BV A S
Halite with beds of anhydrite,
Salado 400- polyhalite, magnesite and
§ Formotion 700 |  ciaysjone, mossive potash
s deposits locally.
Coshle 0- Annydy.le.' naolite ond onhy-
Formahon 260 drite interloyered win
limestone.
Qw Sand , reefoid |
va
§2 ond lagoonal dolomite anc
o anhydrite,

tation units, may range from 1 to 10 m in thickness, the
rock grades upward from anhydrite, through halite and
argillaceous halite, to claystone. The anhydrite member
of the lithic sequence in each unit consists of rhythmically
layered sequences of anhydrite, magnesite and some
evaporite, such as anhydrite or halite, pseudomorphous
after gypsum. The halite member of the sequence in each
unit is generzily free of any discernible stratification or
bedding planes, though locally it is faintly banded with
patchy strips of anhydrite or polyhalite; it grades upward
without perceptible break into argillaceous halite which
is equally free of banding and stratification planes. The
claystone which forms the capping layer of each unit may
overlie the argillaceous halite with gradational contact,
but more often than not it rests on a smooth corrosion
surface that forms a sharp, clear-cut break in the lithic
sequence.

The total number of cyclical sedimentation units in
the Salado is unknown, but it is undoubtedly large. A
clear indication of considerable mutiplicity is provided
by the presence of at least 60, and possibly as many as 66,
sedimentation units that are moderately to strongly
mineralized with potassium salts and contain one or more
potash deposits. The uncertainty concerning the number
of units is related in part to the overlap and pinchout of
units and in part to the presence of many corrosion surfaces
and intraformational unconformities along which unknown,
and probably different, thicknesses of sediments were
removed during the periods of flooding that interrupted
evaporite deposition from time to time.

The cyclical sedimentation units richest in potash
(K;0) lie in a fairly compact group near the middle of the
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Salado Formation; they form an important part of a
potassium-rich zone to which the name “McNutt potash
zone"” was applied by Kroenlein (1939). This potassium-
rich zone is about 50 to 140 m thick in the Carlsbad district;
but the thickness varies from about 40 metres in the
North-western shelf at the latitude of Roswell, New Mexico,
to slightly more than 180 metres in the eastern part of the
Delaware basin between the New Mexico-Texas state
boundary and the Pecos River. Despite its fairly moderate
thickness, the zone probably contains one of the most
varied assemblages of potash deposits found in any salt
basin. At the same time, however, it should be noted
that only a few of the deposits are of commercial
importance. In general the commercially important deposits
are small and are restricted to a few smail groups of
mineralized salt beds or ore zones, which appeai at irregular
fairly short intervals in the McNutt potash zone (Fig. 3).
Only four of the eleven ore zones found in the McNutt
potash zone have been exploited in the Carlsbad district,
and of these four, only the lowermost, known locally as the
First ore zone, has been extensively mined. It has supplied
the bulk of all the potassium salts shipped from the district.

Potash occurrences

Like most large salt basins of Permian age, the Permian
basin of south-western United States is richly endowed
with potash deposits. The variety and' number of deposits
is large and probably exceeds that found in other potash-
rich salt basins. The deposits constitute a most unusual
example of marine evaporites in which potash occurrences
are conspicuously developed in both the lower and the
upper parts of cyclical sedimentation units, showing an
upward transition from anhydrite, through halite, to
argillaceous halite and claystone. So far as can be ascer-
tained from the geological literature, these deposits are
the only known example of potash occurrence on a large
scale in both the anhydrite and the halite member of a
single gradational lithic sequence.

In view of the strong contrast between anhydrite
and halite, it should be no surprise that the potash deposits
of the sedimentation units are of two contrasting types—
polyhalite deposits and sylvite deposits. In general the
polyhalite deposits are calcium-rich deposits in which
potash (K,0) is concentrated in the form of the complex
triple sulphate polyhalite; whereas the sylvite deposits
are calcium-poor deposits in which potash is concentrated
in the form of some simple or complex bittern mineral
such as sylvite, langbeinite, or carnallite. Clearly, the two
types of potash deposits are quite distinct mineralogically,
and there is no possibility of confusing one for the other.

Polyhalite deposits

The polyhalite deposits are by far the largest, most
numerous, and widespread of all the Permian basin potash

Permian basin potash deposits, south-western United States

deposits. They occur chiefly as massive and disseminated
deposits in anhydrite and salt beds, but vein deposits
and lens deposits in salt, anydrite, and claystone beds are
not entirely uncommon. As a rule the massive deposits
and all veins and lenses consist predominantly of polyhalite,
and they are distinctly compact bodies that have sharp,
clear-cut outlines. The disseminated deposits are typically
rude, shapeless bodies consisting of a host rock, chiefly
halite, and sparse particles and tiny veinlets of polyhalite.
They are many times more numerous than the massive
deposits, but the amount of polyhalite present is extremely
small in comparison with that present in most massive
deposits. :

The massive polyhalite deposits are the prevailing
form of potash occurrence in the Permian basin, and
within fairly broad limits they are virtually unrestricted
in their distribution. They underlie a crude oval-shaped
area, about 325 km long and 220 km wide, covering
practically the whole southern half of the area between
the Pecos River and the eastern limit of salt in the Ochoa
Series (Fig. 4). In this area the deposits range strati- -
graphically from low in the Tansill Formation (upper part
of Guadalupe Series) in the North-western shelf to near
the middie of the Rustler Formation in the_ north-east
corner of the Delaware basin. They reach their greatest
number and size in the Salado Formation, and have wide
distribution over much of the Delaware and Midland
basins and adjacent platform and shelf areas. In fact,
by virtue of the wide extent and the great size and number
of massive deposits, polyhalite ranks next to halite and
anhydrite among the major lithic constituents of the Salado
Formation.

The massive polyhalite deposits are typically compact
and fine grained, and they exhibit a variety of colour and
texture. They are localized within anhydrite beds, and
although they may have almost any shape, they are chiefly
lenticular to sheet-like masses which spread out along
the bedding and engulf practically the entire section of
anhydrite. As a rule, sheet-like to rudely tabular bodies
are prevalent in anhydrite layers a few centimetres to a
metre thick; deposits more irregular in shape occur chiefly
in the thicker beds of anhydrite. Practically all the deposits
enclose residual strips and irregular remnants of magnesitic
anhydrite, which are mottled and streaked with halitic
and anhydritic pseudomorphs after gypsum. Commonly
polyhalite crystals and multigrain aggregates project into
the magnesitic anhydrite remnants either as elongate
crystals and veinlike tongues or as aggregates having
scalloped margins convex toward anhydrite.

At many places in the Carlsbad district and near-by
parts of the north-western shelf, many of the, massive
polyhalite deposits grade laterally to an anhydritic hartsalz
that is virtually free of halite. The change from polyhalite
to hartsalz coincides with a change from unmineralized
to mineralized rock peppered with sparse grains and
veinlets of carnallite and -other magnesium-bearing bittern

. minerals. In much of the hartsalz near the margins of the

mineralized rock, polyhalite occurs as narrow residual
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strips and small patchy remnants. The margins of the
polyhalite remnants are jagged and embayed by anhydrite
crystals and aggregates that project into the polyhalite as
elongate crystals and veinlike masses.

Sylvite deposits -

In contrast to the polyhalite deposits, the sylvite deposits
of the American Permian basin are fairly small and
uncommon, and they are found chiefly in the western half
of the basin. The area covered by the sylvite -deposits
is only about one-eighth as large as that underlain by
polyhalite deposits, but it includes wide sections of the
North-western shelf and the Central Basin platform and
smaller parts of the Delaware and Midland basins. For
the most part the deposits are coarse-grained polymineralic
rocks containing one or more potassium-bearing bittern

l
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"Fic. 4. Distribution of massive potash deposits in evaporites of
the Ochca Series, Permian basin, south-western United States.

mineral common to potash deposits the world over. Sylvite,
carnallite, kainite, and langbeinite are the principal bittern
minerals of the deposits; but kieserite, leonite, bloedite,
loeweite, vanthoffite, schoenite, thenardite, and glaserite
-are also present, locally in appreciable amounts.

Like the more extensive polyhalite deposits, the sylvite
deposits occur in two main type-massive deposits and
disseminated deposits—and in two subordinate types—vein
deposits and lens deposits. As a rule, the massive deposits
and all veins and replacement lenses are distinctly compact
bodies that have sharp, clear-cut outlines, and the dissemi-
nated deposits are rude, shapeless zones that fade gradually
into the enclosing rock and have vague limits. The vein
and lens deposits are typically small discordant bodies,
a few centimetres to a metre or so across; they consist
almost entirely of sylvite or carnallite. The massive and
disseminated deposits are much larger and are characterized
by similar complex suites of bittern minerals but differ

K



in two respects. The massive deposits are chloride-rich
rocks consisting dominantly of halite and one or more
bittern minerals; whereas, the disseminated deposits are
not restricted to a particular rock type and contain only
traces to very minor amounts of bittern minerals. Locally,
however, the massive and disseminated deposits are difficult
to differentiate.

Both the massive and the disseminated sylvite deposits
are notably irregular in outline, with many ramifying
segments. In form, both are typically labyrinthic complexes,
not simple blankets or seamlike masses in layered sequences
of evaporites. They generally branch out irregularly in
various directions, and extend into both the halite and
anhydrite members of the cyclical sedimentation units
in the McNutt potash zone and other parts oi the Salado
Formation. As may be seen in Fig. 5, they consist of
numerous broad strips ar segments that split and come
together in a haphazard fashion somewhat reminiscent of
the irregular dividing and reuniting channels of a braided
stream. The individual segments may have almost any
shape, but generally they are elongate bodies, with
ramifying tongues or lobes projecting outward from their
flanks. They range in size from lenticular to bulbous masses
a hundred metres or so across to broad tubicie and discoidal
bodies 2-3 km wide and several kilometres long.

Between the massive and disseminated types of sylvite
deposits, there are major differences in thickness. The
disseminated deposits are the thickest, and attain
thicknesses of 75-100 m over large sections of the Carlsbad
district and adjacent parts of the North-western shelf;
whereas the massive deposits are generally about 0.75 to
1.5 m thick and range from O to almost 7 m in thickness.
In nearly all segments of the massive and disseminated

deposits, there is much erratic thickening and thinning,

but the greatest variations are in the tubicle (o bulbous
disseminated deposits, in which changes in thickness of
as much as 40 m in distances of 50-100 m are not
uncommon.

Of the two main types of Permian basin sylvite
deposits, the massive deposits are the least numerous
and the most restricted in distribution. Nevertheless, they
are the potash deposits of principal economic and scientific
interest, and they contain all the known occurrences of
sylvite and langbeinite in minable amounts. The massive
deposits occur almost exclusively in small groups of miner-
alized salt beds, known locally as ore zones, which
constitute the middle and higher parts of the individual
cyclical sedimentation units in the McNuti potash zone.
For the most part the deposits are superposed, and they

"are concentrated to a large degree in the west half of the
Carlsbad district. Practically all of them straddle the
hinge zone or line of separation between the Delaware
basin and the adjoining North-western shelf and Central
Basin platform. In a very general way, they form an outer
belt or fringing zone at the rim of the basin, or possibly
more precisely, at the south-west margin of the area
underlain by sylvite deposits.

Practically all the massive sylvite deposits in the various

Permian basin potash deposits, south-western United States

ore zones of the McNutt potash zone have been explored
over wide sections of the Carlsbad district. Through much
of their extent, the deposits are in the middle and higher
parts of the ore zones and, as shown diagrammatically
in Fig. 6, extend irregularly into and through many salt
beds and even the anhydrite and claystone members of
the cyclical sedimentation units. The transition from the
massive deposits to rock salt is typically abrupt, and there
is no disruption of bedding structures or loss of stratigraphic
detail at the margins of the deposits. In fact the continuity
and preservation of stratigraphic detail is virtually complete
in the massive deposits, and even the thinnest of claystone
films which coat the corrosion surfaces in the ore zones
can be found und traced as readily within the massive
deposits as within the enclosing rock.

Like most deposits of their kind, the massive sylvite
deposits are composed of one or more polymineralic rocks
characterized by some particular potassium-bearing bittern
mineral or combination of bittern minerals. Rocks that
contain sylvite, langbeinite, kainite, and carnallite pre-
dominate and are about equally common, but they grade
locally into rocks that contain leonite, bloedite, kieserite,
or some combination of one or another of these minerals
with sylvite, carnallite, langbeinite, kainite, schoenite,
glaserite, thenardite, loeweite, or vanthoffite. Rocks con-
taining two or more of these bittern minerals are common,
and there are even a few mineralogically distinct rocks
that are characterized by complex mixtures involving as
many as five bittern minerals. For the most part the rocks
are in fairly discrete masses or bodies, and they have
generally' similar granitoid-like textures and irregularly
interfingering or gradational contacts. As a rule, they
consist of crystals and crystalline aggregates of one or
more bittern minerals set in a groundmass that is 85 per
cent or more halite, 2-12 per cent clayey and quartzose
detrital materials, and one per cent or so of anhydrite,
polyhalite, magnesite, quartz, talc, and hematite.

Within the massive sylvite deposits, lateral changes
in the bittern mineralogy of the potassium-rich rocks are
distinct and quite pronounced. From one ore zone to the
next, they follow a fairly definite pattern which can be
outlined as follows: In a series of transverse modal-facies
zones, such as those extending the width of the massive
deposit shown in Fig. 7, the bittern mineral changes from
carnallite in the north, through sylvite, to langbeinite
and other sulphate-rich bittern minerals in the south.
This sequence of minerals constitutes a change from a
high-magnesium bittern mineral in the relatively high-
standing North-western shelf, through a magnesium-free
bittern mineral near the edge of the shelf area, and thence
back to a high-magnesium bittern mineral (or group
of minerals) in the lower standing Delaware basin; yet,
in general outline, it corresponds to a broad lateral grad-
ation from more-to-less soluble bittern salts in a shelf-
to-basin direction.
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Conclusions

In conclusion, the Permian basin potash deposits constitute
one of the most complex asscmblages of potassium-rich
evaporites known from any salt basin, yet they can be
readily grouped in a small number of distinct classes or
categories. Specifically the deposits are of two compo-
sitional types—polyhalite deposits and sylvite deposits—
and can be classified according to form as follows: (1) mas-
sive deposits, (2) disseminated deposits, (3) vein deposits,
and (4) lens deposits. The massive deposits are predomi-
nant, but between the two compositional types of these
deposits, there are certain differences. The massive poly-
halite deposits are large, numerous, and widespread, and
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Classification diagram

FiG. 7. Modal-facies zones in the Fifth ore zone massive sylvite
deposits. The letters at the corners of the classification diagram
refer to the end members in a modal grouping of bittern miner-
als: C—carnallite; S-—sylvite; K-—kiesierte and Kkainite;
L—langbeinite, leonite, schoenite, bloedite, vanthoffite, glaserite,
and loeweite (modified from Jones and Madsen, in press).

occur exclusively in the anhydrite member of cyclical
sedimentation units; whereas the massive sylvite deposits
are small and uncommon, and occur almost exclu-
sively in the halite member of the sedimentation units.
Locally, the sylvite deposits invade massive polyhalite
deposits, and there is clear evidence that the sylvite deposit
postdates the formation of the polyhalite. The polyhalite
is altered to anhydritic hartsalz that is free of halite.

Clearly, the Permian basin potash deposits, as they
now exist, represent the end-products of complex sedi-
mentation and diagenetic histories. Present knowledge
of their history is far from complete, and many important
details of their history of formation are still unknown.



Permian basin potash deposits, south-western United States

Résumé

Gisements de potasse du bassin permien, au sud-ouest des
Etats-Unis (C. L. Jones)

Les données fournies par les forages d’exploration des
évaporites potassiféres de la série d’Ochoa (Permien
supérieur), dans le bassin permien du sud-ouest des
Etats-Unis, montrent que la répartition stratigraphique
de la potasse dans les unités de sédimentation cyclique
est nettement bimodale. Il se produit un maximum prés
de la base, dans le terme anhydrite des unités de sédimen-
tation, et un autre prés du sommet, dans le terme halite.

Bien qu’'on ne les considére pas comme exploitables,
les gisements de potasse du terme anhydrite sont de loin
les plus vastes, les plus nombreux et les plus répandus et
I'on en trouve dans presque toute la moitié sud de la zone
ol il y a du sel gemme sous-jacent de la série d’Ochoa.
Ces gisements consistent presque entiérement en polyhalite
et il y a des indices certains qu’ils se sont formés aux dépens
de roches préexistantes (magnésite-anhydrite).

Par contre, les gisements de potasse qu’on trouve dans
le terme halite sont d’assez faible importance et relative-

ment rares; ils sont concentrés sur une superficie qui ne
dépasse pas le huitiéme de la zone ou 'on rencontre des
dépdts de polyhalite sous-jacents. En outre, ces gisements
sont de deux types, massifs ou disséminés. Ces deux
types se caractérisent par des séries analogues de miné-
raux 3 bittern potassique, mais seuls les dépdts massifs
donnent les minerais sylvitiques et langbeinitiques, qui
ont une importance économique. Les dép6ts massifs sont
discontinus et ont une épaisseur irréguliére; normalement,
ils présentent une grande variété d’assemblages minéraux.
Ce sont des ensembles typiquement labyrinthiques qui
coupent les plans de stratification et non pas de simples
masses en couverture ou des “passées” dans des roches
évaporitiques superposées. On en est encore réduit a
émettre des conjectures sur leur origine, mais des données
locales permettent de penser qu’ils sont postérieurs a la
formation des dépdts de polyhalite dans le terme anhydrite
des unités de sédimentation cyclique.

Il est clair que les gisements actuels de potasse du
bassin permien constituent Faboutissement d’un processus
complexe de sédimentation et de diagenése.

Discussion

E. C. PENDERY. Would you comment on the position of -

the barrier responsible for restriction of the Ochoa potash
deposits, in the light of Prof. Richter-Bernburg’s opening
remarks to this meeting, in which he expressed the view
that the Capitan Reef is the barrier, with fore-reef Castile

}gypsum-anhydritc and back-reef halite and potash

deposits?

C. JonEes. The barrier may be-south of the Glass Mountains
in the Big Bend area.
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